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Magnetotelluric survey on the northern foot of Meakandake volcano

(preliminary report)

Tomohiro INOUE and Takeshi HASHIMOTO
Institute of Seismology and Volcanology, Faculty of Science, Hokkaido University
(Received February 18, 2019)

We performed a broadband MT survey in the northern part of Mt. Meakandake, one of the
active volcanoes in eastern Hokkaido to clarify the relationship between the subsurface electrical
structure and the volcanic activities of this area. On the northeastern foot of Meakandake,
remarkable crustal deformation from late 2016 through 2017. We planned a magnetotelluric survey
to investigate the electrical structure across the deformation source. In this study, we describe the
features of our MT data and show the 1-D models as a preliminary modeling. In the inversion,
we only used a frequency range between about 0.1 and 100 Hz, in which the responses showed
approximately a 1-D feature. The inverted 1-D models exhibited distinct low resistivity layer (1-
10 Qm) at depths around a few hundred meters to 1 km at all sites. In addition, at the sites in
the SE half of the survey line, another low resistivity layer of approximately 10 Qm was
associated at a depth around 2-3 km.
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JEHEE R, FT2E—EnpR K LB R PSR O H VT 5 PNIC I MERTZ R 2 R e & 0D, 0
NFTRIUBFAAL TS (B, 1958; {£#E, 1965). ZOH T mPanh I 5 MER 2 1T,
SERTHE DIETE 228 K BIEDSH 5 2T 78 > TWAIEKILTH Y, BEDERIEE 26T T 5 (K
%7, 2015). JTEEIL 1996 4F, 2008 4EIC/KFERME K ZRL I L TW5,

F 7z, MERTFER: Tk GNSS IS InSAR AT ICH:-SVW T, 2016 4502 5 2017 i TIE3R
BECHE R HIES R S, TORBODICEBPEREL 22 EAREShTWS (ELH
kg, 2018). WEETFT L LT, ZOHMIEZIEIL, Fig 1Rz X 9 ICHFEERE, O
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BEE ORI THOS, BEK6kmIZRIT S MR2 Ty 700 THASh TN
(EHHEpz, 2018). ZOBEMOMER TIE, 7 LY — B IL—FEMRRICOT TR v 7
BENSELTRY, beb tMBIEENERTHD., EdoHEs 7 v 7%, ESH 11 km X1E
K2km LV A XABKE WD, b LIRS RBKICHET D LD TH D72 51E, MT %
X o TIRIERBEFE AR L LTA A=V I TEDAREMRH D, Fe, ZOHBENKE T
WO OM THEE 25 Z LiX, MR - BPEEOR I NLVT 7 KILDO~ 7~ G R O
WZORMWDEEZLND,

ERT 2 JE) T, B EIC TN MT B2 L LT, NEDO (1992) »3HiZABEF(EdEiE (f2
k) DI & U CHERFEE O FEIL T T o 7o RS, MEFZE O K LifFen—8 & L TILTEE
Jb 3 — FE 7 1280 5 JI#5 C Takahashi et al. (2018) (2 X2 AMT &2 ENH 5 (Fig la). L
PL, THHDOEETHESINIHBEEITRI 2kmBEE TIIBEoNTRY, BllHAS EfEo
ARR L 300 T T D720, T ORZRIED FERITHFF R T X <420 Ty, KR T,
HEHBN 2B L T, HBEENSREL VAR ED X 5 kb THEETH LD EH#R LI
EEZT., FROBRRICERT2720I1C1E, #S 2km LV EHOIEIIEEE T2 LT
TOMERDD., I T, AU TIERRICER T 2 5 IR 2 380E U IR MT #RE 25
ML 7z, AREFTEOBRIE G %, HERRROME, WRICiTbivic MT &0 RIS 516, £
Bp7 v F~v—27 L& bICFig lallrnd., WEUTTE, $T8HoOMEZRL, Hohkit
BB DR L, THEND KEPRITEEICOVWTHERNS, &5, 1 RTA VA=Y a v
2 & 2 HEERRAT 217V, IR PURE & ZBRIR O BIRICOW T TEIICERT .
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Fig. 1. Location map of the MT sites in this study and the previous studies.
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AWFZE TIE, Fig Ib ICRTEF 12 HE IR W T, IR MT $EHIE %2 2018 £ 8 A 22 A 6
9R 22 HETOK 1 » AT TREAL 7z, IR IIHERZEEILEE D & I Codbs —
WhHmE L, £ 10 km OFEFICHK 1 km IR TEALE 28L& L 72, JIE 21X Phoenix Geophysics
HELD MTU-55A Y AT L% 46 (95, JLMBERFAIE 2, KEKF2H), Pb-PbCl, EE,
A vH v arvasi (MIC-50, MTC-50H) %MV, &2 ik, Wi 3 asn % 1 8l
DEIHAPG T AMBRIL .
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1. R TR EIEE

