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Abstract Flute casts encode critical hydrodynamic information, yet their characteristics and
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controlling factors remain inadequately studied. This paper focuses on the Lashizhong Formation exposed in
the Zhuozishan outcrop, Ordos Basin, aiming to document the morphological characteristics of flute casts,
investigate the main controlling factors governing their spatial distribution, and establish a depositional
model for such structures, thereby enriching field-based geological case studies of flute cast systems. Field
section survey, petrographic thin-section analysis, and grain-size parameter analysis were integrated to
conduct this research. Key findings include: (1) Eight morphological types and three assemblage types of
flute casts are identified in the Lashizhong Formation of the study area, including narrow simple parabolic,
wide simple parabolic, bulbous parabolic, and conical parabolic forms ( classified as Assemblage Type
I), fusiform form ( Assemblage Type Il ), as well as asymmetric, cometary, and helicoidal forms
(Assemblage Type I ). (2) Flute casts formed during channel deposition are the largest in scale,
whereas those developed in lobe deposits exhibit the greatest morphological diversity. (3) Flute cast
formation is primarily controlled by flow energy, velocity, density, and erosion duration. High-energy,
high-velocity flows favor large-scale Type I flutes, while decreasing flow energy leads to smaller, more
numerous Type II forms. Longer erosion duration results in denser flute distributions. (4) Strong, high-

density erosive events form thick, coarse-grained, poorly sorted sandstone layers dominated by Type I

flutes, whereas weaker, low-density flows deposit fine-grained, well-sorted thin sandstone beds

containing Type II flutes.
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Fig. 1 Tectonic units and palaeogeography and comprehensive stratigraphic column of the Upper Ordovician

in western margin of Ordos Basin
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Fig.2 Channel and lobe depositional characteristics and paleocurrent directions of the Lashizhong Formation

in western margin of Ordos Basin
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Table 1 Flute cast morphological characteristics of the Lashizhong Formation in Zhuozishan outcrop, western margin of Ordos Basin
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Fig. 3 Morphological classification diagram of flute casts of the Lashizhong Formation in Zhuozishan outcrop,

western margin of Ordos Basin ( modified from Allen, 1969)
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Fig. 4 Pattern diagram of flute cast assemblages of the Lashizhong Formation in Zhuozishan outcrop, western margin of Ordos Basin
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Fig. 5 Relationship between sandstone thickness and three-dimensional flute cast characteristics of the Lashizhong Formation
in Zhuozishan outcrop, western margin of Ordos Basin
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Table 2 Statistical table of sandstone thickness and three-dimensional flute casts of the Lashizhong Formation
in Zhuozishan outcrop, western margin of Ordos Basin
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Fig. 6 Characteristics of flute casts in each layer of Bouma sequence of the Lashizhong Formation in

Zhuozishan outcrop, western margin of Ordos Basin
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Fig. 8 Relationship between size of flute casts and average particle size and grain size statistics of

the Lashizhong Formation in Zhuozishan outcrop, western margin of Ordos Basin
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Table 3  Granularity analysis of the Lashizhong Formation in Zhuozishan outcrop, western margin of Ordos Basin
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Fig. 9 Parameter diagram of flute casts length, width and thickness and diagram showing intersection of flow strength and grain sizes

the Lashizhong Formation in Zhuozishan outcrop, western margin of Ordos Basin (modified from Harms et al., 1975)
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Fig. 11 Sedimentary evolution-stage model of flute casts of the

Lashizhong Formation in Zhuozishan outcrop, western margin of

Ordos Basin
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