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Abstract ;: We report new geochronological data of the mafic gneiss and leucogneiss from the Windmill Islands, East
Antarctica, in order to unravel the tectonothermal events related to the amalgamation of Rodinia. SHRIMP zircon
U-Pb dating from the mafic gneiss ( Hbl-Cpx-Opx-Bt-P1-Qtz-Mag-Zrn) yielded early Mesoproterozoic magmatic ages
of 1403+28 Ma from igneous cores, and middle Mesoproterozoic metamorphic ages of 1318+34 Ma from overgrown
rims. The leucogneiss ( P1-Kfs-Qtz-Bt-Zrn ) in the Bailey Peninsula has intrusive ages of 1257 +51 Ma from
magmatic origin zircon cores, and metamorphic ages of 1197 +26 Ma from overgrown rims and/or structureless
grains. The intrusive age of mafic gneiss indicates the existence of a ca. 1. 40 Ga igneous activity in the Windmill
Islands. This is likely the earliest igneous record of the Windmill Islands, possibly relating to the final period of
igneous activity of the Mawson Continent. The age of high-grade metamorphism of the mafic gneiss from the Bailey
Peninsula can be constrained by the metamorphic zircon overgrowth at 1318+34 Ma, suggesting that the Windmill
Islands was possibly involved in the Albany-Fraser-Windmill (East Antarctic) orogeny during the 1375~ 1151 Ma
period. This study further supports the tectonic model in which the Windmill Islands and the Albany-Fraser Orogeny
are parallel convergence during the Mesoproterozoic Rodinia amalgamation.
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Fig. 1 Sketch geological map of the Windmill Islands ( modified after Zhang et al. , 2012)

(a and b) Location of the Windmill Islands in Antarctica; (c¢) Sketch geological map of the northern part of the Windmill Islands
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Fig.2 Geological map of the Bailey Peninsula (modified after Paul et al. , 1995)
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(a) Plane-polarized light image of mafic gneiss; (b) Cross-polarized light image of mafic gneiss; (c¢) Plane-polarized light image of
leucogneiss; (d) Cross-polarized light image of leucogneiss

Hbl- hornblende; Opx — orthopyroxene; Cpx - clinopyroxene; Bt — biotite; Pl - plagioclase; Qtz — quartz; Mag — magnetite; Kfs —
K-feldspar
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Fig. 4 Characteristic images of the analyzed zircons from the mafic gneiss and leucogneiss in the Bailey Peninsula

(a) The mafic gneiss sample (C0121-1); (b) The leucogneiss sample (C0121-2)
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FE, A RE Windmill 7 5 45 2 il 8 788 R R 2R 4 A0 G 1 A PR I A
K H Bailey ~ ki BEBR BT IBR S FHTR (3 1 B 6 1 SHRIMP U-Pb AR i 19 2 51 775

S5

0.29

1600
C0121-1

027+
o 0BT T 1403228 Ma
5 1318434 Ma MSWD=0.64, n=11
= MSWD=3.0,7=6
% 023 G

1300
021} 4
1200 /27
0.19 ' ' '
18 22 26 3.0 34 38

207Pb/335U
B 5 Bailey 3 584k i i BR5 & 47 U-Pb A
Fig.5 U-Pb concordia diagram of zircons from the mafic gneiss

in the Bailey Peninsula

0.25

023l Co121-2
€ 021 C) 7 H#:1257+51 Ma
& ———._ MSWD=14,n=8

1160

77 h#: 1197426 Ma
1pgo MSWD=3.1, n=5

1.8 2.0 22 24 2.6 28 3.0
207pp/B5Y

B 6 Bailey & %k & F & &4 % U-Pb %M A
Fig. 6 U-Pb concordia diagram of the zircons from the

leucogneiss in the Bailey Peninsula

Th/U = 0.02 ~ 0.07, & &AL 7 AW 5
2" Ph/* Ph 4F % i [N 1180+ 14 Ma | 1277+11
Ma,*” Pb/*Ph Jil AL F ¥ 4F ¥ 4 1197 £ 26 Ma,
MSWD = 10.6, A & 4F # % K /W 5 6.1
(*"Pb/*™Pb 4E#A N 124710 Ma) F111.1 (*’Pb/*Pb
RIS 127711 Ma) , HAR 5 A5 401G 4 30 F1 o 45
P U BT A 45 0 0 2% P/ 2 Ph BT 3448 %
S} 119726 Ma, MSWD=3.1,

