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Abstract Strike‐slip faults in lacustrine environments present overlooked tsunamigenic potential. For the
first time, we have reconstructed paleotsunamis triggered by strike‐slip faulting with a dip‐slip component that
ruptured the lake floor. This study focuses on Lake Iznik (Türkiye), located along the middle strand of the North
Anatolian Fault (MNAF). We modeled tsunami generation, propagation, and inundation for the 121 CE (Mw
∼7.3) and 1065 CE (Mw ∼6.9) earthquakes using a coupled coseismic dislocation and hydrodynamic model.
Simulated run‐ups and inundation distances are validated against coastal tsunami deposits. Our results show
maximum run‐ups of ∼3 m for the 121 CE event and ∼1 m for the 1065 CE event, highlighting the tsunami
hazard to the lakeshore. We also demonstrate that the tsunami generated during the 1065 CE event lacked
sufficient wave height (<0.5 m) to damage the newly discovered submerged Byzantine basilica. These findings
emphasize the need to integrate tsunami risk into seismic hazard assessments for lacustrine strike‐slip fault
zones.

Plain Language Summary This study investigates the often‐overlooked tsunami hazard from
underwater strike‐slip fault earthquakes in lakes. We focus on Lake Iznik in Türkiye, which lies along the
middle strand of the North Anatolian Fault. Using computer simulations, along with geological and historical
records, we reconstructed tsunamis generated by the 121 CE (Mw 7.3) and 1065 CE (Mw 6.9) earthquakes,
which ruptured the floor of Lake Iznik. The 121 CE event produced waves up to 3 m high, inundating areas over
500 m inland, while the 1065 CE tsunami carried lower energy. We also show that the 1065 CE event did not
damage a recently discovered submerged Byzantine basilica, which potentially hosted the First Council of
Nicaea in 325 CE, a foundational event in early Christianity. We validated our numerical results using sediment
layers deposited by past tsunamis along the lakeshore, confirming their accuracy. Earthquakes in this region
occur roughly every 1,000 years, and since the last one was in 1065 CE, there is growing concern about a future
earthquake and its associated tsunami potential. Our findings show that strike‐slip faults beneath lakes can
generate damaging tsunamis, and that these hazards should be integrated into future seismic risk assessments for
lakeside communities.

1. Introduction
Earthquake‐induced tsunamis are among the most destructive natural hazards, causing the loss of hundreds of
thousands of lives and trillions of dollars in damage to infrastructure and the environment over the past century
(Swiss Re, 2024; UNDRR, 2017). These tsunamis are generated by rapid deformation of the seafloor due to fault
displacement (Dutykh et al., 2006; Synolakis et al., 1997) and are traditionally associated with large subduction‐
zone earthquakes (Dias et al., 2014; Rashidi et al., 2018; Stein & Okal, 2005). However, recent events have
demonstrated that strike‐slip faults also possess significant tsunamigenic potential. Notable examples include the
2018 CE Mw 7.5 Palu earthquake, which generated maximum tsunami run‐up of ∼6 m (Carvajal et al., 2019;
Elbanna et al., 2021); the 1999 CE Mw 7.4 Kocaeli earthquake, which occurred along the North Anatolian fault
and triggered the Izmit Bay tsunami with a run‐up of 1–3 m (Altinok et al., 2001; Tinti et al., 2006); and the 1994
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CE Mw 7.1 Mindoro tsunami, which was likely amplified by subsequent landslides (Ramirez et al., 2022) and
produced a maximum run‐up of ∼7 m (Imamura et al., 1995). These cases highlight the need to investigate
tsunami hazards associated with strike‐slip fault systems, particularly in enclosed or semi‐enclosed basins, where
even moderate vertical displacement or secondary effects, such as landslides, can amplify the tsunami impact.

