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'Géosciences Montpellier, CNRS, Montpellier University, Montpellier, France, *Laboratory of Experimental Tectonics, Roma
Tre University, Rome, Italy, 3Géosciences Montpellier, Guyane University, Cayenne, France

Abstract The role of seafloor roughness on the seismogenic behavior of subduction zones has been
increasingly addressed over the past years, although their exact relationship remains unclear. Do
subducting features like seamounts, fracture zones, or submarine ridges act as barriers, preventing ruptures
from propagating, or do they initiate megathrust earthquakes instead? We address this question using a
global approach, taking into account all oceanic subduction zones and a 117-year time window of
megathrust earthquake recording. We first compile a global database, SubQuake, that provides the location
of a rupture epicenter, the overall rupture area, and the region where the largest displacement occurs (the
seismic asperity) for My > 7.5 subduction interplate earthquakes. With these data, we made a quantitative
comparison with the seafloor roughness seaward of the trench, which is assumed to be a reasonable proxy
for the subduction interface roughness. We compare the spatial occurrence of megathrust ruptures,
seismic asperities, and epicenters, with two roughness parameters: the short-wavelength roughness

Rsw (12-20 km) and the long-wavelength roughness Ry (80-100 km). We observe that ruptures with

My, > 7.5 tend to occur preferentially on smooth subducting seafloor at long wavelengths, which is especially
clear for the My > 8.5 events. At both short and long wavelengths, seismic asperities show a more amplified
relation with smooth seafloor than rupture segments in general. For the epicenter correlation, we see a
slight difference in roughness signal, which suggests that there might be a physical relationship between
rupture nucleation and subduction interface roughness.

Plain Language Summary Subduction zones are regions on Earth where an oceanic plate dives
below another plate. Earthquakes that occur along the contact between plates in such regions are among
the largest and most destructive on Earth. To better understand where these large earthquakes are most
likely to occur, we look at the effect of seafloor roughness. A rough seafloor is often characterized by many
topographic features, such as seamounts or ridges, while a smooth seafloor is generally more flat. On a global
scale, we compared the roughness of the incoming seafloor of the downgoing plate, with the occurrence
of large earthquakes in each subduction zone. We find that the seafloor in front of large earthquakes is
generally smoother than in areas where no large earthquakes have occurred. This is the clearest for very large
earthquakes, with magnitudes larger than 8.5. Investigating which parameters play a role in the location of
earthquakes helps us to understand where future earthquakes are more likely to occur.

1. Introduction

Over the past decades, large interplate earthquakes (My, > 7.5) in subduction zones have received a great
deal of attention from the scientific community. Their high magnitudes, sometimes even exceeding My 9
make them among the most destructive earthquakes on Earth. Therefore, unravelling the mechanism and
both the spatial and temporal occurrence of large megathrust earthquakes is of great importance. Why do
some subduction zones frequently host such events, while others remain silent for hundreds of years?
Many subduction zone parameters have been proposed to explain this (e.g., Lallemand & Heuret, 2017). It
has long been thought that young and fast subducting plates were more likely to host such large events
(Ruff & Kanamori, 1980), but the recent M\y > 9.0 Sumatra (2004) and Tohoku (2011) events have changed
this perspective (e.g., Stein & Okal, 2007, 2011).

Another parameter that has been proposed for several decades already is the amount of sediments filling the
trench (Brizzi et al., 2018; Heuret et al., 2012; Ruff, 1989; Scholl et al., 2015). It is shown that subduction zones
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with large amounts of trench sediments positively correlate with the occurrence of great interplate earth-
quakes. This relates to another theory that developed over the years, suggesting a negative correlation
between subduction interface roughness and megathrust earthquakes (Bassett & Watts, 2015; Das & Watts,
2009; Heuret et al., 2012; Kelleher & McCann, 1976; Kopp, 2013; Loveless et al., 2010; Sparkes et al., 2010;
Wang & Bilek, 2014). Subduction interface roughness results from a combined effect of topographic features
on the seafloor (e.g., seamounts, ridges, or plateaus), amount of sediments, and possible deformation pro-
cesses occurring during subduction (e.g., tectonic erosion).

