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ABSTRACT

EARTHQUAKE FOCAL MECHANISM ANALYSIS OF CENTRAL
ANATOLIA

Birsoy, Seda
M.Sc., Department of Geological Engineering

SupervisorAssist Prof. Dr. A. Arda¥ zacar

Decembef018 181 pages

Anatolian interior is characterized by large lateral and vertical displacements and a
complex tectonic history. Especially, Central Anatolia is located between escape
tectonics in the east and extensional deformation in the west. The nature of this
transiton is still under much debate and requires detailed analysis of active tectonic
stresses within the region. In tisisidy, regional moment tensor inversion is performed

for 29 earthquakes with M>3.5 recorded between ZM1H by a temporary
broadband seismic network. Resultant focal mechanisms are later used for stress tensor
inversion to map the active stress field.r@ocal mechanisms solutions indicate
dominantly strikeslip and normal faulting across the region. Stress analysis conducted

for subregions revealed strik&lip regime along East Anatolian Fault Zone (EAFZ)

and across the interior parts of Anatolian@lat( Nor t h of 38A | ati tud
principle stresg 1) rotates clockwise from NVBE to NESW towards easOn the

ot her hand, earthquakes occurring near A
plates merge, display scattered seismicity and Iib%) CLVD components
associated to tectonic complexity and principal stress directions support a
transtensional regime producing simultaneousSNE trending leftateral strikeslip

and EW trending normal faulting.



Keywords: Central Anatolian Fault Ae, focal mechanism, moment tensor inversion,

stress tensor inversion
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¥Z

ORTA ANADOLUSG NUDEPREMODAK MEKANKZMA ANALKZK

Birsoy, Seda
Yéksek Li sans, Jeol oj i M¢hendi s
Tez Y°ne¥jciA)yADda ¥zacar

A r a20#8Kki81sayfa

Anadol uébnun i - késémlyare dehi stk rmahalt ve
tektoni k tarih-e ile karakterize edil mi
tektoniji il e bateda geril me defor masyon:t
hal a - ok tartékeéel makt asres er bA | qaegd e€knit € la &
gerektirmektedi r2.0 1Bu y-éalléakrnea daar,a s2e0nld3a g e -
aj 1 le kawy PedBi.l5Semlvwen 29 deprem i -in b°lg
y°nt emi uygul anméexter . E | dezi dahal Sorreestres o d a k
tens®°r¢ ters -°9z:m¢gnde aktif geril me al ¢
mekani zmasé -°z¢¢mleri miz, b°l geye dojrul
ol dujuna ikaret etmektedir. ARAmadoliFayel er

Zonu (DAFZ) boyunca ve inma#tej muyam dsjat ugeaas
KB-GD6dafmsBKD a d°nd¢j ¢ Anadol u plakaséneén
kuzeyi) dojrul tu at eml e rejiminin et kin
tabakanéa!l extiji Adana Havzasé ve Kskende
depreml er, dajéenéek sismisite ve tektonik
CLVD bilexkenleri sunai{ GBveg°axdli mjer islome yy
at éeml emafva BB ag°nel i mf ay |naonrnmaayl & e K zamanl

transformasyonel rejimi desteklemektedir.

vii



Anaht ar Orfagnedglk FagZonu odak mekgmbmenia -°z¢m

tensor t,gesit MetsehregnneCorze

viii



To My Family



ACKNOW LEDGMENT S

First of all,| would like toexpress my sincemgpreciatiorto my advisoDr. A. Arda
¥z acar tfoogrbeliéf,icanstamt guidan@d preciouscriticism during the

completion of myM.Sc.studies.

| owe a deep sense of gratitude to Bizhan Abgarmi for his valusalggestionsand
help, neverendingpatience anasbverwhelming attitudet all stages of my studies
Whenl met obstaclg | havealways felt his support arehcouragement.amactualy

grateful

| would like to thank tany colleagueSyed Tanvir Shah who helped much at the last

stages of my thesis. | am glad to meet him.

I am i ndebt edA.thor albwikgsme tohaemg j enast er 6 s degr ee
| owe immense gratitude tdr. Mustafa KemalAkman and Mr. Ali Bayram who
encouraged me to begin tlsdy | alsothank toB a r & Kk wiBh%homive shared

the road from work to schoahdalsosimilar experiences

I would like toexpress my deepest gratitude to my family who let me chase my dreams
from Kstanbul all the way to Ankara even t ht
girl. My special thanks are extended to my entire family foir thdnoleheartedly

support, loveandpatience towardne.

| also owe a great debt of thatk my one and only sister, SevHler existence gave

me happiness anemfort during my studies

| would like to thak to my @jirlz6 Sanem Elidemirand i dem Ar gurfiohan At al ay

their precious angbyful friendship love and patiencéuring this tough journey.



| am truly gratefultony d e ar e s t |f@pdig way witter lovely support

andprecioudove during my studies.

Lasty, there is a special persbwould like to thank anevithout him this thesisould
not be completed my beloved VarolBirsoy. | continued and survive with his
unwavering support. | am truly grateful flois everlasting faith anall the thingghat
he didto motivate me to complethis study.

Finally, 1 would like to represent my thanks to everyone who helped me during my

studies.

Xi



TABLE OF CONTENTS

A B S T R A C T e e e e e e \Y;

X vii

ACKNOWLED GMENT S ..ottt e e e et e et e e amae e e e e ese e e eeenaaees X

TABLE OF CONTENT S . oot Xii

LIST OF TABLES . ... e Xiv

LIST OF FIGURES. ... oo e e XV
CHAPTERS

1. INTRODUCTION 1

1.1 PUrPOSE QNd SCOPE......covuiiiiiieiiiii e e e e ettt e e e e 1

1.2 STUAY ATC@L...eeeeiiiiiiiiieee e 2

1.3 Data and Methods of the Study.............cccciiiiieecii e 3

1.4 Organization of the ThesSIS........ccccooiiiiiiiiiieeee e, 4

2. TECTONIC SETTING 5

2.1 PaleotectoniC EVOIULIQN.......cou e 5

2.1.1 Izmiri Ankaral Erzincan SULUIre ZONE........covueeeeeeeieeeeeaeeeiaeeaaenn, 6

2.1.2 INNer TAUrde SULUIE ZONE. ... ..o 7

2.1.3 BitliST Zagros SULUre ZONE........ccoviiiiieiiiiiiiieeeeeeee e 8

2.2 Active TeCtONIC SEttiNG........cvvvvieiiiiiiiiicr et 8

2.2.1 Central Anatolian Fault ZOne........cou oo 8

2.2.2 East Anatolian FauUlt ZOMne.... .o 11

2.2.3 Dead SEa FAUIL ZONE. ... ... 13

2.2.4 Tuz Gol.¢i...FRaul.t..Zaoane...... 15

225Malatyd Ovaceéek F.aul.t...Zone. ... 16

Xii



2.2.6 CYPIrEAN AlC. . iiiiiiiiiiiee ettt mmmtt ettt e e e e sne e e et e e e e eaanas 17

2.3 Seismicity Of the RegION..........oovviiiiiiiiiieee e 17
2.3.1 Historical SeISMICILY...........ccovviiiiiiiiiimmmre e eeeeeeneees 17

2.3.2 Instrumental SEISMICILY.......ccceeeeeeeeiiiiiiiieeer e 23

3. REGIONAL MOMENT TENSOR INVERSION ANALYSES 39
3.1 Methodological Background...............ooooiiiiiiicee e 39
G700 00 R o Tox= 1INV =Tod g = g1 o 39
3.1.2SeiSMIC MOMENt TENSOL......uuiiiiieieeeeeeieeeieeee e e e e e e enne e 41

3.2 Moment Tensor INVErSIQN...........cccuviiiieiiieemeeeeiiiieeeeeeiiine e s veeee a0 48
3.2.1 MethOOIOQY ... .ueuieeiiiiiiiiiiii ittt 49

BL2.2 DAL ..ccueii e 52

3. 2.3 RESUILS ... err e e ——— 56

4. STRESS TENSOR ANALYSIS 77
4.1 StresSs TeNSOI INVEISIONL......ccciiiiieeeeeeeiiiemeeeeeeeeeeeeeeeesanne s smmmeeseesennnnes 77
4.1.1 Stress Tensor Analysis by Slick Methad..............ccccoovvieeeeee. 78

4.1.2 Stress Tensor Analysis by WIBNSOL.............ccovvviiiiiieiiieeee e, 81

4.2 Determination of Tectonic Domains in the Study Area...................... 86
4.2.1 SUBIEQION L. r ettt e s 38

4.2.2 SUBrEQION 2. ...t e Q0

4.1.3 SUBrEQION 3. ..o 92

4.1.4 SUBIEQION ...ttt eeea s 94

4.1.5 SUBIEQION D...ieiieeeee e 96

4.1.6 SUBrEQION B.....ccooeeeeieeeeeee e s 98
AU > £=To (o] o U 101

4.1.8 SUBrEgION 8.ttt 103

5. DISCUSSION AND CONCLUSION 109
REFERENCES...... .ttt ceeeiiiii ettt e e e e s eeeree e e e e e e e e e e e e e e e e e e e s e s ammme e e s 117
AP PEND DX Ao eer s an et —— ittt taaaaeaeana———aaees 137
APPENDIX B it ee ettt a e e e e 151



LIST OF TABLES

TABLES

Table 2. 1 Historical earthquakes of the regiQn...........cccccoviiiiicccs 19
Table 3. 1Tabulated form of global PREM model..............cccoooviivieeeei e 55
Table 3. 20ur moment tensor inversion resultS...........cccceevvvivieeee e, 64

Table 3. 4Types Of tEIONIC rEGIMES........uuuiiiiiiiiiiiiiiie e 72
Table 3. 5 P, T, SHmax, SHmin axes and stress regimes of our focal mechanism
SOIULIONS .. 73
Table4.1Compari son of stress tensor inversion r ¢
in ZMAP and byP-,B-,T-axes and Righbihedron methods in WiTensor

for the entire region and the SAQIONS...........ccooeeeiiiiiiiii e, 106

Xiv



LIST OF FIGURES

FIGURES

Figure 1. 1 Tectonic map of Turkey with active faults; provinces, blocks and major
sutures; and relative plate motions according to Eurasiam plat.......... 2

Figure 1. 2 General view of Study ar€a............cccoecvrririeeeeee e 3

Figure 2. 1 Topographic map showing faults, sutures, volcanism; and the seismic
stations iN the StUAY @rea............eeevvveeeniiiireeeeiirrr e e e erne s 9

Figure 2. 2 Topo@phic map showing historical events (BC14B1899)............ 18

Figure 2. 3 a) Magnitude vs. time plots of events in the earthquake g;akglo
cumulative number of earthquakes plotted in time................cccevveeeee 24

Figure 2. 4 At the top, lat seismicity in the study areat the bottom, depth (left)

and time (right) distribution of earthquakes are shown with histogrags.

Figure 2. 5 Cumulative moment rake as a function of time............................ 26
Figure 2. 6 Histogram of the hourly numb:¢
2.5 d) Mo 3D, 29

Figure 2. 7 Quarry contamination detection map for the earthquakes with M303.0..
Figure 2. 8 Quarry contamination ®@&2tect i
Figure 2. 9 (a) Cumulative frequentymagnitude distribution (FMD) plot and (b)
recurrence time of earthquakes with different magnitudes occurred in the
S (010 V= 1= USSR 35
Figure 2. 10 Map view of the distribution of focal mechanism solutions for 171 events
INthe STUAY Area..........ooiiiiiii e e 36

Figure 2. 11 Rake based ternary diagram of the focal mechanism catalog with 171 data.

.......................................................................................................... 38
Figure 2. 12 Pand T axes orientations of 171 earthquakes occurred in the study area

between 1938 2017......cooo s 38
Figure 3. 1 The focal mechanisms and their related fault geometries...........40
Figure 3. 2 Equivalent body forces in 2D fault geometry.........cccceeeviieeiiieecennns 42

Figure 3. 3 The force couples showing the components of seismic moment &hsor

XV



Figure 3. 4 Forceystems, moment tensors and radiation patterns of sources46

Figure 3. 5 Examples of moment tensors and their stereographiotedahnism plots

Figure 3. 6 (a) raw and (b) processed three component broadband seismic waveforms
Of the event 22.02.2004..........oooeiiiieiiieime et 53

Figure 3. 7 Plot of P and S wave velocities of global PREM madel............... 54

Figure 3. 8 Moment tensor inversion solution of the event 16.06.2013.......... 57

Figure 3. 9 Comparison of observed and synthetic waveforms for the event 16.06.2013.

.......................................................................................................... 57
Figure 3.10 Plot of correlation vs time shift, source position and focal mechanism of

the event 16.06.2013........cccooiiiiiiiiieeeeeieeer et 58
Figure 3. 11 Depth correlat plot of the event 16.06.2013............cccvvviiiiirnne. 58

Figure 3. 12 Moment tensor inversion solution of the event 22.02.2014........ 59

Figure 3. 13 Comparison of observed and synthetic waveforms for the event

22.02.201 4. ... e e raaeaane 59
Figure 3. 14 Plot of correlation vs time shift, source position and focal mechanism of

the event 22.02.2014........eeeiiiieiiieee e 60
Figure 3. 15 Depth correlation plot of the event 22.02.2014................cccevveeee. 60

Figure 3. 16 Moment tensor inversion solution of the event 26.07.2013........ 61
Figure 3. 17 Comparison of observed anadtlgtic waveforms for the event

26.07.2003. .. et e e e eaeeeane 61
Figure 3. 18 Plot of correlation vs time shift, source position and foeahanism of

the event 26.07.2013.... ..o eeeeeeeeee e 62
Figure 3. 19 Depth correlation plot of the event 26.07.2013..............cccevernne. 62

Figure 3. 20 Fault plane solutions of 29 focal mechanisms resulted in this .si6@ly.
Figure 3. 21 Rakbased ternary diagram of our focal mechanism solutions...69
Figure 3. 22 Distribution of Fand T-axes orientations of our solutions............. 69
Figure 3. 23 Maximumdrizontal stressimaxmap of the study area constructed using
our focal mechanism SOIULIONS..........ccoviiiiiiiiiiiccc e 70
Figure 3. 24 Rose diagrams of xmaum (Simaxy) and minimum (8min) horizontal
stresses of our focal mechanism solutions on equal area display by Win

=] 1170 71

XVi



Figure 3. 25 Faulting type histogram for our 29 resultant focal mechanism solutions

........................................................................................................... 72

Figure 3. 26 Earthquakes having multiple faoaichanism solutions in the study area.
........................................................................................................... 74

Figure 4. 1 The results of stress tensor inversion by Ma el 6 s met hod f o
resultant (29) and (b) all the focal mechanisms (200) data.............. 80

Figure 4. 2 The results of stressBtensor
T-axes method; and (c) Right Dihedron method for the resultant focal
MECANISMS (29).... i e e s 84

Figure 4. 3 The results of stressBtensor
T-axes method; and (Right Dihedron method for the all focal mechanisms

Figure 4. 5 Close up map view of Srdgion 1 showing focal mechanism
510 1110 1 P 88
Figure 4. 6 The results of stressBtensor
T-axes method; and (c) Right Dihedron method in-&gon 1............. 89
Figure 4. 7 Close up map view of Srdgion 2 showing focal mechanism
S0 11110 1 P 90
Figure 4. 8 The results of stressBtensor
T-axes method; and (c) Right Dihedron method in-&gion 2............. 91
Figure 4. 9 Close up map view of Srdgion 3 showing focal mechanism
510 1110 1 P 92
Figure 4. 10 The results of stres®B tenso
, T-axes method; and (c) Right Dihedron method in-Bgion 3............ 93
Figure 4. 11 Close up map view of Skdgion 4 showing focal mechanism
S0 11110 1 P 94
Figure 4. 12 The results of stressB tenso
, T-axes method; and (c) Right Dihedron method in-Gagion 4............ 95
Figure 4. 13 Close up map view of Skdgion 5 showing focal mechanism

LYo ] 1511[0) 0 TR URPR 96

XVii



Figure4 14 The results of stress tenBor inversi
, T-axes method; and (c) Right Dihedron method in-&gion 5........... 97

Figure 4. 15 Close up map view of Skdgion 6 showing focal mechanism
0] 0110 E= O POPPPOPPPP 99

Figure4.16 e results of stress tensor-Bnversion
, T-axes method; and (c) Right Dihedron method in-&gion 6.......... 100

Figure 4. 17 Close up map view of Skdgion 7 showing focal mechanism
£ ] LU 10 1 P 101

Figure 4. 18 Theresultsofsétes t ensor i nversion bB (a) Miche
, T-axes method; and (c) Right Dihedron method in-Bagon 7.......... 102

Figure 4. 19 Close up map view of Swuegion 8 showing focal mechanism
£S10 ] LU0 1 P 104

Figure 4. 20 The results of stressterisarver si on by (a) -Bi chael ds n

, T-axes method; and (c) Right Dihedron method in-Baghon 8.......... 105

Figure 5. 1 Rakédased ternary diagram of all the focal mechanism solutions (200) in

the StUAY @ra........cceeiiiieeeeeee e 109
Figure 5. 2 Distribution of Pand Taxes orientations of all the focal mechanism

SOIULIONS (200t 110
Figure 5. 3 Faultingype histogram for the entire data Set...........cccccceeeiirrneeee. 111

Figure 5. 4 Stress map of the study area based on maximum horizontal stress axes
(SHmax) of focal mechanism solutions of (a) individual focal mechanisms of
World Stress Map (WSM) database (b) entire data (200) in the study area

Figure 5. 5 Rose diagrams of maximumu&) and minimum (8min) horizontal

stresses of entire focal mechanism solutions (200) by equal area display in

LAY T E =T 1T U 113
Figure 5. 6 Simplified map for the results of horizontal projections of principle stresses
for the subregions by Right Dihedron method....................ovviee 114

Xviil



CHAPTER 1

INTRODUCTION

1.1 Purpose and Sope

Central Anatoliais shaped by a series of decisifalts and fault systems&nd
characterized by young volcanism. lioise of the most tectonically active regions of

the worldwhere damaging earthquakes can threatareralhighly populated cities

such as Adana, Konya, Gaziantbfersinalso includingAkkuyu nuclear power plant

site. Although, the active tectonic structures in the area deserve upmost attention, they
are under much debate due to merge of complex tectonic processes and presences of
rather limited seismic data. Recently, a temporary seismic deploynetrding over

70 broadband stations provided a unique opportunity to study the nature of earthquakes

occurring in the region.

In this studyhew broadband datahich samples the area more densely be used

to determindocal mechanisrsolutions of earthquakes with M>3.5 recorded between
2013 and 2015. This will increase the number of available focal mechanism solutions
for the region and provide sufficient datadonduct stress tensor inversions in the
scope of this thesis which will\ge more insight on theresent tectonic stress field

controlling the Central Anatoli@Figure 1.1)



Figure 1. 1 Generalized dctonic map of Turkeyincluding neotectonicstructuresand
provinces(from Bozkurt, 200}, majorsuturesffomOk ay and T ¢andsrelaive 1999) ;
plate motionsrespect tdEurasian plate (from Reilinger et al., 200B)ack lines with black

triangles represent suture zonkelsick lines with white triangles are trenches; purple lines are

active faultsRed trianglesndicateHolocene volcanoes. The study aigautlined by pink

box DSFZ:Dead Sea Fault ZonEAFZ: East Anatolian Fault ZonéAESZ: Izmir-Ankara

Erzincan Suture Zone, IT8ner Tauride Suture ZonBAFZ: North Anatolian Fault Zone

1.2 Study Area

The study area iscated in Central Anatolia region with thelatitudes between 38
and 40N and longitudes between ® and 39%. The area lies in the junction of
African, Arabian and Anatolian plateghich results in @omplex tectonic evolution
including ongoing tectonic escape and subducfldre study area contains 19 cities
which have approximately 30% of the population of Repudfli€urkey according to
the Turkish Statistical Institut2016).Note that part of theapitalcity Ankara is also
located on the northwestern edge of the study (&igarel.2).
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Figure 1.2 Topographic majpf the studyarea. CBCAT Project broadband seismic stations
are indicated by blue diaonds. Cities are written in red

1.3Data and Methods ofthe Sudy

Parameters of athquakes occurred in the study area are collected from Kandilli
Observatory and Earthquakeegearch Institute (KOERI), United States Geological
Survey (USGS) and Incorporated Research Institutions for Seismology (IRIS).
Broadband seismic data recordedthe study areare gatheredfrom temporarily
deployed passive seismetworkin the scope afhe Continental Dynamics / Central
Anatolian Tectonics: Surface to mantle dynamics during collision to escape (CDCAT)
project. Waveform recordtakenfrom CDCAT networkare convertedrom velocity

I timedomain tadisplacemerit time usingtheSeismic Andysis Code (SAC) pgram

(Goldstein et al., 2003). The regiomabment tensor inversigrof the waveforms are



conductedby usingthe software ISOLAGUI (Zahradnik and Sokos, 201@&)ater,
stress tensors inversions are carried out ubirahael (1984)approach inZMAP
program (Wiemer, 2001&nd using WinTensor program of Delvaux and Sperner
(2003)separately which alloweds to compareesults andnvestigate the accuracy of

the methods.

1.4 Organization of the Thesis

This thesis is divided into 5 chapteidter introduction part, thesis continues with
Chapter 2 which is the tectonic setting of tegionand gives information abotite
geology, major tectonic structures and seismicity of the study@nagpter Jresents

the moment tensor inversion analysis method in detail. Chapter 4 deals with the stress
tensorinversions applied usingcal mechanism solutions. In Chapteab the results

of the analysgin this thesis areomgled anddiscussed.



CHAPTER 2

TECTONIC SETTING

2.1 PalaeotectonicEvolution

The presentlay Anatolia is located in the intersection area of Eunagifrican and

Arabian plates within the AlpindHimalayan mountain belln the past, the region was

lying betweertwo megacontinents called Laurasia (Northern Pangea) and Gondwana
(Southern Pangeahere rifting led to the formation éivo Tethyan oceans known as
Paleotethys and Neotethfysk e nI®P9a;1 9 8 7; Kk e n @a2,1981a0kayandé | m

T ¢ y s1998; Stampfli2000; Bozkurt and Mittwede, 20QIuring Alpine orogeny,

several branches of Tethyaoeanic basins closed and several sis@dle continental

nappes are accreted. Thus, the landmass of Anatolia is made uplgfd@fprmed,
metamorphosed and nometamorphosed lithospheric fragments distinguished by

suture zones and/or metamorphic bdtte(n g ° r Imazi® 84é Okay, and T
1999; Pourteau et al., 2010; Lefebvre, 2011). In the region, the northern branch of
Neotethyan ocean was sutured through Late Paleddestte Burdigalian forming the

K z miAnkarai Erzincan and Inner Tauride suture zones and the southern branch
where northward subducting Arabian plate collided with Eurasian plate was closed
during the &te Middle Miocene alongtheBitida gr os s u t1993;&lmasy € | ma z
1996 a; Y €1 ma,41996 Batkurtramd Mitevede,n2001). Considering the

effect of paleestructures on forming the present day tectonics setting, the positions of

these suture zees across Turkey is shown in Figure 1.1.



2.1.1 Izmir 7 Ankara i Erzincan Suture Zone

K z miAnkarai Erzincan suture zone is a 2000 km long ophiolitic belt boundary

trending eastvest and thrusting toward southern direction over the Anatofidds

Taurides. According to KAnkagd Erzimangdutuél maz (19
IS separating Turkey into two parts as the Pontides in the north and the Tauride

Anatolide platform in the south. In the Pontides, Sakarya Block exposes a wide area

which comprises of a mixture of Precambrian to Paleozoic crystalline basement, late

Triassic blueschists and eclogites, and Jurassic to Eocenenatamorphic

sedimentary coverunit3(e k e | i 1981, Okay and Moni ®, 1997

The AnatolideTauride Block occupies in the western and southern parts of Turkey

and has two divisions as Taurides and Anatolides by the Tertiary suture in the southeast

Turkey from Arabian plate (Robertsat al., 2006). The Tauride Mountains were

originated from the igments of Gondwana continent since Triassic time; whereas the

Anatolian terrane was emanated Byrasian continentk(e ng°r and Yél maz, 1
¥z g ¢ | ). Thé BaBridles are comprised of the fmatamorphic sedimentary units

including large platform carbotes( ¥ z g ¢ | 1984, van ;ahdnsber gen
the Anatolides represent metamorphic rocks
Bl ock, Tavkanl é& zone, Af yoOkayzl684farteaMender es m
et al., 2010).

