
First application of scintillator-based photon-counting computed tomography to rock 
samples: Preliminary results and prospects

Ayumi Ishiguro1, Makoto Arimoto1,2,3,4, Daichi Sato1, Takahiro Tomoda1, Keita Itano5,  
Akihiro Tamura3, Hironori Sugiyama6, Takeshi Kawae3, Mayuko Fukuyama5, Jun Kataoka4,  

Shinsuke Terazawa7, Satoshi Shiota7, and Tomoaki Morishita3, 8,*

1Graduate School of Natural Science & Technology, Kanazawa University, Kakuma, Kanazawa, Ishikawa 920-1192, Japan
2Advanced Research Center for Space Science and Technology, Kanazawa University, Kakuma, Kanazawa, Ishikawa 920-1192, Japan

3Institute of Science and Engineering, Kanazawa University, Kakuma, Kanazawa, Ishikawa 920-1192, Japan
4Faculty of Science and Engineering, Waseda University, 3-4-1, Okubo, Shinjuku, Tokyo 169-8555, Japan

5Graduate School of Engineering Science, Akita University, 1-1 Tegata-gakuen-machi, Akita 010-8502, Japan
6Instrumental Analysis Division, Engineering and Technology Department, Kanazawa University, Kakuma, Kanazawa, Ishikawa 920-1192, Japan

7Proterial Ltd, 2-15-17 Egawa, Shimamoto, Mishima, Osaka 618-0013, Japan
8Volcanoes and Earth’s Interior Research Center, Japan Agency for Marine-Earth Science and Technology, 2-15 Natsushima, Kanagawa 237-0061, Japan

Abstract

Knowledge of the three-dimensional distribution of minerals in a rock sample is of fundamental 
importance to deciphering a sample’s properties and history. Attenuation-contrast X-ray computed 
tomography (X-ray CT) is widely used in the geosciences to determine the three-dimensional dis-
tributions of minerals or pores, or both. Photon counting CT (PC-CT) uses a novel energy-resolved 
X-ray detector that allows X-rays with a continuous energy spectrum to be detected separately within 
arbitrary energy ranges. Here we report the first results of applying laboratory-build PC-CT combined 
with multi-pixel photon counter (MPPC) to common minerals such as quartz and calcite. In the low-
energy range, PC-CT produced higher contrast images than single-energy X-ray 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 attenu-
ation curves, even when their CT values are similar. We obtained CT images of minerals in a natural 
sedimentary rock sample, composed mainly of quartz and carbonate. Although the spatial resolution 
of the detector in this study was insufficient for the sample, the main carbonate veins were clearly 
visible as high carbonate-content areas in the PC-CT images. 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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Introduction

Attenuation-contrast X-ray computed tomography (X-ray 
CT) allows us to observe the external and internal features of 
objects by analyzing differences in X-ray transmission between 
the different phases/materials composing the object. This tech-
nique has been widely used to determine three-dimensional dis-
tribution of minerals within the volumes of natural and artificial 
geomaterials using both laboratory-based and synchrotron-based 
X-ray sources (e.g., Ketcham 2005; Zandomeneghi et al. 2010; 
Voltolini et al. 2011; Baker et al. 2012; Cnudde and Boone 
2013; Marinoni et al. 2015; Parisatto et al. 2018; Hibiya et al. 
2019; Pak et al. 2019; Selem et al. 2021; Giamas et al. 2022). 
X-ray CT measures the linear attenuation coefficients, which 
are derived from differences in X-ray intensity before and after 
transmission. The linear attenuation coefficient is the total at-
tenuation caused by the interaction of X-rays with a material, 

as the coefficient depends on the composition and density of the 
material. Materials composed of low atomic number elements 
have low linear attenuation values at the X-ray energies typically 
used for X-ray CT imaging (>40 keV). Single-energy X-ray CT 
imaging cannot easily observe the relationships among materi-
als with similar compositions and densities, often composed of 
low atomic number elements (e.g., carbon, oxygen, and silicon). 
Dual-energy X-ray CT (DE-CT) has become established in recent 
years, especially in medicine (Mirzaei and Faghihi 2019; Schmidt 
and Flohr 2020). DE-CT uses two different data sets obtained at 
two energy levels (Odedra et al. 2022). The technique has also 
been applied to the Earth sciences (Sellerer et al. 2019; Martini et 
al. 2021; Hamm et al. 2022). However, DE-CT cannot adjust the 
applied energies to the specific requirements of a given imaging 
target in many cases, because the two tube voltages of the X-ray 
source are mostly fixed. As an energy-integrating detector is used 
for DE-CT, it is difficult to cut off or utilize X-rays in arbitrary 
energy regions. Attenuation coefficient changes in typical silicate 
rocks are enhanced in the low-energy range (e.g., 40–60 keV for 
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