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aBStract

Visualizing and quantifying the spatial heterogeneity of rock textures (i.e., mineral and porosity 
distributions) is of great interest in petrology or for understanding petrophysical properties. Spatial 
heterogeneities are not accurately revealed by usual techniques based on microscopy or bulk physical 
measurements. Detailed mineral mapping is already available from processing of chemical element 
maps acquired using an electron probe microanalyzer (Part I). The present paper is devoted to devel-
oping a new, coupled method for obtaining porosity maps from the same initial data. According to 
the difference between measured and theoretical sums of oxide weight percentages, a mean poros-
ity is semi-quantitatively estimated for each pixel of the map (i.e., not fully absolute or accurate). 
All pores, including nanometer-size ones, are taken into account, whereas a sample area of several 
square millimeters is analyzed (spatial resolution of a few micrometers). The textural heterogeneities 
are thus visualized from the complementary maps of solids and voids. By superimposing these two 
maps, both the mean porosity and a porosity histogram associated with each rock-forming mineral are 
obtained. Such porosity measurements integrate the pore amounts within mono-crystals larger than 
the X-ray emission volume or between nanometer-size crystals of a matrix. When porosity changes 
are associated with a given mineral (various crystal arrangements, dissolution, etc.), pluri-modal 
distributions appear on porosity histograms. Thresholding each histogram mode then allows these 
processes to be localized. We used the MX80 bentonite to test this methodology, which represents a 
useful tool to study the local deformations and alteration of each rock-forming mineral, as well as to 
model transport properties.
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introDuction

The porous network is a particularly important component 
of rocks in many studies focusing on environmental topics in 
Earth sciences and petrology, because it controls fluid-rock in-
teractions and fluid migrations. Due to the heterogeneous spatial 
distribution of rock-forming minerals, the locations and size 
distributions of pores are heterogeneous. Thus, to understand and 
simulate alteration processes or transport properties, quantitative 
and complete textural analyses are required to reveal the spatial 
heterogeneities of rock texture. This information is obviously not 
provided by bulk methods of porosity analysis such as water, 
mercury, or nitrogen porosimetry.

A quantitative analysis of spatial heterogeneities in the poros-
ity distribution is generally obtained by thresholding and, hence, 
by mapping pores that are directly observable using imaging 
techniques. Optical microscopy, after impregnating the rock 
with a resin marked by colored or fluorescent dyes (Barros et 

al. 2001; Chartres et al. 1989; Frieg et al. 1998; Hallaire et al. 
2000; Moran et al. 1989; Olgilvie and Glover 2001; Ruzyla and 
Jezek 1987; Soeder 1990; Van den Berg et al. 2003; Yanguas 
and Dravis 1985), confocal laser microscopy (Fredrich 1999; 
Menendez et al. 1999; Montoto et al. 1994), scanning electron 
microscopy in backscattered electron (BSE) mode (Anguy et al. 
1999; Solymar and Fabricius 1999; Tovey and Hounlslow 1995), 
and X-ray tomography (Ashbridge et al. 2003; Cloethens et al. 
2002; Coles et al. 1998; Ketchman and Carlson 2001; Landis 
et al. 2003) are the most widely used techniques to observe 
pores; they provide a sufficient contrast between voids and 
solids and allow representative areas or volumes to be analyzed. 
Nevertheless, only pores larger than the spatial resolution of the 
technique are taken into account, e.g., only macropores larger 
than a few micrometers in BSE images. No information on the 
spatial distribution of smaller pores is supplied, even though 
they generally account for most of the porous network in fine-
grained rocks, particularly in clay-rich ones (Sammartino et al. 
2003). In clay rocks, these unmapped pores correspond to the 
smallest macropores (larger than 50 nm), mesopores (between * E-mail: dimitri.pret@univ-poitiers.fr


