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Synopsis

This paper, based on my retirement lecture, examines the geometry of the Philippine Sea slab

beneath the Kii Peninsula and Shikoku using receiver function analysis. Seismic observations along

10 profiles over a cumulative 20 years allowed us to delineate the slab top, oceanic Moho, and

continental Moho. Beneath southern Kii, the slab top is ~20 km deep, dipping NW at ~20° to ~60

km east of Osaka Bay. The continental Moho lies at 35-40 km in northern Kinki but shallows
southeastward to ~15 km above the slab. Beneath Shikoku, the slab top is ~20 km deep at the

southern coast, dipping NNW at ~10° and steepening westward down-dip of deep low-frequency

earthquakes; in eastern Shikoku it is unusually shallow (20-30 km, 5-10° dip). These results show

marked depth variation between Kii and Shikoku. The buoyant subduction of the Kinan Seamount

Chain likely enhances coupling, suggesting eastern Shikoku may become a source of strong ground

motion in future great earthquakes.
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Fig. 1 Location of the ten linear arrays (thick red lines
labeled AA’ — 1J) deployed in this study. Small light
blue circles indicate deep low-frequency earthquakes
observed by JMA. The green line with triangles rep-
resents the Nankai Trough axis. Black dashed lines

show the prefectural boundaries.
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Photo 1 Seismic observation equipment installed at
temporary station SL19 along survey line JJ’. The
seismometer was installed on top of a sabo dam and
covered with a PVC pipe and a jingasa (a conical hat)
for protection. The data logger and battery were stored

in the box beneath the solar panel.
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Fig. 2 Sample waveforms of the P-wave coda at seis-
mic station KS64. (a) An earthquake that occurred on
December 25, 2010, at 13:16 UT. The epicenter was
at (19.702°8S, 167.947°E), with a depth of 16 km, and
a moment magnitude (Mw) of 7.3. (b) An earthquake
that occurred on January 13, 2011, at 16:16 UT. The
epicenter was at (20.628°S, 168.471°E), with a depth
of 9 km, and a Mw of 7.0. Both earthquakes occurred
near the New Hebrides Trench. We corrected the fre-
quency response of the observation system, includ-
ing the seismometer, and applied a band-pass filter
from 0.05 to 5.0 Hz.
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Fig. 3 Sample waveforms of three receiver functions
at seismic station KS64. (a) and (b) are receiver func-
tions calculated from the waveforms in Fig. 2 (a) and
(b), respectively. (c) is the receiver function for an
earthquake that occurred on September 2, 2009, at
7:55 UT, with an epicenter at (7.782°S, 107.297°E),
a depth of 46 km, and an Mw of 7.0.
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Fig. 4 Receiver function images along survey line
AA’. (a) Deep low-frequency earthquakes (DLFEs,
white circles) and regular earthquakes (black circles)
from the JMA (Japan Meteorological Agency) cata-
log are superimposed on the receiver function image.
(b) The slab top (ST, blue line), continental Moho
(CM, red line), and oceanic Moho (OM, red line) in-
terpreted from the receiver function image are
shown. The triangles with "EE' and "FF"" labels in-
dicate the locations where seismic lines EE' and FF'

intersect line AA', respectively.
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Fig. 5 Receiver function images along survey line BB’. (a) DLFEs (white circles) and regular earthquakes (black

circles) are superimposed on the receiver function image. (b) The slab top (ST, blue line), continental Moho (CM,

red line), and oceanic Moho (OM, red line) interpreted from the receiver function image are shown. The triangles

with "EE'" and "FF'" labels indicate the locations where survey lines EE' and FF' intersect line BB', respectively.
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Fig. 6 Receiver function images along survey line
CC’. (a) DLFEs (white circles) and regular earth-
quakes (black circles) are superimposed on the re-
ceiver function image. (b) The slab top (ST, blue
line), continental Moho (CM, red line), and oceanic
Moho (OM, red line) interpreted from the receiver
function image are shown. The triangles with "EE"
and "FF' labels indicate the locations where survey

lines EE' and FF' intersect line CC', respectively.
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Fig. 7 Receiver function images along survey line DD’. (a) DLFEs (white circles) and regular earthquakes (black

