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Abstract

The Mid-Continent Mississippian Limestone is an unconventional carbonate reservoir with moderate to ultra-low permeability (< 0.0001 to
80.2 mD). A complex depositional and diagenetic history of the Mississippian Limestone has resulted in a variety of pore types with different
shapes, pore sizes, and pore-size distribution. These heterogeneous pore-system properties play a significant role in controlling fluid storage,
connectivity of the pores, and fluid flow in a reservoir. Although pore characterization is essential in carbonate petrophysical analysis, little
quantitative information on the pore-structure parameters and their fundamental relationships in an unconventional carbonate reservoir are
currently available. This study focuses on image-analysis approaches for the multiscale pore characterization of the unconventional
Mississippian Limestone reservoir based on thin sections and scanning electron microscope (SEM) images. The pore sizes are classified into
macropores, mesopores, micropores, and nanopores. The relationships among porosity, pore shapes, predominant pore sizes (< 62 micrometer),
pore-size distribution, and fluid saturation are investigated and related to core-based lithofacies such as brecciated chert, skeletal packstone-
grainstone, peloidal mudstone-wackestone, bioturbated peloidal packstone-grainstone, nodular peloidal packstone-grainstone, bedded peloidal
packstone-grainstone, and bioturbated mudstone-wackestone. These relationships are also explored for permeability prediction in the
Mississippian unconventional carbonate reservoir.
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