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Abstract Zircon Lu-Hf isotopic analyses were carried out for ultrahigh-pressure eclogite and granitic gneiss from the Dabie orogen.
Together with zircon U-Pb dating, the results provide constraints on their protolith origin, with significant implications for growth of
continental crust by rift magmatism during breakup of the supercontinent Rodinia. Analyses and comparison of combined U-Pb and Lu-
Hf isotopes in different domains of igneous and metamorphic zircons indicate that different origins of zircons show considerable
differences in **Pb/**U age, initial Hf isotope ratio, Th/U and Lu/Hf ratios. Metamorphically grown zircons have lower Th/U and
Lu/Hf ratios but higher &,;(#) values than igneous core and mantle. There are positive correlations between Th/U and Lu/Hf ratios for
metamorphically reworked zircons, suggesting similar effects of eclogite-facies metamorphism on zircon U-Th-Pb and Lu-Hf isotope
systems. Therefore, high-grade metamorphism can cause an increase in "°Hf/'” Hf ratios for metamorphically grown grain or domain,
resulting in enhanced &y (¢) values as if crystallizing from juvenile crust. Hence caution must be exercised when interpreting
metamorphic zircon Hf isotope data for the purpose of source tracing. Zircon U-Pb dating for igneous cores from both eclogite and gneiss
clearly indicate bimodal magmatism at about 750Ma, with a minor incorporation of juvenile crust in an age of 2. 15Ga. Initial Hf isotope
ratios can be categorized into two groups, first with positive gy (¢) values of 5.9 £0.9 to 12.9 £0.7 and second with neutral g, (t)
values of —4.3 0.5 to 2.3 £0. 3 around zero. The positive &, (¢) values correspond to young Hf model ages mostly on early
Neoproterozoic and late Mesoproterozoic, whereas negative gy, (1) values to Paleoproterozoic Hf model ages. The former implies growth
of continental crust by extraction of juvenile crust from the depleted mantle along rifting volcanic margins at middle Neoproterozoic, with
contemporaneous crust-mantle interaction in rifting tectonic zones. Both growth and reworking of juvenile and ancient crusts are evident
in the protoliths of both eclogite and gneiss, with prompt reworking of juvenile crust at each time.
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Sketch map of geology in the Dabie-Sulu orogenic



HACEF : KALLAR G EMHEE Fode W 7 g 4L Lu-HE R4 £ HFR 319

HAOF MBS R IR 2 AT ST R W, 8 e AR S
I R A R KOs B D B ITRR Y [+
A e AR B 5 (Zheng et al. , 2003, 2004,
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Bl 2 R L s FEAR R 5 AL B T IR T B A CL R PP B R ™ P/ U AR R e (1) (o a- FURRRIE S
b- XSGR, e~ TR AR, d-BU AR
Fig. 2 CL images of zircon grain with **Pb/** U age and/or initial Hf isotope ratio in g, () for eclogite and gneiss in the Dabie

orogen (after Zheng et al. , 2006). a-eclogite at Wumiao, b-eclogite at Shuanghe, c-gneiss at Wumiao,d-gneiss at Shuanghe.
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Fig.3  Zircon Lu-Hf isotope relationship for different
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granitic gneiss from Shuanghe and eclogite from Huangzhen

in the Dabie orogen (after Zheng et al. , 2005a) .
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& ( Zheng et al. , 2004) ,
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Fig. 7 Interpretative diagrams for zircon Hf-O isotopic
variations in the Dabie orogen (after Zheng et al. , 2006).
Varying degrees of mixing is indicated between different
sources ( depleted mantle, old crust and meteoric water).
Bimodal magmatism at about 750Ma was triggered by mantle
upwelling with transport of both heat and material from the
asthenospheric mantle to the continental crust, resulting in
coherent mixing and remelting of both the Paleoproterozoic
old crust and the hydrothermally altered juvenile crust along

