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Identification of the Early Devonian Shuangfengshan A-type granites
in Liuyuan area of Beishan and its implications to tectonic evolution

LI Shan, WANG Tao, TONG Ying, HONG Da-wei and OUYANG Zhi-xia
(Institute of Geology, Chinese Academy of Geological Sciences, Beijing 100037, China)

Abstract: Lots of early-middle Paleozoic granitoids occur in Liuyuan area of Beishan. The Shuangfengshan
granitic pluton in Liuyuan is characterized by high Si, alkali (AR=3.99~5.05, NK/A>0.85), FeO'/MgO
and 10 000 X Ga/Al values, and low ALO;, CaO and MgO content, showing metaluminous and alkali features.
The granites show high REE, slight richness of LREE, a weak fractionation between LREE and HREE, and an
evidently negative Eu anomaly. They are enriched in Rb, Th, Zr and Hf, strongly depleted in Ba, Sr, P, Eu
and Ti, and slightly depleted in Ta and Nb. These rocks also have high Rb/Nb and Y/Nb ratios, implying the
aluminous Ay-type granite. The LA-ICP-MS zircon U-Pb dating yielded a *°Pb/**U age of 415+ 3 Ma(MSWD
=1.5), considered to be the emplacement age of the Shuangfengshan granitic pluton. All these geochemical fea-
tures indicate that these granites probably resulted from the earlier calc-alkaline granitic magmas which might crystallized
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from differentiation of granodioritic magmas formed by partial melting of continental crust (oceanic crust and
island arc) due to the underplating of the mantle-derived magma. Based on characteristics of outcrops, chronolo-
gy, geochemistry and geological setting, the authors hold that the Shuangfengshan granitic pluton might be a
post-orogenic or late stage orogenic pluton. The Early Devonian Shuangfengshan A-type granite is the oldest A-
type granitic pluton ever found in Beishan, which provides important information for the researches on magmatic
and tectonic evolution.

Key words: A-type granite; zircon U-Pb dating; geochemistry; Shuangfengshan; Liuyuan areas of Beishan
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Table 2 Major element wy % and trace element wy 10~° compositions of the granites from the Shuangfengshan

