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LA-ICP-MS zircon U-Pb ages of Xijianquanzi alkali-rich potassium-high
granites in Beishan, Gansu Province, and their tectonic significance

ZHANG Wen, WU Tai-ran, HE Yuan-kai, FENG Ji-cheng and ZHENG Rong-guo
(Key Laboratory of Orogenic Belts and Crustal Evolution, Ministry of Education; School of Earth and Space Sciences,
Peking University, Beijing 100871, China)

Abstract: Beishan area is located in the west of Inner Mongolia and Gansu Province, which is the conjunction
zone of Tarim plate, Sino-Korea plate and Kazakhstan plate and plays an important role in the study of the Cen-
tral Asia Orogenic Belt (CAOB). The relationship of the three plates is so complicated that there exists much
controversy concerning Paleozoic tectonic evolution in this area. Granitoids, especially Late Paleozoic granitoids,
are widely distributed in Beishan area, which are of great importance in the study of Paleozoic magmatic evolu-
tion. Through analyzing the spatial and temporal distribution of the Late Paleozoic granitoids, we can find the
relationships between these granitoids and explore the crust-mantle interaction in Beishan area during Late Paleo-
zoic, which is important for determining the geotectonic evolution of this area. In the southern belt of Beishan,
the most important tectonic event in Permian is the formation of Yin’aoxia rift zone, which makes the study of
Late Paleozoic evolution more complex. The results of studying Xijianquanzi granite lying in the southern belt of
Beishan in such aspects as major elements, trace elements, REE and LA-ICP-MS zircon U-Pb geochronology
have provided new evidence for regional tectonics. The LA-ICP-MS zircon U-Pb age of Xijianquanzi granite is
266.1*2.2 Ma, and the Hf modal ages are 746 ~871 Ma. eHf(t) values are +1.3~ + 4.7 with an average
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of +2.7, which implies the mixture of crustal and mantle-derived magmas. This feature coincides with that of
other areas in the Central Asia Orogenic Belt (CAOB). Therefore, the granites in the belt may have similar
magma sources. The granitic body mainly consists of monzonitic granites which belong to alkaline series with
high content of Si0,(74.33% ~76.67% ), Na,O+ K,O (9.26% ~9.57%, NK/A=0.9~1.08) and K,O
(Na,0O/K,0<1) . In addition, chondrite-normalized REE patterns and primitive mantle normalized geochemi-
cal patterns of all samples are approximately parallel to each other, which shows that they evolved from the same
magma source. Chondrite-normalized REE patterns of the intrusive body are of “V” types and show enrichment
of light rare earth elements (LREE) with low ratio of (La/Yb)n(3.18~5.29) and negative Eu anomalies (6Eu
=0.10~0.16). Except for Eu, the abundance of rare earth elements are demonstrably over 10 times that of
chondrite. Depletion of Nb, Ba, Sr, Ti, P and enrichment of Rb, Th, K can be seen in the spidergram. Based
on regional geological and geochemical characteristics, the authors have reached the conclusion that the Xijian-
quanzi intrusive body is an alkali-rich potassium-high granite which is a mixed product of crustal and mantle-de-
rived magmas and was formed at the stage of rifting in the post-collisional extensional period, affected greatly by
Yin’aoxia rift zone. This implies that the area entered into the stage of rifting in Middle Permian.

