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Abstract The Western Hellenic Subduction Zone (WHSZ) has been the focus of numerous seismic
investigations, but its structure, particularly between ~150‐ and 250‐km depth, remains poorly
understood. Many questions exist regarding the slab geometry at these intermediate depths, including
whether the slab displays any tears related to tectonic processes along the WHSZ; however, local and
regional studies only provide limited depth coverage, and the coarser resolution associated with
broader‐scale investigations makes it difficult to discern detailed slab structure. Here, we have employed an
adaptively parameterized inversion scheme to develop a new P wave tomography model for the WHSZ that
bridges the gap between regional‐ and broader‐scale studies. Our new model highlights a trench‐parallel
tear in the subducting lithosphere between northern Greece and the Gulf of Corinth. Further south, the
imaged velocity structure indicates that the slab is retreating to the west and that it is thinned by the
southward propagating tear, but the slab has not yet detached in this area. The tear well correlates with the
down‐dip limit of seismicity in central Greece, while the steeply dipping slab between ~60‐ and 200‐km
depth beneath southern Greece coincides with a steeper and deeper Wadati‐Benioff zone. While the slab
continues into the lower mantle, earthquakes terminate at ~200‐km depth, and this is best attributed to
dehydration processes in the subducting lithosphere. The southern extent of the tear imaged in our study
also coincides with volcanic centers in eastern Peloponnese. Our results suggest that the trench‐parallel tear
strongly influences seismicity and volcanism throughout Greece.

Plain Language Summary Along the Western Hellenic Subduction Zone (WHSZ), continental
material is descending beneath northern Greece, while oceanic material is descending beneath southern
Greece. Whether this material displays any gaps or tears at depth is a question of significant debate. Using
imaging techniques based on earthquake data recorded by seismic stations throughout Greece, our study
highlights the structure within the WHSZ. Our findings illustrate that the subducted material is torn
between ~150‐ and 250‐km depth north of the Gulf of Corinth. Further south, the subducting material is
thinned by the tear, but it has not completely detached. The interpreted structure well correlates with
previously identified patterns of seismicity throughout Greece as well as the locations of volcanoes.

1. Introduction

The Western Hellenic Subduction Zone (WHSZ; Figure 1) has long been recognized as a complicated
tectonic environment, associated with variable convergence rates, different lithospheric compositions, and
abundant seismicity. Given this, it has been the focus of numerous geological and geophysical investigations
(see section 2); however, connecting surface observations to the structure at depth remains a challenge. In
particular, the geometry of the subducting slab beneath the WHSZ is still poorly understood. Local and
regional seismic investigations (e.g., Halpaap et al., 2018; Papazachos & Nolet, 1997; Pearce et al., 2012;
Sodoudi et al., 2015; Tiberi et al., 2000) have yielded important information about the shallow WHSZ
structure, but these studies typically only provide constraints down to ~150‐km depth. Deeper structure is
constrained by broader‐scale models (e.g., Hosa, 2008; Koulakov et al., 2009; Piromallo & Morelli, 2003;
Spakman et al., 1988; Zhu et al., 2015) but with coarser resolution (usually ~150–500 km). The slab structure
between ~150‐ and 250‐km depth remains a topic of significant debate, particularly whether the slab displays
any trench‐parallel and/or trench‐perpendicular tears associated with regional tectonic processes. This
portion of the subduction zone is also associated with the termination of seismicity within the WHSZ
(e.g., Bocchini et al., 2018; Halpaap et al., 2018) and likely influences volcanism within the Hellenic arc
(e.g., Pe‐Piper & Piper, 2007).
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In this study, we have used travel‐times from regional and teleseismic
events recorded by stations throughout Greece, in conjunction with those
from the global International Seismological Centre (ISC) catalog, to gen-
erate a new Pwave tomographymodel for theWHSZ. Our model has been
constructed with an adaptively parameterized grid based on the data‐
sampling density, and the combined data set and methodology allow us
to bridge the resolution gap between regional‐scale and broader,
Mediterranean‐ or global‐scale tomographic investigations. The major
contribution of our new model is the high‐resolution imaging of subduct-
ing slab structure between ~150‐ and 250‐km depth, which allows us to
address many questions regarding the WHSZ geometry and its relation
to seismicity and volcanism.

2. Geodynamic Setting and Previous Studies

The Hellenic arc stretches over 1,000 km, from the southeastern Adriatic
Sea in the north to the southernMediterranean, and it marks a convergent
boundary where the African plate is subducting beneath the Eurasian and
Anatolian plates (Figure 1). The western portion of the system extends
~400 km along the western coast of Greece, where convergence has been
associated with the subduction of multiple ocean basins, interspersed with
continental units, between the Jurassic‐Cretaceous and the present day
(e.g., Dercourt et al., 1986; Ricou et al., 1998; Robertson et al., 1996; van
Hinsbergen et al., 2005). Current GPS studies (e.g., Hollenstein et al.,
2008; McClusky et al., 2000; Reilinger et al., 2010) show that the rate of
subduction is variable along the WHSZ, averaging ~8 mm/year beneath
northern Greece and ~40 mm/year beneath southern Greece. This varia-
bility is attributed to a number of factors. Both marine and terrestrial seis-
mic investigations (e.g., de Voogd et al., 1992; Finetti et al., 1991; Finetti &
Del Ben, 2005; Kokinou et al., 2005; Pearce et al., 2012) have shown that
less dense, continental lithosphere associated with the Adriatic micro-
plate is being subducted north of ~38°N latitude, while more dense ocea-
nic lithosphere in the Ionian Sea is being subducted further to the south
(Figure 1). The positively buoyant continental lithosphere likely resists
subduction beneath northern Greece (Taymaz et al., 1991), leading to
reduced convergence rates in this area. Additionally, collisional forces

further to the east drive the Aegean region southward, causing it to actively override the subducting litho-
sphere, thereby leading to rapid convergence along the southern portion of the WHSZ (McClusky et al.,
2000). Sinking forces associated with the subducting oceanic plate (i.e., slab rollback) may also contribute
to the large relative displacement in southern Greece (Bohnhoff et al., 2005; McClusky et al., 2000;
Sachpazi et al., 2016).

The Adriatic continental microplate is laterally offset by ~100–140 km from the Ionian oceanic plate along
the Kefalonia Transform Fault (KTF; Figure 1), which helps to accommodate the differential rollback
between the two segments (Hollenstein et al., 2008; Kahle & Mueller, 1998; Royden & Papanikolaou,
2011). Dextral motion along the KTF may be connected to that along the North Anatolian Fault (NAF)
across the ~100‐km‐wide Central Hellenic Shear Zone (CHSZ; Figure 1), which includes an area of rapid
extension in the Gulf of Corinth (Nixon et al., 2016; Papanikolaou & Royden, 2007; Royden &
Papanikolaou, 2011). However, the CHSZ is dominated by E‐W and NW‐SE striking normal faults (Bell
et al., 2009), and it has been suggested that the strain field in this area is not associated with dextral shear
motion (Pérouse et al., 2012). Moreover, Chousianitis et al. (2015) detected two pairs of shear belts, one in
western Greece and northwestern Peloponnese and one in the North Aegean, but they found no evidence
for NAF extension toward central Greece. Therefore, it is unclear from surface observations how the bound-
ary between the continental and oceanic lithosphere affects structure at depth.

