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Abstract

On June 9, 1991, Pinatubo volcano, located on the western side of Luzon island, the
Philippines, started eruptive activity, which attained a climax on June 15. This study
involved identifying distribution areas of the geological units which erupted during this
activity and making a geomorphological map of the edifice using satellite images (MOS
MESSR). The edifice of Pinatubo volcano has a diameter of c. 35km. Four calderas (Cl
to C4) and two dome-shaped rises (D1 and D2) are observed in the summit area. Caldera
Cl, situated on the southern side of the summit, shows an amphitheater-like shape which
opens to the southwest. C2 and C3 are located on the gentle slope of the western side of
the edifice and compose a duplicate-caldera complex. C4 is situated on the western flank
of the summit dome (Pinatubo lava dome). The two dome-shaped rises (D1 and D2),
located on the northern part of the summit, are inferred to consist of lava domes and their
surrounding collapsed debris.

In the 1991 activity, large volumes of air-fall tephra and pyroclastic flow were erupted
to the surrounding areas. Further, deposition of these erupted materials resulted in
occurrence of a vast amount of lahar. The pyroclastic flow traveled more than 10km away
from the summit vent. It seems to be divided into main and marginal parts. The main part
is composed of thick deposits or highly destroyed ground surface. The marginal part,
mainly distributed on the outer side of the main part, consists of thin deposits or weak
destroyed ground surface. The pyroclastic flow tends to accumulate in the topographic
low areas. Most lahar was driven from the pyroclastic flow deposit distributed around the
summit area and flowed along major rivers radiating to outlying parts. The most distant
one ran more than S0km. The distribution area of the lahar spread and expanded c. 1.5
times within four months from Jul. 5 to Oct. 23 1991. Two new lakes are found in the
northeastern Sacobia and southern Marella rivers. They are thought to have resulted from
damming up by the lahar. A caldera was formed on the northern side of the summit
during the eruption. Based on the Oct. 23 image, this caldera has a size of 2.5 km X 3.0km
with a crescent-shaped lake in the center.
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1. FLULBHIC

191467 4+ ) E v, Ny Y BERICAET 5 EF v RKUDBEKESZBE L. 6
A 15 HiciE & 72k id, 1912 4E 0 Katmai K| L OBKDIEERFED & OT, T OHEE
HiEEEICE TELLI EBIRESI N TV S (PINATUBO VOLCANO OBSERVATRY
TeAM, 1991; KovAaGucHI and TokuNo, 1993). MEHIE IRV &b, B FHEREYID 3
km®, KBRS 7 km® & #ESE & 11 (PINATUBO VOLCANO OBSERVATRY TEAM,
1991), Zh S5 RBILE~EALOHRICESHEL TWD, 351, WflicE Lhb -7
Lbd, KRiHREmE Eh o LARSREAE LS OXEFLFI &R L.

AW 1991 FEDEF v R KILBEKESRORETHE (IWIFE7+)EY, EF YR
KUK R EDHEEMR, RESE, BHEH) 0—&RL LT, HAROBFEHNEETSH
% MOS (Marine Observation Satellite, “% &”) ® MESSR (Multispectral Electronic Self
Scanning Radiometer) Ejfg (LI'F MOS [Eif§ & #&:0) %2¥FE L7c DT, EADOEKIHS
N kRERAEREY, BTHRY, BXU0ThobhoRE LT ARERYOShBRA R
ETBHIEET-R. EF vy RKLIOERER, LiELEICEZHERSARSNT
WEWZEbHD, BEALAHOEETH S, KILOHERBEEZHO,ICTET LR,
FFROBAKOWEEFRIT 5 ETHEELEZ OGN 5. Z I T, MOS &I KL D
HFIE L THARAREEEB L T0 3 LIS VE LY, b¥ TREED 5 FENG
HIC AR RS 5 2 &R . 1B, FREOBREEIC L IcKBERD KILFH
BERICOVTR, BEXDTHLIEET 2 (&F - KH, 1993).

