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Abstract: Hainan Island, located between the Indochina and South China Blocks, has undergone compound structural overprin-
ting and complex tectonic evolution. However, the Late Paleozoic tectonic regime and amalgamation history of the South China
with Indochina Blocks are still on debate. Our investigation identified the highly-depleted greenschist-facies basalt at the Chenx-
ing area in the north of the Changjiang-Qionghai fault, Central Hainan Island. This paper presents a set of new geochronologi-
cal and geochemical data for these metabasites. The representative sample for Chenxing metabasites gave the plateau age of
328. 1=£2. 6 Ma, representing the eruption age. They have SiO, ranging from 46. 92 % to 52. 58 %, TiO, from 0. 48 % to
1.12% and Al, O; from 12. 34 % to 17.45 %, and could be classified as basalt. These samples show lower K, O contents, and
HFSEs and REEs contents relative to N-MORB, They are characterized by the left-sloping REE pattern and multi-elemental
pattern with a geochemical affinity to N-MORB. These samples show extremely high exg () values ranging from 9. 02 to 9. 85.
Such geochemical characteristics for the Chenxing metabasites show the derivation of the MORB source modified by slab-related
fluid. In combination with other available data, the Chenxing metabasites in Central Hainan are formed in the back-arc basin or

a restricted ocean basin between the South China and Indochina blocks during the Carboniferous in response to the subduction of
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the Paleotethyan main ocean.
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Fig. 1 Geological sketch in South China (a) and geological sketch of the Chenxing area showing the sampling locations (b)



583 AL A A0 VR I SRR A e B 5 15 N-MORB B 20U S HH R 1363

1998; W45, 2002; JpSCHE%E, 2007). WG &
AR NEEAL AN EE F =S5 6E )8 5 IR
MR S LIRS, 19905 TE Bl X4,
1991a) B ft B B T B AU IX. 5 bW i
KB FERNEW a5 NE [m i, b gk
HAHERL S BIL— 50 RE—RP Ui —
BKEZ 4 EW M (- RE T ™ R,
1988) s HPG M AR M & B A NE [ i LA (1
W A B ARAE . 1990, 19915 VEBIRZE, 1991b;
WSCESE, 20095 FHE LA, 2010).

TR S NI BRI KA LR A S N 32
H AT DY — BN S b R A o Tz, AR
S BRI AE B A B oo AR AR B R B A e
WA BT E R — SCEW LI AR LR
FIX CEMLL5E,2005). FHAMERMBEH R B ARHS
PN VI B 5 PP 1) B Y — B0 R 2 — e
B EENREM X E B A BHEE AL S (E
HMREE, 19915 5KV B4, 1998 ZRHRAESE, 2000a,
2000b; Li ez al. , 2002; BBTEREE, 2013).

ARRHFRAEREM SR A THEEREIX. 8
T S R — R AR M A A I — 4 (A
Ib). PEREMIEME AR NETRERS T
B FB A H A E AR AR BRI T — A
WA (B 2a) . 1R FEE A 52 AU AR E 1) ) W7 )2 45
il s 5 R b 2 5 T 2 i OC R L 1E b R R
A MR 1 s 50 J7 ML ()7 AR 48 H BB 7 Jy
1988) /R HIeHFF X E Tkl JE i T & Sk
IR 5 BB OB BR 45 (2013) 58 I RE R A K
20— A O AH Ll — BB OB P RE S K
AL (E] 2b) » BROS RA5 A BN SR 25 . BRI E
DI T 8 R A AR AR A 7 iR e . 45 R

NP 2 Jrom A A RHR A N AT A S/
A LA B A B AN I W] <6 s B ) AL A 2% L 20 1Y
BHRAT AN AR SR SEERE A1 FURHR A, FLfiR 4
Ay JHCHR A A A 5 e B R A R 58 A 1) HE
LB T AR

