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                                 ABSTRACT

          Gravity surveys with a portable gravimeter of the North American type were
      made repeatedly four times during !950-1953 at about one hundred and sixty
      points in the Kinki District as a prelirninary study en the problem of probable
      secular variation in gravity. In this article some important conditiens, which
      are considered to be noteworthy for the future development of the investigation '
      ef secular variation of gravity, comprise the rnain discussion as deduced from -
      the data of the present surveys. It should be mentioned that, in the preseRt
      surveys, some remarkable secular variations in gravity, though not without some
      uncertainty, were observed in the westem shore region of Lake Biwa and the
      City of Osaka.

1. Introduetion

    The vaiue•of gravity acceleration at any fixed point on the earth is dependent on

three factors : attractjon by the earth's mass, centrifttgal force caused by the rotation

of the earth, and attractlon by the celestial bodies. The latter has already been dealt

with in the first Part oÅí the present iBvestigation as the tidal variation of gravity.

In the present article the non-periodic variation of gravity, if it exists, caused by

changes 2n the first two factors will be investigated by repeated gravity surveys at

many point$ within a smal} area.

    The non-periedic variation in gravity ef short duration (sgdden change) er long

duration (secular variation) may be caused by the following changes: upheaval aRd

sinking of the ground, effusion of volcanic lava, change of groundwater level, dis-

placement oÅí oceanic water mass, change of atmospheric state, orogenic movements,

epeirogenetic movements, and, generaliy speaking, a change in the geoidal figure

caused by displacement or mass changes oR the surface or in the interior of the earth.

And, moreover, suddeR or secular changes of the earth's rotation speed would theo-

retically affect the gravity value, though in a minute order of magnitude, and could

be detected in the future course of fine observation of gravity changes.

    In former times, a comparison was made of the gravity values measured at iRter-
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vals of some fourty years at four stations in India, and changes iR gravity of from

27 mgal to 103 mgal were found. But it is questionable as to whether such changes

may have been caused by a reai change in gravity or attributable to some observa-

tionai and instrttmental errors (1). Absolute measurements of gravity were made at

Washington, U.S.A., in 1936, and at Teddington, England, in 1939, and these values

were referred to the absolute value determined at Potsdam, Germany, in i906. B.C.

Browne and E. C. Bullard (2) discussed the problem of difference in the absolute

values of gravity at the three stations of Potsdam, Washington, and Teddington, and

cenciuded that the value at Potsdam shou!d reasonab!y be corrected to -17 mga! in

magnitude. In the treatment by Browne and Bullard it was assumed a Priori that the

gravity va!ue at Potsdam had been invariable during the period of thirty years from

i906 to 1936. It is not unthinkable that a part, if not the who!e, of the discrepancy

in the absolute values of gravlty might be attributab!e to some secular variation at

Potsdam. On this point a re-measurement of the absolute value of gravity at Potsdam

is most earnestly hoped for towards the development of the research in the secu!ar

variation ef gravity.

    On the other hand, the recent development of a highly sensitive and pertab!e

gravimeter has gr'eat!y facilitated the quick and preclse relative measurement of

gravity over large survey areas. The world-wide surveys of gravity with the Worden

Gravimeter made by G. P. Wool}ard (3) is an epochmaking step in the research field

of gravity, as evidenced by his precise relative measurement of gravity at 'thirty-three

penduium stations and one hundred and twenty-five gravity stations connecting al}

cofitiRents of the world in the relatively short period oÅí three months, the measure-

ments hitherto having been made under non-uniformity with different instruments

and at different times. But the changes deduced from the results of Woollard's sttrveys

and old va!ues shouid not be considered as directiy attributable to aRy actua} secular

variation, because the oid values were obtained by different instrumtnts and with

varying accuracies from those of Woei!ard. It is expected that, the problem of the

secular variation of gravity on a world-wide basis wi!1 be developed by the repetition

of such surveys as Woeliard's in successive decades.

    At the Meeting of the InternatioRa! Gravirnetric Comission at Payis in 1953, it

was resolved and recomrnended that the selection of a network of some thirty "first

order" internationa! gravity stations be established al! over the world, with frequerlt

and ethcient connection between the first internationa! stations for each other and bet-

ween the first international stations and the national reference stations. The completion

of such a program would certainly make a great contribution to the advancement of

research in geoidal figure and in world-wide secular variation of gravity.

    Setting the phenomena of world-wide scope aside, the non-periodic variation of
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gravity of local or regional character observed in this country wlll be rneRtioned.

Previously, the seculaT ehange in the rate of speed oÅí the Riefier-clock in the Tokyo

Astronomieal Observatory was examined by M. Ishimoto and K. Tuzi (4) in connec-

tion with the occurrence oÅí the Great Earthquake near Tokyo on September, 1, 1923.

