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PRECURSOR OF SUMMIT ERUPTION OBSERVED BY WATER-TUBE
TILTMETERS AND EXTENSOMETERS

By Kosuke KAMO and Kazuhiro ISHIHARA

Synopsis

An underground tunnel was constructed in the lava dome 2.8 kilometers northwest of
the summit crater of Sakurajima Volcano in order to collect the tilt data and strain data of
high quality and to detect the ground deformation associated with the summit eruption. A
2.component water tube tiltmeter and a 3-component extensometer were installed in August
1985. The precursor of the summit eruption was observed by the tiltmeter and the extenso-
meter for 125 explosions, which corresponds to about 60% of the events, including minor ex-
plosions, during the period of the observation from August 1985 to January 1986. Upward
tilt in the radial direction to the summit crater ranged from 10 minutes to 7 hours in dura-
tion and from 0.01 to 0.2 microradians in amount. The extension in the tangential direction
and the extension or minor contraction in the radial direction ranged from 1078 to 1077 in
strain. After the eruption, the downward tilt in the radial direction and the contraction in
every direction were observed. The depth of the origin which generates the inflation of the
summit is estimated to be from 2 to 6 kilometers beneath the active crater by comparing the
observed ratio of the dilatation to the tilt (from 0 to 1.4) with the theoretical value calculat-
ed according to Mogi’s model.

Ground tilt data in the radial component were continuously monitored and processed in
real time by a computer in order to judge the stage of the eruptive activity from the rate of
tilt change and tilt duration and to forecast the explosive eruption automatically. The prac-
tice of the preliminary program has been done for a month. The statistical results of the ex-
periment indicate that the number of critical stage of activity judged from tilt data is 27 out
of 39 explosions, 4 out of 5 short eruptions, and 7 out of 22 continuous eruptions. There
were 21 critical stages reported when no significant event occurred. Most of these excep-
tions were caused by temporary relaxation in tilt due to minor eruptions, for example, the gas
emission.
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Fig. 1 Locations of Sakuajima Volcanological Observatory and Harutayama Branch.

Photo 1 Acrial view of Harutavama lwva dome. The buildings 00

hill

at the top of the
are Thuutasama Braneh and the house tB) ar the foot of the hill is 1he
entrance of the tunnel.
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Fig. 2 Geological structure of Harutayama lava dome on the vertical cross-section and
{he arrangement of the instruments in the tunnel and the borehole.

Photo 2 The instruments installed in the tunnel.  The notation T shows the water tube

tiltmeter and the notation E does the super-invar bar extensometers.
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Table 1 Constants of the instruments.

Instrument ’Component & Azimuth ’ Span ‘ Sensitivity ’ Transducer
Water-tube Tiltmeter WITR, NUFE | 28.0m | 0.56V/urad. magnesensor
WTT-T, NI159°W | 28.0m| 0.56V/zrad.
Sumeninear B ‘ EXA(R, NUFE | 28.0m| 28.0mv/10 el
uper-invar ar 0 — 1iterential
Extensometer j EX-2(T), NI159°W ‘ 28.0m | 28.0mV/10°% ! transformer
28.0mVv/10* |

i EX-3, N156°E i 28.0m

BETH 5.

WETTER I OB A ST S A OMBRBENLTEITE, ASHEME 2 K3 (WIT-R EWTT-T) ¥
KUR =79 — 1 LN — VEHHEEF 3RS (E X-1, EX-2 XU EX-3) HBRBLTH 5. £ DET% Pho-
to 2ITRL7c, EBRIBVLITNSD 28m TH5H, FHREBIVERELD 1m ELULTEXELTEY, #&
HORMMICI 10 cm BRI O BWOHT TH Do FIEOBANZ N UL E THY, KOHEA»S 11° b4
DITIE-> TV 3o AR TRYTEFA%SANCH UT Radial 5, £HICERT 3750% Tangential HiJ&
BIEL, ENENDHMDESERBRIE LU TRS EMET 50 FRAIICEF L £ — & BifE L OHE
- B EERET 2D OEBEBRITH B, i, FObS|UIGEE 292 m OIS DZDH,
B3R (ERE B L UMEEHE N EN 3RS, HEARE XUEEHSREL TS 5,

KEBROKERNE 15mm OFEY 5 2ETHY, WHOKEROT v — FOBhRENER~ S
A oy —ICLDBLARICER SN, BRASROMBRICEVINED XOBELNNBZ SN 5. KERE
DHIJIFELL, Table 1IGRLA LS, KUELITH LT 20mV/am, BEEIZLICKH LT 0.56 V/« rad.
ThHbo

{RREFHCIZER 10mm DR =/ —4 LN —UEERL, ImAETAF L LABICEDR-TE, &
MOBHICRET b7 o REHEH LTS, BIAEOHASE RERMICH LT 100mV/am, EICHLT 28
mV/10-4CH 5o KEBME KOMBEH ORI RBHEEROHAREREHTE=4 T 5L EB1C, 7
LA — & ERICK DBRFIASICER LT B,