Figure 1. Map of the study area and associated seismic stations. Inset shows
the broader Mediterranean area with plate boundaries from Bird (2003)
marked in red. The yellow box denotes the study area in the main map. On
the main map, white lines mark plate boundaries, and the gray‐shaded area
denotes the central Hellenic shear zone, as defined by Royden and
Papanikolaou (2011). Red squares denote stations that are part of the global
ISC catalog only. Yellow squares highlight HUSN stations that are included
in the ISC catalog, and additional data have been added for these stations.
Triangles denote augmented stations, where white triangles denote HUSN
stations and purple triangles denote other deployments. NAF: North
Anatolian Fault; KTF: Kefalonia Transform Fault; GoC: Gulf of Corinth;
FYROM: Former Yugoslav Republic of Macedonia.
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Given this, theWHSZ has been the focus of numerous seismic investigations, with local and regional studies
providing important constraints on the shallow structure, typically down to ~150‐km depth. Offshore, active‐
source reflection and refraction profiles have imaged thin (<7 km) oceanic crust entering the trench south of
the KTF (e.g., Bohnhoff et al., 2001; Kokinou et al., 2005, 2006). However, to the north, 19‐ to 30‐km thick
continental crust is imaged within the Adriatic (Del Ben et al., 2015; Finetti & Del Ben, 2005). The interplate
boundary has been imaged in the vicinity of the Ionian islands (Clément et al., 2000). Moving inland, recei-
ver function (Endrun et al., 2005; Gesret et al., 2011; Li et al., 2003; Sachpazi et al., 2016; Sodoudi et al., 2015)
and scattered waves analyses (Pearce et al., 2012; Suckale et al., 2009) have imaged the crust of the subduct-
ing lithosphere between ~35‐ and 100‐km depth. The oceanic Ionian slab appears to be segmented by along‐
dip faults (Sachpazi et al., 2016), and while detailed estimates of the plate thickness are not available
(Bocchini et al., 2018), previous studies estimate a plate thickness of 100–150 km, consistent with old oceanic
lithosphere (Bijwaard et al., 1998; Bocchini et al., 2018; Koulakov et al., 2009; Piromallo & Morelli, 2003;
Spakman et al., 1988; Zhu et al., 2015). Local and regional travel‐time tomography (Halpaap et al., 2018;
Lamara, 2014; Ligdas et al., 1990; Papazachos & Nolet, 1997; Tiberi et al., 2000) has also been employed to
assess the slab structure at these depths. Generally, the subducting lithosphere is imaged as a seismically fast
anomaly down to ~150‐km depth; however, it has been suggested that the subduction dip angle abruptly
changes between ~70‐ and 90‐km depth. At shallow depths, the subducting slab has a gentle ~10–25° dip;
however, the dip then increases to 45° or even 60° (Halpaap et al., 2018; Papazachos & Nolet, 1997;
Pearce et al., 2012; Sodoudi et al., 2015; Tiberi et al., 2000).

Shallow seismic imaging constraints are complimented by earthquake relocation studies and investigations
of seismicity patterns within the WHSZ (Bocchini et al., 2018; Brüstle, 2012; Durand et al., 2014; Galanis
et al., 2006; Halpaap et al., 2018; Karakonstantis & Papadimitriou, 2010; Karastathis et al., 2015;
Papazachos et al., 2000). While earthquakes above ~40‐km depth are prevalent throughout Greece,
intermediate‐depth seismicity associated with the subducting slab is sparse north of the KTF. Two recent
studies by Halpaap et al. (2018) and Bocchini et al. (2018) show an abrupt change in seismicity just south
of the KTF, where intermediate‐depth earthquakes occur down to ~70‐ to 100‐km depth. South of the
Gulf of Corinth (Figure 1), earthquakes occur down to ~190‐km depth and define a steeper Wadati‐
Benioff zone (Bocchini et al., 2018; Halpaap et al., 2018; Papazachos et al., 2000), comparable to the
increased dip angle suggested by seismic imaging in this region (Papazachos & Nolet, 1997; Pearce et al.,
2012; Sodoudi et al., 2015; Tiberi et al., 2000). Sachpazi et al. (2016) suggested that the intermediate‐depth
events cluster along dip‐parallel faults that segment the oceanic slab. No earthquakes deeper than
~200 km have been observed in the WHSZ.

The deep structure of the WHSZ has been largely constrained by broader, Mediterranean‐ and global‐scale
tomographic studies, based on both surface and body wave constraints (Bijwaard et al., 1998; Bourova et al.,
2005; Di Luccio & Pasyanos, 2007; Endrun et al., 2008; Hosa, 2008; Konstantinou & Melis, 2008; Koulakov
et al., 2009; Li et al., 2008; Pasyanos & Walter, 2002; Piromallo & Morelli, 2003; Salaün et al., 2012; Schmid
et al., 2006; Spakman et al., 1988, 1993; Zhu et al., 2015). These studies generally show a seismically fast
anomaly trending to the northeast beneath the WHSZ, extending well into the lower mantle (down to
~1,400 km), and this feature has been interpreted as subducted slab at depth. However, while continuous
slab across the transition zone is widely accepted, the structure in the upper mantle, particularly between
~150‐ and 250‐km depth, is debated. This is largely due to the limited depth constraints provided by local
and regional studies and the coarser resolution associated with broader‐scale imaging. Indeed, in some
cases, the presence of the slab at these upper mantle depths is only inferred from seismicity as it is not
imaged by tomography (e.g., Hosa, 2008; Li et al., 2008; Spakman et al., 1988).

Of particular interest are whether there are any tears or detachments in the subducting slab beneath the
WHSZ. For instance, some studies (e.g., Hosa, 2008; Koulakov et al., 2009; Pearce et al., 2012; Spakman
et al., 1988, 1993; Zhu et al., 2015) show discontinuous or faded slab structure in the upper mantle, and this
has been interpreted to potentially reflect a trench‐parallel tear, propagating from north to south (e.g.,
Carminati et al., 1998; Wortel & Spakman, 1992, 2000; Figure 2a). The depth at which this tear may occur
varies between ~150 and 500 km, depending on the model, and there are also discrepancies over the south-
ernmost extent of the tear. For instance, Zhu et al. (2015) suggest that the tear only affects northern Greece,
but Spakman et al. (1988) and Meijer and Wortel (1996) suggest that the tear continues into southern
Peloponnese. In contrast, other studies (e.g., Konstantinou & Melis, 2008; Piromallo & Morelli, 2003;
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Sodoudi et al., 2006) do not advocate for a trench‐parallel tear and instead suggest continuous structure at
these depths. Further, a trench‐perpendicular tear has also been suggested, potentially marking the
continuation of the KTF and accommodating the differential motion between the subducting continental
and oceanic lithosphere beneath northern and southern Greece, respectively (Govers & Wortel, 2005;
Royden & Papanikolaou, 2011; Suckale et al., 2009; Figure 2b). However, other studies (Halpaap et al.,
2018; Pearce et al., 2012) are more consistent with a smooth, ramp‐type structure between the subducting
segments (Figure 2b). Tears within the subducting slab would also affect mantle flow beneath the WHSZ.
This has been investigated with seismic anisotropy measurements (e.g., Evangelidis, 2017; Evangelidis
et al., 2011; Hatzfeld et al., 2001; Olive et al., 2014; Paul et al., 2014; Schmid et al., 2004), but interpretations
vary. Ultimately, the geometry of the subducting lithosphere beneath Greece requires further constraint.

