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Abstract The mechanism governing the spatio-temporal proximity of the 2023 Mw 7.8-7.7 Tiirkiye
earthquakes remains enigmatic. Here, we used dense geodetic observations integrated with dual-fault screw
dislocation, Euler-vector-constrained block, and strain-rate models to investigate the interseismic kinematics
and pre-stress state of the East Anatolian Fault Zone (EAFZ). We showed that the Pazarcik and Cardak
segments exhibit slip rates of 6.0-7.5 mm/yr and 2.0-2.5 mm/yr, respectively, reconciling long-standing
geodetic-geologic discrepancies in regional slip partitioning. We found ambient pre-stress both promotes
rupture cascades on single strands and prevents inter-strand propagation, segmenting ruptures into doublet
events. Strain localization and strain-axes rotation provide geodetic evidence for lithospheric heterogeneity
control between the Arabian and Anatolian plates over the kinematic behavior and seismic activity of the EAFZ.
Our study highlights the seismic risk arising from near-synchronous ruptures of fault systems shaped by
lithospheric heterogeneity across crustal and mantle depths.

Plain Language Summary In February 2023, two devastating earthquakes (Mw 7.8 and Mw 7.7)
struck Tiirkiye's East Anatolian Fault Zone, rupturing both its main and secondary branches within hours. To
understand why two earthquakes occurred so close in time and space, we studied the fault behavior before the
events using satellite measurements. Our analysis reveals that the two fault branches were moving at different
speeds between earthquakes, matching long-term geological slip rates. The larger Mw 7.8 earthquake released
nearly all the accumulated strain on the main branch, while the smaller Mw 7.7 earthquake released more energy
than expected from recent strain buildup, which may reflect biases in historical earthquake records. Our analysis
also reveals that stress patterns in the ground helped steer the earthquake ruptures, particularly directing the
larger quake toward the Dogansehir area, while stress heterogeneity along the fault explains why the two
sections broke at different times. A major implication from our results is that the slow collision between the
Arabian and Anatolian tectonic plates may shape earthquake behavior from depth. Our work highlights the need
to better assess risks in complex fault systems where multiple branches can break together, potentially causing
even more destructive earthquakes in the future.

1. Introduction

The seismo-tectonic setting of Tiirkiye and its surroundings is characterized by complex plate interactions and
frequent seismic activities, due to the ongoing convergence of the Eurasian, Arabian, and African plates
(Figure la). Bounded by the conjugate North Anatolian Fault Zone (NAFZ) and East Anatolian Fault Zone
(EAFZ), the Anatolian microplate escapes westward under the push from the Eurasian/Arabian collision in the
east and the pull from the Hellenic retreat in the south and west (Figure 1a; e.g., Le Pichon & Kreemer, 2010;
McKenzie, 1976). The relative lateral movement in the north is primarily concentrated along the NAFZ (e.g.,
Armijo et al., 1999; Barbot & Weiss, 2021). In contrast, the lateral escape accommodated in the southeast in-
volves the EAFZ and a series of intra-plate secondary structures, forming an extensive sinistral shear zone
(Figure 1b; e.g., Duman & Emre, 2013; Seyitoglu et al., 2022).

On 6 February 2023, a moment magnitude (Mw) 7.8 earthquake (hereinafter referred to as the Pazarcik earth-
quake) ruptured the main (southern) strand of the EAFZ, extending from Celikhan to the Hatay Triple Junction
(Figure 1c). Approximately 9 hr later, a Mw 7.7 earthquake (hereinafter the Elbistan earthquake) occurred 95 km
to the north, rupturing the Savrun-Cardak segment of the secondary (northern) strand and the adjacent Dogansehir
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Figure 1. Seismo-Tectonic setting of the 2023 Tiirkiye earthquake doublet. (a) Plate dynamics and strong earthquakes in the
eastern Mediterranean. Colored dots show strong earthquakes (M > 6.0) from 600 BCE to 2022 CE (Tan, 2021; Tan

et al., 2008). DSFZ, Dead Sea Fault Zone; KTJ, Karliova Triple Junction. (b) Earthquakes in Eastern Anatolia. The brown
solid lines show the rupture traces of the earthquake doublet (Reitman et al., 2023). Beach balls represent earthquakes with
Mw > 4.5 from 1976 to 2023 (GCMT; https://www.globalcmt.org/). Ellipses show the historical rupture zones (Carena

et al., 2023). Gray solid lines show active fault traces (Zelenin et al., 2022). (c) Fault segmentation, aftershock distribution,
and city populations in the source area. Yellow dots indicate aftershocks with Mw > 1.5 four months after the mainshock
(Lomax, 2023). HTJ: Hatay Triple Junction.

