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REPORT ON THE GRAVITY MEASUREMENT BY THE JAPANESE
ANTARCTIC RESEARCH EXPEDITION, 1958-59.
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Seiichi KAKINUMA*** and Arao YOSHIDA****

Abstract

During the period of the second Japanese
Antarctic Research Expedition, 1957-58, gravi-
meter observations were carried out on very
closed pack-ice in Liitzow-Holm Bay and no
pendulum observation was made in the Antarc-
tic region. A Worden gravimeter used for this
measurement had a stable and small drift, which
was confirmed by continuous readings at Singa-
pore and Cape Town, and also by examining
the observed closure at Cape Town after the
voyage in Antarctica. Based on this experience,
it was expected that the gravity value at Syowa
station would be determined by means of the
gravimeter with the accuracy of few milligals.
Thus,

carried out in the third expedition and the

the gravimeter observation only was

pendulum apparatus was not employed.

In the case of relative measurement of gravity
between two stations with a large gravity differ-
ence by means of gravimeters, serious errors
might be caused by occurrence of drift and also
by uncertainty of scale factor of the gravimeters.

An error in reading a large dial of the Worden

gravimeter placed on the ground at Syowa sta-
tion is so small that it is safely neglected. The
kept at Syowa station from
January 26, to February 4, 1959.

gravimeter was
A drift rate,
+0.29 milligal per day was observed for this
period, which agrees well with a value, +0.28
milligal per day, deduced from the closure,
17.2 milligals, at Cape Town after 61.8 days’
voyage in Antarctica including above mentioned
period. Since stable drift was also observed
at Singapore and Cape Town, it was confirmed
that this gravimeter had a rather stable drift
during the whole period of the third ex'pedition.
The error caused from the ununiformity of the
drift on the result might be less than a few
milligals.

On the other hand, no definite estimation of
the uncertainty of the scale factor of the gravi-
meter has been obtained. As to the small dial,
calibration measurements were carried out along
a calibration line in Japan with a gravity differ-
ence of 202.6+0.3 milligals, which was deter-
mined by the GSI pendulum apparatus, before

and after each expedition.
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Since no calibration measurement for the
large dial has been made, values given by the
manufacturing company were used for calculat-
This

fact may cause an error of few milligals on the

ing the gravity value at Syowa station.

result. Therefore, it is estimated that the final
accuracy of the gravity value at Syowa station
might be within a few milligals.

The result is:

g Syowa station =982.540

Latitude 69°00.4' S
Longitude 39°35.4'E
Height 29.2m,

relative to

g cCape Town =979.6470,
which was determined by means of the GSI
pendulum apparatus in the second expedition,
1957-58, and agrees well with the value, 979. 6468,
obtained by D.I. GougH by using a Cambridge
pendulum apparatus in 1956-57.

Besides the observation at Syowa station, as-
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tronomical point, five stations have been estab-
lished in East & West Ongul Islands.

values at these stations were determined refering

Gravity

to Syowa station with the relative accuracy of
0.1 milligal. Distribution of gravity anomalies
in Ongul Islands is shown in Figs. 2 and 3.
Like the case of second expedition, the gravi-
meter was used for the measurements on very
closed pack-ice in the third expedition with a
probable accuracy of about ten milligals. Re-
sults of observations in pack-ice region by both
expeditions are summarized in Fig. 4, in which
distribution of gravity anomalies, without taking
into account the depth of ocean, is shown.
The values of gravity anomaly in Liitzow-
Holm Bay are over+50 milligals which far ex-
ceeds the estimated error, while those at Syowa
station are all negative. It is concluded from
this fact that a large gradient of gravity anomaly
must be existent along the coast of Liitzow-

Holm Bay.

1. J=2

52 REEEA (1957~1958) <, #Willlfs “Re " 3 Lutzow-Holm #py THIFKIZEA
LZobircicsd, BMEMTENRFOBMEE/RTE Y, KL T Worden FESE DELMI
A Fite bz, & 0FFHE# Singapore, Cape Town T3, EIRT-OEAIAIEE =1,
BA L OREAEAFRE NI TADORBRIC LT, B TO EARTEI L,
Y OREE X 7 5 A5, Worden EHEF OBMIIILENES ThH Y, H mgal OFE L HRFT
EBHZENHIOMIRDI. ZDL I bd T, F3REM TS, Worden = OB T
piEtE, Efish, F ¥ 7 LBR TREEMSS &, Litzow-Holm EOHMK LT T A8HAl
Xhts. 7 AEEO#ES, Singapore, Cape Town T, 42 REBHEITERSN7-EHIRTH
FHETOBM, FLOMDE L D IERIENEN S 7.

