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Geochemical characteristics of Permian Shanxi Formation mudstones in Beijing
and their geological significance
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Abstract: The petrological and geochemical characteristics of Permian Shanxi Formation mudstones in Beijing
were investigated to determine the provenance, paleoenvironment and tectonic setting of the rocks, which are
mainly composed of clay minerals and quartz, with carbonate and feldspar as minor components. The carbonate
content of the rocks has good correspondence with content of CaO and MgO. The SiO,, Na,O and K,O are de-
pleted whereas ALOs, TiO, and Fe,O5! are enriched, reflecting a basic source. The mudstones show homoge-
neous REE content, relative enrichment of LREE and depletion of HREE, with most obviously negative Eu
anomalies, less or no Eu positive anomalies, and almost no Ce anomalies. The REE distribution patterns show
that they have the same source rocks composed of sedimentary rock, granite and alkaline basalt from the upper
continental crust of the northern margin of North China, as is also shown by the ratios of trace elements. They
were deposited in a reducing environment with relatively deep water. The tectonic settings of the source area are
continental island arc and active continental margin.
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X Serise I TiO, Fe,O51
3.2
3.1
2 3 2¢ 2d 2¢
Taylor and McLennan 1985 2a
2b SiO, Na,0O  K,O 53.33% PbY Sc V Cr Ni
25.49% —64.70% 1.18% 0.19% —3.67% 2¢c2d Rb Ba U
2.24% 0.73% ~4.38% CaO MgO Hf
YR1-2 YRI-5 YRI-6 CaO MgO Th U Hf Zr Sr
CaO  MgO Sr
2 Sr
CaO  SiO, -0.7 Sr 1 3 2¢ 2d
Cullers 2002
CaO  SiO,
Feng and Kerrich 1990 Gu 1994 4 Y 105.56 X107
1996  ALO; TiO,  Fe,O3! Hy7 —397.72x10°% YRI-7
19.27% 9.08% ~34.69% 0.77% 0.40% 140 X 107°~220x 10~°
~1.26% 4.65% 1.10% —7.30% 202.05%10° 3
2 wp 9
Table 2 Major elements content of Permian Shanxi Formation mudstones in Beijing
SO, ALO;  TiO,  Fe,057  CaO MgO K,O Na,0  MnO P,05 LOI  TOTAL
YRI1-1 64.01 18.45 0.58 5.71 0.37 1.25 1.69 0.97 0.11 0.06 10.59 99.76
YR1-2 35.06 9.85 0.40 4.84 19.92 3.31 1.64 0.45 0.31 0.11 26.46 99.88
YRI1-3 59.90 15.64 0.81 7.30 3.51 2.24 2.12 0.43 0.10 0.24 12.31 99.83
YRI1-4 55.03 14.24 0.71 3.83 1.75 0.80 1.65 0.95 0.05 0.07 23.94 99. 86
YRI1-5 35.37 13.04 0.57 4.23 17.76 1.77 1.83 0.79 0.23 0.22 27.69 99.79
YR1-6 40.35 9.08 0.49 4.81 11.60 7.34 2.11 0.19 0.10 0.08 27.00 99.92
YR1-7 64.70 18.39 0.74 2.50 0.50 1.18 2.02 1.41 0.02 0.08 11.42 99.56
SRGI-1 49.13 19.08 0.70 5.84 3.64 1.60 1.43 1.16 0.09 0.21 22.73 99.81
SRG1-2 53.82 15.46 0.81 6.53 4.19 3.09 2.34 0.52 0.09 0.14 17.18 99.83
XX 50.56 12.17 0.61 4.74 7.93 5.33 2.60 0.22 0.09 0.13 19.22 99.76
SPT10 25.49 12.51 0.86 4.01 3.27 2.20 0.73 1.32 0.06 0.33 53.96 99.57
Hyl 59.71 21.01 0.99 6.20 0.57 2.32 3.61 0.41 0.01 0.09 10.86 99.84
