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ABSTRACT:

Akinei, A.C., Unliigeng, U.C., Giineyli, H., Altunel, E., O¢giin, A.G. and Adhg, 1. 2026. Morphotectonic and
structural signatures of the Savrun Fault: implications for Its Neogene evolution (SE Turkey). Acta Geologica
Polonica, 76 (2), €76.

The destructive earthquakes of February 6, 2023 in southern Turkey renewed scientific interest in neighboring
fault systems whose late-stage tectonic histories remain poorly constrained. One such structure is the Savrun
Fault, located northeast of Adana and southwest of the Siirgii-Cardak Fault. This study investigates the tectonic
character and Neogene to Quaternary evolution of the Savrun Fault through an integrated approach that com-
bines field observations, lithostratigraphic relationships, morphotectonic indices and GIS-based remote-sensing
analyses. The fault extends from Kozan toward Goksun and exhibits well-developed structural elements, in-
cluding fault planes, fracture systems and associated deformation within Lower to Middle Miocene sedimen-
tary units. In contrast, overlying Quaternary colluvial and alluvial deposits show no evidence of displacement
or disruption. Morphotectonic indices (Smf, SL, HI, Af, Vf) reveal localized landscape modification, yet the
undisturbed nature of young fluvial and alluvial units indicates that the fault has not experienced documented
reactivation during the Quaternary. Despite its close spatial relationship to the seismically active Siirgii-Cardak
Fault, the Savrun Fault lacks geomorphic or stratigraphic indicators of late-stage slip. Its southern segment,
particularly near the Bagdas Plateau, is interpreted as a transpressional zone that likely ceased motion during
the Middle to Late Miocene. These combined observations suggest that, although structurally prominent, the
Savrun Fault plays no measurable role in present-day deformation. The refined tectonic interpretation presented
here contributes to a clearer understanding of fault architecture and Neogene landscape evolution in the central
Amanos-Goksun region.

Key words: Savrun Fault; Southeast Anatolia; Neogene tectonics; Morphotectonic analysis;
Structural geology.

INTRODUCTION

The Savrun Fault (SF), located along the north-
eastern margin of the Adana Basin in southeastern
Turkey, occupies a tectonically sensitive position be-
tween the Central Tauride units and the Miocene—

Quaternary basin infill (Text-fig. 1). Although pre-
viously regarded as a morphotectonic lincament
with uncertain late-stage deformation (Pampal 1983;
Emre et al. 2013; Giirboga 2025), the destructive
carthquakes of 6 February 2023 (Mw 7.8 and Mw 7.6)
(AFAD 2023, 2024; KRDAE 2023) have renewed
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Fig. 1. DEM-based shaded-relief topographic map of the Savrun Fault Zone showing the full extent of the Savrun Fault and surrounding geo-

morphology. The main fault trace and other active faults are compiled from the Active Fault Map of Turkey (MTA, 2023). Major settlements

and geographic features, including Kozan and Goksun, are indicated to provide spatial context. Elevation and hillshade are derived from

high-resolution ALOS 12.5 m DEM data. The inset map illustrates the regional neotectonic framework of Anatolia and adjacent regions, high-

lighting major fault systems and plate boundaries, with the study area outlined in red. Fault abbreviations: NAFZ: North Anatolian Fault Zone;

EAFZ: East Anatolian Fault Zone; CFZ: Siirgii-Cardak Fault Zone; SF: Savrun Fault; EFZ: Ecemis Fault Zone; TGF: Tuzgoli Fault; WAFZ:
Western Anatolian Fault Zone.
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scientific attention on the broader fault architecture
of the region.

In the weeks and months following the 2023
mainshocks, thousands of aftershocks were recorded
across southeastern Anatolia, some occurring in the
vicinity of the Savrun Fault (AFAD 2023). This wide-
spread seismicity highlighted the need to better un-
derstand the structural configuration and Neogene—
Quaternary evolution of neighboring faults.

The structural relationship between the Savrun
and Cardak faults is of particular interest. The
Savrun Fault emerges immediately south of the point
where the surface rupture of the Cardak Fault, which
hosted the afternoon Mw 7.6 Elbistan earthquake
of the February 6, 2023 doublet, terminates near
the village of Aslanbeygiftligi, then bends sharply
southward and extends toward the northern margin
of the Miocene Adana Basin along a SW-NE trend
(Unliigeng 1993) (Text-fig. 1). This abrupt change in
orientation raises the possibility of past kinematic
linkage between the two systems and suggests that
the Savrun Fault may once have accommodated
regional strain transfer. However, its present-day
tectonic activity remains poorly constrained. The
~85 km long Cardak Fault extends between Nurhak
and Goksun with a broadly east-west, concave geom-
etry. Near Ericek, the fault exhibits a right-stepping
arrangement across a ~500-m-wide relay zone before
curving southwestward and linking with the NE-
SW-trending Savrun Fault (Ko¢ 2005; Sunkar et al.
2008; Ko¢ and Kaymake1 2013; Balkaya et al. 2021).
Although several studies, most notably Koc¢ (2005),
Sunkar et al. (2008), and Ko¢ and Kaymake1 (2013),
interpret the combined Siirgii-Cardak Fault Zone as
a dominantly dextral strike-slip system with local
reverse components, broader regional assessments
emphasize a predominantly sinistral character in line
with the kinematics of the East Anatolian Fault Zone.
The 2023 Elbistan earthquake (Mw 7.6), however,
produced ~4 m of left-lateral displacement along the
Cardak segment, clearly demonstrating both its ac-
tive seismogenic behavior and the inherently com-
plex, multi-component slip kinematics of the system
(Akinct and Unliigeng 2023).

The Savrun Fault is shown in national-scale com-
pilations of the Turkish Active Fault Map (Text-fig. 1;
Emre et al. 2013, 2018); however, its recent activity
and neotectonic significance have been interpreted
differently in the literature. To address this issue, we
integrate field-based geological and structural obser-
vations with geomorphic analysis using high-resolu-
tion topography and satellite imagery. Quantitative
morphometric indices (e.g., SL, Smf, V£, Af, HI) are

employed to evaluate landscape response to tecton-
ics, while reconnaissance-scale paleoseismic inves-
tigations provide additional constraints on possible
Quaternary deformation (Bull and McFadden 1977,
Keller and Pinter 2002; Burbank and Anderson
2012). This multidisciplinary approach allows us to
distinguish inherited morphological features from
indicators of active faulting.

Previous studies have described fault-related
landforms such as linear valleys, deflected streams,
and fault breccias within Miocene units (Unliigeng
et al. 2011; Unliigeng and Akinci 2019). However,
evidence of deformation in younger Quaternary de-
posits, including alluvial fans and river terraces, re-
mains absent or inconclusive. This discrepancy has
generated uncertainty over whether the Savrun Fault
has been tectonically active during the Holocene.
Clarifying this issue is critical for refining seismic
hazard assessments in a region recently impacted by
major earthquakes.

