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Introduction

The Ti-L/O-K peak overlap is a particular challenge to
resolve since titanium oxide (TiO2) is found in close
proximity with iron oxide (Fe2O3) and the energies of all
three elements are undesirably close. This is the typical
scenario commonly faced by analysts when examining
mineral samples. Rutile is a common accessory mineral in
high-temperature and high-pressure metamorphic and
igneous rocks. Rutile is the preferred polymorph of TiO2

in such environments because it has the lowest molecular
volume of the three polymorphs; it is thus the primary
titanium bearing phase in most high pressure metamorphic
rocks, predominantly eclogites. Ferric oxide (Fe2O3) is
naturally found in mineral rich samples. 

Results

Preliminary maps of the sample region containing a 
TiO2 rich area have been selected for analysis. The first
methodological concern was to reduce the accelerating
voltage to a value that would reduce the iron signal. The 
7 KeV value was selected because it guarantees the proper
stimulation of the main titanium lines (L = 0.529 and 
K = 4.965), which is enough to achieve 1.3X overvoltage
to observe the Ti-K line. In addition, the choice of 7 KeV
as the accelerating voltage also helped to reduce charging. 

Spectra obtained using a Thermo Scientific UltraDry
30 mm2 detector clearly confirmed these characteristics
(Figure 1). The first set of maps showed Ti-L, Ti-K, O-K,
and Fe-L (Figure 2). Ti-L mapping was not accurate since
it was undoubtedly picking up signals from the O-K line.
There was also uncertainty concerning the accuracy of the
O-K and Fe-L maps due to obvious verified overlap. Peak
deconvolution of all overlapped peaks was performed
utilizing the quantitative mapping feature of the Thermo
Scientific NORAN System 7 spectral imaging software
(Figure 3) and multivariate statistical analysis (COMPASS).1
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Figure 1: Spectrum of a TiO2 rich area with 
an imbedded secondary electron image. 
An overlap of Ti-L and O-K is observed in the
proximity of 0.5 KeV.

Figure 2: A set of gross count X-ray maps showed Ti-L, Ti-K and O-K signals.
Ti-L mapping is highly compromised by the overlap.

Figure 3: A) Raw X-ray maps of the Ti-L overlapped with the O-K line.
B) NORAN System 7 net count quant mapping of the Ti-L without

the undesired overlapping of the same area. 
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Spectral imaging allows the acquisition of complete
EDS spectra at each pixel within a mapped region.2,3 

Post-acquisition processing of the data is possible and
filtering or noise reduction techniques can be applied, such
as background, density, absorption, and fluorescence removal
or peak deconvolution. In this case, since the Ti-L raw data
mapping was not allowing the accurate location of the
titanium oxide region, we have decided to map only the
Ti-L signal and only use the raw data converted to weight
%, atom % and net counts. Maps resulted from these
adjustments showed unmistakably the titanium oxide
region (Figure 3B). Only net count map results are being
displayed, however weight % and atom % mapping of 
Ti-L were successfully obtained. 

Consequently, peak deconvolution for Ti-L in the
presence of O-K was achieved. 

Quant mapping is certainly an effective method to
perform the peak deconvolution and requires only minutes
to perform. However, the use of Multivariate Statistical
Analysis (MSA), commonly used in factor analysis of
complex samples, may reduce the processing time even more.
The Thermo Scientific licensed version of MSA used in
NORAN System 7, COMPASS software, finds the locations
of elements in these samples even in case of severe overlaps
or when small signals superimposed on large backgrounds.
COMPASS identifies image locations that have the same

spectral fingerprint and extracts compositionally distinct
components from a Spectral Imaging data set. You have a
choice of advanced statistical analysis algorithms that
produce spectrally or spatially simple component maps.
The primary benefit is that all analysts that perform the
COMPASS routine obtain the same result; the level of
analyst experience is no longer a factor on collecting data.

COMPASS effectively identified the area correspondent
to titanium oxide using a fraction of the time required by
Quant mapping (Figure 4). 

Conclusion

Spectral imaging has revolutionized the way Energy
Dispersive Spectroscopy is performed. Information can be
extracted after data acquisition by processing the data set
with noise reduction and peak-to-background enhancement
techniques. In addition, peak deconvolution may be used
to resolve peak overlaps. Quantitative elemental mapping
and Multivariate Statistical Analysis using COMPASS are
strongly recommended for data processing before
publication of results.
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Figure 4: The final output of COMPASS (without the analyst interference) established two phases based
on likelihood associations: Phase 1 (background) of a mixture of elements and Phase 2, titanium oxide.


