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Abstract The Beishan orogenic collage represents a major part of the southern Central Asian Orogenic Belt (CAOB), which is a
tectonically significant region between the Tianshan orogen and the Solonker Suture Zone. It would provide important clues for
examining the accretionary orogenic processes of the CAOB and the final closure event of the Paleo-Asian Ocean. In this work, we
present LA-ICP-MS U-Pb zircon dating, LA-MC-ICP-MS zircon Hf isotopic and geochemical results for the Early Paleozoic granites
from the Qiaowan and Jinta areas in the southern Beishan and to revisit their tectonic setting and the Early Paleozoic tectonic evolution
of the southern Beishan. The Qiaowan granite in the Baidunzi-Qiaowan shear zone is variously deformed, consisting of quartz, K-
feldspar, plagioclase (An =21 ~27), biotite and amphibole. Biotite grains are compositionally similar and have relatively low TiO,
contents, and amphibole is blue-green with compositions of ferro-pargasite. The Jinta syenogranite is not deformed, medium- to fine-
grained, consists of quartz, K-feldspar, plagioclase and biotite. Plagioclase exhibits oscillatory zoning. The Qiaowan mylonitic granite
and Jinta syenogranite have a similar age of ~430Ma, with two-stage zircon Hf model ages of 2. 14 ~2.37Ga and 1.32 ~ 1. 72Ga,
respectively. The inherited zircon cores in them exhibit Hf isotope compositions similar to those of the Neoproterozoic granitic gneisses
in the southern Beishan. Both the Qiaowan mylonitic granite and Jinta syenogranite show high SiO, (between 73. 18% and 75.00% )
and weakly peraluminous, they are enriched in Rb, U and K, and depleted in Ba, Nb, Ta, Sr, P and Ti, which can be compared with
other Early Paleozoic syenogranites from the southern Beishan. They are suggested to derive from a Paleoproterozoic-Mesoproterozoic
crustal source in the southern Beishan, while the Jinta syenogranite also has a depleted mantle or new crust contribution, indicating that
the basement rocks of the Shibanshan block in the southern Beishan do not resemble those of the Dunhuang block. We suggest, in
accordance with the studies of the Early Paleozoic HP granulite in the Dunhuang block, that the Early Paleozoic magmatisms in the
southern Beishan is the result of the collision and continued convergence between the Dunhuang and Shibanshan blocks, and that the
Beishan orogenic collage underwent Early Paleozoic accretionary and collisional orogenic processes involved microcontinents within the
orogen and the surrounding cratons.

Key words Early Paleozoic granites; Shibanshan block; Dunhuang block; Collisional orogeny; Beishan orogenic collage
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Fig. 1

Simplified geological map of the Beishan orogenic collage, inset figure showing a simplified tectonic map of the Central Asian

