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6 Subat 2023 Kahramanmaras merkezli depremler sonrasinda Mus ili ve
cevresinin deprem tehlikesine yonelik bir degerlendirme!

An assessment of earthquake hazard of Mus province and its surrounding after the 6
february 2023 Kahramanmaras-centered earthquakes?
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Turkiye’nin dogusunda bulunan Mus havzasi birgok aktif fay ve fay zonuna sahiptir. Ayrica
bolge tarihsel ve aletsel donemde yikici etkiye sahip orta ve biyiik bircok depreme maruz
kalmistir. Bu calismada, Mus havzasinda 2010-2023 yillari arasinda meydana gelen ve
blyuklikleri Mw=>4.0 olan depremler kullanilarak bélgenin tektonik gerilme durumu
Coulomb gerilme analizi ile incelenmistir. Derinlik ile birlikte statik gerilme degisimlerini
modellemek igin farkli derinlik seviyeleri igim Coulomb gerilme degisimi haritalari
olusturulmustur. Ozellikle, Mus havzasinin kuzey batisinda bulunan Karliova {gli birlesimi
civarinda bulunan Kuzey Anadolu Fay Zonu ile iligkili Kargapazari ve EImali segmentleri ile
Varto Fay Zonu boyunca sig derinliklerde pozitif Coulomb gerilme degerleri goze
carpmaktadir. Bunun aksine, Mus sehir merkezinin dogusunda bulunan Bulanik Fayi,
Hacligoli Fayl ve Malazgirt Fayi civarinda ise gerilme degisiminin daha duragan oldugu
gozlenmistir. Sonuc¢ olarak, Mus sehir merkezinin 6zellikle kuzey dogusunda sig
derinliklerde sismik aktivite ihtimali diger bolgelere gére daha yiksektir.

The Mus basin, located in eastern Turkey, has many active faults and fault zones. Also, the
region has been exposed to many medium and large earthquakes with devastating effects
in the historical and instrumental periods. In this study, the tectonic structure of the region
was investigated by Coulomb stress analysis using earthquakes with magnitudes of Mw>4.0
that occurred in the Mus basin between 2010-2023. Also, we produced the Coulomb stress
change maps for different depth levels. The positive Coulomb stress changes were observed
at shallow depths along the Kargapazari and Elmali segments associated with the North
Anatolian Fault Zone and along with the Varto Fault Zone located around the Karliova triple

Délek, i., Ekini, R., Alkan, H., Biiyiiksarag, A., ] ; .
& Ekinci, Y.L (2023). 6 Subat 2023 junction. On the contrary, the stable Coulomb stress changes were observed in and around
Kahramanmaras ~ merkezli  depremler  the Bulanik Fault, Hag¢lgélii Fault, and Malazgirt Fault, located in the east of Mus City. As a
sonrasinda Mus ili ve cevresinin deprem o5yt the probability of seismic activity is higher at shallow depths, especially in the
tehlikesine yonelik bir degerlendirme. Tiirk . .

Codrafya Dergisi, (83), 59-71. northeast of Mus City center, compared to other regions.
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Extended Abstract
Introduction

Tirkiye is located in the Alpine-Himalayan Earthquake Zone,
which is one of the most tectonically active regions in the world.
Thus, various devastating earthquakes have occurred in many
parts of the country so far and other major earthquakes are
expected to occur. Eastern Anatolia is a region with intense
seismic activity in both historical and instrumental periods. The
general tectonism in the region is under the influence of the
right-lateral strike-slip North Anatolian Fault Zone and the left-
lateral East Anatolian Fault Zone, which converge at the
Karliova Triple Junction (KTJ) as a result of the collision of the
Arabian plate and the Anatolian plate. In addition, the generally
NW-SE oriented right lateral and NE-SW oriented left lateral
faults, which developed due to this collision and are located to
the east of the Karliova Triple Junction, are important units of
the complex tectonic structure in the region.

Mus basin, which extends to the Bitlis mountains in the south,
has an approximately east-west direction. This basin is
separated from the Hinis basin by the Bingdl volcano and the
Hamurpet elevation in the north, and from the Ahlat-Adilcevaz-
Van lake basins by the Nemrut volcano in the east. Some
important tectonic structures in Mus basin and its surroundings
are the North Anatolian Fault Zone (NAFZ), East Anatolian Fault
Zone (EAFZ), Palandtken Fault, Akdogan Lake Fault, Varto Fault
Zone (VFZ), Bulanik Fault (BUF), Haghgolu Fault (HGF), Malazgirt
Fault (MF), Nemrut Fault, Lake Nazik Fault, Mus Fault Zone
(MFZ) and Kavakbas! Fault Zone. These active faults and fault
zones cause high seismicity in the region. A major earthquake
that will occur in these faults and fault zones is likely to
seriously affect the Mus Province.

Studies about the recurrence intervals of the earthquakes,
expected magnitudes of the earthquakes, possible surface
rupture lengths and type of fault behaviors can reveal the
earthquake risks in a region having high seismic activity, and
can also determine the degree of precautions to be taken. In
this context, it is of great importance to investigate Mus
Province, which is under the influence of faults that have the
potential to produce large earthquakes in its surroundings.
Additionally, the scarcity of such studies covering Mus Province
in the literature is an important factor in conducting this study.

Data and Method

Coulomb stress change is an important parameter in terms of
earthquake interactions and seismic hazard assessment. It is
known that major earthquakes can trigger different
earthquakes over short distances by static or dynamic stress
transport. For an earthquake to trigger another earthquake, a
stress increase of at least 0.5 bar is sufficient in a region. The
Coulomb stress change method is based on calculating the
stress changes on the receiving fault or faults using the planar
parameters and earthquake parameters of a fault that has
produced an earthquake. Generally, different fault types such
as strike-slip, dip-slip, or oblique-slip are considered as
recipient faults. However, in regions with complex tectonism
and many faults and fault groups, the planar parameters of the
recipient faults cannot be determined exactly. Thus, the
recipient fault or faults are determined according to optimally
located models.

In this study, Coulomb stress change maps of Mus province and
its surroundings were produced for different depths (5.0, 10.0,
15.0, 20.0 km) and interpretations were made about the
seismic risk of the region. To calculate static stress changes,
focal mechanism parameters of 32 earthquakes with
magnitude Mw=>4.5 that occurred in the region between 2010
and 2023 were used.

Results and Discussions

While selecting depth ranges, hypocenter depths of previous
earthquakes in the region were taken into account. Positive and
negative values of Coulomb stress changes represent high and
low-stress regions, respectively. There are positive and
negative stress changes in the northwest of Mus province.
Relatively, stress changes are more stable within the borders of
Mus province. In the north-east of the region, there is the VFZ
with a right-lateral strike-slip fault mechanism, the Kargapazari
segment (KPS) and Elmali segment (ELS) of the NAFZ, and the
Karliova and llica segments of the EAFZ. Especially around KTJ,
4 positive and 4 negative stress lobes can be observed in the 5-
15 km depth range. The directions of the positive stress lobes
are NW-SE and NE-SW, while the directions of the negative
stress lobes are approximately N-S and E-W. It can be observed
that the stress values are quite high (~0.1 bar), especially at
shallow depths (~10 km) around the KTJ. In this case, it is quite
reasonable to expect seismic activity along the KPS, ELS and
VFZ, especially at shallow depths. Additionally, there are
positive stress values around the MF, BUF and HGF in the
region, especially at 15-20 km depth levels. It is clear that the
area around the MFZ has a relatively more stable structure.
According to the modeling results based on Coulomb stress
change analysis, the earthquakes that will originate from the
complex main tectonic structures, especially around the north-
west of Mus province have the potential to affect the region
seriously.

