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1. Introduction

Since the spring of 1951, the writers have been engaged in an ex-
tensive gravimeter survey along the entire length of the lines of precise
levels throughout Japan by means of a WORDEN gravimeter. The net
work of the lines of precise levels belonging to the Geographical Survey
Institute covers the whole country densely as was shown in Fig. 1 of
Part I, and it reaches approximately 20,000 km in total length. The
bench marks are laid at an average interval of 2km measured along
these level lines. In the present survey, the gravity values have been
measured at every other one of these bench marks, that is, at intervals
of 4km. The results of the gravimeter measurements that were obtained
in the Shikoku, Chiigoko, Kinki and Chabu Districts were already pub-
lished as Pt. I, Pt. II, Pt. III, Pt. V and Pt. VI of these serial reports
(Tsusor et al.: 1953, 1954, 1955). The present report is the seventh in
the series and is particularly concerned with the results obtained in the
Téhoku District (TSuBoI et al.: 1953).
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2. Lines of Precise Levels in the Tohoku District

Tohoku District occupies the northernmost part of Honshd, the main
island of Japan, as shown in Fig. 1. The District is approximately 200
km wide in the EW direction and 450 km long in the NS directions. It
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Fig. 1. Topographical Map of the Téhoku District.

is approximately 67,000 km* in area. Fig. 1 also shows the topography
of the District. Topographically, the District has longitudinal features
consisting of three systems of mountain zones as can be seen from the
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map in Fig. 1. Fig. 2 shows the average topographical profile of the
District taken in the EW direction. On the easternmost or the Pacific
zone, there are Kitakami and Abukuma mountainlands, which are built
chiefly of Palaeozoic formations and granites intruding them and which
are apparently separated by a terrain of Tertiary and Quaternary for-
mations including a plain around Sendai. The Ou mountains which
form the central backbone zone of the District exceed 1,000 m in height
at many places and are a system of Tertiary block mountains with
numerous voleanoes which have erupted through them. The westernmost
zone, Dewa Hills, is made up of thick and folded Tertiary formations.
. Along this zone also are situated many volecanoes.
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Fig. 2. Average Topographical Profile and Average Variation of BOUGUER Anomaly
along the EW Cross Section of the Téhoku District.

The Téhoku Distriet comprises six administrative prefectures, viz.,
Table I (1) Aomori, (2) Iwate, (3) Miyagi, (4)

Number of Gravinlt;ter Stations. Akita" (5) Yamaga’ta and (6) Fukushima.
oo The networks of the lines of precise

_ Prefecture E ~ Number  Jevels in this district, along which the
(1) Aomori 122 gravity values were measured, are shown
(2) Iwate. 130 in Fig. 8 together with the prefecture
(3) Miyagi 85 boundaries. The lines are altogether
(4) Akita 106 about 2,500 km in length, and at 667
(5) Yamagata 8l points along them, the gravity values
(6 Fukushima ] 143 were determined. In this number are

Total 667 also included several identifiable points,

such as local weather stations, of which
the altitudes are known with sufficient accuracy for the purpose of our
gravity reductions. The number of points at which the gravity values
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Fig. 3. Lines of Precise Levels in the T6hoku District with the Prefecture Boundaries.
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were determined in each of the six prefectures is given in Table I.

The gravimeter survey in this District was made in various periods,
namely in September, November and December, 1952, and in July, August
and September, 1953.

3. Methods of Measurements and Reductions

Since the methods of measurements and reductions are the same as
those already stated in previous reports, no repeated description will be
necessary, nor further comments need be added. The one important
thing which must be mentioned is that no attempt has been made here,
as in the previous reports, to adjust the measured gravity values by
simultaneous net calculations. Actually, the whole length of the lines
of measurements is a connected chain consisting of a number of small
gravimetric loops, for each of which the drift rate of the gravimeter
spring was determined severally. These small loops are numbered as
illustrated in Fig. 8. After the relative gravity values at the sites of
bench marks situated along each one of the loops were determined
separately, the results were merely connected in succession. This pro-
cedure is admittedly not a kind from which very accurate results can
be expected, but unavoidable circumstances regarding transportation
facilities on the one hand and the rather hastly demand for getting a
picture of the distribution of the gravity anomalies on the other, have
made us adopt this procedure as the second best. Although we do not
claim that the results given in this report are of the highest attainable
accuracy, it is not likely that any difference in the procedure of reduec-
tion will alter sensibly the final results. It is of course our wish to
make a simultaneous net adjustment when the survey over the whole
country is completely finished.

Our WORDEN gravimeter has been working with admirable perfec-
tion, only the rate of drift of the gravimeter spring differed sensibly
from one loop to another. It will be interesting to compare the rate
for each of the loops given in Table II.

