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Geomagnetic Variations of Short Period in the
Southwestern Part of Hokkaide (Part 1)

By Hitoshi Y amasmta and Izumi Y oxovama
Department of Geophysics, Faculty of Science, Hokkaido University, Sapporo
(Received June 30, 1975)

Temporary observations of geomagnetic variations have been carried out at 15 stations in
the south-western part of Hokkaido for 1~3 months at each station since August 1972 to in-
vestigate conductivity anomalies in this region. At six of the 15 stations geoelectric varia-
tions were registered simultaneously with geomagnetic ones. At every station,
AR(=/(4H)?+(4D)?), $(=tan"Y(4D/4H)) and y(=4Z/4R) of 80~ 190 geomagnetic variations
of which durations range from 2 minutes to 2 hours are calculated, and coefficients A and
B in. equation 4Z=A-4dH+ B-4D are obtained by the method of least squares, and induc-
tion vectors having the lengths of Wiese vectors and the directions of Parkinson vectors are
determined. Furthermore, at the six -stations the predominant directions of geoelectric
variations are obtained.

The results of discussions are summarized as follows:

(1) Effects of the Tsugaru Straits

Since the induction vectors at the stations along both sides of the Tsugaru Straits are
large in magnitude and point toward the Straits respectively, electric currents causing such
anomalous vectors must pass through the Straits. Considering the dimension of the Tsugaru
Straits, these currents cannot be induced there. These currents may be induced in open seas
and concentrate into the Tsugaru Straits by conduction: this is a so-called “induction-con-
duction effect”. The distribution of calculated magnetic fields due to the electric currents
passing the Straits proves to be consistent with the observed one.
(2) Effects of thick sedimentary layers and necks ot land

At the stations near the west boundary of the Ishikari lowland, the induction vectors of
the variations of 5 minutes in duration point eastward. The Ishikari lowland is covered by
sedimentary layers of several thousand meters in thickness. In view of these facts, concen-
tration of electric currents into the sedimentary layers seems to play a role in geomagnetic
variations as well as in the Tsugaru Straits. However, the intensity of these currents may
be smaller than that in the Tsugaru Straits because the magnitudes of the induction vectors
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are smaller than those on the coasts of the Straits.

The middle part of the study region is a neck of land narrowed by the Pacific and the
Sea of Japan. The two stations situated near the southern end of the neck behave somewhat
oppositely in the sign of the vertical components in northward variations of shorter than 10
minutes in duration. This may suggest that a part of the currents induced in both the seas by
such variations concentrates between the two stations.

(3) Effects of high heat flows

The whole of the southwestern part of Hokkaido is characteristic of high heat flows
-higher than 2 HFU. Especially in the area including volcanoes Yotei and Toya, remarkably
high heat flows over 4 HFU have been reported. At some stations in this region, the ratio
47/ 4R decreases with frequency in variations of shorter than 15 minutes’ duration: this
may be attributed to effects of a kind of shallow conductors. However, this does not
always hold good at all stations in this area. At the present stage it has not been confirmed
that small ratio 4Z/4R is related to the high heat flows in this region.
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- WESZEOBANC I G L T. & 3 eGSR ERB IR 2 v, R AAER
BAZEF A, 20 #EIE 25 mm/hr & L7, FHBEEIRARS &8 2 y/mm T, RERE
131 ~ 2BHEEICAT - 2. BFWORFIZ/A, PERIKEE L 72 BRIZ19724 8 Av S o, &
BRI ETOBAMMIZ 1 ~3 » ATH- 72, B3 Fig. ISR TI58 T, HFH0OK5, K5, HE,
BRMMIE Table 1 12777, BASROERZ WRB (BR1Y) LB TIZ# 20 km, LTI #30
km + L7z, OMA (kf), TOI(F#), KMG (B9~ &), YKM(AZE), WRB, SMR (%
ZHW) 06 S TR HBMERICOBE & 4T- 2%, ERERBIIRE, #Edbe L4 100m
L, BRI —#IcEsk L 2. 8, OTB(EEYS) & NNE(t#), KMG & YKM,
PRK (Z#m) » WRB, KNB(E#) & KMO(EXH) @ 4 o 8T, TNEFNFEAKRMTH
-7z,
BEROER I KD L ST 72,
WRESEEAZELD 3HS 2 2T 4H (A THFHEHM), 4D (BATFEHICEALHN),
4Z ($REFE) EEbL, FEAETE LN 80~ 190 ENE P SUTOER2HE LR
AR={(4H)’ + (4D)*}* ,
¢ =tan"' (4D/4H), (1)
y =4Z/4R.

Table 1. Observation points. 4 denotes distance from the nearest coast.

Observa- | abbre-{ Longi- | Lati- d Elestepe
tion via- tude tude Observation period NS |EW
point tion (E) (N) (km) (m) | (m)
% [ | OMA | 140°56' | 41°32 1.1 |Aug.22,1972~Sep. 23,1972] 110 | 110
E # | TOI 141 4 41 45 0.3 |Oct. 5,1972~Dct. 28,1972| 90 | 110
¥ELA | OTB | 140 35 41 44 0.4 |July 24,1974~Aug.22,1974| -— —
+ # | NNE | 140 42 41 53 15 July 2,1974~Aug.22,1974| — —
= R | USJ 140 56 41 56 0.3 |Dec. 16,1973~Mar. 1,1974| — —
B » & | KMG | 140 35 42 6 9 Apr. 11,1973~ July 11,1973 100 | 80
% % | OTS | 140 23 42 9 9 Aug.22,1973~0ct. 22,1973| — —
A E | YKM | 140 16 42 19 11 Apr. 10,1973 ~June 12,1973 100 | 100
% f 7 | PRK | 140 12 | 42 28 12 Oct. 22,1973~Dec. 15,1973 — | —
B f5 | WRB | 140 20 | 42 38 11 {?ﬁég;ig;i:})ﬁ' 35 Tora| 100, | 100
B 4 | KNB | 140 36 42 47 21 Aug.22,1974~July 10,1974} — —
E % 8 | KMO | 140 57 42 47 30 Aug.23,1974~Nov. 6,1974| - -
Az | KRR | 141 7 42 31 9 Jan. 22,1975~Apr. 18,1975 — —
Fdul | SMR | 141 27 42 45 17 Mar.14,1974~June 4,1974| 100 | 100
#L 1% | SAP 141 14 42 58 20 June 11, 1974~ June 29, 1974 — —
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Rxirake and Yoxkovama (1955) Ik - T, HUEEAERBRILEILD 3 &Ko afizi

A47Z= Alw)- AH+ B(w)- 4D, (2)
AR LNTWE, 22T
w: BIREIEL.

