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Tokachidake Volcano is an active volcano, situated at the SW end of the Daisetsu-Tokachi vol-
canic chain in the central Hokkaido, Japan. We performed the AMT resistivity survey around the 62
-II crater at the volcano in order to realize the hydrothermal zone, focusing on the recent activity
of the crustal inflation and demagnetization beneath the crater. The measured AMT data suggested
the three-dimensional structure beneath the study area. Prior to the resistivity modeling, we estimated
an effect due to a steep topography in the study area. This estimation clearly showed a strong effect
to the apparent resistivity, impedance phase and induction vector. Therefore, the simplified topogra-
phy was included to the three-dimensional model. The resistivity model supposed by a forward mod-
eling was characterized by a conductor (0.5Qm) beneath the 62-1I crater. We investigated a
physical condition which could bring the resistivity of 0.5Qm, and then estimated that high porosity
(0.3) rocks were saturated with hot (~200°C) pore water including dissolved components. Although
the origin of hydrothermal water has been unresolved, this result suggests that a hydrothermal zone
is developed beneath the 62-II crater.
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Bk L AL HEE R O K E — B K LB ORI E T IEKILTH D, FHRLED
< 7O AL, 30-40 FRFE TR Z > TR Y, FTOE A, 1988~89 Tk Z o 7z 62- 1
KO TOKRBLGETRE, v~/ ~KEBRLKUEBERTH-o7z Katsui et al, 1990). F7z, 2004 Fi2ixZ<
INRBE DMK ZRLZ L, B OMEESB S 7203, 2006 FELAKEIE B S7 o HIERE), ERIEE)
R EL, EFICHERE L TWD (KEST, 2009b). LALans, K8 X5 GPS Efk
B, J6 K OME VIR LB OFE R 2 51X, 2007 4ELAKE 62-T1 K N AT OB E 27~ 3~ Em 23 K,
LTS (K4T, 20094, b). F7z, 2008~2009 I T R R LR OREE,
62- I KHOE FITIRED LA 2R THEBIREAHE S e (BAR1E2,, 2010). 246 OFERIT
2007 FLABEIC ZAVE TITMED o 72 (1] S D OVEE S, 62-T1 Ak D OE N THML, Mkl TWaEH
ZRBELTWS, LAL, HFTEDOR I REFHPEZ > TWD 02N, a6 OBRITEIT Tk
HSPICT D2 ENEET, flxiE, BEOLEFZLLL TWBIEAR, BRICX Db O
KIZE Y DFRIC XD b O Eli§ 2 FEIES Tk, Lo T, thoHEkplErERE S
T, T CTEE TWOIHROMPUCTE TLIELPHETH LR, TO—>2L LT, MTFOLIKTIHE
EOBEAFE L2, WIRHUIE, BHATOMBKOFEESCIRE R EICHETH Y, KL
DOFEBECHRRNT A= D—DThHD., FEHFOLIL, F&LT62- 1 KHELOEIKEKD %
BRI 2 HHT, AMT (Audio-Magnetotelluric) ¥ % L 72 i ESLLIRPIREIE R E 217 o 72,
AMT%%@@MT%@%%%%EbT EHNT 1 Rt/ L 2 IRt OFE 2 ARGE L T fifAT 23T
DIVTELD, Bl 3 RtatH a— RORENREL, ERicfisnTE s, killlicknwT
i, MT&Tﬁ@énér ZITIE 3 RITEH R B RIET BN E ENDFRENRDH Y, 3K
TN IC B W TEBR OB ICE S ET NV EEND T, JEFICEREREV. Rk T, +
BBEICBWT AMT ETEONTZT— 4 2V, HEE2&D iz 3 R 2. ZhETIC
F BT — & BT S RS E T ANELNTZDOT, FOBRICOWTHRET S,
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o, BONTZETNVICEBW TR o, FHEARRHIRTEIE ICOW TR REBER 2175,

oI. ABLVT—4

FRE K DI o e TS 2B R 95 72012, Fig. 1 1SR 7 5 DO BLHIA T 2009 4£ 9 H 7~11
H T AMT ¥E IR PURAEAT - 7. INEk2513 Phoenix Geophysics #H8 MTU-5 A T, FEIHIFIKI 2
R, BESHESRIE b &7 3 D DR RIIZRIE L 72, B ORIEICIX Pb-PbCl B, R0
BEWCEZA v F 7 arasn (MIC-30) ZEHALZ. HBONIERSGORRINT —21, K
M3 5 ALAE T ICK 8 km BEIL/Z B ATICERE L 2 RE (Fig. 1; A ) OSET—4 2V
EF—hY 77 L RMEEFTY, 10,400-0.35 Hz A1 60 AEEICOWTA v E—=F v RTF 0y
NBLIOA Vv E T a0r_ 7 MREE SN,

43°30'
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Fig.1. (Left) Location of the study area. Black rectangle shows the AMT survey area at the crater area
of Tokachidake volcano. A circle with the letter “A” indicates the remote reference site. (Right)
Detail map of the AMT survey area. Circles indicate the AMT stations with station name.

