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Abstract The importance of splay‐thrust faults in subduction seismogenesis is increasingly
acknowledged; however, their elastic interaction with the plate interface remains unclear. Here, we use
GPS velocities, constrained by millennial fault slip rates, to study elastic fault‐interactions between the plate
interface and its upper‐plate splay‐thrust faults from the southern Hellenic Subduction System (HSS). We
find that, despite its largely aseismic character, the HSS plate interface zone is kinematically segmented,
with slip rate deficits locally reaching ~85% and ~45% of the plate convergence rate on the western and
eastern segments, respectively, and on structures different from those that ruptured historically. Although
western Crete has been more active seismically during late Holocene, we find that the eastern HSS has
higher seismic potential for large‐magnitude (M > 6) earthquakes and its interface zone is closer to failure.
Elastic fault interactions are responsible for both significant intersegment variability in strain accumulation
and uniformity in earthquake rupture segmentation along the HSS over millennial timescales.

Plain Language Summary The southern Hellenic Subduction System (HSS) hosted at 365 CE
the greatest earthquake (~M8.3) ever recorded in the Mediterranean. This earthquake, unlike other large
subduction earthquakes, did not rupture the main contact between the two sliding tectonic‐plates (i.e., the
plate interface) but, instead, it was generated on a steep large fault that branches upward from the plate
interface to extend within the upper plate. As the main plate interface fault and its branch(es) are linked at
depth and accumulate strain interdependently, rupture on one controls the locus and timing of rupture
on neighboring faults. Thus, to better assess the seismic hazard along the HSS it is crucial to chart and
quantify the amount of strain stored on each of these structures. Here, we use dense GPS data and normal
fault displacements to derive, for the first time, a detailed “locking” map of each fault in the southern HSS.
We find that the western and eastern sections of the HSS rupture during different earthquakes (HSS is
segmented), with these earthquakes breaking interchangeably the plate interface and its branches. Further,
we find that although western HSS has been more active seismically in the last 5,000 years, the eastern HSS
has higher potential for M > 6 earthquakes in the near future.

1. Introduction

The world's largest earthquakes occur on plate interface faults along subduction zones (McCaffrey, 2008;
Moreno et al., 2010; Tichelaar & Ruff, 1993). However, in many subduction zones worldwide the up‐dip
end of the plate interface may branch upward into one or more large thrust faults to form a complex zone
within the upper‐plate (e.g., Farías et al., 2011; Melnick et al., 2012; Mouslopoulou et al., 2015, 2016, 2019;
Park et al., 2002; Priest et al., 2010; Singh et al., 2011; Wilson et al., 2006) (Figure 1a). These upper‐plate splay
faults intersect and interact with the subduction plate interface thrust to form a single coherent fault system
(Walsh & Watterson, 1991), here referred to as the “plate interface zone,” which accumulates displacement
as a result of plate convergence (Figure 1a).

The complex fault geometries that characterize plate interface zones raise the question of how the plate inter-
face thrust and its major splay‐thrust faults interact through large‐magnitude earthquakes to accommodate

©2020. The Authors.
This is an open access article under the
terms of the Creative Commons
Attribution‐NonCommercial‐NoDerivs
License, which permits use and distri-
bution in any medium, provided the
original work is properly cited, the use
is non‐commercial and no modifica-
tions or adaptations are made.

RESEARCH LETTER
10.1029/2019GL086604

Key Points:
• Spatially variable elastic strain

accumulation in the Hellenic plate
interface zone produces persistent
earthquake rupture segments

• Slip rate deficit up to 85% and 45% of
the plate convergence rate on the
western and eastern segments of the
interface zone, respectively

• Potential for large‐magnitude
(M > 6) earthquakes in the eastern
Hellenic margin elevated compared
to that in the western

Supporting Information:
• Supporting Information S1

Correspondence to:
V. Saltogianni,
salto@gfz-potsdam.de

Citation:
Saltogianni, V., Mouslopoulou, V.,
Oncken, O., Nicol, A., Gianniou, M., &
Mertikas, S. (2020). Elastic fault
interactions and earthquake rupture
along the southern Hellenic subduction
plate interface zone in Greece.
Geophysical Research Letters, 47,
e2019GL086604. https://doi.org/
10.1029/2019GL086604

Received 16 DEC 2019
Accepted 18 MAY 2020
Accepted article online 9 JUN 2020
Corrected 27 JUL 2020

This article was corrected on 27 JUL
2020. See the end of the full text for
details.
Correction added on 16 SEP 2020, after
first online publication: Projekt DEAL
funding statement has been added.

