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VOLCANIC CRUSTAL DEFORMATIONS (II)

—On the Anomalous Tilting Movements Accompanied with

the” Explosions of Volcano Sakura-jima—

By Tsunes ETO

Synopsis

Magmatic pressures associated with volcanic activity, in addition to causing volcanic
earthquakes, can produce a change of level and marked tilting of the earth’s surface near the
voleano,

This aspect of volcanic behaviour has received particular attention from volcanologists because
of its value and a prediction aid. At Volcano Sakura-jima, tilt measurements by means of
horizontal pendulum type tiltmeters have been carried out for many years.

In this paper, abnormal tilting movements recorded at the Kita-dake and Haruta-yama
stations accompanied with the volcanic explosions of Minami-dake crater were analyzed during
the period from October, 1963 to October, 1965,

Anomalous tilt recorded at the Kita-dake station shows particular north-eastward dip and the

abnormal tilt measured at the Haruta-yama shows the same tilt pattern in the direction of north,
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Fig. 1 Map of Volcano Sakura-jima. Showing observing stations for crustal
deformations, The Sakura-jima Volcanological Observatory is locat-
ed at Haruta-yama,

2.2 B & &
REL D 3 IR RICRBINT O AERENE, R —s%— o 4 Yox— 8D Zollner F D AR FEUAER
ROKDTH B, JHFEEEL, 1~2 meter T, 1B42emDIRBIHE TLBEIT-> T B,

Table. 1

Sensitivity of the horizontal pendulum type tiltmeters at the Kita-dake and
Haruta-yama stations, during the period October, 1963—October, 1965,

N . Sensitivity on the
. R ) .
Station oDl::;::::tni:r?f Ori?gzldll%i gth recording photographic
paper
N — 8§ 1.0 meter 0.0285 — 0.0414 ”/mm
Kita-dake
E—W 1.0 | 0.0265 — 0.0519
N — S8 1.2 0.0281 — 0.0327
Haruta-yama
E—W 1.2 0.0270 — 0.0433
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KiTA DAKE
APR.I7T~APR.24, 1964

Photo, 1 Normal tilt recorded at the Kita-dake station,

Photo, 2 Typical north-eastward abnormal tilt before the explosions.
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Photo, 3 Abnormal tilt recorded at the Kita-dake station.
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Photo, 4 Abnormal tilt recorded at the Kita-dake station,
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Photo, § Abnormal tilt recorded at the Kita-dake station,

Photo, 6§ Typical north-eastward abnormal tilt accompanied with
explosions of Minami-dake crater,
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Photo. 7 Anomalous tilt recorded at the Kita-dake station.
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Fig. 2 Graph showing abnormal tilt accompanied
with the explosions, Arrows show the
explosions at Minami-dake crater,
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Fig.3 Graph showing abnormal tilt accompanied
with the explosions, Arrows show the
explosions at Minami-dake crater,
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Fig.5 Graph showing abnormal tilt accompanied
with the explosions. Arrows show the
explosions at Minami-dake crater.
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Fig.4 Graph showing abnormal tilt accompanied
with the explosions, Arrows show the
explosions at Minami-dake crater,
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Fig.6 Graph showing abnormal tilt accompanied
with the explosions, Arrows show the
explosions at Minami-dake crater,
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Fig.7 Graph showing abnormal tilt accompanied Fig.§ Graph showing abnormal tilt accompanied
with the explosions, Arrows show the explo- with the explosions, Arrows show the
sions at Minami-dake crater, explosions at Minami-dake crater.

LLEENZORILERSOERIC, K—HKLTWE, UL, REKMIEFLAE-RLTOEY, 202
BRES 1L.3km FNTO 2 oTHEILFMOERETIC, FUL S BEEEHBLHEINTY
22813, BIERKEREEENCETH S,

TS KO REEMNEHD, EOBRKT, HEOERIE > THEh, Fig. 8 ITRLLIK,
BEEOKILESNE OO TIERT, MARTELTW AL S BNICZ, BEEFETE —HOBREE LN
B3 &3, PERORETH B, LrL, MTBOETE H20EHILHERIZIAT, BEOCETRED
BOTHRET ZEBRH OB, B EREERICHT DB L FENA LB 5N 5,

EDRGRICHNT, LEAMT O OREEREHNE — 7 I1GEST BRTICRTENS 1B, »EDIK
Uinti, —7, BEEEHREEHNE— 2 1GELE, 23 0R Y~ 7% TF 3 EICERSTE UKo
TH 1o —RINITIE, BEEMSHE - THOIE, BRAERMICASZY, ©—shokOFTRRET ST
REPEDS, £PFNKITH %,

19644F 4 24 11985565 (Photo. 1 BfR) OBFHD L HiT, BHEME(LAHIEHIROT, BIELIHIN
b3, LivL, TOXSBHIDETEH - T, KEREFEMNLTICI, BEALTBEBNEL, KLIEE)
MRS SDODXSTH %,

3.3 EESNEICEIIREENEHOSAM
St BRI RO FEREGOHEBUEEBE T Lic DI 20T, BEERMEH DT LT 2@~
g MVEEE, ZOBMET~, Fig. 13~Fig. 22ic, #OEHEMN~7 PV ERUR U7,

— 8 —



L8R : kR (1) o1

wn-2

NOV.10~NOV. 28, |964

NOV.25~DEC. 12, 1964

KITA DAKE
KITA DAKE

-2

L

HARUTA YAMA HARUTA YAMA

) 1

[
<]
-
—-m -z
>
-
n-Z

NOV. DEC.
10 15 20 NOV- ,g 25 30 5 10
L L l ] . 1 1 1
Fig.9 Graph showing abnormal tilt accompanied Fig. 10 Graph showing abnormal tilt accompanied
with the explosions, Arrows show the with the explosions. Arrows show the
explosions at Minami-dake crater, explosions at Minami-dake crater,
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Fig. 11 Graph showing abnormal tilt accompanied
with the explosions, Arrows show the
explosions at Minami-dake crater.

