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INTRODUCTION

Both mass transport and fluid-rock interactions in rock 
matrices are controlled by the fraction of the total pore space 
that forms a connected network (Siitari-Kauppi et al. 1997; 
Johansson et al. 2000). However, the temporal evolution of 
transport properties of the rock during ß uid-rock interaction is 
difÞ cult to predict because of the dependence of transport prop-
erties on microstructure. This is particularly problematic when 
dealing with granitic rocks for which the quantiÞ cation of both 
microstructure and porosity distributions and their relationship 
with mineralogical reactions are poorly understood. The main 
aim of this contribution is to present a new combined method 
for determining the detailed connected porosity of a crystalline 
rock at the scale of the drilled core and quantitatively relating 
this to the mineralogy.

The major difÞ culty in determining the spatial distribution of 
micropores in crystalline rocks is the observation scale. Indeed, 
the typical aperture of microcracks is less than one micrometer, 
whereas the average grain size of a granite is commonly greater 
than one millimeter. The spatial resolution of commercial X-ray 
tomography reaches 5 μm (Lindquist et al. 1996, 2000). This 
type of apparatus yields 3-dimensional (3D) images but their 
resolution is insufÞ cient for direct observation of microcavities 
in crystalline rocks (Ketcham and Carlson 2001; Ketcham and 
Iturrino, 2005). However, coherent synchrotron radiation images 

offer a resolution approaching 0.7 μm (Cloetens et al. 2002). 
Confocal scanning laser microscopy offers good resolution 
(less than 1 μm), which is maintained in the 3D-reconstruction 
of total pore space up to 500 μm in depth (Fredrich et al. 1995; 
Montoto et al. 1995; Menendez et al. 1999). Two-dimensional 
(2D) images of total porosity also can be obtained by scanning 
electron microscopy (SEM), with a resolution approaching 0.1 
μm. The major problem of the last three methods is the limitation 
imposed by the small area or volume that can be studied, since 
the rock volume over which the pore volume is estimated must 
be much larger than the average volume of a grain. In granitic 
rocks, such difÞ culties are encountered particularly for alkali 
feldspars, where pores are unevenly distributed in many samples 
(Walker et al. 1995). However, a representative 2D image of 
the connected pore-space distribution in a large area of coarse-
grained crystalline rocks can be obtained using the 14C-PMMA 
method (14C-polymethylmethacrylate method) (Hellmuth et al. 
1993; Siitari-Kauppi 2002), which can be used to quantify the 
connected porosity of a core scale (1�10 cm) sample. It relies 
on the impregnation of a rock volume with 14C-labeled MMA 
(methylmethacrylate), resulting in a uniform concentration of 
14C throughout the connected porosity. After polymerization of 
the 14C-MMA to 14C-PMMA, polished sections are prepared and 
applied onto autoradiographic Þ lm.

The present work demonstrates how information obtained 
using 14C-PMMA can be related to the modal mineralogy. The 
method was applied directly to the granodiorite from Kivetty, 
one of the candidate sites for a spent fuel repository in Finland. * E-mail: paul.sardini@univ-poitiers.fr
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ABSTRACT

The 14C-PMMA impregnation of rock samples and mineral staining methods provide the connected 
porosity map and the spatial distribution of mineral aggregates, respectively. Combined image analysis 
of mineral and porosity maps allows quantiÞ cation of the connected porosity distribution in rock-
forming mineral aggregates. After the two maps have been superimposed numerically, the 14C-PMMA 
method provides an indication of the extent of pore connectivity for each pixel in the analyzed area, 
which can be used to obtain the porosity distribution as a function of modal mineralogy.

When applied to undeformed and deformed Kivetty granodiorite samples from Finland, the method 
allows for a detailed analysis of the rock porosity. Porosity distributions related to the undeformed 
rock are unimodal and approximately identical to each other. On the other hand, porosity distributions 
of the deformed granodiorite are multimodal and vary signiÞ cantly. Constituent porosity sets of the 
deformed samples were albite crystals free of alkali feldspar patches and alkali feldspar phenocrysts 
(average porosity, Φ� = 0.21%), albite containing alkali feldspar patches (Φ� = 0.59%), rapakivi albitic 
mantles (Φ�  = 1.15%), quartz (Φ� = 0.39%) and maÞ c minerals (Φ� = 5.8%). Moreover, the analysis 
indicates that the numerous micropores observed under SEM within alkali feldspar phenocrysts and 
albite crystals free of alkali feldspar patches are unconnected in 3D.
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