Key words: Beishan; alkali-rich potassium-high granites; rifting; zircon U-Pb age; Hf isotope
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Fig. 1 Geological sketch map of Xijianquanzi granite in Beishan modified from 1:50 000 Geological Map of Xijianquan Sheet®
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Andersen 2002 27Pb 2°ph 27ph Py 2%pp P8y
2 NIST 208py, 2327,
SRM 610 Si U Th Pb Pb Pb
91500 Stacey ~ Kramers 1975 Pb
Yuan et al. Pb
2004 Isoplot ver 3.23
GLITTER ver 4.0 Macquarie University 1o 1
1 BS07-35 LA-ICP-MS U-Pb
Table 1 LA-ICP-MS U-Pb dating data of granite BS07-35 in northern Xijianquanzi
wp 10 6 232Th 2[)7Pb 235U 206Pb 238U 2[]7Pb 235U 206Pb 238U
22Th 28y =8y 1o lo t Ma 1o t Ma lo
121-01 481.98 345.61 1.395 0.3279 0.0270 0.0423 0.0013 288 21 267 8
121-02 251.98 688.61 0.366 0.3245 0.0057 0.042 2 0.000 4 285 266 3
121-03 602.31 1477.34 0.408 0.300 4 0.0069 0.0417 0.000 4 267 263 2
121-04 100.07 178.38 0.561 0.3387 0.0105 0.0436 0.000 6 296 275 4
121-05 12212.35 4956.28 2.464 1.086 3 0.062 4 0.0274 0.000 6 747 30 174 4
121-06 114.72 291.58 0.393 0.3000 0.0109 0.0421 0.000 5 266 9 266 3
121-07 162 708.45 0.229 0.3107 0.0131 0.0423 0.000 7 275 10 267 4
121-08 222 645.38 0.344 0.3410 0.0054 0.0449 0.000 4 298 4 283 3
121-09 12967.79 13218.17  0.981 0.7610 0.0359 0.0324 0.0005 575 21 206 3
121-10 7562.37 4281.57 1.766 1.003 3 0.009 4 0.0416 0.000 4 705 5 263 3
121-11 298.71 305.9 0.976 0.3250 0.0307 0.042 1 0.001 4 286 24 266 9
121-12 985.58 1920 0.513 0.4219 0.0106 0.040 0 0.000 4 357 8 253 3
121-13 840.02 1476.44 0.569 0.3230 0.0162 0.0426 0.000 8 284 12 269 5
121-14 136.87 276.01 0.496 0.346 2 0.0245 0.0458 0.0012 302 18 289 7
121-15 1639.29 1304.84 1.256 0.5907 0.020 1 0.040 6 0.000 5 471 13 256 3
121-16 353.51 326.57 1.082 0.2990 0.0316 0.0415 0.0015 266 25 262 9
121-17 155.49 443 0.351 0.396 1 0.058 4 0.040 3 0.0017 339 42 254 11
121-18 374.35 464.05 0.807 0.3032 0.0152 0.0388 0.000 8 269 12 245 5
121-19 100.57 384.93 0.261 0.3255 0.050 1 0.0430 0.002 3 286 38 271 14
121-20 661.7 1757.87 0.376 0.3289 0.004 7 0.0423 0.000 4 289 4 267 3
20 20 11 206pp 28y
2066.1 £ 2.2 Ma 95% conf.
MSWD=0.82 1c 3
2
1 121-05 121-09 121-10 121-12 121-15
121-17 110 3.1
14 U Th
178.38 <10 °~1757.87x10 ¢ 100.07x10 *~ 2 SiO,% 74.33% ~76.67% AlLO;
840.02x 10°® Th U 0.1 0.229 ~ 11.66% —14.02% A NCK=0.88~1.08
1.395 Th U 4 NaO
Claesson et al. 2000 Belousova et +K,O 9.46% Na,0O=3.69% ~
al. 2002 14 4.49% K,O=4.83% ~5.57% NaO K,0<'1
245+5~289+7 Ma 3 NK A=0.90~1.08 0.9 Si0, - AR
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Fig. 2 Characteristics and dating spots of zircons from Xijianquanzi granite
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2 Wg 0/0 1000
wg 107°
Table 2  Analytical results of major elements wg % and
trace elements wy 10”° in Xijianquanzi granite
BS07-36  BS07-37 BS07-38  AB09-104 AB09-105 ul“’; 100
SiO, 74.35 74.91 74.33 74.71 76.67 E
AlLOs 13.27 13.18 14.02 13.40 11.66 4@
TFe, O3 0.71 0.71 0.59 0.30 0.73 5
Ca0 0.77 0.82 0.25 0.78 0.63 o 10F
MgO 0.31 0.26 0.68 0.50 0.03
K,O 5.67 4.83 5.55 5.57 5.27
Na,O 3.92 4.49 4.07 3.69 4.22
MnO 0.041 0.039 0.021 0.040 0.031 — )
TiO, 0.054 0.049 0.043 0.042 0.059 La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
P,0s 0.011 0.009 0.001 0.013 0.009
LOI 0.85 0.67 0.41 0.91 0.63 6
Total 99.96 99.97 99.96 99.96 99.94
AR 3.5 459 3.66  3.17  5.38 Sun & McDonough 1989
NK A 0.95 0.96 0.91 0.90 1.08 Fig. 6 Chondrite-normalized REE patterns
A NCK 1.00 0.99 1.08 1.05 0.88 normalized values after Sun & McDonough 1989
Mg* 46 42 69 77 7
Rb 223.7 185.9 226.8 230.5 165.3
Ba 156.7  198.7  133.5  161.5  152.4 0Eu =0.10~0.16
Th 28.93 23.04 26.01 23.55 21.59
U 1.87 1.63 1.72 2.10 1.61
Nb 10.36 13.90 10.72 10.50 7.49 Vv
Ta 1.088 0.974 0.455 0.987 0.431 7
Pb 22.77 26.63 3.58 18.72 17.44
Sr 30.8 37.7 56.7 28.4 37.5
Zr 106.8  102.2  106.0  101.4  94.1 Nb Ba Sr Ti P
Hf 5.234 5.283 5.153 5.242 4.805
Li 9.079 7.975 9.332 6.905 5.462 Rb Th K Nb
Be 2.357  2.581 1,912 2,806 2.059 Brown et al.
Sc 4.51 5.07 5.05 5.35 4.67 .
v 4.73 40.55 4.40 5.29 7.50 2003 Sr = Yb
Co 4.36 57.77 4.21 3.48 3.39 2006a 2006b Sr Y
Ga 15.61 17.06 15.20 15.81 13.31 ~
Cs 156.7  198.7  133.5  161.5  152.4 2006a 2006b 2008 St Yb
La 35.10 32.33 33.27 33.24 31.59
Ce 78.83 71.89 71.45 71.73 73.11
Pr 8.817 7.889 8.561 8.602 8.053
Nd 34.39  30.44  37.27  35.16  32.52 1000
Sm 7.564 6.546 7.557 8.835 6.461
Eu 0.346  0.340  0.271  0.324  0.307 100 b
Gd 8.044 6.866 7.713 10.27 6.514
Th 1.288 1.074 1.169 1.774 0.996 b
Dy 8.16 6.62 7.00 11.3 6.11 ﬁ 10
Ho 1.703 1.350 1.357 2.295 1.228 }E
Er 5.259 4.186 4.067 6.856 3.725 E 1k
Tm 0.797 0.642 0.601 1.012 0.562 3
Yb 5.427 4.490 4.067 . 766 3.882
Lu 0.815 0.679 0.603 0.988 0.584 0.1F
Y 48.78 38.90 38.29 65.46 37.56
REE  196.54  175.34  184.95 199.17  175.64 N
LREE 165.05 149.44 158.38 157.89 152.04 ' Rb Th Nb K Ce P Sm_ Hf Y Lu
HREE ~ 31.49  25.90  26.57  41.28  23.60 Ba U Ta la St Nd Zr T YD
LREE HREE 5.24 5.77 5.96 3.83 6.44
La Yby 4.18 4.66 5.29 3.18 5.27 7
O0Eu 0.14 0.16 0.11 0.10 0.15 Sun & McDonough 1989
10000 Ga Al 2.22 2:45 2.05 2.23 2.18(1)iu: Fig. 7 Trace element spider diagram normalized values