EATHIERS & UM

AVE=L VAT VYNSRI L T2 BT TR X O O BRA #iiR 2 28R I D\ T
Fig. 21”3, 22T, XY LIXEGPEAL THIBPEN O, YX ZZ0H0OkD %Y. &
WA HE IR ET 2 & &, AEEPERWNZEREEPELS, MTEO VARV AT XV EHET
DFEREED, Fig 2 1R THREMBIE, BB X EAENEE, AVNEROHEZ KL TN5D &
BLADHITENRTES, ENTHEFIE, WTAOBRSTH E B D SARE R m D> TE
HIEHL B IRHIRBUICD L TV 5. 202 Lid, BRHSNO IEFSED, KRICITET



284 s #Hig - A

DELEHT CRE MBI TH D L WO HPNR DD T L 2R L TS, Ll s, fix o
BRS OEE B ITF N FNUC A O R TY v NOESWRER - TERY, HUFHA
—RITHEE TR VWZ AR L T3,

. 4 — , , , — 4 : : : .
a XY —— XY ——
&_3-240 W — | 4| 260 x —. |
€

S = 1r 1t
Q o
g of {of

-1 -1

90 0

Phase
[deg]
&

0 : 0
4 3 2 1 0 4 3 2 1 0
log [HZ] log [Hz]

) 4 — T T XY T 4 — T T N T 4 — T T N T
& _ _ _
g 4| 840 M | 4 360 M | 4| 380 M ]
T E
= g 2 2 r
O o
= = 1 1F
g8
o 0r 1 0r
< -1 -1

90 0
)
g ﬁ 45
o

log [Hz] log [Hz] log [Hz]

Fig. 2. Apparent resistivity and impedance phase at each AMT station. Red and blue show the compo-
nents of XY and YX, respectively. Symbols with error bar indicate the measured responses, while solid
lines indicate the calculated ones from the final resistivity model (Fig.9).

A9 3URG ML
Fig. 3 ICRFH R AEEICBNWTDOA v F 7 a v XY MV ERT., A V873 ar_T L
X, RN R OIS AR L, O3 TR RBREVIEEZOREZ IR
KELRD., FBEXKOFRBEOA L Z 7y 2 0_7 ML, WO BEREICB W T 62-11 k
HORRIbOM@ICEF L, Z O T IR 28 IR 3 & 5 FI et 2 one+ 5. L
L h, ZOX7 MPERT LB, HEOEEY E—H L TWLXoIKb x5, R
DEWERE, HHALHE ETREEE, FMOZKOEI I Y LIERWATRO IS 2R > T
WHEEZDZELINTES, LeRoT, MTFERKT2WEDOHIKIIA —ETH o7z LT,
A VE T a Xy MVEHIEORBWRS LRI 2 L LD, ARBIIHIENE, #9700 m U
FWT300miEWAIBRERELH Y, MAMEOREREZ OGNS, LrL, ZZTHELA
TeA Vv F I ary Xy MPHEORETETHIATE 200, HDIVE, WTNrOEFTICK
YRR R IR DEEL, TOLAR LV ZAEZLEATVIONEIRHATH S, Zhiz>nT
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Fig. 3. Induction vectors at represented frequency. Gray and black arrows show the measured response
and the calculated one from the final model (Fig.9), respectively. The arrow with “0.5” indicates half
a unit vector.

&M T 5 72DiciE, Yamaya et al. (2009) 2MTo7c & 9 Mg %2 & iz 3 IRTTHENT THiat
FTHIERL, M-28TZEORRETT.