2. REMEONEE

HEIJEHNC & 2 HEGIR OKEE L, & LTEHHO drift L FHREOWE TR X b
B INBIZEBEREL <O LRI LinT g gy,

EIFIZ L HREM O ERIE L, fMEHRIZ L DO TTZeonzERL, drift OBBL T
BRGNELTEONERBTHSH. L1 BICEEEBHOEHEZ1E, Cape Town % H T
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HET 60 Bl EAnbnn, drift OBBRIARE (D, F2REHN T, FEFOBANZ
L OT drift AU IE—RRICEZ D Z A ErO DN TE Y, Cape Town 2H T blEs T,
88.1 HRf®D drift »! +17.5mgal, f#£->T1H% Y 40.20 mgal TIHEA)NEHD/DT,
FAREHI T OBRIME I LT, M mgal M EDEEL AL LN EARR INIDTH D7
FIRBEBZDONTYH, WEOHEZFAKTH Y, drift ORI FAFETHOR. HERH
D LRI OWT, it L OFEGO drift 25748, FLEOELF YV THD. FHALE
EHE, @\ENELAL LD T, Worden EFEF No. 346 T 5.

FTl1FE FLRRUOEIRBMEA SR Worden EAHEHD drift
Table 1. Drift rate of the Worden gravimeter used for the 2 nd and 3rd J.A.R.E.

o2 kBl | B3R B

Second expedition 1 Third expedition
8 & Drift L S| Drift
Duration per day | Duration | per day
s (days) (mgal) ‘__(days) \ (mgal)
Japan (before start) — — 44.8 | +0.34
Japan — Singapore 15.2 -0.12 13.1 ! +0.08
Singapore 5.0 +0.02 29 | +0.54
Singapore — Cape Town 2%.5 +0.15 23.3 | +0.39
Cape Town 6.8 +0.17 3.1 +0.50
Cape TownZAntarctica 88.1 +0.20 61.8 }‘ +0.28
Syowa Base — — 8.1 L +0.29
Cape Town 3.9 +0.16 6.9 ‘ +0.32
Cape Town — Singapore 27.8 +0.17 24.8 1| +0.30
Singapore 6.0 +0.22 4.0 l +0.37
Singapore — Japan 17.1 +0.36 13.1 i +0.53
Japan (after return) 17.0 +0.23 12.1 ‘ +0.33

ror Lt oo drift (3, 282 RN TEB S N CEHNRFIC L 2 HEHIEDORR & < BN
Tk b, |RFOWEMRARL, 0.5mgal BEORELFATHY, HABRT 2ENFER
DBRELH BN, 25 LTROLNfimF O drift 1, FHEPEGREUASEO BN
DLy, FEERENMEC. FHEGL, BN om)

200
HAIRFNESIZI\TEE A 8 y
L, Do drift #E 7. 5 expedstsonl

FlEkrLd e, 53KRENOHHG e
EE2RENL 0, —fpc drift pikE '
W ZDZ kT, %2${§ﬁ/ﬂu7]>, %1’/15% | expe?i?tdion'i/
HEADEDNABZ THOT, HOHIZ ( '
Bo drift 2R Lo by, ok °F 1§ oW T 1w wmoT
X _ . . N - 1957 1358 1959
KEBIZBIEOPREITTETE b D L8 1 Worden =it 0 drift D#EE
N5, FEGFO driftizkExL0sh Fig. 1. Total drift of the Worden gravimeter.

.
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DL, OB OBRE 2772\, EHEH 2B Licizh B2 b1 5. 1957 £ 10
RBEAIZEALTLUR, drift OBBIZFE IRIIRLAEY THOT, 1958 F 4 A7 533
— R RIT ZENTES.

