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Abstract The Mesozoic Laojungou and Mengtonggou granitic plutons in the eastern part of the Songpan-Ganzi terrane represent
products of a major orogenic granitic magmatism and contain important information about the nature of the basement. These granites are
intermediate- to high-K calc-alkaline, with intermediate to high Si0, (63.9 ~75.0 wi% ) and metaluminous to mildly peraluminous
characteristics (ACNK =0.86 ~1.08). Rocks of the Laojungou pluton contain high Al,0,(14.2 ~16.0 wt% ) and K,0(2.88 ~4.36
wt% )but low MgO (0.38 ~1.98 wt% ). The Laojungou pluton has relatively high Sr (307 ~ 697 ppm) and low Y (12.2 ~21.0
ppm) with fractionated REE ((La/Yb), > 10) and relatively high S1/Y ratios (22 ~55), and resembles adakitic crustal melts. The
Mengtonggou pluton is quite similar to the Laojungou pluton in most major and trace element characteristics, except for its relatively low
Sr (110 ~397 ppm) , high Y (12.2 ~21.0 ppm) and strikingly low St/Y ratios (5 ~32). The two plutons all exhibit crustal Nd-Sr
isotope compositions (gyy(T) = -6.02 ~ -3.11; I, =0.7053 ~0.7075), indicating that these granites were not mantle-derived,
but most likely resulted from partial melting of lower crustal materials in the garnet stability field. The high Rb (106 ~202 ppm),
Cs (3.79 ~25.6 ppm) contents and intermediate to high K,0/Na, O ratios (0.56 ~1.12) of both plutons are consistent with their
generation from dehydration of biotite. The relatively high temperature for biotite dehydration precludes shear-heating as the cause for
the genesis of these plutons, and requires an underplating or intraplating scheme of mantle-derived magma to fuse the crustal materials.
The two plutons possess similar, Mid-proterozoic Ty, ages (Tpyp, =1.23 ~ 1. 44 Ga), which together with their geochemical
compositions, indicate that the Songpan-Ganzi terrane is underlain with the Yangzi-type basement.

Key words Songpan-Ganzi terrane, Granites, Source composition, Nd model ages, Part-melting of the lower crust, Underplating,
Nature of the basement
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Fig.1 Simplified geological map of the eastern part of the