Assuming that the whole change of rate of the Riefler-clock would be caused only

by a gravity change, the gravity value at Tokyo rnight have change 10 mgal before

the earthquake occurrence. But this problem remains undetermined, as indicated by

C. Tsuboi'$ study, for the relation between the clock rate and gravity change is not

so simple as above assumed. After the occurrence of the strong earthquake on

December 26, 1949, at Imaichi, 7km distant from Nikk6, in Tochigi Prefecture, it

was found by K. Iida, M. Hayakawa, and K. Katayose (5) that the gravity value

at Imaichi had decreased by the amount of O.15 mgal compared with that at Nikk6

during three months after the earthquake occurrence. The change of gravlty at the

area of Volcano Mihara in Oshima of lzu Isl•ands was also observed by the same

mernbers above mentioBed (6) at the time oÅí violent eruption in 1950. This repoxt

is feasonably appreciated since an abundant effusion of lava may cause a local

deformatien in the gravitatienal field. The resttlts above described are con$idered to

be quite accurate since the gravimeter used in both cases was of the North American

type whose sensitivity is enough to detect such a degree of gravity change and in-

strumental drift is estimated to be exceedingiy small. On December 21, 1946, the

Great Nankaid6 Earthquake occurred at the area 50 km offshore in the open sea south-

ward of the Kii Peninsula. This destructive earthquake of a magnitude of 8.2 (Pas.)

brought about great damage by Tsunami along the neighbouring harbours, and, more-

over, an upheaval and sinking of the ground exceeding the amount of 1 meter in the

region of the southern part of Kii Pefiinsula and the south-eastem part of Shikoku.

Referring to this earthquake the piumb-line deviation was re-surveyed by T. Okuda (7)

at thirteen points around the epicentral region, and it was ascertained that the large

secular change of the plumb-line occurred durlng several years from the old epoch (1939

-1946) to the new epoch (1947-1950), whose amDunt reaches nearly 4 seconds angle

in the maximum. The above result means, in other words, a local change of geoid in

the epicentral regiQR and consequently a local change in gravity intensity. Really the

change of gravity at several points in the southern part of Kii PeRinsula was observed

by N. Kumagai (not yet published) with the Meinesz' gravity pendulum, amounting

to several milligals. These observations throw some light upon the little known

field of secular variation of gravity and suggest a method of future research. In

connection with these phenomena a gravity survey along the lines of precise levels

throughout Japan with a Worden Gravimeter has recently been accomplished by C.

Tsuboi (8). Th2s precise survey of dense net not only revealed the fine subterranean

tt
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structure in JapaR bttt also wii! certainly make a great contribtttion to the future study

on the secular variation of gravity when these values are compared with those which

wili be observed after one or two decades.

    Concerning the problem of crustai deformation, the concurrent observations of

seif-recording by the hig. hly sensltive gravimeter with the tiltmeter and the extenso-

meter of high quality have been operated under the auspices of our Geophysical Institute,

Kyoto University, since 1951 at several points in the Kinki District. As already described

in the preceding paper, the highiy sensitive station gravimeter is unsuitabie for tke

study of secular variation of gravity owing to its enormously large drift of zero posi-

tion. But it will certain!y promise the possibility of detecting sudden changes in gravity

because of its high sensitivity. On the secular variations in gravity at these statlons,

the precise and frequently repeated relative measurements of gravity with tke pendu-

!um wM commence early in 1956. ?ara!le! to this series of observations, the frequent

repetition of dense net gravimetric surveys in the Kinki District with the highiy

sensitive (O.09104 rngal/div. with the 'negligibly smai! drift of O.05 mgaYday) portable

North American Gravimeter was planned by Profs. K. Sassa and K. Iida for the pur-

pose of determining the fine subterranean structure of the Kinki District and of

obtaining profuable data for the study of secular variation of gravity. Four surveys

have been made from 1950 to 1953 at 160 points near Kyoto and Osaka by the
operators, K. Iida, M. Hayal<awa, Y. Kotani, T. Sugiyama, and the writer. In the

present article the observational data and resu!ts of the four suyveys wili be reported

by the wyiter by permission of the planners and eperators, confining the subject

mainly to the problem of tirr)e variation in gravity.

2. Results of surveys

    Present series of gravity surveys were original!y planned to investigate the fol!ow-

ing three points:

    (a) To investigate the fine subterranean structure of the Kinki District by ap-

         plying the precise and dense gravity surveys to a reiative!y smali area,

         complemented with the knowledge obtained from the analyses of seismic

         waves in near earthquakes.

    <b) To estimate the amount of secular variation iR gravity, if any, and to find

         a fitting method for its investigation by applying the ruled and frequent

         repeated surveys to one and the same area.

    (c) To obtain useful data for investigating the phenomenon of groilnd-subsidence,

         in particular, in the area of Osaka City from both sides of the distribution

         mocle ef gravity anom!ies and its time variation.



