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1. Introduction

Since the spring of 1951, the writers have been engaged in an
extensive 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 Geographi-
cal 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 determined at every other one of these bench marks,
that is at intervals of 4km. The results of the gravimeter measure-
ments that were obtained in the Shikoku, Chiigoku, Kinki, Chiibu and
Téhoku Districts were already published as Parts, I, II, III, V, VI,
and VII of these serial reports (TSUBOI et al.: 1953, 1954, 1955, 1956).
The present report is the eighth in the series and is particularly con-
cerned with the results obtained in the Kant6 District (TSUBOI et al.:
1954).

2. Lines of Precise Levels in the Kantd District

The Kanté District occupies the southeastern part of Honshi, the
main island of Japan as shown in Fig. 1. The District is roughly a
square in shape with its sides 150 km. in length. It is approximately
32,200 km®. in area. Fig. 1 also shows the topography of the District.

b B
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"Topographically, the District may be regarded as a large basin surrounded
by mountains on all its sides except towards the east as can be seen
from the map in Fig. 1. The low land which occupies the central part
of the District is covered by Pleistocene and Recent geological forma-
tions and is the largest plain in the country.

The Kant6 District comprises seven administrative prefectures, viz.,
(7) Ibaraki, (8) Tochigi, (9) Gumma, (10) Saitama, (11) Chiba, (12) Tékyo
and (13) Kanagawa. The net works of the lines of precise levels in this
District, along which the gravity values were measured, are shown in Fig. 2
together with the prefecture boundaries. The lines are altogether
about 1,500 km. in length, and at 366
points along them, the gravity values
were determined. In this number are

Table I.
Number of Gravimeter Stations

Prefecture Number also included several identifiable points,
" (7) Ibaraki 52 such as local weather stations, .of which
(8) Tochigi 60 the heights are known with sufficiently
(9) Gumma 41 high accuracy for the purpose of our
(10) Saitama 40 gravity reductions. The number of points
(11) Chiba 112 at which the gravify values were deter-
(12) Tokyo 17 mined in each of the seven prefectures
(13) Kanagawa “is given in Table I.-
Total 366 The gravimeter survey in this District

was made in various periods, namely, in
January, February, March and July, 1952, and in February, March,
April, July and October, 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 simulta-
neous net calculations. Actually, the whole length of the lines of measure-
ments 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. 2. 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 procedure is admittedly

Ve .
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not a kind from which very accurate results can be expected, but
unavoidable circumstances regarding transportation facilities on the one
hand and the rather hasty demand for getting a picture of the distribu-
tion 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 reduction will alter sensibly the
final results. It is of course our wish to make a simultaneous net adjust-
ment 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 notably
from one loop to another. It will be interesting to compare the rate
for each of the loops given in Table II.

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

Residual Time |
B Route (0.01 mgal.) } (hour) : R (mgal./hour)
28, -4 | 0.9 —0.0444
29, 17 ! 13.6 i 0.0125
29, 27 6.3 3 0.0429
29, 35 4.5 1 0.0778
29, 33 3.2 0.1031
29, 10 5.2 0.0192
30; 68 69 0.0986
30, 38 31.3 0.0121
30; 31 5.0 0.0620
304 52 6.5 0.0800
305 40 5.2 0.0769
30¢ 43 8.2 0.0524
31, ~77 12.8 —0.0602
31, 12 2.8 0.0429
31; 105 21.7 0.0484
3L 51 22.4 0.0228
31, -1 1.6 —0.0063
3l —-20 3.0 —-0.0067
31, 15 2.0 0.0750
31; 4 3.6 0.0111
31, 26 6.8 0.0382
32 42 3.4 0.1235
334 166 16.6 0.1000
36, 76 12.9 0.0589

4. Results

The gravity values at all the stations in this District are given in
Tables III~IX for each of the loops separately. In Tables X~XVI,
the materials are arranged synoptically according to the seven prefec-
tures of the District separately. The explanations of the tables precede
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them. The lines of equal BOUGUER anomalies based on the International
Gravity Formula are shown in Fig. 3 with 2 mgal. intervals. The figure
is in the pocket attached to the back cover of the present report. The
locations 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. Fig. 4 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 to be observed in Figs. 3
and 4.

