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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 established 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 1Q82. 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 th ree stations near the water tube tiltmeter of two com­
ponents at Syowa Station. 
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"£ t.::.. 1979:¥-l'Cv:tg:!bt :/ Y Jv�O)ffltl:lm�$,�:z,i:f:1,t.,vc25,�-CO)m1JfflU:ltiJ;�· �;h 
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fiu]l!O)�j,-;::. J: 0 :lfu�O)�� c � ;t Gn --c 1,,, 0. � O)��O)filE�!Jl ::t- :/ ;:7··1v���£n4 9 -r::ts:. 

<, 7 :/f*-·f-r·, 7-'"}J;v7·7-.5p;z..ts:_c, :::k�ZB:J¥0)lt¥}:ttg1if:@:�-elb�Gn0. Ln4 L, 

:::k�1..kl;;R0)1ftfli, WJffi:::k��::.,t. {R� c L -c :::k � t.;:{irr]iO) 7J 4i'J4 '?-Ct,, 0-::. c 'i'� L -Ct,, 0. 

%�v::. 1.KfJJJ 0) il'1 ;t * '? t.::. ::t- :/ ;;,·· 1v ffi Bh 0) �� c, }KI* 0) � 0 :::k�-OlU 0) �� c 0) j13j v::. vi, -t 0) 
��•���0)-'f:- Fie::*:� ts:.tfk.tJ�� :o � t i7�1l5E�n:o. filffl:I£:Ltg-cvt.mii+�r!lO)il?A�Un; 

1966if:.JJ. *iwt:-t GtL -c"', 0 n;, £:ffiEO) P..i�, '"':> 'i IJ :Ltg�ocifJtJ�Willrr � n 0 c1: , ts:.ffi�O) Mmrr 

ti 'i t-:�ofg � h --c ii"', ts:.i., ,. ��O) -t - F tJ\�ts:.nvt, -t 0) P..i�v::.if 5 £:fiO)ffi#4i7�mn 0 

1iJ�!§ftn�«J :o. � 0)-=f-:m � n :o ffi#4 � �1:n -t :o § 1¥ rc £:fiO) ffi#4WiltUtJ�itlmi � n t.::.. 

1981if:.�::., mffi-eti.f}]6b "C 0) *�fl;l{#4H c :f;JI��ffi�Hn�filt'.§: � tl,, ��1¥JtJ:WlltUiJ;�-a � 

-?f.::. (KAMlKUMA and SHIBUYA, 1983; KAMINUl\tAeta/., 1983; KAMINUMA and NAGAO, 1983). 

fPJ E § 69c'** :/ ;:7';v �v::.JJ($lf!*IO) �ti: lb �tt � ;h,, 1979if:. (�20?xflillU� : JARE-20) 

icf'p*;o;t;�'i I) 1982� (JARE-23) �C-(c.-;0)%$t��t.::.. *ffl'a"c',i,t0)7}($JEti&O)[{t:fi:c 

-t 0) mU.ii:*5 :!l�J::. '"':> \,, --c �""' :o. 

'it::., 1977if:.i7 4 G:::k�iB*0)1t¥}jtfz,/rrc·O) mn tRU.tnqtJJs"J�::.�nflf � .:r1---c � t::. Ct$i'B G, 

1980; KAMINUMA and NAGAO, 1984). ,tO)-�O)i]ltilhi1979if:.�1982�tC lb�:ofli�tl,, -t:O) 

ffi:5IHC '"':>\,,-ct ¥lt'a"i°' 0. 

2. 7](�if-emlo.)�� c �o.)jJl!Ui 

** :/ f Jv � l73vCf}]6b-C JJ($lf!it 'i'�ii: L f.::.O) Ii 1979if:.O) ffi20?xlllillUl*c' t0 0 t.::.. � O)� 

W 0) J]($Jr{Htr::.rB 0 -c, 1982-1983if:.�::. ffi 23 ?XfmillU�il�-iJlU'i'�oi!ii"' 0 c c t v::., -$ �:Ii 

filt'. Lt.::.. WtmUli�±:tif{flI[�71($iJ!U.t{tJH�.�-�7}($iJlU.tv::.�� L "(�Qt[� h "C \, '\ Q. �ii: 

Lk*:;t-:/fk�l730)7}(�lfft-'i'�lK�i". 

