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Gem-quality Green
Cryptocrystalline Muscovite
(Fuchsite) from Ya'an
Prefecture, Sichuan, China
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Guillaume Zuber, Candice Caplan and Emmanuel Fritsch

ABSTRACT: An attractive massive green gem material from central China was recently purchased
by the authors as ‘chrome-pyrophyllite’, but proved to be cryptocrystalline Cr-bearing muscovite
(fuchsite). The material contains inclusions of ochrous rutile, tourmaline needles, granular quartz,
black masses of disordered graphite, and pyrite that is locally altered to black hematite and brownish
red lepidocrocite. EDXRF chemical analysis showed the expected major constituents Al, Siand K, as
well as minor-to-trace amounts of S, Ba, Ti, Cl, Fe, Cr, V, Rb, Mn and Mg (some of which may be due
to inclusions). UV-Vis-NIR spectroscopy showed that the green colour of the muscovite is due to
Cr3 and V3+*. The material exhibits whitish blue fluorescence to long-wave UV radiation as well as

blue persistent luminescence—neither of which has been documented previously in muscovite—

and these features are tentatively assumed to be associated with oxygen vacancies. This new

material from China is similar to massive fuchsite from Ethiopia and Myanmar.
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n June 2022, the authors encountered some

rough, pebble-shaped green stones being sold

on eBay.com as chrome-pyrophyllite from Ya’an

Prefecture in China’s Sichuan Province (e.g.
Figure 1). We were impressed by the homogeneity
of this material and its attractive bright green
to deep green colour in transmitted light. Initial
observations suggested its homogeneity was due
to a cryptocrystalline texture consisting of minute
grains not visible with an optical microscope (i.e.
up to approximately 160x).

We performed a search for similar-looking items
in the gemmological literature and on the internet,
and found only one instance of a material described
as chrome-pyrophyllite from the same reported Ya’an
locality (https://www.mindat.org/loc-145501.html,
accessed 4 August 2023). In addition, a green rock
with a similar cryptocrystalline texture and colour
is known as chromocre (N. Meisser, pers. comm.
2023; Figure 2) and comes from Ecouchet, Autun,
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Saone-et-Loire department, France. Chromocre has
also been identified as pyrophyllite (Kiefer 1953).
Thus, based only on visual comparisons to similar
material, the samples we procured were likely
chrome-pyrophyllite. Nevertheless, Raman spectro-
scopic analyses identified the material as muscovite.

The aim of this article is to characterise this
gem-quality green cryptocrystalline muscovite from
China. We describe its gemmological, structural
and chemical characteristics, and also document its
unexpected blue luminescence. Moreover, in the
absence of information on its geological occurrence,
we make some assumptions about its formation based
on its inclusions and associated minerals.

MATERIALS AND METHODS

For this study, we obtained from a Chinese dealer
(via eBay.com) about 100 rough samples ranging
from approximately 3 to 15 g. The pieces had been
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Figure 1: Cryptocrystalline muscovite
(fuchsite) has recently appeared on the
market as ‘chrome-pyrophyllite’ from Ya'an
Prefecture, Sichuan, China. The rectangular
sample polished on two sides shown at
the centre is approximately 2.7 cm high.
Photo by F. Blumentritt.

slightly impregnated with oil to better show off their
colour. We selected about 35 rough samples that were
relatively free of inclusions and cut several cabochons
for this study (e.g. Figures 1 and 3). These cabochons
weighed between 1.48 and 10.73 ct, with most of
them around 2—4 ct.

For comparison, we examined a 1.42 ct cabochon
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Figure 2: Chromocre (Cr-bearing pyrophyllite) from France
may resemble the new material from China. Photo courtesy of
Nicolas Meisser.
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of fuchsite from Myanmar that was purchased at a
gem show; it had a light green colour similar to some
of the samples from China (Figure 3). In addition,
we studied a 6.82 ct faceted fuchsite from Ethiopia
that was obtained from T. Pradat (Gem-Plus, Paris,
France). Such material was initially sold as emerald,
but can be readily identified by its gemmological
properties (Pradat et al. 2013). The sample had a
similar texture as the Chinese material, but its green

Figure 3: Some of the samples examined for this study include:
(1) a1.42 ct fuchsite cabochon from Myanmar; (2) a 6.82 ct faceted
fuchsite from Ethiopia; and (3) a selection of cryptocrystalline
muscovite cabochons from China (here, oiled with paraffin).
The cabochon in the front weighs 8.39 ct. Photo by F. Blumentritt.
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colour was lighter and more yellowish (again, see
Figure 3).

