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ABSTRACT

FAULT BASED PROBABILISTIC SEISMIC HAZARD ASSESSMENT AT
DIFFERENT TECTONIC REGIMES AND DATA SAMPLING
CONDITIONS: EMPHASIS ON SENSITIVITY OF SEISMIC SOURCE
CHARACTERIZATION

Shah, Syed Tanvir
Doctor of Philosophy, Geological Engineering
Supervisor: Assist. Prof. Dr. A. Arda Ozacar
Co-Supervisor: Assoc. Prof. Dr. Zeynep Giilerce

October 2019, 327 pages

Seismogenic sources often display intrinsic complexities; hence they pose a challenge
for accurate representation of source geometries and constraining source parameters
in seismic hazard assessment. Subduction zone complexities involving megathrust
interface, intraslab and accretionary prism faults leads to enhanced uncertainties in
seismic source characterization (SSC). Similarly, extensional regimes are often
characterized by multiple sets of inclined faults and paucity of individual slip rates;
causing considerable ambiguity in activity rate estimation. Moreover, regions
characterized by complex tectonics producing mixed earthquake mechanisms lead to
challenges in SSC modelling. In this study, detailed seismic hazard analysis with
sensitivity tests for various enigmatic parameters is carried out for subduction,
extensional and mixed tectonic regimes. For subduction, sensitivity of the hazard
outcomes to the alternative magnitude distribution models, dip amounts and interface
depth extents is tested. Truncated exponential magnitude distribution model resulted
in ~10% higher peak ground accelerations (PGA), when compared to the composite
model that has a better match with the seismicity. Gentler and deeper-extending
interface geometries resulted in higher PGA values towards the accretionary wedge.



For extensional regimes, alternative approaches utilizing geodetic and seismic data are
employed to determine the activity rates which are later partitioned among fault
systems using morphology and length. Later, a procedure that provides weighted,
maximum and minimum PGA maps is established to evaluate and minimize bias on
hazard estimates. Finally, polarity data is analyzed to constrain focal mechanism
solutions in a regime characterized by mixed strike-slip and normal faulting to
constrain the seismic source parameters. The updated planar SSC model that includes
an additional areal seismic source to account for off-fault seismicity and complex

tectonics, led up to 0.08g increase in hazard estimates.

Keywords: Makran Subduction Zone, Western Anatolia, Central Anatolia,

Probabilistic Seismic Hazard Assessment
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0z

FARKLI TEKTONIK REJIMLERDE VE VERi TOPLAMA
DURUMLARINDA FAY KAYNAKLI OLASILIKSAL SiSMiK TEHLIKE
ANALIZI: SISMiK KAYNAK KARAKTERIZASYONUNUN
DUYARLILIGINA VURGU

Shah, Syed Tanvir
Doktora, Jeoloji Miihendisligi
Tez Damigmani: Dr. Ogr. Uyesi A. Arda Ozacar
Ortak Tez Danismani: Dog. Dr. Zeynep Giilerce

Ekim 2019, 327 sayfa

Karmagiklilar igeren sismojenik kaynaklar dogru kaynak geometrisinin ve
parametrelerinin belirlenmesini zorlastirarak, bu kaynaklarin sismik tehlike analizi
icin modellenmesinde giigliige sebep olmaktadir. Dalma-batma zonlarindaki biiyiik
bindirme yiizeyleri, dalan plaka igerisindeki ve yi8isim prizmasindaki faylar sismik
kaynak karakterizasyonunda (SKK) onemli belirsizliklere yol agmaktadir. Buna
benzer sekilde, gerilmeli rejimlerde genellikle bir¢ok egimli fay seti bulunmasi ve bu
faylarin diisiik kayma hizlar1 gostermeleri de aktivite oraninin karakterizasyonunda
belirsizlige neden olur. Ayrica, karma deprem mekanizmalar1 iireten karmasik
tektonizma bolgeleri SKK igin zorluklara yol agmaktadir. Bu ¢alismada, dalma-batma,
genisleme ve karigik tektonik rejimler i¢in duyarhilik testleri uygulayarak detayl
sismik tehlike analizleri yapilmistir. Dalma-batma i¢in, farkli deprem biiyiikligii
dagilim modelleri, egim miktarlar1 ve arayiizlerin derinligi-uzanimi degerleri test
edilmigtir. Kesik iistel deprem biiyiikliigli dagilim modeliile en biiyiik yer ivmesi
(PGA) ~10% oraninda yiiksek hesaplanmistir ancak kompozit model depremsellige
daha uygun sonuglar vermistir. Diisiik egimli ve derine giden dalma-batma

ylzeylerinde yigisim prizmasma dogru daha yiiksek PGA degerleri gozlenmistir.

vii



Genislemeli rejimlerde jeodezik ve sismik verileri kullanan alternatif yontemlerle
aktivite oranlar1 hesaplanmis ve faylarin uzunluklari ve morfolojisine gore fay
sistemlerine paylastirilmistir. Daha sonra, sismik tehlike tahminlerindeki
belirsizlikleri modellemek icin; en disiik, en yiiksek ve agirliklandirilmis PGA
haritalarinin olusturuldugu bir prosediir gelistirilmistir. Son olarak, dogrultu atiml1 ve
normal faylanma i¢eren karma bir tektonik rejimde SKK parametrelerini belirlemek
amaciyla odak mekanizmasi i¢in kutuplanma verileri analiz edilmistir. Fay dis1
depremselligi ve karmasik tektonizmayi hesaba katmak i¢in alansal bir kaynagin
eklendigi giincellestirilmis SKK modeli deprem tehlike tahminlerinde fay bazli

modelellere gore PGA degerinde yaklasik 0.08g lik bir artisa neden olmustur.

Anahtar Kelimeler: Makran Dalma-Batma Bolgesi, Bat1 Anadolu, I¢ Anadolu, Sismik
Kaynak Karakterizasyonu, Olasiliksal Sismik Tehlike Analizi
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CHAPTER 1

INTRODUCTION

1.1. Background

Seismic hazard analysis (SHA) refers to the quantitative estimation of ground-shaking
expected to occur at a selected site and the probabilities of occurrence of future
earthquakes that cause them. SHA is used to describe only the level of ground motion
at a site (Anderson and Trifunac, 1977, 1978), regardless of its consequences or
damages that it will cause to the buildings and other engineering structures. Reliable
seismic hazard assessments in earthquake prone regions are essential to minimize the
loss of life, for hazard mitigation to avoid destruction of existing infrastructures, for
earthquake-resistant design of new structures and for preventing social and economic
disruptions. SHA can be conducted deterministically (scenario earthquake), as when
particular earthquake scenario is assumed, or probabilistically (an ensemble of
earthquakes), in which uncertainties in earthquake size, location and time of
occurrence are considered (Kramer, 1996). The former is aimed at predicting ground
motions for the maximum earthquake magnitude i.e. the one that will produce the
highest ground motion at a site while the latter advocates that probabilities of
occurrence should also be considered since the life of engineering structures are
generally shorter than the return periods of maximum magnitude earthquakes.
Deterministic seismic hazard analysis (DSHA) provides a straightforward framework
for evaluation of the ‘worst-case’ earthquake scenario. However, it does not provide
any information on the likelihood of occurrence of the controlling earthquake, its
location or the ground motion uncertainties. On the contrary, Probabilistic seismic
hazard analysis (PSHA) allows the quantification of uncertainties involved in the size,
location, rate of recurrence, and ground shaking effects of earthquakes.



DSHA was first adopted for nuclear power plant applications but the history of its
evolution is not well documented since the practical application might be quite
different around the world. Typical DSHA can be described as a four-step process
(Reiter, 1990). First, (1) seismic sources are identified within an area of interest
(generally 200-300 km radius) and the maximum possible earthquake magnitude or
critical earthquake scenario(s) are developed for each seismic source (2) source-to-
site distance is calculated for each source, (3) appropriate attenuation relations are
selected, and finally (4) the site-specific ground motions are estimated
deterministically using the attenuation relation; given the magnitude, minimum
possible source-to-site distances and site characteristic. Although DSHA does not
provide any information on the frequency of occurrence or the return periods of
scenario earthquake and ground motions, the practice is robust and still remains a
useful approach for decision making. PSHA provides a framework in which the
inherent random uncertainties in the size, location, rate of earthquakes and the
variation of ground motion can be explicitly considered for the evaluation of seismic
hazard. The practice involves integrating the probabilities of experiencing a particular
level of ground motion that can be caused by seismicity expected to occur in the area
during a specified life period (Cornell, 1968; Anderson and Trifunac, 1977, 1978).
The results are generally presented in the form of PGA maps, seismic hazard curve or
a uniform hazard spectrum. PSHA analysis were first conceived in the 1960s and have
become the basis for majority of seismic designs for engineering facilities since then.
The practice can be described in a typical five steps procedure. It starts with (1)
identification of earthquake sources and (2) the characterization of distribution of
source-to-site distances associated with potential earthquakes. Then (3) the earthquake
magnitude distribution and recurrences are constrained for the area of interest based
on the available datasets. Using empirical relations, (4) ground motion produced at a
site by earthquakes of any possible size at any location on a seismic source is
calculated. Finally (5), the probability that the ground motion parameter will be

exceeded during a particular time period is computed.



During the early stages of PSHA development; due to lack of fault specific parameters,
the practice was based on areal sources in which seismic sources were modeled as
single or a set of seismo-tectonic zones with homogeneous seismicity. With the
availability of extensive datasets and sophisticated fault parameterization techniques,
the trend has shifted towards fault-based PSHA analysis (e.g. Fujiwara et al., 2009;
Wang et al., 2016; Valentini et al., 2017; Walker et al., 2010). Fault based PSHA
techniques have been evolving rapidly and finding its way in the hazard community
throughout Europe, USA, Japan, New Zealand and Turkey. Efforts are directed
towards the inclusion of physically sound models and providing logical constraints for
minimizing the epistemic uncertainties involved in hazard computations.
Nevertheless, a large degree of uncertainty still exists in the estimation of ground
motions due to model parameter assumptions and complexities involved in
seismotectonic environments. In this respect, the evaluation of these uncertainties is
crucial for reliable SHA, especially in regions that are characterized by sparse
geological, seismological and geodetic datasets. So far, attempts have been made on
constructing state-of-the-art fault-based SSC models for tectonic regimes
characterized by dense datasets and comparatively simple planar nature (e.g. strikeslip
fault zones). The notable studies include the PSHA practices in US (UCERF2,
UCERF3), Europe (SHARE-Woessner et al. 2015) and in Turkey (Gulerce et al.,
2017; Demircioglu et al., 2017). The availability of state-of-the-art fault based PSHA
studies are very limited in extensional, compressional and mixed tectonic regimes due
to their dipping geometry and complex tectonic nature. Only recently, researchers
have started using sophisticated models for inclined tectonic regimes; except a few
notable studies (Pace et al., 2006; Walker et al., 2010; Chartier et al., 2017a, 2017b).

1.2. Problem Statement

Fault-based PSHA involves considerable amount of uncertainties. A large degree of
these uncertainties is induced by the simplifications required to build the seismic
source characterization (SSC) models with limited model parameters. Lack of detailed

datasets and proper source characterization techniques and/or the oversimplification



of seismic source complexities enhances these uncertainties which in turn translates
to the uncertainties in the ground motions estimates. Furthermore, tectonic regimes
which are characterized by inclined fault geometries (i.e. thrust & normal regimes)
adds to the challenges associated with the accurate representation of seismogenic
sources and constraining source parameters. Therefore, the motivation of this study is
to perform fault-based PSHA in complex tectonic regimes and to investigate problems
associated with the SSC modelling and ultimately provide constraints on these
ambiguities through sensitivity tests. Each complex tectonic regime is characterized
by unique SSC problem(s) which is influenced by the nature of seismic sources and
data conditions in the region. For instance, lack of detailed datasets enhances the
enigma involved in geometric parameters of subduction megathrusts which are often
characterized by gently dipping, large scale regional thrust faults. Similarly,
extensional regimes are often characterized by multiple sets of faults and paucity of
fault specific slip rates; thereon, causing considerable ambiguity in calculation and
distribution of activity rates. Moreover, some tectonic regimes are characterized by
simultaneous active faults that can generate mixture of earthquake mechanisms.
Correlating seismicity to individual faults and assigning fault mechanisms to seismic
sources in such regions involves significant uncertainties. For these reasons:
geometric properties of subduction megathrusts, activity rate characterization in
normal faults and seismic characterization of mixed tectonic regimes are the prime

research problems that will be investigated in this thesis.

Subduction zones are generally characterized by shallow dip angles with hundreds of
kilometers along-strike length and large seismogenic depths which makes the
procedures for SSC modelling very intricate as compared to rather simple shallow
crustal sources. Lack of well documented historical, geodetic and seismological
datasets increases the ambiguities related to source geometry, depth extent of interface
and intra-slab events, maximum magnitude potential and activity rate characterization
in subduction zones. Among the SSC model parameters, source geometry of the
subducting plate is the most controversial parameter. Due to megathrust nature and



shallow dipping angles, a couple of degree changes in the dip angle of subducting
plate will lead to 100s of km changes in the rupture widths, maximum magnitude and
source-to-site distances etc. Changes in maximum magnitudes will in turn lead to
changes in the frequency-magnitude distribution of earthquakes that will change the
recurrence or activity rates of controlling earthquakes for short return periods. Change
in the seismogenic depth will have a similar effect on the other SSC model parameters.
The sparsity of seismic and geodetic datasets in relatively quiescent subduction zones
augments the complications involved in activity rate characterization and magnitude
distribution models. Additionally, the aseismic portions associated with oceanic-
oceanic or oceanic-continental subduction zones requires systematic characterization
due to its considerable influence on near trench ground motions. Adding further
complexity to the SSC in subduction megathrusts is the incorporation of associated
accretionary prism faults and its interaction with other fault zones. The afore-
mentioned problems will be investigated in this study by selecting a case study region,
which is characterized by subduction zone complexities and sparse data conditions.

Extensional provinces (e.g. graben systems) are often characterized by oppositely
dipping, closely spaced fault structures. Such regimes are often characterized by lack
and/or paucity of fault specific activity rates which is essential for fault-based PSHA
analysis. Standard PSHA practices utilizes seismicity and geodetic data to characterize
the activity rates of seismic sources, depending on its availability and density.
Seismicity data in such closely spaced fault regimes is generally diffused and the
epicenters are not well-located, which makes the association of events with individual
faults an erroneous practice. A large degree of ambiguity is involved in associating
events located in central parts of graben structures due to the fact that the graben-
bounding faults are dipping towards each other which leads to overlap of surface
projection of fault planes. On the other hand, geodetic data also has certain limitations
for use in seismic hazard analysis in such regions. For instance, geodetic data does not
provide sufficient resolution for structurally complex areas, akin closely spaced
oppositely dipping graben fault systems. The resolution and the large error margin of
the GPS data in these region does not allow us to discretize the slip rate among



individual faults. The uncertainties of individual fault slip rates in such regions trade-
off with one another, although the net slip across the grabens may be constrained up
to some confidence level. Additionally, the data usually covers small time spans and
sometimes may include transient strains or aseismic strains, which are difficult to
identify and eliminate (Hearn et al., 2013; Chuang and Johnson, 2011). Therefore,
calculating and distributing activity rate is one of the most ambiguous and crucial
parameter associated with SSC modelling of closely spaced oppositely dipping normal
faults and needs thorough investigation.

Moreover, regions characterized by simultaneous active fault structures that can
produce mixed earthquake mechanisms (e.g. combination of normal, strikeslip, thrust)
are frequently oversimplified in SSC practices. Such regions are commonly associated
with trans-tensional and trans-pressional tectonic regimes and are characterized by
diffused seismicity patterns and mixed earthquake solutions. Despite the complexities
involved, the off-fault seismicity and the mixed faulting mechanisms ought to be
integrated to the SSC models in order to reduce uncertainties caused by complex
tectonism. In standard SSC practice, the buffer zone approach or background areal
sources are utilized to account for the diffused seismicity. For these cases, the fault-
based source-to-site-distance metrics are hard to calculate with the point source
approach; therefore, virtual faults within the source zone boundaries should be
employed to estimate the distance metrics properly for areal sources. Unfortunately,
the virtual-fault approach is typically ignored in current applications (e.g. Sesetyan et
al., 2017), leading to increased uncertainties in hazard estimates.

1.3. Purpose and Scope

The scope of this thesis covers three regions characterized by different tectonic
regimes and data avaliability: and in each region a unique problem associated with
SSC modelling practice is investigated. By analyzing publicly available data
resources; considerable amount of seismic, geodetic and geological datasets that can
be used for designing planar seismic source models are compiled for each region.

Makran megathrust and Chaman transform fault region of Pakistan is selected as a



representative example for compressional tectonic environments. The scope of this
case study includes; carrying out fault-based PSHA on a continental scale megathrust
fault domain and addressing issues involved in characterizing the SSC parameters.
The scope of this particular case study also covers the accretionary prism faults
associated with the subduction zone and the Chaman fault system (Figure 1.1).
Another reason for selecting this region is the lack of a detailed fault-based SSC model
and state-of-the-art ground motion estimates in this part of the globe, despite the high
hazard level associated with the active faults in the region. For closely spaced
extensional regimes and associated problem of activity rate characterization, northern
part of western Anatolian extensional province (WAEP) is selected as the
representative study area. The scope of this particular case study covers the normal
faults of Simav and Afyon-Aksehir graben systems of WAEP (Figure 1.1). The study
will minimize the uncertainties associated to hazard estimates for the region and will
mechanize a protocol that can be extended and applied to other active seismic sources
in the surrounding regions. Finally, focal mechanism solutions (FMS), which can be
decisive tool on constraining the faulting type of a seismic source are computed for
earthquake events in Central Anatolian region of Turkey (Figure 1.1). The region is
characterized by an active trans-tensional seismic source (mixture of normal and
strike-slip faulting) near the Adana Basin and Gulf of Iskenderun (Figure 1.1). The
FMS database for central Anatolian region is updated by carrying out FMS
computations from P- and S- waves first motion arrivals and amplitude ratio (SH/P)
data technique. The FMS solutions are combined with the previously published data
to investigate active stress patterns. By utilizing the findings of FMS computations
and stress tensor inversion results, the seismic source parameters for the Adana Basin
and Gulf of Iskenderun seismic source are updated and implemented in PSHA
analysis. The updated SSC model is incorporated to the previously published planar

fault model (Giilerce et al., 2017) to update the hazard map of the region.



Figure 1.1. Figure showing locations of selected regions for this thesis. Red bold lines represent plate

boundaries (Bird, 2003). The shaded rectangles indicate the approximate limits of study regions selected in this

study

In summary, the aim of this thesis is to develop SSC models for selected complex

tectonic regimes in parts of Pakistan and Turkey and ultimately provide reliable

seismic hazard maps which would be an important step towards the seismic safety

improvement of existing infrastructure and seismic risk management of critical

facilities in the region. The main objectives of the thesis can be summarized as under:

Compilation of geological, seismological and geodetic datasets for the study
regions and incorporating them to SSC models to characterize the active fault
systems in terms of parameters required for performing fault-based PSHA. These
parameters include the geometry and dimensions of the active sources, fault
segmentation models, tectonic regimes, activity rates, annual slip rates and
recurrence intervals of characteristic earthquakes and magnitude distribution
models.

Identifying various ambiguous parameters associated with the SSC modelling in
PSHA, analyzing their impacts on hazard estimates and providing constraints to
control their influence and in the process minimizing the uncertainties induced by
these parameters.

Developing updated and state-of-the-art the seismic hazard maps of the selected
regions by implementing the developed SSC models and selected ground motion

models in suitable seismic hazard assessment software.



We have adopted the traditional Cornell-McGuire PSHA methodology (Cornell, 1968;
McGuire, 2004) for computing the seismic hazard for the regions. The numerical
integration of the hazard integral is performed by using the computer code, HAZ45
(Hale et al., 2018). The processing of seismic catalogues and computation of
seismicity parameters is performed in the ZMAP software package (Wiemer, 2001).
Seismic Analysis Code (SAC) (Goldstein et al., 2003) is utilized to process the
waveform data, while focal mechanism solutions are computed using the FOCMEC

(Snoke, 2003) software package.
1.4. Organization of Thesis

This thesis includes 5 chapters. Chapter 1 provides introductory remarks in addition
to the problem statement and purpose of the thesis. Chapters 2, 3 and 4 includes
different case studies for fault-based PSHA analysis and are organized in suitable
format for stand-alone articles. Chapters 2 and 3 discusses the case studies of Makran
megathrust region of Pakistan and WAEP (Simav and Afyon-Aksehir) of Turkey,
respectively. Both chapters start with an introduction followed by the seismic source
characterization and identification of problems associated with SSC models. At the
end, sensitivity analysis and hazard maps along with results and discussions are
provided. Chapter 4 is focused on reducing uncertainties in the PSHA caused by
complex tectonism in the Central Anatolian region, thus includes focal mechanism
solution (FMS) computation of earthquakes with M (MI) > 3.0 and integrated stress
tensor inversion that will reveal the source characteristics of off-fault seismicity and
ambiguous active tectonic structures. Later, PSHA is carried out across the Adana
Basin and Gulf of Iskenderun region, using planar fault models along with the virtual
fault approach and results are compared with previous studies. In the final chapter
(Chapter 5) of the thesis, the results obtained by these different case studies are

discussed and main conclusions including future recommendations are summarized.






CHAPTER 2

FAULT BASED PROBABILISTIC SEISMIC HAZARD ASSESSMENT OF THE
MAKRAN SUBDUCTION ZONE AND THE CHAMAN FAULT SYSTEM IN
PAKISTAN: EMPHASIS ON THE EFFECT OF SOURCE CHARACTERIZATION
OF MEGATHRUST

Seismic source characterization (SSC) for probabilistic seismic hazard assessment
(PSHA) in regions characterized by subduction megathrusts involves a considerable
degree of ambiguity. The lack of detailed geologic, seismic and geodetic data
increases the uncertainties involved in constraining the SSC model. The enigma is
further enhanced in the regions where thin-skinned accretionary wedge faults are part
of active deformation. In this study, a planar SSC model for seismically active eastern
Makran subduction zone, its associated accretionary prism faults and Chaman
transform fault is proposed. Sensitivity tests for various ambiguous parameters
associated with the SSC model are performed and presented in the form of peak
ground acceleration (PGA) maps with 475-year return period. Especially in gently
dipping subduction zones such as Makran, the estimated ground motions and their
spatial distribution are highly sensitive (changing up to 0.3g) to the selected depth
extent and dip amount of the megathrust interface which defines the maximum rupture
width. For short return periods (475 years), gentler and deeper extending interfaces
resulted in slightly lower PGA values towards trench and significantly higher PGA
values towards inland, along the accretionary wedge. Moreover, testing the alternative
magnitude distribution models which influence the activity rates for Makran
subduction zone showed that the truncated exponential model resulted in ~10% higher
PGA values than the composite recurrence model. Using the selected SSC model, the
highest 475-year PGA values computed for the region are around 0.6-0.7g in the

vicinity of Makran megathrust and Ornach-Nal fault.
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2.1. Introduction

Geodynamic processes related to subduction plates have generated some of the most
energetic and damaging earthquakes around the globe, e.g. 2004 Sumatra (Mw=9.1),
2010 Chile (Mw=8.8) and 2011 Tohoku (Mw=9.1) earthquakes caused significant
damage on engineering structures. On the other hand, due to large seismogenic depths
and complex nature of subduction zones, the SSC practice for these tectonic structures
in PSHA is not straight-forward or similar to that of shallow crustal and active tectonic
sources. SSC models for megathrust zones require thorough procedures and expert
judgment to constrain the ambiguities involved in the subduction plate geometry and
for modeling the magnitude recurrence relations for earthquakes originating within
the interface and intra-slab zones. Incorporation of the accretionary prism faults
associated with the subduction zones and their interaction with the other fault zones
adds further complexity to the problem. The number of up-to-date SSC models
encompassing subduction zones are limited to regions characterized by diverse
geodetic and seismological datasets: e.g. the 2014 United States Geological Survey-
National Seismic Hazard Model for Cascadia subduction zone (Petersen et al., 2015;
Frankel et al., 2015); SHARE SSC model for subduction zones in the Mediterranean
(Woessner et al., 2015) and the 2010 update of the New Zealand National Seismic
Hazard Model (Stirling et al., 2012). On the other hand, quiescent subduction zones
having poorly known seismic histories like Makran megathrust are particularly
vulnerable and often ill-prepared in terms of SSC models. Due to the lack of well
documented historical, geodetic and seismological datasets; the source geometries, the
depth extent of megathrust interface, maximum magnitude potential and activity rates
of such subduction zones remain enigmatic and the state-of-art models for fault based
PSHA practice is currently lacking.

The primary concern of this study is to propose novel SSC models for the subduction
and transform faults in the southern and western margins of Pakistan. The study area
coincides with the western margin of the Indian plate, defined by the Chaman fault
zone and the southern margin of Afghan block of Eurasian plate delineated with the
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Makran subduction zone (Figure 2.1). The region is considered appropriate for
discussing the interaction between the subduction zones (Makran) and the strike-slip
faults (Chaman) and it offers a challenge in kinematic block modeling for strain
partitioning (slip distribution) among these systems. The scope of this study is
restricted to the eastern part of Makran subduction zone (in Pakistan territory),
associated actively deforming accretionary prism faults and the Chaman transform
fault zone. Western counterpart of Makran subduction zone in Iran separated by Sistan
shear zone (Byrne et al., 1992) is not included. Previously published seismic source
models for the study area and surroundings includes: the SSC model for Global
Seismic Hazard Assessment Program (GSHAP) hazard map (Giardini et al., 1999),
the SSC model proposed by Norwegian Seismic Array (NORSAR) and Pakistan
Meteorological Department (PMD) (NORSAR & PMD, 2006); the NESPAK model
(NESPAK, 2006); the hazard estimates given in Boyd et al. (2007), Monalisa et al.
(2007), Bhatti et al. (2010), Rafi et al. (2012), Zaman et al. (2012), Waseem et al.
(2018) and the recently proposed SSC model for 2014 Earthquake Model for Middle
East Project (EMME, Danciu et al., 2017). Most of the abovementioned studies
modeled the Makran and Chaman fault zones as areal source zones with homogeneous
seismicity distribution. Planar fault models were defined for region by Boyd et al.
(2007), Zaman et al. (2012) and Danciu et al. (2017); however, the source model
parameters such as the annual slip rate and fault dip angle were not well-constrained.
Thus, the seismic source modeling practice presented here is a significant step-forward

when compared to the previous PSHA studies for Pakistan.

The secondary objective of the study is to underline the important seismic source
model parameters for subduction zones by evaluating the effect of these parameters
(e.g. downdip depth extent and dip amount of megathrust interface and magnitude
distribution model) on the PSHA results. A series of PSHA maps are provided to
analyze the spatial distribution of these effects. In this respect, findings of this study
will also be useful for identifying the parameters of the megathrust zones and

transform fault boundaries that have a significant impact on the hazard output, which
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will lead the way for future efforts to better constrain the fault model parameters and

reduce the uncertainty in the hazard estimates on regional and global scale.
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Figure 2.1. Seismotectonic map of Pakistan and its surrounding overlaid on topography. Grey dots
represent earthquakes gathered from the International Seismological Centre (ISC) catalogue.
Centroid Moment Tensor (CMT) solutions are mostly taken from global CMT Catalog (Dziewonski,
et al 1981 and Ekstrom, et al., 2012); Penney et al., 2017 and references therein for Makran region.
Bold black lines represent the faults included in our analysis. The green and purple shaded areas
demarcate the approximate limits of Chaman transform zone and Makran subduction zone,
respectively. Red arrows show the plate motion velocities with respect to a fixed Eurasian plate
(DeMets et al., 2010). Inset map on the top shows the location with respect to global plate
configuration
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2.2. Seismic Source Characterization

Unlike previous efforts, planar and fault-based source models are built by using
published active fault maps and annual slip rates along with kinematic block models.
Fault systems and their segments with representative planar geometries are identified
based on the structural heterogeneities; e.g. restraining bends, fault gaps, changes in
fault orientations and seismic data; e.g. seismicity, focal mechanism solutions (FMS)
and rupture dimensions of previous large earthquakes. Figure 2.2 shows the fault
systems and their segments with their associated slip rates utilized in the seismic
hazard analysis. The details about SSC and fault systems are provided in the following

sections.

2.2.1. Chaman Transform Fault Zone

The Chaman fault zone is a major continental left lateral transform, acting as a
boundary between Indian and Eurasian plates. Kinematic and block models for Indian
plate’s western margin indicate that pure strike-slip motion is required along the
transform zone while the compression is being accommodated in the Sulaimon Fold
and Thrust Belt and Kirthar Ranges located on east of the transform fault (Haq and
Davis, 1997; Bernard et al., 2000). Geological slip rates suggest average slip rate of
19-24 mm/yr over the last 20-25 My (Lawrence et al., 1992); while, the geodetic
estimates of modern plate motions propose the slip rate of 24-30 mm/yr (Altamimi et
al., 2012) along the Chaman transform fault zone. The state of high strain conditions
in the region has been frequently confirmed by the occurrence of large magnitude
earthquakes. Chaman fault zone produced four strike-slip earthquakes (M>6) that
have been recorded historically: the 1505 event at the west of Kabul (Oldham, 1883;
Lawrence et al., 1992; Ambraseys and Bilham, 2003); 1892 Mw=6.5 event near
Chaman (Ambraseys and Bilham, 2003); 1975 Ms=6.7 event on the south of Chaman
(Lawrence and Yeats, 1979; Engdahl and Villasenor, 2002) and 1978 My=6.1
earthquake on the north of Naushki (Yeats et al., 1979; Engdahl and Villasenor, 2002)
(Figure 2.2).
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Chaman transform fault zone comprises of three left stepping left-lateral faults known
as the Chaman, Ghazaband and Ornach-Nal faults (Figure 2.2). Among these,
Chaman fault is the longest, extending for almost 800 km starting from 28.2°N,
continuing near the northernmost end of Makran fold and thrust belt (up to 32.6°N)
where it branches into two faults located to the west and east of Kabul, and terminates
around 35.1°N. The fault is connected to the Makran megathrust in the south and to
the currently inactive right-lateral Herat Fault in northern Afghanistan. We have
divided the Chaman fault into three separate fault systems (S1, S2, S3 shown in Figure
2.2) with multiple fault segments based on the distribution of seismicity, occurrence
of large magnitude earthquake ruptures, fault bends, changes in the orientation of fault
(restraining bends), bifurcation of the system and available slip rates from literature.
Starting from the north, around 32.7°N, the Chaman fault bifurcates into two almost-
parallel systems: the western branch situated on the west of Kabul (also known as
Paghman fault) is referred as the Chaman Fault System #1 (hereafter S1); while the
eastern branch continuing to north is known as the Gardez Fault System (Lawrence et
al., 1992). Both these systems are divided into two fault segments around 34°N due to
present fault gaps where strike directions change slightly. Szeliga et al. (2012)
observed 16.8+0.51 m/yr left lateral motion along the strike-slip faults in this region
(S1 and Gardez) based on geodetic data. Mohadjer et al. (2010) proposed that the
upper bound of left lateral shear across the Gardez Fault is 5.4+2 mm/yr and 18.1£1
mm/yr along the northern end of the Chaman fault system (S1 and Gardez combined).
Similarly, Boyd et al. (2007) assigned a slip rate of 10 mm/yr to S1. Based on these
findings, 10 mm/yr annual slip rate is assigned to S1 and 5.4 mm/yr to the Gardez

Fault Systems in our analysis (Figure 2.2).
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Figure 2.2. Active fault map of the region compiled from literature data overlaid on the SRTM image.
The fault systems identified in this study are outlined by white lines. Fault segments comprising the
fault systems are shown by different colors (red and blue). Fault ruptures produced by instrumental
and historical earthquakes are shown by yellow fill or dashed yellow lines with their associated year

of occurrences. Except accretionary wedge faults, assigned slip rates of fault systems are given in
parentheses. Surface projection of intra-slab zone and Quetta-Pishin areal source are shown by
purple and grey rectangles, respectively
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Chaman Fault System #2 (hereafter S2) constitutes the central portion of the Chaman
fault: it starts at the bifurcation point of S1 and Gardez Fault Systems and continues
in the south until the town of Chaman (around 30.9°N). The southern limit of this
single-segment system is selected on the basis of a small restraining bend. The motive
for separating this system from S1 is the absence of any reported rupture zones for
previous moderate-to-large magnitude earthquakes on this part of the transform fault
zone. Some of the previous studies regarded this section as a seismic gap (Szeliga,
2010; Bernard et al., 2000; Ambraseys and Bilham, 2003); while, INSAR studies
suggest a creep motion along this system (Crupa et al., 2017; Szeliga, et al., 2006).
The most reliable long term slip rate estimates for this section were given in Szeliga
et al. (2012). The authors suggested an inter-seismic deformation across this system
consistent with 16.8 + 2.7 mm/yr of slip rate based on their observations near Qalat,
Afghanistan. On the other hand, Furaya and Satyabal (2008) and Crupa et al. (2017)
computed a slip rate of 8 to 10 mm/yr based on INSAR analysis along this portion of
the fault. Previous seismicity along the fold belt (Figure 2.1) and the relatively high
strike-slip shear estimates (=6-8 mm) along the Quetta-Pishin shear zone (Khan et al.,
2008) indicate that a substantial amount of deformation along this portion of Indian
plate boundary (16 mm/yr given by Szeliga et al., 2012) is either dissipated in the form
of creep and/or accommodated along the Sulaiman Fold and Thrust Belt. Therefore,

we have assigned a slip rate of 20mm/yr to S2 Fault System (Figure 2.2).

Chaman Fault System #3 (S3) is the southernmost portion of Chaman fault. The
system is divided into three segments based on fault bends, previous rupture zones
and topographic breaks. Szeliga et al. (2012) assigned a slip rate of 8.5 mm/yr to this
part of the fault zone, suggesting that most of the plate boundary motion (=22 mm/yr)
in this region is accommodated by the faults on the Indian Plate, i.e. Ghazaband Fault,
which is the most probable candidate for accommodating this deformation. Similarly,
the GPS data analysis by Cruppa et al. (2017) yielded ~8.8 mm/yr displacement rate
along this section of Chaman fault. Ghazaband Fault System runs parallel to Chaman

fault and disappears into the seismically quiet Katawaz Block on the north (Haqg and
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Davis, 1997). Ghazaband Fault System is also divided into three segments based on
the rupture zones of previous earthquakes and changes in the fault geometry. Recently
relocated epicenters published by Engdahl and Villasenor (2002) suggest that
Ghazaband Fault System is likely to have hosted the 1935 Quetta earthquake
(Mw=7.7). There are no direct reliable estimates regarding the slip rate of Ghazanband
Fault System from geodetic data. The measurements of Szeliga et al. (2012) are
unfavorably disposed to quantify the slip rate on this system: the low rate assigned to
S3 system leaves the total of =22 mm/yr strike-slip motion along the plate boundary
unaccounted for. Recently, INSAR data of Fattahi et al. (2016) estimated the long-term
slip rates of 16 £ 2.3mm/yr and 84+3 mm/yr for Ghazaband and S3 fault systems, which

are adopted in this study (Figure 2.2).

Ornach-Nal Fault System is the southernmost on-land portion of Chaman transform
fault zone (Zaigham, 1991; Lawrence et al., 1992). The system is nearly 230km-long,
upon which no major earthquake is known to have occurred in the instrumental and
historical period. We have extended this system to the offshore, reaching to the
Makran megathrust with a total length of 295 km. Szeliga et al. (2012) proposed the
slip rate of 15 mm/yr across the Ornach-Nal fault which is adopted in this study
(Figure 2.2). In the west, Makran accretionary prism faults display arcuate nature with
strikes bending towards North, indicating the influence of the left lateral shear along
the OmachNal fault. At its northern end, deformation likely steps westward onto the
Ghazaband fault. Between 27°N and 31°N, strike-slip deformation is increasingly

accommodated by the Ghazaband fault.

In addition, there is a remarkable cluster of seismicity around the Sulaiman fold and
thrust belt (Figure 2.1). The cumulative seismic moment release from earthquakes that
have occurred within about 100 km of this zone in the past century (1892-2009) is
equivalent a My=8.0 earthquake (Ambraseys and Bilham, 2003) and this activity may
influence the hazard estimates around central portion of Chaman fault system. Even

though the zone is beyond the scope of this study, we have included this active zone
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as an areal source zone (Quetta-Pishin Zone) in the analysis to prevent the

underestimation of the hazard (Figure 2.2).

2.2.2. Makran Subduction Zone

Subduction zones are typically characterized by a megathrust fault formed by the
subduction of high density subducting plate beneath the low density overriding plate.
The subducting plate is further subdivided into two parts: a gently dipping, highly
coupled seismic interface at shallow depths that hosts the subduction megathrust
earthquakes and a steeply dipping deep intra-slab earthquake zone characterized by
extensional or compressional events due to the flexural bending of the subducting
plate (Figure 2.3a). These zones are generally characterized by distinct type of
earthquakes; the interface earthquakes are associated to thrusting with shallow dip-
angle and the intra-slab events are related to high-angled normal or reverse faulting.
Apart from interface and intra-slab zones; series of shallow crustal faults develop
along the accretionary prism on the overriding plate. These faults are formed by the
squeezing of soft sediments and it is believed that a fraction of inter-seismic
deformation attributed to coupling of megathrust is shared by the deformation within
the accretionary wedge (Figure 2.3b). Thus, separate seismic sources are modeled for
each of these different elements: megathrust interface, intra-slab zone and accretionary

prism faults.

Frohling and Szeliga (2016) showed that the Makran subduction zone is partially
locked and accumulating strain at a rate of 17.1 mm/year. This annual slip rate is
employed to define the activity rate of the megathrust interface in this study. Along-
strike segmentation pattern of the subduction interface plane was formulated by
considering the ruptures produced by previous large magnitude earthquakes. As
shown in Figure 2.2, three along-strike segments of the megathrust are defined based
on the extent of rupture zones of 1765, 1851 and 1945 earthquakes (Byrne et al., 1992).
The down-dip characterization of the subduction plane geometry is more complicated
than defining the along-strike segmentation pattern. Sections of the megathrust that

can accumulate moment energy and slip in a seismic fashion are mutually exclusive
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from those sections that are creeping in the post-seismic period (Hsu et al., 2006; Baba
et al., 2006). Shallow up-dip portions of the subduction plate are conventionally
believed to slip in a velocity-strengthening manner (Byrne et al., 1988; Hyndman et
al., 1997; Wang and Hu, 2006). Although large magnitude earthquakes do not
originate at shallow aseismic portions, these ruptures may propagate to shallow depths
or to the surface (Wang and Hu, 2006). For Makran megathrust, we adopted a similar
model in which the shallower up-dip part of the subducting Arabian plate is aseismic
(Figure 2.3a); i.e. the shallower part of the megathrust interface is not able to store or
accumulate moment energy in agreement with the lack of seismicity near the trench
at the surface (Figure 2.1). However, it should be underlined that the ruptures initiated
in the interface plane are assumed to propagate to the aseismic part and to the surface

in the rupture forecast for PSHA.

Although changing megathrust interface dip amount by only few degrees or assigning
different downdip depth extent results in remarkable changes on the maximum rupture
width for shallow dipping subduction zones; defining these parameters for megathrust
interface are not straight forward, especially for Makran subduction zone with limited
amount of associated seismicity and earthquake focal mechanism solutions. Thus, a
range of dip amounts and downdip depth extents are tested in this study to map out
the resultant uncertainties associated to the megathrust interface width and geometry

on the PSHA results which are later mentioned in the text.
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Figure 2.3. (a) Sketch showing along-dip variation in seismogenic behavior of Makran subduction
zone and its interaction with the transform Chaman fault zone (modified from Wang & Hu, 2006;
Bilek & Lay, 2002) (b) Satellite image with identified fault segments and selected partitioning of

Northward motion between megathrust interface and accretionary wedge faults. The transition zone
between transform faulting and thrusting is shown by black dashed rectangle. The green lines
indicate the oblique faults that have both thrust and strike-slip components, while the yellow segments
indicate the thrust faults. Red dashed line shows the rupture of 2013, Baluchistan earthquake
(Avouac et al., 2014) (c) Kinematic block model constructed to compute the slip rates along the
oblique faults in transition zone
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One of the common approaches for modeling in-slab seismicity sources is the use of
uniform area sources placed at different depths to be able to incorporate the effect of
the slab volume (examples are provided by Weatherill et al., 2017). Because the dip
angle of the slab is very shallow, the intra-slab earthquakes are modeled to occur
within the slab forming a single areal source representing the deeper seismicity. In
order to avoid any underestimation, the upper boundary of the intra-slab areal source
closest to the surface that starts at the downdip end of the megathrust interface (i.e.
40km) and extends up to 80km depth is selected during PSHA. The surface projection
of the intra-slab zone is shown in Figure 2.2. Unlike megathrust interface, the intra-
slab zone displays neither planar nature nor uniform slip and therefore its activity rate

is defined using the rate of associated seismicity that is very limited (Figure 2.1).

The accretionary wedge faults overlying the subducting zone are also undergoing
active deformation as recently manifested by the occurrence of 2013 Mw=7.7,
Baluchistan earthquake (Jolivet et al., 2014). Mapped faults on Makran accretionary
prism include; Siahan, Panjgur, Hoshab and Kech bend (Nai-Rud) faults (Figure 2.3b).
The 2013 earthquake nucleated close to the Chaman Fault and propagated
southwestward along the Hoshab Fault at the front of the Kechbend (Figure 2.3b).
Barnhart et al. (2015) proposed that the northeastern section of the fault striking NNE-
SSW has a strike-slip mechanism which changes into thrust as the orientation of the
fault becomes directed more towards E-W. Although the 2013 mainshock was
characterized mainly as a strike-slip event, the mechanisms of the aftershocks also
revealed active thrusting in the southwestern section fault (Avouac et al., 2014). In
this respect, there is a transition zone between the accretionary wedge and the Chaman
transform fault zone where E-W striking accretionary wedge thrust faults bend
towards North, forming oblique faults striking subparallel to the transform fault zone.
The arch type model was proposed by Lawrence et al. (1981) for this type of
interaction. Based on this deformation model, the eastern ~NE-SW oriented segments
(green segments in Figure 2.3b) are assumed to rupture in obliqgue manner as they are

more likely to be influenced by the Chaman fault. A dip amount of 60° was assigned
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to these faults based on dip histogram constructed from the available focal mechanism
solutions and the tectono-morphic study carried out by Zhou et al. (2016). On the other
hand, the western segments (yellow lines in Figure 2.3b), which are striking almost in
E-W direction, are more likely to be influenced by the N-S compression driving the
active subduction. The dominant motion vector in the area (DeMets et al., 2010) which
is nearly perpendicular to the fault planes suggests close to pure thrust mechanism for
these ruptures. In the absence of any geologic and geophysical data, the dip of these
faults is assumed as 30° which is typical for pure thrust faulting. Cruppa et al. (2017)
computed a slip rate of ~2 mm/yr along the northern end of Siahan fault near Kharan
area using InSAR data. A similar study carried out by Huang et al. (2016) close to the
Kharan region also shows a slip rate of 2 mm/yr. In accordance with these recent
studies, a compressional motion of 2mm/yr which balances the motions in the region
is assumed to be accommodated by each fault in the accretionary wedge (Figure 2.3b).
Unlike vertical faults, identified horizontal motions should be projected on the
inclined fault plane in the direction of displacement vector to compute the active slip
rate on each individual fault segment. Assuming pure thrusting along faults with 30°
dip amount, slip rate along the dipping plane was estimated as 2.3 mm/yr for the
western fault segments of the accretionary wedge. However, for oblique faults, slip
vector is oblique (~45°) to the orientation of faults and requires the computation of
resultant slip along the dipping plane (60°) as depicted in Figure 2.3(c). The resultant

slip rate computed for eastern fault segments of the accretionary wedge is 3.1mm/yr.

2.3. Magnitude Recurrence Relations

Two alternative magnitude distribution models (fv) are utilized for developing the
magnitude recurrence relation of seismic sources: the truncated exponential model
(FTE, Cosentino et al., 1977) given in Eq. (2.1) and the composite model (£%¢)
proposed by Youngs and Coppersmith (1985) shown in Eq. (2.2):

E _ ﬁexp(—ﬁ(M—Mmin))
fm (M) - l—exp(_ﬁ(Mmax_Mmin)) (21)
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In both equations, B is equal to In (10) times the b-value, a.k.a. the relative rates of the
small, moderate, and large magnitude events. The b-values are estimated by the
maximum likelihood (MLE) and weighted least square (WLS) regression methods in
ZMAP software package (Wiemer, 2001) for the whole study area, Chaman transform
fault zone, Makran subduction zone, the intra-slab zone and Quetta-Pishin areal source
zone as shown in Figure 2.4, using the compiled earthquake catalogue. Estimated b-
values lie within the expected range and the influence of the regression method on the
estimated values is small for the whole study area (Figure 2.4a) and for the Chaman
transform fault zone (Figure 2.4b) with relatively high rate of earthquakes. However,
for other zones with limited seismicity, the change in the b-value is approximately
20% when different regression methods are utilized. Considering other factors that
affect the b-value estimates for low seismicity regions, this variation is represented in
the SSC logic tree. For this purpose, both the region-specific (Figure 2.4a) and zone-
specific b-values are adopted for shallow crustal sources and only zone-specific MLE
and WLS estimations are adopted for Makran interface with equal weights in the SSC

logic tree (Appendix A).

Mmin given in Eqg. (2.1) and (2.2) is the minimum magnitude value, which is set to
Mw=5.0 for all rupture sources. The mean characteristic magnitude (Mchar) in Eq. (2.2)
is calculated using the magnitude-rupture area relations proposed by Wells and
Coppersmith (1994, hereafter WC94) for Chaman transform fault zone; requiring that
the fault width (or the seismogenic depth) of this fault system is estimated. Depth
histograms of the seismicity for Chaman transform fault zone involve data in rather
large seismogenic depth ranges, which are probably poorly constrained due to sparse

network coverage. On the other hand, the depth histogram obtained from compiled
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FMS, showing predominantly 20km depth, is considered to be better-constrained. This
predominant value is consistent with the seismogenic depths of other major transform
faults, e.g. San Andreas and North Anatolian fault zones; therefore, seismogenic depth
of 20km is adopted in the calculations for Chaman transform fault zone. For the
shallow crustal faults located on the accretionary wedge, the WC94 magnitude-rupture
length relations for strike slip and thrust mechanisms are utilized to avoid abrupt
changes in Mcnar Values among the neighboring thrust and strike slip segments due to
shallow dip angles leading to large along-dip widths. The epistemic uncertainty in the
Mchar Value is modelled by utilizing two additional alternative magnitude-rupture area
relations (Strasser et al., 2010 and Allen & Hayes, 2017 for subduction interface) for

the single or multi-segment rupture sources of Makran interface plane.

Am1 — Am3 in Eq. (2.2) are the parameters of the composite magnitude distribution
model that adjusts the distribution of the seismic moment release between the
characteristic magnitude “box” and the exponential magnitude “tail”. The width of the
characteristic box is usually taken as 0.5 magnitude units (represented by Am1); while
Am3 is typically the half of it (0.25). The maximum magnitude (M,.x) for each
shallow crustal rupture source is defined as Mcha=1SD (Mmax=Mchart1 standard
deviation) based on WC94 relations; while for Makran interface, the Mchar value
obtained from each alternative relation (i.e. Strasser et al., 2010, WC94, Allen &
Hayes, 2017) are equally weighed in the logic tree for Mmax (Appendix A). Moreover,
using the magnitude-rupture area correlations to calculate the Mcnar Value for the intra-
slab plane of Makran subduction zone will provide unrealistically high estimates for
the maximum magnitude potential of the intra-slab zones. Therefore, the maximum
magnitude potential of world-wide intra-slab zones and previous large magnitude
intra-slab events are used to constrain the logic tree branches (Appendix A) of Mmax

for Makran intra-slab areal source zone (Moschetti et al., 2015).
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Figure 2.4. Magnitude distribution plots and computed a- and b-values using Maximum likelihood
(MLE) and Weighted Least Square (WLS) regression methods for (a) the whole study area, (b)
Chaman transform fault zone, (c) Makran subduction zone, (d) Makran intra-slab zone, and (e)

Quetta-Pishin areal source, respectively
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The proportion of the seismic moment release among the characteristic box and the
truncated exponential tail is controlled by the value of Am2. When Am2 is set to 1.0
(as in most of the applications), 94% of the seismic moment energy is released by the
characteristic earthquakes. The composite magnitude distribution model with
Am2=1.0 is utilized for the shallow crustal (Chaman and accretionary prism) faults
and the activity rates for these seismic sources are calculated by balancing the
accumulated and released seismic moments as shown in Eq. (2.3). The nominator of
Eqg. (3) shows the accumulating seismic moment (S is the annual slip rate in cm/years,
A is the area of the fault in cm? and p is the shear modulus of the crust in dyne/cm?);
while the denominator represents the moment release for each earthquake multiplied

by the relative rate of earthquakes.

HAS

I\szllgax fm(Mw)lol.SMw+l6.05dM
min

NMpin)= (2.3)

Figure 2.5(a-c) presents the cumulative rate of events for Makran interface calculated
by using Eq. (2.3) for three alternative magnitude distribution models. In each plot, 4
alternative full-rupture scenarios are defined, considering the single and multiple
segments along the strike. The weighted average of the cumulative rate of events
calculated for each full-rupture scenario is given by the red lines in each figure. In
Figure 2.5(a), f1E is utilized in Eq. (2.3) in combination with the Mcnar value calculated
by the WC94 magnitude-rupture area relation for each rupture source; in other words,
the fault dimensions are used to constrain the maximum magnitude potential. This
option (Option#1) leads to a much higher rate of small and moderate magnitude
earthquakes than has been observed for this seismic source; in agreement with the
previous observations for many shallow crustal faults (Hecker et al., 2013). To resolve
this discrepancy, two alternatives are considered. In Option#2, £,Y¢ is utilized and the
proportion of the seismic moment released by the exponential tail is increased by
decreasing the value of Am2 to 0.37. Figure 2.5(b) shows that the weighted average
of cumulative rate of earthquakes (red line) in this alternative is in good agreement

with the cumulative rate of events associated with the Makran interface (brown dots).
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In Option 3, fE is utilized in Eq. (2.3); however, the Mmax Value is increased by 0.5
magnitude units to lower the rate of small magnitude events (Figure 2.5¢). This
modification results in a better fit with the rate of small-to-moderate magnitude events;
however, the rate of large magnitude events (e.g. Mw=8.1) is underestimated. Blue
line in Figure 2.5 represents the cumulative rate of large magnitude earthquake for
Makran interface as proposed by Byrne et al. (1992). Byrne et al. (1992) suggested a
return period of 175 to ~300 years for M=8.1 earthquake, in agreement with the
cumulative rates suggested in this study. Figure 2.5(d) compares the weighted average
lines for all three options (2.5a-c) and shows that Options #1 and #2 have a good match
with the cumulative rate of large magnitude events associated with the Makran
interface; while Option #2 and Option #3 has a better match with the cumulative rate

of small-to-moderate magnitude events.

For the Makran intra-slab zone and the Quetta-Pishin areal source zone, the activity
rates (N(Mmin)) are calculated using the de-clustered earthquake catalogue by
assigning equal weights to MLE and WLS estimates shown in Figure 2.4(d) and 2.4(e)

and truncated exponential magnitude distribution model is preferred.

2.4. Sensitivity Analysis of the Hazard Results to Seismic Source Model

Parameters

To evaluate the sensitivity of the seismic hazard results to the SSC model parameters,
PGA maps for 475-year return period are developed using the traditional Cornell-
McGuire PSHA approach (Cornell, 1968; McGuire, 2004). The numerical integration
of the hazard integral is performed using the HAZ45 software (Hale et al, 2018). The
Monte Carlo sampling of the full SSC logic tree is used to combine the epistemic
uncertainty for each seismic source. Two different types of ground motion models
(GMMs) are utilized: for shallow crustal active seismic sources (Chaman Fault
Systems, Quetta-Pishin areal source zone and accretionary prism faults); recently
developed NGA-West2 models proposed by Abrahamson et al. (2014), Boore et al.
(2014), Campbell and Bozorgnia (2014) and Chiou and Youngs (2014) are selected
while the BC Hydro GMM (Abrahamson et al., 2016) is combined with the Makran
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interface and intra-slab planes. Equal weights are assigned to the GMMs of each type
in the ground motion characterization logic tree. A full logic tree for the ground motion
characterization of subduction zone could not be utilized because the GMMs in the
context of NGA-Subduction project are still under development. In order to prepare
the 475-year PGA maps, 1295 grid points are selected across the study area and the
density of the grid points is increased within the close vicinity of the faults for
accuracy. The PGA values are estimated for Vs3o=760 m/s, representing the rock site
conditions (soil type B/C boundary in NEHRP site classification system).

The first set of sensitivity analyses is conducted to evaluate the effect of magnitude
distribution model on the distribution of ground motion estimates for Makran
megathrust interface. For this purpose, the fault geometry of Makran interface is
defined by a plane with dip angle of 5°, reaching up to 40 km depth. Maps of 475-year
PGA values obtained by using Options 1-3 are provided in Figure 2.5(a-c). When
Option#1 (fTE model) is utilized, the hazard estimates are larger than 0.4g for sites
located within ~200 km north of the fault’s strike. PGA values estimated by using
Option#1 (fIE model) are approximately 10% higher than values estimated by using
Option#2 (f,X¢ model). The PSHA outputs (e.g. deaggregation results) show that the
dominating scenario of each site for this hazard level is within the magnitude range of
7.7-8.2, depending on the distance of the site from the fault. Therefore; Option#3 (fLE
model with increased Mmax) results in the lowest hazard estimates due to the low rates
of large magnitude events as shown in Figure 2.5(c-d). Although truncated
exponential magnitude distribution model was preferred in modelling the magnitude
distribution of other gently dipping subduction zones (e.g. Cascadia subduction zone,
Rong et al., 2014); cumulative rates of associated seismicity favor the £¥¢ model
(Option#2) in the case of Makran interface plane. Therefore, Option#2 is adopted in
the PSHA for the further sensitivity analyses and for the final hazard map. Considering
that the earthquake catalogue for the region is incomplete and the actual rates of
seismicity might be considerably higher than the one given in Figure 2.5, Option#1
may also be considered in the future PSHA studies. It should be underlined that the
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variances in the PGA values for higher hazard levels (e.g. 5000-year return period)

might be quite different than the results presented for this case.

The second set of sensitivity analysis is related to the aseismic section of the Makran
megathrust interface, with the objective of evaluating the impact of this section on the
ground motion estimates. Figure 2.6(a) shows the alternative fault geometry models
developed for Makran interface plane. For Models 1a, 1b & 1c, the bottom boundary
of the interface plane is placed at 40km depth, based on the distribution of FMS:
beyond 40km seismogenic depth, mostly normal FMS are observed (Figure 2.6a). The
dip angle of this plane is calculated from the cross section as ~5°. In Model 1a, a steep
plane shown by the bold black dashed line in Figure 2.6(a) is selected to represent the
aseismic section. The aseismic portion is excluded in Model 1b (only the red line is
included); while a buried interface (dashed red line in Fig. 2.6a) that is extended until
the trench position is defined to represent the aseismic portion in Model 1c. It should
be noted that the width of the interface plane is different in each model; therefore, the
Mcnar Values are re-estimated for each model using the rupture area of the interface
plane. The inclusion or exclusion of the aseismic portion in the seismic source model
or its geometry has a minor influence on the calculated Mcnar Values; but it has a
significant effect on the source-to-site distances for near trench sites. The 475-year
PGA maps based on Models la-c are presented in Figures 2.6(b-d), respectively.
Spatial distribution of the ground motion estimates is quite similar in the mainland
(accretionary wedge region); however, the influence of the aseismic portion on the
estimates is significant in the near trench sites (~50km). Model 1b represents the lower
bound of the estimates; the 475-year PGA values in the near fault are significantly
smaller for this model when compared to the other alternatives. In the close vicinity
of the trench (off-shore), Model 1a results in systematically larger PGA values than
Models 1b & 1c. This difference is related to the short-distance scaling of the BC
Hydro GMM. Unfortunately, the short-distance scaling of the BC Hydro GMM suffer
from the lack of data: there is no recording in the model’s dataset with rupture

distances (Rrup) less than 10km and the data is very sparse for Rrup <30km
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(Abrahamson et al., 2016). Because the distance scaling of the GMM for Rrup <30km
is not well-constrained, Model 1c is preferred for further sensitivity analysis and for
the final hazard map.

Finally, sensitivity analysis for the depth extent and the dip angle of interface plane is
conducted. Model 2 is created as an alternative to Model 1c to account for the
uncertainty in the bottom boundary of interface plane: an alternative depth of 30km is
selected based on the analysis of receiver functions (Penney et al., 2017). Alternative
values for dip angle (03° and 07°) of Model ¢ are also considered (Model 3 and Model
4). To get a clear picture of the spatial distribution of the difference, these alternative
models are incorporated into the PSHA analysis and their residual maps are presented
in Figure 2.6(e-f). The map in Figure 2.6(e) shows the difference in 475-years PGA
values (or the residual PGA values) based on Model 1c and Model 2 with the same
dip angles but different lower boundaries for the interface plane. The residual PGA
values are noteworthy; varying from -0.05 to 0.17g, because a couple different inputs
of the PSHA integral interact with each other to create that difference. The extent of
the interface plane for Model 2 is shallower than that of Model 1c, which reduces the
hazard estimates on the northern side of the interface plane as expected. Shallower
bottom boundary for interface plane reduces the along-dip width dimension (294 km
vs. 208km for Model 1c and 2 respectively), which leads to a significant decrease in
the Mchar Value (8.93 vs. 8.8 for Model 1c and 2). The reduction in the Mchar Value in
Eqg. (2.3) leads to higher rates for small-to-moderate magnitude earthquakes and
smaller rates for large magnitude events (for an example of this reduction, please refer
to Figures 2.5a and 2.5¢). The increase in the rate of small-to-moderate magnitude
events results in a general increase in the ground motions for relatively short return
periods (i.e. 475 years). The negative residual PGA values are restricted to near-field
(off-shore region), indicating that the smaller interface plane with the same activity
rate utilized in Model 2 resulted in a higher concentration of ruptures assigned to the
shallower part of the plane and consequent decrease in the source to site distances

leads to slightly higher near-field ground motion estimates. The residuals are positive
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(up to 0.17g) in the onshore accretionary wedge regions with higher PGA values for
Model 1c in the respective region.

