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GROUND DEFORMATION AT SAKURAJIMA AND AROUND AIRA CALDERA
ASSOCIATED WITH THE VOLCANIC ACTIVITY

By Tsuneo ETO

Synopsis

Vertical and the horizontal deformations of the ground have occurred at Sakurajima and
around Aira Caldera, associated with the eruptive activity of Sakurajima Volcano. The
secular variation of these ground deformations since 1891 have been examined by the data of
geodetic surveys repeated.

The fundamental relations between ground deformations and volcanic activities at
Sakurajima are concluded as follows,

(1) In flank eruption: Flank eruption with lava flows causes remarkable deflation of the
ground around Aira Caldera immediately after the eruption. However, inflation of the
ground begins anew within a few years and that inflation continues till the next eruption.
There are local ground deformations which exceed the elastic limits of the earth’s crust near
the ﬁssure line in Sakurajima.

(2) In summit eruption: Aira Caldera indicates gradual inflation of the ground in the
calm stage of summit eruptions, and reverses to a slow deflation when the eruptive activity
reaches its peak.

The deflation of the ground occures around the caldera in proportion to the amount of
magma which is extruded to the ground surface as lava flows, tephra and so on. The inflation
of the ground will be continued untill the future eruption, while magma is supplied and stored
again in the magma reservoir beneath the center of Aira Caldera. Such a history of the
ground deformations associated with the volcanic activity repeats itself at Sakurajima and
around Aira Caldera.
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the 1914 eruption of Sakurajima Volcano. (after
Omori, 1916)
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Fig. 2. Horizontal displacements related to the 1914 erup-

tion of Sakurajima.

A-A : Fissure line.

B-B : Probable area of maximum horizontal distur-

bance, coinciding with the center of depression. (after Omori, 1916)
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Fig. 3. Vertical displacements of BM. 2474 referred to BM. 2469 (Kago-
shima City) and volcanic activity of Sakurajima since 1891.
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Fig. 5. Vertical displacements during 1974, 75 to 1985.
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Fig. 6. Vertical displacements at Sakurajima and around Aira Caldera
during 1974, 75 to 1982 (A), and comparison between the observed
values and the theoretical curve along the line a-b (B), assuming
two pressure sources A and B located at depth of 10 km and 3 km,
respectively.
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Fig. 7. Relationship among the vertical displacement of

BM. S. 29 referred to BM. S. 17, the difference of

monthly mean sea levels (K-H) between Kagoshima

(K) and Hakamagoshi (H), and the accumulated
number of explosive eruptions (N) since 1955.
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— 8 —



L3 - KRB S BB KL L VIR A VT 5 B OMBEE) 37

Aira Caldera 3-vx107ton/y. =

21 Tephra

-~ o
OE

1985

Explosive eruptions

xlozlyear

5
4
3
2
1
0

| 1 ] ) I I I i L
1955 1965 1975 1985
Fig. 9. Annual number of explosive eruptions and estimated amounts of
volcanic ash-fall deposits.

5. BbWIc

RERKD SRECEIRMOMEXUB L VBRI VT BLOMBESR >V, FHSH-TEE
CHETEZOREEL 5T, BENREZENT 2L,

(1) KRS AR RIERA VT S OBE (LBR) b0, BERER L LS ILEEAERE
ANT 7RIS 5, MENOBK IR TRERNCEERR Y 2 2 2 HBEHNE SN2,
(2) ILTEMEKEE | BAEBOBRBYIC RBEANT 7 OBENH D, BNTREESA SN, BEH
PR 3 A V7 7 NER» 5B 1 CRB S B SHEE L, BRTRIELASNS, 12771, HRLH)
B ARHE E A& v,

BRANT S LRBRAOKEZ, <7/ ~0ERES X CBHYB NG - EREHR b OHBOK
BREPREOBEZRIEL TEbDOLEZ SN, RO FAROKIUNEEIHES HBEBH LR VET bOL
Erons,

BV, EEBEE S ERNMEZ L 5B EALEHL LT 27, MBEZCHBH 2L
LREKEN AR RS K IR OBRAER CEHOBEEL T,

& £ X M

1) Omori, F.: The Sakurajima Eruptions and Earthquakes I, Bull. Imp. Earthq. Invest. Comm., Vol. 8,

1, 1914.

2) Koto, B.: The great Eruption of Sakurajima in 1914, Jour. of the College of Sci., Imp. Univ. of
Tokyo, Vol. 38, 1916.

3) BIEREA - BIUgkEE - HhRAL - EAHIE— : e KLoBmER (), WHERZP KRR £, $245,
B-1, 1981, pp. 1-10.



