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Abstract The Shishan pluton formed at about 124Ma is the syn-tectonic granite of Early Cretaceous extension with NWW shear
sense in Yiwuliishan area. The major and trace element of the granite shows the characteristics of adakites. The high concentration of
Si0,, Al,O,, and alkaline content, and low Fe,0; and MgO concentration, indicate the magma may be come from the partial melting
of crustal rocks. In addition, the magmatic zircons have £,,(¢) values from —26.7 to —20.3 and ¢, are between 2. 0Ga and 2. 3Ga
indicate the adakitic magma was derived by partial melting of the lower part of the thickened crust of North China block. The magma
emplacement of Shishan pluton has three stages could be identified by the analyses of the deformed fabrics from wall rocks and
magmatic fabrics from the granites. The Shishan pluton shows a horizontal shape with the subrotund outcrop at major part and two
banded granitic dikes at western part, which is the result of diapirism and ballooning of magma and the stretched shear of wall rock. We
suggest that the extension at shallow crust could control the emplacement and shape of the pluton. But the partial melting of lower crust
has no direct relationship with the shallow extension, instead, the lithospheric thinning and the field of regionally extensional stress may
be the cause of partial melting.
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Simplified geological map of western Liaoning Province area (modified after Lin et al. , 2013b)
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Fig. 2 Simplified structural map of the Yiwuliishan area ( modified after Li et al. , 2012; Lin et al. , 2013b)
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Fig. 3 Macroscopic photograph (a) and microscopic photograph (b) of the samples from Shishan pluton
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Fig. 4 CL images of the selected zircons (a) and zicon U-Pb concordant diagram (b) for the Shishan pluton
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F 1 AWEEFHEA LA-ICP-MS U-Ph EFHHE
Table 1 LA-ICP-MS zircon U-Pb data of Shishan pluton
A i (Ma)
i U/Th
pb/*Ph 1o 27Ph/P U lo 209pL/2y lo pb/U e Ph/PU L o
1301-1 0.9 0.0478 0.0018 0. 1231 0. 0045 0.0186 0. 0002 118 4 119 1
1301-2 1.0 0. 0481 0. 0017 0. 1302 0. 0045 0.0195 0. 0002 124 4 124 1
1301-3 1.3 0. 0537 0.0018 0. 1481 0. 0049 0.0199 0. 0002 140 4 127 1
13014 0.9 0. 0500 0. 0024 0. 1309 0. 0059 0.0191 0. 0003 125 5 122 2
1301-5 1.0 0. 0930 0.0102 0.2703 0. 0273 0.0235 0. 0007 243 22 150 4
1301-6 0.9 0. 0550 0. 0036 0. 1791 0. 0107 0. 0242 0. 0004 167 9 154 3
1301-7 1.6 0. 0490 0.0018 0.1278 0. 0047 0.0187 0. 0002 122 4 120 1
1301-8 1.3 0. 0491 0. 0029 0. 1304 0. 0082 0.0195 0. 0003 124 7 125 2
1301-9 0.7 0. 0524 0. 0032 0. 1275 0. 0071 0.0179 0. 0003 122 6 115 2
1301-10 0.6 0. 0535 0. 0032 0. 1456 0. 0087 0.0199 0. 0003 138 8 127 2
1301-11 1.4 0. 0574 0. 0036 0. 1506 0. 0089 0. 0195 0. 0003 117 10 123 2
1301-12 1.2 0. 0498 0. 0016 0. 1352 0. 0044 0.0197 0. 0002 129 4 126 1
1301-13 1.4 0. 0483 0. 0016 0. 1326 0. 0046 0.0198 0. 0002 126 4 126 1
1301-14 1.3 0. 0487 0. 0016 0.1323 0. 0043 0.0198 0. 0002 126 4 127 1
1301-15 2.0 0. 0538 0.0033 0. 1331 0. 0076 0.0187 0. 0004 127 7 120 2
1301-16 0.9 0.0512 0. 0029 0. 1464 0. 0087 0. 0209 0. 0003 139 8 133 2
1301-17 1.1 0. 0554 0. 0038 0. 1425 0. 0092 0.0193 0. 0004 135 8 123 2
1301-18 1.1 0.0614 0. 0039 0.1624 0. 0098 0.0196 0. 0003 128 11 123 2
x2 ALEKER HIRULRIWER
Table 2 Zircon Hf isotopic data for Shishan pluton
WES  Age(Ma)  OYY'THE  VOLw/THE  VOHE/'THS eu(0)  eu(1) 20 tpw (HO) (Ma) tpyy (HE) (Ma) fru
LI30101 119 0.0336 0.0013  0.282043  0.000019 -25.8 -23.3 0.7 1714 2152 ~0.96
L1301-02 124 0. 0384 0. 0015 0.281964  0.000019 -28.6 -26.0 0.7 1834 2291 -0.96
L1301-03 127 0. 0497 0.0018 0.281991  0.000018 -27.6 -25.0 0.7 1813 2244 -0.94
L1301-04 122 0. 0472 0.0018 0.281989  0.000018 -27.7 -25.2 0.6 1815 2249 -0.95
L1301-07 120 0. 0549 0.0021 0.281978  0.000017 -28.1 -25.6 0.6 1846 2269 -0.94
L1301-08 125 0. 0494 0. 0020 0.282039  0.000023 -25.9 -23.3 0.8 1752 2160 -0.94
L1301-09 115 0. 0552 0. 0020 0.281976  0.000017 -28.2 -25.8 0.6 1843 2274 -0.94
L1301-10 127 0.0416 0.0016 0.282028  0.000022 -26.3 -23.6 0.8 1748 2176 -0.95
L1301-11 123 0.0318 0. 0012 0.282043  0.000018 -25.8 -23.2 0.6 1710 2150 -0.96
L1301-12 126 0.0148 0. 0005 0.282121  0.000018 -23.0 -20.3 0.6 1574 2009 -0.98
L1301-13 126 0. 0467 0. 0016 0.281979  0.000021 -28.0 -25.4 0.7 1821 2264 -0.95
L1301-14 127 0. 0415 0.0014 0.282014  0.000022 -26.8 -24.2 0.8 1760 2202 -0.96
L1301-15 120 0.0725 0. 0029 0.281951  0.000021 -29.0 -26.7 0.7 1924 2321 -0.91
L1301-16 133 0. 0650 0. 0024 0.282025  0.000022 -26.4 -23.7 0.8 1790 2183 -0.93
L1301-17 123 0. 0265 0. 0009 0.282050  0.000025 -25.5 -22.9 0.9 1687 2136 -0.97

