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Abstract Aseismic slip has been observed on many active faults globally, but its controlling mechanisms
remain unclear. This study focuses on the NW-striking, left-lateral Katouna-Stamna Fault in Western Greece.
We use InSAR surface deformation measurements to confirm the presence of aseismic slip and compare this
behavior with structural evidence from field observations. We measure sharp velocity changes across the fault,
up to 2 mm/yr in the satellite's ascending and 4 mm/yr in the descending Line-Of-Sight. Kinematic modeling
indicates strike-slip rates of up to 19 + 1 mm/yr, with pure left-lateral slip in the south-central part of the fault
transitioning to oblique slip with a normal component in the north. Field data indicate a switch from WNW- to
NNW-directed transtension over time. Ductile gypsum deformation suggests that fluids and pressure-solution
creep could play a key role in the aseismic fault behavior.

Plain Language Summary The reason why some crustal faults creep slowly without causing
earthquakes is not fully understood. We use time-series of radar satellite imagery that monitor crustal motion with
millimeter-precision and show that the Katouna-Stamna Fault in Western Greece creeps with up to 19 mm/yr.
Numerical simulations confirm that the south-central part of the fault moves sideways, while the northern part
shows downward motion, leading to crustal extension. Signs of past movement (called striae) indicate that, over
time, the direction of movement has changed. One side of the fault consists of certain soft rocks (such as gypsum)
that deform in a slow and flowing way. We suggest that creep could be facilitated here by fluids in the crust.

1. Introduction

Recent advances in satellite-geodetic observation techniques have shown that faults can slip (or creep) slowly and
aseismically (Biirgmann, 2018), as well as rapidly, radiating seismic waves during earthquakes. Aseismic slip
occurs after large earthquakes (afterslip, e.g., Cakir et al., 2003; Perfettini et al., 2010), during slow-slip events
(e.g., Rousset et al., 2016) or precursory phase of large earthquakes (e.g., Socquet et al., 2017; Twardzik
et al., 2022), but may also persist over decades (Titus et al., 2006). In addition, aseismic slip modulates elastic
strain budget and acts as a barrier to propagation of large ruptures (e.g., Kaneko et al., 2010).

Aseismic slip has been described along continental faults (Jolivet & Frank, 2020), including the San Andreas
Fault, California (Steinbrugge et al., 1960), the North Anatolian Fault, Tiirkiye (Ambraseys, 1970), the Longi-
tudinal Valley Fault, Taiwan (Thomas, Avouac, Champenois, et al., 2014), and the Ilyak Fault in the Tajik Basin
(Metzger et al., 2021; Wilkinson et al., 2025). Physical mechanisms underlying occurrence of aseismic slip are
debated (Biirgmann, 2018). The frictional resistance of a fault gouge depends on slip velocity, and fault gouge
material can induce weakening or strengthening when slip velocity increases (Marone, 1998). Typically,
earthquakes are explained by velocity-weakening and aseismic slip by velocity-strengthening friction (Mar-
one, 1998), the latter potentially involving weak minerals (Moore & Rymer, 2007). Other mechanisms invoked to
explain slow, aseismic slip are pressure-solution creep, resulting in dissolution of minerals under stress and
viscous deformation of rocks (Gratier et al., 2011); large rupture nucleation size, preventing slip rates from
reaching dynamic speed (Ampuero & Rubin, 2008); fault geometry complexity (Cattania & Segall, 2021;
Romanet et al., 2018); and combination of friction and pressure-solution creep (Bos & Spiers, 2002). These
mechanisms are influenced by pressure, temperature, rock type and pore-fluid pressure (Biirgmann, 2018).

Observations of aseismic slip have increased since the launch of the Sentinel-1 mission, which allowed Inter-
ferometric Synthetic-Aperture Radar (InSAR) monitoring of tectonically active regions with high spatio-temporal
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resolution and millimeter-precision (e.g., Weiss et al., 2020). In combination with field mapping and structural
analysis, geodetic observations of aseismic slip allow identification of mechanisms responsible for such slow
fault slip (Thomas, Avouac, Gratier, & Lee, 2014). However, there is little direct evidence that a given rock type
controls slip behavior, aside from its mere presence along a creeping section. Along the San Andreas Fault, for
example, aseismic slip has been associated with the presence of ophiolites (Irwin & Barnes, 1975), but the
creeping section is not fully coated with such rocks, and slip rates strongly depend on friction and gouge structure
(Cox et al., 2021), calling for more scrutiny. By showcasing the Katouna-Stamna Fault (KSF) in Greece, we
provide evidence that evaporites could directly control nature of slip along this active structure.