BIRWMTIE, 1959 £1 7 26 H»H2H3HFT 81 B, ENIBEMEHIZS
TEATHZ L TE. ZOMO drift 131 H%Y +0.29mgal ThHYy, iz Cape
Town - Ff g FEM O drift, +0.28mgal ¢ J {—FH L T\ 5. LOTZDOEEDM,
drift 1 4+0.28 mgal/H & LTHEL/. H LIOMT drift 23—z Z > T 7aiT nuid,
BAEMDOENEICRELET SH. TORSZIEZWALNITTZ2ZLIET & 78\ A, ZOMD
drift o#&E 17.2mgal L V&)X, 2~3mgal LT EFE 2 binb.

WRIZFIHE & 70 5 D2 E S E O @2 ——calibration factor T4 %. Worden & /731712 large
dial ¢ small dial 733 %. small dial THIZE T 24, # 80mgal L@ F 7\,
TNLVENEN REVYA, reset & FIZHEMEY 5121% large dial (2 & Hhldis big
V. small dial i2owTix, HE —fhifERER (E% 202.6+0.3mgal, ENRFIZL S
HEsllEl) TRE L. ZOMRIIRDBY TH 5.

%2 % Small dial D5
Table 2. Calibration of small dial constant.

W E A B Calibration constant it %
Date of observation mgal/division Remarks
— 0.1047(7) BELtEm b5 2 b b D
1957 X 0.10456 Value of the constant given by the maker
58 VI 0.1045;
il 0.1044;
X 0.1044;
59 V 0.1042¢
VI 0.1043,
X 0.1041,

F2RYLD L, S2ONIEEE 1EIORERR & T122/1,0000%THY, ZHITRERF
IZE AHBAEEORELRABEETHD. L LEDEOBRETIIEAYT 2EME &2 ¢ Tk
D, B B EREOMHMIEE 1/1,000 ##B2 T2 Z LITEE LT ud s by

FEFEFFIAHA T, large dial 1= X O THEASHME T6° T, WETESHLDOT
BB, TDXITENEDRECTHINIDOWTIRE ST 5 AT E D7z 7cw, large dial
ZOWTIE, RFSHORERMR T O T EHA Lz TOREIZBA S A T2, small dial
DEEILENBARBR LT, 1/1,000 BEIHEETHA 5. Zhut Cape Town - FEFIE ],
# 8,000 mgal =5 LT 8mgal &7 5. large dial (22T TEROKREZEN A HHMD
Ln7g\v7y, small dial &L VI SWZ ENTFHEINS. Ui L large dial 1225\ T 13,

FH3 3,000 mgal Ll EDOME, WITH THCHIZEBRMNE T2 L 57, TLRWBRELE-T
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DI ENMETHD.

BlLED X 51z, BHOBRZE L drift LV REVEBLBIFT L2105, ZAHIZ BN
TEHHOBA—EK 20 ) HEDEE LE 2/ X\, small dial OF2E Y 12 1/10 B
Albizix 0.01mgal =T, BEMCHET 28R 0.03mgal ZETHSH. large dial
WZOWTE, 1 BRELTFOMEIIE £ /o v 25, small dial #08F L TEHT 2 B4 DEER
#% 0.1~0.2mgal IZBEF 7\ TR HEEA LT, B E HEJOHEE L mgal
LEz2bBbN5.

—HEBEOK EOREIZOVTUE, BIEOWE TON/zE kY, KO ETEEDD, BHMHE
DREFEILAY 10mgal £52 B s, ZOHEIZIE drift OIF—Heiks X OEE, HET 258
ZIMEBEIC B,

3. W ®E & R

Ongul A TORFEMRILB I FIZAR LBV TH D, IEAEMKM S Tix 5 E DEHA
HY, BOFOIZ drift OFIELZ L THOEPH L. HEGIEDRELES & LT, Trigonome-
trical Survey Office, Cape Town DIRTHIEDFER 979, 6470 cm/sec? P # & D7z, C?hbi
1956~57 4, Cambridge #H-FIZ L >T GOUGH %% 7-1f, 979,6468 cm/sec*® » & k < —
}LTVD

w3k FrIABIIET IENRMER

Table 3. Results of gravity measurement in Ongul Islands.