Figure 2.6(f) shows the spatial distribution of the residual PGA values when the
ground motions estimates based on Model 3 and Model 4 are compared. It should be
noted that these models have the same depth extent for the interface plane, but the dip
angles are different (7° for Model 4 and 3° for Model 3). Gentler dip angle (3°) creates
a larger plane (Figure 2.6a) which increases the Mchar Value (and consequently reduces
the 475-years PGA values) and extends the surface projection of the interface plane
towards north. This extension results in the positive residual PGA values (up to 0.3g)
in the north of the Makran megathrust. However, smaller interface plane with steeper
dip angle (07°) and smaller Mchar Value with the same activity rate leads to higher near-

field ground motion estimates, similar to the case given in Figure 2.6(e).
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Figure 2.5. Activity rates of the rupture scenarios considered for Makran megathrust interface plane
based on the (a) truncated exponential (TE) model, (b) composite magnitude distribution (YC) model
and, (c) TE model with increased Mmax. In each plot, cumulative rates of the associated seismicity
with the Makran interface plane are presented by the brown points and the error bars are estimated
by considering the catalogue completeness intervals as suggested by Weichert (1980). Activity rate
for large magnitude events proposed by Byrne et al. (1992) is shown by blue line in each plot. The
PGA maps for 475-year return period for the megathrust interface based on alternative magnitude
distribution models are plotted to the right of (a), (b) and (c). (d) Comparison of the weighted
average of the cumulative rate of events for (a), (b) and (c)
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Figure 2.6 (a) North-South oriented cross section passing from 63.5 “latitude across Makran
subduction zone displaying surface topography, tested and published slab geometries along with
Jfocal mechanism solutions (FMS) recorded within 2° width on both sides of the profile. Compressive
quadrants of FMS are color coded according to the type of faulting: black for thrust, green for strike-
slip and red for normal events. Solid black line in the aseismic portion is the basement reflector
observed by Kopp et al. (2000). Black curved line shows the geometry of slab proposed by Penney et
al. (2017). Red, pink and blue lines represent the tested slab geometries (in this study) with different
dip amounts (Red = 05°; Pink = 03; blue = 07°). Bold dashed black and red lines represent steeper
and buried geometry of Makran megathrust in the aseismic portion. Two thin dashed black lines
indicate the alternative downdip depth extents used for megathrust interface. (b), (c) & (d) shows
475-year PGA maps based on Model 1a, 1b & 1c, respectively (e) Residual PGA map is constructed
by subtracting the PGA values with 475-years return period calculated for the megathrust interface
with shallower (30 km) downdip depth extent (Model 2) from deeper (40 km) extending one (Model
1c) (f) Residual PGA map is constructed by subtracting the PGA values with 475-years return period
calculated for more steeply dipping (07°) megathrust interface (Model 4) from gentle dipping (03°)
one (Model 3)

35



2.5. Relative Contribution of Different Tectonic Structures on the Final Hazard

Map

One of the concerns of this study is to quantify the relative contribution of megathrust
earthquakes within the subduction interface to the ground motion estimates in a zone
that also includes a major transform fault. Hazard potential of the subduction
megathrust earthquakes that occur in the subduction interface are quite significant and
the large PGA zone extend along the dip direction of the slab as shown in Figures 2.5
& Figure 2.6. The seismic zones representing the shallow crustal earthquakes
(Chaman fault system and accretionary prism faults) and the subduction intra-slab
plane are incorporated into the hazard calculations one-by-one and the resulting PGA
maps with 475-year return period are presented in Figures 2.7 and 2.8, respectively.
In Figure 2.7, the ground motion estimates have a symmetrical distribution along the
Chaman fault due to the fault’s vertical strike-slip nature. Highest 475-year PGA
values are observed around Ornach-Nal and Ghazaband Rupture Systems (up to 0.79)
because these segments of the Chaman fault are associated with higher slip rates (15-
16mm/yr) when compared to the others. Reduction in the slip rate due to the creeping
behavior of Chaman fault system S2 reduced the ground motion estimates
significantly in this area. Chaman Fault System S3 lies closely parallel to the
Ghazaband Rupture System; therefore, the combined slip rate associated with these
parallel branches created a large high-PGA band (PGA>0.4g) in the middle of the
study area. Quetta-Pishin areal source zone is included in this study for the sole reason
of not underestimating the ground motions on the east of Chaman fault: inset Figure
2.7 shows that the 475-years PGA values inside the zone boundaries reach up to 0.3g
but its influence is almost negligible in the west of Chaman fault. It should be noted
that the activity rate for the Quetta-Pishin areal source zone is calculated based on the
catalogue seismicity; therefore, the estimated ground motions within the zone might
be larger when other methods based on the seismic moment or slip rate are utilized for

calculating the activity rates (Shah et al., 2018).
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The 475-year PGA maps provided in Figure 2.8(a) and 2.8(b) are developed based on
the accretionary prism faults with thrust and strike-slip/obliqgue mechanism,
respectively. The ground motion estimates are quite low when compared to the
Chaman Fault (Figure 2.7), mainly due to the dimensions, maximum magnitude
potential, and slip rates associated with these faults. The thrust faults on the west have
a slightly higher hazard potential, especially on the hanging wall side when compared
to the strike-slip/oblique faults in the east because the shallow dip angles of the thrust
faults results in shorter source-to-site distances for points located away from the fault
as compared to steeply dipping or vertical faults. In both maps, the PGA values with
475-year return period reach up to 0.25-0.3g in a limited area around the fault line;
eventually creating a moderate-hazard zone since the fault lines are close to each other
and their zones of influence overlap. Figure 2.8(c) is prepared to evaluate the
contribution of the intra-slab areal zone to the ground motion estimates. Petersen et al.
(2002) mentioned that modeling the deep intra-slab earthquakes as homogeneous
seismic source along the subduction zone increases the PGA values by about 20% in
some regions. Our observations are similar; only by incorporating the seismic source
representing the deep intra-slab events of the Makran subduction zone with a
homogenous seismicity distribution in PSHA, PGA values up to 0.25g are estimated
as shown in Figure 2.8(c). The influence of intra-slab zone on the 475-year PGA
values is homogeneous throughout the zone as expected. The intra-slab zone can be
modeled as planar source in the presence of a detailed dataset that can characterize its
rupture dimensions and dip angle. The planar approach will lead to higher hazard
estimates as compared to the areal approach, but the latter is favored in this study due
to its consistency with the available intra-slab GMMs (Hale et al., 2018) and sparse
dataset for the region. Moreover, it should be noted that the Mmax value assigned to
the intra-slab zone has a significant impact on the hazard potential; therefore, a
different logic tree implemented for this parameter might change the ground motion

estimates.
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Figure 2.7. PGA map with 475-year return period constructed using only seismic sources associated
with Chaman Transform fault zone. Inset map shows PGA values associated to Quetta-Pishin areal
source zone
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2.6. Conclusions and Recommendations

Makran is a relatively slow-moving subduction zone with shallow dipping angle,
which is located on a tectonically complex area with a large accretionary wedge
connected to major Chaman transform fault. The interaction among these tectonic
structures combined with lack of detailed geologic, seismic, and geodetic dataset
created a challenging environment for developing the SSC model for Makran region.
The primary objective of this study was to build state-of-the-art SSC models for
Makran subduction zone to be used in PSHA and to develop an up-to-date reference
hazard map of the region. During these efforts, several issues were faced for
parametrizing the SSC model, especially in modeling the geometry of interface plane
and intra-slab zone, developing the magnitude recurrence relation and estimating the
maximum magnitude potential. Therefore, the conclusions of this study can be
clustered into two main headings: the discussions related to the 475-year return period
PGA map of the region and the results of the sensitivity analysis for the impact of SSC
model parameters on the hazard map.

The 475-year return period PGA map, considering all seismic sources in the region, is

presented in Figure 2.9. This map underlines that the megathrust events in the Makran
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subduction zone results in significant ground motion estimates; the high hazard zone
(PGA>0.4q) extends for almost 250km along the dipping plane. The seismic source
representing the megathrust earthquakes is the main contributor of the ground motions
estimated in the first 150km of the overriding plane; however, the role of the
accretionary prism faults, especially in the close vicinity of the fault lines should not
be underestimated. As the distance to the strike of the subduction zone increases, the
contribution of the deep intra-slab events also becomes more critical, almost equal to
the contribution of accretionary prism faults. Figure 2.9 shows that the PGA values
with 475-year return period around the Chaman Fault is also considerably high
(>0.49), especially in a thin band located in the close vicinity of the fault plane (£20km
around the fault). In this study, the activity rates for the seismic sources (except for
the Makran intra-slab zone and Quetta-Pishin areal source zone) are calculated using
the seismic moment balancing approach based on the annual slip rate. Therefore, the
shape of the high-hazard band around the Chaman Fault is not uniform; it changes
with the annual slip rate assigned to each particular fault segment. This difference is
especially striking for the Chaman Fault System S2 because a proportion of the annual
slip rate is accommodated in form of fault creep, which reduces the amount of slip rate
used for calculating the activity rates and eventually the ground motion estimates.
Because the annual slip rate along the dipping plane is an important parameter for
calculating the activity rate, a block model is proposed for computing the slip rates
along the oblique shallow crustal faults in the Makran accretionary wedge (Figure
2.3c). This model and the slip rates associated with each fault segment can be directly
implemented in future PSHA efforts in the regional and global scale until geodetic

data with sufficient resolution provides more accurate results.
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Figure 2.9. Final PSHA hazard map for western and southern margin of Pakistan showing peak
ground acceleration (PGA) for return period of 475yr and Vss of 760 m/s
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Four different fault geometry models were developed for the megathrust earthquakes
by changing the dip angle and the bottom boundary of the interface plane to account
for the uncertainties in these parameters. It should be noted that changing the fault
plane geometry results in three significant changes: (i) rupture plane dimensions
directly modify the maximum magnitude values and magnitude recurrence
distribution, (ii) source-to-site distance changes according to the dip angle, and (iii)
changing rupture plane dimensions result in different activity rates in moment-
balancing approach. Therefore, effect of fault geometry on the ground motion
estimates and their spatial distribution must be discussed by implementing each
alternative in PSHA and creating individual PGA maps. In gently dipping subduction
zones such as Makran, the estimated ground motions and their spatial distribution are
highly sensitive (changing by approximately 0.2-0.3g) to the selected depth extent and
dip amount of the megathrust interface which defines the maximum rupture width.
Gentler and deeper extending interface geometries resulted in slightly lower PGA
values towards the trench and significantly higher PGA values towards inland along
accretionary wedge due to their influence on the rupture dimensions and source-to-
site distances. Additionally, the influence of aseismic section of megathrust on hazard
estimates in near trench sites was analyzed. Results showed that the influence of
aseismic portion is restricted to only near trench sites (~50km) and its influence on
inland accretionary wedge region is insignificant. Moreover, alternative magnitude
distribution models which influence the activity rates of controlling earthquake
scenarios are tested for Makran subduction zone and truncated exponential model
resulted in ~10 % higher PGA values than composite models for short return periods,
but the later correlates well with the seismicity distribution of the region. Based on
these observations, it is clear that these parameters (i.e. dip angle, interface depth,
recurrence models) play a vital role in controlling the level and spatial distribution of
hazard and should be scrutinized in detail before implementation. Among the
alternative models suggested in this study for Makran interface plane; Model 1c is
preferred due to its well constrained dip angle with FMS distribution, its higher hazard

estimates for hazard studies aimed to compute the ground motions in the mainland
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accretionary wedge regions (Figure 2.6), similarity to previously proposed interface
geometry (Penny et al., 2017), correlation with recorded cumulative seismicity rates,
comparable Mcnar and rupture width estimates with literature (Herrendorfer et al.,
2015; Schellart & Rawlinson, 2013; Smith et al., 2013) and its moderate hazard

estimates.

It should be underlined that the hazard estimates obtained in this practice does not
account for the additional faults in the vicinity of our study area and may be
underestimated in this regard. Seismicity catalogue for the region might be incomplete
and marked by inhomogeneities in space and time. They require further improvement
that can be achieved by increasing the density of seismic network in the region in the
future. More data and observations from seismological records and physics based
mechanical models will further improve the SSC model for the region. A planar fault
model (3-D) which includes information regarding the down-dip geometry of interface
plane, interface depth, intra-slab zone and accretionary wedge faults (if there are any)
must be adopted for regions characterized by megathrusts such as Makran, in order to

reduce uncertainties induced by areal and oversimplified discrete models.
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CHAPTER 3

PROCEDURE FOR FAULT BASED PSHA IN EXTENSIONAL TECTONIC
REGIMES, CASE STUDY FROM WESTERN ANATOLIA: IMPLICATIONS OF
ACTIVITY RATE CHARACTERIZATION

Both extensional and compressional tectonic regimes display rather complex fault
geometries including multiple sets of inclined active faults and pose a challenge for
accurate representation of seismogenic sources for fault-based probabilistic seismic
hazard assessment (PSHA). In the absence of individual fault slip rates and presence
of only sparse seismic and geodetic data, calculation and distribution of activity rate
in these regimes also includes a considerable amount of uncertainty. In this study, a
detailed PSHA with sensitivity analyses of activity rate has been carried out for the
northern margin of Western Anatolian Extensional Province. First, fault segments and
systems are defined using connections between available active fault traces and first
order geological complexities. The down-dip extent and dip of faults are determined
using available earthquake depths and focal mechanism solutions respectively. Next,
three alternative approaches based on slip rate, seismicity rate and moment rate are
employed to determine the activity rates for each sub-region. Later, calculated activity
rates are partitioned among fault systems using two different approaches based on the
fault morphology and the length of fault trace. Finally, proposed seismic source
characterizations are incorporated into the hazard integral and peak ground
acceleration (PGA) maps for 475-year return period are provided for each alternative.
Results of the analysis showed that the slip rate based activity rates translate into high
hazard estimates and more uniform distribution of PGA values, while seismicity and
moment rate based hazard maps are more sensitive to the occurrence of large
magnitude earthquakes in the region. Also, the effect of the approach utilized to

partition activity rate is only noticeable at areas where strong asymmetric fault activity
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is inferred from morphology. As a result, a fault-based PSHA procedure that provides
weighted, maximum and minimum PGA value maps incorporating activity rates from
all the methods is established to evaluate and minimize the bias on hazard estimates

of complex tectonic regimes in the current practice.
3.1. Introduction

Fault-based seismic source characterization (SSC) models that consider the geological
and geodetic constraints, uncertainty in the fault geometry, the seismicity rate
associated with the fault system and the recurrence rates for the characteristic
earthquakes have been developed for the major and well-defined strike-slip fault
systems around the world (e.g. the fault source and background model for Europe-
Woessner et al., 2015 and Uniform California Earthquake Rupture Forecast Version
3- UCERF3, Field et al., 2014). In the recently published UCERF3 model, the
segmentation models that link the adjacent fault segments and build the Fault-to-Fault
(FtF) ruptures were proposed. On the other hand, developing fault-based SSC models
in extensional regimes (e.g. Northern California, Italy, Western Turkey and Greece)
are more challenging than modelling strike-slip faults for several reasons, especially
because of the issues related to fault geometry. Typically, extensional fault systems
include shorter fault segments (10-60 km); therefore, the SSC model developer needs
to integrate these single fault segments into combined seismic sources in order to
simplify the fault geometry. When the fault segments are combined, a single dip value
has to be used for the entire fault plane for simplification; therefore, the down-dip and
along-the-strike changes cannot be properly reflected in the SSC model. Dimensions
of the combined fault segments and the connection between the geological fault traces
should be considered in developing the segmentation and magnitude recurrence
models. In UCERF2 (Field et al., 2009) and UCERF3 (Field et al., 2014), the seismic
moment “budgets” based on the observed seismicity, rupture dimensions and annual
slip rate over the fault are used to test the proposed recurrence rates in the SSC model.
It is quite challenging to perform this budgeting in extensional systems since the

surface projections of the fault planes overlap to a great extent and it is not always
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possible to match the seismicity with the fault source. In addition, slip rate
participation over the closely spaced graben-bounding structures includes a
considerable amount of uncertainty (e.g. Boncio et al., 2004; Chartier et al., 2017).
Based on these considerations, traditional seismotectonic zoning that is based
primarily on the earthquake catalogues may be preferred by the SSC model developer
for extensional systems and this preference may lead to the underestimation of the
hazard (Peruzza et al., 2006; Hecker et al., 2013; Gtilerce and Vakilinezhad, 2015).

This paper summarizes one of the first attempts in building fault-based SSC models
for the northern margin of the Western Anatolia graben system in southwest Turkey
(Figure 3.1 inset), which is mainly characterized by normal faults bounding the Simav
and Afyon-Aksehir graben systems (Figure 3.1). The region is currently undergoing a
continental lithospheric extension in the ~NS direction (e.g. McKenzie, 1972,
Angelier, 1978; McKenzie, 1978; Le Pichon and Angelier, 1981; Sengor et al., 1985)
although there are different views on the driving mechanism of this extension process
(McKenzie, 1978; Le Pichon and Angelier, 1981; Dewey and Sengdr, 1979; Taymaz
et al., 1991). Focal mechanism solutions gathered from several different sources
indicate ~\WNW-ESE normal faulting with nodal plane dip angles in the range of 30-
60° for Simav fault zone (Eyidogan and Jackson 1985; Kiratzi and Louvari, 2003;
Karasozen et al., 2016). Afyon-Aksehir graben system is an active low-angle normal
fault bordered by the Sultandagi rise in the west and Afyon-Aksehir Graben (AAG) in

the east.
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Figure 3.1. Seismicity and focal mechanism solutions (FMS) overlaid over the topography and active
fault map of the region compiled from Emre et al., 2016. Black dots show the seismicity from
catalogue obtained from Kandilli Observatory and Earthquake Research Institute (KOERI) for the
period of 1900-2016. Blue dots are the M > 4.0 events. The compressive quadrants of FMS are color
coded according to size of the events: black for M < 4.0, blue for 4.0 <M < 5.8 and yellow for M
>5.8. Important large magnitude events are shown by yellow stars. The Inset map presents the
generalized tectonic map of Turkey and surrounding regions. The approximate limit of western
Anatolian extensional province (WAEP) is shown with the dark shaded topography (Kogyigit &
Ozacar, 2003) and the rectangle bounds the study area. Bold arrows indicate the general plate
motion directions. Other abbreviations are EAF: East Anatolian Fault, NAF: North Anatolian Fault

The region has been struck by many moderate to large magnitude earthquakes in the
instrumental period. The pattern of the seismicity distribution (Figure 3.1) shows that
the earthquakes are clustered along the graben bounding structures and in the graben
basins. In Simav graben, majority of the seismicity is located in the central part of the
graben. Despite the lack of any record for large historical earthquakes in the Simav
area, some important earthquakes were observed during the instrumental period
(McKenzie, 1972 & 1978; Jackson and McKenzie, 1988; Taymaz et al., 1991; Kiratzi,
2002; Tan et al., 2008). The most prominent earthquakes in the instrumental period
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were the 1969 Demirci (Mw=6.0) and 1970 Gediz (Mw=7.1) earthquakes denoted by
yellow stars in Figure 3.1 (Eyidogan and Jackson 1985, Seyitoglu 1997). The most
recent moderate-to-large magnitude event on the Simav fault occurred on 2011
(Mw=5.9 Simav earthquake) and followed by the aftershock sequence for several
months. A number of moderate-to-large events have occurred along the Afyon-
Aksehir graben system during the last century (Saroglu et al., 1987). The seismicity
in Afyon- Aksehir graben is more concentrated in its western part, mostly related to
the 2002 Sultandagi (Mw=6.2, Mw=6.0 KOERI) earthquake sequence. The focal
mechanisms based on seismological solutions in this sequence also indicated that all
three earthquakes had normal faulting mechanisms (Ergin et al., 2009).

Primary objective of this study is to develop SSC models for the Simav and Afyon-
Aksehir graben systems using the active fault maps of Turkey compiled from Emre at
al. (2016), available geodetic measurements of the slip rates over the region, the
instrumental earthquake catalogue published by Kandilli Observatory and Earthquake
Research Institute (KOERI) and the compiled database of focal mechanism solutions
(FMS). Details and the limitations of compiled seismotectonic database, fault
segments, assigned slip rates, catalogue completeness and declustering issues, etc. are
provided in the next section. The seismic sources are modelled using fault-based
planar structures. On the other hand, three alternative approaches that are frequently
used in the practice are employed to calculate the activity rates for each source; based
on the slip rate over the fault plane, based on the moment rates and based on seismicity
rates from the earthquake catalogue. Calculated activity rates are distributed among
the parallel graben bounding structures using two alternative approaches depending
on the length and maturity of the fault segments. Proposed planar SSC models are
incorporated into the hazard integral and the PSHA maps for 475-year return period
PGA are provided for each alternative.

The effects of the method of calculating the activity rates on the hazard outcome are
guantified by comparing the 475-year return period PGA maps for each alternative.

Nevertheless, differences in the maps provided in this study clearly shows that the
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limitations of the seismotectonic database and the choices of the SSC model developer
on calculating and distributing the activity rates over the faults also have a significant
impact on the hazard even if fault-based source models are employed. Considering
these differences, a protocol for compiling the seismotectonic database and calculating
the activity rates for closely spaced normal faults in extensional environments is
created and presented at the end of this Chapter. Proposed protocol will help the
earthquake engineering community to evaluate the limitations in the previously
developed SSC models and to improve the understanding of uncertainty in the current

practice.

3.2. Fault Based Seismic Source Characterization Models

A multi-dimensional approach including the active fault maps of the region (Emre et
al., 2016), instrumental catalogue, focal mechanism solutions, stress regimes and
geodetic data is utilized to characterize the active faults, define their segmentation
patterns, determine the down-dip extent of seismogenic faults, fault types and planar
fault geometries. This step-by-step procedure is explained from different perspectives

in this section.
3.2.1. Instrumental Seismicity

The earthquake catalogue used in this study is gathered from KOERI for the period of
1900-2016 (13553 events) (http://www.koeri.boun.edu.tr/, last accessed, 31 July,
2016). Processing of the catalogue and majority of the analysis on the seismicity data
were carried out in ZMAP software package (Wiemer, 2001). First step in processing
the catalogue involves the elimination of the quarry blast events and aftershocks. The
hour histogram (Figure 3.2a) and day vs. night events ratio map (Figure 3.2b) do not
show any evidence for the presence of quarry blast events; therefore, the catalogue is
not processed for the removal of quarry events. The area has been struck by major
events in the past that are followed by aftershock sequences. These aftershocks should
be eliminated from the catalogue in order to obtain the independent seismicity rate.

For removing the aftershock events; Reasenberg (1984) algorithm which uses a time
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and space window approach to identify the aftershocks associated with a major event
is utilized. The algorithm has identified around 30% of the events in the catalogue as
aftershocks which are eliminated from the mainshock catalogue. Later, the magnitude
scales in the catalogue are evaluated: in the initial catalogue, 64.16% of the events
have duration magnitude (Md), 24.18% have local magnitude (M) and 11.65% events
have body-wave magnitude (Mb). The comparison of MI, Mb and Md scales based on
the events that have multiple assigned magnitude scales in Figure 3.2(c) shows that

these scales can be used interchangeably without any conversion at this stage.

Thickness of the seismogenic crust defines the depth extent of the ruptures that
releases seismic energy. Recently, the seismogenic depth is estimated from D90 or
D95 which are defined as the depth above which 90 or 95% of the events are located,
respectively (EPRI, 2012; PNNL, 2014). The rationale for using these methods is the
physical considerations that suggest that the base of seismogenic zone occurs near the
base of observed focal depths (Sibson, 1982 &1986; Scholz, 1998; Tanaka 2004).
Depth histograms for different parts of the study area indicate that the distribution
does not change significantly along the Simav and Afyon-Aksehir graben systems.
Analysis of the unprocessed catalogue revealed that out of 21631 events, 18874 events
falls within 12 km depth range which translates to around 87% of the total events

(Figure 3.2d). Therefore, the seismogenic depth for all the faults is selected as 12 km.
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Figure 3.2. (a) Histogram of day vs night time events (b) Map showing the grids colored according to
day/night event ratio (c) Graph showing correlation between different magnitude scales (d)
Cumulative number of events verses Depth. (¢) Magnitude of completness (Mc) with time plot for the
whole region

The catalogue for the whole region was analyzed for completeness. The completeness
magnitude (Mc) vs. time plot (Figure 3.2¢e) shows that the M > 5.0 catalogue for the
whole region is complete until *1920s. The completeness time for M > 5.0 events are
extended to 1900 in our analysis due to the fact that there are M > 5.0 events in early
1900s in the catalogue. The plot shows the completeness until ~1920s, because the

minimum number of events for this plot was set up to 15. Completeness of the
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catalogue and Mc is taken into account for defining the minimum magnitude (Mmin)

in hazard calculations.

3.2.2. Focal Mechanism Solutions and the Stress Regime

The FMS catalogue for the region was compiled from various national and
international agencies and recently published literature (Mckenzie 1972; McKenzie,
1978; EMMA-Vannucci and Gasperini, 2004; Eyidogan and Jackson, 1985; Zanchi
and Angelier, 1993; Taymaz and Price, 1992; Papazachos et al., 1991; Yilmaztiirk and
Burton, 1999; Taymaz et al., 1991; Harvard CMT- Dziewonski et al., 1987a & b;
RCMT-Pondrelli et al.,, 2002, 2004, 2007; Ergin et al., 2009; AFAD-
www.deprem.gov.tr;  Gorgun, 2014; GFZ-http://geofon.gfz-potsdam.de and
Karasozen et al., 2016). The pattern of the collected FMS is mostly concentrated along
the Simav graben in the west and Afyon-Aksehir graben in the east (Figure 3.1). The
FMS catalogue is predominantly characterized by normal solutions (some of them
having minor oblique-slip components) and includes only a few pure strike-slip (SS)
solutions. Analysis of dip angles of the FMS nodal planes shows that the dip angle
varies between 50 to 70° (Figure 3.3a). Dip directions of the faults are constrained
based on depression directions i.e. faults are dipping towards the depression or graben
basins. The steep nodal planes are associated with the SS solutions in the region
(Figure 3.3d). Most of these SS solutions are small-magnitude aftershocks related to
the major earthquakes (Figure 3.3b). Therefore, average dip angles of 50° and 70° were
assigned to normal and strike-slip faults in the region, respectively. The stress tensor
inversion from these solutions shows that the area is characterized by almost N-S
extension which is in accordance with majority of the structures in the region (Figure
3.3e). The inversion shows that o1 is oriented vertically in the region with o3 being
sub-horizontal trending in NNE-SSE. The orientation of fault structures with respect
to the stress orientations suggests normal fault mechanism for majority of the faults in

the area except few faults oriented mostly in ~N-S direction.
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Figure 3.3. Strike Direction and Dip angle rose diagrams of focal mechanism solutions (FMS) (a) for
all the events (b) events greater than or equal to Magnitude 5.0 (c) for normal events (d) strikeslip
events (e) Results of stress tensor inversion for the whole region

3.2.3. Defining the Polygons and Slip Rate Characterization

Geodetic data may not provide enough resolution for structurally complex areas
characterized by closely spaced faults (e.g. graben bounding structures), because the
uncertainties of the slip rates along individual faults trade-off with one another.
However, the net slip rate in slightly larger zones covering the graben systems may be
constrained up to a certain confidence level. Recently, Aktug et al. (2009) found that
the strain rate in western Turkey varies between 50-180 nstrain/yr; reaches up to 140
nstrain/yr in the Buyuk Menderes graben, 85 nstrain/yr in the Gediz graben and around

60 nstrain/yr around Simav graben. If taken up on the grabens alone, these strain rates
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are equivalent to an opening rate of 6mm/yr for the Buyuk Menderes graben and
4mm/yr for the Gediz graben. Aktug et al. (2009) defined a boundary for western
Anatolia following the Simav fault zone in the west up to the Afyon-Aksehir fault in
the east and assigned an extensional rate varying between 1-2 mm/year and a right
lateral component of up to 3 mm/year to this boundary. The resolution and the large
error margin of the GPS data do not allow us to directly estimate the slip rate among
the individual faults. Moreover, seismicity data is not dense enough and the epicenters
are not well-located to associate each event with individual faults. A lot of ambiguity
is involved in associating events located in central parts of graben to individual faults
since all the graben-bounding faults are dipping towards each other which lead to the

overlap of surface projection of fault planes in closely spaced faults.

The slip rate vectors given by Aktug et al. (2009) is used for estimating the average
extensional slip rates across the graben systems from the residual slip vectors across
the grabens. In order to discretize the slip rates to individual faults; the area is sub-
divided into seven polygons as shown in Figure 3.4(a). The subdivision is carried-out
by considering the changes in orientations of the faults, variations in the pattern of
seismicity distribution, moderate-to-large magnitude events in the catalogue,
variations in FMS, and slip vector orientations with respect to the fault structures. The
average slip rate over each polygon is calculated and distributed over the faults within
the polygon using two alternative methods: (i) based on the length of the fault
segments or the length ratio and (ii) based on the maturity ratio that considers the
maturity of the fault segment. Same methods are applied later for calculating and

distributing the seismicity and moment rates among fault systems within each

polygon.

55



28° 29° 30° 31" 32°

/ Du
(27 Duan

5 M/ YT —

20 MY/ Yy m—

1(2/1.6) 9(1/1) 17(1/089)  25(1.5/1.22) 5 S 2
2(1/1.4) 10 (1/1) 18 (1/1.1) 26 (0.3/0.4) o ey X %% N
3(1/1.4) 11 (1/1) 19Q2/1.6)  27(0.3/0.4) ». 5, N AR K
41/1.4) 12 (1/1) 2021.6)  28(0.50.47) e y 5% . . -, \i
5(3/3) 13 (1/1) 20(1/1.4)  29(0.4/0.33) P s, ) Lo
6(0.1/0.09) 14 (1/1) 22 (1/1.4) 30 (0.4/0.4) ot S oA
7(03/0.28)  IS(ULI)  23(3/3) 31(0.2/0.15) -, \Ji

b) 8(0.1/0.13)  16(1/1.01)  24(1.5/1.78) 32(0.2/0.25) o P 6 e

Figure 3.4. (a) Figure showing the slip vectors obtained from Aktug et al. 2009 (Black arrows). The
residual vectors obtained from slip vectors situated on both sides of the graben are shown as blue
arrows. The geographic limits of the the seven (7) polygons are shown by dashed lines. Active faults
are shown as lines marked by numbers that can be used for additional information provided in
Appendix B and are colored according to the fault types (i-e Red = Normal faults; Green = Strike-
slip faults) (b) Figure showing seismicity (Magnitude > 4.0) overlaid on the fault systems. Orange
and Pink lines show fault systems comprising multiple segments that can rupture together or
individually; black lines shows the individual segments systems that will rupture independently. Stars
shows the recent major events in the area which are mentioned in Section 3.1. The inset shows the
amount of slip assigned to each fault system based on maturity and length ratio methods respectively
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Polygon 1 covers a graben with oppositely dipping normal faults and consists of six
fault segments (Fault system#1: la-1b-1c and Faults 2, 3 and 4, Figure 3.4a). The
residual slip vector (arrow DuAh in Figure 3.4a) obtained from stations Du and Ah
situated on both sides of the graben system gives an average slip rate of 3mm/yr for
the entire polygon. There are no other mapped faults in this region; therefore, this slip
rate can be distributed among the parallel faults located in the polygon based on
maturity and length ratio methods. For instance; 2 mm/yr slip rate is assigned to Fault
system#1 (1a-1b-1c) and 1 mm/yr to Faults 2, 3, and 4 based on maturity ratio, while
in the length-based method they are assigned with the slip rates of 1.6 mm/yr and 1.4
mm/yr, respectively. Same procedure is applied in each polygon and the slip rates
assigned to each fault system using alternative methods are given in the legend of
Figure 3.4(b) and listed in Appendix B.

Polygon 2 comprises the active Simav fault (5a-5b-5c) on the south and few small
segments on the northern side of the graben. The average slip rate over the polygon is
allocated from the resultant slip rates of stations S and Ko (arrow SKo in Figure 3.4a).
The residual slip rate obtained from these stations is 3.5 mm/yr, out of which 3 mm/yr
is assigned to Simav fault (5a-5b-5c¢) and the rest is distributed among the small fault

segments (6, 7, and 8).

Polygon 3 encompasses 6 faults (Fault# 9, 10, 11, 12, 13, and 14). The resultant slip
vector orientations (BD, BE and BS) around this polygon and the FMS are complex
and suggests heterogeneous stress conditions. The resultant slip vector ES suggests a
slip rate of *<Imm/yr for the western margin faults (9, 10, 11). For the segments on the
eastern margin (12, 13, 14); the resultant slip vector calculated from stations Kr and E
(KrE) is approximately 1.7 mm/yr. Considering that there are other faults between
these stations and the standard deviation of the slip vector from station Kr is high, the
faults on the eastern side is assigned with the same slip rate (1 mm/yr) as the western

side.

Polygon 4 comprises long, linear, and connected faults with comparatively simple

geometries. The resultant slip vector obtained from station Kr and Ko (KrKo) is 4.7
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mm/yr. However, we assigned an average slip rate of 3 mm/yr to this polygon to be
consistent with the slip rate associated with the neighboring polygons since assigning

a higher slip rate to this polygon is not justifiable.

Polygon 5 is comprised of shorter segments that are spaced apart at small distances
and the orientations of the faults are not consistent. The average slip assigned to this

polygon is taken as 3mm/yr based on residuals obtained from stations Ao, M and An.

Polygon 6 includes Fault# 23a, 23b, 24 and 25. The Afyon-Aksehir Fault (23a-23b) is
assigned with the slip rate of 3mm/yr on the basis of residual velocities from stations
Yn and M. The total amount of residual slip among these stations is 4.6 mm/yr, out of
which, 3mm/yr is assigned to Polygon #6. Further west, this fault system bifurcates
into two branches (24, 25).

Faults in Polygon 7 (26, 27, 28, 29, 30, 31, 32) are almost parallel to each other and
are assigned to strike-slip mechanism based on orientations of resultant slip vectors
YnM, YnAo and YnS. Residuals from and YnM suggests a slip rate of 1.6 mm/yr for
the polygon (please note that the total average slip rate is 4.6mm/yr, shared by 3mm/yr

and 1.6 mm/yr among Polygon 6 and Polygon 7).

3.2.4. Defining Fault Systems

The fault segmentation model is developed using the information gathered to form the
polygons and considering the evidences of structural and/or geometrical complexities.
Study area is generally characterized by two sets of oppositely dipping NW-SE
trending normal faults that bound the graben structures (Figure 3.4b). The seismogenic
master faults in the area are generally separated from each other by first-order
structural or geometrical complexities; e.g. complexities in kilometric dimension.
These complexities consist of considerable amount of (4-5 km) fault gaps among
aligned structures, sharp bends or intersections, etc. Starting from the west, there are
two sets of active faults located adjacent to the Simav graben (Polygon 1 in Figure
3.4b). The north dipping normal faults on the southern side (Faults la-1b-1c) are
structurally more mature and are well connected as compared to the south dipping
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normal faults on the northern side (Faults 2, 3, and 4). The faults on the northern side
are spaced up to 10 km apart and shorter in length. Therefore, all the three segments
on the southern side are considered as a fault system such that the segments of the
system (1a-1b-1c) can rupture together or separately, while the segments on the north
side are considered as individual fault segments (each fault are independent and
multiple-segment ruptures are not considered). The residual slip vector (DuAh) is
oriented in an approximately orthogonal position to the fault system, favoring normal
fault mechanism for the faults in the polygon (Figure 3.4a). Further west, there are N-
S trending strike-slip faults of Soma region, which are taken as western limit of the
study area and are not included in the analysis. Polygon 2 includes the Simav fault
zone, which is the most prominent tectonic structure in the area. Simav fault consists
of three segments (5a-5b-5c) that are separated by not more than hundreds of meters
of distance. Therefore, Simav fault is defined as a three-segment normal fault system.
Although SS component is associated with Simav fault in geologic studies; the FMS
solutions in the area indicates the normal fault character for the Simav fault (Figure
3.1). The northern part of the graben does not have any documented or mapped faults
except for small and parallel fault segments (Faults 6, 7, and 8) in the central portion
of the graben. On the north of Simav graben, faults whose orientations are almost N-
S, bound a small graben system. The considerable distance (up to 5 km) among faults
on the western side of this graben (Faults 9, 10, and 11) and the curvilinear
morphology of the middle segment (Fault 10) suggests that these segments are
unlikely to rupture together. Therefore, these faults are modelled as individual fault
segments. The analysis of slip vectors in accordance to the orientation of the faults
suggests a strike-slip mechanism for this polygon. Same is the case with the faults
(faults 12, 13, and 14) on the eastern side of this NS trending graben system. Further
east, the faults on the southern (15a-15b) and northern sides (17a-17b) of the graben
are well defined. There is an additional fault system in the central portion of the graben
(16a-16b-16c¢), which is regarded as the rupture area for 1970 Gediz earthquake. The
general trend of slip vectors is almost orthogonal to majority of the faults favoring an
overall normal fault mechanism for the Polygon #4. The faults to the west of Afyon
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graben system are marked by complex orientations and small segment lengths. On the
south side of Polygon 5; Faults 19a-19b and 20a-20b are considered as two separate
systems because of the spacing and the variance in the orientations of the faults.
Similarly, two separate systems for Faults 21a-21b-21c and 22a-22b-22c-22d are
defined. The eastern limit of our study area is the Afyon-Akschir graben system
located in Polygon 6. The area is marked by the well-developed Afyon-Aksehir Fault
System (Faults 23a-23b) and two individual segments (24 and 25) on the south. On
the other hand, the north side of the graben does not have any mapped EW bounding
faults. Normal fault mechanism is assigned to Afyon-Aksehir fault system as
suggested by geological records, FMS and literature. The faults north of the graben
system (Faults 26, 27, 28, 29, 30, 31, and 32) are NE-SW oriented and are considered
as individual segments in the rupture forecast. The slip vectors are almost parallel to

the faults in this region and that favors a strike-slip mechanism.

3.2.5. Calculation and Distribution of Activity Rates

The activity rates in each polygon are modelled using the Truncated Exponential
magnitude distribution function (MDF) (Cosentino et al., 1977) as given in Eq. (3.1):

TE _ B eXp(—B(M—Mmin))
N(Mmin) X fm (M) - N(Mmln) X l—eXp(_ﬁ(Mmax_Mmin)) (31)

where N(Mnin) is the rate of earthquakes bigger than the minimum magnitude, § =
In(10) X b — value, M,,;,, is the minimum magnitude, and M,,,,, is the maximum
magnitude. Mmin is set to Mw=5.0 for all polygons considering the completeness
magnitude. The mean characteristic magnitudes (Mcnar) for each single segment or
multi-segment rupture sources are calculated using the relationships proposed by
Wells and Coppersmith (1994).

Mchar = 1.02 = log(length * downdip width) + 3.93), for Normal faults (3.2)
Mchar = 1.02 = log(length x downdip width) + 3.98; for SS faults (3.3)

Mmax is defined as Mchart1SD (SD =0.25 for eq. 3.2 and 0.23 for Eq. 3.3) for each

rupture source. Truncated exponential MFD is preferred to the characteristic MFD
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(Wesnousky, 1994) because the faults in the area suggest short irregular arrangement
of asperities for majority of the faults. This will in turn lead to release of seismic
energy in the form of small to moderate magnitude earthquakes, consistent with the
general exponential distribution pattern. Three alternative approaches that are
frequently used in the practice are employed to calculate N(Mmin) for each polygon:
Approach 1 uses the seismicity rates in the earthquake catalogue, Approach 2 depends
on the moment rate calculation and Approach 3 is based on seismic moment
accumulation by the slip rate over the fault plane. For Approach 1 and 2, calculated
activity rates are distributed among the tectonic structures within the polygon
assuming that the earthquakes are likely to be produced from every fault segment
within that polygon. However, the likelihood for the occurrence of earthquake is
proportional to the continuity (maturity or length) of the fault. The longer the fault;
the more moment energy it will release and the more earthquakes it will produce.
Similarly, in Approach 3: the longer and/or mature the fault is, larger the proportion
of slip it will accommodate. Therefore, the activity rates can be distributed among the

faults based on their maturity and length ratios.

3.2.5.1. Approach 1: Activity Rates Based on Seismicity

In this approach, the parameters a and b are estimated using the de-clustered
instrumental catalogue for the whole region and for each polygon by maximum
likelihood and (MLE) and weighted least square (WLS) methods as shown in Figure
3.5. N(Mmin=5) is calculated from the slope of the lines and equal weights are given
to MLE and WLS estimates. The activity rates obtained for each polygon are listed in

Appendix B.

3.2.5.2. Approach 2: Activity Rates Based on Moment rate

In this approach, the rate of released seismic moment in specific time interval is
calculated for each polygon using Eq. (3.4 & 3.5). For this purpose, the clustered

(unprocessed) catalogue is used and the magnitudes in the original catalogue are
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converted to moment magnitude using the magnitude conversion equations proposed

by Akkar et al. (2010). The moment rate catalogue for each polygon was analyzed to

mark the time interval, from where onwards there is almost constant release of

moment energy. These time intervals lie around 1970 (=46 years) for all the polygons.

The moment rates for each polygon are shown in Appendix B.

Moment Rate (Mo) = YMo(All EQs in Polygon)/Time

Mo = 101.5MW+16.05

(3.4)
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Figure 3.5. Gutenberg Richter relationship for the whole region and for the seven Polygons shown in
Figure 4. Maximum likelihood estimate (MLE) and weighted least square (WLS) methods are used
for obtaining the best fit to the distribution

62



3.2.5.3. Approach 3: Activity Rates Based on Slip Rate

In this approach, the activity rates for each rupture source (single or multi segment
source) in each polygon is calculated as shown by Eqg. (3.6) using the balance between
the accumulated and released seismic moments. The accumulated seismic moment is
a function of the annual slip rate (s) in cm/year, area of the fault (in cm?) and the shear

modulus of the crust (i in dyne/cm?).

NMpin) =/Mmax w3 (3.6)
Mpin

Fm (M) 1015w *16.05 g,

3.2.6. Ground Motion Models

Ground motion models (GMMs) are used to estimate the ground motion parameters
based on the earthquake scenarios from each seismic source; therefore, they are the
vital components of PSHA and have a significant effect on the hazard results.
Recently, very detailed discussions on selection of GMMs for PSHA studies to be
performed in Turkey were provided by Giilerce et al. (2016) and Kale (2017). In both
of these recent works, candidate GMMs were selected among global (NGA-West1,
Power et al., 2008 — NGA-West2, Bozorgnia et al., 2014) and local (e.g. Akkar and
Cagnan, 2010, Kale et al., 2015) alternatives. Gulerce et al. (2016) tested the
competency of the NGA-Westl GMMs with the Turkish ground motion dataset
(Akkar et al., 2010) in terms of magnitude, distance, and site amplification scaling,
and “adjusted” these models (TR-adjusted NGA-West1 models) for Turkey. Whereas,
Kale (2017) used an updated version of the Akkar et al. (2010) dataset to rank the
prediction performance of candidate models using log-likelihood and Euclidian
distance ranking methods.

Because the focus of this study is on the seismic source characterization rather than
the GMM selection, the GMM logic tree used by Gulerce et al. (2017) is directly
adopted: 50% weight is given to global NGA-West2 models (Abrahamson et al., 2014
(ASK14), Boore at el., 2014 (BSSA14), Campbell and Bozorgnia, 2014 (CB14), and
Chiou and Youngs, 2014 (CY14)) and 50% weight is assigned to TR-adjusted versions
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of NGA-Westl models (Abrahamson and Silva, 2008 (TR-AS08), Boore and
Atkinson, 2008 (TR-BAOQ8), Campbell and Bozorgnia, 2008 (TR-CB08), and Chiou
and Youngs, 2008 (TR-CY08)). However, the ranking results presented in Kale (2017)
are used to modify the distribution of the logic tree weights among the global and local
GMM sets. Kale (2017) found that the prediction performance of TR-BA08, TR-CB08
and CY14 models are superior when compared to the others, therefore, weights

assigned to these GMMs are increased as shown in Appendix C.
3.3. Seismic Hazard Analysis

We used the traditional Cornell-McGuire PSHA methodology (Cornell, 1968;
McGuire, 2004) for computing the seismic hazard for the region. The numerical
integration of the hazard integral is performed by using the computer code HAZ45
(Hale et al., 2018) which treats the epistemic uncertainties in the seismic source
models and the GMMs by using the logic tree approach. For estimating the total hazard
on a site, Monte Carlo sampling of source characterization uncertainty is used to
combine the epistemic uncertainty for each seismic source. In order to prepare the
seismic hazard maps, 462 grid points are defined around the graben system and the
density of the grid points are increased within the close vicinity of the fault plane for
accuracy. Moreover, we have defined the rock site conditions with Vs30=760 m/s;
being the B/C boundary in NEHRP site classification system. Based on the PSHA
results, seismic hazard maps for PGA corresponding to the return periods of 475 years
(10% chance of exceedance at 50 years) are computed in terms of PGA maps. A total
of 6 PGA maps are constructed using three different methods for computing the
activity rates (seismicity, moment, slip rate) and two alternative methods (i.e.
maturity, length) for activity rate partitioning among individual faults. Results of
partitioning methods are presented separately for each activity rate calculation method
and the differences are compared by using residual maps between the two partitioning
methods to outline the effect of selected partitioning methods on seismic hazard
estimates (Figures 3.6, 3.7, 3.8). At the end, a weighted hazard map (Figure 3.9a) is
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computed by combining activity rates of all utilized methods and the maximum and
minimum PGA values obtained at each grid point for proper assessment of

uncertainties (Figure 3.9b, 3.9c).
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Figure 3.6. PSHA Map obtained using seismicity based activity rates for 475-years return period
PGA for VS30=760 m/s (a) activity rate distributed using maturity (b) activity rate distributed using
length ratio. Dashed yellow lines shows the contours for PGA value of 0.4g (c) Residual obtained by

subtracting PGA values in (a) from (b). For polygons and fault numbers, refer to Figure 3.5

66



Figure 3.7. PSHA Map obtained using moment rate based activity rates for 475-years return period
PGA for VS30=760 m/s (a) activity rate distributed using maturity (b) activity rate distributed using
length ratio. Dashed yellow shows the contours for PGA value of 0.49. Red stars shows the location
of recent major earthquakes in the region (c) Residual obtained by subtracting PGA values in (a)
from (b). For polygons distribution and fault numbers, refer to Figure 3.5
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Figure 3.8. PSHA Map obtained using slip based activity rates for 475-years return period
PGA for VS30=760 m/s (a) activity rate distributed using maturity (b) activity rate
distributed using length ratio. Dashed yellow lines shows the contours for PGA value of
0.4g (c) Residual map obtained by subtracting PGA values in (a) from (b)
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Figure 3.9. (a) PSHA Map obtained using weighted (slip 0.5, seismicity 0.25, moment 0.25) activity
rates for 475-years return period PGA for VS30=760 m/s. (b) Maximum PGA value map for 475-
years return period and VS30=760 m/s; obtained from all the methods i-e slip, seismicity, moment
rate based activity rates (c) Minimum PGA value map from all the methods. Dashed Yellow and Blue
lines show the contours for PGA value of 0.4 and 0.5g respectively. Red stars show the location of
recent major earthquakes in the region
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3.4. Results and Discussions

The 475-year PGA map based on the activity rates calculated by using the seismicity
rates (Approach 1) (Figure 3.6a, 3.6b) show that the fault systems in Gediz region
(Polygon 4) produce the highest ground motion estimates (<~0.4g) due to the high
density of seismicity within this polygon. The high density of seismicity results in
higher activity rates (Figure 3.4b), which in turn translates into higher ground motion
estimates for this hazard level. On the contrary, the fault systems on the east of Gediz
region (Polygon 5) result in the lowest ground motion estimates due to the lack of
earthquakes within the polygon. The residual PGA map is computed (Figure 3.6¢) in
order to analyze the influence of activity rate partitioning methods (i.e. length based
& maturity) on the spatial distribution of hazard estimates. The residual map showed
that alternative partitioning methods lead to a maximum difference of 0.05g, which is
insignificant considering the high ground shaking levels observed in the region. The
moment rate based maps (Approach 2, Figure 3.7a, 3.7b) are not very different than
the seismicity-based maps (Approach 1). Figure 3.7 also show that the fault systems
around Gediz (Polygon 4) results in the highest ground motion estimates and the
lowest hazard estimates (around 0.2g) are observed in the region to the east of Polygon
4 (Polygon 5). The low hazard estimates obtained for most of the polygons by
Approach 1 and 2 might be to the fact that the earthquake catalogue does not sample
the return period of the characteristic earthquake in these areas; which leads to the
underestimation of activity rates. In the slip-rate based hazard maps (Approach 3,
Figure 3.8a-b), the Simav Fault yields the highest ground motion estimates due to the
higher slip rate (3mm/yr horizontal slip rate) associated with the individual segments.
Other faults share the 3mm/yr annual slip rate among the oppositely dipping faults.
Similarly, the Afyon-Aksehir Fault System produces relatively high hazard estimates
due to the high slip rate associated with the segments (3mm/yr). The lowest ground
motion estimates are related to the fault systems in NE corner of the study area
(Polygon 7) due to quite low slip rates assigned to these faults. There is an abrupt drop
in the PGA values at the central portion of study area (between Polygons 4 and 5) due
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to the discontinuity and spacing among mapped faults in the region (Figure 3.8a,
Figure 3.8b). Contrary to Approach 1 and 2, Approach 3 might overestimate the
activity rates (hence overestimate the hazard); if a portion of the total slip is
accommodated in the form of aseismic creep. Comparison of the hazard maps (Figures
3.6, 3.7 & 3.8) obtained from three different approaches indicates that the hazard
estimates obtained by Approach 3 are more uniform as compared to the seismicity and
moment rate based methods, because the overall slip rate is almost constant (~3mm)
across the region, but the density of seismicity is uneven. Figures 3.6, 3.7 & 3.8 also
underline that the activity rates based on annual slip rate translate into the highest
ground motion estimates, while the ground motion estimates based on Approach 1 and

2 are systematically lower.

In order to evaluate and provide constraints on the spatial extent of the differences
among proposed approaches: weighted, maximum and minimum 475-year PGA maps
for the region are computed. For the weighted 475-year PGA map, equal weights are
assigned to geodetic (slip rate = 0.5) and seismicity-based (seismicity rate = 0.25 and
moment rate =0.25) activity rates. The weighted 475-year PGA map (Figure 3.9a)
shows that combining three approaches has considerably reduced the effect of type
and density of data on the hazard estimates. In Figure 3.9(a), highest ground motions
are associated with the polygons that are characterized by both high slip rates and high
rate of seismicity (Figure 3.4b). The maximum PGA values observed in Figure 3.9(a)
(around 0.5g) are located around the Simav Fault System, in Gediz Region and around
Afyon-Aksehir Fault System. Nevertheless, the maximum width of the PGA>0.5¢g
contour in Figure 3.9(a) is approximately 20 km and the 475-year PGA values are
quite low for the rest of the study area. The PGA>0.5g contour closely follows the
graben system boundaries as expected, and as the distance from the graben system
increases, the ground motion values decrease significantly. The break in the contours
in the central portion of the study area demonstrates the effect of fault discontinuity
and complex orientation of faults on the ground motion estimates. The width and
extent of 0.5g contour is increased considerably in the maximum PGA value map
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(Figure 3.9b), which is constructed by selecting the maximum PGA values for each
grid point from all the methods to evaluate highest possible ground motions. The
minimum PGA value map (Figure 3.9c), which outlines the data sensitivity results in
the highest values for Gediz region, indicating the abundance of data in this section
with respect to other polygons.

The ground motions computed in this study are comparatively higher than the
previously proposed hazard maps for the region (e.g. Erdik et al., 1999; SHARE maps
proposed by Woessner et al., 2015). The 475-year PGA map proposed by the most
recent effort; the Turkish Seismic Hazard Map (TSHM, Akkar et al., 2018) is
presented in Figure 3.10 for comparison. In order to quantitatively compare the hazard
estimates of TSHM with Figure 3.9(a), the PGA contour that shows the regions with
PGA>0.4g are delineated by dashed yellow lines in both maps. In TSHM, the
estimated PGA values are around 0.4g in Simav and Gediz regions, while the 475-
year PGA values are below 0.4g in the vicinity of Afyon-Aksehir graben system. On
the other hand, PGA values can reach beyond 0.5g as shown by the contours of 0.5g
(blue dashed line) in the weighted hazard map computed in this study (Figure 3.9a).
The reason for comparatively higher estimates of PGA values is predominantly
attributed to the fact that a pure planar (fault-based) source model is utilized in this
study, while Akkar et al. (2018) adopted a mix model that combines both areal and
planar source models with equal weights. It is also worth noting that the 0.4g contour
in TSHM s restricted only to Simav and Gediz regions. The reduction in the PGA
values in Afyon-Aksehir region to the east can be explained by the low activity rate
(slip rate of planar fault sources) of the region in the TSHM fault model (details in
Demircioglu et al., 2017 and Emre et al., 2016). On the contrary, 0.4g contour in
Figure 3.9(a) is continuous across the study area due to a constant extensional slip rate
(~3mml/yr) across the graben structure. Additionally, TSHM has comparatively higher
hazard estimates for regions that are situated outside the graben system due to the large

regional influence of areal sources utilized in their SSC model.
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Figure 3.10. PSHA Map of Simav and Afyon-Aksehir region obtained from Turkish Seismic Hazard Map (Akkar
et al., 2018) for 475-years return period PGA and VS3,=760 m/s.

The minimum magnitude threshold for the seismic sources defined in this study is
selected as 5.0. In order to analyze the contribution of smaller magnitude events to
the total hazard, a background areal source zone for each polygon is added to the
planar SSC model. The results showed that selecting a lower minimum magnitude
(Mwmin=3.0) does not have a significant effect on hazard estimates (residuals are in the
range of 0.01-0.02g) as shown in Figure 3.11.
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Figure 3.11. Figure showing residual maps obtained by subtracting hazard maps of Figure 3.9 (Mnmin
=5.0) from hazard maps computed using a small Minimum magnitude threshold (Mmin = 3.0) (a)
Residuals for Weighted map (b) Residual for Maximum PGA value map (c) Residual for Minimum
PGA value map
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A flow chart of the analysis carried out in this study that summarizes the compilation

of the seismotectonic database, data analysis techniques, activity rate calculation and

partitioning is presented in Figure 3.12. The protocol summarized in this flow chart

can be extended to other parts of the world that are characterized by similar complex

tectonic regimes and sparse data conditions. According to the flow chart:

1)

2)

3)

4)

5)

A seismotectonic database that includes the tectonic structures from the active
fault maps, the seismicity data from the instrumental earthquake catalogues,
available literature on geodetic data, and focal mechanism solutions is
compiled.

Mapped faults are modelled into planar seismic sources by integrating the
surface geomorphologic and geologic data with instrumental seismicity and
geodetic data. The fault segmentation model is developed based on several
indicators such as fault orientations and discontinuities, structural gaps, etc.
On the other hand, the down-dip extent of the fault segments is constrained by
using dip amounts revealed by focal mechanism solutions and seismogenic
depth interpreted from the seismic catalog.

The geodetic data does not provide sufficient resolution for the complex and
closely spaced planar sources. Instead of trying to constrain the geodetic data
over each individual fault segment, the study area is divided into several
polygons by taking the fault segmentation model into account. The annual
extensional slip rate for each polygon is computed from the available geodetic
data by the residual slip vector analysis.

The total annual slip rate for each polygon is partitioned among the individual
fault segments within the polygon using two alternative approaches: based on
fault length (length ratio) and fault maturity which reflects on the surface
topography.

During activity rate calculation, three different methodology are utilized. The
seismicity rate (Approach 1) and moment rate (Approach 2) are first computed

within each polygon using the instrumental earthquake catalogue and later
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6)

7)

distributed among fault segments following the approaches used to partition
the slip rates. Considering the non-uniform nature of available seismic data,
the activity rate is also defined by the associated slip rate (Approach 3) of each
fault segment. In essence; this step of the recommended protocol combines
the past practice of estimating the activity rates for areal sources with the
current practice that collapse the activity rate on planar seismic sources.

Hazard calculations are performed by implementing each alternative in the
PSHA framework individually and by the logic tree approach. The results are
analyzed by creating the weighted, maximum and minimum PGA value maps.
The weighted 475-year PGA map that follows the protocol given above has
considerably reduced the effect of type and density of the available seismic
and geodetic data on the hazard estimates. In this respect, maximum PGA
value map that plots the highest value computed by alternative methods for
each grid point, is particularly useful to spatially evaluate the worst ground
motion scenarios. On the other hand, minimum PGA value map provides a
proxy to assess data and method sensitivity. It is worth to note that in cases
where the level of confidence in the geodetic and seismic data differs, weighted
seismic hazard map can be computed by a set of weights different than used in

this study.

Even if the protocol proposed in this study can be implemented in other regions with
similar characteristics, attention should be paid on following critical issues that remain
unresolved. The segmentation model proposed in this study provides a systematic way
to include the fault to fault ruptures within each polygon, but it does not allow the
multi-segment ruptures to “jump” across the polygon boundaries. Therefore, the
polygons should be carefully designed by considering the fault gaps, structural
complexities, and the rupture zones of previous large magnitude events. More data
and observations from paleoseismological records and physics based mechanical
models will further improve uncertainty in polygon boundaries and allow the user to

create more realistic rupture forecasts. Moreover, motion along each fault segment is
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defined as vertical or lateral using the fault types identified from the focal
mechanisms, thus no effect of oblique motions across the graben are considered by
the proposed protocol. In the current form, the slip rates and activity rates across the
individual fault segments are partitioned using both subjective (maturity) and
quantitative (length) approaches. Both of these approaches ignore the unidentified
faults within these polygons; therefore, spatial distribution of the hazard estimates has

a strong dependence on available fault maps.
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Figure 3.12. Flow chart for PSHA analysis in Western Anatolia. The Chart shows various
methodological steps involved in fault characterization for fault based PSHA analysis. The chart also
shows the protocol for calculating and distributing activity rates among individual faults and
subsequently their use in computing seismic hazard maps for the study region
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CHAPTER 4

FOCAL MECHANISM ANALYSIS OF CENTRAL ANATOLIA AND
PROBABILISTIC SEISMIC HAZARD ASSESSMENT FOR ADANA BASIN AND
GULF OF ISKENDERUN REGION, TURKEY

We analyzed waveform data of 141 events with magnitude (MI) > 3, recorded in the
period of 2013-2015 by a broad-band seismic station network deployed during the
Central Anatolian Tectonics (CAT) project and KOERI network around the Central
Anatolian region. First motion arrivals of P- and S- waves and amplitude ratio (SH/P)
data is analyzed to constrain the focal mechanism solutions (FMS) using a grid-search
algorithm in an iterative scheme. Our analysis showed that the region is characterized
by strike-slip events along with considerable amount of normal events. Tension axis
is horizontal and Pressure axis is sub-horizontal while maximum horizontal stress
directions (SHmax) are oriented predominantly in N-S direction which is consistent
with the activity of NE-SW and NW-SE trending strike-slip and N-S trending normal
faults. Later, computed focal mechanisms are utilized to carry out stress tensor
inversions and investigate the active stress patterns in the region. The stress tensor
inversion results of 14 sub-regions revealed that the majority of the sub-regions are
characterized by horizontal maximum (c1) and minimum (o3) principal stresses and
vertically oriented intermediate principle stress (02), consistent with the strikeslip
faulting except for the Adana Basin and Gulf of Iskenderun region which is
characterized by trans-tensional regime resulting in a mixture of strikeslip and normal
FMS. In order to minimize uncertainties associated to unassociated off-fault
seismicity and tectonic complexity, the seismic source model (SSC) of the Adana
Basin and Gulf of Iskenderun region is updated by using an additional area source
with point source correction based on virtual faults concept that is compatible with

our FMS and stress tensor inversion results. The updated peak ground acceleration
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(PGA) map has slightly increased hazard estimates (up to 0.08g) at sites situated away
from the planar fault structures of Gulerce et al., 2017 and revealed considerably high
hazard estimates (up to 0.2g) as compared to the Turkish seismic hazard map along

some of planar fault structures.
4.1. Introduction

The study area investigated in this part of thesis covers the Central Anatolian region
of Turkey. The region, generally referred to as the Central Anatolian ‘Ova’ Province
(Sengor et al. 1985), is a wedge-shaped structure confined between North Anatolian
Fault zone (NAFZ) and East Anatolian Fault zone (EAFZ) (Figure 4.1). Central
Anatolian Plateau is comprised of an amalgamation of continental fragments that
coalesced during the closure of the Neo-Tethy between Africa-Arabia and Eurasia
(Sengor & Yilmaz, 1981). The compression related to the Arabia and Eurasia
continental collision governs the development of tectonic structures to the east while
regional extension related to the rollback of the African slab dominates the
deformation to the west of Central Anatolia plateau (Sengor et al. 1985; Bozkurt
2001). These processes in combination lead to the development of Anatolian Plate,
which has been extruding westwards since the Miocene (Sengor et al. 1985; Dewey,
et al., 1986; Bozkurt, 2001). The region has been studied extensively in terms of its
geodynamic evolution based on geological and geodetic data. Despite this, the active
crustal deformation and associated seismicity around central Anatolia region is
relatively less known as compared to other parts of Turkey. In order to investigate the
geodynamic evolution of the Anatolian plateau crustal structures and its relationship
with mantle, a wide range of multidisciplinary seismotectonic studies have been
carried out under the scope of Central Anatolian Tectonics (CAT) project (2013-
2015). The scope of our study includes computation of focal mechanism solutions
(FMS) from seismic data that was recorded during the scope of the CAT project.
Although the region has been the subject of various focal mechanism solutions studies
(Figure 4.1 & Appendix D), the additional FMS will help improve the FMS catalogue

that will in turn lead to better understanding the active stress patterns of the region.
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Moreover, the FMS and stress tensor inversion results can provide valuable
information on the seismic source characterization of active faults which is crucial for

seismic hazard assessment and risk studies of the surrounding regions.

— -
= g
10 mm/yr

Figure 4.1. Figure showing generalized tectonic map of the study area and surroundings. Black
rectangle represents the CAT project region. Bold black arrows show the general directions of plate
motions while blue arrows represent the GPS velocity vectors obtained for the region from UNAVCO
with respect to a fixed African plate. The focal mechanism solutions compiled for the study area from

literature (Appendix D) and the seismicity of the region (black dots, M > 4.0) obtained from ISC is
also shown. Abbreviations are: EAFZ: East Anatolian Fault Zone, NAFZ: North Anatolian Fault
Zone

4.2. Tectonic Settings and Active Fault Structures

We have compiled an active fault map for the region from recently published active
fault map of Turkey (Emre et al., 2016) by the General Directorate of Mineral
Research and Exploration (MTA) (Figure 4.2). Central Anatolia is bounded to the
north and east by NAF and EAF zones respectively and Eskisehir fault & Tuzgolu
fault zone to the west. Apart from few individual fault segments trending in NW
direction, the region is predominantly characterized by NE-SW trending strike-slip
faults which are bifurcating from the NAF system (Sengor et al. 1985). There are many

small to large scale active faults in the region, some of which have been ruptured by
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earthquakes in the historical and instrumental period. Among the major faults; Central
Anatolian Fault Zone (CAFZ) is the largest intraplate left lateral transform fault zone
which is believed to have originated by the N-NE propagation of paleotectonic block
“Ecemis Corridor” in the Plio-Quaternary times due to convergence of the Arabian
and Eurasian plates (Kogyigit and Beyhan, 1998). According to the MTA map, the
fault is comprised of three active segments running sub parallel to EAFZ i-¢ Ecemis,
Erciyes and Deliler faults (Emre et al., 2016). These faults are predominantly strikeslip
in nature but some of them also have measurable normal components along the pull-
apart basins. The fault is a seismically active structure and has produced some
moderate size earthquakes in the historical (i-e 1717 and 1835 Ecemis earthquakes)
and instrumental period (e.g May 1914 Gemerek (M=5.6); 1938 Kirsehir (M=6.8); 14
August 1996 Mecitozii-Corum (M=5.6)). Other prominent structures involved in
active deformation includes Tuz Go6li Fault Zone (TGFZ), Malatya-Ovacik Fault
Zone (MOFZ) and Sariz Fault (SRF). The NW-SE trending TGFZ is predominantly
dextral in nature with a significant normal component (Kogyigit and Beyhan, 1998;
Kogyigit and Erol, 2001; Bozkurt, 2001; Dirik and Gonciioglu, 1996). MOFZ is a NE-
striking left-lateral strike slip fault zone consisting of two fault segments: namely the
northern Ovacik Fault segment and the Malatya segment. There have been debates
about the activity of the fault but a recent paleoseismic study showed that there have
been four earthquakes along the MF during the last 10 ka (Sangcar et al., 2019). Sariz
Fault is a left lateral strikeslip part located between the CAFZ and EAFZ and
accommodating a part of the internal deformation of Central Taurus Mountains
(Kaymaker et al., 2010). Although majority of the active fault zones associated with
CAFZ deformation are predominantly sinistral strikeslip in nature, they have a
considerable normal component of slip. Regional studies suggest a ~ 4-5 mm/yr
sinistral strike-slip and pure extension on the structures in the region (Reilinger et al.,
2006; Aktug et al. 2009, 2013).