2. ER7—%

1991 D £ v R KUK EZR~EKr Ao BT s nizh T, #miclEd
BEERT— 7 3BHTRONTWS, AFRIBEEEHTIE, MOS DEEDAHTH - 7.
LANDSAT, SPOT 75 & REE BRI, LWTFNLERXZHRICHAVWS I ENTE
2LHNF—FIBLATVLEYL, MOSIZBWTS, EF v RALUBF— 5 DARZE
HEANICAIBT A%, HHAARERERT -5 191FE7HS5H, 1914 10H 235
(Fig. 1(b), (c)) D2 ¥ — VDA TH 5. TN O IIEKM S OEHOEHY 37K
AEBLTOLEEERF I LB -TVA, AFETRIN S LB KH]D 1989 4E 11 A
25 Ho MOS [Eifg (Fig. 1(a)) 2RI KEHMOIHIRR OB 21T~ 1. 158, MOS
1212 MESSR Oftic VTIR 75 E D+ v 4 — bEEE N TV 543, EEEH 900~2700m
UNRIED, 1987) &L, RFo X5 BEMICIMERTE RV, '

vy RkLokEcBE L Td, Lido MOS #Eig (7H S5 BEBRL) A2#HL
1o, TOEE, WAKEROBEBAENLEL LK W/cH, MOS iZfR 53 LANDSAT, SPOT
BEMOER T — 5 OFERBEETH 5 (EHEEIEHR LOHKOLOAFTE LN
EERICARRREE > TW3B), &K iT SPOT D/ /7 nv 5 4 v 7 €— FOEEIES
fREEDS 10m L& <, EEEHSTRETH b, KIIHESEREIER T 2 1< 3D THEIT
5., LHLEMNS, ThoOEBZEOMEKIE MOS BEEO 10 fERREL xbHTEM (1
WO 10 FELILE) T 0, AMFRICE DY TONFROMREZEICEA TV, &5
12, SPOT TIIEBESRWI- OMIESEFHE H N—F 5 20icid, XFLAXTEMH
HALEVWEATHHEROBERABAT IHLENEL S, COXHSEEE»L, FEI
. MOS DA DB ORI REHE 2. LANDSAT, SPOT & %\ iZ JERS 7§ & OEO#E
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(a)

(b)

(c)

Fig. 1. MOS MESSR images of Pinatubo volcano and the adjacent areas.
(a) Nov. 25, 1989 (before eruption), (b) Jul. 5, 1991, (c) Oct. 23, 1991.
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REDHEEMIG T — ¥ ZF W 3SR OFEE Lz,

MOS 3 1987 FiziTH FiF S h, SR 909km O AEELIHERELE % 1 HicH 14 4]
AL, 18 HORMEFHL TV (NRIFD, 1987). MESSR DiERNEIL 100km T,
MR B 2 RS HEER S0m, BUAIERMERIE 0.51~1.10um T4 5DV K (1
0.51~0.59 um, 2; 0.61~0,69 um, 3; 0.72~0.80 um, 4; 0.80~1.10 um) 5 LTV 3
(FL). HF<R N F 1A, 2%55K 4%2KICE 04T RGB AL, 590mm O+
FaIAAT—F) v b ELEEREBHLL. ChiZ25THD 10247 —Lickly
L, #iED50m Q7 2AVDHAR) BCOEBRETIRO2mm XEINTWA, H
BOEBMIEHIREER, HRET DS OOEMIEGHECEAMEOI Y F 5 X Mid
BEL—RNCERT I ER3RETH 20, LLoEBETHINEIARTHIEET 2
km A4 — ¥ —OHEDOHFEI AU TH 5 EEbNE. FF25 005 —EHEEAL
D3, BEFEPAROEHSERT 2EIGESRHI TV S0, EBRO K LIHERY 0%
FEE (475-) hoORHENTIRETH 2B EREEZ DNk P L TH 5.

