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10H128 (&) 12 Oct. (Thursday)

o6 ERIR L RO L (2006) HEEZ

AT E#:48 Opening address by

10A13H (&) 13 Oct. (Friday)

Director-General, NIPR
9:50-10:00
I PSRRI RTTORRESI R (1)
Gondwana evolution and dispersion (1)
2585 (1-2)
10:00-10:40 (404)
EE: Baffr SHIRAISHI, Kazuyuki

II. ERNSRIIRTTOBRMES R (2)
Gondwana evolution and dispersion (2)
3EHE (3-5)

10:40-11:40 (6043
B & RER KANAO, Masaki

111 A —Fi B
Poster presentations
23## (101p-123p)

11:40-12:26 (4643)
R ILH— AOYAMA, Yuichi

B& Lunch (12:26-13:30)

VIIL #u7%- SE0akd - Fra (A3 (1)
Geomorphology, Quarternary

and Cenozoic geology (1)
2388 (17-18)

10:20-11:00 (4043
R #IGE— MORIWAKI, Kiichi

IX. HE- S0l - Hr AR ACH T (2)
Geomorphology, Quarternary
and Cenozoic geology (2)
3w (19-21)

11:00-12:00 (6043)
BE: BHSE TAKADA. Masashi

B& Lunch (12:00-13:00)

IV. BBASRIRIFORER R (3)
Gondwana evolution and dispersion (3)
3 (6-8)
13:30-14:40 (7043
JEE ANUAEEA OSANAL Yasuhito

V. NS REIRIFOFRESZ(4)
Gondwana evolution and dispersion (4)
A (9-12)
14:40-16:00 (8043)
B ABRE T HOKADA, Tomokazu

X. DG A EREE (1)
Geodesy and geophysics (1)
43K (22-25)
13:00-14:20 (8043)
BE:H#E—BE DOI, Koichiro

X1 Jish- EdsREE (2)

Geodesy and geophysics (2)
33k (26-28)
14:20-15:20 (6043

FEE ek BB SATO, Tadahiro

@ Coffee break (16:00-16:20)
V1. 8A%-8mE1)

{hi Coffee break (15:20-15:40)

Petrology and mineralogy (1)
25 (13-14)
16:20-17:00 (407
B )11 B8 KAWASAKI, Toshisuke

VII. Ba%-#h%#(2)
Petrology and mineralogy (2)
25K (15-16)
17:00-17:40 (404)
B :AEH¥— MOTOYOSHI, Yoichi

XI. &R Hastincmd T
Discussion
15:40-16:30 (5043)
BEE /T2 BFARFES NOGI, Yoshifumi

A#S Conference party  (18:00-19:00)
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Program for the 26th Symposium on Polar Geosciences, 2006
12 October (Thursday,9:50-17:40) & 13 October (Friday, 10:20-16:30)

e (9:50 - 10:00 ) & o Sc Ul T T T
Opening address  Directer-General, Naional Institute of Polar Research: Y. Fujii

. EEMSRET NI ORRESR(1) Gondwana evolution and dispersion (1) EEBA T

1 ( 10:00 - 10:20) FEEMANEMEETORBRARMEZHIXYZERA
Japan-Germany Joint Airborne Geophysical Surveys around Syowa Station, Antarctica

TR &b Nogi, Y. B NIPR
Daniel Steinhage AWI
Sven Riedel AWI

itE &t Kitada, K. HWEAR B BAFE Kobe Univ.

BHE ffT Shiraishi, K. AT NIPR

WA Rk Shibuya, K. REHET NIPR
Wilfried Jokat AWI

2 ( 10:20 - 10:40 ) SEATXBRICHITSEEMIKDERR
Seafloor geophysical surveys during the JARE47

Lo - Nogi, Y. HEHb T NIPR
iEHE #Hih Kitada, K. BMER-B-BARY Kobe Univ.
B Seama, N. E A NHEE Y —  Kobe Univ.
0. EESs BRI M FnRe 2% (2) Gondwana evolution and dispersion (2) BE . &RET

3 ( 10:40 - 11:00 ) ATEBRICHITILFHEEMNBREFE
Wide-band frequency magnetotelluric survey at Mizuho Plateau

| Sakanaka, S. FRER - THRIE Akita Univ.
A W Funaki, M. RRHEF NIPR

wig #75 Yamasaki, T.

=F£ /\B Miyake, H. HET Kandenko

TR B Sato, T. EEBR-EERS Hiroshima Univ.
it BF Egawa, K. HAKERES JHA

£ Bl Uemura, T. B SOKENDAI

4 ( 11:00 - 11:20 ) Insights into large scale metallogenic and tectonic processes in an ancient Archaean nucleus, the
Yilgarn Craton of Western Australia and its Australian and Antarctic margins.

Bruce Goleby Geoscience Australia
Richard Blewett Geoscience Australia
Paul Henson Geoscience Australia
Masaki Kanao NIPR

5 ( 11:20 - 11:40 ) Are the Numerical Modeling Faults Inheritor of Earthquakes in the Eastern Himalaya? : Insights
from Two Dimensional Finite Element Method

Farhad Howladar, M. Univ. America-Bangladesh

Sharmin Afroz Univ. America-Bangladesh

II. RAZ—F%EH  Poster presentations  (11:40 - 12:30)

101P ( 11:40 - 11:42 ) Rundvigshetta ERER-FI/ORKHED Rb-Sr-Sm-Nd SEER
Rb-Sr and Sm-Nd mineral ages of biotite-garnet gneiss from Rundvagshetta, East Antarctica

EE A% Miyamoto, T. k-8B Kyushu Univ.
= O Yoshimura, Y. EmEA-E Kochi Univ.
5 FE— Motovoshi, Y. EHEF NIPR

Dunkley, D.J. R NIPR
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102P ( 11:42 - 11:44) H@E#E -0 ¥ —F Lt RBICERT AV /0E-ERA-RERARECRONSHBEE

Exsolution textures in Gri-Sil-Bt gneiss from the northeastern group of the Ser Rondane Mountains
East Antarctica

31 E Adachi, T. “RFx SOKENDAI

103P ( 11:44 - 11:46) FEFE7EGEFPOBRF O ferropseudobrookite A
Ferropseudobrookite exsolution in quartz from Napier Complex, East Antarctica

=% it Miyake, A. HER - Kyoto Univ.
AH ET Hokada, T. o3l NIPR
Rl HF Torigoe, Y. ER A B Kyoto Univ.

104P ( 11:46 - 11:48 ) Reflection imaging of the crust and the lithospheric mantle in the Litzow-Holm Complex, Eastern
Dronning Maud Land, East Antarctica, derived from SEAL transect

Kanao, M. NIPR

Fujiwara, A. GEOSYS Inc.
Miyamachi, H. Kagoshima Univ.

Toda, S. Aichi Univ. of Education
Ito, K. DPRI, Kyoto Univ.
Tomura, M. GEOSYS Inc.

Tkawa, T. GEOSYS Inc.

105P ( 11:48 - 11:50 ) S»#H7F GPS AEAICLDIIMEREENE (V)
Monitoring Local Crustal Deformation by using the GPS Remote Base Station in Langhovde (V)

M+ #= Okamura, S. H BB GSI
T B Hiraoka, Y. Hh R GSI
A B Kimura, 1. Hh T GSI
BH i Shirai, H. MR GS1

106P ( 11:50 - 11:52) GPS BMICLDFEXE S16 FBOKKER)
Measurement of Ice sheet Movement around S16, Antarctica by GPS Observation
4 %] Okamura, S. HoERE GSI
T B Hiraoka, Y. HERhE GSI

107P ( 11:52 - 11:54 ) RABESBEBIDOHREZROSB/LT BEIFERIERS)
T phase and non-tectonic signals from seismograms at and around Syowa Station

£ —ik Nawa, K. EEREIH GSJ, AIST
Al [tk Suda, N. EEBR Hiroshima Univ.
&R Bok Kanao, M. BHEE NIPR

108P ( 11:54 - 11:56) HigHEYa Y4 - ASEKADNEOTERES ORE
Genesis of granitic rocks from Akarui Point in the Litzow-Holm Complex, East Antarctica

ik #H— Kagashima, S. Uik - 2 Yamagata Univ.
4911k Satish-Kumar, M. R A - B Shizuoka Univ.
FRH #£6 Suda, Y. FHAT NIPR
i H— Motoyoshi, Y. BB NIPR
&I B Hiroi, Y. FEK-E Chiba Univ.
Al A Ishikawa, N. FER K- M) - B Kyoto Univ.
109P ( 11:56 - 11:58) Sr, C and O isotopes and REE geochemistry of marbles from Luzow Holm Complex, Ez
Antarctica
Satish-Kumar, M. Shizuoka Univ.
Miyamoto, T. Kyushu Univ.
Hermann, J. ANU, Australia
Motoyoshi, Y. NIPR
Osanai, Y. Kyushu Univ.
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110P ( 11:58 - 12:00) GIS ZRWVet—)bOY4 —XLihib HEE
Outline of geology in the Ser Rondane Mountains with GIS
=% B Takahashi, Y. BERETF AIST Tohoku Collaboration Center
I11P ( 12:00 - 12:02) REEYayYRILAEGIN—L HEICEYT2ERRAREPOFI/OROERNESHE(LFHE

23

Crystal size distribution and chemical composition of garnet in quartzofeldspathic gneisses of the
Litzow-Holm Complex in Skallen, East Antarctica

L B
%R 28D

Tkeda, T.
Goto, S.

AR-E
pilv.

Kyushu Univ.
Kyushu Univ.

112P ( 12:02

- 12:04) EME-BAXBEITOBSLEHBAORTHHLATRS
Report on surveys of groundwater discharge into the ocean and lakes near Syowa Station,

Antarctica
LA Bl Uemura, T. SRR SOKENDAI
#FORA Taniguchi, M. HEREF RIHN
e - Seto, K. ERK-HAE ReCCLE, Shimane Univ.
ey Rk Shibuya, K. A NIPR
113P ( 12:04 - 12:06) Y7 V¥ IOOR-YHABRI 525 FOREFEHIE
Tectonic setting of precursory rock of sapphirine-bearing garnet-orthopyroxene granulite.
BE R Baba, S. BiERA - HF Univ. Ryukyus
Windley, Brian F. Univ. Leicester
114P ( 12:06 - 12:08 ) RE@U2 Y+ RILASKRILFR—IZAYS ICETHEBEEREROLHLEER
Mineral chemistry of the ultrahigh-temperature metamorphic rocks from Rundvagshetta in the
Liutzow-Holm Complex, East Antarctica
HH R Yoshimura, Y. mALRE Kochi Univ.
BX QA Miyamoto, T. KB Kyushu Univ.
A& FE— Motovoshi, Y. BHpr NIPR
115P ( 12:08 - 12:10) REE U 2FAS78FHEBEOEMOEROSHHITHUTER

Paleomagnetic results from rocks at Cape Hinode in the Prince Olav Coast area, East Antarctica

EPLINC PN
B HE—
FEHEH
$F49¥a- 13-
I EitE—
BN

Ishikawa, N.
Motoyoshi, Y.
Hiron, Y.
Satish-Kumar, M.
Kagashima, S.
Suda, Y.

IERA - AT BREEAE
BHEF

FEX-E
reEA-2
(117 g8

Bibr

Kyoto Univ.
NIPR

Chiba Univ.
Shizuoka Univ,
Yamagata Univ.
NIPR

116P ( 12:10 - 12:12) HE@&YAV+ RILASRKICETIHERT. ESRERERORELYS/7TO0ER
Petrogenesis and magmatic processes of metamorphosed ultrabasic and basic rocks in the Litzow-

Holm Complex, East Antarctica

P
NNEF B{8

Suda, Y.
Kawano,Y.

o3:utty
R LB

NIPR
Saga Univ.

7P ( 12:12 - 12:14) REEFOVAFE—FSROZR - KHER
Metamorphic and magmatic processes in Dronning Maud Land, East Antarctica

KHHE FEH
B ok
A BEA
HE ffT

ik B

Owada, M.
Baba, S.
Osanai, Y.
Shiraishi, K.
Kagami, H.

hnox-2
EURK-EH

i = L
BB
HRX-BARE

Yamaguchi Univ.
Unive. Ryukyus
Kyushu Univ.
NIPR

Niigata Univ.
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118P ( 12:14 - 12:16 ) RAUSHE corundum P ORGDEMOEREHE
The mode of occurrence and the characteristics of fluid inclusions in corundum from Sri Lanka

A HER] Torimoto, J. dER-Br - EE Hokkaido Univ.
e K Matsueda, H. JER-#EE g Hokkaido Univ. Museum
B0 EE Taguchi, S. A Fukuoka Univ.

Francis, MD.P.L. X Hokkaido Univ.

119P ( 12:16 - 12:18) REEFETEETV—AN—E—ODOBBRISa5/MIEENIRETHY
Fluid inclusions in ultrahigh-temperature granulites from Priestley Peak in the Napier Complex, Eas

Antarctica
A g Tsunogae, T. BLEER - B Univ. Tsukuba
LR BEA Osanai, Y. FLIf K Kyushu Univ.
KEIH EH Owada, M. ok Yamaguchi Univ.
BE BE Toyoshima, T. FriRK Niigata Univ.
AH BT Hokada, T. BT NIPR
Crowe, W.A. fEA—ANT K Univ. W. Australia

120P ( 12:18 - 12:20) FEERAA/NEEAMRZE Ant-Plane 4 B#ICL5 500km OEFRITERPRTARE
A continuous flight to 500km with a magnetometer by a small unmanned aerial vehicle, Ant-Plane ¢

for Antarctic Research
A ' Funaki, M. B HF NIPR
Ant-PlaneZ/)l—7 Ant-Plane Group
Milligan, P. Geoscience Australia

TV A2NwIKK  Fuji Imvac kk

121P ( 12:20 - 12:22) BAAEREBERFR(E. /K Of—ob—5—
Impact of impact on remanent magnetization: Lonar crater in India
A SCHE Nishioka, I, KERFK SOKENDAI
ok 1 Funaki, M. B NIPR

P122 ( 12:22 - 12:24 ) UHT crustal processes: a view from felsic rock

ME BT Hokada, T. BEHIF NIPR
g BT Suzuki, S. HEBK Nagoya Univ.

