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Abstract The Lianghekou granite pluton in west segment of northern Qinling Mountains shows high contents of SiO, (68.48% ~
72.45% ) and K,0/Na,O (1.35~2.07), and weakly peraluminous,belonging to high K calc-alkaline I-type granite. The chondrite-
normalized REE-patterns are characterized by LREE enrichment with variable degree of negative Eu anomalous sizes (§Eu =0. 417 ~
0.621). The muti-element normalized spidergrams show that they are enriched in LILE (K,Th,Rb,Ba) and depleted in HFSE
(Ta, Nb, Y and Yb), and quite similar to the typical continent-continent syn-collisional granite. These geochemical characteristics are
similar to syn-collisional granites of Dehe, Saigen and Niujiaoshan granitoids in the east segment of northern Qinling Mountains.
The Pb, Sr and Nd isotopes on the Lianghekou granite pluton are similar to the Qinling Group and Magianshan Group with high
contents of Pb, indicating that the granitic melts were generated from lower crust. It is provide the important data for Mesoproterozoic-
Neoproterozoic tectonic evolution and geodynamics of Qinling Orogenic Belt.
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Fig. 1 Geologic map of Lianghekou granitic pluton
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Table 1 Main elements data( wt% ) of Lianghekou granitic pluton

HikgH HE&HS S0, TO,  ALO; Fe,0; FeO  MnO  MgO Ca0  NaO K0 PO 9@ Q&
D2538/1 69.80 0.33 14.24 0.75 2.68 0.08 1.24 276 3.14 440 0.07  0.72 100.21
D2538/2  70.50 0.33 14.31 0.45 2.88 0.06 1.0l 1.91 2,99 4.8 0.09  0.53 99.86
01 7135 0.42 13.71 0.58 3.25 0.09 0.58 176 3.27 442 0.09 038 99.90
W4k Do6-1  68.48 0.70 14.55 1.47 4.09 0.08 1.49 219 215 330 0.14 0.8 99.52
D062  72.41  0.44 13.36 1.38 2.78 0.07 0.56 1.3 2.08 452 0.09 043 9.50
D063 7219 0.43 13.36 1.03 3.14 0.08 0.52 1.87 2,05 452 0.09  0.40 99.68
DO64  72.45 0.43 13.36 1.09 3.05 0.07 0.53 1.81  2.08 420 0.09  0.50 99.66
Ak DQI4 7153 0.52 13.75 0.61 3.40 0.09 0.80 1.97  2.80 4.06 0.12  0.40 100.05
Atk QLISTOl 7447 0.27 13.29 0.56 1.85 0.04 0.57 .20 2,67 3.73 0.12 0.8 99.61
FEHAEE T4 7514 0.20 13.40 0.50 1.70 0.06 0.42 1.41  3.56 3.56 0.05  0.24 100.24
BRERH  BARS g;ég) SI  A/CNK A/NK  Mg*  FeO' (K;(;;\J:EO) Rl R2 Nzg/ A%gz/ ;:%
D2538/1 259.41 10.16 0.95 1.43 0.40 3.32 092 240 0.64 1.08 4315 0.8
D2538/2 284.82 8.33 1.05 141 036 3.26 .06 2.41 0.54 0.95 43.36 0.64
T01 297.69 479 103 1.35 022 3.74 0.89  2.44 0.49 1.12  32.64 0.54
B IR D06-1 196.55 1192 1.31 2.05 0.33 5.34 1.0 2.8 0.59 0.99 2079 1.02
D06-2 262.16 495 1.23 1.61 0.20 3.95 1.43 291 0.44 0.70  30.36 0.66
D06-3 251.73 462 1.15 1.62 0.19 4.02 1.45 2,90 0.49 0.69 3107 0.9l
D064 241.28 4.84 119 1.68 0.19 3.98 1.3 2,98 0.48 0.75  31.07 0.87
mEAK  DQl4 254.85 6.86 1.09 1.53 0.27 3.9 0.95 270 0.52 1.05 2644 0.70
% AUIEE QLISTOL 258.22 6.07 1.25 1.58 0.30 2.33 0.92  3.07 0.42 1.09 49.22 0.45
EREEK TM 285.18 431 1.09 1.38 0.26 2.13 0.66  2.84 0.43 1.52 67  0.40