However, assessing tsunami hazards in regions with long recurrence intervals presents an additional challenge. To
accurately estimate future tsunami hazards, understanding past events is important. Sediments serve as contin-
uous archives that preserve geological records of past events. They thus offer valuable information about high‐
impact, low‐frequency events that are rarely observed in instrumental or historical records (Kremer et al., 2021;
Sabatier et al., 2022). Integrating these archives with numerical modeling enables researchers to reconstruct and
validate past tsunami events and gain information about their occurrence, dynamics, and impacts on coastal
communities (Kremer et al., 2015; Zafar et al., 2024, 2025). However, lacustrine paleotsunami deposits have been
extensively overlooked compared to their marine counterparts, even though numerous paleotsunami events have
been documented in lacustrine settings based on their geological signatures (Bozzano et al., 2009; Dirksen
et al., 2011; Freundt et al., 2006; Kremer et al., 2012; Moore et al., 2014; Nigg et al., 2021; Schnellmann
et al., 2002). Although the tsunamigenic potential of strike‐slip earthquakes has been explored in recent studies
(e.g., (Elbanna et al., 2021; Estrada et al., 2021), reconstructions of paleotsunamis associated with strike‐slip
faults in lake settings are still lacking, leaving a significant gap in hazard assessment and risk mitigation efforts.

To address these challenges, this study focuses on the middle strand of the North Anatolian Fault (MNAF), part of
one of Earth's most seismically active strike‐slip fault systems (NAF) (Şengör et al., 2005). Some segments of the
western part of the MNAF, such as the Iznik fault, have remained seismically quiet since the 1065 CE earthquake,
raising concerns about an impending rupture (Benjelloun et al., 2021; Gastineau et al., 2021). Large earthquakes
(Mw > 7) along the Iznik fault have a recurrence interval of 970± 235 years (Duarte et al., 2023), suggesting that
the region may soon experience another significant seismic event associated with potential tsunami hazards. The
Iznik fault crosses the floor of Lake Iznik (Gastineau et al., 2021), where the historically important city of Nicaea
(now Iznik) is located on its eastern shore, making it a crucial site for investigating paleotsunamis for future
hazard assessment. Here, we present the first paleotsunami investigation at Lake Iznik, which integrates nu-
merical modeling with stratigraphic, paleoseismological, and historical records. The numerical simulations are
validated against tsunami deposits, identified in coastal lake sediment cores. This research provides new insights
into tsunami hazards linked to the strike‐slip fault at Lake Iznik and establishes a framework applicable to similar
lacustrine environments worldwide.

2. Geological Settings and Previous Studies on the MNAF
The North Anatolian Fault Zone (NAFZ) is a ∼1,200 km‐long, right‐lateral strike‐slip fault system accommo-
dating the relative motion between the Eurasian and Anatolian plates (Şengör et al., 2005). The fault has a
geodetic slip rate of approximately 24.5–26.5 mm/yr (e.g., Meade et al., 2002; Reilinger et al., 2006). It is
relatively narrow in the east (Barka, 1996) but becomes more complex to the west as it enters the Marmara Sea. In
the Marmara region, northwest Anatolia, the NAFZ diverges into three strands, each separated by ∼50 km
(Şengör et al., 2005). The northern strand (NNAF), which extends beneath the Marmara Sea, accommodates the
highest slip rate of ∼20–25 mm/yr (Okur et al., 2024). The middle (MNAF) and southern (SNAF) strands,
running mostly inland and bounding several Quaternary basins, account for the remaining ∼20%–25% of the total
slip (Okur et al., 2024). Among these, the MNAF is particularly debated because of its seismic quiescence in the
instrumental period (Benjelloun et al., 2021; Gastineau et al., 2021). Additionally, it runs through the Lake Iznik,
one of the largest freshwater lakes in Turkey, raising concerns about increased tsunami hazards in the region.

