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Abstract

The 2004 off the Kii Peninsula earthquake (Mj7.4) occurred near the Nankai trough axis, southeast off the Kii
Peninsula, Japan, on September 5, 2004. The earthquake was estimated to have a thrust-type focal mechanism with N-S
striking P-axis and was regarded as an intra-plate earthquake in the uppermost mantle of the Philippine Sea plate (PHS).
In order to investigate the precise distribution and time change of the aftershock, we conducted pop-up ocean bottom
seismometer (OBS) observations around the aftershock region. The observations were conducted three times intermit-
tently for almost one year after the earthquake. A one-dimensional seismic velocity structure for hypocenter determina-
tion was derived from the survey result of the previous seismic refraction study. A station correction method using a
PS conversion wave was applied to improve the hypocenter determination. Consequently, we could determine a more
detailed and precise aftershock distribution compared with that of the Japan Meteorological Agency (JMA). The depth
range of the OBS-located hypocenters was 5 to 30 km, about 20 km shallower than that of the JMA, and the OBS-
derived epicenters were shifted about 10 km to the southeast compared to those of the JMA. The aftershocks, according
to the JMA hypocenters, seem to be distributed mainly landward of the trough axis, whereas OBS-located hypocenters
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were distributed mainly along the trough axis. It was also found that the aftershock distribution can be divided roughly

into two groups, a relatively shallower group with a depth range of 5 tol10 km, and a deeper group with a depth range

of 15 to 30 km. The shallower group, which is located inside the PHS or the accretionary prism just over the PHS, was

distributed from the center to the north of the aftershock region. The deeper group is located in the uppermost mantle of

the PHS near the Nankai trough axis, which is inferred to be the main ruptured zone of the main shock. We also detected

several seismic clusters in the shallower earthquake group. They form vertical planes going down from the accretionary

prism to the PHS. We are interested in the relation between the detected seismic clusters and the splay fault system in

the accretionary prism.
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Fig. 1 Seismicity map around the source area of the 2004 off
the Kii Peninsula earthquake from September 5, 2004
to the end of 2005. The plotted earthquakes, which
were derived from JMA’s earthquake catalog, exceed
M;j1.5 with depths shallower than 60km. The dark blue
star westward of the aftershock region denotes the epi-
center of the foreshock (Mj7.1), the large green star is
the mainshock (Mj7.4), and the two blue stars on the
easternmost end are the largest aftershocks (Mj6.5). The
broken line denotes the Nankai trough axis.
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Fig. 2 Cumulative number and Magnitude-Time diagram for
the aftershocks for the same earthquakes as plotted in
Fig. 1.
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Fig. 3 Location maps of the ocean bottom seismometers (OBSs). Red reverse triangles indicate the OBS stations. The big yellow
star denotes the mainshock epicenter, the orange star indicates the foreshock, and the two white stars represent the largest
aftershocks. The broken line denotes the Nankai trough axis. Six stations (A to G) were used for hypocenter determination

in the third observation.

(a) First observation (2004.09.22-2004.11.30. Observation code: TN042)
(b) Second observation (2004.12.08-2005.03.03. Observation code: TN043)
(c) Third observation (2005.05.22-2005.08.02. Observation code: TN051)
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Fig. 4 Example of seismograms observed at the TN042C OBS station.

Arrows indicate the picked P, PS, and S phase.
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for hypocenter determination (Red line)

derived from Nakanishi ez al. (2002b).
JMA’s structure model (blue line) is also
plotted for reference.
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Table 1 ATZps is an average of the difference between picked PS-
and P-phase arrival times of the TN042 observation. The
unit is in seconds. Forty-four data points were used to ob-
tain the average at each station. A7s, which is used as the
initial S-phase station correction value, is obtained by ATy
=—0.76ATps. ATs is changed to the correction value, so the
sign is opposite that mentioned in section 4.

Station ATps SD ATy
TNO42A 1.44 0.20 -1.09
TN042B 1.50 0.17 -1.14
TNO042C 1.50 0.18 -1.14
TNO042D 1.25 0.19 —0.95
TNO42E 1.59 0.27 -1.21
TNO42F 1.12 0.13 —0.85
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Table 2 Used station correction values of P- and S-phase
for each observation.