SALTOGIANNI ET AL. 1 of 10

https://orcid.org/0000-0002-9566-3063
https://orcid.org/0000-0002-5049-5027
https://orcid.org/0000-0002-2894-480X
https://orcid.org/0000-0001-5181-1151
https://orcid.org/0000-0001-8142-7900
https://doi.org/10.1029/2019GL086604
https://doi.org/10.1029/2019GL086604
http://dx.doi.org/10.1029/2019GL086604
http://dx.doi.org/10.1029/2019GL086604
http://dx.doi.org/10.1029/2019GL086604
mailto:salto@gfz-potsdam.de
https://doi.org/10.1029/2019GL086604
https://doi.org/10.1029/2019GL086604
http://publications.agu.org/journals/


plate convergence. Large tsunamigenic earthquakes can originate from steep splay faults and not from the
plate interface proper (e.g., Hsu, 2006; Mouslopoulou et al., 2015; Shaw et al., 2008), while increasing
evidence suggests that the timing of large subduction earthquakes can be influenced by rupture of thrust
faults in the overriding plate (e.g., Barnes et al., 2002; Melnick et al., 2009; Mouslopoulou et al., 2016).
The key role of these splay‐thrust faults and their interaction with the subduction plate interface itself
was recently highlighted by the 2016M7.8 Kaikōura earthquake (New Zealand), where upper‐plate faulting
triggered up to 6 m of coseismic slip on the plate interface (Mouslopoulou et al., 2019). Hence, although it is
increasingly acknowledged that splay fault systems have a direct impact on the kinematics and stress state of
the plate interface, it is still unclear how elastic strain accumulates and/or is partitioned interseismically
within such complex fault zones.

Here, we capture, for the first time, the spatial and temporal accumulation of elastic strain onmultiple faults
within a plate interface zone (Figure 1a). We focus on the southern Hellenic Subduction System (HSS)
(Figure 1b), where the greatest earthquake (M8.3) and tsunami recorded in the Mediterranean was mainly
produced by rupture on a splay‐thrust fault (Flemming, 1978;Mouslopoulou et al., 2015; Pirazzoli et al., 1982;
Shaw et al., 2008; Stiros & Drakos, 2006). This earthquake, which occurred at 365 Common Era (CE) and
produced up to 10 m of coseismic uplift in western Crete, resulted from the active subduction of the
African plate beneath the Eurasian plate at rates of ~35–40 mm/yr (Figure 1b; McClusky et al., 2000).
Despite the detailed documentation of the coseismic slip pattern produced by this fault during the 365 CE
event (Figure 1b), little is known about its current elastic strain accumulation and its potential interaction
with the plate interface proper. Little is also known about the interseismic strain accumulation along the

Figure 1. (a) The “plate interface zone” as defined by the plate interface proper and its splay‐thrust faults. Each fault within this zone is a component of a
kinematically coherent system, the growth of which is driven by the relative plate motion. (b) The Hellenic Subduction System (HSS) and main forearc
splay‐thrust faults offshore Crete. Plate interface depth contours are shown by gray lines (Bocchini et al., 2018). Red stars indicate twoM ≥ 8 events that ruptured
the western and eastern segments of the HSS during the last ~2 millennia (365 CE and 1,303 CE). The 10 and 20 m coseismic slip contours produced by the 365 CE
event are also shown (Mouslopoulou et al., 2015). The 4,000 year‐long seismic gap observed along eastern Crete (Mouslopoulou et al., 2015) is also marked.
Red arrows indicate the movement of the overriding and lower plate with respect to stable Eurasia. Black arrows indicate the convergence rate between the Africa
and Eurasian plates. (c) Distribution of focal mechanisms for the period 1976–2010 along the HSS (Konstantinou et al., 2017), color coded as per fault type
(see legend) and in (d) they are presented in depth sections along Profiles 1 and 2. (WF = Western fault, EF = Eastern fault, GF = Gavdos fault; adopted from
Mouslopoulou et al., 2015).
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eastern segment of the HSS, where another ~M8 earthquake occurred in 1303 CE (Guidoboni &
Comastri, 1997) (Figure 1b), most likely due to rupture on the plate interface itself (Papadopoulos, 2011).