This study provides one of the first multidis-
ciplinary evaluations of the tectonic activity of a
structurally significant fault situated within a zone
of recent large earthquakes and ongoing public
concern. By differentiating inherited morphologic
signals from indicators of active deformation, the
results contribute to improved seismic hazard as-
sessments and emphasize the importance of reeval-
uating “silent” faults in post-earthquake risk map-
ping efforts.

In this study, the terms inactive, quiescent, non-
reactivated, and lacking neotectonic activity are
used within a clearly defined temporal and meth-
odological framework and are not intended as in-
terchangeable expressions. Here, the neotectonic
period is considered to encompass Late Pleistocene
to Holocene deformation (approximately post-MIS
5), consistent with regional neotectonic definitions
proposed for southern Anatolia and Turkey (Bozkurt
2001; Sengor et al. 2005). Accordingly, the term “in-
active” refers specifically to the absence of demon-
strable Late Pleistocene—Holocene surface deforma-
tion, rather than to the complete cessation of fault
motion since the Miocene. In this context, inactiv-
ity denotes the lack of observable surface rupture,
measurable displacement, or geomorphic expression
within Quaternary deposits at the scale and reso-
lution of the applied geological, geomorphic, and
remote sensing datasets (Keller and Pinter 2002).
All statements regarding fault activity or inactivity
should therefore be understood as constrained by
this temporal window and by the detection limits of
the methods employed.
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GEOLOGICAL AND TECTONIC SETTING OF
THE REGION

While paleoseismological investigations com-
monly emphasize fault morphology and recent tec-
tonic activity, evaluation of the Savrun Fault Zone
(SFZ) requires consideration of its broader geological
framework. The SFZ lies within a structurally com-
plex region comprising Paleozoic to Neogene lith-
ological units that record multiple tectonic phases.
Consequently, interpretation of fault geometry, ki-
nematics, and possible activity must be grounded in
the regional stratigraphic and structural architecture
(Westaway 2003, 2004; Ko¢ and Kaymake¢r 2013;
Unliigeng and Akinci 2018). Previous studies have
provided only limited constraints on the detailed
structural evolution of the fault system. The SFZ and
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its surroundings, located within the Eastern Taurus
Mountains, evolved under a highly complex tectonic
regime within the broader geodynamic framework of
southeastern Turkey (Ozgiil et al. 1972; Ozgiil 1976;
Ozdogan and Sahbaz 1993; Ozgiil and Kozlu 1993,
2002). This complexity reflects the superposition of
tectonostratigraphic units of different ages formed
during successive deformation phases. Regional evo-
lution is primarily linked to the progressive closure
of the Southern Neotethys from the Late Cretaceous
to the Miocene (Sengdr and Yilmaz 1981; Kelling et
al. 1987, 2001; Yilmaz et al. 1985; Karig and Kozlu
1990; Robertson 1998, 2000; Robertson et al. 2004;
Akinct et al. 2016; Nurlu et al. 2016; Hozatlioglu et al.
2020; Darbas et al. 2021; Akinci and Unliigeng 2021;
Unliigeng and Akinci 2024). According to widely
accepted models, convergence between the Arabian
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Fig. 2. Geological map of the Savrun Fault and its surrounding region, adapted from Akbas ez al. (2011). The map illustrates major mountain
systems, key settlements, and detailed geological cross-sections, providing an integrated view of the structural and stratigraphic framework of
the area.
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and Anatolian plates resulted in progressive subduc-
tion and continental collision, leading to closure of
the Neotethyan domain (Hall 1976; Rotstein and Ben-
Avraham 1985; Aktas and Robertson 1990; Unliigeng
1993), although the precise timing and mechanisms
remain debated.

To the north, compressional interactions between
the Anatolian Plate, characterized by Paleozoic—
Mesozoic carbonate and clastic sequences, and the
Arabian Plate resulted in the emplacement of ophi-
olitic rocks and mélange complexes during the Late
Cretaceous (Sengor and Yilmaz 1981; Kelling et al.
1987, 2001; Yilmaz et al. 1985; Karig and Kozlu
1990; Yilmaz and Giirer 1996; Robertson et al. 2004).
Continued compression led to the progressive closure
of foreland basins and culminated in continental col-
lision by the Miocene. Sedimentary units deposited
during this interval were subsequently deformed un-
der compressional tectonics and were locally over-
printed by older Paleozoic and Mesozoic structural
fabrics. These processes collectively produced the
structurally complex architecture that characterizes
the Eastern Taurus region.

The Savrun Fault, first identified by Pampal (1983),
originates along the southern slopes of the Eastern
Taurus, forms the northern boundary of the Cukurova
Plain, and extends northeastward through the Kozan
region toward the Goksun Plain (Text-fig. 1). Along
its trace, the fault follows a linear morphostructural
corridor that separates two major geological assem-
blages, the Andirin and Gezitdagi units. In the eastern
sector, the Andirin Unit comprises both autochtho-
nous and allochthonous sequences (Blumenthal 1952;
Tutkun 1989; Unliigeng 1993; Giineyli 1995; Giineyli
et al. 1996; Bozkaya 1998; Usta et al. 2004, 2013;
Akincr and Unliigeng 2021), whereas the western sec-
tor is dominated by autochthonous successions of the
Gezitdag1 Unit (Ayhan 1983; Bedi et al. 2006; Bedi
and Usta 2006) (Text-fig. 2).

The Gezitdag1 Unit constitutes the regional base-
ment of the study area and is composed predominantly
of Permian carbonates, dolomitic limestones, and lo-
cally metamorphosed rocks. Sedimentation within
this western succession was limited during much of
the Mesozoic, although remnants of Late Cretaceous
ophiolitic complexes related to the consumption and
obduction of oceanic lithosphere are locally preserved.
These basement and Upper Cretaceous units are un-
conformably overlain by Paleocene—Eocene carbon-
ate-dominated Paleogene sequences and subsequently
by widespread Miocene clastic successions, including
the Early-Middle Miocene Savrun Formation and the
Langhian Gezitdag1 Formation (Text-fig. 3).

The Miocene units form extensive valley-fill and
basin-margin deposits along the Savrun Fault corridor
and record syn- to post-tectonic sedimentation associ-
ated with regional Neogene deformation. In the east-
ern sector, these clastic successions rest directly on
Mesozoic units along major tectonic contacts, reflect-
ing significant structural reorganization during the
Early-Middle Miocene. This stratigraphic architec-
ture, characterized by unconformities, tectonic con-
tacts, and contrasting lithologies, provides an import-
ant geological framework for evaluating the structural
evolution and surface expression of the Savrun Fault.

