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Abstract. In this work, we present a new, high-resolution earthquake catalog for the Kefalonia region, Greece, together with
the distributed acoustic sensing (DAS) waveform dataset used for its construction (Bocchini et al., 2025). We build the
catalog from DAS data recorded between 1 August 2024, 23:00 and 15 August 2024, 23:00, combined with open-access
seismic-station recordings from the Hellenic Unified Seismic Network (HUSN). The DAS dataset consists of continuous
strain measurements acquired along a 15 km-long telecommunications fiber-optic cable connecting northern Kefalonia and
Ithaki. We use a semblance-based detector on the DAS waveforms to identify 5,734 earthquakes within ~50 km of the fiber
origin. We jointly locate 356 high-SNR (SNR > 12 dB) events with DAS and seismic stations and calculate their local
magnitudes from seismic records. We then apply waveform cross-correlation to match unlocated detections with the most
similar template events and estimate relative magnitudes from amplitude ratios to enhance the constructed catalog.
Enhancement adds 2,515 earthquakes, resulting in 2,871 events with assigned locations and magnitudes and represents a
~32-fold increase in the number of earthquakes with respect to the official National Observatory of Athens (NOA) catalog.
Most events (2,790) cluster within a ~5 km radius offshore northwest of Kefalonia, where seismicity rates reach >100 events
per hour. We achieve a ~38-fold increase in the number of earthquakes with respect to the official catalog from NOA in the
region encompassing the earthquake cluster northwest of Kefalonia. Our dataset provides a detailed spatio-temporal view of
seismicity in a region with limited station coverage and demonstrates the value of integrating DAS with conventional
seismic networks to monitor intense earthquake sequences. The combination of high seismicity and open-access data from

the HUSN makes this DAS dataset particularly valuable for the seismological community. We provide a 2-week-long
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catalog, the full detection list (local and distant events and false detections), and two weeks of continuous DAS recordings.
Possible applications of the datasets include testing and benchmarking DAS processing algorithms for tectonic earthquakes,

as well as studies of physical processes associated with complex seismic sequences.

1 Introduction
1.1. Why a new open-access dataset of DAS records?

Distributed acoustic sensing (DAS) has become an increasingly innovative approach in seismology to enable effective
continuous spatiotemporal sampling of the recorded seismic wavefield through strain or strain-rate measurements on fiber
optic cables (Zhan, 2020). The dense sampling has proven particularly well suited for applications that include seismic and
microseismic monitoring (Glubokovskikh et al., 2023; Lellouch et al., 2021; Lindsey et al., 2017; Lior et al., 2021a; Porras et
al., 2024), seismic imaging (Biondi et al., 2023a; Zeng et al., 2017), earthquake source-parameter estimation (Li et al., 2023;
Lior et al., 2021b), and monitoring of volcanic activity (Currenti et al., 2023; Jousset et al., 2022; Li et al., 2025), among
others. Nevertheless, despite its rapid adoption, several factors still limit the broader exploitation of DAS data. The high
sampling rates and density of measurement points generate large data volumes that challenge effective data storage and
sharing (Segui et al., 2025). Moreover, because DAS technology is still relatively new in seismology, many aspects of data
processing and interpretation remain under active development, including seismic event detection and location, signal
enhancement, strain-to-ground-motion calibration, and earthquake source parameter analysis. A further limitation is that
most large publicly available DAS datasets are mainly related to microseismic monitoring of industrial operations (e.g.,
hydraulic stimulations) rather than natural seismicity, as technology evolved from industry. While several open-access
datasets dedicated to the monitoring of natural earthquakes are present, they often lack elevated seismic rates and/or data
from permanent seismic networks to augment the DAS experiment. The capability of using publicly available DAS datasets
for the analysis of highly productive seismic sequences remains limited, slowing the validation and generalization of
emerging data analysis methods across different tectonic contexts. Among the DAS datasets now publicly available (as of
September 2025), PubDAS provides a repository with data from a variety of experiments, including natural and induced
seismicity (Spica et al., 2023). The collection spans urban noise monitoring, volcanic environments, underground mines, and
teleseismic events (Spica et al., 2023). FORGE (Frontier Observatory for Research in Geothermal Energy) (Pankow, 2022)
and PoroTomo (Feigl et al., 2016) offer DAS data closely tied to geothermal research, including microseismicity monitoring
related to hydraulic stimulation operations and subsurface characterization. Greenland Calving-Front Dataset offers a
demonstration of the DAS and DTS potential in cryospheric research (Graff et al., 2025). The Global DAS Month of
February 2023 dataset (Wuestefeld et al., 2024) comprises globally coordinated DAS recordings acquired to advance efforts

toward a Global Fiber Sensing Network and promote standardized, collaborative seismic monitoring.
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Here we present a new dataset of DAS recordings that captured a period of high seismic activity near the Kefalonia
Transform Fault (KTF) in Greece (Fig. 1). The main seismic sequence occurred northwest of Kefalonia at an epicentral
distance of ~15 km from the interrogated fiber-optic cable, while additional earthquakes in the region were also recorded. In
addition, we complement the data from seven open-access permanent seismic stations of the Hellenic Unified Seismic
Network (HUSN) that are located within ~30 km of the cable’s starting point to enhance the analysis. The integration of
DAS and seismic station data enables the construction of an enhanced seismicity catalog in a natural tectonic setting, where
such joint analysis remains relatively unexplored.

This study releases two main products: (i) a high-resolution earthquake catalog covering a two-week period of elevated
seismicity within ~50 km of the start of the interrogated fiber-optic cable, and (ii) the continuous DAS waveform dataset
from which we derived the catalog. In the following, we describe the methodological workflow we use to integrate DAS and
seismic station data for catalog construction. We also provide additional supporting products, including a comprehensive
detection list and cable geometry metadata.

The datasets presented here may support further research in DAS-based earthquake detection and processing, integration of
DAS and seismic-station data, as well as studies in earthquake physics and statistical seismology, with potential benefits

from the analysis of DAS data.

