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1. Introduction

The work to measure the gravity value at every other one of the
bench marks laid along the whole lines of precise levels which densely
cover entire Japan was started by us in the spring of 1951 and is pro-
gressing satisfactorily with the aid of a WORDEN gravimeter. The
purpose of this big project was stated in Part I (C. TSUBOI et al.:1953)
of the present serial reports. The results which are obtained by our
measurements will be published serially and separately for each of the
seven districts into which whole Japan is divided. The results obtained
in the Shikoku District were published as Part I of the serial reports
in which our method of measurements and reductions were also de-
seribed in detail. The present report is the second of the serial reports
and is concerned particularly with the results obtained in the Chiigoku
Distriet.

2. Lines of Precise Levels in the Chagoku District

The Chiigoku District occupies the westernmost part of Honshd,
the main island of Japan (Fig. 1). It lies to the north of the Shikoku
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District across the Seto Inland Sea. It is approximately 300km. long
in the EW and 150km. wide in the NS directions. The district is about
32,000km?* in area and comprises five administrative prefectures, viz.
(80) Tottori, (31) Shimane, (32) Okayama, (33) Hiroshima, and (34)
Yamaguchi. The lines

district, along which A f .
we measured gravity ’
values are shown in
Fig. 2, together with
the prefecture bound-
aries. The lines are al-
together about 1,700
km. in length and at 420
points along them, the
gravity wvalues were
determined. As meas-
ured along the lines of
precise levels, two con-
secutive bench marks
are 2km. apart and Fig. 1. Chugoku District.

therefore two consecu-
tive gravity stations are 4 km. apart on the average. Since the greater
part of the lines was traversed twice in opposite directions in order to
make appropriate gravimetric loops, the total distance covered by us
may have easily reached 5,000km. The gravity values were determined
not only at bench marks, but also at several local weather stations and
other identifiable points, of which the heights are known with suffi-
cient accuracy for the purpose of our gravity reductions. The number
Table I. of points at which the gravity values
Number of Gravimeter Stations. were determined in each of the five
- prefectures is as in Table I. The meas-

Prefecture Number .
I - . urements were made partly in Decem-

30) Tott 64 : :

glg Sfl’mf’;;m g3 ber, 1951, but mainly in June, July and

32) Okayama 79 August, 1952,

33) Hiroshima 94

34) Yamaguchi 100

Total a0
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3. Method of Calculation (I)

Our methods of measurements are similar to those described in
Part I for the Shikoku Distriet except that in this survey we removed
the large dial disk of the gravimeter in order to avoid its accidental
rotation which might happen during the process of transportations and
settings. When necessary, the large dial head was twisted with a
screw driver. As was stated before, we covered the whole length of
the lines of measurements by making a gravimetric loop for each
section of the lines in order to make the drift correction of the gravi-
meter spring possible. The whole length of the line of measurements
is therefore an interconnected net consisting of a number of chains of
short loops. The loops are numbered as illustrated in Fig. 2. To
cover the whole length of the line in this way may not have been a
wise procedure and may seem rather clumsy. It might have been
better done by making fewer longer loops. But chiefly through un-
avoidable circumstances regarding transportation facilities, the procedure
stated above was what we were compelled to adopt. From the nature
of this procedure, the correction against the drift of the gravimeter
spring was made for each one of the short loops separately and the
final results for the consecutive loops were connected sucecessively.
The results obtained in this way may not be accurate when compared
with those that would have been obtained by making a simultaneous
net adjustment with fewer longer loops. But since our WORDEN gravi-
meter has been working with admirable perfectness, it is not likely
that any difference in the process of reduction will result in a large
difference in the final values.

In order to see how far the difference in the process of reduction
will affect the results, let us calculate the gravity values at many key
stations on the line which encircles the Chiigoku District by several
different methods of reduction and compare the results.

Let us take the line which is shown in Fig. 8. TFirst of all, we
take a large clockwise loop :

Tottori (Prefecture Office)—> B.M. 1045 — B.M. 378 — B.M. 1608 —
B.M. 1632 — Hiroshima Castle —» Waki— B.M. 1713 — B.M. 1737 — Pre-
fecture Boundary — Hamada Lodging Inn-— Matsue (Prefecture Office)
— B.M. 2254 — Tottri (Prefecture Office).