4. TResults

The gravity values at all the stations in this District are given in
Tables ITII~IX for each of the loops separately. In Tables X~XV, the
materials are arranged synoptically according to the six prefectures of
the District separately. The explanation of the tables precedes them.
The lines of equal BOUGUER anomalies based on the International Gravity

e
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Table II. Apparent Rate of Drift of the Gravimeter Spring for Various Loops.

Route

24,
24,
243
24,4
24;

24¢
24,
24g
244
2410

251
25,
253
254
25;

2611

2612
2613
2614
2615
271

27,
275
27,
275
276

277
30
32,
32,
32
32

32

"Residual

__(0.01 mgal.)

Time (hour)

w b

—

—

TOW BRAWRD NHHED HPNOOD ; o wp o
DOD WORMNN WNHED HNOUIN] OUTOWR DHUIWHU PNWE BNERND JNWWD VWU =O

‘, R (mgal./hour)

(to be continuedr.)
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Table II. (Continued.)

“Risidual

Route (0.01 mgal.) Time (hour) ’ 2 (mgal./hour)
32, 154 18.3 ? 0.0842
32 41 3.5 0.1171
32 5 1.2 0.0417
321 38 ; 2.6 0.1462
34; 144 ; 25.9 0.0556
34, . 67 i 11.3 0.0593
34; 48 | 7.6 0.0632
34, 32 6.0 0.0533
345 48 5.1 0.0941
34¢ 30 5.6 0.0536

Formula are shown in Fig. 4 with 2mgal. intervals. The figure is in
the pocket attached to the back cover of the present report. The loca-
tions of the contour lines are accurate where they meet the lines of
precise levels, but obviously no great accuracy can be claimed for those
in the intervenient parts. It may be noticed in several parts in Fig. 4
that, from the given data alone, the contour lines can hardly be drawn
as they are actually. This is due to the fact that there are here many
points which we could not visit and at which the gravity values were
determined later by the teams sent from the Geographical Survey Insti-
tute and that we have taken the results of these measurements into
consideration also. Such points are marked differently in Fig. 4. Fig. 5
is a simplified map showing the same distribution with 5 mgal. intervals.

Reserving the detailed and quantitative geophysical interpretations
of the distribution of the BOUGUER anomalies for future studies, we
will briefly enumerate the especially notable facts found in Figs. 4 and 5.

1) The Tohoku District, as a whole, is characterised by exclusively
positive BOUGUER anomalies. There is no area in this district at which
the BOUGUER anomaly is negative, except for an insignificantly small
area near the southern boundary of the district. This would mean
that, in this District, the denser subcrustal material lies much closer to
the earth’s surface than in any other district where the anomalies are
evenly positive and negative. In other words, the earth’s erust is thin
here. It is already a well-known fact that P-waves of deep-seated
earthquakes near Japan arrive one second or so too early in the Tohoku
District. This may also be accounted for by the said thinness of the
earth’s crust in this District.

2) As can be seen in Figs. 4 and 5 and also in Fig. 2 which shows
the average variation of g, along the EW cross section of the District,
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the anomaly increases towards east. To be precise, however, the increase
is not uniform. In the western two-thirds of the cross section, the
anomaly is more or less constant. It increases remarkably across the
low lands lying between the middle and eastern mountain zones. The
horizontal gradient of gravity reaches about 20x10-* C.G.S. here on the

Fig. 5. Simplified Map Showing the BOUGUER Anomaly Distribution
in the Toéhoku District.

average. In the area to the east of this line of the steepest increase,
the isoanomaly lines are nearly parallel with each other and the anomaly
increases eastwards gently. As will be stated in the next number of
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the series, this line of the steepest slope of gravity anomaly runs still

southwards into the Kanto

0

A Abukume Mountainland
K Kitaksmi Mountainland
Mi Mizusawa

Mo Morioka

Se Sendai

Sh Shirakawa

——  Morioka-Shirakawa Line

A Quaternary Volcanoes

Fig. 6. The Morioka-Shirakawa
Line.

Distriet at about the middle of which, it
bends sharply to east as shown in Fig. 6.
This important line will be referred to as
the “ Morioka-Shirakawa Line” after the
names of the two cities which are situat-
ed on it. There can be a number of ex-
planations which will account for the
steep slope of gravity anomaly across this
Morioka-Shirakawa Line. One of the sim-
plest solutions will be to assume a sudden
change in the thickness of the earth’s crust
across this line as shown in Fig. 7. If the
average anomalies on both sides of the line
are assumed to differ by 70 mgals., and
the average densities of the crustal and
subcrustal materials to differ by 0.4, the
difference in the thickness of the earth’s
crust on both sides of this line will be 6-7
km. Of course, this is not the only possible
solution, nor have the writers the intention
to insist that this is the most probable
solution. In fact, the Research Group for
Explosion Seismology, Japan (1952), which
has made several explosion experiments
near the area in question, proposes another
solution by which not only the observed

time-distance relation of explosion seismic waves, but also the distribution
of gravity anomalies can be explained.

The model is shown in Fig. 8.