1. Giris

Alp-Himalaya Orojenik Kusaginda bulunan Anadolu levhasi,
Avrasya levhasinin giiney yonla (¥5 mm/yil), Arap levhasinin
kuzey yonli (~15 mm/yil) ve Afrika levhasinin kuzey yonlu (~5
mm/yil) hareketleri nedeniyle batiya dogru hareket etmekte
(~24 mm/yil) ve ayni zamanda saat yoniinin tersine rotasyonal
hareket gostermektedir (Sengor & Yilmaz, 1981; Bozkurt, 2001;
Reilinger vd., 2006; Emre vd., 2018; Alkan vd., 2021) (Sekil 1).
Dolayisiyla, yaklasik olarak 12 milyon yil dnce baslayan ve halen
devam eden bu garpisma neticesinde, bu levhalarin ¢arpisma
kusaklari boyunca bolgede farkli oryantasyondaki aktif faylar,
stkisma ve agllma tektonigi, yogun volkanizma, kabuksal
kisalma/kalinlasma gelismistir (Kogyigit vd., 2001; Sengér vd.,
2008; Alkan, 2022). Bu deformasyon karakteri dogrultu atimh
olan fay mekanizmalarinin gelismesine sebep olmustur (Isik vd.,
2020; 20214, b).

Anadolu levhasi ve civarindaki en énemli tektonik yapilar, sag
yonll dogrultu atimli mekanizmaya sahip Kuzey Anadolu Fay
Zonu (KAFZ), sol yonli dogrultu atimh mekanizmaya sahip Dogu
Anadolu Fay Zonu (DAFZ) ve Olii Deniz Fay Zonu (ODFZ), Bati
Anadolu Graben Sistemi (BAGS), Karliova Uclii Birlesimi (KUB)
ve Bitlis-Zagros Buklim Kusagl (BZBK) olarak gosterilebilir
(Keskin, 2003; Sengor vd., 2003; Reilinger vd., 2006) (Sekil 2).
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Sekil 1. Orta Dogu ve Avrasya'nin iginde bulundugu tektonik streglerin ve 6zellikle Anadolu’nun rotasyonal hareketinin GPS verileriyle
gosterimi (Reilinger vd., 2006’dan uyarlanmistir).

Figure 1. Representation of the tectonic processes, particularly the rotational movement of Anatolia, using GPS data in the context of the
Middle East and Eurasia (adapted from Reilinger et al., 2006).
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Sekil 2. Anadolu'nun tektonik dzellikleri. WAEP: Bati Anadolu genisleme bolgesi, NAF: Kuzey Anadolu fayi, EAF: Dogu Anadolu Fayi, DSF: Olii
Deniz Fayi, BZFB: Bitlis-Zagros biiklim kusagi (Taymaz vd. 2007).

Figure 2. Tectonic features of Anatolia. WAEP: Western Anatolian Extensional Province, NAF: North Anatolian Fault, EAF: East Anatolian Fault,
DSF: Dead Sea Fault, BZFB: Bitlis-Zagros Fold Belt (Taymaz et al. 2007).
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2. Jeolojik ve Tektonik Ozellikler

Calisma alanina ¢ok yakin olan Avrasya-Anadolu ve Arap-
Anadolu levhalarini birbirinden ayiran KAFZ ve DAFZ'nun
kesismesi, esas olarak Arap ve Afrika levhalarinin Avrasya ve
Anadolu levhalarina ¢arpmasindan kaynaklanmaktadir (Sengor
vd., 1985, 2005). Kavsagin dogusunda kalan alan, dogrultu
atimli faylanmanin hakim oldugu neotektonik rejim ve ilgili
yapilarla karakterizedir (Dhont & Chorowicz, 2006; Kogyigit vd.,
2001; Ozkaymak vd., 2011). Dogu Tiirkiye'nin tektonik
durumunu etkileyen bir diger 6nemli yapisal 6zellik, sol yanal
ODFZ olup doguda Arap levhasi ile batida Afrika levhasi
arasindaki sinirdir (Freund vd., 1970; McClusky vd., 2000;
Quennell, 1958; Walley, 1988) (Sekil 2).

Diger taraftan, KUB’nin dogusu ve giiney dogusunda bu
carpisma tektonigi ile iliskili olarak KB-GD ve KD-GB dogrultulu
sag ve sol yonlu faylar baskindir. D-B dogrultulu Mus-Van Goéli
ve Pasinler rampa havzalari, Dogu Anadolu Bolgesinin 6nemli
tektonik unsurlanidir (Isik vd., 2017). Mus ili, KUB’nin
dogusunda ve BZBK'nin hemen kuzey dogusunda vyer
almaktadir.

Mus ili ve civarindaki bazi 6nemli tektonik yapilar; KAFZ, DAFZ,
Palandoken Fayi (PAF), Akdogan Golu Fayl (AGF), Varto Fay
Zonu (VFZ), Bulanik Fayi (BUF), Haghgolu Fayi (HGF), Malazgirt
Fayl (MF), Nemrut Fayi (NEF), Nazik Goli Fayr (NGF), Mus Fay
Zonu (MFZ) ve Kavakbasi Fay Zonu (KFZ) olarak verilebilir (Sekil
3).

Bu aktif fay ve fay zonlari bélgede 6nemli derecede sismisiteye
sebep olmaktadir. 2010-2023 vyillari arasinda Mus ili ve
civarinda aletsel blyikligi Mw=>4.0 olan depremlerin episantr
dagihmini  Sekil 4’de gosterilmektedir. Toplam 93 adet
depremin meydana geldigi bolgede depremler daha ¢ok KUB
boélgesindeki Kargapazari segmenti (KPS), Elmali segmenti (ELS)
ve VFZ civarinda kimelenmistir. Aletsel dénem deprem
katalogu (Bogazici Universitesi Kandilli Rasathanesi ve Deprem

40.0°

39.0°

41.0°

Arastirma Enstitiisi, 2023) incelendiginde, bolgede 1900-2023
yillari arasinda aletsel biyuikligi M>3.0 olan ~3900 deprem
meydana gelmisken, M<2.9 olan ~11.300 deprem meydana
gelmistir (Sekil 5).

