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AUXILIARY MATERIALS 
 

DISCUSSION 1:  Three-dimensional representation of seismicity under 
Greater Tokyo 
 
 We provide visualization of the 3D distribution of the earthquakes used in 
our study in order to better understand the geometrical relationship between the 
three tectonic plates which are located under the Kanto region where greater 
Tokyo is located.  We categorize the earthquakes according to which tectonic 
plate they belong to, then project these earthquakes into a 3D perspective block 
view which rotates in the included movie files. 
 As described in Discussion 3 below, we used 24,653 earthquakes located 
in the Kanto region.  We assign these earthquakes to one of three tectonic plates: 
the Eurasian (EUR), Philippine Sea (PHS), and Pacific (PAC) plates.  In Fig. 
A1-Panel A we show the study region and the seismic stations used in our 
analysis (see Discussion 3).   Earthquakes assigned to the EUR plate are shown 
in Panel B.  These events are dominantly shallow (<25 km) and occur in the 
EUR crust.  Earthquakes assigned to the PHS plate are shown in Panel C.  We 
further divide these PHS events into two types.  The first type are those events 

Figure A1.  Tectonic plate categorization of earthquakes under Kanto region.  (A) Base map 
showing location of seismic stations (blue dots) used in study.  Earthquakes within (B) Eurasian 
(EUR), (C) Philippine Sea (PHS), and (D) Pacific (PAC) plates.  See text for details. Red lines are 
cross-sections shown in Figure 3 of main text. 
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located in the Tokai region (grey) associated with simple subduction of PHS 
under EUR.  The second type of PHS events are those (brown) east of the PHS 
aseismic region and are associated with Zones A and B as described in main text.  
These events are geographically limited, are shallow to the south, and are located 
to nearly 100 km depth to the north; this finite distribution indicates the spatial 
bounds of the eastern portion of PHS which interacts with PAC.  Earthquakes 
associated with PAC are shown in Panel D. 
 When all of these earthquakes including their color code from Fig. A1 are 
projected into a 3D volume, the geometrical relationship between tectonic plates 
emerges.  Fig. A2 illustrates a 3D view from the south of these earthquakes.  
The subducting PAC slab is clearly identified by its earthquakes (magenta); the 
top and bottom clustering of seismicity of the double seismic zone is visible.  
The impingement of eastern PHS Zones A and B seismicity (brown) onto PAC is 
also visible.  The aseismic zone C of PHS is also visible as the gap separating 
PHS eastern and western Tokai (grey) seismicity. 
 

 The spatial relationships of these plates can also be seen when the 3D 
block is rotated about all azimuths.  Within the Supporting Information we 
provide two movie files:   
 
#1  2007GL030763-ms01.avi 
    rotating 3D block of seismicity of all three plates. 
 
#2  2007GL030763-ms02.avi 
    rotating 3D block of seismicity of PHS and PAC. 
 
Fig. A2 represents the opening frame of movie #1.  The color coding of the 
earthquakes in the movies are as shown in Figs. A1 and A2. 
 

Figure A2.  Projection of 
earthquakes into 3D block.  
Yellow=EUR, grey=Tokai portion 
of PHS, brown=eastern portion of 
PHS, magenta=PAC.  Box is 300 
km in depth. Eastern cutoff of 
seismicity indicates breadth of 
seismicity data set.  Base map 
along bottom similar to Fig. A1-
Panel A.  This figure represents the 
initial frame of movie in 
2007GL030763-ms01.avi file. 
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DISCUSSION 2:  Zones C and D:  Izu-Bonin arc collision and Tokai 
subduction 
 
 We show two sections #C and #D to complement the discussions of Zones 
A and B in the main text.  In Fig. A3 we show two profiles that belong to Zone 
C and Zone D (see Fig. 4 in the main text).  Because of the relatively sparse deep 
seismicity in the vicinity of Profile #D only the shallow part is imaged.  The 
dipping +dVp zone and the seismicity shows the Tokai subduction zone quite 
well.  For Zone #C, the PAC seismicity at >150 km can be seen but PHS 
seismicity is nearly non-existent.  The profiles passes through Mt. Fuji (at ~100 
km along the horizontal distance) and is along the direction of the Izu-Bonin Arc. 
 
