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Skarn association from pegmatite/marble contact in NW Rila: occurrence  
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Скарнова асоциация на контакта пегматит/мрамор в СЗ Рила: 
минераложка характеристика и състав на богат на флуор везувиан
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Abstract. Calcic skarns are formed on the pegmatite/marble contact in the region of Dzhendemski Ezera, NW Rila, 
Bulgaria. The garnet/vesuvianite-dominated association is formed in the marbles of the Malyovitsa Lithotectonic Unit 
as a result of emplacement of crosscutting pegmatite injections. Large (up to 3 cm) prismatic vesuvianite crystals and 
their radiating aggregates are associated with garnet masses, diopside, scapolite, and zoisite. Representative samples 
were selected for mineralogical and geochemical study, focused on the vesuvianite composition and its associated 
minerals. Significant incorporation of fluorine is an important compositional characteristic in vesuvianite and garnet 
evidencing for the fluid/rock interaction and diffusion-involved bimetasomatic processes due to pegmatite intrusion. 
Trace-element signatures of the skarn minerals reveal constant isomorphic incorporation of large set of elements in-
cluding V, Zn, Ga, Ge, Sn, Ni, Bi, REE, HFSE, U. 
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Introduction 
Vesuvianite group minerals are important compo-
nents in different geological environments (e.g. Deer 
et al., 1982), but their typical occurrence is above all 
attributed to active metasomatic processes in car-
bonate environment resulting in Ca-Mg-Fe (Mn)-
rich silicate contact metamorphic rocks and skarns. 
Despite the various substitutions in the crystal 
structure of vesuvianite (Panikorovskii et al., 2017) 
the general chemical composition of the group is  
(Ca)19(Al,Mg,Fe2+)13[SiO4]10[Si2O7]4O(OH,F)9 (ac-
cording to the IMA-CNMMN?). Among others, 

vesuvianite with F-content above 4.5 apfu is de-
scribed as fluorvesuvianite (Britvin et al., 2003). 

The present study reports new mineralogical and 
geochemical data on vesuvianite and its skarn asso-
ciation formed on the contact with pegmatite dyke 
from the region of the Dzhendemski Ezera in the 
northwest Rila Mountains. 

Methods and materials
The studied representative samples of the skarn as-
sociation have been collected in 1997 by Assoc. 
Prof. Svetoslav Petrussenko. The mineral relation-
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ships, mineral and zonality were observed by opti-
cal microscopy and back-scattered electron regime 
(BSE) on scanning electron microscope (SEM). 
Major elements in the minerals were determined 
by electron probe microanalizer (EPMA) Cameca 
SX100 in the Department of Geological Sciences, 
Masaryk University, Brno, Czech Republic. Wave-
length-dispersive mode with an accelerating voltage 
of 15 (or 20) kV, a beam current of 5–20 nA and a 
beam size 2–5  μm were applied with natural and 
synthetic standards. Trace element signatures were 
defined using New Wave Research 193 nm Excimer 
laser UP-193FX and Perkin-Elmer ELAN DRC-e 
quadrupole inductively coupled plasma mass spec-
trometer (LA-ICP-MS) at the Geological institute, 
BAS. Analytical conditions include 7–10 Hz and 
50  μm ablation craters. External (NIST 610 and 
NIST 612) and internal (EPMA contents) standards 
were used for compositional characteristics. 

