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Abstract Several hundred meters of organic-rich shale are developed in the upper 4th Member of
the Shahejie Formation in the Niuzhuang sub-sag of the Dongying sag, Bohai Bay Basin. This shale
formation occurred during a critical period of climate fluctuations in the Middle Eocene in East Asia.
However, the sedimentary evolution of this shale and its organic matter enrichment mechanisms in
response to climate changes remain insufficiently studied. Through core and thin section observations, as
well as organic and elemental geochemical analyses, we explore the mechanisms of organic matter
enrichment under climatic constraints. Based on lithofacies assemblages and geochemical parameters, the
study interval is divided into three stages: The first stage was characterized by a relatively dry and cold
climate, with an average Total Organic Carbon ( TOC ) content of 2.52%. This stage featured
rhythmically layered, dolomitic, fine-grained sedimentary rocks with moderate organic matter content and
high-organic-matter rhythmic layered mixed fine-grained sedimentary rocks. The second stage experienced a
relatively warm and humid climate, with an average TOC of 3.29%. It was marked by the development of
high-organic-matter rhythmically layered quartz-containing calcareous fine-grained sedimentary rocks and
high-organic-matter rhythmically layered mixed fine-grained sedimentary rocks. The third stage was a warm
and humid period, with an average TOC of 2. 78%. This stage was characterized by the development of
high-organic-matter non-rhythmically layered mixed fine-grained sedimentary rocks and medium-to high-
organic-matter rhythmically layered quartz-containing fine-grained calcareous sedimentary rocks. A
sedimentary model for the Upper Fourth Member of the Shahejie Formation in the Niuzhuang sub-sag has
been established based on lithofacies assemblages and trends in sedimentary environment changes. Under
relatively warm and humid climates, moderate terrestrial input can bring terrestrial detrital organic matter
and nutrients to the lake basin, which is beneficial for organic matter enrichment. Conversely, under
relatively dry and cold climates, shallow water with high salinity can inhibit the growth and reproduction of
aquatic organisms. Under warm and humid climates, excessive terrestrial input can dilute the organic
matter concentration in water and introduce large amounts of oxygen, both of which are unfavorable for
organic matter enrichment. This study provides valuable insights into the analysis of geological sweet spot
analysis of organic-rich shale in continental faulted lake basins in eastern China.

Key words depositional environment, fine-grained sedimentary rocks, organic matter enrichment,
Middle Eocene, Dongying sag
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Fig. 1 Location and stratigraphic division of Niuzhuang sub-sag, Dongying sag of Bohai Bay Basin
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Fig. 2 Mineral characteristics of the Upper Pure Layer of Upper Submember of 4th Member

of Shahejie Formation in Niuzhuang sub-sag, Dongying sag
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Table 1 Lithofacies types and material composition of the Upper Pure Layer of Upper Submember of 4th Member

of Shahejie Formation in Niuzhuang sub-sag, Dongying sag

HAH Ji i/ % Hzfi/% /% 3/ % KA/% TOC & /%
L1 50.00~67.00/58.60 1.00~17.00/5.60 6.00~18.00/11.60 7.00~31.00/20.80 1.00~3.10/1.70 1.50~3.35/2.30
L2 5.00~44.00/31.50 1.00~18.00/4.60 21.00~62.00/37.60  16.00~30.00/22.20 1.00~13.00/3.70 1.93~3.49/2.55

L3 50.00~73.00/59.80 3.00~29.00/10.20

L4 2.00~46.00/20.00 1.00~39.00/10.30 16.00~57.00/30.30  17.00~42.00/26.70 2.00~21.00/7.80
L5 6.00~32.00/20.00 27.00~75.00/53.80 3.00~13.00/5.80

2.00~19.00/8.30

10.00~29.00/18.10 1.00~5.00/2.00 1.99~4.02/2.56

1.90~8.59/3.01

13.00~18.00/15.00 1.00~10.00/3.80 1.20~1.99/1. 59
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Fig. 5 Lithfacies characteristics in the Upper Pure Layer of Upper Submember of 4th Member of Shahejie Formation

of Well NY1 in Niuzhuang sub-sag, Dongying sag ( I )
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Lithfacies characteristics in the Upper Pure Layer of Upper Submember of 4th Member of Shahejie Formation
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of Well NY1 in Niuzhuang sub-sag, Dongying sag ( II )
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Fig. 7 Distribution characteristics of organic matter content in fine-grained sedimentary rocks in the Upper Pure Layer

of Upper Submember of 4th Member of Shahejie Formation of Niuzhuang sub-sag, Dongying sag
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Fig. 8 Histogram of organic matter types in source rocks of the
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