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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 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, Chigoku and Kinki Districts were already
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published as Pt. I, Pt. II, Pt. IIT and Pt. V of these serial reports
(TsuBor et al.: 1953, 1954). The present report is the sixth in the .
series and is particularly concerned with the results obtained in the
Chabu District (TSuBoI et al. : 1953).

2. Lines of Precise Levels in the Chiibu District

The Chiibu District occupies the central mountainous part of Honshij,
the main island of Japan as shown in Fig. 1. Fig. 1 also shows the
topography of the District. The District is appoximately 66,700km® in
area and comprises nine administrative prefectures, viz., (14) Niigata,
(15) Toyama, (16) Ishikawa, (17) Fukui, (18) Yamanashi, (19) Nagano,
(20) Gifu, (21) Shizuoka and (22) Aichi. The networks of the lines of
precise levels in this district, along Table T
which the gravity values were measured, Number of Gravimeter Stations,
are shown in Fig. 2 together with the . _ .

prefecture boundaries. The lines are _ Prefecture Number
altogether about 3,000 km in length, and (14) Niigata 152
at 748 points along them, the gravity (15) Toyama 38

|

values were determined. In this number (16) Ishikawa # 64
|
|

are also included several identifiable (17) Fukui 63
points, such as local weather stations, (18 Yamanashi 41
of which the altitudes are known with (19 Nagano 152
a sufficiently high accuracy for the 20) Gifu } 88

o . (21) Shizuoka 116
purpose of our gravity reductions. The (22) Aichi ’ 34

number of points at which the gravity o MM - 34 o
values were determined in each of -the Total ! 748
nine prefectures is given in Table I. -
The gravimeter survey in this district was made in various periods,
namely, June, October and November, 1951, January and October, 1952,
and May, September and October, 1953.

3. Methods of Measurements and Reductions

Since the methods of measurements and reductions are the same
as those already stated in Pt. I, Pt. II and Pt. V, no repeated desecription
will be necessary, nor further comments need be added. The one im-
portant 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 caleulations. Actually, the whole length of
the lines of measurements is a connected chain consisting of a number



202

C. TsuBot, A. JITSUKAWA and H. TAJIMA.

TOHOKU

R ISTRICT
=
S KANTO
l ll'\ii‘u iﬁ,\] DISTRICT
)
|
| ‘ i ! | i
KINKI §
DISTRICT
3000
2000 °
R
1000
c‘%ﬁ 5
‘ 500 C O
250 o
0 100Km
/

Fig. 1. Topography of the Chiibu District.
Height in m,



Gravity Survey along the Lines of Precise Levels,

203

14)
(15)
(16
17)
18)
(19
120
2n
22

p=1

ASS

Niigato Prefecture

Toyama Prefecture 43
Ishikawa Prefecture .
Fukui Prefecture i
Yamanashi Prefecture 1284)
Nagano Prefecture

Gifu Prefecture

Shizuoka Prefecture

Aichi Prefecture

Route Number ;
Bench Mark Number
Station Number

Prefecture Boundary

5 X
775 ~>9980

o Hagiwara',

s
3
s
P
&

Fig. 2. Lines of Precise Levels in the Chfibu District with the Prefecture Boundaries.



204

C. TsuBol, A. JITSUKAWA and H. TAJIMA.

Table II. Apparent Rate of Drift for Various Loops.

Route Residual Time (hour) R (mgal./hour)
(0.01 mgal.)

