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Resistivity Structure in and around the Sourthern Part of Hidaka
Metamorphic Belt, Hokkaido, as Inferred from
Magnetotelluric Investigation

Hideyuki SATOH, Yasunori NISHIDA, Mitsuru UTSUGI,
Kazuyuki HIRANO, Tsuyoshi Dol and Kazunori ARITA
Division of Earth and Planetary Sciences, Graduate School of Science, Hokkaido University
( Received December 24, 1997 )

Hidaka Metamorphic Belt, Hokkaido, Japan, is thought to be formed by collisional orogenic
processes. On August and September 1995, a magnetotelluric (MT) investigation was carried out
in order to clarify the upper to middle crustal resistivity structure in and around the southern part
of Hidaka Metamorphic Belt. The MT stations were established along the measurement line
parpendicular to the strike direction of Hidaka Metamorphic Belt. A regional electrical strike
N9W, which is consistent with the strike of the surface geology, was derived from rotation of
impedance tensors. Two-dimensional resistivity models were constructed by inversion method
including static shift correction (Ogawa and Uchida, 1996).

According to the resistivity distribution, the surveyed area can be divided into four regions
: Sorachi-Yezo Belt (10—100Q-m), Idon’nappu Belt (10—1000Q-m), Hidaka Metamorphic Belt
(10000Q-m) and Nakanogawa formation group in Hidaka Belt (100—10002-m). The highly
resistive Hidaka Metamorphic Belt, which is intercalated by a relatively conductive layer (1000Q-
m), dips for east. The intercalated conductive layer is possibly consistent of degenerated part of
highly resistive Hidaka Metamorphic Belt. It is also possible that strong seismic reflector
revealed by vibroseis experiment (Arita et al., 1997) is cutting across the Hidaka metamorphic
rocks, rather than an indicator of the material boundary between Idon’nappu Belt and Hidaka
Metamorphic Belt.
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et al.(1965) (3, HEER® 2 ¥ 2 FibEodtigE 0t — S EHohih - EDT, 3—v vy
2 P BT A EIERRICEDWLZEZFE LTS, LeL, AMANI (1979 L > T v —}
FO =22 EERE L EH EEEIRBINTLE, BEERNE, ¥ o 7KK~ EREKD
2ONEIR—EEROBER L, HERR~-FRICPIT TR > WHFIFHRICL » TEHRI N L
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W CEENICEHNL, RoNbsL)icho7z,
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FLiiE A, 1991, Ogawa et al, 1994) 4T b TE T2,

LL, &NEBHLHEEHENTAF I 7R O20TERLZHEH T 2D, HEREIESIC
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ENTELRFEHEREZACC, BEFEHENBILERHE L L TRBEI NG Z L, MKRTIE
BIETHLNITH L THTE km Tz 40 ERB 20 BEIUIRERERA T3 7 km DB I ICALE
THZERHEL, BEFEHLEMBMTERZIZIZWE S22 L2, 72, Ogawa et al. (1994) i

A ST & 08 43 MHE 2 I3RS KT 2 PR CHIETBERE 2170 v, BEERWNIZ4e
RN BILIESTE 2 R T B Clid e <, B3 2 — 5 km IIRHERE (500—1000 Q-m) #HLF
BERLTWLEOWEEZ LT3

ZENFLIT IRHUEE D 5 R HEER W EBRORBEEL BIET s L2 k&L T —2E L,
(1)4£H (1996) THE S N HBR O RS E & o ltig, (2) HBESE T MEgC 51T 5 Ogawa et
al.(1994) DIRIBL 72 £ 7)V E OMEIZDWTHE T3 Z L # R ER & U7z, HiEHi#HEIciE, Very
Low Frequency (VLF), Extremely Low Frequency(ELF), Ultra Low Frequency (ULF)# nikE
# F v 72 MR R B IiE: (Magnetotelluric method @ MT) % fiva 7z,

