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Abstract

Seismic exploration was conducted to reveal the velocity structure beneath Izu-Oshima volcano in
2009. This paper documented an overview of the exploration, detailed data processing and estimated
velocity structure, as well as the contents of the acquired data archive, which will be freely opened to the
research community. Thirty-eight ocean bottom seismometers (OBS) were deployed along a survey line
extending WSW to ENE with an interval of around two kilometers, and around 300 seismometers were
installed on land with an interval of 50 to 100. The entire survey line passed through Izu-Oshima island,
including the central summit of the volcano, and reached approximately 70 km in length. The controlled
sources were dynamite explosions, each with a charge of 300 kg, located at nine points along the OBS
survey line, and a pressure source (air-gun: with a capacity 50/) deployed along the OBS survey line and
around off the coast of Izu-Oshima island.

The upper and middle crust velocity structure beneath Izu-Oshima volcano and its surrounding
region are estimated to a depth of around 10 km using the 2D ray tracing method. As with other volcanoes,
a convex basement structure is found at a depth of seven kilometers beneath the volcanic edifice. An
interesting relation is found among estimated velocity structure and volcanic seismicity as well as ground
deformation sources. Ground inflation and deflation sources and hypocenters of volcano-tectonic
earthquakes with burst-type activity are limited in the upper middle crust with a P wave velocity of
5.5-6.0 km/s. On the other hand, persistently activated earthquakes just beneath the summit caldera are
located in the upper crust, whose velocity is very low. This suggests that the magma storage and
plumbing system of the volcano is defined strongly by a layered structure. Revealing the structure
beneath volcanoes is essential for understanding their activities.

Keywords : Izu-Oshima volcano, seismic structure, seismic exploration, seismicity and structure, magma
plumbing system
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Fig. 1. Location map of 2009 Izu-Oshima exploration experiment. Stars show sea-shot points, rectangles are ocean-
bottom seismometers, and black dots on the island are land-seismometers. Two OBS stations (OB22, OB37), whose ray
paths and waveforms are shown in Figs. 4 and 5 are indicated on the map.
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Table 1. Example of time correction information for ocean bottom seismometers.

STATION DTO(sec) TL1(YY MM DD hh mm) DT1(sec) T2(YY MM DD hh mm)  DT2(sec)
0B02_Q2L 0. 000 09 10 30 08 22 0. 69089 09 11 02 03 48 0. 87515
0B03_Q2A 0. 000 09 10 30 07 52 0. 64412 09 11 02 04 41 1. 09589
OB13_H2A 0. 006 09 10 30 04 47 0. 84475 09 11 02 13 35 1. 22739
Table 2. Example of ship navigation information.
Time (JST) Latitude( © ” ” ) Longitude( ° ” ” ) Ocean depth (m)

09 11/01 00:01:00 34 44 29. 18N 139 28 12. 14E 654. 00

09/11/01 00:01:01 34 44 29.28N 139 28 12.12E 654. 00

09/11/01 00:01:02 34 44 29.37N 139 28 12.10E 659. 00
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Table 3. Example of travel times observed at OB07 stations from air-gun shots.

Shot No.

Shot time

Shot (Ship) location

Distance(km) Azimuth Travel time (sec)

611
612
613
614
615
616
617
618
619
620
621
622

091102004700.
091102001800.
091102004900.
091102005000.
091102005100.
091102005200.
091102005300.
091102005400.
091102005500.
091102005600.
091102005700.
091102005800.
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68756
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139.
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11810
11681
11523
11362
11207
11051
10894
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105674
10415
10256

455.
156.
458.
456.
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154.
448.
445,
441.
438.
432.
426.
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Fig. 2. Location map of observation sites on Izu-Oshima
island. A-line aligns in E-W direction from eastern coast to
western coast, and B-line aligns in N-S direction. C-line lies
separately at the northwestern coast.
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Fig. 3. Estimation of sea-shot locations and times. (a) Schematic diagram of sea-shot explosion system. (b) Example of
recorded water waves. First trace is internal (non-corrected) time pulse, second trace is output of hydrophone, third
trace is shot pulse, and forth trace is time code pulse synchronized with GPS based standard time. Shot time and its
distance from the ship can be estimated from time differences among a shot mark, arrivals of direct wave and the
reflected one in the second trace. (c) Time history of ship location. Vertical line indicates time when dynamite was
exploded. Bold circles indicate estimated shot coordinates. See text for details.
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Table 4. Shot times, locations of 2009 Izu-Oshima exploration.