4 \ 561 67.5 0.0831
4y ; 17 3.5 0.0486
4, 23 5.9 0.0390
19, 2 3.2 0.0813
19, 102 20.0 0.0510
19, 45 10.7 0.0421
19, 20 3.2 0.0625
20, i 48 7.4 0.0649
20, l 8 3.2 0.0250
20, 1 16 1.1 0.1455
20, ; 25 3.4 0.0735
205 g 90 17.7 0.0508
21, ‘ 14 2.2 0.0636
21, | 26 7.5 0.0347
21, | 73 9.9 0.0737
22, \ 37 9.9 0.0374
22, ; 55 8.7 0.0632
22, | 46 4.4 0.1045
22, . 18 3.1 0.0581
22 ‘ 52 9.3 0.0559
22 ; 39 7.0 ‘ 0.0557
22; w 71 10.6 | 0.0570
23, : 31 2.1 : 0.1476
23, | 24 3.8 | 0.0632
23, ! 0 4.5 | 0.0000
23, ! 114 14.9 | 0.0765
23; 29 5.8 \ 0.0500
23, 119 14.5 | 0.0821
23; 26 5.9 0.0441
23 4 1.1 0.0364
23, 70 11.4 0.0614
2310 55 7.9 0.0696
2311 103 13.6 0.0757
231 27 5.1 0.0529
231 26 2.9 0.0897
28, - 20 8.1 0.0247
28, 11 11.4 0.0097
28, 43 7.8 0.0551
28, 6 3.1 0.0194
28, 30 9.7 0.0309
284 -1 5.6 —0.0018
28; 99 31.8 0.0311
28, -4 0.9 —0.0444
33, 27 3.3 0.0818
33, 254 36.0 0.0706
33, 112 12.1 0.0926
33, 166 16.6 0.1000
335 102 15.1 0.0575
33, 33 10.8 0.0306
35, 9 3.4 0.0265
35, 37 10.6 0.0349
35, 50 8.2 0.0610
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of small gravimetric loops, for each of which the drift rate of the
gravimeter spring was determined individually. 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 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 general
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 reduction 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 perfection,
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. Results

The gravity values at all the stations in this district are given in
Tables III-XI for each of the loops separately. In Tables XII-XX, the
materials are arranged synoptically aecording to the nine prefectures
of the district separately. The explanation of the tables precede 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. The locations of
the contour lines are accurate where they meet the lines of precise
levels, but obviously no great acecuracy can be claimed for those in the
intervenient parts. Fig. 4 is a simplified map 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 only the especially notable facts found in Fig. 3 (or 4).

1) The BOUGUER anomaly increases towards both the Pacific and
the Japan Sea coasts, where it amounts to more than +50 mgals. The
BOUGUER anomaly is negative and therefore relatively low in the middle
part of the district which is mountainous. Comparing the topography
(Fig. 1) with the distribution of BOUGUER anomalies (Fig. 8 or 4) in this
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district, we find that the higher the stations are, the more negative
the BOUGUER anomaly gen-

erally becomes. This is a Qfgqga{
tendency which is expected ,
from isostasy. Fig.5 is the T
correlation diagram between sl .
the BOUGUER anomalies, e
4gy, and the altitudes A of e

the points at which the
anomalies were determined.
The points number 748 in
all. Roughly speaking, 4g;
and & are negatively cor-
related, indicating the tend-
ency of isostasy existing in
this district, though in a
very imperfect way. A
very approximate calcula-
tion gives 35km as the
thickness of the AIRY iso- Altitude

.statnf e:arth’.s crust. Fig. 6 3 I 2o ! o
is a similar diagram between

Ag(’,' and 72, but in this are Fig. 5. Correlation Diagram between the BOUGUER
Anomalies and the Altitudes of the Gravimeter

BOUGUER  Anomaly

plotted the average values

Stations.
of 4g;’ and A taken at 24 x 24
50 490"
in
mgal. £ inm

500 .. 1000 1500 2000 2500

-100-

Fig. 6. Correlation Diagram between the Average BOUGUER Anomalies
and the Altitudes at 24 x24 Grid Points in the Chtibu District.
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grid points of the rectangular mesh drawn in this district. The fact
to be noticed in this figcure is that the points are distributed only on
the right-hand side of the straight line 4gy=—0.1% which corresponds
to a perfect isostasy.

In comparing Figs. 1 and 3 (or 4), it seems that the greatest
negative anomalies are located not exactly at the place where the
elevation is the greatest, but are located a little to the south-eastward
of it. In other words, if the elevation of the ground at a place is
compared with the BoUGUER anomaly at a place which is eastward by
« and southward by /2 from the former, a better anticorrelation between
dg; and kb is expected to be found than when both « and f are zero.

At any rate, this mountainous area may be said to be in some
isostatic state rather than not. In this connection, it is noteworthy
that earthquakes oceur very rarely in this area as compared with other.
parts in Japan. The detailed study of the isostatic conditions in this
district will be published later. ‘

2) At the southwestern margin of this district, there is an area
of gravity low. This area corresponds to the Nobi plain where thick
young formations are well developed. The east boundary of this gravity
low which runs in the NNW-SSE direction is characterised by the pretty
steep gradient of gravity anomaly across it. This boundary coincides
with that between granites and gneiss on the east side and the
Pleistocene and Recent formations on the west. In view of the steep
gradients of gravity anomaly across this line, it is not likely that the
young formations lying in the Nobi Plain thin out eastwards gradually
to that boundary. Some line of abrupt change in the geological struc-
ture has to be assumed underneath, if not a discontinuous one.

