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Abstract
In spring 2024, we deployed a large seismic nodal array across the southern Vienna Basin, Austria. Using a machine-learn-

ing approach, we constructed a seismic catalog for the 60-day deployment period and reliably identified 100 events. We 
applied a local earthquake tomography inversion procedure to relocate the detected events and derive three-dimen
sional P- and S-wave velocity models and VP/VS estimates. The results reveal a low-velocity anomaly with high VP/VS esti-
mates, corresponding to the Neogene basin structure. In contrast, high-velocity anomalies with low VP/VS estimates high-
light nappe systems associated with the Alpine Orogen. Most of the relocated seismicity during the deployment is linked 
to the April 14th, 2024, M ~ 3 earthquake. The mechanism for this event, along with its aftershock distribution, suggest that 
the rupture occurred on a normal splay fault of the Vienna Basin Transfer Fault System, situated near its intersection with 
the basal detachment at depth. As this area is highlighted for its geothermal resource potential, a comprehensive under-
standing of geological structures and potential hazards is essential for responsible resource development.

1. Introduction
The Vienna Basin lies at the junction of the Eastern 

Alps, the Pannonian Basin, and the western Carpathians 
(Fig. 1a). It is a geologically complex region shaped by 
ongoing tectonic activity. The regional seismic activity 
is moderate, with instrumentally recorded earthquakes 
reaching a maximum magnitude of approximately 5. The 
Vienna Basin Transfer Fault System (VBTFS) is a 380-km 
long left-lateral strike-slip fault system, which is thought 
to be rooted on the basal detachment of the Alpine-Car-
pathian orogenic wedge at depths of 8 to 12 km (Hinsch 
et al., 2005). The VBTFS generates earthquakes exceeding 
magnitude 4 (Hinsch and Decker, 2011). A notable exam-
ple is the magnitude 5 Ebreichsdorf event in 1938. Seis-
micity is well-observed in the southern Vienna Basin, but 
is almost absent in the central and northern Vienna Basin 
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(Hinsch and Decker, 2011). In addition to instrumentally 
recorded events, historical (e.g., Gutdeutsch et al., 1987), 
and paleoseismological investigations (Hintersberger et 
al., 2010) suggest that the region has experienced even 
stronger earthquakes in the past, albeit less frequently. 

Understanding the subsurface structure of the Vienna 
Basin, along with potential sources of significant earth-
quakes, is of particular importance. The Vienna Basin is 
identified as a key target for deep geothermal resources 
in Austria, with several projects at various stages of de-
velopment (Sachsenhofer et al., 2025). In particular, geo-
thermal exploration in the southern Vienna Basin is still 
in exploratory stages. For these projects, understanding 
the seismotectonics of the area is crucial for accurately 
assessing seismic hazards before proceeding with fur-
ther planning and development.
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Recent studies have demonstrated that large-N, 
short-duration, seismic nodal arrays can detect a signifi-
cantly higher number of small seismic events compared 
to what are listed in national earthquake catalogs, which 
rely on regional networks (e.g., Catchings et al., 2020; 
Shearer et al., 2024). Seismic phase arrival times can then 
be determined from these small events and used in a 
local earthquake tomography inversion procedure (e.g., 
Dunham and Kiser, 2020) to improve our understanding 
of the local seismic velocity structure and local deforma-
tion in a given region.

In this study, we deployed a large seismic nodal array 
across the southern Vienna Basin, and constructed a seis-
mic catalog using a machine-learning (ML) algorithm. 
We then picked the seismic phase arrival times associat-
ed to the detected events and employed a local earth-
quake tomography inversion procedure for determining 
the seismic velocity structure of the area and refine the 
earthquake hypocentral locations. Finally, we interpret 
our results in the context of the active seismotectonics 
of the southern Vienna Basin, highlighting how the ob-
served active fault geometries and deformation patterns 
relate to the deeper structure. Our findings provide new 
insights into the basin’s seismogenic behavior and have 
direct implications for seismic hazard assessment and 
geothermal resource development in the region.  More 
broadly, our study demonstrates how dense nodal arrays 
and advanced processing techniques can illuminate the 
detailed structure and activity of fault systems in com-
plex tectonic settings, providing a framework for similar 
investigations in other intraplate basins worldwide.

