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Fig. 1 Simplified geological map of the Upper Ordovician ] 5 3

Wufeng Formation from the Guangyuan region northern Sichuan

to the Zhenba region southern Shaanxi
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Table 1 Major element contents and diagnostic parameters for the samples from the Wufeng Formation

Si0, ‘A1203‘ Ca0 ‘F3203‘ FeO ‘ K,0 ‘ MgO ‘ MnO ‘Nazo ‘ P,0, | TiO, ‘ Co, ‘HZO*‘ LOI | MgO/ | MnO/

% ALO, | TiO,

WXP-B7 | 61.83 |14.19| 0.1 | 3.35 | 0.63 | 4.73 | 1.55 | <0.01| 0.32 | 0.18 | 0.62 | 0.5 |3.98 | 12.62 | 10.92 | 0.02
WXP-BS | 26.86 | 9.5 | 0.12 |34.38 | 1.46 | 3.05 | 1.12 | 0.08 | 0.11 | 0.03 | 0.3 | 0.5 | 4.24 | 21.39 | 11.79 | 0.27
XLPB3 | 62.54 |17.75 | 0.45 | 4.06 | 0.79 | 6.19 | 2.26 | 0.02 | 0.2 | 0.09 | 0.82 | 0.17 | 5.08 | 4.55 | 12.73 | 0.02
XLP-B4- | 35.85 | 2.36 [26.11| 0.88 | 0.85 | 0.79 | 0.31 | 0.04 | 0.47 [19.05| 0.06 | 0.79 | 1.34 | 3.15 | 13.14 | 0.67
XLPBS | 44.45 |21.56 | 0.56 | 10.85 | 0.2 | 6.21 | 2.57 | 0.09 | 0.14 | 0.09 | 1.01 | 0.42 | 8.28 | 7.05 | 11.92 | 0.09
XLPB6 | 65.29 | 16.4 | 0.34 | 3.99 | 0.64 | 5.52 | 2.1 | 0.02 | 0.11 | 0.09 | 0.74 | 0.16 | 4.82 | 4.41 | 12.8 | 0.03
SHPB2 | 53.13 |16.33 | 4.35 | 1.88 | 2.89 | 5.38 | 3.55 | 0.09 | 0.38 | 0.08 | 0.78 | 5.59 | 3.62 | 10.53 | 21.74 | 0.12
SHPBS | 93.3 | 2 |0.11 | 0.69 | 0.37 | 0.57 | 0.14 | <0.01| 0.01 | 0.02 | 0.07 | <0.1|1.02 | 2.53 | 7 | 0.14
SHPBS | 91.24 | 1.49 | 0.15 | 2.47 | 0.83 | 0.42 | 0.09 | <0.01| 0.03 | 0.02 | 0.06 | 0.62 | 0.86 | 3.41 | 6.04 | 0.17
SHPBI1 | 90.01 | 3.23 | 0.22 | 0.63 | 0.28 | 0.88 | 0.24 | 0.04 | 0.04 | 0.04 | 0.15 | 0.16 | 1.32 | 3.9 | 7.43 | 0.27
SHP-BIS | 94.56 | 0.97 | 0.38 | 0.06 | 0.32 | 0.2 | 0.04 | 0.02 |<0.01| 0.03 | 0.04 | 0.29 | 0.74 | 2.97 | 4.12 | 0.5
SHPB16 | 77.97 [ 9.95 | 0.55 | 3.13 | 0.2 | 2.04 | 0.7 | 0.4 |0.39 | 0.21 | 0.47 | 0.15 | 3.54 | 4.18 | 7.04 | 0.85
DLHPB2 | 61.32 |18.14| 0.43 | 2.85 | 2.08 | 5.32 | 2.33 | 0.03 | 0.59 | 0.08 | 0.86 | 0.55 | 4.54 | 4.8 | 13.12 | 0.03
DLHP-B4 | 34.63 |10.08 | 14.1 | 1.57 | 4.62 | 3.07 | 7.13 | 0.91 | 0.32 | 0.05 | 0.48 |19.67| 3 |22.08 | 70.73 | 1.89
DLHP-B6 | 61.82 |16.19| 0.37 | 4.53 | 2.18 | 4.69 | 2.03 | 0.06 | 0.61 | 0.08 | 0.76 | 0.33 | 4.08 | 5.77 | 12.54 | 0.08
DLHP-B9 | 70.7 |10.73| 0.07 | 2.54 | 1.39 | 3.19 | 0.86 | 0.02 | 0.37 | 0.1 | 0.51 | 0.18 | 2.84 | 9.28 | 8.01 | 0.04