Apart from the Central Anatolian tectonics, the deformation in our study area is

controlled by East Anatolian Fault Zone (EAFZ) to the east. The fault is a sinistral
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strikeslip intracontinental fault that translates the Anatoiloan Plate towards the west
(Sengor et al., 1985; Dewey et al., 1986; Hempton, 1987; Westaway, 1994). The NE-
SW trending EAFZ zone runs between Karliova in the north to Antakya in the south
comprising seven fault segments, namely: Karliova, Ilica, Palu, Puturge, Erkenek,
Pazarcik and Amanos segments (Emre et al., 2016). The fault zone develops two triple
junction points: Karliova triple junction with the NAFZ in the northeast and
Kahramanmaras triple junction with the Dead Sea fault zone (DSFZ) in the southwest
(Arpat et al., 1972; McKenzie, 1972; Hempton et al ., 1981; Sengér et al., 1985;
Westaway & Arger, 1996; Bozkurt, 2001). While the fault zone exhibits a narrow
deformation zone in the north-east, it is separated into northern (Surgu) and southern
fault strands (Erkenek-Pazarcik- Amanos) to the west where the deformation zone
extends to a wider area. Contrary to the general trend, Siirgii Fault Zone (SFZ) is
unusually trending the E-W direction. The primary deformations along the EAFZ is
sinistral strikeslip motion, but the jog structures related to local restraining bends can
lead to localized compression structures in the eastern part of the fault (Duman et al.,
2016). Similarly, normal and reverse faulting deformations has also been observed in
the broad deformation zone of the EAF to the west (Duman et al., 2016). Regional
geodetic studies suggest a slip rate of ~10 mm/yr slip across the EAFZ (McClusky et
al. 2000; Reilinger et al., 2006). The strain energy has been often manifested in the
form of large magnitude earthquakes. The prominent earthquakes in the historical and
instrumental period along EAFZ includes: the 1866 (Ms=7.2), 1874 (Ms=7.1), 1893
(Ms=7.1) and 1971 earthquakes (Ms=6.8) generated by the Karliova, Palu, Erkenek
and Ilica segments, respectively. Furthermore, the 1905 earthquake (Ms=6.8)
(Ambraseys & Jackson, 1998) and the 2010 (Mw=6.1, 6.0) earthquake (Tan et al.
2011) occurred on the Yarpuzlu and Gokdere restraining bends, respectively.

The southeastern corner of our study area coincides with the northern part of Dead
Sea Fault Zone (DSFZ). DSFZ is a major N-S trending, left-lateral strikeslip fault that
accommodates the motion between Arabian and African plates (Courtillot et
al. 1987; Hempton, 1987; LePichon & Gaulier, 1988; Salamon et al. 1996). The fault
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zone consists of a series of en-echlon faults with extensional jogs and releasing bends
such as Dead sea pull apart basin (Klinger et al ., 2000). DSFZ is regarded as the most
significant tectonic structure of the Middle East region that has generated large
magnitude recurrent earthquake in the historical times (Ambraseys and Barazangi,
1989; Ambraseys et al. 1994; Klinger et al., 2000). The details about the historical
earthquake activity along the northern part of DSFZ in southern Turkey can be found
in Akyuz et al., 2006 and the references therein.

Figure 4.2. Map showing the active fault map of the area compiled from MTA active fault map (Emre
et., 2016). Inverted triangles show broad band stations locations in the region. CAT stations are
shown in blue while KOERI stations are shown in magenta color. Red dots represent the events

whose first motion data is analyzed in this study. Abbreviations for some of the major structures in
the area are BZSZ: Bitlis Zagros Suture Zone, CAFZ: Central Anatolian Fault Zone, DSFZ: Dead
Sea Fault Zone, EAFZ: East Anatolian Fault Zone, EF: Ecemis Fault, KFZ: Karasu Fault Zone,
MOFZ: Malatya-Ovacik Fault Zone, SFZ: Siirgii Fault Zone, SRF: Sariz Fault, TGFZ: Tuz Golii
Fault Zone
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4.3. Focal Mechanism Analysis

Focal mechanism solution (FMS) defines the geometry and mechanism of the faulting
during an earthquake. FMS can be constructed from waveforms produced by an
earthquake, recorded by several seismograms at a range of distances and azimuths.
FMS construction relies on the fact that the pattern of radiated seismic waves is
dependent on the fault geometry (Stein and Wysession, 2003). In this study we used
the classical approach of determining FMS from polarities of P- wave’s first motions.
P-waves are the first waves that are recorded from an earthquake source due their fast
velocity. P-wave’s polarities represent the direction of the motion recorded at the
seismometer. The direction of these first motions can be used to define four quadrants
(two compressional, two dilatational) surrounding the source: “Upward” motion
defines compressional quadrants, where earth moves “toward” the station while
“Downward” motions define dilatational quadrants, where the movement of earth is
“away from” the station. The quadrants are divided by two nodal planes; a fault plane
and an auxiliary plane perpendicular to fault plane. The two nodal planes define the
fault geometry, but the fault plane cannot be determined with first motion data only.
In order to determine, which nodal plane is the fault plane, additional geologic or
geodetic information is required (Stein and Wysession, 2003). FMS are determined
by plotting the first motion polarities of P-waves on lower hemisphere projection
stereonets. The polarities are then partitioned into four quadrants by great arcs
orientated 90° from each other (Stein and Wysession, 2003) resulting in a “beachball”
diagram. The great arc circles represent the nodal planes while dark and light-colored
quadrants correspond to the compressional and dilatational first motions respectively
(Stein and Wysession, 2003).

According to the radiation patterns, P-wave amplitude diminishes near the nodal
planes while S-wave amplitude are maximum near the nodal planes. Therefore, the
ratio (SH/P) of their amplitudes can be used to determine if the point is located near
to the plane or away from the plane (Stein and Wysession, 2003). Large SH/P ratios

can be related to a point near the nodal plane and vice versa. Therefore, in addition to
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P-waves polarities, S-wave polarization and SH/P amplitude ratios can also be used to
obtain more unique solutions. It should be noted that S-wave polarities are generally
hard to pick due to noise and attenuates quickly as the wave propagates (Walsh et al.,
2008 and references therein). Once FMS determination is complete, P- and T-axes for
a solution can be determined by bisecting the dilatational and compressional quadrants
with a great circle connecting the poles for the nodal planes and finding halfway
between them. T-axis lies at the center of compressional quadrant, whereas P-axis lies

at the center of dilatational quadrant (Stein and Wysession, 2003).
4.3.1. Seismic Data and Methodology

Waveform data of 141 earthquake events with magnitudes greater than 3 (M1 > 3.0)
for the period of 2013-2015 is analyzed in this study (Table 4.1). The data for this
study is mainly acquired from the passive broadband seismic network, comprising of
72 stations; that was temporarily deployed under the scope of Continental
Dynamics/Central Anatolian Tectonics: Surface to mantle dynamics during collision
to escape (CAT) project (Figure 4.2). In addition, the waveform data from KOERI
stations located in the vicinity was also acquired, in order to improve the azimuthal
coverage of events that are located on the margins of study area. The station locations
and events analyzed in this study are shown in Figure 4.2 and are documented in
Appendix E & Table 4.1 respectively. The synchronized 3-component broadband
waveforms with the motion directions of up-down (BHZ), north-south (BHE) and
east-west (BHN) direction are utilized for picking first arrivals of P- and S- waves. P-
and S- arrivals are hand-picked using the Seismic Analysis Code (SAC) program
(Goldstein et al., 2003). The shear wave velocity model of Delph et al., 2017 is used
as a base model to constrain the P- and S- wave, 1-D velocities for the region. TauP
raytracing program (Crotwell et al., 1999) along with the 1-D velocity model (Delph
etal., 2017) is used to calculate the angle of incidence of rays at each recorded station.
After defining the 1-D crustal velocity model and locations, FMS determination is
carried out using FOCMEC program (Snoke, 2003). The FOCMEC program uses an

inversion scheme that searches for all the acceptable FMS using first motion polarity
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and amplitude ratio (SH/P) data. The possible solutions are determined by a gird
search approach, with minimum polarity and/or amplitude errors (Anderson et al.,
2007). Users can interactively define the necessary criteria i-e the grid search
parameters and maximum allowed polarity and amplitude ratio errors for FMS
determination. For amplitude ratio, corresponding amplitude ratio error is calculated
according to the maximum allowed log10 ratio (Anderson et al., 2007). The program
allows the difference between the theoretical amplitude ratio and related observed
ratio up to the limit (selected as 0.6 in this study); and values greater than the limit are
assigned as amplitude error. For calculating the amplitude ratio (SH/P), a moving time
window of 0.5 second is used while the grid search increment is selected as 5°. The
minimum number of data points selected for computing a FMS is selected as four.
FOCMEC is constructed in a way that it allows increasing number of data errors until
it finds a solution. In cases where the number of solutions produced by FOCMEC for
an event are more than one; Fisher statistics, which give the mean direction from
observed directional data (Tauxe et al., 1991) is adopted to calculate the mean value
of P- T-axis axes. The quality or precision of the results depends on the value of
precision parameter, k. High values of « (> 20) represent less scattered data and vice
versa (Anderson et al., 2007). An automated code to run the FOCMEC program is
utilized in this study. Once the run is completed and the program finds solution within
the selected criteria, all the possible solutions along with their information are plotted
in one-page summary plot. The output files for each event analyzed in this study are
presented in Appendix F.
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Table 4.1. List of events analyzed in this study and their strike, dip, rake values. Events with * in their

ID are discarded due to less amount of data or bad quality of solutions and not used for further

analysis
ID D/M/Yr | Hr:Min | Long Lat Depth ML Strike Dip Rake
1* 11.10.2013 | 16:39 | 38.81 | 38.28 5 3.0 190 40 -6
2* 22.11.2013 | 11:05 | 38.22 | 39.66 5 35 19 81 -70
3 10.12.2013 | 09:30 | 36.05 | 37.84 1 3.0 66 48 63
4 21.12.2013 | 10:17 | 36.42 | 37.42 4 3.3 184 47 -69
5 28.12.2013 | 17:05 | 36.35 | 38.48 3 3.0 222 87 -10
6 30.12.2013 | 00:02 | 38.36 | 37.85 3 3.7 81 73 -25
7 1.06.2013 | 19:41 | 39.03 | 38.33 1 3.0 64 78 -22
8* 4.06.2013 | 04:12 | 37.41 | 38.66 1 4.1 235 61 -42
9 4.06.2013 | 04:12 | 37.41 | 38.62 5 4.1 235 61 -73
10 4.06.2013 | 23:55 | 37.36 | 38.61 1 3.3 82 88 20
11 7.06.2013 | 00:33 | 32.03 | 37.33 4 3.3 305 45 -83
12 7.06.2013 | 19:57 | 32.05 | 37.35 5 3.2 334 31 -71
13 7.06.2013 | 19:56 | 31.98 | 37.35 5 3.2 334 30 -80
14* | 25.06.2013 | 06:06 | 33.47 | 36.47 15 3.0 180 0 -100
15 28.06.2013 | 19:30 | 32.75 | 39.18 1 3.0 338 54 -59
16 4.07.2013 | 19:01 | 32.15 | 39.37 5 3.5 25 36 14
17* 113.07.2013 | 12:57 | 39.22 | 38.53 5 3.1 12 65 -84
18 24.07.2013 | 03:41 | 35.86 | 37.78 6 3.0 225 25 -90
19 27.07.2013 | 20:13 | 35.61 37 19 3.6 62 84 35
20 4.08.2013 | 19:59 | 36.12 | 37.58 1 3.5 197 44 -60
21 10.08.2013 | 11:56 334 38.4 3 3.0 50 90 30
22* | 23.08.2013 | 10:35 374 39.54 5 3.1 325 65 -90
23 28.08.2013 | 06:26 | 38.95 | 38.36 4 4.1 65 85 -2
24 29.08.2013 | 23:20 | 38.93 | 38.36 2 3.1 67 83 29
25 30.08.2013 | 07:54 | 36.98 | 39.36 3 3.1 221 62 -22
26* | 17.09.2013 | 10:37 | 35.65 | 36.85 29 34 120 15 90
27 18.09.2013 | 21:10 36.2 37.35 4 3.9 225 50 -57
28 20.09.2013 | 02:02 | 36.99 | 37.37 5 3.0 223 55 3
29 7.01.2014 | 21:17 | 38.35 | 37.86 2 3.1 53 85 9
30 21.02.2014 | 00:54 | 37.43 | 37.68 3 3.2 62 86 -15
31 22.02.2014 | 15:42 | 36.42 | 37.42 5 4.5 211 55 -30
32 2.03.2014 | 04:25 | 35.21 | 36.75 3 4.3 204 36 -73
33 13.03.2014 | 14:28 | 38.09 | 37.21 5 3.2 230 88 10
34 15.03.2014 | 09:39 | 36.28 | 37.13 5 3.3 58 70 52
35 6.04.2014 | 22:06 | 34.56 | 36.87 2 3.2 183 48 -63
36 8.04.2014 | 03:54 | 35.86 | 37.02 12 3.0 229 86 55
37 13.04.2014 | 08:00 | 33.67 | 36.69 2 34 37 80 23
38 9.05.2014 | 13:14 | 35.59 | 37.02 12 3.1 76 53 16
39 9.06.2014 | 03:38 | 36.03 | 36.71 4 4.9 184 73 -42
40 26.06.2014 | 07:29 | 37.08 37.3 1 3.0 227 55 84
41 2.07.2014 | 14:22 35.8 37.05 9 3.0 252 35 0
42 2.08.2014 | 07:38 | 32.46 37.5 1 3.0 253 31 -71
43 28.08.2014 | 10:22 | 36.91 | 37.08 2 4.0 241 51 -8
44 29.08.2014 | 00:19 | 34.37 | 36.57 2 3.2 213 75 -48
45 26.09.2014 | 21:24 | 37.47 | 38.13 3 34 265 84 8
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46 5.01.2015 | 06:46 | 38.82 | 38.32 4 3.9 82 48 -63
47 9.01.2015 | 21:54 | 36.19 | 3741 5 3.5 200 65 -79
48* 8.03.2015 | 22:06 | 34.81 | 36.44 15 3.5 75 85 -85
49 31.03.2015 | 04:16 | 36.87 | 37.01 6 3.4 221 27 -67
50 10.10.2013 | 09:48 33.4 36.87 3 3.1 279 38 -36
51 21.10.2013 | 04:09 | 34.16 | 39.77 0 3.4 37 48 -48
52 23.10.2013 | 12:24 | 34.38 | 36.29 0 4.7 200 42 -51
53 1.11.2013 | 01:27 | 35.19 38.1 0 3.6 215 74 20
54 3.11.2013 | 22:42 | 36.19 | 37.14 0 3.0 234 48 -48
55 7.11.2013 | 06:39 36.2 37.35 0 4.1 214 56 -53
56 8.11.2013 | 05:55 | 36.77 | 38.51 0 3.6 80 88 -5

57 18.11.2013 | 06:18 | 36.03 37.9 0 3.4 215 48 -63
58* 9.12.2013 | 04:34 | 33.04 | 39.45 3 3.1 24 58 -26
59* 9.12.2013 | 05:12 | 34.25 | 36.82 0 3.1 205 50 -90
60* | 10.12.2013 | 08:00 | 38.34 | 39.46 0 3.5 264 90 25
61* | 25.12.2013 | 07:23 | 38.66 | 39.66 0 3.5 91 59 -16
62 27.12.2013 | 05:44 | 37.14 | 37.31 0 3.4 196 59 -60
63 5.10.2013 | 21:31 | 33.14 | 37.03 1 3.3 219 77 -38
64* 7.01.2014 | 02:46 | 39.19 | 39.34 0 3.1 221 70 4

65 10.01.2014 | 13:20 | 36.23 | 37.27 0 4.2 216 54 -59
66 20.10.2014 | 15:45 | 38.68 | 38.17 0 3.9 248 80 -28
67 2.11.2014 | 04:58 | 39.25 | 38.47 0 3.7 265 60 55
68 3.11.2014 | 21:39 | 36.28 | 38.29 0 3.2 41 46 76
69 7.11.2014 | 17:20 | 34.64 | 36.96 3 3.5 253 61 -9

70 7.02.2014 | 04:48 | 36.23 37.3 0 3.8 194 48 -63
71 8.02.2014 | 17:48 | 37.35 | 38.61 0 3.3 244 76 21
72 14.02.2014 | 00:33 | 35.99 | 36.73 6 4.7 226 56 -53
73 20.11.2014 | 20:12 | 34.73 39.7 0 3.0 34 69 -13
74 23.11.2014 | 08:54 | 36.28 | 38.29 0 3.4 41 44 60
75 23.11.2014 | 12:07 | 39.17 | 38.31 0 3.0 103 48 -39
76 2.03.2014 | 04:29 | 35.18 | 36.76 0 3.5 249 45 5

77 2.03.2014 | 05:33 | 35.17 | 36.77 0 3.0 240 81 -5

78 7.12.2014 | 08:49 | 34.54 | 36.75 0 3.6 185 89 15
79 6.03.2014 | 13:40 | 35.86 | 37.78 0 3.0 265 36 73
80 11.03.2014 | 10:23 31.9 38.48 0 3.7 258 76 -43
81 11.03.2014 | 13:56 | 38.08 | 37.24 0 3.1 30 66 33
82 17.12.2014 | 14:24 | 37.35 | 37.28 5 3.0 87 76 -27
83 18.03.2014 | 17:01 | 37.14 | 37.32 3 3.2 220 88 5

84 25.12.2014 | 06:52 | 35.77 | 37.69 2 3.2 233 77 -16
85* | 25.12.2014 | 12:12 33.2 39.18 2 3.1 15 36 -54
86 26.03.2014 | 14:00 | 38.62 | 38.11 0 4.3 100 70 -15
87* | 28.03.2014 | 19:25 | 32.18 36.7 22 3.0 92 70 -85
88* 2.04.2014 | 00:21 | 38.41 | 38.13 2 3.2 NA NA NA
89 9.04.2014 | 00:37 38.4 38.13 0 3.0 228 38 20
90 9.04.2014 | 12:27 | 36.77 | 38.49 1 3.0 80 86 15
91 26.03.2015 | 02:14 35.6 38.88 0 3.7 75 85 -1

92 27.03.2015 | 12:19 | 38.37 | 39.36 0 3.0 233 81 34
93 28.03.2015 | 05:04 35.6 38.89 0 3.9 56 71 -24
94 28.03.2015 | 10:08 | 36.42 | 37.47 0 4.2 227 51 -43
95 30.03.2015 | 03:16 | 37.73 | 38.11 0 3.2 253 76 5

96* 5.04.2015 | 03:57 | 38.74 | 37.44 3 3.2 195 46 -27
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97 6.04.2015 | 00:27 | 36.82 37.1 2 3.0 188 54 -59

98 6.04.2015 | 04:35 | 34.57 | 37.09 1 3.0 265 88 -5

99 11.04.2015 | 15:23 | 33.65 38.7 1 3.0 253 36 -54
100 | 19.04.2015 | 02:17 39 38.45 0 3.1 175 46 -27
101 | 24.04.2015 | 22:18 | 35.29 | 39.79 0 3.3 352 59 -60
102 | 25.04.2015 | 21:57 | 38.62 | 38.15 1 3.0 74 82 -18
103 5.05.2015 | 19:37 33.2 39.06 3 3.1 342 73 -18
104 | 20.04.2014 | 12:28 | 36.21 | 37.71 1 3.6 142 57 -33
105 1.05.2014 | 07:36 | 37.38 | 39.49 1 4.4 40 56 -53
106 | 10.05.2014 | 22:45 | 38.17 | 38.68 3 3.0 227 74 20
107 | 21.05.2014 | 23:26 | 36.32 | 37.26 3 3.2 250 44 -60
108 | 29.05.2014 | 21:22 | 34.17 | 36.28 2 3.2 159 46 -76
109* | 17.06.2014 | 17:47 | 38.45 | 39.68 4 3.0 162 45 45
110 | 19.06.2014 | 05:21 | 35.69 375 3 3.1 235 79 10
111* | 23.06.2014 | 21:07 | 35.88 | 37.46 19 3.0 NA NA NA
112 | 30.06.2014 | 14:40 | 38.99 | 38.43 0 3.2 52 81 -34
113 9.07.2014 | 07:27 | 38.01 | 39.54 0 3.4 129 50 0
114 | 12.07.2014 | 21:58 | 35.89 | 36.58 7 3.9 196 62 -49
115 | 14.07.2014 | 14:08 | 36.11 | 37.06 6 3.2 182 66 -74
116 | 15.07.2014 | 11:45 | 36.68 | 39.49 3 3.0 295 36 73
117 8.08.2014 | 15:01 37.9 37.89 1 3.1 58 83 -7
118 | 11.08.2014 | 04:10 36.7 39.48 2 3.3 56 48 -63
119 | 11.08.2014 | 04:22 | 36.68 | 39.48 2 3.9 194 41 75
120 | 18.08.2014 | 22:54 39 39.2 3 3.2 63 40 -58
121 | 19.08.2014 | 04:19 | 36.94 | 37.08 3 3.0 228 63 14
122 | 29.08.2014 | 23:03 | 38.79 | 38.33 1 3.1 222 90 10
123 3.09.2014 | 03:15 | 3591 | 36.51 2 3.5 197 88 -25
124 6.09.2014 | 22:25 | 35.82 | 38.36 5 3.3 1 61 -78
125 | 19.09.2014 | 19:17 | 39.09 | 38.47 3 3.5 20 45 -83
126 | 20.09.2014 | 02:52 | 38.77 | 39.16 4 4.4 78 58 -48
127 | 20.09.2014 | 03:09 | 39.32 | 38.43 3 3.5 220 45 45
128 | 22.09.2014 | 21:33 | 36.27 | 39.94 5 3.0 212 73 31
129* | 3.01.2015 | 14:23 | 33.02 37.1 2 3.2 259 75 -48
130 3.01.2015 | 23:24 | 37.89 | 37.89 3 3.5 99 85 -9
131 6.01.2015 | 22:16 | 34.45 | 36.93 1 4.0 163 58 -48
132 8.01.2015 | 18:44 36.8 37.1 2 4.7 177 54 -59
133 | 18.01.2015 | 16:01 | 38.81 | 38.32 2 3.7 264 90 25
134 | 20.01.2015 | 13:27 | 33.89 | 38.45 2 3.0 348 61 -28
135 | 25.01.2015 | 22:21 | 36.32 | 36.91 4 3.5 227 51 -43
136 | 28.01.2015 | 14:25 38.5 38.1 2 3.6 265 40 58
137 | 12.02.2015 | 18:52 | 38.46 | 38.13 3 3.8 255 52 71
138* | 18.02.2015 | 12:39 | 34.88 | 36.79 16 3.7 109 80 85
139 | 22.02.2015 | 10:06 36.7 39.29 3 3.0 56 76 -21
140 | 28.02.2015 | 22:03 | 34.53 | 37.44 3 3.0 247 65 -5
141 1.03.2015 | 02:16 | 36.82 | 37.07 5 3.5 206 71 -7
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An example of the output plot for a FMS computed in this study is given in Figure
4.3. The plot shows the location of the event shown as star in map view along with
additional information related to the event (e.g. Date, location, time, magnitude,
depth). Moreover, number of solutions, search increment, polarity errors and the P-
and T-axes for each solution and their mean orientations are also shown in the plot.
The possible solutions are plotted in two boxes. Solutions to the right are calculated
by utilizing the polarity data only while solution in the left box is obtained from both
polarity & amplitude data. In this example (Figure 4.3), two potential solutions are
calculated from polarity data and as expected, the addition of amplitude ratio data
limited the number of solutions to one and resulted in well constrained solution. The
P-waves polarities plotted over the radiation pattern for the given example are also
shown in Figure 4.3(b).
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Figure 4.3. (a) An output summary plot showing all the possible focal solution mechanisms and
related information computed for an event in this study (b) An example file of the observed P-wave’s
first motion polarities for the given solution. Polarity directions are shown as upward or downward

arrows
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4.3.2. Focal Mechanism Solutions

Once the potential solutions for the analyzed events are computed, the solutions with
lowest polarity and amplitude ratio errors and RMS misfits are selected as best-fitting
focal mechanisms. 2 events were eliminated due to lack of data and 19 solutions were
eliminated due to bad quality and errors; which led to a total of 120 well constrained
solutions for the region that were utilized for further analysis (Figure 4.4, Table 4.1).
The distribution of focal mechanism solutions shows that majority of them are
confined to the EAFZ, Adana basin and Gulf of Iskenderun region (Figure 4.4), along
with considerable number of solutions associated with CAFZ and Tuz Golu fault zone.
Majority of the solutions along the EAFZ have strike-slip mechanisms which is
consistent with the left lateral sense of slip along the fault. There are few small
magnitude thrust solutions in the vicinity of EAFZ, which can be associated with the
intersection zone of EAFZ and Bitlis-Zagros suture zone (BZSZ). The solutions in
Adana Basin and Gulf of Iskenderun region consists of a mixture of strikeslip and
normal fault mechanisms. The mechanism of solutions along the CAFZ, MOFZ and
Sariz fault are pre-dominantly strikeslip with associated normal components but there
are few pure normal solutions as well. The NW corner of the study area that coincides
mainly with Tuz Golu fault is dominated by normal mechanisms with strikeslip
components. The SW corner of the region is characterized by normal fault solutions

that cannot be associated with the mapped active faults.

Birsoy (2018) determined focal mechanism solutions for 29 earthquakes (Ml > 3.5)
by applying regional moment tensor inversion technique, utilizing data recorded by
the CAT network (2013-2015). Besides, there are regional networks that provide FMS
for events in the region. In order to assess the quality of FMS computed in this study,
we have compared the solutions computed in this study to Birsoy (2018) and published
solutions for the region (Figure 4.5). A total of 23 solutions could be found for
comparison. The analysis shows that majority of the solutions computed in this study

are in agreement with the previously published solutions with minor difference in the
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orientation of nodal planes. We prefer the solutions computed in this study over the

published solutions due to large amount of data utilized for this analysis.

Later, the solutions computed in this study are combined with the FMS available from
literature studies and regional networks and a composite FMS catalogue for the period
of 1900 to present, comprising of 280 solutions has been compiled for the region. The

combined catalogue has considerably improved resolution in space and time.
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Figure 4.4. Distribution of all the Focal Mechanism Solutions computed in this study. Black solutions
are reliable and kept for further analysis while the Red solutions are discarded
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Figure 4.5. Comparison of Focal Mechanism Solutions computed in this study with solutions
computed by Birsoy (2018) and literature (This study; Black; Birsoy, 2018 =Red; literature = Blue)

All the solutions in the combined FMS catalogue are categorized according to their
faulting styles in Win-Tensor software (Delvaux & Sperner, 2003) and plotted in
Figure 4.6. The information about the faulting styles is provided in Appendix G. It can
be noted that the eastern and central portions of the study area is dominated by
strikeslip solutions (Figure 4.6b) but there are considerable number of normal fault
solutions as well, especially in the Adana Basin and Gulf of Iskenderun regions
(Figure 4.6c). There are few small-magnitude thrust solutions in the region, which are
mainly confined to the vicinity of BZSZ and Stirgii fault (Figure 4.6d). The central
part of study area is characterized by a mixture of strikeslip, normal and strikeslip-
normal faulting style. The Win-Tensor software could not categorize some solutions
as can be seen in Figure 4.6(e).

Rake-based Ternary diagram of the resultant FMS (Figure 4.7a) shows that the region
is dominated by strikeslip and normal faulting which corresponds well with the active
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fault structures in the region. Apart from strikeslip and normal events, there are few
thrust events which can be associated to BZSZ, Siirgii fault and trans-pressional
structures along the restraining bends in the region. Out of 280 FMS compiled for the
region: 45% of the solution are strikeslip, ~32% are normal and normal-strikeslip,
~10% are thrust and ~11% of earthquakes cannot be categorized. Calculated Pressure
(P-) and Tension (T-) axes orientations obtained from the FMS catalogue are shown
in Figure 4.7(b). The resultant P- T- axis plot shows that the whole region is
experiencing horizontal ~EW directed dilatation and sub-vertical ~NS directed
compression. These orientations are consistent with the tectonic characteristics of the
region (i.e. strikeslip-normal). The P- T- axis density plot shows that the P- axis is
oriented in sub-vertical position while tension axis is horizontal in the region (Figure
4.7¢).
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Figure 4.6. Focal mechanism solutions categorized according to the stress regimes (a). (N = Normal,
SS = strikeslip, T= Thrust and UF = unidentified solutions), distribution of only strike-slip (b) , only
normal (c), only thrust (d) and only unidentified solutions ()
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Figure 4.7. (a) Ternary plots (b) Pressure & Tension axis plots and (c) Pressure & Tension axis
density plots for the whole study area

4.4. Present Day Stress Analysis

The focal mechanism solution catalogue is later utilized to investigate the present day
stress patterns throughout the region. The FMS catalogue is used to compute the
maximum horizontal stress orientation (SHmax) and the principal stress orientations
(o1, 62, 63).

4.4.1. SHmax Orientations

Figure 4.8 shows the maximum horizontal stress orientation (SHmax) computed from
the FMS catalogue. The SHmax oOrientations are calculated using Lund and Towenend

(2007) methodology within Win-Tensor program. The SHmax orientation along with
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the faulting type are plotted over topography using world stress map (WSM) web-
based program. The map shows that in eastern and central portion of the study area,
where majority of the FMS are located, SHmax bars are oriented in ~NS or NE-SW
direction. These orientations are parallel or sub-parallel to the mapped fault structures
and corresponds well with the strikeslip and normal slip character of faults in the
region. On the contrary, the SHmax in NW corner of the study area are marked by a
counterclockwise shift in NW-SE direction. The NW-SE trend of faults in this region
(e.g. TGFZ) suggests, strikeslip or strikeslip-normal deformation in the region which
is consistent with our results. SHmax orientations in the SW corner of the region are
marked by abrupt changes.

Method:
Regime:

ONF ®55 @TF QU
Quality:

all depths

3 5 o a(2016) World Stress Map

32° 40°

Figure 4.8. Stress map showing maximum horizontal stress axes (SHmax) associated to each
earthquake solution in the FMS catalogue. The resultant axes indicate the compression directions in
the study area
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4.4.2. Stress Tensor Inversion

Stress tensor inversion refers to the determination of stress field orientations from fault
plane and or focal mechanism solution data. There are various methods devised for
stress tensor inversion from focal mechanism solutions; but in this study we adopted
the techniques proposed by Michael (1984) and Delvaux & Sperner (2003). The
objective of these techniques is to determine the stress which minimizes the misfit
between the resolved shear stress direction and the slip direction obtained from the
dataset. The inversion algorithms solve for the orientations of principle stress axes and
the relative magnitudes of the stress axes or stress ratio R=(62-63) / (61-63). o1, 62,
o3 indicates maximum, intermediate and minimum principal compressive stresses
respectively and ‘R’ describes the relative magnitude of the principal stresses and
hence constrains the shape of deviatoric stress ellipsoid. All stress tensor inversion
techniques assume that the stress is uniform and invariant in space and time and
earthquake slip occurs along the direction of maximum shear stress. The difference
between the methods is the technique they use to handle the fault plane ambiguity.
Michael’s (1984) approach applies a bootstrap routine that randomly picks fault planes
from the original data. It determines the orientation of principle stress axes and stress
magnitude ratio using the statistical method of bootstrap resampling. Heterogeneity of
a stress field can be quantified with variance which is defined as the squared and
summed solution misfit and it represents the angle between individual FMS and
assumed tensor. For a spatially uniform stress field determined from FMS data,
variance should be less than 0.2. High variance indicates poor fitting stress orientation
and hence stress field remains heterogeneous within the analyzed volume (Wiemer et
al., 2002). We used the linearized stress inversion technique of Michael (1987) in the
ZMAP software package (Wiemer 2001). For Delvaux & Sperner (2003) method, we
have used Win-Tensor program which utilizes an interactive process for data
separation and stress tensor inversion in order to obtain good quality tensor solutions.
In the software, interactive graphical “Right Dihedron method” tool is used for

determining the possible range of stress orientations. These results are used as a
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starting point for iterative grid-search “Rotational Optimization” technique. The misfit
function in “Rotational Optimization” allows minimizing the angular deviation
between the observed and theoretical slip directions and maximizes the shear stress
magnitude on the focal planes (Delvaux & Sperner, 2003). The results of stress tensor
inversion using Michael’s method (Michael, 1984, 1987) and Win-Tensor program
(Delvaux and Sperner, 2003) are compared in Table 4.2. The results obtained from

both these methods are similar with minor differences.

Figure 4.9 shows the stress tensor inversion result obtained for the whole region using
Michael’s (1987) methods. Inversion of the entire FMS catalogue indicates
predominantly strikeslip deformation in the region. Both maximum (1) and minimum
principal stresses (03) are horizontal, trending in ~NS and ~EW directions
respectively, whereas the intermediate principle stress (c62) is vertical. Variance of the
region is 0.17, which is rather low considering the amount of data, suggesting
relatively coherent stress conditions across the region. The resultant stress shape ratio
(R) or Phi value; which characterizes the style of faulting is 0.77 and suggests that the
magnitude of 62 is close to ¢l that will result in strikeslip-normal (trans-tensional)

tectonic deformation in the region.
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Figure 4.9. (a) Results of stress tensor inversion of all available focal mechanism solutions in the
study area using Michael’s method and (b) the resultant histogram of stress ratio (R) vs frequency

4.4.2.1. Stress Mapping

The stress tensor inversion for the whole region gave us a general sense of principal
stresses in the region. But it can be noted, that the region is characterized by different
types of FMS and complex fault structures. Therefore, the stress patterns in the region
may vary spatially and a single stress inversion and the respective stress orientations
will lead to oversimplification of stress conditions in the region. Considering the
distribution and density of earthquake solutions across the region, it is obvious that
FMS catalogue has enough resolution to detect inherit changes in stress patterns across
the study area. In order to analyze these stress changes, we have subdivided the region
into 14 sub-regions (Figure 4.10) based on variation in FMS, fault orientations,

tectonic complexities, variations in SHmax Orientations, clustering of events etc.

Ternary plots and Pressure and Tension axes (P-T axes) density diagrams are
constructed for each sub-region and presented in Figure 4.11. The ternary plots of sub-
regions 2, 3, 4, 5, 6, 7 and 13 are dominated by strikeslip events, indicating pure
strikeslip deformation in these sub-regions. Sub-regions 8, 9, 10, 11 & 12 are

dominated by a mixture of strike-slip and normal events, implying a trans-tensional
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characteristic for the Adana basin and Gulf of Iskenderun region. The P-T axes plots
for sub-regions shows that T- axis is horizontal, trending in EW to NW-SE direction
(except for sub-region 1 & 2) with minor differences in orientations. P- axis is trending
in ~NS (NNE-SSW) direction in majority of the sub-regions; but in sub-regions 9, 10,
11 & 12 the orientations are more vertical due to mixture of strikeslip and normal

earthquake mechanisms.

Figure 4.10. Figure showing focal mechanism solutions and geographical limits of sub-regions that
are selected for analyzing stress patterns independently. Each sub-region is assigned an identification
number (1-14) that will be used in further analysis
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Figure 4.11. Ternary plots and P-T axis density plots for each sub-region
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Figure 4.11. (continued)
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Figure 4.11. (continued)

In order to investigate the variations in stress patterns, stress tensors for each sub-
region are inverted independently by utilizing the FMS that falls within their vicinity.
The comparison of results obtained from Michael’s method and Win-Tensor program
shows that both methods produces similar results with minor differences (Table 4.2).
The results show that the area is pre-dominantly characterized by strikeslip faulting
sub-regimes with o2 oriented in vertical position, o3 oriented in sub-horizontal position
and trending in ~EW direction and o1 trending in almost ~N-S directions (Figure 4.12
& Table 4.2). Apart from the strikeslip domains, sub-regions 1 and 9 are characterized
by normal faulting, while sub-regime 11 and 12 are characterized by mixed (strikeslip-
normal) tectonic regime. Sub-region 13 is characterized by thrust faulting in Michael’s
method and strikeslip faulting in Win-Tensor method. The variance and B values are
within the permissible range (Phi < 0.2 and B < 33°), indicating coherent stress

conditions within the sub-regions.
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109



opo

1 400
= ¢ CDF bootstrap
0.9 ¢ org.data 350
0.8
300
0.7
b 250
2 06 -
S g
S 0.5 $ 200
c o
2 04 &
B Y 150
s
w03
100
0.2
Variance: 0.043 01 50
Phi:0.76 +0.10668 ’
S1:trend: -171; plunge: 4.3 o 0
S2:trend: 74.9; plunge: 79.5 Tau: -1 =-1 0.5 0 05 1
S3:trend: -80.4; plunge: 9.5 Ratio: 1 ) o
(10) Fautting style: strike Slip Beta:12.18 +11.89
R
S2
O s 1 500
= { CDF bootstrap
0.9 ¢ org.data 450
0.8 400
0.7 350
3 0.6
i 300
4 >
c 05 g 250
c o
S o
£ 04 £ 200
i
W93 150
0.2 100
Variance: 0.11 0.1 50
Phi:0.94 +0.072724
S1:trend: —172.3; plunge: 43. Y 0 0.5 o 05 1
S2: trend: 2.9; plunge: 46.8 Tau:-1 21 Py b
1 S3: trend: 95.4; plunge: 2.3 Ratio: 1
( ) Faulting style: Normal to Strike Slip Beta: 28.85 £24.83
R
S2
O s 1 300
¢ CDF bootstrap
0.9 ¢ org.data
250
0.8
0.7
200
] 0.6
» 0 o~
G 05 g 150
5 g
B 0.4 Fires
©
- 100
- 0.3
0.2
50
0.1
Variance: 0.12
Phi:0.65 +0.13557 0 0
S1:trend: ~177.5; plunge: 46. 0 0.5 0
S2:trend: -9.5; plunge: 42. Tau:-1 +-1 ¢
$3: trend: 86; plunge: 5.9 Ratio: 1
(12) Faulting style: Normal to Strike Slip Beta:23.37 2252

Figure 4.12. (continued)

110



opbo

1 30—
0.9
250
0.8
0.7
«
2 06 >
© v
o c
‘S 05 g
5 g
g 04 fre
o
% 03
0.2
0.1 ¢ CDF bootstrap
Variance: 0.065 ¢ org.data
Phi:0.13 £0.13483 0
S1:trend: 165.5; plunge: 5.9 0 0.5 1 1
S2:trend: -101.7; plunge: 24 Tau: -1 £ -1 ¢
S3:trend: 62.6; plunge: 65. Ratio: 1
(13) Faulting style: Thrust Beta: 19.55 +12.07
S1
S2
O s 1 300
& CDF bootstrap
0.9 ¢ org. data
0.8
0.7
n
& 06 >
o v
o c
‘5 05 2
5 g
g 04 fre
o
ks 03,
0.2
0.1
Variance: 0.099 0
Phi: 046 +0.16426 0 0.5 1
S1:trend: —15.2; plunge: 22 ¢
S2:trend: ~163.4; plunge: 64 Tau:
S$3:trend: 79.8; plunge: 12.2 Ratio: 1

(]4) Faulting style: Strike Slip Beta:20.8 +17.82

Figure 4.12. (continued)

111



Table 4.2. Comparison of stress tensor inversion results for the whole region and sub-regions; using
Michael’s method (1987) and Win-Tensor program (Delvaux and Sperner, 2003). The results

obtained from both methods are presented in the upper and lower row respectively for each subset

Subset | S1(tr) | S1(pl) | S2(tr) | S2(pl) | S3(tr) | S3(pl) | Phi(R) Variance | Faulting | Beta
Whole | 6 0 210 | 8 e |1 0.77:0.05 | 017 ss 3837
5 13 189 77 95 1 0.85 SS 28430
1 224 80 347 6 78 9 0.39+0.16 | 0.14 N 29421
32 74 195 16 286 5 0.45 N 26+19
2 336 10 167 80 67 2 0.69+0.12 | 0.089 SS 27435
342 37 164 53 72 1 0.63 SS 26+18
3 210 7 335 78 118 10 0.54+0.18 | 0.1 SS 22440
204 36 49 51 303 12 0.62 SS 27436
4 35 36 219 54 126 2 0.71£0.13 | 0.12 SS 30442
39 26 216 64 308 1 0.9 SS 18+12
5 19 1 149 88 289 1 0.28+0.19 | 0.15 SS 31431
197 4 301 72 106 17 0.13 SS 27425
6 196 1 348 89 106 0 0.58+0.14 | 0.12 SS 30431
193 21 14 69 283 0 0.7 SS 26426
7 31 0 298 79 121 11 0.33+£0.16 | 0.05 SS 15+14
212 2 110 81 303 9 0.44 SS 13+£12
8 358 0 265 85 88 5 0.7+0.11 0.15 SS 33434
358 15 192 74 89 4 0.61 SS 26433
9 182 83 2 7 92 0 0.62+0.13 | 0.16 N 37+31
113 77 9 3 278 12 0.94 N 30429
10 189 4 75 80 280 10 0.76+0.1 0.04 SS 12412
193 0 100 81 283 9 0.56 SS 11+05
11 188 43 3 47 95 2 0.94+0.07 | 0.11 N-SS 29425
6 15 172 74 275 4 0.79 SS 22421
12 182 46 350 42 86 6 0.65+0.14 | 0.12 NtoSS | 24+23
186 64 3 26 94 1 0.86 N 18+10
13 166 6 258 24 63 65 0.13+0.14 | 0.06 T 20412
1 3 164 87 271 1 0.63 SS 06+04
14 345 22 197 64 80 12 0.46+0.16 | 0.09 SS 21£18
2 11 184 79 92 0 0.83 SS 17+18
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Figure 4.13 shows summary of the stress tensor inversion results obtained from
Michael and Win-Tensor methods in a map view. The orientations of 1, 62 and o3
obtained from Michael’s method are plotted as black square, triangle and circles
respectively. The sub-regions are color coded according to their faulting style obtained
from Michael’s method (i.e. Green = strikeslip, Red = Normal; Brown = Normal to
Strikeslip and Blue = Thrust). Black arrows indicate horizontal projection of relative
principle stresses obtained from Win-Tensor program. Outward and inward arrows
represent orientations of extensional (03) and compressional stresses (61 & ©2)
respectively. The detailed analysis of results shows that the stress patterns in the area
are marked by small scale variations in the directions of principle stress orientations.
Extensional stress axis are oriented in NE-SW direction in sub-region 2; display a pre-
dominant ~E-W orientation in sub-regions 6, 8, 9, 10, 11, 12, 14 and NW-SE
(~N65°W) directed extension in sub-regions 1, 3, 4, 5 and 7. The trend of compressive
stresses varies between NS and N30°E for most of the sub-regions. Majority of the
sub-regions are dominated by strikeslip tectonic regimes (green) with sub-horizontal
maximum (o1) and minimum (o3) principal stress orientations. Among strikeslip
regimes; sub-regions 3, 4, 5, 6, 7, 8 & 10 are characterized by almost similar stress
patterns: with up to 25° clockwise shifts in o1 orientations with respect to the stress
field of entire area (i-e. N6°E). On the other hand, sub-regions 2 and 14 are marked by
a counterclockwise shift in o1 orientation (N25°W & N15°W respectively). In the
northern part of study area; trans-tensional characteristic is observed for sub-regions
4 & 14 that are characterized by sub-vertical o1 and o3 orientations and high stress ratio
(R) values. Sub-region 2 is also characterized by high R value (0.69) but 61 orientation
is horizontal in the area, suggesting a predominant strikeslip along with normal
faulting character for the Tuz Golu fault zone. In the central part; sub-regions 5, 6 &
7 have low R values (0.28, 0.58 & 0.33) pointing to a trans-pressional characteristics
of faults in the region, which is consistent with the interaction of EAFZ with BZSZ
and the trans-pressional characteristic of Surgu fault zone. It is also worth noting that
in the southern part, Adana Basin and Gulf of Iskenderun regions (sub-regions 8, 9,
10, 11 & 12) are characterized by high R values (> 0.6), implying closer magnitudes
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of o1 and o that will lead to a trans-tensional characteristic of faults in the region
(strikeslip-normal). The mapped fault in the region includes: Amanos segment of
EAFZ, Karasu fault and DSFZ to the east; Karatas-Turkoglu and Ceyhan-Kozan fault
systems in the Adana basin region; and southward extension of CAFZ to the west. To
the east, the region is characterized by en-echlon faults with extensional jogs, releasing
bends and pull apart basins. The normal faulting regime with high R (0.62), variance
(Phi=0.16) and B (37°) values computed for sub-region 9 correlates well with the
complex fault characteristics and heterogeneous stress conditions in the region. Sub-
region 8 is characterized by almost similar stress ratios (0.7) and variance (Phi=0.15,
=33°), except that the region is dominated by a strikeslip regime. Karatas-Turkoglu
and Ceyhan-Kozan fault systems, approximately coinciding with sub-region 11 in our
analysis, are assigned strikeslip mechanism in literature. The inversion results showed
sub-vertical o1 and o> stress patterns and high stress ratios in the region, pointing to
their trans-tensional nature. The strikeslip-normal nature of CAFZ obtained from
literature is in agreement with our inversion results. The orientations of o3 in sub-
region 1 shows 28° shift among Michael’s and Win-Tensor method. Moreover, the
resultant stress tensor has relatively higher B values (29°), considering the sample size
of FMS (10 solutions), indicating complex faulting or heterogenous stress conditions

in the sub-region.
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Figure 4.13. Summary of stress tensor inversion results for all the selected sub-regions in study area
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4.5. Probabilistic Seismic Hazard Analysis of Adana Basin and Gulf of

Iskenderun: Comparison with the New Turkish Seismic Hazard Map (2018)

The Turkish Seismic Hazard Map (TSHM) was updated in 2018 (Akkar et al., 2018)
and it is being enforced by the updated Turkish Earthquake Building Code (TEBC,
2018) for developing the design spectrum of regular buildings for the last 10 months.
The ground motions in the updated map were computed by utilizing the area source
model (details in Sesetyan et al., 2018) and the fault + smoothed seismicity model
(details in Demircioglu et al., 2017 and the fault parameters are provided in Emre et
al., 2016) with equal weights assigned in the source characterization logic tree.
Previous experience showed that smaller-scaled (or regional) Probabilistic Seismic
Hazard Assessment (PSHA) maps could be quite different than the national hazard
maps, depending on the tectonic complexity of the region. In this respect, Adana Basin
and Gulf of Iskenderun region which is characterized by young basin fill deposits at
the surface, displays a dense seismic cluster that cannot be explained solely by the
mapped faults and represents a good example of tectonic diversity since it is
characterized by a mixture of strike-slip and normal earthquake mechanisms

indicating simultaneous activity of both strike-slip and normal faults (Figure 4.14).

Recently, Giilerce et al. (2017) proposed PSHA maps for the East Anatolian Fault
Zone (EAFZ) and the spatial coverage of the proposed maps reach up to our study
area at the south. The ground motions in the study area might be underestimated by
Gilerce et al. (2017) because the utilized seismic source model was composed of
planar seismic sources with pure strike-slip character and no floating seismic sources
were included to model the earthquakes that may occur outside the buffer zones
around the fault planes. A possible way of improving the ground motion estimates
given in Giilerce et al. (2017) is to add a carefully designed area source zone by
considering the buffer zones around the fault planes to avoid double-counting of the
activity rates. The dense dataset of focal mechanism solutions (FMS) compiled in this
study provided valuable information on the active tectonic stress patterns, which is

utilized for estimating the parameters of the area source zone developed in this study.
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Still, the underestimation of the ground motions for the sites that are not located in the
close vicinity of the fault planes is possible, mainly because the activity rate is
assumed to be homogeneous within the area source zone and determined by using the
earthquake catalogue (please see Chapter 3 for other ways of calculating the activity
rates). To reduce the possibility of underestimation and to make the hazard
calculations more compatible with the source-to-site-distance metrics used by the
ground motion models, the point-source correction based on virtual fault concept is

also implemented.

Therefore, the primary objective of this study is to update the ground motion estimates
given in Giilerce et al. (2017) using an additional area source that is compatible with
the previously developed fault-based seismic sources and FMS database compiled in
this study, with point source correction based on virtual faults concept. Sensitivity of
the hazard results to the implementation of point-source correction is also thoroughly
discussed, because the studies that quantify the differences in hazard based on point-
source and finite-fault representation are very limited in global sense (e.g. Campbell
and Gupta, 2019 and the references provided therein) and missing for Turkey. Because
the source and ground motion characterization logic trees implemented in this study
are quite different than the new Turkish Seismic Hazard Map, significant differences
in the ground motion estimates are expected. Consequently, the secondary objective
of this study is to compare the hazard estimates proposed in this study with the ground
motions provided in the Turkish Seismic Hazard Map. Further discussions on the
underlying reasons for these differences will contribute significantly to the current

PSHA practice in Turkey and the next possible update of the national hazard map.

117



32°
3 '
Strikeslip
Events 3

40°

-
] -,

Figure 4.14. Mapped faults in the study area (red lines, taken from Emre et al., 2016), geometry of
the area source zone (black rectangle), and the distribution of the FMS. Insets show the spatial
distribution of the strike-slip and normal events in the area source

4.5.1. Source Characterization for the New Areal Source Zone

Geometry of the new area source zone is defined cautiously for the consistency with
the distribution of the FMS and the fault-based seismic sources utilized in the previous
attempt (Giilerce et al., 2017). We defined several sub-domains in Central Anatolia
(Figure 4.10) based on the variation in FMS, fault orientations, tectonic complexities,
orientation-clustering of events etc. Initial geometry of the area source zone is selected
to cover the sub-domains that are characterized by a mixture of strike-slip and normal
events (Figure 4.13 and 4.15a, blue circles). For the fault sources defined by Gilerce
et al. (2017), source-to-epicenter matching was performed by creating 10 km wide (5
km in each side of the fault) buffer zones around the rupture systems. The buffer zones
are only used to “associate” the earthquakes with the fault zones and collapse the
earthquakes to the vertical fault planes. Therefore, the boundaries of the area source

are slightly modified, considering the overlap between the buffer zones associated
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with the fault sources as shown in Figure 4.15(b). Figure 4.15 also compares the active
faults given in Emre et al. (2016) which were implemented in the TSHM and the fault
sources utilized in Giilerce et al. (2017). The main objective of Giilerce at al. (2017)
was to implement the fault model of Emre et al. (2016) in PSHA by modifying only
the necessary aspects related to the modelling simplifications in PSHA. Implemented
changes were thoroughly discussed in the original reference; however, the changes in
the study area can be summarized as: (1) addition of Tiirkoglu segment, (2) addition
of Ceyhan segment, and (3) extension of the segments that were limited on land

(Kyrenia) or by the country border (Dead Sea Fault).

The magnitude recurrence parameters and the seismogenic depth of the new area
source are estimated using the de-clustered instrumental catalogue of Kandilli
Observatory and Earthquake Research Institute (KOERI) that includes the events
recorded from 1900 to 2019 using the maximum likelihood (MLE) and weighted least
square (WLS) methods in ZMAP software package (Wiemer, 2001). The aftershocks
and mainshocks are de-clustered based on the method proposed by Reasenberg (1985)
with minimum and maximum look ahead times of 1 and 10 days, and event crack
radius of 10km. To prevent the double counting of the activity rates, the epicenters
located within the buffer zones of Figure 4.15(b) are removed from the de-clustered
catalogue. Figure 4.16(a-b) shows that the completeness magnitude (Mc) and the
magnitude recurrence parameters estimated by MLE and WLS methods are in good
agreement; therefore, both sets of a- and b-values are included in the logic tree with
equal weights to cover the epistemic uncertainty. Thickness of the seismogenic crust
or the down-dip width of the seismic sources is typically defined by calculating D90
or D95 (the depth in which 90 or 95% of the events in the area are located). ~83% of
the events in the catalogue lie within 0-15 km depth from the surface, while 91% of
the events are located within the first 20km; therefore, the seismogenic depth is

selected as 20 km for the area source.
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Figure 4.15. (a) Active fault map of the study area adopted from Emre et al. (2016), (b) fault based

planar seismic sources used in Giilerce et al. (2017). Shaded rectangle shows the new areal source

zone and the yellow boxes represent the buffer zones defined in Giilerce et al. (2017). Black points
show the de-clustered seismicity catalogue (M= 4.0)
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Figure 4.16. Magnitude recurrence parameters for the area source zone estimated by (a) Maximum
likelihood estimate (MLE) and (b) Weighted least square (WLS) methods
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The truncated exponential magnitude distribution (Cosentino et al., 1977) is selected
to represent the relative frequency of the different magnitude events for this source.
Minimum magnitude threshold is defined as Mw=4.0 based on M and considering the
magnitude limit below which the earthquake has no impact on the structure. The
maximum magnitude (Mmax) distribution of the area source is developed by using the
EPRI-Bayesian approach (Johnston et al. 1994) that combines the earthquake
catalogue of the source zone with the prior distribution developed for the worldwide
database of large shallow crustal earthquakes. In this study, the prior distribution for
the extended crust (a normal distribution with a mean of Mnax=6.4 and a standard
deviation of 0.84) is utilized. The resulting posterior distribution for the proposed area
source (Figure 4.17a) is discretized for 0.25 magnitude units and the corresponding

logic tree weights are shown in Figure 4.17(b).
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Figure 4.17. (a) Posterior distribution, (b) discretized logic tree weights for Maximum magnitude
(Mmax)

The fault mechanism logic tree assigned to the area source should reflect the tectonic
style of the region. The ternary plot of the events located in the area source boundaries

obtained from the FMS catalogue shows that the region is characterized by large
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number of strike-slip and normal FMS (Figure 4.18a). Analysis of normal and strike-
slip solutions separately revealed NE-SW and NW-SE trending strike-slip faulting
with dips ranging between 70-90° and ~NS trending normal faulting with dip amounts
ranging between 45-60° in the region (Figure 4.18b). The stress tensor inversion
results also showed that both 61 and 62 are oriented in sub-vertical position consistent
with trans-tensional tectonic regime (Figure 4.18c). Based on the number of strike-
slip and normal mechanisms, a weighted combination of strike-slip (SS, 60%), and
normal (NM, 40%) motion is assigned to this source. Additionally, the uncertainty in
the dip direction of the source is taken into consideration by assigning 3 alternative
dip angles (90°, 80°, 70 °) for strikeslip and 2 alternatives for normal faults (60°, 45°)
with 20% weights in the logic tree.
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Figure 4.18. (a) Ternary plot of the focal mechanism solutions (FMS) (b) Rose diagram of strike
direction and dip angles obtained from FMS of strike-slip and normal events and (c) results of stress
tensor inversion and the resultant histogram of stress ratio (R) vs frequency
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Geometry and the source characterization logic tree of the proposed area source are
compared to the area source model implemented by Sesetyan et al. (2018) in Figure
4.19. Spatial coverage of the source zone with ID: TURAS009 (EAF Zone) of Sesetyan
et al. (2018) model coincides (approximately) with the source model proposed here;
however, TURASO009 was extended further down towards southwest, reaching up to
east of Cyprus Arc. Therefore, the percentage of the reverse motion associated with
TURASO009 zone and the seismogenic depth of the zone are higher than the values
used in this study. A direct comparison between the activity rates (a-value) and
maximum magnitude potential is not very descriptive due to the differences in the
source geometry. On the other hand, the b-values defined in this study and Sesetyan

et al. (2018) are very similar, even if the compiled catalogues are different.
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Logic Tree for TURAS009 of Sesetyan et al. (2018) Logic Tree for proposed zone
Weight
Value Weight (%) Value (%)
Mechanism SS 60 Mechanism SS 60
NM 20 NM 40
RV 20 RV 0
Seismogenic depth 35 100 Seismogenic depth 20 100
Dip angle 70 100 90 20
80 20
3830 N :
TURASO14 Dip angle 70 20
TURASO015 60 20
45 20
6.5 37
6.75 23
%
s, SYRAS027
%
@ 7 15.8
35.20N 7.25 10.7
7 25 75 7
Mmax 7.3 50 7.75 4
Mmax
7.6 25 8 25
Magnitude Recurrence Magnitude Recurrence
a-value 3.97 100 4.19 50
a-value
4.0 50
0.96 50
b-value
b-value 0.97 100 0.99 50

Figure 4.19. Comparison of the source geometry parameters between the proposed area source in
this study and the zone with ID:TURAS009 (EAF Zone) of Sesetyan et al. (2018) model
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4.5.2. Logic Tree for the Ground Motion Models

The ground motion model (GMM) logic tree used by Giilerce et al. (2017) is adopted
in this study with small modifications: similar to the previous attempt, 50% weight is
given to global NGA-West2 models (Abrahamson et al., 2014 (ASK14), Boore at el.,
2014 (BSSA14), Campbell and Bozorgnia, 2014 (CB14), and Chiou and Youngs,
2014 (CY14)) and 50% weight is assigned to the TR-adjusted versions of NGA-West1
models (Abrahamson and Silva, 2008 (TR-AS08), Boore and Atkinson, 2008 (TR-
BAO08), Campbell and Bozorgnia, 2008 (TR-CB08), and Chiou and Youngs, 2008
(TR-CY08)). However, the ranking results presented in Kale (2017) are used to
modify the distribution of the logic tree weights among the global and local GMM
sets. Kale (2017) found that the prediction performance of TR-BA08, TR-CB08 and
CY14 models are superior when compared to the others; therefore, weights assigned
to these models are increased. The ground motion characterization logic tree of the
TSHM (Akkar et al., 2018) was quite different than the logic tree used in this study.
Four GMMs proposed by Akkar et al. (2014, Pan-European), Chiou and Youngs
(2008, Global/NGA-West 1), Akkar and Cagnan (2010, local) and Zhao et al. (2006,
Global/Japan) were included with different weighing. The differences in the logic
trees implemented in this study and in the Turkish Seismic Hazard Map are

summarized in Table 4.3.
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Table 4.3. Comparison of ground motion characterization logic trees of this study and TSHM

GMM Name GXYSE?HZL Wm%gﬂ; this GMM Name Weilnght
(2017) TSHM
ASK (2014) 0.125 0.10 Ak(';%rlit)a" 0.30
Slobal BSSA (2014) 0.125 0.10 Yoi?]g’s“ (;’8%8) 0.30
CB (2014) 0.125 0.10 Zrzgggé)a" 0.10
CY (2014) 0.125 0.20 - -
Regionalized or TR-éAAdJ(J%Sted 0.125 0.15
Local TR-égélésted 0.125 0.15
TR'CA%%Sted 0.125 0.10

4.5.3. Probabilistic Seismic Hazard Assessment using Virtual Fault Concept

Traditional Cornell-McGuire PSHA methodology (Cornell, 1968; McGuire, 2004) is
utilized for computing the seismic hazard integral and the numerical integration is
performed by using the computer code HAZ45 (Hale et al., 2018) which treats the
epistemic uncertainties in the seismic source models and GMMs using the logic tree
approach. When an area source zone is defined, HAZ45 software (like other hazard
codes) moves the possible epicenter of the scenario earthquake on the vertical
projection of the fault plane as shown in Figure 4.20, assuming that the earthquake is
originating from a point source (Figure 4.20a). This definition requires a set of
corrections to calculate the source-to-site distance metrics employed by GMMs,
specifically the rupture and Joyner-Boore distances that depends on the fault plane
geometry (Bommer and Akkar, 2012). HAZ45 (and some other hazard codes)
provides the user another option with point source correction, by defining a fault plane
with random strike, centered at the hypocenter as illustrated in Figure 4.20(b). In that
case, the finite-fault source-to-site distances are measured depending on the geometry
of the assumed fault plane; while the length of the fault plane is back-calculated from

the magnitude-rupture length relations for each scenario earthquake. The strike of the
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fault plane is rotated over 180°, assuming that the orientation of the plane has uniform

probability for each strike orientation.

Point source correction or
No point source correction Site virtual fault approach Site

e
N
o
N2

(a) (b)

Figure 4.20. Vertical projection of a rectangular areal source zone defined for hazard calculations.
(a) Diagram that shows how the epicenter of the scenario earthquake is moved within the source
geometry and calculation of the source-to-site-distance without point source correction, (b)
application of virtual fault concept for point source correction

A set of preliminary analysis is conducted to evaluate the sensitivity of the hazard
outcome to the style of faulting and application of the point source correction. In these
sensitivity runs; rock site conditions are assumed with Vs30=760 m/s and only the area
source zone is utilized in the hazard calculations. Because the activity rate is assumed
to be homogenous within the source zone boundaries, instead of a regional map, the
peak ground accelerations (PGA) at 20 representative points shown in Figure 4.21(a)
are calculated. Figures 4.21(b) and 4.21(d) present the PGA values with 475-year
return period for Points 1-10 (distributed in NW to SE direction) and Points 11-20
(distributed in SW to NE direction), respectively. Similarly, Figures 4.21(c) and
4.21(e) shows the PGA values with 2475-year return period for the same points.
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Figure 4.21. (a) Map view of 20 grid points selected in the region to analyze the influence of style of
faulting and point source correction on the estimated ground motions. PGA values obtained along the
WE profile for (b) 475-year return period and (c) 2475-year return period. PGA values obtained
along the SN profile for (d) 475-year return period and (e) 2475-year return period. In (b-¢), PS=0:
no point source correction, PS=1: with point source correction




It should be noted that the PGA values for both return periods show almost no spatial
variation along the EW and NS profiles, except for the points that are close to the
edge; therefore, the ground motion estimates are approximately constant within source
zone as expected. About 50% decrease in the PGA values is observed at the points
that are located outside the area source boundaries (Points 1 & 10 in WE profile and
Points 11 & 20 in SN profile). The influence of the style of faulting and dip angle
assigned to the source is noticeable: when all the earthquakes generated by the area
source are assumed to be normal events, estimated 475-year PGA values are equal to
0.12g (blue lines). If the mechanism of the area source zone is assumed to be 100%
strike-slip, then the 475-year PGA values increase to 0.148g (yellow lines in Figure
4.21). Orange lines (Figure 4.21) show the ground motion estimates when the style-
of-faulting implied by the FMS (Figure 4.14) is implemented in the logic tree with
weights given in Figure 4.19, without the point source correction (PS=0). When the
point source correction is applied (PS=1) (red line in Figure 4.21), approximately 10%
increase in the hazard estimates is observed, independent of the style-of-faulting logic
tree. Increase in the ground motion estimates is consistent with the previous literature
(e.g. Gupta, 2013); therefore, the logic tree given in Figure 4.19 is combined with the
point source correction for further PSHA analysis of the proposed area source zone.