2. Data and Method

2.1. Data
We deployed 181 seismic nodal sensors in two asyn-

chronous phases across the southern Vienna Basin (Fig. 
1b). In the first phase, 90 sensors were installed in the 
southern half of the study area, recording seismic data 
between March 18th to April 24th, 2024. The second phase 
involved the deployment of 91 sensors to the northern 
half of the study area, recording seismic data from May 
6th to June 19th, 2024. Out of a total of 181 deployed 
seismic nodal sensors, 4 failed to record. Except for the 
failed nodal sensors, all sensors recorded continuously 
for more than 30 days. All seismic nodal instruments are 
Fairfield Nodal Zland three-component (north, east, and 
vertical) nodes with a 5-Hz corner frequency.

To build the seismic catalog, we employed SeisBench, 
a user-friendly interface that applies several standard 
seismological machine-learning (ML) algorithms (Wool-
lam et al., 2022). Prior to processing the continuous wave-
form data, we apply detrending, demeaning and downs-
ampling of the data to 25 Hz. SeisBench scans through 
hourly seismic segments. Here, we used EQTransformer 
(Mousavi et al., 2020) to generate ~ 40,000 preliminary 
detections. Figure 2 shows an example of a 300-second 
vertical component seismogram for station 101 (see Fig. 
3 for location) starting at 3:10:00 PM on April 14th, 2024, 
alongside the predictions of P- and S-wave arrival times 
by PhaseNet (Zhu and Beroza, 2019) and EQTransformer. 
Note that event detections are performed by EQTransfo-
mer.

Figure 1: (a) Surface geology of eastern Austria extracted from the International Geological Map of Europe (IGME5000; Aschk, 2005). (b) Satellite 
image of the southern Vienna Basin. The red box shows the extent of the study area. Inverted green and red triangles show the first and second phase 
of the seismic survey, respectively. Inverted yellow triangles represent seismic nodal sensors common to the two phases of the seismic survey. Black 
solid lines show mapped tectonic faults in the area. Abbreviations: SF = Sollenau Fault.

Seismic velocity structure and seismotectonics of the southern Vienna Basin (Austria) with a large-N nodal deployment
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To associate the event detection to the corresponding 
phase arrival times, we used an earthquake phase asso-
ciation algorithm, GaMMA (Zhu et al., 2022). This requires 
an initial P- and S-wave velocity models. Here, we used an 
average 1-D shear-wave velocity model from Esteve et al. 
(2025). We then converted the S-wave velocity model to 
a P-wave velocity model assuming a constant VP/VS ratio 
of 1.75 (Tab. T1 in the supplementary material). Because 
of the large number of recording seismic sensors, we only 
kept events with at least 10 associated P- and S-wave 
phase arrivals associated to this particular event. After 
this quality control process, we were left with 100 reliable 
events to use in subsequent analysis (Fig. 3). 

Due to the limited number of detected events, we de-
cided to manually re-pick the P- and S-wave arrival times 
in order to ensure accurate identification of phase onsets. 
To improve the clarity of seismic phase arrivals, we ap-
plied a Butterworth band-pass filter with a 1–12 Hz fre-
quency band to correctly determine P and S phases for 
each seismogram. In total, we measured 2298 and 2234 
P- and S-wave arrival times, respectively. This arrival time 
data set, along with the event hypocentral locations, is 
the input to the tomographic inversion procedure (Fig. 
S1). 

Lastly, for comprehensive analysis of our constructed 
catalog, we determine local earthquake magnitudes (ML) 
for each event using a local magnitude scale defined for 
central Europe (Chovanová and Kristek, 2018), where  is 
described as:

ML = log A + 1.05 * log(Δij) + 0.00236 * Δij – 2.02 

Here, A is the maximum amplitude in nanometers, Δij is 
the epicentral distance in kilometers. We note that local 
magnitude (ML) estimates derived from the 5 Hz short-pe-
riod sensors deployed in our nodal array are likely subject 
to systematic underestimation. The original ML scale was 
calibrated using Wood-Anderson seismographs, which 
have a flat response in the 1–10 Hz band and greater sen-
sitivity to the longer-period energy radiated by larger or 
more distant earthquakes. In contrast, 5 Hz sensors atten-
uate much of the low-frequency signal, effectively acting 
as a high-pass filter. In this study, ML values are therefore 
reported as indicative lower bounds. 

