E18EEgtEME S LRI L
:fEkjiih. ﬁiﬁ%ﬁa

THE 18TH SYMPOSIUM ON ANTARCTIC GEOSCIENCES
PROGRAM AND ABSTRACTS

20 -21 OCTOBER 1998

E S AR MR FE R

NATIONAL INSTITUTE OF POLAR
RESEARCH
TOKYO, JAPAN

ERVR T AT U

000186775



HISEFMI S BRI DA (19984) HEER
108208 (X) 20 October (Tuesday) 108218 (&) 21 October (Wednesday)
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7 BX
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1. EEHERE 9:30~11:15 (10541
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7T WX
15:15-17:00 (1054}
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X, #Es B REE s
Geomorphology and Quaternary
Environmental Change [2]
5 WX
15:15~16:30 (7543)
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Programme for 18th NIPR Symposfum on Antarctic Geosclence, 1998

(09:20—09:30) ## Opening Address B RMHEHTE FERS
I. BEEHERWE Solid Geophysics[1]
EE . G- (EB5F)
1. (09:30-09:45) HBiIZEEDIO sEROF -7 TRE-ERAMELEL

On the long-period gravity changes obtained from the S5-year records of the
superconducting gravimeter SG016

Hilige— (RBFX - ELRXE)
it TN (B RILEAR)
B (BERER)
WAL GRAERK - B KB

L OR#RK - B)

BT HE (R AH)

2. (09:45-10:00) B b B IR O KPR RS
Horizontal Components of Earth's Background Free Oscillations
BT 8 (BUHRA - BSSHR)
LS (&R - H)
3. (10:00-10:15) ERS2WEDBRAMET ¥ 7 ORBL ERE
Status Report on Installation of PRARE Ground Station at Syowa Station, East

Antarctica
SRER (e b HK)
WA (18 b H)
W GrREFK - B)
R R (hR %)
TR (B L EEE)

4. (10:15-10:30) HEHANXEGR (13T OBk
Concept Design of HAYATE: Small Satellite for Supporting Antarctic Observation

Researches
HIRESN (ETK-T)
R (RLK-T)
BOEA (RTA-I)
FHH— (®ETK-I)
BRRE (E®EIK-I)
PAET (EBIL k-1
# # (RLKk-I)
Bk =EB KIK-I)
B REE (RTK-I)

n . m @ﬂ&ﬁ@ﬂ Solid Qegphyslgs 2]



BE MERG (EEK)

5. (10:30-10:45) FHERBOL — 5 — % B EEKREBOBKM
- Detection of Antarctic ice-sheet motion by In-SAR
& (BHEX - BIBHF)
TR (B 3HT)
B K (BB
6. (10:45-11:00) FERB L UK LI BT 5 GPS R Eill

GPS continuous observation on ice-free area and ice sheet

I (B L 3B Be)
PN (B 3 Be)
BE " (B L3 Be)
BFIE— (B 2EBE)

7. (11:00-11:15) F=AKLFI/89-20— b LICBIF2EDNES X U GPS Bl
Gravity Measurements and GPS Observations along the Traverse Routes from Syowa
Station to Dome Fuji
L e (FHA - )
SRR (3wt
ALFEH ()
8. (11:15-11:30) INEBRRBETIC L A RBEBREFALOEREORS & BRARYE
Moho depth and crustal heterogeneity around the Soya Coast, East Antarctica, by

broadband receiver functions
SRER (HE e TT)
5L (R#A - B JERE)
REBET (A#R K - #)
AREH GREX - R
9. (11:30-11:45) Vavd - AVABEBATOSKS BATYF4 v 7 X 2 BEHER Y
Seismic anisotropy revealed by SKS wave splitting around Liitzow-Holm Bay region
AR (CRECK - HuRar)
N (FAK - BESRR)

TR RE (&iRA - 2)
B B (R M HT)
10. (11:45-12:00) I A—VE-FSYFRUALY V-V -5 FOBROBMAER LA

BEOHR
Rock magnetism and magnetic anomalies in East Queen Maud Land and West Enderby
Land
B RER (EK - )
Lig = 73] (RE3RK)
Ak X (B BT
EHKEH (Blk - )
""" Bf lunch (12:00—~13:00) =+ » « - -

BE MUNEBA (B - &%)

it



11. (13:00-13:15) HER) 2V + BIVAB - AH—LVVEAINI V) r— FRREPOEY 1-
RIZAH T A MZowT-
Mineralogy of Calc-silicate gneisses from Skallen, Litzow-Holm Bay, East Antarctica
1 -Scapolite and related minerals-

iy Th (FRILK - BF)
/MUREEA (ALK - &H)
B BRI (FrBK - B)
RAHEIEH Lok - #)

AEEE (BRK - &F)
SLEET (BB - 1 hAF)

W. A. Crowe (BmA—A 7Y 7KE)
12. (13:15-13:30) @l -0y 5 — AR OB BRSO hastingsite DEEFIRIZ D
w
The stability field of hastingsite in acidic gneisses from the western part of the Sgr
Rondane Mountains, East Antarctica

AEERE (EREFEK - BR)
BAMAT (4 40 )

13. (13:30-13:45) N2y Vi —RNVABERTL— FR-FZ o BT EREOE R
Partial melting of metamorphic rocks of Breidvagnipa, Liitzow-Holm Complex

A op s (Fridkx - B
G. Fraser (774 Fk2)
TREH (Bdek - I)

hns ERHE (FrEX - BR)
14. (13:45-14:00) BIREREORIMBL 75 T4 T4 254 FOFEL
Partial melting of high-grade metamorphic rocks and formation of grandidierite

BEHEF (FEX - #)
AEE—~ (% Hb 5T )

E. S. Grew (R =ML K%E)
Hi B (T¥X - )

BAY —F d o
BE :HAkER (B
P1-P15. (14:00-14:45) (BEE : %%K)

""" fKk# Coffee Break (14:45—15:15) - « -« « -

BRBRAER (TEX-8) - GIEL (BEEYK - 8F)

15. (15:15-15:30) e ET7EE N — BB 2 BRREREHOBE & AR
Geology and protolith of ultra-high temperature metamorphic rocks from Tonagh Island
in the Napier Complex, East Antarctica

/MUAEEA (WX - #F)

m



16. (15:30-15:45)

17. (15:45-16:00)

18. (16:00-16:15)

19. (16:15-16:30)

20.(16:30-16:45)

BREAE
FHIEHIEBH
AR
NHEEF
W.A. Crowe

(HEk - BR)
(k- 2
(B - #¥E)
(RBRRX - RIBAF)
(A - +5Y TKRE

HHEEFETEKL F-BICBIT 2 BREEREEOERIER
Deformation of ultra-high-temperature metamorphic rocks from Tonagh Island, Napier

Complex, East Antarctica
B BN
/HIREEA
KHHEIEH
ARBIE
SHEET
W.A. Crowe

FBKX - BR)
(RX - &%)
(Wox - =&/

(BRX  &FH)
(RRAFA - RHTT)
(TEF—R + Y TKRE)

FETER BB ERET 7 =274 COBBIRERIEH
Ultra high temperature mafic granulite from Tonagh Island, Napier Complex

AR
MUPIEEA
BRR%
KAHIEHR
ST
W.A. Crowe

(BRX - %F)
(Ek - &H)
FHBX - AR
(Lo - 2e)
(BEFX - BHF)
(FEA—X + 3 TAE)

UHT metamorphism of aluminous gneisses from Tonagh Island in the Napier Complex,

Enderby Land
AT
/MLPIREA
BEAE
| RHHIEH
AT
W.A. Crowe

(BBEK - BHHF)
(FhA - ##F)
(FHHKX - HR)
(uox - #)
(BIRA - #F)

(FA -+ TKRE)

KERFETERN -8B, SHEEORE LFK

Protolith and age determination for mafic rocks from Tonagh Island, Napier Complex,

East Antarctica
A IERH
/MILREEA
- 3=
AREH
NEET
W.A. Crowe
4 FRHE

uox - #)
(BX - &%)
FHBX - BR)
(BRX - #F)
(RBFX - MDA
(B4 -2+ 7V TKRFE)
(HBKX - BR)

HHEFETEEY —X - SV BRI BII2 Y5225 4 MK R

EHHD sSm-Nd R FENAEN

Geochronology for Sm-Nd isotopic systematics of the granulite facies gneisses from Mt.
Riiser-Larsen in the Napier Complex, East Antarctica

SARET
AL
4 e

iv

(RBFX - BHHF)
(FrBX - BR)
FRK - AR



21. (16:45-17:00) Reaction textures after sapphirine + quartz: indicator of pressure condition of UTH

metamorphism
S HBET (RAFK - BHHT)
AJNIESL (BHEBSLK - 8%)
AEHE— (B HK)

----- $#4 Conference Party (17:30—19:00) - - - - -
W7ol 2 R #E  Lecture Room (2F)
281500



BEFHRE (BHK - hBRB2E) - SREE (BB

22. (9:30-9:45) 1998 4 3 [ 25 HEEOE KR ORIFRE
Rupture Characteristics of the Great Balleny 1s. Earthquake of March 25, 1998

i (ERK - #RH)
ARBET (FHX - B)
T (R - HRAK)

23. (9:45-10:00) 1998463 H 25 HOME 7 L — PHOEKBR (1) KREEH
A great earthquake in the Antarctic plate I. Aftershocks

L EEh ey (BB 3 BF)
/N (1 HhAK)
gl (48 HbA)
SRR (B HUAF)

24. (10:00-10:15) 1998 4 3 A 25 H iR DR
The March 25, 1998, Antarctic Earthquake (Mw=8.1)
B (BifaK - HERELEE)
SRR (FEHAT)

25. (10:15-10:30) 199843 H25 BOBE 7/ L — FABRERNMEOHBERT, BB LIUHE

HR%

Seafloor topography, magnetic and gravity anomalies around the epicenter of great
earthquake in Antarctic plate on March 25, 1998

Lig = 1l (8 4B H5F)
AREHR (EFCK - HRAF)
HEzs (R HF)
/PRI ] (k)

26. (10:30-10:45) A= PYTINT RV a OOy BB E T - FREER
: Block motions and intraplate deformation around the Macquarie triple junction
AR (HBK - BRAD)
Lig = 1) (R #aF)
27. (10:45-11:00) WRA D= ALPDL R -HES L~ NI
Stress field in the Antarctic plate inferred from focal mechanisms of intraplate
earthquakes
AREBR CEXK - HEH)
28. (11:00-11:15) Ry PAKRy PERRICNTABRB 7L FOEE (202)
The motion of the Antarctic Plate relative to the Hotspot Reference Frame Part 2

BHE %% (Bl Hh7B)
M. #EOMHY Marine Geology and Geophysics
WEREHE— (8K - #)
29. (11:15-11:30) BB A ICBT S THY O B E R ERAERS R

Vi



Geological and geophysical survey results of TH97 cruise in the north of Antarctic

Peninsula
wiE % (BEREPT)
B g (E WD)
/NEEFS (WEFIER)
LilpE d (2R

30. (11:30-11:45) LYY -BROBARKEL TV FI TR
Magnetic anomalies in Enderby Basin and Gondwana breakup

EAREH (18 B 72 77)
B R (FFEX - BR)
RHEFE— (AR K - BE)

Gk AL TN (FEX - )
31. (11:45-12:00) AV FEBERERELET 7 P =7 A0REn-8#
Unsolved problems of the tectonics in the Antarctic Indian Ocean

EAREE (REFUK - WEEHT)
J. Dyment (FLAMKE)
----- Bf Lunch (12:00—-13:00) =« + » + =

BEERE— (RBH)

32. (13:00-13:15) N BR— 27 A~y ¥ BRI BT 5 R HEEY

Holocene marine sediments in the Lake Maruwan on the Rundvagshetta, Ltizow-Holm

Bay, Antarctica
WG (BHA-®=T)
#whE— (h b AR
=Hs (i HF)
33, (13:15-13:30) B 2V 4 - RIVAE, AHNVTARAREBO ZHERERY S S B H
L7-7¥ I v4bhR "
Seal fossil from Holocene marine sediments on the Skarvsnes, Litzow-Holm Bay,
Antarctica
WA (BHRA -BI)
WHES 4 (B - #)

34. (13:30-13:45) B 24 RVAB B 2 BRRENFO S X a sV A4 D
EMHIZOWT
Uniformly oriented fossil shells of Laternulaelliptica from the marine sediments on the
Litzow-Holm Bay, Antarctica

= (BRA -HT)
BERD (BHK - kR 7 )
35. (13:45-14:00) B U IIVBRUT YA TRBOERBEEERICEETNLAILED T
EQs. TEEY |71

Amino-acid racemization dates of fossil molluscs from raised beach deposits on East
Ongul Island and the northern part of Langhovde, Liitzow-Holm Bay, East Antarctica
E+EEk (BT - 2IRAEFIIZER)

=S (R 3HF)
Charles Hart (a3 FRE¥)

vil



36. (14:00-14:15)

37. (14:15-14:30)

38. (14:30-14:45)

Y

Surface exposure ages and erosion rates of Bedrock from S¢r Rondane and near Syowa
station, Antarctica

K. Nishiizumi  (University of Calfornia)

M. W. Caffee {Lawrence Livermore National Lab.)

R. C. Finkel (Lawrence Livermore National Lab.)
BRY 20 - RVAE, AH— L URIc RS hb R & kLA
DFEH
Evidence of ice sheet expanding and Holocene marine sediments on the Skallen,
Liizow-Holm Bay, Antarctica

WP (BHX - BT)
Y o A RV ABIREIR I BT 5 BROKEE O #RE KO R
Melting of Antarctic Ice Sheet during the Last Glacial Period - Terrestrial evidence from
the Luzow-Holm Bay-

A (tigEx - BEH)
F—E (LiEEX - BRI E)

.« « {k# Coffee Break (14:45~15:15) =« - + - -

BEFH—E (@l - SRREHFE)

39. (15:15-15:30)

40.(15:30-15:45)

41. (15:45-16:00)

42. (16:00-16:15)

HRELROBEER? O HE & h 5 BE 2 TFROBERIKKROBBER
The melting history of the late Pleistocene Antarctic ice sheet derived from sea-level
changes

AATEA (UK - )
HHIE X (k- 2)
REF— (K - )
ZiHEs ()
e (R HH5)

IR (hox - &%)
BEONBEOM - $ICEF T 5 BED C E£RYZEIZHT HHFR
14C anormaly of algae in inland pond and lakes, Antarctica

7 (ZHEK - B)

MEFEH (X - )

R Rk (BEEBRK - #RPELY 5 -)

=N (t3hr)
HEREY — 2V T bt VIR BT 5 KT B R Y O AR
Characteristics on the glacial and fluvio-glacial deposits in the Mt. Riiser-Larsen area,
Enderby Land, East Antarctica

RHENE (MREIFK 30

=¥ oY (BB

D. Zwartz (kL e bAE)
LR, Yr—-bX - 0BT 7Y VBROBE
Coastal landforms in the east of Lachman Crag, James Ross Island, the Antarctic
Peninsula

LY b (FbiEE K - EIRAT)
J. A.Strelin (7 V¥ T EEBFETT)

viii



iR S (BHEBA - EREEL Y ¥ —)
43. (16:15-16:30) iR BRNEERORBMR YOS E — 548 L £48

Lithologic characteristics of the marine sediment core sequences around the northem

Antarctic Peninsula »
L e (MEREDT)
miE # (M HRERT)
PARARL MNeswE (B )
AR OnmmE (B )
LS S (AHAH)

---- k8 Coffee Break (16:30—16:40) =« « « - -
B4 RS (RS - BAEMT ()

% - FHEBR ORI EIZOWT]

ix



KA¥—kyary (BE 5%

Pl.

P4,

Ps.

Pé6.

Po.

P10.

High pressure amphibolites from the Archean nellore schist belt, South East India
B. Hari Prasad  (KBRTSLK - B)

R CRBRLK - B
HH B (KBRTZLA - B)
R.S. Divi (C.N.S Geomatics)
Structural analysis across the Archean- Proterozoic boundary in Kinnerasani area, South India
R. Kumar (KERWiLK - B)
BT (KK - #)
& R¥E (KBRHILK - B)
HHB (CKRBRisLK - #)

1 ¥ FESEERMERE, 7 22Xy MEREO Rb-Sr &R L Sm-Nd AL
The Rb-Sr whole-rockage and  initial Ndisotopes of granitic rocks from the Archaean granite, Closepet granite
in south India

&S E B (WEA - BEAM)
4 FEi FBA - BR)
T NISL AT -V (N H T —KEE)

A vH, FLI4 PEAED CAPArER
“Ar-Ar ages of dolerite dykes from SriLanka
Wt 2 (BEZEX)
HH OB (KERILK - 28)
Wk E () ,,
“A1/®Ar geochronology along the northem margin of the Easten Ghats Province : implications for
Neoproterozoic tectonics between India and Antarctica
W.A. Crowe (University of Western Australia)
M.A. Cosca (Université de Lausanne)
L.B. Harris {University of Western Australia)
F AT, BEESTHTEREED R-SHW T 1V 7 0 VER
Rb-Sr mineral isochron ages of granitic rocks from the Cape Omega and the Okuiwa Rock
HERT (EHEX - ULEH)
NERE (EREX - ULEF)
T4 M €= NE=F
Application of carbon isotope thermometry in ultra-high temperature metamorphic rocks
M. Satish - Kumar  (B#REK - 2)

M - (X - 2

M. Nagayama  (BREK - #)
Isotopic thermometry on marbles in McMard Sound Area, Antarctica.

A (BHK - 2)

M. Satish - Kumar (BRX -2
Paleoclimatic and Peleoceanographic Evidences in Maxwell and Admiralty Bays in the South Shetland Islands,
West Antarctica

Ho IL Yoon (Korean Ocean Research and Development

Institute)

Depth profile and geographical distribution pattern of trace metals concentrations in solis andlichens aorund King
Sejong Station of King George Island, Antatrca



P11.

P12.

P13.

Pi4.

P15.