Songpan-Ganzi terrrane
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Table 1 Major (wt% ) and trace elements( ppm) data of the LG and MG
SAMPLE LG-1 LG-10 LG-12 LG-13 LG-14 LG-15 LG-17 LG2 LG3 LG4 LG5 LG6 LG-7 LG8 LG9 MG-1 MG-10 MG2 MG3 MG4 MG5S MG6 MG-7 MG8 MG9I
18i0, 71.0 69.9 68.8 68.1 68.3 69.6 72.5 71.2 72.7 66.8 63.9 70.9 67.1 69.5 69.1 71.9 70.4 7i.1 75.0 70.7 71.5 712 71.1 70.6 70.7
TiO, 0.27 0.29 0.37 0.30 0.40 0.32 0.i18 0.30 0.21 0.48 0.63 0.26 0.47 0.31 0.32 0.24 0.34 0.26 0.08 0.27 0.25 0.27 0.28 0.26 0.32
AL, 04 15.1 15.0 15.4 16.0 15.9 15.3 14.2 14.8 14.5 15.5 15.6 14.8 15.6 15.1 15.4 14.8 14.9 15.1 13.6 15.2 14.7 14.9 14.5 15.2 15.0
Fe,0; 1.91 1.64 2.50 1.95 2.23 2.23 1.37 1.92 1.46 3.06 3.99 1.8 3.13 2.18 2.18 1.8 2.23 2.03 0.74 2.04 1.92 2.06 1.8 2.04 2.10
MnO 0.04 0.03 0.05 0.05 0.03 0.05 0.04 0.04 0.04 0.05 0.06 0.05 0.07 0.04 0.04 0.04 0.05 0.05 0.03 0.04 0.04 0.05 0.05 0.05 0.05
MgO 0.53 0.59 0.8 0.62 1.17 0.74 0.38 0.54 0.43 1.38 1.98 0.51 1.03 0.65 0.69 0.51 0.59 0.55 0.10 0.57 0.53 0.55 0.44 0.53 0.56
Ca0 2.02 1.40 2.23 1.94 2.66 2.30 1.69 1.90 1.80 2.91 3.32 1.81 2.62 1.92 2.01 2.05 1.81 2.26 1.03 2.39 2.13 2.15 1.78 2.17 1.86
Na, 0 3.96 5.65 5.35 4.82 5.51 4.96 4.72 5.41 5.12 4.57 4.27 5.02 5.35 4.40 5.32 3.99 3.72 4.09 4.12 4.31 3.8 3.94 3.74 4.17 3.70
K,0 3.89 4.71 3.87 4.81 3.10 3.48 4.50 4.05 3.74 4.23 4.79 3.96 3.24 4.03 4.41 3.27 4.07 3.24 3.99 2.88 3.42 3.4 4.13 2.97 4.36
P,0; 0.12 0.14 0.17 0.13 0.19 0.16 0.08 0.12 0.08 0.25 0.32 0.1l 0.29 0.15 0.14 0.09 0.13 0.10 0.02 0.11 0.10 0.11 0©.11 0.09 0.12
LOI 0.47 1.40 0.75 0.57 0.66 0.61 0.55 0.52 0.47 0.50 0.54 0.52 0.68 0.58 0.46 0.46 0.80 0.58 0.34 0.83 0.59 0.96 1.02 0.47 0.45
TOTAL 99.2 100 100 99.3 100 99.7 100 100 100 99.7 99.4 99.8 99.4 98.8 100 99.2 99.1 99.3 99.0 99.4 99.1 99.6 99.0 98.5 99.2
Ba 921 770 1112 1479 852 736 535 869 545 1150 1445 751 1059 1058 1091 801 864 861 366 741 869 1077 682 770 839
Rb 176 137 148 157 132 148 190 174 172 147 155 152 195 191 190 122 173 128 165 106 131 131 202 133 187
Sr 384 425 489 512 697 436 307 362 337 657 697 356 655 461 451 383 357 376 110 397 365 378 289 363 344
Y 13.5 10.8 12.8 9.95 12.7 13.4 10.5 12.3 10.9 13.3 14.9 15.9 14.3 11.1 12.5 12.2 16.1 12.6 21.1 14.0 13.1 13.4 16.1 16.9 18.5
Zr 138 151 179 153 196 182 118 162 121 177 220 140 206 183 202 110 165 136 71.8 131 138 136 145 147 152
Nb 16.4 13.7 15.0 12.3 12.1 15.8 14.4 18.9 15.2 13.7 14.4 16.2 19.0 15.1@ 14.9 10.7 18.5 11.6 10.9 11.3 11.4 11.0 20.3 16.3 18.8
Th 18.9 23.5 15.9 17.1 34.2 24.7 17.9 24.9 16.4 14.5 28.4 15.9 16.2 19.3 19.8 13.0 26.5 14.7 14.4 13.0 13.7 17.1 19.1 18.3 25.2
Pb 28.0 27.6 21.1 26.3 21.9 28.7 32 28.4 28.8 27.0 33.2 23.9 22.6 29.7 30.7 24.2 27.7 20.8 29.3 18.8 23.2 24.6 30.5 21.9 31.6
Ga 17.9 17.4 18.9 19.3 20.2 20.2 16.8 18.7 17.2 18.5 18.6 17.7 19.3 20.3 19.9 18.9 18.5 17.4 12.5 17.9 16.0 17.4 18.2 18.7 19.1
Zn 39.0 26.8 48.5 44.7 36.0 45.7 32.6 42.2 32.1 44.2 53.6 38.3 59.3 51.9 48.5 44.7 42.5 40.6 19.5 41.6 38.9 45.2 39.4 43.0 47.3
Cu 2.89 24.0 12.4 3.95 4.07 6.14 11.6 3.87 6.60 8.04 10.9 5.55 10.0 4.45 3.18 6.56 2.27 4.78 2.28 5.8 7.03 7.90 2.01 3.79 5.67
Ni 2.54 3.52 3.85 4.41 9.90 3.8 3.99 2.8 4.03 8.13 13.7 2.57 3.83 2.62 3.16 2.13 2.00 2.26 1.36 1.76 1.58 2.26 1.47 2.12 2.20
v 21.7 21.4 33.5 26.7 37.9 27.4 15.9 20.5 17.9 50.2 66.1 20.7 42.7 29.4 28.6 22.7 24.3 22.3 8.05 23.5 20.4 22.9 20.8 23.2 23.6
Cr 4.63 6.49 9.76 10.4 18.8 8.58 4.92 4.51 5.73 15.7 27.9 4.15 6.05 5.64 7.87 3.20 4.24 3.11 0.96 2.75 2.13 3.19 2.97 2.76 3.79
Hf 4.08 4.37 4.46 4.05 4.91 5.30 3.43 4.70 3.50 4.50 6.17 3.82 4.76 5.12 575 3.67 4.87 4.12 3.23 3.66 4.05 4.11 4.24 4.50 4.8
Cs 9.86 5.98 9.92 7.95 10.9 10.6 14.2 7.39 10.3 7.23 9.47 4.24 25.6 1i6.8 12.5 5.66 8.78 5.64 3.79 3.94 4.51 5.46 10.15 7.87 7.70
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SAMPLE LG-1 LG-10 LG-12 LG-13 LG-14 LG-15 LG-17 LG22 LG3 LG4 IG5 LG6 LG7 LG8 LG9 MG-1 MG-10 MG2 MG-3 MG4 MGS MG6 MG-7 MG8 MGY
Sc 5.60 6.36 5.51 6.19 5.12 5.94 5.78 5.47 557 6.93 7.42 5.90 7.08 6.40 6.55 6.66 6.36 5.55 6.12 6.74 5.95 5.44 6.69 6.80 6.43
Ta 2.69 1.40 1.24 1.07 1.34 1.48 1.8 2.04 2.02 1.22 1.39 1.54 1.78 1.49 1.27 1.27 1.92 1.21 1.16 1.11 1.37 1.21 2.46 1.78 2.19
Co 2.51 3.96 3.66 2.88 5.90 3.48 1.26 2.64 2.05 6.99 10.7 2.43 5.44 3.27 3.48 2.69 2.70 2.383 0.44 2.49 2.21 2.49 1.97 2.58 2.67
Li 69.0 19.6 52.0 49.1 52.8 60.4 66.2 68.1 57.7 48.9 39.3 52.5 128 110 98.1 84.6 66.6 46.6 21.5 45.3 38.4 43.3 69.0 69.0 68.1
U 2.56 5.09 2.56 2.29 4.43 3.96 4.28 2.48 8.23 3.77 5.65 3.33 3.48 3.62 4.16 4.62 5.29 2.13 4.88 1.72 2.44 3.88 6.84 6.50 13.8

