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Geochronological and geochemical characteristics of the Xiahetu amphibolites
from Chencai Group and their tectonic implications
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Abstract: A suite of amphibolites associated with marble from Chencai Group is exposed at Xiahetu Village in
Zhuji County of Zhejiang Province. Detailed geological and geochemical studies were carried out on the Xiahetu
amphibolites. The SiO, content of the amphibolites ranges from 43.22% to 46.56% , MgO content ranges {from
3.23% to 7.87% and TiO, content ranges from 1.90% to0 2.98% . All these geochemical features are similar to
the average value of oceanic island basalt (OIB). Moreover, the major elements characteristics of the amphibolite
suggest that it belongs to the alkali basalt series. The total REE values of the amphibolite range from 114.47 X
10 %10 192.39x 109, and (La/Yb)y ratios range from 5.93 to 12.13. The chondrite-normalized REE pat-
terns show right-inclined shape, which suggests the enrichment of LREE. The primitive mantle normalized
trace element spider diagram shows obvious uplift, which is also similar to the feature of oceanic island basalt.
Some tectonic discrimination diagrams suggest that Xiahetu amphibolites were formed in an oceanic island tec-

tonic environment. Petrogenetic research shows that the protolith of the amphibolite had experienced a little
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crust contamination during the magmatic events. So the geochemical features of the amphibolite can be used to

infer its original mantle features. It is held that the protolith of the Xiahetu amphibolits possibly formed in a ma-

rine volcanic geological setting near the subduction zone and sourced from the seamount fragments accretion dur-

ing the subduction of the oceanic crust. Thus rocks in Chencai Group are probably a suite of subduction-accre-

tionary complexes. U-Pb dating results of zircons in the amphibolite yield a mean age of 420.6 + 1.8 Ma which

represents the metamorphic time of its protolith. In conjunction with other field evidence, the authors consider

that the amalgamation between the Yangtze and Cathaysia Blocks was completed in Caledonian.

Key words: OIB; amphibolite; subduction-accretionary complex; Chencai Group; Caledonian
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Fig. 1 Geological sketch map of the Chencai Group in Zhejiang Province
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a—schematic tectonic map of South China showing the location of the study area; b—geological map of the Chencai Groups

c—geological section of the amphibolites associated with marble in Xiahetu area
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Fig. 2 Photomicrographs of the representative amphibolites in Xiahetu area
Am—MNA s PRHCA s MR
Am—amphibole; Pl—plagioclase; Mt—magnetite
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Table 2 Major( wy/% ), trace and rare earth( w/107%) elements compositions of the amphibolites in Xiahetu area

Pl S201-18  S201-19  S201-20  S201-21 20122 S201-23  S202-16  S202-17  S202-18  S202-19
SiO, 45.71 43.22 44.85 45.99 45.58 44.43 44.86 44.25 45.38 46.36
ALO; 14.31 15.89 15.74 15.22 15.25 15.76 15.19 16.41 16.00 15.55
CaO 10.43 9.15 9.45 7.69 9.30 10.20 9.96 5.19 7.64 8.98
Fe,O5 7.84 5.37 4.41 5.85 5.69 4.82 4.66 6.04 5.76 3.15
FeO 7.65 9.20 10.09 8.59 8.59 9.09 8.95 9.02 9.12 8.69
K,0 1.68 0.96 0.94 0.74 0.88 1.06 0.43 1.31 0.25 1.12
MgO 3.23 6.93 6.04 6.12 5.89 6.15 6.77 7.35 6.55 7.87
MnO 0.12 0.20 0.19 0.17 0.19 0.19 0.15 0.16 0.18 0.18
Na,O 2.47 3.13 3.25 4.11 3.51 2.96 3.78 3.47 4.43 3.31
P,0s 0.35 0.34 0.37 0.37 0.33 0.40 0.33 0.35 0.37 0.40
TiO, 2.98 2.63 2.61 2.52 2.53 2.58 2.53 2.61 2.62 1.90
CO, 0.51 0.39 0.09 0.32 0.26 0.29 0.21 0.51 0.09 0.21
HO" 2.04 1.96 1.32 1.70 1.46 1.42 1.56 2.86 0.96 1.48
LOI 1.88 1.53 0.66 1.28 1.13 1.06 1.24 2.23 0.41 1.03
Total 101.20 100.90 100.01 100. 67 100.59 100. 41 100. 62 101.76 99.76 100. 43
FeO" 14.71 14.03 14.06 13.86 13.71 13.43 13.14 14.46 14.30 11.53
Mg* 32 51 47 48 47 49 52 52 49 59
Li 7.80 20.80 13.20 18.40 13.10 12.50 8.28 46.8 8.92 18.60
Be 1.41 0.92 1.28 1.35 1.26 1.23 1.51 1.49 1.46 1.54
Cr 9.48 24.20 22.80 22.10 23.60 28.00 23.40 22.20 33.10 375.00
Co 38.4 63.3 69.2 58.4 65 59.5 58.9 59.3 60.7 54.3
Ni 54.6 87.5 85.8 83.0 83.3 83.8 81.6 79.2 79.7 112.0
Ga 22.1 22.7 23.8 21.9 20.7 22.4 21.8 23.0 22.1 21.5
Rb 33.20 28.40 12.80 18.50 20.00 24.20 7.58 37.70 3.44 28.50
Sr 315 318 300 302 343 339 261 187 219 343
Mo 0.18 0.11 0.44 0.56 0.41 0.76 0.41 0.89 0.46 0.42
Cd 0.14 0.17 0.14 0.10 0.13 0.14 0.13 0.11 0.13 0.15
In 0.09 0.09 0.09 0.09 0.08 0.08 0.08 0.09 0.09 0.07
Cs 3.03 1.33 0.75 1.23 1.02 1.45 0.54 3.82 0.28 1.22
Ba 346.0 205.0 159.0 156.0 171.0 204.0 97.3 281.0 47.5 332.0
Tl 0.09 0.09 <0.05 0.07 0.07 0.08 <0.05 0.1 <0.05 0.06
Pb 4.64 4.55 4.67 2.07 3.47 3.89 3.86 3.51 2.42 4.95
Bi 0.09 0.05 <0.05 <0.05 0.05 0.06 0.05 <0.05 <0.05 <0.05
Th 3.36 1.27 2.69 2.87 1.63 2.65 2.44 2.97 2.26 3.57
U 0.78 0.19 0.41 0.43 0.32 0.43 0.46 0.46 0.49 0.62
Nb 34.3 25.7 27.6 27.8 24.8 25.9 24.3 26.5 26.5 23.3
Ta 2.59 1.83 1.83 1.76 1.81 1.89 1.68 1.80 1.88 1.50
Zr 232 173 204 206 167 194 190 208 200 177
Hf 5.33 4.28 4.61 4.94 4.09 4.61 4.38 5.02 4.70 4.17
Sn 2.7 2.26 2.42 2.27 2.18 2.37 2.27 2.27 2.35 2.22
Sh 0.44 0.10 0.10 0.11 0.12 0.12 0.11 0.21 0.07 0.13
Ti 18 852 16 304 16 441 16 132 16279 16 007 15731 16016 16 350 13051
\ 342 232 230 219 215 214 223 212 229 242
La 32.1 21.1 22.5 21.7 17.6 23.7 22.4 17.9 22.3 32.3
Ce 84.9 47.9 48.6 46.8 41.4 49.7 47.6 41.2 49.2 79.9
Pr 8.71 6.28 6.40 6.13 5.69 6.52 6.26 5.40 6.33 8.26
Nd 32.8 31.4 30.3 29.8 27.4 30.5 29.5 25.1 28.9 30.2
Sm 8.19 6.66 6.55 6.72 6.27 6.60 6.23 5.68 6.16 6.88
Eu 2.68 2.20 2.24 2.06 1.96 2.05 2.14 1.90 2.18 2.15
Gd 7.69 6.83 7.08 6.81 6.40 6.82 6.60 5.91 6.56 6.40
Th 1.20 1.08 1.07 1.07 0.97 1.06 0.99 0.89 0.98 0.98
Dy 6.48 5.73 5.88 5.62 5.40 5.85 5.56 4.67 5.44 5.09
Ho 1.16 1.03 1.05 1.03 0.97 1.07 0.98 0.85 0.99 0.90
Er 3.22 3.01 2.9 2.94 2.72 2.95 2.82 2.49 2.90 2.53
Tm 0.41 0.37 0.36 0.37 0.33 0.38 0.35 0.30 0.35 0.30
Yb 2.48 2.27 2.32 2.28 2.13 2.29 2.26 1.90 2.23 1.91
Lu 0.37 0.36 0.33 0.33 0.32 0.35 0.32 0.28 0.32 0.29
Se 18.3 21.9 22.6 21.1 21.3 21.1 21.0 20.6 21.5 22.7
Y 29.7 27.7 28.6 28.0 26.0 27.3 26.2 21.5 26.5 22.9
> REE 192.39 136.22 137.58 133.66 119.56 139.84 134.01 114.47 134.84 178.09
(La/Yb)y 9.28 6.67 6.96 6.83 5.93 7.42 7.11 6.76 7.17 12.13
3Eu 0.95 0.93 1.01 0.98 0.98 0.94 1.01 0.98 1.00 0.97
Nb/La 1.07 1.22 1.23 1.28 1.41 1.09 1.08 1.48 1.19 0.72
Th/Ta 1.30 0.69 1.47 1.63 0.90 1.40 1.45 1.65 1.20 2.38

