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Fig.1  Geological diagram of the Changning area in the Sichuan Basin and a section diagram of

the drilling core formation of well N208

(a) structural division of the Sichuan Basin; (b) structure of the Changning anticline and adjacent areas (after reference [22]); (c) the Longmaxi Formation core histogram; and (d)

the core histogram of Qiongzhusi Formation
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Fig.2  Sulfur K-edge XANES spectrum of the Qiongzhusi and

Longmaxi Formations shale in well N208

the absorption spectra of all samples are normalized with the relative content of sul-
fate, i.e., the absorption peak of the chemical sulfate species is used as a fixed

height, and the relative contents of sulfide and sulfite are processed and calculated
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Table 1 Fitting results of sulfur composition of shale from Qiongzhusi and Longmaxi Formations in well N208

AHXS o i /%

. i
Frin I iR si- s* s S02- S02- WS AL
N208-01 1270.6 — 373 — 335 4.8 24.4 70.8 29.2
N208-02 1276.8 137 41.6 — 24.0 — 20.7 79.3 20.7
N208-03 12822 10.5 48.0 — 18.9 — 225 774 225
N208-04 1285.6 — 40.6 — 31.9 5.6 21.8 72.5 27.4
N208-05 1292.6 — 43.1 — 28.9 4.8 233 72.0 28.1
N208-06 1296.0 9.60 68.2 — — 59 16.3 77.8 222
N208-07 1302.6 — 38.2 — 30.2 5.0 26.6 68.4 316
N208-08 1309.3 20.4 46.1 — 21.1 — 12.3 87.6 123
N208-09 13127 — 37.4 — 35.6 1.6 255 73.0 27.1
N208-10 13203 — 38.7 — 422 6.5 12,5 80.9 19.0
N208-11 3171.0 24.3 46.0 — 25.8 4.0 — 96.1 4.00
N208-12 31845 5.80 61.4 — 27.8 5.0 — 95.0 5.00
N208-13 3196.1 217 499 — 24.9 3.6 — 96.5 3.60
N208-14 3206.7 17.9 57.9 — 21.0 32 — 96.8 3.20
N208-15 32159 15.5 53.9 — 26.9 37 — 96.3 3.70
N208-16 3231.0 14.6 54.6 — 26.2 4.5 — 95.4 4.50
N208-17 32419 23.9 44.0 — 27.8 4.4 — 95.7 4.40
N208-18 32569 225 475 — 263 37 — 96.3 3.70
N208-19 3269.3 26.2 53.7 2.30 17.7 — — 99.9 —
N208-20 32739 13.6 41.6 2.90 41.9 — — 100 —

TE =T R A

R2 N208HMIFHMAEDRATEHNMEBITRSTER

Table 2 Trace element analysis results for shale from the Qiongzhusi and Longmaxi Formations in well N208

iR iR R /m TOC/% S1% V/Cr VAV+Ni)  Ni/Co U/Th " Cr,, Vi, Copy U, Mo,
N208-01 1270.6 1.03 1.76 1.41 0.69 3.10 0.290 0.670 0.960 1.05 0.950 1.9 447
N208-02 1276.8 0.940 231 1.47 0.72 3.00 0.430 1.06 0820 0930 0770 2.04 4.82
N208-03 1282.2 1.35 2.33 1.56 0.70 3.90 0.420 1.07 1.33 1.62 111 3.23 9.98
N208-04 1285.6 113 171 1.48 0.75 2.97 0.450 1.09 1.05 1.21 0.870 2.54 8.62
N208-05 1292.6 1.80 2.93 2.58 0.75 3.95 0.550 2.28 0.930 1.86 0.980 2.73 10.9
N208-06 1296.0 2.63 3.08 1.95 0.73 436 0.570 2.68 112 1.69 0.910 2.96 10.2
N208-07 1302.6 3.06 491 2.44 0.75 3.98 0.820 6.87 1.39 2.64 1.39 6.52 18.7
N208-08 1309.3 3.15 5.0 245 0.64 6.90 1.37 7.28 115 2.18 112 8.98 59.8
N208-09 13127 4.01 442 474 0.75 11.0 2.09 15.1 0.890 3.27 0.640 9.71 67.6
N208-10 13203 336 242 3.62 0.53 4.63 2.07 18.7 0.720 2.03 245 10.7 39.1
N208-11 3171.0 0.35 274 2.08 0.79 3.02 0.520 1.55 1.50 242 131 2.18 1.70
N208-12 3184.5 0.210 2.29 2.16 0.79 3.14 0.550 1.60 1.19 2.00 1.08 1.69 1.40
N208-13 3196.1 0.310 2.30 2.61 0.81 334 0.680 2.59 1.37 277 1.23 2.54 4.99
N208-14 3206.7 0.290 1.97 2.09 0.79 2.94 0.610 2.09 1.19 1.93 1.13 1.70 2.18
N208-15 32159 0.350 237 2.14 0.80 3.02 0.630 225 1.38 230 1.23 242 4.61
N208-16 32310 0.570 237 2.64 0.82 3.66 0.700 2.64 1.32 271 1.02 222 3.56
N208-17 32419 0.800 2.24 3.34 0.83 3.97 0.660 2.83 1.01 2.61 0.820 1.97 2.83
N208-18 3256.9 1.53 372 421 0.86 422 1.02 5.11 1.13 3.68 0.870 2.96 9.02
N208-19 3269.3 2.75 6.94 3.76 0.78 537 2.40 14.9 1.27 3.70 1.23 7.84 25.0

N208-20 32739 6.92 4.48 1.51 0.68 3.84 2.88 333 0.950 1.11 0.860 17.2 80.0
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Multiple Proxies for Redox Condition Indentification Based on Sulfur
Species: A case study of the cored Qiongzhusi and Longmaxi
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Abstract: Redox conditions play a vital role in the lithology and preservation of organic matter in shale rocks, which
various geochemical methods can be used to identify. Many studies have showed that geochemical indicators have
their own scopes, and their practical application needs to suit measurements according to local conditions. To study
the applicability of geochemical indicators and obtain the redox conditions of marine sedimentary shale, the contents
of total organic carbon (TOC), sulfur species, and main and trace elements of 20 core samples from the Qiongzhusi
and Longmaxi Formations of well N208 were performed. The results showed that TOC in the bottom section of the
Qiongzhusi and Longmaxi Formations was generally high, with averages of 3.73% and 3.50%, respectively; TOC of
the upper and middle parts of the Qiongzhusi and Longmaxi Formations was generally low, with average values of
0.41% and 1.70% respectively. The sulfur species in the shales of the Qiongzhusi Formation were pimarily reduced,
indicating a high degree of reduction in the sedimentary water body. In contrast, the reduced sulfur of the Longmaxi
Formation shales was relatively low, which suggests that the reduction degree of the sedimentary water body of the
Longmaxi Formation was lower than that of the Qiongzhusi Formation. Based on the enrichment coefficient of trace ele-
ments, the S-Mo-TOC system indicates that the Qiongzhusi Formation shale was dominated by sulfate-poor suboxic
and anoxic conditions, with an anoxic environment in the bottom and a suboxic in the middle and upper sections. The
shales of the Longmaxi Formation are formed in suboxic conditions containing sulfate , with an anoxic environment in
the bottom and a suboxic in the middle and upper sections. These results have a good corresponding relationship with
the petrological characteristics of the Qiongzhusi and Longmaxi Formation shales and can provide a new reference for
deepening the geochemical understanding of these two formations and evaluating their shale gas resource potential.
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