Numerous studies focus on the effect of topographic features on the occurrence of a single or several mega-
thrust events. Some propose that subducting features like seamounts or fracture zones could act as asperities
and therefore facilitate large ruptures (Bilek et al., 2003; Cloos, 1992; Landgrebe & Miller, 2015; Mdiller &
Landgrebe, 2012; Scholz & Small, 1997), while others propose the opposite: subducting topographic highs
acting as barriers to rupture propagation (Geersen et al., 2015; Henstock et al., 2016; Kodaira et al., 2000;
Mochizuki et al., 2008; Robinson et al., 2006; Wang & Bilek, 2011). Due to the discrepancy among the possible
interpretations, sometimes restricted to a specific region or feature, the scientific community so far has not
reached a general consensus on the relationship between megathrust earthquakes and subduction
interface roughness.

Among different factors like temperature (e.g., Gutscher & Peacock, 2003; Peacock & Hyndman, 1999) or fluids
(e.g., Heise et al., 2017; Ranero et al., 2008; Saffer, 2017; Saffer & Tobin, 2011) that may play a role in tuning
megathrust seismicity, here we focus on the potential role of subduction interface roughness on the occur-
rence of My > 7.5 events. We use a global approach, taking into account all oceanic subduction zones and a
117-year time window of megathrust earthquakes recording. By performing a quantitative comparison, we
aim to provide a first-order relationship, while at the same time acknowledging that exceptions in specific
regions may still exist.

This work follows up on a previous study by Lallemand et al. (2018), who provide a global database of seafloor
roughness seaward of all oceanic subduction zones—SubRough—and who already made a first-order com-
parison with several parameters related to the state of stress in subduction zones. We extend this approach
by first providing a global database—SubQuake—for subduction megathrust earthquakes, which will then
be compared in a quantitative way to the seafloor roughness seaward of the trench.

The SubQuake database lists events that occurred since 1900, detailing spatial characteristics for 182 inter-
plate earthquakes with moment magnitude of >7.5. Since most of these earthquakes rupture a relatively
large portion of the subduction megathrust (i.e,, 10°~10° km?; Allen & Hayes, 2017), it is not sufficient to only
consider the location of a rupture’s hypocenter. To better understand how the size and location of seismic
ruptures relate to the subducting seafloor roughness, a more accurate description of the spatial characteris-
tics of these ruptures is necessary. Rupture initiation, propagation direction, rupture arrest, and the location of
the largest displacement (i.e., the seismic asperity; e.g., Lay & Kanamori, 1981; Wang & Bilek, 2014) are all char-
acteristics whose spatial occurrence is still poorly understood. The SubQuake database compiles information
on earthquake epicenters, rupture area contours, and if possible seismic asperity contours. The maximum
possible timespan in terms of catalogue completeness (i.e., 1900-2017), and the global coverage of the data-
base, makes it a useful tool for studying spatial rupture characteristics with respect to many subduction zone
parameters, not necessarily limited to the seafloor roughness as presented in this study. The entire database
is available online via subquake.gm.univ-montp2.fr.

In this paper, we first briefly present the recently compiled SubRough database (Lallemand et al., 2018). Next,
we present how the earthquake data for the new SubQuake database have been collected and discretized
into an earthquake grid for each subduction zone. Then, we discuss the procedures used for the quantitative
comparison with the seafloor roughness, followed by the comparison results. Finally, we discuss our main
findings by looking at how they relate to the results and concepts previously published.

2. Methodology
2.1. The Roughness Database

For the global comparison between seafloor roughness and the occurrence of subduction megathrust earth-
quakes, we use the SubRough database, a parameter database estimating the seafloor roughness seaward of
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Figure 1. Overview of a subduction setting, indicating the area of the seafloor that is used as a proxy for the seismogenic
zone (target area).

the trench, presented by Lallemand et al. (2018). They have developed an approach to estimate the
roughness signal at different spatial wavelengths to characterize the seafloor bathymetry prior to
subduction, to be used as a proxy for the roughness of the subduction interface (Figure 1).

From the General Bathymetric Charts of the Oceans database (Becker et al., 2009; Smith & Sandwell, 1997;
Weatherall et al,, 2015), the seafloor roughness has been determined by using power spectral densities.
Over a 250-km-wide trench-parallel strip, a spectral analysis has been performed by using a circular slid-
ing window (radius of 100 km; step of 10 km). Based on the resulting power spectral densities, two wave-
length bandwidths have been selected for further analysis: a short-wavelength bandwidth from 12 to
20 km to compute one roughness parameter (Rsw) and a long-wavelength bandwidth from 80 to
100 km to compute the other parameter (R\). The choice for the Rsy bandwidth, the lower boundary,
comes from the limited availability of high-resolution (i.e, < 12 km) data in the General Bathymetric
Charts of the Oceans data set. High-resolution measurements from ship surveys are only available for a
few specific regions (i.e., only 10% of subduction trench length), while the lower resolution measurements
from satellite gravity anomalies are available worldwide, with a global resolution of 12.5 km (Smith &
Sandwell, 1997). The choice for the R bandwidth, the upper boundary, is related to the size of the cir-
cular sliding window used for the spectral analysis. For wavelengths longer than 100 km, the number of
samples within this window decreases, which makes power spectral density computations at very long
wavelengths less reliable.