The Keér ke hiated iBtheonmorkheast part bfahe Central Anatolia with its

currently triangular form and also known as the Central Anatolian Crystalline

Compl ex lu&alniOQlplLifebvre, 20L1Some researchers interpreted that

the high temperature condition atltegr ani t oi d i1 ntrusions of t he
evolved because of lithospheric delamination or slab breakoff (van Hinsbergen et al.,

2016; and references therein). Mafic and ultramaficies extending across the

Kér kK e h iane coBsidered lkas the remnants of large ophiolitic Mab énéz et al .,
19960k ay andl1l999) vy s ¢ z



2.1.2 Inner Tauride Suture Zone

According to previous studies, therthernbranches oNeotethyanoceanwere closed
at multiple stagesalongthe Izmir i Ankarai Erzincansutureandthe Inner Tauride
suture( keng®°r and Yél maz, 1981; Gor ¢r et al
T ¢ Y s ¢ z BozkurfaddMittwede, 2001). Since the AnatolidEauride Block and
the K é r k Bldtk are separated from each other by CenozoiQuaternary
sedimentary basins rather than an ophiolitic belt, some reseamessonedhe

exi stence of l nner Tauride ocean branch |

HP-LT metamorphism along the e continental margin of Anatolides is thought

to be a witness to the Inner Tauride suture betweénr kBdobkiand the Anatolide

Tauride BlockAccording to Pourteau et al. (201M)ete are some subjects supporting

the Inner Tauride ocean: (1) Soudketern and southwestgrartsof K é r Kk e hiare Bl o c |
conmposed of Cenozoit Quaternary sedimentary basins which are referred to arc
related events and southern margins of t
subductiorrelated geochemical properti€&° r ¢ r e t). (3 ISouthwestedn8 4
margino f Keé r kK eihdomposed ob lcate Cretaceous ealkaline granitoids

indicating subductiomelated environment and a member of volcamc granitoids

group. Also, Central Anatolian intrusive rocks areuged as syto postcollisional

triggered granitoids rather than the collisional interval betweek #he Kk e hiand Bl o0 c k
the PontidesA k € ma n e t(3) €lbse metath@@hix sole ages (betweeh B0

Ma ) of Lyci an, K¢t ahy ate that tthey @re parts ol sameo p hi ¢
oceanic basin. However, some disjointed
Tauride ophiolites are seen at the upper parts oKteer k e h i ThereBote pitask

suggeted that the Anatolid@auride Bock andK é r k e bkiwere dBiginated from

different sources. Anatolid€auride ophiolites are thought to be derived from the

oceanic branch betweéfié r Kk e h iand ABakoladeT&uride Block while Central

Anatolian ophiolites are the parts of northern Ankafarzincan Zondk e ng°r and
Yéel maz, 1981)



2.1.3 Bitlis T Zagros Suture Zone

The Bitlisi Zagros Suture Zone is formed by continental collision between Arabian

and Eurasian plates during the Middle Miocérearly Late Miocene. It lies from the

north of Arabianplatform through the southeastern Turkey to the Zagros Mountains

in lran Deweyandk e n g ° r 1979; keng®°r andMaoel maz, 198
thrust zones along the suture zone divided it into three. The firstis the Arabian platform

which has been madap of Lower Paleozoid Miocene aged autochthonous
sedimentary succession and Late Cretacéousocene aged ophiolitic nappes.

The second is known as zone of imbrication including several thanstghird is

named as nappe regiorhus, he upper tectan parts of southeast Anatolian orogeny

are composed of ophiolitic and metamorphic units from bottom toMuph are

overlain by backarc basin formationgnd nappe emplacementg € | ma z , 1993)
Ongoing convergence led to the tectonic escape forming NMEEZ and EAFZ

but it is alsopartly compensated along Bitlis suty&ozkurt, 2001; and references

therein).

2.2 Active Tectonic Setting

2.2.1 Central Anatolian Fault Zone

The Central Anatolian Fault Zone (CAFZ) is a sinistral active shear devedoped

by the reactivation and propagation of pal ace
Quaternary times due to continuing convergence of the Arabian and Eurasian plates

towards each otheThe CAFZ cuts across the eastern Anatolian Plateau in NE and

SW direction and probably reaches to west of Cyprus by passing through Anamur and

Eastern Mediterranean Sea fldéigure 2.1)( Ko - yi Jj i t an &ozkrey han, 199
2001).



Figure 2. 1 Topographic map showing faultsutures (simplified from Bozkurt, 2001),
volcanism(taken from Abgarmi et al., 2017and the seismic stations in the study area.

CD-CAT Project broadband seismic stations are indicated by blue unfilled diamonds. Black

lines with black filled trianglesepresent suture zones. Red triangles are Holocene volcanoes

and orange polygons showebgene recent volcanic deposi8ZSZ: Bitlis Zagros Suture

Zone, CAFZ:Certral Anatolian Fault Zone, CAVPCentral Aratolian Volcanic Province,

DSFZ: Dead Sea Fault Zen, EAFZ: East Anatolian FZult Zor
Kmir-AnkaraErzincan Sutur&Zone ITS: Inner Tauride SutureKFZ: Karasu Fault Zone,

MOFZ: MalatyaOv ac é k FaulStg rgogned,auSRFzZo®ar ez Faul t,
Faul t, T GBasinTGZT G2 | g° B¢, Fault Zone.

Ko-yijit and Beyhan (1998) describes the
sinistral intracontinental megashear zone cutting across the Central Anatolia and
bounded by the Eastern Mediterranean Sea in the soutthaitfzincan city in the

northeast. It is a young, important neotectonic structure which is initiated in the middle
Pliocene and formed from several segments (Dirik, 2001). Its displacement differs
according to the palaeotectonic and neotectonic pefiods: yi J it and Beyhe:e

claim sinistral displacements of about 75 km for late Paledza@arly Mesozoic



period, 4 to 24 km for Miocene period and 3.1 km for the Quaternary deposits and

drainage systems. However, there are some speculations aboest piay slip rate

along CAFZ. The slip rate of about 3 mm/yr was calculated by finite element model

by Kasapojlu (1987). Ko-yijit and Beyhan (19
this slip rate whether such an active zone exists in the region or whdthaative
motion between Central Anatolia and Arabia proceeds to be the future boundary of
East Anatolian Fault Zone (Aktuj et al , 201
The northern part of CAFZ includes NE trending -lateral strikeslip faults and

related pull apart basins @1 maz and YGFZna elated 200a0l&ge

intervening pulapart basin, named as the Erciyes-pupp a r t basin by Ko-yi]
Beyhan (1998). According to Ko-yijit and Ero
120 km length and 1.2 km depth.dtformed due to releasing double bend along CAFZ

and is hosting the Erciyes Daj-Quaternaryt he centr
volcanic units of this stratovolcano complex. The ESE boundaries of the Erciyes pull

apart basin is characterized bgrmali slip faults which intersect a series of acidic

domes, volcanic cones and the crater of Erciyes stratovolganor(oj | u et al . , 109
Ko-vyiJjit andKoBeyyihjBirat,2003n9d9 8 ;

The northeastern part of CAFZ overlays on the western péredivas basin which

is one of the largest Tertiary basin of Anatoliawas formed by the Inner Tauride
oceanclosurand i ts northern pAnkaral Bransan Suitueeped by Kz
front al thrust and also Sike®rt anikée Z&ll arama k
1981; Ko-vyi ] it ThenSivasBasiy is extendindlfi®r Bayseri in the

west to Erzincan in the east and is filled by two main sedimentary groups: the first was

completed at the end of late Palaeogene and consisting of corticembaits with

evaporates; while the second was initiated with marine incursion during Early Miocene

to Late Neogene and again formed by continental deposits (Temiz et al.,|h388).

northeastern side of Central Anatolia, Haymana basin is locatbd irtkara part of

K z nii Ankara suture and near westetrror t hwe st ern si caed of Kér ke

emerged during the Late Cretaceous.to Eocene

10



The widespr ead Ankara suture aré fillikgztinei Haymanasba
(Ko-yijit, 1991).

I n according to the paper of keng®°r et al
Province due to its inactive seismic characteristics. Some earthquake record indicate

that the eastern part of the Central Anatolia has relgtilesds seismic activity.

However, some moderate size earthquakes were recorded through time such as 1717
and 1835 Ecemik, 9 March 1902 ¢ankéré ( Ms
Kérkehir (M=6.8), 21 February 1iK4dyBeriEr ci y €
(M=5.3) , 14 Augiwsotr ulm@ { eM=Ne Gi)t wza ¢ hi n t hi s
that 28.05.1914 Gemerek earthquake was felt strongly in Kayseri, Sivas and Tokat
cities and caused life loss and serious damages on structures. The 21.02.3@40 Erci
(Kayseri) earthquake was happened in the Erciyes Mountain with its 18 shocks. It is
reported that 37 people lost their life and five villages and one county were destroyed,

10,000 knd area were affected during the earthquake.

2.2.2 East Anatolian Fault Zone

The East Anatolian Fault Zone is a transform fault and ex$tribm the continued
northward convergence of Arabia toward Eurasia since the late Miokemen(g ° r et
al., 1985; Dewey et al., 1986tempton, 1987Westaway, 1994 It is the boundary
between the Anatolian and the Eurasian plates and between the Arabian and the
African platesand thought as the conjugate structure of NAFgure 2.1)Bozkurt,

2001) This AfricantArabian plate motion is correlated with the sinistbedlad Sea

Fault Zone at a slip rate of 4.54.8 mm/yr (Reilinger et al., 2006).

The sinistral characteristic of the fault zone participates to the westward motion of
Anatolia. The East Anatolian Fault Zone has numepaulkapart basins, conjugate
fractures, folding and important thrust compondite EAFZ comprises some pure
strike-slip faults parallel to plate motion and some oblique to the plate mdtios.

stepover geometry also creates stskp faults and needs dispensed shortening

11



around Bozkurt, 2001)According to Reilinger et a(2006),the East Anatolian Fault

has 550 km | ength andac&rdiig tdNgeddlesyd studies/ y r slip
Westaway and Arger (2001) estimates thatoital offset rangebetweerB and 30 km

comparinglymuch less than the North Anatolian Faaffsetwithvaryy ng 85 N 5 km

to 2025 km Barka et al., 200Bozkurt, 2001and references thergin

In the review paper of Bozku(2001),the age of the East Anatolian Fault Zone is
disputedby four different goups:first, it is located in the Late Miocerie Early

Pliocenek eng° r e, Dewayletal., 19B@ l8etpton, 1987; Arpahd k,ar oj | u
1972, Lyberis eanal ¢ d99@),;880ad, it iFnmetiateédnn-tre k

Late Pliocendk a r o] I, 19923 third,ait began to form 1.8 Ma adoY ¢, ang r
Chorowicz 1998) last, the fault zone is activated approximately 3 Ma by the
abandonment of MalatyiaOv a ¢ € k F @Vestatvay Znd Arger, 1998)he age

of 1.8 Ma is depended dpuaternarywolcansmne ar t he south of Kahr am:
Yér ¢r and Chwho alse cooeated thi®vBl@nism to extensional regime

and so the present strifsip faulting geometry However, Arger et al., (2000)
suggested that the same volcanism is Miocene agethardhas no obvious evidence

of extension or strikalip faulting.

ThisNE-trending leftlateral transform fault zormonstructgwo triplejunctionpoints:

Kar | €éova twiththd NorthjAoatolan fauttane (NAFZ)in the northeast

andKahr amanmar ak withrthe Pead Sea laoltczo®8RZ) in the

southwestThe NAFZ and DSFZ are the waléfinedfaults and their nature, age and

offset information are clearlgstablishd, on the other handhe age total offsetand

geometry ofthe EAFZ has debates as it getting closer to the triple junction point.

Westaway, 1994; Hempton, 1987; Westawag Arger 1996;Taymaz et al., 1991;

Arger et al ., 2000; Ko-yijit et al., 1998;
claim that the EAFZe xt ends fr om Kar | é& aingaOsmaniye,Cy pr us by
Yumurtal ek and Gul f of Ks WestadagI®Qf)rstatesn t he sou
that Africa, Arabia and Turkey come across at the triple junctionkh@ah r a ma n mar a K

city where SSWirending sinstral faults are located at the edges of the Arabian and

Turkish platesSome aut hors <c¢claim that the existing

12



through Osmaniye, Yumurt al adenoarelatedt®thé f of
EAFZ since they are the bounddgtween the Anatolian and African plates and they
meet with the EAF4n the more eastern pat thetriple junction (Bozkurt, 2001).

Some important earthquakes with magnitudes greater thawléch hadoccurred

along the EAFZare compiledincluding, January 1544 (M>6.7), 29 May 1789

(M>7.0), 3 May 1874 (M>7.1)3 March 1875 (M=6.7), 2 March 1893 (M>7.1),

4 December 1905 (M=6.8},3 September 1905 (M=6.8)945 (M=5.7) and 1952

(M=5.3) in Adanai Misis, 22 May 1971 (M=6.9) and 6 SeptemBd&75 (M=6.7)

24 November 1976 (M=7.31979 (M=5.1) Adanai Kozan,) 30 October 1983

(M=6.8), 5 May 1986 (M=5.8), 6 June 1986 (M=5.6986 (M=5.0) Gaziantep, 1989

(M=4.9) Iskenderun, 1991 (M=5.2) KadifliAdana, 1994M=5.0) Adana Ceyhan,

27 June 1998V1=6.2) Adana Ceyhan, ¥ January 2001 (M=4.9) Osmaniffeaymaz

etal., 1991b; Ambraseys, 1989 We st away, 1994, T¢yséz, 20

2.2.3 Dead Sea Fault Zone

Dead Sea Fault Zone is a3 trending,dominantly left-lateral with extensional
componentintraplate, strikeslip fault zonelt is more thanl000km long and has
approximately 105 km of total offset between Lebanon and the Gulf of Agaba in the
south and 70 80 km in the Turkey Syria border region in the nor{figure 2.1)
(Westaway, 2004Bozkurt, 2001 Rojay et al., 2001 The Dead Sea Fault Zone
(DSFZ) follows a linear path in northward direction from the Red Sea more or less
parallel to the eastern margins of Mediterranean Sea and then reaches to Turkey
(Perin-ek and eemestherein). JHe Egst Anainlthn an@Dead Sea

fault zones come across in southeastern Turkey.
The DSFZ can be represented as the most significant tectonic system of the Middle

East regionwhich generates one of the most seismically active redisrmotion
moves along the fault from tHeed Sea in the soutlhere oceanic spreading takes
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place to the Tauru$ Zagros collision boundary in Turkey and Iran to the n@Ribjay
et al., 2001 BenAvrahamet al., 2005)

The Dead Sea Fault Zone consists of approximatelyN-trending linearsegments

in the north The NNE trending Karasu fault zone links theSNrending Gharb
segment of DSFZ and the NEending EAFZ. The Karasu Rift is located between
Kahr a man mentalgain sauthérn Turkey. It is NN&SW trending, 150 km
long and 10 to 25 km wide structute the western margins of the valley, srrsdble
pull-apart basins are formed betweeneehelon leftlateral strikeslip faults with a
height of up to 2 km.n the eastern margins,-8! trending strikeslip faults are
dominanly observed where the topography reaches the maximum value of 800 m
(Rojay et al., 2001).

The Karasu segment is a Ksdteral strikeslip fault with 150 km in lengtiThe DSFZ
creates ft depressions and the Karasu Rifilley is one of these rifts in the study
area existing within the EAFZ and the DSFahd also representing the one of the
volcanic centers along the transfo(Rarlak et al., 1998An intense and widespread

igneous actiity is recorded from the Gulf of Agaba to the Amik basin (Bozkurt, 2001).

Big earthquakes occurred during historical period along the DSFZ are as follows:
BC 69 (I=1X), 13 December 115 (I=1X), 245 (1=X), 334 (I=IX), 14 September 458
(I=1X), 10 September 506 (I=1X), 29 May 526 (I=1X), 30 September 587 (I=1X),
8 April 859 (I=1X), 867 (I=IX), 10 August 1114 (I=1X), 13 August 1822 (I=X), and
2 April 1872 (| Actoxding t¢ Westaway, (£994), 20tnO ilportant
earthquakes with magnoides greater than 6.5 have occurthding instrumental
periodin the northern Dead Sea Fault Zone, includibgy,August1157 (M>7.0),

29 June 1170 (M>7.0), 22 February1404 (M is largg, 29 April 1407 (M>7.0),

26 April 1796 (M=6.9, 3 April 1872 (M<7.2 and 13 August 1822 (M>7.9
(Ambraseys and Barazangi, 1988yditionally, Rojay et al., (2001) mentioned the
recent earthquake that occurred in January 22, 1997 withBvi=the west of Antakya
(Erdik et al., 1997).
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224 Tuz G°l ¢ Fault Zone

Tuz G&auk Zone (TGFZ) is one of the most outstanding deformation zone in
Central Anatoligrending in NWSE direction and extending along the eastern margin

of LakeTuz (Figure 2.1) It is an approximately 200 km long, 5 to 25 km wide, right

lateral strikes | i p f aul t zone with a significant
Beyhan, 1998; Ko-yijJit and Erol, 2001; B
The initiati onFatuil he ZofneTuz «allgPA)tandd | e . |
GO r ¢ r (1e84) clainh that the movement alom@GFZ began in Late Cretaceous,
whileDel | al oJjl u and Aksu (1984) establish t

the Miocene.

Tuz G°1l ¢ Faeul tt hZeoreeasstheaapn boundar ylkeof Tuz
half-graben and horgsfr aben structures ( Dinthe KNEand G?°
direction of Tuz G°Il ¢, the Savceleée Faul't
t he Kankarai Erzincar and Inner Tauride suture zones. It extends in WNW

ESE direction as a lefateral structure (Lefebvre et al., 2013).

In the middle of the Central Anatolid,uz G°1I| ¢ Basin (TGB) is s
intracontinental basinfhe Tuz G° | grged®a she sama tene witm the
Haymana basin during the Late Cretaceous
1984). As a result of Tuz G°|l ¢ Falwat Zon
G°l ¢ Basin (ldcadl)withdhe orysthllen cocks of the KEeér
which are covering the Inner Tauride Suture (ITS) trace on the surface in the southwest
(Abgar mi et al ., 2 Gtudies cordectad on tleedimeradry. 19 ¢
sequences of Tuz G°revgaledheabsence gbaaeothanmels Ak s a1
thatcoulddramuz G°1 ¢ (¥zsayén et al ., 2013; an

Tuz G°l|l ¢ Basin continues toward the east
where Ec e mi K F dounis ttheb( cEUFN)d a r vy I n the east. T
experienced N6 and EW extension from latest CretaceeRaleocene until ~56 Ma.

These NS compressional forces resulted the folded structure of Bolkar Mountains
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during Eocen&ligocene and secondary structures ihe basin as wel |l (Ge¢r
2016).

Neotectonic activity of extensional fault systems controls the deformation in TGB.

Volcanic activity, alignment of cinder cones, ridateral offset of lava flows,

travertine occurrences and faatintrolled terrae deposits are the controlling
structures of the southern segment of Tuz G
1996; Toprak and G°ncg¢oj |l u, 1993b) . As Pasgq
Go°nc¢ojlu (1993b) denote t hatthetimmrtaQuat er nary
composite volcano beside Erciyes Daj e, has b
NE-SW trending faults. Additionally, the dextral striklp fault mechanism of

southern segment can be supported by the clockwise patterns of streamd fatritaite

planesandright at er al of fsets of volcanic rocks (Di

225 Malatyai Ovacék Fault Zone

TheMalatyai Ov a c &€ k F@MOHRZ}is 220ckm ng leflateral strikeslip fault

zone which iIs comprising of two segments wi:
segment lying through WSW directianl ong t he mar g andMatatha Ovac é k Va
segment igxtending through WNWharginof Malatya Basinowards Anatolian Plate

(Figure 2.1)(Westaway et al., 2008)n the North MOFZ and NAFZ meets in the

Erzincan basiriBozkurt, 2001) Westaway andvrger (200]) claimed that the MOFZ

developedas a plate boundary betwe@natolian Arabian boundargt 5 Ma.The

modern EAFZ and the eastern segments of the NAEZ developechear Erzincan

at approximately 3 Ma whictniggered the abandonment of the MOFZ.

At the most southern edge of MDW#iEhis S¢r ge¢ Falt
unusually trending approximately in theVEE direction. The SFZ is one of the

bifurcations of the EAFZ in the east and delimits several ND&V trending faults in

the region including Saréz Fault (SRF) (Ko-
(SRF) locates between the CAFZ and EAFZ by being bounded blateftl strike
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slip faults and provides the internal deformation of Central Taurus Mountains

( Abgar mi et al ., 2017, Kaymak-é& et al

2.2.6 Cyprean Arc

Cyprean Arc ighe activeconvergent plate boundary in the eastern Mediterrazedn
triggered by thesubduction of African plate in the southern Anatolia toward the north
direction(Figure 2.1) Theeastern part of Cyprean Aix characterized bstrike-slip
faults forming positive flower structures in a wide area rather than a form of sharp
plate boundary betves Anatolian and African plat€Bozkurt, 2001 and references
thereir). Since the eastern section of the Cyprean Arc was affected by differential
dynamics of African, Aralain and Anatolian plate motiorisdisplaysnowell-defined
arctrench systemrandhas the most disputable movement (Wdowinskil.e2006).In
theeast er nmost s eun Guilf,dmslipreeeats neaf theknajor dtekbp
faults are commonlyecorded which are explained by segmentation and geometrical
complexity in strikeslip fault systemdn thewest, Cyprus arc turns towards north and
display a more pronouncetep and intermediageismicactivity below the Antalya
Basinassociated to awge subductionAccording to recent studies that utilized passive
seismic imaging techniquegently dipping Cyprus slab in south, becomes close to
vertical beneath Taurddountains(Biryol et al. 2011; Abgarmi et al. 201Pprtner et

al., 2018).

2.3 Sasmicity of the Region

2.3.1 Historical Seismicity

Historical seismicity cataloggeomprisethe data recorded from the first human

descriptions until the beginning of the instrumental catalog recHigtarical events

in Central Anatoliaare gatheredor the years BC 148 AD 1899andplotted on the
topographicmap (Figure 2.2 and listed in Table 2.1it can beseenthat these
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earthquakes are mostly clustered on Antakya vicipitbably because of the well
records of the churches in the region. Besides, some of them ateowelhted with
the southern branch @&ast Anatolian Fault Zondhe intensities of these historical
events arezaryingfrom V to X. The nost destructiveathquake(I=X) has occurred
in Antakyain 245 AD.

Intensity
V-Vl ]

vi-vil O
x-x ()

Undefined @@

Figure 2. 2 Topographic map showing Istorical ezents (BC148AD1899. Earthquakes are
denokd by green circlescaled to their intensas. Blackceircles indicate unknowimtensities
CD-CAT Project seismic stations ashownby blue unfilled diamonds. Red trianglase
Holocene volcanoes. Labels are explained in Figure 2. 1.
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Table 2. 1 Historical earthquakes of theegion (OZ00 =¥ z t e malr 2009;tA94 =
Ambraseys et al1994 T15=T ¢ | ¢ v e JAFAD =2iéprerh.afad.govr

No| Date | N(® | E(° | Intensity Location Reference
1 | BC148 | 36.25 | 36.10 VIilI Antakya 0z00
2 | BC131| 37.05| 36.60 Vil Islahiye 0z00
3 BC69 | 36.25 | 36.10 IX Antakya 0z00
4 BC 37 | 36.25 | 36.10 VI Antakya 0Z00
5 BC 26 | 35.00 | 32.00 Vi Cyprus AFAD
6 BC 15 | 35.00 | 32.00 IX Cyprus AFAD
7 37 36.24 | 36.10 Vi Antakya 0z00
8 53 35.00 | 36.00 Vi Antakya AFAD
9 79 36.25 | 36.10 Vil Antakya 0z00
10 110 36.25 | 36.10 Vi Ant akya, § 0z00
11 115 36.25 | 36.10 IX Antakya and vicinity 0Z00
12 117 36.25 | 36.10 Vil Antakya 0z00
13 128 37.30 | 36.80 VI Il sl ahiye, 0z00
14 220 36.25 | 36.10 VI Antakya 0z00
15 245 36.25 | 36.10 X Antakya 0z00
16 272 36.25 | 36.10 Vi Antakya 0z00
17 290 37.06 | 35.80 Vi Ceyhan, 0z00
18 334 36.25 | 36.10 IX Antakya, Beyrut 0z00
19 341 36.25 | 36.10 VI Antakya 0z00
20 342 35.00 | 32.00 IX Cyprus AFAD
21 343 35.00 | 33.00 VI Nicosia, Cyprus AFAD
22 345 36.25 | 36.10 Vi Antakya 0z00
23 363 36.25 | 36.10 Y, Antakya 0z00
24 387 36.25 | 36.10 \ Antakya 0z00
25 396 36.25 | 36.10 Vi Antakya 0z00
26 434 35.00 | 36.00 Vi Syria AFAD
27 458 36.25 | 36.10 IX Antakya and N.Syria 0z00
28 477 35.00 | 36.00 Vil Syria AFAD
29 506 36.25 | 36.10 IX Ant akya, § 0z00
30 517 37.20 | 35.90 VI Anazarba, Adana 0z00
31 518 36.88 | 36.60 Vi Antakya 0z00
32 524 37.20 | 35.90 Vi Anazarba, Adana 0z00
33 526 36.25 | 36.10 IX Ant akya, § 0z00
34 526 36.25 | 36.10 \ Antakya 0z00
35 527 36.25 | 36.10 \ Antakya 0z00
36 529 36.25 | 36.10 IX Antakya and vicinity 0z00
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Table2.1( conHiédt)or i cal earthquakes of the
Ambraseys et al ., 1994; T15 = T¢l ¢gveldi
No | Date | N(®) | E(®) | Intensity Location Reference
37 | 532 | 35.00 | 37.00 VI Antakya AFAD
38 | 553 | 36.25 | 36.10 VI Antakya 0z00
39 | 557 | 36.25 | 36.10 Vil Antakya 0z00
40 | 561 | 37.20 | 35.90 VI Anazarba, Antakya 0z00
41 | 579 | 36.25 | 36.10 Vil Antakya and vicinity 0z00
42 | 581 | 36.25 | 36.10 VI Antakya 0z00
43 | 583 | 36.25 | 36.10 ? Antakya 0z00
44 | 587 | 36.25 | 36.10 IX Antakya 0z00
45 | 715 | 36.50 | 37.90 IX Syria 0z00
46 | 716 | 36.25 | 36.10 VI Antakya 0z00
47 | 718 | 37.00 | 39.00 VI Urfa AFAD
48 | 775 | 36.25 | 36.10 VII Antakya, Aleppo 0z00
49 | 791 | 36.20 | 36.10 VI Aleppo 0z00
50 | 835 | 36.25 | 36.10 Vil Antakya 0z00
51 | 859 | 36.25 | 36.10 IX Ant akya, 0z00
52 | 860 | 37.00 | 38.00 ? East Anatolia A94
53 | 867 | 36.25 | 36.10 IX Antakya 0z00
54 | 963 | 36.60 | 37.00 VI Aleppo, N Syria 0z00
55 | 972 | 36.25 | 36.10 Vil Antakya 0z00
56 | 1003 | 37.00 | 39.00 VI Urfa and vicinity AFAD
57 | 1037 | 37.00 | 39.00 Vi Urfa AFAD
58 | 1042 | 36.50 | 37.90 VI Syria 0z00
59 | 1053 | 36.25 | 36.10 VI Antakya 0z00
60 | 1072 | 36.25 | 36.10 VI Antakya 0z00
61 | 1089 | 36.50 | 37.90 VI Syria 0z00
62 | 1091 | 36.25 | 36.10 Vi Antakya and Urfa 0z00
63 | 1109 | 36.50 | 37.90 VI Syria 0z00
64 | 1114 | 36.50 | 35.50 IX Ceyhan, Antakya 0z00
65 | 1114 | 36.25 | 36.10 ? Antakya 0z00
66 | 1114 | 37.60 | 36.90 VI Mar ak, Ha 0z00
67 | 1138 | 36.30 | 37.20 VI Aleppo, Mesopotamia 0z00
68 | 1138 | 36.50 | 37.00 ? North Syria A94
69 | 1139 | 36.20 | 37.10 ? Aleppo AFAD
70 | 1140 | 36.00 | 39.00 VI Syria AFAD
71 | 1152 | 35.00 | 36.00 Vi Hama AFAD
72 | 1157 | 35.00 | 36.00 VII Damascus AFAD
73 | 1157 | 35.00 | 37.00 IX Hama AFAD
74 | 1170 | 35.00 | 36.50 ? North Syria A94
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Table2 . 1 ( d¢istoritabedrjhquakes of the regicdd400 =¥ z t e nai., 200EA94 =
Ambraseys et al., 994 T15=T ¢ | ¢ v e JAFAD =2iéprerh.afad.govr

