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Leveling and Gravity Surveys at Syowa Station, Antarctica

Katsutada Kaminuma*, Kaoru ABe** and Hitoshi TANAKA**

Abstract: Leveling routes for detecting the ground tilt caused probably by
the regional deglaciation were estabiished by the 20th and 23rd Japanese Antarctic
Research Expedition (JARE-20 and -23) in East Ongul Island, Antarctica. The
leveling surveys were carried out according to the first order leveling survey method
of Geographical Survey Institute in Japan during the winter seasons of 1979 and 1982.
The accuracy of the surveys between the leveling points was better than +0.4 mm.

Gravity surveys using LaCoste-Romberg gravimeter model G were also carried
out in 1979 and 1982. Twenty-five gravity stations were established in West Ongul
Island in 1979. The gravity at six stations out of twenty-five was also measured by
JARE-19 and -22 in 1978 and/or 1981. The gravity values of the two or three
independent surveys at the same station were consistent with each other within the
accuracy of 0.1 mgal.

Five gravity stations were also established at the geodetic control points in small
islands off Langhovde, and three stations near the water tube tiltmeter of two com-
ponents at Syowa Station.
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FMEOBAIC I HAMBOBRLEEZ OGN TS, ZOBREDIERULA v 7 VEBEN D Tl
Ky FVYIRTT, AINTAFRILE, KERROBEHFLETLEONS. L2rL,
RBEKIKOFETER, BRABCIIERLE LTRERWMEDL>TWBHIEXR LT 5.
FERICKADH L Es7er v 7/ VEERDOMER &, KIKDOD 5 KEERIORER & ORI, <o
PREESHERED T — FICKEREY DD EXEESND. BRI CIIEERY OBE
19664 L) Kfit s b T %25, EBORE, S v IREH B IN D X 5 IsiEE O Bl
ZFRESEE IR TV, BREO - FARLNE, FoRiictfsEXBowmEMAERS
AREMED D 5. ZOTFRIhZEM RN T5 BT, EROMEAEGHE I .

1981412, ERTIXFD TOKEMMG L EZREEMH A REI R, ABROBA A =
- 72 (KAMINUMA and SHIBUYA, 1983 ; KAMINUMA et al., 1983; KaMmiNUMa and NAGAo, 1983).

FAICHTEA v I BT KERBOFZE S G & h, 1979F (20K & #Ipk : JARE-20)
WCPEEED A E D 1982F (JARE-23) 2 —IED5EE % Ric. AHE TR T DO KERRORE L
ZDOHFERHEFZOLTHENS.

¥io, 1977806 KBEREDOBREMF COENRENFE I ER S TS (FEB L,
1980; KaMINUMA and NAGao, 1984). 7D —@&E D BIEIZ197SHERI82FIZ L, Efp I h, +D
BRICOLWTLHRETS.
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B v I BRI T REBEZREE LcDIR 19790 F20KR B ThH - 7e. ZOE
FID KEEHL ST IR - T, 1982-1983421C 55 23 RBMBE BN EIET B & & dic, —Hu i
BlLic. BEGELHEEAENRFERR S KENRCERL TEES ATV 5. &E
LIcHA v I BEROKERBEZNK 1IZRT.
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MEFIEH O IR KEND, 1966FE 2 6E R I N T2 REBEIC X 5 (G - 3\, 1967).
Z ORBBIE AIX1966-1970F(JARE-7--11) F TRAEDHFTTH I TU 7o A8, 19714 (JARE-
12) tBREOHDOEIH I hic. L, 40 % TR CTHREBRA G #IE I hT5.
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} L1z, JARE-23 o, ¥z EMBRAKE (BLREFTKER) X b, FERKE,L
B.M. 1040 ~DE X 0 b M EAIZ TR, TOFEE, B.M. 1040 OF E Higw (ZRD
fETH 5.
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Fig. 1. Leveling route in East Ongul Island, Antarctica.

*® 1 $20%EREBC X5 BM1031-BM1026 O K ERI B
Table 1. Leveling observation value from B.M. 1031 till
B.M. 1026 by JARE-20.

