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Abstract The Larsemann Hills are located in the central part of the Prydz tectonic belt in East Antarctica. The study of granulite
metamorphism of this area is essential to understanding the tectonic nature of the Prydz belt. The petrographic study of the garnet-
bearing mafic granulite boulder collected from the region demonstrates that pre-peak prograde mineral assemblage (M1) consists of hb
+opx  cpx + pl + bi +ilm + q £ mt, and peak metamorphic assemblage (M2) comprises g + opx + cpx + hb + ilm + mt + q, whereas
the symplectite opx + pl + bi + ilm + mt represents a superimposed assemblage ( M3) associated with a decompression event. Mineral
chemistry shows that garnets and orthopyroxenes in the mafic granulite have weak compositional zonings. Through the use of
THERMOCALC program, the thermodynamic modeling in the NCFMASHTO system has been undertaken for the mafic granulite.
Combined with conventional thermobarometers and the average P-T estimates, P-T conditions of the different metamorphic stages are
estimated as 650 ~750°C /5.5 ~6.5kb (M1), 850 ~950°C/8 ~8.5kb (M2), and 800 ~900°C/5.5 ~6.5kb (M3), respectively.
Its metamorphism evolution of the mafic granulite is a typical post-peak isothermal decompression (ITD) clockwise P-T path. Compared
with the mafic granulites in this region, we argue that this sample may originate from basement in Larsemann Hills. Combined with
available chronological data in the region, it is suggested that the peak metamorphism likely corresponds to the Greenville high-grade
tectonism, whereas post-peak retrograde metamorphism may be related to the Pan-African high-grade tectonism, implying that the Pan-
African Prydz belt could be an intracontinental mobile belt.

Key words Mafic granulite; Phase equilibrium modeling; P-T path; Tectonic significance; Larsemann Hills, East Antarctica
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Fig. 1

Geological map of the Larsemann Hills, East Antarctica and the sample location, the small map shows the location of the

Larsemann Hills in Prydz Bay

Acronyms in the small map; LH-Larsemann Hills; S-Sgstrene Island ; B-Bolingen Islands; BB-Brattstrand Bluffs; RG-Rauer Group; VH-Vestfold Hills
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LIX EWIBE TN AEAERS AR ] (1100 ~ 1000Ma) i
T 1 RASL 5 AR S 5 1 T, e R 78 J3 2% 14 2y 4. Skb/750°C 113
JE 4 8 P-T %1306 ( Stiiwe and Powell, 1989) , 53k #t—2F
TEAH I AR A2 AR 3 522 AT SR 35 7R T KR40 i3 S i
A JEE R A THZ AR ( ~ S00Ma) | 6 728 Jit 25 11Oy 4. Skb/
750°C (Ren et al. , 1992), Dirks and Hand (1995) [yl 5% 3%
I X A7 7 1 400 g B i R o, 1R 3098 o 4% 148 O 10D/
980°C ( ~1000Ma) , J5 A2 iz AE 1 ( ~ 500Ma ) A5 57 551k
6kb/800°C I %) P-T #1535, Carson et al. (1997) N4} iE
T U ARy Tkb/800°C iz AR ( ~ 500Ma) JIiA £+ P-T %
W R T RN R R B AR i — B F R R X &

T AFN AR AT P (Ren et al, 1992, XML,
1995; 43k 55,1998 ; Wang et al. , 2008) , FHf77EIEH s
JE 54 9 kb/850°C (Ren et al. , 1992) 5%, 6. 3kb/750°C f) 2%
Bt VEANMBTIE R AT REAAAE R R R A IR A, Rt
LU T 1 U BH A 5 A% 1 T RE A E) 9. Skb/8T0°C I H L
~ 1000 MaZ% Jir 1 HA I 55 B A I I 4 P-T 3k (4
A ,1996, 1997, 20125 Tong et al. , 2014) , J#AM1E45 U-
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its adjacent regions, East Antarctica (after Wang et al. , 2008 )

The main geological events in the Larsemann Hills and
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B2 & O BB BURR AR i LT-147 B9 U A