Rsw and Ry highlight different topographic features on the seafloor, such as small- and intermediate-size
seamounts and fracture zones in the short-wavelength roughness signals and large seamounts, seamount
chains, and submarine ridges for long-wavelength roughness. Their respective roles in earthquake nucleation
and rupture propagation/ending are likely to be very different, which may be tested by estimating their sig-
nature in the seafloor roughness separately. Roughness amplitudes at both wavelength bandwidths are
given in meters, where 95% of the Rsy values generally fall within the [0-300 m] range, with a mean of
145 m. For R w, 95% of the roughness values vary in the range [0-1,500 m], with a mean around 485 m.

Both the short- and long-wavelength roughness parameters are used in this study, to perform a global and
quantitative comparison between the seafloor roughness seaward of the trench and the occurrence of sub-
duction megathrust earthquakes.

2.2. The SubQuake Database

One of the biggest challenges of compiling an earthquake database covering more than 100 years relies on
the availability of the data and the disparity in quality. Because of the lack of good global and continuous
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World Wide Standardized catalogue for M, > 7.5

Seismograph Network

Classification of earthquakes based on their quality:

1 Younger than 1990 + seismic asperities defined as 50% of the maximum slip (25%)
2 Older than 1990 + seismic asperities defined as 50% of the maximum slip (9%)

3 Older than 1990 + seismic asperities without defined slip percentage (8%)

@ oOlder than 1990 + epicenter and rupture contour only (24%)

® Older than 1990 + epicenter only (34%)

Figure 2. Categories of the SubQuake database. The classification is based on the age and seismic asperity definition of the
event. For some events, no rupture contour data have been found, indicated by the dashed purple line (category 5).
Percentage of ruptures related to the total number of events in the database is given for each category.

coverage of seismometers during most of the twentieth century, data are sparse and difficult to retrieve. In
addition, the methods for obtaining slip distributions have improved considerably over the past decades,
leading to more detailed solutions for recent events, often based on a combination of high quality seismic,
geodetic, and/or tsunami data (e.g., Nocquet et al., 2016; Yue & Lay, 2013). In this section, we first address
the already available databases that provide rupture slip distributions. Then, we discuss how we derived
the earthquake’s epicenters, rupture contours, and seismic asperity contours and how we accounted for
the difference in quality. Finally, we explain how the data have been discretized into a rupture grid
covering all subduction zones.

2.2.1. Already Available Databases

Several attempts have been made to compile a database providing information on the spatial characteristics
of seismic ruptures, not in particular dedicated to subduction megathrust earthquakes (Hayes, 2017; Mai &
Thingbaijam, 2014; Ye et al., 2016). The SRCMOD database displays 364 finite fault rupture models for 169
earthquakes over a time frame of ~100 years. This database shows different models for the same event
and displays the various methods that have been used to obtain slip distributions. Recent events are very well
represented (e.g., 21 different inversion models for the 2011 Tohoku earthquake; Lay, 2017), while only very
few inversion models exist for events older than 1960. Ye et al. (2016) and Hayes (2017; USGS) also gathered
rupture models for different events but chose a specific time window (1990-present) and a consistent mod-
eling approach. Ye et al. (2016) documented finite fault models for all My > 7.0 subduction interplate earth-
quakes from 1990 to 2015, based on global broadband body wave inversions. Hayes (2017) used finite fault
models based on body- and surface-wave solutions (Ji et al., 2002) and provides a complete catalogue for
ruptures with My, > 7.5 since 1990 (further referred to as the USGS database). The latter two approaches lead
to a more homogeneous database, in which different events can be compared more reliably.

2.2.2. SubQuake Data Compilation and Classification

For compiling the SubQuake database, hypocenters of M,y > 7.5 events from the recently updated ISC-GEM
catalogue (Storchak et al., 2013, updated in January 2016) were analyzed to select subduction megathrust
earthquakes. The selection criteria for this analysis follow from Heuret et al. (2011), which include examining
the focal mechanism, hypocenter depth, fault plane orientation, and distance from the trench. If no informa-
tion about the nature of the event could be found (in the case of events older than 1975), the earthquake is
assumed to be a thrusting event along the subduction plate interface because of its large magnitude.