an active rifting zone.
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SR 5B AN oS i I A ch g R R T R
TTHILLEAC SAERE A Th o U-Ph 4R RE 7 55 A1 10 45 S
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F1 KINLBESEBESMERFKEREA U-PbLu-Hf #1 O B ALE/NE
Table 1  Summary of zircon U-Pb, Lu-Hf and O isotope results from UHP eclogite and granitic gneiss in the Dabie orogen
R L s O JEUE A% (Ma) enr (1) Tpy (Ma) 50 (%o)
T 96DB25 it 749 £55 8.2+0.7 999 +50 44
12.9£0.7 82172 '
T 96DB24 F ks 753 47 5.9+0.9 1080 =72 1.7
2147 22 8.5+0.6 2186 +96 ’
K] 95M22 Tk = 744 +8 2.3+0.3 1244 +44 -4.1
XL] 01SHO7 = 758 £25 -2.7+0.6 1822 +74 -1.2
X 01SHO8 o 756 +42 3.9+0.4
.k JRES 1165 +18 -3.2
6.3+0.7
AA] 01SH13 R kA 758 £27 1.1+0.6 1295 +35 -4.3
HAH 97HO5 i = 1817 £102 -4.3+0.5 2371 £19 -4.3
£2 MHEERREEMETEEE—
Table 2 A compilation of trace element abundances in different Earth’s reservoirs
Reservoir Zr (ppm) Hf (ppm) Lu (ppm) Zr/Hf Lu/Hf Reference
Upper crust 193 5.3 0.31 36 0.06 Rudnick and Gao (2003)
Middle crust 149 4.4 0.40 34 0.09 Rudnick and Gao (2003)
Lower crust 68 1.9 0.25 36 0.13 Rudnick and Gao (2003)
Continental arc andesite 137.2 3.56 0.23 39 0.06 Kelemen et al. (2003)
Continental arc basalt 92.7 2.14 0.28 43 0.13 Kelemen et al. (2003)
Oceanic arc basalt 62.2 1.65 0.27 38 0.16 Kelemen et al. (2003)
Primitive MORB 92.6 2.31 0.41 40 0.18 Kelemen et al. (2003)
Depleted mantle 7.94 0.199 0.063 40 0.32 Salters and Stracke (2004)
Primitive mantle 10.8 0.3 0.0717 36 0.24 Palme and O’'Neill (2003)

S0 R0 At 7 1 A AR P P () N s AR R A R )
JR IR i A Pt iz i 2 e . PSS9 41 (Samson
et al. , 2003, 2004) . 3k B ¥ E A& ILEH Cadomian 3 1147
Morvan £ Jospinet [i¥) 1E F ik & 19 J & ; 36 B Morocco Anti-
Atlas 3 L1147 Tasriwine 5 0EE0f 1 XM RHEAE R 2 o

%} Cadomian ¥ 1147 14 1E sk A, Samson et al. (2003) X}
BEATEAT T U-Pb F1 Lu-HE [G07 250870 X 194> 4 X 0F 1 R
BB 47 ID-TIMS U-Pb 52 4R 45 51 & 1 S 45 19 Pb/
2SPhAEHS S 754.6 0. 8Ma 1 746.0 +0.9Ma, Lu-Hf [Flf; &
SItrgE s T AR E R e (0) B, A 12.2 0.4 3] 13.9 £0. 3
CRA" Lu ZE48 580 1. 865 x 10" yr ™' ot Ji 4 5040 7 31
B H Ty AR 4 0.77 £0.01Ga £ 0. 83 0. 01Ga, 5423
A7 U-Pb 4% 746.0 ~754. 6Ma (5] 8 rhas. 0 =) il
Ht . Samson et al. (2003) PRIy, 7EHT T AR P15 9K
T B ) T A M 4 1% B AT . X Anti-Atlas 3 (L4 R
KAE K 7, Samson et al. (2004) HAE T RRABIBFSE . B4
w4 SB0RE 4% 4 ID-TIMS U-Pb g 4F 45 B i A — 350 _F 38 55 4F
#4761 £2Ma F1 762 £2Ma, b3 45 i iy isf 8] ; [R5 Lu-HE
SHTA R E ey (O} 14.0 £0.3 ~ 14.9 £0. 6 FIERY
Tou % 0.74 £0.02 ~0.77 £0.01Ga ([& 8 HF2s.0 U iN
TB) o #ifr U-Pb 4E 5 HE BEACAR S 1 — B0k, W16 46

T2 T60Ma 5 335 Bl I DA 5 451 1 140557 A 7 ) AR R L
et o

SO AR I B b 45 1 0 B A0 L [ 3 2% 2R, B
PTG HE 0 3R W R R 07 3R U AE A0 o -1
EREEAA T IER sy () ERVVE SRR RIS 205 7%
R L (ELE S o 5 4 b i I [ 3R A P 45 AR,
Tl () (ERIIMTE HE [ RN S, AR AR ARZ N
i A e IR A T B . R & IR X T A 5
Pty R HE R0 R AL, ] REA 4R i B A9 418, 3%
Bk et rp e e & B el 8540 ey (o) (A FLBOR,
ARESC I T R R P N FE TR A A SR AR L I P AN
—iRAAE .

