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Distribution of Bouguer Gravity Anomaly and Crust
and Upper Mantle in the Antarctic Region

Takeshi MATsuMoTO*, Jiro SEGAWA** and Katsutada K AMINUMA*¥*

Abstract: Bouguer gravity anomaly south of 45°S was derived from the
newly provided data of free-air anomaly and topography, and its implica-
tions in the crust and upper mantle structure of the land and its marginal
ocean area were discussed from the viewpoint of gravity anomaly.

Bouguer anomaly in the Antarctic Continent presents negative anomaly,
showing that the land area is in isostatic equilibrium with the thick crust
supporting the load of both thick ice sheet and bedrock topography. In the
surrounding ocean area exists the zone of relatively negative anomaly
corresponding to the mid-oceanic ridges. The result of further analysis shows
that there is some relationship between the sub-bottom structure of the Ross
Sea and that of mid-oceanic ridges, and that no clear boundary of litho-
sphere and asthenosphere is recognized, which suggests that the astheno-
sphere reaches up to the bottom of the crust in this place.
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KEEOBENCOWTIEL, 1960 FERICE S R7-d D% GROUSHINSKY ef al., (1972) 73 %
LR EMLT, 75 v AD BUREAU GRAVIMETRIQUE INTERNATIONAL 73 % & H7ci&
FAF—x (1974), BAPIC L 2 HIE (Yanar and KAkiNUMA, 1971; YosHiDA and
YOSHIMURA, 1972; ABE, 1975; /A 5, 1980; Kaminuma and NAGAo, 1984; ZDixh
KFFRF— 5) 2o Twb. CHAOBRAFBWERELF -5 (@EROBKEC L2 HE
Bat) ONHLTWAHEAR 1R T. ZoMsbbnd kb, KBEE HFCHER
CRWT, ERT = XORTHISHIRD S .

FARERPE CIKIR T OB K E » Toinw i, 7—r—RELXIHET L &N
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1 BB IOTORATOEIMERHH. GROUSHINSKY et al. (1972), BGL
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RiEE T bER S UV — FOIEROME S FFFRT

Fig. 1. Distribution of gravity stations in and around Antarctica, including data

compiled by GROUSHINSKY et al. (1972), BGI. mesh data and the data
obtained by JARE. The position of mid-oceanic ridges around Ant-
arctica, i.e., the boundary of the Antarctic plate is also drawn.
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NUMA and Mizoue (1982) i X - T, HHEIDOTE TRKICELITWV5 & RE L kD
EHREK (reduced gravity anomaly) 2REZh, Zh#xd i TEEOHE fThh
Twie, T, ZOBEHNREIISEVIALVESNRE (high level gravity anomaly) & 43
FlBARCC EXNEI (BE) WX hvREIhA. 2o, ERBMERICERE (%
ekt h X W BOAERE) CL5ENHREYARCFLIOTH D, AERBS ERER
By s TEBmT 5 LN TES.

#5 LBz oWTid, SEASAT i 10X GEOS-3 OMHE 7 — 2 7 b OFEHIENBEE S h
fotz (MATsuMoOTO et al., 1985), R DOUWBMOBNH/MABERRDLh, LrdE
PIE & B L TR RBE BRI T2 Z LA LR ER o .

IHETIORERICOVCTRENNAE A FEFE S T\ % 5 (GROUSHINSKY and
SAZHINA, 1982a), ZhiRZOHEDOF—2%Mz, ILKRENCHEMLUICEET — 2%
% T SEGAWA et al. (1984) 1= X - TRg#k 45 BEUROMBEO 7 ) —=7 RERI &
bhte, ThiZff&HFe LT, BEZTRBLRTWSBE - HRORLFHEL VRIS
FHhTW 5.

ARRIZE TR, ZhODOFEHFOES - K7 — 2 2HVT, HBRELKD T —»r—5
HEAELTCEO0MERD, LM TEBEOHELLOT 7+ =7 A LOBBREEETS.

27—y - REEHEE

4B RHR (R L I KB 3 X O O TR B 17%, ZORD B DD
WTT =y = R Ag” DEBRDRID.

