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We demonstrate that great earthquakes occur predominantly in regions with
a strongly negative trench-parallel gravity anomaly (TPGA), whereas regions
with strongly positive TPGA are relatively aseismic. These observations suggest
that, over time scales up to at least 1 million years, spatial variations of
seismogenic behavior within a given subduction zone are stationary and linked
to the geological structure of the fore-arc. The correlations we observe are
consistent with a model in which spatial variations in frictional properties on
the plate interface control trench-parellel variations in fore-arc topography,
gravity, and seismogenic behavior.

Studies of profiles of the gravity field taken
perpendicular to the strike of subduction zones
suggest that trench-normal gravity profiles are
predominantly controlled by mantle rheology,
slab buoyancy, and interplate shear tractions on
the plate interface (1–8). Under the premise that
spatial variations in gravity over the fore-arc
serve as a proxy for the long-term state of stress
on the plate interface, we investigate TPGAs
using global marine gravity grids (9, 10).
Large-amplitude, longer wavelength, trench-
normal gravity variations can overwhelm
smaller amplitude TPGA (Fig. 1A). Therefore,
in constructing maps of TPGAs, we subtract an
average regional trench-normal gravity profile
from the original free-air gravity data (11, 12)
(Fig. 1B). For this analysis, we are concerned
only with TPGAs over the location of the plate
interface where large-thrust earthquakes occur
(less than 50-km depth). We hypothesize that
the large-amplitude variations in TPGA that we
observed [on the order of 40 mGal (1 Gal �
10�2 m s�2)] correspond to variations in shear
tractions on the plate interface (which are in
turn dependent on normal tractions and the
coefficient of friction) and may affect the seis-
mogenic character of a given subduction zone.
To test this hypothesis, we compare our esti-
mates of TPGA with distributed slip models
from selected earthquakes, as well as with the
epicenters of large earthquakes from the Har-
vard Centroid Moment Tensor group and from
relocated International Seismological Centre
(ISC) global catalogs (13–15).

We first consider the three largest earth-
quakes of the century: 1960 Chile [moment
magnitude (Mw 9.5)], 1964 Alaska (Mw

9.2), and 1952 Kamchatka (Mw 9.0). For
the Alaska/Aleutian subduction zone, we

find a strong visual correlation between the
location of the principal areas experiencing
large coseismic slip in the 1964 Alaska
earthquake (Mw 9.2) (16 ) and negative
TPGA (Fig. 1B). A region of lower coseis-
mic slip between the two high-slip areas
correlates with a region of positive TPGA
(Fig. 1B). Regions of large coseismic slip,
as inferred from distributed slip models of
the 1938 Alaska (Mw 8.3), 1957 Aleutian
(Mw 8.6), and 1965 Aleutian (Mw 8.7)
earthquakes (17, 18), also occur predomi-
nantly in regions of negative TPGA. Areas
of large coseismic slip during the 1938
earthquake are bounded to the west (the
Shumagin segment) and on their up-dip
limit by regions of positive TPGA. Simi-
larly, the along-strike extent of the 1960
Chilean earthquake (19) is bounded by re-
gions of increasing TPGA (fig. S3A). The
Kurile/Kamchatka subduction zone also
shows a strong correlation between the lo-
cation of large earthquakes and negative
TPGA, with an obvious gap in the occur-
rence of large earthquakes corresponding to
a 600-km-long region of positive TPGA
(fig. S3B). Areas of large coseismic slip
during the 1952 Kamchatka earthquake
(20), however, correspond to both positive
and negative TPGA. The spatial distribu-
tion of slip shown for these historical
events might not be tightly constrained be-
cause of a lack of sufficient data [support-
ing online material (SOM) text].