For collecting earthquake rupture contours, we rely on the SRCMOD and USGS databases, as well as on many
individual publications. Before the implementation of the World Wide Standardized Seismograph Network in
1963, earthquake rupture zones were mainly determined by using aftershocks. The older publications we use
in this study therefore usually provide only an estimate of the rupture area. When seismic data became more
abundant, people started using strong ground motions and teleseismic data to calculate slip distributions

VAN RIJSINGEN ET AL.

2345



Geochemistry, Geophysics, Geosystems 10.1029/2018GC007618

seismic asperity nodes no rupture nodes At the trench SubQuake grid
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Figure 3. SubQuake data discretization. Trench nodes have been interpolated every 0.1° and projected in a trench-perpen-
dicular direction, delimited by Uy and Dy, the horizontal distances to the trench from the updip (U) and the downdip limit
(D) of the seismogenic zone, respectively. After reviewing the trenchward extent of the SubQuake ruptures, Uy has been set
to 0. Nodes falling within a rupture or seismic asperity contour are classified as rupture (colored according to Figure 2
categories) and seismic asperity nodes (black). Stars depict epicenters. All remaining nodes are classified as no-rupture
nodes (grey).

(e.g., Beck & Ruff, 1987). This not only allowed them to determine the spatial extent of the rupture area but
also gave them more insights in rupture evolution (e.g., the 1986 My, 8.0 Andreanof Islands earthquake;
Das & Kostrov, 1990). Over the past decades, seismic inversion techniques have improved significantly,
resulting in an increase in the accuracy of rupture characteristics. In addition, the ongoing development of
continuous GPS measurements and InSAR data contributes to a better determination of co-seismic slip but
also allows to better monitor the coupling during the interseismic phase within subduction zones (e.g.,
Métois et al., 2012). However, all these new technologies and improved methods result in many different
inversion models for the same seismic event, often showing different slip distribution solutions.

We therefore chose to use the USGS database as a basis for the most recent events (i.e., >1990) in order to keep
the inversion method as consistent as possible. Several exceptions exist, for which we believe that another
inversion model yields a more accurate representation of the slip distribution, thanks to a combination of high
quality seismic and geodetic data (e.g., Sumatra 2004, Tohoku 2011, and Pedernales 2016). For events older
than 1990, we either relied on the SRCMOD database or on individual publications, in which we selected rup-
ture models as a function of the methods that were implemented. In addition, we integrated information from
Bassett and Watts (2015), who collected many rupture contours for several major subduction zones.

From the studies providing information on the slip distribution, we extracted seismic asperity regions. For the
digital slip distributions provided by the USGS and SRCMOD databases, we defined seismic asperities as
regions exceeding “50% of the maximum slip,” following the definition by Yamanaka and Kikuchi (2004).
For the remaining events, we relied on the seismic asperity information given by individual studies.

All events in the SubQuake database are classified as a function of their quality (Figure 2). We chose
to use a classification system based on the rupture age and the way its seismic asperity is defined.
The age and determination method of the seismic asperity in a study adequately reflect the quality
of the model, both in terms of event age and method used (e.g., old rupture models based on after-
shock distributions cannot indicate a seismic asperity and therefore belong to category four). Ruptures
for which we were not able to obtain any information about the rupture contour have been classified
as category 5.

2.2.3. Assembling the SubQuake Data into a Grid

The SubQuake data are assembled into a grid for all subduction zones (Figure 3). This grid is a surface projec-
tion of the seismogenic zone, for which the trench-perpendicular extent is based on Heuret et al. (2011), who
defined the horizontal distance from the trench to the updip and the downdip limits of the seismogenic zone
for all subduction zones (U, and D,, respectively). The node spacing (10 km) is chosen to be the same as the
one of the SubRough grid. The SubQuake rupture and seismic asperity contours are used to assign each grid
node with a specific seismic behavior, either “no rupture,” “rupture” (taking into account the four different
rupture categories), or “seismic asperity.” More detailed information about the compilation of the
SubQuake grid can be found in the supporting information (section S1).
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Figure 4. Trench segmentation and data selection as a function of seismogenic behavior: rupture and seismic asperity (a and b) and epicenters (c). Colors in the
SubQuake grid (landward of the trench) represent the rupture categories (see Figure 2); colors on the seaward side illustrate the variety of seafloor roughness
(from dark blue being smooth to red being rough). Red nodes depict the along trench segments, and stars depict epicenters.