KD 7 — r— B, BRSEFOETOCAHA FEDOROWEC L 5 ENSELR
ELRENRE LV OERLFEOY, BERAEIBECKKRCEL R TV 510, ZopEy
EWTHBENHY,

dg"" =49’ —22G{p(H—h)+p.h} v
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K DOEE, oo (IHREE, HIJES, h 3EBEOEX, d IKEY
Eoa
Fig.2. Notations for the Bouguer correction in both land and sea areas. p; is
density of ice, oy is that of sea water, and p. is that of crust. H is
surface height, h is height of basement and d is water depth from the
mean sea level (SL).
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EoThEzbha (K22, 22T, 49/ 37 ) —=7RE, p (KOEE, . (THE
WE, H XBRAOES, h REREOFHEKE»LO®E, GIEREIINERTH 5.
Py P WDWTUETNTOMB TR THD EREL, ThLth 0.9g/cm® LT 2.67g/
cm® L L7, EBEOBHELTOWAECOWTIIKDEIZ0THENE, H=h Ly,
X D) FBAEOT—r—BREOHERELS.

—7, BB oW, T —REE, BKYUEHECBEIBICBEOENRE L
EZEIND., LichoT,

dg"" =49’ +22G(p.—p,,)d (2)

E7esh (K 2b). 22T, o BEBKREETHY, \WBHHT 1.03g/ecm® THB LKET 5.
¥, dIIKBETHS.

£ 1), X Q OEIAIRTERD, KRR TUL T — ¥ —MIEE LT LKRITEL (F
b EREEGEE) I W ERTo7. ThIE, HERSIOXKELSMH ECE L bh
TR 7e®, 78 10 km P EOEROBEBHNEMCLREECT S0, 1 RITHETT
DTHHNOTHA.

MR B - IR 2.67 g/em® LRE L. T OfERER I OWTRIEEEOE
YL, IR oW TRHEREB»DEREE LT TOREOFEDOFHHEL LTD
BERrbo.

KEHIC KT A ES (BBREDOES+HKE) 1o Tk, Bubb er al. (1971) 12X v 4
MRS bR TWw5b, ¥, HF IS Tk, BERoEEML, 1/10000 000 Karta
Kornnogo Rel’efa Antarktidy (1977) =351 <, % 7-@BEMFXIL General Bathymetric
Charts of the Oceans (GEBCO) 1231w T, 7V —=7RBEOEZ Hbh T\ 5 b0
MBI RTHES, BEREOEI I KEDELRD L DI bR A ELL,
7Yy KF—2 kL.

FTRBNIE B D, BEREERE TR - - REOHBEENREADTHLN, Zh
LA EBICEIRT 701, RO X 5 e ARV,

INSIDE OUTSIDE

14 )

§azn $do=0
(a) ()
3 BHRAPKREOERERONMZH 225D 0% HET 5 Fhix L x
3. BRMASUZEE S
Fig.3. Procedure to judge whether a point is inside or outside the shoreline loop
of a continent. Details are given in the text.
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FIBLH 2H B BB AREOBERDO V- 7 ORAMCH 50BN EHET L L THA.
=T DORMCHDIebIE, TOENOLV—T EDBHBE—BEBEALSZ b LEZDEND
=T EOBED DREBALENZ P ALEDITHA (F5%2E&L) O 127 Lins. T
HHE3 T,

§de=|2n| (103 T 40,=12) (3)
Licd, Flor—FOMMICH B bIT,
fﬁ:O(itm%ﬂ%Zm (4)

L, ::ﬁ&itm%}mﬁmk@@%%ﬁélﬁféw-ﬁaomfﬂﬁyﬁﬁg
DETDH. 22007 VOITADN, EEAVCThOFSEEDIMNIZALDOX2 LD}
oGBS s HGFERYEATIIN 3a OfIXENERY D, K 3b ofizaOER &
5.