##: FeO'=FeO+ Fe,03 % 0.9; Mg” =[Mg?>" /(Mg>* + Fe?* ) 1% 100
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Fig. 3 MgO - CaO~ FeOT diagram of amphibolites
in Xiahetu area Cafter Misra, 1971)
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(b, after Winchester and Floyd, 1977)for the amphibolites in Xiahetu area



432 AR W ¥ gk & 35 %
1000
1000 a b
—u— H#BOIB —=—  #HOB
100 g = 100 -
5 P
= =
# =
S
-3 s
£l
* 10 10
I 1 L i L L i 1 L 1 1 L i '[ i L A ' L A L i i i i i
La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu Th Nb Ta La Ce Nd Zr Hf Sm Eu Ti Y Yb Lu
5 ITEIRHC A P B o 0 3R BRORE RS AT A E A IRC 20 B 2P Cad Rl 6 3% Ji 2 2 A v A4 06k P 131 (o ) CRIORE B A R it 22

HibE FIEHE McDonough and Sun, 1995; OIB ME#E Sun and McDonough, 1989)

Fig. 5 Chondrite-normalized REE patterns (a) and primitive mantle-normalized spider diagram (b) of the amphibolites

in Xiahetu area (normalization values after McDonough and Sun, 1995; element concentrations in OIB after Sun and

McDonough, 1989)

50 pm

Bl6  RHCAH N (S202- DA BT OE(CLY K B
Fig. 6 CL images of zircons from the amphibolite (sample S202-1)

5 it
5.1 BX4FE

HFAN LSRRI R A TN A 28 10 1 B
AR AR AT T, 3K 55 5 A 2 R B ) e A AR i
FUR) AR AR A — 20, B ERAE S RRAE BT A R
IR 52K A1 70K (Cs-RbaBa K ) & AR ELK,
PRl KBS 1 oR A JU R DA BE iR s 8 A0 S S0 A1 1k
gre MR Wit s AR RRE , AR AN 52 )5 3]

AR FH 5%, ARk o ] B2 B — SobE, mr DL
PR AE A e I R . PR 32 R s 0 o
FORAVTHE 7 A il 72 TR 4L b Y05 X ) 5 21 R AT
A

Ti JGE L o 3 5 i # b AN ) 1% (Bienvenu
et al.» 1990, F H Ti G534 CHIXS T Ew) 3 A
2 Bl e i Z — (Rudnick and Gaos 2003); [F] i,
Lu A Yb HA AL MR 224724, Lu/ Yb fHA
5243 A vt RS 43 s Rl o R R e, 2R A K Lu/Yb
fEH 0. 14~0. 15, M55 B 76 AH 5 1 5 12 L AR I o



433

EAFRAE: WRECE T NI BRI A AR . BRI S A 3 3 3L

/
[ap}

4 (444 Cl (444 €9 9ty L0000 9 L9070 671070 091S°0 910070 €6S0°0 S8re"0 IS1 01 14
4 a4 4! 44 09 0y L0000 8.L90°0 Y1070 €81S°0 ST100°0 ¥ 6S0°0 0cer 0 (a4t 01 €C
¥ 1y L 4% o¢ (9% L0000 SL90°0 06000 781570 60000 LSS00 260570 [4iY4 1C <
9 6¢S I Pee 44 8¢¢ 60000 €¢80°0 L¥10°0 87690 1 100°0 L8S0°0 19010 (34! 11 1C
¥ (4% 11 oty €S oy L0000 LL90°0 621070 91250 €100°0 86S0°0 872900 €LT 11 0¢
4 [a4 ! a4 €9 8¢ L0000 8.L90°0 ¢S10°0 c0zs 0 91000 96S0°0 ¥ LTE0 el 01 61
4 ocy 4! €y 6S 844 L0000 €1L90°0 [N 691570 S100°0 LSSO"0 Y ¥6C°0 44! 01 81
¥ Siy L 61 S¢ (344 L0000 €990°0 06000 911570 60000 8600 691¢€°0 0T €l L1
L 009 §3 66S 1 6¢ 68¢ € 7210070 9L60°0 6280°0 81¢8°¢ 2S00°0 L¥8C0 1961°0 96 Sl 91
14 1y 14! (44 L 8¢y L0000 SL90°0 L1070 SLISO 810070 965070 01y 0 4! Il Sl
14 0cy 0T Y44 [4S 0St L0000 L9070 §210°0 So6IS0 €100°0 6SS0°0 1L6€°0 891 4! 14!
S 61 91 a4 98 vy L0000 L9070 002070 891S°0 220070 865070 0LLO0O 0€l 8 €l
4 (444 6 Pray Ly 194 L0000 9.L90°0 STI0°0 81¢S°0 10070 09070 659¢€°0 0L1T 8! 4!
S Icy €l 9cy 89 IS4 L0000 L9070 €910°0 S12S°0 L 10070 19500 61010 LT1 8 Il
¥ oy 6 LTy 94 1234 L0000 LL90°0 111070 0€2S°0 110070 09500 L6070 (444 14! 01
S ey 6% 8Ty 8S¢C LY 80000 0890°0 €090°0 9€TS0 §900°0 6SS0°0 0¢81°0 S6 9 6
¥ 0cy 6 Iy 8t (444 L0000 L9070 911070 €EIS0 10070 2SS0°0 9870 €91 11 8
¥ 144 8 ey or ey L0000 08900 00100 S028°0 01000 €600 L€OT "0 14¥4 Y1 L
4 61 81 ey ¥6 189 % L0000 L9070 612070 68IS°0 20070 09S0°0 008¢°0 L8 9 9
4 61Y 0C 1y 801 |£3% L0000 1.,90°0 Y ¥20°0 SEIST0 L7200°0 §SS0°0 SOre 0 S6 9 S
4 61y L 44 €€ 454 L0000 1.L90°0 €800°0 18IS°0 80000 0900 99¢0°0 18¢ ¥ 4
¥ Siv 91 61y 18 (344 L0000 §990°0 €610°0 911570 02000 86070 £89C°0 4! 8 €
¥ 344 01 LTy 8t 0St L0000 8.L90°0 L110°0 67CS°0 210070 655070 €087 °0 LT 4! [4
¥ 1y 0T 144 [4S 8474 L0000 ¥ L9070 8¢CI0°0 681570 €100°0 865070 60SY°0 091 11 1
o1 Ngee/Idoe 2T Neee/Udiz - 2T dogr/Idue o1 Nger/Idon; 1 Ner/Id 10z o1 Adooz/9d 1o a ad
n/MaL 54
RAVE: 7 HyHE T 901/