.l . : U M 1
?éﬁ‘ A { o B = {g ng ’7 \ E , | o
) ‘ ) ! ) Date = 9 | ge i 9o 7¢ o= 70 90 =70
Station ) Latitude ‘Longltude Height of obs. | ‘ , | |
Syowa | | 1959 082 | | | |
station }69 00.4’ s 39°35.4° E 29.2m  1.26 | 539 95 ! | |
| i ©on 1540 13 f
‘ ] ML 20539 93 i
| T 3540 15 | | |
‘ ‘ ’ | | |
| ; 7 03T egy 1982, 982, | mgal mgal
; ‘ " mean '540 1 5491 | 5458 5549 | —5.8 —9.1
East Ongul ‘ l ‘ ; [ 5 " »
Point 1. |69 00.6 | 39352 : 43.4  T.26 5370 5504 5455 [5551  —4.7 —9.6
#o4. 69011 39356  35.4 I 3 S37 5485 |S447 5556 | —7.0-10.9
1 5. |69 00.4 { 3936.8 . 41.2  #  15340 5467 | 5421 | 5549 | —8.2-12.8
7o 6. 16900.7 |3936.5 ' 40.7 mo 5355 15481 | 5435 5552 1 —7.1]-11.7
| i | | |
West Ongul | | l | | !
Point 7. 01.0 326 403 ' IL 2 5401 5525 | 5480 |555°5 ' -3.0 -7.5
n 8. ‘ — — — " 543 3 — » — | —] —

i

BN v Bz v 728z, 3 Ongul B4 &, 7 Ongul B2 S0O8MIA T
N7, THITKEE A FLES 3 2 HESAIE T H 9, small dial 273 THIETE AL D TH
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B. PO THEMEROMIEL, RMEOHEEFLEELEL T\ 5 25, HENE: LTI
0.1mgal D¥EE2H DO TV, EHROBEIBE/LSLT, bHHA drift OFELHES
nTv3.

H Ongul BOEHEIL, FLIREJUWTHRE L ZAETHD. ZNDITIFRAERIIOZ
SNTWiemDien, MEDKESHATH D0 b, BAIDEMEDIE L hd/c e Bbhih .
MEEEIEFEIXRBAO=AMEDCHRTHS. 7 Ongul BT, FXEZARENEHS
T BHE 28055 1 8iF, B3IREWTIHRSY LMEBEENDIEE Lcs, o
152onTit, ZREZAUE*ZTOMEI TEETAZ LA TER WY, ME BIANL
TR, '

F3IEH, g0 97 ZENERN,

go=g +0.3086 h
90" = g + 0. 3086 h — 2xkpoh
7273, g: BE hm (BT BEHEAE
k: TAHEIIHDOEK
p: HBE O DEADEE
TEbEN, ENEMICENENEEME, BOUGUER MIE% LA Ths. HIEILEED

FBIXK A IILBOEERYE

Fig. 2. Distribution of free air anomalies in Ongul Islands (in milligal).
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Fig. 3. Distribution of BOUGUER anomalies in Ongul Islands (in milligal).

WAFE Yoy Vs hlaiBickd sESBNEE

Table 4. Results of gravity measurement in Liitzow-Holm Bay.

@ mo |’ E |k & WAEAA | gy | B =
Latitude Longitude Depth |Date of obs. g 7o | (mgal) Remarks
67°04" S 40°50" E 3875m| 1957 XI.26 | 982.460 | 982.433 +27 ‘an expedition

45 39 12 3280 | 1958 I. § 529 477 | +52
51.5 37 43.5 3395 12 535 484 +51
56.7 - 07.8 1975 17 572 489 +83
68 00.5 36 39.0 2360 20 572 493 +79
03.4 35 30.0 1690 23 564 496 . +68
27.0 32 18.5 375 30 591 5201 470
19.9 31 50.0 510 Io. 1 577 5131 +64
32.0 36 30.0 880 9 582 526
" " 885 10 575 " +52
I 1 895 14 577 | "
65 41 51 31 2500 | 1959 T. 2| 982.434 | 982.341 ' +93 3rd expedition
67 24 40 02 2780 11 501 455 | +46
28.3 08.0 2750 12 533 459 +74
31 11 3300 " 545 462 +83
33 27 3120 13 538 464 +74
43 05 2025 17 555 475 +80
52 38 50 3265 23 ‘ 542 484 +58
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TEDE ST 26T & Lic. eBhEMEIZIZRL Thlv. T XENDOEHE TS 2 DN HE
BEHMTH S BERR go—1 340 BOUGUER B ¢)'—7T DHMEE2 X, H3K
Wz L.