3. WTRREAIC 72 5 E & ANEL

19854F 8 F1~19864F 1 Fl OBRIMARIAICTA: Uz ILTEER D S B 6 B H 72 2 125[EDBFEHICH LT,
K109 ~#9 7 BRI & BFEFEE F TIT 0.01~0. 2 2 rad. DB LEH LU0 108~107 OBZYEAEH X
i

3.1 & & @
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D IUTES O LT E OBESERE L THAL Edbhr b EH TIIRARAMNMETS U, BEREDOER
1€, EX-1 (RIS BT EX-3 T 2X 10 BEDMY, EX-2 (TR THALILSB F5 o Fr Hial
SNB. BUKREGETIL, KLIATNCTFR & OB E [fEIHERD TOBAHBEHIN 3.

Fig. 4 |G KBNS OBIZR Lo NHBDOFI & B8 40L, izt O RIKS (EX-1)
DHJIA N OMONAVIBEICIE S, HBOEMHAEE-TNDEC ETH S (12] 1 [102151653 DIEFE

(B> R KL D Cigdts OEHE: v & LB THR X N 5 R E OFALMEAS 10 mic-
ron Ll ETHEIRODMAEA 0.1 mb LLEDEK
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Fig. 4 Examples of the strain and the tilt
change associated with minor explo-

sive eruptions.

Fig. 3 A typical example of the tilt change
and the strain associated with an
explosive eruption.
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the radial direction to Fig. 8 The dilatation versus the tilt change.

the active crater versus
the strain in the tangen-
tial direction.
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BebDEMEINS.

KRR L 2 HREHFED S, KOET 3~5km [CHIRESERET 2 1HFEND 5 LHEEINT

e



I - Al - MR Eh AR TR & TR K O BIERBIR 9

x—2e2u olp R
2uiaem) O*
2 I
A i
4 '] A
15 J
8P
a) & Z:E
§ 2a
05
]
0.5 ] 1.5 3 (R/0)
ta
-05F
Fig. 9 (a) Distribution of the tilt and the
R*28km (478 ) observed . . Y
| o— strains calculated according to Mogi's

model and (b) The relation between
the depth of origin and the ratio of
the dilatation to the tilt at a distance
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and 4 denote the tilt, the radial strain,
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respectively.
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Depth of ori
»

VBRI, Ffr, HREOWFEESREHRMOMT 3~6 km HHEICHEET 2 C LBHPDHLNTI S,
ChEDOBRAFERIRBARBOU T km K7 BOBHFET S EETHLTO S, flklickSiC
BHRMBOBFIANET 1~8km [KEEICAH LTS, #-T, ARTHAS N LUEBADRIkH
BEBEEET 5 NEONBIRBICEOTHEESN S/ A BIUKBETHRATICHEY T3 &0 A
b0 EIEROFRE L TR, HTEEPSDOZ I DEASLVE YT v hoDOF ZADONEMENEL O
B3, A TERIEICHRISENIC S LT EHOBRDTRSCEET 5,

4. ATIRIEMZE(LO BBHFHIFIDORH

BIHI TR~ BRERE LA BT HEBIC KD, Y72 4 ATHBMICHEI S ERA 541 7 A
180t BEIFAM TRE LIKEBEFEH O RKIDES%E 12bit AD BRBAMM LIz =V - a0
Ea—2ZAAL, WEREBHRORRD LUHHE S8,

Sy 6070 —F 45— b Fig. 0 IR L, 075 A0HA4IZ Table 2 IGRT X5, M
Z{LD rate I KD, BKIEB)% Pre-eruption, Eruption 3 XU Non-eruption D 3 DDBPEICX S U, Bk
EREDRBEICHAPHET 2L ETH DS, KT — 2 DKEEFEH IO 1 SBOFSETH B, 5500
DEEDENSLE rate HE LTS, T T, ENFHLOBRBEOYFEREERN S,

(1) Pre-eruption (EK#EfHMH)

BRI rate H20.02 4 rad./hour LIEOIRMEN 5 SRIRERT 2 C & o

2) Eruption (M£:X)

HERIEALD rate 3 —0.02 4 rad./hour LR OIRREDS 3 4309 (5 SMRHICERE LB E S 5 2) kT2
& I, KAKANTHET HRETH 5.
(3) Non-eruption (BKDOBEILL)
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Input of Data
WIT-R : 4

(icycle/min,)
Rate of Tilt Change
x=d4L /4t

(4at=5min.)

Judgement of the Stage
b< X< @, < Xy x<b

“Pre-Eruption”
Line=Li Ly
Ler<Linfy Ly< '%1_% Lery Linf<ty
“Critical” “Warning”

.Non—E[u:tlonn @'J____ Fig. 10 Flow chart of the preliminary program
L= Zby/n on predicting an explosive eruption.