Morioke-Shirskawa Line

It is interesting to observe that the Earth!g\LSurface E

Quaternary volcanoes in this district are
located only on the west side of the
Morioka-Shirakawa Line and are arranged
in two rows parallel to the Morioka-
Shirakawa Line. The eastern row which .

Crustal Mnterial_

Subcrustal Matérial

is usually called the Nasu voleanic zone, giy 7. Simple Structure Model of
keeps an almost uniform distance of about the Toéhoku District.
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30 km from the line as shown in Fig. 6. It is also important to note
that “conspicuous” and “rather conspicuous” earthquakes of shallow
origin in and near the Téhoku District occur almost execlusively on the
east side of this Morioka-Shirakawa Line. At Mizu-

sawa International Latitude Observatory, which is 1)(
situated on or very close to the Morioka-Shirakawa P !
Line, the fact has long been noted that earthquake Ps
waves coming from east and west are of remarkably

different forms; the former being rich in short PP <p

period vibrations which are lacking in the latter.
At any rate, the Morioka-Shirakawa Line is of an Fig.8. Structure Model
important geophysical significance and deserves a of the Tohoku District
further study. as Proposed by the Re-
search Group for Ex-
The fact that the Morioka-Shirakawa Line runs  plosion Seismology.
along the western margins of the two mountain-
lands, Kitakami and Abukuma, and that the isoanomaly lines are nearly
parallel to each other on the east
side of that line, all running in the
NS direction, suggest that the two
mountainlands are structurally con-
tinuous, although they are apparently
separated by the Sendai Plain.

3) In the area to the west of
the Morioka-Shirakawa Line the iso-
anomaly lines are irregularly curved,
in contradistinction to the nearly
straight isoanomaly lines in the area
to the east of it. Geologically, these
western zones are characterised by
thick Tertiary formations which are
developed only poorly in the east
zone. The irregularities in the trend
of the isoanomaly lines in the west-
ern zones are mostly due to the ex-
istence of several local gravity minima
in patches. Each of these minima
corresponds to a small basin consist-
Fig. 9. Pleistocene and Recent Forma- ing geologically of young formations
tions in the Tohoku District. and this is undoubtedly related to
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the lower densities of the materials lying near the surface of the basins.

In the east zone, on the other hand, no such gravity minimum can
be found except the one near Sendai. This again corresponds to the
young formations lying between the Kitakami and Abukuma mountain-
lands.

In the northernmost part of the District, the lines of equal BOUGUER
anomalies are apparently irregular. Among the irregularities, the east-
ward bulge of the gravity low appears to be due to the light young
deposits lying at that place.

Fig. 9 shows the distribution of Pleistocene and Recent geological
formations in the Téhoku District. When compared with Fig. 4 or 5,
the correspondence of gravity minima in this district to these young
formations is remarkable. If we could correct the anomaly values by
eliminating the effects of these young deposits with lower densities, the
results obtained would serve as a useful clue for clarifying the deeper-
seated and perhaps simpler structure of the earth’s crust in this District.
Particularly, after these corrections, the eastward bulge of the gravity
low in the northernmost part would disappear and the parallel and nar-
rowly spaced isoanomaly lines existing to the south of it would be seen
running northwards still farther.
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Explanation of Tables
Tables III-IX Results along Each of the Routes

Pref.......... Prefecture
No. .......... Number of Measurement
BM.......... Bench Mark Number
Time ......... Time of Measurement
SWT o Net Time needed to arrive at the Station from the
Starting Point
LD .......... Large Dial Reading
SD .......... Small Dial Reading
0.9150 x SD .. .Conversion of Small Dial Reading to 0.01 mgal.
hoveiin.. .. .Height of the Gravimeter above the Bench Mark Head
0.3086x % ....Free-air Reduction to the Bench Mark Head
ET. ......... Correction for the Earth Tides (Factor 1.20)
Drift......... Correction for Drift
DY 1/ A Gravity Difference from the Starting Point
Ooeveininnnnnn Gravity Value (Corrected for Drift and Earth Tides)
Tables X-XV Synoptic Results for Each of the Prefectures
@ i Latitude
D Longitude
H............ Height of the Bench Mark above the Sea Level
[ B Gravity Value (Corrected for Drift and Earth Tides)
oo veveennnnan Gravity Value after the Free-air Reduection
G e Gravity Value after the BOUGUER Reduction
T e Normal Gravity
ADo e v v ieannn. Free-air Anomaly

A9 it BOUGUER Anomaly
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Gravity Stations in Aomori Prefecture.
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Gravity Survey along the Lines of Precise Levels.
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Fig. 11. Gravity Stations in Iwate Prefecture.
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Gravity Survey along the Lines of Precisc Levels.
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(4) Akita Prefecture.
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Fig. 13. Gravity Stations in Akita Prefecture.
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Fig. 14. Gravity Stations in Yamagata Prefecture.
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