METHODOLOGY

This study employed an integrated methodolog-
ical framework combining field-based structural
analysis, morphometric indices, and GIS-supported
spatial evaluations to assess the neotectonic activity
and structural characteristics of the Savrun Fault in
the northeastern Adana Basin. The methodological
workflow is outlined below.

Field-based structural and paleoseismological
reconnaissance

Detailed geological fieldwork was conducted
to map lithostratigraphic boundaries, identify fault
traces, and measure fault planes using a Brunton-type
compass. Particular attention was given to recording
slickenside lineations, fault plane orientations, and
associated deformation structures in various lithol-
ogies, ranging in age from Paleozoic to Quaternary.
Structural data were analyzed using stereonet pro-
jection and kinematic interpretation techniques (e.g.,
Linked Bingham analysis) to determine the dominant
fault regimes. Stereographic projections and kine-
matic analyses were generated using FaultKin 8.3
software. The number of measurements (n) for each
stratigraphic unit is specified within the correspond-
ing subsection of the Results. Raw structural data
are available from the corresponding author upon
reasonable request and subject to the data-sharing
agreement with the funding institution. In regions
where surface exposures allowed, fault zones were
examined for paleoseismological indicators such as
fault scarps, colluvial wedges, and displaced strata
(e.g., El Hamdouni et al. 2008; Dehbozorgi et al.
2010; Burbank and Anderson 2013). Although no
trenching was conducted due to the lack of clear fault
traces within the Quaternary deposits, several key
slope exposures were studied in detail through sys-
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tematic gridding and logging. These observations are
therefore interpreted as paleoseismological recon-
naissance rather than trench-based or chronologically
constrained paleoseismological investigations.

In addition, high-resolution drone imagery was
systematically acquired using a DJI Mini 4 Pro un-
manned aerial vehicle (UAV). Flights were conducted
at variable altitudes up to approximately 400—-500 m
above ground level, yielding ground sampling dis-
tances of ~10—20 cm/pixel with >80% image overlap.
These photographs were used directly for visual in-
terpretation and integrated with field observations
within the GIS environment. The aerial imagery
provided a synoptic view of fault corridors, linear
valleys, and surface deformation patterns, enhancing
the identification and mapping of fault traces and pa-
leoseismological features that are otherwise difficult
to capture solely from ground-based measurements.

Morphometric analysis and tectonic
geomorphology

To assess potential tectonic activity, a range of
morphometric indices (e.g.: Goudie 2004; Selim et
al. 2013) were calculated based on high-resolution
Digital Elevation Models (DEMs) with a spatial
resolution of 12.5 meters and a vertical accuracy of
~+£12.7 m (derived from ALOS PALSAR data). These
indices include:

— Hypsometric Integral (HI) and hypsometric curve
analysis to evaluate stages of landscape evolution
(Strahler 1952; Pike and Wilson 1971; Burbank and
Anderson 2012);

— Stream Length-Gradient Index (SL) to identify ano-
malies in longitudinal river profiles (Hack 1973);

— Valley Floor Width to Valley Height Ratio (Vf) to
assess tectonic uplift and valley morphology (Hack
1973; Bull 1977);

— Mountain Front Sinuosity (Smf) to evaluate the
balance between erosion and tectonic uplift (Bull
and McFadden 1977; Keller and Pinter 1996); and

— Basin Asymmetry Factor (Af) to characterize drai-
nage basin tilting (Hare and Gardner 1985).

All analyses were performed within a Geographic
Information System (GIS) environment (ArcGIS Pro)
to ensure spatial consistency and correlation with geo-
logical features. These indices provide quantitative
measures of active deformation and are widely used
in tectonic geomorphology to identify zones of up-
lift, tilting, and fault-related topographic anomalies
(Burbank and Anderson 2012; Keller and Pinter 2002).

The Stream Length-Gradient Index (SL), origi-
nally proposed by Hack (1973), was used to detect

knickpoints and slope breaks along river profiles,
which may reflect tectonic uplift or lithological con-
trasts. Anomalously high SL values, when correlated
with mapped fault traces or lithological boundaries,
often indicate neotectonic activity. The Hypsometric
Integral (HI), calculated as the ratio of mean basin el-
evation to the elevation range, helps classify drainage
basins as young (HI > 0.5), mature (HI = 0.35-0.5), or
old (HI < 0.35), providing insight into landscape evo-
lution and potential tectonic rejuvenation (Strahler
1952; Burbank and Anderson 2012).

The Valley Floor Width to Valley Height Ratio
(Vf) is a critical parameter for assessing tectonic up-
lift. Low Vf values suggest steep, V-shaped valleys
associated with active tectonics, whereas higher values
correspond to broad, U-shaped valleys formed under
reduced tectonic influence (Hack 1957; Bull 1991).
The Mountain Front Sinuosity (Smf) index, which
compares the length of the mountain front to the
straight-line distance along its base, provides a metric
for evaluating the balance between erosion and uplift.
Low Smf values (close to 1) indicate active, fault-con-
trolled mountain fronts, whereas higher values sug-
gest inactive or dominantly erosional fronts (Bull and
McFadden 1977; Keller and Pinter 2002). Key Smf’
transects were selected along well-defined mountain
fronts with minimal lithological contrast and clearly
expressed fault traces, oriented perpendicular to the
front to accurately capture its geomorphic expression.

The Basin Asymmetry Factor (Af), introduced
by Hare and Gardner (1985), is sensitive to lateral
tilting of drainage basins. Asymmetry in the drain-
age divide relative to the main stream direction may
indicate tectonic tilting, especially when consistent
across multiple sub-basins.

By integrating these indices with geological and
structural observations, segments of the fault zones
exhibiting differential uplift, recent deformation, or
tectonic quiescence could be identified. This quan-
titative approach complements field-based analyses
and aids in prioritizing areas for future paleoseismo-
logical investigations (Burbank and Anderson 2012;
Keller and Pinter 2002).

The morphotectonic indices used in this study
were calculated following standard formulations
widely applied in tectonic geomorphology.

The hypsometric integral (HI), which character-
izes the elevation distribution and erosional stage of a
drainage basin, was calculated as:

(Hmean — Hmin)

HI= (Hmax — Hmin)

where Hmean, Hmax, and Hmin represent the mean,
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maximum, and minimum elevations of each basin,
respectively (Strahler 1952; Pike and Wilson 1971).
The stream length-slope index (SL), used to iden-
tify longitudinal channel steepness anomalies poten-
tially related to tectonic or lithologic controls, was

computed as:
AH
L=—|L
()

where AH is the elevation difference along a channel
segment, AL is the segment length, and L is the total
upstream channel length from the drainage divide to
the measurement point (Hack 1973). In this study,
calculations were performed using a fixed segment
length of 50 m consistent with the DEM resolution.

