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Figure 3: (a) This reflected-light image of the studied area of the emerald, as seen with the Raman microscope, shows tonal
variations corresponding to different domains that are present. (b) A mineral map of this area depicts the relationship among
the various phases: the emerald host, a bertrandite-bearing alteration zone and a fissure network filled by phlogopite. In
parentheses are the ‘match percentages’ obtained for each Raman analysis point. Photomicrograph and diagram by R. Zellagui.

Based on our observations, we propose that after
the emerald crystallised, a late-stage fluid entered the
fissures and induced an alteration halo by transforming
the emerald host into the bertrandite-bearing assemblage,
and this was accompanied by the formation of phlogopite
along the open fissures. The use of both reflected light
at high magnification and Raman micro-spectroscopy
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were necessary for differentiating the various mineral
phases present and their spatial and temporal relation-
ships in the studied emerald.
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Cinnabar Inclusions in Ethiopian Opal

The authors recently examined a 15.8 ct Ethiopian
opal (Figure 4) that contained numerous red dendritic
particles that each measured up to 70-100 pm in
diameter (Figure 5). The Ethiopian origin of the opal was
confirmed by its physical properties (slight hydrophane

character and rounded columnar structure) and its
chemical composition (high Ba concentration; Rondeau
et al. 2010). The inclusions were identified by Raman
micro-spectroscopy as cinnabar (HgS). Energy-disper-
sive X-ray fluorescence (EDXRF) chemical analyses of
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Figure 4: This 15.8 ct opal from Ethiopia was examined for
this report. Photo by C. Caplan.

2mm

the top surface of the sample confirmed the presence of
Hg and S. Cinnabar and opal are associated in numerous
localities, particularly in the western USA (Knopf 1915;
Gettens et al. 1972; https://www.mindat.org/min-3004.
html). However, cinnabar is only rarely mentioned as
inclusions in opal (see, e.g., Gaillou 2015). Also known
is an opalised or silicified cinnabar material known as
myrickite, in which the high concentration of cinnabar
inclusions induces an intense orange or red colour
(Manutchehr-Danai 2009; Melero et al. 2019).

To the authors’ knowledge, this is the first time that
cinnabar inclusions have been documented in opal
from Ethiopia. Their dendritic habit suggests relatively
fast growth, whereas magnetite inclusions reported in
Ethiopian opal have a well-formed octahedral habit
(Rondeau et al. 2010), suggesting slow growth. This
points to a vast domain of parameters possible (at least
in terms of growth rate and chemistry) for the formation
of inclusions in Ethiopian opal, which perhaps reflects
the expansive region over which those deposits occur.
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Figure 5: () The opal contains red cinnabar inclusions across the top surface of the cabochon. (b) A closer look at one of these
inclusions shows its dendritic form. Photomicrographs by F. Notari.
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Violet Spinel with Strong Green Fluorescence

Recently submitted to Stone Group Laboratories by gem
dealer John Bachman was a 3.73 ct marquise-cut spinel
showing light violet (‘lilac’) colouration (Figure 6a).
It was cut from a rough parcel that he had acquired
more than 30 years ago from Okkampitiya, Sri Lanka.
Of note was its strong, bright bluish green fluorescence
to long-wave UV excitation (Figure 6b), since most
gem spinel is either inert (due to the presence of Fe) or
fluoresces red (due to Cr or Co).

The stone’s identity as spinel was confirmed by
Raman analysis using a Magilabs GemmoRaman-532SG
instrument. Its RI was 1.713 and hydrostatic SG was
3.56. The relatively low RI eliminated the possibility of it
being a Verneuil-grown (flame-fusion) synthetic spinel.
Between crossed polarisers, anomalous extinction was
seen rolling across the stone while it was rotated. Only a
very faint magnetic susceptibility was detected using the
float method. The stone was eye-clean, and microscopic
examination revealed only one small ‘fingerprint’ and
some surface features: a ‘natural’ on the girdle and what
appeared to be a surface-reaching fissure or stress crack.

EDXRF spectroscopy was performed with an Amptek
X123-SDD spectrometer (Figure 7). Although significant
Fe was present, Mn was also found in an unusually high
concentration for spinel. Also detected were Zn, Ni and
Ga. The presence of Ga confirmed the natural origin of
this stone (which the unusual fluorescence had initially

called into doubt).

Ultraviolet-visible-near infrared (UV-Vis-NIR) spectro-
scopy (Figure 8) with a Magilabs GemmoSphere unit
revealed absorption features resembling those recorded
by Kammerling & Fritsch (1991) for a similar-coloured
lilac spinel that showed somewhat weaker green fluores-
cence. Most prominent were absorption peaks at 555,
576 and 620 nm related to Co?* (cf. Belley & Palke 2021).
(Although no Co was found with EDXRF analysis, this
element is often below the detection limit of our instru-
ment and is frequently masked by or merged with the
Ka or Kf peaks of adjacent elements.) The absorption
spectrum also showed Fe-related peaks in the 375-478
nm range, and a sharp, distinct peak at 427 nm attrib-
uted to Mn?* (cf. Schmetzer et al. 1989). We infer that
the presence of Fe** and Fe3* with traces of Co®* in tetra-
hedral coordination is responsible for the lilac (violet)
body colour of this spinel.

To compare the green fluorescence of this stone to a
spinel showing more common red luminescence, fluore-
scence spectroscopy was performed with a Magilabs EXA
spectrometer (Figure 9). The emission peak of the lilac
spinel’s green fluorescence was centred at about 510 nm.
By contrast, the red spinel’s red fluorescence produced a
series of luminescence peaks that were centred around
700 nm. Green fluorescence in spinel is attributed to
tetrahedral Mn?* (Kammerling & Fritsch 1991; Sehgal &

Figure 6: (a) This ‘lilac’ spinel from Sri Lanka weighs 3.73 ct and measures 12.64 x 7.22 x 6.52 mm. (b) Viewed under long-wave
(369 nm LED) UV radiation, the spinel emits an unusual strong bluish green luminescence. Photos by C. Williams.
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