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Conductivity Anomalies in and around the Ishikari Plain, Hokkaido

By Yasunori NISHIDA
Department of Geophysics, Faculty of Science, Hokkaido University
(Received December 20, 1976)

The vertical component of geomagnetic variations for the period of 5 minutes shows
the opposite direction at the stations in the east and the west of the Ishikari Plain, Hokkaido,
which extends from the Japan Sea to Pacific Ocean with a north-south strike. Anomalous
large AD was observed at the station in the central part of this plain. The measurements of
electric fields were conducted at three stations in the Ishikari Plain in order to explain the
above-mentioned geomagnetic variation anomalies. Comparing the observed geomagnetic
fields with the model calculations using the Biot-Savart’s law, it is concluded that the anoma-
lous variations of geomagnetic fields for the period of 5 minutes are well explained by the
conduction currents which are concentrated in the sedimentary rocks of the Neogene Period.
However, 4Z for the longer periods than 5 minutes at the stations in the west of the plain
becomes small or changes the sign. These behavious of 4Z cannot be explained by the surface
currents flowing in the sedimentary rocks and may possibly be explained by the effect of the
anomalous deeper conducting structure.
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Table 1. Locations of temporary observation points.
Electrode
Station Abbr. Lat. Long. Observation period interval in m.
N—-S |E—W
# % | DAT N 42°30" | E 140°51" | Feb, 24, 1969— Apr, 14, 1969
b RMER | SAP 42° 58’ 141° 14" | June 11, 1974— June 29, 1974
¥ & m | SIK 42° 46 141°24" | Sep. 8, 1971— Oct. 3, 1971
B # | HAY 427 40" 141° 47" { Sep. 11, 1970— Dec. 26, 1970 161 150
B B | NAG 43° 00’ 141°38" | June 13, 1974— June 29, 1974 118 123
= B | AZM 42° 45 141°50" | Oct. 8, 1975— Nov. 14, 1975 88 104
T B | BIR 42° 33’ 142° 47" | Apr. 15, 1969— May 10, 1969
8] & | HID 42° 52 142° 27" | Apr. 14, 1970— May 8, 1970
% F | BAR 43° 10" 141°22" { May 11, 1969— May 24, 1969
it X # W | HKU 43" 04 141° 21" | Sep. 20, 1973— Sep. 26, 1973

Fig. 1.
tion points.O, geomagnetic observation points; X, geoelectric

observation points;
points;
Geological Survey ;
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the others, after Japan Petroleum Exploration
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0.3
% B { & HOTHRESUE T Tz NISHIDA (1976) 12 0.2 M
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AT CRFHESW R D OB S 513 6 17 B nary parts of the transfer functions,
SEALRSC B TR Z 2 & 5073 AR respectively.
ENB. 12@FT T IEBTONLTECHAYIRBIF2AD DRETH 5, ZNiLsibl % Fig.
BITATH, TNk A D L ERAIZ L 5 L LIEHEEABAF (MEM) DREFEEH (BiH) L1t
N, AH BB EAYRLENEZERH > T2 b o T ADBRHICKRECENL TR,
b b, WHAELOKERFNDNT bV - AT 75 0% k> TH B L (Fig 4), MEM (8
M) TIIZ > AEm E B L 2B AETOHAY (ER) T2 N KREL ADHIIAMENT 3,
ZLTEL IR L WLRmENEbICH L TENEMIZRLBFICLE, ZokkFidFig 5T
SNFELShDE, TUbbHAYICBIT 5KFERS, dR(=VAH?+4D? ), EMEMMDZh,
ARy, ik, AR/ ARy, # MEMTHZAtHM (BEdL L D EEErED ICHE - THS) ISRl 7

SIK HAY
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Oct.8,1975 June 12,1974
Fig. 3. Typical examples of geomagnetic variations at SIK,

