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Abstract. This work aims to develop and share a high-quality seismic data set for the East Anatolian Fault Zone (EAFZ), a
highly active seismic area that is prone to earthquakes, as evidenced by the two major earthquakes of magnitude 7.8 and 7.6
that occurred on February 6, 2023 in central Tiirkiye and northern and western Syria.

The data set described here (available at https://doi.org/10.5281/zenodo.13838992, Colavitti et al., 2024) encompasses

seismic events from January 1, 2019, to February 29, 2024, focusing on small-to-moderate earthquakes from M| between 2.0
and 5.5 and is intended as a useful tool for researchers working on seismic source characterization and strong motion
parameters.

The data set consists of 9,442 events recorded by 271 stations and includes a total of 270,704 seismic phases (148,223 P and
122,481 S). The Complete Automatic Seismic Processor (CASP) software package ensures accurate arrival times and refined
earthquake locations, while the local magnitude is calibrated using a non-parametric approach. In addition to the earthquake
catalog, the data set features strong motion parameters such as selected Peak Ground Acceleration (PGA), Peak Ground
Velocity (PGV), as well as Fourier Amplitude Spectra (FAS) in the frequency range from 0.05 to 47.2 Hz.

The disseminated product aims to support applications in spectral decomposition using the Generalized Inversion Technique
(GIT), promote investigations in Local Earthquake Tomography (LET) and contribute to the development of Ground Motion
Prediction Equations (GMPEs). Long-term objectives include studying the spatio-temporal evolution of seismicity to
identify preparatory processes for significant earthquakes, integrating this data with geodetic investigations, and enhancing

earthquake hazard assessments.
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1 Introduction

On February 6, 2023 a seismic sequence hit southern and central Tiirkiye and northern and western Syria along the East
Anatolian Fault Zone (EAFZ). The sequence was started by a moment magnitude Mw 7.8 earthquake along the Nurdag-
Pazarcik fault and followed, about 9 hours later, by a Mw 7.6 earthquake occurred north-northeast from the first shock, in
Kahramanmaras province, involving the Siirgli and Cardak faults (Giivercin et al., 2022; Dal Zilio and Ampuero, 2023;
Melgar et al., 2023; Petersen et al., 2023). According to the Disaster and Emergency Management Authority (Afet ve Acil
Durum Yonetimi Baskanlhigi, AFAD), the combined death contribution in Tiirkiye and Syria exceeds 60,000 people, with
more than 120,000 injured and an amount of economic losses of 163.6 billion USD, representing the deadliest natural
disaster in the modern history of Tiirkiye at present, since the 526 Antioch event (Sbeinati et al., 2005).

In this study, we focus on the EAFZ, which is a portion of a major fault zone that runs through eastern Tirkiye as it
accommodates the tectonic relative motion between the Arabian and Anatolian microplates (Ambraseys, 1989). According to
Melgar et al. (2023), the first event nucleated on a previously unmapped fault before transitioning to the East Anatolian
Fault, which ruptured over a length of approximately 350 km, while the second one ruptured the Siirgii fault for ~160 km.
The goal of this study is to describe the procedure that led to the creation of a high-quality seismic data'set for the EAFZ

where the 2023 Kahramanmarag - occurred and its dissemination to the scientific community to promote high-quality

seismological research. [adeed. the development of high-quality afa’sef§ is Erucial for the investigation of critical open
issues, SUCH'AS the estimation of source parameters (€igs the seismic energy and the stress drop), which feépresent fundamental

information for understanding fault mechanics and obtaining rupture scenarios for seismic risk mitigation, but are difficult to
estimate and affected by large uncertainties (Cotton et al., 2013; Abercrombie, 2015).

Recently, benchmark studies have been carried out to facilitate comparison of the results of different approaches to estimate
source parameters applied to the same dataset (e.g., Pennington et al., 2021; Shible et al., 2022; Morasca et al., 2022; Bindi
et al. 2023a; Bindi et al. 2023b). Following these efforts, a - for the 2019 Ridgecrest earthquake sequence was
disseminated in the context of the community stress-drop validation study (Baltay et al., 2024).

We believe that the creation of high-quality, standardized and open-source seismic dataisets including waveforms, Fourier
Amplitude Spectra (FAS), Peak Ground Acceleration (PGA), @ild Peak Ground Velocity (PGV), is the key to promote the
progress of the seismological and seismic engineering communities. In this Papes, we describe in detail the procedures used
to construct the @ataset and the criteria applied for selecting the data to be distributed.