(T-20zS d1dures)) rjoqrydure ) Jo e1ep qd-YL () SUAZ SN-dDI-VT € dGEL
E RN ET)E 9L B8 SW-DIVI(T0TS) ZME3E € 2%



434 =

%35 %

0.070

Mean age=420.6%1. 8
MSWD=0. 29, n=21

0.069

£ 0.067

0.066

0.065

0.064

0.44 0.48 0.50  0.52

ZUTPb,l'HSU

0.46

K7 T ERHC A N (S202- D85 AT U-Ph 1B
Fig. 7 Concordia curves of zircons U-Pb data for the
amphibolite (sample S202-1)

0.16~0.18(Rudnick and Gao,» 2003). {EAAMHZEIT
FURME b, NI IR A A 10 ARRE S T G E
WAT R UL B8 A 5 CEOSh)s 10 £
Luw/ YbEAN T 0.14~0. 158 1 AMFEM A, R ITIL
AEC YR T R Y DX YA A R B2 B Ak ) T e A e
Ta/Yb — Nb/Yb ( Pearce> 2008 ) 1 Nb/Yb -
La/Yb(Green, 2006 Kl i K DX 531 41 Y DX 25
b TE IR P A B AR B T 2R W DTk, R
Je S R 52 ) ) 2 A Y 4 AR #0881 B (Pearce
and Peate, 19950 I ¥l BEIRHC A A A HF: a6 41 Ak

O sk
JN-MORB [EHEHEFZRE
* E-MORB EIEFFELRE
| *OIB HRERE

A THESRANE

L 11l

E-MORB

Lol

(a)

L 11l
100

L 1Lt L1 it 1
0.1 1 10
Nb/'Yb

K 8

HugE N 7 51 CE 8) o BhAh, FE Al M 4EIL OIB X
HCE 8). S5 FE i G 25 L 43 B R e G R
Wk 9 P i L AT 5 OIB AHAR () Bk Ak 22 e i CE 5D,
AT R A I 5 S A R IR T B OIB FRE
(1) b 5 X
5.2 MIERE

TR A DA R A LT 3R I A it 4 HL A
i ot 2w AR A 43 88X (B 5a), (La/ Yb)y =
5.93~12.13, H A 73 #h £ B W A 7 T E-MORB 4!
LA AR LT 8 T B N-MORB 2 X iCh S, 1
5 B Z A oo R R A 2R A8, FER R T
U A H 8 BR E ALk Y B b, R IA [T R T
TE, B SR AS [A) T 88 8 Lot 3 5 B iR A0 i N-
MORB #, 756 5l F E-MORB ™ 2z 545, 1M [F] #£ 2%
LT B LA it B

ANAHZE 76 28 A 0 B R X 2 % s IR i e
WEio 7 TiZr Y \Nb-Zr-Y-V-Ti fl La/Nb~
La BI# S, i B RHS A IS FE A AE iR X
A TV B 2 A X 9), R B RH A N 1 i
HTBETE T 5 v Bl L AT OGRS . i Ll
DAY e ML )R, e 18 A TR 3 o A AR B ()
(P L BTG WL R R OR T P B % o Rk
PEZ A 2, FUBTEBOR & 8 P KOl 2 B 3
B RE TR YR A SRR DU B R AR 2 2R e L
[A) 20 B Juteau and Maury, 1997). F i B RH A A
55 ORI b AR T T R K B 4 A it i 1 45

100 =
10 -g
s - N-MORB
%I.U ?
. O iR
% N-MORB IEW#Eh#FZRE
il *E-MORB BHHHHZRE
= *OIB HEHERE
— A FTE#EANE
0.01 1 L 1 il | L1l il 1 L 111l

1.0 10 100

La/'Yb

TR A N Ta/ Yb — Nb/ YbCa, HilE 54k X S5 HE 35 Pearce, 2008)F1 Nb/Yb — La/ YbCh, il 5 44 X 75 [ #5

Green, 2006 B CAS R BRE Z A AR ME(E S Sun and McDonough, 1989)
Fig. 8 Plots of Ta/Yb versus Nb/Yb (a, mantle array after Pearce; 2008) and Nb/Yb versus La/Yb (b, mantle array after
Greens 2006) for the amphibolites in Xiahetu area (normalizing values of the oceanic basalts after Sun and McDonough, 1989)



3 TAARTEE . BRECATE T B RHC A N AR . M BRI A A 3 3 L 435
Ti/100 Nbx2
" b
(a) A—BIBNHZRE: B—FFHERE;
C—EEtERE DR ERE
(Al Al—HAEEE X &
All.C—HARHZ R E,
B— R £ RMORB;
D—IE % BMORB;
C. D—BHNZERE,
v D ARA KR
Zr 3Y Zr/4 Y
600k € Tifv=10 _ IAT— B T | d IAB—BUERE
| Ti/V=20 BAT—3I 5 S 4 B % 3 OIB- P &7 H
WPB—If i R4 10k il
5007 MORB—H¥h# %R E MR
f’___, 400F Ti/vV=50 g
N L i Y
> 300t D )
ES L HoMERRE g2 1t
200} \ ’\‘ K
100+
o 0 e e NN N 0.1 " L
0 5 10 15 20 25 0.5 1 10 100 500

w(Ti)/ 107

K9

w(La)/10™

FTE A A6 D2 OB B

Fig. 9 Tectonic setting plots for the amphibolites in Xiahetu area
a—Ti-Zr - Y BElfift (# Pearce M Cann, 1973)5 b—Nb - Zr - Y Elfi#t (4 Meschede 55, 1986); ¢—V - Ti B (i Shervais, 19825
d—La/Nb - La FIf# (4% Regelous &%, 2003)
a—Ti—Zr—Y diagram Cafter Pearce and Cann, 1973); b—Nb—Zr— Y diagram Cafter Meschede et al., 1986):
¢—V - Ti diagram Cafter Shervais, 1982); d—La/Nb - La diagram Cafter Regelous et al., 2003)

R AHARL, I FLOK B B 4 [ 437 2% 4 Se ke 30Ny i
HIRE G 5 1986 IR SCFFH L T LI F I 348
U L BT BN Ly e A o Sl R L ) B
HWE ()RR PL A O 5 Mg A 7% B A % ()i L
Ka A B2 BAT IR OIB HFAE, A - B &)
TR By | 76D 1) 1t 02 8 40 s Rl T B PR I L,
W AT AT 32 B T I8 SIS o 28 2 Ty
HE L S I EMORB 8¢ OIB 1) 4F 1 ( Clague and
Dalrymple, 1987, 1My % 3 4 gl 7 119 36 Ly Clon 2 HL TR
A IR T B 4 P 5 PR 9 L) R oKL S AT A
HATAN [A) B B2 10 9 98¢ 717 45 i ( Kamenetsky e al . »
1997« Bt R AW Bk, e L0 A AT BA& A 7 5 A
2% 8 KB4 2% (Volkova and Budanovs 1999; Gao

and Klemd, 2003). {5 i1 7544 4= b 75 5 4 18 45 H
(105 T, 3 23 L A A M AR 1T AR M R A7 iR K e 4
2k o T BURHC S A 28 D7 1 18k ik B 1K) 7% i
VERIFIRIE AR TE , 5 A7 RS AR O 35 /N, JE 58 3113 L
F UG 53 AR T I A, A LA BRI TR B %

