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Revolution of sample observation:Non-destructive 3D chemical compositional
intensity mapping by innovative X-ray CT technology
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We report the first results of applying PC-CT to basic minerals such as
quartz and calcite. In the low-energy range, PC-CT produced higher contrast images than conventional
CT. Minerals were successfully identified from the relationships between the mean CT values for
each energy window and the mean difference between pairs of energy windows. These results suggest
that PC-CT can produce high-contrast images of minerals and may be able to distinguish mineral
phases with different attenuation curves, even when their CT values are similar. Given some prior

knowledge of mineral phases from other methods, it may be possible to use PC-CT imaging to obtain
further information about their chemical compositions.
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FIGURE 1. CT images acquired using six different energy windows and the full energy range of 40-
120 keV. The image from using the full energy range is a pseudo-conventional CT image. The ratio
of the CT values of calcite and quartz (CTca/CTqtz) for each figure is also shown. Increasing
brightness indicates increasing CT values, as quantified by the gray-scale bar on the right of each
figure. In each figure, the upper small circle is calcite, the lower small circle is quartz, and the large

circle is water. HU = CT value with the Hounsfield unit.
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FIGURE 2. Relationship between photon energy and CT value. Red and blue open circles are CT
values for quartz and calcite, respectively, measured using the six energy windows shaded orange
(40-50 keV), yellow (50-60 keV), light green (60-70 keV), green (70-80 keV), light blue (80-95
keV), and light purple (95-120 keV). HU = CT value with the Hounsfield unit. Red and blue solid
lines are theoretical CT values for quartz and calcite, respectively, derived using ideal linear

attenuation coefficients from the NIST database



(https://physics.nist.gov/PhysRefData/Xcom/html/xcom1.html). Red and blue crosses show the
CT values from pseudo-conventional CT (using the 40-120 keV range). See the text for details.
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FIGURE 3 Relationship between mean CT values (Mean CT) and the mean of the differences
between CT values obtained using different pairs of energy windows (Mean Diff). HU = CT value
with the Hounsfield unit. Blue dots are all the pixels in the CT image. Red open circles are ideal
values for calcite and quartz. The orange area is the mixture of water (CT value around 0) and air
(CT value around -1000). Red and blue areas represent the CT ranges of quartz and calcite,
respectively, at the spatial resolution of this study (i.e., the deviations from the main cluster

represent a mixture of each material and the surrounding material such as air).
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FIGURE 5. Comparison of relationships between the mean CT value and the mean difference in CT
values obtained from two energy regions (40-75 and 40-60 keV). Data obtained from the broader
energy range (40-75 keV) are essentially identical to DECT results obtained from the same energy
range (“pseudo-DECT” in the text). HU = CT value with the Hounsfield unit. The right panel is also

shown in Fig. 3.
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FIGURE 10. Relationship between mean CT values (Mean CT) and the mean of differences in CT
values (Mean Diff). HU = CT value with the Hounsfield unit. Blue dots represent all pixels in the CT
image. Blue open circles are ideal values for carbonate minerals (calcite, dolomite, magnesite, and
siderite) and quartz. The orange area represents the CT ranges for mixtures of quartz and
carbonate minerals. Yellow circle is the region of interests (ROI) indicated by a radius of 600 HU
(dimension-less CT value with the Hounsfield unit) centered on the mean value of Mean CT and

Mean Diff values for the carbonate vein.
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