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GPS observations on the Antarctic ice sheet conducted during JARE-41
Koichiro Doi', Naoya Imae', Naoyosi Iwata’ and Noritsune Seo®

(2003 410 H 7 H=ZA); 2003 4 12 H 3 HZEHD

Abstract: We conducted GPS observations at three sites on the Antarctic ice sheet
during wintering of the 41st Japanese Antarctic Research Expedition (JARE-41).
The three sites are N7 (vicinity of coastline), Mizuho Station (260 km inland on the ice
sheet), and YM175 (bare ice field near the Yamato Mountains). Continuous data for
more than four days were obtained and velocity vectors were determined with
reference to the Syowa International GPS Service for Geodynamics (IGS) site using a
precise ephemeris. The obtained velocity at N7 was 1.5 cm/day and the direction was
N60°W. At Mizuho Station, the observed velocity was 6 cm/day and the direction
was N60°W. These values showed good agreement with previous observations by H.
Motoyama et al. (Nankyoku Shiryo, 39, 94, 1995). At YMI175, continuous observa-
tion for more than 10 days was carried out; observed vertical and lateral displacements
were about 1cm. The considerable upward displacement as well as the small lateral
displacement supports the meteorite accumulation hypothesis for the Yamato Moun-
tains region.
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BB, KEEKRPHEITHLTWEIEbdY, b3ETOESEN, SKKRDES DE
b2 EMEIc bz > THHIlT 2 C L BES TR,

AR L — 4 — (synthetic aperture radar: SAR) P EEEHE W - 72 ALEE PiiZE#RE
%btU%—hkyvyfﬁﬁliéﬁgﬁMﬁ%iﬁﬁﬁ®i5:fﬁf?ﬁﬂx@.ﬁ
ISHIR AT 21T 3md TERITH 205, ThETOE A, BEEEZBRVT B
/N%mzmm,%MkUT+puE@@®55f—7mﬁbm1mam@@%%T&é.:
D1, M ETHBlS NI T — 7 1dZDETOKKOTEECESELLD T — ¥ 5252 57213
THL, VE— b2V Y VI F— S ORILICHH S T ENTE 3.

55 41 REAMHIS BTN (LIRSS 41 IRFX LBRED) T3, InFEHB X UAPEORIRIKR Eo 3
RT3\ T global positioning system (GPS) #illl %17 - 72, JKIK L €D GPS #lilll i3 /KIRAVE
BEN L TV BT, @< [E UBERME TOBM & ZVAZ VA, 5k, hoTHonE
SHTCHIT 2 2 &1k b, KREREEOZLARKE X SRHT 2 EMWTHRETH 5.

AFETIR, 541 KEOBEHITE SN GPS BIOMBIHEREZRT & & big, miisn
AT OVWTHET B,

2. ® W
GPS Bllll%, & ->>XIF—S16 L — b+ ED N7, & I13HMH (Mizuho), ©F &HTZEHLS
(YM175) Dt 3 #AiCiT- 72, BETOBMAELITO X5 1iT- 7. 1D FKEIC ZH%EH
EL, €O LICGPS 7L — v 7 v 7+ 20T 5. 2) Z5H# (Ashtech Z-FX) (Z/¥v 7
) — & —EICEBAICEA THREMOPICAN, T YT Fr - TV ERERPrOHLTT VT

e LB 2GS 5. v 7)) v 7 REBEIE 307 & L, elevation mask (& 157 IZE%E L
fo. 3) BRBFICENAL LWL S ICEMT 5. Rtk ->Tid, ZHoOMETA 27 v —
BECHEET S, £/, ARRITIEUT, Ny 7 ) —OZEES L, diEslEsGET o

Tl BB, Ny 7 ) —I3EZE 100AH-120 AH O ¥ — VIRIGRE A W 7e.
BSZN 1R d. £, BHPE, E GEE, &F §53) 22X 1IORT.

& -2 X OHOKEICH 0, MEFEH» S5F) 1L.5km NEOHISICNIES 5. N7 TD
BUANZ, 55 41 IR TS N FHEERSE (Iwata and Imae, 2002) OFRIC, 4 H, 8 H, 9 H
OFt 3EE UG CiT>72. 2Ok, NI TlR7 vF+rA22FEEHB L TCWah, BHlZ
DFITAZT v —EKRPIC DAL, [EUHRICET S L ic TRk K212 N7
TOBM O ZRT.
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Fig. 1. Location of the observation sites.

£ 1 SBINSEOAE & BT

Table 1. Coordinates and observation period of each site.

