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Fig. 2-1. Map showing contours of elevation changes in southern Kyushu before and
after the great 1914 eruption of Sakurajima volcano (After OMORI, 1916).
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FEORIL, FRChi 5BZICEORE BT 5. FE 1950) i3, 1914ER D
19464 DRI DO IREB DT X 0, BEABEOLEHA, HBRASOYEROLELIC
BERTZLLT, ZHOE - FEFAR K=k TEL/MHYER=0.4 755 BHEARIIT
el fere (1956) 13, =F A ¥ —DOBEFLMHCBLT, WEL KILOHELEYE
Z, BEIIMERMAEORRY = 2 L ¥ —HFBBEMEL TS, ChbDEMLR
ehBR (A97) i, 1OM4EDKREKDOBEOETIED 4 O, MELFH» LTS OMTIE
WOENRC BT DENMAC L 2HELETHE LTHATELZ &, FOBOBRELH L
FBEOME e F AT s THBEINDL E L.

IVAERES KK ORI, 2 LR TH>1DT, YLD L 515 DR
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RfFbite, 1914EDKNIKE, BUSKIIZ20ERHRURAE L 3 » 7o %, 1935459 Bi2id
FITE A I & D /NI4T, 19394E10 A 12 ST ILAE X D Wik L. 19464 3 7
iy, 1939EIBi o Lo ks b EE HHT 500K RIT o7, B LSRR 0.09~
0.1km® L HEE SRt FREUED, 1946). Z DMk, 3 » Az ETHRT LZOBRILE
RILIBNC A o7, 19554E108 X b FGILTH A 0IC 3s1F 2 BRI KR BREA L, (36
R R BEC S TLET TV A, ZoMBED®YT5 80T, 2o, «
VRO R, ER & h, £ O%RAE LR, ThboEkhic X 5 IEE)BMo ZEE) O
BOEAY, BB KUOBERRE ORAMORMED D TRICHBNS,

II. 19464 - 19554 /K A LD BAMIICES T 5 kER R

194653 § L X » b A TR T, BEILUEL D EEL I UK ERL T,
BEBMC R\ THEE X5 BROBRDKERNR (FZ4 7 440 F) HEBSh, KK
R U @Bl s e, o i, BOREHE L cHEio
Ric b M EEHFOBH 2 AL Tw 5 LHEEIR TV 5 (K E - AR, 1946a. K E -
#4018, 1946b).

19460k D 9 4%, 1955410 & b B THHIUTHK 0 THEE KL EE 7. 19564
128wk n (RBEEE & oY% s) ©hd GSIBM-2500 (LIF GSI #843) o
KéEEZAAE L LT, FEED CREFFAEL, b RICE 55 25 km o ic290 K iE
BEOMERR X h, 19574 2 AW KEMBEHETHABERELC L - T, F1BOMNE, EHE
Shic, F19BBE2 Ak 2 MBS kI tbh, ZOMIAELLERHELT, 8.9
X10~¢ oL BE%ED (XAt e D) ofilARE T T 5 (FiE=, 1958,19%1a).
19584E11 A i3 25— A EH b5, ThUBRBNMRY, RIS SPFZeT B
BKILBAMCY - T, BEBEER I TS, FR1960FECIMEERDTDF L —
b, 19634RICIZA U S ARk v — P A EEE S h, RBOEMILEOET SRR AT /e o 7.
X 5196341, FERETIR O BM-2467 X b BfErt % (8l » CRIFD £ BM-2474 iz
ELWRE (ZOBBROF IS OB A LT FORLEFENTWS) &, FBkiE
FOVHE S REFENRES R R E his (LI, 1965). = 1 b DR OKENR T L » T
WX RS R OEE O REIFERY L 5.

1. 19574:~19584E RS B P AL R

2. 19584~ 19594 B DAL A & Fp T 2 T e

3. 19594 ~19604 oAbk, RECRFED2ET 28R HAS ()
\35)

4. 19604~19614 B0 st ks L. B[oF A — b BM-S-111 (80 mm),
19655 L Ska A D K ILTE D

5. 19614E~19624 1957 LR o e iR o iR 4k, ThRRH B, rhiuif,
NG

6. 19624E~19634F B2t - TR
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7. 19634E~196443 A FIDFL — t OKEES (BM-S-111) k& < F&#E (62 mm)

8 1962E~19644:8 5  BloFA —+ (BM-S-111) 23 A UL HED b BiE.
(iL8H, 1965) X b #p.

9. 19644E8F ~196564E3H ¢ Erhori BM-S-111 GloF A — b)) KiE ki35 (80
mm). dLMOEFILHEITH S

10. 19654E3F ~19664:37 rRRiBi Lk, LTz & A EHEEVRIEERE A BRED &

b
11. 19664E37 ~1967TF3H rhaifffin e, Jti (BM-S-29) & jijfEcs| &kt X ik
i

12, 196743 ~1970428 7  rh i Z B {fih, BM-S-111 ¥fE: (14 mm), Jbif—iHs
Feie, 107 mm (BM-S-29)
(19684, 196941 il EL)

13. 19654E3 7 ~19704E3F M EDEHL — b ORELHEE L Y = oA FH5E ©50
mm {ZE3 5 R
(L8R, 1971) X b #He

14. 19714E X b 19T44E3 e i TR LR (BM-S-29 ¢t & h %) 2.5 em/year @
HETHREL, 24 FSHMTO~ 7~ ikiF 3 HME
PHEE S Rt SR LT ol TEMS kRSN, 197241 T
B, 19744E1 24E R 489 (@D HRIREYTT kA 564, 19604E12
R & 28 B O ITAMKIET B2 50 2 5.
({LEA « FalE, 1975. {LEH - eft, 19861 b #Hpp)

DL MBEERCRSF 2 MBEHEHORBEL LD, KO X oRHEE K th
hic.

YOSHIKAWA (1961b) ¥, #E&IL#MORIEE, A (1957) 1tk > THfHIhTWw 3,
BEITTER A V7 5 eh 0 T OE RO PIRE N ORI K X 5B IET & % %, B
BT O X 0RO BOHEEZ AT, 51K, MERLTTL/NIRE
NEOHFELHEEL TV 5.

LI (1965) 13, WEKIUEZGIBRA VT T8, H# T 5 hyuifi T & BE kilisk
ODEOMT LI, TRERELEIONBHE (=7 =EY) 250, TRLOPEFEHD
R L ->T, CO—MHOMBOBRALTIAELTHSELELD L, MEBNICETSE
HEB RN, ERMCHBTES E L. 4B TEIE< 25 5RTW 3R kLo
DOERE 7R PRI RO TH o1, RRELIOBIC L » T, L
K (BEHIE) @R s R, F ol B TERLEIEHLTV .

LI (1965) X3ic, o X 5 AW IIED FEHED) & B D K ILTES) O B EINZE LD
Blifitk @i L C\ 5. Fig. 2-2 13, ToOMAMGEY RLeb0oThs. WEHTEGE
ERERE KA (BM-S-17) 2 RHj4 e L, BM-S-29 (B&4k#) 308 BM-S-111
(BB RiE) @ 1957 SELAED LEZE L, ThOOEHIH LT, WEDBEIEER AR
R (N), $XOHBEEBZIESE S KIUBINTTE) © S-50 mEst (N-S K&
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Fig. 2-2. Relationship among the changes in elevation of BM-29 and
BM-111. The yearly total number of volecanic explosions (N) and
the yearly sum of the square of maximum amplitude of explosion
earthquakes (z?) observed at Yuno station (After ETo, 1965).

) Wi S BREORKREO B E#MOFEMHKBH (¢°) HPRLTHS. KKHL
Pk, MEOEBRT L - THItShd KILUEHO =51+ ~L, BM-S-29 & BM-
S-111 O REBFIC L Y RFEShH OO THHBHED, BEHKUED=F L ¥ —L
OHEMFEEY L HELTWDLLEELLRS.

D X5, FEAKED SEREITRE KL £k & L, BEEPICKT 5 EH
B & HEOBAED & OHEMGBOMBOBINFTHh, BRILF I THCETS
ENE, BEKUTHOENEER X OCKIUEDO =31+ - OEABFAKFTH LM
Thi.

III. BRALFI7RADHEHLEHORE (EhEAHAOKLEY)

197448 X v KUK TRnEHE A A 2 — + L, 19764 X o B kIO R ESTHEN, &
HOKZEOBBEAFLE LT, Boitbhiz, ZofEPRRSEAICEWTE, BRILT
SRR OREBNOEAELET L, BEMELHEHOMKIED & O 24MBHk 2 MBET5
TENBRHBO—D Lo, ZhHOHEPREAFIICEEL T, KEMRETHEL T,
WBRAATZ AR, Tibbiy 20km HHO, BRESEERIERETET (BM-2785)
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Fig. 2-3. Locations of leveling route around the Aira caldera and the Sakurajima
voleano.

IV IANFSREL, »AF SRR (BER) 2 Th BMzE2197) WLt HFOBE
Rhnta AR (BM-2480) wiEET % Meir (RIUKRFIBEPIZERT) &, AR A5 LS
%, MBS BM 22 2797) X b KBLEEERYFEAFCEEL, #50 (BM-2500) %
BTHERBRO &K GREARZED KPR B KILUBHT of8xssebhik.
Fig. 2-3 i3S BNFTC SV TR S s B a R L.

WHEDOMEAER YR TN T O LR L > THREI VT 5 EMEKILDOBMEMEN S 5
CEHLEM S W, BHIBRI AT 5 BRI 315 BRI O KRR T TS
L, FMIROKEESER LMD LHRTERL. ThbOKIENRIC & 5 BHET O K
Ric, WENR, HEHNESZONMEHRIRCMONE, (b OB i TRITT 5
CERIVMEKUDEHD X451 v 7 20MBIX LD EBEOEGCEENELRD LS
it ot

1IV. BARALFFRADMRICE T I HREH
197545 5 O ERE BRI 3\ T, FEHYESLH AWM SE L CKERIE, Fig. 2-3
CRLAEHBALEDR, CoORXBOMBEC X > THRBAIALT FERFROBENEHEIIS

LI hic.
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i, 18914 (BM-2480-BM 2 2797) %Xk o 1894 - 955 (BM-2785-BM % 2797)
L D198FI oD, B K FIFERI, Z ORISRV TRE I WA KERREORLD,
4o AR %> < b Fig. 24 R LThH 5. ThLhofllRERBWT, MRRKHIR
fLoleh, HAVIKEEORSE, i, BEFRIVETLRDIEES (RHA)
Bz ¥HEEHRVH, BHORNFEACET 5 RELEHAL, CONKI > TRLHERT
7. Mdr (1) OFBE, 1914FEREKIZE BT L RL TS, & OOLEE#HO
Ay =R, fBE—KED SANER & hE 5. (1) wwis\Tit BM-2787 #3EHE5 & L
TWwaA, R OMORI (1916) X quil, 1914 EFEREADOEIZ K X% 50 mm DIk
(BERARTHHMEOBREISKESY RS L T5) 2EUTVWHETHAT &% IKHL
TkL. ¥ Fig. 2-4 o Z£MOMBRRECH 5 #EgiE, Tsusor (1928, 1933) iz X »
TR S i OER 2R LT\ 5,

Fig. 2-4 12 X > CEHOMMFEY 2 5. 1914 FRBKIC X BT, Fo®HEoO
BB EEHL TV sz ERESREBL, i, 2), 3), 9), (10) oAk
BTFDAZ—vRIUTHD, ZOBBIEENTY, 1M6EDEEY B L ADR
Mk AR ROEENED SbRhD (19324115 ~19464 8 A). LaL, HENZI 1946
ENLKDOEHTE THREL &, WMARERCY s THhBYE L ETHORHARLELHT
HAHH., FORIELTIE, ko Fig. 2-5 OFHOBiNS.

Z DAL TR RS RB T 52012 6) WiRLich OC, 195343 A ~19564E 6 A ©
WEERTh D, Z ofiklicit, 1955F108 2 50MEILTEA DRI 5M AL FAEL T
W, R B E R TN, 19574 L 1962E DRI Ui, S0 2 i 113G
KRWTHh L 5, 1960 Ex &35 INABRHERC HIET530EE2 bR
5. 2O, BUEEPTIII95TE X 0 1960E 1 Tk BRREAEI I h T2, =0
fefRiy, MAMEIT 215 7RO~ 7 <@ HOEIINC X 5EELERL TV
EEZBRD. FR1960FE~161EIT L bR B PRI, B XKIUTHD <
F=RBYORMEEEL TS, MR AT SILHEMC BT HETNT, FDHI624 3 A~
196811 A i it ffin in e, 1968117 ~19754E 3 Btk % R L, MEBNK BB
B RFMULTC S, 19T6FELE, BRGNS <eh, 19T8F LR, JLHMEmG
TIX, UDLAWLEDHANBRED X S 1.

X THNT FAHBHEPOR D KLESOETICOWT, ZORMBATFANTHS.
KEEE DTS, A, SUREOEDI MY S A TS OS50, Eihe LTBM-
248455 (IEANTROM), FEEH L LTt BM-2789 (GRSMTEHTT) EA . 278988
AT E VG, 21978 (B, 55\ 327928 (BILATEFII) 27,
BE S5 D TRABRICIIARIY TH 528, EEMLBEALERTLHITLTH
L. 20X 5L TRDEEHEY Fig. 2-5 RLE. X2 hLs5ssitlEmgs Lk
OEHRCR LA ORI, Fig.2-b X -T, XVHLMEIHAERD., 2D
K¢ REy A & Ui BM-2789 13, 19144E 0 Ars kD B2zt 100 mm SV IhfE% 3R Ui
BThHaH. TOZ ELEERVNICS 2T BM-2484 oZ % 245, Fig. 2-4 D£4K
FIZEE R CIX R 194652 ki X B8, o Fig. 2-5 hic i TRLc X 5]
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Fig. 2-4. Elevation changes of bench marks is the northern part of Aira caldera

and its surroundings.

Data obtained by GSI and ERI are compiled.
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Fig. 2-5. Secular height changes of bench mark 2484. The datum
bench mark is different in each survey.
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Fig. 2-6. Secular changes of BM-2474 relative to BM-2469 (After Eto
and ISHIHARA, 1977).

BEEEA1RE 2 BND., 1MOEHKIC Y » TR E LI ETHHPARTHS.
22T, LB AR A977) Xk B BRI T LT K HE T BM-2469 1235 Kikj o Sk
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AHE, INFIRACETEYN L CEFTED. Tiobb, 1M6ERACKL T
e Ulc LT 5HmIRA U TH B2, Lo, BM-2484 ZET) Cid 1955 WK GG
AL L SN B WA SRS, Tz, BM-2474 DL X - Tik, 1960 EIEEHZE
L X 2 AR S W T 5. —77 BM-2484 OZEBhIci, 19604 BT Rl i
REESELR TGS, COMKE B S TEL AR, BB KL CHRERE
WARETSE, TRARIELT, #AF I EATNTRREDEEDS L IIWEREL B &
TH5. UEDI S HEDINTHEZEDIEHLBRIAT 5 HOOEEER & OBER
BIfRIL &b THRIC » T & .

V. BRALFIEDLEUEEANOREE R L6t -THE

1975 X b Oifeb AN X 5T, HAF 7 0 & MBI 5 K EER o [ g
b TTbhb ool COREFHEHMOFEEMNDO—DIL, WHETHHY
BKUOBEHORGHETSHY, BHORBLHARLOMEBLEIME LT, TR0EH
OTFEARICT 28D D, MBS LIOBRY A F 7 B0 ETFTEH LTI,
IOL4SERMUK Y » BB O T HHTE, ROFOBROEFHEEDOMEE, 7o 5019554 &
h OHBIETI OB L »C, BT A7 5 THEREKUTROENED FhEFh
DAY & FEILEK 0 OFH ORI D TERINCITN L ) AT 2 Tz, BED
B RN —R SR THET A 413, EhOTHERLRAL L2 5.

bR A BB A DO RIELTAEIY, MELUTEA D OEMA1960FIE % 2EEO & — »
HHRIETH -7, ZOHEL LT, 19744128 L 19752 3 B O FIRLEE X D 2ol
JeEgo BM-S-29 oZEWhiE, #UEVRIBIRE 5 Thvts (LHA - BE, 1975). x4 1975
FEIRTHEME LI R A AT 7 BOOPRFSTE i LE 5 E O HEEEHE, 196841
K S hicHEMBEERIC X 5 MERECTHS. Lih -, 19T4EOBEREILTESE KEHD
V=7 5HEREELTO, BEILVTF S THROENROMER X 5RiEYS LTS
DEMEhTHBZ Licies. £hdt Fig. 2-4 o (10) REATWBERTS - T,
BohEh T SEThLBRENEL T 3.

BERICRT 2REEDEMUT 200 ED TERLFERE LT, BCHETHE
WIS X DERRENE = 7 AHGH ST\, 19M4ERBEKIC X B E» A5 5 L0
REZEB)IT O TEEAR (1957) 13, IRERREME A PIR O BRI DI 313 B A EL bIc & 5
ERERTRNTL, TOEDFROMBBR»I» AT 5 ORLET 10km ©h 7T,
SOMDEED S iz, 3~4km DYEEYHTHEREFRDFE A 20005 FEFL Lo &
RIDBBPTEDZ L ®RLE. Wb HHEAREF L THSD. YOKOYAMA (1971) (252 %
EFBOENFEE X T OB % HWL, ENFOESY 6km & LT3, YOSHL
KAWA (1961b) 13, 1957 4 X b 1960 sE1c\ 7o 5 M, BUSEMIC I35 KEREIC T -
TRONCEARD Y, BAEFVICL o THITL, ERGBYHELE. FOBE, +
ENFERBEIT 745 5 s RIBT 10km, #2510 TF 3km, i+ 5 BIEHE
%ﬁﬁLzmﬁ%%%»miéﬂ%%x:kot.:mmawm%@t&m&*%f»m
DWTIHEBIZh T <.
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Fig. 2-7 EBwR Ui X 5 e EBHEAIC, $R o ORRENEREETZHE
OEEEHOES (L, 1955) XAV, Z=—f CHmEHE LY, EHE 4p O
KEZALD A U a0 EFOEREE LS. K7V viks 0-25, EHEROER a 2
T fRHLTHARAZG (a/fK]) OFEHT, KT s BELETHR Uz, 3I0K
LR Ur ZThZFh&RTEL LR,

Uz=3a4P- f/4p-(f*+ R?)** )
Ur=3a°4P-R/4p-(f*+ R?)? @

7oL, p BRMER, R WENFEE»BH - REHFMOEMYET. ENFEE
DOJ|ELEFEY Uz LThiE, Q) XT R=0 &k T

U,=8a*4P/4pf ®)
CRBHBRD. @) REAT (1) BLO @) RITELRLH
Uz=US1/[(R/f)+1]*" )
Uz
z
L Ur
Ve
f
( 23—— R
1.0 | o,
05
Ur
0 o 20 30

R/f

Fig. 2-7. An outline of the MoGI model (Mogi, 1958).
Vertical displacement Uz and horizontal displacement
in the radial direction Ur, normalized with the maxi-
mum uplift.
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Ur=U2-R/f/L(R/ f)*+1]** ®)

CEEEZzORS. Fig 2-7T TR U wwX - T HMK{EL? Uz & Ur % R/f TRL
T 5.

LHE. R (1986) 1%, 1974, THELIFEOMEFBRIC I 2R L5 5 L EREBN
DREEZRZ VT, BREFARIZENRR, BRI 5 THEREKIUTS
D2APMEEL ZENFETF VLI > THENILE. 2EDFEEFAYEL HBAIIT, 8
HOFENEAOHETET D NFERNOELR L, mE@ LOEIFHFORE—TELTES
BNV ERIRDENVETHD. TOLRNTT, ThEhOENRI L 3 BRELH
ROFTREbBYELHZENTES, T, IH#- Fi (1986) X3 2EHEES
M X AR OBEIR 2R3,

Fig. 2-8 i3, 19744111 - 197545 3 A ~19824£10 « 11 « 128 Dz 4 U 2225 k1L A
WLEBRBANT SRDOBREEDHEASHHRL TS, 2 DRKRO1ITEL 519T64E DR
CHEULEREBNOBALDR LD, MEXHTOBRE LT 5 HEHTIo—20FE Y
BRELI. ZOENFEOHEY S FHMEBADKIESTONT, ENE» LD ElEL 8
FROBHETIR dh OBREL RN, ENEOMBLEEIYE 2T, BRKEFL0OBEHR
tiRE o< Y, BEMOMELTIE dh Wik d L < HETHMBERPEHFETRDE.
FERIL Fig. 2-9 WRL 2, Blh% R 5 DRARE L E L BM-2786 i —8.5 mm »
Lz b2 Fig. 2-9 o A OfFEORES 0km ENRYE 25 &, MR, Bk
PR X WA LA, EROREITES 10km & A EHE Uz=—103mm ¢345) ©
L ZERPEHE (dhA) ThHs. ARPCEIMEERDOKESIZOWTE, A hbofE

®——8 : LEVELING ROUTE

€ ) ! BENCH MARK NO.

10km

Fig. 2-8. Vertical crustal movement around Sakurajima volcano from 1975 to 1982.
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Fig. 2-9. Curve fitting of leveling data for the MoGI model. Solid line
indicates a theoretical curve for a source at A. Notice that far-
field data (black circles) fit fairly well while those in Sakurajima
island (hollow circles and triangles) deviate systematically (after
ET0o and NAKAMURA, 1986).
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Fig. 2-10. Curve fitting of residual leveling data
(4h—4hA) to a theoretical curve for a source
at B. The solid line indicates a curve for the
source B at a depth of 3km (after ETo and
NAKAMURA, 1986).

HLEEAPDEYASALANATRELTHS. ARLTELLBETE, SHEREH T TO
KEESOPMEAMIL, dhA XY LFE LK ERUFEERL T 5.

BB~ AR BHNOREML, BRIALFS RFHTO A EAfK X 2EEE
R TRBENO. MOENROMEEZT B EHbAhD. HOENFC LS
B TN DT oic, HEBHNOKIESONREOERM (4h) &, A ENFK L 3XH R
DB (dhA) O EhRk o, HEAXODETCHUOENREE L, K0 kb O
(Ah—A4hA) ORFREFN. ZOBAIIES 83km (U=—133mm) & B ENEE
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METs L, dh—4hA) & 4hB (B EHFC L 2EBHOHMRME) »Rd X CHEGLI
(Fig. 2-10). Fig. 2-9 s> B 11 B ENFEOMEAZRFL T 5.

T, BBRAAFIHEMT 10km © A EHREMEHEEET Skm © B ER
Fic X 2EHE (AhA L AhB) % fsgic Fig. 2-11 Rl REHO IR, A
L B %misEg EoEEEW dhA & AhB RThaebRic b0 Thb. KFOAL
rE=fd Fig 2-9 LU X 5 ERERENTRS ST, ROHLiEs bR oK
HOMBEEHREERL TV 5.