FArE 80 EELIFIRCREE 60 ELIbD X 5w, R O ERMRAE L eHBIRA L L
T, WTFARERT 202 HEENCHET S & L3EGTEORER Y B 5 OIFEHE T,

3. BERBUCET B T - —EE DR

M4k, 20X LTRDOI LT =Y —RESARERT. 7)) —=7 REOKEE
7 10mgal BETH S (MATSUMOTO et al., 1985) = L2 EET+ 5L, ARCRLE 7 —
F-REOKELRBETHLZ LEPIS.

KEES MO\ Tik +50mgal 725 —250mgal OfECh b, ZIFLEBIED BE R
T. CHREBKECE CHERARKMLTWb0LtBbhs. EEBRKEDCT A VA5 v —
HEZICHE, FH 2000m L OEIOKOFEXERTHI LI TE . 7)) —=7R
HOEFAFHLTREO TH AL bbb TIDLIRKREVCAD T — ¥ —RERTRTC
Lix, KELAIKOHMELEDT, BUMRIC X » THEXR-> TV 5 L ¥BHRT 5.
HBEALCENEOHUEHEYHAVCTERTHOE X # R ® 72 #H 4% (GROUSHINSKY and
SAZHINA, 1982b) 1= X huiE, BIBAREEIC R\ TITRES 40km X L, HEBPRET
i 65km ET D, ZOXIBRECKETNIHES TR 1T AVAET 4 o 7 i lEkE
DRERECIBECHIZR L 5 B0, flloXBERohi B TH .

—%, @EHCECTE, 7Y —-REITXTENEYFRT. HRBETE, TOfE
13 +300mgal IETHD. BRCHEVTUE, 7V —=7REIFHLTOLRTIVMD,
7=y = REOEI BB URKFKET 5. WRKEEY 1.03g/cm®, MREEYL 2.67g/
cm® &< &, 300mgal &\ 7 — & — REOEIZKERS 4400 m YT 5,

KEBIC I\ T 300mgal L h KX WIS T AAENHCE S — ¥ — BREOEHN
Rohzn2, ZhidRBHECHEYT 2 (R12R). Thbb, KEHEERER BEERS



154 A - By - fEas (Ftm &R

B 4 FE 45 EUEORKRO Y — 7 - RESAMR. 2 v 2 —[HEiL 50 mgal
Fig. 4. Simplified map of Bouguer anomaly in the area south of 45°S. Contour
interval is 50 mgal.

v FEEE, BiEA v VERECR ST, 7y - REHEIZK 100 mgal BEK L Lo T
D, ThExEREOMMTHEAL X 5 &3y, HEEE 2.67g/cm®, LEfFfi~v r VEE
3.30g/em® L LT, AENLLH 4km oo TWBZ i,

K1k, BER7Lv—-roBERLRLTHS. 207 v— BRI, EREERATEZER
T, TRCAERER (KEPREH) THDH. KELSOBH TR, PRER (Thbb7
— 4 —REOfEN 200-300 mgal DHIH) L KEEL ORICEEE (77— 5 — 2% 300 mgal
b)) BEETS. LoLishb, —HFidd, FREE» ORE~NENSCORTT 5
—REBIAERCEITEITILD L. ThX e A THSH. SO LI, = AfELhRIGHE
O TREECHEBMEN DD ERRELTVWHERDLZENTES, v AT OV,
EB=v b roBEHLARETIRES B2 E S h Tk v (BlziX DECKER and
BUCHER, 1982), E/IDOWETL I DE2 BN T B LTk b, ZOHTDOWTIE, HBIE
BE1T5.

Fio, BEREEECOWTLREBC, KR LABERICE 5 1TohT 7 — 7 — BREMEN
BIFREAP LTS, LT, 27 —4»—REEN 300mgal X h/h&X< —100megal Xk
HDREVHIFNL, = AEIOEBEE I THREL TV, ZORMCBEREAYDD LTS
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#Z 27 (KADMINA et al., 1983) RBIEEZE LTV 52, BEAOTEL L ZhvHHT2
iR AS.
EE, RFRREST -y —REOEMELT, YA rXvy=4v R A= 7E, L
B, Fr vy LEBCELRILONRDT NG,
FEABRAEIREMETOKEDZ SEAZTHE EVHMLAT WD, 7 —r—RED
TN ERRBLT, KEGTZOZ SENAIC> T3,