3. Data and Methodology

To further examine the structure of the WHSZ, we have developed a new P wave tomography model using
an adaptively parameterized inversion scheme. While several earlier studies employed similar approaches
(e.g., Bijwaard et al., 1998; Hosa, 2008), both the methodology and data set for the current study have been
updated and improved. Hansen et al. (2012, 2014) and Hansen and Nyblade (2013) provide descriptions of
the inversion technique, but it is briefly described here.

Travel‐time residuals for local, regional, and teleseismic phases are computed with respect to those from the
ak135 Earth model (Kennett et al., 1995). Much of our data is provided by the global reprocessed ISC catalog
(Figure 1; Engdahl et al., 1998), which provides travel‐time residuals for a wide range of seismic phases (e.g.,
P, Pg, Pn, PKP, pP), therebymaximizing sampling of the Earth's structure. The global catalog used in the cur-
rent study includes almost 25 million travel‐time residuals from more than 530,000 earthquakes, which
occurred between January 1964 and December 2013. Associated mean arrival time standard deviations vary
between different seismic phases, but they average about 0.50 s across the full global data set (Engdahl et al.,
1998; Gudmundsson et al., 1990).

Across Greece, seismic coverage is provided by the Hellenic Unified Seismic Network (HUSN; Figure 1).
While data from many HUSN stations are available through the ISC, some stations are not reported.
Temporary deployments, such as the MEDUSA (Multidisciplinary Experiments for Dynamic
Understanding of Subduction under the Aegean Sea) and EGELADOS (Exploring the Geodynamics of
Subducted Lithosphere Using an Amphibian Deployment of Seismographs) networks, are also an important
source of seismic data for this region, but they are not included in the global catalog. Additionally, new data
for many stations across Greece have become available since December 2013, when the global catalog ends.
Much of these data are available either through the Data Management Center (DMC) operated by the
Incorporated Research Institutions for Seismology (IRIS) or through the European Integrated Data
Archive (EIDA), a distributed federation of datacenters in Europe. Access to restricted stations was provided

Figure 2. Cartoons illustrating possible slab structure. (a) Proposed horizontal tear in the subducting lithosphere, propa-
gating from north to south. Modified from Wortel and Spakman (2000). (b) Possible structure between the northern,
continental and southern, oceanic segments of the subducting slab. The area marked with dashed lines may be torn or
warped into a ramp‐like structure. Modified from Pearce et al. (2012).
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by the National Observatory of Athens. Therefore, the global ISC data set has been augmented with P wave
travel‐times from these additional sources.

The augmented Greece data set was manually picked, and the associated mean arrival time standard devia-
tion is about 0.10 s. In total, the augmented data set includes about 88,000 travel‐time residuals. Great care
has been taken to combine the augmented data with the ISC catalog, and Figure S1 in the supporting infor-
mation illustrates the consistency of the travel‐time residuals between these different data sets. To balance
the smaller but high‐quality augmented data set against the global but somewhat noisier ISC catalog, the
augmented data are given twice the weight in the tomographic inversion (Hansen et al., 2012, 2014;
Kárason & van der Hilst, 2001; Li et al., 2008).

The full combined data set was inverted for a global model of mantle Pwave structure using an iterative least
squares approach as described by Li et al. (2008) and Hansen et al. (2012). Significant lateral variations in
resolution can result from uneven seismic ray path coverage in the mantle; therefore, the tomographic
approach employed constructs an adaptable grid based on the sampling density of the high‐frequency data
(e.g., Bijwaard et al., 1998; Kárason & van der Hilst, 2000). One or more cells from a base grid are combined
until a minimum ray density in each cell is obtained, leading to an adaptive grid with finer spacing in regions
with increased ray coverage. A variety of base grids and ray density thresholds were examined, and the
finest‐scale sampling was obtained using a base grid that is 0.7° in latitude and longitude and 45 km in depth
with aminimum ray density of 900 hit counts (see Figures S2–S4 in the supporting information). This led to a
total of ~760,000 sampled, adaptive cells in our associated inversion.

A full description of the associated sensitivity matrix calculations can be found in Kárason (2002) and Li et al.
(2008). Briefly, short‐period data with a center frequency of ~1 Hz are backprojected along ray paths com-
puted in the ak135 reference model (Kennett et al., 1995), and weighted composite rays are used to reduce
the size of the sensitivity matrix (Kárason & van der Hilst, 2001; Spakman&Nolet, 1988). Three‐dimensional
sensitivity kernels are approximated for long‐period data using the approach of Kárason and van der Hilst
(2001). This allows long wavelength structure to be constrained by low‐frequency data without preventing
smaller‐scale structure from being resolved by short‐period data. Additionally, an a priori 3‐D crustal model
(CRUST1.0; Laske et al., 2013) is incorporated into our inversion to account for crustal structure and to bal-
ance the crustal and upper mantle contributions to the misfit (Hansen et al., 2012; Li et al., 2008).

4. Results and Resolution

P wave velocity perturbations (δVp) at selected mantle depths are shown in Figure 3, with cross‐sections
shown in Figure 4 and supporting information Figure S4. These results were obtained after 200 iterations
of the inversion and correspond to a 94% reduction of the error function. The associated misfit vector
decreased from 0.95 to 0.26 s, indicating the improvement in fit to the data between the starting model
and the final model. At shallow depths (< ~50 km), the results are largely constrained by the a priori crustal
model; therefore, we focus our interpretations on deeper portions of themodel space. At 100‐km depth, a fast
seismic anomaly is observed along the eastern coast of Greece (Figure 3), consistent with estimates for the
top of the slab (e.g., Bocchini et al., 2018; Gudmundsson & Sambridge, 1998). Fast velocities are also
observed beneath northern Greece, the FYROM, and Bulgaria (Figures 1 and 3). Between ~150‐ and
225‐km depth, the fast anomaly in eastern Greece is only observed along the southeastern and southern
coasts of Peloponnese. Slower velocities are observed along the northeastern coast, extending down past
the Gulf of Corinth (Features A and B, Figure 3). In this same depth range, fast velocities are also observed
in northwestern central Greece, along ~21°E longitude, as well as along the western coast of Peloponnese,
though the more southerly fast velocities do not extend to as great a depth (Features C and D, Figure 3).
By 250‐ to 300‐km depth, a broad‐scale fast anomaly is again observed, underlying the Aegean Sea and
extending northwestward (Figures 1 and 3). This feature continues to move to the northeast with depth.

