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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
network 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 20,000km. in total
length. The bench marks are laid at an average distance 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 4 km. The results of the gravimeter measure-
ments that were obtained in the Shikoku, Chiigoku, Kinki, Chiibu, Téhoku
and Kant6 Districts have already been published as Parts I, II, III, V,
VI, VII and VIII of these serial reports (TSUBOI et al.: 1953, 1954, 1955,
1956). The present report is the ninth in the series and is particularly
concerned with the results obtained in the KyGshfi District (TSueoI et
al: 1954).

2. Lines of Precise Levels in the Kyushu District

The Kytshéi District is essentially Kyfisha Island, situated in the
south-western part of the Japanese islands as shown in Fig. 1.

L T o
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CHUGOKU DISTRICT

Fig. 1. Topographical Map of the Ky@shd District.
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The District is roughly a pentagon in shape, more or less elongated
in the NS direction. It is approximately 44,500 km® in area. Fig. 1
shows the topography of the District roughly.

The Kyfish@i District comprises seven
administrative prefectures, viz., (39)
Fukuoka, (40) Saga, (41) Nagasaki, (42)

Table 1.
Number of Gravimeter Stations.

Prefecture Number Kumamoto, (43) Oita, (44) Miyazaki and
(39) Fukuoka 67 (45) Kagoshima. The network of the
(40) Saga 34 lines of precise levels in this District,
(41) Nagasaki 65 along which the gravity survey was
(42) Kumamoto 103 made, is shown in Fig. 2, together with
(43) Oita 72 the prefecture boundaries. The level
(44)  Miyazaki 92 lines are altogether about 2,200 km. in
(45) Kagoshima | 105 length and the gravity values were de-

Total | 538 termined at 538 points along them. In

, this number are also included several
identifiable points such as local weather stations, of which the heights
are known with sufficiently high accuracy for the purpose of our gravity
reductions. The number of points at which the gravity values were de-
termined in each of the prefectures is given in Table I.

The gravimeter survey in this District was made in various periods,
namely, in May; 1953, and in Feb. and May, 1954.

3. Methods of Measurements and Reductions

Since the methods of measurements and reductions are the same
as those already stated in the previous reports, no repeated description
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 calculations. The whole length of the lines
of measurements is actually a connected chain of many 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 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 unavoid-
able circumstances regarding transportation facilities on the one hand
and the rather hasty demand for getting a picture of the distribution
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(39) Fukuoka Prefecture
(40) Saga Prefecture v
(41) Nagasaki Prefecture

(42) Kumamoto Prefecture
(43) Oita Prefecture

(44) Miyazaki Prefecture

(45) Kagoshima Prefecture

38, Route Number
s165 Bench Mark Number
(s277)  Station Number

----- Prefecture Boundary

Fig. 2. Lines of Precise Levels in the Ky@ishi District with the Prefecture Boundaries.
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of the gravity anomalies on the other, caused the adoption of 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 the
final results sensibly.

The Kytsha District is essentially an island separated from Honsha,
the main island, by a strait less than 1km in width which is famous
for its swift tidal currents. Beneath this strait, a highway goes
ﬁhrdu’gh a tunnel and connects Honshd and Kyasha. It is by comparing
the gravity values at the two bench marks on the opposite sides of
the tunnel that Honshi and Kyfishii were connected gravimetrically. The
result of these connection measurements is summarised in Table II.

Table II. Gravimetric Connection of the Ky@ish and Chiigoku Districts.

BM. | Date | Time | ’SD’fglgofE.T.i o | {Drift} | 89 | o9
h m h m | T
1779 (Kytishd) |V 13, 1953 9 25 ’ 0 00 fussl 1030 5|31 [1075 01675 — | 67488
1772(Honsht) | » |11 24 | 1 59 2224 2035 | 17 -8 2044 19 [202504-950 el
| j '
1779(Kyashd) | » |12 47 3 22 1155% 1057 | 18| 33 1108 33 [1075| — | 67488
I | :

It is already known that the value of g at B.M. 1772 (Honshd) is
979.68438, and by means of this tie between Kyiishii and Honshil, ¢ at
B.M. 1779 (Kyushii) has been determined to be 979.67488. The gravity
values at all other stations in Kytishii are referred to the value at this
point.

- Our WORDEN gravimeter has been working with an admirable per-
fection, only the rate of drift of the gravimeter spring differed notably
from one loop to others. It will be interesting to compare the rates
for various loops given in Table III.