Sung Min Hong  ( Korean Ocean Research and Development

Institute)

Cheon-Yoon Kang { Korean Ocean Research and
Development Institute)

Jac-Kyoon Kang  ( Korean Ocean Research and Development
Institute)

O R g ADWERFICOWT
Submarine topography around the Ross Sea
IR 3Rk & Til N )
P IES ORFTK - EEHT
199843 A 25 HO®® 7L — FAOEABR (2) REEAT
A great earthquake in the Antarctic plate II. surface wave analysis
/NI R] (B3 AK)
BT (B 3HF)
R - HBE=5 ) Y BRNOKR - BBIHEL AT AEH -

Recent seismic monitoring observations at Syowa Station - New seismographic room and acquisition system -

ERBK (HE Hb7)
BEELE (FRHK - B KHF)
WEET (RH#K - B)
Gl (AKX - Bl SKAF)
e GRERK - #)
HAZE (T M)
B (R HH)

e 4 (& HuA)

WEE) v+ - RV ABREBROGHER (2)
Paleomagnetism of Liitzow-Holm Bay area, East Antarctica (2) -Ongul Islands, Breidvagnipa, Skarvsnes-
ANMEA G - BREAH)
R K (8 7K
HEBNERALOBHREOT YV T
Mapping of gravity anomaly around Syowa Station, Antarctica
BAk #% € 3.55))
&R BoE (BB HAF)

R OEdE (GR#K - #)
Her #17 CRIR W RALFRFFERT)
il - (BHFK - ENLRIA)
BH ¥— (X - #)
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1 BEAENHOSFRMOT -4 TRIERAYPENEL

MR - BR— - oHILE— - BRI - RN - EEE
'ENERXA, HREAER, RWK, RABHKH, HRABREHR - EhH

On the long-period gravity changes obtained from the 5-year records of
the superconducting gravimeter SG016
Tadahiro Sato', Kazunari Nawa?, °Yuichi Aoyama®, Hiroaki Negish* , Toshihiro Higashi® and Kazuo Shibuya®
INAO, Geological Survey of Japan, *GUAS, “DPRI Kyoto Univ., *Graduate School of Sciences, Kyoto Univ., ‘NIPR

QiU HIZ

MIVHIS - EREO—RE LT, BiEME S
EirBEREHEHSGOI6)RBE I, 199343H
290H & DEHLELOEGEAMRB TN, HinE
AR T OB, EBELTEL T
WaDT, BEFTRERTF-INESNTNS.
#ZiE, Nawa et al. (1998) 13, HMOBEEHES
BHF—FEHANWT, HATHD THNGal(10 " m/s)
BEEORE LMV RKGED iR HAX
NTVWAIEERELTVBEN, THIERETR
EFLEF—INELNTVIHERTHHEDBNE
3. ZOXSRESET—IN, BEOEZA3IKRH
M 53BKBEFE TICBRN I NAHGESATT2EIED
S5hTwWs. TITHEIZ, ZOMEMOBRROE
EHEUTHERBNETOER Y OM, R
FERABHTILOEESICLSEHELLERDS. B
Fuiiz, EROBGREHHBEEOPTEDE
BEICHD, BAREOTRETIIREINEIL<E
BHPRETHIERABY EHWS/NLTETE
3. BABSYOENIHBORENE & B ENS
A LA — N OEORMHIC BT 5 HEROIEHEEN
HREPETH L CEHELEREZRETS. —4,
FERIOERABOEHTLICEL TS, B
D2EHRDOTF—IhoBEBCLI2BENEERA
TWBZ ENP|EZIN T B(Sato et al., 1997a).
BEBOERLF ¥ RS —RBOSBZIE, W%
SEMOT — I RBBELEINTNBOT, SEGESN
OF—F2EFICHERTBHET, 2E8MOF—%
OB L0 bTEEOHTENYARIN, WEORWVE
RABohs LU EN 3. 2EMOMBE TR,
IERSOBEE)/N I A - N5 TFREINBEHBEL
05, BRINEESIC L 5EHBEORHIH
10HBhZ LIS BEMEOSNTWS. EET
THIMBROBE 2HBRT S L TIHHZIBEREHR
EHEXZ30T, ZRIDVWTHBEEITS. ZORE
METOBNEEWET S LT, REMBIEN
TOBWF ¥ 2 RI— 3 TV ORHE - MEREIZD
WTHERRRIAESNE LB Ehs.

@7 — % B Uik

ZITHARALET—1319934E322H 21 51998
F£1A268 ETOITT2BMRES =208 > S
CUF-5THB. R,

OB RN R OT—% (1T —2)\0kRf
QERNMYEN (1/3AMSAMET
QEFNBYWRIT 4-5BAMNSEERET)
@FR & mEB O
DIEE - BT 21T 2.

DT, BREFEHFHERIN—TTH—INT
WBFA DTN T4 NFEERLT, B2
DSBS T Y S TOF-FIZERL TN S,
IS0, 2R LEHET, FFREEIT
WBAFy S BN , BEEREZRTo.

@Tid, MW 0 I LABAYTAP-G2 R
LU CEBNEIY RS, RAROBILICE2BEBHEMR
CERHOFHRES &8 L. BRI AT L%
ESETEBRICESL RH(19964E5H 26N 5
1A, BEETE2RMNBELTVWSEZ &
MHBA L., EITZOHEICONWTIY, ROXD
BRAEETREOREERIToR. —5» AEOBWRN
270, BENKEMMOSEIEOLENEL<HED
KHBOEENDIDNO ST EMGRIOBY T 7 7 5
—2{HNE), BREOBREET &,

@TiX, BAYTAP-GOERMMWIRE R\ TR
Wafrol. RAMBY oMY 7 24—, %
R, BRMBYRS OH#EEIT-o2(K2). O
BB RS 2 DR L R EQOMITICER L
7z.

OEH OMITIY, Sato et al. (1997a) EFED
HEEFY O RS—FAH - ERAOHRE - fHE=A
BEDT7 4w T4 > TROBFHED2B Y Tiro
7o, BIEMIZBTIBERICLSEHELOTFH
fHIZIERSOEQP(Earth Orientation Parameter)/
SRR ERELUTEHELE (DA% ZoTHE
D EEBEHZREEIESN) .



OiRETLYD

SRS ORISR, BRHOBEEELTO
SELDT— 0 5 T %7 > e Tamura et al.
(1997) &M, TO.03%LAN T—H L T 5. Sato et
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Horizontal Components of Earth's Background Free Oscillations.
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Muneyoshi Furumoto (Faculty of Science, Kanazawa University)
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Status Report on Installation of PRARE Ground Station
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Concept Design of HAYATE: Small Satellite for Supporting Antarctic
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Detection of Antarctic ice-sheet motion by In-SAR
Taku Ozawa (Graduate University for Advanced Studies)
Koichiro Doi, Kazuo Shibuya (National Institute of Polar Research)
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FET7BEMSIIZ7~3BEEL VS FERITHL
FRMABESNTE U, Ok 3R H#E - 3t
BERBIREMATS LT, BEELMRTH S,

AFE TR TN SDMIKOBE HhifkH SRk X
NW-ERERVTHENEISOVWTHRET /2.
%/, MAGSATIZ. LU, MZEBICKUEHRR
ENHEEE LEROBRE L EORFEIID W
THHET S,

<ABEEHEONE>

t—nY =R, F VIV EE. FET
BRICBWTEEZ hARBICOWT, BARY
BiRE, FHENEET o/, £/ 2R
EEITV. BENCEETNIBUEMORE LT
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WA TNBTIEH7 YA bTELNAEREBHCDN
THR%ETo/, COMBRIIEICEERDS S =2
SA MEHEROBABICL > THREENTE Y.,
ERTIIBRERHE. YO ORRRESEICSH
U. BETRIANE FRE K9%H LTL B(Yanai
etal,1974), ¥/ nEHHE, ARGRRETH
fL38BE, WHEESISRBVVEZRL, FOMDE
GCRIF—S-mE2F—F—EBEMEERLE,
Qlt(Konigsberger-ratio)IC DWW T H ZD2ERT
0Lt EEREA,. OBRICDVWTIRILT
DEERLTNS, WA AIIHBNAN HKETR
f150.4° | ®MA-21.9" ., ¢95=9.8nLE &
EUERTH. thOBATRELFUNRSIA
hots,

-0 S —RIURICH BT IERE DR
ETRIEB A ET. LD Teltet-Vengens )L —
T E B~ BEONIils Larsenfiellet 7 )L — 7 IZK 5

&h3(Van Autenboer,1969), COHFIN—T
MHOREINEHKBICOWTHE %#1To /=, D
R, Teltet-VengenZ N—TDEBITHAHIE.
WL E & HITNils LarsenfjelletZ JL— 7L YU H 3%
IMEERLUAE., QIEREIN—TEBIEFEAED
BRTILUTCHo7=. BLARICONTHIFLA
ExLEUMBBENLEMDI,

FETBEREIT AVE VEOARSBICUE
THU~ELSHE UDTIIY A b TEL NS
DERVWTHEET o7, BLEME. FTHREL?
Z4yv VRS, BEERE, SIABARRER
ETHL., Y740 U -YOORERKERE. Y2
AERKE. YoORAKET, BIMEERLT
W5, QILIXIFEAEDERTILITTHS.

SBHEEDR i3, 3MIRE BIC1EBDT IV
Sy OIRBEREDTVTIZEA EMSBOCHHAD
Fal)—fxiHb, BERYEIT I XI M bTH
LEMEEENS,

<HTRRH>

RAVIINEOHEREOSTIT, R, HEP
TR =ML TEY . B TEitARDE
MEH DOHIBESBENIIATVS, COBRER
BIIhROMBESH LEAMROBR, SARE
BERENKE<KHERLTVSEEZIBNS,

-0 Y —RUROBRRE OSHIE. H
BEAROWIRONRE - BBEMEhTHS, QL
MEEAEDERTILUTOM@EE LY., BiEARMIC
FLEUNRBNAEVW EMOBRERILOBER
BT S8 5137 <. Teltet-VengenZ )L —
7 &Nils LarsenZ )b— 7OHHEODEDHIHER
BORELEEZLND,

FET7 SFIIHEHFEMRTHDI V- AT
L MMETOONTEROBSIEESA5NS, £ —
naryyF—xillReE RRIC, B8R OFHEDEND
ICE>THlIERIZINATNWAEHNZNS,
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EREROHEY | -BICAARS A FIZDONT-

B Iy (BWX) /MURERA (LX) - BBRE (HEX) - AMBES (LOX) -
AERE (BIRX) -AB®T (BWX - @& - WA. Crowe (Univ. Western Australia)
Mineralogy of Calc-silicate gneisses from Skallen, Liitzow-Holm Bay,
East Antarctica I -Scapolite and related minerals-

Kusachi, I. (Okayama Univ.), Osanai, Y. (Okayama Univ.), Toyoshima, T. (Niigata Univ.),

Owada, M. (Yamaguchi Univ.), Tsunogae, T. (Shimane Univ.),
Hokada, T. (Grad. Univ. Advanced Studies-NIPR) and Crowe, W.A. (UWA)

Scapolite I3 scapolite REMDEHTH YD, —/%
I M4T12024A; M=Na+Ca, T=Si+Al, A=CI+CO3+
S-bearing anions TRI 27 I3 JHEEEY
THD. EWHEOBRE, EHhRETTEETHY,
HBMEEREDLEERE, AR pliEcE
BCET2HEMELTASNTNS. EHRRICE
L, B X N3R5 13 Meionite(Me) : CasAl6Si6
024C0O3, Marialite(Ma) : NasAl3SiogOuCl TH 5.
Teertstra and Sherriff (1996)ick % &, Me-Ma—
B % T# % Scapolite REEMII Me ik 4 20 £V %,
S57TENBERIZLTEhThBEZRICLTHD,
THEEREBERELUTEZ 605,

RifR, Litzow—Holm Complex H® Scapolite M
MREIZDOWVTHE, TTIRVWDhOF—FiHEh
TWwa, Zihs DD BT, Matsueda and Motoyoshi
(1983) 1A Me IR TA6 05 84 ENKETOHDM
HBZ &, Hiroiet al. (19871 Me i 90 EN % D
H D, Shiraishi et al. (1994) (3 Me SR IE VY Me
K599 BN %DHD, KRUrim 5 core M T
Me .43 83 05 81 EN% DO TN HRE(L 2 RT
HO, rim, core EHITMe 3 77T BNV % TE<H
BELERZBEVHOREMREINTNS. 56,
B39 RFPERICL > TERINEEHPOD
scapolite 23ED TE L\ zoning #RTZEERN
BLEOTENS DERIZIEDOVTHRETS. &5
o, FERIREIR %R T Srilanka B scapolite IZD
WTORHREDHBEBITD.

0S97122403A V%, Ab— L 2 kMitEBOKRIE
RENECH-THGL, Fr7aRaRRREIcEEN
IR ARHESNE RT AN IRFRETHD. £
Eio RS, Scapolite, Diopside TH D, K-
feldspar, Phlogopite, Apatite, Calcite, Dolomite,
Quartz /085, OS122705E 3 h—V Kith
R TR BRI T B3N 0—8
THO, A2 ¥ 541 b (Gamet— Spinel—Sillimanite
—Graphite FF i) ICRENTHMT 5. Scapolite,
Mg-Spinel, Phlogopite, Plagioclase, Pargasite,

Calcite, Dolomite % £ 5 & L, Apatite, Crundum,
Rutile, Zircon Z/4 &S

SEIf#HT L 1= Scapolite DAL, 24Tl Me R
35 EN%BH 5 Me B 83 EN% ETORLNWE
{LERL, Ma RO HE-S T Cl OHEGRIRE
mMn@Esonk. 81K, RMELE2Z2KEZ
(Na+K)-CaCl =ARIC/a0y LESDERL
z. W2, SRBOE2EEEY, Scapolite #
SIZBV B Me-Ma i Ok EfL =R LUz,

0897122705E DEEHI BV TIX, core 5 fim
M T MeRR7? 80BN %M 5 Me iR/ 35 BV % &
TOELWHEREENED SN (BE 1) . Spinel
EHE#EEET B Scapolite TS, core @ Me 54 80 &
%S rim @ Me &4 38 FJ)V % £ TOMBREA
BB 5h7=A, Phlogopite, Spinel, Calcite & E %%
THHDTIE, core D Me 5 79 BV % M5 rim O
Me % 53 EN%E TOMRELER TSRS,
core D Me &5 64 BN %D 5 rim O Me 5 35 &
V% ETOMMEERTRED “FENRDO 5 N
J=. —J, Plagioclase(An86~81) & symplectite %
B3 bDldcore D Me &> 79 EN% M S Am D 76
ENUORBRELTHYD, TOELIIED T/,
Plagioclase X EE T 5 b OTHREE TH 508,
fm TP MaRFICEATNS.

0597122403A OEREITIE, 0S97122705E D
B & OBRELNED SN, core At Ma BT
BH rim iIZHho T Me R ED L S 2lREL
7R 9(BE 2). Phlogopite, Clino-pyroxene &H
BT O TH, core Tl Me38 £)V%, rim T
1X Meb5 BN % ETOMBELERT. b, #&
NDOMNENHDIEE Me RFICE B, T OHREIT
NIVABNZH D, X 5IZ, Scapolite D& EBIRHT
{3 K-feldspar, Quartz, Calcite R 64, chs e
DI TH Ma &5 37 BV %S Me k73 57 &
W% & Me R omAEL W, i,
0597122403A Oi#EEHRD Scapolite XD HDIZ
HATHRENICKIZEDERMERT(M3). Rk



BEEWR%E7Y Sri Lanka OREHM88112603A: Cpx-
Scp-Phl-Plrock) Tld, Scapolite i 0S97122403A
ICERL 7283t & % 1908, T OMARIZ Pyroxene
EHET DB DT core 25 rim 1241 T Me %45 83
EN%BPE 72 ENBETOLT M RERELE R
TOATHS. X512, Plagioclase £#ETHHOT
tZcore S AmiICMT T Me 3 83 BN %5 77
ENRETOLDFOHBREERT.