4. T -y — BERRTE

T == REDTNOHMTEEYHET 5 HEL L TRV OhBRIR TV 50, AH
FBEEOCTRIZRIEABHT A7 r AEXBERALL. Zhid, BTod 3R CHEHS
DEERE (ThbbEBEEORLIHPEOEABCORBRIC L HAUENLVHELE LD
n5) BeH5HET, METBHRAINLZENFHDOARNT A7 b5 2DHEENLLOEX
DHEEINRDEVWSHETHS (K 5a). Tihbb, ZOHETROLALERREOESR
(FTHbbAREMEOEI) X, HAmOBRCLS BRI WL RELLBEOEE T
By, BNDMILEZONDIBRRKOEI LA T ENTES.

X Sa DXdic, 2RTHNEHTEEIM BLIOY 7=y —BEDRV A7 54 P,
EHEE n LOBRNRE L DRSS, TANERTEMIRS B,

log B, log B,

ve

SR eI Z
c%ﬂ%@%wy 5
N e’
RN R R eramer TR
(XX KIRRTA XIS,
00‘0.0.0.000000’0‘0.00

(a) (b)

B'5s BEESASI S AEYACT T Y —REDA<7 b5 2D HENL
HMTOREMREOE I XKD 2FE, @) THELE 1 AO%HE, (b) RNE
Femm 2 BOBE

Fig.5. Principle of detecting depth of sub-bottom disturbing surfaces from the
gradient of power spectrum curve of Bouguer anomaly by means of white
noise spectrum method. (a) Case of one disturbing surface. (b) Case of
two disturbing surfaces.
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Fig.6. Sections for wave number analysis of Antarctic gravity anomaly. The
length of the sections is 1290 n.m. corresponding to 129 gravity data at
intervals of 10’.
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P P
LINE III LINE IV
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194 A 10 A
12 10
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Fig. 7. Power spectrum of Bouguer anomaly

along each section in Fig. 6 (a), (b),
18 A (c), (d), (e) correspond to section I,
II, III, IV, V respectively.

18+ -

12

log ,P,=C— 2”21) (5)

EVWHBEEESD D, T L RIEE, D IAREGEEOES, CRHILIERTHS. T
B, TOEMBOEE —2zD/L »HLIEX D BRDOLNS.
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FESGEN 2L B DEAIE, K 5b rTekh, BNAMILORLETOHBET
AT B ENTES.

HECHAVCAMEIIN6ICRT SAL L. ChbolMEECIZENBRUNSYEECH D
red (K1), HBEOEEENBCC EAWIREIRDEOTHHA, OB CRBERMESD
fed, FEOENSORRIC X > TENEXRDI D, FIHFETEREREWEBb
na. Mo RTHECHR 7 7= —BEDAR7 —Ax7 5 4%K Ta-Te 1TRT. &
NHEDERITOWT, BEIEETHY, NI A7 —AXI7 T ATHD.

SIT, T —REDRAY AR N5 ANMAOPHIRETEMUTE DL, TOZMED
Wicks, ®7a-Te o5 RARY, 2% 1R TELUT S L CEE1LH D Z LIZH
LI THD. LrLisb, 2RTEMTNES, IATEUTNEL LGS AT, Hls
DEIZLWHDAE . LI TEARRTIIRD X 510 UTGEBERORE 2 RE L.

Lz bhipfie N ROBEBR CELT 2 b D&,

y=a;x+b; (x;-;=x=x,) (6)
PHETHMEEEZD (LKL, J=I~N). Tihbh, T NE2EL, WAHALAL X, T
DT x;0SxZx; OFFTYE 2 bR mst y=ax+b; TERI WS LEEL, &/DE
FHIZ L 5T a;, by, DERRDSB. Thk ji I~N DWW TT, BEOMAE/N & I
LA EbERES. Thi N RCAPT2H560ME 5.

Llba N 232 08& L 30HAT O T To ke, TORKER, IRTEBL B,
RABOCEBIY L H ORUEROEENIELRDEIELRICL DB o2, Tt
BRI OMEELLWDOT, ZOBSICI2AKOERCEMLEREYRA T L
7.

