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Ground Deformation Associated with BL-type Earthquake Swarms at Sakurajima Volcano

Yuki Tateo* and Masato Icucar®

Sakurajima volcano experiences, in addition to repeated vulcanian eruptions, intermittent small eruptions
similar in style to strombolian eruptions. These strombolian-like eruptions are associated with swarms of BL-type
earthquakes dominated by low frequency components (1-3Hz). Ground deformation associated with BL-type
earthquake swarms was detected by water-tube tiltmeters and extensometers in an underground tunnel. Tilt and
strain records were corrected by BAYTAP-G to account for the tidal effect. Gradual tilt change of crater-side-up
(20-320nrad) and extension of the ground (8§—170 nstrain) continued for 3—30 hours before the BL swarms. The
inflation was temporarily suspended for 0.5-19 hours, and was then followed by deflation associated with BL
swarms. The degree of tilt and strain change was in the same order as that for vulcanian eruptions; however the
duration of inflation processes is longer than that of a vulcanian explosion (by several minutes to several hours).
The inflation rates (2-28 nrad/h, 2—16 nstrain/h) prior to BL swarms are smaller than those prior to vulcanian
eruptions (20-90nrad/h, 10-50nstrain/h). In the deflation process, tilt change of crater-side-down (40-300
nrad) and contraction of the ground (20-160nstrain) continued for 1-6.5 hours and was accompanied by BL
swarms. The deflation rates (17-113nrad/h, 12-57nstrain/h) accompanying BL swarms are small. The
deflation rates of 1/3 of the vulcanian eruptions exceeded the upper limit of the deflation rate that accompanied
the BL swarms. The depth of the source of pressure that is thought to induce the ground deformation associated
with BL swarms is estimated to be 3—4 km for both inflation and deflation processes (assuming the Mogi source to
be horizontally located at the center of crater). No difference in depth is detected for vulcanian eruptions.
Volcanic gases were emitted in the inflation process prior to BL swarms, however volcanic gas emission stopped
in the inflation process prior to vulcanian eruptions. It is inferred that prior to vulcanian eruptions, the top of the
conduit is plugged by a lava dome derived from cooled and degassed magma, and the internal pressure rapidly
increases. In contrast, prior to BL swarms, the upper conduit is loosely choked and the internal pressure
gradually increases due to the intrusion of new magma from a deeper source. The difference in inflation rates may
be caused by the degree of choking of the upper conduit. BH-type earthquakes dominated by high frequency
components (5-8 Hz) occurred alongside inflation prior to a BL swarm. The inflation rate almost reached the
maximum rate prior to BL swarms that occurred without pre-BH-type earthquakes. It is inferred that a high
inflation rate due to choking of the conduit is the cause of BH-type earthquakes.
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D, TOMERZEALFILTEKIOE NI 3SR I E R 2
25 A 7 IROESFEMIERE L 72 T & ISR 3 SRS
nTW3 (g « Eil, 2006). FEEEIZA Y KRy T DR
ZOVKINZ BT SIEFED 3~30 S3HiH 5 KI5 O Hl
WHBERC T BRI AR L, BKE & BITHEN LR
iixd % (Iguchiet al., 2008). T D X 5 BHIAZDFEE 14
BHE 2 5B oA E ML T O R LN, WREZHE
K B WO TIEF D 100 PR S LA ~OER G
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KR 100m OEES ITLiE 9 2 ERIRE RO (AR N &
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et al, 2008). F 7z, PuliRKILIT &IKZESE K DH 10 FoaT
POILEMIEIEL TWA Z EARENTWV S (Kaneshima
et al.,, 1996).
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AIRIEDS 104m LI L,  ZESUERE O HRIEAS 10 Pa LI LD
kA7 vh s ANEKEEHZRLTWD, 2008 EXF TIT
7897 [N K 33 7 v A1 7 AIEKSFEA Lt ZESHRE D4R
s 500Pa %84 (FET « G, 1990), KILEHEASK I
5 3km OFFHEHICE TEST A E b H B GFO - fih, 1983).
—[ED 7 s KK X > TS 2 KIKE LS
<, 19874 11 A 17 HOME KTl 20~40 J7 b v DKl
AR L7z & RiEb 5 nTw 3 CAIE « /NE, 1988).

KIER I~ 7 < HE R EEBRICBIR LT b. 4|
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TKIRI QRS « (R L, WK ISR « IX
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ikt « phiEd 2 ERZE(LIR, 2hEN, KGE FE~D< 7
2 DBEAEIGED SO 7 < ORISR % &R S
71T\ % (Ishihara, 1990).