Skallenn £ OS97122403A ¥ 0 Me ¥y
47 TV % %7R§ Scapolite Z AW THIE L /= X&H
HEMSRDEBTFERIE, a=12.121(D) A,
¢=7.585(2)ATH 1, Sri Lanka B D Me 545 F15 82
ENBETRTHOTH a=12.164(1) A, c=7.568(1)
AT®H5. Meionite B3I ED Sri Lanka BEDO b D
id Skallen EO b DI THFERKaHIkEL, ¢
BhETWEZERL TWS., Si+AI-12 L TR =
Skallen % 0597122403A ¥ ® Scapolite @ Si
DA F 2 #(Si apfwid 7.70, S LankaEOboid
6.82 THY, Teertstra and Sherriff(1996)ic k3
Scapolite O ETH, ThEThnHEBRObD,
Meionite HRIZCBED bO BT 5. F /-,
0S97122403A H D Scapolite IZEMNITIZIER IC %
ET, 0CETOMRTIE 0.85%DEBEERT D
ATREBERVRBAKERRS Mo/ ZOZ &
12, EPMAICK DR T ST hizno &
EEDET, FERREBIICO2THZEEZLN
5.
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The stability field of hastingsite in acidic gneisses from the western part of the

S¢r Rondane Mountains, East Antarctica.
Takanobu Oba ( Joetsu Univ.Educ.) and Kazuyuki Shiraishi (NIPR)

—wvuy ¥ = AUROEHI ARG
(B10f84ER) DERECHERDH (HoEE
W) OERAEOER, SHIEMo/NREL
) BEERXLELIZALN B, ZONER
O Bem~Bmo V' — Vit REHT LR ERL,
BHROLZEEGERZI I GolI bdtbh b, &
DRI OILIME AR & b %D BRI R EE
{22\ T, Shiraishi and Kojima (1987)i% B4 f#
MOEREDEREOR BEY WERES. EDH
4 5800CT0.7-085 GPa& L 7=, ¥7:0ba and
Shiraishi (1995) WX HERVPROR EE P OARA
DEERHDORESHAFEER0.3 GPa L h EV
Ll Ll &SI BN RELRIEC DA
BEROFJAFRELEEIZOVTIRILWSHIC
LoTwhv, BRICE /BRI HWLERF I
HEBECPHFRGLRE, SiRAORIGEEY
ELTOCaARBRL I v 7 RBEPA OGRS,
ZOBERICH ) BRI R ERFIEE Fy—/ v
74 FPERKRE) EFEHTHNE, ZhbHo
BRAOEGSEEER P OBROBATEEL K
HIEHBTELD, FRERILVEWERE
b EPORMBREIZ oW TR 2 B2 ko7,
SEOEREROUBWEL L Cli- - BXE
OBELHBORFNERTLD 2 00X
(91020406A & 91020406B . 910205024 &
91020502B) NEFILFEHB L ERST & BERS
L HI3ITE UL AT (Si0lNd66~75%) - B
OB Y B SHER, AR, RERS %
Wy ECERACRENC-BRA, RER, #E
A, A%k, BEE BIcHZER) ©hb, BRW
EREBCIREREL, IHRARERECRBD
Ca-fiA7 (FelZB A /Hastingsite) -2 B &
Brohsh, BER, }EA, HE BMSEH,
b,

Hastingsite D BE BRI BESEICKEE &N 3
ZERMENT WA, Thomas (1982)120.1 GPalZ
V> T Hastingsite ® % 5€ IR 71X Magnetite-Wustite

(MW) buffer T 820 C Fayarite-Magnetite -Quartz

(FMQ) buffer C620CC200TdH A L ¥ #EL
Tw b, Hastingsite& 343 5 5 W 4.9 i1 sk
HTHAZ L LERLBESE XDy T
Wt 51, NNO buffer & QFM buffer THEE
Bi¥BIlhol,

91020406A % HEWE & L 7B, NNO buffer
T0.1GPaTIX750CTARNAIILETH B, 790
CUL ARG BT 5, AL 2BtEMNT
FHEAEhE L LTANAFBRODPSHEET S
91020406BIX820 CCANA MBI BT 5,
910205024 & 91020502BT b L@Em % RT,
BRTEDECQFM bulferF {4 T91020406AD th
BB EHEo B, 775 CTARRAIEETHS
5, 800TCAMNAILERS hizv, 910204068
OHREWE TII840CTHNBDRIIRDT 54t
I PRSETH B, NNO buffer& B, ARG OR
BEEEBRIIVRIAZBOTHDHRELENI]
Zw, LY LEZERIARNALY RIITBT 2,
F7:775C Cldmet MBIE S 5, 9102050289
M B Ci20.2GPa, 800CTEREERIIFHE L.
BRAODBELRY T2, 202k 6, ZhbHo
ANEFQFMOBEE SET T BE T TR ETH
ZwtkEILRD,
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EREDBIER

HAMERR (FHRK) - G. Fraser (Univ. of Adelaide) - 1RB#F (RILK) - s FEE

H FHRX)

Partial melting of metamorphic rocks of Breidvignipa, Lutzow-Horm

Complex

Toshiaki Shimura (Niigata Univ.), Geoffrey L. Fraser (Univ. of Adelaide), Noriyoshi Tsuchiya
(Tohoku Univ.) and Hiroo Kagami (Niigata Univ.)

TV — RR—2 =% (Breidvagnipa)
12, EEEBOY 2 v Y+ FINALABOWR
HHBEMWHTHS. ZOHMENET
B avyVARIVAEEHIE, BEEICh»
STEDERENERLSS5 =251 b
F81Z3% 9 % (Shiraishi et al., 1987; Hiroi
et al,, 1991). € DEEEREHIZ, V>
RFE—2 XAy ¥ (Rundvagshetta) T
1GPa, 1000CIiZET d &3, KgHEl
DO P-TREMALMIINTNS

(Motoyoshi and Ishikawa, 1998) .

TU—RR—=FZwNid, ZOINR
R—I ANy F XD BILERUAIEL,
HERIZPPEERETIRBH SN, V5
Zagq( MHOBENHHL TS, £
7z, Grt ® Opx ZHEDRABRERDI YV
REAMBELGHLTNS. ZDLD
RIJIHA MZEERLT, 2TORKER
B OREYT, FAEERDRENZH
Hle.

TUTIA NI, EOERNS,
melanosome, paleosome, leucosome
Zadehnsd., ZUIERAEE SRR
HD5WIRTHRAHEDO /- )IRER L
TEALTHD, 24 LThHrRDRY
K2R E72>TW3B. Melanosome,
paleosome, leucosome D 3 FiZEEIR
KALND ZENELNA, melanosome
td paleosome & leucosome DRIz H %

EmAd Y, /- leucosome IIERE
RICEHETBZENLIELED .

Paleosome iZi3, Bt i b&xh
THH, FHRZFENAONS. —
7%, melanosome 213 Grt ®° Opx 2R
#BLTHDHBEIZEY. Leucosome i
AREAETE<HHENELS, BBOY
7OaRHRHTHGOHRRENEDS 20D
3.
INSZEMICHBEL, {LFEHRELL
BRat L. ZO#E, paleosome i3
AD®RY, melanosome VA1 b,
leucosome A )} MIZH¥UTH &M
HehIko7z. ¥, RS E
leucosome OFRIIMD TL I PTW
5. ZOX D5 kER © Rb-Sr Bkt
ZUELEEA, INSH5B3—DD71
VIO EBRL, K 570Ma DERA
#mohr.

¥/, WERBEEALGZANVWDE, &
DIJ 51 b DOERRGEHFIT 0.8Gpa,
ST CRERETH-=. ZORHKFIIVE
R—T ANV Z OEHELDIIENS, B
EBRH ORI L D TRE RS N5 1A
Bl ARHFICTHELTNWS.

TV—RR—TZyNRDIJIHA b
i3, VavYRIVLAEROERERICK
STHHERMEZEILERENZDDE
Bbhs.
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BHE (FEX-®)
E.S. Grew (A— ML K)

- BEE— (D -
- (TEKX - B)

Partial melting of high-grade metamorphic rocks and formation of grandidierite
Y. Hiroi (Chiba Univ.), Y. Motoyoshi (NIPR), E. S. Grew (Univ. of Maine)

FROE NI RE/R £ < O RAE MR ICH
WT, KR (ARAHERERET T
BROPEONEEICHETIICHMMD
59, BERH (ANEHBRE~/IZa
4 ME) TRELSHKREWE IRV
M T, FNITRD BFR FEREIE
MBI NI ERFES TN S,
FNRTETHA 5h, BEAREEBR
LTWERIFERIEIZToRDOTHAS
M, TNSIREBROBELRNETHS.

AREHBERBU LOTREEIIEED
HrRBBEZDSZ2RHETHS. FUFE
BEMELMOMMERET I 8REHD
AIREMENE V. LMo T, BRERED
R BRI & W L T\ e R &I,
A OB RBERICEE L TANMIERD
AER, KT 7=ohbAN/n. L
MU ZHREEICTER N, RROAEEMN
LRIETERNTHAIS0? Zhdtbhb
NOSEIOWMAOHRRTHS. LT,

REAEOKELICERT S hHHtox
g AREE (S- Y1 7&1-%17&
KRAENS. S-HY1T7OERBEFTFAZ
RECE %, NBEERPENINATE K
EDTRA~ HEFERBEZBRL T3,
ZOI3EDORKICANATEREZEBRT S
D) METITFT 4T+ L5414 bERWE
L7z, O8I (Mg, Fe)ALBSIO, Dt
RE B DOEKDORYRERELYTH 0,

BE~REQAOMEBEDLAHERT. £
ek, ZOFMITI=a51 MEH BN
AR > 7 2 VA OEELERE T
NITEBRIRTIIA MEFICRNWEX

and N. Furukawa (Chiba Univ.)

NTHY, —RIT Mg RO ITEATN S,
LENSTTS>F4T 4514 MIBR
GO EIREKREURERETLY (SMtho
8t &) DK RS H DWW IdERs BlfE
RIEOERMTHD, MITERD SEHERT
5bDERBINTEE.
ZOEbLhbhANRRWELETS Ty
F4 LTI ME, KOETINETHRE
HNSHEINTELRBDERL>TNS.
1) BRI KREPIZERL, PhalEb—
BiZ /R EHELTOWREEELSNS.
2) ELL Fe RAKKBEATWVS (X, ~
0.94). (FaLy TKIED) ZBRP)
DT FATALTI4 hOEREF
OB BEOHBEZNERBEN S, KB
WETOTEHRICBITEIROESI LTS
T4 T4 LI MRS EES N S.
BEXOHERG+EES
+H¥r0n (hHWIEIEEFR)
=JI5F4T4LI1 b
+IEEEE AN b _
ZORIGE, RORIBHBBRISIZL -
TAIREEBIZERE NG MEL TA
NVRCEBBROTERENSKT TN Z &
ERBLTHEY, RUEOHIRILFE 22
BN UTHLUOWARER 288 T2 H 0T
H5B. —F, KBILUBTHODTRWZZh
LSRR IZBARET S T4 T4 L54
FRGETHREEINTWARNDIE, TOF
R (BLUER) TEELREENLETH
B EERMBLTNVWS. 22T, bhtbh
DIF>TERTS T4 T4 L51 MAR
EROBBIIDOWVWTHHRETS.
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M & REHEK

MURBERA (RILX)

- BERE (HAX)

- KFIEIER (LOX) -

puum (BIRX) -SBEET (BHX - @) - W.A Crowe (Univ. Western Australia)
Geology and protolith of ultra-high temperature metamorphic rocks from
Tonagh Island in the Napier Complex, East Antarctica
Osanai, Y. (Okayama Univ.), Toyoshima, T. (Niigata Univ.),
Owada, M. (Yamaguchi Univ.), Tsunogae, T. (Shimane Univ.),
Hokada, T. (Grad. Univ. Advanced Studies-NIPR) and Crowe, W.A. (UWA)

ALY - -5 ROFETEEICE, Kl
K- RERDOKH £R02 R B®HIBERAEHL @
AT HENASNTSY, HMIERAIEN DK EE
HFR T R OHURER SOt A 2RHT D LT,
B CTEERHRRBOBLEZA SN TS, BF
pilEIRBIHI% JARE) T3, (HM@EUYR7x
7 O &E L EHE (SEALFHE) | O—REL
T, % 38 X% UJARE-38) OV —t)J)E il
BB ERE (GRIED, 1997 2E) ThE,
JARE-39 TR EY B RIICMHBET 2 F—&
FBOREMERENERIN, UTOXSHME
REAHBB I Nz, 728, RSN SIZJARE-31 1T
X HMEBE CMUNIEAR, 1990) THShRE
&b &I Sm-Nd R ERRIENTON, FET &
ETHLNTVZEHOHEN (3.93Ga : Blacketal,,
1986) IZICHEY % 3.81Ga B 5N TS (Owada
etal, 1994) .

Fr—BR M- BARBLUE -t b —BD 3
BhOREREND. M—BAROMEIIEEIR O
Yomao1 MIEREERZEAREL, BRABEIC
EALELDBOFERRLSA (FLAECE
) BELUEAHITERRI IS A M SBRIND.
TREEIL, ENE-WSW H 212 EWRDASA k-
WEEIC ko T, AENSEEASDOEELI v
b I-V) TRpEh, o=y hTEARK, i
BERENKE<RRS (Fig.1) . 2=y MEROY
RIS THIR Y1 O O HBRHR SN, #
DEHEIDNE VST b~ a—RFFS51 b
MEONBFEEHEN. TNSOHEHIE, ToH >
CPAERICEShs, e i (2=y & I~ID)
LREEME (L= b IV~V) TIREBITFEER
DFRERZRNBH SN D, L WU 2 72 B
SOEEET 5= 251 bBIOYF I ua—#HHE
AY75=2a514 CoHBETRET TSNS, £,
BREGEN RS - Y7 ORNRE - SR RE
DERELUZBREEERLTHML, MEkSL-6%
HIRE - BESHEE - ¥/ 0 a-BREaENRERED

HEZRBEICRD. ThooBR R #sia
Zy b TRICEETHD, B Fno5HK 10 A—
MIOBETHEETS (Fig. 2) . JARE-39 Ti3,
DAy b LIZBIT32EHOERY O SIVER
ML BLERICHET A REREAKE
W, BEgEs Yoo oal RS Yo
AV - UA-SERRKE - Y740 U -2
BRRE -7 40U -y ua-S B E-KEA N R
B-H74 ) -AERRRE - PO OG- AERIVHE
BRAE - ACRN-GE-FHEE-T IV DERERE - X
PRNV-BERRE - TOAZ&YA -1 0—7-Y
T4 ) UHERE - S EG-BEROAFREREDL >
ZREBESUDBRAENDSL. TSV X0HBED
35, Y74 U EESUAREES, BESEEL
VAEFOREDLEEOBRA L OBERMICE
TBHIENEL, BERERKHET TORRIERIC
&5 ORIGBBOBHNEETHS. 212y b
I~MERTIE, SRKROSMZE RIWEI~-1OF
1 MELEERG-Y Y OB AR EH
T35, —HEERHRTIE, SR IO EERE
FREBLUEY 70 rnaREGEFRENEEL,
EHBENMREERETS. AN EETHARAEK
i, BICBESHGECEY 7)o ¥52a914 b
DTOy BRI NDBEENH 5. FEEBHIKO
HHL, Harley (198D L 2R N F—BDAEH - 18
BEHRNNTHS.
IHhODOEHEROREE, BHE, M -n%
B, REA, Fy Vv lA HEREKERE, H&
BARABIUBEALEED TERICKHINS.
REAEERS &, 43T ThFIFRsNELLSE
HEEERTOIZR L, BESIEL A5 MROH K
EEDEHIELFHREDD. EHEEEBLY
BEREEE, IXF7INITHS. £, HE
BKRER, WD TTG RO DM S EAE#MIC
ESANMIEZEZSNZBDHEENS. BET
i, FEHICOWT, REE 28 TMESERROERMIC
DWTHERTHFETHS.



Geological Map of Tonagh Island
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1 UHT metamorphism of aluminous gneisses from Tonagh Island
in the Napier Complex, Enderby Land

Tomokazu HOKADA (Grad.Univ.Advanced Studies / NIPR), Yasuhito OSANAI (Okayama Univ.),
Tsuyoshi TOYOSHIMA (Niigata Univ.), Masaaki OWADA (Y amaguchi Univ.),
Toshiaki TSUNOGAE (Shimane Univ.), Warwick A. CROWE (Univ. Western Australia)

Introduction

Aluminous gneisses, which contain Mg-
and Al-rich minerals such as sapphirine and
osumilite, occur as lens, block or thin layer in
felsic gneiss, mafic granulite or ultramafic rock
of the Napier Complex. Sapphirine + quartz,
orthopyroxene + sillimanite + quartz and
osumilite-bearing parageneses are observed in
the aluminous gneisses which suggest ultra-high
temperature (UHT) metamorphism. We report
the occurrence, petrography and mineral
chemistry of the aluminous gneisses in Tonagh
Island and discuss the metamorphic conditions.

Petrography

Tonagh Island in Amundsen Bay belongs
to the highest grade area in the Napier Complex
(Harley and Hensen, 1990). We report various
sapphirine-, spinel- and corundum-bearing
aluminous gneisses from Tonagh Island.
Osumilite is not found in the area. Aluminous
gneisses are sometimes accompanied or
surrounded by leucocratic vein, or are formed
around ultramafic rock. These observations
suggest that some of them are restite of partial
melting or are results of metasomatism between
quartzo-feldsparthic rock and ultramafic rock.

Lithology and mineral assemblage of
aluminous gneisses in Tonagh Island are as
follows:
* _Sapphirine - garnet - ort roxene gneiss
(A98021003, 1102, 1105, 1106) : It occurs as
50 cm ~ a few meter thick layer and is
intercalated between ultramafic rock and gamet
gneiss. These layers crop out almost
continuously over 400 m along the strike.
Mineral assemblage and modal proportion of
constituent minerals vary vertically and

horizontally within the layer. Quartz is absent.
Constituting feldspar is mainly plagioclase
(sometimes shows antiperthitic texture), whereas
alkali feldspar (perthite ~ mesoperthite) is locally
present. Garnet and orthopyroxene are the main
constituents of the rock. Garnet is rounded or
overgrows  surrounding  sapphirine  and
orthopyroxene. Sapphirine occurs  as
idiomorphic porphyroblast or intergrows with
orthopyroxene. Sillimanite, spinel, corundum
and phlogopite are locally present. Rutile is
common in the rock.

* Spinel - corundum - sapphirine - garnet - ortho
pyroxene gneiss (A980]2805B) : Lens in felsic

gneiss. Garnet and orthopyroxene distribute
separately each other and form monomineralic
aggregate.  Alkali feldspar vein is present
between garnet and orthopyroxene aggregates.
Sapphirine, spinel and corundum are generally
accompanied by or sometimes included in garnet
and plagioclase. Quartz is rarely present and is
restricted in the alkali feldspar vein. Rutile is
common in the rock.

* Spinel-sapphirine-garnet-orthopyroxene gneiss
(A98012902) : Block (ca. 2 m in diameter) in
felsic gneiss. Orthopyroxene-bearing leucocratic
gneiss surrounds the lens. Garnet and
orthopyroxene distribute separately each other
and form monomineralic aggregate. Plagioclase
vein  distributes  between gamet and
orthopyroxene aggregates. Spinel, sapphirine
and sijllimanite are generally included in garnet.
Corundum is sometimes accompanied by spinel.
Rutile is common in the rock.

(A98013107) : Block (ca. 2 m in diameter) in
mafic granulite.  Spinel, which sometimes
includes corundum, is surrounded by



sapphirine. A large amount of phlogopite with
up to 5.5 wt% fluorine content constitutes the
rock. Plagioclase and cordierite are subordinate.

