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Abstract Large amounts of granitoids, including granodiorite, monzogranite and potassium granite which divided into HT-
potassium granite and HN- potassium granite on the base of where they locate, were emplaced in Liuyuan area, Beishan, Gansu
province. The SHRIMP zircon U-Pb dating indicates that the emplaced age of granodiorite, monzogranite and HT- potassium granite are
423 +8Ma, 397 +7Ma and 436 +9Ma respectively. Four kinds of granitic rocks all have enriched large ion lithophile elements relative
to high field strength elements, enriched light rare earth element relative to heavy rare earth element (HREE) , negative anomalies in
K, Ni, Ta, P and Ti characteristics, and are metaluminous to peraluminous and high-K post-collisinal granite. In addition,
granodiorite has a lack of negative anomalies in Sr and Eu, £y, (¢) = —=2.5 ~ -0.8, and its magmas resulted from partial melting of
subcontinental mantle or admixture between partial melting of subcontinental mantle and partial melting of asthenospheric mantle, and
contaminated by juvenile crust including orogenic components. HN-potassium granite, monzogranite and HT- potassium granite all have
negative anomalies in Sr and Eu, and £y, (t) = +1.4, -4.0~ -2.0 and -2.7 ~ —0.3 respectely. All the geochemical
characteristics indicate the magmas of HT- potassium granite were derived from partial melting of juvenile crust induced by
subcontinental mantle. The magmas of HN- potassium granite were from partial melting of asthenospheric mantle, and likely
contaminated by juvenile crust. And the magmas of monzogranite were from partial melting of juvenile crust. The four kinds of granitoid
rocks are all outcomes of emplaced magmas under the post-collisional tectonic setting and genesis of magmas are likely related to slab
break-off.

Key words Liuyuan area, Granitic rocks, SHRIMP zircon U-Pb dating, Post-collision, Slab break-off
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Sr e Eu R FHHRIE o (DAL A A +1.4,-4.0~ =204 2.7~ 0.3, HI-F K LR 2R ZZR T o T 5680
RERFARD SR EBFEEDRGE B, LALHEHN)FRER 2 2R T 2R FHABRIEISERE, THE
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FEES S P588.121; P597.3
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JRR T P SMTE S B BT AR AR X 2 — (Han et al. , 1997
Hong et al. , 2004; ZE48 8 Fit5 5, 2004; Jahn, 2004, Xizo
et al. , 2004; Zhou, 2004), H gt # L = R KUK
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2004 ) & 1 13 BT AR M ST ) A ) — AN BRI,
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12 2077 DXA ST B 5 45 O % A T 3 o] [ 3 ( 1990) AR 71
TV s WAL R IR (VLR %, 2003) ; Sm-Nd %
PR 4 48 A ALY L 28y 352 ~ 190Ma (1T 2 FI L AA2, 2006) 5
Rb-SrAE IR AW 273Ma (SRR, 2006) ; MEHEMRSE (1999)
DRI b X BT SA45 47 U-Pb [ Z4EHS 0 880Ma; 7R %
(2003 ) HEAE R 2 AN HL AR W -1 P i 399 43 Sy 6 BTG 2, A
FRERE MRS MU, W A — B AW IR SR (X1 i 45,
2005 ) , A TR A LA (AR TS, 1999),

HIF AR A L &8 DXy A= A e BARASL 10 76 < 480 T K LA
%Y (Han et al. , 1997, 1999; Hu et al. , 2000; Jahn et al. ,
2000; Chen and Jahn, 2002; Hong e al. , 2004 ) ,Jt 1L X 41
A E, (X Tk X AE 424 (9 SHRIMP U-Pb % 4F
BRI B JbIl X I 2R 5 8 255 A, B AT B 4247,
BBIGIRBH? T BV FRIFE, 4 3P T F bW
WX R, BRI S A AR BTN X (B 1)
£i SHRIMP U-Pb &4 FIMERfb 2= D MTIH 5T, IR PRI R 26 4
AU AR AW A Y R A KM B o

2 HREER

el X AL T H R FI R A M X, PHER AR K L, R 4
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I AR R Ak B A 0 dLILR 20 T K
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FLAELE B AR 18 3 B DU P B S 16 20 A ok T (T
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The tectonic and geological sketch map of Liuyuan area, Beishan, Gansu
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Table 1 Major element (wt% ) and trace element( x 10 ®) composition and some ratios of granitic rocks from Liuyuan area, Beishan

Fedh S LY-12-17 LY-12-19 LY-3-17 LY-34 LY-3-22 LY-3-24 LY-2-22 LY2-55 LY-2-57 LY-6-13 LY-6-18 LY-2-60 LY-26]1 LY-6-27
Eais AN S S HN-S K2R —KUERE HT-H K E X

Al O, 17.35 16.12 16. 63 16.22 13.58 13.53 17.05 14.19 16. 30 14.18 14.65 13.86 14.21 11.49
Ca0 3.93 3.91 4,68 4.22 (.62 0.63 0.46 1.03 4.23 1.49 1.91 0.94 1.10 0.28
Fe:(); 2.88 2.81 3.79 3.89 1.23 1.29 1.69 2.14 4.90 3.08 2.94 1.68 1.87 1.26
K,0 2.84 2.86 2.06 2.65 4,92 4.65 5.92 4.51 3.85 4,61 3.71 4,20 4.70 3.71
MgO 1.09 1.06 2.08 1.97 0.18 0.18 0.18 0.28 2.14 0.79 0.70 0.36 0.28 0. 06
MnO 0.06 0.05 0.07 0.07 0.04 0.04 0.04 0.04 0.08 0.06 0.05 0.03 0.03 0.01
Na, 0 4.63 4.26 3.70 3.22 3.17 2.97 4.34 3.16 2.58 3.07 2.97 2.95 3.10 2.36
P,04 (.18 0.19 0.12 0.14 0.01 0.02 0.07 0.19 0.12 0.11 0.04 0.04 0.00
Si0, 65.22 66.07 65.41 65.55 75.47 75.94 69.14 72,45 63.36 70.86 71.00 74,10 73.02 80.19
TiO, 0.51 (.51 0.53 0.55 0.24 0.26 0.36 0.29 0.79 0.46 0.42 0.21 0.22 0.15