32.4 33.4 455 39.1 55.9 45.1 15.9 43.3 26.0 43.1 41.3 28.6 43.6 43.4 40.3 25.5 45.5 26.6 13.4 29.5 24.4 28.4 33.8 32.0 37.9

Ce 57.5 62.5 80.8 69.9 88.9 82.4 26.6 74.9 46.2 80.8 83.0 53.8 79.2 77.2 72.3 46.9 82.1 49.2 27.5 54.0 45.9 52.2 63.1 60.2 70.9

Pr 6.05 6.67 8.56 7.20 8.68 8.74 3.13 7.87 4.95 8.83 9.55 5.8 8.51 8.00 7.64 5.16 8.70 5.31 3.35 5.97 4.85 5.83 6.60 6.47 7.63

Nd 21.2 22.9 29.5 25.5 29.3 30.3 10.9 26.9 17.1 31.2 35.9 21.3 30.0 27.5 26.4 18.6 30.5 18.5 13.3 21.3 17.2 19.9 23.3 22.9 26.5

Sm 3.70 3.67 4.64 3.92 4.54 4.73 2.06 4.62 2.78 4.96 5.79 3.82 4.58 4.32 4.27 3.35 5.05 3.26 3.62 3.96 3.03 3.6l .04 4.03 4.52

Eu 0.77 0.65 0.91 0.89 0.8 0.93 0.53 0.8 0.64 1.22 1.41 0.74 1.09 0.91 0.93 0.75 0.8 0.73 0.37 0.70 0.69 0.71 0.75 0.74 0.83

Gd 2.97 3.08 3.72 3.03 3.60 3.92 1.92 3.46 2.41 4.06 4.74 3.30 3.96 3.45 3.66 3.05 4.18 2.94 3.52 3.18 2.76 3.12 3.45 3.67 4.01

Tb 0.44 0.42 0.48 0.40 0.48 0.53 0.29 0.46 0.35 0.54 0.63 0.49 0.52 0.45 0.50 0.47 0.60 0.44 0.68 0.49 0.41 0.46 0.51 0.56 0.61

Dy 2.48 2.03 2.52 2.05 2.50 2.8 1.68 2.42 1.8 2.61 3.17 3.01 2.72 2.28 2.60 2.69 3.16 2.45 4.10 2.70 2.50 2.71 3.03 3.23 3.58

Ho 0.48 0.40 0.49 0.39 0.48 0.53 0.35 0.47 0.40 0.50 0.63 0.58 0.53 0.44 0.52 0.51 0.64 0.5t 0.82 0.53 0.51 0.55 0.61 0.67 0.72

Er 1I.s1 1.13 1.32 1.11 1.31 1.50 1.07 1.31 1.21 1.44 1.73 1.72 1.56 1.26 1.41 1.45 1.8 1.52 2.37 1.53 1.49 1.62 1.79 2.01 2.07

Tm 0.19 0.16 0.19 0.14 0.19 0.21 0.18 0.16 0.18 0.20 0.24 0.27 0.23 0.18 0.19 0.23 0.27 0.22 0.33 0.2t 0.22 0.23 0.26 0.32 0.32

Yb 1.40 1.18 1.16 0.91 1.21 1.29 1.24 1.17 1.25 1.33 1.66 1.63 1.53 1.22 1.29 1.46 1.71 1.49 2.35 1.40 1.55 1.48 1.75 2.09 2.12

Lu 0.21 0.20 0.17 0.14 0.18 0.21 0.21 0.i16 0.20 0.19 0.24 0.27 0.24 0.18 0.19 0.22 0.27 0.23 0.33 0.21 0.24 0.24 0.27 0.32 0.32

S8Eu 0.71 0.59 0.67 0.79 0.67 0.66 0.81 0.66 0.76 0.83 0:.82 0.64 0.78 0.72 0.72 0.72 0.59 0.72 0.32 0.60 0.73 0.65 0.6l 0.59 0.60
3Ce 1.01 1.03 1.00 1.02 0.99 1.02 0.93 0.99 1.00 1.02 1.02 1.02 1.01 1.02 1.01 1.00 1.01 1.01 1.0l 1.00 1.03 0.99 1.04 1.03 1.02 :

(La/Yb)y 16.6 20.3 28.2 30.8 33.2 25.1 9.19 26.6 14.9 23.3 17.9 12.6 20.4 25.5 22.4 12.5 19.1 12.8 4.1 15.1 11.3 13.8 13.9 11.0 12.8

(Gd/Yb)y 1.75 2.16 2.65 2.75 2.46 2.51 1.28 2.45 1.59 2.53 2.36 1.67 2.14 2.34 2.35 1.73 2.02 1.63 1.24 1.88 1.47 1.74 1.63 1.45 1.56

Nb/La  0.51 0.41 0.33 0.3t 0.22 0.35 0.91 0.44 0.58 0.32 0.35 0.57 0.44 0.35 0.37 0.42 0.41 0.44 0.81 0.38 0.47 0.39 0.60 0.51 0.50

Zr/Sm  37.3 41.1 38.5 39.0 43.1 38.5 57.2 35.1 43.5 357 37.9 36.6 45.0 42.4 47.3 32.7 32.7 41.7 19.8 33.1 455 37.7 36.0 36.5 33.6

K,0/ Na,0 0.98 0.83 0.72 1.00 0.56 0.70 0.95 0.75 0.73 0.93 1.12 0.79 0.61 0.92 0.83 0.82 1.10 0.79 0.97 0.67 0.88 0.87 1.10 0.71 1.18