NFP-B3 | 94.18 | 1.79 | 0.05 | 0.24 | 0.28 | 0.48 | 0.1 |<0.01| 0.03 | 0.04 | 0.08 | 0.48 | 0.74 | 3.14 | 5.59 | 0.13
NFP-B4 | 80.85 | 8.83 | 0.04 | 0.89 | 0.25 | 2.73 | 0.79 | <0.01| 0.05 | 0.06 | 0.41 | 0.76 | 2.12 | 4.96 | 8.95 | 0.02
NFP-B6 | 88.45 | 5.26 | 0.04 | 0.49 | 0.11 | 1.57 | 0.45 | <0.01| 0.05 | 0.03 | 0.25 | 0.92 | 0.82 | 4.06 | 8.56 | 0.04
NFP-B7 | 92.36 | 2.03 | 0.05 | 0.43 | <0.01| 0.57 | 0.14 | <0.01| 0.01 | 0.02 | 0.09 | 0.51 | 1.52 | 3.61 | 6.9 | 0.11
NFP-B9 | 86.88 | 5.13 | 0.05 | 0.81 | 0.27 | 1.47 | 0.43 | <0.01| 0.08 | 0.04 | 0.24 | 0.88 | 1.78 | 4.52 | 8.38 | 0.04
NFPBI1 | 86.89 | 5.41 | 0.19 | 1.29 | 0.22 | 1.25 | 0.4 | 0.01 | 0.46 | 0.07 | 0.21 | 0.56 | 1.5 | 3.43 | 7.39 | 0.05
NFPBI3 | 85.04 | 5.89 | 0.05 | 2.69 | 0.13 | 1.58 | 0.49 | <0.01[ 0.17 | 0.13 | 0.26 | 0.74 | 1.9 | 4.13 | 8.32 | 0.04
NFP-B16 | 89.16 | 2.96 | 0.36 | 1.6 | 0.36 | 0.57 | 0.18 | <0.01| 0.15 | 0.12 | 0.13 | 0.71 | 1.26 | 3.99 | 6.08 | 0.08
NFPB17 | 45.64 [12.47 | 3.47 |21.17 | 0.14 | 1.51 | 0.57 | 0.04 | 1.54 | 3.97 | 0.43 | 0.34 | 7.7 | 8.03 | 4.57 | 0.09
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Table 2 Trace element contents and diagnostic parameters for the samples from the Wufeng Formation
e co | N[ [ s [ B [ v |z [ v vy | T
10° Ni) V/Cr | Sr/Ba | U/Th |Ni/Co | Sr/Cu| & U
WXP-B7 204 | 11.5 | 118 114 | 24.2 | 1698 | 18.2 | 12.2 | 188 912 | 0.89 | 4.47 | 0.01 | 0.67 |10.26| 0.21 | 1.34
WXP-BS 91.1 | 52.4 | 286 | 82.7 | 20.8 | 5835 | 16.4 | 2.8 179 177 | 0.38 | 1.94 | 0.01 | 0.17 | 5.46 | 0.25 | 0.68
XLP-B3 84.3 |1 9.23 | 50.4 | 104 | 60.4 | 1561 | 24.7 | 3.7 160 106 | 0.68 | 1.26 | 0.04 | 0.15 | 5.46 | 0.58 | 0.62
XLP-B44 16.3 | 20.7 | 37.3 | 37.7 | 1042 |41120| 2.5 |25.4 | 20.3 |16.1 | 0.3 | 0.99 | 0.03 |10.16| 1.8 |27.64 | 1.94
XLP-B5 7.14 | 24.2 | 94.4 | 39.2 | 84.2 |32330| 22.2 | 4.03 | 360 | 80.6 | 0.46 |11.29 |<0.01| 0.18 | 3.9 | 2.15 | 0.71
XLP-B6 81.5 | 7.96 | 36.8 | 49.9 51 1428 | 19.6 | 4.67 | 188 125 | 0.77 | 1.53 | 0.04 | 0.24 | 4.62 | 1.02 | 0.83
SHP-B2 71.3 | 45.3 | 127 160 | 75.8 | 707 | 21.1 | 3.33 | 149 158 | 0.55 | 2.22 0.11 |0.16 | 2.8 | 0.47 | 0.64
SHP-B5 17.1 | 2.69 | 23.5 25 13 242 | 1.84 | 2.95 | 15.5 | 51.3 | 0.69 3 0.05 | 1.6 | 8.74 | 0.52 | 1.66
SHP-B8 14.5 10.92 | 13.9 | 24.1 | 18.1 | 212 | 1.56 [ 2.19 | 13.8 | 39.5 | 0.74 | 2.72 | 0.09 | 1.4 | 15.1 | 0.75 | 1.62