4.5.4. PSHA Maps for the Study Area and Comparison with TSHM (2018)

In order to create the PSHA maps shown in Figure 4.22, two sets of hazard calculations
are performed for 760 grid points in the study area, assuming rock site conditions
(Vs30=760 m/s). For the ground motion estimates given in Figure 4.22(b), the planar
(fault-based) seismic sources defined by Giilerce et al. (2017) are combined with the
ground motion logic tree used in this study (Table 4.3). The 475-years PGA values
shown in Figure 4.22(a) are calculated by adding the new area source zone to the
planar seismic sources and using the same ground motion logic tree. For better
visualization of the spatial distribution of the difference, residual and percent increase
maps are given in Figures 4.22(c) and 4.22(d), respectively. Figure 4.22 shows that

the ground motions in the Adana Basin and Gulf of Iskenderun are dominated by the
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planar fault sources (Ceyhan-Kozan, Karatas-Turkoglu, Orontes, Amanos and
Kyrneia fault systems). According to Figure 4.22(c), integration of the new area source
zone results in 0.02g-0.08g increase in 475-year PGA values, for the locations within
the area source zone boundaries. The influence of the new area source zone is
negligible in the vicinity of planar structures with relatively higher slip rates (e.g.
Kyrenia, Karatas-Tiirkoglu); nevertheless, its influence increases in the vicinity of
Orontes and Amanos fault systems due to the low slip rates assigned to these structures
compared to other planar fault systems. As the distance between the site and the fault
plane increases, the effect of area source on the hazard estimates increase gradually;
estimated ground motions in the westernmost part of the study area is entirely

dominated by the area source zone (Figure 4.22d).
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Figure 4.22. (a) 475-year PGA values estimated by combining the planar seismic sources of Giilerce
et al. (2017) with the new additional source zone and with the new ground motion logic tree
(proposed map), (b) 475-year PGA values estimated by combining only the planar seismic sources of
Giilerce et al. (2017) with the new ground motion logic tree, (c) Residual PGA value map (a) — ()
showing the effect of adding the new area source zone (d) Percentage increase in PGA values from

(b) to (a)
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Figure 4.23 compares the PSHA map proposed in this study (Figure 4.22a) with
TSHM for 475-year PGA at rock site conditions (Vs3o=760m/sec) in terms of residual
PGA maps. Residual PGA values in the first map (Figure 4.23a) is obtained by using
the seismic source model (fault and area) proposed in this study; however, the ground
motion logic tree proposed in this study is used in the first alternative and the GMM
logic tree employed of TSMH is utilized in the second alternative. Hence, residuals in
Figure 4.23(a) only quantifies the effect of the logic tree for ground motion models
when the seismic source model proposed in this study is utilized in calculations.
Residuals are varying from 0.02g to 0.04g, reaching up to 0.05g (negative). TSHM
GMM are giving 0.02-0.04g higher estimates. Figure 4.23(b) quantifies the effect of
SSC model on PGA estimates. Subtracting the PGA values in TSHM from the PGA
values computed in this study (Figure 4.23b) shows that this study has significantly
higher ground motion estimates (up to 0.2g) in the vicinity of Kyrneia, Turkoglu and
Ceyhan-Kozan fault systems. The reason is that these planar fault systems are either
missing in the planar SSC model of TSHM or they are assigned a lower activity rate.
On the contrary, PGA values in the vicinity of Orontes (1.5mm slip) and Amanos
systems (3.5mm slip rate) are slightly underestimated (up to 0.05g) due to the fact that
TSHM utilized a single strand for EAFZ system in the SSC model while Gulerce et
al., 2017 distributed the cumulative slip rate (~10mm) among the fault systems in the
region. Kyrneia is accommodating majority of the slip rate (6.5mm), hence producing
higher hazard estimates (up to 0.25g higher than TSHM). Apart from the planar fault
sources, the areal source zone has produced slightly lower (~0.05g) PGA estimates in

its western vicinity as compared to the TSHM.
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Figure 4.23. (a) Residuals calculated from our proposed SSC model with our GMM logic tree minus
() our proposed SSC model with TSHM GMM logic. (b) Residual PGA value map obtained by
subtracting the PGA value map of TSHM from the PGA value map computed in this study. SSC model
utilized for this study is Gulerce et al 2017 planar model + areal source and the logic tree for GMM
is adopted from TSHM
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CHAPTER 5

CONCLUSIONS AND RECOMMENDATIONS

The primary objective of this study was to establish protocols for parameterization of
seismic source models in fault-based probabilistic seismic hazard assessment (PSHA)
for regions characterized by complex tectonic environments and sparse dataset
conditions. For this purpose, state-of-the-art fault-based seismic source
characterization (SSC) models for three representative cases of compressional,
extensional and mixed tectonic environments are developed. For each case, a
comprehensive seismotectonic database that includes geological, seismic and geodetic
data is compiled and integrated into the SSC models in order to envisage the planar
fault geometries and minimize the uncertainties induced by the simplifications in the
source parameters due to the constraints of current PSHA practices. Along the course
of this study, distinct issues in SSC modelling were faced for each tectonic
environment; therefore, unique sets of sensitivity analysis are performed for each case
to evaluate the effect of these issues on the hazard estimates.

For the first case study, the Makran subduction zone (Chapter 2), most of the critical
issues that were faced during the SSC modelling are related to the geometry of the
subducting plate; such as the seismogenic depth and dip angle of the interface and
characterization of the aseismic portion of the megathrust. Effect of the selected
magnitude distribution model on the spatial distribution of the ground motion
estimates was also found to be significant due to the large magnitude potential of the
interface zone. Based on the evaluation of various sensitivity test results; a planar SSC
model for Makran subduction zone, its associated accretionary prism faults and the
adjoining Chaman transform fault zone is developed and implemented in PSHA for
updating the hazard map of the region. The case study given in Chapter 3 is related to

extensional regimes that are often characterized by multiple sets of closely spaced
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faults. Because the fault geometry in such regions does not allow the hazard modeler
to estimate accurate activity rates for individual fault segment, a protocol to calculate
and discretize the segment-specific activity rates using multiple dataset is established
for the northern part of Western Anatolian Extensional province. Later, weighted,
maximum and minimum 475-year PGA maps of the region are computed to provide
constraints on the uncertainties induced by the type and density of data used for
activity rate characterization. The last case study given in Chapter 4 was selected to
assess the contribution of areal source zones that are created to model the seismicity
that cannot be associated to known faults in a region. For this purpose, polarity and
amplitude ratio data of 141 events is analyzed to compute the focal mechanism
solutions (FMS) in the Central Anatolian region of Turkey. The updated FMS
catalogue is utilized for investigating the active stress patterns and its association with
the active fault structures in the region. The FMS and stress tensor inversion results
are later extended to parameterize an areal source zone in this complex active tectonic
setting. The SSC model for the region is updated by integrating the findings of this
study with the previously published planar fault model and ultimately the seismic
hazard map for the region is updated. A brief summary of the considered SSC
modelling complexities and performed sensitivity analysis for each case study is
provided in Figure 5.1.
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Important findings and conclusions of this study can be summarized as follows:

e The fault-based PSHA conducted for the Makran subduction zone and Chaman
transform fault zone in Pakistan (Chapter 2) has updated the seismic hazard map
of the transitional region where active subduction is partly translated to large
lateral motions by a major transform fault zone. Updated seismic hazard map for
the region is one of the most significant contributions of this study (Figure 2.9).

e The ground motion estimates along the Chaman transform fault zone are equally
distributed on both sides of transform fault zone due to its strike-slip nature.
Among the transform fault systems, Ornach-Nal and Ghazaband fault systems
result in the highest hazard estimates due to high slip rate; while, Gardez fault
system results in the lowest PGA estimates due to the low slip rate assigned to this
structure. Chaman Fault System S2 resulted in low ground motion estimates,
because a part of the annual slip might be accommodated in the form of fault creep
or by other faults in the vicinity.

e In regions that are governed by the interaction of subduction and transform
deformation, the effects of transition deformation should be considered while
characterizing the accretionary prism faults (Figure 2.3). These faults are generally
governed by subduction deformation, but their nature can change along-strike to
oblique, if transform deformation comes into play as shown by the Makran case
study. In this study, two sets of faults with different mechanisms (thrust & oblique)
were identified. Among these two sets, the set of thrust faults produced slightly
higher ground motions when compared to the oblique counterpart faults (Figure
2.8).

e Makran intra-slab zone produced comparatively low 475-year PGA values due to
its large seismogenic depth (i-e 40km).

e The combined hazard map (Figure 2.9) showed that the ground motions
originating from the Makran megathrust are quite close to the ground motions
originating from the Chaman transform fault zone. On the other hand, the high
hazard zone associated with Makran extends for almost 250 km from the location
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of trench, in contrast to the narrow (~20km on both sides of fault) high hazard
zone of the Chaman fault system.

A small change in the depth and dip angle of Makran interface plane leads to
significant changes in the rupture dimensions. The sensitivity analysis showed that
the estimated ground motions and their spatial distribution in the vicinity of
Makran are sensitive to the selected depth extent and dip amount of the megathrust
interface. Gentler and deeper extending interface geometries resulted in lower
PGA values towards the trench and higher PGA values towards inland along
accretionary wedge region. On the contrary, the effect of source geometry of the
aseismic portion of Makran on ground motion estimates is restricted to only near
trench offshore regions.

The earthquake distribution models and their associated parameters also have
considerable influence on the activity rates of controlling earthquake scenarios.
Magnitude recurrence models for subduction zones that lack a detailed seismic
history should be carefully chosen and the predicted recurrence rates should be
compared to the recorded seismicity in order to avoid overestimation or
underestimation of recurrence rates of controlling earthquakes.

Fault-based PSHA analysis carried out across the Simav and Afyon-Aksehir
graben systems in Western Anatolia (Chapter 3) addressed the problem of activity
rate characterization in closely spaced faults in extensional regimes.

PGA maps (Figures 3.6, 3.7, 3.8, 3.9) showed that among fault systems, the highest
ground motion estimates are associated with the Simav fault and the central part
of the study area (Gediz region), due to the high density of seismicity and geodetic
data in these regions.

Hazard maps also indicate that the activity rates and their effect on the ground
shaking levels are influenced by the type and density of data available for the
region. Comparison of hazard results obtained from all the methods showed that

the slip rate based activity rates translate into the highest hazard estimates; while
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moment and seismicity based activity rates translates to comparatively lower
ground motion values.

Spatial distribution of ground motion values is also dependent on type and density
of the available data. For instance, in seismicity and moment rate based
approaches: the regions that were struck by large magnitude earthquakes in the
instrumental period have higher ground motion estimates and vice versa. On the
contrary, slip rate based activity rates translates into more uniform spatial
distribution of PGA values.

The discretization or partitioning methodologies do not show considerable
influence on the level and spatial distribution of estimated ground motions.
Systematically low hazard estimates were obtained from the seismicity and
moment rate based activity rate calculation methods. The underlying reason for
this possible underestimation is that the utilized earthquake catalogue might not
sample the return period of characteristic earthquake events in the concerned
region. On the contrary, slip rate based calculation method might overestimate the
activity rates (hence overestimate the hazard); if a part of the total slip is
accommodated in the form of aseismic creep.

Comparison of hazard estimates with the recently published Turkish Seismic
Hazard Map (TSHM) showed that planar SSC models lead to higher PGA values
in regions that are situated in the graben basins due to the oppositely dipping nature
of faults. On the contrary, the mix model that includes both areal and planar source
zones (e.g. TSHM) produced high hazard values for sites that are situated outside
the graben due to homogeneous seismicity distribution of the areal sources.

In order to evaluate uncertainties in PSHA associated with the off-fault seismicity
in complex tectonic settings, focal mechanisms analysis followed by stress tensor
inversions were conducted for the Central Anatolia (Chapter 4), where diffuse
seismicity and mixed earthquake mechanisms are reported. Later, the PSHA
analysis is updated for Adana Basin and Gulf of Iskenderun region using a revised

SSC model utilizing virtual fault approach.
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FMS analysis showed that majority of the solutions computed are of strike-slip
nature, followed by a considerable number of normal fault solutions. The
mechanism of solutions correlated well with the active tectonic structures of the
region. For instance, the solutions in eastern part of the study area are mostly
strike-slip in nature that can be associated to EAFZ. The central part of the study
area is dominated by mixture of strike-slip and normal solutions that can be
associated with the strike-slip and normal structures in the region i.e. CAFZ, Tuz
Goli fault zone, Adana Basin and Gulf of Iskenderun regions etc.

SHmax Orientations in the area are pre-dominantly oriented in NS or NE-SW
orientations favoring strike-slip or normal faulting along the major fault structures
in the region.

The results of stress tensor inversion showed that majority of sub-regions are
characterized by strikeslip tectonic regimes with ~NS oriented maximum principal
stress axes (o1) and ~EW oriented minimum principal stress (63) axes.

Adana Basin and Gulf of Iskenderun region is characterized by mixture of FMS
solutions where the maximum (c1) and intermediate (62) stress axis are oriented
in sub-vertical position indicating a mixed tectonic regime that can facilitate both
normal (ol is vertical) and strikeslip (62 is vertical) earthquake ruptures. The
analysis showed that the strikeslip events are rupturing along a conjugate set of
fault structures (oriented in NE-SW & NW-SE) while normal earthquakes are
rupturing along ~NS oriented fault structures.

An areal source zone characterized by utilizing the findings of this study was
added to the previously published SSC model of the region (Gulerce et al. 2017)
to account for off-fault seismicity and complex tectonics involved in the region.
Sensitivity analysis showed that the virtual fault approach resulted in ~10% higher
ground motions as opposed to the point source approach which is typically utilized
for areal source zones. Although the hazard in the vicinity of areal source is
dominated by the planar seismic sources due to their high slip rates; the additional
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areal source increased the PGA estimates by up to 0.08g in locations that are
situated at distance from the planar structures (Figure 4.22).

The comparison with the recently published Turkish seismic hazard map showed
that; due to differences in the SSC model and their parameters, the residual PGA

values reaches up to ~0.2g (Figure 4.23).

There are still many issues related to the seismic source characterization for PSHA

that remains unresolved due to lack of detailed datasets. A summary of

recommendations to further improve the SSC models is given below:

The planar (or fault-based) SSC models for all the regions selected as case studies
in this thesis require more data and observations from geological field works and
seismological records to further improve the models.

The earthquake catalogues available for relatively quiescent and less explored
regions such as Makran are incomplete and generally characterized by
heterogeneities in space and time. They require further improvements that can be
achieved by the addition of historical earthquake records from paleo-seismologic
studies and by improving the density of seismic network in the future.

The aseismic portions associated to the megathrust interfaces are generally
overlooked in SSC models of subduction zones, even though they have significant
influence on the near-trench ground motion estimates. The geometry and
dimensions of aseismic sections in subduction zones needs systematic
characterization, which may be achieved by seismic imaging studies.

In shallow dipping subduction zones, the dip angle and the depth of megathrust
interface play a vital role in controlling the rupture areas, source-to-site distances
and the spatial distribution of hazard estimates. Therefore, these parameters should
be examined in detail and should be constrained with available seismic data (e.g.
FMS and receiver function studies etc.).

The intra-slab zone of subduction zone had to be modelled as an areal source zone

in this study due to the lack of seismologic and geologic data. More precise planar
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SSC models should be developed for modelling the rather complex ruptures
originating within the intra-slab zones.

In closely spaced fault structures (e.g. graben systems); slip rate is often utilized
for calculating the activity rate of seismic sources, provided that the resolution of
geodetic data is sufficient to estimate the total slip that is accommodated across
graben structures. But it is worth mentioning that graben structures may be
asymmetric in nature, implying variable slip being accommodated on both sides
of the graben. Similarly, the slip rates may also vary along the strike of graben
structures. This issue of non-uniform slip rate needs further investigation that can
be achieved by dense geodetic networks and supplementing the geodetic data with
geologic/paleoseismic studies.

The modeled slip rate was distributed among the individual faults using maturity
and length ratio of faults in this study. Other geomorphic indices (e.g. mountain
front sinuosity curves, drainage pattern asymmetry factors, valley floor to width
ratio etc.) that indicates the relative tectonic activity of fault structures can be
utilized in the future for slip rate partitioning.

In order to account for off-fault seismicity and complex tectonics, areal source
with virtual fault approach is utilized in this study. Although the approach has
improved the ground motion estimates, it still has limitations. The approach
assumes the virtual faults to be randomly oriented (180°) in the vicinity of areal
source, hence not providing any control on the strike direction of faults which can
influence the fault-to-site distances. The strike directions of such complex fault
structures can be constrained to some degree (e.g. rose diagrams from FMS), but
the hazard codes available at the moment cannot integrate strike directions of
virtual faults into hazard computations and needs further improvement in this
regard.

The segmentation models proposed in this study are based on qualitative criteria
such as fault gaps, structural complexities and earthquake ruptures etc. and needs
further improvement based on paleoseismological earthquake records and physics
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based mechanical models to improve and reduce the epistemic uncertainties

related to segmentation models.
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S91

APPENDICES

A. Seismic source parameters used of all the fault systems used for Makran subduction zone and Chaman transform fault zone.
The weights for each parameter in the SSC logic tree is provided in the brackets. Length and depth parameters are in km while

Slip rates are in mm/yr.

Fault Information b-value Mmax
Region Zone Mchar-
Slip Max & Mchar Mchar+
Fault System Rupture scenarios Type Dip Length specific | specific 1SD
Rate depth 0.5) 1SD (0.25)
0.5) 0.5) (0.25) .
Gardez f1 Strike-slip 90 5.4 191 20 0.73 0.76 7.40 7.63 7.86
Gradez system Gardez 2 Strike-slip 90 54 99 20 0.73 0.76 7.11 7.34 7.57
Gardez f1-f2 Strike-slip 90 5.4 290 20 0.73 0.76 7.59 7.82 8.05
Chaman S1 f1 Strike-slip 90 10 167 20 0.73 0.76 7.34 7.57 7.80
Chaman System 1 Chaman S1 2 Strike-slip 90 10 127 20 0.73 0.76 7.22 7.45 7.68
Chaman S1 f1-f2 Strike-slip 90 10 294 20 0.73 0.76 7.59 7.82 8.05




Chaman System 2 Chaman S2 Strike-slip 90 10 227 20 0.73 0.76 7.48 7.71 7.94
Chaman S3 f1 Strike-slip 90 8.5 77 20 0.73 0.76 7.00 7.23 7.46
Chaman S3 2 Strike-slip 90 8.5 103 20 0.73 0.76 7.13 7.36 7.59
Chaman S3 3 Strike-slip 90 8.5 107 20 0.73 0.76 7.15 7.38 7.61
Chaman System 3
Chaman S3 f1-{2 Strike-slip 90 8.5 179 20 0.73 0.76 7.38 7.61 7.84
Chaman S3 f2-13 Strike-slip 90 8.5 210 20 0.73 0.76 7.45 7.68 791
Chaman S3 f1-f2-f3 Strike-slip 90 8.5 287 20 0.73 0.76 7.58 7.81 8.04
Ghazaband f1 Strike-slip 90 16 200 20 0.73 0.76 7.42 7.65 7.88
Ghazaband {2 Strike-slip 90 16 131 20 0.73 0.76 7.24 7.47 7.70
Ghazaband 3 Strike-slip 90 16 51 20 0.73 0.76 6.82 7.05 7.28
Ghazaband System
Ghazaband f1-2 Strike-slip 90 16 331 20 0.73 0.76 7.65 7.88 8.11
Ghazaband f2-f3 Strike-slip 90 16 182 20 0.73 0.76 7.38 7.61 7.84
Ghazaband f1-f2-f3 Strike-slip 90 16 383 20 0.73 0.76 7.71 7.94 8.17
OrnachNal f1 Strike-slip 90 15 132 20 0.73 0.76 7.24 7.47 7.70
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LI1

OrnachNal {2 Strike-slip 90 15 96 20 0.73 0.76 7.10 7.33 7.56
OrnachNal 3 Strike-slip 90 15 67 20 0.73 0.76 6.94 7.17 7.40

OrnachNal fault
OrnachNal f1-f2 Strike-slip 90 15 228 20 0.73 0.76 7.48 7.71 7.94

System

OrnachNal f2-f3 Strike-slip 90 15 163 20 0.73 0.76 7.33 7.56 7.79
OrnachNal f1-f2-f3 Strike-slip 90 15 295 20 0.73 0.76 7.60 7.83 8.06
Siahan System 1 Siahan f1 Oblique 60 2 162 20 0.73 0.61 7.35 7.63 791
Siahan System 2 Siahan f2 Thrust 30 2 120 20 0.73 0.61 7.26 7.54 7.82
Panjgur System 1 Panjgur f1 Oblique 60 2 220 20 0.73 0.61 7.50 7.78 8.06
Panjgur System 2 Panjgur 2 Thrust 30 2 169 20 0.73 0.61 7.44 7.72 8.00
Hoshab System 1 Hoshab f1 Oblique 60 2 229 20 0.73 0.61 7.52 7.80 8.08
Hoshab System 2 Hoshab 2 Thrust 30 2 182 20 0.73 0.61 7.48 7.76 8.04
Kech Bend System 1 Kech Bend f1 Oblique 60 2 127 20 0.73 0.61 7.24 7.52 7.80
Kech Bend System 2 Kech Bend {2 Thrust 30 2 206 20 0.73 0.61 7.54 7.82 8.10
Quetta-Pishin System Quetta-Pashin Strike-slip 0.314* 20 1.004 7.26 7.49 7.72




MLE WLS e WC94 Allen &
2010 Hayes 2017
(0.5) (0.5) 029 (0.5) 025
Megathrust 1 Thrust 10 17.1 95 40 0.64 0.57 8.20 8.33 8.41
Megathrust f2 Thrust 10 17.1 159 40 0.64 0.57 8.39 8.53 8.64
Makran Interface Megathrust f3 Thrust 10 17.1 189 40 0.64 0.57 8.45 8.60 8.72
System Megathrust f1-£2 Thrust 10 17.1 253 40 0.64 0.57 8.56 8.71 8.85
Megathrust f2-f3 Thrust 10 17.1 348 40 0.64 0.57 8.67 8.83 8.99
Megathrust f1-f2-f3 Thrust 10 17.1 443 40 0.64 0.57 8.76 8.93 9.10
Makran Intraslab Intraslab zone N/R 0.139% 0.497 7.50% 7.80% 8.00%

* in column 5 indicates seismicity-based activity rates
*in column 10,11 and 12 indicates that the Mmax are not derived from magnitude-rupture area relations. For details refer to the discussion in

text
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B. Fault segments and the fault rupture systems included in the Seismic source
model used in for western Anatolia case study. Slip rates assigned to fault
systems using maturity and length ratio are shown. The seismicity rates and
moment rates computed for seven polygons in the area are also presented.
Downdip widths (N = 15.7Km; SS = 12.8km) are calculated from seismogenic
depth (12km) and the dip amount of faults (N =50°; SS =70°). The observed
Maximum magnitude earthquake (Mmax, observed) within each polygon is
provided. The maximum magnitude earthquake that can occur on fault
systems within each polygon (Mmax, computed) is calculated using Wells &

Coppersmith (1994) relationships. N= Normal faults; SS = Strike-slip faults

Seismicity
Mmax Mmax Slip Slio Rate based
Polvaon Fault | Fault Lenath | Fault (observed, | (computed, | Rate (Isn th Activity | Moment
Y9 System | Segment g Mw) Mw) (Maturity 9 rate of | rates of
Number (km) |type| . . based)
Name | Number in each in each based) Polygons | Polygons
mm/yr
polygon Polygon mm/yr (For
M=5)
la 10.73 | N
1 1b 2293 | N 2.0 16
1c 1120 | N
1 6.0 7.08 0.02207 | 5E+23
2 2 1268 | N 1.0 14
9.17 N 1.0 14
4 4 1549 | N 1.0 14
5a 1965 | N
5 5b 2142 | N 3.0 3.0
5¢c 29.00 | N
2 5.9 7.28 0.06156 | 8E+23
6 6.02 N 0.1 0.1
7 7 1838 | N 0.3 0.3
8 8 899 | N 0.1 0.1
9 2162 | SS 1.0
10 10 1542 | SS 1.0
11 11 1497 | SS 1.0
3 5.9 6.87 0.04288 | 3E+23
12 12 6.34 | SS 1.0
13 13 31.80 | SS 1.0
14 14 8.14 | SS 1.0
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15a 2109 | N
15 1.0 11
15b 1596 | N
16a 1861 | N
16 16b 2138 | N 1.0 1.0
7.1 7.17 0.11825 | 2E+24
16¢ 1448 | N
17a 3228 | N
17 1.0 0.9
17b 1585 | N
18 18 22.77 | N 1.0 11
19a 1746 | N
19 2.0 1.6
19b 1064 | N
20a 2461 | N
20 2.0 1.6
20b 16.82 | N
2la 1014 | N
21 21b 937 | N 59 7.05 1.0 14 0.01282 | 6E+22
21c 795 | N
22a 1237 | N
22b 95 | N
22 1.0 14
22¢ 560 | N
22d 833 | N
23a 2397 | N
23 3.0 3.0
23b 60.11 | N
6.2 7.36 0.03783 | 1E+24
24 24 2256 | N 15 1.8
25 25 1536 | N 15 1.2
26 26 24.29 | SS 0.3 0.4
27 27 27.64 | SS 0.3 0.4
28 28 32.58 | SS 0.5 0.5
29 29 2291 | SS 55 6.88 0.4 0.3 0.02197 | 9E+22
30 30 27.82 | SS 0.4 0.4
31 31 731 | SS 0.2 0.15
32 32 1168 | SS 0.2 0.25
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C. Logic Tree for Ground Motion Models for Western Anatolia Case Study

Weight in Gulerce et

GMPE Name al., 2017 Weight in this study
ASK (2014) 0.125 0.10
BSSA (2014) 0.125 0.10
Global GMPEs CB (2014) 0.125 0.10
CY (2014) 0.125 0.20
TR-Adjusted ASO8 0.125 0.10
. TR-Adjusted BA08 0.125 0.15
Regionalized GMPEs TR-Adjusted CBO8 0.125 0.15
TR-Adjusted CY08 0.125 0.10
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D. List of focal mechanism solutions compiled from literature for Central Anatolian

region, Turkey. References are (1: Jackson & McKenzie, 1984; 2: Salamon et al.,
2003; 3: Canitez and Ucer, 1967; 4: Taymaz et al., 1991; 5: Yilmaztiirk and Burton,
1999; 6: Dziewonski et al., 1987; Ekstrom et al., 2012 (CMT); 7: Ergin et al., 2004;
8: Pondrelli et al., 1999 (EMSC); 9: Pondrelli et al., 2002; 2004; 2006; 2007; 2011
(RCMT); 10: Orgiilii et al., 2003; 11: Bernardi, et al., 2004, (SRMT); 12:

Karasozen, 2014; 13: General Directorate of Disaster Affairs, Earthquake Research
Department (AFAD), 14: National Earthquake Information Center of USGS
(NEIC); 15: Kandilli Observatory and Earthquake Research Institute National
Earthquake Monitoring Center (KOERI); 16: GEOFON Data Centre (GFZ2)

No Date Time | Long. | Lat. | Depth | Mag. | Strike | Dip | Rake | Ref.
1 ]19.04.1938 | 10:59 | 33.70 | 39.50 10 6.8 30 60 4 1
2 8.04.1951 | 21:38 | 36.10 | 36.60 15 6 30 68 15 3
3 |14.06.1964 | 12:15 | 38.48 | 38.08 | 105 | 55 227 | 29 | -28 4
4 7.04.1967 | 17:07 | 36.13 | 37.37 | 38 4.8 266 | 70 | -10 2
5 7.04.1967 | 18:33 | 36.18 | 37.37 | 32 4.9 245 | 80 20 2
6 | 4.07.1967 | 18:33 | 36.20 | 37.40 | 39 5.1 156 | 30 | -159 | 1
7 | 29.06.1971 | 09:08 | 36.86 | 37.13 | 35.2 5 70 40 | 130 2
8 |11.07.1971 | 20:12 | 36.83 | 37.16 | 18.7 5 82 88 8 5
9 [17.08.1971 | 04:29 | 36.79 | 37.11 | 353 | 4.9 50 78 99 2
10 | 1.01.1975 | 00:30 | 36.48 | 36.78 | 354 | 5.2 26 77 | -74 2
11 | 9.02.1978 | 21:10 | 36.80 | 37.08 | 423 | 4.5 80 30 60 2
12 | 28.12.1979 | 03:09 | 35.85 | 37.49 | 47.1 5.4 141 | 90 | 180 6
13 | 2.01.1980 | 12:52 | 36.33 | 36.57 | 319 | 4.7 258 | 77 74 2
14 | 30.06.1981 | 07:59 | 35.89 | 36.17 | 63.3 | 4.7 76 82 40 2
15 | 24.11.1983 | 00:14 | 36.13 | 37.05 | 374 | 4.7 226 | 70 | -10 2
16 | 5.05.1986 | 03:35 | 37.78 | 38.00 | 4.4 6 260 | 54 9 6
17 | 6.06.1986 | 10:39 | 37.91 | 38.01 | 10.6 5.8 160 | 90 | 180 6
18 | 24.06.1989 | 03:09 | 35.94 | 36.75 | 46.4 5.1 203 | 28 | -93 6
19 | 10.04.1991 | 01:08 | 36.12 | 37.30 | 33 5.3 160 | 27 | -136 | 6

20 | 10.02.1994 | 06:15 | 35.89 | 36.93 | 32 4.9 285 | 85 | -140 | 7

21 | 21.01.1995 | 03:48 | 36.25 | 37.37 15 4.5 350 | 40 | -100 | 7

22 | 13.04.1995 | 20:23 | 36.20 | 37.42 14 4.9 170 | 40 | -90 7

23 | 22.01.1997 | 17:57 | 35.96 | 36.21 | 454 5.7 243 | 39 | -15 6

24 | 22.01.1997 | 18:22 | 36.03 | 36.26 13 4.3 50 90 | 40 7

25 | 22.01.1997 | 18:24 | 36.06 | 36.13 4 5.2 219 | 41 | -39 7
26 | 23.01.1997 | 14:53 | 36.05 | 36.26 | 4.8 4.2 45 85 | -40 7
27 | 3.01.1998 | 21:15 | 35.77 | 3720 | 158 | 4.1 125 | 85 | 150 7
28 | 28.03.1998 | 00:30 | 38.75 | 38.20 | 6.1 4.5 235 | 46 | -15 9
29 | 9.05.1998 | 15:38 | 38.95 | 3825 | 265 | 5.1 251 | 83 -7 6
30 | 27.06.1998 | 13:55 | 35.33 | 36,53 | 32 6.2 50 85 10 7
31 | 28.06.1998 | 03:59 | 35.49 | 36.92 10 4.9 223 | 71 | -12 9
32 | 4.07.1998 | 02:15 | 3544 | 3690 | 376 | 5.1 60 90 20 7
33 | 4.12.1998 | 04:59 | 35,58 | 37.01 | 22.8 4 65 80 20 7
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34 | 14.12.1998 | 13:06 | 35.79 | 38.92 15 4.7 339 | 64 | 166 9
35 | 15.01.1999 | 02:04 | 35.85 | 37.04 | 235 4.2 35 75 | -10 7
36 | 6.04.1999 | 00:08 | 38.23 | 39.37 | 30.7 5.4 326 | 49 | 175 6
37 | 10.06.1999 | 23:25 | 35.96 | 37.38 | 19.5 4.5 50 85 10 7
38 | 11.06.1999 | 05:25 | 36.80 | 39.53 | 6.2 4.9 67 45 | -39 9
39 | 24.08.1999 | 17:33 | 32.68 | 39.41 10 4.9 27 53 -2 9
40 | 2.01.2000 | 20:28 | 38.96 | 38.30 | 13.1 3.7 345 | 72 | -147 ] 10
41 | 2.04.2000 | 11:41 | 37.08 | 37.61 | 12.8 4.2 44 80 38 10
42 | 2.04.2000 | 17:26 | 37.32 | 37.54 10 4 224 | 89 | -15 10
43 | 7.05.2000 | 09:08 | 38.83 | 38.26 | 22.7 4.2 53 82 16 10
44 | 7.05.2000 | 23:10 | 38.91 | 38.27 | 22.3 4.4 320 | 87 | 167 | 10
45 | 12.05.2000 | 03:01 | 36.06 | 36.99 | 32.7 4.7 10 45 | -106 | 9
46 | 27.05.2000 | 07:49 | 35.28 | 36.23 | 6.9 4.2 65 45 | -10 7
47 117.01.2001 | 12:09 | 36.21 | 37.07 | 9.6 4.4 60 65 | -20 7
48 | 25.06.2001 | 13:28 | 36.27 | 37.22 | 7.9 4.6 320 | 50 | -110 | 7
49 | 25.09.2001 | 11:53 | 32.33 | 35.97 | 40.3 4.5 326 | 75 | -173 | 9
50 | 18.10.2001 | 15:50 | 35.22 | 36.86 10 4.5 161 | 34 | -175 ] 9
51 | 31.10.2001 | 12:33 | 36.25 | 37.26 | 6.7 4.9 35 35 | -90 7
52 | 23.05.2002 | 01:08 | 36.35 | 37.41 | 10.3 4.4 231 | 58 | -37 9
53 | 19.11.2002 | 01:25 | 38.39 | 38.02 10 4.7 338 | 74 | -177 | 9
54 | 14.12.2002 | 01:02 | 36.19 | 3747 | 29.2 4.8 30 41 | -79 9
55 | 26.02.2003 | 03:08 | 36.27 | 35.86 10 4.4 295 | 84 -2 9
56 | 13.07.2003 | 01:48 | 38.95 | 38.28 | 12.9 55 72 89 1 6
57 | 24.09.2003 | 08:13 | 38.23 | 39.55| 0.9 4.7 275 | 74 7 9
58 | 26.02.2004 | 04:13 | 38.25 | 37.91 5 4.8 334 | 44 | 155 9
59 | 18.08.2004 | 05:57 | 34.40 | 36.80 | 13.6 4.3 26 15 | -95 9
60 | 4.07.2005 | 21:33 | 36.08 | 39.16 | 3.4 4.5 58 52 | -61 11
61 | 30.07.2005 | 21:45 | 33.11 | 39.39 | 15.7 5.2 214 | 87 -2 6
62 | 31.07.2005 | 23:41 | 33.10 | 39.44 | 115 4.8 205 | 73 1 9
63 | 31.07.2005 | 00:45 | 33.13 | 39.43 2 4.3 8 62 14 11
64 | 31.07.2005 | 15:18 | 33.08 | 39.42 | 11.7 4.6 20 73 | -20 11
65 | 1.08.2005 | 00:45 | 33.07 | 39.44 | 19.3 4.7 119 | 82 | 172 9
66 | 6.08.2005 | 09:09 | 33.10 | 39.39 6 4.7 111 | 74 | 171 9
67 | 18.10.2005 | 07:17 | 39.00 | 38.78 10 4.3 2713 | 71 4 9
68 | 26.11.2005 | 15:56 | 38.86 | 38.21 10 5.1 237 | 51 | -20 6
69 | 9.10.2006 | 05:01 | 35.56 | 35.88 | 18.3 4.1 137 | 28 | -113 | 9
70 | 14.02.2007 | 11:59 | 34.14 | 39.76 | 18.8 3.9 349 | 38 | -47 12
71 | 18.05.2007 | 23:27 | 33.26 | 37.32 | 8.3 4.6 176 | 43 | -26 9
72 | 24.08.2007 | 02:53 | 37.45 | 38.15| 1.2 4.4 334 | 43 | -170 | 9
73 | 15.09.2007 | 05:26 | 37.00 | 37.81 | 8.5 4.4 334 | 43 | 105 9
74 | 15.09.2007 | 23:28 | 36.92 | 37.79 | 10.8 4.3 244 | 19 5 9
75 | 24.09.2007 | 23:21 | 35.47 | 39.77 | 6.8 3.5 242 | 45 0 12
76 | 13.12.2007 | 18:06 | 33.07 | 38.83 | 7.9 4.9 224 | 55 1 6
77 |20.12.2007 | 09:48 | 33.16 | 39.41 | 113 5.7 214 | 73 17 6
78 | 26.12.2007 | 23:47 | 33.11 | 39.42 | 10.8 5.6 231 | 67 5 6
79 | 27.12.2007 | 13:48 | 33.14 | 3944 | 3.8 4.7 150 | 57 | -140 | 9
80 | 15.03.2008 | 10:15 | 33.05 | 39.50 | 125 4.8 41 66 -6 9
81 | 14.04.2008 | 15:16 | 35.91 | 39.95| 9.7 3.4 220 | 45 45 12
82 | 3.09.2008 | 02:22 | 38.50 | 37.51 | 5.7 5 2199 | 79 | -10 6
83 | 12.11.2008 | 14:03 | 35.52 | 38.84 10 51 227 | 70 | -13 6
84 | 17.06.2009 | 04:29 | 36.02 | 36.05 | 104 4.6 174 | 32 | -113 | 9
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85 | 10.09.2009 | 18:29 | 32.52 | 37.94 2 4.8 28 42 | -82 6
86 | 11.09.2009 | 01:58 | 32.44 | 37.94 5 4.9 26 39 | -76 6
87 | 1.02.2010 | 04:01 | 38.12 | 39.56 | 215 4.5 85 82 | -22 9
88 | 1.02.2010 | 04:01 | 37.99 | 39.56 6 4.5 178 | 68 | -171 | 9
89 | 23.03.2010 | 19:33 | 38.65 | 39.89 11 3.7 48 57 | -33 13
90 | 16.08.2010 | 06:41 | 38.92 | 39.72 13 3.6 335 | 86 | -165 | 13
91 | 17.09.2010 | 10:17 | 38.95 | 38.14 10 4.9 322 | 74 | -165 | 9
92 | 14.11.2010 | 23:08 | 36.08 | 36.48 12 4.9 24 53 | -94 6
93 | 14.11.2010 | 23:08 | 36.01 | 36.59 | 2.5 4.9 212 | 33 | -99 9
94 |16.11.2010 | 10:50 | 36.32 | 37.33 | 7.6 4.7 5 17 | -48 9
95 | 29.06.2011 | 19:48 | 35.87 | 37.41 | 20.6 4.4 95 40 78 9
96 | 16.08.2011 | 07:53 | 35.90 | 39.08 5 4.1 65 70 | -20 14
97 | 22.09.2011 | 03:22 | 38.60 | 39.68 | 16.1 5.6 239 | 77 -5 6
98 | 16.02.2012 | 11:01 | 37.46 | 38.65 | 15.3 4.6 22 31 | -107 | 9
99 | 25.05.2012 | 11:22 | 38.72 | 38.16 | 14.8 4.4 70 85 | -11 9
100 | 22.07.2012 | 09:26 | 36.23 | 37.34 | 19.2 4.8 38 53 | -78 6
101 | 16.09.2012 | 07:54 | 35.77 | 3744 | 21 4.6 163 | 86 | 161 9
102 | 19.09.2012 | 09:17 | 37.12 | 37.28 | 21.4 5 210 | 48 | -11 6
103 | 5.10.2012 | 10:25 | 33.80 | 39.35 | 17.7 4.6 198 | 62 | -32 9
104 | 16.10.2012 | 01:16 | 37.11 | 37.30 | 14.7 4.5 211 | 71 | -27 9
105 | 16.10.2012 | 10:25 | 37.16 | 37.27 25 4.5 146 | 90 | 153 9
106 | 13.11.2012 | 23:55 | 37.12 | 37.20 | 24.9 4.9 119 | 90 | 153 9
107 | 14.11.2012 | 00:02 | 37.14 | 37.28 10 4.4 46 83 44 9
108 | 18.11.2012 | 19:18 | 37.13 | 37.33 28 3.9 187 | 74 | 108 | 13
109 | 1.12.2012 | 03:51 | 38.35 | 37.47 | 17.9 4.1 133 | 65 | 124 | 13
110 | 25.12.2012 | 15:35 | 34.10 | 39.85 | 17.1 3.9 276 | 48 | 110 | 13
111 | 30.12.2012 | 09:11 | 35.72 | 37.48 8 4.1 247 | 79 49 15
112 | 8.01.2013 | 06:05 | 37.96 | 37.93 | 13.8 4.3 51 88 1 9
113 | 8.01.2013 | 06:15 | 37.96 | 37.92 | 21.1 4.4 150 | 90 | 172 9
114 ] 12.02.2013 | 20:20 | 36.95 | 37.11 13 3.7 314 | 74 | -154 | 13
115 | 4.04.2013 | 06:34 | 37.12 | 37.32 9 3.7 140 | 68 | -156 | 13
116 | 14.04.2013 | 18:25 | 36.21 | 37.31 20 3.5 59 51 19 13
117 | 1.05.2013 | 06:47 | 37.10 | 37.31 | 7.9 3.7 290 | 81 | 157 | 13
118 | 1.05.2013 | 06:50 | 37.11 | 37.30 | 13.3 3.9 0 44 | -58 13
119 | 6.05.2013 | 18:33 | 37.13 | 37.30 | 124 3.8 109 | 74 | -167 | 13
120 | 16.06.2013 | 20:31 | 37.08 | 38.11 | 13.1 4.6 347 | 75 | 160 | 13
121 | 26.07.2013 | 00:22 | 35.87 | 36.06 | 25.8 4 345 | 78 | -95 13
122 | 28.08.2013 | 06:26 | 38.91 | 38.38 | 18.2 3.6 340 | 70 | -162 | 13
123 | 23.10.2013 | 12:24 | 34.43 | 36.23 | 10.1 4.5 22 54 45 9
124 ] 30.12.2013 | 00:02 | 38.33 | 37.88 | 19.9 3.5 333 | 81 | -131 | 13
125 ] 10.01.2014 | 13:20 | 36.23 | 37.28 6 4 282 | 85 | 173 | 15
126 | 14.02.2014 | 00:33 | 36.07 | 36.23 18 4.9 35 70 | -59 6
127 | 22.02.2014 | 15:42 | 36.38 | 37.42 20 4.4 193 | 60 | -45 9
128 | 2.03.2014 | 04:25 | 35.18 | 36.79 10 4.2 69 45 63 9
129 | 26.03.2014 | 14:00 | 38.59 | 38.14 4 3.9 216 | 69 | -38 15
130 | 9.06.2014 | 03:38 | 36.06 | 36.29 | 20.9 4.8 164 | 36 | -135 | 6
131 | 20.09.2014 | 02:52 | 38.70 | 39.16 10 4.1 250 | 87 | -43 9
132 | 8.01.2015 | 18:44 | 36.86 | 37.03 | 21.6 4.5 106 | 75 | 170 9
133 | 22.01.2015 | 19:27 | 36.30 | 37.40 6 3.9 3 69 | -99 15
134 | 10.02.2015 | 04:01 | 36.02 | 35.80 10 4.3 228 | 70 | -27 9
135 | 28.03.2015 | 10:08 | 36.41 | 37.49 22 4.1 306 | 70 | -150 | 15
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136 | 28.03.2015 | 05:04 | 35.63 | 38.88 7 3.6 144 | 73 | -167 | 15
137 | 17.04.2015 | 11:49 | 38.81 | 37.53 | 10.9 3.7 226 | 71 40 13
138 | 29.07.2015 | 22:01 | 34.94 | 36.58 | 23.7 4.9 193 | 68 | -75 9
139 | 29.07.2015 | 22:01 | 34.87 | 36.44 | 33.4 5 195 | 64 | -76 6
140 | 29.07.2015 | 00:56 | 34.95 | 36.58 | 34 4.9 149 | 50 | -128 | 14
141 | 26.08.2015 | 23:01 | 36.93 | 37.33 7 4 353 | 43 | -100 | 15
142 | 3.10.2015 | 21:08 | 38.93 | 38.18 | 9.8 3.8 324 | 71 | 160 | 15
143 | 29.11.2015 | 00:28 | 37.75 | 38.82 | 20.2 51 74 72 | -19 6
144 1 29.11.2015 | 00:28 | 37.87 | 38.90 17 5 339 | 77 | 173 | 16
145 | 9.12.2015 | 09:03 | 37.92 | 38.88 | 22.8 4.5 65 73 -8 9
146 | 10.01.2016 | 17:40 | 34.33 | 39.72 | 21.2 5 7 79 -6 6
147 | 2.02.2016 | 14:21 | 37.84 | 38.84 | 10.2 4.1 184 | 88 | -167 | 13
148 | 18.02.2016 | 07:56 | 35.84 | 39.01 | 5.4 3.9 46 69 | -49 13
149 | 31.03.2016 | 21:33 | 35.85 | 36.97 14 4.2 142 | 77 | -171 | 15
150 | 7.04.2016 | 11:11 | 35.09 | 37.92 | 12.9 3.8 27 53 | -65 13
151 | 23.04.2016 | 19:51 | 36.62 | 36.91 | 5.8 3.7 312 | 39 | -176 | 13
152 | 17.08.2016 | 01:07 | 38.15 | 38.70 | 11.2 4.2 271 | 40 66 13
153 | 16.09.2016 | 05:12 | 36.90 | 37.21 | 7.8 3.6 216 | 53 | -26 13
154 ] 20.11.2016 | 22:52 | 38.59 | 39.95 | 6.4 3.8 41 74 | -62 13
155 | 3.02.2017 | 06:33 | 38.09 | 38.69 | 17.9 3.7 71 65 8 13
156 | 25.02.2017 | 21:06 | 36.10 | 37.01 | 3.8 4.5 351 | 45 | -79 13
157 | 2.03.2017 | 11:07 | 38.45 | 37.53 | 17.2 5.6 225 | 78 | -21 6
158 | 2.03.2017 | 17:03 | 38.50 | 37.58 | 7.7 3.7 45 86 26 13
159 | 10.03.2017 | 22:23 | 38.51 | 37.58 | 9.3 3.7 33 86 | -31 13
160 | 28.03.2017 | 21:53 | 37.18 | 38.29 12 4 70 86 | -31 13
161 | 18.08.2017 | 04:30 | 37.54 | 37.57 9 4 233 | 55 -9 13
162 | 20.02.2019 | 05:35 | 35.93 | 36.23 | 27.69 4 220 | 50 | -85 13
163 | 2.02.2019 | 12:20 | 35.82 | 37.27 | 33.05 | 43 322 | 77 | 163 | 13
164 | 27.12.2018 | 14:36 | 38.63 | 39.56 | 11.18 | 4.1 158 | 88 | -109 | 13
165 | 10.10.2018 | 09:08 | 35.85 | 37.43 | 7.02 4.1 65 55 3 13
166 | 2.10.2018 | 15:29 | 37.40 | 37.69 | 10.27 | 44 337 | 83 | -175 | 13
167 | 19.08.2018 | 15:22 | 36.39 | 37.38 | 10.53 | 4.8 332 | 82 | -136 | 13
168 | 4.08.2018 | 07:09 | 36.31 | 37.46 | 1529 | 43 132 | 76 | -161 | 13
169 | 31.07.2018 | 14:36 | 36.08 | 37.02 10 4.1 248 | 72 | -57 13
170 | 3.07.2018 | 13:16 | 37.40 | 37.69 | 10.63 | 4.1 334 | 88 | -176 | 13
171 ] 21.05.2018 | 01:09 | 38.60 | 37.46 | 9.67 4 277 | 80 | -179 | 13
172 | 24.04.2018 | 00:34 | 38.50 | 37.58 | 9.79 5.1 113 | 87 | -177 | 13
173 ] 19.01.2018 | 13:53 | 38.82 | 38.29 | 9.17 4.1 230 | 81 3 13
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E. List of stations. Station’s name starting with ‘AT’ were installed during the CAT

project. The rest of the stations are from KOERI network

Name | Longitude | Latitude | Elevation (m)
ATO01 36.711 39.824 1340
ATO02 37.057 39.481 1524
ATO3 37.596 39.13 1700
AT04 38.139 38.728 931
ATO05 38.794 38.317 1162
ATO06 35.667 39.773 1287
ATO7 36.222 39.245 1448
ATO08 36.927 38.904 1905
AT09 37.57 38.502 1650
AT10 37.861 38.112 1415
AT11 38.376 37.858 660
AT12 34.745 39.552 1026
AT13 35.315 39.177 1213
AT14 36.06 38.728 1464
AT15 36.776 38.448 1608
AT16 37.136 38.184 1265
AT17 37.52 37.847 1037
AT18 37.959 37.543 579
AT19 33.581 39.835 1017
AT20 34.157 39.464 1206
AT21 34.525 39.027 1190
AT22 34.99 38.691 1385
AT23 35.55 38.463 1429
AT24 35.902 38.265 1704
AT25 36.459 38.018 1718
AT26 36.731 37.73 595
AT27 37.196 37.584 835
AT28 37.55 37.353 761
AT29 33.378 39.279 918
AT30 34.005 38.864 1283
AT31 34.508 38.673 1266
AT32 34.889 38.397 1454
AT33 35.15 38.129 1784
AT34 35.515 38.005 1503
AT35 35.877 37.773 776
AT37 36.492 37.344 671
AT38 36.808 37.136 693
AT39 37.223 37.032 843
AT40 32.451 38.949 1118
AT41 33.245 38.568 939
AT42 33.873 38.375 968
AT43 34.331 38.158 1607
AT44 34.612 37.947 1188
AT45 35.02 37.788 1740
AT46 35.576 37.403 173
ATA7 35.991 37.092 93
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AT48 36.414 36.719 257
AT49 32.253 38.614 993
AT50 32.878 38.4 1013
AT51 33.38 38.108 1047
AT52 33.863 38.015 1090
AT53 34.334 37.677 1305
AT54 34.882 37.576 1356
AT55 35.087 37.184 123
AT56 35.547 36.802 4
AT57 32.877 37.914 1001
AT58 33.325 37.665 1009
AT59 33.82 37.383 1433
AT60 34.364 37.116 1473
AT61 32.362 37.55 1135
AT62 33.053 37.203 1284
AT63 33.472 36.813 770
AT64 34.121 36.701 774
AT65 34.963 38.321 1377
AT66 36.175 37.521 259
AT67 36.248 37.052 375
AT68 37.834 38.125 1427
AT69 37.197 37.584 837
AT70 34.543 38.034 1209
AT71 34.259 37.478 1963
AFSR 33.0707 | 39.4468 1055
AKK1 | 33.5405 | 36.1438 4
AKK2 | 33.5487 | 36.1371 2
AKKU | 33.5508 | 36.1588 144
ALAN | 32.0327 | 36.557 215
ARPR | 38.3356 | 39.0929 1522
BERE | 33.2228 | 36.3476 1383
BNN 35.8472 | 38.8522 1380
BOZY | 26.0528 | 39.8417 202
CEYT | 35.7478 | 37.0107 100
CHBY | 32.8902 | 38.5823 1086
CMRD | 34.9902 | 37.6623 1234
CORM | 34.6302 | 40.1785 1292
DARE | 37.4832 | 38.5712 1080
ERZN 39.722 39.5867 1317
GAZ 37.2113 | 37.1722 864
GULA 34.236 | 38.3444 1126
HDMB 32.486 36.964 1946
IKL 33.6852 | 36.2387 120
ILIC 38.5675 | 39.4518 1295
KARA | 35.0547 | 37.2607 366
KARG | 33.7087 | 36.203 275
KEBE 33.713 36.447 776
KHMN | 37.1574 | 37.3916 640
KIZT 31.7163 | 38.8808 1222
KMRS 36.9 37.5053 590
KONT | 32.3605 | 37.9453 1100
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KOZT | 35.8268 | 37.4805 381
KRMN | 33.2636 | 37.174 1068
KRTD | 35.4157 | 36.5934 47
KRTS 35.375 36.573 53
KULU | 33.0023 | 39.0343 1120
LADK | 32.3648 38.2 1168
LOD 32.764 | 39.8893 902
MALT | 38.4273 | 38.3134 1112
MERS 34.522 | 36.8678 750
NIG 34.6142 | 38.108 2270
OREN | 33.4587 | 36.2078 61
PTK 39.3923 | 38.8923 1835
SARI 36.4182 | 38.4072 1673
SERE 33.564 | 38.9463 1216
SILI 33.9239 | 36.3672 126
SLFK 33.9465 | 36.3926 54
SULT | 33.5157 | 38.1988 982
SVRH 31.523 39.447 1000
SVRC 39.306 | 38.3775 1680
SVSK | 36.9925 | 39.9175 1630
TAHT | 36.1855 | 36.3755 278
TEKE | 33.1142 | 36.1426 173
TEVE | 33.4432 | 36.4357 848
TISA 33.6788 | 36.162 94
URFA | 38.8213 | 37.441 938
YAYX | 33.8115 | 38.9387 1142
YESI 33.6424 | 36.1955 24
YESY | 33.7432 | 37.7825 1206
YORU | 33.4057 | 36.1542 423
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F. Graphical output files of the Focal Mechanism Solutions (FMS) computed in
this study.