TEFEMR AT I, BA B Ty 4F I MR &4, (¢) {10
N IR DA R Y R S IR i k. 75— D7 T AE
TIPSR BA AR Toy IR AR B i e, (1) (ER I
HE ARG R W D T TR DR 9 ey, () FELRNRE 119
T I FEFHOR B R b 7E 14 Je B I [R] , 1047 fi 1E 9 e (1) fEL
B AF IR IR Ty AP0 DG 127 A Ml 72 M3 B2 JCH SR )
RRAFWE o ATEMRARE B0, AT X BLIR I, A R IE
ey (o) (L5 R = B i pI b 0E AR e — 2, BA
SR fe /N HE RECAE I 5 8 41 DA Y50 S Hh A A I ) A
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Fig. 8 Schematic diagrams for zircon Lu-Hf isotopic evolution
of bimodal magmatism in the northern margin of the Yangtze
Block during the middle Neoproterozoic (after Zheng et al. ,
2006). The bimodal magmatism at about 750Ma involves
both source mixing and crustal contamination along an active
rifting zone, with varying degrees of mixing between the
different ages of crust. The thick line denotes the evolution
of depleted mantle (DM) with a present-day "°Hf/""Hf =
0.28325 and "Luw/"" Hf = 0. 0384 ( Griffin et al. ,
2000) , and the thin line denotes the evolution of depleted
mantle that is drawn by using g,;;(t) = 16 at t = OMa for
MORB at present ( average MORB value, Nowell et al. ,
1998) and g4 (¢) = 6 at t = 2.7Ga ( Corfu and Noble,
1992 ; Vervoort et al. , 1999). Magma extraction is assumed
from the depleted mantle at 2. 15Ga, 1. 8Ga and 750Ma,
respectively. Open triangles denote the protolith of
orthogneiss from Port Morvan and Jospinet within the
Cadomian Orogen in northwest France ( data after Samson
et al. , 2003 ), and open squares denote the plagiogranites
associated with the Tasriwine ophiolite from the Anti-Atlas

orogen in Morocco (Samson et al. , 2004 ).

LU, 74 BE $ 78 00 f% B 7 2E M 76 A= K 95/ (Zheng et al.
2006) o AR X —HTHR R E TS 2k H T Bk 5
B 2 DA B el e 82 BT K¢
XFFRPEHSE Y A RO UL, BRA R B 75 451 e 64 350 70 Mo
il (51140 N-MORB) , A7 >fe 7 A 7 453 il s 16y 350 70 ik 491
41 E-MORB IAB OIB #1 OPB) ., #9415 % 54 (OIB) i
B LR (OPB) J& I AT 598 1 H 45 it R A, X 2R AR
AT LA R T [R] I639 5 408 M 88 00 4 HLE ) 437 3% EG R 9 IE

