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In order to clarify the mechanism of development of the geothermal field which has been
formed on the main fracture zone after the 2000 eruptions of Usu volcano, NE Japan, we
made repeated measurements of ground temperature, electrical resistivity, and self-potential.
Based on the observed results, we concluded the process of the hydrothermal circulation as
follows: (1) hot dry vapor goes up along the main fracture (relatively high resistivity of about
100 Qm beneath the main fracture zone), (2) the vapor is cooled to be liquid phase at shallow
depth (low resistivity of nearly 10 Qm at the surface of the main fracture zone; positive SP
anomaly; maximum ground temperature of about 100°C), (3) the liquid flows horizontally
(low resistivity at the shallow depth of the surrounding region of the main fracture), (4) the
liquid cools down further to form downward flow along the subfracture (low resistive zone
penetrates vertically at the subfracture situates one humdred and several tens meter apart
from the main fracture). Therefore, the scale of hydrothermal circulation is well controlled
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by the distibution of the fractures.
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KIUGEBNCE ) R DZANX—BHBERED ) b, BIKRELLDRBIANTF—HHETHY,
FICHEME L ER, mENBENH L (FZIZFEFEREZEIL ; Yokoyama, 1957, > ~<)L—F:k
W ; Tokarev, 1967). ZN%»Th, BMARICE W CIZEEIC L 2 A EMT 545, HEARIZ
BIEICHEL, b THEAMIC BT 2B EE L 2, REMEST 5 &R, EA» S
DRBALANKT—DHRIEBTEZ EPFRUVITT-TBFEEANDBETEI N T2 (BE,
1992 ; Matsushima, 2003). #t- ¢, BXMOBEEEZMET 2 2 Lk UEEN ) 2 TEE
Thd., BEHOBI AN X —RIE EICH T KRLEROBEIC L > Twb, —F, WiEHLE
NERM L YBEEIII» OWBB IR TR L KNZE 2 ZT 2T, o THAMDTRER
ZHRT 5 LT, BRONFEEHVLIILPHEN L% 5.

2000 42 3 A 31 BicHf % » 7o —#OFRILNILEE A TR E N2 EILA ORI Z DI,
B IR i BIRMRD e - 2T TH 5. Bz iE, D& ) wHFICH 2R S L ER
HicBWC, HIBHEE FCEREE, BREMOBRNBELAUEEZIT->72. FABMTIE, T
OBARERZ2HET 2 L AR, EENLTEABOBRET VERET 5.

II. BERO 2000 F£EAORERE

HERINE, EAENILE, WFANT 7 OEFKICAEST 5 EXLTHS (Fig.1). ik
BB EONBUNTERICIFERE 1.6 kmX1.8km :kOdd ), ARICITAEEANEE (HF O
-Usu & Ko-Usu) & 1977-78 £MANEE= 72D HEAIL & - THRE L 2B EMTRE & BN F
EY 5. AERILDOBE AL 1663 4 LI 2000 £ % T 8 BHINTEEHFEEHKINTE N, N6 DIEEH
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Fig. 1. Topographic map in and
around Usu volcano. Contour
interval is 100m. Solid triangles

42" 34N
represent lava domes formed in
/ (] X the past activities. The 2000
h leshiﬁli’-;—a\\\m\:v—\) oA /5 e‘\; eruptions of Usu occured within
‘@g’ @Q}I{S‘i%ﬁowa_ﬁimm’ S the dashed square. The present
= Ko-Usu%y > e | study is made within the solid
AR = G AN . square region.
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2000 SEABRILME kI ) BILAIRIC BT 2308, HIER, BERBEAOED R LA 27
F—BLC, BEE-/~OBHELEEME
- BENEEORR CREOT 61 s (il
i3, 1973).

2000 FERAICHE S BA BRI, EE LT WY e
Fig.2 CRENDBATRE ), HREIHLEE s

37 DR L SODEI ST LTV S
(B 213, =134, 2002 ; =3 -#rHH, 2002).
RERRTIRHR © 1977 —T8 £ 0 IITEME A LATE RS
23 % %72 2000 £ 3 F 27 €, AHILETICHE
e MEEBHIEZ Y B, WA DR