The @ata’set includes earthquakes i@t occurred along the EAFZ main segments (Fig.1) il the period from January 1, 2019 to
February 29, 2024, and thus includes both the years preceding the 2023 Kahramanmaras earthquake and the following
aftershocks. The - focuses on small-to-moderate earthquakes in the magnitude range from 2.0 to 5.5, which is
_ in studies focusing on source parameters (Parolai et al., 2000; Parolai et al., 2007; Picozzi et al., 2017). Larger

carthquakes are not included (BeSides'the 2 mainshocks of February 6, 2023, Weldid not consider other 22 events with



60 magnitudes from 5.6 to 6.6) as they are already available in accelerometric databases such as the Engineering Strong-Motion

Database (ESM) by Luzi et al. (2020) or in a recent work by Sandikkaya et al. (2024).
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65 Figure 1: Theldata’set for the East Anatolian Fault Zone (EAFZ) described in this work, T
vertices, SW: 34.89 35.50; SE 42.00 35.50; NE 42.00 40.00; NW: 34.89 40.0). Dots represent the events with M,
in the - 01-01-2019 to 29-02-2024. - is proportional to the magnitude; i color palette represents the event depth. The
two beach balls lying in the Melgar faults (yellow lines) represent the Mw 7.8 Pazarcik earthquake and the Mw 7.6 Elbistan

earthquake occurred on February 6, 2023, which are not considered in - catalog. The triangles show the different networks that
70  recorded the events: KO (gray), TK (cyan) and TU (green).

The distributed data set includes a selected seismic catalog, selected Peak Ground Acceleration (PGA), Peak Ground

Velocity (PGV), - selected Fourier Amplitude Spectra (FAS) l the frequency range of 0.05-47.20 Hz.

[The primary foeus of the 2019-2024 EAFZ dafa'set that we envision are flie Source parameters applications discussed

previously. FHowever, we believe it is particularly suitable f0f investigating the evolution of ground shaking patterns ii'Space
75 ERdfime during seismic sequences.
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Moreover, in the light of recent studies (Picozzi et al., 2022; Picozzi et al., 2023a; Picozzi et al., 2023b) on spatio-temporal
analysis of seismicity and ground motion parameters (i.e., GMA - Ground Motion Anomalies - defined in Picozzi et al.

2024), the provided - can support seismic studies for intercepting the preparatory phase of strong earthquakes.

2 - construction and selection

The flowchart in Fig. 2 shows the Proeess that led to the creation and selection of the data set. We used the AFAD online
catalog to geographically select all earthquakes that occurred between 32 and 44° East Longitude and 34 to 43° North
Latitude (at this stage considering an area larger than the only EAFZ bounded by the red rectangle . Fig.1), at a depth of up
to 120 km, _ and for the period from January 1, 2019 to February 29, 2024. The initially selected

reference catalog consists of 78,728 events, which are shown in the map in Supplementary Material SM1.

EARTHQUAKE CATALOGUE

Geographic selection

v

STARTING
CATALOGUE

AFAD REFERENCE ‘

78,728 events

2

DATA DOWNLOAD

+ Stations metadata
+ Waveforms

AUTOMATIC DATA PROCESSING

+ P-and S- wave arrival times
« Earthquake relocations and
quality assessment
. + Max. Wood-Anderson amplitude
CASP « Strong Motion Parameters
« Fourier Amplitude Spectra

Velocity .
model

MAGNITUDE CALIBRATION
AND COMPUTATION

+ Non parametric
attenuation function

v

DATASET SELECTION

+ Magnitude and Hypocenter to
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* SNR threshold energy on the spectrum

* Min. number of stations per event and
min. number of records per stations

FINAL DISSEMINATED DATASET | 9,952 events

« Earthquake catalogue
« Stations list and coordinates
« PGA, PGV and FAS

Figure 2: Flowchart of the approach adopted in this work for the creation of the data set. Red boxes represent the catalogs of the
data set, blue boxes the main procedure of the calculations. Acronym abbreviation: CASP (Complete Automatic Seismic
Processor). The last box represents the disseminated data set discussed in this work.
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The starting catalog was downloaded through the International Federation of Digital Seismograph Networks (FDSN,

https://www.fdsn.org/) web service, using the fdsnws-event command to access event parameters via the AFAD repository

(reference website: https://deprem.afad.gov.tr/event-catalog). We downloaded the metadata for the stations belonging to

the KO (Kandilli Observatory And Earthquake Research Institute, Bogazigi University, 1971), TK (Disaster and Emergency
Management Authority, 1973) and TU (Disaster and Emergency Management Authority, 1990) networks implemented in the
data centers of AFAD and European Integrated Data Archive (EIDA, https://www.orfeus-eu.org/data/eida/, last accessed on
February 29, 2024).