sHE() fB . AUARARE I AT 9 o BT J5 4 b 1) b Bk Ak
S WHATT A A HR FREAL T Ze AN AR, BRI AS 7] BE A
oA A A, A HAR R A R A AR P e TR e
SEA . QAR A AR B ISR B, T pl T R e
T 2 R ik SE AR B A T T N 2 ) Ze 540 X TR
Fili 7 ) AR AR, BI AT T AR e i) KR 7 18] Y 7K F- 95 K
AR BB AR 348 R CORBS ) 3 A= ), oAy R A 240 R il it 2%
T 4G (RS0 Rl (R B e 1] A 4G ) o KB O K R S
T S BB 3 B il ) £F 4G, H R 7T BE A5 AT 0 sl
5 R R A SRR DR BE 1o A (T AR | g s AL, B
M, BCE PO R I THER ) |, PR RE A 4 b 3K
BEOBOR TR G 1 Ze MAFLREE . AL, KREZA S HIG )
AR P A e A P S R 3 R, AT T AR P
WE IR, P R s g DR M S A . R T, 5 B e
I R R 5 A K B B BEAS LR , DICRE il i 2 R i 3 58
H R B B Z ML ( Rudnick, 1995; Taylor and McLennan,
1995) o MIAETESE I flioe % i A vb, BEAF 738 A8 3t 7 Y Bk
b, WAFLEd Z TR INA (Wu et al. , 2006b) . M\ HF [F]{iz
FRERSTIE A3 S I R, A R 2 75 1 08 i 5 A" BE X R
A58 A A SRR B S B 38 L (Arndt and Goldstein,
1987; Zheng et al. , 2006) , %I T4 AT RER A A H 5 i e
R Bl 5 E 5, WU B 1X 53 S B ) S b e AR R G 2 oty
EHSTIRAREE R, 75 W A T 4 Fn 2 2 BA AR R A5
22 FE B RS L FIFAAATEM e o S

Xof Tt E A8 b e oK 1L, AN BE TAT 5 3t oRE T 0 G B 1E e (1)
AR R SR T 5 Bl IR A = (1) SERE A %E
ZUEHT, MR 5 3 A0 A Rl S T RE BT UAE R, A
i LR FEIX 205 (2) 5 R A G e X 4k T Ze
AEFRZS , i1 33 2 b 0 25 A ¥ 204 Rl A RT R L4 T2 A
AT WL ZBTTE 3 T AR M R P Sl M YR I AR L R v 5
TRAR SIS A AKX — 250 ol 28 5 A T g 3 738 vl e
P R S A AT R R A, (HE HE HE [A) o 3 20 R 31
LR E R, A R ey (O, SHiA A
A Eey (1) 5 HURFROE B X, R A fUa g s
B BA IE R ey (o) {8, I H HE AR R A5 Tt A,
AR P R 156 HH 30K S A 125 SRR DXy 3 TG iy A A e, A
AR T L K B B i AR R A I UL ¢ B 1Y A
AN AR S C il 4 Nd R R ST E AR 1
A RIZE R A T EE R (Wed et al. , 2002)

TR Y — S A 2 T e ey (0O 1A 12,7 ~
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8.2 0.7 i iEey (1) (HEL -2.7 £0.6 YRR ey (1) (HLA
T AENT R [ 999 +25Ma %] 1244 +22Ma [F4FE5% Ty, B, A
REMR Ry e AR B A st se AR o AR SO, B AT
T AR A I 5 | 13 5 450 b & R 2 1 i 5 1) A TR



328

FERERIR A B . L, BHEIE R s, (0) (EFIEG A7 U-Pb 4F
W Bl HE AL QAR — 2 A 46 7 B A M7 SR IR, U1 A
BT AR HLSE Y [R5 P st b O G E Y . SRR, T
JoF RS R R B ARG T B B AR AR RS Oy 2186 =
96Ma, #Ef1 U-Pb AN—3 38 B4R WS 2147 +22Ma, — 3 3
AR—E, 76t =2150Ma BIHHEAHE] 1 R IEM &,y (0) {H 8.5
+0.6 (&8) . Xtdizn T tyooy U IR A Hre I = 6 b
b A KA . I HL, X — il el AU A s e i U-
Pb A1 Lu-Hf [7] {3 3R IEAE 3 o0t A QR4 e SR A T v R AR B
Th%.

oo URA & T 3 AN R RE T BOsUg X4 s 7 A8
HoFE R IR RET R B A 7 SR A P o LSBT A B Bk o
E T R L T A U e e el S B T LA R Y
8O fELIY J A XU 32 3 S SR o T 25 S A i e A
AT & TS I S KRR T  E AY o hy oet A Qb 7e 9 P i
SR AERS AT U-Ph AR AN Lu-HE G4 Z 8RBk HisE 5
TR WU I AT T R HUE W] 5 R 5K e
V1% SRR A S ) B A 1 Pl U B BT SRR A