We rely on global earthquake catalogs
to more systematically explore the relation
between occurrences of large earthquakes
and TPGA over the past century. We esti-
mate the mean TPGA within the fault area
for each subduction zone earthquake with
Mw � 6.0 (11). We find that the total
seismic moment associated with subduction
zone earthquakes located on the slab inter-
face is localized to regions of negative
TPGA (SOM text and fig. S3). To empha-

size the relation between large earthquakes
and TPGA, we consider histograms of mo-
ment release versus TPGA, using four bins
of about equal area of the plate interface.
Seismic moment released in one-fourth of
the total area with positive TPGA (�40
mGal) accounts for less than 5% of the total
moment released in the 20th century, re-
gardless of whether or not we include the
three largest earthquakes. Furthermore, the
average seismic moment per event for
earthquakes occurring in areas with nega-
tive TPGA (�– 40 mGal) is more than 10
times as large as that for those occurring in
areas with large positive TPGA (SOM
text). Although great earthquakes occur
predominantly in areas with large-ampli-
tude negative TPGA, the reverse relation does
not necessarily hold; i.e., not all regions with
negative TPGA necessarily experience great
earthquakes.

Using the ETOPO-5 (21) digital eleva-
tion model, we treat bathymetry in the same
manner as the gravity field to form the
trench-parallel topography anomaly
(TPTA) (11). Areas with strongly negative
TPGA and TPTA (�–750 m) are the most
active in terms of both the number of total
events and the number of large events (Mw

� 7.5) (Fig. 2B and fig. S7). Corresponding
regions with strongly positive TPGA and
TPTA (�750 m) are relatively quiescent.
Notably, 14% of the area with strongly
negative TPGA and TPTA corresponds to
44% of total moment released, whereas
equivalent areas with strongly positive
TPGA and TPTA represent only 2% of total
moment. Seismic moment density (moment
per unit area) in areas with strongly nega-
tive TPGA and TPTA (Fig. 2B and fig. S7,
blue bin) is more than 40 times as much as
that occurring in areas with strongly posi-
tive TPGA and TPTA (Fig. 2B and fig. S7,
red bin).

Geodetic observations of strain accumu-
lation complement inferences based on
earthquake locations by constraining the
extent of coupling in a given subduction
zone. For instance, a Global Positioning
System (GPS) array installed in 1994 to
investigate strain accumulation in the
Shumagin gap and Kodiak Island in the
Alaska/Aleutian subduction zone indicates
that Kodiak Island, a region of negative
TPGA, overlies a strongly coupled segment
of the subduction zone (22, 23) with an
implied potential for large earthquakes
(Fig. 1B). GPS data for the Shumagin gap,
a region of positive TPGA, show much less
strain accumulation (24, 25), and the gap is
inferred to overlie a segment of the subduc-
tion zone that is relatively uncoupled.

Fore-arc basins off the Nankai Trough in
Japan are known to coincide with the size and
spatial extents of areas of major moment
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release during great earthquakes (26). The
Kermadec subduction zone, normally consid-
ered to be relatively aseismic, contains a spa-
tially restricted region several hundred kilo-
meters long, which has experienced several
large earthquakes (fig. S8A). This seismically
active zone occurs within a much broader
region of negative TPGA, but more impor-
tant, as with Nankai, it conforms to a fore-arc
basin characterized by a 1.5-km increase in
sediment thickness (fig. S8A) (27). Such a
strong correlation between topographic de-
pressions and the locations of great earth-
quakes (28) is equivalent to the correlation
with large-amplitude negative TPTA.

Along-strike variations in the position of
the coastline (29) relative to the trench can
also be considered as a form of TPTA. For
instance, models of coseismic slip from the
1995 Mw 8.1 Antofagasta earthquake (30)
show that the region of notable coseismic slip
terminated just south of the Mejillones Pe-
ninsula. It remains to be seen whether slip in
the seismic gap to the north (last ruptured in
1877) will extend under the peninsula or stop
just north of it. Similarly, no large coseismic
slip is inferred to have occurred below Cape
Muroto during the 1946 Nankai earthquake
(31), and during the 1960 Chilean earth-
quake, coseismic slip is inferred to have de-
creased substantially before reaching the pe-
ninsula south of the city of Concepción (fig.
S3A) (19). The correlation of bathymetric
highs with the absence of great earthquakes
(32) is equivalent to the correlation with
large-amplitude positive TPTA.

