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Abstract Gravity measuranent is of great mportance to the height datum i Antarc-
tica The absolute gravity m easuran entw as carried out at G reatW all Station A ntarc-
tica using FG5 absolute gravity mstument The gravity dataw as processed w ith cor-
rections of earth tide ocean tide polarmotion and the amospher and the RMS is
within 33 %10 * ms °. The vertical and horizontal gravily gradients w ere m easured
using 2 LaCoaste& Ranberg (LCR) gravineters The absolute gravity m easuran ent
provides the fundan ental data for the validation and calibration of the satellite gravity
prwjects such as CHAM P, GRACE and GOCE, and for the high accuracy geoid mod-
el
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1 Introduction

G ravity m easurem ent is of mportance to detection of vertical crustalmotion detem r
nation of the geoid studies on posiglacial rebound and global sea level due to global war-
m ing in the Antarctic G ravitymeasurements in the polar region are coord mated by the Scr
entific Canm ittee on Antarctic Research ( SCAR) and the Intemational A ssociation of G e-
odesy ( AG). The Geoscience Stand ng Scientific Group (GSSG) of SCAR made the G I-
ANT (Geodetic Infrastructure for Antarctica) progran, and the physical geodesy project is
one of the prograns of GIANT, whichmaim objective is canpile and analysis the gravity da-
ta to develop a new high resolution geoid for the Antarctic'. Themain scientific goals of
the AG canm ission project 2 4 “Antarctic Geoid Project (AnGP) ” are to canpile gravity
data of the entire Antarctic and iprove the terrestrial gravity data coverage .

Gravity surveys in the Antarctic started n the 1950s Because of the extran e environ-
ment and location the aibome gravimetry has been the mportant way m the Antarctic
During 1994/1995 and 1996/1997, the aubome gravity surveyswas carried out n the Ant-
arctic Penmsula by British A ntarctic Survey ( BAS) using LaCoaste& Ramberg( LCR) gra-

vineter > .
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Absolute gravity m easuran ents in the A ntarctic began n 1990 when transportable in-
struments had becan e available M ore than 20 absolute gravity m easurem ents have been
perfomed in the Antarctic up to 2006 In 1991, the first absolute gravity site was estab-
lished in Terra Nova Bay by Italy'”’. During December 12 2000 to January 25 2001
and December 31, 2003 to February 9 2004 the absolute gravity surveys were per
forned in Syowa Station by Japan using FG5 gravineters meanwhile the relative gravity
surveys w ere perfom ed using TT70 superconducting gravin eters and CT superconducting
gravineters ). In 1994 and 2001, the absolute gravity surveyswere perfomed n Aboa
Station by Finland using JILAg-5 gravineter *'. In 1987 and 1991, the relative gravity
m easurem ents w ere carried out in Punta and K ing G eorge Islands by U uguay . Tn 1990
s Geman Antarctic Scientific Expedition carried out gravity m easuran ents several tmes n
Queen M aud Land Antarctica ”'. The gravinetry m easurem ents in the Antarctic are show ed

in Figure 1
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Fig 1 The gravinetry m easuram ent carried out n A ntarctica( ADGRAYV, 2002)

In 1985 GreatW all Station w as estab lished during the first Chinese N ational A ntarctic
Scientific Expedition (CH NARE) in K ing George Islands W est Antarctica The relative
gravity survey was perfomed using LCR gravineter the g value is 982208 682 0 021
mgal ™. In 2004/05 austral summ er season the first Chinese absolute gravity survey was
perfomed during 21st CH NARE using FG5 gravim eter in GreatW all Station meanwhile
the relative gravity surveys were also perfomed using LCR gravimeters This paper de-
scribes the results of the absolute gravity survey the relative gravity surveys w ill be repor-
ted elsewhere

2 Field work
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In 2004 /2005 austral summ er season the absolute gravity survey was perfomed dur
ng 21stCH NARE using FG5 gravimeter in G reatW all Station W estAntarctica The FG5
operates by using the free-fallmethod An object is dropped mside a vacuum chanber The
descent of the freely-falling ob ject ismonitored very accurately using a laser nterferan eter
The free-fall trajectory of the dropped ob ject is referenced to a very stable active-spring sys-
tan called a superspring The optical fringes generated in the interferan eter provide a very
accurate distance m easuran ent systan that can be traced to absolute wavelength standards
Absolute standards of length and tme provide themeans to achieve a calibrated gravity val-
ue that does not drift over tme The instrum ental accuracy of FG5 is about 2 B Gal ™.