,SURVEY STATION t'T••-" ,g
                   t.......-fi i4

 ,,.r....} 'L:: 'e 4T .43ttT

     . ,E pt     ."    t•.f--E,"t. ,ltL, "o 4 9. "ag

l .""$ /ljngetii•iltw "

            1 t, /'      er27'ige e .-"T .iso ei r,, ;' '"""'"'7'tgi'!'"" "L'j)'l/'

            ll3 J' ""t '".                   I .t                   '                  r,Q:1'73e` g$ t[
                   t e -. 'L                   tL os 1            O }"- '' IJ                   /i es e? ,
          1 L.,' de ;...--,'-'
        tt' .Y •1.. ,.,",.,t.,-S•i---"""" :"?i"/r•";I";'8.,. "'11i'

   eegsts7 de de Ao ... ::, .:,
                  tt Lt .t                                tt                  s,                 •,•• .t,-                ;' 20tN ,                tt-i t.
 Fig. Ia. Survey stations
(near Kyoto, 6saka, Kbbe,

in the
Nara,

Kinki District
and Wakayama)

SURVEY
  N

4
tA'

STATION

i''
    .  . Ir811'e

 ll9

ffL -       1
 xt
     7
j'
pt

ls ;4

      ts

    u
    [iil]

  .  IIS
    ,-   Ila

.-114
 .11S

1tisri2f,

ost

,.
1

:flts 1

1

 gEl

k1

1EtN N 
t

       .      ca

 -. 1{}9

   "-   ne     . Ieyf.=8'6iili

  ISS. 1

  `N  tg6
     ig7

tso lge

  . IS'1
 l52

  its
       ,E6
  1;7

 IE,

       i3o

   N/

        M.-
      /

.(tf'ptie'-

 '9F. io'4 2
        ..tt       ..•

 7'   .   123 ii2

        li-

      --lgnt7 ia6 i2s

   ISi

         taa
    ia'9

    IS'S

    l'5e

ndjf.•Vt""'-'ve-  '"'--,'N-:. "

Fig. Ib. Survey statlons in Osaka City

                           321

    The survey stations are shown

in Fig. 1, and the instrument used

is the North Arnerican Gravimeteer

                    tAG-1, IQ8, beloRgiRg to the Geo-

logical Survey of Japan, and
whose construction aRd function

can be obtained by reÅíerriRg to

the article by T. Matsuda (9)•

The four surveys were made in
the periods of December, i950 (1) ;

December, 1951-January, 1952
(II); November-December, 1952

 (III) ; and December, 1953 (IV).

The materials obtaiRed in surveys

I and II and corrected for both

effects of "drift" and "tidal
force" have already been publi-

shed by K. Sassa and K. Iida (10).

In the present paper the materials

of al} four surveys are tabulated

at the end'of the article, and it

should be remarked that the gra-

vity values in the table are listed

in the figttre of O.1 mgal for the

sake of assurance, though the
instrume' i t is designed to measure

and read in the figure of O.Ol mgal.

By the analysis of data obtained

in survey I some problems were

treated by the writer (11), aBd

the Bollgger anomalies calculated

in that treatment are again shown

in Fig. 2, which well coincides

wlth that derived independently

from a different survey made by C.

Tsuboi (8). Of the data of sur-

vey II some detailed discussions

were made on the problem of
ground-subsidence in t13e area of
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Osaka City referring to the dis-

tribution mode of the Beuguer
anomalies in that area, and some

considerations were applied to the

difference of gravity values at the

re-measured piaces in surveys I

and Il. Two papers on survey III

were read at the Annua! MeeÅíing

of the Seismological Society of

Japan at Kanazawa on May, 1953,

but they are not yet printed. In

the foliowing section the preblems

on the time variation in gravity

and its observational degree oÅí

reliability are discussed mainly

by anaiyzing all materials obtain-

ed from the present four gravity

surveys from 1950 to i953 in the

Kinki Ditrict.

3. 0bserved secular variation of

  The stations sttrveyed in the

about one hundred and sixty in all,

tbe area of Osaka City.

table at the end, the observed

each other.

be correct!y interpreted as secular

some instrumenta!

whether there is any systematic

not, the amounts of change in

Fig. 3. As shown in this figure,

gravity values are found in some

route of systematic change

(station-number, O) to Imazu

of Lake Biwa, is somewhat worÅíh

at a

of large negative Bouguer

T. ICRINOHE

BOUCVER

4
pt

.

,NmoMALY

        /
-cr`ftJ'

ls .
  veq

  .   --
    --
      --    ,-        ---
         .
         .     --     ---
.

   -•

--   . .

  t-

•

l•liil'L••

'

;i

.

.

.

f
}.lii

.

.

-so

-L,O

"!o

 o

.
.

-- -
.

.

t"X4 -benit/

+40

eU".gct

e+:-

Ue+s

o3+

;

                                     Fig. 2. Bouguer anomaly in the Kinki District

                                 gravity

                              present series of feur gravity surveys amounted to

                                 and among them about sixty stations are situated in

                        Consequently, it is convenient to treat the observed materiais

by separating those of the Osaka area from those of the remaining area. As seen iR the

                            values at any place in each survey differ greatiy from

           An essential problem in the present article is whether these variations may

                                change in gravity or whether they were caused by

                 or observational error. On this point, for the purpose of examining

                              variation of the measured gravity in any region or

                             gravity are graphical!y shown by the survey route in

                               considerable amount of variation in the measured

                                  periods, but it is generaliy dificu!t to find any

                         throughout all four surveys. Only route B, from Kyoto

                            (station-number, 49), namely the western shore region

                                noticing, because of the increase in gravity values

   11 stations along this route during 1950 to 1952. As this area is just in the region

                         anomlies with steep gradient, it is speculatively interest-
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ing to imagine some connection between the amount of secu}ar variation in gravity

and the steepness of distribution in gravity anomalies. But it is questionable as to

whether the changes shown in Fig. 3 depend upon real gravity changes or some in-

strumental and observational errors, for only two surveys were made ia this route.