2.3. Comparison strategy

A global, quantitative comparison between the SubRough and SubQuake data sets is done following two
strategies: the first one is based on the SubQuake grid (for rupture and seismic asperity contours), while
the second one focuses on the location of rupture epicenters. The aim of these comparison strategies is to
evaluate the presence of a rupture, seismic asperity, or epicenter in the SubQuake grid and subsequently
select the roughness data that face these regions seaward of the trench. Both procedures will briefly be dis-
cussed below. More detailed descriptions of the comparison algorithms can be found in the supporting infor-
mation (section S2).

2.3.1. SubQuake Grid and Facing SubRough Data

The 2D SubQuake grid has been divided into 1D segments along the trench, based on the occurrence of rup-
tures and seismic asperities. An algorithm evaluates the presence of either rupture or seismic asperity nodes in
the continuation of every trench node, following the trench-perpendicular azimuth (Figures 4a and 4b). This
results in a selection of trench segments for all three categories (i.e., no rupture, rupture, and seismic asperity).
Note that the no-rupture segments simply indicate regions where no Myy > 7.5 have been observed between
1900 and 2017. They should not be directly interpreted as areas where ruptures can never occur, since the
recurrence time may exceed the 117-year time window due to low subduction rates or only partial coupling.

With this segment approach, the trench-perpendicular information of the SubQuake grid is lost, since the
algorithm does not take into account the number of rupture or seismic asperity nodes found in the continua-
tion of each trench node. However, since we use the roughness seaward of the trench as a proxy for the sub-
duction interface, our knowledge of trench-perpendicular roughness variations is limited. We therefore
mainly focus on the trench-parallel variations in subduction interface roughness.

Based on the three different types of segments, the SubRough data seaward of the trench, for both the short-
wavelength Rsy and the long-wavelength R\, can be selected and evaluated (see section 2.1 for details). For
this, we use a trench-perpendicular direction for data selection, except for some regions where we take into
account the obliquity of specific linear features extending into the trench (i.e., for the Joban Seamount chain
in Japan, the Louisville ridge in Tonga, and the Murray Ridge in Makran). In most cases, the seafloor right in
front of the trench is a good proxy for the subduction interface (Bassett & Watts, 2015; S. Das & Watts, 2009),
and the use of this proxy therefore seems a reasonable assumption for this global study. The roughness data
selected for the rupture, no-rupture, and seismic asperity segment groups are analyzed in terms of density
distribution, illustrating which roughness amplitudes are the most common.

2.3.2. Epicenters and Facing SubRough Data

All 182 epicenters have been correlated with Rsyy and R\ seaward of the trench. For each epicenter, the clo-
sest trench node has been selected based on a spherical approximation with great circles (Global Mapping
Tools, Wessel et al., 2013). For these trench nodes, roughness data perpendicular to the trench are selected
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within a 50-km-wide and 250-km-long strip (i.e., taking into account the complete width of the roughness
bands; Figure 4c). For epicenters located in regions where an oblique projection has been performed for
the SubQuake grid, the same modified azimuth has been used for roughness data selection.

3. Results

The results of this study are presented in two main sections: (1) the new global database that we compiled
and (2) the comparison with the seafloor roughness data. Regarding the SubQuake database (section 3.1),
we discuss the location of a rupture’s epicenter with respect to its seismic asperity (section 3.1.1.), and we
classify all subduction zones according to their rupture length ratio (section 3.1.2). In section 3.2, where we
show the comparison to the seafloor roughness, we first discuss a first-order comparison between the rup-
ture length ratio and the percentage of smooth seafloor for each region. Then we discuss in more detail nine
regions that together represent the variety of observed seismogenic behavior, after which we study the rela-
tion between earthquake magnitude and seafloor roughness at a global scale. Finally, we show the compar-
ison of seismic asperity segments and rupture epicenters to the seafloor roughness.

3.1. SubQuake Results

Table 1 lists all M\, > 7.5 subduction megathrust earthquakes since. From the 82 collected ruptures in our data-
base, 45 events are category 1 ruptures, 16 category 2, 15 category 3, 44 category 4, and 62 for category 5. In
the supporting information, the relationship between rupture area and moment magnitude for categories 1-4
is described and compared to several existing scaling relationships (Allen & Hayes, 2017; Strasser et al., 2010).
3.1.1. Epicenter Location With Respect to Seismic Asperity

With the seismic asperity and epicenter data, we can evaluate how often the location of a rupture’s epicenter
is overlapping with the area of maximum slip. We observe that for 47% of category 1 events, the epicenter is
located within the seismic asperity contour. When also considering categories 2 and 3, for which the uncer-
tainty in both epicenter and seismic asperity location is higher, we observe that 37% of epicenters are located
within the seismic asperity.

