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Abstract—This paper covers the results of a study of ore and accessory chromite mineralizations in an ultra-
mafic rock complex of the Valizhgen Peninsula. It was found that the chromite mineralization belongs to the
podiform type, is located in lens-shaped dunite bodies, and is represented by several structural-textural variet-
ies. The ore and accessory chrome-spinellides have some specific compositional features in the rocks of either
series distinguished as follows: chrome-spinellides of the cumulative dunite-orthopyroxenite-chromitite series
have elevated Cr, Ti, and Fe3+ contents, while spinellides from residual harzburgites are typically low in TiC>2
and Fe2O3 and variable in Cr and Mg contents. The specific location of chromitites in mafic-ultramafic massifs
of the peninsula and the composition of ore and accessory chrome-spinellides from ultramafics can be
accounted for by an interaction of primitive mantle magmas with host harzburgites. The calculations using min-
eral thermobarometry indicate a relatively low pressure and high temperature and oxygen fugacity during the
formation of chromite mineralization. The chemical and Re-Os isotopic compositions were also studied for
platinum group element (PGE) minerals from placers of the Valizhgen Peninsula. It is suggested that chromi-
tites of the mafic-ultramafic massifs are sources of these placers.

INTRODUCTION

Most of the Alpine-type ultramafic massifs of Kory-
akia and eastern Kamchatka, except for small bodies,
include chromite ore mineralization of podiform type
after Trayer (1969). This mineralization varies in scale
from large commercially valuable ore occurrences in
the Kuyul'sk, Krasnogorsk, and Tanvatnei massifs to
small veins and schlieren, as well as alluvial heaps of
blocks and separate boulders, only of mineralogical
interest. There is a distinct correlation between the rock
composition and scale of chromite mineralization: the
largest ore occurrences are confined to the strongly
depleted rocks of the dunite-harzburgite series, whereas
the slightly depleted Iherzolites generally contain
accessory chrome-spinellides (Dmitrenko etal., 1990).
The strongly depleted spinellide harzburgites, the main
ultramafic rock variety of the Valizhgen Peninsula, are
of great interest with respect to chromite ore mineral-
ization. The ultramafic rocks of the Valizhgen Penin-
sula have been known for a long time. However, the
related chromite mineralization has not been studied in
detail yet. In this paper, we characterize the ore and
accessory chromite mineralizations in ultramafic rocks
of various types, consider some aspects of the chromi-
tite formation, and estimate the chromite potential of
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the massifs of the peninsula. Bearing in mind a close
relation of PGE to chromite mineralizations, we could
also estimate the prospects of the region for mineral
accumulations of the platinum group elements (PGE).

GEOLOGY

Ultramafic rocks are abundant in the Valizhgen Pen-
insula in the southwestern part of the Koryak Highland
and belong to the Talovo-Pekul'nei ophiolite belt com-
prising ophiolites of various ages and peridotites and
gabbroic rocks of various petrochemical types
(Palandzhyan, 1992). More than a hundred isolated
ultramafic rock bodies scattered over the Valizhgen rise
are suggested to be fragments of a large low-angle
plate-shaped body composed of several sheets (Velin-
skii, 1979; Chekhov, 1982). Ultramafic rocks, together
with associating gabbroids and Paleozoic (?) silicic-tuf-
faceous rocks, occur among the slightly deformed
Upper Jurassic-Lower Cretaceous terrigenous rocks of
the Myalekasyn and Tylakryl suites (Fig. 1). The ultra-
mafic rocks always have tectonic contacts with host
arkose sandstones and siltstones. All these rocks are
overlain by terrigenous Upper Cretaceous deposits at
the flanks of the rise.

The largest ultramafic rock body, the Dlinnaya Mt.
(Dlinnogorsk) Massif, to which the main occurrences
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Fig. 1. Location and geological scheme of the Valizhgen rise (modified after Kolyasnikov and Krasnyi, 1981). (1) Paleozoic-Meso-
zoic (?) silicic-tuffaceous rocks; (2) Lower Cretaceous terrigenous rocks: straticulate (a), coarse clastic (b); (3) Upper Cretaceous
terrigenous rocks; (4) ultramafics and their breccias; (5) gabbroids; (6) faults. D represents the Dlinnaya Mt. mafic-ultramafic mas-
sif. Chromitite bedrock outcrops are shown with stars.

of the chromite ore mineralization are related, is
located in the central part of the Valizhgen rise and is
about 13 km in extent and 42 km2 in total area. The
massif is a plate-shaped body slightly concave at the
central part. The tectonic contacts of the massif with
host rocks are marked by the development of thick
zones of mylonitization and cataclasis both in the ter-
rigenous and ultramafic rocks. The specific structure of
the massif is defined by the juxtaposition of massive
rocks of the dunite-harzburgite association with cata-
clastic ultramafic rocks varying in clast sizes from
ultramafic breccias to sedimentary serpentinite sand-
stones and siltstones. The structure and rock composi-
tion of the Dlinnaya Mt. Massif were considered in
many publications (Mikhailov, 1962;Pinuse/«/., 1973;
Chekhov, 1982; Palandzhan, 1992; etc.), and the origin
of the exotic ultramafic sedimentary rocks is the subject
of discussion (Kolyasnikov and Krasnyi, 1981; Mar-
kovskii, 1988; etc.).