BV TRz RICENBrHRIN:. & g,f‘¢~ Q;ﬁ

£ o kY F e Ay, %Obz
KHE (MIMA 4.6) DAERCERIZ 220km 12 3 , ‘ \ .
ELCRS AN

w450

BEKH D KR EREOHIEERNIA
31 HicHE kBRI L 72, AlZ < /< kERB
T, Lo BELFHEvIEMoILETE |

D/NEKROERL o6k L, ThZFhiZ Fig. 2. Distribution of craters, faults, and
surface tumescence {(cryptodome). The

500 m

\ Faults Craters ;)  Topography
\ (19 April} (19 Aprity { e {Pre-cruption)

Bk OFF - BRI OE kS e (Fig. upheaval data were measured at 26
1). JEENI BRI A ORI NB kO, 4 April, 2000 (after unpublished data of

Public Works Research Institute). Dis-
BREADIZKAKBADIZMHI N T2, tribution of the faults and craters are

that at 19 April, 2000 (Modified after

RKIRENIC B - THUEINURE, WiEREDT 2 T (08 Miura and Niida, 2000).

IIWTBRE, FEL~&RBILNEE) CRELZ

(Fig. 2). FIEpic NE-SW ic Rl % FE MO T, TAK 10 m ORI % 48 5 B F— L2¢
Ex&ni: (Fig.2). Zo—EnEAEENT 2000 4 8 AEICIIFBM 202, BREED D s,
fEIEizE - 7,

MBI AHD | AR & & ICHEILA DR TR TG ILWT R 2 i KB I BIE B 2 S RAL
L, ZOEBEILRLDDOE5HICE> T3,

BARUMBIEENOEBIETH b=/ 20K EAMALEIZOWT, =@ -FHdE (2002), EEIH»

(2002) 13, HMEBEBZHHIT S &) LT AREZIT, — PROV 7w BROEEIC H
TIREB (#9100 m) & CTERZEL 72 & W) BITRERZ BT 5, I L DRIT TR, B —EMED
BifR 2 RKDBICH D TEAZMERLKEL T b, 0L ZIRETHTERBICB TS
BT LLRLTREWY, 2/t TR NERWEZAHFETEREL, TR T=7
KREFBREERI L2 LITIZBN TN,
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Friz iR E N2 MBRD L) R X DIRESA M5 HY T, EHLAOH-—-FICBWTlm
RUIE % ERM L 72, RIEMARIE 200042 10 A2 5 11 ATH Y, WAKIE 131 HTh-72 (Fig. 3
a). ZDKR, AUEFRBADIM D, WBEOBERHFEH KE VT, WHA2RTH 100CHEH
BBATEN - T b Z e h b - 72(Fig.3a nERENA). 7, FLFEEDADRLK NB AD
Tt 40~70°CHPIREA A & 1172 (Fig. 3a DIKEIUA), £ b DFIBO FUM ClI sz L
BERFIIBEN» -7 (Fig.3a nEtlg). ,

MBTEF ORISR 2 BB 57212, 2002463 Hic LR 131 #9111 R THH 4T -
7z. Fig.3bicHIE & 2%, Table 1icWFNEL R, WiERLOERBRIIWEH iz dbLes
HElzhikl, ETHOICHORE EAPA LS, Z0—F, HEILEED X OFEL CIR8EE
ZIRFEERTAA LN, BKRETIIHBCIZHRA TS,

Pl En)RBilEicme, wE#R\FEL T EILNMERELEEET 5 BHNT, ENER
FHECERY S A-B 2 8¢F, 5 m & T 67 cm BRiROME ) B L HIE %47~ 72, Fig. 3alc
ZNRHE, Fig 4alc R DOREAERERT. WG £ B0, HEho 170 m » 5 250 m IHH% ¥ %
BT 100C DRI HFFE N TV B, F 72,350 m A TH iR A 55, Fig. 4b iz 2001
10 A & 2000 4 12 HDZE %R $ 55150 m AHE R U 320 m 20 & 350 m i CIRE EA»FA LR
5. P TRIBRINE R WREEFAOLL LT, 2NEZFAIZLILKL Tho2Z 2d'h
7%, Fig.dbiziZ 200243 A £ 20004F 12 ADELRL Th 255, ZOEIZ2001F10 A &
2000 412 ADZELIT L A EEALL Twniewnize, SiRdikid 2001 4 10 ABICR T Tlce—
JEHMZTWBZ EATRBREN S, RIZ 2000 4 3 HRDEA 2 BMEHBROLFEREA25E, £
NDE—=7F THIFEELR L &Ik 5. 1977 EFFRINEADBEORSH ORI FER 1313
L TH ) BmERE (BB, 1992 ; Matsushima, 2003).