3.1.2. Subduction Zone Classification in Terms of Rupture Length Ratio

In Table 2, the subduction zones considered in this study have been ordered in terms of rupture length ratio
(RLR). Rupture percentages have been calculated based on the trench-parallel length of the rupture seg-
ments in relation to the total trench length. Since we do not take into account the category 5 ruptures when
calculating this ratio, it should be seen as a minimum RLR. We defined four different classes based on the
occurrence of My, > 7.5 ruptures: high RLR (with >75% of the trench length covered by ruptures), intermedi-
ate rupture length ratio (25% < RLR < 75%), low RLR (with RLR < 25%), and finally the regions where no cat.
1-4 My > 7.5 ruptures have been observed. Regions that fall in the “high RLR” class are Japan-Kuril-
Kamchatka, South Andes, Alaska-Aleutian, and Andaman-Sumatra. The regions in the “intermediate RLR"
class are North Andes, Central America, New-Guinea-Solomon-Vanuatu, Ryukyu-Nankai, and Makran, in order
of decreasing rupture length ratio. The regions with low RLR are Java-Sumba, Tonga-Kermadec, the Antilles,
and the Philippines. Both the Antilles and the Philippines, but also the Makran subduction zone in the “inter-
mediate RLR” class, only contain one or two category 4 ruptures; all older than 1975. The four regions that did
not host any category 1-4 My, > 7.5 ruptures between 1900 and 2017 are Cascadia, Izu-Bonin-Mariana, Luzon,
and South Sandwich.