Trench‐perpendicular cross‐sections further illustrate the structure beneath the WHSZ (Figure 4 and
Figure S4a). Earthquake relocations from Halpaap et al. (2018) are also included. On Profiles 1–6, fast
seismic velocities mark an anomaly that dips from the southwest to the northeast with depth; however,
this anomaly is discontinuous between ~150 and 250 km. Following the trend of the dipping anomaly,
the analyst has identified where the velocity structure changes from fast to slow (and vice versa) to
estimate the western and eastern edges of the gap in the dipping structure (Feature A, Figure 4 and
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Figure S4a). These locations are denoted with white tick marks on the cross‐sectional profiles, and they
have been projected onto the map view images shown in Figure 3. While few earthquakes occur along
Profiles 1–3, it is interesting to note that Feature A occurs very close to the down‐dip limit of
seismicity on Profiles 4–6. The fast anomaly observed along ~21°E longitude in the map view images
(Feature C, Figure 3) can also be seen on the southwestern portions of these profiles. Additionally, on
Profiles 1–4, the fast velocities underlying the FYROM, northern Greece, and Bulgaria appear as a flat‐
lying anomaly at ~100‐ to 150‐km depth. Further to the south, Profiles 7–11 instead show continuous fast
velocities with depth, with an increased dip angle between ~60 and 80 km. This is coincident with a stee-
per and deeper pattern of seismicity (Halpaap et al., 2018). However, Profiles 7–9 also show a low‐velocity
“hole” (Feature B, Figures 3, 4 and Figure S4a) situated between dipping fast velocities to the northeast
and another fast anomaly to the southwest, which is again associated with the fast velocities observed
in the map view images (Feature D, Figure 3). Similar to Feature A on Profiles 1–6, the analyst has esti-
mated the edges of Feature B on Profiles 7–9, which are again denoted with white tick marks on the
cross‐sectional images and which have been projected onto the maps in Figure 3. The dipping fast anom-
aly above Feature B is ~50‐km thick between 100‐ and 200‐km depth. Further south, cross sections along
the tip of Peloponnese do not display this low‐velocity hole, and the dipping fast anomaly is thicker
(~100‐km thick between 100‐ and 200‐km depth; Profiles 10–11, Figure 4 and S4a).

Two trench‐parallel profiles are also included (Figures 3, 4, and S4b) to further highlight the velocity struc-
ture. Between ~50‐ and 150‐km depth, fast seismic velocities are fairly flat and continuous across the pro-
files, and it is worth noting that the earthquakes tend to cluster in this region (Halpaap et al., 2018).
Further, the transition from continuous to discontinuous fast structure at ~150‐ to 250‐km depth can also
be seen near the southeastern portions of these profiles, including Feature B on Profiles 7–9 (Figure 4
and Figure S4a). Deeper earthquake hypocenters are also observed within the fast, continuous portion of
the profiles.

Figure 3. New P wave tomography model. P wave velocity perturbations (δVp) are shown at selected mantle depths, with maps spaced more closely between 100
and 300 km since our interpretations focus on this portion of the model space. Locations of cross‐sectional profiles are shown on the 100‐km panel, with profiles
marked by solid lines shown in Figure 4 (all profiles are provided in the supporting information). Trench‐perpendicular profiles are sequentially numbered
from north to south, and trench‐parallel profiles are lettered fromwest to east. The dashed white lines on the 150‐ and 200‐km panels show the 2‐D projection of the
interpreted slab tear and low‐velocity “hole” (Features A and B), as described in the text. Features C and D correspond to fast velocities in northwestern‐central
Greece and along the western coast of Peloponnese.
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A series of tests have been performed to assess model resolution. First, checkerboard tests are a common
approach to assess lateral resolution. Our checkerboard tests have been constructed with an input pattern
of 0.7°‐wide anomalies with alternating ±2% δVp variations. The anomalies have been projected onto the
adaptive grid, and their thickness is equivalent to one cell (~45 km; Figure S4 in the supporting information).
Each depth was tested individually (i.e., the anomalies outside the examined layer are set to zero). Synthetic
travel‐times were created and inverted using the same model parameterization as that used for the data.
Additionally, noise was added to the synthetic travel‐times as a Gaussian residual time error with a standard
deviation of 0.26 s, which corresponds to the residual remaining in our model after inversion. This approach
reproduces the same fit to the synthetic data as that provided by the actual model (Hansen et al., 2014;
Hansen & Nyblade, 2013; Rawlinson et al., 2014). Lateral resolution in our model varies spatially
(Figure 5), due to uneven station distribution throughout the study area, but the checkerboard pattern is
generally well recovered at most upper mantle depths beneath Greece and adjacent regions. However, recov-
ery rapidly decreases to the south‐southwest offshore, where no station coverage is provided. Amplitude
recovery varies between ~30‐60%, largely due to regularization parameters used to stabilize the inversion.
The amplitude recovery is even further reduced below ~700 km; therefore, we limit our interpretations to
depths above this threshold.

In some cases, tightly spaced checkerboards may mask smearing effects (Rawlinson & Spakman, 2016);
therefore, we also assess our model resolution with a sparse distribution of “spikes”—fast and slow anoma-
lies—in the model space. As shown in Figure S5 in the supporting information, these spikes are comparable
in size to Feature B (Figures 3 and 4). The results illustrate that our amplitude recovery is better in southern
Greece, given the higher number of stations in this area (Figure 1). Lateral smearing is minimal, and vertical
smearing is ~25–50 km. Additionally, since the checkerboard and distributed spike tests (Figures 5 and S5)
are composed of anomalies that all have the same size, we also wanted to better assess the model resolution
over the range of wavelengths present in our results. Therefore, we also performed a resolution test
where our output model (Figures 3 and 4) was used as the “synthetic” input, and the results are shown in
Figure S6 in the supporting information. As with our other synthetic tests, amplitudes in the recovered

Figure 4. Selected cross sections through the new tomographic model. Locations are highlighted by solid profiles on Figure 3. White tick marks on Profiles 1–9
approximate the western and eastern edges of the slab tear and low‐velocity “hole” (Features A and B), as described in the text. Features C and D correspond to
fast velocities in northwestern‐central Greece and along the western coast of Peloponnese (Figure 3). Gray dots show earthquake relocations from Halpaap et al.
(2018), where all events within 0.2° are projected onto the cross section. Additional cross sections can be found in the supporting information.
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model are lower than those in the input model. Some degree of lateral and vertical smearing is also observed,
such as between Features C and D and the deeper fast anomaly to the northeast; however, the major features
observed in our model (Figures 3 and 4) are well recovered (supporting information Figure S6).

To further assess specific structures in our model, additional tests were performed with synthetic anomalies
along several of the examined profiles. Given the gridded parameterization, dipping interfaces must be
approximated as stair‐step structures, and as with the checkerboard tests, the synthetic anomalies are pro-
jected onto the adaptive grid. Within these constraints, the synthetics were constructed to match major
observed features in the model as best as possible. Beneath northern Greece, our model shows a discontin-
uous, fast dipping anomaly (Figures 4 and S4a). The first set of synthetic tests (Figures 6a–6c) was con-
structed to examine this structure, using Profile 3 as a reference. All tests along this profile included the
following synthetic anomalies. Between 50‐ and 125‐km depth, fast anomalies with input amplitudes of
+2% are included to represent the shallow mantle structure. These features extend ~524 km laterally across
the ~698‐km‐long profile. Below 275‐km depth, two additional fast anomalies laterally extend ~290 km
across the lower portion of the profile. These anomalies have input amplitudes of +1.5% and are used to
mimic the deeper, dipping structure. A ~233‐km‐long slow anomaly, centered at 160‐km depth and with
an input amplitude of −2%, is also included along the northeastern portion of the profile to match compar-
able slow velocities observed in this region on Profile 3 (Figure 4). It should be noted that different input
amplitudes were tested for each of the synthetic anomalies, and more pronounced amplitudes generally lead
to greater vertical smearing. However, such input amplitudes led to recovered anomalies whose amplitudes
do not match those in the actual model. The employed input amplitudes provide the best match to the
observed features (Figures 4 and 6). As with the other synthetic tests, Gaussian noise was added to the syn-
thetic travel‐times, which were inverted with the same model parameterization as that used for the data.