Lake Iznik lies in the southeastern part of the Marmara Sea. It has a maximum depth of ∼70 m and dimensions of
approximately 12 km north–south and 32 km east–west. The lake is fed primarily by five rivers and drains via a
single outlet, Gölyatağı Dere. Numerous paleoseismological studies have been conducted on the MNAF
(Figure 1c). These studies revealed that the MNAF is partitioned in the Lake Iznik area into two main segments
(Figure 1): one is the Gürle Fault (GF), which borders the southern bank of the lake and mostly affects the
bedrock; the other is the Iznik Fault (IF), which has a rectilinear shape, runs into Lake Iznik, and affects the
sedimentary layers of the lake. The IF primarily shows horizontal dextral slip with a minor normal component
dipping southward (Gastineau et al., 2021). In contrast, the GFmainly has a normal component dipping northward
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(Civico et al., 2021; Doğan et al., 2015). Together, these faults form a negative flower structure, which is
responsible for the deepest basin in Lake Iznik (Benjelloun et al., 2021; Civico et al., 2021; Gastineau et al., 2021).

Over the past two millennia, the MNAF has generated at least six major earthquakes that caused significant
damage to the city of Iznik, including the 29–32 CE (Mw 7), 121 CE (Mw 7.3), 368 CE (Mw 6.9), 740 CE (Mw
7.1), 1065 CE (Mw 6.9), and 1,296 (Mw 6.9) events (Ambraseys & Finkel, 1991; Benjelloun et al., 2021; Civico
et al., 2021; Gastineau et al., 2021; Guidoboni et al., 1994). These earthquakes have ruptured several segments of
the MNAF (Figure 1b). This study focuses on two key events that ruptured the floor of Lake Iznik: the most recent
1065 CE event and the largest historically documented 121 CE event, to assess their potential for tsunami

Figure 1. (a) Bathymetry and nearshore topography of Lake Iznik, illustrating the IF (pink), which ruptured during the 1065
CE earthquake. Black circles (1–4) indicate the onshore core sites analyzed in this study. (b) MNAF (black), including its GF
segment (blue) and the IF segment (pink), which ruptured during the 121 CE earthquake. (c) Earthquakes scenario modified
from Benjelloun et al. (2021) and Civico et al. (2021); vertical bars indicate the age ranges of paleoearthquake occurrences
identified from previous trenches and core studies (corresponding to the triangles in panel b), whereas horizontal bars
represent historical seismic events. The length of the horizontal bars represents the estimated rupture extent based on Wells
and Coppersmith (1994). The fault parameters for both events are provided in their respective legends.
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generation. The 1065 event ruptured the IF resulting in∼2.5 m horizontal and∼0.4 m vertical offsets of lacustrine
sediments that were identified using seismic reflection data and sediment cores (Duarte et al., 2023; Gastineau
et al., 2021). However, according to Civico et al. (2021), the onshore trench studies along the GF did not show
evidence of this rupture, suggesting that the 1065 event may have been confined to the IF, and its eastern pro-
longation along the MNAF (Figure 1a). In contrast, the 121 CE earthquake shows clear evidence for rupturing
both the IF and GF segments. The total horizontal slip along the MNAF is estimated at 4 m during the 121 CE
event, which is divided between the GF and the IF as the fault approaches Lake Iznik (Civico et al., 2021; Duarte
et al., 2023). The vertical offset is higher about 1–2 m (Civico et al., 2021) along the north‐dipping GF, and the
horizontal offset along GF is in the range of 3.2–4.7 mm/yr (Benjelloun et al., 2021). The slip parameters for both
earthquakes are summarized in the legends of Figures 1a and 1b. The strike angles of all segments along the
MNAF fault and its total length of 148 km were determined based on high‐resolution satellite imagery (Ben-
jelloun et al., 2021). This region is considered seismically shallow, with a locking depth of∼4.2± 1.03 km for the
middle strand near Lake Iznik, based on GPS geodetic modeling (Okur et al., 2024).

3. Methods
3.1. Coseismic Dislocation Model

The first step in modeling an earthquake‐induced tsunami is the translation of coseismic slip into surface dis-
placements. These displacements are then incorporated into the tsunami propagation model, where they serve as
bathymetric changes during the simulation (Dutykh & Dias, 2009a; Zafar et al., 2025). To calculate the 3D
displacement of the Earth's surface, we use the well‐known Okada model (Okada, 1985). This model assumes that
the Earth behaves as a perfectly elastic half‐space and takes uniform slip on rectangular fault patches as input. The
model determines surface displacements by solving the half‐space problem via Green's functions. For complex
fault geometries, the fault plane can be divided into multiple rectangular subfaults in the model; each could have
different orientations and slip characteristics. The Okada model is applied to each subfault, and the resulting
surface deformations are summed to obtain the final displacement field.