B 12EY - WL OR R T — # 1%, Phoenix Geophysics £ SSMT2000 % H \» T
0.00034-320 Hz ® 80 JEW ¥ D A7 b F—FICEH LTz, ZOR, BREKO v —h1ip s
A REEWT D7, BEILa s v MERSHEPER T2 AFIRIRNOBSE T — % 2 H
WTUE—RMY 77 LA (Gamble et al., 1978) %177z,

BRI R D B i) L & AR ZE R % Fig. 2 1R d. RS0 x BX Oy idzhzhs
HAICBITOMEKNRILE R EZEICL > TRY, RFOxy 3B R Z x e 7587, yx 13ES
Byt T oA THLZLA2RT. AP TEMNRIT vy NEZRIBRVWE, ZOHIBOER /
A RN E L, FERRERICE W 101 R &, ESEBERICE W 112 HS O —H Ok 2 R T,
WRRGRT—22/B5 LIRTE ., ThaeRBL T, JEEEERK o &<, 280
INE 72 LT R RTR L UM ZE RSB BTV S,

ARRICHE LR L LT, SR RE D SRR BN 22 912240 T, BT s
H—R—& L BT 2EMB R OIS, MHZEOER S ZAUCHMTH S, 2L, Lo
3 #1450 101, 102, 103 Ti, 0.1 Hz AT OJEEEHRIRICB W T, py Lon CTEHEBROND. —T7,
HIFROFEHMA 104 — 112 122F TE, @FEEH I ICh> THE— M33E—&%L TRY, KF
BRI E PG s NS, b Lhn, JeiEAlE mEEAITIE, 0.1 Hz AR ORI D %
WOMERRRD 2 L2MAZ 5.
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(E-field eastward) components, respectively.

Fig. 2. Apparent resistivities and phases. Blue and red symbols correspond to xy (E-field northward) and
yx
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2. ZJx—RFUINEAVEIIAVURG ML

AWFZETIE, 4] 2 IRTTHEE AT 2 S ICE W CHEARICHE 2RE L 2. —#&/Ic, MT ik
D 2 WICKHEERNT TIX, MO HETY —Y a FARERKER FRZRD 2 ET, A~
E— AT Y N EERGFANCEEEL, 2 00F— RITHiT5 Z N Thivsd. A% T,
BRIT =2 058N L 727 2 — X7 V)V (Caldwell et al., 2004) (LLF, PT) &, A v &7 3
v~ kL (Rikitake and Yokoyama, 1955) (LAF, 1V) ICESWT, BREKAIRER ZHEET 5.
JEREEE Z L O PT & IV % Fig. 3ICRT. LUFIC, 26 ORICOWTIRNS,

I, ZOHIEO PT ORI DWW Tl %, 1-100 Hz O#H8 T, PT iR MICITWEIR
ZLTRY, &RIT1 IV KEL, skew angle /NS, BB1THEZ LIFA v E—F L RADHE
WEBEPE LN E2ERL, 1 RITHERE TIZAM 45° 15, —F, 01Hz XY KA
WoHFHIC W TIE, PTFREMORIFEETE <, BTl XV BEE IS, £z, skew angle D
HaseHE b B B L TR E W, BEoZ &6, 01Hz X0 HERERA O T 2 Rkt
L 3T REE IC LD ELZ T TND 2 EMREZ 5.