ZORDFEKA, BIZEA2FTEIC L - THEE (RS TIELOBRBERROEKR T, TTERb
) MicHEEI NS, BLn- A, B 5 Induction Vector (LITFRELTL V. &) 25k
bNd, LV. i3/ 2+ B (4% bt Wiese Vector nk % %) #kE& x|, §=tan"'(B/A)
DI BRATAZHH L% M E (T4 b b Parkinson Vector &FH) % & 227 MLTh 5,
Thbb, ZOHEIE Y PADTRKE(Ymax)% EBEEE—KL, ZOKRKEZE |Tmax | 252
5. A BiRLV.0ER, #EME2RSOEL> b RO LNTHEROERFE & & LIS,
T=5min. B X *60min.jz2>w7, Table 2 |25R7,

BB SICOWTELN0NERIE, (@ 4Z/AR(=|y)) ORI, O]y & ¢ & BEE
& L TtonFExk (Polar diagram), o 2 D FZic #8 L Tk L 7z (Figs. 2~16). L V. {3 T= 5min.
BLr60min. iz >, Fig.17 & Fig. 18 »ic7k L, Fig 19 * Fig. 20 » 3 # N Fh D 4 KH
NGET AT

DT, SBRASICBY2BRERHRERL, RENTHREE ZNHRICTH.

Table 2. Parameters of “Induction-Vectors” and predominant
directions of geoelectric variations.

T = 5 min T = 60 min

A B o v A* B? A B o JA*+B? a
OMA —0.91 0.12(— 16" 9| 0.92 —0.87 | —0.20 4°32'{ 0.89 N9’ E
TOI 1.01| —0.26 157 10 1.04 0.42 0.22 | —160 36 0.48 45
OTB 0.55 ] —0.27 145 30 0.61 0.17 0.30}—127 34 0.35 —
NNE —0.23] —0.13 20 50 0.27 —0.33| —0.04 0 31 0.33 —
USs]J —0.75] —0.35 33 26 0.82 —0.65} —0.36 37 19 0.74 —
KMG —0.29 0.04 |— 16 48 0.29 —0.39 0.08|— 19 19 0.40 20
OTS —0.27| —0.03|— 2 6 0.27 —0.28 0.16 | — 38 15 0.32 —
YKM 0.14 0.36 1 —120 39 0.39 —0.17 0.34{— 71 50 0.38 115
PRK —0.24 0.43]— 69 8 0.49 —0.52 0.33|— 40 52 0.61 —
WRB —0.55 0.21 |— 29 56 0.59 —0.57 0.13]— 21 48 0.58 170
KNB —0.29 0.18 | — 40 37 0.35 —0.43 0.31— 44 37 0.53 —
KMO —0.19 0.12|— 42 6 0.22 —0.24 0.181— 45 25 0.30 —
KRR 0.10] —0.18 110 52 0.20 —0.20 0. 6/— 26 6 0.21 —
SMR 0.01] —0.38 83 21 0.38 —0.311] —0.18 22 11 0.36 10
SAP 0.07 | —0.25 97 20 0.26 —0.24 0.12{— 34 34 0.27 —

8, . Azimuth of I.V. from the geographical north,
e : Predominant direction of earth currents from the geographical north.
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(1) KR (OMA): B#HEXRIETIIK B/ NER

BRI EEERoOER, TARELBERICMABEL T3, Z XL dtiEaEmo TOL &
DN BB DOIED#20 km F L <, HBIRMEOBREIZ300m 282, = DHEKORE
B (H400m) i2KRCHDTH B,

At (Fig.2a)

[7 max | IFBRBENLLEFCOVTREVEZ L), FAYIC L 2ECEITHETHE, 2D
KEMEIR, M—1THR~N3 L2, Txs5min HEbLic OV, BEdEkicER LT HE
Fick2inThsd, 72, T=60min [2OonTi3, LEEEHER—IcHEF2 L V. »7db%
WLALF 2 A MBI E L > RER EEFEZ 6. ZOPHOFICOVTY, Tnb 2
DOMBETHBAEI NG,

Polar diagram (Fig.2b)

Ymax AL L DHAZABC»»HSTIFETH S, 21U Tx5min iZOWTi3, B
BRI BEAT 25 ERERICEFTIERIEKRE L2056 THE, #-T, ZNE
Fick - THEIND 4Z bFOBICRAE %S, 72, T=x60min jcoWTiF, BIETHERN
72k o, dBEEETeEIc ) LV.osdbew LIEFE 2 < 72D Th B,

2zl . OMA
AR . .
10 :
I LR e
“.:"’.‘.: .‘o .o . -
‘.. 0, o
05 ¢ . *
0 30 60 min
+
1.3
Fig. 2a Dependence of 47 /4R upon Fig. 2b Polar diagram at OMA.
periods of variations at OMA. (Crosses and circles denote

positive and negative 47
respectively.)
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HEME ,
WEROEBFMIE Table2 2R/ T L5, NOEThs, ZoHFmMIHEET, (503
+10° BFTHE, JHdERSEHKOEN (N65°E) TP Th 3. HBAZHIE &0
A, MERIE NI Wi s, BEA I MERDGIAET 2 720, BRI T OER
DBBEELLND. 5T, BEFOEROSHFEIZHEROEM L ITITAL £ Bbn s,
W2 HEROEM T ELBBF OBHR L S 5 DEPETEEZ LAKL TV 5,

(2) F3 (TOI): FHETIL AF ek

Bz OMA odb, #20 km OFEHERKINE 13 3 A TlRRILEBICMEL Twb,
BipsstE  (Fig. 3a)

| 7max | 13 T=5min. T3 1.0 Th 275, FEHPHIECLBICONTHA L, T=50min
LI#I3# 0.5 T—EL T3, Z0k ) L AEEEIT OMA TREDLNED 1240 T, UT
DD & FRBHILEOBEE Z 2 b0 s, T4bb, II—1 Tk~N5L 52, T=5min.
TIREBEERIC BT 2ERIC & - THIKmEARICKEL | 7 na | P ESN S, T260 min. T,
bR PR 4R DR A BRI B TSR P OB & 13 ER BN 4Z 2525725
[ 7 max | DVNEL %2, ZOFBOEBICONTY, D 2ODMBETHEIND,
Polar diagram (Fig.3b)

Ymax PR Y% BHFARE b LTIVTETAS, ThiE, T=5mini2DnTi,

T1.3

R |- TOI

0.5

0 30 60 90 min’.