Distance Height difference 1
Date Bench mark (km) (m) ! Remark
137 1031 0.320 +1.8819 ' JARE-20
1032 |
3.6 0. 504 —0.0094 ’
1025 l
3.6 1026 0.529 +2.5255
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23. BARBAKICE D KERIDRE

BBRBAFRIIZEEO—A (FIF) BE&MML, HF2REABKC X hFE S h e KEER
FHCBEELC, 3 RO KERYER L. BRLAKERL BM.23-15,-16,-17 TH 5. £
BIBRARTL, FESNHR TV DT NTOKESTHESERLE & DT, BMEMEERD L, ¥
BEDR, BIORAUEXHESHERETDHD.

BANT198242 1 A31EH2 A2 HE19834 1 A16A 25 1 A19H OIC £ L.

H3RBPIPE TER L7 KEERED route number #2127 L, FhFhOBREES
route number Z &IZ/R L7c.

2212198248 1 31 HicEH#5 L7 B.M. 1040-B.M. 1032-B.M. 1025 © Route A DR T

Syowa
Chigaku gravity station

gravity station

]
1029

B 2 KEFOBE L KERGEES
Fig. 2. Adjustment of leveling networks.

* 2 KERR A DBIEFKR
Table 2. Leveling observation value of Route A.

| Distance Height difference

Date Bench mark (km) (m) Remark
1982 1040 0.259 +15. 6227 JARE-23
| 1032
€
1.31 1025 0.576 - 0.0135
%* 3 KERE No. 1 OREFR
Table 3. Leveling observation value of Route No. 1.
. | . .
Date Bench mark 2 Distance Height difference Remark
§ (km) ! (m)
1025
1?83 p 0. 541 —2.5251 JARE-23
(16 1026
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# 312 Route No. 1 'C B.M. 1025-B.M. 1026 0 #ER A R3. F412ix Route No. 1 O
XL LT BM 1026 1:5R2ERLA X 51, BHloEFKESLEHL T B.M. 1025 iz
3% Route No.2 DFERYRLTH 5.

% 51% B.M. 1025 2 Sk EEPI B LAz 3 A% @& b, B.M. 1026 i1z:%3 % Route No.

3OHRTHS.

B.M. 1025 »HRKAKR, EEEHS

WHFHEBIIRNORBEE ThLTHh

Route No. 5, Route No. 6, Route No. 7 £ L, %6, 7, X8k Lo@EHIERE»RT.

+ 4 KEKK No.2 oRERFER
Table 4. Leveling observation value of Route No. 2.

Distance Height difference
Date Bench mark (km) (m) Remark
1983, 1026 0. 564 +12.6313 JARE-23
1027
1.17 0. 490 + 2.7528
1028
1.18 0. 480 — 0.3254
1029 3
1.18 0. 553 + 5.2574
1030
1.17 0. 498 —19. 6844
1031 {
1.18 0.346 + 1.8800 F,
1032 ]
1.18 1035 0. 463 + 0.0125
* 5 KEKE No.3 olBERER
Table 5. Leveling observation value of Route No. 3.
Distance Height difference
Date Bench mark (km) (m) Remark
1893 1025 0. 553 l +3.7196 JARE-23
23-15 § Tiltmeter
1.16 0.030 I —0. 5586 attached to
23-16 ' B.M.
1.17 0.030 l +0. 2242
23-17
1.17 1026 0. 399 ‘ —5.9294
F 6 KEEH No. S nHIBEER
Table 6. Leveling observation value of Route No. 5.
Distance Height difference
Date } Bench mark (km) (m) 1 Remark
| 1025 |
1982 | 0.138 +11.1369 JARE-23
2.1
' Tensoku ten
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* 7 K¥EKL No. 6 DRIBHR
Table 7. Leveling observation value of Route No. 6.