The events are labelled as ‘cate00xxx’ where ‘xxx’ denotes the ID of each event as
given in Table 4.1. FMS for cate00088 & cate00111 are not shown here; because the

solutions were not attempted due to lack of data.
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Pol Only Pol + Ampl sta SH/P Pqual Squal sta Pqual Squal
AT04 o/E
ATOS5 g/l g/E
AT09 g/l
AT10 g/l o/E
AT110/EgfE
AT150/Eg/E
AT17 o/Eg/E
AT180/Eg/E
DARE o/l g/E
URFA g/l

ATO05 4.27 g/l g/E
AT100.60 g/l o/E
AT115.87 o/E g/E
AT15 46.67 o/E g/E
AT175.77 o/E g/E
AT1815.130/Eg/E
DARE 1.00 g/l g/E

X

P/T axes Data
PK:53.4 95%:12.7 TK:401.8 95%:4.6 Lon:38.81 Lat:38.28 Dep:5.00 Mag: ML, 3.0
cate00001 Data pts: 18  Solns:4  Polerrs:1  Nodal Wt:0.8  Solns shown:4  Search Inc: 5

Amplerrs:0 AmplData:7 Solns:3  Polerrs: 1 Nodal Wt:0.8  Soln shown:3  Search Inc: 5
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Pol Only Pol + Ampl sta SH/P Pqual Squal“‘a Pauial Sqdal
AT02 g/E o/E
ATO5 g/E g/E
AT06 g/E g/E
ATO7 ok/E g/E

AT022.72 g/Eo/E
AT054.01 g/Eg/E
ATO06 5.94 g/E g/E
AT0750.150k/EQ/E o0 o ofF
AT09 14.15 ok/E g/E
AT14 ok/E g/E
AT147.97 ok/E g/E AT15 /E ok/E
AT15 3.68 g/E ok/E greo
AT16 g/Eg/E
AT167.05 g/E g/E
AT24 ok/E g/E
AT24 5.54 ok/E g/E
DARE ok/E g/E
DARE 6.74 ok/E g/E
SVSKa492k/Eg/ o Rc I
: 9" svsK ok/E o/

P/T axes

PK:120.1 95%:3.6 TK:89.7 95%:4. 2 Lon:38.22 Lat:39.66 Dep:5.00 Mag: ML, 3.5
cate00002 Datapts:28  Solns: 14  Polerrs: 1 Nodal Wt:0.3  Solns shown: 14  Search Inc: 5

Amplerrs:0 Ampl Data: 11 Solns: 14 Polerrs: 1 Nodal Wt:0.3  Soln shown: 14  Search Inc: 5
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Pol Only Pol + Ampl ta SH/P Pqual Squal sta Pqual Squal

AT10 ok/E g/E
ATIO9S9OWEG/E o ' ° fk/E
AT14 11.55 ok/E ok/E
AT16 g/E g/E
AT16 44,34 g/E g/E
AT17 g/E ok/E
AT17 4.25 g/E ok/E
AT18g/Eg/E
AT184.58 g/E g/E
AT22 g/Eg/E
AT221.84 g/E g/E
AT23 g/l ok/E
AT231.17 g/l ok/E
AT24 g/E g/E
AT241.259g/Eg/E
AT25 g/Ee/l
AT252101g/EeN © 10 C
AT27320g/E g/E 9
AT27 g/E g/E
AT28 642 g/E g/E
AT28 g/E g/E
AT33 27.35 g/E ok/E
AT33 g/E ok/E
AT34 2,57 g/l ok/E
AT34 g/l ok/E
AT359.62¢g/Eg/E AT35 o/E o/E
AT377.33 ok/E ok/E % =9
AT37 ok/E ok/E
AT38 51.70 ok/E g/E
AT38 ok/E g/E
AT43 4.24 ok/E ok/E AT43 ok/E ok/E
AT45 459 g/E g/E

AT45 g/Eg/E
AT54 12.69 g/E
12699 oK 1) o/E okIE

CMRD 2.74 B/E ¢/ CMRD /E o/E
KMRS g/E

P/T axes Data
PK:3186.0 95%:4.4 TK:550.1 95%:10. 7 Lon:36.05 Lat:37.84 Dep:1.00 Mag: ML, 3.0
cate00003 Datapts:44  Solns:2  Polerrs:1  Nodal Wt:0.3  Solns shown: 2 Search Inc: 5

Amplerrs:0  Ampl Data: 20  Solns: 1 Polerrs: 1 Nodal Wt:0.2  Soln shown: 1 Search Inc: 5
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Pol Only

N :
/
\\& %

P/T axes

P K: NaN 95%: NaN TK:NaN 95%: NaN
cate00004 Data pts: 39

<4
X

Pol + Ampl

Solns: 1

Amplerrs:0 Ampl Data: 16  Solns: 1

sta Pqual Squal

ATO7 ok/E g/E
ATO08 ok/E g/E
ATO09 ok/E g/E
AT10 g/E ok/E
AT16g/E
AT17 g/E ok/E
AT18 g/E ok/E
AT25 g/E g/E
AT26 g/E ok/E
AT27 g/E
AT33 ok/E
AT34 g/E
AT35g/Eg/E
AT38 ok/E g/E
AT45 ok/E
AT46 g/E ok/E
AT54 g/Eo/E
AT59 ok/E o/E
DARE g/E ok/E
KMRS o/E g/E
KOZT g/E
MERS ok/E g/E

sta SH/P Pqual Squal

AT07 19.36 ok/E g/E
AT08 21.50 ok/E g/E
ATO09 1.38 ok/E g/E
AT1010.66 g/E ok/E
AT17 8.56 g/E ok/E
AT18 20.49 g/E ok/E
AT25 20.88 g/E g/E
AT26 23.84 g/E ok/E
AT351247 g/Eg/E
AT38 16.25 ok/E g/E
AT46 6.33 g/E ok/E
AT54 12,53 g/Eo/E
AT59 4.47 ok/E o/E
DARE 2.98 o/E ok/E
KMRS 0.08 &/E g/
MERS 13.67 ok/E g/E

38°

36

Lon:36.42 Lat:37.42 Dep:4.00 Mag: ML, 3.3
Nodal Wt:0.2  Solnsshown: 1 SearchInc:5
Solnshown:1  SearchInc:5



Pol Only Pol + Ampl
sta SH/P Pqual Squal staiPqual Squal

ATO6 ok/E g/E
ATO6 2.24 ok/E o/E 4
ATO7 o/E g/E
ATO75249GE o S I
Ol ol
AT08 6.53 ok/E ok/E
ATO09 o/E g/E
AT09 15.08 g/E g/E
AT13 ok/E ok/E
AT135.67 ok/E ok/E
AT14ell g/
AT141.78E/l g/
AT15g/Ee/l
AT155.45 g/E e/l
AT16 o/E g/
AT1637.35 g/E o/E
AT23 g/E ok/E
AT234.96 g/E ok/E
AT24 g/l JE
AT245.01 g/l g/E AT25 oK/E o/E
Ol
AT255.69 ok/E o/E 9
AT28 ok/E g/E
AT2811.26 ok/E o/E
AT33 ok/E g/E
ATI36100KEQE )0
BNN1 2309 g/E o :/l "
CMRD 1.22 oF/E ok/ 9
DARE 11.80 o/E o/E
KMRS 0.82 oE ok/

CMRD ok/E ok/E
DARE g/E g/E
KMRS g/E ok/E

P/T axes Data
PK:774.0 95%:4.4 TK:705.2 95%:4.6 Lon:36.35 Lat:38.48 Dep:3.00 Mag: ML, 3.0
cate00005 Datapts:35  Solns:3  Polerrs:0 Nodal Wt: 0.9  Solns shown:3  Search Inc: 5

Amplerrs:0 AmplData: 17 Solns:2  Polerrs:0  Nodal Wt: 0.9  Solnshown:2  Search Inc: 5
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Pol Only Pol + Ampl sta Pqual Squal

AT04 el g/
ATOS5 e/E g/E
ATO7 g/E ok/E
AT08 ok/E o/E
ATO09 el g/
AT10 g/E o/E
ATl elle/
AT14 ok/E

sta SH/P Pqual Squal

ATO04 1.328/l o/
ATO5 1.88 €/E g/
ATO07 1.84 g/E ok/E
ATO08 9.58 ok/E g/E
AT09 2.73E/I g/
AT100.96 g/E o/
AT 120 1le/l e/
AT182.31 g/l ok/E AT15 o/E
ATZ54720F gE o o®
AT263581 g/EOKE o g -
AT27 4559 o/E ok/E 9
AT18 o/l ok/E
AT286.33 g/E g/E
AT23 ok/E
DARE 5.24 g/E ok/E
AT24 ok/E
GAZ115.45 ok/E g/E
KMRS 2058 B/Eg/ 12> 9 IE
MALT 136 e/l /e 120 9/EOKE

AT27 g/E ok/E
URFA 3.13 g/l g/E AT28 o/E o/E

BNN1 g/E
DARE g/E ok/E
GAZ1 okEE g/
KMRS g/E g/E
MALT el e/
URFA g/l g/E

P/T axes Data 36" 38" 40
PK:769.4 95%:4.4 TK:717.3 95%:4.6 Lon: 38.36 Lat:37.85 Dep:3.00 Mag: ML, 3.7
cate00006 Data pts: 41 Solns:3  Polerrs:1  Nodal Wt:0.5 Solns shown:3  Search Inc: 5

Amplerrs:0 AmplData: 17 Solns:3  Polerrs:1  Nodal Wt: 0.5  Solnshown:3  Search Inc: 5
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Pol Only Pol + Ampl

sta Pqual Squal
ATO03 ok/E g/E
ATO04 g/l ok/E
ATO5 g/E g/E
AT09 g/l g/E
AT10g/Eg/E

AT11g/E

AT15 ok/E g/E

AT16 ok/E ok/E

sta SH/P Pqual Squal

ATO03 26.78 ok/E g/E
AT04 1.35 g/l ok/E
ATO5 8.38 g/E g/E
AT095.01 g/l g/E
AT101.84 g/E g/E

AT1513.64 ok/E g/E

AT164.25 ok/E ok/E
AT17 058 g/E o/E

AT187.88 ogk/E?)k/E ATIZGEGE

AT18 ok/E ok/E

DARE 8.91 ok/E g/E
SVRC193E1lg DARECKEGE
URFA205§/E g/ RceloE

URFA g/E o/E

P/T axes Data
PK:79.2 95%:6.8 TK:10.0 95%:20. 1 Lon:39.03 Lat:38.33 Dep:1.00 Mag: ML, 3.0
cate00007 Datapts:25 Solns:7  Polerrs:1  Nodal Wt:0.8  Solns shown: 7  Search Inc: 5

Amplerrs:0  Ampl Data: 12 Solns:2  Polerrs: 1 Nodal Wt:0.5  Soln shown:2  Search Inc: 5
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Pol Only Pol + Ampl
sta Pqual Squal
AT02 g/E g/E
ATO03 g/E g/E
ATO4 eB g/
ATO5 e/l
AT07 g/E g/E
AT08 g/E g/E
AT10g/Eg/E
AT13g/E e/l
AT14g/Eg/E
AT16 g/E g/E
AT17 g/Eg/E
AT18g/E e/l
AT39g/E g/E
DARE e/l e/l
KMRS g/E
SVRC g/E

sta SH/P Pqual Squal

AT0239.38g/E g/E
AT033.96 g/E g/E
AT04531E/Ig/

AT07 12.15 g/E g/E
AT08 12,91 g/E g/E
AT102.34g/Eg/E
AT1311.53 g/Ee/l
AT148.57 g/Eg/E
AT1611.79 g/Eg/E
AT17 23.69 g/E g/E
AT1820.98 g/E e/l
AT3913.93g/Eg/E
DARE 3.48k/ e/

P/T axes Data
PK:14.9 95%:33.1 TK:5.0 95%:62. 6 Lon:37.41 Lat:38.66 Dep:1.00 Mag: ML, 4.1
cate00008 Datapts:32  Solns: 3 Polerrs:2 Nodal Wt:04 Solnsshown:3  Search Inc:5

Amplerrs:0 AmplData: 13 Solns:3  Polerrs:2  Nodal Wt:04  Solnshown:3  Search Inc:5
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Pol Only Pol + Ampl

ta Pqual Squal
sta SH/P Pqual SqualS ALt

ATO
ATO133770E g/ 10! OEIE
AT02 g/E
ATOs3a4kg/ oo 9
ATO6333g/EQE ; ,
€,
AT07 8.08 g/ g/E g
ATO06 g/E g/E
ATO9 172N g/ o8O
AT103.70 g/E g/E ATO: /Eg
ATI312469/EQ/ oo i y
[
AT148.67 o/l o/E g
AT10 g/E g/E
AT16 15.12le/1 g/
AT13g/Eg/|
ATI72377g/EgE o 19T
AT24 63.03 g/E g/E AT]Gg | 9 1
€
AT25 13038 g/E o/E g
AT17 g/Eg/E
AT3913.42 g/E g/
DARE3I0gNgn 12499k
KMRS 3.02 4/E g/ A;Z,;g/s EglE
O
SVRCB2SQ/EQE 1ot
DARE g/l g/l
KMRS g/E o/E
SVRC o/E g/

P/T axes Data
PK:1304 95%:4.9 TK:285.6 95%:3.3 Lon:37.41 Lat:38.62 Dep:5.00 Mag: ML, 4.1
cate00009 Data pts: 41 Solns:8  Polerrs:1  Nodal Wt:0.2  Solns shown:8  Search Inc: 5

Amplerrs:0 AmplData: 16 Solns: 8 Polerrs: 1 Nodal Wt:0.2 Soln shown: 8 Search Inc:5
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Pol Only

d \\ e
,//v \ \\
/ \\ \\
f \" B j
E‘ | /
% )

\! B ///

P/T axes

P K:NaN 95%: NaN TK:NaN 95%: NaN

cate00010 Data pts: 45
Ampl errs:0  Ampl Data: 21

Pol + Ampl

Solns: 1
Solns: 1

Pol errs: 1
Pol errs: 1

Nodal Wt: 0.8

191

sta Pqual Squal

sta SH/P Pqual Squal

ATO18.45 g/Eg/E
AT029.70 g/E ok/E
AT04 3.52 g/l ok/E
ATO052.71 g/l g/E
AT06 9.91 g/E o/E
AT07 2.72 g/l /E
AT085.63 g/E g/E
AT098.34 g/Eg/E
AT1014.51 g/E g/E

ATO1 g/Eg/E

AT02 g/E ok/E
ATO04 g/l ok/E
ATO5 g/l g/E

AT06 g/E o/E
ATO07 o/l g/E

ATO08 g/E a/E
ATO09 g/E o/E
AT10 g/Eg/E
AT11 ok/Eg/E

AT1116.41 ok/E g/E

AT146.87 g/l g/E
AT17 29.82 ok/E g/E
AT23 8.55 g/E ok/E
AT2411.83 g/E g/E
AT25 20.24 ok/E g/E
AT33 4,05 ok/E g/E

AT13g/E
AT14 g/l g/E

AT16g/E
AT17 ok/E g/E
AT23 g/E ok/E
AT24 g/Eg/E
AT25 ok/E g/E

AT397.69 o/E g/E

DARE 1.69 o/E g/E
KOZT 8.86 §/E g/
SVRC 16.44 g/E g/E
SVSK 22.68 §/E g/

Soln shown: 1

AT33 ok/E g/E
AT34 g/E
AT39 g/Eg/E
DARE g/E g/E
KOZT g/E g/E
SVRC g/Eg/
SVSK o/E g/E

Lon:37.36 Lat:38.61 Dep:1.00 Mag: ML, 3.3
Nodal Wt: 0.8 Solns shown: 1

Search Inc: 5
Search Inc: 5



L Only Bl Ampl sta SH/P Pqual Squal sta Pqual Squal

AT40 ok/E o/E
AT403.33 ok/E o/E ATSOO g/Eg
ATS1 24439/EQ/E - 097
AT58 16,32 ok/E g/E gEg
AT58 ok/E g/E
AT59 18.92 g/E g/E
AT59 g/E g/E
AT60 18.23 ok/E g/E
AT60 ok/E g/E
ATo19818Mg/ o TS
AT62 26.25 ok/E g/E T
AT62 ok/E g/E
AT63 4120 EG/E o @
BERE 6.17 fZE g/
BERE o/E o/E
KONT 13.89 dk/E g/ Komgké i
LADK 3.09 oF/E o/ 269

LADK ok/E g/
TEKE 10.94 o/E g/E TEKE ofE o/E

P/T axes Data 30° 32 34
PK:264.1 95%:7.6 TK:262.8 95%: 7.6 Lon:32.03 Lat:37.33 Dep:4.00 Mag: ML, 3.3
cate00011 Datapts:26  Solns: 3 Polerrs:1  Nodal Wt:0.5 Solns shown:3  Search Inc: 5

Amplerrs:0 AmplData:12 Solns:3  Polerrs: 1 Nodal Wt:0.5  Soln shown:3  Search Inc: 5
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Pol Only Pol + Ampl

sta SH/P Pqual Squal

% AT514.89 ok/E g/E
AT585.68 g/E g/E
AT59 2.09 ok/E g/E
AT60 6.74 ok/E g/E
AT61 11588/ e/
AT62 5.50 g/E ok/E
AT63 39.85 g/E g/E
BERE5.61 dZE g/
KIZT 8.25 dIE g/
KONT 8.43 ok/E g/
MERS 3.49 ok/E g/E
TEKE 7.63 o/E ok/E

30°

36

30 32

Data
3 Lon:32.05 Lat:37.35 Dep:5.00 Mag: ML, 3.2

P/T axes

P K:270.1 95%:15.3 TK:306.6 95%: 14.
cate00012 Datapts:26  Solns: 2 Pol errs: 1
Amplerrs:0  Ampl Data: 12 Solns: 2 Pol errs: 1

Solns shown: 2
Soln shown: 2

Nodal Wt: 0.5
Nodal Wt: 0.5

193

sta Pqual Squal
AT51 ok/E g/E
ATS8 g/E g/E
AT59 ok/E g/E
AT60 ok/E g/E
AT61gBe/
AT62 g/E ok/E
AT63 g/Eg/E
BERE g/E g/E
KIZT g/E g/E
KONT okfE g/
MERS ok/E g/E
TEKE o/Ebok/

34

Search Inc: 5
Search Inc: 5

38’

36’



Pol Only Pol + Ampl sta Pqual Squal

AT40 ok/E g/E
AT49 ok/E g/E
AT51 ok/E g/E
AT52g/E
AT53 ok/E g/E
AT58 ok/E g/E
AT60 o/E g/E
AT61gHe/
AT62 g/E ok/E
AT63 g/E g/E
AT64 o/E g/E
BERE g/E g/E
KIZT g/E g/E
KONT okiE g/
TEKE ok/E g/

sta SH/P Pqual Squal

ATA40 2.35 ok/E g/E
AT49 16.73 ok/E g/E
AT514.93 ok/E g/E
AT53 0.50 ok/E g/E
AT58 5.70 ok/E g/E
AT60 3.65 o/E g/E
AT61 11.28k/l e/
AT62 9.38 g/E ok/E
AT63 4048 g/E g/E
AT64 4.74 o/E g/E
BERE 5.59 d7E o/
KIZT 6.35 dZE g/
KONT 10.62 &k/E g/
TEKE 17.35 ok/E g/E

P/T axes Data 30° 3Z 34
PK:416.3 95%: 123 TK:4810.0 95%:3.6 Lon:31.98 Lat:37.35 Dep:5.00 Mag: ML, 3.2
cate00013 Data pts: 31 Solns: 2 Polerrs: 1 Nodal Wt: 0.8  Solns shown:2  Search Inc: 5

Amplerrs:0 Ampl Data: 14 Solns:2  Polerrs: 1 Nodal Wt:0.8  Soln shown:2  Search Inc: 5
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Pol Only Pol + Ampl sta Pqual Squal

AKK1 ok/E g/
AT58 ok/E o/E
AT59 ok/E ok/E
AT61 g/Eo/E
AT63 g/Eg/E
AT64 e/l ok/E
BERE g/E o/E
KEBE g/E o/E
MERS ok/E g/E

OREN o/E
SILI ok/E g/E
TEKE g/E g/E
YESI g/E o/E

YORU o/E ok/E

sta SH/P Pqual Squal

AKK1 5.85 ok/E g/
AT58 2.02 ok/E o/E
AT59 2.69 ok/E ok/E
AT610.73 g/E o/E
AT63 20.49 g/E g/E
AT64 1.82 &1 ok/
BERE 73.99 §/E g/
KEBE 25.48 g/E o/E
MERS 2.36 ok/E g/E
SILI 7.08 ok/E g/E
TEKE 29.77 g/Eg/E
YESI 1.61 g/Eo/E
YORU 1.00 o/E ok/E

q
q
O

-

B

)

,»»"/
,,}\

o

)

,‘}/

oL

==y 5B

P/T axes Data 3 34 36¢°

PK:5.9 95%:205 TK:59 95%:20. 5 Lon:33.47 Lat:36.47 Dep:15.00 Mag: ML, 3.0
cate00014 Datapts:28 Solns:11  Polerrs:2  Nodal Wt: 0.1 Solns shown: 11 Search Inc: 5

Amplerrs:0 Ampl Data: 13 Solns: 1 Polerrs:2  Nodal Wt:0.1  Soln shown: 1 Search Inc: 5
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Pol Only Pol + Ampl —
ta
sta SH/P Pqual Squal * - 0 o 0042

AT121.59 ok/E ok/E AE?;";E °/kl/E
ATI93B0g/Ee] g/E e/E
AT20590 gEg/E o g k/Eg i

AT21 1450 ok/E OK/E o o= ©

AT29 /E g/E
AT291.14 g/E g/E

AT30 g/E g/E
AT301317g/Eg/E DTS

. AT314.43 o/E ok/E Aw)g /E° v
2 AT400.82 o/E o/E 929

AT41 g/E ok/E

AT41 0.55 g/E ok/E AT42 ok/E o/E

ATA2 165 0EQ/E L 0 ?E
AT499.20 g/l /E 929

AT50 ok/E ok/E

ATS04.55 ok/E ok/E " " °
KULU 4.39 e/l g/E e
SERE245§E g/ iEofEoE

; g
YAYX2446/1g)  PYXONOE

P/T axes Data
PK:2316.7 95%:52 TK:432.2 95%:12. 0 Lon:32.75 Lat:39.18 Dep:1.00 Mag: ML, 3.0
cate00015 Data pts: 31 Solns: 2 Polerrs: 1 Nodal Wt:0.1  Solns shown:2  Search Inc: 5

Amplerrs:0 Ampl Data: 15 Solns:2 ~ Polerrs:1  Nodal Wt:0.1  Soln shown:2  Search Inc: 5
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L only Bols AmP| sta SH/P Pqual Squal sta Pqual Squal

ATO6 ok/E g/E
ATO6 104 o/EQ/E - 0 ° 9 e
Ol
ATI2B93 okEQ/E |\ O iE
AT19 6,02 g/E g/E IEg
AT20 ok/E g/E
AT203.74 ok/E o/E
AT29 o/E ok/E
AT29 1288 o/E ok/E
AT30 o/E ok/E
AT305.47 g/E ok/E
ATA40 o/E o/E
AT404.29 g/E g/E
AT41g/E
AT508.49 g/E g/E
ATS1142g/EokiE A0 I/EI/E
42 g/Eol
ATS1 o/E ok/E
KIZT 5.16 FE e/
KIZT g/Ee/
LADK 2.89 oF/E g/ g

KULU g/E
SVRH 3.41 gEE ok/ LADK ok/E o/

SVRH g/E ok/E

P/T axes Data

PK:524.9 95%: 109 TK:524.9 95%:10. 9 Lon:32.15 Lat:39.37 Dep:5.00 Mag: ML, 3.5
cate00016 Data pts: 28 Solns: 2 Polerrs:1  Nodal Wt:0.2  Solns shown:2  Search Inc: 5

Amplerrs:0 Ampl Data: 12 Solns:2  Polerrs: 1 Nodal Wt:0.2  Soln shown:2  Search Inc: 5
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sta Pqual Squal

ATO3 g/E ok/E
ATO4 g/E
ATO5 g/E

AT09 ok/E g/E

sta SH/P Pqual Squal

ATO03 3.63 g/E ok/E
ATO05 3.50 g/E g/E
AT09 8.04 ok/E g/E
AT104.81 ok/E g/E AT10 ok/E g/E

AT17 1.65 ok/E ok/E
AT17 ok/E ok/E
AT181.77 g/E ok/E AT18 o/E ok/E
SVRC428G/EQ/E o /E° p
9/Eg
URFAT0S6B/EQ/  pcr e e

Pol Only Pol + Ampl
TN sﬁnc \ .
7 TN
[ ‘ \ / m
“r | \ “( 7 ‘
2 i [+ ATo4 /
l ht / v‘ g J ATo9 /
\ \ /v /
\ \\\ /‘ / T28 /
% N S \
NS / ,,,//
P/T axes Data
P K:NaN 95%:NaN TK:NaN 95%: NaN
cate00017 Datapts: 18  Solns: 1 Polerrs: 1
Amplerrs:0  AmplData:8  Solns: 1 Polerrs: 1

Nodal Wt:0.3  Solns shown: 1
Nodal Wt:0.3  Soln shown: 1
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Lon:39.22 Lat:38.53 Dep:5.00 Mag: ML, 3.1

Search Inc: 5
Search Inc: 5



Pol Only Pol + Ampl
ta Pqual Squal
sta SH/P Pqual Squal starqualsqua

ATO6 ok/E o/E
AT069.13 ok/E g/E g

ATOS ok/E o/E
AT08 7.65 ok/E g/E

AT10 o/E ok/E
AT101.13 g/E ok/E

AT13 g/E ok/E
AT131.77 g/E ok/E AT16 ok/E

Ol

AT175.06 o/E o/E

AT17g/Eg/E
AT234.34 g/E o/E

AT23 o/E g/E
AT24619gEgE 00 0
AT251.95E/I o/ 959

AT277.50kEQ/E N2 <RI

AT27 ok/E g/E
AT332848 g/EOKE |\ ofE okE
AT342.08 g/l g/E °

AT34 g/l g/E
AT352.84 g/E g/E

AT35 g/E g/E
AT3913.33 g/E g/E

AT39 g/Eg/E
AT43 1.84 ok/E ok/E AT43 ok/E ok/E
AT44 3.51 ok/E g/E
AT45 18,89 g/E g/E
AT465.27 g/E g/E
AT53 10.40 ok/E g/E
AT54 16.21 ok/E g/E
KARA 0.74 o/E g/E

KMRS 20.65 d7E ok/

AT44 ok/E g/E
AT45 g/E g/E
AT46 g/E g/E
AT53 ok/E g/E
AT54 ok/E g/E
KARA g/E g/E
KMRS g/E ok/E

\\;» s
P/T axes
PK:NaN 95%:NaN TK:0.0 95%: NaN Lon:35.86 Lat:37.78 Dep:6.00 Mag: ML, 3.0
cate00018 Data pts: 50 Solns: 1 Polerrs:1  Nodal Wt:0.3 Solnsshown: 1  Search Inc:5

Amplerrs:0 Ampl Data:21 Solns: 1 Polerrs:1  NodalWt:0.3  Solnshown:1  Search Inc:5
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Pol Only

N

P/T axes

Pol + Ampl

Mo

PK:NaN 95%:NaN TK:NaN 95%: NaN

cate00019

Data pts: 55
Amplerrs:1  Ampl Data: 17 Solns: 1

Solns: 1

Lo AERE
RS
e AT25
~=.

Pol errs: 1
Polerrs: 1

sta Pqual Squal

sta SH/P Pqual Squal
ATIs362g/EgE 1079k
ATO8 g/E
ATI72320KEQ/E o 19
AT280.97 g/l g/E g
AT15g/Eg/E
AT38 23.96 ok/E g/E
AT16 /E
AT391.20g/1g/E AT17 Ok/E o/E
AT45 3182 0/EG/E 0 /Eg
ATA8 8481 OEOKE - 9 e
AT52 527 g/E o/E -
AT23 g/E
AT54 27.77 g/E g/E
AT24 g/E
ATS6 16989/ (09
ATSB20199/Eg/E < ;I e
ATS9649 g/EOKE S /:
AT601.30 g/l g/E g
AT34g/1
CEYT1.29/E o/E
AT35 g/E
KARA3S2BNg/ o B0
KMRS 756 R/E 0/ 'y ;E
MERS 288g/Eg/E S
AT45 ok/E o/E
ATa6 e/l
AT48 ok/E ok/E
AT52 g/Eg/E
AT53 g/E
AT54 g/Eg/E
AT55 e/l
AT56eH o/
AT58 g/E g/E
ATS9 o/E ok/E
AT60 g/l g/E
AT64 g/E
CEYT g/E g/E
KARA e/l g/E
KMRS ok/E g/E
KRTS o/E
MERS o/E o/
TEKE ok/E

Lon:35.61 Lat:37 Dep:19.00 Mag: ML, 3.6
Nodal Wt: 0.3 Solns shown: 1

Search Inc: 5
Search Inc: 5



Pol Only Pol + Ampl +a Paial Saial
sta SH/P Pqual Squal sta Pqual Squa
ATO7 g/Eg/E

ATO08 ok/E g/E
AT10g/E
AT13 g/E ok/E
AT14 g/E
AT16 g/E
AT17 g/Eg/E
AT21 g/Eg/E
AT22 g/Eg/E
AT23 g/E ok/E
AT24 g/l ok/E
AT25 g/l g/E
AT28 ok/E g/E
AT32g/Ee/E
AT33 g/E
AT34 g/E ok/E
AT38 g/Eg/E
AT39 g/Eg/E
AT43 g/Eg/E
AT44 ok/E g/E
AT45 g/E ok/E
AT46 g/E g/E
CEYT ok/E
MERS ok/E

AT075.39 g/Eg/E
AT089.61 ok/E g/E
AT139.53 g/E ok/E
AT171.83g/Eg/E
AT213.84g/Eg/E
AT222.60 g/E g/E
AT233.61 g/Eok/E
AT241.05 g/l ok/E
AT2510.52 g/l g/E
AT2810.53 ok/E a/E
AT321.31 §/Ee/
AT343.34 g/E ok/E
AT3844.22 g/E g/E
AT3960.70 g/E g/E
AT43 7.75 g/E g/E
AT44 2.84 ok/E g/E
AT456.13 g/E ok/E
AT465.44 g/E g/E

i 36"
P/T axes Data
PK:143 95%: 183 TK:83.0 95%:7. 4 Lon:36.12 Lat:37.58 Dep:1.00 Mag: ML, 3.5
cate00020 Data pts: 45 Solns: 6 Polerrs:1  Nodal Wt:0.1  Solnsshown:6 Search Inc: 5

Amplerrs:0 AmplData: 18 Solns:6  Polerrs:1  Nodal Wt:0.1  Soln shown:6  Search Inc: 5
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Pol Only Pol + Ampl

ta SHYP Pl Sqial "t T Aua! Saual

AT12 ok/E ok/E
AT121.92 ok/E ok/E AT13 ok/E o/E

AT131038 ok/E
OWEGE o1 ok o
AT21 8.38 ok/E o/E
AT29 g/E ok/E
AT291735 g/EokE 2 -
ATI34989 oKEQ/E o gk/E
AT 129810/ o °k/E .
AT51 8.74 ok/E g/E okEg/
AT41el g/
ATS2079g0 g =
CHBY 988 Q/EQ/E - of/E o
SERE 3.82 okEE ok/
OEOK ATs29/1 gE

CHBY g/E g/E
LADK g/E
SERE ok/E ok/E

P/T axes

P K:NaN 95%:NaN TK:NaN 95%: NaN Lon:33.4 Lat:384 Dep:3.00 Mag: ML, 3.0
cate00021 Datapts:28  Solns: 1 Polerrs: 1 Nodal Wt:0.5  Solns shown: 1 Search Inc: 5

Amplerrs:0 Ampl Data: 10 Solns: 1 Polerrs: 1 Nodal Wt:0.5  Soln shown:1  Search Inc: 5
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Pol Only

Pol + Ampl

sta Pqual Squal
ATO1 ok/E g/E
AT02 g/E o/E
ATO5 ok/E o/E
AT06 ok/E ok/E
ATO7 ok/E ok/E
ATO08 e/E g/E

sta SH/P Pqual Squal

ATO1 1.68 ok/E g/E
AT02 11.25 g/E g/E
ATO5 3.53 ok/E g/E
ATO06 3.90 ok/E ok/E
AT07 16.31 ok/E ok/E
AT08 2.14 &/E g/

AT242427 ok/E g/ A124 OKE O/E
AT25 4.45 ok/E g/E
SVSK24.93B/1 g/

AT25 ok/E g/E
SVSK g/l g/E

// \\
A N0 O
/| v\
\ \\
,‘I i
/ \ A A
\ ey
/ S
P/T axes Data
P K:NaN 95%:NaN TK:NaN 95%: NaN Lon:37.4 Lat:39.54 Dep:5.00 Mag: ML, 3.1
cate00022 Datapts: 19  Solns: 1 Polerrs: 1 Nodal Wt:0.8 Solns shown:1  Search Inc: 5

Amplerrs:0  AmplData:9  Solns: 1 Polerrs: 1 Nodal Wt:0.8  Soln shown: 1 Search Inc: 5
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Pol Only Pol + Ampl sta Pqual Squal

sta SH/P Pqual Squal

ATO2 g/l g/E
ATO22619/\g/E g/E g/k/E
ATO4 1.23 g/E ok/E ATOSg 4 ° .
ATosaoBNg/ o000
AT118.78 g/Eg/E d
ATO7 g/l
ATIS13580KEQE o9
ATI69942gEQ/E o gE "
AT1731.76 g/E g/E 9Eg
AT14 o/E
AT275.67 g/E g/E
AT15 ok/E g/E
AT38 1883 g/Eg/E
AT16 o/E o/E
AT0471 @0k 0% S
DARE255g/lg/E /Eg
SVRC 2.00 &/l g/ ;i
URFA3O1 g/ 127 9EOE
OIYEI AT3sg/EgE
AT39 e/l ok/E
DARE /1 g/E
SVRC e/l g/E
SVSK g/l
URFA g/E g/E

P/T axes Data
PK: 1554 95%:9.9 TK:201.1 95%:8.7 Lon: 3895 Lat:38.36 Dep:4.00 Mag: ML, 4.1
cate00023 Datapts:33  Solns:3  Polerrs: 1 Nodal Wt: 0.5 Solns shown:3  Search Inc: 5

Amplerrs:0 AmplData: 13 Solns:3  Polerrs: 1T Nodal Wt: 0.5  Soln shown:3  Search Inc: 5
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Pol Only Pol + Ampl

P/T axes
PK:64.4 95%:52 TK:83.6 95%:4.6
cate00024 Datapts:27  Solns: 13

Amplerrs:0 Ampl Data: 13  Solns: 12

Data

ta Pqual Squal
sta SH/P Pqual Squal starqual>qua

ATO2 ok/E
AT02 2.65 ok/E g/E olEg/t
ATO4 g/E ok/E
AT04 1.39 g/E ok/E ATOS o/l o/E
ATO5 13.52 g/l g/E g
ATO8 ok/E o/E
ATO8 5.46 ok/E o/E
AT11 ok/E o/E
AT116.48 ok/E g/E AT15 o/E ok/E
AT15 13.65 o/E ok/E
AT16 o/E o/E
ATI6 1057 Q/EG/E o 00 P
AT1739.48 ok/Eok/E . O -
AT27 ok/E g/E
AT27 13.85 ok/E g/E
AT28 ok/E g/E
AT28 4.80 ok/E g/E AT39 ok/E o/E
ok/Eg
AT393139 okEQ/E ¢ o/ o0

VRC 1.7
SYRC178 K. \nenanakie

URFA 0.86 e/l ok/E

Lon:38.93 Lat:38.36 Dep:2.00 Mag: ML, 3.1
Polerrs:0  Nodal Wt:0.9 Solns shown: 13 Search Inc: 5
Polerrs:0 Nodal Wt:0.9 Soln shown: 12 Search Inc: 5
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Pol Only Pol + Ampl
sta Pqual Squal

sta SH/P Pqual Squal

ATo16745/Ee) A0 VESE
AT02 g/E g/E
o AT02 5.99 g/E g/E ATOS o/E ok/E
gy ATO05 5.68 g/E ok/E
N ATO06 g/E g/E
AT061.01 g/E g/E
AT07 g/E g/E
AT07 7.94 g/E o/E
ATos 281B/1g)  CoeBd
81E/lg
AT123.95 ok/E ok/E 112 OWEOWE
AT14 g/E ok/E
AT142.01 g/E ok/E
AT15 g/Eg/E
AT153.659g/Eg/E
AT16 g/E g/E
AT167.64g/Eg/E AT24 ok/E ol/E
AT24 8.36 ok/E ok/E SEED
AT25 g/E g/E
AT25352gEg/E | o0 E
DARE288 oEQ/E (/e i i ?E
SVSK 15.53 6/E o/ 928

/T axes
PK:NaN 95%: NaN TK:NaN 95%: NaN Lon: 36.98 Lat:39.36 Dep:3.00 Mag: ML, 3.1
cate00025 Datapts:30  Solns: 1 Polerrs:1  Nodal Wt: 0.8  Solns shown: 1 Search Inc: 5
Amplerrs:0 Ampl Data: 14 Solns: 1 Polerrs:1  Nodal Wt:0.8  Solnshown: 1 Search Inc: 5
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Pol Only Pol + Ampl

ta Pqual Squal
sta SH/P Pqual Squal * " & >94a

AT14 ok/E o/E
AT14446 E
oWEGE s ok

AT233.78 g/E ok/E
9 AT16 g/E
AT25 2.90 ok/E g/E
AT17 g/E
AT33 15.73 ok/E g/E
AT23 /E ok/E
AT34.2.44 o/E ok/E
AT24 g/E
AT35 5.05 g/E ok/E
AT387663 gE o/E 1120 OWED/E
4 AT33 ok/E o/E
AT394.27 ok/E o/E
AT34 o/E ok/E
AT45 13.13 ok/E ok/E
AT35 g/E ok/E
AT4810.13 ok/E o/E
AT38 g/E g/E
AT549.36 ok/E ok/E
AT39 ok/E g/E
ATS6095 g/l okE oo S0r S
CEYT6.12 g/E o/E
9EIE - ATag ok/E o/E
KMRS 163 0k/Eg/ o "o S
Ol Ol
MERS 0.78 o/E e/

AT56 g/l ok/E
CEYTg/E g/E
KARA g/E
KMRS ok/E g/E
KRTS g/E
MERS ok/E e/E

vl \\
[ v \
I/ \ \
‘ ‘| ‘ )
X / ‘\\\ \ /
v \\ . @ /
N\ N
o e
P/T axes Data
P K:NaN 95%:NaN TK:NaN 95%: NaN Lon:35.65 Lat:36.85 Dep:29.00 Mag: ML, 3.4
cate00026 Datapts:36  Solns: 1 Polerrs: 1 Nodal Wt:0.5 Solns shown:1  Search Inc: 5

Amplerrs:0  Ampl Data: 15  Solns: 1 Polerrs: 1 Nodal Wt:0.5  Solnshown:1  Search Inc: 5
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Pol Only Pol + Ampl
ta Pqual |
sta SH/P Pqual Squal sta Pautal a0
AT02 ok/E

AT04 68.52 ok/E g/E
ATOS 64,36 ok/E g/E 104 OWE O/
ATOS ok/E g/E
ATO6 2320KEQ/E o 20 "9
ATO7 13.79 ok/E g/E bl
ATO7 ok/E o/E
ATO8 415 g/EOKE 0
Ol
ATI341729EQE 39/5 -
ATI41844 0KEQ/E o gk/Eg -
o]
AT1614.03 g/E ok/E g

AT16 g/E ok/E
AT17 231 g/Eg/E AT17 o/E g/E

A
&2 AT23 g/E ok/E

AT254.13 ok/E ok/E
AT24 ofE
AT27 232 g/Eg/E g
AT25 ok/E ok/E
AT28 1419 gEG/E 70000
AT321253g/Eok/E ) 0 g/E g/E
AT387.05 o/E o/E 959
AT32 g/E ok/E
AT9238gEg/E ot 9T
AT48 35.60 ok/E g/E
AT34 g/E
AT536.77 g/Eg/E
AT35 g/E
BNN1 16.87 ok/E ok/E
AT38 o/E g/E
DARE4.33 g/E o/E
KMRS 106§/ o0 I/EI/E
O8N A4z gk

AT45 g/E
AT48 ok/E g/E
AT53 o/Eg/E
AT54 g/E
AT59 ok/E
BNN1 ok/E ok/E
DARE g/E g/E
GAZ1 g/E
KMRS g/l g/E

P/T axes Data

PK:231.0 95%:2.5 TK: 1925 95%:2.8 Lon:36.2 Lat:37.35 Dep:4.00 Mag: ML, 3.9
cate00027 Datapts:55 Solns: 15  Polerrs:2  Nodal Wt: 0.2  Solns shown: 15  Search Inc: 5

Amplerrs:0 AmplData:22 Solns:2  Polerrs:2 Nodal Wt: 0.2  Solnshown:2  Search Inc: 5
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Pol Only Pol + Ampl
sta SH/P Pqual Squal

sta Pqual Squal
ATOS2ZE0B/EOKE. yorse ot okIE
AT087.950k/EQ/E  ATOg ok/E g/E
ATI17.309/19/E  AT11g/1gE
AT147.299/E9/E  AT14 g/E g/E
AT1542999/Eg/E  AT15 g/E o/E
AT163.209/EQ/E  AT160/E g/E
ATI7051B19/  ATi7eRg/
AT2318459/EQ/E AT23 g/E o/E
AT25 246 g/Eg/E AT24 ok/E
AT273.43B/19/ AT25 g/E g/E
AT281.829/EQ/E  Amy7eRg/
AT386.56 9/EQ/E  AT28 o/E g/E
AT393.779/E9/E  AT33 ok/E
AT4839.420k/EQ/E  p344/E
GAZ122.990/E e/ AT35 g/E
KMRS 159 e/l e/E  p13g g/E g/E
URFA7490k/Eg/  pT39 g/E g/E

AT48 ok/E g/E
GAZ1 g/Ee/E
KHMN ok/E
KMRS e/l e/E

SVRCg/E
URFA ok/E g/E

P/T axes
PK:161.7 95%:53 TK:61.2 95%:8. 6 Lon:36.99 Lat:37.37 Dep:5.00 Mag: ML, 3.0
cate00028 Datapts:44 Solns:39 Polerrs:1  Nodal Wt: 0.8  Solns shown: 6 Search Inc: 10

Amplerrs:0  AmplData: 17 Solns:4  Polerrs: 1 Nodal Wt:0.8  Solnshown:4  Search Inc: 5
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Pol Only Pol + Ampl <ta SH/P Pqual Squal sta Pqual Squal
AT040.77 g/l ok/E
ATO5 1.52E/1 o/
ATO08 8.80 ok/E ok/E
AT09 6.30 &/E g/
AT101294 g/Ee/l
AT114.03 e/l e/E
AT155.62 g/E g/E
AT17 1.44 &ffE ok/
AT18421 g/E g/E
AT24 12.33 ok/E ok/E
AT25 4.99 g/E ok/E
AT26 3.14 ok/E g/E
AT27 10.61 g/Eg/E
AT281825 g/E g/E
AT37 87.39 ok/E g/E
DARE 4.83 g/E g/E
KMRS 19.46 dk/E g/
MALT 1.83 e/l e/E
URFA 2.80 /E g/

AT04 g/l ok/E
ATO5 el g/
ATO08 ok/E ok/E
ATO9 e/E g/E
AT10g/E e/l
AT11eBe/
AT15g/Eg/E
AT16 g/E
AT17 e/E ok/E
AT18 g/Eg/E
AT24 ok/E ok/E
AT25 g/E ok/E
AT26 ok/E g/E
AT27 g/Eg/E
AT28 g/Eg/E
AT35 ok/E
AT37 ok/E g/E
BNN1 g/E
DARE g/E g/E
KMRS ok/E g/E
MALT elie/
URFA g/E o/E

P/T axes Data
PK:569.0 95%:10.5 TK:1301.4 95%:6.9 Lon:38.35 Lat:37.86 Dep:2.00 Mag: ML, 3.1
cate00029 Datapts:42  Solns:2  Polerrs:0 Nodal Wt:0.9  Solns shown:2  Search Inc: 5

Ampl errs:0  AmplData:19  Solns:2  Polerrs:0  Nodal Wt:0.9  Solnshown:2  Search Inc: 5
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Pol Onl Pol + Ampl
¥ P sta Pqual Squal
ATO04 g/E ok/E
ATOS o/E g/E
ATO08 ok/E g/E
ATOS g/l /E
AT10 9/l /E
AT11g/l
AT16 g/Eg/E
AT17 g/Eg/E
AT18 g/l g/E
AT23 g/E g/E
AT24 g/E ok/E
AT25 g/l g/E
AT27 g/Eg/E
AT28 g/l g/E
AT33 ok/E
AT34 ok/E g/E
AT35 g/Eg/E
AT38 ok/E g/E
AT48 ok/E g/E
KMRS g/E g/E
KOZT g/fEok/
SVRC g/E
URFA g/E g/E

sta SH/P Pqual Squal

AT04 15.39 g/E ok/E
ATO0S 7.81 g/Eg/E
AT08 1.95 ok/E g/E
AT09 2.68 g/l g/E
AT101.509/1 g/E
AT163.74 g/Eg/E
AT17 7.84 g/E g/E
AT183.86 g/l g/E
AT23 758 g/Eg/E

AT24 19,60 g/E ok/E
AT251.28 g/l g/E
AT27 1.94 g/Eg/E
AT28 142 g/l g/E
AT34 5.06 ok/E g/E
AT35 1145 g/E g/E

AT38 43.70 ok/E g/E

AT48 57.13 ok/E g/E
KMRS 3.22 §/E g/

KOZT 3.15 géE ok/
URFA 2.76 &/E g/

P/T axes Data
PK:3674 95%:13.1 TK:147.8 95%:20. 7 Lon:37.43 Lat:37.68 Dep:3.00 Mag: ML, 3.2
cate00030 Datapts:43  Solns:2  Polerrs:1  Nodal Wt: 0.2  Solns shown: 2 Search Inc: 5

Amplerrs:0  Ampl Data: 20  Solns: 1 Polerrs:1  Nodal Wt: 0.2  Soln shown: 1  Search Inc: 5
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Pol Only Pol + Ampl sta SH/P Pqual Squal sta Pqual Squal

AT04 29.37 g/E o/E AI1\'1(;°42 %E JE
AT07 28.91 o/E g/E =
ATOS g/E
AT08 39.90 g/E g/E
ATO7 ofE g/E
AT095.11E/ o/
ATO8 g/E o/E
AT100.75E/ o
AT09 el g/
ATI7 104800/ o ©
ATIS 22449 g/E f /E’
AT227349/E0E g p
AT2380.14 g/E o/E <
AT16 0/
AT25 11,508/ g/
AT17 el o/
AT283419/lg/E
AT18 g/E g/E
AT328.22 g/E g/E
AT21 /E
AT352.43E/ g/
AT22 g/E ofE
AT37799BN0/ 090
AT384.92 g/E o/E AT249 i
AT445ABGEGE ; ;
AT45 672g/E0/E = ,Ig
AT5221.19 g/E o/E
AT28 g/l g/E
AT533453 g/E g/E
AT32 g/E g/E
ATS412369/1gF 29 S
ATS59 83.44 o/E g/E AT349 1
AT6023350/EgN ; ’
AT6237.96 g/E g/E atg
AT37 el o/
DARE 66.65 g/E o/E
AT38 g/E g/E
KEBE 29.78 o/E o/E
AT43 g/E
KMRS 0.54 e/l g/E
AT44 g/E o/E
KOZT 0.67 e/l g/E
AT45 g/E o/E
MERS 28888/Ee/ 7 5
SARI88.21 &/
Y ATs29EofE
ATS3 g/E o/E
AT54 g/l g/E
ATSS o/E
AT59 o/E g/E
AT60 o/E g/l
AT62 g/E o/E
ATé4 g/E
BERE ofE
BNN1 o/E
CEYTell
CMRD g/E
DARE g/E o/E
GAZ1 g/E
HDMB o/E
KARA g/E
KEBE ofE g/
KMRS e/l o/
KOZT efig/
MERS /E e/E
34° 36° 38°

P/T axes Dat
PK:756 95%:89 TK:602.5 95%:3. 1 Lon:36.42 Lat:37.42 Dep:5.00 Mag: ML, 4.5
cate00031 Data pts: 81 Solns:5  Polerrs:2 Nodal Wt:0.2  Solns shown: 5 Search Inc: 5

Amplerrs:0 AmplData:29 Solns:2  Polerrs:2 Nodal Wt: 0.1  Solnshown:2  Search Inc: 5
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Pol Only Pol + Ampl ta Pqual Squal
sta SH/P Pqual Squalsa quatsqua

% AT14 27.54 g/E ok/E ATOB OKIE
AT12g/E
AT2213234 okEQ/E T
AT2312.27 g/E ok/E A“g /r
ATI0707gEGE o - gk/E
AT327045 R 9E o ZWE
AT3373590KEQE | o O
AT347304g/EOKE 9 A
g
ATIS 385G/ o o
AT37 317 ok/E g/E
AT23 g/E ok/E
AT43S6760KEQE VT
AT4419.77 g/E ok/E AT25° i
ATA4512.23 g/E o/E g
AT30 g/E g/E
AT46 5.06 g/l ok/E
AT31 ok/E
AT52 68.85 g/E g/0
AT32g/Eg/E
AT545.35 g/l g/E
AT33 ok/E o/E
AT562.85 g/E o/E
AT34 g/ ok/E
GAZ1 2.70 g/E ok/E
AT35 g/l g/E
KARA 22889/Eg/E - % 0
KOZT 3.79 71 ok/ Am‘: /Egl
MERS 1622 0k/EQ/E |, 9 0
g
TAHT23008/E0/ e e
AT44 g/E ok/E
AT45 g/E g/E
AT46 g/l ok/E
AT48 ok/E
AT52 g/E g/0
ATS3 g/E
AT54 9/l g/E
AT559/1
ATS56 g/E g/E
AT60 g/E
CMRD g/E
GAZ1 g/Eok/
KARA g/E o/E
KMRS ok/E
KOZT g/l ok/E
MERS ok/E o/E
SARI ok/E
SULT g/l
TAHT o/E o/E

/ [ A 4 / \
| L X !
\ \ /
\
\ v
\\ XA ///
S
P/T axes Data
P K:NaN 95%:NaN TK:NaN 95%: NaN Lon:35.21 Lat:36.75 Dep:3.00 Mag: ML, 4.3
cate00032 Datapts:62  Solns: 1 Polerrs: 1  Nodal Wt:0.3  Solns shown:1  Search Inc: 5

Amplerrs: 1 Ampl Data: 21 Solns: 1 Polerrs: 1 Nodal Wt:0.2  Soln shown:1  Search Inc: 5
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Pol + Ampl
sta SH/P Pqual Squal staPqusl,Squal

o ATO5 19.25 ok/E ok/t’:"\TAOTSOZk//EEok/E
AT 478G/l o o?;/l
ATIS29390KEGE o % o
AT1610.21 g/E ok/E o
AT15 ok/E o/E
AT179.30 g/E g/E
AT16 g/E ok/E
AT25 11.99 ok/E g/E AT17 g/E o/E
AT2710.27 g/E o/E 9
AT25 ok/E o/E
AT28143 g/l g/E
AT27 g/E o/E
AT3715.70 ok/E g/E
KMRSS.68 cR/Eg/ 120 9/19FE
: AT37 ok/E o/E
AT38 g/E
GAZ1 g/l
KMRS ok/E o/E
MALT o/
URFA g/l
36° 38° 40°
;
¢ ¢ 3
NI
P/T axes Data 3¢’ 38 40
PK:64.8 95%:6.4 TK:46.7 95%:7.6 Lon:38.09 Lat:37.21 Dep:5.00 Mag: ML, 3.2
cate00033 Datapts: 26 Solns:52 Polerrs: 1 Nodal Wt: 0.8 Solns shown: 9 S earch Inc: 10

Amplerrs:0 AmplData: 10 Solns:52 Polerrs: 1 Nodal Wt: 0.8  Soln shown:9 S earch Inc: 10
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Pol Only Pol + Ampl
ta Pqual Squal
sta SH/P Pqual SqualS qualsqua

AT09 o/E o/E
AT09 562 g/E ofE g
AT14 ok/E o/E
AT14 9.06 ok/E o/E
AT15 ok/E o/E
AT15 38.31 ok/E o/E
AT16 o/E ok/E
AT167.52 o/E ok/E
AT17 ofE o/E
ATI7 11470 QE o 208
AT23 2187 o/EokE | 0% O
ol o]
AT2427.74 ok/E o/E
AT25 g/Eg/E
AT2517.33 g/E g/E
AT27 ofE g/E
AT27 35.77 ofE g/E
AT37 g/E g/E
AT37 20,56 /E g/E
AT38181glgE 2899k
: AT48 g/E
AT48271 g/EofE csvrg/ /EQ/E
o]
DARE 2.94 o/E g/E
DARE g/E o/E
GAZ1 040 0/E ok (o %%
KMRS 0.86 ok/E g/

KMRS ok/E o/
TAHT1.9288 9/ rauir 3k o/E

\
\ )
o e

\ 7 \ /
‘\ - o \)l/
\\,:_“,m,, /HT“

<\.,,, v ra

P/T axes Data
PK:NaN 95%:NaN TK:NaN 95%: NaN Lon:36.28 Lat:37.13 Dep:5.00 Mag: ML, 3.3
cate00034 Datapts:36  Solns: 1 Polerrs:1  Nodal Wt:0.3  Solns shown: 1 Search Inc: 5

Ampl errs:0  Ampl Data: 16  Solns: 1 Polerrs: 1 Nodal Wt:0.1  Soln shown:1  Search Inc: 5
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Pol Onl Pol -+ Ampl
y P sta SH/P Pqual Squal staipqual Saual
AT32 ok/E ok/E

AT327.28 ok/E ok/E
\ AT3316.07 g/E ok/E AI\‘E :’:/;”E
AT5116.27 ok/E (:tk/EATSI Ol/E ok/E
AT52 ok/E g/E
AT54 g/E g/E
ATS5 g/E
AT59 g/E g/E
AT60 g/E g/E
AT63 g/E g/E
AT64 g/E ok/E
BERE g/E
CEYTg/E
CMRD g/E
IKL1 ok/E g/E
KARA ok/E g/E
KEBE g/E g/E
TAHT ok/E
TEKE o/E

- AT520.79 ok/E g/E
AT54 4.67 g/E g/E
AT59 11.56 g/E g/E
¢ AT60 4.08 g/E g/E
5 AT63 14.13 o/E g/E
AT64 0.75 g/E ok/E
IKL13.11 oF/E g/
KARA 18.94 ok/E g/E
KEBE 12.80 g/E o/E

36

P/T axes Data
PK:463.6 95%:11.6 TK:570.0 95%:10. 5 Lon:34.56 Lat:36.87 Dep:2.00 Mag: ML, 3.2
cate00035 Datapts:34  Solns: 2 Polerrs:1  Nodal Wt: 0.2  Solns shown:2  Search Inc: 5

Amplerrs:0  Ampl Data: 12 Solns: 1 Polerrs: 1 Nodal Wt:02  Solnshown: 1  Search Inc: 5
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Pol Only Pol + Ampl

[\ X

\ N\ \ A

V)
\ S~ =3
>

P/T axes

sta SE/P Paual Squal "= | vl Squal

AT15 2.56 /E ok/E A;'Tf :/EI: KE
AT17 4.02 ok/E ok/E g
AT17 ok/E ok/E
AT185.15 g/Eo/E
AT18g/Eg/E
AT26 11.620k/E ok/E 9
AT27 464 ok/E g/E g
AT26 ok/E ok/E
ATIBASSQEQE | o0
AT4514.46 ok/E ok/E "= O/%9
AT33 g/
AT46 4.69E/I o/
AT344/1
AT48 5.97 g/E ok/E AT35 o/E
CEYT 101 g/l /E g

AT38 o/E o/E
GAZIN.25G/BG/E s L okIE

TAHTOSA4dEQ/ "y 0 )

AT48 g/E ok/E
AT56 g/l
CEYT g/l g/E
CMRD ok/E
GAZ1g/Eg/E
TAHT okfE g/

P K:NaN 95%: NaN TK:NaN 95%: NaN Lon:35.86 Lat:37.02 Dep:12.00 Mag: ML, 3.0
cate00036 Data pts: 32 Solns: 1 Polerrs:1  Nodal Wt:0.8 Solnsshown: 1 Search Inc:5

Amplerrs:0  Ampl Data: 12 Solns: 1 Polerrs: 1 Nodal Wt: 0.8
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Solnshown: 1 Search Inc: 5



Pol Onl Pol + Ampl
4 P sta Pqual Squal
AT33 ok/E g/E
ATA45 g/E ok/E
AT50 g/E
AT52 ok/E g/E
AT53 ok/E g/E
AT55 ok/E
AT59 g/E ok/E
AT60 g/E
AT62 e/E o/E
AT63 e/E o/E
AT64 g/E e/E
BERE g/E ok/E
CMRD g/E
IKL1 g/E ok/E
KARA g/E g/E
KEBE g/E g/E
MERS go/E g/E
SILI o/E o/E
TEPK ok/E
YESI ok/E ok/E

sta SH/P Pqual Squal

AT33 3.97 ok/Eg/E
AT45 3.79 g/E ok/E
AT52 1.19 ok/E g/E
AT53 6.22 ok/E g/E
AT59 10.08 g/E ok/E
AT62 0.64 &/E o/
AT63 3.86 &/E o/
AT64 31.38B/E e/
BERE 21.26 gE ok/
IKL1 17.88 gEE ok/
KARA 1.01 g/E o/E
KEBE 44.74 g/E g/E
MERS 1.98 g/E g/E
SILI 16.59 o/E o/E
YESI 4.43 ok/E ok/E

P/T axes Data
PK:4.6 95%:40.0 TK:47.5 95%:11. 2 Lon: 33.67 Lat:36.69 Dep:2.00 Mag: ML, 3.4
cate00037 Datapts:38  Solns:5  Polerrs:2  Nodal Wt:0.4  Solns shown:5  Search Inc: 5

Amplerrs:0 AmplData: 15 Solns:2  Polerrs:2  Nodal Wt:0.4  Solnshown:2  Search Inc: 5
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kol Only ROl Ampl sta SH/P Pqual Squal sta Pogial Sqiial
AT15 g/E ok/E
AT25 ok/E ok/E
AT33 g/E ok/E
AT34 g/E ok/E
AT35 g/Eo/E
AT46 g/E g/E
AT54 g/E
AT55 g/E
AT56 g/E ok/E
AT60 g/E ok/E
CEYT g/Eg/E
KOZT g/Eok/
KRTS g/E ok/E
MERS g/E g/E

g AT15 3.07 g/E ok/E
) AT25 3.60 ok/E ok/E
AT33 10.69 g/E ok/E
AT344.96 g/E ok/E
AT355.51 g/Eo/E
AT461.79 g/E g/E
AT56 1.31 g/E ok/E
AT60 1.42 g/E ok/E
CEYT2.33g/Eg/E
KOZT 1.14 gFE ok/
KRTS 1.23 gfE ok/
MERS 147 g/E g/E

P/T axes
PK:14.5 95%:20.8 TK:112.7 95%:7.2 Lon: 35.59 Lat:37.02 Dep:12.00 Mag: ML, 3.1
cate00038 Datapts:29 Solns:51  Polerrs:1  Nodal Wt: 0.8 Solns shown:5  Search Inc: 10

Amplerrs:0 AmplData: 12 Solns:30  Polerrs:1  Nodal Wt:0.8  Solnshown:3  Search Inc: 10
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Pol Only Pol + Ampl —
sta Pqual Squal
sta SH/P Pqual Squal

e ATO12092 g/E g/l :12 gji g:
AT02 14641 g/E g/l 929
AT03 g/Eg/E
ATO315.93 g gE o 9 S
AT0422949/Eg/l oo o & 9 -
AT0619.15 o/E o/E Amg /Eg
ATOB3488gEQ/E o ; &
AT0921.39 g/E o/E 9%
AT09 g/E g/E
. AT14 6159 g/E g/E
AT14 g/Eg/E
ATIS 10638/E0/ o 09 T
AT2316189EQE )
AT2416.27 g/E o/E g
AT23 g/Eg/E
AT302331 /E o/E
AT24g/Eg/E
AT3294.01 g/E o/E
AT30 g/Eo/E
AT33 14101 gEQ/E , %
AT3468.28 g/E g/E L
AT33g/Eg/E
AT3573.83E/E g/
AT34 g/Eg/E
AT37 1470880/ 90T
ATIB4399B/Ee/ o0 g /E
AT43434 R E | " :,E g y
AT46725E/1 o/ ©
AT43 g/Eg/E
AT53169.33 o/E o/E
AT46 el g/
ATSB5009gEQE o %8
AT6460.77 9/E o/E (=8
ATs6 e/l
ATé6 578.206/E e/
AT58 g/E o/E
AT6720.14 o/E e/l
AT60 o/E
AT707.66 E/E g/
AT64 g/Eg/E
CEYT12.12 g/E e/E
AT66 g/E e/E
DARE 36,108/ ¢/
KMRS 1517B/Eg) o 9/Ee/!
BRI AT70e/EQE

CEYT g/E e/E

DARE g/E e/E

KMRS g/E g/E
KOZT e/E
KRTS e/|
MERS g/E

P/T axes Data
PK:525.6 95%: 10.9 TK:526.0 95%:10. 9 Lon:36.03 Lat:36.71 Dep:4.00 Mag: ML, 4.9
cate00039 Datapts:66  Solns:2  Polerrs:1  Nodal Wt:0.1  Solns shown:2  Search Inc: 5

Amplerrs: 1 AmplData:29  Solns: 1 Polerrs: 1 Nodal Wt:0.1  Soln shown:1  Search Inc: 5
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Pol Only Pol + Ampl sta Pqual Squal

ATO08 ok/E g/E
0.0 g/E ok/E
AT11 g/E ok/E
AT15 g/E ok/E

AT16 a/E
AT17 g/Eg/E
0.0 g/E ok/E
AT24 ok/E g/E
AT26 g/E ok/E
AT28 g/l g/E
AT35 g/Eg/E
0.0 g/E ok/E
AT38 g/E e/E
AT67 g/E ok/E
AT68 g/E g/E
AT69 g/E g/E
CEYTg/E
KHMN g/E ok/
MALT g/E ok/E

P/T axes
PK:759.3 95%:4.5 TK:401.8 95%:6.2 Lon:37.08 Lat:37.3 Dep:1.00 Mag: ML, 3.0
cate00040 Datapts:38  Solns:3  Polerrs:1  Nodal Wt: 0.3 Solns shown: 3 Search Inc: 5

Amplerrs: 1  AmplData: 17 Solns:3  Polerrs:1  Nodal Wt:0.3  Soln shown:3  Search Inc: 5
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Pol Only Pol + Ampl sta SHIP i) Sqiil sta Pqual Squal

ATI5237ol/EQE 115 OKEOE
AT24 o/E ok/E
AT24 8.14 o/E ok/E 00 o/E
AT38 18.32 o/E g/E 0 o/
AT34 ok/E
AT46 3.39 g/l o/E AT35 o/E
AT4848.84 ok/E o/E 9
AT38 o/E g/E
AT560.61E/ of
AT46 g/l ofE
CEYT 2.37 g/Eg/E AT48 ok/E o/E
KARA 4.09 o/E g/E AT56° 5 7
KMRS 17.54 di/E o/ ATG; /:
KRTS 0.40 ofF ok/ s
CEYT g/E o/E

MERS 2.85 g/E g/E KARA o/E o/E

KMRS ok/E g/E
KOZT e/l

KRTS o/E ok/E

MERS g/E g/E

34° 36 38°

I // p 1

I‘\]/ |

v\ /
\ \
\ -

P/T axes

P K:NaN 95%:NaN TK:NaN 95%: NaN Lon:35.8 Lat:37.05 Dep:9.00 Mag: ML, 3.0

cate00041 Datapts:32  Solns: 1 Polerrs: 1  Nodal Wt:0.4  Solns shown:1  Search Inc: 5
Amplerrs:0 Ampl Data: 11 Solns: 1 Polerrs: 1 Nodal Wt:0.4  Soln shown: 1  Search Inc: 5

36 [ 36"

34 36 38°
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Pol Only

P/T axes

P K:NaN 95%:NaN TK:NaN 95%: NaN

cate00042

Amplerrs:0  Ampl Data: 11

Pol + Ampl

/ , /‘; » \' '\ATG'I

y aﬁ*‘w N

/ / 4 \

‘ // -/ AT52

\ A

\ 7 .
\ /// Ol /
\ e /

X .
e ////
Data

223

sta SH/P Pqual Squal

AT504.15 ok/E g/
AT51 3.06 ol/E ok/
AT581.78 §/Eg/
AT59 6.80 ol/E ok/
AT6110.14B/E g/
AT62 5.84 oE ok/
AT63 1.48 ol/E ok/
AT64 3.68 §/E o/

IKL1 9.84 oE o/
KONT 10.23 &/E ok/
LADK 8.39 &/E g/

sta Pqual Squal

AT50 okiE g/
AT51 ok/E ok/
AT589g/E g/
AT59 ok/E ok/
AT61g/E g/
AT62 g/EEok/
AT63 ok/E ok/
ATe4 g/E g/
IKL1 g/Eg/
KONT g/EEok/
LADK o/E g/

Lon:32.46 Lat:37.5 Dep:1.00 Mag: ML, 3.0
Solns: 1 Polerrs: 1 Nodal Wt: 0.3  Solns shown: 1

Search Inc: 5
Solns: 1 Polerrs: 1 Nodal Wt: 0.3

Search Inc: 5

38°

36"



Pol Only Pol + Ampl

P/T axes
PK:29.1 95%:23.3 TK:129.4 95%: 10.
cate00043 Data pts: 51 Solns: 3

Amplerrs:0  Ampl Data: 18  Solns: 3

Dat
9 Lon:36.91 Lat:37.08 Dep:2.00 Mag: ML, 4.0

Pol errs: 1
Pol errs: 1

a

sta SH/P Pqual Squal *t2 Paual Squal

ATO5 4.19 9/l g/E :TTgss g/"Eg//EE
AT08 16.04 g/E o/E S50
AT11g/1g/E
AT1125.58 g/l o/E
AT17 g/E ofE
AT17 1085 o/E o/E
AT26 g/E g/E
AT261529EglE 000 %
AT284.75 g/E o/E Amg /Eg
AT3719.48 g/Ee/l g
AT37g/Eell
AT386.10g/Eg/l
AT38g/E g/l
AT45 1030 o/E ofE
AT45 g/E o/E
AT483.05 g/E o/E
AT46 o/E
AT545.65 g/E ofE
AT48 g/E g/E
ATS97239/EQ/E IS
AT67 6.25 g/Eg/l ATS3 ofE
ATE8 1017 O/EQ/E o ‘/’E "
AT69 8.08 o/E g/E e
AT56 o/E
KOZT17856/E0/ o O
SARI38748/EQ/ 6090 /Ig
URFA28BGAO/E oo o
AT66 0/E
AT67 g/E g/l
AT68 o/E g/E
AT69 o/E o/E
IKL1 g/
KMRS e/
KOZT g/E o/E
MALT g/
MERS o/E
SARI ofE o/E
URFA g/l o/E

Nodal Wt: 0.2 Solns shown: 3 Search Inc: 5

Nodal Wt: 0.2
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Soln shown:3  Search Inc: 5



Pol Onl Pol + Ampl ta Pqual Squal
Y P staSH/PPqualSquaIs geiaqua

i AT24 ok/E g/E
—— AT2435420KEQE *, = k/Eg
Ol
3 AT38 5.66 ok/E ok/E
. AT38 ok/E ok/E
AT46 2.61 ok/E ok/E
AT46 ok/E ok/E
AT52 10.96 ok/E g/E
AT52 ok/E g/E
AT53 16.25 ok/E o/E
AT53 ok/E g/E
AT580.87 o/E ok/E
ATS58 g/E ok/E
AT59 7.66 g/E g/E ATS9 /E o/E
AT607.94 o/E ok/E 928
) AT60 g/E ok/E
=0y AT6212.36 g/E g/E
. AT62 g/E g/E
AT63 1509 g/E g/E
AT63 g/E g/E
b ATé41.25E/ o/
AT64 eB g/
IKL1 0.63 o o/
IKL1 o/E o/E
— Kozr7.77 6k T 0
KRTS 0.84 okEE ok/ iy
MERS 6.29 o/E o/

KRTS ok/E ok/E
MERS g/E g/E

P/T axes Data
PK:276.2 95%:7.4 TK:454.5 95%:5.8 Lon:34.37 Lat:36.57 Dep:2.00 Mag: ML, 3.2
cate00044 Data pts: 35 Solns: 3 Polerrs:1  Nodal Wt: 0.5 Solns shown:3  Search Inc: 5

Ampl errs:0  Ampl Data: 15  Solns: 1 Polerrs:1  NodalWt:0.5  Solnshown:1  Search Inc:5
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Pol Only Pol + Ampl sta Pqual Squal

ATO1 ok/E g/E
ATO02 ok/E g/E
ATO03 g/E g/E
AT04 g/Eo/E
ATO05 g/Eg/E
ATO7 g/E ok/E
AT08 g/E g/E
AT09 ¢/l g/E
AT11 e/l ok/E
AT13 ok/E
AT14 ok/E g/E
AT15 eB o/
AT16 g/l g/E

sta SH/P Pqual Squal

ATO112.91 ok/E g/E
AT02 9.20 ok/E g/E
AT035.88 g/E g/E
AT04 3.52 g/E o/E
ATO5 6.84 g/E g/E