1.2. The Kefalonia Transform Fault and the 2024 seismic sequence

The KTF is a major tectonic structure in the Eastern Mediterranean that marks the transition from oceanic subduction to the
south to continental collision to the north (Bocchini et al., 2018; Louvari et al.,, 1999; Royden and Papanikolaou, 2011;
Scordilis et al., 1985). The KTF accommodates 2-2.5 cm/yr of differential convergence between the oceanic subduction and
continental collision zones (Pérouse et al., 2012), making it one of the most seismically active faults in Europe, as evidenced
by frequent M6-7+ earthquakes (Papadimitriou, 2002). A period of increased seismic activity started offshore northwest of
Kefalonia at the end of February 2024 and lasted until the end of the year. The largest magnitude earthquakes (local
magnitude, M, 3.6-3.8) occurred in the first weeks of March 2024, and earthquakes with M > 3.0 were also recorded in
April, August, and October 2024 and are listed in the revised catalog of the National Observatory of Athens (NOA)
(https://bbnet.gein.noa.gr/HL/databases/database, last accessed Sept. 2025). Anagnostou et al. (2025) analyzed the seismic

activity from February to April 2024, interpreting it as a complex, swarm-like sequence and they suggest that fluid dynamics
played a primary role in its triggering. Notably, the authors report that the primary structure(s) that were activated include

WNW-ESE left-lateral strike-slip fault(s), rather than the main branch of the KTF.
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1.3. Description of the DAS experiment in Kefalonia

We used DAS to measure strain along a dark telecommunications optical fiber connecting the islands of Kefalonia and
Ithaki, in the Ionian Sea (Greece) (Fig. 1). The fiber starts in the village of Antipata (Kefalonia), runs inland for slightly
more than half of its ~15.5 km length, crosses the Strait of Ithaki over steep bathymetry, and terminates in the village of
Stavros (Ithaki) (Fig. 1). The DAS measurement period ranges from early July to late September 2024, where we recorded
continuous data using an OptaSense QuantX interrogator. This study focuses on the analysis of a two-week period that
captures the highest activity within the earthquake cluster northwest of Kefalonia and the broader Kefalonia region (Fig. 1).
Using the revised seismicity catalog from NOA as a basis for selection, we identify the study period as spanning 2-15
August 2024 (1 August 23:00 — 15 August 23:00) as well-suited to construct an enhanced earthquake catalog. We combine
DAS strain recordings with continuous recordings of ground velocity from seven seismic stations of the HUSN to mitigate
the azimuthal gap caused by the relatively short cable length, which is comparable to the epicentral distance between the
cable and the recorded seismicity, and obtain higher quality earthquake locations than would be possible with DAS or
seismic data alone. The complementary seismic data also enables more accurate magnitude estimations, which are hindered
by the lack of a calibrated instrument response for converting strain to displacement (Lior et al., 2021b). In other words,
complementing DAS with seismic station data enables building a high-quality, earthquake catalog during the two-week

study period.
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Figure 1. (a) Map view of the study region, including the location of the optical fiber, seismic events (colored circles) reported by
NOA, and the publicly available seismic stations from the HUSN used (colored triangles) to locate seismic events. Grey triangles
indicate public seismic stations from the HUSN not used in this study because they are too distant from the most seismically active
region (pink box) or provide azimuthal coverage similar to that of closer seismic stations. Thick brown lines indicate major active
faults (Basili et al., 2024). (b) Inset showing the location of the study region within the Central-Eastern Mediterranean Sea. (c)
Zoom on the optical fiber. The optical fiber is divided into 12 segments (see methods) that are used for earthquake location.
Continuous black lines indicate isobaths. Black circles along the cable indicated the position of channels (ch.) mentioned in the
text.

2. Data

We recorded DAS data with a temporal sampling rate (i.e., ping rate) of 5,000 Hz, which we decimated by a factor of 20

before storing them, yielding a sampling rate of 250 Hz. The system configuration has a gauge length of 10 m and a channel
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spacing of 2.04 m, resulting in a total of 7,750 channels. Data is saved in 30-second segments (~80 MB per file), resulting in
a total size of 3.1 TB for the two-week experiment, with a short gap in data archiving occurring between 09:14 and 09:48 on
the 6th of August 2024. The file name is UTC time + 1h (default naming from the system).

We performed tap tests on both Kefalonia and Ithaki islands to precisely identify the channel locations onshore. The cable
onshore was visible along the entire length because it had been covered by asphalt along streets. Offshore, the cable path and
channel positions are less certain. To reconstruct the offshore cable geometry and channel locations, we rely on the expected
number of offshore channels (after subtracting those onshore) and refine the cable path by aligning the trend of the picked
DAS P-wave arrival times with the earthquake-to-channel epicentral distances (using earthquake locations from NOA) (Fig.
S1). Automatic picking of P-wave arrivals along the fiber result from applying PhaseNet-DAS (Zhu et al., 2023). We employ

EMODnet bathymetry (https://emodnet.ec.curopa.cu/en/) to assign an elevation to the channels offshore, while for the

onshore channels, we rely on the elevation from our GPS device. We also check for loops (typical of telecom infrastructures)
in the onshore cable sections by analyzing the normalized energy recorded on each channel (Biondi et al., 2023b), and then
cross-validating it with vehicle signals generated while driving along the fiber (Fig. S2). We show the locations of identified
loops in Fig. 2 (gray areas between dashed vertical lines).

We perform an initial assessment of data quality by manually inspecting recordings of earthquakes within a ~50 km radius of
the fiber starting point using the revised NOA catalog (Mr 0.5-3.4). The catalog lists 91 earthquakes (last accessed
September 2025) within the two-week study period, all of which are clearly visible along the fiber (Fig. 2, Fig. S3).
Earthquake recordings show strong amplification (a factor >20) in the offshore segment, while onshore and offshore
maximum noise amplitudes are similar, with slightly higher noise amplitudes offshore (Fig. 2). We observe amplitude
scaling with earthquake magnitude that is consistent with theoretical expectations. For example, we obtain an amplitude ratio
of ~148 between an My 0.6 and My 3.0 event separated by ~1.7 km (epicentral locations from the NOA catalog), as shown in
Fig. 2c. We compute the amplitude for each event as a trimmed mean after excluding the upper and lower 10% of values to
reduce the influence of outliers. We band-pass filter the waveforms between 3-20 Hz and use channels 4000-5900.
Assuming a theoretical scaling of 102™, where AMis the magnitude difference between the two events, the observed
amplitude ratio corresponds to an implied AM =~ 2.17. This value is slightly lower than the idealized expectation for
perfectly co-located events and may reflect the minor differences in source location and measurement uncertainties. We note
that the M. 0.6 event in the NOA catalog is based on two station observations. We also observe consistently elevated
amplitudes at both the onshore—offshore transition zones of the cable (Fig. 2). In addition, we successfully record signals
from teleseismic earthquakes, predominantly on the offshore portion of the cable (Fig. S4).