No | Date | N(°) | E(®°) | Intensity Location Reference
75 | 1183 | 35.00 | 32.00 IX Antakya AFAD
76 | 1190 | 36.25 | 36.10 Vi Antakya and vicinity 0z00
77 | 1204 | 36.20 | 37.10 VI Aleppo, Tyr 0z00
78 | 1205 | 39.00 | 36.00 VI Kayseri AFAD
79 | 1212 | 36.25 | 36.10 VI Antakya 0z00
80 | 1222 | 36.74 | 37.10 VI Kilis 0z00
81 | 1254 | 40.00 | 39.00 VIl Refahiye, Erzincan AFAD
82 | 1268 | 37.35 | 35.80 IX Kozan, Ceyhan 0z00
83 | 1287 | 36.00 | 36.00 VI Latakia, Syria AFAD
84 | 1290 | 36.00 | 36.00 Vi Latakia, Syria AFAD
85 | 1355 | 36.00 | 36.00 Vi Latakia, Syria AFAD
86 | 1491 | 35.00 | 32.00 ? Mediterranean AFAD
87 | 1544 | 38.00 | 37.00 VIII Mar ak AFAD
88 | 1567 | 35.00 | 33.00 VII Nicosia AFAD
89 | 1577 | 35.00 | 33.00 VI Nicosia AFAD
90 | 1598 | 40.00 | 35.00 IX Amasya AFAD
91 | 1643 | 37.60 | 37.9 ? Adéeyaman T15
92 | 1714 | 39.00 | 36.00 Vi Kayseri AFAD
93 | 1717 | 38.70 | 35.50 ? Kayseri T15
94 | 1718 | 35.00 | 33.00 VIII Cyprus AFAD
95 | 1719 | 36.20 | 37.10 Vil Aleppo and N. Syria 0z00
96 | 1726 | 36.25 | 36.10 Vi Iskenderun&vicinity 0z00
97 | 1735 | 35.00 | 34.00 Vi Cyprus AFAD
98 | 1737 | 36.25 | 36.10 Vi Antakya 0z00
99 | 1741 | 35.00 | 34.00 VI Magosa, Cyprus AFAD
100| 1752 | 36.00 | 36.00 IX Latakia AFAD
101| 1754 | 40.00 | 37.00 VII Sivas AFAD
102 | 1759 | 36.20 | 37.10 ? Aleppo, Syria 0z00
103 | 1759 | 36.20 | 37.10 ? Aleppo, Syria 0z00
104 | 1759 | 36.20 | 37.10 ? Aleppo, Syria 0z00
105| 1764 | 36.20 | 37.10 ? Aleppo, Syria 0z00
106 | 1778 | 36.20 | 37.10 ? Aleppo 0z00
107 | 1783 | 36.20 | 37.10 \Y Aleppo 0z00
108 | 1795 | 36.20 | 37.10 VII Aleppo 0z00
109 | 1822 | 36.40 | 36.20 IX Antakya, Aleppo 0z00
110| 1822 | 36.20 | 37.10 ? Aleppo 0z00
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Table2 . 1 ( distoritabedrjhquakes of the regidd400 =¥ z t eetai., 2000;A94 =
Ambraseys etal., 994 T15=T ¢ | ¢ v e JAFAD =2iéprerh.afad.govr

No | Date | N(°) | E(® | Intensity Location Reference
111 | 1830 | 36.20 | 37.10 Vv Aleppo 0z00
112 | 1831 | 36.20 | 37.10 VI Aleppo 0z00
113 | 1835 | 38.00 | 36.00 VI Kayseri AFAD
114 | 1844 | 36.20 | 37.10 VII Aleppo, Syria 0zZ00
115 | 1844 | 36.20 | 37.10 Vv Aleppo, Syria 0zZ00
116 | 1846 | 36.20 | 37.10 VI Aleppo 0z00
117 | 1847 | 36.60 | 36.10 VI Iskenderun 0z00
118 | 1854 | 36.20 | 36.60 Vi Antakya, Aleppo 0z00
119 | 1855 | 37.60 | 35.75 VI CeyhanAdana 0z00
120 | 1866 | 38.00 | 39.00 VI S of Caspian Lake AFAD
121 | 1866 | 38.00 | 32.00 VI Konya AFAD
122 | 1872 | 36.25 | 36.10 IX Ant akya, Sj 0z00
123 | 1872 | 36.20 | 36.10 VII Antakya 0z00
124 | 1873 | 36.50 | 37.20 Vi Nisiros Isl., Mediterranear 0z00
125 | 1873 | 36.10 | 35.90 VI Ant akya, Sj 0zZ00
126 | 1875 | 36.20 | 36.10 VII Antakya vicinity 0zZ00
127 | 1884 | 36.30 | 37.20 VII Aleppo and N.Syria 0zZ00
128 | 1887 | 40.00 | 37.00 VI Tokat AFAD
129 | 1890 | 40.00 | 39.00 IX Refahiye, Erzincan AFAD
130 | 1890 | 38.00 | 38.00 VI Malatya AFAD
131 | 1894 | 36.20 | 36.10 \% Antakya vicinity 0z00
132 | 1896 | 37.00 | 35.30 VI Adana, Mersin 0z00
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2.3.2 Instrumental Seismicity

The historical seismicity catalogake part m long-term seismic hazard assessment
while theinstrumental seismicity catalogse developed by dense seismic networks
andused as resources in statistical seismo(¥ggessner edl., 2010) The study area
coverssignificant tectonic structuresuch asactive major faults deactivated faults
andnarrow tobroad shear zones this respectftespatial distribution oinstrumental
seismicityin the regiorhelps udo definethe distribution ofactive faults Therefore,
anearthquakeatalogiscompiledf r o m B o] a z iKandilli Observatery and t y
Earthquake Research InstituRRegional Earthquak&sunami Monitoring Center
(KOERI-RETMC) from January, 190@o Decenter, 2017 coveringthe areawith
latitudes of 33N T 40°N and longitudes of 3 i 39°E. The catalogdataincludes
27662eventsvith a magnitude range of 0.7 to Gued depths up to 160 kihegraphs

of magnitudevs. timeand cumulative number of earthqualkedime are drawnfor

this compiled dataAccording toFigure2.33, it is seen thabnly the earthquakes with
M > 4.0 could berecordeduntil 196G. The data beammedenserafter 196, andthe
events withM > 2.5 alsobegan to be recordedter 19'B. The dateseemsnuch denser
by theinclusion ofthe eventsvith M > 0.7 which are begun to beecordedn 2000s
According to Figure 2.3, the number of recordecarthquakesncrease at the
beginning of 1960s, and drastic changeoccurs in 1995 The locations of all
earthquakes the catalo@re plottedso thatheir spatialdistributiors can ke followed

on the local seismicity magpigure2.4). The epicentral distribution die earthquakes

well correlates with thenappedectonic structures in the study area.
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Figure 2. 4 At the top, bcal seismicity in the study ardaarthquake symbols are scaled to
their magnitudeand coloreciccordingo their depthsNumbes indicateheearthquakes with
M>6.0. Labels are explained in Figure 2. At the bottom, depth (left) and time (right)
distribution of earthquakes are shown with histograms.
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Most of the seismicity with theagthquakeshallower than 50 kraresituaed along

themajor fault zonesand in Adana Basiwith their fore and aftershocks'he events

with the depths between 50100 kmareconcentréed alongCyprean Arcand in the

Mediterranean Sea basin, at@ seismicitydeeper than 100 kmccur rarelyin the

Mediterranean Sea basin and near Biflsgros Suture Zonédmong te data, events

with M > 6 areindividually marked on the mapThe graph ofchange in time due to

cumulative moment release is plotted andevens with the highest magnitudes are

shownon Figure2.5. The sudden drastic increases in cumulative moments refer to

main shock occurrences.

Figure 2.5 Cumulative morant releasas a function of time.
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According to Figure 2.5,the highest value isreated by19.04.198 earthquake

M=6.6i n

K éwitlk apprdximately 1.3 x Z@ moment releasé& he earthquake

wast ri gger ed

b pcathdgaptiee matheasFoh TGFZ ando r t h

Fault This earthquake caus&®4 life-loss and770 collapsed and heavily damaged
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buildings (k a h i n ). The Seto@dceventis the most catastrophic earthquake in
Cyprusin 20.01.1941 (M = 6.5)rausing24 people injured and many collapsed
buildings. The third earthquake is 29.09.1918 in northern Syria near Cyjbriss.
depictedasthe most damageshrthquakéelt in Syria(Zohar et al., 2016)he fourth
highest value is ceged by 27.06.1998 earthquake wht¥6.3 in Adana which is
triggered by East Anatolian Fault strikép mechanism (Schwarz et al., 200)d
resulted inl46 life-loss and 4,000 collapsed and heavily damaged bugddi?ejling,
2003). The dher most recognizablpatternsare generated by1.12.1907 (M=6.3)
earthquake inUl u k € Kk | aand( 39.07.940e(M=6.9 earthquakein Sorgun
(Yozgat)corresponding to a drastic increase of cumulative moments in a short time

interval

2.3.2.1Catalog Declustering

Time-dependent nature of seismic processes is a clear evidence of temporal clustering
The earthquakes are divided into foreshocks, main shocafterdhock sequencas
assumingly only the main shocks are the result of-tnmdependent proces@Console

et al.,, 2010; and references thereilp study the time-independentseismicity,
declustering algorithmare commonly utilized by many seismological studies. Among
these algorithmsGardner and Knopoff (1974) aftasenberg (1985) gpoaches are

the most welknown onesThese methods are mainly resulted fribra limitations in

spacetime properties ofthemajor events seismicityQdmori, 1894; Utsy1969.

According to Gardner and Knopoff (1974), events of a given catalegrderedin
descending magnitude and spdioee windows are defineas a function of magnitude
for each evenassigninglargest window to the potential main shockvents and
eliminatingforeshocks and aftershogbsesent within the given time winddvwom the
catalog(Talbi et al., 2013)Reasenberg1985) states that there is an interaction zone
centered oreach earthquakinatcan bedefined by spatial and temporal parameters.
Thus he aftershocks occur within the interaction zone of a former earthqua&e

spatial parameter is based on the source dimension as the temporal parameter is related
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to nonrhomogeneous Poisson process for aftershocks using Quhich is the

description of average temporal attitude of aftershock sequences

For this study the MIAP software is usetb utilize bothGardner and Knopoff (1974)
and Reasenberg (1985) algorithmadter applying Gardner and Knopoff (1974)
method a declustered catalog is found with a tatamber 0f145% eventsout of
27662. On the other handReasenberg (1985) algorithm is resulted in a declustered
catalog with a total of 23096 everdst of 27662 For the next stages of this study,
Reasenber{1 985) method is applied to the catalog.

2.3.2.2Detection and Removal oMine and Quarry Blast Events

Because thearthquakecatalogs can include quarry blasts and mine explosibas, t
blastcontamination of the aresanalyzedoy ZMAP softwarelt is expected that the
blast activitieso occur indaytime (Wiemer and Wyss, 2000 and reference therein),
andthus will cause an artificial increase on the number tdaled events during day
time. Bvent distributionof the catalog can be detected by the histograms of hourly
number of eventdn order todetect such event distributions, the time distribution of
events in the KOERI catalog is analyzed in hourly bdseSigure2.6, the catalog is
graduallyeliminatedin a descending order afagnitude rangeandit is obviousthat

the number of daytime emts is decreasingvhile the minimum magnitude of the
catalog is increasedkigure 26a indicates a contaminated catalog by quarry blasts
since itpeals betweery.00 to17.00hoursthat are acceptess the working time in a
day. In Figure2.6d,the cataloco over s t he events with M
the number of daytimeventsand the number of nigiitne events arendividually
almost similarfor each hour unlike the other plo®hus the magnitude range for the
instrumentally recorded blastsascepted as M < 3.0 which is the maximum limit for

the explosion threshold the region.
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Figure 2.6 Histogram of the hourly number of eveaisall events;p M € 2M2.5Q
M O 3.0

In order to evaluate the spatial distribution of blasts present in the catalog, the day and
night time ratio of events with M < 3.0 are computed and mapped in the region using
ZMAP software(Figure 2.7) Theresultanblast contamination map revealed 18z
characterized byignificantly high day/night ratio (>80anomalies located across the

study area.
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Figure 2.7 Quarry contamination detection migy the earthquakes with M 3.0.(Hammer
symbol indicateshe citieswith mine sitesakenfrom MTA).

In order to verify the source of the detected blast, the quarry facilities located in these
areasareidentified from General Directorate of Mineral Research and Explorations

(MTA) Mineral Mapsand other resource$he collected quarrinformation for each

area numbered in map is listed below accordingly;

1.

ok~ 0D

Limestone marble, natural stonand ballast(andesite, basalt, etc.3and
gravel cement raw materigldrick-tile building stoneand gysummines in
Ankara

Marbleminesites i n Keéer ékkal e

Limestone and gypsuminesites inAnkara

Marble mine sites itYozgat

Limestone, marble, calcite, mercumumice brick-tile building stoneand
dolomitemines in Konya

Pumiceand gypsunmines inAksarayand pumi ce mi ne s
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7. Kaolinite, marbleand pumi ce mi ne marblef emestonen Ne v |
kaolinite and natural stone (andesite, basalt, etmgs in Kayserimarble
mines in Yozgat

8. Marble, calcite, mercury, antimony, irooppperleadzinc, gypsum mingin
Ni J de

9. Marble, natural stone (andesite, basalt, etc.), zimon, lead, chromite
limestone pumice, in Kayserandchromite andron mines in Adana

10.Limestone, elestite gypsum,marble,chromite, salt watehallast (andesite,
basalt, etc.and talcmines in Sivas

11. Chromite,iron and manganese mines in Erzincan

12.Marble, limestone, iron and gypsum mines in Malatya

13.Li mestone, barite, and chromite mines

14.Marble, barite, dolomite mine sites in Mersin

15. Limestone, dolomite and barite mines in Erdemli (Mersin)

16.Limestone and zinc mines in eastern Mersin and quartzite and limestone mine
stesin Pozanté (Adana)

17.Crushed stoneand sand quarries in GaziantéProvincial Environmental
Status Report, 20107 his region alsincludesnorth of Aleppan where bomb
blasts have happened because of civil war in Syria

18.Limestone, dolomite and marble misgesi n kanl eéur fa and bo
Syria.

19.Ballast quarries in Kyrenia Mountains @yprus( Ne c d e t and G°ker
LGC News, 2018

Additionally, quarry contamination detection map is plotted for the events with

M @0 to see ifareas characterized by large magnitude blstitsemain (Figure

2.8). The resultant map shows no sign of blast, indicating that the catalog including
events with M O 3.0 is fTheefere, themmammated bl a <
data(M < 3.0) with a total number of 18116 events out of 23096 events are removed

from the declustered cataloyote thathe resulintcatalog withatotal 0f4980 events

is studied in the following stages
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Figure2.8Quarry contamination detection map for the

2.3.2.3Earthquake Statistics

The estimation of earthquake hazard in related regions is very important for
engineering projects. Probabilistic seismic hazard analysis is the mostnaeih
method for this evaluation which needs the input parameter of the relative size
distribution of earthquakesFirst, Ishimoto and lida (1939) in Japan and later
Gutenberg and Richter (1944) in the USA appraised a plomerelationship to
describe the size distribution of earthquakes also known as the Frequency Magnitude

Distribution (FMD)
I'T @ =ai bM (1)

where N is the expectedtal number of earthquakes occurring in a region in a specific
time period related to their magnitude, aidthe & and bvaluesare the constants.
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The avalue is the intercepthich represents the seismic rate and differs extremely
from region to region. On the other hatite bvalue is equal to the slope of the best
fit line of the frequenciymagnitude distributiodFMD) equationand so relatetb the

relative size distributioof earthquake6 Sanchez et al ., 2004;

Since the kbvalue is known as the seismicity parameter, many researcly stud
publicationsare available for itn the literatureAki (1965) claimed that value has

an inverse proportion with ¢haverage fault length rupturing in the earthquake
(Sanchez etal.,, 200Accordn g t o Kal y on c uldt§ul(1865)(claifed 6 )
that the bvalue is almost same for both large and small earthquakié® world
Evernden (1970) estimatedgiobal range for bvalue between 0.8 and 1.Rlany
researchers assignedrlues for specific regions such as Sweden (Bath, 1983), central
California (Turcotte, 1986; Shi and Bolt, 1982), China (Wang, 1994), East African rift
system (Kebede and Kulhanek, 199#h)e bvalue is practicallyassumeds close to
lin the Earthés crust and computed as
2004 and references therein). Howevemhlich and Davis (1993) suggested that
b-value is more or lessnity in seismially activeregions.Many researches denoted
that bvalue has a dependency of the spacing or clustering of epicentéasilt
segment distribution (Huang and Turepti988; Lapenna et al., 1998amo et al.,
1998) Wiemer et al. (1998) claimed that timerease in fwalue occurs with depth in
volcanic regions, while it decreases with depth in-nolcanic regionsWyss et al.
(2000) suggested that theualue has ngystematicelation with depthManakou and
Tsapano$2000 suggested that lowmluescorrespondo large faults because of low
heterogeneity, large strain rate and high velocity for the deformaimording to
Main et al. (1992) high heterogeneous areas with low stress intensity anesibkpo

for the highe b-values

Besides thesseismotectonic implications of\alue,an incomplete catalog can also
cause substantial deviations irvélue Missing events are mostly increasing with
narrowing magnitude range which resuit decrease of-alue for smalmagnitude
events( Kal y o n c u;and Ireterences hér&rA. minimum magnitudé&known
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as tle magnitude of completeness, Mxists in all catalogs above which there is a
100% chance afecordingall the earthquakes (Sanchez et al., 2004).

The maximum likelihoodnethod is usedo calculate bvalue by ZMAP software
which resuls in more constant mean values and more symmetric distribution of b
values in comparison with the weighted least squares appaedioch other commnest
method (Wiemer and Wyss, 1997). FMD calation is applied for the catalog

(M O 3dedlusteedby Reasenberg (198&)ethod.Thea and b values areplotted

in Figure 29a and calculatechs 0.85 and 6.14, respectiveligh avalues denote
relatively high earthquake productivity and highvddues are corresponding to
continuously releasing stress pattern related to small earthquakes occurring in the
region. The return periods of earthquakes with different magnitudesta®n n
Figure 2.9b The occurrences of earthquakegh magnitude 6.0, 6.5 and 7.Care
calculatedas 10, 30 and 80years respectively.The earthquakes greater than 7.0
magnitudes are @ected tooccurwithin every 100 years.This analysis indicates
remarkableearthquake hazambtential in the study area.
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Figure 2.9 (a) Cumulative frequency magnitude distribution (FMD) pland(b) recurrence
time of earthquakewith different magnitudesccurred inthe study area
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2.3.2.4Focal Mechanisms

The focal mechanismsolutiors of the earthquakeoccurred in the study areme
compiled from the literature faheyears19381 2017andthis compiledcatalogdata

is comprising ofl71 events The distribution offocal mechanisnsolutions has an
important role in describing the tectonic stress field properties in the region. The
catalog isplottedon the mag{Figure 2.D) and the list of the solutions is represented

in Table A.lincluding thereferencef each focamechanisnsolution.

Figure 2. 10 Map view of the distribution ofdcal mechanism solutionsrf171 eventsin the
study areaFocal mechanism symbols are scaled to their magnitédesl mechanism colors
are grouped as; red: NF and NS; green: SS; Blee&nd TS; black: unidentifieReferences
are given inTableA.1). Red triangles show Holocene volcanoekénfrom Abgarmi et al.,
2017).Labels are explained in Figure 2. 1.
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It is clearly seen that the spatial variation of focal mechanism solutions is directly
associated with active seismic structures in the study area and their type of mechanisms
are corresponding to the ongoing tectonic stress field along the TEhdtstuy area

is dominantly under the effects of strikBp and normal faultingndicating the
predominant extensional forces in the regiBame solutions are normal faults with
strike-slip components and some are stskp faults with normal componentshée
areminor amounts ofeversefaulting with strike-slip componentalong theCyprean

Arc and Bitlisi Zagros Suture Zongue to the subduction

Thefocal mechanismaremostlyconcentrated along teAFZ asan indicaion of the
mostseismicallyactivestructuran the regionAlong theEAFZ, the focal mechanisms
are generallyeft-lateralin NE-SW trendingwhereaghe northern branch of EAFZ in
the Gulf of Iskenderun is mainly represented by siniNEISW trending strikeslip
faulting, and thesouthen branchdominantly consistof normal faultswith NS
orientation There is a complex region where the EABZSZ and DSFZ coincide
with each otheteading tothe combination of strikeslip, normaland slightlyreverse
faulting. The CAFZ region is characterized by MiV trending normal faulting with
strike-slip component and lefateral strikeslip mechanism with normal component.
The northern part of GFZis involvingNS trending normal faulting with minor strike
slip componenand sinistral strikeslip solutionsin SW direction The cluster in the
north of MOFZ is dominated by-B/ trending left lateral strikslip faultsand there
are fewapproximately NS trending normal faults with minor strislip component.
On the other hat there ar@eversesolutions with strikeslip component generally
trending NS and NESW direction in Cyprus region which are related to Cyprean Arc.

The faulting typesare plotted in ternary diagram based on rake values thait
distribution patterncan be seen in Figure 2.1The diagramsshow that the
transtensional stressgimeis dominant in the region since both 8tgke slipand the
normal faulting mechanism amhe most commonAccording to P- and Taxes
orientations of these earthquakekich are plotted on lower hemisphere projection
(Figure 2.2), the region in under the regime ofS\compression, and-& extension.
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CHAPTER 3

REGIONAL MOMENT TENSOR INVERSION ANALYSE S

3.1 Methodological Background

3.11 Focal Mechanism

In seismologyto determine the characteristicsao$eismic sourcis a majorcase for
research studs Earthquake focal mechanissolutiors allow researchers t@ach
val uabl e i nformati on ab o8patally welldissidutede ss o f
seismograms record the amplitudes and shapeadiditedseismic waves at various
distances and azimuths construct an appropriate focakamanism diagram which
releases information abotlte fault geometnandslip amountslip direction,origin
time,focal depth, epicentral location, siakthe earthquake his analysis is known as
focal mechanism (Stein and Wysession, 2008}the literature here are numerous
methods to estimate focal mechanisms such as first m(gaarity) of P- and S
waves(body waveg, waveform modelingand moment tensor inversion (e.§tein
and Wysession, 2Q). All these methods areommonly utilizing the pattern of
radiatedseismic rays whiclare affected bythe faultorientation and slip direction
(Barth et al., 2008).

Thefirst motionpolarityis accepted as tlemplestmethodwhichis based on the idea
of thedirectionof the first Rwave arrivalwhich differs depending on the location of
the seismic station and related seismic source. The sphere of focal mechanism is

divided into four quadrants with two compressional and two dilatat{glire 3.1).
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Figure 3.1 The focal mechanisms and their related fault geometagsrf fromBarth et al.,
2008).