The valley floor width-height ratio (Vf), which
quantifies valley cross-sectional geometry and rela-
tive incision, was determined as:

2V
Vf_ Eldf E,. + Erd_ Esc

where Vfw is the valley floor width, E;4y and E 4 are
the elevations of the left and right valley divides, and
E,. is the valley floor elevation (Bull and McFadden
1977).

Basin asymmetry was assessed using the asym-
metry factor (Af):

A
Af=A—: X100

where Ar is the area to the right of the trunk stream
(looking downstream) and At is the total basin area
(Hare and Gardner 1985). Values greater or less than
50 indicate rightward or leftward tilting, respectively.
Mountain-front sinuosity (Smf), used to evaluate
the degree of tectonic versus erosional control on
mountain-front morphology, was calculated as:

Smf = Lng
Ly

where Lmf is the actual length of the mountain front
along its base and Ls is the straight-line length of the
same front (Bull and McFadden 1977). Lower values
close to 1 indicate straighter, structurally controlled
fronts, whereas higher values reflect increased ero-
sional modification. The 12.5 m resolution ALOS
PALSAR DEM used in this study is appropriate for
regional-scale morphotectonic analysis and for iden-
tifying first-order geomorphic features associated
with long-term tectonic forcing. However, its ver-
tical accuracy (approximately £12.7 m) approaches
the lower detection limit for subtle or low-amplitude
Late Pleistocene—Holocene surface deformation.

Consequently, small-offset scarps, minor vertical
displacements, or short-lived surface expressions as-
sociated with low slip-rate fault activity may remain
unresolved at this resolution. Accordingly, the ab-
sence of observable deformation in the DEM should
not be interpreted as definitive proof of fault inac-
tivity, but rather as the absence of deformation ex-
ceeding the detection threshold of the dataset. For
this reason, DEM-based observations are interpreted
in conjunction with field observations, stratigraphic
relationships, and structural data to constrain the re-
cent activity of the Savrun Fault.

Integration of satellite imagery and geospatial data

High-resolution satellite imagery (Sentinel-2,
ALOS PALSAR and Google Earth Pro) was utilized
to map geomorphic features, lineaments, and surface
expressions of faulting. Combined with field observa-
tions, satellite data facilitated the delineation of mor-
photectonic zones and drainage anomalies. Spatial
overlays of tectonic indices and geological maps en-
abled a comparative analysis of structural features
with morphometric evidence. By combining these
methodologies, the study provides a comprehensive
evaluation of the tectonic behavior of the Savrun fault
system and its relation to basin evolution and seismic
hazard.

RESULTS
GIS-Based Morphometric Analyses

Geographic Information Systems (GIS) play a
significant role in fault-related studies by facilitating
data acquisition, visualization, and spatial analysis.
The location, orientation, and deformation character-
istics of fault zones can be effectively assessed through
GIS-based mapping and the use of digital elevation
models (DEMs). In this study, a series of morpho-
metric indices—Hypsometric Integral (HI) and hyp-
sometric curve, Stream Length-Gradient Index (SL),
Asymmetry Factor (Af), Valley Floor Width-to-Height
Ratio (Vf), and Mountain Front Sinuosity (Smf) were
analyzed using ArcMap 10.8 and related toolboxes to
evaluate the influence of tectonic processes on the
morphology of the Savrun Fault zone.

Hypsometric Integral (HI) and Curve

For hypsometric analysis, the area surrounding
the Savrun Fault was divided into 10 sub-basins
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Fig. 4. Morphology and hypsometric analysis of the Savrun Fault. The main map shows the sub-basins delineated along the fault trace for
Hypsometric Integral (HI) calculations. Sub-basin boundaries were defined using DEM-derived drainage networks. The upper-left inset displays
the hypsometric curves for each sub-basin, illustrating relative stages of landscape evolution and potential tectonic influence along the fault.
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based on drainage systems. Sub-basins 2, 3, 6, 9, and
10 are located along the main fault trace, whereas the
remaining basins are positioned adjacent to subsidi-
ary or conjugate structural lineaments and zones of
documented aftershock distribution (Text-fig. 4).
The calculated hypsometric integral (HI) values
range between 0.47 and 0.50 across all sub-basins
(Text-fig. 4). The corresponding hypsometric curves
display generally smooth and moderately concave
profiles with limited variation between basins. No
pronounced asymmetry or abrupt inflection points
are observed in the curve geometries. Basin morphol-
ogies are broadly comparable in terms of relief distri-
bution and elevation-area relationships (Text-fig. 4).

SL Index

Maps generated using the Slix Tool within
ArcMap 10.8 (Text-fig. 5) display river networks,
channel slope variations, calculated SL index values,
and mapped fault traces. The SL index was calcu-
lated along the entire drainage network using a fixed
stream segment length (dL) of 50 m, based on the
12.5 m DEM resolution and the spatial extent of the
study area. The Stream Length-Slope Hot Spot and
Clustering Analysis (SL-HCA) model of Troiani et al.
(2017) was applied to identify statistically significant
clusters of elevated SL values. In this context, the
term “hot spot” denotes kernel density-based statis-
tical clustering and does not represent any thermal
or volcanic feature. Kernel density analysis shows
that elevated SL values are distributed throughout
the study area, with a localized concentration along
the southern branch of the Savrun Fault extending
through the Cigeklidere-Esenli-Bagdag plateau val-
ley. Additional anomaly clusters are observed in the
Topallar, Hacikodal, Savrungdézii, Kiyiobast and
Payamburnu areas (Text-fig. 5).

Several anomaly zones spatially coincide with
mapped landslide areas and steep slope sectors, par-
ticularly along the southeastern portion of the fault
trace.

Vfindex

The Vf index is calculated as the ratio between
valley floor width and the elevation difference of
the valley sides and is commonly used to character-
ize valley morphology. Low Vfvalues correspond to
narrow valley floors with steep side slopes, whereas
higher values indicate broader valley geometries.

To evaluate the geomorphic character of the prin-
cipal valley systems along the Savrun Fault, 15 rep-

resentative cross-sections were extracted and corre-
sponding Vf values were calculated (Text-figs 6, 7).
Cross-sections were positioned along representative
valley corridors morphologically associated with
the fault zone and extracted perpendicular to valley
axes; because the Savrun Fault commonly follows
valleys or mountain fronts, some sections may ap-
pear oblique to the fault trace. The resulting valley
profiles display considerable variation. Sections a, c,
d, f—i and k—m exhibit relatively narrow valley floors
with steep side slopes, while sections b, e, j and n dis-
play broader valley geometries. These morphological
differences are spatially distributed along both the
northern and southern branches of the fault trace.
The profiles collectively show variability in valley
width, slope angles, and cross-sectional symmetry
(Text-figs 6, 7).

