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X-ray tomography characterization of fracture surfaces during dissolution Philippe Gouze, Catherine Noiriel,1 Ce´line Bruderer, Didier Loggia, and Richard Leprovost Laboratoire de Tectonophysique, ISTEEM, CNRS-Universite´ de Montpellier 2, Montpellier, France Received 11 December 2002; accepted 28 January 2003; published 15 March 2003.



[1] The changes of fracture surfaces geometry and extend are studied using X-ray tomography during aperture increase due to CO2-rich fluid percolation. Dissolution experiments were conducted on two micritic rock samples; one pure calcite end-member and one with typical composition for marine carbonates (85% calcite). High-resolution digital images of the fracture geometry allow quantifying the surface properties changes over four spatial scales with a resolution of 4.91 mm. Fracture surfaces are self-affine with an initial dimension of 2.5. Dissolution of the pure-calcite sample is clearly a process of homogeneous chemical ‘‘erosion’’ of the surface elevation: fractal dimension and specific surface remains constant (1.5 times the planar surface). Conversely, for the 85% calcite sample, initial topographic surfaces of the fracture walls evolve rapidly toward ‘‘non-topographic’’ interfaces displaying overhangs due the preferential dissolution of the carbonate grains. In this case, the conventional definition of the effective aperture must be revisited. Such structures can only be assessed from 3D observations. As dissolution progresses, the specific surface increases strongly, more than 5 times the planar surface, and INDEX TERMS: probably faster than the reactive surface. 5104 Physical Properties of Rocks: Fracture and flow; 5139 Physical Properties of Rocks: Transport properties; 5114 Physical Properties of Rocks: Permeability and porosity; 5112 Physical Properties of Rocks: Microstructure; 5194 Physical Properties of Rocks: Instruments and techniques. Citation: Gouze, P., C. Noiriel, C. Bruderer, D. Loggia, and R. Leprovost, X-ray tomography characterization of fracture surfaces during dissolution, Geophys. Res. Lett., 30(5), 1267, doi:10.1029/2002GL016755, 2003.



al., 1997]. Measurements of spatial distribution changes of the fracture aperture in the course of dissolution were achieved only recently [Dijk et al., 2002; Durham et al., 2001], producing important constraints for modelling flow and dissolution patterns. Large uncertainties still remain on the relation that links the macroscopic evolution of the aperture and the microscopic (grain scale) morphological evolution of the fracture walls that controls fluid-rock fluxes. [3] For smooth laminar flow, velocity distribution across the fracture section is parabolic, u(z) = u0(1  4z2/a2), where u0 is the maximum velocity and a is the aperture. The aperture-scale Pe´clet number, Pe, denotes the ratio of the characteristic time for transverse homogenization by diffusion a2/4Dm, to the mean longitudinal residence time a/2huiz, where huiz is the fracture-section averaged velocity (huiz = 2/3 u0). If Pe  1, Taylor-Aris dispersion approximation holds with the longitudinal dispersion DL proportional to Pe2 [Detwiler et al., 2000]. It is then possible to analyse processesR in term of resident concentration of a solute, hciiz = acidz. Far from equilibrium, the change in the concentration is controlled by the hydrodispersive transport (embodied in the differential operator J(hciiz)), the adimensional saturation index I(hciiz)  1 hciiz/ci* (where ci* is the equilibrium concentration), the kinetic mass transfer rate constant kr, and the extend of the contact area between the fluid and the rock (inhibiter-catalyser effects are not taken into account). With AR the reactive area by unit fluid volume, macroscopic balance equation for small variation of species i concentration, hciiz, is [Lasaga, 1998]: @hci iz =@t ¼ Jðhci i2 Þ þ Ar kr I ðhci iz Þ



1. Introduction [2] Limestone aquifers constitute a major reserve of fresh water throughout the world. Fractures, which develop in low permeability rocks, are the principal path for water flow and contamination. An increasing number of studies is devoted to understand the physics of flow and transport in fracture networks [e.g., Adler and Thovert, 1999]. For a connected fracture network, large-scale flow and hydrodispersive transport is first controlled by the geometrical properties of the individual fractures. In addition to fracture aperture, surface roughness and aperture tortuosity are usually put forward as the key parameters that control flow type and dispersion regime [Brown et al., 1998; Detwiler et al., 2000; Glover et 1
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Recognizing that kr is an intrinsic property of the considered reaction for a given pH profile, temporal change of the dissolution rate is controlled by both the change in AR and a. The reciprocal effects of aperture variability changes on dissolution were investigated through different numerical approach by Be´kri et al. [1997], Dijk and Berkowitz [1998] and Hanna and Rajaram [1998]. In these works, the evolution of Ar was not taken into account. Indeed, measuring Ar is challenging. Even the description of the effective reactive area for polycrystalline altered rocks in relation to the one of the pure phase used in experimental determination of kr in batch reactor is debated [e.g., Gautier et al., 2001]. Alternatively, assuming J(ci) known, the product ARkr can be evaluated from (1), measuring the difference in reactant concentration between the outlet and the inlet [Kieffer et al., 1999]. However, providing that continuous measurement of such low concentration is possible, results reflect only averaged values AR. To progress toward a full - 1
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GOUZE ET AL.: X-RAY TOMOGRAPHY OF A FRACTURE



Figure 1. Top: binarised CMT cross-section ( y = 6 mm) of the fracture (left: before dissolution, middle: an intermediary stage and right: final stage. Bottom: 5122 pixel projection of the upper fracture wall before dissolution (left) and at the final stage post-dissolution (right).



spatio-temporal quantification of the fracture properties, we present here a study based on X-ray tomography using the European Synchrotron Radiation Facility (ESRF). For this first attempt, we measure the changes of aperture and fracture walls geometry at different stages of kinetic-controlled dissolution due to flow of acidic water.



2. Experimental Method [4] Two samples S1 and S2 of cretaceous limestone cored from the same borehole are studied. S1 is composed of 100% calcite (clay 
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