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Methodology for brittleness index prediction and three-dimensional
characterization in tight sandstone reservoirs: A case study of the Paleogene
Enping Formation in the Kaiping Sag, Pearl River Mouth Basin

YIN Wen', YU Feihong"?, LI Ang', LI Yuhang'

[ 1. China University of Petroleum (Beijing) at Karamay , Karamay , Xinjiang 834000, China; 2. Research Institute of Exploration and
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Abstract: Tight sandstone reservoirs are important targets for unconventional oil and gas exploration, and brittleness
evaluation is of great significance for predicting reservoir fracability and achieving efficient development. However,
these reservoirs are generally characterized by thin beds, frequent interbedding, and strong lateral heterogeneity,
making it difficult for conventional methods to systematically evaluate the spatial distribution of brittleness. Based on an
integrated analysis of rock-physics experimental data, well-log data, and prestack seismic data, we calculated and
compared the brittleness index by integrating five mineral-composition methods and three elastic-parameter methods.
The initially preferred methods were then locally optimized using data specific to the study area. An optimal brittleness
characterization approach for the area was selected and cross-validated, thereby achieving the systematic integration and
local optimization of multiple brittleness evaluation methods. The tight sandstones of the Paleogene Enping Formation in
the Kaiping Sag, Pearl River Mouth Basin, were selected as a case study. As indicated by the research results, (1)
quartz and feldspar are the principal brittle minerals, followed by calcite and dolomite, and the mineral-composition-

based brittleness formula derived from the Liu Zhishui method is applicable to the study area. (2) Among the elastic
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parameters, Poisson’s ratio exhibits greater lithologic discrimination capability than Young’s modulus, the Lamé
coefficient, and shear modulus, and the locally modified Rickman formula is the optimal elastic-parameter-based
brittleness characterization method. (3) Calibration using core samples shows that the brittleness indices calculated
using the Liu Zhishui method and the modified Rickman formula have a correlation of 81%, confirming the consistency
between the two methods. (4) A three-dimensional brittleness volume can be predicted by combining prestack elastic-
parameter inversion with the elastic-parameter-based method. (5) The brittleness index in the study area ranges from
60% to 85% and generally exhibits an NE-SW-trending banded distribution. Finally, an integrated suite of brittleness-
index prediction methods applicable to tight sandstone reservoirs was established, providing an important basis for the
exploration evaluation and fracturing and development design of tight sandstone reservoirs in the study area.
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Fig. 1

Location (a) and composite stratigraphic column showing stratigraphic characteristics (b) of the Kaiping Sag, Pearl River Mouth

Basin (PRMB)
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Table 1 Formulas for calculating reservoir brittleness

indices using mineral-composition methods
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Fig. 2 Comparison of rock-physics templates for brittleness indices derived from four mineral-composition methods for the Paleogene

Enping Formation in the Kaiping Sag
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Elastic parameters interpreted from well logs and lithology distribution map for the Paleogene Enping Formation in the Kaiping Sag
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Fig. 7 Kernel density analysis of Young’s modulus and Poisson s ratio from four wells in the Paleogene Enping Formation, Kaiping Sag
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