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Abstract Wwe present a geodynamic model that simulates the co-evolution of a mid-ocean ridge and ad- )
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jacent subduction zones. From the dynamic evolution of this system, we derive spatially variable 21 elastic Handline Editor:
constants and generate a suite of synthetic seismic waveforms. These data are designed to support a wide Anant Hariharan
range of benchmarking and exploratory applications in geophysics and seismology, including (but not lim- Copy & Layout Editor:
ited to) seismic tomography methods (e.g., travel-time and full-waveform inversion), sensitivity analyses of
anisotropy, and studies of wave propagation and imaging artifacts under controlled conditions. These wave-
forms capture key features of upper mantle dynamics, including the effects of anisotropy, slab geometry, and
mantle heterogeneity on wave propagation. The dataset includes diverse source-receiver configurations, al-
lowing users to tailor tests to their specific applications and research objectives. By combining a dynamically
consistent geodynamic model with synthetic seismograms, this work provides a robust and flexible resource
for developing, testing, and evaluating geophysical methods.
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Non-technical summary This work presents a model of Earth’s interior where a mid-ocean ridge
and nearby subduction zones evolve together. From this model, we calculate a large set of synthetic seis-
mograms, similar to recordings from real earthquakes. This dataset can help researchers test and improve
new methodologies by providing a controlled reference that includes features such as slabs, mantle flow, and
anisotropy. The model and dataset are freely available, offering a shared resource for the geoscience commu-

nity.

1 Introduction

Synthetic models and datasets play a pivotal role in
geophysics by providing benchmarks for evaluating,
testing and comparing analytical methods within con-
trolled environments. Benchmark models such as
Marmousi and Marmousi-2 (Brougois et al., 1990; Ver-
steeg, 1994; Martin et al., 2002), SEAM (Fehler and
Larner, 2008), GO_3D_OBS (Gorszczyk and Operto,
2021), the SCEC models and test suites (e.g., Commu-
nity Velocity Models - CVMs, and Layer Over Halfs-
pace LOH.1-LOH.3 problems; Kohler et al., 2003; Moczo
et al., 2007), as well as the slab geometry models
SLAB1.0 and SLAB2.0 (Hayes et al., 2012, 2018), have
been widely adopted to benchmark seismic inversion
techniques and innovative numerical methods (e.g.,
Jiménez Tejero et al., 2015; Sajeva et al., 2016; Badger
et al., 2023; Hu et al., 2022).

These models are invaluable for assessing imaging
resolution and inversion robustness at local, regional
and global scale. However, most of these benchmarks
rely on simplified representations of elastic properties,

*Corresponding author: francescorappisi@gmail.com

most commonly assuming isotropy, despite often ex-
hibiting significant structural complexity. This simplifi-
cation persists despite extensive observational and ex-
perimental evidence showing that Earth materials ex-
hibit significant seismic anisotropy from the crust to the
inner core (e.g., Karato et al., 2008; Montagner, 1998).
Since anisotropic structure is of significant interest
in seismic tomography and critical for understanding
mantle convection, mineral fabric development, and
plate dynamics (e.g., Long and Becker, 2010; Salimbeni
et al., 2018; Wang and Becker, 2019; Zhao et al., 2023,
Baccheschi et al., 2024; Rappisi et al., 2025), neglecting
anisotropy in benchmark studies may affect the evalu-
ation of inversion performance in settings where seis-
mic observables are sensitive to anisotropic effects. For
example, this is supported by previous studies show-
ing that isotropic or simplified anisotropic assumptions
(e.g., azimuthal anisotropy) can introduce significant ar-
tifacts and velocity biases, including sub-slab low ve-
locity anomalies exceeding ~1-1.5% and non-unique
thermal or compositional interpretations (e.g., Vander-
beek and Faccenda, 2021; Bezada et al., 2016). For
this reason, Qin et al. (2008) developed the SPICE mod-
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els providing early benchmarks in anisotropic media
and global wave propagation. However, SPICE is pri-
marily a global-scale model with synthetic data limited
to periods longer than ~32 seconds, making it unsuit-
able for benchmarking body-wave tomography or high-
resolution imaging.