We find that TPGA and TPTA are positive-
ly correlated in most areas, with little area in
regions where TPTA and TPGA are uncorre-
lated (Fig. 2B; fig. S7). This correlation is
expected because gravity anomalies are intrin-
sically tied to topographic variations by a given
compensation mechanism. Results from vis-
cous models (4, 5), viscoelastic models (6, 7),
and laboratory experiments (8) suggest that spa-
tial variations in the magnitude of shear trac-
tions on the plate interface can modulate sur-
face topography and gravity in the fore-arc. In
particular, these models indicate that increasing
shear tractions on the plate interface induce a
decrease in vertical compressive stress, thereby
depressing fore-arc topography and gravity.
Consistent with these models, we interpret our
observations of TPGA and TPTA as indications
of variations in shear tractions on the plate
interface, with strongly negative TPGA and
TPTA associated with relatively high shear
tractions, and strongly positive TPGA and
TPTA associated with relatively low shear trac-
tions (Fig. 3, left panel). Laboratory studies of
the frictional behavior of sliding rock surfaces
show that the tendency for stick-slip behavior
(i.e., earthquakes) increases with increasing ap-
plied shear tractions (Fig. 3, right panel) (33),
where shear tractions are a function of the

applied normal stress on the sliding block and
the coefficient of friction on the contact surface.
The effective coefficient of friction on the plate
interface is sensitive to many factors, including
differences in material properties, presence or
absence of fluids, seafloor roughness, slab ge-
ometry, temperature, and contact time.

Subduction zones have been classified be-
tween two end-member groups, Chilean type
and Mariana type (34), and large-scale inter-
arc differences in seismogenic behavior are
usually attributed to variations in age and
convergence rate of the subducting plate (35)

and normal tractions on the plate interface
(36). However, our observed correlations be-
tween smaller scale intra-arc variations in
TPGA and TPTA and seismogenic behavior
suggest that variations in normal tractions
within a given subduction zone are probably
not the dominant factor. Negative TPGA and
TPTA are associated with a reduction in nor-
mal tractions, which would on its own reduce
the tendency for stick-slip behavior. The ob-
served correlation of negative TPGA and
TPTA with the location of great earthquakes
suggests that the implied increases in shear

 

 

   

 

  

 

 

   

 

  

Fig. 1. (A) Observed free-air gravity anomaly for the Alaska/Aleutian subduction zone. The average
trench-normal gravity profile is calculated for the region shown in the inset and is shown at the
lower right, where the horizontal axis shows trench-normal distance in degrees and the vertical axis
shows gravity in mGal. The color bar shows the amplitude of the free-air gravity anomaly. (B)
Estimated TPGA for the Alaska/Aleutian subduction zone. The color bar shows the amplitude of
TPGA. For the 1938 and 1957 events (17, 18), we indicate their respective slip distributions in the
inset panels, and the fault parameterization is indicated on the TPGA map. Areas with large
coseismic slip during the 1964 Alaska and 1965 Aleutian earthquakes (16, 17) are outlined in black
lines. For all panels, subduction zone earthquakes from the ISC (1900 to 1976) with Mw � 7.5 and
Harvard CMT (1976 to 2001) catalogs with Mw � 7.0 are plotted as solid circles and moment
tensors, respectively. For both (A) and (B), trench location (40) and 50-km slab isodepth contour
(41) are indicated by the barbed and thick black lines, respectively. Directions of relative plate
convergence (42) are shown as arrows.
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tractions are probably due to increases in the
effective coefficient of friction as opposed to
decreases in normal tractions. Similarly, pos-
itive TPGA, TPTA, and aseismic behavior
are associated with relative decreases in the
effective coefficient of friction.

On the basis of the observed correlation of
TPGA and TPTA with seismogenic behavior,
numerical modeling of fore-arc gravity and
topography, and laboratory experiments on
frictional behavior of sliding surfaces, we
conclude that along-strike variations in fric-
tional properties of material on the plate in-
terface within a given subduction zone are as
important in controlling seismogenic behav-
ior as are those factors that differ between
subduction zones. These variations must be
large enough within a given subduction zone
to cause a transition between stick-slip and
stable sliding behavior.

The amplitude of the variations in gravity
and topography addressed here are many or-
ders of magnitude larger than temporal vari-
ations over the seismic cycle. Thus, the ob-
served spatial pattern of TPGA and TPTA
must persist over time periods much longer

than the typical inter-earthquake time (102 to
103 years) at a given segment of a subduction
zone, and great earthquakes should be ob-
served to consistently occur in areas with
large-amplitude negative TPGA in the fore-
arc region.