Orogenic Belt (modified after Liu and Wang, 1995; Xiao et al. , 2010b; Song et al. , 2013b)
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FAEA L) i8] 2 & B TRl AR AE SIS sl =, Bl an .
MK ~ 440Ma B3k 58 i AE K 2 (7K A 055, 2009 ) ) el
X ~436Ma B AL 4 5 (BEENE 55,2007 ) | ~ 424Ma 3k
TiJH A (Mao et al. , 2012) | ~415Ma A B4 5 A (2S04,
2009) 5 LA Je 4 B 204 1l ~ 437Ma 18 b4 5 45 (5K 08T IR 4%,
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B HE A2 B9 WOR US HIRTT REAFAE 3.4 ~3.3Ga 1Y
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Zhang et al. , 2013) . FEFCEH I 10 G 46 & 55 308
o3 R A T AR ( ~ 1. 85Ga; Zhang et al. , 2012) IRl
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LIRS I, He et al. (2010) , ¥ IEJ5 1925 R H Isoplot
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o, R EAR A SRR . CL BHG R IR I B A T 254,
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(& 4b) g MARLE SRS A RE . ST 48 R — 30, B
AT B I IR AL, o 13 AN i AL TR Ik E (&
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x1 HERZENERNERRETOUERSTTER (W% )
Table 1  Representative mineral compositions of the Qiaowan mylonitic granite (wt% )
A =t 7 15 17 5 6 14 13 1 2 11 3 4 9 10
VIR 7] Kfs Kfs Kfs Pl Pl Pl Ep Bt Bt Bt Amp Amp Amp Amp
Si0, 63.99 65.42 65.08 62.74 62.83 60.60 37.34 35.51 35.20 35.46 39.06 39.34 39.23 39.25
TiO, 0.00 0.11 2.44 2.52 2.15 0. 66 0.53 0.36 0.42
Al, 05 18.51 18.26  18.51 23.35 23.12 24.41 22.26  16.14 16. 15 16.39 13.22 13.01 14. 14 13. 80
Cr, 05 0.01 0.01 0.03 0.02 0.04 0. 06 0. 08 0.10 0. 06 0. 00 0.02 0.02
FeO 0.05 0. 04 0.02 0.04 0. 06 0.02 12.49  26.67 26.37 26.08 26.41 26.49  25.68 25.83
MnO 0.01 0.04 0.02 0.34 0.49 0.48 0. 46 0.74 0.74 0.72 0.72
NiO 0. 04 0.03 0. 00 0.03 0.02 0.01
MgO 0.01 0.03 0.02 0.01 5.24 5.13 5.48 3.84 3.63 3.65 3.72
CaO 0. 00 0.00 0. 04 4.31 4.30 5.69 23.26 0.02 0.02 10.77 10.96  10.98 11. 08
Na, O 0.72 0.74 1.01 9.01 9.08 8.20 0.04 0.13 0.17 0.13 1.10 1.22 1.20 1.18
K,0 15.88 15.65 15.36 0.07 0.13 0.14 0. 05 9.11 8.94 9.53 1.94 1.62 1.53 1.48
Total 99.17 100.11 100.10 99.58 99.59 99.14 95.95 95.81 95.06 95.78 97.07 97.57 97.51 97.48
AET 8 8 8 8 8 8 12.5 11 11 11 23 23 23 23
Si 2.98 3.01 3.00 2.78 2.79 2.71 3.00 2.79 2.79 2.79 6.16 6.21 6. 16 6.17
Ti 0. 00 0. 00 0. 00 0.00 0. 00 0.00 0.01 0.14 0.15 0.13 0.08 0. 06 0. 04 0. 05
Al 1.02 0.99 1. 00 1.22 1.21 1.29 2.11 1.50 1.51 1.52 2.46 2.42 2.62 2.56
Cr 0. 00 0.00 0. 00 0. 00 0. 00 0. 00 0.00 0. 00 0.01 0. 00 0. 00 0.00 0. 00 0.00
Fe®* 0.85 0.34 0.33 0.29 0.35
Fe** 0. 00 0.00 0. 00 0. 00 0. 00 0. 00 0.02 1.76 1.75 1.72 3.15 3.17 3.08 3.04
Mn 0. 00 0.00 0. 00 0. 00 0. 00 0. 00 0.02 0.03 0.03 0.03 0.10 0.10 0.10 0.10
Ni 0. 00 0.00 0. 00 0. 00 0. 00 0. 00 0.00 0. 00 0. 00 0. 00 0. 00 0.00 0. 00 0.00
Mg 0.00 0. 00 0. 00 0.00 0. 00 0. 00 0. 00 0.61 0.61 0. 64 0.90 0.85 0. 85 0.87
Ca 0. 00 0.00 0. 00 0.20 0.20 0.27 2.00 0. 00 0. 00 0. 00 1.82 1.85 1.85 1. 87
Na 0.07 0.07 0.09 0.78 0.78 0.71 0.01 0.02 0.03 0.02 0.34 0.37 0. 37 0.36
K 0.94 0.92 0.90 0.00 0.01 0.01 0.01 0.91 0.90 0. 96 0.39 0.33 0.31 0.30
Total 5.01 4.99 5.00 4.99 5.00 5.00 8.03 7.78 7.77 7.81 15.73  15.70  15.67 15.66
Ab 6 7 9 79 79 72 Mg/ (Mg +Fe’*) 0.22 0.21 0.22 0.22
An 0 0 0 21 21 27
Or 94 93 91 0 1 1

W Fe® * {4 H Droop (1987)

A At A1 0B W U0 2 N R A A B, ELUY A%
FRBEN A ZELEM CL B Xk (& 3a) (F4 U Y;
Rubatto and Gebauer, 2000) , 5Pl F5843 T 4% b4 4% 41 ( Hoskin
and Black, 2000; He et al. , 2013) , 3% sz B 1 85 4 3130 0] fig
52 B BEAR A aod A 8 AL AR B I 8 VA B A T, 36 PR
TR MY B 43 Pb Z 0%, TR i A0 10 AR 44— i &%
4 ARAY Th U &880 Th/'U {6, PLBCBOR B4 I 12 22 ( Wayne
and Sinha, 1988; Geisler et al. , 2007) , {H-ZH T U-Pb [G){v
RERBA T REE , WA LR IEARE 4 ] 51
JBERR A A AE TR AR

XPRES P A AT T 14 R0 HE [ R (3R 4)
Hop 13 S 0p AL T AR O ~ 433Ma 199K, oA bR
"OHE/HE HABAS 16T 0. 282078 ~ 0. 282181, AH Y £y, (1)
HHR -15.4 ~ —11. 8, AL R —13.3 £0. 7,y B 4E
W 2. 14 ~2.37Ga, 1 A4 AL T 4R I8 5058 1Y Ak 7R 55 11
¥, 0006 O HE/' T HE HoAE R 0. 282148, 8, () H A = 0.5,y
KisCAERE N 1. 87GCa,

52 SEMKENRS

S BESIRAE K 5 1 AR AL (X10-128-1) (15 GPS A2 45y
39°53.5'N,98°53. 4'E, FEF s A BEH A BB
BIE KM, 854 CL EMG 7R & 8 3 W PR 3% 311,
A CL BAES , BRI AR SRS BEHE UMY %
JGZ (Rubatto and Gebauer, 2000) . #0454 S HEEA—
MLk A, SR ASR , CL ROGHGH RS (B 3b) o

