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Abstract: Black shale serves as a significant repository of paleoenvironmental information, exhibiting a close
genetic and spatial relationship with various associated mineralization elements and geological phenomena.
By focusing on black shale and accurately analyzing its depositional environment and the mechanisms governing
organic matter enrichment, researchers can identify large ore deposits and rich ore bodies, thereby offering a more
nuanced interpretation of major geological events. Consequently, this research holds substantial significance.
This study discusses the correlation between the depositional environment of the Wufeng Formation-Longmaxi
Formation black shale and its associated elements by analyzing the principles of modern sedimentary carbon
sequestration and integrating them with ancient environmental studies. Furthermore, the concept of the geoscientific
survivor effect is proposed. The findings suggest that relatively closed water environments serve as focal points
for the accumulation of organic matter and associated minerals. Following enrichment, these materials become
remnants of geological history, preserved to the present day, whereas more open water environments are less
effective at enrichment due to dilution and decomposition. Notably, the efficiency of organic matter decomposition
in sediments is significantly more sensitive to temperature variations than to redox conditions. In cold temperate
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zones, low decomposition efficiency facilitates the preservation and enrichment of organic matter. It can be
concluded that the Wufeng Formation—Longmaxi Formation shale in the Sichuan Basin developed in a relatively
closed lagoon environment characterized by a cold and humid climate, alongside a marine regression; climate and
water closure are the two primary factors influencing organic matter enrichment during the shale deposition
period. Importantly, there is no causal relationship between organic-rich shale and its associated elements, which
aligns with the geological survivor effect. This study offers a novel perspective that enhances our understanding

of the enrichment environment of shale organic matter.
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Table 1 Organic carbon content in surface sediments of different water environments
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Table 2 Comparison of elements in closed and open environments

wg/(mg/kg)

5, - TOC/% SCRRK IR
Cr Ni Cu Zn Cd Pb As
A 123.82 4214 85.69 177.13 1.06 113.34 17.70 2.50 21.0 B R4, 2020
Pl 87.31  46.52 78.94 142.18 1.67 62.23 18.72 87.48 2.2 H—4, 2023
AL 38.74  17.69 8.36 55.73 0.05 17.84 4.56 47.01 0.6 F Iy A5, 2022
IRt 77.20 — 20.00 78.40 0.21 21.80 — — 0.4 2 Je5m 5, 2020
i it 42 48.00 24.67 13.00 49.00 — 83.00 — — —
ha i bk 60.00  38.86 21.00 86.00 — 90.00 — — — P 5F, 2002
T2 T 74.00  56.09 46.00 108.00 — 88.00 — — —

T —oR ol

a—RAE AT TIEL, b, c— R I HHE NP 3 PHERSE (R I @); d, e—IHE SN BT I P14 (i A2 IL I @)
a—sampling point location plan; b, c—semi-enclosed environment within Tangdao bay (locations refer to Fig. a);
d, e—open environment of the Yellow Sea beyond the bay (locations refer to Fig. a).
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Fig. 2 Characteristics of organic matter enrichment in sediments from the inner and outer surfaces of Tangdao Bay, Qingdao
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Table 3 Sampling locations and organic carbon content
test results of surface soil samples

G . o TOC
e L4 % (N, E) R LA 1%

H1 49.637°,120.063°  HI/REIMMMAZHK 455

H3  51.266°, 120.817°  SL/RIEEERMA 2.61
H4  51.348°,120.652°  FRARAWH =uhME  3.24
H5  51.399°,119.966°  FEEHiI1j 2.78
H6  50.205°,119.610°  &ilisk 1.54

% 1 BEL VG I 300 0 3 1.71
T I B PR T T

H9 49.287°, 118.050°

HI10  49.336° 118.986° 1oy iy 1.49
D01  43.873°,124.455° A\ EWETTHIGIL AT 0.88
D03  42.670° 126.045°  #5md B sARHE 1.70
KO1  48.621°,87.049°  WEY4MTIMIENETE 6.47
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Fig. 3 Relationship between radiolarian volcanic glass and organic carbon content
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Fig.5 Geoscience survivor effect pattern
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Fig. 6 Hypothetical model of climate and sea-level changes from Late Ordovician to Early Silurian
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