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The Urals is a world-known standard for study of
the genesis of platinum deposits in zoned mafic–ultra-
mafic complexes of the Uralian or Uralian–Alaskan
type. However, many principle aspects of their geology
and geochemistry need additional study at the modern
level to substantiate formation models and develop cri-
teria for forecasting ores. The data on new platinum
occurrences (Dunitov and Syrkov) and extensive mate-
rials from the Gosshakhta, Krutoi Log, and other aban-
doned deposits provided the basis for the study of pro-
cesses of rock and ore formation. In total, over
400 samples have been studied, 245 samples from the
Solov’evy Gory Massif included. Contents of PGE (Pt,
Pd, Rh, Ir, Os, and Ru) in them were determined by the
chemical–spectral and spectral photometric methods.
Some samples were studied by the ICP-MS method in
the BRGM laboratory (France).

The Uralian Platinum Belt (UPB), a classical object,
has attracted the attention of researchers for more than
120 years [1–15 and others]. This giant structure
(approximately 1000 km long) is represented in the
Middle, North, and Cis-Polar Urals by a chain of 13
gabbro and granitoid massifs located in the western-
most part of the paleoisland-arc segment of the Urals
east of the Main Uralian Deep Fault (MUDF). The
internal structure and composition of the UPB, where
gabbroids constitute no less than 80%, are well studied
[1–8, 15, and others]. At the same time, the nature of the
UPB and its place in the geological history of the Urals
have remained unclear for a long time. Recent studies
resulted in the development of a new hypothesis that
explains the formation of the UPB in the following
way: this unique (in size and diversity of rocks and
ores) belt is an island-arc structure composed of crys-
tallization products of melts generated at different
depths above the subduction zone. This assumption is
based on studies showing that the MUDF represented a

subduction zone with an eastward-dipping seismofocal
plane in the Early–Middle Paleozoic, whereas the main
volcanogenic zones of the Urals are relicts of island
arcs and back-arc basins [10 and others]. The island-arc
nature of the belt is reflected in geochemistry: gab-
broids are similar to island-arc tholeiites in terms of
contents of most elements.

It was established long ago [3, 4, 8, and others] that
rock complexes of the UPB demonstrate distinct
(although complicated) lateral trends: the SiO

 

2

 

 content
in rocks increases from west to east, while ultramafic–
gabbroic complexes are replaced in this direction by
relatively younger and shallower granitoid counter-
parts. Hence, the erosion depth of the Tagil island-arc
terrane decreases in the eastern direction. Moreover,
volcanogenic complexes of the Tagil megazone overlie
the UPB section, which represents, probably, its mag-
matic basement and induces the Uralian gravity super-
maximum. The gradual narrowing and subsequent clo-
sure of the western Ordovician ocean, which is repre-
sented now by the relict Salatim serpentinite suture,
was probably responsible for generation of silicic mag-
mas (and syenites) at the terminal stage of UPB forma-
tion. At the same time, sedimentary sequences of the
continental base of the East European Platform, which
were water-saturated and enriched in sialic material
(including the associated trace elements and minerals,
such as zircon), were gradually involved and melted in
the UPB-underlying subduction zone represented by
the MUDF (at first, this process also involved the oce-
anic crust). Metasomatism and hydrometamorphism of
the amphibolite and greenschist facies, which are wide-
spread in the UPB, and development of mafic–ultrama-
fic pegmatites were promoted by the fluid flow (primary
oceanic waters) ascending from the subduction zone
due to dehydration of subducted material. These fluids
also fostered migration and redistribution of PGEs (up
to the formation of deposits) [4, 6, and others].