JEHEFTT 21 i U-Ph AR TR TR 43 b, b 5
AW ST AR 85 A AT . 16 DB S e A 2T S
HATRH  BASE I KA Th(63.5 x107° ~ 1145 x 107°) |
U(362 x 107™° ~ 1764 x 10™°) 4 & 1 Th/U . {H (0.08 ~
1.05) (%£2),# + o H A & 2R IR Ce IERH .
Eu 1 5% DR L E AR (32 3 8 4d) , A S
WEE A RHE . FBr 0 S R MR Lot R R 580
AR S W IR A A B ARG 06 AR IR 3 B 4 R B A 8%
F—B, HE A A RZEERE (B 4c) ,mTRES = U
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B2 BRSO dh BB SN AL GO A
(a-c) AFIEBEBCA AL PG 5 (R X10-98-2) 5 (d o) B LR BUBER A s () - IR AE R . 07 4RSS - Aln-8 %5 47 s Amp-ffi [N 7 5 B-

Zob s Ep-a 11 s Kis-H K 77 3 Qa4 PLAHK 77

Fig.2 Field and micrographic photos of the studied samples
(a-c)-Qiaowan mylonitic granite ( sample X10-98-2); (d, e)-Qiaowan granitic mylonite; (f)-photomicrograph of the Jinta syenogranite. Aln-

Allanite; Amp-amphibole; Bt-biotite; Ep-epidote; Pl-plagioclase; Kfs-K-feldspar; Qz-quartz

(a) X10-98-2
985+14Ma

406+23Ma

Y V=) B\ ~ = N

/ O/ o\ (O ) k“—ﬂp ( (.7>

O S 4 = o .
435+8Ma 466-8Ma 431Ma 431+6Ma 434+7Ma 410+40Ma

(b) X10-128-2

1540+23Ma 943+15Ma 983+16Ma

- 437+6Ma 440+6M —

431+6Ma

K3 AR CL EE
58 Bl /R AR DM, A )UK B 100 pm

Fig.3 CL images of representative zircons with circles denoting U-Pb analysis spot

433+TMa

The scale bars are 100 um
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Table 3 Zircon REE compositions of the Early Paleozoic granites from the southern Beishan ( x 10 %)