The seven seismic stations of the HUSN that complement the DAS data include: FSK (HP, 2000), ATHR (HA, 2008), VLS
(HL, 1975), EVGI, DLMN, ITHC, DRAG (HT, 1981) (Fig. 1, Fig. S3).
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Figure 2. Example of earthquakes recorded along the cable. (a) ML 0.6 on 08 August 2024 at 10:35 UTC (NOA event-id:
noa2024pmvwec). (b) Mv 3.0 Earthquake on 08 August 2024 at 19:18 UTC (NOA event-id: noa2024pnndk). (¢) Maximum absolute
amplitudes of signal and noise shown in panels (a-b). (c) Horizontal dashed black and purple lines indicate average amplitudes for
events displayed in panel a and b, respectively. The length of the horizontal lines shows the range of channels used for calculating
the average amplitudes (4000-5900). Panels (a-b) detail the location of onshore and offshore channels, the location of the channels
used for the detection, and the location of the identified loops. Traces are band-pass filtered 3-20 Hz. The light and dark orange,
and violet and blue lines in panels (a-b) highlight the noise and signal windows shown in panel (c).
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3. Earthquake detection using DAS data.

We use a semblance-based earthquake detector, HECTOR, to detect earthquakes recorded along the optical fiber (Porras et
al., 2024). The detector evaluates the coherence of the waveforms along pre-computed hyperbolic trajectories with varying
curvature and vertex along the fiber and time axes (x-t) using a modified semblance function (Fig. 3). The run of the detector
requires a set of pre-processing steps that include: (1) removing the mean and linear trend of each trace; (2) normalizing
trace amplitudes to reduce the effect of geometrical spreading, fiber coupling, and nonlinear effects; (3) applying a band-pass
filter of 5-30 Hz as well as a (4) common mode noise removal via a frequency—wavenumber (fk) filter by removing the zero-
wavenumber (k=0) component, which corresponds to coherent signals that arrive simultaneously across all DAS channels
without exhibiting any phase delay.

Owing to the strong signal amplification offshore and the clearer hyperbolic seismic phase arrival moveouts, we perform the
detection using an offshore segment of the fiber (Fig. 2). Testing different configurations led us to use channels 4000-5900
for detection (Fig. 1c, Fig. 2), corresponding to a total length of ~3900 m. Since the target seismicity cluster northwest of
Kefalonia lies beyond the fiber’s extent, we fix the hyperbola vertex at channel 4000 (bottom Fig 3c). We let the curvature of
the hyperbola vary between 130-200° with steps of 5° and use temporal windows of 30 samples with steps of 10 samples to
calculate the semblance and evaluate the coherence of the signals. We run the detection algorithm on 45-second data
windows with a 15-second overlap (Fig. 3). The overlap ensures that potential earthquakes that might occur across two
consecutive files are not missed. To eliminate duplicate entries, we de-cluster the initial detection list by removing signals
that occur within 3 seconds of each other, retaining only the earliest detection. We choose this 3-second threshold
specifically to account for the detector's inability to distinguish between P- and S-wave arrivals, which would otherwise
register as separate events. Because the observed Ts - Tp times along the offshore channels do not exceed ~2.5 seconds for
earthquakes within cluster northwest of Kefalonia (Fig. 2a-b), a 3-second window safely merges these phases into a single
event identification for most detections. The 15-second overlap between consecutive windows may also cause the same
event to be detected twice, which we also mitigate with the de-clustering. We note that detection time (Fig. 3a) may be
shifted with respect to the phase arrival observed in Fig. 3¢ because the vertex and the curvature of the hyperbola provide the

highest signal coherence, which may not be perfectly corresponds with the earliest time of the phase arrival.
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Figure 3. (a) Coherence time series in a 45-s window showing six detections. Vertical dashed black lines mark detection times.
Violet vertical dashed line (second from the right) indicates a detection identified in the subsequent window (30-75 s) and not in
the time window shown here (see text). (b) Semblance matrix, where the coherence maxima highlight events detected by HECTOR
(Porras et al., 2024). (c) DAS recording with y-axis channels ranging from 4000 (bottom) to 5900 (top). See text for details of trace
processing (Section 3). Note that detection times may mark the S-wave arrival, where P-waves are not always clearly visible.

Running the HECTOR detection algorithm on the 2-weeks of data leads to a total of 6,817 detections (Fig. 4). The number of
detections increases substantially relative to the revised NOA catalog, with the highest counts occurring after My 2.5+
earthquakes listed in that catalog. (Fig. 4). The number of detections within 1-hour bins following M. 2.5+ events from the
NOA catalog exceeds 100 and exhibits an Omori-like decay (Fig. 4). We note that all My 2.5+ NOA earthquakes reported in
Fig. 4 occurred within the active cluster northwest of Kefalonia (pink box in Fig. 1). Importantly, although we calibrate the
detector parameters to maximize sensitivity to the region of elevated seismicity offshore northwest of Kefalonia Island, we
successfully detect all 91 earthquakes reported in the NOA catalog that occurred within ~50 km of the fiber’s starting point
(Fig. 1). The sensitivity to various azimuthal directions, distances, and magnitudes suggests that the set of parameters, DAS