Metamorphism

Quartz does not coexist with sapphirine
or spinel in the aluminous gneisses from Tonagh
Island. Metamorphic conditions cannot be
constrained by the phase relation because of high
degree of freedom in the system. Original
chemical compositions (before exsolution
occurred) of perthitic to mesoperthitic feldspars
are estimated from modal proportions and
chemical compositions of host and exsolution
lamellae, and indicate equilibrium temperatures
of at least 900~1100°C in the an-ab-or ternary
system and activity model of Lindsley and
Nekvasil (1989) and Elkins and Grove (1990).
The maximum temperature of 1100°C is
equivalent to those from Mt Riiser-Larsen
(Harley and Motoyoshi, 1997; Hokada et dl.,
1997), where about 40 km away form Tonagh

hand, element partitioning between garnet and
orthopyroxene indicate equilibrium temperatures
of 750~950°C, from garnet core of the highest
pyrope content and orthopyroxene core of the
highest Al content and using
geothermobarometers of Harley (1984a, b).
This indicates that retrograde chemical diffusion
continued until these temperatures or that
recrystallization occurred. Alkali feldspar
(perthite or mesoperthite and its original
composition indicates over 1100 °C) and
coexisting plagioclase do not have equilibrium
compositions suggested by ternary feldspar
solvus. In addition, alkali feldspar sometimes
shows compositional zoning. These may reflect
that perthitic to mesoperthitic composition of
alkali feldspar is not achieved by solid-solid
chemical diffusion between two feldspars at
prograde metamorphism but by crystallization
from dry melt which was produced near peak
metamorphism.

Island, in the Napier Complex. On the other
Grt Opx Spr Spl Phl Sil Cm Crd P1' Akfs Qtz
mg# alm prp grs sps mg# ARDO3 mg# A1203 Cr203 mg# ZnO mg# F
sample max * max min _min__max max max min max
A98021003E 063 0.36 059 004 00! 078 85 080 61.2 07 o o
A98021102H 0.52 046 050 0.03 0.0/ 075 86 080 60.2 08 056 02 O o O
A98021105A 0.62 037 0.60 003 00! 079 104 084 61.6 0.1 o) o ©
A98021106A 0.57 042 055 0.02 0.00 076 7.7 079 60.1 22 o) o O
A98012805B 0.51 048 049 0.02 00! 070 95 080 624 0.1 0.62 16.1 O O O ®» @
A98012902D 0.53 046 052 0.01 0.00 074 106 0.77 596 0.1 o
A980129021 0.53 046 0.52 001 001 069 93 076 614 0.1 056 10 (O e} 0
A98012902] 0.56 043 055 0.0/ 00! 071 103 081 623 0.1 o]
A98012902P 0.52 047 0.51 0.01 0.01 069 92 065 1.1 [oNRe) ) ®)
A98013107A 082 645 0.1 049 11 090 55 @) O
A98013107C 093 641 00 081 03 09 53 O O ©

mg# = Mg/(Mg+Fe) ALO3,Cr203,Zn0O,F: wt% *: value at max A3

O present (4) : local

Table 1 Constituent minerals and their chemical features in the aluminous gneisses

Grt: garnet, Opx: orthopyroxene, Spr: sapphirine,

Spl: spinel, Phl: phlogopite, Sil: sillimanite,

Crn: corundum, Pl: plagioclase, Akfs: alkali feldspar, Qtz: quartz
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indicator of

pressure condition of UHT metamorphism
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Introduction

A variety of reaction textures are present in
the metamorphic rocks of the Napier Complex,
which represent isobaric cooling (Harley, 1985;
Harley and Hensen, 1990), and some of them
can be indicators of pressure conditions at
cooling stage after the UHT metamorphism.
Reaction textures after sapphirine + quartz in the
gneisses from the Mt Riiser-Larsen area are
classified into two, and are considered to reflect
the difference of pressure conditions.

Geology and reaction textures

Mt. Riiser-Larsen area is divided into the
central and the western parts, and they are
bounded by mylonite- and pseudotachylite-
bearing shear zone (ca. 200 m width). Dip and
strike of the metamorphic rocks are not
continuous both sides of the shear zone.
< Central part of the Mt. Riiser-Larsen area >

Sapphirine + quartz paragenesis is
contained - in sapphirine-orthopyroxene gneiss,
sapphirine-orthopyroxene-osumilite gneiss,
sapphirine-garnet gneiss and sapphirine-garnet-
orthopyroxene guneiss, and their mineral
assemblages and mineral textures are various.

Sapphirine is surrounded by  garnet,
orthopyroxene, cordierite, sillimanite, alkali
feldspar, cordierite-K-feldspar-quartz-

orthopyroxene symplectite (= pseudomorph after
osumilite) or quartz. Thin cordierite crystal fills
the grain boundary between sapphirine and
quartz in orthopyroxene-bearing rock, and it
implies the following reaction:

Spr + Qtz (+ Opx) -> Crd (1).
Gamet is locally formed as a substitute for
cordierite in the same sample, and suggests the
following reaction:

Spr + Qtz (+ Opx) -> Grt 2).

< Western part of the Mt. Riiser-Larsen area >
Unique sapphirine-orthopyroxene gneiss
is the only sapphirine + quartz -bearing gneiss in
the area. Main constituents are sapphirine,
orthopyroxene, quartz and plagioclase.
Sillimanite and osumilite are locally present in
the gneiss. No reaction texture is observed
between sapphirine and quartz, except secondary
orthopyroxene + sillimanite film (sometimes
accompanies trace of phlogopite) is present
between sapphirine and quartz from one locality
in the area and represents the following reaction:
Spr + Qtz -> Opx + Sil 3).

Discussion

KFMAS univariant equilibria in UHT
condition are summarized in Fig. 1.
Temperatures of the reactions are well
constrained by the synthetic- experiments of
Hensen and Green (1973) and Bertrand et al.
(1991), but pressures are different from each
experiment due to the difficulties of friction
correction in the experiments (Carrington and
Harley, 1995). Schematic divariant phase
equilibria of the reactions (1), (2) and (3) are
inferred from the univariant reactions, and are
represented in Fig. 2. The reaction textures of
(1) and (2), observed in the central part of the
Mt. Riiser-Larsen area, occur at lower-pressures
than that of the reaction (3) in the western part of
the area. This indicates that the cooling path and
possibly the peak condition of the central part of
the Mt. Riiser-Larsen area is lower-pressures
than those of the western part of the area. The
difference of pressure cannot be estimated
quantitatively, but must not be so large. The
shear zone dividing the area is north-south strike
and almost vertical dip. Moreover, vertical
lineation is observed in some portion. This is



consistent with the above interpretation that the
western part represents a deeper structural level
than the central part and they have juxtaposed
due to the shear zone activity after isobaric

cooling.
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Fig. 1 Univariant phase equilibria in UHT condition, compiled after Hensen and Green (1973),
Grew (1982) and Bertrand et al. (1991). 'C' and 'W" are the peak P-T conditions of the
central and the western parts of the Mt. Riiser-Larsen area, respectively.

increasing Mg/(Mg:+Fe) ‘== == = FMAS divariant reactions
/ ‘Fe-Spr' means Spr of Fe-rich composition
a
/ /! ; Mt. Riiser-Larsen (western part)

Spr + Qtz -> Opx + Sil
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R~ l
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Fig. 2 Schematic divariant equilibria superimposed upon the univariant curves in Fig. 1.
Arrows indicate schematic P-T trajectories of two different reaction textures.
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A great earthquake in the Antarctic plate I. Aftershocks

Katsutada Kaminuma, Reiji Kobayashi, Yoshifumi Nogi, and Masaki Kanao
(National Institute of Polar Research)
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from focal mechanisms of intraplate earthauakes
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Reference Frame (Part 2)
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Holocene marine sediments in the Lake Maruwan on the Rundvagshetta, Liitzow-Holm
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Z 5 N RNEAEDNE P S RO R TH A
3. Unit I & Unit IV OBEFIL, Unit MIZ Unit IVO
BEBRONBI LS NS A TRADEETD L
Bbhs.

ZhbDERD OSBRI TIE, WEDISHMEEE
THKILLTE D, ANEAROETIREFINT
Wi, Unit T O YO ERAERERIL 3430140 £
THo kBB, SR EERICEREN:
LEZ DL YEFOBAKERBELIBLZ8mED
osr¢Bbh3.
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Seal fossil from Holocene marine sediments on the Skarvsnes, Liitzow-Holm Bay,

Antarctica.

K.Seto and T. Mukuda (Shimane University)

HEEICE, Yy FATESCRERUDSEO T
FIIB/HELTNBRIEBMO N TWE. PYS5Y
DEBIZOWTEFAEMRRLSTRDOT NS, Z0D
BRICET 28HIFLA RN ZF0EAD—DIZ
PRI T IOKTIC L DHIREZ T TRITI L
SO THEFOLDOBRDICL W EEETLINS.
HEBEOY 2V 7 - AV ABOBRERIZIX, 3.0~7.7
ka & 33~42 ka BERTIBERERYSIHFELTND

(Igarashietal., 1995) . 5538 WEMBIRSERRIC &
ZEMERYOTEE S, ANV T AR ZAOMERED
DFREBY LIS PSS ORBLK R OA
2EBERLE.SHEIZENS OERB I UEEIZD
WTHEL, ZOEHBRICIODVWTIERT .

AANT AR ADRERIL KON 7 EZEDEY 2T
TIHMT, FOWKEIZEET 23micdH 3 FHIl,
1977) . 7HI LG, #EBE T 18 mOiBRHER
M sRRINE. MEBEDOBRERDE, &
LTI+ 2SRRI L > THERIh, R,
WADRW) (S1~S5) Babtr. /-, BRERE
BohMERICEX 10cm BEDOY Y TRDER
(SM) BpeEh 3. BER/REaED LM, BRE
HEESHDRELBSRONS. CoHRBIX EAIARIIC
hER T 5ERICH D, B LUTIILER 2 S b
HORIC 2. Tho g, B tirsm
CERboERPRSh 5.

SEBRINE=7YS Gk, BE, B, £6
Dl (EREREESOMEGRTER) , HHE,
MERVTHD. EENVRMEE, SMEDEMICH
24 BOELPSEH LR, FEERIEEE LICE
HUTWSH,ChsDBREZOATTEES RN
TERSABEAZERTNBI DS, S4 BHHER
L%, ABLU-ESSBE L CERLBDN 3.
LD L, BEOREORVWI L DEHERES LS
ZFHIFERLIDPSBEILTERLEELICW. B
i3, EEPSKNImBENEBFOSA BOBETHISE
HUE BRIEHERERFEBEPODRES>TWERE
hebSoFEHE b RoboThhn.chdsol
LBERDEEOEAVELEIABELESES I

RBMCHBBILTERLEISND. BRI, B
B o HEKIZ 5 m LD SMED S BERICEH L 7=
FhoDbAREBELTBYREELRL EHNRY
DrBbhs.

N7 Vibhaik, BPERENRFE>PS Yy
FIWFY S S (Leptonychotes weddelli) LHEEZND.
BE, B, BIUSHEBIIOWTEREERZTY L,
B HEROIZL ALV TWAZ D54
CRON, BT FERIAS L TW A Z PSR
YROND, BE L HE LSRR, EEOBEYS
HEEREELTBLT,HBLUERBICHDI LD
HMEROSND BRI EELSBRRIFTHIOH
HRICER L2t 2 re2ERTIL, DT HH
cm DEDBEDP S 5 AERLULOTY Z AL BEH
L i3 . 0z vF VPSSO BHBELTLA
&b X3RN, ENEORE LD, KREMTH .
{LEDEH URIZHAS P Th oo D
B, RO AOGHED 7Y > O%lthTH b,
FPYSIIHBLITERTEDZ IS wIEHokI L
BRI ND.

TS LAV EHL BRI ChE ToOMEH
AL SEHLERICADERBET —% (Hayashi
and Yoshida, 1994 ; F/I| - #Bff, 1998) LBHH»S
BLE3I00FEFEEISND. COFERICBITZHE
HERERIZ, V= v FIVFHS SV OEEY YEDR
BICBRB 2 L Bbh, SEOBRERIF 2T ICHk
DEEREHLRZZ%ESS.
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Uniformly oriented fossil shells of Laternula elliptica from the marine sediments on the

Liitzow-Holm Bay, Antarctica.

K. SETO and K. TAKAYASU (Shimane Univ.)

WE) 2V A - FNVABOBERICIE, FrFay
Vb AU HA (Laternula elliptica) "2 ¥ DRILAE2E
GERERYSIBH L TWB IS hTWS.E
F,FrFaryV b VNS BEGRNERERIT
PREXN, L hERRERBOERETRTZh SR
HWwTERHER Y OBRNVTRDATW S
(Maemoku et al,, 1997) . UPLERHS, dlliibiR
EBWTLAOER 2B ELERAIzBE Y
LSBROBAZAVWERROERRHE L LTERED
EREHE - BHITINENDD. 538 Wb
BRI TE, 20X REKICHST, W20
R EOoERERR L. FORAEICL-T
ERERERTF U Fa sy b UH A OERD
SRz ED S Al (ERAR) B—EDHEERL
TWABZ PR, SEIE, ZFOL5RT
*¥alsv bt UHAOEREERL, £+ ER
Thtwizhwror*Farybra I oEBIZON
THRETETS.
Fr¥alV AN H4PERNERER THA
HRBBROBEFICSBALN D, HMICHEL
EAIET R FoRERGEL NEBHETH
3. Mo hRICIZERNERERTF ¥
IV RE) HA OBRICHEEL ERES2ARSh
h, IHFEFICHETWS. ZRSICEZT 3 RIS
2mO ML UFEIToE. 2RKOBIROEEIL 2 Bl
ORIAEERHICEHN L2bDTHD, ML UF
DOFhICIZE I 2BRDILEEPR W=, /=,
CEBOBICIBENIZF FalV bFUHL D
{LADPENTZ. Che0F o Fa sy b EVHAE,
g A AMIEIE-EDAAERL TV BRI /NE
HETLEBNERERTF U F3IV U HS
OHRRICERLU-BEDIRESH, %n%ﬂi@ﬁn#
EIE—BDAmERLTNE,

MRS oL, (tREBOERWIZ 40cm D
FEXEREL, P20 3L50HE»SBERIBR
L, Z0EE»STo /. BisEZ CRIBERREHE,
BERADF > ¥a sy b HL 2T <CTHED 2
U, BRAFOBBEPRAEBEZIER LTV S. 34

LRI, Ahid10° BROO—XFA4 777 A
io7ow b L.

HADOER, BiEtLET0 2B EoBB ik b
IZH~mH (90~130° ) DARICHER LTV S, —
A, MERZO 2 BRIZFE~I (310~360° ) O
AEICEBLTWS. 202 HifoBgsRIiL, 40
~50° DIELDER}HZIHOD, TOLIERIT
—ZDARAERLTNSLRT LW, Rigthr (8
2ka, Hayashi and Yoshida, 1994 ) & /h&{$5E (# 40ka,
Maemoku et al., 1997) OFHROERD>SF > F 3
7Y A UKL OlBARMESMETRTRRIL, F
RsH2RERZ-THRHOND. £i=, AET
EELGR->THRUARERL, MBI L >THEE
TI2HANERZZLDEDShE.Ch DI LI
S RBOBBII2L PO VEWT—EDHEAE2 M
LT EBRLTWVWS.
FigtHEOER TR, BEA AL ETARICER
L, BRO T2 5REEVTWS. ¥ 2ka ORIZHi%R
EBNC Lo THBENERILELEEIIZ WD
SHIBIZ R S h 2 MERHE, HER U OMZICEIR LT
WabprBbhz, 25Chhid, Foxa sV
1) HA OERRSIE, BEPHBEOEMICHLTT
RBAVWTWAZILIZRZ.FOLIREAEBERT
B ERIC L > TH RS TR BKHICHRIZh T
WBZ L, HI2NMERDPSERBREHEET D
REDBELONIN, BHOEBOHEICENRS LY
43 AN
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Amino-acid racemization dates of fossil molluscs from raised beach deposits on East Ongul Island
and the northern part of Langhovde, Liitzow-Holm Bay region, East Antarctica

Atsuo Igarashi (JSPS Res. Fellow, NIPR), Hideki Miura (NIPR), and Charles Hart (Univ. Colorado)

1. B

EEAEROBE LICEET RERRERY
(Raised beach deposits) QERREZHARIZTS Z
&L, BEMSBEREARLITHED NS, KEKRD
ZEHR (WD, EOBER/D, £EERLTWED)
EHASMCTZ ETKERFEERD. Yoyt -
FIVLBIZBU 2 EEBIREBRYOERREICEL
T, Meguro et al. (1964) Lisk, #EYMNSET
ZAREDE ROV RAERBERRER,
NETHELIFDONTE . TE, INHEE RS
% (AMSH) I2 & BRIEM W DhviTbh (Hayashi
and Yoshida, 1994; Igarashi et al., 1995a, b;
N, RIXEK, 1995; Maemoku et al., 1997) , 2—8
TR ENS EH M OENREAEEA > T IVE~Z N
—L IS ESNEDIIMA T, HELTIIVE,
S5 RTFAEMN 53.2—4.6 FE E NS B
DRI (Oxygen Isotope stage 3) ICHH 51
HERBENEENE . ZO3-4FERDHEIZDN
T, BESWE, AWK Nv 7572 RER)
AEFEERESNDIRAT, IAFROENESH
2T EEBRIC, BNEBEMERDEEX. Lk
L—ATR, Th53-4FERDBEIIEDHETIIR
<, EBiZThL D HWEHROBmBEKEY [ #7203,
BHEPKID Oxyeen Isotope substage 5e (12.2
—13FER] KHYTZ2OTIREVWMAEVNSER
NHD, TOEBITOVWTRFERIZEEL Thilzh,

ZOREEBRT B HDIFERELT, Kt
RFERWEE L IHNOERBIBEIR LB 702 F
Ty IBBITFENDE. SEEESHE, B TIVE,
S URTFIEN SRR, AMSHEHERBER
RIBICHEA U= #fyide SRR BICET 3 RibE
IZDOWT, HRECT7I ) BSEIbERRE
(Amino-acid racemization dating) Z@E# /. =&
CEORFEREL, HBEYHNSOFLRCERE,
BLaEORB L bEANSZREMI 0.

2. WEHEEHHE

SERAECA W B A ESOHERYRET,
TOE26IFITH 3.