3. EFYRAUOFENGHRESE

KILDOHFEAFRI DIERRIZ D W T, MEEIC X > TSN AR EELHW 34
EHLSNTEB Y (FB, 1974), —RiE AV s hTw 5, HEEGOEENGS,
BEARICEENERELYUTED, HUOFEEZRAWV A EnTE 5. HEBES, S KL
WA S 5504 14, SFE (1985), FRaNcis and WELLS (1988) 7 &Ik - T, W o
DIEENTVS, —fRic, BEERBHERMNS /MRy —vollTEoHFR IRETH
205, Kilithke 2 OFBOMIKE TH 1 ROEREOFRICHD 5 ENTE B, 11
EOFHBARP AV F SR ER T —VOREVEELIEEST 20BN LH LS 5. &
WETREREGREHFHORR 7 — ¥ & LTHY, BBEIEL THIER 5 H4o 1, 25
Fan ) =88 L1,

By FAKLOHIEHEEL, 1989F 11 B25HE 191410 23 HiclgE s hic
MOS Ef&D 590mm F F 2 SV H 5 —71) v b ZEEKE L TIT - 72 (Fig. 1(a), (¢)). [
—Y—VOEHBTH->Td, MEDREMEPEPCTEILEPLIELEREES. C
DT EEFALT, ERRBEELE LEVWEEOBIE TOBEEHOREL % 2 DDEB
OHAEE ZBHRT UL, ERESAEL L 35805 5. K THOWZEROMEARIR
BEMBOBEVBKETEL 00, £ L bHFRICE L AR TR - 7245, km
A== EOBBOREVEBEOHFRITA 2. AR, BEHOBEBOHD SHERR
WHRETHAE 2B LEEICHVWZOREE LV, LELEHKS, EBROEEICTS
KERE FPEAEL CEBTELD -2 &, T THVWIHESYE TH TFENSHIES
BRZER T 2 ic 3 PR EREEE T3 LEI 5Nz &0 b, LD 2KOE %
Hic#r e 1o,

EFvRKLOEBRIA 74454 1B HESE» 5705 LS5 (DELFIN,
1984). MOS g LT, TOHREE» K2 Lsh3ER Bty =74 v b
DEEZELTVAOMBHESNS. TOL)EER, FIcEBSOMEsBRMEICL -
T2 6NTWVWE Q555D 1 OHIERI T HEND H T EMNTES). TOHEIL, Kl
DEFIAGE, ~=5#E 71V EVHBREEBIEERITLTVWAIENS, F7 ¢
=y 7 IIEENCBIR L TV B AlEEESHEE S U B,
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Fig. 2. Geomorphologicél map of Pinatubo volcano determined from MOS MESSR
images taken on Nov. 25, 1989 and Oct. 23, 1991.
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4 v RKILDWEZ, B 35km, fEiLK 35km (Rdoky+ v RKILEED S
L 55km) O#FHIC K. MOS B ETEF Yy KkLiR, ©F v RibéZOEHichiE
4 % Balakibok (L& HuvE T B ILEP S AMIT L2 2DOKILDOEEED X S I RA
2. BiERHENE LWHIEEA B T 520 LT, BERETPEATVS, KL,
HEOBRERRKICHE LRT CERIRETH Y, Fig 2 KRLDORZOKREHIAE
Th5 TR, EFvRKLOEREEF Y RLERLETEH LVIKICRS C
& &L, Balakibok (LiZEHl&ET B HWVILEIIEE F Y KKLE Lz, DELFIN (1984)
i, EFrvyRkLicE oENEEVEET A EERELTVEY, 205500
{obiErF vy EkicgEhn s (Thdid, MOSEBRLETH, K&ESOMG, LA
HEERE LTHRMNTERW), UT TR, SRoBEAESHET-> 2 Y KRR D
R EED 5.