3.2. Comparison Between SubRough and SubQuake

3.2.1. Rupture Length Ratio Versus Percentage of Smooth Seafloor

Following the classification of subduction zones based on their RLR (Table 2), we calculated the percentage of
smooth seafloor for each region to make a first-order comparison with the RLR. Lallemand et al. (2018) used
thresholds of 250 and 1,000 m to identify whether an area can be considered dominantly smooth, mixed, or
dominantly rough (at long wavelengths, R ). We followed the 250 m threshold to determine the percen-
tages of smooth seafloor for each region, which are indicated in Table 2. When plotting the relationship
between RLR and smooth seafloor (Figure 5), we clearly observe that regions with smoother seafloor also
have higher RLR. We can distinguish two groups: the regions with RLR > 50%, which all show large percen-
tages of smooth seafloor, and the regions with RLR < 50%, which show a more mixed signal in terms of
smooth seafloor. We highlighted two outliers in Figure 5: the New-Guinea-Solomon-Vanuatu and Cascadia
subduction zones, which both do not fit the general trend that we observe.
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Table 1
List of All SubQuake Events
No. Location Date My Cat Method Author
182 Puerto Quellon, Chile 25 December 2016 7.61 1 Body/Surf Hayes (2017)
181 Pedernales, Ecuador 16 April 2016 7.82 1 Body/HRGPS/InSAR Nocquet et al. (2016)
180 lllapel, Chile 16 September 2015 8.23 1 Body/Surf Hayes (2017)
179 Kokopo, Papua New Guina 5 May 2015 7.47 1 Body/Surf Hayes (2017)
178 Panguna, Papua New Guinea 19 April 2014 747 1 Body/Surf Hayes (2017)
177 Iquique, Chile 3 April 2014 7.78 1 Body/Surf Hayes (2017)
176 Iquique, Chile 1 April 2014 8.18 1 Body/Surf Hayes (2017)
175 Costa Rica 5 September 2012 7.62 1 Body/Surf Hayes (2017)
174 Oaxaca, Mexico 20 March 2012 747 1 Body/Surf Hayes (2017)
173 Tohoku, Japan 11 March 2011 9.09 1 Body/Surf/HRGPS Yue and Lay (2013)
172 Kepulauan Mentawai, Indonesia 25 October 2010 7.83 1 Body/Surf Hayes, 2017
171 Northern Sumatra 6 April 2010 7.82 1 Body/Surf Hayes, 2017
170 Maule, Chile 27 February 2010 8.79 1 Body/Surf Hayes, 2017
169 Vanuatu 7 October 2009 7.62 1 Body/Surf Hayes, 2017
168 Antofagasta, Chile 14 November 2007 7.73 1 Body/Surf Hayes, 2017
167 Sumatra, Indonesia 12 September 2007 8.49 1 Body/Surf Hayes, 2017
166 Pisco, Peru 15 August 2007 7.97 1 Body/Surf Hayes, 2017
165 Solomon Islands 1 April 2007 8.07 1 Body/Surf Hayes, 2017
164 Kuril Islands 15 November 2006 83 1 Body/Surf Hayes, 2017
163 Java, Indonesia 17 July 2006 7.72 1 Body/Surf Hayes, 2017
162 Tonga 3 May 2006 7.97 1 Body/Surf Hayes, 2017
161 Sumatra, Indonesia 28 March 2005 8.62 1 Body/Surf Hayes, 2017
160 Sumatra, Indonesia 26 December 2004 9.00 1 Body/Surf Ammon et al. (2005)
159 Rat Islands, Alaska 17 November 2003 7.76 1 Body/Surf Hayes (2017)
158 Hokkaido, Japan 25 September 2003 8.26 1 Body/Surf Hayes (2017)
157 Colima, Mexico 22 January 2003 748 1 Body/Surf Hayes (2017)
156 Southern Peru 7 July 2001 7.61 1 Body/Surf Hayes (2017)
155 Southern Peru 23 June 2001 8.39 1 Body/Surf Hayes (2017)
154 New Britain, Papua New Guinea 17 November 2000 7.77 1 Body/Surf Hayes (2017)
153 New Ireland, Papua new Guinea 16 November 2000 7.81 1 Body/Surf Hayes (2017)
152 Kamchatka 5 December 1997 7.76 1 Body/Surf Hayes (2017)
151 Santa Cruz Islands 21 April 1997 7.70 1 Body/Surf Hayes (2017)
150 Central Peru 12 November 1996 7.71 1 Body/Surf Hayes (2017)
149 Andreanof Islands 10 June 1996 7.88 1 Body/Surf Hayes (2017)
148 Northern Peru 21 February 1996 7.51 1 Body/Surf Hayes (2017)
147 Kuril Islands 3 December 1995 7.88 1 Body/Surf Hayes (2017)
146 Colima, Mexico 9 October 1995 7.98 1 Body/Surf Hayes (2017)
145 Bougainville, Papua New Guinea 16 August 1995 7.72 1 Body/Surf Hayes (2017)
144 Antofagasta, Chile 30 July 1995 8.00 1 Body/Surf Hayes (2017)
143 Honshu, Japan 28 December 1994 7.73 1 Body/Surf Hayes (2017)
142 Java, Indonesia 2 June 1994 7.76 1 Body/Surf Hayes (2017)
141 Kamchatka 8 June 1993 748 1 Body/Surf Hayes (2017)
140 Nicaragua 2 September 1992 7.63 1 Body/Surf Hayes (2017)
139 Kuril Islands 22 December 1991 7.57 1 Body/Surf Hayes (2017)
138 Costa Rica 22 April 1991 7.62 1 Body/Surf Hayes (2017)
137 Mindanao, Philippines 15 December 1989 7.52 5 —
136 Antofagasta, Chile 5 March 1987 7.54 5 —
135 Andreanof Islands 7 May 1986 7.95 3 Body Boyd et al. (1995)
134 Guerrero, Mexico 21 September 1985 7.54 3 Body Ruff and Miller (1994)
133 Michoacan, Mexico 19 September 1985 7.97 2 Body/SGM Mendoza and Hartzell (1989)
132 Valparaiso, Chile 3 March 1985 7.95 2 Body/Surf/SGM Mendoza et al. (1994)
131 Solomon Islands 7 February 1984 7.54 5 —
130 Atacama, Chile 4 October 1983 7.63 5 —
129 Costa Rica 3 April 1983 745 3 Body/Surf Adamek et al. (1987)
128 Tonga 19 December 1982 747 4 Aftershocks Christensen and Lay (1988)
127 Loyalty Islands 25 October 1980 745 4 Aftershocks Tajima and Kanamori (1985)
126 Santa Cruz Islands 17 July 1980 7.73 5 — Tajima and Kanamori (1985)
125 Santa Cruz Islands 8 July 1980 7.47 5 — Tajima and Kanamori (1985)
124 Ecuador 12 December 1979 8.09 3 Body/Surf Swenson and Beck (1996)
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Table 1 (continued)

No. Location Date My Cat Method Author

123 Oaxaca, Mexico 29 November 1978 7.75 4 Aftershocks Singh et al. (1985)

122 Honshu, Japan 12 June 1978 7.63 2 SGM Yamanaka and Kikuchi (2004)
121 Kuril Islands 23 March 1978 7.56 4 Aftershocks Perez (2000)

