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Introduction: Micro-computed tomography (µCT) 

serves as a useful tool for non-destructive analysis of 

meteorite samples. It provides fully digitized 3D data 

of the internal density structures of rare and valuable 

extraterrestrial materials without the samples being 

damaged [1].Investigating pristine meteorite samples is 

not always possible as terrestrial weathering leads to 

formation of  alteration phases which are not repre-

sentative of the original composition of the meteorite.  

µCT imaging of the interior of meteorites allows for 

assessment of the degree of weathering variation with-

in the sample, providing a context for future work.  

In µCT scans, volumetric proportions of some con-

stituents, typically, materials that have different X-ray 

attenuation can be determined [e.g.2]. 3D isosurface 

rendering of high attenuation phases (i.e. metal and 

sulphides) allows for 3D observation of metal distribu-

tion throughout the samples. This can be used to com-

pare not only physical characteristics but also volume 

modal percent comparison of different phases present. 
Methods: The µCT data of the meteorites were ac-

quired using the Locus scanner. The scanner operated 

with an x-ray tube voltage of 80kVp and a tube  

 

current of 0.45 mA. Nine hundred views of data 

were collected at an angular increment of 0.4 degrees 

around the object. The data were then reconstructed 

into 3D image volume with an isotropic voxel size of 

20 um. An eXplore  speCZT scanner at peak energy of 

110 kVp and the Nikon XT H 225 ST scanner at peak 

energy of 220 kVp for 90 minute scans were also used. 

Beam hardening was corrected using a custom calibra-

tion for the speCZT [3] and with a 1.5 copper filter for 

the Nikon scanner. Reconstructed 3D volumes were 

processed using MicroView software.  

Threshold intensity ranges for metal and silicate 

phases were chosen from a frequency vs. intensity his-

togram in order to build a 3D isosurface of the metal 

and silicate phases and determine volume percent. Iso-

surface determination consists of defining one or more 

surfaces that mark the boundaries of the objects of 

interest, and in most cases these are assumed to corre-

spond to  certain CT values [2]. 
  In NWA 4301, intensity values ranging from 

1995  to 11995 HU were selected as the limits for sili-

cate phases and 12018 to 32768 HU for metal content, 

from a frequency vs.  intensity histogram, respectively. 

In Zaklodzie intensity values of 6700 to   

 
Fig 1. Axial plane view CT image of Zaklodzie (a.) and NWA 4301 (b.). NWA 4301 in b. shows veining throughout and lower greyscale inten-

sity values than Zaklodzie in a. Images c. and d. show line segment plot distance in mm vs. voxel intensity. Note low intensity values in d.  

reach 2000 voxel intensity compared to the low intensity values of  4000 in Zaklodzie as seen in c.  
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32768 HU were chosen as limits for high density phas-

es. Color intensity images along with line profiles were 

obtained for Zaklodzie and NWA 4301 to compare 

intensity values for silicate phases. 

3D isosurfaces of the high intensity phases were 

reconstructed in order compare characteristics of the 

metal phases between samples (i.e. distribution, con-

nectivity, size, shape). 

Discussion:  

Comparisons of µCT images and line profiles of 

NWA 4301 and Zaklodzie using the Locus scanner 

(Fig 1), show that NWA 4301 has generally lower in-

tensity in the silicates than Zaklodzie. In Zaklodzie, 

most of the low intensity values representative of sili-

cate phases have an average of 3600 HU whereas 

NWA 4301 has silicate intensity values that reach an 

average of 2800 HU. 

 The lower voxel intensity for silicates in NWA 

4301 appears to reflect a difference in weathering: Iron 

oxides of moderate voxel intensity appear to be widely 

distributed in Zaklodzie, affecting the silicate voxel 

intensity values, whereas iron oxides in NWA 4301 are 

found in distinct mm veins that can be resolved from 

the silicates. This difference may also be due to higher 

bulk iron content (will be tested with chemical analy-

sis) in silicate grains content in NWA 4301 than Zak-

lodzie.   

 

 

 

 

After selecting threshold value limits for silicates 

vs. metal phases, volume fractions were compared to 

reported modal content (Table 1). Fig 2 shows the high 

intensity phases in NWA 4301 (a.) and Zaklodzie 

(b.).The modal volume percent of high intensity phases 

from Fig 2 shows a small deviation from modal com-

position percent reported in [4] and [5]. 

 
Reported CT values 

 

Silicate 

+  Metal + Low High 

 

plagio-

clase 

Sul-

phide 

inten-

sity 

inten-

sity 

NWA 

4301 80% 20% 79% 21% 

Zaklodzie 70% 30% 72% 28% 

 

Table 1. Reported modal percent composition [4,5] vs. 

density low/high phases volume percent from µCT.  

Isosurface rendering of high intensity phases Fig 2c 

and 2d shows a difference in the distribution, size and 

shape of metal in NWA 4301 and Zaklodzie. The met-

al grains in NWA 4301 appear to be larger, elongated 

and interconnected throughout the meteorite. On the 

contrary, metal grains in Zaklodzie appear to be scat-

tered, smaller and less interconnected than in NWA 

4301.   

Summary: Comparison of µCT scans of the Zak-

lodzie and NWA 4301 meteorite reveal that silicate 

phases in NWA 4301 have lower intensity than Zak-

lodzie and metal grains seem to be more intercon-

nected and larger than those seen in Zaklodzie as well. 

Additionally, both meteorites show distinct weathering 

profiles, where pervasive veining is dominant in NWA 

4301 and Zaklodzie shows a metal content gradient 

from surface to interior. 

In summary, the use of µCT scans of meteorites is 

not only limited to viewing images in 2D but it is poss-

ible to reconstruct 3D isosurfaces of objects in ques-

tion within the sample to examine the interior features 

of  meteorites. This may be useful when selecting an 

area of the sample suitable for analysis (i.e. bulk chem-

ical analysis ). Future work will involve comparing the 

intensity variation amongst samples through the use of 

different power source µCT scanners. 
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Fig 2. Coronal view of NWA 4301 (a.) and Zaklodzie (b.).  Areas 

highlighted in red represent high intensity phases. Images c. and 

d. show isosurface rendering of metal phases. Note: larger, more 

interconnected and elongated metal grains in NWA 4301 (a.) 

than in Zak (b.)  
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