channels, and waveform processing used in the detector (as applied in this study) offer sufficient flexibility.
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Figure 4. Histogram of detections with 1-hour bins obtained with HECTOR from 1 August 2024 at 23:00 to 15 August 2024 at
23:00. Detections are classified after manual inspection of the signals. Distant earthquakes represent signals with Ts-Tp > ~6 s,
where all 91 earthquakes from the revised NOA catalog within ~50 km of the cable starting point (Fig. 1b) are included in the
histogram. Vertical lines indicate My 2.5+ earthquakes from the revised NOA catalog.
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We manually inspect all detections and classify them into three groups based on their manually determined Ts—Tp values and
arrival moveout: i) local earthquakes (Fig. 4, Fig. 5a-b), ii) distant earthquakes (with Ts—Tp>~6 s) (Fig. 4, Fig. 5¢), and iii)
false detections (Fig. 4, Fig. 5d—e). Local earthquakes (5,734), include events within ~50 km of the start of the cable, are
identified by coherent signals along the fiber that commonly have clearly visible P- and/or S-wave arrivals (Fig. 5a-b).
Smaller-amplitude earthquakes are recognizable primarily from characteristic reverberations between channels 5000—-5500 in
the submarine section of the cable (Fig. 5b). We inspect some of the weaker amplitude earthquakes with a spectral over-
subtraction denoiser (Pascucci et al., 2026) to confirm that the signals correspond to real seismic events (Fig. S4). False
detections (684) include non-seismic signals (e.g., boat noise; Fig. 5d), triggers within the coda of larger events where P- and
S-wave arrivals are absent or unclear (Fig. Se), and duplicate entries. In the case of duplicate detections, we retain the earliest
detection (typically the P-wave arrival) and classify the latter detection as false. For example, we retain the P-wave arrival in
Fig. 5c as the detection of the distant event, while the S-wave arrival is rejected as a false detection. We obtain a false
detection rate of approximately 6% (399 out of 6,817 detections), which we consider a conservative overestimate. This is

because some cases classified as false detections correspond to S-wave arrivals for which the associated P-wave is also

10
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detected, but the S-wave was not automatically removed during the 3-second de-clustering process. Manual inspection of

signals also reveals some missed events, particularly during the most active periods (i.e., after the 8 of August, Fig. S6).
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Figure S. Typical examples of detected signals. (a) M. 1.2 earthquake, (b) ML 0.3 earthquake, (c¢) distant earthquake, (d) false

220 detection, (e) false detection. Panel (d) likely shows a signal from a boat while e) represents a detection within the coda of an
earthquake. We obtain two detections in panel (c), where the earlier detection (P-wave arrival) is retained. We declare the second
detection from the S-wave arrival as false. Dashed horizontal lines indicate the detection time obtained from HECTOR while the
orange and purple lines in panels a-b indicate noise and signal windows (4 seconds), respectively, that are used to calculate the
signal-to-noise ratios (SNR). The detections are obtained from channels 4000-5900, while SNR are calculated from all offshore

225 channels 4000-6800 (channels with the highest SNR, Fig. 2). Fig. S5a-b shows the event in panel (b) before and after the
application of a spectral over-subtraction denoiser.
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4. Earthquake location and local magnitude estimates.

We initially locate and calculate local magnitudes for high-SNR detected local earthquakes by combining DAS and seismic
station data. We calculate SNR on offshore fiber channels (4000-6800) considering a noise window from 1-5 seconds before
the detection time and a signal window from 0.5-4.5 seconds after the detection time (Fig. 5). We compute the average Root-
Mean-Square (RMS) values for noise and signal on traces band-pass filtered between 5-20 Hz, using a trimmed mean that
removes the highest and lowest 10% of values (trim fraction 0.1).

We then calculate SNR as follows:

SNR = 20log1o(RMSsigna/ RM Shoise)-

We consider local earthquakes (following the criteria outlined above) with a SNR > 12 dB for hypocentral location and
magnitude estimation, resulting in a subset of 456 events out of the 5,734 detected local earthquakes. We manually include a
M 3.4 earthquake on 08 August 2024 at 19:18 (event id: kef2196) despite its low SNR of 5.3 dB, as it represents the largest
earthquake recorded northwest of Kefalonia during our study period. The low SNR results from the origin time being ~12
seconds after a nearby My 3.0 (event id: kef2195) whose coda wave contaminates the window containing the primary phase
arrival of the M 3.4 earthquake. Thus, our initial dataset consists of 457 earthquakes for location. The restrictive SNR
threshold reflects the goal of building a high-quality reference catalog of locations and magnitudes. We perform automatic P-
and S-wave arrival picking on DAS data using PhaseNet-DAS (Zhu et al., 2023) for each of the 457 earthquakes. We define
20-second windows for PhaseNet-DAS that start 6 seconds before the detection time and end 14 seconds after it (same as in
Fig. 5). We follow the preprocessing used in the PhaseNet-DAS implementation
(https://aideps.github.io/EQNet/phasenet_das/), including conversion of strain to strain rate via temporal differentiation. We
apply an additional band-pass filter between 5—40 Hz as part of our preprocessing. We manually inspect all picking results
and observe good quality P- and S-phase picks (Fig. S7).

To reduce the number of DAS channels for earthquake location and achieve a number comparable to the seismic stations, we
subdivide the cable into 12 segments (Fig. 1¢) using a custom geometric clustering algorithm. The algorithm uses Density-
Based Spatial Clustering of Applications with Noise (DBSCAN, Ester et al., 1996) to group channels exclusively by their
spatial coordinates. It automatically instantiates a new segment boundary whenever the azimuthal angle variation exceeds a
specified threshold. We allow a maximum azimuthal variation of 60°, applied an azimuth smoothing window of 50 channels,
and enforce a minimum constraint of 100 channels per segment. We assign median P- and S-wave arrival times that we
estimate in a prior step with PhaseNet-DAS applied to the entire fiber to the median channel for each of the 12
segments. Finally, we download waveforms from the seven stations closest to the fiber (Fig. 1, Fig. S3) and manually pick

P- and S-wave arrival for each of the 297 earthquakes in Snuffler (Heimann et al., 2017) when data quality permits.
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4.1. Earthquake location