43
Fig. 3a Dependence of 4Z/ 4R upon Fig.3b Polar diagram at TOL
periods of variations at TOL.
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OMA [Ffkic, WAL HILOBRICEEERICETTIERIRRELE2 2L THE,
7z, T=60min 22V T, MHEPFABEROMEA I EBEROFFEICT BB - Tws 2o
EBbOLNE, WThIZLTY, ZomEmEESEERICEPL T IBRICERL T,
HERIE

MEBEHOEBE ML Table2 ok T L9512, NASEThB, 2062513 + 15" BETH
5. ZOFHIZOMA Db LIZBL 575, BEBKOEMIZIZFEITTH S, HEBKRELI L
FRIBEICE, BERIZNLG WAMnsg, OMA rE UEHA S, TOLichi; 2 EFNE
BAEZBRTOBRE NE» LNERETIEZ EFELLV,

(3) EBLF (OTB): EBErSIRBI/IER

Bt TOI o 35 km, FEEHERILEICMEL T3, ZORZE) BROERICE R
5 R MT N R O ROME & AL TEB D, 1BI3H 45 km, REIIH 230m TH B,

Eapsste  (Fig. 4a)

oT8 | ¥max | 1 T 5min. T3 0.6 TH
5, TOI rEgic, BI»ERLSLLiIcoN
THEA L, T=50min TIE#0.35& 7%,
P#iziziz—ETh b, 2 TOLizow .

T e T e Tl RE E [ LRER £ 3 & Bhis,
— Blobizn, =A4Z/4R) %% TOI
Fig. 4a Dependence of 4Z/ 4R upon =R 71 )\
periods of variations at OTB. ENAEDIIN— 1 TiENSE & Hic, #Hk

WimEfEsT OMA - TOI R L ) k& <, BRE

0oTB

T<IOmin. T=I0Omin.

Fig. 4b polar diagram for 7°< 10 min. Fig. 4¢ Same as Fig. 4b (T=10 min.).
at OTB.
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BWRNIL e b26HTHB,
Polar diagram (Figs. 4b,c)

Y max DYEE B HMEIT T <10 min. o4 ( Fig. 4b) & T2 10 min. N34 (Fig.dc) &
TIIHELPICRL »TWwd, RiEIZ TOLicowT (Fig.3b) r A TlpkicER LIZITE N
EThHDH, HHEITERICFETL UIIHEEMATWS, Zhsd, BEIEEEMC, TOlic-o

WTHENRZDERUBRETH S, 22770, Tx60min THEF M DL, HIKFOEROZIE H*
TOLIZ ¥ K& { vice, LHEEEBEEHOREIERICERT 2T 2T BHE Lo & 2
Lb,

(4) ©f% (NNE): CRRBETIL AR/

B EIZHEDAIHNISkm B L T35, F07:28, HEHENDBEI LRI NS, 13
AERDNT D> -T2,
BBt (Fig.5a)

| 7 max | IZBHIS N2 E&RIC Dz > TIE 4B (0.4L1F) 273, #ic T <10min. T3,
| 7 max | ZEABAEC 2B L EHICHAL, T=5min TIEH 0.312%2, 20k LAY
HIERBEEENBRUNEAN LD ERE B> Twb, - ¢, EERERNSNRIE NNE 3¢

REATOEG, ECEBITO | 7 mex | OFAE, M3 THE~S E 50, BHBRHRGE BN
B Thd b5, NNE nznsraEidio 2HFU (1HFU=10"%cal/cm?-sec) ## 2 % S# K
BLREO D EIPRTBETH S,

Polar diagram (Fig.5b)
Ymax PR & B FIEAYIC b L TINTATH L, RS 2 NS By S8

NNE

. .
30" 80 30 120 min.

Fig. 5a Dependence of 47/ 4R upon Fig. 5b Polar diagram at NNE.
periods of variations at NNE.
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HENBHML TS, ®iic, NNE CIRRBHEROMERT 5210 Beovb A% o,
X 60 min. TOLF S I XBEHEROBU OB LN TH S, T<OmMInAZD2WTUL, | ¥ max|
PINE D THEZMEIDL WD, Txe0min ic oW T ERILBRICE 202 Uit n,
(8 BR(USJ)): @FLELARNER
BRAIIRNEZEOOEOKRFERICMEL TW5,

SR

0N

r.
_
w
[

o
*

05

hd I. 1 L i 1 l I R 1 1 1 1 1 i R |> 1
0 30 60 : 120 150 min,

Fig. 6a Dependence of 4Z /4R upon periods of variations at USJ.

s (Fig.6a)
13
’Ymax | ‘i%%ﬁc:bflﬂfig < (08

ULb), AR %5 IETRATS,
ZHUREVER ( T<15min ) HZE{Llzon
Tid, WHRB~NRRZUEBRICL S, $£72,
EWE ( T=60min. ) HE(LicOWTIZ #
DEROFFRICAEEEBE R ORI ELE
bEaNIEREEZ LD,

Polar diagram (Fig.6b)

Ymax AL % B FEEEAMIC 2L
T, IR CEARICELTL TS, Zh
&, BIEEEL L, AHBE~RATLERD
i b A ERE TR O & THRE I NS,

(6) B9+ & (KMG): FETILEN 4 /) \h%

L5
BB EILE , RIS EL T3, Fig. 6b Polar diagram at US].

Bt (Fig.7a)
l 7 max I 12 T=5min TiFH 0.3 /&
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WA, R E & BickL, T=30min THO0.5 L Eckic% b, DRIEETOEAEE R,
Tx~60min. T 0.4 ThH 3, ZnLHric, KMG a3, NNE 2 TEV-EB-cBY

BEANELNSG, UL, M—3 TR LHIC, MHBEARRRELE->ZVERTILNDD
EIPRAHETH B,

o KMG

Az
AR

05 S
.

" . . \ s . L . .
o] 30 60 90 min.

Fig. 7a Dependenée of 4Z/4R upon Fig. 7b Polar diagram at KMG.
periods of variations at KMG.

o 0TS

AZ
AR

o} 30° 60 90 min.

