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Introduction
Geological structures are present on a variety of scales from km to <1μm. These structures are produced by geological processes such as
cooling. Crystals, once homogeneous, may exsolve upon cooling into distinct mineral phases. Pyroxenes are one of the mineral groups
exhibiting this behaviour. Features such as exsolution lamellae are often present but can be challenging to analyze en masse by automated
approaches in the SEM.
Automated Feature analysis often uses backscattered electron (BSE) images for the detection of grains from one another. This process can
be complicated by various factors such as low density differences (atomic number Z) between mineral phases, strong intergranular textures
(e.g. cleavage), cracks, scratches, or any other sample damage introduced during preparation, as are clearly visible in BSE images and
therefore can impact on grey level thresholding (Fig. 1A, 3A, 4A).

Case Study 2: Exsolution Lamellae in Pyroxenes
The analysis shown in case study 1 was a relatively simple case. The workflow demonstrated there can be extended to more complex
scenarios. Here we consider exsolution lamellae of OPX in CPX shown in Fig. 3 and 4.
Whilst, in this region, scratches/surface damage is not a major issue, the grey levels of the different phases in the BSE image are particularly
close, making this approach particularly valuable. Fig. 3 shows an example of a single field BSE image and element maps. It is clear that
whilst the BSE image gives limited information, the EDS maps clearly show the distribution of the lamellae.
When a larger area is mapped (Fig. 4), the extensive nature of the lamellae is shown and it is clear that large scale, automated analysis of
this texture would give very useful information on the sample.

Here we use minerals displaying exsolution textures from Bushveld, South Africa. We combine BSE images with Energy Dispersive X-ray
Spectroscopy (EDS) data, collected and processed with Oxford Instruments’ AZtec™ NanoAnalysis platform, to demonstrate this problem
and show how automated Feature analysis of EDS maps can “see through” the problems described above, to enable analysis where it may
otherwise have been impossible.
Case Study 1: A Single Grain
Single Field BSE and EDS map (Fig. 1A)
• The BSE image is difficult to use in this case but the element maps
• Phases present are of similar density
“see through” the surface features and lack of contrast – giving a
• Grey levels are very close
clear view of the grains.
• Many cracks/surface features that would affect grey level • This provides an opportunity for automating the analysis of these
thresholding
maps to improve automated Feature analysis
Fig. 1 Electron images and EDS maps
of magnetite and ilmenite. A. The
BSE
image
does
distinguish
satisfactorily between the different
phases. B-H: EDS maps of oxygen,
silicon, titanium, aluminum, calcium,
magnesium and iron. EDS mapping
gives a clear indication of the extent
of grains.

• Automated feature analysis can be combined with phase • Morph info combined with extracted compositional
identification algorithms
information
• Groups of pixels of the same phase are grouped together to form • Classifications applied to “phase acquired” features
features
• In the same way as “normal” features identified from BSE
• Features measured for morphology
image

Fig. 2 (Left) Automated EDS mapping, phase and features extraction with AZtec Feature. The
classification scheme (middle) shows the number of features detected for each phase. (Right)
Example of the combined morphology and compositional information recorded for the Ilmenite
grain.

Fig. 3 Single-field EDS map of fine opx lamellae occurring in a cpx. (A): The density variation is low, which is reflected on the BSE image. (B-D): EDS maps of oxygen,
calcium and iron.

Fig. 4 Multiple-field EDS map. This map is an extended area acquisition of the single field map of Fig. 3. A. The larger area covered shows additional phases are
present and regions where surface damage is more of an issue.

These maps were acquired automatically as part of a large area AZtecFeature run. Immediately after being acquired, they were processed
with AZtec’s AutoPhaseMap algorithm to identify phases and then recorded as features as has been detailed previously. This was repeated
over the entire large area to form the image shown in Fig. 5. AZtecFeature’s reconstruction algorithm was then applied to the dataset to
reconstruct the larger features which were broken by field boundaries. It was then possible to interpret the data – an example of this is
shown in Fig. 6 where the histogram shows the orientations of the long axes of the Features – it is possible to see two dominant peaks – one
for each of the major cleavage directions and the angle between them.

Fig. 5 Large area AZtecFeature run with features colored by class. The combination of
automated feature analysis and phase analysis has produced a clear identification of both
the host phase and the lamellae, as well as identifying additional minor phases.

Fig. 6 Histogram showing the orientation of the long axes of the
exsolution lamellae features. The two major peaks correspond
to the two major cleavage planes present in the mapped area.

Conclusions
• The use of EDS data for feature detection enables grains to be identified in geological samples where otherwise it would be difficult or
impossible to do so.
• Once phases are identified, groups of pixels of the same phase are grouped to define Features. These are then treated in the same way
as those acquired via the standard grey-level thresholding method.
• Sample preparation damage, cracks, topography etc. affect features detected by this method to a far lesser extent.
• The approach can be automatically applied to large areas.