3.2. Tsunami Propagation and Inundation Model

We used a two‐dimensional (2D) depth‐averaged nonlinear shallow water equation (NSWE) model GeoClaw
(Clawpack Development Team, 2020) to simulate tsunami wave propagation and inundation. GeoClaw is an
open‐source, widely recognized tsunami model that has been validated against the National Tsunami Hazard
Mitigation Program (NTHMP) benchmark problems (González et al., 2011) and applied to numerous tsunami
events with their comparisons to tide gauge (Adams & LeVeque, 2018) or geological data, including in alpine
lakes (Zafar et al., 2024, 2025). GeoClaw employs a shock‐capturing Godunov‐type finite volume scheme
(Dutykh et al., 2011; LeVeque, 2002) on rectangular grids with adaptive mesh refinement. It automatically
handles dry states effectively during inundation. For a detailed description of GeoClaw, see LeVeque
et al. (2011).

Although the Geoclaw model is primarily designed to account for vertical seafloor displacement above the fault
line, we also include horizontal displacement by applying the Tanioka filter (Tanioka & Satake, 1996). This
approach is based on the principle that horizontal displacement on a sloping bottom causes vertical motion
proportional to the slope's magnitude. If the slope is small, this effect can be approximated mathematically using a
first‐order Taylor expansion:

uh = u1hx + u2hy

where u1 and u2 are the horizontal displacement components, and where h(x,y) represents the bathymetry
function. The indices x and y denote spatial partial derivatives. The term uh represents the vertical displacement
induced by the horizontal movement of the slope, which we incorporated as a correction to the vertical
displacement component in our model.

Additionally, the details of the instantaneous excitation and shallow water assumptions used in our tsunami model
are discussed within the framework proposed by Abrahams et al. (2023) (Text S1 in Supporting Information S1).
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3.3. Tsunami Deposit Analysis

We surveyed 4 different sites around the shores of Iznik Lake to find traces of past tsunamis preserved in the
sediments (Figure 1a). Thirteen stratigraphic logs were obtained by hand‐held coring using an Edelman auger and
a gouge auger at depths up to 3.3 m below the ground surface. The most convincing field evidence of tsunami
deposits was found at the coring site 3 (north of Çakirca) on the northeastern shore of the lake. Laboratory an-
alyses presented here are therefore focused on this site. Grain size analysis was performed on bulk sediment
samples via a Beckman Coulter LS13230XR laser particle size analyzer at EDYTEM, with ultrasound during
analysis.

The loss‐on‐ignition (LOI) was measured using the protocol of Heiri et al., 2001, with LOI550 and LOI950 used
respectively as a proxy of organic matter (OM) and carbonate contents in the sediment. X‐ray tomography was
performed on specific sedimentary layers to characterize their structure in 3D. The samples were scanned at a tube
voltage of 90 kV and a current of 62 μA using an EasyTom RX‐Solutions CT‐scan device at LMV. The 1,120
tomographic projections were reconstructed with a filtered back‐projection algorithm, resulting in tomograms
with a pixel resolution of 6.5 μm. A total of 3 samples of plant and organic remains were 14C dated at LMC14
using accelerator mass spectrometry (Dumoulin et al., 2017). Calibration at 2σ was performed using the
IntCal2020 calibration curve (Reimer et al., 2020).

4. Results
4.1. Earthquake‐Induced Tsunami Simulations

4.1.1. Coseismic Displacement

We applied the Okada model to compute the three‐dimensional coseismic displacements for the 121 CE and 1065
CE earthquakes, using the fault geometries and slip distributions as described in Section 2. In the 121 CE scenario,
which involves rupture along both the IF and GF segments, the simulated vertical displacements ranged from
− 2.0 to 0.8 m (Figure 2a). The deepest basin of Lake Iznik experienced maximum subsidence, which aligned well
with the present‐day bathymetric profile. The 1065 CE earthquake, limited to the IF segment and its eastern
prolongation along the MNAF, produced vertical displacements ranging from − 0.4 to 0.2 m (Figure 2d). The
horizontal displacement components corresponding to the 121 CE and 1065 CE events are presented in Figures
2b–2c and 2e–2f, respectively.

