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The purpose of this work is to present a new occurrence of goldmanite and V-bearing titanite from Iglika
skarn deposit, SE Bulgaria. These results are reported
for the first time in Bulgarian mineralogical literature.
Silicate minerals containing essential vanadium
are relatively uncommon. They were found in vanadium-rich calcareous metapelites-metapsammites,
marbles, skarns, and metapyroclastic rocks, usually
enriched in calcium, sulphur and organic carbonaceous matter (Jeong, Kim, 1999; Bačík et al., 2018).
Moench and Meyrowitz (1964) reported a vanadian
garnet goldmanite Ca3(V,Fe,Al)2Si3O12 with 18.3 wt%
V2O3 as a new mineral species from Laguna uranium
district, New Mexico. Some of silicate minerals with
high vanadium content are presented in green mica
schist from the Hemlo gold deposit, Ontario, Canada.
Pan and Fleet (1992) reported green mica, phlogopite,
pumpellyite, epidote-group minerals, vesuvianite, as
well as garnet and titanite with 18.5 wt% V2O3.
V-rich garnets and V-bearing titanites from Iglika
skarn deposit are found in samples of endoskarn formed
in the contact of gabro and marble. Main minerals in
association are diopside-hedenbergite, K-Na-feldspar,
andensine, fluorapatite, wollastonite, and calcite.
Magnetite (with up to 4.85 wt% V2O3), ilmenite (with
up to 1.07 wt% V2O3), pyrrhotite, pyrite, and chalcopyrite are associating ore minerals. A description of mineral associations and genesis of the skarns was made by
Ivanova-Panayotova and Kanazirski (1995).
V-rich garnets and V-bearing titanites from the
studied samples are not visible macroscopically because of their very small dimensions. Garnet forms
anhedral to subhedral crystals with size up to 0.3 mm
and often with spot coloration in brown of varying intensity. Rarely oscillatory zoning and anomalous birefringence can be observed. Titanite forms crystals up

to 0.4 mm in size characterized by pale yellow colour
without pleochroism.
Chemical analyses of minerals were carried out
using a microprobe analyzer CAMECA SX100
(Institute of Geochemistry, Mineralogy and Petrology,
University of Warsaw, Poland). Electron probe microanalyses were performed at 15 keV, 20 nA and 1 μm
beam diameter. The following lines and standards were
used: Ca,SiKα – diopside, AlKα – corundum,TiKα –
rutile, VKα – V2O5, FeKα – Fe2O3, CrKα – Cr2O3.
The most of garnets in the sample belong to the
grossular-andradite solid-solution series. Goldmanite
forms a core up to 50 μm in size in zonal garnet grains
(Fig. 1). The highest content of vanadium in goldmanite is 18.08 wt% V2O3, that is corresponded to the following crystal chemical formula:
Ca3(V1.05Al0.26Ti0.24Fe3+0.18Fe2+0.18Cr0.09)Σ2(Si2.94Al0.06)Σ3O12.
The outer zones of these crystals are composed by andradite and grossular with not more than 2 wt% V2O3.
Besides, zonal crystals of the andradite-grossular series minerals are characterized by diverse vanadium
content. It reaches up to 5.07 wt% V2O3.
Also, titanite in immediate contact with garnet
shows а diverse vanadium content. The highest V2O3
content reaches 7.37 wt%, it gives crystal chemical
formula as follows:
Ca(Ti0.74V3+0.19Al0.03Cr0.02Fe3+0.02)Σ1Si[O4.76(OH)0.24]Σ5.
V3+ accumulates as a rule in the rock-forming and
ore minerals, in which isovalent isomorphous substitution V3+ → Fe3+ is possible (Borissenko, 1973). This
applies to the garnets where isovalent isomorphism
V3+ → Al3+ is also possible. Garnets were synthesized
in which all aluminum in octahedral positions is replaced by vanadium (Borissenko, 1973).
In vanadian analog of titanite – vanadomalayaite,
CaV(SiO4)O, vanadium is represented as V4+ (Basso
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Fig. 1. BSE image and X-ray mapping of goldmanite-andradite-grossular grain with titanite intergrowths
Adr, andradite; Di, diopside; Gld, goldmanite; Grs, grossular; Py, pyrite; Ttn, titanite

et al., 1994). In our case a small amount of V enters
to titanite as V3+ according to the scheme: Ti4++O2- →
V3++(OH)–.
It is well-known that in the endogenous processes
vanadium is very closely related only to trivalent iron,
and therefore it prefers to concentrate in basites and ultrabasites. Titanomagnetite in the gabbro is supposed
to be the source of vanadium because of the abovementioned V-bearing magnetite and ilmenite. During
the later hydrothermal alteration, vanadium has been
further remobilized, which leads to the formation of
the V-rich calc-silicate minerals.
The investigated sample is from the funds of the Earth
and Man National Museum, inventory number 24228.
Acknowledgments: This research is partially financed by the National Science Centre, Poland, project Preludium No 2015/17/N/ST10/03141.

References
Bačík, P., P. Uher, P. Kozáková, M. Števko, D. Ozdín, T.
Vaculovič. 2018. Vanadian and chromian garnet- and

30

epidote-supergroup minerals in metamorphosed Paleozoic
black shales from Čierna Lehota, Strážovské vrchy Mts.,
Slovakia: crystal chemistry and evolution. – https://doi.
org/10.1180/minmag.2017.081.068, published online: 21
May 2018.
Basso, R, G. Lucchetti, L. Zefiro, A. Palenzona. 1994. Vanado
malayaite, CaVOSiO4, a new mineral vanadium analog of
titanite and malayaite. – Neues Jahrb. Mineral., Monatshefte,
489–498.
Jeong, G. Y., Y. H. Kim. 1999. Goldmanite from the black
slates of the Ogcheon belt, Korea. – Mineral. Mag., 63,
253–256.
Borissenko, L. F. 1973. Vanadium (Mineralogy, Geochemistry,
and Types of Endogenic Deposits). Moscow, Nedra, 192 p.
(in Russian).
Ivanova-Panayotova, V., M. Kanazirski. 1995. Monticellite
magnesian skarns from the magmatic stage in the Iglika
skarn deposit, Southeast Bulgaria. – Geochem., Mineral.
and Petrol., 30, 79–90 (in Bulgarian with an English
abstract).
Moench, R. H., R. Meyrowitz. 1964. Goldmanite, a vanadium
garnet from Laguna, New Mexico. – Am. Mineral., 49,
644–655.
Pan, Y., M. E. Fleet. 1992. Mineral chemistry and geochemistry of vanadian silicates in the Hemlo gold deposit, Ontario,
Canada. – Contrib. Mineral. Petrol., 109, 511–525.

