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Introduction
Marcasite is typical late hydrothermal and second-
ary mineral. It often replaces other primary minerals 
as pyrrhotite and stannite, and being metastable with 
respect to pyrite, inverts to pyrite at rates depend-
ing on temperature, grain size and concentration of 
intracrystalline defects. This inversion can be used 
as indicator of pH and T conditions of deposition 
(Murowchick, 1992).

Materials and methods
Polished sections were made from samples containing 
marcasite, collected from barite-ankerite-quartz vein, 
~ 10 m long, crosscutting the siderite marble bodies 
with the main Pb-Ag mineralization, from outcrop at 
Hlebarska Chuka place, located in Sinya Voda mine 
section. Microprobe analyses of marcasite were per-
formed by a JEOL Superprobe 733 electron micro-Superprobe 733 electron micro-uperprobe 733 electron micro-
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scope equipped with an ORTEC EDS at the Geological 
Institute, BAS. 

Geological setting of the Chiprovtsi deposit 
and the barite-ankerite assemblage
The Chiprovtsi Ag-Pb deposit is hosted in low-grade 
metamorphic rocks (marbles and schists) of the Diabase 
Phyllitoid Complex (Precambrian – Early Ordovician 
age) (Carrigan et al., 2003). The formation of the main 
Ag-Pb metasomatic replacement mineralization is 
considered to be of Carboniferous age (Amov et al., 
1981). The barite-ankerite assemblage is genetically 
and spatially associated with the second polymetallic 
assemblage in the Chiprovtsi deposit. Main minerals 
in the assemblage are barite, quartz, ankerite and cal-
cite. They form veins and veinlet-like bodies within 
the siderite marbles at the Kamaka, Sinya Voda and 
Lukina Padina mine sections, crosscutting and over-

Fig. 1. SEM back-scattered electron images (BSE) of marcasite with high As contents: А, marcasite (Mrc) plate embraced by galena (Gn) in quartz 
(Qtz); В, marcasite crystals embraced by galena in quartz
Sample ch-340, Sinya Voda mine section, Hlebarska Chuka place
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printing the earlier Pb-Ag polymetallic assemblage. 
Small amounts of marcasite, pyrite, galena and chal-
copyrite also occur in the quartz-barite veins. 

Results and conclusions
Marcasite in the barite-ankerite assemblage is observed 
as: 1) small irregular inclusions (~5–10 μm) in elongat-
ed plates of porous pyrite with size from ~ 200 μm to 
1.5 cm (Fig. 1A) and 2) prismatic crystals and irregular 
grains with size from 20 μm to ~ 200 μm (Fig. 1B). The 
small marcasite inclusions in pyrite are considered as 
relics of bigger marcasite plate pervasively replaced 
by pyrite. Small galena inclusions in the porous pyrite 
plates are also determined. The marcasite crystals and 
grains are usually orientated almost perpendicularly 
to the pyrite plates, forming layer on both sides of the 
plates, or are observed separately in quartz. Pyrite crys-
tals are also found forming a layer almost parallel to the 
pyrite plates. Pyrite plates and marcasite crystals and 
grains are embraced by thin galena coating, forming a 
“core” in rosette-like quartz aggregates infilling cracks 
and cavities in the siderite marbles. 

SEM study of marcasite crystals and grains show 
clear inhomogeneity in their chemical composition, 
represented by zones and sectors in the crystals, en-

riched in arsenic (light grey coloured zones and sec-
tors in the crystals, Fig. 1B). The microprobe analy-
ses of the zones and sectors revealed arsenic content, 
varying in wide range, between 3.50 wt.% and 10. 
30 wt.%, but usually 5–6 wt.% (Table 1). Such high 
contents of arsenic (0.150–0.176 apfu) can define the 
marcasite as arsenian. The calculated crystal chemi-
cal formula is in the range Fe1.000Co0.003As0.057S1.938 – 
Fe1.022Co0.003As0.176S1.798. On the other hand, the small 
marcasite inclusions in the pyrite plates as well as py-
rite show very low arsenic content (up to 0.21 wt.%). 

According to Reich and Becker (2006) marcasite 
and pyrite can contain arsenic up to 6 wt.% as a solid 
solution Fe(S,As)2 before unmixing into (pyrite or 
marcasite) + arsenopyrite. The high and varying ar-
senic contents suggest the presence of submicron to 
nanoscale arsenopyrite domains or inclusions simi-
larly to those reported by Palenik et al. (2004) and 
Deditius et al. (2009). The low arsenic contents in 
marcasite replaced by pyrite in the elongated plates 
indicate that arsenic was probably extracted during 
the replacement and galena deposition. Most likely, 
marcasite was formed at temperatures below 240 °C 
(Murowchick, 1992), which is confirmed by the mea-
sured homogenization temperatures (Th) of primary 
fluid inclusions in the surrounding quartz (210 °C).

Table 1. Chemical composition of marcasite (wt.%)
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