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TakArADA Shinji, KazaHAYA Kohei, KawanaBe Yoshihisa, SakacucHr Keiichi,
Suro Shigeru, Yamamoro Takahiro, Sova Tatsunori and Unzendake
Weather Station, JMA (1993) Volume estimation of 1991-92 eruption of
Unzen Volcano, and initiation mechanisms of pyroclastic flows on June 3
and June 8, 1991. Bull. Geol. Surv. Japan, Vol. 44 (1), p. 11-24, 11fig.,
2 tab.

Abstract : Volumes of lava domes, pyroclastic flow deposits, ash fall deposits and
total magma discharged at Unzen Volcano, Nagasaki, western Japan from May 23,
1991 to August 10, 1992 were estimated. Using video records, pictures from helicopter
and aerial photos, volumes of domes and pyroclastic flow deposits were directly
estimated. In order to estimate continuous volume variations indirectly, tremor
energy due to pyroclastic flows were measured using 2397 seismic wave records. We
assumed that collapse volume of dome is proportional to the tremor energy associated
with pyroclastic flow. Average effusion rate of magma was estimated to be 3.4 %
10°m*/day from May 23 to July 14, 1991. If this effusion rate of magma is nearly
constant, the volume of lava domes, pyroclastic flow deposits, ash fall deposits and
total magma is calculated to be 4.8x107m® 7.7x10"m?® 2.6 x 10"m® and 1.5 x 10°m?
(DRE), respectively on August 10, 1992.

The volume estimated from the tremor energy jumped on June 3 and June 8, 1991
as compared with the volume of pyroclastic flow deposits measured from image data.
At the same time that these gaps occurred, a horseshoe crater was formed by
landslide. Thus, we concluded that landslide triggered the larger pyroclastic flows on
June 3 and June 8. On June 8, explosion occurred due to sudden pressure reduction
caused by landslide. This explosion and the tremor due to landslide should affect the
jump of the tremor energy.

To predict the disaster area due to pyroclastic flow, the relation between the
volume calculated from tremor energy and the runout distances of pyroclastic flows
were analyzed.
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Fig. 1 Location of Unzen Volcano. Trian-

gles are the Late Pleistocene-Holo-
cene volcanoes in the Beppu-Shima-
bara graben.
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Fig. 2 Topographic map of Unzen Volcano.
crater ; SVO=Shimabara Volcano Observatory; A and Y=The site of seismograph
at Azamidani and Yadake, respectively.

Contour interval is 100 m. J=Jigoku-ato
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Fig. 3 Distribution of the June 3rd pyroclastic flow deposits in 1991. Contour interval
is 80m. Dark area along Mizunashi river is the distribution of basal avalanche
deposit (main part of pyroclastic flow). Hatched area is the distribution of ash
cloud surge deposit. Arrows are the flow direction indicated by downed trees.
Fl=1st fall; F2=2nd fall. The areas shown in Fig. 5 and Fig. 6 are also

expressed.
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Fig. 4 Volume of lava dome, pyroclastic flow deposit, ash fall deposit and total

magma. (a) from May 23 to July 14, 1991, (b) from May 23, 1991 to August 10,
1992. Open circles and squares indicate the measured volumes of lava dome and
pyroclastic flow deposits obtained by the methods shown in Fig. 5 and Fig. 6.
Four lines indicate the cumulative volumes of lava dome, pyroclastic flow
deposit, ash fall deposit and total magma calculated from the records of seismic
wave. Recfangle (dashed) at the lower left side of (b) indicates area shown in

(a).
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Fig. 5 Plan view and cross section of lava dome on July 8, 1991. Narrow contour lines
indicate basement topography beneath the dome before June 3. Broad contour
lines indicate basement topography after June 8. Associated with the pyroclastic
flows on June 3 and June 8 are erosion of basement and formation of eastward
facing horseshoe crater.
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Table 1 List of measured volumes of lava
dome.
30 71
June 1 113
4 31
7 115
9 43
14 98
16 146
24 270
26 313
July 2 430
6 510
8 550
14 630
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Fig. 6 Plan view and cross section of pyroclastic flow deposits at the upper stream area
of Mizunashi river on June 7 and June 16, 1991.
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Fig. 7 Example of seismic wave produced by pyroclastic flows recorded at 14:03 on
May 27, 1991 and calculation method of tremor energy. The sites of seismographs

are shown in Fig. 2.
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Table 2 List of effusion rate of magma.