fault zone (Figure 1c). Despite known seismic potential in SE Tiirkiye, the occurrence of two major earthquakes in
such spatio-temporal proximity was unexpected, causing over 60,000 fatalities and displacing millions (Carena
et al., 2023; Nalbant et al., 2002; STL, 2024).

The temporal proximity of the earthquake doublet is attributed to Coulomb stress loading from the Pazarcik
earthquake, which triggered the Elbistan earthquake decades early, following millennia of strain accumulation
(e.g., J. Chen et al., 2024; Jia et al., 2023). Fault slip rates are crucial for quantifying interseismic strain
accumulation; however, significant discrepancies persist among studies regarding slip partitioning between the
two strands of the EAFZ (e.g., Duman & Emre, 2013; He et al., 2023; Vavra et al., 2025). Following the
earthquake doublet, two different studies that investigated slip partitioning between the Pazarcik and Cardak
segments showed contrasting results: one derived slip rates of 4.6 £ 0.7 mm/yr and 3.9 £ 0.7 mm/yr (He
et al., 2023), while the other derived 8.0 + 0.5 mm/yr and 4.7 = 0.3 mm/yr (Vavra et al., 2025). Accordingly, He
et al. (2023) attributed the temporal clustering of the doublet to synchronized ruptures driven by long-term stress
interactions between the two strands. However, their inferred interseismic slip deficit fails to account for the
large coseismic slip. In contrast, Vavra et al. (2025) suggested that the slip deficit of the Pazarcik earthquake
was marginally smaller than its coseismic slip, potentially due to cascading ruptures facilitating the release of
residual stress, whereas the Elbistan earthquake exhibited moment balance. Notably, both geodetic estimates
deviate from the geological slip rates of 6.5-7.0 mm/yr and ~2.5 mm/yr for these segments (Duman &
Emre, 2013). The inconsistency in fault slip rates significantly impedes our understanding of the interseismic
kinematics along the EAFZ and the energy build-up process of this earthquake doublet.

The spatial proximity of this earthquake doublet arises from the coordinated interplay between fault strike var-
iations and ambient pre-stress heterogeneity (K. Chen et al., 2024). Intriguingly, the Siirgii segment, which
structurally links the ruptured segments of the earthquake doublet and experienced significant Coulomb stress
loading from the Pazarcik earthquake, remained seismically silent during the event (Jia et al., 2023). The un-
derlying controls on inhibiting cascading rupture between two strands during this earthquake doublet, and
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whether they could potentially generate catastrophic earthquakes through throughgoing rupture, remain
unresolved.

Here, we address these concerns by investigating the interseismic behavior of the EAFZ and its connection to the
earthquake doublet using geodetic data. First, we derive slip rates and coupling distribution along both strands
using dual-fault screw dislocation and Euler-vector-constrained block models. Next, we analyze the correlation
between cumulative slip deficit and coseismic slip. We then explore how pre-stress heterogeneity controls
cascading rupture across segments. Finally, we synthesize these results into a seismogenic framework for the
doublet and discuss implications for hazard assessment in complex tectonic zones.