The numerals given near the arrows attached to each of the sections
in Fig. 38 are apparent gravity differences (not corrected for drift)
between the starting and ending points of that section as measured
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Key Stations in the Chligoku District.

Fig. 3.

in the direction indicated.
They involve the effect
of drift of the gravi-
meter spring. The nu-
merals given in the
brackets are the time in
hour and minute needed
to cover the respective
distances. The numbers
in the square brackets
are the route numbers.

The total closing re-
sidual for this large
clockwise loop is 6.88
mgals. and the time
needed to complete this
loop was 86.1 hours. The
average rate of drift of
the gravimeter spring is
therefore

=0.0800 mgal./hour.

The measured gravity
values at all the stations
on this loop were corrected
against the effect of the
drift of the gravimeter
spring with this constant.
So if 36T is the time
needed to arrive at a sta-
tion from Tottori, the cor-
rection R 36T was given
to the measured gravity
value at that station.
Thus we get the gravity
values at the stations re-
lative to the wvalue at
Tottori. But sinece we
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know already from other measurements that the gravity value at Tottori

is 979.80429, we get finally the values given in Table II.

Table II. Gravity Values at Key Stations in the Chfigoku District as
Determined by the First Method.

(in 0.01 mgal.)

‘ ‘
Y > 6g | oT ' 56T RZaT’ 209 g
Obs. | Corr. 979.
R , ; R i
Tottori (Prefecture Office) : 0, h m 0 0 0 80429
—15871 ' 448 ‘
B.M. 1045 ~15871 4 48 38 | —15909 64520
7719 388 : _ ‘
B.M. 378 —8152 8 26 67 |, —8219 | 72210
—2047 483 ;
B.M. 1608 ; —~10199 1259 104 —10303 | 70126
— 862 4 05 : i
B.M. 1632 ! —11061 . 1704 - 137 —11198 69231
—2070 . 828 i 1
Hiroshima Castle —~13131 | L2532 204 —13335 ! 67094
—1732 | 419, !
Waki ~14863 L 2951 239 |—15102 ' 65327
1350 ! 635 I
B.M. 1713 —~13518 | | 3626, 291 |—-13804 | 66625
504 | 40 |
B.M. 1737 ' —-13009 | ‘39 06 312 |-18321 | 67108
3963 | 22 07 | 3
Prefecture Boundary —9046 | 61 13| 489 | —9535 | 70894
5269 333" !
Hamada —-3777 | | 64 46 518 —4295 ‘ 76134
4632 {12 15 | ; ‘
Matsue (Prefecture Office) | 855 | L7701 616 239 | 80668
- 213 302 f 1
B.M. 2254 ‘ 582 | . 8003 640 - 58 | 80371
b 106 © 600 ;
Tottori (Prefecture Office) | 688 | I 86 03 638 0 | 80429
: | | |
In the second place, we can arrange our results of measurements

so as to form a large counter-clockwise loop as a whole, except for the
section between B.M. 1737 and the Prefecture Boundary which was
covered in the clockwise sense only.

In this case, we have two routes to arrive at the Prefecture Bounda-
ry from B.M. 1737: the counter-clockwise one via Tottori and the

I.B.
clockwise one. For the first route, ¢(1787)—g(P.B.)=Y 8¢ is apparent-
1737

1y 42.65 mgals. and the time ¢ needed to cover this distance was 69.9
hours. For the second route, the corresponding values are S 59=39.63

mgals. and ¢=22.1 hours.

gravimeter spring was the same for both routes, then we have

42.65=g(1737)—g(P.B.) +69.9 R
39.63=¢(1737) —g(P.B.) +22.1 R.

If we assume that the rate of drift of the
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From the above equations, we get
42.65—89.63—=R(69.9—22.1),
hence
802
47.8
Adopting this rate, the gravity values at all the stations on the loop

can be caleulated as before. The results are given in Table III.
g(Tottori) was taken to be 979.80429 as before.

=0.0632 mgal./hour.

Table III. Gravity Values at Key Stations in the Chiigoku District as
Datermined by the Second Method. (in 0.01 mgal.)
First Route

89 209 | ST 8T RS 8T > 09 ‘ g

Obs. | Corr. ] 979.