4., Results

The gravity values at all the stations in this District are given in
Table IV-VIII for each of the loops separately. In Table IX-XV, the
materials are arranged synoptically according to the seven prefectures
of the District individually. The explanations 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 of the present report. The
locations of the contour lines are accurate where they meet the lines
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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 BOUGUER anomalies for future studies, we will
briefly enumerate the especially notable facts to be observed in Figs. 3
and 4. ’

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

Residual ‘ Time
Route 0.0l mgal) | (hour) | . R (mgal./hour)
37 | 33 l 3.4 0.0971
37, : 42 | 6.0 0.0700
37, 1 75 ‘ 10.0 0.0750
37, ! 178 | 34.4 0.0517
375 39 : 5.6 0.0395
376 28 1 3.0 0.0933
37, 68 ? 9.7 0.0701
375 36 6.8 0.0529
38, i 106 13.0 0.0815
38, | 197 20.9 0.0512
38, i 48 ‘ 14.7 0.0327
39, ‘ 15 3.3 0.0455
39, 82 13.0 0.0531
39, 40 8.0 0.0500
39, 92 15.3 0.0601
39, 118 29.0 0.0407
40, -5 5.4 —0.0093
40, 35 6.8 0.0515
40, 33 5.5 0.0600
40; 105 12.5 0.0810
405 60 8.7 0.0690
405 63 8.4 0.0750
40, 23 3.2 0.0719
405 122 21.8 0.0560
41 40 8.7 { 0.0460
41, 92 12.6 0.0730
41, 43 16.4 0.0262
Al 9 5.8 0.0155

1) As a whole, the BOUGUER anomaly increases systematically
toward the western and northern coasts of the island. The +30 mgal.
line, for instance, runs approximately along the coast line and beyond
that line, the anomaly increases seaward. Gravity pendulum data
obtained by N. KUMAGAI (1942) at a few points on the Goto Islands
also indicate this increase. The sea to the west of the island is a
marginal part of the Yellow Sea. Since the Sea is only a few hundred
meters in depth, it has been believed to be “ continental” rather than
“oceanic” in character. But the fact that the BoUGUER anomaly does
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CHUGOKU DISTRICT

100Km

Fig. 4. Simplified Map Showing the BOUGUER Anomaly Distribution inTthe
Kyasht District (5 mgal. interval. Full line: positive anomaly, Broken
line: negative anomaly.)
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increase notably seaward here might suggest that this is perhaps not
the case. ‘

According to the gravity measurements in China by P. R. LEJAY
(1936), the BOUGUER anomaly increases toward the Yellow Sea also. The
increase of the anomaly toward the Yellow Sea on both sides appears
to mean that the denser suberustal material lies closer to the earth’s
surface under the Yellow Sea than it does in the normally “continental”
area, or in other simple words that the Sea is “oceanic”. But why
its shallowness ?

That the Sea here is shallow is likely to mean that a very thick
layer of deposit or sediments of loose material covers the bottom of the
Sea, which would otherwise be deep as shown in Fig. 5. A large river,
the Yang-tze-kiang, flows into

the Yellow Sea, transporting °°teee Kydshi
Continent Yellow Sea e

a tremendous amount of sand, < —

mud, clay, etc. S. HAvamI, s >

estimates the annual mass Crustal Material

transported by the river is well

over 3x10° tons/year. If this M
enormous quantity of deposits
is evenly spread over an area
of 5x10°km?* to form a layer
having the density 2.0 on the sea bottom, the rate of growth of this
sedimentary layer will be about 8x10-‘m/year. So in the course of
10" years, 1t will easily grow up to attain a thickness of 3x10°m and it
is not difficult to make this part appear as if it were a part of a con-
tinent. The writers do not believe this is an absurd estimation.

2) The approximate parallelism of the isoanomaly line and the
western coast line of the island fails at about the middle of the
island where the gravity high is seen to protrude from west to east
into the backbone area of the island. This ridge of gravity high
can be traced still further eastward, although the gravity high it-
self gradually decreases in amount, even becoming negative. A little to
the east of the central axis of the island, there are two areas of negative
gravity anomaly on the northern and southern sides of this ridge of gra-
vity high. At this place, the gravity high takes a minimum value so that
the distribution of anomaly here represents a saddle form. After this
saddle point is passed, the gravity high begins to increase again in amount
eastward. Thus, this ridge of gravity high is very clearly seen to run

Fig. 5. Profile Showing the Supposed Under-
ground Structure of the Yellow Sea.
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across the island of Kydshii in the E-W direction. Along the northern
side of this ridge, the anomaly decreases steeply northward. It is about
along this zone that the Median Tectonic Line has been supposed to
run, although its exact location has not been possible geologically, owing
to thick voleanic ejecta which cover the area widely. Our gravity survey
has established the existence of this line beyond doubt, although nothing
definite can yet be said as to the geophysical structure that will cause
the observed gravity anomalies. It is interesting to note that small
earthquakes occur frequently throughout this zone.