MOS & T3, v+ v RKUoILWERMAEic4>20h V75 (Cl~C4) £220
F—aikOEE D (D1, D2) BSEAT 305D OIS, AR EF Y R EGucTE
BENTWAEY, JE~tAERCH» T TRERORESTE REFEV. EF v R ILOA
il D ik — AR BRI D Sacobia JI[FEREOHIR T, PH TREDBREMMEV - HES
BN ->TW5, £, TOLEAEHOMRTRL Y HEVWHIEES 75 % —-X & LTED,
MARE LD BEPHEEE DL > TVWBDNED SN S (Maraza Hill 5&),
SDEATIE S FHD 1 ORI TR, FIOFEL, S5 10~100m BEOLEE2 65
EEmARN S, 1991 FEREKIT X 5 KBEHRIZ, TOXIBEAERIFT L.

ANFS ClLREF Y RKIOFEEICAE L, ¥ 8kmX5km DX E X 42F LEEAEICEV
TG E b, EF v RKLOP TS BB OEA LGS 5720, TOANVT
53450 RHTROHEVEHIC>L Shizafetsgu, e, Lk
Lo TSN EEREA VTSI, LELESS, ROMBEYcED Shic/d
B, EEECKIHERRVEERV, V75 C2,C3 1, ¥y RLOFEROLEK
SEHR S T DS IADS B RSB L, ZEOA VT S AR L TW3, C2 % 8km X5
km, C3 7% 4kmX3km DR X X% &, C2 OIbpE, FEREAl0BE, Fido7r5 32— X
OEEBLUCILEBOREE B LTV, ALVFF50DOMWMEZEVEVEE 100~200m
BEThS. R, BOKBRICL > TEVONIDTHAD. C3TEEFELLA
B&, b VFIELELNIHEISHRNICED O, SSIKEBESHEBEENRL
TVWBESILRA B, AT B - THNMSTURICHMS > TW3E 2 & bEESh
3. C4ld, SEIOEKFEFHOTNE R > EF Y RIES F— 2 OFMHEICMEL, 3
kmX1km OEHEZFTS. IhBKUEHCE> TERENLOOPRBICEZH0D
ROPIIAHTH 5.

UL F— s kOEE b (D1, D2) X, BAEMAERIULMEZEST 25, 0
b, SkmX3km BBE & BRI TH 5. TuMBEIAE T 5 iEaHTELR O BHEMH
AOCELHREL, TOXIK F—aROMEN- Slcohd Liiiw,

1991 FEOBEKLARNICIE, ILTEERIC EF Y RIEE F — A LRSI BI85 K — AL
T (DELFIN, 1984, Fig. 2 O C4 iclifEd 2 R=1). MOS B LTk, < ITHL
T A AE D KRTRICE S O TILERS OEFRELRIRETH - fo /oD TOHERIZ T
&1 fchs, 5THSO PR E TR s L Tlisisns.
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4. 1991 AL OFIFE

AGEOEF Y RKLOBKT, KEDO KPR, KB THEYA LD B R 3 &
LdiT, N5 RFHUKBREERYD 2HE T3 RENTE L. HERRHERY O
R BEHCHE s — v TP DT> 1208, BAICk->TlE, BAROEE
&L, BHEOMBDEEEBL L. 51, TAS5H, 10823 HD 2 B0 kg
DHEBZLEL, 4 7 ARIOBRDOHEIHT 8V T ELEEL 1.

—Rtic, WIRIC X 2EEHFTIY, BB L Th 2REREN - THINTY
oo X228 180, JOBEOBVHGRETS BT, F4 VLT — s E2HL
HETHNTRET R )2 P VORI 2T 5 ODEE LV, SR OHFEERS T - 10
B, () BRSREL Lo, SMICIT 2R T 2088 S -2 L, Q) &KX
YO RE R <7 b VICBS 25 BRI NTE 0P, RITORBE 2 7
FYF P V=ZABRBNT E, 3) AHETHRE L TWE LS5 B LIS, HREL
FFE ORI & » TREPREDEWAE L 3 120, o X 2HEERBELTS 2 &
FE LW, DT 4 Yo7 — 5 bERINTHE S THEHSREZC &, K&
DTH5.

Phiz, 7TH 58, 10 H 23 Ho MOS g5 &¥E L i KHBY OB Sic>\WTath
L, Fig. 3 K&HEBYIONHERT.