TR 538 1 X

o IACT 340 124 + 1. 9Ma (& 4b, 504 L3R 1) AR A1l
AR BUE BT E] o 2 RIS A ARy 150 + 4Ma i1 154 +3Ma,
W i SRR X - R B 2R T B A ] — 3, ELAE PR IR
ARG, XA AR 1 T S A R e
FLHATE BN A WK BBk 2% 8 A TR H B 4 o 1 s ks 5
I,
4.2.2 #5 Hf Azk

B L1301 3 e 4 7 1197 HE/' HE {8 0. 281951 ~
0. 282121, () fHH - 26.7 ~ —20.3, — B BEBLR AR 1,

=1574 ~ 1924Ma, BBy B 20 AR I £y, = 2009 ~2321Ma, EL
WHE L2 2,
4.2.3 4B IFAMELEHFIE

A LA R PRSI0, E 5N 71.12% ~76.11% ,
ALO, %t 13.03% ~ 14.57% ,MgO %4 0.15% ~0.45%
4% (K,0 + Na,0) 75 & 8.42% ~ 8.74% , Na,0/K,0 i Wy
0.81 ~1.28, LiRFHIERIL A A EA WM R 5 Ry
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Fig. 5 Geochemical diagrams of the granite in Shishan area
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R B Phr (2 3L, AR AR T8 e AR B S-C. LA ) R R 4 55
AR 2 A SW TPl #S (4=NI4E, 2010, 20125 Li
et al. , 2013; Lin et al. , 2013a, b) , XLbh SR AT H
) F 2R B AR A PERSFART