UbAh, BRECA A YR 2 20, MR ARk
IYEL B T e AR R AEARGR D, AR YR
T BT S U A e VA B B A AN [ 1) K A
B (IR &5 19865 FLAF 255, 1995 =2 KR 4%,
1995, HAFLE i By L A 4l o, AR LT s o6 2
(715 a5 ) 3 i, I HLAR AR T SR AL 454~
420 Ma(FE 1), 45 BEHEDN R 4 5 o — & B AR
F P A= e



436 = A O W ¥ i & $ 35

5.3 Kt#EENX

1 RN B 3 By 5 01 1L - 21 2 W 24 BF A B
RS — [ A T B KBS, 19865 J8 3T IR 45, 1992;
Li et al.» 2010; Zhao and Cawood, 2012), KT WN#H
2Z R F3 5 I B R SAFAE B R K418, 5
ZHCFF BN PR BR300 R B P A
(Liet al.> 1997, 2003; Wang X L ez al.> 2007,
2014; Wang Y ] et al ., 2012a;: Zheng et al ., 2008,
20133 Zhao and Cawood, 2012). /i JE gt — fili bt
Jei s AEINHL AR AR ) R 3 R A S T e N 3 LA
HCEF R A5, 2008; &F R, 20125 Li et al.»
2010; Charvet et al.,» 2010; Wang et al., 2011,
2013),

B 7 S RIEFE BFA 00 00 s 30 T R g (T
BT — M BEAS A7 A6 S8 — R 7 WA T AN 1T (22
W, 20140, WA KR & 541 [F) I8 3 7] 28 24 1) e A
VKK . Wong %5 (201138 i X 7T 11— 24 X% i
S5 W0 R AR AR R T2 R BIF G0N A 3K A B AR AE B
ot R T e R e PG . IF BRI &
B, ELE ~790 Ma $1 Bli B AR B S A) 52 20 i 2L 1) v F
FeAF, WA S e 5B R AR A PRI (220545,
2014). BRI, 6 5 47 7 o ROAE $8 DF 0 100 B ) 9 1%
B

AP o K& (W AF AT R W, A B 1 X L R
(78 AR I B R AR AE I BRI, & 00 T 3R FL ) T
EFIGIEAER- (Wan ez al . » 2007; 15 525%,2008), )=
B AR T AR N AH - RRORL A AH AR AR Tt i 5
2005; Wan et al.» 2007; Li et al.» 2010 AR & A
CEERR S, 19945 XIBEAE, 2008 ); Ye 7 40/ BBl 40
O REANRE G T 2N 9 R R - L AR AR 2 R AR
PIEBIYI(Wang Y J er al.» 2012a) FIRE 45 i 42 2
(H 3 BESE,1995; Charvet et al.» 20100 M) 2 WA
FAE R R AE, 2008: 7K J5 2R 5F, 20090, $ 2 B
H A AR 1 AT BRFAE . DRI, 38 43 27 3 i A R 0 L
A Je Al 3 AR TR R CGuo er al .5 1989;
B, 1999; HEit, 2006).

[ B, VT2 07 285 P %) D i R R o K A
Ut R BT E 1 pTe BUECLi ez al . » 20105 Xi-
ang et al» 2008, T 7% T Ml 3% 111 7 (19 4 F ke
BEAk, a5 LR g U b X B A< B (40 440 Ma) (1) JFR
WA FHAR ST AE FH & S0 5 oA 750 ~ 900°C , Hs J) 15 5|
1.1 GPa ZcAa CT-HE#E5S, 2003, 2005, 2014), 18
3 TR L R R A A D A A AR

VERDIR e 45 o V28 W 2880 i A M 25 AR AR
JSCPRI AR TA) 5 728 J5T 5 A 1) A2 08 O 2 450 Ma OIS Dl 4
&, 20135 VEEESE, 2014), iRRE PR LE N
HAR 450~ 455 Ma) W] Be A& AE TRl 1L 54
e AR AR

IEAh, A B R I T R B A K (Wang
et al . » 2013, F W HL A JHAF A6 R BE 1R B IR )5t
FIRE S, B KO0 TR P LA R RS B
T o BRSSP R B T L E T 415
Ma WA K LA, 4 H A 471 70 I R 2R 300 A 4 o
B AR 3 Ly I AN 2 B N 3 s CRUINVEE SR, 2015)
Zhao %5 (201510 X BRE A BEA R R BUA AT R 4G
WHFC, WA B 1 R B Ao AR AR AR A R, B
S RE R RKVE A e BRI

AT, BAR KR Z e EH U A 12 820 Ma
HUOC P, N ARA2 55 Tl P ad o, {H R 8 22 (1) Hh
JEUFHE R, 4% 1 5 4B 2 [0 AT REAE N B 401 A4 3¢
R ARG o 1T R 4 T D0 mT e 2 A o R
JER R G A s, A Sl LA &R X
A B A DU S AN TR T AN ) B
ARAN IR AL) 3 Jeg 1 1R b 5t Ak (AL AT A2 45, 1995) , £ Bl
PR A it B P A 3 9 45 5 T R A DX IR A TR A AR T A
H .

— R, T I AR R N B AR R 3 AR 1Y
AR &l WP —e A, T A7 AE X Sk e AN 2
[0 AH N Hb, 2R 12 R E 480 ~390 Ma 58 1 85
S RUTE A RN ST 450 ~ 400 Ma( Wang
Y J et al.» 2007). Li %5 (2011)« Wang Y J %
(20123 3 56 1 5 s P ARG A TN 5 1R A A AE AR 2
WEF, HE— D B T 1% W it R A 1R e I 423 ~
446 Mao ASCHRATHIWRECEBE T I EIRHS A A 22
TN 420.6 £ 1.8 Ma, 55 Zhao F£(2015) W 51 45
R—2, FooR T 97 A AR 5 A b Bl 43 HF 5 1 (1)
N 420~450 Mas

6 4ile

(1) BRECETE N W EIRHC A TN 2 8] B S POk
RELEFALE =, BAT W R Hb Bk AL 22 RR1E : SO, & 2
B, AT 43.22% ~46.56% Z 11]; Na,O N 2.47%
~4.43%; MgO N 3.23% ~7.87%, V¥4 6.29;
KO P 8RR, 2 0.43% ~1.68% 5 7 Zr/P,0Os
~TiO, EIf#H, N B RHS /N 5 3 N BT &R 51 X



% 3 30

EAPRAE: MRECE T N IR A A AR L HBERAL AR Al R 3 X 437

W AEANWE S G FE A A o RE R Ze/TiO, - Nb/Y
o R SRR L A XN, R R E R A
PR P 50 AT RE R e 2 el

(2) FIE R A N A S RBEA A S i
SERIAHACL, RTRE Y BT LA 1 PR 5 LA 0 2R Ry
TEF 7% J5UA AR T B8 B J T 48 30 0 el iy 136 Ll PR
SR T3 6 I sk 2 b AR 0 LR R AN TR A
2 TR) 5 R A ik, 2 WY IR 2 B R R A — T v Y

() NI E R A N A LA-ICP-MS #i 41 U-Pb
TEWE R 420.6 + 1.8 Ma, IRER AR FERE, 78 T4
B3 10 0 B A IR B P 1 2 1R X AR T A
PR

References

Andersen T. 2002. Correction of common Pb in U-Pb analyses that do
not report 2#PblJ]. Chemical Geology, 192(1~2): 59~79.
Bienvenu P> Bougault H, Joron J L, ez a/. 1990. MORD alteration:
Rare earth element/non-rare-earth hygromagmaphile element {rac-

tionation[ ] ]. Chemical Geologys 82: 1~14.

