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Abstract. The trace elements composition of feldspars, both plagioclase and K-feldspar, from the Ossogovo Mountain 
region, SW Bulgaria, was studied with the aim to combine characteristic indicative geochemical composition with an 
assessment of the feldspars’ economic potential as critical raw material. The feldspars reveal higher concentrations of 
Sr, Pb, Ba, Rb compared with the whole-rock composition and might be estimated as a main source of these elements 
in the Earth crust, having in mind feldspars are its main constituent minerals. Currently they cannot be considered as 
complex critical raw material but might be an important source of the above trace elements during the overprinting 
geological processes and post-magmatic hydrothermal alteration.
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Introduction 

Feldspar used in glass and ceramics became a criti-
cal raw material in 2023 due to increase in supply 
risk, particularly higher import dependency from 
only one country (Turkey is covering 51% of the 
EU needs; “European Commission, Study on the 
Critical Raw Materials for the EU 2023 – Final 
Report”). This fact motivated present study on 
feldspars, both plagioclase and K-feldspar, from 
the representative igneous rocks in the Ossogovo 
Mountain region, SW Bulgaria. These magmatic 
rocks were extensively studied from petrological 
and geochemical point of view (e.g. Arnaudova, 
1973, Harkovska, 1974, 1975; Grozdev, 2014, and 
reference therein). Compositional characteristics 
of the feldspars from the Kopriva and Gyueschevo 

volcanics, the Ossogovo granite and related granite-
porphyry dykes are the main focus in the present 
study. The last three magmatic rocks show some co-
genetic relationship and evolved chemical and iso-
tope composition (87Sr/86Sri up to 0.710, 0.712 and 
0.713, respectively; Grozdev et al., 2017), while 
the Kopriva trachyrhyodacites represent large more 
than 50 km long NW-SE zone, the Ruen tectono-
magmatic zone (Harkovska, 1984) and spread out 
in the territories of eastern North Macedonia, south-
east Serbia and western Bulgaria. 

Previous mineralogical and geochemical stud-
ies of feldspars were made in the late 20th century 
(Arnaudova, 1986; Arnaudov et al., 1988) as part of 
a bigger review of the so-called “South-Bulgarian 
granites”. The recent development of the analytical 
techniques allows compilation of newly obtained 
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compositional data on their trace element signa-
tures, applying LA-ICP-MS method. Comparison 
with whole rocks analyses and certain geochemical 
reservoirs (e.g. the average continental crust) might 
illustrate processes of element concentrations that 
may become not only geologically but economi-
cally valuable.

Analytical approach 
Petrographic microscope observation on thin-sec-
tions of the representative magmatic rocks, EPMA 
and XRF data were combined with LA-ICP-MS 
analyses on the feldspars using the equipment of 
Geological Institute, Bulgarian Academy of Sci-
ences – a NWR UP193 FX laser ablation system 
combined with PerkinElmer ELAN DRC-e ICP-
mass spectrometer. NIST610 was used as prima-
ry, and NIST 612 as secondary external standard. 
The SiO2 content in the plagioclase and K-feldspar 
were used as internal standard during the analyses. 
Data reduction was performed with the application 
of SILLS program (Guillong et al., 2008). For the 
comparisons with the whole-rock compositions we 
used data of Grozdev (2014).

Results and discussion 
The studied representative samples from Kopriva 
and Gyueshevo (Gyu) volcanics are determined 
as trachyrhyodacites and rhyodacites respectively, 
based on their chemical composition (Grozdev, 
2014). The examined plagioclase phenocrysts in all 
the samples are presented by oligoclases, consider-
ing their chemical composition. K-feldspar crystals 
from Korpiva volcanics reveal sanidine composi-
tion, and the K-feldspar porphyries from the Osso
govo granite (V20 Oss g) and granite-porhyry dykes 
(GrP) are orthoclases.

