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The nature of chromite ores is controversial. Previ-
ously, they were considered as products of the layering
of ultramafic magma [2–4, 6]. A new hypothesis based
on the genetic relation between chromites and second-
ary dunites has been proposed in recent works [5, 8, 10].
The formation of secondary dunites is related to the
partial melting of peridotites (more precisely, the
pyroxene component of peridotites) [1], resulting in the
separation of primarily restitic dunites, an ore-bearing
chromite portion, and a melt with a basalt (gabbro)
composition. Thus, secondary dunites have a genetic
relation with gabbro.

Chromite mineralization is also recorded in autono-
mous intrusion phases (lenses among ultramafic bodies
and dikes) composed of pyroxenites. The present paper
discusses a case history of such bodies.

The Sangalyk area (Uchaly ore district, southern
Urals) incorporates small outcrops of disseminated
chromite ores associated with pegmatoid pyroxenites
(Fig. 1). We studied a small lens with an apparent thick-
ness of 40–45 cm and unknown length. The lens shows
a distinct zoning (Fig. 2). The endocontact zone with
massive chromite ore is divided into two (ore and near-
ore) subzones. The near-ore subzone is mainly com-
posed of fine-grained chrome diopside with stringers
and dissemination of chromite and alumochromite. The
transitional zone between the ore zone and the central
pyroxenite zone consists of large (up to 8 cm) twinned
zonal pyroxene crystals.

We investigated the mineral composition of the lens
by various physical and physicochemical methods. The
atomic absorption, spectrophotometric, and optical
microscopic analyses were carried out at the Institute of
Geology (Ural Scientific Center, Russian Academy of

Sciences). IR-spectroscopy, scanning by electron
microscope equipped with an energy-dispersive spec-
trometer (SEM-EDS analysis), and electron micro-
probe analysis were performed at the Institute of Geol-
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Fig. 1. 

 

Location of the Sangalyk Highland in the Uralian
structure. (
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) West Ural zone; (
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) Uraltau zone; (
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) Tagil–
Magnitogorsk zone; (
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) East Ural zone; (
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) granite massifs;
(
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) ultramafic massifs.
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ogy and Mineralogy (Siberian Division, Russian Acad-
emy of Sciences). The XRD analysis was carried out at
the Institute of Geology and Mineralogy (Siberian
Division, Russian Academy of Sciences) and the Insti-
tute of Problems of Metal Superplasticity, Russian
Academy of Science. The mode of the investigation of
separate sectors of the lens was governed by the degree
of complexity of their mineral compositions.

The averaged chemical compositions of the near-ore
subzone, transitional zone, and central part of the lens
demonstrate a distinct microzonality (Table 1). The lens
is characterized by the following specific chemical fea-
tures (Table 2): (1) the rocks correspond to Ca- and
Al

 

2

 

O

 

3

 

-rich pyroxenites with Ca dominating over Mg
(in some places, Ca 

 

�

 

 Mg); (2) when passing from the
transitional zone to the central zone, the rocks are
depleted in Fe# and Cr#, but enriched in Mg# and Al#.
These facts imply variation of the mineral composition
in different zones, in particular, increase in the share of
Ca- and Mg-bearing silicate minerals toward the central
zone.

Investigation of microzones with various methods
revealed that the pyroxenite zone has a complex and
heterogeneous mineral composition. Chromite, alumo-
chromite, and magnetite are the major minerals in thin
sections of the ore (endocontact) zone. The near-ore
subzone has a more diverse mineral composition. The
coarse-dispersed mass includes separate well-devel-
oped crystallites and aggregates (~0.1–2.5 mm) of
chrome spinels or their intergrowths with pyroxene
crystals. The chrome spinel crystallites are often
enclosed as solid phase inclusions in pyroxene grains.
This is distinctly observed in the transparent emerald-
green diopside grains.

The results of IR-spectroscopic analysis showed
that mineral grains from the near-ore subzone have a
complex and heterogeneous phase composition.
Microlitic intergrowths represent the Fe-chlorite–
hedenbergite or diopside–chromite–Fe-chlorite associ-
ation (in some cases, the hedenbergite–diopside associ-
ation). The XSA revealed that the intergrowths are
composed of crystallites of Mg–Fe-silicates (heden-
bergite, diopside, Cr-diopside, and rare wollastonite)
and chrome spinels (alumochromite and chromite).
Chlorites (Cr-amesite and Fe-chlorite) are also present.

IR spectra of pyroxenes from the diopside–hedenberg-
ite series show a shift of Mg–O bands toward lower fre-
quencies, suggesting isomorphous transitions, e.g.,

 

Fe

 

2+

 

 

 

→

 

 Mg

 

2+

 

.

