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One of Turkey's most important neotectonic structures East Anatolian Fault Zone (EAFZ), has
occurred many earthquakes. One of these earthquakes, the 6.8 Mw Sivrice-Elazig earthquake dated
January 24, 2020, was felt in various provinces, especially in Elazig and Malatya, and caused the
death of 44 people. It is critical to investigate this earthquake, which caused significant economic
damage, and to identify possible hazards on the EAFZ. One of the remote sensing methods DInSAR
was used in this study. By choosing two Sentinel 1A descending datasets, 16/01/2020 and
28/01/2020 respectively (pre and post earthquake), the surface deformation and time series were
determined. In addition, using the data obtained from the DInSAR results, Elastic Dislocation
Modelling has been performed by applying linear and nonlinear inverse solutions to determine the
slip amount of the fault structure, the fault surface slip distribution, and determine the strain area.
According to the DInSAR results, while there is displacement approximately 26 cm (away from the
satellite direction) on the western block of the EAF, 19 cm displacement (towards the satellite
direction) are observed in the eastern block, respectively. Elastic Dislocation Modelling shows that
the observed deformation pattern can be explained by the slip on a single plane fault of the Elazig
earthquake. This fault plane was identified as a southwest strike-slip fault segment, which lies
within the upper crustal region and extends to a depth of approximately 10 km. According to the
results obtained by elastic modelling; slip ratio was calculated as 1.95 m, Mw 6.75, rupture length
34.78 km, focal depth 10 km, width 7.4 km, strike 240.27°, slope 69.19°, rake 0.19°. Overall, the
study reveals the strike-slip of the Sivrice-Elazig earthquake, shows the deformation after the
earthquake, and the elastic half-space fault model.

24 Ocak 2020 Elazig-Sivrice Depreminin Ko-sismik DINSAR Analizi ve Elastik
Dislokasyon Modellemesi

Anahtar Kelimeler:

0z

Uzaktan Algilama

Aktif Tektonik

Sivrice- Elaz1g Depremi
DInSAR

Elastik Modelleme

Tiirkiye’'nin en 6nemli neotektonik yapilarindan biri olan Dogu Anadolu Fay Zonu (DAFZ) iizerinde
bircok deprem meydana gelmistir. Bu depremlerden biri olan 24 Ocak 2020 tarihli, 6.8 Mw
bliytikligiindeki Sivrice-Elazig depremi, basta Elazig ve Malatya olmak izere cesitli illerde
hissedilmis ve 44 kisinin éliimiine sebep olmugtur. Onemli derecede ekonomik hasara yol acan bu
depremin arastirilmast ve DAFZ iizerindeki olasi tehlikelerin belirlenmesi biiyiik 6nem
tasimaktadir. Bu ¢alismada uzaktan algilama ydéntemlerinden biri olan Diferansiyel interferometri
(DInSAR) yoéntemi kullanilmistir. 16/01/2020 ve 28/01/2020 tarihli, deprem oncesi ve sonrasi
olmak iizere iki adet Sentinel 1A algalan yonli veri seti segilerek, deprem sonrasi olusan
deformasyonu ve zaman serileri belirlenmistir. Ayrica DInSAR sonuglarindan elde edilen veriler
kullanilarak, fay yapisina ait kayma miktari ile fay yiizeyi kayma dagiliminin belirlenmesi ve gerinim
alaninin tespiti i¢in, dogrusal ve dogrusal olmayan ters ¢6ziim islemleri uygulanarak Elastik
Dislokasyon Modellemesi uygulanmistir. Buna gére DAF hattinin bat1 blogu iizerinde yaklasik 26
cm’lik bir hareket (uydu dogrulutusundan uzaklamasma) s6z konusu iken dogu blogu iizerinde 19
cm (uydu dogrultusuna yakinlasma) hareket gozlemlenmistir. Elastik Dislokasyon Modellemesi
Elazig depreminin tek bir diizlemsel fay iizerindeki kayma ile agiklanabildigini ve fay diizlemi iist
kabuk bélgesi igcinde kalan ve yaklasik 10 km'ye kadar derinlige uzanan, giiney bat1 dogrultu atiml
bir fay segmenti olarak tespit edilmistir. Bu yar1 uzaydaki elastik kayma modellemesiyle elde edilen
sonugclara gore; kayma miktart (slip) 1.95 m, Mw 6.75, kirilma uzunlugu 34.78 km, odak derinligi 10
km, genislik 7.4 km, dogrultu 240.27°, egim 69.19°, rake 0.19° olarak hesaplanmistir. Bu ¢alisma
Sivrice-Elaz1g depreminin dogrultu atimini ortaya koymakta, deprem sonrasi olusan deformasyonu
ve yar1 uzaydaki elastik fay modelini gostermektedir.
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1. INTRODUCTION