The structure between 125‐ and 275‐km depth was varied to further assess the vertical resolution beneath
northern Greece. First, as shown in Figure 6a, a ~115‐km‐wide connecting fast structure (input amplitude:
+1.5%) is introduced to test whether a continuous dipping anomaly would be resolved, if present. As shown
in the corresponding recovered model, such structure is resolvable; however, this does not match our obser-
vations (Figure 4). Instead, a synthetic model with a gap in the fast structure (Figure 6b), corresponding to
Feature A (Figures 4 and S4a), better matches our tomographic images, despite the associated ~50 km of ver-
tical smearing. A third test (Figure 6c) was also performed to assess the fast anomaly beneath northwestern‐

Figure 5. Checkerboard resolution tests at the same depths shown in Figure 3. Input pattern consists of 0.7°‐wide anomalies with alternating ±2% δVp variations,
projected onto the adaptive grid. Note that the recovered pattern is plotted with different color scales depending on the panel.
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central Greece (Feature C, Figures 4 and S4a). The synthetic tests in
Figures 6a and 6b do not display such a feature, indicating that it is not
a smearing effect of the model. This feature is best approximated by a
~65‐km‐wide synthetic anomaly (input amplitude: +1.5%), extending
down to 400‐km depth on the southwestern portion of the profile
(Figure 6c). On some of the northern cross sections (Figure 4), Feature
C appears to be separated from the overlying structure; therefore, we also
include a ~50‐km gap above Feature C to assess if this separation can be
resolved. The corresponding recovered image indicates that this fast
anomaly is a resolvable structure. A minor degree of smearing between
Feature C and the deeper structure to the northeast is observed, but the
gap above Feature C appears to be resolved. This is also supported by
the recovery results shown in Figure S6b in the supporting information.

Beneath southern Greece, similar vertical resolution tests were also per-
formed to assess whether a gap in the fast dipping structure (comparable
to that seen in the north) would be resolved, if present. In this case, the
~670‐km‐long Profile 10 was used for reference (Figure 4). Between 50‐
and 200‐km depth, two fast anomalies with input amplitudes of +2%
and +1.2%, respectively, extend ~335 km laterally across the profile and
are used to represent the shallow mantle structure. Below 300 km, two
additional anomalies (input amplitudes: +1.5%) laterally extend
~390 km across the northeast portion of the profile and mimic the deeper,
dipping structure. Two slow anomalies, with input amplitudes of −0.5%
and widths of ~80 and ~250 km, respectively, are also included on the
southwestern end of the profile, extending from 150‐ to 700‐km depth.
Additionally, a more pronounced slow anomaly (input amplitude:
−1.5%) between 50‐ and 225‐km depth extends ~170 km laterally on the
northeastern portion of the profile. These slow anomalies match compar-
able slow velocities observed on Profile 10 (Figure 4). As with the syn-
thetic tests discussed above (Figures 6a–6c), other input amplitudes
were examined, but the employed amplitudes provide the best match to
observed features in our model. The only difference between the synthetic
tests shown in Figures 6d and 6e is the fast connecting structure between
200‐ and 300‐km depth (input amplitude: +1.5%). These tests show that
either structure is resolvable, but more importantly, if the fast dipping
structure under Peloponnese were discontinuous (Figure 6d), similar to
that seen beneath northern Greece, the resolution of our model is high
enough that such a gap would be resolved. However, this does not match
the observed structure (Figure 4), and a continuous fast anomaly with
depth better matches our model beneath southern Greece (Figure 6e).
Again, these results are further supported by the resolution test shown
in Figure S6b.

5. Discussion
5.1. Subducting Slab Structure

The fast dipping structure beneath Greece imaged in our model is best
attributed to the subducting slab. At shallow depths (< ~150 km), our
tomographic results display a gently dipping anomaly, comparable to
that imaged in previous local and regional tomographic studies
(Halpaap et al., 2018; Lamara, 2014; Ligdas et al., 1990; Papazachos &
Nolet, 1997; Tiberi et al., 2000). We do not observe any evidence for a
trench‐perpendicular tear across the CHSZ (Profiles A and B,
Figure 4), suggesting continuous structure across the continental‐

Figure 6. Input (left) and recovered (right) synthetic vertical resolution
tests, plotted the same as Figure 4. (a) Synthetic test along Profile 3
beneath northern Greece (Figures 3 and 4). A connecting fast structure is
introduced between 125 and 275 km to illustrate that such continuous
structure would be resolved, if present. (b) Same as (a) but without the
connecting fast anomaly to represent Feature A (Figures 4 and S4a). This
synthetic test better matches our model (Figure 4) compared to (a). (c) Same
as (b) but with a narrow vertical anomaly added to represent Feature C
(Figures 4 and S4a). Results from (b) and (c) illustrate that this feature is not
a smearing artifact of the model. (d) Synthetic test along Profile 10 beneath
southern Greece (Figures 3 and 4). A 100‐km gap in the fast dipping struc-
ture is introduced to illustrate that such discontinuous structure would be
resolved, if present. (e) Same as (d) but now with a continuous fast structure
that better matches our model observations (Figure 4).
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oceanic lithospheric boundary. This agrees well with recent studies by Pearce et al. (2012) and Halpaap
et al. (2018), for instance, who suggest little to no offset of the lithosphere on either side of the KTF.
Therefore, similar to these studies, we would advocate for a smooth ramp‐like structure across the
continent‐ocean interface (Figure 2b). We also reiterate that the flat‐lying fast anomaly between ~100‐
and 150‐km depth on Profiles 1–4 underlies northern Greece and Bulgaria, and this feature is no longer
observed once the profiles move offshore (Figures 4 and S4a). Therefore, this feature is attributed to the
fast signature of the continental lithosphere in the overriding plate.

Within deeper portions of the WHSZ (>300 km), we observe continuous slab structure extending across the
transition zone and into the lower mantle, consistent with broader‐scale tomographic images for this area
(e.g., Bijwaard et al., 1998; Hosa, 2008; Koulakov et al., 2009; Li et al., 2008; Piromallo & Morelli, 2003;
Spakman et al., 1993; Zhu et al., 2015). While our resolution decreases below ~700‐km depth, it is very likely
that the subducting slab structure continues further into the lower mantle, as suggested by these
earlier studies.

As previously stated, the major contribution of our new tomographic model is the improved resolution of
structure between ~150‐ and 250‐km depth, which bridges the gap between coverage provided by local
and regional studies and that from broader‐scale tomographic analyses. The discontinuous fast structure
seen on Profiles 1–6 (Feature A, Figures 4 and S4a) is best attributed to a trench‐parallel tear in the subduct-
ing lithosphere, similar to that shown in Figure 2a. This is in good agreement with previous studies that
advocate for discontinuous or faded slab structure, particularly beneath northern Greece (Hosa, 2008;
Koulakov et al., 2009; Pearce et al., 2012; Spakman et al., 1988, 1993; Zhu et al., 2015). Our model suggests
that this trench‐parallel tear is concentrated between ~150‐ and 250‐km depth and extends southward to the
Gulf of Corinth. That is, north of ~38.5°N latitude, the subducting slab appears to be completely detached.