Fig. 8a Dependence of 4Z /4R upon
periods of variations at OTS.

Fig. 8b Polar diagram at OTS.
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Polar diagram (Fig. 7b)

Ymax R ELDHMIBBICH 2L TIZFITH S, ZHHAIE, T =60min o %1l
DWW TiE, LBEENRORETh 2 eBichz st LAtEmE DR bEBbns, %
LT, BB DT, | Ymex | 29EL L 20T, NBBENKAZIUEROE &
EZHDIIHRETH S, €T, NNE L[FEBEC, Tx60min & UEKR,2L Lk, L

| ymax | B/ E WD TE) HE TlE 7w,
HERE

WEHROSM AT Table2 [2RE3 N5 L 912 N20°E TH 3, ZohmidEsymgc, ¥
HOEREISBETHE, 2L T, HLIEWETHIANBEEDWBEMRIITTERL LT3, Z

RIS WERBS CEBIC LN HIThH 5, %of,$¥@MﬁﬁmOMAtTOI<%
LN E ) R BHRDBEII LWL ) TH S,

(1) &8 (OTS): EZBAETIL L DB/ IVER YKM

BHSZEREREOM L > T2 e
(LU F sk 2 3 <) ORMICMEL Tv b : .
(Fig.26), ZOHF45 kmio @)t 05—~

aQ

&R

WED DD, o L _
AstE (Fig. 8a) e
. [¢} 30 60 90 min.
l ')’max‘ (3 T= 5 min TiE#H0.3THEND
5, B E r iRl T= 20min. TH0.5 Fig. 9a Dependence of 4Z/ 4R upon
F kI B, kb T AR periods of variations at YKM.

L, T 60min. Ti#0.31c7% 3. Tt
KMG 2 BWTRLNTD L REFOHETH
5, FROERKREEbisy, Mizckahrid
THTH 5,
Polar diagram (Fig. 8b)
Ymax WA & U B AT L LALE TS
. COAEIZECEBICOWTE, -2
Tk~ B Lk otz, OTS kkicd~3z YKM
EOMICERT L EBbNLEBRODRTH
%9, FrEVEHICOWCR, JtEEEN
HofEnBbhtEZ oNb,
(8) AZ(YKM): NZEBIIL AR/ NRER
BESIZ7) TR MO BRI ET Fig. 9b Polar diagram at YKM.
5, F, ZOHIROHRIERIC H B B
W E DR IR OB RIS ALES 5 (Fig. 26),
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Bt (Fig. 9a)

Tx40min. F TIZOWTIE, | ymax | DEBIC L BBVIEAE L, 0.ANIBNIER L 5. %
72, T=60min. I22WTld, ZOE» Lldbhbhvd’, LV. 25ET 52 | ymax| 1245 0.4
EnD, HueESlrEbl Wit Twa, - T, BRlSnLEHIC TR, Al
EBEGERD bR, UL OTS 21z KMG OB, & T < 20 min, Tomid %
MW ThHs, 2o ki, M-3TikR2 L), HBERRE L OBROFEICEEN LH
BEus,

Polar diagram (Fig. 9b)

Ymax DR ELDHHIIEIIC A2 b L TIHZETH S, LrL, Figs 17,18 12RbEN T
BrHicLVackng, T=s5smin o&Efkiciz@mE e, T= 60min. 4 DIizi3dLm & Dk
SHEEINTVEIENbY2S, Z0LIHi, Txomin CREMENRFTHFEINTED,
OTS 22w~z k 91z, OTS ¥ YKM r oficE#»EFP T2 L 8bn s, T 60min.
20w, LEEEEROBEEEZEL L Twd EE2 6053, Lrl, BOBRHOEICEZ
NBWEEDFFICONTE, REEAHETHS,

HELRI %

WERNE®AENZ, Table2 2Rt Loz, NIISEThHE, 203 60&E(3 2200138 T
5. ok, KMGoLie, RLIEVBERICERTS L LT 5205 WBBICKNLZ
ATZERO—ETH B OTS & YKM r o i 5 Bific FATE LE2 5.

(9) =#F (PRK): $&BIITERIA/ N pRL

B 2 Q) Tk~ 7 BRI IR S E DR IR oLl E L T 5,

At (Fig. 10a)

| ymax |3 7= 5 min. T34 0.5 TH 25, BAHE L bicKkL T~ 15min. TF 0.6 28
25, LT, 2HAMrES RS EETHATS, L, T=60min iZOWTIZHIMR
NREAAD D wiebid-E ) L2 idE 2%, £2C, YKM rEfkic, LV. 2587
BE, | Ymex | 3F0.6 240, TRISMN ICHNTIEEALEBIL Tl nr Lhibr b,
T T, | Ymax [HFEOVEH TRRNE UL, B 205 TINT—FETHDEELL, &
DECEABTHORLIZHEVHBETLC, T 5min. T| Ymax| 0.5 KE VDT, Bl
BRBLRUDITTEZLINIEETH D,

Polar diagram (Fig. 10b)

Ymax DR E A BSHARARC A0 L FIHFHETH S, 24Uz, T=60 min i D0,
LBEEEROBMELTRY EE2 N5, T=5mn iconCit, BRIZTFHTHL, Li
L, 8vAlicsvwtbdbmzm o e s, YEMICB 2WEEIE & &b THE 25 L,
YKM & PRK ¥ oRfic & 5 HEHNBEREEOR - bIC 12, BRBRO L D ZBROERIZ L
TwilEbhs,

10 BR1X (WRB): RFEBETILRRES 3R
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" PRK
aZ Y
AR .
.
. ]
. . * :
. -
05 ..'" . :'.“ e
LA Y ) A4 L]
A e e ’
<.
” hd .
l. * * '3 .
L - 19 A 1 1 L L A ]
o) 30 80 930 min.

Fig. 10a Dependence of A4Z/ 4R upon
periods of variations at PRK.

Fig. 10b Polar diagram at PRK.

o WRB (Crosses and circles denote
’ . positive and negative 47
o : .. respectively.)
z . . .
AR S
R S * .
05 — :
LhE e, . :
. e . ‘.
. . by . " c.. . .« * .
.l
S T 1 1 A 1 1 1 S —l 1 L 1 1 1 )y
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Fig. 11a Dependence of A4Z/4R upon
periods of variations at WRB.