The solution of this $ort of problem by the repetition of gravity surveys in the suc-

ceeding decade or century is greatly to be desired.
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             between surveys I-II
                      " I-III
                      " I-IV
                      " III-IV
          numbers, O, 13, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 40.1
                 , O, 13, 31, 32, 41, 42, 43, 44, 45, 46, 47, 48, 49,
                 , e, 14, 15, 16, 17, !8, l9, 20, 21, 52, 53, 54, 55, 56, 57
                 , O, 14, 15, 16, 29, 30, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67
                 , O, 6, 7, 8, 9, 10, 12, 69, 70, 71, 72, 73, 74, 75, 76, 76.l, 77, 78
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                  data of Osaka City, the observed materials in surveys II, III, and

           analyzed, because the survey stations were only two points in survey

                 5, the differenee between the gravity values observed in surveys

                  surveys III and IV are plotted respectively. And the amount of

                measured in Osaka City are also shown in Fig. 6 for cornparison

                5. From these three figures it is generally understood that the

               ground-subsidence wel! coincide with those of large incyeases in

gravity, exceptmg the case in the small nDrth-western part of City. Ground-subsidence

                  increase of gravity value owing to the approach of the survey
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    Fig. 6. Ground-subsidence in Osaka City

ground-subsidence generally coincide with the places

in gravity in the area of Osaka City. Combining

be said that, phenomenologically, the gravity value

negat}ve Bouguer anomalies in Osaka City. Thls

that discussed in the case of the western shore

practica} considerations, the gravity variation of

variation of O.e5 gr/cm3 in the sttbterranean layer

in the layer of 100 rn, and these amounts of density

kable excepting in an unusual instance. Besides, the p!aces

are generally on sandy and weak ground where

of the ground excited by various sources is enormously

of ordinary firm ground. As it is reasonab}y supposed

of ground would greatly disturb the reading of

change of gravity at the places of iarge ground-subsidence

surveys in Osaka City may partly be attributable

gravity on the weak and restless greund. Especially, anomalousiy large changes shown
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 station, though small, to the centre

 of the ea'rth, but, in the case of

 bsaka City, special note shou!d be

 made of amount of gravity increase.

Namely, the rriaximum subsidence

 in this case ameuRted to nearly 10

 cm, and coRsequentiy the gravity

 increase by this subsidence was

 calculated as nearly O.03 mgal,

 which is exceedingiy small com-

 pared with those observed in the

 present survey, as seen in Figs. 4

 and 5. Therefore, if ihe observed

 increase in gravity in Osaka City is

 assumed as the real phenomenon,

the grognd-subsidence would cause

 the increase of effective density in

 the subterranean iayer which gene-

 rally contains a great deal of under-

 ground-water. And, on the oÅíher

 hand, it has been previously dis-

 cussed (12) that the p}aces of large

    of negative Bouguer anomalies

this and the above argument, it can

  increased largely at the places of

  relation resembles, in appearance,

 regioR of Lake Biwa. But, under

1 mgal would necessitate a density

  of 500 m thickness, or O.24 gr/cm3

    variation are generally unthin-

        of large ground-subsidence

the arnplitude of the micro-tremors

        large compared with those

      that the large micro-tremors

  the portable gravimeter, the large

          deduced from the gravity

   to the erroneous observation of
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in Fig. 4 may perhaps be interpreted as derived from the observationai errors in

survey in 1951. 0n the contrary, the gravity change shown in Fig. 5 is considered

to be trustworthy, and this problem en the relation between the ground-subsidence

and the change in gravity could be solved by-,a R,,i. Iying the repeated survey ef gravity

and levelling to the restricted small area of large ground-subsidence.

    In the above discussions the following three essential points are naturaily assumed :

(a) All vaiues of gravity in the present four surveys are referred to that at the gravity

    base station of Kyoto, in the old Astrenomical Institute, Kyoto University, and

    the gravity vaiue at the refeyence station was assumed to have suffered no change

    during the period of the successive surveys.

(b) In the application of correctien for drift to the measured values, the amount of

    drift was assumed to be in a linear rate with t!me in any ciosing clrcuit of survey.

(c) The sensitivity of the gravimeter was assumed to have remained constant throu-

    ghout the period of all the surveys.

    Regarding the first supposition, as ail gravity measurements made in the world

are generally so-called relative measurements, any point skould tentatively be adopted

as a.. reference station of no change in the treatment of the relative time variation of

gravity in the event that there is no base statioR of absolute rrieasurement as refereRce.

In the case of the present survey, therefore, the absolute amount of gravity variation,

if it exists, is undetectable, and it must be noticed Åíhat that which is detectable in

the present surveys is the time variation of gravity difference between any of the

stations and the old Astronomical Institute of Kyoto Unlversity. As to the second

supposition, this problem is considered to be an extremely essential point for the

investigation of the phenomenon of time variation in gravity, perhaps ef an exceedin-

gly minute amount, if it exists, by a high}y sensitive but Iabile survey gravimeter.