RIand SG values were measured on ten cabochons
from China (with a fairly flat surface), and on both
samples from Ethiopia and Myanmar, using a Gem-A
Instruments refractometer and a Mettler AE 1000 C
hydrostatic balance, respectively. The optical
behaviour of all analysed samples was observed
with a Leica M 125 microscope using diffused cross-
polarised light. Hardness was tested with an in-house
Mohs hardness pencil kit on a dozen polished
samples (either cabochons or those polished for
chemical analysis). Luminescence was observed
while exposed to long- and short-wave UV radiation
and a 405 nm laser. Photomicrographs of inclusions
and impurities in the muscovite were taken using
a Leica M205 binocular microscope with z-stack
capability and a DMC5400 camera.

The low hardness of muscovite (about 2% on the
Mohs scale) and its perfect cleavage usually make
it unsuitable for jewellery purposes. However, the
cryptocrystalline texture of the material from China
increases the toughness (tenacity) of the material, which
can be easily cut and polished. The surfaces of our
cabochons commonly had small fractures that created
cloudy whitish patches, so we conducted impregnation
experiments on 12 of the cabochons using cedarwood
oil and mineral oil (liquid paraffin) to check their effec-
tiveness for masking surface blemishes.

Raman spectra of about 30 rough and polished
green muscovite samples, and their inclusions and
associated minerals, were acquired using a Thermo
Scientific DXR3 Raman microscope equipped
with 532 nm laser excitation (10 mW) in the range
between 50 and 3570 cm™.

Powder X-ray diffraction (XRD) was performed
on one sample chosen for its apparent low content
of inclusions. The specimen was crushed in an agate
mortar for 10 minutes to maximise the homogeneity
of grain sizes. XRD patterns were collected at room
temperature with a Bruker D8 Advance diffractom-
eter using monochromatic Cu K-L; (A = 1.540598
A) X-rays and a LynxEye detector.

Chemical analyses were conducted with a Thermo
Scientific ARL Quant’X energy-dispersive X-ray
fluorescence (EDXRF) spectrometer equipped
with an Rh X-ray tube for excitation and a Pelti-
er-cooled silicon drift detector. Each spectrum
was accumulated over 300 s for the six filters,
and a rotating sample holder made it possible to
average the analysis over a selected 2-mm-diam-
eter area. The size of the analysed spot did not
permit measurement of the muscovite alone, but
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probably also encompassed inclusions, despite
the selection of relatively pure samples through
microscopic observation. Analyses were initially
obtained on 12 samples of the muscovite to identify
elements detectable by EDXRF spectroscopy, as this
technique is not capable of quantifying elements
lighter than Na. However, EDXRF analyses can
measure most of the elements expected in muscovite
and also provide a fair estimate of concentration
for the major components Al, Si and K. Additional
elements were included in our semi-quantitative
method by noting those documented in the chemical
analyses of muscovite in the literature (Brigatti et
al. 2001a, b; Antohi-Trandafir et al. 2018; Pirouei
et al. 2020). Finally, we obtained semi-quantitative
EDXRF analyses for 20 samples that were polished
on one side.

Ultraviolet-visible-near infrared (UV-Vis-NIR)
transmission spectra were acquired on ten cabochons
in the 300-1050 nm range using a custom-made
four-channel spectrometer equipped with three Peltier-
cooled CCD detectors. Absorption spectra were
first collected at room temperature, but some weak
features were observed that required us to re-acquire
the spectra under low-temperature conditions (77 K)
for better resolution; the positions of the absorption
maxima should not be affected by temperature.