K/Rb 184 285 217 254 195 195 196 194 180 240 256 217 138 175 193 222 196 209 201 225 217 218 170 186 193

Ce/Pb  2.06 2.26 3.84 2.66 4.06 2.87 0.83 2.64 1.61 2.99 2.50 2.25 3.50 2.60 2.36 1.93 2.96 2.36 0.94 2.87 1.98 2.12 2.07 2.75 2.25

St/Y 28.4 39.5 38.3 51.4 54.8 32.7 29.3 29.4 30.8 49.2 46.7 22.4 45.7 41.6 36.2 31.4 22.2 29.8 5.22 28.3 27.8 28.1 8.0 21.4 18.6

Rb/Sr 0.46 0.32 0.30 0.31 0.19 0.3¢ 0.62 0.48 0.51 0.22 0.22 0.43 0.30 0.41 0.42 0.32 0.48 0.34 1.50 0.27 0.36 0.35 0.70 0.37 0.54
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M L B, BE SiO, & B3 B B WA KK TIO, .
Al, 0, MgO.P,0, 3y 2 3L H, B B R E (B S) o

4.2 HETE

ERMWEEEA XA Rb(132 ~ 195 ppm) .Cs(5.98
~25.6 ppm) \Sr(307 ~ 697 ppm) # Ba(535 ~ 1479 ppm) &
&, DURBEAY Rb/Sr(0.2 ~0.6) F1 K/Rb(138 ~285) M fA,
RAEER W ARG EABRBH Nb(12. 1 ~19.0 ppm), Ta
(1.07 ~ 2. 69 ppm), Zr (118 ~ 220 ppm) , Hf(3.43 ~ 6. 17
ppm) FEIHRIGE AWM H Y &8 (9.95 ~15.8 ppm) #IAH
XEAR, FBOE AR MBI SY KB (22 ~55) (B 6),
TEWERRERENER T TE(YD < 1.7 ppm) MIHE
IR 1 SMBARE , BR—MRES (LG-17) B9 ( La/Yb) y HLAH MK
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Fig.3 ANK vs ACNK diagram for the LG and MG
(after Maniar and Piccoli, 1989)
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Fig.4 Ab-An-Or classification diagram for the LG and MG
( after Barker, 1979)

SERBRBAETFERENH L8 ((La/Yb), >
10)(£1). BEFERAERNRABENER L H18((6d/
Yb)y=1.3~2.7) REBRZH R (Ce/Ce* =1.0) ,{BFFE
HRERRT PEZEBHNAHERE (Ew/En” =0.6 ~0.8)
(B 7a), RGBSR ELNBTRENEL, ETER
AHEB R FEAR, B 5 TR BC A B 2% 2 1 4 AR A
E(FE 8a), FEGTELBLE B BaNb P I Ti f 5 % I[F
i, BB Pb L FEE Ce/Pb LA (0. 83 ~4.06)
(E8a, & 1), RELT AR MIHE, ZEREERS .M
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(Nb,Ta,Zr, H) M E B SEEWERKREHEL(E D, 5/
FEHW, REWERAERMNEN Y(12.2 ~21.0 ppm) FAH
XHEKAY Sr(110 ~397 ppm) \Ba(366 ~ 1078 ppm) & &, A K B
BEARE S/Y(S ~32) FMEZTE R Rb/Se(0.3 ~1.5) Lufé,
EY-SvY XREF, ZERSEEWEEROER LN I%
ATARAMXE(EG), REZAKRULAARRLEEN
FHE(E 7b) B 5EE WERM L, LB WA EEA AR
BENERLEE((La/Yb), =3.8~18) , RHMER L4
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BT ZEWEE— AR (MG-3) BEBRM fo, v B -
0.18) , HAB M fo W HISH T -0.35 ~ -0.51 Z ]
(F2). WXFNERERKHBH R N BAFRITHER
B, Bk MG-3 R B fLA Nd ﬁiﬁ@ﬁ@(’rlmu) =2.37 Ga)
ShOERFERE R TN FRH N EXFER (T, =
1.07 ~1.54 Ga) , HEMERA _HBEETE, MERERX
PN LR E RN EX RE 5Vt &
(Wu et al., 2000) , X A AR X) BA MR o0 1
Nd B FER, 238 1.23~1.41 Ga(ZEEW)M1.36 ~1.44
Ga(HREW) (K2),