2.1. ��0)£$ 

ffB;fil£:itgO)f:feyw7Jcffivi, 1966if:.tJ 4 G�:OOi � h "C \, '\ Q ��ftiJliJIC J: Q (:I;§ . :lj[lillu', 1967) . 

.:. O)�fflWlUit��i1966-1970if:.(JARE-7--11) 'i 'c'V'i�tO)ffic·fibn "C 1.,, t::.iJ�, 19714-(JARE-

12) v::.mtfO)ggO)imvc��ht.::.. u�, 4-B 'ic·fPJm-e�11•mun:*1**1f:�n-c1.,,0. 

�i�ifiHi7KEE5:\c·, �ffl!clHi:Ltg+t!lc·� :/ v ::x - !l�v::. J: 0 7 -r p ;;,··:1J5:\c·ic� L -c 1,, 0 

vin 4, 1983� J: 1 ·lwf!Bl!Jlt!.t!lvc s :o JIB;fil£:f:!g 0) m•tl './ ;z.. -r .1,.. v::. t AJJ � n --c 1.,, :o. 

19794-�::., 7Jc�.�0)����5Ei" 0 t::.6b, .:. O)�ffl� tc � � L "C :;,Jc $,� B.M. (bench 

mark) 1040 ;o:�filt� nk. -t: L -c, 1981if:. 1 R iJ 4 G 19824- 1 R 0) isjvcf� Gh t::.�ffl!c�� 

lb c ,::., JARE-23 0)/MJ, �JzJ::fiIITWillU�Jl cw1:��ff7JC�fffi) i::. J: 1J, :5f:Jeyffli7}(ffin4 G 

B.M. 1040 �O)��O)J&IJ#vtWiJ!UiJ;fib;h,t.::.. ,t0)*'5*, B.M. 1040 O)�� H104o Lt?xO) 

ffilc·s 0. 



64 

Hw,.o = + 2.3380 m 

t.::.. t!.. 1-,, ;:. O)f:!$JWa1KiffiO)H•vcv:tffiflfl.IEvi.� �n --c 1.,, ts:.1., ,. ** Y fl. ,v �r:JO)� 1_,, < �vt 

G:ht.::..7}(*�0)-�v:t, i'°""'L H1040 �£*vC:.1<.?sb G;h--C\,' �. 

2.2. M20�lll'J!Ill�J:: �Jk$F.it(l.)�1i 
�20ikfel��vcv:t��O)-A (EBi:f:i) :o;�:fJn 1-,, 1979:¥ 2 J:l l'"iu;a" G 3 J:l J::iuvc:o,.vt--r, 

** Y !l·,v�i:f=i;k:�vc7](*� 9 � (B.M. 1025-1032 jo J: u� 1040) ���L,t.::.. . ..:th.:f;ri,0)71( 

�.��IZI 1 vc�-t-. 1979:q:.3 J:j 3 Sia"b 3 J:j 6 BK-:O"VJ'"L, -$0)��vC-?1.,,'"(fljj[7J(�V{U 

•��� L,t.::... -tO)M*�� 1 vc�-t-. 

Date 

1979 
3. 3 

3.6 

3.6 

lg! 1 * :;t :/ ;1· JI,, 6h P'1 rJ) **lilt� 
Fig. I. Leveling route in East Ongul Island, Antarctica. 

� 1 �20?XBAIU��� J: � BM1031-BM1026 rJ)Jj(�iJlU:IUs:W: 
Table I. Leveling observation value from B.M. 1031 till 

B.M. 1026 by JARE-20. 