2.2. Inversion procedure
We use the Local Tomography Software (LOTOS) to 

estimate the three-dimensional isotropic seismic veloc-
ity structure (Koulakov, 2009). LOTOS has been success-
fully applied to a wide range of settings (e.g., Schmid et 
al., 2017; Estève et al., 2022; Koulakov et al., 2023; Jiwa-
wi-Brown et al., 2024). Starting with a 1–D (i.e., layered) 
velocity model, the software calculates the travel times 
based on a reference table of initial event locations, and 
uses a grid search method to relocate all events (Koula-
kov and Sobolev, 2006). We use the term “relocation” to 
distinguish between the ML locations and our final loca-
tions. Ray paths are updated using a three-dimensional 
bending ray tracing method (Um and Thurber, 1987), 
with the velocity model and event hypocenters updated 
at each iteration. The same 1-D reference velocity model 
used for the earthquake phase association is used as the 
initial model in the LOTOS inversion.

Figure 2: The top panel shows a 300-second vertical-component seismogram of the seismic node 101 (see Fig. 3). The bottom two panels show the 
characteristic curves (i.e., probability of a seismic phase pick at a given time) for the two models EQTransformer (Mousavi et al., 2020) and PhaseNet 
(Zhu and Beroza, 2019). Note that only EQTransformer detects events.

Clement Esteve et al.
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P-wave and S-wave arrival times are simultaneously in-
verted for P and S-wave velocity anomalies using an iter-
ative LSQR algorithm (Paige and Saunders, 1982). Earth-
quake hypocenters are refined for each model iteration. 
Many tomographic studies use trade-off curves (L-curves) 
to find the best regularization parameters. However, the 
study of Koulakov (2009) has shown that the damping 
value computed in this way may not be appropriate. 
First, the L-curve is often computed for the first iteration 
of the inversion procedure. At the same time, the main 
results of these studies are obtained after performing 
several iterations. The damping parameters obtained as 
corner points of the L-curve do not necessarily coincide 
in the first and final iterations. It would be more reason-
able to use the value that corresponds to the L-curve in 
the final iteration, but in this case, the problem becomes 
too time-consuming. Second, even if we use a damping 
value corresponding to the L-curve in the final iteration, 
it is not clear that this value is really optimal. Koulakov, 
(2009) has tested this question with several synthetic 
models, and he has observed that damping estimated 
in this way is too strong. Therefore, the performance of 
synthetic modelling gives the best chance to estimate 
the free parameters. Successively, the parameters can be 
adjusted in order to improve the quality of the synthet-
ic anomalies. The values of the parameters are refined 
by performing successive tests. We use smoothing and 
damping parameters of 0.3 and 1.0, respectively, for both 
the P- and S-wave velocity models. These optimal values 
were selected by evaluating synthetic tests and RMS time 
residuals.

We used 5 iterations to derive the final velocity models, 

as RMS time residuals no longer significantly decrease for 
subsequent iterations (Tab. T2 in the supplementary ma-
terial). The mean deviations of the residuals were reduced 
from 0.1226 to 0.0624 s (49 %) for the P-wave data set and 
from 0.2371 to 0.0983 s (58.5 %) for the S-wave data set. 
In the following sections, we only show the southern part 
of the study area, as the northern part is poorly sampled 
(Fig. S2).

Both the P- and S-wave velocity models are parameter-
ized using a set of nodes, which depend on the ray path 
density (Fig. S2). The spacing between nodes is 0.8  km 
and 0.5 km in the horizontal and vertical directions, re-
spectively, in areas with sufficient ray path density. Be-
tween the nodes, velocity anomalies (from the reference 
model) are linearly interpolated. To minimize artifacts 
related to the geometric distribution of nodes and ray 
geometry, we perform the LOTOS inversion using four 
grid with different azimuths (0°, 22°, 45° and 67°; Fig S3). 
Each grid orientation is constructed during the first iter-
ation and remains unchanged throughout subsequent 
iterations. This approach resulted in four comparable 
three-dimensional velocity models, increasing our confi-
dence that grid orientation did not introduce significant 
artifacts. The final velocity model is obtained by averag-
ing the four three-dimensional velocity models generat-
ed from these different grid orientations.

2.3. Focal mechanism calculation
Earthquake source characteristics provide valuable 

constraints on fault geometry and processes, and repre-
sent an important contribution to understanding earth-
quake hazards. We investigate the source characteristics 

Figure 3: Map showing all events detected and located by the ML algorithm. Yellow inverted triangle shows the location of the seismic node 101. 
Each event is color-coded by depth and the circle size correspond to the magnitude. Two histograms show the distribution of preliminary hypocentres 
determined by the ML algorithm and the range of local magnitude. 