Date | Effusionrate (X 6idey
May 24 v ’ 15
May 25 20
May 26 ~ 27 e
May 27 ~ June 8 30
June 9 ~ 12 p-
June 13 ~ 16 ] pye
June 17 ~ 24 s
June 25 ~ 30 =0
July 1 ~2 m
July 3 ~5 25
July 6 ~ 8 Py
July 9 ~ 14 32
July 15 ~ 4

112 (2) L E U IR E A T T, BFAUROERED
EiERE 95, () 1 EROESE F— L2 OEMESEZ
BT L5, v/ vOBEHEBEIET L kD
FE2HR), zo=I/<OBEED O KRRHERM EBT
KILIKDFFEEF|WT, EE N — L OFEOELRER S
T3, (5) RO /v OMLROBEN S, v/~
DRAE H & DA LR %R D 5.

i @) e, kKBkomETcEY L1 3K
TkILIR (ash cloud > 5 ® fallout deposit ; Fisher,
1979) o&%E (DRE) %, A& F— aAbh 5 OF%ED
1/4TH 5 ERELTRD 2. 7 ORI, LT H
(1991) <, 5/29 ® KBEFRICHED BT KIKOBEAEH
9T+ v, 6/3 DEBLERIS0A L v, 6/8 DEBEEEHR 100
Tt v ERBEY, ThooBTAIUKOEESEEL -
BEORIL/4 TH 122 &Itk B, BRMWDE VDI,
TRTOKBRITOWT, HBEEREOK 1/4 BT KL
JREWBBEMEIDRBAETH 208, T T TIRIFZEMG&
LTI QEGZEMER L.

KBRS IRENFTE OIRE) — % )V F — 2 i - TV
TG N - o & KBERHEREY OB O Z kiR, 91
£5/23~7/14 DHIFI T3, 6/3 & 6/8 2R T, EM
BEREZOTWHATEIL—HLTVS (F4a). <D
TER, KPERORE T % V¥ —WIEEF — L0 5D
BEIHFITEE VI RESRDIL-TWVWB I EERL

TVW3EEZLNE. TOHEI KNI, "9147/14
ETOT /< OREIYRIE 1.8X10'm’, BEF—4
DOFREIF 6.4X10°m?, K FrFHEREY O BAERL, 8.5
x10°m® BT KK OBRETREIR, 2.8x10°m® &78 -
7.

'91 4£ 7/15~92 4 8/10 DIAR 0 &1 ¥R O 2Ltk
B OGEAK D) 1], FET/ISLBICES N - ADK
BOERBEMNE LN - QF), UTohE
THEELA, (D BBz A V¥ —-ERET S (2 91
HE.5/23~7/14 OHIRI TR L 7o LBIREAS 7/15 BB b
BROIoE LT, R KRR & BT K LKook
ozt skn 3. () /15 UKD < 7 < DIEH
RIiZ, 5/23~T7/14 £ TOWHROEIG, S, 3.4X10°
m¥day £ 5. () BHEOEEL S, v/ vk
EHEERD 2. (5) v /v ORBEHED S, KPR
HEDOFRE LB T KROEED BREEEE W, &
BHE—-ADOHKREET 5.

CDHEEIC & » TR 12 KRR OB 0 Z Vel
i, "914F 10/15 - 11/25 & ’924F 2/19 « 4/25 it B+
HIEERZASSK 0 7 R HME P, 92 4F 6/3 IRk E AR
sk ERE (B8N a) LBRECTHTL—5
LTWwa, Zolhicinild, '2FE8/10FxTcHo~s
< ORBHE 1.5X108m®, &E N —206HKiE 4.8
X10"m?, KRR OBEREIL 7.7310'm® BT
KILIR DR IE 2.6X107m® & 78 - 7z (3 4 Xb).
915 6/3 2 6/8 - 9/15 D KWEIRIT K - T, HEF— 4
& KPR ORISR ECE(LLTWAE T Eishd
3 (4K a, b). 7, FLVESEF - 20HBRIcH
BLT, KBFROFEHEESELTVE LI ICRZ 3
(E8M a). LrL, KEHRIZFHL THE30T m¥
month OE[ETHRELEITITBY, 40EAEDD
HEZRSARKRY (B8N a). £/ TOoHHEILN
E, B8R b ok DT, KBRHEMOKRE (KR
DOFEEE) OFMEE(ETIEYT S LHWTMETH
3,