On the basis of the observed TPGA, we
have made some testable predictions for the
seismogenic behavior of different segments
of several subduction zones. We predict that
the western Shumagin gap, Unalaska gap,
and western Aleutians will accumulate elastic
strain at shallow depths, whereas the Eastern
Shumagin gap, western Aleutians at depths
greater than 25 km, and Kurile trench gap
should have less strain accumulation (Fig. 1
and fig. S3B). In the northern South Ameri-
can subduction zone, segments between 1°N
and 8°S show no occurrences of great earth-
quakes (37). On the basis of the value of
TPGA in this region, we predict low elastic
strain accumulation in the northern segment
(1°N to 3°S) and higher elastic strain accu-
mulation in the southern segment (4°S to 8°S)
(fig. S8B). Future geodetic measurements
(both on land and on the sea floor) can test

our TPGA-based predictions of which seis-
mic gaps are accumulating elastic strain and
which are associated with relatively uncou-
pled plate interfaces (38, 39).

Refining the details of the relation be-
tween the gravity field and large earthquakes
requires progress in several directions: (i) the
simultaneous use of geodetic observations,
tsunami waveforms, and seismologic data to
determine the absolute location of coseismic
slip of large subduction zone earthquakes; (ii)
the use of both marine and continental gravity
data accounting for sediment thickness and
local shallow compensation effects above the
plate interface; and (iii) the development of a
suite of models investigating the mechanics
of the subduction zone process that extend
from the time scale of the seismic cycle to
millions of years, with attention placed on the
long-term topography of the fore-arc.
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Extended Boltzmann Kinetic
Equation for Turbulent Flows
Hudong Chen,1 Satheesh Kandasamy,1 Steven Orszag,2

Rick Shock,1 Sauro Succi,3* Victor Yakhot4

Complex fluid physics can be modeled using an extended kinetic (Boltzmann)
equation in a more efficient way than using the continuum Navier-Stokes
equations. Here, we explain thismethod formodeling fluid turbulence and show
its effectiveness with the use of a computationally efficient implementation in
terms of a discrete or “lattice” Boltzmann equation.

The conventional approach to analyzing con-
tinuum physics is to use a coarse-grained
model in terms of macroscopic variables. For
example, fluid dynamics is usually formulat-
ed in terms of the Navier-Stokes equations
for the macroscopic velocity and pressure as
functions of position x and time t. In the
presence of complex physical effects such as
turbulence or multiphase physics, the solu-
tion of these basic coarse-grained equations
becomes difficult. In such cases, simplified
models can be used to modify the underlying
coarse-grained equations; one example is the
eddy viscous turbulence model. However,
models of this sort still cannot reliably repro-
duce many observed physical effects.

Here, we analyze a different approach based
on extensions of the Boltzmann equation (1).
The premise of this approach is that it is simpler
to model complex physics first at the Boltz-

mann (or kinetic) level, and then use coarse-
graining procedures only after modeling is
done. We solve the appropriately modeled ki-
netic equations numerically, and then we aver-
age (or project) the dynamical variables to ob-
tain coarse-grained results for macroscopic
quantities such as velocity and pressure.

Boltzmann [(1), see also (2)] expressed
the behavior of many-particle kinetic systems
in terms of the basic mechanical laws gov-
erning single-particle motions at atomic or
molecular scales. Boltzmann formulated the
problem in terms of the one-body distribution
function f (x,v,t), which is the number density
of molecules at position x and speed v at time
t. In the absence of external forces, the result-
ing Boltzmann equation is

Df

Dt
§

�f

�t
� v �

�f

�x
� C( f, f ) (1)

The left side of this equation represents the
free streaming of molecules in space,
whereas the right side denotes a complicat-
ed integral operator in velocity space ex-
pressing intermolecular interactions or col-
lisions. Once the distribution function f is
known, macroscopic observables such as
fluid density, speed, and pressure are ob-

tained by integration over the molecular
velocity degrees of freedom.