SHP-B11 31.9 | 7.38 | 52.1 | 45.2 | 24.2 | 238 | 3.72 | 3.6l 28 74.4 10.59 | 2.33 | 0.1 [0.97 | 7.06 | 0.54 | 1.49
SHP-B15 6.21 | 1.38 | 25.8 [ 21.8 | 19.9 | 544 | 1.02 | 2.05 | 8.59 | 34.6 | 0.57 | 5.57 | 0.04 | 2.01 | 18.7 | 0.91 | 1.72
SHP-B16 95 12.7 | 545 156 | 27.3 | 646 | 13.4 | 9.12 | 124 368 0.4 |3.87 | 0.04 | 0.68 [42.91|0.18 | 1.34
DLHP-B2 81.3 | 20.2 | 126 727 | 95.7 | 3411 25 3.3 174 267 | 0.68 | 3.28 | 0.03 | 0.13 | 6.24 | 0.13 | 0.57
DLHP-B4 46 57.7 | 120 | 65.5 | 182 784 | 12.8 | 2.19 | 94.5 | 88.5 | 0.42 | 1.92 | 0.23 | 0.17 | 2.08 | 2.79 | 0.69
DLHP-B6 77.8 | 33.2 | 118 118 53 1276 | 21.9 | 3.88 | 141 164 | 0.58 | 2.11 | 0.04 | 0.18 | 3.55 | 0.45 | 0.69
DLHP-B9 99.3 | 6.53 85 79.6 | 33.8 | 829 | 13.4 | 6.85 | 90.9 | 195 0.7 | 1.96 | 0.04 | 0.51 {13.02| 0.42 | 1.21]
NFP-B3 25.1 [ 0.37 | 15.8 | 11.3 | 12.9 | 860 2.2 | 3.44 | 21.1 148 0.9 5.9 10.02 | 1.56 | 42.7 | 1.14 | 1.65
NFP-B4 67.7 1 0.75 | 19.3 | 10.9 | 44.3 | 1628 | 10.2 | 5.41 105 122 1 0.86 | 1.8 | 0.03 | 0.53 [25.73| 4.06 | 1.23
NFP-B6 34.8 | 0.32 15 9.87 | 15.4 | 629 | 1.81 |2.39 | 19.1 100 | 0.87 | 2.87 | 0.02 | 1.32 [46.88| 1.56 | 1.6
NFP-B7 54.4 1 0.46 | 8.8 [9.19 | 28.2 | 1256 | 7.15 | 3.75 | 46.2 | 84.8 | 0.91 | 1.56 | 0.02 | 0.52 |19.13] 3.07 | 1.22
NFP-B9 64.8 [ 0.82 | 17.7 [ 9.75 | 45.7 | 976 | 6.33 |3.29 | 41.9 | 76.9 | 0.81 | 1.19 | 0.05 | 0.52 |21.59] 4.69 | 1.22
NFP-B11 49.8 | 1.6 | 27.3 | 34.4 | 76.7 | 1216 | 6.17 | 4.89 | 55.2 | 72.2 | 0.73 | 1.45 | 0.06 | 0.79 |17.06 | 2.23 | 1.41
NFP-B13 72.3 [ 2.14 | 50.8 | 46.1 | 50.4 | 1243 | 6.65 | 5.63 | 51.9 | 102 | 0.67 | 1.41 | 0.04 | 0.85 [23.74| 1.09 | 1.44
NFP-B16 14.7 | 3.81 [ 59.8 | 94.6 | 35.1 | 921 | 3.63 |24.4 |35.4 |66.5|0.53 |4.52 [0.04 |6.72 | 15.7 | 0.37 | 1.91
NFP-B17 55.4 | 41.9 | 521 154 358 | 1341 | 9.43 | 138 | 90.5 | 182 | 0.26 | 3.29 | 0.27 |14.63|12.43 | 2.32 | 1.96
25 V/(V + dU > 1
Ni) 0.26~0.91 2) 21 dU <1 o -
V/(V +Ni) 0.46 7 0.46~0.60 dU 0.57~1.96 ( 2
19 0. 54 0.64. V/(V +Ni) 25 17 dU>1 8 doU
<1 38U 1.26
25 U/Th SU = 2U
0.13~14.6 0.5~2.0 U+ Th/3
( U/Th 1.87 3.2
U/Th > 10 (1) MnO/TiO,
o o MnO/TiO,
Ni/Co 1.8 ~46. 88 MnO/TiO, <0.5
( 2) 25 6 Ni/Co , MnO/TiO,
5.00 Ni/Co 7.00 16 0.5~3.5
Ni/Co >7.00 46. 88 o 25 MnO/Ti0,
Ni/Co 15. 07 0.02~1.89 3) 3 0.5 <MnO/
o TiO, < 3.5 22 MnO/TiO, < 0.5
U Th (8U) 0.23