123P ( 12:24 - 12:26 ) YayYawNABRICHITHBEEHEHERR
Ocean bottom pressure measurement of Litzow-Holm Bay, Antarctic Ocean

L HE— Aoyoma, Y. Wi NIPR
Bk Nogi, Y. T NIPR
A3 B Doi, K. BHe b NIPR
Heer Shibuya, K. i it NIPR
Al A Ishikawa, N. B A AM-BE4% Kyoto Univ.
( 12:26 - 13:30) BH& Lunch i
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IV. EENSRIT R ORRESE(3) Gondwana evolution and dispersion (3) & AU
6 ( 13:30 - 14:00 ) The evolution of the Mozambique Belt and comparisons with Dronning Maud Land, Antarctica and
Sri Lanka
Grantham, G.H. Central Regions, Council for Geoscience
Macey, P.H. Western Cape Unit, Council for Geoscience
Ingram, B.A. Central Regions, Council for Geoscience
Roberts, M.P Eastern Cape Unit, Council for Geoscience
Armstrong, RA. Australian National Univ.
Shiraishi, K. NIPR
Hokada, T. NIPR
Jackson, C
Manhica, V. Direcgdo Nacional de Geologia
7 ( 14:00 - 14:20 ) WEEU2VA FRIVAEE. W RR=02AvSDEEEREYS=aS FOEFFALER
Monazite datings from UHT metapelitic granulites form Rundvagshetta, Litzow-Holm Complex, East
Antarctica
B #— Motovoshi, Y. BB NIPR
i £ Hiroy, Y. TER B Chiba Univ.
7499253k Satish-Kumar, M. BEA-B Shizuoka Univ.
e EF Hokada, T. FEHRER NIPR
8 ( 14:20 - 14:40) Srisotope heterogeneity in dolomitic marbles from Skallevikshalsen, Litzow Holm Complex, East
Antarctica
Satish-Kumar, M. Shizuoka Univ.
Mizuochi, H. Shizuoka Univ.
Kagami, H. Niigata Univ,
Motoyoshi, Y. NIPR
V. EEMS BRI R7FOMRESE(4) Gondwana evolution and dispersion (4) EENEET
9 ( 14:40 - 15:00) Constraints on peak metamorphic temperature and halogen content from marbles in
Skallevikshalsen, East Antarctica
Mizuochi, H. Shizuoka Univ.
Satish-Kumar, M. Shizuoka Univ.
Tsunogae, T. Univ. Tsukuba
Motoyoshi, Y. NIPR
10 15:00 - 15:20) O F—FILBOFERKS
Geochronology of the Ser Rondane Mountains, East Antarctica
BE T Shiraishi, K. 5 Hh i NIPR
Al EF Hokada, T. TR NIPR
Fanning, C.M. ANU
ez Wi Kagami, H, FEKX Niigata Univ.
11 15:20 - 15:40) BREEEHFELEISV I R0FTFIR_OAADTE
The Circum East Antarctic Orogen and the Himalaya: implication to the Gondwanaland tectonics
FH B Yoshida, M. TR7F- E BRI Gondwana Institut
Bishal Nath Upreti A 5 Tribhuvan Univ. Nepal
12 15:40 - 16:00 ) Geochemical behaviour of major elements and trace elements in weathered gneiss rock from
Schimarcher Qasis, East Antarctica
Baba Musta Unive. Malaysia Sabah
Sanudin Tahir Unive. Malaysia Sabah
16:00 - 16:20) #£% Coffee Break i
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V1. 5AE%-88H%(1)  Petrology and mineralogy (1) &I B
13 ( 16:20 - 16:40 ) VYavs-RILAEEK AL MBICR EENETFIOR-25 /Y LS F=a51/k

Garnet and corundum-bearing granulite in the Litzow-Holm Complex at Akarui Point
P Korenaga, H. FEKX-Pe- 5484 Chiba Univ.
EHER Hiroii, Y. FRA-H Chiba Univ,

14 ( 16:40 - 17:00 ) REEY2YA -FILLERIDE—22N 1 E Gri-Sil gneiss RO Grt [CR5NS P OFHRAL
V== DN T
Irregular phosphorus zoning in garnet from Gri-Sil gneiss in Litzow-Holm Complex at
Skallevikshalsen, East Antarctica

il k4 Kawakami, T. FER K- B Kyoto Univ,
AE BT Hokada, T. HEHERT NIPR
VII. 5H% 8M%(2)  Petrology and mineralogy (2) BE FEE—

15 ( 17:00 - 17:20) ¥OOR-ERR7IIvI/RREORBRRR:BE FRICHIYIORSREY T UV EREONEE

Melting experiments of garnet-sillimanite felsic gneisses: Relation between sapphirine-formation
and gamet-breakdown with increasing of temperature

e Sato, K. HIK-B Tokyo Inst. Tech.
EHh Rk Yoshimura, Y. E=F b g ] Kochi Univ.
R R Yamamoto, S. HIAR-B Tokyo Inst, Tech,

16 ( 17:20 - 17:40 ) BEREREBENATILMHO Ti OHE
Ti partitioning among minerals in UHT granulites

& B Kawasaki, T. fod L] Ehime Univ.
( 18:00 - 19:00) #igL  Conference Party }
VI Hif%- St -5 A1)  Geomorphology, Quarternary and Cenozoic geology(1) JEE AR —

17 ( 10:20 - 10:40 ) FSAR—2=yNIELibMFICSITHEMOFKREKE LIRICONT

The surface of the water appeared in spring around the shore of Lake Hiroe, Breidvagnipa

b et Sato, T. EEX- BERYE Hiroshima Univ.

Fp fith Sakanaka, S. BEA- TERR Akita Univ.

o Sato, T. LTRSS Sapporo District Meteorological Observato:
R R Tasaka, S. BB A8 Gifu Univ.,

Pt R Takahashi, H. K[GT- Mk IMA

MR di— Fujii, J.

18 ( 10:40 - 11:00) HGHHEFPICRONBEDTFHIFRITHICONT
A recent deposition event of thenardite appeared in sediment cores from Lake Oyayubi

i A Sato, T. LEEXR-BERZE Hiroshima Univ.

| —& Takeda, K. IRER-EHE Hiroshima Univ.

KN FURLEE Ookawa, M. [RE A Hiroshima Univ.

P & Seto, K. B RKE ReCCLE, Shimane Univ.

R fih Sakanaka, S. BHEK TEHEE Akita Univ.

L& Bl Uemura, T. P LTI SOKENDALI

it BF Egawa, K. TREB 2 Japan Hydrographic Association
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IX. #HF- S -FAEALBRE(Z)  Geomorphology, Quarternary and Cenozoic geology(2) M WEgE

19 ( 11:00 - 11:20 ) REEKEICBITSPURHELIEOKEETSRREA N/
Glacial fluctuation and warming event since mid-Holocene in the East Antarctica

B XH Maemoku, H. EBER-BH Hiroshima Univ.
= =i Miura, H. EHEF NIPR

AR EE Iwasaki, S. REHLEF NIPR

W #s Yokoyama, Y. BHAR-E Univ.Tokyo

20 ( 11:20 - 11:40 ) FERERBEZAVCROLEPORBEINNT ZXXBEOKKEORH

East Antarctic Glaciations during the Late Quaternary recorded in cosmogenic nuclides along the

Skarvsnes coast.
e T Yamane, M. Ll i Univ. Tokvo
Bl Yokoyama, Y. AR Univ. Tokvo
=M oRE Miura, H. BiHapf NIPR
Az 3283 Maemoku, H. KB -BE Hiroshima Univ.
=8 EE Iwasaki, S. B NIPR
g ¥z Matsuzaki, H. . AT Univ. Tokyo

21 ( 11:40 - 12:00 ) REALIEBOEL—VEODESHEDN?
When was a moraine formed on the north wall of Mount Tyotd, Langhovde?

G E— Moriwaki, K. RO NIPR
( 12:00 - 13:00) BH Lunch }
X. @ EAEHIERME (1) Geodesy and geophysics (1) BB A —En

22 ( 13:00 - 13:20) EIFOEMICHITDHRFESIR
Telluric current monitoring at Syowa Station

R fpt Sakanaka, S. BEA THERE Akita Univ.
B ES Nogi, Y. LT NIPR
P& 8E Kadokura, A. BHbEF NIPR
E# Big Uemura, T. L 35N SOKENDAI

23 ( 13:20 - 13:40) FRERAMENICHEITD GPS 7M#ER
Tidal Observation with GPS buoy at Syowa station, Antarctica

T &¥ Egawa, K. B &KEiGE Japan Hydrographic Association
Exf Bis Uemura, T. #BEK SOKENDAI

R i Sakanaka,S. BHEKX - T#RE Alkata Univ.

M Rl Shibuya, K. et NIPR

LH EBR Doi, K. B NIPR

#il BE— Aoyama, Y. R NIPR

24 ( 13:40 - 14:00) GRACE OHEEHFT—4ZRAV-EEOHIBNTKEETHOHRE

A study of regional ice sheet mass variation in Antarctica using GRACE data
ITEAE Yamamoto, K. HEA BB Kyoto Univ.

BHEFE— Fukuda, Y. REA-E Kyoto Univ.

25 ( 14:00 - 14:20 ) Regional isostasy of Southeast Indian Ridge

Khamis, Hamad Bakar Univ. Ryukyus
Matsumoto, T. Univ. Ryukyus
Nogi, Y. NIPR




B26M MRS SR AT TS 5 (20064 5E)

X1, fsth- EAEERME(2) Geodesy and geophysics (2) BEE {cRERA
26 ( 14:20 - 14:40 ) BEHE-HBESERBICEIEAB//KFEERORER

The evolution of Southwest Indian Ridge based on seafloor topography and geomagnetic anomaly

i @l Matsumoto, T. BRER A - BE Univ. Ryukyus
Baines, A, Graham DAFIT K Univ. Wyoming
Cheadle, Michael J. TAFITK Univ. Wyoming
Dick, Henry I. B. oy Xik— ViR Woods Hole Oceanographic Institution
Scheiren, A. P =k Eodii U.S. Geological Survey

27 ( 14:40 - 15:00 ) SKSHRFUYF A NSA—8ERWN-EEIL - TOLBT MLRAH

Upper mantle anisotropy beneath the Antarctic plate using splitting parameter of teleseismic SKS
phases
B# a4 Usui, Y. B me ey TRIC

&R B Kanao, M. R BT NIPR

28 ( 15:00 - 15:20 ) Li—n—REBHHSKROLY YA FIABREZEOT /ML ESEOMWE

The structure of mantle discontinuities under the Lutzow-Holm Bay region estimated from receiver
function analyses

HEFER Inoue, T. TRARE GRC, Ehime Univ
i Zhao Dapeng BIENRE GRC, Ehime Uniyv.
1 B Yamada, A, BIRKZ GRC, Ehime Univ.
&R B Kanao, M. Bt NIPR
B3 B Usui, Y. Bi-pety— TRIC
( 15:20 - 15:40) i#x@@ Coffee Break i
XIL &R FFRMEAICTIT) Discussion MR/ TS BAREDR

( 15:40 - 16:30)
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P ARRE A A i 5 C o B ARk R 22 st BR R BLA)

Bf A3 52 (B HIBT) « Daniel Steinhage (AWI) + Sven Riedel (AWI) + L B ¥t (B 7 K B 4ARE)
BRF{TRA) - A TR HIET) - Wilfried Jokat (AWI)

Japan-Germany Joint Airborne Geophysical Surveys around Syowa Station, Antarctica
Yoshifumi Nogi (NIPR), Daniel Steinhage (AWI), Sven Riedel (AWI),
Kazuya Kitada (Graduate School of Science and Technolog, Kobe University),
Kazuyuki Shiraishi (NIPR), Kazuo Shibuya(NIPR) and Wilfried Jokat (AWI)
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Insights into large scale metallogenic and tectonic processes in an
ancient Archaean nucleus, the Yilgarn Craton of Western Australia
and its Australian and Antarctic margins.

Bruce Goleby', Richard Blewett', Paul Henson' and Masaki Kanao®
! Geoscience Australia, GPO Box 378, Canberra, ACT, 2601
? National Institute of Polar Research, 1-9-10 kaga, Itabashi-ku, Tokyo 173-8515, Japan

The Yilgarn Craton of Western Australia is
an Archaecan nucleus surrounded by
Proterozoic orogenic belts that include the
Capricorn belt to the north, the Albany-Fraser
Orogen to the east and Wilkes Land in
Antarctica. The Yilgarn Craton itself
preserves large-scale geodynamic signatures
within the crust and mantle that reflect its
tectonic and metallogenic evolution.

Integration of geophysical datasets such
as broad-band tomographic images of the
lithosphere, receiver function velocity
profiles of the crust, seismic reflection
deduced crustal architectures, together with
geology, geochemical and geochronological
datasets has provided insights into the
processes of formation of the craton at the
largest scales and within the three-
dimensional architecture of the region at the
time the mineral system were operating.

The 3D architecture of the Yilgarn Craton

The one critical element in defining the
3D architecture of any area, and the element
least known, is the depth dimension. Using
the wealth of seismic data within the Yilgarn
Craton, researchers (e.g. Blewett et al., 2004;
Blewett, 2005, Henson et al., 2005, Goleby et
al., 2006;) have developed a well constrained
craton-scale three-dimensional Yilgam model
that is now being used to answer questions
about why mineral deposits are found within
certain parts of the Yilgarn Craton and not
others. They suggest that lithospheric scale
processes are responsible for the current
Yilgarn Craton architecture.

Craton-scale Yilgarn Craton seismic data
Tomographic S-wave velocity results
(Fishwick et al., 2005; Goleby et al., 2006)
map large-scale lithospheric  velocity
variations and suggest lithosphere beneath the

Yilgarn Craton is in the order of 220 km thick.
The results indicate the lithosphere contains a
region of fast material, > 4.8 km.s”', within the
upper mantle. This body occurs as an east-
dipping body that is ?faulted into a series of
east-side down stepped bodies whose edges
approximately coincide with near-surface
geological boundaries as well as regions of
significant mineralisation within the Yilgarn
Craton. The top of this high-velocity region
occurs at a depth of ~70 km in the west;
increasing to ~100 km beneath the Ida Fault
(major terrane boundary fault), then ~120 km
in the east.

Receiver Function profiles within any
terrane are internally-consistent; however,
overall show marked differences between
terranes. This is attributed to fundamental
changes in the composition of the crust within
each terrane (Reading et al., 2006; Goleby et
al., 2006). Crustal scale seismic refraction
results in the southwest part of the Yilgarn
Craton (Dentith et al., 2000) indicate the
middle and lower crust is predominately felsic
in composition.