The ultramafic rocks are represented by varieties
typical of the lower horizons of the ophiolite associa-

tions after R. Coleman (1979): tectonized residual peri-
dotites and cumulative ultramafic rocks of the dunite-
orthopyroxenite series. The massive ultramafic rocks of
the largest bodies (for example, the Dlinnaya Mt. Mas-
sif) are generally composed of spinellide peridotites
(harzburgites and diopside harzburgites) and apo-
harzburgite serpentinites. Dunites (lenses and bands in
peridotites), orthopyroxenites, and websterites are less
abundant. The chromite ore mineralization is related
mainly to dunites. The mineral compositions of ultra-
mafic rocks of all types studied and chemical composi-
tions of the main rock-forming minerals are shown in
Fig. 2. The ultramafics are locally cut by small dikes of
gabbroids, whose emplacement caused the formation
of hybrid rocks. However, the contact of serpentinized
ultramafics with gabbroids in the northern part of the
Dlinnaya Mt. Massif (the upper reaches of the Bukh-
tovaya River) is tectonic and is marked by the develop-
ment of rodingites, contact calc-silicate metasomatites
(Osipenko et al., 2001).
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Fig. 2. Mineralogical features of ultramafic rocks of the Valizhgen Peninsula: («) number of samples, (Amph) amphibole, (cPx) cli-
nopyroxene, (CrSp) chrome-spinellide (Ol) olivine, (oPx) orthopyroxene, (Spt) serpentine.

FORMS OF CHROMITE MINERALIZATION

The main chromite ore occurrences in the Valizhgen
Peninsula are situated within the ultramafic massifs of
the Gorelaya and Dlinnaya mountains confining more
than ten ore occurrences and many sites of ore mineral-
ization. Chromitites are localized in peridotites, which
are serpentinized at a various extent. All occurrences of
chromite ore mineralization are spatially related to dun-
ites and apodunite serpentinites. The ore bodies in all
ore occurrences are rimmed by dunites varying from
several tens of centimeters to several meters in thickness.
However, large lens-shaped dunite bodies several tens of
meters thick normally bear only accessory chromite
mineralization, and only some of them include small
schlieren-shaped chrome-spinellide accumulations.

The largest chromite ore occurrence in the Valizh-
gen Peninsula is found in a cliff outcrop in the left side
of the middle reaches of the Dozhdlivyi Creek (Dlin-
naya Mt. Massif). The lens-shaped chromitite bodies
are a few tens of meters long. Most ore bodies are con-
cordant or subconcordant with the schistosity of host
peridotites and show textures and structures indicative
of ductile flow and recrystallization at high tempera-
tures (Cassard etai, 1981). The bodies are strongly cat-
aclasized and locally show thick platy and blocky part-
ing of ores. The strongest cataclasis is developed in
contact zones between ore and host rocks. The chromi-
tites in these zones are deformed and cut by fractures
filled with a carbonate and serpentine aggregate.

The central parts of most ore bodies comprise zones
of massif chromitites containing 80-95% chrome-

spinellide. However, the ore bodies normally consist of
disseminated mineralization with various chrome-
spinellide contents. Taxitic and nodular varieties of
chromite ores also occur. The chromite grains are iso-
metric (Fig. 3a) varying in size from 0.03 to 1.2 mm
(mainly, 0.2-0.4 mm). Being closely spaced, the
chromite grains usually do not touch each other and are
separated by silicates. The ores have massive, mottled,
banded, and mottled-reticulate textures. The peripheral
parts of the ore bodies have a brecciated texture
(Fig. 3b). The brecciated ores consist of clasts (3-10 cm
in size) of serpentinites, as well as densely dissemi-
nated to massive, medium- to coarse-grained ores, in
cementing chromite aggregate. The chromite cement
has typical clastic textures, porphyroclastic or rare gra-
noclastic. The host ultramafic crush conglomerates
contain ore fragments. The harzburgites contacting
with the crush conglomerates include crooked veins,
stringers, and bunch aggregates of chromite.