Traditional benchmarks are not derived from fully
coupled geodynamic simulations of Earth’s interior evo-
lution, but rather aim to represent geologically plau-
sible and structurally complex media (e.g., Marmousi,
GO_3D_OBS; Versteeg, 1994; Gorszczyk and Operto,
2021). While highly valuable for imaging studies, they
do not explicitly include dynamically consistent links
between deformation processes and resulting struc-
tures, which may be relevant in contexts where cou-
pled mantle dynamics and seismic observables are of
interest. In this context, models such as the one pre-
sented here provide a framework to explore the ef-
fects of coupled geodynamic evolution and anisotropy
on seismic wave propagation. Such models may also
allow researchers to test inversion strategies, quantify
the emergence of tomographic artifacts, and evaluate
the sensitivity of seismic observables to anisotropic pa-
rameters under physically plausible scenarios. Similar
approaches integrating geodynamic simulations with
anisotropy and synthetic waveform analysis have been
recently explored (e.g., Di Leo et al., 2014; Kruse et al.,
2024), highlighting the relevance of such coupled frame-
works for investigating seismic anisotropy in complex
tectonic settings.

In this study, we present a geodynamic model featur-
ing a central ridge and two lateral subduction zones (the
SubRidge model), paired with a synthetic dataset of seis-
mic waveforms. This configuration represents a geody-
namically complex setting, allowing researchers to test
geophysical imaging techniques under physically con-
sistent conditions. Twenty-one elastic constants, de-
rived directly from the simulation, are used to gener-
ate synthetic waveforms, providing a coherent testbed
for method testing. The SubRidge dataset supports pe-
riods down to ~10 seconds and focuses on a tectonically
complex regional setting, enabling more detailed inves-
tigations of upper mantle and lithospheric structures.
Furthermore, SubRidge integrates geodynamically con-
sistent structures with seismic anisotropy grounded in
lattice-preferred orientation (LPO) simulations, offer-
ing a valuable synthetic framework.

The effectiveness of this model and dataset has al-
ready been demonstrated in Rappisi et al. (2024), where
they were employed to investigate the limitations of
anisotropic seismic tomography, highlighting how fac-
tors such as data coverage and regularization can lead to
artificial slab thickening and distortions. This example
showcases the model’s utility in analyzing the impact
of methodological choices on seismic imaging results,
providing a context representative of a complex, phys-
ically consistent subduction-ridge system under con-
trolled modeling conditions for its application.

This work addresses the current lack of publicly avail-
able datasets of high-quality synthetic waveforms di-
rectly derived from a geodynamic model. By releas-
ing SubRidge as an open-access resource, we aim to
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foster innovation and collaboration in the geophysical
and seismological communities, providing a versatile
tool for benchmarking and method development. Sub-
Ridge represents a benchmark model that couples a dy-
namically consistent geodynamic simulation with LPO-
derived seismic anisotropy, making it suitable for test-
ing inversion strategies under physically grounded tec-
tonic scenarios.

2 Data Description and development

Detailed information on the initial model setup, consti-
tutive relations, and material parameters is provided in
Rappisi et al. (2024). Only a concise summary of the
geodynamic configuration and rheological setup is pre-
sented here for completeness.

2.1 Geodynamic Model

The geodynamic model SubRidge spans 80° x 40° in the
horizontal plane and extends to a depth of ~ 700 km. It
is interpolated to a grid with 801 x 401 x 71 nodes. The
model consists of a central ridge flanked by two subduc-
tion zones with slab dips of 30° on each side symmetrical
with respect to the ridge (Figs. 1 and 2). For simplicity,
the geodynamic numerical modeling was performed in
2-D on a subset of the model, specifically the portion
extending from the ridge toward the eastern slab. For
the subsequent seismic forward modeling, the resulting
elastic fields were replicated westward and along the lat-
itudinal direction to construct the final pseudo-3D com-
putational domain described in Section 2.2.1.

Modeling of 2D subduction was performed with a
modified version of the code I2VIS (Gerya and Yuen,
2003), which accounts for conservation of mass, mo-
mentum, and energy in polar coordinates under the as-
sumption of incompressibility. Computation of the up-
per mantle fabrics and visualization of the elastic ten-
sor properties have been performed with the ECOMAN
software package (Faccenda et al., 2024).