An extensive deep seismic reflection
coverage (Goleby et al., 2004; Goleby et al.,
2006) across the eastern half of the Yilgarn
Craton has provided crustal scale architectural
constraints and shows the Yilgarn crust is
approximately 33 km thick beneath the central
Yilgarn, thickening to 42 km in the eastern
third and 46 km at the eastern end of the
seismic traverse, near the Albany-Fraser
orogenic belt. This change in depth to Moho is
consistent with that obtained from the receiver
function analysis and is achieved through a
series of ramps and flats. The Moho is
generally sub-horizontal for long sections, then
ramps downwards over short distances. The
crust is divided into three distinct sub-
horizontal layers, which has a superimposed.



Within  this  east-dipping fabric, four
prominent east-dipping shear zones occur and
subdivide the eastern Yilgarn Craton into
distinct terranes. These terranes are the same
as those defined by the receiver function
analysis. Each crustal penetrating shear zone
provides an excellent fluid pathway from the
mantle to the upper crust and suggests that
the formation of mineral systems involved
deeply sourced fluid utilising crustal-
penetrating shear zones before being focussed
into sites located above fault-breached domal
regions in the upper crust (Blewett, 2005;
Henson et al., 2005; Goleby et al., 2006).

Proterozoic orogenic belts surrounding the
Yilgarn Craton

Prior to break-up of East Gondwana, the
Yilgarn Craton was juxtaposed to the East
Antarctica coast line. In a reconstruction of
East Gondwana (e.g. Fitsimons, 2000), the
Albany Fraser orogenic belt has correlatives
within the Bunger Hills and Wilkes Land
regions of Antarctica. Duebendorfer (2002)
concluded that the Albany Fraser orogenic
belt and the Bunger Hills have similar
structural styles, metamorphic grade, and
deformational events.

The limited seismic available from the
East Antarctica margin in the Bunger Hills-
Wilkes Land region (e.g. Reading, 2002)
suggests that the crustal thickness under the
Wilkes Land region is ~30 km and has a well
defined Moho. Reading (2002), using seismic
data also concluded that the structure of the
Wilkes Land lithosphere is comparable to that
of the Albany Fraser orogenic belt.

Within the Lutzow-Holm Complex
(LHC) 500 km western of the Archaean
Napier Complex, the receiver function
analysis and DSS results suggest the area is
part of a Pan-African collision zones resulting
from the last stage of the formation of
Gondwana (Kanao et al., 2002; Kano et al.,
2004).

The Prince Charlies Mountains (PCM) -
Princess Elizabeth Land profile by the
Russian DSS has obtained clearly the graven
structure beneath the Amery Ice Shelf
(Kurinin and Grikurov, 1982). The Lambert
graven and the underlying rift structure in the
center part of the profile have seem to be

associated with the Cretaceous break-up as
suggested by the brittle faulting of the PCM
(Boger and Wilson, 2003).

Several tectonic evolution models in
Enderby Land with its nucleus at the Napier
Complex have been formed associated with the
existence of hidden sutures beneath continental
ice-sheet which crossing over East Antarctica.

Seismic results within the Napier
Complex suggest the existence of large-scale
sutures that cross over the inland of East
Antarctica, similar to the crustal penetrating
shear zones imaged within the Yilgarn Craton,
and which has implications for Archaean and
Proterozoic deformation styles.

Insights into large scale tectonic processes
The later phases of Archaean evolution
of the Yilgarn Craton were controlled by
craton wide delamination of the basal part of
the lower crust. The heat introduced into the
base of the crust resulted in both widespread
emplacement of late low-Ca granites and late
gold-rich fluids moving into the upper crust
across the entire Yilgamm Craton during late-
stage orogenesis (e.g. Blewett, 2005). Such a
lithospheric scale process is consistent with
many of seismic and geological observations,
including the presence of a thin crust, an
easterly dipping Moho, a fast easterly dipping
S-wave velocity layer body at 100-120 km
depth and an apparent simple layering within
the crust and upper mantle (Goleby et al.,
2006). The predominately felsic crust also
supports the suggestion that the dense garnet-
rich lower crust that was needed for the
production of the high-Ca granites has
delaminated and is now the high-velocity layer
within the upper mantle (Goleby et al., 2006).
The presence of craton scale deep-
penetrating shear zones suggests the mantle-
derived mineral system operated at
lithospheric scales. Once these fluids have
migrated into the crust, they used the
prominent east-dipping crustal-penetrating
shear zones as suitable fluid pathways along
which large volumes of fluid flowed may have
flowed until they pond at favourable locations
within the upper crust (e.g. lower stress
regions; Henson et al., 2005). This is supported
by the observation that most of the larger gold
deposits and known mineral fields in the



Yilgarn are located within a corridor along
the surface expression of these shear zones.
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The Himalayan mountain region is the
most active continent-continent collision
zone in the world. Various part of this
territory experienced different level and
types of earthquake activity. For example,
four great earthquakes have been occurred
during the last century of which
epicenters are broadly confined to the
eastern and western Himalayas. On the
other hand, the central Himalaya has been
relatively quite. The source mechanisms
of most of the earthquakes in the
Himalayan arc are predominantly thrust
and normal types. In view of this point,
this study performed a plane strain
analysis of stress and faults in these
earthquakes potential region are based on
the seismic geologic cross profile
appealing the two-dimensional finite
element method under elastic material
state with Mohr Coulomb failure criterion.
The results show that the faults are
intensely localized along the detachment
MHT in the deeper level of lesser
Himalaya and these faults spread towards
south in the shallower depth along the
MBT and MFT and finally in

Sub-Himalaya to the Indian Gagetic plane
region. The concentration of the simulated
faults is well corresponded and matched
with the distribution of seismic data and
earthquakes events of the area. Thus,
from these features it can be concluded
that the simulated faults and the
earthquakes are the inheritor to each other.
Furthermore, the intense deformation
along the MHT, MBT and MFT keeps
these areas seismically active which might
have a significant role to generate the
earthquakes in the region.

Key words: Eastern Himalayas, finite
element method, fault concentration,
seismicity, earthquakes
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Recent reconnaissance mapping by CGS and
DNG personnel from 2000 to 2005 in NE
Mozambique (14°-17°S and 37°-41°E) has been
supplemented by extensive geochemical,
structural and geochronological studies. The
field characteristics, chemistry and ages of the
rocks from the area show strong similarities to
those from W. and Central Dronning Maud
Land, Antarctica (DML) supporting geological
correlations between the two areas prior to
Gondwana break-up (Grantham et al., 1991,
1995, 2003). These similarities include juvenile
supracrustal para- and orthogneisses as well as
intrusive orthogneisses. The orthogneisses
commonly show calc-alkaline  tonalitic
compositions and have SHRIMP crystallisation
ages between ~1100Ma - ~1140Ma. These
gneisses are intruded by a variety of granitoids.
One of the dominant varieties typically has
A-type chemistries and is commonly exposed as
highly strained augen- gneisses but locally is
charnockitic. SHRIMP crystallisation ages from
the augen-gneisses are typically ~1070Ma -
~1090Ma, Varying degrees of migmatisation of
these two major units is evident in the field.
SHRIMP ages from zircon rims from the
gneisses and migmatite veins show similar
~1070Ma- ~1090Ma ages resulting from

metamorphism  coincident with the high
temperature A-type intrusions. The
~1140-1070Ma  gneisses  contain  upper

amphibolite facies mineralogy except for
localised anhydrous charnockitic and granulite
enclaves of uncertain origin. The ~1100Ma
gneisses represent the lithologies generated
during the amalgamation of the Kalahari Craton

with an as yet unidentified crustal province
comprising the East Antarctic Shield to the east
to form Rodinia.

The ~1140-~1070Ma-age gneisses are intruded
by younger granites including weakly deformed
to undeformed intrusions with medium
grained-equigranular fo coarse-grained
porphyritic varieties as well as pegmatites. The
SHRIMP crystallisation ages for the younger
granites vary from ~450Ma - ~530Ma. They
contain older inherited discordant zircons which
commonly yield upper intercepts of
~1000-1100Ma. The chemical compositions of
these intrusions vary from peraluminous types
to homnblende-bearing varieties with I-type,
verging on A-type, chemistries. The granitoid
intrusions are largely concentrated in the
Nampula terrane, S. of the Lurio shearzone, a
prominent lincarment on aeromagnetic and
Landsat images. Two poorly exposed areas,
underlain largely by granulite grade gneisses,
are interpreted as klippen namely the Monapo
and Mugeba Klippen (Pinna et al., 1993, Sacchi
et al., 2000 ). These rocks are thought to have
been thrust faulted south- and eastwards from
the Lurio Belt, located to the NW. A SHRIMP
zircon study from the mylonitic Mugeba
granulites shows a complex history with
concordant ~556Ma zircons and discordant
~1100Ma protolith zircons. The ~556Ma grains
are interpreted to represent the high grade
metamorphic emplacement of the rocks.
Besides granulite grade gneisses, the Monapo
Complex contains subordinate alkaline rocks
including carbonatites, nepheline syenites,
nepheline pyroxenites and alkali granites.

_8,...._



Zircons from some of these rock types have
vielded ~635Ma crystallisation ages with
metamorphic zircon growth at ~570Ma. P-T
calculations from meta-pelitic and metabasic
granulites from Mugeba have yielded peak
estimates of ~900°C and ~10kb respectively
followed by post-tectonic re-equilibration to
~700°C and ~8kb (Roberts et al., 2005).
Structural and aeromagnetic data show the
area S. of the Lurio Belt is complexly folded
with many macro-scale interference structures
evident. The dominant deformation is thought
to have involved tight isoclinal NE-SW striking
NW dipping axial planes with top to SE
vergence, folded by open folds with NW-SE
oriented fold axes. Lineations plunge
dominantly between W and N. Progressing
southward from the Lurio Belt the structural
attitude varies from an initial dominantly NW
dipping direction to bi-modal NW and SE
dipping orientations. The data are interpreted to
indicate that Lurio Belt rocks have been thrust
over the Nampula Terrane to the S and SE. The
thrust-faulting probably involved sinistral
transpression  between the Nampula Terrane
in the S. and the Tanzania-Irumide block in the
N at ~550Ma.

In a broader Gondwana context the SE verging
structures of Mozambique show structural
orientations similar to those from W.
Sverdrupfjella (HUS), Dronning Maud Land,
Antarctica where earlier recumbent NW verging
fold structures are deformed by younger upright
SE verging folds yielding similar bi-modal
structural orientations. Granitoids with ~490Ma
ages in HUS and are interpreted to have been
emplaced syntectonically (Grantham et al,
1991). The granites are restricted to NHUS,
Gjelsvkfjella and the Muhlig Hofmanfjella
areas to the east but are not recognised further
south in Kirwanveggan.

Similarly, in a broader Gondwana setting,
Grantham et al. (2001) suggested that the Lurio
Belt probably continues into Sri Lanka and
defines the boundary between the Central
Highlands Complex and Vijayan. Complex in
Sri Lanka.  Granulite klippe of Highland
Complex gneisses overlying the Vijayan
Complex occupy a similar structural setting to
those of Mugeba and Monapo. The

geochronology of Sri Lanka has been
summarised by  Kroner (1991) who
demonstrated  that there are  strong
geochronological similarities between the
Mozambique and Sri Lanka. The structures and
klippe in Mozambique and Sri Lanka and
structures of NW HUS in Antarctica are
interpreted as resulting from continental
collision during the Pan Africa at ~550Ma
involving the transpressional “obduction™ of the
northern Tanzanian-Congo block (Northern
Gondwana) over the southern Dronning Maud
Land- Kalahari Craton block . This collision
can be traced through the Tete area into the
Zambesi Valley and beyond into the Damara
Belt of Namibia.

The ~450-530Ma granites which characterise
the Nampula terrane, northern and central
Dronning Maud Land, Antarctica and Sri-Lanka
were probably generated by partial melting of
the country rock in the footwall or subducted
southern block. The crustal section from
Mugeba, Mozambique in the north to southern
Kirwanveggan, DML Antarctica in the south
shows crustal depth variation at ~550Ma from
~8kb to surface with southern Kirwanveggan
being overlain by the weakly deformed ~550Ma
old Urfjell sandstones and conglomerates.
Emplacement depths for ~490Ma old granites in
HUS were estimated at ~6kb (Grantham et al.,
1991) whereas those in northern Kirwanveggan
were estimated at ~6kb (Grantham et al., 2001).
Comparison of the zircon populations from the
three crustal blocks namely N of Lurio block,
the Nampula terrane in Mozambique and
WDML, Antarctica show that superficial
similarities exist but that the former area differs
significantly from the latter two areas. The
zircons from the N. of the Lurio block show a
wide range of crystallisation ages from
Paleoproterozoic ages, Mesoproterozoic ages
around ~1050Ma, Neoproterozoic ages of
~630Ma-800Ma and Pan African ages of
~550Ma. No ~1050-1100Ma metamorphic ages
are recorded in the rocks with most
metamorphic ages being ~550Ma. In contrast
the Nampula and WDML blocks have almost
identical zircon populations which are
characterised by no significant Paleoproterozoic
zircons,  significant >1050-1125Ma  age
Mesoproterozoic zircons of both primary
igneous and metamorphic origins, virtually no
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zircons in the age range 600-900Ma and
significant igneous and metamorphic zircons in
the age range ~450-580Ma. Comparisons of
these zircon age groups with surrounding areas
from Sri Lanka and Central DML show that in
Sri Lanka, the Central Highlands Complex has
zircon populations similar to the N of the Lurio
block with the Vijayan Complex having similar
zircon populations to the Nampula and WDML
blocks. In Sor Rondane, CDML, the northern
Sor Rondane is separated from the south by a
~10km wide shear zone (Shiraishi et al., 1999).
Preliminary data on the zircon population from
N Sor Rondane shows similarities to those of
the N. of the Lurio Block whereas those from
the S. Sor Rondane are comparable to the
Nampula and WDML blocks.

