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Fig. 1 Tectonic location (a) and simplified geological map (b) of the study area
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Fig. 2 Macroscopic petrographic characteristics of the siliceous rocks in the upper sub-member of the 4th member of the Maokou

Formation in the eastern Sichuan area
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Fig. 3 Microscopic petrographic characteristics of the siliceous rocks in the upper sub-member of the 4th member of the Maokou

Formation in the eastern Sichuan area

x1 IFRMRFOAFNE FTEERETETLE MEXERHLITESTER
Table 1  Analysis results of main, trace and rare earth elements of the siliceous rocks in the upper sub-member of the 4th member of

the Maokou Formation in the eastern Sichuan area

PR H2-4-33  H2-4-39  H2-4-100 H2-4-62 H2-4-81 H2-4-15 H2-4-1 HY54-53  HMI-2-118  HY3-4-128
Fa1is fER Y35

Si0, 88.18 9273 85.28 7160 9670 9178 9230 90.84 027 0.65
TiO, 0011 0.010 0.005 0.007 0002 0006  0.009 0.006 0.005 0.004
ALO; 024 0.09 0.08 0.13 0.1 0.12 0.11 0.09 0 0.02
Ca0 5.04 242 6.93 11.38 1.03 440 2.57 3.92 54.79 54.44
Fey05 0.07 0.04 0.01 0.04 0.02 0.05 0.07 0.03 0 0.01
MgO 116 132 1.80 425 0.34 0.20 121 0.50 0.70 0.71
MnO we/% 0002  0.002 0.002 0002 0002 0006 0011 0.005 0.001 0.005
Na,O 0.07 0.07 0.05 0.07 0.08 0.07 0.06 0.07 0.03 0.04
K0 0.03 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
P,0; 0.01 0.01 0 0.02 0 0.02 0.01 0.04 0.01 0.01
pesk it 541 3.69 6.24 12.12 1.87 371 4.05 409 4397 4385
o 10023 10039 10041  99.64  100.16 10036 10041  99.60 99.78 99.75
Al(Al+Fe+Mn) 0.73 0.58 0.86 0.68 0.80 0.63 051 0.69 0.85 048
MnO/TiO, 021 021 0.38 0.26 0.65 092 124 0.84 0.52 1.14
ALO3/(AL;05+Fe;05) 0.78 0.66 0.92 0.75 0.85 0.72 0.62 0.78 1.00 0.68
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FEdLS H2-4-33 H2-4-39 H2-4-100 H2-4-62 H2-4-81 H2-4-15 H2-4-1 HY5-4-53 HMI-2-118 HY3-4-128
Py R B Wk
Ba 2.53 11.12 4.27 13.87 8.73 11.60 10.24 4.09 233 7.46
Th 0.16 0.07 0 0.12 0.04 0.04 0.15 0.06 0.08 0.08
U 0.03 0.32 0.28 0.67 0.22 0.12 0.32 1.46 3.00 2.90
Hf 0.08 0.05 0.07 0.05 0.07 0.05 0.07 0.06 0.09 0.06
Sc 0.53 0.79 2.29 0.95 0.61 0.22 0.38 0.57 0.20 0.15
Rb 0.07 0.17 1.65 0.33 0.33 0.19 0.25 0.15 0.62 0.44
Co wa/10° 6.34 0.11 1.25 0.20 0.05 0.08 0.29 0.15 1.15 1.14
Cr 501.10 18.21 12.39 28.03 9.53 797 20.63 10.50 14.73 11.31
Zr 3.60 2.17 2.28 1.99 2.85 1.60 6.23 227 3.11 2.82
Mo 10.87 2.20 / 2.11 1.53 1.65 449 - 0.34 0.39
Sr 51.72 159.45 178.46 540.13 82.55 195.42 90.67 234.00 808.19 1012.71
Ni 307.89 5.01 3.65 6.08 3.34 2.94 6.31 9.21 16.70 8.92
Y 2217 0.68 1.83 1.88 0.27 0.56 0.68 1.25 2.16 3.65
Th/U 4.80 0.20 0 0.17 0.20 0.32 0.45 0.04 0.03 0.03
Rb/Sr 0.001 0.001 0.009 0.001 0.004 0.001 0.003 0.001 0.001 0
La 1.49 0.42 0.46 0.89 0.16 0.45 1.13 0.74 111 2.40
Ce 131 0.41 0.73 0.70 0.16 0.38 1.11 0.51 0.90 1.29
Pr 0.22 0.06 0.08 0.14 0.02 0.08 0.19 0.15 0.16 0.31
Nd 0.86 0.25 0.47 0.59 0.10 0.31 0.70 0.80 0.59 1.19
Sm 0.16 0.04 0.07 0.10 0.02 0.04 0.09 0.16 0.12 0.24
Eu 0.03 0.01 0.02 0.02 0.01 0.01 0.01 0.03 0.02 0.05
Gd 0.18 0.05 0.02 0.11 0.02 0.04 0.06 0.13 0.13 0.26
Tb w10 0.03 0.01 0.01 0.02 0 0.01 0.01 0.02 0.02 0.04
Dy 0.18 0.05 0.04 0.13 0.02 0.03 0.05 0.11 0.13 0.24
Ho 0.04 0.01 0.02 0.03 0.01 0.01 0.01 0.02 0.03 0.05
Er 0.12 0.03 0.12 0.09 0.01 0.02 0.04 0.06 0.09 0.15
Tm 0.02 0.01 0.01 0.01 0 0 0.01 0.01 0.01 0.02
Yb 0.09 0.03 0 0.06 0.02 0.02 0.03 0.04 0.07 0.11
Lu 0.01 0 0 0.01 0 0 0.01 0 0.01 0.02
YREE 4.73 1.38 2.04 2.92 0.55 1.41 345 2.78 3.39 6.37
LREE/HREE 6.13 6.36 8.30 5.16 533 9.33 14.74 6.13 5.73 6.14
OEupaas 0.77 1.01 243 1.03 1.49 1.36 0.94 0.98 0.79 0.88
dCepaasi -0.32 —0.28 -0.14 -0.39 -0.27 -0.35 -0.28 -0.51 -0.35 -0.52
dCepaas2 0.51 0.57 0.89 0.45 0.58 0.46 0.55 0.35 0.48 0.33
(La/Ce)n 237 2.13 131 2.67 2.09 245 2.11 3.02 2.58 3.87
Sm/Nd 0.18 0.15 0.15 0.17 0.17 0.12 0.12 0.20 0.20 0.20

