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Introduction: Metal particles and silicate chon-

drules in CB chondrites are suggested to have formed 
from a vapor-melt plume generated by a major impact 
between protoplanetary bodies [1,2]. This seems to be 
supported by the young 207Pb-206Pb ages (~4.563 Ga) 
of some chondrules in two CB chondrites (Gujba and 
HaH237), which postdate the most ancient CAIs by ~5 
Ma [3]. However, the existence of high-pressure phases 
[4], two-phase metal particles [5], and Fe-Ni-S eutectic 
textures [6], provide evidence for a secondary impact 
event that caused significant reheating and interaction 
between preexisting metal particles and an invading 
silicate-rich impact melt matrix.  

Here, we present 3D chemical data of Gujba 
obtained by micro-X-ray fluorescence (Õ-XRF) and 
scanning electron microscopy with energy dispersive 
X-ray spectrometry (EDS) plus serial sectioning. 
Selected regions of interest were also examined with 
electron backscatter diffraction (EBSD) and EDS. The 
main goal of this study is to understand the chemical 
and physical interactions between preexisting metal 
and impact melt in Gujba on the Õm- to mm-scale. 

Analytical details: Figure 1 shows the Gujba CBa 
meteorite sample that was ñpolished awayò during the 
course of this study for 3D chemical analysis. 
However, all the data are saved in hyperspectral 
databases (HyperMaps) for later re-examination. In 
Table 1, analytical details are listed for the three 3D 
datasets that were produced. AmiraÈ software was used 
for the 3D reconstructions. 

Table 1. Analytical details. 
 µ-XRF: Vol. 1 

(Fig. 2) 
µ-XRF: Vol. 2 

(Fig. 3) 
EDS 

(Fig. 4) 

Volume ~22000 mm3 41.5 mm3 0.6 mm3 

Layers 36 38 21 

Section depth ~148 Õm ~48 Õm ~4 Õm 

Total depth 5.18 mm 1.78 mm 80 Õm 

Voxel size 32x32x148 Õm 6x6x48 Õm 1.6x1.6x4 Õm 

Instrument M4 Tornado M4 Tornado XFlashÈ6|60 

Acc. Voltage 30 kV 30 kV 15 kV 

Beam current 600 ÕA 600 ÕA 5 nA 

Input countrate ~150 kcps  ~150 kcps  ~130 kcps  
Acquisition  
time per layer 80 min 60 min 90 min 

Grinding/sample 
prep per layer ~20 min ~15 min ~15 min 

Total time ~60 hours ~50 hours ~ 40 hours 

Results:  µ-XRF.  The Gujba sample (Fig. 1) was 
almost completely mapped with Õ-XRF in 36 layers 
and a sectioning depth of ~148 Õm (ñVolume 1ò). A 
3D reconstruction of the Fe (red), Ni (green) and  
S (yellow) data is shown in Fig. 2. At least 5 types of 
metal particles are present, which can be characterized 
by their Ni-contents (low: ~5 wt%, intermediate: ~6.5 
wt% and high: ~8.2 wt%), as well as by the abundance, 
size and shapes of sulfide inclusions [2]. 

 
  

 
 
 
 
 
 
 
 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 
 
 

Fig. 3. 3D reconstruction  
of µ-XRF dataset Vol. 2  
(4.82 x 4.84 x 1.78 mm) 
with Fe in red, Ni in 
green, S in  yellow and Cr 
in blue. The location of 
this dataset is indicated 
by the yellow box in 
Fig.1. Refer to the third 
column of Table 1 for 
analytical details. 

Fig. 2. 3D reconstruction (click on the image to start the movie!) 
of µ-XRF data (Fe: red, Ni: green, S: yellow) for the Gujba 
sample shown in Figure 1. Refer to the second column (µ-XRF: 
Vol. 1) of Table 1 for analytical details.  