SOX 5, 197T4%K X D 19824EK T o, WMEH AT T AT ERERNORELD) R
3, 2EAFEEFARI BTN LhOBETHROTERGbETHHATESL Z LRI I,
Fig. 2-12 {31974 « 765 X b 1982%E 1\~ Fe % [H1 D b @O 4Eh BN 1) % K dE IR R
Lo T ANBOBEETCOWT, 2ENFEFACI VAN LHERIRLTHS. &
NOOFER L DB S ORIIBELRT, HEEHROELTERAIALT 7R UKL
B TWBAETHS. XLIEFDWK, 1985FEIHEH L1z 6 [ H 04BN 317 % K EER
B X > THOALERED A 2 ENRE 7 AR LICHR (LI 1988) ik
BARLTWS, ik X 5, 19T4FERIEEILTEK D OBEKEDA, 195540
BEBBIALISEI90E S X 2B O v — 7 Bl e, AR (1982) 1 LAk, 1960FEK D
G L 19T OET 2 i35 &, HFEIMCBRERD S H - i Tidis  THRE
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Fig. 2-11. Dashed lines are a theoretical curve for a pressure source
A at a depth of 10km (dhA), and a curve for source B at a depth
of 3km. The solid line is upheaval (4hA-+4hB) due to a compound
model along a straight line connecting A and B (after ET0 and
NAKAMURA, 1986).
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Fig. 2-12. Curve fitted to the two-source model for successive periods.
The solid line indicates the compound vertical displacement due to
the pressure sources. The pressure source A is buried within the
Aira caldera and B beneath Sakurajima voleano (dashed line).
Black circles are data off Sakurajima island, hollow triangles those
on the north and east sides of the island and hollow circles those
south and west of the island (after ETo and NAKAMURA, 1986).
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1977. FEUZAH, 1980, 1982, 1986, 1988). = hH i, TR X, BEME
O HRLL T O HFACRIG LT B PR L & 3 2 THOWINER A B e T hie.
MEBECRGEVCEDIES L 2 UBRE GURRBBNITAE) T, 19824118
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SREF LT B EHEIRTWS, 197553 B X v 19824111 ¥ Tt S ElBIc i Ui
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E LB DRno FHEas R IR,

MEW RIS oB ez REER L EHOMENHA ST SRS LTIRk5
< < DEBHORENTRELE L& mLIc. o4 - {LEREZ B LESRICEET 5
TERIDXOREMAMEKIUDERDO XA I v 7 ABENRETES.

VI. BRALFFEREMECEST IERLED

WRAATF B, BOHBRMEDO» A5 5B (REIR) M5 KERGEORL
BIb, BMEBOKUFEHEEELT, 2AF 5 BCMBUBEHE L TWS LIE#HI
T35 (KE-ME, 1957. MINAKAMI, 1960). & 05 Cix, AT 5 BEEMAEOK
BHHHEHELTE DL, FOREBROWTIRBERICREIRTW STk, &
D 51953, 1956 K OV 195TAR I & M ic HURSLIER R T O K #EJ B (2 ORURZ
XTI HELTWD) DRPID—DE, H2AFIEZONEETE L TORFHOHERTH
ot (kb REXLHEZ X ORE). MIEMAEOMIY LK RKE > Fig.
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Fig. 2-13. Topography of north-eastern part of Kagoshima Bay, and
locations of leveling bench marks in the Shikine area.
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—75, FH (1969a) w Xy, Fig. 2-13 dhE Lo 259. 1m 0= TREh
LEME, TOMGES 117.4m O=fE0h 53 (EHOR) 13, LIcAERE
DHEFL YDA, HMCEEMUAERL, FORRIBEIE 60m icEZL T3, L
NoTKE - @A (1957) X - TS WA WEBRREEIL, LEMBEOEMCL S &
THHEDTHETH S, £ TI8ELIE - o Hillf CHE M X i 14[E 0 K HERI B DO R %
AuwT, CoFHOBELEOBRHEZT ok, B 580 ELNROERELFHH L
TRIWEB XM 5854, MR, BRPCHHENES (REHH) 2B/, Fhibv gk
KESORBEREERDTHET 2O THETHSD.  DHEER & HBOKES O ML
BHRETHS. THbbKEESOHESE, TR - T, MEENscihbhb,
FOMEOFELEMECK ELTHEHESELTLES. FORELH O b, HIEHC
RALHDOUBRMNETHS., T2 TRD L SKFEREALE.

1. BT B KEESBOEHH T E A B,

2. HHKERDPHFREE LIS, KCETHKESD BHfEx b LT, E
WEB &L LTHHT 5.

3. ZOMMEOBMAIL LHFHALGE L, ISR L A Ay S
ek, RRETFEDT 5.

CDHKIZ L »T BM-2785 (KEHHT) —BM-232797 (EH 4 #ifE) —BM-2480 (hniaAHT)
DEEIZOWTRDIFEF A Table 2-1 WRL A, ¥ RAEOflixH-T Fig. 2-14 %
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ROEM GEM) DRBEMCHTHEM (FTEH) DKHES © BHER LitbDT HhH5.
KB D 28 LD xpE o, BM-2797 ic/z\3 2 BM-2488 o%#Hch 5. Fig.
2-14 RTBCIXIOIAE R K UUEDOETEDO BEL TR LT 5. Table 2-1 2\ T
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1960FE DO EBEITHRA T Eicw. Fig, 2-14 o, FTRAPRETSHOM LS
ww, BM-2797 ifzv 4% BM-2488 O F @i, 1914FE LGS ML TV 5 & &A% B X
ho, fOKESDH TR, FRIEEB 2R BM-2793 (Z 0 ks S fi@mL,
BREC X 2 MREWSROMEYZT, BB EEL T BLELORD) &
B, 19M4EBF O @EELET LT3 2 EABIIC S 523 5. K2R (1919) D56
CEDEHORED >R EOEHAE LV AR ORIRKTHHNLTH 5.

Fig. 2-15 iz, BM-2796 kb BM-2487 E 2 SEEI2\\T, FRERD KED
ETOREREB AR L Th S, 1914 LK BM-2797 127\ LC BM-2488 130k % i 1
TWaH, HHEZEHE L TRDPEFRETCRD S L, RBrRLE L 5 11914~19564E 10 1%
—0.77 m/Year, 1960~19854Ci% —0.61 mm/Year D& L i otc, fho 2 Xk
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Fig. 2-14. Profile along the leveling route passing through
the rim of Aira caldera (top). Cumulative height
changes between adjacent bench marks from 1891 to
1914 (middle), and 1914 to 1985 (bottom). Dashed
lines show the positions of bench marks 2488 and
2797.

UEDHREEHTDE, WMRANT 7HKEEE BM-2488 (T oM@z, »A 754
R2ATERE % 4 U 19I4ED KT OBRIIE, KX F 60mm, A7 » ZRICEMI E bR
At ZOHIE, LROXSARHET, 7Y — AR ET TV 5 2 LA S
ot COWEMIEREKLUBIC EORREHL2E L CTWih TR TH B, FHED
EE) sz —v X EHET 2 &, MAATCETH, HAHUATHRBRED Z#E L Tk
HExbhEd. KEJFC Y - THP IR 0BT, ORI RT3 H AT FHBK
T EDIRMNVEHOZEZRKRELSFETHI LIENTH 5.

& TsuBol (1928) i X 2 BETI ORI OWTEET S, BEIAVT FILHE
BT s RgoMEIETHRK Fig. 2-4) WRLALX 5K, MILERHOEANEHIA T,
5. ZhBOBFAHLICREC 315 AR E RS EoRHEELFET L, Ra
LASCEMLESN, FOI5ERIELL L. BREE, BEHEIteETT
JEOBEMC X 2 Wb Tw 3 (B, 1969). EoHufic kit »EBRECHBM
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Fig. 2-15. Development of the height changes between adjacent bench
marks on the periphery of Aira caldera from 1914 to 1985. a simple
relation between height changes bench marks 2488 and 2797 was
obtained by the least square method.
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Fig. 3-1. Topographic map around the Kirishima volcano
and leveling routes in the area. 1. Okamoto route,
2. Ebino-Kogen route and 3. climbing route from
Ebino city to Ebino-Kogen area.
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Fig. 3-2. Distribution of bench marks in the Okamota
area.
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Fig. 3-8. Uplift and apparent tilt in the Okamoto area
from March, 1967 to March, 1968,
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Fig. 3-4. Uplift and apparent tilt in the Okamoto area
from March to November, 1968.
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BEMTHO WEKE N T ey 7 fifR4 L2 —HELTHELTWBZ L B
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A% & e &M OMB TOBIMNE| & 2R TIENBN S hico & ThD. 20X 5kH
B H o EO R4, BHOLNAHHTREM LI, BRIENORGIREL
folthuE, COREEEREMAINRD. XL hbOMEORERITC oV T, i
EHENAORR S L O HE KILTHO MEREENGED PHcLb2Ld E25050
T, MR EETERVWED BRI TW5 (MINAKAMI et al, 1969). BERLA X 5
2, MAHEH LT IHTIRAD T — ¥ —RENENEhTV5. 0 X5 i BEOHEEY
L 0NNTF SR THENRELLBER, »AF70RECEILT, H50IHEDSR
TEINC X o T, YORIBET Y AT 50, KILFEMILEb) THES 5METH
5.

FD MBI TEE L, 1968FED X COMRMEL L, BERO LT 7 HABRME
LN Fig. 3-5b WRT X5, BHECBHLTCVWAZERERLTWE. 2hbo
kD, SHALT S NICRET B RAERS, X OB > RERY, X
SIEEMICENT A2 LI X o THAF FHRBIE BT A LUEFT &, BREHOBEGED
RMERERC L 5 &% 2, WEROILkER #f7 L. Fig. 3-6 ik, H—KkILK&EDOH
AR, 19704 9~10 Hizid, HET—ME—FTF (AR — FITOFRERO 1 6
B oOflE, 19T4F1~12H B ORBROMEZREL . LOMEHRT L SRR
WK K, AT T IO ELBEEk §5221-028% R E) & LT Fig. 3-7 Rl

1975~ 19T6SE T INAIE » A 7 5 LB T, BN 2L IR MERD A FRE L.
Fig. 3-8 Kz hbDMBOBRB LR, TOHAF 5 ARFEHED NEKOMBED <
729 .- ¥z, 1975610817THD Myvo=4-2 GUEBFRAHESKILBNFCE?) T
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Fig. 8-5. Distribution of epicenters of earthquake swarm
in Kakuto caldera (MIYAZAKI et al., 1976).
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Fig. 3-6. Distribution of bench marks in and around the Kakuto caldera.
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Fig. 8-7. Vertical displacement along the leveling loop in the Okamoto
area from Sept.-Oct., 1870 to Nov.-Dec., 1974.

Hole. TOMBERI, WAEIALF S FHHLL 16km Bo AFMRC BEYHT5
owER (Fig. 3-8 ) &, HRMCHLICHEL TV 3R 215, M
FRDH THUEWICREE T AFEHHELR L. ZhbOMEHORBERETOWT, F
BRIUBRBTOMETI &, BERICHR LB X - THEAIL I ZwEix Ay, I
hRELREOFETHE LUIER, MAE» V7 7 ROMERL, JLHE-—FTHE I EfR
DEEVED bR, T ATFHIED 7L — A2 DWCIEIETEF A O R B L .
IMABEH L5 5 NOMBERHORE OB, 19684 X O BERMED L 5 HOMED
MESAL D BEIRDIEHED HAELEBELIIC —HK LTV A BEN BHhi (T
A, 1976).

19765 4 A, RABED VT 5 NOMBRERIRC Y- k84 No. 10 (fREFET) X b
No. 6 (BE) FTkI% 6.5km DOREXITL, 19684 10~11 BORBE KL 1.
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Fig. 3-8. Epicentral distribution of earthquakes in Kiri-
shima voleano from Sept. 29 to Deec. 81, 1975.

Fig. 3-9 i1 19684:5~10 « 115 (dh,), 1968410« 115 ~19764E 4 F (dh,) X U,
FOHOI980ER R X 519764 4 H~19804 4 f (dhs) @ 3WIHIOEBZRLI.. 5
B kLB FTHER ke S KVO No. 1 2 fE#e b 45 L, 19684 X b 1976 SE DR, A
BEr A FSHAOMERLBEERLICEHEEEINS., HH (1957) X H2MARAI LT FD
BE, BE BB, 200K, BIUVEFEYHESETHS (Fig 3-1 28). Lx»
LIk (BL1E) i, 208t Fig. 3-8 kiRl i, XbdthemiEts
Lubhd, wWTFhicl T, KVO No. 1 BinABEE» A+ FSERACMHBT S LE LD
hs.

HWNT S HICHERENRET L E, ILFSHAOLENETHZ EVXERTH D
BIE, PAF IHEBEORER X UMIEDO BENOBRC TEARFANLI X HERh5.
1968 DHE HTH A AT FHIIHENCIHBEL TS5 EE 255, TOHOBEIK L S
WREREINSCONRESTH B, BERFZONMELEEL THEDHOBRIAPIET S Z
EEL B, COREEOWT, ILRTESCHERERS L4y MY, FO#%
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Fig. 3-9. Height changes of bench marks along the route between
Ebino city and Kirishima Volecano Observatory. dhl: May-Oct.
Nov., 1968. dh2: Oct. Nov., 1968-April, 1976. dh3: April, 1976-
April, 1980. Bottom :Terrain profile along the leveling route.

MARES LT FHRFBEL TRV, BEETHGOEHYE Y, ¥ LEEMNRE
RFESEE VL LS.

19804E3~4 5 1ItiE, MAREH» L F 5 HOFMTHE E .0 &35 EEE T TliET 5
Lidr, AR DB H O S LT FHBEM I HFARRCHBEYERLASNERZE
BL7:. XHCETHK IV HAREELT, HEH No. 10 b KVO No. 1 o
HMBTHEEEL, AT FHIBONE Yy FHEES (HCM) ¥ ToREEEHK L. 20
B MARESD AT TR IGITHE IR B KRR 2 e L.

1970459 « 105 ~1974410 « 11, 19744510 » 115 ~198043 « 47 0 2 ] 1wt Ule
mr (KO-1)—HTF (EO-B)—M7xH (0-8)—ME (0-A)—xily (KO-1) OBBREKIRC
A U2 % Fig. 8-10 RLiz. Thbo FHRTE, Mo 0-1 5 (Fig. 3-1
BR) AL Ui, BRBEOETTHZEDOOR, 1970~19745E 0 fic 4 U e BT
OETFH)OFRTHS. KOMHMTHRIZL L EBH LA L T SIERT, &b
BDTHBITH B, 1975 « 19TCERERMEORTK & T 51, BRENEHEhTETHS L
#xbha, ZOHERIZEULEREITATSHS.

Be—iEri o K © KO-C (), KO-3 (R%), KO-B (i) oz B3 ZEH
PEUR. COEHOWTRED A2 -V 1), PDRMBOEHY# 2. LHrLB
s HHB LI GD X5 HEE LY. KO-B o th 523, REHZE, FENES
THREOEINLD, \Wwhdb v ADFRAARBCEIebh, i 30m 215
AR LTV, ¥ 5 ADBEIEIIMIIT 30,000 m® Z#x T3, %O ERRHBY
CHEAEA LT KO-B 2L E 2 5. KO-C nikfEd A0 REME RS
BeHabhs. FAIXFATHE X D FENCT %R OB iZE L, B ERiEE2HR
5 kFFHER Y GRETE, ik, 1968a) wHBBELTHD. Licdi-T, BEEELT
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Fig. 3-10. Vertical displacement along the leveling loop in the Okamoto
area. Middle: the period from Nov. Dec., 1974 to March April 1980.
Bottom : terrain profile along the leveling loop.

BRMEEOBELEEXDDONZYTHES ).

LB & 50, MAEED L7 7 NORBET & ERE O MCHELBEFGEND 2 5
Lz &l o7, BEOKERBENAHEINTTE, I RoEvE- T OlE
HHOMTIEEEE ORI LS.

II. XUOFERCETBHBLTE)

AU ORFILHFS KUBRORGETH 2 HEE, I UKED, 200F BELk
e Ehic—KRRFEOBRHKTHD. BMEEROIAMLET S AERFE LY RLE LT,
WA HBHT A2 > T 5. BIfE, BABHARLERLOT, BABREILEhLE
Lic—HThs. »2TEBMELTIE, HERIARIKbh T\, 19544 7~111
T, WHEAEMCL - T OMROMBFRELER I W T3 GUEFEIT AT E L,
1955). WA HRARPIA L/ 19595EEH X b, Z OMIRCIBIERAY 4 LT 205, &
ik isbh, ZOMKE, BECTIRATFEERXEBCEAL TS, REGILAEEL
Tel e FRBBTERVRETHS.

196457 & KILBIRIAT AL HIT, X O DMBHIC 3\ C, BN FIE A2 E AN
LT, HF;, FAMRC, MEBROBEIC L 3 HEOHENKELIIETH »
7o, T O, 1968%F 2 OB FRMEFRA O, MEMIROBENIL X3 FEE b
{igole, ZUDOMBHIB RS T BILRMBEELEHBTHD. FORERD—DLL
T, WAL BT 2RIRER, BGOREA — =2 2 5h5. Fig. 3-11 wx
COBFRE KT HKESOSEZRLI. Fig. 3-11 o#fif, Fig. 3-1 fhimacL
HLTH5. Fig. 3-11 diz A, B, C OFATRLA AL, 1954 ek icbhhi-
AEFOMBFEOLIL, BEA—Y v /BRI hbhcflikiRt (ChboE—y v
FHREE BT ZHTO EIHO EIX, AET 30m EUTCRESHEN Bdbh
T, B,C i T3 18.3~4m THUK, HEHIVVRRBMCHEE L Fh X b Fo#EEIT
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Fig. 8-11. Topographical map of Ebino-Kogen highland and the dis-
tribution of bench marks. A, B, and C denote bore-holes which
were dug in 1954 by the Geological Survey of Japan.

AR BMEINTVWDS). ChbDE—Y V7 OEELS LD, ZoMBRORSITEE
WOFETIBER - LRI ATV S,

BE KBNS KVO NO. 1 # R A &35 2 UOBEFENKEESD, 1968 SFELREDOKE
% Fig. 3-12 1R L. A bavie X 5 19705EH X v, E-B, E-3, E-4, E-C,
E-D 72 ¥ 0 Sk x4 LT 5. Fig. 3-12 hig FEBR LD, LUOEERR BT
ATETHD. 19724113, ENRETRE 6145 mm #RELAEE T, HEATLEROS
H TH S, 2 OB, ALFITNLTEORMEN, Db IhBHK, HRE
SG&, BEEUEERCSTRELBAKNELT, BRI, 200FE, KRk SCH
FhIEBRFERICE L SR BKELRD LE LR 5.

Fig. 3-12 tho> E-D #iEL T, £—V vr/hikchbh (BR<—7), &HEORR,
ERESSEEN Chl o TEHER, B, BERSCHEA IR (ZOEL DR
DR LUERKOBE,/ KERZELZ L 2ATC I, FEXUATCENT,
FKICH L THTERL D OBKORESES, o EVEREHEBIRTV S, MHE
BEh, 1975). FOHERENSHACHAEINHEKESEY EE SR, HTREE
HIBESEOHAE L bL, REPWEBEELLLEZORS. £—) v 7S TR
Bbhic, LWhdaRBESLMEELE. ChLOEE, B ETH AANKIEEDRE
Behb, EOMORDER, HAXEHBL,rRER L, BEIELITHTHY,
WFXbD BERLEEOHFRY ERANCHIKTIZ L TRIETH . RELLT
3, MEOHERMECTRLET X 5 AVEVEREL T,
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Fig. 3-1 hofif~ 2 VOERBKBEOKEES No. b X h BAEEF (J~D) HIKIHE
Ve, WTFRSTEES & HBTHONEYEB X EFbDThHB. 1976~T64
IR EEC L AER A ) VI ARNATF ECREShD LDz & T, £ALTH
A AU AT %, BHEED A=Y v 7 3fTbhicht, BEgE A EHB LR
HRIZKLY, WaxOFEIIRIL er o7,

ZOOERY Y ETRABCE 3 ERE K, 8 HOKIEMEREAYEREATHSD
ARENERFETH BT Fig. 3-1 RIEBAL TV, 3 X GEWERClRET5F
ETHS.

IV. #8LxeH

19674k b BE KIUHIRIC S 5 KBERRIC X > THLL R STCHREEEL T LD
5. BEKUOILER, MAEI VT IHCRFTHEE L KIULKTC ST 5HRITHT
TEETS.

1 A LT SHICET 2 RRMEBRIICY - T, B g ETEDHE L
TN FET D EELbRS. & OBETHOFLEIRI68E, 1975~ T6FED 2ERE L
REHOKENECE > THLMARIhis, 20 2EOMERINIL, BEKUOHED
EHEPEMA Lk ot i, AATFIORTCHTHUMES, FE KL FHEEBE
THHEGELXE L ORhL.

T DONEE KU OER KL L IMATES LT 5 OBRIE, MBEKILUEBRILTS
LOBFRE L Bt 5T b, BBKILIRRINANT FOBER LICKA L ILT T
KIUThHBH, BEOHEKUFOFEEKINIMATE S V7 7 AR E EHEBMH L T
W (R b, 1988) SIEETALENDD.

2. 19684£ 2 B21H X h O 2 COFFRMERA BT, FEKUTHCSME, BEIDOR
2% St (MINAKAMI et al, 1969a) 2%, 4 A1 iz, AUMEFO BRFEC
M=7.5 OMEANRC Y, X615 A28y, FEKIUEHOREKLUHE BT
LIMAELSEOERRBTEORRABIZ I hic (F)I - T, 1969). =0 L 5 IeBl L a3
B E U B REER, ORI RT3 RBICHSORBORKTSHS. $ebb, 1913
LB RIIMARES L7 5 PULERD > F RIS KUK IEE &V - RRERINL, &
HHIBIE NG T CRIZ LA EThHD. LichisaT, 24T IHOMBERIHNREDIC
KIUTEB 0 DT T, HBEKUR L ZET 5 ARG B OG5t k
AT KILEEE DOEFRENFE KINDOBEHOREY BT S LELHET
H5h. 19BATEDFHERMBIABR X 51E, 2AFSIFTHIRE » LT 5HOME
EHARERRET S (BWH3s, 1976) X5k LWL REIBOTRTAEHS
LEZBRA.

3. BEXIFD 2 VOB RSB OMBEHNEL RiEL BT 5 &8%2H~k0.
WTERBCIHBIRIBK - KESBY I BRCHB IR S B EO#UK -« KEXK%E
FeAx BT awiy, IBREDRPR L - THBILTE2ET A Lo -7, ZOWRKE
BRBCLT 107 oF —F—HFELLFEESRD . EBERBE L CRATHO K
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o, ERIISHEEILTE LD o7, Bk, ZBRIBY DL AT 5 B s\ TE
FHEICZER, BKE WD B3 & BT 2432 ARG E S his.

T 5 KLU K SE T B 0 BLRIAE A B i X M BLES, AR BRI D B\ I KILTEE)
REHLTIgv, LT, KRER MBEHT FEL TR, BEKILNCET
3, FRBETAHAEDHOMEIHETELHAMBTEDLN > BIREE LS.

BOEE R

L RRIKIL &R SR OiFeE

BREAUNIRE « BEFECET 3 ARONRENRBEALTH S, B AUEERT
HEARELLTERIETHS. EHKILOEHHEOMEEIT, FEHTERMICE Y B
Tle 5 BT, RECEBREDOE V- KILTHS.

1909E12HEH L Y, L% 2EMIThI » THERERS LIELERE L. BRep:
STHBRIEFECLZELNRYENTETh -7, MLWEEI BEmL, 17834F (K83
F) DESTRKBRCRET D LEBETHIUBERORK S EL To BRI
FRIPFFEAPHLA & i (OMORI, 1912).

19114 8 A REFINZ, IRMILTETEILIO 80P KL RO BN% 4T 5 BTy RiE
Lic. 2B OBRFNATIC BT 50D TOKIUBRTTH S, FO%, BEILTITE
RENE RO ETHEHOBRANEDT bR, BHFHEE T 3 ERAEBI RO
i, 1930FEREZATHBTHS.

180 LB LD, AAKXY Y 7 GRETEER Uk @RS, REILBEED /NS
(TAKAHASI, 1932. TAKAHASI and MINAKAMI, 1937) &R0 ®REXILEBRIFT, Xk
ORI AR L H U BNEE Chgs & i (MINAKAMI, 1935, 1938, 1942). +ih 5
R RU { UTRIRIEEE S OB B S hie.