5 wig
5.1 ERAENREXER

AHX I Si0, & &, WITRHAE R Nd-Sr A RA R R
ARG RENFEEEREDNHR T IR EREGE
Heok B8R X AT REdE, R ZE FTRETE L TS Y R
Womm, K, ERWEHE ALO, K,0 f MgO, & Sr K
Y FIFHESE B R OUT T RS RE AR A A (Xu et al.
2001) (B 6) AMKRERFTBRTD LM AERE N SHAH
BRAFEFA B, LA BRI BT AR K AN B
RERE. WTEBWEKRT S, HVIBMEMN Y(< 16
ppm) HIER 1 (Yb < 1.7 ppm) & &, HX H K (La/ YD)
(> 10)F(Gd/Yb) (1.3 ~2.7) AR KT REX B A1
ARERXMERBTE. KENFRES, £ BHKHER
WFERX, B X YRR EEE N KT Bk R
N 33447 (Patifio Douce, 1999) , Kt fNA M= KT Y
RPTFHEPRLEN S KT Y, T ZHATEIRE
FEEKESEET . —RUR, ZBETYRZANA
RAMEA K. BRb.Cs FWERTE, M ARG WHENE
Mg Na A} Ca.Ba 24 R , 30 867K 7] ) 5L X 990 I 30 43
BT AL M 15 AR 1 BA AR 9 4 BUARAE (Altherr et al. |
2000; Altherr and Siebel, 2002) , 0, i f1 N A BKIERLTE
BRI AE B Na.Ca, H A BAKA K,0/Na, O HH , T H
=T Y BT B E & Rb.Cs FFRFHR K, 0/
Na,O i, ABRZRELETRE LN S KT Y, MR
R Z HRETRPEME PR ABES. ERHE, B
X TR E AL AR Fe Mg, 78 Bk 48 Bl 52 0 5@
TR 4B B AR, T PR X BB K A AR AR A 4 A U L
HERFEMHBRIE (SRR ERTHE ) (Gardien et al. |
1995 ; Patifio Douce and Beard, 1995, 1996), fINA FEFF
ETEXRAREZIEE AT, HEE A REER M
RTE ke b 2 2 B 4R R 2R SR R M ARRAE , RATERR
RIRERMAT (>1000°C) MEBERSHERMATE SR
%4 (Rapp et al., 1991; Rapp, 1995; Rapp and Watson,
1995) , H3XF s H ARG R 43 45 B4R 5 BUIE R Si0, FUAR A
FUETEMREE. ZENNRENEENERREZERM

TESBIR I RASE , 5754 SiO, M1 Rb.Cs & BLL R AR BT Y
K,0/Na,0 HAH , HEBR T 33k B A R 8 B K B KRR
IX 78 LR A IR B T B , R BB 988 X o 5 A A 24 L 1
A, R T B R A A i K

5.2 BEHHMBEREX

X TR H B P A IR R A B L, 8 sk —
HERAS AGRAMFERE, WREKAEARUTILH: (1) #E
WEARRBOMETCR , A (2) FRE A BES R ;
(3) RREMET I (BT T4 # (4) AR A
FENBE-HEOMAN, KA R A B BB TR WEE, F—
FRTRETT LIHERR . BAR , F BT 38 U5 A0 3t 52 o AT DA R e B
FATT 5 A SR A (2 0 A S 0 23 SR B A
PEE, HEETE A/ B 9 25 14 ( Roberts and Clements, 1993;
Sylverster, 1998 ; Thompson, 1999; Patifio, 1999) , Li: R
ME-HBHAT A ERBAK, 4R E
FHRTHERLRRENH L EALRERRNKER
i & HI4E R ( Nabelek et al. , 2004) , BF 5P IR FIBUHE R
B YL Z R R B EREH, mERTNER AAN
PHMSS S, EREEEOERL T PART U BURE
T3] 590°C (Leloup et al. , 1999) . HFRKRH, £ T 7T
Bk AR TR BB E SIRA RS MAFRE A XK, RS
BHHE 7 kbar [E 77 T 18 900 ~ 1000°C B AT BATE A8, 30 ~ 60%
##54% (Johannes and Holtz, 1996 ) , B {#i 3% (B 8 K FE 1 F0
E/NRIER LB SRR, R ETY ALK AR A
REWRMATF 800C (FAE&BMMEEE, 2005) , BRI ¥4 #
PLEFAAREA BN . B FER WA RN EER A, ]
WHERMRATRNREE TN AERWERER, =
BEKRKEN SRS 3 BMNE- HB0h & B 030 X 5 355
BT ERIR . 258 A B SIERIY MM X R R &K AET
BNRRERBERN,RBHERFREL T RIS
WER TR EWMEM, ERFHER, FAK AR
R BAAR-H B KRB R AERIER A ; K 8K KR
BARAWIAD RN R, B PR T AR FE,
1EAN Guffanti 45 (1996) Br {2 i i, KRR A HK R T A E 4
SERLE AT RERBR , BTR R B Z R A AT DU 7 %
A FR A TR R, T B O T 35T A9 AR 2R
B, Bl AT 5 a R R RER U R X
— X E R BT ZRNEE,

5.3 MLE-HBMEEREROE LY

B HBORERA O TRERZ G RE XET
WFEFTZAE, KA EBRER MR &SP AR
&S ERFE T H#5E; MABIR T FAERIE K Nd &
RAFR(PIUE A E) WA RSB RATF TN AAK, H
RATANFEAR Nd SRR R AT BRI -H Bt 1A 1
RhZC 2 R A %, B ST AR B (Towyy =119 ~ 1.39
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Ga) , BAKRERBERNER . XTFRMGTHRRAAH
TR A R Nd R R TR B 65 O SR 08 LB IR (1%
kS, 1996; RBLEE, 1998) M S5H TARKAMER A
Nd ERFRA AR (RS, 2002; %XHE, 2006),
AT B R T B SR i G 0 P R i 2 ) R XS () T R AR
RRREEFREXEANG TRROESZER S, KR EHE
HHTRROEBR AR, RN EREFRARER, A
SCFFAE-H B AR TR BHFARM A

6 &k

(1) BEWEEMEER A AT 6K B A ARE XK
WIS, X S AN L AN RS &, WA TR R R
AR KA.

(2) AT R T B R R A RRAE R AT
BERSEUARNTER B R, [ 2 S X7 g
kR MARRERZ—.

(3)PiaRE) Nd [ RAEE R o hnd R, TR
FTHAE-H BRI M T B %, IR - H 808 B
B BT EHTRIRIN—3R5 . HERKPIRRSF Nd X
YR P Z T AR FTEIE.

i  EATNRLET FBRERRPER PR
5 IR Y BT ST BT R PR B S N HUBR AL A B 5L BT AR %
LREHTTHE ARALAEREBRERETREFLT
THR, FRALTHEAFEIABEEL TEREER, &
He— I B!