Seismic velocity structure and seismotectonics of the southern Vienna Basin (Austria) with a large-N nodal deployment
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Figure 4: Synthetic tests with realistic anomalies in map view at depths of 0.5 and 2 km for both P- and S-wave models. The original synthetic model 
with the P- and S-wave velocity anomalies are presented (a, d), and the recovered structure through the P- (b, e) and S-wave velocity model (c, f) 
for the same parameters are shown. The values of the P- and S-wave velocity anomalies in percent in the synthetic model are indicated inside each 
pattern.

Clement Esteve et al.

of the largest event identified from our detection analy-
sis: a ML ~ 3 event that occurred on April 14th, 2024. Specif-
ically, we manually pick the P-wave first-motion polarities 
(i.e., dilational or compressional) recorded on our nearly 
90 nodal instruments, and invert these to determine a 
probabilistic focal mechanism solution. The nodal planes 
from this solution are then interpreted within the con-
text of previously mapped regional faults, as well as our 
tomographic model of seismic velocity structure of the 
southern Vienna Basin. Unfortunately, we are not able to 
analyze the remaining (much smaller) event due to low 
signal-to-noise ratio and our inability to manually pick a 
sufficient number of clear first-motion polarities.

Using the hypocentral location from our iterative to-
mography and earthquake relocation process, we calcu-
late azimuths and takeoff angles based on the average 
1-D velocity model from Esteve et al. (2025). With this 
information (polarities, takeoff angles, and azimuths) we 
apply the Bayesian Earthquake Analysis Tool (BEAT) soft-
ware (Vasyura-Bathke et al., 2020; Gosselin et al., 2023) to 
estimate the probability distributions of the focal mech-
anism parameters. The BEAT subpackage used for focal 
mechanism inversion does not yet support take-off angle 

calculations with a 3D velocity model. We consider event 
location uncertainties to be the dominant source of error 
in take-off and azimuth angles. BEAT allows for rigorous 
quantification of the uncertainties in the estimated fo-
cal mechanism allowing for more reliable interpretation 
within the context of faults and earthquake hazards. 
Within the inversion, the data and focal mechanism mod-
el parameters are both treated as random variables. The 
model parameters are constrained by the data as well as 
prior information. However, in this work, we employ un-
informative priors to allow the solution to be constrained 
by data information content. We define the prior as 
bounded uniform distributions over the range of physi-
cally possible angles of strike (0–360 degrees), dip (0–90 
degrees), and rake (–180–180 degrees). This allows the 
solution to be defined by the polarity data. It is challeng-
ing to determine an analytical solution for the probability 
distribution of the focal mechanism parameters. Instead, 
BEAT relies on numerical methods to draw samples from 
the posterior distribution. The ensemble of samples can 
then be used as an approximation of the posterior distri-
bution, as well as to estimate its properties.
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3. Model resolution
We conduct synthetic checkerboard and structural 

tests to evaluate the resolution of our tomography mod-
els. The test models feature an alternating pattern of fast 
and slow velocity anomalies, with amplitudes set at ±10% 
of the background velocity. These tests were designed 
for two configurations, where each anomaly measures 
either 5 x 5 x 5 km (Figs. S4–S6) or 2 x 2 x 2 km (Figs. S7–S9). 
Synthetic travel times are calculated using 3D ray tracing, 
and noise levels are defined as 5% and 10% of the real 
remnant residual values to simulate travel-time errors in 
the initial P- and S-wave datasets, respectively. Following 
the computation of synthetic data, we apply the full in-
version procedure, including earthquake relocations, to 
determine which parts of the model are best resolved. 
This synthetic inversion effectively replicates real data 
processing (Koulakov, 2009). After the final iteration, the 
average source relocation error is 0.95 km (Fig. S10), while 
event relocation errors for events located beyond the ex-
tent of the nodal array are larger due to the limited azi-

muthal range in station coverage for these events (Fig. 
S10).

Figure S4 to S9 present the results of the checkerboard 
tests for 2-km and 5-km anomalies, respectively. The re-
covered models reveal a clear variation in resolution with 
increasing depth. In the top 2 km, the synthetic anoma-
lies are well retrieved in both tests, with preserved am-
plitudes and shapes. However, at depths beyond 2 km, 
the 2-km anomalies are poorly resolved due to insuffi-
cient crossing rays in our dataset. In contrast, the 5-km 
anomalies remain detectable, although their amplitude 
recovery is less accurate. The checkerboard resolution 
tests suggest that the seismic velocity models can re-
solve 5-km lateral anomalies beneath the nodal array to 
a depth of 4 km, while 2-km lateral anomalies can be re-
solved to depths of 2–2.5 km.