5 AT 5 3tk
51 $%RFRERERBNRTIEREHD

FiR
BEER T B MR A AR KA (Blight and Oliver,

1977; Paul et al. , 1995; Post et al. , 1997), J& T
I W B %A 47 ( Blight and Oliver, 1977; Paul et
al., 1995), ‘&A1 W8S A1 B RDIR, BAZ 54,
B AR B R SR R, B 0 B AR L T
AL WOy OB R B S
KA A Th/U HOfEH (>0.1) #8R HEA A
A4 ME ( Williams and Claesson, 1987; Kinny et
al. , 1990; Maas et al. , 1992) . 11 45 A &R
RLETPh/ 2 Ph AL - 3 AF e D 1403 + 28 Ma,
MSWD=0. 64, X AEACFR T 862k B A fR A e 28
Dt ot AU A A S AR AR I XD ca. 1415~
1400 Ma i [A] Musgrave P4 1 Madura 4 fif w |
Loongana-Papulankutja N T JF I# 19 A& K F 14
( Aitken et al., 2016). Hf [& {7 % #F 58 % W,
Windmill #f & b 57 (4 /9 55 A& 9 B 5 Ok A
Albany-Fraser i 1117 75 Zx Madura 45 38 4= (87 £ W)
Ji—F (Spaggiari and Smithies, 2015; Morrissey et
al. , 2017a, 2017b) ; Windmill B¢ . Albany-Fraser
seallEi e & Musgrave Inlier ( Arid Basin) [7) i} HE
ca. 1600~ 1305 Ma A& AETLAR, I HE BT T 9I0AT -
HRG A A B sh i R 3 b, FERIER A TR
590 (1.4 Ga) (Spaggiari and Smithies, 2015) ;
1M Morrissey et al. (2017a, 2017b) NIA N VTR F
IE R . MG 5 Windmill 7 5 73 96 b 50 44 1) b
B PEAR I X EE, AT A IR 140328 Ma HY R
BRITTR bR e TR s B A AR T AT RE J2 7R B 5
ARl 19 4 3 2 J 05 20 72 1% XA IR W 30 5% (Payne
et al. , 2009; Liu et al. , 2018; & 7)., BE&H A Bk
6 MES AR A AR Th/U EEAL (<0.1),
BA w5 9 BV RT3 1) ¢ 181 AR 55 A 19 AR KRR AR
(Williams et al. , 1996) , H*"Pb/**Ph Il £LF- 3 4F
B 1318+34 Ma, 03¢ 1% IX i 4048 5T £ 1 30 1)
B AT LSRR o 1% 78 JBUAE e X B DX I A TN - R
Kis A A2 BT F08 T AE L (M,/D, ) Y i T
ca. 1340~ 1300 Ma, H T Windmill £ & #s X 2255 T
T R A DN =R A AR (M) RTG53 28 n 1) JRR AL
MM, ZEdf, aahRLREREH T2
IKELE M, 1318+34 Ma [ #5 £ 3 4 i 4F
W AT REAIC 3¢ 1% X e A TN = JRRORE 5 A e 78 o
14 (M,), Windmill BEL LAV 2 400 km ) Bunger
Trebe i 9% 728 o0 A 10 78 o0 B A0 B R AR 5 26 oL
(Tucker et al. , 2017) . Hofl 3 Xt 4 18 3 b 55 A7
PR BT R B R B HE (He et al., 2018;
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Kadowaki et al. , 2019; ZB][E, 2019; Hirayama et
al. , 2020) .,
52 RBRFREREERRNKRMERETHNER
Bailey 2 5 b & (P 2) Honl WK 8 bk 7
(CO121-2) MG A A NTAMT AN KA,
£ Midgley Fl Holli R (4 v k& 7 5 & AW 14
e R R A O, AT DL 3 5T i RR 5 320 T o U %)
WO RS F B & AR AR s (B 1
Paul et al. , 1995), W AR -ZEIE )5 D, 19248
ke (Post et al. , 1997), R4 H FRa 854 %
P A R IR A A R = Th/U L (E
(>0.1), /R HEENMARK TR AE (Williams
and Claesson, 1987; Kinny et al. , 1990; Maas et
al. , 1992; R4, 2015), B A% EB 8 AN A5
LS 192 Ph/ 2 Ph AR i N BT 5 4R % S 1257 £ 51
Ma, MSWD=1.4, $5/RIR 0 R FA A E K,
IOk TR 6 R KA A 1945 AR 1% . Zhang et al.
(2012) RIB T Bailey /% 2 e & G T A 465 F
JRERE R 1 B RRCAR & B A AR K AR AR
#4359k 1247413 Ma, 1258+12 Ma, 1242+13 Ma,
XLE 5 B Ak RS G AR IS 1372413 Ma, ] LK
JIEIIR (0 R A 45 AT AR IR AR IR E BN S
AR A0 X R RS LA R ALAR I — 3, 48R IR
0T A 5 G Bl o R b s A G AR S I AT 6. 1 AT
ST T A2 Ph/2Ph AR S 43 A 1247 £10 Ma Al
1277+ 11 Ma, 58A WA 9.1 194 — 2,
FIRE N D R B AR S . AR B A 1 AR T R E
SER T U BB A B A0 S A7 Ph/ 2 Ph AL
SEHJAERE R 1197+26 Ma, 455 1Z X &0 T BRRL A
FARBAE R, DLk G R RE 5 S Al Atk
FFRCA B SEZR (Paul et al. | 1995) , L5 47 1
A FTCEE R = U B A 85 A 19 119726 Ma B4R
W4 R O e G RO R S AR (M) . SEBR
b, R RAR WS B TR, 85 A% Ph/*Pb
AEWS 125751 Ma UG A i FITJC S5 #0 = U B8 A= %
AP/ Ph A4 1197+26 Ma 43 AHIT, Vi
AR N N Oz A R U R e S G T e

