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Abstract The genetic type of siliceous minerals exerts differential controls on shale reservoir
quality; however, current reservoir evaluation frameworks predominantly employ total quartz content as a
proxy, neglecting the distinct reservoir effects associated with silica of different origins. This study
systematically investigates the silica origin, genesis, and geological significance of Permian shales from
the Wujiaping Formation Member 2 ( Wu-2 Member) and Maokou Formation Member 4 ( Mao-4
Member) in the Hongxing area, eastern Sichuan Basin, using an integrated approach combining scanning
electron microscopy with energy-dispersive spectroscopy ( SEM-EDS), X-ray diffraction ( XRD), and
major-trace element geochemistry. The key findings are as follows: (1) Both members contain detrital
quartz and biogenic quartz — the latter encompassing structurally preserved ( radiolarian fossils) and
structurally recrystallized ( microcrystalline quartz aggregates ) varieties — while hydrothermal silica is
absent. The Wu-2 Member is characterized by mixed detrital-biogenic silica ( absolute detrital silica
content; 21.7% ; absolute biogenic silica content: 21.22% ), whereas the Mao-4 Member is dominated
by biogenic silica (absolute content 20. 71% ) with negligible detrital input ( absolute content 3.34% ).
(2) Two contrasting silica enrichment models are proposed: a “superimposed enrichment model” for the
Wu-2 Member, where deep-water shelf conditions sustained both substantial terrigenous supply and
elevated bioproductivity; and a “carbonate dilution-controlled model” for the Mao-4 Member, where
pervasive carbonate minerals accumulation overwhelmingly diluted siliceous components, passively
elevating the relative proportion of biogenic silica. (3) Biogenic silica content serves as positive effects for
evaluating organic matter enrichment, pore preservation, and reservoir fracability. Shifting the target
window in the Hongxing area from carbon-rich, medium-silica lithofacies to carbon-rich, high-silica

lithofacies increased daily test gas production from 11.67%10* m’ to 26. 64 x 10" m’

, demonstrating the
pivotal role of biogenic silica content in engineering sweet-spot selection. A comprehensive evaluation
framework integrating different genetic silica content and rock mechanical parameters is therefore
recommended to guide precise layer selection and efficient development of Permian shale gas in the eastern
Sichuan Basin.

Key words silica origin, silica genesis, biogenic silica, reservoir fracability, shale, Permian,
Sichuan Basin
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Fig. 1  Geographical location (a) and the Permian comprehensive column chart (b) of Hongxing area, eastern Sichuan Basin

( modified from Bao et al., 2024)
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Fig. 2 Bar graph of TOC (a) and mineral content (b) of the Wu—2 Member and Mao—4 Member from Well HY -4

in Hongxing area, eastern Sichuan Basin
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Table 1 TOC and minerals content of the Wu-2 Member and Mao-4 Member shale from Well HY-4 in

Hongxing area, eastern Sichuan Basin

LEZE boics v
%> )= W /m TOC/ %
113 R A BHCAT Ji fg A1 Hz A R BLw

Wi 5B 4269.05 3.88 49.0 0.0 1.7 26.6 3.6 7.5 11.6
w2 5B 4271.55 5.43 48.4 0.0 5.5 29.1 0.0 3.6 13.4
w3 5B 4272.44 8.35 59.3 0.0 3.1 13.4 3.4 8.7 12.1
w4 5B 4274.75 3.66 40.8 0.0 3.4 22.6 2.9 7.3 23.0
W5 5B 4275.84 2.33 36.2 5.7 0.0 28.5 0.2 5.3 24.1
w6 5B 4276.63 3.15 35.6 0.0 3.8 23.0 8.2 8.2 21.2
w7 5B 42717.75 4.97 30.4 3.1 5.2 13.0 3.9 19.0 25.4
w8 5B 4279.25 5.88 45.9 2.2 4.8 7.7 1.5 10.9 27.0
w9 S5 TB 4280.25 6.34 38.3 2.8 4.2 12.4 5.4 5.6 31.3
M1 EQut 4334.35 2.02 24.6 0.7 0.7 44.6 29.1 0.0 0.3
M2 B 4338.67 1.88 24.9 2.0 2.4 59.4 10.9 0.5 0.0
M3 500 Bt 4341.55 4.14 28.7 3.3 0.0 67.4 0.0 0.4 0.0
M4 50U Bt 4344.25 5.08 26.4 3.5 0.0 69.2 0.5 0.4 0.0
M5 B2 4348.67 2.20 33.4 2.2 0.0 61.2 0.0 1.6 1.6
M6 Y Bt 4352.00 2.85 27.1 2.0 0.0 70.3 0.0 0.4 0.1
M7 5 Bt 4356.26 2.70 40.5 2.3 0.0 52.5 0.0 0.5 4.1
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a,b—REE A9, RTE, 4275. 50 m; d, e—@EJE A3, FIUE, 4330. 60 m; c, 435l SR B DY B A1 5 X B 1 g 1
B3 IR EMX HY -4 52— BORSE U B S £1 44 /9 SEM & {3
Fig.3 SEM images of detrital quartz of the Wu-2 Member and Mao-4 Member from Well HY-4 in Hongxing area,