2 BRIk

EFNTE S B b X SR A 1) AR B M 11THIN-
A8B HHAT T Ar-" Ar JEAF, FFXREEN 8 A i i
TTaE FRITR SME TR T Ly 4 4>
FERIEAT Nd [FI07 2 48 A I A2 0 A" Ar 2 473
TRTE P R B b BT 5 BRI 5 T A0 P T A
] 5K T A S0 2 1) 2 SO T R TS S A
FE i B R - BE R A T B 49-2 O HESEF TR
BB, AR R 7 R R 3 [ VG 2wl i
RGAL0 Bt . 4254 1 £ 5 s Je R A Nd
A7 28 A B AT 7 v R 2 e JH KAk 7 0 5 e
()57 2 3R b7 [ 58 0 S 0 & o8 i F TR A
Mr& F Rigaku RIX 2000 BI5% 66 (XRE) #E4T
OYME S IR E LT 196 ~5% , A0 SE 58 5 vk L 2=
HRAE(1996) 5 Tt TR 3 >k FH] PE Elan 6000 #IH
TR A 25 B TR BRI (ICP-MS) , ) M oks BE 4G T
2%~5% , ELRSZI AR S B X 2 45 (1996) 5 St Nd
[F 57 2 20 83 B R ] NEPTUNE 5 245004 25 1
JEHEAL (MC-ICPMS) #1547 I 0 2 7 o ) o 2
G3 VR RN 43 0l SR S Sr/% Sr=0. 119 4 F1'*° Nd/
YINA=0. 721 9 AL IE. TEAR4 AT I I AR 0L
NIlfa % (2002) 1G24 5 55 (2003) , 54 Shin Etsu
INdi-1 FRAE " Nd/" Nd 0. 512 093 0. 000 006
(20) (n=15).

Bl 2 JRAEMXASENEA TSN R (2) AR S A TR A (D) FIE A BAH A (o
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Amp. f N4 s PL BH AT 5 Aug. ¥4



1364 HERF

http://www. earth-science. net

FA1E

®1 REMRARELTEMESHRA(IHN-48B) K5 Ar-" Ar FIfL RE S MALER

Table 1 Whole-rock *° Ar-** Ar isotopic analyses for incremental heating experiments for the Chenxing metabasite (11HN-48B)