Charvet J, Shu L' S, Faure M et al. 2010. Structural development of
the Lower Paleozoic belt of South China: Genesis of an intraconti-
nental orogenl ] ]. Journal Asian Earth Sciences, 39: 309~330.

Chen Diyun and Ling Hongfei. 1994. The geochemical characteristics
and Genesis of Chencai Group amphibolitel J1. Geology of Zhejiang>
10(1): 30~37Cin Chinese with English abstract).

Chen Diyun and Xu Weichang. 1991. REE geochemistry features of the
metamorphic rocks of Chencai Group in Zhejiangl J 1. Journal of
East China College of Geology, (2): 134 ~ 140 (in Chinese with
English abstract).

Chen Diyun and Xu Weichang. 1993. The geochemical study of meta-
morpuic conditions and tectonic settings for metamorphic rocks of
Chencai Group Zhejiang, Chinal JJ. Journal of Mineralogy and
Petrologys 13(2): 29~36 (in Chinese with English abstract).

Chen X and Rong J Y. 1999. From biostratigraphy to tectonics—with
Ordovician and Silurian of South China as an example[ ] ]. Geo-
science, 13: 385~389.

Chen Shaohai» Zhou Xinhua, Li Jiliang, et al. 1999. Geochemistry of
the amphibolites from Chencai Group, Zhejiang Province: Implican-

tions for the tectionic settingl J 1. Chinese Journal of Geology, 34

(2): 154~165Cin Chinese with English abstract).

Cheng Hai. 1991. The late proterrozoic collision orogen in Northwestern
Zhejiang Province[ ] 1. Geological Review, 37(3): 203 ~213(in
Chinese with English abstract).

Clague D A and Dalrymple G B. 1987. The Hawaiian-Emperor volcanic
chain, geological evolutionl A]. Decker R W, Wright T and Stauf-
fer P H. Volcanism in Hawaiil C]. US Geological Survey Profes-
sional Paper; 1350: 5~54.

Gao Linzhi, Ding Xiaozhong, Liu Yanxues et al. 2014. SHRIMP zir-
con U-Pb dating of Neoproterozoic Chencai Group in Jiangshan-
Shaoxing fault zone and its implication[ J ]. Geological Bullentin of
Chinas 33(5): 641~648 (in Chinese with English abstract).

Gao J and Klemd R. 2003. Formmion of HP-LT rocks and their tectonic
implications in the western Tianshan Orogen; NW China: Geo-
chemical and age constraintsl J]. Lithos, 66(1~2): 1~22.

Green N L. 20006. Influence of slab thermal structure on basalt source
regions and melting conditions: REE and HFSE constraints on from
the Garibaldi volcanic belt, northern Cascadia subduction system
[1]. Lithos, 87: 23~49.

Gu X X, LiuJ M, Zheng M H; et al. 2002. Provenance and tectonic
setting of the Proterozoic turbidites in Hunan, South China: geo-
chemical evidencel J 1. Journal of Sedimentary Research, 72: 393~
407.

GuoLZ, ShiYS, Lu HF, et al. 1989. The pre-Devonian tectonic
patterns and evolution of South Chinal J]. Journal of Asian Earth
Sciencess 3: 87—~93.

Hou Kejun, Li Yanhe and Tian Yourong. 2009. In situ U-Pb zircon dat-
ing using laser ablation-multi ion counting-ICP-MSL]]. Mineral De-
posits, 28(4): 481~492 (in Chinese with English abstract).

Hu Xiongjian, Xu Jinkun, Tong Zhaoxus et al. 1991. The precambrian
geology of Southwest Zhejiang Provincel AJ. Precambrian Geology»
No. 5LCJ. Beijing: Geological Publishing Houses 1~277Cin Chi-
nese).

Hu Yanhua, Gu Mingguang, Xu Yan, ez al. 2011. The confirmation of
the age of Caledonian Chencai Group in Zhuji area of Zhejiang
Province and its geological significance[ ] ]. Geological Bulletin of
China, 30(11): 1661~1 670Cin Chinese with English abstract).

Huang Biao, Sun Mingzhi> Wu Shaoxings et al. 1994. Studies on gene-
sis and characters of Caledonian migmatites in middle Wuyi Moun-

tainsLJ ]. Acta Petrologica Sinicas 10(4): 427 ~ 439 (in Chinese



438

ME
™
=
&

»2,

%35 %

Ju ok
b2 ST

with English abstract).

Jiang Yang, Zhao Xilin, Lin Shoufa et al. 2014. Identification and tec-
tonic implication of Neoproterozoic continental margin Arc TTG as-
semblage in Southeastern margin of the Yangtze Carton[J]. Acta
Geologica Sinica, 88(8): 1461 ~ 1474 (in Chinese with English
abstract).

Juteau T and Maury R. 1997. The Oceanic Crust, from Accretion to
Mantle Recyclingl MJ. Springer, 390.

Kamenetsky V'S, Crawford A J, Eggins Ss et al. 1997. Phenocryst
and melt inclusion chemistry of near axis seamounts, Valu Fa
Ridge; Lau Basin: Insight into mantle wedge melting and the addi-
tion of subduction componentsl ] J. Earth and Planetary Science
Letters, 151: 205~233.

Kong Xiangsheng, Bao Chaomin and Gu Mingguang. 1994. Discussion
for main geological features and tectonic evolution of Chencai group
in Zhuji district> Zhejiang Province[ ] J. Geology of Zhejiang, 10
(1): 15~29Cin Chinese with English abstract).

Kong Xiangsheng, Li Zhifei and Feng Changgen. 1995. The Precambri-
an Geology of Chencai Area in Zhejiang Provincel M 1. Beijing:
Geological Publishing Houses 1~119Cin Chinese).

Lan Yuqi> Ye Ying, Lan Xiang, et al. 1995. Metamorphic geology of
khondalite series from Chencai Group in Zhejiang Provincel J J.
Journal of Zhejiang University ( Natural Science), 29(3): 303 ~
309Cin Chinese with English abstract).

Li Fupei» Dong Chuanwan, Shen Zhongyues et al. 1991. Research of
the dutile shear zone of Chencai area in North Zhejiangl J 1. Journal
of Zhejiang University ( Natural Science), 25(6): 644 ~ 650 Cin
Chinese with English abstract).

Li LM, Sun M, Wang Y J» eral. 2011. U-Pb and Hf isotopic study of
zircons from migmatised amphibolites in the Cathaysia Block: Impli-
cations for the early Paleozoic peak tectonothermal event in South-
castern Chinal J J. Gondwana Research, 19: 191~201.

Li XH, Zhao ] X5 McCulloch M T et al. 1997. Geochemical and Sm-
Nd isotopic study of Neoproterozoic ophiolites from southeastern
China: petrogenesis and tectonic implications ] 1. Precambrian Re-
search, 81: 129~144.