BES SRR D2538/1,/2 8| A 1 : 25 TS HHE; TO1 . DQI4 QLISTOL \T24 5| & BEFA4E % (2003) , Bidb R AR 30 A1 L M W€

DO6-1,-2,-3, 4. HELEE ICP-MS ELEMENT LB 3 ( FIR) ; A/CNK = ALO,/( Na,0 +K,0 +Ca0) (4T H); A K ALO, 5FH,
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£2 WAOEKMBTRIFR(x107°)
Table 2 Trace elements data{ x 10 ") of Lianghekou granitic pluton
MRS D2538/1  D2538/2 TO1 D06 -1 D06 -2 D06 -3 D06 -4 DQ14 QL15T01 T24
Se 10.00 12.47 10.61 10.67 11.13 8.60 5.04 7.70
\ 39.00 31.00 22.00 65.91 22.63 22.98 22.15 34.00 21.30 15.00
Ga 18.50 18.03 19.45 19.00 19.53 15.90 16.70 16.20
Cu 28.00 9.00 12.00 28.77 9.64 12.03 8.26 13.00 11.00 4.30
Zn 54.00 56.00 63.30 66. 60 69.83 67.83 63.63 49.20 53.50 36.00
Co 9.00 8.00 4.40 12.35 5.72 5.40 5.23 6.80 4.28 3.20
Ni 23.00 21.00 5.00 18.42 8.52 6.49 4.92 7.00 6.80 4.60
Cr 46.00 50.00 11.00 251.70 253.44 213.48 44.46 20.00 13.04 12.00
Rb 159.00 177.00 224.00 190. 38 221.26 210.71 220.25 178.00 232.00 146.00
Ba 744.00 748.00 824.00 513.63 726.34 852.35 693.51 617.00 412.00 566.00
Th 14.00 15.00 17.80 18.15 20.75 18.40 20.05 17.80 14.00 19.00
U 4.20 3.66 3.56 3.55 5.19 4.20 3.00 3.10
Nb 8.00 9.00 15.90 11.86 15.78 14.30 15.68 11.00 10.90 11.30
Ta 1.09 1.00 1.40 1.07 1.30 0.82 1.09 0.97
Sr 122.00 153.00 123.00 110.91 104.08 118.15 106. 12 113.00 67.20 99.00
Zr 104.00 139.00 298.00 206.62 265.04 308.71 281.66 225.00 145.00 150.00
Hf 7.55 6.37 8.28 9.25 8.61 5.73 4.27 4.35
Y 24.00 21.00 53.00 40.59 52.09 45.96 59.88 37.00 19.30 40.00
Cs 10.00 12.68 9.92 8.51 10.21 9.00 12.50 3.80
La 42.70 31.00 46.00 42.62 53.14 52.45 48.96 38.20 17.50 34.90
Ce 72.20 53.00 91.00 88.28 106.95 104. 18 99.62 81.00 48.70 71.00
Pr 7.25 4.97 10.90 10. 54 12.62 12.08 11.79 9.70 4.26 8.37
Nd 27.50 20.00 40.90 38.49 46.41 44.59 44.64 36.20 15.90 30.50
