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VOLCANIC CRUSTAL DEFORMATIONS (I)

Relations bstween the Recert Vertical Dzformatiors ard

Volcaric Activities at Volcaro Sakura-jima
By Tsuneo Eto

Synopsis

The vertical deformations of the earth’s crust in the vicinity of Volcano Sakura-jima
accompanied with the recent volcanic activity are studied from the results of precise levelling
surveys.

The vertical displacements of the ground surface at Volcano Sakura-jima were roughly
explained as the elastic deformations which are caused by the increase or decrease of hydrostatic
pressure of two spherical internal pressure sources or magma reservoirs. Those pressure
sources were supposed to exist under the center of Aira Caldera and under the center of Volcano
Sakura-jima. Contours of change in elevation between the time of the two successive surveys
show the character of those crustal deformations.

As useful parameters of volcanic activity, yearly total number of explosions at Minami-
dake crater and the yearly total sum of the square of maximum amplitude of explosion-
earthquakes recorded by S-50 seismograph at the Higashi-sakurajima station, were compared
with the elevation change of B.M. 29 and B.M. 111. There were fairly close relations between

the elevation change and the recent volcanic activity at Volcano Sakura-jima.
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Fig. 1. Distribution of Bench Marks in the vicinity of Volcano Sakura-jima.
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Table 1. Relative Vertical Displacements of B.M.s around Volcano Sakura-jima.
B.M. No. A B c D 1 E F
2500 —154mm| + 1.2mm | *
01 —121 * *
02 —13.6 —175 +16.1 mm
03 —17.3 * *
04 —16.6 —17.0 *
05 * * *
06 * * *
07 —11.0 —14.9 +149
08 —13.2 * +225
09 —139 — 49 +20.6
10 —-154 — 1.6 *
11 —15.1 — 02 + 9.1
12 —-11.7 * + 81
13 — 94 * — 41mm| — 4.6mm +11.7 mm + 3.0
14 * * * + 21 +11.5 *
15 - 10 — 32 — 25 — 1.7 + 9.2 + 5.0
16 + 1.1 + 13 — 0.7 + 03 + 28 + 24
17%* 0.0 0.0 0.0 0.0 0.0 0.0
18 - 21 — 1.3 + 1.2 — 0.7 + 05 + 1.0
19 — 42 * * + 45 + 07 *
20 — 44 + 4.7 - 05 + 77 + 28 +10.0
21 —136 * * * + 21 *
22 + 04 + 32 — 3.1 +126 + 37 +13.2
23 — 44 + 44 — 47 +149 + 35 +13.7
24 —207 * * +18.1 + 40 *
25 —118 * * +17.8 + 2.0 *
26 — 6.1 — 1.3 — 5.0 +14.0 + 2.0 +11.0
26" * — 25 — 73 +19.1 — 07 +11.1
27 — 7.7 * * +169 — 08 *
28 — 55 ® * +168 — 03 *
28’ * —12.3 — 57 +21.6 — 14 +145
29 + 17 — 76 — 46 +243 — 50 +14.7
30 25 — 97 + 86
31 — 05 — 39 + 74
32 + 12 — 48 + 82
33 * * +12.0
34 * * +109
35 — 64 —11.8 + 45
36 —277 —405 —24.0
37 —19.6 —28.0 — 6.7
38 + 07 —111 +188
39 —114 — 83 +189
40 —15.6 — 68 +15.2
41 —15.2 — 37 +17.1
42 —14.3 + 1.6 *
** B.M. 17 : supposed as an invariable point.

A : Mar, 1960-Mar, 1961.

B : Mar, 1961-Aug, 1962.

C : Aug, 1962-Mar, 1963.

D : Mar, 1963-Mar, 1964.

E : Mar, 1964-Aug, 1964.

F : Aug, 1962-Aug, 1964.
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Table 2. Relative Vertical Displacement of B.M.s along Hiki-no-hira Route.

BM. No. A B c | o E F
17+* 0.0 mm 0.0 mm 0.0 mm 0.0 mm 0.0 mm 0.0 mm
18 + 0.2 0.0 — 01 — 07 + 05 — 03
19 + 13 * * + 45 L+ 07 *
101 * * * + 46 + 08 *
102 — 53 + 82 - 51 + 8.6 + 32 + 6.7
103 — 6.2 +10.3 — 24 +12.5 + 50 +15.1
103" * * * + 89 + 6.7 *
104 — 93 * * +238 + 9.3 *
105 —11.4 + 8.0 — 8.2 +26.1 + 9.7 +27.6
106 —108 + 75 — 9.0 +35.5 + 94 +359
107 —148 + 71 — 9.0 +42.1 + 79 +41.0
108 —19.7 * -125 +48.4 + 98 +45.7
109 —348 + 2.7 —179 +54.5 +11.3 +479
110 —40.0 + 6.3 —16.5 +60.0 +13.1 +56.6
111 —445 + 69 —16.9 +62.4 +128 +58.3