50 (1)
3
Table 3 REE contents and diagnostic parameters for the samples from the Wufeng Formation
La| Ce | Pe [ N[ sm | Eu|Gd| Tw [ Yb[1u[se| v |LREE | HREE | SREE | LREE cortals ol s e
x10® /HREE
WXP-B7 |37.6|63.3 | 7.19 |27.4]5.47 |0.72|3.16| 0.5 |3.61|0.6 [18.2|21.8 |141.68| 56.5 | 198.18 | 2.51 | 1.68 |0.93|0.53
WXP-B8 (17.7|32.4 |3.46 |11.6] 5.7 |0.76]2.2 10.49 |3.3 0.5 (4.98/21.6 | 71.62 | 40.8 | 112.42 | 1.76 | 1.83 1 0. 66
XLP-B3 |70.5| 186 | 15.7 |44.3|10.9 {1.79]7.99| 0.58 |3.59(0.58|20.8| 34.1 {329.19| 81.09 | 410.28 | 4.06 | 2.64 |1.35]0.59
XLP-B44 | 264 | 877 | 91.3 | 572 | 171 |34.4|166 | 5.85 (29.4]4.07|6.25| 665 |2009.7|1112.3|3121.97 | 1.81 | 3.32 |1.36|0.62
XLP-B5 |81.3| 263 25 |78.7|45.5 (5.83|16.4]1.02 |6.09]0.91(28.6| 55.6 [499.33|134.39| 633.72 | 3.72 | 3.23 | 1.4 |0.65
XLP-B6 |78.4| 190 | 17.4 |50.3| 11.6 [1.92(8.68| 0.71 |4.96(0.74|21.1|40.6 {349.62| 93.54 | 443.16 | 3.74 | 2.42 |1.24|0.59
SHP-B2 |67.8| 210 | 15.2 [40.4]9.82 | 1.4 16.79| 0.49 |3.31(0.49|21.4|27.4 |344.62| 71.22 | 415.84 | 4.84 | 3.1 |1.57]0.52
SHP-B5 [10.9]24.2 | 2.66 [10.5|1.98 { 0.4 [1.88| 0.1 [0.68|0.1 |2.21|7.06 | 50.64 | 14.78 | 65.42 | 3.43 | 2.22 |1.08 | 0. 64
SHP-B8 |7.14| 14.4 | 1.6 |6.36| 1.22 |0.22{1.05| 0.07 |0.45|0.07 [1.44| 4.83 | 30.94 | 9.69 40.63 | 3.19 | 2.02 [1.03]0.59
SHP-BI1 | 17 |32.7 | 3.93 [16.8| 3.34 |0.67|3.43|0.22 ({1.39(0.22(3.39| 18.5 | 74.44 | 32.81 | 107.25 | 2.27 | 1.92 |0.96 | 0.61
SHP-B15 [5.25| 8.3 1.2 14.82]1.22 |0.22]1.07| 0.1 ]0.61(0.09] 1.2 8 21.01 | 13.24 | 34.25 1.59 | 1.58 | 0.8 | 0.59
SHP-B16 [36.4| 66.4 | 7.53 [29.6| 5.57 (0.94|5.72|0.53 [ 3.5 |0.56|11.1| 35.4 |146.44| 68.24 | 214.68 | 2. 15 | 1.82 |0.97 | 0.51
DLHP-B2 |68.7| 197 | 15.8 |44.5| 12.1 [1.78|8.38| 0.53 |3.4310.53|21.5| 31.9 |339.88| 79.53 | 419.41 | 4.27 | 2.87 |1.44|0.54
DLHP-B4 [43.4| 104 | 9.3 |35.8|7.17 {1.36|7.39| 0.6 [3.98|0.61(16.8| 38.3 |201.03 | 82.46 | 283.49 | 2.44 | 2.4 |1.25|0.57