WA RE A TR A AR IR S e i S i AR AR T fE I

AR TES LA P T 1 FC T AR B KT S B TR A AR B 1
BIY)H7 (E 2; Darby et al. , 2004 ; Z=R[45, 2012, 2013; Lin
et al. , 2013b) , X ZARIR B PE BT UIA 98 1 ~ Sk, J2 1 JHIAIK
T2 T AR 2 o S 7 300 i i A T 2R A 1) 7, E AR )
PESTEIAT P R B A AR 58 4 O 1) R R R TR A X
—ZIRHA IR (2RISR, 2012, 2013) o FLTURPRE T2
W NTE INTZ U M3 R RO R, T AR B U0 A
TE W 1 2 BRI BE R A (255, 2012, 2013) , B AL
AT G [l HEF KA WP B2, A ST I
LA UKL ES% B 45 5, B R AR A i = B (224
2012, 2013) . fRIRBTYIH AL NE-SW [ GE A 119 45 5, 1B
RTTUL N LB 5 ) NWW B NW iR, & )2 ik
B eSS SR BE A S-C 4144 LR [ 4 ) NW 7 8 ( Darby e
al. , 2004 ; Z=NI %%, 2013; Lin et al. , 2013b) , BIRF HE
AR iR AR T =252 1 B2 AR (R LU A P R, {ELAE 7 15 A (8]
LU DX PR R R AN AR R ATI R & B D B AR 1) NW B SE (1 az fif
LRPR, T ELA 0 (R A P AR I AR ) L S R TR T NW
] (Y G2 S (Lin er al. , 2013a) o X SLEH A BT AL 1 Ta 4l
)R AR PR % AR [ 1L DX 1) v 38 R 2R Bt — 8 R B 1Y
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Table 3

composition for the granites from Shishan pluton

Major ( wt% ) and trace ( x 107°) elements

[ R i —
mEt=

TE(w%) SRETE

s L1301 L1303 L1505 L1506 L1507 L1508
Si0, 71.12  73.48 76.11 73.16 73.03 72.55
Al O, 14.57 13.52  13.03 14.15 14.33 14.47
Fe, 05 1.75 1.34 1.31 1.45 1.36 1.77
CaO 1.48 0.97 0.79 1.16 1.23 1.35
MgO 0.45 0.26 0.15 0.26 0.25 0.36
K,0 3.69 4.51 4. 66 4.62 4.63 4.81
Na, O 4.73 3.92 3.79 4.00 4.07 3.93
TiO, 0.19 0.14 0.14 0.14 0.13 0.17
MnO 0.04 0. 04 0. 04 0. 04 0.03 0. 04
P,0s 0.07 0.037 0.02 0. 04 0. 04 0. 06
LOI 0. 63 0. 64 0.14 0.30 0.28 0.39
Total 98.72  98.86 100.18 99.32  99.38  99.90
K,0 +Na,O 8.42 8.43 8.45 8.62 8.70 8.74
A/CNK 1.01 1.03 1.02 1.03 1.03 1.02
A/NK 1.24 1.19 1.16 1.22 1.22 1.24
\Y 12. 00 7.00 7.00 11.00  11.00 14
Cr 20. 00 <10 10 10 20 20
Rb 133 191 191 181 179 164
Sr 598 250 92.2 274 290 365
Y 7.0 8.3 8.1 7.2 6.9 6.1
Zr 113 96 112 110 106 142
Nb 10. 5 11.9 12.2 10. 5 9.8 7.9
Ba 1095 576 219 772 801 1115
La 25.4 24.7 21.4 26.0 29.6 39.8
Ce 46.5 43.3 41.5 47.2 51.1 68. 1
Pr 4.95 4.49 4.24 4.50 4.97 6.52
Nd 16.0 14.5 13.6 14.4 15.9 21.2
Sm 2.43 2.26 2.34 2.27 2.45 2.67
Eu 0.53 0.36 0.32 0. 46 0.49 0.55
Gd 1.57 1.62 1.62 1.62 1.45 1.79
Th 0.23 0.23 0.23 0.25 0.24 0.25
Dy 1.20 1.33 1.37 1.41 1.21 1.18
Ho 0.23 0.26 0.25 0.24 0.24 0.21
Er 0.72 0.78 0. 88 0. 80 0.73 0.70
Tm 0.08 0.11 0.16 0.11 0.12 0.11
Yb 0. 80 0.91 1.04 0.79 0.74 0. 68
Lu 0.11 0.16 0.18 0.14 0.13 0.11
Hf 3.4 3.2 3.8 3.1 3.3 3.9
Ta 0.8 0.9 1.0 1.0 0.9 0.7
Th 6.73 8.96 16.85 10.55 11.50 11.45
U 1.07 1.83 2.22 2.15 1. 80 1.07
SREE 100.8 95.01 89.13 100.2 109.4 143.9
LREE 95.81 89.61 83.4 94.83 104.5 138.8
HREE 4.94 5.4 5.73 5.36 4. 86 5.03
LREE/HREE 19.4 16.6 14.6 17.7 21.5 27.6
(La/Yb)y 22.8 19.5 14.8 23.6 28.7 42.0
6Eu 0.78 0.55 0.48 0.70 0.73 0.72
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Fig. 9 Sketch map of Early Cretaceous magma emplacement in Yiwuliishan area
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