Rocks of the UPB are reliably dated. The age of
hornblendites and clinopyroxenites of the Kachkanar
Massif is estimated by the K–Ar method (isochron
included) at 415–432 Ma [8 and others]. Sm–Nd isoch-
rons determined for gabbronorites of the Chistop and
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Kumba massifs indicate ages of 419 

 

±

 

 12 and 423 

 

±

 

18 Ma, respectively [13 and others]. The U–Pb (ID-TIMS)
method provided ages of 417 

 

±

 

 2 and 415 

 

±

 

 10 Ma for
zircons from plagiogranites of the Kytlym Massif that
terminate magmatism in the UPB [7]. The age of gab-
bronorites of the UPB coincides with the age of eastern
basaltic andesites of the Imennov Formation of the
mature island-arc setting. This age was specified in [10]
based on the bed-by-bed study of conodont assem-
blages from the Uralian superdeep borehole (SD-4) as
corresponding to the Llandoverian–Wenlockian bound-
ary (

 

Pterospathodus amorphognathoides

 

 Zone). The
REE trends in volcanics of the Imennov Formation and
calc-alkaline gabbroids of the UPB are also similar.
This fact indicates the comagmatic nature of intrusive
and volcanic members of the Tagil island-arc terrane.

The above-mentioned facts and others suggest that
rocks younger than 410–415 Ma are absent in the UPB
and dates below these values reflect stages of plastic
deformation and metamorphism of rocks of the UPB.
These processes distorted isotopic systems and
occurred in the Devonian and Carboniferous, in partic-
ular, during the collision of the Tagil Terrane with the
East European Platform. For example, structural data
on the Solov’evy Gory dunite body (the largest one in
the UPB) and other objects demonstrate that large
chromite–platinum ore bodies (Gosshakhta and others)
are characterized by orientations similar to those in
chromite schlieren in the surrounding dunites. Fre-
quently, they crosscut older and high-temperature ori-
entations of olivine. In addition to fractures, folds of
different temperature generations are also developed in
ultramafic rocks. Structural evolution of the UPB pro-
ceeded generally under decreasing temperatures and
pressures. They were dominated by two processes:
(1) ascent of diapir-shaped cooling magmatic bodies to
the upper crust (this was accompanied by superposition
of structures of plastic deformations on magmatic
structures and formation of concentric (nearly isomet-
ric) megastructures of magmatic bodies with steeply
dipping lineation); (2) younger sinistral deformations
that formed linear massifs with nearly horizontal linea-
tion probably due to oblique collision [10 and others] of
the Tagil Terrane with the East European Platform. The
present-day structures of rock massifs of the UPB are
related to these processes. Nearly isometric bodies are
largely recorded in the middle part of the UPB, while
linear (tectonically crushed) massifs are concentrated
in its marginal southern and northern parts.

Important results were obtained recently for the so-
called Kachkanar Complex of the UPB, i.e., dunites,
clinopyroxenites, and olivine–anorthosite gabbro. The
Sm–Nd isochron yields an age of 561 

 

±

 

 28 Ma for oli-
vine–anorthosite gabbro from the Kumba Massif [11].
The Sm–Nd isochron based on 14 samples of dunites,
wehrlites, and clinopyroxenites from the Kytlym Mas-
sif provides an age of 551 

 

±

 

 32 Ma [12]. Thus, these
dates obtained in different laboratories suggest that the
UPB includes Vendian–Early Cambrian rocks that con-

stitute a large volume of the Kytlym, Kumba, and,
likely, other massifs.

What is the nature of the Vendian–Early Cambrian
rocks? When and why did they appear among other
rocks of the Later Ordovician–Silurian island arc? We
propose a geodynamic interpretation of Vendian dates
(Fig. 1) based on the suprasubduction model of the
UPB [9]. It is understandable that suprasubduction
magmatism could hardly generate the dunite–wehrlite–
clinopyroxenite complex, because it is well known that
melting of hydrated basalts of the subducted oceanic
crust produces substantially more silicic basaltic andes-
ite and andesite magmas. The most realistic formation
mechanism of the dunite–wehrlite–clinopyroxenite
association is the interaction of basaltic andesite melts
ascending from the subduction zone with ultramafic
rocks of the overlying mantle, i.e., with the mantle
wedge formed during the initiation of the ensimatic
island arc. Hence, the lower (Kachkanar) complex of
the UPB, i.e., at least the major portion of dunites, cli-
nopyroxenites, and olivine–anorthosite gabbro, was
formed according to this scenario. According to this
hypothesis, the Vendian–Early Cambrian dates indicate
the age of upper mantle rocks at the base of the Tagil
island arc. In addition to interaction with andesitic
melts, some fragments of the mantle wedge were
accreted and incorporated as blocks in ascending dia-
pirs. This process was accompanied by deformations
and plastic flow of the blocks together with younger
gabbronorites. These features are well documented in
massifs of the UPB [3, 8, 15, and others].