AfIndex

The Asymmetry Factor (Afindex) is used to quan-
tify the directional deviation of drainage basins. Values
greater than 50 indicate rightward basin asymmetry,
whereas values below 50 indicate leftward asymme-
try. In this study, 12 sub-basins within and around the
Savrun Fault zone were delineated from the drainage
network and Af values were calculated for each ba-
sin (Text-fig. 8). Several of these basins are located
slightly north and west of the mapped fault trace.

The calculated Af'values show that, with the excep-
tion of sub-basin 9, all basins exhibit leftward asym-
metry. Sub-basins 1, 5, 8, and 10 display the highest
deviation values. The spatial distribution of asym-
metric basins overlaps the northwestern sector of the
study area where aftershock concentrations have been
mapped (Text-fig. 8). Basin geometries collectively
demonstrate variability in drainage orientation and
asymmetry magnitude across the study area.

Smf index

The Smfindex (Mountain Front Sinuosity) is used
to quantify the geometric irregularity of mountain
fronts, where lower values correspond to straighter
fronts and higher values indicate increased sinuos-
ity. Smf analysis was conducted along 14 transects
distributed across mountain fronts located along and
around the Savrun Fault (Text-fig. 9). Mountain-
front sinuosity (Smf) segments were systematically
delineated along linear, fault-parallel mountain
fronts that extend longitudinally along the Savrun
Fault corridor. Segment selection focused primarily
on continuous, well-defined geomorphic scarps and
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Fig. 6. Shaded relief map of the Savrun Fault zone showing the locations of the topographic cross-section lines used for the calculation of the
Valley Floor Width-to-Height Ratio (Vf). The upper-left inset presents the corresponding Vf values derived from these cross-sections. The
topographic cross-sections themselves are shown in Fig. 7.
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Fig. 7. Topographic cross-sections extracted along the Savrun Fault zone at the locations indicated in Fig. 6. These profiles illustrate the valley
geometry used for the calculation of the Valley Floor Width-to-Height Ratio (V) and provide detailed morphometric constraints for interpreting
the geomorphic characteristics of the fault-related landscape.

range-front boundaries morphologically associated The calculated Smf values are presented in Text-
with the mapped fault trace. In addition, several seg- fig. 9 (inset). Transects 1, 2,9, 10, 11, and 12 yield Smf
ments were analyzed in nearby sectors displaying values lower than 1.5 and display relatively straight
pronounced linear fronts and concentrated post-6 mountain fronts. Transects 3, 5, and 7 show interme-
February 2023 aftershock activity, in order to eval- diate values between 1.5 and 1.7, whereas transects
uate whether localized neotectonic signals might be 4, 6, 8, 13, and 14 exhibit higher sinuosity values.

present outside the main fault strand (segments 4-7). Profiles 1 and 2 correspond to the southern and cen-
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tral segments of the Savrun Fault, profiles 9 and 10
represent the northern branch, and profiles 11 and 12
are located west of the mapped fault trace in an area
characterized by frequent aftershock occurrence.

Structural elements and kinematic analysis

Before presenting the structural measurements,
the spatial distribution of the principal field obser-
vation sites and paleoseismological reconnaissance
points is illustrated in Text-fig. 10. This map pro-
vides the geographic framework for the outcrop-scale
structural data and cleaned slope exposures discussed
below (Text-figs 10—13), allowing direct comparison
between mapped fault traces and measured deforma-
tion structures.

This section presents detailed measurements and
kinematic analyses of fault planes identified in strati-
graphic units ranging from the Paleozoic to the Upper
Miocene across the Savrun Fault zone (Text-fig. 11).

Paleozoic units

A total of 11 fault-plane measurements were
obtained from Paleozoic-aged carbonate and meta-
morphic units exposed in the northern and western
sectors of the Savrun Fault (Text-fig. 12a). The ma-
jority of the measured faults display reverse fault
kinematics.

Nine out of 11 fault planes exhibit reverse slip
characteristics. Multiple generations of deformation
structures are observed within these units, including
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Fig. 11. Representative fault planes observed along different segments of the Savrun Fault. Measured kinematic indicators, including slicken-

sides, lineations, and fault striations, are shown for each site, illustrating the orientation and sense of movement along the fault. Panels a, b, d,

h, 1, and j correspond to faults developed within the Early-Middle Miocene Savrun Formation; panel ¢ is within the Mesozoic Andirin Group
Unit (Carbonates), and panel e is within the Middle Miocene Gezitdag Formation.

reverse faults, en-echelon structures, and folded fea- Mesozoic units
tures. The measured fault orientations and kinematic
solutions are illustrated using stereographic projec- In the eastern segments of the Savrun Fault,

tion diagrams in Text-fig. 12a. five fault-plane measurements were collected from
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Fig. 12. Kinematic tensor analysis plots of fault-slip data collected from (a) Paleozoic, n= 11, (b) Mesozoic, n =5, (¢) Lower—-Middle Miocene,

n = 23, and (d) Middle-Upper Miocene units (n = 21) within the Savrun Fault zone and its surrounding area. In each panel, from left to

right: stereographic projections of measured fault planes with associated slip-lineations, linked-Bingham kinematic analysis results illustrating

principal stress orientations, and a combined display of scatter plots, contour diagrams, and lower-hemisphere fault-plane solutions. These

diagrams summarize the orientation, sense of slip, and derived paleostress tensors for each stratigraphic unit, enabling temporal comparison
of deformation patterns across the fault zone.
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carbonate rocks of the Andirin Unit. The measured
planes are moderately to steeply dipping and display
well-developed slickenside lineations. The orienta-
tions and kinematic solutions are presented in stere-
onet projections in Text-fig. 12b.

Of the five measured fault planes, four display
normal-slip kinematics and one exhibits reverse-slip
indicators. The calculated kinematic solutions define
a principal shortening direction oriented approx-
imately NW-SE. The structures are spatially con-
centrated within the eastern fault segments and are
restricted to Mesozoic bedrock exposures.

Lower—Middle Miocene units

A total of 23 fault-plane measurements were col-
lected from Lower—Middle Miocene clastic units
exposed along the Savrun Fault valley beneath the
Mesozoic thrust sheets of the Andirin Complex. The
structural data are presented using stereonet projec-
tions and kinematic solutions in Text-fig. 12¢. Of the
measured fault planes, 18 exhibit normal-slip kine-
matics, 3 show oblique-slip components, and 2 dis-
play reverse-slip characteristics. The majority of the
structures are moderately to steeply dipping and pre-
serve well-developed slickenside lineations.

Kinematic analysis performed using the Linked
Bingham method defines a dominant extensional
stress configuration. The calculated T-axis is sub-hor-
izontal with an azimuth of approximately 193°,
whereas the P-axis is near-vertical. Reverse-slip faults
are spatially concentrated in the western segment of
the valley, while normal faults are more widely dis-
tributed throughout the study area.