kg 0.98 1.63 0.93 1.27 0.46 0.64

0.62 1.81 1.74 1.46 1.35 1.69 1.58 0.59

BE 99.68 99.46 99.99 99.75 99.91 100.15 99.81 99.97 100.17 100.17 99.82 100.06 100.18 100.10
Rb 79.59  69.47 63.28 121.90 178.40 177.70 166.60 247.70 147.50 200.40 173.80 201.60 205.90 265.70
Sr 1016.50 1212.60 216.70 305.20 69.04 55.44 34.78 47.48 315.40 170.60 176.30 109.90 112.30 36.60
Nb 18.01 17.10 8.30 10.25 28.96 30.87 43.77 13.65 25.04 15.42 13.20 11.42 10.60 22.66
Ba 1616.70 1698.60 350.90 734.70 125.60 111.90 74.90 214.00 706.30 422.20 404.70 913.40 850.90 59.93
La 58.80 57.44 16.22 31.74 68.97 82.97 90.85 34.78 59.09 57.79 38.31 24.49 34.56 60.13
Ce 103.60 100.60 33.83 61.50 133.00 156.70 203.50 74.90 119.20 117.40 80.46 43.99 61.09 125.30
Pr 11.06  10.83 4.26 6.89 13.61 16.28 27.15 9.12 14.18 13.62 9.62 4.53 6.51 15.31
Nd 34.78  34.05 16.07 23.67 40.29 46.88 88.78 31.75 48.80 45.49 33.60 14.56 20.72 54.94
Sm 4.53 4.25 3.38 4.30 5.78 6.55 17.10 7.04 8.41 8.56 6.67 2.83 3.64 10. 68
Eu 1.01 0.95 0.95 0.93 0.70 0.74 0.57 1.28 1.09 1.06 0.43 0.50 0.16
Gd 2.35 2.33 3.50 4.13 3.41 3.79 13.90  7.47 6.91 7.46 5.73 2.77 2.97 11.11
Th 0.35 0.29 0.55 0.63 0.63 0.67 2.32 1.32 1.08 1.25 0.98 0.46 0.49 1.83
Dy 1.57 1.33 3.28 3.79 3.50 3.84 13.16  7.94 6.07 7.09 6. 10 2.97 2.82 11.16
Ho 0.28 0.22 0.67 0.74 0.74 0.79 2.42 1.70 1.25 1.44 1.26 0.67 0.58 2.25
Er 0.73 0.56 1.84 2.01 2.11 2.17 _5.94 4.83 3.37 3.98 3.34 1.81 1.78 5.88
Tm 0.10 0.07 0.28 0.32 0.34 0.37 0.80 0.76 0.52 0.59 0.55 0.32 0.29 0.95
Yb 0.62 0.48 1.90 2.15 2.38 2.56 4.63 4.96 3.25 3.91 3.63 2.23 1.99 5.96
Lu 0.09 0.08 0.31 0.34 0.36 0.39 0.62 0.74 0.50 0.59 0.53 0.36 0.31 0.89
Hf 4.73 3.82 3.76 4.26 6.65 7.49 11.84  4.47 7.81 5.51 5.83 3.69 3.84 6.81
Ta 1.00 1.18 0.53 0.64 1.73 1.86 2.60 1.32 1.48 1.21 1.08 1.15 0.90 1.57
Th 13.69 12.87 6.20 7.95 23.8 26.57 22.24 24,52 22.70 29.06 21.23 22.76 23.99 36.08
U 1.94 1.84 1.01 1.20 5.08 4.62 2.49 2.93 3.46 5.91 4.65 2.25 3.08 4.34

(La/Yb)y 68.58 85.48 6.13 10.57 20.80 23.28 14.07 5.03 13.05 10.60  7.57 7.89 12.45 7.24
1

(Gd/Yb)y 3.17 3.99 .53 1.59 1.18 1.23

2.48 1.25 1.76 1.58 1.31 1.03 1.23 1.54

: Fe, 0] 48k (La/Yb)  (Gd/Yb) (HERBIBIAFRMEIL ILMH; HT A1 HN JLE 1 3
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Table 2 Representative Sr-Nd isotope compositions for granitic rocks from Liuynan area, Beishan
Rb Sr ¥ Rl 8 S Sm Nd . 143N g
3 — — 20 (M !
Feih (x107%) (x107°)  ®Sr (“Sr)..\ 7 (“"Sr)i (x107%) (x107%) '™Nd (““‘Nd)m o HMa) en(?)
LY-12-17 79.59 1016.5  0.226555 0.707709 14 0.706321 4.53 34.78 0.078830 0.512275 9 430 -0.8
LY-3-24 177.70 55.44 9.274440 0.731399 15 0.678570 6.55 46.88 0.084501 0.512428 10 400 1.4
LY-2-55 247.70 47.48 15.095197 0.772280 16 0.686295 7.04 31.75 0.134024 0.512283 10 400 -4.0
LY-6-18 173.80 176.30  2.852469 0.725608 16 0.709360 6.67 33.60 0.119968 0.512346 11 400 -2.0
LY-2-61 205.90 112.30  5.305179 0.737734 17 0.704484 3.64 20.72 0.106144 0.512250 11 440 -2.7
LY-6-27 265.70 36.60  21.005545 0.787563 17 0.655910 10. 68 54.94 0.117550 0.512409 9 440 -0.3
LY-34 121.90 305.20  1.155693 0.713903 15 0.706495 4.30 23.67 0.109955 0.512266 '0 450 -2.5

T oeng = (N Nd) /(9NN e = 1] (100005 (NG Nd) oyop =0- 5126385 (47 Sm/ ™ Nd) (. =0. 1967

T m HARESWIE; T & AR

A (2002) , SR HTIRFE/ANT 2. 5% 5 B o0 R 5 A
ICP-MS 5 ¥k5r 81, 53 87 7 th B % X 3 6 (1996 ) , 43 B iRt 2
/NFS% 5 Rb-Sr Al Sm-Nd [i fir £ B4 T 1CP-HIS 78k Wl ,
Sr Fl Nd [7) £ % B &AM 18 43 50 1™ S8 S = 0. 1194 Fi
"N/ Nd =0. 7219 gt aE e, JURANY 2B AR R A
TS R SCRKR AN S (2003

SHRIMP 4% # U-Pb w2 fE7EJE TR FEEEF 0070 i, i
BRI 3. MR T o B A1 20 46 BR b X 0 b B R
PRI el T AR SR TR % 100pm 275, G AR B A E WK
SR, R AE R E BT Tk, #kik s A R
T A BURCRE AE AR O 25 mm BRI |, ARG BB O o6
JFHE . FEARM T 2 UE R R Compston et al. (1992) 1
R (2002) , P A Pb/™* U LLAE H 8 AR I 1Y TEM
(417Ma; ™Pb*/**U = 0.06683) # A7 H iF . 7F I i B
W N — KRR S I 3 ~ 4 MR RIS,
Pb £ 1E R FI™ Pb A% i (B 37 Pb/™* U-"* Pb/™ Th 4E Iy —
), AT EAF R B Y ISOPLOT /4 ( Ludwig, 2002) ,
HEBEEN 20, HBAMNEIELM SRS, TR