Equation 1 provides the mathematical
framework to derive evolution equations for
the macroscopic variables in the limit of
weak departures from local thermodynamic
equilibrium (LTE). For example, coarse
graining of Eq. 1 [see (3)] leads to the mac-
roscopic Navier-Stokes equations for fluid
flow (4) in terms of the fluid velocity u,
pressure p, and kinematic viscosity �. Equa-
tion 1 describes large departures from LTE,
as can occur near sharp interfaces. The
Navier-Stokes equations are mathematically
complex, having resisted most attempts at a
solution for more than a century, especially
for turbulent flows (5–7).

In its simplest instance, fluid turbulence is
thought to be controlled by a single parame-
ter, the Reynolds number Re � UL/�, where
U is the typical macroscopic speed of a flow,
and L is a typical macroscopic scale. When
Re �� 1, turbulence occurs and there is an
energy cascade from large scales, L, where
energy is input to drive the flow, down to
small scales (of order L/Re3/4) where energy
is dissipated (8).

In solving turbulent flow problems by di-
rect numerical simulation (DNS), one re-
solves all these relevant excited degrees of
freedom. This is a virtually impossible task
when Re �� 1. For example, computation of
flow past an automobile at Re � 106 requires
at least 1014 degrees of freedom, enough to
more than saturate the most powerful present-
day computers.

High-Re flows must therefore be ap-
proximated or modeled using far fewer de-
grees of freedom. The usual first step in
turbulence modeling is to split the turbulent
velocity field u into coarse-grained (slow,
large-scale) and fluctuating (fast, small-
scale) components, U and u	, respectively.
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Supporting Online Material  

Materials and Methods  

Construction of TPGA 

The choice of the along-strike extent of the region used to calculate the local 

average trench-normal gravity profile is non-unique.  Our choice corresponds to the 

regions outlined in Fig. S1. Each region incorporates at most the entire extent of a 

given subduction arc, and at a minimum, the rupture zone of several great earthquakes 

(Fig. 1B, Figs. S2, S3, S8).  By construction, the TPGA in a given region will 

integrate to zero along any path a constant distance from the trench. In general, the 

gradients of TPGA discussed in this study are visible in the original free air gravity 

data (compare Figs. 1A and 1B). The removal of the average trench normal profile 

serves to put all subduction zone s on a more comparable footing. The resulting TPGA 

primarily reflects short wavelength variations in shallow fore-arc structures (Fig. 1B), 

and can vary strongly in directions both parallel and perpendicular to the strike of the 

trench. There is no obvious systematic dependence of TPGA on the age of subducting 

plates or the type of overriding plate (continental or oceanic). We have used different 

sub-regions to calculate TPGA, and found very similar estimate of TPGA (Fig. S2). 

Estimation of TPGA associa ted with subduction zone earthquakes 

Because events in the relocated ISC and Harvard CMT catalogs are treated as 

point sources, we must assume a relationship between the size of the earthquake and 

the area that slipped.  We assume a dip-slip rectangular fault with dimensions that 

scale with seismic moment and stress drop (S1). We consider extremal values of stress 

drops in the range of 1-10 MPa (S2).  The slip area of each event is assumed to be 

square and centered on the hypocenter.  If this assumption results in surpassing the 

surface or down dip limit of the slab interface, the assumed area becomes rectangular, 



 2 

with the slipping area extending along strike.  The CMT location is determined as 

the centroid of energy release and considered as the best availa ble global dataset of 

seismic moment and location.  The CMT catalogue we use spans the time period 

from 1976 to 2001, while the relocated ISC catalogue begins in 1900.  For events in 

the ISC catalogue without a corresponding CMT-determined seismic moment, we 

estimate moment via  a moment-magnitude relationship (S3, S4 ).   

The distribution of co-seismic slip for the three largest earthquakes may be 

complicated and our assumed hypocenter, fault area, and computed mean TPGA, may 

thus not adequately approximate reality.  Therefore, for these three events, we use 

available distributed slip models (S5, S6, S7) to compute their associated TPGA. 