Following the observation of whitish blue
luminescence under long-wave UV radiation and
the 405 nm laser, luminescence spectroscopy was
performed on ten rough samples and ten cabochons.
We used a GGTL Laboratories DFI V3R system
operated with a high-intensity UV lamp (xenon 300
W) and a 405 £+ 0.2 nm laser with a power of 200
mW. Spectra were acquired at low temperature (77
K). The samples were first cleaned with acetone
to suppress any possible influence of oil residues
on the luminescence (cf. Notari ef al. 2002, 2022).
Spectral decomposition was performed for five
of the luminescence spectra acquired from the 20
samples (all of which had the same features). The
spectra were recast on an energy (eV) scale, and
spectroscopic features were decomposed with an
acceptable minimum of Gaussian functions using
a least-squares approach for fit. The electronic
transitions were simulated in an energy-level distri-
bution related to the Boltzmann function (Atkins
& de Paula 2006). The peak parameters (position,
intensity and full width at half maximum [FWHM])
were unrestricted during the fitting until the position
remained consistent with the analysed spectra. The
peak position was then fixed while the FWHM and
intensity remained unrestricted.
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RESULTS

Gemmological Properties and
Impregnation Testing

The gemmological characteristics of the Chinese
samples are summarised in Table I. In reflected light,
the specimens appeared light to dark green with slight
yellowish or bluish variations. In transmitted light,
they appeared vivid green. The material consisted
of agglomerated grains, yielding an aggregate polar-
iscope reaction. Individual grains could not be seen
with the optical microscope, and thus we considered
them to be of micrometric size, giving the overall
cryptocrystalline texture. In rare samples, larger
grains (about 500 pm measured with the microscope)
were encountered. In such cases, grains easily flaked
off the sample simply by handling it. Exposure to 365
nm long-wave UV radiation—and to 405 nm laser
excitation—caused the samples to exhibit a moderate
to bright whitish blue luminescence (e.g. Figure 4).
A similar luminescence colour was emitted by the
Ethiopian and Burmese samples.

The Ethiopian fuchsite had gemmological charac-
teristics that were consistent with those obtained from
our Chinese samples. The only significant difference
was that its SG fell in the range of 2.80-2.90, as
reported by Prada ef al. (2013), which is higher than
the 2.76-2.85 range obtained for the Chinese material,
but this could be due to the influence of mineral
inclusions or porosity. The SG of the sample from
Myanmar (2.83) was within the range we obtained
for the material from China.

Impregnation testing was initially done with
organic oil (thick cedarwood oil used for emeralds)
under a pressure of about 900 bars at 60°C for 48—72 h,
but the experiments were unsuccessful due to the oil
gradually seeping out of the fractures. The use of
mineral oil under the same conditions yielded stable
results, at least since the experiment was performed in
December 2022. The mineral oil effectively masked
surface blemishes on the cabochons, which had an
appearance sometimes resembling attractive green
jade (again, see Figure 3).

Table I: Gemmological characteristics of the green
cryptocrystalline muscovite from China.

Property Description/value

Colour Ilgili?sthtgrcizak slightly yellowish or slightly
Optical behaviour | Aggregate

Transparency Translucent to near opaque

Lustre Greasy, silky to sub-vitreous

Cleavage None seen

Hardness Mohs 2%

Rl (spot) 156-1.57

SG 2.76-2.85

Inclusions and Associated Minerals
Microscopic observations revealed various impuri-
ties in the Chinese samples (Figures 5-7). Most of
the rough stones contained relatively large patches
of ochrous yellow to orangey yellow material (Figure
5a), which was identified by Raman spectroscopy as
rutile, consistent with the relatively high concentra-
tion of Ti in all the specimens (see chemical analyses
below). Some rough samples contained small cavities
hosting blue azurite crystals (Figure 5b). In addition,
colourless to dark yellowish green, acicular inclusions
were identified by Raman spectroscopy as tourmaline
in at least three of the 30 analysed samples (Figure
5c¢), although the specific species of the tourmaline
group could not be determined. At the interface with
the rock matrix, some colourless granular quartz
inclusions occurred in the muscovite (Figure 5d). In
one sample, we recorded a Raman spectrum corre-
sponding to orpiment (As,S;), but we were unable to
obtain a good photomicrograph due to its small size.
Millimetre-size crystals of pyrite were easily visible
on the surface of some rough samples, especially in
the matrix, and were sometimes embedded in the
muscovite as inclusions (Figure 6). Most of these
embedded pyrites were partially altered along the
interface with the host muscovite by oxidisation into
black hematite (Fe,0;) and brownish red lepidocrocite
[FeO(OH)], as identified by Raman spectroscopy.

