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Abstract: To overcome the high subjectivity of manual identification in traditional sandstone petrographic analysis and
the limitations of conventional image analysis methods, which typically focus on isolated tasks and lack systematic
quantitative characterization capabilities, this study proposes an integrated intelligent analysis scheme for thin-section
images that covers both workflows and techniques. A sandstone petrographic analysis framework encompassing three
major domains (i. e., composition, texture, and porosity) was established. This framework defines a standardized
analytical pathway from raw thin-section images to geological parameters. The deep learning and image processing
technologies were integrated into this scheme. Specifically, the Mask R-CNN model was employed for the precise
segmentation of detrital grains, and the MobileNet model was utilized for compositional classification; meanwhile,
tailored image processing algorithms were integrated to systematically extract three categories of parameters :
composition, texture (including grain size, sorting, roundness, and grain contacts), and porosity (areal porosity and
pore diameter). Validation using sandstone samples from multiple basins was performed. As indicated by the research
results, (1) the results of the integrated analysis were highly consistent with those of manual identification regarding key
parameters, while demonstrating superior objectivity and precision in geologically complex scenarios such as quartz
overgrowths; (2) the constructed sandstone analysis framework systematically generated “petrographic datasets” ,

successfully achieving a paradigm shift from qualitative description to quantitative analysis.
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Fig. 1 Image-based sandstone petrographic analysis framework
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Fig. 2 Dataset sources and annotation schematic diagram for sandstone microscopic images
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Fig. 3 Architecture schematic diagram of the improved deep learning model for sandstone image segmentation and classification
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Table 2 Sources and characteristics of sandstone samples used for petrographic analysis
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Fig. 5 Deep learning analysis results of representative fields of view (FOVs) for six sandstone samples from different basins
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Fig. 6  Quantitative extraction results of petrographic characteristics of Sample S2 from the Upper Triassic Yanchang Formation in the
southeastern Ordos Basin
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Table 3 Comparison of segmentation metrics for typical samples among different methods
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Table 4 Comparison between integrated analysis-based and manual identification results for different sandstone samples
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