4.1 KEERHERY

KPR RIROER P KK, #2HEE L IRETKLOAE A28 K TT 5
DT, ZOWIMICH BB TRMLVEEEEPES. SEIOBATHRAE Lo KEER I,
HLITEA> S BRI H2 i C DIRE S s 2 B U, HEREWI < < 7 - 72. MOS & D 4 Rk
OHFIH & REBE IS EMDP LT 7 AF v ~2FAWMB T E R TERD - 1285, kB
OELEFHIZIFEMICTIEST 5 BT,

KREGHEREY) 3, BARYICILTEZ i E 8 10km BE ORI T 2. ILTEL S
DE[EFERED K b8 VO FEBIIFTHRIBOR 8km T, T THHIEMHREEThIcL-TK
BRSESN TV S, BbEL £ TRATWL S DIZHEEED Sacobia JI|DIRA T, # 15km
ETHELTVS. FLIR2L, TH5HE 10H 23 HOBERT, zhzh KAk,
BE, RUOMIHFmT 2 RER g - BE" 2R3 2 2 OERICKIT
&5, JITR, FIEEZKRRELS, BEZAPRRBGHRERSRC LTS, EBo 4
WHIBFRZEFATHHRT 5 &5 ICRZ 5,

7H5 HOBRTIE, KBEREERE LKAREET 2EESILEO KO0 524
KD - T3 (FEflO—IEETEHE T WA 10 A 23 HOBEBR THREsh 3).
10 23 HOBEBTR2E, COEBREBEEL, KBRicE > THERIEES LT
VEPHEHBRLINTVSE I Db, B, KOM DS T~8km OEFITIE, HIFEOM NI
L BERDBIE S 11505, TNRKBROHEEATORBHIE (& 200~300m) %
FTRIHDVTTLEHIBTREL - T EART. T TREBOMS cHEREYIHHE
XHY I (MR L), Btk 0 ECHEL TV I EMHEES NS, T~8km
PhETid, HEEEHES I % & SRS (Maronut J1[5#ii8, Santo Tomas J1|_E#® Mar-
ella IS &) BIEK AL, ZD & 5 RBHTR, KBRS —HFmICHBEL TV A L
WKRX 5, KBRESHIZA I EHIHIES 2 O IZBBOEIRICHT L, HEYNE
CHHGHBERZ S > TV 20, HRIE/KZHE & & KBEOBRIC X » Trol
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FASE LS N TOAERICHIET 2 LB o505, AiIEDOES, ARLOERY
HEHIEARS C E BV (T A 5 HOER). KT T, KBRS tizeI s {&m &
FATRTLTORRTFUBELBHEs NS, [IHAILAAE D Maronut JI| & Balin Buquero
IR E -l T, COBERIVE L R b ar iR ET TV S,
KPR EOBEGFN T OHENERTH - 1ok, TNKEDLNEZ I EMNBh T
HEBEyiRET 208D 615,

KRB EROAANC, THhEEDEL &5 ICKRBRBGHESAHT 5. KR EIRIC
B, EBSHER I PPEWEFIC b RSN 5. ook, 7TH 5 HOER TR
HoWaEEAET 5, BAK4y %O 10 A 23 DOEBRTRPOPRSD - 1 EBE
A2RT. CHIRKBRICE3BERZI TV 00, fAEDERS TV 3EHHEIE
TE2D2RIPPRRERVTVE LD EEREN S, KRREARHRTRERIC T~
HEREYIHE L, BBORELFVEEI LN S, KREH L FARTOERILT LS
BT VIR & H B A5, Fig. 3123, ZOBXZOMERERL .