1934 gty (1986) 13, RMAKILD &R OMPET 2RI+ 5, B
DWN2BT, BEILILTER 82 5K ENRBE 2 HE LR ER L. < okl
TR 2 DR, IWEENRCOBB EEEGLTREBRL T, Thbb BEHED
T, MAREF (BM-551) ~/iHir (BM-10824) ~ Kk Lff (S-18) ~UTH (#iBi&4E) ~=o0
BE (K-2)~EoZR GBI XILEIRAT, BM-10823) ~## (B4R, BM-547)~
B BERECTHD (Fig. 4-1 28). 1939ET~8 Hiit 2EEB D WEN B I
bh, ZORIE BRI S1I o7 (MIYABE, 1940). ZO#RE X g, B
InPE AT CINGE X D OBy 2R L, WIAX b BAlO AT &R HILEAE L <
VB REETR, BEEOPLAINTH TRV SAAXCIEB IR TW 5. 20 2 EOHE
BUES <3, BB 313 5 K EERIRIZT T i,

19504F & b O BB O\ TR M MR PG S ha &3, FkEoEm,
fAfThhic. 19504 & b 1953F ol 2 il T, BRBMOMENET L, 19394 LI
DEHHY S Ehic (MINAKAML, 1960). Z %L, IWESBA L E S5 Lk
RFHPEEL, PEEC UENRORD F—F» v BAR L., Fo#%, 19544, 1958
, 19764F, 19774, 198IESHEMILBEOBGIC KT 5K EHENER I, BEKL

%\Fll
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DIED) & HRET OREHRE b S il (BRI, 1978, 1982). Fig. 4-1 i, 1980
LR R KL OB ER R AEY B E LT, Wk BB I hokKEOEZRL T
b5,

19704E48 % b, EfILB MR SRR K LB 2 i & 35 R R 7oK ER R .
S REEATE A, EEIRTW S0 FrHEEs, 1978), KR KILOER, RN
ZTFRMEHch, BEDOLZ A, FMGHCHH L B2 Bl S hig 2 RE
TIXIel. ROTEBICH 2 TOBREREH O D BHET LTV BB TH D, KEUT
T, BEE TRE S KEER R L > TERMILOHREB OREEE X 5.

1. BEXLCETIRENR

BT R ZEBIE A O KR RS B S hic ok, 1934 F10~118TH
5. X FNED Seasoning O, 193546 F X b MRAMBEEIH I ARE 1 HORGE
PEET L (548, 1936). 1939FiEEpieiTie, WORMMETC FEL T, &EX
IWE & EREE O MRET 7. Fhbo MERE &, 1935 FRE o Tk Fif
(1936), 1939ERE IOV TIHBEHZEF (1940) WS h T2, LThHDORERICL
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Fig. 4-1. Topographical map around Asama volcano and the distribution
of the leveling bench marks.
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DRI AR D1935E~1939FE D ETh %, BM-5561 (#fSHEHK) 2 AREj& LTk Fig. 4-2
L7, 19504E X b BBl S hic R o Fl e, WEPIEFRoMEEE s ELL,
19534 ¥ CIR EEIBRB O MR KT Uiz, 19394E~1951, 1952, 1953k isd Lic
Efhd Fig. 4-2 iz RLTH B, o Flihicov-T MINAKAMI (1960) 3, IITHERRE
2, PESRGEOER <5 — v EE LTS, 1935 L h SEEE I hBREGEOAE
R & o HMER iz, Table 4-1 WRLTH S,

EEIL O ML CH &R LB e o Ty, B4 e BM-549 X b B © B
KILBRET BM-10823 wE B A — &, KX OBRPCHEL TR kILfE S-18
IZE D BRBICOVTIL, 194ERGD TRNERE . ZOoRBBL T, R-1X
D S-18 DREEE\T, 19544006, 19584, 19764F, 19774, 19814E 1 JilH A 92 U
FILFRIILE W S 5 BB 2 HEE L. ThbOMNRBER VLT ti% Table 4-2a, b
R U7, 1954~1958FE D WL 31 5 BB L, IWHA D X Y ORI SESCK EFIL
Wik EifoBRRERL V%, 1958FEOMFERTHOILAI0F iz kMO .kt Ay
5 A0EFR (K. E.=10" erg) MAFH{EL T3, FOEBRY S H—HMOEROMERE L
To itk EMBREAHNE R L ELBRS.

- 1958FEDHKDHULIES  WERIEIR TR o 7. I8FEHDIIT6FE T I T H (1978)

BRI ST NELYEEL, ERERMGO—TE 7 2y 2 ROBIIRELTWBZ &
P LM LI, 19584E~19T6E D iz, 1958, 1962, 19T3EDEHNFREL TV 5D
T, TOHELLZLNDXAREMGRE W TR, 1977 FiitfE s (BM-549) kb
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Fig. 4-2. Elevation changes in Asama volcano from 1935 to 1939 (solid
circles) and from 1939 to 1950-53 (Open circles). The lower figure
shows the terrain profile along the leveling route across Asama
voleano.
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Table 4-1. Result of precise leveling surveys carried out on Asama voleano (TAKAHASI,
1935, E.R.L., 1940).

I I m I- 1 m-— I
BM 1935 1939 1950, 51, 52, 53
551 | 828.3829n 828. 3829m 828.3829n 0.0nm 0. 0mn
550 | 906.2337 906. 2357 906. 2410 +2.0 + 5.3
549 | 979.4027 9794072 979. 4271 + 4.5 + 19,9
548 | 977.3024 977.2995 977. 3128 - 2.9 +13.3
s-43 968. 5482
547 | 951.0819 951.0863 953..8574 - 5.6
s-42 947. 17376
s-14 | 975.3311 975.3266 975. 1688 - 4.5
s-15 | 1073.2618 1073. 2567 1072. 8740 - 5.2 -382.7
s-16 | 1212. 1481 1212. 1449 1212. 0980 - 1.8 - 46.9
s-17 | 1377.0514 1377. 0494 1377, 0599 - 2.0 +10.5
10823 | 1405.8201 1405. 8164 1405. 8291 - 3.7 +12.2
s-36 1466. 7085
k-1 | 1566.8530 1566. 8537 1566. 8852 +0.7 +31.5
k-2 | 1822.8646 1822, 8699 1822. 9379 +5.3 +68.0
k-3 | 2162.2392 2162. 2317 2162. 3546 - 1.5 +116. 9
k-9 | 2192.6237 2192. 6526 2192. 7531 +28.9 +101. 1
k-13 : 2081, 4652
s-18 | 1983.4245 1983. 4650 1983. 5119 +40. 5 + 6.8
k-10 | 1694.7429 1694.7189 1694. 7921 +36.0 +13.2
k-11 | 1485.6286 1485. 6664 1485. 6599 +37.8 - 6.5
s-19 | 1271.2025 1271. 2302 1271. 2036 +27.7 - 26.6
s-20 | 1110.8365 1110. 8572 1110. 8344 +20.7 - 22.8
s-21 | 970.3770 970. 3906 970. 3759 +13.6 - 141
s-22 | 835.0909 835. 0998 © 835.0824 +8.9 - 174
10824 | 711.7159 T11. 7172 T11. 1252 + 1.3 + 8.0
10825 | 710.2915 710. 2907 710.2934 - 0.8 2.1
10236 | 748.8650 748. 8650 748.8704 0.0 + 5.4
10237 | 800.8098 800.8101 800. 8119 +0.3 + 1.8
551 | 828.3829 828. 3829 828. 3829 0.0 0.0

1TV 1976, T7~1981 ‘F o HHIETEZ AL L o, TOKE, = O 1954~1958 4
WA Ul e ERRERAD) & ERA O L EMEREAREL TH5 S EMHBLE. Th
LOFMIC OV TRKIATEET 5.
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Table 4-2a. Result of precise levelings carried out on the south-eastern flank of Asama

voleano.
H1 H2 H3 H4 HS
BM 1954 1958 1976. 10 1977. 1 -1981.10-11
549 0.0m 0.0m 0.0m 0.0m 0.0m

W-3 + 75.7986 + 75.7995 + 75.79688 + 75,7934 + 75,7934
¥-2 +169. 4199 +169.4218 +169.9068 +169.9057 +169.9015
603 ‘ +241.6774
R-5 +245.7794 +245.7822 +246. 2646 +246.2629 +246. 2574

605 +257.0168
R-6 +282.9314 +282.9344 +283.4413 +283. 4417 +283.4383

606 +299.1618
¥l +313.17502 +313.751%5 +313.7662 +313.7661 +313. 7545

608 +334.8707
10823 +426.3855 +426. 3861 +426.3748 +426.3590
R4 +387. 4268 +387. 4327 +387.8613 +387.8501
R+3 +660. 7081 +660.7187 +661.0733 +661.0533
R-2 +809. 5894 +809.6262 +809.7298 +809.7023
R-1 +988. 5894 +988.6058 +988.6225 +988.5862
S.D. *1.55am/kn |+ 1.30mm/kn |+ 1.63nm/kn

III. REREC L > THOAISEMA LR ETEBHICOVTOER

4 ¥ CRAHIC R T R K 313 5 KEFIRO EEM S, REKILOKIEE O
BLopdittxE5T 5. Fig. 4-3 Wix& < ofktreE L LT L&D 1869 4
DB OFME KRR ARLTH S, WAEREEHOIRES THE, KELEEELT,
1890SER X D REFITIEBIEEL S T b, 1910~1940E It » TERBETH L, FO#k
BCEHENTRL T BARRD OIS, FEERZ0—HOERY, HRALELT
DEEUDO—IREDTEE) (Fifizsy, 1963) L% 2 5. BHMW—HEOEINL, Do
DINEBD HHIZ L > T2 F =2 HHT5. ThiEfich, 1T83EDOAMKA D L5
w, B A KRED =2 ¥ — LT3 4 4 TO—BBEOEE L RET 5.

R 3\ TR EERIRES PG S R DIR1984ETH B8, FOERKIT, BxDBEIR
B2 AT, HAOMER =54 ¥ - DOHEEN THEITIL » 72 (MINAKAMI, et al., 1970).
Th b JiEk TR REIUMIK OERBEF] =5 4 ¥ — LK EHRE OBIM %
Fig. 4-4 wRLA. #1EOME (19354) L 2EEOHE (19394F) 1k, FLLEH
DWW DD E -7 HILZATER IR TWBZ EAHEMEINS., 20k 5 eiihcs
U bé LT Fig. 4-2 WRLEEHEZE X 5. BHKIL1935~19394F 0 B K EB)IL,




REERIFIZ & » TH Sz INic AARDIBEINI KL DR IET) 711

Table 4-2b. Height changes of bench marks on the south-eastern flank of Asama

voleano.
dh1 dh2 dh3 dhd Remarks
BM H2-H1 H3-H2 H4-H3 H5-H4
546 0.0mm 0.0mm 0.0mm 0.0mm
We-s3 + 0.9 - 3.2 - 0.5 - 2.4
-2 + 1.9 +485.5 - 1.1 - 4.2
603
R-5 + 2.8 +482. 17 - 2.0 - 5.5
605
R-#6 + 3.0 +506. 9 + 0.4 - 3.4
606
¥-.1 + 1.3 + 14,17 - 0.1 ~-11.6
608
10823 + 0.6 -11.3 -15.8 ¥ H4-H2
R-4 + 5.9 +428.6 k¥-11.2 ¥k H5-H3
R-3 +10. 6 +354.6 ¥%-20.0 k% H5-H3
R-2 +11.1 +103. 6 ¥%-27.1 ¥+ H5-13
R-1 +15. 9 + 17.2 ¥%-36.3 ¥+ H5-H3
400
N 30
200

100

ol

w70 1800 180 1900 910 1320 1930 1940 19%0 1960 1370 1960

Fig. 4-8 Yearly number of volcanic explosions in Asama
voleano.
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Fig. 4-4. Yearly cumulative energy of eruptions in Asama
voleano. Arrows at the top show the times of level-
ing surveys. The dotted arrows indicate leveling
across the summit area, solid arrows those on the
southern flank of the volcano.

FTARTUEKRZBEEERLTS., LT, BHOFEBLI I ATKITHOKEL Y
ftfaeha =7/ =0ENL, ZO—RBOFEHPRS LA LB —ORicd DL
XBTENTES., THRBFHEND LRI EMORELY =63 TH5 5, HE
Wk EFEREA R LA, i, 1935~19394E It U BT ko x b & Lz
'ERLTwiny (Fig. 4-2 £8). MIYABE (1940) 345U TV 5% X 51, FEpafiL
— b UPELY OB BB THRENAETTVS, S0k REBAENIAL I,
SEEOFRRNA ELbh5. ETFEOLELTE, REILES 2O BEERCIE B
B@ARZRBELLTNWE) #IELLTWAHDT, FOMIC, UAAE L Tw5 TE)x
—VYBEEELTLE o REMTH B, FD 2 L LT, B5h-BiiTdillkiss
TRBLEABHRB EARLTWBLT5ELHTH .
ZDZDOOFRICOWTHEA DML ) BE LR, #35, Tiob bl i
KE@T%&Lt&5ﬁ,%@%@Mﬁmiofﬁeht%EK%Lf%,ﬁﬁ%ﬁu&
HREENCHBITELZ 0o, UTIBNS,
Fegx (1968b) i X i, BEDEBMAKILUOHRIZKD X 5 By BTk nbhi.
1 BEIU—HRFEKLU—oE. CORBAXUOHAIEEIh TV 52, SEE
PEILLTHEE L INTHK oL, BEDHOEININMHE T, BEOhRknD
TEHEsL* 2km TH 5.
2. ERBEKILBELIRORE, BRIl Ro KIREFR &, FEILH RO miEOHE.
3. AEKILEDORF (F& U THESWMOME), FILATE, JLEEEEEH X b
WA ZT5.
4 BAkofEmXh ol H2EAWOMM, kofhHaokhik.




REERFIZ X » TH S0 Shic BARDTEEIN KL D HIsRIET) 713

5. HHHU—FEE KIU—D AR, ATEHUO MLE I E ILGEO FERHEZ S h b H
FLOHEEHCE LR TR TH S, BHNUE FRRESRERBCSHS. £OH
RKAEDVEIUTHS.

DX I HMIRBEYFETRE L CERB AL, BEDOFERCH - TEL 5t
BN, UK, HLoUFEHRERCIREA TS EE 2605, 1985~1939F DRHIIC
A UBBNE, BREILBERANEL D OBIE EMOZMRBEYELTWS. Zhbo
BT NTBHMUO WU ALEL, RkOBEiy & Ui, K (1968b) »ifEE L
BB KILBBEIN O K DT S-18 S Th 5. LR EINDIF-TEETS L,
19084E X b 1912FE e i CHILAA (MBLFD) I ORAT, £ OBMENFEEL
7o (Blzi¥, ABE, 1979). Zh b oMiFR, EEIUAXRLETE T TFRLD, ®REK
WOFEHCBAT A~ /<R AT A =R A ¥ - XV FERI L IELHRS.

DX 5 MBI AKILDhLBIHET A =2 0BRK, BHECKSWTY, EEkLS
BT HMEORFEMBEOCMENSS. Tihbh, REKLUCHEET HMECREOMEAD
B0 EBED PRARTHELD BGHEL, HOFEdLELT RETHER Bz
W, BORRFIMETERRMLK LB, 1983) 235 5. Z OOV TiL, 19504
EEKLOMED BFEREN BRI R ST iIhb X5k - BT, BEfRET
REAMA2R TR, Thboo &L b, REKUOFERHBET5 k#EX, WLUEHERCES
WTIE, BEOCZNMRAOETRAEETBZO TR T, BHOHBES XY HTHH»
2T, RO I7<RNERTHI S NMELXELD LPGENTHS . 1935~19394
AU HRAL, BV R BAET 10 1) Rk - TEREBUEZ RO &
THENFEOESLHEEL Th B, B kLo kOfi@E%, Fig. 4-5 thod A TRLIL
BEEEL, U? ZHVC b tiigicli a5 EAHEOE S kT4 % & Fig.
4-6 WRLIcL i £=Tkm THhich B —FKT5. AR DX LBEITF0HL
THWETELS LE2bNABH, BELOHEMUG EFIPFEHILTLE>TWT, £
DORE IR, R, MBSO KUENEEL T B Fig. 42 ©abhs k5,
WAILE E TR 2 EBH AL TS, LicdisT, 1935~19395 1 UiclgiEL — +
BT AEEE, BHILPOE L TFTRENRCSTAEDICE 5 EE 2T, EHm
KILHFEER L 5.

%z 1939-1950, 51, 52, B34 U k- BiicowT# 2 5. Fig. 4-3 35X v Fig. 4-4
R LU O BBESH oM I v ES &, oMb sBEFHROMMITSH T
ENS s, Tz ki, Fig. 4-2 B3 EEL — P OREOREITRT L 5T,
BEIRLETAEBENRCESTIENORIIREL SRS,

—77, BEOH#ILUO Rk A THORWIECENROFEYE 2, T TIXEHIN
RN Lic &35 &, 1939~1950, 51, 52, S3EDFEIC X B A O Ok RIES) 4 iR
T&5. Tibh, ER~7~@Y) (BEUbLETEIENR) Lo ROoERH~ 7
~@Y GHUPLETEIENR) ~o~7r~ (EH) O#t#EIE, 19356~1939F kit 5
BEEL & XD, SHERZOBOFIHCLBHEAE S EE -7 E2BbRS. BHEllZh
TEERER LD, H#HIUTHMOENROE S % BAREFLE fvTke, Fig. 4-7 R
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Fig. 4-5. Map showing the horizontal position of the
two pressure sources A and B.
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Fig. 4-6. Curve fitting of leveling data to the MoGI
model. Pressure source A in Fig. 4-5 at a depth of
7km gives the best fit for the period from 1935 to
1939.

L7, f=2km TRLAHEL TV 5. S OFRTRENTRLOKPAER, BEDHHIL
kadbE—FTHEEELTCS (Fig. 4-5 0 B ).
Bl S hic o0 KBRS, BREKIUOFEHCHETHENRL LT, BlALbLE
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mm
200
1939~1950-53
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Ah
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f=2km
° T I T ! 1 T lkm
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Fig. 4-7. Curve fitting for the period from 1939 to 1950-
1953. The source at B in Fig. 4-5 at a depth of 2km
gives the best fit.

FTH%EE Tkm k—>, ZTRIDVEF L E 2km, FiglpRk 0O FE 2km ©X
LRADENE 2 2% EMEN LT L2 o7, BHEEAIL & BT KL, HERFA
Ricnh, HEOKRMAKIUDOEHENE L LT KBEOFLEL, =7/ ~DERRDOWTIE
BIHMERE LTS Z LM B of.

D E 1954~ 19BBED I U BBIic oW TE 2 5. BEINUTELR S 2 2 Bk o
REREIL, 1950FEMR P IFR EERBARTHIIR > T, T7bb, BREBECE
BEIR TR EGDORISH, ABKICHIE S W T Hin OIEREE AR 5 BEKL - T
oo e b, BRENUFEARTECRE Lo KEEAIL, BEASBEEYSToh o7,
L7kl T, 1954~19585E DKL, FIfIBMONRIC L > TBbhicbDTH 5. Fig.
4-8 I IBRAR O KBS EE AR L T 5. & OISR LU % 58 5 7K HE i BBk
o BM-549 A LT 5. BRGSO E LT, 2iks BM-603(1977
FLRCERE) L0 RMCTEL, HRKRFEMETRITREKILEFTCE 5 B,
HBHIFHTH 225, dbflc i 5 Bk, FEKUGRUOR MO 2l BIlEa2ES
Te b PIEREEE OREEAED THEETH 5. 19544 3 X ON1B8EI, = DB CER S his
PEBURIE, TOHDFKERE LI Table 4-2a, b, WRLTHS. 1954~1958F D [Hic,
COBBCEWTECLERH XY, hRknzdd (Fig. 4-5 ho B &) L1, k=
FLrERWCTENROE S ZRDBH &, Fig. 4-9 Rl X >1c f=2km 0Ll
BHMES X CHEELL. Tiobb, 1939~1950-53 Gt UL ZB L, RUEIORRS
FOENETHRRTESLZ Lo o, 1958E11F 10 BREIAIUNCIE, =i+ —
P 10% erg A4 — & — DBRHMNIE Ui, 1958ED R TR S i BTIL# O BRI,
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Fig. 4-8. Topographic map of the south-eastern flank of
the Asama volcano and the distribution of leveling
bench marks.
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Fig. 4-9. Curve fitting for the period from 1954 to 1958,
The same source B again gives the best fit.




TKEEPIFIZ X TH B2z X hvie BADTEEIR K L D HIFRZET) 717

EOFEKOREE LN,

19T6E AL B O MR A TV, FORED Table 4-23, b WRLTHB. =D
IR 0 £ 1958~ 19T6LE DRI, RIRILENIC 3t TS THRICZETIAE LTV 5 & & ot
¥l 7. Table 4-2b <% B5A 70k 5z, BM-549 %Ry & LT, BM-W-2, R-5,
R-6, R-4, R-3, R-2 S0 MatRk 50em i A AL Tv 5. £KEHDN
B BHRY Fig. 4-10 Rl BM-W-2 & W-3 o, X0t W-1 & R-6 o
CILEEFE B EZEHNRHBhE. L REBRIhB01IZ, BM-R-3, W-2, R-6 #THH
L L, BM-R-4, R-5 2&USAFOMEN, BEL, »OoEfMYELTW2ETHS.
Tiebb LN 7ry 7L LTOEBHERL TS, 205 KESD BERIRLDY,
MIYABE (1931) O FEEXMVT, 7 v v 2 DRAFRIEE FOHEERDTHhi.

o
10823
Q’Oo (-11.3)
2)._/:)\ ~ S
N
S
N eW-|
) (+14.7)
J\/J\JJ\,F:’—3 °n_6
(+354.6) ®R-4 (+506.9)
(+428.6)
®R-5
,-\,”\E/C-J/-/ (+482.7)
PRI ow-2
(+485.0)
(-3.2) \000
0 | 2Km
E—tp————] °
549
(0.0)

Fig. 4-10. Height changes at the bench marks on the
south-eastern flank of Asama volcano. Numerals in
parenthesis denote the height change at each point.
A positive value indicates uplift in mm. This enormous
deformation ocecurred during the period from 1958 to
1976 « 77.
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FREFR—DOD T vy 7 FRMBLIEE, KESHEEMO dh/dl (FRD) X0 ¢
(FiE) ARDLhNE, 7r v 7 DEMEZOF I BCKD L 5 ERS.

dh/dl=dk/dlmax>*cos (6 —¢)
o dh/dl: fERl R
0: ey 7 OBKERDSA
¢ dbX v REEEHED W o e fE

THDH. TOHEXRWCTRDLFERIZ Fig. 4-11 ©RLTHS.

DT Ey 7Y, 2L LT 0em LLERREL, HHEFMLEND CE L1080 FHE
HEUIZ Ll b, 19T65EITH - TI9774 6 B ol L - JI s SR X fuy, BM-W-2,
R-5, R-6 ML E LTk ote. LTI D7 r v 7 Z5H)E, 1958~1976 0
MREL-EELBRD, ZOMERMILIE, 1958E11 108 o KIER» ) & L, 1959
F, 19614E 3% L CIITBERFEHNREL T3, LALZhAboINEKOREST3EE
LT, BERILECA U E &M+ 5 X 5 ARSI R I TV, 1
OBEOMEMSEL Y ZWE, cokdh T ey 7EBICEL T, AEKIUEBIZEFDR
HERDDERELE 2D, £DHET, HWOTHREEODH D FREET B LT, 1970,
71, T2 3 L 0T 1973 £ 2~3 A ERILB ML 4 UIc BN S 5 (TEUE
1975). “hoDMERES, L IMAEKUGCHRYD B LHEBININLTHS.
BRI RMEBEESESC ST, AEKUREDORCHEELICOMBHEDO LA L H
2 TWigw, SHMPATNEHEELRFTH .