in Central Hainan

=85 (OAT/* Ar) GIAr/* Ar) CTAr/¥Ar), (0% Ar/¥Ar) 0% Ar(%) 39An (%) FEMAERS (1 26)Ma
700 C 415. 923 85 1.129 45 0. 007 08 82.172 836 19. 76 0. 85 390. 634, 2
750 C 126. 050 85 0.196 47 0.013 24 67.996 157 53.94 2.49 328.946.5
800 C 73.232 48 0.02110 0. 001 56 66. 996 182 91. 48 3. 69 324.54+2.0
840 C 73.851 99 0.018 87 0. 000 67 68. 276 230 92. 45 7.64 330.2%2.0
880 C 70. 559 04 0. 008 08 0. 000 35 68. 171792 96. 62 23.17 329.742.1
910 C 66. 323 84 0. 003 21 0. 001 64 65. 375672 98. 57 11. 09 317.341.9
940 C 67.343 12 0. 004 38 0. 000 68 66. 048 891 98. 08 6.78 320.3%+1.9
980 C 68. 582 39 0. 006 12 0. 003 67 66. 773 588 97. 36 5.22 323.5%2.0
1020 C 69. 910 83 0. 005 65 0. 002 97 68. 241 524 97.61 4.62 330.0%2.0
1060 C 70. 430 95 0. 005 71 0. 000 51 68. 743 569 97. 60 5.23 332.3%+2.0
1100 C 69. 406 28 0. 004 33 0. 001 10 68.127 615 98. 16 8. 80 329.5+2.1
1140 C 67.976 53 0. 002 24 0. 001 02 67.315073 99. 03 16. 64 325.942.0
1170 C 70. 676 69 0.001 93 0. 004 71 70.105 585 99.19 3.09 338.3%+2.0
1220 C 77.837 60 0. 006 63 0. 036 45 75. 882 506 97. 49 0. 46 363.54+2.3
1400 C 92. 278 05 0. 025 63 0. 065 83 84. 715 839 91. 80 0. 24 401.4+£32.3
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Table 2 Major elements (%) and trace elements (107°) analytical results for the Chenxing metabasite
K 11HN-48A 11HN-48B 11HN-48C 11THN-48D 11HN-48E 11HN-48F 11HN-48G 11THN-48H
SiO; 46. 03 51. 84 51. 82 47. 11 49. 14 46. 78 48. 93 49. 40
TiO;, 1.12 0. 48 0.55 0. 56 0.52 0.63 1. 09 0.61
Al O3 17.12 12.43 12.59 14. 17 13. 89 16. 02 14. 52 12.08
TFeO 10. 59 8. 68 9.33 9. 62 9.32 10. 41 10. 72 9.72
MgO 9. 08 11. 34 10. 32 11.01 12.03 10. 37 9.50 12. 24
CaO 11. 69 10. 83 11. 33 12.07 10. 37 11. 67 11. 54 11. 86
K.0O 0. 57 0. 09 0. 07 0.13 0. 07 0. 10 0.15 0. 47
Na; O 1. 64 2.78 2.72 2.34 2. 44 2. 44 2.08 1.28
MnO 0.19 0.12 0.13 0.15 0. 14 0.16 0.17 0.18
P05 0. 07 0. 02 0.03 0.03 0.03 0. 04 0. 07 0.03
LOI 1. 40 1. 09 0.78 2. 45 1. 68 0. 97 0.78 1. 68
Total 99. 51 99. 70 99. 67 99. 63 99. 63 99. 58 99. 54 99. 54
Sc 40. 60 36. 50 40. 60 41. 00 38. 50 41. 00 42. 60 48. 00
\ 293 212 239 224 225 267 298 274
Cr 476 990 1010 974 1140 1170 404 743
Co 56.7 50. 8 57.8 50.4 54.6 64. 1 47.1 40. 6
Ni 255 270 336 307 360 419 138 191
Ga 16. 20 8. 81 11. 80 12. 60 11. 40 14. 90 14. 80 11. 10
Rb 24. 40 1.94 1.22 3.98 1. 54 1.13 3.94 22.40
Sr 249 149 186 206 154 163 188 160
Y 18. 80 13. 80 16. 00 14. 70 15. 40 19. 20 20. 90 20. 10
Zr 49. 50 23.50 27. 40 25. 40 25. 40 28.40 50. 70 31. 80
Nb 1. 49 0.76 0.93 0. 80 0. 84 1. 08 1. 36 0. 60
Cs 1. 49 0. 14 0.16 5. 20 0.18 0.11 0. 34 1. 35
Ba 78. 00 44, 40 49. 50 51. 20 57. 30 53. 90 39. 50 70. 00
La 1. 64 0. 85 1. 14 1. 08 0.95 0. 98 1.93 0.75
Ce 4.35 2.43 2.97 3.10 2.61 2.98 5. 04 2. 60
Pr 0. 82 0. 44 0. 50 0. 50 0.52 0.53 0.91 0. 54
Nd 4.91 2. 24 2.81 2. 89 2.56 3.11 5. 45 3. 44
Sm 2.07 1. 00 1. 15 1.18 1.12 1. 24 2.14 1. 35
Eu 0.77 0. 45 0. 60 0. 47 0. 47 0. 56 0. 89 0. 60
Gd 2. 84 1.51 1. 83 1.77 1. 69 2.02 2.96 2.16
Tb 0.49 0. 30 0. 37 0. 35 0.33 0. 40 0.53 0.43
Dy 3.21 2.10 2.58 2. 40 2.37 2.90 3.43 3. 04
Ho 0. 68 0. 48 0. 59 0. 54 0.53 0. 66 0. 74 0. 69
Er 1. 97 1. 46 1.76 1.61 1. 59 1. 96 2.11 2. 07
Tm 0. 29 0. 21 0. 27 0. 24 0. 24 0. 30 0. 31 0. 32
Yb 1. 82 1. 44 1.75 1. 56 1. 56 1.93 1. 95 2.07
Lu 0. 27 0.21 0. 26 0. 23 0. 23 0. 29 0. 29 0. 31
Hf 1.38 0. 65 0.77 0.75 0. 68 0. 81 1. 36 0. 84
Ta 0. 10 0. 05 0.07 0. 06 0. 06 0. 06 0. 09 0. 04
Th 0. 14 0. 09 0. 10 0. 04 0.03 0. 10 0. 10 0.08
U 0. 16 0. 07 0. 20 0.11 0. 16 0.12 0.18 0.21

