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Introduction: X-ray mapping by scanning electron 
microscopy (SEM) is a common technique in geo- and 
cosmochemistry that provides a wealth of petrologic 
information. With the arrival of large-area silicon drift 
detectors, large amounts of chemical data can be collect-
ed on relatively short timescales. To control the quality 
of x-ray maps, it is often useful to produce unnormalized 
maps and reject analyses from spots that have totals de-
viating from 100% by more than a defined threshold 
(e.g., 2%). However, this requires that a constant beam 
current and a constant working distance are maintained. 
In addition, an appropriate beam measurement standard 
and exact knowledge of the thickness of the conductive 
coating are required. Often, these conditions cannot be 
met, and it is useful to normalize each point analysis in a 
map to 100%. In such cases, deviations from 100% can-
not be used for an internal quality control. 

Here, we present examples of artifacts of normalized 
x-ray maps and a quantitative approach to improve the 
quality of x-ray maps after data collection. We also 
show how the processed data can be used for further 
analysis, e.g., to constrain chemical zoning in minerals. 

Samples: We present unprocessed and processed el-
emental maps for CAIs 2-2-8 and 1-6-7. CAI 2-2-8 is a 
zoned single hibonite crystal with abundant holes filled 
with epoxy (Fig. 1). It was previously presented in [1] 
and interpreted as a spinel-hibonite inclusion fragment. 
CAI 1-6-7 was also presented in [1] and is a dense ag-
gregate of spinel, gehlenite and hibonite (Fig. 2). CAI 1-
6-7 has multiple cavities, some are filled with epoxy, 
others are depressions in the polished surface. Alteration 
phases are present near the edge of the CAI.  

Analysis and Results: The ‘raw’ data for our quanti-
tative treatment are datafiles that can be exported from 
EDS operating software. For each element of interest 
(here: Mg, Al, Ca, Ti, Fe, Si), we export both raw counts 
and concentration files. For the coating element C, we 
only export a raw counts file. 

The data processing is performed in Python, making 
use of the pandas library, which facilitates efficient 
analysis of multiple large datafiles. Here, we summarize 
the main analytical steps to improve the quality of x-ray 
maps. All steps are optional and can be performed inde-
pendently of each other. Figures of maps and datafiles 
files can be exported for each step. 

Step 1: Filtering out analyses from uneven surfaces, 
and/or embedding material. To reject embedding materi-
al analyses, we use a raw counts map of an element that 
is abundant in the embedding material, but rare in the 

sample (here, we use C, as the CAIs are cast in epoxy) 
and reject analyses from spots that have C counts above 
a defined number (here, we rejected analyses with C 
counts >400). To remove analyses from uneven surfac-
es, we simply remove data from spots where counts of 
the most abundant element are unusually low for a given 
concentration. A comparison of Figs. 1b & 1c as well as 
2b & 2c shows that this step efficiently removed anal-
yses of epoxy as well as uneven surfaces.  

Step 2: Filtering out data with high relative uncer-
tainties. For each element, we can calculate the relative 
uncertainties using raw counts. Here, we rejected con-
centrations with relative uncertainties >20%.  

Step 3: Rejection of data with low totals. This step 
should be performed for unnormalized maps and can be 
performed for normalized data if step 2 has been per-
formed. Here, we rejected spot analyses with totals devi-
ating from 100 wt% by 3.0 wt% or more.  

Additional steps: We have also implemented algo-
rithms that produce RGB images for any chosen set of 
three elements (Fig. 2d) and color-coded phase maps. 
Furthermore, we can calculate formulae for selected 
minerals. Such data can be used to assess the chemical 
variation inside minerals (Fig. 3). Here, we find that 
hibonite compositions are more variable in 2-2-8 than in 
1-6-7 (Fig. 3).  

The advantages of our quantitative processing are 
shown in Figs. 1 & 2. In the unprocessed Al2O3 and SiO2 
maps, epoxy-filled holes seem to increase the zoning in 
the hibonite grain (low Al2O3, high SiO2; Figs. 1b & d). 
In the processed maps, the holes are excluded and the 
maps show a more appropriate Al2O3 zoning that is 
complemented by zoning in MgO and TiO2 (see Fig. 3).  

The importance of step 2 is shown in Fig. 2. The un-
processed map (Fig. 2e) suggests that FeO is present in 
low concentrations and is approximately uniformly dis-
tributed between hibonite, spinel and gehlenite. The pro-
cessing (Fig 2f) reveals that FeO abundances in these 
primary minerals are associated with high uncertainties. 
Significant amounts of FeO only appear to be present in 
alteration phases at the edges of the inclusion.  

Conclusions and Outlook: Quantitative processing 
of x-ray maps is a useful approach to improve the quali-
ty of x-ray maps and to remove artifacts. It further al-
lows exporting and analyzing the processed data for in-
dividual minerals, which is useful to compare the range 
of zoning between samples.  

References: [1] Kööp L. et al. (2016) GCA, 184, 
151-172. 
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Fig. 1: CAI 2-2-8. a) Secondary electron image of the CAI showing holes filled with epoxy. Al2O3 (b, c) and SiO2 
(d, e) maps are shown. b) and d) show elemental maps before quantitative processing, c) and e) show the results of 
full processing. 

 
Fig. 2. CAI 1-6-7. a) Backscattered electron image of the CAI. MgO (b, c) and FeO (e, f) maps are shown. b) and e) 
show elemental maps before quantitative processing, c) and f) show the results of full processing. d) RGB image. 

 

Fig. 3. Comparison of compositions measured in the mineral 
hibonite in CAIs 2-2-8 and 1-6-7. For both CAIs, the hibonite 
data is consistent with a coupled substitution of Mg2+ and Ti4+ 
for 2Al3+. The comparison shows that the range of Mg, Ti and 
Al contents is more restricted in hibonites in 1-6-7 than in 2-2-
8. 
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