References

Altherr R, Holl A, Heger E, Langer C and Kreuzer H. 2000. High
potassium, calc-alkaline I-type plutism in the European Variscides:
northern Vosges (France) and northem Schwarzwald ( Germany).
Lithos, 50: 51 -7

Altherr R and Siebel W. 2002. I-type plutonism in a continental back-arc
setting: Miocene granitoids and monzonites from the central Aegean
Sea, Greece. Contributions to Mineralogy and Petrology, 143: 397
-415

Barbarin B. 1999. A review of the relationships between granitoid types,
their origins and their geodynamic environments. Lithos, 46: 605 -
626

Barker F. 1979. Trondhjemite: definition, environment and hypotheses of
origin. In; Barker, F. (ed. ) Trondhjemites, Dacites, and Related
Rocks. Amsterdam: Elsevier

Brown M. 1994. The generation, segregation, ascent and emplacement of
granite magma: the migmatite-to-crustally-derived granite connection
in the thickened orogens. Earth Science Reviews, 36: 83 - 130

Burchfiel BC, Chen Z, Liu Y and Royden LH. 1995. Tectonics of the
Longmen Shan and adjacent regions, Central China. International
Geology Review, 37: 661 —735

Calassou S. 1994. Eiude tectonique d'une chaine de décollement: A)

Acta Petrologica Sinica £ %53 2007, 23(5)

tectonique et Tertiaire de la chaine de Songpan-Garzé; B) géométrie
et cinématique des déformations dans les prismes d’accretion
sedimentaire ; modélization analogique. Ph. D. Thesis, Université de
Montpellier II

Chappell BW and White AJR. 2001. Two contrasting granite types: 25
years later. Australlan Journal of Earth Science, 48 489 ~499

Chen F, Siebel W, Satir M, Terzioglu N and Saka K. 2002.
Geochronology of the Karadere basement ( NW Turkey ) and
implications for the geological evolution of the Istanbul zone.
International Journal of Earth Sciences, 91 469 —481

Chen F, Hegner E and Todt W. 2000. Zircon ages, Nd isotopic and
chemical compositions of orthogneisses from the Black Forest,
Germany: evidence for a Cambrian magmatic arc. International
Journal of Earth Sciences, 88: 791 - 802

Chen SF, Wilson CJL and Worley BA. 1995. Tectonic transition from the
Songpan-Garze Fold Belt to the Sichuan Basin, south-western China.
Basin Research, 7. 235 -253

Chen SF and Wilson CJL. 1996. Emplacement of the Longmen Shan
Thrust — Nappe Belt along the eastern margin of the Tibetan Plateau.
Journal of Structural Geology, 18: 413 -440

Chen SF, Wilson CJL, Luo Z and Deng Q. 1994. The evolution of the
western Sichuan foreland basin, south-western China. Joumal of
Southeast Asia Earth Sciences, 10, 159 - 168

Chengdu Institute of Geology and Mineral Resources. 2004. Geological
Map of Qinghai-Xizang ( Tibet) Plateau and adjacent Areas (1/1,
500,000)

Defant MJ and Drummond MS. 1993. Mount St. Helens: Potential
example of the partial melting of the subducted lithosphere in a
voleanic arc. Geology, 21: 547 - 550

Gardien V, Thompson AB, Grujic D and Ulmer P. 1995. Experimental
melting of biotite + plagioclase + quartz + muscovite assemblages
and implications of crustal melting. Journal of Geophysical
Research, 100: 15581 - 15591

Guffanti M, Clynne MA and Muffler LJP. 1996. Thermal and mass
implications of magmatic evolution in the Lassen volcanic region,
California, and minimum constraints on basalt influx to the lower
crust. Journal of Geophysical Research, 101 3003 -3013

Hsii K and 15 others. 1995. Tectonic evolution of the Tibetan Plateau: a
working hypothesis based on the archipelago model of orogenesis.
Intemational Geological Review, 37 : 473 - 508

Hu JM, Meng QR, Shi YR and Qu HJ. 2005. SHRIMP U-Pb dating of
zircons from granitoid bodies in the Songpan-Ganzi Terrance and its
implications. Acta Petrologica Sinica, 21 867 — 880

Huang M, Buick IS and Hou LW. 2003. Tectonometamorphic Evolution
of the Eastern Tibet Plateau: Evidence from the Central Songpan-
Garze Orogenic Belt, Western China. Journal of Petrology, 44 ; 255
-278

Huang M, Maas R, Buick IS and Willians IS. 2003. Crustal response to
continental collisions between theTibet, Indian, South China and
North China Blocks: geochronological constraints from the Songpan-
Garze Orogenic Belt, western China. Journal of metamorphic
Geology, 21: 223 -240

Jahn BM. 2004. The central Asian Orogenic Belt evolution and growth of
the continental crust in the Phanerozoic. In Malpas J. , Fletcher C.
J. N., Ali J. R. and Aichison J. C. (eds), Aspects of the
Tectonic Evolution of China. Geological Society, London, Special
Publications, 226 73 - 100

Johannes W and Holtz F. 1996. Petrogenesis and experimental petrology
of granitic rock. Springer-Verlag

Le Maitre RW and 11 others. 1989. A Classification of igneous rocks and
glossary of terms. Oxford: Blackwell

Leloup PH, Ricard Y, Battaglia J and Lacassin R. 1999. Shear heating
in continental strike-slip shear zones: model and field examples.
Geophysical Journal International, 136 19 ~40