The North American Gravimeter used in the present surveys is semewhat troubleseme

in the point of artificial heating for regulating the temperature in the equipment, but

its rate of drift is extremely small (roughly estimated as O.05 mgal per day, during

the period of the present surveys). As the main spring of the North American

Gravimeter, made of an isoelastic alloy, contains in itself a large internal stress in

the manufacturing process of the La Coste-winding, on!y three years' guarantee is

generally provided fer the stability of the spriRg. But the Gravimeter AG-1, 108,

used has been satisfactory in the points of its sensitivity and small drift since its

import in 1949 to the present, its cause being supposed to be partly attribgtable to

the continuous temperature-regu!ation and the gravity mass-clamping in every time,

though cumbersome in manipulation. The Worden Gravimeter, on the contrary, the

spring and other principai parts of the instrument being made of fused siiica, needs

no heating and clamping. But in spite of its easy manipttlation, the Worden Gravimeter
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belonging to the Geological Institude, Kyoto University,

by which the tidal variation ef gravity was observed

at several stations in the Kinki District by the writer

(13), showed a large amount of drift about O.6 mga}

per day anel moreover a non-linear rate of drift even

in the course of continuous reading at one station.

Therefore, in the study on the time variation of

gravity, a strict examination has to be made as to

whether the rate of drift of the used gravimeter

maintains the linearity or not.

    RegardiRg the third postulation, the calibratiQn

of the sensitivity ef the instrument has frequently

been made by comparing the gravlty value at the
basement wlth that at the roof of the building of the

Geological Survey. From these measurements the
scale-constant of the instrttment was cenfirmed te have

been practicaily invariable during the past several

years, but it needs to be ascertained in other ways as

to whether the scale-constant is invariable or not with

time in wider ranges as well. On this point it will

be checked, as oRe way oÅí discrimination, by the

followlng procedure; taklRg the base station (old
Astronomicai Institute, Kyoto University) as the coor-

dinate origin, and the difference of gravity value

between any station and the base station as the
abscissa, and ploitiBg the change of gravity during

surveys I to II, I to III, and I to IV at the correspend-

ing stations as the ordiRate, the diagram as shown in

Fig. 7 is obtained. When at any time there happens

to be a variation in the gravimeter's scale-constant,

even lf there is no time variation of gravity at any

station, all points thus plotted would range on three

straight lines passing through the coordinate origin and

producing some angles with the abscissa-axis respecti-

vely. And if the rate oÅí change of scale-constant with

time is constant from year to year, the three straight

lines thus obtained for each. difference in surveys I-II,

coordiRate origin with angles lncreasing at a uniform

I-III,

rate
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as seen in Fig. 7, such a tendency is never systematically observed, and, therefore,

the scale-constant in the present instrurnent is considered to have been approximateiy

invariable throughout the whole survey period.

4. Snmmary
    The results 'of the present surveys of gravity repeatedly operated durlng the period

of 1950-1953 in the Kinki District may be summarized as follows :

i. The change of gravity value in the order of magnitude of O.1-O.2 mgai in every

   survey compared with those of the preceding year were observed at a majority

   of the observation stations. But there were generally no systematic changes of

   gravity value at the stations in any region excepting the cases in the western

   shore region of Lake Biwa and Osaka City. The apparent changes of gravity
   vaiue obtained in the present surveys may be attributed maiRly to instrumental

   and observational errors, and this type of investigation for secular variation of

   gravity is considered to necesskate an assistant named "time" of several decades

   or centuries for the complete solution of the prob!em.

2. In the area of the western shore of Lake Biwa, al! stations showed a somewhat

   increasing variation in measured values. If this increase is assumed to be an

   increase in real gravity value, it provides an interesting speculation on the reiation

   between the time variation of gravity and the area of steep gradient in the Bouguer

   anoma!ies ef gravity. But its reality should also be ascertained by the repetition

   of gravity surveys in the future.

3. In Osaka City, the tendency was observed that the gravity va!ue increased in the

   area of markedly large ground-subsidence. The amount of these increases in

   gravity is not adequately covered by the change of statien !evel and needs to be

   explained by some another unknown procedure through which both the phenomena

   of gravity variation and the deÅíormation of weak ground are connected. This

   prob!em is a!so an interesting research item which should be so!ved by applying the

   same gravity survey to other area of !arge ground-subsidence.