 

 
 
 

 
 
 
 
 

Figure A3.  Profiles #D and #C.   (Left) Location of profiles #D and #C (magenta).  Labels 
same as in Figure 1.  (Right)  Tomographic cross-sections and superimposed seismicity for 
Profiles #D and C.  Labels same as in Figure 3.   Profile #D represents Tokai subduction of 
PHS.  Profile #C shows the PHS with an absence of seismicity and an uncertain VP expression.  
PAC is just visible at depth. 
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DISCUSSION 3:  Methods:  Travel Time Tomography and Resolution  
 
 The tomographic algorithm of Benz et al. (1996) utilizes, at it core, the 
finite difference ray-tracing of Hole (1992).  Through a back-projection process 
the arrival time residuals shown in Fig. A4 (only P wave data are used in this 
paper) are attributed to velocity heterogeneities in different parts of the medium 
through which the waves propagate.  The process begins by using the 1-D 
velocity of Ukawa et al. (1984) and the hypocenters of in the unified catalog of 
the Japanese Meteorological Agency (JMA) to calculate the arrival times at all 
stations.  The residuals between the calculated and the observed times are then 
inverted for a 3-D model.  Two consecutive steps are successively iterated: the 
velocity anomalies are first mapped and then the earthquake hypocenters 
redetermined.  The process is continued until the RMS residuals no longer 
undergo significant changes.  The 3-D models thus obtained are used for our 
study.   
 We choose our study area to be within 34-38oN and 137-141oE.  The 
region was discretized as a model containing 70 (EW) x 86 (NS) x 101 (vertical) 
blocks, each with a dimension of 5x5x2 km. In our inversion we used the data 
from more than 24,000 events between October 1997 and March 2003, chosen 
from the JMA catalog.  A reduction in variance of 57% was achieved in ten 
iterations. 

 In tomographic studies one of the key questions is how well the available 
data can resolve the subsurface structures.  One of the commonly used methods 
is a “checkerboard test”.  In the test, known anomalies are introduced into the 1-
D starting model; using a set of synthetic traveltimes calculated from the same 
sources and receivers (i.e., earthquakes and stations) one can attempt to recover 
the anomalies applying the same inversion procedures (but with relocating the 
events).  It is a test to see which parts of the model space can be resolved by the 
available traveltime dataset.  We perform a test with a model including regularly 
spaced alternatingly positive blocks of 7x7x5 elements, each element being 5x5x2 
km in size, with positive and negative 12% anomalies; the velocity anomaly is full 
12 % at the center and tapers off to 0 to the edge.  In Fig. A5 we show two cross-
sections co-siting with profiles #2 and #3 in the main paper and in Fig. A6 we 
show two maps of the recovered anomalies in our study area.  In general, under 
the land areas above 40 kilometers the resolution is good because of the abundant 
earthquakes above this depth and the large number of recording stations.  Even 
at the depth 96-98 km there is still resolution of the anomalies but the resolved 
area is smaller and their amplitudes smaller.  Under Kanto the resolution above 

Figure A4. Plot of the reduced 
P and S travel times against 
hypocentral distance.  The 
travel time is reduced by 6.0 
km/sec.  The scatters in the P 
and S times are assumed to be 
caused by seismic rays 
traveling through the 
heterogeneous medium.  
Tomographic inversion back 
projects the scatters into a 3-
dimensional structure.   
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PAC is generally good; PAC is however not well resolved because of the 
dwindling number of events.  
 The checkerboard tests are not of course totally realistic as the ray paths of 
the waves in the checkerboard model are not the same as those in the actual Earth.  
But they do provide guidance in our interpretation.  In our interpretation we use 
seismicity as well to guide us.  For example, if the same relation between 
seismicity and velocity anomalies holds for both well-resolved and ill-resolved 
areas it is perhaps likely that the results are significant. 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

Figure A5.  Checkerboard resolution test for two nearly N-S profiles in Fig. 3 (A) for 
profile #2 and (B) for profile #3 .  The bottom profile in each figure shows the synthetic 
model and the top file shows the recovered anomalies. 
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Figure A6. Checkerboard resolution plotted at two depths: (a) at 16-18 km depth 
and (b) at 96-98 km level. 