As noted in section 2.0, convergence along the WHSZ has been associated with the subduction of several
ocean basins (Dercourt et al., 1986; Ricou et al., 1998; Robertson et al., 1996). Nappe stacking suggests that
while oceanic subduction was interspersed by continental units, continuous subduction has occurred along
the Hellenic arc since the Cretaceous. This concept is generally referred to as a “single‐slab” model, where
continuously descending lithosphere from multiple stages of convergence results from back‐stepping of
the subduction between different microplates (e.g., Bocchini et al., 2018; Faccenna et al., 2003; Jolivet &
Brun, 2010; Meier et al., 2004; van Hinsbergen et al., 2005). Our interpretation does not preclude continuous
subduction along the WHSZ, but the presence of a trench‐parallel tear does suggest additional considera-
tions. For instance, Wong et al. (1997) and Wortel and Spakman (2000) argue that when continental litho-
sphere is subducted after a period of oceanic subduction, changes in the temperature and stress may lead
to instabilities in the subducting lithosphere, creating a weak zone where a small, initial tear can develop
in the subducting slab. Slab pull distribution would be affected by such a tear, concentrating the slab pull
force into the portion of the slab that is still connected. Over time, this would cause the tear to propagate
(Wortel & Spakman, 2000). In the WHSZ, north to south propagation of a trench‐parallel tear could result
from an initial disturbance in the subducting continental material beneath northern Greece that is then
pulled by denser oceanic lithosphere subducting to the south (Royden & Papanikolaou, 2011; Wortel &
Spakman, 2000).

In addition to the fast slab structure beneath eastern Greece, we also observe a fast anomaly beneath
northwestern‐central Greece, along ~21°E longitude (Feature C, Figure 3). Feature C extends down to
~300‐400‐km depth on Profiles 1–6 (Figures 3, 4, and S4a) and is located to the west‐southwest of the inter-
preted tear. Our vertical resolution tests indicate that this is not a smearing artifact in the model
(Figures 6a–6c). Similar fast velocities below northwestern‐central Greece have been observed in some pre-
vious tomographic studies, based on both body and surface wave constraints (e.g., Hosa, 2008; Ligdas et al.,
1990; Piromallo & Morelli, 2003; Salaün et al., 2012), though generally they have not been discussed. Given
the degree of smearing indicated by our synthetic test results (Figures 6c and S6b), we cannot definitively
determine whether Feature C is connected to the deeper slab or not. Also, on some profiles, Feature C appears
to be separated from the overlying structure, and our synthetic tests indicate that this separation is resolvable
(Figures 6c and S6b). Given its orientation and depth extent, Feature C is best interpreted as a lithospheric
fragment, perhaps a remnant of the torn, detached slab. Similar structure has been seen, for example, beneath
the Eastern Himalayan Syntaxis by Peng et al. (2016), where laterally varying subduction characteristics lead
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to tearing and fragmentation of the Indian lithosphere, and they suggest
that the Hellenic system could be a comparable analogy.

An interesting change in the WHSZ structure is observed in the vicinity of
the Gulf of Corinth. First, the dipping slab interface becomes continuous
in this region, as seen on Profiles 7–11 (Figures 4 and S4a). It is worth
noting that while some previous investigations have employed a similar
methodology to that used in our study (e.g., Bijwaard et al., 1998; Hosa,
2008), their models do not resolve the subducting slab structure above
~250‐km depth in this region (Figure S7 in the supporting information).
Instead, continuous slab structure in those studies was inferred from the
depth extent of seismicity; therefore, our model provides important new
constraints on the slab structure in this area. The continuous structure
is consistent with the single‐slab model described previously (e.g.,
Faccenna et al., 2003; Jolivet & Brun, 2010; Meier et al., 2004; van
Hinsbergen et al., 2005). However, a low‐velocity hole is also observed
beneath southern Greece (Feature B, Figures 3, 4, and S4), situated
between fast velocities along the western coast of Peloponnese
(Feature D) and the dipping slab to the northeast. Feature B is somewhat
larger than the anomalies in our checkerboard resolution test (Figure 5),
indicating it represents resolvable structure. This is further emphasized
by the “spike” test shown in supporting information Figure S8 that
mimics the slow anomaly and shows it is recovered by our model. We also
note that similar slow structure in this area has been imaged by previous

studies. For instance, the locally‐focused P wave tomography model from Tiberi et al. (2000) shows pro-
nounced slow velocities between ~140‐ and 200‐km depth to the south‐southwest of the Gulf of Corinth.
The broader, Mediterranean‐scale model from Piromallo and Morelli (2003) also indicates slow velocities
between ~150‐ and 200‐km depth beneath Peloponnese.

We interpret Feature B as marking the southernmost extent of the trench‐parallel tear, where the
surrounding lithosphere has become disrupted but has not completely detached. Feature B is bounded
by the fast Ionian lithosphere on either side, including Feature D along the western coast of
Peloponnese and the dipping slab to the northeast. This could be associated with a slab detachment
mechanism similar to that suggested by van de Zedde and Wortel (2001; Figure 7 inset), where the litho-
sphere is stretched and thinned, eventually leading to slab break‐off. As previously mentioned, supporting
information Figure S6b suggests that Feature D is smeared toward the deeper slab to the northeast; there-
fore, a connection between Feature B and the underlying mantle is not well resolved. However, given our
tomographic images along Profiles 7–9 (Figures 4 and S4), the fast‐slow‐fast pattern observed between
Feature D, Feature B, and the dipping slab are best explained by the van de Zedde and Wortel (2001)
mechanism. Past the southern coast of Peloponnese (Profiles 10–11, Figures 4 and S4), Feature B is no
longer observed, and the subducting slab is thicker (~100‐km thick between 100‐ and 200‐km depth, com-
pared to ~50‐km thick further to the north), also consistent with this detachment mechanism. Therefore,
we would argue that the tear has not extended into this region, similar to the conclusions of Spakman
et al. (1988) and Meijer and Wortel (1996).

We note that Feature B is offset to the west compared to the trend of Feature A further to the north
(Figure 3). As discussed in section 2, differential slab retreat beneath Greece is attributed to buoyancy differ-
ences between the subducting continental and oceanic lithosphere (e.g., Royden & Papanikolaou, 2011), and
recent studies suggest that this transition is located near the KTF, in association with an abrupt change in
seismicity (see section 5.2; Bocchini et al., 2018; Halpaap et al., 2018). Our results, and others (e.g.,
Halpaap et al., 2018; Pearce et al., 2012), suggest that this transition is associated with a ramp‐type structure
between the subducting segments (Figure 2b); therefore, nothing impedes the north to south propagation of
the trench‐parallel tear across the transition (Wortel & Spakman, 2000). The widely recognized westward
retreat of the slab beneath Peloponnese is likely controlled by the geometry of the ramp. That is, the orienta-
tion of the ramp and the faster rollback associated with the oceanic slab causes a southwestward displace-
ment of the trench along southern Greece (e.g., Halpaap et al., 2018), as perhaps evidenced by the 2008

Figure 7. (inset) Stretching model for lithospheric detachment, modified
from van de Zedde and Wortel (2001). The subducting lithosphere is
thinned over a deformation zone (DEFZ), allowing hot mantle material to
fill the gap and eventually leading to slab break‐off. (main) Cartoon illus-
trating our interpretation of the slab structure (down to ~250‐300‐km depth;
note: not drawn to scale), as inferred from our tomographic model. Black
dashed arcs mark the approximate locations of representative profiles from
Figure 4. Features labeled (A)–(D) correspond to the same labeled features
on Figures 3 and 4. KTF: Kefalonia Transform Fault.
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right‐lateralMw 6.4 Movri earthquake in northwestern Peloponnese (Papadopoulos et al., 2010). Therefore,
the orientation of the tear likely follows this westward retreat, as shown by the offset of Feature B.