Although located in western Greece (Figure 1), one of the most seismically active regions in Europe (Lammers
et al., 2023), the KSF is characterized by low seismicity, hence believed to slip aseismically (Pérouse et al., 2017).
The fault is embedded in an evaporite-rich environment, characterized mainly by gypsum and salt diapirs (Soto
et al., 2024). Experiments suggest that evaporites, particularly gypsum, are velocity-weakening and therefore
prone to generating earthquakes (Buijze et al., 2021; Ren, 2024). Contrary to these experiments, geodetic studies
find aseismic deformation of large evaporite bodies acting as décollement layers along thrust faults, for example,
on the Strophades islets in the Ionian Sea (Stiros, 2005) or in southern Zagros (Palano et al., 2018). These studies
emphasize importance of evaporites for aseismic slip on thrust faults, while the KSF and the Tajik Ilyak Fault
might be the first examples of similar relationships for strike-slip faulting.

We provide field-based structural observations and a fault slip model from interseismic InSAR rates to constrain
long- and short-term kinematics of the KSF. We reconstruct the tectonic evolution of the fault in its geodynamic
setting and discuss potential implications and mechanisms explaining aseismic slip on a potentially weakening
fault gouge.

2. The Katouna-Stamna Fault and the Ionian-Acarnania Block

The KSF is a 60-km-long, left-lateral transtensional fault system that runs from the Ambracian Gulf to the Patras
Gulf in Acarnania region, Western Greece (Figure 1; Basili et al., 2013; Caputo et al., 2012; Ganas et al., 2013;
Galanakis et al., 2025; Pérouse et al., 2017; Sboras et al., 2011).

The region has hosted intense seismic activity in the last 20 years (Lammers et al., 2023; Makropoulos
et al., 2012), including the 2008 M, 6.4 Movri earthquake (e.g., Papadopoulos et al., 2010; Serpetsidaki
et al., 2014), the 2014 M,,6.1/6.0 Cephalonia earthquakes (e.g., Karastathis et al., 2015; Sakkas et al., 2022), the
2015 M,,6.5 Lefkada earthquake (e.g., Melgar et al., 2017; Papadimitriou et al., 2017; Sakkas et al., 2022), and the
2018 M,,6.8 Zakynthos earthquake (e.g., Chousianitis & Konca, 2019; Karakostas et al., 2021; Papadopoulos
et al., 2020; Sakkas et al., 2022; Sokos et al., 2020). The KSF, however, shows a remarkable absence of
instrumental or historical earthquakes, with the only exception being a M,,5.3 event in 2014 along the northern
part of the KSF, whose focal mechanism is consistent with an ENE-dipping left-lateral fault (Figure 1; Dzie-
wonski et al., 1981; Godey et al., 2006; Lammers et al., 2023).

The geodynamic setting of the central-eastern Mediterranean (Figure 1a) is governed by anti-clockwise rotation
of Anatolia and consequent southwestward motion of the Aegean (relative to Europe), while subduction of the
oceanic-to-continental Adriatic lithosphere along the eastern Adriatic margin (e.g., Chiarabba et al., 2023;
Faccenna et al., 2014; Wortel & Spakman, 1992) results in fast oceanic subduction and Hellenic trench retreat to
the south (e.g., Catalano et al., 2001; Olive et al., 2014; Pearce et al., 2012) and slow subduction of continental
Apulia beneath Albanides-Hellenides to the north of our study region (e.g., D’Agostino et al., 2008; Arg-
nani, 2018; Louvari et al., 1999; Menichelli et al., 2025). The Cephalonia-Lefkada Transform Fault (CLTF), west
of Acarnania, roughly marks transition between these two subduction regimes (e.g., Haddad et al., 2020; Louvari
et al., 1999; Pérouse et al., 2017).