All waveforms for the three gfound'motion components were downloaded in MiniSEED format from the EIDA and AFAD

repositories USING the jasnws-dataselect command. The seismograms of the events were extracted Dyl Selecting segments
fitom!continuous seismic recordings and converting them'into the Seismic Analysis Code (SAC) format. Each time window

contains 30 seconds of noise before the theoretical P-wave fifStartival and has a total duration of 90 seconds. The Entire

earthquake catalog, With around 78,000 eventsy contains waveforms of different quality.

While studies - on statistical seismology (e.g., deviations from the Gutenberg-Richter law, such as b-value -)

are sometimes less sensitive to certain aspects of data quality, ensuring high data quality is critical for fli€ accurate derivation
of source parameters and fi@ calibration of ground motion models, Making the implementation'of thorough data selection
and quality analysis procedures a priority.

Therefore, to generate a high-quality @ata’set, which is the most innovative aspect of this work, we used the Complete
Automatic Seismic Processor (CASP, Scafidi et al., 2019) software, which determines seismic phase arrival times With an
advanced picker engine (RSNI-Picker,, see Spallarossa et al., 2014; Scafidi et al., 2016; Scafidi et al., 2018). [Fhis|process
resulted'in’a massive set of accurate P- and S-wave arrival times consistent with earthquake locations. RSNI-Picker, provides
a quality estimate for each computed parameter, such as the Alifomatie piek weighting and Sfandard location quality metrics.
The search of reliable seismic phases arrival times in CASP is linked to and driven by seismic locations. To obtain reliable

seismic locations, the Non-Linear Location (NLLoc, Lomax et al., 2000; Lomax et al., 2012) algorithm was used, which

implements a fegional 1-D velocity model specifically suited for the EARZ (Guvercin etaly 2093)!
As mentioned in Spallarossa et al. (2021a), CASP - detectability _ arrival times,

increasing reliability, minimizing the rate of false picks, and, in general, the accuracy of results. The final result of the CASP
procedure is a @ataset of P- and S-phase arrival times and an earthquake catalog of origin time, location, depth and local
magnitude My, all Seamlessly linked together.

In'theinitial processing phase, My was caleulated using a generic calibration relationship (Hutton and Boore, 1987). Aftef

processing the selected 2019-2024 EAFZ {ataiset with CASP, a new calibration relationship was developed using a non-
parametric approach (see Section 3.2), and magnitudes were recalculated foralllevents.
In this work, the automatic procedures of the CASP software also provide some strong motion parameters such as PGA,

PGV and Fourier Amplitude Spectra (FAS).
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The method [iSed fo calculate the FAS and fo'select the dataset is described in defaillin Pacor ct al. (2016) and hastbeen

applied in subsequent studies (e.g., Picozzi et al., 2022; Castro et al., 2022a) folanalyze seismic sequences in Central Italy.
The FAS - calculated considering 98 frequencies equally spaced on the logarithmic scale in the frequency range 0.05-
47.2 Hz and smoothed using the Konno and Ohmachi (1998) algorithm, - the smoothing parameter b set to 40.

The selection of the high-quality dataset is therefore based onl the following criteria:

@) Events restricted to the - (see red box in Fig. 1, Lon-Lat vertices, SW: 34.89 35.50; SE 42.00 35.50; NE 42.00
40.00; NW: 34.89 40.0);

(i) My between 2.0 and 5.5

(iii) Hypocentral distance up to 150 km;

@iv) A recursive procedure GHSUring that at least 60% of the Fourier spectra faveld points that satisfy Signal to Noise

Ratio (SNR) greater than 2.5;

() Events recorded by at least 6 stations, |with'cach station having a minimum of 6 recordings.