AR BUIREUK G Steiger and Jager(1977)

5 HRERIAER

RS SRAME | AR LNE T 14 M5A
BikL, KR4 A 8 AURR B 72 U-Pb g gk B2 Mk,
AN 8 At (11 2) JP° Ph/P U B AR R AR /N (0. 064 ~
0.010) , i 1] 13 #™ Pb/™® U 4E % by 423 + 8Ma, MSWD =
0.52, ZRIERA: FEHILNE T 12 MEa k. Al
Fa SORAR I fEAE U-Ph i Ak b s MEE (B 2) ,° Pb/* U
HAEAE AR /N0, 061 ~ 0. 067 ), 7 il 15 Ef’Jme/'”U AN
396 = 15Ma, MSWD =0. 10, HT-4 75 5 2 K bl T
14 METBRL, S50 8UE M KERRAE4E U-Pb I FIZE FaE
BT (B 2) , P/ U BLAH A8 4R 4R /1N (0. 067 ~0.078) , Bl
BE™ P/ ™ U 45 4 436 £9Ma,MSWD = 1.4, FFAAER R
A Th-UZEREFMZM LR, ThU %R, B THEK
F S E (3 ] ( Williams and  Claesson, 1987; Rubatto,
2002) , 5 B BT AE A B A R R N A T s OB

Ph

Mean 438 +9(Ma);: N=14 |

B2 bl A0 s (X 76 B R A ™ P/ U P/ U
A
Fig.2 " Pb/® U Pb/™* U concordias for granitic rocks

from Liuyuan area, Beishan, Gansu
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Table 3  Results of SHRIMP zircon U-Ph dating for granittic rocks from Liuyuan area, Beishan

U Th 206pp,  26pp 207 pp, + 207 pp, * 206 pp, * 206 py, /B8 g 208 py, /B2,
e Th/U e 2% 5 o — £
(x1078) ( x10°°%) (%) (x107%) Pb u u E#(Ma) FH(Ma)

TRAERA
Al 1 421 135 0.33 2.32 23.90 0.0672 6.9 0.6070 7.6 0.0655 3.0 409 12 535 +36
A2.1 699 325  0.48 1.78 39.10 0.0622 4.7 0.5540 5.6 0.0646 3.0 403 12 458 24
A3.1 722 348 0.50 0.50 39.60 0.0594 2.7 0.5220 4.0 0.0638 3.0 399 12 412 14
Ad.1 1699 916 0.56 —  97.30 0.0567 1.0 0.5200 3.1 0.0666 2.9 416 12 408 12
As.1 1152 312 0.28 0.69 65.10 0.0582 1.6 0.5270 3.3 0.0657 3.0 410 12 455 26
46.1 457 163 0.37 1.38 25.30 0.0650 2.1 0.5740 3.7 0.0641 3.0 400 12 469 24
AT.1 210 438 215 272 12.50  0.063¢ 6.2 0.5990 7.0 0.05¢5 3.1 427 13 442 16
A8. 1 563 235 0.43 0.80 31.50  0.0615 2.3 0.5450 3.9 0.0643 3.2 405 12 427 17
A9.1 612 450  0.76 0.90 33.9C 0.0612 1.9 0.5420 3.6 0.0642 3.0 401 12 422 14
A10.1 188 121 0.67 2.7% 10.69  0.0742 5.0 0.6320 5.9 0.0618 3.1 386 12 457 19
All.1 276 23 0.51 2.02 14.80  0.0655 9.5 0.5580 10.0 0.0617 3.2 386 12 480 45
Al2.1 587 372 0.66 107 32.10 0.0595 2.3 0.5200 3.8 0.0633 3.0 396 11 415 14
Al3.1 250 200 0.82 2.66 13.50 0.0729 2.4 0.6280 3.9 0.0625 3.1 391 12 451 16
HT-@ K1
Al.1 270 49 0.18 0.77 15.50  0.0570 3.9 0.5230 3.5 0.0666 2.9 415 +12 416 41
A2.1 441 136 0.31 0.46 26.40 0.0606 2.2 0.5380 3.3 0.0691 2.9 433 12 478 20
A3.1 279 123 0.44 0.8 16.40 0.0610 3.7 0.5510 4.5 0.0676 3.1 423 13 436 18
Ad.1 398 104  0.26 0.66 23.80 0.0565 4.6 0.5260 4.0 0.0690 3.6 430 15 445 41
A5.1 437 102 0.23 0.39 2590 0.0555 2.4 0.5440 3.2 0.0688 2.8 428 12 402 23
A6.1 552 192 0.35 0.94 3440 0.0585 3.2 0.5520 3.3 0.0717 2.9 448 13 472 25
A7.1 419 108 026 0.24 2510 0.0587 2.0 0.5570 3.2 0.0696 2.9 434 12 443 18
A8.1 396 94 0.24 0.42 24.40 0.0604 2.4 0.5660 3.7 0.0711 3.3 444 14 483 25
A9.1 495 126  0.25 1.30 30.10 0.0621 3.7 0.5540 3.7 0.0694 2.8 435 12 491 32
AlI0.1 437 166  0.38 0.58 25.90 0.0577 2.7 0.5690 3.2 0.0688 2.8 428 12 409 18
All.1 433 117 0.27 1.50 26.40 0.0588 4.1 0.5530 3.4 0.0697 2.9 435 12 450 35
Al2.1 576 237 0.41 1.19 3530 0.0606 5.5 0.6010 5.3 0.0705 3.1 438 13 428 28
Al3.1 389 81 0.21 0.58 25.00 0.0614 4.9 0.6120 6.9 0.0743 5.3 463 24 489 47
Ald4.1 740 480 0.65 0.90 49.30  0.0600 2.9 0.7630 3.0 0.0780 2.8 477 13 418 17
i AR
Al L 670 776 1.20 —  40.10  0.0608 1.3 0.5830 3.1 0.0695 2.8 433 +12 395 +21
A2.1 448 482 1.11 0.18 26.10 0.0603 1.4 0.5640 3.1 0.0679 2.8 423 12 427 14
A3.1 272 412 1.56 — 1570 0.0607 2.0 0.5590 3.5 0.0669 2.9 417 12 392 15
Ad.1 323 339 1.08 —  18.40  0.0643 1.7 0.5870 3.3 0.0662 2.9 413 11 339 17
A5.1 134 145 .12 — 8.62  0.0777 3.4 0.7990 7.3 0.0745 6.5 463 29 427 36
A6.1 691 282 0.42 —  44.20 0.0577 1.2 0.5930 3.1 0.0745 2.8 463 13 429 28
A7.1 316 278  0.91 —  18.70  0.0616 2.5 0.5840 3.8 0.0687 2.9 428 12 404 19
A8. 1 157 157 .03  — 8.97  0.0678 3.6 0.6180 4.9 0.0661 3.3 413 13 361 44
A9.1 1336 911 0.70 2.36 74.80  0.1058 0.7 0.9500 2.9 0.0651 2.8 407 11 486 17
AlD.1 510 404  0.82 —  30.30 0.0585 1.5 0.5560 3.3 0.0690 2.9 430 12 381 20
All.1 325 164 0.52 —  28.80 0.0674 1.5 0.9560 3.2 0.1028 2.9 631 17 611 23
Al2.1 480 270 0.58 0.23 28.60 0.0645 2.3 0.6170 3.6 0.0693 2.8 432 12 435 14
Al3.1 292 251 0.89 — 16.10 0.0741 6.1 0.6520 8.8 0.0638 6.3 399 24 389 39
Al4. 1 170 174 1.06 0.64 10.30 0.0690 4.5 0.6690 8.4 0.0703 7.2 438 30 441 33

