10. Magnetization of the Gabbro from Mt. Tsukuba with
' Special Relation to the Geomagnetic Anomalies*.

By Izumi YOKOYAMA,

Earthquake Research Institute.

(Read Nov. 20, 1951.—Received Dec. 20, 1951.)

1. Introduciton.

In August, 1951, a magnetic dip survey was carried out at Mt.
Tsukuba by the Earthquake Research Institute with a miniature earth-
inductor . The number of surveyed sites reached 20, while the error
of each measurment was about =1 minute of arc. The observed values
are shown in Table I and plotted in Fig. 2 with an altitude abscissa.
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Fig. 2. The distribution of the
dip at Mt. Tsukuba. The mark
X denotes the values obtained

—_ fooom by A. Tanakadate in Dec., 1906,
Fig. 1. Topographical map of Mt. Tsukuba.

Looking at the general aspect of the distribution, one notices a conspi-
cuous decrease in the dip-angle above the height of 500 meters. Taking
into consideration the fact that the dip-angle usually increases with the
increase in height on voleanoes, the geomagnetic anomaly found on Mt.
Tsukuba, which is not a voleano, appears curious and interesting. As early
as in Dec., 1906, A. Tanakadate suggested .the unusual magnetization of
the rocks near the summits of Mt. Tsukuba performing a survey with

* Communicated by T. RIKITAKE.
1) T. RIKITAKE, Bull. Earthq. Res. Inst., 29 (1951), 147.
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Table 1.
The observed values of magnetic dip.
Time ! Locality 1 Approximate Dip
B ) ] T o | Altitude
Aug. 8 10202m i 7 —7 144t slope of the cable Way 300 meters 49°29./3
10 48 o255t Naka-no-chayva 520 ©47.0
1182 | nov%nrfk between the tunnel and | 700 36.1
| i o] the saddle-point
11 59 ; W i saddle-point 790 20.7
13 04 i IBELTH I summit of Nantai 860 48 49.8
13 44 ; LT L summit of Nyotai i 875 47 41.7
14 34 gipsni Benkei-chaya 660 48 28.5
1504 | ~4%v2 -+ forkof the hiking-course 560 49 34.2
Lo = AUk
564 @ Sirataki 260 24.8
Aug. 9 09 18 ‘ b — 7 nayili slope of the cable-way 340 34.9
09 32 v » - 380 36.9
09 48 » " 420 40.1
10 00 » ” 460 39.8
10 20 » v 560 37.2
1054 | y v 680 28.8
122 | » » 730 14.6
1382 | #ii~oit  the way to Nyotai 830 16.4
1441 |y mu  Daikokuiwa 780 50 38.8
156 01 MIr A Debune-iribune 720 49 22.8
16 40 i;n[;;’gmj/‘i}? site of Tarobé-chaya 510 23.6
i3

a dip-circle. The values observed by him are also shown in Fig. 2
where the corrections for the secular variation are neglected because
;t is almost impossible to identify strictly the positions on which the
observations were made. But these old measurements seem to agree
with the results of our present survey.

From the standpoint of geology, Mt. Tsukuba is composed of various
gabbroic rocks surrounded with granitic ones and the relation between
them is not distinct because the outcrop has not been found about the
boundary. According to H. Tsuya® who made a field survey at the

time of the land-slide of July, 1938, the boundary is thought to coin-
cide approximately with the contour line of 500 meters. Referring to
these facts, samples of rocks were taken at eight localities from the

2) H. Tsuya, Bull, FEarthq. Res, Inst., 17 (1939), 517.
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midway up to the top of the mountain in
order to study the magnetization of the
rocks which may furnish some clues to
the interpretation of the geomagnetic
anomaly.

