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Abstract Neoarchean TTG gneisses widely occurred in the Songshan area, Henan Province. They mainly consist of granitoid and
minor diorite, with a crystallization age of 2600 ~2500Ma by zircon SHRIMP U-Pb technique. The TTG gneisses are rich in SiO,
( >67% ) and Na,0O (3% to 7% ), but have low K,0/Na,O ratios and low FeO" and MgO contents. Their A/NCK ratios range from
0.97 to 1. 21, consistent with tonalities to trondhjemite trend. The Songshan TTG gneisses are geochemically similar to high-Al TTG
assemblage. The Songshan TTG gneisses have low REE contents, with differentiated LREE/HREE patterns and no Eu anomalies on the
chondrite-normalized REE patterns. The Songshan TTG have high Sr (433 x 10°° on the average) and Sr/Y ratios (165 on the
average) and low Rb/Sr ratios, and display negative Nb, Ta and Ti anomalies on the primitive-mantle normalized trace element
patterns. Their Nb/Ta ratios are averaged to be about 14 and La/Nb ratios are 7. These indicate that the Songshan TTG may have
formed in an island arc or a continent marginal arc. The whole rock Nd isotopic compositions and zircon Hf isotopic compositions
indicate that the Songshan TTG may originated from a juvenile crust derived from a depleted mantle at 2. 6Ga with minor assimilation of
ancient crust, while the variable Mg® values of the Songshan TTG indicate different degrees of contamination of mantle wedge.
Therefore, the Songshan TTG gneiss may have formed by partial melting of a subducted basaltic slab with garnet and amphibolite left in
the residual magmas. The emplacement of the Songshan TTG indicates an ancient oceanic crust may have existed at 2. 53 Ga before the
collisions of different micro-continents in North China Craton.
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(3% ~T7% ) .Si0, ( >67% ) . 54k 4%, &% Na,O/K,0 )b fi( £ £ 1.5 ~5.2),AL,0, =13.72% ~16.37% ,A/CNK =0.97 ~
121, B=MEkE-LKEHE AT, BRFAFRERELBETIC 2 o44E, £4% St (F34433x10°°) ,Rb/Sr Hefi( <0.5)
A%, S/Y WA & (F3# 165) ,Nb. Ta #= Ti fi %% , > REE 1%, 2% 2055 ((La/Yb) , =27 ~150) , £ A £ Eu %%, 1& 45 Nb/
Ta(14 £ ) La/Nb (-F¥4 &% T) B R L CMEBALFHEEANLS HIRR KRB L HINET KR E BHFEMM, 2% Nd B4
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R, BT HIEI TR ERRERGRAEMIE S (4700 ~1000°C, >1.5Gpa) F dh b 694K % X R iE 530 5 5T
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KA R FARGTTG A B s sk R ek A58 %%
FEZEDES P588.122; P597.3
1 515
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Fig. 1 Simplified geological map of TTG gneiss in Songshan area

1-Datasi tonalite( OgD) ; 2-Phanerozoic stratum; 3-moyite; 4-Proterozoic stratum; 5-Huishansi trondhjemite (OgH) ; 6-Niuwulan trondhjemite( 5o, ) ;
7-Qinggyanggou meta-gabbrodiorite( 7y, ) ; 8-Archaean Dengfeng Group stratum ( Ardn) ; 9-Jinyaopegmatite (p3 ) ; 10-samples position; 11-Beigou

adamellite( OgB) ; 12-fault; 13-Lijiagou basic dike swarm(ﬁ&) ; 14-Wujiamen meta-gabbrodiorite ( 7y, )
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F1 BUMK TTC T ARE$EA# SHRIMP U-Ph ¥
Table 1  Zircon SHRIMP U-Pb analysis data of TTG gneiss in Songshan area

232 206 * 206 207 P 207
g 2P g (Xllé_é) (x1T(})1-6) W{? (xlIZ)b’G) WIE)(Ma) +(Ma) ﬁ(m) +(Ma) Tma% %
DF49-1.1 0.15 720 502 0.72 189 1,721 9.9 2,484 6.2 0. 1640 0.33
DF49-2.1 1. 20 228 89 0.41 64.5 1,819 29 2,550 28 0. 1790 1.1
DF493.1  0.67 400 470 1.2 88.6 1,470 12 2 404 13 0.1606  0.47
DF494. 1 0.71 533 575 1.12 74. 6 968. 0 10 2,249 27 0. 1472 1.3
DF49-5. 1 2.42 849 732 0. 89 78.7 644.7 5.0 2,128 42 0. 1503 0.76
DF-49-6. 1 0.96 442 501 1.17 93.0 1,402 11 2,405 17 0. 1628 0.50
DF497.1  0.38 460 130 0.29 102 1,479 9.3 2 434 13 0.1610  0.43
DF49-38. 1 2.50 412 224 0. 56 80.2 1,287 8.9 2,371 36 0.1717 0.48
DF499. 1 0.62 441 642 1. 50 91.9 1,392 8.8 2,408 14 0. 1605 0.55
DF-49-10. 1 2.43 496 152 0.32 82.9 1,121 9.0 2,358 51 0. 1697 1.8
DF49-11.1  0.85 394 256 0.67 $4.6 1,428 9.3 2 415 2 0.1629  0.64
DF49-12. 1 0.46 257 285 1. 14 87.8 2,148 14 2,503 17 0. 1684 0. 88
DF49-13.1 0.33 348 410 1.22 115 2,089 13 2,480 12 0. 1652 0. 65
DF49-14.1 065 191 156 0. 84 6.9 2.2 16 2,496 2% 0.1695 1.1
DF49-15.1  0.76 651 376 0. 60 n 1,155 8.0 2,399 2 0.1606 1.3
DF49-16. 1 0.58 415 372 0.93 89.5 1,435 9.4 2,404 18 0. 1598 0. 54
DF49-17. 1 1.72 543 450 0. 86 68.5 868.7 7.5 2,344 44 0.1627 1.6
DF49-18.1  1.43 463 364 0.81 $1.8 1,19 8.7 2 424 35 0.1680  0.71
DF44-1.1 3.08 1583 141 0.09 152 663. 1 4.7 1,921 92 0.1412 3.3
DF44-2.1 0.91 257 61 0.25 58.1 1,493 14 2,528 48 0.1742 2.6
DF44-3.1 4.71 1947 183 0.10 127 451.2 3.5 1,743 100 0. 1425 0.76
DF444.1  0.37 252 125 0.51 103 2,504 17 2,619 " 0.179  0.54
DF44-5.1 5.98 302 30 0.10 36.4 799.9 7.6 2,153 100 0. 1795 0. 86
DF44-6. 1 2.52 1263 94 0.08 131 719.3 4.6 2,079 46 0. 1477 1.0
DF44-7. 1 0.12 261 198 0.78 82.5 2,021 20 2,637 32 0.1792 1.9
DF448.1  0.83 963 109 0.12 97.9  715.2 7.2 2.039 34 0.121 1.6
DF449. 1 1.55 695 37 0.05 79.1 790 5.2 2,283 28 0. 1562 0. 81
DF44-10. 1 0.95 110 36 0.34 36.7 2,091 18 2,588 26 0.1814 0.87
DF44-11.1 1.0 1340 75 0.06 8.6 477.9 3.0 1,729 30 0.1142 0.8
DF44-12.1 2.62 1282 104 0.08 114 619 4.1 1,924 49 0.1378 0.43
DF44-13.1 0.63 779 54 0.07 99.9 892.3 6.0 2,197 17 0. 1424 0.67
DF44-14. 1 1.36 1395 71 0.05 117 593.5 3.8 1,989 34 0.1324 0.79
DF44-15.1 0,66 839 95 0.12 17 966. 4 5.9 2.3 13 0.1447  0.42
DF44-16. 1 0.38 196 82 0.43 77.0 2,420 16 2,635 21 0.1814 1.2
DF44-17. 1 0.72 136 35 0.26 41.8 1,964 42 2,660 19 0. 1867 0.9
DF44-17.2 3.03 1882 102 0. 06 148 547.9 5.4 2,111 60 0. 1534 0.42
DF-44-18. 1 1. 84 1065 401 0.39 110 719.9 5.5 2,151 47 0. 1640 0.33
DF44-19. 1 0.32 261 100 0. 40 85.2 2,073 13 2,613 11 0. 1790 1.1
DF44-20. 1 1. 16 859 51 0. 06 97.1 7889 6.0 2,123 26 0. 1606 0.47
DF4421.1  0.38 203 165 0.58 8.7 1,901 12 2,572 » 0.1472 1.3
e - % o e RECS % T s% A
DF49-1. 1 3.268 0.65 0.1627 0.37 6. 866 0.75 0.3060 0.65 0.872
DF492.1 3.068 1.8 0.1692 1.7 7.600 2.5 0.3259 1.8 0.736
DF49-3.1 3.904 0.89 0.1552 0.78 5.483 1.2 0.2562 0.89 0.750
DF494. 1 6.174 1.2 0. 1418 1.6 3.166 1.9 0.1620 1.2 0.596
DF49-5. 1 9.508 0.81 0.1322 2.4 1.917 2.5 0.1052 0.81 0.320
DF49-6.1 4.117 0.84 0.1553 0.99 5.200 1.3 0.2429 0.84 0.644
DF49-7.1 3.878 0.70 0. 1580 0.76 5.617 1.0 0.2578 0.70 0.681
DF49-8. 1 4.527 0.77 0.1522 2.1 4.630 2.2 0.2209 0.77 0.343
DF499.1 4.150 0.70 0.1556 0.80 5.169 1.1 0.2410 0.70 0.657
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gkl
Continoued Table 1
238 207 £l 207 * 206 E
e o £ % o £ % e - % T L% M
DF49-10. 1 5.266 0.87 0.1510 3.0 3.950 3.1 0.1899 0.87 0.279
DF49-11. 1 4.033 0.73 0.1562 1.3 5.339 1.5 0.2479 0.73 0.498
DF49-12. 1 2.529 0.77 0.1645 1.0 8.970 1.3 0.3954 0.77 0. 606
DF49-13. 1 2.612 0.72 0.1623 0.74 8.569 1.0 0.3828 0.72 0.698
DF49-14. 1 2.430 0.84 0.1639 1.6 9.300 1.8 0.4115 0.84 0.471
DF49-15. 1 5.095 0.76 0.1547 1.5 4.187 1.7 0.1963 0.76 0. 446
DF49-16. 1 4.010 0.73 0.1552 1.1 5.336 1.3 0.2494 0.73 0.569
DF49-17.1 6.932 0.92 0.1498 2.6 2.980 2.7 0. 1443 0.92 0.336
DF49-18. 1 4.932 0.80 0.1570 2.1 4.389 2.2 0.2028 0.80 0.359
DF44-1. 1 9.232 0.75 0.1177 5.1 1.758 5.2 0.1083 0.75 0.144
DF44-2. 1 3.838 1.1 0.1671 2.8 6. 000 3.0 0.2605 1.1 0.353
DF443.1 13.79 0.80 0.1067 5.5 1.066 5.6 0.0725 0.80 0.144
DF444. 1 2.107 0.83 0. 1764 0.68 11.54 1.1 0.4746 0.83 0.774
DF44-5. 1 7.570 1.0 0.1342 5.8 2.440 5.9 0.1321 1.0 0.172
DF44-6. 1 8.471 0.67 0.1286 2.6 2.093 2.7 0.1181 0.67 0.248
DF44-7.1 2.715 1.2 0.1782 1.9 9.050 2.3 0.3683 1.2 0.521
DF44-8. 1 8.523 1.1 0.1258 1.9 2.034 2.2 0.1173 1.1 0.486
DF449. 1 7.670 0.7 0.1446 1.6 2.599 1.8 0.1304 0.70 0.400
DF44-10. 1 2.610 1.0 0.1731 1.6 9.150 1.9 0.3832 1.0 0.552
DF44-11. 1 12.99 0.65 0.1059 1.6 1.123 1.7 0.0770 0.65 0.373
DF44-12. 1 9.922 0.69 0.1178 2.7 1.638 2.8 0.1008 0.69 0.244
DF44-13. 1 6.736 0.72 0.1375 0.95 2.815 1.2 0. 1485 0.72 0.602
DF44-14.1 10.37 0.68 0.1222 1.9 1.625 2.0 0.0964 0.68 0.337
DF44-15.1 6.183 0.66 0.1396 0.78 3.114 1.0 0.1617 0.66 0.647
DF44-16. 1 2.195 0.79 0.1781 1.3 11.19 1.5 0.4556 0.79 0.525
DF44-17. 1 2.808 2.5 0.1808 1.2 8. 880 2.7 0.3561 2.5 0.906
DF44-17.2 11.27 1.0 0.1310 3.4 1.602 3.6 0.0887 1.0 0.288
DF44-18. 1 8.464 0.80 0.1340 2.7 2.183 2.8 0.1182 0.80 0.285
DF44-19. 1 2.636 0.76 0.1757 0.65 9.192 1.0 0.3794 0.76 0.757
DF44-20. 1 7.685 0.81 0.1319 1.5 2.366 1.7 0.1301 0.81 0.475
DF44-21.1 2.915 0.73 0.1715 1.3 8.110 1.5 0.3430 0.73 0.480
0.5
(2) 254 53 H7 111207 P 206p,
AT 34 4 #3=2488 = 18Ma
MSWD = 1.3
04 2000 e
&
o 0.3
@ DF-49
S
E 0.2
ol
(1) 25134~ 73 #1 pi 207} /206p1,
0.1 IIBLT 24 4 #=2397+33Ma
MSWD = 7
0.0 . ; ‘ ; L .
0 2 4 6 8 10 12
207py, /235
o ®)