UEWI: PheAI Ph ™ 545200 4 R S R R4S, 107 PR SE A Pb b4 % A IE
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(b) o FHALEMN A Rickwood, 1989)

Fig.3 (a) Q vs. Pand (b) K,0 vs. Si0, diagrams for
granitic rocks from Liuyuan area, Beishan. Rock type
boundaries are from Debon and Le Fort (1983) in (a) and
Rickwood (1989) in (b) respectively

( Pidgeon et al. , 1998 ; Claesson et al. , 2000) , 345 Zead 4% i
HAHIEM.

6  HUERALAIFALE

6.1 FETLRESIT

TE kA Q-P 32 p (15 3a) , M3 4% Debon and Le Fort
(1983) 53 K407 0E, R FEEAE RS ZKERGHE
RINEREEN . KN K SO, & B K,65.22%
~66.07% ,K,0 (I8N 2.06% ~2.84% ,Frh4i—55 K 45
B4R ; MgO  Fe, 05 (AL O, ,CaO Fil PO, & B &, 405l
#:1.06% ~2.08% 2.81% ~3.89% .16.12% ~17.35%
3.91% ~4.68% F10. 12% ~0.19% ; W5 EHR5.76% ~
7.47, FE RALREAHIE (B 4a) . SERNKEHL, B
BFE G Si0, 13 B4, 63. 36% ~ 80. 19% ; MgQ Fe, 07
AL, 0, .CaO M1 P, 0, & B X ELAK, W K,0 & &R 3.71%
~5.92% 4 K FFfE; 2B EERANS5.76% ~7.47% , J5T
WAL (E 4a),

vhi: £ FE- LA R
{1 o [ K=

2.0

A/NK

1.0 |

(0.4 ¢

Na_ O(%o)

K.O(%)

B4 dbildniE b X AR % BT A A M A/NK-A/CNK %
(a) ( #% Maniar and Piccoli, 1989 ) #l Na,0 X} K, 0, & fi#
(b) (& White and Chappell, 1983)

Fig.4 (a) A/NK vs. A/CNK ( after Maniar and Piccoli,
1989) and (b) Na,0 vs. K,O plots ( after White and
1983 ) for

area, Beishan

Chappell, granitic rocks from Liuyuan

B ERICE A B AL Sio, AF b WK S, B
# Si0, & R &, d T RS, ALO, PO, Fe,0; .
Ti0, .CaO 1 MgO MK, i Na, O F1 K,0 F BN LS
B A AR SR

6.2 MEBHITHE
JEA M R AL ) 2 L R AR om (B 6) , TR ER
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EREMEEIL KB FEASLE (LILE) X & 4%,P A T
REHEE. o ERNKE SRIERERM _KER
FECHA NI Ta f1 KAHXS SHUNARAE ., = FHAH T, K
HRAEM KBRS Ti THEREL, I B EA Sr i 7% M
AiE, 46 5 TN 425 UG Sr B R P RRAE .

AR ER R M LT R (LREE) Hix w4, JZR
+IT#FE (HREE) X FHMHE (B 6) . —RKIERG: (La/
Yb) 4 5.03 ~13.05,(Gd/Yb) 3 1.25 ~1.76; HN-#K 7E
M (La/Yb) 2 14.07 ~23.28,(Gd/Yb) (K 1.18 ~2.48;
HT-# K464 (La/Yb) (b 7.24 ~12.45,(Gd/Yb)  H 1.
02 ~1.54; NG WRILEH, (La/Yh) K 68.58 ~
85.48,(Gd/Yb) (H3.17 ~3.99; BRI Y, (La/Yb) \ Hy
6.13 ~10.57,(Gd/Yb) (N 1.53 ~1.59, RiME TS,
KA A IR AL <A BT B Ee 7 58 %40, 250N
K& Eu U RERHAENCRE G, U AL K B B 5
R, BiEIER N KA L, B DL IR LT R A
B, W LI R T E AT,

6.3 Sr#0NdE{IE

RFHELREIAEAFER M S f Nd [([47 8 8 R
WZ 2, BTN T BB AT S ik, BT LA SO B8
DUNdRELER N T, HRNES: (PN“Nd), K
0.51227 ~0.51228 , £y, (1) R 2.5 ~ - 0.8; KK 2
("*Nd/"™Nd), 2 0. 51228 ~ 0. 51235, £y, (¢) g - 4.0 ~
—-2.0; HN-H B2 : (" Nd/"Nd), =0.51243 ,¢,,(¢t) =
+1.4; HT-H K LK H: (P N/ Nd), i 0. 51225 ~
0.51241 6, (:) K -2.7 ~ =0.3,

7 W
7.1 BEHE

W e X 4 348 IR A 985 A 9 HE AR B B 48 R (1A
3a), FE R E K5 R (& 3b) , A G LR S
DN (] Ta) o & K E5HRPE RS A I A R Ja B A T 3l
) ERAFRZ — (Licgeios et al. , 1998) , [H X DU
KA REAIE IR T 5 R A S 5%