These data imply a continental orogenic
collision between north and south Gondwana at
550-570Ma along a front from the Damara,
Namibia ~15°E in the west through the Zambesi
Belt, along the Lurio Belt, through Sri Lanka
into central DML in the east. The mountain belt
formed during that collision has subsequently
been eroded to supply the voluminous
dominantly quartz arenites exposed in the Cape
Fold Belt, the Natal Group sandstones, the
Transantarctic Mountains and various units
along the east and west coasts of Australia
which are dominated by zircon populations of
~500-700Ma.
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Monazite datings from UHT metapelitic granulites from Rundvagshetta,
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Sr isotope heterogeneity in dolomitic marbles from

Skallevikshalsen, Liitzow Holm Complex, East Antarctica

M. Satish-Kumar, (Shizuoka University); H. Mizuochi (Shizuoka University);
H. Kagami (Niigata University); Y. Motoyoshi, (NIPR)

The Liizow Holm Complex is characterized by
the occurrence of thick sequence of metasedimentary
rocks. In particular, the Skallevikshalsen-Skallen
region exposes thick layers of marbles interlayered
with metapelitic rocks. We report here new results on
the Sr isotope geochemistry of dolomitic marbles
from the Skallevikshalsen outcrop. Skallevikshalsen,
about 70 km southwest of the Syowa Base, exposes
SSE dipping layers of basement rocks such as
gneisses, marbles and metabasites, metamorphosed
under granulite facies conditions (770-960°C and 0.6-
1.2Gpa), which were subsequently deformed during
the retrograde metamorphism (Yoshimura, et al,
2004; Kawakami & Tkeda, 2004).

In this study we examined two major dolomitic
marble layers from the Skallevikshalsen area. The
mineralogy and metamorphic conditions of these
marble layers will be presented by Mizuochi et al.
(this volume). Carbon and oxygen isotope
composition and Sr isotope composition were

measured from geologically well constrained samples.

Furthermore, grain-scale analyses were also carried
out on polished slabs of hand specimens. An example
is illustrated in Figure 1, which shows the results of
carbon, oxygen and strontium isotopic composition.

The two dolomitic marble layers from
Skallevikshalsen show extremely different Sr isotope
compositions irrespective of similar carbon and
oxygen isotopic compositions. Both calcite and
dolomite in the marble layer from the northern area
gave similar Sr isotope ratio of 0.7099. However, the
marble layer in the south displays extreme variation
in Sr isotope ratios (¥Sr/**Sr = 0.720 ~ 0.732). In
addition, appreciable Sr isotope variations were noted
between calcite and dolomite (Fig. 1). The carbon
and oxygen isotopic composition are homogenous
and comparable to those reported for the normal
Proterozoic carbonate sediments.

The causes for such large scale Sr isotope
variations are unclear. However, the results are
analogous to a layer of dolomitic marbles from

Skallen, where layer scale isotope alterations
possibly resulted from the prograde fluid-rock
interaction. We discuss the present results in the
context of fluid-rock interaction during different
stages of metamorphism, especially in the presence
of Cl-rich fluids in the early stages of metamorphism
in the region (Satish-Kumar ef al., 2006).

875r/255r (dol) = 0.72585

Fig. 1. Carbon and oxygen isotopic compositions
(8°C and §°0) and Sr isotope ratios for calcite and
dolomite in sample 20-1-1(4). Note the difference in
Sr isotope ratios, despite similar C and O isotopic
compositions.
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Constraints on peak metamorphic temperature and halogen
content from marbles in Skallevikshalsen, East Antarctica

H. Mizuochi, (Shizuoka Univ.); M. Satish-Kumar, (Shizuoka Univ.);
T. Tsunogae (Tsukuba Univ.); Y. Motoyoshi (NIPR)

Introduction
Skallevikshalsen  is
Litzow-Holm Bay

located in the
T0km

southwest of Syowa base. The basement rocks

coast, about
in this region composes of a variety of
metasedimentary and metaigneous rocks. This
exposure is important for understanding the
geological evolution of the eastern Dronning
Maud Land because the rocks here have
experienced high temperature metamorphism
and exhumed from middle crustal depth. In
peak

metamorphic temperature of marbles from

this research, we estimate the
Skallevikshalsen by wusing calcite-dolomite
solvus geothermometry and compare it with
existing estimates. In addition, to assess the
fluid composition during peak metamorphism,
the halogen element content in coexisting

hydrous minerals in marbles were analyzed.

General geology

Skallevikshalsen is underlain by layers
of metamorphic rocks including gneisses,
marble, skarn and metabasite (Yoshida et al,
1976). Skarn occurs between marble and leuco
gneiss. Marble commonly includes block of
adjacent lithologies. All the lithological units
have NE-SW strike with a gentle dip toward
SE. Kawakami and Ikeda (2004) identified

four deformational events during retrograde

stage in this region namely; Dm-2, Dm-1, Dm,
Dm+1. Peak metamorphic temperature and
pressure condition of Skallevikshalsen is
estimated at 770-960 C and 0.6-1.2GPa
(Yoshimura et al, 2004).

Petrology of marbles

Marbles at Skallevikshalsen contain
primary mineral assemblage of calcite +
dolomite + forsterite + diopside. Additionally,
phlogopite, pargasite, apatite, spinel, rutile,
and graphite are observed in some layers.
Calcite and dolomite that composes >90% of
the marbles are granoblastic and medium to
coarse grained. Within the marbles, prominent
layering is identified. In the layer that contain
abundant silicate minerals, calcite is the
dominant carbonate phase. On the other hand,
dolomite is predominant in layers in which
Most of the

silicate minerals are scarce.

carbonates show remarkable exsolution
texture (Fig. 1). This texture develop during
cooling of high magnesian calcite, exsolving
dolomite crystals or vice versa. Forsterite +
observed  in

spinel  assemblage  is

Skallevikshalsen and is characteristic of

granulite grade metamorphic condition.
Surrounding forsterite, thin reaction rims of
dolomite and diopside can be observed. This

texture indicates that forsterite was replaced



Jig. 1. BSLE image of exsolution texture in calcite
(matrix) from marble (width of photograph=2.8num .

by dolomite and diopside during the
retrograde metamorphism, which in turn
suggests that forsterite was a stable phase

during peak metamorphism.

Calcite-dolomite solvus geothermometry

In the presence of dolomite, the
magnesium content in calcite depends on the
temperature (Anovitz and Essen, 1987). And,
this geothermometer has been widely used in
medium grade metamorphic rocks (e.g. Droop
and Al-Filali, 1996). However, due to the
Mg

the

retrograde reequilibration of Ca and

between  calcite and  dolomite,
calcite-dolomite solvus geothermometer is not
considered as a suitable one for high-grade
rocks. The majority of calcite in the matrix
(Fig.

500-700°C. Reintegration of calcite-dolomite

1) gave temperature in the range

exsolution is very difficult because of the
heterogeneity in the exsolved phase and
possible presence of preexisting dolomite (Fig.
1). This estimate is considerably lower than
the temperature estimates in metapelitic rock
(Yoshimura et al, 2004). Therefore, the calcite

in the matrix can not be of much use for peak

Fig. 2. BSE image of inclusion in forsterite from
marble fwidth of photograph=~~ 350um).

metamorphic temperature estimation.
Therefore, we paid attention to the carbonate
that existed in forsterite as inclusions (Fig. 2).
As mentioned above, forsterite is considered to
have formed during the peak metamorphic
condition. There is a possibility that the

carbonate inclusion preserve the peak
metamorphic temperature. If we reintegrate
the dolomite to caleite within an inclusion, the
calcite-dolomite solvus geothermometry wyield
temperatures between 850-950 C . These
results are comparable to those reported in

Yoshimura et al. (2004).

Halogen(F,CI) contents in hydrous minerals
Under granulite facies P-T conditions,
generally, hydrous minerals such as phlogopite
and amphibole are not stable. However,
phlogopite and pargasitic amphibole are
observed commonly in the Skallevikshalsen
marble. These minerals have a possibility of
containing halogen elements such as fluorine
and chlorine. Especially, the fluorine content is
directly related to the higher stability of the
hydrous minerals in the granulite facies

(Motoyoshi and Hensen, 2001).
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‘We have analyzed the F and C] content of
phlogopite and pargasite in the marbles. As for
phlogopite, the fluorine content was
1.0-1.4wt% and chlorine content was 0.1wt%.
And for pargasite, we got values of 0.5-0.8wt%
and 0.15-0.18wt% for F and Cl respectively.
High F content of hydrous minerals suggest
that during peak metamorphism the
coexisting fluids had high halogen fugacities.
Further, the high F content is consistent with
the stability of phlogopite and amphibole at

peak metamorphism around 900°C.

Summary

Carbonate mineral inclusions are
potential candidates for the estimation peak
metamorphic  temperature condition in
high-grade marbles, The hydrous minerals
were stable during high-grade metamorphism

because of its high F content.

Reference

Anovitz, L. M. and Essene, E. J., 1987. Phase
equilibria in the system CaC03-MgCO03-FeCO3.
Journal of Petrology, 28, 389-414.

Droop, G. T. R. and Al-Filali, I. Y., 1996, Interaction
of  aqueous fluids with calcareous
metasediments during high-T, Low-P regional
metamorphism in the Qadda area, southern
Arabian Shield. Journal of Metamorphic
Geology, 14, 613-634.

Kawakami, T. and lkeda, T., 2004, Timing of ductile
deformation and peak metamorphism in
Skallevikshalsen, Liitzow-Holm Complex, East
Antarctica. Polar Geoscience, 17, 1-11.

Motoyoshi,Y. and Hensen, B. J., 2001, F-rich

phlogopite stability in ultra-high-temperature

metapelites from the Napier Complex, East

Antarctica.  American  Mineralogist, 86,
1404-1413.

Yoshida, M., Yoshida, Y., Ando, H., Ishikawa, T. and
Tatsumi, T., 1976, Explanatory Text of Geologicl
Map of Skallen, Antarctica. Antarctic Geological
Map Series Sheet 9 Skallen, Tokyo, National
Institute of Polar Research.

Yoshimura, Y., Motoyoshi, Y., Miyamoto, T., Grew, E.
S., Carson, C. J., Dunkley, D. J. 2004,

from

High-grade rocks

Skallevikshalsen in the Liitzow-Holm Complex,

metamorphic

East Antarctica: metamorphic conditions and
possibility of partial melting. Polar Geoscience,
17, 57-87.



10

L - —F LD ERTFE
BEMT BB, ABEFT (BHAF), MxE28E (FHBX)
Geochronology of the Ser Rondane Mountains, East Antarctica
K. Shiraishi, T. Hokada (NIPR), C.M.Fanning (ANU), H. Kagami (Niigata Univ.)

The Ser Rondane Mountains (71.5°-72.5°S,
22°-28°E) are mainly underlain by high- to
medium-grade metamorphic rocks associated
with extensive granitie, syenite and diorite
intrusions. Geochronological studies have been
performed for K-Ar, Ar-Ar, Rb-Sr, Sm-Nd and
U-Pb on various minerals and whole rock
samples (e.g. Takigami and Funaki, 1993;
Takahashi et al., 1990; Arakawa et al, 1994;
Grew et al., 1992; Shiraishi and Kagami, 1992,
Asami et al., 1996, 1997, 2005).

It is now well known that Pan-African events
(~600-500Ma) was commonly recognized not
only by pervasive plutonic activities but also
high-grade  metamorphism.  Grenvillian-ages
(~1000 Ma) were documented by Rb-Sr whole
rock isochron, Sm-Nd whole rock isochron on
some granulites and U-Pb CHIME and SHRIMP
ages on zircon cores (Shiraishi and Kagami, 1992,
Asami et al., 1996, 2005, Shiraishi unpub. data).
However, a question arose that ~1000Ma ages
were whether protolith formation age or an earlier
high-grade metamorphism (Asami et al., 2005).

We re-examine the previous data as well as
unpublished Sm-Nd and SHRIMP U-Pb data
from the Sor Rondane Mountains and focus the
pre-Pan-African events in the Sor Rondane
Mountains.

SHRIMP U-Pb zircon and titanite ages on
twelve rocks (six paragneisses, four orthogneisses,
one leucosome of migmatite and one granite)
were so far obtained from extensive area of the
mountains. Orthogneisses may include both
metavolcanics and plutonic rocks.

Many zircons from the gneisses document
~920-1120Ma core ages but older ages are very
rare. Pan-African ages for zircon rims or
homogeneous new grains ranges 630-550 Ma,
which are probably subdivided into two stages
(630-600Ma and 570-550 Ma). Moreover, it is
worth to note that ~780 magmatic overgrowth
zircon are found in two paragneisses in the

northwestern part of the mountains.

Two titanite ages from orthogneisses in central
part of the mountains show 497+/-6 and 504
+/-15Ma, respectively. One post-metamorphic
granite mylonite from the western part of the
mountains shows 563Ma euhedral zircon,
whereas migmatitic leucosome from the eastern
part includes 515 Ma new zircons.

Osanai et al. (1992) suggested that the Ser
Rondane Mountains area is an accreted arc
terrane with protoliths of island arcs and
continental margin meta-igneous rocks and
supracrustal  rocks. Nd model ages of
~1.3-1.0Ga imply the age of juvenile crust
formation. Orthogneisses with ~1000Ma inherited
zircon ages document the crystallization of the
igneous rocks. In the central part of the area,
~1100 Ma overgrowth is recognized on rare
Archean to Mesoproterozoic inherited cores from
a paragneiss. The ~780Ma zircon growth on
paragneisses constrains the sedimentation of the
protolith in the north western part of the area. It is
possible that ~780Ma event is related to the
break-up of the Grenvillian-age continent. Thus
the most of the Ser Rondane Mountains area is
reactivated Grenvillian-age crust during the
Pan-African event.

In the central Dronning Maud Land (DML) to
the west of the Ser Rondane, both Grenville-age
crystallization and metamorpshic growth of
zircons were documented (Jacobs et al., 1998),
whereas ~1000Ma metamorphic event is not
always recognized in Lutzow-Holm Complex

(LHC) to the east (Shiraishi et al, 2003). Itis a
good contrast with the LHC, suggesting the two
area were under the different tectonic scheme.
The boundary between the Ser Rondane area and
LHC might be a major suture in the Pan-African
tectonism.
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The Circum East Antarctic Orogen and the Himalaya: implication to the
Gondwanaland tectonics
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The late Mesoproterozoic Circum East
Antarctic Orogen (CEAO) took a principal role
in assembling East Gondwana during from
1300 to 1000 Ma (Yoshida et. al., 2003). Two
major Pan-African orogens traverse the CEAO
at Pinjarra Orogen - Prydz Bay belt and
Liitzow-Holm Bay to Central Dronning Maud
Land belt, superimposing the pre-existed CEAO
(Fitzsimons, 2003). The CEAO is composed
of the eastern older belt (Albany-Fraser Belt)
and the central to western younger belt (Pinjarra
Orogen — Rayner Belt — Liitzow Holm Bay —

Central to Western Dronning Maud Land).