K2 @i TTG B R DF-49 #5471 CL B (A) Fifif7 SHRIMP 4E 42 (B)
Fig.2 Zircon CL images (A) and zircon SHRIMP age diagram (B) of TTG gneiss sample DF-49 in Songshan area
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0.6
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0 2 4 6 8 10 12
207Pb/235U
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K3 @i X TTG B i DF-44 5547 CL B (A) Figf7 SHRIMP 4E4#2 (B)
Fig.3 Zircon CL images ( A) and zircon SHRIMP age diagram (B) of TTG gneiss sample DF-44 in Songshan area
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Fig.4 Harker-type diagrams for TTG gneiss from Songshan area

@ Our samples of TTG gneiss; OTTG gneiss samples in Songshan area (from Lao et al. , 1996)
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/*°Ph 4EH#5 (1729 +30 ~ 1989 +34Ma)

£ U-Ph i FIE 1 (B 3B) 1 i (1) 2858541 ( LLATBL Y
B Fp-5 X LB A SR, LA []) # R — A5 A — Bk (1] 3B-
b)) IBCF- Y47 (2617 +21Ma) 5 FIZE |58 mi A7 I (2624
+4TMa) FEA — Z0, 73 M7 s T AR RN T 523 1 58 (9 5T
7y, Th/U e fE B (0.25 ~0.78) , 45 & 5 1 W B 45 44,
2600Ma 7oAy AT REAC R B AE I A a8 KB A 25 AR S . 1
g (2) 2550 2 i B A P/ PhINACAR #4353
2191 £49Ma Fil 1855 = 170Ma, f F B 38 S0, IR 248
R BRI AN B U B e 1 o %28 B Th'U LU fE
FREAR (A3 HIFH R 0.1 F110. 8) 1 L, 7B A AT 35 44 B
— A (8] 3B-a) , EACRAFIEH 2455 £81Ma, A REE
Ja —WIGE AR AR — MG I, 5 DF49 Birfs i
Je BSOS AR A — 2

DL, L TTG bR 2 4 iy 4F % L 7E 2500 ~
2600Ma /A7, 7 U-Pb i FIIA] L, 85 40 S 4 ¥ 78— Bulhi 29
N7, ATRER R R R R R A

6 i ABERIEAAFAE

6.1 FERXLE

WFFEXR R R B9 3 O T R BT S R TR 2.
AT FPAPUZIX TTG J A MR LA AL, AT T 23 HT
HREPESE T 05 TR (1996) XAX TTG Fpa TRy 11

Ab 20

KIS @& X TTG F k& An-Ab-Or 73 28 ¥ fif (4
Barker, 1979; O’ Connor, 1965)

© < Y LA BT A9 3 1L b X TTG J5E v R A i s O 3 1l 3l IXC
TTG FrRa RS (5] B 95 T3R5, 1996)

Fig.5 The classification diagram according to An-Ab-Or of
TTG geniss in Songshan area ( from Barker, 1979; O’
Connor, 1965)

@ Our samples of TTG gneiss; OTTG gneiss samples in Songshan
area (from Lao et al. , 1996)

3035 50 60 Or

Acta Petrologica Sinica %54k 2009, 25(2)
F2 BUHMXTIC FAKREEE (W% ), RERHLILE
( x10°) 53T 4032

Table 2 Major elements (wt% ) and trace elements ( x 10°)

data of TTG geniss in Songshan area

S S DF41 DF-24 DF-5 DF44  DF48 DF49
Si0, 69.61 70.31 73.71 73.32 67.79 72.25
TiO, 0.28 0.23 0.15 0.07 0.31 0.23
Al, 04 15.13  15.41 13.72 16.37 15.9 15.17

Fe, 0, 1.82 1.96 1.82 0.78 3.58 1.75
K,0 3.57  2.26 425 1.20 1.38 4.98
MnO 0.03  0.02  0.02 0 0.04 0.0l
MgO 0.58 0.55 0.64 0.18 1.34 0.31
Ca0 1.39 2,37 0.45 1.19 4.48 0.88
Na, O 5.27  5.56 3.56 6.24 4.16 4.28
P, 0, 0.06 0.04 0.0l 0.0l 0.07 0.04
LOI 1.31  1.08 0.88 0.8  0.89 0.80
Total 99.03  99.8 99.21 100.23 99.94 100.69

Na,0/K,0  1.48 2,47 0.8 520 3.0 0.8

Fe, 0,/
Ve 314 3.56  2.84 433 267 5.65

Fe,0;+Me0 5 490 2,51 246 0.96 4.92 2.06
Na2,0+CaO+ 10.23 10.19 8.26 8.63 10.02 10.14

K,0
A/NCK  1.00  0.97 1.22 1.19 0.96 1.08
Sc 1.48 243 234 0.34 825 1.3l
Ti 1668 1241 757 221 1849 1295
v 16,9 22,1 9.54 324 441 11.2
Cr 0.28 559 0.77 032 149 0.58
Mn 23 185 141 212 359 111
Co 256  3.58 1.59  0.43  9.02 1.52
Ni 1.07 415 1.35  0.29 18.12 0.27
Cu 2,19 508 1.59 159 4.99 5.68
n 252 36.8 169 11.6 356 25.6
Ga 18.9 205 132 17.3  17.2 17.2
Ge 1,29 0.62 1.15 0.67 1.01 0.86
Rb 91.7  36.2 116  26.1 527 131
Sr 45 642 106 677 380 370
Y 393 3.50 17.8 1.29 8.57 2.75
Zr 151 877 112 56.2 156 164
Nb 435  1.54 501  0.54 2.8 2.54
Cs 271 0.84 221 092 1.70 2.92
Ba 953 571 981 694 602 1197
Hf 3.99 2,57  3.50 1.88  4.07 4.43
Ta 0.3 0.11  0.41 0.06 0.16 0.15
Ph 129 6.26 11.3 8.98 9.8 19.4
Th 15.5 1.8 27.8  0.28  6.33 27.2
U 217 0.55 277 0.26  0.47 1.9
Rb/Sr  0.22  0.06 1.10 0.04 0.14 0.35
St/Ba 0.46 1.13  0.11  0.97 0.63 0.3
Si/Y 108 184 592 526 443 135
La 35.2  14.8 317 3.47 257 452
Ce 64.7  30.7 50.3 6.34  47.8 79.5
Pr 6.24  3.54 447 070 4.89 7.79