Wiz, PT FEME® G B OMEE 4G 205, PT OE#A I, #HEEmICET, Eiidth
CHERZTHIERMBNTVWS (Caldwell, 2004). EfliJa0w—X4 A7 755 (Fig.4) %
A% &, 10Hz XV b EJAROFETIEE-W 41123, 10Hz XY bARJERK O Tl NW-SE
MRS 2 EHAmA R O, 2FEEGR ORI TR &, NW-SE FRAEEL TnWDd Z &R
YV THE., ZhboZ ehd, V=Y a FAREBKAERIZINGCW L <IEN3OE T
borLEIOLND.

EBI, IVIZOWTRS &, %12 0.01-0.1 Hz O# TR PE A ESE L TW5D Z L BT
b5, —MENT, IV % Lateral 2 EHIAEHRE R ICER T2 HAZ273TOT, LFoFRET
AT D PT BHA G M2 HHEE S NDERD 2 ODOEMD 5 b, EED Y — a FLREBHEKINE
ML N6O'W THDAFEMENB NI EE2BERL TV, &L, 001Hz 0 IV 5zt L < A5
&, AEPERIORE 101, 102 TIV AL RZFW TR Y, BRI OFEWBBDND. £z,
10-100 Hz O #8TiE, IV 23R O F o3 (AR 108) AHEimd o il 2 & ATV D L 9 I
2%, WA 108 XA (Fig. 1b) OLTEZA G 500 m HICAZE L TR Y, ZoHEEEDAY
W OFAA S EFENCIER v 7 2 B SR> Tnd, TIHDZ &b, IV X
EMOHBHAHEICOEEINTNDLEEILND.

LEDPT & IV ORBAERET D L, ZOHIBEOY —¥ 3 F L RBERENIENCO W &5
Z B, RO EAFIEFEITTH D REENEV. —F, EEIIERKEREN TS 505,
INAG = VDR E & A TND Z eI 5,
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Fig. 3. Distribution of the induction arrows (Parkinson convection) and the phase tensor ellipses. Unit
length of the IV arrow and the size of the magnitude of the PT=1.0 are shown in the right-bottom.
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Fig. 4. Rose histograms of the principal direction of phase tensor in all and each frequency range.

V. 1 RTEERNT

RIENE TITR 7z, R THEET, oMz, PT B XUV O 5, Fx o MT RIFRIEY —
¥ a FOVIRERRRER S REETLTRY, BAOT—F T 2 IRTEMRT 21T 5 2 & 1358Y)
TIHEZ2WZ & Rbhrole, 22T, LR T, KEREMRESE P EE S5 100-0.1 Hz O
B A (46 FEH) 12oWT, TEIC 1 RITHIEMIT 23742,

AW TIX, 1RIeA /73— 3 1T Constable et al. (1987) o a— KM L7, 27K
WRERIE OB G, A v E—F U AD xy 53 L yx R E—BT 50T, EL LD TS V-
Ta v L THRUEEPE LD, EEOBRT —F TS E7EEIl—8 L TWbHiTT
v, 2ok, WIRLORSOREZOEEFATD L) —HORFCEHEENDERE
AT HZLIChs., T, MARD DBELIZEIERAEETH S ssq A v E—F A (Szarka
and Menvielle, 1997; Rung-Arunwan et al., 2016) ZHHL, ZOA LV E—F AN HROH
DT E A2 A v X—T a VD AT —Z E L THAL .

