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Stress States at the eŶd of the North AŶatoliaŶ Fault ZoŶe, Marŵara RegioŶ 

Figure ϭ. ReĐeŶt seisŵiĐ aĐtiǀitǇ of the Maƌŵaƌa RegioŶ foƌ a tiŵe peƌiod ďetǁeeŶ ϮϬϬϲ.Ϭϵ.ϬϮ aŶd ϮϬϭϰ.Ϭϵ.Ϭϰ 
fƌoŵ the eaƌthƋuake Đatalogue of TUBITAK-MRC ;Fault geoŵetƌǇ, Seeďeƌ et al., ϮϬϬϰͿ. All ĐiƌĐles aƌe eǀeŶts ǁith 
ML≥ϭ.Ϭ. BlaĐk ƌeĐtaŶgles iŶĐludiŶg Đoloƌed ĐiƌĐles aƌe ǀisiďle eaƌthƋuake Đlusteƌs; EasteƌŶ GaŶos Offshoƌe ;ϭ-EGOͿ, 
EasteƌŶ Tekiƌdağ BasiŶ ;Ϯ-ETBͿ, EasteƌŶ ÇıŶaƌĐık BasiŶ ;ϯ-ECBͿ, Yaloǀa ;ϰ-YͿ, Geŵlik Đlusteƌs ;ϱ-GͿ aŶd EasteƌŶ CeŶt-
ƌal Maƌŵaƌa BasiŶ ;ϲ-ECMB, ƌedͿ. The ƌed ĐiƌĐle is the ŵaiŶ studǇ aƌea of this ǁoƌk. Fault tƌaĐes aƌe fƌoŵ Aƌŵijo et 
al., ϮϬϬϮ, aŶd ďathǇŵetƌǇ data aƌe fƌoŵ RaŶgiŶ et al., ϮϬϬϭ. 

EǆteŶsioŶal foĐal ŵeĐhaŶisŵ solutioŶs aƌe ŵostlǇ oďseƌǀed iŶ the CeŶtƌal Maƌŵaƌa ďǇ this ĐoŵpƌeheŶ-
siǀe ƌeseaƌĐh although the ŵaiŶ Maƌŵaƌa Fault, the ǁesteƌŶ ďƌaŶĐh of the Noƌth AŶatoliaŶ Fault ZoŶe 
;NAFZͿ, is doŵiŶated ďǇ a ƌight lateƌal stƌike-slip ƌegiŵe. 
As a ƌesult of the ǁesteƌŶ ŵotioŶ of the NAFZ, Maƌŵaƌa RegioŶ is pƌoŶe to a laƌge eaƌthƋuake aŶd a seis-
ŵiĐallǇ ǀeƌǇ aĐtiǀe aƌea. Theƌefoƌe, the aŶalǇsis of the Maƌŵaƌa Sea is sigŶifiĐaŶt. 
This ƌeseaƌĐh aiŵs to defiŶe the loĐatioŶs aŶd the ďƌaŶĐhes of fault stƌuĐtuƌes aŶd theiƌ geoŵetƌiĐal oƌi-
eŶtatioŶs.  
IŶ this studǇ, eaƌthƋuakes aƌe loĐated usiŶg hǇpoĐeŶteƌ pƌogƌaŵ. We haǀe ƌeaĐhed siǆ Đlusteƌs of eaƌth-
Ƌuakes loĐatioŶ iŶ the ƌegioŶ aŶd Ŷeǆt, theǇ aƌe suďŵitted to the stƌess teŶsoƌ iŶǀeƌsioŶ pƌoĐeduƌe aŶd 
theiƌ siŵultaŶeous foĐal ŵeĐhaŶisŵ solutioŶs aƌe oďtaiŶed. Besides, theǇ aƌe ƌeloĐated oŶĐe agaiŶ usiŶg 
HYPODD ƌelatiǀe loĐatioŶ teĐhŶiƋue. 
CoŶseƋueŶtlǇ, fƌoŵ the ĐoŵpaƌisoŶ of ƌeloĐatioŶ ƌesults of hǇpoĐeŶteƌ aŶd HYPODD pƌogƌaŵs, it is fouŶd 
out that ŵost of the ƌeloĐatioŶs haǀe the saŵe oƌieŶtatioŶs due to the usage of a high ƋualitǇ data set. 
DippiŶg aŶgles of the segŵeŶts of the MaiŶ Maƌŵaƌa Fault Đould Ŷot ďe oďseƌǀed; oŶ the otheƌ haŶd, 
iŵpoƌtaŶt iŶfoƌŵatioŶ is disĐoǀeƌed aďout seisŵogeŶiĐ zoŶes. Besides, ŵostlǇ NE-SW oƌieŶted eǆteŶ-
sioŶal stƌess stƌuĐtuƌes aƌe fouŶd iŶ the fiǀe ƌegioŶs, ǁhile a ƌight lateƌal stƌike-slip stƌess stƌuĐtuƌe is 
fouŶd iŶ the ŵost ǁesteƌŶ Maƌŵaƌa. Fuƌtheƌ, ouƌ seŶsitiǀe ƌeloĐatioŶ aŶd stƌess aŶalǇses ǁill ŵake aŶ 
iŵpoƌtaŶt ĐoŶtƌiďutioŶ to a ďetteƌ uŶdeƌstaŶdiŶg of the ŵoǀeŵeŶts iŶ the Sea of Maƌŵaƌa, aŶd shed 
light oŶ eaƌthƋuake ƌuptuƌe aŶalǇses foƌ heteƌogeŶeous stƌess states aŶd otheƌ seisŵologiĐal studies. 