II. BEWRS L UXDFBNT I b= X BB

ZZTiE, AEBEREBLUOZDELOT 7 =7 AB L UREHIRO MBS I DWW TR
N5, Td, AHETIE Arita et al. (1997) 12 L 2 HEHEX S E AW 5

JtiEEO - HEFROHEMEEIX, BROEEEE, LHMOMELEF TS oML, ERMIC
BB FmOF LA R Twb, FRCPFRBICERT 22 k&, Ba—xVH A Pty 7
¥, EEFEBLUEEHICEST a2 e TE (Fig 1), HICAERLS L HEZLOMER & ILAIRA
WRE D A SR E TV B (Bii3s, 1986). 2 5z BEIUMREESREIE, 1 M7 v 7#, )
RA74 474 VEBLUHBBERE (INLNH2FZrHTHEBHRE L V) »HLEBHI N T
% (Fig. 2). ZOBERER, HEZRP LBFEL2—T7L T/ v —F A K=Y 77V —} OfHEHRE
CEAEAEER (HEERE) s oTolE7r—F RRA 74 454 M) OFE, 251
BIRP I LIEIC VEAET 2 T B ROEIL E AR~ L 28221 T, BREAz BRI N
Tw3 (Kimura, 1986). Z# 5 OEEEBNKICHLE, BRUR TR 2O THOBIMEREZRTHE
BRAEDS, PO TOWEMMRTHLZMAA 74 474 P HICHEEH G285 L TEHLEL T
LT METHETE 5,

AR R P SR » T, 4 FoF o 7%, BRA 744754 b, HEER
HHB L URDNIERF O 4 FIc KIS 5 (Fig. 3), 2 2 TCREFORMICDWTRRS, £ FrFy
THIIERSEHE E 2 OS5 HRRD b, BREEEEDFARa>7v v 72 (BB HELORHERD
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Fig. 1. Tectonic divisions of Hokkaido (after Arita et al., 1997).
Shaded area indicates Hidaka Metamorphic Belt. Rectan-
gular part is the surveyed area in this study.
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Fig.2. Typical geologic EW profile across Hidaka Metamorphic Belt (after
Kimura, 1986).
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4 M, RREBLPRANCES, F—FLEH, BEERFRETBIVCEER-AZRFET
Phis, el ot FEORERAEBRO FHMHREBRL T/ I=274 METH 375,
SEEICE 2L n)r 4 MELTwW 5, B BEEZHEEMBMERIEL ., 2% ), ZREREND
75 =254 F D LRMOBEEEFHENEETLTWS, /2, BlicomT 200 EE L i3
BEGERL TWwa. HOJEEEFIZAEL~ SR ERIEERTH ), BELHIRERED LK
AN, ~RICBEICZLCAKE/ Ya—NEE, 72, BEER—RICARLL, BRI L -
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Fig. 3. Location map of magnetotelluric(MT) measurement sites and
simplified geological map of sourthern part of Hidaka
Metamorphic Belt (Editorial Committee of Hokkaido, part 1 of
Regional Geology of Japan, 1990). Open circles show ELF-MT
sites where solid circles show ULF-MT sites. Number in the
figure describe rock facies ; 1 : Cretaceous, 2 : Hornfels, 3 :
Biotite-muscovite gneiss and schist, 4 : Amphibole-biotite
gneiss, amphibolite and granulite, 5 : Granite, 6 : Tonalite, 7 :
Gabbro and diorite, 8 : Peridotite 9 : Metaophiolite of the
Poroshiri<ophiolite zone
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ANDEIE, HEBCKRLCZ Y, BEMCE > A TEABERBRITE-> T2 2 kb S8
HOBBIZ A ) B E ST 12, BRI LR (1996) 0 KA HEBEEO MR EES L5, 2L T
HEERE L EEICHEETL T 42km & -7, BEHBOITERIED I 4 2 > TR A30 5 > TERML
72 VLF, ELF HOR%EIZ 2 L EH 58 4, 16 5 Th 5, 7, TEPEPICERE S 28%ho7
ULFEnHIEIT4 Hicr £ -7z,

r2AT, MTEEBEZHL Tw 2 BROESS L RS2 WEL, Db 5 T 0 HEH
SAEBELPICT A HETH S, HERARICRERT 2B RMICEAT 3 &, BEB L 02 kS
PHEEEND. THLOAESEMELBNT 2210k, MTOBSEHERE LB 5T
X7, BAIL RIS 2 9 (Hx, Hy) B X U8 285 (Ex, Ey) TH 5 (7L, xizdbmx,
VIR E), B, BEE L CRENT IER ORI T OR THEUMY 5 1 s (Cagniard, 1953).
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ZIZT, pe (X RENTHIER(Q-m), TIZERENEM (sec), EZFEINLELE mV/km), H iz
BWEEHKEE (MT)TH 5, T, BRETHZEMBEBERE 2R ATHLERE CLHPICE
AT D L EHBBIMICEIEL, ZOMFEOREIINT OHIES & Bk O BAYICKET 5. Cagniard
(1953) iz BERBEDIRIBHHRENED 1/e($ 37%) T THET 2B E » RERE (skin depth) & H-O°