1) Although the Kant6 District is mostly a flat plain topogra-
phically, as was stated before, it is never flat from the gravimetric point
of view and the distri.bution of the gravity anomalies in it is very much
N complicated. The high-
est anomaly is 160
mgals., found on the
Pacific: coast of the
northern part of the
Ibaraki Prefecture,
while the lowest of
—30 mgals. is found
about 25 km. to the
southwest of the city of
Toékyo. Towards the
northeast of Tokyo, the
BOUGUER anomaly in-
creases very remark-
ably. In its steepest
part, the increase
reaches even 140 mgals.
per 40km., that is 35
Eo6tvos on average. The
gravity gradient of this
magnitude is not un-
common in those areas
where the gravity fields

Fig. 5. Approximate Trends of 100 mgal. Line and are very much disturbed
50 mgal. Line in the Kantd District. by the existence of ores
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of economic value, but these are usually localised within a narrow
zone of 10km. or so in width. The steep gradients of gravity anomaly
that have been found here in this District are much more regional in
character and need considerably anomalous underground structure for
them to be explained.

2) In the north-eastern quarter of the Kant6 District, the BOUGUER
anomalies are decidedly high. Tracing the contour line of 50 mgals.,
for instance, its trend (abc) is seen to change sharply from NS to
EW in the form of the letter L, as shown in Fig. 5. The part (ab) is
the natural southward elongation of the Morioka-Shirakawa line which
was proposed in the seventh of our serial reports. As was stated
before, the Kantd plain is widely covered by Pleistocene and Recent
geological formations and there is no direct geological evidence that can
be taken as indicating the existence of a discontinuity in the underground
structure beneath (abc). Embraced by the line (abe), there is hilly
mountain range, shaded in Fig. 5, running NS and consisting of Palaeo-
zoic formation intruded by granite. It seems likely that this heavy
mass slopes down into all directions except into N. (gp¢)

At a certain depth, the slope of the surface of this
mass must be suddenly increasing as shown in Fig. 6.
This part is overlaid by young sedimentary formations
so that no geological manifestation of this abrupt
change in the underground structure can be observed.

3) The contour line of 100 magls. follows (defgh) iz 6. prefile
in Fig. 5. The part of the line (ef) in Fig. 5 ig _showing the

. . Supposea Under-
characterised also by steep gradients of gravity anomaly ground Structure
across it and suggests another remarkable underground  Peneath (abe).
discontinuity. But, to the best of our knowledge, there is hardly
any geological evidence for its existence.

4) A little to the south of the city of T6kyo, there is an area of
gravity low in the form of an ellipse elongated in the EW direction.
This gravity low undoubtedly indicates a depression of the earth’s crust.
It is interesting to note that it is exactly here in the ellipse that
moderate earthquakes having depths about 50 km. very frequently take
place. For instance, T. KoDAIRA (1933), T. NAGATA- (1936), and N.
Nasyu, T. HAGIWARA and S. OMOTE (1936) clearly stated that there are
two distinct groups of epicentres in the Kanto District, one of which
corresponds to the area of gravity low just mentioned. The other group-
is just along the line of the steep gravity gradient stated before.
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Explanation of Tables

Tables III-IX Results along the Routes

Pref.......... Prefecture

No.eeurenon.... Number of Measurement

B.M........... Bench Mark Number

Time.......... Time of Measurement

SOTeeeeene... Net Time needed to arrive at the Station from the

Starting Point

LD .eeeue.n.... Large Dial Reading

SD ovevennnn. Small Dial Reading

0.9150 x SD. .. .Conversion of Small Dial Reading to 0.01 mgal.

/N Height of the Gravimeter above the Bench Mark Head

0.3086x%...... Free-air Reduction to the Bench Mark Head

ET. ..o Correction for the Earth Tides (Factor 1.20)

Drift.......... Correction for Drift ‘

DI A Gravity Difference from the Starting Point

O eeennene aunn Gravity Value (Corrected for Drift and Earth Tides)
Tables X-XVI Synoptic Results for the Prefectures

@ eerrrensnnans Latitude

Aeeieencoanaans Longitude

H.veverevannn. Height of the Bench Mark above the Sea Level

O oeoncannanans Gravity Value (Corrected for Drift and Earth Tides)

Gooveonnoasanne Gravity Value after the Free-air Reduction

G’ eeeenenaann Gravity Value after the BoUuGUER Reduction

Y ceerececeanans Normal Gravity -

T Free-air Anomaly |

b T A BOUGUER Anomaly
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Gravity Survey along the Lines of Precise Levels.
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Fig. 7. Gravity Stations in Ibaraki Prefecture.
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(8) Tochigi Prefecture

2050 @

Prefecture =:s ¢

Fig. 8. Gravity Stations in Tochigi Prefecture.
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Gravity Survey along the Lines of Precise Levels.
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Fig. 9. Gravity Stations in Gumma Prefecture.
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Fig. 10. Gravity Stations in Saitama Prefecture.
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Fig. 11 Gravity Stations in Chiba Prefecture.
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Fig. 13. Gravity Stations Kanagawa Prefecture.
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