The contacts of chromitite bodies with the above-men-
tioned dunite rims are usually sharp. However, a transi-
tional zone consisting of alternating layers with various
chrome-spinellide contents locally exists between chromi-
tites and dunites. The dunite rims grade outward to spinel-
lide harzburgites (with increasing proportion of modal
orthopyroxene). The thickness of the dunite rims does not
correlate with the thickness of ore bodies.

The other type of the chromite ore mineralization is
presented by alluvial heaps of chromitite blocks found
in the middle reaches of the Gorelaya River. The heaps
extend for several tens of meters. The blocks reach 25-
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Fig. 3. Microstructural features ofchrome-spinellides in various chromitites: (a) massive densely disseminated chromitite (sam-
ple 71-88); (b) brecciated chromite ore (sample 124-88). Magnification 40, one nicol.

30 cm in size and are composed of fine- to medium-
grained chromite ores with banded or densely dissemi-
nated textures.

The accessory chrome-spinellides in the Valizhgen
ultramafic rocks are also of great interest. Dunites have
the highest content of accessory chrome-spinellide (up
to 5-6 vol %). The accessory chrome-spinellide is
locally accumulated to form dunites rich in chrome-
spinellide. In the other rock varieties, the accessory
chrome-spinellides are uniformly distributed. Their
highest contents are up to 3-4 vol % in orthopyroxeni-
tes and up to 1 vol % in websterites. Chrome-spinel-
lides are very rare in gabbroids. All accessory chrome-
spinellides in the Valizhgen ultramafics are strongly
cataclasized and cut by thin serpentine stringers.
Chrome-spinellides are usually replaced by magnetite
at the grain margins and in fractures. The accessory
chrome-spinellides in orthopyroxenites and websterites
usually show exsolution textures (magnetite grid).

CHEMICAL COMPOSITIONS
OF CHROME-SPINELLIDES

A nalytical Techniques

The mineral compositions were analyzed with a
Camebax-micro microprobe with EDS Kevex in the
Institute of Volcanology, Far East Division, Russian
Academy of Sciences, Petropavlosk-Kamchatskii (ana-
lysts V.M. Chubarov, S.V. Moskaleva, and T.M. Filoso-
fova). The compositions were measured in points using
an accelerating voltage of 20 kV, beam current of 15 nA
(20-30 nA for the PGE minerals), counting time of 10 s
at every analytical line, and standard correction proce-
dures and programs considering the calculated coeffi-
cients for interference lines. Synthetic and natural min-
erals were used as standards in the analysis of chrome-
spinellides and silicates, while pure metals and natural
minerals were utilized in the analysis of PGE minerals
(analytical lines Ma for Os; Ka for S, Fe, and Cu; and
La for the other elements).

Spinellides

The representative analyses of chrome-spinellides
from various ultramafic rocks of the Valizhgen Penin-
sula are shown in Tables 1 and 2. The mineral formulas
are recalculated to 32 oxygen atoms. The ferrous and
ferric irons are calculated from mineral stoichiometry.
The spinellides are compositionally variable. Accord-
ing to the classification developed by Pavlov et al.
(1979), chrome-spinellides of chromitites and dunites
are mainly chromites and alumochromites, those from
orthopyroxenites are ferrialumochromites, and chrome-
spinellides from harzburgites vary from picotite to
chrome picotite. The main parameters characterizing
the chrome-spinellide compositions are traditionnaly
Cr, Mg, TiO2 content, and iron oxidation degree (Fe3#
concentration). The variations of these parameters in
ore and accessory chrome-spinellides in ultramafic
rocks of the Valizhgen Peninsula are discussed below.

The chrome-spinellides from chromitites have rela-
tively narrow ranges of Mg (0.60-0.73) and Cr (0.69-
0.82) content (Table 1; Figs. 4a, 4b). These spinellides
are more magnesian than those from dunites and ortho-
pyroxenites. Spinellides from the latter two rocks are
similar in Cr concentration values. It is known that Mg
content of chrome-spinellides depends on spinellide
and olivine proportions in a rock. It is suggested that
these relationships are caused by subsolidus diffusion
of Fe and Mg between chrome-spinellide and silicates
on cooling (Zhou et al., 1996). The Cr and Mg content
values of chrome-spinellides are similar in the inner
and outer parts of ore bodies and are not spatially vari-
able. The compositions of chrome-spinellides from the
massive and banded ores, as well as from cement and
clasts of the brecciated chromitites, are also very simi-
lar (Table 1). All the ore chrome-spinellides analyzed
are lacking the compositional zoning. All spinellides
from chromitites have elevated TiO2 contents (0.10-
0.34 wt %) and iron oxidation degree (Fe3# concentra-
tion = 0.03-0.07) as compared to the accessory spinel-
lides from harzburgites (Figs. 4b, 4c). The elevated iron
oxidation degree of the ore chromitites in the Alpine-
type ultramafics was also reported by some other
researchers (Laz'ko, 1989;Talkhammer, 1996; etc.). In
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Fig. 4. Compositions of ore and accessory chrome-spinellides from ultramafic rocks of the Valizhgen Peninsula: (1) Chromitites;
(2) dunites; (3) peridotites; (4) pyroxenites and websterites. (a) Shown are fields of chrome-spinellide compositions in abyssal peri-
dotites (dotted line), island-arc peridotites (dashed line), and island-arc dunites (solid line). Compositional fields are according to
Dick and Bullen (1984) and Ishii etal. (1991).