(a) R LTAR AT Bt Y L 28 I HE AR BB B 40 opx + hb + ilm + pl + bi + mt + ap; (b) W T BOHLAL A9 £ TN 20 B8 R AT ARH A Ak
BB SR 5 (o) SRR R BEI R UT SLS2 WA () RBCE [m1HES , ST WU 4y, S2 Sy I JUT AR 28 e 2R A () W DRI A AR 41 ARt 7
JEEAT BT ot S S SR AR S JL A 0, B opxc + pl + ilm + bi 485 (e) 47 M 40 B 10 3 2 77 RO B A 40 5 () - BRI A0 RE s 1 98 400 W
AR YRS - A5 opx-RUT AT 5 epx- BRI A1 s hb- 3l A N A7 5 bi-FR k5 dlm-BRBRE™; m-RERRA 5 ap-Bi KA1 pl-RHC A
Fig.2  Microphotographs of garnet-bearing mafic granulite sample LT-147

(a) -inclusions in the garnet porphyroblast which represent prograde metamorphism, opx + hb + ilm + pl + bi + mt * ap; (b)-the peak
metamorphic minerals, hb + opx + pl + ilm £ mt; (c) -biotites divide into S1 and S2 due to their arrange orientation, and S1 biotites belong to the peak
metamorphism, S2 biotites due to the retrograde metamorphism; (d)-the peak metamorphic minerals orthopyroxene and garnet, and the vermicular

minerals consist the corona; (e)-coronas opx + pl + bi + ilm + mt develop around garnet; (f)-orthopyroxene exsolusion lamellae in clinopyroxenes

BT 1R AT B S, AT LA RO Ay S AR Ak, Bt/ ST TR RO SR 0 0 P I A A 1R AR BV ) 43
(Fe’* + Mg) iy & REWT LI I0, BRAB AR A1 & bR 0 BESR AR A1 TR opx + pl £ hb + bi + ilm S5 W2 AU 5 A3 o

VB BRAR A R AT, T B 00 A1 5 DU i T35 (P 4 ) o #ordEs ERLDURMASEES S W5 A w2,
SIS SRR SOSE T G AT AT A R R N L SUTEE R A AR5 A U A A A R RO A o I B i
AHE R BRI B T WA B (AR R IR R B AL O, I A LS B A FIURL T £
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Alm+Sps

Grs Prp

B3 R AR AT AR A1) Grs-Alm + Sps-Prp [£]fi#

A B CONIMHNBHR & 2R A P AR A X, D O Rk
AR R A A X

Fig.3  Grs-Alm + Sps-Prp diagram for garnet in granulite

o I ML B Bery Ry A ALO, F 2N 1.98% ~
2.34% W M2 [ Br Al S RERRAG, 9 1. 69% ~1.90% |, J5 %
BB FTR B AL O, & HEFEAR, 79 0.96% ~1.66% . Wl 7
WA BE R A W] R B, G AL O 35 4 B AR S i T 09, %
WEZN1.6% ~1.7% ,TiHF ALO, FELEM TR FRNG

o AR T A ALO, i, BN L2% ~ 1.5% . X,,
((=Mg/(Fe’* +Mg) ) WA+ 43, Si iy & AL T
R (IE Sa) .

PapE R FEMIEEET WSS, FRA R TH
FEAE/D B IR HUR BRI + BTG + RO H G
IR BRI T A 22 A Fe A — 3, Si0, & 2B IBIR/,
BI50% ~51% Z i), CaO & H M 20% ~ 22% = [i] 75 4k,
ALO, GRFEAM1.9% ~2. 1% 44k, L EFUk 0] 1k 2. 4%
ARSI 37138 T W S J3 3 A2 Ak

ARG ZHEBEING,SETFEE 6.1 ~6.4 Z[H]74Z
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W CHINA G LA 23 AR ) |, X, (X, = Fe/(Fe
+Mg) ) {HAE L AE 0.50 ~0.69 Z [H] (&l 5c), Ti J& T 44
0.14 ~0.27 Z A28k o AR A FH2A R 53, 58 — A 2E 22 T B B
FAINA DA IRTE A T R A R A B s, 5 P f2i il
FERN Xy, B, 0 0.6 ~0.7, Ti S BEBAR, HJE T4
2505 0. 14 ~0. 18, Al JEFHH 2.4 ~2.6,Na,0 58 1.8% ~
2.0% ,K,0 5N 1.4% ~1.8% , o — W28 i /4 [N A7
DAASBE G TG AP HE 7 WAL RE LA Xy, (Na Fl1 AL & A
1, T T A K S RAR R A AR . B X, R 0.5 ~
0.53,Ti JEF40HR 0.22 ~0.28, Al JEFH#E 2.0 ~2.2 Z ],
Na,0 & 55 1.50% ~ 1.87% Z [i], K,0 & & H 1.74%
~1.95% ,