From the ridge to the trench, the model’s initial setup
is composed by a left plate with age increasing from 0 to
60 Million years (Myr) and an overriding right plate of 20
Myr age. These thermal ages are defined with the Half-
Space Cooling Model (HSCM; Turcotte and Schubert,
2014) for a 90 km thick layer, below which a 0.5 K/km
adiabatic gradient is imposed. Above the two plates, a 7
km thick and relatively weak oceanic crust (which lubri-
cates the plates’ contact at the subduction boundary) is
superimposed among with 30 km thick sticky-air layer
placed at the top to model the free surface. To facilitate
the initiation of subduction, the initial setup includes a
~ 30° dipping weak zone. This approach is consistent
with numerical studies showing that subduction can ini-
tiate along pre-existing weak zones in the lithosphere,
particularly when they are favorably oriented (e.g., Toth
and Gurnis, 1998). Natural tectonic settings, such as
STEP (Subduction-Transform Edge Propagator) faults,
further suggest that subduction initiation may be asso-
ciated with the development of dipping shear zones that
localize deformation under convergence (Baes et al.,
2011), thereby providing a physical motivation for the
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imposed geometry. The subducting plates move at a
velocity of 4 cm/yr, while the right plate remains sta-
tionary. The simulation runs for approximately 13 Myr.
Free-slip boundary conditions are applied everywhere,
except for the lower permeable boundary where we ap-
ply external free-slip (Gerya, 2019). A constant T = 1890
Kis used for the bottom boundary and a constant T=273
Kisused for the sticky-air layer. The side boundaries are
insulating.

A visco-plastic rheology, formulated in terms of de-
formation invariants (Ranalli, 1995), is employed to de-
scribe the mechanical behavior of the mantle. The
oceanic crust is modeled using the Plagioclase Anz5 flow
law, while mantle deformation includes diffusion, dis-
location, and Peierls creep mechanisms combined with
pseudo-plastic yielding following a Drucker-Prager cri-
terion (Karato and Wu, 1993; Hedjazian et al., 2017;
Katayama and Karato, 2008). The rheological formula-
tion and constitutive relations are identical to those pre-
sented in Rappisi et al. (2024), to which the reader is re-
ferred for full details and parameter values.

To simulate strain-induced brittle weakening, the
friction coefficient is reduced from 0.6 to 0.4 as a func-
tion of accumulated plastic strain, whereas a low fric-
tion coefficient (z = 0.05) is prescribed along the
crustal interface to facilitate plate decoupling. Ef-
fective viscosities are bounded between 10'® and 10%°
Pas. The adopted rheological setup reproduces a
low-viscosity asthenospheric channel approximately
100-120 km thick, dominated by dislocation creep, con-
sistent with previous geodynamic studies (e.g., Hed-
jazian et al., 2017; Yang and Faccenda, 2020; Lo Bue
et al., 2021, 2022; Kendall et al., 2022).

Seismic anisotropy is incorporated using 21 elastic
constants derived from simulations of LPO develop-
ment. The model is anisotropic down to 700 km depth.
The inclusion of LPO-derived seismic anisotropy pro-
vides a physically motivated perturbation to the seis-
mic wavefield, which is critical for evaluating inver-
sion sensitivity and imaging artifacts. This has been
widely demonstrated in previous studies showing that
anisotropy significantly affects seismic observables and
can lead to biased or non-unique inversion results when
neglected or simplified (e.g., Vanderbeek and Faccenda,
2021; Vanderbeek et al., 2023; Confal et al., 2019; Bezada
et al., 2016)

We consider upper mantle aggregates with a volume
ratio of olivine:enstatite = 70:30, which represents a
harzburgitic composition, sampled on the original 2-D
model grid with a regular spacing of 5 km. The strain-
induced development of LPO fabrics in these upper
mantle aggregates is simulated using the modified ver-
sion of D-Rex (Kaminski et al., 2004), integrated into the
ECOMAN software package (Faccenda et al., 2024). D-
Rex is controlled by three main parameters: the nucle-
ation parameter (\), the grain-boundary mobility (M),
and the critical volume fraction for grain-boundary slid-
ing activation (x), together with the normalized criti-
cal resolved shear stresses (nCRSS) for olivine slip sys-
tems. Following the parameterization described in
Boneh et al. (2015), we adopt M = 10, A = 5, and
x = 0.3. The nCRSS values are set to (010)[100] = 1,
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(001)[100] = 2, (010)[001] = 3, and (100)[001] = oc.

