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Abstract The Shizuizi A-type granite is found in the southern part of Helan aulacogen, western margin of the North China Craton
and mainly consist of K-feldspar granite porphyry. The granite is characterized by high silicon and rich potassium, including Na,O +
K, O average 7. 61% ,K,0/Na, 0 =2.17 ~7.39,A1,0, =10.59% ~11.84% ,and its A/CNK =0.86 ~ 1. 11 (1. 01 on average) , and
thus is belong to subalkaline metaluminous to weakly prealuminous series, identified as A-type granite. The abundance of Y REE is
high, ranging from 340. 4 x 10 ° t0 468.9 x 10 °. The granite show a LREE enrichment pattern and obviously intermediate negative
Eu anomalies. The trace element geochemistry is characterized evidently by negative anomaly of high strength field elements Ta, Nb,
Ti, etc. and positively Rb, Ba, Th, etc. , and shows the characteristics of post-orogenic granite. The LA-ICP-MS zircon U-Pb age is
1803 +15Ma, which indicates that the Helan aulacogen is formed during Late Paleoprotozoic, and is related to the break-up of the
North China Craton from the Columbia supercontinent during the end of Late Paleoprotozoic period.
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Table 1

compositions of the Shizuizi granites

Major element (wt% ) and trace element ( x 10°°)

Sample jy-01 jy-02 jy03 jy-04 jy06 jy07 jy08 jy-12

Si0, 74.49 73.42 72.83 73.83 72.72 72.28 76.65 76.69
TiO, 0.44 0.44 0.51 0.41 0.48 0.46 0.37 0.35

ALO; 11.22 11.15 11.84 11.29 10.96 10.78 10.59 10.59
Fe,O; 4.08 4.67 4.54 4.26 4.77 4.84 3.56 2.55
MnO 0.02 0.03 0.02 0.02 0.02 0.02 0.01 0.03
MgO 0.59 0.59 0.57 0.56 0.41 0.42 0.19 0.16
CaO 0.50 1.33 0.93 0.56 1.75 1.53 0.17 0.84
Na,O 1.89 1.84 1.90 2.19 2.38 1.87 0.95 1.14
K,0 568 506 59 538 517 577 7.02 6.77
P,Os 0.08 0.07 0.09 0.07 0.08 0.08 0.06 0.05
Lor 1.02 0.87 0.92 0.92 1.37 1.47 0.38 0.77

La 95.4 73.3 91.7 103.5 76.3 71.5 79.5 76.3
Ce 193.0 139.9 202.5 182.8 150.3 134.3 151.3 148.2
Pr 22,3 16.62 20.77 22.13 17.60 15.52 17.57 16.94
Nd 90.6 68.6 84.0 89.3 71.4 64.8 70.6 68.6
Sm 14.94 12.72 14.63 15.96 12.95 11.73 13.07 12.31
Eu 1.93 1.43 1.78 1.8 1.58 1.48 1.27 1.21
Gd 14.6 11.81 13.89 13.99 12.68 11.05 12.32 11.68
Th 2.140 1.93 2.08 2.13 2.03 1.8 1.8 1.87
Dy 13.5 12.14 13.27 12.38 13.10 11.33 12.18 11.23
Ho 2.66 2.34 2.56 235 247 217 225 221
Er 7.44 6.78 8.03 6.62 6.98 6.35 6.84 6.22
Tm 1.26 1.17 1.39 1.09 1.23 1.08 1.16 1.03
Yb 7.63 7.07 859 6.56 7.30 6.39 7.19 5.96
Lu 1.08 0.98 1.21 0.95 1.07 0.91 0.93 0.82
Ba 1297 1272 1447 1293 1023 1037 1744 1558
Sr 54.30 125.4 75.99 53.87 98.96 96.96 50.26 61.13

Ga 17.4 18.88 21.99 19.20 16.40 14.38 16.97 14.94
Pb 563 4.34 545 4.14 537 498 9.15 12.05
Rb  124.0 119.7 132.4 124.9 100.4 97.61 176.5 162.8

Th 150 13.9 16.3 13.4 14.4 13.3 15.4 14.2
U 2.31 2.37 2.66 221 23 239 1.93 209
Zr 463 420 4940 409 426 380 407 382

