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Rationale: Meteorite investigation by in situ non-
destructive methods can provide information on 
fragment bulk properties such as density and porosity 
[1,2], magnetic susceptibility [3] and major mineralogy 
[4]. Here we report on the application of rapid 
laboratory based X-ray computed tomography [e,g 5] 
to quantitatively investigate the bulk volume and 
internal density distribution of meteorite fragments to 
below 0.1 mm resolution. In addition, several 
qualitative visualization products are possible, aiding 
in sample investigation and curation. 

 
Methods: X-ray scans were performed using one of 
two laboratory CT scanners (GE eXplore speCZT; Fig. 
1) at energies of 80 to 110 kV (peak), applied for five-
minute scans each consisting of 900 separate images 
over 1 full 360° rotation. These acquisition parameters 
permit volume resolutions of between 20 and 100 µm 
depending on peak energy and sample size. In several 
cases individual meteorites were scanned in three 
different orientations to test reproducibility of the 
quantitative dimensional data. Two meteorites with 
known bulk densities were chosen for analysis as a 
first-pass check of accuracy. Three fragments from the 
recent Grimsby H5 chondrite fall [6] were also 
scanned as a consistency check between fall fragments. 

 
Figure 1. Sample loading of a 69g ordinary chondrite 
(inset view of Grimsby “Farmer” piece [6] on stage) 
into the X-ray Micro CT.   
Figure 2 (to right): Micro-CT investigation of a 
13.75g fragment of Allende CV3 (A). After a five 
minute scan and a similar duration of processing time, 
several products at 50 µm resolution are available: 
Isosurface rendering (B) of the Allende fragment, 
yielding volume and surface area (Table 1); Maximum 
intensity projection (MIP, C) of the denser material 
within the fragment; Virtual cut surfaces (D,E) chosen 
at 200 µm separation, showing low density glassy 

chondrules as well as bright sulphide rims and a 
developing crack (arrowed) with respect to the matrix.   
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Discussion: As with other computational 
volumetric methods applied to meteorites, such as 
scanning of successive cut slices [7], laser camera 
imaging [8] and synchrotron X-ray CT [9], micro-CT 
delivers quantitative data regarding sample volume, 
surface area and dimensional information (Figs. 2, 3; 
Table 1). Like its synchrotron cousin, micro-CT relies 
on the response of X-rays to the electron densities of 
material within the scanned object; thus in meteorites 
metals will attenuate the incident X-rays far more 
effectively than will glass. Metal will appear “bright” 
in these images.  

Meteorite Mass 
(g) 

Volume 
(cm3) 

Surface 
Area 
(cm2) 

Bulk 
density 
(g/cm3) 

Ref 
density 
(g/cm3) 

Allende 13.75 4.6586 17.1670 2.951 2.91(04)
Allende (2) “ 4.6872 17.1796 2.933 “
Allende (3) “ 4.6877 17.1730 2.933 “
Nuevo M. 5.37 1.757 8.8525 3.055 3.17(06) 
Nuevo M. “ 1.761 8.5456 3.048 “
Nuevo M. “ 1.759 8.5415 3.052 “

Grimsby H5 chondrite [6]   
Farmer 68.58 20.607 44.609 3.328 3.39(06) 
Farmer “ 20.609 44.124 3.328 “
Farmer “ 20.598 45.237 3.329 “ 
Peter 1.12 0.3426 2.613 3.269 -n/a 
Peter “ 0.3427 2.612 3.268 -n/a 
Peter “ 0.3427 2.613 3.269 -n/a 
Gar_dual 40.92 12.142 47.746 3.370 3.36(.1) 
Table 1: Preliminary bulk volume and surface area 
measurements derived from micro-CT of meteorite 
fragments. Reference density is given in the literature 
[1,2] or as measured directly on the fragment by the 
glass beads Archimedean method [1], in italics. 

 
Figure 3: MIP image of 5.37g Nuevo Mercurio H5 
chondrite, with measuring tool applied to obtain the 
16.65 mm longest dimension for the fragment. 
 

Volume: Meteorite volumes are typically 
reproducible within 0.5% amongst different scans, 
better than is attainable with the widely-used glass 

beads method [1,2]. Micro-CT offers high precision for 
the determination of meteorite volumes, and may be 
extended to small fragments of <20g, beyond the 
capability of the beads method. We note that the 
13.75g Allende fragment and the larger Grimsby 
fragments give bulk densities which agree well with 
reference values. The two smallest fragments reported 
here, Nuevo Mercurio and Grimsby “Peter” have 
somewhat lower bulk densities than expected. 

Surface Area: Meteorite surface area is not 
commonly reported but will be useful for the 
investigation of fragment radiative properties, fireball 
fragmentation and darkflight behaviour. We note that 
surface area is more sensitive than volume to the 
chosen parameters of the micro-CT scan and choice of 
intensity threshold in the 3D image processing. 

Dimensional analysis: Micro-CT offers the 
opportunity to interrogate specific features within the 
scanned volumes, down to the effective resolution of 
the scan (Fig.3). It is also possible to statistically assess 
the dimensions of identifiable objects within the 
meteorite volume, such as metal or void space. 

Qualitative investigations: Visualization software 
operating with the micro-CT scanner allows for the 
manipulation of the 3D tomographic data to generate a 
view from any perspective of: synthetic radiographs; 
maximum intensity projections (MIPs) of the greatest 
density of material along line-of-sight; surface 
meshing; and, multi-planar reformatted images to 
simulate cut surfaces (Fig. 2D,E) or corners so as to 
highlight an object of interest.  

Summary: Micro-CT scanning is similar to other 
volumetric methods applied to meteorites [7,8,9] but is 
much faster and is available via a rapidly-growing 
installed base of laboratory equipment worldwide. 
Micro-CT holds promise as a high-precision, 
nondestructive and accurate technique that can be 
successfully applied to the study of meteorites. 
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