3) In the Noto Peninsula, which projects northwards into the Sea
of Japan, the isoanomaly lines are more or less disturbed from their
mutual parallelism which is observed inland. The gravity low bulges
out northwards along the direction of the axis of the peninsula. It is
interesting to note that this direction differs from that of the geological
structures in the peninsula which is approximately SW-NE.

4) It has been known that there exists a tectonic line called Fossa
Magna, or the Itoigawa-Shizuoka line, which crosses the Chiibu District
as shown in Fig. 7. This line is clearly traceable geologically and is
believed to be of the prime importance in connection with the tectonic
structure of Japan.

Also from the gravity distribution, this line is traceable but not so
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clearly. In the part corresponding to the northern and middle sections
of that line, the gradient of gravity anomaly is more or less steep
across it, suggesting a fault-like underground structure at not a great
depth. In contrast to this, in the southern section, the relative low of
gravity anomaly bulges out southwards along the line and suggests a
geosynclinal underground structure. In view of the fact -that the
southward bulge of the gravity low is rather wide transversally, the
supposed geosynclinal structure cannot be narrow and shallow-seated at
the same time. It may either be wide and shallow-seated or narrow
and deep-seated.

It is an interesting problem how such a well-defined and clearly
traceable geological discontinuity as the Itoigawa-Shizuoka line should
be formed associated with a geosyncline.

Associated with another important tectonic line, which is ealled the
Median Dislocation Line and which is clearly traceable geologically as
shown in Fig. 7, no remarkable disturbance
can be observed in the distribution of gravity
anomalies. How such a large tectonic line
can exist without being associated with
remarkable gravity anomalies is another
interesting question which deserves further
investigations. At any rate, it might be
said that what we are studying here from
the distribution of the gravity anomalies is
not the direct effect of the discontinuities
in observable geological structures but the
effect of the anomalous structures which
exist deeper-seated beneath them and which
might have given birth to the geological
structures in question.

AB—Itoigawa-Shizuoka Line
CD—Median Dislocation Line
5. Acknowledgements Fig. 7. Itoigawa-Shizuoka Line

and Median Dislocation Line.

In conclusion, the writers wish to thank
a number of individuals and officials from whom they received assistance
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mention the names of all these persons. Particularly we should like
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numerical computations and in drafting the figures. A part of the
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Explanation of Tables

Tables III-XI Results along Each of the Routes

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

No............ Number of Measurement

BM........... Bench Mark Number

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

SOT oo vovin .. 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.

Roveeiiiii Height of the Gravimeter above the Bench Mark

; Head

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

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

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

SOg o Gravity Difference from the Starting Point

[ B Gravity Value (Corrected for Drift and Earth
Tides)

Tables XII-XX Synoptic Results for Each of the Prefectures

Qe Latitude

A Longitude

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

7 AR Gravity Value (Corrected for Drift and Earth
Tides)

Joeevrennnnnnn G‘ravity Value after the Free-air Reduction

Go e Gravity Value after the BoUGUER Reduction

7 W Normal Gravity

Ao oo, Free-air Anomaly

497 oo BOUGUER Anomaly
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Gravity Stations in Toyama Prefecture.
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Gravity Survey along the Lines of Precise Levels.

(16) Ishikawa Prefecture.
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Fig. 10. Gravity Stations in Ishikawa Prefecture.
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Gravity Survey along the Lines cf. Precise Levels.

(18) Yamanashi Prefecture.
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Fig. 12. Gravity Stations in Yamanashi Prefecture.
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Gravity Survey along the Lines of Precise Levels.
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Gravity Survey along the Lines of Precise Levels.

(22) Aichi Prefecture.
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Fig 16. Gravity Stations in Aichi Prefecture.
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Gravity Survey along the Lines of Precise Levels.