general, the ore-forming chrome-spinellides in the Val-
izhgen ultramafics, like in chromitites of the other
Alpine-type massifs of the region, have low total iron
content and belong to magnesian varieties of chromites
and alumochromites. On the contrary, the ore chrome-
spinellides of concentrically zoned massifs of the
Vatyna-Vy venka belt, occur as lens-shaped bodies and
have Fe-rich compositions corresponding to fer-
richromites and ferrialumochromites (Granovskii and
Gulyaeva, 1981; Batanova and Astrakhantsev, 1992).

The Cr-richest chrome-spinellides are found in the
rocks of the dunite-orthopyroxenite series (Cr content
values of spinellides are 0.71-0.83 in dunites and 0.71-
0.81 in orthopyroxenites). The spinellides in dunites
also have elevated TiO2 contents (0.12-0.44 wt %).
There are no systematic differences between spinellide
compositions in dunites, orthopyroxenites, and chromi-
tites. This fact supports close genetic relation of these
rocks, which could be comprised in a dunite-orthopy-
roxenite-chromitite series. A combination of elevated
TiO2 contents and with high Cr# of spinellides in the
rocks of this series, as well as the high Mg content of
coexisting olivine (FO90_93) (Fig. 2), indicate a probable
cumulative origin of chrome-spinellides and host
rocks. The elevated iron oxidation degree of spinellides
from dunites and chromitites (Fig. 4b) is consistent
with the above conclusion. The TiO2 contents in chrome-
spinellides from orthopyroxenites of the dunite-orthopy-
roxenite-chromitite series are slightly lower than in
those from dunites and chromitites (Fig. 4c), which is
typical of chrome-spinellides from vein cumulative rocks
of the mantle portion of ophiolite section (Dmitrenko
etal., 1985; Ishii etal., 1992; Bazylev etal., 1999).

Chromium numbers of accessory chrome-spinel-
lides from harzburgites of the Valizhgen Peninsula
widely vary and overlap a significant part of the interval
typical of the spinellide compositions in oceanic and
island-arc peridotites (Fig. 4a). The Cr content of
spinellide varies from 0.27 to 0.64 and positively corre-
lates with Fe content, which is typical of residual man-
tle peridotites (Dick and Bullen, 1984). The spinellide
compositions in most of the harzburgites studied corre-
spond to a moderate depletion and indicate the residual
nature of these rocks. The location of the mineral com-
positions on the classification diagrams points to a
suprasubduction origin of ultramafics (Dick and
Bullen, 1984; Arai, 1994; Ishii et ai, 1992) (Fig. 4a).
This conclusion is verified by relationships between
indicative parameters of spinellides (Cr, Mg, and TiO2
concentrations) and by the correlation of the Cr content
of spinellides with that of coexisting olivine and ortho-
pyroxene (Arai, 1994) (Figs. 5a, 5b). The Cr content of
chrome-spinellides is the main parameter characteriz-
ing the peridotite depletion and depends on the rock
type. It decreases regularly from spinellide harzburgites
to diopside-bearing harzburgites (pseudolherzolites).
This variation in the chrome-spinellide composition is
related to different stages of the rock recrystallization
with the development of Cr-bearing clinopyroxene.
The recrystallization is also developed in websterites,
whose chrome-spinellides have a lower Cr and Mg con-
tents as compared to those in orthopyroxenites.