BB N a1 BLAE b e A LD A b o F 1 B (
4b,7) , 3+ B4 Nb.Ta Ti fl P [ fi 5% . REE AA BB
WM H Eu AR AR B B S A 7%, BB K
BBRARKAS o en(t) = -2.5~ 0.8, HRARK T
TRT A P R - ol R U L 5 P S S R
R, 322 7 EA AN E R TR Y, WRER
NKAEM TS, ACHTRAL) 28 LT R /MBI R L R, L Eu
0 Sr AEX RN s B SR LOuR IMBERE MBS, A
Eu i Sr Afxt T HI4BCZ MBI AR T

MFRSP=ZREREREN, TERTEHR(E 42) &

B LFR 2007, 23(8)
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KEHE, FEHA S HEKAEMIMLUK A BEENNES
X (&l 4b) , #RELA Sr . Nb.Ta. Ti Fl P By 11 B AL, X &8
RGHHEER A AL, MR EAY B R
HWRHE, A K ERKAN T B H. T KR
#(PNA/™NA) | =0.51243, 6, (0) = + 1.4, BRI T
SIS SR BAT Fey, (¢) (HRHE I 4R 52 40 58 B T8 7 1 it
BERAER AR KR A ey () EDBH -4.0~ -2.0
F-2.7~ -0.3, /R EEATRETE TE LA AR,
BAEZIN BT RARE. SORERAM - RKRERS
BEOEMEN R, KRS b i FHERRD,EH
TIRAHMEE BRI K A E T, RREREH LTE
A ERRE AR B RER SAHE A,

WAL S S AR R T R T E R, AR
B M BR AL 2 FRAE , A0 2L Nb Ta Ti 1 P {7
AL ey, (8) BALA K 5 4ME Rb/30-HI0. 25 -Nb Fil Rb/30-
Hf-3 -Ta f#3E SUA F BN E A (] Te, d) , BN RHE B IR AH
18, X AT AR BELHT BAA R AL A AR — 3 B R E VT RBAF A
GRARME, XFPERIEAE E NSt — e b X HR AT — S i, I (B
B 2006; Whalen et al. , 2006) , MPURIEREKRAEA
ey () IEMTEERE 4 ~ + 1.4, AR 2H EHFRS
FUBSHRD BT REARZIR Y. T EANRA A&
SEMRN E RO, B A f— 51, MEBX MR EKR
TR Z RS, B A 20\ M DX ELEFn g o 5 A
AR A ity AR (1 2 20 J7 Xk BRI B4R 45 A E 8
&, 1990) , B0\ B AT BB 57 10 5% FNAE 08 B4 S, 490 el o IX
RRGHFEEAE S (REESE, 2006) , LN ALKE
HIE SRR 390 ~431Ma, B B AR RIS KIS 3,

7.2 MEBEEX

MASVEF TR R 520 A s KR A ROk, B8]
SPAWABBRRAL: PWITE 427 ~431Ma £ A, ERLIE
RN AT AE R AR A T 5 GIUI7E 390 ~404Ma, 8
AR A E o KM 3 SR UF, T AR B B
Ak T BRI 5 e T AR Bk 22 ) £ oy S O A
M B (R AT IEE, 1990; FARSE, 1993; BHE,
2003 ; ] i -5, 2005 ) , 28 A% % (2006) A4 # AL AE
412Ma BT E 2 & , T #4255 (2006 ) AR LL PN g 45 17
WK A 1 U-Pb %8 425.5 2. 3Ma, 73 4b, {0 %
(2001) ARFFELLHIFAT AL N S R AL 13 2 (R S5 41 U-Pb 4R 0)
Bk 441.4 +1.6Maf1440.9 +3. IMa, AN EEMTE B 515
% 5 39T L - B < DR AR 16 1 LA AR AR s DDA G . A
B B A B BF SN AL R , KA BUIE EW (6] Y 4547
R (B 1), P97 F K0 i 2 € 1), JU LA SN G
A ERIN A M 25 I ) A AR A W], 578 OB
B B A 6 e EE AR A ) 34 BEAC AR bR e il 8 U 35 B0
ARo
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Fig.7 Rb-Y + Nb(a),Nb-Y(b) (after Pearce et al. , 1996) ,Ha-Rb-Ta(c) and Ha-Rb-Nb(d) ( after Harris et al. , 1986) plots

for granitic rocks from Liuyuan area, Beishan

UTSBAE SR A S 4R S I 194 A KA R AR AR
FIH 29 (slab break-off) & & ( Davies and von Blanckenburg,
1995; Whalen et al. , 2006) , thF FIFF IL4EFIAH 2 W &
(Nelson, 1992; Kiister and Harms, 1998) , #3854 K i 57 B
LR R A I A R R BR AL 2 AL , A5 ST i el
X5 MU 2 M AR F AT BB -S40 ph AU T B AT K

£ 427 ~431Ma BiA], X 45 b5 B AR BRI 5% 5 v 30
B (B Rk HO) Z Mt KT BT &S HEA TR
BB, B TR AR R e o AL AR R S T 0 fa R R ) A
MO TR AL, AR A IR IR R B R A £ R e R gk
UL, T USE KA M SR R . B PR R P 5 A BT
AR AP A A R L DA K b A AR R R B L R L
AR ELAE R T A 1 M) b X T B S 8 s AT P
EAA BRI AR A A KSR, IR R T S A KL 2

ERMSETHIRR, BER T B T M N KA (8 8a) , HT-
PR A A R IR T i T a0 P g 3R A T S 3
EEARTY B, AR R KA R
HT-SR R AE 4 A B A AR B eng (¢) | SO A HK T R LA 6]
Wik AERINKA N TR HT-HRRAE R 50 S &, 3F HAE
BN A HR P ORI 2B i D B AR R R A
BN R BOP UK B BUA 3K, 465 IR B 3K T
BE FE LR o v £, HT-BR K B b 5 5 3K LASE R e B

7E 390 ~404Ma (8], ff it b bt TR0 W R R %, S
KU R M b b S s ] o T 0B A 4 R A R
P 0 PO R 98 R e IR LA D B TR A B S 0 i
— P RRLTK (1 8b) o B R b M R B K A i
hSEG BB L LR RS EAE AL BT RS
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Fig.8 Schematic tectenic model of genesis for granitic rocks

from Liuyuan area, Beishan

o PPN E G IR 3 2 IR T B0 P M R A L, T BE %
B THMERMTEY RNRR. —KERAGETEERT
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TR 3 (GEREESE, 2002b; TLACKSE, 2003) , NEAT]
AR AL B () FN L BRAL A RFAE SR T, 10 52 A PS03
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8  FEIANIMGEE

(1) b LLWD [l 4t X 26 5 2 2 A (R A3 6 i) 43 S WL A 78
427 ~431Ma iy, FEUE K NS M RKIER A RN
I, BRIHAE 390 ~ 404Ma, FH D T KB H BRI R A
HE.