The KSF, the CLTF, the Movri-Amaliada Fault (MAF), and the subduction backstop front (Pérouse et al., 2017)
or other major tectonic structures (Haddad et al., 2020; Vassilakis et al., 2011) delimit an area of low strain and
low seismicity often referred to as the ’lonian-Acarnania Block’ (IAB in Figure 1; e.g., Haddad et al., 2020;
Pérouse et al., 2017; Vassilakis et al., 2011). The region experienced compression due to the advancing Alpine
fold-and-thrust belt and ongoing subduction, followed by extension along the Ambracian Gulf, Lake Trichonida,
Patras Gulf and Corinth Rift (Figure 1; Brooks et al., 1988; Underhill, 1989). The KSF connects the Trichonida
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Figure 1. (a) Tectonic map of the Aegean region, after Pérouse et al. (2017), with solid, dashed and dotted lines representing oceanic subduction, continental subduction,
and backstop front, respectively. (b) Seismotectonic map of the Ionian-Acarnania region. Continuous lines are fault traces, modified after Sboras et al. (2011); Caputo

et al. (2012); Basili et al. (2013). Black arrows are Eurasian-stable GNSS velocities with 26 confidence intervals (Kenyeres et al., 2019). Focal mechanisms of M, > 5
earthquakes 2005-2025 are from Dziewonski et al. (1981), white dots represent moderate seismicity over the same period (Lammers et al., 2023). Blue, orange and green
colors represent strike-slip, normal and thrust tectonics, respectively. White rectangles on panels (a, b) indicate extent of panels (b, c), respectively. (¢) Geological map of
Acarnania, after Soto et al. (2024). Blue arrows are GNSS velocities relative to the GNSS site shown with blue circle. (d) Structural cross-section across the Katouna-
Stamna Fault (KSF) along the profile marked with the gray line on panel (c). Key features include Cephalonia-Lefkada Transform Fault (CLTF), Movri-Amaliada Fault
(MAF), Ambracian Gulf (AG), Patras Gulf (PG), Lake Trichonida (LT), North Anatolian Fault (NAF), Corinth Rift (CR), Hellenic Subduction Zone (HSZ), Dinarides-
Hellenides (DH), Apulia Platform (AP), Katouna Fault (KF), Stamna Fault (SF), Loutraki Fault (LF) and Fyteies-Trifos Salt Wall (FTSW).

basin to the Ambracian Gulf and the Patras Gulf, with much of its eastern boundary lying within the hanging wall
of the north-dipping fault that bounds the Trichonida basin to the south (Figure 1).

The KSF is located in the external part of the Hellenides fold-and-thrust belt, in the Ionian Zone (Figure 1). The
Ionian Zone is composed of an Upper Triassic-to-Eocene carbonate sequence organized into three large WSW-
vergent thrust sheets, which are detached along underlying Triassic evaporites (Karakitsios & Rigakis, 2007; Soto
et al., 2024). Structural cross-sections indicate that evaporites reach depths of up to 10-15 km (Haslinger
etal., 1999; Soto et al., 2024; Tselentis et al., 2006). In the Ionian Zone, peculiar salt diapiric structures called *salt
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walls' are elongated sub-perpendicularly to the NE-SW-trending shortening direction (Soto et al., 2024). An
example is the Fyteies-Trifos Salt Wall (Figure 1), a thick NNW-trending salt wall that separates the Ambracian
Gulf from the Patras Gulf and is bound to the east by the KSF for most of its length (Soto et al., 2024). Nearby
wells show evaporites up to at least 4,500 m depth (Soto et al., 2024).

The KSF is separated into two main segments (Figure 1): the Katouna Fault (KF) in the north, continuing to the
northwest along the strain-releasing Loutraki Fault (LF), and the Stamna Fault (SF) in the south (Pérouse
etal., 2017). The KSF exhibits geological slip-rates exceeding 4 mm/yr, based on a Quaternary alluvial fan offset
dated through cosmic ray-exposure, while geodetic slip-rates of 10—13 mm/yr were inferred from Global Nav-
igation Satellite System (GNSS) time-series (Bufféral et al., 2026; Pérouse et al., 2017). Based on a distinct rate
change across the fault observed in the GNSS velocity field (Figure 1), Pérouse et al. (2017) proposed that the
KSF releases strain aseismically.

3. Geologic and Geodetic Evidence for Aseismic Slip

We examine geological motion across the KSF using field evidence and structural analysis. We then constrain
short-term geodetic motion by combining published GNSS velocity fields with InSAR velocity maps acquired in
two different viewing geometries. We infer a distributed slip model and compare short-term slip-rates with
geological observations.