() HHEMNIJAREIITREILE, 1) ®HAIIVE
ALFEERL 3 = 5 D 1B (Nu-1: Adamussium
colbeckl), 2) 5> THRTFIEI A ED D24
B o028 (Ko-14: Laternula elliptica; Ko—
21: A. colbeckd), 3) U ITFRTFALI S DHED2
HAD S D128 Mk-1~5: A. colbeckd, L.
elliptica; Mk-10~16: L. elliptica, ?L. elliptica,
Hiatella sp., Hiatella ? sp., Gen. et sp.
indeterminate) D3t 155 &< 3 D25k
(Ko-14, 21) O R{BEE, @8k UISIFRE%
EEDEERTH oM, TOMIT fragmental 7z
ER (—HBETESR Thok. ZhHHILLE
MD14CHEMIZ, Igarashi ef al. (1995b), HHE
N, 1997) KHTE3.3~-3.8FETH-7-.
(2) ZHSHMIAREITTEERLE, 52 7R7Fi
WAED 1 #H:X Maemoku et al., 1997 OE-
trench) i 5 OFH 1R MERIZ, Maemoku et al.
(1997), =W5 (KRR, 1997 & T%, 20
14CEND4.3-5.3FTETH - 27 ¥ (951227~
la~g) &, FIU<3.6—4.3FETH > =4iE
(951227-1i, k, |, m). HibfAW, £T L. elliptica
THY, FRNIERTHH =,

LEHEEMREORBFITONT, 1D0EBH,
CREZEBOEBERTHL, 2O&KLIZDNT
HEET-DOT, WERIIERTETH -/, HE
FHi#%1d, Miller and Brigham-Grette (1989) 127
V), High Precision Liquid Chromatography
(HPLO) 2 & 0, D-alloisoleucine/L-isoleucine (LA
TD/LEL) 2HE L., ERORAEIL, 205 RK
# Center for Geochronological Research iZ 31
T C. Hart #1170 /=.

k& () OHBEYHEEHCE L T, Yikosn
BEHETHEDHIC, TNHRXSENSHILHLA
BEEMMD TR,

3. BREBER

3. 1. 78R
SEESNETY X/ BOD/LKIE,

7 )y—71:0.010~0.016, ¥#50.012 (FE25:
Nu-1, Ko-14, 951227-1a~g)



Y )—T72 :0.024~0.066, F50.047 (FEH30:

Ko-21, Mk-1~5, 951227-1i, k, I, m)

M —73 :0.140~0.368, ¥150.279 (FlE$k21:

Mk~10~16)

KR Ehk.

—RIZ, D/LEIZ & o THEEGEHHE O & L
THHE, T sSORBMNERY D TR—DR
ERIET, SIEERATEELTOWEEENS T &N
Biigiciz s, SEOMEHRERI, A IUNVE, 5
VTRTFIEENS EEHEMS G ONERET
HBZENSE, TNENETTHRBRERZER—
C#EINDG. £z, 2TORERENT, &LV
DI BERBELTWAOT, HBEOKERIER
(EAaE) Ic&3EELZETTHEN, &oT, L
EARII U T ENS. —F, R—OEERRETIC
HoltELThH, {LERICK> TD/LUNRE S
ENnbHB. Lrl, F—HEyEE »cmOHLE
A. colbecki & L, elliptica 8, ¥£7=L. elliptica &
Hiatella sp. BT, D/LEOXKERRRWIIERD SN
Talnote., ZHIZED, BOBWIZESD/LEAD
FELHRINS. DEMS, ChE3/N—TM
OD/LEDBEWE, RIEAOEROEERBMLTY
3EEBZLENS.

k& 3z, D/LKLIIMM, BE, (toEO™M
¥TH b Miller and Brigham-Grette, 1989), &
S5N7=D/LILE M ERAERT S HRREL DI
BREXhiz. £k SEHOHEEICEETES S
BRI ah Tz, XoT, SEIZHE
D/LILDEBVWORIER U TRAREEDS.

9, Fh—71, 2ROD/LEDOZEWZDNT
1%, Maemoku et al. (1997) @ /NEE-trench IZ3B
WT, FBAEZIIX A TR E /2 14CERN
CHHBICRSSINS, HB2DOOMBI v ME
TOEDENWHEY TSI EMD, V—F1kD
WT4.3-5.3FEme, Y —2icD0W T
3.5—4A3FEMN, THUMOERERIETHS
SHEE NS,

—%H, K<< OD@ED1L—4 A (Mk-10~16:
TFMkI—4 > RA) hSB/BENEIN—T3D
D/LHIE, EHTHEWEERL, FIV—71, 2&F
PRORBBLIEERENDZLERETS. O
Mk —4 > ZAK B2 A{EADERIT
fragmental (—EREHETIIHER) TH2H I &h 5,
ZHhSRAEERE, MOTOEENENSBEILTH
5 (BHEBELTNS) ZE3EMTHS. FLT,

INV—73RNTOD/LEoE 5D &R, JV—71,

2HTOFNITHATREN, LR, Mk —4
CARARE, HEBMEWERRRICHZ3RLER
BELTWAWREEZRLTWS. LML, SEH
EEINFMKI—7r > AANSORAEN, 3—457
FEHEDDBENDHBDOTH B EITMBENEL, B
BKHLET O b DO TH DT REEDE N, NV —T3

OB WD/LLLDOENE, Pridz B Vestfold
Hills M 58&E XN TH D Hirvas et al, 1993), &
NoDliE2-3Malchs BRI TNWS
(Hart, unpublished data). #-> T, Mk —4 > A
AP ORILBDENRIE, BAICRELS &
Pliocene TH 2 uJfEME S H 5.

UH»L, Mk —7 > AA Mk-19) 25O BH
DIACHEMRT, WI.7HEERT I &M S (Igarashi
etal., 1995b), Mk —4 > ZAIZ B 3D/LE &
14CHER & ORBRIZ, Maemoku et al. (1997) @/h
#E-trench KHW B h o OBREMuULIN,
IO ER, 3-4FERDI4CE/RERRLETED E
EZZBEDEDL A, 3—4AFERDUACEREE T
LB odic, EBRILDEVWEROLONEE
TBHEIEERLTVWREELS.

3. 2. AAMLAREERLGEOKY

Mk =% > ZAADMK-140 S OB FLB{L O RS
13, K<<SOHTOEFETIHI IMATO—Y
YA (Mk-1~5: D/LEERR Y N—T2iIc&ENS. DL
TMkI—4 > AB) OMK-ANSDEFNENZDR
25, EHEEK BEECMk-140E(NEDE
W, ZUTHEARE, Mk-4TR
Globocassidulina biora (Crespin) BE#TH B0
iz L, Mk-14 Tl Neogloboguadrina
pachyderma (Ehrenberg), Globocassidulina sp.,
Epistominella exigua (Brady) Ht5ilt 3 % Oh MM
T» 3 (Igarashi et al, in prep.). EL L&,
TNTHOHERUMORBIBEREDORNERET
5bDEEZLND. ELT, MK —4 > AAEB
DHSEMFEFEL THBIZHMPHET, Zokd5k
BULAEDShZ &3, MHEMOD/LLh SHEE
INIHMYFEROBNERBTIHREBEDN
5.

Fh, BBIRESRELT, IN—T3DD/LK
ZRUEBILEOHIC, Hiatella 1B & WS ik Ed
SEEHLTWRLEMED SR ENdIFoh
3. ZORO{LBIL, Amery Oasis (Bardin and
Chepaljiga, 1989), Vestfold Hills, Larsemann
Hills (Hart, unpublised data) OMENGIRAEREY M
SHELTHED, TO7 I /BD/LEE, 4EER
BRIC B VW il 2R U (Hart, unpublished data). &
DROBAERIZONWTIE, WEEMENIC Hiatella
antarctica (Philippi), H. arctica (Linnaeus), H.
bisulcata (Smith), H. subantarctica (Preston) ®4
BOMBASNDHOD, ZDIH5, EHEINER
DB #id 2813, H. antarctica, H. bisulcata
D2WTHY, Thd South Georgla BLLIX
Kerguelen Island BB ETIKBS5h3. £L T,
Uava s FIVLABRbEA A, BEELEESDE
BAERRICE, INSRBOAHRSOEZAAS
nTwa GRRFBEREK - BRERE). LR,



BRI BT 5 Hiatellal@ O £ B 4 OR R ERE
A%, Holocene, % %Wi33-4 FERNICH~RT, H
WMICIRBRBRETHO I EER2REBTZIHOEL
THEBRIETS.

4. SBROBE

SEDORRIZE-> T, YHWOEMNTH->723-47
FEROIACERBEOEA/ZREIRB I EIITER
Mmofe. LML, 3—4FEM&L D bEWEIEAZ,
5 2RI FIBORERIHERY, SBH A
&R, Javs - RVABSICBY A ERLED
KIKEE), RMEOHRELZEHEEX5 L THEERE
BEEED, SR TFISEICE, SEOMR
P H3—4FERL O bENERDEERWLIE
REEYIIBI N TWDEREENH D, S8#IT, /N
B~EL A AT, K< OHRBRICBT 3 GREHE
REMMOERLEE (AT To M TN
B UEREREOBIIC LS, E#RORERZB37)
— 7 (b LI ENLL) OHRYOGHERR LB
SIRRIR, (LEMEOIE ] 2IT54ENHAS. £
LT—AT, Vavs s FIVABISOREDH
EHWT, %HgTESHD/Lth SHENERE
BT 20ICELRHBRNERENTEENBET
HAD.
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SURFACE EXPOSURE AGES AND EROSION RATES OF
BEDROCK FROM SOR RONDANE AND NEAR SYOWA STATION,

ANTARCTICA.

Kunihiko Nishiizumi (Space Sciences Laboratory, University of California,
Berkeley CA 94270-7450, USA, kuni@ssl.berkeley.edu), Marc W. Caffee,
and Robert C. Finkel (Geoscience and Environmental Technology, Lawrence
Livermore National Laboratory, Livermore, CA 94550, USA.)

Surface exposure ages of Antarctic
rocks can contribute a great deal to under-
standing the dynamics of the Antarctic ice
sheet, in particular to determination of past
elevation changes of the ice. When bedrock
is exposed above the ice, cosmic ray bom-
bardment produces a variety of radio- and
stable nuclides. In-situ produced '’Be (half-
life = 1.5 My) and 2°Al (0.705 My) in ter-
restrial quartz are especially useful in tracing
continental weathering/erosion processes
and in determining surface exposure ages [1].
This paper uses in situ produced cos-
mogenic nuclides to elucidate the exposure
history of rocks from near Syowa Station
and trom the S6r Rondane in Antarctica.

The nuclide concentration in most ter-
restrial samples is controlled by the expo-
sure time, t (y), and the erosion rate, €
(cm/y). For the simple case of a constant
erosion rate, the cosmogenic radionuclide
concentration, N (atom/g), is given by the
following equation.

P ~(A+pe/ M)t
N=——Jl-
7»+ps/A[ ° ]

where P (atom/g) is the cosmogenic nuclide
production rate at the surface, A (1/y) is the
decay constant of the nuclide, p (g/em’) is
the density of rock, and A (g/em?) is the 1/e
attenuation depth for nuclear interaction.

A series of rock samples was collected
by JARE 27, 28, 31, 32, and 34 teams for
this study. The sampling locations are near
Syowa Station and in the S6ér Rondane
Mountains. Be and Al were separated from

chemically isolated clean quartz (3-40 g) and
purified for AMS measurements [2]. '°Be
and °Al were measured at the Lawrence
Livermore National Laboratory AMS facil-
ity [3]. The exposure ages and erosion rates
were calculated based on measured produc-
tion rates [4] and corrected for elevation [5].

The six samples from near Syowa Sta-
tion are from well-exposed surface bedrock.
The sample locations are along Soya Coast
(69°S, 40°E) and elevations range from 40 to
400 m. The '"Be-?%Al surface exposure ages

- range from 7 ky to 31 ky. Although cur-

rently extant glaciers separate the sample lo-
cations from each other, the exposure ages
increase uniformly with elevation. This
simple relation suggests that the ice was
thinning at a rate of 13-18 m/ky for last 40
ky or underwent two periods of thinning at
25-31 ky and 7-13 ky ago. Measurement of
other samples from near sea level and from
200-300 m elevation will be required to con-
strain the history.

One sample was collected from the
peak of Botnnuten (70.4°S, 38.0°E, 1450 m),
about 150 km northeast from the Yamato
Mountains. Preliminary results indicate a
minimum age of 84+42 ky and show com-
plex exposure, even though the present ice
level is about 200 m below the peak. An-
other sample (Y-60120104) was collected
from Taka-iwa rock at the Yamato Moun-
tains (71.75°S, 35.88°E, 2170 m). This
sample exhibits glacial polish. The exposure
age is 2132 ky. The sample location is
about 15 m above the local blue ice. Al-



though the rock surface was possibly cov-
ered by ice for a short period (much shorter
than the halflife of 2°Al) after the large,
polish-producing glacier retreated, the short
exposure age is quite interesting, because the
terrestrial ages of the majority of Yamato
meteorites are also shorter than 100 ky [6].
A more complete understanding of the ice
movement and accumulation mechanism of
Yamato meteorites will require the meas-
urement of additional surface exposure ages
at various locations in the Yamato Moun-
tains.

Based on °Be and 2°Al measurements
[7), previous studies have shown that at
higher elevations the Sér Rondane Moun-
tains (72°S, 24-27°E) were not covered by
ice for significant periods of time within the
last 3 My. Samples from the crests of the
highest ridges on Mefjell Mountain are
nearly saturated in °Be, implying a long ex-
posure age with little erosion rate (<10
cm/My). In this study, we follow up with
measurements of additional samples from the
So6r Rondane Mountains.

We have measured 32 sample covering
elevations from 970 m to 2660 m. The sur-
face exposure ages range from 2 ky to over 5
My. The exposure ages are not simply cor-
related to the sample elevation but are influ-
enced by the proximity of adjacent ice. All
samples collected more than 60 m above the
adjacent ice level have more than 500 ky ex-
posure ages. On the other hand, most sam-
ples collected closer to the adjacent ice level
(<60 m) have less than 200 ky exposure ages
or complex exposure histories. This sug-
gests short-term fluctuations in ice levels in
the S¢r Rondane Mountains. All samples
collected from Mefjell Mountain (>400 m
above near ice level) and Deromfellet Moun-
tain (>200 m above near ice level) have >3
My exposure ages or < 6 c/My erosion
rates. These measurements indicate that the
surfaces located in this region are among the
oldest found on the surface of the Earth. In
general, there is a good correlation between

the surface exposure ages and geological ob-
servation of glacier tills (Moriwaki, pers.
comm.). The surface exposure ages of bed-
rock will constrain the past changes of Ant-
arctic ice sheet thickness for last several My.

Since exposure ages were calculated un-
der the assumption of zero erosion, the ages
are minimum ages. In general, short expo-
sure ages are close to the true age because
erosion is not a significant effect over short
time periods. However, long exposure ages
are underestimates due to the undersatura-
tion resulting from -erosion. The calculated
minimum exposure ages of samples which
were exposed at high elevation of Sor Ron-
dane are longer than the half-lives of °Be
and %Al and are especially affected. For
these samples, measurements of cosmogenic
stable nuclides are required to obtain true
ages. The measurement of in-situ produced
2INe in aliquots of quartz samples is in pro-
gress at LLNL.
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Evidence of ice sheet expanding and Holocene marine sediments on the Skallen,

Liitzow-Holm Bay, Antarctica.

BIORTIOKKROBRLERBBRO R LITRDAO
TWaZriRE<HmshtTtna., LrLRES, #h
S5ITBHE OHBRY ICERI N ERARMKILLDO E
bz & DRGHERIRAL PL-PAL IR DK BPIC & 2
TERDNEE A YT BICBIT 220 &S REERIZE
WIZELW.Z20HER L UTHEFICIZFh2RRT S
BRIZE AR KEFERT DL ECFRETOD
BBROIFLAYEHRLTLESDPSTH . HAE
D)2V - FIVALABOBREHMRICIE, 3~8ka 271
TREFHOBRERE L 33~42ka 2RTLDEHN
WREREPM SN TS (Igarashi eral.,1995a) .
AMEOBREREI PRI NV FR=I A Y
YETAamL (F)I - B, 1998) , BEFEIS VY
RIFBEERE LTWS. CHE COEBRHERE
DERHARIIAANVTZIZRETIZBRO N TE D, X
H—V rYUE TR LT RbhTuvwan. 8
38 WEEHIRERBL CIE, R h—L L EOERNE
BEYLEINICRERT> . ZORR, W2H0D
KERDIEX -FROBEEND 3 WIZREN 2 ERL»E
Shi0OTHETS.

2H—=Lrid, Vavs - BIVABORAERIZE
BRICEEH LRSS T, BEflIdokR, Bk
WHEEEATRA—L VKARELTW 3. 5RIHRE
BTok0DiE, 20—V VItBEROB LHITERMTE
B0 JIHRGETHZ. BLHITRICRShS
BRERBEIEEBL 24T, FREOEBLTE
ETCHETI. AHEEICRkOYy IR~V EBRDNS
ARESGECHRFO LIELIERShD. %)=,
AR EEEOEYERE LD RO V.8
FEHEER K L LA b —- BRI b 1 208 2
EROHOSNZ. B NI HROREEBC Lo TR
REhELEDNIBOILF L RABBESNE. &
ZIHHIC RN S EREREIL,BEPDRIL B4
md b, KTRROR S REDER L FEET
B33, BMEEL UTRBHA (Laternula eliptica)

BEUTY Y TRET,RFEMA~BEAOTRE ST,

IR DR L LB TEE CTEREEZIT TN D

K.Seto (Geosci., Shimane Univ.)

LROLDhWZRB VDW=, =, T5ICFERIDK
KROKETHII, AtAESCREOEMRERE
BRLNE.

Zh—L O ERE, BRA 2HVWE AMS
ERPIBEIC L > T3I~8ka DERENH/B SO TNS

(Igarashietal,,1995b) . SRIFERT o= % JIFHH
HETI, 3~4ka DEREDBONTNHED, BL
HIFEMECRERBRZRTOATHRV. SHENR
2T LEBIXH 2,5 0)d Ska LIBOHERY L
LTHRETS.