Recent detrital zircon data (e.g., DeCelles et al.,
2000: Myrow et al.. 2003; Martin et al.. 2005:
Gehrels et al.. in press a. b) from the Himalayan
Orogen give new constraints on the origin of
the Himalaya in relation to Gondwanaland
tectonics (Yoshida and Upreti, 2004). It is found
that the detrital zircons in rocks of the Lesser
Himalayan Metasediments (Early to late
Proterozoic) show age populations of zircons
older than ca 1.6 Ga and are considered to have
been derived from the North Indian Craton (e.g..
Valdia, 1995; DeCelles et al.,

CEAD
Orogen
ROSS Ross Orogen

BDK

L.
EA!
A%
belt
AF  Albany Flaser Balt Lh Lutrow-Hcla Bay E E‘
€2 Central Indian Tectonic Zone T2 Tanzanian Craten
Co Capricorn Orogen ANS Arabian-—Madias
EL Enderby Land Shield

Circum-East Antarctic

Bundelkhand Craton
LH  Lesser Himalayan Basin
HH  Higher Himalayan Basin

18 Granviilian/Circun-East Antarctic
CEA) orogeny dominated belt

a’
l[lr Granvillian avent doainated
i

uverated craten during the
tenvillan/CEA period

Paleeoproterazoic 2obile belt
@ Pra-Granvi i11an/CEA cratonic terrain

2000). In contrast. zircon age
populations of the Higher
Himalayan Gneisses
(Neoproterozoic to Cambrian)
have clear maxima around
1000-1400 Ma with sub
maxima around 2.5 Ga and
are considered to have been
derived from the Circum East
Antarctic Orogen. Those of

the  Tethys  Sedimentary
Sequence (early Palacozoic to
early Cenozoic) are very

similar to those of the Higher
Himalayan Gneisses, except
an additional ca 500 Ma
population and are considered
to have been derived mostly
from the Higher Himalayan
Gneisses, but also from the
Circum East Antarctic Orogen
as well as the Arabian Nubian
Shield (Yoshida and Upreti,

Fig. 1. Outline of the Circum-East
Antarctic Orogen (Yoshida and
Upreti, 2006)




Fig- 2 | Kathmandu Nappe | . . .
[ Pandrang (n=100) 2006; Yoshida et al., in preparation).

(Gehrels et al. 2005a)

It is interesting to note that the above

arguments may result in supporting the

Sout:“ in':i.::::s;nrnl classical tectonic model of East

(Martin et al. 2005] Gondwana including its

l A Mesoproterozoic assembly, and thus is

: inconsistent with the recent model of
Dadeldhura Klippe

Raduwagad Quartiet (n=94) Pan-African assembly.
(Gehrels et al. 2005b]
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GEOCHEMICAL BEHAVIOUR OF MAJOR ELEMENTS AND TRACE

ELEMENTS IN WEATHERED GNEISS ROCK FROM
SCHIMARCHER OASIS, EAST ANTARCTICA

Baba Musta & Sanudin Tahir
School of Science and Technology
Universiti Malaysia Sabah
88999, Kota Kinabalu
Sabah, MALAYSIA

The study area is situated in Schimarcher
Qasis, East Antarctica. The area is located
between the polar ice continental in the south
and ice self in the north. In the study area, as
polar climate, chemical weathering is still
occurred with less intensity. The rock outcrops
expose to the weathering agent as a result of
the melting of glacier during the summer
season. Figure 1 shows the typical weathering
profile of gneiss rock in the study area. It is
believed that most probably the maximum
chemical weathering conditions occur during
that season. Geological Survey of India
(1989) classified the gneisses rock around
Schimarcher Oasis to quartzofelspathic augen
gneiss (+gamet), quartzofelspathic streaky
gneiss, augen layers in quartzofelspathic
gneiss, gamet rich biotite quartzofelspathic
gneiss, quarz-gamet-sillimanit-perthit
(+graphite) gneiss. Rb/Sr age data of the
garnet biotite gneiss and leucogneiss indicate
a Late Proterozoic age. Verma ef al. (1987)
determined the ages of quarzofelspathic
gneisses in the range of Early Paleozoik —
Late Proterozoic. Ten profiles of weathered
gneiss rock were analysed using X-Ray
Fluorescence (XRF) in order to measure the
abundances of major elements and trace
elements. Major elements such as SiO,, TiO,,
Al,O;, Fe;0s, MnO, MgO, Ca0O, NaO, K,O
and P,Os were analysed using fused disc
technique. Whereas, selected trace elements
namely As, Co, Cr, Ni, Pb, and Zn were
analysed using pressed pellets technique
(Norish and Hutton, 1969). XRF technique

uses Phillips PW 1480 X-ray Digital
Instrument and the spectrometer is
controlled by Digital Software X-44
Microcomputer. Graph calibration
method is obtained by using Alpha On
Line Program (De Jongh, 1973; 1979).
The main objective of this study is to
study the weathering behaviour of major
elements and selected trace elements in
gneiss rocks. Table 1 shows the
abundance of major elements and trace
elements from ten weathering profiles of
gneiss rocks.  The result obtained
indicates that the concentration of major
elements such as Fe;O3; mostly increases
in weathering processes, which is related
to the formation of iron oxides during
the oxidation reaction. The increases
abundance of Al,O; is related to the
formation of new silicate minerals such
as sericite. In general, SiO, decreases as

weathering increases, due to the leached
out of the elements from the silicate
minerals during the chemical weathering.
Most of the base element such as MgO,
CaO, NaO and K;O are slightly
decreased or maintained with the
weathering process due to the alteration
and leaching processes from feldspar.
The abundance of TiO,, MnO and P,0s
is less than 1.00% in the fresh rock
samples, but it also shows the
concentration that is slightly increased in
the weathered rocks. As shown in Table
1, fresh gneiss and weathered gneiss



rock contain significantly higher Cr, Ni, Pb
and Zn compared with As, and Co. The Ni,
Pb and Zn concentration in fresh and rock
samples vary from 18 to 34 ppm, 33 to 42
ppm, 48 to 60 ppm and 42 to 50 ppm
respectively. Whereas, the concentrain of As,
and Co is less than 5 ppm and 3 ppm
respectively. High concentration of Cr, Ni, Pb
and Zn is expected since te parent gneiss rock
usually high concentration of Cr, Ni, Pb and
Zn. The result obtained also indicate that Ni,
Pb and As is decreased with the weathering
process, due the leached out of elements from

the primary minerals such as biotite and gamet.

In contrast it 1s found that Zn is increased in
weathered rocks compared to the fresh rocks;
it is might be due to the absorption of Zn in
the surface of secondary minerals particularly
iron oxides. The As and Co is slightly
decreased or maintained the low concentration
with the weathering process.

Moderately
weatherad or
oxidised horizon
(~1mm - 2mm) v
Weathered rock
Slightly (W)
weathered or
little weathered
chemically
{= 5mm - 10mm)
¥

>

Fresh
aneiss rock

Fresh rock

(F)

Figure 1: Weathering profile of gneiss rock

Table 1A: The abundances of major
elements and selected trace elements in fresh
gneiss rocks (F) and weathered gneiss rocks

(W).
Major. E
(%) Gn3F | Gon3W | Gn9F GnoW
Si0, 68.21 63.76 64.35 65.07
TiO, 0.65 1.31 1.13 0.74
Al,O3 13.74 15.22 16.78 17.12
Fe,0: 485 9.03 5.91 6.62
MnO 0.06 0.09 0.06 0.05
| MgO 1.15 1.22 1.31 0.71
CaO 343 1.84 3.00 3.03
Na,O 3.24 2.64 3.67 3.18
K.0O 4.26 3.64 3.02 2.85
P.Os 022 0.46 0.47 0.26
L.OI 0.20 0.79 0.30 0.37
TOTAL 100.00 | 100.00 | 100.00 | 100.00
Trace. E
(ppm)
As 3 3 3 3
Co 1 2 1 2
Cr 18 22 18 19
Ni 39 37 36 38
Pb 55 53 51 53
Zn 43 44 42 45

Table 1B: The abundances of major elements
and selected trace elements in fresh gneiss
rocks (F) and weathered gneiss rocks (W).

Major. E
(%) GnlOF | Gnl0OW | Gnl2F | Gnl2W
Si0, 63.81 65.61 45.44 42.27
TiO, 1.12 0.75 4.05 4.25
Al,O3 16.64 17.26 12.84 13.76
Fe, 0, 6.68 5.86 18.01 18.59
MnO 0.06 0.05 0.25 0.22
| MgO 1.30 0.71 6.44 5.82
Ca0 2.98 3.06 10,18 9.07
Na,O 3.63 321 1.78 1.41
K.O 3.00 2.87 0.42 1.15
P,0s 0.46 0.26 0.44 0.45
L.OI 0.33 0.37 0.16 3.02
TOTAL 100.00 100.00 | 100.00 100.00
Trace. E
(ppm)
As 4 3 2 bdl
Co 1 2 2 2
Cr 17 18 32 3
Ni 40 38 33 33
Pb 58 53 46 46
Zn 45 43 45 46




Table 1C: The abundances of major elements anfhble 1E: The abundances of major elements
selected trace elements in fresh gneiss rocks (F) amhd selected trace elements in fresh gneiss

weathered gneiss rocks (W). rocks (F) and weathered gneiss rocks (W)
Major. E Major. E
(%) Gnl4F | Gnl4W | Gnl6F | Gnl6W (%) Gn25F | Gn25W | Gn26F | Gn26W
SiO; 68.43 64.76 68.62 65.36 Si0, 62.12 60.42 76.65 64.11
TiO, 0.75 0.96 0.60 1.29 TiO, 121 1.42 0.12 1.19
AlLO3 14.89 15.51 13.75 15.19 Al,O3 16.84 16.74 11.09 17.62
Fe,0: 6.35 7.72 6.07 8.83 Fe,0s 9.32 1.72 1.09 9.54
MnO 0.07 0.08 0.08 0.09 MnO 0.11 0.16 0.02 0.09
| MgO 1.12 131 115 1.74 MgO 1.46 1.98 bdl 1.91
Ca0 1.96 2.41 2.84 1.96 Ca0 3.79 3.63 3.19 0.76
Na,O 2.51 2.57 248 1.48 Na,O 2.69 2.58 2.57 2.01
K,0 3.81 3.03 4.10 2.66 K,0 2.17 0.87 5.17 2.47
P,05 0.07 0.17 0.22 0.38 P,0s 0.27 0.33 0.09 0.23
L.OI 0.04 1.49 0.10 1.01 L.O.I 0.03 0.14 0.02 0.06
TOTAL 100.00 100.00 | 100.00 100.00 TOTAL 100.00 100.00 | 100.00 100.00
Trace. E Trace. E
(ppm) (ppm)
As 3 3 3 3 As 3 3 4 3
Co 1 1 2 2 Co 2 2 1 2
Cr 20 21 26 26 Cr 22 23 16 23
Ni 37 38 35 35 Ni 37 36 41 37
Pb 51 53 48 48 Pb 51 50 60 53
Zn < = 43 43 Zn A 46 41 46

Table 1D: The abundances of major elements
and selected trace elements in fresh gneiss
rocks (F) and weathered gneiss rocks (W)

Major. E
(%) Gn2lF | Gn21W | Gn23F | Gn23W
Si0, 4887 | 6192| 7367 73.05
TiO, 281 0.82 0.40 0.31
AlL,O3 19.66 19.47 10.84 14.64
Fe,04 5.73 7.74 341 541
MnO 0.10 0.03 0.06 0.05
_MEO 4.67 1.19 1.18 1.21
CaO 8.55 0.33 2.50 0.79
Na,0 2.40 1.70 2:51 2.10
K,0 5.73 416 5.41 1.97
P,05 0.36 0.04 bdl 0.08
L.OI 1.11 2.60 0.02 0.39
TOTAL 100.00 100.00 | 100.00 100.00
Trace. E
(ppm)
As 3 4 4 3
Co 2 2 1 1
Cr 20 24 17 20
Ni 36 38 40 38
Pb 50 54 55 53
Zn 45 40 42 45

*  Major. E : Major Element
*  Trace. E: Trace Element
*  bdl: below detection limit
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Garnet and corundum-bearing granulite
in the Litzow-Holm Complex at Akarui Point
Hiroshi KORENAGA(Graduate school of Chiba Univ.), Yoshikuni HIROI(Chiba Univ.)
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Irregular phosphorus zoning in garnet from Grt-Sil gneiss in

Liitzow-Holm Complex at Skallevikshalsen, East Antarctica
Tetsuo Kawakami (Kyoto Univ.)*, Tomokazu Hokada (NIPR)
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Melting experiments of garnet-sillimanite felsic gneisses: Relation between sapphirine-formation and

garnet-breakdown with increasing of temperature

Kei Sato (Tokyo Inst. Tech.; ksato@geo.titech.ac jp), Yasutaka Yoshimura (Kochi Univ.),
and Shinji Yamamoto (Tokyo Inst. Tech.)

Sapphirine is one of the most famous minerals
in ultrahigh-temperature (UHT) metamorphic rocks.
It coexists with quartz under UHT metamorphic
conditions corresponding to 7" > 1030°C (Hensen &
Green, 1971; 1972; 1973), if Xye"'* is 0.70. Garnet
is also a typical mineral in UHT metamorphic rocks,
and it is often found as a robust phase in mineral
assemblages. According to Hensen & Green,
sapphirine can crystallize by breakdown of garnet
with increasing temperatures, if it is isobaric
condition. An experimental result of Sato et al.
(2004) suggested that partial melting of UHT
metamorphic rocks may be also one of the
essentials for crystallization of sapphirine. In the
present study, melting phase relations of two types
of gamet-sillimanite felsic gneisses were
experimentally investigated in order to reveal the
major factor in sapphirine-formation.

One of the
gamnet-sillimanite felsic gneiss (YY1; sample no.
YY9812290702). Another one is sapphirine-bearing
garnet-sillimanite felsic gneiss (YY2; sample no.
YY9812290204). Chemical data of these gneisses

are given in Table 1. The two gneisses were

samples is sapphirine-free

collected from Howard Hills in Napier Complex,
East Antarctica ( Yoshimura e al., 2000).

In the present experiments, pulverized gneisses
were used as starting materials. At first, melting
experiments of YY1 were performed using a
piston-cylinder apparatus at Tokyo Institute of
Technology. Experimental conditions were set at T
= 1100-1325°C at 25°C intervals under isobaric

condition (P = 12 kbar). As results, gamet

decomposed completely at T = 1275°C, whereas
sapphirine was generated as a new phase at 1250°C
= T'< 1300°C. Also, molten phase was found at 7' =
1150°C. In the present, we are experimentally
investigating of melting phase relation of YY2. In
the symposium, we will discuss about relationship
between formation of sapphirine and breakdown of
gamnet under partial melting condition.
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Table 1. Bulk and C.LP.W. Norm (wt %) of garnet—
sillimanite felsic gneisses.

