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Abstract: Lithofacies types and their spatial distributions in fine-grained sedimentary rocks are the main factors
controlling shale oil and gas enrichment. However, continental fine-grained sedimentary systems are characterized by
highly heterogeneous lithofacies and complex depositional settings, making the quantitative and objective identification
of lithofacies, as well as the establishment of its responses to depositional environments, particularly important for shale
oil sweet-spot prediction. A paleoenvironment-controlled chemofacies stacking pattern was established for the 1st
member of the Cretaceous Qingshankou Formation (Qing 1 Member) in the Songliao Basin. This was achieved through
continuous portable X-ray fluorescence (pXRF) scanning and geochemical data analysis techniques, followed by
chemofacies classification using elemental assemblages, principal component analysis (PCA), K-means clustering, and
Ward’s hierarchical clustering. As indicated by the research results, (1) the fine-grained sedimentary rocks of the Qing

1 Member can be classified into three major chemofacies types and eight subtypes. The paleoenvironment was generally
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characterized by a humid climate and strong redox freshwater to brackish-water environment. Compared with the
Sanzhao Sag, the Gulong Sag exhibits higher redox strength, greater paleowater depth, and locally elevated
paleosalinity. (2) Vertically, the Gulong and Sanzhao sags display similar chemofacies evolution trends, both showing
an upward increase in chemofacies diversity and accelerated facies succession changes. (3) Laterally, significant
differences in chemofacies distribution exist between the two sags due to local variations in water properties and
lacustrine-bottom topography. The Gulong Sag features highly diverse chemofacies types and rapid facies transitions,
whereas the Sanzhao Sag exhibits fewer chemofacies types and relatively stable facies successions. (4) This study
systematically investigated chemofacies classification and evolutionary stacking patterns in fine-grained sedimentary
rocks, providing a methodological reference for similar studies and offering a theoretical basis and practical guidance for
shale oil sweet-spot prediction in the study area.

Key words: chemofacies, lithofacies, cluster analysis, depositional environment, fine-grained sedimentary rocks,
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