In addition to the checkerboard test, we evaluate the 
resolution of longer-wavelength features and the impact 
of limited resolution in our real model by conducting 
synthetic structural tests with realistic anomalies (Figs. 

Figure 5: Synthetic tests with realistic anomalies defined along vertical profiles. Input synthetic anomalies along the vertical profiles (a, d, g, j). 
Recovered P- (b, e, h, k) and S-wave velocity models (c, f, i, l) along the same profile. For profile locations, refer to inset map.

Seismic velocity structure and seismotectonics of the southern Vienna Basin (Austria) with a large-N nodal deployment
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Figure 6: Map views of the P-wave model at depths of 0.5, 1, 1.5, 2, 3 and 4 km. Inverted green triangles show the seismic nodal instrument 
locations. Black lines show the mapped faults in the area.
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Figure 7: Map views of the S-wave model at depths of 0.5, 1, 1.5, 2, 3 and 4 km. Inverted green triangles show the seismic nodal instrument 
locations. Black lines show the mapped faults in the area.

Seismic velocity structure and seismotectonics of the southern Vienna Basin (Austria) with a large-N nodal deployment



197

Clement Esteve et al.

Figure 8: Map views of the VP/VS model at depths of 0.5, 1, 1.5, 2, 3 and 4 km. Inverted green triangles show the seismic nodal instrument 
locations. Black lines show the mapped faults in the area.
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Figure 9: Vertical profiles through the P-wave (a, d, g, j), S-wave (b, e, h, k) and VP/VS models (c, f, i, l).

Seismic velocity structure and seismotectonics of the southern Vienna Basin (Austria) with a large-N nodal deployment

4, 5). This test incorporates structures that replicate key 
features observed in the recovered model (see follow-
ing section) and follows the same procedure used in the 
checkerboard resolution tests. In map view, the anom-
alies are well recovered in the top 2 km. However, the 
amplitude recovery for both P- and S-wave models is 
approximately 50–60%, which is typical for regularized 
(specifically, damped) tomographic models. In vertical 
view, the lateral extent of the synthetic anomalies is ac-
curately retrieved, though vertical smearing effects are 
evident in both P- and S-wave models. 

4. Results

4.1. P- and S-wave velocity anomalies and VP/VS esti-
mates of the southern Vienna Basin

We present depth slices and vertical profiles through 
the P-wave, S-wave and VP /VS models of the southern 
Vienna Basin (Figs. 6–8). We show other vertical profiles 
in the supplementary information (Figs. S11–S14). The 
P- and S-wave velocity depth slices and vertical profiles 
are plotted as perturbations relative to the reference 1-D 
velocity model (δV/V). For both P- and S-wave velocity 
models, we see that the central region is characterized 

by a low-velocity anomaly. Notably, two sub-regions are 
characterized by slower velocities (δV/V <10 %). The west-
ern and eastern edges of both models are characterized 
by high-velocity anomalies. 

VP /VS estimates range between 1.5 and 2.0 and the dis-
tribution appears to correlate spatially with the velocity 
anomalies (Figs. 8, 9). In the top 2 km beneath the surface, 
we identify a northwest-southeast belt within the central 
part of the study area with VP /VS >1.8 corresponding to 
the low-velocity P- and S-wave anomalies. The western 
and eastern edges are characterized by VP /VS <1.7 and 
correspond to high-velocity P- and S-wave anomalies. 

