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Abstract The identification and prediction of shale lithofacies are crucial for identifying favorable
intervals ( “sweet spots” ) in shale oil and gas reservoirs. In the absence of core data, logging data plays
a key role in lithofacies analysis at the single-well level. By applying the XGBoost algorithm, useful litho-

facies information can be extracted from multidimensional logging data, enabling effective prediction of
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shale lithofacies in individual wells. In this study, the XGBoost machine learning method, a supervised
learning algorithm, is used to build a predictive model based on conventional logging datasets. First, a
lithofacies classification scheme tailored to the specific study area is established, which captures the varia-
bility in shale lithofacies identification. The boundaries of mineral compositions and TOC content for dif-
ferent lithofacies types are then determined using statistical proportion analysis. During model construction,
care must be taken to eliminate redundant variables, as highly correlated features may provide overlapping
information and cause overfitting. XGBoost’s grid search approach allows comprehensive parameter tuning.
Multiple rounds of optimization should be conducted, with the search range gradually narrowed to deter-
mine the optimal parameter set. Using the Zanzijing block in the Songnan area as a case study, five major
shale lithofacies types are defined based on mineral composition, sedimentary structures, and TOC con-
tent. During variable selection, for instance, only one of the highly correlated LLD and LLS logs is re-

tained, which results in a model accuracy improvement of approximately 4%. After feature selection and

parameter tuning, the final model achieves a lithofacies prediction accuracy of up to 90. 03%.

Key words shale lithofacies prediction, XGboost algorithm, variable selection, parameter tuning,

well-logging data, Qingshankou Formation, Songliao Basin
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Table 1 Shale lithofacies division standard of the Qingshankou Formation in Zanzijing area in Songliao Basin
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Fig. 1 Four—end diagram of shale lithofacies division scheme of the Qingshankou Formation in Zanzijing area in Songliao Basin
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Fig. 3 Histogram of logging curve characteristics of the Qingshankou Formation of Well H2 in Zanzijing area in Songliao Basin
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Table 2 Statistics of shale lithofacies samples of the Qingshankou

Formation from Well H2 in Zanzijing area in Songliao Basin
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Fig. 4

Scatter matrix plots diagram of seven logging curve variables of the Qingshankou Formation of Well H2 in Zanzijing area

in Songliao Basin( The meanings of lithofacies code are shown in Table 2)
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Table 3  Statistics of experimental results of XGBoost model of the Qingshankou Formation of Well H2 in Zanzijing area in Songliao Basin
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Table 4 Statistics of optimal parameters of XGBoost model

of the Qingshankou Formation of Well H2 in Zanzijing area

in Songliao Basin
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