The distribution of the chrome-spinellide composi-
tions from different rocks of the ultramafic massifs of
the Valizhgen Peninsula in the classification diagrams
is generally similar to that in many ophiolite complexes
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Fig. 5. Dependence of Cr content of chrome-spinellides on Mg content of olivine (a) and A^Oj content (wt %) of orthopyroxene (b)
for coexisting minerals from ultramafic rocks of the Valizhgen Peninsula: (a) The thick dashed line outlines the compositional field
of equilibrium olivine-crome-spinel mantle assemblages (OSMA) (Arai, 1994). Mineral compositions in abyssal (gray) and supra-
subduction (white) mantle peridotites (Pearce el al., 2000). Figures near the model curve correspond to the melting degree (%) of
the primary undepleted mantle source (FMM) during MORE derivation (Pearce et al., 2000). (b) Compositional fields for coexisting
minerals from abyssal (gray) and suprasubduction (white) mantle peridotites (Bonatti and Michael, 1989; Ozawa, 1986). See Fig. 4
for a symbol explanation.

(Dmitrenko et al., 1985, 1990; Zhou et al., 1996; Arai
and Yurimoto, 1995; Melcher et al., 1997; etc.), which
probably indicates the universal character of processes
of chromite formation in the complexes of this type.

DISCUSSION

Mechanism of Formation of Chromitite Ore Bodies

According to recent ideas, the principal mechanism
responsible for the formation of chromite mineraliza-
tion in ultramafic rocks of ophiolites [podiform type of
chromitites (Thayer, 1964)] is the interaction of primi-
tive mantle magmas with residual peridotites and mix-
ing of magmas of various compositions (Arai, 1994;
Arai and Yurimoto, 1994, 1995; Kelemen et al., 1992;
Zhou et al., 1996; etc.). The chromitite formation can
be subdivided into the following stages (Fig. 6). At
stage I, a primitive mantle melt (A) penetrates the
depleted peridotites along permeable zones. At rela-
tively low pressures and high temperatures and PHi0,
which are favorable for selective orthopyroxene disso-
lution, the latter mineral reacts and is removed from the
peridotite with the formation of secondary (or residual,
after Zhou et al, 1996) dunite and a magma (B)
enriched in SiO2 and Cr2O3 (stages II and III). Mixing
of the secondary magma (B) with fresh portions of a
primitive magma (C) causes the precipitation and accu-
mulation of chrome-spinellide crystals and the forma-
tion of chromite ore mineralization in the newly formed
dunites (stages IV and V).

This model (Fig. 6) explains specific features of
chromitite location in ultramafic rocks of the Valizhgen
Peninsula. All of the chromite ore occurrences are con-
fined to the cumulative dunites. The inner parts of veins
and lens-shaped bodies of dunites are most enriched in
chromite, while the transitional zones from dunites to
residual peridotites are less abundant in this mineral.
Only accessory chrome-spinellides occur in harzburgites
of the residual series. Dunites normally gradually pass
into harzburgites with an increasing proportion of modal
orthopyroxene. Like the occurrences of chromite ore
mineralization in other mafic-ultramafic ophiolite mas-
sifs, the chromitite bodies in the Valizhgen Peninsula
have shapes of elongated lenses or veins, which mark
the fracture zones which served as primitive mantle
magma conduits in primary peridotites.

The proposed model also explains the difference
between TiO2 contents in chrome-spinellides from
chromitites and dunites, on one hand, and host peridot-
ites, on the other. Being relatively less mobile in the
process of subsolidus redistribution of elements
between chrome-spinellide and coexisting olivine, tita-
nium contents highlight the geochemical differences
between residual peridotites and the rocks of the dun-
ite-orthopyroxenite-chromitite series.

The rocks of the cumulative series compose a signif-
icant part of the total exposed area of the ultramafic
complex in the peninsula. The massifs are generally
composed of moderately to strongly depleted peridot-
ites, which are most favorable for the formation of pod-
iform chromite mineralization. All these facts allow us
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Fig. 6. A genetic model for podiform chromite mineralization as a result of peridotite/magma interaction and magma mixing (Arai
and Yurimoto, 1984; Zhou et al., 1996): (a) The dashed line shows the reacting (orthopyroxene and magma A) and resulting (sec-
ondary dunite X and magma B) components; (b) the dotted line is a mixing line for magmas B and C: (Ol) olivine; (oPx) orthopy-
roxene; (Qz) quartz; (CrSp) chrome-spinellide; (1) Harzburgite, (2) secondary dunite, (3) orthopyroxene, (4) chrome-spinellide.

to predict the existence of large chromite ore occur-
rences. At the same time, the presence of placer occur-
rences of PGE minerals in alluvial deposits of streams
washing the massifs of the peninsula in the northwest
and west probably indicates a wider distribution of the
rocks of the cumulative series including chromitites at
the earlier stages of the massif erosion.