IV. k& 1K i Table 1. Temporal variation of ground temper-

ature. Site numbers correspond with

1. SEEBESEE those shown in Fig. 3(b).

BT ISR 1 5 1 2 Mo FLBOK TR Site ;\Ium. 2000/Oct,(°cl)3 0 2002/Mar,(oC; -
I, FAL DRI Gk BRI ¢ N 20 28
AT 5. 1T, WAEMEAIR AL, Mk 2 337 946
I 351 B T KB 2 M1 5 RN % - = =
FREL S, ARFRTH, HMBSSORHRERE 5 87.9 97.6
D2 H =X BT B B RS & 6 307 137
0IBEL72, % OB, B HATHAES £ R g j‘l‘j g’j
728, BRMBERAESm LEHEEICL - 9 52.1 143
72, BRI, o) 67 cm B RIS B A 10 138 132
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Fig. 3. (a) Ground temperature distribution at a depth of 1m (October-November, 2000).
(b) Time difference of the ground temperature between March, 2002 and Oct.-Nov.,
2000.
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Fig. 4. (a) Ground temperature at a depth of 67 cm along the measurement line A-B shown
in Fig. 3 (a). (b) Temporal variation of ground temperature along the A-B line. (c),
(d), (e) and (f) show the temporal vatiation of the resistivity structure along the A-B
line. Horizontal scale and position are common to all figures.



2000 A ZRILE A ) shEGERIC BT 238, RN, BREMORD KL EH 31
“BEE—TH B, WS AT LI EHOER, 07— 7N, Bi-BEAEEE THRENT
BY, BE2 12024 v F Ry 7RAREDDLZ LiICE >, BRER: BEUEBOMAE b
PESICEPHETE S L IcIREIN TS, 2000412 A, 2001 410 A L 1200243 A
@ 3 M@ R %E 13 Dipole-Dipole #:3 & (* Wenner £ # G L 72, HIHEEIZI360m TH 2, 7z
2001 47 5 Aizi3, [ L Hl#R T Eltran # & Wenner Z %6t L 28I 21T - 2. 2 ORFORRER
40m TH b, ZNHLDERERNDAEERIT Table2 ICRENTWDE, TP TT—IHE
I3, RISRT 7 — ZFTic Hv 5 7z RENT IEROMAE b TH 5.

BMOELF U BE R HEL 72 2 RKT@r 24T 2 & & L, WH (1993) i< & 5P
AR A > os— 5 v ERBEG L 2, BEEIC UEL IR £ —88iC 10 Om & L, Dipole-Dipole
B:, Wenner &, Eltran #iz & 282 % BHBHAA DS 575 15T RENT HIEHUE % i
BT 2L cHE2E2 T, 10 MoREFE KR, T HIETEE s HE S L.

2. HHENEE L € DER

Fig. 4 D(c), (d), (&), (DiL, 4 BIDHEITE TH 5 N7z WIEPUEE 2 REERIC 22 D TH B,
F AL D 2000 4F 12 A o Higbiigs (Fig. 4 c) ORBEMBT 5L, (DRBIcBWT,
WS 28-66, 71-73FhIc, HAMTH 20m B F T 10 Qm LT ARSI L T
5. ZOSAIEEEE O S ER (Fig. 4a) EBHTRCHIEL T3, Z2EHBES 30 5 LU
38 Hijtk 2 A AT T, ARHIENBA M TREOFMICEAL TWE L) ICRZ 2D BN TH 5.
ZofEEIZ, 200145 A (Fig. 4d) OfBRTE LICHHEIC L - T3, (2) LEEEE —(KHIEH
BoOTERIZ, 100 Qm 2 AEN & RS TH 15 m £ TN Eas-> T 3 (BBRES 40—
52). Q)EMES 1 —25MFiLIC$ 10—100 Qm DFEBA AT 2. Z DEBUC T IHE L IRERE D
RonhnwZ &b, BARHBMERCH 3 VREIN LI DHESELZRL T3 L 8b
N5, QHKREBOK 50 m LRI, $10 Qm BEDEI ML T 5,

Z DB WIEHEE DR AL ED THE TH ), MBROBMERIEEE L (LT

Table 2. Specifications of electrical prospecting.