Spr-bearing Grt-5il felsic gneiss
No. YY9812290204 (YY2)

Spr-free Gri-Sil felsic gneiss
No, YY9812290702 (YY1)

Bulk C.LP.W. Norm Bulk C.LP.W. Norm
§i0, 6271 Q  43.59 Si0, 4841 Q 3.54
Ti0, 056 C 17.96 TiO, 084 C 14.89
AlLO, 2069 Or 955 ALO; 2481 Or 1371
FeO 746 Ab 350 FeO 1073 Ab 2176
MnO 008 An 234 MnO 015 An 1015
MgO 338 Hy 2193 MgO 600 Hy 3410
Ca0D 048 ap 0.03 Ca® 202 ap 0.03
Ne,O 040 il 1.09 Ne,0 252 il 1.83
K.0 158 K,0 227
P,0;  0.02 P,0, 0.2
Total 97.36 Total 97.86
XMg  0.447 XMg 0.499

Data sources of bulk composition of the gneisses:
Yoshimura er al. (2000); Yoshimura er al. (unpublished
data). Total Fe as FeO.
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Ti partitioning among minerals in UHT granulites
Toshisuke Kawasaki (Ehime Univ)

1000°C LA EDZEREAE R %8 - o g o ¥ e —F
VK- FE T (Harley & Motoyoshi 2000) OB EGR
TREEITE, FRRAVT L OB 7 v, S5
f, V740, KEE, BVER (A=A R)
R H POMRERICRHEN TV S (Osanai et al
2001; /LA - 4 2002). Ti 2 Lz BRiES ) Hik
FERE T (Kawasaki & Osanai 2006), $H 54T, [EHFE
F (Dobrzhinetskaya et al 1996; Green et al 1997; Song
et al 2004) IZ X WA FNVOBEET # Z R EShI=L %5
2 T3,

Table 1. Chemical com-
position of starting glass.

4E, ¥7uf, #
HEA, AE~OTIO

Run no. 050331

Pressure 10.5 kbar L SR RS
Temperature ~ 1700°C  Z#Bi#h L 7= O THE
Duration 2 min +7%. HEEFETE
Capsule Gr .

Phase Gls ey X I AYBD
Si0, 44.23(84) HEFR S T==2TA4
TiO, 16.76(58) b (Kawasaki & Mo-
Al O3 12.18(21) .

Crs03 0.01(2)  toyoshi 2000;
FeO 8.72(41) Kawasaki et al 2002)
MnO 0.04(4) -q; :

s iy {2 Si02, TiOs, Al2O3
NiO 0.02(2) »FENFh, 8 16, 8
CaO 0.06(3)  wt%iNx, 105 kbar,
NapO 0.11(3) £
K,0 0.04(3) 1700°C ri%, 2L
mg 0.761(8) 'E & L7=(Table 1).

FRIERBOLR b)) o RGEHREER L
BT, BIRSEERAITo-. X#~A rar7F74
T X 0 EBRAEROHEORIEZ T, £
D—4)% Figure 1127 L7z

TilL AT OALE % 5, +4ffiOERFEFRFOTRET
D, DO S A LT 4EIOMEE S HBHT
%% (Kawasaki and Osanai 2006). ¥7 of, #J7H
f, FAETABMREO Ti LR OIS

(1) Si0: = 8i0,, (2) Ti0, = TiOy
Qtz Rt Qtz Rt

(3) Mg,Si;06 + 2Ti02 = Mg, Ti2Og
Opx Rt Opx

Figure 1. Back scattered electron image (BSEI) of a run
product (no. 050607D) synthesized at 15 kbar and 1200°C

for 266 hours in the Mo/Pt double capsule. Garnet (Grt)
includes quartz (Qtz) and rutile (Rt).

+  28i0,,
Qtz
(4} MgsAlgsigojg + 3Ti0, =
Grt Rt
MgsALTisO2 + 3Si0;
Grt Qtz

THEEND. Y umET, 6EANIEO Tid2 Mo Mg
RF?t LAY,

(5) Mg3AlgSi—;0m + MgZSiQOG + T!Og =
Grt Opx Rt

MgzMgTiSiz02 + MgAlSiOs + SiOg

Grt Opx Qtz
ORI LY AfdEh D, #HRA T, 6RO
BETIY R EDS L, 6EAIBO—MIMETRiGE LT

(6) Mg,Ti,Os + 4Si0, = [OTiSi,0 +
Opx Qtz Opx
Mg,Si2 06
Opx

RABFISATHERENRS. 2T, DIIRAAO6E
PR O T RiaERT.

CEMLEE TiN D5 &, (3)-(6) DEISR L3
RS, 7 o m-CREEA P OREOMIZITET,
ROEHE
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Figure 2. Plots of vacancy number in the six-fold and four-fold sites vs Ti in orthopyroxene (Opx) and garnet (Grt)
coexisting with rutile and quartz. O: 20 kbar/1300°C; [J: 17.5 kbar/1200°C; @: 15 kbar/1200°C.
Note: if Ti occupies the six-fold site, numeric relations among elements: NS™ + NE* > 3, NE™ + Nﬁ;‘ > 3,

NJEx

NOm
+ NSP* + NSP* > 2, and 3

NG+ NSt > 3, (7)

NE™t + NG > 3, (8)

NAP | NOw L NO

—A— + NgP* + Npf™ > 2, (9)
Opx

Sl NoP: N <2 (10)

BBV ST TH S, Figure 212, 20 kbar/1300°C
(©), 17.5 kbar/1200°C (0J), 15 kbar/1200°C (@) T
BoNBHRA LY 7 o anFT—4# %R L7z Figure 2
ITREND EDIZ, ¥2Z 0BT, TideEMOAIE
BT, 4RMOSIZEBRLTVWALELILNS. &
AR, HFEETIL TiX6RMIMEL 5D, Bt
PRTHEDICTIRT L REOKTFRMEFRL, [
FRCARMIEAZ 5D TWAEEZ NS,

BEXH

Dobrzhineskaya et al 1996 Science 271 1841-1845

Green et al 1997 Tectonophysics 279 1-21

Harley & Motoyoshi 2000 Contrib Mineral Petrol 138
203-307

Kawasaki & Motoyoshi 2000 Polar Geosci 13 114-133

Kawasaki et al 2002 Gondwana Res 4 749-756

Kawasaki & Osanai 2006 in preparation

/MUPS - EH 2002 #E == —2 573 10-26

+ NP + NOP < 2, should be satisfied.

Osanai et al 2001 Polar Geosci 14 1-24
Song et al 2004 Am Mineral 89 1330-1336
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The surface of the water appeared in spring around the shore of Lake Hiroe,
Breidvagnipa
Takaharu Sato (Hiroshima Univ.), Shinya Sakanaka (Akita Univ.), Tatsuru Sato (Sapporo District Meteorological
Observatory), Shigeki Tasaka (Gifu Univ.), Hiroshi Takahashi (Meteorological Agency) and Jyunnichi Fujii
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A recent deposition event of thenardite appeared in sediment cores from
Lake Oyayubi
Takaharu Sato, Kazuhiko Takeda, Makio Ookawa (Hiroshima Univ.), Koji Seto (Shimane Univ.), Shinya
Sakanaka (Akita Univ.), Takeshi Uemura (NIPR) and Kuniko Egawa (Japan Hydrographic Association)
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Glacial fluctuation and warming event since mid-Holocene

in the East Antarctica
MAEMOKU Hideaki (Hiroshima Univ.) , MIURA Hideki (NIPR),
IWASAKI Shogo (NIPR) and YOKOYAMA Yusuke (Univ. of Tokyo)
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FHERMICERE NP AV ATy I VIO
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TE3 BEBICEVWTHESHCThIENNEK
HETESE, BEEYIIROERSE EFER DB
REBWTETRTINRA2 I EHNED - D

(Maemoku etal, 1998), |EiTIREEXERICIE
T BTIEN G - fefedhic, BKEBEEYT
BEERY, RRLZFOTEMIETINBICEEE
S2TER, ZEOLSBRROPT, Miura et al

(2002) &, HEBBIE - Ua v - RILLBE, A7
W7 ZRADEZF VIRICEVWTIEREIRS - b
BOWEBEETE, BEHNSRBICE<BD 17
BROTERHOEEL, TOHELHEEBEOEE &
JURMMER(LED “CERLEHEEOBRER
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TW3 (SHEED, 2002),
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BLOIHWLWSRETh TV, HIZIE, BB - O
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DI A—ILRTHBEEAD. £TITHEDTHEN
INEBE 13 AICDWT, BERAFICEWTC
FRBIEET R~ Tc. Y 7 B0% Ty F 750
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“CEEIKEFHALEL FRECEFHER
CALIB501 (Stuiver and Reimer,1993) ZBW
marine04 EFILT, BEREICET SHEDR
1300+£100 F%AL TEH U Berkmanand
Foreman, 1996),

“CHEARMBIZB LD v YUhhoiERENicH
#AH 5530 cal BP &RUTciEFMNE 2200~750
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DT - WBESEH S, EIIHEEDICHT 558
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K EHBKERED S T0-80mBID & & 2 F THER
LTwWe BEKEETHS 1400cal BP DEBAHE
HE 20T, HEBRETENICTKARES Dl
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East Antarctic Glaciations during the Late Quaternary
recorded in cosmogenic nuclides along the Skarvsnes coast.
Masako Yamane, Yusuke Yokoyama (Univ. Tokyo), Hideki Miura (NIPR),
Hideaki Maemoku (Hiroshima Univ.), Syogo Iwasaki (NIPR), Hiroyuki Matsuzaki (Univ. Tokyo)
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When was a moraine formed on the north wall of Mount Ty6t6, Langhovde?
MORIWAKI Kiichi (NIPR)
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Telluric current monitoring at Syowa Station
Shin’ya Sakanaka (Akita Univ.), Yoshihumi Nogi, Akira Kadokura (NIPR),
and Takeshi Uemura (Graduate Univ. for Advanced Studies)
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Tidal Observation with GPS buoy at Syowa station, Antarctica

Kuniko Egawa (Japan Hydrographic Association), Takeshi Uemura
(Graduate Univ. for Advanced Studies), Shinya Sakanaka (Akita Univ.),
Kazuo Shibuya, Koichiro Doi, Yuichi Aoyama (NIPR)
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A study of regional ice sheet mass variation in Antarctica using GRACE data

Keiko Yamamoto, Yoichi Fukuda (Graduate School of Science, Kyoto University)
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REGIONAL ISOSTASY OF SOUTHEAST INDIAN RIDGE

KHAMIS, Hamad Bakar - University of the Ryukyus
MATSUMOTO, Takeshi - University of the Ryukyus
NOG]I, Yoshifumi — National Institute of Polar Research

The Southeast Indian Ridge (SEIR)
separates the Indo-Australian and
the Antarctic plates. It extends from
Macquarie to the Rodrigues Triple
Junctions. Rifted high morphology
is common structure in the SEIR
which is the most observed along
the East Pacific Rise but also axial
valley morphology exists in the
eastern part of SEIR as observed
along the Mid-Atlantic Ridge.
Therefore the study region shows
both fast and slow spreading Mid-
Oceanic Ridge characteristic. In
this study the area between 70°E to
120°E and 30°S to 60°S along the
SEIR was covered. (Fig.l).
Therefore the study area is between
Amsterdam hot spot to the west and
Australian-Antarctic Discordance to
the east.

The gravity and topography data
along several profiles selected
across the SEIR have been analyzed
using cross-spectral analysis in
order to investigate the isostatic
compensation of the region. The
geophysical data in this study was
obtained from SHIRASE data
during Japanese Antarctic Research
Expedition and NGDC marine track
line data used for analysis are
plotted in Fig. 1.

The geophysical investigation
conducted in this study (Fig.2)
shows that  the  isostatic
compensation is less in the western
part of the study area than in the
eastern, and the elastic thickness
range between 24km to 11km.

The previous studies show that the
eastern and western parts of SEIR
have different morphology on the
ridge topography. Axial high,
shallow axial valley and Mid-
Atlantic Ridge type deep axial valley
are observed along the ridge
although the whole SEIR is
characterized by  intermediate
spreading rate. Axial depth
increases by 2100m, while off-axis
depth increased only by 500m
toward the east. Also the SEIR
shows systematic pattern in
roughness between axial high and
axial valley. The presence of a
magma chamber in the western part
of the study area implies weaker
axial lithosphere and this cause the
roughness to be lower near the
center of the segments relative to
the segment ends.

The results of these previous works
are consistent with the result of
analysis in the current gravity study.
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Figurel. The track lines covering the study area taken from SHIRASE data and NGDC
marine track line data.
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The evolution of Southwest Indian Ridge based on seafloor topography
and geomagnetic anomaly
Takeshi Matsumoto(Univ. of the Ryukyus), A. Graham Baines, Michael J. Cheadle(Univ. Wyoming),
Henry J.B.Dick(Woods Hole Oceanographic Institution), Allegra Scheirer(U.S. Geological Survey)
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Upper mantle anisotropy beneath the Antarctic plate using
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The structure of mantle discontinuities under the Lutzow-Holm Bay region
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Rundvigshetta ERE/-¥ 27 v B/ BA D Rb-Sr * Sm-Nd ZEHER
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Rb-Sr and Sm-Nd mineral ages of biotite-garnet gneiss from Rundvagshetta,
East Antarctica

T.Miyamoto (Kyushu Univ.), Y.Yoshimura (Kochi Univ.), Y.Motoyoshi (NIPR),
D.J.Dunkley (NIPR)

Liitzow-Holm Complex consists of
amphibolite to granulite facies metamorphic rocks
in East Antarctica. Reconstruction  of
metamorphic  pressure-temperature-time  (P-T-t)
path is an important work in the complex task of

- unravelling the tectonic evolution of mountain belts.

Considerable geochronological works have been
done for identification of the metamorphic age of
each outcrops and relation to the neighbor terranes,
and reconstruction of landmark during past
plate-movement. Dating results got by SHRIMP
U-Pb dating method and CHIME method
concentrated to 520-550 Ma, and were regarded as
the period of peak metamorphism at the
Liitzow-Holm Complex (Shiraishi et al., 1994).
Many chronological studies decide the timing of
peak metamorphism and the ages of older igneous
activities from detrital materials in the
Liitzow-Holm Complex; however, chronological
studies for post-peak thermal evolution are few.