Nd 19.5 12.6 14.1 2.53 16.2  23.2
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&gxR2
Continoued Table 2
P4 DF4l DF24  DF-5  DF44 DF48 DF49
Sm 2.41 1.87 2.47 0.43 235 2.50
Eu 0.59 0.51 0.37 0.18 0.63 0.59
Gd 1.62 1.24 2,60 0.35 2.06 1.43
Th 0.16 0.13  0.43 0.04 0.28 0.11
Dy 0.72 0.61 275 0.21 1.57 0.43
Ho 0.12  0.11  0.58 0.04 0.31 0.08
Er 0.30  0.25 1.74 10.0 0.78 0.20
Tm 0.04 0.04 0.27 0.02 0.11 0.03
Yb 0.26 0.24 1.84 0.09 0.68 0.22
Lu 0.04 0.04 0.30 0.0 0.10 0.04
S REE 132 66.7 114 14.5 104 161
LREE/HREE 39.6 24.1 9.8 16.0 16.6 62.7

(La/Yb) g 97.8 43.4 12.4 28.0 27.1 148
Sm/Nd 0.12 0.15 0.18 0.17 0.15 0.12

Th/U 10.0 3.45 7.13 1.07 13.5  13.7
(Ce/Yb)y  70.0 35.0 7.59 19.8 19.5 101
SEu 0.86 0.96 0.45 1.38 0.86 0.88

#:A/CNK = Al,0,/(Ca0 + Na,0 + K, 0) (43F ) ,6Eu =2Euw/
(Smy +Gdy)

5 ﬁ(uk (ERCEEA

Na =
K6 @&iliiX TTG it i k% K-Na-Ca [l fif (45 Barker
and Arth, 1976)

O AU LAl 4 & L X TTG A - 1-DF-44 ;2-DF48 ;3-DF-
24;4-DF41-3;5-DF49-1;6-DF-5. O 111X TTG F KA FE &
(51 H 55 T35 ,1996) 5 O ZF 2 K0 J1 IR P A R K 6
‘A (5] H Martin, 1987)

Fig.6 The K-Na-Ca diagram of TTG gneiss in Songshan
area

@ Our samples of TTG gneiss, 1-DF44;2-DF48;3-DF-24;4-DF-
41-3;5-DF49-1;6-DF-5; OTTG gneiss samples in Songshan Area
(from Lao et al. , 1996) ; O Trondhjemite in Archean grey gneiss in
Finland (form Martin, 1987)

AFER ERITER R T R TR B .

AR R B ARFEAE N B Na, 0 (3% ~ 7% ) i Si0,
( >67% )& 4H:,Na,0 +K,0 ¥£ 5% ~10% ,Na,0/K,0 [h{HZ
TE 1.5 ~5.2 s R K Fe A 1 Na, 0/K, O AT LABG/NF 1.
B NI R BAIR-H K AL AR AE, 6 1 IS BT R
Ay KAHMRE(E 4) o ZEFRHEILHY) An-Ab-Or [5]f# (5] 5)
b RESLFEEAHERYE A O Connor (1965 ) 7 S [1) Sangmelima TTG
R E e LT, HoHr , DF-44 il DF-24 #5 ALK A R A X,
DF-48 & Ade = N A X, 14 DF-5 . DF49 %% Na, 0/K, 0 H.{E
PRI S5 ATER X . £ K-Na-Ca FIfff (B 6) I, 4 5
W7R T A AE b i F, WA S B T A A
ALO, & &M 13.72% ~16.37% ,A/CNK[ Al,0,/( CaO + Na,O
+K,0) 751 ] =0.97 ~ 1. 21,210 1. 03, 7R i SR RHAE
SR E 2 XY F 48 TTG 5 1 2K ( Barker and Arth,
1976 ; Barker, 1979) , #iEEEkB4A Y (Fe,0; + MgO + TiO,
HrhE < 6%), Mg* [ Mg®*/(Mg** +Fe') x 100 FE/R L, FeO'
Sy Fe** 1AM ERE K (7.7 ~56.9) , -3 30.0, 7E Harker [
figrh (&1 4) B SiO, & 5 i, FeO ™ + MgO #iik I, &
AR K TTG 5 RAFHIE

6.2 WERER

S ILHLIX TTG Ji A BRA REE fit 73 8020 18] K i oo K vk
LI 7.8

REE # it fif&( (S REE) = 14 x10°° ~161 x10™°) | &
e Zmy 5, LREE/HREE HE M 9.8 ~62.7,La & &
BE (K 45.2 x107°) , Yb & RAR{E (0. 09 x 10 ¢ ~ 1. 84 x
1070 SEH40.52 x107°) , B S 1 (La/Yh) (ff (12 ~ 150,
5% 38.4), (La/Sm)y =3.8 ~11.7, (Gd/Yb)  =1.2 ~
5.7,/k8L LREE \HREE 32 %1 73 5 195 5. £E (La/Yb) (-Yhy
A Se/Y-Y i (B 9a-b) FF A FEA T AK T 7 TTG &

100Q

AT ERRE B AT

0'lLa ée Il’r II\Id SlmlLZu IGd ”i"b IIDy II{o ér ”i"mﬁl(b Lu
K7 @&l X TTG JR R BRORE B £ AR iE L REE Jic
S B (BRORL 5 A A5 E A {E 38 Sun and McDonough,
1989)

Fig.7 Chondrite-normalized REE pattern of TTG gneiss of
Songshan area ( chondrite values of Sun and McDonough,

1989)
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Fig.8 PM-normalised incompatible element spider pattern

of TTG gneiss of Songshan area (PM value of Sun and
McDonough, 1989)

KXo RIWAHEAEIEEATS Eu F9 (0.85 ~ 1.01) , 3 BLHK S 1Y
Eu IF5 % (DF44,8Eu = 1.38) fil Eu 1 5% % (DF-5,0.45 4
) AT RE S RHE AT I ES o A R

TEWI 4G M BR vEAL A b (18] 8) v, 5 A B/ L) Nb
Ta F1 Ti 54, S ICE Zr A HE 2600 78 U5, 2/
Hf L2928 37, FI RV ool Rl Mok A v i) Ze/HE L
{H 23 (37 +2, Davis et al. , 2000)

EAE St (F1433.2 x107°) Fl Ba, %% Rb, #8430 FE 5 B
BH Se E S, (HA S (40 DF-24) Sr iE = 3 AW .
St/Y HAEES (5.9 ~525.5) ,Rb/Sr FLEAIG (0. 04 ~0.35) , 4~
SIRES ) Rb/Sr oA (40 DF-5,1. 1) W fe 5 & H B 25K
AF R, Cr.Co Ni 5, ALY, BRI KA-TE R NKE

600 300
i : 250
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360 4 MUYV RLECE EALUTTTG s
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1\ e
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o . 8 ke Ui 1 5 A
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B Rb/Sr FLEALAR, 1 =K AL =i Rb/Sr Ba/Sr FL{HA R , I
Wt Rb.Sr.Ba S5 K8 F 3R A JCR FEMLIATE & 4 . Nb/Ta il
La/Nb HLAE AR, 20k 14 F17 &£4 . HA R RbY Nb,
Th Ta Zr F1 Yb 2 [8] ) 5 2 FRAE A1 91 Kl AR BL (& 10a-
), Th/Yb("F3427.8) 5 & La/Yb( > 17) WiRA A K
RIKRFE NG IEFA A (K 10¢) . A A RAEE Th/U Ff
(9. 64) TR AT I HLFE B R Th/U L (3. 85) Fdfida th i
[FJAFE % 1 kB 1) Th/U L (3.9) 25 () £ (Galer and
O’Nions, 1985) , /& bl LAE M PIf5E 2 ( <2.5, Jochum
et al. , 1983) A0t Th/U HUAE, vl BE K28 A F A TE] U
AN R P2 Y 2 25 T 1 i ( Shang et al. , 2004)

6.3 Nd # Hf B E4F1E
TTG [ 4 B4 A9 Nd/'™ Nd = 0. 51057 ~ 0. 51178, &y, (¢

= 2.63Ga) {lfl &y, (+ =2.53Ga) (4T 9 H 2.6 ~5.7 Fl 1.4
~4.3,Nd [ BB KR (K 3) . 7 B L ki
BERTF 5 Nd B AR RS, B (™ N/ Nd )y = 0.513151,
("7Sm/MNd) py = 0. 2137, 455 R PUAS R RE i DE-5
DF-24  DF-44 , DF-49 # 54 4E & 4% %1 24 2.91Ga, 2. 66Ga.,
2. 84Ga Fl 2. 69Ga, AR MBI AR IS 5 BT Y TTG 5 R 5
HEEA I B RS A IS (2624 = 47Ma) AT, #5400 HE [543
BB W2 4, BE 9" HETTHE BB 43 A T 0. 281259 ~
0. 281368 , ] 122 AR (1 =2624Ma) 115 191 45 HI [[f6 R
K e (1) TE3. 3 ~8. 0, AR, 1), =2. 61 ~2.79 Ga,
toye =2. 62 ~2. 84Ga, 55— Bir Bof X 4E W 58 — B B =0 4R
WA T AR — B, T/ IME SR I R TTG 2 B 45 AR I AT
S B X BT S R A G e