Construction of TPTA 

As with the TPGA, we bin the TPTA in four groups with equal total area in a 

given range of TPTA.  We note that ETOPO-5 data is not as highly resolved as the 

gravity data (S8, S9 ). Gravity data is higher solution with 30 sec grid spacing while 

ETOPO-5 data is with 5 min grid spacing. Track lines used to construct ETOPO-5 are 

denser in along the convergent plate boundary (refer Fig. 1 in S9,) the error due to 

griding is not likely to be significant at the scales we are interested (several tens of 

kilometers). 
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Supporting Online Text  

Moment release vs. TPGA 

We first consider the distribution of moment for individual events versus TPGA 

(Fig. S3). For events in either the CMT or the ISC catalogues, no great earthquakes 

(Mw≥8.0) occur in areas with positive TPGA (> 40 mGal). Given the large number of 

events involved, we find it useful to also consider the distribution of cumulative 

moment (Fig. S4).  We observe that about 80% of the cumulative moment is 

produced in 30% of total area of subduction zone with TPGA less than -30 mGal, 

while less than 20% of cumulative moment is produced in the 70% of the area of 

subduction zone with TPGA greater than –30 mGal. The total cumulative seismic 

moment is dominated by the three largest earthquakes of the 20th century. When 

excluding the three largest earthquakes, we find that about 45% of the remaining total 

seismic moment is produced in about 25% of the total area of subduction zone with 

highly negative TPGA (< -40 mGal).   

Robustness of correlation between TPGA and seismic moment 

Despite the inherent limitations of the global earthquake catalogues, such as 

event mislocation and incompleteness, the correlation between TPGA and the 

occurrences of large earthquakes does not depend on the assumed magnitude of the 

stress drop, which catalog is used, or how seismic moment is distributed over a given 

earthquake’s fault area (Fig. S5 and Fig. S6). In addition, Monte-Carlo permutation 

tests (S10) indicate that the difference in total seismic moment between areas with 

strongly negative TPGA (< –40 mGal) and areas with strongly positive TPGA (> 40 

mGal) is significant at a 95% confidence level. 
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Supporting Online Figure S1 

Caption Figure S1: Location of the subduction zones considered in this study: (A) 

Alaska-Aleutian (B) Kamchatka-Kurile (C) Japan (D) Nankai (E) Ryukyu (F) 

Izubonin-Mariana (G) Sumatra-Java (H) Tonga-Kermadec (I) Chile (J), northern 

South America, (K) Central America and (L) Cascadia. Average trench-normal 

profiles are computed using the regions as outlined. 
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Supporting Online Figure S2 

Caption Figure S2: TPGA computed using different sub-regions for (A) Alaska (B) 

Aleutian (C) Kamchatka (D) Kurile, respectively. The average trench-normal gravity 

profile is calculated for the region shown in the inset and shown in the sub-panel of 

Fig. 1A. The x-axis is trench-normal distance in degrees and the y-axis is gravity in 

mGal. The color bar shows the amplitude of the free-air gravity anomaly. subduction 

zone earthquakes from the ISC (1900-1976) with Mw=7.5 and Harvard CMT 

(1976-2001) catalogues with Mw=7.0, are plotted as solid circles and moment tensors, 

respectively.  Trench location (S11) and 50-km slab iso-depth contour  (S12) are 

indicated by the barbed and thick black lines, respectively. Directions of relative plate 

convergence  (S13 ) are shown as arrows. 
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Supporting Online Figure S3 

Caption Figure S3: (A) Observed TPGA in the Southern Chile subduction zone. 

Average trench-normal profile is computed in region (I) shown in Fig. S1. Black solid 

line represents 10 m contour of co-seismic slip of the 1960 Chilean earthquake (S14 ). 

(B) Observed TPGA in Kamchatka -Kurile. Previously documented seismic gap (S15 ) 

is shown by a black bar. Areas with large moment released during 1952 great 

earthquakes are indicated in black boxes (S16 ). Symbol descriptions follow Fig. S2.  
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Supporting Online Figure S4 

Caption Figure S4: Scatter plot of Mw vs. TPGA.  Solid and open circles indicate 

data from CMT and ISC catalogue, respectively.  Cumulative percent of total 

seismic moment with respect to TPGA for the entire ISC catalogue, ISC catalogue 

with Mw<9.0, and CMT catalogue are shown with green, red and blue lines, 

respectively.  Mean TPGA for the three giant events are calculated using available 

slip models (S14, S16, S17). Dashed lines indicate the values of TPGA that divide the 

total area of subduction zone interface into four bins of approximately equal area. 
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Supporting Online Figure S5 