%JEL%O
5.3 Windmill ¥R FEHEREHEREBENE
MEERITR

RAEHTFT X EARF A E A B, [
MR (EAEA ., mEa AT A -4% Sm-Nd
7 AR5 B ) S5 BORL B S 1% IX 32 2 M 3 41

HAEFEMLH I (Oliver et al., 1983; Williams et
al. , 1983; Post et al. , 1997; Post, 2000; Moller et
al. , 2002; Zhang et al. , 2012; Morrissey et al. ,
2017a, 2017b) , E2A B Windmill £ 5 55 5 3k 4F
PEEBERE R B XA 3 B M i R 7 Rk AP oT
wAC, ARDURUE I R DB I DU T 1450 ~ 1350
Ma Z i), ZJ52 05 T W% m P & Rk, 55—
RN A AE ca. 1340 ~ 1300 Ma ) =5 #A A AR 28 i /R
MM FJ7 ez Es (b)), BiEE
ca. 1240~ 1140 Ma Z il T 55 — 3 (YRR KL A A 5 1F
(M,) ., MZRSEM (D, F1D,) PLEAKKE
WGBS, AN ca. 1170 Ma Ford 46K & . ca. 1200 ~
1163 Ma Ardery 575 {6 (<] %5 . ca. 1138 Ma 2 /& 2 5
{20 (Post et al. , 1997; Post, 2000; Zhang et al. ,
2012; Morrissey et al. , 2017a, 2017b) , #R #& XF X
BB BT JRR A FIR €4 R bR o 1 T & Y SHRIMP
B U-Ph ARSI SE R, 455 O MR i X
BRI T SR I b BT AL HEAT T OREE ) TRILR 2,
5.3.1 PAFEXRFH (ca 1400~1370 Ma) 2%
(i

PR AR IE (9 Bailey > & A8 B B8R 50 IR A 1 B A1
R Ph/ 2 P INALF $1 4 #8 h 1403 £28 Ma, 18
RIBUEG MR, 181 KA b oot AUrh Y
EHRAG S Bailey A1 140 48 I BR A A RRAR A0 1
AR A A 1372 Ma 19545 5 BN 0 85 A
(Zhang et al. , 2012) , #E—2E0E3C T W58 X f 70
1 G g al B 3 2 or AR (ca. 1400 ~
1370 Ma) ,
5.3.2 PAEFERPH (ca 1450~1350 Ma) %L