6 4k

X R L 5 He AR o 1R IR 9 85 41 U-Pb Al Lu-HE
[ R BTFE R, =Bl i R VR 5 s ) 1 B
U-Pb [l 20 2, 41 Lu-HE [} 07 50 A 052 2088 oA g
TR . AR M A KA TR R L, AR R A A8 T
BRI BARE) Th/U F1 Lu/HE PR By (0) (o AT
R A1 Th/U Rl Lu/HE HOAE A7 764 IEAE 1, 3R A2 T
VEFIXH 4 1) U-Th-Pb 1 Lu-HF [7] 1 2 4K 2 A 5 A L0052
Wi o o A1 B HE BRI S R A D 4 i G 4 e —
B, f i PR AR e AR K HITE 2 T50Ma 1 2. 15Ga, Jf
HARBLH) 4 (0) 38 5 R 5 45 Mo 1 oy, () {E AR T HE—
A, R R TS A Y 1 RO A 2, R 5 1l i g T
AR IEATESR T7E 1.8 ~ 1.9Ga Ml RIFE ) Bl BRAb 2t B
— U H5e A K F . 750Ma ZE 47 A H IR Bh 5 R T
e AT A e i A KAy el AUBT A G TS Y P
TS 20T (7] B 393 1) 7 8 A B A o 0 3 e 1Y
e (0) (EFEMRAN HE BEAR R TR o FERL S5 41 1[5 L 2 AT
FERRi e A KRFLFAE I , A Ui KIE ey () fH5
I3 5 S5 3t ) A0 s FLE ) 7 3 PO A — 30, I ELXS IV Y HE 468
A 55 55 A1 A 5 6 PP 46 B O IR RDARLRL S I A RS A
SR T AGE A B A 8 T A 52 A A SR AR AR ]

1 RS SN AT R R RS 5 RS 5 S 4 A 30 7 D HE
PO AEL Y 035 B4 o, B8O RO A O s A 10 R DL T A
FeI e (O AR, X RUAE N AL 5T R A A T IR KR
BRI LIERE . i TR e W A E G LU R (HREE)
64, H Lu/HE FE(EAE BT 67 4 v foe e, AR SR AR S
PRI H & kg, DRI 78 1A 93 60 030 £ e 2 2

ELF| 2007, 23(2)

Acta Petrologica Sinica

#RAENS SO A B A A T 97 HE T HE H(E (T 9 A
RO ) o i, FEAXT B AR R AL E T, B R
HE [6) (3 3 4, S A R 1 [ (0 38 4, REAS AR
ST A R . AR AL A S A0 1 R0 3R 7R B
JECE RN, Wik US4 AR B R TR 4h HE [R]
137 3% HOAFL, T AN 2SR P 728 J 4 % s 1o 0 52 (197 Ph/ 2 Ph 4
Weo QSRESA HE A3 5 2s Nd [ 2 2 () H BB,
AN IRV TR 5 A A0 P AR X M 5 TR e 5 D5 IX 4K

Bt A Lu-Hf AR AR 0PSB R AR G 5
RIS, AR LTSS 53 BT B 18 O WA B T A
SAERIE EISEE

References

Amelin Y, Lee DC and Halliday AN. 2000. Early-middle Archean
crustal evolution deduced from Lu-Hf and U-Pb isotopic studies of
single zircon grains. Geochim. Cosmochim. Acta, 64 4205 —4225

Amelin Y, Lee DC, Halliday AN and Pidgeon RT. 1999. Nature of the
Earth’s earliest crust from hafnium isotopes in single detrital zircons.
Nature, 399 . 252 - 255

Ames L, Zhou GZ and Xiong BC. 1996. Geochronology and isotopic
characteristics of ultrahigh-pressure metamorphism with implications
for collision of the Sino-Korean and Yangtze cratons, central China.
Tectonics, 15 472 —489

Andersen T, Griffin WL and Pearson NJ. 2002. Crustal evolution in the
SW part of the Baltic Shield: The Hf isotope evidence. J. Petrol. ,
43, 1725 - 1747

Arndt NT and Goldstein S. 1987. Use and abuse of crust-formation ages.
Geology, 15, 893 - 895

Bodet F and Scharer U. 2000. Evolution of the SE-Asian continent from
U-Pb and Hf isotopes in single grains of zircon and baddeleyite from
large rivers. Geochim. Cosmochim. Acta, 64 2067 —2091

