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Abstract The development of lacustrine high-quality hydrocarbon source rocks is often associated
with lake salinization, but the impact of salinization on shale development remains unclear. In this paper,
taking the Paleocene shale of the Dongying sag as an example, we analyze the changes in shale composi-

tion, laminae structure, and organic matter abundance across different salinity evolution stages. This is
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done by means of thin-section observation, XRD, pyrolysis test of rocks, 2D elemental scanning of XRF,
and trace elemental test, combined with organic geochemistry data and variations in elemental content. The
results show that the shale within the depth range of 3120-3160 m in the lower submember of Member 3 of
the Shahejie Formation of Well F42 can be divided into five lithofacies. The environmental evolution of the
target section can be divided into five stages, which are controlled by factors such as climate and terrestrial
input. During the deposition of the lower submember of Member 3 of the Shahejie Formation, the paleocli-
mate transitioned from warm and humid to relatively wet and cold, then to warm and humid, relatively dry
and cold, and finally to relatively warm and humid. Terrestrial input showed multi-period cyclic changes.
Characteristics of sedimentary environments varied among different lithofacies. High-salinity lakes had high
nutrient concentration, high primary productivity, strong water stratification, and weak water circulation.
The position of oxycline/halocline was relatively high, and the oxygen-rich zone was shallow, facilitating

the rapid deposition of organic matter into reducing environments, which favored organic matter preserva-

tion. The carbonate mineral content was high and developed as laminae in stagnant water layers.
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Fig. 1 Regional tectonic map of Dongying sag (A) and synthetical stratum histogram (B)
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Table 1 Mineral component content of shale from Well F42 in Dongying sag
Y BRI %
HH/ m
WRER R4 7 A =y i+ Bk PaE FHCA A Eig7R E37R

3120.30 57.4 52.4 5.0 22.7 14.3 3.4 0.0 2.2 0.0
3120.50 62.9 60.5 2.4 20.4 11.5 3.9 0.0 1.4 0.0
3120.80 30.7 17.8 13.0 30.2 30.3 6.3 0.0 2.6 0.0
3121.50 56.3 50.9 5.5 22.6 14.2 5.2 0.0 1.6 0.0
3122.86 52.4 44.6 7.8 27.6 13.9 3.0 0.0 1.8 1.2
3124.50 64.0 56.3 7.7 16.6 12.7 5.2 0.0 1.5 0.0
3125.52 56.5 51.3 5.2 22.4 13.6 5.0 0.0 1.7 0.8
3127.04 55.4 48.6 6.8 22.3 15.7 3.4 1.1 2.1 0.0
3128.35 48.3 42.8 5.5 27.6 16.6 5.5 0.0 2.0 0.0
3129.20 56.9 48.3 8.6 20.1 14.2 6.8 0.0 2.1 0.0
3130.30 78.1 18.0 60.1 12.2 6.8 1.7 0.0 1.1 0.0
3130.50 48.9 29.5 19.5 29.8 15.4 4.5 0.0 1.5 0.0
3131.08 59.4 53.8 5.6 22.1 14.4 2.6 0.0 1.5 0.0
3131.29 20.2 13.8 6.4 41.5 30.2 5.5 0.0 2.6 0.0
3131.43 55.2 52.7 2.5 22.9 17.1 3.2 0.0 1.6 0.0
3131.44 64.3 60.8 3.5 16.9 14.3 3.0 0.0 1.5 0.0
3132.17 49.2 43.5 5.7 22.3 16.4 9.2 0.0 2.9 0.0
3135.48 37.9 32.3 5.6 31.4 22.6 5.9 0.0 2.1 0.0
3137.00 54.7 51.0 3.7 23.8 14.0 5.8 0.0 1.8 0.0
3138.20 47.4 41.4 6.0 25.7 19.1 5.5 0.0 2.3 0.0
3139.30 44.9 40.1 4.8 26.1 20.4 6.4 0.0 2.2 0.0
3140.64 36.5 34.6 1.9 25.0 24.9 7.9 0.0 5.7 0.0
3141.30 45.2 42.6 2.7 21.6 24.2 7.3 0.0 1.6 0.0
3142.50 38.0 30.5 7.5 19.4 21.7 18.7 0.0 2.2 0.0
3146.13 51.7 46.8 4.9 20.9 17.5 7.6 0.0 1.1 1.3
3149.93 47.7 36.9 10.8 21.3 19.5 8.0 0.0 1.6 1.9
3154.50 36.0 30.2 5.9 31.2 20.4 9.1 0.0 2.0 1.3
3155.10 37.7 35.9 1.8 32.7 18.2 8.5 1.1 1.9 0.0
3158.06 52.8 44.1 8.6 21.7 19.0 4.5 0.0 2.0 0.0
3160.40 42.7 39.6 3.2 29.4 17.2 8.4 0.0 2.3 0.0

¥iA 49.6 41.7 7.9 24.3 17.7 6.0 1.1 2.0 1.9
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Fig. 2 Characteristics of mineral composition and organic geochemical parameters of shale from Well F42 in Dongying sag
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Fig. 3 Mineral component occurrence and sedimentary structure of shale from Well F42 in Dongying sag
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Fig. 4 Characteristics of two-dimensional distribution of elements in different lithofacies of shale from Well F42 in Dongying sag
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Fig. 5 Sedimentary environment evolution of shale from the lower submember of Member 3 of Shahejie Formation,
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