B R s AR AR

Windmill # & Chappel & 72 Ut B A& #1719
SHRIMP U-Pb 4 # X3R5 1 5 /NFE ISR ca. 1450
Ma (Williams et al. , 1983); Clark 2 5 (1) 3 #4 B
ZAHC R TR R b kR 55 41 9 SHRIMP U-Ph
AEISIEH R ca. 3000 ~ 2400 Ma, ca. 1800 ~ 1700 Ma,
ca. 1600~ 1500 Ma, ca. 1450 ~ 1400 Ma; Herring 3
TR B BN BT - AL A A B R RR A B 0 AR IR
ca. 1350 Ma, 45 78 22 UL B 19 J5 6 D0 BURE AR e
ca. 1450~1350 Ma Z §j (Williams et al. , 1983; Post,
2000; Zhang et al. , 2012) , Cameron &, Mitchell 2
& . Robinson ¥ . Herring & ¥ 4 A28 TURLUA #E B 45
AT IRAERR . BoA K IR G H W8 a LA-
ICP-MS U-Pb 4F #7351 4 1338424 Ma, 1354+22 Ma,
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1399420 Ma, 1400~ 1340 Ma, 13 4NH5)8 &5 4 B 5B
9 FIEAE IS I A ca. 1346 Ma, $878 728 PURR A A9 5
AUt BUBF AR SN ca. 1350 Ma ( Morrissey et al. ,
2017b) , Morrissey et al. (2017b) TE Clark ¢ 312
NARPURRA B IE 7 RRE T ARAS 1 2 AN AR B 8 4 45
FuAERS . 132327 Ma Fl 131526 Ma, IANXMET
FIRAER AR, 885 M /D, XA KER
RAAEAR U i A DR S AR % B | Py, O
BRI 45 AR Y 131526 Ma BV AR PR A 1y i
Fr /D UTRUAERS | Morrissey et al. (2017a) ST
Mitchell 2 85722 ¢ J5i 7 b 4l J5 A7 9 LA-ICPMS U-Pb
RN, BER MR A A Y ca. 1320 ~ 1300 Ma FITE
M, B FEAE IS 13057 Ma 290K 1 /N UUFRAE
1%, IR R TT RS AR Pt &R T AR AR A, S8
Fr b, Windmill #5 Clark 2 5 00 A 82 = 81K
JRRE IR R rh SRS 1 B M, 7 o SR AR 15 1342+
21 Ma ( Post, 2000) X Morrissey et al. (2017a,
2017b) N B AR T B A 0 T B AR 1350~
1315 Ma A7 )G, FIL, EHFMKMEC A W RE AR S
W8GR 2 DUBRE 1Y JR 8 DO RR B AR 1 7E 1450 ~
1350 Ma 1] ,
5.3.3 PR ERFH M, /D, AE RN

Post (2000) MIHFSY mi% X IE B RS M7
(B R B A A RS — IR M s B (M, /D) 0]
[ & A T 5L AR TE FAE L, D, A8 T2 AE A2 UL
BUEMBR b WA LS A A MAINAa -8
“REER S, dRid sk, S, B IE PS5 R IR A
PR — 45 75 28 I8 S BT AR 2 R isf & 2B 1, Clark
KB AR TERT D, - RAE BT M, A 2R = BHE Bk s
TR R A K AT & A 1Y 134221 Ma 4FE ¥4 35
AWM, AINE A AR B, M, R RS
B ca. 750 °C . ca. 0.4 GPa, Clark 2} & [F 45 1B D,
(B2 K R R 12 AR R R A B S A0 45 A AT R
413156 Ma, fRFE W D, WA AER, f5x
M,/D, & AE 131526 Ma Z R, Morrissey et al.
(2017a) X Mitchell 2 £ 78 ¥ Jit 77 b oh & 47 A7
LA-ICP MS M 4F, KA 0 M, A48k 1305 +
7 Ma, MR ST 09 85 2 5T A JRR A 5 A 3 AE ik iy AR
FTAEY S 1318+34 Ma, 5% B I 9 228 4 H B4R
—F, E-WmPERFEMN, &AL EER AT,
%X M, /D, IR A 1340~ 1305 Ma, M,/D, F
SR, WALHE T SS IR S KIS, W Clark
K8 1315£6 Ma AFRE R ZETE D, K& 5T IE Fr R %