4. 6/3 - 6/8 DKFERDFELEE

HZET DIRBHRIZ D = 2V F — b 53R - 2L
GBI DKRVERFR &, 6/7 & 6/16 OEHME (EIX
o) 2 5HRFTE B KBRERY O FEOZ LR
(EINOMHVEE) &—FK L7V, oRRKEIZ, 6/3
L 6/8 DKBERTIZ, KEERICHESIRE) = % V¥ - ISt
DI FNVF - bHBF RSN D THELEELD
na.

CoT &R, (1) 6/3 & 6/8 DKBFRICHE > TES N



EME 1991-02 FEKOEHYEL 6 A3 H, 8 HOXRROFAEME (ZH Eh)

(a) 8000 YO0 N TR TN N TN N U NN N U S TN T TS T NS IO N VU (NN 000 OO0 S OO 0 N S SN T T T T T T 5 S W 2506 W Vo o

6000 - Volume of pyroclastic =~ Aot I
E flow deposits

=

: 4000 - B
g

"E Measured volume

> 2000 o L

0 rrrrrrrrrrrrrrrrrrrrrtrrrrrqrrryrqyrrrrrrrrroirnr

3t 30 31 31 30 31 30 31 31 29 31 30 31 30 31
May June July Aug. Sep. Oct. Nov. Dec. Jan. Feb. Mar. April. May June July Aug.

(b)

7800 PURET T ST TN SN T TR TS TS T ST S SN WS SN WK SUAY SUNY SN T SO NN TS TS SN N N NN N SO SN S T T S N

76007 Volume of pyroclastic

7400 flow deposits

7200
7000 -

6800 -

Volume (10*m’)

6600

6400 - Measured volume -
6200 ) SN S o e w S e S E S S B B S R B S R S S R AN N N N N S R N B S B B N
10 20 30 10 20 31 10
June July Aug.

FOK IREIHIY & (E - I KRR OFRBEEIL L FH L IRE ¥ —aSHB L cH (o)
(a) 91 4 5/24~’92  8/10, (b) '92 & 6/1~8/10. L WAE F — 2 OHBITHE L T, KB OFEESRENZELL TV,
*91 4 6/7 « 6/16 OFEHHE () FHEFE, "91 £ 10/15 « 11/25 & 92 £ 2/19 « 4/25 OENIE IS E LBz, 924 6/3 @
EREREERE L APERICE S, DRE ~OZ®BREHIZ0.7E L. (@) OGLOEFEORE, b)) R U AT
ERT.

Fig. 8 Volume variation of pyroclastic flow deposits using the record of tremor. And
the date of appearance of new lava dome. (a) from May 24, 1991 to Aug. 10,
1992, (b) from June 1 to Aug. 10, 1992. Appearance of new lava domes changes
the frequency of occurrence of pyroclastic flows. Measured data on June 7 and
June 16, 1991 are from Geological Survey of Japan. Oct. 15, Nov. 25, 1991 and
Feb. 19, April 25, 1992 data are from Geographical Survey Institute. June 3, 1992
datum is from Public Works Research Institute. Convertion ratio to DRE was
0.7. Rectangle in the upper right of (a) indicate area shown in (b).
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Fig. 9 The gaps between the volume of pyroclastic flow deposit using image data and
the volume calculated from the tremor energy of June 3 and June 8 pyroclastic

flows without modification.

During the pyroclastic flows on June 3 and June 8,

the excess energy due to landsliding or explosion increases the difference between

the calculated and actual volumes.
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Fig. 11 Relation between the volume of pyroclastic flow and runout distance, H/L ratio.
(a) Runout distance of pyroclastic flows from May 25 to dJune 8, 1991. (b)
Relation between the volume of pyroclastic flow and runout distance. (c¢)
Relation between volume of pyroclastic flow and H/L ratio.
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