  ϰϮϱ of ϲϰϮ Đlusteƌed eaƌthƋuakes ǁith ML≥ϭ.5 aƌe seleĐted; as a ƌesult of, iŶdiǀidual loĐatioŶs 
aŶd foĐal ŵeĐhaŶisŵs of eaƌthƋuakes foƌŵ the ƌe-ideŶtifiĐatioŶs of P aŶd S phases aŶd P-ǁaǀe fiƌst 
ŵotioŶ polaƌities. The seleĐtioŶ Đƌiteƌa aƌe eaĐh eaƌthƋuake ŵust haǀe ŵiŶiŵuŵ ϭϬ P-ǁaǀe fiƌst ŵo-
tioŶ polaƌities aŶd ŵaǆiŵuŵ ϭ iŶĐoŶsisteŶt statioŶ ;Koƌkusuz Öztüƌk et al. ϮϬϭϱͿ. 

  ϱ degƌee gƌid seaƌĐh is used iŶ oƌdeƌ to deteƌŵiŶe ŵaǆiŵuŵ, iŶteƌŵediate aŶd ŵiŶiŵuŵ pƌiŶĐi-
pal stƌess aǆes aŶd also disĐƌiŵiŶate fault plaŶes fƌoŵ auǆiliaƌǇ plaŶes ;HoƌiuĐhi et al.,ϭϵϵϱͿ. 

  ϰϮϱ eaƌthƋuakes aƌe suďjeĐted to the hǇpoDD pƌogƌaŵ to oďtaiŶ douďle-diffeƌeŶĐe loĐatioŶs
;Koƌkusuz Öztüƌk aŶd Meral Özel, suďŵittedͿ. SVD ;SiŶgulaƌ Value DeĐoŵpositioŶͿ is used to solǀe the 
sǇsteŵ Waldhauseƌ aŶd Ellsǁoƌth ;ϮϬϬϬͿ. 

Figure Ϯ. The seisŵiĐ statioŶ distƌiďutioŶ ŵap of the studǇ. 
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Figure ϯ. EpiĐeŶteƌs of ƌeloĐated 
;ďeaĐhďallsͿ aŶd eliŵiŶated ;ďlue dotsͿ 
eaƌthƋuakes aƌe shoǁŶ foƌ the EasteƌŶ 
GaŶos Offshoƌe, EasteƌŶ Tekiƌdağ BasiŶ, 
EasteƌŶ ÇıŶaƌĐık BasiŶ, Yaloǀa, Geŵlik aŶd 
EasteƌŶ CeŶtƌal BasiŶ Đlusteƌs, ;fƌoŵ ϭ to ϲͿ 
ƌespeĐtiǀelǇ.  EaƌthƋuakes aƌe eŶuŵeƌated 
tiŵe depeŶdeŶtlǇ. Daƌk gƌeeŶ ƌeĐtaŶgles aƌe 
studǇ aƌeas aŶd peƌĐeŶtage distƌiďutioŶs of 
loĐal ŵagŶitudes of the seleĐted eaƌth-
Ƌuakes aƌe shoǁŶ iŶ suďplots ;dͿ.  

