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INTRODUCTION

Along with the broadly known Cu–Ni–PGE sulfide
mineral deposits in the Noril’sk region, folded struc-
tures surrounding the Siberian Platform host other
promising deposits of the same metallogenic type,
which were discovered in the early 1960s but are still
relatively poorly explored. These are layered intrusions
and complexes of mafic–ultramafic composition, such
as the Kingash Massif in the Western Sayan and
Dovyren plutons and the Chaya and Nyurundukan mas-
sifs in the northwestern Baikal area, the Chinei Intru-
sion in the northern Transbaikalye, the Luchan Massif

in the Stanovoi Range, and a number of smaller bodies.
These intrusions are accompanied by ore mineraliza-
tion or are potentially metalliferous and attract a lot of
interest of geological organizations and mining compa-
nies in the context of incrementing the resources of sul-
fide ores and precious metals in eastern Siberia. Atten-
tion was recently focused on the geological–geochemi-
cal mapping of intrusive basites and ultrabasites, and a
new exploration cycle was launched with the evaluation
and reevaluation of the related resources of ores and
metals. In this situation more stringent requirements are
imposed upon the utilization of available geological
potential, the application of state-of-the-art technolo-
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Abstract

 

—This paper presents a review of petrological–geochemical studies at the Yoko-Dovyren Massif with
an emphasis on relations between parameters of the parental magma, a model for the genesis of the lower con-
tact zone, and the nature of Ni sulfide ore mineralization, including the evaluation of the possible ore potential.
Arguments are presented in support of the conclusion that the Dovyren magma brought much intratelluric oli-
vine of the composition 

 

Fo

 

85–87

 

into the chamber, and the composition of the initial melt corresponded to gab-
bronorite or moderately magnesian basite with no more than 10 wt % MgO. The probable temperature of the
parental magma was approximately 

 

1200–1250°ë

 

, and the sulfur solubility did not exceed 0.10–0.12 wt %
(

 

P

 

 = 1 kbar, WM buffer). The comparison of this estimate with the average S contents in the bottom plagioperi-
dotites (

 

0.12 

 

± 

 

0.06

 

 wt %) indicates that the initial magma was saturated with a sulfide phase. For the first time
the problem of the composition of contaminated dunites was formulated (these rocks occur in the Layered
Series and contain more magnesian olivine 

 

Fo

 

87–92

 

). The reason for the increase in the mg# of olivine is thought
to be the partial melting and compaction of the original cumulates due to the infiltration of intercumulus melt
enriched in volatile components. The volatiles were presumably provided by the thermal decomposition of car-
bonate xenoliths, a process that resulted in an increase in the CO

 

2

 

 pressure and the transfer of calcite–magnesite
components of carbonates into the melt. This follows from (1) the occurrence of magnesian skarn developing
after carbonates, (2) high CaO contents in olivine form the contaminated dunite, (3) the appearance of olivine-
bearing pyroxenites and wehrlites in the upper part of the dunite zone, (4) correlation between the olivine and
chromite composition in the contaminated and uncontaminated dunites, (5) broad variations in the oxygen iso-
topic composition of olivine and plagioclase from rocks of the Layered Series, (6) experimental data on the dis-
solution of carbonates in alkali basalt melts, and (7) analogies with isotopic–geochemical characteristics of
rocks from the Jinchuan ultramafic complex. Petrological implications of the interpretation of the Dovyren
chamber are discussed with reference to closed and flow-through (during an initial stage) magmatic systems. A
petrological–geological model is proposed for the genesis of the Synnyr–Dovyren volcanic–plutonic complex
and related Ni sulfide ore mineralization. The potential resources of Cu–Ni sulfide ores in the plagioperidotites
are evaluated with regard to the still-unexposed part of the massif.
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gies, and the development of newly developed and sci-
entifically justified criteria for the exploration and eval-
uation of Ni sulfide ore resources. These problems can-
not be solved based on the results of a geological survey
alone (with the application of traditional geochemical
and geophysical methods). An ever higher priority is
thereby given to the analysis and qualified utilization of
genetic information on the nature of sulfide-forming
processes, including data on the thermodynamic condi-
tions under which the sulfide phases were formed, the
dynamics of their transfer and redistribution (segrega-
tion) in magmatic melts, and conditions of their con-
centration in the course of magmatic evolution.

Modern petrological models of processes generat-
ing Ni sulfide ore mineralization are underlain by data
on magmatic complexes and volcanic suites that char-
acterize the major types of the petrotectonic provinces
of the Earth [1, 2]. The synthesis of these materials led
to the conclusion that the genesis of most Cu–Ni depos-
its was related to mafic magmatism during rifting at the
margins of continental cratons. Further support for this
is provided by the results obtained on classic mineral-
ized intrusions at Labrador (Voisey’s Bay),
anorthosite–troctolite massifs of the Duluth Complex
in Minnesota, comagmatic suites at Pechenga in north-
ern Russia, and magnesian basalts at Jinchuan in north-
ern China. Important studies were conducted on volca-
nic–plutonic associations in the northwestern Siberian
Platform. The results obtained on fertile and barren
intrusions in the Talnakh group of mineral deposits and
data on the geochemistry of basalts of coeval associa-
tions made it possible to formulate the fundamentals of
a basic geological–geochemical model for the genesis
of Cu–Ni sulfide deposits [1–5]. In spite of certain dif-
ferences between these petrological schemes, they
imply that the ore-forming systems developed from a
combination of a number of favorable factors, includ-
ing (1) the presence of parental magmas containing at
least ~100 ppm Ni, (2) the onset of sulfide–silicate
immiscibility (usually triggered by contamination with
crustal material), (2) the possibility of migration for the
contaminated and hybrid basaltic magmas to upper
crustal levels without significant loss of the sulfide
phase, and (4) a certain mechanism of sulfide precipita-
tion in the magmatic conduit or chamber [6–9]. The rel-
ative contribution of these processes to the origin of
individual mineral deposits, the extent of sulfide con-
centration, and the corresponding signatures in the
geochemistry of the comagmatic volcanics should be
different. This highlights the necessity of systematizing
data on the structures of intrusive complexes and the
geochemical specifics of riftogenic volcanic associa-
tions that characterize various geological–tectonic
regimes forming sulfide deposits during discrete stages
of geological history. Thereby a more and more impor-
tant role is played not only by analytical investigations
and geochemical synthesis but also by new petrological
approaches underlain by information on tiny inclusions

in minerals [10, 11] and the application of modern
numerical simulations for the crystallization differenti-
ation of basite magmas [12, 13].

The integration of petrological and geochemical
techniques in application to the genesis of Ni sulfide ore
mineralization and the development of new prospecting
guides for Cu–Ni–PGE ores cannot now be accom-
plished simultaneously for numerous intrusive and vol-
canic basites. It is very important to select reference
volcano-plutonic associations comprising genetically
interrelated layered massifs, hypabyssal bodies, and
volcanic rocks that are characterized by diverse modes
of occurrence of sulfides of magmatic and/or fluid–
magmatic genesis. Such a reference complex should be
characterized by unambiguous geological relations
within a certain association, the availability of accessi-
ble and well exposed vertical sections (drill core), the
good preservation of the rocks and minerals, and the
presence of diverse types of sulfide mineralization. In
Russia, one of the most suitable (along with the Norilsk
province) provinces for the solution of such problems is
the northern Baikal metallogenic province, which hosts
the largest Kholodninskoe base-metal deposit [14, 15]
and the Baikal’skoe Cu–Ni deposit with massive Cu–Ni
sulfide ores at the bottom of the Yoko–Dovyren layered
pluton [16]. This layered dunite–troctolite–gab-
bronorite–norite massif is now one of the most thor-
oughly examined intrusions in Russia and composes,
together with the accompanying hypabyssal bodies of
plagioclase lherzolites and gabbronorites, the Late
Riphean Dovyren intrusive complex [17–25]. The
rocks of this complex are thought to be comagmatic and
roughly coeval with the volcanics of the Synnyr rift and
likely compose a common genetic sequence of volcanic
rocks and mafic–ultramafic rocks of a single Late Riphean
Synnyr–Dovyren volcanic–plutonic complex (Fig. 1).
There are good reasons to believe that the Dovyren plu-
ton itself was formed in a thick magmatic chamber that
belonged to a large-scale mantle–crustal magma-feed-
ing system [20, 26]. Hence, many lines of evidence
indicate that this volcanic–plutonic association is
almost ideal for the detailed geochemical and petrolog-
ical study of magmatic processes that generated sulfide
mineralization in the course of the evolution of the Syn-
nyr magmatic system in the southern margin of the
Siberian craton in the Late Proterozoic.

