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Mn-rich norsethite from Kremikovtsi ore deposit
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Norsethite, BaMg(CO3)2  is a mineral from the dolo-
mite group, which is formed under different geolog-
ical conditions — in sedimentary and hydrothermal
deposits as well as in carbonatite complexes.
Norsethite was mentioned for the first time in the
Bulgarian geological literature in the list of super-
gene minerals found in the Kremikovtsi deposit
(Damyanov et al., 1996).

Occurrence

Kremikovtsi ore deposit situated some 15 km NE of
Sofia town, at an altitude of about 400 m.

Geological setting

The Kremikovtsi ore deposit was defined as a zonal
carbonate-hosted sedimentary exhalative iron (+Mn)
-barite-sulfide deposit of SEDEX type (Damyanov,
1999). More than 92 minerals and mineral varieties
are encountered for the three stages of formation of
this deposit: sedimentary-hydrothermal, hydrother-
mal-metasomatic and supergene (Damyanov et al.,
1996). The deposit has been exploited for more than
50 years mining of iron ore and barite.

Associated minerals

The Mn-rich norsethite occupies small cavities in
diagenetic Mg-Mn siderite II-type (Damyanov,
Ratiev, 1994). The cavities are usually upholstered
by fine-crusted aggregates of “spherosiderite”, the
grains of which have spheroid shape and consist of
many regularly intergrown rhombohedral sub-indi-
viduals of Ca-Mg rich siderite. Metacrystals of Ca-
Mg-rich rhodochrosite and Mg-poor calcite have
developed in and along the borders of the Mn-rich
norsethite aggregates. Chalcopyrite is developed

around grains of rhodochrosite that are incorporat-
ed in Mn-rich norsethite. Native copper grains are
also presented. Barite is proved in small nests and
veinlets. Small rhombohedral calcite crystals have
deposited over the supergene alteration products of
siderite (Få- and Mn-oxides).

Norsethite aggregates

In the general case in the voids on the spherosiderite
crust there have developed aggregates of Mn-rich
norsethite, among which we can differentiate the
following:

— complex aggregates built by packets of fine platy
crystals flattened on {0001} (Fig. 1a);

— sub-parallel aggregates of long prismatic crys-
tals ending with sharp rhombohedra, which have
faces ñ{0001}, m }0110{ and à }0211{ ;

— clusters of needle prismatic crystals terminated
by very sharp rhombohedra;

— spherulite aggregates with radiate fibrous struc-
ture (Fig. 1b).

Chemical composition

Averaged microprobe analysis of 9 measurements
gives (wt.%) BaO — 53.11, MgO — 11.28, MnO — 4.68,
all that corresponding to the empirical formula
Ba1.00Mg0.81Mn0.19(CO3)2. The presence of [CO3]

2—

groups in the composition of the mineral is proven
by FTIR data. Ca, Mn and Fe bearing varieties of
norsethite can be distinguished as well.

XRD data

The mineral is trigonal, with unit cell parameters: a =
5.0315(14) Å, c = 16.8711(16) Å, V = 369.89(25) Å3,
z = 3. The strongest reflections in the powder dif-
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fraction pattern are (d in Å, I observed): 5.6285, 38;
3.871, 28; 3.026, 100; 2.109, 25; 1.897, 29; 1.875, 30.
The unit cell parameters are slightly bigger than those
of norsethite not containing Mn, due to the bigger
ionic radius of Mn2+ (0.83 Å) in respect to Mg2+

(0.72 Å).There are slight changes in the peak inten-
sities due to the greater atomic scattering factor of
Mn compared to Mg.

Physical and optical properties

The color of  Mn-rich norsethite is pale yellow or it
is colorless, transparent, with vitreous luster. Optical
class — uniaxial (-), nω = 1.698, nε = 1.527, δmax =
0.171. Luminescence: weak dark red under UV =
366 nm, more brightly brownish red under UV =
254 nm.

Infrared spectroscopic data

Several bands characteristic for carbonate group are
observed in the FTIR spectrum: at 1452 and 1114
cm—1 arising from stretching vibrations of C-O, at
880 and 696 cm—1 assigned to out-of-plane and in-
plane bending mode of the (CO3)2-ion, at 1809 and
2554 cm—1combination modes occurre and at 2530
and 2649 cm—1 attributed to complex combinations
of internal mode frequencies with a lattice mode.

DTA-DTG-TG data

The thermal behavior of the mineral inferred from
DTA, TG and DTG experiment (10°/min, 5.5 g sam-
ple, 20—1400° C) is characterized by decomposi-
tion of MgCO3 and MnCO3 molecules releasing CO2
in the range 600—750° C, polymorphic conversion
of the residual BaCO3 at 843° C (to hexagonal
phase), partial decomposition of BaCO3 above
1000° C and BaCO3—BaO eutectic point at 1038° C.
In the solid residue after heating there are present
BaCO3 and MgO.

Mineral forming conditions

The paragenetic analysis shows that norsethite and
the associated carbonate minerals have been depos-
ited from hydrogen-carbonate solutions containing
components resulted from the dissolving of Mg-Mn-
rich siderite and barite from the host ores, in a closed
system in respect to CO2 and O2 at pH between ~ 6.5
and ~10 and under reduction conditions. The for-
mation of splitted crystals of siderite and spherulite
aggregates of norsethite indicates for variable but
high oversaturation of the solutions. Autometasomat-
ic processes have led to formation of metacrystals of
Ca-Mg-rich rhodochrosite and Mg-poor calcite
among norsethite crystals.
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Fig. 1. Aggregates of Mn-rich norsethite from Ktemikovtsi deposit: a) clusters of sub-parallel aggregated platy crystals upon
siderite spheroids; b) two oppositly grown spherolite aggregates