Sm 5.66 3.95 8.20 7.55 9.11 8.59 8.73 7.11 3.22 6.39
Eu 0.71 0.75 1.43 1.31 1.37 1.44 1.32 1.17 0.58 0.67
Gd 4.79 3.45 8.16 7.29 9.56 8.60 9.27 6.88 3.30 6.29
Th 0.81 0.57 1.35 1.28 1.64 1.42 1.71 1.06 0.55 1.09
Dy 5.14 3.57 8.00 7.59 10.29 8.54 10.99 6.10 3.18 6.40
Ho 0.99 0.69 .68 1.64 2.22 1.83 2.34 1.29 0. 66 1.35
Er 2.86 1.96 4.80 4.56 6.19 5.03 6.71 3.58 1.85 3.78
Tm 0.44 0.31 0.78 0.66 0.92 0.75 0.99 0.55 0.29 0.61
Yb 2.79 1.93 4.90 3.97 5.98 4.94 6.47 3.38 1.92 4.00
Lu 0.40 0.30 0.77 0.60 0.97 0.78 1.00 0.54 0.30 0.61
Pb 26.00 30.00 29.00 21.13 30.84 29.71 27.99 11.00 32.90 30.00
Y REE 174.24 126.45 228.87 216.37 267.36 255.23 254.55 196.76 102.21 175.96
LREE/HREE 8.56 8.89 6.52 6.84 6.08 7.00 5.45 7.42 7.48 6.29
CeN/YbN 6.69 7.10 4.80 5.75 4.63 5.46 3.99 6.20 6.56 4.59
Ba/Sr 6.10 4.89 6.70 4.63 6.98 7.21 6.53 5.46 6.13 5.72
Rb/Sr 1.30 1.16 1.82 1.72 2.13 1.78 2.08 1.58 3.45 1.47
Ba/La 17.42 24.13 17.91 12.05 13.67 16.25 14.16 16.15 23.54 16.22
Nb/La 0.19 0.29 0.35 0.28 0.30 0.27 0.32 0.29 0.62 0.32
Th/La 0.33 0.48 0.39 0.43 0.39 0.35 0.41 0.47 0.80 0.54
Se/Th 0.00 0.00 0.56 0.69 0.51 0.58 0.56 0.48 0.36 0.41
Ni/Co 2.56 2.63 1.14 1.49 1.49 1.20 0.94 1.03 1.59 1.44
Cr/Ni 2.00 2.38 2.20 13.66 29.76 32.90 9.03 2.86 1.92 2.61
Zt/Nb 13.00 15.44 18.74 17.42 16.79 21.59 17.97 20.45 13.30 13.27
La/Nb 5.34 3.44 2.89 3.59 3.37 3.67 3.12 3.47 1.61 3.09
Ba/Nb 93.00 83.11 51.82 43.30 46.02 59.61 44.24 56.09 37.80 50.09
Rb/Nb 19.88 19.67 14.09 16.05 14.02 14.74 14.05 16.18 21.28 12.92
Th/Nb 1.75 1.67 1.12 1.53 1.31 1.29 1.28 1.62 1.28 1.68
S6Eu 0.42 0.62 0.53 0.54 0.45 0.51 0.45 0.51 0.54 0.32
Rb/Ba 0.214 0.237 0.272 0.371 0.305 0.247 0.318 0.288 0.563 0.258
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5 Pb-Sr-Nd [F{i ZH4E