Although the Dovyren intrusion was mapped in
much detail and its composition has been studied for a
long time, the petrological interpretation of its inner
structure is ambiguous: the temperature evaluations and
the composition of the parental Dovyren magma are
disputable, and the differentiation of this magma was
explained by various mechanisms [22, 27–29]. It is also
uncertain as to how open or closed was the magmatic
chamber and what role was played by the processes of
the early crustal contamination of the parental magma
before its injection into the chamber [30, 31], as well as



 

GEOCHEMISTRY INTERNATIONAL

 

      

 

Vol. 47

 

      

 

No. 5

 

      

 

2009

 

THE DOVYREN INTRUSIVE COMPLEX: PROBLEMS OF PETROLOGY 427

 

the role of the assimilation of the host rocks during the
emplacement of the intrusion [32, 33]. Other highly
uncertain issues include the nature, reasons for, and
scale of sulfide segregation in the bottom rocks of the
Dovyren intrusion, including sills of plagioclase lherz-
olites and gabbronorites. The situation with the comag-
matic nature of the Synnyr volcanics (

 

Inyaptukskaya

 

and 

 

Synnyr

 

 formations) is also largely uncertain. The
conclusion about their possible genetic links with rocks
of the Dovyren Complex is based mostly on geological
evidence (Fig. 1). Practically all data available as of the
present are contained in the not very voluminous mono-
graph [17] and a few whole-rock analyses of the volca-
nics with a limited number of geochemical characteris-
tics [21].

This publication presents a synthesis of this infor-
mation and outlines avenues for the further study of the
Yoko-Dovyren Massif with the use of modern petrolog-
ical and geochemical methods. The results of these
studies can be useful for the development of genetic
models for various types of Ni sulfide mineralization
related to mafite–ultramafite intrusions during the evo-
lution of large magma feeding systems.

GEOLOGY OF THE DOVYREN COMPLEX

The Yoko–Dovyren Massif, its accompanying
hypabyssal bodies, and the volcanic rocks of the Syn-
nyr rift (Fig. 1) are thought to compose a single volca-
nic–plutonic association, which was formed in the Late
Riphean in the southwestern part of the Olokit–
Bodaibo trough [20, 34]. Geodynamic reconstructions
suggest that this trough was produced in relation to the
evolution of the Baikal–Patom paleobasin, which sepa-
rated the Siberian craton and Baikal–Muya ensimatic
island arc in the Proterozoic. The continental basement
of the paleobasin is exposed at the surface in the Chuya
and Chara inliers. A carbonate–terrigenous sequence
many kilometers thick accumulated there in the Early
Proterozoic and Riphean and was then metamorphosed
to the greenschist and amphibolite facies. Collision
processes in the margin of the Siberian craton in the
Late Riphean were associated with the large-scale
northeasterly (in modern coordinates) horizontal dis-
placements of the terranes and the origin of the Synnyr
rift structure approximately 150 km long and 12–15 km
wide.

The deposits of the Synnyr rift trough are underlain
by sand–shale–carbonate sediments of the 
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Fig. 1.

 

 Schematic geological map of the Synnyr–Dovyren volcano-plutonic association (based on [21, 34]).
(

 

1

 

) Chuya (Kutim) inlier of crystalline basement rocks (AR–PR
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); (

 

2

 

) terrigenous deposits of the Olokit trough; (

 

3

 

) island arc
metavolcanics (R
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?); (

 

4

 

–

 

7

 

) rocks of the Synnyr rift (R

 

3

 

–V): (

 

4

 

) carbonate–terrigenous–shale sediments, (

 

5

 

) Vendian conglomerates,
(6) basalt–andesite–rhyolite Inyaptuk Formation, (

 

7

 

) andesites of the Synnyr Formation; (

 

8

 

, 

 

9

 

) Dovyren intrusive complex: (

 

8

 

)
Yoko–Dovyren pluton and ultramafic sills, (

 

9

 

) gabbronorite and gabbro-diabase sills. The inset shows the location of volcano-plu-
tonic complexes in the folded structures surrounding the Siberian Platform (white).
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Group

 

 [17], which consists of the 

 

Tyya

 

 (metabasalts,
black shales, and carbonates 1200 m thick), 

 

Olokit

 

(shales, sandstones, and gravelstones), 

 

Ondoko

 

 (dolo-
mites, quartz sandstones, and siltstones), and Avkit
(marbles, garnet–mica schists, and quartzites up to
2500 m thick) formations. The latter two formations are
probable analogues metamorphosed to different grades.
Dolomites in the Olokit Formation host the Ondoko
and Rybach’e occurrences of Pb–Zn ore mineraliza-
tion. Amphibole–mica schists of the Avkit Formation
host the Kholodninskoe Cu–Zn sulfide deposit. The
stratigraphic section of the Synnyr rift begins with ter-
rigenous–carbonate sediments of the 

 

Ityka

 

 (up to 950 m
thick) and 

 

Asektamur

 

 (1700 m) formations. They are
overlain by volcanic rocks of the Inyaptuk and Synnyr
formations, which compose the Inyaptuk Mountains
northeast of the Dovyren pluton. The age of the volca-
nics is 

 

700 

 

± 

 

20

 

 Ma [35]. The Inyaptuk Formation con-
sists of picrite-basalt pillow lavas, basalts, and basaltic
andesites, along with subvolcanic trachydacite and rhy-
olite bodies, which are exposed in the upper reaches of
the Tyya River (Morenyi Streasm). The trachydacites
occasionally contain xenoliths of crystalline rocks from
the Precambrian basement of the Siberian Platform.
This suggests that crustal material may have partici-
pated in the generation (hybridism) of the acid volca-
nics in the Synnyr rift [26, 31]. Andesites and basaltic
andesites of the Synnyr Formation compose the water-
shed part of the Synnyr Range and Mount Inyaptuk.

Information on the age and genetic relations
between volcanic rocks in the Synnyr rift and the
Dovyren intrusion is fragmentary. The conclusion
about their genetic links was first drawn from the com-
parison of petrochemical materials [17]. Later it was
demonstrated that some geochemical characteristics of
the chilled gabbronorites and granophyre diabases in

the roof of the Dovyren Massif correspond to those of
basalts in the Synnyr Formation [20, 21]. This view-
point found support in the REE patterns (Fig. 2) and
isotopic ages of intrusive and volcanic rocks in the Syn-
nyr structure, which were dated at 

 

740

 

 ± 

 

55

 

 (Rb–Sr) to
673 

 

± 

 

22

 

 (Sm–Nd) Ma [30, 33].