MOILERS s 518 EO IR X » T B 5 E L Table 4-2a, b wRLT
H5. 196FEOREIT L Y B LICHEIMOKRELEEL, TOFEEBLTHZ L4
5. —7, BM-549 #ARHHe LT, 1976-TT~198LEDMIC A U- BB B 5 &, R
WapLETHHRENEL TS EEZLRS. ZOBFBHIZOWTHEREFARI 5T

-4
xI10 dh
10 ﬂ—cos(e—w BM ¢ R-3, R-4, W-2, R-5, R~6 -
dh .. =4
hmax’ 0749710
05— e 2339 . -
N w s E N
o'o} + + + {
o 90 180 270 360"
\h.
-05——rv R

-0 —

Fig. 4-11. Determination of the tilt movement by Miyabe’s
method of a block which bears five bench marks on
the south-eastern flank of the volcano. Maximum tilt
and its direction are given in the figure.
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ENEOE I ¥R, Fig. 4-12 wrxofERERLE. COMBRBELCTEED D,
KR THES 2km OFE N BF 5 MEOKFE LT HH L s BlfEs #as
B, ZOFEFE, 1954~1958EDRIcA UREATERAU L, #E 2km oEHFK X
AEHBRHER LI T, EhOTHEEAENRY . $itbbEE kL0 BIED ddk
AT 2km WENFERFEL, £ 2R ENOMEL EEKLO SR EEH O M
BEHERETALEELLNIHSTH D, REIKILDIWGAE & >0 FEHIRMEDR]
A, Fig. 4-13 wiRMcRmLic. Fio, FERKEMEZRR SR kL ERIpT (1983)
X AI9RERMKILTHMOBEME S v 7 » 1 11T, =00 EHEZAKT, Fig. 4-
14 WRLTHS.

1981410~111 oK BEFIER T #, F1982E 4A26 8 MY, ER=FrF -k K&
CRB-TE 10%erg 4 — F—D/PNREOHEKET -7z, DB AFER, HELOK
AR FHNDenie, HLEaHEo BM-R-3 X b R-1E3 2 Ko<, 5 H1~5
Ao KERNREYER L. =0 2 XL, 1976~1981EDMIIR b KX BT 4EL
EBETHDH. TOREFLREC I, 1981118 X v 19824 5 A ofdlic, RM-R-3 &
LT R-2, R-1 ixxhZh 2.0,9.5mm oEEZEL T, & OBERITI6HFE~
1981EDRic: U e b B X FE - TV ich, BAKRDEEIICOWTHAIEE 7. L
UK EIeIEB O RAEDRRENRR, MORKOBMERLBENTERELIER, Pl
Fir LTz, TOHBER ANy, 1982F10H 2 Biefimk, 198344 A S HERMF AU
T HERE AL D1 EDEHTIleh o, BIEEXHERBRERL TV 5.

0o 1 2 3 4 5 6 7km
0 | | | 1 | | L
[ ]
(-]
f=2k7//
-0
[ ]
[ ]
—-20
Ah ’ 1976-77~1981
-30 /
—40
mm

Fig. 4-12. Curve fitting for the period from 1977 to 1981.
It is noteworthy that the same pressure source B
worked even during the deflation stage.
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Fig. 4-18. A schematic representation of the two source
positions within the Asama volcano. Horizontal and
vertical positions are correct.

V. % & 5]

RIGHNC 2% &, 1783 (KU 34E) OKXBERE, ALKBRTH-EEILZ, 194t
ROBELHLEBEATE L. F0H, 1910E[7# & 081930~1940412, Fh FhIEGHD
Bz ch’, RECHEHNIFLRL, BEMBRLOBfmERL TS, Thbb,
—REOEBOKRT DEBENENTH D, 19344 L H BRI S\ THREI K
MR L -C, RKIUOFEEOREE UToMlE ETEEN, RAIUOERICBE L
Ik & mRACBIET 5 Z E DB B RIR ofe. KEERIEIC X - T b ht Bkl
OEBHOEMEXATICE LD TFHIFET 5.

1. 1934~1939F DRz, EKRILFEAETO BEILILGAE Ul EB% EREFALLCL

THERTHE, BECXLUANTES XL 2km 0, HOFAIUHERAE L L HEE

ShHEWRBKLBHEILA O TR Tkm CFETHENFEORECHBTELZ LM
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Fig. 4-14. Relationship between hypocentral distribution
of volcanic earthquakes and the position of two pres-
sure sources beneath Asama volcano. The hypo-
centers were determined by the seismic network of
Asama Volcano Observatory (ASAMA VOLCANO OBSER-
VATORY, 1983).

Hlofe, REKILOBEHCEE TS~ 7~ LARBROMBIOWT, —DODFHH
BORIZ LE2E®RT D, COFRRIBEO KM AINCT S\ TRET ZHED, BT
ELHOBIRE X AL T

2. 1939~1950—63 {EDRIICA U ERI X b, BIED fifhl kil k n &t k35
S 2km OFE NEOHFENHEECEL. COEDFIZEDER Thkm OFEHE L Rix
LEDYIRTY, TOFERRCOWTIRINFEIIEDERICID EELBRS.

3. BIMIILIEC 31 519544 3 X 0N 1958 D W F I & b BTG O R b hi.
COREBOFRTHHENFRD FE2RD5 L 2km THRIMEYR BET 5. Lichio
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T, OB AERNROES S, MHIUKRET 2km 2% 2 bhb. ZORE
131958411510 B Iz e LMk DRk E bR 5.
4. 1958~ 19T6E DI HEIUHIC R\ T 7 = v 2 BB U, FOERIR RETH
0% AAEKIUOUACBAA D S EE L N5, 1980/ Mk (TAKAHASI, 1932)
EEEKILBIIAT (MINAKAMI, 1942) cfibhicEREFo gk Xy, gl
ORHILELEH 235 LE XD EWANRVEALABN IR TN 5. BEACIZ—
LTCWABMNRRE—DB S LT AREIRT /oL,
5. 1976~198L4ED RN, BEILBICHK T MREEBPEL T, oW, Al
HIUK DT, HI 2km g P2 ENFEOBETHBETE 5. BAILEREE, &
JARCRE K ILEBBTIL O B A: U2 sbifHnc iR LBl B I ot 5,
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K BB BT A KEERIR OB, B X OB OWT, fELIC BT <. 19404 2
A, MEPRmOSIGEAR (1942) 13, BEREROHIXE T, ZREILEALERHGL
(HAF 5 HRAKERMAELY »AFIRICAD, ZRILAkRZEECLETS k0%
BRELBILBRIBG, KESERAL, BF—SKENRYIsZitofe (Fig. 5-1).
FRABE, SEILKONCARYRT, SAKENRLEBELL. ChbOMER, A
£ 8 AI9B I/ N IETI A SR L, INTE K NP2 #ERE L. 2 @ H O
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T 5 MHIT1963 TPl L, KRE—FEMNTREIC A o7, 19674, TFiss (1972) 13, T
B 2 AFSHCELENBROMEE STt otc. £, FHRMETR KWLHO
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Fig. 5-1. Distribution of leveling bench marks and triangulation points
in the Oshima summit caldera area, after TAKAHASI (1942).
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Fig. 5-2. Distribution of leveling bench marks in Oshima
volcano before the eruption in 1986.
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Fig. 5-3. Distribution of leveling bench marks in Oshima
volcano in March, 1989.
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III. kKAERMBORITELER

II-1. WELYALFSALBICESRES (1986EM KR ELFTOTE)

19544 5 B iefThhicHIE O JIE L, 19864118 15 H o I TAMS k 64 ¥ < DR,
REAEMIUBETIT X Y » A5 7 FICE B BGO MR 6 MY Shi. FhboBik
RO—ifeouw Ty, i, FTougs (1972, 195), Eiizs (1975, 1985) it p
7.

ST, 195455 ALIRELIS6E S A% TOMBEMEREL D, ZNMOBHHE (GErT 0-1006
HETRBETS) #ko, Fig. 54 WRlic. ARCHEOMR X 5k, 195848k h 1967
FEOME, SMHRURTH AT 5 HREE, 25em 22 5B 4E L. ZOEHERS
EBE, Thidblebli BECOWTRBHCHERT S, (ko BlERcmEL T
THDH, HEED b5 BN LRC S hb £M8%, L kGEFas
(APENDIX 2 W), 2\ MEROBEEC L 5P EWeELD L, HAF5 NEIC
HEBLSHC, FHARAEDHAEL T B L3S 2780, NEKRT, 19834 & b 198640

\2g™m 1954 - 1958 2™
Ah, O: — o}
20— —-20

300 -300
mm
39— 1967 - 1974 30
an, '8 5

Fig. 5-4. Height changes of bench marks along the route
from Motomachi town to the inside of south-western
part of summit caldera. Datum is 0-1006 at Moto-
machi town. The bottom denotes the terrain profile
along the leveling route.
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Fig. 5-5. Height changes of bench marks along the level-
ing route from Motomachi town to the inside the

north-eastern part of the summit caldera. Datum is
0-1006.
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19864 5 A2 bid, AmLUEEV- 53 (0-10035) X v kL, defln A7 7 &iRR
BIAFELD, IAFIRCADKEOMRE S ER L. OB, 198248y
T HBREIRE & » BREL BN+ 58E0, 0-1119:5, 0-11205 432530
Thb. ThLOBREC TS 1982, 1983, 1986 £ RIBEIEE L v, HMHEHHHEEZRD
Fig. 5-5 iR L. AREWCTILE L b 0-100341c% 5 Ko Xx#it, Fig. 5-4 L&
mLTw%.

-2, WBLYALFIHBICEIRE (9S6EMKICH - - EBHRABL LT
TOHDZARE)

19864E11 5158, WEMARAED M ET, EHUEL v IUTEC 5 JELFEL
o, COWMRCELTIE, B RBO», RAaXBEFRLTWSEEV <4
DEEBTTEEL FHRIREDT, Fa4A474v7r-n (Wild N-3 B) #Hv5rZ &
L, HBEOAFSEMCFEMED, 11A18A XV EXBALL. HAORELD
#2C SEIKRBROHEICAET SRS, FHHESC L 5883 BE I hio
T, ZRIUBILBE I D IEEThh o, UBRBBICHEZ LR ZRUMET, |
v Ak sy, BE (KIUEIRE) Ofedic, ¥ s RARETH -7, 11518
HIZiE, A2) 7OBTRNE XhAnsd, »u55R0-10014 % v OK-2 & (SR
I ¥ COABERELET LA, ko& MK Aol FAEL Lt LaL
BIORKIL, KOBERL Y FMEBESRTL, OK-2 LB HEPED, MK S C
DHBIRTEEL L otc. £ CTIIRFH L DX, BIEFEEY C-10035 (58) X b 4tHl
H AT T RICED 5 BTV, 1LA21R 156 LTI, 0-11204 % co BN ELY 5
TLk.

1IA21AMEHAE E, O-1008 8 AR CIEsErh B L W HIBIREI A AR b, T iin HnadED
RENTHEIhE, ZOLHREBENLXENELT, H, LIAVHEFRRRAELEKT
LT3 el r 5 574, OK-1 SH~0-1001 SR BEL, §@0ELRNEYEEL
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Fig. 5-6. Ash column of the fissure eruption seen from the southwest. Around 16: 20,
Nov. 21, 1986. Photo by T. MIYAZAKI.

Fig. 5-7. Fire fountain with thick ash cloud seen from the northern rim of the

caldera. 16:43, Nov. 21, 1986. Photo by T. MIYAZAKL
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7o, 168§, OK-15X v O-1001HcESPREKHY, EBRENRECA -7, 166
1658, EL<OHIAFFHRI VERBRLKLEE D (Fig. 5-6, 5-7), &R fEx+
L7 ZOBEMED RSV IV ficghd 5.

1986117 DM kA —E & L7128, LETO-1006/5 L h A L F S AREH R 285
Bl 1IA2IAQEREBAKC L - T, ARSI TII—KESABE S h, BHHD
BITTREDIRIBIZ /s 5 TWode, LanL, 1986485 Bicdbflln 45 5§ ¥ C Bigk L
Ttz &gz, ME—EETATRE/HEERIBV IS, BERRDKEESS (0-1101%) BHELEL TV
T EIFEWLT, BHECILVFSHECELRBNRTCEL. TOREERY 5 AOH
BREEEBRULHEER, IMERERRTIE, ERRRERT AL THB T LB
MIE -7z, ZOBEIILA2IA0E AR K- THE LD THD. UL 128,
BB L » TERE I W KEFERENRELSR S 2T, 115210 OB KIEEHCLE
STEENY, BHARCEELRIELTWAZ o, BEAIE IV Bicih~<5,

19864124 DK BEMBM T HT, ZFILKRZEORL MK E25, BxhTuwitnz
ERHB L. £ T 19874 3 B oflfid 5%, 0-10015 X » MK SR b S Hi&
TR, FHTEAROBBLHE T, BUAOEETO HRET-T\5,. Fig. 5-8
KRB L 2B RhEFH U ko MK &, Fig. 5-9 w3=FIUhErTERLe
CRT5UEDHFEZRLTHS.

1987TF1IL A, Haid, WE—KkoBORRELYEK L. 11516 H10BATHEHILTE A o
TIMBRENFEE L, ZOKIE, KILHTE - TV 1986EHED, KILTFEH~DHE
K- DTHD. FE, FxR3ZFEILUECRERLEREL Ty, OK-1 45X b0-
10015 % T OK-11 SeEAERES S 1 5 ERT Licks ok gL, o
B X > THBRAER ROV IV ficid+5. 11AIEOM KCH T, 11518
BARUICIE, S UKL M, KILKEEO RHBIRERE L, ILTEATLIZ 100m
I BESEHR S he., ZOBEHHOIIA2IRK, K41k, ko MK &3 cofl
W FAT LI, 19834F 5.6 F LAME19884 3 A ¥ ToRIc, TEHT (0-1006) X b sH4siL (O-
1002) EA BB TR I > MFEREY Table 5-8a R LThHD. Fk, Table 5-3b
1242.0-1006 5% ElE U 7c £k §E 8 O BT A R L Th 5.

HI-3. sM&IL (HWLFFH) EHLFTHEOEXLTE)

19545 E D KRB 31 5 K BERI RBRAA LIS, 19864EME A Fk % COMBIEREL Y, »AF
Z LT S HH LA K ZEE AT D 0-1002 5125832 7 A 5 5 D 0-1001 5D EETh 2 5k b,
Fig. 5-10 O BB R LA, 19544 X ) 19584E D % B &, 0-100145230-1002 85 5 L
TURELFEF T OB TH D, ZOWURRKLDOEHREBIEEAEEEIATL
iev. Fig. 5-10 ik, W{KER QEH), KEHBR4eRE GBE), XBEIH
ERAER ETHE) bMRLTHS. KENRBEUAOERIIKEFOMERS, kil
RET X sTW5S,

19825 X v, 0-10015 X Y S HRIEE LT, hRAREZFILCEY, kAErds
KOFBEMED MK & (RREFENEAONATHD) wE 2 MEd EEEH L.
1986511, MIKHTRE DR D HBREORMEMARECHIEL T, MEEEZ ML
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Fig. 5-8. Bench mark MK on the erater rim of the central cone Miharayama. In the
background, to the right of the bench mark, is a new lava flow of the 1986 eruption.
Photo by T. MIYAZAKI

Fig. 5-9. Leveling survey at the flank of the central cone Miharayama. Photo by
T. MIYAZAKIL
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Table 5-3a. Results of leveling surveys on the route from Motomachi town (0-1006)
to the rim of the summit caldera (0-1002), in the period from May-June 1983 to

March 1988.
Date | May-June May Dec. March Nov. | March
H 1983 1986 1986 1987 1987 1988
BM H, Hy Hy BM H, Hy Hi,
0-1006 0.0m 0.0m 0.0m 0.0m 0.0m| 0.0m
10233 8.7358 8.7309 8.6760 8.6740 8.6706| 8.6692
0-1105 23.2263 23.2220 | 23.1486 23.1502 23,1479 23.1462
OK-9 Newly 55,2572 55. 2559 55.2543
established
OK-8 Newly 92.3049 92.3036| 92.3015
established
0-1005| 187.6037 137.5938 | 137.6121 187.6199  |137.6183137.6166
OK-7 | Established | 191.8547 | 191.8874 191.8983  [191.6183191. 8969
in 1986
0-1004; 267.6134 267.6015 | 267.5808 267.5944  [267.59571267. 5947
OK-6 Establsi)%}éed 316.8961 | 316.9538 316.9756  [316.9817/316.9819
in 1
0-1003| 408.0418 408.0236 | 408.0569 | 0-1003 408.0844  408. 0923l408. 0938
OK-4 | Es 'tabllfi) ssléed 425,7845 | 425.6916 425.7147  1425.7166/425.7182
in
OK-5 ” 423.7605 | 423.8459 | OK-5 423.8781  [423.8903'423. 8916
0-1124 ” 440.2989 | Lost by | OK-51 Newly 455, 6002455, 6022
eruption established
OK-52 » 490. 5385490. 5390
YB (511.9976)| 511.9207 | YB 511.9495 [511.9581511,9586
Sept. 1986
OH-YB
0-1101 Establsi)giged 529.0740 | 0-1101 529.0569 1529, 0143529. 0000
in 1
OK-3 Espabllésé}éed 524.1100 | 523.8476 | OK-3 523.8502  [523.8288523.8214
in
OK-31 Newly 525, 5999,525. 6001
established
J I(V(I}I(\) ) 525, 0087 524,9874 | 524.9984 | JMA (GO) 525,0189  [525.0294/525, 0291
0-1002| 524.6701 524.6476 | 524.6602 | 0-1002 524.6806 [524.6914524. 6911
m +0.69mm/km/ -+0.81 +1.37 +0.37mm/km| +0.98 | £0.65
mm/km | mm/km nll{m/ rrll{m/
m m

fo. T OBEHOZSEIUPHELYORNE, 11AI9H X Y OFHEEEO TR DK
ARG L, OK-2 sk, £o#iE, Elilick e, SEEEHREHRD, MK
HEBAINELRT-TW5b. ThbDRHE R R T, 19884 3 A DLk EffK
s EEY Fig. 5-11 wRRL%E. R, OK-2, O-11205%FA D S, MK X - TH
BXhicZ ERE®RT S,

19824¢ 8 B LI:19884F 3 A ¥ collic, JEBEMMRILE 2457 7L HEONERI2E
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Table 5-8b. Height changes of bench marks on the route from Motomachi to the
rim of the summit caldera, during the period from May-June 1983 to March 1988.
BM 0-1006 was fixed.

4hl 4Rl 4h 4RIIT 4hIV VIAY
May 1983 | May 1986 Dec. 1986 |March 1987| Nov. 1987
May 1986 Dec.z 1986 Marc%l 1987 Nov.z 1987 Marclzl 1988
BM H,-H, Hg-Hy BM Hy-Hy Hy,-H, Hy,-Hy,
0-1006 0.0mm 0.0mm 0.0mm 0.0 mm 0.0mm
10233 —4.9 —54.9 —2.0 —3.4 —1.4
0-1105 —4.3 —73.4 +1.6 —2.3 —1.7
0K-9 -1.3 —1.6
OK-8 —1.8 —2.1
0-1005 -9.9 +18.3 +7.8 —1.6 —1.7
OK-7 +32.7 +10.9 +0.3 —1.7
0-1004 —11.9 —20.7 +13.6 +1.3 —1.0
OK-6 ' +57.7 +21.8 +6.1 +0.2
0-1003 —18.2 +33.3 0-1003 +21.5 +7.9 +1.5
OK-4 —92.9 +23.1 +1.9
0K-5 +85.4 OK-5 +32.2 +12.2 +1.3
0-1124 OK-51 +2.0
OK-52 +0.5
YB —76.9 YB +28.8 +8.6 +0.5
0-1101 0-1101 —42.6 —14.3
OK-3 —262.4 OK-3 +2.6 —21.4 —7.4
0K-31 +0.2
JMA (GO) | —21.8 +11.0 JMA (GO) | +20.5 +10.5 —0.3
0-1002 —22.5 +12.6 0-1002 +20.4 +10.8 —0.3

Ll oA FSllogs (0-10035) X b, BREAFAME (OH &) %8 T
ANTIPNCTHRENL, 198645 ALK SHOFRELIF - T3, WIFho By
Th, 2AFITHOPENIMRLTH L THEEZHIT TV 32 ENP b o1k,
Table 5-4 1ziZ, JedEMIFMRILO0-1002:4 X b =LK OB AT E 5 BT, 1982ELL ¥
198848 B ¥ CTREHmLAARORELRL THS. T4 Table 5-5 iz, dtflrrF
TR LT, 0-1003 & (HBAHE) X0t OH & (BRA& T A{HE) & bkdic
19864 5 B LARE19884E 3 A & TORBEEEXTRLTH 5.

IV. T8HoEg

IV-1. WELYHLFTASBICED G

a. 1958f£108 ~1967411 8 OMIC 4k L 1-3tE T E

II-1 TliNfc & 5wz DRI, IWETENCK LT, MRS s\ T 25 cm &l
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Fig. 5-10, Top: height changes of the bench mark 0-1001 (at the foot
of the central cone, Mihara-yama) relative to point 0-1002 (on the
western wall of the caldera) during the period from 1954 to 1986.
Second : occurrence of eruptions (short lines). Third: percentage
of days in every month when volcanic tremors were observed.
Bottom : monthly number of earthquakes (S-P time less than 3.5
sec.) observed at Oshima Weather Station, JMA.

%, AATSATIE 28.8cem ETHWMELTO RAENBEH I i (Fig. 5-4 ).
C OGRS oW T TR (1972) 13, KB KT, NNE-SSW J ke fi
BRLAEBROEDFECSFAENOHRESLIOEILE 2L L2k, Uk ETHPR
TUWHHBERNEOBNERE S, FBETHZ BN TESE L. L, P&
TRLTWSD DT, FMEERIARTETHB E LT WS, Z O, 1960FEIZ kS
HEULRTEOHIBIC A U EHOBE v ETIHEL S AbATWS (T
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Fig. 5-11. Location of leveling bench marks and route
in the summit caldera area of Izu-Oshima volcano.
LA, LB and LC are lava flows in the 1986 eruptions.

137y, 1975). AL IR R YA 59, Lad, kB KIUOER EOFER) (4
PNEDH SR Twie. APPENDIX 1 28) il k ERZLRR S hT, & oEeds
BEIh0THS.

Lo L7 BI6TEDREERRIZ X o TH LM o e T OEENT, £0#H, KEKIU
OEETFRHOHECRKERHELE 2. TOEBIZ, TOBRRIBK LT, KEKLD
FER AL —VvRROET, ETED (bAVIREREHEEL TS IW) KL, b
T WY BRI IOZ LTS ot Thobb, 19504£ 7 A 16H X b B X hic
BECRWTE, =73 TFTERL Y LERLTET, H5EHEMT, KUFETHOL
BRERAITG, <~ 7<@BYREBRINCEEEIhTHS. ZOHIDOWTE, KEKILT
WEET, DIEROTH, BELFCI ) EBE L LARI WKL BA
EhTw% (RIKITAKE, 1951). ~ 72U FiERT & b EE-+T5 iy, YRBTIRETS
ENHANRDETH A, WTRIFZENKY, MEMCHEEBC LBy 6
T Bz, Moc, 1958) ThAH 5. W, fKILTRE DERALRBEIRTVS. L
TeoT, SO 5 HEHEETFARKET S HEEHORERIE, KILUETIE, Whif, ‘#%F
BOEE TH-T, () WWGEE (REOHM, »rwi~r<EkR), 2) mk @3
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WkIE (REOMA, HBVIL< 7T Vv oo KIEB O INAEETR 7 =« A5,
WARKE KUK B WTLIMILL T B bR, TOFZHICLE, 1950FEH kA%
DBOEH 7 e A0 5%, ) IMERFHLGA, 196TEORIC L > TRIBS hic L
RENBDTH 5.