Earthquakes, defined as natural disasters, can
occur at any time on the earth's surface. Therefore, it
is very critical to detect and monitor their effect after
this rapid movement. There has been so many
studies about Elazig-Sivrice Earthquake, so far. After
the Elazig-Sivrice earthquake, research reports
made by the General Directorate of Mineral Research
and Exploration (MTA) have shown surface
deformations, fault-related Riedel shear fractures,
interlaced tension cracks, and surface fractures
(Kiirger et al., 2020). It was stated that the Elazig-
Sivrice earthquake caused surface deformation in an
area of 48 km on the two lower segments of the
Potiirge Segment in the northeast (Kiirger et al,
2020). Ithas been stated that many mass movements
occur within this deformation area (Kiirger et al,,
2020). According to Tatar et al. (2020) support these
observations in their field studies. Tatar et al. (2020)
mapped the geometry of the surface rupture and
other seismic geomorphological structures in detail,
and also correlated the field data with satellite
images. According to these results, Differential
Interferometric SAR (DInSAR) studies have shown
that there is a 10 cm rise in the northwest block of
the fault and a 6 cm subsidence in the southeast
block (Tatar et al., 2020). Due to the difference in
vertical movements between the two blocks of the
fault, it has been interpreted that at least 30 km long
part of the Piitlirge segment between the southwest
of Sivrice and Piitiirge was broken during the main
shock (Tatar et al, 2020). Yalvag (2020),
investigated co-seismic displacements originating
from Elazig-Sivrice earthquake in the Eastern
Anatolian Fault Zone (EAFZ) on 24 January 2020 by
using 11 CORS-TR stations. The results showed
earthquake-induced motion of 20-60 mm at the
GNSS stations located in the nearby of earthquake
epicenter (Yalvag, 2020). Pousse-Beltran et al.
(2020), using DInSAR and elastic models in their
studies, stated that the main shock of the earthquake
spread mostly westward from the focal point with a
fault slope of 10°. According to their result, the
earthquake corresponding to the EAF segment
boundary was only at one end of the rupture and
they stated that the 1874-M~7.1 Golciik Lake
earthquake spread to the slip zone (Pousse-Beltran
etal., 2020). By analyzing the Coulomb stress values,
the stress levels of the main shock and aftershocks
were determined and it was stated that there is still
a high-stress accumulation in the area to the
northeast and southwest of the fault and that
aftershocks will cluster in these areas (Bayrak and
Ozer, 2021). It has been stated that aftershocks will
decrease more rapidly in this region since the stress
in the region southwest of the main shock is lower
than in other regions (Bayrak and Ozer, 2021).

The way to explain InSAR data and tectonic
observations is to determine the faulting parameters

in the deformation zones resulting from the effect of
the earthquake with the help of elastic models. In this
study, the basic geometry of the fault was tried to be
expressed with values such as strike angle, dip angle,
slip vector, and slip amount by using the elastic
modelling method. Although there are many studies
on the theory of half-space elastic displacement
(Stekeete, 1958; Press, 1965; Wright et al., 1999,
Elliott et al., 2012), Okada's (1985) studies explain
this theory in the most general way. These studies
are based on a formulation that will enable an
efficient calculation of the slip area caused by
displacement in a rectangular or triangular surface
area in a spatial environment. By using this
formulation, the amount of displacement that will
occur on the surface due to any fault movement
explained by the source parameters of the
earthquake can be calculated. In addition to these,
3D results showing horizontal and vertical
components were obtained with forwarding
modelling. Many researchers have done various
studies on the application of this theory both to the
earth's crust and to its application with
interferometry (Wells and Coppersmith, 1994;
Wright et al., 2003; Cakir et al.,, 2003; Wang et al,,
2004; Funning et al,, 2005; Aktug et al,, 2010; Liu Y.,
2015; Demir D. 0., 2015; Tiryakioglu I, et al.,, 2017;
Vajedian et al,, 2018; Li et al., 2018; Pousse-Beltran
etal, 2020).