Bench mark 

1031 

1032 

1025 

1026 

Distance 
(km) 

0.320 

0.504 

0.529 

I 
I 
I 

Height difference 
(m) 

+1. 8819 

-0.0094 

+2. 5255 

Remark 

I 

I JARE-20 
I 

I 
I 
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2.3. �23�uJ1J�l� J: � 7k�.ra<1.>ix1ii 

�23?xlUllU�,=.vt��O)-A (�$) ]J:�»ll L, �22?xf&IU!*v=- J: � filt'.rnr � ;h,t-:7.Ki'Jfffl#4 
ttv=-�� L --C, 3 ,�O) JJ(��'a:':l:l:l!filt L ts:. :l:l:l!filt L t-=.Jt��vt B.M. 23-15, -16, -17 -c� {). � 
il!Uli%*i�t., �mt� :h -Ct,{) -t°�-C 0) 7.l(iJ,�i:"*5�Ji%*! c c <b v=., 13B5flJ£:t!B£iJ!lt1J ,¢,e, :t!B� 
amn� �J:��-�'a:'M�••��{). 

ftil!Uvt.19821f:. 1 J3 31 B 7J" G 2 J3 2 B c 1983:¥ 1 J3 16 B iJ.,. G 1 J3 19 B 0) Fa''H=-�otti L ts:. 
�23?x��U�-c-�otti L t-=.Jj(�jUJl:O) route number :a:- IZ! 2 v=.7F L, ,t;h,)f ;h,O)�jUM*'a:' 

route number :::: c v=.7F L ts:. 
1f. 2 t'J:19821f:. 1 Jj 31 B v=.�otti Lt-: B.M. 1040-B.M. 1032-B.M. 1025 0) Route A 0)*5*--c· 

Date 

1982 
1. 31 

1. 31 

Date 

1983 
1. 16 

� 2 7.K�f�m� c *����% 
Fig. 2. Adjustment of leveling networks. 

� 2 **�*I A O)JU:l:*s=* 
Table 2. Leveling observation value of Route A. 

Bench mark Distance Height difference 
(km) (m) 

1040 0.259 + 15. 6227 

1032 

1025 
0.576 + 0. 0135 

� 3 71(��� No. 1 O)JU1r*s=* 
Table 3. Leveling observation value of Route No. 1. 

Bench mark Distance Height difference 
(km) (m) 

1025 
0.541 -2. 5251 

1026 

Remark 

JARE-23 

Remark 

JARE-23 
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� Q. 

"'*- 3 fl: Route No. 1 '"(· B.M. 1025-B.M. 1026 OJ*s*��-t. "'*-4 t;:.f:t Route No. 1 OJldf 

� c L '"C B.M. 1026 J3:. G � 2 v;:. � Lt..: J: :i v;:., m {JUJ 0) 4l-:1.JdJ � � � m L '"C B. M. 1025 v;:. :i¥ 
i'°G Route No. 2 O)ffe5*��L'"C�G. 

"'*- 5 �:t B.M. 1025 )3:. G7J(tgii:ii4itv;:.�� Lt..: 3 ,��31 9, B.M. 1026 v;:.�--t G Route No. 
3 O)ffe5*'"c'i6-0- B.M. 1025 '3'-1::>:K�tl,�, £$JitfJ,�, 1!!!�1*1i!.1J,�""'O)���-t;h,:f;h, 
Route No. 5, Route No. 6, Route No. 7 c L, "'*-6, "'*-7 ,  "'*- 8 t;:.�O)�,il=tU*5:'=��'j". 

Date 
1983 1. 17 
1. 17 
1. 18 
1. 18 
1. 17 
1. 18 
1. 18 

Date 
1893 1. 16 
1. 16 
1. 17 
1.17 

Date 
1982 2. 1 

� 4 lJ(�iHl No. 2 O)�il:*s* 
Table 4. Leveling observation value of Route No. 2. 

Bench mark 
1026 
1027 
1028 
1029 
1030 
1031 
1032 
1025 

I 
I 

I 

Distance (km) 
0.564 
0.490 
0.480 
0.553 
0.498 
0.346 
0.463 

Height difference 
(m) 

+ 12. 6313 
+ 2. 7528 
- 0. 3254 
+ 5. 2574 
-19. 6844 
+ 1. 8800 
+ 0. 0125 

� 5 7.K��� No. 3 O)il{Uil:*s* 
Table 5. Leveling observation value of Route No. 3. 