3) Along the northern coast of Kytshd, the isoanomaly lines are
approximately parallel to the coast line as was stated before. The area
lying between this belt of parallelism and the ridge of gravity high
mentioned in the last section is triangular in form and the isoanomaly
lines are rather irregularly shaped within it. From this point of view,
the whole area of Kylsht may be divided into three parts, A, B and

C, as shown in Fig. 6. In
~ area A, the isoanomaly lines
are approximately parallel to
the northern coast line of the
island; in area B, the lines are
irregularly shaped; in area C,
the trends of the isoanomaly
lines are more or less syste-

4 matic. It is noteworthy that
o a’) . the isoanomaly lines which
%q. "o B , | run in the E-W direction in

» W\ \ area A and which are parallel
we to the northern coast line of
= -gw“‘“ the island turn sharply north-
’ ¥ ward near the eastern end of

& the area and are connected in

C - a natural way with the iso-

dw anomaly lines in the Chigoku

District. It is also noteworthy

that there is no gravimetric

indication that the ridge of

300l e gravity high bounding the

Y S0 areas B and C continues to run

v further westward into the
Fig. 6. A, B and C Areas in the Ky{ish{i District. Yellow Sea.
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4) In area C, the gravity anomaly decreases more or less systema-
tically eastward and at a certain point on the east coast, an anomaly
of —72mgals. is found. The isoanomaly lines are approximately elliptic
around this minimum and suggest a conspicuous depression of the earth’s
crust at this place. It is here that many good sized earthquakes occur
frequently.
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Explanation of Tables

Tables IV-VIII Results along the Routes

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

NO. ceeveneens Number of Measurement

BM..oooaeenn Bench Mark Number

Time eccceeen. Time of Measurement

SOT eevnnn.. Net Time needed to arrive at the Station from the
Starting Point

LD..coveuenn. Large Dial Reading

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

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

Boveeiinianann Height of the Gravimeter above the Bench Mark
Head

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

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

Drift...coee.s Correction for Drift

D1 ZE Gravity Difference from the Starting Point

Joveoooanannos Gravity Value (Corrected for Drift and Earth Tides)

Tables IX-XV Synoptic Results for the Prefectures

@ eiiennnneenn Latitude

) Longitude

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

Jeorveoanananns Gravity Value (Corrected for Drift and Earth Tides)

Joooononnannns Gravity Value after the Free-air Reduction

O veeneaannas Gravity Value after the BOUGUER Reduction

T eeeasecosanen Normal Gravity

Ageeeeneannsn Free-air Anomaly

Agy veieiiiann BOUGUER Anomaly
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Gravity Survey along the Lines of Precise Levels.
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(39 Fukuoka Prefecture.
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Fig. 7. Gravity Stations in Fukuoka Prefecture.
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(40) Saga Prefecture.
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Fig. 8. Gravity Stations in Saga Prefecture.
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Gravity Survey along the Lines of Precise Levels.

(41) Nagasaki Prefecture.
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Fig. 9. Gravity Stations in Nagasaki Prefecture.
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(42) Kumamoto Prefecture.
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Fig. 10. Gravity Stations in Kumamoto Prefecture:
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Fig. 11. Gravity Stations in Oita Prefecture.
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Fig. 12. Gravity Stations in Miyazaki Prefecture.
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Fig. 13. Gravity Stations in Kagoshima Prefecture.
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Gravity Survey along the Limes of Precise Levels.

1 : 811 9esy | ¥' LS 1°82 €LEV | L¥OV | YS9V | GEEOV | 4 19°9 c¥8¥ €E16
L6 161 9¥S¥ | 6762 g 1€ ¥8EY | €V9V | L69V | ELVSY 4 6" 8¥ 18y 1616
8'2l 0¥yt ey | 160 €°0¢€ 186% | 2,9V | ¥89% | 9259v | 91 20701 8y 0€16
9°€l 8 8257 | 6768 1,708 GOEY | ¥99¥ | L9V | 08V9Y 4 68" L L108 8216
y'el 9°G1 €ISy | L'8¢ 6'1¢ 0GEY | LE9Y | 699¥ | LOBSY “ Y. 8¢ 810G 9216
¥e1 G'81 96vy | L'1E 8°¥€ €eev | 069% | 189¥ | 8E6SY “ 0¥°8¢ 6109 ¥¢16
G 1¢ L' €g 8LVV | 87LE 0°0v SIEY | €69% | SILV | 6259F 4 S1°0¢ 0208 cgl6
8°61 9°Gg LLyy | 1°9€ 6 1v VIEY | GL9V | €ELV | €ELSY “ €9°19 1205 0316
8'€c 3 0¢ gLy | 10V S'9v 01€y | TILV | SLLV | G665V 4 ¥8"95 660S 8162
S 1€ 6°€¢ cLYV | 8°LY %08 60€y | L8LY | TI8F | OSV.Y 4 12° 12 €209 9162
(AR 44 99y | §'1S 1°8S '€0EY | 818% | 068Y | S069F 4 cL'¥9 ¥20§ ¥15¢
9°0¢ 6 ¥v 08vvy | 679V 19 LIEY | 98LY | 636V | SEESY 4 01°821 §c0S gl1se
¥°62 G'0€ L6V | LGV 8°9% eev | 164V | €08V | CILLY 4 00°01 9208 0152
6°V2 (AN 028y | ¢ 1v STy L8V | 69LY | CLLV | 029LY | 4 €€ 180S 8062
1°¢1 L2l ¥esv | €'8¢ 6°8¢ CLEV | SS9V | 199V | GEVOV | 4 (AY81 8205 9052
S'LT 0°81 09S¥ | 8'€E £ ve 168V | SELV | OVLY | 69CLY 4 L5V 660G 1052
8'81 1°61 g8sy | 1°6€ ¥ se TTVy | €LLY | 9LLV | G99LY “ 90°€ 009 c0S5g