The modeled ridge-subduction system is not in-
tended to reproduce a specific tectonic region, but
rather to represent an idealized yet geodynamically
plausible configuration inspired by large-scale oceanic
settings where spreading centers and convergent mar-
gins coexist. It captures several first-order features
commonly associated with ridge-subduction systems,
including localized mantle upwelling beneath the ridge,
strong deformation within the mantle wedge and sub-
slab regions, and strain-induced seismic anisotropy
linked to mantle flow. At the same time, the model
remains intentionally simplified and does not include
heterogeneity along the latitudinal direction, fully
time-dependent 3-D flow, compositional complexity, or
small-scale tectonic structures.

2.2 Seismic Dataset

We compute 52,080 synthetic seismograms, each lasting
60 minutes, recorded by 1302 stations equally spaced 1°
apart, from 30 shallow (i.e., ~10-20 km depth) and 10
deep (i.e., ~100-600 km depth) events (Fig. 1).

We simulate 40 earthquakes with magnitudes 5 <
M,, < 8 atlocal and teleseismic distances (up to ~80°
epicentral distance) with respect to the seismic array.
Most of the events are placed in correspondence of the
two subduction zones and at the ridge. As shown in Fig.
1, 8 events fall at the edges or out of the 80°x40° geody-
namic model. However, we note that before performing
the seismic forward modeling the model has been en-
larged by replicating the external columns of the grid as
described in Section 2.2.1, such that all sources are fully
contained within the final domain used for the simula-
tions.

We strategically placed receivers to achieve an opti-
mal coverage. The seismic array spans from 72°E to
113°E and from 15°N to 15°S, covering the ridge (80°E)
and the eastern slab (105°E). In total, the array com-
prises 1302 stations, ensuring dense and spatially uni-
form sampling of the seismic wavefield. However, users
can selectively exclude stations to create sparser distri-
butions that better resemble real-world scenarios. A
similar approach was adopted in our previous study
(Rappisi et al., 2024), where we conducted tests using
both the full station network and reduced subsets mim-
icking more realistic conditions, such as those encoun-
tered in oceanic settings, where seismic stations are of-
ten limited to a few scattered islands.

2.2.1 Seismological Forward Modeling

The physical and elastic fields derived from the geody-
namic modeling (Section 2.1) were replicated westward
(to create the western subduction zone) and along the
latitudinal (Y) direction to construct the final pseudo-
3D computational domain. As a result, the model is
laterally homogeneous along the Y direction, such that
all structural and physical properties remain invariant
and no additional complexity is introduced in the third
dimension. This extrusion of the 2-D model provides
a controlled framework for seismic forward modeling
while preserving the dynamically consistent structure
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Figure 1 Top-view representation of SubRidge showing the distribution of synthetic earthquake epicenters (yellow dots)
and seismic recording stations (white dots). While most seismic sources fall within the model domain, a few epicenters appear
outside the current model boundaries. This is due to a later extension of the model in the latitudinal direction, which is
discussed in detail in the Section 2.2.1. The present figure reflects the initial configuration prior to this adjustment.

and anisotropy generated by the geodynamic simula-
tion. In this simplified configuration, variations along
the latitudinal direction and fully 3-D flow components,
such as toroidal mantle circulation, are intentionally
neglected in order to isolate the first-order effects of
slab geometry, mantle deformation, and anisotropy on
seismic wave propagation.