HRIGESE, 1997). fR 2 b X A Rk 75 oK UL Nb-Ta il
Ti 525 (B 6b) 5 AN [7] 3% 3 X [R] B AR 5 9K 22 1
(HRBTBRAE, 2013) , {H _F 3B A i 1 ol i o0 2 it 40 45
D ZE U S s 8z 1L s 2 2 v 728 R 5 )
JCr AR HF N-MORB X A (7 4k 06 45, 20005
Zhang et al. , 2013). SIEH FHH Z R A M B (E
6b) o A i 1 AN AH 25 70 Z LT I K N-MORB

FRE LRI LA IR B T M B 7 A N-MORB
TR0 by G 5 X

S B 1 X A F A A i N [ Z 500 51 T35 3.
MR 3 AT LA s 4 ARSI SRR S AR S Y
Nd [RM 2 HAE (4 Nd/ " Nd>>0. 513 020) , 5% & F 3
REEPEZ A R R X AR E R IE ) 4
#+ Sm-Nd | Rb-Sr& fif £k 4F % L % 111 &5 85 /1 U-Pb
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Table 3 The isotopic analytical results for the representative samples from the Chenxing metabasite

FEMGRE  SRb/SSr  17Sm/IMNd  87Sr/$Sr 2% NN 2 (TSE/®SH); (BNd/HND);  ena (0
11HN-48B 0.038 0. 270 0.709 714 42 0. 000 000 07 0.513299 0.000011 0.709 539 0.512 710 9. 85
1THN-48D 0. 029 0. 265 0.70963992  0,00000011  0.513250 0.000008 0.709505  0.512669  9.02
11HN-48F 0. 020 0. 237 0. 708 506 31 0. 000 000 15 0.513202 0.000011 0.708 413 0.512 685 9. 31
1IHN-48H 0. 405 0. 237 0.70963992  0.00000011  0.513211 0.000006 0.707749  0.512693  9.48
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Fig. 7 Relation of ¥ Sr/* Sr(#)-exna (¢) from the Chenxing
metabasites, Central Hainan
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AR (ZERRARSE  2000b; VFFE NS, 2006 5 BRBTER S
2013) FIAR SCHT A5 51 (1 42 40 A Ar AR IS S8 3 B
O R ARIR S 328 Ma 1B A G Nd [F0% 2 {1, 15
FH ena (OEH 9. 02~9. 85(E T, & T4 b1
G MM X RS (Jian et al. , 2009a, 2009b;
Zhang et al. , 2013) , ZEALL T B4 b X g 4 5 i
W& i1 [X i 2t 22 eng (OB (Jian ez al. » 2009a, 2009b;
VRIS, 2000).

PR T8 R A A VE B Zr 50 R TE
AL A T A A 3o R v M R RS s Ze o] DI
Ry HAh i T R AR 8 bR (Wang ez al.
2007). ASCEE R s i = L X A8 B 2 1) v 45
A IGE (a0 HETh 58) 2tk o6 R A, W4 A
AR VR AR B AR i B X R TT R 1 A
AR AT 3E AT IR AN 370 R R FI W IR X RRAE (Frey
etal. s 1994; Hollanda ez al. , 2006). ££ 5 A EHEH
B MgO, Cr (404 X 1076 ~1 170 X 10°%) Fl Ni
(138X10 " ~419 X 10 %) & &, HBEEH MO 178
b, BRI 5 19 Nb/La (B ifa & (& 8a), 28
LT AR 72 1R 44 ) MORB {H (Sun and McDon-
ough, 1989). ¥4 Th &K, ~ 0. 03X107°5 ~
0. 14X107% . 45 ZF#:4% 1 Th/Ce HAE (0. 01~0. 04)
M Th/La HAH (0. 03~0. 11) , FEAK T K fili 7% 114



FA1E

kBl http: //www. earth-science. net
20T R Blo re<s
1.6 - AFC 1F AFC
,,,,,,, e
| = m
éx 2 . = 9ir .
2 ‘m I g
“08f o tom B T
04 5+
0.0 1 1 1 1 1 1 3 I I I I I I
8 9 10 11 12 13 14 15 8 9 10 11 12 13 14 15
MgO(%) MgO (%)

&8 JREAFHIEA ) Nb/La-MgO il exa (1)-MgO % %
Fig. 8 Relations of Nb/La-MgO (a) and exa (1)-MgO (b) from the Chenxing metabasites
& Zhang et al. (2013) 12K

