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Химичен състав на бели слюди от медно-порфирно находище Елаците, 
България
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Abstract. White mica (sericite) is one of the most common minerals in the hydrothermal alteration types at the 
Elatsite deposit. Differences in the mineral chemistry of sericite revealed some characteristics of the hydrothermal 
fluid environment. Lowest values of phengite component are determined in sericite from quartz-sericitic alteration, 
while higher phengite component with lower values for Na2O are reported in sericite from quartz-adularia-carbonate 
alterations. This probably reflects lower temperature formation from fluids with relatively high pH (close to the neu-
tral) for sericite from quartz-adularia-carbonate alteration compared to this from quartz-sericitic alteration.
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Introduction

White mica (sericite) is one of the most common 
hydrothermal mineral in the Elatsite porphyry-cop-
per deposit (PCD). It occurs in various alteration 
types and geological environments, in some cases 
is considered constituent of the metasomatic rocks 
(Marushchenko et al., 2015). In hydrothermal en-
vironment, changes in the white micas chemistry 
reflect mainly temperature, formation conditions, 
as well as hydrothermal fluid chemistry changes 
(Alva-Jimenez et al., 2020 and reference therein). 
White micas are reported in numerous papers con-
cerning porphyry-copper deposits (e.g. Alva-Jimen-
ez, 2011; Marushchenko et al., 2015, Kolind-Hans-
en, 2017, Alva-Jimenez et al., 2020; etc.) and in 
some cases can be informative about the geological 
settings in which they occur. 

In the Elatsite deposit, sericite occurs in almost 
all alteration types. It is ubiquitous in the K-silicate-
sericitic and quartz-sericitic alterations and in minor 
content it occurs in the propylitic, quartz-adularia-
carbonate and argillic-like alterations. 

The present study reports data about the sericite 
chemistry from various hydrothermal alterations at 
the Elatsite deposit. Classical optical petrographic 
observations, combined with electron microprobe 
analysis, are used to estimate the major elements 
oxides in sericite from four alteration types, helping 
to define some characteristics of the environmental 
fluids. 

Geological setting 
The Elatsite deposit is situated in the northern-
most parts of the Panagyurishte ore region, which 
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is a part of the Apuseni-Banat-Timok-Srednogorie 
magmatic and metallogenic belt (e.g. Popov et al., 
2002). The rocks of the metamorphic basement are 
represented by phyllites, contactly metamorphosed 
to schists and hornfels by the intrusion of the Vez-
hen pluton (Kalaydzhiev et al., 1984; Strashimi-
rov et al., 2002; Kamenov et al., 2002; Lazarova, 
2008; etc.). The Vezhen pluton is composed mainly 
of granodiorites with late Carboniferous age (Ka-
menov et al., 2002; Georgiev et al., 2020). The min-
eralization and alteration of the deposit are induced 
by the intrusion of Upper Cretaceous hypabyssal to 
subvolcanic bodies related to the Alpine evolution 
of the area (e.g. Popov et al. 2002; von Quadt et al., 
2002; etc.). Most significant are quartz-monzodior-
ite and granodiorite porphyries (e.g. Kalaydzhiev et 
al., 1984; von Quadt et al., 2002). 

Variety of hydrothermal alteration types are 
described as: K-silicate alteration (potassium al-
teration), propylitic alteration, sericitic (quartz-
sericitic) alteration, K-silicate-sericitic (potassium-
sericitic) alteration, phillic-argillic (argilization)/ 
argillic-like, quartz-adularia-carbonate alterations, 
Ca-K alteration, Na-Ca alteration, Na-Ca-K-sili-
cate alteration and Ca alteration (Kanazirski et al., 
2002; Strashimirov et al., 2002; Ivanov et al., 2014; 
Georgiev, 2019; Georgieva et al., 2019). The most 
significant are K-silicate, K-silicate-sericitic and 
quartz-sericitic alterations. 

Results 
Petrography 
In the K-silicate-sericitic alteration, sericite occurs 
as pseudomorphosis on secondary biotites (usually 
with minor content of chlorite) from K-silicate al-
teration and rarely on primary minerals. Sericite 
forms fine aggregates along the cleavages or with 
unclear orientation. The fine-grained white mica 
tends to replace the plagioclase and rarely mag-

matic mafic minerals, making the rocks lighter in 
color than the unaltered rock or those affected by 
K-silicate alteration. 