HERE, KBEKIUTRELRBEZDI <7<~y FOTRRIIBEIRT, 196TH
P#SIUE AR TR, LELEEDI U T twWiIFHEEL b -, EiXv %, 1974
ER—EEE A R Urc ki kilss, 1950, SLEMEK L A B2 AT 5 L <
3, ) IUBED 7 r v ARENE IR OIRBROZ ETHAH S, KEKIL1986E
WS R LI, RBREMAEFATHEERFELT, L RBEATMEHLSHRA
o, ABEHENERENER IR TR, FOBRIEY, ZoBHSOBRKE
NEELRIFL T EELLRS.

LA L7, K& KILIS0ET FI6H IUTERUK AR, ILEREERELCETHEE
TCHEHUE, RI—2ELholcl Lo F, T ERDIWEHETHS.

b. 19864 1L THRE X BRSARI D ZEE)

19674117 LIk, 197406~TH (1 EFEAEZRILEHBA), 198345~6 A
(5 2 EHEAREIAD 3 X 01986455 § (LIBERZEEORFEHEORIIC L h BALES)
CHFEZEBL TS, —7F, 1983FEn b1, AT SHOBBHEDLT > T\ 5.
ETRHDWREIC X » THRIB X hEHE Fig. 5-4 X Fig. 5-b w@ilLk. Fhb0
BRSOV TEETS.

Fig. 5-4 1 X - TI96T4ELAR1986EICE S MOEE % RThb. dhy (1967~19744F)
CIRERRR LD X 5 flALED bhle b 00, TOREOETRERL IR
T, BLGAATF SHOWRERIER SR, SOERR, BE2A XY KapNED
DT KIUDOERD, X5CERETHREELEVCEHANINAZERD —2 L »
7o (BRI, 1975).

19744 X 9 1983E D i U BTy (4hy) 12, TORL/NEL, Gl Bl L ED
s, %O, 1986456~68 HHORIIC L » TELRAELE (dhs) 13, WkikEr
ALTWBI5R 25, L LEoBEEiEE, sl E0-10025C2cm BETHD,
FRERAE Lo TWA Z &b ERTHE (Table 5-2 £1R), #MFA T2 Bl L2
e, 2L, SHRILERS S A5 5 ARSI OV TIE, BRiT, BIOBE L E
%2 (Ek, 1988) piksZichbh T e, Wihic LA, 19864E 5 F PO BIIILEE X b I3,
Witk B BRI B B hisye,

COEZOFEELT, IAFIRECH LTSRN MR HET -He tEm» L7 5
BT CERAOED - T, REFESFEUABET S W3 E 2 b o, LLES T
H5ETHE HBKC - THAT 5 BEOURERILOHABRENER S hb%EThH
. ®ilbT 5 X5 RO WEERIIZ D FHERNTH o, Tichb WA KORT
W, AT FEEOITERSE RO D e LW S ESD BHEN S BFEE IS,

T O, 19865F 8 el Lich 45 5 ORI (s, 1988), S BHicid, K&
P31 % MG OB (IUAuz2s, 1987), B2\ ik O Bl (@,
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Table 5-4. Results of leveling surveys on the inside route in the northwestern part

Date | pug 1082 | Mayzdume | gepy 0ms | June 1985 April 1985 | Aug. 1085 | 18~ Nov.
BM H, H, H, H, H, H, H;
0-1002 0.0m 0.0m 0.0m 0.0m 0.0m 0.0m
JMA (GO) 0.0m +0.3386 +0.339%4 +0.3399 +0.3398 +0.3392
OK-1 —25.6186 —25,2808 —25.2824 —25.2838 —25.2825 —25.2851 —25.2873
6.0967 6.0975 6.0962 6.05946 6.0937 6.0953 6.0955

0-1001 —19.6219 —19.1833 —19.1862 —19.1892 -19.1901 —19.1898 —19.1918
OK-11
0K-402

52,7586 52.7569 52.7562 52.7550 52.7527 52,7613
0K-12

134.1740

OK-2 +33.6753 +33.5707 +33.5670 +33.6649 +33.5629 +83.5595
0K-13

81.4096 81.4086 81.4063 81.4044 81.4029
OK-14
MK +114.6521 +114.9849 +114.9793 +114.9733 +114.9693 -+114.9658
m +1.3mm/km | £0.69 mm/km |-+0.72mm/km | +0.94 mm/km | +0.81 mm/km | +0.66 mm/km | +0.98 mm/km

1987) &k »Th, 19864115150 H %o TR K R LRI, BIRR7cRIBR B i3t &
nich o, )

BEThHREKUEHPBEELMEELTE TSR, TOMAREL T, S8FE
HREINC ST 5 B EERNO MR L, AN KT EBERGOLE LD, KEMEA
DOFELA, 11AA D, EMKPIRCETLT, B LeHRIBD ST (B
FRFHEPIEAT, MEERZ, 1989). LA Eo HEAKSEIRT L 5K, 1986117150
DITHR KA JAL » T, IUFREETNIE Ulh s7c b E2 BR5.

TOXSIRBOHEKE BT 5L, TOWKEITNL O0DOHRELRDETHSD. £
NEDEHEDOHS » & b KIS, BEOKHOFETHS. FIdi, KAaTFHo~s
<Y CBEENVETD L, v/~ KERC ERRRABL X 5. Kl TSR R
LHEYZTAH, EONKEFIEISIESYHFITS. FOBEZI5HEEEROKX X
XL, =/ ~OMME ESREKRET S, HtEaVh S EREE LI RE, 4R,
=7 =BYRCRITHETEL PRI LS.

Bal (1961) 13, 1950FE=FILME kKO, SH4F X » 9 B13H F ToHMIK, BE
2, SRIUARLARZECTE, ~—7 v« 87 X4 =0fh i 5 &L, BRED
ERAELEOLOSERELD KEOR I XKD, FIZ bkm (PRI 2.5m L{E) %
T 5%., FOHBREGIEER 5X10° £#7 —XTh 5. 19860 k& ILTEE KICEEL
TR, FEOHERIIE I T2, BUKBBUTOINTRA nEHBEOKME, £
DML, REESEAYMEE (BEHIE, 1988) X b, 1950~19514EM Kk & FMRE (10°~
10* 7 — X, MINAKAMI, 1951) LHEE X NS, Fh, =7 <~y VO ERHEEIEHL
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of the summit caldera, during the period from Aug. 1982 to March 1988.

21, Nov. 1985 | Dec. 1985 | March 1987 | JWMoAUS |16 Nov. 1987 | 20~2L Novo | march 1988

H?' Hﬂ Hi HIO Hl]' Hll Hﬂ
0.0m 0.0m 0.0m 0.0m 0.0m
+0.3382 +0.3383 +0.3379 +0.3380 +0.3380
—25.2873 —25.2974 ~25.3006 —25.340 | 09h 30m~ —25.8053 —25.3078
(0.0m) 16h p0m
6.1275 6.0823 6.0740 6.0689 6.0655 6. 0654 6.0623
19.1598) —19.2151 —19.2266 —19.2351 |10h 20m~ —19,2399 —19.2450
10h 40m
(Single run) 7.1267 7.1230 7.1188 7.1181 7.1142
Newly —12.0999 ~-12.1121 (Single run) —12.1218 —12,1308
established
Established +6.8449 +6.8235 +6.8085 +6.7954
in 1940
Newly +26.4918 +26.4647 +26.4466 +26.4303
established
Lost by
eruption
Newly +47.5413 +47.5029 +47.4796 +47.4592
established
Newly +176.6598 +176.6180 -+76.5939 +176.5717
established
114.6182 114.5807 114. 5593 114.5371
+1.36 mm/km | £0.37 mm/km | +0.43mm/km +0.98 mm/km | +0.65 mm/km

TV, G K ILIRE) O FBIR (19864510424 0, ¥, 1987) X b M{kRA % To
W25, otk Om X b k3, MK OEE <ol 27~8m/day, B O Xb»T
Pol DLICHELHE I NS, ChODHEEFIVHEEINDFEI IO 7<BY 1Tk
BABENORINE, FOWILKFHHEE (pgl) X DHHEWI/NIWETH B,

HIREBFERT A S KILBRIFT O B & dug, 198644 A X v 11A 5 H IUTEM K RE 12 E
BEC, WHKAMECERORE AT E A BN X i -7 (LRI, 1988).
ZOBMEEL, =< EANEHRA T EZRL TV S,

19864117160 X » =FULILTET kD, L MFEKRER] w2 5ETHEY
ALTz. BB, 1950427 A16H O UTEMSKBRLE & BELL L T b (BIBH LS,
1951. KR, 1951), #HA OB OBA L IIER Uk FLBERE LT X b o k)
bhicDThb.

c. 1986FEMKICH - L EHG LUV T DHDIEA

LLA2IARRE LB R BRUKIC X 2 RELOBENL, KENRIFETHRAK. LBl
X O, BBO—METEIRSZ Lo, Fir— bi2X B P T 5 PH0-100144
FCONMELEH L. TOHBEXHWIC1986E5 A ~128 ot U-ZS % Fig. 5-
12 01X 2BBRLTHS. RICH LR X 5T, IMEETHOHSE (H %X OH 5)
v, UEE O-10065 3 LT 10 em w3 B i A4 U 52—, flzdsbmlig (Fig. 5-
12 B TFERS%EMARZR) Lo OK-8 &ix, 26ecm 3T 5 WBEEARLTW5, ZOF
HRTEFHRO AL, EROEH2HEFTETL TS L Ths. Tibb, IWER
TR BV TIR0-11054, sHimlfz Ec OK-3 fix L &AWk A bhs. S hb
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DT Fig. 5-3 X0 5-11 #&B3hiE, BAMXRELLERA (CHFD ik
FOEEBTHR > THELL ERPATHS. HE, BUBRICETL, ShB gy
0-1004, O0-1003D 7S X b K E kXA L T 5 (Fig. 5-12). I IHRHECELE
RERIVELMBELTHWS OK-4 &i3, 9em & T2 uw R (Table 5-3b £
).

FxDPMENKT L, BULI2ZAK, EXMERK XD EEIhic KEREREDO
MEHARC X, KBERERETKES Fig. 5-2 27X 5-3 2R) 2F7HET
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Fig. 5-12. Height changes of bench marks along the
leveling route from Motomachi town to the inside of
the summit caldera, relative to 0-1006. Terrain
profile along the leveling route is shown at the bottom.
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% &, 0-1006/4 (5THET) i 22cem KT HUHEXAE L TV 5. ZoRIIESHTIlEk
LOREOERERDD E, ETOREREELICE LD, ThbOREIRERIL,
FRILA2IE D SR BMKC o THEUTEHZ LTIV, & 2T EAMIEBEO IERE
(1982410 4 ~19864E 128 ) #{ff IB T\ el &, FHERENKIE S RE & L BN
SROEEHHEREZ DL T Fig. 5-13 WRlic. ZOFTHRIERIC BL T, I
(FrHENEDs, 1988) DEJHRAKLBE IR T bok. WTFRIELTH, BRE, &<
R 31T 5 PAFEIMEC eI, SEBRE fDDTX, SHCEEEREGTR
5.

oL REDS, KILEELTOKRED, tpiils, YoRcBETsh2E L
%. Fig. 5-14 3ELHEEOMRREIC L5, KEFMEEBRBROEHRTHS. 0
TR RT3 EMEOH AL, ZFEILLEARR LY REAcs > Thsd., KIS
et Fig. 5-4 R TRIGRLTH S, AR ET? L2 28 B oTE R, 1982
4210 - 117 L 1986%E 12 ol Th D, C OF B S, A EBEIT K 4 5 % 7RE)
ELTwS. ZOKRERERE, HRIGEFEILAZIAOE R AWK E > THE LD T

Fig. 5-13. Vertical displacements associated with the
1986 eruption revealed by the leveling survey. In
units of em. Data ERI and GSI are incorporated.
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»%. Fig. 5-14 0 L X v D 2B EOEHRTIE, WL 20D KELTOWT, ZOFF
LRLTHS.

2 ¥ Fig. 5-15 13, NAKAMURA, (1964) & X 5 kB kILDOBEO BRI 554
Kkill, ko, EhBZoffrmlLicd 0T Kb, BED KEMREBRHELIANLTDS
5. Fig. 5-14 oZHEic X hid, FHAHCMHE TS 0-1116 & X b Wi § 510225
HOBE, KERWENELTHEZ EXHAB, ORI, £ OME A
LT\ bh% Fig.5-15 CHEATES. Tibb, WO FAI0-1116,5 & 102185 D
CAELTWD, CofEl Fig. 5-16 whiud, HHM7 « » >+ — v —v (S, HK,
684? X AENE) YT S, THEMNOERE, 10224 £ L10225 5 & ORIICA U T

Jan-Feb. 1980~0ct-Nov. 1982

Oct-Nov. 1982—Dec. 1986
cmus

10225

-0 10224
-20 10218

=30

-40 _—

Dec. 1986—March 1987

L=45389km(1982)

s
Fig. 5-14. Elevation changes in Izu-Oshima volecano since
1980 along the route encircling the island (after the
Geographical Survey Institute). Bottom is the terrain
profile along the route. The position of each bench
mark is proportinal to the azimuth viewed from the
center of the summit crater.




Fig. 5-15. The distribution of parasitic cones (hollow
circle: before the caldera formation; solid circle:
after the caldera formation) dykes (hollow circle with
a bar) (NAKAMURA, 1964: partly revised). Dashed
lines are fissures. Leveling routes and some bench
marks are also depicted.

b, “hi Fig. 5-1b IRIATWB LI, BH7 + v v+ — v —v (Y, Bk, 1420
ZXB) CHYUTIHETHE. ChLOTEL D REFEBIZL S BIEREE, NAKA-
MURA (1964) 1= X » CiEf I h T %, NNW-SSE o f5[o, @3IFEFOY 7 b V—v
X FhiRT, $ELTRRECLTWAZ ENERIIS,
ZORGEDAAOTEEE LTHER ERDDIR, BBV OIETRY OFEIth 5.

HERTEEEAT 0 4411022555 X © O-11058% (FTRT) 23T, (EHERN e Lk (JH)) %
ARLTV3. COFEIHXO-11064 %5 & L TRRLER Y Of@hciET 5. Licdli-TK
EREOLENL, O-110565 X THlc biThiid o7 X 5 iz 245, 0-11055 017
B, £llickiwr, REXBEHFACAECENE OERBC—FKT 5.
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T TEBILBRT 15 0-11054 & b sigilfk OH sl E 2 E#H %% 2 5 (Fig. 5-12).
ZoORMOBGE DS (Fis. 5-8 2MR) X h RT, ZOXERL, HEAMCEENRY (¥
BEETFAD) OFEBE BT EMNTELS. ORI, BEBHECHTH0-11064 &
DAt A OREOEREE &, RLAEMTS.

ThHEETOEN R TELD &, KEHEAT, SEARECIHE LKL, K&
O FHEAR « BERURED 2 — i, JEBEMOER B - e thf, HEAO R RIS
AR ->TWBERTEINSS. LLRKEDILESRE T, HENRD (FRBETH
h) OEFHOHFEIEKTHS.

Fig. 5-12 iw X » T, 1986 E12F LIEORIBC L VB hCEHOFAEE 2B, XD
S HWIE, 19864E128 X »19874E 3 A DRI UHEEHARLTH D, = DRI OED)
THLMROE, FEAD (FLEBFETHD) oFFichs. TOBEOHETY — IR
BLTHWBH0D, #ELTHETL TV %5, 0-110548fhEa bhicEh i
LAEETL, HEPRYLT, MHALZEOHRBMEORMREMEL 5. Z0XEHR
Tix, 0-1006 5% R & Licizdic, B kb ofi#hc X v sHgiILg O SfE ci R
JE 3em BED BREALEULLIICHLD. Larl, RPPIELHTFELLLD
2, FIERRIFI KRS 2 AT & L a0-1105413 —18 mm BEOWMKER D, Thi
Filfk BB L & iie s, X BIIT1987TED I, MEBEEPTE 428 5~6 cm
VR Udc &0 5 FRATAE SR (154 - 2/, 1988) 355, TOMEYERTIE, st
OETOHELWHELIZ L.

19874 3 B~11A OWIMZES) (FX v 3EH) TEE, sMRilLgsh B HEOkE
LB L 2oL T2 D TRD OIS, ThbDFE) 2 — L {UT
WABENERERD. ZhiE, HARERTEUCEHIEL W BRET, NEOLED)
PRITHOTENRE ST EALTWELWT ERFHRL L 5. X5FhUHDI88E
3H, 194 ESHEDOHERL-Th, AULA2—vOEURKECEIEL TS EHH
bz -1 (Fig. 5-16).

IV-2. SRl (ALFFH) LhLFTAREOEXEER

a. 19864 R kBt LIATDZED

KENEI AT SR 2BE LT 52, 2HEOMEI AT FICL T RN E
bELZ LR, IATFIEEOHEIE, ST IHRBEOMEDC L > THbRA TV (Na-
KAMURA, 1964). # A 7 S LHEO TR, EDQ 7 =7 —RELIDAZT, IHEEOK
XWHHOBEENHEE S D (YOKOYAMA, 1969). L Ly ¥ 5 OEENRCMET S
KkRESEINY, Jolixhos LTRFNEAD 7 — 5 — Rk Rd (YOKOYAMA and
TAJIMA, 1957) S & XD AT, FECEXTIVAL : 5AWER L > THEHEREIATH
BrEZLRL. %, SFILLADO KM, Bk~EE (1777~1792) KHKDEED
IR EA B X > THEER TV 5 Evithsd (NAKAMURA, 1964).

B III-3, wwis\~C, »AF A0SR, MU TS ML T3
Ewsh~de. Fig, 5-10 & BB R LIS & 912, AT 5 HORIE0-100181%, Pl
0-1002 5125 LT, 19544 LI 19864EMT K oA i E T2 60 mm %3 5 TRz 4 U T
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+20MM Nov. |1987-March 1988 20
dh 00— » =#- e —O0
NN
-50— —-50
+20MM March 1988-March 1989 420

dh Ot
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: B =
~50— \/——50

700™ — F—CR— w700
J— ¥Ye 1101 1002 —_—
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H __ 1004 —_
J— 1005 e~ ox-e —
—_ 105 . e
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| | I
0 5 o 15km

Fig. 5-16. Height changes of bench marks along the
leveling route from Motomachi town to the crater
rim of the central cone Mihara Yama relative to

0-1006.
T=(Year)
1982 1983 1984 1985 1986 1987
o) # L o ! 1 1 ] 1L
\‘\O\dhf —3.84T—0-78
-10 Y
¢ ™o

dh [———— ¢

dhi=—6:14T—0-34 +

$
\.\
mm
-30

Fig. 5-17. Secular height changes of bench marks MK
(dh1l) and OK-2(dh2) relative to 0-1002.

7o, ZOmITEHE LT L9mm/year BEECH D, 1982FELIRCIY, BB IhichL T
FANMEOEBNA LR e, TOMRBFIE LT, SRLARGZGEDO MK fis X o
Bt 3% OK-2 mioXB % Fig. 5-17 /RL Th 5. 19864EM KRR A1, 4
IR L, Thth —EDOV — T ikfEdfd. To kv — rit, MK & 6.1
mm/year (Fig. 5-17 Fd> dh)) BETH -7z, B I §cih~ichd, 1940, 1941484}
W& D SRR DB ET 5 B EKER RN ERE S he (515, 1942). 20HEOED
W No. 7 (Fig. 5-1 /) @, BHEOWM MK fik miERMBCRBES AT LE
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2 bhD. ZoOflATE, 194062 F X b 194145 8 At 518 A, SMRILHL
T 9.5mm OWHEABMIN TS, CORITLEYSLDY 6.3mm O’ MK
O L 6.1mm/year OWHEL — P E XS —HLTW%., ZOXICRFEAZRTT
B R EBHo—33, HRETOERARCLIZEHB2LbRE. TOEHFLLTELLR
201, SEILIEOHER X ZEFLRETHS. Tibb, FRAEZFILE, €0
ERLIE, L THBEF>TnbERbhs. SO X5 RiEREH(CEST, Wb
TEEE D\ 2B, WK - T OV TKRETERRS.

b. 1986FMk(C LB EELEDEDZE

198611158 O IUTEM A FAES, BABE X h MEZIHB L. 1I8EPHEY R 2
ZFERE OK-2 Ao stigliige s+ 2 ZE A Fig. 5-17 iR LTh 5. 19834
Dt 2 MADEFHL — b (Fig. 5-17 o dhy) DX Y BEH IR, HHESRE
BT L%, 11818, BRe=FilddkfLlpici, 2,00075 ton i3 2 HHH
BN Tt Uiy, 1987), B LB 2 v AR v M EFRBEE T Cn =
Bl k&, FimEEEoEmE b E T, OK-2 ot Ekmes
SEEMTES. T THEELLVLOIE, KILWCEoeHidmal, L ilikn
IOVWTHBVRET LR ORKEHT, WY ORTHTIE, EEXHEGETAIANEN
B s TWRWETHE D, KIUTFMOEIEIMNC L - T, =27~y FARERL KL
HZBolelBE 7 — A OREET, TREENOHEIEET AR, ZRILC3457
OMBEITHEL BIVETTH S,

1121 DR B AFAEDICAREL KT L AT 7 HOZHES, RO
LAy, OK-2 Szl citieys (Fig. 5-20, #HH). L7dis T OK-2 Sk
B2, ZRU~OREMAEREHESI NS,

11A21A D E R BUTARA I X b —BEUE RN Lic 2y, 128 9l L AR X
T, AT IHETORET, AL 2 28BN ELT B2 EHBL
fo. ZOWRIBOMCIIAIAOENABAKOEHEE 2 bNE,. LEM» V7 7%
WAED, ABICH L COEFHOHER Y, LOMEIKORE LD Fig. 5-18 iRl .
1986EME KR T HBAET RWLThH, FET, M) Ov — b TN HEEL TWv 5.