I.(a) WAL 0301 )
10 {m A smprugens |
o O Ml B LA I KR 25T ,
mg AN YR
% 0.20
O
= fum Z 015t
1A =
5 |& 0.10 F o
AL/ VIIPN ' 3 oo
X @R%g - IR ES:RPIIPAN
“MOR 0.05F = 23%3 .
& Sfa A A A
0 1 1 1 1 0.00 L I 1 1
00 02 04 06 08 1.0 0 50 100 150 200 250
Th(10°) Ba/La

K9 BEAIVEAM U/Th-Th(a) fil Th/Yb-Ba/La(b) %&£
Fig. 9 Relations of U/Th-Th (a) and Th/Yb-Ba/La (b) from the Chenxing metabasites
S e 1L AR FEPE R R B ARIESE (1997, 2000) ; Hioo i AR XAk A Zhang ez al. (2013)

Th/Ce(%4 0. 15) 5 Th/La(Zj}0. 30) 8 ( Tay-
lor and McLennan, 1995; Plank, 2005). #H W )
exa (DTHETIX 9. 02~9. 85 ([ 8b) . L & T Hh5e IR
Jerifr. L B BORR W] R B AR AR e BT
T v 27 M2 TR YA E A (2. FE i O BEHR B0k 66~
75,MgO F1 Cr Ni [A] & [EAH G K & (& 5g. 5h) .
W IR TP RS A A 5 B3 4G . CaO/ AL Os HUfE
FEFESRE AL P 1 R T AR (B 5b) i H T R e
SRR I Eu S, R W K A B AR
AR B 45 db AN . Bl A R AR, POs Fil THO,
Er I B AL (B Se, 50 4577 HIGHA 1B 1Bk 4
e TN A oy B 4 i E .
JREAR FE R AR B R N-MORB 7 4 1E
(B 6) i Lo EZMXT FEMB TR F 58,
AICR FEHRT IR N-MORB £, H La-
Sm JCE F LT 10 fEER A& L, FHHEHRA
T HGIEH MORB 53 B A5 45 0 Hbe 5 X X 26
A1JFJC Nb, Ta Jz Ti 1 5% AR T[] —Hb DX 7
B E LREE &4 1 Nb-Ta, Ti 7 it A998 % 11 A (B
BERAE, 2013). WA AR 2500 T B A X o i s

g A P AR SL PR A (Zhang ez al. . 20135 VR4kIGSE,
2000) , S H EIE ena (OEME— P FEHIIX SE I A
KB TR g IR X . HAE BT e b R i
2B e TR .

JR A IX AR HAE 5 ) LREE A% HREE 58 51
1 (] 6a) , 251 F N-MORB B/ F-1iE. fHARXT N-
MORB 1 & » X 264 5 BA LA Th & . Th/Yb
(0. 02~0. 08) 1 Th/Zr HAE (0. 002~0. 004) (Sun
and McDonough, 1989;
1996), H: Th/La H.fHE R 0. 03 ~0. 11, 4~ F N-
MORB(0. 05) 1 K fifi #h 52 fiff i (2928 0. 3) Z [H]
(Hoffman and Ranalli, 1988; Sun and McDon-
ough, 1989) , B/~ A i 1] B2 2 T I o i 45 7 .
FESE HA K TiO, (0. 48% ~ 1.12%) . & ALO,
(12. 34%~17. 45%0) F¥4E, 55 J& 11HN-48A F
1THN-48F [ ALO; Franifad 16 %, B H U X af
REA N 72 5. Nb/U LLfEHh 2. 86~10. 86, fKF
Few o5 IR e i N-MORB 5%, OIB {8 (Nb/U =
47=410;Sun and McDonough, 1989) , 13, Jz - 5 [X 5K
IS (3K E 2 25,2015). S 40, 18] 9a.9b i kE