Mus havzasi taban kisminda Bitlis Masifini Gzerleyen ¢cogunlukla
kirmizimsi alacali ¢akiltasi, c¢amurtasi, mikritik kiregtasi,
kumtasi, killi kirectasi ve seyl ardalanmasindan olusan Kizilagag
Formasyonu (Géncilioglu & Turhan, 1985) bulunmaktadir. Ust
Lutesiyen yagh birimin alt kisimlari karasal, Ust kisimlari ise
denizel ortamdaki ¢okelimleri temsil etmektedir (Yilmaz &
Yilmaz, 2019). Kizilaga¢ formasyonu, agisal bir uyumsuzlukla
Ahlat formasyonu (Demirtash & Pisoni, 1965) tarafindan
Gzerlenir. Birimin alt kisimlarinda kirmizi kumtasi-cakiltasi-
miltasi tabakalari bulunurken, st taraf sarimsi yesil litolojilerle
kirmizi litolojilerin ardalanmasiyla olusur. Ahlat formasyonu Alt-
Orta Oligosen yashdir (Uysal, 1986). Birim 6nce karasal daha
sonralariise denizel ortamda ¢okelmistir (Akay vd., 1989). Ahlat
formasyonu yukari dogru, sarimsi yesil, ¢akiltasi mercekli
miltasi-kumtasindan olusmus Norkavak formasyonuna (Elnaif,
1969) gecer. Oligosen yasl Ahlat formasyonunu lzerleyen ve
Gst kisimlarinda erken Oligosenin en (stinid veren fosil
kapsamindan dolayi (Akay vd., 1989) birim Alt Oligosen olarak
yaslandirilir.

Birim sig denizel ortamda c¢okelmistir (Akay vd., 1989).
Norkovak  formasyonu uyumlu bir sekilde Gerisor
formasyonuna (Saking, 1982) gegmektedir. Kaya ve fosil igerigi
sig denizel bir ortamda ¢okelim olduguna isaret etmektedir.
Gerisor formasyonu Ebiilbahar formasyonu (Ozyegin, 1968)
tarafindan altlanmistir.  Birim, temelde kumtasi-kiltasi
ardalanmasiyla olusur ve Uste dogru kumtasi-kiregtasi-miltasi
ardalanmasina gegcis yapar. Ebilbahar formasyonu tabandaki
fosil icerigine gore Ust Oligosen yaslidir (Akay vd., 1989). Saking
(1982) bu formasyonun alt seviyesi i¢in Orta Oligosen, Ust
seviyesi icin ise Geg Oligosen yaslarini kullanmistir.

Enlem [derece]

Boylam [derece]

Sekil 3. Mus ili ve civarindaki ana tektonik yapilar (Emre vd., 2018’den degistirilerek alinmistir). Kisaltmalar: KPS: Kargapazari Segmenti, ELS:
Elmali Segmenti, YS: Yedisu Segmenti, ERS: Erzincan Segmenti, KOS: Karliova Segmenti, ILS: llica Segmenti, PAS: Palu Segmenti, NAF: Nazimiye
Fayi, TEF: Tercan Fayi, PAF: Palanddken Fayi, TUF: Tutak Fayi, KAF: Kazbel Fayi, AKF: Akdag Fayi, AGF: Akdogan Goli Fayi, VFZ: Varto Fay Zonu,
BUF: Bulanik Fayi, HGF: Hacgligoli Fayi, MF: Malazgirt Fayi, NEF: Nemrut Fayi, NGF: Nazik Golu Fayi, MFZ: Mus Fay Zonu, KFZ: Kavakbasi Fay

Zonu, YEF: Yenisu Fayi, YAF: Yayla Fay!.

Figure 3. Main tectonic structures in the province of Mus and its vicinity (Modified from Emre et al., 2018). Abbreviations: KPS: Kargapazari
Segment, ELS: EImali Segment, YS: Yedisu Segment, ERS: Erzincan Segment, KOS: Karliova Segment, ILS: Ilica Segment, PAS: Palu Segment, NAF:
Nazimiye Fault, TEF: Tercan Fault, PAF: Palandéken Fault, TUF: Tutak Fault, KAF: Kazbel Fault, AKF: Akdag Fault, AGF: Akdogan Gélii Fault, VFZ:
Varto Fault Zone, BUF: Bulanik Fault, HGF: Hagligéli Fault, MF: Malazgirt Fault, NEF: Nemrut Fault, NGF: Nazik G6lii Fault, MFZ: Mus Fault

Zone, KFZ: Kavakbasi Fault Zone, YEF: Yenisu Fault, YAF: Yayla Fault.
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Sekil 4. Mus ili ve civarinda (38.0°-40.0°K Enlem ve 40.0°-43.0°D Boylam) 01.01.2010-25.02.2023 tarihleri arasinda Mw>4.0 olan depremlerin

episantr lokasyonlari (Detaylar igin Tablo 1’e bakiniz).

Figure 4. Epicenter locations of earthquakes with Mw>4.0 in and around the Mus province (latitude 38.0°-40.0°N and longitude 40.0°-43.0°E)
between January 1, 2010, and February 25, 2023 (Refer to Table 1 for details).

40.0°

41.0°
40.0° :

41.0°

42.0°

42.0°

43.0°
P 40.0°

| o 30<M<39 |
| e 40<M<49 |

39.0°

® 5.0<M<59
060=M=<69

38.0°
43.0°

Sekil 5. Mus ili ve civarinda (38.0°-40.0°K Enlem ve 40.0°-43.0°D Boylam) 01.01.1900-08.04.2023 tarihleri arasinda meydana gelmis
depremlerin episantr lokasyonlari (Bogazici Universitesi Kandilli Rasathanesi ve Deprem Arastirma Enstitiisii, 2023).

Figure 5. Epicenter locations of earthquakes that occurred in and around the province of Mus (latitude 38.0°-40.0°N and longitude 40.0°-
43.0°E) between January 1, 1900, and April 8, 2023 (Kandilli Observatory And Earthquake Research Institute, 2023).

Akay vd., (1989) Ebulbahar formasyonunun dalga tabani
altinda, derin bir ortamda ¢okeldigini belirtmistir. Ebllbahar
formasyonu ile gecisli bir sekilde bulunan Sergen formasyonu
(Saroglu & Guiner, 1981) kiltasi ara katkilari kapsayan riyolitik
lav ve tiifitten meydana gelmistir. Akay vd. (1989)'ne gore Ust
Oligosen yash birim de Uste dogru, resifal kiregtasi mercekleri
iceren kumtasi-miltasi-kiregtasi ardalanmasi ile olusan
Adilcevaz formasyonu tarafindan uyumlu altlanir. Formasyonun
tabani fosil icerigine gore Geg Oligosen (Akay vd., 1989) veya
Akitaniyen (Saking, 1982) yaslidir. Birimin Gst kismi fosil
icerigine gore Erken Miyosen (Akay vd., 1989) veya Akitaniyen
(Saking, 1982) yashdir. Bu bulgulardan yola ¢ikarak Yilmaz &
Yilmaz (2019) birimi Alt Miyosen olarak yaslandirmiglardir.