3.1. Field Data Collection and Processing
3.1.1. Methods

We performed structural mapping along the KSF to define the geometry of the fault and its kinematics (Figure S1
and Tables S1-S13 in Supporting Information S1). We systematically measured fault strike and dip; when striae
were present, we measured their pitch (rake), and, in case of multiple generations of striae, we determined relative
timing of formation through cross-cutting relationships. In addition, we mapped morphotectonic evidence of active
tectonics, and lithological observations allowed for interpretation of deformation processes related to aseismic slip.

3.1.2. Results

The KSF trace is highly segmented (Figure 2). The northernmost part of the fault, the LF, is characterized by a
clear E-W-striking strain-releasing bend. Between Loutraki and Katouna, the northern KF (nKF) displays a series
of left-stepping NW-SE-striking strands. Between Katouna and Fyteies, the central KF (cKF) forms a local
transtensional domain marked by the presence of Lake Amvrakia. In its southern section, between Fyteies and
Stamna, the southern KF (sKF) branches into several strands linked to Lake Ozeros. To the south, the Stamna
Fault (SF) shows even more branching and a less-prominent topographic expression.

Throughout its length, the KSF cuts through carbonates, mainly limestone, in the north, and evaporites, mainly
gypsum, in the south (Figures 1, 2¢, and 2d). In numerous evaporite outcrops, evidence of ductile deformation
includes rocks with shear-related foliation and sheath folds. The abundance of veins, with some cm-size euhedral
calcite crystals, indicates significant fluid circulation and overpressure (Chen et al., 2025; Hadizadeh et al., 2024).

On exposed limestone slickensides, up to two generations of striae can be clearly distinguished (Figure 2). On the
LF, sub-vertical striae are cross-cut by sub-horizontal ones (Figure 2; stereonet 1), implying a switch from NNW-
directed extension to E-W conjugate movement with respect to the main KSF. The nKF displays sub-horizontal
striae cross-cut by more oblique ones (Figure 2; stereonet 2), indicating a switch from pure strike-slip to oblique-
slip motion. Along the cKF, a NNW-striking slickenside shows large sub-horizontal grooves with dm-wavelength
overprinted by more oblique cm-size striations with ~345° azimuth (Figures 2a and 2b; stereonet 3), consistent
with a change from pure strike-slip motion to oblique-slip motion. To the south, a smaller WNW-striking splay
shows WNW-ESE sub-horizontal striae cross-cut by SW-trending ones (Figure 2; stereonet 4), possibly implying
that the plane formed as a conjugate Riedel plane switching from strike-slip to dip-slip motion in a releasing bend.
Striations on other step-overs show oblique-slip motion along fault planes, with ~330° azimuth (Figure 2;
stereonets 5—-6). Fault planes along the sKF become less clear, and their striations do not show cross-cutting
relationships (Figure 2; stereonets 7—11). In this part of the fault, striae with inconsistent kinematics can be
observed within short distance. Low-quality outcrops characterize the SF, which lacks clear kinematic indicators
(Figure 2; stereonets 12—-13).
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Figure 2. Map with stereonets and trend of striations. Arrows represent striae color-coded by relative age (I generation if older, II generation if younger).
Undifferentiated striations represent an unresolved population. Solid and dashed lines represent confirmed and inferred fault traces, respectively. Towns/villages are
Loutraki (L), Katouna (K), Fyteies (F) and Stamna (S). The black dashed rectangle east of Katouna indicates extent of zoomed-in panel in upper right corner. Key
features include Loutraki Fault (LF), northern Katouna Fault (nKF), central Katouna Fault (cKF), southern Katouna Fault (sKF), Stamna Fault (SF), Lake Amvrakia
(LA) and Lake Ozeros (LO). Blue squares in zoomed-in panel represent locations of field photos, showing (a) drone image of fault plane with (b) cross-cutting striae
indicating transition from nearly pure left-lateral (in blue) to oblique normal left-lateral slip (in orange), (c) ductile flow of gypsum around dolostone layers and

(d) gypsum-rich ductile deformation with shear-related foliation.