Shot Location (Lat. Long. BSL) Shot time (JST) Ocean depth charge(kg)
S01 34. 68229 139. 06939 89.7 2009 10/30 15:09 20.159  346.3 300.0
S02 34.70283 139.15485 100.0 2009 10/30 16:20 30.153  456.5 300. 0
S03 34, 71257 139.22336  100.0 2009 10/30 17:12 20.277  495.8 300. 0
S04 34. 73143 139. 30012 47.4 2009 10/31 17:14 30.693 318.3 300. 0
S05 34. 75182 139. 48381 100.0 2009 10/31 15:06 00.364 1023.3 300. 0
S06 34. 77250 139. 56430 86.7 2009 11/01 08:01 10.386 1598.0 300. 0
S07 34.78428 139.63674  100.0 2009 11/01 09:18 40.556  979.5 300. 0
S08 34. 79884 139. 70374 74.1 2009 11/01 10:10 30.439 1124.3 300. 0
S09 34.80996 139.75277 100.0 2009 10/31 12:45 30.448 534.8 300. 0
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Table 5. Example of air-gun shots information.

Shot-gather file Shot time

Ship location

Ocean depth (m)

AG201. win 20091101002100. 100
AG202. win 20091101002200. 100
AG203. win 20091101002300. 100
AG204. win 20091101002400. 100
AG205. win 20091101002500. 100
AG206. win 20091101002600. 100
AG207. win 20091101002700. 100

34.
34.
34.
34.
34.
34.
34.

774440 139. 469902 856. 93
775948 139. 469822 869. 35
777438 139. 469798 887. 67
778884 139. 469725 928. 53
780347 139. 469552 943.72
781835 139. 469283 956. 87
783361 139. 468892 998. 02

DEPTH (km)

T-DI6 (5)

0 5 0 20 25 D
DISTANCE (km)
(c) WSwW \

0 20 25 Y]
DISTANCE (km)

ENE

DEPTH (km)

O = N W b 00 O N
Vp (km/s)

DISTANCE (km)

Fig. 4. Results of 2D ray tracing analysis for eastern side of Izu-Oshima island. (a) Ray paths and travel times for OB22
station. (b) Same as (a) but for OB37 station. (c) Estimated velocity structure of eastern side of Izu-Oshima island.
Colored area shows rough region where the seismic rays pass.
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Fig. 5. Observed seismograms and theoretical travel times for stations (a) OB22 and (b) OB37. Theoretical travel times

are calculated from the structure shown in Fig. 4 (c).
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Fig. 6. Estimated velocity structure of Izu-Oshima island and its surrounding region using 2D raytracing. Structure
outside of the dotted line could not be estimated because seismic rays did not pass in the experiment.
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Fig. 7. Results of 2D ray tracing analysis for the 2009 Izu-Oshima explosion experiment. (a) Ray paths and travel times
for the west-end sea-shot Sl. (b) Same as (a) but for east-end sea-shot S9.
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Fig. 8. Observed seismograms and theoretical travel times for west-end shot Sl (left) and east-end shot S9 (right).
Theoretical travel times are calculated from the structure shown in Fig. 6.
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Fig. 9. Slant stack amplitudes calculated using land-seismometers on Izu-Oshima island for (a) S1 shot and (b) S2 shot.
Colors show relative amplitudes. Red regions show arrivals of direct P waves. Distinct later phase with low slowness
appears from both shots (white arrow). This phase cannot be found from other shots.
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Fig. 10. Relocated hypocenter distribution at Izu-Oshima volcano during the period from January 1,
2004 to March 31, 2012. Volcanic earthquakes are categorized into two groups (blue and red circles),
and they are located separately. See text for details.
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Fig. 11. Estimated velocity structure and cross-section map of hypocenters (red and blue circles) and inflation and
deflation sources (stars) inferred from geodetic data. Earthquakes categorized into two groups are located in the
different layers. This may lead to differences in seismicity patterns. See text for details.
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