To quantify the degree of interseismic locking on individual faults within the southern Hellenic plate inter-
face zone and capture possible elastic fault interactions, we analyze geodetic data from a dense network of 21
permanent GPS stations located on the islands of Crete and Gavdos (Figure 2c and 2d). Interpretation of GPS
data is further constrained by millennial displacement‐rates from normal faults on Crete (Nicol et al., 2020).
Our analysis shows spatially variable strain accumulation and reveals locations within the plate interface
zone that are presently locked and accumulate significant elastic strain (i.e., have a high slip‐rate deficit) that
may be released in future large‐magnitude earthquakes. Elastic strains are interpreted to reflect fault inter-
actions and earthquake‐rupture segmentation along the southern HSS that persists over multiple
earthquake‐cycles (Figures 3 and 4).

2. Plate Interface Zone Deformation
2.1. Modeling of Slip Rate Deficit

We study the Hellenic plate interface zone and model the distribution of slip rate deficit on splay faults and
the subduction interface using GPS‐derived displacement rates from 21 permanent stations located on the
islands of Crete and Gavdos. Collectively, data span the period between 2002 and 2018 (Figure 2; Table S1
in the supporting information). To account for the Hellenic slab‐rollback (Royden, 1993), the westward
extrusion of the Anatolian Plate (McClusky et al., 2000; McKenzie, 1972; Reilinger et al., 2006), and the com-
ponent of normal fault slip recorded by the GPS data, we sequentially “clean” the GPS signal, first by sub-
tracting the Eurasian‐fixed motion and then calculating the velocities with respect to stable northern
Cyclades (see red pin in Figure 2b) and, subsequently, by subtracting the extension produced on Crete over
millennial timescales due to normal faulting on Crete (Nicol et al., 2020) (Figure 2c). The impact of offshore
normal faulting on the resolved velocities on Crete and Gavdos is negligible (Figure S6) and therefore not
included in the final inversion. The remaining GPS signal (Figure 2d) records the requisite deep‐seated

Figure 2. Horizontal GPS velocities with respect (a) to Eurasia and (b) to Eurasia‐Aegean along the HSS. (c) Predicted horizontal velocities on the islands of Crete
and Gavdos due to upper‐plate normal faulting as constrained by empirical measurements (Nicol et al., 2020). Normal faults are schematic and indicate the main
locus of upper‐plate deformation. (d) Horizontal velocities after the component of normal‐faulting has been removed from the GPS signal.
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deformation, which is subsequently used to estimate the slip‐rate deficit within the plate interface zone
(Figure 1a).

Slip at depth is modeled using the back‐slip approach of Savage (1983) and assuming an elastic homoge-
neous half‐space (Okada, 1985). Modeled fault geometries along the southern HSS were constrained by pub-
lished data including seismic tomography (Halpaap et al., 2018), relocated seismicity (Bocchini et al., 2018),
focal mechanisms (Shaw & Jackson, 2010), seismic‐reflection data (Kokinou et al., 2012), uplifted paleoshor-
elines (Mouslopoulou et al., 2015), and offshore bathymetry (https://portal.emodnet-bathymetry.eu/?
menu=19). Overall, our preferred model involves slip on four principal slip surfaces: the plate interface
proper and three thrust faults that splay from the plate interface at ~40 km depth (see Figure 1b;
Mouslopoulou et al., 2015). For further details on the analysis andmodeling of the geodetic data and all asso-
ciated sensitivity tests, refer to the supporting information.