F 0 Jik /K HTTG

0 5 10 15 2(
YbN

B9 @il X TTG B f A S/ Y-Y Hl(La/Yb)  -Yb 56 R &1 fift

a X IR 4 Martin (1993, 1994) ;b HiIRIATE X35, # Atherton and Petford (1993) ; Ky il TTG X454} Martin (1993, 1994). @ 7K
TAEFTI Y L X, TTG BTy BRAE R il O LI TG FRRA R dh (51 H 25 5 4E, 1996)

Fig.9 Sr/Y-Y and(La/Yb) \-Yby diagrams for TTG gneiss in Songshan area

afields from Martin (1993,1994) ; b-field of Adakite from Atherton and Petford (1993) , field of Archean TTG from Martin (1993, 1994). @ Our

samples of TTG gneiss; OTTG gneiss samples in Songshan area ({from Lao et al. , 1996)
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a-Y-Nb;b-Rb-Y + Nb ( #}§ Pearce et al. , 1984 ) ; c-La/Yb-Th/Yb
(4 Condie, 1989). @ AU LAERTINAYF ILIHLIX TTG TR FRw
Rt ORI TTG FRRA R (51 B 55 7oA, 1996)

Fig. 10 Geochemical compositions of Songshan TTG gneiss
plotted in the tectonic setting discrimination diagrams
a-Y-Nb;b-Rb-Y + Nb (from Pearce et al. , 1984 ) ;c-La/Yb-Th/Yb
(from Condie, 1989). @Our samples of TTG gneiss; OTTG gneiss
samples in Songshan Area (from Lao et al. , 1996)

®3 BUBK TTC FRAKRE Nd B ESTER
Table 3 Nd isotopic data of TTG gneiss in Songshan area

R Nd Sm N YSm  &na Ena Ipy
M (x1070) (x1070) N/ Nd(26)  “Nd (1) (1) (Ga)
DF-5 14.130 2.468 0.511178 0.110816 2.6 1.4 2.91
DF-24 12.600 1.873 0.511060 0.148651 5.7 4.3 2.66
DF44 2.5330  0.425 0.511143 0.106452 3.4 2.1 2.84
DF49 23.230  2.504 0.510569 0.068389 4.4 2.7 2.69
7 BB

TTG 5 &R FEIL T MM IE IR - 1) 7E A A e 1
T8 , 1 D8RR R B4 9 204 Rl B (Marting, 1986, 1999
Drummond and Defant, 1990 ; Peacock et al. , 1994 ; Martin and
Moyen, 2002) ;2) 7&K fili b 7 BUMNE A 52 IS A , iS4 95
KL A A RS 5 RlE R TTG (Rudnick et al. , 19935
Albarede, 1998; Smithies and Champion, 2000; Smithies,
2002) o 33X L ek R AR AR R O Aol AN [ £ e e 48 A B, 1D
VLR i A 15 31K B 22 58 30 R A B il e 7K P 384 A=
Jr R LUE KRR AE T Dy R E i e e B g A= O o X T
AL s R , BAR Z R C gl T H 2 1E T KA E
THIRTE BUREAZ , A3 R AR E A S AR R 32 D ) 2L i
AL AN [ 1 K Bl 9F 45 AL (Zhai and Windley, 1990
Windley, 1995) ,(H 2 A7t 25k B PRoc i A Pl (Rt
FR Y, 1998 kOt AR MR ML, 1998 5 8 B [ Fi X SCZE,
2001 ; 2=V, 2004 ) B Rty AR M ve 16 A 2 3l AR A
T R 0 SRS /I ) Al Ay 3 5 00 B i D5 3
PUF FAT PR 0 8 L X TTG BT R R 1 A s Bk fL 7
ANEIOL R FRAE SR8 A 0 8 Pk T8 UL B b 3 28 5,
HE— PRI e L W) 4 R 7€ R TR B ek e A A AL A
FRAIESE

7.1 BREM

X E A BRI AE B R B TR s WK A-BK AL
KA R (E 5.6), 51t F WA TTG 25 25 {8l ( Barker and
Arth, 1976; Barker, 1979, & 4 7)), 3f 575 37 A 10 5 45 70
TTG £ 454E ( Martin, 1993, 1994) .

Ll X E 2 N A - AR X T R AR 28 S K AR
JE-TN KR PR B ER AL S A A AR B R AR TTG &
FFHE ARG H# & B R (Bl 4) . Gill(1981) Fll Maitre et
al. (1989)3\h Na,O0/K, O fmfik ol i 5 A #4306 MR- 45 &
B R AL B 2 TN 2 I A I ARRAE , - A5 A R
RN AT RRE . 727 L0 R FRIE L, — e = N K JF-
LR AE IR BRA 89 REE S RHRAIK  Eu 1E 5% 805 % A
5% 5 510 HREE i — 4 48 54 Fi- [N 5T F A 7 REE B
e JEu fu R 5 F HREE AR & 4, B v RE RO SRR T 4%
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Table 4 Hf isotopic data of TTG gneiss in Songshan area

Acta Petrologica Sinica

ELFI| 2009, 25(2)

176 Yb

176 Lu

176 Hf

Sample I EpeT: RTT: Tm( corr) 20 enr(0) e (1) tpu (Ga)  tpy. (Ga) Srwm
DF44 01 2455 0.014796 0.000440 0.281271 0.000017 -53.1 5.1 2.72 2.75 -0.99
DF44 02 2455 0.016621 0.000570 0.281259 0.000017 -53.5 4.4 2.75 2.78 -0.98
DF44 03 2455 0.020010 0.000643 0.281364 0.000021 -49.8 8.0 2.61 2.61 -0.98
DF44 04 2455 0.021392 0.000832 0.281368 0. 000030 -49.6 7.9 2.62 2.62 -0.97
DF44 05 2455 0.037898 0.001153 0.281277 0. 000024 -52.9 4.1 2.77 2.8 -0.97
DF44 06 2455 0.026794 0.000770 0.281283 0.000018 -52.7 4.9 2.73 2.76 -0.98
DF44 07 2455 0.019032 0.000736 0.281236 0. 000026 -54.3 3.3 2.79 2.84 -0.98
DF44 08 2455 0.014905 0.000490 0.281311 0. 000022 -51.7 6.5 2.67 2.69 -0.99

T o AUR T S BT AR Y , £, AU B ST UAE IS 1 = 2,455 Ga; (70 Lu/"7 HE) gy =0. 0332, (7 HE/'7 HE) gy = 0. 282772
(Blichert-Toft and Albarede, 1997) , ("7Lu/"""Hf) py =0. 0384, ("°HE/'""HF) py =0. 28325 ( Griffin et al. , 2000) , ("7 Lu/""HF) 5 =
0.015( Veevers et al. , 2005) ,A('7°Lu) =1.867 x 10! /a(Soderlund et al. , 2004)

ZARATHLY R R 75 ] R S R A A s AR 204 i
TR EE AR 1 AR PR ¥ 205 T 5 U S e 4 v S B %
BRI YA X % REE BRI 64 (Shang et al. , 2004)

7.2 BWTTC A KRENERBRE
7.2.1 REMER

& L XK TTG BT R JiR e () Bl o0 3 IRy Rb
Fi( <150 x107°) Sr A1 0(8™0 =0.7 ~0.9) [f] {3 & H A,
FRVE P A X s T BROBEL A A #2 3 1Y Ze/HE LUAH (34.9)
(37 2, Davis et al. , 2000) , K1) La/Nb [FL{E (CF37),
G Nb Ta 1 Ti 5%, {IKAY Nb/Ta FU{E (24 14) 552K B AR
PR B 7K TS e B R B0 A1 Y 3% LI (29 13) A
(Kamber and Collerson, 2000) , X #6451 i /R 1% X TTG FFR
R B B 90K 5 A7 R AE (Sun and McDonough,
1989) ([ 10a-c) . #47 Rb.Y Nb Th Ta Zr Fl Yb & &
PR A 0 5 9 B OR il 121 25 90 A A ABL (8T 10a-c) o
Eng=2.6~5.T7 F1 1.4 ~4.3 ¢, (t) =3.3 ~8.0, AFFEM
Nd  Hf [F47 BB (2. 66 2. 61Ga) 5 EFY TTG 53 |
PR &S FRAF % (2624 = 4TMa) FH T, [F) 137 2% H040E 2 B 6 X ] Ag
kBT HHIR Y2 2. 66Ga ) A 55, FE Sr/Y-Y Fl(La/
Yb) x-Yb HHK KIS (P 9a . b) H R Z X TTG ] Jfk e I X
SR LR B .