Chavagnac V, Jahn BM, Villa IM, Whitehouse MJ and Liu DY. 2001.
Multichronometric evidence for an in situ origin of the ultrahigh-
pressure metamorphic terrane of Dabieshan, China. Journal of
Geology, 109: 633 - 646

Cherniak DJ and Watson EB. 2003. Diffusion in zircon. Rev. Mineral.
Geochem. , 53 113 - 143

Cong BL. 1996.
Dabieshan-Sulu Region of China. Beijing: Science Press, 224 pp

Corfu F and Noble SR. 1992. Genesis of the southern Abitibi Greenstone

belt, Superior Province, Canada: evidence from zircon Hf isotope

Ultrahigh-Pressure  Metamorphic Rocks in the

analysis using a single filament technique. Geochim. Cosmochim.
Acta, 56 2081 -2097

Flowerdew MJ, Millar IL, Vaughan APM, Horstwood MSA, Fanning
CM. 2006. The source of granitic gneisses and migmatites in the
Antarctic Peninsula: a combined U-Pb SHRIMP and laser ablation
Hf isotope study of complex zircons. Contrib. Mineral. Petrol. ,
151 751 —768

Fu B, Touret JLR and Zheng YF. 2001. Fluid inclusions in coesite-
bearing eclogites and jadeite quartzite at Shuanghe, Dabie Shan
(China). J. Metamorph. Geol. , 19. 529 -545



FAR T KALLA S EAMGE LA K AR T4 Lu-Hf FAZE AR 329

Fu B, Touret JLR and Zheng YF. 2003. Remnants of premetamorphic
fluid and oxygen isotopic signatures in eclogites and garnet
clinopyroxenite from the Dabie-Sulu terranes, eastern China. J.
Metamorph. Geol. , 21, 561 —578

Griffin WL et al. 2000. The Hf isotope composition of cratonic mantle;
LAM-MC-ICPMS analysis of zircon megacrysts in kimberlites.
Geochim. Cosmochim. Acta, 64 133 - 147

Griffin WL, Wang X, Jackson SE, Pearson NJ, O'Reilly SY, Xu XS and
Zhou XM. 2002. Zircon chemistry and magma mixing, SE China.
In-situ analysis of Hf isotopes, Tonglu and Pingtan igneous
complexes. Lithos, 61 237 -269

Hacker BR, Ratschbacher L, Webb L, Ireland T, Walker D and Dong S.
1998. U/Pb zircon ages constrain the architecture of the ultrahigh-
pressure Qinling-Dabie Orogen, China. Earth Planet. Sci. Lett. ,
161. 215 -230

Hacker BR et al. 2000. Exhumation of ultrahigh-pressure continental
crust in east central China: Late Triassic-Early Jurassic tectonic
unroofing. Journal of Geophysical Research, 105 13339 - 13364

Halpin JA, Gerakiteys CL, Clarke GL, Belousova EA and Griffin WL.
2005. In-situ U-Pb geochronology and Hf isotope analyses of the
Rayner Complex, East Antarctica. Contrib. Mineral. Petrol. , 148 ;
689 - 706

Hawkesworth CJ and Kemp AIS. 2006. Evolution of the continental
crust. Nature, 443 . 811 —817

Hirajima T and Nakamura D. 2003. The Dabie Shan-Sulu orogen. In:
D. A. Carswell and R. Compagnoni ( Editors), Ultrahigh Pressure
Metamorphism. EMU Notes in Mineralogy, pp. 105 —144

Hoskin PWO and Black LP. 2000. Metamorphic zircon formation by
solid-state  recrystallization
Metamorph. Geol. , 18 423 —439

lizuka T, Hirata T, Komiya T, Rino S, Katayama I, Motoki A and
Maruyama S. 2005. U-Pb and Lu-Hf isotope systematics of zircons

of protolith igneous zircon. J.

from the Mississippi River sand; Implications for reworking and
growth of continental crust. Geology, 33, 485 —488

Jahn BM. 1998. Geochemical and isotopic characteristics of UHP
eclogites and ultramafic rocks of the Dabie orogen: implications for
continental subduction and collisional tectonics. In: BR Hacker and
JG Liou ( Eds.), When Continents Collide; Geodynamics and
Geochemistry of Ultrahigh-Pressure  Rocks.
Publishers, Dordrecht, pp. 203 -239