Caption Figure S5:  H istogram of total seismic moment vs. TPGA for (A) All CMT 

events (1976-2001) with Mw=6.0. (B) All events with Mw=6.0 located in both CMT 

and ISC catalogues (1976-2001). A 10 MPa stress drop is assumed when estimating 

slip area. (C) All ISC events in 1900-1976. (D) All CMT events (1976-2001) and ISC 

events (1900-1976).  
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Supporting Online Figure S6 

Caption Figure. S6: Histogram of total seismic moment vs. TPGA derived using an 

alternative approach from that used in all other figures.  Here we do not calculate the 

average TPGA for a given earthquake.  Instead, the plate interface is pixilated into 

small (about 0.1 x 0.1 deg) cells of constant TPGA, and the seismic moment for a 

given earthquake is evenly distributed onto the cells within the estimated fault area.  

We then form the histogram by evaluating the total distributed moment in ce lls lying 

within a given range of TPGA.  (A) All CMT events (1976-2001) with Mw=6.0. (B) 

All ISC events from 1900-1976.  The percent of the slab interface area represented 

by each bin is shown above each bar. 
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Supporting O nline Figure S7 

Caption Figure S7: Seismic moment release vs. TPGA and TPTA using all CMT 

events with Mw=6.0 assuming a 1 MPa stress drop to calculate the slip area. (A) 

Number of event (B) percent of slab interface area (C) percent  of seismic moment (D) 

Seismic moment density.  
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Supporting Online Figure S8 

Caption Figure S8: (A) Observed TPGA in Kermadec. The average trench-normal 

profile is computed in region H shown in Fig. S1. Contours indicate sediment 

thickness (S18) in meters. (B) Observed TPGA in northern S. America. The extent of 

previously determined seismic gap (S15) is shown with a black bar. Symbol 

descriptions follow Fig. S2. 

 

 

 

 



 12 

References for Supporting Online Material 

S1. T. Lay, T. Wallace, in Modern Global Seismology, 521p (1995). 

S2. H. Kanamori, D. L. Anderson, Bull. Seis. Soc. Am. 65 , 1073-1095 (1975). 

S3. P. Chen, H. Chen, Tectonophysics 166, 53-72 (1989). 

S4. H. Kanamori, Tectonophysics 93, 185-199 (1983). 

S5. L. Ruff, H. Kanamori, Phys. Earth Planet. Inter. 31 , 202 (1983). 

S6. S. E. Barrientos, S. N. Ward, Geophys. J. Int. 103 , 589 (1990). 

S7. J. M. Johnson, K. Satake, Pure Apply. Geophysics. 154, 541 (1999). 

S8. National Geophysical Data Center, ETOPO-5 bathymetry/topography data, Data 

Announc. 88-MCG-02, Natl. Oceanic and Atmos. Admin. U. S Dep. Commer., 

Boulder, Colo. (1988). 

S9. W. H. F. Smith, J. Geophys. Res. 98 , 9591 (1993). 

S10. E. L. Lehmann, in Testing Statistical Hypothesis. Wiley publication in statistics, 

369 pp (1959). 

S11. National Geophysical Data Center, Global Relief data (CD-ROM). World data 

center for marine geology and geophysics, Boulder, Colo. (1993)  

S12. O. Gudmundsson, M. Sambridge, J. Geophys. Res . 103 , 7121 (1998). 

S13. C. DeMets, R. G. Gordon, D. F. Argus, Geophys. Res. Lett. 21 , 2191 (1994). 

S14. S. E. Barrientos, S. N. Ward, Geophys. J. Int. 103, 589 (1990). 



 13 

S15. T. Lay, H. Kanamori, L. Ruff, Earthquake Pred. Res. 1 , 1 (1982). 

S16. J. M. Johnson, K. Satake, Pure Apply. Geophysics. 154 , 541 (1999). 

S17. L. Ruff, H. Kanamori, Phys. Earth Planet. Inter. 31, 202 (1983). 

S18.National Geophysical Data Center, Total Sediment Thickness of the World's 

Oceans & Marginal Seas, Natl. Oceanic and Atmos. Admin. U. S Dep. Commer., 

Boulder, Colo. (1996). 

 