Eux SmuX Gy 1 after Sun & McDonough 1989



LA-ICP-MS 725
Rb-Y+Nb 193 nm Nepture
8 LA-MC-ICP MS
63 pm 26 s
1995 6 Hz 100 m]
9 91500 Wu
2006 3 10
T6Hf "THf=0.282 643 ~0.282
1000 731 eHf t = +1.3~+4.7 +2.7
Hf 746~871 Ma
. 100 5
2
ol CaO MgO
PIIn) \Y4 A
ik 10 000 Ga Al=2.05~
2.45 Whalen 1987 A IS
3 5 100 100 A
w(Y+Nb) 10
A
8 Rb-Y+Nb Pearce 1996
Fig. 8 Diagram of Rb— Y+ Nb after Pearce 1996 266.1+2.2
Ma
100 —=—BS07-36
s 1990a 1995 2003
——AB09-104 2005
——AB09-105
10} ---a-- Vedrette di Ries 1990a
T duenat 2006 2006
---a--- Novate
--x--- Oman
1 !
.‘:':'.‘;: o .. . 1990a 1999 2002
D S 2002
01 o SR
KO Rb Ba Th Ta Nb Ce Hf Zr Sm Y Yb
1990a 2006 2006
9 Pearce
Pearce 1984
Fig. 9 Ocean ridge granite ORG normalized geochemical
patterns for samples and representative post-collision granites
representative post-collision granites data and normalized
values after Pearce 1984
2002
Hf 266.1+2.2 Ma