7.2.2 R EHH

AR 2 ik v S 30 SCHF TTG 5 A 2 th 3 K LB e
TE R B R (RS B A O AN G ) FE M E
TR B AR+ 25 G B4 5 70 6 fil ™ 2R (Barker and Arth,
1976 ; Martin et al. , 1983 ; Kroner, 1986; Rapp et al. , 1991;
Rapp and Watson, 1995 ; BE/NREE, 2007)

X TTG 57 7 R e 78 ST A e il e IO A
WA K IEIEHE U (PR 42k, 1989) ,La/Sm-La HATREF 1)
LRV SN B A B S BVRFAE , Sr/ Y=Y AT (La/Yb) (- Yby
KRR (& 1ab) o dy MO 2 30 20 M Rl ™ A= o Nb Ta T

B R R Ze HE 0000 S 0 FRAE (B 7.8) B H] TTG IR X 75
it HFSE SR , [8] 78 H P B R D% A M N A A iR
S50 HREE ZpRCRBOR T 1 A Eu U535 B8P 3 1
(%% B4 ( Hanson, 1978; Barker and Foster, 1981; Green et
al. , 1994) ,55-Jor) Eu 1 555 U001 5% B AR O B RHC A
(Barker and Arth, 1976) ., £ 1 fa & L0 E ) AR T
0.8Gpa, K £y 7E 700 ~ 1000°C B}, {X 7€ & & 4 1+ F
( > 1.5GPa) BT A1 B 7K il 7= 2F B AL b A 8 14, OF
BARE AV BRARIE AR S N A Ra R, A SR
KA (5 Rapp et al. , 1991) T H, RA &K (KR 5% )
K TETE AT BRI R A RE P AR 2855 A1 (Peacock et al.
1994) ,

B S, I B B T K R I 5 R A M R
(Martin, 1987 ) B Je& & /K N JEE A 86 Bk BT b 7 ( 25 40km) #8
S3WE RS AT IR i TTG 45 9% (Holdaway, 1971; Kay and Kay,
1991 ; Spear and Martinez-Tarazona, 1993) , Jf- 7= 4= {7 ¥4 4 A1
FINATAR . TARX TTG 7 JbRE LR A 2 FbER A 2 4
ARG IR LEAT WA T IR :

DA TTG 7R & B 8 IE KR il 10 2% 9108 9% 8 Rk
(Sun and McDonough, 1989, & 10a-c), 7£ Sr/Y-Y F1 ( La/
Yb) y-Yby Elff b (& 9a-b) 2577 ¥ A MR R 15 Rl PR 174 125 48 Y
TTG DX Ik, Nb/Ta FEAL A 5200 B R 5 7K A 1A 5 1l ) B8
T 5 A 1 LB AL ( Kamber and Collerson, 2000)

2)TTG JJka Mg AR R (7. 71 ~56.9) HIGTEA
BRI TTG XA (18] 12) o 3l R PE A hr i % kA 1Y
Mg" <60(F-)51) , t MORB 3534 fill JE 18 (1 45 14 Mg” — it
AR 45, R, Mg® (1 /N i) LA SR B0 o e 3 o
WTE ETHS R R 1R 52 B b ) 5 1 TR % ( Smithies, 2000;
Smithies and Champion, 2000; Shang et al. , 2004 ) , 7= [X [N
KA R 2 B R Mg" (Mg" AT 3% 56) I SiO, 45 AE , il
F R AR B3 A BB v AR L, 7E G b T i R b n] B2
S J3 1) 58 ZUR e (Shang et al. , 2004) . e AN K
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60

(La/Yby

0 10 20 30
Y(x10 6)

300 [
250 |
200
150

100 |

50

BT it X TTG Se/Y-Y [Efif (a, £ 53R B A & A AR A — B il 251 B Drummond and Defant, 1990) FI Yhy-

(La/Yb) i (b, SRl £ 5] A R4, 2005)

O AU TAEFTIAY 1L X TTG b WREFE A s ORILMLX TTG A BRARE S (51 B 95 THR%E, 1996)
Fig. 11 St/Y-Y diagram (a, samples are compatible with garnet-bearing residues, melting curves are from Drummond and Defant,

1990) and Yby-(La/Yb) diagram (b, melting curves are from Tian e al. , 2005) for Songshan TTG

@ Our samples of TTG gneiss; OTTG gneiss samples in Songshan area (from Lao et al. , 1996)

TTG<3.0 G4

60- 017 r

s50r

Mg#

30

50 60 70 80 90

Si0(%)

12 LML TIG R R 247 Si0,-Mg" B fi (4
Smithies, 2000)

© R Y LA BT A4 3 1L 3 X TTG J5E i R A i s O 3 1l 3 IXC
TTG JRREHER (51 3 55 T3 5%, 19965 1-H; ;2-DF-49-1;3-DF-
44;4-DF-24;5-DF 413 ; 6-DF-5; 7-DF48 ; 8-B, ; 9-N, ; 10-B, ; 11-
D, ;12-D, ;13-D;5 ;14-B5 ;15-W, ;16-N, 517-0Q, )

Fig. 12 Si0,-Mg" diagrams of Songshan TTG gneisses
( from Smithies, 2000 )

@ Our samples of TTG gneiss; OTTG gneiss samples in Songshan

area (from Lao et al. , 1996)

J SRR AE B T RR 22 B BRI O BV Mg -1 Si0, Al
1K Mg"-55 Si0, . 1 Mg"-imi SiO, 2043 5 & K s Gk e
T R AL TTG A7 FRAEAR DL, 2 5 e B AR TR 7 1)
(Feng and Kerrich, 1992) , ik Mg#—f%} SiO, [ & 1 ] fE 2

100
10
KB AL B »
* s &"-\;
T DN 7 I
R KR .
s 1 CE o £ Bl
5 //_\\\::\J
Ny jﬁﬁmﬁﬁz)ﬂt% TR
[ 7K A Prs (S N s iy d iy
MRS -7 e p KB e Bt
i@ s
g . .
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Si05(%)

B 13 #HIHX TTG A K, 0-Si0, &

@ AR YR AR T 1) % L X TG B R JBRA R s O % Ll X
TTG JBRAE RGN (511 25 TI5F, 1996)

Fig. 13 the diagram of K, 0-SiO, of TTG gneiss in
Songshan area

®0ur samples of TTG gneiss; OTTG gneiss samples in Songshan

area (from Lao et al. , 1996)

Fr A e 3 AL K T 38 RE AR KR 2 A A 4t 0 B2 R A A
(Smithies and Champion, 2000; Smithies et al. , 2003) , A [X.
TTG F IR Mg" (i 78 4k 2 W2 A5 b s 42 S ) A2 B2 19 36 A
B ( Rapp et al. , 1999; Smithies, 2000; Martin and Moyen,
2002 ;Martin, 2005) , 7 K,0/Si0, Ff#ih (E 13) ,TTG & A
T AR B AR B 2 X, X BRI 2 B0 58 B 20 il 7 2B 1Y
TTG 7] G5 Hy WA AH GAE ] 22 /5 3 2ok b g B 7 b 58 P R A2
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(Martin, 2005) ,

3) Nd Hf [al i RAFAEFNRG A7 HE [l A AR I T3 25
RN, E A TR P BUAT BE AR T2 2. 66Ga 75 45 1 Y
WA T

25 BRI AR DCGE R TTG 1 Jffes AV A AR v
24/l ( Drummond and Defant, 1990; Drummond et al. , 1996;
Rapp, 1997; Martin, 1999) , JE7E AL ik R by AU o FA0AE 4%
PFT TR b 2 BT 7 R 40 U S (Marting, 1987) , Tl
AN RS 2 S5l 5 B 20 R TR i, T L, T SR i J5E
FEHB I3 R T PR 6 1A — S B (Martin, 1987) , 11 A% [X.
FAAFEAR EREREN, Na, O/K, 0 — e > 1, 1338 F K
FAEENRT R R G — 981 5 IR G (Gutscher et al. , 2000) ,
RO AT AR & L X TTG R IR T A 5 BRI

7.3 HMEREREMREX

L DR R TTG e s Al G h—E -k
PEES RS L0 LA X o A1 25 2 B IR 7 4
(Maniar and Piccoli, 1989, [¥ %t F1 £ 45, 1996 ; Z= VT 45,
2006) , IR EHRHAE (151 10a-c ) H230 T 0 AR 11 A 8 IER il
2% INER BT 1 5 A1 3 3K Ak 2 45 AiE ( Maniar and Picedoli,
1989) ,7E (La/Yb) -Yby ¥ 355 | I 5C 2 B ff b (&l 9b, 95
Atherton and Petford, 1993 ), £ 7% AREKTEA X, MAYIE Hh
JEZE A B R B e T LA S S 98 sy 1) — U6 3 E A
7% (Bourdon et al. , 2003) ,

A RWFFHE AR e bl A [ 52 () B EA B IR
J& M (Windley, 1995; Zhai and Windley, 1990; J7 i A4 4,
1998) . FAZRAE(1991) \ FA-R (1994 ) Zab MHOCHESY , HEWT
FE PO AR | 28 S AL A AR e 30 i
SRR S R A AR L TRl H A B ol 8
AR A I B T R, (EA) R B 5 Y 5 IR A HE
B S RESE K P38 A D7 2K, BIVEl— 2R 910 15 SR e 2R AR TP B
B R 8 17 38 Bl B iX — 45 2 ( Langford and Norin, 1976)
Kroner et al. (1998) Wi R FE AL S TTC FA
T R T AR T A DR 5T 24 100Ma, 33 1] R oh 4 1 5 114
Bl AT PR AR . AR AR AL 35 1L b X TTG R A TE
JRAERATE 2500 ~2600Ma, 5 HT A B AL 4R M (EFE LS,
1987, 2004; 55 TR N E ¢, 1999) A —F, BOR B £ 11
TTG JT A1 IR AL B — I 1 i 5 AR iz s B, e
WAE R AR B8 A — U K B B 1 (9 7 7 (SR Ak,
1989 ; IR BHIA, 1994 ; 2 FIE W, 2002)