2T, REKUDIEROEMAHER & 1% ETAD) L OiiconwTE LD, KEK
%k « EE AT77~1792) O KK LUBONUKE, BB ORI T2 10'ton DA —
F—=Tho>T, BkDHDHDCETRUROKEKEFLEET S &, LiinsV X Thilkic
BBIAVN S, ZKEARTO KM IX100~ 504 MR TR D R ST e, RRRBIKE#
DM kiL 1876~1877, 1912~1914, 1950~1951, # L CEHEDHETH &, WHTE L b ZTw
P Lk LIRT R A EINL, 3648, 384F, S6EL V- HHRTRELTHS lx
E—fa, 1984a). Zh b0 EENE, BAL KIS AETD S L XD RT, S En
(1963) KX % 1IgEDOFEE LML TENA 5. £ TRERBWT, BfEETRELR
foKEERIE 5 — 2 &2\, NAKAMURA (1964) X 2 Es 2% & L, BN H
LT MK #i#23, 1880 Bihcksy T Hmlned L ORT EfrifiaxX e LT Fig
5-19 iR L7, SEI86EDERIC IV TIE, BRI M- 7oL WIBFEED) &
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Fig. 5-18. Time variation of height at each bench mark
relative to the first measurement (left-hand side
circle of each line).
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Fig. 5-19. A schematic representation of the relationship between the
three active cycles and the degree of subsidence at bench mark MK
within the summit caldera. The solid portion of the decline line
is actually observed while the dashed one is speculation.
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BEBHORE T, WEEIERTHTHHHEALIRECLS DL D £ENCREN L
MRELLRE, WFhicLTh Fig. 5-19 f{FEhd L 5i2x —vOER, AT
SHTEULTWAZ ERHEEI RS, COX > RRET L, FEBHO» L7 7 IR
DHEVIBELY, BEIREHI»ALF FHROERTH 5 WHEELZE LR S,

DOE¥RH TR BT 5 EEOMECEET 5 &% 2 bh b WHET OB 2OV THRET
5. Fig. 5-20 i, EAEZH I OETHIAF SHACMHBETHTALTh2EAD, SHEL
Best AR RLTHD. HATF 7 OLEBLAHM IR, WHEDO 5 — AP LR
5T, LR, EEREMERLTWBOM0-112350F T th 5. RAAIE» 1~
FSBEFMICMEEL TV, BAOBI 50 mm ET5EEL /L. Lal, £
DT E A B EL T, b3y 45 7 00-11224 3 FHED 2R LTy
5. —F, OK-1 %X 00-10015 04t BT T 74— 713, BMADBIZAT v 7D
WELXE IO, TORE, Jbo 2 MAChErTs L/h 3w, Bk k26
FTwab, 20X, BCX > TREAEHZRTHEAL LT, T, & EH
ERTHEEDEC-EE L DNS.

Thbb, 2B LEKBIUEIATIE, ZO0HAFIEIDIRBEDE L, H
BEFHOEN LD, EEMNCIEE SRS, A7 50- 1128840 TIx, A=V v
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Fig. 5-20. Height changes at OK-1, 0-1001 along the
western route and 0-1123, 0-1122 along the northern
route relative to the 1986 measurement at each bench
mark (left-hand side circle of each line).
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FENTRH, FTHIEERELMACIRTVAIED, # AT FEMOBEE, EEIITW
HERBELTHBE ENE - TWwD (— i3, 1963). Ui LILEBMTIE, MHENS
bR TR0 T, TS0 REIITRTETH 5.

WO ETEARL AT T BEMET, TRIBCX - TEU 7 BREIRE CiZhic Hisue,
0-11285 5 5\ VML OK-1 5D AT » TROWREE, » AT FERMER, »HHEOEKNE
ThHHZEXRRLTVAS, FLOWRBEDL, BETH, MABEDOLTRAEL TV
LEZLNS.

V. WLFT7ATHREEAENERERH

WWTEA A5 5 NCHKBRIATERT O BN 2, BRI, SIMBRE, BRLA%41
E325 b FBREVCHEENB LR TV S, LREHRCERI L it owTl~N5.,

BEZRgR L=2%, 19864E11H21 A, S A5 540 CRl s i L\ U BEER) & 4R
Lic 2k, »AFSATOREBMERB L. To BB ARIkE LTD, HEE
T (4D ORI TH -7, ThHbLBERLTWA2HBRBELACHE KD THY, <
7= ERHB I TOEIMINC & BELEHOREEXHELL,I S THS.

RAWEFEERMEE U@L v 5 5RO, 0K-14L0-100150/%EA K. 20
KHEOMETH B2, OK-1 kb 0-1001 &% Hir i E50°S ©, E=Filhikn
TREHiz-oTwad., FEEZET 6m B, KHEERIH 400m, TASGTHEIIEL
PETES LHB LI, S TH S, JEILIGEES5He OK-1 S X b BitAL 7. = D
BT, IWHA KnOBBIR—BEELELTEY, BMLUVCHEED K3 Tk, 16
FF00- i i30-1001 5B L, BEHRENRICA o7, 16150 A5 J K & b g
KABRED, EMEETLCHUREEZ PRI,

CORBJPEOMBE (BRELD) %, TAID 2HMOIOARAREL -RAKED#E
L5 &, 0-1001 &k OK-1 Sl T 32mm w@ETsBErRL T\, 20
BRI LT, X% 80p 527 vicii4T5. BAWERBIICTFHLL ST,
MUKDARAIR (UREAR O T Ak k n O EEH Y52, EOcEih A A
Ly, OK-1 fiX b ZTiidlls, koLl V&L % 1kmithorrs s
KHEThH5. FEH - &5, 1987) Tk, AWENELRELALRS, B oA
SETEE, BARETCHBICELR 25 » 7REEIhTW5 (T, 1988). chi2 5
v 7ORAL, YR, S/~ ELARIZBRACEETHS 5. BHIRCEMNEL YL
T, WEREOBE, 10 0OF - —-%lz T tE2 b5, Fig. 5-21 1, 19824
LIRED, OK-1 fwext350-1001 o mEZE(t () offlimiic. INEMA (1986
F£11A15R) LRy, HTFERI VAR </ =R LA L THR B AL REIES L
SIBATE, ShAEMOREROETSHEERBERESRRIT S C EAHRI L.
FRMKRT I, WA ELTWBDIR Fig. 5-21 ILREhTWBHE KD THS. &
DIEKIZ IR TIE, KENRICY - T, B3 A - R0 —H D 7 = & 2 23R B
Ihic.

KT, ¥ oo BRTBEEIRIACDOVTGERS., 18TERA-T3 ARUVT~BAIKE
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Fig. 5-21. Height changes (dh) between OK-1 and O0-1001 during the
period from August 1982 to March 1989. OK-1 is fixed. The measure-
ment on Nov. 21 was made only 15 minutes before the fissure eruption.
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Fig. 5-22. Daily frequency of earthquakes which oceurred near the pit
crater of the central cone Mihara-yama (after Oshima Volcano
Observatory).

REEEE L. TofRCE s s, ZRINZAHLT LTk T (Fig. 5-
18 ). —7, HEFIRIKEKIUBRBOBAIC X g, 1987THEiIV5 &, ZEIl
HRK A TR oM S R Lihe, b ARGICRR oML BwE HmL,

L HRERLT A AR L (Fig. 5-22 £R). Z OMEEHIZ, MAOIkTIZiow
HELT, TRIFEGHEEOH LY D, S hAbDEIBL THEEL, =R ES
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BHTVA D 212, BiShamEoWE (4K, XBXLBRATC L =Rk 0 Rl
DHEDRERL, BREOREREY RS CHRATHCEIARRL T, MBI
i s BREA bR, NACA-TALTHS) ¥EETHE, HiLvv 7=k
Bic L D FRENMMOERAT 0B Rich, MEREOKREAE LT, KILALE
CERX ATV BI9GER A SOREICL 2 KIL T Lo R#ELAE L bRD, &D
REA 19874 9 A SR E ks S TREL L

DL SRR T TRA L, 1987TE1LA Y dnlh';fa_;hilii. ER L. Fig. 5-22 Kiabh
% L5 =EAN FHomii gL <ERIEL TV 11316H, 3+ 1200130
B b OK-1 i s 0-1001 S A » TR 4G, 0-1001 fix g T OK-11 dxTo
o B 10BF40 B8 T Le. OK-11 fi=FILolsE, ik giRiaaL S Eat s Zlicl
#HELTHS, OK-11 X h B, :f‘,’\lim[{t».m.».m Ehih b B L A EWLWD T,
LR DEF B AL, DML, Fl{TaLd o< ELiFhOMELRUL
(f»t*‘a“%&‘-'iaf.‘n Rl B oW THTHELEG - u\m*m A=W FVIK

(RFRTF) MR 2. MEEtR A5 E10RAT % E - Turfz, & v)ﬂfi*iu;; H—H{ai

& A D R, 100m BEHCETFLER 3m BoXeg Ui (Fig. 5-23). R~
BooBEHEOBFThYHBRBLTCWS, 22T, £OHicl OK[EDHE "*"f' EL, &
DI B E), P EA BT

4+5A#HDI1A20 21 Hiz, REMBOMELATEOFTS L, 1WA MK &% cofEH
M AR L. OK-1~0-1001, 0-1001~0K-11 oL o2 fic2u T, 19874 3 J,
T~8A, 11HI6A 020217, 19884E3 H B9 10 #ERER o X 2 EE) 0 #Ei

Fig. 5-23. A hole caused by the fall of a volecanic bomb in the vicinity of the leveling
route inside the caldera, during the eruption of Nov. 16, 1987.
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%, Fig. 5-24 R L7c. 1987411516 O KD EF R P EH LWV LB L - T,
BIESEESY FELEFHABE IR T oW LB TH S, 11AI6EDERIE, =ZFEIU
rhgt kL BB B S T 1986 E Y, KHENCRET S (ZORFTHST L 5
Ty, RABRLEEELORD) B, HAERSLLTELREHTh- L EE L
bhD., HFLu = 7= S hish ofe s 13, K - B (1988) X 2 HAA#E
THAIRTS., L > THEACHEHELT, WHEORE - IERED bhith ofcd
MR EV 2B,

BRYE ST OFEIHCY 5T, fFRknZEDTWICIIERFED EEIL, I 25m
DR xE U o GEBEEA, 1988). Li LIBRK X 5 BEEMHH LRI 10* ton B
FRLTFThD ek - B, 1988). ZoRBIBMREBZEMOL/IS0UTEELZLNRD. D
B w5 X%t X115 180030526 ), BWUOREHENEL, 100m 22 5 I & HD
RRAILMEELE., Sht —HOFEHLX T, PRAILREEIRTVWE, BLE
200075 ton & HEE XM B1986EMMEAL, KBERCHELL. il ke AV-2,
b), 19864£11H15H ILTEMS kBRtaH D, 11A18A ORRAR K X iuE, ZFEILFK GRE
»OK-13 H X b 5.3m BEFH) ffE L OK-2 fi3, HCERikiEE RLEDT
wh (Fig. 5-17), ZOFRL LT, hRKILCEBY BDBEORELRE L LR, &
ENE% DR S HEMEHD ThhioDTHHr b KNBERO FE2 kS hics, Fig
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Fig. 5-24. Height changes at 0-1001 relative to OK-1
and those at OK-11 relative to 0-1001, for the period
from May 1987 to Sept. 1988. This figure indicates
that the subsidence rates of bench marks inside the
caldera are not affected by the eruption of Nov. 16,
1987.
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5-18 IR E T35 MK, OK-14, OK-13 &i%o#ao, 198T4E11A21H o EHER
X, WOV - ERE2 B X5 ENOTLIIRY S, CORELIZRLOTH
W EE, WA EC s A ISR ST, BEMCHE bCRABEELZETHR
Bkl #EE SRS,

19824F 8 B D ERIBAAKI19864E 8 B * co ke, MK SA sHGILIE R U TR L itk
12 8em B THD. Ll 19864E117 o Mk LAtk, 1987 411 H 210 ¥ Cicdk: Uk ik
i 40em T s, o, SMRIL (0-100245) AR BRELIC S LIXED HR T
T, Lo Tz oy, WKERL O Lo=Fillgn 3ot s+5% &, MK
BBV TIZ 0.6X107° & +% ETE ELCWBZ ERies, S0k i RERE
2, RS X D) Fichle o TEHLTHHL TV 5 & XE L. K%L IUETH
CE\WT, BWENELTWBEEELBRS. Fig. 5-18 R bhB X5, BETL,M
DOV - TEHRETL TS, ChibbdrEOEHOEMBL L L TRITTSC
LTh, WETLOBEBHEMAKELEE L RS,

ORI TIL, BEKER, EHOBNAILSE 2. B > TRET 5 BRET
EFESBANTE KEHD 2 » =24 TG RECRBRTHERVIE LR
B ENHBMNIL 572,

VI. % & &

FERE K 31T 5 08 ETED Y, KEMNBEOKELHGCTHEAL., ek
DI, 1986EMS KT L THEIRCETH TH S, 19865 K KILILTER KL, H5HE
EFHIRTWREDTh o, EHMRBRUINCS S ORFHREVBMESh T, L0
X B TGMT T, KIUEEME, H5VIHBETCOWTY, MROZ L ELTHRED
DORBHIE S hic. Lo LILTERUKBItARTE, ik EZRIUNGBHERcREY R S/
Mote. —7, WERGKICE < R THRE LR BT KOS AT, BlmRcssit 2 Ui
BBEEEHARR L. ZhHOBMNITEE, WHD 5 W IIUE KBTS T 5~ 7
<D TEBLVDOER T v e ADBBERLELORYERE 25 LD TH o7, FIHAR
HEHROBEBBINC X - Th, pRAkOEZFUNIEHROBRRELRHALI IR . Th
LoERL, FEREKUUED LF 5 0oRBTHT A HEAE bR, T2 T,
1986EME K LARTICEII E hic B2 29T, REKILUDO ETEWHOHRHEYE LD TLD

1. 1950484 5\ i319864E11A16H D X 5 7x, ZSREIMUIEK A X D O BEKBItA T L
T, REKIULEACHEORS X 5 IohBEB A RET BRI IV, ZD X 5T
BRE L STHAR, BFEOKHOTFE, </ <Ofks THL ) O EREEI/NZ
WENET RS, Tihbbh, /R ERTASEDE Y ESIEZ TR0 T, BT
FE s aEINMG, WREDHZET H>BLELETHACELINLTHS.

2. pRAKDESFEINE, ZXhdTILMEETHRBLME TR I TW3EELbR
5. TOBREER I ZERREYEL T30 S hic,

3. WTERLIVH LV KEEDL Y~/ ~2XEHT5 X5 efia (HRBILK) i,
AR DL RO ET AR BREETF LTS, Zo X5 RBARIE, KkEE2K
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BIeDOWEEE - T BT, BRICHENRETS.

4. KREIWIEA v 57 7 K, SHRlncx U GRS ESBRRY fidTw5. R4
BRI b DB S INE T 5. BB LICEENN» A F SHREY, EEBLE
DELBRPEENREE I LT 5 2HRT5—HBTHA5.

5. WEHAANF SR 2oDAINFS X hieblHbhsd, EMAKIOC@EREIEHRE
NDOANFSHOWLE A& — VR -TWD, 202 &L, #1575 FHMiGED-
FRELTWAEELBRS.

6. VT IHFCHECTRBERCTL - T BRI UBERRET S, 2LFFHEETED
BOWRBX—HD TEME & Abhb.

T REKWLWOP & HAEFess T, HEND FLBFETHD O EHHIEL T
2L5RHZ 2D, BHILBRTHAUOWRES TO—MmEELbhAY, WEPET5HA
XTI

APPENDIX 1. 1950, 19514 LI DX B K ILDETNZE

REKIUO KIFEBORMER L, WREHE OBMY X 570w, & T 1950,
19514 D KK LAREI9864E D IR BB AT\ e B IO, KB KIEB OB, 3 L 019864
TEE) & T DHROETHHER O FRRIC O TR 5.

19504 7 § X 9 19514F 6 Hicihro b KB kN, SFRINUEX oL &R 3¢
LEBET, IAFSIREBEEER PSR EN X BTk o7, 2 OER IG5
Sh, WHHOREITE X £66X10°ton L REIHH TV (TSUYA et al. 1954a, 1954b,
1955). = h B OWEENE, 195142 6 A2TH It L BIHmE k2 i & LT—BkIEL
o, WX E28M@EA K, 1953104 5 B X v ZFEINUTE K OB A1EBH > HE L, 19554
2 4 ¥ childc (TSuva et al. 1956, itz DIEHI% 5 icarid7:). 195648 1 B LARRLL,
ERINTHK R 313 B Wik R iE T 2 Bl A L CTL9T44E ¥ 7o, 197448 6 A o /MNEBK
TR, 12l 5 iREN FE X, 19864 DMK BAE AT, IWTEAR g K 0 BET
CHEHOEFT LTS0S hicizd th - 1.

1986 FoL» LY, ZFIUKR FiMicsts BLEH O ¥t (YUKUTAKE et al.
1987) kU &L, MRS (R, 1987), kILA B3R BEEL (BIL.
it, 1987), KILMEME)O St (E5D, 1987) =Lk é 32 REHSRTOK,
NAISEZZ & b INTEE AL PG S hic, 11A 19 i F I EEIT SRk o v 8,
ZO—TEK OB EBL TH AT FKECET Ligoic. S HICAALAFHIE, ML
VHIERTEEI ZHIBR & LT, SR O AL F KA L b Sl B AR EE -7 (B
). ZOFhBBARED s X2 TBM¥RNIS, IWTEAkR (A k0) OMkZ—Bf#E-
T5. TOHMAEREE, SERUAMIcI 4T (CRAD), ZhABLDKOD—DLD
W LB, IWBETRT D5 » THF Licdd, EEEMCELT5. ShE%s
Ki%, 2LHZINGRC OB, BOERTCIIBRES ETI B L, 22F1ITV-5 L, Bt
DRA LY KUK e SUHEET R Shicht, 230 EBRILLY. S H ¥ KBIBES
340 e, TEBETFLAIIEA k0 b, 2LAREAE ¥ T, BEET*
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(to be continued)
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(continued)
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1960 1 8H, ERxHIEREZA
2 200/ MER, RREHESK
3 207, 25A/MER, RFEMERR
4 22H, 27H, 20E/MER, RFEWEST

(to be continued)
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(continued)
& A & B R L i1 #
1960 5 2H, 8H, 168, 25H, 30H, 31B/NEX,
KiLERE (e %%
6 8 H, 108, 17H, 21H, 26H/MER
7 6 H, 128, 1487, 2LH/MER
8 6 H, 16H/MER
9 138, 16H/MER
10 16~18H, 258, 27TH, 29F/MER
11 LELEPMERE
12 TEEE, "B
1961 1 TR, kbR, HOERER
2,8 RE), kR
4 TR
5 WEOEE, 23HINEEICREIK (M)
6 PERE, 128, 16H LR
7 TEAE, 22~20HBIRRER (AR, 14mE) KESEHE, Ak M=
4.6 FHETHEIN
8 13~250 K o N CHRTED)
9 PEEE, KBk
10 ” ”
11 PR, 23 B i LB /K
12 PEEE, KR
1962 1 P, WREH
2 ” ”
3 ” ”
4 B, KBk
5 9 H, 14H, 198/ME%
6 1 H, 2LA/MER, Kk
7 K
M=5.9
9 WEY, IR, NEX
10 M
11 ”
12 ”
1963 1 ﬁ%~10i3']\i§%, KB 8~9 BKILMEHE
2 KB, THRILTECREK, W)
3 2H, 3H, 8R, 14AERIK, "RE), KBt
4~6 PR, WRE), BRIK
7~9 IR R R D RT

(to be continued)
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(continued)
4 A T ) ® e it %
1963 10,11 W %}iggaﬁfﬁﬂgg
KR TREE
12 10E/MESE, KoM KILE
1964 1 IR
2 KBk
3 NI K A
4 5 H, 26HRE)
5 8 H, 12H, 15H, 16H, 18H/ K, 8 H
IR
18H KILE
6 18H, 19H, 288 KIUMMERER
7,8,9 KR, L& EEPMER i
M=5 DI L3, Fk
M=5.8
1965 1 TH, JMRX
2 21~22 /N K 7
3 14H, 18H, 2B\ KRHEL
4 LELERE), Kk
5 L& UEEE), ket 11E/MESR
6 L& CEWEE), kB 6H, 10H/MER
7 KB, & F X ERE
8 ” ” 3 B¥E, RBEfHE
THENRE KK M
=5.0
9 " ”
N > J 10 1 ~ ¥ >
11 150, 26~29 A/NER
12 7H, 128, 18F/MNER
1966 1 LIXLIIReE), 18R%R
2 T B~4), PMMREFE, 2R
3 L& L ERE), BIK
4 L&Y EMER
5 ,, , 24A BA—FEEK FETEERR (5
H, 6H)
6 ” , 118 ”
T~12 A E
1967 1 L LIk, HEiHs)
2~3 ” ”

’

(to be continued)
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(continued)
® A & )] 7N Vo i *
1967 4~6 n , u 48 6~T BMEE
o CHIERER, koK
M=5.3 ks, A
BCHE
7 & & CERANUK, FEERE
8 ” , ”
9 ” . ”
10~12 HifimE), 117453 EKEENRENK
1968 1 19B/MERSE, KOfHEREK, L Lkt
2 L Lid ke 2 B24~2T A AT
RS, M=5.0
3 ” L KFLEDOYES 450 m (A.S.L.)
4~6 L& L x ke, AkEMED
T~9 AT
10~12 Ui Lidker, ienEh
1969 1 19H7 X bk <
2 25, 2607 v 4, fFERITmcBEKILURK,
F K% T/NEEIRNE
3 N KM, BReRZ3
4 AL ED
5 LELENEK, T~8 BOMAKTENCS
R OREKR
6 i Eh
7 3~4B¢%kﬂf@%,km% KUK,
2B TR, 156~160 4 EIR%
8~12 HifE, MSTRMBIEL - THk
1970 1 26 H 59k, KIUEMHYE, 25, 26, 28H kbt
2~9 iz
10 8B, 9HWE KK Kbk
11 9B, 12ARKEKILE, Kk
12 KB, BT
1971 1 Kk, BEEHE)
2 r o, ”
3 ” o, ”
4~6 4 7 4 BRI KR, ESEHE)
7~9 KBE, LT
10~12 Ui LvEekme, JEEMT)
1972 1 Ui LiE ki, 14~15 Bk B4 i ne s §§§§4ﬂﬁ&%
2 LAE Lk, TEEHE) 2 A29 B\ B IS
e, M="71
3 Kk, HEHE), KILEFE 48 m (AS.L.)
4,5 T ED

(to be continued)
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(continued)
F A & B b7 i i %
1972 6 140, 250 k., 22HMEHR
7~9 LEEERB AEEE .
10~12 KBk, HBEED ﬁ% ,4 ﬁé%%ﬁﬁﬁﬂ
1973 1~38 L Lk, AEEEE)
4~6 » p
7~9 ” ”
10~12 11 B11~24 H18E OH RIBERES, AHEHT) AEH 4
1974 1~3 2 §28A~8 A1 H, /MER, WA, KK
: KIUFE, 2R, KBR, PEHI4HFY 8,000 ton
4 NEH, 16 B KFLERE R, BRKILEED
MBOA VA
5 JNERH, KBR, WEEH % ﬁ] ig % ,191’(&15(%33&
6 v, BHKFLEDOTE X134 450 m (AS.L.)
SFRILEPR AN, 54 ERENRERE
7~12 kR
1975 1 0 BERME (GFHRK)
2~12 aig
1976 1 R
2 HRME (8FRR)
3~12 i % A= EhERN b
1977 1059 H, 3lHLXCILA 4 A, 16A%H
CHIERRERE (AR, oA HR
1978 1 14|, 19BEMEAEIRBE M=70, & FEEETHEKR
DB X - TKILEERN 3.
11~12 5 fﬁ%ﬁ% 128 8 APFEEEI T, M= Pra CHE
1979 —EER U TR
1980 6,7 ##5S, 6 H29H~T7A T"-ﬂfﬂzﬁt‘rt%, 6 529 FEIETHEE
APEEERAIHE, M=6.7
1981 1S, 6 T~8 HEER
1982 8 %8, 12 AR AEEENE, M=5.7 HHENBTHEE
8 B, #56 EKEENREEK
12 S 12A27TH X h =5
B CRERMEE, M=b.4
1228 A #B5%, M=6.4
1983 1 153, 13~26 R (PR LRI CRFREE
5~6 %ﬁ@” , 2 EMEARREAEN, 556 EKEENE
8~9 p TR PR R
M=4.7
10 753

3 A=EEMTEILET
UK, WK, M=6.2

(to be continued)