il p=ess La Ce Pr Nd Sm Eu Gd Th Dy Ho Er Tm Yb Lu
X10-98-201 7.98 0. 06 1.00 2.14 0.30 11.8 4.91 62.8 27.6 126 29.4 286 53.8
X10-98-2-03 13.7 0.75 2.65 0.29 15.8 5.97 80.2 31.3 147 31.9 297 56.0
X10-98-2-04 10. 4 0.09 1.09 2.53 0.53 15.5 5.72 73.2 27.9 129 27.7 254 48.0
X10-98-2-05 0.11 9.77 0.90 4.04 0. 47 20. 8 7.27 93.2 34.8 160 34.0 326 58.7
X10-98-2-07 0.05 10.2 0.72 2.44 0.38 16.6 5.52 74.0 30.6 135 31.5 278 54.1
X10-98-2-09 3.03 19.7 1.32 5. 80 3.88 0.35 17.9 6.33 89.3 34.4 172 39.1 369 72.2
X10-98-2-10 10.9 0.07 0.96 2.94 0.36 20.5 6.95 92.5 33.9 160 35.3 321 60.9
X10-98-2-11 9.91 1. 14 2.26 0. 47 15.1 5.31 68.3 26.2 125 29.3 248 47.6
X10-98-2-12 0.07 2.35 0. 40 0.97 0.24 7.03 2.15 30.7 11. 1 54.7 12.5 112 23.2
X10-98-2-14 9.29 1.13 1.8 0.41 12.6 5.08 64.1 24.9 109 23.9 228 42.8
X10-98-2-15 8.90 0. 68 2.62 0.44 14.7 5.71 74.7 29.9 129 27.7 263 49.6
X10-98-2-16 6.50 0.67 1.99 0.41 12.3 4.44 54.3 21.1 97.1 20.5 195 38.2
X10-98-2-17 0.28 8.78 0.14 1.15 2.15 0.24 13.1 5.43 69.7 30.2 146 32.9 321 63.6
X10-98-2-19 12.2 0. 06 0.82 2.53 0.32 14.3 5.75 74.2 30.3 135 30.4 293 57.0
X10-98-2-22 7.18 0.52 1.31 0.29 11.3 4.21 54.5 22.1  98.35 20.9 206 40.3
X10-98-2-08 32.7 83.3 10.0 50.8 13.5 0.54 23.1 5. 64 69.2 24.9 117 26.1 253 45.2
X10-98-2-02 0.71 0.27 5.39 2.59 13.1 2.78 25.6 4.61
X10-98-2-06 0.32 1.35 0.19 0.99 0.76 0.09 2.11 0.33 3.24 0. 88 3.40 0. 60 4.43 1.07
X10-98-2-18 0.07 0.07 0.56 0.43 4.09 1.33 18.9 4.99
X10-98-2-20 0.21 1.65 0.13 0.75 0.56 1.07 0.29 1.97 0.95 6.32 2.45 37.2 10.3
X10-98-2-21 0.94 15.0 0.51 3.50 2.22 0.63 9.14 1. 42 9.04 3.32 12. 1 2.31 24.7 4.90
X10-128-1-01 0.20 2.78 0.12 1.72 5.28 0.59 25.3 8.58 88.5 27.3 106 20.4 176 32.0
X10-128-1-02 236 561 34.1 120 43.4 2. 66 82.0 24.7 229 69.7 270 52.5 465 79.5
X10-128-1-04 1. 46 22.8 1. 46 9.34 9.26 1.65 33.8 10.6 110 35.9 137 26.3 224 39.9
X10-128-1-07 6. 16 24.8 4.92 25.5 14.4 1. 06 27.8 8.25 87.6 29.3 130 30.0 332 71.4
X10-128-1-08  19.7 61.3 5.88 28.3 11.9 0.71 32.5 9.15 97.1 33.8 142 28.6 264 49.2
X10-128-1-09  0.38 21.5 0. 44 5.41 9.34 0.87 38.5 12.3 135 46.8 195 40.6 358 66.9
X10-128-1-10  21.6 70.2 9.75 47.9 23.3 0.96 45.1 12.5 102 30.8 121 24.8 232 43.3
X10-128-1-11 19.1 77.1 7.50 41.2 21.8 1. 41 60. 6 17.6 178 59.2 245 48.6 448 80. 8
X10-128-1-12 0. 81 16.3 0.82 7.05 8. 16 0. 40 27.1 8. 69 91.3 32.2 132 27.7 250 48.4
X10-128-1-14  2.32 22.8 2.40 13.8 11. 1 0.83 35.2 10.2 100 31.1 120 23.9 213 38.8
X10-128-1-15 6.33 64.4 4.00 25.9 25.0 1.77 80.2 25.0 257 84.9 342 67.1 607 106
X10-128-1-16  24.4 104 16.7 88.7 50.5 3.52 82.7 23.5 204 54.0 194 36.5 321 46.7
X10-128-1-17 0. 66 7.21 0.53 2.69 3.13 0.14 19.2 8.22 88.3 25.9 93.0 16. 8 142 23.5
X10-128-1-18  2.86 65.6 2.84 18.6 20.0 1.74 55.1 15.6 142 44.5 171 32.5 278 49.7
X10-128-1-19 1. 69 23.4 2.13 11.6 11.7 0. 65 40.9 13.9 153 54.3 227 47.0 433 75.1
X10-128-1-21 10.7 113 10.2 56.2 39.0 3.25 80. 8 25.8 252 72.6 287 56.9 511 80.9
X10-128-1-03 0. 19 3.35 0.31 2.96 5.16 0.19 24.9 9.02 113 46.4 216 44.9 431 84.3
X10-128-1-05 0. 40 2.41 0.36 2.22 3.74 0.29 14.1 5.29 60. 4 23.2 101 21.2 203 39.9
X10-128-1-06  24.8 90. 1 8.57 40.5 9.76 0.59 22.5 6.95 88.8 34.3 161 35.2 346 68.3
X10-128-1-13 0. 10 1.76 0. 06 0.99 3.65 23.8 9. 66 126 50.5 230 49.0 470 87.2
X10-128-1-20 2.62 0.14 2.96 4.31 0.35 22.2 6.83 80.3 29.8 132 27.5 262 47.8

£ :X10-98-2 fieJ 5 AT MG A A ER T 515 X10-128-1 5 5 AT 9 ARR B AT AR 20 HT 5

B A IR A AAE TS B00) Pb £ 845 K (Geisler ef al. |, 2002
Xu et al. , 2012) , 13 ANREEST i B934T 257 Ph/ 28 U AL
PIAEY H7 435 +4Ma(20; MSWD =0. 81) f83£ T 481K 48
WA I EE AR . A HE R ST 45 R TR TR AZ
TLIG (2 4) , 900G " 0/ HE A&y 0. 282370 ~ 0. 282549,
FHRLEY £ (O MEHR 5.0 ~ 1.4, 3K 2.3 £ 1.0, 1, B
AN 1.32 ~1.72Ga,

5 AL TR ARG 4387 55 BA 8 1 Th/U {8 (0. 32
~0.82) , i LM 4 BB W A Ce IE 5% Eu 7 54
VLR R 1 s B MR (B 4d) 7R T BTN a8
£ ( Rubatto and Gebauer, 2000) , 4% 70 #1 45 5 934 =
16Ma ~ 1504 +23Ma( > 1. 0Ga {4 £ 5% A1™ Pb/*™ Pb 4F i,
<1.0Ga [ 47 R ™ Ph/2 U A ) o 33 26 4k 7R 5 17 (19 )
1O HE/ T HE A AS AL T 0. 282175 ~0. 282290, £y (1) {H K
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Fig.4 U-Pb concordia diagrams and chondrite-normalized REE patterns of zircon
(a, b)-Qiaowan mylonitic granite; (¢, d)-Jinta syenogranite
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Fig.5 Geochemical classification diagrams for granitiods