O0CT.9~0CT. 17,1963

Fig. 13 Graph showing vector diagram of
abnormal tilt observed at the Kita-
dake station. Arrows show the
explosions,
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Fig. 12 Graph showing abnormal tilt accompanied
with the explosions, Arrows show the
explosions at Minami-dake crater,
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Fig. 14 Graph showing vector diagram
of abnormal tilt,
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Fig.15 Graph showing vector diagram of
abnormal tilt.
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Fig. 17 Graph showing vector diagram
of abnormal tilt.
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Fig. 16 Graph showing vector diagram of
abnormal tilt,
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Fig. 18 Graph showing vector diagram
of abnormal tilt,
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Fig, 19 Graph showing vector diagram of

abnormal tilt,
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Fig. 21 Graph showing vector diagram of

abnormal tilt,
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Fig. 20 Graph showing vector diagram of
abnormal tilt,

OCT. 10~0CT.24, 1965
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Fig. 22 Graph showing vector diagram
of abnormal tilt.
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EXPLOTIONS
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Fig, 23 Graph showing daily velocity of Fig. 24
abnormal tilt at the Kita-dake
station. Open circles show the

explosions,
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Fig. 25 Graph showing daily velocity of abnormal tilt at the Kita-dake station. Open
circles show the explosions,

— 13 —



06 BRI BB 9 5 (141, 3)

27day o © [ 2"/ day o ©
. 1
1 i I 1 'l ] 1 ] A 1
35 3 10
° ' 0CT. 1964 20 30 NOV. s NOV. DEC 1264
Fig. 26 Graph showing daily velocity of Fig. 27

abnormal tilt at the Kita-dake
station. Open circles show the

explosions,
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Fig. 28 Graph showing daily velocity of Fig. 29

abnormal tilt at the Kita-dake
station. Open circles show the
explosions.

("/day) Zk¥i, T TH|% Fig. 23~Fig. 28 1R Lo JLEBIH I B O TR SN B R
Eid, 1.5"/day 12 &7 2T &35 B,

Fig. 25 0L 51z, MABALTHBEHHICENTIE, BEEIEELBEEAODEIEDMEL LS
NALELRREETH B, Lo L, TR E 2O OBRENHILELIISATRET 2B AICIE, B
HEHEEDOEORTIE, HENEIUTH S, COLS L 21213, BEEGEENBAEE S ~Thd
HBEOMIC, HROBRORELIANENESTH 2,

4 EREEMNEBLIBEORR

1963107 11A 0 5, 19654E10H 21 HZD T, 149BIDRIEKOIDIEIELS - 1o ILEDEEREICE
WT, BEEEMNEBHSED ONIRRERE, BHONBh-7cbD, B30T 7ERERE DA M
#F%k Table. 2 ic % S,

196445 A~ 8 A, 196545 A i, KINCE DALEMF St OREITH SNILh 5 foo NI - 7232
BOBEREBRA L7 117 BOBRERD S b, FIEOREERESIOMES - 203 106 16 TH D, AR
IIC T LI IBFED90. 6%1C, i i@ BEBHETHED bhi, LAOERIZEBOTE, ELERE



L : KLt ZE (10 97

LD SN o T2, T/, BEEMNEHRTE SN, BRIEOBERDED - AR, 2FMIz3MWT
H -7,

Table. 2
Date and number of explosions Monthly Number of ex‘ploswns
number of | observed | without Remarks
at Minami-dake crater . the the
explosions | anomalous | anomalous
tilt tilt
1963
Oct. 11, 12(2). 22, 23. 24. Fig. 2.13.14.23.
25.26(2).28(2).29(2). 13 13 0 Photo. 2, 3.
Nov. 3.6(3).7.9.17(2). 20.
26.27(2).28. 13 13 0 Fig.3.4.15.16,17. 24,
Dec. 4. 12, 14, 22, 23(2). 24. 30. 8 8 0 Fig.4.5.17.18.
1964
Jan. 4.5(2).8.9.10(5). 11.
12(2). 13(2). 14(3).
15(2).16(3). 17.18(5). Fig.6.19, 25,
19(2).20(3).21(3).23. Photo. 4,
25,28, 40 40 0
Feb.1.2(2).3(2).4.5(2).6. Fig. 6. 7.19. 20. 25,
16, 21. 23. 28, 13 12 1 Photo. 5. 6.
Mar. 23. 27 2 2
Apr. 24, 1 0 1 Phote. 1
May. 5. 11. 13, 14(2). 16(2).
20,21, 23, (10) lack of observation
Jun. 1(6).5(2).7.9.13. 14. 15. (13) 7
Jul. 10, 11, 28, 31. (4 ”
Aug. 11,31, (2 ”
Sep. 18. 30. 2 0 2
Oct. 12, 1 1 0 Fig. 8.21.26.
Nov. 1. 15. 18, 22, 4 4 0 Fig. 9. 26.
Dee, 3.6. 30. 3 3 0 Fig. 10. 27,
1965
Jan.5.9.24. 27, 4 2 2 Fig. 11,
Mar. 29, 30. 2 2 0 Fig. 28.
Apr. 15, 24, 30. 3 0 3
May. 26. 30. 31. (3) lack of observation
Jun. 20. 1 1 0
Jul.5.11. 2 0 2
Aug. 5. 1 1 0
Sep. 19. 29, 2 2 0 )
Oct. 20.21. 2 2 0 g;gﬁ?z 29.
T Chssmntiom ur | 106 \ 1
lack of tilt observations : (32)
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