Li Xianhua, Li Wuxian and He Bin. 2012. Building of the South China
Block and its relevance to assembly and breakup of Rodinia super-
continent: Obsevations, interpretations and testsL ] ]. Bulletin of

Mineralogy, Petrology and Geochemistry, 31(6): 543 ~ 559 Cin

Chinese with English abstract).

LiZX, Li X H, Kinny P D, et al. 2003. Geochronology of Neopro-
terozoic syn-rift magmatism in the Yangtze Craton South China and
correlations with other continents: Evidence for a mantle super-
plume that broke up Rodinial J 1. Precambrian Research, 122: 85~
109.

LiZ X, Li XH, Wartho ] A, et al. 2010. Magmatic and metamorphic
events during the Early Paleozoic Wuyi-Yunkai Orogeny, southeast-
ern South China: new age constraints and P-T conditionsLJJ. GSA
Bulletin, 122(5~6): 772~793.

Liu Rui» Zhang Li, Zhou Hanwen, et al. 2008. Petrogenesis of the
Caledonian migmatites and related granites in northwestern Fujian
Province, south ChinalJ]. Acta Petrologica Sinicas 24(6): 1205
~1222(in Chinese with English abstract).

LiuY S GaoS; HuZ Cs et al. 2010. Continental and oceanic crust re-
cycling-induced melt -peridotite interactions in the Trans-North Chi-
na Orogen: U-Pb dating, Hf isotopes and trace elements in zircons
of mantle xenoliths J 1. Journal of Petrology, 51: 537~571.

LuYS HuZC, Gao Ss et al. 2008. In situ analysis of major and
trace elements of anhydrous minerals by LA-ICP-MS without apply-
ing an internal standard[J]. Chemical Geology, 257: 34~43.

Lu Fengxiang and Sang Longkang. 2002. Petrologyl M. Beijing: Geo-
logical Publishing House, 23(in Chinese).

Ludwig K R. 2003. Isoplot/EX Version 2. 49: A geochronological
toolkit for Microsoft ExcellAJ. Berkeley: Berkeley Geochronology
Center Special PublicationlCJ1, la: 1~56.

Ma Ruishi. 2006. New thought about the tectonic evolution of the South
China, with discussion on several problems of the Cathaysian Old
Landl]]. Geological Journal of China Universites, 12: 448 ~ 456
(in Chinese with English abstract).

Ma Wenpu, Qiu Yuanxi and He Fengsheng. 1995. Lower Paleozoic
omission zone in Jiangnan Uplift——A sign of Caledonian foreland
fold thrust beltl J]. Geoscience(Journal of Graduate School, China
University of Geosciences)s 9(3): 320~ 324(in Chinese with Eng-
lish abstract).

McDonough W F and Sun S'S. 1995. The composition of the Earth[]].
Chemical Geology, 120: 223~253.

Meschede M. 1986. A method of discriminating between different types
of mid-ocean ridge basalts and continental tholeiites with the Nb-Zr-

Y diagramlJ]. Chemical Geology, 56: 207~218.



% 3 30

EAPRAE: MRECE T N IR A A AR L HBERAL AR Al R 3 X 439

Misra S N. 1971. Chemical distinction of high-grade ortho-and para-
metabasitel ] 1. Norsk Geologisk Tidsskrift, 51: 311~316.

Pearce ] A and Cann ] R. 1973. Tectonic setting of basic volcanic rocks
determined using trace element analysis[ ] J. Earth and Planetary
Science Letters, 19: 290~300.

Pearce ] A and Peate D W. 1995. Tetonic implications of the composi-
tion of volcanic arc magmas[J]. Annual Review of Earth and Plane-
tary Sciences, 23: 1073~1 109.

Pearce ] A. 2008. Geochemical fingerprinting of oceanic basalts with ap-
plications to ophiolite classification and the search for Archean o-
ceanic crustlJ]. Lithos, 100: 14~48.

Qin Xiaofeng, Wang Zongqi» Wang Taos et al. 2015. The reconfirma-
tion of age and tectonic setting of the volcanic rocks of Yingyang-
guan Group in the eastern Guangxi: Constraints on the structural
pattern of the southwestern segment of Qinzhou-Hangzhou joint belt
[J]. Acta Geoscientica Sinica, 36(3): 83 ~292(in Chinese with
English abstract).

Regelous M» Hofmann A W, Abouchami W, ez a/. 2003. Geochem-
istry of lavas from the Emperor Seamounts and the geochemical evo-
lution of Hawaiian magmatism from 85 to 42 MalJ 1. Journal of
Petrology, 44: 113~ 140.

Rudnick R L and Gao S. 2003. Composition of the continental crust[J].
Treatise on Geochemistry, 3: 1~64.

Shervais ] W. 1982. Ti-V plots and the petrogenesis of modern and
ophiolite lavasLJ]. Earth and Planetary Science Letters, 59: 101~
108.

Shu Liangshu. 2012. An analysis of principal features of tectonic evolu-
tion in South China Block[ ] J. Geological Bulletin of Chinas 31(7):
1 035~1 053Cin Chinese with English abstract).

Shu Liangshu, Yu Jinhais Jia Dong, et al. 2008. Early Palenzoic oro-
genic belt in the eastern segment of South Chinal J1. Geological
Bulletin of China, 27(10): 1581 ~1 593(in Chinese with English
abstract).

Shui Tao. 1987. Tectonic framework of basement in Southeast China
continental areal J]. Science in China (Series B), (4): 414 ~422
(in Chinese).

Shui Tao, Xu Butai» Liang Ruhuas et al. 1986. The Shaoxing-Jiang-
shan Joint BeltLJ]. Chinese Science Bulletin, 6: 444~ 448Cin Chi-
nese).

Sun S S and McDonough W F. 1989. Chemical and isotopic systematics

of oceanic basalt: implications for mantle composition and processes
LA Sanders A D; Norry M J. Magmatism in the Ocean Basins
[C]. Geological Societys London, Special Publications, 42: 313~
345.

Volkova N I and Budanov V 1. 1999. Geochemical discrimination of
metbasalt rocks of the Fan Karategin transitional blueschist/green-
schist belt; South Tianshan, Tajikistan: Seamount volcanism and
accretionary tectonics ] 1. Lithoss 47: 201 ~216.

WanY S, Liu DY, Xu M H, er al. 2007. SHRIMP U-Pb zircon
geochronology and geochemistry of metavolcanic and metasedimen-
tary rocks in Northwestern Fujian, Cathaysia block, China: Tec-
tonic implications and the need to redefine lithostratigraphic units
[1]. Gondwana Research, 12: 166~ 183.

Wang Jianguos Yu Shenggiang, Hu Yanhua, et al. 2014. The discov-
erys petrology and geochronology of the retrograde eclogite in Jiang-
shan-Shaoxing suture zonel J 1. Geology in China, 41(4): 1356~
1 363Cin Chinese with English abstract).

Wang X L» ShuL'S, Xing GF» et al. 2012. Post-orogenic extension in
the eastern part of the Jiangnan orogen: Evidence from ca 800-760
Ma volcanic rocks[J J. Precambrian Research, 222 ~223: 404 ~
423.

Wang X L, Zhou J C, Griffin W L, et al. 2007. Detrital zircon
geochronology of Precambrian basement sequences in the Jiangnan
orogen: Dating the assembly of the Yangtze and Cathaysia Blocks
[J]. Precambrian Research, 159: 117~131.

Wang X L, Zhou J C, Griffin W L, et al. 2014. Geochemical zonation
across a Neoproterozoic orogenic belt: Isotopic evidence from grani-
toids and metasedimentary rocksof the Jiangnan orogens Chinal JJ.
Precambrian Research, 242: 154~171.