120 Kermadec Islands 14 January 1976 7.79 4 Aftershocks Nishenko (1991)

119 Tonga, Samoa Islands 26 December 1975 7.70 5 — Tajima and Kanamori (1985)
118 Philippines 31 October 1975 7.50 5 =

117 Solomon Islands, doublet (a) 20 July 1975 7.60 4 Body/Surf Lay and Kanamori (1980)
116 Solomon Islands, doublet (b) 20 July 1975 7.60 4 Body/Surf Lay and Kanamori (1980)
115 Kuril Islands 10 June 1975 7.50 4 Aftershocks Schwartz and Ruff (1987)
114 Central Peru 3 October 1974 8.10 2 Body Hartzell and Langer (1993)
113 Hokkaido, Japan 17 June 1973 7.80 3 Body Schwartz and Ruff (1987)
112 Kuril Islands 28 February 1973 7.50 5 —

111 Colima, Mexico 30 January 1973 7.60 3 Body Ruff and Miller (1994)

110 Mindanao, Philippines 2 December 1972 8.00 4 Aftershocks Acharya (1980)

109 Solomon Islands 17 August 1972 7.50 5 —

108 Solomon Islands 26 July 1971 8.10 2 Body Park and Mori (2007)

107 Solomon Islands 14 July 1971 8.00 2 Body Park and Mori (2007)

106 Valparaiso, Chile 9 July 1971 7.80 4 Aftershocks Comte et al. (1986)

105 Sumatra 21 November 1969 7.59 5 — Tajima and Kanamori (1985)
104 Kuril Islands 11 August 1969 8.20 3 Body Schwartz and Ruff (1985)
103 Talaud, East Indonesia 30 January 1969 7.60 5 —

102 Honshu, Japan 16 May 1968 8.20 2 Body, SGM, other Nagai et al. (2001)

101 Nankai 1 April 1968 7.50 5 Aftershocks Wyss (1976)

100 Santa Cruz Islands 31 December 1966 7.80 4 Aftershocks Kelleher et al. (1974)

99 Antofagasta, Chile 28 December 1966 7.70 4 Unknown Kelleher (1972)

98 Central Peru 17 October 1966 8.10 3 Body Beck and Ruff (1989)

97 Vanuatu 11 August 1965 7.60 4 Aftershocks Kelleher et al. (1974)

96 Fox Islands, Alaska 2 July 1965 7.80 4 Aftershocks Sykes (1971)

95 Rat Islands, Alaska 4 February 1965 8.70 3 Body Beck and Christensen (1991)
94 Puysegur 12 September 1964 7.60 5 —

93 Alaska 28 March 1964 9.30 2 Level/Tsunami/Tri/Sea Holdahl and Sauber (1994)
92 Kuril Islands 13 October 1963 8.50 3 Body Beck and Ruff (1987)

91 Kyushu, Japan 26 February 1961 7.54 4 Aftershocks Wyss (1976)

20 Central Peru 20 November 1960 7.60 5 — Pelayo and Wiens (1990)
89 Bio-Bio, Chile 22 May 1960 9.60 2 Level/Sea Barrientos and Ward (1990)
88 Honshu, Japan 20 March 1960 7.95 2 SGM Yamanaka and Kikuchi (2004)
87 Kamchatka 4 May 1959 7.90 4 Unknown Fedotov et al. (2011)

86 Kuril Islands 6 November 1958 8.40 3 Body Schwartz and Ruff (1987)
85 Ecuador 19 January 1958 7.60 3 Body Swenson and Beck (1996)
84 Guerrero, Mexico 28 July 1957 7.60 4 Body Beroza et al. (1984)

83 Aleutian Islands, Alaska 9 March 1957 8.60 2 Body/Surf/Tsunami Johnson et al. (1994)

82 Japan (Honshu) 29 September 1956 7.53 5 —

81 Kermadec 27 February 1955 7.52 5 —

80 Honshu, Japan 25 November 1953 7.90 4 Tsunami Matsuda et al. (1978)

79 Chile 6 May 1953 7.55 5 —

78 Kamchatka 4 November 1952 8.90 2 Tsunami Johnson and Satake (1999)
77 Hokkaido, Japan 4 March 1952 8.10 2 Tsunami Hirata et al. (2003)

76 Vanuatu 2 December 1950 7.90 5 — Kelleher et al. (1974)

75 Tonga 8 Sept