We consider events with a P- or an S-wave arrival identified by Phasenet-DAS on at least 10 of the 12 fiber segments and
with a clear P- or S-wave arrival at a minimum of three seismic stations for earthquake location. The minimum required
number of segments and stations assures adequate azimuthal coverage for the events in the cluster offshore northwest of
Kefalonia. We compute earthquake locations with NLLoc (Lomax et al., 2000) using arrival times from both DAS and
seismic station data and a local 1-D velocity model (Haslinger et al., 1999). We revised the original velocity model by
removing the second layer at 0.5 km depth (Vp = 5.47 km/s), maintaining lower velocities from 0 to 2 km depth (Table S1)
to reflect the presence of unconsolidated sediments beneath the offshore cable segment. The removal of the second layer
from the original velocity model reduces the number of very shallow earthquakes (0-1 km) and improves depth resolution
slightly. We calculate static phase arrival time residuals at the seismic stations and DAS channels used for location and
include them in the final NLLoc run. Incorporating these residuals partially accounts for velocity model heterogeneities and
mitigates the limitations of a 1D model. We note, however, that static station corrections are influenced by the spatial
distribution of seismicity and are most appropriate for the region with the highest event density for this data set. We
successfully locate 356 of the 457 local earthquakes (Fig. 6). Hypocenter solutions for the remaining events were either
recorded at only two seismic stations or lacked a median phase arrival time on at least 10 cable segments, which inhibited
robust solutions. We obtain average semi-major and semi-minor axis error ellipse values of 1.5+0.5 and 0.8+0.4 km,

respectively, and vertical errors of 1.9+0.6 km (Fig. S8).
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Figure 6. Earthquake locations derived from events with average SNR > 12, estimated along the offshore portion of the optical
fiber (channels 4000-6800) by combining P- and S-wave arrival times from DAS and seven nearby seismic station data. Local
magnitudes are computed using data from the four seismic stations on Kefalonia and one on Ithaki (shown in Fig. 1). Blue squares
indicate the median channel positions for each fiber segment, associated with the corresponding median P- and S-wave arrival
times (see Fig. 1 and Section 4). The black box denotes the area shown by the pink box in Fig. 1 and outlines the most seismically

active region during the two-week study period. Seismicity cross-sections include events located within 2 km of either side of each
profile trace.

4.2. Earthquake magnitude estimate

We estimate My using seismic station data following the empirical relation of Hutton and Boore (1987) because the relation
is also employed by NOA for M, calculations (Melis and Konstantinou, 2006). We remove instrument response and convert
waveforms to Wood-Anderson equivalent amplitudes. We then apply a 1 Hz, high-pass filter before calculating amplitudes
at seismic stations. The 1 Hz high-pass filter helps remove longer period microseismic noise and improves magnitude
estimates for smaller earthquakes (M <0.6-0.8). We restrict the magnitude analysis to the four stations with the largest
number of picks (FSK, DMLN, ITHC, VLS), as well as a fifth station, ATHR, because of its proximity to the cluster of

seismicity northwest of Kefalonia (Fig. 1). For each station we use the maximum amplitude between the two horizontal

14



295

300

305

310

315

320

Submitted to Earth System Science Data (ESSD)

components to estimate magnitude. Because some events have low amplitudes and are not always clearly visible at five
stations, or because some signal windows may contain overlapping earthquakes, we calculate M using only the individual
station magnitudes that differ by less than AM = 0.5 from the average event magnitude estimate. We require at least three
station magnitudes with AM < 0.5 to assign a final My, which is then computed as the average of the retained values. My
estimates are possible for all 356 earthquakes based on the above quality control requirements, and values range from 0.2 to
3.4. A comparison of earthquake magnitudes estimated here and common events in the revised NOA catalog shows a
correlation coefficient of R = 0.95 and a near one-to-one relationship, with most of the absolute residuals < 0.1-0.2,
suggesting a strong correlation (Fig. S9). The observed deviation between My estimates from this study and those reported

by NOA can be attributed to differences in the seismic stations used and in hypocentral locations.

5. Catalog enhancement using waveform cross-correlation of DAS data

For clarity in our catalog enhancement workflow, we define template events as earthquakes with absolute hypocentral
locations and magnitude estimates derived from the seismic network, and target events denote local earthquakes whose
locations and magnitudes are initially unknown. We begin catalog enhancement by using 352 of the 356 located earthquakes
as templates. We omit four events from the group of templates that have either a semi-major horizontal error ellipse axis
and/or a depth error > 5 km, or a depth above the sea level. This error threshold is necessary because large location
uncertainties propagate into significant errors in Mp, which in turn, affect the relative magnitudes that are calculated during
enhancement using the amplitude ratios between templates and target events. Prior to calculating these cross-correlations, the
continuous waveform records are downsampled to 50 Hz and the analysis is restricted to the same offshore cable section
(channels 4,000-5,900) used for event detection (Fig. 7). We band-pass filter all traces between 5-20 Hz before computing a
channel-based cross-correlation coefficient (CCC) using 4-second time windows that begin 0.5 seconds after the detection
time (Figs. 7 and 8). We cross-correlate each of the 5,378 target events with the 352 template events. Each target event is
subsequently assigned the location of its most highly correlated template event. We retain the initial absolute locations and
magnitude estimates in the final catalog for the four events previously excluded from the template database due to large
hypocentral errors (> 5 km) or because located above sea level.

We observe that CCC varies across channels (Fig. 7a, Fig. S10a) and that higher CCC values are associated with channels
with higher SNR (Fig. 7c—d, Fig. S8c-d). To account for varying CCC with SNR, we apply a SNR criterion before averaging
the CCC values of individual channels. We then compute the average CCC between event pairs using the Fisher mean
(Fisher, 1921; Silver and Dunlap, 1987), after excluding 67% of the channels (i.e., 1,273 channels) with the lowest SNR
(Fig. 7e, Fig. S10e). The SNR estimation uses the 4-second signal and noise windows noted above (Fig. 5), and the cutoff

threshold is determined based on the lowest-amplitude earthquake in each event pair (Fig. 7b).
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Figure 7. Waveform cross-correlation coefficient (CCC) analysis for event pair kef0367 (Mvr 1.6) and kef0395 (M 0.9). (a) CCC of
individual DAS traces from channels 4000-5900. (a) Purple and gold symbols are CCC values above and below a SNR threshold
calculated from the smaller amplitude event in the pair (see text and description in panel b of this figure). (b) Signal-to-noise ratio
(SNR) of each event in the pair. SNR (in dB) is calculated as the ratio between the root-mean-square of the signal in 4-second
windows starting 0.5 s after the detection time and noise windows of the same length starting 5 s before the detection time (refer to
Fig. 3a for SNR windows). The thick horizontal black line marks the minimum SNR threshold required for the CCC calculation,
which is defined by the lower-amplitude event. The threshold corresponds to the cutoff of the top 33% of channels with the highest
SNR. (¢c—d) CCC versus SNR for events kef0367 and kef0395. The vertical black line indicates the minimum SNR threshold.
Average CCC of the event pair is 0.85, estimated as the Fisher mean of the individual CCC values. Traces are band-pass filtered 5-
20 Hz. The correlation between SNR and CCC at individual traces is even clearer when showing CCC values over the entire cable
(Fig. S10).