Figure 2. Vertical (up–down) and horizontal (east–west and north–south) components of surface displacement resulting from fault movement during the 121 CE
earthquake (a–c) and the 1065 CE earthquake (d–f).
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4.1.2. Tsunami Wave Propagation and Inundation

The static coseismic displacements were incorporated into the tsunami model as instantaneous changes to the lake
floor, which transform into the overlying water column and lead to the generation of tsunami waves. Tsunami
propagation and inundation modeling was performed on a uniform rectangular grid with 10 m resolution, using
high‐resolution topographic and bathymetric data. To evaluate the influence of horizontal displacement, we ran
simulations using (a) only the vertical displacement and (b) both the vertical and horizontal components (Figure
S1 in Supporting Information S1). Due to the gentle slope of Lake Iznik's basin, with a maximum gradient of 7.5°
(Figure S2 in Supporting Information S1), differences in wave height were negligible. Therefore, only the vertical
displacement component was considered in the run‐up analysis. We also tested downdip fault widths ranging
from 5 to 12 km. The results revealed minimal variations in wave height and spatial distribution (Figure S3 in
Supporting Information S1), and a 5 kmwidth was selected for subsequent run‐up simulations, which is consistent
with the ∼4.2 ± 1.03 km locking‐depth estimates from regional geodetic studies (Okur et al., 2024).

The spatial distributions of maximum tsunami wave heights for the 121 CE and 1065 CE events with modeled
run‐up heights and inundation distances at selected shoreline location are shown in Figures 3a–3d. Tsunami run‐
up time series for both events at the core sites and at Iznik city are shown in Figure 3e.

For the 121 CE simulation, tsunami wave propagation snapshots (Video S1) and time series (Figure 3e) show that
the leading wave reached Iznik city within 10 min after the earthquake. The town was notably affected, with a
modeled run‐up height of up to ∼1.5 m (Figure 3c) and inundation reaching ∼200 m on land (Figure 3d).
Moreover, the peak of the leading wave propagated toward the northeastern shore of the lake (location of core site
3), arriving within 18 min (Figure 3e; Video S1). At this site, the maximum run‐up reached ∼2.5 m, with
inundation extending beyond 500 m inland (Figures 3c and 3d). Other shoreline areas near core sites 1, 2, and 4
experienced lower tsunami height (Figures 3c and 3d). Among the populated sites, Gölyaka experienced the
highest wave height (>2 m) but limited inundation, whereas Çakırca experienced the greatest inundation
(>400 m), with run‐up exceeding 1.5 m. Overall, the highest modeled tsunami height (∼3 m) was observed along
the southern shore of the lake.

Figure 3. Maximum tsunami wave heights generated by the 121 CE (a) and 1065 CE (b) earthquakes over time. Run‐up heights (c) and inundation distances (d) at
locations marked by red diamonds in (a, b). Points are selected clockwise from Gölkaya to the Basilica. (e) Run‐up time series at all core sites and at Iznik City.
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For the 1065 CE tsunami simulation, Iznik city was affected by a relatively small wave, with a maximum run‐up
of ∼0.5 m and inundation reaching ∼150 m. At Çakırca and core site 3, inundation extended up to 350 m, with
similar run‐up heights of ∼0.5 m. The highest modeled wave height during this event (∼1 m) occurred along the
southern shore of the lake.