Jahn BM, Rumble D and Liou JG. 2003. Geochemistry and isotope tracer

D. A. Carswell and R.

Kluwer Academic

study of UHP metamorphic rocks. In:
Compagnoni ( Editors ) , Ultrahigh Pressure Metamorphism. EMU
Notes in Mineralogy, pp. 365 -414

Kemp AIS, Wormald RJ, Whitehouse MJ and Price RC. 2005. Hf
isotopes in zircon reveal contrasting sources and crystallization
histories for alkaline to peralkaline granites of Temora, southeastern
Australia. Geology, 33 797 - 800

Li S, Jagoutz E, Chen Y and Li Q. 2000. Sm-Nd and Rb-Sr isotopic
chronology and cooling history of ultrahigh pressure metamorphic
rocks and their country rocks at Shuanghe in the Dabie Mountains,
Central China. Geochim. Cosmochim. Acta, 64 1077 —1093

Li XP, Zheng YF, Wu YB, Chen FK, Gong B and Li YL. 2004. Low-T
eclogite in the Dabie terrane of China: petrological and isotopic
constraints on fluid activity and radiometric dating. Contrib.

Mineral. Petrol. , 148 . 443 —470

Li ZX, Li XH, Kinny PD, Wang J, Zhang S and Zhou H. 2003.
Geochronology of Neoproterozoic syn-rift magmatism in the Yangtze
Craton, South China and correlations with other continents; evidence
for a mantle superplume that broke up Rodinia. Precambrian Res. ,
122, 85 -109

Liou JG, Zhang RY, Eide EA, Wang XM, Ernst WG and Maruyama S.
1996. Metamorphism and tectonics of high-pressure and ultra-high-
pressure belts in the Dabie Sulu region, China. In: MT Harrison and
A Yin (Eds. ), The Tectonics of Asia. Cambridge University Press,
pp- 300 -344

Liu FL and Xu ZQ. 2004. Fluid inclusions hidden in coesite-bearing
zircons in ultrahigh-pressure metamorphic rocks from southwestern
Sulu terrane in eastern China. Chinese Sci. Bull. , 49, 396 —404

Liu FL, Xu ZQ and Xue HM. 2004a. Tracing the protolith, UHP
metamorphism, and exhumation ages of orthogneiss from the SW Sulu
terrane ( eastern China) ; SHRIMP U-Pb dating of mineral inclusion-
bearing zircons. Lithos, 78 411 -429

Liu FL, Xu ZQ, Liou JG and Song B. 2004b. SHRIMP U-Pb ages of
ultrahigh-pressure and retrograde metamorphism of gneisses, south-
western Sulu terrane, eastern China. J. Metamorph. Geol. , 22
315 -326

Liu DY, Jian P, Kroner A and Xu ST. 2006. Dating of prograde
metamorphic events deciphered from episodic zircon growth in rocks
of the Dabie Sulu UHP complex, China. Earth Planet. Sci. Lett. ,
250: 650 — 666

Nowell GM, Kempton PD, Nobel SR, Fitton JG, Saunders AD, Mahoney
JJ and Taylor RN. 1998. High precision Hf isotope measurements of
MORB and OIB by thermal ionization mass spectrometry: insights
into the depleted mantle. Chem. Geol. , 149 211 -233

Rubatto D. 2002. Zircon trace element geochemistry: partitioning with
garnet and the link between U-Pb ages and metamorphism. Chem.
Geol. , 184 123 -138

Rubatto D and Hermann J. 2003. Zircon formation during fluid
circulation in eclogites ( Monviso, Western Alps) : Implications for
Zr and Hf budget in subduction zones. Geochim. Cosmochim. Acta,
67: 2173 -2187

Rudnick RL. 1995. Making continental crust. Nature, 378, 571 —578

Samson SD, D’Lemos RS, Blichert-Toft J and Vervoort J. 2003. U-Pb
geochronology and Hf-Nd isotope compositions of the oldest
Neoproterozoic crust within the Cadomian orogen: new evidence for a
unique juvenile terrane. Earth Planet. Sci. Lett. , 208 165 - 180

Samson SD, Inglis JD, D’Lemos RS, Admou H, Blichert-Toft J and
Hefferan K. 2004. Geochronological, geochemical, and Nd-Hf
isotopic constraints on the origin of Neoproterozoic plagiogranites in
the Tasriwine ophiolite, Anti-Atlas orogen, Morocco. Precambr.
Res. , 135: 133 - 147