BULHITROERHEREIIE, LAMRAL— BRIk
DY 4 I NVHERSN, MR LIZAEARKREKEED LR,
HRLIXET2R® 20 Bbh 3. LAk
— D Y4 2 NVidENDHERTIMIC VR &
y 2 AR S h, HEK kRO LR —{ETH 2 [k
CokZLERT. BOOAMKEKED FRIE, K
ok HIcRS W kKERIZE D 2—2F 7
4O REkED LAY EISND. £=, BKED
ETiX, ChEFTCOMBRTHSNTNS LS RKEKD
#RIZ X I HBROBEIZERNT 20 LBbh 3. 2
[E B ORExAA Y E R, KERDBBICEES 21—
54 vy REkELR,HIVIDKKRIERICERT
ZHBOILELE X S B FOMEMKEEKE LD
YOREODD OhEEEKIZIIRERVY, SHESH
B> SRBHERPIIBLLTWEZILEER
T2L, BmA—F—0FEHLiEE IV, TH
DL—25 F 4 v 7 REEKEL BRI X528 m
F—F-2BI3EHIRShRN. —FH, BEDH
&, KEHER L R DD RIS ORESHS P X
hTWRWARICREYH 3.

¥ ZITIROWRHEREY LIOKEREDB Z ki, iz
< &b 3ka IBITKEEDPSIER L, XS ICZOHEB L
T BERLTWS. —MRICKEDHA L =B OHER
YIER D IZ SV OKERDBHER U= DHERYIDE > T
W3 2D Z &, KEDIERDFMShE ol
EERLTNS,
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Melting of Antarctic Ice Sheet during the Last Glacial Period
- Terrestrial evidence from the Liitzow-Holm Bay-

1. (XIU®IC
BAKEKMBERICLEICDZ> TARIC
B L= 8B 530ENMNCBELT, 8
TREFENIISCERCREZIN.
Labeyrie et al.(1986)T® 5. Z DOHFFE
W2, ERE (> RERZY-) OFEE
WM OBBRMAELICETVTNS. £
hicknid, 35-17kalc M TIRARED
BOKAKPBEBRIRMIEE THAERILS
Bo/rZ &, FLTENIEBKEDORB
TERR, Y—COREICLBZEADIEMN
B ENE. BEKKOBBMAECY —
DR, TR NEEOBEEHICEEE
53, NM2Uvk - ARIEIRF X
H=R -Fat— AR5
JLEEROKEKARBET I HELREEE)
WHEHE LT, EEROLBHEHSNMNTT S
+FTHEBETERVER/THS. LMrLE
EDOETA, EEBRKEOEBRIZBNT,
Labeyrie/= 5 35 #§ U 7= B ROKEE D287z
BRI RED HEENEBITARON > T
7. —%, Sawagaki & Hirakawa
(19972) I EMB R ERIDFESEHICB Y
T, KEARICX> TERINZEMBRT
O AEE BEOERSERIE R
BRI B, EFNIZKST, KE
KFEDOZUEERE L (Sawagaki &
Hirakawa, 1997b). O X D7, HE
WMOFEL, BHOKEAD35kah 5LGMIZH
I TEUREA > READKEDORIKAKOH
HEBIE L TWA RN D 5.

Takanobu SAWAGAKI (Hokkaido Univ.)
Kazuomi HIRAKAWA (Hokkaido Univ.)

2. RERRABEAREREBEOBEOR
R
KRBT BT D28 DL/

BRETEIENCEST, HEXETRDK

IR OFTHD 2 WITBRNERETH

5.

LanghovdeDEBR, D TR, BOH&E

DT & HEY
POTROBENHIL, UESENES
KIS ~ERIZIED 2ENZZ EER
. BWE OEIC, ERET SR
OWHENRD 5N, ERZMEN SR
5 ENSHEERFKDERIZLSZ &
BESHNTHSD. EOMWABDO—EHDMih
EENSEZDRSRIIFEIEOMICET
ZELVWRAERT. ZOoXSBERD
BEMEIL, WKICXSTLERICLS
EEZLNS.

Skalen, Skalevikhalsen, XU

Rundvéagshetta @ Glacial bed form.
KEAFICE > TR N EBRT
THHMERAMRIL, BEBICERIC
AU THED, RESCBELENRILS
BERNBEDLNE. 650 EMBYH
BLT, ZOXSHmiE, BEORR
2 R0 OJL PR 7K EAKRIC K - TR
RENELDOEEZSNS.
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BIICERBLEZLDIC, ZPBREREREE
BHOWY, HEEMORER, 35kan b
LGMIC T T L KB ORIKA DHHE &
BIE L TWABHREEDN D 5. ZDHEER,
POTRAOFOEERBE=AMICE> T
WRETHSD. Thbb, ROTREOOHE
KR EISMIHEICRET SRET IV,
SEWEAAINICENIT, BHEOWEHRME
BYCAEBESIZEDLDNTRY, ZHHOR
ETRIDAZVS LY. ZOBETNSY
DLEFEITHELS EBOLNSHBBELOHRK
MBI AL OBRENS, ZhH50
HIE & MR R IS WIRFRIZIE R S
72EidEZI# . £/, SkalenPAE OXIE
KMBEREIL, BN RFREBNRIFT
HY, O—HNVIRTAAAN)—LERE
THREINHWNEKAIE TOXKOERER
BEICLZEMIIDRL, HEIEEOKE
2RO KK BEOHEREMEICE Tl
L TWERHOKKEMEEZEZEL TS
DEBILNS. LENST, ZHho0Hh
B ORI E L T, BN
35kad 5LGMIZ W BB Z ERIRFE L
THERZWV. bBAA, ROERDEEE
BOLROX S RRAMEIL, ZDLdR
TR RSB VIR LB > &k &
TRELTEREEZIONS.

IHIZ, ZOBRRITIE, LGMITHEIT DR
HIC BT 3 BAOKH 048 34 A HEK E oD RS RE
RO EEERLTBERN. Thb
B, ROTRAOOEE T ITYUREOMH
WMWK ESEFFIERT EEZATIN.
FOBRER, ZTHHOREEKEEZIZEA
EEUTHS. TOmi%kssNIzEHitIC
BIBTAYVRY T v U e LkE— R
BEBRARHATH 570, EEBNZERITEEE
TH BN, LGMIZHKII > T, HYDOEIEK
ORI EEZENDO TR h
A5,

4. SHRORMA

DWEE, BEALFEROKKAT D&%
MINEET, KM DOD-O EVENTS
(Greenland) ® & 5 227z BB LIIE M
THTL. ¥R TIIEY1ka-2.5kaBN
TRBRYT 55 OMRERNREER I N/ Blunier
et al., 1998; White and Steig., 1998). &
U, BEAREBAEEBTETLTWEZ
EBFUTHNE, FEEKK ZE RO
BELEZIRMLTNEI LIRS, F0
BHKRTYH, b¥RTRINTVWE LI
DKER QY -#ED 7 -BHKBEKE] @
Z=TADEBEZHMICBEL THERICL
TuhRihEizsizn. 2020,
SRR LU &S 7 ERBEN S DR
ZERLTWS I EREETHS.
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The melting history of the late Pleistocene Antarctic ice sheetderived from sea-level
‘ changes
R.Kimura, M.Nakada ,J.Okuno(Kyushu Univ.), H.Miura, K.Moriwaki(NIPR), H.Maemoku (Yamaguchi
Univ.)

BEAEERFOVN DA RITB W
T, $1 AERNS 5 TERIOB O BBE
HhEIN TS (B AL Hayashi and
Yoshida, 1994) . =0 E2EEL, KK
pifgick omE LR S NICBEBRL A
ARHIRDOEHIHES A A B GBEGE) D
ZA{t(glacial-hydro isostasy) £ & X 5N 5,

JLREROKEK DB 2 T EMOMMBES
i, HMeDbhoTETWS, LALFE
KEEKK DL ORMMEL T —F N2
LL, BEAEDD>TWRN, FFFET
13, MEETIHRE S N-EBELOWBIHE
TEHOBMMEEZ D L IT, glacio-hydro
isostasy DET ) > & 1T OEERRIKER O Rt
RETINEERL T,

WEFTIIARINTW S HREKE
M LeM) LigomEXkKET IV,
ICE3G (Tushingham and Peltier,1991), ANT-
model (Nakada and Lambeck,1988,1989),
Huybrecht-model (Hyubrechts,1990)7% £ 3%
%, ICE3G,ANT €7 Vi3, LGM OD&E%E
It L 7= CLIMAP (1976)% d &IZTIERRE N
=BT IVTH 5. ICE3G IERBKKER 9
FAERMH SRS, EBEIOKKAE
4R OBHEBHOBMT -5 X DERL
JeETIVTH S, ANT3, ANT4 i, 2hE
175 8 TR, 177 2 TAEEIN S KKE
fRA\EE S £ 5 )L T & 5, Huybrechts-model

W, KEKZEZE D EICEBICRD 5N E
FIVTH 5, ICE3G DERKKERS, ANTS,
Huybrechts- model (EABE HB) €N ZN DR
E2AEMOL—-ZAY T4 v 7 ELER

(BSL) 13, £ 27.5m,23m,11m TH
5. REDEINICE D E, TS5 DMK
RETITHT DX EZEERSL) DG
B, #IROMEETIVITHNDSTE
57— 2 —MICHBTE /0, Figl
IZ, McMurdo IZB1F 5 2N 5 DETIVDE
BELBAEERT. AFETIE, KKE
TV ANT4 2R L, BRISN/-BHEES
EHHATHETNEERT 5,

Fig.2 12, BB TOWBRELOB R
MEERT, 2hoDFEALEOBRIM T
IZBNT, | AEFINS 6 TEIOETH
B H9~30m) BHEET S, £z, 2 HfE
BN 5 1 FAERTO MBI B HEE 2R T I
<, BEXDBBRENE B0 1
BRI EEZ 5NS, L, BElT
—Z I ERBBERS S, DFED,
WikEEH A & F UK EFEERB K (NADW)
N, EBELTIIEEBERKERDER
L, EBEIOEBEEMITNERD AT
2%, “Cc FREIEBRLDDEIRD, %
FHDH DT 1000FEN S 1500 F DRFHE R
R IE (reservoir correction) 78 EE I NT
W5, ABFZEICB 0T, BREEIECEF O
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Reaid, L¥EROKKEF IR
ARC3(Nakada and Lanbeck,1988,1989) % /&
W, KK OMETIVEL T ANT4 %
BAwiz, #EROBETTIMVE, A—A LS
D7 OWEEBMMNSHES NZETI)
VAT 7 DEX 100km, LF~<> L
DO¥SER 5x10° Pas, FE~ > ML O
# 10 Pa s) (Nakada and Lambeck, 1989) %
W7z, Tushingham and Peltier(1991)%3 3k
UL TWaHBRO#EETT IV (FE~ > b
JVOREIEE 2x10% Pas) ZHWVTH, 1FIF
FECHENZON, DITOERIIHHET
TFTIIZHEDKEL 2,

BT —4 ZFHBET 5ET IV ANTAHD
ESL #i## Z Fig.3, ARC3+ANT4(1)IZ & 51§
HEEEDFEIEE Fig.4 IZ7RT. ANT4(1)
IZPES BSL X, ¥ 18m THD (KL,
AHEOBRIR B H, ESL #HB{K 8m F
THAILKLTHBRBBST—YEFHTE
%) o ANTA)ET VD LGM LABRDOIKEKED
BExoMAPid, Buoit#t@EAL T
250m(ICE3G:200m, ANT4: 200m,HB: -250m),

200

NS
150 -

RC3+HB

A
% ant sedl
100 //\&'i;ﬁiu
=3 .
50

0 =

-50/ .

.................

RSL(

Time(14C kyr BP.)
Fig.1 AF/E N T\ SEEKEE
F IV IC & BMcMurdo®RSL(m)

0 A #8 T 100~200m (ICE3G: 2000~3000m,
ANT4:1200m, HB:1400~1600 m), 7
v TIV#ETIE, 800~1200m(ICE3G:2000m,
ANT4: 1200m, HB:2000m) TH %, D F O,
DxyTFINKEOEBOZAKKEIDEE
ICRBL TWAD I ENRBaEND, Ty
FIVKERDBUMRIT, #5182 B 22 D B (King
George) DEHI T — ¥ 1L < KT T 5. ABF
KTHE SN/ BEBKE OBRICSE D D
DxywTIVKEKOEEIEAE L ESL:
6.5~8m), Z DHIK DL %< DEBT —
T DPWENARIRTH B,
ARC3+ANTA(1)DETEL{F & BRAIE % Lb 82
T5L, BOBEWIEAKEIEL THL DR
i3, HEEOAPBRELD BEWN, T
bbb, BFEIN/ZRSLIL, 1 FELENCT
TIZHRBEIZEL TWDFigd), DI,
FAMBOKIR D RIS OSIWVAANT 4 >
27) (Fig.3 O ANT4Q)EE XL DL HE\E SO
B, ZONWARAIT 4 T8, NWILNEK
ATRBINTWVWS | A4 TERMNS 1 A
3 FEFOBOAMREBE LREHHETS
SUREENH 5,

0\ - |

Fig2. ANT4(1),ANT4(2)ICE1F5
LGMM SIREE TORMICRIT/=KEKD
B (8fim)é&, EMRTRV/ZBE
THOBRNENESN T SHS



ESL(m)

RSL(m)

RSL(m)

30

| Fig3. ICE3G ORI ERERSY,

e CE3G OB KBS
25 || —ans | ANT4,ANT4(1),ANT4(2)®
—ANT4(1) . ESL(m).
20 t — ANT4(2) |
15
10
5 s
0 | el bl
15 10 5 0
Time (14C kyr B.P.)
30 100
20 Skarvsnes A Vestfold
10
0 ¥ i: ’
10 ROAT ] { 20| ¢ ueme
Wﬂgﬁﬁg) 0 + Marine organic ¢
-20 Tgfgme;[ﬁfe 14
- PRir -
30 . g%m?h , 20
40 '.mar?ne;gae -40
50 | mamysatee ] .60
P T s N 0
301 120
20 King George 100 M McMurdo
0 i o | 80T '
.'_' WL & | 60 [| —Arc3aNTa)
0 E— 40 xEIephantsea!
-10 réglgarﬂi%éts 2% 2 Adamussiom x
-20 ! e
. N?;“a‘a . -20 '
& ey
. olerecnin ., -
0  Setaae | |60 -
LA TR S BT 3

Fig.4: FEBEZDOBAT -5 &, EMRTROSNICKKETIVICK BHRSL,

10 5
Time(14C kyr BP.)

Time(1C kyr BP.)



40 FEREONBEDIL - BICAE T LEBO'CERREICHT B0

i E (BARHE) , MEASH @BXE ,
RRER (BKEREEL>S—) , ZHES (@D

*C anormaly of algae in inland pond and lakes, Antarctica.

Hiroshi A. Takahashi (Graduate School of Sci., Nagoya Univ.). Hideki Wada (Faculty of Sci.,
Shizuoka Uni.), Toshio Nakamura (DMRC, Nagoya Univ.) and Hideki Miura (NIPR)

In order to clarify the possibility of “C
dating using Antarctic samples, C activities of
fresh water algae collected from some coastal
lakes in Antarctica are analyzed by Tandetron
Accelerator Mass Spectrometry. Samples used
were collected from Lake Richadson, Riiser-
Larsen near the Napir Peninsula in Enderby
Land, the First Crater, McMurdo Station in Ross
Island, and Lake Canopus at Wright Valley in
Victoria Land, Antarctica. The glacier was not
lied near the L. Canopus in the Dry Valley and
the McMurdo pond in the Ross Island.

The modern algae of the Dry Valley area
and McMurdo station represent similar “C
activities to the modern level. On the other
hand, the result of modern algae from the L.
Richardson which is inflowed by the terminal
Glacier, shows less activity rather than the
modern one. The carbon in algae from the L.
Richardson was used old carbon derived from
the melt water of the Glacier.

[IZU®ic) MEROZLEHEZAEICEIHD
Eo THIZEDITERWMENBLELRS
2, BERKMUBOEREID FEEL
T, WHMRBEVRHEL TS, “CHE
KRB IIZEA T OIRED R D L DHEDNH
5. OREHO_BILRFOCEENBE
HPHEL—ETHoZE. QRBOHE
RMBIALEZE, BEEZERL T3
FOYCEBEDN, YURKORIZHO_BILKRFE
OPCBELEZELWVWIE. QRBOMHERD
BRILIIZ, AL RBOMMA TN &
THb. QD20 TIE, EE, BARERD
&£ D IERBEA OBt U Mk fE 2

FALT, "CERIBFEROMENTES
&£ 3127/ -5 7= (e.g Stuiver and Pearson, 1993;
Bard et al,, 1990) . @ LQDIRE EZBEEIZ
WRIRVHEHIZ<HFEL, ZOHED
SRR, FRKECEEZETLIONEA
OB LENEETH .

mMEEOWEAKIE, BARKKEACBED
"CEREURFL, BERBRICKDKED
BEBEZRNTZ THBALTHHRKELT
ZRBHE/AKEIZHES INEZHVRENDRES
THEIATHD. 517, HEKEOHA
BB TIE, KEMSHUHEINZ KO
AKICEENDIHVRENMDS. £0D7%
», BEEEERIOBEEYLTORIIBR
RFEX DCRBENME.

i # Victoria LandiZ & % Dry Valley #li3{3,
#4,000 km*E WIS EBBRRKDIEE 2 H DA
7 AT, BAFEULiMMSKTIZHEDN
RN S U TRERRFEREDORE /=
LIAEEZISNTWD., ZOHIRITELE
TH, WEKAN—REEL TNBEN, &
ORI 2 <A< KBEXKMHADOADT
HATWVWS., ZOHs O Vandai§l ORI
X, BITHREEZ SN SWEICEIT BN
MENSSOA—RIVIZEDOBITHEEZELE
L, MoOREINMIDRESELLE
ZEERLTVS, ZOITHBIDED S L1
NHRICEFICHEATED, HETRZF
EIE-ZEDERBLTWaRWND, BOERMH
WERLTHEFELAZEENESESR X
5. INSREREOEDOHEEE LT
FETHDHMN, ZOXI32WPHMDEL
1, RKLEFEORBHTADIEZN, BEODO
KEEKWICHKT ZRBOEADEZEZLS
h, ThEIZEBCREEERL AT HIL
725730,



AR T, EAEBHETHREL TS HE
EH, RKHFOBLRFOCEBELRU
BETHINEHSMIL, INH5OEE
MWCERNEORBE L TRUTHEINE
BT 5.