Fig. 1. Gujba sample that  
was used for 3D chemical 
analysis. The yellow box 
indicates the location for  
the 3D-µXRF dataset  
“Volume 2” (shown in  
Fig. 3) and the 3D-EDS  
dataset (shown in Fig. 4). 
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Figure 3 shows a 3D reconstruction of the Õ-XRF 
dataset ñVolume 2ò for Fe (red), Ni (green), S (yellow) 
and Cr (blue). A higher spatial resolution is needed to 
resolve sulfide grains (and other structures) smaller 
than 6 Õm in size ï this is where EDS comes in. 
However, an advantage of Õ-XRF, compared to EDS, 
is the better sensitivity for elements with atomic 
number >22 (Ti). Especially the 3D-ÕXRF data for Mn 
are interesting, which will be shown at the conference. 

EDS. Figure 4 shows the 3D-EDS dataset for Fe 
(red) and S (yellow). This dataset overlaps with the 
upper half of the 3D-ÕXRF dataset ñVolume 2ò (refer 
to Fig. 3). Note that the metal particle on the right-hand 
side (yellow arrow in Figs. 3 and 4) contains a large 
number of sulfide grains smaller than 6 Õm in size, 
whereas the metal particle on the left-hand side 
contains sulfides forming an arcuate/bowl-shaped 
texture (blue arrows in Fig. 4). Around the sulfide-free 
edges of this grain, a lot of sulfides are found in the 
impact melt matrix (white arrows in Fig. 4). 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Combined EBSD/EDS. Figure 5 shows EDS and 

EBSD data, which were acquired simultaneously, for 
an area containing a barred olivine chondrule (left-
hand side) and a metal particle (right-hand side) with 
silicate-rich impact melt matrix in between, consisting 
mostly of chondrule fragments. In contrast to the shape 
of the sulfides, which are nicely rounded, the edge of 
the metal particle is not very sharp at all, but shows a 
fizzed texture (Fig. 5a). The EBSD data (Fig. 5b) 
reveal that the metal particle consists of many small 
grains (average diameter: ~10 Õm) with fairly random 
orientations. 

Discussion: Our 3D chemical data of Gujba 
illustrate the presence of a chemically and texturally 
heterogeneous mixture of metal particles. A further 
microstructural investigation will help to understand 
  

 
  

 
 

 
 

 
 

 
 
 

 
 
 
 
 
 
 
 

 
 
 
 
 
 

 
the thermal history of the different types of metal 
particles in CBa chondrites and establish whether they 
could have formed from the same reservoir as 
suggested by [1,2]. 

Furthermore, with the 3D chemical data of Gujba, 
we can better visualize and grasp the magnitude of 
interactions between preexisting metal particles and the 
invading silicate-rich impact melt matrix, such as the 
mobilization of sulfides (Fig. 4) and metal dissolving 
into the impact melt matrix (Fig. 5a). The secondary 
impact event(s) probably had a significant effect on the 
chemical and isotopic properties of CBa meteorites. 

Additional Information: Movies of the 3D 
reconstructions are provided at: 
http://www.bruker.com/service/education-
training/webinars/x-ray-microanalysis-and-
ebsd/combining-measurement-methods.html 
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#5067. [6] Chappell H. M. et al. (2011) Meteoritics & 
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Fig. 5. a) EDS and b) EBSD (IPF-Z) data acquired 
simultaneously with an XFlash® 6|30 silicon-drift EDS 
detector and an e-Flash HR EBSD detector (~70 points per 
second). Note the change of orientation in the olivine bars 
and the small grain size of the kamacite revealed by EBSD. 

Fig. 4. 3D reconstruction of EDS data (Fe: red, S: yellow). To 
cover a larger area, 6 maps (3x2 – indicated by the gray lines) 
were put together as a mosaic for each of the 21 layers. The total 
size of this dataset is 3.84 mm x 1.92 mm x 80 µm. Refer to the 
fourth column of Table 1 for analytical details.  
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