INNER STRUCTURE 
OF THE DOVYREN PLUTON

This massif is now studied more thoroughly than
other intrusive bodies of the Dovyren Complex (Fig. 3).
The pluton composes mounts Yoko and Dovyren,
which are separated by the valley of the Ondoko River,
and is, in map view, a lens-shaped body approximately
~

 

26

 

 × 

 

3

 

 km. Geophysical evidence indicates that the body
can be traced to a depth of 4–5 km, i.e., the volume of the
rocks composing this massifs is close to 350 km

 

3

 

. The
massif is subconformable with its host rocks along its
strike and dip, which is nearly vertical due to postintru-
sive folding (Fig. 3). In spite of its Late Precambrian
age, the massif is not metamorphosed. Its detailed map-
ping has revealed that the contour of its bottom inter-
sects the host stratified sequence at an acute angle. This
is clearly seen at the northwestern contact, where rocks
of the massif cut across a carbonate bed close to the bot-
tom of the massif, and the position of this bed before
the emplacement of the intrusion is traced by xenoliths
of magnesian skarns within the massif [16, 36].

The structure of the pluton varies along its strike: its
central part (Mount Dovyren) includes a thick zone of
ultramafic rocks, and its southwestern margin (Mount
Yoko) is dominated by mafic rocks. The modal (phase)
layering of the massif was thoroughly examined in its
central ultramafite–mafite part, in which the bottom of
the vertical section is made up of rocks of the lower
contact zone (including a unit of plagioclase lherzolite)
and four zones corresponding to a successive change in
cumulus minerals in the Layered Series:
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This is a generalized succession, whereas real verti-
cal sections of the Layered Series show the intercala-
tion and rhythmic changes in of various rock types,
often with returns to more “primitive” associations
[25]. A principally important unit is the lower contact
[37] or reversal [38] zone, which is recognized between
the main Layered Series and the rocks composing the
lower inner contact zone.

 

Genetic importance of the Lower Contact Zone
(LCZ).

 

 For the sake of further description, this term
should be specified, because it is used in the petrologi-
cal literature and allows for ambiguous interpretations
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 Chondrite-normalized REE patterns for rocks of the
Synnyr Formation and Yoko–Dovyren layered massif [21].
(

 

1

 

) Gabbro-diabase sill in the Ityka siltstone underlying the
Synnyr volcanic rocks in Mount Soldat; (

 

2

 

) basaltic andes-
ites and andesites of the Synnyr Formation; (

 

3

 

) granophyric
gabbronorites of the upper vertical section of the Yoko–
Dovyren Massif.



 

GEOCHEMISTRY INTERNATIONAL

 

      

 

Vol. 47

 

      

 

No. 5

 

      

 

2009

 

THE DOVYREN INTRUSIVE COMPLEX: PROBLEMS OF PETROLOGY 429

 

and is often applied to any rocks composing the lower
exposed part of layered massifs. Our understanding of
the LCZ is consistent with the criteria formulated in
[39, 40], which were based on the comparison of
numerical simulation results of the chamber differenti-
ation of basaltic magmas with the structure of naturally
occurring differentiated sills [37] and layered mafite–
ultramafite intrusions as, for example, in [29]. These
criteria include the spatial arrangement, petrochemical
features, geochemical characteristics, and mineralogy
of the rocks. All of them are consistent within the scope
of the convection–accumulation model for the differen-
tiation of intrusive magmas [37].

The name of the zone implies that the vertical sec-
tion of the LCZ begins with chilled rocks of the lower
inner contact of the intrusion. The absence of such
rocks from exposures does not mean the absence of a
lower contact zone itself but suggests that the exposed
vertical section of the LCZ is reduced: a possible anal-
ogous example is provided by reconstructions for the
Skaergaard intrusion [41]. Petrochemical criteria for
the LCZ include the presence of a “reversal” differenti-
ation trend expressed in coupled variations in the con-
tents of major oxides that are seemingly at variance
with the expected magma differentiation trends. These
variations in most mafite–ultramafite intrusions are
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Fig. 3. Schematic geological map of the Yoko–Dovyren Massif.
(1, 2) Host Late Proterozoic rocks: (1) terrigenous, (2) carbonate; (3) Vendian conglomerates; (4–9) Dovyren layered pluton:
(4) bottom unit of plagioclase peridotites, (5) dunite zone A, (6) alternating melanotroctolite and plagioclase dunite, zone B,
(7) olivine gabbro and gabbronorite, zones C and D, (8) olivine-free gabbronorite, zone E, (9) comagmatic (?) sills and dikes of the
same composition; (10) xenoliths of apocarbonate magnesian skarns in dunite; (11) faults; (12) unconformities; (13) ore mineral-
ization.
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pronounced as a systematic (from bottom to top in ver-
tical sections of the bodies) enrichment of the rocks in
MgO and FeO and their complementary depletion in
SiO2, TiO2, Al2O3, CaO, and alkalis as, for example, in
[42]. These coupled variations are associated with sys-
tematic changes in the contents of trace elements: the
upward enrichment of the rocks in Ni, Co, and Cr and
depletion in incompatible elements. The upper bound-
ary of the lower contact zone is usually adjacent to a
zone with the maximum MgO and Ni concentrations in
the vertical section, which is referred to as crossover in
[38]. The numerical simulation of chamber differentia-
tion indicates that the diversity of the aforementioned
characteristics is inevitably generated in modeled bod-
ies if a crystalline phase settles at the solidification sur-
face, which progressively moves upward [37]. The
maximum MgO, FeO, and Ni concentrations coincide
with the maximum content of cumulus olivine in the
vertical section. The higher the rate of olivine settling
and the slower the solidification rate, the earlier a high
density of the cumulus is reached and the lower the
thickness of LCZ. Hence, the distribution of compatible
and incompatible elements in the low contact zones
serves as a “chronometer” for the cooling rate. During
the rapid cooling of relatively thin bodies, these distri-
butions are characterized by insignificant variations,
and the LCZ expands because the lower boundary shifts
upward and reaches levels corresponding to 30–40% of
the total thickness of the intrusion (see simulation
results for the Kuz’movskii dolerite sill [37]).

In large layered massifs, variations in the chemical
composition of contact rocks are contrasting and usu-
ally correlate with a change in the cumulus associations
and variations in mineral chemistries. Less magnesian
(supposedly “lower temperature”) gabbroids and gab-
bronorites are spatially constrained to the contact, and
they give way to more magnesian (“high-temperature”)
assemblages inward, up to the appearance of troctolite
(Ol + Pl) and dunite (Ol + Chr). The term high-temper-
ature is used here in quotation marks because the
changes in the mineralogical composition of rocks and
mineral chemistries in them, within the LCZ, display
the final result of the continuing postcumulus crystalli-
zation and reequilibration of the original cumulus
phases. This takes place at a systematic decrease in the
fraction of melt captured in the intercumulus, and
because of this the concentrations of incompatible
components in the LCZ decrease up the vertical section
(see review [22]).Thus, mineral chemistries provide not
so much a record of the primary temperature as infor-
mation on the porosity of the initial cumulates, the
degree of their reequilibration, and the temperature of
the “last volumetric” equilibrium in the closed system
of crystals and residual melt [43–45]. 2 Small bodies,

2  The initial temperature at the time of settling and the origin of a
crystalline precipitate can be calculated by the method of
geochemical thermometry with the use of numerical models for
the crystallization of basaltic magmas [12]. 

such as differentiated traps, display clearly pronounced
petrochemical and chemical features of the LCZ, but
postcumulus transformations during the rapid cooling
of rocks do not modify their primary assemblages and
induce less significantly the reequilibration of original
minerals.