Thermodynamic Conditions of Formation of Accessory
and Ore Chrome-Spinellides

The main thermodynamic parameters were calcu-
lated for the formation of coexisting minerals in ultra-
mafic rocks of various types in the Valizhgen Peninsula.
The temperature and pressure were calculated using
coexisting olivine and clinopyroxene (Loucks, 1996;
Nimis and Ulmer, 1998). The highest crystallization
temperature of 1104°C correspond to a pressure of
10.5 kbar. The temperatures within the interval of 910-
1100°C were obtained for the diopside-bearing

harzburgites of the Dlinnaya Mt. Massif and probably
correspond to the high-temperature subsolidus meta-
morphism for this ultramafic rock variety. The calcula-
tions for this rock show a concurrent gradual decrease
of temperature and pressure. The pressure became
invariable (3.5 kbar) at temperatures below 950°C. This
pressure probably corresponds to the final emplace-
ment of the massif. A further decrease of temperatures
to 670-720°C, which approximate the lowest tempera-
tures of the olivine-chrome-spinellide equilibrium,
could be related to a lower temperature metamorphism
of peridotites accompanied by the crystallization of
amphibole and secondary low-Cr clinopyroxene.

The temperature range of 660-800°C (up to 840°C
in rare cases) was calculated by the coexisting olivine
and spinellide in harzburgites and dunites using the
geothermooxometer proposed by Ballhaus et al.
(1991). The calculated temperatures are evenly distrib-
uted within the interval, and no particular temperatures
were revealed that could mark separate stages of sub-
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solidus recrystallization of rocks during their deforma-
tions. The calculated temperatures could be the temper-
atures of final equilibrium between olivine and spinel-
lide for all rock varieties (final recrystallization at the
magmatic conditions). In spite of the fact that the esti-
mated temperatures are characteristic of the lower hori-
zons of the Earth's crust, almost all compositions of
equilibrium olivine and chrome-spinellide (both in the
rocks of residual series and in cumulates) are plotted
within the field of mantle compositions OSMA
(Fig. 5a) (Arai, 1994).

The pressure of 10 kbar was accepted for all rock
varieties of the ultramafic complex of the Valizhgen
Peninsula in calculations of redox conditions of sub-
solidus equilibrium of coexisting olivine and chrome-
spinellide (Ballhaus et ai, 1991). During the highest
temperature metamorphism, /Oi was close to fayalite-
magnetite-quartz (FMQ) buffer conditions in both
spinellide harzburgites and dunites; however, it was
0.4-0.6 logarithmic units higher in the latter [FMQ +
(0.6 to 1.7)] than in the former [FMQ + (0.2 to 1.1)].
These data are consistent with higher degree of iron
oxidation of ore and accessory chrome-spinellides in
the rocks of the dunite-orthopyroxenite-chromittte

series as compared to the accessory chrome-spinellide
in harzburgites. The /Oi values for all ultramafic rock
varieties of the Valizhgen Peninsula generally corre-
spond to the suprasubduction rock environment (Par-
kinson and Arculus, 1999).

Platinum Mineralization Related to Chmmitites
of the Valizhgen Peninsula

The spatial and genetic relation of PGE and
chromite mineralizations in the mafic-ultramafic ophi-
olite complexes is generally recognized (Dmitrenko
etal., 1985, 1990; Talkhammer, 1996; Rudashevskii
et al., 1999; Melcher, 2000; Melchere? ai, 1997; Zhou
etal., 1996; etc.). In this context, the study of PGE min-
erals from placers in alluvial deposits of streams wash-
ing the massifs of the peninsula in the northwest and
west (Gorelaya and Ilistaya rivers and their tributaries)
is important. The PGE minerals are represented in plac-
ers by euhedral or slightly rounded crystals and their
fragments, as well as microaggregates of PGE miner-
als. Most grains are 0.2-0.5 mm in size, however, some
larger grains of Os-Ir-Ru alloys (up to 7 mm) are also
found.
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Fig. 7. Compositions of PGE minerals from placers of the Valizhgen Peninsula: (a) Os-Ir-Ru alloys (1) and sulfides of the laurite-
erlichmanite series (2) in an Os-Ru-(Ir + Pt) diagram, at. %; (b) iridium (1), osmium (2), and isoferroplatinum (3) in an (Os + Ru)-
(Pt + Fe)-(Ir + Rh) diagram, at. %; (c) proportions of Pt and Ir in isoferroplatinum from placers of the Valizhgen Peninsula.