JIRLA, B AR R TTG R A R AL RE T —
iRl it S G E b U I e e =1 VS = | B S
TERAS Y 2. 5Ga Jidgy & AR 3 — U HE 1 Gl Bl Bl 4 F 5 =
4, 0 H., ZEA 8] i e il 48 $F-15 2 i Bl e 22 [R]AR T RE A — 4>
R FI A3 TTG DU S Bl 451 B3 00 v i 7 ¥ o v 4 7
By, 2 A 1 L DX AL T2 (R BRAR R Bl 5 IR ) A
B84
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(1) # LM IX TTG Ji R 3 Bl oo FARAE om
—EEERI TTG Fi i A& . &5 A1 SHRIMP 4R i iR HIE
BT 2600 ~2500Ma 2247, HEaNKA-BK ALK A K
AE R BTN BT R B Na, O/K, O F 70 5 R A A 22
W, FTREDR R 5 A R 2 B A B s & REE (1 )
T,

Q)HATYWAR SR A E AL R R IE B R, %X
TTG FREA 5 5 RE K bl i G L a5 A1 R AE AR DL, Mg
KNI BIAE T M AR [R) A B TR, 4 Nd RIS & HIf []
ML BAE R, A A IR XISk A 5 B 1) 29 2. 66Ga 14)
A5 w8 L DX TTG B RS R I8 s s AL, SR 7E 8
TR EE R 7 (£ 700 ~1000°C, > 1. 5GPa) T Hfff b 19 & K X
RSB AR RIE X, 5% B AH oA G R G R TN A TS &
RHEAT

(3) LK TTG R R AR p 22 8T ¥ 5 38 40 445 il
X — i 2R B Y ) i 52 DL KP4 A U6 B 7 B S 1Y)
2. 5Ga Je A7 Rt e P 3E A7 A o b e il 48 DR =0 T ELAE R
[ i Bl 458 P =2 i i e 2 IRVAR W] R — Ay KPR i 2 B
TTG Fr kR AT ek 2 2. 5Ga 75 4 (ol e il 488 9 45 AT O b
SRS AL o

B ISR TR BIRAT R AE TR 0
RAWIEDIE 5 TG BRI AR W B A S AT T 9F
AR A L VU — B

References

Atherton MP and Pertford N. 1993. Generation of sodium-rich magmas
from newly underplated basaltic crust. Nature, 362: 144 — 146
Albarede F. 1998. The growth of continental crust. Tectonophysics, 296 :
1-14

Belousova EA, Griffin WL, O° Reilly SY and Fisher NI. 2002. Igneous
zircon: Trace element composition as an indicator of source rock
type. Contributions to Mineral and Petrology, 143 602 - 622

Barker F and Arth JG. 1976. Generation of trondhjemitic-tonalitic liquids
and Archaean bimodal trondhjemite-basalt suites. Geology, 4: 596
- 600

Barker F. 1979. Trondhjemites: Definition, environment and hypotheses
of origin. In: Barker (ed. ). Thondhiemites, Dacites and Related
Rocks. Amsterdam; Elsevier, 1 - 11

Barker JA and Foster SSD. 1981. A diffusion exchange model for solute
movement in fissured porous rock. Quarterly Journal of Engineering
Geology and Hydrogeology. Geological Society of Landon, 17 —24

Blichert-Toft J and Albarede F. 1997. The Lu-Hf isotope geochemistry of
chondrites and the evolution of the mantle-crust system. Earth and
Planetary Science Letters, 148 ; 243 —258

Bourdon E, Eissen JP, Gutscher MA, Monzier M, Minard LH and Cotten
J. 2003. Magmatic response to early aseismic ridge subduction; The
Ecuadorian margin case ( South America) . Earth and Planetary
Science Letters, 208 123 — 138

Chen B and Xu B. 1996. The main characteristics and tectonic



35 ThESLEHRKFNRTIC JTA RBEGRB AL R EL RO ELF RAFARAEEZERFGHY 345

implications of two kinds of Paleozoic granitoids in Sunidzuqi, central
inner Moggolia. Acta Petrologica Sinica, 12 (4): 546 - 561 (in
Chinese with English abstract)

Chen YJ, Fu SG, Hu SX, Chen ZM, Zhou SZ, Lin QL and Fu GH.
1989. The Shipaihe Movement and the disassembly of “ Dengfeng
Group”. Journal of Stratigraphy, 13(2): 81 — 87 (in Chinese with
English abstract)

Chen YJ, Fu SG, Hu SX, Chen ZM and Zhou SZ. 1990. The basal
conglomerate inner of “Dengfeng Group” and the tectonic envolution
of Dengfeng granite-green complex. Contributions to Geology and
Mineral Resources Research, 5(3) : 9 —21(in Chinese with English
abstract )

Cheng YQ and Xu HF. 1998. The Two Geological Problems About the
Yanling Formation in Xintai, Shandong Province. The memoir of
Precambiran research of North China Craton. Beijing: Geological
Publishing House, 39 —59(in Chinese)

Chu NC, Taylor RN, Chavagnac V, Nesbitt RW, Boella RM, Mitton JA,
German CR, Bayon G and Burton K. 2002. Hf isotope ratio analysis
using multi-collector inductively coupled plasma mass spectrometry :
An evaluation of isobaric interference corrections. Journal of
Analytical Atomic Spectrometry, 17 1567 - 1574

Compston W, Williams IS and Meyer C. 1984. U-Pb geochronology of
zircons from lunar breccia 73217 using a sensitive high mass
resolution ion microprobe. Journal of Geophysical Research, 89
(Supplement ) ;. B325 - B534

Condie KC. 1989. Geochemical changes in basalts and andesites across
the Archaean-Proterozoic boundary: Identification and significance.
Lithosphere, 23: 1 -18

Condie KC. 2005. TTGs and adakites: Are they both slab melts?
Lithosphere, 79 33 -44

Davis W, Hanmer S, Aspler L, Sabdenab H and Tella S. 2000. Regional
differences in the Neoarchean crustal evolution of the Western
Churchill Province: Can we make sense of it? Geological Association
of Canada Mineralogical Association of Canada Joint Annual
Meeting, Calgaru

Deng JF and Wu ZX. 1999. Precambrinn granitic rocks continental
crustal evolution and craton formation of the North China Platform.
Acta Petrologica Sinica, 15(2) : 190 — 198 (in Chinese with English
abstract )

Drummond MS and Defant MJ. 1990. A model for trondhjemite-tonalite-
dacite genesis and crustal growth via slab melting: Archaean to
modern comparisons. Journal of Geophysical Research, 95: 21503 —
21521

Drummond MS, Defant MJ and Kepezhinskas PK. 1996. Petrogenesis of
slab-derived
Transactions of the Royal Society of Edinburgh; Earth Sciences, 87
205 -215

Feng R and Kerrich R. 1992. Geochemical evolution of granitoids from
the Archaean Abitibi Southern Volcanic Volcanic Zone and the
Pontiac subprovince, Superior Province, Canada: Implications for

trondhjemite-tonalite-dacite/adakite magmas.

tectonic history and source regions. Chemical Geology, 98: 23 —70

Galer SLG and O’Nions RK. 1985. Residence time of thorium, uranium
and lead in the mantle with implications for mantle convection.
Nature, 316 778 - 782

Geng YS and Cheng YQ. 1998. The basic volcanic rocks event and the
Precambrian evolution of the north of Hebei area. In: Chen YQ
(ed. ). The Memoir of Precambiran Research of North China
Craton. Beijing: Geological Publishing House, 92 - 104 ( in
Chinese)

Gill JB. 1981. Orogenic andesites and plate tectonics. In: Wyllie PJ
(ed. ). Springer, Heidelberg. New York: Minerals and Rocks, 16
390

Green NL, Mount and Helens St. 1994. Potential example of the partial
melting of the subducted lithosphere in a volcanic arc: Comment.
Geology, 22 188 - 189

Griffin WL, Pearson NJ, Belousova E, Jackson SE, Achterbergh EV,
O’Reilly Suzanne Y and Shee SR. 2000. The Hf isotope composition
of cratonic mantle; LA-MC-ICPMS analysis of zircon magacrysts in

kimberlites. Geochim. Cosmochim. Acta, 64 133 —147

Guo AL. 1989. The geochemistry characteristics and the origin of grey
gneiss of Dengfeng granite-green complex in the center of Henan
Province. Mineral and Rocks, 9(2): 92 =100 (in Chinese)

Gutscher MA, Maury R, Eissen JP and Bourdon E. 2000. Can slab
melting be caused by flat subduction? Geology, 28 535 —538

Hanson GN. 1978. The application of trace elements to the petrogenesis of
granitic composition. Earth and Planetary Science Letters, 38 26 —
43

Holdaway MJ. 1971. Stability of andalusite and the aluminium phase
diagram. America Journal of Science, 271; 97 — 131

Hoskin PWO and Black LP. 2000. Metamorphic zircon formation by
solid-state recrystallization of protolith igneous zircon. Journal of
Metamorphic Geology, 18: 423 -439

Jahn BM, Glikson AY, Peucat JJ and Hickman AH. 1981. REE
geochemistry and isotopic data of Archaean silica volcanics and
granitoids from the Pilbara Block, western Australia;: Implications for
the early crustal evolution. Geochim. Cosmochim. Acta, 45: 1633
- 1652

Jahn BM and Zhang ZQ. 1984. Archean granulite gneisses from Eastern
Hebei Province, China: Rare Earth Geochemistry and tectonic
implications. Contribution to Mineralogy and Petrology, 85: 224 —
249

Jackson MG. 2005. Holocene loess deposition in Iceland; Evidence for
millennial-scale atmosphere-ocean coupling in the North Atlantic.
Geology, 33: 509 -512

Jochum KP, Hofmann AW, Tto E, Seufert HM and White WM. 1983.
K, U and Th in mid-ocean ridge basalt glasses and heat production,
K/U and K/Rb in the mantle. Nature, 306 431 —436

Kamber BS and Collerson KD. 2000. Role of “hidden” deeply subducted
slabs in mantle depletion. Chemical Geology, 166 241 —254

Kampunzu AB, Tombale AR, Zhai M, Bagai Z, Majaule T and Modisi
MP. 2003. Major and trace element geochemistry of plutonic rocks
from Francistown, NE Botswana: Evidence for a Neoarchean
continental active margin in the Zimbabwe craton. Lithosphere, 71 :
431 -460

Kay RW and Kay SM. 1991. Creation and destruction of lower continental
crust. Geologische Rundschau, 18 259 -278

Kroner A. 1986. Dome structure and basement reaction in the Pan-

Kroner A et al. (ed. ).
Precambrian Tectonics Illustrated Germany Stuttgart, 191 —206

Kroner A, Cui WY, Wang SQ and Wang CQ. 1998. Single zircon ages
from high-grade rocks of the Jianping complex, Liaoning Province,
NE China. Journal of Asia Earth Science, 1: 519 —532

Langford FF and Norin JA. 1976. The development of the superior
province of northwestern Ontario by merging island arcs Amer.
Journal of Science, 276 1023 — 1034

Lao ZQ. 1989. The section plane characteristics and division of Dengfeng
Group. Henan Geology, 7(3) : 20 —26(in Chinese)

Lao ZQ, Wang SY, Zhang L, Gong YS and Zhou HW. 1996. The

Precambrian Geological Characteristics and Evolution.