ERREREX R RERERHEERARS
MR B E %3242 (Downes and Duthou, 1988; Farmer, 1992;
Zhang et al. , 2004; ¥ PFHESE,2005) , F|F Pb-Sr-Nd Ffu &
SR A AT TR BRI AT R IR 3 4, B
P14 (R RE S, Nd/" Nd B9 (L TSR/ 4 F 0. 511885 ~
0.51199; ¥St/* Sr & &, H AL TG B N 0. 769709 ~
0.789466 ; 48 Rb St &4 &% St/% Sr H B 1+ 8 #Y Rb/* Sr =
5.001 ~6. 198 RAK » FRIV( BB LM EKXLE, 1988;
B I0%,1996) ; Pb [A] i 2 4R 4™ Pb/* Pb = 19. 31 ~
18.73 %" Pb/™Pb = 15. 5921 ~ 15. 6701 ,** Pb/** Pb = 38. 922
~39.4649 , RIE W AHER A Ph 7] K BFFAE .

B 1 =870Ma (TS B R 1A 18 St Nd AL RA R, 45 R
RIS/ Se (1) Loy, AALTERB A, A HIAT S/ S0 (1) =
0.70760 ~0.71675 &, =56. 17 ~ 128. 89, EH AR FERX F &
F R TR HER; £y = ~3.9180 ~ -6.0064, R HR
B, SFBR AT, 7E oo B (E6) FRANRR
I N TR s R ARG R R T Z 6],

R AL o HRBAE R S XY A5 f-F 1
TEE R (Arndt and Goldstein, 1987; 3§22 K% ,1995) , 80 &
TR X S 1 A A B8RRI (3K K48 ,2006) , iR 3 AT
ST A 1K £y (Ma) EEE T 1849, 73 ~ 2022. 79Ma,
B8 K TR OB RN R AR, RECE KRR A HTh
R B T o (K2 €4 ,2005) ,

fEixAELAK P R RN RS GHASH Pb R
ZHEKE CH,1997; KPS, 1988) ; K t =870Ma
AP A R R B A @ Ph R R A AT TR LE,
2L FBAF I O K (P Ph/*™ Pb), = 17. 3885 ~ 18. 0276,
(*"Ph/*Pb), = 15. 5166 ~ 15. 5907, (™ Pb/"™ Ph), =
36.3964 ~37.3404, M9 Pb FAE AR KA ILE ., 8 E
HEREBMKANE Pb BN EHRE; (°Ph/™Pb),.
(*"Pb/*™Pb) B TRFHBA K AN A Pb [/ E 4,
i (**Ph/** Pb), 5 FEHRA BERHK f 1N A Pb R E A UL T
—B(R4),

6 it

6.1 #ERFEHH

B AR EUERKARRREN, 50 ER = AN
A RAREEREEVETE. T IAS Er A E RSN
£ 5% (KCG) L T s 45 4 ( Barbarin ,1999) , L&
TE&REY S0, . K,0 &, Mg"f%,K,0/Na,0 > 1, A/CNK
>1, Si0, 5 FeO' + MgO + Ti0, B{A S MM HMW
AR S/*Sr), >0.706, 6y = ~3.9180 ~ - 6. 0064 <
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Fig.7 Rb-(Y + Nb) graph of Lianghekou granitic pluton
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-2.0, 875 G R 1L X B HBR 1L 2 FF 4 ( Sylvester,
1998) ,

B DA RMETEUSERE FRATE Rb K. Th,
Rb.Ba %, 57 TE TaNb Zr, Y Yb Hf %, HiHE
WA L AN B & LILE , $1{L HFSE K5 #i Nb Ta #9%F
4 ( Pearce, 1982; Tatsumi and Kogiso, 1997; 3 % 37 %,
2004 ) , 7 i 1 RY B PR AL B TR 19 S M 2R AR AE . TE Rb-(Y
+Nb) (B 7) & Nb-Y Efig ([ 8) F, & St ALK AL
WNAER A X ; AR, 7] §8 5 R K 25
il R A N S AR

