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Geomagnetic Variations of Short Period
in the Southwestern Part of Hokkaido (Part 2)

By Hitoshi YAMASHITA and Izumi YOKOYAMA

Department of Geophysics, Faculty of Science, Hokkaido University, Sapporo
(Received December 21, 1976)

Temporary observations of geomagnetic variations have been supplemented at 9 sta-
tions after the previous observations reported in Part 1, in the southwestern part of Hokkaido
and the northernmost part of the Tohoku district for 1—3 months at each station in order to
make more detailed investigations of the conductivity anomalies in these regions. At every
station, AR (=/(AH)? + (AD)?), #(=tan™' (AD/AH) and ¥ (=AZ/AR) are calculated for 80—
130 geomagnetic variations with periods ranging from 2 minutes to 2 hours, and coefficients
A and B in equation AZ=A - AH+ B- AD are obtained by the method of least squares,
and induction vectors having the lengths of Wiese vectors and the directions of Parkinson
vectors are determined. The distribution of the induction vectors shows some local anomalies
and a general trend of those with A -value of —0.3 pointing roughly toward the north in these
regions.

The local anomalies are as follows :

(1) Effects of the Mutsu Bay and the neck of the Shimokita Peninsula with thick sediments :
the induction vectors at the stations on the north and the south coasts of the Mutsu Bay are
singular and different from each other ; on the north coast, the vector with periods longer than
20 min. is quite small and that with the shortest period (ca. 5 min.) points to the south, but on
the other hand the vector is large and points to the north on the south coast. This suggests
that there are electric currents flowing through the Mutsu Bay in the east-west direction when
horizontal geomagnetic field changes in the north-south direction. This idea is supported by
the results of the observations at the neck of the Shimokita Peninsula ; when geomagnetic
variations are in the north-south direction, the horizontal components of the variations at the
neck are about 1.5 times as large as those observed simultaneously at the Memambetsu Mag-
netic Observatory. This enhancement of the horizontal component can be explained by the
electric currents passing through the neck. Considering the dimensions of the Mutsu Bay, it is
obvious that the electric currents flowing through the bay and the neck cannot be induced only
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in such a small bay. There must exist a currents concentration ; to explain the above-men-
tioned phenomena, it requires that the electric currents induced in open seas are concentrated
into the neck of Shimokita Peninsula and the Mutsu Bay by the effect of conduction. This is
an “induction-conduction effect”. Consequently, the so-called “Northeastern Japan Anomaly”
should be explained by this effect.

(2) Effects of the Tsugaru Straits : the north and the east components of geomagnetic varia-
tions observed on one side of the strait are similar to those obseved simultaneously on another
side, but on the contrary large vertical components are observed on both the sides and show an
opposite sign each other. The induction vectors at the stations along both coasts of the
Tsugaru Straits are large and point to the strait. These phenoména are explained by electric
currents passing through the Tsugaru Straits. These electric currents cannot be induced in
the strait, since the dimensions of the strait are too small to interpret these currents as induced
ones. These electric currents should be induced in open seas and concentrated into the
Tsugaru Straits in the same manner at the neck of Shimokita Peninsula and the Mutsu Bay
the effect of the Tsugaru Straits is also an “induction-conduction effect”. This is consistent
with the distribution of calculated magnetic field due to the electric currents passing through
the strait. There are some other local anomalies in these regions which are already mentioned
in Part 1.

A general trend of the induction vectors in these regions is as follows : the vectors
point roughly toward the north and their A-values are about —0.3 except for the vectors
affected by the local anomalies mentioned above. According to the calculations of geomag-
netic variations with an earth model which censists of a non-uniform surface sheet and a
uniform spherical conductor representing the land-sea distribution, and the mantle and the core,
respectively, in these regions the ratio of vertical component to horizontal one is negative and
small, that is, the induction vectors point toward the north. Therefore,the general trend of the
observed induction vectors in these regions may be interpreted by a uniform earth model with
a land-sea distribution as described above.
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Fig. 1. Location map of observation
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Table 1. Observation points. < denotes distance from the nearest coast.
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Obsgé;/l?ttlon abbreviation Lon(%gude LaE‘I\tI‘)Jde (k?n) Observation period

% 21 ASM 140° 46° 40° 55 0.05 | Oct. 6~Nov. 26, 1975
=] £ TGS 141° 18’ 40° 56 7 Aug. 7~Oct. 6, 1975
I S i SKN 140° 57 41° 107 0.2 July 5~Aug. 7, 1975
S i TAP 140° 227 41° 15’ 0.3 June 30~Aug. 26, 1976
=] i SRK 140° 11 41° 25 0.3 | June 29~Aug. 25, 1976
& /18 YNT 140° 16 41° 45 15 Apr. 23~June 29, 1976
*H b22] AIN 140° 5 42" ¢ 0.5 Aug. 25~Oct. 6, 1976
x == OKI 140° 39° 427 35 0.5 May 4~June 17, 1976
5§ i GNZ 140° 44’ 43 16 Apr. l4~June 11, 1975
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Table 2. Parameters of Induction Vectors.

T=5 min. T = 60 min.