KL EBERRBURRCS T2 A AR AR BRI
TG R L, H An 2540 87 ~ 92, F 2 K A IS
KA. FHIRHC AR AR A B VA SR a5, H
BT CaO & A0, K,0 5 JARAR, FEM AL N
Ang g Abg; Oy, o WEHABY BOE B AHC A H 53 CaO 55
AL H G256 R Angg oy Ab,, Oy, o J5 J9TIR 2% 5T /5 A
G IRHC A CaO & HEAFH UK, Ang oAb, 5 Ory o

2Zx®% RUgARAaEENESE TS ek, &
JT P ) 2R BEAR R A 1 HES 5 1 B S AT A S P . A
WIVR DB AR 220 #5 2  BE U A% 385 )
BRERE, BB T Gt Sk 4.5% it TR
TR BB B T &Ry 2.9% ~3.1% , X, ( Xy, = Fe’'/
(Fe’™ +Mg) ) 25920 ~30 Z [l (K 5b) ,F & R 1.0% ~
1.5% , WeHAAS TR B S1 XM R =8/, R s TiJE Fe 1)
el H T S B S A 7E 3. 5% ~4.5% Z ], X, 2170 40
~45 Z [, F &K 0.1% ~0.5% , J5HiRE kB S2 Xt
MR AR T R ARG AE ML B BRI M2 B B 2 (], B
3.0% ~3.7% Z[], X 29 30 ~40,F &4 7E 0. 5% ~0.9%
Z A,

0.9 2.000
(a) ()
087 e Fe?/(Fe+Mg) ; 06 4,990
A
il - .“ Mg/(Mg+Fe?) A =
o 0.54 g g+Fe?”
0~6—‘h____£eu___ﬂ- atgnls /\-—l’lx-.-!—l -
e o a_m a mlaas m o g /\ = 1.
0.5 204 \/ X L‘\ / —
> A 2
< 1960 2
S 2 03] & si A\i Z
=z -1.950
0.3 .
Mg X 0.2 o
R i i IR S
Al
0.1 & 0.1+ 1,930
Mn O
0 AN NN NN 1920
rim core rim rim core rim

Bl 4 R REAT B (a) FRL A7 BEdR (b) B3 T

Fig.4 Compositional profiles of a garnet porphyroblast (a) and an orthopyroxone porphyroblast (b)
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Fig.5 The mineral chemistry diagrams of the mafic granulite

(a) Xy,-Al diagram of orthopyroxenes; (b) Xy,-Ti diagram of biotites; (c¢) classification diagram of amphiboles in the mafic granulite

5 fRSEETHEE

MR A AR ST BB 4, 45 6 0 WAk = 500, A s
YyiE FE 31 #1 THERMOCACL - ¥ 3 318 75 7 ( Powell and
Holland, 1994 ) X A~ [ 28 BT v Be 8 P 20 AT 8 A g3t
B OHEITTE L L3 3, THERMOCALC 238 - 4
R 4.

(1) A8 B B (ML) 59404 M - hb + opx + pl + bi +
ilm + q + mt, Hrr 5 hb, bi H1 opx 3 il (¥ 41 # A1 A% 78 5 i 2
TR gk 21 4, IR A g-opx-pl-q i &, X g-
hb-pl-q FE 3RS M1 B B3R 25, HOR B 38 v LA 2
THERMOCALC 345 J& 35K B #F 748 Jog By Br M1 650 ~