Station correction value (sec)

Station P-wave S-wave
TNO42A -0.070 —-1.053
TNO042B 0.079 -1.055
TN042C 0.040 -0.911
TN042D 0.084 -0.938
TNO42E 0.013 —-1.069
TNO42F —-0.083 -1.126
TNO43A -0.124 -1.078
TNO043B 0.074 -1.130
TN043C 0.099 -0.828
TN043D 0.196 -0.622
TNO43E -0.070 -1.336
TNO43F -0.117 -1.315
TN043G 0.105 —0.873
TNO043H -0.019 —-1.451
TNO0431 -0.075 -1.109
TNOS1A —-0.064 -0.996
TNO51C 0.030 -0.972
TNO51D 0.172 -0.717
TNOSIE -0.095 —-1.386
TNO51F -0.139 -1.250
TNO51G 0.139 -0.900
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Fig. 6 Aftershock distribution determined by JMA during the
first observation (TN042). The broken line denotes the
Nankai trough axis.
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Fig. 9 OBS-located hypocenter distributions for the first obser-
vation (TN042) with station correction.
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Fig. 10 Travel time residuals of first observation with station
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Fig. 11 Right side figures represent the obtained aftershock distributions for each OBS observation; left side figures represent
JMA’s hypocenters corresponding to each OBS observation period. From the top, the first, second, and third observation
results. To determine OBS-derived hypocenters, first we selected the determined hypocenters from JMA’s earthquakes
catalog and then relocated them using OBS P- and S-phases. In addition, we used OBS to determine smaller earthquakes
that were not listed in JMA’s catalog for the second and third observations.
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ters on the hypocenter list of the second observation are
plotted.
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Fig. 13 OBS-located hypocenters obtained by the second

observation. There are two earthquake groups, a shal-
lower group (red) and a deeper group (yellow). One
seismic cluster is parallel to the trough axis inside the
light-blue broken rectangle. We can detect few seismic
clusters parallel to the trough axis inside the pink bro-
ken rectangle.
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Fig. 14 OBS-located hypocenters for the first (gray +), the sec-

ond (red A), and the third (blue O) observations. Here
we plotted the hypocenters that correspond to JMA’s
hypocenters. Regions A, B and C indicate zone of rela-
tively fast decay of aftershock activity.
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Fig. 15 OBS-located hypocenters for the second (gray +) and
the third (red /\) observations. Here we plotted all of
the OBS-located hypocenters.
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Fig. 16 OBS-located hypocenters obtained by the first obser-
vation. The zone encircled by the leaning rectangular
frame and divided zones A to E indicate the range for
the vertical cross sections of hypocenters depicted
in Figs. 17 and 18. The straight blue line indicates
the seismic survey line produced by Nakanishi ez al.
(2002b).
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Fig. 17 Vertical cross section of OBS-located hypocenters of the first observation on the P-wave velocity structure model (Nakanishi
et al., 2002b). The plotted hypocenters are all within the area of the frame in Fig. 16. The red arrow indicates the location

of the Nankai trough axis.
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Fig. 18 Vertical cross sections of the OBS-located hypocenters of the first observation in each area of the frame in Fig. 16.
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Fig. 19 OBS-located hypocenters for the second observation.
The others are the same as those in Fig. 16.
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Fig. 20 Vertical cross section for the second observation depicted in Fig. 19. The others are the same as those in Fig. 17.
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Fig. 21 Vertical cross section for the second observation depicted in Fig. 19. The others are the same as those in Fig. 18. Blue(two),
red and black arrows indicate the detected seismic clusters in the PHS.
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Fig. 22 OBS-located hypocenters for the third observation. The
others are the same as those in Fig. 16.
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Fig. 23 Vertical cross section for the third observation depicted in Fig. 22. The others are the same as those in Fig. 17.
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Fig. 24 Vertical cross section for the third observation depicted in Fig. 22. The others are the same as those in Fig. 18.
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Appendix

AFHICNZBW TS OBS Bl 25 1 [\, 52\, 53

B & Feak L7z, Znlidbicftho OBS B & X 55
5 HMTEN 2 — RS AW TWS, 45 OBS LI & 2
I— ROXSIZLLTO#EY TH 5,

TNO42 — 55 1 [RIELH

TNO043 — 55 2 [al & 1

TNO51 — 55 3 [BIELH

a— ROBEWILRAI O TN S HmEfE - B EES o
BHZEWR L, ROBT2HABMEZRBLEZEEO
FEIBEFED N 24T, itk OBFENEOFEDO(MEH
D OBS B TH D0 EEHR LTS, #il 21X TN042
1% 2004 4 24T - 7226 2 [0 B 0> OBS &Ll Tk 13 3R
e - FEMECHDH LWV BEHRTH D,

OBS stations information list

551 BB

Observation code: TN042 (The first observation)

Record period: 2004.09.22 - 2004.11.30

Deployment voyage: Seifu-Maru (Maizuru Marine Observatory)
Recovery voyage: Keifu-Maru (Kobe Marine Observatory)

Latitude Longitude depth sampling
degree(N) degree(E) (m) (Hz)