762 T s
(continued)
& A % L} ® n i %
1983 12 30~31 HAF R (K%, 30M@, HEERAT) & 12R19~12B FT 3 1
I, KEER MR, M=4.2
1984 1 FESE & D ORFFEHIES:
2~7 BARGCUEGOMEN LT LB IS
8 M§E§B~9ﬁﬂﬁﬁ¥%ﬁﬁ%fwﬁﬁ%
9 7 ROKAERIEEN, BPUOERER, 5~T,
11~148
1985 1~7 #EL, 6 A48 mAKHEI R SR :
8 16 H2» 524 BT i TR R EBIE T ANE
Rt (B4R WERD
9 fiFs 9 [21~22 B B0
HIERESE,
10 13B2 LHETLEI T CRERIE, M=4.8
1986 1 SRk O F oG I b g+ 5
1~2 0, WENR(EHR), KLUEmIEL
fELER 9 Bk BEN RS
5 mzﬁm@MfﬁM§§k,mm@m$Mﬁ%
6 KILEEELZED bh T 6 A24 A FHE R
= IR, M=6.6
7 <?@xbﬁk%km&&m%ﬁ,uﬁﬁiﬁ
8 11~13R, 26~27HMREER (BHR, HE K BT ih
Fr), 22H 0BT KFLEREES NI B b &
Sohd, KIABTH AR, §11EKEER
RER
9 FR K L S BB <
10 2478, KILEMBVESEL e D
11 12 =Rk m R K FLEE DR GH kK

kmenﬁ%%ﬁknwm%lbwk%M(A
xne

S12EK AR FEH N

19 HFMRI B A = LK 0 IR 3 K DS
WMEDANF I RICH T READD

20 HE1 X D EKIRIFRA S < & & LIy
CRh XRBELVEBRD LR

21 H14B5300 X b 7 4 7 5 JLERCHUBBE S,
RECW]L 2w (ARBESHATD)

14E54043 B A k B DK —BZIET 5
kwﬁmﬁw»?ﬁﬁlbﬂhﬁﬁk%%(B
k0

16B54553 B A K mHE K FEDY
)(17;3%46&}@%%111%{&“1-20}1B@ikﬁﬁkﬁ (C
kB

20545 7B C K D REEE) & 51k
A KPBREHBIK LT D

(to be continued)
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(continued)
3 A % i) 7N # i %
1986 22A02ME L 7 5 IROB M BBAKE L5
v 02~03BE DENC A K A TEEHEs L 22 097415y, WEKIZ
o e BRER
M=6.1
B k1 I IR NS <
23 Q09H543 5y LARETR B 21k
tﬁ&%ﬁ,A,B,cﬁﬁfx;%SAMﬁ (EFEIZ A, 1988)
on

12 HIBEIK AR B SE e
178, KILEE#EHFR

181, 17TRI304BHILTHA k 0 CHUKBARG, #
2 BEREE <

KL B FE A <

4

1987

n

o , MERAEN AR
S BB D PR B ORI

T W N

6%BQIDMEkDTOﬁ¢ﬁ PR AT

6 ROTFRT 5 M NEEEEREE <
8 i THRIs EIAR BRI SR

8 8 ~17H, 21~24 B KIMERBHHHE L 7%,
WITFK BT 58 0 R B SR 2

9 KO THBNBERAERN, KILEKEINSE
10 ” , R KILERT
Y v 7 RIESEERR (218)

1 16 B 108547 7) g K FLERIRIC A » THLK, 18 (Frefk - BEH, 1988)
REwE>. BipHEEL, 104 ton LUF
ST [E R EE T I S

18 H 0329 B LI TE K p AR e K FLPNIZ19864E
BEBETS. a5 X% 150m o KILFHEH,
KILPER BN K O F O/ NbEERE kT
12 188 X b KINEMBEIFOFRE, KRBEDRE 17 B FIER B AR
AUELiERET5 M=6.7

1988 1 %gk,ﬁﬁ%km&ﬁﬂ,%ﬁ,mﬁkﬂﬁ

-3

2 ” , 148 X W FEXEH
T CRERE IR, M=4.7

3 Ek,iﬁmkmﬁﬁﬁ& » SELTEIKEER

4 THIR, HELHIK LR EhEE <
5 ”

6 | ” , BRIZXbE
B s (MR FTH)

7 26058 i Hff?}ﬂiﬁnﬁﬁﬁ‘fﬁﬁﬁz
PSS, BokMBEE, 7 A31A08R40%r, M=5.2

(to be continued)
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(econtinued)

& A i L EIN tV i %
1988 8 j*@lD9BK#HTmmkD®ﬁ¢%%W
n

9 P E TILAMNRES, F18EKEERIf
EY

10~12 KL ThBE <
1989 1 KL EDRE <
2 ”
3 ” . H19EIK BRI RS
4 ”
5 p
6 30R18RSEE X b fAE LB
FihT #%i&ﬁ@;ﬁr}ﬁ#
7 9 B11K09 0 BEF M Rrp iR A D AR, M=5.5 E#Eﬁ%ﬁ#ﬁﬁ
Feh KILTEENC 3

11 H20[380 6 & b ST CHRECKILITEE)
Bth, KiRIEHEH BN S h o,

13 B18Ms28 LUK BR RSN MR BRI e | FAlRE A% IhD
THEER TN, T OFLERI8K33 X b ¥Erpiy (Bl E B L)
KT LB L BN AIRFEREL, 36~d501c
BT DR D kAN D LA RER, FBEK IR
ErXvb@Esshic

8 K, KILE#EFE <

9 ” ”

Lt GEBRizds, 1987). %15 A#%0I12818H, UTEA koids\T/NER R4 L
fot, FRFRICRT LRE LSFHMEL . Lo L7aad STk o oddikFlik, 19864
B DEEIC L > Tilic h, PRAILLEELCIRENR GV 7. 19865EH kic X 5 I
MR, BLEE8X10°ton L REISRTW3 (B, 1987). 198T4EICA S & kmEHIC
B 5 WEREOHK, KIUMEBEIOLERES S ST By fllshie (Ede
Ay, 1987) A3, 198T4E11A16R, BRELX M- T, WHEAILHNCERI ATV ICHEE O
ARELT. ZRHOI8AE, BRRAKINK E S KBECHEL, ZRLWLUEXAAN

CHORRAKIZHBA L., ZoBIAAILL h OFERCBIIEEISF TV 5,

PR i~ R B KIS D B o T, KB HERRE Lic BB b %
CRLTHS. RRIZKRT (195646 B30H ¥ Tlirh & %E) RTOXGEE, HE
A#i3s L 0kILi4g, TSUYA et al. (1956), —fa (1984a), FRRMESE (1988 HIMKXH
i) FeLoTwah, BHHABCRSTI2RAOBBRERLELMLTHS.

APPENDIX 2. JEHKFRZEICOVLT

Fig. 5-4 BRTFBROMHMTIC R LI X 522 OB, WL b AHRLgE c—h
RBD T, FOREIZ00MmERLS. 0L RMFORKBEC KT HKENRIE, X
¥ IERMPRBEONMENE 2 DD, MEEHBCHEL TRTNTERNELTV, #E
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EXBKLTWS DT, BAREEINMALEVLEE 2GRS, MEIBREELTKETS
FHEBEEC L - T, HREACEO L5 RBIEH AL D0 ZOFHICH 5. FHRE
¥RELTAHAERO—DIEROMETHS. TOMBEIZ20BZLHS»ND. Titbh
b, BROGH (MELEOME), RIUEROBERERE (BEOME) wiERT2
LOTHS. BIHCELTE, FACEL > CTEYREL MY, MEFRE - E
FET UM 0oERRGA, BEMTIE, oL AT TNEHEERABECTHS. RER
DT, WEHEEM vy 2 —IX b BEYREXY ST > EBOERF LY, &F
TADOVIGERYBATERLTW50T, BEMECIS=5 -3, RPRCHIx
TWHEELZTWS.

KEARC RT3 RFEBEORKOLDIE, V7T 7 vav=F— (KREITEE) T
BAHY., 05— BURIWCEThD 0T, ERTHZ LRI TERVRCETSIEW
bhT\b., HEEs (1983) X, #HFEH 50em L EOKE T OHRESHHBE
(=AY

T=a+bZ"
B EFARENT C=—1/3 THHHE, FHNRKKIBITRZER
R=—6.46x1075- L2-4t-4h
L ; f#efEpE (m)
4t ks 256m & 0.6m kA LEDE (°C)
dh; wif, HEEROKE (m)

EnFBEVS. Zhit L, 4t, dh 24 2D ERIUBITREOFMIITRERZ &%
FHRLTWS., KBRBWTEH, WHEIALFIHDOL I KBESNBEETE, L BT
Ah BEPBRSECHE VLT, T d OFRRTOBERZITALEALRD (B
5, 1988). LaL, LYY ACESJETE, L, 4h, 4t RREO VRIS
DT, FHBELLLTCEThD V757> av=7 -0, HAROLURCELTITH
% 5. TANAKA et al. (1984) i3, FEFHMET, HkM v A—ZHCERZEVE
EREREORBRBNET > T 5., TOHERLE, ARHCT >R L b OEELHKICL
LEBRBLRELT, CoBRET, ZoRffibhicERIZ oW, 4mm/100m
THolEHMEL TV, T, BEOLH LD RO ERFTZEE, 6.7 mm
/100m K¥THE0H. KBCRCTh, WERECE, ZOXL5REERYEILLO
ELT, BHEEETILELSS. LKL, NEEBCEE D RAEEDEN LB
k& Ehs. bbb, RR5RENOMERELYLEL THORCEDHEINIVIE
&, FOEHHEAOHMICIIEELLRANERE RS,

EAE == B XKW

I. =Z=2BRIUOFH O LRI FEERREE OB
REFEEDO—OTH S ZEHL, FHHOHHBEHRLEL 200km O b f7E LTV
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5. RBTEEY 8km, IFAMLZLTRIBARI L. Z2E KT RE - 221
HOWER IO KIUREY & D 5 8RB KIUTH - T, ERFALBELILTE X 0l
FRADE, WERIEEOFEKLUS L OFEAkDLZELTWS, IWAKAREDIRIF
R h b, HEFRY LS5km 4 H50T, $ELBR—BOINLFSEELTIV (—
@, 1960). o3, ERPBAIUEELBECS A5 5 OFENER IR THE CGEEIED,
1973). RAKILTIX 20 HATICA » T3 EOMKMFAEL T 5, EHOKEIRILIES K B
MAYEKETHECHHH, WHAODOED Y 5L bbb, 194047 OB KT
W, HALHILE O E R B AT BRI KA A% b, 28 HRM 2. 196248 Aic
1, 1940%EMK & T RMLE D, HALRUMTHER L, MAKRTEERL D BLVER
WENHEL, BRO—MEEMESLIEThH o7, T, 1983108 ik, THE
KWWOBAELETHRBEBARREL, HTFLABRERCL D AERADMEOEEI R
B, PekliZ LIXEETHm L.

ZEE KN I1T 2 KIS E e B U e b iy, 19404 DIk o BEIC 71 T 5EHE &
e, AKIUEIEE T OE R AT OWT, SAMER X 2BKEBEOEE R
ThbhT\2 (OMOTE, 1941). # 7 19404ERAMNKT LEBIMIEI~2 812, &80
EMAEOWTO ZARJES Thh, 191240 JREE L Lkl i B8R @I hit
(OMOTE, 1942). LD ORI X, K EIKFERD, EhEMARERO RS
WA EROLELT, ZLTWABZERELMRIATVS. ¥, RAUEHYEHWT
HRAEHENCH S I 5 FAR O E R R\ e E AT O SR X g, 0B KL TESR
CEWTIE, W ETTHB EEBIRTH 341, RKLOM KLY EERT 25 4
TE&bhDTHETHS (MIYABE, 1942).

19624F 8 B OM{ABOZAREIL, 9 FEHBDOITUER I » THIEI i, FOREDW
Fric i, 1940FEMk X 288 & KF, BREKRCHUHTOEHAREL TV L§
HFEhTw3 (—& B, 1977). 1986410 § ik, SAURNEIER STV
Lo,

SRR RIT B KEENRIZIBECIA X hi.  OERFASHERENL, RER

6 EOTEEHA 3L 06 HORMELEL MBL, WEOKUENEY L (Fig.
6-1). 19627 8 A24A 2 O FALHMILBI L 1 B ATEBI KT #%, FFEI2A BRI’
bhic, 1962412 BoRIEMAEZOWTIL, MH (1963) &k - THW, WMEIhTWw
5.
19725 gy (1974) 1%, RO KU ONMBELEEL, 1962/E127 L1972 1
HIHICE BB LRI LI, S b0 HiR X Wiz 1953FERBOKEE ST, F0
BOBPHBIME LIS C L » CTHREL, 192FE0fIEO B, 3 HOEGHE - Ty
HIBE LD ofc, TOERMHIREHISRHOKESL LM, M oSBTy
I T

1979w B ALY, ZEEBNARNBIRGOI6» e K ES2RETL L L
P ZEE L (H4mEpe, 1982). 1980 £ mbiizs (1982) i, MEHRFTREA
L, TORLRHHINICELERKESOMZRL, 1980492 o F 4- B
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M=-5 & MIIKE

? M—3’ (AKO-BM)
TUBOTA

Fig. 6-1. Leveling route and bench marks on Miyake-
jima in 1953 (OkADA, 1963).

ORBEHXFIA LT, 1972F LRI U 2 HEPIERT K E SO BT LB LT~ .

C OZHEEELE BRI DK BRSO T, 19794 & b 19864E ¥ ¢, fFEET
B & B RIEA TR, 1983E107, =M LN RE LAl L ETED
AL X hic (BibEE:, 1984, Rz, 1984).

19854E, # 2 EO=Sdirh R ABNIAER ShACEL T, BIHE2 (1987a,b) 13,
B KUEE IR OB, 3 X O RERE & BUAR R A S F AL 2 R0 TR LE
Biniz, AF2HEO KBS R EAE LEIO R LT -7, 2 olufkhBi ks 2 BHRK
IR OFTRIC L » TEZEEKUTE, IHEOHERBLFETHRTIZERIY, &
A ETEBOEMS Y, HEBEHLICHESLZ LT/,

19884124, HAEIMIZ X » CT=FE SN O 2K ERR O IR RE S h, 1985ELHD
BN ETEEHRH S -t (BlHE), 1988). ZoHEETORBI, X6ic3 @
FIAZBEMRE L, KESFKEORRD bAIUESHORHRIC X 2 BIRN BB\ T jilf
HRLRETHS.

II. =28 RIUCEHT3HR ETESH

19405 DMk, 194142 1-2 B B T ALEANERERC L > TH LM I hcZRE K
o MEZEFH ORI, BAFRKESUERBCST2ZFLVHREXARWEZIhic &
TH» 5 (OMOTE, 1942. MIYABE, 1942). Fig. 6-2 %k ¢ Fig. 6-3 =l & 5 &
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Fig. 6-2. Vertical crustal deformations detected by tri-
angulation survey after the eruption in 1940. Lines
of equal elevation changes are plotted in meters
(OMOTE, 1942).

Fig. 6-3. Reduced vertical displacement associated with
the eruption in 1940, the average tilt is subtracted
(MI1YABE, 1942). In units of em.
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HEBO#EEL R LY. Fig. 6-2 IXMEShieZEH %0 o (OMOTE, 1942) %, Fig.
6-3 HERIY BV EEER R RL T (MIYABE, 1942). 19404RA CRXILTHA BT
LEEAHTEAEL, 10°m® 4 — & — DAY I Lcdt, T ORBAGILTRK B AT
FTLTWB (Tsuya, 1941). ZOWEAORER X » T, ILEMOUENS BRShicE
2 5h, TRBUEMKC S 2B EHEO L O0E DD, H 5\ ILILERAED
b IAROREIRET 5O, FhLOMGEELART B &1L, S KU
DY KT EL 5 5 X CRELMETHS. SHBEKIURIWTL, BEKRETNTILTR
OB ET 50 F 5 H»ORER, BHE e BERLTWEL., HIKE8EKIUT
3, BAETHHKAWEAR, H5VIE LUEBCHr2b LY, BUKRERT IR B
B, WMABCkBT 5o EABRTEIE, BABIOERCAKERFEN)BELIRD
L, BAFHOTE»HL EbHTEETHS. ZOMEOHIIL, FoBkITsH AR
EOBOBEMOFEL L TRbIhie.

19624 8 A DM AR T H D128 12, 19534 ICRE, A I W ETRHIKES ORI
ATbhil., TORMREERCI I, SEEBTARIBARHEOKES M-4 (Fig. 6-1
BH) 27BN ETHE, ZEEBIETOHNNBBARERCHL T, LEEOHEHA
FELTWBZ EXErD R (Fig. 6-4). BREEORRKOWT, BEROHEEY#HA

+0.01 +0024003 1+0.04
S \
< )
AY
(Fix)
on +

=0.1

Fig. 6-4. Vertical displacement relative to a fixed point
on the south coast in two different periods. In unit
of m. Open circles are triangulation points, which
revealed the height changes shown by the solid line
from 1912 to 1940. Solid circles are leveling bench
marks, which revealed the height changes shown by
the dashed line epoch from 1953 to 1962.
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L TR iR BRI 0 i, N60°~80°E, #1-fkfisifiy, +1.87 LHfifxh<T
W5 (FHE, 1963). & O S hilER, TRTUIEERAVCCEBEIRTHWS
DT, HOWRICRTBHRIRF TS,

1962 DK, ZEELEThic 5 =ZMAPEAERE S hicDRIITIETH T, A
BRIFELHEBHL T o, VTIE=ZANED BRI L AEH & — 1%, 194040k 141941
ERPREINERC L BER 2 — v EEUL TV S SMHI i (—&  #5,1977).
Fig. 6-5 &, ONEO=ZARRC L > TH LA ETEDZRT. Blbhki sk,
FEREB KILLTESMEOWES BRI XhTw5. 260N, 1M4IEORIR X » T
BoRKEER, IS5REBRLTALTHLLD0THS. = LRE LTI, 19404 K
BOWRET L > THLA R I W RO 1/3~1/4 BETHD. WAREHIFELET
NHEDWETH - T, BORCEBHHBIB2EEKIC L ZPELLTOEFEEL T5BHEIX
EZ2HCELRD. LA, 1962FEM KT X AIRBEIHRBE L THESTLTHBDh, 5
HWIREIEOBRICH D Dh, HRELEVEMAAETEEL W25,

UL, WM KAE ST IUTERO WA E Ul s, Z85 KL ko T,
FLORE B AL LTl o7,

19724, A BBACEEEOREBRNLYER L. ZoB, BAREIh KL
DNWTDO—FFEET 7. Fig. 6-6 1979 D=E A0 KIESEEY RLH,
1972445513 Fig. 6-6 tho> M-1, M-6, M-4, M-3' (M:yERAHES) © 4 SB=SEET

KOTENOKURA
00

20

Fig. 6-56. Vertical displacements obtained from tri-
angulation surveys after the 1962 eruption (ISSHIKI,
1977). In units of cm.
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Fig. 6-6. Topographical map and distribution of the
leveling bench marks on Miyake-jima in 1979.

BIFD KESD £TTHoN. Thbo KlEED MEMHRL D, 1962 FEHkH, HME
(1963) i X » THRMI W RB RS dedtdhm Lo b o @, ktkroF ¥EE
SRTWBZ LR o, Fhe, JbEAD (FRRFTAD) ©f 0.5” OFFHHREHEL
Tz (B, 1974). Z OBRNO RS S e BT o FFi, 1971 4£525H o B4t Ik
DEM[PFC L AER LML TS, 1954 LIBIc S Lo JIERUE, BXO0FRID
B REmEI oV Tik Table 6-1 1 X vt Table 6-2 xR EHR LI,

1979 I E A3 IBY, FEBERERVCICI6EOKESYHELNEYER L. ZoH
REFENRELSTHAL, 180FEDO=ZFHE PR BRNERE OB, WEPIRH s & S
Fpk#ER M v ) —XEER) &, ZOMEDOEL KIS OEENERT o1,
19804E > H - BB BB FIH ST ici &, 1912FUBO M » ) — XKEED
EyrHE L. TO#EL Table 6-1 3k tr Table 6-2 /R L Ths. M4 SR
Bhe+sL, BOZHIIRA 3lem 45 BELER L. ZhbD Xz XbhbdTH
HT, 2E—HAEDHE LTEROSEEBEHTAHC ENTERY, RAEE YR LM-6
HE M-4 SORIIEEIE 35 & 4X107° R L /e %, WA IEERTIC & 5 19794F & 19804
DFERBIEOHEF I, =LA E LT, dbEXNY FXBETAD OFFIE
Hbhd (FMEos, 1984). Lo Lzofiiiid, 107°'~10"° th - T, M-4 & M-6 &
DOIDLER & BT X 513 Lk & e, 19724 L 198040 e, =B EMN % oitihiE
CRWT, FEELHBESL IV AUBHO L 7, FHXFRELZ 5 LBLREITHL
higus,
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B OB
Table 6-1. Results of the leveling surveys in Miyake-jima volcano.
BM No. H1:1953.10 | H2:1962.12 | H3:1972.11 | H4:1980.9 Remark s
M-1 —3.0479m —3.0686 m
M-2 —49, 5660 Lost
M-8 (0ld) —49, 5991 Lost
M-3” (New) | —21.4900 Lost
M-3/ —21.4678 —74.1067Tm| —73.9801m| Kowan BM
M-4 +32.6653 +32.6863 +32. 6366 —32.7942
M-5 —41, 0422 —41.0284 Lost
M-6 +9.8702 +9.9122 —31.0988 —30.7878
M-1 -+72.6106 +172. 5654 +72. 5679 +71.9737
Closing _
error (+8.5mm) | (—9.1mm) | (—6.9mm)

Table 6-2. List of the height at each bench mark in Miyake-jima voleano.

BM No. oh1(H2-H1) 0h2(H3-H?2) 0h3(HA4-H3) Remarks
M-1 +10.6 mm +19.9mm +283.2 mm
M-2 —10.1 —_ -
M-3 (0) — — —
M-3” (N) — — —
M-3’ —21.0 —49.7 +157.6 Kowan BM
M-4 0.0 0.0 0.0
M-5 +13.8 — —
M-6 +-55.8 +17.4 +311.0
M-1 10.6 +19.9 +283.2

WEFHFRC I L, M-6 SofE+TrE0RMA, BREBREED FENE
HBIRTWD (R, 1940). Li2ioT M-6 SieBiLTit, BHIMIC L THRET 5659
NHDBEELTIVE, fiD2 B OV TRERTLIERLDTLIR., ZOEFOFRE
FRREZOWTIE, WERRBAOEETHS.

19834£10A 3 H, ZEEFREKILOHEHELE cEH R AP A I FEE L. MEIL-12H
EA LS P A EDER MR O LR L. Fig. 6-712i3, 198042 A X b 1982
4E11-12H, 19824E11-12H X b 1983 £11-12F (Wgk &1L tr), 1983 4£11-127 X H 1984
4£10-118, # L T1984410-12 X » 19864E 1 A o 4 jfiflicouC, E-EMIEEE O MR
Rzl 2THE2RLTCHS. ANETERERLEZDOE, &0EPRE, WHAKRLD X
o B RUEE DO H T & 2 BB CH 5. £ RO EH o WTE, B ERETKE
T BRI DK HES A AT & LTRDTH 5.