B.M. 1737 — — 0 — | 66860
—434 b 44

B.M. 1713 — 434 544 36 | — 470 | 66390
~1186 8 14

Waki —-1620 13 58 88 | —1708 | 65152
1825 127

Hiroshima Castle 205 15 25 97 108 | 66968
2263 8 30

B.M. 1632 2468 23 55 151 2317 | 69177
957 308

B.M. 1608 3425 | 27 03 17 32564 | 70114
2117 3 37

B.M. 378 5542 30 40 194 5348 | 72208
—7640 7 45

B.M. 1045 —-2098 38 25 243 —~2341 | 64519
15929 2 b7

Tottori (Prefecture Office) 13831 41 22 262 13569 | 80429
~ 30 12 01

B.M. 2254 13801 53 23 337 13464 | 80324

303 6 45 i

Matsue (Prefecture Office) 14104 60 08 380 13724 | 80584
—4574 4 22

Hamada 9530 61 30 408 9122 | 75982
—-5265 5 25

Prefecture Boundary 4265 69 b5 442 3823 | 70683

Second Route

B.M. 1737 — — — — | 66860
3963 22 07

Prefecture Boundary 3963 22 07 140 3823 | 70683

Thirdly and lastly, we can regard the whole route as a chain consist-
ing of a number of short loops and one one-direction route which lies
between B.M. 1737 and the Prefecture Boundary. We can calculate
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the rate of drift of the gravimeter spring separately for each of the loops
and derive gravity values at junction points of the chains and connect
the results successively.

It was found that the rate of drift differs notably from a loop to
another among the routes considered here as shown in Table IV.

Table IV. Rate of Drift for Various Short Loops.

Residual

Route time R (mgal./hour)
(0.01 mgal.) |
h
11, 58 7.8 0.074
124 79 11.4 0.069
14 70 8.2 0.085
165 95 7.2 0.132
165164 193 17.0 0.114
16, 93 5.8 ! 0.160
18, 164 14.8 0.111
18; 70 8.4 0.083
15; 4 9.0 0.004
155 58 16.6 0.035 -
155 30 9.8 0.031
13;-133 76 18.0 0.042

Now we have determined the gravity values at the key stations
around the Chiigoku District according to three different processes.
The values are compared in Table V.

Table V. Comparison of the Gravity Values at Key Stations in the
Chiigoku District as determined by Three Different Methods.

1st methods. | 2nd methods. 3rd methods.

Tottori (Prefecture Office) 979. 80429 979.80429 979.80429
B.M. 1045 64520 64519 64522
B.M. 378 72210 72208 72152
B.M. 1608 70126 70114 70066
B.M. 1632 69231 69177 69150
‘Hiroshima Castle 67094 66968 66983
Waki 65327 65152 65182
B.M. 1713 66625 66390 66459
B.M. 1737 67108 66860 66941
Prefecture Boundary 70894 70683 70774
Hamada 76134 75982 76041
Matsue (Prefecture Office) . 80668 80584 80630
B.M. 2254 80371 80324 80348
Tottori (Prefecture Office) 80429 80429 80429

It is seen in the table that there are no negligible differences
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among the values as determined by the three different methods. On
the whole, the values derived according to the first and second methods
are extremes and those derived according to the third are intermediate.
The advantage of the first two methods is that the associated ealecula-
tions are simple because a long loop is considered but their disadvan-
tage is that the rate of drift has to be assumed to remain constant
throughout that long loop. On the contrary, the disadvantage of the
third method is that the associated calculations are rather elaborate
but its advantage is that the rate of drift is calculated for each of the
short loops separately. It is difficult to decide which process is the
best. But for the time being, we are going to adopt the third step-
wise method.” This we do because the progress of our field measure-
ments itself is also stepwise and it seems to be prudent to get the
gravity values also stepwise without waiting the completion of the
whole net of measurements throughout Japan.

4. Method of Calculation (II)

Similar questions as above arises regarding the way to connect the
two small loops which cross the Chiigoku District in NS direction. In
Fig. 4 is shown one of the four instances we encountered in this district.