In this study, it was aimed to determine the
surface deformations that occurred after the 24
January 2020 Elazig-Sivrice earthquake using the
DInSAR method. Two Sentinel 1A complex (SLC-
Single Look Complex) datasets were used, as before
and after the earthquake, dated 16/01/2020 and
28/01/2020, respectively. The surface deformation
information obtained from the DInSAR results and
the earthquake data of the fault (geometric
parameters such as length, width, depth, strike,
slope) obtained from the Global Centroid Moment
Tensor (GCMT) catalog used by applying linear and
nonlinear inverse solutions to determine elastic
dislocation model.

2. MATERIALS AND METHOD
2.1. Study Area and Tectonic

The study area is located between 38.55°N-
37.90°N latitude and 38.2°E-39.5°E longitude. The
area covers Sivrice which is southern part of Elaz1g
Province (Figure 1). The neotectonic period started
in the region in the Middle Miocene and with the
continent-continent collision that occurred as a
result of the closure of Neotethys (Saroglu, 1986.)
This collision created the East Anatolian Fault, which
is characterized by a compressional tectonic regime
and caused the largest intra-continental deformation
in the region.
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Figure 1. Digital elevation model of Elazig-Sivrice region and earthquakes with magnitude greater than 4.5
between 1950 and 2022 in this region. Some earthquakes are illustrated with focal mechanism solutions from the
USGS. Active faults published by MTA are shown with black lines (Duman et al., 2012).

The dextral Eastern Anatolian Fault (EAF),
which is approximately 500 km long in southeast
Turkey, forms the active plate boundary between
Arabia and Anatolia (Figure 1). Due to pull-apart
structures, along this fault line, many expansion
(releasing), compression (restraining), and stepover
structures (Bozkurt, 2001) were formed. It is stated
that the oblique effect of the segmentation (sloping)
here is influenced by the east-west structures of the
SE Anatolian Thrust Zone, which is a part of the east-
west oriented Bitlis-Zagros suture (Sengér and
Yilmaz, 1981; Yilmaz, 1993; Pousse-Beltran et al.,
2020). When investigating past earthquakes with
paleoseismic studies, by Cetin et al. (2003), they
stated that the current seismic stagnation, the EAF
zone may be “locked” and may accumulate elastic
strain energy, but there is a possibility of movement
in the near future. In these paleoseismological
studies, it was stated that the left-lateral strike-slip
fault had a slip rate of 11 mm/year. Aktug et al.
(2016), determined the shear rate of the EAF zone to
understand the kinematics of the Anatolian plate.
According to these results, the EAF has an average
sliding speed of 10 mm/year from the Arabian-
Eurasian collision zone of Anatolia to the west. They
also revealed by looking at GPS speeds that the EAF
is around 10 mm/year in the northern region and
this value is decreasing to around 4.5 mm/y in the
southern region. (Aktug et al, 2016). In addition,
they stated that the two known seismic cavities,
Palu-Sincik and Celikhan-Tiirkoglu segments in the
EAFZ, have slip gaps of 1.5 m and 5.2 m and may have

the potential to produce earthquakes of magnitude
Mw 7.4 and Mw 7 (Aktug et al., 2016). Duman and
Emre (2013) showed that the shear division
between the main and northern branches of the EAF
covers 2/3 and 1/3 of the lateral movement between
Arabian and Anatolian plates, respectively, in the
Celikhan-Adana-Antakya region. Moreover, they
stated that the Pazarcik and Amanos segments in
their EAF have the potential to produce devastating
earthquakes in the near future.

2.2. Differential Interferometry
Aperture Radar (DInSAR)

Synthetic

Synthetic Aperture Radar (SAR) is an active
remote sensing system operating in the microwave
region of the electromagnetic spectrum. Earth
deformations caused by natural disasters such as
earthquakes are tried to be found by utilizing the
phase differences of SAR images before and after
deformation. DInSAR, one of the technique used in
these systems can reveal earth surface deformations
with cm-level sensitivity and wide coverage over
spans of days to years (Zebker and Goldstein, 1986,
Rucci et al,, 2012, Aimaiti et al., 2017).

With the DInSAR technique, a new image is
obtained by calculating the phase differences of the
corresponding pixels from two SAR images of the
same region is called an interferogram (Helz, 2005).
The interferogram is measured in radians of phase
difference and recorded as repeating “fringes” that
each represent a full 2r cycle (Torres et al,, 2012).
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Surface deformation can create fringe interference
texture. (Sarychikhina and Glowacka, 2015).