After selection, the final dataiset ready for distribution described in the FOllOWINg sections, GONSISE of 9,442 events recorded
by 271 stations, including 142 strong-motion (channel HN), 123 high-gain high-broadband (HH), 4 high-gain broadband
(BH) and 2 short-period seismometers (EH). In total, fhe'data’set comprises 843,651 waveforms for the three ground-motion

The 2019-2024 EAFZ high-quality dataiset consists of an earthquake catalog, a table with the coordinates of the stations
used and the Vallies'of strong motion parameter, such as PGA, PGV and FAS (see Supplementary Material SMA3'= Final

earthquake data'set for more details).
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3 Data’set characteristics

As we can observe in Fig. 3, the dataset is well sampled With'approximately 50% of earthquakes recorded by 10 stations and
about 50% of earthquakes havilig more than 100 records. MOf@ details on the distribution of flé number of recordifigs per

event and per station _ in SM2.
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Figure 3: Cumulative Distribution Function (CDF) per event (blue) and per station (red) used in the data set.

Figure 4 represents the heat map of the recordings in'ferms o hypocentral distance and My at the Sampling frequency of
Hz (Variations of the heat map af different frequencies can be foundiin Supplementary Material SM3). The figure shows fat

the most sampled area is @flabout 70 km hypocentral distance and My 3, with some cells (with a resolution of 4 km ffof

hypocentral distance and 0.1 for magnitude) reaching up to 300 counts.
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Figure 4: Local magnitude versus hypocentral distance of the recordings considered in this study at FAS =1 Hz.

More than 50% of the records include @ hypocentral distance < 80 km, about 67% & hypocentral distance Of less than 100 km
and more than 80% of the data are recorded at f hypocentral distance < 120 km. Regarding the magnitude distribution, about
50% of the observed recordings are below My 3.2, about 67% below M| 3.5 and around 86% below M| 4.0.

3.1 P and S Phase picking and event relocation using CASP
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For the study area, the seismic locations Were obtained using the

Detailed information BA the velocity structure used as the initial model, Ean'be foundin SM4.

The distributed dafa set/COMPEISEs a total of 270,704 phases §elected by CASP (see SM 5a). Figure 5 shows the distribution
of the P and S phases.
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Figure S: a) Empirical Cumulative Distribution of P and S phases in the present - b) Histogram of number of P-waves, in
yellow b) and S-waves, in green c¢) picked by the Complete Automatic Seismic Processor procedure (CASP).

The minimum number of total seismic phases recorded per event is 10 (5 for the P-phase and 5 for the S-phase) and, as -
- in Fig. 5a, 50% of the entire - has at least 15 P-phases (yellow curve) and 13 S-phases (green curve). Fig. Sb
and Fig. 5c SHOW that the most frequent value in the distribution of histograms (i.e. the mode) is 13 for the P-phases and 11

for the S-phases.

{0/45% of the total scismic phases considered. This considerable amount of high-precision P- and S-phase arrival times gafl

be'well'utilized by the seismological community involved in tomographic studies, especially in the context of Local
Earthquake Tomography (LET) investigations.



3.1.1 Quality of earthquake location

NLLoc provides the quality and uncertainty of seismic location§ through several parameters, including horizontal and depth

error. The horizontal error (Err H) is expressed as a confidence region in the horizontal plane, indicating the area where the

210 earthquake is located with a certain probability, while the depth error (Err Z) is derived from the vertical axis of the error

ellipsoid. Fig. 6a shows the empirical distribution curve for the location error.
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Figure 6: a) Empirical Cumulative Distribution of horizontal error and error in depth in the present dataset. b) Histogram

horizontal error (purple) and depth error (cyan) provided by Non-Linear Location (NLLOC).
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The histograms 0f horizontal location error (Fig. 6b, in purple) and depth Effer (Fig. 6¢, in cyan) show that the Bverall
uncertainty is small and has a median error of 1.1 km for the horizontal location (min Err H: 0.30 km; max Err H: 4 km) and

1.2 km for the depth location (min Err H: 0.1 km; max Err Z: 5 km).

Both horizontal and depth errors are influenced by several factors, including seismic network geometry, travel-time
measurement accuracy and velocity model complexity. In general, we can affirm that the NLLoc algorithm _
_, even in the presence of errors in crustal velocities, as observed in Laporte
et al. (2024), Who'address uncertainties in earthquake location using different techniques derived from the Global Sensitivity
Analysis (GSA) framework.

A further indicator of the Righ quality of the Seismic locations obtained is the azimuthal gap, which reflects how well the

seismic stations are distributed around the earthquake location. Approximately 98.5% of . events have gaps of less than

180°, with OVel 70% of the events Raving'a gap below than 90° and the median gap being 758 (sce histogram on SMS).

Root Mean Square (RMS) error is also a key parameter for assessing the earthquake location quality. The RMS is defined as

the difference befiween the'observed and calculated seismic wave arrival fimes at the stations. In formula:

RMS = \/%Zlivzl(tobs,i - tcalc,i)z "’
where:

tops,i 18 the observed arrival time at the station i;

tealc,i 18 the computed arrival time at the station i;

e N is the total number of stations that recorded the event.