Adilcevaz formasyonu, uyumsuz olarak, agik renkli andezitik lav
ve tufitten meydana gelen Elgiler formasyonu (Akay vd., 1989)
tarafindan altlanir. Bu birim ise Tekman-Karayazi havzasinda
bulunan (Yilmaz & Yilmaz, 2019) Pliyosen yash piroklastik ve
komur arakatkili kirintillar ve kiregtaslarindan meydana gelen
Zirnak formasyonu (ilker, 1967) ile értiiliir. Bu veriler i1siginda
Elgiler formasyonu Orta-Ust Miyosen olarak yaslandirilmistir
(Yilmaz & Yilmaz, 2019). Elgiler formasyonunu uyumlu sekilde
orten Zirnak formasyonu yanal olarak, bazi tortul arakatkilari
iceren, bazalt, andezit ve piroklastiklerden olusmus Solhan
formasyonuna (Yilmaz vd., 1987) geger (Yilmaz & Yilmaz, 2019).
Kuvaterner yash en geng allivyonal kirintili kayalar daha yasl
birimleri agisal uyumsuzlukla érter (Sekil 6).
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Sekil 6. Mus havzasinin genellestirilmis jeoloji haritasi (Yilmaz & Yilmaz, 2019).

Figure 6. Generalized geological map of the Mus Basin (Yilmaz & Yilmaz, 2019).

3. Coulomb Gerilme Degisimleri

Bliylik depremler statik veya dinamik stres tasinimi ile kisa
mesafelerde farkli depremleri tetikleyebilir (Caskey &
Wesnousky, 1997; Nostro vd., 1997; Harris & Simpson, 1998;
Gomberg vd., 2001). Bir depremin bir digerini tetiklemesi igin o
bélgede minimum 0.5 bar’lik gerilme artisi gerekmektedir (King
vd., 1994). Bu yontemde, deprem Uretmis bir fayin diizlemsel
parametreleri ve deprem parametreleri kullanilir ve alici fay
Uzerinde yarattigi gerilme degisimleri hesaplanir. Dogrultu,
egim veya oblik atimli farkh faylar alici fay olarak degerlendirilip
hesaplamalar yapilabilirken (Reasenberg & Simpson, 1992; King
vd., 1994; Stein & Lin, 2006), karmasik bir tektonik yapiya sahip
ve bir ¢ok fay ve fay sistemlerinin oldugu bélgelerde, alici fay
durumundaki faylarin dizlemsel parametrelerinin tam olarak
belirlenememesinden dolayl alici fay ya da faylar optimal
konumlanmis modeller kullanilarak ta belirlenebilir (Toda vd.,
1998; Mallman & Zoback, 2007). Bir kaynak fayin veya daykin
yer degistirmesi statik gerilme degisikliklerine neden olur ve
elastik yari uzaydaki yer degistirme, gerilme degisikliklerini
tiretmek igin elastik sertlik ile carpilarak 3B gerinim alanini
bulmak icin kullanilir. Belirtilen alici faylari (bir ana soktan
kaynaklanan fay stresi), kaynak faylari tarafindan verilen
gerilmelerin ¢ozuldugi belirli bir dogrultu, egim ve egime sahip
dizlemlerdir. Alici fayin egimi dahil konumuna, geometrisine ve
kaymasina bagli olan kayma gerilmesi degisimi ile alici fay
egiminden bagimsiz normal gerilme degisiminin gerilme
degisimlerini gozlemledigi kabul edilir (Toda vd., 2011).
Coulomb gerilme degisimi depremin geometrisine ve
kaymasina, fayin geometrisine ve kayma hissine ve etkin
sirtinme katsayisina baglidir (Stein vd., 1994). Bir deprem
sirasinda faylarda kayma meydana geldiginde, cevredeki ortam
deforme olur ve gerilme alani degisir (Ansari, 2016). Bu
degisikligin bir 6l¢lisli, Coulomb ariza kriteri (Ao,f.) kullanilarak
hesaplanir. Aocfc su sekilde ifade edilebilir:

Aogse = Atg + p'Aa D

Burada Aog.s., kaynak faydaki kaymanin neden oldugu alici
arizasi Uzerindeki yenilme stresindeki degisikliktir, At; kayma
gerilmesindeki degisikliktir (fay kayma yo6niinde pozitif), Ag,,r
normal gerilimdeki degisimdir (uzamada pozitif) ve u' fay
Uzerindeki etkin strtinme katsayisidir (Toda vd., 2011). Efektif
surtiinme katsayisi boyutsuzdur ve 0 ile 1 arasinda degisir. Bu
¢alismada, diizgilin izotropik elastik 6zelliklere sahip bir elastik
yari uzayda 0.4 olarak kabul edilir. Kaynak fay geometrisi igin
boyutsuz Poisson orani 0.25, Young modiil{i ise 8x10° bar olarak
secilmistir. Genel olarak -0.1 ile 0.1 (bar) arasindaki Coulomb
stres degisiklikleri gelecekteki depremleri tahmin etmek icin
yeterlidir (Yadav vd., 2012). Coulomb kirilma kriterinin pozitif
degerleri stresin arttigini, negatif degerleri ise stresin azaldigini
gostermektedir (Bayrak vd., 2013). Bolgedeki gerilme
degisimini hesaplamak i¢in Coulomb 3.4 yazilimi kullaniimistir
(Toda vd., 2011). Tablo 1’de Mus ve cevresi meydana gelen
depremlerin listesi verilmistir.

2007 yilindan sonra, bolgede meydana gelen depremlerin odak
mekanizmasi ¢ozlUmleri genellikle dogrultu atimh fay
mekanizmasina sahiptir. Bu depremler genellikle Mus ilinin
batisi ve kuzey batisinda KUB civarinda kiimelenmistir (Sekil 7).
Bu depremlerin birbirileri ile olan iliskisini, birbirlerini
tetiklemelerini, kiimelenmelerini ve normal/kesme gerilme
degisimlerini arastirmak icin total gerilme degisimlerinin
incelenmesi gerekmektedir. Bunun i¢in Onceden olusmus
depremlerin odak mekanizmasi ¢dztmleri gereklidir (Tablo 2).
Coulomb gerilme degisimi haritalari depremlerin birbiri ile olan
etkilesimleri, gelecek depremlerin yorumlanmasi ve sismik
tehlike degerlendirmesi icin siklikla kullaniimaktadir. Coulomb
gerilme kriterinde, bir faydaki yenilme gerilmenin belli bir
degeri astiginda meydana gelir ve ardindan bir deprem
meydana gelir (King vd., 1994; Toda vd., 2011). Diger taraftan,
Coulomb gerilme degisimini hesaplamak igin farkli elastik
parametrelere de ihtiyag vardir.
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Bu parametreler Young modulu (E) ve Poisson oranidir (m).
Dogrultu atimhi mekanizmalarin bulundugu kitasal kabuksal
depremler icin E = 8 x 10° ve m = 0.25 olarak kullanilir (King
vd., 1994). Coulomb gerilme degisiminin pozitif degerleri bir
deprem anindaki yirtilma olasilhiginin artacagini temsil ederken,
negatif degerler gerilmenin azalacagina temsil etmektedir
(Alkan & Bayrak, 2022). Buna ek olarak, gelecek deprem
kestirimi icin gerilme degisim araligi bar cinsinden -0.1 bar ve
4+0.1 bar arasinda segilmesi yeterli bir kriterdir (Yadav vd.,
2012).