Before selecting the minimum CCC value for associating a target event with a template and proceeding with relative
magnitude calculations, we first examine the expected decay of CCC with inter-event distance (Menke et al., 1990). We do
so by cross correlating all independent template event pairs (excluding the four events noted above with larger hypocentral
uncertainties) following the procedure outlined in the previous paragraph. We restrict the analysis to template earthquakes
since we know their locations. Because our analysis relies solely on absolute event locations, the calculated inter-event
distances for a given CCC value are likely to overestimate the true physical separation of the event pairs. As expected, we

observe a systematic inverse correlation between CCC and inter-event distance (Fig. S11). For instance, we obtain a median
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inter-event distance of < 2 km and a 95" percentile of ~5 km for a pair with a CCC of 0.52 (Fig. S11). At 15 km distance,
this corresponds to a magnitude error of 0.06 for a 2 km inter-event separation and 0.15 for a 5 km inter-event separation. At
10 km distance, the corresponding errors are 0.05 and 0.2, respectively. In this study, we use a CCC threshold of 0.52 that is
empirically determined from the observed CCC—distance relationship. Specifically, Fig. S11 indicates a notable increase in
inter-event distance for CCC values below ~0.52—0.53. While median inter-event distances remain below ~3 km for CCC
values between 0.40 and 0.52, the 95th percentile increases substantially, indicating a higher risk of large spatial mismatches.
We therefore exclude lower CCC values to ensure robustness of the event associations. By using a CCC threshold of 0.52,
we associate 2,515 target events to template events. We test slightly different CCC thresholds, namely 0.50 and 0.54, in
addition to the preferred value of 0.52 used to construct the final enhanced catalog. We find that differences in the number of
detected events occur primarily for magnitudes < -0.5 (Fig. S12). We provide all event-pair CCC values to enable
reproducibility and allow assessment of the sensitivity of event associations to different CCC thresholds (see Data and code
availability). Figure 8 shows examples of target-template pairs exceeding the CCC threshold. We observe that nearly all

target events (>97%) are associated with template events from the cluster northwest of Kefalonia (Fig. S13).
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Figure 8. Event pair (template-target) cross-correlation. Black traces are template events with location, and a My estimates, while
in magenta it is the target event with no (initial) location or magnitude estimate. (a) Event pair kef1934 (M1.1.3) and kef1398 (ML
0.3) with average CCC of 0.93. (b) Event pair kef1740 (v 0.4) and kef4621 (M1 -0.2) with an average CCC of 0.58. Traces are
band-pass filtered at 5-20 Hz and normalized to make waveforms comparable. CCC is calculated in 4-second windows starting 0.5
seconds after the detection time. CCC at a given channel and time shift (in samples) are indicated for each subpanel.

Before calculating amplitude ratios for the determination of relative magnitudes, we first inspect whether we can correctly

retrieve the magnitudes of template events using amplitude ratios, where template M; estimates originate from seismic
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stations (Fig. 9). We associate each template event with its most similar template and recalculate the magnitude from the
amplitude ratio of band-passed traces (3-20 Hz) on channels 4000-5900. The lower corner frequency of 3 Hz suppresses
long-period noise present in the offshore DAS segment. The upper corner frequency of 20 Hz is sufficiently high to capture
the peak amplitudes of smaller earthquakes (M1~0) with expected peak spectral amplitudes below the source corner
frequency (e.g., Baltay and Abercrombie, 2025), and is sufficiently low to minimize high-frequency effects related to source
complexity (e.g., Trugman et al., 2021). We consider the average of the maximum amplitudes of traces between 4000-5900
after removing the highest and lowest 10% values (i.e., trimmed mean) for event pairs with CCC values > 0.52. We calculate

relative magnitudes as follows:

Mtarget:Mtemplate + 10g 1 O(Atarget/ Atemplate)

where M is the magnitude and A is the average of the maximum amplitude.

We observe good agreement between initial M1, and relative My estimates over the full magnitude range, as indicated by a
coefficient of determination R? = 0.92, mean absolute deviations of 0.1+0.1, and a best-fitting line with an approximately
unit slope (Fig. 9). Remaining deviations between seismic-station My and DAS-derived relative Mp estimates may be
attributed to imperfectly collocated event pairs and/or uncertainties in the initial magnitudes estimated from the seismic
stations. Accordingly, we compute relative magnitudes for all target events with a minimum CCC > 0.52 (2,515 events) with

respect to their template events.
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major horizontal error ellipse axes and vertical error < 5 km (352 events). Relative My for each template event is obtained from
the mean amplitude ratio with respect to the most similar event using band-pass filtered waveforms (5-20 Hz). Average amplitude
ratios are calculated using event pairs with a cross-correlation coefficient > 0.52 (333 of the 352 template events) on channels 4000—
5900 using a trimmed mean that exclude the highest and lowest 10% of values.