The analyzed samples are all mineral species of the
Os-Ir-Ru system, i.e., solid solutions of Ir, Os, and Ru,
as well as rutheniridosmines of intermediate composi-
tion (Table 3, analyses 1-9; Fig. 7a). This fact empha-
sizes a close genetic relation of placer PGE minerals of
the peninsula to chromitites, because the enrichment of
high-melting PGE (Os, Ir, and Ru) relative to the low-
melting PGE (Pt, Pd, and Rh) is a typical feature of
podiform chromitites of most ophiolite complexes.
Platinum concentration in Os is low (up to 5.3 wt %),
while that in Ir is up to 24.2 wt % or 22.5 at. % (Fig. 7b),
which indicates the highest exsolution temperature of
845°C during the formation of these phases (Blagorod-
nye metally, 1984). The hexagonal alloys (osmium,
ruthenium, and iridosmine) show two compositional
trends. The dominant ruthenium trend up to 50 at. % Ru
(Fig. 7a) is typical of the rutheniridosmine assemblage
related to ultramafic rocks of the ophiolitic type (Tol-
stykh and Krivenko, 1997). The second iridium trend is
directed from osmium to iridium up to 50 at. % Ir in
osmium and is composed of alloys almost free of Ru.
Such Os compositions with small or no Ru admixtures
(Table 3, analysis 1) are more typical of the sources of
the Alaskan type. The PGE minerals are represented by
the following two equilibrium assemblages: (1) inter-
growths of osmium and iridium crystals and (2) inclu-
sions of osmium in isoferroplatinum. The first assem-

blage is typical of PGE minerals of ophiolite ultra-
mafics, while the second one is more characteristic of
placers related to concentrically zoned clinopyroxen-
ite-dunite massifs of the Alaskan type.

The Pt-Fe alloys can be affiliated with isoferroplat-
inum (Pt3Fe) with Pt content of about 75 at. % with
small deviations to compositions richer in Pt or Fe
(Table 3, analyses 10-13). The Ir contents in isoferro-
platinum are up to 7.2 wt % or 6 at. % (Fig. 7c).

The PGE sulfides and sulfoarsenides are represented
by several mineral species (Table 3, analyses 14-21).
Most of them are inclusions in isoferroplatinum except
for irarsite (Ir, Rh)AsS, forming rims on isoferroplati-
num, and for laurite RuS2 that also occurs as separate
crystals. RuS2 contains up to 25.8 wt % Os and 10.9 wt %
Ir (Table 3, analyses 14-16). Unlike laurite, erlichman-
ite OsS2 concentrates Rh and Pt, while the Ir contents
in this mineral do not exceed 0.6 wt % (Table 3, analy-
sis 17). A part of S in erlichmanite is replaced by As (up
to 5.7 wt %). The Rh- and As-bearing erlichmanite was
found earlier in the Levtyrinvayam placer related to the
Gal'moenan clinopyroxenite-dunite massif in Kory-
akia (Tolstykh et al., 2001). Irarsite, hollingworthite,
and cooperite (Table 3, analyses 18-20) are character-
istic of sources of various types. Normally, they were
formed later than isoferroplatinum and their crystalli-
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zation depended on S and As activities at the postmag-
matic stage. Iridium dominates over nickel in the com-
position of the monosulfide solid solution (Ir, Ni)] _ VS.
The other PGE are not detected in it, while Fe and Cu
admixtures exceed 3.3 and 4.6 wt %, respectively
(Table 3, analysis 21). The Ir-Ni monosulfides distinct
in Ni dominating over Ir were described in the ophi-
olitic ultramafic rocks of Kempirsai in Kazakhstan
(Melcher, 2000).

Thus, the PGE mineral assemblage in placers of the
Valizhgen Peninsula can be related to several different
magmatic sources, the main one being chromitites of
the ultramafic rock complex. The other source could be
presented by zoned clinopyroxene-dunite massifs that
are capable of producing valuable Pt placers.

Re—Os Isotope Compositions
of Individual PGE Mineral Grains

The 187Os/l88Os ratios were measured in individual
PGE mineral grains from alluvial deposits in the west-
ern part of the Valizhgen Peninsula to identify the
sources of ore material and determine the Re-Os model
ages (Table 4). The isotopic analyses were performed in
13 samples with negative thermal ion mass spectrome-
try (NTTMS) using a modified MI-1320 mass spec-
trometer (Russia) (Kostoyanov etaL, 2000). The instru-
mental error of isotopic ratios measurements in a series
of parallel determinations was less than 0.3% relative.
The ratios were normalized for isobaric and mass-frac-

tionation effects. The correction for mass fractionation
corresponded to the exponential dependence of isoto-
pic effects on masses of ions registered. Normally,
250 mass spectra were recorded in each test.