Distance Height difference
Date Bench mark (km) (m) Remark
1025 |
1982 1 _ )
21 Fundamental 0. 190 4. 0898 JARE-23
GLA-S.T. |
F 8 k¥EKRLHE No. 7 OHIBRER
Table 8. Leveling observation value of Route No. 7.
Distance Height difference
Date Bench mark (km) (m) Remark
1025
1382 0. 044 +3.2874 JARE-23
' Chigaku GLA-S.T.
£ 9 KERLR No. 4 ORIERR
Table 9. Leveling observation value of Route No. 4.
Distance Height difference
Date Bench mark (km) (m) Remark
1040
1983 0. 270 +15. 6225 JARE-23
’ 1032
£10 KEFHBZHAW-BH—E
Table 10. List of instruments used in JARE-20 and -23.
| JARE-20 | JARE-23
Precision level I Wild N3, No. 49 Wild N3, No. 383113
Precision staffs l Wild invar leveling ’ Wild invar leveling
! staffs No. 1182 A, B staffs No. 1403 A, B
Staff correction factor [ —24 pm at 0°C —7 um at 0°C

198348 1 H19H I S8 L 7= iRl c BdE L7 B.M. 1040 %5 B.M. 1032 1238 5 KU 42
% Route No. 4 & L, FOBAELZEITRT.

20k, SLBRBPBEOPE T, BEIEEKES (Wild N3), BEER (Wild invar
leveling staff), HREBETZERA L. TOBM LIEREHE ¥ FREREINCRT.

3. KRERJEOWEERWROER
H Pk R BIFERBO —FREMET, BAOHR L L CHERUECBEY
254/ Smm, BBEALGZE 2.0/ Smm (S TP, BT km) FLTwWb. EInEKIF
TOBAEL TN T—FREMBOHIRAIC S F 5T %. Route No. 1 & No. 2 0 FRE



HEEs - [ &' EHh &

*11
Table 11.

(R R

k¥R 52 No. 1, No. 2, No. 3 0BREDOBHAD A&
Closing errors of the leveling circuits of Routes No. 1, 2 and 3.

14+42=—0.9 mm

Limitation of 2 mm +/S km+4.0 mm

243=+0.0mm | ditto +4.2 mm
1—3=—0.9 mm ditto +2.5mm
#12 1km Y47=h DFIH2 FHRE
Table 12. Mean square error per kilometer.
Bench mark Distance I;H g,—z Remarks
1025 . 1 (207 1
— 0. 541 —0.6 0.67 m= a4 (_23,_) _
2 __
0. 564 —0.7 0.87 m®=0.1613
1027 m=0.40 mm
0. 490 0.0 0. 00 -
1028 JARE-23
0. 480 —0.8 1.33 -1n.....
1029 Misclosure in
1030 0.553 —0.1 0.02 reciprocal observation
0. 498 +0.2 0.08
1031
0. 346 —0.1 0.03
1032
1025 0. 463 —0.1 2.16
3.935 5.16

®I13 FRESORS

Table 13. Adjusted elevations of each bench mark point, for leveling surveys.

Bench mark

Adjusted elevation (m)

1025
1026
1027
1028
1029
1030
1031
1032
1040
23-15
23-16
23-17
Tensoku ten
Chigakutd
Fandamental-G-Station

17.9731
15.4481
28.0796
30.8325
30.5072
35.7647
16.0804
17.9605

2.3380
21.6923
21.1536
21.3778
29.1100
21.2605
13.8833




No. 83. 1984] BREHcOKENE L EORNE 69

Ao BM. 1025 i1 5 HE&ZEIL —09mm ¢, ZhIIHEHRDO £4.0mm OFEWHERNIC K
¥ %5. 7 Route No.2 L No.3 @ BM. 1025 CHOH 4% +£0.0 mm, Route No. 1 &
No.3 » B.M. 1025 TOH E%£IT —0.9mm T, ThAFRDOHFEHR +42mm & +2.5mm
DEAAREIE Y, —FRKENBOBEIERIN TS, 203 RBEORMASDOHKEED
—BARINCRT. i, XENOHEER JUBEREYERI2CRT.

DEDBEHC L - THLACAEKERSIVRER, EEENL, WFHENROESY
13537

RKALEDOESISEIOBARKREL ED T, RO IEOBRAERYE D 5.

8 1 RERBK (1957) 29.18 m
25 RE\IFB (1962) 29.24
S23 % BIAIBE (1982) 29.11

FIRBUABTRIEF v/ EREOHAKEZ LR, ZARBCIIGITREL
($B¥R - HIEE, 1957). BBAEMBUOERY, ZoOEXEECLTAEILTV2. FHSK
BT I A+ A4 Y EIHCREHELZEL, 1FEHOBRAEZIT-TED, T0 5 LERE
CFIATE S 1 BRMOGLEY O FEBAEORILRD T 5. T OFEEKEL HAAER

A

Chigakut®

® 23557
23-1509

23-16

East Ongul Island

®No.2-1960

°
No. 8-1960
Ng.34
PY 3 .8
33.2 1

® 304 {..)