1. 1 RTEERT

HARPUREE OIS 4B L, SRTMITOSE L3 570ic, ZBIHIRO AMT 7— % Zffi
L7z 1 T MRIT 24T - 7. @% MTIECTHEONL2BIHEIZ A v E—F 270y (Z) &
FEEND 2T Y VETHD, Eigk, 1 RooHEEICH L TLZ OXARIE0 &0, JE
MARPTEL L RS, XoT, WEMTICRBW CILIESARD DA v =& v 2 H L
BWWDs, ERICBWTIE 2 KERWL 3RICEEDREZEH 0T L bR L 1T L 22w,
T, 1 RIS EIET D72, Z O Determinant & & > 72 Z, ZEA LT, Z, I XV EH
L7z BT B iR X O Z# A1 & L CTOCCAM 1D A > 23— 2 > (Constable et al., 1987)
ZEA L TG 2 HEE L .

Fig. 4 CHRSE TO RPITHIERB I OMMHEDO 7 4 v F 4 v T oA 0=V 3 T k- THEE
SN GUEE 2”7, B L EETWThOBIHE TS X< —HL Tnb. AR
LPEEND@Y, RETHEE, EL A EEREROBENEESNEZ., B2 5K T m
DRI ORI 7 Z 7 v R OSMATIEEE Qm, WAITIE 1000Qm 2 2 % & e
PHEEIN TS, ZoERL, FEEHETSM Figb) TE-oZV bbb, BZ26LT
Z7 v RRKONOHREYREIETI AR L Tnab0LEZLND. 20X 7Ty kO
AT OMERNIZZEE T b [T, HRiC 240, 260 THEHEK Qm LAF & D TEW. 240 B X
V260 DITFFICITRIEAARBLO62-TT AKA2H Y, BEOBETISENPIEF RS &, KT
RGP BEE L TWA LS ICR A 5.
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Fig.4. Result of the 1-D resistivity inversion at each station. Apparent resistivity and impedance phase
were calculated from the determinant of the impedance tensor.
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Fig. 5. Distribution of resistivity based on the result of the 1-D inversion.
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2. 3RTEERN

M DEEORE

I ClRABY, AV F 7Y 3R MVITIRBELSE AL OMEOFENE TN TV 5 ATHE
HRB D, HIEOEEBIL, AV ¥ 70 ar_XT MNORICEEELT, A VE—X VAT UYL
CH RS EPHEESIN TS (Bl xiE, Nam et al, 2007). £ T, 3RITMITIC L Y EED
MEEEGDLET Y V72T, MEORZEPBIEICEOBRESENSPERFI L. 3T
fEHTIC X Fomenko and Mogi (2002) (2 X%, AH v H— KB ERAWEESEHEa— N2
MU 7. SHREEHI, AEHM 640 km M5, I FHAIZHER T 320km £ TTH 5. HIFITHE
FET ey 7 TRESND D, BHL AOKELET 27201, BRIFIETEZY) v Rz
A< (20m) AEIL, EHLET vy Z7%iE, XL =55 YOR) =51, Z($HE) = 39 T,
L7223 THARIZ 109,395 il Tdb 5. ML, [E i ERpE o M EH 10m 2 v ¥ = (&)
ZIC, EHkEnEEmEEAN L (Fig6). £TH 7wy 7 OliHi%E 100 Qm L L,

200

i\

1500

1500 1600 1700 1800 1900
Elevation

Fig. 6. Simplified topography model assumed in the 3-D modeling. Turned triangle indicates the location
of the AMT station.
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1 ~7200Hz 1D 9 DD JEWEEICOVWT L AR ZZFHE L 72, 100 Qm OBEEE 5 L T,
ETOJEEEITONTRDIT IS 100Qm, AT 45° & 705 Z & RHifr D, £, A
VE Y 3R MVIIFRANEE LT, KEIN0ERDETTTHD. Lo T, FHEMM
IS O SNDEI ST FREEZFEIE, MEOEENTNTND LI TE 5,

FHE ST BT BIERHIR L OMEAE D 9 B LA K & o T BN 240 & 260 12D\ T Fig. 7
R, FHRMED BT AP, 33~176Qm, FrFRIL 42~53° DfEZ L v, T KM
ITHANTHRKT6 % B LU 17T %DEITHS., ZHbDMHEIL, BRFEEL2EEICHEL, BIREIC
BEND ST OENER TERVWELERT LS. —FH, AV F 7y a vy X7 Lo
FHEME (Fig. 8) &, B 240, 260 TITEIHIME & FELL L 72 Hm 25580 505243, 340, 360 Tid
BRIE T~ 2R <Ry M E R R DHEMEZRL TWD, £z, 380 DX hLITEH
ETIERESIDIFEAL 0TV, HEMBTIIRE L, EERAMOTBEILEZN TS, Z
B O/ERIE, 100Qm BE ERE L Ao IBHFIEAZZLEE TS, X7 Mok E IR
DL, MEITEDLLRY, DFV, BHIESNTA V27 a X7 NVITHIEONE 1T T
HATEY, IS DY b T A MBEELRITHIE 2R 5720,