MRARAE: N BB A F B8 AL BB Z R B AU R - H O R R R R4 2 1005

Ling H, Xu S, Shen W, Wang R and Lin Y. 1998. Nd, Sr, P and O
isotopic compositions of late proterozoic Gezong and Donggu granites
in the west margin of Yangtze Plate and comparison with other coeval
granitoids. Acta Petrologica Sinica, 14 269 - 277

Ling WL, Gao S, Cheng JP, Jiang LS, Yuan HL and Hu ZC. 2006.
Neoproterozoic magmatic events within the Yangtze continental
intertor and along its northern margin and their tectonic implication
constraint from the ELA-ICPMS U-Pb geochronology of zircons from
the Huangling and Hannan complexes. Acta Petrologica Sinica, 22
387 -396

Ma DQ, Du SH and Xiao ZF. 2002. The origin of Huangling granite
batholith. Acta Petmlogica et Mineralogica. 21: 151 - 161 (in
Chinese with English abstract)

Maniar PD and Piccoli PM. 1989. Tectonic discrimination of granitoids.
Geological Society of America Bulletin, 101: 635 - 643

Mattauer M, Malavieille J, Calassou S, Lancelot J, Roger F, Hao Z, Xu
Z and Hou L. 1992. La cha? ne triasique de Songpan-Garze ( Ouest
Sechuan et Est Tibet) : une chaine de plissement-decollement sur
marge passive. Comptes Rendus de Academie des Sciences Paris,
314 619 - 626

Nabelek PI and Liu M. 2004. Petrologic and thermal constraints on the
origin of leucogranites in collisional orogens. Transactions of the royal
society of edinburgh-earth science, 95; 73 -85

Nie S, Yin A, Rowley DB and Jin Y. 1994. Exhumation of the Dabie
Shan ultra-high-pressure rocks and accumulation of the Songpan-
Ganzi flysh sequence, central China. Geology, 22: 999 - 1002

Patifio DA and Beard J. 1995. Dehydration-melting of biotite gneiss and
quartz amphibolite from 3 ~ 15 kbar. Journal of Petrology, 36: 707
-738

Patifio Douce AE and Beard JS. 1996. Effects of P, f (0,) and Mg/Fe
ratio on dehydration-melting of model metagreywackes. Journal of
Petrology, 37: 999 — 1024

Patifio Douce AE. 1999. What do experiments tell us about the relative
contributions of crust and mantle to the origin of granitic magmas?
From: Carstro A., Fernandez C. and Vigneresse J. L. (eds)
Understanding Granites: Integrating New and Classic Techniques.
Geological Society, London, Special Publications, 168 55 ~75

Petford N, Cruden AR, McCaffrey KJW and Vigneresse JL. 2000.
Granite magma formation, transport and emplacement in the Earths
crust. Nature, 408: 669 -673

Qi L, Hu J and Gregoire DC. 2000. Determination of trace elements in
granites by inductively coupled plasma mass spectrometry. Talanta,
51: 507 -513

Qinghai Bureau of Geology and Mineral Resoures. 1990. Regional
Geology of Qinghai province. Beijing: Geological Publishing House

Rao RB and Xu JF. 1987. The Triassic System of the Qinghai-Xizang
Plateau. Geological Publishing House, Beijing. 201 -239

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

Rapp RP, Watson EB and Miller CF. 1991.
amphibolite/eclogite and the origin of Archean trondhjemites and
tonalities. Precambrian Research, 51: 1 -25

Rapp RP. 1995. The amphibole-out phase boundary in partially-melted
metabasalt, its control over liquid fraction and composition and
source permeability. Journal of Geophysical Research, 100: 15601
-15610

Roberts MP and Clemens JD. 1993. Origin of high-potassium,
calcalkaline, I-type granitoids. Geology, 21 825 —828

Roger F, Malavieille J, Leloup PhH, Calassou S and Xu Z. 2004.
Timing of granite emplacement and cooling in the Songpan Garz Fold

Partial melting of

Belt (eastern Tibetan Plateau) with tectonic implications. Journal of
Asian Earth Sciences, 22: 465 —481
Sengor AMC. 1985. Tectonic subdivisions and evolution of Asia. Bulletin

of Technical University of Istanbul, 46: 355 —435

Sengsr AMC, Cin A, Rowley DB and Nie SY. 1993. Space-time pattems
of magmatism along the tethysides: a preliminary study. Journal of
Geology, 101: 51 -84

Sichuan Bureau of Geology and Mineral Resoures. 1991. Regional
Geology of Sichuan province. Beijing: Geological Publishing House

Skjerlie KP and Johnston AD. 1996. Vapor-absent melting from 10 -20
kbar of crustal rocks that contain multiple hydrous phases:
implications for anatexis in the deep to very deep continental crust
and active continental margin. Journal of Petrology, 37: 661 - 691

Solar GS, Pressley RA, Brown M and Tucker R D. 1998. Granite ascent
in convergent orogenic belts: Testing a model. Geology, 26 711 ~
714

Sun S-s and McDonough WF. 1989. Chemical and isotopic systematics of
oceanic basalts: implications for mantle composition and processes.
In Saunders AD and Norry MJ (eds). Magmatism in the Ocean
Basin. Geological Society Special Publication. Blackwell Scientific
Publications 42 ; 313 -346

Syverster PJ. 1998. Post-collisional peraluminous granites. Lithos, 45:
29 -44

Thompson AB. 1999. Some time-space relationships for crustal melting
and granitic intrusion at various depths. In: Castro A. et al. (eds)
Understanding granites: integrating new and classical techniques.
Geological Society Special Publlicatin, 168 7 -25

