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Fig.1

(a) lithofacies paleogeography of the Lower Cambrian Qiongzhusi Formation in the Upper Yangtze area (modified from reference [2]); (b) schematic diagram from ancient land to

Comprehensive geological background map of the Lower Cambrian Qiongzhusi Formation in the Upper Yangtze area

deep-water basin in Upper Yangtze area during Qiongzhusi Formation (modified from reference [2]); (c) stratigraphic histogram of well W207 (the age data are from reference [48])
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Table 1 Total organic carbon (TOC), total sulfur (TS), and pyrite content data from well W207
in the Qiongzhusi Formation
VR m TOC/% TS/% FeS,/% VR /m TOC/% TS/% FeS,/% B /m TOC/% TS/% FeS,/%
3 000.00 0.46 1.10 3 065.68 0.42 1.08 3144.47 1.73 1.50 3.04
3003.41 1.14 2.04 3069.12 0.35 0.47 0.69 3 145.50 1.73 4.19
3005.80 0.68 1.10 2.22 3071.06 0.39 0.92 3150.58 1.41 2.19
3007.40 0.81 2.62 3072.42 0.51 0.45 0.91 315230 1.24 0.99 1.80
3009.68 0.64 1.60 2.97 3074.73 0.55 0.43 0.94 3158.59 1.39 4.52
3012.40 0.79 1.65 3077.28 0.44 0.85 3 160.66 1.36 2.46
3013.77 0.85 1.52 3.06 3078.70 0.37 0.32 0.70 3162.90 1.55 1.92 2.73
3013.90 0.22 4.05 3081.35 0.50 0.41 0.79 3 168.00 0.21 2.18
301533 0.88 221 3082.83 0.61 0.44 1.10 3175.10 0.98 1.25 1.67
3019.43 0.62 2.64 3085.30 0.66 0.58 0.96 3175.74 5.00 5.48
3019.86 0.70 1.55 2.91 3088.17 0.74 1.24 3 179.90 1.23 1.63 2.14
3023.27 0.95 2.16 3089.48 0.68 0.83 1.48 3183.42 1.53 3.00
3025.83 0.75 2.07 3091.98 0.71 0.83 2.57 3189.80 1.14 3.58
302643 0.60 1.57 3 094.60 1.09 3.14 322278 3.03 3.80
3030.02 0.66 1.27 2.43 3096.26 1.10 2.97 3224.68 1.17 2.37 2.83
3031.33 0.83 2.37 3098.12 1.34 1.31 1.74 3226.13 3.23 5.05 3.88
3033.42 1.05 1.07 2.35 310045 1.19 2.49 3227.50 1.20 5.99
3035.33 1.03 1.85 3103.42 1.09 3.64 3229.38 2.39 4.05 5.22
3038.90 1.20 1.98 3106.13 1.27 1.42 2.82 3230.37 0.70 4.02
3039.34 1.15 1.15 2.07 3 109.60 1.33 2.71 323292 2.33 6.85
3042.70 1.13 175 311071 1.46 1.45 2.85 3234.63 1.74 3.75
3045.35 2.49 2.73 3112.46 1.45 1.44 2.63 3234.68 1.89 5.44
3047.34 0.39 1.54 3116.33 1.51 1.45 2.48 3237.00 2.35 3.78 5.12
3049.22 0.17 0.85 3117.42 1.76 2.86 3237.38 2.98 6.77
3051.49 0.41 1.60 3125.57 2.33 2.32 3239.40 1.95 8.89
3053.73 0.46 2.05 3128.04 2.50 2.06 3240.13 3.33 3.31 4.80
3055.91 0.32 0.65 2.22 3131.03 3.49 1.66 3.41 3240.30 3.38 5.54
3058.60 0.30 0.47 1.22 3132.07 3.44 2.20 3242.10 4.61 5.21
3060.50 0.44 0.84 3 134.00 2.11 2.31 3242.13 4.59 3.43
3061.96 0.41 0.52 1.09 3135.70 2.54 2.69
3 064.80 0.34 1.03 3139.89 1.24 2.98