Low RMS error values indicate good agreement between observed and calculated arrival times, suggesting Aceurate seismic
iogation. Conversely, high RMS values indicate larger discrepancies and potential [0€ation errors. According to Lienert and

Havskov (1995), an RMS value between 0 and 1 seconds indicates a Righly aceurate location. fn'this'study (scc SM5¢ for
details), the maximurm RTSNANESREAGRENOSOSCEORIS e A0S,

A further parameter providing indications about the reliability of seismic location feliability in the NLLoc (Lomax, 2000)

software is the covariance matrix, a square matrix describing the variance and covariance between residuals, Which 8 Solved

fior 4 unknowns: Spafial coordinates X, y. depth zand fime't. As in Supplementary Material SM6, which shows histograms

for the covariance values, Covyand Covy are small, with a median around 0.5 and a mean around 0.75. In contrast, Cov, and

oy exhibit higher values with median values of 1.5 and 1.9 and mean around 2.8 and 3.2, respectively.

12
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3.1.2 Epicentral comparison with AFAD catalog

Figure 7 compares event location of each event, computing the distance between the epicenters identified in this study and
those given in the AFAD catalog. The distance is computed using the haversine formula (short for half versed sine, see
Robusto, 1957), with the Earth radius fixed at 6371 km and the great circle distance between 2 points on a sphere based on

their Longitude and Latitude.
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Figure 7: Cumulative Distribution Function (CDF) with the Haversine distance computed between the location obtained in this
work and the one provided by the AFAD catalog. Black dashed line shows the distance at 10 km, corresponding to the 92.7% of
the CDF (blue curve); red point shows the intercept.

The CDF shows that about 80% of the entire data set has a location difference within 5 km, 92.7% of the events are below 10
km (marked by the red intersection point) and over 97% of the events are within 20 km. This again confirms the reliability

and precision of the epicenters in our catalog.

3.1.3 Depth comparison with AFAD catalog

We compared the hypocentral depth estimates obtained with NLLoc with those from the AFAD EAFZ catalog. The latter
shows that most events are located at about 7 km (i.e., 80% of the depths are between 6 and 8 km). Such clustering in the
hypocentral depth estimates often indicates the presence of a high gradient in the velocity model used in the inversion
procedure. This might also be the case for the AFAD catalog, as discussed by Civgin and Scordilis (2019).

As shown in Fig. 8a, our study (red histogram) shows a more even distribution over different depths compared to the AFAD

catalog (Fig. 8b).

13
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estimates between 4 and 16 km appear to be consistent with the geometrical complexities of the fault segments in the 2023

Tiirkiye earthquake sequence (Gabriel et al., 2023).

3.2 Magnitude computation

To BASHrE a homogeneous magnitude for all considered earthquakes, we calibrated an M, (Richter, 1935) following a non-
parametric approach (Savage and Anderson, 1995; Spallarossa et al., 2002; Bindi et al., 2018; Bindi et al., 2019; Bindi et al.,

2020). Magnitudes were determined by applying station corrections to account for local site effects, and to avoid biasing the
amplitude measurements used for magnitude calculation. In our study (scc SM7), corrections of more than 0.60 had to be

applied o 2 out of 271 stations (TK.6802 and TK.6102), as they are located at sites with low Vs,30 (less than 250 m/s). The

non-parametric approach was applied to all data downloaded from the AFAD catalog.

With our analyses, we computed and provided the Wood-Anderson maximum amplitudes, which were then used to calibrate

a EAFZ M; scale based to the following equation:

logAij(Rij) = My + aylogAg(Ry) + any110gAg(Rysr) + dME; )

where A;; is the maximum Wood-Anderson amplitude (in mm) measured for event i recorded at the hypocentral distance
R;j. My; is the local magnitude of event i, A is the zero-magnitude attenuation function defined as a table of values a,
linearly interpolated between nodes n and n + 1, with R,, < R;; < Ry, while dM LCJ is the magnitude correction of station j.

C can be either north-south or east-west, considering the two horizontal components as independent measurements

14
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(Uhrhammer et al., 2011). As for the reference distance at which the attenuation function is anchored, we used a distance
R,er = 17 km (Hutton and Boore, 1987) and the mean value of all stations equal to zero. In Supplementary Material -,
we show the output of the non-parametrically calibrated magnitude, with the comparison between the local magnitude My
and the magnitude of the AFAD reference catalog My, ;..