The constants were chosen in the
practice as follows; @=0.02 and b=
—0.02 microradians per hour. Ly=
0.01 microradians and L.r=0.02
microradians.

Table 2 Definition of the stages and the level of the eruptive activity by the tilt change.

Stage or Level Condition
“Pre-eruption” stage (rate of tilt change)==a>0: inflation
“Eruption” stage (rate of tilt change)<<b<{0: deflation
“Non-eruption” stage | b<(rate of tilt change)<la
“Warning” level Lw<(amount of tilt since the onset of pre-eruption stage)<Lcr
“Critical” level Ler<(amount of tilt since the onset of pre-eruption stage)

DEC.18 - 19,1985

Inflation
J
%
O.lurad, w
Continuous T
Eruption
—_—

]
'8
X
w

" Warning™

18h 2lh Oh ! 3h 6h oh
i <Critical”
.
]
!

PRE-ERUPTION

NON-ERUPTION — ---- -

ERUPTION -~

Fig. 11 An example of the practice of the program.

The stages judged by the

computer are compared with the actual eruptive activity and the tilt

data of the radial component.
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Table 3 Summary on the practice of the program.

. Number of events

A
ctual 'which occurred in

eruptive activity

. _“Critical” level Comments & remarks
Type Tzf?le;‘::::er Total: 59 times
Explosion i 391 ‘ 1) The number of the explosions whlch
: | occurred in each stage;
. 27: “Critical” level
Eruption 5 4 ‘ 38 8 “Warnmg level
. “Pre- -eruption” stage
gontu}uous 29 7 | “Non-eruption” stage
ruption ‘ ;2) The notation “?” means that no
o ; | | remarkable events could be recognized
[ — 21 21 on the seismograms.

*

The test of the program was done during the period from December Srd to 29th in 1985
At Sakurajima Volcanological Observatory, an explosion is defined by the maximum seis-
mic amplitude of the explosion-quake being equal to or more than 10 microns and the
intensity of the air-shock being equal to or more than 0.1 millibars, which are observed
at Harutayama Branch.

TEAZE(LD rate H3 —0.02 & rad./hour L ETHD 0.02 4 rad./hour LU DIRAEDS 5 3 iiksE 45 C
EHIL, [EREBDNIOIRENFEL CETH B

Pre-eruption DERFETIZZ DA V00 DEAELBERIERL, 0.0 grad CELFD “Warning”
BEU0.02 ¢ rad. ICEL725 “Critical” D2 EROBLALNEH X8,

KEEREOHST (RIS J\) 3: BEBIC L OHE L BKEB OB OMEOEI% Fig. 11 1GR Uiz ©
OFITIR, 6ED “Critical” BEZHNLTOBS, HENCIZ, B3 ELORELTHELD, 3 [ElD
“Critical” E’gio’otl}f%ﬂlaﬁi < Eruption Stage ICHIGT 2 BHE LB AKIIHBIEAS 0T BoNL
Vo WO, TEIEDy THE, MHEMTIRS B0, KOHHO TN E OEHZIICELD “Critical” At re-
set SN/ DTH B, EHOREMBEEINTYUEORMD B 5.

M1 AR U714 ¢ £ Table 3 IGR Uiz, 59ED “Critical” BED S5 5, 35% (IHETSHK
ERHDTTERD4TH 720 UL, BFE39ED 3 B70%ICx LTI, HATIC “Critical” EZ4 B -7
%o B, 1BIEGRE, bOBRRTNTINES LSEELS LT3R (Pre-eruption) THAEL TIN5,

S8 WEHOF -2 SHAL T oY 5 AEYET BT LICE D HRDEFEESAL I 4L, TR DE
BIFEIICRIAI S 2 T EOSJRBICIEA Do LrL, ZHEIL S 2 BOHBET Z b BERL B, HHEZE)
BHOAIC X 2B FANIBAIDH S5 o

HRBEDPOHMT 5 &, ERMBAICRS TREREOS OB ATIMEAZEAA & DEIDS 2. J=(1
b, BEEHRIBHIBEICERLTOS. LhL, BRO®I B, BRICE->THH INBEM
DEEFERED 5 VDI EROBE) RALERICOhHD->TOE0T, HEERORD S BELETE L8
FDMI EFANCHET 5 C L RERLLSICEZ LN D,

5 8 b b (C

BRI LA I DILFE 2.8 km OIRBICH B/ v 4 (NBRITHEICRE Lo AASERIEHC L D, Ha Dl
KRG U7 BB A IR S5 C &t T oo ILEMAKOBRITRATE S LT, £, LEEAD
AN=ZLERATE ECEBERFMD LRI HEETH B LA B,

R COMFRREZIEDEERDEBVTH 5,

1) FHUIT SRR AR ISEAK D10~ BRI S 4 U 5o BiJkHREENI, WIEMHE DO
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