Wang X L; Zhou J G5 Qiu] Ss et al. 2006. LA-ICP-MS U-Pb zircon
geochronology of the Neoproterozoic igneous rocks from Northern
Guangxi» South China: Implications for tectonic evolution[ JJ. Pre-
cambrian Research, 145: 111~130.

Wang Y J» Fan W M, Zhang G W, et al. 2012a. Phanerozoic tectonics
of the South China Block: Key observations and controversies[ ] 1.
Gondwana Research. 23(4), 1273~1 305.

Wang Y J, Wu C M, Zhang A M, et al. 2012b. Kwangsian and In-
dosinian reworking of the eastern South China Block: Constraints on
zircon U-Pb geochronology and metamorphism of amphibolites and

granulitesLJ]. Lithos, 150: 227~242.



440 EER S TR |

2,

%35 %

Ju ok
b2 ST

Wang Y J; Fan W M, Zhao G C, et al. 2007. Zircon U-Pb geochronol-
ogy of gneissic rocks in the Yunkai massif and its implications on the
Caledonian event in the South China Block[J]. Gondwana Re-
search, 12: 404~416.

Wang Y ], Zhang A M, Fan W M, et al. 2011. Kwangsian crustal
anatexis within the eastern South China Block: Geochemicals zircon
U-Pb geochronological and Hf isotopic fingerprints from the gneis-
soid granites of Wugong and Wuyi-Yunkai Domains[J 1. Lithos,
127: 239~260.

Wang Y J, Zhang A M, Fan W M, et al. 2013. Origin of paleosubduc-
tion-modified mantle for Silurian gabbro in the Cathaysia Block:
Geochronological and geochemical evidencel ] ]. Lithoss 160~161:
37~54.

Wilson M. 1989. Igneous PetrogenesisL M]. London: Chapman &
Hall, 1~466.

Winchester ] A and Floyd P A. 1976. Geochemical magma type discrim-
ination: application to altered and metamorphosed igneous rocks
[J]. Earth and Planetary Science Letters, 28: 459~469.

Winchester ] A and Floyd P A. 1977. Geochemical discrimination of dif-
ferent magma series and their differentiation products using immo-
bile elementsl J1. Chemical Geology, 20: 325~ 343.

Wong J» Sun M, Xing G F et a/. 2011. Zircon U-Pb and Hf isotopic
study of Mesozoic felsic rocks from eastern Zhejiang, South China:
Geochemical contrast between the Yangtze and Cathaysia blocks
[J]. Gondwana Rescarch, 19(1): 244~259.

Wu 'Y B and Zheng Y F. 2004. Genesis of zircon and its constranints on inter-
pretation of U-Pb agd J1. Chinese Science Bulletin, 49: 1 554~1 569.

Xiang Hua, Zhang Li» Zhou Hanwen, et al. 2008. U-Pb zircon
geochronology and Hf isotope study of metamorphosed basic-ultra-
basic rocks from meta-morphic basement in southwestern Zhejiang:
The re-sponse of the Cathaysia Block to Indosinian orogenic event
[J]. Science China(Earth Sciences), 51 (6): 788~800.

Xing Guangfu, Jiang Yang, Chen Zhihong, et al. 2013. Discovery of
the Caledonian eclogite in Qinzhou-Hangzhou suture zone[ J J. Re-
sources Survry and Environment, inside front cover(in Chinese).

Xu Butai. 1986. C and O isotopic compositions of marbles from the
Chencai Group, Zhejiang Province and their geological applications
[J]. Geology of Zhejiangs 2(2): 49~54 (in Chinese with English
abstract).

Yao J L, Shu L' S, Santosh M, et al. 2013. Palacozoic metamorphism

of the Neoproterozoic basement in NE Cathaysia: Zircon U-Pb
ages HIf isotope and whole rock geochemistry from the Chencai
GrouplJ]. Journal of the Geological Society, http: //dx. doi. org/
10. 1144/jgs2013-036.

Ye Ying, Lan Yugi> Chen Yanshaos et al. 1994. “Ar-¥Ar chronology
and metamorphic age of Chencai Group, Zhejiang Province, China
[J]. Acta Petrologica Sinica, 10(2): 193 ~201(in Chinese with
English abstract).

Ye Ying, Lan Yuqi and Shen Zhongyue. 1995. Geocheistry and tectonic
environment of the two typical amphibolites from Chencai Group,
Zhejiang Provincel ] 1. Bulletin of Mineralogy, Petrology and Geo-
chemistry, (1): 7~12Cin Chinese).

Yu Jinhai» Lou Fasheng, Wang Lijuan, et a/. 2014. Discovery and im-
plications of early Paleozoic granulite in Yiyang, northeast Jiangxi
Provincel ] ]. Chinese Science Bulletin, 59(35): 3508 ~3 516(in
Chinese).

Yu Jinhai> Zhou Xinmin, O’Reilly SY» et al. 2005. Formation history
and protolith characteristics of granulite facies metamorphic rock in
Central Cathaysia deduced from U-Pb and Lu-Hf isotopic studies of
single zircon grains[J]. Chinese Science Bulletin, 50 (18): 2080
~2089.

Yu Jinhai> Zhou Xinmin, Zhao Lei,» ez al. 2003. Discovery and implica-
tions of granulite facies metamorphic rocks in the eastern Nanling,
Chinal J]. Acta Petrologica Sinicas 19: 461 ~467Cin Chinese with
English abstract).

Zeng Wen, Zhang Li, Zhou Hanwen, et al. 2008. Caledonian rework-
ing of Paleoproterozoic basement in the Cathaysia Block: Constraints
from zircon U-Pb datings Hf isotopes and trace elements[]]. Chi-
nese Science Bulletin, 53(6): 895~504.

Zeng Yong and Yang Minggui. 1999. Central Jiangxi Collision mélange
zond J 1. Regional Geology of China, 18(1): 17 ~22(in Chinese
with English abstract).

Zhang Fangrong, Shu Liangshu, Wang Dezi> et al. 2009. Discussions
on the tectonic setting of Caledonian granitoids in the eastern seg-
ment of South Chinal J]. Earth Science Frontiers, 16(1): 248~
260Cin Chinese with English abstract).

Zhao G C and Cawood P A. 2012. Precambrian geology of Chinal J 1.
Precambrian Research, 222~223: 13~54.

Zhao Guochun and Sun Deyou. 1994a. The study on metamorphic stages

and metamorphic PTD path of Chencai Group, Southwestern Zhe-



% 3 30

EAFRAE: WRECE T NI BRI A AR BRI S A 3 3 3 441

jiang Provincel J ]. Journal of Changchun University of Earth Sci-
encess 24(3): 246~253(in Chinese with English abstract).

Zhao Guochun, Sun Deyou and He Tongxing. 1994b. Discussion on
characteristics of structural deformations and the ages of deforma-
tions about Chencai Groupl]]. Geology of Zhejiang, 10(1): 38~
46(in Chinese with English abstract).

Zhao Lei, Zhai M G, Zhou X W, et al. 2015. Geochronology and geo-
chemistry of a suite of mafic rocks in Chencai area, South China:
Implications for petrogenesis and tectonic settingl ] ]. Lithos, 236~
237: 226~244.

Zhao Mingde and Zhang Peiyao. 1983. Plate tectonics of Zhejiang
Provincel ] ]. Acta Geologica Sinica, 4: 369~378 (in Chinese with
English abstract).