4.2. Tsunami Deposits

Among the various onshore sedimentary sequences studied, only those from core site 3, located north of Çakirca,
provided convincing evidence of tsunamis. The sequences are mainly composed of lacustrine clayey‐silt to fine
sand sediment, with variations in grain size and color reflecting variations of the lake level. Two types of coarser‐
grained layers are identified: (a) coarse sand layers with pebbles, corresponding to deposits of delta fans (usually
in the upper part of the sequences), and (b) detrital shell‐rich layers, typically 5–15 cm thick, including fine
pebbles, charcoals, and bones. These shell‐rich layers are intercalated in the carbonated silty sediments with
relatively higher OM content typical of lacustrine deposit without any gradational transition (Figures 4a and 4b).

Figure 4. (a) Sedimentary sequences showing evidence of tsunami deposits in Lake Iznik shore sediments (site Çakirca, core site 3). Deposits interpreted as formed by
tsunamis take the form of detrital shell‐rich layers (e.g., at 75–80 cm and 225–230 cm depth on core CA‐06, and at 260 cm depth on core CA‐01); (b) Grain size and loss‐
on‐ignition (LOI) downcore profiles of core CA‐06; (c) Close‐up and CT‐scan views of a detrital shell‐rich tsunami layer found at a depth of 260 cm on core CA‐01.
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The abundance of shells is correlated with increased LOI950 and relatively coarse sediment (Figure 4b). These
shell‐rich deposits are usually found in high‐energy coastal environments, but here they are found in shallow‐
water lake sediments deposited in a low‐energy environment. Shells are also not found in a live position, they
were transported and fragmented into small clasts a few mm in size. X‐ray tomography (CT‐scan) shows different
types of bioclasts (bivalve shells mostly of the Dreissenidae family, gastropods, fish bones, etc.) densely packed in
sand‐to‐silt sediment (Figure 4c). All these observations lead us to conclude that the shell‐rich layers correspond
to high‐energy events capable of transporting and redepositing shells and sand a few meters deep in the lake. The
shell‐rich layers found at 225–230 cm depth and 75–80 cm depth in core CA‐06, and at 260 cm depth in core CA‐
01 are thus interpreted as tsunami deposits. The age of the lower shell‐rich layer on core CA‐06 (225–230 cm
depth) is bracketed by a 14C age of 117–239 cal CE obtained on a plant fragment at 235 cm depth, and an age of
270–363 cal CE on another plant fragment at 225 cm depth. These ages are concordant with the 121 CE
earthquake, within the uncertainties of the 14C ages. We could not find any material suitable for dating at depths
close to the upper shell‐rich layer (75–80 cm depth), but it is younger.

5. Discussion and Conclusions
5.1. Validation With Tsunami Deposits

The validation of numerical simulations with field observations is essential because of the inherent uncertainties
associated with paleotsunami studies (Kremer et al., 2021; Zafar et al., 2025). For the 121 CE event, the model
results indicate that the peak of the leading tsunami wave was directed toward the northeastern shore of Lake Iznik
(Figure 3e; Video S1). At this location (core site 3), we identified onshore tsunami deposits, characterized by
sharp deposition of detrital shell‐rich sedimentary layers intercalated in carbonated silty lake sediment (Figure 4),
which is consistent with a high‐energy event (Sabatier et al., 2022). According to 14C ages, this deposit could
correspond to the 121 CE event. In contrast, at other sites (core sites 1, 2, and 4), the modeled run‐up heights
remained below 0.5 m (Figure 3) with no evidence of shell‐rich deposits. This evidence serves as strong validation
of numerical modeling and the occurrence of a large tsunami in the northeastern part of the lake in 121 CE. This
multidisciplinary approach, integrating numerical modeling with sedimentological validation, substantially ad-
vances the assessment of tsunami hazards in lacustrine environments, especially in regions affected by earth-
quakes with long recurrence intervals and lacking detailed historical records. These findings also highlight the
importance of tsunami wave height and directivity in controlling the spatial distribution of tsunami deposits along
lake shores, although other factors such as available sediment and accommodation space are also required to
preserve tsunami deposits. Understanding these controls is essential, as such deposits serve as key indicators of
both the occurrence and impacts of past tsunami events.