Figure ϰ. The ŵap oŶ the top is the ƌepƌeseŶtatioŶ of oƌieŶtatioŶs of the 
ŵaǆiŵuŵ hoƌizoŶtal stƌess aǆes fƌoŵ pƌeǀious studies; Ϯ,ϯ,ϰ,ϱ ;light 
ďƌoǁŶͿ foƌ loĐal aƌeas iŶ the Sea of Maƌŵaƌa; ϭ aŶd ϲ ;light ďƌoǁŶͿ foƌ the 
ǁhole ǁesteƌŶ aŶd the ǁhole easteƌŶ Maƌŵaƌa aƌeas; aŶd ϳ,ϴ,ϵ,ϭϬ,ϭϭ 
;daƌk ďƌoǁŶͿ foƌ the ǁhole ƌegioŶ of Maƌŵaƌa ;Güƌďüz et al., ϮϬϬϬ; Kiƌatzi, 
ϮϬϬϮ; Polat et al., ϮϬϬϮ; PıŶaƌ et al., ϮϬϬϯ; Öƌgülü, ϮϬϭϭͿ. The ďeloǁ ŵap 
ƌepƌeseŶts hoƌizoŶtal stƌess aligŶŵeŶts foƌ the EasteƌŶ GaŶos Offshoƌe ;ϭͿ, 
EasteƌŶ Tekiƌdağ ďasiŶ ;ϮͿ, EasteƌŶ ÇıŶaƌĐık ďasiŶ ;ϯͿ, Yaloǀa ;ϰͿ, Geŵlik ;ϱͿ 
aŶd EasteƌŶ CeŶtƌal Maƌŵaƌa ďasiŶ ;ϲͿ Đlusteƌs;Koƌkusuz Öztüƌk et al., 
ϮϬϭϱ; Koƌkusuz Öztüƌk aŶd Meƌal Özel, suďŵittedͿ.  
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ϭ-EGOC ϴϱ/ϭϰϰ ϯϭϱ-ϯϱ ϭϰϭ-ϱϬ ϮϮϭ-ϳ 

Ϯ-ETBC ϳϱ/ϭϬϱ Ϯϵϯ-ϳϬ ϭϰϯ-ϯϬ ϯϬ-Ϭ 

ϯ-ECBC ϳϯ/ϭϭϲ ϭϮϯ-ϴϬ Ϯϵϴ-ϭϬ ϮϬϲ-ϱ 

ϰ-YC ϭϬϮ/ϭϮϰ Ϯϴϱ-ϳϱ ϭϭϱ-ϳ ϮϬϭ-Ϯ 

ϱ-GC ϲϯ/ϭϬϬ ϭϬϮ-ϱϴ Ϯϴϱ-ϯϬ ϭϴϵ-ϱ 

ϲ-ECMBC Ϯϳ/ϱϯ ϵϬ-ϳϵ ϯϬϰ-ϯ Ϯϭϰ-ϱ 

Taďle ϭ. The suŵŵaƌǇ of aǀeƌage eƌƌoƌ aŵouŶts fƌoŵ ƌeloĐatioŶs aŶd fault plaŶe solutioŶs.  

Taďle Ϯ. Stƌess teŶsoƌ iŶǀeƌsioŶ ƌesults ǀia the pƌogƌaŵ of HoƌiuĐhi 
et al. ;ϭϵϵϱͿ. 

Figure ϱ. EpiĐeŶteƌs of eaƌthƋuakes seleĐted ǁithiŶ the 
siǆ ǀisiďle Đlusteƌs foƌ iŶdiǀidual ;ďlaĐk ĐiƌĐlesͿ aŶd ƌela-
tiǀe ;ƌed ĐiƌĐlesͿ loĐatioŶs. GƌeeŶ pƌofiles aƌe foƌ the fault 
peƌpeŶdiĐulaƌ Đƌoss seĐtioŶs ǁhiĐh aƌe shoǁŶ fƌoŵ fig-
uƌes Ϯ to ϳ. 
The left figuƌes aƌe foƌ iŶdiǀidual loĐatioŶs oďtaiŶed ǀia 
HǇpoĐeŶteƌ softǁaƌe, ǁhile the ƌight oŶes aƌe deƌiǀed ďǇ 
usiŶg the HǇpodd ƌelatiǀe loĐatioŶ teĐhŶiƋue. 
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 IŶ this studǇ, ǁe aŶalǇze seisŵoteĐtoŶiĐs of the Sea of Maƌŵaƌa foƌ the tiŵe spaŶ ďetǁeeŶ ϮϬϬϲ aŶd ϮϬϭϰ ďǇ ŵeƌgiŶg data 
sets fƌoŵ KOERI aŶd TUBITAK-MRC.  