T a RD 5O HREISKESE AR LREL LN, Zhizb FTHEEDHD
ThHD., SEETETLEMOBIED SO I, BHROBEBCISL /4 XL FbR
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T, ERERIERET > ROHE-EEbhs GUEDIERTNE #2). ULx»L HARHitkc
BF2HNOKEREBHRL D AT, MHERBESKELSEARTEE 25 &%, Fch]
BixlewEZ 2 oh5 Ol - /i1, 1984). Fig. 6-T7 f& LBy L 1219804 1 H ~1982
E11-12F oo % e, BEodbfa i thE L X 5 msiL s, ZoFEEmMcEL T, .
BCHE EE L TEHELURT. CoNETcHEE Shs0X, 1983FE105 1A U 5 MHE
KEINE M OKEEE, 10250, 10249, 10248 o 3 &2, EHFDACK U CIME4 L T
WHZETHB., TOBKIMOETHY, LIh 2EBIRLUIEEARYRIIALEESHTHS
1982411-12 3 ~19834E11-12 5 O BB & i+ 5 L oM BIIEE TH 5. Thb
b, EEOFEHRHELACERAFTEOILEND (FETFHAD) KELTWA, (i, Bk
hEME TR AR BEZ R L SHAR, I VBRELE»D L5 RE xS, L
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Fig. 6-7. Elevation changes in Miyake-Jima volcano
since 1980 along a leveling route encircling the island
(after the Geographical Survey Institute). Bottom
is the terrain profile along the route.
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ML, 1025041 kOB E S b hic1983E11-12F o iR BEL T, HEAELT
FRIhTRSE IR, HREIRCOT, FIKCE DR o EREEHIITHE k-
T xons S, L k10250504 Eh LTk, IV HCHRT 5.

1983 4EME K A LA D BN, MEKRTOEH <&~ v ERURLEND O HBHICE -
(BErH, 19834E11-12F ~19844E10-111). FD#ILFE U B0 LB A2 bR WA Lis
BHHEVTWABZ LRI TS (48 H, 1984 4F10-115~198641 H). ThbED
DIAREBIEIC O\ T, ThLhBELEDOET L T3 HAr LEROHETRDLERY
Fig. 6-8 L Fig. 6-9 &R L7,

Fig. 6-9 13M{ k& 1T X A 751982 £E11-12 5 ~1983 4E11-12 8 O MIMZETHIE X b skd S h
T3 (Bl - B, 1984). Fig. 6-8, Fig. 6-9 & Lzt ficEL Tk, #hBEMET
KEREH AU CEB L D ANRSBERBRAL TS, BRICX Y BAkEIXX S
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Fig. 6-8. Determination of tilt movements in Miyake-jima
volcano by Miyabe’s method for three periods before
and after the 1983 eruption.
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)(I(S5
5

Fig. 6-9. Determination of tilt movement of Miyake-jima
related to the 1983 eruption. Elevation change data
of bench marks near the 1983 eruption site are ex-
cluded from the figure (YORKOYAMA and MAEKAWA,
1984).

RN Ul @iy, ThUADOHIRICE UGB L HIRL TW 5 2 EABIIC R T
5.

ThETR, AEEBREERVOMROETITOWT, BHlShi Ry B~ 1985
FUARIRBEERAGC 30 2 MELEE L. & OFBBICE T 5 MERREYRHAT

B,

III. #HBEHBROFELANE

19854F1c, EILA%E KIUBIE 74 — 7 & 5 Z8H KLEHRABRMEE, RiESh
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7o, Fx OFFEOTSIE, ERB AL hEPEFEEE 350 m RE O FRRHGERY ek EE
HEBREL, WERRES(DLI LRSS,

BB OSME LTHBEOBRB THE L &1

L UEAEE & BLEREC L > CRHILZ I THEIRDTE. ZOFKHFDH
FEieslx, Fig. 6-10 (BH) TLIEHFIND L5, BEHEFEHNERS 23—,
FREZEEOHEKIL, L0 OUEISRETHILTRETHS., LT, £
SA—F OBILBHENEAC L > THEI R T, IOBBI I - T, IIFEKREL O
BUERDBTRETH 5.

2. MROBFEEELTHEMLEYHETS &, EERNSACR EREERYER
THZ L.

UEZo% 4l UTES, BERTHLERLL (FBEh, 1987a). BB LA
i3, fERBELGE, 18-8AF vV ART + —A&ENRIAETHS. DHEERIEREOFE
B, 1985FE11[ I T -7 (EWHZ2s, 1987b). Fig. 6-10 3198845 B IR L RO
PREEZRL T 5, 198 ELIRIBEE S i 2 AUk, 1988SEM ML THIET 5 &
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Fig. 6-10. Locations of leveling bench marks on Miyake-
jima in 1985.
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Fig. 6-11. Height changes along two leveling routes in
Miyake-jima volecano from Nov. 1985 to May 1988
(loop A), and from Jan. 1986 to May 1988 (loop B).
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i, 53 EXBMBFELL.

19884E HUIMAIATS ) S BRI BIL, BRI EARBEMHENEECL - T, =25
SEOKIENEY EH LT e e, ZORE, PEEREBRICOWTIE, 19854111
~19884£ 5 B, IUEEEEIBREICOVLTIE, 19864F 1 A (E LI f) ~1988 45 A D
WIRIE B EA S &R,

Fig. 6-11 RGO MHEEY RLTH 5. ANCKW T EWHAOEINE, 1L
BEAOBLE D OFETELTHS. KA TFR2BNE, ThZhOBRMTTh-T, A
A — Z TR, B — ZUBRESRGZRLTW5, Fig. 6-11 £¥f 1, 2 B
BERER A B 7 — 7B 5 EOEHEEZRL TV 5. & OEHEE KD 25
LTh, FMIHBREEKESETREERELTAELTHS. A, B EV— 7O EHRS,
AT ORREIT1983FEI0A DR AR OB TH S, IWHARRKE LD b, R
BRI A KE R E OBENRCREIL T 5. 19854115 ~19884E 5 A oiic, &+
EERREGE OS> (MK-114, MK-115) 24#X hi. Fig. 6-11 thfiff ThhA KR
R EOMKEZ T

ABIUBA—7LLIEEND (FEILTHAD) OFEIN EDLRDA, Zhid
19834EME kL%, ELBEEIC X 5 ILFEAEEGE D B LR T 52 S hic il s,
SEEONTECIRATV B EERT. S TEELSI O, FEEBHEIIEHEO N
& MK-104 35 kot MK-105 fsh%, FARCHNT L RLTWBZ ETHS. Th

Fig. 6-12. Height changes of bench marks on Miyake-
jima from Nov. 1985 to May 1988 (in units of mm).
Data by GSI, ERI and Tokyo Metropolitan Govern-
ment are in corporated.
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R 31T B SR LI 3o & OSSR & 2 BRI % F4 C 19854E11 § ~19884E 5
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FEEXD BV TR DFEITH B, T 213, 1983FE Rt LT SRR
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B AEMEOWTRLTHRT 5. IWEERRNEERe R 50 T, BRFE23FTH
5. 2T, hEBXOMUED A, BEL— 71250, @ifhe LTRAEREEFD)
fir& skt R Fig, 6-13 1iwiRLfc. R MIbaic ko, A, Biir—7L iz
107° # —# —DfERAEC T D, 0 FRF TG T RGO Hf X D shh s s
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Fig. 6-13. Determination of tilt movement of Miyake-jima
volcano using two different data sets along routes A
and B. Height changes at bench marks near the
1983 erupton site are excluded from the data.
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Fig. 7-1. Locations of the survey areas A and B for ground defor-
mation.

Fig. 7-2. Distribution of bench marks in the A area on the north-
eastern foot of Usu volcano.
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Fig. 7-3. Distribution of bench marks in the B area on the north-
eastern foot of Usu voleano.
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Table 7-3. Coordinates of bench marks in area B determined the each survey.
The origin of coordinates is T. Positive directions of x, y, and z axes
are S23°58’E, N66°07’E and upward.

Oct. 1978 June 1979 Sept. 1979
BK X Y VA X Y Z X Y Z
0Om Om Om Om Om Om Om Om Om
374.521 O —18.022 374.5160 O —13.035 374.521] 0 —13.022

258. 841| 315. 058/—172.699| 258.844! 315.045—72.701] 258, 844| 315, 045/—72. 699
513.036| 687.200,—65. 205 511.086; 687.512(—65.049| 510.401| 687.693 —64.993
766.301) 327.376/—40.472) 765.393' 327.964|—40.738| 765.010; 328.242—40. 847

QP03

Table 7-4. Horizontal (4l) and vertical (4Z) displacements and azimuth (¢)
of the horizontal displacement at bench marks in area B in each survey.
Azimuth is measured clockwise from north.

m 1978 Oct.~1979 June 1979 June-1979 Sept. 1978 Oct.-1979 Sept.

eV (4 (m) [4Z(m)| g |4l (m)|4Z(m)| 4 |4l (m)|4Zm)| ¢

0 0 0 0 0 0
0.005 | —0.013 336°07’| 0.005 | +0.013 156°07’| 0.000
0.013 | —0.002 233 07| 0 -+0. 002, 0.013 0.000, 233°07’

1.975 | 40.156] 345 12| 0.709 | +0.056/ 350 55| 2.681 | +0.212 346 43
1.082 | —0.266{ 009 03| 0.473 | —0.109| 012 05| 1.555 | —0.375 009 58

Rap a3

KB - FKBH B, 1978a). Fo@ific Thud, 197748 B~12A o i) 5 hE—
MEEOTIESRIL, HALEL LT lem/month TH5. ZoMEHEI LY, &
BN R & PO E FOR (A Bt H &) oflodEMRAER, 30cm/day
(12A%K) TH5. OfAEOHEERTS. 19774128 X v B4 3 Ao BRI Tz,
R &R & OEMRI, H lem/day &L Tw5 (FhABE « AR KB, 1973b).
Z O MEANTIIC AR RTINS, WRCLEELRIELKBRDEELLID. 197844 A~
6 Hics\Tit, PEHE—HEOMTERAD fixFizks X% 2ecm/day, SHRFBET A~
12wz L.7em/day Eich, HUTR BRAUGANBDSRTWS (LA « FAB K
BF, 1978c, 19792). Z oMM 2 DRI BRI . 197945 B~T7 Ao
i3, AT 0.96 em/day OfEARABNEH, 8 A~1281ix 0.92¢cm/day LS5
A Lt (hE—s BM-1054, Jtcm, 1979b, 1980).

Fig. -4 iz, A BRAENED1978F108~197946 A. 1979466 ~9 B, RK01979
£ 9 A~1982F11H o 3 A 1T KR EEN~ 7 F L O FUXRFELTH 5. ML K-1
TOWTIE, ZWHOFEHERHRYRD, RECFEALTHS., Zofls K-111, duk,
AR L BHhE~HRDENROMES BM-1054 oRgsh 5. Fig. -4 ©RLTH B
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Fig. 7-4. Displacement vectors in area A from Oct. 1978 to June 1979.
from June 1979 to Sept. 1979 and from Sept. 1979 to Nov. 1982.

L5, s K-1 019794 6 A~9 B 0ZEB&IL 0.92cm/day Th » T, TEEOHALIL
REER > TWBE LTI, hE—ERIRME X DX, 197956 B~TH, I
8 A~12ArthZh 0.96 cm/day, 0.9cm/day DfEARRFE IR TS, FEETR
e+, MAEOEBHIZIZLdTIL—HLTW5.

Fig. 7-5 wzi¥, 19784108 X v 198211 0y 4 RN 5 A WFHEN & 0 KPZE
B E: FREAYERLTH S, WA FERL2GLE LT, HANTHSLL, ks Z 5L
B IL O BERELOPE F coMigs, X vEAFmcmd <, BREEEHL T
L ENENTHS. BOMEMAIDfL (B fLEYXRkDBE, KERMAEEOEMNE
fERhicb.

ARRBOBREDHZRLMED > B, HLELOHLI Y ZTHAILOE Y S
kBT 5 K-6, Y-10, Y-2, G, K-7, K-8 ZoFwhzgichs. K-6, Y-6, Y-2,
C Zofl&iE, WHEHEEEH > TKEEH xR LooliRLz i, Table 7-2 X9
BRBCEBTESD., ThboME, KENROHRL Y EHOKRE LM CHS LIF
WEXRTWD GELED, 1984) DIMRTHAHH. T O\ T, FALRE:
PR, BEHOmENKE ., 0z X, EEFEAOIFLUH LARILILEEMATE
DT L »T, EIFT5 X5 REHrAET LR, PRERRIT 2 EBHOEESRK
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Fig. 7-5. Cumulative values and the directions of horizontal displace-
ment at bench marks in area A from Oct. 1978 to Nov. 1982.

&L, HHABHNBEYCIb ol SIERTHEELDRS.

s K-7T o <TEfhciy, BB ARTRNE (RER) AECHBRIAFEL TV 5.
COME () 1910 EoFEE OB L FEAE L, OMORI (1911) it X » T I hT
WARMEIH E B ESQRAMEA, AECLDLHEEIhS. ZOWMEOEANNK, T7tb
HIOEDTEFICEE L TLEWHHE Uiy, SEOEIC X 2 EHEA—KL T35
SRR D. FR1M43E12A K50, BAFLOEEH OIS & OB EE %
AU e, Yo RRIvEZELbh5 (L, 1948). SMOEHT ARk &L
BaE U BERO—2 & LT, & OHIRAOBEIECIO0FEDER), H 5\ ik EhLLE]
OFEHTERL TH KAFEAN LD OMEXFZ T THRPEFT L TV 52 &3F 21605,

IV-2. B REM (JbFELE)

= DR 35\ TIH Ui 8 Mo fili: (19784108, 197946 A, [F4E9 B) 455 X
D R ebte & IS RS R BB IOV T2, ThEh Table 7-3 & Table 7-4 w3570
LThs. Bhlicksie, BREMzSLTE, AT 2RELAE LTEHIL Baix sk
i, Table T-4 w2k o, WMHE T, C A D3HOWIL B=ATINTLEAL
FHL T, ThABOMOHEOEHITIEL T, S K XU G i3k & B
RLTWA, Pig. 7-6 1%, 19784108 ~197945 6 B, 3 X 00197946 F~[R4E9 A
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Fig. 7-6. Displacement vectors of bench marks in area B from Oct.

1978 to Jun. 1979 and from Jun. 1979 to Sept. 1979.

Fig. 7-7. Cumulative values and directions of horizontal displacement

at bench marks in area B from Oct. 1978 to Sept. 1979.
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D2 MBI BT BKEEH~N 7 rAroFAERLTHS. Fico Fig. -7 i, 2%
SR BREHRE L, FOAMERLTHS, ANIIE, EEiEs (1982) X - THR
RE R HEHEKERCZKI ATV BEED, $BLZOMEXANRTHS.

R GOMENIRR A A7 7 BEOIRRNC NS L, 19105FEOFEEICEL THMREEAT
7= (OMORI, 1911). &EIDFETIX, £k & LTI OMEHEMAIN G ~KFER
BIL T\ 5 s (1978) 24EHBLTW5. G Sz oW BH o A 300 m fr
B3, KEBBHOFARNED £FHFMCEE KL Tw5. FtoBEi,
19784108 ~197942 9 AOIIEAEIC 2.7Tm CELTWAZ EBALM R 7. B
i, fhTEsENBREYEL TS LLHB L (Table -4 FH)., bhAK GH
1T, ARMERDERMTCERE LS TH .

K S50oBBHE G AL RiedD, BEANCXIAHTBIITHS. HEeELT, KA
BEIHAISEEBRERN L TEATH S SV BTN, FBELLTW50T, Bk
HULTWBELAbRS. LALHAAREN 1S THYMETHORERTHS. LA
K S 0H, Bk AefloRmmEEtE boEwiE (Fig. -7 b T3 k7%) OFERRAT
WHEELDADNEMBTHAS.

V. ¥ ¢ &

1978 £4£10 7 LARR1982 11 B e E A D 3~4 BOFEIC X » T, HEEKIUIIAH B IO
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Recent Crustal Movements of Active Volcanoes in
Japan as Revealed by Leveling Survey

Tsutomu MIYAZAKI

Earthquake Research Institute, the University of Tokyo

This study presents some typical examples of crustal movements in six voleanoes,
the most active ones in the Japanese Islands, which are revealed by repeated precise




REERRIZ X - TH LI R HADETIF KL O MR AT 805

leveling survey. The fundamental mode of the ground deformation in a volecano is the
inflation-deflation process which reflects storage and discharge of magma within a volcano.
Various features of this process are presented in this paper, which are highly dependent
on physical properties of magma. We can distinguish some peculiar types of crustal
movements, according to the petrological classfication of island arc volcanism: i.e.
basalt, andesite and dacite volcanoes. In andesite voleanoes, a two-reservoir system is
proposed for the two most active volcanoes (i.e. Sakurajima and Asama Volcanoes).
The main reservoir is located within the central part of the edifice, the most active
portion during volcano formation. The subsidiary one is just below a currently-active
summit crater. In the basalt volecano case, an unexpected phenomenon was observed:
i.e. the lack of the inflation stage before eruption (Izu-Oshima Volecano). This suggests
a special mechanism for magma ascent, most probably due to gradual vesiculation of
volatiles in magma through an open conduit. In dacite volcances an extremely large
amount of ground surface deformation sometimes takes place in the post-eruption stage
(Usu Voleano).

We also propose another mode of csustal movements in volcano, namely the caldera
floor depression. They were confirmed in the Aira caldera (Sakurajima Volcano), the
Kakuto caldera (Kirishima Voleano) and summit calderas in Izu-Oshima and Miyakejima
Volcano. This movement seems peculiar to the caldera structure, regardless of either
the volecano type or the age of the caldera formation. In particular, the caldera wall
behaves as a sort of active normal fault, where an episodic step-down change at the
time of eruptions as well as creep-like subsidence of the caldera floor occur. These
phenomena give us a new insight for the caldera formation process.

Vertical displacements are crucial for the long- and short-term forecast of the
voleanie activity. Leveling data, however, contain every kinds of movements. Proper
assessment on the volcanic crustal movements as classified in this study is a key for
prediction and monitoring of voleanic eruptions. Leveling in volcanoes has been conducted
under severe circumstances. The accuracy of each measurement and overall reliability
of repeat leveling were examined and discussed in detail in the Appendix.

Andesite Volcanoes

Sakurajima Volcano

1) This voleano is located on the southern rim of the Aira calera. Normal faulting
movement was found at the northern periphery of the caldera. Not only the step-like
depression at the time of the 1914 great eruption was confirmed but also a constant
creep at the very point of the caldera wall. This implies that the ground movement
of the caldera formation in the pre-historic time (20,000 years BP) still continues
at present.

2) Existence of two pressure sources, which were responsible for summit eruptions
in the past decades, was brought to light. The main reservoir is located around the
center of the Aira caldera, while the subsidiary one is just beneath the Minami-dake
summit of the volcano (ET0 and NAKAMURA, 1986). Our data contribute mostly to
clarifying the existing main reservoir. This mechanical model plays the key role in
understanding the present state of Sakurajima Volcano. Leveling data combined with
those data on gravity, ejecta volume and volcanic gases enables us to monitor and
forecast the long-term activity of the most active volcano in Japan.

Kirishima Volcano

1) On the northwestern side of Kirishima Voleano is located the Kakuto caldera.
This caldera is a few tens of thousand years old. No close relationship has been
recognized between the recent activity in Kirishima Volcano and the caldera. Swarm
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earthquakes took place in 1968 and 1976 within the caldera. Kakuto caldera subsided
at the time of these swarms. Thus we found a depression movement even within an
old and inactive caldera.

2) Geothermal areas exist in and around Kirishima Voleano. Pumping of steam
and hot water in this area caused severe subsidence of ground. The vertical strain is
on the order of 1072

Asama Volcano

1) Asama Volcano consists of roughly two parts: the old main edifice to the Kurofu
voleano and a newly developed summit Maekake (Kamayama) volcano. The center of
Kurofu is situated about 2km west of Maekake. During the great activity in the 1930°s
to 1940’s, an uplift was observed from 1935 to 1939 with a dilatation center near Kurofu
at a depth of Tkm. During the moderately active period from 1939 to 1950-53 was
detected an uplift with a different source: it was centered at the summit crater cone,
Maekakeyama, at a depth of 2km. A quite similar uplift with the same dilatation
center was again confirmed for the period from 1954 to 1958. In the declining activity
a subsidence was observed with the contraction center at the same position for the
period from 1977 to 1981. The inflation stage prior to the eruption activity was
observed in Asama three times. Most of the data showed good fit to the Mogi model.

2) In Asama Volcano we had two pressure sources: one about 7 km beneath the
main volcano Kurofu during the most active period and another one at a shallow
depth of 2 km below the currently active summit crater during moderate activity.
The main and subsidiary pressure sources are separated vertically, in contrast to the
horizontal separation in Sakurajima Volcano. The distribution of voleanic earthquakes
supports the above mechanism with a two-reservoir system. A vertical cross section
of earthquake foci indicates a cluster of earthquakes beneath the summit crater, a linear
arrangement with depth increasing westward and another cluster below the Kurofu
volcano at a depth of 7km or so. This suggests the existence of two magma reservoirs
and a vent connecting them.

Basalt Volcanoes

Izu-Oshima Voleano

1) During the declining period of the former active cycle (1950-1974) for Izu-Oshima
Volcano, the summit subsided by more than 20 em relative to the western coast of the
island for the period from 1958 to 1967. This fact was reasonably interpreted in these
days as a deflation process. Hence the summit inflation had been anticipated before
a forthcoming eruption. Frequent repeat leveling, however, gave no evidence of
upheaval in the summit area before the 1986 eruption. The lack of an inflation stage
prior to a big eruption after a long lapse is demonstrated here for the first time.
In spite of many other anomalous data such as electromagnetic, geothermal and geo-
chemical data, no mechanical precursors except for intermittent voleanic tremors
appeared, including seismicity in the summit area, leveling, geodimeter and strainmeters.
This implies that magma ascended through an existing vent from depth toward the pit
crater without mechanically deforming surrounding materials.

2) Just before the onset of fissure eruption, we detected enormous uplift by our
emergency survey. Subsidence along the fissure zone was confirmed after the eruption.
We also found that an overall inclination rising to the east occurred in the northern
half of Izu-Oshima Volcano during the 1986 eruptions.

3) The summit caldera of Izu-Oshima Volecano belongs to the high gravity anomaly
type (YOKOYAMA, 1969). The caldera floor usually continues to subside at a constant
rate. The rate was accelerated at the time of the 1986 eruption. This manner of
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ground deformation is quite identical with that of the Aira caldera. The phenomenon
is considered as one of the dominant causes to build up a high-gravity type caldera.

4) The summit caldera is cocoon-shaped: the southwestern half was formed earlier
than the northeastern one. In the northern part a step-like depression at the time of
eruptions is dominant, while in the south a creep-like subsidence prevails. The dis-
crepancy reflects the difference in the ages of caldera formation.

Miyake-jima Volecano

1) This volcano repeated flank fissure eruptions in 1940, 1962 and 1983. It is an
island voleano with 8 km radius, the leveling route being located along the coast. The
lack of leveling data inside the island prevented us from clarifing the inflation-deflation
process. We established a new route encircling the flank of Miyake-jima Volecano in
1985. Repeat surveys along these routes brought to light that the fissure eruption area
on the northeast side of the island still continued to subside. We also found an inclin-
ation all over the island, which is regarded as an after-effect of the 1983 eruption.

2) Triangulation measurements were made after the 1940 and 1962 eruptions, which
revealed height changes at several points in the summit area with a coarse accuracy.
These data suggest predominant subsidence of the summit caldera. The crustal move-
ments in Miyakejima Volcano can be interpreted as a combination of the inflation-
deflation process and the summit caldera depression.

Dacite Volcanoes

Usu Volecano

1) Usu Voleano erupted in 1910, 1943-45 and 1977-78. Cript domes were formed in
these activities. After the 1977 eruption, the ground on the northern foot of the voleano
was pushed away northward by more than 10m, producing complicated deformations.
By means of angular measurements we revealed horizontal strains on the order of 10-2.
Fabrics were severely damaged where the pushed-out soil turned its direction.




