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Introduction: Calcium-aluminum-rich inclusions 

(CAIs) are significant objects occurring within chon-

dritic meteorites. Based on radiometric dating and 

thermodynamic modelling they are considered to be 

some of the first solids to condense from a cooling gas 

of solar composition [1-4]. Therefore, they provide a 

window into the early solar system’s chemistry.  

Many CAIs are surrounded by multi-layered, thin 

mineral sequences, called Wark-Lovering Rims 

(WLR)[5]. Different formation mechanisms have been 

discussed for these rims, among them condensation, 

metasomatic exchange and flash heating [6-11]. 

The electron and ion microprobes have been exten-

sively used to study CAIs [12-14]. Information on the 

three-dimensional structure of CAIs, such as that of-

fered by FIB tomography [15-18], could provide new 

insights into their origins. Initial work demonstrated 

the potential of FIB tomography toward understanding 

CAI origins [19] however, detailed method develop-

ment for planetary materials has not to our knowledge 

been performed. Here, we present 3D reconstruction of 

the internal structure of different locations of WLR 

from a CAI within the Allende meteorite.  

Material & Methods: We studied a CAI in a sec-

tion of the Allende CV3 chondrite, from the University 

of Arizona collection (UoA 28-4). The Cameca SX-

100 electron microprobe (EMP) at the Kuiper Materi-

als Imaging and Characterization Facility (KMICF) at 

the University of Arizona 

(https://kmicf.lpl.arizona.edu) were used to obtain 

backscattered electron (BSE) images to identify a suit-

able location for FIB tomography. EMP analysis of the 

CAI rim was done using 1µm beam size at 20nA cur-

rent and 15kV voltage. The wavelength-dispersive 

spectrometers were calibrated using well-characterized 

natural minerals and materials. 3D Tomography da-

tasets and EDS maps were obtained using Ther-

moFisher Helios 660 G3 dualbeam FIB equipped with 

an integrated EDAX EDS detector also at KMICF. 

Data was analyzed using Avizo 19.2.  

Results & Discussion: In this study, we selected a 

specific region of the WLR surrounding the CAI iden-

tified by microprobe analysis (Fig. 1 a+b). 

 
Figure 1. Microprobe and FIB data on the section 

of the Allende CAI. (a) BSE overview showing re-

gion of interest for FIB tomography (white box). (b) 

False-color WDS map of the section showing Ca 

(green channel), Al (blue channel) and Mg (red 

channel). (c) Higher magnification BSE of the ROI 

in which tomography was performed (white box).  

The following mineral phases were identified in 

this region via WDS spectra analyses: spinel, olivine, 

nepheline and hibonite. Illustrative stoichiometry in-

cludes spinel, Mg0.74Fe0.25Al1.99O4 and olivine, 

Mg1.22Fe0.76Si0.99O4 and Mg1.2Fe0.79Si0.99O4. To enable 

the visualization of the interface in FIB tomography, it 

was oriented perpendicular to the direction of FIB slic-

ing (Fig. 1 c). A total of 247 slices with 20 nm thick-

ness were collected (representative images in Fig-

ure 2). A complex microstructure of grain boundaries, 

macropores and nanopores concentrated along grain 

boundaries were observed.  
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Figure 2. Representative SEM images from FIB 

tomography slides showing the complex microstruc-

ture of the probed WLR.  

Summary: In this study, we demonstrate success-

ful FIB tomography characterization of WLR in the 

KMICF. Further refinement of both measurement con-

ditions and data analyses are required to maximize 

scientific output of these analyses. We will combine 

FIB tomography analyses with FIB lift out for trans-

mission electron microscopy sample preparation. The 

method development demonstrated here will enable the 

3D FIB-tomography of samples to be returned from 

the Hayabusa 2 and OSIRIS-REx missions. 
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