Figure 7 summarizes our interpretation of the new tomographic model and the associated subducting slab
structure. Offset along the KTF between the northern, continental and southern, oceanic segments of the
subduction zone is inferred from earlier studies that examined shallower structure along the WHSZ (e.g.,
Kahle & Mueller, 1998; Hollenstein et al., 2008; Royden & Papanikolaou, 2011). The subducting lithosphere
initially has a shallow dip, and the transition from continental to oceanic lithosphere is a smooth ramp, with
no trench‐perpendicular tear between these segments. Further to the east and north of ~38.5°N latitude, the
subducting slab is torn and completely detached by a trench‐parallel tear (Feature A). Feature C is best inter-
preted as a lithospheric fragment on the western side of the tear. As discussed previously, it is unclear
whether Feature C is connected to the deeper slab, and some profiles (Figures 4 and S4) suggest Feature
C is not connected to the shallower subducting lithosphere. Therefore, it is included as a separate, discon-
nected feature for the purposes of our cartoon interpretation. To the south of the Gulf of Corinth, the slab
is continuous; however, the slab beneath Peloponnese is disrupted by the southern end of the tear
(Feature B). This leads to lithospheric thinning, but the slab has not been completely detached. The slab
is also retreating to the west in this area, given the drag of the dense oceanic lithosphere, causing the orienta-
tion of the tear to change as it propagates southward. This disturbance continues to the southern coast of
Peloponnese, where the slab is no longer disrupted by the tear.

5.2. Relation to Seismicity

Our tomographic images and the geometry of the interpreted trench‐parallel tear are well correlated with
seismicity; therefore, our results may provide insight into earthquake patterns along the WHSZ. South of
the KTF and just north of the Gulf of Corinth, the down‐dip limit of seismicity is constrained between
~60‐ and 80‐km depth (Figure 8a; Halpaap et al., 2018). As seen from our cross‐sectional profiles

Figure 8. Maps showing (a) earthquake relocations from Halpaap et al. (2018) and (b) SKS splitting measurements from
Evangelidis (2017, and references therein) in relation to the 2‐D projection of the interpreted slab tear and low‐velocity
“hole” (Features A and B) from our tomographic model (black dashed line). In (a), earthquake epicenters (circles) are
color coded by depth, and red triangles denote volcanoes. In (b), SKS splitting measurements at examined stations (gray
squares) are oriented in the fast direction and are scaled to the delay time. Yellow markers denote trench‐parallel mea-
surements, while red and green markers denote subslab and wedge trench‐perpendicular measurements, respectively, as
interpreted by Evangelidis (2017). The inset shows a figure modified from Evangelidis (2017), illustrating the suggested
mantle flow pattern (arrows), where the colors match those of the corresponding splittingmeasurements. CL: Continental
Lithosphere; OL: Oceanic Lithosphere; KTF: Kefalonia Transform Fault.
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(Figures 4 and S4a), the gap in the fast dipping slab structure (Feature A) occurs just below this point.
Laterally, the approximate western edge of the tear correlates well with the termination of seismicity
(Figure 8a). Therefore, in this region, we suggest that the down‐dip limit of seismicity is controlled by the
trench‐parallel tear. That is, the detached lithosphere imaged by our tomography has removed the associated
slab pull force, which may be associated with intermediate‐depth earthquakes. It is worth noting that the
trench‐parallel tear also appears to continue to the north of the KTF, where few earthquakes occur
(Bocchini et al., 2018; Halpaap et al., 2018). As noted in the previous section, our tomographic results show
no evidence for a trench‐perpendicular tear in this region; therefore, we would advocate that the abrupt
change in seismicity across the KTF is best attributed to compositional differences between the subducting
continental and oceanic lithosphere, similar to that suggested by Halpaap et al. (2018) and Bocchini et al.
(2018). Further, it is interesting that no earthquakes occur in the detached portion of the slab (Figures 4
and S4a). Many mechanisms have been proposed for deep‐focus earthquakes (>300 km), as reviewed, for
instance, by Green and Houston (1995) and Houston (2015). While this topic is beyond the scope of the
current study, it has been suggested that a long episode of slow subduction prior to ~5Mamay be responsible
for the aseismic slab at depth beneath the WHSZ (Shaw & Jackson, 2010).

Within and to the south of the Gulf of Corinth, the seismicity extends to greater depths, reaching ~190 km
along the eastern coast of Peloponnese (Figure 8a; Bocchini et al., 2018; Halpaap et al., 2018). The corre-
sponding tomographic images (Profiles 7–11, Figures 4 and S4a) again suggest continuous slab structure
in this region, coincident with the deeper and steeper Wadati‐Benioff zone. That being said, it is worth
noting that Rontogianni et al. (2011) suggested that stress inversions for events in this area are consistent
with a slab tear. As discussed in section 5.1, Feature B likely indicates the southernmost extent of the
trench‐parallel tear, and while the slab is thinned in this area, it has not yet been detached. Given this, some
events in Peloponnese may reflect stress conditions associated with the interpreted disturbance at the
southern edge of the tear (Rontogianni et al., 2011).

As discussed in section 2, many tomographic studies, including the current one, suggest that the slab extends
across the transition zone and well into the lower mantle beneath the WHSZ (Bijwaard et al., 1998; Bourova
et al., 2005; Di Luccio & Pasyanos, 2007; Endrun et al., 2008; Hosa, 2008; Konstantinou & Melis, 2008;
Koulakov et al., 2009; Li et al., 2008; Pasyanos & Walter, 2002; Piromallo & Morelli, 2003; Salaün et al.,
2012; Schmid et al., 2006; Spakman et al., 1988, 1993; Zhu et al., 2015). However, seismicity is constrained
to the upper ~200 km within this region (Bocchini et al., 2018; Brüstle, 2012; Durand et al., 2014; Galanis
et al., 2006; Halpaap et al., 2018; Karakonstantis & Papadimitriou, 2010; Papazachos et al., 2000). If the slab
is continuous below 200‐km depth, as shown on Profiles 7–11 (Figures 4 and S4a), why are no earthquakes
observed within the deeper subducting lithosphere?

Several suggestions have been put forth to explain this apparent discrepancy between the tomographically
imaged slab and the depth extent of the seismicity. For instance, Papadopoulos (1997) suggested that tomo-
graphic studies may be imaging earlier, non‐assimilated lithospheric remnants associated with earlier
phases of subduction and that the resolution of these models was not high enough to distinguish between
different segments, indicating that the subducted slab is not actually continuous and that seismicity defines
the maximum depth of the currently descending slab. We have tested this hypothesis with our vertical reso-
lution models. Based on radiometric data, Papadopoulos (1989, 1997) suggest a ~3‐Ma time difference
between Late Miocene (14–7 Ma) and Plio‐Quaternary (4 Ma–present) phases of volcanism in the Aegean
region, which they attribute to different phases of subduction. Using their reported 3.2 cm/year subduction
rate, this would indicate a ~100‐km separation between these two subducted segments; therefore, we intro-
duced a ~100‐km gap in the fast slab structure in our vertical resolution test shown in Figure 6d. However, as
previously discussed, if such a gap were present in the subducting slab structure, it would be resolved by our
model. Therefore, the difference between the seismicity and the imaged slab structure does not appear to be
a resolution issue, and we advocate for continuous slab beneath southern Greece. Again, this idea is consis-
tent with the single‐slab model discussed previously (e.g., Bocchini et al., 2018; Faccenna et al., 2003; Jolivet
& Brun, 2010; Meier et al., 2004; van Hinsbergen et al., 2005).