Data for the concentration of selected trace el-
ements in the whole rock samples and feldspars 
of the same rocks are summarized in Table 1. 
The mineral composition is presented as aver-
age chemical composition from the investigated 
phenocrysts. Despite that more than 50 elements 
were analyzed, only nine trace elements were 
chosen for further geochemical interpretations. 
Alkaline and alkaline earth elements (Na, Ca, K) 
are the major constituent of the feldspar minerals. 
The large ion lithophile elements (LILE) like Rb, 
Sr, Ba, Pb, Cs are the trace elements that consti-
tute the most common K-, Na- and Ca-feldspars. 
The high field strength elements (HFSE) like U, 
Th, Nb, Ta, Zr, Hf, and Be are below the limit 
of detection. From the rare-earth elements (REE) 
only the light REE like La, Ce are in significant 
amounts in feldspars, as well as the Eu from the 
MREE. From the metals Ga, Cr, Ni, Zn, Co, Cu, 
V, Sc, and Ge, only Ga is incorporated in the feld-
spars structure in this study. 

Rubidium (Rb) content in the whole rock (WR) 
samples varies from 230 to 158–146 ppm (Table 1). 
In the plagioclases from Gyueshevo and Kopriva 
volcanics, Ossogovo granite and granite porphyry 
dyke (V18) it is negligible 0.62 – 0.144 – 0.82 – 
1.1 ppm, generally under 1.5 ppm. Increased con-
centration of Rb is detected in the K-feldspars of 
the Kopriva volcanics (averaging Rb 704 ppm) and 
granite porphyry dykes (Rb 449 ppm). Such geo-
chemical behaviour is due to the close character-
istics of K+ and Rb+ atoms that are isovalent with 
similar ion size: 1.51 Å and 1.61  Å, respectively 
(after Shannon, 1976). Consequently, K-feldspars 
contribute significantly to the average Rb content of 
the rock (complimentary to the micas that are in a 
subordinate quantity). 

Gallium (Ga) concentration is higher in the WR 
compared to feldspars. Its increased content is char-

Table 1. Average trace element content (ppm) in selected whole rock samples and feldspars (in ppm)

  Whole 
rock Mineral Whole 

rock Mineral Mineral Whole 
rock Mineral Whole 

rock Mineral Mineral

Gyu Pl Kopriva Pl Kfs V 20  
Oss g Pl GrP  

dyke Kfs Pl

Ga 35.7 15.1 34.0 25.4 7.7 27.0 30.4 22.4 15.8 26.5
Rb 230 0.62 216 1.44 705 159 0.82 146 450 1.10
Sr 167 526 521 1532 406 214 502 262 277 482
Cs 3.13 0.20 3.98 0.29 3.47 3.90 0.15 4.54 2.25 0.23
Ba 1121 3.19 1424 248 2835 383 75.4 648 4224 90.0
La 37.4 0.27 41.6 6.59 1.02 25.8 6.80 26.7 0.83 6.63
Ce 78.1 0.32 77.8 6.02 0.92 54.7 10.24 53.2 0.50 10.6
Eu 1.03 0.45 1.21 0.65 0.25 0.69 1.38 0.65 0.81 0.96
Pb 32.3 2.35 35.8 31.9 29.6 36.6 51.2 29.2 129 54.2
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acteristic for the plagioclases compared to K-feld-
spars. The Ga-incorporation is strongly depending 
on the amount of Al2O3 in the feldspars, which can 
explain the differences between the two feldspars. 
Despite the high mineral concentration of feldspars 
in the studied rocks, other less abundant minerals 
might be the major concentrators and carriers of this 
element (possibly micas: biotite).

Cesium (Cs) slowly increase in the whole rocks 
from the Gyueshevo volcanics (Gyu) to Ossogovo 
granite (V20) and granite porphyry dykes (V18), 
with a content 3.13 – 3.90 – 4.54 ppm, respectively. 
Similarly to Rb, Cs cesium content is higher in the 
K-feldspars compared to the plagioclases, however 
none of the studied minerals bears economically 
valuable concentration of the element. 

Strontium (Sr) values (Table 1) are in the 
range 167–531 ppm in the whole rocks and 480 to 
1530 ppm in plagioclase. In K-feldspars, the Sr con-
tent is approximately two times lower compared to 
the studied plagioclase crystals. 