B70822-8 B80624-7.1 B80624-8 B80624-9.1 B80624-9.2 B80624-11.3
SiO, 76.71 75.05 73.33 73.63 74.67 74.23
TiO, 0.15 0.11 0.30 0.26 0.17 0.24
ALO; 11.64 12.45 12.71 12.66 12.51 12.49
Fe,O;5 0.44 0.50 0.98 0.69 0.56 0.97
FeO 0.94 0.83 1.58 1.33 1.01 1.01
MnO 0.02 0.02 0.05 0.05 0.03 0.04
MgO 0.14 0.10 0.35 0.33 0.18 0.26
CaO 0.59 0.81 0.80 1.06 0.56 1.03
Na,O 3.50 4.17 4.14 3.79 3.83 3.46
K,O 4.66 4.70 4.32 5.00 4.90 4.64
2,05 0.07 0.09 0.06 0.08 0.04 0.06
Los 0.41 0.84 1.09 0.80 0.71 0.93
Total 99.25 99.65 99.71 99.69 99.18 99.37
A NK 1.08 1.04 1.11 1.09 1.08 1.17
A CNK 0.98 0.93 0.98 0.93 0.99 0.99
AR 3.67 4.40 4.17 3.47 3.83 3.10
FeO! MgO 9.78 12.78 6.95 5.88 8.43 7.15
La 49.81 34.37 65.10 62.94 42.64 45.75
Ce 98.00 76.66 136.67 127.05 88.97 92.49
Pr 11.12 9.05 15.19 13.74 10.11 10.50
Nd 39.81 32.78 55.62 48.87 36.50 38.47
Sm 8.55 7.54 11.65 9.55 8.02 8.10
Eu 0.33 0.30 0.86 0.79 0.46 0.73
Gd §.39 7.86 11.73 9.36 8.45 8.30
Tb 1.51 1.45 1.92 1.51 1.45 1.35
Dy 9.53 9.91 12.25 9.51 9.89 8.95
Ho 2.09 2.23 2.55 2.00 2.17 1.87
Er 6.53 7.21 7.72 6.00 6.91 5.75
Tm 1.03 1.19 1.17 0.92 1.08 0.87
Yb 6.57 7.99 7.48 5.78 7.09 5.60
Lu 0.95 1.24 1.16 0.90 1.09 0.87
Y 61.87 66.76 71.73 55.58 64.24 53.12
Rb 244.13 300.83 185.48 215.02 257.73 216.10
Sr 26.65 25.63 57.11 81.00 32.23 60.50
Zr 267.07 201.39 395.57 304.41 235.50 294.99
Nb 22.56 25.46 26.17 20.55 20.60 19.99
Ba 161.61 114.08 360.37 404.90 189.75 319.10
Hf 6.61 6.95 9.67 7.30 6.61 7.24
Ta 1.65 2.00 2.00 1.68 1.85 1.64
Pb 17.11 27.91 21.83 21.79 28.32 22.83
Th 32.01 51.57 36.84 26.08 35.52 31.78
U 2.95 3.60 2.56 2.50 6.43 3.03
SREE 244.21 199.77 331.07 298.90 224.83 229.60
La Yb y 5.44 3.09 6.24 7.81 4.31 5.86
La Sm y 3.76 2.94 3.61 4.25 3.43 3.65
Gd Yb y 1.06 0.81 1.30 1.34 0.99 1.22
oEu 0.12 0.12 0.22 0.25 0.17 0.27
10 000 Ga Al 3.35 3.87 3.74 3.25 3.41 3.38
Y Nb 2.74 2.62 2.74 2.70 3.12 2.66
Rb Nb 10.82 11.81 7.09 10. 46 12.51 10.81
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5 A 415
3 Sr Nd
Table 3 Sr-Nd compositions of Shuangfengshan granites
wy 10°° S'Rb §75r o I wy 10°°
Ma Rb Sr Sr Sr N Sm Nd
SF07 415 247.90 24.40 29.8420 0.864 24 16 0.687 86 8.77 41.67
BR0624-7. 1 415 297.73 24.44 35.9242 0.900 75 12 0.688 42 6.75 28.98
B80624-9. 1 415 234.13 81.43 8.3590 0.753 09 11 0.703 69 9.74 49.72
LYBI19-2 440 67.43 604.90 0.3225 0.708 29 15 0.706 27 3.62 21.18
LY-12-17 423 79.59 1016.50 0.226 6 0.707 71 14 0.706 34 4.53 34.78
IIZSNIS ijjig 2om eng 0 Ssm Nd end tpum tpvr Ga tpme Ga
SF0O7 0.1273  0.512 466 5 —-3.4 -0.35 0.3 1.21 1.21 1.13
B80624-7. 1 0.1409  0.512492 11 -2.8 -0.28 0.1 1.38 1.38 1.15
B80624-9.1 0.1185 0.512423 11 —-4.2 -0.40 -0.1 1.16 1.16 1.16
LYB19-2 0.1034  0.512 337 14 -5.9 -0.47 -0.6 1.12 1.12 1.23 2008
LY-12-17 0.0788  0.512275 9 -7.1 0.60 -0.7 0.99 0.99 1.22 2007
exa= Nd "™Nd, ™Nd"™Nd gur 1 X 10000 feuna= Sm "Nd , "Sm "Nd gqur 1 s = sample
MNd "Nd qr=0.512638  7Sm "Nd qqr=0.1966 tom1=1 X In 1+ ™Nd "Nd ,—0.51315  '¥'Sm "Nd -
0.2137 tpva=tomi— toma—t fe S fee = Som  feo fs fom Som Nd foe==0.4 fou=
0.08592 ¢ —0.2< fon < —0.6 tovit fem < —0.2 >-0.6 e
eng L -0.7~— 2004
0.6 tpv 0.99~ A
1.12 Ga 2007 2008 TIMS U-Pb 380
~490 Ma 2009
6 _
A LA-ICP-MS U-Pb
6.1 387.6+8.2 Ma A
LA-ICP-MS U-Pb A
16 415+ 3 Ma
6.2 A
A
1:20 19669 1990 A
442 ~380 Ma 1993 @
2006 2007 2007 Turner ez al. 1992 Beyth etal. 1994 Han ez
al. 1997 Mushkin et a/. 2003 @
1999 Mingram et al.
- 2000 Yang et al. 2006 Konopelko et al. 2007
2008 ©)
- Collins et al. 1982 Clemens et al .
1986 Whalen et al. 1987 King et al. 1997
442~421 Ma 2007 - Creaser et al. 1991 patino
2008 433 ~427 Ma Douce et al. 1997
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