HAY, AZM and SAP with simultaneous records at MEM (dashed
records).
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Fig. 4. Vector diagrams in the horizontal plane for HAY (solid
diagrams) and MEM (dashed diagrams).
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Fig. 5. Ratio of the amplitude 4R at SIK, HAY, AZM, HKU and BAR to the ampli-
tude AR, of the simultaneous variations at MEM against the direction of horizontal
variation at MEM. The direction of horizontal variation is counted clockwise from the
gemagnetic north at MEM.
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AR ~ B0 2 Bl A—
A'w#7 (Fig 1), ZhbolT s2/8%0 /7 Nawsero -
3 EHTRRLRL O Fig 6 0"
Thb, I TlREBR DAY oz~
548 LU07ICDWTH 0
AZ/ ARy oy i ¥ AR/ AR f&

HREN T 5. 2275 AR/ ARy
IF R KEEI D72 B 60

FOHEIZ DV TDEZREIN T Fig. 6. Observed AZ/ AR, and AR/ AR, along
5. ARIIEEE Az EITL T the profile A— A’ in Fig. 1 for the period of 5 (solid

o . . curve) and 60 (dashed curves) minutes, and vertical
EALL 22BROAKFRST 2R L T cross sections of the Neogene (N) and Mesozoic (M)

Bh, ZHURIBZEAE ADIZ%L formations.

W, FEREAEBIUCTHE 2

Eic & »>Th b . Fig 6 IR E N8 NISHDA(ITE) iz L 4Tl REENLZ L0 LT YRL
ThHaY, AZMOELMb-7: 2 HBE (HID) nF—8#BSKRL 22 &b 5 SB1E
ENTW3, ZORBBERFE TSRO 2> BRI ~EiHAcER L TRNL 2L %
TELTWEY, ZNLHIckE L hpolocal ZREHIMMTRBOEEICL > (HIEREIENG L
BZZI2», o TINRFREMFETORBICRNIERICERT S LEZ NS,

AFHERE IR TEWHEMIC BN TB ) TOMTHEIIEE (1962) 1ok D HWERE, A
THEFEZ L TK—) > 7a7OREEREL L LIS L THERCHARLN TS, 2 OME
DERERBHIRKDLN TV BEHZD ) LRERESNAEBENTRLFCPIEPIH#H EEOFERE
Fig. 7a)icRy. FEILBLEHEIKBOFL WEFIIRKDLN T L 0D, FEERLN S
BB EEZ ) THB (BF - FH, 1964), FLU < pittfl & HiROBRR L EHAE R
2L EICLTHBIR (REER) LDV KOLNTWE, ZORERIZES - FH (1964) Ik VEIH
ENTBY, Fig Tb) IoR:E N5 THSD, Fig. 610 A—A KT &HBOKE 2 7157 57,
KEEDSOFELREIZSIKEBI ROMICALNS, LasichiAntEizEs L TBI
R7P6H I Dizhid TECHHL T TKERSOREHME I TN TS, - THEBTREL
REXLLLTHBRBEEE L OKERSOREEA & —BK L 2HRIc oML TV 3HHE 3LE
ThHLIEIHEEINS,

AFERME B L 2O TR EBOR—) > I 3N TEBY, HLHE WL DT 4,000 miz
bBLATWE, 2ONME% Fig. 1 o #EICRY., EMAREIILEE TR TRIERALEN (SKT
K&) BIUAHMEEREKK (fis) Ttbsd, R—) v 72 Hu - EXRBORRER, (Kb
ATIEEEIRBTEE T2 ~ 3 ohmm & v B TERWIIETEA BN TS, 8542, =
NOEDKR=N) TN LbBRENDLN TR EHBEIRBIZEALLEBETH) 2N L ) Hvid
BOFHL WIEESEIITE TH 255 &5 3SIRBICA 5 & Rz IEFEIR s AL T 5 (A
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paz'30 Sunagaws 43°30"

43720"

Pa3'10”

}-43v00"

42"50" @50’

42°30°

42°20" 1 42°20°

141%8° 41°530" 141545° 142,00
a)
a) Isobaths of the base of the Upper b) Isobaths of the base of the Mesozoic
Miocene formation (after AGATSUMA, formation (after KAMETANI and Y OSHIMURA,
1962). Unit in meters. 1964). Unit in meters.

