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Introduction
It is a well-known fact that among the marbles 
from the basement of Rhodope metamorphic com-
plex different layers of mica schists, calc-silicate 
schists, amphibole schists and amphibolites are pre-
sented. These marbles during the years are referred 
to different units such as Lukovishka, Dobrostan 
and Belashtenska Formations (Kozhuharov, 1984; 
Ivanov et al., 1984; Kozhuharov, Marinova, 1994). 
This is also valid for marbles reffered to the Do-
brostan Formation from the region of South Pirin, 
which are element of late Alpine tectonic unit – 
Orelek complex (Klimov et al., 2009). In the area 
southeast of the village of Petrovo, mica schists and 
calc-silicate schists with various mineral composi-
tion are revealed. They are observed as layers with 
inconstant thickness and most of them are plastic-
deformed forming folds and lenses with variable 
sizes. In the calc-silicate schists from this area, to-
gether with minerals such as calcite, quartz, feld-
spar, mica, titanite, apatite the presence of piemon-
tite has been established (Pristavova et al., 2019). 
During the study of the piemontite mineralization, 
among these calc-silicate schist micas with differ-
ent colour characteristics were observed. This study 
presents new data for the micas from these calc-
silicate schists.

Analytical techniques 
The samples were optically studied using stereomi-
croscope OLYMPUS, Leitz polarized microscope 
equipped with Camera OLYMPUS S50 for micro-
photos of thin sections.

The chemical composition of the minerals was 
determined using Scanning Electron Microscopy 
fitted with Energy Dispersive Spectrometer (SEM-
EDS) and Electron Microprobe Analyses (EPMA). 
The analyses were performed on the representative 
samples using a JEOL JSM-6610LV, at the Faculty 
of Mining and Geology, University of Belgrade. 

The structural characterisation of the micas was 
study by powder X-ray diffraction (XRD), at the 
University of Sofia “St. Kliment Ohridski”, Depart-
ment of ”Mineralogy, petrology and economic geol-
ogy”. The powder XRD patterns were recorded on 
a TuR M62 diffractometer using Fe-filtered Co Kα 
radiation in the 2Θ range 4–80°, step size 0.04°. The 
lattice parameters were calculated by the computer 
program Unit Cell (Holland, Redfern, 1997). 

Results

The studied micas from calc-silicate schists are 
member of the calc-silicate mineral association rep-
resented by calcite, piemontite, sporadic grains of 
feldspars (oligoclase/albite), quartz, apatite, zircon 
and sphene. The two colour types of micas – white 
to light pale pinkish and green-to-green-brownish 
flakes were observed. The quantity of micas is up to 
20–25% of the mineral content of the calc-silicate 
schist. Microscopically, the micas are observed as 
individual flakes or aggregates with well-under-
lined parallel orientation, colourless to light pink-
ish and light brownish with normal pleochroism  
(Fig. 1A–D). The mica flakes (sizes up to 1.5 mm) 
are situated among calcite, piemontite and quartz 
crystals forming sub-parallel inconstant layers. 
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The electron microprobe analyses reveal that 
the two colour types of micas corresponded to the 
chemical composition of muscovite and phlogopite 
(Table 1). A distinctive feature of these two micas 
is the increased manganese content. The white to 
pale-pinkish colourеd mica (M-p) contains manga-
nese up to 0.64%. Here, we have to underline that 
in this type of mica the contents of Mn vary from 
0.00 to 0.64%. The Mn content and the colour al-
low this mica to be named as Mn-containing variety 
of muscovite – alurgite. The XRD data support this 
suggestion. The determined lattice parameters (Fig. 
1F) well correspond to the published data of alurgite 
(Knurr, Bailey, 1986). At this moment the enriched 
of Mn- muscovite (alurgite) is known as member of 
mineral association in impure marbles (magnesium-

silicate calciphyres) from Rila Mountain formed 
by prograde regional metamorphism (Arnaudov et 
al., 2012). The chemical composition of mica with 
greenish to brown-greenish colour type (M-g) is 
characterized with high MgO content (from 13.75 
to 17.28%) defining it as phlogopite (Table 1). The 
Mn content in this mica is higher than in alurgite 
– from 2.58 to 2.79%. According to the chemical 
composition and determined lattice parameters 
(Fig. 1F) allow to define this type of mica as Mn-
phlogopite – manganophyllite. 

Although we have no information from the ob-
tained chemical analyses about the valence state 
of Mn in the micas, the higher manganese content 
in the phlogopite where it is occupy position with 
Мg2+ compared to the alurgite (Mn is situated in the 

Fig. 1. A, photo of calc-silicate layer with micas among marble; B, Detail of calc- silicate mineralization (Pie, piemontite; M-p and 
M-g, micas); C, D, microphotos of micas; E, SEM-photo with the mica’s analyzed; F, рowder X-ray diffraction pattern of micas



101

Al3+ octahedral position) suggest predominant pres-
ence of Mn2+ and respectively low oxidation poten-
tial of metamorphic process during the formation of 
the micas.

The newly studied Mn-containing micas in the 
piemontite-bearing calc-silicate schists give us 
more knowledge about mineral composition of the 
Mn-enriched calc-silicate schist among marbles 
from the region. 
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Table 1. Chemical composition (wt%) of micas

Samples
Oxides

M-p
1

M-p
2

M-p
3

M-g
1

M-g
2

SiO2 48.92 46.88 47.34 45.16 45.21
TiO2 0.00 0.80 0.64 0.52 0.59
Al2O3 27.99 27.48 23.70 18.22 15.01
FeO* 2.89 4.74 4.79 3.83 4.25
MnO* 0.00 0.64 0.64 2.79 2.58
MgO 3.87 3.33 3.61 13.75 17.28
CaO 0.00 0.00 0.00 0.00 0.00
Na2O 0.00 0.00 0.67 0.00 0.00
K2O 11.60 12.36 12.78 11.44 10.95
Totals 95.27 96.23 94.17 95.67 97.04

Atoms per formula unit for O=22
Si 6.607 6.410 6.665 6.341 6.362
AlIV 1.393 1.590 1.335 1.659 1.638
AlVI 3.061 2.838 2.597 1.357 0.852
Ti 0.000 0.082 0.068 0.055 0.062
Fe(ii) 0.326 0.542 0.564 0.450 0.500
Mn 0.000 0.074 0.076 0.332 0.308
Mg 0.779 0.679 0.758 2.878 3.625
Ca 0.000 0.000 0.000 0.000 0.000
Na 0.000 0.000 0.183 0.000 0.000
K 1.998 2.156 2.295 2.049 1.966

*The content of Fe and Mn are presented as total


