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Abstract

Since 1978, a series of frequent earthquake swarm have occurred at the sea east of Izu Peninsula, while
Japan Meteorological Agency (JMA) observed 12 swarms for the period of 12 years up to 1989. The 12th
earthquake swarm began on June 30, 1989. Seismic foci of the swarm were plotted in the sea only a few
km north/east of downtown Ito City and its coastal area.

At about 18h 33m (JST) of July 13 1989, a submarine volcanic eruption spontaneously occurred at sea
about 4 km northeast of downtown Ito. Japan Hydrographic Department (JHD) Survey Vessel TA-
KUYO was just around the point of the eruption and was surveying the seismic active area. TAKUYO

was hit by frequent very strong shocks of water waves of the eruption at distances of 800m to few km
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from the newly born volcano. Surveyors and crew members of the vessel took photo, video tape record
and audio record of the shock noise caused by the very strong water waves, while the positioning was
done by GPS. Water mass gushing phenomena (water dome and/or water jet) occurred five times, and
the top of the biggest one was measured 113m high above sea. Estimated time of beginning of the water
mass gushing phenomena were 18h 35m 57s, 18h 39m 57s, 18h 40m 40s, 18h 41m 25s and 18h 43m 37s of
July 13 1989.

HDJ conducted sea bottom surveys of the area four times. On July 9, a echo sounder and a side scan
sonar of S/V MEIYO confirmed sedimented flat bottom at and around the forthcoming eruption point.
At 18h 28m of July 13, or only 5 minutes before the eruption, S/V TAKUYO found a knoll of 25m
relative height, of about 500m diameter at the base. JMA observed very large amplitude tremor from
July 11 through July 13 without any remarkable surface phenomena, which suggest shallow magmatic
intrusion beneath the knoll. On July 15, or two days after the eruption, unmanned automated survey craft
MANBOU surveyed the knoll and found an about 200m diameter crater in the center of the knoll, which
reduced height of the knoll to only 10m., MANBOU'’s echo sounder recorded a big vertical cloud of
volcanic gas welling up from the crater. On October 16 and 17, S/V TENYO surveyed the details of the
newly born volcano (the knoll) and the vicinity with her narrow multi-beam echo sounder (Hydrochart).
The result shows shallowest water depth 81m of the knoll on its southeast part of the crater rim, and

deepest water depth 122m at the southern part of the crater.
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Figure 1. Izu-Tobu Volcano Group and its adjacent area. IZ . Approximate area of Izu-Tobu volcano
group, TG © Active area of Izuhanto Tohooki Earthquake swarm since 1978, FS | Fissure by
magmatic intrusion suggested by Tada and Hashimoto (1989a~c) , RF : Right-Slip Fault
associated with M5.5 earthquake of July 9, 1989 After Tada and Hashimoto (1989¢c) ,HT :
Hatsu sima, US : Usami, HK : Hiekawa, IT : Downtown of Ito City, HOS : Strong motion
observation station at Hosenji, KN . Kawana, FT | Futo
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WATER WAVE OF JULY 13 ERUPTION RECORDED BY S/V TAKUYO
| (Hydrographic Dept. Japan)
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Figure 2. Record of water wave observed in the survey vessel “Takuyo” (upper) and vertical strong
motion observed at Hosenji (lower) . Location of Hosenii is given in Figure 1. The figure
shows an example only for about 13 seconds.
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Start Time at sea Duration of a series | Size of Water Jet or Dome
No. surface of gushing (sec)
Height (m) Width (m)

1 1ghgsmgys
2 18hggmgys 25 18 51
3 18Phg0Myg0S 15
4 180 41mMgs5s 25 113 230
5 18hggmgys 20 36 92

Table 1., Water jet phenomena, its time and dimensions.
(July 13 1989 eruption of Teisi Knoll)

A BNES T, WEF [Eiy, EYv] EFUIKnE [F—r] LREREE BT 2HEEIR
HLTwbwIiEE, #7559 oAb - THE OKRER) PHENEREICE) 2 &, #BEC
Topk & Nz kilfE (RERMER) Moy ke L (BHiIs 1989) FEYOMHBEI DLW &%
bk, BETHEBIKEARLZIEETIVANDEHTH-2bDEHEIND,

BEfE2a~2eitldmr—— F—2 2R 2EBNEHAREZRT, BEHCKBEOMIH»HAL T3
WTEEQDEI o2, BmR18m, M5IMThHb, 74 —F— F—20HAICHEHEFECH IR S, 35
2 3MRICIIEL N, BEICEE ORER) »EH (BH2). E5ICHENHRR, KW ThHEE, €L TE
P 5 B2 DGR BEKEEE L (BE2, 2d), Vi —F— F—2aHB» LI RICIBIAENA L %o
7z (BE2e).