Interferograms are expressed by the following
formula (Yague-Martinez et al., 2016);

A¢int = A‘Pdeformation + A‘Ptopo + A¢‘orbit + A¢atm + A(Pnoise (1]

In formula 1, the phase difference between the
DInSAR pair; APint, surface
deformation; A} ge formation the effect of residual
earth topography from the Digital Elevation Model
(DEM); Adtopo, residual phase due to orbital error;
AQ,rpic, atmospheric noises; A¢gen  (such as
humidity, temperature, pressure), random noises;
Apoise, are expressed with formulas. The aim here
is to try to obtain the A@gefrormation DY Using A,
information. In this study, the open source SNAP
(The Sentinel Application Platform) software
affiliated to the European Space Agency was applied
for interferometric data processing (Yague-Martinez
et al, 2016) (ESA, 2021) and these data processing
steps are shown in figure 2A.

In the pre-processing phase, since the epicenter
of the earthquake is between two swaths, area
selection is made by splitting. Precise satellite orbits
were obtained from ESA. The back-geocoding
process is applied to the registration of the slave
image to the master image. After estimating the base
distance between master and slave images,
interferograms are generated. At this stage, 1 arc-sec
Shuttle Radar Topography Mission Height (SRTM
HGT) (30 m x 30 m) was used as the digital elevation
model. In the next step, the flat earth phase is
calculated and extracted. Calculation and extraction
of the reference DEM (topophase removal) and
coherence estimation were applied. Calculation of
heights after phase filtering (Goldstein phase
filtering to reduce noise) (Goldstein and Werner,
1998) and unwrapping phase is performed by
switching from radians to meters. Finally, terrain
correction is performed for the map projection
(Figure 2A).

DInSAR can only measure displacement, which
is a component of radars' line of sight (LOS). When
interpreting LOS, positive values should be
interpreted toward satellite, and negative values
should be interpreted away from the satellite.

In this study, we used two VV polarization
Sentinel 1A descending datasets, 16/01/2020 and
28/01/2020, respectively. The epicenter of the
eartquake was middle of two different sub-swats,
therefore, we processed each sub-swath seperatley,
then, we merged them. Total process covering area
was almost 12 km?.

2.3. Elastic Dislocation Modelling

In geophysical modelling processes, two main
methods are used: forward and inverse modellings.
Forward modelling is to produce theoretical data by
creating mathematical relations within the

framework of the physical conditions predicted for
an existing model. The inversion method is the
process of calculating the physical parameters of the
geological model from measured geophysical data.
Theories that will form the basis of the inversion
method in geophysical modelling are given in detail
by Backus and Gilbert (1967), Jackson (1972), and
Wiggins (1972).

In this study, DInSAR result and geometric
parameters the earthquake obtained from the GCMT
catalog used for to calculate elastic parameters in
half-space. The data processing steps are shown in
Figure 2B.

DInSAR data processing flowchart

Displacement Modelling

Master Slave ———————— DInSAR
Sentinel-1A Sentinel-1A Sampling Areas I%
A [TOPSAR Deburst B (Linear Inversion]
[CFF Stress Transfer | [ Calculation and D]

Focal

1
Multilook Forward Modelling
Goldstein Phase Filtering [Project to Raster To LOS |

Snaphu Unwrapping
7

Phase To Displacement

Figure 2. A) DInSAR data processing flowchart used
in SNAP software. B) Elastic dislocation modelling
data processing flow used in Envi-SarScape
software.

In the data processing stages, firstly area
selection and image sampling are formed. Here,
image sampling is required to reduce the number of
points to be modeled. For this, the amount of data
was tried to be sparse without causing signal loss
with the "Quadtree Algorithm", which is a two-
dimensional data reduction algorithm (Welstad,
1999).

By using DInSAR reults in the sampled image,
vertical and lateral slip amounts and geometry
parameters (length, width, depth, strike, slope) of
the fault planes that cause surface displacements are
calculated. This process is done with linear and non-
linear inverse solutions. If the parameters of the
structure are determined directly in the inversion
process, this process is called linear inversion (Yas
and Asci 2017). Starting from an initial model, the
process of determining the underground structure,
whose parameters can be changed until the harmony
between the theoretical anomaly and the
observational anomalies reached the optimum level,
is called the nonlinear inversion process (Yas and
Asci 2017). After the inversion, Coulomb stress
changes (CFF) is calculated, which simulates the
presence of another fault close to the one modeled.