Fig. 7.

WMEFEHEKK, #E). XAFMERFEOMIICMHET 2 SKTK (1,000 m) NER T3 10
~100ohm-m &9, {EHMFERFHEILB LN 1 ¥ 2L LERE L HIEHEHIBEL N T3 (dtig
W T RIFERAERN, E). o TAREMETEIRLBOBRETI+HELLNS,

AZ/ ARDBEBUKEEIZHAY, AZM, BIRZLTHIDTRIZE A EALNTERBOMR
HERAMICE CRATHD EBPNL, LA SIS TKESAPICEWTIIEB60M ks b &
BOZHRIZIZEAETLEENTLE-TEY, HICSTKICBWTIE 4Z/ 4R DfFFIZ5EIC
LB~ mHELTLE ). - TSAPRS I KicBiF 2 HBAELEBENG I L D&
BRADEEBECXEIN TV 0L BEbinsd,

M—2 HBUEB/BEABRCOVT  RICABNHBRELEHBETHICR) 2ERHLO
FFHEHFE TICHEA T 32 8 2D 120, B3 » T CHIEMEBEELBRAI TN, &
LAKESEICH T ERENRDBE DD - 12354, BERT SIb— F—EEDEH 4E,, AE,
I3RS AH, AD ¢

(38)=(2 %) (40)
kBB TRUOI LN, 2T
2 %)

BA>E=F 2 - FrynEMEn, L UEBHEIKEFEIZ—MKRIZET S L Ziu=—20,
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Fig. 8. Impedance tensor elements as a function of period for HAY and AZM.
o HAY o AZM
:
§ %OvB
> wo.6

0.4

o2l

Fig. 9. E/ H plotted against rotation angle for various periods for HAY and AZM.

Zn=2p=0%%b HAY X AZMIZDWTHIEER, ENETLO/ ST — 227 } LB 5
Kot AEe, dEy, AH Z L C AD 2 AV TA > E—F > R« FUYNDFERT-12, T
VYINVDEBA ORMRES Fig. 8ICRY. ZNEAB L Ziy, Zo: BT ED/NE 0 &30 2B
LBZIEIETRTY, KICERTSESEBBNON E/ HIZBHOZTALHME 6ict L T
E/H=27, sin*§ —Zi; cos’8+ (21— Z,3 )sin fcos

TEZLN2, ERLZOWT 0% 025 180°F T 10°EIc 5 2 TR/ E/H% Fig9 IR,
ZEDRER, E/HIFMC L NEHBRL TED, BX, BADEE & 550 Onax & Omin 138590°
BoTwplidbhrd, LAl bEE22 M CHET 5 &) A ERIEFENR ST
ZZIZ( W, Onax lFHAY, AZMELEAICE LTI >N 1I60°E TH D, T HhNg Fig 101
REND & ) ICATHERFOER &L FITL T3, 15 T Onax FEDEESHITRIT ) BAE» S
AFHERFICRIVAA ZRERBRICI VELN LD EBbN S,

HAYBIUPAZMIZBIT B Onax & Omn HIEOD E/HO BRI Fig. 111277303, HA
Y, AZME L Onax FEDE /HIZBHE L HHEEE L2 RS LA EIZAZMTH0.8mV
km/ yTHODHAYDH0.5mV km/ y LD kEw, ZHZLIZHAYDTOREEHAZM
DTDENLNENZ EE2FBELTWE Y,
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—
0-3(m¥xm/e)

+ 42°30°

142*30'

Fig. 10. £/ H along the major and the
minor axes at HAY and AZM. Only
the directions of the major axes are
shown at SIK (after YAMASHITA and
YOoKoYAMA, 1975) and NAG.