TNO42A 33.13939 137.15751 4322 Tokyo Sokushin 50

Station OBS TYPE

TN042B 33.42770 137.17663 2493 Tokyo Sokushin 50
TN042C 33.10113 137.52748 3883 Tokyo Sokushin 50
TN042D 32.85976 136.99722 3992 Tokyo Sokushin 50
TNO42E 33.22851 136.76432 2863 Tokyo Sokushin 50

TNO42F 33.09930 136.59510 3344 Tokyo Sokushin 50

55 2 (R

Observation code: TN043 (The second observation)

Record period: 2004.12.08 - 2005.03.03

Deployment voyage: Keifu-Maru (Kobe Marine Observatory)
Recovery voyage: Keifu-Maru (Kobe Marine Observatory)

Latitude Longitude depth sampling
degree(N) degree(E) (m) (Hz)
TNO43A 33.06784 137.15942 4252 Tokyo Sokushin 50
TN043B 33.42808 137.17667 2489 Tokyo Sokushin 50
TN043C 33.09790 137.52433 3886 Tokyo Sokushin 50
TN043D 32.85320 137.00444 3973  Katsujima 200
TNO43E 33.22974 136.76782 2878  Katsujima 200
TNO43F 33.09987 136.59727 3348  Katsujima 200
TN043G 33.33832 136.96804 2665  Katsujima 200

j

j

Station OBS TYPE

TNO43H 33.48105 136.73380 2057  Katsujima 200

TNO043l 33.64647 137.08824 2010  Katsujima 200

o5 3 B

Observation code: TN051 (The third observation)

Record period: 2005.05.22 - 2005.08.02

Deployment voyage: Keifu-Maru (Kobe Marine Observatory)
Recovery voyage: Ryofu-Maru (Marine Department, JMA)
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Latitude Longitude depth
degree(N) degree(E) (m)
TNO51A 33.06785 137.16002 4245
TNO51C 33.09964 137.52370 3882
TNO51D 32.85332 137.00264 4010
TNO51E 33.23018 136.76736 2865
TNO51F 33.10183 136.59754 3379  Katsujima 100
TNO51G 33.33693 136.96990 2661  Katsujima 100
TNO511  33.64770 137.08366 2023 Tokyo Sokushin 50
TNO51J 33.75029 136.83697 1965 Tokyo Sokushin 50
TNO51K 33.94931 137.11535 1701 Tokyo Sokushin 50
TNO51L 33.77107 137.35249 1660 Tokyo Sokushin 50
TNO51M 33.95179 137.29939 1200 Tokyo Sokushin 50

sampling
(Hz)
Katsujima 100
Katsujima 100
Katsujima 100
Katsujima 100
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BEMREZAV: 2004 FLEFLERRTOMBEORERA

g B CRRAFEFTHE K ILTIESS) - EREH (KGUT) - THER - IHIEX -
MREIBBAE KEROICATHIE K ILIERD) - FIEBIELE* (Rt TR w) - & & - KARFS -
REAF—* - EZEE - THHAR (KR7T) - B8 # (KREXRSRE) -

FESs (WL REn) - TRFT EEBHTKIER)

2004 459 A 5 BISHOE R HE R CRAE L-HE (Mj7.4) (IR b 7 78T O A Lz 20> KETH D, 0
HOEE DR BRI LR AL T A A FF oW E R T, o U BT L — MBS DWW B AV THRAE LTS B O LSRR
ENTWD, Fx T OHEOFEMLREN M & T OMNERMERLZHET 5720, B OF EAGEHES (0BS) ICL2RE
BN A FEHE U7, A EEIANE 2004 4 9 H 205 2005 4= 8 A £ TOMIM., Witz 3 Az 7z » CTHEii Sz, BREEICHN
7o 1RGP IR O A1 OBS O BLIMIE CEM S /- BUEMIE B R 2 2R L TRk, E7BRORTEREE % h E&
WD, PS A Z AW HREMIEL B o7, TOME. [REIT— It LERIC G SRR E 2 R E A & 15
HITENTE 2, OBSHMNHROI-REOERITREGT —ALER & i35 &, TREIE 20km 12 EHE < 5 ~30km (25577
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JLE B A NT TOT 4 D EVET L — FNB L OZ O EEOAIMANTHRAE L TEB Y . %EFITATES L OARBOMER
LEDONDWERN T O LE~2 MLV TRELTWAZ ERbhote, EHIT, WOWHBERHEOTIZW 20 OHE S 7 2 X —)
RSz, TNoOMESZ 72X —3IENL 7 4 VE LT L — FNETIRTHREICTEL TS EA LD, Zhuh
REWMOPCTRAINIME S 7 A4 —1%, KRR HEORAIE L 72> TOBAIRO /S IGETE & OBIFRIZ I\ T ELBR A FE
b,
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