The clear linkage between Sr2+ and Na+ in feldspars 
particularly in the plagioclases can be proven by the 
following geological processes. The Gyueshevo vol-
canic suffer post-magmatic hydrothermal alteration 
– albitization, expressed by increased SiO2 and Na2O 
content in plagioclases with almost total CaO and 
K2O dilution from the plagioclases. As it expected, 
the corresponded trace elements which substitute the 
Ca and (K) atoms should be leached to. And this is 
true for the atoms – Rb, Ba, Cs, Pb, LREE, but not for 
the Sr content (stay around 500 ppm) with is stable or 
increased in the plagioclases. And all this establish-
ment point that the Sr atoms are incorporated in the 
plagioclases entirely for the place of the Na atoms in 
the plagioclase lattice. Beside the wide distribution 
of the idea of isovalent isomorphism Sr2+ for Ca2+ in 
feldspars, only the positive energetic effect actually 
has the substitution of the Sr2+ for Na+ atoms in the 
plagioclase structure, previously mentioned by the 
Stefanova (2005).

Europium (Eu) content is normally very low 
compared to the Sr in the feldspars and range from 
0.25 to 1.38 ppm. Remarkable is its slightly higher 
concentration in the WR than in the feldspars from 
the investigated samples. Similar geochemical be-
haviour shows Lanthanum (La) is with clearly high-
er content in WR samples (26–42 ppm) compared 
with the feldspars (around 5–6 ppm).

Barium (Ba) content in the WR samples is be-
tween 383 and 1424  ppm. There is a distinct Ba 
concentration in the K-feldspar (2836 to 4224 ppm) 
compared with plagioclase (3 to 248 ppm). Another 
important observation is the higher Ba content in 
the K-feldspars phenocrysts of the GrP V18 than 
in the Kopriva volcanics. This observation is in 
agreement with the statement of Arnaudov et al. 

(1988), that barium content in K-feldspars is higher 
in cases of decreased amount of feldspar crystals 
in the rocks.However, in the large sanidine crys-
tals (up to 1–5 cm) of the Kopriva volcanics, Ba 
content is extremely high (9112–17597 ppm) aver-
ages 13354 ppm (Grozdev, Vassileva, 2013). It is 
obvious that the K-feldspars are the main source of 
barium in the igneous rocks, because of the close 
geochemical properties: almost identical ionic ra-
dius of K+ (1.51 Å) with the Ba2+ (1.42 Å) and after 
Shannon (1976); valence 1/2; electronegativity 0.8 
and 0.9, data from Ahrens (1954). This geochemical 
characteristic suggests that the K+ and Ba2+ atoms 
have similar behaviour in the magmatic or other 
geological processes (metamorphic, metasomatic, 
alteration).

Lead (Pb) content varies in small range in the 
studied rocks (from 29 to 36 ppm). The Pb concen-
tration in the feldspars reveal a trend of increasing 
with the evolution of the magma: the plagioclase 
feldspars of the Kopriva volcanics have Pb content 
30 ppm, in the Ossogovo granite 51 ppm and in the 
granite-porphyry dykes at 54 ppm (Table 1). In the 
K-feldspars, the Pb content changes from 29.5 ppm 
to 130 ppm, respectively.

Conclusions 
The investigated feldspars from mainly acid mag-
matic rocks, namely trachyrhyodacites, rhyolites, 
granite and granite-porphyries, contribute for the 
concentration of some particular trace elements 
in the Earth’s crust. Normalized to the N-MORB 
(typical mantle derivate rocks) and upper conti-
nental crust (evolved reservoir, data after Taylor, 
McLennon, 1985), the studied feldspars reveal 
compositional characteristics suggesting that the 
plagioclase might be considered as the main source 
of Sr and Pb in the upper continental crust, while 
K-feldspars is enriched in Ba, Rb and B, beside Sr 
and Pb as well. 

Generally, Pb is found in trace amounts in feld-
spars, but in processes of prolonged post-magmat-
ic hydrothermal alteration of feldspars from the 
igneous rocks, Pb-leaching from the feldspars and 
concentration as possible Pb-(Zn) accumulations 
might be expected. Such base metal deposits are 
already known and exploited in the Ossogovo  
region. 

K-feldspar and especially sanidine, particularly 
from Kopriva volcanics might be considered as po-
tential source of Ba. 
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