188540474070 12 S EIHOBHRB SRS B, BENLIOPICHELL, 38 (4049438) ItEER
3an & Szt o7z, BEDRHKENOKRE ZRFRETELR W, HISHEICbRY), MRILKEBCHKEDE
WA RL N g, GENAINET LIk -7 (A15048, FEHEID).

186841572580z A BIEH W MBLE A ), BELS [ vX—<72A0 L) &) REEKEF Q- &3
A, F 3 RBOISEAISBRIZERIan t S itk -7z, Ha9m, MISmTHE, BT A EEEFHL
CHREHL 72 &2 A, BEP S EMICT LY B REAKELERE4a L 13ITE LEIC% 2 £ TORMILN 2 WM
Th D, KD FREEIHS0M/secBETH- LD EEZ LN D, BERdaTidkiEan bE, FEICXY
XV EGANL LIPS HEDH L NS, BEREEIC LS, WHCHKESEATTHEIEERT, KAT2
W04 30 IC BERADDEIC T 72 T OBEETHOKENE S13113m, 1230mTXED LEIE A 5
UCTHTHEE > 285 RL, WEICRSANT 7P RHTHREWTWS LI IKR2, &0 %EHEICK
WABTLTWAEETL WS, FAR0ERICAENRIED TS, A53THICIRIKBED L DL
FEACEETICRL, AEDARRL ) - Twd (BHd).

5 B OB S T 188433 3TIICIAE o 7 TOBBOE T ABERIZEY PR TE LT MR TH
27, BMED [T—v, dholedbdiof] EVIHIBEEIFETAT—7ITMEIN T 5, KERZZN 3
R DA3FAR I E R 36m, H92mic -2 (BHES5 ). Z0HLMEDPDEWAEDHEIME (DKL, HHA
B L H20M THENIE ) DAL L -T2,



SUBMARINE VOLCANIC ERUPTION OF TEISI KNOLL 9
OFF FASTERN PART OF IZU PENINSULA




10 S. Oshima et al.




SUBMARINE VOLCANIC ERUPTION OF TEISI KNOLL
OFF EASTERN PART OF IZU PENINSULA 11

Photo 1
A surface phenomena above the submarine eruption of Teisi Knoll, taken from survey vessel
“Takuyo”, at 18737, July 13. A dark colored stripe is muddy water (about 250m diameter),
and white surface in the center is ripple caused by shock of the eruption. (Photo. by Sachio
Ozawa)

Photo 2a
18740™00°, Water dome. Hight 18m, width 51m at the base. (Photo 2a through Photo 5 were
taken by Shinichi Yoshioka)

Photo 2b
18%40™02%, Falling water dome, with whie vapor around it.

Photo 2¢
18740™09%, The other water jets coming up in the center and right of the vapor.

Photo 2d
18740m13°. The other water jet coming up in the left end of the vapor.

Photo 2e
18740™16°. Abont 20 second from the beginning of a series of water jet phenomena. Only white
cloud (vapor) was recognized.

Photo 3a
18740™43°. Water jet appeared in the right of the white cloud, followed by a series of frequent
water jets.

Photo 3b
187417045, White cloud (vapor) remained after a series of water jet phenomena.

Photo 4a
18%417m28°, Water jet. Hight 94m, width 150m.

Photo 4b
18*41m30¢, Falling water jet. Hight 113m, width 230m.

Photo 4c
18#41m37¢, White cloud afoer the water jet phenomena.

Photo 5
18743740°, Water dome. Hight 36m, width 92m at the base.
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Figure 3. Record of water wave observed in the survey vessel “Takuyo” . Start time of the record
(000") is 18"36™05° of July 13, 1989.
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Figure 4. Total number of water waves recorded in the survey vessel
*Takuyo”
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Figure 5. Track of the survey vessel “Takuyo” and amplitude of vertical strong motion at Hosenji
(HOS) observation point maintained by Earthquake Research Institute, University of
Tokyo (segments of straight lines on the track) . Thick dark segments show the time while

dark gray colored water jets appeared.
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Figure 6. Side-scan sonar image of the sea bottom north of Ito city, surveyed by *Meiyo” on July 9,
1989, four days before the eruption. The bottom where July 13 eruption would occur is flat
bottom of sediments at July 9.
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Figure 7. Survey tracks of “Takuyo” for July 13, 1989. Dashed line shows planned survey area.
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Figure 8. Sea-bottom topography, a result of July 13 survey by “Takuyo” . The record a-b shows
section of Teisi Knoll, and ¢-d shows section of an older knoll of volcanic rock.
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Figure 9. Sea-bottom topography of “Teisi Knoll” , a result of July 15 survey by an unmanned
automated survey craft "Manbou” , specially designed for the survey in the dangerous area.
A more precise topography of Teisi Knoll was obtained afterward as is shown in Figure 12.
Some distortion, compared to the more precise result in Figure 12, is obvious but this map
provided an almost exact image of the newly born volcano, which was vital to estimate
possible hazard at that time.
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- Figure 10, East-west section of Teisi Knoll on July 13 and 15.
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Figure 11. North-south section of flat bottom on July 9 (bottom) , where a new Knoll was built by