Opverall, structural observations indicate a first kinematic regime dominated by strike-slip motion along the KSF
overprinted by transtensional kinematics, favoring oblique slip within a roughly N-S-oriented extensional stress
field.

3.2. Surface Motion From Satellite Geodesy
3.2.1. Methods

To constrain the deformation rates across the KSF in detail, we combine several published GNSS velocity fields
of the region with full-coverage InSAR rate maps acquired in two view directions.
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Figure 3. Top Panels: Ascending and descending InSAR LOS velocity maps of Sentinel-1 radar imagery 2016-2022. Higher values indicate motion toward the satellite.
Black arrows mark horizontal GNSS velocities relative to the GNSS site shown with a blue circle (Floyd et al., 2010; Kenyeres et al., 2019; Serpelloni et al., 2022),
colored dots represent GNSS LOS velocities. Solid lines mark the Katouna-Stamna Fault (KSF) and secondary faults after Sboras et al. (2011); Caputo et al. (2012);
Basili et al. (2013) and our mapping. Key features include Loutraki Fault (LF) and Lake Trichonida (LT). Towns/villages abbreviated as in Figure 2. Bottom panels:
Ascending (green) and descending (orange) fault-perpendicular LOS rates on profiles AA’ and BB’ as marked in top panels. Dashed lines mark the KSF and a potential

secondary fault (?).

We combine the horizontal GNSS velocity fields of Kenyeres et al. (2019), Serpelloni et al. (2022), and Floyd
et al. (2010), using a Helmert transformation in the European Terrestrial Reference System 2000 (Boucher
et al., 2004; Helmert, 1876). This solution alignment is based on 50 common sites in Greece with a resulting
adjustment of solutions precise down to 1 mm/yr.

InSAR time-series were built from Sentinel-1 radar imagery acquired from 2016 to 2022 on ascending track 80
and descending track 175 (Gomba et al., 2024). We use a persistent and distributed scatterer approach with
inversion of full-covariance matrices to avoid potential biases due to misclosure in vegetated areas (Ansari
et al., 2017; Gonzalez et al., 2013; Plattner et al., 2022). Processing includes corrections for ionospheric effects,
solid-earth tides, and tropospheric delays (Cong, 2014; Cong et al., 2018; Gonzalez et al., 2018), and unwrapping
of interferometric phase in time and space. Line-Of-Sight (LOS) velocities are inferred from ascending and
descending displacement time-series (Figures S2—S4 in Supporting Information S1 and Supporting Informations
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Figure 4. Distributed slip model for strike-slip (top) and dip-slip (bottom) components. Rectangles extending the fault
laterally and toward depth account for boundary effects. Dashed circle with °*?” marks a potentially locked patch. The
predominant lithologies along the KSF trace reported above the top plot are after Soto et al. (2024). Towns/villages
abbreviated as in Figure 2.

S2 and S3) accounting for seasonal signals. Finally, we reference the LOS velocity maps to the GNSS reference
frame by removing an offset between the GNSS velocities projected in LOS and the InSAR LOS velocities
averaged within 1-km-radius of each GNSS site (Metzger et al., 2021). The final accuracy of this adjustment is
1 mm/yr.

From the LOS velocity maps we extract cross-fault profiles every 250 m (e.g., Figure 3) and, where possible,
calculate the velocity difference across the fault to estimate surface slip-rates and uncertainties (Figure S5 in
Supporting Information S1). Standard deviations in inferred LOS velocities are below 1 mm/yr. Since the fault
strike is almost parallel to the satellite's ascending flight direction, ascending track data are less sensitive to fault-
parallel motion than descending ones.

3.2.2. Results

The deformation signal is clearly visible in the InSAR data across the KSF and to a lesser extent across Lake
Trichonida; however, no deformation differences are observable across the LF due to its proximity to coastline
(Figure 3). Across the KSF, descending LOS velocities show a sharp decay of up to 4 mm/yr over a distance of
<1 km, while ascending LOS rates increase by up to 2 mm/yr over the same distance, indicative of shallow
locking or aseismic slip at the surface (e.g., Jolivet et al., 2012; Jolivet et al., 2023). The offset sign change
between the two LOS velocity fields indicates primarily horizontal motion, except for the northernmost section
(Figure S5 in Supporting Information S1).