Bench mark 
1025 
23-15 
23-16 
23-17 
1026 

I 

I 

I 

Distance (km) 
0.553 
0.030 
0.030 
0.399 

I I 
I 

I 

I 

Height difference 
(m) 

+3. 7196 
-0. 5586 
+o. 2242 
-5. 9294 

� 6 71(��� No. 5 O)il{Uil:*s* 
Table 6. Leveling observation value of Route No. 5. 

Bench mark Distance Height difference (km) (m) 

1025 0.138 +11. 1369 Tensoku ten 

Remark 
i JARE-23 i 
I 

I 

I 

I 
I 
i 

I 

Remark 

I 
JARE-23 

I 
Tiltmeter attached to 

I 
B.M. 

I 

Remark 

JARE-23 
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Date 

1982 2. 1 

Date 
1982 

� 7 :zldJiU! No. 6 O)Jll:fUa=': 
Table 7. Leveling observation value of Route No. 6. 

Bench mark Distance Height difference (km) (m) 
1025 

Fundamental 0.190 -4. 0898 
GLA-S.T. 

� 8 7JdJ�� No. 7 O)Jtlii*s=': 
Table 8. Leveling observation value of Route No. 7. 

Bench mark 
1025 

Distance (km) 
0.044 

Height difference (m) 
+3. 2874 

Remark 

JARE-23 

Remark 

JARE-23 I 2.2 Chigaku GLA-S.T. I 

� 9 71($�� No. 4 O)Jilii*s=': 
Table 9. Leveling observation value of Route No. 4. 

Date Bench mark Distance Height difference Remark (km) (m) 

1983 1. 19 

Precision level 
Precision staffs 

1040 0. 270 +15. 6225 JARE-23 1032 
�10 **lUAK-ffit,t..:�tt-� 

Table JO. List of instruments used in JARE-20 and-23. 

JARE-20 
Wild N3, No. 49 
Wild invar leveling staffs No. 1182 A, B 

JARE-23 
Wild N3, No. 383113 
Wild invar leveling staffs No. 1403 A, B 

Staff correction factor -24 µm at 0°c -7 ,um at 0°C 

67 

1983i:p 1 }319 BK-�� L t-:�WJJ��c�� Lt.= B.M. 1040 tJ� I::> B.M. 1032 vC:¥: :0 7.K$Jt:Ul 
� Route No. 4 c L, .:tO)�J!Um�� 9 �c�-t. 

ffi2 0?X, ffi23?X�1J!tl�0)1J!U:lt-e�:t, ���:tfflWJ.1(*� (Wild N3), fflW�R (Wild invar 
leveling staff), ��lll!Iftt��ffl Lt-:. -i-O)�ff c ltR5E�c �-l-tL-F.i"L�lOvc�--t. 

3. 7.1<.*IIJ Ji 0) ;fw t{ t )(. jjlj J� ifJ � � 
00±:ttl?.fJ!eicJJ(*JlUit{i:Jtm�0)-�7J($Jltl:--C·t:t, �1J!UO)wU� c L--C tttl�JllifliO)��� 

2.5,vsmm, fflMir� 2.0-vsrnrn (S �:t�JlU!fg�ft, �&vi. km) c L--Ct-,:o. 1k 1 t;��9 'i 
--C·0)�1J!Umv:t i"°""'--C-�JJ(*JlllfiO)mU�l*Jvcj:o � 'i 0 --Cl, :0. Route No. 1 c No. 2 O)fflf¥j 

. - -
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1 

2 
3 
4 
5 

6 
7 
8 

J:=8 

�11 7Jc�iU! No. 1, No. 2, No. 3 O)fm,OOJfil[O)ffll�HfO) 1:f:Hr� 
Table 11. Closing errors of the leveling circuits of Routes No. 1, 2 and 3. 