It has also been suggested that the seismically fast velocities below 200‐km depth are not associated with sub-
ducting lithosphere at all. Based on work by Doglioni et al. (2009), Agostini et al. (2009) suggest that deeper,
more rigid mantle material, characterized by faster seismic velocities compared to shallower mantle, could
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be upraised by slab suction forces associated with the northeast‐oriented subduction zone. This could cause a
“ghost slab” to be imaged beneath the WHSZ, but the termination in seismicity at ~200‐km depth would be
due to the fact that the slab was actually missing below this area. If this were the case, it would be expected
that such suction would lead to comparable ghost slab structure along‐strike of the WHSZ, which is not
observed by our model. Further, this mechanism cannot explain the abrupt change in the down‐dip limit
of seismicity on either side of the Gulf of Corinth (Figure 8a). Additionally, below ~300 km, the fast seismic
anomalies trend to the northeast with depth (Figure 3), as would be expected from subducting lithosphere
moving further into the mantle. Therefore, this mechanism is not supported by our tomographic results.

Alternatively, numerous studies have suggested that intermediate‐depth seismicity is due to petrologic
changes and dehydration processes within subducting slabs (e.g., Hacker et al., 2003; van Keken et al.,
2011), and several investigations have suggested that these characteristics control the down‐dip limit of seis-
micity beneath Greece (e.g., Brüstle, 2012; Halpaap et al., 2018; Wortel et al., 1990). In other words, the
extent of the Wadati‐Benioff zone does not reflect the termination of the subducting lithosphere but rather
where the slab has become completely dehydrated. Comparable interpretations have been made for the sub-
ducting Cocos plate, for instance, where tomography indicates the subducting lithosphere extends to
~550 km but seismicity ends at ~150 km (e.g., Husker & Davis, 2009; Pardo & Suarez, 1995). Dehydration
may also play an important role in magma generation and volcanism beneath southern Greece (Halpaap
et al., 2018), which is described further in the next section.

To summarize, we suggest that the down‐dip limit of seismicity north of the Gulf of Corinth is controlled by
the geometry of the trench‐parallel tear imaged in our tomographic model, where the slab is completely
detached. Further to the south, the slab is thinned by the tear, but both the continuous fast, dipping structure
and the seismicity pattern indicate that the slab has not been detached in this region. Instead, the deeper
down‐dip limit of seismicity in Peloponnese is attributed to dehydration processes in the subducting litho-
sphere. Our tomographic interpretation can explain the abrupt change in the depth extent of WHSZ earth-
quakes across the Gulf of Corinth.

5.3. Relation to Mantle Flow, Anisotropy, and Volcanism

As noted in section 2, tears in the subducting lithosphere would influence mantle flow beneath the WHSZ,
and this has been investigated with seismic anisotropy measurements (e.g., Evangelidis, 2017; Evangelidis
et al., 2011; Hatzfeld et al., 2001; Olive et al., 2014; Paul et al., 2014; Schmid et al., 2004). In Figure 8b, we
show how the approximate geometry of the trench‐parallel tear compares to SKS splitting measurements
compiled from previous investigations. Some interesting comparisons can be made. For instance, the tear
appears to correlate with roughly trench‐parallel fast‐splitting directions, while more trench‐perpendicular
fast directions are observed to the east and west. Evangelidis (2017) suggested that the trench‐parallel split-
ting measurements are consistent with subslab mantle flow parallel to a smooth, ramp‐like connection
between the subducting continental and oceanic lithosphere at depth and do not indicate a trench‐
perpendicular tear. These interpretations well match those from the current study. We further suggest that
escape flow through the trench‐parallel tear could also lead to a diffused converging pattern of splitting
observations, especially within the northern, wider portions of Feature A (Figure 8b). Near Feature B, the
trench‐parallel splitting directions are more consistent, which may reflect flow beneath the thinned slab,
directed toward the southern end of the tear. This could also explain why Feature B has a somewhat more
pronounced low‐velocity signature than Feature A further to the north (Figure 3); however, we also note
that there are more seismic stations across Peloponnese compared to the eastern coast of Greece
(Figure 1), so the amplitude difference between these two areas may also just be due to the fact that we have
more sampling of the structure in Peloponnese (Figures S2 and S5 in the supporting information). The
trench‐perpendicular splitting measurements in western Greece have been interpreted to reflect subslab
mantle flow, while those in eastern Greece and the Aegean are associated with flow in the mantle wedge,
which could also be directed through the trench‐parallel tear (Figure 8b). Similar anisotropy patterns in
the eastern Hellenic Subduction Zone between Crete and Rhodes have been interpreted to reflect such struc-
ture (Evangelidis, 2017).

Another interesting comparison can be made between our tomographic model and the location of volcanic
centers. While there is no recent volcanism north of the Gulf of Corinth, Plio‐Quaternary alkaline volcanic
rocks are found in eastern central Greece (e.g., Papadopoulos, 1989), and these may be associated with
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subduction prior to the detachment of the slab. Further south, four volcanoes in the vicinity of northeastern
Peloponnese mark the northern end of the Hellenic volcanic arc, and these volcanoes all cluster around the
eastern side of Feature B (Figure 8a). Wortel and Spakman (1992) suggested that the geometry of the sub-
ducting slab (whether continuous or detached) strongly influences the distribution and nature of
Mediterranean volcanism. Further, Pe‐Piper and Piper (2007) have noted that the geochemical signature
of volcanic rocks in the Aegean region cannot be simply explained by post‐collisional extension and instead
require partial melting of the lithospheric mantle and lower crust associated with advection of the astheno-
sphere related to tears in the subducting slab. The Peloponnese volcanoes display different eruptive behavior
and magmatic compositions compared to volcanoes in the central and eastern portions of the Hellenic arc
(e.g., D'Alessandro et al., 2010; Pe‐Piper & Piper, 2007). Therefore, volcanism in Peloponnese may be influ-
enced by the southern end of the tear. Dehydration of the subducting slab in this area, as discussed above in
relation to the down‐dip limit of seismicity, may also help to promote magmatism. For example, Halpaap
et al. (2018) found high Vp/Vs ratios at ~80‐km depth beneath the western Hellenic arc volcanoes, and such
velocity ratios are typically associated with water‐rich fluids or melts. Water released from the subducting
lithosphere may hydrate the overlying mantle wedge, also promoting partial melting in this area.

6. Conclusions

We have generated a new P wave velocity model for the WHSZ using an adaptively parameterized tomo-
graphic approach. The employed data set and methodology bridges the gap between coverage provided by
local and regional studies and that from broader‐scale tomographic analyses, highlighting the subducting
slab structure between ~150‐ and 250‐km depth. North of ~38.5°N latitude, our tomographic model suggests
that the slab has been detached by a trench‐parallel tear. To the south and beneath Peloponnese, a low‐
velocity hole marks the southern end of the tear, where the slab has been thinned but not yet detached.
The down‐dip limit of seismicity in central Greece well correlates with the edge of the interpreted tear, while
the continuous and steeper fast slab structure in southern Greece well matches the pattern of seismicity
down to ~200‐km depth. While the slab continues past this point, earthquakes terminate, likely due to dehy-
dration of the subducting lithosphere. The southern end of the tear is also coincident with volcanic centers in
southeastern Greece and may contribute to volcanism in this region. The trench‐parallel tear does not
extend past the southern coast of Peloponnese.
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