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Geochemical characteristics and paleo-environmental implications
of Middle Permian Qixia Formation in Wangcang, northern Sichuan
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Abstract; The sedimentary paleoenvironment of the Middle Permian Qixia Formation in northeastern Sichuan Basin
was studied based on outcrop observations and laboratory analyses. The data correlations of the 8" C and 60 of 19
samples from the Qixia Formation showed that there was no linear relationship between them. The samples are reliable
targets for paleoenvironmental analyses since 8" 0>—6%0, Mn/Sr<0.6, Fe/Sr<3, and MgO/Ca0<0.125. The contents
of terrigenous elements ( Al,O, and TiO,) are low, and are strongly and positively correlated. The X REE and
2 (AL0,+Ti0,) also showed a positive relationship. The characteristics of other main and trace elements indicated
that the Qixia Formation was formed in a hypoxic or oxygen-depleted environment. The Sr/Ba value ranges from
21.9-261.9, indicating that the sea level was relatively high, so the terrigenous material content is low, and the terri-
genous detrital sediments were controlled by paleo-water depth during sedimentation. The carbon and oxygen isotopes
revealed that the ancient oceanic temperature ranged from 17.62-28.43 °C, the paleosalinity ranged from 129.07-135.21,
and the ratio of MgO/CaO ranged from 0.007-0.029, revealing that the paleoenvironmental climate was relatively
warm and humid. Water depth fluctuated within a small range and experienced two transgressive and regressive
cycles.
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Fig.1 Schematic geological map and profile location in Wangcang, northeastern Sichuan
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Fig.2 Sampling location and element contents of Qixia Formation in Luduba profile, Wangcang, northeastern Sichuan
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Fig.3 Correlation of stable carbon and oxygen isotopes of Qixia

Formation in Luduba profile, Wangcang, northeastern Sichuan
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Table 1 Major element data for carbonate rocks
in Qixia Formation in Luduba profile, Wangcang, northeastern Sichuan
FHEICR T A %
Re LOI/% Mg0/Ca0  m 3 (CaO+MgO+LOI) = (Al 05+Ti0,)
ALO;, Ca0 Fe,0, K,0  MgO  TiO,
LD-2  0.082 5230 0.169 0.020 0.970 0.004 4297 0.019 1183 96.24 0.085
LD-3  0.106 51.82 0.163 0.030 0.444  0.006  42.75 0.009 419 95.01 0.112
LD-4 1.690 44.46 0.232 0.452 0.529 0.063 39.43 0.012 31 84.42 1.752
LD-5 0.340 48.67 0.160 0.069 0.400 0.015 43.02 0.008 118 92.09 0.354
LD-7 0.097 49.61 0.146 0.020 0.358 0.005 43.28 0.007 369 93.25 0.102
LD-8 0.044 48.77 0.161 0.020 0.398 0.003 42.90 0.008 905 92.07 0.047
LD-9  0.199 5394 0.181 0.050 0.915 0.013  43.30 0.017 460 98.16 0.212
LD-10 0.031 50.79 0.146 0.010 0.388 0.001 43.04  0.008 1 252 94.22 0.032