Hy2 64.60 19.32 0.95 4.58 0.38 1.43 3.82 0.49 0.01 0.09 9.02 99.82
Hy3 61.76 22.98 0.68 2.93 0.55 0.65 4.38 0.44 0.01 0.08 11.05 99.78
Hy4 64.48 18.66 0.74 5.67 0.37 1.24 3.27 0.44 0.04 0.15 10.47 99.85
HyS 64.25 18.24 0.88 6.306 0.33 1.66 1.94 0.75 0.03 0.09 11.93 99.83
Hy6 47.23 34.69 1.04 2.76 1.16 0.52 2.16 2.84 0.01 0.10 15.85 99.70
Hy7 64.26 19.70 0.60 5.41 0.45 1.13 2.29 1.11 0.02 0.18 10.24 99.70
HyS8 60.31 23.09 1.26 4.80 0.40 0.65 1.99 1.84 0.01 0.10 11.71 99.72
Hy9 50.12 33.76 0.71 2.03 0.70 0.15 1.41 3.67 0.00 0.04 16.35 99.70
SF1 57.59 23.60 0.76 5.77 0.45 1.29 1.55 2.07 0.02 0.13 13.92 99.66
SEF2 64.47 17.11 0.90 5.95 0.24 2.46 2.00 0.44 0.07 0.08 13.02 99.84
JTS 50.95 28.01 0.88 1.10 0.30 0.37 2.33 2.71 0.01 0.03 18.00 99.74

0
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Fig. 2 Spider diagram of major and trace element compositions of mudstones in Permian Shanxi Formation normalized

against UCC values
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Table 4 Rare earth element data of Permian Shanxi Formation mudstones in Beijing
YRI1-1 YRI1-2 YRI1-3 YR1-4 YRI1-5 YR1-6 YR1-7 SRG1-1  SRGI1-2 XX SPT10
La 49.70 34.32 47.49 32.17 35.58 27.54 91.03 50.18 50.70 27.13 42.92
Ce 95.83 66.09 98.75 62.93 67.87 55.06 167.5 94.53 90.45 56.42 85.12
Pr 10.47 7.85 11.51 6.95 8.13 6.48 20.44 10.84 11.23 6.81 10.26
Nd 36.39 29.19 42.52 24.85 29.84 23.68 72.41 39.67 40.01 26.25 38.55
Sm 6.32 5.79 7.94 4.56 5.91 4.52 12.39 6.83 7.21 4.98 6.26
Eu 1.48 1.90 1.78 1.32 1.98 1.03 2.55 1.91 1.66 1.12 1.77
Gd 5.64 5.35 6.83 4.23 5.61 4.29 10.84 5.93 6.53 4.40 5.06
Tb 0.80 0.84 1.05 0.69 0.96 0.72 1.63 0.84 1.02 0.76 0.73
Dy 4.19 4.43 5.45 3.71 5.31 3.97 8.20 3.83 5.30 4.20 3.44
Ho 0.85 0.90 1.10 0.76 1.10 0.82 1.62 0.70 1.06 0.81 0.64
Er 2.36 2.42 2.91 2.04 3.00 2.23 4.22 1.81 2.92 2.43 1.88
Tm 0.41 0.40 0.47 0.35 0.50 0.37 0.67 0.28 0.48 0.39 0.29
Yb 2.46 2.42 2.88 2.09 3.006 2.25 3.66 1.62 2.80 2.52 1.87
Lu 0.43 0.38 0.46 0.38 0.50 0.36 0.57 0.33 0.46 0.46 0.45
> REE 217.32 162.29 231.12 147.04 169.34 133.33 397.72 219.28 221.82 138.67 199.23
> LREE 200.19 145.14 209.99 132.78 149.31 118.31 366.31 203.96 201.25 122.71 184.87
> HREE 17.14 17.15 21.13 14.26 20.03 15.02 31.41 15.33 20.56 15.96 14.36
YLREE YHREE 11.68 8.46 9.94 9.31 7.45 7.88 11.66 13.31 9.79 7.69 12.87
La Yb 13.61 9.56 11.14 10.38 7.84 8.24 16.76 20.86 12.22 7.26 15.46
La Sm y 4.95 3.73 3.76 4.44 3.79 3.83 4.62 4.62 4.42 3.43 4.31
Gd Yb y 1.85 1.78 1.92 1.63 1.48 1.54 2.39 2.95 1.88 1.41 2.18
oCe 0.96 0.93 0.99 0.97 0.93 0.96 0.90 0.93 0.88 0.97 0.95
O0Eu 0.74 1.03 0.72 0.90 1.04 0.70 0.66 0.90 0.72 0.72 0.93
Hyl Hy2 Hy3 Hy4 Hy5 Hy6 Hy7 Hy8 Hy9 SF1 SE2 JTS
La 4_4.83 1&49 47.56 35.23 46.76 60.14 21.10 40.59 50.59 40.49 39.09 33.80
Ce 89.94 81.27 94.99 69.34 92.08 120.6 42.50 78.11 133.9 81.82 80.86 64.52
Pr 10.63 9.90 12.06 8.51 11.10 14.39 5.90 10.12 11.11 10.18 9.79 7.47
Nd 39.40 36.70 43.93 31.87 41.12 53.52 22.63 38.86 37.41 38.30 36.57 26.06