    In conclusion, the resu!t derived from the present series of gravity surveys is, ln

a word, that the secular variation in gravity, if it exists, is very minute in quaRtity,

 and the errors caused by the instrument, observation, and other unknown sources are

 far larger thaR the quantity in question. Nevertheiess, the study on the secular varia-

 tion of gravity should be advanced by reducing the instrumental and observatienal errors

 as far as possible, and on the other hand, by spending iong series of surveys over

 several decades or even centuries. The phenomenon of gravity change with time is

 certaiR!y aR attyactive and essentlal research item in geodesy and seismology, especiaily

 in regions greatly disturbed by such crustal deformation and strong seismic activity
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as fougd in this country. In our institute, the study on the time variation of gravity

is scheduled te be operated by the comblned observatien with the extremely hlghly

sensitive station gravimeter, frequently checked by the gravky pendulum, along with

frequentiy repeated surveys with the pertable gravimeter of high sensitivity and srnall

drift. Finally, it is earnestly hoped that the values of gravity llsted in the table at

the end of this paper and the various remarks above described may serve, to a certain

degree, for the fature development of $tudy on the periodic and non-periodic variation

of gravity with time.
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                           Pescription of survey stations

Number
   O. Kyoto University, Cellar of the old Astronomical Institute, Gravity base station, on flOor

        (not on stone base). -
   1. " " ,Geophysical Institute, Basement room by the side of stairs, en floer.
   1. 1. " " ,Geophysical lnstitute, at roof.
   2. " " , Geoiogical lnstitute, International fundamental gravity station, on fioor
        (not en stone base).
   3. Kyoto City, Yama-bana trifurcate road, on read of 1 meter east frem the guide post of
        "Daikokuten-michi".
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   ,Yase, on road near the wesi edge of Sait6 bridge. '
   ,Kode-ishi trifurcate road, on road in front of a small shrine. •
   , Gion-ishidan-shita, on road in front of the stone pillar of the Yasaka

   , Hon-machi hachi-ch6rne, B. M. 216. 1.
   , Fushimi-inari, B.M,

   , Fujino-mori, B.M. 217. 1.

   , Momoyama, BM
   , Bank of Uji river, B.M.

   ,Daigo, on road in front of the gate of Samp6-in.
   , Yamashina, B.M. 214. 1.
   , De-machi, B.M. 241,
   , Kyeto Palace, T.P.

   ,In front of the west gate of Honkoku-ji, B.M. .
   , Sensh6-ji-Åëh6, B.M.

   , Katsura, BM. 1298.
   , Kataki-bara, B.M. 1297.
   , Tsuka-hara, B.M. 1296.
   , Oino-saka ridge, BM. 1293.
   , Saga, on road near the north edge of the Togetsu bridge.
   , Uzumasa, T.P.
   ,Intersecting peint of Sanj6 $treet and Sembon avenue, on ground
40 cm from the monument stone of "Shagaku-in".

   ,North gate of My6shin-ji, en road in front of1meter from the
stone oÅí "Sakuma Sh6zan".
   , Rentai-ji, on pavement in front of 2 meters from the name post of

                                                           '
   , bmiya primary school, en ground between the gate pillars.
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28. Kyoto City, Minami-shiba-ch6 trifurcate road, en road in frent of the pelice box.

29. " " ,near Raj6-mon stop of the city tram, on pavement in front of 3 meters
     from the name post of "Kanzeon bosatsu".

30. " " ,T6no-mori, T.P.
31. 0tsu City, Osaka-yama Observatory Qf Kyoto University, on ground near the entrance
     of tunnel.

32. " " ,Izumi ch6, B.M. J. 213.
33. " " ,Seta bridge, B.M. 211.
34. Shiga Prefecture, Kusatsu Town, on road in frent of Minami dentai hospital.

35. " " ,Yasu Town, B.M. 207.
36. " " ,Shino-hara Village, B.M. 206. 2. (new:on concrete biock).
37, " " ,Mu$a Village, B.M. 204.
38. " " ,Hie Village, B.M. 20Ll.
39. " " ,Takamiya Town, B.M 2eO.
40. Hikone City, Hikone Castle, on ground in front of 2 meters frem the monument stone
      of "Enj6 Kend6" (new : inside of pali$ade).

41. 1. " " ,Hikone Municipal Ornce, on ground in front of 1.5 meters from the
      right hand pillar of porch.
41. 0tsu City, Karasaki, B.M. 23e2.

42. " ",Okoto,BM. 1305.
43. Shiga Prefecture, Katada Town, B.M. 1307. (new:near side of S.M.).

44. " " ,Wani Village, B.M. 1309.
45. " " ,Kido Vil}age, B.M, l312.
46. " " ,Komatsu Village, Kita l<ematu, I<ino-shita shrine, on read in front of
      1 meter frem the name post of "Kine-shita Shrine"

47. " " ,Takashima Town, BM. 1320.
48. " " ,Aiba Village, I<umanornoto, Intersecting point, on road in $outh-west-
      em Åëorner.

49. " " ,ImazuTown, B.M. 1326. .50. " " , IkataÅëhi Village, Kami-ryttge, Fukujuzen-ji, on ground in front of 40cm
      frem the stone steps.
      " • " ,Ikatachi Village, Tochif trifurcate road, on road.51.

52. Kyoto Prefecture, Shino Village, B.M. 1292.
53. " " , Oi Village, Namikawa, Namikawa station, on concrete block in railway
              .      near crossmg.
54. " " ,Chiyokawa Village, B.M. 1287.
55. " " ,Yagi Town, Oyabu, B.M. 1285.
56, " " ,Yagi Town, Yoshitomi, B.M. (new:Yoshitomi primary $chool, on
      stepping-stone in front of the gate).