ETIVRREIL20 & L, FEOE L, S 100-1000 m O#iPH T, FIE» HERERICH D> THR X

WWEL 22 XOICHRE L. £z, PIIHIEGUHEIT 100 Qm —kk & L7z,

MT DA V8= 3 TliE, BARMTOIDICHERT EDANT—F IR L TiREEL L X
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D0, BT —2ONHEZOEEREL L THWD L, DBO/NIRT —ZITEWEZDBPH
DFECT, ICEHMBOMP RIS T ETHREER LD L LTS, A 03—V a VUL
BNEWORIENEZ 5. ZORMEERERT 520, HBO/NS BT — 2126 L TiE,
HIMICT T —T7 v 7 2 52 TRIEEEMT D Z &R fTbohd. RHFZETIE, BT —2 O Rt
FEEHUE DFRZEM 25% LA DR IOV TIE 10%, 15%, 20%, 25% DWW TFAIhDTT—Tnm
TERE L., 5257 —7nTHEIE, BHlRECHELLTVWS, =7 —T7u THO/NER
SODRGNEIZA V3= 3 U &RFREITL, RMSE=1.0 OIURGEMEPZER SN OO G, fi/h
DOTT—7uTERR L. FEIC, MOV TiE, 1.0°, 20°, 3.0° oItz —7n
TEZREL 2.

A U=V 3 VTHELNIEARE O 1 IRGTHIEPTE TV % Fig 5 1R d. RGPz E
TR T, RIEEA2ELLZDOT, SKETVORMSEIZWFS 1.0 THD. £z, ssq A
VB LU AN RO T BT ST & AR ZE O BIE S X OF T VIGE % Fig. 6 ([T,

A NR=V 3 TELN 1 RTEEEE T NVORBELTICERS, £9, £ TORKETHES
0.5-1 km fHEIZH) 1-10 Qm OB REKILEITE (C1) BROND. = 5HIT, WRIEM T ORI
(106, 107, 109, 110, 111) Ti¥, ZAICHMZ THESE 2-4km OFHIZH 7 10 Qm O LT
& (C2) MMEMrEN TS, A 112 TiX C2 DIEER & & 2 5N B (RHIEFUB 1T 3-5km &0
B HEHUE LA 50 Qm LARyICE . A& (Fig 1b) O#IH 108 TiE, C1 & C2 1457 #E
LTRLT, HEIH100m (1L T Om 2R —OREHES RO bz,

Fig. 6 2B 2 X9, BHEL A v R—V a VI D ETADLOHEMBED T 4 v T 4
VIWRBIFTHD. LL, BEOHMEL TERLZ 2 o0RKEFE (ClBXIVC2) KL
AU E R R N REETH DL 000E, BEETNVE R TIREMTE R\, ZORDAMIET
BIUTFTORET A N E{To72. 22T, ClEC2OENZENICONT, ETFORBOLEKE
LRICHBHEICRELZETAZEY, ZOETANRLELNIBEHREE LRSS —T7 0
TEEGZTBAME L R L2, Cl 272 LIBEO/RR%Z Fig. TITRL, C2E2R LBZED
FEHR % Fig 81T, Fig 7B 672X 918, Cl 27 LeBacix, BT, Ak
L lbiz, 100Hz 225 0.1 Hz I8 W TEIHME & OTREEREE TH L. 2D DD CLikky
PO LVWEETH D L WVWa 2, REHOMIEGE C2 272 < L2546 (Fig. 8) T, A 106
& 109 TIXBARR 2 TEBEIL A O e hr - 7203, JIE 107, 110, 111, 112128 W TH 10Hz LT D
REEE COMAHDOBENWEWTIAEETHD. EL, ZIIGRLEDORHL ETIRITOTE
HIREERIT TH D DT, C2 DHENPH L SOV TIL. 3RTET ) v 7/ THERMNBLETHS.
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Fig. 5. 1-D resistivity structures at each observation sites. The horizontal

resistivity (Qm) and depth (m), respectively.

and vertical axes correspond to the
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Fig. 6. Apparent resistivities and phases calculated from the Zssq. Blue symbols and red curves indicate

the field data and responses from the inverted models, respectively. Solid line in phases is 45 degrees.
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AL TIT 22T 1 IRTEA V3=V 3 VOFEE, 12 G 02 TTIRIEREEOES (0.5-1 km)
12 1-10 Qm FEE OKILIKPE C1 AR b7z, Cl O HARHUE A B b KW ELE 108 T, Hikim
Ry ZEEO X 5 R MBGEFIAR SRS, CLIZHEWEEIN S £ 0 RS2 iRl o#I S
bHROND., £z, NEDO (1992) OZEHAEIC KX, BB A2 E W TR 2E 5 LE, K
BFZE DRI 106 FHE & D HANCHEZE L TW2 LBl h 5., 26D &2 D ClLITBRAEDHE
i O HIEE B O i L IXEENRBGEAEW X O IcBbh s,