JCFU AR ERAE Ll BB BRAR R O SR I 4 AN
RE UREBNEEH RO RoE AMTO%
ITERRT YARFE ; &5 RS HIE R A ES 1 U-Ph( SHRIMP)
R H 955 £ 13Ma( 5% ,2005) ,943 + 18Ma 914 + 10Ma
(FEMAES,2003) . B A RE AHRLERREN X
AR R FREE A& E =Y (EHSE, 1998, 2002, 2005;
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Table 3 Nd-Sr elements data of Lianghekou granitic pluton and its wall rocks
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B FERGE o WN™Ndy 20 R YS/%Sry 200 tom exa  (YS/%80), s
(x107%)( x107%) (x107%) ( x107%)
D06/1  7.548  38.487 0.5H1912 12 190.376 110.908 0.778916 12 1979.91 -5.4786 0.71675 186.23
‘ D06/2  9.113  46.410 0.511973 13 221.255 104.081 0.786798 12 1885.88 -4.3026 0.70975 86.76
pﬁﬁ; D06/3  8.594  44.588 0.511945 11 210.708 118.148 0.777294 12 1887.21 -4.6060 0.71272 128.89
° D06/4  8.730  44.635 0.51199 13 220.251 106.123 0.789466 11 1849.73 -3.9180 0.71423 150.34
DI45/1  8.200  40.900 0.511885 10 224.000 123.000 0.769709 12 2022.79 -6.0064 0.70760 56.17
D026/7-1  4.900  16.600 0.512835 11 8.400 106.000 0.709413 20 1367.81 5.8800  0.70760 41.43
D026/8-1 4.970  17.300 0.51275 14 4,000 208.000 0.705315 13 1527.71 4.7514 0.70462 13.88
#Ziy  D027/32 3.490  11.600 0.51286 15 8.000 156.000 0.71521 14 1396.01 5.9853  0.71336 138.10
A® D029/8-1 3.830  14.000 0.512713 15 102.000 139.000 0.733659 16 1382.07 4.9532  0.70720 50.50
D134/4SZ 3.504  12.670 0.5127 11 17.175 301.581 0.707017 12 1478.21 4.4976  0.70497 18.78
DI42/1  4.572  17.040 0.512711 11 6.822 235.450 0.703988 11 1302.64 5.2691  0.70295 -9.96
Do4/1  3.791  11.508 0.51276 11 4.724  160.677  0.705494 11 4099.84 2.1041  0.70444 11.22
%g Do4/2  2.341  7.310 0.512953 12 1.697 204.832  0.703287 11 1506.85 6.4953  0.70299 -9.35
o D04/3  2.198  6.925 0.512961 11 1.400 241.390 0.703199 10 1331.34 6.8436  0.70299 -9.33

Bt =870Ma FE— i+ 8, 1y iFE R (Y Sm/ M Nd) |y, =0.2137, (P Nd/¥ N, =0.51315.

®4 MAOEGBRHES P AURAME

Table 4 Pb elements data of Lianghekou granitic pluton and its wall rocks

Bl pgy W TR UW (zpb) (zzpb) (szPb) (29Ph/2 P, (27Pb/™Ph), (2 Ph/™ Ph),
& (x1078) ( x1075) ( x107%) Pb /iy Pb/y Pb /iy

D06/1 21.134 18.151 3.662 19.31 15. 6651 38.9229 17.6925 15.5548 36.3964
B D06/2 30.839 20.7S1 3.563 19.11 15. 6643 39.2222 18.0276 15.5907 37.2402
k= KfE D06/3 29.705 18.397 3.549 18.75 15.5921 39. 0264 17. 6445 15.5166 37.2174
REBE  po6/a  27.993 20.048  5.188 19.39 15.6723 39. 4649 17. 6459 15.5534 37.3404
D145 29 17.8 4.2 18.73 15.6701 38.9312 17.3885 15.5786 37.1393
DI34/4 11.657 1.118 0.385 18.33 15.6356 38.5639 18.0226 15.6150 38. 2869
DO26/7-1 2.7 0.48  0.103 18.43 15.6355 38.2378 18.0845 15.6117 37.7260
gippe DO26/8-1 5.4 0.7 0.28 18.59 15.6354 38.1709 18. 1157 15.6031 37.7759
K DO2732 6.9 055  0.13 18.24 15.639 38.2489 18.0673 15.6273 38.0200
MINE po29/s1 2.8 0.3 0.19 18.82 15.6679 38.6528 18. 1906 15.6252 38.2784
DI34/4SZ 11.657 1.118  0.385 18.33 15.6356 38.5639 18.0253 15.6150 38.2869
DI42/1  5.447 1.599  0.468 19.9 15.7224 38.5275 19. 0961 15.6675 37.6610
gbpge DOl 167 0418 0.248 18.36 15.5259 38.0232 17.0078 15.4339 37.3065
K D042 1.195  0.361  0.149 18.22 15.4957 37.9814 17.0889 15.4187 37.1183
BINE D43 1.499  0.341  0.132 18.16 15.5221 38. 0406 17.3621 15. 4677 37.3905
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FRRES,1997; WHRASE,1991; BREE%,2004) , BT
AR EH B BRE A TS BUE /R S B A B A At
FHE, B AT MHE BRNF BN TITRE LR
XEHBITCRBE AR F—3; £y () = -3.9180 ~
~6.0064 ¢, = 1849. 73 ~2022. 79Ma, 5 4 f 11 5 4 F 3]
EEMey (D) -B(-4.3~ -5.4) BRAEH WML
(1999 ~ 2232Ma) ( EBEE S, 1997; F4,2005) , A4S
BRI 1 5 & R Rl R 7E 6 2, (B RE A B B4 ik o