eastern Sichuan Basin
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Fig. 4  Photos of structure-preserved biogenic quartz of the Wu-2 Member and Mao-4 Member from Well HY -4 in Hongxing area,

eastern Sichuan Basin
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Fig. 5 Photos of structure-reconstructed biogenic quartz of the Wu-2 Member and Mao-4 Member from Well HY -4

in Hongxing area, eastern Sichuan Basin
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Fig. 6 Al-Fe-Mn ternary discrimination diagram (a) and standardized rare-earth element distribution model

diagram (b) of the Permian shale in Hongxing area, eastern Sichuan Basin
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H i (SI/AL) 4y {H 2 3.11 ( Wedepohl, 1971),
B BT AR v 52 M A & e 0 8 T e e 4 AR
A, FEBR A SR, S SO £ 4L B
AR AR A, IF BT R Si0, . R ST XA
Al iR b S A F AT L, oA i 5 AT A T 5
AT — R AL B A it O R AR (450 25
Yang et al., 2018) . A ¥yfk & e i Mo 5 i b
Prufia et (A303) Rfd.
1.308[ Al, ;Mg ;) (Sig ) 0, (OH)4(Na, 4 )2H,0
[ZWiA ] + (0.06Fe,0, + 0.56K,0 + 0.02Ca0) ]
= [ (AL, ,Fe, Mg, 50) (Siy 1) 0,0 OH)A(K, )
Na, ,, Ca, s [ FHFI A ]] + 3.29Si0, + 0. 56Na,0

+ 0.55MgO + 3.23H,0 (2)

Ppam|

Sinmmm = Slgw ~ Slgasn (3)
ERTESIRER (R 2; K8): R BIUAE

Aol o 20 0 A G A S B 210 70% | UA fiE A
5.27% . WAL R 21.22% 5 5P DB s ik B 4H
O3 HE R T R A B 3. 34% . A fiE R 0.22%
AR 20.71% , E WIS R S Si-AL R
5 PEH B A5 e 80— B, [R) I 5 3 4 i e WL A 4
RAHE EIUE, B R ZOBE A A A B AR ) R

x2 NFL4EHMR HY-4FRZBEMFERTE
EREABRREESE
Table 2 Composition and content of silicon in Wu-2 and
Mao -4 members shale from Well HY -4 in Hongxing area,

eastern Sichuan Basin

WEES R CAES R APREEE

E
d

bl
=
DE
=

/% /% /%

Wl B G 24.30 2.91 15.38
W2 RTER s 7.72 3.36 29.23
W3 OB WA 11.73 3.04 51.65
W4 OB B 16.67 5.77 27.39
W5 OB WA 27.68 6.05 8.04
W6 RTE 21.01 5.32 16.13
W7 RTE 29.02 6.38 8.29
W8 R E 31.11 6.78 21.11
W9 R WA 26.05 7.86 13.72
M1 PR A 5.95 0.07 11.30
M2 FEPUE A 2.16 0.00 24.38
M3 FEPUE s 0.60 0.01 25.52
M4 FEPUE TUs 6.82 0.00 21.54
M5 FEPUE T 0.77 0.40 14.10
M6 B TUE 3.64 0.01 22.05
M7 EWE A 3.47 1.03 26.11
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Fig. 8 Silica content from different sources of the Wu-2 and

Mao-4 members in Hongxing area, eastern Sichuan Basin
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Table 3 Element ratio parameters for the Permian

shales in Hongxing area, eastern Sichuan Basin

%' =302 V/(V+Ni) Th/ U Rb/ Zr V/ Ni

Wi B 0.70 0.38 0.84 2.30
w2 5B 0.82 0.59 0.31 4.45
w3 5B 0.84 0.18 0.65 5.26
W4 2B 0.77 0.50 0.99 3.28
w5 2R 0.78 0.66 0.90 3.45
w6 LSty 0.83 1.07 0.80 4.94
w7 R 0.80 0.39 0.94 3.90
w8 5B 0.63 0.99 0.62 1.68
w9 5B 0.72 0.80 0.52 2.52
Ml 00 B 0.59 0.17 0.52 1.45
M2 00 B 0.82 0.12 0.57 4.59
M3 EUES 0.78 0.08 0.53 3.50
M4 E3u= 0.83 0.02 0.13 4.93
M5 5 B 0.74 0.08 0.65 2.81
M6 5 B 0.64 0.01 0.13 1.76
M7 E U= 0.71 0.12 0.50 2.50
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Fig.9 Crossplots of Th/ U vs. V/(V+Ni) of the Permian

shales in Hongxing area, eastern Sichuan Basin
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Fig. 10  Crossplots of TOC vs. quartz of the Permian shales in

Hongxing area, eastern Sichuan Basin
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Fig. 11 Typical photos of biological silica protecting pores of the Permian shales in Hongxing area, eastern Sichuan Basin
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eastern Sichuan Basin
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Fig. 13 Comparison between original target window and current target window of the Permian shales from Well HY -4

in Hongxing area, eastern Sichuan Basin
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Well HY-4 in Hongxing area, eastern Sichuan Basin
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