circles) are superimposed on the receiver function image. (b) The slab top (ST, blue line), continental Moho (CM,

red line), and oceanic Moho (OM, red line) interpreted from the receiver function image are shown. The triangles

with "EE'"" and "FF'" labels indicate the locations where survey lines EE' and FF' intersect line DD', respectively.
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Fig. 11 Receiver function images along survey line
HH’. (a) DLFEs (white circles) and regular earth-
quakes (black circles) are superimposed on the re-
ceiver function image. (b) The slab top (ST, blue
line) and oceanic Moho (OM, red line) interpreted
from the receiver function image are shown. The tri-
angle with "JJ'" label indicates the location where

survey line JJ' intersects line HH'.
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Fig. 12 Receiver function images along survey line
II’. (a) DLFEs (white circles) and regular earth-
quakes (black circles) are superimposed on the re-
ceiver function image. (b) The slab top (ST, blue
line) and oceanic Moho (OM, red line) interpreted
from the receiver function image are shown. The tri-
angle with "JJ" label indicates the location where

survey line JJ' intersects line II'".
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Fig.13 Receiver function images along survey line JJ’. (a) DLFEs (white circles) and regular earthquakes (black

circles) are superimposed on the receiver function image. (b) The slab top (ST, blue line), continental Moho (CM,

red line), and oceanic Moho (OM, red line) interpreted from the receiver function image are shown. The triangles

labeled GG' to II' indicate the positions where survey lines GG' to II' intersect with survey line JJ', respectively.
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Fig. A1 Distribution of six seismic profiles AA' to FF' (red lines) and linear array seismic stations in the Kinki district.
The blue triangles indicate permanent stations, and the red inverted triangles indicate temporary stations. Small light
blue circles show deep low-frequency earthquakes observed by JMA. Black dashed lines show the prefectural
boundaries. The arrow points to the KS64 station, for which waveforms are shown in Figs. 2 and 3.
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Fig. A2 Distribution of four seismic profiles GG' to JI' (red lines) and linear array seismic stations in the Shikoku and
Chugoku districts. The blue triangles indicate permanent stations, and the red inverted triangles indicate temporary
stations. Small light blue circles show deep low-frequency earthquakes observed by JMA. Black dashed lines show the

prefectural boundaries. The arrow points to the SL19 station, where the seismic observation equipment is shown in Photo
1.



0
- -100
i ~200
- ~300
. Lt -400

~500

600

Depth, km
3

| & /
! I i
8> & © N S S S
O o
<. = =3 - Y ;@

Fig. A3 Example of the epicentral distribution of teleseismic events used in the analysis. Earthquakes that occurred
between May 2004 and July 2008 are shown. The size of each circle is proportional to the moment magnitude, and its
color represents the focal depth. The plus sign indicates the location of the Kii Peninsula.



Table A1 Locations and attributes of seismic stations along linear array AA’

Station Code Latitude (degrees)  Longitude (degrees) Altitude (meters) ~ Remarks

KS52 34.2766 136.5814 6.0
WATH 34.3532 136.5866 -21.0 Hi-net
KS51 34.3650 136.4857 135.0
KS50 34.3988 136.4627 88.0
KS49 34.4377 136.4513 111.0
KS48 34.4962 136.4182 262.0
KS61 34.5583 136.4164 223.0
URSH 34.5470 136.3692 179.0 Hi-net
KS47 34.5455 136.2979 517.0
KS46 34.6014 136.3061 109.0
KS45 34.6215 136.2227 395.0
KS44 34.6371 136.1941 316.0
KS43 34.6843 136.1532 175.0
KS41 34.7695 136.0765 39.0
KS40 34.8156 136.0432 471.0
SGRH 34.8530 136.0316 160.0 Hi-net

Stations with "Hi-net" in the Remarks column are part of the Hi-net seismic network, which is operated by National Research
Institute for Earth Science and Disaster Resilience (NIED). Stations with a blank Remarks column were temporary ones we
installed.