3. RESULTS
3.1.DInSAR Results

DInSAR results illustrate fringe structures

related to the surface deformation (Figure 3A).
Using the Sentinel 1A dataset and depending on the
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C band (approximately 5.46 cm wavelength), each
fringe structure (red - yellow = turquoise = blue
-> red) can be interpreted as 2.77 cm. The formation
of the right and left sections of this fringe structure
shows the place where the EAF passes, and the
visible linear region between these two blocks
corresponds to the area where surface rupture can
occur (Figure 3A). In Figure 3B, the deformation of

Interferogram
{Sentinel-1 C Band)

oy High : 314050

- o :-3.13937

A-A’ Profile
B-B’ Profile
Displacement (meter)

Value
o High:020

B Low: 028

— East Anstollan Fault

Figure 3. A) Unwrapped phase images, the 16/01/2020 and

the earth is shown. Accordingly, while the area (blue
colours) in the NW block of the DAF can be
interpreted as the movement away from the satellite
(westward or subsidence); the area in the SE block
(red colours) can be interpreted as towards the
satellite direction (eastward or uplift) (Figure 3B).
The profiles shown as the A-A" and B-B’ profiles in
figure 3C.

Descending Descending

“ Apa profile

B
B-B’ Profile

28/01/2020 Sentinel 1A datasets were used. Active

faults published by MTA are shown with black lines (Duman et al., 2012). The star shape shows the earthquake

center taken from the USGS. B) LOS surface deformation.

While the blue colours can be interpreted as the

movement away from the satellite or subsidence, the red colours can be interpreted as towards the satellite
direction or uplift movement. C) Profiles show displacement corresponding to the lines in figure 3B D) Descending
satellite direction and LOS movement. While the red colours might be interpreted as either east or vertical

movement, the blue colours might be interpreted as either w

These profiles show the movement on the DAF.
On the A-A’ profile, a maximum of roughly 23 cm
subsidence or movement away from the satellite is
observed in the NW block. On the same profile, on the
SE block, there is a towards satellite direction or
uplift movement with an approximately maximum of
17.5 cm. On the B-B' profile, approximately a
maximum of 16 cm collapse or movement away from
the satellite is observed on the NW block. On the
same profile, in the SE block, there is a towards
satellite direction or uplift movement with an
approximately maximum of 17 cm.

est or subsidence movement.
3.2.Elastic Dislocation Modelling Results

To understand the fault mechanism and to
estimate the source parameters of the earthquake,
the displacements obtained from the InSAR data
were and GMCT earthquake source parameters
modeled. Figures 4A-4D show the surface
deformation of the DInSAR observed results; figures

4B-4E represent the models created by the
nonlinear inversion process based on figure 4A-4D.
Figures 4C-4F show the residuals and RMS values
generated according to the shear dislocation. These
residues have lower RMS values than before; which
means that the corrected solution decreases the
error rate.
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Figure 4. Nonlinear Inversion process. A) first observed data generated from the descending DInSAR dataset B)
first generated model C) first residuals generated from the shear dislocation (RMS: 0.019 m (overall RMS: 0.067
m)). D) corrected observed data E) corrected generated model F) corrected residuals generated from share

dislocation (RMS: 0.017 m (overall RMS: 0.067 m)).

To find the statistical mean ranges of the
obtained results; Monte Carlo Analysis was used .
The nonlinear inversion statistics showing the
uncertainties and changes of the model parameters.
In figure 5, each points represents the ranges of

i: -..'."-,‘ 1
9%,
Fa.. % Fe)

variation for finding the optimal inversion for a
statistically different set of parameters such as
length, width, depth, slope, position information,
and, and amount of slip rate.

Figure 5. Non-Linear inversion Statistic showing the uncertainties and changes of the model parameters of a single
fault using Monte Carlo analysis. It belongs to the UTM 37N coordinate system; length, width and depth in m. Each
of the 50 points in the drawings used for different parameters represents the value for finding the most suitable

solution for the selected parameter set.
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Figure 6 has 2D and 3D dimensional views of the
slip distribution for the fault plane sampled with
equal rectangles. According to figure 6C, while the
rupture distance is approximately 36 km from NE to

Py e
Sipim

Width 10 km

the SW direction with approximately 24 rectangles,
the maksimum slip rate is almost 1.8 m with a red
colour bar on the scale. Depth is around 10 km and
strike is 240.27°.