Kepezhinskas et al. ,
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a. BIFR#E Pearce and Cann(1973) ;b. &t Meschede(1986) ;c. Bt Cabanis and Lecolle(1989) ;d. & i3 Wood(1980). %l & #1111 4% JL M - %K

ok B VPRI SE (1997, 20000 s B AR LAk A Zhang er al. (2013)

i bt N-MORB G % 8 & # U/Th Al Ba/La HAH .
Th/Yb Ak Ba/La HCAE A AE T AE AL , [R)REHE R FE
i U DX T REAT AR A ek (Wang et al. , 2004
Basta et al. , 2011). & 10a fi1 10b B~ B B A8 Kk
HRERTET JOLIR S MORB #2 [8]. I, 28 % e
T F 2 1t DX AR P ok B T A2 I o e (AR s Y 1
ot b Y5 X
5.2 #HEEX

AR SCHTAIFFE (0 10 R = SR AR M A R i L S
e OEZEMNS T &GN ARAREAEE
R S I PG 25T (258 Ma) 4 i 5 T 1 )
(ZERRAESE . 2000a) A IEME A N i — B 1
HARZR M 178 FE PR SRR i (1THN-48B) B4 7 1 4%
AR VR AEAZAE S AT % A 5 ST R Y
98. 5% » FRIL AR AZ SN AR 3R - R IR B
AR BN 30 Ar-" Ar 1R R BB PR EE, 2 h
10 Ar-% Ar FEAERS (328, 142, 6 Ma) REfL FHms % 4F
i, G151 AR 5 2R AR AE (2000b) 7 fR AL HiLIX.
JITIN A5 (9 A8 JE P 2 SmeNd & B4R AR % (333 &=
12 Ma) FIE 40 45 (2006 ) 345 (0 1 B 728 JE Pk 4 4
4 Rb-Sr ZEWF R AR (34411 Ma) 2540, B8 X T
5 Rl SEE A B I AR f AR 2 L A s A U-Pb 4R
4 (34544 Ma; BRBTERZE, 2013). DL sz 0L

JR B HBIX K LA WS A T A i (2 328 Ma). DIfE
MIRFRE I ik kLA BB Bk e 2 R IeFe T F =
BG A B TR T B R E S5 (E 1a).
EHUN R A X EE R E A N S5 N-
MORB R AR M A e A R R (/R HL T
77 )Ry, 1988) ok TR B ML X R B G IEAH k1l — e
JE TR A 1 R Ry A e R T AH — KLU T
BRI B R A8 1 K] A AT A AE i skl B
25(2005) FIME R (1992) TN Ky I 7 i L5y 1w fili
SR 7 . 3 LA EW [n] (1) LT — BR/K W 245
FEH R S R0 53 0 AL P R B AR, A 55 (1989)
[FIFELL EW ] (1) JUFT — B2 /K W7 240 5 5 e 2 Kl
43R BB A AR AR, Hsti et al. (1990)
WL B VT — Bt W 24y 0 5400 o0t g B A 1 bk
FEN S flide. A SO 9 3R W S B A R 2 A
Tkl R s A [ 5 B 52 il Bl A 4 pig J B il
AR A] (2 250 Ma) , HoERAL2F R AE S0 T 8 1
S HY N-MORD 7 198 , 41 1R Ak 0 61 o i
P T IS A BRI AR 1 R BT (R
4, 2000a, 2000b; PF4EIESE, 20005 Zhang et
al. , 2013). {HJ& . 22 i X A8 FE bk 5 MR fh 2 RRAE
W W IR X 52 3] 17— T2 B A o i A T 1 5
i A L Y% T LR MORB U6 [X 22 8] (] 10a,
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a. EIMAE Pearce(1982) ;b. EIJ4E Wang et al. (2013) ;c. FIMiHE Shervais(1982). i 7 1148 B 5 5080 ok B 1474k 645 (1997, 2000) ;37 7C

AR XA [ Zhang et al. (2013)

10b, 11a),3ftH MORB FHyRAL 53R AE , & W] H A i
505 A] B8 O I AT A K JS PR 85 (Shinjo et al.
1999; Sandeman et al. ., 2006; Teklay, 2006). H
P fe 2 1 DX v AR A1 45 75 SN 7 PR ) AU SR
A B R B R AR AR AR 1 AR
AR OAAER R, RESIM AR 11b
Ty T IR A B BT AE B 10c A 10d i T N-
MORB 43 FR 58 55 90 7 3 A4 18 PR 55 1) 58 AL
W2 HE DN J= B A2 e 25 AT BRI I TS b e Ak
HAEMHWER R AMETEERERGERET
LREE & #F1 Nb-Ta 1 Ti 5 45 i A7 s 15 98k
s (OBER A . 2013) , HAR T R /R B AR SEME A
BCIRZEAE Sy o R B ek o 1y 7™ 5 9 4 b i Ak
A R RS,

