
Application of Seismic Motion Inversion under Sparse Well Network Constraints in Thin Reservoir Prediction 

 
Y. Wang1, J. Song1, M. Jia1, R. Ma1, H. Liu1 

 
1Geophysical Research Institute Bureau of Geophysical Prospecting (BGP), Zhuozhou City, CHINA 

 

Abstract 

 

The Lower Cretaceous sandstone reservoirs in the Doseo Basin, Chad, are critical for hydrocarbon exploration. However, they present 

significant challenges due to their thin layers, strong lateral heterogeneities, and sparse well networks. To overcome these difficulties, this 

study proposes a cascade progression methodology that integrates advanced seismic and well data analysis techniques, providing a robust 

solution for predicting thin reservoirs under sparse well constraints. The objectives of this study were to enhance the resolution of seismic data, 

optimize the identification of lithological changes, and improve the accuracy of reservoir delineation. Three key procedures were employed: 

1.Blue filter frequency broadening technique: This method expands the frequency range of seismic data while preserving waveform continuity 

and phase characteristics. Enhancing high-frequency components improves the resolution of thin-layered sand bodies and lays a solid 

foundation for subsequent inversion. 2.Sensitivity curve reconstruction technique: This statistical approach combines low-frequency 

components of acoustic curves with high-frequency lithological data derived from sensitive logging curves. This integration enables the 

construction of pseudo-acoustic curves that accurately reflect stratigraphic velocity and lithological changes, addressing the challenges of 

predicting thin interbedded reservoirs. 3.Seismic motion inversion (SMI): This technique utilizes seismic waveform similarity and a Markov 

Chain Monte Carlo (MCMC) simulation to model spatial and vertical reservoir characteristics. SMI integrates seismic and well data to achieve 

high-resolution reservoir delineation, particularly under conditions of sparse well data. The methodology was applied to the K block in the 

Doseo Basin, and the results demonstrate significant improvements: 1.Blue filter frequency broadening technique enhanced the seismic 

bandwidth from 8–28 Hz to 7–64 Hz, allowing for more precise identification of thin sand bodies. 2.Sensitivity curve reconstruction technique 

improved lithological differentiation, especially for sandy mudstone layers, and provided accurate velocity variation profiles. 3.Seismic motion 

inversion technique effectively predicted sandstone distributions and boundaries, as confirmed by validation wells. For instance, the expected 

sandstone thicknesses closely matched actual drilling results, with deviations within acceptable ranges (e.g., Well K14 predicted 15–20 m; the 

actual thickness was 19 m). This study concludes that the cascade progression methodology effectively addresses the challenges of predicting 

thin reservoirs in sparsely drilled areas. By integrating frequency broadening, sensitivity curve reconstruction, and seismic motion inversion, 

the methodology provides a scalable and precise approach to reservoir characterization. These techniques significantly enhance resolution, 

accuracy, and reliability, offering valuable insights for hydrocarbon exploration in the Doseo Basin and similar geological settings. 