The aforementioned criteria for the recognition of
lower contact zones as a typomorphic feature of crystal
settling at the lower solidification front practically coin-
cide with the characteristics of lower marginal reversals
according to [38]. Although this author tried to explain
their genesis and inner structure by certain physical
mechanisms (whose physical action in this situation is
problematic), we consider that it is possible to use the
proposed term of lower reversal synonymously with
LCZ in the context of a convection–accumulation
model of differentiation. Figure 4a shows three variants
of the inner structure of such reversals in naturally
occurring bodies. As can be seen, these are a perva-
sively present constituent of so-called S-shaped profiles
in the distribution of major and trace elements in the
vertical sections of intrusions [46–48]. One such classic
profile is presented in the right-hand diagram in Fig. 4a
and demonstrates a situation when the chilled zone cor-
responds or is similar to the weight average of the intru-
sive body (parental magma). This scenario for the LCZ
structure commonly occurs in relatively thin sills and
intrusions whose parental magmas contain relatively
little intratelluric phenocrysts [22, 37].

The central and left-hand diagrams in Fig. 4a show
variants when the chilled contact zone of the intrusion
consists of a less magnesian (relative to the weighted
mean composition) rock, such as gabbro or gab-
bronorite. This situation suggests that the parental
magma contained much intratelluric material and the
latter was separated during magma emplacement. At
olivine domination among the crystalline phases sus-
pended in the magma (melt + olivine), a natural result
of this separation is the development of rocks enriched
and depleted in the initial melt. In this situation, the
“low-temperature” contact gabbroids are close in com-
position to the liquid constituent of the parental
magma, although they do not correspond to the bulk
composition of the magma, deviating from the
weighted mean composition of the intrusive body. This
scenario is likely reflected in the structure of the LCZ
of the Dovyren pluton (Fig. 4b).

The generalized vertical section through the central
part of the massifs (approximately 3 km thick) clearly
shows different variations in the MgO and TiO2 concen-
trations in the lower inner-contact zone. The immediate
contact with the host rocks consists of picritobasalts or
ophitic gabbro with approximately 10 wt % MgO and
1 wt % TiO2. Within a few meters upward from the con-
tact, these rocks give way to olivine gabbronorites and
plagioclase lherzolites with a monotonously increasing
content of cumulus olivine at decreasing TiO2 and CaO
concentrations. Up the vertical section, these rocks
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grade into plagiodunite with a low content of intercu-
mulus plagioclase. The upper boundary of the LCZ in
the vertical section of the Dovyren pluton was drawn by
Yaroshevskii et al. [25] according to the occurrence of
the densest olivine–chromite cumulates (dunites),
which corresponds to no less than 40 wt % MgO in the
rock and roughly coincides with the first minimum in
the CaO concentration (Fig. 4b). The Ti concentration
in these rocks compared to the chilled inner-contact
rocks decreases by approximately a factor of ten. Our
observations confirm that this structure of the inner-
contact zone is repeated near the closure in the north-
eastern termination of the massif, although the relative
thickness of the zone of plagioclase lherzolite is much
lower. This suggests an elevated cooling rate and, pos-

sibly, also significant contamination with the host rocks
in the marginal parts of the intrusion.

The problem of the geological setting of the pla-
gioperidotites. Plagioclase lherzolite is readily distin-
guished during the geological mapping of the massif
due to the occurrence of large orthopyroxene oikocrysts
on the weathered surface of the rocks. This makes these
rocks different from chemically similar plagiodunites.
It is also easy to see, in field, that the plagioperidotites
are rich in hydrosilicates (biotite and/or phlogopite) and
are richer in sulfides, up to the development of sideronite
textures. Mapping results indicate that the thickness of the
plagioclase lherzolite “layer” in the bottom of the vertical
section is estimated at 160–270 m (~200 m on average
[21]), which is close to the evaluation of the LCZ thick-
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Fig. 4. (a) Possible distribution patterns of MgO in the vertical sections of differentiated sills and mafite–ultramafite intrusions and
(b) the compositional variations of rocks of the Yoko–Dovyren layered massif.
(a) Reconstructions by Latypov [38]: A—the composition of the chilled rocks corresponds to the weighted mean composition of
the intrusion; B and C—the composition of the chilled rocks does not correspond to the weighted mean composition of the intrusion;
US is the upper sequence (URZ is the upper reversal zone), LS is the lower sequence (LRZ is the lower reversal zone); (b) distribu-
tion of MgO, CaO, and TiO2 in the vertical section of the Yoko–Dovyren Massif (according to [25, 29]); UCZ and LCZ are the upper
and lower contact zones, respectively, LS is the layered series, D is dunite, TR is troctolite, OG is olivine gabbro, GN is gab-
bronorite.
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ness of approximately 150 m according to [29]. The
mineralogy of the plagioclase lherzolites corresponds
to an association of three major cumulus phases (Ol +
Pl + Cpx), with orthopyroxene, biotite, and, sometimes,
pargasitic amphibole in the interstitial space.

The contrasting differences of the mineral composi-
tion of the plagioperidotites from that of rocks of the
Layered Series (Fig. 5) and the nearly tabular morphol-
ogy of the body along its strike (Fig. 3) suggest that the
plagioclase lherzolites of the bottom zone of the massif
can be regarded as produced by a separate portion of
ultramafic weakly differentiated magma [49]. This
viewpoint finds indirect support in geological evidence,
indicating that plagioperidotite sills occur among ter-
rigenous rocks underlying the Dovyren pluton and
small intrusive bodies in the southeastern flank of the
Synnyr rift. This interpretation implies that the varia-
tions in the proportions of cumulus minerals of the pla-
gioperidotites in the bottom part of the massif and tran-
sitions to olivine gabbro and gabbronorite (and to
picrobasalt and picrodolerite in chilled zones) charac-
terize not the lower contact zone of the massif but the
inner contacts of separate magma intrusions of plagio-
peridotite composition. It was also suggested [49] that
plagioperidotites and the rocks of the main series of the
Yoko–Dovyren massifs could result from (1) succes-
sive, with an insignificant lag, emplacement of two por-
tions of compositionally similar peridotite magma; (2)
changes in the inner-contact part of the Dovyren pluton
due to the interaction of the bottom rocks with the melt
“buried” in the intercumulus; and (3) selective assimi-
lation of water and alkalis from the underlying sedi-
ments. Water assimilation in inner-contact zones
explains the development of serpentinization predomi-
nantly near the bottom of the intrusion.

This viewpoint is not, however, shared by all authors
of this publication, so much more that the mechanism
of metasomatic rock alteration is equally applicable to
both individual intrusions and inner-contact rocks of
the massif. Nevertheless, we consider it necessary to
mention this as an alternative mechanism for LCZ gen-
esis. This problem will hopefully be resolved based on
the detailed examination of the distribution of major
and trace elements in continuous vertical sections of the
Dovyren pluton. As will be demonstrated below, the
nature of the plagioclase lherzolites is of principal
importance for the evaluation of the temperature and
composition of the magmatic melt during the emplace-
ment of the Dovyren magma.

The inner structure of the Layered Series. Figure 5
exhibits the schematized inner structure of the Yoko–
Dovyren intrusion (the schematic section was prepared
at the Geological Institute of the Siberian Branch of the
Russian Academy of Sciences based on materials
obtained by studying sections in the central part of the
massif). The proportions of the major zones of the lay-
ered series (A, B, C, and D) in this section are not prin-
cipally different from those in the scheme in [24, 25].

The only principal deviations pertain to the geological
position of the roof rocks. Yaroshevskii et al. consider
the predominant olivine-free (granophyric) gab-
bronorite and quartz gabbro of this zone to be the final
member of the layered series (zone E). An alternative
interpretation implies that the layered series of the
Dovyren intrusion ends with olivine gabbro and gab-
bronorite, and the overlying rocks of the roof zone were
formed by an autonomous granophyre diabase intru-
sion [20]. Similar to the bottom rocks, this problem can
be solved based on further investigations aimed at the
detection of systematic spatial variations (or their
absence) in the composition of the rocks and minerals
composing the roof part of the massif. It can now be
admitted that the petrochemical data and variations in
rock compositions in the vertical sections presented in
[25, 29] do not contradict the idea that the granophyric
gabbronorites and quartz gabbro are residual systems,
which were formed by the chamber differentiation of
the Dovyren magma. This does not rule out the possi-
bility that autointrusions of such residual magmas
could take place late during the solidification of the
Dovyren massif and occur in the massif itself and the
overlying rocks. Below we present a description of the
Layered Series of the intrusion.