2. Data and Methods
2.1. Reference Frame Unification of Geodetic Data

The dense GNSS network used in this study integrates three data sets: the velocity fields published by Ergintav
et al. (2023) and Kurt et al. (2023), along with additional campaign data from Ozkan et al. (2023) that extends the
geodetic network originally established by Mahmoud et al. (2013). All observations were collected before the
2020 Mw 6.8 Elaz1g earthquake, representing steady-state interseismic deformation. The velocity fields from
the other two studies are referenced to Kurt et al. (2023) by solving rotation parameters for velocity misfits at
common stations using a weighted least squares approach (Figure S1 in Supporting Information S1). The root-
mean-square (RMS) values of the post-transformation misfits are less than 1 mm/yr (Table S1 in Supporting
Information S1). The InSAR dataset used in this study is sourced from Weiss et al. (2020), spanning 2014 to 2019.
Line-of-sight (LOS) velocities within each track are tied to the GNSS reference frame through residual plane
fitting.

2.2. Screw Dislocation Modeling and Inversion

Fault slip rates can be estimated by constructing fault-perpendicular profiles using elastic half-space screw
dislocation models, assuming the modeled faults account for all surface deformation (Savage & Burford, 1973;
Weertman & Weertman, 1964). We integrate two screw dislocations to interpret surface deformation caused by
the two strands of the EAFZ. These dislocations independently resolve the distance to and deformation zone of
each strand, thereby accounting for spatial offsets and strike variations between the strands. The surface defor-
mation in LOS is formulated as:

, S _[(x=¢ Y o (x =&
Vloszavpar+bv za;tan I(T) b;tan 1( D >+C (1)

par
L L

Where V,,,, and V. denote the fault-parallel velocities of the main and secondary strands, respectively. S and Dy,
represent the slip rate and locking depth, while x denotes the perpendicular distance from the observation to the
main strand. ¢ is the deformation offset induced by the non-vertical fault geometry, expressed as ¢ = D; /tan(a),
where a represents the dip angle. Symbols with superscripts denote parameters associated with the secondary
strand. ¢ is a constant. a and b are coefficient matrices for INSAR geometric and fault-parallel component pro-
jections and deformation zone constraint:

a = sin(8)(cos(y) sin(a) — sin(y) cos(a))
2
b = psin(0) (cos(y) sin(a’) — sin(y) cos(a’))

where 0 and y are the incidence and heading angles. a and a’ are strikes of the main and secondary strands. p = 1
if the observation lies within the secondary strand's cross-section; otherwise p = 0 (Figure S2 in Supporting
Information S1).

We constructed two profiles: one spanning the Pazarcik and Cardak segments, and another crossing the Piitiirge
and Malatya segments (Figure 2a). The locking depths and fault dips are a priori constrained to avoid biases in
slip-rate estimates arising from their high sensitivity to near-fault data quality (See Text S1 in Supporting In-
formation S1). We adopted a Bayesian approach to perform nonlinear optimization estimation for the modeled
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Figure 2. Interseismic kinematics and pre-stress orientations along the EAFZ. (a) Slip rates derived from block modeling. Blue and red values represent fault-parallel and
fault-normal slip rates, with positive values indicating sinistral and extensional motion, respectively. Euler vectors for each block relative to the North Arabian Block are
listed in Table S2 of Supporting Information S1. (b) Slip rates derived from screw dislocation models. (c) Interseismic coupling along the EAFZ. (d) Superimposed
display of inter-seismic coupling, co-seismic slip, and aftershocks. (e) Pre-stress orientations derived from geodetic strain-rate tensors. The base map displays strain
rotation angles relative to the reference orientation along the Pazarcik segment. CCW, counterclockwise; CW, clockwise.

kinematic parameters (Foreman-Mackey et al., 2013). A priori ranges for fault slip-rates are set to 0—20 mm/yr.
The maximum a posteriori solution and uncertainty of the parameters are estimated after 10, 000, 000 iterations.

2.3. Block Modeling and Inversion

In northern SE Tiirkiye, block boundaries are clearly delineated by the EAFZ and Malatya fault due to their well-
defined structural traces and concentrated seismicity. The southern sector, however, contains scattered secondary
structures complicating boundary identification (Figure 1c). We therefore applied Euler-vector clustering, a data-
driven strategy applied to the microplate (e.g., Savage, 2018) and subblock (e.g., Xu & Stamps, 2019) geometry
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determination, to construct the regional block model (Qu et al., 2022; See Text S2 in Supporting Information S1).
The formed cluster boundaries encompassed the rupture traces of the doublet, dividing SE Tiirkiye into four
tectonic blocks (Figures S3 and S4 in Supporting Information S1).