Within the quartz-sericitc alteration, sericite is 
a major constituent. It is ubiquitous, with quartz, 
plagioclase and pyrite. Usually, they occur as fine 
aggregates, disseminated into the groundmass or 
replacing primary magmatic minerals (plagioclase, 
K-feldspar, or mafic minerals) (Fig. 1A), sometimes 
forming radial aggregates. 

In the quartz-adularia-carbonate alterations a mi-
nor sericite occurs. Usually, it forms fine aggregates 
in nests or in veinlets with unclear orientation. 

In propylitic alteration, minor sericite occurs as 
pseudomorphosis on plagioclase or is disseminated 
into the groundmass, sometimes forming aggregates 
with carbonate. 

Mineral chemistry 
Based on chemical composition of sericite from 
quartz-sericitic alteration it is defined as musco-
vite to phengite series (Fig. 1B), with the highest 
contents of Cl and Na and lowest values of Si com-
pared to the sericites from other alteration types in 
the deposit. It has the lowest contents for the phen-
gite component (Fig. 1C). Sericite from K-silicate-
sericitic alteration is defined as muscovite (Fig. 1B) 
with the lowest contents of K (Fig. 2). The sericite 
from the quartz-adularia-carbonate alteration falls 
into the line of muscovite and phengite series with 
higher values of Si and low values of Na and Cl 
(Fig. 2), and high values for the phengite component 
(Fig. 1C) compared to sericites from the other alter-
ation types. Sericite from propylitic alteration falls 
into the field of phengite series with higher values 
of K compared to the other sericites. Sericite from 
propylitic and K-silicate-sericitic alteration shows 
transitional values of phengite component between 
the lowest values for sericite from quartz-sericitic  

Fig. 1. A) Sericite from quartz-sericitic alteration (plane-polarized light); B) Triangular diagrams in terms of Al-Fe-Mg (apfu) for 
sericite from various hydrothermal alterationс types (in Tappert et al., 2013); C) graphical construction for Al tot/Si+Mg+Mn+Fe 
(after Buschette, Piercey, 2016) 
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alteration and highest values for sericite from 
quartz-adularia-carbonate alterations (Fig. 1C).

Discussion 
The data obtained for the mineral chemistry of 
sericite from the Elatsite deposit show that this 
mineral has different composition in the different 
alteration types, which is in accordance with the 
published data from other porphyry-copper de-
posits (e.g. Kolind-Hansen, 2017). The estimated 
temperatures of formation of quartz-sericitic alter-
ation and K-silicate-sericitic alteration at Elatsite 
are similar about 260–300  °C for quartz-sericitic 
(Georgiev, 2019) and about 268 °C in average for 
K-silicate-sericitic (Georgieva, Nedialkov, 2021). 
This indicates that the differences in the mineral 
chemistry of the white micas from both alteration 
types are probably related to differences in the 
fluid environment. The formation of sericite from 
quartz-sericitic alteration is from fluids with lower 
pH (Kolind-Hansen, 2017). 

The data for sericite from quartz-adularia-car-
bonate alterations correlate well with data for seric-
ite from distal alteration zones in other porphyry-
copper deposits (e.g. Alva-Jimenez, 2011). The 
highest values for phengite component with the 
lowest values for Na2O in the mineral chemistry are 
probably related to its formation from fluids with 

relatively high pH (close to the neutral) (Alva-Jime-
nez, 2011) as the temperature of formation is about 
260–300 °C (Georgieva, Nedialkov, 2017).

The varying mineral chemistry of sericite from 
propylitic alteration is probably reflecting the min-
eral chemistry of the primary mineral. A similar 
process is suggested for chlorite from propylitic al-
teration at the Elatsite deposit (Georgieva, Nedial
kov, 2017). 

Conclusions
Our data show that sericite from different alteration 
types at the Elatsite deposit has different chemi-
cal composition. The data for sericite from quartz-
sericitic, K-silicate-sericitic and quartz-adularia-
carbonate alterations show some similarities with 
data for sericite from relevant alteration type in 
other porphyry-copper deposits. Probably the com-
position is more strongly dependent on the hydro-
thermal environment changes, rather than tempera-
ture of formation. Sericite from the quartz-sericitic 
alteration is formed in environment with low pH, 
compared to other sericites in the deposit. 
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Fig. 2. Graphical construction for the major elements in sericite from various hydrothermal alterations Al tot/element (apfu.). 
Marks same as Fig. 1.
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