The elastic tensor, represented by 21 independent
elastic constants, is interpolated onto an Eulerian grid
with a lateral spacing of A¢ = 0.1° and a vertical spac-
ing of Ar = 10km. This 2-D grid is then replicated along
latitude 6 every 0.1° from the equatorial plane within
the range of —20° to +20°, and reflected across the ridge
axis. As a result, the Eulerian domain in coordinates
(¢, 1, 0) spans 80° by 700 km by 40° (drex_model.xyz in
Section 3). Furthermore, within the spectral element
mesher for the calculation of the synthetics, the model
has been further enlarged to reach a final dimension of
80° x 700 km x 80° by replicating the external columns

4

of the grid and include all the seismic events. The fi-
nal 3-D computational domain is characterized by two
subduction zones, symmetric with respect to the central
oceanic ridge and without variations along the latitudi-
nal direction in elastic properties or anisotropy.

A modified version of SPECFEM3D_GLOBE - based
on the spectral element method (SEM; Komatitsch and
Tromp, 1999; Chen and Tromp, 2007; Tromp et al.,
2008) - was used to simulate seismic wave propagation
through the SubRidge geodynamic model presented in
the previous section. The SubRidge model was first in-
terpolated onto a depth-variable grid (Aki and Richards,
2002; Dahlen and Tromp, 1998; Sadourny, 1972; Ronchi
et al., 1996) where, from the surface, the cell sizes are
doubled at each major discontinuity (i.e., Moho, 670
km and core-mantle-boundary, CMB). This resolution
is maintained until the next discontinuity, where it is
doubled again, and this pattern continues down to the
bottom of the model. Fig. 2 illustrates the resulting
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Figure 2 Representation of seismic velocity distributions within the model.

0.68 1 1.2 14 1.6 1.9

The isotropic shear-wave (Vs) and

compressional-wave (Vp) velocities are shown alongside the anisotropic components: horizontally and vertically polarized
shear-wave velocities (Vsh, Vsv) and compressional-wave velocities (Vph, Vpv). The figure also includes radial anisotropy dis-
2

tribution —expressed as the ratio between horizontal and vertical components (gSTH)— and the anisotropy parameter 7 (eta),
A%

which provides additional insight into the directional dependence of compressional-wave propagation.

spatial distribution of isotropic and anisotropic seis-
mic velocities, including radial anisotropy and the 7 pa-
rameter. Vsh, Vsv, Vph, and Vpv are computed from
the anisotropic elastic tensor under the assumption of
transverse isotropy with a vertical symmetry axis. The
isotropic equivalent velocities (Vp and Vs) are derived
from a Voigt-averaged approximation of the full elastic
tensor. Radial anisotropy is quantified through the rel-
ative difference between horizontal and vertical shear-
wave velocities (%). 7 is computed from the elas-

tic stiffness tensor and used as a scalar measure of az-
imuthal elastic anisotropy. Fig. 3 provides an exam-
ple of the synthetic waveforms together with the corre-
sponding source-receiver geometry within the model.

The original SPECFEM3D_GLOBE code was modified
to incorporate the density and 21 elastic moduli of the
geodynamic model in the depth range 24 < z < 670
km. Elsewhere, we use PREM (Dziewoniski and Ander-
son, 1981), and we specify a crustal layer that is charac-
terized by two discontinuities at depths of 14.0 km and

5

24.4 km with properties identical to those of PREM.

The seismic forward-modeling workflow adopted in
this study follows the implementation described in Rap-
pisi et al. (2024). A concise summary of the main steps
and simulation parameters is provided here for com-
pleteness.

The first step of the forward modeling involves the
generation of the calculation mesh. Using the spectral-
element mesher, provided within the software package
SPECFEM3D_GLOBE, the 3-D domain has been subdi-
vided into n smaller elements or sub volumes. The
meshing methodology is based on the cubed-sphere
approach of Sadourny (1972) and Ronchi et al. (1996),
which divides the globe into six chunks that are fur-
ther subdivided into mesh slices. Next, we interpo-
late the elastic tensors —-derived from the geodynamic
modeling- onto this mesh. Once the mesh is gener-
ated, seismic wave propagation is computed using the
SPECFEM3D_GLOBE solver, which solves the seismic
wave equation in a fully anisotropic medium parame-
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terized by the 21 elastic coefficients derived from the
geodynamic model (Aki and Richards, 2002; Dahlen and
Tromp, 1998).