date mlf;;;e[r; eant arilae;;zr):;t electrode spacing{m] nurg:z of Figure No.
5] e
T
N ——
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Wa, Bl L i, BHUIESIE 2001 4 10 Aol THiBoER Sz biEk L 72 (Fig. 4
b). Z#ucxtis L T Fig. 4 d,e,f TR & ) i, EHEESIEA ERES 30 B L O°70 fHEH» 5 RE
2 FERGOFEBICHER L T 5. AR, 2 AFTORIETROBREB~NDE A E LIZI2H#ITL,
POKFEFRNLIEAL T3 Z LRI TS 5. BIBQOBEIEFBOEN L4701, 2002
£ 3 I TREICZOERHIMEERICR D, HIEHME LR 2 56 ICH 5,

HWIEHUREE O R, BRI (L% b i, HBWROREEEZHET L LUTOEN 24 5,
2000 £ 3 BOEBADBEEAL 2w/ <ic & » THIT A BEERILL, BEZBO L LEIEI
WoTHRECEFTERLZEEZ NS, SHIESBOE) L2013, ZRuck VBRI
BBETMEE) L R 3N 5, Frid 2000 £ 10 A DEEAZORE, HiRIBRO— T 100CEMT
HAZBH L 2245 ZHOZ LI TICBRERE T ) P HFET S ERNER E R 30 5,1977—
BEFRILUEKOBIC L, =72 TN v 78I LD, WIEHXDEOMBET I & HEbtgs
BET D PRI N TS (Ballestracci and Nishida, 1987). Z 1UZBIEHRVIc EHL T
EERD KA R & > TAOFEHEBYH»FERL, WhITHTLRED & ) 12k - 728 &R
SNTW3,

BRAERIZNERICE > TERAL, —EBIZRAPICBEEN, FARHoFBEMEDKE
BAEY 5 LERKC, KBARKNDEE, KRUCLBHHNIHBKEFRLZEEZLNE, £
L CE DB HTEOREICIH - TR T L72HR, REMDEOEMIE, KRIGESEIHERENT
RSN S, BERES 308 LU BHRICALNAELEIROTH~DEAR, BKENE
WHTBOSRIEL, ZN%(E-> THAKP THRLTWEZ L2 RET S, £16DFET2IBESH0ITR
L7223 DA Fig. 5 TH 5. THRRIZEME & HICEBICRE L, BRES 25—40 oot

200 - B
E)
=]
.9 A
8 150 - .
2 1
i

main fracture
100 ] T T T T T T T
0 50 100 150 200 250 300 350
Distance[m]

_ log[Qm]
I
04 0.8 1.2 1.6 2.0 2.4

Fig. 5. Schematic flow pattern is superimposed on the resistivity structure in December,
2000 (Fig. 4(c)). Dashed arrows show the super-heated vapour flow, while solid
arrows show the liquid phase water flow.
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BRERHSOERIIESIENIERICF S L - b D L H#EEE LS,

BEEGHE ) EHEE S N A EHIESIRIL, < 7 OWHICEW IR X OIS A - 7272
», BEETBIUCEKENMETZ2L 260, BEPLOMTAROBAZHELZDTHS). £
DIz, BIEIBEOBRERIMERIC L 2 RS, MEBEMKT Lz ot #EI NS, BE
WA BAIHTRD 27 — NAZAFEF @2 GH A — PV TH B0, ZFDAT—IVIKED
ZEEGHICBO THIKFEL TV s Ebh b,

V. B #® B fi

BAREALEIL IR IEHRAE D & 1L 5 LIRT, B D ESEAE R & L T 20 #HSHE F °F
KREEICH LT, L L, BREMORERBEIIRIC BT 5 BREMRNIETH, I,
REEEHR, SREENSHRLCEERTH N, NERROBFRIRETHLZ LICMmZ, HWE,
B, BEEEEL SIILOBREEFRBREL L LOBBREEREL L THWLND Z L3487 L
otz L LZed s REEERR 2 HBEIC BIHE, BARBAMIB T RKOREBZICERT LT
Ed b, KN, HBMHE TOBKESHORBBRLHEEL Y, 2oRMEH €= —7F
LROOERLFEE L THEEL C& 72, HERNEBERRICHENE L 72 FEEER R CUL REELL)
i3, SHERETH L EATOE - BRI BREE RSN, —BiC 3R kT
LIEDER D, EHHEICHE > TRET MK E X L ICBHT 8%, RCBomEELE
LHdZ %% Bz, Nourbehecht, 1963). ZO%hRD7/2, BREBEAITHTKIEE NG
B NBEI bl o CELDHFBEENRRTH S, HF (1981) 13T LR THRK LA
iz 100 mV 4 —F—DBALREHI L 5 2 L 2780, BMITIZT 4 (Zablocki, 1976), A
Il (Nishida and Tomiya, 1987), ==& (FHIIA, 1996 ; Sasai et al., 1997), ZMIEE
£ (Hashimoto and Tanaka, 1995), v =4 > BOY L - F» T 7 )4 4 Xkl (Zlotnicki
et al,1994) &t ¥ CIIEFEE mV 2 BT EREIBRSINE Z 5 ZDHFBITH 5.