** B.M. 17 : supposed as an invariable pont.
A : Apr, 1960-Apr, 1961.
B : Apr, 1961-Jan, 1962.
C : Jan, 1962-Mar, 1963.
D : Mar, 1963-Mar, 1964.
E : Mar, 1964-Aug, 1964.
F : Jan, 1962-Aug, 1964.
Table 3. The Elevation of B.M.s in August, 1964.
B.M. No. m c¢cm mm] B.M. No. m cm mm| B,M, No. m cm mm
2500* 16 42 78 21 07 46 8.3 101 28 23 3.6
00 21 90 1.1 22 02 85 1.5 102 59 10 4.5
01 42 25 5.7 23 02 78 85 103 94 26 48
02 53 42 55 24 05 17 6.6 103’ 148 65 9.1
03 63 48 0.9 25 08 18 1.6 104 181 96 3.6
04 31 28 99 26 03 71 76 105 217 04 6.7
05 — 26/ 03 54 1.8 106 283 49 4.6
06 19 19 0.3 27 03 26 9.8 107 336 90 8.6
07 32 95 0.0 28 13 83 84 108 385 26 2.3
07 52 05 8.5 28’ 67 35 7.1 109 461 15 59
08 55 78 7.7 29 86 83 9.1 110 518 69 2.4
09 44 31 35 30 76 31 4.2 111 535 79 5.3
10 38 65 6.9 31 29 85 2.6
11 16 27 0.2 32 12 83 0.6
12 20 12 85 33 38 12 20
13 11 02 14 34 21 55 5.9
13 28 11 7.3 35 46 39 5.2
14 23 41 80 36 28 01 8.3
15 11 59 2.2 37 36 33 2.7
16 04 98 8.3 38 74 90 84
17 02 16 7.4 39 56 91 09
18 04 06 8.6 40 3797 1.1
19 04 90 0.3 41 44 35 9.7
20 03 88 1.5 42 24 42 36

* G.S.I. BM. 2500: +16m 42cm

78 mm. (1960)
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Table 4. The Relative Elevation of B.M.s.

B.M. No. m cm mm

17* 00 00 0.0
201 344 16 9.8 .
202 295 15 9.0 1) Akamizu Route.

203 261 04 88 2) Levelling : Mar, 1963.
204 .

205 %gé ig ;% 3) B.M. 17 was supposed as 0.0m.
206 161 30 2.2

207 114 79 8.2
208 86 29 8.1

209 46 60 8.0

13 08 84 6.9

G.S.1. 2467* 00 00 0.0

246% o 4_2 45 1) Iso Route.
B —02 3118 2) Levelling : Oct, 1963.
24%) —04 4:3 29 3) B.M. 2467 was supposed as 0.0m.
D —03 24 6.4
2470 00 22 9.1
E —03 96 0.9
2471 —
F 05 76 48
G 02 79 49
2472 04 84 5.0
H 02 59 6.7
2473 —01 85 3.4
1 01 03 4.3
J 02 25 6.0
2474 —
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[957~1958

Fig. 2

1958~1959

Fig. 3

Contours of change in elevation between the times of the two levelling surveys.
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1959~1960

Fig. 4

1960~196/

Fig. 5

Contours of change in elevation between the times of the two levelling surveys.
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1961~1962

Fig. 6

1962~1963

Fig. 7

Contours of change in elevation between the times of the two levelling surveys.
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1963~1964,Mar.

Fig. 8

1962~1964,Auq.

Fig. 9

Contours of change in elevation between the times of the two levelling surveys.
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Fig. 10. Relative vertical displacement of B.M.s. along Hiki-no-hira route.



LH K & EH (DD

(o) hiiBidsy 10mm HrpEEE,
() BHEEORBELREZ, WAL L THROTOS (Fig. 90
(6) 1962 ~19634F
(1) BBEBERED O hRPICT <2 SIBREMEML T, BM. 111 Tid, 16.9mm DIk,
(1) BRELAKRICH: - TR,
() BEHRRBETEOEN 70T, EHEEIAH (Fig. D,
(7) 19634 ~19644F 3 A
(4) Bl /¥r— rDKRESHANERERELR L, BM. 111 ©, O 1FE B 2RiLElL,
THb (Fig. 10),
(o) RBEARRELZTREOEM -1 (Fig. §),
(8) 19624E~19644F 8 H
(A1) 19644 8 Ak kxlB—F, RU3|/ Fv— t OBRETTIE» 7.
() Bl/7Fr— roKkELT, 3 HUARGEEEET TS,
() BHECERBESTEERRE (Fig. 9),