Figure 4: Two samples of rough
cryptocrystalline muscovite from China
are shown in ambient light (left) and
emitting whitish blue luminescence while
being exposed to 365 nm long-wave

UV radiation (right). The lighter coloured
sample on the left (158 g) fluoresces
brighter than the darker specimen on the
right (106 g). Photos by F. Blumentritt.
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Figure 5: Impurities observed in the cryptocrystalline muscovite from China include (a) ochrous yellow-orange rutile, (b) azurite in minute
cavities, (¢) dark green tourmaline and (d) quartz. Photomicrographs by F. Notari.

Some samples contained cloudy aggregates of
minute black inclusions surrounding muscovite
grains (Figure 7). Their Raman spectra indicated an
amorphous structure, with two broad bands centred
at about 1350 and 1600 cm™!, which best correspond
to the D and G peaks, respectively, of disordered
graphite (cf. Ferrari & Robertson 2000; Zhang et al.
2019).

Dolomite and calcite were identified in areas of
matrix material surrounding the muscovite.

Structural Characterisation

XRD analysis of a powdered sample confirmed
the atomic structure of muscovite. Two structural
polytypes of muscovite (i.e. rotation of successive
atomic layers along the c-axis) are known as 1M
(without rotation) and 2M, (successive rotations
of +120° and —120°; Nespolo 2001). The analysed
sample belongs to the C2/c space group and is thus
related to the 2M, polytype, characteristic of a
metamorphic genesis (Deer et al. 1992). Structural

Figure 6: (a) Pyrite inclusions in the cryptocrystalline muscovite show alteration features. (b) A detail of the area in the red rectangle
reveals pyrite (blue arrow), lepidocrocite (red arrow) and hematite (yellow arrow). Photomicrographs by F. Blumentritt.
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Figure 7: Patches of black inclusions in the cryptocrystalline muscovite were identified as disordered graphite, and are shown here in
(a) reflected light and (b) transmitted light. Photomicrographs by F. Notari.

parameters calculated from the Rietveld refinement of
a diffractogram are shown in Table II. This refinement
takes into account a preferential orientation artefact
in the {001} plane that is typical of the mica group.

Crystallite size can be estimated from the Rietveld
refinement because it is related to the FWHM of the
diffraction peaks. The calculated size is less than
1 pm, consistent with the cryptocrystalline texture
inferred from microscopic observation.

Chemical Composition

EDXREF data for the 20 Chinese samples that were
analysed using our semi-quantitative technique showed
that four specimens had lower concentrations of K and
higher values of Ca, Si, Fe and S, in variable propor-
tions, than the expected values for muscovite. These
anomalies were probably due to inclusions such as
dolomite (CaMg[COs],), quartz (Si0,) and pyrite (FeS,),
all three of which were identified in various samples
in this study by Raman spectroscopy. The remaining
16 specimens showed major amounts of Al, Si and K
(see the semi-quantitative data in Table I11), as would be

Table II: Structural parameters of the Chinese green
cryptocrystalline muscovite calculated from XRD refinement.

Parameter Value

Space group C2/c
z 2
a 51859(6) A
b 8.9989(9) A
c 20108(2) A
a 90°
B 95.779°
Y 90°
Calculated crystallite size <Ipm
Calculated density 2.81 g/cm?®

expected for the main constituent elements of muscovite.
Using the average values of these elements (and also Na)
for these 16 samples, we calculated a structural formula

Table lll: EDXRF semi-quantitative chemical analyses of the
green cryptocrystalline muscovite from China.

