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Fig.1 Early Cambrian sedimentary facies and tectonic belt locations in the northern Sichuan Basin 1811
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Fig.3 Shale hand specimens and photomicrographs of the Qiongzhusi Formation in the study area
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Table 1 Major elements in Qiongzhusi Formation shale, Chengjiaba section of the study area
A EE% TLRGRLL
Fedn s JELJEE /m TOC/% CIA Sibio/%
Si0, TFe;03 ALO; Ca0 K0 MgO Na;0 TiO, P,0s MnO Fe/Ti (Fe+Mn)/Ti

CJB-3-8 9.7 3.08 61.01 0.74 14.22 0.76 421 0.82 1.094 0.726 0.010 0.005 84.88 13.80 1.02 1.03
CJB-4-9 15.4 2.05 65.61 094 17.31 0.83 432 1.03 1.757 0.779 0.009 0.007 81.67 8.14 121 1.22
CIB-4-10 16.0 3.18 61.86 0:90 16.22 0.67 4.07 0.99 1.670 0.741 0.019 0.006 81.92 8.01 121 1.22
CJB-5-12 19.9 234 68.69 125 17.87 0.77 421 1.03 1.983 0.818 0.022 0.007 80.83 9.36 1.53 1.54
CIB-7-16 43.1 3.61 66.26 4.42 17.64 1.04 3.84 1.53 2338 0.860 0.199 0.022 77.26 7.70 5.14 5.17
CIB-7-17 46.5 3.30 64.40 524 18.27 118 3.82 1.83 2523 0.865 0.206 0.029 76.43 3.74 6.06 6.09
CJB-8-20 514 2.04 68.99 2.95 14.86 0.97 3.17 0.86 2.495 0.783 0215 0.022 73.12 19.65 3.77 3.80
CJB-8-21 53.1 278 61711 4.91 17.41 1.28 3.45 13 2.551 0.828 0.242 0.028 75.19 331 5.93 5.96
CJB-9-22 54.4 252 65.01 2.85 17.54 1.00 3.79 0.99 2.821 0.922 0.191 0.012 74.12 6.78 3.09 3.10
CJB-9-23 54.9 2.24 65.51 455 16.28 111 3.41 136 2.442 0.814 0.230 0.019 74.97 11.46 559 5.61
CJB-10-26 59.6 2.62 64.81 572 15.60 112 3.26 137 2269 0.714 0211 0.023 75.37 13.02 8.01 8.04
CJB-10-27 61.5 237 72.34 3.93 13.74 118 2.82 1.26 2205 0.651 0.163 0.024 73.30 26.72 6.04 6.07
CJB-11-30 66.5 2.42 63.69 4.60 16.02 1.16 335 1.88 1.741 0.651 0.183 0.033 79.71 10.50 7.07 7.12
CJB-11-31 68.6 3.61 62.66 4.96 1635 1.57 3.43 1.8 2.058 0.732 0.197 0.027 76.83 8.38 6.78 6.81
CJB-13-34 73.1 3.09 67.71 4.60 15.53 115 3.17 1.83 1.743 0.658 0.185 0.027 79.21 16.15 6.99 7.03

FH1E / 2.75 65.31 3.50 16.32 1.05 3.62 133 2.110 0.770 0.150 0.019 77.65 11.11 4.63 4.65
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Fig.6  Shale trace element spider diagram of Qiongzhusi Formation in the study area
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Lo Rm WAL R R (R 2D, AKX MITFHTUEYREE 82T 53.61~120.45 pg/g
CPIN 74.67 ng/g) » AT R A B KR P T (183.0 ng/g) « BHIGE (146.4 pg/g)
DAL AESE T (173.2 pg/g) FHIYREE % — & % —BtYLREE & 257/ T 64.8~86.24 pg/g
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Table 2 Rare earth element analysisifor Qiongzhusi Formation shale, Chengjiaba section of the study area

FdOUR G/ nglg ¥ LREE/
P 6Ce  oPr OEu  (La/Yb)
La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu XREE XLREE SHREE >HREE

