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Bu c¢aligmada, “Coklu depremlerin yeniden konumlandirilmasi (specialize multiple
event relocation)” yontemi kullanilarak, 23 Ekim 2011 Van (Mw=7.2) depreminin ana
sokunun ve biiylik art¢1 soklarinin konumlari yeniden hesaplanmigtir. Bu yontem, tim
icmerkez parametrelerinin kalibre edilmis (sapmadan arindirilmis, bias-free) tahminlerini
vermektedir. “Coklu depremlerin konumlarinin yeniden hesaplanmasi” yontemiyle yapilan
analizle; goreceli lokasyonlardaki hata miktarlar1 azaltilmakta ve sadece, yakin dismerkez
uzakligindaki (A<120 km) istasyonlarda okunan varig zamanlart kullanilarak mutlak
lokasyon, olus zamani ve derinlik degerlerinin kalibrasyonu yapilmaktadir. G6zlemsel okuma
hatalar1 varig zamanlarindan saptanarak; veri topluluguna aykirt okumalarin tanimlanmast,
elimine edilmesi ve ayni zamanda lokasyon ters ¢6ziimiiniin agirlik katsayisinin tanimi igin
kullanilmistir. Bundan dolay1 lokasyon parametrelerinde hesaplanan belirsizlikler gergekeidir.
Van dizinimideki herbir dismerkezin lokasyonundaki belirsizlik %90 giivenilirlikle 2-5
km araligindadir. Bu biitiin olarak kiimelenmenin lokasyonu i¢in yapilan kalibrasyonun
belirsizligini de (~1.9 km) igermektedir. Van depremlerinin mevcut dizinimi, temel olarak
bolgesel ve telesismik okumalara dayandirilarak yapildigindan, tekil lokasyonlart 25 km
kadar hatalidir ve giineydogu yoniinde sapma olduguna dair giiclii bir kan1 vardir. Ana sokun
NEIC (National Earthquake Information Center) tarafindan hesaplanan konumunun, kalibre
edilmis konumundan 14 km daha giineydoguda oldugunu belirtmekte yarar vardir. Okumalarin
yapildig sismik istasyonlar agirlikli olarak kaynak bolgesinin kuzeybatisinda (Avrupa’da)
toplanmistir ve bu istasyon dagilimiyla evrigmis, kiiresel deprem konum hesaplanmasinda
kullanilan 1-boyutlu ortalama sismik hiz modelleri ise diinyanin gercek sismik hiz yapisindan
farklidir. Bu farklilik bu tiir hatalara neden olmaktadir. Bir glinliik ilk artg1 soklar, merkezi
Van’m 20-25 km NNW daki Alaykdy’de olan, yaklasik 30 km uzunlugunda ve NE-SW
dogrultusundaki bir kirig1 tanimlar. Ana sokun kaynak mekanizmasi, diigiim diizlemleri
dogu-kuzeydogu dogrultusundaki olan ve degisen miktarlarda yanal hareket igeren bir ters
faylanmadir. Dismerkez ve derinlik dagilimlarinin sekli, kuzeybati yoniinde dalan diigiim
diizlemi iizerinde yanal atimli odak mekanizmasi olan bir kirilmay1 desteklemektedir. Ana
sok bu zonun NE ucundadir. 23 Ekim 2011 depremiyle iliskilendirilen 13-30 km derinlik
araligindaki icmerkez dagilimlarmin ortalama derinligi 24 km civarindadir. Depremlerin
yerlerinin yeniden belirlenmesi islemi, bize, bolgede daha 6nceden mevcut depremselligin
lokasyonlarini kalibre etme olanagin1 vermektedir. Depremlerin yerlerini yeniden belirleme
islemine, 1964 yilindan bu yana bolgede meydana gelmis 6nemli depremleri de kattigimizda
depremsellgin biiyiik 6l¢tide Ekim 2011 dizilimiyle aktif goziiken ayn1 fay {izerinde meydana
geldigini ortaya ¢ikarmis bulunuyoruz.

Anahtar Kelimeler: 23 Ekim 2011 Van depremi, art¢1 soklar, depremsellik, kalibrasyon,
yeniden konumlandirma
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ABSTRACT

We have determined improved locations for the October 23, 2011 Van, Turkey (Mw 7.1)
earthquake and larger aftershocks, using a specialized multiple event relocation methodology
that provides calibrated (bias-free) estimates of all hypocentral parameters. Errors in
relative location are reduced by the multiple event relocation analysis and the calibration
for absolute location, origin time, and depth is performed using only arrival time readings at
short epicentral distance (less than about 120 km). Empirical reading errors are estimated
from the arrival time data itself and they are used to identify and remove outlier readings and
also to weight the location inversion, so that calculated uncertainties in location parameters
are realistic. Uncertainties for individual epicenters of the Van sequence are mostly in the
range from 2 to 5 km at the 90% confidence level, which includes the uncertainty (~1.9 km) of
the calibration for the location of the cluster as a whole. Single event locations for events in
this sequence, based mainly on regional and teleseismic readings, are mislocated by as much

as 25 km, and with a strong tendency to be biased toward the southeast. In particular, the
NEIC location for the mainshock was 14 km southeast of the calibrated location. This effect
is caused by the departure of the true Earth velocity structure from the average 1-D models
used in global earthquake location, convolved with a heavy concentration of reporting
seismic stations to the northwest (i.e., Europe) of the source region. The early aftershocks
(within one day) define a rupture zone ~30 km in length, oriented NE-SW, centered very close
to the village of Alakoy, about 20-25 km NNW of Van. Focal mechanisms for the mainshock
all feature reverse faulting on nodal planes oriented from east to northeast, with varying
amounts of strike-slip motion. The pattern of epicenters and depths supports a rupture model
with slip on the northwest-dipping nodal plane of such focal mechanisms. The mainshock
epicenter is at the NE edge of this zone. The average depth of the seismicity associated with

the October 23, 2011 event is about 24 km, with a range of 13-30 km. The relocation process

also permits us to calibrate the locations of prior seismicity in the region. We have included
all significant events since 1964 in the relocation and found that a surprising amount of
the prior seismicity occurred in the same fault zones that were active in the October 2011

sequence.

Keywords: Aftershocks, calibration, relocation, seismicity, Van earthquake of October 2011

35