NEDO (1992) HiZABHREER A T, #500-1500 m OREEFAE HITHIL TN D (Fig. 1b).
B 112 525 3km B 7 AL AN AL E 3 2 FLH O 2 7 TiE, B 335.0-503.50 m & TEEIAES
BEIRKE v N, TATA N, ZlbaiimiisnTnad, £, BE 112 2 biEWiH Tk
230-400 m ICEEIK RS, 400-500 m ITIRAEEEDC S BSREH S LT WD, A=V v 7 F—F (T
KT L2 EE m bl s TR Y, JA 112 Ik bIEWAH TIRRBAES S 400 m £
TEVEY v A M, 400-500 m £ TiEAREAH & AEINTWS, KGR CL TPt
DEIKE DIE LI A BTk LTV D rTaetEdsm <, HERTHEIE O KIEBNC X 5 £ D% 0
KREELHBEIN B H 72 LTh, TROLREDEREZ D CLIBORKBICEEL TWD1IEHR
FRETARATH S, 728, 1-10 Qm &9 WilkHuiiX, ZEH TIIEBICRAONDET, BE -
fith (1994) 23 EICHEFTEEE T 72 > 72 VLF-MT IEREETH, Ny~ F v U knoh~F 3%
Uk (Fig 1b) 72 ERBVPEEL TWDHHIETIE, Wihb 10 Qm A O BT e HiE
BREIN TN,

—J5, KRR C2 I e 55 (L5E X 0 b B RS (106, 107, 119, 110, 111) D74
TENATWE., £z, C2ZHIE 106 225 108 1I2h 1T THRAITE L 20, 108 225 1111223 T
BAIWCEL > TS, ZOXHITC2OEENPE T LITHRIR>TnEDOT, dLHEDEIER
ATEPOBIRRD D ATREMEME TE 5. Lo, 106 205 111 12h ) T C2 13RS K 2-4 km
CRBNDDICRL T, BEBLOLN TV I EERET TV (E LR, 2018) DI I1TH
6km THY, WHFITRINBEL>TND.

VI. #&

#

T AR B S 72 HUBR I 5R 03 BLIH S T D MR8 IR 0 AL T, 2018 R ICIAHF I MT IEIC X %
HRHiEA 21T - 1o, PRSI E LT, R2THIES, 0/, PT, IVAS 1 kTl
PR RONDIHIROADT =2 ZHNT LIRIEA v 3=V a v &fTolz. ZOFER, BRH%E
FEIC 2 DOIKIIEHIE C1 & C2 DM#Eir S viz, CLITARFZE TR L 72 12 A 02 TRV T,

FIZRIREDES (05-1km) IR BND 1-10 Qm O IIKHUE T, it o2 E K
IR L TV D ATREMEA @V, — 5, (RICIEHUE C2 (S 2-4km, 910 Qm) 1%, HIHRO
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RO HFED S 4, SEERSE STV D PIVIROIZIERAST TE V. BIER & C2 & oficix
W SPDOREBRIRIEIND S DD, WFHFDERIIIE R ->TND.
SHEBICMT 7 —# ZBINL7z BT, 3G 2@ L T, XLV #»L LW IS OHE
EEATOMERD D,

BEE AWIEZITO D> T, MEARPGOBRABM ZHHAL L. THIET S o 7cdp it
SRS L £ dERME KL v — o RIFES - sRHANERICIE, BHEHTo
LK% % T IIoME A 72 T KA RTE# W2 L E T E 7, BRI O RAREE = 2
DOARBEITHL TT RS AW EE L2, T IWEH 2RI L £T.
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