ROKZHBENTNE,
8 = 503-,/%

22T, SIIEREFEE (M), o3 BT ISR, { 3FEE(Hz) Th 5, B2, KidrE 100 Q-
m TH5 LT, ULF HoFE# 0.01 Hz i x4 2 REBEIZIMNS0km TH2, 2% ) 2D,
BEHEE L THWLEREDOEEI T OB ELIEET L ETEETHISLZLETRL TS,

FT—FBAHCIE, ULF #1377y 27Xy — R (U36: 757 7 =»48), ELFFB L
VLE#Zi3A > 57> 3 BN (EL-529 . 777 7 =448, VL-101: 777 7=4»#8) %
Hwi, &7, EgsHicizzn i, - ER L HERLFRALL:. T—5d 77
i3, ULF #4*1Hz, ELF #3128 Hz TR L 72. ELF #0D7— 21213 / 4 XHih e { RIF 8
BWEGRLNIDT, 74 N5 —ABLZHES TITHITICERAL 2, ULF o7 — 2135 Mic k> T&
BRACERBED /) A ZBRENIzDT A Hy b7 4NF—(Hy b A7 BEE0.05Hz) # T
7 4 VSR (GHEE, 1978) 2L kWK e T MBI L 2. B, Fig 4iciz 2 B(Hllm T
FEAIC S S N7z, BRIEFEO—F 25T, KWR, SGB OB OERIZIZIZFAL TH 2 nicxf L T,
KWR O EHORBIIWH TR EV, 2D & LEFEPIRTED KWR o B#NT ST BSOS TF
WZEPHETE S, T—UBERAERBEBICB T Y E—=F > 27 Y NVEFEL, Z0by

Site=SGB

Hscale=0.5(nT)
Escale=15.0(mV/Am)

Fig. 4. Example of magnetic(Hx, Hy) and electric
fields(Ex, Ey) ULF band records obtained at
SGB and KWR simultaneously.
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155 N B RICED W T 2 KT T IEBTRERS 2 HEE L 72, 4 0%8, BEDEMFIN L HE
FTRICH o2 T, BB LEBE C— L EMEZH - LEETH L LEEL, 8 Hz ToOREAZ &
BRI S RO FOFERMEL A L 72, Fig. 51 ULF 8#£ic BT 5 8 Hz o EEADEESTH &
R, ERAE P RERARE IS MOERNTH 555, RM TR -FEEFED L > PR
LB, B, FHHIINOI W THs, #-T, N WicEmMZRED2RTHEERREL, ELF,
ULF #n % EM L 72 4 B 8o RENT BRI E UMHEZED T— 7 & v €, WIEHEEFR 217
ot EFIVEFEIZIZ Ogawa and Uchida (1996) ic & 2 Wi sk # Fviiz, &, ZOBICAIEE
FNUEEERL100Q-m & L REFE2T - 24, 10 @0 RETITIZRERN L E 7T AE D
Bonse, 722720, AHUBOER FiZAHT 2EOMIERIZ0.25Q0-m L AL LHBEEL TH 5.
Fig.6.(a)B L (b) i, TM £— FORENT BB B L EE, D752 b- D RE(H
HTE LB ET AR L2, 48, REBTHERB L UifEREE bic, TE€—FH»TM £—F
JCHB LTS — "=k E v, ZOFRERNV &I, BRI Z D IR WHEESRICL B
ZEEROBEIRIWI EHEZ L, $E- T, Ogawa et al.(1994) & Rkl TM & — F B
EICEA P B TEEZ R 2,

V. BREIUEE

Fig. TI2iz HEERENEMICELT 28K 2 BE L (Fig. 3), 2L fiElcBid 5 VLF
(22.2%x10°Hz), ELF(8, 14, 20 Hz) %o RH#HNT iDL & AHZE 2R T, HiEHLSA 0 & ARG I
IFAREL, - VE (10—100Q-m), 4 FrF» 78 (10—1000 Q-m), HEZEBAHE (10000 Q-
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Fig.5. Histograms of rotation angle, which indicate the strike direction of
Hidaka Metamorphic Belt, at 8 Hz((a) MNS,(b) KWR, (¢) SGB, (d) TYN)
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Fig. 6. (a) Apparent resistivity and phase data set for four
sites. Plus [+] signs with error bars represent TM
mode data. The solid line denote the model responses.
(b) A two-dimensional model of resistivity structure
along the KW profile. Sites are projected onto the
profile(see Fig.3).