The loop 15, starts from Hamada, goes

Hamada southward down to B.M. 3166 and gets
979.76033 back to Hamada. The closing residual is
\ 15, 0.23 mgal. and the time needed to com-

plete this loop was 7"02™, The rate of
flow is therefore 0.23/7.05=0.0324 mgal./
hour. Adopting +this rate and with
g(Hamada)=979.76038, which is already
known, we find

17 9(3136)=979.61599.

Secondly, the other loop 17, starts from
Hiroshima Castle, goes northward up to

B.M. 3166

Hiroshima Castle B.M. 3166, and gets back to the starting
979.66982 station, describing a loop. The closing
Fig. 4. Connection of Two residual is 0.78 mgal. and the time needed

Small Loops. to complete this loop was 7"35™. The rate

(1) The gravity values given in Tables VI-XVIII differ a little from those given
in Table V. This is due to the difference in the way of interconnecting short loops.
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of flow is therefore 0.78/7.6=0.103 mgal./hour. Adopting this rate and
with g(Hiroshima Castle)=979.66982, which is already known, we find

9(3166)=979.61577.

Thirdly, the south-going half of the route 15, and the same of the
route 17, may be connected. The times needed were 4"15™ and 2"41™
respectively, making a total 6"56™. Since

g(Hamada) — g(8166)=0.14425 from Route 15,
and ¢(8166) — g(Hiroshima Castle)=—0.05433 from Route 17,
we get ¢(Hamada) — g(Hiroshima Castle)=0.03992.

It is already known that
g(Hamada) — g(Hiroshima Castle)=979.76038 —979.66982= 0.09056.
The mean rate of flow is therefore

90.56 —89.92

V9D T OV —=0.093 mgal./hour
4.26+ 2.70

and with this rate we find
9(8166)=979.61564.

Fig. 5. Connection of the Routes 15, and 17;.

Hamada meal. mgal.
979.76038 | | —144.25 . 144.48 |
} l (4_11151“) l (2h48m) % Route 15_,
B.M. 3166 |
‘ —53.55 54.33
Hiroshima Castle | T (4"54™) l (2"41m) Route 17,

979.66982 .; |

Fourthy and lastly, the north-going half of Route 15, and the
same of Route 17, may be connected. The times needed were 2°48™ and
4"54™ respectively, making a total 7°42™. Since in this case

g(Hamada) — ¢(3166)=0.14448
9(8166) —g(Hiroshima Castle)= —0.05355,
we get g(Hamada) — g(Hiroshima Castle)=0.09093.

The rate of flow in this case is

90.93—-90.56 _ 0.37
2.80+ 4.90 7.70

=(.048 mgal./hour
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and with this rate, we find
9(3166)=979.616083.
After all, we have four values for ¢(3166);

Method ] (3166)
I ‘ 979. 61599
I \ 61677
981 : 61564
v | 61603
Mean ‘ 979. 61536

according to the four different methods. We have no reason at hand
to prefer one to the others. As a matter of fact, 979.61577 derived
by the second method has been adopted simply because it is the
nearest to the mean value of the four. As was stated before, this
value was determined from the measurements along Route 17,. Some
adjustments then need be applied to The values at the stations along
Route 15, in order to make the small difference

979.61599 —979.61577=0.22 mgal.

disappear. The adjustments were given in proportion to the gravity
difference at a station from Hamada. These adjustments are tabulated
in Table X under the heading “ Adjustment”. Similar adjustments
were also necessary for the small loops 12,, 12;, 18,, 15, and 15,. These
adjustments are also given in Tables VII, VIII and X.

5. Results

Now that we have found the gravity values at a number of stations
in the district, the free-air and BOUGUER anomalies were calculated.
The methods of calculation were described in Part I of the present
series. To state briefly, the coefficient for the free-air reduction was
taken at exactly 0.808600 and the rock densitites necessary for BOUGUER
reductions were taken at exactly 2.6700. The normal values of gravity
were calculated both according to the HELMERT formula of 1901 and
to the International formula, assuming as if the constants appearing in
the formulas are exaet down to 0.01 mgal., thus

7==978.03000(1 + 0.00530200 sin* ¢ — 0.00000700 sin*2¢),
7=978.04900(1 + 0.00528840 sin* ¢ —0.00000590 sin’ 2¢).

