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INTRODUCTION

X-ray computed tomography (CT) is a non-destructive 
method that provides cross-sectional images (CT images) of 
objects using X-ray attenuation. A CT image is expressed as a 
spatial distribution of so-called CT values, which correspond 
to the X-ray linear attenuation coefÞ cient (LAC) of a material 
obtained by tomographic reconstruction. Three-dimensional (3-
D) internal structures can be obtained by stacking successive CT 
images. The X-ray CT technique originally was developed for 
medical diagnosis (HounsÞ eld 1973; Ambrose et al. 1973). This 
technique has been applied to other Þ elds including earth and 
planetary material science (e.g., Ketcham and Carlson 2001). 
Industrial and sometimes medical CT scanners have been used 
for earth and planetary materials: metamorphic rocks (e.g., Carl-
son and Denison 1992; Denison et al. 1997), sedimentary rocks 
(e.g., Wellington and Vineger 1987), igneous rocks (Philpotts 
et al. 1999; Ikeda et al. 2000), and meteorites (e.g., Arnold et 
al. 1993; Benedix et al. 2003). In recent years, high-resolution 
CT scanners with a spatial resolution greater than a few tens of 
micrometers have been used to analyze Þ ne structures, such as 
ß uid inclusions in minerals (Nakashima et al. 1997), sigmoidal 
garnets in a metamorphic rock (Ikeda et al. 2002), and micro-
structures of chondritic meteorites (Kondo et al. 1997).

A synchrotron radiation (SR) source provides tunable, mono-
chromatized, and naturally collimated (parallel) X-ray beams that 
have many advantages for CT (Flannery et al. 1987; Bonse and 
Busch 1996). Monochromatized beams eliminate beam harden-
ing, which causes CT image artifacts, and thus permit CT values 
to relate quantitatively to LACs. Furthermore, collimated beams 
readily yield 3-D images with high spatial resolution. Hirano 
et al. (1990) applied a SR microtomographic system at the 
Photon Factory in Japan to a meteorite sample, although they 
were unable to obtain 3-D images because they used a linear 
X-ray detector.

Uesugi et al. (1999, 2001) have developed an X-ray microto-
mographic system, named SP-μCT, using SR at SPring-8. The 
effective spatial resolutions of this system are about 13 μm at 
BL20B2 for samples smaller than 5 mm in diameter (Uesugi 
et al. 1999) and about 1.5 μm at BL47XU for samples smaller 
than 0.45 mm in diameter (Uesugi et al. 2001). SP-μCT has been 
applied to earth and planetary materials: chondrules and chon-
drites (Tsuchiyama et al. 2003a,b; Kusaka et al. 2001; Kitamura 
et al. 2003), micrometeorites (Tsuchiyama et al. 2001, 2003), 
symplectite in a peridotite (Morishita et al. 2003) and sands 
(Matsushima et al. 2004). 3-D element images were obtained 
by imaging objects just above and below the X-ray absorption 
edge energy of an element (the so-called �subtraction� method: 
e.g., Thompson et al. 1984) for Fe in a micrometeorite (Tsuchi-
yama et al. 2001) and Cs in a Cs-doped partially molten granite *E-mail: akira@ess.sci.osaka-u.ac.jp
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ABSTRACT

A quantitative relation between the linear attenuation coefÞ cient (LAC) obtained by Synchrotron 
Radiation X-ray computed tomography (observed LAC) and the theoretically calculated LAC (theoreti-
cal LAC) of standard materials (minerals and metals) has been obtained for an X-ray microtomographic 
system at BL20B2 of SPring-8, Japan. This system, called SP-μCT, uses highly monochromatized and 
well-collimated X-ray beams produced by a synchrotron radiation source. Three-dimensional images 
were obtained for samples 0.4�4 mm in size at X-ray energies of 15�35 keV with a voxel size of 5.83 
× 5.83 × 5.83 μm3. A histogram of the observed LAC for each sample was well-Þ tted by a Gaussian 
curve except for heavy metals whose X-ray transmittance was insufÞ cient. The contrast resolution of 
CT images is best (within 5% of the LAC value) at LACs of about 10�30 cm�1. A garnet schist was 
imaged with SP-μCT to verify the observed�theoretical LAC relation for minerals contained in a rock 
sample. The result was consistent with the relation obtained for the standards. The CT and back-scattered 
electron images of the rock sample were compared. The present results put restrictions on discrimina-
tion of mineral phases and estimation of chemical compositions (e.g., Mg/Fe ratio) of certain minerals 
forming solid solutions based on CT values. The present quantitative relationship between observed 
and theoretical LACs enables us to obtain an absolute elemental concentration map by imaging just 
above and below the X-ray absorption edge energy of the element (subtraction method).