(2) B3R B 6 B8 N H R T8 A B g 3 4
Bl oL R 07 P A P A R TR R B T A ki
WA ERHSENRY ARENEEREEETHT
T B NS A A R L B AR R ST R R A R
W SAR AL 40 K 28 2 9K T B U T A B S R o
WREZR T IS FRATYRMER, —KERSEEXE
TR TFAFBHSTRER R

(3) fE i s A AR R G B A 1 1 B R A R, 8
AR AT RES IR viAl i T B 2K

B AP RT MR Br  RA E ES R
ERREDTIE R XTI R RSRMMAT I R F A AR b
BRALESMHT P IR B A SCHE, IR U T R L R
1 E A HOR SR Mg 4 25 2 I 72 SHRIMP U-Pb ) 48 T4
BTHRNZFr. BIRIAELBRIRGE M HERERE

EEFR/ 2007, 23(8)

Acta Petrologica Sinica

5 R URIE T, R 5% LT 50 BURUR PG R 5E 5L I L 1 )
I B OB BRI, A TR A

References

Chen B and Jahn BM. 2002. Geochemical and isotopic studies of the
sedimentary and granitic rocks of the Altai orogen of northwest China
and their tectonic implications. Geol. Mg. , 129:1-13

Claesson S, Vetrin V, Bayanova T and Downes J1. 2000. U - Pb zircon
ages from a Devonian carbonatite dyke, Kcla peninsula, Russia: A
record of geological evolutior irom the Archaean to the Palaeozoic.
Litkos, 51(1); 95 -108

Compston W, ¥illiams IS, Kirschvinic L., Zhang ZC and Ma GG. 1992.
Zircon aze U-Pb ages ‘or tue early Cambrian time-scale. Journal of
Genlogival S:ciety, London, 149. 171 - 184

Dai 8, rang XM, Zhang X and Wang FC. 2003. The origin and tectonic
settings of diorite-granitoid in the centre of Beishan region of Gansu.
Journal of Lanzhou University ( Natural Sciences), 39 (1) : 86 -92
(in Chinese with English abstract)

Davies JH and von Blanckenburg F. 1995. Slab break-off: A model of
lithesphere detachment and its test in the magmatism and deformation
of collisional orogens. Earth Planet. Sci. Lett. , 129. 85 - 102

Debon F and Le Fort P. 1983. A chemical mineralogical classification of
common plutonic rock associations. Trans. R. Soc. Edinb. Earth
Sci. , 73: 135 - 149

Gong QS, Liu MQ, Li HL, Liang MH and Dai W]. 2002. The type and
basic characteristics of Beishan orogenic belt, Gansu. Northwest
Geology, 35 (3): 28 =34 (in Chinese with English abstract)

Gong QS, Lin MQ, Liang MH and Li HL. 2003. The tectonic facies and
tectonic evolution of Beishan orogenic belt, Gansu. Northwest
Geology, 36 (1): 11 =19 (in Chinese with English abstract)

Guo ZJ, Ma RS, Guo LZ and Shi YS. 1993. A comparative study on three
ophiolitic m lange belts in eastern Xinjiang. Geological Review, 39
(3): 236 ~247 (in Chinese with English abstract)

Guo ZJ, Shi HY, Zhang ZC and Zhang JJ. 2006. The tectonic evolution
of the south Tianshan paleo-oceanic crust inferred from the spreading
structures and Ar-Ar dating of the Hongliuhe ophiolite, NW China.
Acta Petrologica Sinica, 22 (1) .95 - 102 (in Chinese with English
abstract)

Han BF, He CQ and Wang SG. 1999. Postcollisional mantle-derived
magmatism, underplating and implications for basement of the
Junggar Basin. Science in China ( Series D), 29. 16 -27

Han BF, Wang SG, Jahn BM, Hong DW, Kagami H and Sun YL. 1997.
Depleted-mantle magma source for the Ulungur River A-type granites
from north Xinjiang, China; Geochemistry and Nd-Sr isotopic
evidence, and implication for Phanerozoic crustal growth. Chemical
Geology, 138 135 -159

Harris NBW, Pearce JA and Tindle AG. 1986.
characterization of collision-zone magmatism. In; Coward MP and
Ries AC(eds). Collision Tectonics, Geol. Soc. Spec. Publ. vol.
19,67 -81

He SP, Ren BC, Yao WG and Fu LP. 2002. The division of tectonic
units of Beishan area, Gansu-Inner Mongolia. Northwestern
Geology, 35 (4): 30 =40 (in Chinese with English abstract)

He SP, Zhou HW, Ren BC, Yao WG and Fu LP. 2005. Crustal
evolution of Palaeozoic in Beishan area, Gansu and Inner Mongolia,
China. Northwestern Geology, 38 (3): 6 — 15 (in Chinese with
English abstract)

Hong DW, Zhang JS, Wang T, Wang SG and Xie XL. 2004. Continental
crustal growth and the supercontinental cycle: Evidence from the
Central Asian Orogenic Belt. Joural of Asian Earth Sciences, 23:

Geochemical



REEF. L LBRELR ELEGFRFE ILFALFRHIERMEE L 1859

799 -813

Hu AQ, Jahn BM, Zhang GX, Chen YB and Zhang QF. 2000. Crustal
evolution and Phanerozoic crustal growth in Northern Xinjiang: Nd-Sr
isotopic evidence, Part [ : Isotopic characterization of basement
rocks. Tectonophysics, 328:15 - 51

Jahn BM. 2004. Phanerozoic continental growth in Central Asia. Joural of
Asian Earth Sciences, 23 599 - 603

Jahn BM, Wu FY and Chen B. 2000. Granitoids of the Central Asian
Orogenic Belt and continental growth in the Phanerozoic. Trans.
Royal Soc. Edinburgh; Earth Sci. , 91: 181 - 193

Jiang SH and Nie FJ. 2006. Nd-isotope constraints on origin of granitoids
in Beishan mountain area. Acta Geologica Sinica, 80 (6). 8261
- 842

Jiang SH, Nie FJ, Chen W, Liu Y, Bai DM, Liu XY and Zhang SH.
2003. Discovery of Yanshangian K-feldspar granite in Huitongshan
copper deposit, Gansu province, and its implication. Mineral
Deposits, 22 (2) : 185 =190 (in Chinese with English abstract)

Kiister D and Harms U. 1998. Post-collisional potassic granitsids trom the
southern and northwestern parts of the Late Neoproterorolc East
African Orogen: A review. Lithes, 45. 177 - 1935