Table A2 Locations and attributes of seismic stations along linear array BB’

Station Code Latitude (degrees)  Longitude (degrees) Altitude (meters) Remarks

KS30 33.9854 136.2507 5.0

KS29 34.0184 136.2515 20.0

OWSH 34.0639 136.1688 -15.0 Hi-net
KS28 34.1149 136.1815 50.0

KS27 34.1354 136.2126 16.0

KS65 34.1800 136.0979 1570.0

KS26 34.1591 136.0136 390.0

KSo64 34.2594 136.0932 474.0

KS25 34.2635 136.0375 460.0

KAWH 34.2925 136.0022 257.0 Hi-net
KS24 34.3271 136.0042 685.0

KS23 34.3724 135.9389 255.0

HYSH 34.4283 136.0388 300.0 Hi-net
KS22 34.4330 135.9202 375.0

KS21 34.4606 135.9288 398.0

HBRE 34.5061 135.9905 390.0 ERI
KS20 34.4985 135.8730 151.0

KS19 34.5445 135.8580 154.0

TRIH 34.5843 135.8541 30.0 Hi-net
SK30 34.6298 135.7186 265.0

HEGU 34.6535 135.6850 260.0 IMA
SK29 34.6763 135.6968 190.0

KTNH 34.7630 135.7052 40.0 Hi-net
ABUF 34.8635 135.5706 138.0 F-net
SK14 34.8983 135.6079 185.0

SK15 34.9457 135.6110 365.0

SK16 34.9786 135.5603 330.0

SK17 35.0454 135.5885 140.0

KMEH 35.0469 135.4845 75.0 Hi-net
SK18 35.1213 135.5095 150.0

SK19 35.1647 135.5013 170.0

SK20 35.2029 135.4640 220.0

SK21 35.2671 135.4867 200.0

WACI 35.2857 135.3987 172.0 IMA
SK22 35.3312 135.3838 223.0

SK23 35.3775 135.3468 150.0

SK24 35.4486 135.3668 80.0

SK25 35.5189 135.2308 140.0

NDGH 35.5243 135.1243 -140.0 Hi-net
YASF 35.6570 135.1605 232.0 F-net
SK27 35.6815 135.1631 155.0

AMNH 35.6814 135.0268 -145.0 Hi-net
SK28 35.7209 135.1098 30.0

Stations with "Hi-net" in the Remarks column are part of the Hi-net seismic network, and those with "F-net" are part of the F-
net broadband seismic network. Both are operated by NIED. Stations with "JMA" are operated by Japan Meteorological
Agency, and that with “ERI” is operated by Earthquake Research Institute, University of Tokyo. Stations with a blank Remarks
column were temporary ones we installed.



Table A3 Locations and attributes of seismic stations along linear array CC’

Station Code Latitude (degrees)  Longitude (degrees) Altitude (meters) Remarks

SK13 33.6968 135.9785 100.0

SK12 33.7595 135.9270 80.0

KHOH 33.7645 135.9969 -10.0 Hi-net
SK11 33.8090 135.8824 107.0

KISF 33.8651 135.8906 70.0

SK10 33.9057 135.8504 330.0

TKEH 33.9692 135.8574 380.0 Hi-net
SK09 33.9953 135.8143 450.0

SK08 34.0610 135.7950 250.0

SK07 34.1050 135.7673 360.0

SK06 34.1372 135.7251 400.0

SRTE 34.1934 135.7337 447.0 ERI
SKO05 34.2062 135.6724 695.0

SK04 34.2576 135.6499 300.0

SKO03 34.3067 135.6255 250.0

SK02 34.3760 135.6077 380.0

SKO01 34.3999 135.5759 300.0

Stations with "Hi-net" in the Remarks column are part of the Hi-net seismic network, which is operated by NIED. Station with
“ERI” is operated by Earthquake Research Institute, University of Tokyo. Stations with a blank Remarks column were
temporary ones we installed.