750°C /5.5 ~6.5kb, 7£5.5 ~7.5kb JESEEIN, 314 T HE
VIR, A5 B 95% 38 [ N TH3 ) - Y B AE 670 ~ 780°C
W, SESEE YRR &5

(2) WEMARY B (M2) B )20 & : g + opx + cpx + hb + bi +
ilm + pl + q = mt, AR A7 A A 080 AR 2 45 G HL g B 4
A FIHT g-opx-pl-q i K i1 hb-pl i B3T3 M Boll s 5%
fFo TS REW WA B M2 RIS iR B T 25 R 4
Hi7E 850 ~900°C , /4 5 F 950°C , FE J1#E 7 ~ 9kb 1 Bl N .
SRR B 43 3 T 5 T O S4B R g, 2 i TR AR Al A
800 ~950°C YW [l Py B, X R 114 A P-4 1 7.5 ~ 8. 8kby;
MCE RS AARTE T ~ 9kb {0 Y B, X Rz A9 R EE Dy 810 ~
910°C, ZiH M2 Wy B S3R T R A5 IR i W Bl e 41 1
JZTE 850 ~900°C/8 ~ 8. 5kb JEH P o
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®3 MARGTHEETTENSMRER P-T &4
Table 3 The calculated P-T results of different metamorphic

stages by conventional mineral thermobarometry

AR B TR T(C) JE 73t P(kb)
T(84H) 630 ~680  P(91EN) 4~4.5
M1 s T(84SB) 690 ~760  P(82NP) 6.5~7
R T(90PL) 660 ~710  P(90KS) 5.5~6
T(91B) 700 ~740
T(84H) 830 ~860  P(82NP) 8.4~8.8
T(84SB) 980 ~1000  P(91EN) 6~6.5
M2 W T(90PL) 860 ~ 890
Wi T(91B) 870 ~900
T(94HB) 850 ~970
T(84H) 770 ~820  P(82NP) 6.5~7.5
M3 s T(84SB) 880 ~960  P(91EN) 4-~6
Joiiid='a T(90PL) 810 ~ 850
T(91B) 930 ~960

TE:T(84H) : g-opx Jii BE 71 (Harley, 1984) ; T(84SB) : g-opx ifit & iT
(Sen et al. , 1984 ) ; T (90PL) ; g-opx it J&F i} ( Perchuk and Lavrent’
yeva, 1990) ; T(91B) : g-opx it ¥ i} ( Bhattacharya et al. , 1991); T
(94HB) ;hb-pl & i} ( Holland and Blundy, 1994 ) ; P(82NP) : g-opx-
pl-q JE J33T ( Newton et al. , 1982); P(91EN) . g-opx-pl-q [& JJif
(Eckert et al. , 1991) ; P(90KS) ; g-hb-pl-q JE }73} ( Kohn and Spear,
1990)
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(3) JE B AL o By B (M3) 7 ) 2
ilm = mt, J&5 A opx + pl 5 414 A7 218 R P-4, B LAl
AR AT g-opx-pl-q i Bt 3+ AR BE A Ty o i AR X T M2
W BAE TUEAR , 750 ~ 850°C, e Sy WU R AE A 6 ~ Tkbo il
J B BE, FeAT T Bl BETE 700 ~ 900°C A AR Ak, X Rz (1) i g 748
EAES. 5 ~7. Skbo £ BrBOF I R A 5 A SR R
FHZEAK, 45t 1A IR A S 45 2R

opx + pl + bi +

6 ARJFA B

725 Jo A P T P — R AL T RIS G, O e R B e
SR BITAHE B R . fE P-T ALEITH B -, 7T LUE &35
AT YIEE R &R E L W) s S L, i AT LA o
TP TR BRI W BR B AR A A 1 P-T AL, e
FA)Ff S SR B A BV A R o BRI B, 728 A A 4R Bl A A 2
7T A B AR B A 2L ik (B 5 ,2011) .

2 3CF| Ff THERMOCALC 3. 33 725 ( Powell and Holland,
1998) &% ds55 %i#i )% ( Powell and Holland, 1998, 2003 47}
%), A% MnO, P,0; K& K,0 % B 4>, /£ NCFMASHTO
AR WA DX R T RO T A AR, R PR T
TR i 2 B 38 A AR AR, DR AR 3 AR AR P O
SRR BSR4k S8 0B A1 B 5 2 I
AN RS A B W Fh D25 R R 21 P R s i), T

%4 BA Powell and Holland (1994) EHREHE A EXEHRMFERMR LT-147 HEMRBEAESER,FFE P.THE

fit [HHEN 5% BEREN

Table 4  Average P-T calculations for the mafic granulite LT-147 using the approach of Powell and Holland (1994 ) , all the fit values

fall within 95% confidence level

M1 i Ber #4145 (opx + hb + pl + bi + q)