CIB-3-8  27.88 33.92 399 1352 180 050 217 028 1.8 040 139 020 147 018 89.52 81.61 7.91 10.32 074 110 119 1.40
CIB-49 3032 2124 250 892 146 _036 145 0.9 120 028 08 014 088 014 6996 64.80 5.16 12.56 0.56  1.07 117 2.54
CIB-4-10  27.33  36.04 424 1545 246 N0.72 N252 033 204 044 147 024 144 025 9497 86.24 8.73 9.88 0.77  1.06 136 1.40
CIB-5-12  34.08 24.04 294 1071 192 04} 184 025 163 035 104 016 1.04 018 8059 74.10 6.49 11.42 0.55  1.08  1.03 2.42
CIB-7-16 2952 1512 179 692 123 026 142 020 122 026 075 012 078 011 5970 54.84 4.86 11.28 048 1.03 093 2.79
CIB-7-17 3348 444 528 2028 368 080 391 051 300 069 18 029 194 030 12045  107.92 12.53 8.61 0.77  1.04 099 1.27
CIB-820  19.00 16.68/ 2.00 800 158 033 189 026 149 032 095 0.13 08 012 536l 47.59 6.02 7.91 0.62 1.02 190 1.63
CIB-821  29.02  JBY78 N2'24 =843 165 037 173 025 150 032 095 015 097 014 6650 60.49 6.01 10.06 0.54  1.05  1.03 2.21
CIB-9-22 3244 234 N279 1016 170 036 176 025 154 035 103 017 112 016 77.23 70.85 6.38 11.11 0.57 1.06 098 2.14
CIB-923 3125 21.61 258 9.8 177 038 184 024 149 031 096 0.15 094 015 7351 67.43 6.08 11.09 0.56  1.04 099 2.45
CJB-10-26 2556 1596 190 7.00 114 027 128 0.8 106 025 078 013 081 012 5644 51.83 4.61 11.24 053 1.06 1.05 2.33
CIB-10-27 2464 252  3.04 1132 213 048 242 031 198 042 123 021 136 021 7495 66.81 8.14 8.21 0.67 1.06  1.00 1.34
CIB-11-30 2846 1696 196 742 132 028 144 020 127 028 080 013 080 012 6144 56.40 5.04 11.19 052  1.03 096 2.63
CIB-11-31 32,00 21.6 247 936 158 033 170 022 137 031 092 015 1.03 016 7320 67.34 5.86 11.49 056  1.02 095 2.29
CIB-13-34 3016 19.92 234 848 136 035 154 020 132 028 08 013 092 014 6800 62.61 5.39 11.62 0.55  1.06 114 2.42
FEME 29.01 2366 280 1039 179 041 193 026 160 035 106 0.17 109 0.17  74.67 68.06 6.61 10.53 0.60 1.05 1.04 2.08

¥£: Y REE=La+Ce+Pr+Nd+Sm+Eut+Gd+Tb+Dy+Ho+Er+Tm+Yb+Lu; ¥ LREE=La+Ce+Pr+Nd+Sm+Eu; ¥ HREE= Gd+Tb+Dy+Ho+Er+Tm+Yb+Lu.
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Fig.8 Redox index and sedimentary environment in Qiongzhusi Formation in the study area
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Paleoenvironmental Reconstruction and Organic
Matter Accumulation Mechanisms in the Cambrian
Qiongzhusi Shale: A high-resolution case study of the
Chengjiaba section, northern margin of Sichuan
Basin
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YANG QiHang!, YOU Lang!

1.State Key Laboratory of Oil and Gas Reservoir Geology and Exploitation, Chengdu University of Technology, Chengdu
610059, China

2. Petroleum Exploration and Production Research Institute, SINOPEC, Beijing 102206, China

Abstract: [Objective] The shale gas of the Cambrian Qiongzhusi Formation in the Sichuan Basin has good
prospects for exploration and development, andea Knowledge of its sedimentary environment is necessary to
evaluate these resources. [Methods] The focus of this’ study was the Chengjiaba section shale series in the
Qiongzhusi Formation. A detailed field geological survey and whole rock X-ray diffraction and geochemical
analyses were carried out. The elements and ratio parameters in the study area were optimized to determine the
sedimentary paleoenvironment/0f”the organic-rich shale. [Results] (1) The first and second members of the
Qiongzhusi Formation are “maily ‘gray-black or black mudstone and silty mudstone, with siliceous rock and
siliceous shale facies. The horizontal bedding indicates a deep-water shelf paleoenvironment. (2) The shale
TOC(Total Organic Carbon) is relatively high in the Qiongzhusi Formation, ranging from 0.22% to 4.34%
(average 2.68%). (3) The geochemistry of the elements indicates a warm and humid paleoclimate during the
deposition of the black shale. The water body was anoxic and highly retained. [Conclusions] It is considered that
the formation of organic-rich shale in the Qiongzhusi Formation occurred in redox conditions, producing high
paleoproductivity and deposition rates.

Key words: Sichuan Basin; Chengjiaba; Qiongzhusi Formation; sedimentary environment; element geochemistry
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