TR S (2004 ) 3L USRI MUE KB ST IA N, A 1K

Acta Petrologica Sinica %% 54 2007, 23(5)

I 889 £ 10Ma( 541 LA-ICP-MS) , A — &R 55, B4
EEFIEE, E 4 LIL SR, 211k HFS ST i 55 51 = 8 45 03
IR E TR RERERE, SHMLE, W
] A % 3 T B A M, AL O (St % B M XT AR
R, Y.Yb S BN & TEMAER, BRI ERE
FRAEAL T8 M A AR BT, B IR E (A TE 10 B ] T LABCA £ A
145 R - Rl P T 0 Y R AT 6T 38

6.2 MERMERY

BRI A A W1 4 i L J& KCG 7E 1% & . Ca0/Na,0 =
0.54 - 1.02 >0.3, ALO,/Ti0, =20.79 ~43.36 < 100, HFLH,
TR >875C (Sylvester, 1998) , 7EE 9 &k, F A O & KK &
BARKEX AHEREREERS: B 10 E 1 £&
RBEAERKUEH BB 5T R E R EmX R
b BB s R s Kk B T 5.,

PR 128 ey, (1) B4R, S/ Se(e) B8, 54 Sm; &
AR A RE EER B HBF IR mEZ R A
FEEMEMTTREME AR K, 7] LA K 2 o & KR 5 EAR I 7=
Y1 ORBEF TR REL ., P OB o, S5 RG AR
TE BB 18] — 3, IR B R ] 5K IR R IR T 8 0 5 B o B
HwmER,

BXYRRAHSRABRE LRE T ERTE R
BRAL 43 HEAE (3K & 7€, 2005) , B A ik K0 F {8
>4.3% EHHERIRX AR AFHE; Pb-Sr-Nd RIS
BILERRKANALT 8 (£3.4), DTHBHRR AR

B e e o

TR

()

FMgO+TiO,)

T

ALO /(FeO

ALO,+MgO+FeO™+TiO,

K10 R 0K ALO,/ (FeO' + MgO + TiO, )-( AL O,
+ MgO + FeO' + TiO, ) K& (4§ Patifio Douce. 1999; &
BRI 9)

Fig. 10 AL O,/(Fe0" + MgO + Ti0, )-( ALO, + MgO +
FeO' + TiO,) graph of Lianghekou granitic mass ( after
Patifino Douce, 1999 ; Sample from Fig.9)
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Fig. 11 Molar[ AL, 0,/(MgO + FeO") ] ,-[ CaO/( MgO +
FeO") ], graph of Lianghekou granitic pluton ( after Alther
et al. , 2000)
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RRANSAEFERRAHZ —, X 58 10 84
—8

5 Pb/*™ Pb ™ Pb/*™ Pb t 3¢, A 8] £ IE %47 Pb/*™ Pb
FAEE LA B3 (3K 7% ® % ,2006) , *" Pb/*™ Pb BUAY ML fE %
AR LMK A ATE B 3] 4R H{E (Hamelin et al. , 1984;
MBAAR,1997; ZEFHFM%,2005), Hit, 5 P/ Pb 1018
FERA—A S E LTS B R R R,