Nb 17.6 16.26 19.57 15.66 17.41 15.44 14.98 14.50
Hf 12.9 11.79 13.65 11.52 12.33 11.48 12.41 11.78
Ta 0.99 0.97 1.09 0.95 0.99 0.85 0.91 0.86
Y 59.0 51.7 51.1 49.4 55.1 49.8 54.3 48.9
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Fig.2 A/NK-A/CNK diagram of the Jingyuan granites
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Chondrite-normalized REE distribution patterns and primitive mantle-normalized spidergrams of Jingyuan granite samples
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®2 ZFEEREHEA LA-ICPMS U-Pb EEHIE
Table 2 The LA-ICP-MS zircon U-Pb isotopic data of the Shizuizi granite
TERAR(x107°) [AALR L fE BAF- % (Ma)
] i - U/Th 207 py, /206 py, 207 py, /235 206 py, /238 W pp,/06p,  W7py, 25 W6py 28
v th tlo tlo +lo +lo tlo +lo
01 53.8 40.6 1.32 0.1161 £0.0024  4.5836 +0.0882  0.2864 +0. 0027 1897 +37 1746 +16 1623 +14
02 61.6 53.8 1.15 0.1077 £0.0022  4.6343 +0.0874  0.3122 +0. 0029 1760 +37 1756 +16 1751 =14
04 145.6 125.1 1.16 0.1146 £0.0025  4.8177 £0.0977  0.3050 +0. 0031 1873 +39 1788 +17 1716 =16
05 58.8 45.6 1.29 0.1246 £0.0032  4.8457 £0.1199  0.2821 +0. 0035 2023 £45 1793 +21 1602 +17
06 70.9 59.3 1.20 0.1113 £0.0023  4.8523 +0. 0931 0.3163 +0. 0031 1820 +37 1794 £16 1772 £15
07 203.0 183.8 1.10 0.1136 £0.0013  4.9024 +0. 0369  0.3130 £0. 0016 1858 +21 1803 £6 1755 +8
08 91.2 85.6 1.07 0.1114 £0.0018  4.3677 £0.0599  0.2842 +0. 0021 1823 +29 1706 =11 1613 =10
09 75.7 62.1 1.22 0. 1141 +0. 0021 4.3879 £0.0717  0.2788 +0. 0023 1866 +33 1710 +14 1585 +12
10 398.7 371.4 1.07 0.1087 £0.0014  4.1541 £0.0357  0.2772 £0. 0015 1778 +23 1665 +7 1577 +8
11 131.2 117.9 1.11 0.1098 £0.0015  4.6674 +0. 0480  0.3084 +0.0019 1795 £25 1761 £9 1733 +9
12 227.2 218. 1 1.04 0.1106 £0.0014  4.6548 £0.0414  0.3053 +0. 0017 1809 +23 1759 7 1718 +9
13 42.0 24.5 1.71 0.1116 £0.0029  4.4898 +0. 1103 0.2918 +0. 0034 1826 +46 1729 +20 1651 £17
14 57.5 42.4 1.36 0.1116 £0.0026  4.4790 +0. 0964  0.2910 +0. 0030 1826 +41 1727 +18 1647 +15
15 78.7 58.0 1.36 0.1106 £0.0019  4.7091 £0. 0706 0. 3089 +0. 0024 1809 +31 1769 +13 1735 £12
16 128. 8 107. 1 1.20 0.1083 £0.0014  4.8374 £0.0443  0.3239 +0.0018 1772 £23 1791 +8 1809 +9
17 154. 4 142.7 1.08 0.1082 £0.0017  4.1294 +0. 0533 0.2767 +0. 0019 1770 +28 1660 + 11 1575 £ 10
18 88.0 70.6 1.25 0.1099 +£0.0017  4.7691 £0. 0600  0.3147 £0. 0022 1798 +28 1780 =11 1764 +11
19 345.2 89.0 3.88 0.1214 0. 0015 5.2297 £0.0459  0.3125 +0. 0018 1977 +22 1858 +7 1753 £9
20 453.0 162. 8 2.78 0.1218 £0.0016  5.6406 £0.0568  0.3360 +0. 0021 1982 +24 1922 +9 1867 +10
21 194.7 178. 6 1.09 0.1096 £0.0014  4.7178 +£0. 0450  0.3123 +0. 0018 1792 +24 1770 8 1752 +9
22 73.6 59.6 1.23 0.1207 £0.0035  4.0854 +0. 1131 0. 2455 +0. 0032 1967 +51 1651 +23 1415 +17
23 131.3 106.9 1.23 0.1082 £0.0018  4.3418 £0.0609  0.2910 +0. 0022 1770 +30 1701 =12 1646 =11
24 122.5 91.3 1.34 0.1090 £0.0014  4.6932 +£0.0457  0.3123 0. 0019 1783 +24 1766 +8 1752 +9
25 117.7 108. 3 1.09 0.1116 £0.0019  4.3368 +0. 0625 0.2818 +0. 0021 1826 +30 1700 =12 1600 =11
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Fig.5 Discriminant diagram of A-type granitoid ( after Whalen et al. ,
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IS ,2009) , Y-Nb-Ce Fil Y-Nb-3Ga 46 4 225 50 5 51 [