Geological setting 
The Dzhendemski Ezera region in the NW Rila 
Mountain comprises lithologically variegated area 
(Sarov et al., 2011) presented by the metamorphites 
of the Malyovitsa Lithotectonic Unit, magmatic 
rocks of the Rila-West Rhodope Batholith and Kalin 
pluton (to NE) and certain serpentinized ultramafic 
bodies. The Malyovitsa Unit consists of biotite 
and amphibole-biotite paragneisses, mica schists, 
marbles as well as lenses of metaultrabasites. Or-
thogneisses comprise the lower levels of the Unit 
(Gorinova et al., 2019). Granodiorites to granites 
of the Rila-West Rhodope Batholith (RWRB) with 
different time of formation (Peytcheva et al., 2007; 
Gorinova et al., 2019) are intruded in the metamor-
phic sequence, forming characteristic intrusive con-
tacts. Marble lenses and layers crop out in the stud-
ied area as NW-SE elongated zone. Pegmatite dykes 
(mainly microcline-albite in composition) crosscut 
the metamorphic sequences and skarnificate the 
marbles (Arnaudov et al., 2012; Petrussenko, Karov, 
2021 and references therein). The age of pegmatite 
emplacement is estimated by in-situ U-Pb LA-ICP-
MS on skarn garnet at 58.37±0.70  Ma (Vassileva 
et al., 2022). The skarn mineralogy in the region 
mostly includes diopside, wollastonite, grossular, 
andradite, scapolite, vesuvianite, zoisite, epidote, 
and scarce phlogopite, amphiboles, clinozoisite, al-
lanite, Be-minerals (helvine, beryl), scheelite and 
others (Petrussenko, 2002 and references therein).

Results
Occurrence and mineral association. The studied 
mineral association crops out eastwards from the 
Teodosievi Karauli peak in the NW Rila Mts. It re-

sembles 1.5–2 m thick lens-like skarn body formed 
at the intersection of pegmatite dyke with marble 
layer in-between gneisses. The main minerals are 
presented either as intergrown masses or as single 
crystals and crystal aggregates (Fig. 1). Vesuvianite 
occurs as long prismatic crystals (1–3 cm long) and 
their radiating aggregates or as crystalline masses 
together with diopside, garnet, zoisite, scapolite 
(Fig.  1A–C). Occasionally, rhombododecahedral 
crystals of garnet (reaching 3–4  cm) with visible 
zonal pattern are observed (Vassileva et al., 2022). 
The mineral association is completed by tremolite, 
epidote, scarce apatite, and zeolites. 

Chemical composition of the skarn minerals. 
The compositional characteristics of the vesuvian-
ite group minerals show compounds ranging within 
vesuvianite and fluorvesuvianite. Significant F-in-
corporation (3.42–4.24 apfu) is characteristic for all 
studied points. Calcium position is fully occupied 
with 19 apfu, while the general variation is within 
(X’Y’) and Y-sites, namely Fe/Al/Mg. Vesuvianite 
closely contacting with diopside (Fig. 1D) have 
the highest incorporation of Fe (1.4–1.89 apfu) and 
Mg (1.45–1.65  apfu), and the lowest Al content 
(9.24–9.59 apfu). These compounds contain 0.50–
0.55  apfu of Ti compared to its insignificant val-
ues in scapolite- and zoisite-associated vesuvianite 
(below 0.05 apfu). Aluminum reaches its maximum 
(10.24–10.79  apfu) in vesuvianite crystals distal 
from diopside. The highest detected amounts of F 
correspond to vesuvianite compounds on the contact 
with scapolite. Low Mn-content (up to 0.06 apfu) 
as well as Cl-incorporation (up to 0.05  apfu) are 
characteristic. Boron is not detected. Trace-element 
signatures of the studied vesuvianite group minerals 
reveals constant incorporation (in ppm) of large set 
of elements: Li (224–277), Be (73–266), Sc (2–8), 
V (45–112), Cr (8–91), Co (7–10), Ni (23–30), Cu 
(~2), Zn (51–86), Ga (19–35), Ge (12–19), As (7–
11), Sr (25–68), Y (17–41), Zr (up to 6), Nb (up 
to 12), Sn (12–80), Sb (4–9), Pb (4–6), Th (2–11), 
U (2–9). Increased values of Bi (average 776 ppm) 
reaching 1923 ppm are detected in the cores of the 
vesuvianite crystals. The rare earth elements show 
variation between the measured points in the follow-
ing ppm ranges: La (2.74–67.77), Ce (5.35–31.81), 
Pr (0.99–8.17), Nd (4.81–32.17), Sm (0.87–5.38), 
Eu (0.5–1.35), Gd (1.53–4.08), Tb (0.27–0.71), Dy 
(1.07–4.41), Ho (0.33–1.20), Er (0.58–4.33), Tm 
(0.15–0.69), Yb (0.95–4.98), Lu (0.15–0.51). 