(a)-FeQ"/(FeO" + MgO) vs. SiO, diagram; (b)-Na,O +K,0-CaO vs. SiO, diagram. The data of Archean TTG gneisses from the Dunhuang block
are after Zhang et al. (2013) and Zong et al. (2013), adakitic granites near the Danghe Reservoir after Zhang et al. (2009 ), Neoproterozoic
granitic gneisses from the southern Beishan after Ye et al. (2013), Early Paleozoic adakites from the southern Beishan after Mao et al. (2012),
syenogranite from the southern Beishan after Zhao et al. (2007) and Li et al. (2009). The classification and the regions of Cordilleran granitoids and
Archean tonalitic gneisses are after Frost et al. (2001). ferroan-ferroan granitoids; magnesian-magnesian granitoids; a, alkalic; a-c, alkali-calcic; c-
a, calc-alkalic; ¢, calcic
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Table 4  Zircon Hf isotope compositions of the Early Paleozoic granites from the southern Beishan
Mlpsgss AFE (Ma) O HE/ T HE 20 ML THE oYL/ THE (TCHEZTTHE), ey (1) 20 tpu(Ga) itpy(Ga)
X10-98-2-01 433 0.282114 0. 000016 0. 000732 0.017517 0. 282109 -14.3 0.5 1.59 2.30
X10-98-2-03 433 0.282118 0. 000016 0. 000966 0. 025012 0.282110 -14.3 0.5 1. 60 2.30
X10-98-2-04 433 0. 282155 0. 000016 0. 000943 0. 024924 0.282148 -12.9 0.6 1.54 2.22
X10-98-2-07 433 0.282176 0. 000016 0. 000946 0. 024770 0.282168 -12.2 0.6 1.52 2.17
X10-98-2-10 433 0. 282155 0. 000018 0.001144 0. 030000 0.282146 -13.0 0.6 1.55 2.22
X10-98-2-11 433 0.282174 0. 000016 0. 000925 0. 023765 0.282167 -12.2 0.6 1.52 2.18
X10-98-2-12 433 0.282125 0. 000019 0. 000774 0. 020695 0.282119 -13.9 0.7 1.58 2.28
X10-98-2-14 433 0.282185 0. 000016 0. 000539 0.013991 0.282181 -11.8 0.6 1.49 2.14
X10-98-2-15 433 0.282135 0. 000016 0. 000742 0.019419 0. 282129 -13.6 0.6 1. 56 2.26
X10-98-2-16 433 0. 282089 0. 000018 0. 000879 0.023142 0. 282082 -15.2 0.6 1.63 2.36
X10-98-2-17 433 0.282177 0. 000015 0.001102 0. 029042 0.282168 -12.2 0.5 1.52 2.17
X10-98-2-19 433 0.282179 0. 000016 0. 000895 0. 023332 0.282171 -12.1 0.6 1.51 2.16
X10-98-2-22 433 0. 282087 0. 000016 0. 001084 0. 029235 0.282078 -15.4 0.5 1. 65 2.37
X10-98-2-08 985 0.282165 0. 000016 0. 000897 0. 024180 0.282148 -0.5 0.6 1.53 1. 87
X10-128-1-01 435 0. 282495 0. 000015 0. 000589 0. 028614 0. 282490 -0.8 0.5 1. 06 1.45
X10-128-1-02 435 0.282444 0. 000016 0. 001280 0. 062022 0.282433 -2.8 0.6 1. 15 1.58
X10-128-1-04 435 0. 282556 0. 000015 0. 000772 0. 035880 0. 282549 1.4 0.5 0.98 1.32
X10-128-1-08 435 0. 282461 0. 000014 0.001167 0.053186 0.282451 -2.1 0.5 1.12 1.54
X10-128-1-09 435 0. 282444 0. 000017 0.001543 0. 069227 0. 282431 -2.8 0.6 1.16 1.58
X10-128-1-10 435 0. 282431 0. 000020 0. 001251 0. 053633 0.282421 -3.2 0.7 1.17 1.61
X10-128-1-11 435 0. 282379 0. 000017 0.001122 0. 050544 0. 282370 -5.0 0.6 1.24 1.72
X10-128-1-12 435 0. 282462 0. 000015 0. 000844 0. 039983 0. 282455 -2.0 0.5 1.11 1.53
X10-128-1-14 435 0. 282470 0. 000015 0. 000485 0. 022421 0. 282466 -1.6 0.5 1.09 1.51
X10-128-1-15 435 0. 282487 0. 000018 0. 001461 0. 064348 0. 282475 -1.3 0.6 1.10 1.49
X10-128-1-16 435 0. 282539 0. 000027 0. 002560 0. 119535 0.282518 0.2 0.9 1. 05 1.39
X10-128-1-17 435 0. 282408 0. 000013 0. 000715 0. 032265 0. 282402 -3.9 0.5 1.18 1.65
X10-128-1-18 435 0. 282394 0. 000015 0.001024 0. 048535 0. 282386 -4.4 0.5 1.21 1. 69
X10-128-1-19 435 0. 282421 0. 000017 0. 001650 0. 073749 0. 282407 -3.7 0.6 1.20 1. 64
X10-128-1-21 435 0.282514 0. 000017 0. 002726 0. 133527 0. 282491 -0.7 0.6 1.10 1.45
X10-128-1-03 943 0. 282309 0. 000014 0. 001086 0. 049938 0. 282290 3.6 0.5 1.33 1.58
X10-128-1-05 983 0.282241 0. 000015 0. 001069 0. 048079 0. 282222 2.1 0.5 1.43 1.71
X10-128-1-06 1504 0.282215 0. 000014 0. 000864 0. 038584 0.282190 12.8 0.5 1. 46 1.43
X10-128-1-13 844 0. 282279 0. 000015 0. 001607 0.071393 0. 282253 0.0 0.5 1. 40 1.73
X10-128-1-20 934 0.282192 0. 000016 0.001013 0. 046215 0.282175 -0.7 0.6 1.50 1.85
o E O X10-98-2 ®X10-128-1 B E
a LR ERIA TR AR 8
i JblirEERERIER & L
I O smkEgsmEas| 0L
NI100 £ 20 BUBIRABERTTG 3
L= E % r
S5 L ~
g [ R 10
Ja 10 Kbk
F e[l C
- - 1F
L @ e . E )
1 E \\ H - g
E_ 0 0001 Y I T T T T T N T Y A
LaCePrNdSmEuGd Tb Dy HoEr Tm Yb Lu RbBaThUNbTa KLaCePbSr PNdSmZrHf EuTiTb Y Yb Lu