Middle-Upper Miocene units

A total of 21 fault-plane measurements were col-
lected from Middle—Upper Miocene conglomeratic
units exposed along the Savrun Fault valley and lo-
cally overlying the Andirin and Gezitdag complexes.
The structural data and corresponding stereonet pro-
jections are presented in Text-fig. 12d.

Of the measured fault planes, 15 display normal-
slip kinematics, 3 exhibit reverse-slip components,
and 3 show strike-slip characteristics. The major-
ity of the faults are moderately to steeply dipping
and preserve well-developed slickenside lineations.
Kinematic solutions define a principal extension
direction oriented approximately NE-SW to nearly
N-S. Reverse and strike-slip structures are locally
distributed among the normal faults within the con-
glomeratic sequence.

Field observations and paleoseismic
reconnaissance

The Savrun Fault connects with the E-W trend-
ing Cardak Fault near Aslanbeygiftligi and Kiregkdy,
south of Goksun. At this junction, the fault bends
approximately 65°-70° toward a NE orientation
(N15°-20°E) and continues along the western flank
of Teknedagi, bordering the Goksun Basin (Text-
fig. 13a). Surface ruptures related to the February
6, 2023 earthquake sequence are observed along the
Cardak Fault, where canal offsets are present; how-
ever, no coseismic deformation or surface rupture is
observed along the mapped trace of the Savrun Fault.

Field observations along the Savrun Fault Zone in-
dicate that the fault architecture is dominated by brittle
deformation features, including fault breccias, gouge
zones, and well-preserved slickenlined fault planes
exposed in road cuts and stream sections. These struc-
tures document both strike-slip and dip-slip compo-
nents and are consistently developed within consoli-
dated Miocene and older units. The fault juxtaposes
Paleozoic carbonates, flysch-type successions, and
ophiolitic mélanges against Neogene clastic deposits,
forming laterally continuous and well-exposed fault
corridors suitable for structural analysis. In contrast,
younger Quaternary colluvial and alluvial sediments
generally overlie these units without observable dis-
placement, suggesting that fault-related deformation
did not propagate into the youngest deposits.

Southward toward Degirmendere, the fault trace
is locally expressed by a subtle topographic break.
Overlying Quaternary colluvial deposits show no
visible displacement. Near the Degirmendere reser-
voir, the fault trends N30°-35°E, juxtaposing ophi-
olitic units against Lower—Middle Miocene clastics
(Text-fig. 13b, ¢). The mountain front is characterized
by a gentle slope rather than a sharp scarp. Cleaned
exposures within young alluvial fans display contin-
uous, undeformed bedding (Text-fig. 14). Fault planes
are observable only within the underlying Miocene
strata upslope.

Further south, along the NW slope of Kayranli
Mountain, Miocene fault structures are present in
bedrock, whereas overlying colluvial fans remain un-
deformed. No displaced drainage channels or fault
scarps are identified. Similar relationships are ob-
served between the Savrung6zii and Alipasa plateaus,
where the fault crosses Paleozoic carbonates and ophi-
olitic rocks without visible offsets in recent alluvium.

Along the Gezit Mountain front and Bagdas
Plateau, Middle—Upper Miocene deposits rest uncon-
formably on the underlying Paleozoic basement car-
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Fig. 13. Representative aerial and field photographs illustrating the morphological and structural characteristics (highlight fault-con-
trolled linear valleys, scarps, offset geomorphic markers) along the Savrun Fault. a) Junction of the Cardak Fault and the Savrun Fault
at the eastern margin of the Goksun Basin. The Cardak Fault, which generated the 2023 Elbistan earthquake (Mw 7.7), links with
the Savrun Fault in this sector, highlighting the tectonic significance of their interaction; b) Extension of the Savrun Fault around
Degirmendere village, c) Field view of the fault plane at the southern part of Degirmendere village, d) South of the Meryemgil plateau,
the Savrun Fault extends with a slight bend toward the SW; e) Extend of the Savrun Fault at Savrungézii locality (no observable offset
along the Savrun Stream), f) Field view of the Savrun Fault scarp around Bostanli village; g) Extension of the southern strand of the
Savrun Fault in the vicinity of Esenli village; h-i) Exposure of the Savrun Fault near Cigeklidere, with the fault trace and associated
breccia clearly visible on the right.
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young alluvial cover, these deposits show no evidence of deformation, indicating that the most recent surface faulting predates their deposition.
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bonates and show no observable evidence of fault-re-
lated deformation. Large colluvial fans composed
of carbonate and ophiolitic clasts show continuous
stratification. In the southernmost sector near Sahanl
Mountain, the fault trace becomes morphologically
indistinct and is represented mainly by high-angle lith-
ologic contacts without clear geomorphic expression.

DISCUSSION

Field and stratigraphic constraints on Late
Quaternary fault activity

Direct field and stratigraphic observations pro-
vide the most robust constraints on the recent activity
of the Savrun Fault. Although regional compilations
classify the fault as part of the active East Anatolian
Fault Zone (Saroglu et al. 1992; Emre et al. 2013), and
Gtirboga (2025) interpreted the Savrun Fault Zone as
an active left-lateral strike-slip system, our detailed
geological mapping and site-scale structural observa-
tions do not support evidence for Quaternary surface
rupture.

Across the central and western segments of the
fault trace, including the Gedikli, Tepecik, Karsavran
and Karahamzali areas, the fault remains geomor-
phically traceable but does not offset or disrupt the
overlying Plio-Quaternary deposits. Instead, defor-
mation is consistently confined to Lower—Middle
Miocene clastic units and older bedrock. Young collu-
vial and alluvial sediments show continuous bedding,
intact stratification, and no measurable displacement.
These relationships are critical because undeformed
Quaternary deposits directly overlying mapped fault
strands represent a primary indicator that recent sur-
face-rupturing events have not occurred.

Additional paleoseismological reconnaissance
further supports this interpretation. Although no
suitable trench sites were available due to the absence
of well-preserved stratigraphy within Quaternary
deposits, several cleaned slope exposures were ex-
amined in detail. The gridded exposure near the
Meryemgil Plateau (Text-fig. 13), approximately
21 m wide and 1.8 m high, revealed bedding-paral-
lel slip surfaces and minor deformation restricted to
cemented Miocene conglomerates. Importantly, no
evidence of colluvial wedges, growth strata, fissures,
or displaced young sediments was observed (Text-
fig. 13e, f). Such features would be expected if Late
Pleistocene—Holocene rupture had occurred.

Furthermore, during the 6 February 2023 earth-
quake sequence, surface ruptures propagated along

the adjacent Cardak Fault and displaced anthropo-
genic and geomorphic markers. However, no coseis-
mic deformation extended onto the Savrun Fault. The
absence of rupture during a major regional stress
perturbation provides an independent, modern con-
straint consistent with limited present-day activity.