(BBl - ERFE] HEOREICELZ

HWEUTIORT (FERSR) . ohth
DAL, 19974 Riiser-Larsen| I &
5Richardsoniifi (AARB) &, 19864E7 587
VMV TR Victoria Land ) Dry Valleyifl
B, (AACa) &, RossBE OMcMurdollitfH
7 (AAVI, AACH, AAMP) 2B\ TS
NTSTEKRDOBRTH 5.

BLiRtE, INA O NVEIZBHRA (BB

EEDBITHZEHALE. ZHE0CT2H
FIMEBLTHA LS, EES1ICHE
AL, GEEZANTCOITKERL /=, BR
L7&CO.D 1 8% 6 "CRIERICHTL, &
NEKEBBIGECED, VYST714 45—
7y MIZHBIL 7= (Kitagawa ef al., 1993) .

“CRER, ATRKREERIIEERNIE L
CHE—OF T MO VIESE R TEHC
THE L7= (Nakamura et al., 1985; Hiff - o
H#,1988) . “CEE OEBEKIZIINBSY o
UBEHAWE MU aL sy —-R&&
REEDEL (MAT-252) 2k D, 4EL
TRB I AD o PCOREZITY, RAERS

BT, BERESFETHEBLAR, B JPROBMEERT-E.
—T7NAhY -BICLAEHELEETo /.
. : . (RR] BELZEHEOCEBE LKL
Sampie | Sampling Point |Sampling date
i e e AOBBOKE T DML HE, BAE
AARG |66°42'S  50°40°E| 1997/01/01 B, ¥ O7CHBLAENETFICRT. N
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Charactenstlcs on the glacial and fluvio-glacial deposits in the Mt.
Riiser-Larsen area, Enderby Land, East Antarctica.
Masashi TAKADA (Nara Women’s Univ.) - Hideki MIURA (NIPR) -
D. Zwartz (Universiteit Utrecht)

1. HL®ic HEEY —tJ bt v isbigix,
WEBLY Y- V-5 FOT7 AVEUBRER
EL, fETHBRAREOBERETRSET
W3, ZOHETRUN»S, BEukaERY

(Yoshida and Moriwaki, 1983) R KRR 12 Hk
INLFEEASNHRY (Richardson clay;
Hayashi, 1990) OFEFHEINTEY, ZOX
) Y OHERERCHERBELES,LICT S
Z L, UBROKKREHLOBEAD LR T,
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L5y BOBSEHED, oeL—-BRELR Y
EHRTELIHVEEZRLE., Thbid, KT
EMECBTA KOBGERBRLTVASDER
bhs. BRETHK, MEWEONEMABRLZEL L
biZ, TNLOHILDVTHEDEMERA LT
v,

Length of long axis (cm)

1 122334455667788910
Rank 0
Fig.1 Grain size distribution
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Coastal Landforms in the east of Lachman Crag, James Ross Island, the Antarctic Peninsula

Toshio Sone (Institute of Low Temperature Science, Hokkaido University) - Jorge A. Strelin (Instituto

Antértico Argentino) + Toshio Nakamura (Dating and Materials Research Center, Nagoya University)
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(EREXTLYY) X 1992 ELBTAELTF
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I Lachman MR DMALEL .
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ERIEEN, BECRD C SR,
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1A 1992) .
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Lithologic characteristics of the marine sediment core sequences around the
northern Antarctic Peninsula ; Akira NISHIMURA, Manabu TANAHASHI (Geological
Survey of Japan), Toru NAKASONE, Takahiro KUBO (Kawasaki Geological Engineering
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HIGH PRESSURE AMPHIBOLITES FROM THE

ARCHEAN NELLORE SCHIST BELT, SOUTH-EAST INDIA.
B. Hari Prasad’, T. Okudaira’, M. Yoshida’, R.S. Divi*
¥ Department of Geosciences, Faculty of Science, Osaka City University,Osaka 558-8585.

$ CNS Geomatics, Ottawa Canada.

The Nellore schist belt (NSB), a narrow
curvilinear Archean green stone belt, lies
in the eastern fringe of the east Dharwar
craton with approximately N-S trend
direction extending from Nellore in the
southwest to Kothagudem in the
northeast of Khammanm. It is bordered by
Eastern Ghats Granulite Belt (EGGB) on
the east and unclassified crystalline rocks
and Proterozoic sediments of the
Cuddapah basin on the west. The Nellore
schist belt is considered to be equivalent
to the Sargur schist belt (3.3 Ga, Peucat
et al, 1995) which is the oldest
supracrustal belt in India. A back-arc
associated with subduction zone system
paleotectonic setting is proposed for NSB
based on geochemistry of the
amphibolites  (Satyanarayana et al.,,
1994) . The present study area forms
northern fringe of the NSB and is locally
known as Khammam greenstone belt
(Fig.1). = The amphibolites belt is
engulfed in the gametiferous granite
terrain. A major fault is separating it from
the granodiorite-adamellite suite rocks on
the west.

In the studied area, the amphibolites

can be divided into three type based on
their field appearance, such as
garnetiferous, banded and foliated types.
Mineral assemblages of the three types of
amphibolite are also different. That is,
gametiferous, banded and foliated
amphibolites are comprised of Amp + Pl
+ Cpx + Grt + Qtz, Amp + Pl + Grt +
Qtz and Amp + Pl + Cpx + Spn + Qtz,
respectively. Mineral chefflistry of the
constituent minerals of the different
amphibolites are quite different. There is
no significant changes in the mineral
chemistry from rim to core of all the
dominant minerals. Plagioclase from the
sphene-bearing  foliated = amphibolite
shows high An contents (55-77 mol%),
whereas plagioclase without sphene is of
An22-38. Amphibole with and without
sphene are edenitic (Si = 6.4-7.3) and
pargasitic (Si = 6.0-6.8), respectively.
Compositions of the amphiboles on
Al"+Fe**+Ti vs. AY diagram (after Laird
and Albee, 1981) are plotted in the field
of high-pressure metramorphic belt, such
as Franciscan and Sambagawa.

P-T estimate for the amphibolites
are calculated based on amphibole-



plagioclase thermobarometry of Graham
and Powell (1984) and Grt-Amp-Pl-Qtz
(Khon and Spear, 1982; Blundy and
Holland, 1990) and Grt-Cpx-P1-Qtz (Ellis
and Green, 1979; Newton and Perkins,
1982) thermobarometry for
and

garnet-
bearing clinopyroxene-bearing
assembladges, respectively. The
calculated P-T conditions for different
types of amphibolites nearly
consistent and are of 70050 °C and
1.1#0.1 GPa (Fig. 2). This P-T
condition is located near the transition

are

bouhdary of amphibolite-eclogite facies.
In the southemn portion of the NSB, some
metamorphic P-T conditions have been
estimated (Babu, 1970; Moen, 1990).
Their estimates are of 540-700 °C at 525-
790 MPa for amphibolite in the Vinjamur
area, and of 600-700 °C at 750 MPa for
homblende-gamet schists in the Nellore
area. Therefore P-T condition estimated
in this study is higher than those of the
southern portion, and then there may be
pressure gradient in the NSB at the time
of its formation.
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(1998). Geological map of Khammam Greenstone belt (NSB) is
modified after Sarvottaman (1995).
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Structural analysis across the Archean-Proterozoic boundary in
Kinnerasani area, South India.

Rajneesh Kumar, T.Okudaira, Y. Tani, M.Yoshida
(Department of Geosciences, Faculty of Sciences, Osaka City University)

ABSTRACT

Peninsular Indiais characterizedby dominantly granite greenstone belts and
Proterozoic sediments. Out of which Dharwar, Bastar and Shingbhum
cratons have attained prominence, apart from the granite greenstone belts,
granulite terrains in southern part of India and also in the Eastern Ghats
Mobile Belts (EGMB). The Precambrian rocks of the Peninsular India are
traversed by three major lineaments whose most apparent features are
topographic valleys (grabens) thatcontains Proterozoicand/or Phanerozoic
sediments. The lineaments arc (1) Godavari graben (Paranahita-Godavari),
(2) Mahanadi valleys and (3) the Narmada and Son valleys (Naqvi and
Rogers, 1987). The Godavari graben form a major rift zone between the
Dharwar and Bhandara cratons, it extends upto the southeastern part of
Andhra Pradeshmerging with the EGMB (fig. 1a). The presentstudy areais
sandwiched between western Proterozeic sediments (Pakhal Group) and
eastern granulite belt (EGMB). The study areais divided into two terrains,
Archean group and Pakhal group. Archean terrain is mainly composed of
the quartz-biotite-chlorite-schist, quartzo-feldspathic gneiss, feldspathised
gneiss, augen gneiss and hornblende gneiss. Proterozoic terrain (Pakhal
Group) is composed of metaconglomerate, phyllites, quartzite and marbles
(fig.1b). Pakhal Group are largely unmetamorphosed and undcformed
except in the southeastern part of the Godavari rift zone adjacent to the
EGMB (Sreenivasa, 1987).

On the basis of field observations at least four phases of deformation
have been deciphered in the Archean terrain and tweo deformations in the
Proterozoic terrain. The contact between the two terrains are displays the
imprint of high strain (i.e. constrict type) as evidenced by the vertical
elongation of ‘cigar-shaped’ pebbles. In Archean terrain macroscopic and
mesoscopic structural elements pointed out the following deformation
sequence, D, is identified by major foliation NE-SW trending and
intrafolial tight to isoclinal type (F,,) folds. Subsequentto D,,, the Archean
terrain were subjected to D,, deformation. D, is characterized by open to
close type F,, folds trending NNW-SSE and plunging to SE, these folds
were formed by ENE-WSW compression. During third phase asymmetric
structrues such as asymmetric folds trending EW were formed by simple
shear deformation. Almost, these folds are northward vergence.
Subsequent to D,, phase, faulting followed by tight to isoclinal type NE-SW
trending meso to macroscopic folds (F,,), were formed by the NW-SW

compression during this D, phase. Pakhal Group have been folded (tight to
isoclinal, NE-SW trending), and their structural elcmcnts. are nearly
consistent with those of D, deformation of Archeans rocks. Then, Pakhals
sediments were contactto the Archeanrocks duringthe late D, or earlyD,,
phase, and subsequently the basement rocks along with the overlying
Pakhal Group have been folded during D,, of Archeanterrain. ThereforeD,,
of Archeanrocks is result from Proterozoic deformation.

The outcrops of the Pakhal Group and the major boundary faults of the
graben both extend parallel to the gencral NW-SE strike of foliation in the
surrounding crystalline terrains (Naqgviand Rogers, 1987). Whereas, in the
present study area both the Archean terrain and Pakhal terrain are trending
NE-SW, which is the general trend of the EGMB. Thus, the contrast in
general trend has been developed during the orogenic event in the EGMB.
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The Rb-Sr whole-rock age and initial Nd isotopes of the granitic rocks from
the Archaean granite, Closepet granite in South India
Tainosho, Y.(Kobe University) , Kagami, H.(Niigata University) and
Mahabaleswar, B. (Bagalore University)

1 REHROBERI S P EBEKXRR TIG FHREMP SR 3N, PEBOHUITLRRED
AN TNVAVIERE, VJORARy MEBMENETS. ZOEMEIR 33Ga 5 3.0Ga D
RZPaFFREZBENVWT, EILICH 400km A TH/HTS (Fig. 1). YOARY ME
MERSEVEELERROE D IVBIVRABIEREICKS T NS (Jayananda et al,
1995). EXVEABERIAXEVDRLHARECVIERENSRD, BREVIERS
NTZOARy FEMBEDEL 2L, SHOHREELEDD. AXES VBRI RE Y
JIEREHICREL TAOBRIHTS. SHROECIVERBERBEBERZOARY
EREAORARBICHHTS. SEINSERED Ro-St 2B 71V 7 O ERE Sm-Nd
FALAE LA RE E N/ (Table 1). TORER, Ro-ST2HT7 1V 7 0 ERIT 2669 £ 125Ma,
Sr F}AE{EIL 070193 TH S (Fig. 2). Sm-Nd BT IV IO ERBINSVFOLEDHES
ZERTERD SN, Ro-SIERDSFHEL 2 ¢ NdWIEMIEZ-44 ~-72TH 5 (Table 3).
Rb-St 87 1V 7 1 4RI Single-zircon 4E X (2518Ma,Jayananda et al., 1995) ® SHRIMP £
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Fig. 1 Sketch map of southern india (Friend and Nutman, 1992)
and Closepet granite showing the location of the samples
used for the whole-rock samples.

1. recent cover, 2. greenstone belts, 3. Closepet granite, 4.
Peninsular gneiss, 5. major shearzones, 6. granulite facies
massifs. BGR-2 - BGR-5: sample locality.

Table 1. Rb-Sr and Sm-Nd analytical data for the Closepet granite.
BGR-2; equigranular gray granite, BGR-3; Porphyritic
monzogranite, BGR-4; clinopyroxene quzrtz-monzonite,
BGR-5; equigranular pink granite, BGR-5X; mafic xenolith
in equigranular pink granite.

Name of samples  Rb{ppm) Sr(ppm) "Rb™St V'Se/*St Sm(ppm) Nd(ppm)  “Sm/*Nd  '*Nd/'“Nd
BGR-2 112 1139 0.2845 0.71276 17.5 97.0 0.1089 0.510872
BGR-3 193 125 0.4480 0.71899 22.7 144 0.0952 0.510609
BGR-4 16.7 127 03806 0.71656 3.0 124 0.1118 0.510879
BGR-5 193 26.8 2.092 0.78180 592 336 0.1064 0.510675
BGR-5X 21.6 117 0.5339 0.72335 19.2 107 0.1081 0.510847
Table 2. Sm-Nd analytical data for the Closepet granite.
initial Nd ratio and «Nd values are normalized to 2669
Ma.
Name of samples BGR-2 BGR-3 BGR-4 BGR-5 BGR-5X
Nd IR (2669Ma) 0.50895 0.50893 0.50891 0.50881 0.50895
eNd (2669Ma) 44 -4.7 -52 12 45
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Fig. Z Rb-Sr whole-rock isochron diagram for the Closepet
granite from South India.

Table 3. Chemical composition of the dated samples.
BGR-2; equigranular gray granite, BGR-3; Porphyritic
monzogranite, BGR-4; clinopyroxene quzrtz-monzonite,
BGR-5; equigranular pink granite, BGR-5x; mafic xenolith
in equigranular pink granite.

Name of samples BGR-2 BGR3 BGR4 BGR-5 BGR-5X

Si02 71.91 6127 5541 755 6135
TiO2 0.23 0.83 0.93 0.08 087
Al203 13.69 16.14 1807 13.25 15.60
FeO* 2.01 5.65 7.48 1.08 631
MnO 0.03 0.09 0.11 0.02 0.13
MgO 037 1.78 228 0.07 169
Ca0 1.25 3.50 4.51 0.71 3.28
Na20 3.51 425 507 321 441
K20 521 4.15 3.45 598 3.15
P20s 0.01 0.44 0.65 0.02 0.59
Total 9822 98.10 97.96 100.01 9738
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“Ar/PAr geochronology along the northern margin of the

Eastern Ghats Province: implications for Neoproterozoic
tectonics between India and Antarctica

Warwick A. Crowe', Michael A. Cosca® and Lyal B. Harris'

1- Depart. Geology and Geophysics, University of Western Australia, Nedlands, W. A. 9607, Australia
2- Université de Lausanne, Institut de Minéralogie, BFSH-2, CH-1015 Lausanne, Switzerland

Only recently have Neoproterozoic and early
Paleozoic thermal events been shown to have
widely affected the high grade Eastern Ghats belt
on the eastern Indian margin (Takigami et al. 1995,
Kovach et al. 1997, Shaw et al. 1997). Despite an
increasing volume of geochronological information
for the Eastern Ghats Province, the tectonic
significance of this data is poorly understood. It is
apparent that there has been a widespread high-
grade Grenvillian metamorphic event which was
followed by younger Pan African events. Here we
present “’Ar/®Ar data for schist and gneiss samples
from the northern margin of the Eastern Ghats belt
to elucidate the post-Grenvillian cooling history.

The Eastern Ghats Province (EGP) is a granulite
facies metamorphic belt which comprise
metasediments, quartzo-feldspathic gneiss,
charnockite, subordinate mafic granulite, and
anorthosite and alkaline intrusive lithologies (Naqvi
and Rogers 1987, Mahalik 1996). The western and
northern contacts of the EGP are sheared margins
against the Archaean granite-gneiss association of
the Bhandara Province in the west and northwest
and the Rengali Province in the north. Widespread
amphibolite facies retrogression in the north of the
Province is associated with large intra-province
shear zones.

The Rengali Province (RP) is a fault-bound WNW
trending amphibolite facies belt between the granite
volcanosedimentary association of the Singhbhum
Province and the Eastern Ghats and Bhandara
Provinces  comprising  intercalated  meta-
volcanosediments and orthogneiss, banded gneiss
and migmatite. The southern fault contact of the
WNW trending belt truncates unconformable
Gondwana coal sequences within the EGP.

The Ar data show a common cooling history for the
EGP and RP and indicate that the EGP and RP
were juxtaposed at similar crustal levels by ca. 700
Ma. Two data groups define distinct cooling trends
common in both the EGP and RP. An older group
(group-A) data show a slow cooling path while a
younger group (group-B) define a relatively higher

cooling rate. Spatially group-B data is from the
margin of the RP and EGP and within the EGP
along the NW margin of the Bhandara Province.
Group-B data is interpreted to represent a transient
thermal event at ca. 500 Ma associated with
reactivation of major shear zones within the EGP
and RP and possibly associated with extensive
graphitisation in the west of the EGP.