I 0 5 6™ Pb/* Pb B HLAE AR AL YE B 2 15. 5921 ~
15.6723, B 4B TR RBE LR A Pb/ ™ Pb g
(15.198 ~15.490) , B & F 52 PR 2 BEAF 2 #22 (15. 4957 ~
15.5259 ) (B LU A BE LB (15. 446 ~ 15.725) (3K %7€, 2006)
B FRiRIG B R A" Pb/ "™ Pb H{H (15.473 ~
15.667); HR 554 BEAKMANE (15.633 ~15.710)
(7K7 K, 2005, 2006 ) F1% e 5 BE RHE A (N4 (15. 6355 ~
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Fig. 12 **Pb/"™Pb-"* Pb/*™ Pb, * Pb/*™ Pb-"* Pb/*™ Pb graph of Lianghekou granitic pluton ( after Zartman and Doe, 1981;

Zhang et al. ,

6.3 MREX

W B S FRESAE R EEA R A ALk
FEE FEREESE, B R RIE 500km 2L RITLE R T
R Z LR IE B REF 5 RAL R H Tl -
AREW AR AR RS AR EE LH., 58
ZEEEEFAT Y4 M LS AR BN BT IRIF
whid R AR ) TR I3 B B B T R ( B9 45,2005 ) 5

1997) . UC-Upper continental crust, LC- Lower continental crust, M-Mantle

FMAEFANERES LI B ETR T, A S S
TIFKE B e 4 AR IH BT I BT 89 T M50 80 201 Rl BT AR ( 3
BAL%,2004); A FTHEKFE O AEEE B ES
(>875C) , &KW A THIFEHEME KA R e kA R
AEM RS 1R R BO T EBUE T R R BRI
RIS, T A i PR AT LU AR R R B 45 TR — R R 1 T 44
EAME Ayl B L 7R A 3 1 L L B ST R T R
bE , IR 44 T X B g s LA R, RS B BT T
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RAEG RS LHFH T E,

BRix 17 R R P BBin sk (554 U-Pb TIMS &
#H 955.5 £8.4Ma; FEFESE 2003) AOET AR K UL 7
FERELE R HBHC R T4 Ak, MBI R X ER A
W R 55 20 [R) B AR v M 1 A SR A 0L (R S B
%.,2002), MEERIREBHEMBENRKRENEE; B
FBTRGABIM P T A B AR A RN ERERER
RAE, X KIC RS 4R G R T Fhird s (R
HE5,2004) R B RR —RIC R A B KB
Bh &M — K/ NESC RS A R P RARR
(E%%,2005) ; (BRI EJR T4 FRhdk ARt R B Bk
BHRE MR BEES,2004) , 3% IR B R 48 Ao ] %
BT Grenville R 18 v 1L B (8], (B 5 R EE TE SR -5
S5 b [ o B SR 7 0 (R R AR RS L
R H XK Rodinia B KREE G ER M K WA REE T EE
A

7 iR

(1) PEIAEE R RS AL TE R A T A T IRl 1
JERETE X —FE IR M S B it B, SRR A B AL
i TR E R FEAR A TE P AL e BR L FRE (Sr-Nd 8]
37 3 L A5 75 T A MU, (R4 ARORT T o 1 A 28 0 (R 4
WIE R AW o X — AU B T b AR 1L 22 06 o X -l
IR AR R 32 7 LA K Rodinia # KRk YT
FEALZRIE o X Byma 42 4 7 B E R

()M OEEKLL P AR SERNHE, SRS
BE DT CL, 08 & T IS A B B LA B AT 1
HRFBEX SR ASH . IHUBELSENERSOER, X
FACFRW E R AR R IR SR 7B A FORMK R

Bt  Pb.Sr.Nd Ffi & L KT K IC-PMS 24T 7E Bt
B 357 5 R FRAT I, B AP AR AR BIBR R X R
ok B RS B AL BRA B S I SO OO R R AR
BIZERARE L TRAEH B D 4 ROTR R AR Y, L)
BRI EMITHT R R B R KRR S TR
8%, PALFE AR TEBEERL, BB,
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