M2 BB #)4H 4 (g + hb + opx + cpx + pl)

PRI (ap,0 =0.3) (FIA¥GEL)

P(kb) 5.5 6 6.5 7
avT(°C) 676 693 709 725
SRR (ap,o =0.5) (HFA B 1)

P(kb) 5.5 6 6.5 7
avT(°C) 705 721 738 755
SR (ay,0 =0.7) (BRI )

P(kb) 5.5 6 6.5 7
avT(°C) 722 739 755 772

7.5 7 7.5 8 8.5 9
741 815 827 839 851 863
7.5 7 7.5 8 8.5 9
771 844 857 869 882 895
7.5 7 7.5 8 8.5 9
789 860 873 885 898 911

M3 By Bt 141 & (epx + opx + pl + hb + q)

M2 BBl 20 G (g + hb + opx + cpx + pl)

FIET] (apyo =0.3) (FTA i 5 )

T(C) 700 750 800 850
avP(kb) 5.6 6 6.2 6.5
TFHIEI (anyo =0.5) (I3 51)

T(C) 700 750 800 850
avP(kb) 5.2 5.5 5.6 5.8
FHIETI( a1,0 =0.7) (FrA i)

T(C) 700 750 800 850

avP(kb) 5 5.3 5.2 5.4

900 800 850 900 950

7 7.3 7.7 8.2 8.8
900 800 850 900 950
6.3 7.4 7.9 8.3 8.8
900 800 850 900 950
5.8 7.5 7.9 8.4 8.8
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NCFMASHTO( + q + H,0 + ilm)

=

4
650 700 750 800 850 900 950 1000

7(C)

NCFMASHTO( + q + H,0 + ilm)

P(kb)

650 700 750 800 850 900 950 1000
7(C)

Kl 6 1E NCFMASHTO( +q +H,0 + ilm) (& T ARLILLF 7 £ Fr b B Bk BURRRL S 1 L E T 12 B A R 7 o3 S (2%
(a) AR PR S AR (AR (X, = Fe/ (Fe + Mg) ) 5 (b) A8 47 O85BS (H 2L (X, = Ca/ (Fe + Mg + Ca) )
Fig.6 The P-T pseudosection and garnet composition isopleth in the NCFMASHTO ( + q + H,0 + ilm) system for the mafic

granulite from the Larsemann Hills
(a)-isopleths of Xp, in garet (X, =Fe/(Fe +Mg)); (b)-isopleths of X, in garnet (X, =Ca/(Fe + Mg+ Ca) )
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R TR 4 B TN B R R, AT AR & AR € (Daczko and
Halpin, 2009) , /> K,0 Fl MnO 7E3 5 #e th A%
ARG, 0 F BB (1 K PE rh o X A T 5, e’ it
2N S B 12% ~ 16% ( Bezos and Humler, 2005;
Cottrell and Kelley, 2011) , A SR 14% X —H({E . A SCHL
Pl T PSR T B 4035 BERAY 43 0 R AT MR AT (g3 White ex
al. , 2007) , & 5 Wi (opx; White et al. , 2002) , B A
(cpx; Green et al. , 2007 ) , 38 fi [N 4 (hb; Diener et al. ,
2007) , %¢%5 A (ep; Holland and Powell, 1998 ) &K 1 (pl;
Holland and Powell, 2003 ), %k 4k # (ilm; White et al. ,
2000) , EEKH"(mt; White et al. , 2000) , FiAAM Ak, 4
L0 AN AT Y. BE EET Y IR R DY)
B R TR B A e s WU R Si0, =49. 10,
Al,0, =8.98, CaO = 12.87, MgO =10.92, FeO = 13. 86,
Na,0 =1.42, TiO, =1.90, 0=0.95(mol% ) ,