Two absolute gravity siteswere set up mn the G reatW all Station area one is CO0l, the
other s C002 Both siteswere located on stable relatively level ground The concrete piers
w ere established to provide the anallestm icro-seisn ic signals The observation roan w as set
up at site COOL

The absolute gravity m easuram ents were carried out at site CO01 during Febmary 6-7
and at site C002 during February 8-9 2005 The dropswere repeated every 10 s the aver
age of 120 dropswas a set Each measuranent last no lest than 12 hours The mnfom ation
of the observations at the to sites are shown in table 1

Table 1 The gravity m easuran ent field observation at G reatW all Station

Site Sets D rops Ratio
€001 49 5700 9 Y%
€002 62 7196 96 Po

3 Data processing

TheM icro-g Solutions software ( shortly G) was used to process the absolute gravity
data G allows users to change interactively and select processing paraneters and/or sets
and drops by standard controls If necessary prior to processing a data set the userm ay se-
lect and /ormodify the appropriate processing parameters and determ ne which sets and/or
drops would be mcluded i the processing or not G processes data sequentially that is
each set is processed n the order itwas observed If a change ismade in the processing pa-
raneters it is necessary for all data to be canpletely reprocessed The accuracies ofm eas-
urem ents at CO01 and C002 sites are shown m figure 2

The final gravity value is obtamed after applyng correction of earth tides ocean load-
ing local amospheric effect and polarmotion effect the ms ithin 23 %10 ° ms > The
results are shown in table 2

Table 2 The results of the absolute gravity m easurem ent at G reatW all Station

.. ) G valie at L 3m G value at ground Rms (10°°
Site Date (lO_Bms_g) (10_51'[15_3) ms_z)
€001 2005 2 6 -1 982207. 629 982208 089 +0 003

€002 2008 2 8-9 982206 938 982207372 +0 003
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Fig 2 The accuracies of the m easurem ents of each set at CO01 and C002 sites

4 Horizontal and vertical gravity gradients

Two LCR-G relative gravim eters w ere used to perfom the horizontal and vertical gravr
ty gradients measuraments at CO01 and C0O02 The vertical gradient was detem ned be-
teen the pier and the planewhich is 1 m high the observation orderwas plane-pier-plane
or pier-plane-pier The observation data was processed w ith the tidal correction and zero
drift correction tom ake the errorw ithin 3 x 10" *ms

mentwas perfomed fran the central pont then to comer , comer2 comer3 comer4

The horizontal grad ientm easure-

comer 3 comer2 comer | and central pont The scale factors of the wo relative gravin-
eters were detem ned beween CO01l and C002 The results of vertical gravity gradients
horizontal gravity gradients and scale factors are shown in table 3 4 and &

Table 3 The result of vertical grad ientm easuran ent
. _ Segn ent gap s(10°° Vertical gradient
Site Date Segm ent (10— m‘-‘_') ms_z) H(m) (10° s )
€001 2005 2 12 CO01-cezs5 - Q 4020 1 553 L 137 - Q 3536
C002 2005 2 10 C002-cch5 - (0 3687 *1. 104 1. 104 - (0 3340
Table 4 The result of horizontal grad ient m easuran ent
. _ Segn entgap  Rms( 10 ’ D ist H 011zaontdl ,g,ldd ient
Site Date Segm ent (10 ms -) 11155_2) (m) (10°° s %)
CO01-cczl -0 0318 1. 864 0 652 - 48 8
. CO01-cc2 -0 0177 1. 896 0 633 -280
COOL 2003 L'L coot-ced - Q0146 L 542 0 642 -7
C001-cc#4 - 0 0169 1 980 Q 641 - 26 4
C002-cchl -0 0152 1. 085 0 348 -43 7
. C002-cch2 - Q 0055 1 738 Q 365 -150
€00z 2003 L1 Co02-cch3 - 0 0090 0 965 0 372 - 242
C002-cch4 - 0 0069 1 926 Q 370 - 18 6
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Table 5 The scale factor of the relative gravin eter

Segnent gap Real segnent gap Scale
Instrum ent Date ( 10 ms_z) (10 ﬁ::ls—z] factor
LCR-G-800 2005 2 14 ~ 716 5607 - 698 7 1 025563
LCR-G-796 2005 2 14 - 698 2 L 026297

5 Conclusions and discussions

During 2004 /2005 austral summ er season the absolute gravity m easuran entwas car
ried out at GreatW all Station Antarctica using FG5 absolute gravity mstument and the
RMS iswithin 23 x10 * ms > The vertical and horizontal gravity gradients w ere m eas-
ured using 2 LaCoaste& Ranberg (LCR) gravimeters The absolute gravity m easuran ent
provides the fundanental data for the validation and calbration of the satellite gravity pro-
jects such as CHAM P, GRACE and GOCE, and for the high accuracy geoid model

During 2008 /2009 austral summer season the absolute gravity measuranent w ill be
carried out at Zhongshan Station East Antarctica which can set up the gravity datum for
the mland ice sheet gravity measuranent The repeated absolute gravity m easuran ents are
planed to be carried at both GreatW all Staiton and Zhongshan Station in the next a few
years The absolute gravity GPS data and tide gauge w ill be canbined together to study the
vertical crustalmovanent posiglacial rebound and sea level change
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