Dextral activation at amphibolite facies conditions
along the WNW bounding fault zones of the RP
occurred between ca. 950 and 700 Ma and is
correlated with a major displacement of the
Singhbhum Province. A N-S to NW-SE shortening
at ca. 500 Ma was associated with reactivation of
major shear zones and localised ingress of high
temperature fluids up to ~500-600°C in the northern
EGP and RP, resetting and or disturbing Ar/Ar
systems.

Reconstructions of the Rodinian Supercontinent
and the subsequent dispersal and amalgamation of
Gondwanaland from the late Mesoproterozoic to
Cambrian have an East Gondwana nucleous
comprising India, Antarctica and Australia as an
intact continental block throughout this period
(Powell et al. 1993, Powell et al. 1994, Unrug
1994). Correlation of the new post-Grenvillian
tectonic picture of the northem EGP with the
defined ca. 500 Ma events in East Antarctica
provide a new perspective for intracontinental
tectonism during the Pan-African.
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TEMPERATURE METAMORPHIC ROCKS
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Ohya-836, Shizuoka 422-8529, Japan

Determination of presice temperature
conditions of metamorphism is a prerequisite in
formulating models on the tectonic evolution of
continental crust. Metacarbonte rocks lacks
cation exchange thermometers, and hence the
carbon isotope exchange thermometer between
calcite and graphite have been recently widely
applied to amphibolite and granulite facies
marbles (e.g. Kitchen and Valley, 1995). It has
been proved that the temperature dependant
fractionation is reliable up to temperatures of
the order of 800°C. The fractionation between
calcite and graphite nears unity at higher
tempertures and hence is difficult to calibrate
the thermometer at temperatures higher than
800°C.
fractionation between calcite and graphite

Here we try to evaluate the
using marble samples from high temperature
granulite facies terrains of southern India and
East Antarctica.

Marbles from the Trivandrum and the
Madurai Block, from the southern granulite
terrain were examined in this study. The
Trivandrum Block comprises of granulite
facies supracrustal rocks, while in the Madurai
block massive charnockitic rocks predominate.
Marble bands occur in these two terrains as
conformable units intercalated with quartzites.
Texturally these are very coarse (up to several
centimeters) and highly crystalline graphite
crystals can be seen embedded within calcite.

Calcite constitutes more than 80 modal % in
most of the samples. The silicate mineral
phases include phlogopite, forsterite,
clinopyroxene and spinel; with occasional
clinohumite, pargasite, and other calc-silicate
mineral phases. Eastern Ghats terrain has been
recently identified to have an ultra high
temperature metamorphic history. We
investigated marbles from Borra area in the
terrain. Marbles from Lutzow-Holm complex,
which is a granulite to amphibolite facies
terrain with a regional peak granulite facies
metamorphism at temperatures in the range
760-830°C and pressures of 7£1 kbar were also
examined.

Textural characteristics of graphite is
often used as a sensitive indicator for isotopic
equilibrium between calcite and graphite.
Studies have shown that highly crystalline
graphite in marbles normally preserve isotopic
signatures of peak metamorphic equilibration,
while isotopic disequilibrium has been reported
in lower grade marbles which comprises of less
crystalline graphite (Wada et al., 1994). The
textures and surface features of graphite from
marbles were observed in detail. Two major
types were identified; 1. Those which have
crystalline hexagonal to semi-hexagonal shape
with smooth high reflecting surface and 2.
Those with irregular shapes and having dull

surfaces.



Results
Peak metamorphic temperatures were
determined from fractionation of C-isotopes
between calcite—graphite pairs using the recent
calibration of Kitchen and Valley (1995). For
example the mabrles from the Madurai Block
in Southern India gave fractionation range
from 2.30%c¢ to 3.00%e, corresponding to a
temperature range of 815 to 970°C. These
results are significant that the carbon isotope
thermometer can be used to determine
accurate peak metamorphic temperatures in
high tmeprature granulite facies rocks. The
marbles form the Trivandrum Block, Eastern
Ghats and the Lutzow-Holm Bay gave
temperatures between 700 and 900°C.
The textural features of graphite can be
identified
microscope and more precisely in SEM. Arita
and Wada (1990) has documented and
discussed in detail about the origin of dull

clearly under a reflecting

surfaced graphite, which they ascribed to the
overgrowth of graphite on earlier coarse
flakes. The present finding of dull surfaced
graphite in crystalline granulite facies marbles
corresponds well with their observations and is
considerd to be similar overgrowth features.

A positive correlation between the
depletion of carbon isotopes and the dullness
of graphite texture was observed. The smaller
the size of the graphite crystal the greater the
depletion, indicating the overgrowth is
confined to the surface layers of the crystal.
These results along with those of Arita and
Wada (1990) concludes that the graphite with
rough surfaces are products of late stage
In the

present study a depletion averaging 1%o. was

overgrowth probably from fluids.

found which suggest the temperatures might
be underestimated in the order of about 200°C.

Cation exchange thermometers for
orthopyroxene-bearing assemblages,
proximal to the marble horizon from
Trivandrum Block, southern India, gave
temperature estimates of about 800150°C
(Fig. 1). The results of carbon isotope
thermometry using calcite-graphite
fractionation (762 * 65°C) is concordant with
In the

isotope

the cation exchange thermometery.
Madurai Block, the
thermometry points to high temperature

carbon

metamorphic conditions. This is consistent
with the recent findings of saphirine bearing
assemblages from this terrain and the ultra
high temperature metamorphism in Madurai
Block (Raith et al., 1997). The phase
equilibria constraints suggest to a peak
metamorphic temperatures of about 900 -to
1000°C, which is comparable to the carbon
isotope thermometry results of the present
study (872°C148). In the Skallen area of East
Antarctica, Motoyoshi et al. (1989) estimated
the peak metamorphic conditions during the
regional granulite facies metamorphism in the
Liitzow Holm Bay to be between 760-830°C
based on gamnet-orthopyroxene thermometry.
Here also the carbon isotope thermometry
gave consistent results (848°C+55°C).

In summary the carbon isotope
exchange thermometry in granulite grade
marbles yield reliable peak metamorphic
temperatures. Presice measurement of isotopes
and careful observation of textural features of
graphite are critical in the application of the
carbon

isotope thermometry for high

temperature metamorphic rocks.



A

813C (graphite)

813C (calcite)

Trivandrum Block Marbles, S. India (after Satish-Kumar et al.,1997)
Madurai Block Marbles, S. India

Eastern Ghat Marbles , S. India

Skallen Marbles, East Antarctica (after Satish-Kumar and Wada, 1998)

Fig. 1. Relation between carbon isotopes of calcite and graphite evidencing equillibrium

[fractionation. Isothermal lines are after Kitchen and Valley (1995) calibration.
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During the survey at McMurdo Sound
area in 1986, two localities of crystalline
marbles from the Marble point and the north
side of the Lake Bonney in Taylor Valley were
collected. Marbles from these area are one of
the components of the basement of the South
Victoria Land. The metamorphic conditions of
these rocks were described by Murphy (1971)
for cordierite-sillimanite-orthoclase-biotite
schist of the Wright Valiey to be about 4kb and
675-700 C, and by Allibone (1988) for the
Taylor Valley-Ferrar Glacier area to be from 4
to 6 kb and temperatures from 620 to 720°C,

based on assemblages, garnet zonation
characteristics, inferred reactions,
geothermometry and geobarometery.

According to the previous studies, a large part
of the metamorphic basements in south
Victoria Land is of relatively constant
metamorphic grade. Smillie(1989) suggest the
peak metamorphic conditions comparable with
the amphibolite-granulite facies transitions at
low pressure. Cox(1992) reported the garnet-
biotite applied for

metasediments from the Wright Valley, South

geothermometry

Victoria Land and the temperature of 700-
730°C.

The carbon isotope exchange
thermometer between calcite and graphite have
been recently widely applied to amphibolite
and granulite facies marbles (e.g. Kitchen and
Valley, 1995). It has been proved that the

temperature dependent fractionation is reliable

up to temperatures of the order of 800°C .As
shown in Satish-Kumar et al., (in this volume),
calibration on the high temperature region of
metamorphism was suitable to evaluate the
peak metamorphic temperature from the
fractionation between calcite and graphite
using marble samples from high temperature
granulite facies terrains of southern India and
East Antarctica.

We firstly measured carbon isotopic
ratios of calcite and coexisting graphite of two
marbles and the results were shown in Table.
Marble from the Taylor Valley contains silicate
minerals of forsterite, diopside, phlogopiteand
Marble from the Marble Point
contains wollastonite, anorthite, scapolite and

scapolite.
diopside. The fractionation between calcite
and graphite of Marble Point is larger than that
of Taylor Valley. Carbon isotopic thermometer
give the metamorphic temperature of the
Taylor Valley to be about 850°C. The present
data suggest to a peak metamorphic
temperature gradient of about 100°C between
the Bonney Lake area at Taylor Valley and
Marble Point in the McMurdo Sound. Also the
temperatures recorded in the calcite-graphite
system are higher by about 100 to 150°C when
compared with earlier estimations using cation
exchange thermometry, possibly due to the
Thus
carbon isotope exchange thermometry is an

retrograde cation exchange effects.

useful tool in deducing peak metamorphic
temperatures.



Table. 1 Carbon and oxygen istopic ratios of calcite and graphite, and temperture
timates using caclite Eraghite thermometer. ‘
cstimal 1 g ‘[ ; ! ,
. | ‘ : ! Calcite -
o sc | g, v mce G
Sample No. ivolume; (PDB) (SMOW) | (PDB) © Gr | Temperature
L (ph) ! Calcite ‘Graphite| (%o0) | °0)
; i ; ! ! .
Marble point ! f ' : ]
MPCC-1 109 © 070 | 2115 | -2.33 |
MPCC-2 68.5 082 | 2043 | -300 : 342 ° 747 |
i : |
Lake Bonney . E N [ ]
TVCG-1 6.1 1.82 23.21 -0.79 .
TVCG-2 16.7 1.88 21.80 @ -097 . 273 870
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Two 3 m-long cores were collected from
Maxwell Bay and Admiralty Bay in King
George Island, one of the South Shetland,
Islands, West Antarctica. These cores were
examined for their benthic foraminifera
(Globocassidulina- biora ), %0 and 6“C
records, diatom abundance counts and
biogenic constituents (silica and carbon).
These -high-resolution data were used to
interpret the paleoceanography of the bays
and to link the marine record with
deglaciation of the South Shetland Islands
Ice Cap. Extremely low diatom abundance,
the depletion of total organic carbon (TOC)
and biogenic silica (BSi), and enriched 80
between 6200 and 4000 BP indicate that
this period was characterized by cold
conditions with basal till deposition (unit 1)
beneath grounding glacier, low sedimentation
rate, the limitation of primary production on
surface water and the lack of meltwater
supply in Maxwell Bay. The initial
deglaciation recognized along the Maxwell
Bay margin was dated from about 4000 BP
until at least 2700 BP, with evidences of
upcore-increasing TOC, BSi and diatom
abundance, and decreasing C/N ratio. At this
time, subglacial meltwater streams began to
occur at the ice front. Sediment-laden
meltwater plumes from these streams

deposited interlaminated sand and mud
(unit 2) at ice-proximal area, by capping
the underlying basal till. This deglaciation
was followed by the marked warming at
around 2700 BP, with evidences of TOC
and BSi maxima, depleted-8'*0O, and
markedly increased diatom abundance. With
ice retreat accompanied by marked
warming, energy conditions became lower
in response to increasing distance from the
ice front, accumulating pebbly mud (unit 3)
at the core top. Large influx of organic
materials by enhanced production during
this period not only caused rapid depletion
of CaCOs in sediment, but also resulted in
markedly increased sedimentation rate since
2700 BP along the water depth of 200 m
along Maxwell Bay margin (Core S-19).
However, the shallower platform along the
Admiralty Bay margin (Core S-2) was
deglaciated about 1900 BP, i.e. 2000 yrs
after Maxwell Bay margin is supposed to
have become deglaciated. This is not
unlikely, since Core S-19 is situated (more
than 200 m in water depth) farther away
from the grounding glacier and very close
to the deglaciation sea level, while Core
S-2 in Admiralty Bay lies on the shallower
platform (less than 45 m in water depth)
with a possibly later deglaciation.
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Depth profile and geographical distribution pattern
of trace metals concentrations in soils and lichens around
King Sejong Station of King George Island, Antarctica

Sungmin Hong, Cheon-Yoon Kang and Jae-Kyoon Kang

Polar Research Center, Korea Ocean Research & Development Institute,
Ansan P.O. Box 29, Seoul 425-600, Korea

Soil and epilithic macrolichen
(Usnea antarctica) samples were
collected at various sites around
the Korean Antarctic King Sejong
station during the 1996/97 and
1997/98 summer expedition. This
was aimed to make a collection of
the baseline data and to evaluate
an impact of local emission on the
natural biogeochemical cycles of
trace metals in the terrestrial
environment. To avoid an artificial
contamination, sample collection in
the field, preparation and analysis
in the laboratory were carefully
performed by clean procedures.

Our results show that surface
soils present in the vicinity of
King Sejong Station are found to
be to some extent contaminated
for several trace metals such as
Cr, Mo and Pb. This is especially
the case for soils collected just
beneath the exhaust of the electric
power generators. At this site, the
concentrations in the surface soils

are enhanced by a factor of about
3 for Cr, 5 for Mo and 16 for Pb,
respectively, compared to deeper
soils in the depth profile. The
elevated contents of carbon and
sulphur at the surface soils
implies that the fly ashes emitted
from the oil combustion have been
accumulated to the soils and thus
the observed elevated trace metals
concentrations at the same layer
would be due to the atmospheric
influx of their pollutants released
from the high-temperature oil
combustion for the electric power.
Here we could not eliminate an
influence of fine paint spray
particles derived from painting the
buildings. The Cd, which is one of
the trace metals present in the
paint as an additive, however,
does not shows an elevated level,
indicating that the paint spray
particles are likely to be a minor
source of an enhancement of trace

metals in the surface soil layer.

BRI WE



The geographic distribution of
trace metals in lichens shows a
remarkable bioaccumulation of Pb
near the station. In a word, while
the concentrations of Pb in lichens
collected at the sites remote from
the station remain low level (less
than 5 ppm), the Pb contents at
the sites close to the station are
found to be more than 100 ppm.
They show also a systematical
concentration with
station. The
other trace metals analysed, on the

decrease in
distance from the

other hand, do not represent any
prominent distribution pattern.
Considering the geographical
bioaccumulation pattern of trace
metals in lichens, raised Pb levels
near the station are to be caused
by local emissions from the
station. However, the deposition of
Pb pollutants is found to be quite
limited to the vicinity of the
station and the influence of local
emissions could not be detected
beyond about 500 m. This may
result from the direct particulate
deposition of rather large particles
of a carbonaceous nature of soot
and dust released from the oil

combustion and waste incineration.

The present study supports the
findings that the activities of the
Antarctic scientific stations could
be disturb on a local scale the
biogeochemical cycles of trace
Although the effect of
local emissions is limited to the
station, the

influence of these local pollution

metals.

areas near the
could be considerable on the King
George Island where eight manned
scientific stations are present.
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Submarine Topography around the Ross Sea
Hideo KAGAMI (Jyosai Univ.) and Masao NAKANISHI (Tokyo Univ.)
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Davey and Brancolini (1005) i=dohid wRifam
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A great earthquake in the Antarctic plate II. Surface wave analysis

Reiji Kobayashi and Katsutada Kaminuma
(National Institute of Polar Research)

1. LIS

BAE. 8V HIBEEBNS »E5HEE LT
[ VA7 27 O L ELprZestE |
(SEALEE) »HEATVS, 2ORFEDNV &
O RER KR THMOMELIELZ LT
Hbo

1998 £ 3 A 25 H. MM AREDH 300km i
(62.877°S, 149.527°E) TEREH Y/ =F 2. —
F (Ms)8.0 MBI AEE 2o BLHIETTV
ADF 2Ty - Fa V¥V EH (DRV) &£ HA
DORMER (SYO)., £L T OHBEDEIEN
FZAMECH D, ERETORMFEMAE
EEPHETAIDICEL TS, LIL., BE
25 DRV OHEBEFT — s B HE5h B0l
LIZSK kD Eich b0, BEZID2 A
POMHREELROL LI TER W,
ITREOFHAEL LT, SYO Tz
LN-REPRORBEL AR, BEL,S SYO £
TOREEZ RO THL,

2. BT -2 OBE L EROIFH

LI SYO DA H IR EET (STS-1) i %
THolled, REMANF20HITOE-F
2ty P3IRTW, LALRPSL, FhLL
LORBHIOBEOEEII Iy P ENTWwED
TR BZVOT, REROBITICERTALC
ENTES, '

1 {2 transverse I EN T 7O
BrrRdo brIEG2~Gh A HEL TS
BREHCHLH, COMTHEEKREDIE G2 &
Db GIDHH., G4 L Db G5 HAT. IRIFA
23~25BHKREVIETH B, ZRIESYO
D FE B TREKD focasing, defocasing 23dH -

1: SYO T transverse 5O T (AT 100-
500 #) . EEREIATIE 5000-20000 ¥, 425 G2(8000
), G3(10000 #4F#r), G4(17000 #11k),
G5(19000 Fo{HiE) DEBESROEN S,

el EERLTV S,

3. BREEDRAE

BiE, 5 SYO £ COREEZ multiple filter
technique (Dziewonski et al., 1969) TRD 7z,
ZORR. F7WR - LA e b, FE
972 BR0TFRHUERE 7V PREM TOBEHERIC M
NT, FEHTOB L) D RAMTIEELS B
50L D LERHTIIBNZ o7,

B
SYO D#MRIERT — 7138 39 RBABRDOHEE
KiZE s Twiziwniz,
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Recent seismic monitoring observations at Syowa Station
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Paleomagnetism on Litzow-Holm Bay area, East Antarctica (2)
- Ongul Islands, Breidvagnipa, Skarvsnes -

Naoto ISHIKAWA (IHS, Kyoto Univ.)-Minoru FUNAKI (NIPR)
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Mapping of gravity anomaly around Syowa Station, Antarctica
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