K6 HiLitREH K (a, BHOBBIAARMESE Taylor and McLennan, 1985 ) FIf it 70 2 8k M 141 (b, J5 b 02 R/ (E 4% Sun
and McDonough, 1989)

pAGiE ST

Fig. 6 Chondrite-normalized REE pattern (a, chondrite values after Taylor and McLennan, 1985) and primitive mantle-normalized

trace element diagram (b, primitive mantle values after Sun and McDonough, 1989)
The data sources are same as those of Fig. 5
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Table 5 Major (wt% ) and trace ( x 10 °) element composition of the Early Paleozoic granites from the southern Beishan

£ LI/ 2014, 30(8)

B S0,  Ti0,  ALO;  FeO'  MnO  MgO0  CaO0  Na,0  K,0  P,05  LOI  Total A/CNK Fe®
X1098-2 75.00  0.45 12.26  3.10 0.05 0.84 2.90 2. 60 2.03 0. 06 0.89 100.18 1.04  0.79
X10-128-1 73.18 0.21 13.85 1. 40 0.03 0.32 1.10 3.14 5.37 0.05 0.51 99. 16 1.07 0. 81
j=re=2 Cr Ni Ga Rb Sr Y Zr Nb Ba Hf Ta Pb Th U
X1098-2  12.1 4. 60 15.0 105 123 18.8 219 11.5 431 5.72 0. 66 15. 4 15.5 1.35
X10-128-1  5.40 1.50 21.3 302 136 22.2 163 18.6 602 5.98 1. 88 43.3 45.2 4.43
FEML S La Ce Pr Nd Sm Eu Gd Th Dy Ho Er Tm Yb Lu
X10-98-2 39.0 73.4 8.02 29.0 5.34 1. 08 4.58 0. 66 3. 66 0.68 1.90 0.26 1.79 0.27
X10-128-1  63.6 117 12.2 40.5 6.92 0.78 5.27 0. 81 4.47 0.78 2.37 0.34 2.09 0.31
1 :A/CNK = Al,0,/[ CaO + Na, O + K, 0] (mol% ) ;Fe* =FeQ'/[ FeO" + MgO]
0.2835

~0.7 ~ 12. 8, HHBLEY ty, BERAERS g 1. 43 ~ 1.85Ga(F2 4)

6 MbERAL AHFAIE

P Bt A A AE b o (RE D X10-98-2) FIg: BEHI K AL 1%
A (FERD X10-128-1) AUSRIEFE L Y T R ICR AR TT R /b
RN TR S5, I 5 R Y RGO
—IFR TS FIEE 6, Wi BEM A A AL b A A S AL
HWEA N S0, & & (73.18% ~75.00% ) F1 AL,O, & &
(12.26% ~13.85% ) . 5EHI A5 ( A/CNK) 2y 1. 04 ~ 1,07,
i B, HATRARE) Fe 45%2(0. 79 ~0. 81 ;Frost et al. ,
2001) ,7ES3 SR K% FORBE AL K Ao JF H S5 ALl B Al B oo
AL B B R A R A AR A s — IR o A 7E
FHEEHRLAE B A 1Y XA (] Sa; Frost e al. , 2001) o 3%
PAE R S T BE R A AR K E AR L, B R K, 0
Na, O & K11 CaO & &, B HA w85 836 %, 5401l
A G B Rty A AR A b 2 ) e 5 2, T O Y B A A
TERE (B Sb) .

