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Abstract The spatial distribution of lithofacies of fine-grained sedimentary rocks is a critical re-
search focus in shale oil exploration. Due to the high cost and scarcity of core wells, which constrain direct
lithofacies analysis, logging-based prediction has become increasingly essential. Taking the First Member
of the Qingshankou Formation in the Songliao Basin as a case study, this research establishes a lithofacies
classification scheme integrating lithology, mineral composition, total organic carbon (TOC), and sedi-
mentary structures, resulting in the identification of seven distinct lithofacies types. A lithofacies-well log
dataset was constructed for Well X8 using six conventional logging curves. Three machine learning algo-
rithms—Random Forest ( RF), eXireme Gradient Boosting ( XGBoost), and Support Vector Machine
(SVM) —were employed to evaluate classification performance, with SVM identified as the optimal mo-
del. To address class imbalance in the training data, the BSMOTE ( Borderline Synthetic Minority Over-
sampling Technique) algorithm was applied. The balanced dataset was then used to develop a hybrid litho-
facies prediction model; BSMOTE-SVM. The BSMOTE-SVM model demonstrated the best predictive per-
formance, achieving an accuracy of 86.49% , precision of 86. 60% , recall of 86.49% , and F1-score of
86.31%. This integrated model enables rapid and accurate lithofacies prediction across multiple wells and
delineates the lithofacies distribution in Member 1 of the Qingshankou Formation in the Changling sag, of-
fering a robust foundation for selecting favorable shale oil enrichment zones in future exploration.

Key words fine-grained sedimentary rocks, lithofacies, logging prediction, BSMOTE-SVM,
Qingshankou Formation, Songliao Basin
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Fig. 1 Tectonic unit distribution (a) and stratigraphic column (b) in Songliao Basin (modified from Zhu et al., 2023)
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Fig. 2 Distribution of mineral components (a) and TOC (b) of the Member 1

of Qingshankou Formation of Well X8 in Songliao Basin
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Table 1 Lithofacies types in the Member 1 of Qingshankou Formation of Well X8 in Songliao Basin
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Fig. 3 Logging data, TOC, mineral composition and lithofacies distribution in the Member 1

of Qingshankou Formation of Well X8 in Songliao Basin
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Table 2 Lithofacies sample data of Member 1 of the
Qingshankou Formation of Well X8 in Songliao Basin
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Fig. 5 Distribution characteristics of seven lithofacies in six type logging curves of Well X8 in Songliao Basin
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Table 3 Parameter settings for predictive models of four lithofacies in Songliao Basin

B 28 WIS HUE SRR
[CECFNGRAN 5 5~50
RF B B 60 50~ 1000
R de /AR B 4 2~20
TR de KA T 5 5~50
\CBoost B 80 50~ 1000
R 0.050 0.010~0.400
E Tk 5 £ 2.300 0.100 ~ 10.000
IE A 2K 1.200 0.001 ~ 10.000
SVM/ BSMOTE-SVM % R R B 0.500 0.001 ~10.000
% R R B RBF RBF
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Table 4 Classification performance of four models

on test set in Songliao Basin

HMBMEA MR/ % KRR/ % HBEER/ %  F1/%

— R !

RF 75.68 75.59 75.68 74.58
XGBoost 75.14 74.91 75.14 74.56
SVM 82.16 82.64 82.16 81.73
BSMOTE-SVM 86.49 86.60 86.49 86.31
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Fig. 7 Classification evaluation metrics of four models in

Well X8 on the test set in Songliao Basin
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