A second rate change of ~2 mm/yr in both LOS highlights a secondary active fault branch ~7 km west of the nKF
(Figure 3). To the southeast, velocity difference could not be directly calculated from profiles as resolvable
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velocity gradients are sparse and InSAR-derived deformation patterns may be influenced by ~N-S-extension
across Lake Trichonida.

3.3. Distributed Slip-Rate Modeling
3.3.1. Methods

We use the Classic Slip Inversion (CSI) library (Jolivet et al., 2015) to infer slip-rates at depth. To reduce
computational costs and avoid data redundancy, we downsample ascending and descending LOS InSAR velocity
maps using a quadtree-based approach, masking out pixels closer than 1 km from the fault trace to avoid aver-
aging motion across the fault (Lohman & Simons, 2005). We evaluate covariance of each data set by estimating
exponential covariance functions (Figure S6 in Supporting Information S1) in an area far from the fault (Sudhaus
& Jonsson, 2009). We restrict our data set to 12 GNSS sites near the KSF (Figure S1 and Table S14 in Supporting
Information S1).

We project the fault at depth assuming a 75° dip toward the ENE, in agreement with field measurements, and use a
slightly updated fault trace from Sboras et al. (2011); Caputo et al. (2012); Basili et al. (2013). We discretize the
fault plane into triangles with depth-dependent size from <1 km? to >17 km? (Figure S7 in Supporting Infor-
mation S1) using DistMesh (Persson & Strang, 2004). Below 15 km (brittle-ductile transition) we apply uniform
motion on an infinitely deep dislocation (Savage & Burford, 1973) on a 65° ENE-dipping plane in agreement with
the moment tensor solution of the M,,5.3 event in 2014. We expand our fault segment along-strike with auxiliary
rectangular patches to account for edge effects. Slip at the bottom of our fault are equal to those of the infinite
auxiliary segment at depth. The Green's functions relate unit slip on the segments to surface displacement
assuming a stratified elastic half-space (Zhu & Rivera, 2002). For the shallow section of the KSF we use linear
interpolating Green's functions tied to nodes of the triangular fault mesh and a piecewise constant slip distribution
on each rectangular element of the model (Jolivet et al., 2023). Additional parameters minimize the offsets be-
tween InSAR and GNSS observations.

We use a Bayesian approach (Bayes, 1958) and chose uninformative uniform priors (e.g., 0-25 mm/yr for slip-
rate). A Gaussian likelihood function accounts for data and epistemic uncertainties (Jolivet et al., 2023). The
AlTar sampler draws 60,000 posterior samples and explores the model parameter space without explicit
smoothing.

3.3.2. Results

The posterior probability density function resembles a normal distribution (Figure S8 in Supporting Informa-
tion S1) with mean slip varying along strike and dip (Figure 4). Uncertainties are roughly constant, around 7 mm/yr
(Figure S9 in Supporting Information S1). Aseismic slip extends to the surface and increases toward depth (Figure
S10 in Supporting Information S1). Our preferred model exhibits strike-slip rates of 19 + 1 mm/yr on the deep part
of the fault (15 km depth). At 10 km depth, the fault slips at 13 £ 7 mm/yr in its southern and 15 £ 7 mm/yr in its
central part, while in the northern part the KSF appears locked with uncertainties larger than slip values. At 5 km
depth, strike-slip rates reach 11 + 7 mm/yr in the southern part, 12 £ 7 mm/yr in the central part and 7 £ 6 mm/yr in
the northern part. Significant dip-slip is only visible in the northern part, reaching 5 + 4 mm/yr at intermediate depth
and 10 = 7 mm/yr at deeper depths. At the surface, strike-slip rate reaches up to 13 £ 5 mm/yr in the southern part,
10 £ 2 mm/yr in the central part, and 2 + 1 mm/yr in the northern part, with 3 + 1 mm/yr of dip-slip in the northern
part. Thus, pure sinistral shear in the south-central part transitions to oblique normal motion in the northern part.
The only potentially locked patch at depth is located in the northern part of the KSF, corresponding to the area where
the fault mainly crosses carbonates instead of evaporites (Soto et al., 2024).