4.2. Relocated seismicity and source characteristics
Figure 10 shows the relocated seismicity within the 

study area during the deployment period (March 21st 
to June 19th, 2024). After relocations, we see that most 
of the earthquakes occur at depths ranging between 
7 and 11 km (Fig. 10a). We also note that 16 events oc-
curred at depths shallower than 1 km and mainly occur 
in the eastern Alps in two small clusters. These two loca-
tions correspond to quarries. Consequently, we interpret 
these events to be associated with industrial activity. We 
also show the distribution of events over the period of 
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Figure 10: (a) Relocated events in the final three-dimensional models. Each event is color-coded by depth. Focal mechanism 
solution for the April 14th, 2024, ML ~ 3 earthquake. The fault plane is highlighted in red. Histogram shows the depth distribution 
of those relocated events. (b-c) Vertical profiles AA’ and BB’ centred on the relocated ML ~ 3 earthquake cluster with the focal 
mechanism solution. (d) Relocated events color-coded by occurrence since the beginning of the seismic survey (March 21st, 
2024) in map view and histogram.
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Figure 11: Bayesian focal mechanism inversion from polarity data. Inversion results are shown for the April 14th, 2024, ML ~ 3 earthquake. The ‘fuzzy 
beachball’ is shown for an ensemble of 200 focal mechanisms drawn from the posterior probability density (top left). White diamonds and black 
squares represent positive and negative polarity data, respectively, located at the modelled azimuth and take-off angles. The marginal posterior 
distributions are also shown for the strike, dip and rake of one of the mechanism planes. Vertical lines in the marginal distribution plots identify the 
location of the maximum probability model.

our experiment (Fig. 10d), and highlight that most of the 
detected seismicity occurred between April 10th to 20th 
(20–30 days into the experiment), likely associated with 
the largest event in our catalog: the ML ~ 3 earthquake 
on April 14th. We show vertical profiles centered on the 
ML ~ 3 earthquake sequence (Fig. 10b-c), and note that 
our relocated seismicity defines a cluster between 8 and 
10 km depth. 

Figure 11 shows the results of our probabilistic focal 
mechanism inversion for the April 14th ML ~ 3 event. A 
focal mechanism solution is typically represented by a 
beachball diagram representing the stereonet projec-
tion of the lower half of the focal sphere. An advantage 
of the approach adopted in our work is rigorous uncer-
tainty quantification, which we illustrate visually by a 
fuzzy beachball diagram. This represents an ensemble of 
200 focal mechanism samples drawn from the posterior 
probability distribution. The sharpness (and fuzziness) of 
the image provides qualitative assessment of uncertain-
ty. We also show the marginal probability distributions 
for strike, dip, and rake of this event, which represent the 
highest probability focal mechanism solution and uncer-

Seismic velocity structure and seismotectonics of the southern Vienna Basin (Austria) with a large-N nodal deployment

tainties. Lastly, we show the manually selected polarity 
data on our focal mechanism solution, which clearly de-
lineate one of the mechanism nodal planes with only a 
few erroneous polarity picks.

5. Discussion

5.1. The southern Vienna Basin seismic velocity 
structure and its surroundings

We identify a low P- and S-wave velocity anomaly and 
high VP /VS estimates (Figs. 6–9) extending from the sur-
face to a depth of 3–4 km. This anomaly forms a north-
east-southwest-oriented, belt-like structure. Synthetic 
tests with realistic anomalies indicate that vertical smear-
ing affects the features observed in our models, pre-
venting us from precisely determining the base of this 
anomaly (Figs. 4, 5). Nonetheless, we observe a strong 
correlation between the lateral extent of the Neogene 
basin and the low-velocity anomaly. Additionally, P- and 
S-wave velocities corresponding to this low-velocity 
anomaly range between 2.2–3.6 km/s and 1.0–2.0 km/s, 
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respectively (Figs. S15–S16). These P- and S-wave veloc-
ities correspond to sandstone, shale, limestone (Schön, 
2015). Furthermore, the low-velocity feature identified 
in our local earthquake tomography aligns well with 
findings from a recent ambient-noise tomography of 
the southern Vienna Basin (Esteve et al., 2025). Based on 
this agreement, we interpret the low-velocity anomaly as 
representing the extent of the Neogene basin.

Clement Esteve et al.

The western and eastern edges of the study area ex-
hibit high P- and S-wave velocity anomalies, correspond-
ing to low VP /VS estimates (Figs. 6–9). In the west, the 
local geology is associated with the Alpine Orogen, spe-
cifically the Tirolic-Noric nappe system, which comprises 
limestones, dolomites, and sandstones (Froitzheim et al., 
2008). To the east, the lithologies are also linked to the 
Alpine Orogen but belong to the Semmering-Wechsel 

