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 Investigations of chromite-platinum ore in 
the Urals Platiniferous Belt have shown, that it is 
accompanied by calcium-, alkali- and fluid-rich 
minerals in the whole crystallization row, from 
early syngenetic inclusions in chromite to late 
mineral associations of ore cement. Syngenetic 
silicate microinclusions in chromite present the 
most interest because of they reflect the 
composition of ore-forming system at the earliest 
stage of its development and can be considered as 
indicators of the platinum ore formation conditions. 
 Single mineral and complex inclusions in 
chromite were distinguished. The first one is 
representative mainly by olivine crystals 10-100 
µm in size. It is characterized by extremely high 
Mg-number, more than 0.95-0.97, high calcium 
content (CaO=0.25-0.4 wt.%), comparable or 
higher with the same one in rock-forming olivine 
(Ivanov, 1997) and low NiO, less than 0.2 wt.%. 
Unusual feature of olivine inclusions is the 
enrichment of Cr2O3. Its content varies from 0,5 to 
1,4 wt.% independently from the grain size. 
Distinct negative correlation between chromium 
and iron in olivine excludes the influence of 
chromite matrix on the analytical results. We 
suppose that this chromium enrichment of olivine 

reflects extremely high level of chromium content 
in the ore-forming system, which is in a contrary 
with their melt origin. Chromium isomorphism in 
olivine can be described by next schemes: Cr4+→ 
Si4+ or Cr3+ + Fe2+→ Mg2+. 
 More common complex inclusions in 
chromite usually form negative crystals up to 50–
100 µm in size. Chromium-rich Fe-Mg silicates 
such as: diopside, pargasite, phlogopite, calcium-
garnets, chlorite and also normal serpentine were 
determined in such inclusions (fig. 1). Apatite and 
pectolite were found too. Among all these minerals 
only diopside and phlogopite form stable mineral 
assemblage where other phases can be joined. The 
calculated compositions of such inclusions 
correspond to subalkaline picrobasalts or intersticial 
mineral assemblage in host dunite and can be 
compare with the primary melt for Alaskan-type 
intrusions. It was noted that role of Na grows up 
during ore formation and decreasing of 
temperature. So phlogopite becomes more Na-rich 
from inclusions to ore cement. Moreover, later 
chlorite is unusually enriched in sodium. Its 
concentration is approaching 3 wt.% of Na2O. 

 

 
Figure 1. Morphology and mineral composition of the complex silicate inclusions in ore chromite. Back-scattered electron 
image. 1 – chromite, 2 – diopside, 3 - garnet; 4 – apatite, 5, 6 – Na–chlorite, 7 – phlogopite, 8 pargasite; 9 - garnet; 10 – 
pectolite.  
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Figure 2. Na2O vs Cr2O3 for diopside of the Nizhny Tagil 
massif: 1 – interstitial diopside from dunite; 2 – diopside 
from microinclusions in chromite; 3 - diopside from 
miarolitic cavity in dunite. 
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Figure 3. Na2O/(Na2O+K2O) vs TiO2 for phlogopite: 1 - 
microinclusions in chromite of the Nizhny Tagil massif 
(in association with diopside); 2 – the same one from the 
Kytlym massif (in association with pargasite); 3 - from 
miarolitic cavity in dunite of the Nizhny Tagil massif. 
 
 
 Absolutely the same Na-rich chlorites 
widespread in miarolitic cavities in dunite and in 
chromitites and also have bean found as intergrows 
with isoferroplatinum in Gosshakhta mine and 
other deposits of the Nizhny-Tagil massif. Such 
mineral association close related with chromite and 
Platinum-group minerals is the evidence of the 
important role of alkaline fluids in platinum ore 

formation process. We suppose that this fluid was 
concentrated in the intersticial space of dunite 
during magmatic accumulation of olivine grains 
together with dioside, pargasite, phlogopite and 
chromite and was extracted when high temperature 
plastic deformations took place at the late stages of 
dunite emplacement accompanying by cooling.
 There are some differences in amounts of 
inclusions and in their composition between 
different Alaskan type intrusions in the Urals. 
Perhaps, it reflects local conditions of rocks and ore 
genesis. Thus, in the Nizhny-Tagil massif, where 
well known ore platinum deposits are situated, 
single olivine inclusions are dominant and 
diopside-phlogopite inclusions with sodium chlorite 
and chromium grossular are also widespread. In the 
Kosva mountain (Kytlym massif), where it is 
known not so abundant platinum mineralization, 
pargasite-phlogopite and diopside-phlogopite 
inclusions are more common than olivine ones. 
 Similar inclusions in ore chromite, dunite 
and platinum nuggets from placers related with 
Alaskan type intrusions are widespread all over the 
World (Auge & Legendre, 1992; Dmitrenko, 
Mochalov, 1989; Johan et. al., 1989, 2000; Malich, 
1999). The same mineral assemblages in inclusions 
have bean found and described in ophiolitic 
chromitites and oceanic peridotites (Johan, 1983; 
Arai & Matsukage, 1998). All scientists are 
considering these inclusions like evidences that 
alkaline fluids took place in the platinum ore 
formation. However, the nature of such fluid and its 
role in redistribution of chromium and Platinum-
group elements within ultramafites is not clear until 
now and discussing in this report.  
 On the basis of similarity of chemical and 
oxygen isotope compositions of minerals from 
inclusions and intersticial paragenesis of dunite 
(fig. 2,3), we suppose that the last one is the source 
of matter for ore-forming system. This stuff was 
remobilized during plastic deformations and 
removed to the pressure shadow, such as cracks, 
holes, cavities etc where chromite and platinum 
minerals were precipitated during the next cooling. 
Water fluid and alkalis play role of catalysts for 
chromium and platinum enrichment and inhibitors 
for ore crystallization, that explain the epigenetic 
character of platinum ore in Ural-Alaskan type 
complexes.  
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