57. " " ,SonobeTown, B.M. 1281.
58. " " ,Mukou Town, Mukou shrine, on ground in front of stone steps.
59. Takatsuki City, B.M.
60. 0saka Prefecture, Tonda Town, Intersecting point of so-called industrial road, on road
      near B.M. of Osaka Prefecture.
61. Takatsuki City, Abuyama Seismological Observatory of Kyoto University, Basement room,
      on stone base.

6LO. " ", " " ,Basement.63.X " ", " " ,First floor.61.2. " ", " " ,Seconct ftoor.613. " ", " " ,Third floor.

k.
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  61.4. Takatsuki City, Abuyama Seismological Observatory of Kyoto University, Fourth fioor.

  61.5. " ", " " ,Fifth floor.  61,6. " ", " " ,Sixth fieor.  62, " ", " " ,Pumping room.  63. Ibaral<i City, Tobushi, B.M. 225.

  64. Suita City, Tarumi, B.M. 411.
  65. Itami City, Koya, B.M. 464.
  66, Nishinomiya City, B.M.
  67. K6be City, Mikage ch5, on pavement in front of Higashi-nada police station.
  67.l. " ",Uesaki ch6, Nada high schoo!, in the poreh.
  68. Amagasaki City, Amagasaki high school, on ground in front of the porch,
  69. Kyoto Prefecture, Yahata Tewn, Seuth edge of Gok6 bridge, on road in frent of the guide
        post.
, 7e. Hirakata City, Sottth edge of Hirakata bridge, on read in front of #ke stone pillar.
  7;. Osaka Prefecture, Suminod5 [rown, Suminod6 primary scheol, on ground in front of
        1meter from the name post.
  72. " " ,I<ashlhara Town, Ichimura, en road in front of 2meters from the
        monument stone ef "Hatanaka O".
  73, Nara Prefecture, Oji Town, B.M. 1388.' '
  74. " " ,Ikaruga Town, H6ryn-ji, on $tepping stone in front of the south gate.

  75, " " ,K6riyama Town, BM. 1395. ' '
  76, Nara City, Sanj6 street, B.M. 1398.

  76.L " ",Nara Gakugei University, en ground in front ef the assembly hall.
  77. I<yoto prefecture, Ide Village, East edge of the Tamamizu bridge, Intersecting point on
        banl<, at nerth-eastern comer.
  78. Uji City, Okubo, Intersecting point, on road near the guide pest.
  79. Sakai City, Ayano ch6, B.M. J.246.
  80. 0saka Prefecture, Takaishi Town, Town ofice, on ground between the gate pillars.
  8!. Kishiwada City, B.M. 255.
  82. Izumi-sano City, Ichiba, B,M. 259.
  83. 0saka Prefecture, Ozaki Town, intersecting point, on stone bleck near a solitary
         .        pme-tree.
  84. " ,, , Tan-nowa Village, Izumisaki middle schoo!, on ground between the
        gate pil]ars.
  85. Wakayama City, Nal<anoshima primary school, at a small reom by the side ef assembly
        hall.

  86, ,, ",gon-machi, B.M. J.273.
  87. Wakayama prefecture, Nishi-wasa Village, Hachikenya, B.M. j. 271.

  88. " " ,Iwade Town, B.M. 1582.•
  89. ,, ,,                        , Tanaka Village, Kurotsuchi, B.M. 1579.

  90. 4 " ,Nade [rown, B.M 1576.
  91. " " ,Otani Viliage, Shin-zaika, Bank near B.M., on concrete block of
          asmall shrine. '
  92. " " ,K6yaguchi Town, B.M. 1570.
  93. " " ,Kashimoto Town, B.M.
  94. ,, " ,Suda Village, Matsuchi, on road near the east edge of Ry6goku
          bridge.
  95. Nara Prefecture, Katsuragi Village, Kotono, at porch of the ruin of isolation hospital.
  96. Yamato-takada City, on concrete block by the side of monument stone of "The Emperor
        Meiji"
  97. Nara Prefecture, Yagi Town, Ebisu shrine, on stone base of left hand lantern.

  98. " ,, ,Tawaramoto Town, Tsushima shrine, on stone base of the monument

.tpt
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      of "Kokui Seny6".
 99. Nara Prefecture, Nikaid6 Village, Kizuki shrine, at the middle of the dancing-platform.
100. 0saka City, 6yedo ku, Nagara NakadOri, B.M. J.229.