Figure 9 compares the calibrated logA, function performed in the EAF (listed in Supplementary Table -) with the

curve computed for the Southern California (Hutton and Boore, 1987).

-0.5 T T

Southern California
m— East Anatolian Fault Zone

15 -

-35 | | | | | 1 | |
0 20 40 60 80 100 120 140 160

Hypocentral Distance [km]

Figure 9: Nonparametric magnitude attenuation function logA, calibrated in East Anatolian Fault (blue curve) and Southern
California (red curve).

In the distance range between 20 and 100 km, the EAF curve shows a stronger attenuation than the one computed for

Southern California region, but is similar at hypocentral distances of more than 100 km. For each My value, the standard
deviation is also computed (Fig. 10). Both the mean and the median _ events considered are
around 3.1, with OVt 90% of the events having @il M, Valug below 4 (Fig. 10a).

15
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Figure 10: a) Distribution of the local magnitude a) and the standard deviation b) of the events presented in this work.

The standard deviation graph shows Alinedian of 0119 (mean 0:20)With generally low values, as less than 2% of the events

have a magnitude UnCertainty greater than 0:40, which shows that the M; measurement is very accurate.

3.2.1 Magnitude comparison with AFAD catalog

Figure 11 shows the comparison between M distribution the present data'set (Fig. 11a) and with the magnitude of the

AFAD Gatalog (Fig. 11b). It is worth mentioning that the AFAD catalog [8€K§ a uniform parameter to characterize {h@

carthquake size. so that other magnitudes types (e.g. duration magnitude, Mp are used in addition to My).
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Figure 11: Magnitude comparison between this work (a) and AFAD catalog (b).
The magnitude distribution Appears to be similar between the two data set. Flowever the median value in the AFAD catalog

(around 2.8) is lower than in our dataset. AISO)only a small'part of the distribution, about 7%, includes magnitude values

above 4, compared to 10% in our dataset.

3.3 Strong motion parameters

As mentioned before, we applied P and S onset detection to estimate My, and extract different Several features from the

recordings such as the peak displacement (PGD), the integral of the squared velocity (IVs2) evaluated over the S-wave
window at local distances, the peak ground velocity (PGV) and the peak ground acceleration (PGA).

These features are extracted directly from the recordings and O the basis fof the Rapid Assessment of MOmeNt and
Energy Service - RAMONES project (Spallarossa et al., 2021b, web page: https://distav.unige.it/rsni/ramones.php). This

service provides seismic moment My and radiated energy E,, and relies on the measurement of specific ground motion
features directly - seismograms and their correction for propagation and site effects using empirical models previously
calibrated for the region of interest.

Figure 12 shows an example of a three-component recording (N-S: North-South; E-W: East-West; Z: Vertical) relative to
the record My 4.0 Barthquake recorded at the station HASA occurred on March 20, 2023 at 15:40:34 UTC.
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Fourier Amplitude Spectra (FAS) are calculated for all'fhree signal components using a recursive procedure based on a
distance-dependent energy criterion to determine fhelSewave time window length. A frequency-dependent threshold to the
signal-to-noise ratio (SNR > 2.5) i§ifhenused to select the spectral amplitudes for the inversion (Pacor et al., 2016).

The FAS calculation'is performed on time windows starting 0.1 s before the S-wave onset and Exfending until 60% of the

total energy of the full spectrum is reached. The spectral amplitudes are calculated considering 98 frequencies, equally

spaced in the logarithmic scale, in the range between 0.05 and 47.2 Hz. In addition to FAS, PGV and PGA values are also

distributed as'they'provide'a comprehensive overview: of seismic motion andifs potentiall impact on structures (Trifunac and

Brady, 1975; Aki and Richards, 2002).

Figure 13a shows the values of log;(PGA as a function of hypocentral distance, defined for different magnitude ranges.
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The solid line represents the median curve for a given magnitude, while the Shaded areas indicate the variability within each
of hypocenter bin distance, bounded by the lower quartile (25 percentile) and the upper quartile (75" percentile),

respectively.

PGA here referf to PHA (Peak Horizontal Acceleration), Which represents the vector composition of the horizontal

components of strong ground motion:

PHA =/ (PGAy_5)? + (PGAg_y)? (3)

where PGAy _s is the component of PGA along the North-South direction, while PGAg_y is the component of PGA along

the East-West direction.