Bk 4 5.62+1.11~7.36+1.93 pum, Rk A2 55/ H.
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Fig.2  Correlation analysis of pyrites with TS and TOC contents in well W207 of the Qiongzhusi Formation
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Fig.3 Pyrite morphologies under scanning electron microscope (SEM) for Qiongzhusi Formation in well W207
(a) W207-13, framboidal pyrites, 3 234.68 m; (b) W207-32, pyrite microcrystals, possibly cubic microcrystal, 3 224.68 m; (c) W207-13, euhedral pyrites, framboi-

dal pyrites and pyrite microcrystals, size of euhedral pyrites reaching 20 wm, 3 234.68 m; (d) W207-43, framboidal pyrites, 3 179.80 m; (¢) W207-47, framboidal

pyrites and pyrite microcrystals, the latter exhibiting octahedral crystals, 3 100.45 m; (f) W207-93, euhedral pyrites formed by secondary growth, visible secondary
enlarged edge, 3 106.13 m; (g) W207-104, framboidal pyrites, 3 094.60 m; (h) W207-151, framboidal pyrites, 3 055.43 m; (i) W207-181, pyrite microcrystals and
anhedral pyrites, 3 025.83 m
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Fig4 Geochemical parameters for the Qiongzhusi Formation in well W207 (iron speciation data are from reference [44])

Stage 1 is a strongly euxinic environment; Stage 2 is an intermittently euxinic environment; and Stage 3 is a dysoxic environment; (a) TOC; (b) TS; (c) FeS,; (d) Fe,/Fe (e) Fe’“/

Fe, . (f) distribution range of pyrite particle size; (g) core
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in well W207 (modified from references [28,53])
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Abstract: [ Objective] Recently, the shale gas exploration of the Lower Cambrian Qiongzhusi Formation in the Sich-
uan Basin experienced a significant breakthrough, which has aroused widespread attention towards the redox condi-
tions and the organic matter enrichment mechanisms of the Qiongzhusi Formation during its deposition. Redox condi-
tions in the water column play a pivotal role in controlling the enrichment of organic matter. The particle sizes and dis-
tribution of framboidal pyrites serve as powerful redox indicators. These proxies, when combined with relevant geo-

chemical data, enable the reconstruction of the ancient oceanic redox environment. Furthermore, the assemblage of
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pyrite morphological characteristics may correspond to changes in redox conditions. However, a detailed comparison
between the pyrite morphological characteristics and redox conditions revealed by other geochemical markers remains
limited. [ Methods ] This study focused on the black shale of the Lower Cambrian Qiongzhusi Formation from well
W207 in the Sichuan Basin. We conducted a comprehensive analysis of the particle sizes and distribution patterns of
the framboidal pyrites. Using this method, combined with total organic carbon (TOC), total sulfur (TS), pyrite con-
tent, and previously published iron speciation data, we reconstructed the paleo-marine redox environment of the
Qiongzhusi Formation during its deposition. On this basis, the relationship between the assemblage of pyrite morpho-
logical characteristics and redox condition changes was discussed. [Results] The redox environmental evolution of
the Qiongzhusi Formation can be divided into three stages: strongly euxinic, intermittently euxinic, and dysoxic,
from the bottom to the top. The morphology of pyrite is abundant, mainly framboidal pyrites, accompanied by a few
pyrite microcrystals and euhedral pyrites. The framboidal pyrites are small in size, ranging from 2.2-18.4 pm, with
an average value of 6.39+1.70 wm. More than 80% of the particle sizes range from 3-8 wm, reflecting that framboidal
pyrites were formed in the water bodies during the synsedimentary period. In addition, a robust positive correlation
between pyrite content and TOC and TS contents was observed. Pyrite morphology varies in different redox conditions.
Specifically, in euxinic environment, the pyrite content is notably high and mainly contributed by abundant framboi-
dal pyrites. In this setting, spherulitic microcrystals are dominant, while pyrite microcrystals and well-defined euhe-
dral pyrites with clear edges are rare. As the redox environment gradually shifted to a more oxidized state, there was a
decline in both the pyrite content and quantity of framboidal pyrites. Concurrently, the microcrystals of the framboidal
pyrites evolved from octahedral to cubic forms. At this stage, the pyrite microcrystals and euhedral pyrites both in-
creased in quantity, with the former exhibiting aggregates and the latter featuring irregular edges.[ Conclusions] In
conclusion, the observed changes in redox conditions during the sedimentation of the Qiongzhusi Formation reflect a
gradual oxidation process in the inner shelf areas of South China. This aligns with the rise in atmospheric oxygen level
during the Early Cambrian. Notably, sedimentary pyrite displays distinct variations in the distribution of particle sizes
and the assemblage of pyrite morphological characteristics as a function of redox conditions. These differences can
serve as valuable supplementary indicators for assessing redox conditions in subsequent studies.

Key words: Qiongzhusi Formation; black shale; organic matter; redox environment; pyrite morphological

characteristics