The black colored quadramégionssymbolize thecompressionaP-wave motions
includingthe maximum lengtheniraxiswhich is called as tension aXig). The whie

gquadrant regionstand forthe tensional -wavemotionswith the maximunshortening

stress directiomvhich is known ashe pressure axis (Pjhe compressional quadrants

are characteri zed hhgfirst waeeswhearephewarederorded t i o n
At owa r eaeivert Gomtrarily, he extensionaldilatational) quadrantsare the

Adownwardo regions where the first waves

the stationTheboundaries between the compressional and dilatiguadrantgre
called as nodal planes which are perpendicular to each other and defining the direction
of fault geometry. One of theodal planes is the fault plane and the obezmomeghe

auxiliary plane whichs known as intermediate stress axis ¢Bhull axis.

On the other handwaveform modelingcomparesthe observed bodwavesand
surface waves and the synthetic wavefowhgh are created by a forward modwgi

or an inversion techniquéo determine a best fitting model for the dafde
determination of the depth efrthquake andthe rupture processesan be done by
waveform modelingrather thanthe first motion methadThe created synthetic
waveforms are composedgrfound motion recordsuch as the earthquake source, the

earthstructure, and the seismomeassrindicated below:
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Source Structure Instrument Seismogram
x(t) q(t) i) u(t)

x(®) * q(t) *i() = u(®) (2)

where Xx(t) is the source time function corresponding to the signals that are penetrated
into the groundq(t) is indicating the impacts of the earth structii the waves are
propagating through(t) is the instrument responsé the seismometdo the ground

motion for different frequencigStein and Wysession, 2003)

The source time function can be defined asstgeals ofanearthquake souraghich
areknown asody-wave pulsegeneratd by the earthquake ruptuta real life, faults

are resulted in complex source time functions rather than impulses at each point. Since
eachpoint does not break at the same tanel slip is not instantaneoa®ng afinite

fault, the total signal cannot be accepted as an implilsesimplify the case, the
earthquake is accepted as a single point source and represented by a ramp function
which models the displacement on the fault as a rdimg slip starts dimezeroand

ends at the risingoint in ramp function model. So, the length of finite faults is
estimated as the sum of the total number of earthquake point sourcesevidmd

rupture timegStein and Wysession, 2003linton, 2004).

3.12 SeismicMoment Tensor

The seismic moment tensw simply the mathematical representatioha seismic
sourceandallows researchers to know about the rupture process and the fault source
parameterdy inversion modelingThe most significant feature of theoment tensor
is giving a complete definition of equivalent forces of a seismic point solihee
observed seismic waves can be created when they release mmpadgythrough the
earth in the seismic wave frequency hahide rapid release required toactivate the

propagating seismic waves; otherwise slow deformations in the crust is recorded by
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other method$Stein and Wysession, 2008)gure3.2shows all the equivalent forces

of asingle force, single and double couple forces.

Single farce Single couple
, f
w Y :_}- f o §
- F f id of - >
X g H
My Maex

Double couple

I M \'ﬂf” ya
stip {]]" - o "
Fault M}':{ M P

Figure 3.2 Equivalent body forceim 2D fault geometryM« is force dipole with no torque
exerted. My represents the forces with torque. Slip on a fault can be expressed by
superposition of couples like Mand My or dipoles like M s and M, s wgth their pressure

(P) and tension (T) axéStein and Wysession, 2003)

Single force events include earthquakes related to the release of gravitational potential
energy such as landslides, collapse of caverns, volcanic eruptionsxglodions.

Fukao (1995) identifies netectonic earthquakes triggered by the release of energy
rather than elastic strain energy, and all the released energy is used in seismic processes
without static strain energy conversion. These events can betepla@ed by single

forces correspondini a case where the source is buried and completely enclosed by

the dislocation surface (Fukao, 1995).

Single couples are the first earthquake source models which are composed of a pair of
force acting togethemysed in the early 1950s until the recognition that this model
cannot explain the-®ave radiationk e n, 2014 ; and.Singketoapleenc e s

model states that the earthquakes occurring due to slip on arfduhisslip is similar
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to the single ouple including two forcewith the motions on opposite sides of the
fault (Aki and Richards, 2002Because the single couple does not have zero total
force and moment, it could not continue to represent a shear fracture or an internal
source (Udias et al2014).

The double couple iirst established in the early 1960s anddeling the radiated
energy p#ern at the earthquake sourcais model is based on two force couples with
equal moments in opposite directions. These force couples are noreaghtother
and generates no netoment(Aki and Richards, 2002 The double couplassumes
that a slipoccurs along the single fault with a single motion directidme double
coupleof equivalent body fores acting orthe fault planein an isotropic mediurare
represented in Figure 3cBnsideringtheir varying combinations.

M.,

Figure 3.3 Theforce couples showing tleomponents o$eismic moment tensdfrom Aki
and Richards, 1980
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Scalar seismicnoment tensor of the earthquakeofNs the magnitude of boelfprce

equivalents which is associated with the size of the event and has dimensions of torque.

The seismicmoment tensQM whose components are beftyce equivalentsan be

definedby a3 x 3matrix asfollows:

Dbod- UL wa
M= - U@- UU- UU (3)
0dwd@ahdaa

According to the law of momentum conservatitre nondiagonal elements should

be symmetic leavingsix independent pair@Aki and Richards, 2002 Rotating the
moment tensor intan eigenvector systery matrix diagonalizatiothusresuls in

three force: the pressurgP) axis, the tensiorfT) axis, and the nul{B) axis, with
eigenvaluesar O & & p,@espectivelyBarth, 2007; and references therei®)and T
axesare known as the directions of the compressional and dilatational quadrants,
respectively; whered&-axis is parallel to the direction of two nodal plane intersection.

The analysis of eigenvalues aedenvectorgive information abouthe equivalent
forces of the moment tensor (Okal, 20119.define the moment tensor of a fathie
definitions of the normal and slip vectavkich are normal vectors offo nodal planes

are usedegarding tcstrike,dip and slip directionas in the following

Mx=TMo(OB 1€ i Q% | "@EOET "o

My =Mo(OB 10 ¢ ii “Q%0 | "@EOEIDE %o
Mzz=Mo(O Bl i Q& _

My =Mo(OE i é idgckho - | @EOET Q%
Mxz=TMo(AT1 @€ i0g | %éci OET Q& %o
Myz=TMo(AT1 @€ ii Q& % éci OET "Q¢ %o (4)

The sum of eigenvalues denotes the volume change of the source. If the sum of

eigenvalues iM > 0, moment tensor is called isotropapresenting volume change.
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The eigenvector of the maximum eigenvalue is introduced by thgisT as the
minimum eigenvalue leads to theaRis, and the intermediate is represented {axiB
(Bock, 2012) If the sum of eigenvalues M = 0, the momenténsorhas only
deviatoric components whicdls divided into major and minor double couple; or a

double couple (DC) and a compensated linear vector dipole (CLVD) (Jost and
Herrmann, 1989; and references therein).

_ T T
Mdev= TT _ Tm &3 S S S S
m mo_
_ m T m T 7
= T _ Tt T _ Tt
m T T m T _
major DC minor DC
 — 11 L1 — T M
R | — T om — m ©)
T T T T T _
DC CLVD

The double couple percentage, p can be calculated from the ratio of the minimum

eigenvalue to the maximum eigenvalue or minor to major double cowgrteents

!

p=@1i20) * 10086 §=— (6)

an

The most stable part of a moment tensor is the double couple (DC) component, a high

p value means a high D@ercentage with a stable resulb obtain a pure CLVD
system, p = 0% which means U = 0.5. To gc¢
U Atisdmportant to note thaarthquaksourcdocationserrors, presence tdteral
heterogeneiés andthe rupture plane variations mayakk to unstablanversion and

thus low DC-percentaggBarth, 2007;Zhang and Lay, 1990Q. The force couple

systems, mment tensors and radiation patterns of these moment sews@hown in
Figure 34.
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Isotropic Double-Couple CLVD

Equivalent
Force
Systems

Moment
Tensor

Radiation
Pattern

Figure 3. 4 Force systems, moment tensors and radiation patterns of sdduties et al
1993.

Moment tensors can be represeritgdstereographic projectionkigure 3.5 denotes
the representative moment tensors and their focal mechanibhes first row is
showingisotropic moment tensoaf explosion on the left and an implosion on the
right). The second, third and fourth rows are examplespure doublecouple
meclanisms. The second row shows a left lateral ssifeN-S on the left and NW
SE on the right. fie third row is vertical dislip with the strike EW on the left and
N-S on the rightThe fourth row indicates a 28ipping purereversestriking EW on
the left and NS on the rightThe last two rows stand for CLVD sourd&tein and
Wysession, 2003).
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Moment tensor Beachball Moment tensor Beachball
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Figure 3.5 Examplef moment tenss andheir stereographifocal mechanisrplots (Stein
and Wysession, 2003).

Some complicated tectonic environments can be source for CLVD mechanism. For
instance, the inflation of a magma dyke in tectonic areas are modeled as a crack
opening under tensioMultiple faulting events can cause the formation of CLVD
mechanism which occur in volcanic areas where faulting meets with magmatic
processesThe locations of two ordinargoublecouple earthquakese verycloseto

each othertheirseismic signals are superposed and thus creézit&B sourcein that
region.Additionally, moment tensor inversion analysis is not good at solving isotropic
component of shallow earthquake, thus the seismic wave pattern will be more similar
to CLVD (Steinand Wysession, 2003)
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3.2 Moment Tensor Inversion

Thevaluable information abogarthquakesuch agectonic regimgfault type,source
location, origin time, moment magnitude and focal mechacembeanalyzedrom
seismic moment tensqQiso thataccurate and quickstimatiors of moment tensarare
extremelyimportant in source parameter studiBlse centroid moment tensor (CMT)
is the quantitativealculationof focal mechanissiand haswo types

Global Centroid Moment Tensor (CMT):.worksonmoderaté large earthquakes by
using their waveform data taken from global broadband seismic networks (Bonita et
al., 2015). CMT catalog moment tensorsare systematically calculatedor the
earthquakewith M > 5.0 up to fourmonth delayThe noment tensorir earthquakes

with M > 5.5are determined rapidlgnd spread quickly which are known as quick
CMTs.

Regional Centroid Moment Tensor (RCMTIt determing the seismic source
characteristics by wellefining the earthquake size and source geometry. The RCMT
modified algorithms set up to modehtermediate surface waves for moderate events
(~4.5< M < 5.5) at regional distand® considering thentermediate sdace waves

and also body waves. The surface waves in the inversion are filte@s#ays,due

to magnitude. The body waves are modelled separatelgimultaneouslyln body
wavemodelling,3D heterogeneous mantle structigéncludedwhereas globallpase
velocity maps are preferred for surface waves (Pondrelli et al., 2012; and references

therein).

In this study, regional centrml moment tensorinversion is performedusing

seismograms are recordedegional distancey temporary CAT seismic netwoté

study the presentay seismicityin Central Anatoliawhich led t029 new regional
CMTssolutionscalculated for the events with thagnitudebetweer8.51 4.6during

2 years period2013i 2015.
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3.2.1 Methodology

In this study, the moment tensor inversion analysis is executed by ISOLA (ISOLated
Asperities) program package (Sokos and Zahradnik, 2008).A codeuses multiple
pointsource approachnd iterative deconvolution method (Kikuchi and Kanamori,
1991)by considering théull-wave seismograms$o evaluate the correlation between
observed and synthetic waveforfosthe determination of the centroid moment tensor
(Zahradnik and Sokos, 2016)

The synthesized seismograms atetermined in terms othree trigonometric
parameters of strike, dip and slip angle which makes the equation tab#esolved
by forward modeling. Thus, this problem can be solied much easier wagy

inverse modelingvith the formula:

6 0= "0 Oa (7)

In Equation6,t he sum of Gr e e n Otkesdurcamdicatedbdywvectols i n t
m with components of moment tensor; ahd seismogram of'iseismometer shown

by Gij(t) including the Earth structuteetweerthe source andhereceiver

The Greent6és function can calcul ate the
Bouchonos (1981) d i s c rSmedeetherav are eplyu ofib e r m

seismograms in the analgsthis equation is proposed as a veatatrix;

u=Gm (8)

whereu isthedatavectorG i s t he Gr een 0m®isthanmodetveaton mat r
Since the G has not a square structure, it cannot be inverted into a mha#ix.
seismograms are linear functions and their inversion is possielgtitpatethe best

fitting moment tensocomponentsgor the observed seismograinserms ofthe least

squares methooy usinggeneralized inversion, ;G
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m = (GG)G"u (9

where T and1 indicattransposibn matrixand inversiorf thesystem matrix (&G),
respectively.The inversionprocess idechnically carried ouiby ISOLA software to
calculate the predicted seismogramsy processingthe observed seismograms
(Krizova et al., 2013)The correlation between the observed (u) duadbynthetic (s)
seismograms can beprovedby the grid search method. The grid search looks for
the minimum residual error for thdal source positiorby the least square method
The besffitting resultbetween real (observed) and predicted (synthetisiregrans

will be measured by the E&orm misfitequation;
misfit=_ 0 i (10

ISOLA usercanmake an optimization by predefinirsgset of trial source positions
and timeviathegrid searchmethod. This optimizatioprocess can be applieddwery

point which are known as subevents of complex source models.

This point source contributioto the modeis calledassubeventvhich are calculated

by ISOLA in terms ofthe iterative deconvolution (Kikuchi and Kanamori, 1991). The
codes searctor the subevent 1, and find it by fitting the data as well as possible. Once
asubevent is found, the corresponding synthetics are subtracted from the real data and
thusthe residial data is obtained. Next, the residual data is processed in the same way
and subevent 2 is found, etchds he resulting synthetic seismogranesimatedy

the original data minus the last residual seismogram. This iterative application gives a

single(bestfitting) set of subevents.
To understand the quality of waveforiih between the observed and synthetic data,

variance reductiorfVR) is calculated by the formula terms ofobserved and the

synthetic waveforms

VR=1i =————— (11)
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VR quantifies the improvement of fit between observed and syntlatieforms and
can also be written in terms of correlati@orr® = VR). It is worth to notehatthe fit
of waveforms with large amplitudes and usagdiroited waveforms mayesult in

misleading high variance reductions.

The condition number (CN) is another control point for the solution quahty
directly related to observed waveforms (u) and model parameter (m). Thus, it is
esti mat ed fgfenationtmatax(GGas the natd between maximum and
minimum singular values of @s ISOLA does not decompose G in its singular values,

condition number is estimated from;
CN= —— (12)

where maxgenvaiand Minigenvaidare the maximum and minimum eigenvalues diGs
respectively.There is a reverse relationship betweeN @nd the quality of the

inversion.

The variability of focal mechanism solutions immaasurement for treolution quality

in the close region of the solutiom terms ofsource position and timé&his spatial
temporal variation of correlation and focal mechanismamedas correlation ploin

ISOLA (Sokos and Zahradnik, 2013he correlation plot has two attributes: FMVAR

and STVAR.The focal mechanism variability index (FMVAR) is the stability of focal
mechanism in spatial temporal grid search within a highly correlated region. The space
i time variability index (STVAR]s the stability of the source positiamdtime plot

of the solutions within a given correlated regiBmall values of FMVAR and STVAR

are preferable for stable inversiqi@®okos and Zahradnik, 2018lichele et al., 2014)

Besides focal mechanism and moment magnitude, the centroid depth estimation is
another important product of the moment tensor inversion. The grid seatblod

determines the centroid depth which is known as the center of gravity of the faulted
area. Formaller events, centroid and hypocenter positions are very close to each other.

The centroid depth determination is more difficult and morabédithan the centroid
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position,becausehe depth calculation is dependent on P and S wave records from the
nearstations. When the spatial resolutions of long waves are limited, the centroid
position is also uncertain (Zahradnik and Jansky et al., 2008; Sokos et al., 2012).

3.2.2 Data

Moment tensor solutions of the earthquakes are estimated from the inversion of
regional broadband seismograms. The bandfilés®d broadband seismograrase
recorded by/1 stations of CDCAT Project seisometwork.The statiorlocatiors and

their codescan be seen in Table A. The complete f€omponentbroadband
waveformsare used with the motion directions ofdpwn, northsouth and eastest.

These records are operated without separating the wave groups as P, S or L in which
the surface waves are dominant. Fitee BHZ, BHE and BHN components of
waveformsweresynchraized due to theireferencdimes. P-arrivalswere picked up
automaticallyin Seismic Analysis Code (SAC) program (Goldstein et al., 2808)

the data was cut 50 s before 2@ s after the4dnseto window the signalThe mean

and trend in the dataseere removedand taper was applied to exclude the artifact
signalsduring processingThe bandpass filter is applied between 0.05 and 2 Hz to
remove unwanted dat@he plots of raw and processed data for the event 22.02.2014

are given in Figure B.as an example.

52



T T T T T T T T T T T T T T T T T T T T T T | T T T T
1 A4 BHE _
FEB 22 (053), 2014

- 15:40:20,000 .
-k

= a 3 i

= __l T T T T T T T | T T T T T T T T T T T T T T | T T T T |__

L ATI4 BHN ]

FEB 22 (053), 2014

L 15:40:20,000 .

g -

= o |p 3|

= T T T T T T T T | T T T T T T T T T T T T T T T | T T T T | -

o E

C A4 BHE ]

s FEB 22 (053), 2014 7

C 15:40:20,000 ]

+ ]
T4

= _iC ] p £

s 1 1 1 1 | 1 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1
a) 0 5 00 50 il 0 ] R

T T T T T T T T T T T [ T T T T
o AT14  BHE —
I MR 22 (053, 2014 |
15:40:29.00%
0 L]
o
59 : ]
= T T T T 1 T T T T T T T [ T T T T4
10— —
F AT14  BHN b
5 MR 22 (053), 2014 |
L 15:40:29.00% i
0|  —
i =
s | 0 r
= _1U_| T T T T T T T T T T T T T T T T T T T
[ k114 BHZ .
FEB 22 (053} 2014
F 15:40:29.000 b
Qr————— 1
o
= _5_| (Ij | | | F
b) 50 104 150 200 2

Figure 3.6 (a) raw and (b)processedhree componerttroadband seisio waveformsof the
event 22.02014.
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The SAC formattedvaveformrecords are converted to ASCII format via ISOLA
program.To remove the instrument response, ISOLA crefite=s of poles zerosand

A0 whichis known as normalization constafior instrument correction in the data.

A complex transform function is appli¢d the complex waveformecord to convert

it into time. As event information, the hypocenter position is entered to the program
with the latitude, longitude and depth of the ev&he origin time is accepted as time
zeroand shifted 20 s before the triagpocenter timevhich means a decreaiseorigin

time by 20 s shift to the right side of t=0 to escape from numerical complications.
During data selectiqronly events recorded with good azimuthal coverage 120)

are used. Among recording stations, tmes with similarepicentral distanseare
preferred to stabilize the inversiorhe distance between the epicestard the station
locations is not exceeding 300 kmthis study.According to Zahradnik and Jansky

et al. (2008), the wavefornmavelessimpactonthe crustal moddbr relatively near
regional epicentral distances (<300 kamd for low frequenciesThus a simplified
Prdiminary Reference Earth ModdPREM) (after Dziewonski and Anderson, 1981)

is utilized and shown irFigure 3.7 and thgalues of velocity in terms of depth are
tabulated Table 3.).

Depth (km)

Velocity (km/sec)

Figure 3. 7 Plot of P and S wave velocities of global PREM mo¢emplified from
Dziewonski and Anderson, 1981).
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Table 3.1 Tabulated form oflobalPREMmodel(simplified from Dziewonski and Anderson,
1981).

Depth (km) |  Vp (km/sec) Vs (km/sec) | Density (g/cn¥)
0 5.47 2.70 2.56
2 5.50 2.86 2.80
5 6.00 3.23 2.94
10 6.20 3.24 2.94
15 6.48 3.40 2.98
20 6.70 3.80 2.98
30 6.75 3.81 2.98
40 8.00 4.66 3.36

In ISOLA, trial source positions are created for the spatial grid sebrc¢his study,
trial sources below epicenteption is chosen and 10 trial source positions below
epicenter arset upas recommendeth case ofarge number of shallow earthquakes

in the datathe starting depth and depth step are chosen as 0.9 and 2 km, respectively

| SOLA cal cul at e sbythh elpddmaxienandfrequéncyifke and o n
elementary moment rate functiofiie prescribed maximum frequency is needed to
be greater than any frequency range used in waveforms inversion to avoid artificial
effects of the spectral cutofSince he frequency band rangessigned during the
inversion i0.061 0.12 Hzexcept few evets with 0.06i 0.11 Hz and 0.0V 0.11 Hz

the maximum frequency selectedas 0.15 Han Greenfunction computabn. The
elementary moment rate function has two options as delta and triangle functions.
BecauselSOLA does not assign any particular slgie time function for the
simplicity, the slip rate igstimatedby theGreen function calculationf the triangle
function is chosen, the duration shoulddssumedThusdelta function representing

an impulsie force that is acceptable for the analyzed earthquake magrangiss

chosenn our calculations
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In the inversionstage the inverted velocity data isonvertel into displacement and
fitted to synthetic displacemedata(Zahradnik and Sokos, 201@ny mismatched
components of the waveforms are deselected, and different frequency ranges are
assigned for diffeentstations in the same event for better correladomoment tensor
can be decomposed intree modesdoublecouple (DC), compensated linear vector
dipole (CLVD) and voluminial (VOL)In ISOLA, themoment tensor (MT) inversion
may have threesolutiors: full MT inversion (DC+CLVD+VOL), deviatoric MT
inversion (DC+CLVD; VOL=%0), DGconstrained MT inversion (DC; VOI%0;
CLVD=%0). Many examplesare establishefbr the synthetics withbC% equal to
50 and100which do not create a distinguishable differemcéheir seismogram data
the quantitative measure of thefit with real data is almost similafSokos and
Zahradnik, 2009)Since there are young volcanoes in the region, we have afipdied

full MT inversion

3.2.3 Results

In the contenh of this study, 29 earthquakés Central Anatoliaare analyzed by
moment tensor inversiomethod. ISOLA delivers the plots of moment tensor
inversion, waveform comparisongrrelation vsime shiftand correlation vs depth
For instancethe outputs ofhe events 16.06.2013 and 22.02.20dAch arestrike-
slip faulting and normafaulting with high DCpercentageare shownn Figure 3.8
3.15, respectivelyAs an example fdow DC %, the outputs of the event 27.0813
which isstrike-slip faulting with normal componeatre shownn Figure 3167 3.19.
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MOMENT TENSOR SOLUTION

HYPOCENTER LOCATION (UPSL)

Origin time 20130616 20:31:38.38
Lat 38.092 Lon 37.1075 Depth 4.6

CENTROID

Trial source number : 3 (Fixed Epicenter inversion)
Centroid Lat (N)38.092 Lon (E)37.1075

Centroid Depth (km) : 4.9
Centroid time : +2.08 (sec) relative to origin time

Moment (Nm) :
Mw : 41
VOL%: 0
DC2%: 90.1
CLVD%: 9.9

Varred. (for stations used in inversion): 0.61

1579%e+15
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Figure 3.8 Moment tensor inversiosolutionof the event 16.06.2013.
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Figure 3.9 Comparison of observed asgnthetic vaveforns for the event6.06.2013.
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Figure 3.10Plot of correlation vs time shift, source position and focal mechanism of the event
16.06.2013. Largest correlationitisthe middle of blue aregocal mechanisrolor changes
due to DC%.
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Figure 3.11Depth correlation plot of the event 16.06.201&& mechanism colors represent
the DC%.
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MOMENT TENSOR SOLUTION

HYPOCENTER LOCATION (UPSL)

Origin time 20140222 15:42:06.62
Lat 37.4095 Lon 36.3998 Depth 6.9

CENTROID

Trial source number : 6 (Fixed Epicenter inversion)
Centroid Lat (N)37.4095 Lon (E)36.3998
Centroid Depth (km) : 8.9
Centroid time : +1.64 (sec) relative to origin time

Moment (Nm) :
Mw: 432
VOL%: 0
DC% : 90.9
CLVD%: 9.1
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Figure 3. 12 Moment tensor inversiosolutionof the even2.02.2014.
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Figure 3. 13 Comparison of observed and synthetaveforns for the event 22.02.2014.
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Figure 3.14Plot of correlation vs time shift, source position and focal mechanism evéms
22.02.2014. Largest correlation is in the middle of dark blue area. Focal mechanism color
changes due to DC%.
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Figure 3.15Depth correlation plot of the event 22.02.201dcd mechanism colors represent
the DC%.
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Figure 3. 16 Moment tensor inusionsolutionof the event 26.02013.
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Figure 3.18Plot of correlation vs time shift, source position and fooathanism of the event
26.07.2013. Largest correlation is in the middle of blue area. Focal mechanism color changes
due to DC%.
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The moment tensor solutiodelivers origin time, latitude and longitudesentroid
depth, moment (Nm), moment magnitude (Mw)DC% and CLVD%, variance
reduction (VR) for all the stations used in the inversidhg largestcorrelation
(Corr%) for the result, condition number (CN), focal mechanism variability index
(FMVAR), spacei time variability index (STVAR)strike, dip and rake valgefor
eachnodal planes, azimuth and plunge eaRd TFaxes,moment tensor components,
frequency band range and station componesesl intheinversion