SAPBLIUNAGIzFig. 1l TmREns &y
12 B—B" @l iz Hm L T b, NAGITIRH
FRIfcZ LTS APIZEFENT CHRICEL
Twa, NAG TILicl~e ok CHIEMES
ILEHL 2T EN T WwizHHAYRAZMIC
Bolha3nik ) 7 —s0EBITHEEL W,
- TFig 10w TiitBENEERbOERK
MOADRENT 2 A, ZDHN A FFER
DFEMZFEITL T b, KIZSAPIZEITS4Z
ENAGTORIEE AE: & DI AZ/ AR, o AR

WML Fig 121073, ThiA5 EHEEHT

13 AZ/AEx I3 EDTFHEF-Twb, T4bb
NAGIZdMEDESEIH » 5728, FEHlHOS A

PTlz EmEICHSIELTEZILICRSE, 2D

25
E/H(mWkmA)  HAY
1.5
ot
o5} W
P I o e s o SN
3 5 10 30 60 100 200 300 T{min)
E/H(mV/AmA)  AZM
5}
of
05
L e S e S WA
i v 30 60 100 200 300 T(minJ
Fig. 11. E/H along the major (solid

curves) and the minor (dashed curves)
axes plotted against period for HAY
and AZM.
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Timin)

AZ : SAP
AEx: NAG

Fig. 12. Ratios of AZ at SAP to AE, at
NAG plotted against period.

BRIZSAP T AZ»EHGFICHAICHENZ2ERICL D DL ENLNTHE I EETERL
Twd, L2LEPLBHPR ZHIZCZOMBIEIITBEEN, 305U LE0BIC K3 &
AZ/ AE DIFFIEEc il TLE )., ZHIIFig 6CSAPD AZ/ AR, »*AEAICE ) 20
HohHEmE b & - FHliTHL), ZORKRDLD LIBHEEN L Z L3 2 2 WHEHD
Bl L DESEFICREEHIFAL, EHFOMELZITHIEL T2 58E D 5.
PTFkEIZSCTAEMEREICRN S BROMBAEII RITTHEL ENICHRT 5.
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F3Fig 1A A-A 122w TE2 5, ZORRTOFE ILBHWHE % Fig. 13 a)lcir
T, ZOHEISEBIBEFHEEOEMICH - TE ~HILCHURZ 2 KTHEEEZ L T2 LRE
L, XEINBRIETELERAL L CIOEIC 1 A/ M DBR»LmE KNz ET5 L
Biot —Savart miEHI» 5 HE CHFE N 58S Fig 13 a0 fEENS. = - THAIIR
BORFERD, ERIBERD LR Tw5, BRSNELEEIE Fig 6icg tHboNTw 3
75 R I ERIC RN A BEFATHATH B 2o ERR KA Z BT 5 Z L3 HkL V. 2 2
THAY TOBBMEREZHHERZR THEBLL, Mo S0BRERL F N & OMHEE L THEL
T#4 %, Fig. 13 a) TEHP EETORBS 2T 5 4Z, + AP KERDOREWLLETL T
%, AZ\13H 1 D T EEDH 2 O E/ B E LTy 5123 ~FFEME —KL T b, KE
MADRE LEHEECMETSS IK, DATCHEML YR KEVEIBEENA T2
FREMIZIZ  —BL TR I b, £FITINE ) LHHMAELES £ E2 BRIER
CEE SRBHICHENS DI EOREDOHIEHEIVETH B DH, £ L TENEIELT
HDEDPEIPIZONTHEMNEESLBRAZBRZBCTEZSL, 2> TIRHAYBLIUPAZMIC
BT 2 HBABILKERGORERICOVWTEZ 5, T THARKRL 25 LMD AR/ AR,
BHAYB L UAZMTERL.TH3EU1.2THSE, XHAYBLUVAZMT Onax ] (T4 b
LIRHEMAEE) DE/HIZIZ LA YA E L T84805mV km/ yB & F40.8
mV,/km/ yThs, b LKERFDRERNAEEZDHLTHE, E/HIEIHAYBLUAZM
T3 £%0.5mV,km, 0.41y (=1mV,/km0.827% & 1¥0.8mV /km/ 0.17y (=1