Taken together, the consistent absence of defor-
mation in Late Pleistocene—Holocene deposits, com-
bined with the restriction of faulting to older bedrock,
strongly suggests that the most recent surface-ruptur-
ing phase along the Savrun Fault predates Quaternary
sedimentation.

Morphotectonic indices and geomorphic
inheritance

Morphotectonic indices locally yield values that
could be interpreted as indicative of tectonically
active landscapes. However, when evaluated collec-
tively and within their geological context, the results
consistently suggest that the present morphology is
controlled primarily by inherited Miocene topogra-
phy and lithological contrasts rather than ongoing
neotectonic uplift.

Hypsometric integral (HI) values show a narrow
range of 0.47—-0.50 across all analyzed sub-basins
(Text-fig. 4), indicating uniformly mature basin ge-
ometries with limited relief differentiation. No sys-
tematic contrast is observed between basins located
on or away from the fault trace, and the HI dataset
therefore provides no evidence for localized uplift
along the Savrun Fault.

Stream length-slope (SL) anomalies display a
similarly non-systematic pattern. Elevated SL values
are widely dispersed and do not consistently coin-
cide with the mapped fault trace. Instead, clusters
occur in sectors affected by steep slopes, landslides,
and deep-seated gravitational slope deformation. The
SL-HCA hot-spot clusters along the Ciceklidere-
Esenli-Bagdas plateau valley correspond to inherited
structural fabrics and lithological boundaries rather
than demonstrable neotectonic offsets, indicating
that channel steepening is primarily lithologically
and structurally controlled.

Valley floor width-height ratios (Vf) exhibit
strong variability both on and off the fault trace.
Narrow and broad valleys occur in comparable struc-
tural settings, suggesting that valley morphology
reflects long-term incision history and lithologic
contrasts rather than systematic fault-related uplift.
In several cases, narrow valleys appear to preserve
inherited Miocene relief and mimic morphologies
typically associated with active tectonics.
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Af and Smf indices likewise fail to show consis-
tent fault-parallel trends. Af values mainly indicate
broad regional tilting, whereas Smf values record a
mixture of preserved straight fronts and more sin-
uous erosional fronts. Straight mountain fronts are
not uniquely aligned with the Savrun Fault, further
arguing against direct neotectonic control.

Similar morphometric behavior in inherited
landscapes has been widely documented (Bull and
McFadden 1977; Keller and Pinter 2002; Burbank
and Anderson 2012; Silva et al. 2003; Demoulin 2011;
Gutiérrez et al. 2015). When integrated with the field
and structural evidence, the morphometric results are
therefore best interpreted as reflecting geomorphic
inheritance rather than active faulting.

Structural record and tectonic phases
of deformation

The structural dataset provides one of the most
direct constraints on the timing of deformation along
the Savrun Fault, as fault-plane kinematics preserved
in bedrock record the mechanical history of the fault
system independent of geomorphic interpretation.
Measurements from lithologies of different ages re-
veal a polyphase deformation history in which the
youngest clearly documented structures are Miocene
in age, whereas younger deposits remain undeformed
(Table 1).

Paleozoic and Mesozoic units yield predomi-
nantly contractional and locally mixed kinematics,
consistent with regional compressional tectonics re-
lated to closure of the Neotethys and emplacement of
thrust complexes (Text-fig. 11a, b). These structures
clearly predate Neogene sedimentation and therefore
provide only a regional tectonic background rather
than evidence for recent fault activity.

In contrast, the Miocene succession preserves
the most abundant and diagnostic structural record.
Lower—Middle Miocene clastic units yielded 23 fault-
plane measurements (Text-fig. 11c; Table 1), of which
the majority exhibit normal or oblique-slip kinemat-
ics. Linked Bingham analysis defines a sub-horizon-
tal T-axis and near-vertical P-axis, indicating a dom-
inant extensional stress regime. These relationships
are consistent with basin-scale extension and crustal
thinning during Miocene sedimentation. Although a
few reverse or oblique-slip structures occur locally,
these are spatially restricted and interpreted as minor
strain accommodation within the broader extensional
framework.

Middle—Upper Miocene conglomerates show com-
parable behavior, with 21 additional measurements
dominated by normal faulting and minor strike-slip
components (Text-fig. 11d). The similarity of kine-
matics between Lower—Middle and Middle—Upper
Miocene units indicates that extension persisted
through much of the Miocene. Together, these two
datasets demonstrate that the principal and youngest
well-preserved deformation phase along the Savrun
Fault is Miocene in age.

Crucially, no comparable fault planes, slicken-
side lineations, or offsets were identified within Plio-
Quaternary or younger deposits across the study
area. Neither brittle structures cutting unconsolidated
sediments nor measurable displacements of young
stratigraphic markers were observed. This absence is
particularly significant because any Late Pleistocene—
Holocene reactivation would be expected to produce
clear deformation within these materials.

Accordingly, the structural evidence indicates that
while the Savrun Fault preserves a well-developed
record of Miocene deformation, there is no direct
kinematic evidence for post-Miocene or neotectonic

Table 1. Summary of fault kinematics and inferred tectonic phases along the Savrun Fault.

plex)

oblique-slip locally observed

. . . Stratigraphic . . . . Implications for
Lithological unit erap Observed fault kinematics Inferred tectonic regime / phase prcat ..
age neotectonic activity
. . . Inherited deformation; no
Paleozoic carbonate . Predominantly reverse faulting; | Late Cretaceous—Paleogene com- ’
. Paleozoic . . . . relevance to Quaternary
and metamorphic units minor strike-slip components |pression related to Tethyan closure activity
Mesozoic carbonate . Progressive compressional Pre-Neogene deformation,
. . Normal and reverse faulting; h . .
units (Andirin Com- Mesozoic tectonics during Tethyan closure unrelated to neotectonic

(Cretaceous—Miocene)

processes

Lower—Middle Mio-
cene clastic units

Lower—Middle
Miocene

Dominantly normal faulting
with minor oblique and reverse
components

Miocene extensional regime asso-
ciated with crustal thinning

Major phase of Savrun Fault
activity

Middle—Upper Mio-
cene conglomerates

Middle-Upper
Miocene

Normal faulting dominant; minor
strike-slip and reverse faults

Continued Miocene extension
with local stress reorganization

Late-stage Miocene defor-
mation

Plio-Quaternary
deposits

Plio-Quaternary

No fault planes, surface ruptures,
or displaced strata observed

No documented tectonic regime

No evidence for neotectonic
or Quaternary reactivation
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reactivation. The present morphology of the fault is
therefore best interpreted as the inherited expression
of earlier tectonic phases rather than the product of
ongoing displacement.