DLHP-B6 [64.3| 181 | 13.5 |37.4|9.25 [1.44|7.87| 0.46 |3.060.47(20.3| 26.9 |306.89| 70.78 | 377.67 | 4.34 | 2.81 |1.490.52
DLHP-B9 [25.9|46.1 | 5.4 |20.6| 3.56 [0.56]2.59|0.25 |1.76(0.28[10.9| 13.4 |102.12| 34.31 | 136.43 | 2.98 | 1.78 |0.94 | 0. 56
NFP-B3 [6.24| 12 1.42 |5.7|1.69 [0.35|0.93(0.08 |0.55(0.08(2.45| 4.27 | 27.4 | 10.21 | 37.61 2.68 | 1.92 [0.970.85
NFP-B4 40.2|77.2 | 8.27 [29.6|5.51 |0.86(3.8 | 0.4 |2.78(0.46|10.1|20.2 |161.64| 45.62 | 207.26 | 3.54 | 1.92 |1.01|0.57
NFP-B6 |10.9(22.9 | 2.61 [9.77]2.16 |0.35/1.72| 0.13 |0.82(0.12|1.83(9.07 | 48.69 | 17.05 | 65.74 | 2.86 | 2.1 [1.03]0.56
NFP-B7 29.4|60.9 | 6.64 [24.5| 4.7 |0.73(3.19]0.21 | 1.4 {0.21|5.41| 11.5 |126.87| 26.82 | 153.69 | 4.73 | 2.07 |1.05]0.58
NFP-B9 |30.2|67.3 | 7.53 [31.1]6.06 |1.01 (4.48] 0.22 |1.41]0.21|5.18| 13 143.2 1 30.26 | 173.46 | 4.73 | 2.23 |1.07 | 0.59
NFP-B11 [27.2]| 61.7 | 6.78 [27.8|5.57 |0.91|4.33| 0.3 [1.93|0.3 |6.37| 18.5 |129.96| 38.76 | 168.72 | 3.35 | 2.27 |1.09 | 0. 57
NFP-B13 [29.8| 58.7 | 6.81 [27.7|5.57 (0.92|4.24|0.28 (1.91(0.29|7.16| 17.6 | 129.5 | 38.39 | 167.89 | 3.37 | 1.97 |0.99 | 0. 58
NFP-B16 | 20 | 33.2 | 5.45 [27.8|6.66 [1.61|11.3]0.65 [3.6 [0.59(2.83]92.8 | 94.72 |129.78 | 224.5 | 0.73 | 1.66 |0.77 |0.57
NFP-B17 [55.9| 102 | 13.7 |62.8| 14.7 |3.33|18.6| 0.97 |5.85(0.87|7.63| 90.3 [252.43|152.08 | 404.51 | 1.66 | 1.82 [0.89 |0.62
:8Ce = Cey /( Lay x Pry) ''? 8Fu = Euy /( Smy x Gdy) '? Cey~Lay «Pry~Euy~SmyGdy
4 2526
Table 4 Comparison of the recognition criteria for the oxic and anoxic environments
<0. 1ml/L 0.1~1ml/L >1ml/L
/ Fe?* /Fe’* >1 Fe?* /Fe’* <1
H,S H,s
V/(V +Ni) >0.54 0.46 ~0. 60 <0.46 0.26~0.91
V/Cr >4.25 2.00~4.25 <2.00 0.99~11.29
Ni/Co >7.00 5.00~7.00 <5.00 1.8 ~46. 88
U/Th >1.25 0.75~1.25 <0.75 0.13~14.63
U >1 <1 0.57~1.96
3Ce 3Ce > 1 3Ce <1 0.77~1.57
d3Eu ~ 0.51~0.85
Ce/La >2.00 1.50 ~ 1. 80 <1.50 1.58~3.32