Component Range Average
Major elements (Wt%)

Al,O, 35.2-39.2 385
Sio, 40.4-463 404
K,O 9.6-16.0 13.0
Minor and trace elements (ppmw)

Na 4200-26200 10000 + 500
Mg 720-3590 260 + 90
S 5880-10570 7310 + 60
Cl 2500-9300 4200 + 200
Ca bdl-7434 856 + 8
Sc n-74 19 £1

Ti 160-48580 4950 + 20
Vv 130-3360 1520 + 10
Cr bdI*-5300 2130 + 20
Mn 20-545 292 +7
Fe 3-10780 2810 =10
Co bdl bdl

Ni bdI-60 24 +2
Ga bdl-320 168 + 3
Br bdl-2.5 06 +0.2
Rb 1-2195 1009 + 4
Sr bdl-1560 285+3

| bdl-150 50 + 20
Cs bdl-240 50 + 20
Ba bdI-11100 5500 + 300
Eu bdl-0.44 0.05 + 001

* Abbreviation: bdl = below detection limit.
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UV-Vis-NIR Spectra

Figure 8: A low-temperature
absorption spectrum of the
Chinese cryptocrystalline
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mica (adapted from Ertl et al.
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close to the ideal formula of muscovite: (Nay ;K )
Al o(Al} 8155010} OH),.

Noticeable amounts of S, Ba, Ti, Cl, Fe, Cr, V, Rb,
Mn and Mg were also measured. However, we did
not include these elements in the structural formula
because of the semi-quantitative nature of the EDXRF
analysis and the possibility that some of them are due
to inclusions.

The samples from Ethiopia and Myanmar yielded
similar chemical data, except that both had much greater
Ba (about 3-5 times higher) than the Chinese specimens.
Additional chemical analyses are required to confirm
whether Ba concentration could be useful to separate
the Chinese material from these other localities.

UV-Vis-NIR Spectroscopy

Previous spectroscopic analysis of material from
Ethiopia (Pradat et al. 2013) determined that Cr was
responsible for the green colour. Low-temperature
UV-Vis-NIR spectra recorded for the Chinese samples
confirmed the main influence of Cr on their colour
(Figure 8), consistent with the presence of this element
that was measured by EDXRF. The spectral features
are very similar to those of emerald (grey dotted trace
in Figure 8, from a GGTL reference specimen), and
appear to result from a mixture of absorptions due
to Cr3* (Faye 1968; Reddy et al. 2003; Pradat et al.
2013) and V3" (Ertl et al. 2019; blue trace in Figure 8).
The influence of V3" on the spectrum of the Chinese
muscovite is seen by a slight shift of the transmission
window towards higher wavelengths when compared
to a spectrum for only Cr3* in mica (at about 520 nm;
see GRR 1461 at http://minerals.gps.caltech.edu/
files/visible/mica/index.html). This is consistent with
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the presence of both Cr (average 2130 ppm) and V
(average 1520 ppm) in our samples. The weak features
between 640 and 700 nm are due to Cr**-forbidden
transitions (see, e.g., Wood & Nassau 1968). No Fe’*
features appear to be present.

Luminescence Spectroscopy
Low-temperature luminescence spectroscopy of the
Chinese samples showed typical features of Cr3*
in octahedral coordination, such as a sharp band at
690 nm (as documented in Cr-bearing clinochlore;
Czaja et al. 2014), a broad band centred at about 760
nm, and a large asymmetric band with an apparent
maximum just below 500 nm at the very end of the
blue region (Figure 9). The position of this maximum
explains the blue colour of the luminescence, and its
width—covering the entire visible range—is respon-
sible for the whitish appearance. This spectrum is
consistent with those recorded for our two samples
from Ethiopia and Myanmar under the same condi-
tions. The large feature centred at about 760 nm could
be a side band of the chromium R-lines (Han ef al.
2020), as seen in emerald.