m) BLOHEN (BOJEE) (1001000 Q-m) O 4FICR ST 52 EHTE B, BT B ERRA
I, 20—28 km F T 10000 Q-m LD TCEHWIHEIEZ R L T b, R TOBEEDSAE L =0
BRI I L BT 5. F e, BB T Z o IEEEIZI I -2l AR L Ty b
&, BRENCD 7 WEPE L ERET RS E TRV w3 L0 L HEETE 2, T s RED %
AT EZAHLBN, WEENE L 4km METHTNE 100 m BIBOEIHLN TS, FiEX
Ogawa et al.(1994) Tb R o1, BEHMAEED BRI 2V oS RIcHeTE 5, %%
A Py TS E N BB RO E OB O L B L T A (i, 1995), Pk
D b VLF, ELF-MT Sl Iz & I3IEEIC L WG RO N5 2 Eitbd - 72,

Kiz, &V EHEHER S 2o ULF-MT 07— 7 % Ao @ 2177 - 72, 72771, ELF
e ULF o Blsaolic T — 25347 w2 &, ULF-MT O8RS D nwT & e S i okl
PR THERE T2,

A R 2 RO 5 H sy, Fig. 6 2 /7% & 1000-10000 Q- m & v ) B IERE % /b
WESRE L edt s, i < THMTF20km FTHMHLTWELDEMHETE S, L, TRENIE
—RED IWHEHE 7 7R S8, 10000 Q-m Ll b & 1000 Q- m BIEOME L RS4EBIC RE (ST 5 2 25T
X %, B, AR A R S I T CoOMBEL LTRSS 2km £ T, BUHIA TYN M
TOkm &) FNLIBRICHAE LT 5, BB AR A & g deil-oid sk _E58, B¢l ik i
BBz L, 10000 Q-m Pl 2R 4@ lbiEstE o i, (ENI) BB B TET 2 & 5 2Bk
ZRLTwW3, &2A7T, Fig. 81z, Fig. 6(b) TR L 2 H3EBTE T OB % 505 U 72 ImE 1 & 78 1
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Fig. 7. Apparent resistivity and phase curves derived from VLF((a)
22.2 kHz)) and ELF((b) 8 Hz, (c) 14 Hz, (d) 20 Hz)-MT measure-
ments. Abbreviated names of tectonic divisions are also shown
in the upper patr of Fig. 7(a); SYB : Sorachi-Yezo Belt, IB :
Idon'nappu Belt, HMB : Hidaka Metamorphic Belt, HB :
Hidaka Belt. Solid and open circles in the Fig. 7(b), (c) and (d)
desclibe TM and TE mode, respectively.

(1996) 12 & - THRLNIZMBH O R 2 B TEC 2R 2RT. 2EH (1996) 13 = D5k K4 8
FEE LB TH 5 C WL, FORR2METHEH LMENE & £ DERGICERZ  RUETEY
FAETBHIEE2EET TS, UL, 10000-m U EOEESREZ R TEI TR TEREIRNE LT
W HRETIUE, COREHRERSEZ2W-ToHBLTWA I sickd, D%, KEEHIIRRA
TAATA ML OEEREOWEER TR L, BEERETOEHEE L UOBE 2> THEET S
Wi LHEZ B2 LI TEDL, KeGAZKIEHMEL, 2REIENES & UMW B KN
FEDFERICK > TwdDry Lk w, ‘

R PEH T, HIEPTIEAR (1000 Q-m) I3RS 1.5km IcAIE L TH Y, KLIEHS (50-100 Q- m)
k> THEbLN T2, HEEBEHROWEMIZHHT 2EEFIZA N+ 7HCHET 5, 2ot
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Fig. 8. Simplified resistivity model and seismic reflector
shown by thick broken line.
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BOLLFHCHIE e Sic k- THEMELEEZRL T s, MTEIZBWT, H2WRE L 4513 KigE
D3RR RTIE (A X 2—FR) #FET5H & MNS, KWR TliB8040.3~0.4 %70
XL T, SGB, 5 TYN TIIET 1.0 2R 2N BRI Twd, BF—I0 53 20
WOEEDHMI IR LNS,
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TCHARHURE AT 247 7% - 72, ARBIIE 2 ZHlf0 S B S L TR C& Lir o722 &, ULF
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na.

(2) BEZEEAFEEMR T BEmEHLNEL, B0 O THOBFEERBRORa L YA 74 X 54
FEE, POTOBIMMBRO BEERTOWERR L T4 LV LS5, HEERFEHOEME & U
EEY > THAETIMEEEZ 2L HTRTH 5.
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