Observation site N7 Mizuho Station YM175
Latitude (S) 68°55'18" 70°42°2" 71°44'21"
Longitude (E) 39°51'1” 44°17'5" 35°54743"
Height (m) 158.73 2248.35 2157.10
Observation date 2000.4.27-5.1 2000.9.20-9.24 2000.11.20-12.4
2000.8.14-8.18 2000.12.12-12.16

2000.9.18-9.19

A3 HEH T DI 2000 £ 9 H DA FIEFRITICEIT L 2B E L 7o, A9 I3 A M
39 A 20 HD 5 24 HE TOKI 4 HERAE L, < OWIREGRERN 21T - 72, X3 ic@Bilokt
TARY. A IFEMEAD, AKIRIZ—35C~—50C Thy, EIITEDENy 71 —DH
FEBZELT 2EIE7IC SO TRIBFAICEML, 1H 1O/ Ny 7 ) — 253U 72,

P E LS T OB, 5 41 KEGEA R E DR AEEE (Imae et al., 2002) DFEICE



K 2 N7 COBROT
Fig. 2. Observation at N7.

X 3 A3 coBllokT
Fig. 3. Observation at Mizuho Sta-
tion.

K 4 YMI175 TOEHIORET
Fig. 4. Observation at YM175.
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L7c. 2% LIUIRTD GPS 1T & A FEESOKKEE OME FSHNFIO TTH 5. 2% &1Lk
HKF—ad, BEOPBZRRINEGERELTHONTED, ER DT TS 8HD
BBAFEESITONTOS, PF EMEMESTORANE, K4icbsd ki, oA
KOFUZHIDIAA THOHE S T EITK D REATOREDOFEA 125~ A, KEKOE =%
KOIEREICIEZ SN B &S IcTHRLL.

3. AR b

AR IC IREERRARNT Y 7 ~ ¥ = 7 GPSurvey Ver. 2.35 (Trimble #1) ZH\, BEFIREH IGS
(International GPS Service for Geodynamics) £ (SYOG) ZREUES & L 7o Tt 217 - 72.
fi#tric 13 NGS (National Geodetic Survey) @ Web A + (http: //www.ngs.noaa.gov/GPS/
GPS.htmD) 725 %'y v o — F L AEEHPLEREZ(EH L. 5k, KREUT L 2 (RRELE 3R
KKETFTIVZEAWCTHEICHiES N 3.

BHEBIHTEDF -2 2HOTRERY, | HTEOERELMBELGL. £2 (D,
(2), (3) 1T N7, AJ1ZHEM, YMIT5 ORAREAIT OFERE/RS. 708, HEEERIT WGS84 5%
Thb, FEREMKIE WGSs4 FEMIkTH 5

4. BBAROMEZELICSOWT
X5 (), (b), (@, K6 (@, (b), (), K7 (@, (b), (c) IZHMDOMEL M, HEE
HlEL @S TR 0N AR, & 3 IS ROEELSE, BETTE, &S HEOZ R ()
HED) AR, BRABEELFHITENRIC £ DR 7,

41. N7

N7 DALE (F1F1F N60°W D A4 E)ICH 1.5em/day ODEETHEI L T\Wb, ThETSI6T
btz GPS &l (Ootaki and Fujiwara,1998; Motoyama et al., 1995) T3, PHILPHIZH 1.3
em/day & VO EFERNEONTE YD, TNX DI 20km IZd % N7 TlRIbH & 0%
M REL D, BEIEE bPPREVWI ENbh 5,

BIDRD X 51T N7 TIE 1 RT3 EOBRSThNnich, SBIAIE T ORAEE =K 4
IRT. 4 ARICTbh il & 8 AhaiciTh Bl 2 ks 2 &, 0L HhEEIcE
DHERONBED, BREDREINOEZS EFERICAELLILEFEA IV, 15, 9 Hhfo
BHNE 2 HE L 2T 0T, 2HAOEITERLAELNTORVD T, BERRIZL,

4.2. AT (FEM
AFEFEHICS VT, N60°W N 1 H¥J 6cm (22.5m/yr) ODEFEENE SNiz, A313
FHIBERIT L — F O FBELEESETH D, INF TISMEH GPS 1T X A EHIAFE G X
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N7-Syowa (N-S comp.)
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9478.50 : . : : .
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G r/////
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107.60 : : : ! :
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X 5 N7—HfERE o (@ B ) HeEE (o @ o bt
Fig. 5. Distance changes between N7 and Syowa Station. (a) N-S component,
(b) E-W component, (c) Height component.

nTws, FlzxiE, Motoyama et al. (1995) M a7 (34 22m/yr (510]1E N63°W) TH
D, ShFonifEReE L—FHL TV,
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(a) Mizuho—Syowa (N-S comp.)
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173336.15 : : ' :
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(c) Mizuho—~Syowa (height comp.)
2196.30
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G L
2196.20 e
2196.15 * : ! *
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day of year

6 AIIFEM MR O () AR () RWEEARE (o &S hm ozt
Fig. 6. Distance changes between Mizuho Station and Syowa Station. (a) N-S component,
(b) E-W component, (c) Height component.

43. YM175 (PF LMZEHLR)

YM175 (3 0.8 mm/day D & TIEIE N7TI°WAEI W TV A 03, FRICELTH530ecm T
HO, KEEFITEEB W EDbh 5, —F, @mSHENCEPP EAERSR S, £
KREZF L.1mm/day Th - 7o, [ARFAICER & N 7o 7313 0.7mm/day (Imae ez al., 2002)
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() Yamato — Syowa (N-S comp.)
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B 7 YMI75—MEfERIE O () BELAE (b) SPATE (o &S la ozt

Fig. 7. Distance changes between YMI175 and Syowa Station.
(b) E-W component, (c) Height component.