Zone A: the section of dunite is ≤980 m thick and
includes olivine meso- and adcumulates. Olivine (80–
97 vol %) occurs as subhedral crystals, with the inter-
stitial space filled with Cr-spinel and plagioclase. The
content of plagioclase in the dunites increases closer to
the plagioperidotites. The mg# of olivine decreases
toward the contact: the average Fo concentration in oli-
vine is 87.4 mol % in the dunite, 86.7 mol % in the pla-
giodunite, and 85.3 mol % in the plagioclase lherzolite
[21, 22]. This trend is inconsistent with the “normal”
evolution of compositions during crystallization and
may be an indication of the transition to the lower con-
tact zone (see the discussion on the inner structure of
the marginal group in the Burakovskya intrusion in
[42]). The central part of the dunite section contains oli-
vine with 89–90% Fo. The maximum mg# of the mineral
(Fo92–98) was found at the upper levels, near contacts with
xenoliths of magnesian skarns. Such rocks with elevated
MgO and CaO concentrations (up to 0.9 wt %) in their oli-
vine often have an adcumulate structure and texture and
are contaminated dunites [23]. Domains with xenoliths of
magnesian skarns (that replaced carbonates) are character-
ized by high-Ca clinopyroxene, which takes the place of
plagioclase in the adcumulus. The appearance of intercu-
mulus clinopyroxene in these rocks is explained by the
CaO assimilation from carbonates. The content of diop-
side often reaches 50 vol %, and the dunites grade into
wehrlites with a poikilitic texture. Clinopyroxene some-
times forms patches and irregularly shaped veins in dun-
ites, and the latter acquire a taxitic structure. The Al2O3
concentration in the clinopyroxene reaches 6.6 wt % [50].

Zone B: consists of troctolite (~700 m), which
replaces dunite (Fig. 5) and consists of alternating mel-
anotroctolite (30–50 vol % plagioclase) and plagioclase
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dunite (5–20 vol % plagioclase) These rocks were
formed when the residual melt became saturated with
olivine and plagioclase as cumulus phases. The rocks
have an allotriomorphic-granular texture, which is
characterized by equally euhedral rock-forming miner-

als. The content of interstitial pyroxene rarely exceeds
2–3 vol %, but the upper part of the zone includes units
enriched in augite (poikilitic wehrlites) and lenses of
olivine gabbro compositionally similar to the rocks of
the next zone.
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Zone C: includes predominantly olivine gabbro and
has a thickness of ~350–400 m. It differs from the
underlying rocks in having much less olivine and in con-
taining augite. The predominant cumulus mineral is pla-
gioclase. Its lath-shaped crystals are included in olivine
and clinopyroxene grains. The texture of the rocks is gab-
broic and gabbro-ophitic. The olivine gabbro in the lower
part of intrusion include numerous gabbro-pegmatite
veins which are characterized by a taxitic structure includ-
ing anorthosite segregations with disseminated sulfides
containing PGE and Au mineralization.

Zone D: is dominated by gabbronorite (≥600 m).
The bottom of this unit is marked by the appearance of
individualized layers of olivine norite and olivine gab-
bronorite. These rocks are in complicated intercalation
relations. The olivine gabbronorite is characterized by
the occurrence of large (3–5 cm) orthopyroxene oikoc-
rysts. The texture of the rocks of gabbroic, and the
cumulus minerals are large olivine grains, short-colum-
nar plagioclase crystals, prismatic clinopyroxene
grains, and orthopyroxene.

Zone E [24]: comprises roof gabbro and granophy-
ric gabbronorite (250–350 m) devoid of olivine. These
rocks contain no Cr-Spl, which is a typical mineral of
all underlying rocks, and the accessory minerals are
ilmenite, titanomagnetite, and apatite. The texture of
the rocks is dominated by tabular grains of zonal labra-
dorite-andesine, hypersthene, and augite, and the inter-
stices are filled with amphibole, biotite, and grano-
phyre. According to the chemical and modal composi-
tion of the rocks, this zone is analogous to sills and
dikes cutting across the bottom plagioperidotite. It is
also known that the bottom and roof are granophyre
gabbronorite and converge in the southwestern tapering
of the massif (Fig. 3). This argument was the reason for
excluding the olivine-free rocks from the section of the
Layered Series of the Yoko–Dovyren massifs [20].

PROBLEMS OF THE PETROLOGY
OF THE DOVYREN MASSIF

The petrologic aspects of the genesis of the Dovyren
intrusion can be grouped according to the following
problems (1) the emplacement of the Dovyren magma
and the genesis of the lower contact zone; (2) the gene-
sis of the inner structure (layering) of the massif,
including the problem of the nature of the high-Mg
dunites; and (3) the scale and role of the assimilation of
host rocks.

Crystallization conditions of the parental magma.
According to geological data, the Dovyren intrusion was
emplaced at a depth of 1.5 km [18], which corresponds to
a total pressure P ~ 0.5 kbar. This is consistent with pres-
sure estimates based on the composition of apocarbonate
magnesian skarns [36, 51]. It is more problematic to eval-
uate the oxygen fugacity. Based on known data on the
degree of oxidation of natural magmas and with regard
for magnetite absence among the cumulus minerals in

the Layered Series of the massif, Ariskin et al. [22] con-
cluded that the conditions were relatively reduced,
close to the wustite–magnetite (WM) buffer. These esti-
mates are close to that in [23], where it was demon-
strated that olivine–chromite equilibria in the uncon-
taminated dunite zone of the Dovyren intrusion corre-
spond to  values roughly one unit below the
QFM buffer. Judging from the absence of hydroxyl-
bearing minerals from the layered series of the massif
and the occurrence of antiperthitic potassic feldspar
ingrowths in plagioclase from the gabbroids, the
Dovyren magma was undersaturated in ç2é [21].
Then, with regard to the above-mentioned estimate, the
water content in the initial magmatic melt was no
higher than ~0.5 wt %.

Composition of the Dovyren magma. The bulk
composition of the parental magma (a mixture of crys-
tals and melt during the emplacement of the magma) in
a closed magmatic chamber should correspond to the
weighted mean composition of the massif. The solution
of this problem involves the evaluation of the average
compositions and relative volumes of rocks in various
vertical sections, including those through the marginal
zones of the Dovyren pluton. Although this problem
has been explored for many years, it has still not been
solved. Fairly detailed information was obtained on the
diversity [20, 21, 24] and average petrochemical types
of rocks of the Layered Series [25], but their relative
volumes remain uncertain. Current evaluations of the
composition of the Yoko-Dovyren intrusion are based
on data obtained on a number of vertical sections
through the thickest central part of the massif, where
the thickness of dunite reaches 700–980 m. The closure
parts of the massif in its northeastern and southwestern
terminations, which contain practically no compacted
adcumulus dunite, are inadequately, poorly studied. As
was mentioned above, the variations in the relative
thickness of the lower contact zone along its strike are
also unclear. A separate problem is the absence of an
upper contact zone, which usually consists of the Upper
Marginal Group in layered massifs, with rock composi-
tions of this group mirroring the variations in the min-
eralogy and chemistry of the rocks of the Layered
Series [52]. Table 1 reports two estimates for the sup-
posed composition (“parental magma”) of the Dovyren
pluton that are based on detailed data on vertical sec-
tions [28, 29]. The fourth column shows the weighted
mean composition of the generalized vertical section
through the central part of the massif (approximately
3 km thick [29]), and the sixth column lists the “inte-
gral” composition from [28]3 