Absorbing boundary conditions are applied on the
two sides and bottom edges of the spherical chunk. The
spectral-element domain is (,R,0) = (80° x 6371 km x
80°), with ng4 = 384 and ny = 192, resulting in a horizon-
tal resolution of ~0.2° and ~0.4° along longitude and lat-
itude, respectively. The minimum accurate wave period
i$ Tynin = ~10 s, computed as:

Toin = LT 10s, (1)
Ng 90
where ® is the angular width in degrees. The vertical
resolution is determined by the mesher so that its size
varies with depth and is doubled at the main disconti-
nuities (i.e. Moho, 670 km and core-mantle boundary,
CMB).

For simplicity, attenuation, gravity, ocean, topogra-
phy and bathymetry effects on seismic wave propaga-
tion have been neglected. We store the SEM waveforms
in SAC format (Goldstein and Snoke, 2005).

3 DataAccess

All files are freely available online at Rappisi (2025a). An
overview of the repository is presented in Table 1, with
further details provided below:

* The drex_model.xyz file, a text file containing the
21 components of the elastic tensors and mesh ge-
ometry information describing the elastic and dis-
cretization properties of the SubRidge model. The
file is organized in rows and columns. Variables,
listed in the file, are preceded by the # symbol fol-
lowed by the name of the variable (e.g., #Depth,
#Lon, #Lat, #RHO, #C11, etc.). From the top to
the bottom of the .xyz file, we find first the number
of nodes along the three directions x, y and z (NX,
NY, and NZ, respectively). Then, longitude and lati-
tude are reported in radians. Longitudes span from
0.698 to 2.094 rad, and latitudes span from 1.222 to
1.920 rad. Depths are reported in meters from the
deeper to the shallower layers, i.e., from 660,000 to
0 m. The elastic tensors, reported in G Pa, are ori-
ented according to a local (or radial) Cartesian ref-
erence system where the x-axis points East, y-axis
points North and z-axis points up. Density ( here
referred as # RHO) is reported in Kg/m3.

The STATIONS file, a text file containing informa-
tion about station locations, such as latitude, longi-
tude and elevation.

Subfolder SEIS, the directory with the seismic
waveforms. Itis organized in subdirectories named
after the source. The waveforms are provided in
SAC format (Goldstein and Snoke, 2005).

Subfolder SOURCES, the directory containing the
Centroid Moment Tensors (CMT) solutions for the
40 seismic events. We note that these events are ar-
tificial; however they have been created to mimic
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similar events occurring in similar geological envi-
ronments, such as ridge or subduction megathrust
events.

+ Subfolder matlab scripts, the directory with mat-
lab scripts for reading and plotting the geodynamic
model drex_model.xyz. The user can read the elas-
tic tensor component and derive P- or S-wave ve-
locities (both vertical and horizontal components
-Vpv, Vph, Vsv, Vsh- or isotropic velocities -Vp,Vs)
and the anisotropic parameter 1. Furthermore,
read_drex_model.mat also allows to write the Sub-
Ridge model properties (e.g., Vp, Vs, Vpv, Vph, Vsy,
Vsh, rho, eta) in .vtk format readable by Paraview
(https://www.paraview.org/) through the use of the
vtkwrite.m function.

4 Datausage

This dataset was originally introduced and used in Rap-
pisi et al. (2024), where it supported a fully integrated
seismo-geodynamical analysis. In that study, synthetic
seismic waveforms were generated from a geodynamic
model representing ridge-to-slab evolution and then in-
verted for isotropic and radially anisotropic Earth struc-
ture. The work highlighted how regularization choices
and data coverage strongly influence the retrieval of
seismic anisotropy, leading to artifacts such as artificial
slab thickening and age-independent anisotropy.

Beyond its original application, the SubRidge dataset
is intended to support a broad range of benchmark and
exploratory investigations across geophysics and com-
putational seismology. Its combined geodynamic and
seismic design makes it well suited for:

« Benchmarking seismic tomography algorithms,
such as full-waveform inversion, travel-time to-
mography, and adjoint methods. The known
ground truth allows rigorous quantification of ac-
curacy, resolution, and the emergence of artifacts,
within a controlled synthetic framework based on
a 2D geodynamic model extended into a 3D repre-
sentation.