1+2= -0.9mm Lim itation of 2 mm ,vSkm±4.0 mm 
2+3= +0.0mm d itto ±4.2m m 
1-3=-0.9mm ditto ±2.5mm 

B ench m ark 
1025 

1026 
1027 
1028 
1029 
1030 
1031 
1032 
1025 

! 

�12 1 km �t.: I:) O)f :ley 2 ��� 
Table 12. Mean square error per kilometer. 

D istance 
s 

0.541 

0.564 
0.490 
0. 480 
0.553 
0. 498 
0. 346 
0. 463 

3. 935 

I-II 
µ 

-0.6 

-0. 7 
0.0 

-0. 8 
-0. 1 
+0. 2 
-0. 1 
-0. 1 

I 

�13 -**�,,aO)ffi� 

0. 67 

0.87 
0.00 
1. 33 
0. 02 
0.08 
0. 03 
2. 16 

5. 16 I 

Rem ark s 

m = 
±J l__. ( 1:u 2 ) ._!_ 

4 J:S n 
m2

= 0.1613 
m =0.40mm 

JARE-23 
(I-II) ..... 

M isclosure in 
reciprocal observation 

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

B ench m ark Adjusted elevation (m) 
1025 17.9731 
1026 15.4481 
1027 28.0796 
1028 30.8325 
1029 30. 5072 
1030 35.7647 
1031 16.0804 
1032 17.9605 
1040 2.3380 
23-15 21.6923 
23-16 21.1536 
23-17 21.3778 

Tensoku ten 29.1100 
Chigak uto 21.2605 
F and am ental-G-Station 13.8833 
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"fr O) B.M. 1025 tc :t-ovt 0 lli ft�a -0.9 mm -c-, .:. :hr't�f��j�O) ±4.0 mm O) ftilffl f13tc :t-o  

� "i ::o .  "i t.::.. Route No. 2 l No. 3 0) B.M. 1025 -e co te it��i. ±0.0 mm, Route No. 1 l 

No. 3 <l) B.M. 1025 -C'<l) lli it�vi. -0.9 mm -c·, -th-t:':h,<1) ��1t'J� ±4.2 mm l ±2.5 mm 

O) ifirilffl A vc to  � "i 1J ,  -�lJ(�iu:tO) ffi/!tv-tliit* � .h -c " ,  ::o .  .:. 0) 3 ��O) fflr,/1-ifO) �*O) 

-Ji: �� 1 1  vc�--:t. "i t.::.., -*•iu<l) ttil�:to J: Uffi$ffii1���12vc�--:t. 

u�<l) -·K J: 0 -C � G hk-**¥�:to J: U�-� £¥ah� -�--h�O)ffl�� 

�13tc4'-t. 

� illt� <l) � i§b � i. 4-@ <l) 8 illU*a =': � � 66 -c, ?X <l) 3 @ co 8 illll*a =':JJ; t5 0 . 

� 1 <X8lllU� (1957) 29. 18  m 

� 5 {X·-� (1962) 29.24 

�23tX8fflU� (1982) 29. 1 1  

� 1 ?X8lllU�-c, �i.Jfi* Y .:7' fv �J�Ji!<l) �7J(ffiz-�$vc, =::JJ3 illtl�K .. J: 1J � � :a- � JE L t.::.. 

(�ta · l:IJ�, 1957) . IJB��-na;ill<l)fflri1Hl, .:_ <l) {w[� �-tc L-c iu:t � :h-c 1., , 0 .  m s tk  

81JlU�-e�i. ;t. 7' :;d- -1 -Y �dtfflHC�ffl�� �fi: L, l 1f.Fai co aiU� fi 0 -C :io  1) ,  ,t <l) ? � �� 

vc fU,ffl -e � 0 1 �ra, <1) 8c�b:. G�:IeytfnlJ(ffico� � � ;:]< 66 -C 1., ,  0 . ;: CO �:ieytfn7JC°im7J" G7J($iJlU 