3RTIEBEDHE

BT — 2\ OREBER D P L TEENTVWDIERHL N L LD T, EfERHEEHT
WG AHEET DL, TORBEEETILEND D, Hikk L X, HEORELZEIE
PHEREL, VHHRKTE ETHEEERBT T2 7 T —F 5B X605 05, 3 IRFTHNT TILATH
DX, EEOMEEEGOIEEDO LV AR AEFET LI ENTES, KILD X5k, HiE
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Fig.7. Calculated apparent resistivity and impedance phase, assuming the 3-D topography (Fig.6) and
homogeneous resistivity (100Qm). Solid and dashed lines show the components of XY and YX, re-
spectively
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Fig.8. Calculated induction vector (black arrow), assuming the 3-D topography (Fig.6) and homogene-
ous resistivity (100Qm). Gray arrow shows the measured induction vector. The arrow with “0.5” in-
dicates half a unit vector.

DEED O IEMBEPHESIND 7 4 — VWV FTE, TOT KAV T—VFKEN. L
TRo T 2T, AR L7z 3 koG 7SV iciEPUE 2 2 S8, 74U —KEFY
VLo CIWRIHRPIE A HEET 2T T —F ok, 74T —RTFY v T OYHIE
BELT, M-1H#iTRDE 1 RTHEEDHIRIUE L RES M EZBMELL THEAT. 74 v T4
Y RPT IR LA DO XY BLOYX B, A7 av_y bvaERL, BHHIE
ZHATE D L9 ICEITHRMICE T VEBE L 1z, BT T V% Fig 9 1R d. Eik,
Fig. 2 1 &N LB & A0AH, Fig. 31CA v & 7 v a v _7 MVOBRIE & F&&T T VO EE
DB Z R, FHE S BT R HT S AR, 8 & OB 0 H AR O R 22 U1 R0 k2
DOATY y hPBHMEZ B S<HIL TWD., Fie, AV F 7 v a7 MUiX, ORI T
TIXFH &2 o T BRI 340, 360 DVE~ALVE & DT RV, EETIERNLDDZED
B ERL TS, ZOF~ETAEAE DA LV F 7y a0 _y Mvici, 797y RAKANDOERB
DEHEITH D E L, BRI 340 ORI HIEOFE £ 250 TR TS 2 HNF 5L
TW5,

I TOHKFEDOHEEIL, (3= 3 0D X9 REFERICES BB L O T
%<, 79— RHAEEFHOTTNRKEIC L > T Tolcle®, FHELOEHMEREERIC
PEBR9 5 Z LTSk W, F£7, HIEEZRETA72DI1IC7 ) v REMPSEEL TWER, Fi
(H U TR RN A W2, KIS MO AR OALE IOV TED 72 0 OEEEDR D 5
LEZLND, LIENRST, ZOETNVR—EBICREDL LVIDITTERLS, BRDH5ETLTY
BHMEZ B TX D RREMER S 2 HICEBE L 2T b2, 2L, BREOE TR T
i, FEEOEEDFENRE/NIZONTWS EEZ NS, FlziX, HikHET /L (Fig. 9)
T, 62-1 kKA EEOES 1100~1600m 12 0.5Qm & Z < AR 2 &/ (Fig. 9 oo ©) 28
HES NI, WERIS, ZOMMBEPERFEL 2L, B L FECRER (100Qm) THDH
Gx%Z %, Figl0ICZDLAICHE I AT IR LOMAO U AR v A Zrd, BHE
260 OFBEMITBIE L AL I ITEER TR Y, BRRETFTVICXVFHEI RS L AR R
(Fig.2) X0 b7 4y T 0 v IWBEN, —FT, 260 LS OBHEIE TIEREETVOFEME L
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Fig. 9. 3-D resistivity model supposed by forward modeling. Model is depicted by the east-west sections.
Turned triangle indicates the location of the AMT station.

BEAEEDLLT, ZoOMENEAFOBAE TOL AR ZICHEL TWARWERDLID. 2B,
AVE I a R PATREZSOETNVOHAMICEERETIRDONRWY. LehoT, Z
DIREHEHARIE 260 D BT AR L AAHIC L > TOREPN B L LW 2 585, (KRG
B ELEL EICKELTLES &, thoBRRICHRENMECTLEIDT, Sy,
260 DEFB LOEORE TIIEIGEVEERELNLTWDL EEX LD,

v, & =
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Fig. 10. Calculated apparent resistivity and impedance phase (solid line) from the final model without the
conductor C (Fig. 9). Symbols with error bar show the measured responses.