African Damara belt of Namibia. In:

Beijing:
Environmental Science Press, 87 — 95 (iin Chinese with English
abstract )

Lao ZQ and Wang SY. 1999. The new research progress of Dengfeng
Group in Songshan area, Henan Province. Regional Geology of
China, 18(1): 9 —16(in Chinese)

Li JH, Qiu XL, Kusky T and Polat A. 2004. Neoarchean plate tectonic
evolution of North China and its correlation with global cratonic
blocks. Earth Science Frontiers, 11(3) ; 273 =280 (in Chinese with
English abstract)

Li JH and Qiu XL. 2006. The early Precambrian tectonic evolution of
continental craton; A case study from North China. Earth Science-
Journal of China University of Geosciences, 31(3): 285 -293 (in
Chinese with English abstract)

Liang XR, Wei GJ, Li XH and Liu Y. 2003. Precise measurement of
" Nd/"Nd and Sm/Nd ratios using multiple-collectors inductively
coupled plasma-mass spectrometer ( MC-ICPMS ) . Geochimica, 32
(1):91 -96(in Chinese)



346

Liu DY, Nutman AP, Compston W, Wu JS and Shen QH. 1992.
Remnants of 3800Ma crust in the Chinese part of the Sino-Korean
craton. Geology, 20: 339 -342

Maitre L., Walter R, Batrman ED, Dudek P, Keller A, Lameyre J, Le
Bas J, Sabine MJ, Schmid PA, Sorensen R, Streckeisen H,
Woolley A and Zanettin AR. 1989. A classification of igneous rocks
and glossary of terms, recommendations of the International Union of
Geological Science, Subcommission on the Sytematics of Igneous
Rocks. Blackwell Scientific. Oxford. GB, 130 -171

Maniar PD and Piccoli PM. 1989. Tectonic discrimination of granitoids.
Geol. Soc. Am. Bull, 101 635 - 643

Martin H, Chauvel C and Jahn BM. 1983. Major and trace element
geochemistry and crustal evolution of granodioritic Archaean rocks
from eastern Finland. Precambrian Research, 21 159 — 180

Martin H. 1986. Effect of steeper Archean geothermal gradient on
geochemistry of subduction-zone magmas. Geology, 14 753 —756

Martin H. 1987. Petrogenesis of Archaean trondhjemites, tonalities and
granodiorites from Eeastern Finland: Major and trace element
Geochemistry. Journal of Petrology, 28 921 —953

Martin H. 1993. The mechanism of petrogenesis of the Archaean
continental crust-comparison with modern processes. Lithosphere,
30. 373 -388

Martin H.  1994. The Archean grey gneisses and the genesis of the
continental crust. In; Condie KC (ed. ). The Archaean Crustal
Evolution, Developments in Precambrian Geology. Amsterdam:
Elsevier, 205 -259

Martin H. 1999. The adakitic magmas: Modern analogues of Archaean
granitoids. Lithosphere,46; 411 —429

Martin H and Moyen JF. 2002. Secular changes in TTG composition as
markers of the progressive cooling of the Earth. Geology, 30: 319 —
322

Martin H.  2005.
granodiorite ( TTG ), and sanukitoid: Relationships and some

An overview of adakite, tonalite-trondhjemite-

implications for crustal evolution. Lithosphere,79: 1 -24

O’Connor JT. 1965. A classification for quartz-rich igneous rock based on
feldspar ratios. U. S. Geol. Sur. Prof. Paper, 525: B79 - B84

Pearce JA, Harris NBW and Tindle AG. 1984. Trace element
discrimination diagrams for the tectonic diagrams for the tectonic
interpretation of granitic rocks. Journal of Petrology, 25: 956 - 983

Peacock SM, Rushmer T and Thompson AB. 1994. Partial melting of
subducting oceanic crust. Earth and Planetary Science Letters, 121
227 -244

Peng P and Zhai MG. 2002. Two major Precambrian geological events of
North China Block (NCB) characteristics and property. Advance in
Earth Sciences, 7(6) : 818 —825 (in Chinese with English abstract)

Rapp RP. 1997. Heterogeneous source regions for Archaean granitoids.
In: De Wit MJ and Ashwal LD (eds. ). Greenstone Belts. Oxford
University Press, 267 —279

Rapp RP, Watson EB and Miller CF. 1991.
amphibolite/eclogite and the origin of Archaean trondhjemites and

Partial melting of

tonalites. Precambrian Research, 51 1 -25

Rapp RP and Watson EB. 1995. Dehydration melting of metabasalt at 8
~ 32 kbar; Implications for continental growth and crust mantle
recycling. Journal of Petrology, 36: 891 —931

Rapp RP, Shimizu N, Norman MD and Applegate GS. 1999. Reaction
between slab-derived melts and peridotite in the mantle wedge:
Experimental constraints at 3. 8 Gpa. Chemical Geology, 160 335
-356

Rudnick RL, McDonough WF and Chappell BW. 1993. Carbonatite
metasomatism in the northern Tanzanian mantle: Petrographic and
geochemical characteristics. Earth and Planetary Science Letters,
114, 463 -475

Shang CK, Satir M, Siebel W, Siebel W, Nsifa EN, Taubald H, Li geois
JP and Tchoua FM. 2004. TTG magmatism in the Congo craton: A
view from major and trace element geochemistry. Rb-Sr and Sm-Nd
systematics; Case of the Sangmelima region, Ntem complex,
southern Cameroon. Journal of African Earth Sciences, 40: 61 —79

Shen QH, Xu HF, Zhang ZQ, Gao JF, Wu JS and Ji CL. 1992. The

ELFI| 2009, 25(2)

Acta Petrologica Sinica

Early Precambrian Granulites in China. Beijing: Geological
Publishing House,389 —400 (in Chinese with English abstract)
Shen QH and Qian XL. 1995. Archaean rock associations, episodes and
tectonic evolution of China. Acta Geoscientia Sinica, 2: 113 - 120

(in Chinese with English abstract)

Smithies RH. 2000. The Archaean tonalite-trondhjemite-granodorite
(TTG) series is not an analogue of Cenozoic adakite. Earth and
Planetary Science Letters, 182 115 - 125

Smithies RH and Champion DC. 2000. The Archaean high-Mg diorite
suite; Links to tonalite-trondhjemite-granodiorite magmatism and
implications for early Archaean crustal growth. Journal of Petrology,
41. 1653 - 1671

Smithies RH. 2002. Archaean boninite-like rocks in an intracratonic
setting. Earth and Planetary Science Letters, 197(1 ~2) . 19 -34

Smithies RH, Champion DC and Cassidy KF. 2003. Formation of Earth’s
early Archaean continental crust. Precambrian Research, 127 89 —
101

Song B, Zhang YH, Wan YS and Jian P. 2002. Mount making and
procedure of the SHRIMP dating.  Geological Review, 48
(Supplement ) : 26 =30 (in Chinese with English abstract)

Soderlund U, Patchett PJ, Vervoort JD and Isachsen CE. 2004. The
7 Lu decaty constand determined by Lu-Hf isotope systematics of
Precambrian mafic intrusions. Earth and Planetary Science Letters,
219: 311 -324

Spears DA and Martinez-Tarazona MR. 1993.

mineralogical

Geological and

characteristics of a power station feed-coal,
Eggborough, England. International Journal of Coal Geology, 22 1
-20

Sun SS and McDonough WF. 1989. Chemical and isotopic systematics of
oceanic basalts: Implications for mantle composition and processes.
In: Saunders SD and Norry MJ (eds. ). Magatism in Ocean Basins.
Geol. Soc. London. Spec. Pub, 42, 313 —345

Tian W, Liu SW, Liu CH, Yu SQ, Li QG and Wang YR. 2005. The
zircon SHRIMP Geology
implications of TTG in Sushui Complex, Zhongtiao Shan. Progress in
Nature Science, 15(12) : 1476 — 1484 (in Chinese)

Tu YJ. 1994. On the late Archean TTG-gneiss in the north Jianghuai
area. Geology of Anhui, 4 (4): 15 =23 (in Chinese with English
abstract )

Veevers JJ, Saeed A, Belousova EA and Grifin WL. 2005. U-Pb ages

and source composition by Hf-isotope and trace-element analysis of

geochronology and  geochemistry :

detrital zircons in Permian sandstone and modern sand from
southwestern Australia and a review of the paleogeographical and
denudational history of the Yilgarn craton. Earth Science Reviews,
68 245 -279