ATO7 12.40 g/E ok/E
AT08 4.87 o/E o/E
AT092.03g/1g/E
AT110.62 &I ok/

AT14 20.85 ok/E g/E
AT150.90E/1 o/
AT163.76 g/l g/E
ATI7308g/EG/E S S
AT184.09 E/E o/ AT18 o/E ofE
AT24 20.04 g/E o/E

AT26 39.60 g/E ok/E Agfg%i "
AT284002B/Ee/ ofE okiE

AT35 4648 ok/E g/E

AT371976 ok/Eg/E 128 9/E€/E

AT35 ok/E g/E

AT66 44.09 ok/E g/E AT37 ok/E o/E
AT68 0.78 /1 g/ AT38 ok/E
AT69 2.64 g/E ok/E AT66 ok/E o/E
DARE 26.23 g/E /I
GAZ1 245 glEg/E  NoBeBd/

AT69 g/E ok/E

KMRS 2.27 §/E o/ DARE g/E ¢/
PTK1 8.73 ok/E o/E GAZ! g/E g
URFA 0.99 &/E o/ KMRS o/E o/

PTK1 ok/E o/E

SARI g/E
URFA g/E o/E

/'{A{*n ™~ g >7"7» BN
| N
' V\ . \
, \ / ot 01 . ATO4
‘ \ [ e ﬂw P |
S B
\ / oM e
\ / ‘ < (
oy M
\ v " \ .
\ e
e _\ T
P/T axes Data
PK:NaN 95%: NaN TK:NaN 95%: NaN Lon:37.47 Lat:38.13 Dep:3.00 Mag: ML, 3.4
cate00045 Data pts: 59 Solns: 1 Polerrs:2 Nodal Wt: 0.4 Solns shown: 1 Search Inc: 5

Amplerrs:0  Ampl Data: 27  Solns: 1 Polerrs:2 Nodal Wt: 0.4  Solnshown: 1  Search Inc: 5
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Pol Only Pol + Ampl sta Pqual Squal

sta SH/P Pqual Squal

AT0312.13 ok/E g/ A:‘;z:k//i 9
s ATI1 146gM10KE 2 o
ATIS689G/EGE o : -
AT163.95 o/ ok/E e
AT15 o/E g/E
AT17 1.40 ok/E g/E
AT16 g/E ok/E
AT184.25 g/E ok/E AT17 ok/E o/E
AT2810.90 g/E ok/E owEg
AT18 g/E ok/E
AT68 8.55 g/E g/E
AT28 g/E ok/E
DARE256g/1oE o9 O
ILIC 9.77 ok/E ok/E Angg /Eg
KMRS 6,63 ofE o/ ;&k/
MALT2199/1g/E |\ =9
SVRC3.33 8/l o/

KMRS ok/E ok/E
URFA7.
e S T

SVRCe/l g/E
URFA g/E ok/E

Vs

\\ —
P/T axes
PK:0.0 95%: NaN TK:NaN 95%: NaN Lon:38.82 Lat:38.32 Dep:4.00 Mag: ML, 3.9
cate00046 Data pts: 31 Solns: 1 Polerrs:2 Nodal Wt:0.4 Solnsshown: 1 Search Inc:5

Amplerrs:0 Ampl Data: 14 Solns: 1 Polerrs:2  Nodal Wt:04  Solnshown:1  Search Inc: 5
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Pol Only Pol+ Ampl sta SH/P Pqual Squal std Paual Squal

ATO8 o/E o/E
ATOB246G/EQ/E ,— g:/Eg 2
AT1428.08 OKEG/E '\ 5(;/5 g/E
AT1580.77 o/E o/E 9
AT16g/E
AT171.81 g/Eo/E
AT17 g/Eg/E
ATIB78.11oKEQE o & &
AT221019 o/EOK/E °k/E gk/E
AT28 85.66 ok/E g/E AT2: /E"
g
AT373209/1 g/
9N9E  AT2agE

N
= AT38-138.41 g/E ok/
% AT53 2.21 ok/E o/E EA;ii:k/,ig/E
ATS9590okEQ/E z p
v AT67 4.97 g/E ok/E AT37 g/l /E
> AT68 4.61 g/E g/E

AT691.12 g/E o/E Azi:’/:/: KiE
AT711.91 g/E ok/E ATa6 o/
DARE200G/EQE o
GAZ18.37 g/E ok/E

ATS3 ok/E o/E
KMRS 2.42 6/l o/
B9/ prsaqr

AT59 ok/E g/E
AT67 g/E ok/E
AT68 g/E o/E
AT69 g/E o/E
AT71 g/E ok/E
CEYT g/E
CMRD g/E
DARE g/E g/E
GAZ1 g/Eok/
KMRS g/l g/E
KOZT e/l

P/T axes

PK:176.8 95%:4.2 TK:171.8 95%:4.2 Lon:36.19 Lat:37.41 Dep:5.00 Mag: ML, 3.5
cate00047 Datapts:48  Solns:8  Polerrs:1  Nodal Wt:0.1  Solns shown: 8  Search Inc: 5

Amplerrs:0 AmplData: 18 Solns:6  Polerrs: 1 Nodal Wt:0.1  Solnshown:6  Search Inc: 5
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Pol Only

sta Pqual Squal

AKKU g/E g/E
AT33 g/Eg/E

sta SH/P Pqual Squal

AKKU 18.99 §/E g/
AT337.92g/Eg/E
AT381145g/EgE N CI/EOE

AT45 ok/E g/E
AT454720KEQ/E o0 S
AT487.62 OK/E OK/E o
AT53 g/Eg/E
AT534.33g/Eg/E
AT54 g/E g/E
AT54 520 g/E g/E
AT55 g/E ok/E
AT557.98 o/E ok/E
AT59 g/E ok/E
AT591.69 o/E ok/E
AT60 o/E
AT629.55 ok/E ok/E
AT62 ok/E ok/E
AT63 6.18 g/E g/E AT63 a/E o/E
AT641.81E/ o/ AT64911 "’/
AT71268gEgE o e/Eg E
CMRD 528 B/E o/ IEg
CEYT g/E
IKL1 1.43 gfE ok/
CMRD g/E o/E

KARAS73G/EQ/E | o 8

KRTS 4.06 7E o/ N
KARA g/E g/E
SiLi438g/Eg/E oS
g
TEKE 43.32 g/E
9B RIS o o/E

SILI g/E g/E
TEKE g/E o/E

P/T axes

PK:170.2 95%:4.3 TK:243.6 95%:3.6 Lon:34.81 Lat:36.44 Dep: 15.00 Mag: ML, 3.5
cate00048 Datapts:45  Solns:8  Polerrs:2  Nodal Wt:0.1  Solns shown:8  Search Inc: 5

Amplerrs:0  Ampl Data: 19 Solns: 8 Polerrs:2  Nodal Wt:0.1  Solnshown:8  Search Inc: 5
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Pol Only

P/T axes

P K:NaN 95%:NaN TK:NaN 95%: NaN
Data pts: 38
Amplerrs:0  Ampl Data: 15

cate00049

/
\ A A |
\ /Y
\/ o

Pol + Ampl

|
|

Solns:
s: 1 Polerrs: 1 Nodal Wt: 0.5

Soln

/s

7/ KOZiT33 "

, [ . URF?
- AT67 "

. AT
\QM / /

Data
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sta SH/P Pqual Squal *t2 F9ua! Saual

AT097.180KE g/E A100 OWEO/E
AT11 ok/E ok/E
AT117.00 ok/E ok/E
AT15 g/E ok/E
AT150.71 o/E ok/E
AT16 ok/E o/
AT16 14196 oKE o/E 1O 90
ATIB1731 9B QE o :m:_g '
AT2425720KEQE | 0 Y
AT28 1.93 g/E ok/E gito
AT33g/E
AT386.41 g/E g/E
AT34 ok/E
ATAB1781B/Ee/ o ORE
AT59379 ok/EOE |, " 9 i g -
AT695.37 oK/E OIVE - i/Ee WE
GAZ110790k/Eg/E - V=0
AT67 g/E
KMRS 3.32 §/E o/
AT69 ok/E o/
KOZT 10.11 d/E of

GAZ1 okE g/
SARI 9.54 ofE ok/ KMRS o/E o/E

KOZT okfE o/
MALT g/E

SARI o/E ok/E
TAHT g/E
URFA g/E

Lon:36.87 Lat:37.01 Dep: 6.00 Mag: ML, 3.4
s: 1 Polerrs: 1  Nodal Wt:0.5 Solns shown:1  SearchInc: 5
Soln shown: 1

Search Inc: 5



Pol + Ampl

Pol Only

ta Pqual Squal
sta SH/P Pqual Squals Qu2aue

AT336.01 ok/E g/E AATT 53: °:/’§ gk/fE
AT58 6.23 ok/E ok/E AT59° k/E° p
AT59 18.95 ok/E g/E AT60° T g/E
AT60 26,50 g/E g/E L9
AT62 o/E o/E
AT62 2,09 o/E o/E
AT63 e/E g/E
AT637288Eg/ o9
AT6435.03 g/EQ/E oo . e ;E
BERE 2830 §/E o/ g
IKL1 g/E ok/E
IKL1 3.45 gfE ok/ KEBE o/E o/E
KEBE 34.61 o/E o/E 9
TEKE o/E o/
TEKEB7BQ/EQE 9T S
TEVE 3.97 g/E ok/E 9

o s
,"//// L - vEERN
4 ’ \
| // 'Y m\‘
\ // ® mq\\it
\ / /
o
\\/A - //
S v St L
P/T axes Data 3 34 3¢’
P K:NaN 95%: NaN TK:NaN 95%: NaN Lon:33.4 Lat:36.87 Dep:3.00 Mag: ML, 3.1
cate00050 Datapts:26  Solns: 1 Polerrs:1  Nodal Wt: 0.8  Solns shown: 1 Search Inc: 5
Amplerrs: 1 AmplData: 12 Solns: 1 Polerrs:1  Nodal Wt:0.8  Soln shown: 1  Search Inc: 5
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gl Only Rl Ampl sta SH/P Pqual Squal staPqdel Sauel

— — AFSR o/l g/E
AFSR 092 g/l g/E
N9 AT06 o/E ofE

ATO06 11.31 g/E o/E
AT126.06 g/l g/E A’;Tg g/IIE /E
AT19187 g/E o/E 93
AT19 g/Eg/E
AT202.03 g/l ofE
AT20 g/l o/E
AT2119.10 g/E ofE
AT21 g/Eo/E
AT231.49 ok/E g/
AT220K/E
AT2984SQEGE
AT31 1586 0KE g/E |, "’/E
AT4017.85 ok/E o/E AT3og /:
AT417.62 ok/E g/E g
AT31 ok/E g/E
AT421.05 ok/E g/E
AT33g/E
AT50 5.58 ok/E o/E
BNN1 634 ok/E g/ 1110 OKEI/E
SHOEIE AT41 ok/E ofE

YAYX 3.62 gZE o
Gl 142 ok g/E
AT50 ok/E g/E

BNN1 ok/E g/E
YAYX g/E o/E

/T axes

PK:0.0 95%: NaN TK:NaN 95%: NaN Lon:34.16 Lat:39.77 Dep:0.00 Mag: ML, 3.4
cate00051 Datapts:39  Solns: 1 Polerrs: 1 Nodal Wt:0.1  Solns shown:1  Search Inc:5

Amplerrs:0  Ampl Data: 15 Solns: 1 Polerrs: 1 Nodal Wt:0.1  Soln shown: 1 Search Inc:5
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Pol Only Pol + Ampl sta SH/P Pqual Squal sta Pqual Squal

> > AT162.03 g/E ofE :E:gi
AT239.64 g/E o/E 9
AT16 o/E ofE
AT258.26 g/E g/
AT17 g/E
] v AT262095 g/Eo/E o %
— = AT273.54 g/E o/E 9
AT23 g/E ofE
AT305.38 g/E o/E AT24 o/E
AT317.41 o/Eg/E 9
AT25 o/E o/E
AT382.80 g/l g/E
AT26 o/E o/E
AT394.06 g/l g/E
AT27 o/E g/E
AT420.51 g/l o/E AT28 a/E
AT448.37 g/E g/E g
AT30 g/E o/E
AT45 3042 oE o9 0
ATA6 14.10g/10/E /Eg
AT4807SGNGE g/E
AT519.47 g/E g/E 9
AT38 g/l g/E
ATS26740/EQ/E oo o
ATS3 18929/ O/E 0 409 1
ATS435.120/EQE g/E
ATS63.12 g/E /E 9
AT42 g/l o/E
AT59 2037 g/E g/E
AT43 g/E
AT615.53 g/E o/E
AT44 g/E o/E
AT625689 g/Eo/E | P 0
AT63 8228/l o/ g/Eo
AT46 g/l o/E
BERE 26.05 §/E o/
AT48 o/l g/E
GAZIBATgEGE o % O
IKL1 13.75 &/E o/ 9
AT51 o/E o/E
KEBE 6.24 g/E g/E
AT52 o/E g/E
LADK472 80/ 002 o
SUISsQRGE o
ATS6 o/E o/E
AT59 g/E o/E
AT60 g/
AT61 o/E o/E
AT62 g/E o/E
AT63 el g/
BERE o/E o/E
CEYT o/l
CHBY ofE
GAZ1 g/Eg/E
IKL1 o/E o/E
KEBE g/E g/E
KONT g/1
LADK g/E o/E
SILI g/E o/E

/ / ,
/ / /
/ [
[ |
|
\ A
ol
> . .
P/T axes Data
P K:NaN 95%:NaN TK:NaN 95%: NaN Lon:34.38 Lat:36.29 Dep:0.00 Mag: ML, 4.7
cate00052 Datapts: 74  Solns: 1 Polerrs:2  Nodal Wt:0.2  Solns shown:1  Search Inc: 5

Amplerrs:0  Ampl Data: 29  Solns: 1 Polerrs:2  Nodal Wt:0.2  Solnshown: 1  Search Inc: 5
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Pol On'y ol Ampl sta SH/P Pqual Squal sta Pejual Sqal

ATO7 ok/E g/E
ATO7 45.34 ok/E g/E
ORI ATos o/E o/E

AT0825.18 g/E g/E AT09 o/E
ATI29220KEQE ZE -
AT13 66.59 g/E g/E m3° e Q/E
AT145.62 g/E g/E 9/°9
AT14 g/Eg/E
AT207493g/Eg/E S
AT214084g/EQ/E o g’E
AT222.76 g/E ok/E AT18 ZE
AT 197k O
AT271.64 g/E ok/E AT20 % /e
AT297.57 g/E g/E 929
AT21 g/Eg/E
AT31 2891 9/EQ/E (o 005
AT332.96 g/l g/E 9/Eq
AT23 e/l
AT346.15g/E g/E AT24 e/l OK/E
AT381.72 g/E g/E ATZ: /‘E’
AT423.02 g/E g/E <
AT26 o/E
AT44 165 g/lokE o
ATS21849/Eg/E |\~ /E"/E
AT5916.23 g/E o/E 929
AT31 g/Eg/E
ATe320149/Eg/E |, = 9O
BNN1662g/Ee/E o= g /Eg -
CEYT 2532 ok/E g/E msg Eg
DARE212g/Eok/E % "
KARA6.27 OWEG/E g 5 g /E
KEBE 7.03 g/E o/ Amg /Ig
KMRS 107489/ = 7| B
g/l ol
NIGT 497 gEok/ BT

AT52 g/Eg/E
AT53 g/l
AT59 g/E g/E
AT60 g/E
AT62 g/E
AT63 g/E g/E
BNN1 g/Ee/E
CEYT ok/E g/E
DARE g/E ok/E
KARA ok/E g/E
KEBE g/E g/E
KMRS g/E g/E
NIG1 g/E ok/E

\ / 7
N | /
Ny
P/T axes
PK:NaN 95%: NaN TK:NaN 95%: NaN Lon:35.19 Lat:38.1 Dep:0.00 Mag: ML, 3.6
cate00053 Datapts: 70  Solns: 1 Polerrs:1  Nodal Wt: 0.8  Solns shown: 1 Search Inc: 5

Amplerrs:1  AmplData:27 Solns:2  Polerrs: 1 Nodal Wt:0.1  Solnshown:2  Search Inc: 5
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Pol Onl Pol + Ampl ta Pquial Squal
y P staSH/PPqualSquals SRS

AT1620.64 ok/E ok/E 102 OE
0.0g/Eg/E

AT1861.01g/E g/E
9EIE AT16 ok/E ok/E
AT23 14.38g/Eg/E
AT18 g/E g/E
AT258.81 o/E o/E
AT23 g/Eg/E
AT26 25.90 g/E g/E
AT25 g/E o/E
AT27 54.44 ok/E g/E AT26 o/E o/E
AT286.00 o/E g/E Eg
AT27 ok/E g/E
AT373.34 /Eg/E
AT28 o/E g/E
AT381.43 g/l /E
AT34 g/E
AT485.61 g/E o/E
AT35 g/E
AT66 2.7 o/E o/E
AT37 g/Eg/E
CEVI435g/E0E oo e
GAZ1321 g/E ok/E
9 AT46 g/l

AT48 g/E o/E
AT60 o/E
AT66 g/E o/E
CEYT g/E ok/E
GAZ1 g/Eok/

/ < )
/ 7
[/ \ ‘ f 7 ATa6
/ X | | L AT60
\ f / \ /- aBT
\( A 4 / ;} e | sz J
\ | \ Wi/
\\»E, 7,,_-—/ S —,‘,,/’/
P/T axes Data
P K:NaN 95%: NaN TK:NaN 95%: NaN Lon:36.19 Lat:37.14 Dep:0.00 Mag: ML, 3.0
cate00054 Datapts:37  Solns: 1 Polerrs:2  Nodal Wt: 0.4  Solns shown: 1 Search Inc: 5

Ampl errs:0  Ampl Data: 13 Solns: 1 Polerrs:2  Nodal Wt:04  Solnshown:1  Search Inc: 5

235



Pol Only Pol + Ampl sta SH/P Pqual Squal sta Pqual Squal

AT
- AT0477.30B/E o/ Amgz j’éo ,
ATO6 218 §/Eo/ |\ o :/E g/
ATO8 10.94 B/E o/ °
. ATO7 o/
AT092.43 §/Eg/
: ATO8 o/E o/
ATIO1787B/E0/ oo
ATI42809B/E0/ g/
AT16425 §/Eq/ 9o
AT14 oE g/
ATI72088E0/ o ol
p— ATI8 133.000/E o/ Amg/EQ/
AT223004B/E0/ S g/
AT23 2046 B/E g/ A=
AT22 g/E o/
AT258.41 §/Eqg/
AT23 gE g/
AT26117810/ 9 S
AT271598N g/ o 9 ;
AT281.25 §/Eq/ 9kg
AT26 efio/
AT37 3288/ o/
AT27 gB g/
ATIBBEIBEG o0 S
AT44557 §/Eg/ 9
AT33g/E
AT606.99 §/E g/
AT340/1
ATe 14281/ oo
KMRS 26119/ 0
AT38 gE g/
AT43 0/E
AT44 ofE g/
AT45 g/l
AT46 ¢/l
AT54 g/E
AT60 gE g/
AT66 el g/
KARA g/E
KMRS el g/

38

36’

P/T axes Data
PK:605.7 95%:3.7 TK:261.7 95%:5.7 Lon:36.2 Lat:37.35 Dep:0.00 Mag: ML, 4.1
cate00055 Datapts:55  Solns:4  Polerrs:2 Nodal Wt: 0.1  Solns shown: 4 Search Inc: 5

Amplerrs:0  Ampl Data:21  Solns: 1 Polerrs:2  Nodal Wt:0.1  Solnshown:1  Search Inc:5
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Pol Only Pol + Ampl sta SH/P Pqual Squal sta Pqual Squal
AT06 19.38 ok/E g/E
AT07 5.16 g/E g/E
AT08 6.67E/I g/
AT1045.69 o/E g/E
AT14098 o/l g/
AT1515.47le/Ee/
AT16 14.42 g/E g/E
AT184.80 g/E g/E
AT224.97 g/E g/E
AT23531g/Eg/E
AT243.18 g/Eg/E
AT26 60.21 o/E g/E
AT27 62.70 ok/E o/E
AT347.57 g/E o/E
AT45 2459 ok/E ol/E 212> VE
ATes 1971 gEg/E 120 VEI/E
AT27 ok/E g/E
BNN16.92 g/E g/E AT34 g/E g/E
DARE 13.85g/E g/E

AT35 g/E
SVSK 23.83 o/E g/ AT38 ok/E

ATA45 ok/E ok/E
AT54 g/E
AT66 g/E g/E
BNN1 g/E g/E
DARE g/E o/E
SVSK ok/E g/E

AT02 g/E
ATO06 ok/E g/E
ATO7 o/E g/E
AT08 el g/

ATO09 g/E
AT10 g/E g/E
AT14 g/l g/E
AT15e/Ee/l
AT16 g/E g/E

AT17 g/E
AT18 g/Eg/E
AT22g/Eg/E
AT23 g/E g/E
AT24 g/E g/E

P/T axes Data
P K:260.1 95%:3.0 TK:264.9 95%:3.0 Lon:36.77 Lat:38.51 Dep:0.00 Mag: ML, 3.6
cate00056 Datapts:48 Solns: 10 Polerrs:2  Nodal Wt: 0.8 Solns shown: 10 Search Inc: 5

Amplerrs:0 AmplData: 19 Solns:3  Polerrs:2  Nodal Wt:0.8  Solnshown:3  Search Inc: 5
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Pol Only Pol + Ampl
sta SH/P Paual Squal - el Squal
AT06 g/E o/E

AT06 3.10 g/E o/E
g AT07 ok/E o/E
AT07 8.52 ok/E o/E ATOS ok/E a/E
Ol
AT08 12.45 ok/E g/E 9
AT09 g/E g/E
AT09455g/EQ/E (o o
ol
AT1020.96 ok/E g/E g
AT12g/Eg/E
AT124.25 g/E g/E
AT13 g/Eg/E
AT132.08 g/Eg/E
AT14 ok/E g/E
AT14 64.33 ok/E g/E
ATI6 1239 g/Eg/E Ao I/EIE
-39 9/k g,
AT17 g/E ok/E
AT17 2.54 g/E ok/E AT18 ZE WE
Ol
AT181.98 g/E ok/E
AT21 ok/E
AT220.84 g/E g/E
AT22 g/Eg/E
AT232.04 g/l o/E
AT23 g/l o/E
AT240.79 g/E g/E
AT24 g/E g/E
AT25 11.00b/E e/
AT25 o/E e/E
AT269.57 g/E g/E
AT26 g/E g/E
AT27 2.359g/Eo/E
AT27 g/Eo/E
AT8271g/E0/E | 0 Lo e
0,
AT320.53 g/E g/E o
AT32g/Eg/E
AT33247 g/Eo/E
AT33g/Eo/E
AT341.399/1g/E
AT34 g/l g/E
AT357.35 g/E g/E
AT35 g/Eg/E
AT37 342 /E g/E
AT37 g/Eg/E
AT43 0.83 g/E g/E
AT43 g/Eg/E
AT450.76 g/E g/E AT45 o/E o/E
DARE 18.75 ok/E g/ Amg g/E‘-’
KMRS 2.59 ok/E
9 DARE ok/E g/E

KMRS ok/E g/E

P/T axes Data
P K:525.2 95%: 10.9 T K: ¥****** 9505: 0.6 Lon:36.03 Lat:37.9 Dep:0.00 Mag: ML, 3.4
cate00057 Datapts:57  Solns:2  Polerrs:2  Nodal Wt:0.3  Solns shown:2  Search Inc: 5

Amplerrs:0 AmplData:27 Solns:2  Polerrs:2  Nodal Wt:0.2  Soln shown: 2 Search Inc: 5
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Pol Only Pol + Ampl <ta SH/P Pqual Squal sta Pqual Squal

AFSR0.18 ok/E o/E ﬁz ‘;/kfoii
AT13 3.93 g/E ok/E ATI9 /E o/E

AT196.71g/Eg/E

AT20 0.70 g/E ok/E
AT2125.19 o/E o/E
AT2931.80 ok/E e/l
AT312839 g/E g/E

LOD1 8.34 ok/E g/E

AT20 o/E ok/E
AT21 g/Eg/E
AT29 oklIE e/
AT30 o/E
AT31 g/Eg/E
LOD1 okEE g/

//’"”\
TR
|
Sy
,// B
7 i\
( |
-
“.)
N //
et
-
/. )
|
‘
~ //
e “\
‘
‘\77 o >
=

P/T axes Data
PK:25.5 95%:11.2 TK:4.1 95%:31. 3 Lon: 33.04 Lat:39.45 Dep:3.00 Mag: ML, 3.1
cate00058 Datapts: 17  Solns:8  Polerrs:1  Nodal Wt:0.8 Solns shown:8  Search Inc: 5

Amplerrs:0 AmplData:8 Solns: 1 Polerrs: 1  Nodal Wt:0.8  Soln shown:1  Search Inc: 5
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Pol Only Pol + Ampl
sta SH/P Pqual Squal staPaualSqual
AT5429.47 ok/E g/ AT;:SO‘I’(/kéZ -
AT60 11.47 ok/E g/E AT59 o/E
AT638.19g/Eg/E AT60 ok/E g/E
AT649.20 g/E g/E AT63 g/E o/E
CMRD 8.94 oE/E ok/
AT64 g/E g/E
CMRD ok/E ok/E

S R AT
\\

N\

vl //;:‘\\ y
/ N
[ e -
| \
y

#

g /
|/ v

‘.\ [

) / s /
/ \ [ / /
/ \ ’ /
‘ \ o / \ |
\\\ S / \\x\ // //
&ﬁ;/ Seat0
P/T axes Data
P K:NaN 95%:NaN TK:NaN 95%: NaN Lon:34.25 Lat:36.82 Dep: 0.00 Mag: ML, 3.1
cate00059 Datapts:12  Solns: 1 Polerrs:0  Nodal Wt:0.9 Solns shown:1  SearchInc: 5
Amplerrs:0  AmplData:5  Solns: 1 Polerrs:0 Nodal Wt:0.9  Solnshown:1  SearchInc: 5
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Pol Only Pol + Ampl

ta Pqual
sta SH/P Pqual Squal sta Pqual Squal

AT02 g/E g/E
AT027.47 o/E o/E kg
ATOS g/E g/E
ATOS476 gEQE o 8 S
AT07 20.37 ok/E g/E S
ATO8 ok/E g/E
AT08 3.01 ok/E g/E AT09 o/E o/E
ATO93BBQ/EQ/E oo 9 i g s
AT109.65 g/E o/E il
AT159/Eg/E
AT157.84 g/Eg/E
AT16 ok/E ok/E
AT1612.05 O/ ok/Ep ) or e e
DARE 1013 g/Eok/E ¢ 2
Ol
SVSK 24.80 d/E o/

SVSK ok/E g/E

i\
‘\\
P/T axes Data
PK:9.9 95%:224 TK:97.3 95%:6.8 Lon:38.34 Lat:39.46 Dep:0.00 Mag: ML, 3.5
cate00060 Datapts:25  Solns:6  Polerrs:0  Nodal Wt:0.9  Solns shown:6  Search Inc: 5

Amplerrs:0 AmplData: 10 Solns:6  Polerrs:0 Nodal Wt:0.9  Soln shown:6  Search Inc: 5
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Pol Only Pol + Ampl sta SH/P Pqual Squal sta Pqual Squal

ATO2 g/E g/E
AT026.01 g/E o/E 9/Eg
ATO5 g/E ok/E
ATO5 2.76 g/E ok/E AT06 ok/E ok/E
AT06 6.05 ok/E ok/E oWt o
ATO7 g/E g/E
AT07 3.59 g/E g/E
AT08 ok/E o/E
ATO08 5.41 ok/E g/E AT09 ok/E a/E
AT09 65,98 ol/EQ/E | g e
ok/Eg
AT105.32 ok/E o/E
CYEIE DARE o/E ok/E
SVSK ok/E g/E

DARE 5.89 g/E ok/E
SVSK 72.40 ok/E g/

P/T axes Data
PK:63.0 95%:5.3 TK:22.1 95%: 9.0 Lon:38.66 Lat:39.66 Dep:0.00 Mag: ML, 3.5
cate00061 Datapts:20  Solns:13  Polerrs:1  Nodal Wt:0.8 Solns shown: 13  Search Inc: 5

Amplerrs:0 AmplData:9 Solns: 13 Polerrs: 1 Nodal Wt:0.8  Soln shown: 13 Search Inc: 5
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Pol Only Pol + Ampl sta SH/P Pqual SquaISta Pqual Squal

ATOS g/E ok/E
ATOS5 4.86 g/E ok/E s
AT109/l ofE
AT102.35g/lo/E
AT11g/Eg/E
AT115.529/Eg/E
ATI5 o/E o/E
AT1527.31 g/E o/E
, AT16 g/E ok/E
— AT1621.60 g/E ok/E
A A& AT17 g/E o/E
AT17 1.36 g/E o/E
AT189/l o/E
ATI8 1129/ g/E
AT23 g/E ok/E
AT231.92 g/E ok/E
B AT24 o/E o/E
AT2413.29 g/E o/E
AT25228g/EgE 12 9EIE
IEIE - AT26 0/E OK/E
AT266.78 o/E ok/E
AT27 g/E g/E
AT27 1093 g/E o/E
AT28 g/E g/E
AT281.18 g/Eg/E
AT33 g/E ok/E
AT33 6.20 g/E ok/E AT34 o/E
AT3S721g/EokE o ?E -
Ol
AT38103.39 g/E o/E AT; i
AT48 22.28 ok/E o/E AT38 o/E o/E
DARES.060kEo/E gk/E "
Ol 0O
GAZ1539 ok/E g/E
CEYT ok/E
KHMN 857 0/EOE o0 ©o
ol O
MALT 4.27 o/E g/E

GAZ1 okEE g/
URFA 1634 B/EQ/ o

MALT g/E g/E
URFA g/E g/E

36

P/T axes

PK:1755 95%:9.3 TK:399.8 95%: 6.2 Lon:37.14 Lat:37.31 Dep:0.00 Mag: ML, 3.4
cate00062 Data pts: 51 Solns:3  Polerrs: 1 Nodal Wt:0.1  Solnsshown:3  Search Inc: 5
Amplerrs:0 AmplData:22  Solns:2  Polerrs: 1 Nodal Wt:0.1  Soln shown: 2 Search Inc: 5
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Pol Only Pol + Ampl ta Pqual Squal
sta SH/P Pqual Squals ahqualsqual
AT32 ok/E

AT3311.46 g/E ol
IEKE 133 /E ok/E
AT35 13.20 ok/E ok/E
AT35 ok/E ok/E
AT431.04g/Eg/E
AT43 g/Eg/E
AT52 452 g/E g/E
AT52 g/Eg/E
AT54 1847 g/E g/E
AT54 g/Eg/E
AT58 2.02 ok/E g/E
AT58 ok/E g/E
AT59 5.94 g/E g/E
AT59 g/E g/E
AT604.82 o/E ok/E
AT60 g/E ok/E
AT628.26 g/E g/E
AT62 g/Eg/E
AT63 19.86 ok/E g/E
AT63 ok/E g/E
AT64 1893 ofE g/E
ATé4 ofE o/E
MERS 4.75 ok/E g/E MERS ok/E o/E
ok/kg
SILI 5.48 ok/E
WEIE G o/ g/

32° 34 36"

\4 /% \ \ \ / N ; ;
\ 7 \ \ /
| N, \ / - ‘ i 3 : )
// | / X W/ El Y X 36
\{ A 4 I/ \/ " TEKE ) /atez 7
\\\7 > ' \¢\‘ // ’ 3 :
P/T axes Data
P K:NaN 95%:NaN TK:NaN 95%: NaN Lon: 33.14 Lat:37.03 Dep:1.00 Mag: ML, 3.3
cate00063 Datapts:29  Solns: 1 Polerrs:0 Nodal Wt:0.9 Solns shown: 1 Search Inc: 5

Amplerrs:0  Ampl Data: 13 Solns: 1 Polerrs:0 Nodal Wt:0.9  Soln shown: 1 Search Inc: 5
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oo only oy Amp] sta SH/P Pqual Squal staqtial Squal

ATO1 g/E ok/E
ATO02 g/E ok/E
AT04 g/E g/E
ATO5 g/E o/E
ATO08 g/E g/E

7 ATO1 4.26 g/E ok/E
AT02 2.31 g/E ok/E

/ AT047.55 g/E g/E

S ATO05 1.36 g/E g/E
== AT08 5.63 g/E g/E

> ATO09 ok/E g/E
AT11 ok/E
ERZN ok/E g/E
MALT g/E ok/E
SVSK g/E ok/E

( AT09 4.60 ok/E g/E
ERZN 2.10 ok/E g/E
MALT 2.47 g/E ok/E
SVSK 1.25 gk ok/

P/T axes Data

PK:57.8 95%:8.0 TK:13.9 95%:16. 8 Lon:39.19 Lat:39.34 Dep:0.00 Mag: ML, 3.1
cate00064 Datapts:20 Solns:40  Polerrs:1  Nodal Wt:0.8  Solns shown: 7  Search Inc: 10

Amplerrs:0  AmplData:9 Solns:40  Polerrs:1  Nodal Wt: 0.8 Solnshown:7  Search Inc: 10

245



Pol Only

/ ¢ %
V / \‘ \‘l
/X )
\ [ v | )
\\ l\ '/ //
\{\\7k_4‘$ // /,
P/T axes
PK:NaN 95%:NaN TK:0.0 95%: NaN
cate00065 Datapts:74  Solns: 1
Ampl errs:0  Ampl Data:31  Solns: 1

Pol + Ampl

ta Pqual Squal
sta SH/P Pqual Squal* 012 >94@

ATO6 o/E
ATO7 16908/Eq/ o i #
AT08 29.58E/E g/ o
ATOB e/E g/E
AT09.8.96 E/E g/
ATO9 e/E g/E
AT114.27 ok/E g/E
AT11 ok/E o/E
ATIA373gEQE o0
AT164325 o/E o/E g
AT17454gEgE AT149EIE
. AT16 /E o/E
AT2342209B O/E o g e ZE
AT24 11867 o/E o/E 9
AT22 ok/E
AT25 3653 ok/E g/E
AT23 g/E g/E
AT269.00 §/E e/
AT24 g/E o/E
AT2714.79 o/E o/E
AT25 ok/E o/E
AT288.94 g/E o/E
AT26 g/Ee/E
AT3334108ESK oo
AT37 2.708A o/ g
AT28 g/E g/E
AT43 9.50 o/E ok/E
AT33 e/E ok/E
AT44 6,00 g/E e/l
AT34 g/E
AT453.37B/ of
AT35 e/E
AT48 19.29 g/E ok/E
AT37 el g/
ATS31375 QR O/E 0t o0 d o
AT549.98 €/Eq/
AT44 g/E e/l
AT60 5.46 g/E g/E AT:: g; /
BNN1 78553 ok/E g/E Shd
AT46e/
CEYT 1.10g/Eg/E
AT48 /E ok/E
CMRD 2,26/ o/
AT53 g/E o/E
DAREGEBGEQE 9 %
GAZ131.30 o/E g/E 2
AT60 g/E o/E
KMRS 2284/Ee/ o %0
KOZT102eNokE oo ;E
MERS 3.43 efE ok/ 9

CMRD o/l g/E
URFA79.35dWEQ/ [ \or e

GAZ1 g/E g/E
KARA g/E
KMRS g/E e/l
KOZT e/l ok/E
MALT g/E
MERS e/E ok/E
URFA ok/E g/E

Lon:36.23 Lat:37.27 Dep:0.00 Mag: ML, 4.2

Pol errs: 2
Pol errs: 2

Nodal Wt: 0.2 Solns shown: 1
Nodal Wt: 0.2 Soln shown: 1
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Pol Only Pol + Ampl

sta SH/P Pqual Squal sta Pqual Squal

AT02 ok/E g/E
T028..
AT02 8.27 ok/E g/E AT03 e/E o/E

ATO03 28.66E/E o/
9" ATo4eBol
AT041.34E/ o/
ATos 145g/EgE 0o 9EIE
GRIE  aT07 /E

AT087.49 g/E ok/E
AT092 47g /Eo e 0Su/EckE
ATIEIE T ATo90 o/ o/E

AT 1.71BA o/
9 ATi1eRg/

AT1544.89 g/E g/E

AT15 g/E g/E
AT171.29 g/Eg/E

AT160/E

AT186.78 g/Eg/E

AT17 ofE g/E
AT28 2.95 g/Eg/E

AT18 o/E g/E
AT68328E/ o/

AT28 g/E o/E
AT69 5.33 g/Eg/E AT68 efl o/
DARE 0.74 g/l ok/E ¥
MALT185E/1g/ TOS9EDE

DARE g/Eok/
PTKI327 g gE 0% ™

€

SVRC1609/EQE oo’ * g g
URFA 191 o/l g/E o

SVRC g/Eq/
URFA g/l g/E

P/T axes Data
PK:2174 95%:6.2 TK:1324.7 95%: 2.5 Lon: 38.68 Lat:38.17 Dep:0.00 Mag: ML, 3.9
cate00066 Datapts:39  Solns:4  Polerrs:1  Nodal Wt: 0.4  Solns shown: 4  Search Inc: 5

Amplerrs:0  Ampl Data: 18 Solns:2  Polerrs:1  Nodal Wt:04  Solnshown:2  Search Inc: 5
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Pol Only Pol + Ampl

ta Pqual Squal
sta SH/P Pqual Squals arqualsqua

AT02 o/E o/E
AT022.99 g/E o/E iy
AT03 ok/E g/E
ATO03 19.18 ok/E g/E ATo4 g/E
ATO05 7.50 o/E g/E
ATO5 g/E g/E
AT08 4.85 g/E ok/E
ATO8 o/E ok/E
AT115.909/E g/E
AT11 o/E o/E
AT153.79 o/E o/E
AT15 o/E o/E
AT162.44 ok/E o/E
AT16 ok/E g/E
AT1820.71B/E &/
AT18 g/E e/E
AT687.80 o/E o/E
AT68 g/E g/E
AT69 9.67 ok/E g/E
AT69 ok/E o/E
DARE 14.15 g/E o/E
DARE g/E g/E
MALT 2.68 /1 g/
MALT e/l o/
PTKI379eNgE o o) o
SVRC7.11 B/l o/
SVRC e/l
SVSK 1.03 JZE g/ g/

SVSK g/E g/E
URFAB28E/EQ/  oca' e e

N g S
\\», ay /
P/T axes Data
P K:NaN 95%:NaN TK:NaN 95%: NaN Lon: 39.25 Lat:38.47 Dep:0.00 Mag: ML, 3.7
cate00067 Datapts:35  Solns: 1 Polerrs: 1 Nodal Wt: 0.8  Solns shown: 1 Search Inc: 5

Amplerrs:0 Ampl Data: 16  Solns: 1 Polerrs: 1 Nodal Wt:0.8  Soln shown: 1 Search Inc: 5
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Pol Only Pol + Ampl
sta SH/P Pqual Squal staPqual Squal

ATo7498gEgE 107 YEIE
ATO8 g/E ok/E
AT08 4.37 g/E ok/E
ATO09 o/E g/E
AT0947.13 g/E g/E
AT14 9/l g/E
AT14 15.64 g/l g/E
AT15 g/E g/E
AT152.98 g/E o/E
AT16g/E e/E
ATI616218/Ee/ o 080
AT1825.17 g/E g/E ATZZQ//EQ
AT241189EE g/E
AT45 15.14 ok/E o/E 3
AT24 o/E g/E
AT69 046 g/EokE - @D
BNN1 1.66 g/E g/E Am° C
DARE 33.35 g/E g/E 9
AT33g/E
GAZ1259 g/E g/E
AT34 g/E
MALTO94okEG/E = %
SARI 7.36 FE o/ e

AT45 ok/E g/E
TAHT 3.90 olZE ok/
OEOY AT69 o/E ok/E

AT70 g/E
BNN1 g/E g/E
DARE g/E g/E
GAZ1 g/Eg/E
MALT ok/E g/E
SARI g/E g/E
TAHT ok/Eok/

P/T axes Data
PK:404.3 95%:12.5 TK:515.2 95%:11. 0 Lon:36.28 Lat:38.29 Dep:0.00 Mag: ML, 3.2
cate00068 Datapts:42  Solns:2  Polerrs:1  Nodal Wt:0.3  Solns shown:2  Search Inc: 5

Amplerrs:0 Ampl Data: 16 Solns:2  Polerrs:1  Nodal Wt:0.3  Soln shown:2  Search Inc: 5
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Pol Only Pol + Ampl

sta Pqual Squal

AT45 g/E ok/E
ATS53 g/E o/E
AT54 g/E ok/E
AT55 g/E
AT59 g/E ok/E
AT60 ok/E o/E
AT63 g/E g/E
AT64 g/E ok/E
KARA g/E g/E
MERS g/E o/E

sta SH/P Pqual Squal

AT45 2.05 g/E ok/E
AT533.43g/Eg/E
AT54 11.38 g/E ok/E
AT59 13.11 g/E ok/E
AT60 7.45 ok/E g/E
AT63 5.95 g/E g/E
AT64 1.31 g/E ok/E
KARA 18.93 g/E g/E
MERS 4.57 g/E g/E

P/T axes Data
PK:99.8 95%:3.8 TK:24.2 95%:7.9 Lon:34.64 Lat:36.96 Dep:3.00 Mag: ML, 3.5
cate00069 Datapts: 19 Solns:15  Polerrs: 1 Nodal Wt: 0.8 Solns shown: 15 Search Inc: 5

Amplerrs:0  Ampl Data:9 Solns: 15  Polerrs: 1 Nodal Wt:0.8 Solnshown: 15  Search Inc: 5
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Pol Only Pol + Ampl sta SH/P Pqual Squal sta Pqual Squal

AT07 7.00 ok/E g/E :IZZ; °kk//E Q;E
ATO8 10.67 ok/E o/E AT09° p g/E
AT09 13.27 o/E g/E kg
AT14 ok/E ok/E
AT14 16.03 ok/E ok/E
AT16 g/E g/E
AT16 18.64 g/E g/E
AT17 g/E g/E
AT174.20 g/Eg/E
AT18 g/E g/E
AT181.67 g/Eg/E
AT259g/Eg/E
AT25 1828 g/E o/E
AT26800 g/EgrE 1209/E9/E
.09 g/Eg
AT2716.79 g/E ok/E ;?2;9/;"'7:
AT2815.94g/E g/E 9,58
AT32g/Eg/E
AT3218.07 g/E o/E
AT33 g/E ok/E
AT33 46.13 g/E ok/E AT34 o/E
ATS7I6TGNOE 9 j
ATIB 1943 Q/EG/E o gﬂ B
AT4321.64 ok/E o/E 209
AT38g/E g/E
AT448.18 g/E g/E
AT43 ok/E o/E
AT45 7.40 g/E ok/E AT44 g/E o/E
AT53 2.66 ok/E o/E £:=0
AT45 g/E ok/E
AT54 1036 g/E ok/E
AT46 g/l
AT56 2.44 g/E ok/E
AT60330g/EgE oo oWEO/E
30g/Eg
BNN1 3.50 ok/E g/E :E: 9/’2 °zi
CMRD 9.14B/1 g/ gre
AT60 g/E g/E
GAZ128.30 g/E g/E
BNN1 ok/E g/E
KMRS 17189/~ o O
MERS 224 9B Q/E o 4 o
SARI 79.95 §/E g/ 929

GAZ1 g/E g/E
TAHT 29.78 dK/E o/ KMRS‘;/':/E

KOZTe/l
MERS o/E g/E
SARI o/E g/E
TAHT okfE g/

P/T axes

P K:NaN 95%: NaN TK:NaN 95%: NaN Lon:36.23 Lat:37.3 Dep:0.00 Mag: ML, 3.8
cate00070 Datapts:63  Solns: 1 Polerrs:1  Nodal Wt:0.1  Solns shown: 1  Search Inc: 5

Amplerrs:0  Ampl Data:29  Solns: 1 Polerrs:1  Nodal Wt:0.1  Solnshown:1  Search Inc: 5
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Pol Only Pol + Ampl sta SH/P Pqual Squal sta Pqual Squal
ATO02 g/E

AT04 6.37 g/E ok/E
ATO5 4.01 o/E o/E ';TT%"SQIEE °';/EE
ATO6 1.57 okEQ/E - 9/k/E9 e
AT07 135 g/E g/E oWEg
ATO7 o/E o/E
ATOB390g/EkE o 9
AT09.8.10 o/E g/E Amgg /E°/E
AT14 6,06 g/E ok/E iy
AT14 g/E ok/E
AT152.81 g/EofE
ATI6 1130 g/Eg/E 115 VEOE
: 9 AT16 o/Eo/E
AT23 1249 9B ok/E o 0 S
AT27 3.89 g/E g/E AT279 E° =
AT35 2.8 ok/E g/E kg
AT35 ok/E g/E
AT37 3.94 g/E ok/E AT37 9/E ok/E
AT38 1847 g/E g/E 920
BNN1 2,90 g/E g/E
DARE 3.54 g/l g/E
KMRS 1.23 gEE ok/
SARI 23.32 §/E g/
SVSK 6.67 oF/E g/

AT38 g/Eg/E
BNN1 g/E g/E
DARE g/l g/E
KMRS g/E ok/E
SARI o/E g/E
SVSK ok/E g/E

P/T axes Data
PK:907.6 95%:8.3 TK:712.6 95%:9.4 Lon:37.35 Lat:38.61 Dep:0.00 Mag: ML, 3.3
cate00071 Datapts:42  Solns:2  Polerrs:2  Nodal Wt:0.3  Solns shown:2  Search Inc: 5

Amplerrs:0 AmplData:19 Solns:2  Polemrs:2  Nodal Wt:0.3  Soln shown:2  Search Inc: 5

252



ol OnIy b Ampl sta SH/P Pqual Squal sta Paual Saial

AT11 117.07 g/E ofE 21(1’3 °;§
ATI77817 0B Q/E o ‘/’E K
ATI8 18505 E O | 59 /E°
AT2549.10 o/E o/E g
AT16g/E
AT27 40.11 g/E g/E
AT17 ofE o/E
AT2817.30 g/E g/E
ATI8 g/E o/E
AT3271.13 0/E o/E
AT25 g/E o/E
AT3837.50 g/E o/E
AT27 g/E o/E
AT44 8216 g/E g/E
ATa8163ENg IZB9EE
OFEAGT  AT32 o/ oE
AT6240.33 g/E o/E
AT38 g/E o/E
GAZ133.50g/E o/E
) AT43 o/E
i KMRS 18268/E0/ "
TAHT 6.23 §/E g/ Amgg _
URFA3314Bg/ o0
- AT48 el g/
AT53 g/E
AT54 g/E
AT55 g/E
AT59 o/E
AT60 o/E
AT62 g/E o/E
GAZ1 g/E o/E
KARA g/E
KMRS o/E ofE
KOZT g/E
MERS o/E
TAHT o/E o/E
URFA o/E g/E

gt
P/T axes Data
PK:382.0 95%:12.8 TK:98.1 95%:25. 5 Lon:35.99 Lat:36.73 Dep:6.00 Mag: ML, 4.7
cate00072 Datapts:45 Solns:27  Polerrs:2  Nodal Wt:0.2  Solns shown:2 SearchInc: 10

Amplerrs:0  AmplData: 15 Solns:4  Polerrs:2  Nodal Wt:0.2  Soln shown:4  Search Inc: 5
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Pol Only Pol + Ampl sta Pqual Squal

AFSR ok/E g/E
AT02g/E g/E
AT06 g/E g/E
ATO7 ok/E g/E
< 5 AT12eHe/
AT13 g/E ok/E

AT19 g/E
AT20 g/E o/E
AT21 ok/E g/E
AT23 g/E ok/E
AT29 ok/E ok/E
AT31 g/E ok/E
AT32 ok/E g/E

AT33 g/E

0.0 e/Ee/
CORM g/l ok/E

P
72 a

//’/. \ S > ikl -AHJ\\

™
/ [N\ . J %
A I\ / CORM I

.‘/ \\\ // / \ J
b %{ \ [ . ATo /o pipd
/ |\ AR 7B "
\ / . / \ ‘, ﬂggo/ :4\ m

‘\\ pd e / l ‘\\\ ,’ATmy/
\ C / // \\_ Y e
P/T axes Data
P K:NaN 95%:NaN TK:NaN 95%: NaN Lon:34.73 Lat:39.7 Dep:0.00 Mag: ML, 3.0
cate00073 Datapts:35  Solns: 1 Polerrs: 1 Nodal Wt: 0.5 Solns shown: 1 Search Inc: 5

Amplerrs:0 Ampl Data: 14 Solns: 1 Polerrs: 1 Nodal Wt: 0.5  Soln shown:1  Search Inc: 5
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Pol Onl Pol + Ampl

. e sta Pqual Squal

ATO03 ok/E o/E

ATO06 ok/E g/E
ATO7 ok/E

AT08 g/E ok/E

=" sta SH/P Pqual Squal
AT03 4.19 ok/E o/E
ATO06 26.48 ok/E g/E
AT08 3.61 g/E ok/E
AT09 46.82 ok/E o/E AT09 ok/E ofE
AT1416.64b/E e/
AT14 o/E e/E
AT15 2,69 o/E g/E
AT15g/E g/E
AT16 26.93 g/E ofE
AT16 g/E o/E
AT1815.29 g/Eg/E AT18 g/E g/E
AT233.05g/Eg/E AT22 ok/E

AT241.15 g/l o/E
AT23 g/E o/E

AT348.51 o/E g/E
OEIE AT gnoE

AT386.97 oK/E o/E
9t Am3gE
AT45 1532 ok/E g/E
AT34 o/E g/E
AT68 6,05 o/E o/E
AT38 ok/E g/E
AT69 6.01 ok/E g/E AT45 ol/E o/E
Ol
BNN1 5.27 g/E g/E g
AT68 o/E o/E
MALT336 gEokE o 8 9
ok/Eg
SARI 6.94 IE
169418/ p\N1 ofE o

MALT g/E ok/E
SARI g/E g/E

N ~ e )
2 5 // < A

= ™ [ ,/ﬁ//
ox ) /i

. _ SARL—
~_ \\»_1/
P/T axes Data
PK:NaN 95%: NaN TK:NaN 95%: NaN Lon: 36.28 Lat:38.29 Dep:0.00 Mag: ML, 3.4
cate00074 Datapts:40  Solns: 1 Polerrs:1  Nodal Wt: 0.3  Solns shown: 1 Search Inc: 5

Amplerrs:0 Ampl Data: 18  Solns: 1 Polerrs:1  Nodal Wt:0.3  Solnshown: 1  Search Inc: 5
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Pol Only Pol + Ampl sta Pqual Squal
ATOS o/E o/E
ATO9 o/E ol/E
AT15 g/E ok/E
AT17 g/Eg/E
AT18 ok/E g/E
AT68 g/E g/E
MALT e/l g/E
PTK1 ok/E
SVRCg/Eg/

sta SH/P Pqual Squal

ATO05 2.82 g/E g/E
AT09 4.19 g/E ok/E
AT15 0.66 g/E ok/E
AT17 3.60 g/E g/E
AT18 4.88 ok/E g/E
AT68 3.81 g/E g/E
MALT 0.43E/1 o/
SVRC3.17 g/E g/E

P/T axes Data

PK:263.5 95%:7.6 TK:235.6 95%:8.0

cate00075 Datapts: 18  Solns:3  Polerrs:0  Nodal Wt: 0.9  Solns shown: 3
Amplerrs:1  AmplData:8 Solns:3  Polerrs:0 Nodal Wt: 0.8

Lon:39.17 Lat:38.31 Dep:0.00 Mag: ML, 3.0

Search Inc: 5
Solnshown:3  Search Inc: 5
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Pol Only Pol + Ampl S— sta Pqual Squal

AT33 ok/E
ATS46BSEQE °k/E
Ol
ATS5 631 g/EOkE [\ = 0K
ATS64.69 okEQ/E o ] Q/E gk/E
CMRD 2.29 diVE g/ HED
ATS6 ok/E g/E
KU1 6690BEg/ )00
KARA 16.47 g/E g/E 2
CMRD ok/E g/E
MERS 5.53 ok/E ok/E

IKL1 ok/E g/E
KARA g/E o/E
MERS ok/E ok/E

P/T axes Data

PK:180 95%: 134 TK:38.1 95%:9. 1 Lon: 35.18 Lat:36.76 Dep:0.00 Mag: ML, 3.5
cate00076 Datapts:22  Solns:8  Polerrs:0 Nodal Wt:0.9  Solns shown: 8  Search Inc: 5

Amplerrs:0  AmplData:7 Solns: 8 Polerrs:0 Nodal Wt:0.9 Soln shown:8  Search Inc: 5
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Pol Only Pol + Ampl <ta SH/P Pqual Squal sta Pqual Squal

= AT38 10,69 ok/Eok/E 1> 9/
- AT38 ok/E ok/E
AT54 4.28 g/E o/E ATS4 o/E o/E
ATS6 0.94 o/E ok/E ATSSQ /E°
CMRD 19.86B/E o/ 9

AT56 o/E ok/E
KARA 7.03 ok/E g/E AT60 ok/E

CMRD ofE g/E
KARA ok/E g/E
KOZT o/E

7 a %
/I/ I -:\\
\\77 7//'

P/T axes Data

PK:11.5 95%: 149 TK:10.7 95%:15. 5 Lon:35.17 Lat:36.77 Dep:0.00 Mag: ML, 3.0
cate00077 Datapts:17 Solns:53  Polerrs:1  Nodal Wt:0.8  Solns shown: 10 Search Inc: 10

Amplerrs:0  Ampl Data:5 Solns:44  Polerrs:1  Nodal Wt:0.8  Soln shown:8  Search Inc: 10
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sta Pqual Squal

AT22 ok/E o/E
AT23 ok/E o/E
AT33 g/E ok/E
AT38 g/E o/E
AT42 g/E
AT45 g/E g/E
AT46 g/E
AT51g/E o/E
AT52 g/E o/E
AT53 g/l g/E
AT54 g/Ee/E
AT59 g/E ok/E
AT60 g/E g/E
AT63 ok/E g/E
AT70 g/E
AT71g/E
CEYT g/E g/E

Pol Only Pol + Ampl sta SH/P Pqual Squal

AT2217.53 ok/E g/E
AT23 35.27 ok/E o/E
AT33 12848 g/E ok/E
AT382.68 g/E g/E
AT45 16.03 g/E g/E
AT511.18 g/E o/E
AT522.02 g/E g/E
AT53 14049/l g/E
AT5413.60/E e/
AT59 8.65 g/E ok/E
AT60 12.30 g/E o/E
AT63 2543 ok/E g/E
CEYT 1.44 g/Eg/E
IKL1 6.45 FIE o/
KARA 55.98 g/E g/E
KOZT 14.45 dk/E g/

TAHT 5.18 gEE ok/ IKLT o/E o/E

KARA g/E g/E
KOZT okfE g/
TAHT g/Eok/

}v/ 2 | \\\'\\ e 7 | \\
! | P | \
/ | /.
/ | b’ / M
[ | \ [ | . Et“‘
M~ X Cemm| A
‘\ \' a /" "\ > nﬁk /
\\ ‘I / \ [ //
N |
N | / N P
RS W (g
P/T axes Data
PK:0.0 95%:NaN TK:NaN 95%: NaN Lon: 34.54 Lat:36.75 Dep:0.00 Mag: ML, 3.6
cate00078 Datapts:39  Solns: 1 Polerrs: 1 Nodal Wt:0.4  Solns shown:1  Search Inc: 5

Amplerrs:0 Ampl Data: 17 Solns: 1 Polerrs: 1 Nodal Wt:04  Solnshown:1  Search Inc: 5
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& Only Bl Ampl sta SH/P Pqual Squal sta Pqual Squal

e AT23gH g/
= P N AT23S65E g/Eg f
‘ : “ AU RMBES oo,
\ d \ d AT253.42b/1 g/ 19
\ / \. AT27 gE g/
o S i AT27 128789/ o000
/,r, < P AT33 13.98B/E g/ oy
: \ AT34gHg/
\ / \ AT342086/1 o/
AT35g/E g/
( > ( ; ATssasagEg T
N\
. N AT547.530RE O/ orey olE i
CMRD ol/E

P/T axes Data
PK:3371.6 95%:4.3 TK:586.0 95%:10. 3 Lon:35.86 Lat:37.78 Dep:0.00 Mag: ML, 3.0
cate00079 Data pts: 21 Solns:2  Polerrs:1  Nodal Wt:0.5 Solns shown:2  Search Inc: 5

Amplerrs:0  AmplData:8 Solns:2  Polerrs: 1 Nodal Wt:0.5 Solnshown:2  SearchInc: 5

260



Pol Only Pol + Ampl sta Pqual Squal

sta SH/P Pqual Squal

A /
AT20 4.17 ok/E o/E 112310:5: &
AT294639EE o oH
ATI01.089EQ/E o g . g /E
AT40232 g/E /E 929

AT40 g/E g/E
AT4112.05 g/E o/E

AT41 g/Eg/E
CCRE YT
ATSO427B/lel o g ;

€

ATS518.15 o/E g/ g

AT51g/Eg/E
AT621.83 o/l g/E

AT520k/E

CHBY26718/Eg/

HDMB 1062 0K/Eg/E - > g/| "
KZT64128E0/ oo g/Eg e
LADK 337 8/ g/ g9

HDMB ok/E g/

SERE S400MEOK '\

YESY315g/EokE |y

LADK o/l o/E
SERE ok/E ok/E
YESY g/E ok/E

/T axes Data
PK:277.8 95%: 74 TK:476.0 95%:5.7 Lon:31.9 Lat:38.48 Dep:0.00 Mag: ML, 3.7
cate00080 Datapts:36  Solns:3  Polerrs:1  Nodal Wt:0.5 Solns shown:3  Search Inc: 5

Amplerrs:0 AmplData:15 Solns:2  Polerrs: 1 Nodal Wt:0.3  Soln shown:2  Search Inc: 5
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Pol Only Pol + Ampl sta Pqual Squal

sta SH/P Pqual Squal

ATO5 ok/E ok/E
ATO05 6.24 ok/E
OWEOKE 109 ok/E o/E

AT09 3827 ok/E o/E
ATI0 g/l
AT11 2,768/ &/ 4
ATl11gBe/
AT1517.85 ok/E ok/E
AT15 ol/E ok/E
AT1618.71 ok/E g/E
AT16 ok/E g/E
ATI7 3243 g/EQE o O O
AT25 7.12 ok/E ok/E =9
AT25 ok/E ok/E
AT277.26 g/E g/E
AT27 g/E g/E
AT28 1.37 g/l ok/E AT28 o/l ok/E
Ol
AT37 0,40 ok/E ok/E g
AT37 ok/E ok/E
AT382409/Eg/E
AT38 g/E g/E
GAZ1 1.04 §/l ok/
GAZ1 g/l ok/E
KMRS323§Eg/ oo ® o
MALT 12.39 g/ g/E s
MALT g/E g/E
SVRC 11.98 ok/E g/E
URFA 070 e/ ok/E - Vhc okEd/
A e/l ol
URFA e/l ok/E

36 38 40°

B e Sl i

36" [ § 36°

P/T axes Data 36" 38 400
PK:1759 95%:9.3 TK:151.2 95%:10. 1 Lon:38.08 Lat:37.24 Dep:0.00 Mag: ML, 3.1

cate00081 Datapts:34 Solns:26  Polerrs:1  Nodal Wt: 0.8  Solns shown: 3 Search Inc: 10
Amplerrs:0 AmplData: 16 Solns:25 Polerrs: 1 Nodal Wt: 0.8  Soln shown: 2  Search Inc: 10
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Pol Only Pol + Ampl

st SHUP Peial Sqial 2 aual Squal

ATO07 ok/E
AT11 2.15 g/E ok/E AT11 o/E ok/E

AT17 2.55 g/E o/E
IEIE 7k

AT189.54 g/E ok/E AT18 o/E ol/E

AT245.34 g/E o/E g

AT35 11.70 ok/E ok/E 'GT;: gk/,igﬁE
Ol ol
AT3711.17 g/Eg/
YEIE 379 gl

AT38 17.22 ok/E g/E

OWE9/E AT38 ok/E o/E
AT48 0.88 ok/E g/E

AT48 ok/E g/E
AT68 123 Eok/ o

AT69 12.22 ok/E o/E
DARESS3ok/Eg/E A10° OWEG/E
=2 ORI b ARE ok/E o/E

GAZIS87Q/EQE /' e

ALT 5.
MALT 5.08 g/E g/E MALT o/E o/

“\.\\ N7
P/T axes Data
PK:205.6 95%:6.4 TK:1188.1 95%:2.7 Lon:37.35 Lat:37.28 Dep:5.00 Mag: ML, 3.0
cate00082 Data pts: 32 Solns: 4 Polerrs:1 Nodal Wt:0.8 Solns shown:4 Search Inc: 5

Amplerrs:0 Ampl Data: 13 Solns:4  Polerrs: 1 Nodal Wt: 0.8  Soln shown:4  Search Inc: 5
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Pol Only Pol + Ampl

sta Pqual Squal
AT05 g/E g/E
ATO09 ok/E g/E
AT10g/E
AT11 g/E ok/E
AT15g/Eg/E
AT16 g/E
AT17 ok/E g/E
AT18 &/l ok/E
AT24 ok/E g/E
AT25g/E g/E
AT26 g/l g/E
AT27eBe/
AT28 eB o/
AT33 ok/E
AT35 ok/E ok/E
AT37 eB o/
AT38 g/E g/E
GAZ1eBg/
KHMN g/Eok/
KMRS g/E e/l
MALT g/E g/E
URFA ok/E g/E

sta SH/P Pqual Squal

ATO05 14.28 g/E g/E
AT09 18.47 ok/E g/E
AT11 2.04 g/E ok/E
AT1516.74 g/E g/E
AT17 4.61 ok/E g/E
AT18 1.54 &l ok/
AT24 24.92 ok/E g/E
AT252.16 g/Eg/E
AT26 6.61g/1g/E
AT2710.54 €/l e/E
AT28 2.49E/I g/
AT35 25.52 ok/E ok/E
AT370.20E/1 g/
AT3810.319/Eg/E
GAZ12.20E/1 g/
KHMN 6.65 g/E ok/E
KMRS 10.73 b/E e/
MALT 10.47 g/E g/E
URFA 36.23 dk/E g/