Fig. 11b Polar diagram at WRB.
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Thb,
Polar diagram (Fig. 11b)

Ymax VR E % ZHEIIAIC A2 b L TIRIZRETH S, 1, EVWES (T~ 60min.)
oW, LEREEROREOHbEEZLNS. L L, EVEicowTid, KRR
THTH 5,

WBEE

Table2 l27R& N2 & i, WEROSEEFEINITCETHL, BRI {boBiidi
WAL, ZOFRIZEAB TS DEIZE10°~15° TH S, ZOFIITBELED D 5 KL
WOEMBIPATTH 5, HWHERZELALE & oRfIcid, BERII NI WARKN 5,

) B (KNB): =t JIETM#AT2RKAAS I RA/IER

BRSZ = odendich Y, TE - 8L 1971) itk 2 4 HFU L kotsgic B L T 3,
Bgsste  (Fig. 12a)

| Ymax | 13 T<10 min. T4 ¥ 4% RL, T 5min T#0.35TH 5. T>10min. Tz
AL 3B CRAHENTHOS TH S, 20 L 5 RFBITRIIENZ KMO 2 @861 5.
EEORED 2 HFU LU Eoosbiskic 2 NNE 4 Sic 8o b sd, Ly L, 2HFU L Eoiisg
MNTh, YEM Tiz@s b5 ¥, PRKTIE | Ymax | #° T 5min (23 L TH 0.5 E k& v, §
2T, M=3I2k~R3 L Hiz, T<10min THORDH HBATEEBFEITLNE2E )23
THTH 5.

Polar diagram (Fig. 12b)
Ymax R & A FANL, Blicr2b 5B TH S, Z1U: T>10min iz 2w T, Ui
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Fig. 12a Dependence of 4Z/ 4R upon Fig. 12b Polar diagram at KNB.
periods of variations at KNB.
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BEEAROEEoBE LN EEbN S, T<0min 22\ Tid, | Ymax | PV NEVDTHEMIZ S
v, T>10min $*RUERE b S,

1) EE3 (KMO): HiXR BT B s/ 28

BRERERLOFRICAEL, KNB :[fic, 4 HFU M Eoaigamatsic/EL T v
5.

Esnaste (Fig. 13a)

| ymax| & KNB EEBELZFFEERT. $4bb, T<10min TEHEAMER 27, T2 5min
TII#0.2E% 0, T>10min. TRIFF—ETH0.3THS, ZHERIZKNB LELEEZSH
nay, ZHIEIABTHSL, 72, £EAMBICH2Y KNB ofEn60% N EEZTRT 5, FHREEL
THTH S,

Polar diagram (Fig. 13b)

Tmax ¥R & % 5 HEIZ KNB L [ERIC, . KMO
BA#iichrr»b o313z BETHSE,. i v
KNB ¢ [HE#kiz, duiErmlEiBnfitnsie
heEzohns,

1) Az (KRR): BRHILHALL X

BRPER

BHSIIEBENEROTEH 4 km [iTE L, Fig. 13a Dependence of 4Z/ 4R upon
D), (9 Cadize 4 HEU B I o) 5t dhifi B periodsof variationsat KMO.
HWBICEBTA:EZ N5,

AapsstE  (Fig. l4a)

| ymax | WWEIZ 2 b 63/ & 03U
TH5H, ZIHBT 5 SMR, SAP » FHH
DRETH D,

Polar diagram (Figs. 14b,c)

Ymax 78 & % B ML, T<7.5min Tl
R HE (Fig. 14b) THERICIZITERT S
»%, Tz 10min. T3t E (Fig. l4c) TH
5, Zhid, BiEEOHELEZ LN, &
FHRAEEHETROFEOBRbNL L BbNs,
LoL, »FRIZLTY | Imax | 270 E 0o
T, BEHEE O,

00 FZHHL (SMR): B/kmIL i Fig. 13b Polar diagram at KMO.

2R ‘

BASRXGMERD L5 /A~# 3 km (2

. .
30 60 90 120 min.




30 WF &-El R W

KRR
. KRR T<7.5min.
=z
2R
05 [
s +
3 . . o
o . .
Y { N W N " . R P,
"0 30 60 90 min.
Fig. 14a Dependence of 47/ 4R upon Fig. 14b Polar diagram for T< 7.5
periods of variations at min. at KRR. *
KRR.

B, AIFSEEORERKICHT D,
Afeste  (Fig. 15a)

[ 7 max | (2 BB A b & FIZIF—E T,
0.3~0.4nfE% &5, ZHiZKRR®K {2
W~ 2% SAP rERROFETH 5,

Polar diagram (Figs. 15b,¢c)

Ymax HEE % BHMEE, T <10 min, T . '3 .
132433 (Fig. 15b) Thk %7, T~ 60min. T A
i21313dedb 3 (Fig. 15¢) T4 3. T <10 min.

I2DoWTE, -2 Tlk~N3 ki, AR
HEFICER T EEROFR LB LS, 272,
T= 60min. (2D Tit, dLEEEEROR
HEEFEROMENELELEEEZ L1 Fig. 14¢ Same as Fig. 14b

5, (T=10 min.).
B %

Table2 icm&nd L Hic, MERDEM

HHEUTI NI ETH2h, ZoIFLo513+25 125&T 5, CnFHiE, AIFHEMEHER

(N20" W) IZI33FHATTH 5, HBERE LD HE S nBAcis, HERIE N1 E ~fins,
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Fig. 15a Dependence of 47/ AR upon periods of variations at SMR.

45 € T<8Q min.

Fig. 15b Polar diagram for T < 10
min. at SMR.

Fig. 15¢ Same as Fig. 15b
(45 < T< 80 min.).
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SMR T

T < 150 min.

0 30 60 90 120 min

Fig. 15d Same as Fig. 15b Fig. 16a Dependence of 47/ AR upon

(7T < 150 min.). periods of variations at
SAP.

T<7.5min.

Fig. 16b Polar diagram for T< 7.5 Fig. 16¢ Same as Fig. 16b
min. at SAP. (T = 10 min.).