LD-11 0.027 5035 0.152 0.010 0.437 0.002  42.23 0.009 1619 93.02 0.029
LD-12 0.032 51.08 0.154 0.010 0.763 0.001 41.86 0.015 2 384 93.70 0.033
LD-13 0.054 51.68 0.162 0.010 0.662 0.003 42.65 0.013 1226 94.99 0.057
LD-14 0.030 52.28 0.165 0.010 0.517 0.001 40.76 0.010 1723 93.56 0.031
LD-15 0.119 51.47 0.171 0.020 1.180 0.008 42.64 0.023 992 95.28 0.127
LD-16 0.039 47.92 0.162 0.010 4.960 0.002 43.59 0.103 12718 96.47 0.041
LD-18 0.067 53.45 0.174 0.020 1.020 0.003 41.83 0.019 1522 96.30 0.070
LD-19 0.010 49.60 0.154 0.001 1.450 0.001 41.36 0.029 14 500 92.42 0.010
LD-20 0.041 54.34 0.177 0.001 0.531 0.003 40.39 0.010 1295 95.26 0.044
LD-22 0.048 53.29 0.166 0.002 0.833 0.003 43.66 0.016 1735 97.78 0.051
LD-24 0.851 49.52 0.252 0.301 0.792 0.032 42.11 0.016 93 92.43 0.883
LD-25 0.163 51.88 0.18 0.030 0.909 0.007 42.90 0.018 558 95.69 0.170
LD-26  0.327 45.65 0.179 0.050 2.330 0.014  40.20  0.051 713 88.18 0.341
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Table 2 Rare earth elements analysis of Qixia Formation in Luduba profile, Wangcang, northeastern Sichuan
Wi L ICR B4 4/ 1070
5 8Ce I LREE/ZHREE
La Ce Pr Nd Sm Gd Th Dy Er Yb > REE
LD-2 2450 4.299 0.606 2.517 0.480 0.579 0.088 0.517 0.286 0.229 12.359 0.768 6.09
LD-3 1.385 2.583 0.298 1.228 0.261 0.260 0.038 0.238 0.138 0.121 6.690 0.874 7.24
LD-4 9.659 18.948 2.074 7.898 1.611 1.416 0.218 1.109 0.627 0.654 44.907 0.920 9.99
LD-5 1.531 3.082 0.356 1.347 0.239 0.257 0.034 0.187 0.132 0.135 7.437 0.909 8.80
LD-7 0.634 1.060 0.136 0.530 0.107 0.126 0.016 0.073 0.077 0.064 2.867 0.783 6.93
LD-8 0.276 0.441 0.062 0.241 0.041 0.053 0.009 0.080 0.080 0.079 1.388 0.734 3.52
LD-9 0.630 1.275 0.148 0.533 0.093 0.089 0.014 0.071 0.056 0.062 3.012 0.909 9.17
LD-10 0.241 0.421 0.036 0.172 0.040 0.037 0.004 0.022 0.022 0.027 1.022 0.950 8.13
LD-11 0.174 0.329 0.029 0.127 0.034 0.031 0.004 0.035 0.026 0.034 0.823 0.988 5.33
LD-12 0.208 0.417 0.044 0.194 0.023 0.039 0.004 0.016 0.022 0.018 0.985 0.943 8.95
LD-13 0.259 0.477 0.046 0.193 0.036 0.036 0.006 0.027 0.019 0.021 1.120  0.935 9.28
LD-14 0.227 0.431 0.044 0.170 0.035 0.030 0.003 0.030 0.017 0.011 0.998 0.935 9.97
LD-15 0.530 0.954 0.113 0.454 0.104 0.110 0.015 0.101 0.061 0.053 2.519 0.849 6.34
LD-16 0.253 0.486 0.052 0.150 0.021 0.046 0.005 0.030 0.025 0.024 1.091 0.921 7.40
LD-18 0.718 1.392 0.149 0.589 0.126 0.131 0.017 0.094 0.070 0.056 3.363 0.923 8.08
LD-19 0.195 0.320 0.041 0.111 0.028 0.015 0.002 0.011 0.013 0.004 0.740 0.780 15.44
LD-20 0.386 0.666 0.071 0.241 0.045 0.048 0.006 0.037 0.037 0.031 1.566 0.867 8.86
LD-22 0.544 0.957 0.108 0.397 0.102 0.094 0.016 0.085 0.062 0.056 2.419 0.856 6.73
LD-24 3.153 4.306 0.649 2.442 0.490 0.469 0.068 0.379 0.212 0.209 12.610 0.653 8.26
LD-25 0.709 1.175 0.139 0.567 0.112 0.151 0.022 0.116 0.074 0.070 3.206 0.809 6.24
LD-26 0.741 1.347 0.172 0.557 0.108 0.144 0.021 0.121 0.089 0.083 3.467 0.822 6.39
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