Bl BE M A T TE B A MM R AL ] s Y B A 7 71
B 1R M 2%, R A AR A LW 4R Bu S 1
FTAC I E e Rl AR R AE R A (K 6a) o TERUE
JUR KA |, R B % Rb U K 55508, 5 it Ba,
Nb Ta Al Sr.P . Ti S0 R A4 s, BA 5L g Al & Ll
AP AL B A — i 7 A T2 3 (1 6b) o ii-E Ll R AR R ik
SO RAY B M ER L TR, I Eu 58, & SUY L E
(57 ~177) B)%F 5. (Mao et al. , 2012)

7 iR
7.1 AREREXMILULELTHTERNGL

I 3 %, TR0 Hu G R 1 p 3 A A7 A L B FE 2
R 2 A 7 Rt AR AR S R 3 . RO LB AE
B BUR Se il 19— 23, B B2 g Kt TG R bRa
AR HLSEHEE . /AR TTG IR i HE R WFFE R
FI SRR M R AT Ry A b 7 37 A oty 2 b e 7
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Fig.7  Zircon Hf isotopic evolution diagram

The Hf isotopic data of Paleoproterozoic magmatic rocks from the
Dunhuang block are after He et al. (2013), Archean TTG gneisses
from the Dunhuang block after Zhang et al. (2013) and Zong et al.
(2013 ), Neoproterozoic gneisses from the southern Beishan after
Jiang et al. (2013) and Ye et al. (2013), Early Paleozoic adakites
from the southern Beishan after Mao et al. (2012)

(Bl 73Zong et al. , 2013 ; Zhang et al. , 2013) , ZpE e B
WAEASEMDR AL R, AR TTG e i 4
FIRCRTCRFHE (& S 81 6) |, HEAHROR B 2R H T My
FEEA R Rl (KSR ,2009) .

FEAE L L vh 3z oA R s R BUA , AR
Jeiit LY B i€ a2 BRI, 70310k P A ) S A e sl FEOAR
SN (XI5 E 2, 1995 5 76 [# ) A [ 527, 1990) o e
i, Song et al. (2013a, b) XF A6 AL 52 1L 1 X JF I 1)
HIERLINCE A, il LA-ICP-MS #5467 U-Pb @ 4EIELE
ISRt A EHT, L 1L DCRA AT FE4E I 1 1 9
BZE A A o H i A R AR B eh - o ARAE B R R (s
HEPRAE 1999 s I IGg I 45, 2013 5 2 LRI A5, 20135 JefE & Rk
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RYORD) o dCILF TR G4 I 17z @ R IR 7 RS
5t LU b R 1 0 R A 1 T U A B AR — B (880
~900Ma) , [RIBTEfTEA FEA 85 A HE WAL AR (o 53
FH1.62 ~2.13Ga F11.73 ~1.90Ga) , Bk T X Pl 2 fiki
AT RE A 50— 1Y R I ST ZE R L My e - R P o, O L
FEIAL LR & AT REAAAE oy T0 oy A - rh T o A 3 52 R i
(B 75 RIS 2013 ; 2 L4 ,2013)

Wri BEM AR B o ORI 0RO HE/ T HE HEAE M 0. 282078
~0. 282181, 1, IEFUAE WA N 2. 14 ~ 2. 37Ga, 7E5% 4 HI [7 i
REACEAE L (B 7) T Sos e 5 b 1L g 58 b 56 3 1% 1
IR I A B o ER RS P Ak RS A ( ~985Ma) 14T
UGS HE/ THE B R 0. 282148, 1y, BECAERS K 1. 87Ca, Fk
LR AT T o ARAE B R BB A HE [l R ARp iR —
o WHh, BARHAE AR IR 2 T L g #58 oC b AAAE B BT
R TR E 1 e BRI AR, (R TS W AR 4% T S e
FR AT R E LIS . R, MRV R B S AR A i) 5 1 8 SR R
AL F 2 e SR M PR . X R B R T Akl p
HATREAEAE T it o AU e . A MRV AR
AAb i s 5 HE R AR 1L g FRAE < 2 B A 2L 3= 4
TR L, (5.8 6) iR T ENTHA B A KR
X, BRI YR b LU e ¥4 oy 8 b e KL IV (43 A Ha il

SRR A A BE [FAR AN R R TR KRS
A, W kG O HE T HE G AE S 0. 282370 ~ 0. 282549 | 1, 1
HARWE N 1.32 ~ 1. 72Ga, e HE [ AL R AL E g (&
7), FEAL T AL R T AT TR RR BT BR A (1 5%
FENCIE ] (HER AR S AL T 107, IF R T IERY ey (0 1H,
ZEL T AU 1L e AR5 A T B I B A HE [R] 37 R AFAE (Mao e
al. , 2012) . ULAM, K 4k 2B A (934 ~ 1504Ma) ¥4 F
At Ll R BB o b A B B bR T R 1 e BRI L, B
A 5L mgERH T b AR B A — B s A HE [ ER
HCET) o PR, S AR AE b 1 e R A2 B IR Tk
T R oy M ST I R e i, {ELAR AT BB e I SR Al
T LU ZHT B ST R B BoB 4= T s 7e 9 o Y TR