2. Magnetization of the gabbro.

A 2-c¢mm cube was cut from each ori-
ented sample and its magnetization was
measured with an induction-type magneto-
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. Leam
meter® which was lent for use by the :
Geophysical Institute of Tokyo University. A200m .
It operates on the principle that the faint I'% 3 Ge,;’lﬁ‘ﬁi; map of Mt.
residual magnetism of a rock is sufficient Legend
to induce an alternating voltage in a signal db: Detritus
pick-up coil when the specimen is rotated  Gb: Biotite-gmnit_e _ -
close to the coil. This voltage is electro- TGP: Porphyritic biotite-granite
. . RO: Olivine-gabbro
nically amplified to a usuable Ievel'. ’Ithe  Sp: Spessartite
errors in determinations of the direction Ru: Uralite-gabbro
Table II.
Magnetization of the gabbro from Mt. Tsukuba.
Samplel Locality | Decli. | Dip, [Itensity in10°4 g
1 by R above the tunnel | 241°E | — 8° . 12.0 . Uralite-gabbro
2 BT summit of Nantai: 46 11 6.3 Norite
i Amphibolite
3 M I FAME  near Rissin-seki 135 -10 84.0 (so-called
! spessartite)
4 FEFZBME near Gokenjaya ! order of 10-6 y
i Leucoratic
b | HMELE summit of Nyotai; 253 —12 7.4 part of oli-
i vine-gabbro
: Amphibolite
6 K m s Daikoku-iwa 821 -40 120.0 (so-called
X spessartite)
. Leucocratic
7 HiJ ASF Debune-iribune . b4 — 8 0.7 part of the
: uralite-gabbro
8 PrEE-ER Benkej-nanamodori 25 65 18.0 : r
8) T. NAGATA, K. Akasi and T. RIKITAKE, Bull. Earthq. Res. Inst., 21 (1943),

276.
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and intensity of polarization of the samples are respectively =5° and
about 5 per cent depending on the intensity of magnetization. The
results are shown in Table II. In nomenclature of the rock specimens,

the writer owes much to R. Morimoto. The directions are represented
as points in the lower hemisphere of the Schmidt equal-area projection®
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Fig. 4. Equal area plot of magnetization of rock samples.

(Fig. 4). The anomalously intense magaztization of sample No. 6 (Table
II) seems to correspond to the large value of the dip-angle at Daikoku-
iwa (780 meters altitude).

Taking into account the fact that Mt. Tsukuba stands at the edge
of Kwanto-plain, we may surmize that the summits have been struck
by lightnings and the rocks there have locally magnetized very abnor-
mally against the earth’s magnetic field. Therefore, samples No. 2 (the
summit of Nantai), No. 6 (Daikoku-iwa) and No. 7 (Debune-iribune) do
not necessarily agree with the general aspect of magnetization of the
mountain-body. Moreover, we cannot assert that the gabbroic rocks
of Mt. Tsukuba have not been influenced by any thermal action of the
surrounding granitic rocks. Geological age of the granitic rocks, host
rock of the gabbro, is post-Permo-Carboniferous and perhaps, pre-

4) J. W. GRAHAM, Journ. Geoplys. Res., 54 (1949), 162.
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Miocene. Thus it is rather difficult to touch on the Palacomagnetism
directly from the above data. Though it will be of great interest to study
the Palaeomagnetism of such an old geological age, a good number of
samples will be needed for that purpose, so the discussion concerning
the subject will be made after we measure the magnetization of much
more samples from Mt. Tsukuba.

3. Interpretation of the anomalous distribution
of magnetic dip-angle.

For studying the distribution of the magnetic dip-angle at Mt. Tsu-
kuba, we have luckily a slope in approximately the NS-direction where
formerly the rails of cable-way were laid. The results of the obser-
vations along this slope are shown in Fig. 5. Tha normal value for
this district (49°25.°0) is decided from the values at the Branch Station
of Earthquake Research Institute at Tsukuba village and the Kakioka
Magnetic Observatory. Though observations were impossible to carry
out because of a tunnel at about 600 meters altitude, a decrease above
the height of 500 meters is remarkable as already mentioned.
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Fig. 5. The distribution of the dip
along the slope of the disused
cable-way.

Fig. 6. The schematic model of
the slope of the disused eable-
way.

In order to interpret the anomaly, we assume a two-dimensional
model as shown in Fig. 6. The slope of the disused cable-way is re-
presented schematically cut by the plane in NS-direction. Reflecting
the geological knowledge, the contact plane of gabbro and granite is
assumed to be situated at 500 meters altitude and to be perpendicular
to the slope. And the depth of the block of gabbro is assumed to be
half of the length of the slope for conveniences’ sake. To decide the
direction of magnetization J, the writer referred to those of sample
No. 1, 8 and 4 which are regarded to be on the NS-direction plane and
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to keep clear of lightnings effects. Thus the block of gabbroic rocks
is assumed to be uniformly magnetized (its intensity J) upwards about
7° contrariwise to the present geomagnetic field.