The asymmetric shape of the band at about 500
nm (Figure 9, red trace) suggests the presence of
overlapping contributions. To the authors’ knowledge,
blue luminescence of fuchsite to long-wave UV
radiation has not been previously documented, so
only comparisons with other materials are possible
here. Decomposition of the 500 nm feature revealed
five possible bands at 467,497, 525, 558 and 609 nm
(again, see Figure 9). This illustrates the complexity of
this emission and eliminates certain possibilities that
typically induce a single large, essentially symmetric
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Luminescence Spectrum

Figure 9: A low-temperature
luminescence spectrum of
the Chinese cryptocrystalline
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nm excitation shows Cr3*-related
bands at 690 and 760 nm, and
a broad, asymmetric feature
with a maximum around 500
nm that is likely associated
with the observed whitish blue
luminescence. A proposed
decomposition of the 500 nm
band reveals several peaks at
467,497,525, 558 and 609 nm
(blue traces).
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band, such as Eu?" emission (Gaft et al. 2015). The
500 nm emission also does not correspond to blue
emission from any of the inclusions or associated
materials we documented. Furthermore, chemical
analysis revealed no obvious candidate as an activator
of this luminescence. Similar complex blue emission
characterised by a broad band at about 500 nm in
response to long-wave UV has been documented for
simple oxides such as ZnO (Sambandam et al. 2015),
ZrO, (Wang et al. 2021) and MgO (Summers et al.
1983), and even for some simple silicates (e.g. in opal;
Gaillou et al. 2008). In these binary materials (ZnO,
Zr0,, MgO, etc.), the blue luminescence has been
attributed to oxygen vacancies, an intrinsic defect
possibly not related to any particular impurity. Oxygen
vacancies are probably the most common defect in
oxides, but they are difficult to identify unequivo-
cally. Thus, we suggest—speculatively, as there is
no proof—that the particular emission described here
could be due to such intrinsic oxygen vacancy defects.

In some samples, we also noticed a persistent
blue luminescence (commonly but inaccurately
referred to as ‘phosphorescence’) that was visible
for a few seconds after the laser was turned off.
Similar luminescence has been documented in MgO
containing oxygen vacancies (Summers et al. 1983),
which could also partially support the role of oxygen
vacancies in the blue luminescence of this muscovite.

ANOTHER MUSCOVITE VARIETY?

To date, more than 30 varieties of muscovite have been
reported (Rieder ef al. 1999; Melka 2009), mainly
associated with variations in chemical composition,

but also in colour, structure or habit.

Based on gemmological considerations, the Chinese
material studied for this article might be referred to as
‘batchelorite’, a slightly Cr-bearing muscovite from
Tasmania. Although this variety has been described as
‘slaty’ (Petterd 1910), the only photograph in Mindat
(https://www.mindat.org/min-566.html, accessed
8 August 2023) shows a sample very similar to the
material analysed here. However, the chemical formula
for batchelorite given by Bothwell & Moss (1957) lacks
the relatively high content of Cl that was measured in
our samples (see Table III). Thus, although they are
close in appearance, we prefer not to use ‘batchelorite’
when referring to the material from China.

Some varieties of muscovite belong to one specific
structural polytype of this material. However, since
the polytype has not been defined systematically for
all muscovite varieties, this consideration is unfortu-
nately not useful for determining a possible variety
name for this material. Muscovite varieties can
also be defined based on chemical considerations.
According to the concentrations obtained from our
EDXREF analysis, one could consider this material to
be a Ti-rich variety, for example, assuming that Ti is
included in the muscovite and is not present only as
the rutile impurities identified by Raman spectros-
copy. However, the presence of high concentrations of
other elements such as Ba, CI, Fe, Cr, V, Rb, Mn and
Mg cannot be ignored. Hence, this material should
not be considered as a specific element-rich variety
of muscovite.