Coulomb gerilme degisimleri, blyik depremler ve bu
depremlerle iliskili faylar ve uzun zaman periyotlari igin artgl
soklar arasindaki degisimin incelenmesi icin sikhkla
kullaniimaktadir. Dolayisiyla Mus ili ve civar igin de aletsel
blykligli Mw=4.5"ten bilyiik 32 adet depremin (Tablo 2) odak
mekanizmasi ¢oézUmlerinden faydalanarak, bélgenin Coulomb
gerilme degisimi modellenmistir ve gelecek deprem tehlikesi
icin yorumlanmistir.

Tablo 1. Mus ili ve civarinda (38.0°-40.0°K Enlem ve 40.0°-43.0°D Boylam) 01.01.2010-25.02.2023 tarihleri arasinda Mw=>4.0 olan depremlerin

katalog bilgileri (Afet ve Acil Durum Yonetimi Bagkanhgi, 2023).

Table 1. Catalog information of earthquakes with Mw24.0 in and around the province of Mus (latitude 38.0°-40.0°N and longitude 40.0°-
43.0°E) between January 1, 2010, and February 25, 2023 (Disaster and Management Authority, 2023).

No Tarih Enlem Boylam Biyiikliik Derinlik Lokasyon
(UTC+3) (°K) (°D) (Mw) (km)
1 2023-02-25 03:28:10 38.991 41.109 4.2 10.0 Dogu Tirkiye
2 2023-02-22 10:09:44 38.465 40.313 4.4 13.7 Hani, Turkiye
3 2023-02-20 04:07:38 38.648 40.005 4.4 11.4 Palu, Tirkiye
4 2023-02-17 03:35:58 39.187 40.148 4.6 10.0 Yayladere, Turkiye
5 2023-02-09 04:38:13 38.498 40.422 4.4 8.8 Dogu Tirkiye
6 2023-02-09 02:40:01 38.512 40.424 4.2 13.0 Hani, Turkiye
7 2023-02-08 20:57:22 39.753 40.763 4.4 10.0 Askale, Turkiye
8 2023-02-06 05:52:14 38.546 40.456 4.2 12.8 Doju Tiirkiye
9 2023-02-06 04:47:43 38.606 40.577 4.6 11.3 Geng, Tirkiye
10 2022-11-17 02:57:20 38.749 42.578 4.2 10.0 Ahlat, Tiirkiye
11 2022-11-10 07:57:33 38.694 42.551 4.2 10.0 Doju Tiirkiye
12 2022-10-01 08:41:14 39.602 40.521 4.3 3.1 Yedisu, Turkiye
13 2022-09-30 00:49:03 39.539 40.529 43 10.0 Yedisu, Tiirkiye
14 2022-09-16 23:30:36 39.367 40.704 4.8 10.9 Yedisu, Tiirkive
15 2022-08-02 03:37:18 39.472 41.225 4.2 2.3 Karliova, Turkiye
16 2022-05-27 15:49:33 39.483 40.791 4.1 14.6 Yedisu, Turkiye
17 2022-01-31 09:07:00 39.064 40.068 4.6 10.0 Karakocan, Tiirkiye
18 2022-01-31 03:49:57 39.193 40.159 4.7 10.0 Yayladere, Tlrkiye
19 2021-11-22 11:31:25 39.737 41.881 4.7 10.0 Karayazi, Turkiye
20 2021-11-19 15:40:53 39.827 41.922 5.1 6.2 Karayazi, Tiirkiye
21 2021-07-28 15:27:14 39.289 40.332 4.1 10.0 Yedisu, Turkiye
22 2021-06-25 21:28:37 39.187 40.167 5.4 3.1 Dogu Tirkiye
23 2021-05-26 00:37:54 39.985 40.159 43 10.0 Otlukbeli, Tiirkiye
24 2021-02-17 13:02:32 39.471 40.362 4.3 10.0 Yedisu, Turkiye
25 2020-11-08 12:22:56 39.366 40.805 4.0 10.0 Karliova, Tiirkiye
26 2020-10-28 12:16:15 39.827 39.827 4.5 10.0 Tercan, Tiirkive
27 2020-09-18 03:15:13 38.770 42.205 4.0 10.0 Ahlat, Tiirkiye
28 2020-09-16 17:48:21 38.715 42.028 4.6 10.0 Giiroymak, Tarkiye
29 2020-09-07 11:47:49 38.591 38.591 4.2 10.0 Giiroymak, Tiirkiye
30 2020-06-16 15:57:42 39.434 40.649 4.4 10.0 Yedisu, Turkive
31 2020-06-15 19:52:37 39.440 40.635 45 5.7 Yedisu, Turkive
32 2020-06-15 10:14:36 39.368 40.718 4.2 10.0 Yedisu, Tiirkive
33 2020-06-15 09:51:31 39.423 40.748 5.5 10.0 Yedisu, Tirkive
34 2020-06-15 01:40:36 39.406 40.770 45 10.0 Yedisu, Turkive
35 2020-06-14 18:09:18 39.372 40.745 4.5 10.0 Yedisu, Tiirkive
36 2020-06-14 17:34:50 39.417 40.751 45 10.0 Yedisu, Tirkive
37 2020-06-14 17:24:29 39.423 40.707 5.9 10.0 Yedisu, Turkive
38 2020-05-22 06:21:13 39.471 40.041 4.1 10.0 Piilimir, Tiirkive
39 2020-04-12 09:38:06 39.363 40.921 4.2 10.0 Karliova, Trkiye
40 2019-12-23 02:58:05 39.468 40.144 43 10.0 Dogu Tirkiye