A B bo JATYBT | A B 6o JAET B
ASM | —1.09 | —0.22 337 1.11 | —1.01 | —0.46 16" 35’ 1.11
TGS { —0.21 | —0.10 18° 22/ 0.23 | —0.39 | —0.22 21° 43 0.45
SKN 0.27 0.12 | —163° 41 0.30 | —0.18 | —0.02 | — 257 0.18
TAP | —1.47 0.17 | — 14°45 1.48 | —0.97 | —0.39 13" 38’ 1.04
SRK 0.71 0.29 | —166° 17’ 0.77 0.30 0.46 | —130°53 0.55
YNT 0.11 0.21 | —125°2% 0.23 | —0.20 0.24 | — 5835 0.31
AIN 0.00 0.62 | — 99" 3 0.62 | —0.30 0.38 | — 60°56' 0.49
OKI 0.01 0.13 | —102°13 0.13 | —0.21 0.20 | — 50°41 0.29
GNZ | —0.22 0.08 | — 28°19 0.23 | —0.29 0.14 | — 35" 14’ 0.32

~130 BOBAIZ DWW Tk DERPTEL 2 .

AR = {(AH)* +(AD)?}1

g=tan™' (AD/AH), (1)
y= AZ/AR.

%12, RIKITAKE and YOKOYAMA (1955)i2 & - T L T v 3 BIFRR AZ=A(w) + AH+B(w) + AD
o BIREHK) DHRBABERN2HEEICL > TR (T IcRELL. BN AB
#* & Induction Vector (L FEE L TL V. &L ) #kev72, L V. iz JA*+B* 2 KES L L,
f=tan' (B/A) DI b AZHRELDFHHEE BT I NThHSE, LV. DEEE | Yo | 12—
Y5,

EBBLZ OV TR L N2 RI, @AZ/AR (= | y|) ORMEE, 0] 7] & ¢ LM
B b bHAEED 2 21220 T, BRAEICRTRL 72 (Figs. 2~10), L V. i3 T=548 L U*
T=60422>nC, #iEE L MO & 28R 4bwTFigs 11, 121RLE, £, 4
moBE LD L V.oBEHKiy Table 212 F &7z, LITF, FBRIALICBITAREREZRL, £O&IC
RIERRR 2 1T% ) .

I—-1 BBEAICHETHHR
(1iksH (ASM) | RitX%FRZBERERERF

FREIEFERTOILRY I5km O FIEEEFERICAET 5. BESBERBOERECHD, dLE
DB SEHIICHL T2, BERBEIIR Fig Licm/E&Nn3 &5, PRTUNAZERS 50 km,
mAL 20~45 km D& THRKEIZREER T 40~60 M TH 5, FEBE L KTFENRICIE, B+ L1
TAFEDEOWCHLE T 2R+ km OHIEWRMOMIKA H 5. ZOBEFICIZE L DB
HERTEL, 1000 mABTEGHBE»H S (AL M, 1974),
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Fig. 4a. Dependence of AZ/AR upon Fig. 4b. Dependence of AZ/AH upon
periods of variations at SKN. periods of variations in about the north-

south direction at SKN.
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Fig. 6a. Dependence of A-E/ AR upon periods of variations at SRK.

Heastt (Figs. 6bc)
HBGEIL, BELN LR T=55TIHIUTETH o005, T=605TizERELS, 2
UTEE LR & E U CEERRBRONR & MU & 2T ER T2 25 TH 5.,



BT 351 2 MR FSEEMELL (200 2) 49

_‘\\\\\\ SRK
+
L
* * T<10 min.
+ \
+

20< T <120 min.

AW

Fig. 6b. Polar diagram for 7 <10 min. at SRK. Fig. 6¢. Same as Fig. 6b. (20< T <120 min.)
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Fig. 7a. Dependence of AZ/AR upon
periods of variations at YNT. Fig. 7Tb. Polar diagram at YNT.
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(Fig. 8¢c), ZHIZRTHERIL <, @BAKP LR
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N

45< T < 80min.

Fig. 8b. Polar diagram for 7' <10 min. at AIN. Fig. 8c. Same as Fig. 8b. (45< T <80 min.)
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T=55Ti30. 112 THAT 5, ZHBBRSOENICELD B 120 DRSE & MBI & 258
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Fig. 10b. Polar diagram for 7 <10 min. at GNZ.
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B (Fig. 10a)

periods of variations at GNZ.

T >0 min.
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5, BEER (C.A) oFETAHMEZMAL, 272, L V. o5fh 6C. A DZERIMELY) HHEE
SND,AEHBOL V. o542 BRI RT &, Figs. 11, 1204 9ic% 3, Cn6ns LT
DZEHHAELND .
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T=54c Bl 5EHE (Bder) Lk ®, BOih (BmR) &M FEnEEs Sl 5
5. T=605127% 5 EEHEN L V. IHENHN IR LU R ZRTH, KEXRFEFEL B 5Twn
5, L V. 3T=54%Y T=605DHHKREV, ZNLHIZDW TN~ 1 TEHET 5,
(V8RR

MR RO L Vo3 b gkicmy ) . bR En L Vo T=6045TidlEEY ¢ %), k&

50km

[ T = 60min.

—

Fig. 11. Induction Vectors for 7=5 min. Fig. 12. Induction Vectors for 7=60
min. Open circles denote other
authors’ observations (cf. Fig. 1).
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Double circles : Affected by the inner bay.
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