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Fig.1 Indiana University Flume Lab and the flume used for conducting the quartz-silt and quartz-clay-mixed

experiments!!*’
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Fig.3 Model for the separation of coarse silt from bedload floccules!”]

(a) The clay floc containing coarse silt moves on the riverbed and encounters obstacles; (b) The collision with the obstacle causes the
flocculation to slow down, and the inertial force of the quartz particles causes the flocculation to break; (c¢) The floccule debris moves in
the current and the coarse silt sinks to the bottom; (d) coarse silt accumulates, forms ripples, and migrates on the riverbed surface. At the

same time, clay floccules containing small sand particles grow to equilibrium size and form migrating floc ripples
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Fig.4 Two types of sedimentary models for lacustrine shale in the Shahejie Formation, Jiyang Depression, Bohai
Bay Basin[*]

(a) massive transporter (MMTD) sedimentary model; (b) turbidite mudstone sedimentary model.
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Fig.5 Distribution of particle sizes of kaolinite measured at the flume bed under variable experimental
conditions®”!

The Violin plot shows the median particle size (white dots) and the interquartile spacing (black squares), with its overall shape
representing the probability density of the data and a wider visual distribution representing higher density. The particle and floccule sizes
were measured using HD cameras and showed that once the velocity was reduced to 30 cm/s, large floccule formation began and

subsequently continued, with floccule size gradually increasing as the bed shear (velocity) was further reduced
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Abstract: [Objective] As an important component of unconventional oil and gas resources, the basic research of
shale oil and gas resources has gradually gained momentum. With the continuous microscopization of the study
scale, it is increasingly important to study the microstructures of clay sediments. Microstructures of clay sediments
have an impact on shale foliation and lamination structure, thus influencing the shale reservoir capacity and
development effect. Therefore, further understanding of clay sediments microstructures is conducive to the
distribution prediction and exploitation of shale oil and gas resources. [Methods] In addition to being affected to
rows and columns by physical action, clay particles also undergo chemical adsorption and flocculation to form
floccules with varying degrees. The basic floccule unit is tabular particles or domains, further forming flocs or
chains, before finally forming a card house structure under the electric charge. There are many types of structures,
reflecting the difference of flocculation. In the sedimentary stage, the physical and chemical factors affecting the
flocculation include particle size, particle content, external hydrodynamic strength and flow properties, climate,
electrolyte concentration, ion type, pH value, and organic matter. By studying the physical and chemical factors
affecting the microstructures of clay sediments and analyzing the other components of mudstone composite
particles such as volcanic rock fragments, shale lithics, muddy intraclasts, and fecal pellets, the sedimentary
environments of mudstone and shale can be identified and described. [Results] Flocculation enables clay minerals
to be deposited in high-energy hydrodynamic environment. The larger the clay particle size is, the less likely it is
to flocculate. Moreover, relatively turbulent water interferes with flocculation and prevents mudstone particles
from forming layers. Climatic stratification and storm pressure conduction affect the microstructure of clay
deposits. Strong acidic water is conducive to the flocculation of clay particles such as kaolinite. The effects of
salinity and organic matter are controversial. The sedimentary environment of shale is diverse, and the sedimentary
dynamics include isobaric flow, upwelling flow, gravity flow, viscous underflow, suspended sedimentation,
tsunami, and storm. However, this study is still in its infancy, and no perfect sedimentary geological model has
been established; The quantitative research of floccules and other components of mudstone composite particles is
insufficient, and artificial intelligence image recognition technology has not been used well; The study on the
sedimentary micro-environment and internal association characteristics of marine black shale in western China
needs to be deepened; The research technology and method are slightly single. [Conclusion] Based on the
qualitative and quantitative description of microstructures of clay sediments and demonstration of sedimentary
environments of mudstone composite particles, fine description of complex and changeable sedimentary
environment and sedimentary micro-environment can be achieved, deepening our understanding of the
differentiation characteristics of sedimentary environments of shale such as lakes and seas, further revealing the
differences in shale reservoir quality within the high-precision range, and laying a foundation for the selection and
development of geology and engineering "desserts" in shale; this study has great significance for the deep
utilization of shale oil and gas geological resources.

Key words: shale; sedimentary microstructure; flocculation; physicochemical factor; micro-environment
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