Sensitivity studies, to explore how different phys-
ical parameters (e.g., anisotropy, slab geometry)
affect seismic observables such as wave speeds,
travel times, or amplitudes.

« Testing inversion parameterizations, including
comparisons between isotropic vs. anisotropic,
elastic constants vs. velocity fields, or even dif-
ferent formulations of anisotropy (e.g., transverse
isotropy vs. full 3D).

Designing realistic acquisition geometries, in-
cluding sparse or uneven station/event distribu-
tions that mimic real-world networks (e.g., ocean-
bottom arrays, regional deployments).

+ Machine learning and data-driven methods,
where synthetic datasets with known labels are
critical for training, benchmarking, and uncer-
tainty quantification.
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Figure3 (a)Vertical-component (Z) seismogram recorded at station 9001 from seismic event 110, low-pass filtered at 0.1 Hz
and decimated by a factor of 10. (b) Vertical-component (Z) seismograms recorded at 42 stations for seismic event 110, low-
pass filtered at 0.1 Hz and decimated by a factor of 10. (c) Corresponding source-receiver configuration for the seismogram
shown in panel (a), displayed within the geodynamic model together with an illustrative slice of isotropic shear-wave velocity
(Vs) and the focal mechanism of the same seismic event. The figure is shown for illustrative purposes and represents a small
subset of the more than 50,000 waveform recordings presented in this study.

Item Type

Description

drex_modelxyz textfile

SubRidge geodynamic model

STATIONS text file seismic stations information
SEIS folder synthetic waveforms in SAC format
SOURCES folder CMT solutions

Matlab scripts MATLAB scripts

scripts for reading and plotting SubRidge

Table1l DatasetContent

» Educational applications, including teaching
modules on wave propagation, forward modeling,
and inversion, where students can interact with a
physically grounded yet controllable dataset.

4.1 Limitations

The dataset simplifies some physical processes to focus
on structural and anisotropic effects. In particular, it
omits:

+ seismic attenuation (Q), which can significantly af-
fect surface wave amplitudes at the periods consid-
ered here (Ruan and Zhou, 2010, 2012; Savage et al.,
2010);

« topography, ocean, and gravity effects, includ-
ing secondary effects such as tilt and compli-
ance noise associated with ocean-bottom processes
(Janiszewski et al., 2023),

- scattering due to small-scale heterogeneities,
which can introduce stochastic noise and elas-
tic focusing effects (Shearer and Buehler, 2019;
Spetzler et al., 2002).

Additionally, although the moment tensors are realistic,
the events are synthetic and do not reflect complex rup-
ture processes (e.g., finite source effects). Waveforms
are valid and reliable for frequencies up to ~0.1 Hz
(minimum accurate period ~10 s); above this, numer-
ical dispersion and modeling simplifications may limit
their interpretability. Lastly, the 1-hour record length
limits the analysis of long-period phases, such as major-
arc surface waves and normal modes at large epicen-
tral distances (e.g., >110°), which may arrive outside the
simulated time window.

We encourage the reuse and extension of this dataset
for algorithm benchmarking, comparative modeling,
and cross-disciplinary applications in seismology, geo-
dynamics, and computational Earth sciences. As an
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open-access benchmark, it is intended to serve both as
afoundation for methodological testing and as an initial
test for novel investigations.

Data availability

The dataset can be accessed at Rappisi (2025a). The
development of seismic anisotropy in upper mantle
aggregates was simulated using the D-Rex algorithm,
as implemented in the ECOMAN software suite (https:
//newtonproject.geoscienze.unipd.it/ecoman/; Faccenda
et al., 2024). The seismic wavefield simulations in
this study were performed using a modified version
of the spectral-element code SPECFEM3D_GLOBE. The
original version of SPECFEM3D_GLOBE is publicly
available via GitHub (https://github.com/geodynamics/
specfem3d_globe) and archived on Zenodo (https://
doi.org/10.5281/zenodo.7756944). The modified version
of SPECFEM3D_GLOBE, used in this work — which en-
ables the use of fully anisotropic Earth models based
on 21 independent elastic constants — is available on
Zenodo at Rappisi (2025b). All 3D visualizations of the
geodynamic models were created using ParaView (https:
//www.paraview.org/).
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