We estimated kinematic parameters of the block-bounding faults using the Tdefnode package (McCaffrey
et al., 2007). To account for decreasing model resolution with depth, we divided the fault plane into four layers
and progressively increased the patch size as depth increases. Slip rates and coupling coefficients were inverted
using grid search and simulated annealing algorithms, with the optimal solution determined by minimizing the
reduced chi-square statistic.

2.4. Pre-Stress Orientation Estimation

For tectonic zones lacking sufficient background seismicity, such as the secondary strand of the EAFZ, using
geodetic strain-rate tensors to infer stress orientations serves as a viable alternative (K. Chen et al., 2024). We
calculated the principal strain rates across the EAFZ and its surroundings using the GNSS velocity field,
following the method of Shen et al. (2015). The continuous strain-rate tensor was inverted in a weighted least
squares framework by constructing a partial derivative design matrix. We estimated mean stress orientations
across nine fault segments spanning the main rupture zones of the earthquake doublet, to analyze correlations
between pre-stress conditions and coseismic rupture propagation (Figure S5 in Supporting Information S1).
Furthermore, using the stress orientation along the Pazarcik segment as a proxy for plate-boundary stresses, we
quantified regional rotation angles relative to the background stress field to identify potential local stress
heterogeneities.

3. Results
3.1. Fault Slip Rates, Coupling Distribution, and Strain Rate Field Along the EAFZ

The screw dislocation model determined slip rates of 8.59 + 0.08 mm/yr and 7.38 + 0.11 mm/yr for the Piitiirge
and Pazarcik segments of the main strand of the EAFZ, respectively, and 2.20 = 0.18 mm/yr for the Cardak
segment of the secondary strand (Figure 2b; See Figure S6 in Supporting Information S1 for fitting details).
Similarly, the block model estimated slip rates of 9.2 + 0.2 mm/yr and 6.3 = 0.2-6.7 £ 0.2 mm/yr for the Piitiirge
and Pazarcik segments, respectively, and 2.3 + 0.2-2.5 + 0.2 mm/yr for the Cardak segment (Figure 2a; See
Figures S7-S10 in Supporting Information S1 for fitting details). The slip rates of the Piitiirge segment derived
from both models are consistent with previous geodetic and geologic estimates of 8§-12 mm/yr (e.g.,
Herece, 2008; Vavra et al., 2025; Walters et al., 2014). However, our results for the Pazarcik and Cardak segments
show notable discrepancies with prior geodetic studies, that is, the slip rate of the Cardak segment is neither
negligible as suggested by single-fault models (e.g., Aktug et al., 2016; Ozkan et al., 2023) nor comparable to that
of the Pazarcik segment as proposed in the dual-fault model (He et al., 2023). Instead, our results agree better with
geologic estimates of 6.5-7.0 mm/yr for the Pazarcik segment and ~2.5 mm/yr for the Cardak segment (Duman &
Emre, 2013). The slip rate of 7.38 £ 0.11 mm/yr determined by the screw-dislocation model for the Pazarcik
segment is slightly higher than geological estimates, likely due to unmodeled secondary structures (e.g., the
Engizek fault) between the Pazarcik and Cardak segments (Duman & Emre, 2013).

Our block model further revealed a 3.0 + 0.3-3.6 & 0.4 mm/yr slip rate for the Siirgii segment, consistent with the
Holocene rate of ~3 mm/yr inferred from drainage network offsets (Figure 2a; Duman & Emre, 2013). Both the
screw dislocation (2.09 £ 0.42 mm/yr) and block (1.5 £ 0.3-2.3 + 0.5 mm/yr) models produced consistent
estimates for the Malatya fault, matching chronological surveys and recent seismicity (Figures 2a and 2b; e.g.,
Sancar et al., 2020). The block model also resolved fault-normal slip rates along the EAFZ (Figure 2a). The
Pazarcik segment shows ~1-3 mm/yr of shortening, while other rupture segments on the main strand are
dominated by extension, peaking at 1.8 = 0.3 mm/yr on the northern Amanos segment. Along the secondary
strand, the Cardak segment accommodates 0.8 + 0.3-1.2 &+ 0.4 mm/yr of shortening, whereas all other segments
show extensional motion. The western Siirgii segment shows normal faulting motion, consistent with field ob-
servations (Balkaya et al., 2023).