552 Gravity Survey along the Lines of Precise Levels.

v+ F BN BARLEEOENEE
FEhs (L)

IR - ) B - BEE—

SRR, SN 538 MIc s A EAWES R A XL DI 0THS. WELEELOHYT, I
1 BB THBDLIZLALALTH DM, T IR DL v, IR IV E~4 VIII
F (v~ bR, HIXE~EXVE (BY) ©FLThs. 7 —¥ —REDOHTL, HIRz<bL
SIRLTHD. HARRFOBRTHS.

ZhbORMS BT ENSIE, KDEBHTH5.

1) 7—¥ -84, KELART BEHEEHTEAAPDOTRELSL DTS, FlziE +30 3y
HADRUL, FELibs OUFRRCETRFCED, FRE D B, Thbb@ it RET kA
KI8%. HEFIGOBECBTHEAESEDOMEHEDL, 2O LR LTS, HEOE XITBL
&Lﬂmef&of,::m“ﬁ”f&%iDu“%”f&ék%xbhibL Lil, 7—5—

RN AAOTHL TV B S bR B L, SOELTELL AVLOnbHahisls.

MEAEE 35135 R.P.LEJIAY OIIZERSES, 7 —4 —REARIE 0 HE 42 BcAH>TH LT
WHZLETFELTCWAS.

D EOHRELIGAELTEL DL, BT HL “” Thirondbihicw. ZLTERAELD
& BFIASEC R LR DABEICE HEE LT 205 ThHhEn L ANm. (65 X). T
WAL LD ORI, BkE G Xiuf 3x108 b v/iE Tha. ZD-hpa 5x105km? OEC
oo THAT I T, B 2.0 OHEFEL2 S 3 LTHE, FoF0ERY 3x10-*m/iE THoT,
107 SEDfliciz 3x103m s h 18 s.

2) ML ANEEBRARLIRERTTH LR, ARETCLOTAHILER, HEHDY »
RUEDBLHAAD AALT, WMPICE LTS, ZONTEHADY » SR BrEENT 5 - LN T

E5H, HEANEOLOEMY, v 1 FACILAD. AMOFIELBEL L, 20V v vodbfils -

Hillic, 7= —B¥ < F ADHEMNARLND. Zohb Y » SEBOTEA@AND &, 7 =4
~HRERELHT. cOXS, 20Y v PRAMNRHTEOHAREEIO TS, 7~ & — R -
‘DJ v UL AHANEI DO TARRS  FEEENRESDTW B THA ) LEL LR TV DI D

WHTHS. o, KUK I OTEL BEbRTW 50T, & OfEEET BN
R0z 2ChH a0, TANEDHIRIIS M b OMERATEEL TV 5 & L 2R
L5, NREERZ oA S\ 2 IR EB el 5.

3) JuMdEAETIE, SEAM LR LIS TS, ZOFFE L, MMOBEHY » o
ORI, EEMBTHO T, FOESABORCRTL, FENESTHIEVWEIANRT WS, =
DRENSTDHE, RHMIEB6NOL5 1 A, B, C ® 3 oebirbhs. A TidEdmEsltg
FERR & IEEAT, B CRAREAL, C CrHlmcsmdbicks.

AR IIE AT ST AT, IROMTh Z 2 ArkdteE 2 T, #@m70$ﬁﬁﬁwﬁﬁu
Hieh. ¥ B 2 C LeETAEENY » 2%, TRBEAFKE~ETOOTULLTHIRNL/RL-.

4) ColTE, 75— EBREARAIOTH2T S, FIHRD RIELRERT O < i,
=72 IYHN NS EHNSD. FLTERERIZ ZRhLE LEEAER R LTEY, o
BHLDLWMEEZRLT%. TR - HEFES, o FifEds o L kg Ets.