12, TOoFETHELRIGEUERDOEE L LRD SACREHACE S 2R T, I,
Mic oW TR 2 ADOEBDOEUSRETH Y, TOMITONTEIRDOELUIRBTHD &
£ 1 06 DRMETH > T BB LD 8 5 h f FEEEO P E S

(Bf7 km), D, Dy, Dy i3 FNFh, 7T/ A7 =27 « AV A7 = THER,

YUY RART 27 o« 742 A7=7HR, =RECHETS., —XMENREDS
o E IR

Table 1. Average depth of disturbing surfaces (unit in km) along each section in
Fig. 6 by the wave number analysis. D: corresponds to the boundary
of asthenosphere and mesosphere, D, the boundary of lithosphere and

asthenosphere and Ds Moho surface. “—” means no estimation.
Dl D2 D3
I — 137 29
I 447 123 28
m 296 — 22
v 321 99 23
\Y% 330 100 15
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WO B LR, TOBE, RV —AXI S ADBRECEFEEHIILOUTTAo. R
EREOEIOHEREL, VoA TH km, BWE I AT 30-40km THHLEELD
has.

FRLIZT, ARRCEVTENLLRD DN DIXBCAREREOEITH Y, &
DBVMRCH DD, EOBDY VAT = TIB B0/ ENEERD RS Tkl
W ERER LTI B, Lo LR Eoflosusic 10 21 &l L B A,
D, i EFRECHYTAIES, DV VA7 =7 « 72/ A7 = 7THERCHYTESL, D
72/ A7 27« 2V A7 2 THERCHYTAEITHLLELOND. 2KDERTE
PExhs 1, MconTiE, Tk D, WS89 H8KRGFTxh, ik D, w4 5o
RFTh%. ThHLOFBEROFHRIZOWT, RKITEREZMZS.

5. 7= —-RESALLKD LN THE ICEYT 2EE

F1OMERTAVT, FAERES L0 0FIEE O A & &S NEREOR S 2
LR LicdbopK 8a-8c THSH. X 8a (XEHEDES, WXV VYA 27 « Tk
JA7 2 THEROBEX, M8 7L/ A7 =27 « AVA7 - 7THROBERRT. ZOIE
i, RO bEREEMATVL.

HEBLAGEORVICOVLTIE, ThETELOMEEC I > THEBEATVWDEED
TH5 (Flzi¥ DEMENITSKAYA, 1982), A THIERALRD LR EHFHEOEIICE > TH
iE, IBREHEI TR 40km (Ikamr ef al., 1984), 7 , — v E—FFV FD/ BS5H U
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(b)

B 8 WEEMITIZX - TROBLAAANHEFE O PO (B km), (a) =
RE, b) VYV RTZ 2T o 72/ A7 TER, (b) T2/ A7 =T« AV
A7 = 7HER, WELO (b) i3 28 30T 2 REERI L
DITREBRCZ ECERTILENRD S
Fig.8. Average depth of the disturbing surfaces (unit in km) obtained by the
wave number analysis. (a) Moho. (b) Boundary of lithosphere and
asthenosphere. (c) Boundary of asthenosphere and mesosphere. Note
that the depth of (b) is not determined in section III since the best-fit
curve lacks the corresponding line.
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7 AN Y EMBE T 30-40km (KoGaN, 1972), 5 v.3— + kmfFE T 30-40 km (KURININ
and GRIKUROV, 1982) LW OHEEMNB LR TS, Ff, ATHBLIEIRELYHAWT
RKOBIWILFIELT, =27<—F¥ vy FERIF2EREOEIAH 30km v 3 HEH
»% (MCGINNIS et al., 1983), EmEE» LHFEOE I ¥ RDH7-Fl& L T X KovacH and
Press (1961) i X 28&E2H D, “hicksk, HEBOFEHOMBPOEIIL 40km, &
BBz s\ i 30km S RD LTS,