AR BWTH, MARRBZENER L X 2 THEKNKRNER WS BT, $A-FikgH

(Cu-CuSO,) BEfE L UEA > = RBMEIEH W BREMOBE D E L HE 2 @A
1T-7: (Fig. 6). EIZMBRBEOALNL W G AR HORKLEL L, 21y b OMMENRTRE
NTw3, BEGEHOBRTBEELOIERICH), BECREBEOADERESFH L Twb
Fig. 71274 & 21z, ZORFIZMAEESETICONEBLI AT 5 (#—2.5mV/m) HEH)
TR (1243, Ishido, 1988 ; Zlotnicki and Nishida, 2003) #/RLTHE Y, H#AEE XX
MR ERREEI NS, K- T Fig. 6 ClI—HEL THKEDAWUATRT Z & & L, KR TIZER
DIFE L,

ZLDXNTRLNZH 100 mV ORFICH, REEHROREIIZIZEHEE T3 w5, T
(LW R CHBER B ) IEDBMEE P WESINTBY, ZOEIIFBKEABTHILZ L%,
RLTW3, Tbh, BEORNFmICRLAZ2E1I0mY OREFZNTH 5. ZOEBOBRK
i, 2000 4E10—11 Aici3® 25 mV (Fig. 6a) TH - 7225, 200146 Bici3 42 mV (Fig. 6b),
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Fig. 6. Temporal variation of self-potential anomalies relative to the reference station G.

(a) October-November, 2000, (b) June, 2001, (c) March, 2002.
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2002 4 3 Hicid 55 mV (Fig.6¢) &, IRIEZ L 205 B pAbdevbic Bt 4 — P VBB L
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2000 FEABRIUEAIC & - THE S NBLADBIC B 2 B8EEINFERE 20HB 2122 3
7281z, 2000 4F 10 B4 5 2002 4 3 Hic27 ¢, Hil, BEERRELR, BREMOBRYELH
ExT-o7. ZORBRUTHZ LWL T - 72,

(DS 1Lk DS NB A DHHEOMIRITHERHIC B L TREICET L Tw b, 20z &y
IICHE L HARBMNREDIBDLN L W2 L UL T 5,

QIBEILIMIE DA 15 m BT, FHIEHR TREDT 5 N5 BBERME ) DFEI TR I L.

QW EFHENRBIC I3 BHR — RIS HFET 20, (2) TRLEZEREN » 6 LR
L 72 REBELA RN TR S LTHALL, KPR KB L 2 RREL 2L D LHEEEN
5. ZOKEFA~OFENL, Wilh 5B+ A— LN EITICRET 3 L B s BET
Wiz, TR E L THITABEEL T a2 LIRS S HEE I Lz,

OBGEEY L, FEILKTEICHE - CAEE R ETLBAE L SR TH 5 Z &%, HREN,
RAERRD SHBE L2, Ly LEiERl TRES N KA ) OSBRI ALY 5 L R
Z D WIEHHEMET T 2MEMICH 50T, ZNOREMIIBE CTRLOMTKORALFFL, KR
fELo2oH2:EZLNE,

ABIC BT 5 BMBRICET 2 BREIEENLLINTHY, »Oo—HWITEr LY DAX2
L= a v EZATYS, $HRIEZESICHMEZMI TZDZ L 2 5 L RIS, BAKKHR
DYy Ial—arrE@BLT, EENTHKICHZ LN 2HREAT I LEFH 5.

HE AWXFORPICHAZ N TV 2> 5 —i, BREBUIE 7 v—7 - LiEE
WEARBERICL 230 TH S, BAENCKEL, dL#EEREMZEXUFRRI > 5 —DKREILE
BB IZHELBT 2 iz niz, F72, ATUEE, BA E BEERSL, KEERK, BHOR
TBLVELRENDEALCBBRIc BT 29 hEeicd b7z, BOEHLET.
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