> T, ZOBERICBT 2 WERIZAFEHHEATNIALERO—EHEEL LN,

19 ALMR (SAP): dLiBEXFRP BT EILRLBERR R
B AR OH L2 L BB 15 km OBANC H 2, ZR0 IS, WTHRE L UHEOR

oI NTY, BECL 13 0uBRBDLNLD» - 72,
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BHpis  (Fig. 16a)

[ 7 mex | B2 2HLLT 0 2R0IBOEL & 5.,

Thb,
Polar diagram (Figs. 16b,c)

Ymax DYE & % B )N, T<7.5min. Tl
IR TH 3%, T=10min. Ti3i3izdedt
BmTHE, Zhid, T<7.5min 22Tk
SMR k E#kIz, AIFHEHE~EPL T3
BROMEELEZz NS, 72, T= 60min.
KOWTRALBEREEROFEL TR L T 5
t#zbnd, SMR izE%4YN, T=60
min. THIFERMHEOHEIRD LN W2 &
&, T<7.5min. T | Ymax| »*SMR & 9
NEWZ EEhh, EHFFOFEIL SMR (2
reikrweElLng,

II —2 Induction Vector 4%

BHOFEIZ DN TIZRER L 28 TH D
Y, ZZTRAHRBO—ES D widedich
ZoTROLNAHELTHLLIIZI TS, ZRC
FLV.2RRT200%EH THB. FniZ
LV. % Ymax BEDFHHE | Ymax | BRT A
LThd, -7, REEMAVERBLHIC
LA ICIE, BRIZBEEXKRE WD
HrHMERT, T2, OB THEEIN
REROEPICE BHEAICIE, £RLLER

KERYT S AMEE2 5, LV. oI &
BE G EFEMLELY &b bid COA. DD
N, BELELHHEEIND,

Fig. 173U Fig. 8z #nsn T=5
min. & T=60min. »IL.V.TH2., ZhbH
PHLUTOZ e EAEND !

(1) Bt
- HRIR T B T o0 F7 [ o) b,
-TOlicslF2AMIC L 2R D L I ek E

2 nEAk.

Ztuz, KRR 3L 1rSMR & R ORE

50km

&7 T= 5mn

Fig. 17 Induction vectors for 7 =
5 min.

Fig. 18 Induction vectors for 7 =
60 min.



34 WF &l R

- OTBic BT 2AMIC L 2RI D & 5 Lk E & B L UHRNZEALL,

- OMA TR#IIC Db bTREVWT &,
(2) AFFEHH AT

« T=5min THEMX,

- B#ic & 2 HiE %,
(3) Zofh

- KNB,KMO, OTS, KMG, NNE o5 ¢, T=5min =7 } s T=60min ¢
KHARTREWZ E,

+ WRB, US] cE#lich b bTRENWT &,

- T=60min. THZWLLFEMEHIEBL TWDE I &,

Fig.19 * Fig. 20 i3 #n#N T=5min. & T=60min. » L.V. %, —7, ILE—-HE,
-1, ER-AEN 4 FEICHRELLLNTHSE, Tibb, 204 FRICHBR» L2
BOy»RELDFHEE |7 2RLTws, ZH5DRp 5, Fig.17 & Fig.18 » L HAB| &
nizz ek Vb5, & 512, Fig.19(a) 75,

- T= 5 min. T OTS & YKM & o Bl F it iz,
Bhh b,

U bR~ BEDRANERELA N 122w, Figs.17~2025, LTI b5 !

(1) EEMRAE D 2%

WiEEid T=60min. TH R 504, NNE TIZEEHLNLWIZEFRBEL D IZ N3 v, fE
T, BRIZFRCHS, Tibb, EREEFFERTHS).

(2) AFEHEMEORE

A EF T= 5 min oW TL2@HonkvwL, KMO TRED L e B - T RRUE

BRDEA D IZAE L, BWER, T4bbaFEMEIFRETHS ).

(3) KNB ¢ KMO m &%

BRENSHIC L D PFENLEDDIRIE-5) Liwv, LaL, T=5min THEnz e
L, BWRHEEbILS,

4) OTS,KMG,NNE m» &%

3k FAFNEHTHRVREE EBbin b,

(55 WRB &%
ZNETHARRLNED L, RWERTHA ).
(6) US) m&H

COENADRETHEICMNET S 05, BICEFRTLIEEZLND,

(77 OTS +* YKM o &% )
T=5mn |22V THAEDH LN, PRKTEBEHLNEWV, #oTERWEREREEZLNS,
(8) T=e60min i 3T % LRI
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(b)

Fig. 19 Induction vectors projected
to four directions (7 = 5 min.).
(a) N-S, (b) NE-SW, (c) E-W,
(d) SE-NW.
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S50km
50km

T =60 min,

1.0

2

Fig. 20 Same as Fig. 19
(T = 60 min.).

T=60min {2OWTAHLEDHLNEBIC b0 T, RRIZHMTERICHS EBbN 3,

. &Rz

Mz T, FRMAUCBT 2BAFERLTL, FHORE, BHROREONE, Fitudek
b2 pEmEZ R L IC Lz, HBSERMELOBEIC BT, UENZ &b 5 AR HROM
THRENEEEZWALPICT 5 ZEHEMRENTH S, LrL, Z0RDHITE, HEEERAICRRE



LHHEREEIC BT 2 S E EEL 37

EROLELNIEHBBRELHBICL, TORE 5L THTEROMEZHEIC L 4T
B oo, 2072601, FWX TR, UTFIRBWTEHRL 72 & 5 2B EE I > T TR
EREIT.

M—1 ZFEHEROHR

Giorcrand Yorovama (1968) iz k#ud, Mr#go Corsica B & Sardinia B ) Bonifacio #
BEDERICALE S 5 Maddalena ¢, MEAEEHEILORErENEIN:, Thbb, F0OE
WOBRFRTIX, 4AZ/4R BRI 12 b b T/E L, BEASLOEREOER &% 3 0ot
L, Maddalena ¢ix, #RZ s dbZM<BCALL ), T<10min TZZDE40.5 %
B3, L2rb, 20EZAL>»E 5220 T#EkL, T> 2 hours TIZ BEIINET 2,
Grorcrand YokovaMA i3 Z ) ¥ 2 HERICHEERAER TS 2 LIC X 2 HESR" L £ 272,
INE I EERRORE D "SR tBbndd, UTCEnsRET 5,

R II R & BRI 2 a0 KkE T, §id20~50km, &35 100 km, XKEIZX
MR L ER T 200~400m TH B, [I— 2B THERHL 2L 512, EEBKEE OB S,
TOI (dtig&) & OMA (HFHE) Tl LV. » &% - 73 (Figs. 17,18), T = 5min. T4,
HwEdtEN OTB L V. & TOl » L V. & o7z mwv w3 (Fig. 17), La»L, T=60
min. i3 OTB o L V. (3312 F4TTH 3 (Fig. 18), igksr L# 15km #in/7z NNEn L V.
RELIC b TAERV T2 (Figs 17,18), 2ok ) L BBERORFIIHEOKE S
D LHKTL T, B ICHBRES ST OBEERTREHETEL Y, L LREOER, S, 1
— 2 BVWTHEEL L )2, EREEIFEREE 2 L5, 5T, RKPEBIVBRBICHE
EENEREBRICEDTLIZ LI THRIDES, "R tEZLINETHH).
INERIIBERIWELHEICL > TEENICERLTA LY.