MG L L ThH 272 100Qm O HFITARIIREUE 3 AT 2 G TR S TWS., Zh b ORI
PRI, 1ZEAEBESH200m ETIKOML, TOMBEIX, BEEKIEEINETR 2 62-11 K1
BLXOKEXAEBIC—%T 5, BIUSEINGR RGO TIL, RENEW D L OBUKEE N
EATWD ZLBEADLN, TORE, BHEEHICR> TWEHHEERH LS. —FH T, AHIFET
EHT % 62-TKHETFICE, 05Qm OEEIEIUAIHE Sz (Fig 9 70 C). Z ORI
PUARIE, #EE 1100~1600m 12 v, Ik 180 m, P 160 m OB HFEDOTR 2 H>. (KA
o ERRE FRRIZ, MBI ZCOEBIR (B 1600 m ; EA4IE2:, 2010) 6 XU GPS #
N X 2 A ORRIR (RS 700 m 5 [&JT, 2009) &I2iE—%75. ZHXER»b LA
RN, FaEO KB T OIREZMEI 25 ET, BFREWNLERBRICH

OB A O GHEBRREZRL ZOOFEDO—2L LT, 050m O EZEH I LY
PR ICRET 5. @, S0 EEROREIIEFEECELS, BFAm2B252L08
L <20, T OBEA T —MANTIEZER P IR Z S ATCIEIRETFEEL, L2 L Tok
AL ZERECHBK DO IR Sl Ko TRELSKEL &N 5. [HIUK TRIFI L 7250 O ik HT
(o) 1%, MIBRADHIRHT (0,) & DT Archie DFEERF (Archie, 1942),

o=ad""p,
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TREINIERBDD. 22T, ¢ IIZRE, a, m TENZTITREIFRE, BRFEREK L FIEN,
AADOWBEIKGET 2B TH L. BB 5, BNHIEKE L OHE TEREKOHEEIZITHILT
WRWDT, EZBEATDINERD D, KERHEOEADZEREL LT, #Hl2IEEWA LD X
EHAITIE, 01~04 OZEREIPHE LN TNWD (RIFEIEA, 2005). +HBE L EWAILTITEE
LIEKDY A T HLERDOT, FLEICHI T LIRS, KERIOEAICSH Y5 DHE
LT, ¢=03Z%RETD. £/, a Lt miT—RMICEISHWENZETH S 1 BLV2 21K
BT 5. LEOFEMIZIHWT Archie Z#H L Tpo = 05Qm 2525121, MERAKOEEIE LT
o, =0.045Qm BER SN D, ZOMBRKDIIEIUL, WAKDOHEI LY b—Hhs <, HYIC
B E ORERD & & MR 25 2 725 d7e 572\, Nesbitt (1993) DFERICLIE, Zo
H3EHUE KCHAR DOIEE T 20 wt %L EOBAITHYE L, BHEM LTS VEEW. 7L, ZokE
FEIZHIR TOME T, RED 200°C BEDLMET T, K wt%OEEE T b R E O I
T¥5. —F, BokilsSnIoEaidZE L, Mtz2Eld 5 RtEnrs 50, ity zate
EHARZ K OHE, HEFIAMES RS ZLPRESN TS, Ea (2009) 1 Xhid, Kitgwy
DA O ARPUC RE T BIIHBKOREICRE < EAEH, BEXRREWES (KCL0.1 mol/l)
IR O EEEIC K P HIEFIOZEMITIZ E A LRV, BEEAMEV KRR IE & X L8 o
HERKENE W) EREREIRINTWS, EBRTIE, KCI0.001 mol/l KIFIKIZOWT, &5
FDARX T ZA NI N DOEGHEETEHADOKERZ M NT2ERE LTS (&A, 2009).
L7eido T, +BEDOSE, Mo FERDZHEE, FRTT05QmEE, 25k
B 200°C THAEFIAMET T 2HAEEEZ D LB Om BEOMBAKEZEXNIRL, 2V OWERF
BAMEE LD, BTL b EEEREEE X 2 LEITES RS,

DUbkzaglddl, ZREDN0.3REDOEAPITED OB % & T 200°C FE OBk
FUREETH D L &, 050m OIEPINEHFETH S, LBV OESHERL, BHEERD ORE
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