Seismic history and recent stress transfer

Seismic observations provide an independent and
contemporary constraint on the present-day behavior
of the Savrun Fault. If the fault were actively accom-
modating regional strain, one would expect historical
or instrumental seismicity to align spatially with its
mapped trace or to show evidence of coseismic reac-
tivation during major regional earthquakes. However,
both historical records and modern seismicity pat-
terns suggest otherwise.

Historical earthquake catalogues compiled by
Soysal et al. (1981), Ambraseys (1988), Ambraseys
and Jackson (1998), Tan et al. (2008), Demirtas
(2019), and Duman and Emre (2013) indicate that
most documented events in the region occurred away
from the Savrun Fault trace (Text-fig. 15a). Although
several moderate earthquakes (M >4.0) have been
recorded within the broader area since the early in-
strumental period, their epicenters do not define a
clear linear distribution parallel to the fault. Instead,
seismicity appears to cluster along neighboring linea-
ments and known active structures.

The February 6, 2023 Mw 7.6—7.7 earthquake se-
quence provides a particularly valuable natural test
of fault behavior. This event produced several meters
of left-lateral displacement along the adjacent Cardak
Fault and generated an extensive aftershock sequence.
Despite the close proximity of the Savrun Fault to the
rupture termination of the Cardak Fault, no coseis-
mic surface rupture, secondary faulting, or measur-
able displacement was observed along the Savrun
Fault trace during field investigations. Aftershock
epicenters are concentrated approximately 10—15 km
west of the Savrun Fault (Text-fig. 15b, c), rather than
along its mapped geometry.

Focal mechanism solutions of these aftershocks
(Text-fig. 15b, c) indicate predominantly strike-slip
and normal-faulting kinematics consistent with de-
formation localized on neighboring active structures.
Importantly, the Savrun Fault itself does not host a
comparable cluster of events.

Published Coulomb stress modeling by AFAD
(2023) further clarifies this behavior. The ACFS pat-
terns discussed here are based on the coseismic stress
modelling results reported by AFAD (2023). These
models show that post-seismic ACFS changes asso-
ciated with the 2023 rupture were directed primarily

westward and away from the Savrun Fault. In other
words, the fault did not experience significant posi-
tive stress loading that would favor reactivation. The
absence of a mechanical response, combined with the
lack of observed surface rupture, indicates that the
Savrun Fault did not participate dynamically in the
regional stress redistribution.

When considered together with the absence of
displaced Quaternary deposits and the structural ev-
idence for predominantly Miocene deformation, the
seismic record supports the interpretation that recent
strain is preferentially accommodated by adjacent ac-
tive faults rather than by the Savrun structure itself.

Integrated interpretation

When considered together, the independent data-
sets converge on a consistent interpretation. Field
and stratigraphic observations show undeformed
Late Pleistocene—Holocene deposits, morphometric
indices lack systematic fault-parallel signals, and
structural measurements indicate that the youngest
well-constrained deformation phase is Miocene in
age. Historical and instrumental seismicity, includ-
ing the 2023 earthquake sequence, likewise shows
no clear spatial or mechanical association with the
Savrun Fault.

Giirboga (2025) interpreted the Savrun Fault Zone
as an active left-lateral strike-slip system based pri-
marily on kinematic indicators observed in colluvial
fan deposits and shallow sedimentary exposures. Our
observations from the same general sectors, however,
do not reveal stratigraphic discontinuities, displaced
Quaternary deposits, or demonstrable surface rup-
tures that would indicate Late Pleistocene—Holocene
movement. Instead, all measurable fault planes and
slickenside lineations are confined to consolidated
Miocene bedrock, and overlying Plio-Quaternary
sediments remain undeformed (Text-figs 12, 13).

These differences likely reflect the contrast be-
tween localized geomorphic or morphologic interpre-
tations and site-specific stratigraphic and kinematic
constraints. While the prominent surface expression
of the Savrun Fault may suggest recent activity at a
regional scale, the combined field, structural, and
morphometric evidence presented here indicates that
the preserved deformation is predominantly Miocene
in age. Accordingly, the Savrun Fault is interpreted
as morphologically inherited rather than demonstra-
bly neotectonically active.

Taken together, these lines of evidence indicate
that the fault is morphologically prominent but pres-
ently quiescent, and that its surface expression most
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Fig. 15. Seismotectonic overview of southeastern Turkey. (A) Historical earthquake records in the region compiled and modified from Ambraseys
(1988), Ambraseys and Jackson (1998), Tan ef al. (2008), and Duman and Emre (2013), with abbreviations: ST, Shebalin and Tatevossian (1997);
EG, Guidoboni et al. (1994); AM, Ambraseys (1988); AJ, Ambraseys and Jackson (1998). (B) Focal mechanism solutions of aftershocks along
the fault following the February 2023 earthquakes, compiled from the AFAD earthquake catalog. (C) Regional Coulomb stress change (ACFS)
distribution for the Mw 7.8 and Mw 7.7 mainshocks of the 2023 Kahramanmaras earthquakes, based on the modelling results of AFAD (2023).
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likely reflects preserved Miocene deformation rather
than active Late Quaternary tectonics. This interpre-
tation suggests that the Savrun Fault does not cur-
rently act as a significant active strand within the
regional strain field.

CONCLUSIONS

Integrated field observations, lithostratigraphic
relationships, morphometric indices and GIS-based
analyses consistently indicate that the Savrun Fault
accommodated deformation during the Miocene.
Well-developed fault planes and fracture systems are
confined to Lower—Middle Miocene clastic and car-
bonate units, whereas Plio-Quaternary colluvial and
alluvial deposits show no clear evidence of displace-
ment. Although geomorphic indices such as Smf, SL,
HI, Afand Vflocally resemble signatures of tectonic
uplift, these patterns are best explained by inherited
Miocene topography and lithological contrasts rather
than late-stage deformation.

The structural continuity of Miocene fabrics, the
undisturbed character of younger sediments and the
subdued expression of the fault toward its southern
segments collectively suggest that motion along the
Savrun Fault likely terminated during the Middle to
Late Miocene. No stratigraphic discontinuities, col-
luvial wedges or surface ruptures were observed in
Late Pleistocene to Holocene exposures, and the fault
trace provides no suitable locations for paleoseismo-
logical trenching. Furthermore, despite the proximity
of the Mw 7.6 Ekindzii rupture in 2023, the Savrun
Fault showed no geomorphic or structural response
to the regional stress redistribution.

Overall, the integrated structural, stratigraphic
and morphotectonic evidence demonstrates that the
Savrun Fault lacks indicators typically associated
with post-Miocene or neotectonic reactivation. These
results refine the Neogene tectonic evolution of the
Kozan-Goksun corridor and contribute to a clearer
understanding of fault architecture and inherited de-
formation patterns in southeastern Anatolia.
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