According to the results, D& varies between 18.8099.10% and10 of these values

are bigger than80%. CLVD% rangesbetween 0.9 81.20 %and seven of these
values ae greater than 36. No voluminial(VOL) solution is obtaineduggesting that
none of them are volcanic everivents 4, 7, 16 and 18 hafarly| ow DC% ( O3 5)
componentsThe inversion solution plots of event 4 are represented as example in
Figure3.161 3.19.Low DC% might be related to complex faulting and the existence
of nonplanar motionsCondition number (CN) indicates the inversion stability and its
values arezaryingbetween 1.40 3.40 in te results. Low CN numbersgkassociates

with highly stable inversions wliei CN>10 arethe indicators ofless stable solutions
(Triantafyllis et al., 2016). FMVARaluesare smaller thad0° which express a good
qualified focal mechanism solution except two resu§3 VAR vdues are between
0.0771 0.27 (<B0) representing a good spetaee resolution. The variance reduction
(VR) is corresponding to the waveform mafplerfect match = Ijangingbetween 0

i 1 and our resultare between 0.260.67 (4 of them is below 0.3@xpressing good
level of waveform fitVariance reduction for individual waveforms can be seen in the
plots of observed and synthetic waveforms and thdividual variance in the
individual waveforms havéaceal values below zero due to theplbsed correlations
(Figure 3.9, 3.13, 3.17Most of the time these #posed correlations are eliminatey
deselecting the station componeeksept few values close to zeAll the moment

tensor inversiomesults are given ifable 3.2.
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Table 3.2 Ourmoment tensor inversiasults

No| Date M("N”r‘]f)”t E,)/OC C';/\O/D C(;O" CN FMEC/,;AR STVAR | VR
1 | 25.05.2013 4.519e+14 92.4] 76 | 70 | 34| 51 N3] 018 |0.45
2 | 04.06.2013 4.489e+15/ 79.8] 202 | 90 | 20| s5R2| 007 |066
3 | 16.06.2013 1.579e+15 90.1] 99 | 80 |28| 8R1q 019 |o061
4 |26.07.2013 3.815e+15 32.3| 67.7 | 90 | 32| 35R2 020 |067
5 | 27.07.2013 4.257e+14 87.9| 12.1 | 60 | 17| 11R7 013 |0.26
6 | 06.08.2013 6.160e+14/ 60.5| 395 | 60 | 18| 9R7| 015 |0.29
7 |18.00.2013 3.264e+15 18.8| 81.2 | 60 | 25| 16 N1 o008 |0.31
8 | 23.10.2013 6.155e+15/53.1| 46.9 | 80 [ 16| 31 R2 012 |0.49
9 | 07.11.2013 1.122e+15 82.5| 175 | 70 | 20| 9R6/| 015 |0.40
10 | 08.11.2013 3.191e+14/ 97.8| 22 | 60 |15| 11 R4 016 |0.32
11 | 10.01.2014 1.239e+15/51.8| 482 | 80 | 19| 35 N3l 027 |051
12 | 07.02.2014 7.598e+14 99.1| 09 | 60 | 22| 13 N2/ 010 |0.28
13 | 14.02.2014 9.500e+15 68.1| 319 | 70 | 18| 9RN7| 020 |0.39
14 | 22.02.2014 2.732e+15 90.9| 9.1 | 80 | 15| 6N4| 018 [053
15 | 02.03.2014 7.245e+14 78.1| 219 | 80 | 21| 10Rqg 013 |056
16 | 02.03.2014 6.279e+15/ 29.2| 708 | 70 | 21| 11 R¢g 0.09 |o0.49
17 | 01.05.2014 2.002e+15 69.7| 303 | 70 | 18] 7R7| 020 [0.43
18 | 09.06.2014 1.077e+16/ 35.4| 646 | 70 | 21| 11 N1 013 |045
19 | 12.07.2014 8.082e+14/ 71.8| 282 | 60 | 19| 14 N1 010 |0.29
20 | 11.08.2014 5.681e+14 83.0| 170 | 80 | 27| 16 N1 013 |053
21 | 28.08.2014 6.307e+14 746| 254 | 60 | 22| 6RN3| 012 |0.30
22 | 03.09.2014 1.527e+15 44.0| 56.0 | 80 | 28| 38 K3 011 |052
23 | 08.01.2015 4.977e+15/50.4| 496 | 80 | 19| 28 N2/ 019 |058
24 | 22.01.2015 1.032e+15/ 87.9| 12.1 | 60 | 34| 24 N1 016 |0.33
25 | 10.02.2015 1.214e+16/ 47.0| 53.0 | 80 | 25| 16 N1 018 |052
26 | 26.03.2015 5.972e+14 70.8| 29.2 | 80 | 16| 6RN6| 010 |056
27 | 26.03.2015 7.556e+14 76.8] 232 | 70 | 14| 6R4| 008 |047
28 | 28.03.2015 6.894e+14 41.0| 59.0 | 70 | 30| 40 N3] 023 |0.40
29 | 28.03.2015 3.811e+15/80.1| 199 | 80 | 33| 8RN5| 014 |054
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Map showingthe resultantfocal mechanism solutions gven in Figure 320 and

resultant source parameters are represeintéichble 3.3.In the map, earthquakes
characterized by high (>35%) CLVD component which are label with magenta color,

are mainly locatech e a r Kskenderun Gul f thetattonkdana |
complexity presentat the soutivesterncontinuationof EAFZ. This high egree of

complexity is also in agreement whighly scattered seismicitffFig. 2.4)and variable

focal mechanism solutien indicating strikeslip and normal faulting occurring
simultaneously (Fig. 2.10, 3.2Mote that moment tensor inversion solutioreath

earthquake is also given separaialAppendix B.
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Figure 3. 20 Fault plane solutions of 29 focal mechanisms resulted in this study. The focal

mechanisms are scaled to their magnitutka.gent a f oc al mechani sms have
Red trianglesdenoteHolocene volcanoeftaken from Abgarmi et al., 2017)abels are

explained in Figure 2..1
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Table 3.3 Theresultantsource parameters of 29 earthquakeaslyzed irthis study (#St. =
number of stations used in moment tensor inversion).

\o Date Lon. | Lat. - Depth Nodal Elane 1 Nodal I.Dlane 2 "

E (IN ( (km) | Strike | Dip | Rake | Strike | Dip | Rake | St.

(AN CAl (A] (ANCA] (A

1 | 25.05.2013] 37.14| 37.34| 3.7 4.9 324 | 37 ]1-110| 168 | 56 | -76 | 7
2 | 04.06.2013 37.33| 38.63| 4.4 | 30.9 52 | 58] -5 145 | 85| -148( 8
3 |16.06.2013 37.11( 38.09| 41| 4.9 352 | 73| 175| 83 (8| 17 | 8
4 |26.07.2013 35.89( 36.03| 4.3 | 189 | 116 | 88| -142| 24 | 52| -3 7
5 |27.07.2013 35.55| 36.97| 3.7 189 | 215 [ 66 | -3 306 | 87 | -156| 10
6 | 06.08.2013 35.59| 36.42| 3.8 129 | 347 | 72| -170| 253 | 80| -18 | 7
7 |18.09.2013 36.20| 37.38| 4.3 | 229 | 127 | 61 | -144| 17 59| -34 | 8
8 | 23.10.2013 34.33| 36.30| 45| 6.9 53 | 51| 99 219 140 79 | 9
9 [ 07.11.2013 36.24| 37.40] 40| 13.9 23 | 36| -56 [ 163 | 60 | -112| 8
10 | 08.11.2013 36.78( 38.51 3.6 | 6.9 167 [ 68 | 152 | 268 | 64| 25 | 9
11 ] 10.01.2014 36.20| 37.31| 4.0 | 12.9 33 | 80| 63 | 142 | 29 -159| 8
12 1 07.02.2014 36.20| 37.30| 3.9 | 14.9 6 64 -59 | 131 | 39 ( -137| 8
13| 14.02.2014 36.03| 36.72| 4.6 | 14.9 6 751 -90 [ 187 [ 15 -89 | 8
141 22.02.2014 36.40| 37.41| 4.2 | 8.9 318 | 51| -120| 181 | 47| -58 | 8
15| 02.03.2014 35.16( 36.78( 3.8 | 8.9 325 | 64| 16 228 | 76 | 153 | 6
16 | 02.03.2014] 35.17| 36.76( 45| 20.9 | 103 | 64 ( 172 | 197 [ 82| 26 | 6
17 1 01.05.2014 37.35| 39.47| 4.1 | 6.9 344 | 86 | -167| 253 | 77 | -4 8
18 | 09.06.2014 36.01( 36.77| 4.6 | 169 | 176 | 85| -125| 79 [ 36| -8 8
19 | 12.07.2014 35.90( 36.55( 3.9 | 18.9 39 (30| 44| 170 | 70 | -112( 9
20 ] 11.08.2014) 36.68| 39.45| 3.8 | 4.9 60 | 30| -56 [ 203 | 66 | -107| 8
21| 28.08.2014f 36.90| 37.11| 3.8 149 | 161 | 69| 122 | 280 [ 37| 36 | 9
221 03.09.2014f 35.93| 36.61| 4.1 | 16.9 29 | 42| -120(| 246 | 54 | -66 | 5
231 08.01.2015 36.85| 37.08 4.4 109 | 295 | 74 | -171| 203 [ 82| -16 | 8
241 22.01.2015 36.31| 37.40( 3.9 4.9 19 (65| -83 | 182 | 26 | -105| 10
251 10.02.2015 35.98| 36.03( 4.7 | 229 | 348 | 37| -67 | 140 | 56 | -106| 7
26 | 26.03.2015 35.61| 38.89( 3.8 | 149 | 332 | 82| 165 64 | 75 8 11
27 | 26.03.2015 35.60| 38.89( 3.9 | 189 | 158 | 72 | -178( 67 88| -18 | 9
28 | 28.03.2015 35.62| 38.89| 3.8 | 4.9 146 | 72 | -170| 53 | 80| -19 | 10
29| 28.03.2015 36.41| 37.48( 4.3 | 18.9 16 [ 69| -90 | 195 | 21| 90 | 7
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Events 16, 15,5, 12, 11, 7, 9, 24, 14 and 29 are associated with the northern branch of
EAFZ. Events 16 and 5 are strikBp mechanisms with minor normal faultihngving

E-W extension and M compressignevent 15 is strikslip mechanism with minor
reversefaulting, events 24 and 29 are pure normal faulting, events 12, 11, 7, 9 and 14
are normal faulting with minor strikelip mechanisms. Events 6, 19, 22, 13 and 18 are
located betweethenorth and south branches of EAFZ. Events 6 and 18 are-stijike
mechanisms with normal components, while events 19 and 22 are normal mechanisms
with minor strikeslip components. Event 13 is the pure normal faulting. Event 1
occurs very close to the intersection point of EAFZ and DSFZ and has pure normal
mechanisnhaving WSWENE extensional forcegkvents 21 and 23 are located along

the DSFZ and their mechanisms ezeersdaulting with minor strikeslip component

and strikeslip mechanism with minor normal faulting, respectively. Events 4 and 25
that ardocatedcloselyalong the sinistrakarasu Faulindicate strikeslip and normal
mechanismsrespectivelydisplaying interaction between strikép motions and
extension Event 8 is situated at the coastline of Silifke with meneersefaulting in

NE-SW direction. In the northern parts of the study areeerds 26, 27 and 28 are
located along the CAFZ having strikép mechanisms with minor normal faulting.

The locations of events 17 and 20 are at the northeastern part of CAFZ and their
mechanisms are strik@dip faulting and normal faulting with minor strighip
component, respectively. Events 2, 3, and 10 are located between SRF, SFZ and
MOFZ. Events 2 and 3 are strike slip faults with normal componas&sjent 10 is

strike-slip faulting with reverse componte

The rake based distributisrof focal mechanism solutiorisr 29 earthquakeare
plotted on the ternary diagram in Figur&B Their PR and T axes orientation
distributions arealso plotted using thelower hemisphere projection Figure 322
According to these plotsstrike-slip and normal faulting are the most dominant
mechanismandconsistent with the characteristics of the related faults and extensional
regime in the region. The lower hemisphere projection of thamiditates a transitio

between strikeslip faulting and normal faultindue to EW directed extension.
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The relationship between the earthquakes and the tectonic stnessles complicated
but the earthquakes are the miaidicators wherethe stress is concentrated (Zlzal

M¢ | ,12@04).Thus awell-constraineddctonic stress fielthaphelps to identify the
faults with orientations and monitor the seismic actijigidbach et al., 2011; and
references thereinfor this purpose, we have calculated the maximum horizontal
stress directioifS+max) from resultant moment inversion solutions of each earthquake
using the approachefund and T o wwaéMndeénsor pfogrand&vaux

and Sperner, 2003The resultanSimax directions are then plotted in Figure 32/
following the protocol ofthe World Stress Map Project (Heidbach et al., 2008

rose diagrams of Hmax and Simin are also establishefr the resultant datavhich
suggestedthat the horizontal stress regime of the region is dominated SN
compressiomnd EW extersion(Figure 325).

39"
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/ overcoring
/hydrof.'actures

geol. indicators
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Figure 3. 23 Maximum horizontal stressag.x map of the study area constructed using our
focal mechanism solutions
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Figure 3. 24 Rose diagrams of maximumgs,) andminimum (Simin) horizontal stresses of
our focal mechanism solutiorms equal area display by Wihensor (Delvaux and Sperner,
2003).

For individual events, stress regime can be categorized using compressional and
extensional forcesdefining RB-T axesby assuming thai: is corresponding to P, and
Usto T so that P and T axes lies in the movement plane including theluét normal
(Reches, 1987)In this respectZoback (1992)classified stress regimes in to five
categories (NF: Normal faulting, NS: Transtension, SS: Stiike faulting,

TS: Transpression, TF: Thrust faulting) based on the orientationBoff Bxes (Table

3.4). Following this classification, stress regimésweryresultant solution is assigned
and plotted as a histogram (Fig. 3.28mong the resultant solutions, the percentage
of strikeslip faulting is the greatest among the data with 41% value. The normal
faulting is at the second place with 38% whichvexy close to the strikslip
mechanism. 10 % of the solutions falls into unidentified category while 7% is in thrust
faulting, 5% is in transtension (normal faulting with strétgp component) and none

at transpression (reverse faulting with strétip component). Note that-B-T axes,
Srmax / SHmin directions and stress regimes of each resufialtionare also give in
Table 3.5.

Theresultedfocal mechanism solutions in this study are compared to the solutions of
Global Centroid Moment Tens¢CMT), the EuropeaiMediterranean Seismological
Centre EMSC) and USGS sources. Twsolutionsfrom Global CMT and USGS
catalogsandnine solutions fronEMSC catalog are for events that we have applied
regional moment tensor inversionhe focal mechanism®f these common

earthquakes are shown on map seen in Fig2ea
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Table 3.4 Types of tectonic regimes (Zoback, 1992; retrieved from Barth et al., 2008).

P/Slaxis B/S2axis | T/S3-axis | Regime Sy-azimuth
pl > 52 pl <35 NF azimuth of Baxis
40 < pl <52 pl <20 NS azimuth of Faxis+90
pl <40 pl > 45 pl <20 SS azimuth of Faxis+90
pl <20 pl > 45 pl <40 SS azimuth of Paxis
pl <20 40<pl<52 TS azimuth of Paxis
pl <35 pl > 52 TF azimuth of Paxis
15
14
1 28 % 41%

-
S P

10 %

(= I N CRTU R T . R ]

EMF mN5 HS5 =mTF TS5 mUF

Figure 3. 25 Faulting type histogram fayur 29 resultanfocal mechanisnsolutions
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Table 3.5P, T, SHmax, SHmin axes and stress regimesiofocal mechanisnsolutions
(Paz = Paxis azimuth, Ppl =fxis plunge, Taz =-Bxis azimuth, Tpl = Faxis plunge; NF
= normal faulting, NS = predominately normal faulting with sfiri#lg® component, SS =
strike-slip faulting, TF =thrust (reversefaulting, UF = undefined).

No Date P axis T axis SH axis Regime
Paz | Ppl | Taz | Tpl | Max az. | Min az. Code
1 25.05.2013| 119| 75 | 248 | 10 157 67 NF
2 | 04.06.2013| 13 | 25 | 274 | 18 8 98 SS
3 | 16.06.2013| 216| 8 | 309 | 15 37 127 SS
4 | 26.07.2013| 347 | 28 | 243 | 24 160 70 UF
5 | 27.07.2013| 173| 19 | 78 | 15 170 80 SS
6 | 06.08.2013| 209| 20 | 301 | 6 30 120 SS
7 18.09.2013| 343 | 45 | 251 | 2 162 72 NS
8 | 23.10.2013| 137| 6 7 81 136 46 TF
9 | 07.11.2013| 31 | 67 | 269 | 13 3 93 NF
10| 08.11.2013| 218 | 2 | 126 | 35 37 127 SS
11| 10.01.2014| 331 | 48 | 101 | 30 178 88 UF
12 | 07.02.2014| 320| 58 | 74 | 14 159 69 NF
13 | 14.02.2014| 276 | 60 | 96 | 30 6 96 NF
14 | 22.02.2014| 164 | 67 | 69 2 159 69 NF
15| 02.03.2014| 279 | 8 | 184 | 29 96 6 SS
16 | 02.03.2014| 328 | 13 | 63 | 24 150 60 SS
17 | 01.05.2014| 209 | 12 | 118| 6 28 118 SS
18 | 09.06.2014| 54 | 39 | 294 | 31 37 127 UF
19| 12.07.2014| 48 | 59 | 276 | 22 14 104 NF
20| 11.08.2014| 83 | 65 | 306 | 19 41 131 NF
21 | 28.08.2014| 228 | 18 | 111 | 54 41 131 TF
22 | 03.09.2014| 212| 69 | 320| 6 48 138 NF
23 | 08.01.2015| 158| 17 | 250| 5 159 69 SS
24 | 22.01.2015| 303 | 69 | 103 | 20 11 101 NF
25| 10.02.2015| 6 73 | 242 | 10 154 64 NF
26 | 26.03.2015| 19 5 | 287 17 18 108 SS
27 | 26.03.2015| 21 | 14 | 114 | 11 22 112 SS
28 | 28.03.2015| 9 20 | 101| 6 9 99 SS
29 | 28.03.2015| 286 | 66 | 106 | 24 16 106 NF
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Figure 3. 26 Earthquakes having multiple focal mechansoiutionsin the study aregThe
referencedatabase of focal mechanisms are shown by different coloes=EMSC,
green=GCMT, blue=USGS amuir solutionsare in black). The focal mechanisms are scaled
to their magnitudesRed trianglesndicateHolocene volcanoedakenfrom Abgarmi et al.,
2017).Labels are explained in Figure 2. 1

The welHitting results are #ents2, 3, 13 and29. The resultantocal mechanismef
Event 2and 3 fit well with the EMSC solutigrEvent 13 is welfitted with USGS
resultbut EMSC and GCMT haminor strike-slip componentsEvent29is found as

pure normal faulting by EMSC which is consistent with the resultant. However, the
resultantis trending NE-SW direction while the EMSC resultis in NNW-SSE

direction.
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The result of event 1& more or less consistent with the GCMT result which are
normal faulting with minor strikelip component, but the results of EMSC and USGS
are pure normal faulting which are identical to each otBeens 11 and 14 are
resulted as normal faulting with minor strikBp component, but the EMSC result

arestrike-slip faulting withminor normalcomponent

Apart from these sevaesultants, the solutions Bvent 4 and are different from the
resultsof this studyEvent4 is locatedat the end of southern branchisst Anatolian
Fault Zone andt is strikeslip faulting with normal component. The EMSC result is
pure normal faulting trending in NNMBSE direction which is inconsistent with the
trend d EAFZ. Event 8is resulted agure reversefaulting trending inNE-SW
directionwhile the EMSC igesulted as strikslip faulting with normal component.
Both events are located thesouth of the station layout of our seismic network thus
they have poor azimuthal coverage due to absence of any station in thelbogth.

our solutions of these two events should be interpreted with caution.
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CHAPTER 4

STRESS TENSOR ANALYSIS

4.1 Stress Tensor Inversion

The stress tensor inversion analysiprisferredto determine the orientation of best

fitting stress tensor of &pecifiedregion from fault plane solutionshere are
numerous stress inversitgchniques have been formulated from the focal mechanism
solutions(Angelier, 1979; 19842002; Gephart and Forsyth984 Michael 1984

1987; Gephartl990; Rivera and Cisternad990; Celvaux and SperngR003).The

stress tensor inversion tife observedocal mechanisms provides the parameters of

the azimuth and plunges of the three principal stresses and the nelaguéudes of

the stress axes which is named as stress ratio (R) and forces the shape of stress
ellipsoid Thestress ratio, Rorresponds to the ratio of all three principal stresses by
the equatiild n {iRI) 8 Whie r,esai@ the maximum, intermediate

and minimum principal compressive stresses, respectively

All these techniquereleasehe besffitting stress tensdsy utilizing the observed focal
mechanisnand they aim taninimizethe discrepancy between theuked shear stress

direction and the slip direction for all the earthquakes in the datah&sé techniques

differ in their best modeHbefinition and thefault plane ambiguitf Kar as® zen et
2014) The most welknown inversion algorithms are developed Ggphart and

Forsyth (1984) and Michael (1984, 1987)

Hardebeck and HaukssonO(L) studied these two methods the cmmparisonin
terms ofsynthetic focal mechanism data setardebeck and Hauksson (20@43uled
that (1) the accuracy of both models tlsasignificant in the estimation dfie stress

parameters is satisfyingnd (2) the accuracy of both modesffectedin a positive
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way with increasing data. However, teeare some differences about thesedels

Mi chael 6s method (19814, 1987) I's good at ver
Forsythds met hod -q(uladl8i4t)y idsa tgapusuech£i084,hMigchh ae |l 6
1987) determines the wuncertainty more appr
references thereinjvhile Ge phar t and Forsythés approach (

reliable stress orientations.

4.1.1Stress Tensor Analysis by Slick Method

Stress tensor analysis by Slick method (Michael, 1984; 1987) is executed by a linear

leastsquare inversion calculation. This method uses bootstrap resampling approach to

determine thenmaximum, intermediate and minimupninciple axes aentations and

stress mgnitudewhere thdault plane is selected randomly among twamlal planes.

P- and T-axes of a single focal mechanism solution may change due to the principal

stress directiongdencethe maximum compressive stress orientatian locate in any

direction in the dilatational quadranthey may have poor constrained principal

stressesThe ai m of Mi c histechldulateh&best fittikg svess tdnsod

for the observed focal mech@Mnsiengthé Shah, 201
average of the individual angular misfit (b)
fault planes and the slip direction is the way to calculaebest fitting stress tensor

(Tselentis et al., 2006). The misfialue and the variancéect the level of stress field

heterogeneity. High variance value means pp@lity instress orientatiofitting. To

avoid this,the region should be divided into smaller tectonic domains displaying

minimal internal variationéShah, 2015Wiemeret al (2002) suggested the threshold

boundary of the stress tensor variance as @2atbtain a homogeneous stress field

from the focal mechanisms solutiors this study the maximunvalue for the beta is

accepted as33 for a relatively uniform stress field.

For the study areahé stress tensor inversion analyses are carried out by ZMAP

N1

software package (Wi emer, 2001) wfori ch uti i
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stress tensor inversiond/e have run stress inveosis using only other solutions (29

events) and using the entire data (200 event&olitput plots are given in Figure 4.1

In Figure 4.3, the maximunprincipal stres§ 1), S1is subhorizontally orienting in

N-S directionithe intermediate principlstress 1), S2 issubvertical andstrikingin
NNE-SSWdirectiont he mi ni mum p3), Bhishdripoatdllystsikingia s s (G
ESEWNW direction. The faulting style is strik&ip mechanisnwith the stress ratio,

R of 0.76 which is between moderate and high values indicatiagying
characteristis. The variance value is determined as 0.19 which is close to the limit
boundarybut still corresponds tthe homogeneityin the study arealhe beta value

(~3®) indicatessome spatial variation in the stress fiéd the resultant dataf 29

events

Figure 4.1bis plotted by utilizing theentiredata of 200 e@inquake solutions in the
region.The maximum principal stre€s1), S1is horizontaly striking in NNE-SSW
direction; the intermediate principle stre§s), S2 isvertically oriented inN-S
direcionand t he mi ni mu ne), $Jidgherizontad antstriking ESEEs s ( U
WNW direction. Thedominantfaulting is strike-slip mechanisnwith the stress ratio,
R of 0.67 which is close to moderate valseggeting that (2 valueis close to the
aver age i1& A H#iomagrotdideThe variance(.15 is less tharthethreshold
limit valueof 0.20but the beta34.83) is almost equal t85°. The resultant variance
and beta values are reasonably representingntirestress fieldn thestudy area and
indicating some heterogeneity in the region. For a homogeneous stressuield,
regionsin the study arewill be defined and studied individually.
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S

Variance: 0.19
Phi: 0.76 £ 0.12689
S1:trend: 1.8; plunge: 369
S2: frend: -157 6; plunge: 51.2 Y Beta: 37.85+ 37.64
a) S3: trend: 99 4; plunge: 101 Faulting style: Strike Slip

Variance: 0.15
Phi: 0.67 + 0.057062
S1: trend: -173.9; plunge: 1.7
52: frend: -55.9; plunge: 86.3 Beta: 34.83 £ 33.27

b) 53 trend: 95.8; plunge: 3.2 Faulting style: Strike Slip

Figure 4.1 The results of stress tensor inversiorMby c ha el 6 s )owfodalod f or

(a
mechanism solution@9) and (b) all théocal mechanismg00) data
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4.1.2Stress Tensor Analysis by WiATensor

Win-Tensor (Windows version of Tensomprogram is developed by Delvaux and

Sperner (2003) to calculate tlstress tensor bgnalyzing faulplane solutions to

construct a relationship between the fault and the plan@pess axeslhe right

dihedral methodAngelier and Mechler, 197 flaces the compression axiB) by

considering the position tfie mast compressive principal stres). Thestress tensor
parametergan be estimated bynamprovedversion ofi Ri Dhhedr onbymet hod
eliminating the mismatched nodal planes from the stress refiithe data set is

symmetric and complet®espite an asymmetrical and incomplete data set, dynamic
rotation optimization will provide the original stress tensor which estggthat a full

information about the stress conditions can be estimated by using a minor slip data
extracted from a homogeneous fault environment which are generating the slip
(Delvaux, 1993)The resulted stress tensor is utilized by the Rotationah@attion

approacho minimize theangular deviation between tlodservedand the computed

slip directionsandmaximize theshearstress magnitude on the focal plargace the

data sets are composite in general with heterogeneous subsets insi{le théermi c o ,
2018;Shah, 2015Delvaux, 1993)The resultanparametersf stress tensor inversion

ar e: (1) the maxi mum c¢ompr(iB te intermedidte pr i nc
compressional p rz,i (ih) che pnmimumscompeessisngransipals , G

st r es ss (i&)xthe sstress (ratio, RAccording to Delvaux et al. (1997}he

orientation ofprincipal stress axes and the shape of the stress ellipsoid (R) are the

elements of stress regime function.