A prominent ~130 km creeping section was identified along the northern main EAFZ, consistent with previous
InSAR observations (Figure 2c; Bletery et al., 2020; Cakir et al., 2023). Locking depth increased southwestward,
reaching ~16 km along the central main strand, consistent with the 95% seismicity cutoff (Vavra et al., 2025).
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Figure 3. Slip partitioning between the Pazarcik and Cardak segments and slip-predictability of the Tiirkiye doublet. (a) Slip
rates from recent geodetic studies and this study. Geologic slip rates are from Duman and Emre (2013). (b) Comparison of
coseismic slip during the earthquake doublet with the slip deficit accumulated over the preceding interseismic period. The
parameter values are listed in Table S4 of Supporting Information S1. The gray, red, blue, and green curves represent the
rupture traces of the 2023 doublet, the 1114 event, the 1513 event, and the 1544/584 events, respectively (Carena et al., 2023;
Reitman et al., 2023).

Notably, the northern Amanos segment exhibited reduced coupling compared to its edges, consistent with the
location of maximum normal slip predicted by block model (Figure 2a). The secondary strand displayed deep
locking on the Cardak-Savrun segment but weak coupling on the Siirgii segment. Overlay of coseismic slip and
interseismic coupling on the seismogenic fault plane showed their first-order spatial correlation (Figure 2d; See
Text S3 and Figures S11-S15 in Supporting Information S1 for coseismic inversion details).

Strain-rate field analysis indicated remarkable consistency along the central segment of the main strand of the
EAFZ (Figure 2e). After bifurcating into two strands with ~30° strike separation near Celikhan, the EAFZ
maintained consistent principal strain-rate orientations along both the Erkenek segment of the main strand and the
Stirgii segment of the secondary strand. However, southwestward along the main strand, the principal strain-axes
underwent a ~20.6° counterclockwise rotation at the junction between the Pazarcik and Amanos segments.
Moving westward along the secondary strand, the strain-axes rotated ~27.8° clockwise near the middle of the
Cardak segment, reaching ~32° at its linkage with the Savrun segment. The locations of significant strain-axes
rotation coincided with structural bends on the main and secondary strands, both of which ruptured during the
earthquake doublet. Notably, while the Elbistan earthquake overcame the Nurhak bend to cascade into the Cardak
segment and Dogansehir fault zone, no strain-axes rotation was observed there. These results reveal pronounced
spatial heterogeneity in the pre-stress state both between and along the two strands of the EAFZ, despite their
close spatial proximity.

4. Discussion
4.1. Inter-Strand Slip Partitioning and Earthquake Recurrence Behavior of the EAFZ

To resolve inconsistencies in slip partitioning estimates between strands of the EAFZ, we evaluated differences in
modeling strategies across different geodetic studies (see Text S4, Table S3 and Figures S16-S18 in Supporting
Information S1 for details). Our analysis highlights the critical importance of incorporating secondary faults into
the model and optimizing the screw dislocation profile length (Figure S18 in Supporting Information S1).
Building on insights from these studies, our block and screw-dislocation models provided robust estimates of
inter-strand slip partitioning across the EAFZ, achieving high congruence with historical seismicity and
geological surveys (Figure 3a).

Comparing interseismic slip deficits with coseismic slip characterizes strain accumulation-release behavior,
defining slip-predictability that physically constrains earthquake magnitude prediction (Shimazaki &
Nakata, 1980). The historical rupture segments on the EAFZ's main strand have been well identified by recent
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multidisciplinary synthesis (Carena et al., 2023). However, the most recent rupture of the secondary strand re-
mains debated. Itis widely attributed to either the 1544 M6.7+ earthquake (e.g., Duman & Emre, 2013; Karabulut
et al., 2023; Stucchi et al., 2024) or the 584 M7+ event (e.g., Billi et al., 2024; Vavra et al., 2025). Both dates are
solely evidenced by historical records of town damage, with no independent geological validation (Ambra-
seys, 1975; Guidoboni et al., 1994).