Table A4 Locations and attributes of seismic stations along linear array DD’

Station Code Latitude (degrees)  Longitude (degrees) Altitude (meters) Remarks

KS31 33.4648 135.8324 80.0

KS18 33.4836 135.7773 6.0

KZGE 33.5403 135.7589 20.0 ERI
KOZA 33.5338 135.7120 230.0 IMA
KS17 33.5488 135.7274 49.0

KS16 33.6217 135.7094 140.0

KS15 33.6663 135.7144 197.0

KS14 33.7082 135.6400 453.0

OTOH 33.6948 135.5952 118.0 Hi-net
KS13 33.7521 135.6175 224.0

KS12 33.8199 135.6057 319.0

KS11 33.8406 135.5346 201.0

KS10 33.8943 135.5317 406.0

KS09 33.9284 135.5308 374.0

KKWE 33.9042 135.4461 235.0 ERI
KS08 33.9687 135.4737 369.0

KSo07 34.0127 135.4222 367.0

KS06 34.0827 135.3852 329.0

OICE 34.1022 135.3139 770.0 ERI
KS05 34.1411 135.3740 112.0

NKMH 34.1314 135.3244 20.0 Hi-net
KSo04 34.1692 135.3566 111.0

NOKF 34.1656 135.3478 95.0 F-net
KSo03 34.2046 135.3441 122.0

NGRG 34.2823 135.3292 -527.0 AIST
KS02 34.3139 135.2939 167.0

KS01 34.3268 135.2401 86.0

TJRH 34.3977 135.2836 -1500.0 Hi-net

Stations with "Hi-net" in the Remarks column are part of the Hi-net seismic network, and those with "F-net" are part of the F-
net broadband seismic network. Both are operated by NIED. Station with "JMA" is operated by Japan Meteorological Agency,
that with “AIST” is operated by National Institute of Advanced Industrial Science and Technology, and those with “ERI” are
operated by Earthquake Research Institute, University of Tokyo. Stations with a blank Remarks column were temporary ones
we installed.



Table AS Locations and attributes of seismic stations along linear array EE’

Station Code Latitude (degrees)  Longitude (degrees) Altitude (meters) Remarks

MASH 34.5424 136.5033 -116.0 Hi-net
KSe61 34.5583 136.4164 223.0

KS48 34.4962 136.4182 262.0

KS62 34.4384 136.2981 204.0

MGWH 34.3580 136.3293 28.0 Hi-net
KIHO 34.2390 136.2736 80.0 IMA
KS63 34.2874 136.1952 295.0

KSo64 34.2594 136.0932 474.0

KS65 34.1800 136.0979 1570.0

KS26 34.1591 136.0136 390.0

KS66 34.1069 135.9966 332.0

KS67 34.0401 135.9608 229.0

KS68 34.0128 135.9501 317.0

TKEH 33.9692 135.8574 380.0 Hi-net
SK09 33.9953 135.8143 450.0

KS69 33.9541 135.7633 228.0

KS70 33.8913 135.7589 158.0

HGUE 33.8261 135.7620 185.0 ERI
KS71 33.8318 135.6417 510.0

KS12 33.8199 135.6057 319.0

KS13 33.7521 135.6175 224.0

OTOH 33.6948 135.5952 118.0 Hi-net
KS72 33.7366 135.5008 73.0

KTDH 33.6894 135.4396 -78.0 Hi-net
SOOD 33.6845 135.3699 8.0

SHRE 33.6331 135.4082 170.0 ERI

Stations with "Hi-net" in the Remarks column are part of the Hi-net seismic network, which is operated by NIED. Station with
"JIMA" is operated by Japan Meteorological Agency, and those with “ERI” are operated by Earthquake Research Institute,
University of Tokyo. Stations with a blank Remarks column were temporary observation ones we installed.



Table A6 Locations and attributes of seismic stations along linear array FF’

Station Code Latitude (degrees)  Longitude (degrees) Altitude (meters) Remarks

GNOH 34.8224 136.4245 -123.0 Hi-net
KS89 34.8113 136.3604 195.0

OYMH 34.7662 136.2835 80.0 Hi-net
KS88 34.7188 136.2470 380.0

KS44 34.6371 136.1941 316.0

KS43 34.6843 136.1532 175.0

KS87 34.5930 136.1162 325.0

YZEH 34.6413 136.0512 176.0 Hi-net
KS86 34.5642 136.0412 300.0

HBRE 34.5061 135.9905 390.0 ERI
HYSH 34.4283 136.0388 300.0 Hi-net
KS21 34.4606 135.9288 398.0