101. Higashi Yodogawa ku, Kita Omichi ch5, Osumi shrine, O.B.M. N.1. (")

102. " " , Komatsu Nakad6ri, Sennen-ji, O,B.M. N.2.
103, " " ,Shimo Shinj6 ch6, 8.M 228.
104. " " ,Toyosato Samban cho, Teisemb6, O.B.M. N.4.
Ie5. " " ,Toyosato Sugahara ch6, O.B.M. N.5.
I06. " ,, ,Shibajima ch6, ShibaYma shrine, O.B.M. N.6.
IG7. " " ,Shibajima ch5, B.M. 228.L
I08. " " , Minamikata ch6, Sh6fuku-ji, O.B.M. N. 8.
109. " " , Mikuni Hon-machi, Mikuni primary school, O.B.M. N. 12.
IIO. " " ,Nishi ch6, Kbya-ji, O.B.M. N. 13.
111. " " ,jgso Higashino cha, Jitso primary scheol, O.B.M. N. 14.
I12, " " , Motoimasato, Kakuaisha kindergarten, O.B.M. N. 16.
113. " " , Mitsuya Nakad6ri, Rensh6-ji, O.B.M. N. 17.
i14. Nishi Yodogawa ku, Nozato ch6, Tanaka laboratory, O.B.M. N. 20.
215. ,, ,, , Nozato ch6, Nozato Sumiyoshi shrine, O.B.M. N. 22.
116. " " ,Himejima ch6,'Ximejima shrine, B.M. le696.
117. " " ,Tsukuta ch6, Ichi ch6me,-O.B.M. N. 24.
118. " " ,6wada ch6, 6wada Higashi primary school, O.B.M. N. 25.
119. ,, " ,Ono ch6, Sumiyoshi $hrine, O.B.M. N. 26.
120. " " ,Tsukuta ch5, B.M. 10697.
121. Miyakojima ku, Nakano ch6, B.M. 229. 1.
122. Asahi ku, Omiya ch6, 6rniya shrine, O.BM. E. 2.

123. " ",Akagawa ch6, J6hoku primary school, O.B.M. E.3.
224. J6t6 ku, Sekime ch5, Police school, O.B.M. E. 6.

125. " ",Kanaten ch6, B.M. 10746.
I26. " ",Shin Kita ch6, B.M. 10747.
I27. Miyakojima ku, Aioi cha, B.M J. 232.
128. Ikuno ku, Otomo ch6, Koji prirnary school, O.B.M. E. 20.

129. " " , Katsuyama d6ri, Osaka Meteorological Observatory, B.M. near well.

129. 1. " ", " ", " " " ,B.M. in garden
129.2. " ", " ", " " " ,Seismograph room.
130. Higashi ku, 6temaeno ch6, Staff's liall ef O$aka Prefecture, at porch.

                  -- e131. ,, ,,,Mermomiya Xigashino ch6, Labourer's liali of Osaka City, in frent of the
      stone steps.

131. 1. " ", " " ", Hikarino-ma in the third fioor.
132. 0yedo ku, Nakatsu Kon d6ri, Nakatsu primary scheol, O.B.M. M. 8. '
133. Fukushima ku, Ebie ch6, Nippon Medicine Co., O.B,M. M. 16.

234. " ", Tamakawa ch6, Ebisu shrine, O.BM M. 13.
135. Kita ku, Sonezaki kami ni ch6me, Tsuyu-tenjin shrine, O.B.M. M. 18.
136. Nishi ku, Edobori minami d6ri, Nishi Semba primary school, O.BM. M. 23.
137. Higashi ku, Hon-machi ni ch6me, north-eastern corner, O.B.M. M. 27.
138. Minami ku, North edge of Nippon bridge, O.B.M. M, 4•O.
139. Konohana ku, Shikanjima Od5ri, Donkai-in, O.B.M. W. 2.

140. " ", Xideno ch6, Senshif-ji, O.B.M W. 10.
14L " ", Shimaya ch6, Sumitomo Metal Co. O.B.M. W. l3.
142. " ", Sakurajima Kitano ch6, Hitachi shipyard, O.B,M. W. 18.
143. Minato ku, Ichioka Hama dsri, Ichioka commercial high school, O.B.M. W. 27.

                  '
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 Minato ku, Yawataya Motomachi, Harbour works section of Osaka City, at lewest step
   of the stairs. (new:in lawn graden in frent of the building).

   " ",Tempdzan,T.P.
 Taish6 ku, Minami Izuo ch6, Izuo Higashi primary school, O.B.M. W. 33,

   " ",Funa ch6, Nakayama Steel Co. O.BM. W. 38.
   " " , Tsuruhama cl6ri, Narbour works section of Osaka City, O.B.M. W. 40.
 Nishi ku, Kuj6 dari, Kuj6 small park, O.B.M W, 45.
  " " , Nishi D6tonbori dOri, B.M 235.2.
 Naniwa ku, Ebisu ch6, B.M. 235.
 Nishinari ku, Nakabiraki chO, Nakabiraki primary scheol, O.B.M. S.3.
    " ",Tachibana d6ri, Tachibana primary school, O.B.M. S. 7.
 Abeno ku, Hannan ch6, Abeno high school, O.B.M. S. 11.
 Higashi Sumiyoshi ku, Kuizen cha, Ikuwa primary school, O.B.M. S. 12.
   " " ", Yuzato ch6, )or{inami Kudara primary schoo}, O.B.M S. 15.
 Nishinari ku, Tabata d5ri, O.B.M. S. 20.

 Sumiyoshi ku, Shibaya eh6, Fujinagata shipyard, O.B.M. S. 22.
 Nishinari ku, Kohama Nakano ch6, Koharna primary schooi, O.B.M. S. 24.
 Sumiyoshi ku, Higashi Nagai ch6, Nagai primary school, O.B.M. S. 27.
    " ", Minami kagaya ch5, Sumiyoshi park, O.B.M. S. 34.
    " ,,,Adachl ch6, B.M. 245.

O.BM.: Abbreviation of benÅëh mark made by Osaka City
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