FEHKLEOBHMRIIFEARD LISV THB. ZORIZIFELRBUOHKFELHHETIEL
Tdhd. BHRFOHE T, BASOERT ELOSSIERL, BOEIDZEIC VN T
W JED T ZAUEFER-IZ DWT DE R %Lﬁﬁ?éb@f L., ZOGHEEAXKIRLT

»H5.

65°S

G4 B O & FE SN
Fig. 4. Distribution of free air anomalies in Antarctica (in milligal).

%2 WAl Observation by the 2 nd expedition, 1957~8
O ---% % 3 )  Observation by the 3rd expedition, 1958~9

FAX R D E, F2W, FIXRMEN TEELEAIT VD DT DT, /EDH @Wf#
HLTWBERRTIENTESD. BEHNREDKRE

o i3 +50mgal LI ETHY, ZAuIBEEOHME
2 Thdh, 2D kb, KBEDHK 150 km @
i, MgV REVEHRFOMFEZ 2 EmD
VAR

. e BFEEDED Singapore T, 52 REMD

SHE LTS EAILS. ZOBREE 2 REN

e = T - e

Fig. 5. Distribution of BOUGUER anomalies PRRLELHDTHERIF L7 BouGuer 2 "
~... - in Singapore Island (in milliga). DG #iIB XD EE Y TH D, = ORIZIIHE D

BSE A E-—ALDT - R
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BET, SEXNLNENDDBRIILELEAT WS,
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Table 5. Results of gravity measurement in Singapore Island.

. . . . |
B s moEoR OO R & | BN f | g ® E
g 9o | 97 | 7o ~ 7090 =70 Density
Station Latitude | Longitude Height | Date " | ! of crust
University N E m 978. 978. 978. 978, mgal xngaﬂ
of Malaya | 1°19.1 103°49.1"| 19.20 08050; 08643 08447, 0517 |+34. 7‘—:—32 8 2.44
Mount : e !
| |
Elizabeth (1), 1 18.3 103 50.2 | 19.21 | A | 07982 08575;0838010517 -+34.0}+32.1i 2.42
7 2| 118.3 103 50.2 | 18.53 | A | 08007 08579. 08391 0517 —%34.1&%32.2 "
Raffles A, B, ‘l | | | | |
Museum 117.8 103 51 8.02 C,D | 07984 082:31: 08147 0516 +30.7t+29.9j 2.49
Kallang ! “ J }
Airport 1 18.4 103 52.5 3.05 |A, B | 08062/ 081356 08125 0517 |+29.9+29.6' 2.42
Jurong ' i | | } !
BM 23 120.5 103 41.5 7.96 |A, B | 08000 08246 08159 0518 +30. 7‘ +29. 8 2.61
Nanyang A, B, |
University | 1 20.7 103 41.4 | 28.87 |C 07561 084)2 08130 0518 |+32. 7-r29 S 2.66
Woodland t i
BM 33 ! 126.8 103 46.3 7.78 |B, C | 07756 079()6 07914| 0523 +27.7‘+26.81 2.52
\
‘Changi i
Stand. BM 4| 1 21.4 103 58.3 | 27.52 |B, C | 06856 07705 07398 0519 |+25.2+22.1] 2.66
Singapore B, C, | i 1
Airport 120.9 103 54.2 12.89 |\D 07941} 08339, 08193‘ 0518 |+31.6 +30.1 2.70
| ‘ ‘
Hff Date A 1957, X, 7
B 58, 1v, 11
C 58, XI, 25
D 59, T, 31

7 LEBEROBME, A ENERRCL 2 DD THS. FHTOMEC2VTix, HEEO
FHrRIZBHFIC otz ZIWELEMHTIRETH 3.
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