West Ongul Island

.N .10,

B 3 19804, 1982 I2EH LB NAMEDOEARA v 7/ L BDOEIES
Fig. 3. Gravity stations in East and West Ongul Islands surveyed in 1980 and 1982.
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BTRUK[CHIORMY i3 23Thh, LROMELZH T3 (K - BE, 1965. ok
REPETEE KERNET, BEEY 1.8km CTHEZE 3 om BETH 5.

4. FEHHE

WAWA v 7V EOBEIRBEIIFEINRE IR (BB 5, 1980) 222k B fIRk (KaMiNnuma
and NAGAO, 1984) TEEI iz, F20 REFFETDH 19794118308 2 5124318 217T,
BAMEMOEEERERLEEL LTERE L. AEXHHELEK F 7212 5000 50 1 O#F
ReRRIN TV HHEEEROFOAH2S R TIT- .

Fho, FIRBUEBKTIX9824E100 1 B H 2 BIRANTF T, MFEHENRLXERELLT,
VIR TTFHONGORBERER S RTENAUELER L. nBEEL LICHFHEED
ROEE, R, BENMERRDOLEEY THS.

japEE  69°00°19.4” S
fREE  39°35'16.9” E
BmE 21.26 m
£=982 523.75 mgal
HWAWA V7 VEOBEAUEEYRI K, v /7+x7FHoRlles* R4 crns. EHR

Syowa Station

N
D
Ongul islands & 4‘
o 5 10
‘_‘—'km
S
1146
N - J
23-11 Langhovde
® .
23-13
[ J
23-12

o>

Skarvsnes

B4 192ErEH LT v/ R7FHOBRBDAUES

Fig. 4. Gravity stations in the Langhovde area surveyed in 1982.
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Table 14. Gravity data in East and West Ongul Islands and the Langhovde region.

Station G-value I}Jr%rgr:gl Fén?glt:l()) }%h‘;\;:]()) Latitude Longitude Hfr:l%ht Date
East ) . 1979
Ongul Chigakuto 982 523.75 549.45 —18.27 —20.65 —69°0.3’ 39°35.3" 21.26 1231
. Island
West No. 10 982 522.76 551.47 —14.54 —19.36 —69 2.3 39 32.2 43.14 11.30
%‘f{;‘c‘] 44.1 982 522.33 551.47 —14.67 —19.61 —69 2.3 39 32.0 44.10 11.30
33.2 982 525.73 551.07 —14.22 —17.94 —69 1.9 39 31.0 33.20 11.30
23.1 982 527.68 551.27 —15.59 —18.18 —69 2.1 39 31.5 23.10 11.30
No. 34 982 528.35 551.07 -14.82 —17.37 —69 1.9 39 30.5 22.76 11.30
36.4 982 524.84 550.66 —13.72 —17.80 -69 1.5 39 31.1 36.40 11.30
No. 8 982 522.33 550.87 —12.95 -18.29 —69 1.7 39 31.6 47.69 11.30
No. 35 982 523.52 550.46 —13.01 ~11.75 —69 1.3 39 31.1 42.34 11.30
32.5 982 522.68 550.66 —17.09 —20.09 —69 1.5 39 34.2 32.50 12.04
17.5 982 524.73 550.66 —19.66 —21.62 —69 1.5 39 35.3 17.50 12.04
No. 32 982 520.08 550.77 —17.27 —21.82 —69 1.6 39 34.9 40.65 12.04
15.3 982 527.25 550.66 —17.83 —19.54 —69 1.5 39 32.7 15.30 12.04
36.8 982 523.14 550.97 —15.60 —19.72 —69 1.8 39 33.0 36.80 12.04
37.8 982 522.46 550.77 —15.77 —20.00 —69 1.6 39 33.5 37.80 12.04
No.9 982 525.26 550.36 —12.95 —17.04 —69 1.2 39 29.9 36.56 12.06
10.8 982 530.35 550.06 —15.50 —16.71 —69 0.9 39 29.5 10.80 12.06
23.3 982 528.01 550.26 —14.19 —16.80 —69 1.1 39 30.5 23.30 12.06
20.6 982 527.04 550.46 ~16.19 —18.50 —69 1.3 39 32.0 20.60 12.06
11.9 982 527.84 550.36 —17.98 —19.31 —69 1.2 39 32.7 11.90 12.06
No. 7 982 522.01 550.16 ~-15.58 —19.82 —69 1.0 39 32.6 37.92 12.06
20.1 982 526.31 549.75 —16.38 —18.63 ~69 0.6 39 31.7 20.10 12.07
No. 2 982 522.06 550.06 —16.84 —20.57 —69 0.9 39 34.1 33.34 12.07
No. 33 982 523.10 551.17 —16.90 —20.64 —69 2.0 39 34.1 33.39 12.07