The distribution of all events for which PGA is available, _
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Figure 13: Distribution with hypocentral distance of the logl0 PGA a) and logl0 PGV b) over the S-wave window. The trends of
the parameters averaged over five narrow magnitude ranges as indicated in the panels (M <=2.5; 2.5 <My <=3; 3 <M <=3.5;
3.5 <My <=4.0; My, > 4.0) are also shown. Areas in transparency show the variability of each curve bounded by the lower quartile
@s™ percentile) and upper quartile (75" percentile).

As expected, [0giaPGATValties are highest at Small hypocentral \distances. with median values between -2 and -1 at

hypocentral distances of less than 20 km. For intermediate hypocentral distances, between 20 and 80 km, [0gjPGA

decreases. with median Values between =37and 5115, For larger hypocentral distances, beyond 80 km, logisPGATValues
appears to reach a plateau. A similar trend is observed for PGV. as shown in Fig. 13b, in which the median logioPGV values

Are between =2'and 0:5) Curves representing 5 magnitude ranges (red, M{<=2.5; pink, 2.5 < M| <= 3; cyan, 3 < My <= 3.5;

green, 3.5 < My <= 4; blue > 4.0) Show:that higher My valuies correspond fo highet PGA. This gffeet is particularly evident

at hypocentral distances greater than 40 km, where the curves are glearly separated By magnitude.
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5 Applications and Prospects

455 The 2019-2024 EAFZ high-quality data’set offers aumerous potential application and prospects. As we mentioned AbOVe,

one of if§ main applications is spectral decomposition USiig the Generalized Inversion Technique (GIT), first ififroduced by
Andrews (1986), Iwata and Irikura (1988) and Castro et al. (1990). - is a reliable approach for the simultaneous

investigation of source, path and site CONHIDULIONS {0 the observed ground motions in the frequency domain and plays a

crucial role in improving the understanding of seismic processes and earthquake hazard assessment. This method is based on
460 linear and time-invariant assumptions, for which the output is given by the convolution between the input - the transfer

function of the system (Bindi et al., 2023b).

As we can see from Fig. 15, which shows the coverage map of the dataset at 1 Hz, fhe'study areais well sampled and dense

of rays, especially along the main tectonic alignments of the EAF.
44°

42°

40°

38°

36°

34° H N L
32° 34° 36° 38° 40° 42° 44°
465 Figure 15: Ray coverage map at f=1 Hz. Events are represented by yellow dots, stations by red triangles and rays by blue lines.

One of the long-term objectives of the work is to provide a solid basis for the study of source parameters, similar fo/the

Bfforts'of the Southern California Earthquake Center (SCEC) community. There, spectral decomposition Wasiapplied to
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isolate source spectra of events belonging to the 2019 Ridgecrest seismic sequence (Bindi et al., 2023b), With'a comparison

Skudy providing a epistennic analysis OF e results unGeraintes (1indi ct 1. 202c).
From a spatial perspective, the data set provides excellent sampling across various frequencies (sec SM14 and SMIS).

Ensuring comprehensive ray coverage is essential to obtain robust and meaningful seismological results, and is crucial to the

success of GIT studies as it directly impacts the accuracy and reliability of the derived source, path and site parameters.

Such dense ray coverage can also benefit the {omography community, especially for application such as Local Earthquake
[Tomography (LET), which uses first artival times (Gokalp 2012; Ozer et al., 2019; Medved et al., 2021; Giivercin, 2023), or

attenuation tomography studies (Koulakov et al., 2010; Toker and Sakir, 2022) in the EAFZ and Surrounding regions. In this

sense, the disseminated GAISCHNSIRIGRIVIVAINABIE, both in terms of HHEIEMOURLIOH GAENARANKSIGUANE] of carthquake

location and dense frequency sampling, which can help us improve the mapping of seismic structures in such a complex

geological area.
The presented data’set can be Alvaluable resource for the development of the STATION (Seismic sTATion and slte
amplificatiON, web page: https://distav.unige.it/rsni/station.php service (Tarchini et al., 2024), which is a product based on

the exchange and dissemination of seismological data from seismic stations in taly and neighbouring regions. Starting from

an automatic picking procedure of P and S phases, STATION guarantees a quasi-automatic elaboration of a selection of data

records and is finalized to the calculation of Horizontal-to-Vertical Spectral Ratios (HVSR) and station specific My
residuals. A similar procedure has already been started for the EAFZ using this dataiset (sce SM@), with the aim of a
precise Site characterization.