Figure 12: Conceptual view of the VP (a), VS (b), VP/VS (c) models and relationship with seismicity in the southern Vienna Basin. The Neogene basin is 
highlighted by the slow seismic velocities and high VP/VS estimates, while the Alpine nappe systems is characterized by fast seismic velocities and low 
VP/VS estimates. The cluster of seismicity occurred beneath the flower structure of the VBTFS (green rectangle, Decker et al. 2005) and the April 14th, 
2024, ML ~ 3 earthquake is likely associated with a west-northwest-dipping normal splay fault of the VBTFS.
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nappe system, consisting of marble, quartzite, dolomite, 
and meta-conglomerate (Froitzheim et al., 2008). P- and 
S-wave velocities corresponding to these high-velocity 
anomalies range between 3–5.2 km/s and 1.8–3.0 km/s, 
respectively (Figs. S15–S16). These seismic velocities cor-
respond to limestone, sandstone, quartzite, schist, gneiss 
(Schön, 2015). Therefore, we interpret the high P- and 
S-wave velocities as the seismic signature of the litholo-
gies associated to the local Alpine nappe systems. 

5.2. The April 14th, 2024, ML ~ 3 earthquake in the 
southern Vienna Basin 

After relocations, we see that the seismicity associated 
with the April 14th, 2024, ML ~ 3 earthquake defines a clus-
ter (Fig. 10). Hypocentral depths of these events range 
between 8 and 10 km, which is in good agreement with 
earthquake studies in eastern Austria (Apoloner et al., 
2014; Hausmann et al., 2010; Lenhardt et al., 2007). Apo-
loner et al. (2014) relocated a 2013 earthquake sequence 
that occurred in the southern Vienna Basin. They obtained 
an average hypocentral depth of 9 km and interpreted 
these hypocenters to be located beneath the base of the 
flower structure associated to the VBTFS. The obtained 
focal mechanism solution for the April 14th, 2024, ML ~ 3 
earthquake indicates a steep (~70°) fault plane with nor-
mal faulting, which can be related to the VBTFS or one 
of the associated splay faults. Furthermore, the distribu-
tion of hypocenters coincides with the junction between 
the VBTFS and the basal detachment (Decker et al., 2005; 
Hinsch et al., 2004). Both the strike and steep dip from 
the focal mechanism solution align well with the surface 
expressions of tectonic structures within the area and 
with focal mechanism solutions determined from region-
al seismic networks (as summarized in Levi et al., 2024). 
Based on these observations, we suggest that the April 
14th, 2024, ML ~ 3 earthquake is likely associated with a 
west-northwest-dipping normal splay fault of the VBTFS, 
situated near its intersection with the basal detachment. 
The observation of this moderate normal-faulting event 
suggests that some structures within, or associated with, 
the VBTFS occupy locally favorable stress regimes for 
fault-hosted geothermal resources. Additional observa-
tions, including focal mechanism estimates, could help 
refine crustal stress in the area. The occurrence of this 
moderate event near the resource target reinforces the 
need for additional study on seismic hazards prior to fu-
ture development.

6. Conclusion
We successfully deployed a large seismic nodal array 

across the southern Vienna Basin in spring 2024. Using 
a machine-learning algorithm, we constructed a seismic 
catalog for the deployment period. Preliminary locations 
show that most of the detected seismicity occurred be-
neath the array at depths ranging from the surface to 15 
km, with preliminary local magnitude estimates ranging 

from 0.1 to 3. We then manually picked the seismic phase 
arrival times for these events and applied local earth-
quake tomography for determining the seismic velocity 
structure of the area and refine the event locations. Fig-
ure 12 shows a conceptual model of the obtained seismic 
velocity models (VP , VS and VP /VS) and relationship with 
seismicity and tectonic structures in the southern Vienna 
Basin. The resulting seismic velocity models highlight the 
structure of the Neogene basin, and the nappe systems 
associated with the Alpine Orogen. Most of the relocated 
epicenters are clustered beneath the southwestern end 
of the array at depths of 8 to 10 km. We extend our analy-
sis by inverting P-wave first-motion polarity data to infer 
the focal mechanism of the largest event in this cluster, 
which reveals that the rupture occurred on a steeply dip-
ping normal fault. We suggest that this cluster of seismic-
ity occurred beneath the flower structure of the VBTFS 
and that the April 14th, 2024, ML ~ 3 earthquake is likely 
associated with a west-northwest-dipping normal splay 
fault of the VBTFS, situated near its intersection with the 
basal detachment. Our observations of active motion on 
these structures have implications for the regional tec-
tonics, seismic hazards, and resource development in 
the area. Continued dense monitoring and integrated 
geological–geophysical studies will be essential to fully 
resolve the activity and potential of other fault segments 
in this complex tectonic setting.
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