W% Fig. 21 o % ) % 2ABOME 235 - 2EBRICEVWKBEZE 2 2, TOMEIC—FLE
ENEF %L, Biot-Savart HER 2 A CTHlEOWMANIC TE 2835 %, ITICE~ 5 FkTit
B3, ZOBRLBAFBR L KT 5,

Biot-Savart DHERIZ ZRITHEIZDWT

H:ff "2 X rdydz. (j :BREE)

2ny

r&Ehns, KESSE He, $RERSE H: L, x#MiZAME z82THEICE2E, (x,
0) THEBS DB

:ff 27:7 '%dxdz’

) o B

2L

r={(m—x)2+ 2%}t |
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—7%, EABCGHUSNMERRABEEAZARICGEHEINL 2 H, ZNEFNICDNT

H., H #5855 0 0E L% 5,

(1) BEHFEOEE ,

HADEEZ (un, z1), (n,z21), (22,2:), (0,2) T2, 2770, u<n, 21z

Thb, D& EERSIR
=U(x)—-U(n),
=V(z)—-V(a),

{4
(v
s

{ )2‘1‘222}
{( x —x,) + 2{}

U(xi)=—zj7—r—'[(x x:) -+ loge

+2 {!Zzl'Ta“_l <ﬂ>"Z‘I'Tan_l <xo_xi) }]

| 22| | 21

___L {( xz) +Zz}
Vi) == 47 [ S loge T )P F 27

+2 {lxo—le - Tan™ <_Z—|‘> ~lw—al- Tan™ <_Z—>H

| %o— 22 | 2o — 11|
(2) EA=ZAFIHE
VELDRFRIN TR 2 BAZARIC OV TORTH S, ZOEAZATVOTEANEE S
(;m,21), (m,21), (Ze,22) ET 2, 27201, P31 FRIF2%E2, 2O, SEIIT
=P(xn) — P(xn),
H=Q(z)— Q(z),

m=k,n=FkF+(—1)*",
P(x;)=(—1 )”'F° [ (Zo—ux:)- { loge[(xo—x,-)z-}-zzz]—z }

—2+|z|+ Tan™* <x°_xi>
| 22|

“( Xo—x:i—Ws) {loge[Wl'(xo—Ws—xi)2+W4]‘-2}

o () (@) o]

Q(z:)=(—-1 )"'%- [z,-“- {IO;E[Zi2+(xo—xm)2] -2 }

2+ | 2o—xn| - Tan™ (Ei—xm—l>

—(Zi"Ws)'{ loge [Wz’(Zi_W3)2+W4]_ 2 }

2o (B man (B2 (amw |
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727l —Z\2
W,o=1+ (Zz Zl)
Xz— X1/
Z2—2z1\2
W2=W1/ (———‘>
X2—X1 ’

X2 — X1

Waz{ (Z—Z_—ZI> (_1>k+1'(xo_xk)+zz}/W1,

_ R2—21 . _ k+1 _ .
Wo= (Z=2). ()" (m=2) + 20 Wi,

We=W,- (Z—‘z—) (1)

X2 — I

TOI ¥ OMA rizo w3, Fig 21 icm¥ & ) 2 FAKE 2 R » 51372, ChiRAFE
HA=ZARLSEL, #nFct--TELND Ho E H 258 L7z, #hbofe L (GHR
BN BB DOKERD(AH) & $ERS (AZ) & DMIHEE, BIKED 5 OEBICN L ORL 22D
7 Fig.22 Th 2., OMA |2l s 51 km, TOLi3#300mich s = & 2ZET UL, &
BA3NA4dZi3, T=5mnic2nTHL V. akE8: L{MEL T3, Fig 22» 5358
BENLAHIZNE S THBE LW I ED b5,

OMA TO! R4
k— 21 Km—= I0°A \ OMA

Eg 20t \ —
Q TOI | &7
1
Fig. 21 Cross section of the Tsugaru 10
Straits between TQI and
OMA. I
AH//OMA
0 2 Km
\TOI
OTB ic>wTi3, BE»6FHALE LN
Py sk oOME ( Fig. 23) 2Hw Fig. 22 47 and 4H to be produced
. _ . < by the concentrated currents
T, OMA » TOL zizowTRffiz L Taf near the Tsugaru Straits
Bz, 72770, ZOOMBEEITE % NS B along the cross section
o . shown in Fig. 21.
ORI, OMA & TOL L O % i 5 % Total currents are assumed
nERULE L7, B8R AZ 122w ThH AT to be 10° Amp.

vy, TOI k&R & 6T Figs. 24,25 |2 R

L 7. Fig. 24 (3¥kEH» S5 2.5 km £ T,
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(11} 7 {11

Fig. 2512 62.5km 2 THINTH 2, OTB ZiEE, S 400mafRich 2, TnEEEL
T, TOI ¥ OTB @ T=5 min. {0\ THOBRREE L KT 2 & L (AKLTH3,

NNE (2 2wTi3, #EkAED L 15km BN TV 2D THIRDE L L NME 2B Wy, Fig
bbb Lo, WEEEOBELEICH
NTHEEN: AZ (F+5100h 8 {, B
REFELL N,

PbnZ &dr b T= 5 min #2ENZAGIC

LT

i3, MECHFES BKICEFTSE

MR, “BERE” HRELEZEIUTH

HTE

5, L»L, T=60min 2ENEAI

CoWTi3, EgBREETLV.AXE

2071 (@)

(b)

I L

0 ] 2 Km

Fig. 24 47 to be produced by the
concentrated currents near
the Tsugaru Straits along
the two cross sections;

(a) TOI-OMA cross section
(Fig.21),

(b) OTB cross section (Fig.
23).

Total currents are assumed

to be 10° Amp.