‘€8 "ON
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N

(in milligal)

Q___590 1000

East Ongul Isiand

-15.77 O-19.66

15060 West Ongul Island
1487 0=-16.90

5 HEHEAVIILED T Y —=TRE
Fig. 5. Free air gravity anomalies in East and West Ongul Islands.

(in milligal)

500 1000 -20,65
m
-20.50

-20.4400
-20.39

ast Ongul Island

0-20.57

West Ongul Island
-20.72
-2000 © O 1.62
O O-21.82

-19.72
O

(@)
19.42

B 6 HAHRA v/ NVEDOEMS—rRE
Fig. 6. Simple Bouguer gravity anomalies in East and West Ongul Islands
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(in milligal)

Rumpa (is) (in mitiigal) Rumpa (Is)
by Q N
N
O-28.18
Mt TyStS 2991 A
- ee g 04 Mt. Tyotd
-22.12
-3q,
g 2 W -27.56 ? 2 9
@) O —_—t — km
-33.38 -36.79 lo) o)
Hamnenabben -30.59 -25.76
Hamnenabben
M7 v 7 x7FHOE 7Y —=7REIK 8 T v IRV FIOENBM Y -y REN
Fig. 7. Free air gravity casmalies in t'1e Fig. 8. Sinple Bouguer gravity anomalies in
Langhovde area. tze Langhovde area.

RIS oA v 7L S RAURHE SG i) S E U RS RO T
Table 15. Comparison of gravity values at the same control point measured
by JARE-19, -20 and -22.

Station No. i 1979 f 1978 (1) 1981 (2)
No. 7 (WES 05) 982 522.01 mgal 983 522.17 —0.16 982 522.03 . —0.02
No. 8 (WES 04) 522.33 522.32 0.01 522,29 ° 0.04
No. 9 (WES 11; 525.26 — _ 525.22 0.04
No. 10 (WES 03) 522.76 522.77 —0.01 —
No. 34 (WES 14) 528.35 — — 528.26  0.09

No. 35 (WES 06) 523.52 —_— — 523.54 —0.02

BORREARINCRL, FREZRDOHIKO 7 ) —= 7 2% L 87 — ¥ B4 B 5-8 12 5.

Vi v 7L o JHEE LT, B ORBIBKES D T, FI9K (1978), 22k B
B (198D T L AEAR R L TR D, T LD ROEA RISIZ/RT. 1978FE L 1979 DB
RS RO 8 Tig, Pl L% No. 7 28 —0.16 mzal LR K& /ef@ah /R L7z, @502
sk 0.0l mgal OFFIC I X F 5 T b, F2IBIEDFE R TX No. 34 0 0.09mgal = A
ZUME AT, i 4 Ak E i £0.04mgal IR THB. ZHHDERLD, Tt v 7k
D EDJPEL, 2iF 0.1 mgal OREIRELNL T2 L8512 b .

5. ¥ & &
200k 3 L OV B3R EIIRK C e L FoiRVE A o K AERI G, EREOFHREY #if L
7o,
Al KERE T HNE S Bl KESSERIRIC X - T, 19811 J12: 519824 1 J] &
TOMMEEC L D RD SR EHR KO F S A LE L L TES2 L L. /oM
NS L, KBET —Tem BEDEAVE LT 20, B 1 REHMPRO BB T e 7o bR
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