KS22 34.4330 135.9202 375.0

KS23 34.3724 135.9389 255.0

KS85 34.4073 135.8437 220.0

KRTH 34.3061 135.8369 287.0 Hi-net
KS84 34.3479 135.7867 385.0

KS83 34.3160 135.7160 135.0

SKO03 34.3067 135.6255 250.0

SK04 34.2576 135.6499 300.0

SKO05 34.2062 135.6724 695.0

KOUY 34.2223 135.5897 795.0 IMA
HNZH 34.1373 135.5369 300.0 Hi-net
KS82 34.1166 135.4451 480.0

KSo05 34.1411 135.3740 112.0

KS06 34.0827 135.3852 329.0

KS07 34.0127 135.4222 367.0

KS80 33.9864 135.3248 172.0

HRKH 33.9804 135.2122 -40.0 Hi-net
KS81 33.9241 135.2198 28.0

INMH 33.8248 135.2172 -60.0 Hi-net
HNME 33.8855 135.0638 189.0 ERI

Stations with "Hi-net" in the Remarks column are part of the Hi-net seismic network, which is operated by NIED. Station with
"JMA" is operated by Japan Meteorological Agency, and those with “ERI” are operated by Earthquake Research Institute,
University of Tokyo. Stations with a blank Remarks column were temporary observation ones we installed.



Table A7 Locations and attributes of seismic stations along linear array GG’

Station Code Latitude (degrees)  Longitude (degrees) Altitude (meters) Remarks

SLO07 33.6043 134.3459 6.0

KNNH 33.6628 134.3157 -104.0 Hi-net
SL06 33.7235 134.2912 554.0

KMND 33.7898 134.3032 280.0 DPRI
SL05 33.8148 134.2264 556.0

SL04 33.8613 134.2042 597.0

KYDH 33.8778 134.1295 449.0 Hi-net
SL03 33.9582 134.1317 218.0

SADH 34.0112 134.0918 89.0 Hi-net
MIMIJ 34.0433 134.1517 220.0 IMA
SL02 34.0987 134.0657 320.0

SOND 34.1602 134.0677 286.0 DPRI
SLO1 34.1906 134.0017 195.0

AYKH 34.2187 133.9493 -29.0 Hi-net
GS16 34.2807 133.9083 45.0 SJJISO
SAKJ 34.3770 133.9280 210.0 IMA
GS15 34.3708 133.7730 5.0 SJJISO
GS14 34.4904 133.8277 50.0 SJJISO
TAMH 34.5070 133.8905 -190.0 Hi-net
GS13 34.5544 133.7664 15.0 SJJISO
MABH 34.6428 133.6862 -51.0 Hi-net
GS12 34.7130 133.7872 20.0 SJJSO
GS11 34.7293 133.6680 320.0 SJJSO
OKYH 34.7783 133.7890 -100.0 Hi-net
GS10 34.8040 133.7112 400.0 SJJISO
GS09 34.8037 133.6137 130.0 SJJISO
GS08 34.8957 133.6495 230.0 SJJISO
GS07 34.8906 133.5632 350.0 SJJISO
HKBH 34.9363 133.6205 117.0 Hi-net
GS06 34.9300 133.5393 420.0 SJJSO
GS05 34.9901 133.6032 500.0 SJJSO
GS04 34.9981 133.4679 290.0 SJJSO
GS02 35.0769 133.4074 550.0 SJJSO
GC02 35.1890 133.4724 430.0 SJJISO
HINH 35.2313 133.3908 310.0 Hi-net
GC01 35.2924 133.3136 210.0 SJISO
HKTH 35.2963 133.2603 69.0 Hi-net
GCO07 35.3509 133.3880 55.0 SJJISO
GC03 35.3720 133.2807 30.0 SJJISO

Stations with "Hi-net" in the Remarks column are part of the Hi-net seismic network, which is operated by NIED. Stations
with "JMA" are operated by Japan Meteorological Agency, and those with “DPRI” are operated by Disaster Prevention
Research Institute, Kyoto University. Stations with “SJJSO” were temporary seismic stations deployed by Southwest Japan
Joint Seismic Observation Group in 2002 — 2004. Stations with a blank Remarks column were temporary ones we installed.