1987)

(B 6) #RIA A, BUERKATIRE, BIEAER A Rb/Sr
FOFHE AL 0. 95 ~2. 66, -4y 1. 94, i 5 T J5TA M b - 4
H(0.03) , YLHA 7 K AL R 5 . La/Nb Ay 4.38 ~6.61,
FCIE R T 1, 5 Mg R 5 (1) 52 2 5 B 2 ( DePaolo and Daley,
2000) , Th/U L {H (6. 56 ~7.95) -1 6.37, 4% 1F F Hu 55 (i
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Fig. 6 Discrimination diagrams of the Jingyuan A-type granitoid (after Eby, 1992)
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2010; 54 HE55 2011 ) , A BITE i & 1 TE 15 i 7 19 s K AR
A, KT Re R IR TP 1 Ffi- Rl il 48 5 & 90 AR
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FEPY L R B 5 (R AT S I BR 76 Rb-Y I Nb-Y B3 531 151
b REAh SRR AR N S RS N, TE R, R, A 3E PR
B b B S A TE 1L G X (R ) x> H e &
WXV IT il BRI (B 535, 2011) (g iy ool AR
A B4 5 (Zhao and Zhou,2009) | E. B B B oo/ A
TURERG 7 (AR PRAR,2008) LUK B 5 2 b il il ST iy AR AE 1 o
(IkTTA: 55,2004 ) FRAEE AL, SRR B T i L0 5 46 1
ERE

TEAEAL se bl i AL 2 DURRRL A A L% 3R A& L RLE
<0 A R P 3 L T J0E T[] — I 30 ( S A0 452 , 2002,
Zhao et al. ,2005 ;8% [E 4 ,2009 ; 4 K 7T 45,2007 ) , 4L EE
BRIV A B I 4 A 3 L A, b 2R 08 G BB 1 A )
JEFUR I LR BRARAE B (T HE£0455,2005 5 £ it 5% 45,2007 ;
farithF-45,2007 ; 5 14 58 55, 20105 If 7 55, 2011 ) 55 1.9 ~
1. 8Ga 137 AMEAZ S5t o 4 [RIRE 4 75 1 ol ooy A 0T 1) 3 1

R s AL O P AR B 22 1l BT M IX )2 R AL X
ARG R A (BOTAESE 2009 5 J8 353045, 20105 1 5
85,2011) 3878 1SRk 22 i B 55 B L st e iy 5 e Bty
Jutr R Ds TR AU LA A, S0 R T AR b se b R 2
ooy AR L F E AR T AR DM AR (28 B I A
2007) o X TRt s oo AU S 5 R S5 )
RIAHIE AT N A KR RNERE AL il b & M RHC S
WAL B ARG LA R L& (B E RS, 2005) | 50 30
Dty AU I AE b o 4 5 (BKOG AR 2, 20045 47 % 55
2007) At s ol B B BUA B i (B4R R 4F,2007 ) AR
A i 3 e 2 B 1 ) R R K L AR L R AE B 4
& (RIS, 2008 ; 40 254655, 2009 ; 8 f5F1) 45,2010 ) #R K W]
G AU BBl T 2 550 DX (B3R 85 JE A T A
ACTERE B Z AT FFUN RS AHE LA Rl 2R AT
SRR BRAE L [ A S AR B H AT b s i %0 g
PER A S Ie IR 2 A b T S s L, A5 22
PRI AN BA S AR A 22 ib gl . AT E iR id, B 22 4L
BRAEXICEH AL A B UG 1 2 A Ak, 78
G A TR B A S P 3t 52 A Rl Dl T B 2 e g 1
A RHT SR, B 22/ ALt DX X D 38 B W%k
A MRS T 5 Al AR X LE i I0RR P 81 LR L 1
EIREUE I T QRN A BIFE R & ) A B B
A IR BRI 1A A A S AR

7 g

(1) Ki# i) 55 41 LA-ICP-MS U-Pb A% 3R B4R I8 5g 41738
VUGN 22 i AT i B IR AE 1 % R AF 1% O 1803 + 15Ma, J&
PR AMITE =R 1TF:

(2) HUERAE AR AE AT TSR IR IRAE A A, BUAE R
e e G AR IR fof R T M S
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