OoTB

e 44 Kn——— >

240>

E \/

Fig. 23 Cross section of the Tsugaru

Straits passing OTB.

N _ L 1 I

1
20 40 60 Km

Fig. 25 47 to be produced by the

concentrated currents at

62.5 km distant from the

shore of the Tsugaru Stra-

its. Total currents are ass-

umed to be 10* Amp.

(a) TOI-OMA cross section
(Fig. 21),

(b) OTB cross section (Fig.
23).
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SN RY->TwB2 s, OTBo LV. 2 EICEITTH D 2 L &b, “HBBRGR" 22T
TRAPTE L v, Thid T=60min. BE T, HEAE{LHEKIES (skindepth) »9kE
(%Y, MTEROBEHIFATL BRHERLND, T4bb, BFH»REL L3 L MTERD
%%ﬁké<&0,“ﬁ%%%”ﬁ%éﬁ&ﬁ&#é.%vf,:neﬁm%%twm¢60MA
TR L V. OF#IC & 2583/ E <, M E ICfEAT 2 TOIR OTB Tiz LV. o, Rk & 9
Zr, AIC L 2B EILZNTHD ),

-2 H¥EEsLUHIROMHR

I F 4y ToBEIC L, BEuiiEEgs C A ra Lk (s LT3 (UNTIEDT, 1970),
SCHUMUCKER (1970) 3 2O REDNLA D, WMEB L OWNGL &b s, HBIcHE S NERY
HEB~RILIOI LI LBREELELL, TOEIRBICOLH-RBEVERBIZ, T—-1T
WAZHER D L iz, “HE—mET HRICLY, HBATILEFOEREL) 9 5.

HEEREEBOILRICET 2 AMEMFIIEIHZ kn OMERB» LY, KFELEAEEZ
IITHEALICKEA T3, Fig 17 10RE&N B & J i, AFHEMFHFMICAIET 5 SMR & SAP
ED2BAEIZBITS T=5min. o L V. I3EHFELZMWTw5, LaL, Fig. 18icResN3
£512, T=6omin oL V. @M% Fiz@is s, 72, KMO 0L V. 2BMI 24
53, BMFICEMe T, Tt ) TAFEMTFNL TR N WEKERNELNOR
FHITERERIC OV T K, BEEOKREE» LEMBWHNOEREE TIIHBPTE L v,
Zntee, V4 VOFENL I, "FERE MRICILIEFEEZLNETH S, Hit
DEMEPFOAIHMEMFIC B T, ERFMOMBRELICEBL T, ‘FHE—EZY HRREHE
LRE(LZZ2DT, T=5min O LV.OomEIZZIOHBRTHES AL, T=60min. /» LV,
I2D2nTid, M— 1 DFAELFRARICHTEROELIATCL 22 EBbn s,

AIFHEMAFICOWT L, BERR E FRLHESTRTH S, Ly, BROELTHOENZ
T2, BH2 RN E2BEROEIHE T2 2, NISHIDA (1976) i3, 0L I LB Lk
¥eps, T=xsmin OGSOV TZEMEDOMEZT T, T = 60min. HZE{LIc oW T2
FEBMFEOMRTHETEL L L T3,

Fig.26 #» 5 b5 & 912, AHBOPFERIHBEIC L - T3, Zoffaicis Fig. 26 cR ¢
kS5, OTS, YKM, PRK, WRB 4 gl b 5, Fig. 19aic R o s £ 54, T=5min.
HLV. ofdsaic 2w, 0TS & YKM i, 310 YKM & PRK r officifsm 1
biLh, HIEOMERMNT2METHY, REDRMET2METhS. -7, OTS &
YKM & officii "FE—ZH BROEFHD S %2 51, YKM ¢ PRK s offiicizzn
HhwkBbib,

-3 mmBAREOHR

WEBRRBEOKE LHB T, —RICHBEXMICERLZEIPHDLEELLNTHDE, F2,
EBICEY, BROERCEERBED LS L VICSBICHEAL, BRI ITI0%EIT & X
EAGBIEHHMOENT VS, ZHLNI DL, HEBRKEOKRE LB TE, HEIZAC
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BXBEENOKRE IS I HDLZ LXK D,
FEROBSLEEOKRE U TIE, VR
#} (FESLLT) b 4Z 1303, 2D
iz LV. 3BRBEENIKE YR D
F &S OKE L HEHE R RO,

R (1968) I LAUE, BMREELL TS
X 107 %cal/cm-deg-sec » Fivin &, 107%2
e.m.u. NERIZZE % Ff - 72 4EAH 50km
BICHI2HAECBRMEI N HMBBREIT 2
HFU, 20km#Er31is 5HFU &% 5, #
-, 2HFU 350 km &z, 5 HFU Tt
20km BRICHEIFET S Z L1254 5.

AR PR A 0 CA. Hutd & L Fig. 26 500-meter contours in the
southwestern part of
Tit, Iceland (HERMANCE and GARLAND, Hokkaido.

1968), Baikal /&3 (VANJAN and KHARIN,
1967) G EHH N, T L OMBOMBRBRKEIT
FnFin# 4 HFU (SicurcEIRsSON, 1970), #52 11{0’5
HFU ( LusimMova, 1966) TH 5.
T - BRL(1971), TR (1974) C k#ud, 4t —4FN 258 -oo84 .
BEEEEII S 2 HFU 282 2 5% R ER ‘4.33 0.7~C%8
SUCEL, R, EEILL S 2 E0HEE 4 H 22] o
FU #87Hicgvoigame =~y (Fig. 27),
BT, FHMCREFANEND 4Z HUhE v
EFEEINS, FLT, BET TOBEBTIE,
I Cik~72 & 514z, NNE, KMG, OTS, KNB,
KMO o %& fiic 3T, 4Z/4AR O RTH

I
147%

®
21. 2‘” 08"11—

HoWE A R LN s (Figs 52 7a 8a, 122, | tuge 9227 ulg
[

13a), Thb58m9h, #02 st 4 HFU LU ) _

o Fig. 27 Distribution of terrestrial
LRI ET 547, Hio 3 st 2 HFU Lk heat flow in the south-
SICH D, HoT, BWERICBIT S 4Z/4R western part of Hokkaido.

. ) Unit is HFU.

NEAERE 4 HFU L EofEBucBEN L HT (after Enara 1974)

dacv, F 2, BRIBRSSARHRME DR E LB
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