
COORDINATED ANALYSES OF CHONDRITES USING NEUTRON AND X-RAY COMPUTED 

TOMOGRAPHY, AND ELECTRON MICROSCOPY.  A. W. Needham1,2, H. Z. Bilheux3, S. A. Eckley1,2, R. A. 

Zeigler2. 1Jacobs, NASA-JSC, Houston TX 77058, andrew.w.needham@nasa.gov, 2NASA Johnson Space Center, 

3Oak Ridge National Laboratory. 

 

 

Introduction: Tomographic techniques enable de-

tailed views of the interior of astromaterials without the 

need for destructive sample processing. Such views can 

be important for choosing if and/or where to physically 

section a rock prior to in situ analyses (e.g. electron 

microscopy, ion probe), or for documenting component 

phases prior to destruction of the whole rock (e.g. 

powder X-ray diffraction, or dissolution for solution-

based mass spectrometry). For highly valuable samples 

returned by human and robotic missions (Apollo, 

OSIRIS-REx, Hayabusa2, future Moon and Mars mis-

sions), these tomographic analyses can provide critical 

steps for preliminary examination and curation. A 

companion abstract [1] describes some of the many 

uses of the XCT facility at NASA JSC. Here, we de-

scribe coordinated analyses of chondritic meteorites 

using two tomographic techniques – neutron and X-ray 

computed tomography (NCT, XCT). 

Samples and Methods:  Two chondrites were ana-

lyzed as part of this study: a carbonaceous Mighei-type 

chondrite, CM2 Murchison, and a low-total iron, low-

metal ordinary chondrite, LL3.6 Parnallee. Samples 

were scanned first by NCT using the cold neutron im-

aging beam line at Oak Ridge National Laboratory, and 

were later analyzed by XCT at NASA JSC. Voxel sizes 

for XCT scans were 15 µm (Parnallee) and 13 µm 

(Murchison), and 35 µm for both NCT scans. 

Data stacks from NCT and XCT were aligned in 

Avizo™ to enable side-by-side comparison, which is 

important for identifying regions of interest (ROI). The 

meteorite samples will be embedded in epoxy resin and 

physically sectioned to reveal a subset of ROI for ex-

amination by scanning electron microscopy and energy 

dispersive X-ray spectroscopy (SEM, EDS). Sectioning 

will first be attempted using a dry scalpel, and the slic-

es will be left unpolished for preliminary SEM anal-

yses. This same approach was used previously for co-

ordinated XCT-SEM analyses of martian meteorites  

[2]. Dry cutting and avoiding polishing will minimize 

contamination and/or alteration of fragile phases. A 

wire saw may also be used, and samples may be pol-

ished for more quantitative energy- or wavelength-

dispersive analyses, if appropriate. 

SEM and EDS analyses will be conducted using the 

JEOL 7600F, equipped with an Oxford Instruments 

EDS detector, at NASA Johnson Space Center.  

Results:  Both NCT and XCT reveal diverse chon-

dritic components, including chondrules, metal and 

matrix. Figure 1 shows a full-slice comparison between 

the NCT and XCT datasets. The two techniques yield 

similar but not identical data, i.e., there are relative 

differences in how different phases attenuate X-rays 

and neutrons.  

 

 
 

Figure 2 demonstrates how well the two techniques 

resolve chondrule shapes and significant mineralogical 

components. Metal/sulfide and silicate phases have 

very different attenuation coefficients, giving distinc-

tive dark-bright contrast in such images.  

 

 

Figure 2. Metal/sulfide can be viewed as thin rims 

as well as embedded grains in chondrules from 

Parnallee (XCT left, NCT right. FOV ~ 2.5 mm). 

  
 

Figure 1. XCT (left) and NCT (right) data for 

CM2 Murchison (upper, field of view ~ 9 x 13 

mm) and LL3.6 Parnallee (lower, ~ 17 x 19 mm).  
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Figure 3 demonstrates that the two techniques can 

resolve large scale heterogeneity within a sample. This 

is particularly evident in the XCT data. Such data can 

help to avoid conflicting results for ‘bulk rock’ miner-

alogy or chemical/isotopic results, and also inform cu-

ration and sample selection decisions.  
 

 
 

Figure 4 shows examples of two regions in Murchi-

son that appear bright in XCT data, but appear as dark-

er and lighter regions in NCT. Follow-up SEM and 

EDS analyses will be used to identify phases that be-

have differently between NCT and XCT. This SEM-

EDS data will help identify which sample types are 

most appropriate for coordinated NCT-XCT analyses, 

and which sample types can be sufficiently character-

ized by the more accessible lab-based XCT alone. 
  

 

Figure 5 provides a demonstration of adjusting 

brightness/contrast of images to show similarly-

attenuating phases. In this example, metal and sulfide – 

which usually both appear as bright white – can be 

separated into white and light grey. Such adjustments 

are at the expense of visualizing other phases, which 

then appear almost uniformly dark grey. Further image 

processing and segmentation will be used to visualize 

disparate phases more effectively than is possible in 

simple greyscale images.  

 

 
 

Conclusions: Neutron tomography remains a large-

ly unexplored technique for planetary science, and co-

ordinated NCT-XCT approaches are very rare [3]. The 

present work will identify chondrite phases that NCT 

can resolve more clearly than XCT, as well as demon-

strate the advantages and applicability of performing 

coordinated NCT-XCT analyses. At the conference, we 

will present SEM-EDS analyses, as well as segmented 

and volume rendered 3D and RGB datasets.  
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H. et al. (2018) LPSC abs. #1993  

 

 

 

 

 

 

 

 

Figure 5. Metal and sulfide are typically bright 

white when greyscale images are balanced to view 

silicates. Adjusting brightness/contrast enables 

metal and sulfide to be resolved from each other. 

Parnallee XCT data (upper) and NCT data (low-

er). FOV ~ 5mm x 1.9 mm. 
 

 
 

Figure 4. Bright regions in Murchison XCT data 

(upper and lower left) can correspond to dark 

(upper right ) or light (lower right) in NCT data. 

Upper  ~ 1.8 x 1.6 mm, lower ~ 2.3 x 1.8 mm 

 

 

Figure 3. Distinct lithologies within Murchison 

are distinctive in XCT and resolvable in NCT. 

Field of view ~ 2 x 5 mm. 
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