P/T axes Data
PK:NaN 95%:NaN TK:NaN 95%: NaN Lon:37.14 Lat:37.32 Dep:3.00 Mag: ML, 3.2
cate00083 Datapts:44  Solns: 1 Polerrs:0  Nodal Wt: 0.9  Solnsshown: 1  Search Inc: 5

Ampl errs:0  Ampl Data: 19 Solns: 1 Polerrs:0  Nodal Wt: 0.9  Solnshown: 1  Search Inc: 5
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Pol Onl Pol + Ampl
Y P +a SH/P Paual S Ista Pqual Squal
B qual Squal
e AT07 ok/E

<
- AT17 5.36 ok/E ok/E
AT233.76 e/l g/E :TT:?I;/EE
AT240.76 & ok/ @
AT17 ok/E ok/E
AT314.16 ok/E g/E AT23 e/l g/E
AT332251g/EokE o0 gk/E
AT34390g/Eg/E ek/: /E
AT353.28 ok/E g/E ok
AT33 g/E ok/E
AT420.50 g/E g/E
AT34 g/Eg/E
L L
ATS21059/Eg/E o o/Eg/E
AT54 17.85 g/E g/E
sy AT45 g/E g/E
. g AT46 g/E
AT52 g/E g/E
AT53 g/E
AT54 g/E g/E
AT68 g/E
AT70 ok/E
BNN1 ok/E
KOZT g/E g/E
SARI g/E

/ 3
/ X
/ o
V //X/\\ \
‘\ // \\‘ /
\ / \‘\ /
A A -
P/T axes Data
PK:NaN 95%:NaN TK:NaN 95%: NaN Lon:35.77 Lat:37.69 Dep:2.00 Mag: ML, 3.2
cate00084 Datapts:33  Solns: 1 Polerrs: 1 Nodal Wt: 0.5 Solns shown: 1  Search Inc: 5

Amplerrs:0  Ampl Data: 12 Solns: 1 Polerrs:1  Nodal Wt:0.5  Solnshown:1  Search Inc: 5
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Pol Only Pol + Ampl sta Pqual Squal
AT19 ok/E o/E
AT20 ok/E g/E
AT29 g/l g/E
AT30g/Eg/E
AT31 ok/E g/E
AT4049/1
AT41g/Eg/E
AT52 g/E

sta SH/P Pqual Squal

AT19 6.89 ok/E g/E
AT201.07 ok/E g/E
AT291.22 g/l g/E
AT3018.29 g/E g/E
AT314.02 ok/E g/E
AT411.08 g/E g/E

P/T axes Data
PK:1124 95%:11.7 TK:34.6 95%:21. 3 Lon:33.2 Lat:39.18 Dep:2.00 Mag: ML, 3.1
cate00085 Datapts: 19  Solns: 3 Polerrs: 1  Nodal Wt:0.3  Solns shown:3  Search Inc: 5

Amplerrs:0 AmplData:6 Solns:3  Polerrs: 1 Nodal Wt:0.3  Solnshown:3  Search Inc: 5
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Pol Only Pol + Ampl

ta Pqual Squal
sta SH/P Pqual Squal * " - & 2942

ATO1 3.85 ok/E o/E AI‘;:):"//EEQ/E
AT061.61 o/E ok/E 9
ATO5 g/l
ATO7 8.73 g/l ok/E
ATO6 o/E ok/E
AT08 10.63 g/E o/E
ATO7 o/l ok/E
ATO90638Ng/ oo 9 TE
AT102.17 g/E g/E Amggﬂ g/
ATIS383g/EOKE o S /Eg o
ATI73397gfEQE " f /lg
AT24 1.68 ok/E ok/E ®
AT14 ok/E
AT25 9.59 g/E ok/E
AT15 g/E ok/E
AT38 62.96 9/E g/E
AT16 g/E
GAZ1 17.01 oWEOKE 7 %"
MALT 7.45 e/l e/E AT23g /Eg
g
URFA431 oREQ/ o O
AT25 g/E ok/E
AT28 o/E
AT37 ok/E
AT38 g/Eg/E
BNN1 g/E
GAZ1 ok/E ok/
KMRS o/E
MALT el e/
PTK1 g/l
SARI ok/E
SVSK g/E
URFA ok/E g/E

P/T axes Data
PK:17.3 95%:14.9 TK:180.0 95%: 4.5 Lon:38.62 Lat:38.11 Dep:0.00 Mag: ML, 4.3
cate00086 Data pts: 41 Solns: 7 Polerrs:1  Nodal Wt:0.5 Solns shown: 7 Search Inc: 5

Amplerrs:0  AmplData: 14 Solns: 7 Polerrs: 1 Nodal Wt:0.5 Solnshown:7  Search Inc: 5
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Pol Only

HOOOOO0O0
O0000000

P/T axes
PK:855 95%:3.6 TK:792 95%:3.7

cate00087
Ampl errs: 0

Data pts: 10
AmplData:3  Solns: 20

Pol + Ampl

Solns: 20

ta Pqual |
sta SH/P Pqual Squal staPaual 3ada

AT62 g/Eg/E
AT62 9.00 g/E o/E 29/Eg

AT63 1.94 g/E ok/E A;s:Eg/ E/ZWE
TEVE 5.78 ok/E ok/E °

KONT ok/E
TEKE g/E
TEVE ok/Bok/

Data

Lon:32.18 Lat:36.7 Dep:22.00 Mag: ML, 3.0
Polerrs:0  Nodal Wt:0.9 Solns shown: 20 Search Inc: 5
Polerrs:0 Nodal Wt:0.9 Solnshown:20 Search Inc: 5
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Pol Only Pol + Ampl ta Pqual Squal
sta SH/P Pqual Squal* - oo 2942
o — —— ATO04 g/E ok/E
g AT040.92 g/E ok/E
IEOWE AT05 g/E g/E

ATO5 3.05 g/E o/E
ATO8 440 ok/E ok/E 108 O/E ol/E

AT09 o/l o/E
AT090.47 g/l g/E g
AT10 o/E
AT114.15E/1 o/
AT11eBg/
AT15 23.46 ok/E g/E
AT15 ok/E g/E
AT163.51g/Eg/E
AT16 g/E g/E
AT17 5.90 g/E o/E
AT17 o/E o/E
AT189.12 g/E ok/E
AT18 g/E ok/E
AT255.75 ok/E ok/E
AT25 ok/E ok/E
AT27 15.15 ok/E ok/E
AT28079g/Eg/E 27 OWEOKE
YEIE - AT28g/E g/E

MALT2 1 ok S

SARI 7.34 okEE ok/

SVRC 1.95 g/E ok/E Rl oWE ok/E
=g SVRC g/EEok/

P/T axes
PK:182.2 95%:2.5 TK:131.1 95%:2.9 Lon: 384 Lat:38.13 Dep: 0.00 Mag: ML, 3.0
cate00089 Data pts:32  Solns:19  Polerrs: 1 Nodal Wt: 0.5 Solns shown: 19  Search Inc: 5

Amplerrs:0 AmplData:15 Solns:3  Polerrs: 1 Nodal Wt:0.5  Soln shown:3  Search Inc:5
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Pol Only Pol + Ampl cta SH/P Pqual Squal sta Pqual Squal
ATO06 ok/E ok/E
ATO7 g/E g/E

AT09 g/E
AT14 g/E o/E
AT15g/Eg/l

AT16g/E
AT18 g/E ok/E
AT23 ok/E o/E
AT24 g/E g/E

AT25 ok/E
AT27 g/E ok/E
BNN1 ok/E g/E
DARE g/E g/E
SARI g/E g/E
SVSK g/E ok/E

AT06 2.60 ok/E ok/E
ATO07 14.83 g/E g/E
AT143.79 g/E o/E
AT15 2550 g/E g/l
AT18 2.35 g/E ok/E
AT23 8.54 ok/E o/E
AT24 5.24 g/Eg/E
AT27 9.20 g/E ok/E
BNN1 8.99 ok/E g/E
DARE 20.81 g/E o/E
SARI4.32 IE g/
SVSK 2.30 gfE ok/

P/T axes Data
PK:417.8 95%:12.2 TK:905.6 95%: 8.3 Lon:36.77 Lat:38.49 Dep: 1.00 Mag: ML, 3.0
cate00090 Datapts:28  Solns: 2 Polerrs:1  Nodal Wt: 0.8  Solns shown: 2  Search Inc: 5

Amplerrs:0  Ampl Data: 12 Solns: 1 Polerrs:1  Nodal Wt:0.8  Solnshown: 1  Search Inc: 5
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ta Pqual |
Pol Only Pol + Ampl sta SH/P Pqual Squal sta Pqual Squal
AFSRg/Eg/
ATO1 ok/E g/E
ATO2 ok/E g/E
AT04 g/E

AFSR6.50 g/E o/E
ATO1 9.08 ok/E o/E
ATO02 24.64 ok/E g/E
AT07 15.95 g/E g/E
ATO8 68.68 o/E g/E :Ig; 3& gjé
AT09 112.74 ok/E o/E 9
ATO09 ok/E o/E
ATI24B1eNeE 0TS
AT13233 &/Eg/ &
AT13e/Eg/E
ATaooRNg Y
ATIS902dEok/ ‘;E gk/E
AT1645.13 ok/E g/E oo
AT16 ok/E o/E
AT17 11.84 g/Eg/E AT17 /E o/E
ATIO 13719 G/E 0= g 7
AT2020954 g/EQ/E o O 4 -
AT2137.769/Eg/E |\ ° ;’E g/E
AT22 6,04 ok/E ok/E o
AT22 ok/E ok/E
AT242608Eg/E )
AT2916.01 g/E o/E ATzsglk/:
AT30108.47 g/E o/E ©
AT29 g/E g/E
AT3327.90 ok/E o/E
AT30 g/E g/E
AT3436820KEG/E P
AT3511940kEQE | O
AT497.14 ok/EOKE - E/E o
AT6010.17 ok/E o/E ey
AT34 ok/E g/E
AT68 38.45 g/E g/E
AT35 ok/E o/E
AT6928.41 ok/E o/E
AT49 ok/E ok/E
BNN1 268819/, 000 -
CMRD 11.36 &/E g/ 2
AT60 ok/E o/E
DARE 6.4 o/E ok/E
AT68 o/E g/E
KARA 5.32g/Eg/E AT69 ok/E a/E
KMRS 6.36 §/E o/ AW: /Eg
KOZT 1.91 §/E o/ 2
AT71 g/E
SARIZEBENG/E ool O
SERE 447 fiE o/ 9

CMRD ok/E g/E
SVSK2544 6789/ 1 xRE o/E ok/E

KARA g/E o/E
KMRS g/E g/E
KOZT g/E g/E
SARI e/l g/E

SERE g/E g/E
SVSK g/E g/E

\. \\
\\\,, B 7/\\/ -
/T axes
PK:0.0 95%: NaN TK:NaN 95%: NaN Lon:35.6 Lat:38.88 Dep:0.00 Mag: ML, 3.7
cate00091 Datapts: 78  Solns: 1 Polerrs: 1 Nodal Wt: 0.8  Solns shown: 1 Search Inc: 5

Amplerrs: 1 AmplData:35 Solns:2  Polerrs: 1 Nodal Wt:0.3  Soln shown:2  Search Inc: 5
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Pol Only Pol + Ampl sta Pqual Squal

ATO1 ok/E g/E
ATO02 g/E ok/E
ATO7 ok/E g/E
ATO08 ok/E ok/E
AT09 g/E g/E
AT15 ok/E ok/E
AT68 ok/E g/E
ILCe/I
SARI g/E
SVSK ok/E

sta SH/P Pqual Squal

AT01 1.62 ok/E g/E
AT02 1.70 o/E ok/E
ATO07 4.47 ok/E g/E
AT08 4.73 ok/E ok/E
AT09 3.93 g/Eg/E
AT15 3.28 ok/E ok/E
AT68 8.76 ok/E g/E

P/T axes Data
PK:16.7 95%:15.2 TK:453 95%:9. 1 Lon:3837 Lat:39.36 Dep:0.00 Mag: ML, 3.0

cate00092 Datapts:17  Solns:7  Polerrs:1  Nodal Wt:0.8 Solns shown: 7  Search Inc: 5
Amplerrs:0  Ampl Data:7 Solns: 7 Polerrs: 1 Nodal Wt:0.8  Soln shown: 7 Search Inc: 5
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Pol Only Pol + Ampl sta SH/P Paual Squal sta Pqual Squal

AFSR g/E g/
AFSR 15.77 g/E g/E AToT ok/E o/E

ATO15990MEQ/E oo O 9
ATO215380KEQ/E ", O
AT07 6.78 g/E ok/E 4
— AT07 g/E ok/E
== ATOBB83OWEQE o 9
A AT12673 g/Eg/E ATIZO/E g/E
AT136.22 &E o/ kil
ATI3 e/E g/E
ATI4415BNg/ P oS
ATI69.120KEQ/E ', se /g
AT17 1655 o/E g/E g
AT16 ok/E o/E
AT19 16.64 ok/E g/E
AT17 g/E o/E
AT2016075 oKEG/E,p 0 8 9
AT2151.120KEQ/E | 00 Q/E
AT2863gEQE | °WE Q/E
AT249344 g/Ee/| onEe
AT22g/Eg/E
AT3010.76 ok/E g/E
AT24 g/E e/l
AT319.19g/EQE o 9
AT3415930WEQ/E \ 0 E’/E .
AT45 61,88 ok/E ok/E AT33°/E g/E
ATS45.240KEQ/E oo/ 3k/Eg ol
AT6B6I3GEG/E o O gk/E
Ol Ol
DARE6829/E ok/E '\ = OO
KARA 3.59 ok/E g/E kil

A
KOZT7.14 &/E o/ D::: g:éf;/i
SARI 13.93E/1 e/ g

KARA ok/E g/E
SVSK 25.81 oD ok/
U OY wozTo/E 9

YAYX 19.30 ok/E g/ SARI o/Ee/

SVSK ok/[Eok/
YAYX ok/E g/

P/T axes Data
PK:300.6 95%:7.1 TK:175.7 95%:9.3 Lon:35.6 Lat:38.89 Dep:0.00 Mag: ML, 3.9
cate00093 Datapts:59  Solns:3  Polerrs:2  Nodal Wt:0.2  Solns shown: 3 Search Inc: 5

Amplerrs:0 Ampl Data: 27  Solns: 1 Polerrs:2  Nodal Wt:0.2  Solnshown:1  Search Inc:5
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el only Rl Ampl sta SH/P Pqual Squal sta Pqual Squal
AT02 ok/E g/E

AT04 ok/E ok/E
ATO7 g/E g/l

ATO02 33.59 ok/E g/E
AT04 41.09 ok/E ok/E
ATo7 44.23g/EgN o 99
AT0914.61 g/E e/l
AT12 ok/E ok/E
AT12 1.51 ok/E ok/E
ATIS g/Eell
ATISSI36g/Eel it o
AT1614.87 g/ g/E 9
AT17elig/
AT17 2.76E/l o/
AT18 ok/E g/E
AT18 14.98 ok/E g/E
AT22 g/E o/E
AT2213.55 o/E o/E
AT28g/l g/E
AT28544 g/l g/E
AT32 o/E o/E
AT325.01 g/Eg/E
AT33 g/E
AT;82054BEg %
ATeBI2Q/EQE %
CMRD 6.98 gE ok/ ©
AT38 e/E o/E
DARE 2.00 g/ o/E
AT45 g/
GAZU 12 GEQE 0 "
KoZToS2egE S e/lg
MALT 45.98 g/E o/1
CMRD g/E ok/E
MERS284 9 g/E oo d o
SARI 160.22B/E o/ L9

GAZ1g/Eg/E
TAHT4828Eg/ o

KOZT el g/
MALT g/E g/l
MERS o/E g/E
SARI g/E o/E

TAHT g/E o/E

P/T axes Data
P K:605.0 95%:5.0 TK:491.5 95%:5.6 Lon:36.42 Lat:37.47 Dep:0.00 Mag: ML, 4.2
cate00094 Datapts:53  Solns:3  Polerrs:2 Nodal Wt:0.1  Solns shown:3  Search Inc: 5

Amplerrs:0  AmplData:22 Solns:3  Polerrs:2  Nodal Wt:0.1  Soln shown:3  Search Inc: 5
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Bol Only Rel-4apl st SH/P Paial Sqal = P ual Squal

AT09 491 o/E g/E ;:\T?;;:/E "
ATI42605 okEQ/E /Ig
e
ATIS60OB/Ig/ o B
ATIG406RN g T
AT175.56 e/Eg/] g
AT16elig/
AT18 17.04 g/E g/E
AT17 e/E g/l
AT24 2.87 g/E ok/E
AT18 o/E g/E
AT28 4.04 g/E ok/E
AT24 g/E ok/E
AT354.07 o/E ok/E
AT28 g/E ok/E
ATessTaeneE " 3D
AT60 5.51 g/E ok/E o
AT34 ok/E
DARE15.43B/Ee/ o O
KMRS 2.75 &/ g/ o0

AT68 eB e/
MALT 5.49 g/E g/E AT69 o/E ok/E

DARE g/E e/E

KMRS g/E g/E

MALT g/E g/E
URFA g/E

///T =4 7\\\\\ //T-7 7\\\\\\
/ \ \ /{ AT68 \
// \ \l // "\\ e ® AToa\
/ \ | f e — -”_‘\
e N
4 - |

O\ /
\\‘ \_ / \\\\77 /\//

P/T axes Data

PK:0.0 95%: NaN TK:NaN 95%: NaN Lon:37.73 Lat:38.11 Dep:0.00 Mag: ML, 3.2
cate00095 Data pts:33  Solns: 1 Polerrs:0  Nodal Wt:0.9  Solns shown: 1 Search Inc: 5

Amplerrs:0  AmplData:14 Solns:1  Polerrs:0  Nodal Wt:0.9  Soln shown:1  Search Inc: 5
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Pol Only Pol + Ampl ta Paual S
sta SH/P Pqual Squal *'2 Paual Saual

= = AT09 ok/E g/E
\T09 37.
AT09 37.55 ok/E g/E ATI1 o/l /E

AT11 1251 g/lg/E
ATi67.63g/EqE TIOI/EIE
AT17 o/E ok/E
AT171.55 g/E ok/E
AT18 e/l ok/E
AT181.40 &1 ok/
AT28 g/E g/E
AT28942g/Eg/E o S S
Ol
AT38 2420 0EQ/E - % ;
e
ATé8 2.93E/1 o/
AT69 o/E
GAZ1 6558 ok/E g/E
GAZ1 okEE g/
KMRS 1.02 gEE ok/
KMRS g/E ok/E
MALT 2.66 o/E o/E
URFAO24 §Eg/ MALTIEOE
URFA g/E g/E

, v\
| X |
\ ' /
N 4
\Y
P/T axes Data % 86 40
P K:NaN 95%:NaN TK:0.0 95%: NaN Lon: 38.74 Lat:37.44 Dep:3.00 Mag: ML, 3.2
cate00096 Data pts: 26 Solns: 1 Polerrs: 1 Nodal Wt: 0.5  Solns shown: 1 Search Inc: 5

Amplerrs:0 AmplData:12 Solns: 1 Polerrs: 1 Nodal Wt:0.5  Soln shown:1  Search Inc: 5
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Pol Only Pol + AmpI sta SH/P Pqual Squal sta Pqual Squal
AT15 g/E ok/E
AT16 g/Eg/E
AT17 g/Eg/E
AT18 g/Eg/E
AT24 ok/E ok/E
AT28 eB o/
AT35 g/E
AT38g/Eg/E
AT48 ok/E g/E
AT59 o/E g/E
AT67 el o/
AT68 g/E g/E
AT69 g/E g/E
CEYT g/E ok/E
GAZ1g/Eg/E
KMRS g/E g/E
KOZT ok/E e/E
SARI ok/E a/E
TAHT g/Eok/

AT15 3.59 g/E ok/E
AT1627.71 g/E g/E
AT178.05g/E o/E
AT182.97 g/E o/E
AT24 18.12 ok/E ok/E
AT28 1.05E/l o/
AT387.88a/Eg/E
AT48 4.34 ok/E g/E
AT59 1.220/Eg/E
AT67 1.90E/1 g/
AT68 4.88 g/E g/E
AT69 5.96 g/E g/E
CEYT 1.83 g/E ok/E
GAZ18.00 g/Eg/E
KMRS 17.50 B/E g/
KOZT 4.69 ok/E e/
SARI 3.62 oF/E g/
TAHT 6.82 gEE ok/

P/T axes Data
PK:272.1 95%:15.2 TK:140.5 95%:21. 2 Lon:36.82 Lat:37.1 Dep:2.00 Mag: ML, 3.0
cate00097 Datapts:39  Solns:2  Polerrs:1 Nodal Wt: 0.1  Solns shown: 2 Search Inc: 5

Amplerrs:0  AmplData: 18 Solns:2  Polerrs:1  Nodal Wt: 0.1~ Soln shown:2  Search Inc: 5
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Pol Only Pol + Ampl
ta Pqual |
sta SH/P PquaISquaIS 2 PaualSqua

AT K/
AT38679 ok/E oE A0 OWE OWE
AT45 g/E
ATS3375g/lg/E o e
ATS4894QEQ/E o/ ;Eg o
AT604.05 ok/E ok/E g
ATS5 g/E
AT62 1.43 g/E ok/E AT50 o/E
AT64 229 g/E ok/E g
AT60 ok/E ok/E
CEYT 1.38 g/E ok/E AT62 o/E ok/E
Ol
IKL1 2.41 giE ok/ g
MERS5.18E/Ng/ 1ot 9/EOKE
A9 AT709/E
AT71 g/E
CEYT g/E ok/E
CMRD g/E
IKL1 o/E ok/E
MERS /I o/E

P/T axes Data
PK:115.0 95%:5.7 TK:73 95%:23. 9 Lon:34.57 Lat:37.09 Dep: 1.00 Mag: ML, 3.0
cate00098 Datapts:24  Solns:7  Polerrs:1  Nodal Wt:0.8  Solns shown: 7 Search Inc: 5

Amplerrs:0  AmplData:9 Solns:3  Polerrs: 1 Nodal Wt:0.8  Soln shown:3  Search Inc: 5
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L Only oLy Ampl sta SH/P Pqual Squal sta PqiialSqual

AFSR ok/E
AT12639 g/E ok/E =
AT12 g/E ok/E
AT13 7.09 g/E ok/E
AT13 g/E ok/E
AT1910.22g/Eg/E
AT19g/Eg/E
AT216.759/E g/E
AT21 g/Eg/E
AT29893 g/l g/E AT22 0/l
AT30487gMN
AT31044 g/E g/E 9/l
AT30g/l g/l
AT411.209/1 g/E
AT31 g/E o/E
AT422.47 g/l g/
AT33 ok/E
CMRD 6.15 gZE ok/
SERE 1.69 ol ok/ AT40 gk
. AT41 g/l g/E
AT42 g/l g/l
ATS2 g/E
CMRD g/E ok/E
SERE g/l ok/E

P/T axes Data
P K:500.6 95%:4.1 TK:602.0 95%:3.7 Lon: 33.65 Lat:38.7 Dep:1.00 Mag: ML, 3.0
cate00099 Datapts:27  Solns:4  Polerrs:1  Nodal Wt:0.8  Solns shown:4  Search Inc: 5

Amplerrs:0 AmplData:11  Solns:4  Polerrs: 1 Nodal Wt:0.8  Soln shown:4  Search Inc: 5
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Pol Only Pol + Ampl e —
sta Pqual ual
sta SH/P Pqual Squal
AT08 2,61 ok/Eo/E AT04€/
ATO8 ok/E ok/E
AT09 3.78 o/E ok/E
ATO09 g/E ok/E
AT11 687 ok/E g/
AT11 ok/Eg/E
ATI6 1156 0K/EOWE, . “F0 €
ATI7201 g/EokE |\ 20"
AT28 1.5 o/E ok/E 9
AT28 g/E ok/E
AT685.48 g/ o/E
AT68 o/E o/E
DARE 2.94 g/E o/E
DARE g/E g/E
UC357gRQE - b
MALT 0.57 g/E g/E 9

MALT g/E g/E
URFA 9.61 §/E o/
YEY reaglE gl

P/T axes Data
PK:185.8 95%:184 TK:3583 95%:13. 2 Lon:39 Lat:38.45 Dep:0.00 Mag: ML, 3.1
cate00100 Datapts:23  Solns:2  Polerrs:1  Nodal Wt:0.3  Solns shown: 2 Search Inc: 5

Amplerrs:0 AmplData: 11  Solns:2  Polerrs: 1 Nodal Wt:0.3  Soln shown:2  Search Inc: 5
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£ Only L Ampl sta SH/P Pqual Squal staiPqual Squal

AFSR g/E
AFSR 4.46 o/E o/E 9k

ATO1 g/l g/E
ATO010.83 g/l g/E ATO2 ok/E ofE
ATO02 2,80 ok/E o/E AT07° % ‘;E
ATO7 27.36 /E g/E 99

ATO08 g/E o/E
AT08 9.59 g/E o/E ATI12 el e/
AT125.60 e/l e/E

ATI3g/Eg/E
AT132332 g/E o/E

AT15g/Eg/E
ATIS 12789 G/E (o908
AT203.97 o/E ok/E AT21g o
AT214005 0 O/E |\ > 9 “ o -
AT2226.16 g/E o/E 9%t9

AT29 g/Eg/E
AT29 2075 o/E o/E

AT30 g/E ok/E
AT3047.64 g/E ok/E AT31 ok/E /E
AT312391 okEg/E /Eg
AT42 2.61 ok/E o/E g

AT42 ok/E g/E
BNN1 2.76 g/E ok/E BNN1 o/E ok/E

SVSK g/E

P/T axes
PK:292.8 95%:14.6 TK:732.6 95%:9.2 Lon:35.29 Lat:39.79 Dep:0.00 Mag: ML, 3.3
cate00101 Datapts:36  Solns:2  Polerrs:1  Nodal Wt:0.1  Solns shown:2  Search Inc: 5

Amplerrs:0 AmplData: 16 Solns:2  Polerrs: 1 Nodal Wt:0.1  Soln shown:2  Search Inc: 5
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Pol Only Pol + Ampl

P
sta SH/P Pqual Squal“a qualSeial
AT09 g/l g/E

AT091.50 o/l o/E
AT11089 o/l o/E :TT; g//E' g/ka

AT152.21 ofE ok/E oree

AT16 g/E ok/E
ATI63.31 g/EokE o 0% "o
AT17 24.30 ok/E o/ 9

AT18 g/Eg/E
AT1816.35g/Eg/E AT28 ok/E a/E
AT28 8.87 ok/E g/E owEg

AT68 g/l ok/E
AT68 0.67 g/l ok/E

AT69 g/E ok/E
AT694.09 /EokE oo O
DARE 5.19 g/E ok/E g

MALT g/E e/E
MALT4g6 §/Ee/ oo %o
URFA 922 g/E e/l arke

P/T axes

PK:216.0 95%:3.0 TK:218.7 95%: 2.9 Lon:38.62 Lat:38.15 Dep:1.00 Mag: ML, 3.0
cate00102 Datapts:25 Solns:12  Polerrs: 1 Nodal Wt: 0.8 Solns shown: 12 Search Inc: 5

Amplerrs:0 AmplData: 12 Solns:5  Polerrs: 1 Nodal Wt:0.8  Soln shown: 5  Search Inc: 5
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Pol Only Pol + Ampl sta SH/P Paual Squal sta Pqual Squal
AFSR e/l g/E

AFSR 227 B/l o/
9 AT129/E ok/E
AT12 1.99 g/E ok/E
AT13 g/E ok/E
AT13 8.51 g/E ok/E AT19.9/1 g/
ATI94369/1gN  y 09 Ag
AT21 30.67 ok/E ok/E 9
AT21 ok/E ok/E
AT29 1791 g/EQ/E o *TE
AT302339 g/EQ/E | * g e 9 e
AT413.68 o/E o/E Amg k/g
AT42 2.38 ok/E o/E e
AT41 g/E g/E
AT4946.27 o/l o/E
AT42 ok/E g/E
AT506.84 g/ o/E
AT49 g/l g/E
cHeYosagngE o090
KULU 7.24 e/l o/E Amg k/g
LADK284gEEOK -0 °k -
LOD1 1235 okE O/E | oo ;’/l i
SERE 3.97 gIE ok/ g

KONT ok/E
SVRHOSBGNOE 1y pos

LADK g/Eok/
LOD1 okE g/
SERE g/E ok/E
SVRH g/l g/E

P/T axes Data
PK:406.5 95%:6.1 TK:171.4 95%:9.4 Lon:33.2 Lat:39.06 Dep:3.00 Mag: ML, 3.1
cate00103 Datapts:40 Solns:3  Polerrs:1  Nodal Wt:0.8  Solns shown:3  Search Inc: 5

Amplerrs:0 AmplData: 17 Solns:3  Polerrs: 1 Nodal Wt:0.8  Solnshown:3  Search Inc: 5
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ol Only Bl Ampl sta SH/P Pqual Squal sta Pqual Squal

AT06 4.97 ok/E g/ A:?g;k/k;gm
ATI44099 0/EQ/E o °k/E
ATIS4947g/EQE °k/E
AT17 2.75 g/E ok/E °
AT14 ok/E g/E
AT1817.00B/Eg/
AT15 g/E o/E
AT244259NgE o 900
AT25096g/E okE ', 89 /E° A
AT26 647 ok/E ok/E HED
AT21 g/E
AT7565QEQE o 8
AT28846 QEQE O
AT33894 9 oKE gn e
AT340.90 g/E g/E &g
AT25 g/E ok/E
AT357.00 g/ o/E
AT26 ok/E ok/E
ATIB2527g/EQ/E |, T
AT43SSBG/EQE 00 g e g .
GAZ1 22.78 ok/E g/E Amg ka
KMRS 0.76 gEE ok/ °
AT33 g/E ok/E
MALT 261 o/E o/E
SARIB243gEg AH9/EIE
: 9 AT3sg/EQE
AT38 g/E g/E
AT43 g/Eg/E
AT45 g/E
AT54 ok/E
CMRD g/E
GAZ1 okEE g/
KMRS g/E ok/E
MALT g/E o/E
SARI g/E g/E

P/T axes
PK:17.0 95%:19.1 TK:5.1 95%:37. 7 Lon:36.21 Lat:37.71 Dep:1.00 Mag: ML, 3.6
cate00104 Datapts:53  Solns:39  Polerrs:2  Nodal Wt: 0.2 Solns shown: 5  Search Inc: 10

Amplerrs:0 AmplData: 19 Solns:3  Polerrs:2 Nodal Wt: 0.2  Solnshown:3  Search Inc: 5
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Pol Only Pol + Ampl sta SH/P Pqual Squal sta Pqual Squal

AT025.66 ok/E o/E :Ig: °ZE i;i
ATO4 38,63 g/E ok/E ATOSg E° "
AT053531 g/E g/E 9Eg
AT06 g/E o/E
, AT06 11.14 o/E g/E
- < ATO7 g/E ofE
== AT07 25.17 g/E o/E
ATO8 e/E o/E
. AT08 232 €E of
AT09 o/E g/E
AT09 48.84 o/E g/E
AT11 ok/E g/E
ATI 2546 0KEG/E (o0 * 0 o
AT124.86 g/E ok/E 8
ATIses1EEg o eE9E
518Eg
ATI662.11 ok/Eg/E AT/ 0 OWE/E
AT17 g/E g/E
AT1736.94 o/E g/E
AT18 g/E o/E
AT1827.99 o/E g/E
AT19 o/E o/E
ATI9ca3gEgE L IS
AT2024.790/E ok/E '\ ‘;/E" g2
AT2144.88 g/ ofE o
AT22 ok/E ok/E
AT22 25.95 ok/E ok/E AT23 o/E ok/E
AT2327.47 ofE ok/E , o = °k/E
AT24143.850/Eok/E - /= ©
AT25 o/E o/E
AT25 15.40 o/E g/E
AT27 ok/E g/E
AT2718090KEQ/E 0 20
BNN138649/EQE 2 v
CORM6.04 ZEOK/ gk/E
DARE 111.65 o/E g/E ©
BNN1 o/E o/E
KMRS 1.38 &/E o/
CORM ofE ok/E
MALT 62.76 ok/E g/E
DARE o/E g/E
PTK1 54.83 g/E o/E
KMRS o/E g/E
SARI 1808 REok/ o 0% 8
SVSK 33.91 &E g/ o9

PTK1 g/E g/E
URFA 7.54 &/E of
BRI/ olE

SVSK o/E g/E
URFA g/E o/E

P/T axes Data
PK:301.8 95%: 7.1 TK:474.3 95%:5.7 Lon:37.38 Lat:39.49 Dep: 1.00 Mag: ML, 4.4
cate00105 Datapts:64  Solns:3  Polerrs:1  Nodal Wt:0.1  Solns shown: 3 Search Inc: 5

Amplerrs:0 AmplData:30 Solns: 1 Polerrs: 1 Nodal Wt:0.1  Soln shown:1  Search Inc: 5
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Bolomly Rol+ gt sta SH/P Pqual Squal sta Peual Sl

TN AT04 g/E g/E

/ ATO4 1.84 g/E o/E
% / N IEIE o5 g/E gl
ATO5 6.62 o/E g/E
AT08 367 g/E ok/E 100 9/E OWE
\ / . Ol
\ 7 N g AT09 g/l g/E
/

AT09 7.48 o/l /E
= AT10 g/E
o AT113.50 g/E o/E g
/ \ AT11 g/E o/E
ATIS1305g/EQ/E o e
AT16 13.68 g/E g/E S

AT16 o/E o/E
AT178.11 g/E ok/E
9EOUE AT17 o/E ok/E

AT18 ok/E g/E
AT24 g/Eg/E
KMRS ok/E g/E
MALT g/E e/E
PTK1 g/E g/E

SVRC g/E
URFA 0/0 ok/E

AT1817.18 ok/E g/E
AT246.15 g/Eg/E
KMRS 1.54 ok/E g/
MALT 6.12 /E e/
PTK1 11.72 9/E g/E

L ]
.
v

Pl
/7 ] , \\
e /
\ /
e
N
? S
>y /
\ /
g A
// g \\
[
v ot 2
N\ -

P/T axes Data

PK:304.3 95%:3.8 TK:17.9 95%:16. 3 Lon:38.17 Lat:38.68 Dep:3.00 Mag: ML, 3.0
cate00106 Datapts:32  Solns: 6 Polerrs:1  Nodal Wt:0.5 Solnsshown:6 SearchInc: 5

Amplerrs:0 AmplData: 13 Solns:6  Polerrs:1  Nodal Wt:0.5  Soln shown:6  Search Inc: 5
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Pol Only Pol +Ampl sta SH/P Pqual Squal 12 Paual Saual

AT09201 g/Eg/E  ATO2OKE
ATO3 ok/E
AT14 8.90 ok/E ok/E ATO7 o/E
AT15 1551 g/E ok/E
AT09 g/E g/E
AT16 1452 g/E g/E
AT14 ok/E ok/E
AT17 29.94 g/E g/E
AT15 g/E ok/E
AT23 1.13 ok/E ok/E AT16 o/E a/E
AT261258BE S/ o0 g/E g/E
AT283.05 o/E o/E S
AT22 gE
AT33 115,56 ok/E o/E
AT23 ok/E ok/E
AT374.28 o/E g/
AT24 ok/E
AT383201 9/ g/E LT
ATaS 1952 0E ok 9"
AT487.43 g/E g/E iy
AT28 g/E g/E
AT68 1833 ok/E g/E
AT33 ok/E g/E
KMRS 106960/ 00
SARI7.82 FE g/

AT37 g/Eg/E
TAHT 15.14 J7E ok/
BN rasgEofE

AT45 ok/E ok/E
AT48 g/E g/E
AT68 ok/E g/E
KMRS g/E g/E

KOZT e/E
SARI g/E g/E
TAHT g/Hok/

36"

P/T axes Data
PK:3795.8 95%:4.1 TK:470.7 95%:11. 5 Lon:36.32 Lat:37.26 Dep:3.00 Mag: ML, 3.2
cate00107 Datapts:44  Solns:2  Polerrs: 1 Nodal Wt: 0.5  Solns shown:2  Search Inc: 5

Amplerrs:0 AmplData: 17 Solns:2  Polerrs: 1T Nodal Wt: 0.5  Solnshown:2  Search Inc: 5
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Pol Only Pol + Ampl

sta SH/P Pqual Squal

AKK1 2.38 ok/E g/
AT46 2.87 g/E ok/E
AT534.889g/Eg/E

sta Pqual Squal

AKK1 okfE g/
AKK2 ok/E

AT46 g/E ok/E
AT52 ok/E

ATS55 18.40 ok/E ok/E

AT589.31 g/E ok/E
AT621.949/E g/E
AT634.16 g/E g/E
CMRD 4.75 dk/E g/
IKL1 2,65 JZE g/
KEBE 9.88 g/E ok/E
MERS 1.87 g/E g/E
SILI 129.65 ok/E e/
SLFK 6.22 oE/E g/
TEKE 3.68 g/E g/E

32' 34

AT53 g/Eg/E
AT55 ok/E ok/E
ATS56 g/E
AT58 g/E ok/E
AT59 g/E
AT60 g/E
AT62 g/Eg/E
AT63 g/Eg/E
AT64 g/E
BERE g/E
CMRD ok/E g/E
IKL1 g/E g/E
KEBE g/E ok/E
MERS g/E g/E
SILI ok/E e/E
SLFK ok/E g/E
TEKE g/E g/E
TEVE ok/E

L 36°
\ \ - J
v |/ ,
Y V4
g e
P/T axes Z e 36
PK:NaN 95%:NaN TK:NaN 95%: NaN Lon:34.17 Lat:36.28 Dep:2.00 Mag: ML, 3.2
cate00108 Datapts:37  Solns: 1 Polerrs:1  Nodal Wt:0.1  Solnsshown: 1  Search Inc: 5

Ampl errs:0  Ampl Data: 14 Solns: 1 Polerrs: 1 Nodal Wt:0.1  Soln shown:1  Search Inc: 5
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38"

36"



Pol Only

Pol + Ampl
ta Pqual |
sta SH/P Pqual Squals 2 PaualSqud
ey ATO2 gE g/
g T 1.4.
/ \\‘ AT022142BE9/ 00
".\\ /

ATO3 13.93B/E g/
ATos548ck/Eg oS oKEd/

ATI15 o/Eok/

ATIS179EOk/ o °k/E° 9
4 Ol Ol

/] \ AT68496 OO/ (e e

( \ SVSK 58.09 ol/E ok/

\ o'

A\ /

o

P/T axes Data

P K:239.8 95%:16.2 TK:359.4 95%: 13.
cate00109 Datapts:15  Solns: 2
Amplerrs:0  AmplData:6 Solns:2  Polerrs: 1

2 Lon:3845 Lat:39.68 Dep:4.00 Mag: ML, 3.0
Polerrs: 1 Nodal Wt: 0.5  Solns shown:2  Search Inc: 5
Nodal Wt: 0.5  Solnshown:2  Search Inc: 5
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Pol Only Pol + Ampl sta Pqual Squal

ATO7 g/E
AT09 g/E g/E

sta SH/P Pqual Squal

AT093.03 g/E o/E
AT14 1.90 ok/E g/E
AT14 ok/E o/E
AT22 1.12 ok/E o/E 0(;’ g
AT230.32 &1 ok/ AT22 ok/E g/E
AT24087BNg/ [,
e/10l
AT26427 JEGE %
AT3358.14 o/E g/E -
AT26 g/E g/E
AT34 2,19 g/l ok/E AT33 o/ o/E
AT357.21 o/Eg/E 98
AT34 g/l ok/E
AT3840.95 ok/E o/E
AT35 g/E g/E
AT45 1879 g/E g/E
AT37 ok/E
AT463.18 o/E o/E
AT38 ok/E o/E
AT64277 ok/EokE "\ = 5
AT66 168 JEQE - 9 0 g .
AT69 539 ok/E g/E s

AT64 ok/E ok/E
AT70 1.14 ok/E o/E
oWEGE  re6g/E o/

AT68 g/E
AT69 ok/E g/E
AT70 ok/E g/E

KOZT g/E

P/T axes Data

PK:264.6 95%:3.0 TK:268.7 95%:3.0 Lon: 35.69 Lat:37.5 Dep:3.00 Mag: ML, 3.1
cate00110 Datapts:39 Solns: 10  Polerrs:1  Nodal Wt: 0.5 Solns shown: 10 Search Inc: 5

Amplerrs:0 AmplData: 16 Solns: 10 Polerrs:1  Nodal Wt: 0.5 Soln shown: 10 Search Inc: 5
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ta Pqual |
Pol Only Pol + Ampl sta SH/P Pqual Squal sta Pqual Squa

ATO03 19.29 ok/E ok/E
ATO5 58.15 g/E o/E
AT09 1.87 g/E o/E
AT151.32 o/E ok/E
AT684.81 g/E g/E
MALT 1.22E/Ig/
SVRC 0.76 €/l o/

ATO3 ok/E ok/E
ATo4 g/l
ATO5 g/E o/E
AT09 g/E o/E
AT15 o/E ok/E
AT68 g/E g/E
MALT e/l g/E
PTK1 g/E
SVRC e/l o/E

P/T axes Data
PK:57.0 95%:6.1 TK: 1593 95%:3. 6 Lon:38.99 Lat:38.43 Dep:0.00 Mag: ML, 3.2
cate00112 Datapts: 16  Solns: 11 Polerrs:0 Nodal Wt: 0.9 Solns shown: 11 Search Inc: 5

Amplerrs:0  AmplData:7 Solns: 11 Polerrs:0 Nodal Wt: 0.9  Soln shown: 11  Search Inc: 5
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Pol Only Pol +Ampl sta Pqual Squal
AT02 g/E g/E
ATO3 g/E g/E
AT04 ok/E g/E
ATO5 g/E ok/E
AT06 g/E g/E

ATO07 ok/E g/E
ATO8 g/E g/E
AT15g/E g/E

AT17 ok/E g/E
AT68 g/E g/E

sta SH/P Pqual Squal

. AT02 14.09 g/E o/E
\ AT03 4.29 g/E g/E
. AT04 13,29 ok/E g/E
ATO5 3.63 g/E ok/E
AT06 2.32 g/Eg/E
AT07 10.30 ok/E g/E
AT08 62.01 g/E g/E
AT15 2.68 g/E o/E
AT17 2.97 ok/E g/E
AT68 12.77 g/E g/E

P/T axes

Data
PK:NaN 95%:NaN TK:NaN 95%: NaN Lon:38.01 Lat:39.54 Dep:0.00 Mag: ML, 3.4
cate00113 Datapts:21  Solns: 1 Polerrs:0 Nodal Wt:0.9 Solnsshown: 1  Search Inc: 5
Amplerrs:0 AmplData: 10  Solns: 1 Polerrs:0 Nodal Wt:0.9  Solnshown: 1  Search Inc: 5
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sta Pqual Squal
Pol Only Pol + Ampl sta SH/P Pqual Squal **= - 302 >4
AT03 ok/E ok/E
— — ATO03 53.02 ok/E ok/E
ATO5 ok/E
AT15 6.57 ok/E ok/E
AT15 ok/E ok/E
AT16 11.05 o/E g/E
AT16g/Eg/E
AT235.13 g/E ok/E
i _ AT23 g/E ok/E
— AT2427.00 0k/EOk/E, 0 "
AT26 2.53 g/E ok/E AT26 /E ok/E
AT28 17.81 ok/E ok/EA_I,28 WE ol/E
(o] Ol
AT349.01 g/E g/E
AT34g/Eg/E
= AT378.95 g/E g/E
AT37 g/Eg/E
AT38 10.35 g/E ok/E
AT38 g/E ok/E
AT46 16.12 g/E g/E
AT46 g/Eg/E
AT480.82 g/l g/E
AT48 o/l o/E
AT561.18 e/l e/E
ATS55 ok/E
AT59 101.93 ok/E g/E
AT56 eB e/
AT67 3.23 g/Eg/E
AT59 ok/E g/E
AT6831.83 g/Eg/E AT60 o/E
CEYT 3409/l o/E 4
AT67 g/E g/E
DARE 13.79 g/E g/E AT68 o/E o/E
GAZ1582 g/Eg/E 959
CEYT g/l g/E
KMRS 5.47 &/E g/
DARE g/E g/E
KOZT 8.62 olZE ok/
GAZ1g/Eg/E
KRTS 1.80 &/1 g/ KMRS o/E o/E
MALT 18.74 ok/E o/E g

KOZT ok/Eok/
MERS 51.07 g/E g/E KRTS g/ o/

MALT ok/E g/E
MERS g/E g/E

<

P/T axes
PK:38322 95%:4.0 TK:504.6 95%:11. 1 Lon:35.89 Lat:36.58 Dep:7.00 Mag: ML, 3.9
cate00114 Data pts: 53 Solns: 2 Polerrs:2 Nodal Wt:0.1  Solns shown:2  Search Inc: 5

Amplerrs:0 Ampl Data: 24  Solns: 1 Polerrs:2  Nodal Wt: 0.1 Soln shown: 1 Search Inc: 5
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+
Pol On'y Pol Ampl sta SH/P Pqual Squal staPaual Sua)

2 AT288.43 ok/E o/E /;TTZM‘/EE
AT3741.77 ok/E g/E 9/
AT26 ok/E
AT383.33g/1g/E
. AT28 ok/E g/E
- AT4813.01 g/Eg/E AT37 ok/E o/E
D AT595.59 g/E ok/E o
AT38 g/l o/E
ATe7 136809/ 0 3
GAZI 390 g/EOkE , % -
. g/Eg
; KozTsizgEEok/ 92
AT59 g/E ok/E
AT67 eB o/
CEYT ok/E
GAZ1 g/EEok/
KOZT g/Eok/

P/T axes Data
PK:33.4 95%:10.6 TK: 1684 95%:4.7 Lon:36.11 Lat:37.06 Dep:6.00 Mag: ML, 3.2
cate00115 Datapts:23  Solns: 7 Polerrs:1  Nodal Wt: 0.5 Solns shown: 7  Search Inc: 5

Amplerrs:0  Ampl Data:8  Solns: 1 Polerrs:1  Nodal Wt:0.5  Solnshown:1  Search Inc: 5
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ta Pqual |
Pol Only Pol + Ampl sta SH/P Pqual Squal staPausl Squa
ATO1 efig/

ATO1 5.44E/l g/
9 ATO2 g/EofE
AT02 055 g/E ofE
ATO3 o/E ofE
ATO3343GEO/E 0 @ O
AT06 1.71 g/l g/E g
ATO7 ok/E g/E
ATO7 20.65 ok/E g/E
ATO8 g/E o/E
AT088.41 g/ ofE
AT15 ok/E ok/E
AT15 938 ok/E ok/E ‘g ®
SVSK 21.42 §/E g/ g

A ~\
‘i( \\ R, \
| X i \
b BE
\ 3 /
\\\ \\77//
P/T axes
PK:NaN 95%:NaN TK:NaN 95%: NaN Lon: 36.68 Lat:39.49 Dep:3.00 Mag: ML, 3.0
cate00116 Data pts: 21 Solns: 1 Polerrs: 1 Nodal Wt:0.4  Solns shown: 1 Search Inc: 5
Amplerrs:0  Ampl Data:8  Solns: 1 Polerrs: 1 Nodal Wt:0.4  Solnshown: 1  Search Inc: 5
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Pol Only Pol + Ampl sta Pqual Squal

ATO3 o/E g/E
AT04 g/l
ATO5 ok/E
AT09 g/E g/E
AT11g/lg/E
AT15 g/Eg/E
AT16 g/E ok/E
AT17 g/Eg/E
AT18el g/
AT26 g/E g/E
AT28 g/E ok/E
AT38 ok/E g/E
AT68 e/E e/l
MALT e/E g/E
SVRC ok/E ok/E
URFA e/l ok/E

sta SH/P Pqual Squal

AT03 6.01 o/E g/E
AT09 3.11 g/Eg/E
AT111.129/1g/E
AT153.409/Eg/E
AT16 5.09 g/E ok/E
AT172.31g/Eg/E
AT18 2,54/l g/
AT2612.78 g/E g/E
AT283.61 o/E ok/E
AT38 23.49 ok/E g/E
AT68 9.65 b/E e/
MALT 3.78 &/E o/
SVRC 8.55 ok/E ok/E
URFA 1.69 e/l ok/E

/SN

)

I“‘
"\

Vo

\ N
S S / o

P/T axes Data

P K:NaN 95%:NaN TK:NaN 95%: NaN Lon:37.9 Lat:37.89 Dep:1.00 Mag: ML, 3.1
cate00117 Data pts: 31 Solns: 1 Polerrs:0  Nodal Wt:0.9  Solns shown: 1 Search Inc: 5

Amplerrs:0 Ampl Data: 14  Solns: 1 Polerrs:0  Nodal Wt:0.9  Soln shown:1  Search Inc: 5
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Pol Only Pol + Ampl
sta Pqual Squal

ATO1g/Ee/E
ATO02 g/l g/E
ATO3 g/l o/E
ATO06 g/l g/E
ATO07 g/E
AT08 g/E g/E
AT09 g/E g/E
AT14 ok/E
AT15g/Eg/E
AT16 g/Eg/E
AT20 ok/E g/E
AT21g/Eg/E
AT24 ok/E g/E
AT68 ok/E g/E
CORM ok/E g/E
MALT g/E ok/E
SVSK g/E g/E

sta SH/P Pqual Squal

ATO0111.70k/E e/
AT021.159/1g/E
AT033.43 g/l o/E
AT065.38 g/l g/E
AT087.11 g/E g/E
AT09 34.59 g/E g/E
AT1512.71 g/Eg/E
AT16 18.95 g/E g/E
AT20 10.84 ok/E g/E
AT2110.33 g/E o/E
AT24 4481 ok/E g/E
AT68 5.72 ok/E g/E
CORM 4.22 dk/E g/
MALT 1.26 g/E ok/E
SVSK 16.30 §/E g/

P/T axes

Data

PK:0.0 95%:NaN TK:NaN 95%: NaN Lon:36.7 Lat:39.48 Dep:2.00 Mag:ML,3.3
cate00118 Datapts:33  Solns: 1 Polerrs: 1  Nodal Wt:0.1  Solns shown:1  Search Inc: 5

Amplerrs:0 Ampl Data: 15 Solns: 1 Polerrs: 1 Nodal Wt:0.1  Soln shown:1  SearchInc: 5
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Pol Only Pol + Ampl sta Pqual Squal

ATO1 g/l g/E
AT02 g/Eg/E
AT03 g/Eg/E
AT04 ok/E g/E
AT06 g/E ok/E
AT07 g/Eg/E
AT08 g/E g/E
AT09 g/E ok/E
£T1 3 ok/E ok/E
AT15 g/Eg/E
AT16 g/Eg/E

sta SH/P Pqual Squal

ATO112.25 g/l g/E
ATO02 1.52 g/Eg/E
AT034.05 g/E o/E
AT04 62.15 ok/E g/E
AT06 5.14 g/E ok/E
AT07 19.43 g/E g/E
AT08 9.35 g/E o/E
AT09 26.26 g/E ok/E
AT13 215.47 ok/E ok/|
AT1510.76 g/E g/E
AT1617.42 g/E g/E AT20 g/E ofE
AT2024.17 g/E g/E
AT23 ok/E
AT24131.320k/E Okls\T24 ok/E ok/E
AT34 30.42 ok/E g/E
AT35 40.57 ok/E g/E
AT68 43.54 g/E g/E
BNN1 30.70 g/E g/E
CORM 1.72 §/E g/
MALT 17.34 ok/E g/E
SARI 24.90 §/E g/
SVSK 36.27 g/E g/e

AT34 ok/E g/E
AT35 ok/E g/E
AT38g/E
AT68 g/E g/E
BNN1 g/Eg/E
CORM g/E g/E
MALT ok/E g/E
SARI g/E g/E
SVSK g/E g/e

P/T axes Data

P K:NaN 95%:NaN TK:NaN 95%: NaN Lon: 36.68 Lat:39.48 Dep:2.00 Mag: ML, 3.9
cate00119 Datapts:44  Solns: 1 Polerrs:2  Nodal Wt:0.2  Solnsshown: 1 Search Inc: 5

Amplerrs:0 AmplData: 21  Solns:2  Polerrs:2  Nodal Wt: 0.1  Soln shown:2  Search Inc: 5
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Pol Only Pol + Ampl
ta Pqual Squal
sta SH/P Pqual Squal SRR

ATO2 g/E g/E
ATO2134g/EQE o g L g -
ATO4579g/EQ/E |\ g e g =
ATOS2909/EQE - o g/E g/E
AT08 1.81 g/E g/E g

AT68 ok/E g/E
AT68 6.02 ok/E g/E BNN1 ol/E ok/E
BNN15.76 ok/Eok/E - 0= ©

ERZN ok/E o/E
ERZN 14.78 ol/E o/E
OEIE MALT o/E o/

PTK1 g/E o/E
SVRCg/Eg/
SVSK ok/E g/E

MALT 1.67 g/E o/E
PTK13.14 g/Eg/E
SVRC 0.62 g/E g/E
SVSK 5.64 oE/E g/

/,:,\\
/'/ \
/ \
\
<« /]
/)
N
g
/T axes
P K:NaN 95%: NaN TK:NaN 95%: NaN Lon:39 Lat:39.2 Dep:3.00 Mag: ML, 3.2
cate00120 Datapts:27  Solns: 1 Polerrs:1  Nodal Wt:0.3  Solnsshown: 1  Search Inc:5

Amplerrs:0  AmplData: 11 Solns: 1 Polerrs:1  Nodal Wt:0.3  Solnshown:1  SearchInc:5
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Pol Only Pol + Ampl ta Pqual Squal
sta SH/P Pqual SqualS qualqye
ATO5 ok/E

ATO8 ok/E
AT09 ok/E ok/E
AT15g/Eg/E
AT16 g/E g/E
AT17 ok/E ok/E
AT18 g/E ok/E
AT26 g/E g/E

AT28 g/l
AT33 ok/E
AT38eHg/
AT68 ok/E ok/E
AT69 g/E ok/E

AT09 13.47 ok/E ok/E
AT151.77 g/E g/E
AT160.55 g/E g/E

AT17 3.13 ok/E ok/E

AT18 20.16 g/E ok/E
AT26 23.80 o/E g/E
AT388.80E/l g/

AT68 8.83 ok/E ok/E
AT69 4.31 g/E ok/E
GAZ14.509/Eg/E

KMRS 6.58 gEE ok/
SARI1.18 fZE g/
URFA 4.07 gEE ok/

GAZ1 g/Eg/E

KMRS g/E ok/E
MALT ok/E
SARI g/E g/E

URFA g/E ok/E

P/T axes Data
PK:9.5 95%:20.7 TK:44.6 95%:9.1 Lon:36.94 Lat:37.08 Dep:3.00 Mag: ML, 3.0
cate00121 Datapts:34  Solns:7  Polerrs:1  Nodal Wt:0.5 Solns shown: 7 Search Inc: 5

Amplerrs:0 AmplData:13 Solns:3  Polerrs: 1 Nodal Wt:0.5  Soln shown:3  Search Inc: 5
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Pol Only Pol + Ampl sta Pqual Squal

AT03 g/E g/E
AT04 g/l ok/E
AT05 g/Eg/E
ATO08 ok/E g/E
AT09 g/l g/E

sta SH/P Pqual Squal

AT03 15.32 g/E g/E
ATO4 150 g/l ok/E
ATO05 6.91 g/E g/E
ATO8 1.46 ok/E o/E
AT091.54 g/l g/E
AT111517 g/Eg/E :TT:; gk//ig/kF}E
AT15435 ok/E ok/E " > ©E©
AT16 ok/E ok/E
AT16 4.50 ok/E ok/E AT17 0/E /E
AT174.84 g/E g/E 858
AT18g/Eg/E
ATIB6927g/EQ/E (o S0
AT263.13 ok/E o/E AT68° i ‘-‘/E
AT68 139 g/E o/E 959
AT69 ok/E g/E
AT69 11.57 ok/E g/E MALT e/l o/E
MALT2348/1g/ oo g/E
g
PTKIZ229/1G/E (o by

SVRC0.48 §/1 o/
URFA123§Eq/ URTA9EIE

. -

N~ = G <
/T axes Data 36" 38’ 40°
P K:NaN 95%:NaN TK:0.0 95%: NaN Lon: 38.79 Lat:38.33 Dep: 1.00 Mag: ML, 3.1
cate00122 Datapts:35  Solns: 1 Polerrs:0  Nodal Wt:0.9  Solnsshown: 1 Search Inc: 5

Amplerrs:1  AmplData: 17 Solns: 1 Polerrs:0 Nodal Wt:0.8  Solnshown: 1  Search Inc: 5
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Rol Onby Bl sta SH/P Pqual Squal sta Puel Sauel
/ AT14 ok/E

AT15 6.91 ok/E g/E
AT15 ok/E g/E
AT23 8.65 ok/E ok/E 9
AT16 g/E
AT26 4.8 o/E o/E
AT22 ok/E
L AT324.93 ok/E g/E
AT23 ok/E ok/E
AT359.17 ok/E ok/E
AT26 g/E g/E
AT372055/EokE "5 %
Ol
AT3825.89 g/E ok/E 9
AT35 ok/E ok/E
AT48 051 g/l g/E
AT37 g/E ok/E
AT6721.73 ok/E g/E
AT38 g/E ok/E
GAZ114.20g/E g/E
AT48 g/l g/E
KMRS 11.75 B/E o/
AT54 ok/E
KOZT3388 Bk o )
KRTS42380g/ 002
€
SARI9.57 dZE g/
FEg AT60 g/E

AT67 ok/E g/E
GAZ1g/E g/E
KMRS g/E g/E
KOZT g/Eok/
KRTS o/l o/E
SARI g/E g/E

= il
/'/ ’/ \\
/ /
VR
i ‘j/\\ \
AN
\ ] |
v /)
x /
/
¥ J__
P/T axes Data
P K:NaN 95%:NaN TK:NaN 95%: NaN Lon: 3591 Lat:36.51 Dep:2.00 Mag: ML, 3.5
cate00123 Data pts: 41 Solns: 1 Polerrs: 1 Nodal Wt: 0.3  Solns shown: 1 Search Inc: 5
Nodal Wt: 0.3 Solnshown:1  SearchInc: 5

Amplerrs:0 Ampl Data: 14 Solns: 1 Polerrs: 1
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Pol Only Pol + Ampl

ta Pqual Squal
sta SH/P Pqual St:auals arafeae

AT02 1213 g/E o/E A::;g;s/ B
AT04 1.30 g/E ok/E AT4 o/E ok/E
AT07 3.48 g/E g/E ATO7 o/E o/E
AT144.65 g/E g/E ATO8 /E
ATISASOGEQE oo
AT20389g/EOE o e
AT229.09 g/E g/E
AT15g/Eg/E
AT23 2,96/l g/
AT16g/E
AT337074g/Eg/E ofE oKE
AT34 7.74 g/l ok/E AT21 ok/E
AT3S4638 O GE (o e
AT37 29.13 ok/E ok/E
AT23 el g/
AT45 1491 gEgE o ofF
ATS31599/Eg/E oo ofF
ATS441SQEGE oo
BNN1 12.06 g/E g/E AT33 /E o/E
DARE 12.60 ok/E g/E
AT34 g/l ok/E
GAZI 1.0BG/EOKE o
KARA 2.74 ok/E ok/E AT37 ok/E ok/E
KMRS 6.27 ok/E g/ AT45 o/E g/E
KOZT 5.59 g¥E ok/
SARI732gEok/ 09k
AT53 g/Eg/E
AT54 g/Eg/E
AT59 o/E
AT64 ok/E
AT68 g/E
AT70 g/E
BNN1 g/Eg/E
DARE ok/E g/E
GAZ1 g/Eok/
KARA ok/E ok/E
KMRS ok/E g/E
KOZT g/EEok/
MALT ok/E
SARI g/E ok/E

40°

AT2: S
\ "

J/ AT20
i AT2AT20

P/T axes Data

PK:96.3 95%:6.2 TK:99.7 95%:6.1 Lon:35.82 Lat:38.36 Dep:5.00 Mag: ML, 3.3
cate00124 Datapts:59  Solns:58  Polerrs:2  Nodal Wt:0.1  Solns shown: 7 Search Inc: 10

Amplerrs:0 Ampl Data:22 Solns:58 Polerrs:2  Nodal Wt:0.1  Solnshown:7  Search Inc: 10
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Pol Only Pol + Ampl sta Pqual Squal

0.0

sta SH/P Pqual Squal

AT04 0.87 g/l ok/E
AT0S243g/Eg/E 1049/l ok
ATOS g/E o/E
AT09 3.37 ok/E g/E AT09 ok/E o/E
¥ ATI1459g/EoKE o' e g
ATIS1IS /EOKE o Q/E o
AT168.08 ok/E ok/E 9
AT16 ok/E ok/E
ATI7INGEGE o
AT281.13 g/E ok/E g
ATI8 o/E
AT38 8.09 ok/E ok/E AT28 g/E oK/E
AT68 1.17 g/E o/E
DARE 2.91 g/E ok/E A::;k//:;kf
GAZ1 643 ok/E o/E .
AT69 o/E
MALT 3.44 §/E e/
DARE o/E ok/E
PTK1 141 o/l ok/E
SVRC4g2&Eg/ ONZIOKEY
: MALT o/E e/E
URFAT171B/Eg/ L ol