The Rundvéagshetta is a south exposure
with the highest metamorphic grade on the
Liitzow-Holm Complex. The basement rocks of
Rundvégshetta are granulite facies metamorphic
rocks as pyroxene gneiss, biotite-homblende gneiss,
garnet-biotite gneiss and garnet gneiss (Motoyoshi
et al., 1989; Hiroi ef al., 1991). Yoshimura ef al.
(2003) founded a quartz-sapphirine coexisting as
inclusion in garnet from
sapphirine-garnet-orthopyroxene. ~ Fraser er al.
(1995; 2000) suggested cooling history of
Rundvagshetta after combination SHRIMP U-Pb
age of zircon with K-Ar and Ar-Ar mineral ages for
metamorphic rocks and previously reported P-T
path during metamorphism. It is important that
regional dating results with common method are
necessary for considering about geological history.
Rb-Sr and Sm-Nd dating methods are popular and
applied for other localities of Liitzow-Holm
Complex to reveal the age of geothermal activities,
however, here are poor reports about for southern
area of Liitzow-Holm Complex including
Rundvégshetta. Therefore, we analyzed Rb-Sr
and Sm-Nd isotope compositions of rock sample for
precise understanding of P-T path after peak

metamorphism of Rundvagshetta.

A sample for dating is a block composed
of garnet-pyroxene gneiss and garnet-biotite gneiss
bounded by quartzo-feldspathic layer with Smm
thickness. The gamet-pyroxene gneiss is
composed of garnet, orthopyroxene, plagioclase and
quartz. IImenite and apatite are present as a minor
phase.  Grain sizes are Imm or less. The
garnet-biotite gneiss forms a layer with 1 to 4 cm
thickness. The gneiss is composed of garnet,
biotite, orthopyroxene, plagioclae, and quartz.
IImenite and apatite are present as a minor phase.
Some gamnet, orthopyroxene and biotite are
coarsened up to 5mm, and partly aggregated to
clusters in the layer. The coarse gamnet and
orthopyroxene include fine quartz, plagioclase and
biotite. In the matrix, the coarse garnet and
orthopyroxene are mantled by coarse biotite.

Small (0.25-0.35mm scale) garnet, biotite
and felsic fraction collected from the gamet-biotite
gneiss were analyzed with pulverized powder of the
gneiss. Rb-Sr isotope compositions of the bulk
rock and mineral fractions plot linearly on the
isochron diagram. The regressed line has a slope
with an age of 458 + 1 Ma, and intercept at *’Sr/**Sr
= 0.74915 £ 0.00037 on the isochron diagram.
Sm-Nd isotope compositions of bulk rock and
mineral fractions also define a line with an age of
451 + 5 Ma, and intercept at "*Nd/'*Nd = 0.51129
+ 0.00004. Biotite is only found in layered
garnet-biotite gneiss in the rock sample that is
composed of unhydrous minerals. Coarse garnet
and orthopyroxene include fine biotite, and mantled
by coarse biotite. Thin quartzo-feldspathic layer is
found next of the garnet-biotite layer. Rb-Sr and
Sm-Nd isotope compositions show similar isochron
ages. This probably shows that the biotite formed
during a hydrothermal activity after forming
associated rock during metamorphism. And, the
activity could be coarsend garmet and
orthopyroxene. Fraser et al. (1995) defined K-Ar
biotite age with 445.1 + 5.1 Ma for linear pegmatite
from Rundvagshetta. The hydrothermal activity
was probably related to the pegmatite intrusion.
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Exsolution textures in Grt-Sil-Bt gneiss from the northeastern
group of the Ser Rondane Mountains, East Antarctica

Tatsuro Adachi (The Graduate University for Advanced Studies),
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Fig. 1
Rutile exsolution in garnet in Grt-Sil-Bt gnei:

Fig. 2
Rutile exsolution in quartz in Grt-Sil-Bt gnei
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Ferropseudobrookite exsolution in quartz from Napier Complex, East Antarctica
Akira MIYAKE', Tomokazu HOKADA?, and Yohei TORIGOE'

1: FERFREREBZHER (Kyoto Univ.)
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REFLECTION IMAGING OF THE CRUST AND THE LITHOSPHERIC MANTLE
IN THE LUTZOW-HOLM COMPLEX, EASTERN DRONNING MAUD LAND,
EAST ANTARCTICA, DERIVED FROM SEAL TRANSECT

M. Kanao ‘), A. Fujiwara ®, H. Miyamachi ®, S. Toda *’, K. Ito® , M. Tomura ®, T. Ikawa

“'National Institute of Polar Resaerch, “GEOSYS Inc., “'Faculty of Science, Kagoshima University,

“)Faculry of Education, Aichi Education University, “)Disaster Prevention Research Institute, Kyoto University

Deep structure and evolution of the crust and upper
mantle viewed from East Antarctic Shield have
sufficient significance involving continental growth in
Earth's history. In this paper, we demonstrate
lithospheric structure of the early-Paleozoic crust of the
Litzow-Holm Complex (LHC), Eastern Dronning
Maud Land, East Antarctica. LHC locates among the
and West-
Gondwana super-continent.  The "Structure and
Evolution of the East Antarctic Lithosphere (SEAL)"

project has been carried out since 1990” in a framework

paleo-collision zones between East-

of the Japanese Antarctic Research Expedition (JARE).
Several geophysical studies including deep seismic
refraction / wide-angle reflections have been conducted
at the LHC. In the austral summer in 2000, and 2002,
deep seismic surveys were conducted on continental
ice sheet in northern part of the Mizuho Plateau of the
LHC.
geophones were planted on the plateau 190 km in
A total of 8300kg dynamite

In both surveys, more than 170 plant-type 2 Hz

length of transect lines.
charge at the fourteen sites on the Plateau gave
information involving deep structure of a continental
margin of East Antarctica

Wide-angle travel-time analyses revealed the crust-
mantle boundary takes values ranging from 38-42 km
along the profiles, with velocities of the upper crust,
the middle crust, the lower crust and the uppermost
mantle, about 6.2, 6.4, 6.5 and 8.0 km/s, respectively.
Deepening of the crust-mantle boundary less than 5 km
in depth was identified in the profile of SEAL-2000,
which almost perpendicular to the coastal line. The

velocities in surface bedrock layer in the SEAL-2002
profile, in contrast, have variations in 5.9-6.2 km/s,
which corresponds to the metamorphic grade of the
surface geology from amphibolite to granulite facies.

Additionally, clear reflection phases from the
crust-mantle boundary, together with some 1nner
crustal reflections were identified by re-analysis for the
same record sections. Laminated layered structure
around the crust-mantle boundary was clarified by the
coherency enhancement processing after NMO
correction applied to very far offset data for both the
profile in SEAL- 2000 and -2002. The CMP stacking,
however, was not so effective due to the following
reasons,

A. The interval of receiver points is too sparce

(1.0km)

B. Shot point interval is also very sparce (30km)
C. PmP reflection appears only on the very far offset
data (more than 50km)

Regarding the above problem, it was considered
very promising for reflection data processing
associated with refraction method, if shorter interval of
receiver points, say less than 200m, is adopted in the
future.

Relatively complicated crustal structure
characterized by the reflection section in SEAL-2000
and 2002 indicates the influence of the compression
stress in NE-SW direction during the Pan-African;
which means the last stage of continent-continent
collision between East- and West-Gondwana super-

terrains.
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Monitoring Local Crustal Deformation by using the GPS Remote Base Station in
Langhovde (V)

Seiji OKAMURA, Yoshifumi HTIRAOKA, Isao KIMURA, Hiroki SHIRAI
(Geographical Survey Institute)
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Measurement of Ice sheet Movement around S16,Antarctica by GPS
Observation

Seiji OKAMURA, and Yoshifumi HIRAOKA (Geographical Survey Institute)
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T phase and non-tectonic signals from seismograms
at and around Syowa Station
K. Nawa (GSJ, AIST), N. Suda (Hiroshima Univ.), and M. Kanao (NIPR)
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Genesis of granitic rocks from Akarui Point in the Lutzow-Holm Complex, East Antarctica
S. Kagashima (Yamagata univ.), M. Satish-Kumar (Shizuoka Univ.), Y. Suda, Y. Motoyoshi
(NIPR), Y. Hiroi (Chiba Univ.) and N. Ishikawa (Kyoto Univ).
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Sr, C and O isotopes and REE geochemistry of marbles

from Liitzow Holm Complex, East Antarctica

M. Satish-Kumar, (Shizuoka University); T. Miyamoto, (Kyushu University);
J. Hermann (ANU); Y. Motoyoshi, (NIPR); Y. Osanai (Kyushu University)

Marbles and metacarbonate rocks are
important in understanding the geodynamic evolution
of the continental crust, because these rocks are
geochemically distinct and represent the remnants of
marginal sea sediments that existed in a possible
collisional environment. Extensive supracrustal
sequences comprising metapelitic rocks and marbles
are commonly observed in mobile belts around the
world. Litzow Holm Complex (LHC) in East
Antarctica is not an exception to this. Here, thick and
extensive horizons of marbles are interlayered with
metapelitic and metapsammitic gneisses along a
stretch of about 400 km in the Prince Herald, Soya
and Prince Olav Coasts. In this presentation, we
summarize the current status of our understanding on
the Sr, C and O isotope and REE geochemistry of
marbles from LHC and discuss the usefulness of
marbles in deciphering the fluid-rock evolution of the
region.

Marbles occur as comparatively thin bands, up
to about 100 meters in thickness with several
kilometers of strike length, intercalated with pelitic
and  psammitic  gneisses and  granulites.
Mineralogically marbles comprises alternating layers
of more than 90% carbonates, calcite and/or dolomite,
and layers enriched in calc-silicate minerals. The
dominant calc-silicate minerals include diopside,
forsterite, tremolite, phlogopite, spinel and
occasionally humite group minerals. Accessory
phases include graphite, apatite and titanite. Earlier
studies focused on the petrological significance of
marbles and cale-silicate rocks (e.g. Hiroi er al,
1983; Satish-Kumar ef al., 2006a, 2006b). In addition,
some studies also emphasized the usefulness of
carbon and oxygen isotopic composition in
deciphering the fluid-rock history of the terrain (e.g.
Satish-Kumar ef al., 1998). Marbles are also useful in
estimating the peak metamorphic temperature
condition using carbon isotope  exchange
thermometry between calcite and graphite (Satish-
Kumar and Wada, 2000).

Recent studies on grain to sub-grain scale
strontium, oxygen, and carbon isotope in

combination with the insitu trace and REE
geochemistry of carbonates, scapolite and associated
minerals in marble horizons helped in understanding
the fluid processes in the Liitzow Holm Complex.
Two distinct types of marbles are recognized in the
region: 1) Marbles that preserve pre-metamorphic
geochemical signatures and 2) marble horizons with
isotopic and REE signatures that suggest a protracted
multistage fluid-rock interaction. Based on extensive
textural, mineralogical, isotopic and geochemical
features, we were able to decode fluid-rock
interaction events during different stages of
metamorphic evolution. We also discuss the
significance of marbles in understanding the
geodynamic evolution of the terrain of LHC in an
east-west Gondwana tectonic context.
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equilibrium between calcite and graphite in
Skallen Marbles, East Antarctica: Evidence for
preservation of peak metamorphic temperatures.
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microfractures in calcite from a marble from East
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isotopic zonation. Geology, 26, 251-254.
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Y. (2006a): Carbonation of Cl-rich scapolite
boudins in Skallen, East Antarctica: Evidence for
changing fluid condition in the continental crust.
Journal of Metamorphic Geology, 24, 241-261.

Satish-Kumar, M., Motoyoshi, Y., Suda, Y., Hiroi, Y. and
Kagashima, S. (2006b): Calc-silicate rocks and
marbles from Liitzow-Holm Complex, East
Antarctica, with special reference to the
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calc-silicate mega-boudins from Rundvagshetta.
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Outline of geology in the Sor Rondane Mountains with GIS

Yuhei TAKAHASHI (AIST Tohoku Collaboration Center)
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Crystal size distribution and chemical composition of garnet in quartzofeldspathic
gneisses of the Liitzow-Holm Complex in Skallen, East Antarctica
Takeshi Ikeda, Saori Goto (Kyushu Univ.)
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Report on surveys of groundwater discharge into the ocean and lakes near
Syowa Station, Antarctica
Takashi Uemura (Graduate University for Advanced Studies), Makoto Taniguchi (Research Institute
for Humanity and Nature), Koji Seto (Shimane Univ.) and Kazuo Shibuya (NIPR)
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Tectonic setting of precursory rock of sapphirine-bearing garnet-orthopyroxene granulite.

Sotaro BABA® (Univ. Ryukyus) * Brian F. Windley (Univ. Leicester)
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Mineral chemistry of the ultrahigh-temperature metamorphic rocks from
Rundvégshetta in the Liitzow-Holm Complex, East Antarctica
Yasutaka YOSHIMURA (Kochi Univ.), Tomoharu MIYAMOTO (Kyushu Univ.) , Yoichi
MOTOYOSHI (NIPR)
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Paleomagnetic results from rocks at Cape Hinode in the Prince Olav Coast area,
East Antarctica
Ishikawa, N. (Kyoto Univ.), Motoyoshi, Y. (NIPR), Hiroi, Y. (Chiba Univ.), Satish-
Kumar, M. (Shizuoka Univ.), Kagashima, S. (Yamagata Univ.), and Suda, Y. (NIPR)

East Antarctica has been considered to have composed
East Gondwana with Australia and India during early
Neoproterozoic formation of Rodinia. East Gondwana
has been also assumed to have behaved as a single
craton in the period from the break-up of Rodinia to
the assembly of Gondwana. Recently, tectonic blocks
with different movements and thermo-tectonic events
have been suggested in East Antarctica (e.g.,
Fitzsimons, 2000).

The Liitzow-Holm Complex (LHC), extending along
the Prince Olav Coast and Liitzow-Holm Bay region
between 39°E and 45°E in East Antarctica, is a meta-
morphic belt of amphibolite to granulite facies. The
metamorphic grade increase from east to west (Hiroi
et al, 1991). The LHC provides geochronological data
of about 500 Ma, indicating that the LHC had suffered
the Pan-African orogenic event related to the final
amalgamation of Gondwana (e.g., Shiraishi et al,
1994). Previous paleomagnetic data of metamorphic
and igneous rocks from exposed areas in the Liitzow-
Holm Bay has been interpreted to support the amalga-
mation event; those VGP positions are close to early
Cambrian paleomagnetic poles of Gondwana .

