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QU Linbo, YUE Dali, WANG Wurong, et al. Variable rock-rlectrical saturation model for dual-medium tight sandstones: A
case from the Xujiahe Formation, western Sichuan Basin. Earth Science Frontiers,
Abstract: The second member of the Upper Triassic Xujiahe Formation in the Western Sichuan Depression holds substantial

potential for tight sandstone gas exploration and development. However, the deeply buried reservoirs exhibit complex structures,
low porosity and permeability, and a multi-phase superimposed fracture system, resulting in diverse reservoir types formed through
fracture-matrix coupling. Conventional Archie-based water saturation models perform poorly in dual-porosity systems, causing low
interpretation accuracy and hindering efficient development. This study integrates core observations, thin-section analyses, rock
physics experiments, and well-logging data to classify reservoirs into three types: fractured, fracture-pore composite, and porous.
Significant variations in pore structure and flow capacity among these types cause pronounced differences in petrophysical
parameters. To address these differences, we developed a reservoir-classification-based saturation model with variable rock-
electrical parameters. The model demonstrates strong agreement with measured water saturation from sealed core samples and gas
testing results, yielding an average absolute error of 4.35%—a substantial improvement over the 50.25% error of the traditional
Archie model. This research offers an effective approach for fluid saturation evaluation in dual-porosity tight sandstone reservoirs
and a transferable pathway for analogous unconventional gas systems, ultimately contributing to enhanced reserve recovery and
efficient development.

Keywords: dual-medium tight sandstone; reservoir classification; variable rock—electrical parameters; saturation model; the second
member of the Upper Triassic Xujiahe Formation
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Fig.1 Regional Geological Setting of the Study Area ((a) and (b) modified from[27])
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Fig.2 Fractured reservoir type and characteristics (well XS204H, 4 686~4 706 m)
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Fig.3 Fracture-pore composite reservoir type and characteristics (well X3, 4 946~4966 m)
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Fig.4 Porous reservoir type and characteristics (well XS204H, 4 590~4 615 m)
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Fig. 6 Rock—electrical response characteristics of tight sandstones in the study area
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Fig. 7 Correlation matrix between cementation exponent m and related parameters

Xf LAY B B AE AT, P ALY T TSR TS m B S SRR m B RRE SR ZE RV, (BRI
BREMNA (K 8a, b), HREE-fLIRE &Mk E 5 RGN Z IR MR Z R R, MFLRRAHZER
REX BN G REZY], ERRR ISR T BB R, REKE RIS a8 &
TR, RG] T IR 2R LB G M AT 5 T VAR BRI IR YE . i T AN SR AL 2 B FLI 5
FEERZEER, HAEOYPREIREAEAR T, AN R SR et I & 40, 0 T BB R SRS B2 AR
FHEFEZ —o NRIREREBUN TR E, A0 85I AR RAATT RIG r. TTie R R
THEIZ R ZIRRBA G, R 2 JuiB D AR, S7EA RRAR T IR TR 5 m TR 2, H 55
DA BAH A A TR R8s (18 8e, dDo et JET-IIH i Ly @ 1) 2 7073 KIZ L | AR RUAE m
T B S AU, TG R EEGER G m (H, BT m 5 Ig@ AR B SHA,

B 8 TRMA KT LR = RE ST HEH®EE
Fig. 8 Scatter plots of measured vs. calculated cementation exponent m from different models
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Fig. 9 Relationship between core-measured water saturation and resistivity increase rate
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Fig. 10 Integrated logging-based reservoir evaluation results for well XS204H
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Fig. 11 Error Comparison of Water Saturation Results Calculated by Different Methods
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