6 SR Y2 BB 45 7E NCFMASHTO £ & T 151
P-T LRI o A2 32 A0 ) T 140 v, DL 8 R = A Bk
AT AR (SR BRI b S8 AR A R T R Y
BRGPEAES B 2 B B W) 46 A S T A I R T A
Xf P-T 254707 AR A S8 BR300 30 728 o B B W 20
opx + hb + pl + ilm 7] §E4LF & Ff cpx + pl + mt + opx + hb [X 15
P, SEBR LA DB RHRE A, TR T R R SN T AR R AR AE T
SeslE B TR AT, W BRI B E 7E 750 ~ 800°C
YL, B 1A, RABRAE 4 ~Tkb, WEIHI B B Hy T 538
T ARAE, A INA ST WK, A A B g
+cpx + opx + pl + hb ZH &% FR i 76 B /N R R FE LY, 78 8
~ 11kb 800 ~900°C iz il P AR , L 1 A4 AR 41 19 X, (0. 69 ~
0.72) A1 Xo, (0. 18 ~0. 21) % {128 1 1 R W10 5L s 26 4
8.5 ~9kb/880°C , 5 4 i )3 FE 1 Fil THERMOCALC -
TR TSR AR LE, TR 7 i e 0 30 B8 A 24, X AT RE 2 il T8
Wi BE AR 638 B, 3 A.7E NCFMASHTO 14 & T 2 2= B9
ZME IR ARABGR Ry Al K X TSR A5 AR A R, 5 AR AR BB
BORMERE R ONE , AT AT 53R TE AR opx + pl IS LA i, 5740
AN T opx + pl + mt + epx X IR, F 7 7 Bl BH 55 7E Wi b 2
T ,/IVT 8kb i BE AR AL K, MK 800°C 3 1000°C 24k, 45
GG YR B R avPT iR (£ 3.%4) 5
WANE R P-T 38 (1 6) o T ML B 21 04 45 M2 iy
BUR— N HE i IS 0 B, W] M2 B JE M3 BBl —
A B ) 3 SR R T P IR AR B B

7 Wig

PRSI S PR AR ) e AR 22 DL 4% il AR LR A% (RT3
HRE 1 B0 b 7 A SRR URORL & O R M 5% A 1) P-T
Bl S5 R ITIZEBR BURORL A RE i 22 T 1 S — > 0
T H e SO F 3 S5 A D T O IR B P-T B . — Bk
— YK S X L PR RS A1 £y P-T 2908 38 -5 A i A o 3
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JEL R T 3 A 5 , AR RF b el 3 i - Il i £ 2R 58 ( England
and Thompson,1984; Bohlen, 1987) , i %f T £ K #4 & g+ 1
B AL BN LY P-T B0, Hoky 1 2 N2 AR Y, 2
FRZAZ AR I X 1 T 20 A 1 78 s 4o

HIPANS T 307 5 e e 3t X)o7 38 4 A2 A R ADE
T, SABRYE XX AATEM B BRI . BCROFTEA , 1)
AR FFAEWS AT fESE h THE ~ 600Ma (X #8445, 1993 ; Zhao et al. |
19955 AT 8 Z= X /NI, 1995 ) 53 ~ T70Ma (4> 3k & 4,
1995 ;Tong et al. , 1995) 5 & ~ 1000Ma( Dirks et al. , 1993;
Carson et al. , 1995) , (H 22 J5 WBFFESCFF T 072 AR
PFRNLIZAETE ~ 1000Ma A4, £ 1000Ma F] 900Ma 72 4L,
(Hensen and Zhou, 1995; Tong et al. , 1995; Liu et al. ,
2007 ; Wang et al. , 2008 ; Grew et al. , 2012) , {EIRERH pkZg
ARG IHEME RS FNE s b, 8540 U-Pb SHRIMP 4E 4
#RAFAE 1000 ~ 1100Ma (F%idls (Liu et al. , 2007) . (EHG{LIE
Wr2f By, Grew et al. (2012 ) 55%5 47 9 FE R RREABC T #5541
U-Pb 54, HARAF T 1023 + 19Ma 5572 FT4ENS o DL 1247
TE MRS R W R AL R AR, R IR B R AL 07 2 P e S AR
X, B S A7 7E ~ 1000Ma 1y (= 2% 72 J5T 5 4 (Wang et al.
2008) o Jo A4 W B0 W 3= B 4E  F 550 ~ 500Ma ( Zhao et
al. , 1992, 1993; Hensen and Zhou, 1995; Zhang et al. ,
1996 ; Fitzsimons et al. , 1997 ; Kelsey et al. , 2003 ; Liu et al. ,
2006, 2007, 2009 ; Wang et al. , 2008) ,Kelsey et al. (2003)
TERST /R 5 o B o 88 B0 e IR D8 RRORL o, T Fl 7
B A0 (Th-U) -Pb 422 5@ £ 3%, ARG T 511 = 4Ma (132
RIS TR TR BE B A2 TR E T B 0 b U-Pb 4E I du AT
490 ~590 FAERE BE (Kelsey et al. , 2008) , FE35 2R B pkZe
ARG I BEERRRL e R R T, L3R A5 T 450 ~ 500Ma (1
Sm-Nd ZEBT R AR RS 1 533 + 10Ma (1945 45 U-Pb SHRIMP 4E %
(Liu et al. , 2007) , #% R 1l i) B d He JRRORL 5 Hh 5 1 U-
Ph SHRIMP 4F4#% g 530 ~ 570Ma, Sm-Nd 2 LR 4F #% Ay 470 ~
530Ma (Liu et al. , 2009) , 1 i< & 9 19 &5 4 4 8 S 500 ~
550Ma (Liu et al. , 2006) , Wang et al. (2008) 7E 3G JE it
2By Vogoy By KWK 8y A& R e W2 B 55 s A 5 41 U-
Pb SHRIMP J5 {2, #4845 T 500 ~ 550Ma (132 JF 914 AR 2 5
o AFEMMES A U-Pb SF IR LA AE ~ 1000Ma (1) b 22 mi Fl
~500Ma f T 5 s AR I (46 Aok B 58 R R R VTR o 550 ~
500Ma F [ {37 28 4F % 1w 12 AR A6 2 AR 4 3 PR R A i X
GOE=9)IAT