https://earthquake.usgs.gov/earthquakes/eventpage/us6000jpd8/
https://earthquake.usgs.gov/earthquakes/eventpage/us6000jmjj/
https://earthquake.usgs.gov/earthquakes/eventpage/us7000inqc/
https://earthquake.usgs.gov/earthquakes/eventpage/us6000jm4u/
https://earthquake.usgs.gov/earthquakes/eventpage/us7000iq92/
https://earthquake.usgs.gov/earthquakes/eventpage/us7000inqc/
https://earthquake.usgs.gov/earthquakes/eventpage/us6000ipx6/
https://earthquake.usgs.gov/earthquakes/eventpage/us6000ipfl/
https://earthquake.usgs.gov/earthquakes/eventpage/us7000i8nr/
https://earthquake.usgs.gov/earthquakes/eventpage/us6000i7bw/
https://earthquake.usgs.gov/earthquakes/eventpage/us7000hd20/
https://earthquake.usgs.gov/earthquakes/eventpage/us7000ghzy/
https://earthquake.usgs.gov/earthquakes/eventpage/us7000gghf/
https://earthquake.usgs.gov/earthquakes/eventpage/us7000fw5n/
https://earthquake.usgs.gov/earthquakes/eventpage/us7000fvfl/
https://earthquake.usgs.gov/earthquakes/eventpage/us6000ezsx/
https://earthquake.usgs.gov/earthquakes/eventpage/us6000epst/
https://earthquake.usgs.gov/earthquakes/eventpage/us7000e68i/
https://earthquake.usgs.gov/earthquakes/eventpage/us6000dkem/
https://earthquake.usgs.gov/earthquakes/eventpage/us7000cc2c/
https://earthquake.usgs.gov/earthquakes/eventpage/us7000c6pg/
https://earthquake.usgs.gov/earthquakes/eventpage/us7000bpn1/
https://earthquake.usgs.gov/earthquakes/eventpage/us7000bnxn/
https://earthquake.usgs.gov/earthquakes/eventpage/us7000blsp/
https://earthquake.usgs.gov/earthquakes/eventpage/us6000actw/
https://earthquake.usgs.gov/earthquakes/eventpage/us6000aexu/
https://earthquake.usgs.gov/earthquakes/eventpage/us6000ac2k/
https://earthquake.usgs.gov/earthquakes/eventpage/us6000ac28/
https://earthquake.usgs.gov/earthquakes/eventpage/us6000aew8/
https://earthquake.usgs.gov/earthquakes/eventpage/us6000abpe/
https://earthquake.usgs.gov/earthquakes/eventpage/us6000abp5/
https://earthquake.usgs.gov/earthquakes/eventpage/us6000abnv/
https://earthquake.usgs.gov/earthquakes/eventpage/us70009mzz/
https://earthquake.usgs.gov/earthquakes/eventpage/us70008ulz/
https://earthquake.usgs.gov/earthquakes/eventpage/us70006pzw/
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41 2019-09-02 18:46:36 39.372 40.137 43 10.0 Yavyladere, Tiirkive
42 2019-08-12 16:34:28 38.262 40.911 41 10.0 Hazro, Tiirkive
43 2019-01-01 05:09:36 39.423 40.564 4.2 10.0 Yedisu, Tiirkive
44 2018-05-24 01:10:44 38.255 42319 4.0 10.0 Hizan, Tiirkiye
45 2018-03-07 03:33:54 39.028 40.306 43 10.0 Bingol, Tiirkive
46 2017-05-01 19:30:42 38.227 42.950 4.5 10.0 Gevas, Tirkiye
47 2017-02-10 15:27:32 39.773 39.773 4.5 10.0 Eleskirt, Tiirkiye
48 2016-10-23 11:22:03 38.388 42,043 4.2 10.0 Bitlis, Tiirkive
49 2016-06-21 09:25:22 39.390 40.730 4.1 6.0 Yedisu, Tiirkiye
50 2016-06-10 21:57:00 39.070 40.856 4.3 10.0 Solhan, Tiirkive
51 2016-01-23 09:53:44 38.045 42.694 43 10.9 Begendik, Tiirkive
52 2015-12-08 01:27:19 39.200 40.289 45 10.0 Yayladere, Tiirkive
53 2015-12-04 17:37:40 39.260 40.220 4.4 5.0 Yavyladere, Tiirkive
54 2015-12-03 02:36:28 39.273 40.286 43 10.0 Yayladere, Tiirkive
55 2015-12-03 01:27:09 39.283 40.255 5.4 10.0 Yayladere, Tiirkive
56 2015-09-07 03:37:37 39.180 40.280 45 5.0 Yayladere, Tiirkive
57 2015-02-10 00:52:53 39.502 40.345 42 10.0 Yedisu, Tiirkive
58 2015-02-04 04:48:04 38.010 42.720 4.0 6.0 Begendik, Tiirkive
59 2015-01-21 15:58:03 38.250 42.860 45 4.0 Bahcesaray, Tiirkive
60 2014-10-30 16:35:43 38.754 42.150 43 5.0 Gliroymak, Tiirkive
61 2013-10-05 01:50:29 39.970 42,920 4.2 10.0 Kagizman, Tiirkive
62 2013-09-18 21:22:40 39.690 41.650 4.4 5.0 Tekman, Tiirkive
63 2013-09-17 23:40:51 39.023 41.492 5.0 5.3 Varto, Tiirkive
64 2013-09-16 13:31:39 39.006 41.414 4.1 6.5 Varto, Tiirkive
65 2013-05-15 10:09:58 39.017 41.177 4.0 5.0 Solhan, Tiirkive
66 2012-09-23 12:10:41 38.635 42,994 41 5.0 Adilcevaz, Tiirkive
67 2012-06-14 22:17:43 38.058 42,554 4.2 2.5 Giilecler, Tiirkive
68 2012-04-28 06:17:04 38.493 40.743 4.7 5.0 Lice, Tiirkiye
69 2012-04-04 17:18:38 39.229 41.028 4.4 10.0 Karliova, Tirkiye
70 2012-03-26 13:35:32 39.171 42.330 5.5 5.0 Bulanik, Tiirkive
71 2012-03-25 17:50:29 39.940 42.936 4.0 3.4 Agn, Tiirkive
72 2011-11-17 04:37:18 39.133 41.565 4.9 3.9 Varto, Tiirkiye
73 2011-10-23 14:10:47 38.325 42.607 5.0 10.0 Hizan, Tiirkive
74 2011-10-08 06:25:19 39.347 40.694 4.0 5.0 Yedisu, Tiirkive
75 2011-08-24 18:47:25 39.486 40.005 4.4 5.0 Piltimar, Tirkiye
76 2011-03-06 09:58:40 39.240 40.413 43 10.0 Yedisu, Tiirkive
77 2011-02-22 20:15:52 38.927 42.335 45 4.8 Bulanik, Tiirkiye
78 2011-02-22 11:16:06 38.989 42.320 43 5.0 Bulanik, Tirkiye
79 2011-02-22 11:11:44 38.983 42.297 4.6 5.0 Bulanik, Tiirkive
80 2011-02-22 11:08:14 38.983 42.305 4.4 5.0 Bulanik, Tiirkiye
81 2010-11-07 07:51:29 39.499 40.212 4.1 5.0 Piliimir, Tiirkiye
82 2010-09-07 05:48:54 39.491 40.229 4.1 5.0 Yedisu, Tiirkive
83 2010-05-22 05:30:33 39.320 41.211 4.1 3.8 Karliova, Tirkiye
84 2010-03-24 16:11:31 38.821 40.138 5.1 4.5 Karakocan, Tiirkive
85 2010-03-09 09:21:23 38.882 40.257 4.0 5.0 Bingol, Tiirkive
86 2010-03-09 08:14:57 38.741 40.136 4.1 5.0 Palu, Tiirkive
87 2010-03-08 17:04:54 38.677 40.050 4.9 10.0 Palu, Tiirkive
88 2010-03-08 13:12:10 38.776 40.143 5.1 5.0 Palu, Tiirkive
89 2010-03-08 12:14:23 38.828 40.119 5.2 5.0 Karakocan, Tiirkive
90 2010-03-08 11:00:46 38.761 40.062 4.9 5.0 Palu, Tiirkive
91 2010-03-08 10:11:21 38.736 40.076 4.6 5.1 Palu, Tiirkive
92 2010-03-08 09:47:41 38.709 40.051 5.6 10.0 Palu, Tiirkive
93 2010-03-08 05:20:24 38.870 40.232 4.4 5.0 Karakocan, Tiirkive