3 According to E.V. Koptev-Dvornikov (personal communication),
this vertical section was composed of a contact zone, which was
sampled in the area of the Tsentral’nyi Creek, and main vertical
section no. 4, which was examined approximately 7 km northeast
of it, in the area of the Belyi Creek, on the northwestern slope of
Mount Dovyren, and, with an upstrike shift, in the upper part of
the section on the opposite slope. 

f O2
log
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Another potential source of information on the com-
position of the Dovyren magma is plagioperidotite sills
up to 200 m thick, which were mapped below the bot-
tom of the massif. These sills are concentrated in the
outer-contact terrigenous rocks of approximately
300  m in total thickness (Fig. 3). The geological rela-
tions imply that these autonomous bodies belong to the
same magma plumbing system as the Dovyren pluton
itself and may provide material corresponding or close
to that of the parental magma that produced the massif
[20]. The sills are heterogeneous: field observations
indicate that the sills are differentiated into gabbroids
(~10% MgO) and ultramafites (~30% MgO) [21], and
that the latter are plagioclase lherzolites analogous to
plagioperidotites in the bottom of the massif. Assuming
that these components are contained in the proportion
1 : 3, we arrive at a parental magma containing approx-
imately 24 wt % MgO. A more precise evaluation
requires more detailed data on the vertical sections
through these bodies. Another possibility for evaluating
the composition of the Dovyren magma is studying
chilled rocks that show evidence of the minimum sepa-
ration of their suspended phases and thus correspond-
ing to the parental melt–crystal mixture. Such rocks
were found in the bottom of the massif and were

described in the literature as chilled ophitic gabbro or
picrodolerites [18, 21, 53]. All of these rocks are char-
acterized by high MgO concentrations (19–25 wt %)
and abundant olivine phenocrysts. As an example, the
second column of Table 1 presents the average compo-
sition of the chilled rocks (according to [53]), which is
characterized by the maximum MgO concentration and
the maximum content of modal olivine (42 vol % on
average). This composition was used in our thermomet-
ric simulations of the initial magmatic melts of the
Dovyren intrusion [22].

Composition and temperature of the magmatic
melt. The application of the olivine–melt thermometers
[12] in evaluating the composition of the Yoko–
Dovyren parental magma (Table 1) indicates that, if this
magma was hot, it should have contained olivine of the
composition ~Fo94. This is notably different from data
on the olivine composition from the bottom of the ver-
tical section (Fig. 5) and suggests that the magma
emplaced into the chamber was a suspension of solid
phases and melt. This conclusion finds support in data
on the chilled contact rocks of the massif, which con-
tain up to 40–50% modal olivine.

The first attempt to separate the problems of evalu-
ating the composition of the Dovyren magma and the

      
Table 1.  Chemical and phase characteristics of the “parental magmas” of the Yoko–Dovyren layered intrusion: com-
puter simulations by the COMAGMAT software package

Oxide

[22] [29] [28]

Average 
composition 

of the initial melt

Calculation for the average 
composition of the chilled rocks 

(P = 0.5 kbar, T = 1185°C)

Calculation for the average 
composition of the massif
 (P = 1 kbar, T = 1340°C)

Calculation of the “integral” 
composition of the massif 
(P = 1 kbar, T = 1402°C)

“Parental
 magma” Melt “Parental

 magma” Melt “Parental
 magma” Melt

SiO2 54.13 47.71 55.00 43.92 45.95 46.12 47.44

TiO2 0.78 0.36 0.74 0.11 0.18 0.31 0.39

Al2O3 15.24 9.11 15.52 9.72 15.93 9.88 12.46

FeO 8.19 10.37 7.58 10.53 10.88 10.50 10.98

MnO 0.15 0.15 0.14 0.17 – – –

MgO 7.51 24.75 7.33 27.88 14.49 24.07 17.24

CaO 11.33 6.03 10.80 6.99 11.46 7.81 9.85

Na2O 1.65 0.94 1.72 0.59 0.97 0.71 0.90

K2O 0.88 0.54 1.08 0.07 0.11 0.53 0.67

P2O5 0.14 0.04 0.08 0.02 – 0.06 0.08

Phase composition of the parental magma, wt %

Melt – 48.9 – ~60 – 76 –

Ol Fo84.6 ± 1.0 46.5 Fo85.3 ~40 Fo89.7 24 Fo91.2

Pl An80.5 ± 4.5 4.6 An79.8 – –

F – 51.1 ~40 24

Note: The compositions are normalized to 100%. The initial melt in the first column corresponds to an average of ten compositions of model
liquids at 1185°C [22]; the composition of chilled rocks (“parental magma”) is according to [53]; the “integral” composition of the massif
was calculated by the method [28], F is the content of crystals in the system (crystallinity of the parental magma).
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initial magmatic melt was undertaken in [54]. The
authors of this publication used the composition of an
inner-contact chilled rock from a plagioperidotite sill
comagmatic with the massif (24.4% MgO) in mass-bal-
ance calculations based on the subtraction of 30% oliv-
ine phenocrysts. The resultant predicted MgO content
in the magmatic liquid was 15.7 wt %. This picrobasalt
composition was not controlled by calculations with
the use of Kd(Fe-Mg) olivine–melt to elucidate whether
the modeled olivine composition is realistic. A more
systematic approach was applied in [33], whose authors
noted that olivine in the dunites contains approximately
87 mol % forsterite (Fig. 5), and this composition coin-
cides with the composition of an olivine inclusion in
chromite from the lower part of the dunite unit [55].
This composition was assumed as the average equilib-
rium composition of olivine phenocrysts, and this made
it possible to estimate the mg# of the initial melt with
the use of Kd(Fe–Mg) = 0.30. The value of mg# = 0.675
was then utilized in the graphic reconstructions of the
composition of the dunite, plagioperidotite, and inner-con-
tact gabbronorite. The comparison of the olivine control
lines in an MgO–FeO plot gave an evaluation of the con-
centrations of these oxides in the melt, and these values
were consistent with the assumed olivine composition
(Fo87) and established petrochemical trend: 7.75 wt %
MgO and 6.65 wt % FeO. These concentrations corre-
sponded to a gabbronorite, but not a picrobasalt, melt.

We carried out COMAGMAT simulations for the
equilibrium crystallization of chilled inner-contact
rocks, bottom plagioperidotites, and the weighted mean
composition of the intrusion at P = 0.5 kbar at the WM
buffer [22]. With regard for the accuracy of the applied
plagioclase geothermometers, our results pointed to the
subcotectic (Ol ± Pl) nature of the Dovyren magma,
whose temperature during its emplacement was 1180–
1190°ë, and the equilibrium olivine had the composition
~Fo85. Chemical characteristics of these modeled melts
are reported in the first and third columns of Table 1. Note
that they practically coincide with the estimate for
MgO in [33] but suggest a higher FeO concentration of
approximately 10.5%. These values confirm the princi-
pal conclusion about the gabbronorite composition of
the initial magmatic melt. Indirect evidence in support
of this conclusion is the wide occurrence of gab-
bronorite dikes in the rocks surrounding the massif.