In Win-Tensor program,B-, T- axesand Right Dihedron methods are utilized and

their results are compared., B-, T- axes method uses the average orientation areas

of P, B and T kinematic axes for all the individual data (Delvaux, 2011). This method
considers homogeneous rock material areavly formed faults. Right Dihedron

method uses the compression and extension areas to determine the orientation of
principlest r esses taking aver ageaxivand TRdihetialh e d r a |
or i ent ataxis assumifgdhat thé usedalagpresent the same stress regime
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(Delvaux, 2011). Both methods give similar results and directly determine the stress

axes orientation and relative magnitude by rotational optimization process.

The stress conditions of the study areade®rmired byusing R, B-, T- axes ad

Right Dihedron methodfor the resultan{29) andthe entiredata se{(200) by Win-
Tensor program representedHigure 4.2and Figure 4.3respectivelyln Figure 4.2,

the resultis obtained from R B-, T- axes methotkading hat the region isinder the
effectsof U1: 4 4 / 00 5 4 6 Us:DB2F4 witli R=0.73lt has the characteristics of
normal to strikeslip regime.The redoutwardarrows showhe extension in &V to
WNW-ESE directionand so that the compressionnore orlessN-S direction.In

Figure 42b, the result from Right Dihedron method shows th#te region is
charact ar i3z8/d0 0582 /3182 withiIR=0.80 having the mechanism

of strike-slip faulting. The red outward arrows aiadicating WNWESE extensional

and NNESSW oriented compressional forcés.Figure4.3a, the result is obtained
from P, B-, T-axes method indicatn g t hat t he r egi008/00f s under t |
U2: 89220, 3 O0/097 with R=0.76 The red outward arrows show the extension in
WNW-ESEdirection and so thdahe compression iNNE-SSWdirection.In Figure

4.3b, the result from Right Dihedron method shows that the region is characterized by
O1: 24/005 2: 66/171, 3 05/273 with R=074. The red outward arrows arde-W
orientedextensional aneéN-S oriened compressional forceBoth methods have the
characteristicof strike-slip regime.All results release high values of stress ratio

(>0.73) indicating significantly larger. compareto Us.

The quality of World Stress Map rank (QRw) and the tensor quality rank (QRt) are
varying from A: good to E: very po@ndfound asD andE for the data setof this
study. Smallamount offault-slip data used in the analysis and the insufficiency in
variety of orientationeamongthe data may be resulted in very poor quality. Counting
deviation (CD) value is developed by the improved Right Dihedron method showing
how well the individual conting nets are coherent with the average counting net. Low
CD values (<40%) have negative contribution whereas high CD values (>40%) bring
positive effect on the tensor. The resultant CD values range bet2&an43.5 %.
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In comparisonthese two methaddiffer in thedominant stress regimaf the study
area, a®ne of the tensor results Bf, B-, T- axes methodeleasestske slip faulting

with normal componentather than purstrike slip faultingresults of Right Dihedron
method Both methods exposanticlockwise shift due tthedominant EW extension

in the study area.
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PBT axes N

{©) o1: 44/005
&02: 46/183
[0] o3: 01/274

R: 0,73 AD: 41,5
ORw: E QRL: E

FPBET deviation
180

El T T T T T ul .
a) 0 Sum of Weights 72 Stress Regime: N§
R. Dihedron N
@cl: 38/o08
&02: 52/198
[0] o3: os/102

R: 0,8 CD: 344
QRw: E QRE: E

Counting deviation
60

30

07
b) 0 Sum of Weights 112

[92)

Stress Regime: S

Figure 4.2 The resultof stress tensor inversion by @), B-, T-axes method; and b
Right Dihedron method foour focal mechanism solutioi29).
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PBET axes N

©) o1: o1/007
ﬁcz: 89/220
[0] o3: oo/os7

R: 0,76 AD: 39,3
QRw: O QRt: D

PET deviation
130

20 g

|
0 ——
a) 0 Sum of Weights 440 Stress Regime: S§
R. Dihedron
{© o1: 24/005
ﬁczz 66/171
[0] 63- 05/273

R: 0,74 CD: 32,9
QRw: E QRt: E

Counting deviation
60

b

=]

I .
b) 0 Sum of Weights 596 Stress Regime: §S

Figure 4. 3 The resultof stress tensor inversion by @), B-, T-axes method; and b
Right Dihedron methotbr the all focal mechanisms (200)
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4.2 Determination of Tectonic Domains in the Study Area

In the study areaggiors with similar stress conditions are defined andr&giions

are outlined in Figure 4. Eight subregionshavingsimilar homogeneous strains are

identified by considering the epicentral distance of focal mechangsmspatial

variations of earthquake occurrences #ng therelated tectonic properties these

seismogenic arsaSubregion 1 is selected near IstanbuAnkarai Erzincan Suture

Zone, Tuz G°1l ¢ Faul't Zhawnng doraimadtlysBilkeslip e | € Faul t
solutions.Subregion 2 is comprising of the earthquakath dominantly strikeslip

solutionstriggered by CAFZIn Subregion 3 the earthquakes witlochinantly strike

slip mechanismwhich occurredbetweenMOFZ, Sar eazn dF aSylrtg¢ Faul t ar
studied Subregion 4 isdominated by strikslip earthquake solutions where th&FZ

and BZSZcoincide Subregion 5 is identified as the junction area of EABZSZ

and the northernmost parts of the DSIRZwherethe earthquakes with strifaip

solutionshas occurred mosin Subregion 6, the earthquagdocating along the

southern branch of EAFZ and the northeastern continuation of Cyprean Arc are

analyzd which aremostly normal faulting andstrike-slip with normal component

Subregion 7 is consisting of the earthquakeish strike-slip and normal faulting

solutions occurred along the northern branch of EAFZ in Adana Basin. {re§idn

8, reversefaulting earthquake solutions aominantwhich arelocatingin the north

part of Cyprus.

To determinehe characterizingstress field pattesof each subregion in the study
area Mi chael 6s (1987) - BieT éxesdandiRight Rihvk&kéh and P
methods byVin-Tensor Delvaux and Sperner, 2008re applied. All the results are

compared in the following section.
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Figure 4. 4 Subregions of the study area. Yellow circldenoteearthquakesvith focal
mechanism solutionBlack lines with black filled triangles represent suture zones. Red
triangles representHolocene volcanoes. (taken from Abgarmi et al., 201&bels are
explained in Figure 2..1
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4.2.1 Sub-region 1

The focal mechanism solahs of Subregion 1 had7 events which arehown on the
distribution map in Figure 8. Dueto stress ters solutions(Figure 4.9, the region

is characterized bstrike-slip faultingwith WSW-ENE oriented extension and NNW
SSEoriented compressioniz and 0z principal stresses ammost horizontal(z is
almostvertical in all stress tensor resuli$ie variance and beta values are calculated
as0.037(< 0.20 and13.62 (< 35°), respectivelyindicatinga uniform stress fielth

the region The stress ratio, R is varying betweeA6i 0.56 which suggesthat the

magni t gide olfodle to t hendavierage value

Figure 4.5 Map showing focal mechanism solution$ Subregion1. Red trianglesienote
Holocene volcanoes. (taken from Abgarmi et al., 20llabels are explained in Figure 2. 1
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Variance: 0.037
Phi: 0.46=0.1431
S1:trend: -11.7; plunge: 7.3
$2:trend: 139 4; plunge: 81.7
$3: trend: -102.2; phinge: 3.9

Beta 13 64 9 564
Faulting style: Strike Slkp

PBT axes N

@ c1: 08/343
AO’?.I 81/141
[elo3: o3/252

R: 0,56 AD: 25,9
QRw: C QRt: C

EBT deviation
60

30

0 ——
0 Sum of Weights 28

b)

PStress Regime: $S

R. Dihedron

@Ul:
AUZ: 69/133
[e] o3: 09r247

R: 0,47 CD: 23,1
QRw: C QRt: C

Counting deviation
60

19/341

30

0

T T T T T
0 Sum of Weights

1 $S

c)

Figure 4.6 The results oftress tensor inversidoy (a)Mi ¢ h a e | 6 ®) P, tTHed ;

method; and (¢) Right Dihedron methiodSubregion 1.
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4.2.2 Sub-region 2

Subregion 2 contains 12 earthquake solutisrisch aredistributedat the northern

parts ofthe Central Anatolian Fault Zor{€igure 47). The region isdominded by

strikeslip faulting with NW-SE orienting extension and NEWN orienting
compressior(Figure 48) The stress tensor iis8uBr sion res
horizontal bytrendingin NE-<SW d i r e s hdriznmalin N&V-SE direction and

Uz is vertically oriented. Theesultantstress ratidR values differ between 0.6®.81.

Low variance 0.028< 0.20)andbeta 11.6X< 35°) valuesrepresena uniformstress

field in thissubregion.

Figure 4. 7 Map showing focal mechanism solution$ Subregion2. Red trianglesienote
Holocene volcanoes. (taken from Abgarmi et al., 20llabels are explained in Figure 2. 1
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A

O s3

Vatiance: 0.028

Phi 0.81 = 0.089576
S1: trend: 29 2; plinge: 18.2
$2:trend: -140.1; plunge: 71.4

Beta: 11.61= 8.106
Faulting style: Strike Slip

a) S3:trend: 120.2; phinge: 3.2

PBT axes

@ ol: 27/023
AUZ: 63/197
[0] o3: 03292

R: 0,68 AD: 24,1
QRw: C QRt: C

[=1

0 Sum of Weights 24

b)

@ o1- 16029
Acﬂ: 72/180
[©] o3: os/298

R: 0,63 CD: 22
QRw: D QRt: D

0

R. Dihedron N
. e A
v

Stress Regime: S

i T T T T T
C) 0 Sum of Weights 36

Figure 4.8 The results oftress tensor inversidoy (a)Mi ¢ h a e | 6 ®) P, tTHed ;

method; and (c) Right Dihedron methiodSub-region?2.
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4.1.3 Subregion 3

Subregion 3involves focal mechanism solutior®r 22 earthquakesnd their
distribution can beseen in Figure 4.9This area idocatedbetween theCAFZ and
MOFZin Sivas Basirwhich is dominantly fiected by strike-slip faulting. Due to he
stress tensor inversion resulEBgure 4.10, the region icharacterizedby strikeslip
faulting with NWASE oriented extension and NBV oriented compressionlhe
principal stresse8i a n & are@horizontalwhereadl: is vertical The stress ratio (R)
rangesbetween 0.54 and 0.@&moderate valueshich suggest h & valudlis close
to the avenamaLlLoweatianoe 6.058<f0.20Jand beta 17.2¢< 35°)
representniform stress fielan this subregion

Figure 4. 9 Map showing focal mechanism solution§ Subregion3. Red trianglesienote
Holocene volcanoes. (taken from Abgarmi et al., 20llabels are explained in Figure 2. 1
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A

O

Vanance: 0 058

Phi- 054 +0.11799
S1:trend: 27.5; plunge: 1.7
S2:trend: 176.7; phinge: §7.9

Beta: 17.29 £12.37

a) $3: trend: -62.5; plunge: 1.0 Fanlting style: Strike Slip
PBT axes N
S 7 M IS
- tm r o=t .. "
© o1: 03/029 ¥ '\ T
Aho2: 87/179 AR RN
[©] 63: 0z2/238

R: 0,62 AD: 27,8
QRw: C QRt: C

PET deviation
180

b) 0 Sum of Weights 100 Stress Regime: SS
. R. Dihedron N
@ o1 14/208 \ '
AGZ: 72/345
[0l o3: 121115

R: 0,55 CD: 24,5
QRw: D QRt: D

Counting deviation
60

C) 0 Sum of Weights 64 Stress Regime: S§S

Figure 4. 10 The results oftress tensor inversidoy (@)Mi ¢ h a e | 6 (b) Pnie, fT-hxesd ;
method; and (c) Right Dihedron methiodSub-region3.
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4.1.4 Subregion 4

Subregion 4coversa focal mechanism solution catalofj20 earthquakewhich are
distributed at theintersection area of EAFZ and BZSEigure4.11). This region is
characterizedy strike-slip faulting with WNW-ESE oriented extension andNE-
SSWoriented compression (Figure 4.1Zhe stress tensor inversion resudtggest
thatthe principal stresses andUis areapproximatelyhorizontalwhile 0z is verticaly
trending Theresultanstress ratio, R rangégtweemmoderatevalues 00.53and 0.62
indicatingthatll> valueandt he av er agean &adiclose o each othér in
magnitude Subregion 4is representely uniform stress fieldegardng low variance
0.031(< 0.20)and beta 11.5¢< 35°) values.

Figure 4. 11 Map showing focal mechanism solutioot Subregion4. Red triangleslenote
Holocene volcanoes. (taken from Abgarmi et al., 20llabels are explained in Figure 2. 1
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Variance: 0.031
Phi: 0.53 = 0.13951
$1:trend: -159.3; plinge: 11.9
S2: trend: 0.8; phinge: 77.3 Beta: 11.56 = 10.72
a) $3: trend: 109.7; phinge: 4.2 Fanlting style: Strike Slip

PBT axes

@ ol: 17/196
Au?.: 73/014
[e]o3: o1/106

R: 0,53 AD: 20,3
QRw: © QRt: C

PET deviation
60

0

1 T T T T T .
b) 0 Sum of Weights 32 Stress Regime: SS
R. Dihedron N
@ ol 19/203
AGZ: 71/018
[0l o3: o112

R: 0,62 CD: 19,4
QRw: C QRL: C

Counting deviation
60

o T T T T T ™ . .
C) 0 Sum of Weights 63 Stress Regime: SS

Figure 4.12 The results oftress tensor inversidoy (@)Mi ¢ h a e | 6 (b) P-nie, iT-bAxesd ;
method; and (c) Right Dihedron methiodSubregion4.
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4.1.5 Subregion 5

Subregion5 comprisesof focal mechanism solutions f@6 earthquakesvhich are
distribuedalongthe intersection area of EAROd DSFZFigure 4.13. The dominant

faulting style is strikeslip mechanismwith E-W oriented extension and -8
compression (Figure 4.14Yhe stress inversion resulshowt h aita n ds aré
horizontala n ¢ is Wertical. The resultant stress ratidR values vary between a
moderate range of 0.410.48suggestingthat he av er agaen dasdiclose s o f
to U2 in magnitude. The variance value 0.17 is close to the threshold value (0.20),
whereas the beta value 38i8@xceedinghelimit value (&°). A heterogeneous stress
patternis expectedn this sub-region which is compatible with the existenad

different fault zones in thimtersection area

Figure 4. 13 Map showing focal mechanism solutions Subregion5. Red trianglegslenote
Holocene volcanoes. (taken from Abgarmi et al., 20llabels are explained in Figure 2. 1
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A

O =3

Variance: 0.17
Phi: 0.48 =0.16149
S1: trend: 176.5; phnge: 10.7

S2: trend: -57.9; plnge: 71.9 Beta 38.96 £ 20.83

a) S3: trend: 83.8; plunge: 14 4 Faulting style: Strike Skp
PBT axes
@ul: 18/180
&02: 70/026
@03: 08/272

R: 0,41 AD: 38,6
QRw: D QRt: D

PET deviation
180

76

0 Sum of Weights

@) ol: 15/183
AUZ: 64/306
[0l o3: 21/087

R: 0,47 CD: 32,5
QRw: E QRE: E

b)

R. Dihedron

Stress Regime: SS

c)

Figure 4. 14 The results oftress tensor inversidoy (@)Mi ¢ h a e | 6 (b) P-nie, fT-hxesd ;
method; and (c) Right Dihedron methiodSub-region5.
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4.1.6 Subregion 6

Subregion 6consistsof focal mechanism solutions f@&0 earthquakesvhich are

located alog the southern branch of EAFEigure 4.1%. The stress tensor inversion

results varynoticeably from one method oo t her . Accorgmethgd t o Mi c ha
01 deviates from vertical significantly and indicates normal to sslie faulting

whereas both B-T axes andight Dihedronmethodspositionedl1 close to vertical

i ndicating pur e n o sisroadntedharzdntalieveryinvedsion contr ast
suggesting WNWAESE extensioriFigure 4.16) The calculated stress rati® values

areranging betwee.771 0.94indicatingt h a ts sighificantly larger thariz in

magnitude Theresultedvariance (0.17) is ck® to permissible limit value (0.20) and

the beta (38.70) is exceeding the limit valug®(3These results lead a heterogeneous

stress pattern whiotan be correlated with tharying faulting typen this region
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Figure 4. 15 Map showing focal mechanism solutions Subregion6. Red trianglegslenote
Holocene volcanoes. (taken from Abgarmi et al., 20lahels areexplained in Figure 2..1
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Variance: 0.17
Phi: 0.9 0.097477
S1:trend: 5.7; plunge: 47

S2:trend: -167.7; plunge: 42.8 Beta: 38.7 23349

a) $3: trend: 99.1; plinge: 3.2 Faulting style: Normal to Strike Shp
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@ ol: 8s/312
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Figure 4. 16 The results oftress tensor inversidoy (@)Mi ¢ h a e | 6 (b) Pnie, fT-hxesd ;
method; and (¢) Right Dihedron methiodSub-region6.
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4.1.7 Subregion 7

Subregion 7 is composed &2 earthquakeocal mechanism solutionshich are

located in Adana Basialongthe northern branch of EAFZigure 4.17. Similar to

subregion 6, inversion results vary noticeably. According Mi chaehids met |
oriented horizontal in N5 direction indicating pure strikdip faultingwhereashoth

P-B-T axes andight Dihedronmethodgositioned1 oblique indicating normal to strike

slip faulting (t rsasosiantechherizantal)in. evety mvecsionnt r a s
suggesting \AE extension(Figure 4.18)Theresultantvariance0.14 (< 0.20andbeta

31° (< 35°) values are lower than th®undarylimits suggeshg ahomogeneous stress

patternin the region The stress ratigR) values arechangng between 0.84 0.89

i ndi catzisgsilgai f @ c ainmdgnyitude.ar ger t han @

@'""'Med iterranean

HBHO0N

Figure 4. 17 Map showing focal mechanism solutioas Subregion7. Red triangleslenote
Holocene volcanoes. (taken from Abgarmi et al., 20l&hels are explained in Figure 2. 1
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Variance: 0.14
Phi: 0.86= 0.090291
S1:trend 0.5; plunge: 1.5

S2: trend: -102.2; plnge: 83.4 Beta- 312222985

a) S3: trend: 90.6; plunge: 6.4 Faulting style: Strike Slkp
PBT axes
O ol: s2/173
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[elo3: 027271

R: 0,89 AD: 43,2
QRw: E QRt: E

PET deviation
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Figure 4. 18 The results oftress tensor inversidoy (@)Mi ¢ h a e | 6 (b) P-nie, iT-bAxesd ;
method; and (c) Right Dihedron methiodSubregion?.
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4.1.8 Subregion 8

Subregion 8coversa catalog of 6 earthquakecal mechanisnsolutions located at
the Northern CyprugFigure 4.19. The stress tens@nalysis results suggest that the
princi pailhngardsabl e e 5 z 6 msis subvertical.d’hu§he dominant
faulting style isreversemechanismFigure 4.20).In this subregion, the esults of
Mi chael 6s (1987) a(2003 diferd incampressiammiehtatbp e r ne r
Mi chael 6s medalf\iNV-ESH 0dightéd compression while Wiiensor
gives NNWSSE oriented compressiamhich is consistent with the Cyprus Arc
Similarly, the estimated stress ratio, R values are found i@ mange of 0.63 to 0.91.
Although, theresultantvariance0.14(< 0.20)and bet®5.73(< 35°) valuesare lower
than thehreshold limis regardng a tomogeneous stress patteearthquake datzssed

in the inversionis very limited (six earthquakedg¢ading to highly varide less

accuratesolutions and should be treated with caution.

Note that the stress tensor inversion results for the entire region and all-tiegisuis

are represented in Table 4.1.
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Figure 4. 19 Map showing focal mechanism solutions Subregion 8 Red trianglegslenote
Holocene volcanoes. (taken from Abgarmi et al., 20l&bels are explained in Figure 2. 1
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Variance: 0.14
Phi 0.63 £ 0.16891 :
S1:trend: 107.6; plinge: 20.6
$2:trend: 12.5; plunge: 13.5

$3:trend: -108.5; plunge: 65.0
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Fanlting style: Thrust
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Figure 4.20The results oftress tensor inversidoy (@)Mi ¢ h a e | 6 (b) P-nie, fT-hxesd ;

method; and (¢) Right Dihedron methiodSub-region8.
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Table 4.1 Comparison of stress tensor inversion resultétbyc ha el 6 s

met hod

in ZMAP and by P,B-,T-axes and Right Dihedron methods in Wiensor (Delvaux
and Sperner, 2003) for the entire region and theregions.

Uy Uz U3
Region| Method @ | oh | @ e @ | o) Phi (R) |Var. Beta Regime

Michael [186| 02 |304/ 86| 96|03 |0. 6 7 §0.15/34. 83 N SS

Entire PBT 007| 01 |220| 89 |097| 00 0.76 - - SS
R.Dihedron 005| 24 | 171| 66 | 273| 05 0.74 - - SS
Michael |348| 07 |139| 82258/ 04 |0 . 46 §0.04| 13 . 64 SS

1 PBT 343| 08 |141| 81 | 252| 03 0.56 - - SS
R.Dihedron 341| 19 | 133| 69 | 247| 09 0.47 - - SS
Michael |029| 18 [220| 71120/ 03 |0. 81 N0.03|11. 61 SS

2 PBT 023| 27 |197| 63 | 292| 03 0.68 - - SS
R.Dihedron 029| 16 | 180| 72 | 296| 08 0.63 - - SS
Michael [028| 02 |177|88(297/01|0. 54 N0.06/17. 29K SS

3 PBT 029| 03 |179| 87 | 299| 02 0.62 - - SS
R.Dihedron 208| 14 |345| 72 | 115| 12 0.55 - - SS
Michael [201| 12 |001| 77 |110/ 04 |0. 53 §0.03|11. 56 N SS

4 PBT 196| 17 |014| 73 |106| 01 0.53 - - SS
R.Dihedron 203| 19 |{018| 71 |112| 01 0.62 - - SS
Michael |177| 11|302| 72|084| 14 (0. 48 §0.17/38. 96  SS

5 PBT 180| 18 |026| 70 |272| 08 0.41 - - SS
R.Dihedron 183| 15 |306| 64 |087| 21 0.47 - - SS
Michael |006| 47 |192| 43 {099/ 03 |0 . 90 §0.17/38. 70N N-SS

6 PBT 312| 85|191| 02 |101| 04 0.77 - - NF
R.Dihedron 162| 78 |003| 11 | 272| 04 0.94 - - NF
Michael [180| 03 |299| 84 |091|/05|0. 87 §0.14/31. 22N SS

7 PBT 179| 52 |003| 38 | 271| 02 0.89 - - NS
R.Dihedron 001| 36 |171| 53 | 267| 05 0.84 - - NS
Michael [108| 21|013| 14 |251/65|0. 6 3 §0.14|{25. 73 N TF

8 PBT 126| 18 |031| 14 | 265| 66 0.91 - - TF
R.Dihedron 357| 05 | 090| 25 | 257| 65 0.86 - - TF
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The computedstresstensor inversiorsolutions for eactlsubregionare compatible

with eachother forall the method except Subregion 8regarding itsinsufficient

number ofdata to obtain stableesults. The stress ratio, R values are varying in a
narrow range in Subkegion 1, 3, 4, 5 and; Wwhereas it differs widely in Sukegions

2, 6 and 8 f or -EkesahdReghtDilsedrgnnbtiBodbese varR/iBgr

results in terms of different metds may be caused bgnited data in Sukregion 2

and 8, and complex stress regime in -$edpon 6. As a result, the solutiond

Mi chael 6s (1987) met hodharagederalicapdreant wihi he dr

each other so that in the previous sectioghRDihedron solutions are represented.
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CHAPTER 5

DISCUSSIONAND CONCLUSION

Finally, theentirefocal mechanism solutio{200)in the study areare used to draw
their rake basedernary diagranand the distribution ofP- and T-axes orientation on

the stereonet whichreplottedbased on their fault source parame(&igure5.1and

5.2). The resultsuggest thatrike-slip and normal faulting mechanisae dominant

in the regiorwhile thereverseaulting mechanisms rarely seerlhe resultant Pand
T-axes orientations provide that the region is under MBSV oriented compression
and WNWESE oriented extension. This state is in accordance with the tectonic

regime of Central Anatolia.