Wan YS, Geng YS and Wu JS. 1998. The geochemical characteristics of
early Precambrian basaltic rocks in North China Craton. In; Chen
YQ (ed. ). The Memoir of Precambrian Research of North China
Craton. Beijing: Geological Publishing House, 39 - 59 (in
Chinese)

Wang HZ. 1997. Speculations on earth’s rhythms and continental
dynamics. Earth Science Frontiers, 4(3 —=4): 1 —12 (in Chinese
with English abstract)

Wang RM, Chen ZZ and Chen F. 1991. Grey tonalitic gneiss and high-
pressure granulite inclusions in HengShan, Shanxi Province, and the
geological significance. Acta Petrologica Sinica, 7(4) : 36 —45 (in
Chinese with English abstract)

Wang RM. 1994. Two types of Archaean grey gneiss in North China and
their geological significance. Acta Geologica Sinica, 68 (2): 119 —
131 (in Chinese with English abstract)

Wang Z], Shen QH and Jin SW. 1987. Petrology, geochemistry and U-
Pb isotopic dating of the Shipaihe “Metadiorite Mass ”
County, Henan Province. Beijing: Bulletin of the Chinese Academy
of Geological Science, 16 215 —225(in Chinese)

Wang ZJ, Shen QH and Wan YS. 2004. SHRIMP U-Pb zircon
geochronology of the Shipaihe “Metadiorite Mass” form Dengfeng

in Dengfeng

County, Henan Province. Acta Geoscientia Sinica, 25(3): 295 —
298 (in Chinese with English abstract)



35 ThESLEHRKFNRTIC JTA RBEGRB AL R EL RO ELF RAFARAEEZERFGHY 347

Williams IS, Buick IS and Cartwright I. 1996. An extender episode of
early Mesoproterozoic metamorphic fluid flow in the Reylolds Range,
central Australia. Journal of Metamorphic Geology, 14: 29 —47

Windley BF. 1995. The Evolving Continents (3Ed). John Wiley and
Sons, New York. Chichester, 526

Wu JS, Geng YS, Shen QH, Wan YS, Liu DY and Song B. 1998.
Archean Geology Characteristics and Tectonic Evolution of Sino
Korea Paleo Continent. Beijing: Geological Publishing House, 105
—136(in Chinese)

Xiong XL, Han JW and Wu JH. 2007. Phase equilibrium and trace
element partitioning between minerals and melt in the metabasalt
system; Constraints on the formation conditions of TTG/Adakite
magmas and the growth of early continental crust. Earth Science
Frontiers, 14(2) . 151 - 158 (in Chinese with English abstract)

Xu P, Wu RY, Xie LW and Yang YH. 2004. Hf isotopic compositions of
the standard zircons for U-Pb dating. Chinese Science Bulletin, 49 .
1642 - 1648

Zhang BS. 1951. Songyang Movement and Wutai System. Geological
Review, 79 —81 (in Chinese with English abstract)

Zhang GW, Zhou DW and Zhou LF. 1982. The basic characteristics of
Pre-Songshan Group Paleostructure in Song-Ji area. Xi’an: Journal of
Northwest Univerty ( the album of Precambrian geology) , 12 =22 (in
Chinese)

Zhai MG and Windley BF. 1990. The Archaean and early Proterozoic
banded iron formations of North China; Their characteristics
geotectonic relations chemistry and impactions for crustal growth.
Precambrian Research, (48) : 267 —286

Zhai MG and Bian AG. 2000. Neoarchean supercontinent collage and
Paleoproterozoic-Mesoproterozoic break-up of North China Craton.
Science in China (series D), 129 — 137 (in Chinese)

Zhai MG and Guo JH. 1992. The discovery and pilot study of eclogite-
high-pressure granulite in North of China. Science in China ( series
D), 12 1325 -1330( in Chinese)

Zhai MG and Li JH. 1995. The discovery and implications of Archean
retrogressive metamorphic eclogite in the north of China. Chiness
Science Bulletin, 17; 1590 — 1594 (in Chinese)

Zhai MG and Liu WJ. 2001. The formation of granulite and its
contribution to evolution of the continental crust. Acta Petrologica
Sinica, 17(1): 28 =37 (in Chinese with English abstract)

Zhao ZH. 1997. Trace Elements Geochemical Theory. Beijing: Science
Press, 20 — 150 (in Chinese)

Bt 1 32528 Sk

Bioat, TR . 1996. PN ZE IR A0t st X oty 2 AR 2878 14 5 28 I R AR
FRAEFAEE B . AR, 12(4) : 546 - 561

Wrfiise, @ LAY W2 32 R, R, MO e, #4965 . 1989, A
TS B 5 R BORR . Mb)E AR, 13(2) : 81 -87

MRt st | LA R R WRIEER, A . 1990, “ B3 WY ik
BRE FE B R -Ss AR R R i A . HUT R IR A, 5(3)
9-21

AR UL AR ESF . 1998, 5CF 1 A B 2% JHE 491 G 4 1) 79 A . Jo i) B
UL R E g . ARduh G R AT IER S M PR SCE . dbaT:
T AL, 39 - 59

AR, RIREE. 1999, AU A HTFER AL KA 2 BhiFe ik 55
POEIE . EAAFER, 15(2) : 190 - 198

oo B L. 1998, FEAR M IX T FER 40 S L F R R T
FERAMEAL . W g . Aedbh & AT IE R 20 b T AT
FERSCAE . bt B AL, 92 - 104

SRAHR . 1989. AT R HA K T T B R i -2 s AR v K 5 RS
BRALAARAE S . 54, 9(2) : 92 -100

5575 . 1989, BAFHERI I RAAE S K 4y . TR LT, 7(3) : 20 -
26

FiFok, FHER KR, BRI NS, 1996, #ibIX ATIER L H
A RAE S AL . db st E SRR AL, 87 - 95

S5F, TR . 1999, g4 L K% BB s b e .
[ X I T, 18(1): 9 - 16

AEVLHE, 10 )8, Kusky T, Polat A. 2004. MABKXF L AAL Fehr
R TR AL S AR A AR . MR, 11(3) 2 273 -280

AEVLIE LR e, TR AR BRRERE . 2006, i v 8 LR 3 8 Ak
SEERDE LAARAE R ] . s BRFLE, 31(3) : 285 -293

PSR, TN, ZEEkAE, X, 2003, FH MC-ICPMS 5 i il
Nd/™Nd #1 Sm/Nd Fofl . #uBkAk2%, 32(1): 91 -96

I, W . 2002, ARl o B U T R =1 1 R AE
VEFERFLF R . HhERFLFiE R, 7(6) : 818 -825

TS, WRETY, RANE, |mE R, R, AUk 1992, E
FERCRRRL . dUat: BT H AHE, 389 — 400

DL, ERATREE. 1995, wh UK M SR AL AL, B Bl 43 R Ak
HERSER, 2 113 - 120

K, SKEWE, T, FF. 2002. 454 SHRIMP $LHI/E AR E
R FBITE . MR, 48 (4 H]) : 26 -30

FEAS , XUAR S, X, A it , 2R, A 4R . 2005, Hh 4% 1Lk 4%
F1 TTG RPVE A A SHRIMP AR A2 b ER b7 K Hoth 5T
B, HRBIEMERE, 15(12) ; 1476 — 1484

IRPHIA . 1994, VLM X ALFRBE AR TTG B ks . LR, 4
(4):15-23

T, WOtk , g% . 1998, #edv bl Rt 2l a0 X R s
AR HERTEZEARAE . L. FEM I 32 4 AL B R AT R R 4L
RS SCEE . Lt HUR L, 39 - 59

TR 1997, HIRAGVH S RGBS # MBS, HAERiZ, 403 -
4):1-12

FAR, BE2E, B, 1991, 85 R 0 5 4 A 8 TR RRR 5 4 1
KHM TS EAFR, T(4):36-45

FATR . 1994, HEAURH IR (O s XM . i
%, 68 (2) : 119 -131

FFEI, PHEE, 5. 1987, T Y 5 B R AR KA R
BB A A0 S FIHLBR AL 24 LA I U-Pb [ {7 Z4E#S . dbat: o [ 4
TR BEREAR, (16) : 215 -234

FPEIL, R, T A . 2004, AT B ds A R AR TN A AT )
i SHRIMP 45402258 . HiBR24R, 25(3) : 295 -298

R  WotA , TR, I AE X 8— R . 1998, gl KB R
B M T RRAE SR A . JE T ST AR AL, 160 - 184

RE/IAR, BRI, A qE . 2007, A%t & il A R AR K i - 1A
TR ICR AL : BRAE TTG/ 35 3K 58 55 TE I 4% 14 0 R Jii 78 2 4 A5
B HbAEHTZR, 14(2) ;151 - 158

FkIAFE . 1951 EHEsME LXK M AR . wEPEe, 79 - 81

TREAR, RIS, JRSuk . 1982, % XA L R H T A
fE. ViZ: PIb R (RisER 2R L), 12 -22

FRHIE , W E . 2000. Hedb Eh i R A KRB ol Te
RAR-hoe i R34 . PEBE(ET), 129 -137

R RO . 1992, P EARAE A R BRI 19 2 I K4
WF5E. PEBE(B), 12: 1325 -1330

RO, ARV . 1995, A db vo bl & R AR MR HE A . Bl R,
17 1590 — 1594

TR, X SCZE . 2001, JFRALE IO TE B S X K i b 576 38 1) BT RIK
HAFER, 17(1): 28 =37

AR . 1997, Gt e R M ERfbaA B . A6 Bl AL, 20 -
150



