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Key contributions of the study
Validation of earthquake source parameters, homogeneous M ​ catalog for small-to-
moderate earthquakes
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Signatures of non-self-similar scaling
Comparing M  obtained from CCT and InSAR Okada modeling with 2 case studiesw
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the 2022 Duzce event 254.490 61.575 -158.0 0.288 6.17 6.06 5.9 ± 0.1

the 2024 Tokat event 176.465 46.00 -28.721 0.155 5.39 5.59 5.45 ± 0.1

 the April 18, 2024, 
Tokat-Sulusaray (M 5.7) 

the November 23, 2022,
Düzce-Gölyaka (M 6)

(a) (b)

Central Italy (Morasca et al., 2022)
UK (Peach et al., 2024)

Alaska (Al-Kaabi et al., in press)
Iraq (Al-Kaabi et al., 2024)

Ridgecrest (Mayeda et al., 2024)
NAFZ (Tekiroglu et al., in press)

Canada (Bent et al., 2024)

Fig. 3. (a) Coda-derived M ​ vs. waveform-modeled M  (RMS = 0.085). Red symbols denote calibration
events; black symbols represent independent validation events. (b) coda-derived σ ​ and independent σ
estimates for both ref. and val. sets. (c) σ ​ vs. moment (≥50% measured energy). Calibration (red circles) and
hold-out (black squares) events. (d) Obs. f ​ vs. M  from Brune (1970) spectral fits. Lines indicate constant σ ​
of 0.1, 1, and 10 MPa.
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Fig. 6. Source inversion results for the (a–c) 2022 Düzce and (e–f) 2024 Tokat-Sulusaray events. From left to right, panels display downsampled LOS data, best-fit regularized inverse models, and
residuals.

InSAR Coseismic Deformation

Fig. 2. The spectra results shown in panel (a). The spectra for a validation event (M ​ 4.38) showing
high consistency with independent magnitude estimates (b). The red dashed line represents the
model fit, with the vertical bar indicating the f ​ and its 90% confidence interval. A Western US
model (blue) is shown for regional comparison. (c) An envelope measurement at 1-1.5 Hz.
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Coda Calibration Approach
The primary motivation of this study is to resolve the inconsistencies in magnitude estimates
among regional earthquake catalogs, such as those provided by Kandilli Observatory and
Earthquake Research Institute (KOERI) and Disaster and Emergency Management Authority
(AFAD). In the existing catalogs, M ​ is typically reported for earthquakes with M ≥4.0, whereas
M ​ is used for smaller events. This discrepancy hinders the creation of a homogeneous catalog,
which is a fundamental requirement for applications like Probabilistic Seismic Hazard Analysis
(PSHA). The map shows the locations of 150 analyzed earthquakes (3.5 ≤ ML ≤ 6.0) recorded at
the seismic stations (triangles) operated by KOERI and AFAD (Fig 1.). A total of 51 earthquakes
with ML ≥ 4 were analyzed for calibration. The remaining events with 3.5 ≤ ML < 4 were then
estimated based on the calibration results.

w w​
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Fig. 7. Comparison between M  and M .
The 2  order polynomial fit captures M ​
saturation at higher magnitudes, providing a fit
compared to the 1:1 line. Analysis included only
events where we measured ≥ 65% of the observed
total radiated energy.

w-Coda​ L-KOERI
nd

L

Okada Inversion & Comparison

Fig. 8. Comparison of σ  estimates versus M  for
various tectonic regions. Data points include
Central Italy (Morasca et al., 2022), the United
Kingdom (Peach et al., 2024), Alaska (Al-Kaabi
et al., in press), Iraq (Al-Kaabi et al., 2024),
Ridgecrest (Mayeda et al., 2024), Canada (Bent.
et al., 2024) and the NAFZ (Tekiroglu et al., in
press).

A w

Fig 4. Sentinel-1A ascending frames were used for coseismic deformation analysis
of (a) the 2022 Düzce-Gölyaka and (b) the 2024 Tokat-Sulusaray events, with
source solutions retrieved from KOERI.White stars show epicenter locations. 

Fig. 5. Coseismic LOS deformation for the (a-b) 2022 Düzce and (c-d) 2024 Tokat events. (a, c)
Wrapped interferograms in radians; (b, d) unwrapped displacement in meters.

Coseismic LOS displacement maps were generated using a differential InSAR workflow. Topographic phases were
removed at full resolution, followed by multilooking and adaptive filtering to maximize SNR. After unwrapping
and geocoding, GACOS atmospheric correction and deramping were applied to refine the coseismic signals.

Seismic source modeling workflow. Geodetic data are downsampled
via quadtree decomposition to reduce data density while preserving
deformation gradients. A geodetic inversion based on the Okada
elastic half-space model, constrained by regularization, is performed
to estimate the slip distribution. Model reliability is evaluated through
the analysis of residuals (penalty).

σ  Values range from 0.1 to 2 MPa for M  4.0–6.0.A​ w​

Non-self-similar scaling.
Low apparent stress levels indicate a mechanically weak, fluid-rich, and thermally softened crust,
consistent with observations in the Sea of Marmara (Chen et al., 2024).

Utilizing GNSS Troposphere zenith delay to calibrate and remove atmospheric noise
from the phase, followed by joint inversions to transform 1D line-of-sight observations
into a 3D displacement field for more robust source modeling.
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Table 1. Preliminary Okada inversion results for the Düzce and Tokat events, comparing of M
reference M  and M estimates.
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