4. Discussion
4.1. Fault Model Uncertainty

Our model shows a good data fit, with Root-Mean-Square misfit between observations and predictions of 4 mm/
yr. GNSS residuals are highest at the northern end of the fault (Figure S11 and Table S15 in Supporting Infor-
mation S1), where InSAR residuals are rather small (Figures S12 and S13 in Supporting Information S1). This
discrepancy may arise from variable data coverage. In the south, the GNSS network is denser than in the north,
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whereas InSAR data are more sparse. Note that only horizontal GNSS rates have been included in the model,
which are almost insensitive to the dip-slip component in the north.

The change from evaporites to carbonates across and along the fault implies a variation of elastic properties,
possibly including ductile deformation, which our model does not account for. Poor fit in the northwest and
southeast of the InSAR rate maps could result from unmodeled deformation of the CLTF and extension across
Lake Trichonida (Figure 3), respectively.

Previous studies suggest a uniform strike-slip rate of 10-13 mm/yr (Bufféral et al., 2026; Pérouse et al., 2017).
Our model exhibits variable slip-rates, with rapid strike-slip motion of up to 13 £ 5 mm/yr near the surface in the
south-central part and more oblique-slip motion in the northern part, as expected from our observations (Figures
S5 and S12 in Supporting Information S1). At intermediate depths, our model suggests strike-slip rates of up to
15 £ 7 mm/yr in the south-central part, and a locked patch to the north (Figure 4), which corresponds to location of
the 2014 M,,5.3 earthquake (Godey et al., 2006). The significant difference from previously published rates most
likely arises from data coverage, as our data provide dense coverage of the whole area, whereas previous studies
were limited only to a GNSS network (Bufféral et al., 2026; Pérouse et al., 2017).

4.2. Geological Versus Satellite-Geodetic Observations

The KSF surface trace is more localized and prominent in the north than in the south. This could result from:
lithological contrast, as carbonates in the north build more pronounced geomorphic expression than evaporites
and loose sediments in the south; oblique slip in the north favoring larger fault scarps than lateral slip to the south,
in agreement with the increased normal component to the north in our kinematic model; lower fault maturity in the
south, supported by inconsistent kinematic indicators and higher segmentation; or a combined effect of litho-
logical contrast, fault kinematics, and maturity.

The KSF trace segmentation observed in the field is not entirely reflected in the InSAR rates. This may be related
to observational data gaps, such as cultivated areas, as well as to spatial resolution of InSAR rates.

Geological observations provide information on fault kinematic evolution over time. The younger generation of
NNW-trending striae shows mostly oblique-slip motion with dominant strike-slip component, in agreement with
geodetic observations. This indicates that geological kinematic regime under which they formed may be recent
and possibly still in place. However, WNW-trending striae of unknown age disagree with geodetic observations
and might be related to older fault activity.

The KSF could provide information on the regional kinematic evolution. The CLTF probably formed at 8-6
(Royden & Papanikolaou, 2011) to 5-3 (Crosetto et al., 2025) Ma, either through differential slab rollback driven
by along-strike variations in slab buoyancy (Royden & Papanikolaou, 2011), or by westward propagation of the
North Anatolian Fault into the Aegean region (Papanikolaou & Royden, 2007). The second scenario would
involve a progressive onset of deformation from the North Anatolian Fault to the CLTF through active rifts and
the KSF (Vassilakis et al., 2011). However, the Late Pliocene age of the oldest sediments underlying the
Ambracian and Trichonida grabens (Vassilakis et al., 2011) suggests that the KSF transtensional system formed
after the CLTF, which challenges the North Anatolian Fault westward propagation theory.

The switch from WNW- to NNW-motion along the KSF, indicated by our structural data, could be related to the
KSF initial role as strike-slip link between grabens, driven by extension along the Corinth Rift at 3—4 Ma
(L. Jolivet et al., 2013) and later transferred to the Patras Gulf, Lake Trichonida and Ambracian Gulf (Brooks
et al., 1988; Tranos et al., 2020; Underhill, 1989). Progressive segmentation in this area, facilitated by the
presence of evaporites, could then lead to slip partitioning from the KSF toward the basins, favoring a more
transtensional regime and culminating in present-day kinematics depicted by our InSAR data.