SVRC e/E g/E
URFA g/E g/E

A ~< . 00
P/T axes Data
PK:NaN 95%:NaN TK:NaN 95%: NaN Lon:39.09 Lat:38.47 Dep:3.00 Mag: ML, 3.5
cate00125 Datapts:39  Solns: 1 Polerrs: 1 Nodal Wt:0.3  Solnsshown: 1 Search Inc: 5

Amplerrs:0 AmplData: 16  Solns: 1 Polerrs: 1 Nodal Wt:0.3  Solnshown: 1  Search Inc: 5
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Pol Only Pol + Ampl sta Pqual Squal

ATO1 ok/E g/E
ATO02 g/E g/E
ATO03 g/Eg/E
AT04 el g/
ATO7 g/E ok/E
ATO08 g/E g/E
AT09 ok/E g/E
AT13 ok/E
AT15 g/Eg/E
AT16 ok/E g/E
AT17 g/E ok/E
AT18e/E
AT26 g/E
AT28 g/l
AT33 ok/E
AT35 g/Eg/E
AT38 ok/E ok/E
AT68 g/E g/E
AT69 g/l o/E
BNN1 ok/E g/E
DARE g/E ok/E
ERZN ok/E g/E
GAZ1 g/l
KMRS g/l g/E
KOZT ok/l g/E
MALT e/l g/E
PTK1 e/l ok/E
SARI g/E e/l
SVRC g/Eg/
SVSK o/E g/E

sta SH/P Pqual Squal

ATO1 1.78 ok/E g/E
AT0212.63 g/E g/E
ATO3 1247 g/E g/E
AT04 6.05E/1 g/
AT07 22.62 g/E ok/E
AT08 57.84 g/E g/E
AT09 15.09 ok/E g/E
AT1513.61 g/E /E
AT16 1335 ok/E g/E
AT17 2.48 g/E ok/E
AT359.64 g/Eg/E
AT38 5.56 ok/E ok/E
AT68 3743 g/Eg/E
AT69 1.18 g/l g/E
BNN19.01 ok/E g/E
DARE 10.83 g/E ok/E
ERZN 4.27 ok/E g/E
KMRS 5.25 8/1 g/
KOZT 8.78 dk/l g/
MALT 1.36E/l o/
PTK10.51 e/l ok/E
SARI 41.92 g/E e/l
SVRC 6.55 g/E o/E
SVSK1.18 fE g/

P/T axes Data
PK:198.5 95%:8.8 TK:736.8 95%:4.5 Lon:38.77 Lat:39.16 Dep:4.00 Mag: ML, 4.4
cate00126 Datapts:56  Solns:3  Polerrs: 1 Nodal Wt: 0.1  Solns shown:3  Search Inc: 5

Amplerrs: 1T Ampl Data: 24 Solns:3  Polerrs: 1T Nodal Wt:0.1  Soln shown:3  Search Inc: 5
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Pol Only

vl /\f\
// //’ \
{7 \
[/ \
N/ X |

P/T axes

P K:NaN 95%:NaN TK:NaN 95%: NaN

cate00127 Data pts: 31 Solns: 1
Amplerrs:0 AmplData: 13 Solns: 1

Pol + Ampl

Polerrs: 1 Nodal Wt: 0.3  Solns shown: 1

Polerrs: 1 Nodal Wt: 0.3

306

Soln shown: 1

sta SH/P Pqual Squal sta Pqual Squal

AT021.89 ok/Eg/E " 02OWEGE
ATO3 ok/E ok/E
ATO3 1490 ok/E O -
ATO5 2.50 g/ g/ 9
ATO5 g/E g/E
ATOS414g/EQE o 09 9
AT115.67 o/E ok/E 98
AT11 g/E ok/E
AT15 3.50 ok/E g/E
AT15 ok/E o/
AT174.16 g/Eg/E AT17 o/E o/E
ATEB 648 ok/EOk/E - i/sg i
DARE 253 ok/EOKE | - °k/E°k/E
MALT 1.30 g/E g/E MALT° - °/E
PTKIBS0G/EQE o QI/E :/E
SVRC 12,57 o/E o/E g

SVRC g/E g/
URFA3026E9/ oo AZ ,Egg/E

Lon:39.32 Lat:38.43 Dep:3.00 Mag: ML, 3.5

Search Inc: 5
Search Inc: 5



Pol Only Pol + Ampl sta SH/P Pqual Squal sta Pqual Squal
ATO1 g/l g/E
AT02 g/l g/E
ATO03 ok/E g/E

ATO014.03 g/l g/E
AT02 1.18 g/l g/E
ATO03 12.43
OWEGE ro6enq/
ATO06 0.66E/1 o/
ATO7 g/E e/E
ATO7 2656B/Ee/ ot
Ol
ATOB 478g/EOk/E ) * d i
AT13 649 g/E g/E 9=
AT14 ok/E g/E
AT14 1456 ok/E g/E
AT20 /E g/E
AT2019.60 o/E g/E
AT21 ok/E ok/E
AT214.23 ok/E ok/E
AT22 g/E g/E
AT222.33g/Eg/E
AT23 g/E ok/E
AT23 1.82 g/E ok/E
AT24 g/E ok/E
AT245.85 g/E ok/E
BNN1 g/E o/E
BNN1 13340/ g/E o 2
CORM 1910 8/E0k/ g/l ‘;E
SVSK 2.20 §/1 o/ grg

P/T axes Data
PK:156.3 95%: 5.4 TK:154.1 95%:5.4 Lon:36.27 Lat:39.94 Dep:5.00 Mag: ML, 3.0
cate00128 Datapts:33  Solns:6  Polerrs:1  Nodal Wt:0.3  Solns shown:6  Search Inc: 5

Amplerrs:0 AmplData:16 Solns:4  Polerrs: 1 Nodal Wt: 0.3 Soln shown:4  Search Inc: 5
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Pol Only

Pol + Ampl

P ™
#C X
/ v \ \\
/ \
1/ \ 77\,
{ L "-‘
L |
\ v /
. /
~__~
P/T axes
P K:NaN 95%: NaN TK:NaN 95%: NaN
cate00129 Datapts:24  Solns: 1 Polerrs: 1 Nodal Wt: 0.3
Amplerrs:0  Ampl Data: 12 Solns: 1 Polerrs: 1 Nodal Wt: 0.3
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sta Pqual Squal

AT53 ok/E g/E
AT54 ok/E g/E
AT58 g/E g/E
AT59 g/E g/E
AT60 ok/E g/E
AT62 ¢/E g/E
AT63 ok/E g/E
AT64 ok/E g/E
AT71 g/E ok/E
CMRD g/E g/E
KARA ok/E g/E
KRMN o/E g/E

sta SH/P Pqual Squal

AT53 24.46 ok/E g/E
AT545.96 ok/E g/E
AT58 6.04 g/E g/E
AT595.329/Eg/E
AT60 14.00 ok/E g/E
AT62 4.98 E/E g/
AT63 32.88 ok/E g/E
AT64 55.78 ok/E g/E
AT7149.11 g/E ok/E
CMRD 2.97 §/E g/
KARA 2.03 ok/E g/E
KRMN 0.86 g/E g/E

34

32

34 36°

Lon:33.02 Lat:37.1 Dep:2.00 Mag: ML, 3.2

Search Inc: 5
Search Inc: 5

Solns shown: 1
Soln shown: 1



Pol Only

Pol + Ampl

P/T axes

PK:0.0 95%:NaN TK:NaN 95%: NaN

cate00130
Amplerrs: 1

Datapts:48  Solns: 1
Ampl Data: 23 Solns: 1

Polerrs: 1
Polerrs: 1

Data
Lon:37.89 Lat:37.89 Dep:3.00 Mag: ML, 3.5

sta Pqual Squal

sta SH/P Pqual Squal
ATO03 15.16 ok/E ok/E

AT04 1.00 g/l ok/E

ATO03 ok/E ok/E
AT04 g/l ok/E
ATO5 g/E

AT07132.520k/Eok/§\T07 J/E ok/E
ok/E ol

AT08 14.05 ok/E g/E
AT098.57 g/Eg/E
AT151.74g/Eg/E
AT16 148 g/Eg/E
AT17092g/Eg/E
AT24 7.06 ok/E g/E
AT28337g/Eg/E
AT344.04 g/E ok/E
AT37232g/Eg/E
AT67 7.90 ok/E g/E
AT68 24.91 g/E g/l
AT69 1.21 g/Eg/E

ATO08 ok/E g/E
AT09 g/E g/E
AT11g/E
AT15g/E g/E
AT16 g/E g/E
AT17 g/Eg/E
AT24 ok/E g/E
AT28 g/E g/E
AT34 g/E ok/E
AT37 g/E g/E
AT67 ok/E g/E
AT68 g/E g/l

DARE 83.92B/E e/

GAZ1 3.350k/Eg/E
KMRS 0.62 gEE ok/
MALT 10.39 o/E g/E
PTK1 10.05 ok/E o/E
SARI 8.81 gfE ok/
SVRC 5.97 ok/E g/E
URFA1.18 §/E ¢/

Nodal Wt:0.3  Solns shown: 1
Nodal Wt:0.3  Soln shown: 1
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AT69 g/E g/E
DARE g/E e/E
GAZ1 okEE g/
KMRS g/E ok/E
MALT g/E g/E
PTK1 ok/E g/E
SARI g/E ok/E
SVRC ok/E g/
URFA g/E g/E

Search Inc: 5
Search Inc: 5



Pol Only Pol + Ampl

~ e

P/T axes

PK:NaN 95%:NaN TK:NaN 95%: NaN

cate00131 Datapts:48  Solns: 1
Amplerrs:0  AmplData: 19  Solns: 1

Pol errs: 1
Pol errs: 1

Dat

a

Nodal Wt: 0.4

310

sta Pqual Squal

sta SH/P Pqual Squal
AT14 241 ok/E ok/E
AT15 1.00 ok/E g/E
AT165.05g/Eg/E

AT22 15.09 g/E g/E
AT35 3.48 ok/E ok/E
AT45 16.76 g/E ok/E
AT46 7.87 g/E ok/E

AT13 ok/E
AT14 ok/E ok/E
AT15 ok/E g/E

AT16 g/Eg/E
AT22 g/Eg/E

AT32 ok/E

AT33 ok/E
AT35 ok/E ok/E

AT52 2.43 g/E ok/E

AT53 1.95 g/E ok/E

AT42 g/E
AT45 g/E ok/E

AT54 20,58 g/E g/E

AT589.78 g/E g/E
AT59 8.59 g/E ok/E

AT46 g/E ok/E
AT48 ok/E
AT52 g/E ok/E

AT60 2.03 g/E ok/E
AT6339.79 g/E e/l

AT712.24 g/E ok/E

AT53 g/E ok/E
AT54 g/E g/E
ATS7 o/E

IKL1 6.27 oF/E g/

KARA 2.03 o/E g/E
KOZT 74.51 dk/E g/

AT58 g/E g/E
AT59 g/E ok/E
AT60 g/E ok/E

KRTS 7.32 oE/E g/

Soln shown: 1

AT62 g/E
AT63 g/Ee/l
AT70 g/E
AT71 g/E ok/E
GULA g/E
IKL1 ok/E g/E
KARA g/E g/E
KOZT okfE g/
KRMN ok/E
KRTS ok/E g/E

Lon:34.45 Lat:36.93 Dep: 1.00 Mag: ML, 4.0
Nodal Wt: 0.4  Solns shown: 1

Search Inc: 5
Search Inc: 5



Pol Only Pol +Ampl sta SH/P Pqiial sqia) " U8l Squal

2 AT0725.20 o/E g/E :Ig; °;E
AT0833.15g/E g/l 3
ATO7 g/E o/E
AT 13789 R o 9 %
AT1328.09 o/E g/E g =g
¥ ] ATI1 g/E g/E
= = AT1463.21g/Eg/l
- ; AT13 0/E g/E
ATIS2081 9 g oo
AT1671.62 o/E g/E 9/ta
AT15 g/E o/E
AT171.50 &/E g/
AT16 g/E o/E
ATigs20RAg/ o o0 d
AT331859gE g o 9/
AT3822.80 g/E g/E ATZ; /g
AT59 532 g/E o/E 9
AT22g/E
BNN158.71 o/E g/l
KMRs785eflgE 2 IE
SR ATagen
AT31 0/E
AT32g/E
AT33 g/E o/E
AT34 g/E
AT38 o/E o/E
AT59 g/E o/E
AT67 e/
ATé8 e/
AT69 e/l
AT71 g/E
BNN1 o/E g/l
CEYT g/E
DARE g/E
GAZ1 e/l
KMRS e/l o/

36

P/T axes Data
PK:2316.7 95%:5.2 TK:430.6 95%:12. 1 Lon:36.8 Lat:37.1 Dep:2.00 Mag: ML, 4.7
cate00132 Datapts:44  Solns:2  Polerrs:2  Nodal Wt: 0.2  Solns shown:2  Search Inc: 5

Amplerrs:0 AmplData: 14 Solns:2  Polerrs:2  Nodal Wt:0.2  Solnshown:2  Search Inc: 5
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Pol Only Pol + Ampl 4 Peiiial Saitial
sta SH/P Pqual Squal PR =
AT02 g/E
ATO3 1494 g/EQ/E - % =
ATO8 1.36 o/E o/E o
ATo4 e/l

AT095.68 g/l g/E

AT08 g/E g/E
AT110.94 FE ok/

AT09 g/l g/E
AT1521.70 ok/E g/E

AT11 e/E ok/E
AT189.59 g/E g/E AT15 ok/E o/E
AT28 6.74 g/E g/E mﬁ" /Eg
AT68 3.28 g/E o/E g

AT18g/Eg/E
AT69 0.97 g/E g/E

AT28 g/E g/E
DARE114g/Ig/E oot W
GAZ11032 g/Eo/E 959

AT69 g/E g/E
SARI7.16 HE g/ DARE g/l o/

GAZ1 g/Eg/E
MALT elie/
SARI g/E g/E

P/T axes Data 36° 38 40
PK:525.2 95%:10.9 TK:523.8 95%:10. 9 Lon:38.81 Lat:38.32 Dep:2.00 Mag: ML, 3.7
cate00133 Data pts: 30 Solns: 2 Polerrs:2 Nodal Wt:0.3 Solns shown: 2  Search Inc: 5

Amplerrs:0  Ampl Data: 12 Solns:2  Polerrs:2  Nodal Wt:0.3  Solnshown:2  Search Inc: 5
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Pol Only Pol + Ampl FouaiSaudi
sta Pqual Squal
sta SH/P Pqual Squal

AT120k/Eg/E
T12 26
AT1226.46 ok/E g/E AT13g/Eo/E

AT13392g/Eg/E AT19 ok/E o/E
ATI9 1261 0k/EQE * )
AT3049.35 ok/E e/l ). oEIE .

AT31190g/Eg/E AT31 /E ofE
AT35 5.80 ok/E ok/E Amg /:

g

AT41 1081 B el ) © S

AT42 6.90E/ o/

AT41 g/E e/l

AT45 6.18 ok/E g/E

AT42elB g/

AT519.70g/Eg/E

AT45 ok/E g/E

ATS2380gEgN S

ATS8291 g/Eg/U zg " g i
CMRD 2.83 dK/E o/ IES

ATS8 o/E

GULA 5668/l o/

CMRD ok/E o/E

suLTo17dloks o S
YAYX 1030 7l ok/ %9

SERE g/I
YESY 3.02 g/E ok/E SULT e/l ok/E

YAYX g/l ok/E
YESY g/E ok/E

P/T axes Data
PK: 1624 95%:19.7 TK:123.7 95%:22. 6 Lon:33.89 Lat:3845 Dep:2.00 Mag: ML, 3.0
cate00134 Datapts:38  Solns:2  Polerrs:1  Nodal Wt: 0.5 Solns shown: 2 Search Inc: 5

Amplerrs:0 AmplData:17 Solns:2  Polerrs:1  Nodal Wt: 0.5  Soln shown:2  Search Inc: 5
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Pol Onl Pol + Ampl
. . sta SH/P Pqual Squal stabqual Squal
ATO08 ok/E ok/E
AT15g/E
AT16 g/E ok/E
AT17 ok/E ok/E
AT18 ok/E o/E
AT23 ok/E o/E
AT28 g/E g/E
AT38 e/E ok/E
AT48 g/E o/E
AT54 ok/E
AT59 ok/E ok/E
AT67 el g/
AT68 g/E ok/E
AT69 g/E ok/E
AT71 g/E ok/E
CEYT g/l
CMRD ok/E ok/E
GAZ1 g/E
KARA ok/E g/E
KMRS g/E g/E
SARI ok/E ok/E

ATO08 21.40 ok/E ok/E
AT16 21.12 g/E ok/E
5 AT17 59.14 ok/E ok/E
AT18 74.38 ok/E g/E
\ AT23 11.66 ok/E g/E
AT287.81 g/E g/E
AT381.43 eE ok/
o AT482.89 g/E g/E
AT59 10.88 ok/E ok/E
AT67 3.46E/ g/
AT68 10.54 g/E ok/E
AT69 3.25 g/E ok/E
AT7110.57 g/E ok/E
CMRD 5.73 o/E ok/
KARA 7.67 ok/E g/E
KMRS 4.30 &/E g/
SARI 14.60 olZE ok/

P/T axes Data
PK:526.2 95%:10.9 TK:524.6 95%:10. 9 Lon:36.32 Lat:36.91 Dep:4.00 Mag: ML, 3.5
cate00135 Datapts:42  Solns:2  Polerrs:1  Nodal Wt: 0.5 Solns shown:2  Search Inc: 5

Amplerrs:0 Ampl Data: 177 Solns:2 ~ Polerrs:1  Nodal Wt: 0.5  Solnshown:2  Search Inc: 5
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Pol Onl Pol + Ampl sta Pqual Squal
Y P sta SH/P Pqual Squal i 9
ATO3 g/E g/E
ATO31276g/EG/E o o - g:E
AT047.36 o/E g/E 9729
AT07 g/E g/E
AT07 7.89 g/E g/E
ATO08 g/E ok/E
ATO08 30.69 g/E ok/E
AT09 g/l g/E
AT09 4.37 g/l g/E
AT11e/Eg/E
AT113.72 8/E g/
AT15 ok/E ok/E
AT15 3.85 ok/E ok/E
AT16 o/E ok/E
AT163.72 g/E ok/E
AT17 g/E g/E
AT17 3.05 g/E g/E
AT18g/Eg/E
AT189.31g/Eg/E
AT24 ok/E g/E
AT24 7.90 ok/E g/E
AT28 g/E o/E
AT2828.05 g/E g/E
AT38 ok/E ok/E
AT38 8.41 ok/E ok/E
AT68 g/E g/E
AT68 2.77 g/E g/E
AT69 g/E g/E
AT69 7.51 g/E g/E
DARE g/E g/E
DARE 5.83 g/E g/E
GAZ1 okEE g/
GAZ1 6.68 ok/E g/E ILIC ol/E a/E
ILIC 3.95 ok/E o/E 9
KMRS g/E g/E
KMRS4SSE/Eg/ o
e
MALT15.18B/Ee/ ¢\ 0 og/s e
SARI 16614 G/E g/ g

[
[
/

/

—/

o
\ - P

~

P/T axes Data

PK:0.0 95%: NaN TK:NaN 95%: NaN Lon:38.5 Lat:38.1 Dep:2.00 Mag: ML, 3.6
cate00136 Datapts:42  Solns: 1 Polerrs: 1 Nodal Wt: 0.5 Solns shown: 1 Search Inc: 5

Amplerrs:0  Ampl Data: 21 Solns: 1 Polerrs: 1 Nodal Wt:0.5  Solnshown:1  Search Inc: 5

315



Bolonly Rl apt sta SH/P Pqual Squal e Pogial Sprut
AT03 g/Eg/E

AT036.90 g/E g/E ATO4 g/l o/E
RIO4042910/8  vrio kit o/
AT08 2924 @B e/ O
AT09 470/ e/ 9
AT11eEe/
AT11221EE e/
AT14 ok/E g/E
AT144.38 ok/E g/E AT15 ok/E o/E
ATIS 3867 0k/EG/E |-~ - e z/E
AT164.60 o/E ok/E SR
AT17 g/E ok/E
AT17 9.93 g/E ok/E
AT18g/Eg/E
AT1827.45 g/E g/E
AT23 ok/E
AT24 20.54 g/E ok/E
AT24 g/E ok/E
AT2839.46 g/E g/E
AT28 g/Eg/E
AT3829.50 ok/E ok/E
AT38 ok/E ok/E
AT680.64 g/E g/E AT68 o/E o/E
DARE 15.58 g/E o/E HES
GAZ13.180KEgE DAREIEE
HOONEIE GAZ1 okiE o/

KMRS 8.55 &/E g/ KMRS o/E g/E
MALT e/l e/l
SARI ok/E ok/E
URFAg/I

MALT 4.77k/l e/
SARI 11.68 olZE ok/

Y\ N ,7-’
\ ’ ok
\ N~ - /
N /
P/T axes
P K:NaN 95%:NaN TK:NaN 95%: NaN Lon:38.46 Lat:38.13 Dep:3.00 Mag: ML, 3.8
cate00137 Data pts: 41 Solns: 1 Polerrs: 1 Nodal Wt: 0.2  Solns shown: 1 Search Inc: 5
Search Inc: 5

Amplerrs:0  Ampl Data: 19 Solns: 1 Polerrs: 1 Nodal Wt:0.2  Soln shown: 1
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Pol Only Pol + Ampl sta Pqual Squal

AKKU g/E
AT24 ok/E g/E
AT33 g/Eg/E
AT34 g/Eg/E
AT45 g/l ok/E
AT51ok/E g/E

AT52 ok/E
AT53 g/Eg/E

AT54 g/l
AT58 g/Eg/E
AT59 g/E g/E
AT60 g/E ok/E
AT63 g/E e/E
AT64 g/l g/E
AT70 g/E g/E
AT71 g/E ok/E

CMRD g/I

IKL1 g/E
KARA e/l o/E
KEBE g/E g/E
SILI g/E g/E
TEKE g/E

sta SH/P Pqual Squal

AT24 10.85 ok/E g/E
AT334.48g/Eg/E
AT34 283 g/Eg/E
AT45 1.19 g/l ok/E
AT511.43 ok/E g/E
AT538.36 g/Eg/E
AT584.34g/Eg/E
AT5929.30 g/E g/E
AT602.20 g/E ok/E
AT632151B/Ee/
AT64 2.60 g/l g/E
AT704.23 g/E g/E
AT717.15 g/E ok/E
KARA 0.87 &/l g/
KEBE 5.07 g/E g/E
SILI3.41 g/Eg/E

P/T axes Data
PK:360.6 95%:13.2 TK:438.0 95%:12. 0O Lon:34.88 Lat:36.79 Dep:16.00 Mag: ML, 3.8
cate00138 Datapts:40  Solns:2  Polerrs:1  Nodal Wt:0.5 Solns shown:2  Search Inc: 5

Amplerrs:0  AmplData: 16 Solns:2  Polerrs: 1 Nodal Wt:0.5  Soln shown:2  Search Inc: 5
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Pol Only Pol + Ampl sta Pqual Squal

ATO1 g/E g/E
AT02 g/E g/E
ATO3 g/E g/E
AT06 g/l g/E
ATO7 g/E g/E
ATO8 g/E g/E

sta SH/P Pqual Squal

ATO14.55 g/Eg/E
AT02 0.97 g/E g/E
ATO03 1.87 g/Eg/E
AT06 3.11 g/l g/E
AT07 4.59 g/Eg/E
AT08 10.79 g/E g/E
IEGE 100 o/E ok/E
AT09 6.02 g/E ok/E
AT12 ok/E ok/E
AT12 14.24 ok/E ok/E
AT13 ok/E
AT143.68 g/E ok/E
AT14 g/E ok/E
AT158.48 g/Eg/E
AT15g/Eg/E
AT16 6.65 ok/E o/E
AT16 ok/E g/E
AT23 10.13 ok/E g/E
AT23 ok/E g/E
AT241235 g/EokE o0
BNN1 1334 g/Eok/E - 9= ©

DARE 1398 g/Eg/E 11+ OKE
R 2rs e BNNIO/EOKE
: DARE /E o/E
SARI g/ o/E

/ \ b
[ - s ¢ Ara
| - mz |
\ - AT13 |
B! 5
»
P/T axes Data
P K:NaN 95%:NaN TK:NaN 95%: NaN Lon:36.7 Lat:39.29 Dep:3.00 Mag: ML, 3.0
cate00139 Datapts:37  Solns: 1 Polerrs: 1 Nodal Wt:0.5 Solns shown:1  Search Inc: 5

Amplerrs:0 AmplData: 16 Solns:2  Polerrs: 1 Nodal Wt:0.3  Soln shown:2  Search Inc: 5
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Pol Only Pol + Ampl sta SH/P Pqual Squal sta Pqual Squal
AT14 g/E g/E
AT21 ok/E ok/E
AT22 g/E g/E
AT32 ok/E g/E
AT33g/Eg/E
AT34 ok/E g/E

AT35 g/E
AT45 g/E g/E
AT52 g/E g/E
AT53 g/l g/E
AT54 g/l g/E
AT58 g/E o/E
AT59 o/l g/E
AT60 e/l ok/E
AT63 ok/E g/E
AT70g/E g/E
AT71eBe/
CMRD e/E g/E
KARA g/E g/E
KOZT g/Eok/
SARI g/E ok/E

AT144.11 g/Eg/E
AT21 1.71 ok/E ok/E
AT224.92g/Eg/E
AT323.320k/Eg/E
AT3317.66 g/Eg/E
AT34 48.08 ok/E g/E
AT45 2.41 g/E g/E
AT520.25 g/Eg/E
AT53 11.759/l g/E
AT541.72 ¢/l g/E
AT58 5.65 g/E o/E
AT594.48 ¢/l g/E

AT60 2.06 &/l ok/
AT63 10.65 ok/E o/E
AT707.34 g/Eg/E
AT7146.34 e/l e/E
CMRD 1.19 e/E g/E
KARA 3.81 g/E g/E

KOZT 1.61 gEE ok/
SARI 0.56 gfE ok/

P/T axes Data 32 34 36’
PK:123.9 95%:3.3 TK:21.4 95%:8. 2 Lon:34.53 Lat:37.44 Dep:3.00 Mag: ML, 3.0
cate00140 Datapts:41  Solns:16  Polerrs: 1 Nodal Wt: 0.5 Solns shown: 16 Search Inc: 5

Amplerrs:0  AmplData: 20 Solns:4  Polerrs:1  Nodal Wt:0.5  Soln shown:4  Search Inc: 5
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Pol Only Pol + Ampl 465 SH/P Peal'Saigal sta Pqual Squal

ATo7979 g/EokiE 07 S/EOKE
ATO8 ok/E ok/E
ATO08 9.22 ok/E ok/E
AT09 ok/E ok/E
ATO09 10.85 ok/E ok/E
AT11 g/E ok/E
AT11 9.77 g/E ok/E
AT14g/Eg/E
AT141333 g/Eg/E
AT15g/Eg/E
AT153.82g/Eg/E AT16 /E ofE
AT1656.86 g/E g/E 9/£8
AT17 g/E o/E
AT173.26 g/Eo/E
AT18g/E g/E
AT182.85 g/Eg/E
AT24 g/E g/E
AT2411.38 g/E g/E AT
AT3822.86 g/E e/l
AT33 ok/E
AT48 1.73 g/Eg/E AT35 o/E
AT59 2.67 o/E ok/E g
AT38g/Ee/l
AT67 0.88 g/l g/E AT48 o/E o/E
AT68 1.98 g/E ok/E 9ced
AT59 g/E ok/E
AT69 7.43 g/E g/E
AT67 g/l g/E
AT715.09 ok/E g/E AT68 o/E ok/E
BNN1 5.05 O/E olE ', 1699 e
CMRD 2.83 oEE ok/ &g
AT71 ok/E g/E
DARE 15.13 g/E g/E BNN1 ok/E ok/E
GAZ14.14 g/E ok/E
KMRS 9.64 &/E g/
MALT 5.71 o/E g/E
SARI 18.08 &/E g/

CEYT g/E
CMRD ok/E ok/E
DARE g/E g/E
GAZ1 g/Eok/
KMRS g/E g/E
MALT g/E g/E
SARI g/E g/E

N

|
| /

Fos
N

P/T axes
P K:NaN 95%:NaN TK:NaN 95%: NaN Lon: 36.82 Lat:37.07 Dep:5.00 Mag: ML, 3.5
cate00141 Datapts:52  Solns: 1 Polerrs: 1 Nodal Wt: 0.2  Solns shown:1  Search Inc: 5

Amplerrs: 1 Ampl Data: 24  Solns: 1 Polerrs: 1 Nodal Wt:0.2  Soln shown: 1 Search Inc: 5
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G. Average Pressure (P) and Tension (T) axis azimuth (az.) and dip angles,
maximum and minimum horizontal stress orientations (SHmax, SHmin)
orientations and tectonic regimes obtained from all the focal mechanisms
(FMS) for Central Anatolia (Chapter 4).

No D.M.Yr Hr:min | Long Lat Mag | P-az | P-dip | T-az | T-Dip | SHmax | SHmin | Regime
1 19.04.1938 | 10:59 | 33.70 | 39.50 | 6.8 348 18 250 23 164 74 SS
2 8.04.1951 21:38 | 36.10 | 36.60 | 6.0 343 5 251 26 162 72 SS
3 14.06.1964 | 12:15 | 38.48 | 38.08 | 5.5 222 51 92 27 14 104 UF
4 7.04.1967 17:07 | 36.13 | 37.37 | 4.8 224 21 131 8 42 132 SS
5 7.04.1967 18:33 | 36.18 | 37.37 | 49 17 7 109 21 18 108 SS
6 4.07.1967 18:33 | 36.20 | 37.40 | 5.1 348 47 115 29 12 102 UF
7 29.06.1971 | 09:08 | 36.86 | 37.13 | 5.0 312 11 65 62 136 46 TF
8 11.07.1971 | 20:12 | 36.83 | 37.16 | 5.0 217 4 307 7 37 127 SS
9 17.08.1971 | 04:29 | 36.79 | 37.11 | 4.9 133 32 331 56 123 33 TF
10 1.01.1975 00:30 | 36.48 | 36.78 | 5.2 317 55 103 30 180 90 NF
11 9.02.1978 21:10 | 36.80 | 37.08 | 45 12 18 234 67 7 97 TF
12 | 28.12.1979 | 03:09 | 35.85 | 3749 | 5.4 186 1 96 1 6 96 SS
13 2.01.1980 12:52 | 36.33 | 36.57 | 4.7 1 30 147 55 14 104 TF
14 | 30.06.1981 | 07:59 | 35.89 | 36.17 | 4.7 201 21 306 34 28 118 UF
15 | 24.11.1983 | 00:14 | 36.13 | 37.05 | 4.7 184 21 91 8 2 92 SS
16 5.05.1986 03:35 | 37.78 | 38.00 | 6.0 218 19 116 30 33 123 SS
17 6.06.1986 10:39 | 37.91 | 38.01 | 58 205 1 115 1 25 115 SS
18 | 24.06.1989 | 03:09 | 3594 | 36.75 | 5.1 299 73 115 17 25 115 NF
19 | 10.04.1991 | 01:08 | 36.12 | 37.30 | 5.3 327 58 104 24 4 94 NF
20 | 10.02.1994 | 06:15 | 35.89 | 36.93 | 4.9 156 31 51 23 148 58 UF
21 | 21.01.1995 | 03:48 | 36.25 | 37.37 | 45 137 81 267 6 176 86 NF
22 | 13.04.1995 | 20:23 | 36.20 | 3742 | 49 260 85 80 5 170 80 NF
23 | 22.01.1997 | 17:57 | 35.96 | 36.21 | 5.7 219 41 104 26 24 114 UF
24 | 22.01.1997 | 18:22 | 36.03 | 36.26 | 4.3 177 27 283 27 5 95 UF
25 | 22.01.1997 | 18:24 | 36.06 | 36.13 | 5.2 206 55 94 14 10 100 NF
26 | 23.01.1997 | 14:53 | 36.05 | 36.26 | 4.2 354 31 99 23 2 92 UF
27 3.01.1998 21:15 | 3577 | 37.20 | 41 175 17 77 25 171 81 SS
28 | 28.03.1998 | 00:30 | 38.75 | 38.20 | 45 206 39 98 21 15 105 UF
29 9.05.1998 15:38 | 38.95 | 3825 | 5.1 207 10 117 0 27 117 SS

30 | 27.06.1998 | 13:55 | 35.33 | 36.53 | 6.2 184 4 275 11 4 94 SS

31 | 28.06.1998 | 03:59 | 3549 | 36.92 | 4.9 181 21 89 5 180 90 SS

32 4.07.1998 02:15 | 3544 | 36.90 | 5.1 193 14 287 14 15 105 SS

33 4.12.1998 04:59 | 3558 | 37.01 | 4.0 197 7 289 21 18 108 SS

34 | 14.12.1998 | 13:06 | 35.79 | 38.92 | 4.7 205 9 300 28 27 117 SS

35 | 15.01.1999 | 02:04 | 35.85 | 37.04 | 4.2 352 18 261 3 172 82 SS

36 6.04.1999 00:08 | 38.23 | 39.37 | 54 185 24 291 31 12 102 UF

37 | 10.06.1999 | 23:25 | 35.96 | 37.38 | 4.5 184 4 275 11 4 94 SS

38 | 11.06.1999 | 05:25 | 36.80 | 39.53 | 4.9 49 54 303 11 37 127 NF

39 | 24.08.1999 | 17:33 | 32.68 | 39.41 | 49 349 27 246 24 162 72 UF

40 2.01.2000 20:28 | 38.96 | 38.30 | 3.7 208 36 112 8 24 114 SS

41 2.04.2000 11:41 | 37.08 | 37.61 | 4.2 170 18 272 33 175 85 SS

42 2.04.2000 17:26 | 37.32 | 3754 | 4.0 178 11 270 10 179 89 SS

43 7.05.2000 09:08 | 38.83 | 38.26 | 4.2 186 6 278 17 7 97 SS

44 7.05.2000 23:10 | 38.91 | 38.27 | 44 6 7 275 11 5 95 SS

45 | 12.05.2000 | 03:01 | 36.06 | 36.99 | 4.7 196 79 291 1 21 111 NF

46 | 27.05.2000 | 07:49 | 35.28 | 36.23 | 4.2 34 36 285 24 23 113 UF

47 | 17.01.2001 | 12:09 | 36.21 | 37.07 | 4.4 21 31 288 5 19 109 SS
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48 | 25.06.2001 | 13:28 | 36.27 | 37.22 | 4.6 165 74 64 3 155 65 NF
49 | 25.09.2001 | 11:53 | 32.33 | 35.97 | 45 189 16 281 6 10 100 SS
50 | 18.10.2001 | 15:50 | 35.22 | 36.86 | 45 7 39 129 33 24 114 UF
51 | 31.10.2001 | 12:33 | 36.25 | 37.26 | 49 125 80 305 10 35 125 NF
52 | 23.05.2002 | 01:08 | 36.35 | 37.41 | 4.4 197 48 107 1 17 107 NS
53 | 19.11.2002 | 01:25 | 38.39 | 38.02 | 4.7 201 13 294 9 22 112 SS
54 | 14.12.2002 | 01:02 | 36.19 | 3747 | 48 55 81 292 5 23 113 NF
55 | 26.02.2003 | 03:08 | 36.27 | 35.86 | 44 250 6 160 3 70 160 SS
56 | 13.07.2003 | 01:48 | 38.95 | 38.28 | 55 207 0 297 1 27 117 SS
57 | 24.09.2003 | 08:13 | 38.23 | 39.55 | 4.7 230 6 138 16 49 139 SS
58 | 26.02.2004 | 04:13 | 38.25 | 37.91 | 4.8 202 18 311 46 29 119 TS
59 | 18.08.2004 | 05:57 | 3440 | 36.80 | 4.3 123 60 300 30 28 118 NF
60 4.07.2005 21:33 | 36.08 | 39.16 | 45 30 68 128 3 37 127 NF
61 | 30.07.2005 | 21:45 | 33.11 | 39.39 | 5.2 169 4 79 1 169 79 SS
62 | 31.07.2005 | 00:45 | 33.13 | 3943 | 43 322 11 226 29 139 49 SS
63 | 31.07.2005 | 15:18 | 33.08 | 39.42 | 46 338 26 68 1 158 68 SS
64 | 31.07.2005 | 23:41 | 33.10 | 39.44 | 48 161 11 69 13 160 70 SS
65 1.08.2005 00:45 | 33.07 | 39.44 | 47 164 0 74 11 164 74 SS
66 6.08.2005 09:09 | 33.10 | 39.39 | 47 336 5 68 18 157 67 SS
67 | 18.10.2005 | 07:17 | 39.00 | 38.78 | 4.3 229 10 136 16 48 138 SS
68 | 26.11.2005 | 15:56 | 38.86 | 38.21 | 5.1 206 39 104 15 18 108 SS
69 9.10.2006 05:01 | 3556 | 35.88 | 4.1 276 69 64 18 150 60 NF
70 | 14.02.2007 | 11:59 | 34.14 | 39.76 | 3.9 345 61 229 14 144 54 NF
71 | 18.05.2007 | 23:27 | 33.26 | 37.32 | 46 154 46 44 18 141 51 NS
72 | 24.08.2007 | 02:53 | 3745 | 38.15 | 44 184 37 295 26 16 106 UF
73 | 15.09.2007 | 05:26 | 37.00 | 37.81 | 44 233 3 340 79 54 144 TF
74 | 15.09.2007 | 23:28 | 36.92 | 37.79 | 4.3 221 40 77 44 16 106 UF
75 | 24.09.2007 | 23:21 | 3547 | 39.77 | 35 206 29 97 31 16 106 UF
76 | 13.12.2007 | 18:06 | 33.07 | 38.83 | 4.9 184 23 83 25 178 88 UF
77 | 20.12.2007 | 09:48 | 33.16 | 39.41 | 57 167 1 76 24 167 77 SS
78 | 26.12.2007 | 23:47 | 33.11 | 3942 | 56 187 12 93 20 5 95 SS
79 | 27.12.2007 | 13:48 | 33.14 | 39.44 | 47 2 50 92 0 2 92 NS
80 | 15.03.2008 | 10:15 | 33.05 | 39.50 | 4.8 360 20 265 13 178 88 SS
81 | 14.04.2008 | 15:16 | 35.91 | 39.95 | 34 161 8 57 58 158 68 TF
82 3.09.2008 02:22 | 3850 | 3751 | 5.0 175 15 85 1 175 85 SS
83 | 12.11.2008 | 14:03 | 3552 | 38.84 | 5.1 186 23 93 5 5 95 SS
84 | 17.06.2009 | 04:29 | 36.02 | 36.05 | 4.6 322 70 101 15 7 97 NF
85 | 10.09.2009 | 18:29 | 3252 | 37.94 | 48 55 82 292 4 22 112 NF
86 | 11.09.2009 | 01:58 | 3244 | 3794 | 49 52 80 286 7 17 107 NF
87 1.02.2010 04:01 | 38.12 | 39.56 | 45 40 21 133 10 42 132 SS
88 1.02.2010 04:01 | 37.99 | 3956 | 45 40 21 133 10 42 132 SS
89 | 23.03.2010 | 19:33 | 38.65 | 39.89 | 3.7 15 45 281 4 12 102 NS
90 | 16.08.2010 | 06:41 | 38.92 | 39.72 | 3.6 200 13 109 8 19 109 SS
91 | 17.09.2010 | 10:17 | 38.95 | 38.14 | 4.9 185 21 275 1 5 95 SS
92 | 14.11.2010 | 23:08 | 36.08 | 36.48 | 4.9 274 82 117 8 27 117 NF
93 | 14.11.2010 | 23:08 | 36.01 | 36.59 | 4.9 332 78 129 12 38 128 NF
94 | 16.11.2010 | 10:50 | 36.32 | 37.33 | 4.7 37 57 242 31 163 73 NF
95 | 29.06.2011 | 19:48 | 35.87 | 3741 | 44 14 6 249 80 13 103 TF
96 | 16.08.2011 | 07:53 | 35.90 | 39.08 | 4.1 24 28 293 1 24 114 SS
97 | 22.09.2011 | 03:22 | 38.60 | 39.68 | 5.6 195 13 104 6 14 104 SS
98 | 16.02.2012 | 11:01 | 37.46 | 38.65 | 4.6 157 74 305 15 33 123 NF
99 | 25.05.2012 | 11:22 | 38.72 | 38.16 | 4.4 25 11 116 4 25 115 SS
100 | 22.07.2012 | 09:26 | 36.23 | 37.34 | 438 353 77 120 7 28 118 NF
101 | 16.09.2012 | 07:54 | 35.77 | 3744 | 4.6 210 10 117 16 29 119 SS
102 | 19.09.2012 | 09:17 | 37.12 | 37.28 | 5.0 178 35 71 22 169 79 UF
103 | 5.10.2012 10:25 | 33.80 | 39.35 | 4.6 161 42 71 0 161 71 NS
104 | 16.10.2012 | 01:16 | 37.11 | 37.30 | 45 169 32 262 4 170 80 SS
105 | 16.10.2012 | 10:25 | 37.16 | 37.27 | 45 194 19 98 19 11 101 SS
106 | 13.11.2012 | 23:55 | 37.12 | 37.20 | 4.9 167 19 71 19 164 74 SS
107 | 14.11.2012 | 00:02 | 37.14 | 37.28 | 44 169 24 278 35 177 87 UF

322




108 | 18.11.2012 | 19:18 | 37.13 | 37.33 | 3.9 263 27 121 57 72 162 TF
109 | 1.12.2012 03:51 | 3835 | 3747 | 41 199 14 88 56 14 104 TF
110 | 25.12.2012 | 15:35 | 34.10 | 39.85 | 3.9 352 1 258 75 172 82 TF
111 | 30.12.2012 | 09:11 | 35.72 | 3748 | 4.1 7 23 119 41 16 106 UF
112 | 8.01.2013 06:05 | 37.96 | 37.93 | 4.3 6 1 276 2 6 96 SS
113 | 8.01.2013 06:15 | 3796 | 3792 | 44 195 6 105 6 15 105 SS
114 | 12.02.2013 | 20:20 | 36.95 | 37.11 | 3.7 177 30 84 6 175 85 SS
115 | 4.04.2013 06:34 | 3712 | 3732 | 3.7 0 32 90 0 0 90 SS
116 | 14.04.2013 | 18:25 | 36.21 | 37.31 | 35 13 15 270 39 8 98 SS
117 | 1.05.2013 06:47 | 37.10 | 37.31 | 3.7 339 10 245 23 157 67 SS
118 | 1.05.2013 06:50 | 37.11 | 37.30 | 3.9 351 68 248 5 160 70 NF
119 | 6.05.2013 18:33 | 37.13 | 37.30 | 3.8 331 20 62 3 152 62 SS
120 | 1.06.2013 19:41 | 39.03 | 38.33 | 3.0 20 24 113 6 22 112 SS
121 | 4.06.2013 04:12 | 3741 | 38.62 | 4.1 180 69 313 15 39 129 NF
122 | 4.06.2013 23:55 | 37.36 | 3861 | 3.3 215 13 308 15 37 127 SS
123 | 7.06.2013 00:33 | 32.03 | 37.33 | 3.3 300 90 210 0 120 30 NF
124 | 7.06.2013 19:56 | 3198 | 37.35 | 3.2 37 73 236 16 148 58 NF
125 | 7.06.2013 19:57 | 32.05 | 37.35 | 3.2 16 72 230 15 143 53 NF
126 | 16.06.2013 | 20:31 | 37.08 | 38.11 | 4.6 35 3 304 24 34 124 SS
127 | 28.06.2013 | 19:30 | 32.75 | 39.18 | 3.0 307 65 46 4 135 45 NF
128 | 4.07.2013 19:01 | 32.15 | 39.37 | 35 346 28 227 42 154 64 UF
129 | 24.07.2013 | 03:41 | 35.86 | 37.78 | 3.0 315 70 135 20 45 135 NF
130 | 26.07.2013 | 00:22 | 35.87 | 36.06 | 4.0 248 57 79 33 176 86 NF
131 | 27.07.2013 | 20:13 | 35.61 | 37.00 | 3.6 190 19 291 29 15 105 SS
132 | 4.08.2013 19:59 | 36.12 | 37.58 | 35 189 69 86 5 177 87 NF
133 | 10.08.2013 | 11:56 | 33.40 | 38.40 | 3.0 181 21 279 21 5 95 UF
134 | 28.08.2013 | 06:26 | 38.95 | 38.36 | 4.1 20 5 290 2 20 110 SS
135 | 29.08.2013 | 23:20 | 38.93 | 38.36 | 3.1 197 15 294 25 20 110 SS
136 | 30.08.2013 | 07:54 | 36.98 | 39.36 | 3.1 184 34 90 6 2 92 SS
137 | 17.09.2013 | 10:37 | 35.65 | 36.85 | 34 30 30 210 60 30 120 TF
138 | 18.09.2013 | 21:10 | 36.20 | 37.35 | 3.9 203 65 113 0 23 113 NF
139 | 20.09.2013 | 02:02 | 36.99 | 37.37 | 3.0 182 22 81 26 176 86 UF
140 | 5.10.2013 21:31 | 33.14 | 37.03 | 3.3 172 36 274 15 179 89 SS
141 | 10.10.2013 | 09:48 | 33.40 | 36.87 | 3.1 269 54 152 18 69 159 NF
142 | 21.10.2013 | 04:09 | 34.16 | 39.77 | 34 17 60 279 4 11 101 NF
143 | 23.10.2013 | 12:24 | 34.38 | 36.29 | 4.7 192 63 83 9 176 86 NF
144 | 1.11.2013 01:27 | 3519 | 38.10 | 3.6 347 2 78 25 167 77 SS
145 | 3.11.2013 22:42 | 36.19 | 37.14 | 3.0 214 60 116 4 28 118 NF
146 | 7.11.2013 06:39 | 36.20 | 37.35 | 4.1 182 59 279 4 8 98 NF
147 | 8.11.2013 05:55 | 36.77 | 3851 | 3.6 35 5 125 2 35 125 SS
148 | 18.11.2013 | 06:18 | 36.03 | 37.90 | 34 198 70 106 1 16 106 NF
149 | 10.12.2013 | 09:30 | 36.05 | 37.84 | 3.0 355 1 263 70 175 85 TF
150 | 21.12.2013 | 10:17 | 36.42 | 3742 | 3.3 170 75 80 0 170 80 NF
151 | 27.12.2013 | 05:44 | 37.14 | 3731 | 34 157 63 265 9 172 82 NF
152 | 28.12.2013 | 17:05 | 36.35 | 38.48 | 3.0 177 9 268 5 177 87 SS
153 | 30.12.2013 | 00:02 | 38.36 | 37.85 | 3.7 39 30 131 5 40 130 SS
154 | 7.01.2014 21:17 | 38.35 | 37.86 | 3.1 187 3 278 10 7 97 SS
155 | 10.01.2014 | 13:20 | 36.23 | 37.27 | 4.2 185 65 284 4 13 103 NF
156 | 7.02.2014 04:48 | 36.23 | 37.30 | 3.8 177 70 85 1 175 85 NF
157 | 8.02.2014 17:48 | 37.35 | 38.61 | 3.3 16 4 108 24 17 107 SS
158 | 14.02.2014 | 00:33 | 35.99 | 36.73 | 4.7 194 59 291 4 20 110 NF
159 | 21.02.2014 | 00:54 | 37.43 | 37.68 | 3.2 17 13 108 8 18 108 SS
160 | 22.02.2014 | 15:42 | 36.42 | 3742 | 45 179 44 83 7 175 85 NS
161 | 2.03.2014 04:25 | 3521 | 36.75 | 4.3 236 75 102 10 14 104 NF
162 | 2.03.2014 04:29 | 35.18 | 36.76 | 35 211 27 102 33 22 112 UF
163 | 2.03.2014 05:33 | 35.17 | 36.77 | 3.0 196 10 105 3 16 106 SS
164 | 6.03.2014 13:40 | 35.86 | 37.78 | 3.0 187 10 53 76 5 95 TF
165 | 11.03.2014 | 10:23 | 31.90 | 38.48 | 3.7 211 39 315 17 40 130 SS
166 | 11.03.2014 | 13:56 | 38.08 | 37.24 | 3.1 156 4 250 40 157 67 UF
167 | 13.03.2014 | 14:28 | 38.09 | 37.21 | 3.2 5 6 95 8 5 95 SS
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168 | 15.03.2014 | 09:39 | 36.28 | 37.13 | 3.3 175 16 286 50 1 91 TS
169 | 18.03.2014 | 17:01 | 37.14 | 3732 | 3.2 355 2 85 5 175 85 SS
170 | 26.03.2014 | 14:00 | 38.62 | 38.11 | 4.3 59 24 327 4 58 148 SS
171 | 6.04.2014 22:06 | 3456 | 36.87 | 3.2 166 70 74 1 164 74 NF
172 | 8.04.2014 03:54 | 35.86 | 37.02 | 3.0 347 32 108 39 1 91 UF
173 | 9.04.2014 00:37 | 38.40 | 38.13 | 3.0 185 24 68 45 175 85 UF
174 | 9.04.2014 12:27 | 36.77 | 3849 | 3.0 214 8 305 13 35 125 SS
175 | 13.04.2014 | 08:00 | 33.67 | 36.69 | 34 168 9 262 23 170 80 SS
176 | 20.04.2014 | 12:28 | 36.21 | 37.71 | 3.6 109 45 15 4 106 16 NS
177 | 1.05.2014 07:36 | 37.38 | 39.49 | 44 8 59 105 4 14 104 NF
178 | 9.05.2014 13:14 | 3559 | 37.02 | 3.1 31 15 289 36 26 116 SS
179 | 10.05.2014 | 22:45 | 38.17 | 38.68 | 3.0 359 2 90 25 179 89 SS
180 | 21.05.2014 | 23:26 | 36.32 | 37.26 | 3.2 242 69 139 5 50 140 NF
181 | 29.05.2014 | 21:22 | 34.17 | 36.28 | 3.2 149 79 59 0 149 59 NF
182 | 9.06.2014 03:38 | 36.03 | 36.71 | 4.9 138 41 241 14 146 56 NS
183 | 19.06.2014 | 05:21 | 35.69 | 3750 | 3.1 189 1 99 15 9 99 SS
184 | 26.06.2014 | 07:29 | 37.08 | 37.30 | 3.0 321 10 116 79 142 52 TF
185 | 30.06.2014 | 14:40 | 38.99 | 38.43 | 3.2 4 30 105 17 10 100 SS
186 | 2.07.2014 14:22 | 35.80 | 37.05 | 3.0 221 35 101 36 26 116 UF
187 | 9.07.2014 07:27 | 38.01 | 39.54 | 34 91 26 346 28 84 174 UF
188 | 12.07.2014 | 21:58 | 35.89 | 36.58 | 3.9 157 54 258 8 165 75 NF
189 | 14.07.2014 | 14:08 | 36.11 | 37.06 | 3.2 120 65 260 19 164 74 NF
190 | 15.07.2014 | 11:45 | 36.68 | 39.49 | 3.0 217 10 83 76 35 125 TF
191 | 2.08.2014 07:38 | 32.46 | 3750 | 3.0 295 72 149 15 62 152 NF
192 | 8.08.2014 15:01 | 3790 | 37.89 | 3.1 14 10 284 0 14 104 SS
193 | 11.08.2014 | 04:10 | 36.70 | 39.48 | 3.3 39 70 307 1 37 127 NF
194 | 11.08.2014 | 04:22 | 36.68 | 39.48 | 3.9 115 5 358 79 114 24 TF
195 | 18.08.2014 | 22:54 | 39.00 | 39.20 | 3.2 64 68 311 9 44 134 NF
196 | 19.08.2014 | 04:19 | 36.94 | 37.08 | 3.0 182 10 87 28 180 90 SS
197 | 28.08.2014 | 10:22 | 36.91 | 37.08 | 4.0 206 31 102 22 18 108 UF
198 | 29.08.2014 | 00:19 | 34.37 | 36.57 | 3.2 164 44 273 19 176 86 NS
199 | 29.08.2014 | 23:03 | 38.79 | 38.33 | 3.1 357 7 87 7 177 87 SS
200 | 3.09.2014 03:15 | 3591 | 3651 | 35 150 19 245 16 153 63 SS
201 | 6.09.2014 22:25 | 35.82 | 38.36 | 3.3 298 72 82 15 169 79 NF
202 | 19.09.2014 | 19:17 | 39.09 | 38.47 | 35 15 90 285 0 15 105 NF
203 | 20.09.2014 | 02:52 | 38.77 | 39.16 | 44 44 55 139 4 48 138 NF
204 | 20.09.2014 | 03:09 | 39.32 | 38.43 | 35 161 8 57 58 158 68 TF
205 | 22.09.2014 | 21:33 | 36.27 | 39.94 | 3.0 340 8 75 34 162 72 SS
206 | 26.09.2014 | 21:24 | 3747 | 38.13 | 34 39 1 130 10 39 129 SS
207 | 20.10.2014 | 15:45 | 38.68 | 38.17 | 3.9 202 27 298 12 25 115 SS
208 | 2.11.2014 04:58 | 39.25 | 38.47 | 3.7 19 8 123 59 22 112 TF
209 | 3.11.2014 21:39 | 36.28 | 38.29 | 3.2 141 0 231 80 141 51 TF
210 | 7.11.2014 17:20 | 3464 | 36.96 | 3.5 214 26 117 14 30 120 SS
211 | 20.11.2014 | 20:12 | 34.73 | 39.70 | 3.0 353 24 260 6 172 82 SS
212 | 23.11.2014 | 08:54 | 36.28 | 38.29 | 34 332 5 229 69 150 60 TF
213 | 23.11.2014 | 12:07 | 39.17 | 38.31 | 3.0 80 54 339 8 72 162 NF
214 | 7.12.2014 08:49 | 3454 | 36.75 | 3.6 319 10 51 11 140 50 SS
215 | 17.12.2014 | 14:24 | 37.35 | 37.28 | 3.0 43 29 137 8 45 135 SS
216 | 25.12.2014 | 06:52 | 35.77 | 37.69 | 3.2 190 21 280 2 10 100 SS
217 | 3.01.2015 23:24 | 37.89 | 37.89 | 35 54 10 145 3 54 144 SS
218 | 5.01.2015 06:46 | 38.82 | 38.32 | 3.9 65 70 333 1 63 153 NF
219 | 6.01.2015 22:16 | 3445 | 36.93 | 4.0 129 55 224 4 133 43 NF
220 | 8.01.2015 18:44 | 36.80 | 37.10 | 4.7 146 65 245 4 154 64 NF
221 | 9.01.2015 21:54 | 36.19 | 3741 | 35 131 68 282 19 8 98 NF
222 | 18.01.2015 | 16:01 | 38.81 | 38.32 | 3.7 36 17 132 17 39 129 SS
223 | 20.01.2015 | 13:27 | 33.89 | 38.45 | 3.0 312 39 219 3 130 40 SS
224 | 22.01.2015 | 19:27 | 36.30 | 37.40 | 3.9 258 65 100 23 15 105 NF
225 | 25.01.2015 | 22:21 | 36.32 | 36.91 | 35 201 55 106 4 17 107 NF
226 | 28.01.2015 | 14:25 | 38.50 | 38.10 | 3.6 197 9 84 68 14 104 TF
227 | 10.02.2015 | 04:01 | 36.02 | 35.80 | 4.3 187 33 279 3 8 98 SS
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228 | 12.02.2015 | 18:52 | 38.46 | 38.13 | 3.8 358 5 107 74 179 89 TF
229 | 22.02.2015 | 10:06 | 36.70 | 39.29 | 3.0 13 24 104 4 14 104 SS
230 | 28.02.2015 | 22:03 | 3453 | 3744 | 3.0 206 21 110 14 23 113 SS
231 | 1.03.2015 02:16 | 36.82 | 37.07 | 35 163 18 71 8 162 72 SS
232 | 26.03.2015 | 02:14 | 35.60 | 38.88 | 3.7 30 4 300 3 30 120 SS
233 | 27.03.2015 | 12:19 | 38.37 | 39.36 | 3.0 1 17 101 30 6 96 SS
234 | 28.03.2015 | 05:04 | 35.60 | 38.89 | 3.9 14 30 106 3 15 105 SS
235 | 28.03.2015 | 10:08 | 36.42 | 37.47 | 4.2 201 55 106 4 17 107 NF
236 | 30.03.2015 | 03:16 | 37.73 | 38.11 | 3.2 208 6 117 13 27 117 SS
237 | 31.03.2015 | 04:16 | 36.87 | 37.01 | 34 265 68 114 19 28 118 NF
238 | 6.04.2015 00:27 | 36.82 | 37.10 | 3.0 157 65 256 4 165 75 NF
239 | 6.04.2015 04:35 | 3457 | 37.09 | 3.0 220 5 310 2 40 130 SS
240 | 11.04.2015 | 15:23 | 33.65 | 38.70 | 3.0 260 65 138 14 52 142 NF
241 | 17.04.2015 | 11:49 | 38.81 | 3753 | 3.7 350 11 90 41 174 84 TS
242 | 19.04.2015 | 02:17 | 39.00 | 3845 | 3.1 150 46 44 15 139 49 NS
243 | 24.04.2015 | 22:18 | 35.29 | 39.79 | 3.3 313 63 61 9 148 58 NF
244 | 25.04.2015 | 21:57 | 38.62 | 38.15 | 3.0 29 18 122 7 30 120 SS
245 | 5.05.2015 19:37 | 33.20 | 39.06 | 3.1 300 24 210 0 120 30 SS
246 | 29.07.2015 | 00:56 | 34.95 | 36.58 | 4.9 352 62 85 2 175 85 NF
247 | 29.07.2015 | 22:01 | 34.94 | 36.58 | 4.9 127 64 272 22 176 86 NF
248 | 29.07.2015 | 22:01 | 34.87 | 36.44 | 5.0 132 68 275 18 1 91 NF
249 | 26.08.2015 | 23:01 | 36.93 | 37.33 | 4.0 161 82 270 3 180 90 NF
250 | 3.10.2015 21:08 | 3893 | 38.18 | 3.8 12 0 282 27 12 102 SS
251 | 29.11.2015 | 00:28 | 37.75 | 38.82 | 5.1 32 26 302 0 32 122 SS
252 | 29.11.2015 | 00:28 | 37.87 | 38.90 | 5.0 204 4 296 14 24 114 SS
253 | 9.12.2015 09:03 | 37.92 | 38.88 | 45 22 18 290 6 21 111 SS
254 | 10.01.2016 | 17:40 | 34.33 | 39.72 | 5.0 323 12 232 4 143 53 SS
255 | 2.02.2016 14:21 | 37.84 | 3884 | 4.1 50 11 318 8 49 139 SS
256 | 18.02.2016 | 07:56 | 35.84 | 39.01 | 3.9 0 49 107 14 12 102 NS
257 | 31.03.2016 | 21:33 | 35.85 | 36.97 | 4.2 6 16 96 3 6 96 SS
258 | 7.04.2016 11:11 | 35.09 | 37.92 | 38 357 69 99 5 8 98 NF
259 | 23.04.2016 | 19:51 | 36.62 | 36.91 | 3.7 162 36 278 31 176 86 UF
260 | 17.08.2016 | 01:07 | 38.15 | 38.70 | 4.2 198 7 83 73 16 106 TF
261 | 16.09.2016 | 05:12 | 36.90 | 37.21 | 3.6 185 42 86 11 179 89 NS
262 | 20.11.2016 | 22:52 | 38.59 | 39.95 | 3.8 344 53 110 24 10 100 NF
263 | 3.02.2017 06:33 | 38.09 | 38.69 | 3.7 27 12 292 23 25 115 SS
264 | 25.02.2017 | 21:06 | 36.10 | 37.01 | 45 347 82 253 1 163 73 NF
265 | 2.03.2017 11:07 | 3845 | 3753 | 5.6 181 24 274 6 2 92 SS
266 | 2.03.2017 17:03 | 3850 | 37.58 | 3.7 176 15 272 21 179 89 SS
267 | 10.03.2017 | 22:23 | 3851 | 3758 | 3.7 345 24 83 18 169 79 SS
268 | 28.03.2017 | 21:53 | 37.18 | 38.29 | 4.0 22 24 120 18 26 116 SS
269 | 18.08.2017 | 04:30 | 37.54 | 3757 | 4.0 196 29 95 19 10 100 SS
270 | 19.01.2018 | 13:53 | 38.82 | 38.29 | 4.1 185 4 95 8 5 95 SS
271 | 24.04.2018 | 00:34 | 38.50 | 37.58 | 5.1 338 4 68 0 158 68 SS
272 | 21.05.2018 | 01:09 | 38.60 | 37.46 | 4.0 142 8 232 6 142 52 SS
273 | 3.07.2018 13:16 | 37.40 | 3769 | 4.1 199 4 109 1 19 109 SS
274 | 31.07.2018 | 14:36 | 36.08 | 37.02 | 4.1 196 52 314 20 36 126 UF
275 | 4.08.2018 07:09 | 36.31 | 3746 | 43 355 23 264 3 174 84 SS
276 | 19.08.2018 | 15:22 | 36.39 | 37.38 | 4.8 203 36 96 22 13 103 UF
277 | 2.10.2018 15:29 | 37.40 | 3769 | 4.4 201 8 292 1 21 111 SS
278 | 10.10.2018 | 09:08 | 35.85 | 37.43 | 4.1 24 22 283 26 18 108 UF
279 | 27.12.2018 | 14:36 | 38.63 | 39.56 | 4.1 49 44 265 40 20 110 UF
280 | 2.02.2019 12:20 | 35.82 | 37.27 | 43 9 3 278 21 8 98 SS
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