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ABSTRACT 

Unconventional organic-rich mudstone reservoirs often exhibit centimeter-scale vertical heterogeneity that is 

inadequately resolved by conventional wireline logs and core sampling. This study employs a non-destructive, high-

resolution core logging technique to improve the characterization of organic-rich carbonate mudstones, analogous to 

Mesozoic source rocks in the Middle East. The method integrates petrophysical core logging with X-ray fluorescence 

(XRF) analysis to capture fine-scale vertical variability. 

The logging system acquires high-resolution data at 20 mm intervals, including core photography, natural gamma ray, 

bulk density, P-wave velocity, magnetic susceptibility, elemental composition (major and trace elements), and 

mechanical properties. Advanced clustering algorithms were used to classify rock types, and the results were integrated 

with wireline logs to enhance subsurface interpretation. 

Distinct lithofacies were identified, each with unique geochemical, petrophysical, and mechanical characteristics, as 

well as variable fluid storage capacities. Strong correlations between core-derived and wireline log data enabled the 

delineation of fine-scale lithological heterogeneity and stratigraphic zonation with direct implications for reservoir 

quality. Capturing such heterogeneity is essential for effective reservoir management, resource estimation, well 

placement, and production optimization in complex mudstone/shale systems. 

This study presents a systematic, data-driven approach for high-resolution mudstone characterization. The non-

destructive technique preserves core integrity, accelerates analysis, improves stratigraphic resolution, and produces 

digitally archived datasets that support long-term access, digital workflows, and advanced reservoir modeling. The 

approach is broadly applicable to source rock characterization, particularly in the context of unconventional resource 

development. 