magma intrusion (middle) and finally the July 13 eruption opened a 200m diameter crater
in the center of the Knoll.
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Figure 12, Detailed topography of Teisi knoll, a newly born volcano of Izu-Tobu
volcano Group, a result of survey by “Tenyo” on October 16-17, 1989
with her narrow multibeam echo sounder (Hydrochart) . A-B shows
location of topographic section in Figure 13,
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Figure 13, A section of sea bottom topography by echo sounder along A-B shown in Figure 12. A crater
in the center of the Teisi Knoll and two vertical columns of volcanic gas bubbles are obvious.
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"Table 2. Result of water temperature observation by “Meiyo” on July 8 and 9.
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Table 3. Result of water temperature observation by hericopter (MH929) on July 8 and 12.
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Table 4. Result of water temperature observation by “Takuyo” on July 13.
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Table 5. Result of water temperature observation by “*Manbou” on July 15.
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Table 6. Results of water temperature observation by “Tenyo” on October 17.
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Figure 14, Locations of points for temperature measurement by “Meiyo” on July 8 and 9 (upper left) ,
by helicopter on July 8 and 12 (upper right) , by “Takuyo” on July 13 (lower left) , and
by ‘Manbou” on July 15 (lower right) .
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Water Temperature(C), July8, 8 1989
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Figure 15, Water temperature measured on July 8 and 9. Low temperature is obvious for the area ENE
of Ito, on ESE of forthcoming eruption point.

Vertical Section of Water Temperature above the Crater(July 15,1989)
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Figure 16, Vertical section of water temperature measured above the crater of Teisi Knoll, measured
with XBT from unmanned automated survey craft ‘Manbou” .
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Figure 17a, Location of Temperature measurement point with XBT, done by survey vessel “Tenyo”
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Figure 17b. Vertical section of water temperature along a line A-B
in Figure 17a
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Figure 17d. Horizontal distribution of water temperature for the surface



SUBMARINE VOLCANIC ERUPTION OF TEISI KNOLL
OFF EASTERN PART OF IZU PENINSULA

10nf@KIBAKTAME  DEPTH 10m (°C)
S IR AT S R S T S
. /0 .
(37 3]
2’ b 0 2
L 7]
3 227 35
228 )
- yd 7 .
159 . 235/?2 59
R : N 004
. 3 N 225 %1224?2.4 .
F2ay .
i = d22 .
| 58° 58]
22.\/\ .
22.5
57" \\‘724 vd
| 222 -
: 22.0 .
| 56 34
550 219 557
;54' $4’._
P B 5 .
537 s34
225 .
’ ’ /3?‘ 4 .
P S I R A v 2

Figure 17€. Horizontal distribution of water temperature for 10m deep.



32

S. Oshima et al.

20n/@KkiIBAKESNE DEPTH 20m (°C)

— —— NP —— T

3 4 s’ I 34 7’ g 9 739" 71’ r2°
o /0 -
13’ ‘&% \\% 3~
D N = X ‘
‘ L, %, .
s .
’ % ¢
’ D ELI
;II //;
5 . 35‘ .
_305;)' é(_?‘ 00"

.
2;}_,.2('.'?
- 2 22, .
59 &R 53]
58’ 58"
22.0

57 57/
22.0 )
| 567 34"
557 557
;54' -5‘4';
[ 537 55
; , /39’ . -
K . 1o "’ 2

Figure 17 f . Horizontal distribution of water temperature for 20m deep.
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Figure 17 £. Horizontal distribution of water temperature for 30m deep.
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Figure 17h, Horizontal distribution of water temperature for 50m deep.
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Figure 18. Current at the sea east of Izu Peninsula, deduced from observed data by Acoustic Doppler
Current Plofiler of patrol vessel “Kano” and survey vessel “Takuyo” during July 10 to 15,
1989.
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ESTIMATED DRIFT OF PUMICE
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Figure 19, Estimated drift of pumice, starting from Teisi Knoll at 18"30™ of July 13. Ocean current, tidal
current and wind measured by “Takuyo” were taken into consideration. The result of
estimation (arrive at the coast of downtown Ito City in the very early morning of July 14)
coincides with the fact,
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Figure 20. Observed current at the sea east of Izu Peninsula on July 16 and 17, measured by Acoustic
Doppler Current Plofiler of Survey Vessel “Tenyo” .
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Figure 22, Current for the flood tide at the sea east of Izu Peninsula.
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