H F L ARk AR S (20004, 2000b) WY B T — B
W KR - RE WFCHRME T N
MORB AU [N 5 AHAS B PR IR HIE U Feal
RTEE Sk SO IIUS 2 s A IR B AR
e T AT RN EN SO He 2 B AR R TR AR AR T
Hb ITFREE — R 1) 7Y 2B VL 2
1B — VL U R B A ) P — L e Rt
K& (Lepvrier et al. s 2004; Jian et al. , 2009a,

2009b) , W= 4 W TLAHE A FARHE TR 5 A 4R 16 2
Mk 34043 Ma F1 294 +4 Ma ({5 F-45, 1999; Jian
etal., 2009a, 2009b) A LA LA TP A
FARHAE 5 145 A7 U-Pb 4E % 362441 Ma Fl
328+ 16 Ma (faj ¥4, 1998; Jian et al., 2009a,
2009b). A, A YR T i B 7 ot g YR X I 32 B A
AR SR 1 R AR SRS T REAR R T &0
VL — A2 — BV R 07 43 S i AR A 43, O
B R MR S R ) MR B TR —
S F AR PG o) He Pk 2l T A D B S 5 A Bl R B G
B (RS, 2000a, 2000b; Li ez al. , 2002).
AR b TS A S R LA 06 B C AR AR R
S EN S Rl e 2 (R o BE . Li et al. (2006) 7
FE I HLIX 345 T 267 ~262 Ma AR A i BE 45
BRBTERAE (201 DI FLA8 LI AE B R IR A AL 7R A
i HOP B A 5 8 g S Truong Son JBRAL %
FHAS AR (260~270 Ma; Maluskia et al. , 2005)
Y. S oh SR T T K E A
237~242 Ma IR B RIS S (BRBTERSE . 2014;
FESLAFAE, 20100, =W IX & & 244 Ma (14114 55
WA IE K GBEA B 25, 2005) , 33k 26 5L = B i 4
FAERE R T LG MRS 5, 58I — R
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AL L AR T R A 0 A AR AR 25 B (R
45, 20105 Liu et al. » 2014). A0 76 350G 28 7 i IX
RE T Ar/* Ar 2 245 Ma 245 1) NW,
NWW ) 47 Jie 7 1 B0 V5 59 D047 (BB BR S5, 20065
Zhang et al. , 2013). /= 0 X P4 4 £ M mg Sy —
W A A8 T, A8 I AF I B rh T 245 ~ 240 Ma
(Carter et al. , 2001; Lepvrier et al. , 1997, 2004;
Nam et al. , 1998). #Fg b =B 58 by i bl B i 47 90
UG LIRSS, 19905 FEVER SRS, 1998),
FH] 240 Ma Ze A7 #E R — ED SRt B) i) A DF 5 2
ZEER (BT BR S, 2014). 45 LTk, R b IX N-
MORB ZZHeP 5 2y 2 vy ey 32 0 A 32 73 1 0 3 22 40
CER A o ) PG 5 R D VT — A A 1L e —
HRINK S — 165 A AR VLIRS A0 ks
(Fan et al., 2010; Liuetal. , 2014)—E#) iiIET
FEN S fli e 2 (A1 78 HITFGa0r b 15 A0 e i
T 260 Ma ZeA A HPFIGEE T 240 Ma A2 5.

(DEEMXEE Ar/% Ar FAER K 328. 1+
2.6 Mapy Z i Hoena (O fHH 9. 02~9. 85, Z%AE
i AR = {0 0 R E 0 8 U 2E Bl N-MORB %
.00 3 F oA st & T B MORB A iy
g 51X

(DB Z X R & B 1 5 0k s 4 =
B DA A2 i B A 5 IURORPEAR LAY I — 42
R, JREM XA TN AT T IS A 50A PR
M35 5 1) PG VL — 7 1 — VL — A By
FEPR IR 3 7R S, AR F T BN SRR B PF I T A A
SERDACE
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