Li JY and Xu X. 2004. Major prolileums cn geclegic structures and
metallogenesis of northem: Xinjiang, northwest China. Xinjiang
Geology, 22 (2): 119 - 124 (iin Chinese with English abstract)

Li WP, Wang T, Li JB, Kang X, Yu FS, Han QJ and Ma ZP. 2001.
The U-Pb age of zircon from late Caledonian graniteids in Hongliuhe
area, east Tianshan mountains, northwest China and iis geological
implications. Acta Geoscientia Sinica, 22 (3): 231 - 235 (in
Chinese with English abstract)

Li XH, Liu Y, Tu XL, Hu GQ and Zeng W. 2002. Precise
determination of chemical compositons in silicate rocks using ICP-
AES and ICP-MS
technques of alkali fusion and acid dissolution. Geochimica, 3
(31): 289 -294 (in Chinese with English abstract)

Liang XR, Wei GJ, Li XH and Liu Y. 2003. Precise measurement of
3Nd/ " Nd and Sm/Nd ratios using multiple-collectors inductively
coupled plasma-mass spectrometer ( MS-ICPMS). Geochimica, 32
(1):91-96 (in Chinese with English abstract)

Liégeuos JP, Naves J, Hertogen J and Black R. 1998. Consrasting orgin
of post-collisional high-K calc-alkaline and shoshonitic versus
alkaline

A comparative study of sample difestion

and peralkaline granitoids: The wuse of
normalization. Lithos, 45; 1 —28
Liu C, Zhao ZH and Guo ZJ. 2006. Chronology and geochemistry of

lamprophyre dykes from Beishan area,

soliding

Gansu  province and
implications for the crust-mantle interaction. Acta Petrologica Sinica,
22 (5): 1294 —1306 (in Chinese with English abstract)

Liu MQ, Wang JJ, Dai W] and Dang YY. 2005. Genesis and geological
significance of prositive £yq(¢) granitoids in the Hongshishan area in
the Beishan orogenic belt, Gansu, China. Geological Bulletin of
China, 24(9) ; 831 — 836 (in Chinese with English abstract)

Lin XY and Wang Q. 1995. Tectonics of orogenic belts in Beishan Mis. ,
western China and their evolution. Geoscience Research, 28 37 -
48 (in Chinese with English abstract)

Lin Y, Liu HC and Li XH. 1996.
determination of 40 trace elements in rock samples using ICP-MS.
Geochimica, 25 (6) : 552 — 558 (in Chinese with English abstract)

Ludwig KR. 2002. lIsoplot/Ex Version 2.02, A Geochronological Tool-kit
for Microsoft Excel. Berkeley Geochronology Center Special
Publication, 1a.

Simultaneous and precise

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

Mei HL, Li HM, Lu SN, Yu HF, Zuo YC and Li Q. 1999. The age and
origin of the Liuyuan garnitoid, northwestern Gansu. Acta Petrologca
et Mineralogica, 18 (1): 14 - 17 (in Chinese with English
abstract )

Nelson KD. 1992. Are crustal thickness variations in old mountain belts
like the Appalachians a consequence of lithospheric delamination?
Geology, 20: 498 - 502

Nie FJ, Jiang SH, Bai DM, Wang XL, Su XX, Li JC, Liu Y and Zhao
SM. 2002a.
conjunction area of Inner Mongolia Autonomous Region, Gansu
Province and Xinjiang Uygur Region ( Beishan Mt. ), northwest
China. Beijing: Geological Publishing House, 1 — 408 (in Chinese
with English abstract)

Nie FJ, Jiang SH, Lin Y, Chen W, Liu XY and Zhang SH. 2002b.

“0Ar/¥ Ar isotopic age dating on K-feldspar reparates from eastern

Metallogenic studies and ore prospecting in the

Huaniushan granite, Gansu province, and its ze<iogical significance.
Chinese Journal cf Geology, 37 (4). 412 --422 (in Chinese with
Englisk abstract)

Nie FJ, Jiang SH, Znac &G and Bai DM. 20603, The discovery of two new
oiecwous netal depesits in the Inner Mongolia-Gansu-Xinjiang
juncture { Beishar ) area and its geological significance. Acta
Geoscientia Sinica, 22 (5): 397 - 402 (in Chinese with English
abstract )

Pearce JA. 1996. Sources and seitings of granitic rocks. Episodes, 19
120 - 125

Pidgeon RT, Nemchin AA and Hitchen GJ. 1998. Internal structures of
zircons from Archaean granites from the Darling Range batholith .
Implications for zircon stability and the interpretation of zircon U-Pb
ages. Contributions to Mineralogy and Petrology, 132 (3); 288
-299

Qi RR, Huang ZB and Jin X. 2006. Geochemical characteristics and
tectonic implications of the Dashishan A-type granitic intrusive in
Beishan area, Gansu, province. Acia Petrologica et Mineralogica,
25(2): 90 -96 (in Chinese with English abstract)

Rickwood PC. 1989. Boundary lines within petrologic diagrams which use
oxides of major and minor elements. Lithos, 22, 247 - 263

Rubatto D. 2002. Zircon trace element geochemistry: Partitioning with
garnet and the link between U Pb ages and metamorphism. Chemical
Geology, 184 123 —138

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

Steiger RH and Jager E. 1977. Subcommission on geochrenology:
convention on the use of decay
cosmochronology. Earth and Planetary Science Letters, 36. 359
-362

Sun 8S and McDonough WF. 1989. Chemical and isotopic systematics of

constants in geo- and

oceanic basalts: Implications for mantle composition and processes.
In: Saunders AD and Norry MJ(eds). Magmatism in ocean basins.
Geol. Soc. London Spec. Pub. , 42. 313 -345

Whalen JB, McNicoll V], van Staal, Lissenberg CJ, Longstaffe FJ,
Jenner GA and van Breenman O. 2006. Spatial, temporal and
geochemical characteristics of Silurian collision-zone magmatism,
Newfoundland Appalachians: An example of a rapidly evolving
magmatic system related to slab break-off. Lithos, 89; 377 —404

White AJR and Chappell BW. 1983. Granitoid types and their
distribution in the Lachlan Fold Belt, southeastern Australia. In:
Roddick JA (ed). Circum-Pacific Plutonic Terranes. Geol. Soc.
Amer. Mem. ,159. 21 -24

Williams IS and Claesson S. 1987. Isotopic evidence for the Precambrian
provenance and Caledonian metamorphism of high grade paragneisses
from the Seve Nappes, Scandinavian Caledonides,2 ;:Ion microprobe
zircon U Th Pb. Contrib. Mineral. Petrol. , 97, 205 —217