Slijs ey

10 5

Figure 6. Slip distributions on the single fault model obtained by linear inverse solution for the 2020 Elazig-
Sivrice earthquake. A) 3D view of the shear distribution and B) 2D view of the shear distribution. The black arrows
in the figures represent the slip direction. The colour bar shows the magnitude of the shift amount.

By calculating the CFF, either increase or
decreases of the stress areas due to aftershocks and
main earthquakes can be determined. Stress
accumulation occurs due to movements on the
surface and these stresses are reduced by
earthquakes. After this stress reduction, the
earthquake hazard decreases until a new stress
accumulation occurs (Chinery 1963). The increase in
the tension due to the earthquake causes the nearby
faults to be triggered. The decrease or accumulation
of tension is possible by observing the CFF. By
determining the CFF, the earthquake and fault
relationship can be established and the earthquake

hazard in the region can be calculated. Thus, the
locations of earthquakes that may occur in the future
can be determined (Toda et al., 1998).

The CFF caused by the Elazig-Sivrice 2020
earthquake is shown in Figure 7. Since there is only
one source, the stress variation caused by the East
Anatolian  Fault itself is calculated from
approximately 4 km south of the source point
(Figure 7). In figure 7, the colour bar represents the
magnitude of the shift amount and purple colour
show maximum stress with 0.8 MPa.
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Figure 7. CFF is caused by the slip rate in Figure 6. The colour bar indicates the magnitude of the shift amount.

As known, the disadvantage of the DInSAR
method is known that movement can only be
detected towards or away from the satellite
direction from DInSAR data. By using forward
modelling tools, the components of the movement
towards the satellite in the InSAR data can be
decomposed to its directions. In the forward
modelling process, three datasets are created,
including east-west, north-south, and up-down
components (Figure 8). The results show the

displacements of the movement in east-west and
north-south, and up-down directions of the
movement. In addition, in figures 8D and 8E
illustrate the model unwrape phase and LOS surface
displacement.

A kinematic fault diagram with left-lateral
strike-slip and normal components was created
based on DInSAR and elastic modelling results.
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FORWARD MODELING

C)

B

E) Line Of Sight Displacement (m)
Displacement East Displacement North Displacement Up

Direction (m) Direction (m) Direction (m)
Value Value Value

—_— High : 0,18 - High : 0,13 - High : 0,07
s Low:-0,39 M Low :-0.25 B Low:-0,08

A) East, B) North and C) Up components of the modeled displacement D) Unwrapped Interferogram Model

Unwrapped LOS Displacement (m)
Sentinel 1/ C band value

Value P High:0.13

— High : 3,14

B Low:-0,21
B Low:-3,14

Figure 8. Components of the displacement produced by the shear distribution obtained through linear inversion:
A) east-west, B) north-south and C) up-down components D) unexpanded model interferogram in the LOS
direction E) model displacement data in the LOS direction

e Sirike Slip Fault N
=

Z« Normal Fault

Figure 9. Left-lateral and normal component
kinematic fault diagram created in accordance with
DInSAR and modelling results.

4. DISCUSSION

e DInSAR analyzes showed that the 2020
Elazig-Sivrice main shock has a predominantly left-
lateral strike-slip oblique fault mechanism according
to the characteristic of the EAF line (Figure 3, figure
6, figure 7, and figure 8). In the left block of the fault,
a displacement of approximately 26 cm away from
the satellite is observed in the LOS direction, and a
movement in the right block of the fault with a
maximum towards to the satellite direction of 19 cm
in the LOS direction. This was interpreted as the EAF
being a left-lateral strike-slip oblique fault (Figure 3
and 9). These surface LOS displacement results are

showing similiraites with studies (Tatar etal.,, 2020;
Pousse-Beltran et al,, 2020; Bayik C. et al.,, 2022).

e DInSAR result also illustrate 36 km east-
west direction, 41 km southwest-northeast
direction, and approximately 1558 km2 surface
rupture occurred during the earthquake (Figure 3).
This resultis approximately 30 km in the direction of
earthquake movement as surface deformation by
Tatar et al, 2020; approximately 48 km in MTA
reports (Kiirger etal. 2020); 36 km in Pousse-Beltran
etal, 2020 study; approximately 37 km in Bayik C. et
al,, 2022 study, and approximately 38 km in Melgar,
D. et al,, (2020) study. There is a consistency in the
results between the results found in this study and
other studies in the literature.