38

4)

5)
6)
7
8)
9)
10)
11)

12)

13)
14)

15)
16)

17)

18)

19)

20)

21)

22)

23)

24)

25)

26)

AP KIRATER #H328B-1 F1, 4 (1989)

TR | B REROB K- EREHYRORE, BB, MAKEORHE L Hazard Map O
ERB X I & 2EAKEOTHOMSE, ARKERERIIPIIRRER, 1981, No. A-56-1, pp. 164-
170.

Omori, F.; The Sakurajima Eruptions and Earthquakes II, Bull. Imp. Earthq. Invest. Comm., Vol. 8,
2, 1916.

E+HEp | B ATES L UVBEAELE VT, KUK FAEEESR, B35, 1975, pp.
24-27.

R ES HETACET 3 2, 3OME D, HEEHRHCOVT, TR KBTFERrAILL 5 B
EESME, 1956, pp. 3-5.

CHERE X | KU EE 1L, BRIV T 7 BAOHBRKE LRE O KILER KL, 524, #12
#, 1967, pp. 80-88.

MEEA | BB 2EAOMEESK L T4, KL, 2%, $23%, 1978, pp. 53-64.

R © S OAFEERIC OV T, KIUMBKTAEKRESHR #2%, 1975, pp. 13.
IUEEN - BEAELA © WREE D S A -HEOKILES, HEMNEMAEHRSAENFERS, 1980,
pp. 19-28.

Ishihara, K.: A Quantitative Relation between the Ground Deformation and the Volcanic Material
Ejected, 1981 IAVCEI Symposium-Arc Volegnism-, Abstract, 1981, pp. 143.

EEEE | HETEOHSRETC R ¢, MERERRYEG, £15, 1950, pp. 9-15.

Tsuboi, C.: Investigation of the Deformation of the Earth’s Crust found by Precise Geodetic Means,
Jap. Jour. Astro. Geophy., Vol. 10, 1932-33, pp. 93-248.

HEHED | BRI 2 HBROEEICR T, HRAFMENFRRE, 5125, 1934, pp. 471-481
Mogi, K.: Relation between the Eruptions of Various Volcanoes and the Deformations of Ground
Surface around them, Bull. Earthq. Res. Inst., Vol. 36, 1958, pp. 99-134.

Yokoyama, L.: A Model for the Crustal Deformation around Volcanoes, Jour. Phys. Earth., Vol. 19,
1971, pp. 199-207.

Yoshikawa, K.: On the Crustal Movement Accompanying with the Recent Activity of the Volcano
Sakurajima (Part 1), Bull. Dis. Prev. Res. Inst., Kyoto Univ., No. 48, 1961, pp. 1-15.

GIERIEL - TTHERE | A KT O EE R E & (IEBAEE ORI DL T, FEERFEN KR
FreEsy, #2158, B-1, 1978, pp. 153-162.

TTEERER « N EE | R KBTI 8 2 IR — 19744 ~19824F—, %5 BIRBKILORPRE
E181, 1986, pp. 11-21.

EEES  HEETC BT A HBIERORE L~ /<@ LOBEZ DL, RERER, $39%, 1974,
pp. 49-62.

Ono et al.: Explosion Seismic Studies, National Report of the Geodynamic Project Japan, Vol. 5,
1975, pp. 61-63.

IEEAED I BRI VT T BIOMEES L EEOREEROBHICOWT, 82 EREKLOR
HASBHE, 1977, pp. 13-20.

MEEAEs  HEEFOHEES L HERRERERE, B3 EREXILOETRAEH, 1980, pp.
11-15.

TTHEEK « AR | BB KILEI OIS & \LTHEAES), £ 2 BRSKLOEFREERT, 1977,
pp. 21-27.

S e U0 B - AMUBIEE © ACERIRIC X B8R ANT T AILOME L TERE, %4 EKBKLO
SEoaaEHl, 1982, pp. 23-27.

— 10 —



27)
28)

29)
30)

31

32)

33)

L3R . BKIEMIC I B KB X R A VT 5 BRI OBES 39

IR RAXK BRI & 288 SRR OB B 1, k1L, 55 2 4, 2172, pp. 135-143.
LR - AIRAEL BBB X VBRI T 5 BAOBESR &« KIS, 21 ENEKLDESHEE
], 1975, pp. 19-24.

ILEEA - ARG KB KILRLOMBER), 53 EEKILOEHESES, 1980, pp. 16-21.
LR « FFRIGA « FATH3 B KILUATDOMBES), £ 4 EREKLOETBEENR, 1982, pp.
19-21.

TR B XILALC B 5 A B —19824E~19854E—, %5 6 EAE KL DSBS EH, 1988,
pp. 15-19.

ISR - HRAEL | BRBR TR 588 O KILK O THBIRE—FEAIS3E 6 §~IBRI544E 2 B
— BREROME L KL, 115, 1979, pp. 77-94.

THEEX  EKEKIL» SRHSh B TAURECDWT, BREEOHMME KL, 13- 15864,
1984, pp. 45-53.

— 11 —