2.2. Distribution of Interseismic Locking

We derive our preferred 3‐D fault configuration and interseismic locking by running a range of kinematic
scenarios and testing different geometries for the smallest model misfits (Figure 3, and Figures S4 and S5).
Our best fit model reveals two main areas of interseismic locking in the southern HSS: one offshore western
Crete (and close to the southern tip of the 365 CE earthquake; Figure 3a) and another south and beneath
central‐eastern Crete (Figure 3a). The region between those two “locked” zones is characterized by low
interseismic strain accumulation. Examination of Figure 3a shows that the peripheries of the twomain aspe-
rities are bounded by microseismicity while internally the “locked” zones appear to accommodate little (or
no) seismicity. The relationship between locking and seismicity is further highlighted by the negative corre-
lation between seismic and geodetic moment accumulation along the subduction margin (Figure 4d). Such
patterns are often interpreted to indicate velocity‐strengthening patches which are prone to creep and asso-
ciated microseismicity, with locked zones undergoing velocity‐weakening (Moreno et al., 2011). Similar

Figure 3. (a) Distribution of the total slip rate deficit within the plate interface zone of the southern HSS. Relocated seismicity (M > 4; depth < 60 km; EHB
catalog) for the period 1970–2008 is corrected for depth based on Meier et al. (2004). Profile A is illustrated in Figure 4. (b) Measured (white) and modeled
(red) GPS velocities. (c, d) The distribution of slip rate deficit within the plate interface zone along the profiles B and C (Figure 3a). The topography, the thermal
gradient of the subducting slab (Bocchini et al., 2018) and the Aegean Moho (Sodoudi et al., 2015) are shown.
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patterns have been documented along the Nazca plate in South Central Chile (Metois et al., 2012; Moreno
et al., 2011) and Peru (Chlieh et al., 2011).

The average slip rate deficits are 5 and 7 mm/yr on the western and eastern regions, respectively. These def-
icits account for ~15% and ~20% of the total African‐Eurasian convergence‐rate (~35 mm/yr), which is
consistent with the <20% locking values proposed in the literature (Floyd et al., 2010; Reilinger et al., 2010;
Shaw & Jackson, 2010; Vernant et al., 2014) assuming, however, a uniform locking distribution. Instead, by
allowing the slip accumulation to vary with depth, for the first time we derive the spatial distribution and
maximum values of locking on each structure of the plate interface zone (Figure 3).

Amaximum slip rate deficit (30 mm/yr) is modeled on the western locked patch at depths ranging from 5 km
(splay‐thrust fault) to 27 km (plate interface proper) (Figures 3c and 4a). Locking on this asperity, whichmay
locally accommodate up to 85% of the total convergence rate (i.e., 30 of 35 mm/yr), appears to be equally dis-
tributed between the splay‐thrust fault and the plate interface itself (Figures 3c and 4a). By contrast, the plate
interface proper along the eastern asperity appears to be mainly uncoupled, with elastic strain (<16 mm/yr
and <45% of the plate motion) being accumulated on a splay‐thrust fault, immediately south of Crete and at
depths ranging from ~5 to 35 km (Figures 2c and 4a). However, as the plate interface and splay‐thrust faults
are modeled as a single coherent fault‐system that collectively accommodates convergence‐related strain, we
cannot exclude the possibility that some strain in the east is unresolved by the model and accumulated on

Figure 4. Distribution of the (a) degree of locking and (b) geodetic moment rate along Profile A (Figure 3a). The black
solid and dashed lines represent strain accumulated on the plate interface (PI) and splay‐thrust faults (STF),
respectively, whereas the red line shows the total rate accumulated within the plate interface zone. (c) Geodetic moment
accumulated within the plate interface zone during the last 4,000 years is shown by red line. This moment corresponds
to a ~M8 earthquake for each of the two asperities. The moment deficit accumulated during the last 1,700 years in
western Crete (e.g., since the 365 CE event) is illustrated by the black dashed line and corresponds to a M7.7 earthquake.
The coseismic moment distribution of the two M > 8 historic earthquakes in western and eastern Crete are indicated by
green shadings. (d) Red line indicates the geodetic moment accumulated over the last ~40 years of instrumentally
recorded seismicity (1970–2010). The blue line indicates the ratio of seismic to geodetic moment. Gray areas at either end
of Profile A denote areas where model resolution is low.
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the plate interface proper (Figures S4a and S4c). Stronger maximum interseismic locking on the western
asperity compared to the eastern (85% vs. 45%), is consistent with the eastward decrease in topography
and increase in normal faulting (Nicol et al., 2020). The patterns of topography could reflect greater short-
ening in the upper plate above the zone of stronger maximum interseismic locking in the west (compared
to the east) and may indicate that the GPS signal records processes that operate on timescales of millennia
to millions of years (Mouslopoulou et al., 2015; Veliz et al., 2018).