At Ly oty R Y A & VA s, e S S
He (B R R ) 19 0C F 20 L K e 1 5% Hh e il
MBI Z — . FEM S AR s Uir 8
B BR SEhr5E (2 [ R o] [ B, 1990 5 42 [ 5] 45,2003 ) 5 LA
MIRENR A A R 5, Lhmd I3 8 3 R sehiid (X5 W £ 4,
1995 s MpHEHR S, 1997 ) 5 43 A 6 B 80 1] Wy 24 DAL 9 “ Jb 1l Z%
575 BRI R R A AR AR B A 22 R, BN
[ 5 B B ) 7 (2R R, 1994 ) o IR VS BE A AR AE 1) 2 R
SYFRAE R A O T AL L LAl R R 2, an B, B
ok B b s 38 oo A-rh oo A i e 2R 0 T
T, MAER T A ZUE o R 2 K. Hitk, 58
ek AL L R B A A L b R T AR BB R RS B BSR4
— (U ,2013) A SCHE— 2P A T b Ll g A Al L
b BRI AN IR SO B 1) — B 43, 1 2 b 1L R A ST 0 A

B, B KRBT w2 o0 5 (B 12565, 1994) o (2
S, AL IRt S I e (A Bl B B2 st ) B9 1A
AELUE, AR 5 v I 3 L A ) 2% e fE i) &R L IS A 1 T
B

7.2 FLELHEBESERMERLEN

FOE P R A A R UG B AR 2N P-T-t B 45
IR T USRI T Rl AR ARG R b 0 IR AL 3
A3 (Zong et al. , 2012; He et al. , 2014 ; 32355, 2014)
PSP 75 5 R OB, W ST A A A R A
(1) + BARDHEAT + RHCAT + M + B LA + f139%, IR R
R R B AR R R R 18 (Tt a0 (8 i R H A R
FINAT IR IAIRGE ) o ARV RBALUE /R o R RRORL 5 22 101 1 I
I 72 ST P-T-0 B0 , W 3 1 e 25112 760 ~ 800°C il
14 ~ 16kbar, 547 U-Pb AR 45 75 8 He JBRORL A 04 40 728 J5
AEHE N ~431Ma, M NS AR AR BT B A ~ 403Ma, B /R T 55
18 APTIR R (£ 0. 8km/Myr) ( Zong et al. , 2012; He et al. ,
2014) o =Sl VA X A4 7 AR RS A TR i, 78 o e
W WA A AR A AR SER R (N A+ RHCA +
e = BURDEEAT) 28, TR IR B 2 630 ~670°C 5 0 9 ~
12kbar, 3t s TN EF 928 BEAEHT P-T 30, HorhiB AR B B Bt
BA TSR PR E Y RAAE (29555 ,2014)

AR SCHIFFE HIATR IS A b 5 45 15 B0 AE B 2 B TR B AR
h ~430Ma, 5 SO b bR S5 T PR A A 5 ) 04 A o 4F 1 —
., A FEBUERIAILILEEERIL 2 K E T HE R
BRI B, A S I K 5 e SR B o (5K RS
2009) 90 = M DX BR K TR s (B PR 4E, 2007 5 4 Il 4,
2009) JRiK LU (Mao et al. , 2012) , LKA IS LLH ILAE X
FEECIRHTRSF ,2008) o LUHT I, 3k LB 18 5 A I A K E
S 8 SO e b 1L e S v b SR T A T, A 1 VR
B BONE T eI B TTER . R, 25 G IR SR P R
AR A FH A TES , FATTIA D Ut H R AL 1 g 780 f)
AR ARCE SR Sl AT R A5 O b B ) b L R AR A R L R
- IR A G 7E W B 2 )5 1 )5 i B B, 1Rk
AR BT SR S BOR Bl R R 386 o RS TR | DL 2 A 1) 26
A R LS RO b e R T BB 5 LR R = 1 B T
Byo IR B LT TR AR T LR o 45 R 4R /Y
A P M, LA B F s B B BRAE A RFAE ( Bonin et al.
1998 ; Bonin, 2004 ) , ks PRI LU FE 8 A S ot A A QAR o -
B BT AT LT R % 0 A Ll LA AR R
AR T 3 LAl v G e (Al s B ) 5 18] 4 e i id
(B& UK ) R A R 45 64 3 11 5544 ( Cawood et al. , 2009) . []
A, R W] T o e S G LU A Rl R IR A SR N
R 2P G, R OB ES L ILAL A SE e (i B i) Al P
& Bffa] (Cleven et al. , 2013; Song et al. , 2013a, b; Tian et
al. , 2014)
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(1) LA-ICP-MS 43 U-Pb jEAEZ5 3R W, A 1L B FE 0 75
TE B A A K TE b B YT LT ~430Ma, HUBER L2241
Ak HE WA R A BUE R, BATH A 3R FE T A6 1L s Ay
b HE R B A M Fil , S ISR AL K 25 10 T BRI U K
A T M B DR

(2) AE 1 A BUA SR 25 S s e B gk e i 1 [R) s 2R
A, ST b B R A AR Ll M B AT R B A T e - T
WA LSS R, 175 FokE s Bk A A FE B D s SE v AL b R 7F
FE I RO A I O Hb e 1) — 543, W R B LA B 3T
W A

(3) Al g Rty AR PR SR B T g S ZUE s b
T A AR L R Y R -0 o 3 1L SR DG, 2 ) il AR B B
ARAESI Y AR LA R R A DT T R LAl
At B 5 ] 5 T o 3 T G e 1 L

Buft  RUNAEE R L TR S TR S SRR
GO A RIS B3 XA SCR Y T 0049 i A IE ORI
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