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Introduction:  X-ray computed tomography 
(XCT) is a non-destructive 3D imaging technique 
that produces a data volume describing X-ray attenu-
ation within a scanned object.  Because X-ray attenu-
ation is a function of material density and composi-
tion [e.g., 1], XCT provides a powerful tool for the 
3D investigation of phases and textures within a solid 
object.   XCT data can be used to generate a number 
of visualizations for scientific research including dig-
ital reslicings, 3D volumetric renderings, and surface 
models that can be printed using a 3D printer.  In 
addition, XCT data can provide a wealth of unique 
quantitative information to measure discrete objects 
and textural fabrics within the sample [e.g., 2-3].  As 
a non-destructive analysis tool, it is particularly ap-
plicable to the investigation of rare or valuable spec-
imens such as meteorites and mission-returned sam-
ples and its use as a curation tool is being investigat-
ed at various museums and facilities that manage 
these types of collections [e.g., 4-5]. 

The High-Resolution X-ray Computed Tomogra-
phy Facility at the University of Texas at Austin 
(UTCT) is a national shared multi-user facility sup-
ported by the Instrumentation and Facilities Program 
of NSF’s Earth Sciences (EAR) directorate 
(http://www.ctlab.geo.utexas.edu).  Formed in 1997, 
it was the first research high-resolution XCT facility 
in an academic science department in the world and 
provides researchers across many disciplines (earth, 
planetary, biological, and engineering sciences) ac-
cess to and support for XCT.  In addition to XCT 
data acquisition and analysis services, UTCT pro-
vides the scientific community with training and edu-
cation in XCT data manipulation and analysis.  
UTCT also actively develops a number of specialized 
software tools for XCT data processing and quantita-
tive analysis [e.g., 6-8] 
(http://www.ctlab.geo.utexas.edu/software/). 

Instruments:  UTCT has three XCT scanners 
that provide imaging capabilities for a wide range of 
sample sizes and types.  Two of the scanners are 
combined in one large lead-walled radiation safety 
enclosure which was upgraded in 2013 with a new 
gantry system and PerkinElmer XRD 1621 series 
2048x2048 flat panel detector.  Two separate X-ray 
sources are used to provide two separate XCT system 
configurations.  The higher energy source is a 450 kV 
GE Titan with a dual filament selectable spot size 
(0.4 mm/700 W or 1.0 mm/1500 W) which allows 
penetration of denser, larger objects (up to 40 cm 

width, 75 cm height) at the expense of detail and 
compositional sensitivity.  The lower energy 225 kV 
FeinFocus FXE 225 microfocal source provides bet-
ter compositional discrimination for smaller objects 
(down to ~ 1 cm) at spot sizes from 5 to 30 µm.  Both 

 

Figure 1. Perspective-view false-colored 3D recon-
struction from XCT images of an impact-melt L 
chondrite (PAT 91501). (Top) 3D rendering show-
ing external surface of specimen after curatorial 
sawing revealed metal and vesicles. (Bottom) Semi-
transparent rendering, highlighting vesicles (blue 
bubbles) and segregating metal-sulfide (yellow-
magenta) masses. The relative positioning of the 
metal and sulfide reflects a gravitational field that is 
offset from the rise direction inferred from ellipsoi-
dal bubbles, suggesting specimen rotation during 
post-impact solidification.  (Modified from [9]). 
 

1 cm

3000.pdf47th Lunar and Planetary Science Conference (2016)



scanner configurations are capable of cone-beam and 
helical XCT data acquisition. 

The third instrument is a Zeiss (formerly Xradia) 
MicroXCT 400 scanner with a Hamamatsu source 
capable of energies from 40 to 150 kV.  It was also 
upgraded in 2013 with new detector components so 
its imaging capabilities now approach those of the 
newer Zeiss Versa systems.  Like most Zeiss XCT 
systems, it has a unique detector configuration (simi-
lar to a synchrotron XCT setup) where magnification 
is achieved through the use of visible light (micro-
scope) objectives placed behind the scintillator.  This 
allows for much sharper high-resolution imagery, 
down to 0.2 µm/voxel for appropriately sized speci-
mens.  This system is capable of imaging samples up 
to ~4 cm in size using its largest 0.4X macro objec-

tive. 
Planetary Applications: UTCT has imaged and 

analyzed a wide variety of planetary samples includ-
ing meteorites, Apollo samples, and terrestrial impac-
tites. Two recent studies utilizing XCT in the study of 
an impact-melt L-chondrite and the CM chondrite 
Murchison are highlighted in Figures 1 and 2.    

Summary: Three XCT systems provide scanning 
capabilities for a vast range of sample sizes and com-
positions, allowing the facility to deliver exceptional 
data to its user base. In addition to its scanning capa-
bilities UTCT has a large collective knowledge on 
the best practices for scanning, which they use both 
in-house and in their outreach capacities. 

By supporting a large knowledge base of software 
packages, developing specialized and customized 

software for quantitative analy-
sis, and providing scanning 
services, UTCT is able to pro-
vide the community with un-
paralleled planetary material 
analysis.  

References: [1] Ketcham, 
R.A. and Carlson, W.D. (2001) 
Comp. & Geosci. 27, 381-400 
[2] Hanna R.D. et al. 2015 GCA 
171, 256-282  [3] Hanna, R.D. 
and Ketcham, R.A. (2016) 
LPSC 47, Abstr. #2185 [4] 
Blumenfeld, E.H. et al. (2015) 
LPSC 46, Abstr. #2740. [5] 
Ebel, D.S. et al. (2013) Micros. 
Microanal. 19 (S2) 632-633 [6] 
Ketcham, R. A. 2005 Geo-
sphere 1, 32-41 [7] Ketcham, 
R. A 2005 J. Struct. Geol. 27, 
1217-1228 [8] Ketcham, R.A. 
and Hanna, R.D. Comp. & Ge-
osci. 67, 49-61 [9] Benedix et 
al. (2008) GCA 79, 2417-2428 
     Acknowledgements: UTCT 
was made possible by grant 
support from the W.M. Keck 
Foundation, the National Sci-
ence Foundation, and the Geol-
ogy Foundation of the Universi-
ty of Texas at Austin. Ongoing 
shared multi-user facility sup-
port is provided by National 
Science Foundation grant EAR-
1258878. 

 

 

Figure 2. (A) Volume rendering of XCT data of the CM Murchison chondrite 
(USNM 5487).  Dashed line indicates location of XCT slice in B. (B) XCT slice 
showing relatively less attenuating (darker greyscale) chondrules set in a more 
attenuating (brighter greyscale) matrix.  The chondrules appear elliptical and 
aligned in 2D cross-section.  (C) Stereoplots of the 3D orientation of 187 chon-
drules using best-fit ellipsoids in Blob3D [6-7].  The long axes of the chondrules 
lie on a great circle and the short axes are clustered, consistent with a foliation 
fabric.  The weak clustering of the long axes indicate that the chondrules are 
also weakly lineated, suggesting that impact was cause of the deformation. 
(Modified from [2]). 
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