2x10'7 — e . 2510 -
ad BN .
— . e -
+,/ ‘&_
1 o +/ /' T . o
s BIR -
h Al NAG
AT SIK HAY AZM HID SAP !
Lem = (1 A/mt) tkm — (1 A/m?)
2Kkm - 2km  —
3 km - 3km —
At —_—
10km 10 km
a) b}

Fig. 13. a) Vertical cross section of the Neogene formation along the profile A—A”’
in Fig. 1 and the magnetic fields to be produced by a current of 1 A/ m? in the
sediments. Solid and dashed curves denote the vertical and the horizontal comp-
onents of the magnetic fields, respectively. Solid cirles and closses denote the
observed vertical and horizontal components of geomagnetic field variations,
respectively. b) Vertical cross section of the Neogene formation along the profile
B—B’ in Fig.] and the vertical component of the magnetic fields to be produced by
a current of 1 A /m? in the sediments.
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mV,/km, 0.21y) &% 2, ERERE2»LIXF i 8. 13 I0RENdM< 1 A/ M OEfH 5 H
AY T3 1.3X10°y% AZMTIi3 0.8X10° WS » I E N5, —HILEH o DHERBIC 1
mV /km DE Ehih > - 2B EREE T3

J=E/o=1,/pX10"% (A /m?)
THEZLND, o TZDBREES»LIZHAYTL.3 /0 (), AZMTO0.8 /0 (y) OBEH
BEINns, 22T

1.3/0=0.82 | uav, 0.8/p=0.21] azum
EBWTHAYBLUAZMTId£~21.60hmm ¥ & 1F3.8chmm & v 5 HAEHEHE L N
%,

KIZBIER B—B 122w TE2 5, ZORBRTOHE ILBOWE % Fig. 13 b) Io/RT. EHL
AilEl & EREOREN L i 1A/ M DEREZILEEICHL K, MECHFIN L SBEEE 2
LT3, 21Ut E 3 ESAPICBWTIE6.5X1I0° YOS IS N5, XFig 12X WNA
GizBWT1mV,/km OEHH - 728, SAP TIRERS HDBA 0.5 y OE(LEBE 8 &
NTwv 3, LUFRTE & BN E 21T & H#EED o HIEDUEIR 1.3ohm-m & % 2,

LA bR S F 8 34LIE A 1 ~ 4 ohmm BRENHIEMME & F-> T, SAPBIUS I
KOBES S LD AZ # &, HIHEERIOMBAELEE 3T ~BREKL Z Li2% 5,
L2 5I2 ZoEREIRRIC N BEARBOBREEH TR —BL B, ZLLETHS
EBbND,

TB, ARAK - KB (1965 a) 12k ) FE U ARHERENICH 2 ERR (Fig. 7) TOKERFIER
RIT R B BT O KR 1.8 L RE (BT 2 L HEEN TS, TRLEHEN
HEMOMBICL LD EHEENS.

V. » & » &

AFEHEELIOMB R EILRE I DERDI LoiswmaENn s,
1)AZHEEIZH I DA E, (KFHE 308 ($ohm-m) (2 2IZEERNINR TIT
TR TE 5,
2)BELSAPBLIUSIKN54L ) BOCEAMICHT 3 4Z (JAKMEOMRNDA Tl ERBAH
K, (EHHEEROEN: RERAHAEL, (BT OMBLITLHEL TV 3 EEEIH 5.
3) HAYB I UBAR TOERBEICAE VK IERFTIZIRESH S IRBIZHRN A EEERIC &
DEDHENTL D EEHBAINEGS.

L EA#EsTH B, iz bik~7240 < Biot-Savart o | # BV 2 ETRIEILBENOA
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