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Introduction
Andradite-grossular garnets (grandites) are formed as 
a result of marble skarnification by regional or contact 
metamorphic processes. The marbles of the Chepinska 
Unit (Sarov et al., 2009), outcropping 2–3 km SW of 
the Velingrad town reveal processes of garnet forma-
tion. The observed garnets are divided into two types 
according to the mineral assemblage, chemical com-
position and trace element signatures, temporal and 

genetic characteristics studied by optical microscopy, 
SEM-EDS, LA-ICP-MS and U-Pb isotope methods. 
Here we present the general differences in the two 
types of Ca-garnets.

Results
Type 1 garnets are observed as porphyroblasts in 
phlogopite-bearing marbles (Fig. 1A), wrapped in di-

Fig. 1. Garnet occurrence and assemblage: A-B, garnets from type 1; C-D, type 2 garnets
Abbreviations: Gar, garnet; Ep, epidote; Q, quartz; Di, diopside; Ab, albite; Phl, phlogopite
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opside shells and displaying quartz pressure shadows 
(Fig. 1B). Type 2 garnets form massive nests in as-
sociation with epidote (Fig. 1C) at the contact of the 
marbles of the Chepinska Unit with cross-cutting peg-
matite veins. The differences in the garnet types are 
summarized in Table 1. 

The type 1 garnets are determined as grossular 
(Al2O3 is ~17–22 wt%) with various Fe3+-content (gen-
erally within two ranges 3.3–5.45 wt% and 11–12 wt% 
Fe2O3). The BSE images of the garnet grains reveal 
compositional inhomogeneity due to the changing  
Al3+/Fe3+ ratio (2.4–6.4). TiO2 incorporation up to 
1.12 wt% is typical. The Fe2+ in the associated diop-
side “split” it in two groups – one with 0.02 apfu and 
another within the range 0.07–0.09 apfu. The chemi-
cal composition of the contact garnets (type 2) re-
veal grossular members of the grandite series as well 
(14.75–18.83 wt% Al2O3), with significant Fe2O3 (9.8–
12.20 wt%). Late almost pure grossular (0.06–0.09 Fe3+, 
1.90–1.92 apfu Al3+) overgrows Fe-grossular in some 
places. The type 2 garnet has lower TiO2 content  
(~0.5 wt%). The associated diopside (Fig. 1D) is fer-
roan (0.2 apfu Fe2+) in accordance with the increased 
iron in the contact skarns (garnet and epidote). MnO 
reaching 2.12 wt% is typical for both garnet types, 
with up to 0.07–0.14 apfu Mn2+ substituting for Ca2+. 

Discussion
The geochemical patterns of the studied garnets sug-
gest general trend of trace elements enrichment in the 
contact garnets compared to the porphyroblactic ones 
(Table 1). The chondrite-normalized patterns of the 
REE with higher content of M-HREE (Sm-Lu) are 
typical in both garnet types. The negative anomalies 
of Eu and Ce in the contact skarn grossular may be due 
to the concurrent growth of epidote.

The formation of type 1 garnets is interpreted as 
syntectonic porphyroblasts, according to their position 
in the host marble. Considering the catalyzing effect 
of the deformation on the mineral nucleation, these 
aggregates are product of increased diffusion rate due 
to the tectonic events in the metamorphic sequence. 
The low uranium content of the grossulars hampers 
the precise LA-ICP-MS U-Pb age dating, however 
Late Cretaceous–Paleocene 88±26 Ma (62–114 Ma, 
including the 2 sigma errors) tectono-metamorphic 
events are known in the Rhodopes (Cherneva et al., 
2006). For type 2 grossulars from the contact with 
pegmatite dykes dated at 42.97±0.66 Ma we suggest 
genetic link to the 43–37 Ma Cenozoic granites of the 
Rila-West Rhodope batholiths (Peytcheva et al., 1998, 
Kamenov et al., 1999, Cherneva et al., 2006). 
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Table 1. General differences in the garnet types

Garnet characteristics/type Type 1 Type 2

Occurrence lense-like porphyroblasts within 
phlogopite-bearing marbles

single crystals or massive aggregates in 
marbles on the contact with pegmatite veins

Mineral association diopside, quartz, carbonates epidote, Fe-diopside, quartz

Mineral composition grossular (Gro70–84And14–29Spess0–4) Fe-rich grossular (Gro63And34Spess3)

Trace element signatures, ppm Ti (~1 wt% TiO2), V (71–184), Cr (14–
104), Zn (13–23), Ga (20–35), Ge (2–6), 
Y (21–98), Zr (10–66), Nb (~3), Sn (~5), 
U (1.2–1.7)

Ti (up to 0.5 wt% TiO2), V (314–890), 
Cr (15–180), Ga (45–70), Ge (40–67), Y 
(30–172), Zr (7–31), Nb (25–47), Sn (9–57), 
U (1.7–3)

Genesis metasomatic diffusion catalyzed by 
metamorphic deformation

bimetasomatosis and reequilibration, contact 
skarns

Timing, U-Pb age 88±26 Ma 42.97±0.66 Ma