AU A  (Morrissey et al. , 2017a)

Bailey 2[5 2 e A #0140 46 50 v R 5 FF o F
1 YR BRAR & A 18 A A8 5 I AR 7 AR 8% 43 R
1247+13 Ma, 1258+12 Ma. 1242+13 Ma (Zhang et
al. , 2012) . Mitchell & & = B} 18 i< 7 (10 85 A1 45
FHAE Y F 1235+7 Ma ( Morrissey et al. , 2017b) ,
IR AT AT IR €6 7 R A 1 R A R AL AR R 1257 £51
Ma, 54O FAERK R KERAMER -2, —IFH
F6 7R I% X AE 1258 ~ 1235 Ma W (6] 77 76 48 40 5 10 5 %
W8,

5.3.4 FaAERTHEM,/D, ZEREA

ZIXAERRRLCE M TICR T WA ZE, 4
WA D, A D, . M, R E SR IRE ca. 850 ~
900 °C ., JE/ ca.0.4~0.6 GPa, H-HARBLLLAE T
FUE I 02 KA AW A0 — 5 A0 138 40 Rl
FROE, M, TR G 8k & 4= D, ZBIEA/EH, TR
M, IR AR, TERRRCA A (M,/D,) 75 1Y
JERREMIEMS S M, AT AR ES A, &
K FRE 7 W5 A B B A R 5 M A S
1 D, IR Z AL B AR R R AT S 2T, B
WSS, 21, Bailey 2 & [ 48 i - A2 2 J5 D, —[A]
M, FARB S KA AR R 1214+
10 Ma, f#BER D,, ZBIEAE A M, 28 5T 7R HI b6 9
ARy, o I JE A AR R ) 1171+13 Ma, Herring
GOMEEEN RS RESGAMENT WA S
RO A -EF AR A - A - A -4
KA -RihA-EEMBERT Bt -ad, HpRE
5 BA R (1) 5 41 46 A= 11 SHRIMP U-Pb 4E 38 117149
Ma, fift R R RBE A A M, 5 278 J53 AR FH 6 20 0 il 7y
Y, MEAAER R 114227 Ma, £S5 M, 28R
YEFIAH G B Windmill #F 5 22 P0RRUE 09 )32 3 40 4
fill % " AE ca. 1170 ~ 1140 Ma /8], Clark 2 1% i 728
JETT D, -[FAS T M, A1 4 58 = RS 7 R ol s A
U-Pb 44 K 117126 Ma, Clark £ B[R D, 1Y
BATKRAEMRAENMEAFER R 116927 Ma, 1
SR, ANIRVE A R A AR AR R M, 7R AR AR AL
M ca. 1170~1140 Ma (Post, 2000)

Zhang et al. (2012) HRIE WAL F KA 85 A
PIe SR T A A A, 0 Bailey 2B IS &AM T A AE
B B A i 33-1 Hll A5 10 Y U R IR 3364
107°, H*"Pb/*Ph 4% 1222425 Ma, AlREIRE
A T A A AR IS MR 34-1 D R RRIR
A albiS, S0 BAR- LW, ot



TEN, 4. ARHH Windmill 7 55 27 ji J2 068 K ot 5 £ M G T 44 18 9 AR
Kl Bailey - i BEER U R FITR (6 5 R4 6 41 SHRIMP U-Ph 45 1% 19 29 52 779

%5 W

A 14 BB U & &I 1796x10°°, H"Ph/**Phb
AR R 1221 216 Ma, X3 F 242 BT 3 1F 19 4F 1,
Morrissey et al. (2017a) #2 Mitchell 3 5 1 Herring
5 A8 PR A Tk JE A7 7 Ph/ 2 Ph R AR IR 1177+
4 Ma F1 1185 +8 Ma fi#t BE i M, 0§ ] 4F %
Cameron &5 . Mitchell 2f & . Robinson & . Herring
By 0 4 A AR TURR A 45 A 10 728 T 18 A= i 9 AR % 43 3
1325~1295 Ma, 1310~ 1180 Ma, 1310~ 1170 Ma,
1250~1200 Ma, #87R % X 28 P AL A 19 48 it 35 4 &
A AE 1325 ~1170 Ma B [H] (Morrissey et al. , 2017h) ,