At Cape Hinode area in the Prince Olav Coast(42.7°E,
68.1°S), metamorphic rocks of granulite facies was
recognized recently (Hiroi et al, 2005), whereas
amphibolite-facies metamorphic rocks are exposing in
the surronnding area. SHRIMP zircon ages of about
1.0 Ga were reported from the metamorphic rocks in
Cape Hinode area, and there are no evidence for ~500
Ma event in zircons in the rocks (Shiraishi et al, 1994).
The Cape Hinode area has been thus regarded as an
extraneous block (called Cape-Hinode block (CHB) in
this study) in the Liitzow-Holm Complex. In order to
investigate tectonic relationships between the LHC
and CHB, a paleomagnetic study was performed on
rock samples collected from metamorphic rocks and
intrusive rocks in Cape Hinode area at 12 sites. K-Ar
and Ar-Ar mineral ages (homblendes and biotites) of
530-480 Ma were reported from the metamorphic
rocks and pegmatites, and were interpreted as cooling
ages of the CHB (Fraser and McDougall, 1995).

Paleomagnetic analyses revealed the presence of sta-
ble remanent magnetic components carried by
magnetite and/ or hematite. Progressive demagnetiza-

tion results indicated the existence of two stable mag-
netic components. The low-temperature components,
isolated generally below ~360°C, were interpreted as
the secondary component imparted under the recent
geomagnetic field. The high-temperature (HT) com-
ponents were observed in the temperature ranges
higher than about 500°C, and carriers of the HT com-
ponents were considered to be magnetite for meta-
morphic rocks and basic dike/sill, and magnetite and
hematite for granite.

Five characteristic directions of the HT components
were obtained from six sites of anorthositic gneiss,
basic sill, granite and basic dikes (Fig. 1). The direc-
tions with no tectonic correction are well grouping ,
and are close to paleomagnetic directions from the
LHC at the Liitzow-Holm Bay area and expected
directions form ~500-Ma paleomagnetic poles of East
Gondowana and Gondowana. According to the K-Ar
and Ar-Ar mineral ages, it is inferred that the HT
components of the CHB isolated in this study might
have been acquired at around 500 Ma. The direction-
al relationship shown in Fig. 1 may imply that the
CHB might have been located near the LHC at that
time.
N
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basic dike ';.12
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Fig.1 Equal-area plots of directions of high tempera-
ture (HT) magnetic components.
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Petrogenesis and paleo-magmatic processes of metamorphosed
ultrabasic and basic rocks in the Liitzow-Holm Complex, East Antarctica
Y. Suda (NIPR) and Y. Kawano (Saga University.)
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Metamorphic and magmatic processes in Dronning Maud Land, East Antarctica
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The mode of occurrence and the characteristics of fluid

inclusions in corundum from Sri Lanka
J.Torimoto(Grad. Sch. Sci., Hokkaido Univ.), H.Matsueda(The Hokkaido

Univ. Museum), S.Taguchi(Fae. Sei., Fukuoka Univ.) and
M.D.P.L.Francis(COE, Hokkaido Univ.)

1. Introduction

Sri Lanka has been known as famous district
producing various gemstones since ancient times.
Especially, corundum is famous for its large size,
good quality, color variety such as blue, purple,
orange, yellow, white, star sapphires.

Many fluid inclusions are assumed in these
corundums, and they are studied by several
researchers such as Grubessi & Marcon (1986),
Schmetzer & Medenbach (1988), and Francis et al.
(2003) in past. Fluid inclusion study is quite
important to clarify the formation conditions of
corundum and its metamorphic process of host
rocks, but the detailed study on the characteristics
of fluid inclusion is not always enough in present.

In this study, it is aimed to investigate
preliminarily on the mode of occurrences and
characteristics of fluid inclusions in corundum
based on the microthermometry and Laser Raman

spectrometry.

2. Geological background and mode of occurrence
of corundum

Most of high quality corundums are collected
from alluvial deposits distributing in Highland
Series metamorphic rocks of granulite faces in the
central Sri Lanka. Few in-situ corundum deposits

are found Balangoda region in southeastern part
of Highland Series, but gem quality stones are
rare in these deposits. They were formed at the
high-grade metamorphic conditions corresponding
to Pan African event at ca 550Ma (Kroner et al.,
1991)

There are two types of host rocks for corundum
in this region, one is granulitic gneiss and the
other is calc-silicate granulite. The former,
consisting of biotite, sillimanite, K-feldspar,
plagioclase, graphite and spinel with corundum,
was found as a narrow band within the biotite
gneiss. Corundum crystals are surrounded by
spinel and/or K-feldspar. The latter consisting of
spinel, plagioclase, scapolite and phlogopite with
corundum occurs in narrow streams and valleys as
boulders and angular units. They are surrounded
by plagioclase. (Francis et al., 2003)

3. The mode of occurrence of fluid inclusion

Fluid inclusions in corundum are classified
into four types by Francis et al. (2003). The first
types of inclusions are characterized by primary
inclusions of single liquid phase with sizes of 40 to
500um in diameter and with general cylindrical
shapes. It is most common in occurrence. The

second are characterized by primary inclusions



accompanying gas bubbles and/or solid inclusions
with generally large sizes in the range of 150 to
900um and with usually oblong square or polygon
shapes. The third is rare but is characterized by
primary inclusions with small gas or solid
inclusions with the largest sizes ranging of 300 to
900um and with uncommon hexagon shapes. The
fourth are uncommon type characterized by
secondary inclusions. The sizes are small in the
range of 10 to 70um and the shapes are variable.
Daughter minerals occur within the fluid
inclusions of the second and third types. Two types
of daughter minerals are distinguished: one is
black, platy, hexagonal shaped and the other is
thin, transparent, needle-like to tabular crystal.

“ 5

A

Photo.1 The mode of occurrence of fluid inclusions in

corundum.

4. Summary and conclusions

According to the microthermometry and the
Laser Raman spectrometry of the fluid inclusions
in corundum, the melting temperatures (T'm) of
primary and secondary fluid inclusions tends to
show each -58.0 ~ -57.0C, -58.3 ~ -57.7C (Fig.1)
and the homogenization temperatures (Th) of
primary and secondary ones show -23.1 ~ 6.3C,
27.7 ~ 29.9°C, respectively (Fig.2). It is indicated
that the density and purity of primary inclusions
are higher than secondary one.
They contain CO: gas, and daughter minerals

such as corundum, diaspore and graphite are also
detected in the inclusions. Considering the
abundance of primary CO: inclusions and graphite
as daughter mineral in corundum, it is suggested
that CO: fluids have played significant role for
corundum and graphite formations. Considering
the results of this study, onme of assumable
formation reactions for graphite might be as
follows; 2CO=CO2+C

=565 =57 5715 -58 -585
c
[= primary msecondary |

Fig.1 Histogram of melting temperatures of fluid inclusion in

corundum.
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Fig.2 Histogram of homogenization temperatures of fluid

inclusion in corundum.
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Fluid inclusions in ultrahigh-temperature granulites from Priestley Peak in the Napier

Complex, East Antarctica
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Impact of impact on remanent magnetization: Lonar crater in India
Itoyuki Nishioka (Soken Univ.), Minoru Funaki (NIPR)
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UHT crustal processes: a view from felsic rock
T. Hokada (NIPR), S. Suzuki (Nagoya Univ.)

Introduction

Felsic orthogneiss is a common
constituent in various granulite-facies terranes.
Because of its relatively simple mineral
assemblage, which is stable over a wide P-T
range, such gneisses have not been regarded as
a useful lithology for estimating metamorphic
conditions and processes. The protolith of the
felsic orthogneisses are in many cases regarded
as igneous rocks whose geochemical
characteristics are useful for evaluating the
original magmas. However, less attention has
been paid to the effects of the compositional
modification, even if minor, during the
high-grade metamorphism. In view of felsic
orthogneisses occupying such a large proportion
of high-grade metamorphic terranes, a tool to
investigate their metamorphic and chemical
processes should be needed.  This study
proposes  feldspar mineral texture and
composition to use for discussing the
high-grade metamorphic processes including
the chemical behavior controlled by fluid and/or
partial melting.

Felsic orthogneiss samples

Six felsic orthogneiss samples used in
this study were collected from the Mt
Riiser-Larsen area within the UHT zone of the
late Archaean - early Proterozoic granulite
terrane of the Napier Complex. Felsic
orthogneisses are dominant in the area, and are
roughly  classified into tonalitic  and

granodioritic compositions (Suzuki et al., 1999).

Peak metamorphic conditions in this area were
estimated to be >1100 °C (e.g., Harley and
Motoyoshi, 2000; Hokada, 2001). The felsic
orthogneisses have been completely
recrystallized at such UHT conditions and
contain the anhydrous mineral assemblage of
quartz + antiperthite + orthopyroxene +
clinopyroxene for tonalitic samples (sp.
§§897012101, SS97011505, SS97011304) and
quartz + mesoperthite + orthopyroxene for
granodioritic  samples (sp. SS97021102,
S597012401, SS597020402). Magnetite,
ilmenite, apatite and zircon are minor. Quartz,
feldspars and pyroxenes show granoblastic
textures and typically lack alignment of the
crystals. Fine monazite grains (<10 pym) are
occasionally found within or around apatite
crystals.

Antiperthite and mesoperthite
Needles or rods of 20-50 um diameter
are developed as exsolution lamellae in

antiperthite, whereas thin plates of less than 10
um thickness comprise the lamellae of
mesoperthite. ~ For both antiperthite and
mesoperthite,  exsolutuion  lamellae  are
commonly restricted to the cores of feldspar
grains, whereas a lamella-free area less than
100 pm wide, is developed at the rim. No
significant compositional differences between
lamella-free rim and the host part in the
lamellae-rich core can be seen. To assess the
compositional variation within single crystals,
such as lamellae-rich core and lamellae-free rim,
pre-exsolution one-phase original compositions
have been calculated separately for feldspar
whole-grain (w) and for core (c) where
exsolution lamellae is concentrated.

Results and discussion

Antiperthite in three 'tonalitic'
samples have pre-exsolution compositions of
feldspar core (an:ab:or = 20-28:53-56:17-28)
and whole grain compositions of (an:ab:or =

24-29:58-63:13). Mesoperthite in three
'granodioritic’ samples have pre-exsolution
compositions of core (an:abior =

15-17:37-48:36-48) and whole grain (an:ab:or =
18-20:45-56:24-37) (Fig. 1). Several models
of the ternary feldspar solvus (Fuhrman and
Lindsley, 1988; Lindsley and Nekvasil, 1989;
Elkins and Grove, 1990) suggest that these
recovered feldspar compositions were stable at
over 940-1100 °C for core (¢) and 850-1070 °C
for whole-grain (w) except for the extremely
high temperatures (~1170 °C) calculated by the
model of Elkins and Grove (1990). These
estimated temperatures (at least 850 °C up to
1100 °C), which correspond to the minimum
peak temperatures recorded in the examined
felsic orthogneiss, are consistent with the
previously reported peak  metamorphic
conditions in the Mt Riiser-Larsen area (e.g.
Harley and Motoyoshi, 2000; Hokada, 2001).
Feldspar crystals constitute large proportion of
the rocks, and the formation of ternary
one-phase feldspar replacing the pre-existing
plagioclase-alkali feldspar pairs needs extensive
recrystallization during UHT metamorphism.
Such pervasive recrystallzation might have
happened with melt-present processes in such
high temperature conditions, nevertheless no
obvious petrographic evidence such as
migamtitic structure or euhedral crystal shape
or zonal structure which can be indicative of the
presence of the melt during metamorphism,
cannot be seen in these rocks. Differences
between recovered one-phase feldspar core and



whole grain compositions reported here are
keys for understanding the process to crystallize
ternary feldspar in UHT conditions.

When taking into account the results
of feldspar cores giving higher temperatures
than feldspar whole-grain, the mechanisms may
be related with one (or some) of the following
possibilities: (1) Feldspar core-rim variation
records original growth compositional zoning

with temperature drop, and, hence, the
lamella-free (orthoclase-poor) rim is the
retrograde product post-dating the core

formation at the metamorphic peak. However,
any metamorphic reactions to form this texture
is not reliable because no other obvious
retrograde phase to be equilibrated with the
lamellae-free rims has been observed in the
rock. (2) Feldspar grains were originally
homogeneous at the peak of metamorphism,
and the lamella-free rim later formed by
inter-crystalline  diffusion during cooling.
Precipitation of exsolution lamellae within the
host crystal during cooling is largely controlled
by the effective distance of intracrystalline
diffusion, and it may be possible that nucleation
of exsolution lamellae is prohibited at the area
close to the grain edge where lamellae
component can be easily diffused away toward
the outside of the host crystal to precipitate an
independent crystal. In this case, the width of
lamella-free (orthoclase-poor) rim is controlled

by the diffusion kinetics of orthoclase
component in ternary feldspar. (3)
Fluid-related process to remove KO

component in the rim of feldspar grains
(dissolution of pre-existing ternary feldspar and

re-precipitation of low-K,O feldspar) caused by
the infiltration of fluid along grain boundary
may be possible. This is, however, not
supported by  petrographical  evidence
suggesting the infiltration of fluid in the rock.
(4) Ternary feldspar crystals may have been
precipitated from partial melt during UHT
metamorphism, and the change of feldspar
composition from core to rim is controlled by or
the function of the coexisting melt compositions.
Although no obvious petrographic evidence to
suggest the presence of partial melt during
metamorphism can be seen in the rock as
discussed above, it is quite possible for
quartzo-feldspathic rocks to be partially molten
at such high metamorphic temperatures as up to
1100°C even in the dry condition. Discrete
processes and conditions to generate partial
melt under UHT conditions and to precipitate
ternary feldspars in the presence of melt in
these rocks are beyond the scope of this paper,
but they should be important targets to be
assessed by the future study.

References: Elkins & Grove (1990) Am. Mineral.,
75, 544-559. Fuhrman & Lindsley (1988) Am.
Mineral., 73, 201-215. Harley & Hensen (1990)
In: High-Temperature Metamorphism and Crustal
Anatexis, 320-370. Harley & Motoyoshi (2000)
Contrib. Mineral. Petrol., 138, 293-307. Hokada
(2001) Am. Mineral., 86, 932-938. Hokada et al.
(2003) Precamb. Res., 127, 215-228. Kroll et al.
(1993) Contrib. Mineral. Petrol., 114, 510-518.
Lindsley & Nekvasil (1989) EOS, 70, 506. Suzuki
et al. (1999) Polar Geosci., 12, 101-125.
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Fig. 1 Ternary plots of feldspar compositions along with re-integrated recovered one-phase compositions.
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