Sm 7.83 6.90 6.67 5.69 7.44 8.96 3.95 6.74 5.96 6.43 6.99 4.60
Eu 1.44 1.45 1.42 1.21 1.47 1.84 1.26 1.80 2.17 1.73 1.54 1.42
Gd 6.66 5.68 4.93 5.21 6.51 6.65 3.07 5.41 5.58 4.95 6.25 3.75
Tb 1.09 0.95 0.71 0.89 1.07 0.88 0.43 0.81 0.87 0.66 1.05 0.68
Dy 6.04 5.24 3.83 4.87 5.65 4.27 2.00 3.99 4.56 2.96 5.92 4.35
Ho 1.18 1.01 0.80 0.96 1.13 0.82 0.36 0.77 0.88 0.51 1.16 0.98
Er 3.55 3.13 2.77 2.91 3.30 2.40 1.01 2.25 2.56 1.43 3.43 2.80
Tm 0.60 0.54 0.48 0.48 0.56 0.40 0.16 0.36 0.43 0.22 0.58 0.49
Yb 3.74 3.33 3.31 2.99 3.42 2.39 0.99 2.16 2.66 1.38 3.52 2.81
Lu 0.72 0.63 0.72 0.56 0.60 0.47 0.21 0.40 0.77 0.30 0.65 0.57
> REE 217.63  197.20 224.19 170.71 222.20 277.72 105.56 192.37 259.45 191.37 197.40 154.31
> LREE 194.06 176.70 206.63 151.85 199.96 259.45 97.33 176.22  241.14 178.96 174.84 137.87
>HREE 23.57 20.50 17.55 18.87 22.23 18.27 8.23 16.16 18.31 12.41 22.56 16.44
> LREE XHREE 8.23 8.62 11.77 8.05 8.99 14.20 11.82 10.91 13.17 14.42 7.75 8.39
La Yb 8.09 8.20 9.68 7.95 9.21 17.00 14.38 12.65 12.82 19.82 7.49 8.10
La Sm y 3.60 3.69 4.48 3.90 3.96 4.22 3.36 3.79 5.34 3.96 3.52 4.63
Gd Yb y 1.44 1.38 1.20 1.41 1.53 2.25 2.51 2.02 1.69 2.90 1.43 1.08
oCe 0.96 0.95 0.93 0.94 0.94 0.96 0.90 0.90 1.30 0.95 0.97 0.94
O0Eu 0.59 0.69 0.73 0.67 0.63 0.70 1.06 0.88 1.13 0.91 0.70 1.02
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Fig. 3 Chondrite-normalized REE patterns of Permian Shanxi
Formation mudstones in Beijing after Boynton 1984 Th U
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Mclennan 1985 La Th U 4.5~5.6
Co Sc Cr 5 La Sc
Th Sc 3.17 1.99~6.56 0.97 0.42~
3.12 2.7 0.8 Floyd et al. 1991 Mclen-
nan et al. 1993
5 Eu
Table 5 Ratios of trace elements of clastic rocks
- - - 1 - Taylor and Mclenman 1985 Mclen-
LaSc ThSe ThCo ThCr Th UV V+Ni
YRL1 307 0.87 067 027 46 0.8 nan 1989 Mclennan et al/. 1995 Shao et al.
YRI1-2 3.19 0.67  0.78 0.15 1.95 0.75 2001
YRI1-3 3.17 0.78 0.78 0.21 5.89 0.84 3
YR1-4 2.37 0.81 0.77 0.19 4.96 0.76 E
YRI1-5 2.86 0.89 1.29 0.21 2.51 0.73 ~u
YRI1-6 2.48 0.87 1.02 0.20 5.60 0.80
YR1-7 6.56 0.85 1.36 0.26 8.51 0.83
SRGI1-1 3.76 0.74 0.65 0.14 5.04 0.80 .
SRGL2 342 090 091 019 560 079 Taylor and Mclenman 1985 Gao and Wedepohl
XX 2.33  1.19  0.98 0.27 7.60 0.81 1995 Eu dEu<0.90
SPTI0 4.06 0.98 0.8 0.16 3.61  0.66 Eu 0.90< SEu< 1.03 La Yb -
Hyl 3.54 0.98 0.90 0.17 3.90 0.83
Y REE 4
Hy2 4.91 1.36 1.69 0.19 4.06 0.84
Hy3 2.52 1.20 6.97 0.31 4.43 0.88
Hy4 2.09 1.05 1.35 0.26 7.51 0.80
Hy5 2.77 1.06 1.20 0.27 6.45 0.81
Hy6 3.22 0.75 3.98 0.45 8.49 0.90
Hy7 1.99 0.52 0.37 0.10 6.51 0.71
Hy8 2.00 0.48 0.42 0.16 6.74 0.78
Hy9 5.12 3.12 17.71 1.38 13.37 0.94
SF1 2.32 0.42 0.34 0.08 4.82 0.79
SE2 2.22 0.97 3.15 0.21 5.06 0.82
JTS 2.00 0.84 12.09 0.28 5.42 0.97 1999
3.17 0.97 2.61 0.27 5.77 0.81 _
2.7 0.8 1.07 0.31
0.3 0.029 0.03 0.005 -

2010
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