The plate interface proper accommodates strain only at depths >15 km (Figure 3c), with its upper extent
modeled to creep aseismically. The available GPS data cannot resolve near trench deformation, but the
up‐dip end of the locked zone can be inferred from the lack of seismicity along the Mediterranean Ridge
(Figures 1b, S3, and S7). The down‐dip end of the locked zone on both asperities occurs at 35–40 km, con-
sistent with observations from other subduction margins globally (Moreno et al., 2011; Wallace et al., 2004).

To independently assess the depth distribution of themodeled locked zone, we superimpose the thermal gra-
dient of the Hellenic slab in the profiles of Figure 3c (Bocchini et al., 2018) and the Moho depth of the con-
tinental Aegean upper plate (Sodoudi et al., 2015). Comparison shows that the down‐dip and up‐dip limits of
both locked patches occur at ~350°C and ~100°C, respectively, while the Aegean Moho abuts against the
inferred down‐dip end of the locked interface zone (Figure 3c); these features collectively characterize sub-
duction systems worldwide and, thus, independently validate our best fit model (Hyndman, 2007;
Oleskevich et al., 1999).

2.3. Interseismic Fault Interactions

Understanding the kinematic interdependency of interseismic strain accumulation on the faults which are
elements of a single subduction system (Figure 1a), and the impact that these interactions may have on the
recurrence of large‐magnitude earthquakes, is crucial for the characterization of seismic hazard. Along the
southern HSS this is particularly important as the plate interface zone comprises a multielement fault sys-
tem, with the kinematic interdependence of faults controlling the locus and timing of future large earth-
quakes in the eastern Mediterranean (Mouslopoulou et al., 2015, 2016) (Figure 1a).

The distribution of geodetic moment rate along each structure of the southern HSS is summarized in
Figure 4b. Data suggest a clear segmentation in elastic strain accumulation between the western and eastern
section of the HSS, with the western margin locally being twice as locked (< ~85%) compared to the eastern
(< ~45%). Strong locking in the west results from elastic strain being stored on both the plate interface and its
splay‐thrust fault (Figures 3a, 4b, and 4c) whereas in the east, strain is accumulated primarily on the
splay‐thrust fault (Figure 4a and 4b). Thus, earthquake rupture segmentation is suggested for the plate inter-
face zone which is only strongly locked along the principal slip surface (plate interface proper) in the west,
with the two splay‐thrust faults accommodating elastic strain interdependently (note the two triangular
moment‐rate profiles along the southern HSS which are indicative of the growth of individual faults;
Manzocchi et al., 2006) (Figure 4b).

As heterogeneities in fault strength and stress conditions have a primary impact on the frequency, timing,
and dimensions of earthquake ruptures (Scholz, 2019), it is important to evaluate, based on the current dis-
tribution of elastic strain, the seismic potential of the southern HSS. To achieve this, we use a constant geo-
detic moment‐rate to calculate the interseismic moment accumulated within the plate interface zone since
365 CE in the west, and over the last 4,000 years in the east (Figure 4c). The accumulated moment beneath
central eastern Crete (e.g., the region that has not hosted a large‐subduction earthquake in the late‐
Holocene) is approximately equivalent to a ~M8.1 earthquake, while on the western asperity the accumu-
lated moment since the 365 CE is equivalent to a ~M7.7 earthquake (Figure 4c). This is also reflected in
the average earthquake recurrence intervals for the eastern and western HSS which are independently cal-
culated to be∼3,600 and∼4,300 years, respectively (Figure 4c). It is also possible that the accumulated elastic
strain may be released by a series of more frequent moderate‐sized (M6–7) events, similar to those comprised
the 2008 Mw6.9 Methoni earthquake sequence (Howell et al., 2017). Overall, the above calculations suggest
that, although western Crete has been more active seismically in late Holocene, seismic and tsunami hazard
may be more elevated in the eastern section of the HSS.