Table A8 Locations and attributes of seismic stations along linear array HH’

Station Code Latitude (degrees)  Longitude (degrees) Altitude (meters) Remarks

SSKG 33.3896 133.3227 -184.0 AIST
SL35 33.4608 133.2849 237.0

SL34 33.5225 133.2143 169.0

SL33 33.5774 133.1736 121.0

IKKH 33.6472 133.1444 160.0 Hi-net
SL32 33.7150 133.0932 641.0

TANJ 33.7822 133.0462 410.0 IMA
SL31 33.8736 132.9937 285.0

SL30 33.9512 133.0023 255.0

TGWF 33.9734 132.9319 300.0 F-net
SL29 34.0367 132.8837 99.0

Station with "Hi-net" in the Remarks column is part of the Hi-net seismic network, and that with "F-net" is part of the F-net
broadband seismic network. Both are operated by NIED. Station with “AIST" in is operated by National Institute of Advanced
Industrial Science and Technology, and that with “JMA” is operated by Japan Meteorological Agency. Stations with a blank
Remarks column were temporary ones we installed.



Table A9 Locations and attributes of seismic stations along linear array II’

Station Code Latitude (degrees)  Longitude (degrees) Altitude (meters) Remarks

TSSG 32.7358 132.9757 -124.0 AIST
TSSH 32.7797 132.9718 -97.0 Hi-net
SL28 32.8126 132.9407 25.0

SL27 32.8936 132.8701 112.0

SL26 32.9289 132.8137 140.0

SKMD 32.9506 132.8125 0.0 DPRI
SL25 32.9759 132.8082 22.0

SL24 33.0284 132.7258 119.0

SL23 33.1116 132.7070 162.0

SL22 33.1390 132.6759 300.0

HIRJ 33.2170 132.6220 450.0 IMA
UWAG 33.3856 132.4823 18.0 AIST
UWAH 33.4270 132.5055 98.0 Hi-net

Stations with "Hi-net" in the Remarks column are part of the Hi-net seismic network, which is operated by NIED. Stations
with “AIST" are operated by National Institute of Advanced Industrial Science and Technology, that with “DPRI” is operated
by Disaster Prevention Research Institute, Kyoto University, and that with “JMA” is operated by Japan Meteorological Agency.
Stations with a blank Remarks column were temporary ones we installed.



Table A10 Locations and attributes of seismic stations along linear array JJ’

Station Code Latitude (degrees)  Longitude (degrees) Altitude (meters) Remarks

TOKH 33.9902 134.5337 -91.0 Hi-net
ISIF 34.0606 134.4554 27.0 Fnet
SLO8 33.9973 134.4029 170.0

SL09 33.9593 134.2810 255.0

SL10 33.9402 134.2207 460.0

SL04 33.8613 134.2042 597.0

KYDH 33.8778 134.1295 449.0 Hi-net
SL03 33.9582 134.1317 218.0

SL11 33.8686 134.0038 775.0

SL12 33.8619 133.9432 625.0

SL13 33.8262 133.8516 905.0

AO2K 33.7932 133.7698 320.0 Ko-U
SL14 33.7872 133.6932 240.0

MTYH 33.7543 133.5760 96.0 Hi-net
IHRK 33.6913 133.4686 510.0 Ko-U
GHKH 33.7079 133.3641 489.0 Hi-net
SL15 33.6629 133.2918 470.0

IKKH 33.6472 133.1444 160.0 Hi-net
SL16 33.5839 133.0738 665.0

YNDH 33.5388 133.0016 354.0 Hi-net
SL17 33.5077 132.9259 710.0

SL18 33.4851 132.8258 620.0

KWBH 33.5022 132.7480 89.0 Hi-net
SL19 33.4539 132.6672 190.0

SL20 33.4395 132.5782 350.0

UWAH 33.4270 132.5055 98.0 Hi-net
UWAG 33.3856 132.4823 18.0 AIST
SL21 33.3818 132.4009 75.0

Stations with "Hi-net" in the Remarks column are part of the Hi-net seismic network, and that with "F-net" is part of the F-net
broadband seismic network. Both are operated by NIED. Station with “Ko-U” are operated by Kochi University, and that with
“JMA” is operated by Japan Meteorological Agency. Stations with a blank Remarks column were temporary ones we installed.