Simulations based on the convection–accumula-
tion model. Recent results on the numerical simulation
(by the intrusive version of the COMAGMAT model
[12]) of the integral vertical section of the Dovyren
massif were published in [29]. This work was an
attempt to interpret petrochemical features of the lower
contact zone and the Layered Series of the massif
within the scope of the convection–accumulation
model for chamber differentiation [37, 56] and was
aimed at the simulation of the distribution of major ele-
ments over the vertical section, with this distribution
interpreted within the framework of the model as result-
ing from variations in the ensemble of the cumulus

phases and their proportions and in the amount of cap-
tured or intercumulus melt. The composition of any
rock in the vertical section is thereby specified by a
mass balance equation

(1)

where  , and  are the concentrations of com-
ponent i in the rock, intercumulus melt, and cumulus

phases (1 ≤ j ≤ m), and fl and  are the contents of
melt in crystals in the cumulus. It is assumed in this
model that the composition of the intercumulus melt
corresponds to the composition of the fractionated liq-
uid in the bulk volume of the residual spontaneously
stirring (convecting) system. The composition of the
cumulus phases vary corresponding to the crystalliza-
tion sequence of the parental magma and are in thermo-
dynamic equilibrium with residual (intercumulus) melt
at any moment of time (which corresponds to the posi-
tion of the rock-forming system in the vertical section).
The proportions of cumulus and intercumulus are a
function of the cooling rate and the effective sedimen-
tation of the phases and depend on certain fitting ther-
mophysical parameters of the model [37].

The simulation of the petrochemical structure of a
magmatic body by this model is an example of direct
modeling, when the researcher deals with the
“response” of the system to the assumed initial condi-
tions and fitting parameters. The simulation results are
compared with natural data, the predictions are cor-
rected, and the simulations are resumed until a consis-
tency is reached (if possible) between the observed and
modeled characteristics. Thereby any bends of the pet-
rochemical trends or a drastic change in the concentra-
tions of major or trace elements are explained as result-
ing from the evolution of the phase composition of the
modeled cumulate, including a fraction of the intercu-
mulus liquid. Applying this approach to the assumed com-
position of the parental magma, the authors of [29] man-
aged to fit the initial emplacement parameters and a set of
thermophysical parameters that made it possible to repro-
duce, in much detail, the petrochemical features of the ver-
tical section of the Dovyren pluton (Fig. 6). These data tes-
tify to a much higher temperature (1340°ë) and a much
more magnesian composition of the melt in equilibrium
with olivine of the composition Fo89–90 (Table 1).

Correction for the compaction of cumulates.
Although Bolikhovskaya et al. [29] managed to numer-
ically simulate the principal features of the distribution
of major elements in the vertical section (Fig. 6), these
researchers did not elucidate certain issues concerning
the possibility of the convective stirring of significantly
crystalline suspensions and the simultaneous develop-
ment of a compact cumulus corresponding to dunite.
The thing is that the physical driving force for the
development of convection flows from the roof of an
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intrusion is density inversion in the upper boundary
layer and the origin of suspensions that are denser than
the residual magma occupying the bulk volume of the
chamber [37, 56]. The results obtained by the convec-
tion–accumulation model imply that residual melts
always contain no less than 40–50% crystals (see Fig. 5
in [29]). It should be thereby assumed that even denser
suspensions can be produced in the boundary layer and
contain 60–70% crystals (in fact, a compact cumulus),
which could sink through the residual magma and
maintain “free convection” in the mush of crystals and
residual melt 3 km thick. From the physical viewpoint,
it is also hard to admit the possibility of the direct
developments of olivine “precipitate” with 90–95%
crystals, which ensures the origin of dunite with 35–
40% MgO in the model (Fig. 6).

These considerations gave rise to the hypothesis that
the predominant processes in the magmatic chamber of
the Yoko–Dovyren Massif were (at least early in the
course of solidification) the settling of intratelluric oli-
vine, the compaction of the produced cumulus, and the
migration of the pore liquid corresponding to the initial
melt [22]. The bottom part of the chamber was not
thereby involved in large-scale convection according to
the mechanism of descending and ascending suspen-
sion flows. These ideas were further developed in the
convection–compaction model of differentiation [28].
This author modified the intrusive block of the
COMAGMAT software package [12] to develop a two-
layer model, in which a regime of freely convecting
magma occurs in the upper part of the chamber and heat
and mass transfer related to the compaction of the
cumulus and the coupled removal of the intercumulus
melt should be accounted for in the lower part of the

chamber. Searches for the optimum parameters of the
convection–compaction model in application to the
Dovyren intrusion were accomplished for a parental
magma of composition close to the average composi-
tion of the chilled rocks, under the assumption of ~20%
intratelluric olivine phenocrysts (Table 1). The temper-
ature at which the magma was emplaced was evaluated
at 1400°ë, and the liquid constituent of the initial sus-
pension had a komatiite composition (17–18 wt %
MgO) and was in equilibrium with olivine of the com-
position ~Fo91. These simulations led Lavrenchuk [28]
to reproduce the principal tendencies in the distribution
of major elements in the lower contact zone of the Lay-
ered Series of the Yoko–Dovyren Massif (Fig. 7). The
modeled dunite, which contains up to 95% cumulus oli-
vine, was interpreted as produced by the compaction of
the cumulus and the continuing adcumulus growth of
olivine grains.

The results of the forward and inverse simulation of
the physicochemical parameters of the Dovyren
magma led to constraining the possible temperatures
and compositions of the magmatic melt during its
emplacement. These estimates vary from high-Mg
komatiite (17.2% MgO) and picritic (14.2% MgO)
compositions in equilibrium with olivine Fo91–89 at
1400–1340°ë [28, 29] to moderately magnesian gab-
bronorite melt (~7.5% MgO) in equilibrium with Fo85
at ~1185°C [22]. All three groups of the researchers
arrived at the conclusion that the parental magma and
contained from 20 to 50% olivine phenocrysts. Such a
broad scatter of the possible parameters of the Dovyren
magma puts forth the problem of their more accurate
determination, first and foremost, the more accurate
constraining of the temperature and composition of the
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The simulations were conducted by the convection–accumulation model for the differentiation of intrusive magmas [37]. The
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magmatic melt, i.e., parameters that controlled not only
the detailed structure of the massif but also the sulfide
potential of the initial system and its potential to form
Cu–Ni sulfide mineralization.

Importance of the olivine control lines. Regard-
less of the assumed temperature and composition of the
parental magma (Table 1), the genesis of the plagioperi-
dotite and plagiodunites in the lower contact zone of the
Dovyren Massif can be explained by variations in the
content of cumulus olivine in the intercumulus liquid
(Figs. 4, 6, 7). This makes it possible to estimate the
plausibility of the simulations by applying additional
criteria underlain by mass balance for systems satu-
rated with olivine. Indeed, when the cumulus phase is
only olivine of constant composition, Eq. (1) can be
brought to the form

(2)

where  is the concentration of component i in the
intratelluric (cumulus) olivine. Then, for any pair of
chemical elements, it can be written

(3)

where

(4)

According to (3, 4), the compositions of olivine
cumulates in variation diagrams should be fitted by lin-
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ear trends (tie lines) connecting the compositions of the
intercumulus liquid and initial olivine at the moment of
time when the cumulus was formed. Such relations are
known in petrology as olivine control lines [57]. At the
hypothetical 100% compaction of a crystalline precipi-
tate, these trends pass into the composition of the initial
(intratelluric) olivine. Hence, the bulk compositions of
natural plagioperidotites and plagiodunites should con-
tain a record of the composition of their cumulus pri-
mary olivine, and this information can be recovered
using olivine control lines (see, for example, [42, 58]).
Note that the desired information is “recorded” in the
bulk compositions of the rocks but not in olivine com-
positions (that can be analyzed on a microprobe),
because the latter can result from postcumulus reequil-
ibration [43–45]. When cumulus crystallizes as a closed
system or is compacted with the partial segregation of the
intercumulus liquid, the final olivine composition is
always more ferrous than that produced during the accu-
mulation of the crystals. The bulk composition of the mix-
ture of crystals and melt can shift along the only tie line
corresponding to the average composition of the initial oli-
vine brought by magma into the chamber.