Zhejiang Geology and Mineral Exporation Bureau. 1996. Stratgra-
phylithostratic of Zhejiang Provincel M]. Wuhan, China university
of Geosciences Press, 14~17 (in Chinese).

Zheng Y F» WuR X, Wu Y B, et al. 2008. Rift melting of juvenile
arc-derived crust: geochemical evidence from Neoproterozoic vol-
canic and granitic rocks in the Jiangnan Orogens South Chinal J 1.
Precambrian Research, 163: 351 ~383.

Zheng Y F» Xiao W J and Zhao G C. 2013. Introduction to tectonics of
Chinal J]. Gondwana Research, 23: 1 189~1 206.

Zheng Y F» Zhang S Bs Zhao Z F» et al. 2007. Contrasting zircon Hf
and O isotopes in the two episodes of Neoproterozoic granitoids in
South China: Implications for growth and reworking of continental
crustlJ]. Lithoss 96: 127~150.

Zhou M F; Yan D P; Kennedy A K et al. 2002. SHRIMP U-Pb zircon
geochronological and geochemical evidence for Neoproterozoic arc-mag-
matism along the western margin of the Yangtze Blocks South China
[J]. Earth and Planetary Science Letterss 196: 51~67.

Zhou Xinmin and Zhu Yunhe. 1992. The magmatic mixing of the Jiang-
shao fault and the Precambrian geology[ J1. Science China (Earth

Sciences)» 3: 296~304(in Chinese).

Bt o 32 £ 2% Sk

MRidi 2, 8. 1994, BREERHS A1 IS 1 RG24 RFAE K 8] 43
By 1. R B, 10C1): 30—37.

Wiz, RS 1991, WivT MR8 28 i 4 W 1 o0 2 BR AL 22 45 1E
LJ] AR H A B 224, (2): 134~ 140.

Wiidizs, AR B . 1993, WiV MRS AR 2 A8 0T 4% A B My 36k P 355 11
AT ], 078, 13(2): 29~36.

WRERHE, B, ZRdkse, 5. 1999, WiTLBREBERHS M [N 4 1t ik
PSRRI S LR M B 15 SR L) D, R RRSE, 34(2): 154~
165.

W, 1991, WPGdbme e b AR AR IE L A P e . He
ST, 37(3): 203~213.

FARE, T2, XIS, A% 2014, YL DLNT AT MRS A BE Y
JBRA SHRIMP 541 U-Ph 4F# A b i X1, s i, 33
(5): 641~648.

Benl %, ZEW], A . 2009. LA-MC-ICPMS # A1 X JR A2 U-Ph
EAFEHARL]]. BIRHbT, 28: 481~492.

WIHEGE, Vidzhl, EEEIAE, 5. 1991, WiiTE R ERAAHRL AL ATSE
RAM R 5 5O0CT]. dbat: R Rk, 1~277.

W AE, Y, AR, S 2011, WL M X RS n B AR AR

ST TRAf ok R M o LT ], M Bl 4, 30C11): 1661 —

1670.

b, VAR, RN, A 1994, BT Boin LR MR A A T

FFIE SR RITRLT ], A 23R, 10(4): 427~439.

% b, BAM, TR, S 2014, P57 00 B8 AR SR G ACRE
G TTG W 3 Lmis i LD, HUaR, 88(8): 1461

p:icd

~1474.

LRRAE, QIS UG, 1994, WivL i e X 5 45 B 3 20 b iURR1E
S FCR AR I ], Wi, 10¢1): 15~29.

FURE, AR AR WL R 4% X A o el i C M. 1995.
JE5T: MO AL, 1~119.

I, 45 1995, WHTBREREL 224 R I0AZ iUl
FEDHFEL) ], WL R R CARBI RO, 29(3): 303~309.

ZERAR, BEAR T, TRRRDE, SR 1991, WL T R 4 X ) B 1) A
MRFFSEL) ], WL RS 4R CEAAREE D, 25(6): 644—650.

R, ZFRE, 1 R, 2012, EREYIEHS Rodinia # K %
BRI R R SRR ). s A R AR AR, 31
(6): 543~559.

X BE sk R, EC, AL 2008, VGG N AR A KA K
H IR FAS T ek R LT . 5 A7 43R, 24(6): 1205~
1222.

PR, FBERE. 2002, AA2EIMI. dbat: HOTTH AR AL, 23.

gL, 2006. HRGAIE LB —— 0 AR BB 7T L
ALY ] EAHUR AR, 12: 448—~456.

B, BRIGRE, TR 1995, TLRIREIE b b A S ks ——

ZEE, MOBE 2



442 EER S TR |

2L Ju bk
¥R

%35 %

He v L AR TR b bR ST . BT, 9(3): 320~324.

BN, TR, W, 25 2015, BRSO K s ARy
PRI TR T SHROBTSS A i v R B S R A [ ]
HIRAEHL, 36(3): 83—292.

SRR 2012, GBI ARIEL] ] HE R, 31(7):
1035~1053.

PR, T, BTOA, A%, 2008. AR BRI AEARIE LA E oY
[J]. s FEEIR, 27C10): 1581~1593.

K. 1987, PERF KRG R ] hEREB D, 4:
414~422.
KO RER, R,
AR, 6: 444~448.
TERE, Ao, PR, 25, 2014, VLG9 0EE AR N S 10 R B
BB A5 EAREARAEL) ). P E MR, 41(4): 1356~1363.
WA, 2 b, BRAEEE, 4% 2013, HOUEE G I VOR BN HLAR 30
FNAELI], BT G IREE, 34(4): BT

G . 1986. BRESHE KBS BB AR R 7 28 41 p R et 5 B I LT .
WL, 2(2): 49—54.

MOBE, R, BREH, AL 1994, WL RESREAUOA-P AR
HAFEEARLT] AR, 10(2): 193~201.

MOBE ARE, DR 1095, HTTTEREGEREMN ALK A IR K Ek
2 KRR ALY ], 0 AMLERE S, (D 7~12.

T, ML, CEWAY, SF. 2014, SRR AL UBH L o A ARBR KL A 1Y

1986. ANyl XL, B

BRI FH T Y], BRI, 59(35): 3508—3 516.
T, FIHTG, O Reilly SY, . 2005. F5UIE 4 B BRRLA HH AR
JCE 10 JB R AR 50 PR J——#5 A1 1) U-Pb-Hf [543 3% 0F 5
(). Bl2@i, 50: 1758~1767.
THERE, FRR, B A, 5. 2003, R AR BURCRLE A AR BT R
BT R LT, AR, 19: 461~467.
2, 9k A, AR, EL 2008, HeE M T ACRR R 10
HRIATIE: #if U-Pb fF# HF W47 # MR s =B Z07]. &
SR, 53: 335—344.
5, MW, 1999, B RERE A E A . bR X T, 18CD:
17~22.
SRIToE, B R, TAEEE, SF. 2000, MR AR BN AR WITE A
FEAIE T ST ], MRS, 16C1): 248~260.
AR, IMER . 1994a. W7 04 e o S50 28 S 9 B Jo) 5 M 28 R AR -
T-D HUBHFRL) ). KA =B 244, 24(3): 246—253.
BERE, PV . DRI, 1994b. WR S REN 16 78 I AE S8 A AR
B ], WIS, 10C1): 38—46.

BAUBEE, KEEEE. 1983, WITTARBAERIHRL) ], MR 2ER, 4: 369~
378.

WHLA B 7 5. 1996. WHTA & AMEIMI. R b E IR
SRR, 14~17.

FARR, R, 1992, YT2H W4T (F) 25 00 A 1 F B SE I i i 5
R[], PR D ERENE, 3: 296~304.

buize

IE



