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Introduction
A fundamental understanding of tectonic deformation and fluid flow in carbonate formation is of importance in many crustal processes. The development of faults and deformation bands in carbonate rocks is significantly more complex than in clastic rocks, since a complicated interplay of shear localization, inelastic compaction, stylolitization and mechanical twinning may be involved. Since crustal deformation is often coupled with fluid transport, it is important to understand the evolution of permeability with mechanical deformation and stress. Related research on porous rock have previously focused on sandstone. The few studies on carbonate rocks have underscored a quantitative difference between the permeability evolutions. Given that pore collapse is the dominant compaction mechanism in both types of porous sedimentary rock, why does it lead to permeability reductions in sandstones and limestones that differ so much? The evolution of permeability and its effective stress behavior is related to inelastic deformation and failure mode. To what extent damage induced by inelastic deformation in a porous limestone will impact the effective stress behavior related to permeability, pore volume change and strain.
Methodology
The limestone samples were saturated with deionized water, and fluid-rock system had attained equilibrium before initiating a mechanical test. The confining pressures were fixed at values in the range from 10 MPa to 55 MPa, while the pore pressure was fixed at 5 MPa. After the specific confining and pore pressures had been attained, the differential stress was increased at a nominal strain rate of 10-6/s, which was sufficiently slow to ensure a fully “drained” condition. At different stages of deformation, the loading ram was locked and the permeability measured for hydraulic flow in the axial direction using the steady flow method. A difference in pore pressure between up and down stream was maintained to induce a constant flow rate 0.1 mℓ/min, and once a steady state in flow had been achieved, the pore pressure difference and pore volume was recorded and permeability calculated according to Darcy’s law.
Results and Discussion
At relatively high confinement shear-enhanced compaction was observed to initiate at a critical stress C*, accompanied by significant permeability reduction of up to a factor of ~3 (as seen in figure 1). Overall the permeability reduction due to inelastic compaction in our limestones is smaller than that observed in sandstones. At relatively low confinement, dilatant failure was observed at a critical stress C’, which was accompanied by a decrease and of permeability in Indiana. There seems to be a trend for the correlation between porosity and permeability changes to switch from positive to negative with increasing porosity. A similar trend has also been observed in other porous and compact rocks (Zhu  and Wong, 1997). To investigate the influence of damage on effective stress behavior, three Indiana limestone samples were pre-deformed inelastically to develop irreversible damage. Indiana limestone sample IE01 was hydrostatically compacted to beyond P*, whereas IE02 and IE03 were triaxially compressed to beyond the critical stresses C’ and C*, respectively. The results showed that the effective stress coefficient associated with permeability, pore volume change and strain is less than 1, in agreement with the poroelastic prediction for a microscopically homogeneous assemblage.
[image: ]Figure 1: (a) Effective mean stress as a function of porosity reduction for water-saturated samples of Indiana limestone deformed at effective pressures between 5 and 50 MPa. (b) Permeability as a function of effective mean stress for samples of Indiana limestone deformed hydrostatically and triaxially. Permeability as a function of porosity for triaxially deformed samples of Indiana limestone. (c) cataclastic flow regime and (d) brittle faulting regime.






Conclusions
we investigated systematically the influence of inelastic deformation and failure mode on permeability of dual-porosity Indiana limestone with significant proportions of macropores and micropores. In the absence of a percolative backbone of macropores, micropores exert a significant influence its permeability. Previous measurements have confirmed that the effective stress behavior of limestone with dual porosity is different from the prediction for a microscopically homogeneous assemblage, in that its effective stress coefficients for permeability and pore volume change may attain values larger than 1(wang et al.,2018). However, we showed that after a certain amount of inelastic compaction, both coefficients became less than 1. This means that the collapse of macropores had effectively homogenize the initially bimodal pore size distribution and that damaged limestone may be treated as a microscopically homogeneous assemblage.
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