The magnetic potential due to the uniform magnetization of the
said mass is given by

=2/, SOSO (x— 5 ‘*ﬁz o)y did +2J, Sogo (x— g“*‘i =&y atdt. ()

where J, and J, denote the components of the magnetization respec-
tively in X and Z-direction.
The first term of the righthand side of (1) becomes

2—C¢
A e
ag’

=22 f 0] e gy
—2J. Sb<cot“ 2=C _ oot ii_i) de

—2J. l:(z b)(tan"‘x T8 gan L) (tan-l‘”z tan"1%>
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The force components of X and Z-direction due to the magnetic poten-
tial ¢, become respectively

ne i

—J,log {(gf“ +:z;2{7(;z } g :((: ;’))}} ....................... @®)
a3 ,

=2J, (tan" z 3 tan‘l‘z:_:g +tan“@;—a—tan‘1%). ........ 4)

Similarly, we have
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+ 2 Jog {E—0) +@—aP}@ +2) _ ng:l,.(s)

2 {z=bP+2*H &+ @—ap} 2 (z—b)*+=*
X2=2Jx(tan'1d—tan'1 20\ tan 2 _tan-1Z). ..., (6)
x r—a T—a x

Z,=J,log {@=aP +2}{a’ + (e —b)}
@ +2){(x—a)+(—by} ~

...................... (7)

Taking a=b and neglecting 2 compared to a and b, we get

e DI
OG-

_2j {tan-l7 tan“’(l— £ )+ tan™ —:1 —tan-lj}. (9)
. o
X,=2J, {cot ‘_(;- cot"(l—~)+cot' ‘;l cot"%} ..... (10)
a
= I
K AL AL S a

e EHE- -

and
J.=—dJcosa, J,=—Jsina.

where a denotes the direction of the magnetization J measuring from
the slope. The magnetic field caused by the magnetization is obtained
as follows;

AH=(X,+X.) COS B+ (Zot Z)SIN e aaaaeeeeeeeeenn 12)
AZ=—(X,+X.) SN B+ (Z1+ 2) COS Pu v (18)

where £ denotes the inclination of the slope to the level. Now, we
consider the following function
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tan (f,+4)—tanl, . 472 _4H
tan I, " Z, H,
For simplicity’s sake, we take
Z,=H,=03rI
and taking «=32° and =25°, the function f (4I) becomes

IO ) e
0s " {(3_1)+1H(%)+(%)}

FUD =R ST e e (14)

2
+2.26 {tan'1 @ _ _tanm + tan‘lﬂ——tan“—z—}
1—-* 1—* ® z
a a
2
—0.52 {co’c'1 @ _cot™ +cot‘lﬁ—cot"ﬁ}]. (15)
1% 1— % @ x
a a

in the end. Their numerical values for a=1km, z=—1m and x=—1~
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Fig. 7. The calculated curve (full line) and the observed

values for f(4I).
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+1Fkm are represented in Fig. 7. As seen in the figure, the decrease
at about 500 meters altitude seems to be explained roughly, and the
curve theoretically obtained covers approximately the points plotted as
the results of the observations if J is assumed to be of the order of
1073 c.g.s. per cc.

4. Conclusion.

The anomalous distribution of the magnetic dip at Mt. Tsukuba
seems to be interpreted roughly with assumptions reasonable from the
view-points of geology and geophysics. The discussion concerning the
Palaeomagnetism at Mt. Tsukuba will be made after we measure the
magnetization of a number of rocks.

In the end, the writer wishes to express his sincere appreciation
to Dr. T. Rikitake for his helpful advices. The induetion-type magne-
tometer became available through the courtesy of the Geophysical
Institute of Tokyo University and the writer’s hearty thanks are
especially due to Dr. T. Nagata. The writer owes the geological
knowledge about Mt. Tsukuba to Prof. H. Tsuya, Prof. T. Ichimura,
and Ass. Frof. R. Morimoto, to whom the writer’s cordial thanks are
also due.
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