The heterogeneity and complexity of the mineral
composition of the near-ore subzone are also confirmed
by electron microprobe data on various sections of
grains. We recorded distinct differentiation in the distri-
bution of Cr, Mg, and Ca contents in different frag-
ments of the mineral matrix. The microprobe data indi-
cate that the distinct macrozonality of the lens reflects
microheterogeneity of the mineral composition related
to genetic features.
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Fig. 2. 

 

Zonality of the chromite-bearing pyroxenite body.
Zones: (

 

I

 

) ore, (

 

II

 

) transitional, (

 

III

 

) central.

 

Table 1. 

 

 Averaged composition of the pyroxenite lense in different zones, wt %

Part of 
the lens SiO

 

2

 

TiO

 

2

 

Al

 

2

 

O

 

3

 

Cr

 

2

 

O

 

3

 

FeO Fe

 

2

 

O

 

3

 

MnO MgO CaO Na

 

2

 

O K

 

2

 

O P

 

2

 

O

 

5

 

L.O.I Total

I n.d. n.d. 20.65 22.50 21.00 n.d. n.d. 9.00 n.d. n.d. n.d. n.d. n.d.

II 45.15 0.120 5.72 0.624 4.25 n.d. 0.037 11.03 29.53 0.37 0.006 0.095 n.d. 96.93

49.31 0.01 4.93 1.410 2.24 2.30 0.07 16.76 22.40 0.10 0.02 0.09 0.45 100.09

III 53.00 0.01 1.80 0.067 1.44 0.76 0.05 18.00 23.42 0.50 0.02 0.01 0.60 99.68

 

Note: Here and in Table 2: (I) near-ore subzone at the exocontact of the lens; (II) near-ore/pyroxenite transitional zone; (III) central zone.
(n.d.) Not determined.
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The SEM-EDS analysis made it possible to deter-
mine the mineral composition at separate points of
grains in the near-ore subzone and transitional zone.
Based on the XSA data, large crystals in the central
zone include alternation of laminae of diopside and
wollastonite with minor traces of enstatite and hyper-
sthene. Intergrowth of cognate minerals promoted the
microzonal structure of crystals manifested as alterna-
tion of differently colored bands.

Diopside and wollastonite differ in structure. How-
ever, they have several similar crystallographic proper-
ties that fostered their crystallization from melts with
the formation of solid solutions. This process was also
promoted by the similarity of adjusted values of melt-
ing entropy (Fig. 3). Owing to structural distinctions,
cooling of the pyroxene solid solution is accompanied
by the crystallization of autonomous phases of diop-
side, wollastonite, and admixtures.

Thermodynamic calculations of constraints of wol-
lastonite crystallization [7] showed that the incongruent
melting of wollastonite in the 

 

Hd–Wol

 

ss

 

 

 

system is termi-
nated at a pressure of ~13 kbar and temperature of
~1270

 

°

 

C. The stability field of wollastonite depends to
a great extent on pressure and is constrained by 

 

T

 

 =
1150–1270

 

°

 

C and 

 

P

 

 ~5–13 kbar. The formation condi-
tions of pyroxenes from the central zone of the lens are
probably similar to the parameters of wollastonite sta-
bility indicated above.

Comprehensive investigation of chromite ore and
the associated pyroxenes showed that the ore lens is a
product of sequential crystallization from the endocon-
tact zone to the inner part of the lens. Chrome spinels
were crystallized from the metalliferous secondary melt
produced by the fusion of spinel peridotite pyroxenes.
The chromite ore is consolidated in the endocontact
zone of the pyroxenite lens.
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Table 2. 

 

 Calculated parameters of chemical compositions
of different parts of the lens

Part of 
the lens Fe

 

#

 

, % Al

 

#

 

, % Cr

 

#

 

, % Mg

 

#

 

, % Ca : Mg

I 41.50 58.30

II 33.16 87.64 12.36 66.83 3.17

14.69 73.09 26.98 85.32 1.58

III 9.47 95.36 4.01 90.65 1.54

 

Note: Fe

 

#

 

 = 100 · Fe/(Fe + Mg), Al

 

#

 

 = 100 · Al/(Al + Cr), Cr

 

#

 

 =
100 · Cr/(Cr + Fe), Mg

 

#

 

 = 100 · Mg/(Mg + Fe).

 

Fig. 3.

 

 Temperature dependence of entropy values of wol-
lastonite, diopside, and clinoenstatite. 
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