Xiao WJ, Zhang LC, Qin KZ, Sun S and Li JL. 2004. Paleozoic
accretionary and collisional tectonics of the eastern Tianshan
(China) : Implications for the continental growth of central Asia.
American Journal of Science, 304 .370 — 395

Yu FS, Li JB and Wang T. 2006. The U-Pb isotopic age of zircon from




1860

Honglinhe ophiolites in east Tianshan mountains, northwest China.
Acta Geoscientica Sinica, 27 (3): 213 - 216 { in Chinese with
English abstract)

Yu FS, Wang T, Wang CY and Qi JF. 2000. The feature of ductile
deformation taking place from early Caledonian to later Hercynian in
Honglinhe area located at the boundary between Gansu and Xinjiang.
Journal of Xi’an Engneering University, 22 (4): 37 - 39 (in
Chinese with English abstract)

Zhao ZH, Guo Z], Wang Y and Liu C. 2006. A comparative study on
Permian basalts from eastern Xinjiang-Beishan area of Gansu
province and its tectonic implications. Acta Petrologica Sinica, 22
(5): 1279 = 1293 (in Chinese with English abstract)

Zhou MF, Lesher CM, Yang ZX, Li JW and Sun M. 2004. Geochemistry
and petrogenesis of 270 Ma Ni-Cu-( PGE) sulfide-bearing mafic
intrusions in the Huangshan district, Eastern Xinjiang, Northwest
China: Implications for the tectonic evolution of the Central Asian
orogenic belt. Chemical Geology, 209.:233 -257

Zuo GC and He GQ. 1990. Plate tectonics and metallngenesis 1sgularities
in Beishan region. Beijing: Peking Ymwver:ity Press, 1 - 226 {in
Chinese)

Zuo GC and Liu YK and Lw €Y. 2003. ¥yamework and evolution of the
tectonic structure in Beistan area across Gansu province, Xinjiang
antonomous Tegion and Innermongolia autonomous region. Acta
Geologica Gansu, 1 (12). 1 - 15 (in Chinese with English
abstract )

Wt e 3255 30k

B, H/AME, E, oAl 2003, ALl X IR AR b ek
MERAEE S SMHRFEER(ARBIEM), 39 (1): 86
-92

LR, NBIR, Z0AR, Bk, SCE. 2002, Bt
HKEI P HAGEIE. FILHR, 35 (3):28-34

FAeME, XIHI5R, B, MR 2003, dbilis il oK Mo B 1 &
A Wb E, 36 (1): 11 -19

AR, DEL, A, MiskH. 1993, HBEAS=ARSRELS
W LLEB . HUBIETE, 39 (3): 236 -246

A, BEF, WEE, . 2006, HHEEH A KL gL
AP HEAE SRR, Ha¥W, 22 (1):95-102

At R SREE, Bh30O%, 1T/, 2002, AT EE b e IX 4 v
HoTRI4r. PEdLHbAR, 35 (4): 30-40

e, EaR, ERHE, $haok, (405, 2005, HRAZEHILWL
WX A TEE L. FEdLHSE, 38 (3):6-15

24, AT, 2004, FNEEALTRHLRAATE FURTERUR BN 3
B, 22 (2): 119 - 124

TV, £, FELF, B, THEAL, BKE, BT 2001. KX
L £ AR 7] b X B o L R LA B R 2 A U-Ph R X b
RE X WERZEMR, 22 (3): 231 ~235

ERAE, XNE, WINAK, $I0EES, W0, 2002. EERRELA A AL
Yy ICP-AES F1 ICP-MS AR : BRIE S48 /- RS ik
L. HEERALZE, 3 (31): 289 —294

Acta Petrologica Sinica

2% FIR 2007, 23(8)

Rz, HHME, T4, X, 2003, FFH MC - ICPMS Rl &
143Nd/ 144Nd 1 Sm/ Nd Ebfl. HERIESE. 32 (1):91-96
XN8%, BN, FEAA. 2006, H AT KRBT p A (SR HIs R
1o BHFE AT RS. BA%M, 22 (5) . 1294 -1306

XUBASR, FEE, RXE, %510, 2005, HHI0LE LT A L
R E e ()EAE R BT A B RN RO X b @R, 24
(9): 831 -836

XBE, FE. 1995, PEPEEFH LU GRS R EL. M
2095, 28 37 -48

XUB, XMGE, ZEwk4. 1996, F ICP - MS MERTH T £ G R & P
40 MR TE. HBR{LYE, 25 (6): 552 -558

LRUE, FERE. 2006, dbil b X 76 R 5 2R AY Nd [F6r 8 H1 44
SRR2EIR, 80 (S) : BZ61 - 542

TR, BWE, 30, XIBF, AKM, XIFF, kB 2003, Hift
R LU TG LU SR FE 1 o B R B R LR R . B B b
B, 22 (2): 185 -190

WAk, ZRIR, BHRG, T, /XA, 34 1999, HHHIRE
WRER T AANRREREE. #ATP¥NE, 18 (1): 14
-17

PR, VLR, AKX, EHRE, AR, 228, X5, RER.
2002a. JCILMBIX B RAP MERKT FH. L. b
fRAt, 1 -408

BRE, WRZ, X0, PR, NEFE, KB 2002b. HAES L
REKBRA AT AR REREEHFEE L. HERE,
37 (4). 415 -422

BRE, MR, BER., AKX 2003, 35-H-3HE45( dbil) i
REHFLBRESBP RN AARKE L. BERER, 22
(5):397 402

FrHioR, BBIR, 8. 2006. HFLILCA I A BI7ER A RRHER
FERMEEX. BATYFELLE, 25(2): 90-96

KE, ER, T, BE. 2002. 454 SHRIMP £ 538 HI4E 4
WUE KA XBERITIE. MBISTE, 48(HTI) ; 26 -20

BEERE, A, BEE. T8, Y. 2006, HEBHIW-HALLH
KoBEZTREWN LR EAMEEX. Ha%R, 22 (5):
1279 - 1293

T4, L5, F#. 2006, ZR 1L LTI H X i 48 & U-Pb [/ 47
RIEW. HMERER, 27(3): 213 -216

VA, T, THE, BRE. 2000, HHFACK YN XN E K
oG R B A AR, AR TR¥EER, 22 (4):
37 -39

A EE, fIEE. 1990, bR ks BRe S, deas: deastk
HAREL, 1 -226

ZEES, X SCBE, XM 2003, T HTEEL L Xk v s R BB AL
Htfsf, 1 (12):1-15