Recent studies also revealed independent facts,
which may be used for testing the proposed model.
These facts are represented by direct data on the age of
ophiolitic massifs in the northern Urals. The determina-
tions concern large alpine-type ultramafic rock massifs
(Voikar–Syn’ya and Syum-Keu) with exposures of the
most complete sections of the oceanic crust and upper
mantle. According to [5], harzburgites, lherzolites, and
gabbronorites of the Syum-Keu Massif have a Vendian
age (604 

 

±

 

 39 Ma; isochron date based on nine bulk
samples and minerals in them). The U–Pb (SHRIMP-
II) dating [14] of seven zircon grains from chromites of
the Voikar–Syn’ya Massif yielded a concordant age of
586 

 

±

 

 6 Ma. The good agreement between Vendian
dates of the Kachkanar Complex and dates obtained for
alpine-type ultramafic massifs supports our model,
according to which the major part of dunites, clinopy-
roxenites, and olivine gabbro of the UPB was produced
by interaction between andesitic melts ascending from
the Silurian subduction zone and ultramafic rocks of the
so-called mantle wedge.

The dunite–wehrlite–clinopyroxenite–tylaite asso-
ciation of the UPB is characterized by universal
geochemical platinum specialization and the following
succession of decrease in contents of noble metals: Pt,
refractory PGEs (Ru, Ir, and Os), Rh, Pd, and Au. The
average Pt content increases regularly from tylaites and
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troctolites to olivine clinopyroxenites, wehrlites, and
dunites (5–10, 20–30, and 50–70 ppm, respectively).
The geochemical distribution of PGEs in dunites is
controlled by their compositions and positions in the
sections of dunite bodies. The study of equilibrium
parageneses of coexisting minerals in dunites and
chromite–platinum metal ores (chrome-spinels, oliv-
ines, and Pt) demonstrates the heterogeneity of ore-
enclosing dunites and the polygenic nature of platinum
metal ores of the Uralian type [2]. The most widespread
ordinary (background) dunites related to the magmatic
stage of the formation of zoned complexes are supple-
mented with many other varieties related to the post-
magmatic stage of rock transformation under the influ-
ence of deformations and fluids during their ascent to
the upper crust under conditions of lower temperatures
and pressures. The low content of dispersed Pt (from 10
to 70 mg/t) in background dunites correlates with their
composition and position in the dunite section. In the
thin-banded chromite-bearing varieties and segregation
chromite schlieren confined to the dunite bodies, the Pt
content is also low (up to 100–200 mg/t) and the com-
position of chrome-spinels is similar to that of their
counterparts from background dunites. In ordinary
dunites, we have discovered paired (negative and posi-
tive) geochemical platinum anomalies and standard
megazonality in dunite bodies: background dunite–
negative geochemical anomaly–positive geochemical
anomaly (chromite–platinum orebody). All large
chromite–platinum concentrations and conjugate nega-
tive aureoles are associated with brittle deformation

zones. For example, we have discovered a new plati-
num ore zone in the Dunitovyi area at the front of a
large negative geochemical aureole located in the
northern part of the Solov’evy Gory dunite quarry. The
Pt content within the negative anomaly ranges from
traces (<10 mg/t) to 50 mg/t. According to data on quar-
ries and boreholes, the width of anomalies varies from
30–50 to >100 m and they are traced to a depth of
>100 m along the dip. Areas with negative anomalies
are characterized by a sharp (5–50 times) decrease of Pt
concentrations as compared with ordinary background
concentrations (from traces to 5–20 ppm) and a simul-
taneous notable decrease in the Fe index of olivine to
6.0–7.5 mol %.