Interestingly, the maximum elastic strain within the western asperity does not coincide spatially with the
rupture area of the 365 CE event but, instead, is shifted towards the southern tip of the 365 CE rupture
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(Figure 4c). This southward shift can be rationalized if we consider that stress transfer often results in initia-
tion of rupture at the tips of past ruptures (Stein, 1999). The strain along the northern tip of the 365 CE rup-
ture cannot be adequately resolved by the current GPS data (see gray shading in Figure 4c); however, given
the lack of microseismicity in this region (Figure 3a), strain accumulation is possible.

3. Short‐Term Versus Long‐Term Earthquake Kinematics

The southern HSS is currently accumulating elastic strain at spatially variable rates and depths along indi-
vidual structures within the interface zone (Figures 3 and 4). A question arises as to whether these along and
across system strain accumulation patterns persist over multiple earthquake cycles (e.g., >10 kyr) or are
ephemeral features.

By comparing the current pattern of interseismic strain accumulation with the spatial distribution of large
historic earthquakes within the interface zone, we observe significant variability in the loci of seismic
moment accumulation/release through time. For example, the last subduction earthquake on the western
HSS (e.g., the 365 CE event) occurred on a splay‐thrust fault, with little contribution of the plate interface
(Mouslopoulou et al., 2015; Shaw et al., 2008; Stiros, 2010). Interestingly, this thrust fault currently accumu-
lates little strain with the majority of it being on the plate interface proper and on a neighboring thrust‐fault
(e.g., the Gavdos Fault; see Figures 1b and 3c). By contrast, historic information (Guidoboni &
Comastri, 1997; Papadopoulos, 2011; Papazachos & Papazachou, 1997), coupled with tsunami modeling
(e.g., Yolsal et al., 2007) and absence of late‐Holocene uplift on eastern Crete and Kasos (Mouslopoulou
et al., 2015), suggest that in the east, theM8 1,303 CE event was not generated by slip on the splay‐thrust fault
immediately south of Crete, with the plate interface being a likely candidate for this event (Figures 1b and 4c).
Whether another splay‐thrust fault, outside the GPS data resolved area (see, e.g., fault EF2 in Figure 1), is
responsible for the 1,303 CE event (e.g., England et al., 2015) remains unclear. Nevertheless, if that was the
case, some subsidence on Crete and/or Kasos would be expected. Interestingly, the section of the plate
interface in the area of the 1,303 CE event appears currently to creep, with elastic strain primarily stored
on the overlying thrust‐fault (Figure 3c. 4b, and 4c). Even if strain is accommodated on different structures
of the interface zone during consecutive earthquake‐cycles, the region south of Gavdos Island appears to
be a major boundary to earthquake‐rupture propagation that also coincides spatially with a significant
change in the margin's strike from NW‐SE to NE‐SW (Figure 1b).

Along‐margin variability in the interseismic strain accumulation is also supported by the distribution of
late‐Pleistocene paleoshorelines on Crete which, together with numerical models, suggest: (a) different
subduction‐earthquake history for western and eastern Crete during the late‐Holocene (0–5 kyr); (b) unifor-
mity in the uplift accrued along Crete during the last ~50 kyr, and (c) uplift was primarily achieved by earth-
quakes that ruptured individual splay‐thrust faults south of Crete, with limited contribution from plate
interface slip (e.g., Mouslopoulou et al., 2015). These findings are consistent with the strain‐accumulation
patterns arising independently from the modeling of geodetic data (Figures 3 and 4). Long‐term earthquake
rupture segmentation is further supported by the ~4 kyr average recurrence interval for M8 earthquakes
calculated for the southern HSS using geodetic data (see section 2.3 and Figure 4c) which is broadly
consistent with the ~5 kyr recurrence of M8 earthquakes calculated from late‐Pleistocene paleoshorelines
(Mouslopoulou et al., 2015; Shaw et al., 2008).