IR 2 B IR 6 R RR A B ARG AR AR IR R
1197426 Ma, 5 Morrissey et al. (2017a) FR1FHY
AR kR AT (AR IS 11774 Ma F1 118548 Ma
TERZE 0 N BEA — 3, 5 IE b K a FR Gk i
A FA-2% Sm-Nd 55 B & AF )} ca. 1156 Ma il
ca. 1137 Ma L A L FH & ( Moller et al. , 2002)
68 M, BR KL # AH AE BT S 1 4R 88 ca. 1137 ~
1197 Ma,

] i 3 Windmill #¥ 5 H1 X 9 Ardery %5 75 7
FERE A, ZA RN —, AR
AL B K, Post (2000) 3K75 K Bosner & Ardery %8
TRAE R A B 47 SHRIMP U-Pb 4E#4 4 1163+7 Ma,
Z WS L Morrissey et al.  (2017b) #Z3E 1% Robinson
A1 Ardery 2895 46 i< 5 45 A 45 A AE I 117827 Ma
AEEE) 15 Ma, X I Zhang et al. (2012) FRIBEH 2
R Robinson & 28 75 16 i) 5 B i AR A2 4AF % 1196+ 8
Ma i1 1205+13 Ma 44224 33 Ma, BT Ardery %75
R A AR — N — 1 R, MBI R K
ANFIT ) 21 A R TR AT B R 2 AR AR I R
Bk, MALEY Ardery %8 95 4K 54 5 2 DR Y KR
A, Robinson & 7] W, Ardery EHhEHESRAZ
WRABEA A TURUA &, A 6] R RE 3K 15 19 K )
AEIFE 7R Ardery 28 95 A B4 5 IR T 3D TTRE R AE 2
2407, HAR AT 2578 1200~ 1160 Ma Hfa], #f4E
2] 40 Ma,

WF 5T DRRORL AR S BT AR T M, 168 409 B B 1 Bl o
SREV ARG B, W Ford BRI -EH G D, &
MR BERKS, RAFBRHA 117329 Ma; Ardery
LHIR AR AER ] 1163£7 Ma, 117827 Ma,
1196+8 Ma fi1 1205+13 Ma, Ardery DIV A =X
NN JEAE ca. 960~ 1100 °C | 0.3~0. 4 GPa I JE 5%
R 45 f4 80 (Kilpatrick and Ellis, 1992) . JFEKL %
AR A B Ardery %8 95 AL i 5 4F 7% AH LU B Ardery

BINAL I A ] AR B B TR b oe s R R )
S5 RRORE A A S AR B A DG B A AR
EA K AR AL AR BTJE B ( Morrissey et al. ,
2017a, 2017b)

5.3.5 P UE R M8 IR AL

Robinson A M J5 D, MY B 140 fh A s 22 U0 T
Ardery 570K A, AERMIIER TS, HA A4
ARAR IS 113829 Ma 15 71 45 40 & 4 5 B9 4= £ I AR
(Post, 2000), 55 Stark et al. (2018) #iE Wi T
Windmill £ DLV 400 km 4k ) Bunger B P A
BRARALAE S ca. 1140 Ma — 2, KNS B8R
RS #R G I 0 e i 78 S A P e A0 B B ) 3 L B A
(AR st ) A7 56, X Windmill Ff & b DX {BL 7= H
T3 57 Y RIOME W A il R AT XIS L, #R i
B AR (JEF 29 400 km) BYAZ AL 5 b AL T 5)
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Fig. 7 Tectonic map of Antarctica and Australia in a Gondwana configuration (modified after Liu et al. , 2018)

AFO-Albany-Fraser Orogen; BH~-Bunger Hills; CCr—Curnamona Craton; M-F-C-Madura-Forrest-Coompana Provinces; MR —Miller
Range; NC—Nornalup Complex; TA-Terre Adélie Craton; WAC-West Australian Craton; WI-Windmill Islands; WL-Wilkes Land
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