6 B 15 HD 5155 90 5, BIRICEHRANCHEA S 75 2 b (lateral blast) M3Fed: L 72
T & (PINATUBO VOLCANO OBSERVATRY TEAM, 1991) LI TV 5, KEFEZE
3, TOT7 IR DEEBEZATVEZ LB TAELONS, LhLEKBS, [K
PrHHEREY) & L CTO BT AR R BN CRBIZ L > TW A T EBIREAL
T, St. Helens K|1] 1980 FEHEK TR LN/ LS BV T 5 X b 2id - LEHRE S s
Mote] CNEOEAH, 191 &S MED SHERHIT 2R, 75 2 b HKBRERERTE
BOFRTH -1 & ZBbNIRV,  KRFHEGR I SMEESAC ILTE» SEL T
ATOVBEZEMS, ZORENT SR Mok THERENETHIE, EFICEL VK
HBORMSLHEBICEI N3 TH 5.

42 TARHERY

THAKIR, MOSEB ETRADICELOAPPRVWKEREEL, —BICERAPE
BRI > THRT RS 5. RUTERMSEET, BEZE,I 225,
KEOBEB T, MIDOZ BIARPTEAT S &ick - TigsHE LIKEBOHFRKIC
BoTWa, TOLIBAKREE LEXKAEIOER & HET WL, TARDOAMERESFL
A BIEMTE S,

TRFHERY L AT 5 KPR > O, EEREDINICH - THRERCAT T
% (Fig. 3). BEVLb o, FLEIEEEDS 50km %% % (O'Donnel JI|). +HED /SIS
REZE-> THART2EECHD, THSHAS10H23HO4 7 AT, AkHO
MOS HETERE L THETE 3O THKT 5 &, AHERIEI 15FEL>TVS,
10 A 23 HOEB TIE, JtEIRD Sacobia Ji|, FFEBD Marella JI| (Santo Tomas JI1|_Ei#)
D2HT, TAFICLZEXEDHPERS N TV EOMHRSNS. Thsid, TH
5 HOBEBTRERSNT, o4 AomPloRcERahicEEZ 505,

IWARRE TREVE FHREYAED 50, shEREEE T3 LARNIFEEL TV
ZELTFREENDH, MOS BN LRZOBFEEVHIZEETELAL-12. Th
12, BHUCHER L - THERRYIA Kk 2 &AL AR E Ko E 1Y, INEBR AR
EXBIHHEEE L -TLES D EBEbNS

43 BTHREY

B THERYIE, BKICk - TEPESEFHEI o= 7w BBl S i KK &
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LTLZED OB RS 2L VI HRIEEL L 3. CO®, EKISOSEIRO s
N, LWEPIZET 2 & WO RME &S, —fHc, MRS 1, R 1 &
BERES 0B L3PV, AEOK T KBEEOBEGR X 0 2B S 1 3 HeRY
13, TRBERG IR IR ch 2 L EL LN B,

R MHER SRl b N IR A R 5. —, M FHERSM A ¢ — I

LEGEND

Pyroclastic flow (main part)

Pyroclasitic flow (marginal part)

A
158
B

Lahar (as of Jul. 5, 1991)
Lahar (as of Oct. 23, 1991)

Isopack boundary of 1981 air-fall deposit  (A; thin B; medium, C; thick)
A c.10cm >, B; ¢.10-15 em, C; ¢.15¢m < (Pinatubo Volcane Observotry Team, 1991)

Distribution of the air-fall deposit erupted at the end of June e

@
B
@
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c * |
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Fig. 3. Distribution map of the pyroclastic-flow, lahar and air-fall deposits during the
1991 eruption of Pinatubo volcano. The lahar deposits on the western side of the
edifice (around the Bucao and Anonang rivers) were drawn using only the Oct.
23, 1991 image, because of eruption cloud cover on the Jul. 5, 1991 image. Hence,
the distribution of the lahar deposits around these rivers as of Jul. 5, 1991 is not
shown.
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PEGTRAZEGHTE, HAPHECBLELVA-T, PPESIFY, 30
o EN D, £, WIRICHIKET 20, HENZL2CH THEYICEOLAT

LE -7l d, HBRMPETNITBERICL I EZIEL, BEVWERTRZOW
THHIENEZOND. LOXHREEERTNE, HEYORE s 2 ikd
BT EhHIEEARETH B,

7 A 23 HO MOS g 5, AE0EF v £ KLOEKIC X » THRIE S Wi ROk
THEREYIDS, RO OHIBRIIES BH L TVWA T EMRRARN S, £FE L TEEEHI
ﬁofﬁﬁ?%@ﬁﬁé%.%KSmemmMEEQ%ﬁM,%k#6%47ﬁﬁﬁ
L7210 A 23 HOER T bR THEY 2R TIKEOFEES 3 E—HICED o h, HiEE
MERKTH- I EMHEEEIN B,

RKAHE, UFD32505 v 7icad CRTHEYOT A v vy 7REERL 72 (Fig.
3).