EKITIR 7 v 2 REKIT SRR T O, 1E
S0 A BRI i 9 5 1K % (Kamo and Ishihara, 1989),
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BL BUHIER (3K LERICAE Y 9 5 B 200~300m, 7K
T O0~2km OFENTHAL, ToREMED </~
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D H ZBDERELEATH B EEZ 5N TV (Iguchi,
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DFEHERI DD 15, BL BIHIEREE) & O IR-L HAEA B
M OHEES NS v 7~ B AWK & ORGRAFalET s
TWwig\., BL AMIE ORI T 2 KO o
ORERERZ LB s e Blidd 255 GFE, 2000,
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BEIUITOVWTIEAHTH 5.
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Fig. 1.
tensometers in the underground tunnel at Haruta-
yama (HAR: solid circle).
meters (HIK: open circle), a tide gauge (HAK:
reversed triangle) and the video camera equipped
main observatory (SVO: diamond).

Map showing the location of tiltmeters and ex-

Also shown are Seismo-
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Twiwicy, 9, IRz ++ v L, HE
7 — #1Z L7c#%, OriginLab Corporation ® 7" 5 7 {EhK *
T — Z MY 7 b Origin Pro 7V DA A F L — LD
—>TdH5 “Digitizer ¥ =)V 12k, HEET 4 X7
LA RIRFORL, < v R CHUBZERLE EAE 7 ) 5 2
THEEICLF e Vsl vy v IR
D~20 57 TH D, 155N TEEA I EIC NIELE AT
W, 10 fEHET — 7 2 ER L 7.
HgZKjWﬁ/ﬁEKﬁiUBL@%%@ﬁ%E%
%4 2 AR S O eitiR 2 ER T O & & bITR
4. HIEISEOEEE LT, KOS 1.7km OFEECH
55|/ FHEEBIAS (HIK; Fig. 1) 1281 5 10 43O
i) % L F —FEEMEA AV /2, 1987411 H 14 H 15
36 53D 7 v A 2 UK T 4 BEEIET2> 5 150 nrad
O KAF RO ERZAL, o KOFRIZBWT 4
nstrain, [H.A2/5[A]1C 3\ T 40 nstrain O [HgRE DR &
NTWA, KOHEOMEEAREE « k%2R HERE T
FEHER = 2 L F —FEESE LK FLTV S, I

(a)
eTI. (15:36) -
EX-
100 nstrain
EX-T
w contraction
% WT-R -
?lw_ ail 5 . IZDD nrad
5 continuous tramor down
£
8
3
a 6 12 18 0 3
Nov. 14, 1987 Nowv. 15, 1987
(b)
EX-R
axtension
[EX-T
/f\’/\/\—/ 100 nstrain
= |WT-R contraction
e A’\_/-\’xﬂ
‘E up
= 100
2 BL‘ﬂm\ I nrad
{

] 6 12 18 24[h]

Fig. 2. Tilt and strain records associated with (a)

vulcanian eruptions, and (b) BL-type earthquake
Seismicity is represented by amounts of
seismic energy released in 10-m intervals.

swarms.
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Jan, 1988
: sorraction by BAYTAP-G

—— correction by HAK ocean tide

(b)

BL swarm
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Jan. 1988

Fig. 3. (a) Original
tilt and strain records and tidal level at station
HAK. Dashed lines show times of low tide. (b)
Tilt and strain records after correction for tidal
effects by using BAYTAP-G (heavy lines) and by
using the tidal level at station HAK (thin lines).

Representative tidal correction.
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Fig. 4. Tilt and strain records associated with BL-type
earthquake swarms (after correction for tidal effects
by using BAYTAP-G).
10-minute intervals is also shown.

Seismic energy released in
Periods of Vul-
canian eruptions are denoted by “expl.”.
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Fig. 5. Relationship between the amount of inflation

ground deformation and the duration of time pre-
ceding BL-type earthquake swarms and vulcanian

eruptions. (a) Tilt change of crater-side-up. (b)

Areal dilation.
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Fig. 7. Relationship between amounts of deflation

ground deformation and duration of time as-
sociated with BL-type earthquake swarms and
vulcanian eruptions. (a) Tilt change of crater-

side-down. (b) Areal dilatation.
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Fig. 8. Relationship between depth and volume change
of the pressure source for (a) inflation process and

(b) deflation process. Solid and open circles

indicate BL-type earthquake swarms and vulcanian
eruptions, respectively.
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Fig. 9. Relationship between ground deformation and surface
phenomena. (a) Tilt and strain records on April 13, 1988.
Ground deformation records are divided into 7 time intervals:
1:4h 40m—7h 30m; 2: 7h 30m-11h 20m; 3: 11h 20m—
12h 22m;4:12h 22m-12h 40m; 5: 12h 40m-16h 00m;
6:16h 00m—17h 20m; and 7: 17h 20m—18 h 20m. Seismic
energy for 10-minute intervals is also shown. Bracketed num-

bers with arrows indicate the time of capture of photographs
(b) of surface phenomena above the summit crater.
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Fig. 10. Schematic illustration of the internal change of the conduit inferred from ground deformation and surface

phenomena.

Illustrations 1-7 correspond to time intervals in Fig. 9.

Vini, indicates the volume of magma

emitted as volcanic ash and gas; Vout,, indicates the volume of magma supplied from the magma reservoir.

Symbols “A” and “B” represent magma, which supplied into the conduit in different stage.

A schematic of

the ground deformation of tilt and strain changes is shown.
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