4.3. Drivers of Aseismic Slip

Currently, there are few reported cases of aseismic slip along strike-slip faults hosted in evaporite-rich sequences,
another example being the Ilyak Fault in the Tajik Basin (Metzger et al., 2021; Wilkinson et al., 2025). Similarly
to Western Greece, the Tajik Basin has been affected by compression and salt tectonics, resulting in active salt
structures (Metzger et al., 2021) with evaporite-rich layers favoring aseismic slip on the Ilyak Fault (Wilkinson
et al., 2025). This consistency would support a more general interpretation that evaporite-rich shear zones may
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systematically promote aseismic slip, but additional factors, such as fluids or stress regime, might also play a role.
From our observations, limited to the surface, the presence of evaporites appears crucial. Although structural
cross-sections suggest that evaporites can reach depths of up to 15 km, available nearby wells are not deep enough
to provide direct evidence for evaporites below 5 km depth (Soto et al., 2024). Haslinger et al. (1999) find high
seismic velocities at seismogenic depths in the northern part of the KSF and low velocities in its south-central part,
velocity anomalies that correlate with our aseismic slip distribution and could be interpreted as either the presence
of evaporites or fluids.

Aseismic slip is commonly associated with the presence of velocity-strengthening materials (Moore &
Rymer, 2007). However, dominant lithology along the KSF is gypsum, characterized by velocity-weakening
properties (Buijze et al., 2021; Ren, 2024), suggesting that not all creeping faults are necessarily made of
velocity-strengthening materials.

Another explanation for aseismic slip along the KSF could be widespread fluid circulation, as indicated by
abundant veins we observed along the fault. Elevated pore-fluid pressure is known to stabilize slip either by
reducing effective normal stress and, consequently, increasing nucleation size, preventing slip from reaching
seismic velocities (Ampuero & Rubin, 2008), or by dilatant strengthening (Segall et al., 2010). Furthermore,
while frictional behavior of anhydrite-dolomite fault gouges is velocity-weakening in dry samples, its behavior
becomes velocity-strengthening in wet samples (Pluymakers et al., 2016). The hypothesis of large fluid circu-
lation seems plausible given the location of the KSF between rift systems and possibly above a subduction zone
(Bocchini et al., 2018). Fluids could also originate from dehydration of gypsum, causing aseismic slip by pore-
fluid pressure build-up due to low permeability (Leclere et al., 2016).

Ductile deformation at shallow depth resulting from interactions between evaporites and fluids may also be
involved. Although dry gypsum does not display aseismic behavior on its own, pressure-solution creep has been
described in wet gypsum (de Meer & Spiers, 1997). While in brittle regime salt shows fast and regular stick-slip
motion with velocity-weakening behavior, in semi-brittle regime it shows slower slip and smaller stress drops
with velocity-strengthening behavior (Hirauchi et al., 2020). Experiments of ductile shear within evaporite-
bearing rocks suggest that slip may reach rates compatible with those observed along active faults (de Meer &
Spiers, 1997). Pressure-solution creep is facilitated by high solubility of evaporites and the presence of fluids, and
could explain ductile deformation, abundant veining, and correlation between evaporites and aseismic slip
(Figures 2 and 4). Pressure solution is slower between identical minerals due to healed boundaries, but faster
between different minerals, notably halite and calcite (Zubtsov et al., 2004), which would explain why defor-
mation localizes along the contact between evaporites and carbonates, possibly on both sides of the salt wall. In
addition, pressure-solution creep has been reported in the gouge of other creeping faults, that is, the San Andreas
Fault (Gratier et al., 2011), the North Anatolian Fault (Kaduri et al., 2019), and the Longitudinal Valley Fault
(Thomas, Avouac, Gratier, & Lee, 2014). Effectively, aseismic slip could result from a combination of frictional
sliding and pressure-solution creep (Bos & Spiers, 2002). Regardless of underlying mechanism, fluids seem to
play a crucial role in aseismic slip along the KSF.

In conclusion, based on available evidence, both ductile deformation of evaporites and fluid overpressure (or a
combination of the two) could explain aseismic slip along the KSF.

5. Conclusions

By combining geological fieldwork with geodetic displacement rates and slip modeling, we find evidence of
oblique aseismic slip along the KSF. The kinematic consistency between geological record and modern geodetic
observations suggests long-lived aseismic slip along the KSF, likely facilitated by subsurface evaporites.

Aseismic slip of the KSF occurs in velocity-weakening materials and may be driven by fluids interacting with
evaporites, as suggested by abundant veins and ductile deformation. Future work will require absolute dating of
the KSF activity and further investigation of fluid circulation in this area.
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