e Elastic shear modelling in half-space results:
slip amount (slip) 1.95 m, Mw 6.75, refraction length
34.78 km, focal depth 10 km, width 7.4 km, strike
240.27° (strike), slope 69.19° (dip), rake 0.19°. The
results are consistent with the data obtained from
institutions such as USGS, AFAD, and KOERI (Table
1).Itis considered that the DInSAR results (Figure 3)
and the modelling results are consistent with each
other (Figure 6 and Figure 7) and that the fault
movement and rupture spread mostly south-west
from the focal point. It is observed that at
approximately 10 km depth, the amount of slip
reaches 1.95 m and the length of this slip is effective
in an area of 38 km (Figure 6).
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Table 1. USGS (United States Geological Survey Comprehensive Earthquake Catalog), GCMT (Global Centroid
Moment Tensor Project), AFAD (Disaster and Emergency Management Authority of Turkey), KOERI (Kandilli
Observatory and Earthquake Research Institute) Elazig-Sivrice, 2020 earthquake informations. (modified from

Bayik, C. et,, all 2022).

Depth Length Width Slip Duration M

Reference Method Data Latitude®  Longitude®  Strike® Dip® Rake” )™ (km) (km) (m) (s) o

This Study Teleseismic INSAR 38.41 39.07 240.27 6919 0.19 10 3478 10 74 2 6.75

USGS Finete Teleseismic 38.3 391 246 67 -12 10 40 10 1.7 20 6.8
Fault

USGS Moment tgleseismic 38.39 39.1 245 80 -12 21 - - - 1.5 6.7
Tensor

GCMT  Moment Teleseismic 39 39.1 246 67 9 12 - - - 18 68
Tensor

AFAD Moment Regional 38.35 39.06 248 76 1 15.1 - 2 = s 6.8
Tensor

KOERI Moment Regional 38.52 39.29 248 87 -4 10 - = = = 6.7
Tensor

. The uncertainties and variations of the Sentinel 1A complex (SLC-Single Look Complex)

model parameters of a single fault calculated using
Monte Carlo Analysis are shown (Figure 3).
Histograms show uncertainties in individual model
parameters, while scatter plots show the degrees of
equilibrium between pairs of model parameters;
Positive and negative correlations between pairs of
parameters express tradeoffs between these
parameters (Funning et al., 2005). Accordingly, most
of the fault parameters (length, depth, strike, dip, and
fault location) are resolved consistently, while
scatter plots determine value ranges as tight clusters
and narrow peaks in histograms (Figure 3) (Funning
etal, 2005).

. CFF is very important for the assessment of
seismic hazards, the interaction of earthquakes, and
the prediction of future earthquakes. Self-induced
voltage variation can be used to verify whether the
aftershock distribution on a fault plane is in line with
what is expected, in other words, whether the
voltage variation is found where it has the highest
values (SarMap, 2018). According to the results
obtained from the CFF model, the stress change
caused by the earthquake was calculated from
approximately 4 km south of the source point in
Figure 7, the maximum stress was observed as 0.8
MPa at a depth of approximately 10 km and it was
observed that the strike direction was in the SW
direction.

5. CONCLUSION

In this study, the coseismic surface
displacements of the 24 January 2020 Elazig-Sivrice
(Mw 6.8) earthquake and the source parameters of
the related earthquake were analyzed using the
DInSAR method, and the amount of slip and CFF at
the time of the earthquake were calculated. Two
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descending directional data sets were used before
and after the earthquake, dated 16/01/2020 and
28/01/2020. While there is a maximum of 26 cm
away from the satellite in the left block of the DAF, a
maximum movement towards the satellite direction
of 19 cm is observed in the right block, and the DAF
is explained by the left-lateral strike-slip oblique
fault movement. To estimate the source parameters
of the earthquake, in the results obtained from
elastic slip modeling in half-space, it is seen that the
slip amount reaches up to 1.95 m at a depth of about
10 km and the length of this slip is effective in an area
of 38 km on earth. According to the results obtained
from the CFF model calculated from approximately 4
km south of the earthquake source point according
to the CFF; the maximum stress was calculated as 0.8
Mpa.
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