For the Pazarcik earthquake, our analysis revealed that the accumulated interseismic strain on the rupture seg-
ments of the 1114 and 1513 events approximates the coseismic slip release during the 2023 event, consistent with
slip-predictable behavior. In contrast, the slip deficit accumulated on the Cardak segment since its last rupture
(either the 1544 or 584 event) is significantly lower than the coseismic slip of the Elbistan earthquake (Figure 3b).
Assuming 584 as the most recent rupture date, the discrepancy amounts to 4.67 + 2.35 m, which cannot be
explained by residual stress release and seismic Coulomb stress loading (See Text S5 in Supporting
Information S1).

Thus, a longer interseismic period appears necessary for the Cardak segment to produce such large coseismic slip.
Paleoseismic trenching indicates the last surface-rupturing event occurred between 3,215 + 125 BCE and
825 + 55 CE (Balkaya et al., 2023). By analyzing the slip rate and background stress perturbations, we con-
strained the timing of the last rupture to 837 BCE, which closely matches the median trench-derived age of 1195
BCE (Figure 3b). These results suggest that the last complete rupture of the Cardak segment likely predates 584
CE. To figure it out, comprehensive paleoseismic investigations are imperative. Moreover, any analysis
dependent on isolated documented records, whether for earthquake dating or magnitude inference, requires
careful consideration.

4.2. Control of Pre-Stress State on Rupture Propagation in the Earthquake Doublet

Large earthquakes require both long-term strain accumulation on faults and conditions enabling sustained rupture
propagation. For the 2023 doublet, their extensive ruptures were driven by dynamic stress interactions between
successive sub-events, geometrically favorable fault structures, and ambient pre-stress heterogeneity (e.g.,
K. Chen et al., 2024; Jia et al., 2023; Ren et al., 2024). At the Tiirkoglu bend of the EAFZ, we observed a strain-
rate rotation of ~20.6°, which matches the ~20° stress rotation inferred from historical focal mechanisms
(K. Chen et al., 2024). This consistency reconfirms that the geodetic strain-rate field can serve as a reliable
alternative for stress orientation along the EAFZ.

As proposed by K. Chen et al. (2024), the stress rotation at the Tiirkoglu bend adjusted the Amanos segment into a
failure-favorable orientation, thereby sustaining the rupture propagation of the Pazarcik event along the main
strand. Similarly, the ~27.8° clockwise rotation near Cardak explains how the secondary strand could generate
the large-stress-drop Elbistan event, despite its ~40° strike deviation from the plate boundary (Figure 2e). The
Siirgii segment remained seismically silent despite stress loading from the Pazarcik earthquake, attributable to its
low degree of coupling (Figures 2c and 2d). Alternatively, the rupture propagated to the stress-shielded
Dogangehir fault zone (Jia et al., 2023). We find that the regional stress rotation does not maintain the entire
Cardak-Siirgii structure in an optimally oriented configuration (Figure 2e). From the central Cardak segment to
the Siirgii segment, the angle between the maximum compressive stress and fault strike progressively increases,
showing enhanced consistency with the plate-boundary stress but deviating from rupture-favorable orientations.
In contrast, the Dogansehir fault zone not only aligns with the background stress but also parallels the main strand
of the EAFZ, implying similarly high instability as observed along the Erkenek and Pazarcik segments (Figure 2e;
K. Chen et al., 2024). Therefore, as dynamic weakening drove the Elbistan earthquake rupture through the Nurhak
bend, the favorable orientation of the Dogansehir fault zone to the ambient stress field further facilitated sustained
rupture propagation.