.
N

=
A

MNormal Thrust

®
0 O/

Figure 5.1 Rakebased ternary diagram alf the focal mechanism solutio(®00) in the study
area
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Figure 5. 2 Distribution of P and Taxes orientations dll the focal mechanism solutions
(200). Blackfilled diamonds show faxis and unfilled diamonds indicateakis.

According to the number of regime tydes the entiradata se{200)in the study area

the types of faulting are plotted as histogi@&igure5.3). It is seen that the strikdip
faulting is the most seen regime in the study area with its 46 % among the data. The
normal faulting is at the second place with its 24 %. The regime code is undefined for
14 % of the data. The reverse faulting is seerrateaof 10 %. Predominantly normal
faulting with strike slip component regime is resulted as 5 % and predominantly

reverse faulting with strike slip component regime is at a rate of 1 % in the study area.
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Figure 5.3 Faulting type histogram faheentire data set

In order to compare the stress field results with the tectonic stress field, regime types
based on &nax Orientations in the atly area are plotted (Figure 84y using World

Stress Map (WSM) database whidpend®n a webbased source program CASMO
(Heidbach et al., 2008According to WSM stress mapN-S, NNESSW and NWSE
oriented Smax stressesre dominantly observed arouAdana Basirand compatible

with the directiors of subductiom along the BZSZEAFZ and DSFZ. In the upper
central part of the study areseveral NESW and NS trending stressese recorded
which have similaorientations with the CAFZ. There is another cluster in the northern
part of T u z  @rtehirngg mostly in NNW.SSE direction which is parallel to the
TGFZ. There is raréN-S trendingfaulting in this part which areccurredin Ankara.
Besides WSM databasthe studieddata offocal mechanism solutiorfsr the entire

data (200)are potted and theircontributon to WSM is represented ifigure 5.4.

It is seen that the studied data is compatible with the prevailing stress conditions and

represents new information in some areas.
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Figure 5.4 Stresamap of the study area based on maximum horizontal stress axg$ (5
focal mechanism solutions ¢d) World Stress Map (WSM) databa@deidbach et al., 2008)
(b) entire data used in this stuthcluding our solutions and ones compiled frit@rature
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In additionto WSMs of the study areapse diagrams ofdmaxand Simin areplottedby
Win-Tensor progran(Figure 5.9. The results show that the stress regime is dominated
by NNE-SSWorientedStmaxandWNW-ESE oriente®umin horizontal stresses the
entirefocal mechanism solution¥hese results are compatible witte distributions

of P- and T-axes orientationm the study area

Rose of SHmMax Rose of Shmin
weighting 0 Weighting 0

S0 27

180

Figure 5.5 Rose diagrams of maximumy&y) and minimum(Sumin) horizontal stresses of
entire focal mechanisnsolutions(200) by equal area display Win-Tensor (Delvaux and
Sperner, 2003).

In order to determine the stress variationthe entire region, eight striegions laving
approximatelysimilar strain conditionsare identified by considering the tectonic
properties and the epicentral distances of focal mechankswk. region is analyzed

to define their stress patterns by Wiansor. The results emdividually shown on

the map(Figure 5.6. The relative horizontal stresses are represented by the arrows and
the vertical stresses are shown by circles in the middle of the affbesesultant
stress fieldorovides thatli is oriented inapproximatelyN-S, NNE-SSW and NNW
SSWdirectiors except Suegion 6;0:2 is verticalexcept Subregion 6 and 8andUs

is orientedin approximately BV, WNW-ESE and WS\WENE directiors except Sub

region8.
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According to Figure 5.6, the stress tensor inversion solution becomes different with its
U2 and Uz stress orientations inuB-region 6in wherethe southern branch of EAFZ

and the northern parts tife DSFZs getting closeSubregion 6 displays dominant
extension iNWNW-ESE directionand verticalcompressiorwhich represenhormal
faulting. In subregion 8,01 is oriented iNNNW-SSE; (2 is oriented in WS\AENE;

andUs is oriented verticallwhich indicate reverse faultin§ubregion 6 and 8 have
different stress regimes rather than the dominant sstigefaulting which are
compatible with the tectonic propertiesthe study area.

FRYINFS o g

Mediterranean Sea

Figure 5. 6 Simplified mapfor the results ohorizontal projections of principle stresdes
the subregionsby Right Dihedron method (Delvaux and Sperner, 2003)blug, U.: green,
Uz: red Labels are explained in Figure 2. 1
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The calculatel correlations in this study indicate reasonable relations in the view of
tectonism and faulinechanisms in the region. However, the resultant parameters are
obtained from particular data sources gathered from a limited ragwtime interval

so thathave relatively wide error ranges. The resultant correlations should be

considered with caution and checked by a more general data set.
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APPENDIX A

Table A. 1 The list of earthquakes with focal mechanism solutions occurred in the study area.
(1 =JacksonandMcKenzie, 1984; 2 Salamoretal., 2003 3 = Canéted=and
Taymazet al, 1991;5= Y & | meendBurion, R999%6 = Dziewonskietal.,, 198 FEk st r © m
et al.,, 2012 CMT, GCMT); 7 = Erginet al, 2004;8 = Pondrelli et al., 1999 (EMSCY =
Pondrelli et al., 2002; 2004; 2006; 2007; 2011; 2(RENIT, MedNed; 10= ¥ r gtall ¢
2003; 11 = Regional Moment Tensor of the Swiss Seismological Service (SRMT¥F

Kar as?® z e 03 = GerierhlODirectorate of Disaster Affairs Earthquake Research
DepartmentGDDA-ERD), 14 = National Earthquake Information Center of theited States
Geological Survey NEIC-USGS; 15 = Kandilli Observatory and Earthquake Research
Institute National Earthquake Monitoring Cent®QERI-NEMC); 16 = GEOFON Data
Centre, 1993GF2).

No Date Time Iéon. ( IIQat' ( Mag. gjnp) St(r;; € [()(i;) R(%I)( €| Ref.
1 | 19.4.1938| 10:59 | 33.70| 39.50 | 6.8 | 10.0 30 60 4 1
2 | 20.1.1941| 03:37 | 33.60| 35.20 | 6.0 | 100.0| 248 46 | 144 2
3 8.4.1951 | 21:38 | 36.10| 36.60 | 6.0 | 15.0 30 68 15 3
4 | 14.6.1964 | 12:15| 38.48| 38.08 | 55 | 105 | 227 29 -28 4
5 7.4.1967 | 17:07 | 36.13| 37.37 | 4.8 | 38.0 | 266 70 -10 2
6 7.4.1967 | 18:33| 36.18| 37.37 | 4.9 | 32.0 | 245 80 20 2
7 4.7.1967 | 18:33| 36.20| 3740 | 51 | 39.0 | 156 30 | 159 | 1
8 | 6.11.1968 | 13:41| 32.78| 35.16 | 4.8 | 65.0 80 45 | 120 2
9 | 5.10.1970 | 14:53 | 38.99| 35.13 | 4.8 | 34.0 40 35 90 2
10 | 29.6.1971| 09:08 | 36.86| 37.13 | 5.0 | 35.2 70 40 | 130 2
11 | 11.7.1971| 20:12 | 36.83| 37.16 | 5.0 | 18.7 82 88 8 5
12 | 17.8.1971| 04:29 | 36.79| 37.11 | 49 | 353 50 78 99 2
13 | 1.1.1975 | 00:30 | 36.48| 36.78 | 5.2 | 354 26 77 -74 2
14 | 9.2.1978 | 21:10 | 36.80| 37.08 | 45 | 423 80 30 60 2
15 | 28.12.1979| 03:09 | 35.85| 37.49 | 54 | 471 | 141 90 | 180 6
16 | 2.1.1980 | 12:52 | 36.33| 36.57 | 4.7 | 31.9 | 258 77 74 2
17 | 30.6.1981 | 07:59 | 35.89| 36.17 | 4.7 | 63.3 76 82 40 2
18 | 20.5.1982| 03:28 | 33.69| 35.09 | 46 | 715 | 110 45 70 2
19 | 24.11.1983| 00:14 | 36.13| 37.05| 4.7 | 374 | 226 70 -10 2
20 | 18.12.1984| 13:59 | 35.30| 35.26 | 4.7 | 39.1 | 215 58 42 2
21 | 5.5.1986 | 03:35| 37.78| 38.00 | 6.0 4.4 260 54 9 6
22 | 6.6.1986 | 10:39 | 37.91| 38.01| 58 | 10.6 | 160 90 | 180 6
23 | 16.6.1987| 06:17 | 35.25| 35,55 | 4.7 | 33.0 | 163 77 | -105 | 2
24 | 24.6.1989| 03:09 | 35.94| 36.75| 5.1 | 46.4 | 203 28 -93 6




Tabl e A. 1 (cont 6d)

No Date Time Iéon. ( IIQat' ( Mag. 5((;?) St(r[:;< € I%',)p R(aol)< €| Ref
25 10.4.1991 | 01:08 | 36.12| 37.30 5.3 33.0 160 27 -136 6
26 10.2.1994 | 06:15 | 35.89| 36.93 4.9 32.0 285 85 -140 7
27 21.1.1995 | 03:48 | 36.25| 37.37 4.5 15.0 350 40 -100 7
28 23.2.1995 | 21:03 | 32.27| 35.06 5.9 20.2 239 21 140 6
29 23.2.1995 | 21:40 | 32.30| 35.01 54 30.4 71 34 -9 8
30 13.4.1995 | 20:23 | 36.20| 37.42 4.9 14.0 170 40 -90 7
31 29.5.1995 | 04:58 | 32.25| 35.05 5.3 28.9 224 20 132 6
32 22.1.1997 | 17:57 | 35.96| 36.21 5.7 454 243 39 -15 6
33 22.1.1997 | 18:22 | 36.03| 36.26 4.3 13.0 50 90 40 7
34 22.1.1997 | 18:24 | 36.06 | 36.13 5.2 4.0 219 41 -39 7
35 23.1.1997 | 14:53 | 36.05| 36.26 4.2 4.8 45 85 -40 7
36 3.1.1998 21:15 | 35.77| 37.20 4.1 15.8 125 85 150 7
37 28.3.1998 | 00:30 | 38.75| 38.20 4.5 6.1 235 46 -15 9
38 9.5.1998 15:38 | 38.95| 38.25 51 26.5 251 83 -7 6
39 27.6.1998 | 13:55 | 35.33| 36.53 6.2 32.0 50 85 10 7
40 28.6.1998 | 03:59 | 35.49| 36.92 4.9 10.0 223 71 -12 9
41 4.7.1998 02:15 | 35.44| 36.90 51 37.6 60 90 20 7
42 4.12.1998 | 04:59 | 35.58 | 37.01 4.0 22.8 65 80 20 7
43 14.12.1998 | 13:06 | 35.79| 38.92 4.7 15.0 339 64 166 9
44 15.1.1999 | 02:04 | 35.85| 37.04 4.2 23.5 35 75 -10 7
45 6.4.1999 00:08 | 38.23| 39.37 54 30.7 326 49 175 6
46 10.6.1999 | 23:25 | 35.96| 37.38 4.5 19.5 50 85 10 7
47 11.6.1999 | 05:25 | 36.80| 39.53 4.9 6.2 67 45 -39 9
48 24.8.1999 | 17:33 | 32.68| 39.41 4.9 10.0 27 53 -2 9
49 2.1.2000 20:28 | 38.96| 38.30 3.7 13.1 345 72 -147 10
50 2.4.2000 11:41 | 37.08| 37.61 4.2 12.8 44 80 38 10
51 2.4.2000 1726 | 37.32| 37.54 4.0 10.0 224 89 -15 10
52 7.5.2000 09:08 | 38.83| 38.26 4.2 22.7 53 82 16 10
53 7.5.2000 23:10 | 38.91| 38.27 4.4 22.3 320 87 167 10
54 12.5.2000 | 03:01 | 36.06| 36.99 4.7 32.7 10 45 -106 9
55 27.5.2000 | 07:49 | 35.28| 36.23 4.2 6.9 65 45 -10 7
56 17.1.2001 | 12:09 | 36.21| 37.07 4.4 9.6 60 65 -20 7
57 25.6.2001 | 13:28 | 36.27| 37.22 4.6 7.9 320 50 -110 7
58 25.9.2001 | 11:53 | 32.33| 35.97 4.5 40.3 326 75 -173 9
59 18.10.2001 | 15:50 | 35.22| 36.86 4.5 10.0 161 34 -175 9
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Tabl e A. 1 (contdd)

No Date Time Iéon. ( IIQat' ( Mag. 5((;?) St(r[:;< € I%',)p R(aol)< €| Ref
60 31.10.2001 | 12:33 | 36.25| 37.26 4.9 6.7 35 35 -90 7
61 23.5.2002 | 01:08 | 36.35| 37.41 4.4 10.3 231 58 -37 9
62 19.11.2002 | 01:25 | 38.39| 38.02 4.7 10.0 338 74 -177 9
63 14.12.2002 | 01:02 | 36.19| 37.47 4.8 29.2 30 41 -79 9
64 26.2.2003 | 03:08 | 36.27 | 35.86 4.4 10.0 295 84 -2 9
65 13.7.2003 | 01:48 | 38.95| 38.28 55 12.9 72 89 1 6
66 24.9.2003 | 08:13 | 38.23| 39.55 4.7 0.9 275 74 7 9
67 26.2.2004 | 04:13 | 38.25| 37.91 4.8 5.0 334 44 155 9
68 18.8.2004 | 05:57 | 34.40| 36.80 4.3 13.6 26 15 -95 9
69 4.7.2005 21:33 | 36.08| 39.16 4.5 34 58 52 -61 11
70 30.7.2005 | 21:45 | 33.11| 39.39 5.2 15.7 214 87 -2 6
71 31.7.2005 | 23:41 | 33.10| 39.44 4.8 11.5 205 73 1

72 31.7.2005 | 00:45 | 33.13| 39.43 4.3 2.0 8 62 14 11
73 31.7.2005 | 15:18 | 33.08| 39.42 4.6 11.7 20 73 -20 11
74 1.8.2005 00:45 | 33.07| 39.44 4.7 19.3 119 82 172 9
75 6.8.2005 09:09 | 33.10| 39.39 4.7 6.0 111 74 171 9
76 18.10.2005 | 07:17 | 39.00| 38.78 4.3 10.0 273 71 4 9
77 26.11.2005| 15:56 | 38.86| 38.21 5.1 10.0 237 51 -20 6
78 29.3.2006 | 22:05 | 35.44| 35.28 5.0 10.0 219 43 -10 6
79 9.10.2006 | 05:01 | 35.56| 35.88 4.1 18.3 137 28 -113 9
80 14.2.2007 | 11:59 | 34.14| 39.76 3.9 18.8 349 38 -47 12
81 18.5.2007 | 23:27 | 33.26| 37.32 4.6 8.3 176 43 -26 9
82 24.8.2007 | 02:53 | 37.45| 38.15 4.4 1.2 334 43 -170

83 15.9.2007 | 05:26 | 37.00| 37.81 4.4 8.5 334 43 105

84 15.9.2007 | 23:28 | 36.92| 37.79 4.3 10.8 244 19 9
85 24.9.2007 | 23:21 | 35.47| 39.77 35 6.8 242 45 12
86 13.12.2007 | 18:06 | 33.07| 38.83 4.9 7.9 224 55 6
87 20.12.2007 | 09:48 | 33.16| 39.41 5.7 11.3 214 73 17 6
88 26.12.2007 | 23:47 | 33.11| 39.42 5.6 10.8 231 67 5 6
89 27.12.2007 | 13:48 | 33.14| 39.44 4.7 3.8 150 57 -140 9
90 15.3.2008 | 10:15 | 33.05| 39.50 4.8 12.5 41 66 -6 9
91 14.4.2008 | 15:16 | 35.91| 39.95 34 9.7 220 45 45 12
92 3.9.2008 02:22 | 3850 | 37.51 5.0 5.7 219 79 -10 6
93 12.11.2008 | 14:03 | 35.52| 38.84 5.1 10.0 227 70 -13

94 17.6.2009 | 04:29 | 36.02| 36.05 4.6 104 174 32 -113




Tabl e A. 1 (cont 6d)

No Date Time Iéon. ( I'Qat. (| Mag. l(?(?rf)) St(r(:;< € %;) R?,;( €| Ref
95 10.9.2009 | 18:29 | 32.52| 37.94 4.8 2.0 28 42 -82

96 11.9.2009 | 01:58 | 32.44| 3794 | 4.9 5.0 26 39 -76

97 1.2.2010 04:01 | 38.12| 39.56 4.5 215 85 82 -22

98 1.2.2010 04:01 | 37.99| 39.56 4.5 6.0 178 68 -171

99 23.3.2010 | 19:33 | 38.65| 39.89 3.7 11.0 48 57 -33 13
100 | 16.8.2010 | 06:41 | 38.92| 39.72 3.6 13.0 335 86 -165 | 13
101 | 17.9.2010 | 10:17 | 38.95| 38.14 | 4.9 10.0 322 74 -165 9
102 | 14.11.2010| 23:08 | 36.08| 36.48 4.9 12.0 24 53 -94 6
103 | 14.11.2010| 23:08 | 36.01| 36.59 4.9 25 212 33 -99 9
104 | 16.11.2010| 10:50 | 36.32| 37.33 4.7 7.6 5 17 -48 9
105 29.6.2011 | 19:48 | 35.87| 3741 4.4 20.6 95 40 78 9
106 16.8.2011 | 07:53 | 35.90| 39.08 4.1 5.0 65 70 -20 14
107 22.9.2011 | 03:22 | 38.60| 39.68 5.6 16.1 239 77 -5 6
108 | 16.2.2012 | 11:.01 | 37.46| 38.65 | 4.6 15.3 22 31 -107 9
109 25.5.2012 | 11:22 | 38.72| 38.16 4.4 14.8 70 85 -11 9
110 22.7.2012 | 09:26 | 36.23| 37.34 4.8 19.2 38 53 -78 6
111 16.9.2012 | 07:54 | 35.77| 37.44 4.6 21.0 163 86 161 9
112 19.9.2012 | 09:17 | 37.12| 37.28 5.0 214 210 48 -11 6
113 | 5.10.2012 | 10:25 | 33.80| 39.35 | 4.6 17.7 198 62 -32 9
114 | 16.10.2012 | 01:16 | 37.11| 37.30 4.5 14.7 211 71 -27 9
115 | 16.10.2012 | 10:25 | 37.16| 37.27 4.5 25.0 146 90 153 9
116 | 13.11.2012 | 23:55 | 37.12| 37.20 4.9 24.9 119 90 153 9
117 | 14.11.2012 | 00:02 | 37.14| 37.28 4.4 10.0 46 83 44 9
118 | 18.11.2012 | 19:18 | 37.13| 37.33 3.9 28.0 187 74 108 13
119 1.12.2012 | 03:51 | 38.35| 37.47 4.1 17.9 133 65 124 13
120 | 25.12.2012 | 15:35 | 34.10| 39.85 3.9 17.1 276 48 110 13
121 | 30.12.2012 | 09:11 | 35.72| 37.48 4.1 8.0 247 79 49 15
122 8.1.2013 06:05 | 37.96| 37.93 4.3 13.8 51 88 1

123 8.1.2013 06:15 | 37.96| 37.92 4.4 21.1 150 90 172

124 12.2.2013 | 20:20 | 36.95| 37.11 3.7 13.0 314 74 -154 13
125 4.4,2013 06:34 | 37.12| 37.32 3.7 9.0 140 68 -156 13
126 1442013 | 18:25 | 36.21| 37.31 3.5 20.0 59 51 19 13
127 1.5.2013 06:47 | 37.10| 37.31 3.7 7.9 290 81 157 13
128 1.5.2013 06:50 | 37.11| 37.30 3.9 13.3 0 44 -58 13
129 6.5.2013 18:33 | 37.13| 37.30 3.8 12.4 109 74 -167 13

14C




Tabl e A. 1 (contdd)

No Date Time Iéon. ( IIQat' ( Mag. 5;?) St(r[:;< € I%',)p R(aol)< €| Ref
130 | 16.6.2013 | 20:31 | 37.08| 38.11 4.6 13.1 347 75 160 13
131 | 26.7.2013 | 00:22 | 35.87| 36.06 4.0 25.8 345 78 -95 13
132 | 28.8.2013 | 06:26 | 38.91| 38.38 3.6 18.2 340 70 -162 13
133 | 23.10.2013| 12:24 | 34.43| 36.23 4.5 10.1 22 54 45 9
134 | 30.12.2013| 00:02 | 38.33| 37.88 35 19.9 333 81 -131 13
135 | 10.1.2014 | 13:20 | 36.23| 37.28 4.0 6.0 282 85 173 15
136 | 14.2.2014 | 00:33 | 36.07| 36.23 4.9 18.0 35 70 -59

137 | 22.2.2014 | 15:42 | 36.38| 37.42 4.4 20.0 193 60 -45

138 2.3.2014 04:25 | 35.18| 36.79 4.2 10.0 69 45 63

139 | 26.3.2014 | 14:00 | 38.59| 38.14 3.9 4.0 216 69 -38 15
140 9.6.2014 03:38 | 36.06| 36.29 4.8 20.9 164 36 -135

141 | 20.9.2014 | 02:52 | 38.70| 39.16 4.1 10.0 250 87 -43

142 8.1.2015 18:44 | 36.86| 37.03 4.5 21.6 106 75 170

143 | 22.1.2015 | 19:27 | 36.30| 37.40 3.9 6.0 3 69 -99 15
144 | 10.2.2015 | 04:01 | 36.02| 35.80 4.3 10.0 228 70 -27 9
145 | 28.3.2015 | 10:08 | 36.41| 37.49 4.1 22.0 306 70 -150 15
146 | 28.3.2015 | 05:04 | 35.63| 38.88 3.6 7.0 144 73 -167 15
147 17.4.2015 | 11:49 | 38.81| 37.53 3.7 10.9 226 71 40 13
148 | 29.7.2015 | 22:01 | 34.94| 36.58 4.9 23.7 193 68 -75

149 | 29.7.2015 | 22:01 | 34.87| 36.44 5.0 334 195 64 -76

150 | 29.7.2015 | 00:56 | 34.95| 36.58 4.9 34.0 149 50 -128 14
151 | 26.8.2015 | 23:01 | 36.93| 37.33 4.0 7.0 353 43 -100 15
152 | 3.10.2015 | 21:08 | 38.93| 38.18 3.8 9.8 324 71 160 15
153 | 29.11.2015| 00:28 | 37.75| 38.82 5.1 20.2 74 72 -19 6
154 | 29.11.2015| 00:28 | 37.87| 38.90 5.0 17.0 339 77 173 16
155 | 9.12.2015 | 09:03 | 37.92| 38.88 4.5 22.8 65 73 -8

156 | 10.1.2016 | 17:40 | 34.33| 39.72 5.0 21.2 7 79 -6

157 2.2.2016 14:21 | 37.84| 38.84 4.1 10.2 184 88 -167 13
158 | 18.2.2016 | 07:56 | 35.84| 39.01 3.9 54 46 69 -49 13
159 | 31.3.2016 | 21:33 | 35.85| 36.97 4.2 14.0 142 77 -171 15
160 7.4.2016 11:11 | 35.09| 37.92 3.8 12.9 27 53 -65 13
161 | 23.4.2016 | 19:51 | 36.62| 36.91 3.7 5.8 312 39 -176 13
162 17.8.2016 | 01:07 | 38.15| 38.70 4.2 11.2 271 40 66 13
163 | 16.9.2016 | 05:12 | 36.90| 37.21 3.6 7.8 216 53 -26 13
164 | 20.11.2016| 22:52 | 38.59| 39.95 3.8 6.4 41 74 -62 13
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Tabl e A. 1 (cont 6d)

No Date Time Iéon. ( IIQat' ( Mag. l(?(ﬁ% St(r[:;< € I%',)p R(aol)< €| Ref
165 3.2.2017 06:33 | 38.09| 38.69 3.7 17.9 71 65 8 13
166 | 25.2.2017 | 21.06 | 36.10| 37.01 4.5 3.8 351 45 -79 13
167 2.3.2017 11:07 | 38.45| 37.53 5.6 17.2 225 78 -21 6
168 2.3.2017 17.03 | 38.50| 37.58 3.7 7.7 45 86 26 13
169 10.3.2017 | 22:23 | 38.51| 37.58 3.7 9.3 33 86 -31 13
170 | 28.3.2017 | 21:53 | 37.18| 38.29 4.0 12.0 70 86 -31 13
171 18.8.2017 | 04:30 | 37.54 | 37.57 4.0 9.0 233 55 -9 13
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Table A. 2 List of stations.