In"addifion, the disseminated dafalset can significantly contribute to the development of the existing Ground Motion
Prediction Equations (GMPEs) in the EAFZ and thus, to some extent to the improvement of earthquake hazard assessment
(Akkar and Cagnan, 2010; Kale et al., 2015).

With BVt five years of fecorded seismicity, fhedata’sef also enables the study of Variations in'the Q' parameter which
- the attenuation of seismic energy through coda waves (Sertgelik, 2012) or, moving to higher frequencies, .
- the investigation of the kappa (k) parameter, which depends on the geological characteristics of the - (Biro,
2024). In this context, recent studies in Central Italy (Castro et al., 2022b; Castro et al., 2024) based on high quality -
that include low-to-moderate seismicity (Spallarossa et al., 2022) have shown that the temporal study of k _
inSights into the role of fluid circulation ANd GontribUEtd the monitoring of seismic cycle.

One of the ultimate goals for which the @ata'set was developed is to Alialyze the spatio-temporal evolution of seismicity i
tolinvestigate whether a preparatory process for preceded the February 6, 2023, Mw 7.8 earthquake (see Kwiatek et al.,

2023; Picozzi et al., 2023b) and to understand how the identification of microseismicity is crucial for the detection and
triggering of - events.

In the last few years, a set of physics-based features aimed at infercepting the preparatory phase of strong earthquakes have

been'developed (Picozzi et al., 2022; Picozzi et al., 2023a). In general, seismic sequences are analyzed based on the time-
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space inferval§ between earthquakes (Zaliapin et al., 2008; Zaliapin et al., 2016), which serve as an important tool foF
identifying seismic crises (see SMAT).
For a _ of the spatio-temporal evolution, _ analyzing the systematic
deviations of the PGAS generated by each earthquake from fhie/Vallies predicted by a reference GMM calibrated for
background seismicity. referred fo'as event=specific ground motion anomalies (EGMSS)] as shown in Picozzi et al. (2024).

Finally, the data set Ganibe effectively integrated with geodetic investigations such as Interferometric Synthetic Aperture

Radar (InSAR), iwhich provides'pre= co= and post='seismic deformation images and offer valuable insights into slow-slip

events and fault behavior (for EAF, see An et al., 2023; He et al., 2023).

By integrating InSAR data with seismological information, it is indeed possible to gain a more comprehensive understanding
of active tectonic mechanisms And fault dynamics in the region, which improves which {lfimately improves earthquake

processes analysis andseismic risk assessmentl

5 Conclusions

This work presents a seismie catalog that covers the period between January 1, 2019 and February 29, 2024 2nd includes
both'the pre= and post-seismic periods of the devastating February 6, 2023 garthquake sequence that struck southern and
central Tiirkiye and northern and western Syria along the EAFZ. The - focuses on small-to-moderate earthquakes in
the M, range 2.0-5.5 and is intended HS'a valuable t00l for researchers [vestigating seismic source characterization and
strong motion parameters.

The high-quality catalog Of this was achieved with the application of the CASP (Scafidi et al., 2019) software, which
allowed the identification of 270,704 seismic phases (148,223 P- and 122,481 S-wave first arrivals) for a total of 9,442
events recorded by 271 stations. All events were located with the NLLoc algorithm (Lomax et al., 2000; Lomax et al., 2012).
An initial velocity model specifically suited to the EAFZ was used, fesultingiin reliable Earthquake locations with an
uncertainty of =1 km for both horizontal and depth location. Notably, our depth estimates differ from those Bf the AFAD
reference catalog and appear to be consistent with the geometrical complexities of the fault segments involved in the 2023

Tiirkiye earthquake sequence (PRIOARAZONON 2024 naddition, the distributed catalog contains M Values calibrated using

a non-parametric approach (Bindi et al., 2020).

i last sectionof this paper deals with'possible applications of the dafa Set IEWas developed specifically for spectral

decomposition, allowing for the separation and analysis of key factors such as source characteristics, attenuation and site

effects. In addition, the new EVent Iocations can SUpport research on attenuation in terms Of Q FC(or or « parameter. K
important long-term goals of the catalog is to understand the spatio-temporal evolution of seismicity, identifying potential
proxies to intereept the preparatory phase of strong earthquakes (Picozzi et al., 2023b).
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We strongly believe that the creation of high-quality, standardized, and open-source seismic data'sets, including FAS and
widely used strong motion parameters, such as PGA and PGV, is essential for the advancement of seismological and

earthquake engineering fesearch.
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