Paleoseismic investigations on the Cardak and Siirgii segments revealed distinct rupture chronologies, attribut-
able to the barrier effect of an intervening step-over zone (Balkaya et al., 2023). However, this structural obstacle
was successfully overcome before the rupture reached the Nurhak bend during the Elbistan event. We therefore
propose that the observed temporal discrepancy in rupture timing between the Cardak and Siirgii segments is
intrinsically controlled by stress field heterogeneity, which induces distinct rupture segmentation patterns. The
persistent rupture asynchrony may place the two segments at different stages of seismic cycles. For instance,
during the 2023 Elbistan earthquake, the Siirgii segment remains in a postseismic recovery phase following the
1986 Mw6.0 and MwS5.8 earthquake doublet (Balkaya et al., 2023).
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Figure 4. Plate interactions in the Anatolia-Arabia-Africa Junction. (a) Slip partitioning and kinematic boundaries;
Lithosphere structures along sections (b) EE’ and (c) FF’ (Delph et al., 2024). The white dashed line denotes the secondary
tectonic boundary identified via geodetic clustering, whereas the dark gray dashed line represents the plate boundaries
projected by Delph et al. (2024) for 3 Myr in the future. The pink and blue dashed lines represent the 4.4 and 4.2 km/s shear-
wave velocity contours at 40 km depth, respectively (Delph et al., 2017). The earthquake catalog for the Adana basin
subsurface is from Ergin et al. (2004). SCF, Siirgii-Cardak Fault; MF, Malatya Fault; OF, Osmaniye Fault; KF, Kozan Fault;
KOF, Karatag-Osmaniye Fault.

4.3. Tectonic and Seismic Hazard Implications for SE Tiirkiye

An unresolved question in regional tectonics is whether a triple junction exists near Tiirkoglu (e.g., Duman &
Emre, 2013; Ozkan et al., 2023; Yonlii et al., 2017). Some studies proposed that the EAFZ merges with the DSFZ
here, then propagates southwestward through the Amanos Mountains and connects with the Karatag-Osmaniye
fault. Recent geodetic evidence from a GNSS-constrained block model indicates sinistral motion of 3.3-4.5 mm/
yr along the southwest-extending structures (Ozkan et al., 2023). We adopt a strain-rate differencing strategy to
further investigate the active structures overlooked by our block model. Our analysis reveals pronounced strain
residuals localized around the Osmaniye fault, indicating its activity, yet with no spatial continuity to the EAFZ
(Figure S19 in Supporting Information S1). Furthermore, given the absence of significant aftershock clusters
triggered by the Pazarcik earthquake west of Tiirkoglu, the existence of a stable triple junction appears less
probable (Figure 1c).

In contrast, seismic tomography and crustal thickness across the Arabian-Anatolian convergent margin reveal
lithospheric mantle indentation into the rheologically weaker crust, thereby defining a broad deformation zone
(Delph et al., 2024; Karabulut et al., 2019; Figure 4a). The upper crust of the Arabian and Anatolian plates
converges along the main strand of the EAFZ, consistent with the primary tectonic boundary identified through
geodetic cluster analysis (Figure S4b in Supporting Information S1). At depth, the underthrusting of the strong
Arabian lithospheric mantle into the Anatolian plate extends northward to the Siirgii-Cardak segment and
westward to the central Adana Basin (Delph et al., 2024; Figure 4b). Secondary deformation boundaries are
consistent with the shear-wave velocity gradient and the Arabian mantle front boundary to first-order approxi-
mation, except for the eastward offset of the central Adana basin to the Karatas fault (Figure 4a). This offset is
attributed to a higher elastic strain accumulation rate on the Karatag fault than in the Adana basin, with the former
characterized by shallower hypocenters and more frequent, intense seismicity (Figures 1b and 4a; Ergin
et al., 2004). Furthermore, our findings revealed spatial correlations between stress field heterogeneities and the
crust-mantle architecture across the plate boundary (Figures 2a, 2e and 4). Under Arabian-Anatolian crustal
collision, the stress field exhibits uniformity along the EAFZ's main strand and the intraplate Dogangehir fault
zone. Conversely, the Siirgii-Cardak segment exhibits a clockwise rotation of stress orientation relative to the
background field, spatially coincident with the northward indentation of the deep, strong Arabian mantle.
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