Adding relative magnitude estimates to the 356 events with My calculated from seismic stations leads to 2,871 magnitude
estimates (50% of the local earthquakes). We observe that 2,790 earthquakes with a magnitude estimate (97%) are located
offshore northwest of Kefalonia and are mostly clustered in space (Fig. 1, Fig. 5, Fig. S13). The remaining events are
scattered within the study region (Fig. S13), with a few clusters located along the Strait of Ithaki. Figure S13 shows the
distribution of all events detected and located in this study with a magnitude estimate. There are 10 events in common with
the revised NOA catalog (the NOA catalog reports 91 earthquakes within a radius of 50 km from the start of the cable) that
are not included in our catalog of 356 events, despite being successfully detected. Eight of the ten events common to the
NOA catalog are omitted because of their average SNR at offshore DAS channels being <12 dB, and they were therefore not
considered for initial location (Section 4.1). The last two of the ten events are omitted because we observe Ts-Tp > 6 seconds
at offshore DAS channels. The fact that we detect but do not locate a few earthquakes included in the revised NOA catalog
reflects our focus on detecting and locating seismicity in the highly active region offshore northwest of Kefalonia. By
considering events within the active region northwest of Kefalonia (Fig. 1, Fig. 5, Fig. S13), we observe a ~38-fold increase
in the number of events with a magnitude estimate relative to the revised NOA catalog (Fig. 10). All events in our catalog
down to My 2.4 are common to the NOA catalog (Fig. 10a), while the number of events from this study significantly
increases at lower magnitudes (Fig. 10). Specifically, we estimate a magnitude of completeness of M. = -0.4 using both a
maximum curvature and Goodness-of-Fit Test (Wiemer and Wyss, 2000) and a b-value = 0.95+0.03 based on the maximum
likelihood estimate (Aki, 1965) (Fig. 10a). The enhanced earthquake catalog shows inter-event times as short as three
seconds (the minimum allowed inter-event time from de-clustering) and average inter-event times for 100-event windows

down to 30 seconds.
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Fig. 6). (a) Frequency—magnitude distribution of events from this study compared with events from NOA for the same period and
region. The b-value is estimated using Maximum Likelihood (Aki, 1965), and the magnitude of completeness (M.) using the
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sliding windows with 90% overlap) between successive events with ML > M. plotted against time.
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6. Discussion

This study releases two-week DAS waveforms and a high-resolution earthquake catalog derived from the integration of DAS
recordings and publicly available data from conventional seismic stations. The dataset captures a period of exceptionally
high seismicity within 10—15 km of the fiber-optic cable at rates exceeding 100 events per hour. (Fig. 1, Fig. 6). Although
other open-access DAS datasets also contain high event rates, most of them were acquired in boreholes and target induced
seismicity (the FORGE dataset, Porras et al., 2024), rather than natural earthquake sequences.

The highest seismicity rates occur offshore in a cluster northwest of Kefalonia with a ~5 km radius where azimuthal
coverage from land stations is limited (Fig. 1, Fig. 6). The intense seismic activity combined with sparse station geometry
are challenging for the monitoring of active seismic sequences (Grigoli et al., 2021; Karastathis et al., 2015). This work
shows that combining DAS and seismic station data can make it possible to overcome some of the challenges associated
with observing offshore earthquakes: using DAS channels for dense wavefield sampling and earthquake detection,
combining DAS and seismic station data for determining hypocenter locations, and using seismic stations for amplitude
calibration and magnitude estimation.

The enhanced catalog presented here exhibits high temporal resolution, with inter-event times as short as three seconds and a
completeness magnitude of M. = -0.4. It captures evolving statistical features of the seismic sequence, including a transition
from more Poisson-like inter-event time distribution to densely clustered activity associated with mainshock—aftershock
activity (Figure 10c). The catalog also reveals notable changes in aftershock productivity. For instance, two M > 3
earthquakes before 8 August 2024 were not followed by clear aftershock activity, whereas similar-sized and smaller events
after that date produced pronounced aftershock sequences (Figure 10b-c). After 8 August, we observe a systematic relation
between mainshock magnitude and aftershock inter-event times, with larger mainshocks followed by shorter aftershock
inter-event times (Figure 10d). The distribution of the seismicity highlights a nearly vertical WNW-ESE striking fault (Fig.
6), which is consistent with the geometry observed by Anagnostou et al. (2025), who used 3-month data between the end of
February and the end of April 2025. These observations underscore the high spatial and temporal resolution of the catalog
that we will discuss in a detailed analysis of the space—time—magnitude patterns that will be addressed in a separate study.
The amphibious nature of the telecommunication cable introduces additional features of shallow crustal structure that
warrant further investigation, including the strong signal amplification observed along the marine segment and its potential
influence on magnitude determination when using DAS data alone. This offshore amplification may reflect not only
variations in shallow crustal structure, but also differences in DAS sensitivity to body and surface waves, mechanical

coupling, cable construction, and installation conditions across the onshore—offshore transition.
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6.1. Distorted waveforms

The close proximity of the cable and the large magnitudes of the sequence also led to distorted waveforms on many channels
after the S-wave arrival for earthquakes with M > ~2. The distortion is mostly limited to offshore channels but can also
appear on onshore channels for events with M > ~2.8. This distortion is likely related to cycle-skipping issues in DAS
caused by dynamic range limitations (Katakami et al., 2024). In fact, for a sample of earthquakes exhibiting distorted
waveforms, we observe a phase shift corresponding to an integer multiple of 2m that is consistent with cycle-skipping.
However, determining the exact cause is challenging because the data were decimated by a factor of 20 before storage (from
5000 Hz to 250 Hz), eliminating higher-frequency energy above 125 Hz. With our settings, the maximum change
measurable between consecutive samples is ~0.033 pe (£m). While the QuantX instrument can measure larger signal
amplitudes, it cannot track phase changes exceeding +7 between consecutive samples. Nevertheless, the observed distortion
of the signals, likely due to cycle-skipping, did not affect our analysis: maximum earthquake amplitudes are correctly
measured (Fig. 9), and waveform shapes remain undistorted after band-passing earthquakes in our frequency range of

interest (Fig. 11).
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Figure 11. Waveforms of similar events (average CCC = 0.7 from DAS), one of which is affected by cycle skipping. The My 2.7
event kef1828 (black) shows waveform distortion at the S-wave arrival, while the ML 1.4 event kef1780 (violet) does not. (a) Raw
waveforms. (b) Band-pass filtered waveforms (5-20 Hz). Hypocentral locations: kef1780 — 38.4018°N, 20.4502°E, depth 3.41 km;
kef1828 — 38.4018°N, 20.4547°E, depth 3.76 km. Note the high waveform similarity after filtering the traces. The events show an
average CCC of 0.7 at seismic stations (Fig. S14)

7. Potential applications of the datasets

The datasets released in this work may offer a range of potential applications. The exceptionally high seismicity rate, with
inter-event times as short as three seconds, provides an ideal testbed for developing and evaluating advanced detection and
location methods tailored to DAS data. To support such efforts, we provide a manually verified event catalog that can serve
as a reference dataset. In addition, the inclusion of very small-amplitude signals, some with magnitude estimates and others
without, may be useful for developing and testing denoising approaches (e.g., Fig. S5).

