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Introduction
Tochilinite, a hybrid hydroxide-sulfide of the valle-
riite group with idealized formula 6FeS•5Mg(OH)2, 
was described as a new mineral species in 1971 by 
Organova et al. in serpentine-calcite veinlets, cutting 
ultramafic rocks of the Nizhniy Mamon Cu-Ni deposit 
in the Voronezh region, Central Russia (Organova et 
al., 1971). Further investigations revealed that toch-
ilinite is abundant in the low temperature assemblages 
related to ultramafic rocks, kimberlites, carbonatites, 
magnesian skarns, some sulfide ores, and is also a 
characteristic mineral for some meteorites (carbo-
naceous chondrites). Its composition varies widely, 
particularly in the cationic part of the hydroxyl block. 
Hence in 2012 a new mineral species was approved – 
ferrotochilinite (Pekov et al., 2013).

In 2014 Nikolay Gospodinov, a geologist at Geo-
exploration Enterprise Ltd., Yambol, brought sam-
ples of serpentinized ultrabasite from a drill core of 
Yakovitsa ultramafic massif to the Earth and Man 
National Museum. His interest originated from paper-
thin coatings of an ore mineral similar to pyrrhotite 
in appearance but with no magnetic properties. The 
X-ray powder diffraction clearly confirmed the min-
eral tochilinite, which has not yet been described in 
any Bulgarian geological issue.

Geological setting and host rocks
The Yakovitsa ultrabasic massif is one of the largest 
metamorphosed ultramafic bodies in the SE Rhodopes. 
It is 13 km long and 500–800 m wide and is part of the 
easternmost outcrop of Borovitsa lithotectonic unit, 
represented by biotite gneisses, amphibolites, ultra-
mafic bodies, and metagranites (Sarov et al., 2007). 
It is composed mainly of metaharzburgites and meta-

dunites. Chromite, asbestos and talc-anthophyllite-
carbonate ores are related to it.

Occurrence and physical properties
Tochilinite has been established during geoexplora-
tion activities in Yakovitsa ultrabasic massif, Drya-
nova Glava section, Barierata locality. In the core 
of the borehole C-1, in the range of 168 to 172 m, it 
occurs as fine (from 0.05 to 0.2 mm) veinlets among 
white serpentine (chrysotile)-calcite veins, where its 
bronze-black colour stands out well, as well as its me-
tallic luster and low hardness (≈1 after Mohs) (Fig. 1). 
Furthermore, it forms paper-thin coatings on surfaces 
of tectonic slippage (tectonic mirror type) (Fig. 2). In 
the latter case, it’s too similar to the pyrrhotite, but 
without magnetic properties. Associated ore minerals 
are chrome spinelids, chrome magnetite, pentlandite, 
and millerite. Under binocular microscope and in pol-

Fig. 1. Fine black veinlets of tochilinite (the arrows) among serpentine-
calcite veins (white)
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ished sections tochilinite has dense, massive appear-
ance. Under electron microscope at high magnifica-
tions it shows felted aggregates of sheaf-fibrous indi-
viduals (Fig. 3). It is opaque in transmitted light. In 
reflected light, the mineral is pleochroic from creamy 
pink to gray yellow; the reflectivity is low, similar to 
that of graphite and valleriite; bireflectance is distinc-
tive. Strong anisotropy is observed in cross polars. 
Because of its low hardness it is polished badly.

X-ray data
The X-ray powder diffraction pattern of tochilinite 
was carried out on diffractometer TUR M 62 at the 
Earth and Man National Museum using U=32 kV, 
I=15 mA, CuKα radiation, graphite monochroma-
tor. The strongest lines [d, Å (I, %) (hkl)] are: 10.938 
(30) (001); 5.461 (100) (002); 3.594 (4) (–131); 2.319 
(2) (202); 2.136 (1) (153); 2.049 (1) (203); 1.845 (2) 
(204); 1.820 (2) (243); 1.543 (2) (0.10.0).

The monoclinic unit cell dimensions refined from 
the X-ray powder diffraction pattern are as follows: 
a=5.3580, b=15.5636, c=10.9796, β=95.12°, V=912.

The structure of tochilinite has been determined by 
Organova and al. (1971, 1972, 1973) as a hybrid struc-
ture consisting of layers of iron sulfide (mackinawite 
type) alternating with layers of a brucite type.

Chemistry
Chemical analyses were determined using a Scanning 
Electron Microscope JEOL JSM 6010 Plus/LA& EDS 
System at the University of Mining and Geology “St. 
Ivan Rilski”, Sofia. The chemical composition of 
tochilinite (average of 3 point analyses) is as follows 
(wt%): Mg 10.84, Al 0.125, Fe 46.67, S 22.5, O 19.86, 
Hcalc. 1.24, the total is 101.24. The hydrogen content 
was calculated under the assumption that O and H are 
incorporated in the mineral only as OH-groups. The 
empirical formula calculated on the basis of 6 S atoms 
and after separation of the constituents into sulfide and 
hydroxide parts is: 6FeS•(Mg3.81Fe1.14Al0.04)Σ4.99 OH10.02. 

Conclusion
Tochilinite is described for the first time in Bulgaria, 
but this is hardly due to its low distribution. Its simi-
larity in appearance with pyrrhotite and pentlandite, 
and optically with valleriite and graphite are probably 
reasons for it. Reliable diagnostics are both X-ray dif-
fractions and chemical compositions. The mineral is 
interpreted as an indicator of transition in fluid chem-
istry from reduced, S-poor fluids in the lower levels 
of serpentinites to more oxidized, S-rich (seawater-
dominated?) fluids closer to the surface (Beard, 2000).

The specimen is deposited in Earth and Man 
National Museum with the registration number 23989.
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Fig. 2. Tochilinite coatings on surfaces of tectonic slippage

Fig. 3. Felted aggregates of tochilinite (SEM, BEC image)