A; THSHOEBTREED L@ B THBRYOEESZED o030, 47 %o
10 A 23 HOBEHE TIIBA TL £ - 585

C THASBOEBTHRTHEYICL - T—mEMAELN, -85, 47 ARIOKS,
Bic S 53T HHBYILE S 1 10 A 23 H OB & TKE OB HSRER (5T ic
& - TIRIRE—MH) W& 5h 585

B; W&o S

Ihid, HRFEEH»SEOSN/FER (PINATUBO VOLCANO OBSERVATRY TEAM, 1991;

KovaGucHI and TOKUNO, 1993) E#EasfiiL, A; 10em PIF, B; 10~15cm, C; 15cm

P EDfEE I F % (PINATUBO VOLCANO OBSERVATRY TEAM, 1991). :

78 5 HOEKB TR, EEAMICHE ECLEGOBKEAZD SNE, EELT
BRI TE BHS T, KK 50km, KK 8km BEDCLESD 2 b, ulfhEicidH
BOWABHFET 5. SRS HIEL E TRATVWEIEDS 1[E (?) o7
) = —AMEKIC X 2HEBYITH 2 e T . BRYOSHSIHE ThoE Y
oTilshTwinwT Ehd, IDKPOBEHYEBEbNn 5, HENK/NIEL 7Y
=AY, 6 B 15 HUBREE» R VRSN TH Y (KovacucHr and TOKuNO, 1993),
Fig. 3 I RENTVEHDRZDOHI>ED 1 HDEEI NS, OB THREYNL, 10 A 23
HOEBTRED SNV, ThiZMEEYLEL, CoOMOBNH, BLEicL-1T, »
EHEINTCLE-LCLEERTEEDLNS, 7H 5 BOBEGMSEBEE SO LKARIITD
hicBHERE T, EZED S oI TR EESZED ShTws (DED, FA
2.

44 WWIREOMFEEIL

BADIFTO EF v R LoITHEICIERK 4km OEF Y RIS F—aBEEL TV
B, SEIOBKIEEICL > TRDOIL, ZOMCH VT SHBTER SNz, 1991410 A 23
Bo MOS BEgH» 5, TOAVFIOERIRK 2.5kmX3.0km T, HUlMHLICESRG 1
km O=HHABOKO#LEE SN 3 (Fig. 3).

5. b Y IC
BEEEAGHLAEE LTR, (1) ARBUESES L T W51, THSER
HEFETH B, DR, THE 10 HOEBED S, TRFER & 2 8EBROIEARRE &
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FRETE . () [LERIC RS A E OB KEHY O SRR E, GHEH»>Ea 2 b
THIBT EnTES. (3) 2 RHOEBERFRT 5Ltk D, KEPTRBS, 4
DTRKILOHIEAFEREER T 5 2 EMNTE ., BEMRBF LN,

FRTHO DL & SITHRREDE VEIE (B1%13 SPOT, JERS 12 &) © 5 4 ¥
FVEBREERHAT IR, X0EL OERIIEEMSBONS CELHFsN S, KL
DEEKEW - 7o BRI, BHEESHESIER ORI D S 5. HERBRER S, HR
togxTOMIBE N N-LTHY, ERIABSANE, VoL I TESE7ALBA
XL TH, BMIREEDMT 5 EDBTE S, 4%, HEERIMEHEOR O
FE, MR EHREE ISR T OB ARILOMITE E1eB VT, & SIEMCERSH
5T ENTRENS,

E 3
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