The detailed mapping [1, 4, 6, 8, 15, and others] of
dunite bodies in the UPB made it possible to establish
the spatial distribution of different dunite types, which
emphasize their heterogeneity, and to outline main
structural elements of dunite cores. The finest grained
structural dunite varieties usually constitute small areas
and near-meridional linear zones in the central and
western parts of massifs. More abundant fine-grained
dunites are widespread in central parts of massifs and
along peripheries of dunite cores. Medium- to coarse-
grained dunites are spatially confined to their central
(near-apical) parts. Dunite members of the dunite–
wehrlite–clinopyroxene–tylaite association in rocks of
the UPB were formed under 

 

PT

 

 conditions of the mag-
matic stage [6, 8, and others]. The results show that the
geochemical distribution of Pt within dunites, which
represent magmatic products, does not produce anom-

 

Schematic geodynamic formation of the Uralian Platinum Belt. (
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alous ore concentrations or, moreover, platinum ore
deposits. Ore concentrations of PGEs are observed only
in some areas of dunite bodies controlled by the struc-
tural and compositional properties of dunites as the
result of redeposition and input of PGEs by ore-form-
ing fluids at the postmagmatic stage of dunite evolu-
tion. The postmagmatic evolution is reflected in the
sharp change of textural–structural and compositional
characteristics, as well as regular replacement of coex-
isting chrome-spinels, olivine, and platinum paragene-
ses in ores.

The initial stage of the formation of ores of the Ura-
lian type (chromite subtype) is characterized by miner-
als of the high-temperature paragenesis: chrome-
spinels with maximal Cr and Mg contents, olivines with
minimal Fe (6–7%) and CaO (0.18–0.25%) concentra-
tions, and isoferroplatinum with the highest Ir and low-
est Fe contents and inclusions of iridium minerals. The
sharply dominant large- and medium-sized Pt (400–
1000 

 

µ

 

m or more) provides the high placer-forming
potential of ores at this stage.

The next stage of ore formation (dunite subtype) is
characterized by minerals of a different paragenesis:
chrome-spinels with moderate Cr, lower Mg, and
higher Fe contents; olivines with higher Fe (7–8%) and
CaO (0.25–0.32%) concentrations; and tetraferroplati-
num with higher Fe, Cu, and Ni contents and lower Ir
concentrations (iridium minerals are absent). The
sharply dominant small and fine grains (approximately
100 

 

µ

 

m or less) of such platinum reduce sharply the
placer-forming potential of ores at this stage.

The terminal low-temperature stage of ore forma-
tion (pegmatite subtype) is characterized by the follow-
ing paragenesis: chrome-spinels with minimal Cr and
Mg contents and maximal Fe and Ti contents; olivines
with the highest Fe (8–9%) and CaO (0.50–0.60%)
concentrations; tetraferroplatinum with minimal Ir con-
tents and maximal Pd and Cu contents, Pd-tulameenite,
and a wide spectrum of Pt- and Pd-bearing copper
alloys. Ores of this stage virtually lack the placer-form-
ing potential because of the sharp predominance of
fine- to micro-grained metal (<100–50 

 

µ

 

m). Terminal
stages of the formation of Uralian-type ores are charac-
terized by a decrease in temperature, a simultaneous
increase in  and  (this is evident from variation
of the olivine composition, e.g., an increase in the Fe
index from 4–6 to 9–10 mol %), increase in the degree of
Fe oxidation in coexisting silicates, and abundance of sul-
fide minerals in Pt–Pd ores of the pegmatite subtype.

Thus, the formation and transformation of
chromite–platinum metal ores of the Uralian type are
related to the postmagmatic stage of their evolution.
The placer-forming potential of these ores decreases
sharply at terminal stages of their formation. The rela-
tive degree of development of different platinum metal
ores with sharply different placer-forming potentials in
dunite massifs of the UPB represents an essential crite-
rion for forecasting platinum metal placers.

f O2
f S2

 

ACKNOWLEDGMENTS

We are grateful to Thierry Auge (D. Sc.), S.I. Nes-
terova, and I.I. Neustroeva for discussions and analyses.

