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Practical in correlative microscopy of a mineralised silicate
rock
Introduction:
Whereas the majority of Geology and Earth Science students obtain training in planepolarised and cross-polarised microscopy with the petrographic microscope, education
with the reflected light microscope is much less common. This is in part because the
addition of a reflected light source and polariser add substantial cost to the acquisition
and maintenance of teaching microscopes. Moreover, Economic Geology, the main user
of reflected light microscopy, is nowadays no longer part of the curricula.
Petrologic microscopy has received a new lease on life with the introduction of motorcontrolled stages and high-resolution digital cameras that are used with dedicated
software to produce seamless stitched mosaic images of entire petrographic thin
sections. These images are gigabyte-sized files that can be web-hosted and viewed and
navigated with software akin to satellite-based map browsing. One of the most successful
implementations of this new educational tool is the UK Virtual Microscope (UKVM) for
Earth Sciences Project by the Open University. It permits the layering of plane-polarised,
cross-polarised and reflected light image files and thereby provides access of reflected
light microscopy to students enrolled in courses that do not have access to
reflected light microscopes. The practical featured here is hosted on the UKVM.
A second technological innovation that has occurred over the last decade is high-spatial
resolution (down to <1 micron x <1 micron pixel) elemental mapping of polished
petrographic thin sections with field-emission-gun scanning-electron microscopes (FEGSEM) equipped with large area energy-dispersive X-ray detectors. The outputs from such
elemental maps are images of thin sections in which the colour brightness represents
elemental abundance. Individual elemental images can be outputted or several can be
combined into false-colour multi-element images. These elemental images can be
coordinated with microscopic images and the combined information gives students and
researchers unparalleled information regarding the mineralogy and chemistry of their
specimens, potentially opening a new era in chemical petrography.
This practical is an on-line open-access educational output of the H2020 EID
‘Metalintelligence’ and provides an example of how these technologies can be combined
for next generation learning and teaching of petrography. The rock selected for the
practical is a feldspathic pyroxenite from the Merensky Reef, a chromitite-sulphide
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mineralised portion of the ca. 2 Ga old Bushveld Complex, South Africa. The sample was
collected by Balz Kamber in 2017 in the Eastern Limb of the Bushveld Complex, from the
Der Brochen project area held by Anglo American Platinum Corporation.
The practical introduces some of the useful educational features of the UKVM and
aims to help develop the critical skill of combining observational data with chemical
data and phase diagrams. The practical could be used in conjunction with lectures on
layered igneous complexes, magmatic sulphides, and/or electron microscopy-based
chemical imaging. A sample copy of a solved practical is available upon request by
balz.kamber@gmail.com. The practical is aimed at students with some familiarity
with microscopy and should provide sufficient scope to fill a half-day practical time
slot. The two suites of thin section images can be accessed at this link:
https://www.virtualmicroscope.org/content/feldspathic-pyroxenite

https://www.virtualmicroscope.org/content/feldspathic-pyroxenite-b
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Part 1: The silicate framework
You are encouraged to familiarise yourself with the UKVM features by watching this short
video:
http://www.geolab.ie/learning-2/intro_vm1/
Task 1:
Using a combination of plane-polarised light (PPL) and cross-polarised light (XPL)
identify the two main silicate minerals that constitute the thin section. The Mg map shows
that the dominant silicate phase is bright (high) in MgO and therefore either enstatiterich orthopyroxene or olivine. Please paste a screenshot into the provided box that shows
diagnostic features that allow you to confidently identify the phase. Please annotate the
features on the screenshot and provide a scale.

Using the measuring tool in the lower right corner, determine the lengths and widths and
aspect ratios for 15 of these grains and determine the median and standard deviations of
the three parameters. Record your values in the table below. Considering that this is an
igneous rock, comment on whether these grains are more or less equigranular than
typical silicates.
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Length

Width

Aspect ratio

Comments:

Grain 1
Grain 2
Grain 3
Grain 4
Grain 5
Grain 6
Grain 7
Grain 8
Grain 9
Grain 10
Grain 11
Grain 12
Grain 13
Grain 14
Grain 15
Median
Standard deviation
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Task 2:
Turning your attention now to the second-most abundant mineral, use the chemical
images of Mg, Fe and combined Al-Mg-Ca to identify this mineral.
Paste a screenshot (XPL) into the
provided box and highlight the
diagnostic optical properties of this
mineral.