¥ : OBupaas=2%Eun/(Smy+Gdy); JCepaasi=lg[3Cen/(2Lan+tNdy)]; dCepansr=2Cen/(LantPry); N.IRKFJ5 K P TTE (PAAS) 5
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Petrographic, geochemical characteristics and genesis of the siliceous rock in
the Middle Permian Maokou Formation at the eastern Sichuan Basin

*

CHEN Lanpu'
CHEN Jie'

, GUO Zhanfeng’, ZHENG Aiwei' , LIU Haotian’, LIU Yi', GAO Anhua',

1. Rsearch Institute of Exploration and Development, Jianghan Oilfield Company, SINOPEC, Wuhan 430223, China;
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Abstract: [Objective] To explore the sedimentary environment, sources, and formation mechanisms of siliceous
rock from the Maokou Formation on the eastern edge of the Upper Yangtze Block. [Methods] This study focuses on
the siliceous rock in the Middle Permian Maokou Formation from the eastern Sichuan area. Based on detailed
petrological observations and analyses, the major elements, trace elements, and rare earth elements of the siliceous
rock were analyzed. [Results] The results show that the formation of the siliceous rock was not influenced by
terrigenous materials. The SiO, primarily originated from hydrothermal fluids associated with Permian magmatism,
with biological processes, which played a role in its formation. The siliceous rock formed in relatively hypoxic, deep-
water rift troughs and surrounding shallow water platforms near the continental margin, under a background of
alternating platforms and basins. The activation of deep basement faults caused by the Emei mantle plume and
newly formed synsedimentary faults provided the main channels for the upward migration of hydrothermal fluids.
The interaction between the hydrothermal fluids and the crust during migration resulted in characteristics indicative
of crustal-mantle mixed sources. The siliceous rock was deposited during the synsedimentary period or shortly after
deposition, mainly through the replacement of carbonate components. The loose and porous medium conditions
facilitated the flow of hydrothermal fluids through the sediments, leading to bedding metasomatism or precipitation.
The intermittent action of hydrothermal fluids caused uneven silicification. [Conclusion] This research proposes a
new perspective on the genesis of the Maokou Formation siliceous rock in the eastern Sichuan area of the Upper
Yangtze Block, deepening the understanding of the paleotectonic sedimentary evolution at the Middle-Late Permian
boundary, and providing important insights for natural gas exploration and development in this region.
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