O t 500 1 00 0  ...____._ _ _.m 

• 
23.3 

• 
No. 3 5  

• 
36.4 

Chigakut8 
e 23-1 7 

23- 1 5.: 
23- 1 6  

20.e •1�.s 
. _, 

1 5.3 
• 

32•5 e1 7.5 
• 

No.8-1960 

. . 
, 

t7 _8 No. 32 

3� •• � 
e eNo. 33 

30.4 
r' 

,.... West Ongul Island 
•No. 1 d� 

� 3 t9s0if=., 19s2if-t��:lii c t,.:m1Jfflll'.ii::OJ*5fi&i * / !/ 11.-- �OJtJtUn::,� 
Fig. 3. Gravity stations in East and West Ongu/ Islands surveyed in 1980 and 1982. 
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:l:'1:'7(i!J,i;�Ut.lili � OJ }& � #vt:o�fib:h, J:�OJffiZ'�--C1.t �  Q (::koo · Jffillff, 1965) . ;:: OJJJ( 
*�lliiJi:fiiU!7Jc$�Uii:-c-, ffifflt*9 1 .8 km ··c-tl:fl� 3 cm ffl�·-c� G• 

4. JijJiJllJ:t 
J.j!ggj'iljj:;;i- :/ !1. /v�O)]iJJ�U:l:v:t.ml9t'kj!fflll� (tlflrB G, 1980) Jf'm22t'kj!fflU� (KAMINUMA 

and NAGAO, 1984) -c·�· � ;hk.. m 20 t'kja�U�-c- i 1979�11}3 30 13  tr� G12}3 31 13 tC.;o:.v-j", 
M�£-0)£.]i:iJ�Z'£. c L--C�- Lk.. i!I�tliu•£•� � t::..tl 5� �0) ] 0)•w 
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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 Latitude Longitude 

Chigakuto 982 523 .75 549.45 1 8.27 -20.65 -69° 0.3' 39° 35 .3' 

No. 10  982 522.76 551 .47 14.54 19 .36 - 69 2. 3 39 32.2 

44. 1 982 522. 33 551 .47 - 14.67 - 1 9.61 - 69 2. 3 39 32.0 

33 .2 982 525.73 551 .07 - 14.22 -17.94 - 69 1 . 9  3 9  3 1 .0 

23. 1 982 527.68 551 .27 - 1 5.59 - 1 8. 1 8  - 69 2. 1 39 3 1 . 5 

No. 34 982 528 .35 551 .07 " - 14. 82 1 7.37 - 69 1 . 9  3 9  30. 5 

36.4 982 524.84 550.66 1 3 .72 1 7. 80 - 69 1 . 5  3 9  3 1 . l  

No. 8 982 522. 33 550.87 1 2.95 18 .29 - 69 1 . 7  39 3 1 .6 

No. 35 982 523.52 550.46 - 1 3.01 - 1 7.75 - 69 1 . 3  3 9  3 1 . 1  

32. 5 982 522.68 550.66 - 17.09 -20.09 - 69 1 . 5  3 9  34.2 

1 7 . 5  982 524.73 550.66 - 19.66 -21 .62 - 69 1 . 5  3 9  35 .3 

No. 32 982 520.08 550.77 - 17.27 -21 . 82 - 69 1 . 6  3 9  34.9 

1 5 . 3  982 527.25 550.66 1 7.83 19 .54 - 69 1 . 5  3 9  32.7 

36.8 982 523 . 14 550.97 1 5 .60 19.72 -69 1 . 8  3 9  33 .0 

37.8 982 522.46 550.77 15 .77 -20.00 -- 69 1.6  3 9  33 .5 
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20. 1 982 526. 3 1  549.75 - 1 6.38 18 .63 - 69 0.6 39 3 1 .  7 

No. 2 982 522.06 550.06 - 16.84 -20.57 - 69 0.9 39 34. 1 

No. 33 982 523 . 1 0  55 1 . 1 7  1 6.90 -20.64 - 69 2.0 39 34. 1 
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Fig. 5. Free air gravity anomalies in East and West Ongul Islands. 
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Table I 5 .  Cornparis,m of gravit_v values at the s:une control point measured 

by JA RE-19,  -20 and -22. 
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