Spectroscopic analyses highlight the role of Cr and
V as the main chromophores responsible for the green
colour. Among Cr-bearing mica, two varieties of
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muscovite could correspond to the material analysed
here: fuchsite and mariposite (Whitmore et al.
1946). Mariposite, with the ideal structural formula
K(ALCr),(Al,S1),0,,(OH),, is defined in the litera-
ture to be closest in composition to phengite, a Si-rich
mica series (3.1-3.5 Si per formula unit; Tappert et
al. 2013). Since the calculated structural formula of
the Chinese material indicates Si <3, this material is
unlikely to be mariposite. Thus, as was previously
proposed for similar material from Ethiopia (Pradat et
al. 2013)—and based on our structural, chemical and
spectroscopic results—we can reasonably identify
this material as cryptocrystalline fuchsite.

GEOLOGICAL CONTEXT

Raman spectroscopy revealed that the matrix material
hosting the cryptocrystalline fuchsite is mainly formed
by fine-grained dolomite with some quartz and
calcite—thus a dolomitic rock or dolostone (Friedman
& Sanders 1967). The formation of gem-quality
fuchsite in this rock probably resulted from a complex
series of processes, according to the geological history
of the Ya’an region.

Ya’an Prefecture is located in the Sichuan fold-thrust
belt, in the south-western Sichuan foreland basin.
During its evolution, the Sichuan basin experienced
multiple tectonic cycles that include the Guangxi
(Caledonian), the Yunnan and Dongwu (Hercynian),
the Indosinian, the Yanshanian and the Himalayan
events, resulting in multiple regional unconformities
and rock denudation processes (Wang et al. 1989). The
region initially experienced a rifting period, followed
by a carbonate platform depositional environment from

Figure 10: A cabochon of cryptocrystalline muscovite from
China (about 5 ct) is set in a pendant to illustrate the potential
use of this material in jewellery. Photo G. Zuber.
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the Permian to Middle Triassic (Ryder et al. 1994).
Subsequently, pervasive dolomitisation and cemen-
tation of carbonates formed coarsely crystalline
dolomites, some of which have high porosity (Yang et
al. 2019). Dolomitisation could have been locally facil-
itated by high temperatures associated with volcanism
in the area, or volcanic-related dolomitising fluids (e.g.
Jiang et al. 2017; Zheng et al. 2019; Chen et al. 2020).
Then, several orogenic phases linked to the collision
of the Yangtze platform with eastern Tibet (Indo-
sinian orogeny) led to a flexural subsidence, forming
the foreland basin in the Late Triassic that filled with
continental sediments (Mu et al. 2019). During this
burial process, the sediments expelled large amounts of
fluids, which could have facilitated muscovite precip-
itation in the dolomite that was deposited during the
carbonate platform phase. These formations outcrop
today in the Ya’an region (Chen et al. 2020).

The presence of graphitic carbon-related inclusions
in the fuchsite could be related to the compressional
tectonics that drove a flow of basinal fluids associated
with hydrocarbons that are also present in this basin
(Hu et al. 2023). These disordered graphitic inclu-
sions could also explain the presence of relatively
high amounts of V in the fuchsite, since buried
organic materials commonly contain this element
(Olivier 2006). The presence of azurite in small
cavities within the fuchsite is consistent with a later
metamorphic process accompanied by oxidising
hydrothermal fluids at low pressure and low temper-
ature (Melchiorre et al. 2000). The alteration of pyrite
into hematite and lepidocrocite suggests that these
conditions could have continued after the precipita-
tion of the cryptocrystalline muscovite.

CONCLUSION

A detailed characterisation of what was initially
presented as gem-quality chrome-pyrophyllite identi-
fied the material as green cryptocrystalline muscovite
(fuchsite). The cryptocrystalline texture (which
increases the material’s toughness) and its attrac-
tive appearance make it suitable for some jewellery
purposes (i.e. set in pendants, earrings, brooches, etc.;
e.g. Figure 10). The genesis of this muscovite could
be related to a multistep process involving metamor-
phism, hydrothermal activity and metasomatism.

To the best of the authors’ knowledge, blue lumines-
cence has not been previously documented for natural
muscovite. The involvement of oxygen vacancies in
this emission is one possibility, consistent with our
data, but further research is necessary to definitively
prove the cause.
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