The 187Os/'88Os ratios in all analyzed samples of
PGE minerals from alluvial deposits of streams wash-
ing the ultramafic massifs of the peninsula vary within
a narrow range of 0.1143-0.1290 and are lower than the
modern CHUR values of 0.12736 ±0.00016 (Yin etal,
1996) except for one laurite grain (Table 4, analysis 13).
These ratios indicate a mantle (chondrite) source of ele-
ments in the PGE mineralization. The model Re-Os
ages for the PGE minerals studied were calculated by a
procedure described by Kostoyanov (1998) and vary
within a wide interval of 1900-110 Ma, which is typi-
cal of minerals from placers related to the Alpine-type
massifs of ophiolitic ultramafics (Rudashevskii et al.,
1999). Such placers usually contain coexisting PGE
minerals of various ages (Rudashevskii et al., 1999).
The model Re-Os ages of many of these minerals are
much older than the time of the emplacement of ultra-
mafic massifs, to which the PGE mineralization is
related. The Re-Os ages of PGE minerals closely
approximate the ages of the mineral crystallization
(Kostoyanov, 1998). Thus, we suggested that the for-
mation of most PGE minerals occurred in the mantle
rocks prior to their emplacement in the upper crustal
levels. This feature of the PGE mineralization is more
consistent with a protrusion of Alpine-type ultramafics
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to the crustal level and with the hypothesis of metaso-
matic transformation of primary PGE minerals under
the influence of mantle fluids with a readjustment of the
isotopic system. Therefore, the variations of the Os iso-
tope compositions of PGE minerals in the Valizhgen
Peninsula indicate that the formation and evolution of
the accessory PGE mineralization in the ultramafic
rocks as a primary source of placer minerals generally
occurred in the mantle for a long time and during sev-
eral stages.

The 187Os/188Os ratios higher than in the modern
mantle chondrite reservoir, which were found in some
samples, require the contribution of a component sig-
nificantly enriched in radiogenic Os relative to the pri-
mary mantle rocks. For example, this component could
be represented by crustal material. Similar anomalous
isotopic characteristics were also found in some other
massifs of this type (see, for example, Rudashevskii
etal, 1999).

Note that many of the model Re-Os ages of PGE
minerals from alluvial deposits of the Valizhgen Penin-
sula coincide with the age of PGE minerals from plac-
ers in some other PGE-bearing regions of the Far East
(Kostoyanov, 1998; Malich and Kostoyanov, 1999;
Rudashevskii et a/., 1999; etc.). Such a coincidence
could be caused by global cyclic processes of the PGE
mineral generation in the mantle.

CONCLUSION

(1) The mafic-ultramafic massifs of the Valizhgen
Peninsula include podiform chromite ore mineraliza-
tion, which is typical of ophiolite massifs. Chromitites
are localized in the partially serpentinized peridotites
and confined to the central parts of lens-shaped dunite
bodies in harzburgites. The ore bodies in all ore occur-
rences are rimmed by dunites varying from several tens
of centimeters to several meters in thickness. These
dunites grade outward to spinellide harzburgites, which
only bear the accessory chromite mineralization. The
chromite ores are represented by several textural and
structural varieties.

(2) The chrome-spinellide compositions consider-
ably vary in different rocks of the ultramafic complex.
Regardless of the textural-structural type of ore, the
chrome-spinellides from chromitites show insignificant
variations of Mg and Cr concentration values. At gen-
erally similar Cr values, these spinellides are more
magnesian than those from dunites and orthopyroxeni-
tes, which compose one genetic cumulative series with
chromitites. Additionally to a high Cr content, spinel-
lides from this series of rocks have an elevated TiO2
content and iron oxidation degree.

Chromium numbers of accessory chrome-spinel-
lides from harzburgites vary widely, overlapping a sig-
nificant part of the interval typical of spinellide compo-
sitions in oceanic and island-arc peridotites and indi-
cate a moderate depletion degree of peridotites. The

titanium contents and iron oxidation degree of these
spinellides are extremely low. The compositions of
chrome-spinellides and other minerals of peridotites
point to a residual origin of the ultramafic rocks in a
suprasubduction setting.

(3) The specific location of chromitites in mafic-
ultramafic massifs of the peninsula and composition of
ore and accessory chrome-spinellides from ultramafics
can be accounted for by the interaction of primitive man-
tle magmas with host harzburgites. The calculations
using mineral thermobarometry indicate a relatively low
pressure and high temperature and oxygen fugacity dur-
ing the formation of chromite mineralization.

(4) The mineralogical and geochemical study of
PGE minerals from placers of the peninsula shows that
chromitites are the main (but probably not single)
source of these minerals. The Re-Os isotopic composi-
tions of the PGE minerals are consistent with the for-
mation of PGE mineralization in the mantle rocks prior
to their emplacement in the upper crustal levels and
subsequent metasomatic transformation of primary
PGE minerals under the influence of mantle fluids with
the readjustment of the isotopic system, which resulted
in a wide interval of model Re-Os ages.
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