Together, the two minerals make up between 80 and 90% of the thin section and their
mutual grain boundaries are typical of one type of cumulate. With reference to the
images below (after Wager and Brown, 1953), what kind of cumulate is this rock.
Make your case in a 2-3 sentence paragraph, putting forward your key observations.
(A) Ortho-, (B)
Meso-, and (C)
Ad-cumulate
textures. The
stippled lines
show extent of
original
cumulate
crystals, which
experienced
progressively
more postcumulus growth
from (A) to (C).
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Task 3:
In addition to the two main silicates, there are three additional silicates of lesser
volumetric abundance. The first of these has a similar appearance in PPL as the dominant
silicate but it differs in chemistry. It becomes most visible when toggling between the PPL
image and the false colour Al-Mg-Ca maps. Identify the mineral and comment on its
properties in PPL and XPL. Finally, put it into the order of crystallisation sequence of the
other two minerals.

The second minor silicate is the only mineral with proper pleochroic colour in PPL. It is
easy to identify. Comment on its spatial distribution throughout the thin section,
particularly with reference to the opaque minerals (black in PPL). Is this mineral part of
the original crystallisation sequence or is it a late addition? Finally, judging from the Mg
and Fe maps, does this mineral have a higher or lower Mg/Fe ratio than the main
cumulate silicate?
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The final silicate is by far the least abundant, has low relief and grey interference
colours. It is present in this frame:
https://www.virtualmicroscope.org/rock_sample?asset=bushveld_elements/index.html?x=46.0
6&y=17.38&zoom=0.43&s=1

Identify the mineral and comment on its relations to the other minor silicates and the
opaques.
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Part 2: The opaque minerals
If you have never used reflected light, familiarise yourself it by comparing PPL and REF
images. The key observation, of course, is that phases that appear opaque in PPL now
have reflective colour. Please note that the holes in the thin section (looking grey in PPL,
black in XPL) are black in REF light. It is difficult to capture the true colours in reflected
light using a digital cameras. Furthermore, the appearance of hues of reflective colours
depends on illumination, the use of monochromators, etc. As a result, it is not straightforward to compare the colours from published photos or atlases with those seen here.
The UKVM also has the disadvantage of not being able to show cross-polarised REF light
images, which expose anisotropies which can be distinctive features of opaque minerals.

Task 1:
Familiarise yourself with the three sulphides – pyrrhotite, chalcopyrite and pentlandite –
present in this rock. Example images are given below.
A mass of anhedral pyrrhotite (Fe1−xS (x = 0 to 0.2))
surrounding euhedral pyrite. The pyrrhotite
has inclusions of chalcopyrite (see below for
better image). The name pyrrhotite is derived
from the Greek pyrrhos, flame-coloured or
pyhrrhotes, "redness," in allusion to colour.
In this photo, it has a slightly reddish hue.
It is rimmed by a grey mineral, which is
markasite.

This image shows golden chalcopyrite
(CuFeS2) within bright grey magnetite
crystals
(Fe3O4)
and
interstitial
quartz/feldspar gangue (dark grey).
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This image shows a corona of broken
pentlandite ((Fe,Ni)9S8) crystals surrounding
a pyrrhotite (from Duran et al., 2016). Note the
lack of a red hue in the pentlandite, which has
a more metallic lustre in reflected light.
However, it is often difficult to tell the
difference between pentlandite and pyrrhotite
on account of similar colour.
Task 2:
As you will have noticed, the three sulphides in this rock are closely associated spatially.
Their mutual relationship will be explored in Task 3. Here, we are initially interested in
the spatial arrangement between the silicates and the sulphides as a whole. Make an
interpretative drawing of this field of view:
https://www.virtualmicroscope.org/rock_sample?asset=bushveld_elements/index.html?x=34.4
&y=2.69&zoom=0.5&s=2

Use the PPL, REF, Mg, Si and S images in junctions. Begin with outlining the major
cumulate silicate framework and work towards filling the interstitial space. Using this
approach, formulate a sequence of crystallisation. For the time being, do not worry about
the sequence of crystallisation of the three sulphides, treat the sulphides as a whole.