For the 1065 CE event, simulations indicate that the leading wave also propagated toward core site 3 (Figure 3;
Video S2) but with considerably lower energy and a run‐up wave height (∼0.5 m) compared to the 121 CE
tsunami. In core CA‐06, a minor carbonate peak with shell fragments was observed at 75–80 cm depth. Although
no age control is available at this level, this thinner detrital shell‐rich layer may represent a high‐energy event
similar to the 121 CE tsunami deposits but with a lower magnitude. We therefore suggest that the detrital layer at
75–80 cm depth could be related to the 1065 CE event.

5.2. Tsunamigenic Potential of Strike‐Slip Faulting and Hazards

Our simulations indicate that the 121 CE earthquake generated tsunami waves with maximum run‐up heights
reaching ∼3 m and inundation extending over 500 m inland, posing a significant hazard to Lake Iznik's shoreline
communities (Figure 3). Notably, the historical city of Iznik on the eastern shore experienced modeled run‐up
heights up to ∼1.5 m and inundation of ∼200 m (Figure 3).

Given that the 1065 CE and 121 CE earthquakes are historical events, their rupture propagation characteristics are
poorly constrained, which challenges dynamic modeling. Our results, based on instantaneous excitation, indicate
that horizontal slip contributed little; instead, most tsunamigenic potential in Lake Iznik arises from the vertical
slip component (Figures S4 and S5 in Supporting Information S1). To quantify this, we performed tsunami energy
calculations following Dutykh and Dias (2009b) (Figure S6 in Supporting Information S1). The peak tsunami
wave energy for the scenario including vertical slip is 7.39 × 1011 J, nearly 90 times greater than the pure strike‐
slip case (8.13 × 109 J).

Geophysical Research Letters 10.1029/2025GL117422

ZAFAR ET AL. 8 of 11

 19448007, 2025, 18, D
ow

nloaded from
 https://agupubs.onlinelibrary.w

iley.com
/doi/10.1029/2025G

L
117422 by Portail B

ibC
N

R
S IN

SU
, W

iley O
nline L

ibrary on [29/09/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



However, strike‐slip ruptures propagating through sedimentary layers, such as the 1065 CE and 121 CE events,
may significantly enhance the fault vertical component of ground velocity, thereby increasing tsunamigenic
potential (Abdelmeguid et al., 2025). Furthermore, seismic shaking from strike‐slip ruptures can generate
standing waves in lakes lasting several days, even without accounting for sediment amplification (Zafar
et al., 2025), underscoring the high sensitivity of lacustrine basins to strong ground motion. Moreover, strike‐slip
ruptures in sedimentary basins may undergo localized supershear (Abdelmeguid et al., 2025), which under certain
conditions can further increase the tsunami potential (Elbanna et al., 2021). This mechanism is particularly
relevant to the 1065 CE rupture on the Iznik Fault, a rectilinear, predominantly strike‐slip fault traversing the Lake
Iznik sedimentary basin.

Thus, these studies suggest that tsunami generation could have been even more devastating beyond our estimates
based on instantaneous excitation at Lake Iznik. Given the recurrence interval of 970 ± 235 years of large
earthquakes in Lake Iznik along the MNAF (Duarte et al., 2023) and its seismic quiescence since 1065 CE
(Gastineau et al., 2021), the likelihood of a future large earthquake and associated potential tsunami hazard may
have increased. These results highlight the urgent need to incorporate inland tsunami scenarios into regional
seismic hazard assessments and urban planning, particularly to protect densely populated lakeshore areas.

5.3. Submerged Basilica

Among the most important cultural landmarks is the submerged Basilica of Saint Neophytos, which was
discovered in 2014 along the eastern shore of Lake Iznik (Şahin & Fairchild, 2018). This basilica potentially
hosted the First Council of Nicaea in 325 CE, a foundational event in early Christianity (Şahin & Fairchild, 2018).
Previous studies have proposed that the collapse of the basilica may have been caused by the 1065 CE earthquake
or an associated tsunami (Gastineau et al., 2021). However, our tsunami simulations based on instantaneous
excitation indicate that wave heights at the basilica site related to the 1065 CE earthquake were insufficient
(<0.5 m) to cause structural damage.
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