Wilson M. 1989. Igneous petrogenessis. London: Allen and Unwin

Wu FY, Jahn BM, Wilde S and Sun DY. 2000. Phanerozoic crustal
growth: U-Pb and Sr-Nd isotopic evidence from the granites in
northeastern China. Tectonophysics, 328 89 - 113

Xu JF, Wang Q, Xu YG, Zhao ZH and Xiong XL. 2001. Geochemistry
of Anjishan intermediate-acid intrusive rocks in Ningzhen area:
constraint to origin of the magma with HREE and Y depletion. Acta
Petrologica Sinica, 17: 576 ~ 584 (in Chinese with English
abstract)

Xu S, Wang R, Shen W etc. 1996. U-Pb, Rb-Sr isotopic chronology of
Jinning granites in the Songpan-Ganze orogenic belt and its tectonic
significance. Science in China (Series D), 39 576 - 586

Xu ZQ, Hou LW, Wang ZX, Fu XF and Huang MH. 1992. Orogenic
Processes of the Songpan-Garze Orogenic Belt of China. Beijing:
Geological Publishing House, China

Yan DP, Zhou MF, Song HL and Fu ZR. 2003. Structural style and
tectonic significance of the Jianglang dome in the eastern margin of
the Tibetan Plateau, China. Journal of Structrural Geology, 25 765
=779

Yin A and Nie S. 1993. An indentation model for North and South China
collision and the development of the Tanlu and Honam fault systems,
eastern Asia. Tectonics, 12 801 -13

Yin A and Harrison TM. 2002. Geologic evolution of the Himalayan-
Tibetan orogen. Annual Review of Earth Planet of Sciences, 28 ; 211

~280

Yuan HH, Zhang ZL and Zhang P. 1991.
histories of the Laojungou granite in the western margin of the central

The uplifting and cooling

section of the Longmen Mountains. Journal of Chengdu College
Geology, 18: 17 -22

Yuan HH and Zhang ZL. 1994. A study of the chronology of granilold
rocks in Indosinian. Yanshan Period at the west Longmen mountains.
In: Luo(eds. ), Uplifting of Longmen mountains and formation and
evolution of Sichuan basin: 330 -337

Zhang Y, Luo Y and Yang C. 1988. Panxi Rift and its Geodynamics.
Geological Publishing House, Beijing

Zhang ZH, Liou JG, Coleman RG. 1984. An outline of the plate
tectonics of China. Geological Society of American Bulletin 95 ; 295
-312

Zhou D and Graham SA. 1996. The Songpan-Ganzi complex of the

western Qinling Shan as a Triassic remnant ocean basin. In: The



1006

Tectonic Evolution of Asia, ed. Yin A., Harmison T. M.,
Cambridge, UK: Cambridge University Press

Zhou JC and Wang XL. 2005. Experimental and theoretical petrology.
Geological Publishing House, Beijing

Zou DB, Chen K, Rao RB and Chen YM. 1984. On the Triassic
turbidite in the southern Bayanhar Mountain region. Contributions to
the Geology of the Qinghai-Xizang ( Tibet) Plateau 15 27 -39

i 325 2 STk

BRESHL R PR A BT, 2004, FH SR R AR MR A (1:150 )
BT AR A i A

VIR, SR, AES, Bt 2005. M%-H B0k N IR S8
£i SHRIMP fE4E R K& & L. A4, 21: 867 -880

BHK, R, WHEM, EWOR, AR 1998, BR KB EK
Nd, Sr, Pb, O R ERIERH 5 FRIDG I SR A0
I, HAEFMR, 14, 269 -277

WCRR, mh, BRENE, TIBAE, R, #1580, 2006. TR
SREGHTEHE KX B S E K A BB
MR AZA ELA-ICPMS 57 U-Pb FME BEREMAR. BAH
247, 22 387 -396

Oxé, A%, K. 2002. BEREREGENRE. 240 W%
Fek, 21; 151 - 161

HFREHRT TR, 1990. FiHEXERE. L. Rt

PEoEbR, KT, BRKEH. 1987. EEERN =R, Jt.: BN

Acta Petrologica Sinica #E % #2007, 23(5)

3t 201 -239

VO RS =R, 1991, PN K aE. dbat: sR R

L, B, WEN, SR, BT, B H, M7, B,
R, FARE, FMALEE. 1996. #My¥&-H 8o A B T H1E
%2 U-Pb Rb-Sr Al R & E R Kt EX. P EB¥
(D), 26: 52 -58

Ve, £3R, HXHI%. 2001, TEREPAERTELTBRERA
BRI SRER DNZRERENRE. £6%H,
17,576 - 584

WEE, Bk, EEF%. 1992 P EME-H A0S W 805 L
2. JbE: MR AR

A, MK, B0k, A, BAek, 463 2003, FEARR A
WiktE: FRA 128 ABAERKER. EA%¥M, 19: 399 -408

A, k2, kT 1991, BITER WIER A RABEA KR H
. RAERH R BEFAR, 18 17 -22

RIS, SRR, 1994, S50 T L kT U 0 EO ST REL AR K A A
BRI, Fal Tl L A W A P )V b T8 R S i L
(BESLER), A BEFEBEARKE AR, 330 -337

KM, B, HatE. 1988, BREAA. Jbal: WAL R 415

A&, EF&. 2005, LRAMSEAY. L iRt

HREFR, BESAR, BRKH, BREIR. 1984, MEBREHIL=8 R MB
B OERR R 15 27 -39