G'€2~ _ G'€C— 1 6VSL | 672 — 6L — | €6EL | PISL | ¥IEL OVIEL |81 IA | 2170 A 9°90 L9€ | 6.¥1
€L~ | €748~ | LYSL | 9° 1T~ | 9'11— | 06EL | ¥22L | ¥22L avleL | o« €0°0— | L'8¥ 5790 69€ 9LVT
9°6c~ | 9°62— | SVSL | O°¥VI~ | O'VI— | 685 | 6¥2L | 6722 S6¥gL | 4 170~ | ¥°L¥ €°90 0L€ GLVT
8'€E— | 8°6€— | 96GL | g'81~ | 2'81— | 08E/ | 861Z | 861L G661L | 4 ¥§'0~ | LSy L°50 1LE €LV
P'9E— | 2°9¢— | €¥SL | 8702~ | 902~ | /8¢L | 6L12 | 1812 OVLTL |61 IA | L6°1 | €'¢er 2’90 ¢lE j¥A4)
o 198N 88 ]

. . M . . M . M . ,
e | | 1646 | (8D [CLedw) | et | o el 66 1so1 | (w)
1,06V bv L 1’6V b6V L * I ! v & ‘oN W

einiog 1061 10 A A

JeuonEUIOqu] | BInuMO LYgWTAH | _ R S S ER R B
*(II) 2an309J21g IYOIY Joj s}{nsay ondousg

v'LE vyy | e8zL | 1°gS 1°09 8CIL | 659L | 62LL | LESL | 4 | $0°29 982 V 6°Ly 8¥el 281
£°6¢ 8°9¢ 16gL | 0°19 jpras) VEIL | ¥¥OL | 699L | T8T9L | 4 ‘ ¥¢ €1 €792 M €8y Lvel 861
£€°8¢ L°62 10€L | O'F%% LR 14 VYIL | ¥8SL | 86SL | 909SL | 4 | 11°21 “ 0've | 0°6¥ ‘ 4 ‘ 651
v:og 8°1¢ 01EL | 0°9¥ VLy VSTL | V19 | 829L | S88SL | « 18°¢1 S'1g | L6V Syel 091
0°ve ¢'LE GeEL | L 6F 6°2S SOTL | 299L | ¥69L | 9V09L | 4 6682 G'61 __ §°0S A 191
L°S¢ €°¢y EVEL | ¥'1S 0°65 98TL | 00LL | 9LLL | 0S9SL | # ¥¥°89 ST |0 K4 £vel 291
6°9¢ Sy €9€L | 9728 2’9 90g. | CELL | 8EBL | TLVSL | 01°v6 LSt ¥°es [474!1 €91




310 Gravity Survey along the Lines of Precise Levels.

vl FVENHIC LS BARLEOESHE
BRI
Fim— - EZ) FE- BEE—

SRz, FiEH 748 I A EAWER T A F Lok b 0 THS. WE LI L OFEL,
IR THEDLIE LA LA L THEMD, I Dz &g, #EAUREE I &~
XI % (L— b5, 5 XII ~3 XX % (R9) KRLThB. 7~y —AEOLHTL, &3 K
CLHLLFELTHD. F 4 RIXLOBXTHS.

ChBDOEM b BERZENRDIE, ROLBVTHS.

1) Fesr— R A9y 1%, HERBOHAEASDTS, HDVIEKPEOLN@HDTH,
Kﬁ%(ﬁb,+Wr@M.E§KET5.¢%MﬁK%VTu,A%”mﬁf&é.L#%ﬁﬁ#
eoﬁgﬂ%mﬁae,4W’@ﬁ@%ﬂm%ﬁ%m.:nukg<vof,74VXﬁv~%ﬁ&
BEoTIw. i 5 NRANAOES b L2088 805 49 LOMBARTHDT, Wiz
VAR R LT 5. OB X5 &, AIRY oFE &, 35km THo. H 6 [, 24
>d4o%ﬁﬁﬂ%&6$ﬁiba¥%dm”aom%®f&6.:@@K%vf,ﬁﬁ?&fﬁﬁ
490" =—0.1h OEMIS D - LIREETAREZ L THS. KE{bL{vi L, 49" OADREE
2, hOBEX VAP LERCH D LI ERTRETHS. .

2) rRITHLTT OEITERICIE 490 DIERMND B . T CRERTHCH IS . COHIHCRTL
dg0" DEAREKEL, F o O THECM A2 ) BB RHD 2R LT 5.

3) FEEEERITIE, SRR DELR, 490 OESIEECHEOTHI LTS,

4) sl - BERCH D L AREWT, 490 OSTCIERIED LWHEREADRDS &
W5 Z IS, F M S & TR, M CRaANoREERER LTy 15
Thb.

5) R DD LI ATIE, 490" G EA EbH bbb Tty

PR