The kinematic segmentation observed along the southern HSS over short (geodetic) and long (geological)
timescales, is also reflected in the pattern of instrumental seismicity (Konstantinou et al., 2017; Shaw &
Jackson, 2010; Taymaz et al., 1990). Indeed, in the southeast HSS a greater number of shallow normal
and strike slip events is recorded compared to the southwest, where focal mechanisms reveal predominance
of deep thrust faulting (Figures 1d and S7) (Konstantinou et al., 2017; Meier et al., 2004). These mechanisms
are consistent with the orientation of the plate convergence vectors, which are margin‐normal south of wes-
tern Crete and oblique (40–50o) south of eastern Crete (Figures 1b and 2d).

Thus, kinematic data from various datasets, that collectively span timescales that range from seconds to
thousands of years, suggest that large‐magnitude earthquakes rupture either side of the southern HSS during
distinct events. They also suggest that this along‐margin kinematic segmentation is likely produced by earth-
quakes that rupture one or more faults across the plate interface zone. Hence, elastic fault interactions
between synchronous operating elements of a plate interface zone produce variable strain accumulation
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(and associated rupture arrest) within each segment and uniformmillennial displacement patterns along the
entire southern HSS.

4. Seismic‐Slip Versus Aseismic Creep

Despite the occurrence of large (M > 7) subduction earthquakes along the HSS, the majority of the plate
motion is accommodated aseismically (Floyd et al., 2010; Reilinger et al., 2010; Shaw & Jackson, 2010;
Vernant et al., 2014; this study). By summing the amount of strain stored elastically within the plate interface
zone (this study) with that converted onto permanent deformation in the upper‐plate (Nicol et al., 2020), we
can estimate the percentage of plate convergence that is accommodated seismically and/or aseismically along
the various sections of the southern HSS. We find (see section 2.2) that, on average, ~5 and ~7 mm/yr are
stored elastically within the western and eastern plate interface zones, respectively. At the same time, normal
faulting onshore Crete accommodates summed displacement rates of ~3 and ~12mm/yr in western and east-
ern Crete, respectively (Nicol et al., 2020). This collectively suggests that ~78% (5 + 3= 8mm/yr of 35mm/yr)
of the African‐Eurasian plate convergence in the west and ~46% (7 + 12 = 19 mm/yr of 35 mm/yr) in the
east is aseismic or that the seismic potential in the east exceeds by about a factor of two that in the west
(54% vs. 22%). The latter mainly reflects the significance of normal faulting in the east of Crete compared
to the west (12 vs. 3 mm/yr; Nicol et al., 2020) and less so the contribution of large‐subduction earthquakes.
On the other hand, aseismic deformation along the southern HSS is assumed to be accommodated by creep
within the interface zone; however, episodes of slow‐slip events cannot be excluded (e.g., Araki et al., 2017;
Dragert et al., 2001; McCaffrey, 2008; Wallace & Beavan, 2010). High creeping to locking ratios have been
attributed to subductions characterized by rough seafloor relief (Lallemand et al., 2018; van Rijsingen
et al., 2019; Wang & Bilek, 2014), variations in fictional properties (Moreno et al., 2014; Perfettini et al., 2010)
and/or variations of topography/bathymetry (Song& Simons, 2003).Which of the above (if any)mechanisms
operate along the southern HSS remains currently unconstrained.

Overall, our analysis signifies the short‐term variability in the locking pattern along the southern HSS, with
strain being interdependently accommodated on individual structures of the interface zone, and persistent
long‐term earthquake rupture segmentation between the western and eastern margin. It also highlights that
the eastern segment of the HSS has both higher seismic potential for large‐magnitude (M > 6) earthquakes
and that its interface zone is closer to failure.

Data Availability Statement

Available data from this work are archived in https://zenodo.org/record/3564673#.Xe4NG-hKibh
(doi:10.5281/zenodo.3564673).
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Erratum
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and the present version may be considered the authoritative version of record.
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