CL Hf 1995

ECG



726 29
3 LA-MC-ICPMS Hf
Table 3  Zircon Hf isotopic compositions of Xijianquanzi granite in Beishan area

76y THE oL THE VHf 7HE,  V°HT 77HI 26 eHf 0 eHf ¢ ¢pv Ma  flim
121-01 0.041 551 0.001 625 0.282 676 0.282 669 0.000 020 -3.4 1.5 830 -0.95
121-02 0.032 579 0.001 300 0.282 689 0.282 684 0.000 014 -2.9 2.2 804 -0.96
121-03 0.047 961 0.001 880 0.282 652 0.282 643 0.000 015 —4.2 1.3 871 —0.94
121-04 0.031016 0.001 235 0.282 664 0.282 658 0.000 018 -3.8 2.1 838 -0.96
121-05 0.121 574 0.004 165 0.282 711 0.282 698 0.000 015 -2.1 1.0 837 -0.87
121-06 0.051 875 0.002 045 0.282 741 0.282 731 0.000 019 -1.1 4.2 746 —0.94
121-07 0.035 121 0.001 381 0.282 690 0.282 682 0.000 020 -2.9 2.9 806 -0.96
121-08 0.023 572 0.000 946 0.282 675 0.282 670 0.000 014 -3.4 2.7 817 -0.97
121-09 0.208 912 0.007 764 0.282 745 0.282 720 0.000 012 -1.0 1.9 878 -0.77
121-10 0.084 654 0.003 032 0.282 701 0.282 688 0.000 015 -2.5 2.0 826 -0.91
121-11 0.036 926 0.001 399 0.282 672 0.282 665 0.000 015 -3.5 2.2 832 -0.96
121-12 0.056 114 0.002 094 0.282704 0.282 695 0.000 012 -2.4 2.3 800 -0.94
121-13 0.047 677 0.001 803 0.282 701 0.282 692 0.000018 -2.5 3.0 799 -0.95
121-14 0.035 607 0.001 380 0.282 710 0.282 703 0.000 020 —-2.2 3.8 777 —0.96
121-15 0.112 262 0.003 461 0.282 743 0.282 724 0.000 020 -1.0 4.7 773 -0.90
121-16 0.032 357 0.001 249 0.282 685 0.282 679 0.000 017 -3.1 2.4 809 -0.96
121-17 0.106 319 0.003 268 0.282 722 0.282 706 0.000 020 -1.8 3.5 799 -0.90
121-18 0.068 804 0.002 441 0.282 726 0.282 715 0.000 017 1.6 3.3 776 -0.93
121-19 0.032 454 0.001 281 0.282 710 0.282 704 0.000 021 -2.2 3.3 774 -0.96
121-20 0.068 628 0.002 496 0.282 718 (0.282 705 0.000 017 -1.9 3.4 789 -0.92

Hf 0 Lu A=1.865x 1071 0Ly THE=0.033 2 TOHf YTHI=0.282 772

Blichert-Toft and Alberade 1997

7Ly "THf=0.038 4

Lo v —0.34 Amelin et al. 2000  —0.72 Vervoort ¢t al .
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Fig. 10 In-situ zircon Hf isotopic data of Xijianquanzi granite

eHf ¢ =

OHf Y7Hf = 0.283 25 Griffin er al. 2000
1996
+1.3~+4.7 +2.7
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Nb Ta Ti
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2007 Mg
281.7£2.9Ma eHf t = +4.4~+7.8

281.7+2.9 Ma
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