13U =2U/(U+Th/3) 8Ce=Cey/( Lay

x Pry) 2 8Fu = Euy /( Smy x Gdy) '
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Geochemistry and sedimentary environments of the Upper Ordovician
Wufeng Formation in Guangyuan northern Sichuan and Zhenba
southern Shaanxi

SUN Xiaoyong' > MOU Chuandong” > GE Xiang-ying" ° WANG Yuan—chong' > MEN Xin' ?
(1. Institute of Sedimentary Geology —Chengdu University of Technology Chengdu 610059 Sichuan China; 2.
Chengdu Center China Geological Survey Chengdu 610081 Sichuan China; 3. Key Laboratory of Sedimentary
Basin and Oil & Gas Resources Ministry of Land and Resources Chengdu 610081 Sichuan China)

Abstract: The black shales with a great potential in the Upper Ordovician Wufeng Formation from the Guangyuan
region northern Sichuan to the Zhenba region southern Shaanxi is interpreted as the key horizons for the marine
oil and gas exploration in southern China. Referenced to the previous results the present paper focuses on the
analysis of palaeoclimate palaeodepth and palaeoredox conditions in the study areas. The analytical results
including 0. 64 for the average V/( V + Ni) ratio; 1.87 for the average U/Th ratio; 2.98 for the average V/Cr
ratio 15.07 for the average Ni/Co ratio and 0. 23 for the average MnO/TiO, ratios suggest the highly reduced
conditions in the marginal shallow sea during the deposition of the Wufeng Formation. The high Ba contents and
low Sr contents and Sr/Ba ratios for the black shale samples from the Wufeng Formation indicate that the Wufeng
Formation was once laid down in the fresh water environments. Geochemically the samples display LREE
enrichment. The 8Ce values vary between 0. 77 and 1. 57 with an average of 1. 11 indicating positively Ce
anomalies or slightly negative Ce anomalies. The average Ce/La ratio (2.22) and average §Eu ( 0.59) indicate
the dysaerobic to anaerobic shallow marine environments in the study areas.

Key words: Guangyuan; Zhenba; Upper Ordovician; Wufeng Formation; sedimentary environment; geochemistry