FRAEACE B AR BT P-T AL, S 1 i s o
Wz by DX A PO i A A, P30 g e P 28 o < A
2970y ~ 1000Ma , X W Ag ARAE RIS 3l o 5 3 30 S5 o T 22 ot =
B[] Ry 550 ~ 500Ma, XF 7 32 A 0 44 38 $A 4 00 .
PLHT Tl M AR 48 b X2 3 L 244 38 37 TP I SR TR A )
X, ( X BEF4E,2007) Wang et al. (2008) RSG5 45 T hi
B b MO F b B P 5 (R 1) o 25 G
AR FZ A 09 W V0 N7 TG O AR 3 A o 32 DX Rt
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PRV B BRSO BB T A 5 A 2 S AL R ) 2 DL 25 2R S A%
R AFTE IR TE SR I o L oA o 3004 M 4 4 i sk
AR TR BeB )AL it opx + pl + bi + hb +ilm + q 41, A2 Bl
J£24 650 ~750°C/5. 5 ~ 6. Skb, [ & 28 I3 FH il - He 35 3] 04 1
AR5t 8.5 ~ 9kb/880°C , W4l A M g + opx + cpx + hb + pl +
ilm +bi, X FENZARAR MR ( ~ 1000 Ma) 5 3
MEBMAEIZ XS A0 3t 105 I A2 Ji 22 17 3 %60
W SR 3 6 ~Tkb/750 ~850°C T JIGIR 25 il i BX 4L £ opx +
pl +ilm +bi = hb & mt + q, X F G54 B 30 A QR BB
VSRR (R S NN M AR o R | N R R S R I
(Zhao et al. , 1999) \®#k (Harley, 1989) %A Z X F .
AR IR E AR A S TRORL A B B 2R A (2011) $2 A A
A ) Lok A 1 I P 45 g e o ELAT A I 3 S (1) SX A 4
REACHE S5 A AT A0 TE AR R BRI ) 25 18 T R AR 43 iR
Y, AR B Y 9 T 45 44 ( Harley, 1989 ) 5 (2) & Se bk
BB STV AR EE Y I TR) AN, e — S A X PR 46 T Y 3 72
SECA A 00 53 SN IR AT RIS (R RO S5, 1998) o
1M Pitra et al. (2010 ) PAAy IX Tl 45 K 75 LA DR AT 1) 7 22 )i PR 22
SRR AR AR BT I G BOK o IR S R B 1 FIR
P 44, AR — A ISR R 1 B . A5 R T RE XS B T
— AP R 3 T R, 255 25 I BRI R TS B
BB, B AT R 23 T 2 B B b X b o 3ot A Ak — 25 1) 1
2y, X BT Tz AR ( ~ 500Ma) f 4 i A7
P2 DX IR