The integration of the DAS array within an open-access seismic network offers an opportunity to evaluate DAS-enhanced
event location methods and explore hybrid location strategies. This setting also allows testing of various strategies to
mitigate biases that could arise from the large difference in the number of sensors between the DAS cable and the traditional
network, such as automatic DAS channel selection. Furthermore, DAS recordings acquired on seafloor cables may exhibit
higher amplitudes compared to onshore cables, as observed in this study. Such differences could reflect a combination of
site, coupling, and propagation effects that may in turn introduce biases in magnitude estimation. Finally, the dataset may
offer valuable opportunities for machine learning applications. With nearly 6,000 recorded events, it can be used to train new

models or to investigate transfer learning of existing ones.

8. Data & Code Availability

Continuous DAS data waveforms are available from (Bocchini et al., 2025)
Codes to read and plot the events (or detections) recorded along the optical fiber, earthquake catalogs, event pairs cross-

correlation coefficients, cable geometry, and PhaseNet-DAS picks are available from: https:/gitlab.ruhr-uni-

bochum.de/bocchgxw/das-kefalonia/

We wuse PhaseNet-DAS (Zhu et al, 2023) for phase picking on DAS data, which is available from

https://aideps.github.io/EQNet/phasenet das/
We use HECTOR (Porras et al., 2024) for event detection on DAS data, which is available from

https://github.com/juanuct/HECTOR/tree/main

We use Snuffler, available through Pyrocko, for manual picking of seismic waveforms (Heimann et al., 2017)

We use Obspy for processing of seismic station waveforms (Beyreuther et al., 2010)
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eate figures using Matplotlib (Hunter, 2007) and GMT (Wessel et al., 2019).

9. Metadata

490 9.1. DAS Metadata

495

500

505

510

.
.

*Note

Code

visual

Interrogator: OptaSense QuantX

File Format: HDF5

Number of Channels: 7,750

File Length: 30 seconds

Ping Rate: 5,000 Hz

Sampling Rate: 250 Hz

Gauge Length: 10.3 m

Channel Spacing: 2.04 m

Data Unit: Optical phase shift*
: The raw data can be converted to strain using the script provided in the accompanying repository (see Data and
Availability section), which also demonstrates the HDFS file structure and includes functions for data reading and

ization.

9.2. Cable Geometry

The cable geometry is provided as a CSV file that defines the spatial coordinates of the DAS array after the removal of

looped or otherwise non-usable fiber sections. Consequently, the number of unique channels in this geometry file is lower

than in the raw HDF5 waveform files; only channels explicitly listed in this file are considered valid for analysis. The CSV

file contains the following columns:

channel number recorded: The channel number directly matching the channel numbers in the HDF5 files.
latitude / longitude: Geographic coordinates in decimal degrees.

elevation m: Elevation in meters (negative values indicate channels below sea level).

comment: Label indicating whether the channel is located on Kefalonia, offshore, or on Ithaki.

final_section_id: Identifier for the specific cable sections used for earthquake locations.

9.3. Seismic Station Waveforms

Seismic Stations: HP.FSK, HA.ATHR, HL.VLS, HT.EVGI, HT.DLMN, HT.ITHC, HT.DRAG
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e Sampling Rate: 100 Hz
e Data Source: Continuous seismic waveforms are publicly accessible via the NOA EIDA node

(https://eida.gein.noa.gr/).

9.4. Earthquake Catalogs
9.4.1. Catalog with Absolute Earthquake Locations

The catalog contains 356 earthquakes and is provided as a CSV file with the following columns: event id (unique event
identifier), origin_time (UTC origin time), longitude (decimal degrees), latitude (decimal degrees), depth (km), Nobs
(number of observations), and gap (azimuthal gap). Uncertainties are reported in kilometers as H_err and h_err (the semi-
major and semi-minor axes of the horizontal error ellipse, respectively) and z_err (depth uncertainty). The catalog also

includes the local magnitude (ML) and its standard deviation (ML _std).

9.4.2. Enhanced Earthquake Catalog

This catalog expands upon the absolute locations dataset by incorporating additional events identified via waveform cross-
correlation, bringing the total to 2,871 events. The data is provided as a CSV file containing the following columns: event id
(unique event identifier), amplitude (event amplitude in micrometers), ML (local magnitude), reference (the template event
ID associated with the target event), CCC (cross-correlation coefficient), detection_time (UTC detection time returned by the
detector), longitude (decimal degrees), latitude (decimal degrees), and depth (km).

Note: For the original 356 template earthquakes containing absolute locations, the CCC and reference columns are left

blank.

10. Conclusions

In this study, we combine DAS recordings with permanent seismic stations from the HUSN to investigate seismicity on
Kefalonia Island between 2—15 August 2024. Applying a semblance-based detector enables identification of more than
5,700 earthquakes within a ~50 km radius of the starting point of the optical fiber. Combining DAS and seismic data analysis
and waveform cross-correlation enables location and magnitude estimates of 2,871 events, of which 2,790 concentrate in an
active cluster offshore northwest of Kefalonia. The catalog shows very high seismicity rates with peaks in earthquake rates
that exceed 100 events per hour. Individual inter-event times are as short as 3 seconds, while average inter-event times
calculated over moving 100-event windows decrease to ~30 seconds. The short inter-event times and a M, of -0.4 enable a

detailed spatiotemporal analysis of the seismicity.
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A comparison of the catalog produced here and the revised earthquake catalog of NOA for the active cluster northwest of
Kefalonia shows the same number of events down to My 2.4, and a factor of ~38 increase in smaller events for the DAS-
seismic-data catalog. The detailed catalog underscores the benefit of using DAS to strengthen seismic monitoring in regions
where station coverage is limited and seismicity is intense.

This work makes the following data products publicly available: the DAS-seismic station earthquake catalog, continuous
DAS recordings, detection lists, and supporting metadata. The dataset provides a resource for future studies of DAS data
processing, integration with seismic stations for earthquake monitoring, and analyses of seismicity, in large part because it

targets a highly productive natural seismic sequence.
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