The corrections for the height A of the gravimeter above bench marks
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and for the effect of the earth tides were made of course. The free
air and BOUGUER anomalies were calculated down to 0.1 mgal., al-
though the gravity values at the stations were calculated down to 0.01
mgal. The gravity values at all the stations are given in Tables VI~
XIII for each of the short loops separately. In Tables XIVA~XVIII,
the materials are arranged synoptically according to each of the five
prefectures separately. The lines of equal BOUGUER anomalies based
on the International formula are shown in Fig. 12 with 2 mgal. inter-
vals. The figure is in the pocket attached to the back cover. The
positions of the contour lines are accurate where they meet the lines
of precise levels but no great accuracy can be claimed for the inter-
venient parts.

Reserving the geophysical interpretations of the distribution of the
BOUGUER anomalies for a future study, we will briefly enumerate
only the especially notable faets in Fig. 12.

1. The BOUGUER anomaly increases towards north, that is to-
wards the Sea of Japan. Along the Japan Sea coast, the isoanomaly
lines are generally parallel to the coast line. This parallelism is dis-
turbed rather abruptly at the westernmost part of the district, where
the isoanomaly lines tend to run in the NS directions.

2. The parallelism of the coast line and the isoanomaly lines is
disturbed near the city of Matsue, where the coast line is also irregular.

3. Along the middle zone of the Chiigoku District, the gravity
anomaly is minimum. Geologically this corresponds to the median zone
of an uplifted peneplain about 1,000 m above sea level at present, com-
posed chiefly of granite.

4, There is an area of conspicuous negative anomaly around the
city of Hiroshima as was anticipated in Part I from the trends iso-
anomaly lines in the Shikoku District. This area, in the form of an
inverted oval, appears to be a depression of the earth’s crust by about
2 km. It is interesting to note that there is a bay conforming to the
isoanomaly lines. ‘

5. An area of conspicuous positive anomaly, which was noticed
towards north of Kagawa Prefecture of Shikoku has been found to
extend to the Chiigoku District, comprising an elliptic area as a whole,
with its major axis in the EW direction. It was stated in Part I that

this positive anomaly might be closely related to the existence there
of a dense mass of magma beneath the ground from which the spora-
dically distributed basaltic (sanukitic) rock bodies in this area must
have been fed.
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Fig. 6. Principal Horizontal Strains of the Earth’s Surface Produced
in Connection with the Nankai Great Earthquake of 1946.
(after INOUE, SUzZUKI and ONO.)
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The Shikoku and Chiigoku Districts were severely disturbed by the
Nankaido great earthquake of 1946 and the comparison of the triangu-
lations before and after the earthquake has disclosed conspicuous hori-
zontal deformations of the earth’s surface in these districts which must
have occurred in connection with the earthquake. E. INOUE, H. SUZUKI
and H. ONo of the Geographical Survey Institute have caleculated the
principal horizontal strains of the earth’s crust in these districts using
as data the horizontal displacement vectors of the triangulation points
which were obtained by the surveys. They have got the results as
shown in Fig. 6. DPrinecipal strains are notably smaller in the above-
mentioned elliptic area than in anywhere else. This may be taken as
indicating the relative rigidness of the deep-rooted basaltic mass in
question.
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Explanations of Tables

Tables VI-XIII Results along Fach of the Routes

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

No....vvvnn.. Number of Measurement

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

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

ST oo Net Time Needed to arrive at the Station from
the Starting Point

SD .......... Small Dial Reading

0.9150xSD . ... Conversion of Small Dial Reading to 0.0l mgal.

B eiiiiiiaa Height of the Gravimeter above the Bench Mark
Head

0.3086 xA ..... Free-air Reduction to the Bench Mark Head

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

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

SO0 e, Gravity Difference from the Starting Point

O oereonnannas Gravity Value (corrected for Drift and Earth
Tides)

Tables XIV-XVIII Synoptic Results for Each of the Prefectures

P it Latitude

P Longitude

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

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

Jo sonvonennan Gravity Value after the Free-air Reduction

0o weeennennn. Gravity Value after the BouGUER Reduection

7 S, Normal Gravity

Ay v ev i Free-air Anomaly

49y oo, BOUGUER Anomaly
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Gravity Survey along the Lines of Precise Levels.
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