https://earthquake.usgs.gov/earthquakes/eventpage/us70005b6p/
https://earthquake.usgs.gov/earthquakes/eventpage/us600053zz/
https://earthquake.usgs.gov/earthquakes/eventpage/us2000izk9/
https://earthquake.usgs.gov/earthquakes/eventpage/us1000eaym/
https://earthquake.usgs.gov/earthquakes/eventpage/us2000ddiz/
https://earthquake.usgs.gov/earthquakes/eventpage/us10008mku/
https://earthquake.usgs.gov/earthquakes/eventpage/us20008iwv/
https://earthquake.usgs.gov/earthquakes/eventpage/us20007g6z/
https://earthquake.usgs.gov/earthquakes/eventpage/us200066jm/
https://earthquake.usgs.gov/earthquakes/eventpage/us200063mk/
https://earthquake.usgs.gov/earthquakes/eventpage/us10004gl4/
https://earthquake.usgs.gov/earthquakes/eventpage/us100044xr/
https://earthquake.usgs.gov/earthquakes/eventpage/us100043c6/
https://earthquake.usgs.gov/earthquakes/eventpage/us100042w4/
https://earthquake.usgs.gov/earthquakes/eventpage/us100042v4/
https://earthquake.usgs.gov/earthquakes/eventpage/us20003h1b/
https://earthquake.usgs.gov/earthquakes/eventpage/usc000tnk0/
https://earthquake.usgs.gov/earthquakes/eventpage/usc000tlff/
https://earthquake.usgs.gov/earthquakes/eventpage/usc000thtl/
https://earthquake.usgs.gov/earthquakes/eventpage/usb000srrj/
https://earthquake.usgs.gov/earthquakes/eventpage/usb000k74e/
https://earthquake.usgs.gov/earthquakes/eventpage/usb000jvle/
https://earthquake.usgs.gov/earthquakes/eventpage/usc000jwi4/
https://earthquake.usgs.gov/earthquakes/eventpage/usc000jvbx/
https://earthquake.usgs.gov/earthquakes/eventpage/usp000k0px/
https://earthquake.usgs.gov/earthquakes/eventpage/usp000jssc/
https://earthquake.usgs.gov/earthquakes/eventpage/usp000jms0/
https://earthquake.usgs.gov/earthquakes/eventpage/usp000jjq0/
https://earthquake.usgs.gov/earthquakes/eventpage/usp000jh85/
https://earthquake.usgs.gov/earthquakes/eventpage/usp000jgts/
https://earthquake.usgs.gov/earthquakes/eventpage/usp000jgs6/
https://earthquake.usgs.gov/earthquakes/eventpage/usp000jayw/
https://earthquake.usgs.gov/earthquakes/eventpage/usp000j9rz/
https://earthquake.usgs.gov/earthquakes/eventpage/usp000j92t/
https://earthquake.usgs.gov/earthquakes/eventpage/usp000j6z2/
https://earthquake.usgs.gov/earthquakes/eventpage/usp000hvdw/
https://earthquake.usgs.gov/earthquakes/eventpage/usp000huxz/
https://earthquake.usgs.gov/earthquakes/eventpage/usp000hux7/
https://earthquake.usgs.gov/earthquakes/eventpage/usp000hux6/
https://earthquake.usgs.gov/earthquakes/eventpage/usp000hux5/
https://earthquake.usgs.gov/earthquakes/eventpage/usp000hp7w/
https://earthquake.usgs.gov/earthquakes/eventpage/usp000hkc9/
https://earthquake.usgs.gov/earthquakes/eventpage/usp000hd10/
https://earthquake.usgs.gov/earthquakes/eventpage/usp000h9xv/
https://earthquake.usgs.gov/earthquakes/eventpage/usp000h903/
https://earthquake.usgs.gov/earthquakes/eventpage/usp000h900/
https://earthquake.usgs.gov/earthquakes/eventpage/usp000h8yh/
https://earthquake.usgs.gov/earthquakes/eventpage/usp000h8y1/
https://earthquake.usgs.gov/earthquakes/eventpage/usp000h8xy/
https://earthquake.usgs.gov/earthquakes/eventpage/usp000h8xr/
https://earthquake.usgs.gov/earthquakes/eventpage/usp000h8xn/
https://earthquake.usgs.gov/earthquakes/eventpage/usp000h8xh/
https://earthquake.usgs.gov/earthquakes/eventpage/usp000h8x3/

Délek vd. / Tiirk Cografya Dergisi 83 (2023) 59-71

67

Sekil 7. Mus ili ve civarinda (38.0°-40.0°K Enlem ve 40.0°-43.0°D Boylam) 2007-2023 yillari arasinda meydana gelmis (Mw=>4.5) depremlerin
odak mekanizmasi ¢éziimleri gosterilmistir (Detaylh bilgi icin Tablo 2’ye bakiniz). Depremlerin odak mekanizmasi ¢éziimleri Coulomb stress
degisimi haritalarinin olusturulmasi igin kullanilmistir. Odak parametresi ¢6ztimleri AFAD web sitesinden alinmistir (Afet ve Acil Durum

40.0°

Enlem [derece]

38.0° %

Yonetimi Baskanligi, 2023).

Figure 7. Focal mechanism solutions of earthquakes (Mw24.5) that occurred in and around the province of Mus (latitude 38.0°-40.0°N and
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39.0°
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longitude 40.0°-43.0°E) between 2007 and 2023 are shown (Refer to Table 2 for detailed information). The focal mechanism solutions of the

earthquakes were utilized in the construction of Coulomb stress change maps. (Disaster and Management Authority, 2023).

Tablo 2. Mus ili ve civarinda (38.0°-40.0°K Enlem ve 40.0°-43.0°D Boylam) 2007-2023 tarihleri arasinda Mw=>4.5 olan depremlerin katalog
bilgileri (Afet ve Acil Durum Ydnetimi Baskanligi, 2023).

Table 2. Catalog information of earthquakes with Mw24.5 in and around the province of Mus (latitude 38.0°-40.0°N and longitude 40.0°-

43.0°E) between 2007 and 2023 (Disaster and Management Authority, 2023).