9

Funded by the
European Union

Task 3:
The close spatial association of the three sulphides has strong genetic significance. It most
general terms, it relates to the process of exsolution. Simple examples of exsolution are
alklai-feldspars, where it is common for the Na-rich phase to exsolve from the K-rich host
upon cooling. The resulting intergrowth of the two feldspars is called perthite. Most
readers will be familiar with this phenomenon, which is described here:
https://en.wikipedia.org/wiki/Perthite
In the specific case of these sulphides, exsolution is more complex. What is quite
straightforward is that the precursor phase to the presently observed sulphides was a FeNi-Cu-S mineral called mono-sulphide-solution (MSS). This is the most prominent Sphase in magmatic systems. It exists as a liquid to quite low temperatures (a few hundred
degrees C), and as a solid solution is quite tolerant of a wide range in
compositional variability between Fe:Ni and Fe:Cu. In S-rich systems, it coexists with an
additional S-phase (liquid of vapour) and in Fe-rich systems it coexists with an Fe-Ni
alloy. However, in the sample at hand, we can focus on the MSS. As the MSS cools from
550 degrees C to 100 degrees C, the size of the stability field of the MSS narrows
considerably and exsolution of pyrrhotite, chalcopyrite and pentlandite begins. The
decreasing stability field with dropping T is usually shown in ternary Fe:Ni:S or Fe:Cu:S
diagrams (see below) and is more tricky to show for the full Fe-Ni-Cu-S system.
Diminishing
stability field of
MSS with decrease
of T. Relevant
abbreviations:
Pn=pentlandite;
Po=pyrrhotite; Py
= pyrite) in the FeNi-S system (from
Gonzalez-Jimenez
et al., 2018).
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Considering the spatial arrangement of the three sulphides from an area on the section
of your own choice (different from the field of view shown in Task 2), and using the Fe,
Ni, Cu images in addition, develop a hypothesis for the order of formation of the three
sulphides and the exsolution relationship, focussing on the question of which phase might
have exsolved from which?
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Part 3: Chemical information and origin of the platinum-groupelements

Task 1:
The chemical images provided on the UKVM show elemental concentration as brightness
of colour. The underlying data, however, are quantitative elemental concentrations. In
elemental images with very strong concentration contrasts and strong partitioning of the
element into one phase, details are only visible with a log-scale colour range. Regardless
of these limitations, it is possible to interpret the various colour shades as relative
elemental concentrations. Explore whether the Fe and S compositional data for
pyrrhotite, chalcopyrite and pentlandite given in the Table below (from Ballhaus and
Ryan, 1995) fit with the relative shades in the elemental maps of Fe and S.
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Task 2:
The main economic value of the Merensky Reef is not its Cu and Ni mineralisation but its
sensational enrichment in platinum-group-elements (PGE). The scientific debate about
the origin of the PGE mineralisation continues. The PGEs are hosted within the sulphides
that you have explored, either as solid solution or, more typically, as microscopic nuggets
of sulphides or metal alloys. One school of thought is that the PGEs were enriched in a
sulphide melt that eventually formed the MSS phase (e.g. Campbell et al., 1983) whereas
another proposal is that at least some of the PGEs were originally hosted in a hydrous
fluid phase and did not precipitate from the MSS (e.g. Ballhaus and Stumpfl, 1986).
Arguments in favour of latter rest on the spatial arrangement of late crystallising phases.
Using the maps of Cu, Si and the Si-K-S false-colour composite to test whether finegrained chalcopyrite is preferentially associated with late-crystallising phases and if
these late crystallising phases contain petrographic evidence for the presence of a fluid
phase. Use 2-3 screengrabs to support your argumentation.
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