 P aŶd S phases of ϲϰϮ ML≥ϭ.5 eaƌthƋuakes aƌe ƌe-ideŶtified, aŶd ϰϮϱ of theŵ aƌe seleĐted foƌ the fuƌtheƌ pƌoĐess. 
 SeleĐted eǀeŶts aƌe loĐated, theiƌ fault plaŶe solutioŶs aƌe oďtaiŶed. Thus, aligŶŵeŶts of ŵaǆiŵuŵ, iŶteƌŵediate aŶd ŵiŶi-

ŵuŵ pƌiŶĐipal stƌess aǆes aƌe ĐalĐulated.  
 A doŵiŶaŶt NE-SW eǆteŶsioŶ is fouŶd out iŶ the ETB, ECB, Y, G aŶd ECMB Đlusteƌs thƌough the SHŵaǆ aligŶŵeŶts, ǁhile a 

ƌight lateƌal stƌike-slip stƌess stƌuĐtuƌe is oďtaiŶed iŶ the EGO ƌegioŶ. 
 HǇpodd ƌelatiǀe loĐatioŶs aƌe deƌiǀed fƌoŵ ouƌ joiŶt data sets foƌ the siǆ Đlusteƌs iŶ the Sea of Maƌŵaƌa. Theƌefoƌe, ǁe fiŶd 

that the seisŵogeŶiĐ zoŶe eǆteŶds oǀeƌ ~ϭϳ kŵ depth iŶ the EGOC aŶd the Ŷuŵďeƌ of the eaƌthƋuakes is feǁ oƌ alŵost 
ŶoŶe ǁithiŶ the top Ϯ kŵ depth, the sediŵeŶtaƌǇ aƌea. ETBC, ŵight ďe ĐƌeepiŶg aďoǀe ~ϭϬ kŵ depth. HeŶĐe, this segŵeŶt 
ŵaǇ Ŷot ďe Đapaďle of ĐƌeatiŶg laƌge eaƌthƋuakes, as the loaded stƌess ŵight ďe ƌeleasiŶg ǀia ŵodeƌate size eaƌthƋuakes 
that oĐĐuƌ ǁith a feǁ ŵoŶths oƌ aƌouŶd oŶe Ǉeaƌ ƌeĐuƌƌeŶĐe iŶteƌǀal depeŶdiŶg oŶ theiƌ ŵagŶitudes. Fuƌtheƌŵoƌe, the up-
peƌ paƌt of the ECMBC ŵaǇ ďe ĐƌeepiŶg aďoǀe ~ϭϬ.ϱ kŵ oƌ the ŵost uppeƌ paƌt ŵaǇ ďe totallǇ loĐked aďoǀe ~ϳ kŵ depth, 
the zoŶe ďetǁeeŶ ~ϳ-ϭϬ.ϱ kŵ is ĐƌeepiŶg aŶd the zoŶe ďetǁeeŶ ~ϭϬ.ϱ aŶd ϭϰ kŵ is seisŵiĐallǇ aĐtiǀe. The ECBC that haǀe 
aŶ eǆteŶsioŶal stƌess state ŵight ďe loĐked aďoǀe ~ϳ kŵ oƌ ~ϭϬ kŵ depths, aŶd this segŵeŶt of the ŵaiŶ Maƌŵaƌa Fault 
ŵaǇ ďe loadiŶg stƌess to Đƌeate a laƌge eaƌthƋuake, ĐoŶsideƌiŶg the last laƌgest eǀeŶt oĐĐuƌƌed iŶ ϭϳϲϲ. The YC hosts a laƌge 
Ŷuŵďeƌ of sŵall eaƌthƋuakes up to ~ϭϰ kŵ depth. OŶ the otheƌ haŶd, a ~Ϯ kŵ thiĐk sileŶt zoŶe ŵight eǆit ďetǁeeŶ ~ϳ-ϵ kŵ 
depths, aŶd the shalloǁ aĐtiǀitǇ ~ϲ kŵ depth ŵight Đoŵe fƌoŵ the eǆisteŶĐe of the hot spƌiŶgs. Moƌeoǀeƌ, iŶ the GC the 
seisŵogeŶiĐ zoŶe is oďseƌǀed ďetǁeeŶ ~ϱ-ϭϯ kŵ depths. 
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