The garnet composition belongs to the andradite-
grossularss with significant grossular component 
(79–92  mol%). Chemical variations, mainly attrib-
uted to the octahedral site, reveal substitutions of 
Al3+ by Fe3+ and certain amounts of Ti4+, Mn3+ and 
Cr3+, which result in zonal distribution in some crys-
tals. However, garnet close to vesuvianite (Fig. 1E) is 
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Fig. 1. Occurrence and mineral relationships in the vesuvianite skarn association. A–B, macrophotographs of vesuvianite prismatic 
crystals and radiating aggregates; C, polished section of the skarn mineralization, squares indicate the studied areas; D–J, BSE 
images of the mineral relationships: D, contact of the diopside/vesuvianite zones; E, vesuvianite/garnet contact; F, scapolite/garnet 
contact, showing zonal distribution in the garnet; G, zonal garnet crystals, associated with zoisite; H, anhedral garnet grains resem-
bling the central parts of large crystals; I, vesuvianite crystals in zoisite/carbonate matrix; J, scapolite/garnet/vesuviantite assem-
blage. Abbr. (after Warr, 2021): Ap, apatite; Cal, carbonate; Di, diopside; Qz, quartz; Scp, scapolite; Ves, vesuvianite; Zo, zoisite.

relatively homogeneous, showing the highest meas-
ured Fe3+-content (0.32–0.34  apfu; Grs15-17Adr79-81). 
Gradual variation or well-expressed zonality towards 
Fe-enrichment from 0.11 to 0.34 apfu from the cen-
tral parts to the crystal rims are typical for garnet 

contacting with scapolite and zoisite (Fig. 1F–G). 
Vanadium (146–699 ppm), Ga (30–43 ppm) and Ge 
(16–59  ppm) positively correlate with Fe-content 
in all analytical points. Characteristic incorporation 
(in ppm) of HFSE like Y (up to 9), Zr (14–42), Nb 
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(10–40), Hf (~1) is detected, the highest data refers 
to anhedral grains from Fig. 1H (resembling the cen-
tral parts of large crystal), which also correlate with 
increased Sn-amounts (reaching 290 ppm). The tetra-
hedral garnet site accommodates negligible Al3+ (up 
to 0.1  apfu) and characteristic F-content (generally 
0.06–0.11 apfu) except for Si. Composition of garnet 
proximal to vesuvianite reveal the lowest F-incorpo-
ration of 0.02 apfu. 

Magnesium/Fe/Mn compositional variations are 
responsible for the heterogeneity of the diopside crys-
tals (Fig. 1D) observed in BSEI. Isomorphic substi-
tutions and trace-element signatures (in ppm) reveal 
stable average concentration of Li (~50), Sc (~20), V 
(~8), Co (60), Ni (~300), Zn (~320), while Cr rang-
es between 54 and 127 ppm. Apart from the major 
elements, zoisite contains various Fe-amount up to 
3.30 wt%, extremely reaching to 6.79 wt% FeO. LA-
ICP-MS analytical data shows incorporation of equal 
content of Ga and Ge (18–27 ppm), low amounts of 
Sn (7–11 ppm) and V (12–15 ppm), while Zr and Nb 
are below 4 ppm. Similar elements (in ppm) are de-
tected in the composition of Ca-scapolite with con-
centrations of V (up to 80), Ga and Ge (~ 20), Y (~4), 
Zr (~20), Nb (~11), Sn (25–57). 

Concluding remarks
Vesuvianite and garnet are the main minerals in 
the studied skarn association. Their compositions 
are characterized by significant F-enrichment, sug-
gesting crystal/fluid interaction and bimetasomatic 
skarn formation by diffusion-involved processes 
during the pegmatite injection. Additionally, detect-
ed Cl, SO4 and OH in the composition of the studied 
minerals support the importance of the volatiles in 
the mineral-forming processes. Fractionation of el-
ements happens not only due to preferences of the 
crystal structures, but also between mineral zones 
expressed especially on the mineral contacts. Bis-
muth, Sn and Zn are mainly accommodated in vesu-
vianite, garnet and diopside, respectively. 
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