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Abstract Inversion structures are significant superimposed structures that play an important indi-
cative role in the development of hydrocarbon traps in petroliferous basins. To clarify the characteristics of
inversion structures in the Yindongzi area, southern segment of the western Ordos Basin thrust belt, and
further investigate their control on the distribution of the Wulalike Formation shale, this study first
identifies typical features of inversion structures using 2D framework profiles and 3D seismic data. Then,
balanced cross-section techniques and discrete element numerical simulation are applied to typical seismic
profiles for evolutionary analysis, determining the stages and processes of inversion structure evolution.
Finally, the paleogeomorphology at the end of Wulalike Formation deposition is restored using 3D seismic
data, and the shale thickness of the Wulalike Formation is predicted based on a seismic velocity-lithology
analysis model, enabling an in-depth discussion of tectonic inversion control on Wulalike Formation shale
development. (1) Typical positive inversion structures developed in Yindongzi area. During the early
depositional stage of the Wulalike Formation, the area was characterized by normal faults and negative
structural elements. After the Permian, fault properties reversed from “normal” to “reverse”, and struc-
tural elements changed from “negative” to “positive”. Compressional structures continued to superimpose
after the Triassic, forming a “lower depression and upper protrusion” structural style in profiles; (2)Two
stages of positive tectonic inversion occurred in Yindongzi area: the first stage was a weak compressional
inversion from the Late Ordovician to Early Carboniferous, a far-field compressional response triggered by
the subduction mechanism transition of the Paleo-Qinling Ocean, characterized by regional broad uplift
and long-term depositional hiatus, marking the beginning of the tectonic transition from extension to
compression. The second stage was a strong thrust inversion, initiated in the Late Triassic and culminating
in the Late Jurassic-Cretaceous. It began with initial compression induced by the North China-Yangtze
block collision along the Qinling Belt during the Indosinian and was strongly activated during the Late
Jurassic-Cretaceous by the superimposed effects of Pacific Plate subduction, completing the fundamental
transformation from pre-existing extensional faults to a compressional structural system; (3)The
distribution of Wulalike Formation shale is controlled by these two tectonic stages: The first stage,
involving syn-sedimentary normal faults in a back-arc extensional setting, controlled the original deposition
of thick deep-water shale. The weak tectonic inversion potentially formed favorable hydrocarbon “sweet
spots” characterized by shale enclosing brecciated limestone. The second stage of strong tectonic inversion
transformed pre-existing faults into thrust faults, causing the shale distribution to migrate eastward to
higher structural positions; (4)The most favorable depositional area for Wulalike Formation shale is
identified as the region west of the hanging wall of the Huishan Fault and east of the footwall of the

Qingping Fault, with the planar favorable depositional zone located in the deep depression in the
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northwestern part of southern segment of Western Ordos Basin Thrust Belt. This paper proposes an

analytical approach combining balanced cross-section techniques and numerical simulation for studying

inversion structure evolution, which not only guides the exploration of Paleozoic shale oil in the southern

segment of the western Ordos Basin but also provides a methodology for structural analysis in similar

petroliferous basins.

Key words inversion structures, shale distribution, Wulalike Formation, Western Ordos Basin

Thrust Belt, Ordos Basin
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Fig. 1 Structural division of Western Ordos Basin with the Palaeozoic comprehensive stratigraphic column
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Fig. 2 Seismic interpretation illustrating typical positive inversion structural styles in southern segment

of Western Ordos Basin Thrust Belt ( profile location shown in Fig. 1-A)
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Fig.3  Seismic interpretation illustrating typical positive inversion structural styles in southern segment

of Western Ordos Basin Thrust Belt ( profile location shown Fig. 1-A)
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Fig. 6 Numerical modeling of tectonic evolution for a representative cross-section

in southern segment of Western Ordos Basin Thrust Belt
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