(a) N-S component,

Thh, FRELIFEENEFEHDE->TVS, LF EIUREZIZEAPREICE DD 51l

wWTho,

CCREAPHEZ AR INIERE LT, KROFEENPE L LkcE Z 19

oh, KRB EFRT 2600, FEERSLZWIY, KIKE EbIEINTEBAIETNE
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® 3 BBAKOZNLEE

Table 3. Displacement velocity at each site.

Site Lat. comp. | Lon. comp. | Height comp. Total Baseline comp.
(cm/day) {cm/day) (cm/day) (cm/day) (cm/day)
N7 0.700 -1.281 0.035 1.460 -0.495
R.M.S.E. 0.000 0.000 0.002 0.002 0.000
Mizuho 3.026 -5.173 -1.496 6.177 -5.670
RM.S.E. 0.031 0.031 0.197 0.202 0.032
YM175 0.025 -0.074 0.112 0.137 0.002
R.M.S.E. 0.003 0.002 0.010 0.011 0.003

® 4 N7 ORBURIZ 3BT 2 Z (s
Table 4. Displacement velocity solutzons at N7 for three epochs.

Lat. Comp. | Lon. Comp. | Height comp. Total R.M.S.E.
Period (cm/day) (cm/day) (cm/day) (cm/day) (cm/day)
Apr.27-May 01, 2000 0.774 -1.321 0.029 1.531 0.223
Aug.14-Aug.18, 2000 0.659 -1.285 0.148 1.452 0.069
Sep.18-Sep.19, 2000 0.627 -1.097 0.784 1.487

TIPS VO EAEBBENEZEZ SN TV 5 (Nagata, 1978). T OEEHET
13, COHIETOKKD FRBLETH B0, AREHRIZTNELFTLEEL 005,
AlEldH 3 1 HTD GPS B TH - 7208, WHETHRORLAET 5 Lick b, FREK
ORI A ERP S SiIKEons LBbh b,

5. % & ®

KK ED 34, $Hbb, &-oEIIEo N7, A9 135, YM175 © GPS il 270
BN TOEFHEEE/.. ThoDH b5, N7, YMI75 TIREFIHD T GPS THRAIGLIC & bR
REEEE TH 5.

N7 T3z 3 [ Ui TR Z TV, SI6IcBLTEONTOLAREEE XD b
PREVEES. IEEt2@@@@M?£ﬁﬁﬁmbfmm%ﬁﬁané%@@ PR
DHPFANTS b, EEHEICEEHENH DN E S MAHTH 5. A9 FHMET
INFTITH GPSIT L 2 TN STTHINTEH D, Motoyama et al. (1995) TH S 7o fhH
EXL—HLTWE, YMI75 TRAEALEIZIF EAEZL L TORRWAS, FEE G T EFE
AR SN, AR S N2 53EE (Imaeet al., 2002) & HIEEFHDE-TWE T &N
5, Nagata (1978) IC X DIREIN TV AEOERBIEL XHTAEREEZ 5.

RPEKR DI 21213, [ UBACRIET 2 468036 278, KIREFEICEEH L TH
D, [6 CEEOSETTRIES 2 D IESTIREV, L L, REHRPEEIIZE—ETH
D, TOBEERETHAEETHZ M5, FIZIE, 100m MUY EDHPHIC GPS ZEH%

i
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BEHAECE L RIEBRISERASELS 5 L 5 WBHEITS C LIk - T, b aAEDEELL
HE=Y—FTBHIENAFETHAD.

X

Imae, N., Iwata, N. and Shimoda, Y. (2002): Search for Antarctic meteorites in the bare ice field around the
Yamamto Mountains by JARE-41. Antarct. Meteorite Res., 15, 1-24.

Iwata, N. and Imae, N. (2002): Antarctic micrometeorite collection at a bare ice region near Syowa Station
by JARE-41 in 2000. Antarct. Meteorite Res., 15, 25-37.

Motoyama, H., Enomoto, H., Furukawa, T., Kamiyama, K., Shoji, H., Shiraiwa, T., Watanabe, K., Namasu,
K. and Ikeda, H. (1995): Preliminary study of ice flow observation along traverse routes from coast to
Dome Fuji, East Antarctica by differential GPS method. Nankyoku Shiryd (Antarct. Rec.), 39, 94-98.

Nagata, T. (1978): A possible mechanism of concentration of meteorites within the meteorite ice field in
Antarctica. Mem. Natl Inst. Polar Res., Spec. Issue, 8, 70-92.

Ootaki, O. and Fujiwara, S. (1998): Measurement of ice sheet movement at S16, East Antarctica using GPS.
Polar Geosci., 11, 9-13.

INEEH - B - S AOEE (2000): JERS-1 OF#A B v — 5k W 7o oK IR TR E) - 20
DR HIIF2EE, 46, 43-52.