4. BBALCHTIBEXRE S AUEEEORK
(1) BEXLUKHED CREHORE

81

62.4 mm

19147F, RHEDEB KDDL, BREB—HII LT HOERRIEL ED o, ZORLIHRORE
oY, BEALFTIORMUIIE—B LTS, BAKICHER - 7oKUT R, BE, BLEILEDHME~D
I L T, BEAVT 7L O magma reservoir OPERA MK LT, £AUTMHD - THIE

DREERARL, BREBROOILRE S > THL GEAD),

TNORBEEOREKILIC ST 2 HBRBROBEICOOTHL, KEOREOILRMER, KA

BHINTO BRI VT 7 RLBHT OE
JTRONIEE S OREIC & » T U - REZE 12 <™
ETHDEEZI, IDIT, REBFOLE-T
WHNENBEDH B CEERHEEL TN 5,
MEKLESUBRE VT TR, BRE 8
EhLBHT &, BREKLFLEBIT SicE NOK g
hzehF L BIORE 7R (magma reservoir) 10? 10°
BH-T, TONMENDERICE - T, B 5 4
REED SRB—H OHBROEEEHNAE L alz
BEEZDE, BEOMKBICLEY 2 EBEEE)
AN, EEMICE Bk bozE 3] ©
bz, L URMBORELREIL, <h 241
KU TR E - 7 SHBHREOHEDO SO T

Tk-T

H5bo ! {7 (1
(2) KBS DB = 1] -
2Ommﬁﬂﬁlcﬁﬁiﬁb‘mﬁ,ﬁﬁﬁ\bﬂ 1956 56 57 58 59 60 &I 62 63

64

% BM. 29 (%) & BM. 111 (3| /) ok Fig. 11. Relations among the change in elevation of

EORRENELE, KILTEBIREEDISS & L B.M. 29, B.M. 111, the yearly total

number

" N of explosions (N), and the yearly sum of the
T, EEROFEROMOFRBR (N), RUK square of maximum amplitude of explosion-

MEBZHEBTZED S-50 #BEr (NS) i earthquakes (u2).



82 AP ER FE 85 (FE.40. 3)

EHINTFHRHBORAR MO A ORI (42 % Fig. 11 IR L1,

BM. 20 XU BM. 111 DOlhEid, 1957HEAFEL LT, BM.17T 2 RERLEZ - L XxDETH 5, 1959
i BM. 17 S EINTH S A, HTOREBA-THIARHEN S % 05, THUIHK mm fIEFTTH
%, BM. 111 D1960FRBLIATOMIZ, ME—FAr— +r OKEREOHEIOHE LI D TH 5,

Fig. 11 13, MABRRELOEROKLEDHORREMOBIREEZEZ S & 2T, BEOBRRICL > THE
XNLKLEB T 2 vF—L, BM. 29 KU BM. 111 OFEIC L - TRESNZ KLIESHO FIBKE LT
2ODOWRBEHFCOZOBAENKLFES = 2 v¥F—-LORERFRLEHODOLILEDEEZOND,

19634 % T3, THHEOMICIZIEDHRBENSH 2 C EBbh b, SFREOI, 1964453 KO MITIT -
KEROEHOKRNIEEER (BM. 111 T +624mm) THb, INBEROKNEINCE >HTD{HE,
ABOBRD ZMETH 5o Y EBMOBMAE 1EMICE - T, KBHEBFO B T4 7858 0Kl
o, KLTEE & OMHERRIC OV THEIT L TH T,

5.8 b b [

COBEICDNT, KIBEIEEL O 7o 4 BERRAEERROCENEZ=ZBHERICECHAR LT £,
SOKEERIBIC T 72 D8 » THF & » L W AKE PR R BOPEFERICH LT, ECRHORER
LEd,

BKER G RERNFEBTEBIN TS EEMIR LT,

g2 &% X ®

1) ENEZ  BEICBY 2 KERMEHEICONT GF 13D, BIXMERTRE2 S, pp. 140~144, H
F1334F.
BB 2 KEREHEICONT GB28) BLUKRBI BT 2HMBEHHEAICONT

3, BHSKHERTHE 45, pp. 21~35 MHEFI36TF.
2) F. Omori : The Sakura-jima Eruptions and Earthquakes. IV., Bull. of the Imper. Earthq. Inve-

sti. Comm. Vol. 8, No. 4, 1920.

3) K. Mogi : Relations between the Eruptions of Various Volcanoes and the Deformations of the
Ground Surface around Them, Bull, of the Earthq. Res insti.,, Vol. 36, 1958.

4) K. Yoshikawa : On the Crustal Movement Accompanying with the Recent Activity of the
Volcano Sakura-jima (part 1). Bull. Dis. Prev. Res. Inst.,, No. 48, Aug., 1961.