No Tarih Enlem Boylam Buyukluk Derinlik Dogrultu Egim Dalim
(UTC+3) (°K) D) (Mw) (km) ) e o
! s 38,682 40,001 a5 7.01 251 69 2
2 130();52223 33.154 40.172 48 11.58 215 84 11
3 720 39.750 40.620 46 70 3 81 3
4 1(2500302252’2 39.406 40.653 4.9 15.0 281 61 -163
>  ooss 39.134 40.066 47 10.28 135 71 75
6 oy 39.816 41.848 47 6.9 131 78 158
’ pirce 39.820 41.868 5.1 5.18 130 69 155
8| “lagesy | 219 40234 5.2 1551 195 19 58
° 161323?1;;2:2;0 38.705 41.981 4.7 17.08 64 40 121
w | s | 38131 12613 46 6.99 331 83 171
no| e | 30367 20743 5.6 7.01 71 8 174
| one | 30366 40748 47 0.28 257 89 166
13 1123;2:230 39.362 40.739 4.6 7.32 356 78 4
4 | e 39.365 40.714 57 80 355 70 9
1 0;2;)2:2;7 38.265 42.928 4.5 12.44 319 64 -153
16 | geror 39011 40712 45 12.81 21 74 a3
7 2?);?;52:2:6 38.049 42.670 4.5 15.21 279 42 163
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18 | Oy 39.286 40.190 45 9.75 209 49 13
19 02315728;5 39.261 40.217 5.3 10.66 221 72 -19
20 0050 39.051 41.398 4.9 19.01 289 51 178
2 | s 39.029 41.434 45 19.46 33 %0 7
2 | s 38.517 40741 46 22.47 256 80 n
3| s 39.234 42.276 50 16.96 116 67 168
2 | s 38.183 42.525 45 5.0 125 86 176
25 24;:3-12:2;0 38.771 40.093 5.0 22.57 234 53 2
%6 | oot 38.741 40,033 48 15.67 55 83 15
27 oiﬁi';:%o 38.745 40.034 5.0 11.75 227 68 11
28 03_70;2_72;2;0 38.751 40.041 5.6 15.15 323 82 -150
29 0§20322330 38.766 40.071 5.8 5.01 54 86 1
30 22_20:3;,2;227 39.251 41.093 5.5 23.88 145 42 -140
31 12-1?;2:?27 39.063 40.470 4.8 5.0 238 85 2
2 | s 39.108 40.441 48 26.4 313 79 152

Sekil 8, farkli derinlik degerleri (5.0, 10.0, 15.0, 20.0 km) igin
Coulomb gerilme degisimi sonuglarini  gostermektedir.
Coulomb gerilme degisimi sonucu elde edilen pozitif degerler
yuksek gerilme bolgelerini ve negatif degerler diisik gerilme
bolgelerini temsil etmektedir. Derinlik araliklari segilirken,
bolgedeki meydana gelmis ©onceki depremlerin hiposantr
derinlikleri  dikkate alinmigtir. Tum derinlik haritalan
incelendiginde, ilk olarak gbze ¢arpan Mus ilinin kuzey batisinda
pozitif ve negatif gerilme degisimlerinin olmasidir. Nispeten,
Mus il sinirlarinda gerilme degisimleri daha duragandir.

Coulomb stress degisimi (bar)

40.0 40.0

Enlem (derece)

derinlik= 5.0 km

40.0 41.0 420

Bolgenin kuzey dogusunda sag yonli dogrultu atimh fay
mekanizmasina sahip VFZ, KAFZ'nun KPS ve ELS segmentleri ve
DAFZ'ye ait KOS ve ILS segmentleri bulunmaktadir. Ozellikle
KUB civarinda 5-15 km derinlik araliginda 4 adet pozitif ve 4
adet negatif gerilme lobu gozlenebilmektedir. Pozitif gerilme
loblarinin dogrultulari KB-GD ve KD-GB iken, negatif gerilme
loblarinin dogrultular yaklasik olarak K-G ve D-B’dir. Ozellikle
KUB civarinda sig derinliklerde (~10 km) gerilme degerlerinin
oldukga ylksek oldugu (~0.1 bar) gézlenebilir.

Coulomb stress degisimi (bar)
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Sekil 8. Tablo 2’deki depremlerin odak mekanizmasi ¢oztimleri kullanilarak Mus ili ve civari igin farkh derinlik degerleri icin Coulomb gerilme

degisimi haritalari. (a) 5 km, (b) 10 km, (c) 15 km ve (d) 20 km.

Sekil 8. Coulomb stress change maps for different depth values for Mus province and its surroundings, using the focal mechanism solutions of

the earthquakes in Table 2. (a) 5 km, (b) 10 km, (c) 15 km, and (d) 20 km.
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Bu durumda, KPS, ELS ve VFZ boyunca 6zellikle sig derinliklerde
sismik aktivite beklemek olduk¢a mantiklidir. Ayni zamanda,
DAFZ'nin KOS ve ILS segmentleri civarinda her derinlik
seviyesinde KD-GB ve KB-GD yonli pozitif gerilmelerin oldugu
gozlenebilir. Yine bu durum, diger bolgelere gore bu bolgenin
depremselliginin ylksek olduguna isaret etmektedir. Bunlara ek
olarak, aletsel déonem deprem aktivitesini gosteren Sekil 5
incelendiginde, depremlerin genellikle KUB ve VFZ
dogrultularinda meydana geldigi goriilmektedir. Diger taraftan,
Bulanik ve Malazgirt ilgelerinin bulundugu bélgedeki MF, BUF
ve HGF civarinda oOzellikle 15-20 km derinlik seviyelerinde
pozitif gerilme degerleri bulunmaktadir. Ayrica MFZ civarinin
goreceli olarak daha stabil bir yapida oldugu séylenebilir. Sonug
olarak, Coulomb gerilme degisimi analizlerine bagh olarak
yapilan modelleme sonucuna gére, Mus ilinin 6zellikle kuzey
batisi civarinda bulunan kompleks haldeki ana tektonik
yapilardan kaynaklanan ve kaynaklanacak olan depremler Mus
ili ve civari icin 6nemli 6lgide tehlikeye sebep olacaktir.

4. Sonuglar

Tirkiye'nin dogusunda bulunan Mus ili ve civari, 6nemli aktif
faylarin kesisim glizergahindadir ve hem tarihsel hem de aletsel
dénemde bircok yikici depreme maruz kalmistir. Ozellikle, Mus
havzasinin kuzey batisinda bulunan KAFZ, KUB ve VFZ ve giiney-
giliney batisinda bulunan Giiney Anadolu Fay Zonu boyunca
yuksek depremsellik gbze c¢arpmaktadir. Bu ¢galisma
kapsaminda, Mus ili ve civarinin Coulomb gerilme degisimi
haritalari olusturulmustur. Coulomb gerilme degisimi, deprem
etkilesimleri ve sismik tehlike degerlendirmesi agisindan
oldukga 6nemli bir parametredir. Statik gerilme degisimlerinin
hesaplanabilmesi igin, bdlgede 2010-2023 vyillari arasinda
meydana gelmis blyikligi Mw>4.5 olan 32 adet depremin
odak mekanizmasi parametreleri kullanilmigtir. Farkh derinlik
seviyeleri (5.0, 10.0, 15.0, 20.0 km) i¢in olusturulan Coulomb
gerilme degisimi haritalarina gére KAFZ ve VFZ boyunca pozitif
gerilme (~ +1 bar) degisimleri gozlemlenmistir. Dolayisiyla, bu
fay zonlari boyunca gelecekte deprem meydana gelme
potansiyeli bolgedeki diger fay ve fay zonlarina gére daha
yuksek oldugu sdylenebilir. Bunun aksine, Mus’un dogu ilgeleri
olan Malazgirt, Korkut ve Bulanik civarinda meydana gelen
depremlerle de iliskili olarak negatif (~ -1 bar) yada stabil
gerilme degerleri hesaplanmistir ve bu bdlgelerin deprem

Uretme ihtimallerinin daha distk oldugu sonucuna varilmistir.
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