e W28 o — N WY Z2 AR T, A 3l A A 6 Ak
JRI( ~ 1000Ma) FIZ A ( ~ S00Ma ) (44 3 PR 54 7 1%
K TZAAAE . KT hollr s e B LT e 193 B 24V 11X, 3%
3N 2R A 2 AR S B 2% R TA A R R TR R R 5 S
Lb 5 Z S5 19 S — FR AL R (F0] T A 3 S 1 20 7 A il
f# 1% 17 ( Fitzsimons,, 2000 ; Boger, 2001 ; Zhao et al. , 2003 ;
Liu et al. , 2006, 2007, 2009 ) Fi#z N 7% shafr ( Wilson et al. |,
1997, 2007 ; Tong et al. , 2002 ; Tong and Wilson et al. , 2006)
WIFR L

PR TURRRL SRR S O I R A% o B IR 4 2 W R LR
SN EE Btz , HED AT BBk B Tl 2 o b B vk
Wi FAEEE TRk o ZRRRLCE AR S R T R UK AR &
(Eastern Amery Ice Shelf) fEE4R B RRL A AH EL , HEA5H9 2510,
WEHA T R 45 AR #2390 (Liu et al. , 2007 ), Liu et al
(2007) P FARTRIZ AR A 4 1L =0 SR H A 2K
T AR S Iz AR A ARDHE 4 M Y Rl 1L e
2710 55 (Fitzisimons, 20005 X5 ,2009) , G E#E R
LA B P — L A8 RT3 00 il 98 3 L 7 0 B Ak o 8 s RO
¥etr(Liuet al. , 2009) o PRSI N BEERTRRRL (198 2%
Jo 3 U S0 A o i BEAR A% AR 4 36 <4 ( ~ 1000Ma) ,
S R A B AR AR Rz AR 0 ( ~ S00Ma) 13 A F . MK
ASCHIBFFE A SRR, 12 AR 1 B 2007 BT R 52 AR R filf
3 LA FH 8 2 W 3 8l DA ki i % 00 o P S v 0 Bl A 19
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TEFRIE sl if (Tong et al. , 2002; Tong and Wilson et al. ,
2006)

8 &k

AN SO A R 12 DX A AR A B R SRR TR AN ) A 2
WEE LG Wi He 3T 5 R IR e 58 07 vk, 45 A AR B
PRI T 1, 5 T R R BURRRL A A X AT SE R P-T i
RBIE . 556 CA MR BAFACETOR 15 0 PU T AR

(1) Pl 2 Fr 8 10 i PO Bk RRRL 4 A1 A AE =AY
BAF IR WALS R (ML) LA P44 417 hb + opx + pl +
q = cpx AR, il A FH 650 ~750°C/6 ~ Tkb; W ] 4% 5T
(M2) DLABURLE K AR BE G 4L F5 g + opx + epx + hb + pl + bi
AR, BRI A PR 850 ~ 950°C/8 ~ 8. Skb J5 172
AR5 (M3) I LAJS B A S I 4LA opx + epx £ hb + pl + bi +
ilm AR IR EA 850 ~900°C /6 ~Tkb, #A4~ P-T i3k
SRR, LT R 1 P 2R O, W S U 2 P T — AN I
TR

(2) B MRS TEAE R W h i e RO IX 405 T
PRI iy G SO0 2, 3728 T3t B B % 7 ~ 1000Ma (14 4%
PRI 25 0788 JoT A, WA 30 F 1) 56 O D o R D) X T ~
500Ma fr3Z A3 m L TSR BB P-T B0l 2 2 A0 8
BRI S5 R, ~ 500Ma 1 25 2078 o7 A 5 T R AR 2 1 2 X
LTz AR 38 25 R — U Bl P 3 1135 3l

Brgt SRR I R At A0 A b AR I T RO AR S
29 YK 1 7% S U A BRI P ) 0 SR AR B 5 v TR B0 AT A
BTN st P BT ) A3 3% M R Al 2 [ 5 T S 6 A BT 11
By WAL RS A 25 1A 4 1918 2O B 1 I — JF R n i
R IR
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