DED Lo, MB¥FMCRLSE L, FEEBRIEEBLD S 10km BEBR, E
ERBRE. ZOAIRDWTIR, AMERERCTENSMLORDICERELFAMPTSH 5.
forl LB A3E 10km BERIRE-Tx), HEBCKWT 30km 55 @I, I,
FERBIC VT 20km Fitd (WTEIL, IV, V) &koTWw3%, RemRTEkh, ZKHE
RS UK ¥ TRARCID . TEDTH D, ThODER—HEBEOT -2 b FDF
BB 52 5 L5 2 e ZFREELDRD. BELG TRENORERNTLIT S
CRLTF— 20852 bhThicnicd, MR E CERFERLIERT S 2 Lk ek B,
WTRIC LT SRR L RS S TREN BB E DR 2D D LV ENOIEI LD
ErD NI THS.

REZ, VIATZ 27 « 72/ A7 2 7THROEILCOVCTEET S, BEREABECKVTH
BEOCEEEBIFETZ LV LRRAEOENMBERNL ML L Tk b (KovacH
and PREss, 1961), “hu 7t/ A7 =7 :E22ELIELETORAEOEIZZRENL
50km X0 200km L7cBh, ZRHIEH L TARRICK TR LORCRERL, HERC
ST 120-140km (BFE I, 1), FEEHBIC2WTH 100km (MEIV, V) Lo Tuw 5,
HREXRDE, HEBEARERE CEICHLALREV VAR LR, FEEEOSH 20-40 km
BERLK-TWAI LRENTHD. EETHDIXBELHEREBNDZ LI TE w7,
HEBIRE LKETH ), FAEBIIEBESRY VA7 = 72 FCHBERH LV TH 5
EVWEIEZ T EBENTOERTHDERDIENTELD.

KEBEOREERE L ENTEILEMCELRE > T35, Zhikl 2EAAETORE
CEBrborBbhd, AHRCL > TROLRATEBEOER I, FRAKKDOEIT
BHLZECERTHOLELDS.

R, MEIOERCSWT, COREICAEEAINARE > Tz EFERLAETR
e b, COMEREESE,D e AT TOBEANS TR TR, OS5 DOFHHL
HTHEELLTE, VVART7 27 « 712/ A7 =7 ORERERI\EELAVZ LITKS.
v ABOBETERE =Y P VOBEHLIBI > TWEEVIRIENTH S0, KB
ORI, 7T/ A7 7R TEHE TELTWD EXRBTHEVIRT, ZOH
YEHTHEATRBVWTHAS.

TX) AT 27 « AVA7 2 THRIOERCOWTY, BB LERCTIERR S
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BB E THOLABVCARONS, BEEBLBAMEIV, VICk\Tik 321-330km &
FE—BLEYRTORRL, REBLEAMEI Tt 47km &, BEEECHE~<T 100
km PLELEFECEIRIR TS, ¥k, BAUEBEE TS 2HE LIToWTIR, E2RDH
R, v A RAAMEINCOWLTIE, 296km L RR@ERE L 0 < HHTuw 573,
BiEL LTRARBRCEC-EBbhs.

6. ¥ ¢ ¥

APFRCE TS, BEEREOCHROESN - ¥ 7 — 2 12imx T, REBHCHMLEE
B - BEME T - 2xBT, BERREGHED 7 — 7y —REx2RD, MTHECETsEE
ot RYEHNTAHLRDLIILES.

1) FEEBIAEEBRE CTHOMBEDEV DS - LXEMT LI, BEHOE S
HIE bR

2) IHIZOEWIE, HicEEggic s FEoT, BMETELRDICKVTIZ 300-400
km BEOEIL T TELTWALZ EHABLMT o T,

3) rAWRIOCZRCESERICEGTIE, VY A7 2 7HEERT, AR 5T
WAHELLWEWSEZ TR THRRAE LRI

SHIZIBIC, BEEROZEALL> TUWLHAOREXFREL T, L VEELRETET o0
BENhAH S, i, @BET 2o Th, HENLELhCENEYRIMEC X Y RET
HisE, TV BEOBVENNHiERODIDOE NG T A ENEETHA.
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