Taylor SR and McLennan SM. 1995. The geochemical evolution of the
continental crust. Rev. Geophys. , 33; 241 — 165

Thompson AB, Schulmann K, Jezek J and Tolar V. 2001. Thermally
softened continental extensional zones (arcs and rifts) as precursors
to thickened orogenic belts. Tectonophys. , 332 115 — 141

Vervoort JD, Patchett PJ, Blichert-Toft J and Albarede F. 1999.
Relationship between Lu-Hf and Sm-Nd isotopic systems in the global
sedimentary system. Earth Planet. Sci. Lett. , 168 79 —99

Wang X and Griffin WL. 2004. Unusual Hf contents in metamorphic

zircon from coesite-bearing eclogites of the Dabie Mountains, east-



330

central China; implications for the dating of ultrahigh-pressure
metamorphism. J. Metamorph. Geol. , 22 629 - 637

Wang XM, Zhang RY and Liou JG. 1995. UHPM terrane in east central
China. In: R. Coleman and X. Wang ( Eds. ), Ultrahigh Pressure
Metamorphism. Cambridge University Press pp. 356 —390

Wei CS, Zheng YF, Zhao ZF, Valley JW. 2002. Oxygen and neodymium
isotope evidence for recycling of juvenile crust in northeast China.
Geology, 30, 375 -378

Wu YB, Zheng YF, Zhao ZF, Gong B, Liu XM and Wu FY. 2006a. U-
Pb, Hf and O isotope evidence for two episodes of fluid-assisted
zircon growth in marble-hosted eclogites from the Dabie orogen.
Geochim. Cosmochim. Acta, 70 3743 - 3761

Wu RX, Zheng YF, Wu YB, Zhao ZF, Zhang SB, Liu XM, Wu FY.
2006b. Reworking of juvenile crust: element and isotope evidence
from Neoproterozoic granodiorite in South China. Precambr. Res. ,
146 179 -212

Zhang SB, Zheng YF, Wu YB, Zhao ZF, Gao S, Wu FY. 2006. Zircon
U-Pb age and Hf-O
metamorphic event in South China. Precambr. Res., 151 265 —
288

Zheng YF, Fu B, Gong B and Li L. 2003. Stable isotope geochemistry of

ultrahigh pressure metamorphic rocks from the Dabie-Sulu orogen in

isotope evidence for Paleoproterozoic

China: implications for geodynamics and fluid regime. Earth Sci.

ELF| 2007, 23(2)

Acta Petrologica Sinica

Rev., 62: 105 - 161

Zheng YF, Wu YB, Chen FK, Gong B, Li L and Zhao ZF. 2004. Zircon
U-Pb and oxygen isotope evidence for a large-scale 80 depletion
event in igneous rocks during the Neoproterozoic. Geochim.
Cosmochim. Acta, 68; 4145 —4165

Zheng YF, Wu YB, Zhao ZF, Zhang SB, Xu P and Wu FY. 2005a.
Metamorphic effect on zircon Lu-Hf and U-Pb isotope systems in
ultrahigh-pressure eclogite-facies metagranite and metabasite. Earth
Planet. Sci. Lett. , 240, 378 —400

Zheng YF, Zhou JB, Wu YB and Xie Z. 2005b. Low-grade metamorphic
rocks in the Dabie-Sulu orogenic belt: A passive-margin accretionary
wedge deformed during continent subduction. Inter. Geol. Rev. ,
47, 851 -871

Zheng YF, Zhao ZF, Wu YB, Zhang SB, Liu XM and Wu FY. 2006.
Zircon U-Pb age, Hf and O isotope constraints on protolith origin of
ultrahigh-pressure eclogite and gneiss in the Dabie orogen. Chem.
Geol. , 231 135 -158

Zheng YF, Zhang SB, Zhao ZF, Wu YB, Li XH, Li ZX and Wu FY.
2007. Contrasting zircon Hf and O isotopes in the two episodes of
Neoproterozoic granitoids in South China: implications for growth and
reworking of continental crust. Lithos, doi: 10. 1016/]. lithos. 2006.
10.003