This work was supported by the Earth Sciences
Division of the Russian Academy of Sciences (program
“Geodynamics and Mechanisms of Lithosphere Defor-
mationî), the Russian Foundation for Basic Research
(project no. 06-05-64133), and the Federal Program for
the Support of Leading Scientific Schools.

REFERENCES

 

1. Yu. A. Volchenko, 

 

Platinum Mineralization of the Nizh-
nii Tagil Massif: Bedrock Occurrences and Placers

 

(IGG URO RAN, Yekaterinburg, 1999) [in Russian].

2. Yu. A. Volchenko, V. A. Koroteev, and K. S. Ivanov, in

 

Geodynamics and Ore Deposits

 

 (IGG URO RAN, Yeka-
terinburg, 2005) [in Russian].

3. O. A. Vorob’eva, N. V. Samoilova, and E. V. Sveshni-
kova, 

 

Gabbro–Pyroxenite–Dunite Belt of the Middle
Urals

 

 (IGEM AN SSSR, Moscow, 1962), Issue 65 [in
Russian].

4. N. K. Vysotskii, 

 

Platinum Deposits of the Isov and Nizh-
nii Tagil Areas in the Urals

 

 (Geolkom, St. Petersburg,
1913) [in Russian].

5. L. I. Gurskaya, L. V. Smelova, L. R. Kolbantsev, et al.,

 

Platinoids of Chromite-Bearing Massifs in the Polar
Urals

 

 (VSEGEI, St. Petersburg, 2004) [in Russian].

6. K. K. Zoloev, Yu. A. Volchenko,V. A. Koroteev, et al.,

 

Platinum Metal Mineralization in Geological Com-
plexes of the Urals

 

 (IGG URO RAN, Yekaterinburg,
2001) [in Russian].

7. A. A. Efimov, Yu. L. Ronkin, S. Zandern, et al., Dokl.
Earth Sci. 

 

403A

 

, 896 (2005) [Dokl. Akad. Nauk 

 

403

 

, 512
(2005)].

8. O. K. Ivanov, 

 

Concentrically Zoned Pyroxenite–Dunite
Massifs of the Urals

 

 (UralGU, Yekaterinburg, 1998) [in
Russian].

9. K. S. Ivanov and V. R. Shmelev, Dokl. Earth Sci. 

 

347A

 

,
396 (1996) [Dokl. Akad. Nauk 

 

347

 

, 649 (1996)].

10. K. S. Ivanov, 

 

Basic Features of Geological History (1.6–
0.2 Ga) and Structure of the Urals 

 

(IGG URO RAN,
Yekaterinburg, 1998) [in Russian].

11. V. I. Maegov, G. A. Petrov, Yu. L. Ronkin, et al., in 

 

Mate-
rials of the International Geological Conference “Reports
in Commemoration of A.N. Zavaritskii”

 

 (IGG URO
RAN, Yekaterinburg, 2006) [in Russian].

12. V. S. Popov and B.V. Belyatskii, Dokl. Earth Sci. 

 

409

 

,
795 (2006) [Dokl. Akad. Nauk 

 

409

 

, 104 (2006)].

13. Yu. L. Ronkin, K. S. Ivanov, V. R. Shmelev, et al., 

 

Main
Problems in the Theory of Magmatic Ore Deposits

 

 (Mos-
cow, 1997), pp. 300–301 [in Russian].

14. G. N. Savel’eva, M. A. Shishkin, A. N. Larionov, et al.,
in 

 

Ophiolites: Geology, Petrology, Metallogeny, and
Geodynamics

 

 (IGG URO RAN, Yekaterinburg, 2006),
pp. 160–164 [in Russian].

15. V. R. Shmelev, Litosphere, No. 2, 41 (2005).



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