Station Station Location WGS84 (Lat/ Lon) | Ejeyvation
Code (in Turkey) N (Y| E (X (m)
ATO1 K an, 8ivas 39.7240| 36.7109 | 134026
ATO2 Kar aSivask 39.3806| 37.0573 | 152420
ATO3 Kuzyaka, Sivas 39.0301| 37.5955 | 170065
ATO4 Fethiye, Malatya 38.6278| 38.1386 | 93145
ATO5 Or mai,rMialatya 38.2174| 38.7937 | 116201
ATO06 ¢ a nmargé Yozgat 39.6731| 35.6665 | 128725
ATO7 Kartalkaya Sivas 39.1454| 36.2223 | 144892
ATO8 Yazyurdu, Sivas 38.8040| 36.9266 | 190573
ATO09 Y u k a r may Malatya 38.4019| 37.5696 | 165075
AT10 Hu d uyt Mafatya 38.0119| 37.8609 | 141545
AT11 Ar d é- o yaman, 4 37.7579| 38.3758 | 66038
AT12 Ha mz ¥dzgat 39.4523| 34.7451 | 102657
AT13 Y a zgnt, Yozgat 39.0770| 35.3153 | 121387
AT14 Samagir, Kayseri 38.6277| 36.0603 | 146492
AT15 Ar ét ak, Kahr| 38.3476| 36.7763 | 160830
AT16 Ekin°zg, Kah | 38.0842 37.1361 | 126531
AT17 AKka] éazyampdné | 37.7466| 37.5200 | 103759
AT18 Akbudak, Gaziantep 37.4427| 37.9589 | 57960
AT19 Kur kK unk kkglea , 39.7352| 33.5811 | 101711
AT20 Kér kpéehrr , 39.3639| 34.1573 | 120679
AT21 AK é k | aehir, N g 38.9269| 34.5246 | 119040
AT22 Kar ai rehir Ne\ 38.5906| 34.9903 | 138531
AT23 Ay v a z Kagsere 38.3631| 35.5500 | 142901
AT24 S akaya, Kayseri 38.1646| 35.9024 | 170498
AT25 Dejirmender e| 37.9181| 36.4592 | 171888
AT26 Kurtul, Kahramanmaras 37.6299| 36.7315| 59556
AT27 S°j ¢t ¢, K.l 37.4836| 37.1963 | 83573
AT28 S¢l eymanobas¢37.2527| 37.5501 | 76162
AT29 Acé®°z, Ank|391790| 33.3776 | 91863
AT30 Akpénar, Ak 38.7640| 34.0045| 128320
AT31 Il nal | &, N e | 38.5727| 34.5084 | 126606
AT32 Or hanl e, N| 38.2967| 34.8891 | 145410
AT33 Sulucaova, 38.0292| 35.1502 | 178420
AT34 Yeki |l k°y, 4379051 355147 | 150336
AT35 ¢Cul l uukaj é,|37.6727| 35.8772| 77644
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Table A.2( ¢ o n Lish af gtations.

Station Station Location WGS84(Lat / Lon) Elevation
Code (in Turkey) N (YY)l N (Y) (m)
AT37 Yenig¢gn, Os 37.2442 36.4915 67105
AT38 Karl éca, Os 37.0361 36.8080 69384
AT39 Bayraktepe, Gaziantep 36.9320 37.2230 84386
AT40 Beyliova, Konya 38.8489 32.4513 111806
AT41 Konya 38.4684 33.2447 93907
AT42 Kutlu, Aksaray 38.2752 33.8726 96870
AT43 ¢°mlek-1i, N 380579 34.3305 160763
AT44 Bah-el i, N 37.8467 34.6120 118882
AT45 Yel atan, N 37.6876 35.0198 174087
AT46 Hacéhasl ani 37.3027 35.5761 17342
AT47 Hamidiye, Osmaniye 36.9920 35.9910 9386
AT48 Saylak, Hatay 36.6193 36.4138 25746
AT49 Kol ukésa, K 385137 32.2530 99300
AT50 Alténekin, 38.2999 32.8781 101360
AT51 Esentepe, Konya 38.0085 33.3798 104743
AT52 Emirgazi, Konya 37.9145 33.8631 109087
AT53 keyh°merl i, 37.5773 34.3336 130573
AT54 Alpu-Poz ant e, 37.4756 34.8818 135697
AT55 Fadel , Adal 37.0837 35.0873 12357
AT56 Kal derém, A 36.7020 35.5469 419
AT57 Yarma, Konya 37.8143 32.8774 100126
AT58 Islik, Konya 37.5650 33.3254 100981
AT59 I -har man, K| 37.2833 33.8196 143346
AT60 Yavca, Mersin 37.0163 34.3637 147370
AT61 Ak°ren, Kol 37.4195 32.3623 113521
AT62 Pénar basé, 37.1030 33.0534 128489
AT63 Topluca, Mersin 36.7125 33.4720 77055
AT64 Esenpénar, 36.6013 34.1213 77408
AT65 Edi kI i, Ni 38.2210 34.9630 137741
AT66 Yenig¢gn, Os 37.4212 36.1750 259380
AT67 Erzin, Hatay 36.9517 36.2478 37564
AT68 Hudutkoy, Malatya 38.0245 37.8338 142786
AT69 S°J ¢kdhgr,amann 37.4842 37.1970 83783
AT70 Ok -u, Nijd 37.9336 34.5432 120989
AT71 Karasaray, Konya 37.3780 34.2590 196374
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Table A. 3P- T-, SHmax, SHmin axes and stress regimes of the focal mechsaoiistions in
the study areédata given in @ble A.). NF = normal faulting, NS = predominately normal
faulting with striké slip component, SS = strildip faulting, TS = predominatelseverse
faulting with striké slip component, TF thrust feversg faulting, UF = undefined.

P axis T axis SH axis .

No Date Time Lon. Lat. : Regime
E (| N (| paz| Ppl | Taz | Tpl Max | Min |~ Code
az. | az.

1 19.4.1938 | 10:59 | 33.70| 39.50 | 348 | 18 | 250 | 23 | 164 | 74 SS
2 20.1.1941 | 03:37 | 33.60| 35.20| 122 | 11 | 227 | 52 | 126 | 36 UF
3 8.4.1951 | 21:38| 36.10| 36.60| 343 | 5 | 251 | 26 | 162 | 72 SS
4 14.6.1964 | 12:15| 38.48 | 38.08 | 222 | 51 | 92 | 27 14 104 UF
5 7.4.1967 | 17:07| 36.13| 37.37| 224 | 21 | 131 | 8 42 132 SS
6 7.4.1967 | 18:33| 36.18 | 37.37 | 17 7 | 109 | 21 18 108 SS
7 4.7.1967 | 18:33 | 36.20 | 37.40| 348 | 47 | 115 | 29 12 102 UF
8 6.11.1968 | 13:41 | 32.78 | 35.16| 329 | 4 69 | 69 | 150 | 60 TF
9 5.10.1970 | 14:53 | 38.99| 35.13| 310 | 10 | 130 | 80 | 130 | 40 TF
10 | 29.6.1971 | 09:08 | 36.86 | 37.13| 312 | 11 | 65 | 62 | 136 | 46 TF
11| 11.7.1971 | 20:12 | 36.83| 37.16 | 217 | 4 | 307 | 7 37 127 SS
12 | 17.8.1971 | 04:29 | 36.79| 37.11| 133 | 32 | 331 | 56 | 123 | 33 TF
13| 1.1.1975 | 00:30 | 36.48 | 36.78 | 317 | 55 | 103 | 30 | 180 | 90 NF
14 9.2.1978 | 21:10| 36.80| 37.08| 12 | 18 | 234 | 67 7 97 TF
15 | 28.12.1979| 03:09 | 35.85| 3749|186 | 1 | 96 | 1 6 96 SS
16 2.1.1980 | 12:52 | 36.33| 36.57| 1 30 | 147 | 55 14 104 TF
17 | 30.6.1981 | 07:59 | 35.89| 36.17 | 201 | 21 | 306 | 34 | 28 | 118 UF
18 | 20.5.1982 | 03:28 | 33.69| 35.09| 34 | 2 | 298| 76 | 34 | 124 TF
19 | 24.11.1983| 00:14 | 36.13| 37.05| 184 | 21 | 91 8 2 92 SS
20 | 18.12.1984| 13:59 | 35.30| 35.26 | 336 | 2 69 | 51 | 157 | 67 TS
21 5.5.1986 | 03:35| 37.78 | 38.00| 218 | 19 | 116 | 30 33 123 SS
22| 6.6.1986 | 10:39| 37.91| 38.01|205| 1 | 115| 1 25 | 115 SS
23 | 16.6.1987 | 06:17 | 35.25| 35.55| 54 | 55 | 265 | 30 9 99 NF
24 | 24.6.1989 | 03:09 | 35.94| 36.75| 299 | 73 | 115| 17 | 25 | 115 NF
25| 10.4.1991 | 01:08 | 36.12 | 37.30| 327 | 58 | 104 | 24 4 94 NF
26 | 10.2.1994 | 06:15| 35.89| 36.93| 156 | 31 | 51 | 23 | 148 | 58 UF
27 | 21.1.1995 | 03:48 | 36.25| 37.37| 137 | 81 | 267 | 6 | 176 | 86 NF
28 | 23.2.1995 | 21:03 | 32.27| 35.06 | 110 | 30 | 256 | 55 | 123 | 33 TF
29 | 23.2.1995 | 21:140 | 32.30| 35.01| 47 | 40 | 286 | 32 30 120 UF
30 | 13.4.1995 | 20:23 | 36.20| 37.42| 260 | 85 | 80 | 5 | 170 | 80 NF
31| 29.5.1995 | 04:58 | 32.25| 35.05| 101 | 29 | 252 | 58 | 112 | 22 TF
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TableA.3( cont 6d)

No Date Time Lon. Lat. P axis T axis SH aXiS_ Regime
E (| N (| pPaz|Ppl | Taz | Tpl '\g?( '\QT Code
32 | 22.1.1997 | 17:57 | 35.96 | 36.21 | 219 | 41 | 104 | 26 24 | 114 UF
33 | 22.1.1997 | 18:22| 36.03 | 36.26 | 177 | 27 | 283 | 27 5 95 UF
34 | 22.1.1997 | 18:24 | 36.06 | 36.13| 206 | 55 | 94 | 14 10 | 100 NF
35 | 23.1.1997 | 14:53 | 36.05| 36.26 | 354 | 31 | 99 | 23 2 92 UF
36 3.1.1998 | 21:15| 35.77 | 37.20| 175 | 17 | 77 | 25 | 171 | 81 SS
37 | 28.3.1998 | 00:30 | 38.75| 38.20| 206 | 39 | 98 | 21 | 15 | 105 UF
38 | 9.5.1998 | 15:38 | 38.95| 38.25| 207 | 10 | 117| O 27 | 117 SS
39 | 27.6.1998 | 13:55| 35.33| 36,53 | 184 | 4 | 275| 11 4 94 SS
40 | 28.6.1998 | 03:59 | 3549 | 36.92| 181 | 21 | 89 | 5 | 180 | 90 SS
41 4.7.1998 | 02:15| 35.44 | 36.90| 193 | 14 | 287 | 14 15 | 105 SS
42 | 4.12.1998 | 04:59 | 35.58 | 37.01 | 197 289 | 21 18 | 108 SS
43 | 14.12.1998| 13:06 | 35.79 | 38.92 | 205 300 | 28 | 27 | 117 SS
44 | 15.1.1999 | 02:04 | 35.85| 37.04| 352 | 18 | 261 | 3 172 | 82 SS
45 6.4.1999 | 00:08 | 38.23 | 39.37 | 185 | 24 | 291 | 31 12 | 102 UF
46 | 10.6.1999 | 23:25| 3596 | 37.38| 184 | 4 | 275 | 11 4 94 SS
47 | 11.6.1999 | 05:25| 36.80 | 39.53 | 49 | 54 | 303 | 11 | 37 | 127 NF
48 | 24.8.1999 | 17:33 | 32.68 | 39.41| 349 | 27 | 246 | 24 | 162 | 72 UF
49 2.1.2000 | 20:28 | 38.96 | 38.30| 208 | 36 | 112 | 8 24 | 114 SS
50 | 2.4.2000 | 11:41| 37.08| 37.61| 170 | 18 | 272 | 33 | 175 | 85 SS
51 242000 | 17:26 | 37.32| 3754 | 178 | 11 | 270 | 10 | 179 | 89 SS
52 | 7.5.2000 | 09:08 | 38.83 | 38.26 | 186 278 | 17 7 97 SS
53 7.5.2000 | 23:10| 38.91| 38.27| 6 275 | 11 5 95 SS
54 | 12.5.2000 | 03:01 | 36.06 | 36.99| 196 | 79 | 291 | 1 21 | 111 NF
55 | 27.5.2000 | 07:49 | 35.28 | 36.23| 34 | 36 | 285| 24 | 23 | 113 UF
56 | 17.1.2001 | 12:09 | 36.21| 37.07| 21 | 31 | 288 19 | 109 SS
57 | 25.6.2001 | 13:28 | 36.27 | 37.22 | 165 | 74 | 64 155 | 65 NF
58 | 25.9.2001 | 11:53 | 32.33 | 35.97 | 189 | 16 | 281 10 | 100 SS
59 | 18.10.2001| 15:50 | 35.22 | 36.86| 7 | 39 | 129 | 33 | 24 | 114 UF
60 | 31.10.2001| 12:33 | 36.25| 37.26 | 125 | 80 | 305| 10 | 35 | 125 NF
61 | 23.5.2002 | 01:08 | 36.35| 37.41| 197 | 48 | 107 | 1 17 | 107 NS
62 | 19.11.2002| 01:25| 38.39 | 38.02 | 201 | 13 | 294 | 9 22 | 112 SS
63 | 14.12.2002| 01:02 | 36.19 | 3747 | 55 | 81 | 292 | 5 23 | 113 NF
64 | 26.2.2003 | 03:08 | 36.27 | 3586 | 250 | 6 | 160 | 3 70 | 160 SS
65 | 13.7.2003 | 01:48 | 38.95| 38.28 | 207 297 | 1 27 | 117 SS
66 | 24.9.2003 | 08:13 | 38.23 | 3955|230 | 6 | 138 | 16 | 49 | 139 SS
67 | 26.2.2004 | 04:13 | 38.25| 3791 | 202 | 18 | 311 | 46 29 | 119 TS
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TableA.3( cont 6d)

No Date Time Lon. | Lat. P axis T axis SH axi§ Regime
E (N (| paz Ppl | Taz | Tpl Max | Min Code
az. az.
68 | 18.8.2004 | 05:57| 34.40| 36.80| 123 | 60 | 300 | 30 28 | 118 NF
69 | 4.7.2005 | 21:33| 36.08| 39.16| 30 68 | 128 37 | 127 NF
70 | 30.7.2005| 21:45| 33.11| 39.39| 169 4 79 1 169 | 79 SS
71 | 31.7.2005| 23:41| 33.10| 39.44| 161 | 11 69 13 | 160 | 70 SS
72 | 31.7.2005| 00:45| 33.13|39.43| 322 | 11 | 226 | 29 | 139 | 49 SS
73 | 31.7.2005| 15:18| 33.08| 39.42| 338 | 26 68 1 158 | 68 SS
74 | 1.8.2005 | 00:45| 33.07| 39.44| 164 74 11 | 164 | 74 SS
75 | 6.8.2005 | 09:09| 33.10| 39.39| 336 5 68 18 | 157 | 67 SS
76 | 18.10.2005| 07:17| 39.00| 38.78| 229 | 10 | 136 | 16 48 | 138 SS
77 | 26.11.2005| 15:56 | 38.86| 38.21| 206 | 39 | 104 | 15 18 | 108 SS
78 | 29.3.2006 | 22:05| 35.44| 35.28| 189 | 37 78 26 | 177 | 87 UF
79 | 9.10.2006 | 05:01| 35.56| 35.88| 276 | 69 64 18 | 150 | 60 NF
80 | 14.2.2007 | 11:59| 34.14| 39.76| 345 | 61 | 229 | 14 | 144 | 54 NF
81 | 18.5.2007 | 23:27| 33.26| 37.32| 154 | 46 44 18 | 141 | 51 NS
82 | 24.8.2007| 02:53| 37.45| 38.15| 184 | 37 | 295 | 26 16 | 106 UF
83 | 15.9.2007 | 05:26 | 37.00| 37.81| 233 3 340 | 79 54 | 144 TF
84 | 15.9.2007| 23:28| 36.92| 37.79| 221 | 40 77 44 16 | 106 UF
85 | 24.9.2007| 23:21| 35.47| 39.77| 206 | 29 97 31 16 | 106 UF
86 | 13.12.2007| 18:06 | 33.07| 38.83| 184 | 23 83 25 | 178 | 88 UF
87 | 20.12.2007| 09:48| 33.16| 39.41| 167 1 76 24 | 167 | 77 SS
88 | 26.12.2007| 23:47| 33.11| 39.42| 187 | 12 93 20 5 95 SS
89 | 27.12.2007| 13:48| 33.14| 39.44| 2 50 92 0 2 92 NS
90 | 15.3.2008| 10:15| 33.05| 39.50| 360 | 20 | 265 | 13 | 178 | 88 SS
91 | 14.4.2008 | 15:16| 35.91| 39.95| 161 8 57 58 | 158 | 68 TF
92 | 3.9.2008 | 02:22| 38.50| 37.51| 175 | 15 85 1 175 | 85 SS
93 | 12.11.2008| 14:03| 35.52| 38.84| 186 | 23 93 5 95 SS
94 | 17.6.2009| 04:29| 36.02| 36.05| 322 | 70 | 101 | 15 7 97 NF
95 | 10.9.2009 | 18:29| 32.52| 37.94| 55 82 | 292 22 | 112 NF
96 | 11.9.2009| 01:58| 32.44| 37.94| 52 80 | 286 7 17 | 107 NF
97 | 1.2.2010 | 04:01| 38.12| 39.56| 40 21 | 133 | 10 42 | 132 SS
98 | 1.2.2010 | 04:01| 37.99| 39.56| 40 21 | 133 | 10 42 | 132 SS
99 | 23.3.2010( 19:33| 38.65| 39.89| 15 45 | 281 12 | 102 NS
100| 16.8.2010| 06:41| 38.92| 39.72| 200 | 13 | 109 19 | 109 SS
101| 17.9.2010| 10:17| 38.95| 38.14| 185 | 21 | 275 1 5 95 SS
102 | 14.11.2010| 23:08| 36.08| 36.48| 274 | 82 | 117 27 | 117 NF
103 | 14.11.2010| 23:08| 36.01| 36.59| 332 | 78 | 129 | 12 38 | 128 NF
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No Date Time Lon. | Lat. P axis T axis SH aXiS. Regime
E (N (| paz Pol | Taz | Tpl Max | Min Code
az. az.
104 | 16.11.2010) 10:50| 36.32| 37.33| 37 57 | 242 | 31 163 | 73 NF
105| 29.6.2011| 19:48| 35.87| 37.41| 14 6 249 | 80 13 103 TF
106 | 16.8.2011| 07:53| 35.90| 39.08| 24 28 | 293 24 114 SS
107 | 22.9.2011| 03:22| 38.60| 39.68| 195 | 13 104 14 104 SS
108 | 16.2.2012| 11:01| 37.46| 38.65| 157 | 74 | 305 | 15 33 123 NF
109 | 25.5.2012| 11:22| 38.72| 38.16| 25 11 116 25 115 SS
110| 22.7.2012| 09:26 | 36.23| 37.34| 353 | 77 120 7 28 118 NF
111} 16.9.2012| 07:54| 35.77| 37.44| 210 | 10 | 117 | 16 29 119 SS
112| 19.9.2012| 09:17| 37.12| 37.28| 178 | 35 71 22 169 | 79 UF
113| 5.10.2012| 10:25| 33.80| 39.35| 161 | 42 71 0 161 | 71 NS
114 16.10.2012| 01:16| 37.11| 37.30| 169 | 32 | 262 4 170 | 80 SS
115 16.10.2012) 10:25| 37.16| 37.27| 194 | 19 98 19 11 101 SS
116| 13.11.2012) 23:55| 37.12| 37.20| 167 | 19 71 19 164 | 74 SS
117} 14.11.2012 00:02| 37.14| 37.28| 169 | 24 | 278 | 35 177 | 87 UF
118 | 18.11.2012 19:18| 37.13| 37.33| 263 | 27 121 | 57 72 162 TF
119 1.12.2012| 03:51| 38.35| 37.47| 199 | 14 88 56 14 104 TF
120 | 25.12.2012) 15:35| 34.10| 39.85| 352 1 258 | 75 172 | 82 TF
121 30.12.2012 09:11| 35.72| 37.48| 7 23 119 | 41 16 106 UF
122 | 8.1.2013 | 06:05| 37.96| 37.93| 6 276 6 96 SS
123 | 8.1.2013 | 06:15| 37.96| 37.92| 195 105 15 105 SS
124 | 12.2.2013| 20:20| 36.95| 37.11| 177 | 30 84 6 175 | 85 SS
125| 4.4.2013 | 06:34| 37.12| 37.32| O 32 90 0 90 SS
126 | 14.4.2013| 18:25| 36.21| 37.31| 13 15 | 270 | 39 8 98 SS
127} 1.5.2013 | 06:47| 37.10| 37.31| 339 | 10 | 245 | 23 157 | 67 SS
128 | 1.5.2013 | 06:50| 37.11| 37.30| 351 | 68 | 248 160 | 70 NF
129 | 6.5.2013 | 18:33| 37.13| 37.30| 331 | 20 62 152 | 62 SS
130| 16.6.2013| 20:31| 37.08| 38.11| 35 3 304 | 24 34 124 SS
131| 26.7.2013| 00:22| 35.87| 36.06| 248 | 57 79 33 176 | 86 NF
132 | 28.8.2013| 06:26 | 38.91| 38.38| 201 | 27 | 292 2 22 112 SS
133 | 23.10.2013) 12:24 | 34.43| 36.23| 322 1 231 | 55 142 | 52 TF
134 30.12.2013| 00:02| 38.33| 37.88| 206 | 40 94 25 13 103 UF
135| 10.1.2014| 13:20| 36.23| 37.28| 328 1 237 9 148 | 58 SS
136 | 14.2.2014| 00:33| 36.07| 36.23| 343 | 54 | 103 | 19 5 95 NF
137 | 22.2.2014| 15:42| 36.38| 37.42| 157 | 52 | 253 5 162 | 72 NS
138 | 2.3.2014 | 04:25| 35.18| 36.79| 358 3 259 | 71 177 | 87 TF
139 | 26.3.2014| 14:00| 38.59| 38.14| 174 | 41 | 272 9 179 | 89 NS
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No Date Time Lon. | Lat. P axis T axis SH axis. Regime
E (N (| paz Ppl Taz Tpl Max | Min Code
az. az.
140 | 9.6.2014 | 03:38| 36.06| 36.29 | 345 61 105 16 10 100 NF
141 | 20.9.2014| 02:52| 38.70| 39.16| 197 31 305 26 26 116 UF
142 | 8.1.2015 | 18:44| 36.86| 37.03| 332 3 63 18 152 62 SS
143 | 22.1.2015| 19:27| 36.30| 37.40| 258 65 100 23 15 105 NF
144 | 10.2.2015| 04:01| 36.02| 35.80| 187 33 279 3 8 98 SS
145| 28.3.2015| 10:08| 36.41| 37.49| 168 35 74 5 166 76 SS
146 | 28.3.2015| 05:04 | 35.63| 38.88 6 21 98 3 7 97 SS
147 17.4.2015| 11:49| 38.81| 37.53| 350 11 90 41 174 84 TS
148 | 29.7.2015| 22:01| 34.94| 36.58| 127 64 272 22 176 86 NF
149 | 29.7.2015| 22:01| 34.87| 36.44| 132 68 275 18 1 91 NF
150 | 29.7.2015| 00:56 | 34.95| 36.58| 352 62 85 2 175 85 NF
151 | 26.8.2015| 23:01| 36.93| 37.33| 161 82 270 180 90 NF
152 | 3.10.2015| 21:08| 38.93| 38.18| 12 0 282 27 12 102 SS
153 | 29.11.2015| 00:28| 37.75| 38.82| 32 26 302 0 32 122 SS
154 29.11.2015| 00:28| 37.87| 38.90| 204 4 296 14 24 114 SS
155| 9.12.2015| 09:03| 37.92| 38.88| 22 18 290 6 21 111 SS
156 | 10.1.2016| 17:40| 34.33| 39.72| 323 12 232 143 53 SS
157 | 2.2.2016 | 14:21| 37.84| 38.84| 50 11 318 8 49 139 SS
158 | 18.2.2016| 07:56| 35.84| 39.01| O 49 107 14 12 102 NS
159 | 31.3.2016| 21:33| 35.85| 36.97 6 16 96 6 96 SS
160| 7.4.2016 | 11:11| 35.09| 37.92| 357 69 99 8 98 NF
161 | 23.4.2016| 19:51| 36.62| 36.91| 162 36 278 31 176 86 UF
162 | 17.8.2016| 01:07| 38.15| 38.70| 198 7 83 73 16 106 TF
163 | 16.9.2016| 05:12| 36.90| 37.21| 185 42 86 11 179 89 NS
164 | 20.11.2016| 22:52| 38.59| 39.95| 344 53 110 24 10 100 NF
165| 3.2.2017 | 06:33| 38.09| 38.69| 27 12 292 23 25 115 SS
166 | 25.2.2017 | 21:06| 36.10| 37.01| 347 82 253 163 73 NF
167 | 2.3.2017 | 11:07| 38.45| 37.53| 181 24 274 2 92 SS
168 | 2.3.2017 | 17:03| 38.50| 37.58| 176 15 272 21 179 89 SS
169 | 10.3.2017| 22:23| 38.51| 37.58| 345 24 83 18 169 79 SS
170 | 28.3.2017 | 21:53| 37.18| 38.29| 22 24 120 18 26 116 SS
171| 18.8.2017| 04:30| 37.54| 37.57| 196 29 95 19 10 100 SS
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APPENDIX B

MOMENT TENSOR INVERSION SOLUTIONS
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