Figure 8 exhibits olivine control trends depending
on the MgO concentration for the plagioperidotites,
plagiodunites, noncontaminated dunites of the Yoko–
Dovyren Massif (below 200 m in the vertical section of
the intrusion), and for some rocks from the comagmatic
sills [21, 50]. The diagrams also show tie lines connect-
ing the compositions of the initial melt and olivine for
three characteristics of the Dovyren magma listed in
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Table 1 [22, 28, 29]. These lines are interesting because
they provide unambiguous estimates for the composi-
tion of the orthocumulates and adcumulates in the LCZ
that could be formed from such mixtures of olivine
crystals and melt. Obviously, if the parameters of the
parental magma are plausible and realistic, the tie lines
should coincide with the compositional trends of the
rocks making up the lower contact zone. As can be
seen, the trends of the natural rocks in Al2O3–MgO and
CaO–MgO diagrams are localized between the model
tie lines, and the composition [29] has an obviously
overestimated Al2O3 concentration. The differences
between the modeled sequence are more contrasting in
the SiO2–MgO plot. For the lowest temperature mixture
of gabbronorite melt and olivine Fo85 [22], the natural
and modeled sequences are close and practically paral-
lel. At the same time, tie lines in [28, 29] intersect the
evolution trajectory of the natural compositions toward
more silicic “rocks”. The most principal differences are
revealed by an analysis of the FeO–MgO trends (Fig. 8).
The natural trend for the chilled gabbronorites to plagio-
dunites intercepts the stoichiometric olivine line at ~Fo84–

86. This estimate and this trend correspond to a tie line con-
structed based on data from [22]. Tie lines based on the
results in [28, 29] “shift” the petrochemical characteristics
of the modeled rocks in the compositional region depleted
in FeO compared to natural rocks. This depletion is more
clearly pronounced for the composition [28] (Table 1) and
reaches 2–3 wt % FeO at MgO concentrations within the
range of 30–40%. These relations allow us to consider the
distribution of oxides in Figs. 6 and 7 from another stand-
point. In both instances, the compositions of the modeled
rocks include underestimated FeO concentrations. The
data of Fig. 8 demonstrate that this inconsistency directly
follows from the overestimated temperatures and mg# of
the initial magmatic melt. Obviously, the rocks corre-
sponding to the plagioperidotites and plagiodunites of the
LCZ could not result from olivine accumulation in high-
temperature melts with >10 wt % MgO.

This conclusion is not only of a genetic but also of a
methodical importance. The example of the above con-
sidered natural and simulated trends highlights the haz-
ard of the visual comparison of observed and simulated
distributions of oxides during searches for the optimal
parameters of the convection–accumulation [29] or
convection–compaction [28] models. For a system
oversaturated with respect to olivine, the results of such
simulations should necessarily be checked by analyz-
ing olivine control lines to reach (if possible) the best
consistency between the simulated contact rocks and
the tie lines between the initial melt and initial olivine.
A good consistency of the modeled trend [22] with the
natural characteristics does not mean that the Dovyren
chamber was replenished with gabbronorite melt con-
taining olivine of the exact composition Fo85 at 1185°C.
Now we regard this estimate as the lower limit for the
possible temperature of the parental magma. The anal-
ysis of data in Fig. 8 indicates that the natural trends can
also be consistent with melts containing olivine Fo86–87.

The estimates for the initial olivine composition can be
specified based on a more thorough sampling of the
contact zone of the massif with the collection of sam-
ples of as fresh as possible plagioperidotites and plagio-
dunites. It is important for the analytical data on rocks
to be consistent, best of all, to be obtained at the same
laboratory.

The problem of high-Mg olivine in the dunites.
The FeO–MgO distribution shows a clearly pro-
nounced compositional trend of the Dovyren dunites,
which is roughly parallel to the olivine stoichiometry
line and intersects the olivine control line for the paren-
tal magma (Fig. 8). Olivine in the dunites displays
broad compositional variations: from 82 to 90 mol % of
the forsterite end member. These relations cannot be
explained by the trivial schemes of crystallization dif-
ferentiation. Obviously, this “dunite” trend cannot be
accounted for by variations in the cumulus–intercumu-
lus proportions alone. If the Dovyren magma contained
at the time of its emplacement olivine of the composi-
tion Fo85–87, one should surmise some mechanism for
the origin of the dunites the chamber, with these rocks
containing olivine of more ferrous (<85% Fo) and more
magnesian (>87% Fo) compositions. In the former
instance, it can be assumed that the original olivine
underwent reequilibration with the trapped melt in the
lower part of the Dovyren chamber, and this process
was associated with the pressing out of the residual and
relatively lower temperature liquid. The possibility of
such olivine recrystallization in the process of postcu-
mulus cooling of mafic–ultramafic magma is not
doubted. The situation with the genesis of more magne-
sian olivine is more complicated: this olivine could not
result from the crystallization of the parental melt and
redistribution of phenocrysts. Below we consider a
number of alternative possibilities within the scope of
the concept of a closed magmatic chamber.

(1) It can be hypothesized that the magmatic mate-
rial that filled such a large reservoir could be heteroge-
neous both in the composition and temperature. The sim-
ulation of the filling process of funnel-shaped chambers
demonstrates that the peripheral (near contact) zones of
the intrusions are produced by the crystallization of rela-
tively low-temperature magma from the boundary layer
of the magma conduit [59]. The forced flow of hotter and
more primitive magma from the central part of the
magma conduit was responsible for the filling of the bulk
volume of the intrusive chamber.

(2) An increase in the oxygen potential in the crys-
tallizing system in response to the assimilation of car-
bonates [50]. Data of Pushkarev et al. [23] indicate that
the differences in the  values during the origin
of uncontaminated and contaminated dunites in zone A
(Fig. 5) were approximately two orders of magnitude,
and the uncontaminated olivine crystallized were under
more reduced conditions. The assimilation of carbon-
ates resulted in a decrease in the Fe2+/Mg ratio of the
melt, and this induced an increase in the mg# of the

f O2
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equilibrium olivine. The effect of these changes on the
composition of olivine can be estimated with the use of
the COMAGMAT software package: for the parental
magma ([53], Table 1) with an eutectic (Ol + Pl) melt at

the transition from the QFM – 1 to QFM + 1 buffer, the
olivine composition changes from 85.7 to 86.4 mol %
Fo. Obviously, this effect cannot be determining for the
compositional trend of the Dovyren dunites (Fig. 8).
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(3) An increase in the mg# of the olivine can result
from the partial melting of the primary olivine cumulus
with the compaction of the crystalline phase and press-
ing-out the newly formed melt. The results obtained by
simulating equilibrium melting for the same starting
composition [53] indicate that, regardless of the redox
conditions, an increase in the mg# of cotectic olivine by
2 mol % of the forsterite end member requires the melt-
ing (dissolution in the liquid) of 8–9 wt % of this min-
eral. Thereby the data point of the melt “departs” from
the olivine–plagioclase cotectic for a region oversatu-
rated with olivine at 9.5 wt % MgO in the liquid. This
effect can take place if two conditions are fulfilled.

In a dry system, one of the factors responsible for
the melting of cumulates may be a temperature extre-
mum, which appears near the lower solidification front
and is related to the “burial” of a temperature distribu-
tion corresponding to the crystallization sequence of
the magma in the mixture of crystals and melt (see
Fig. 48 in [60]). With reference to large intrusions, this
mechanism was first proposed by M.Ya. Frenkel’ (per-
sonal communication in 1977) and was taken into
account when our convection–accumulation model for
differentiation was developed; this model did demon-
strate that partial melting zones can develop at bound-
aries with olivine–plagioclase and olivine–plagioclase–
augite cumulates [28]. An additional (and may be the
determining) factor of the melting and subsequent
recrystallization of primary olivine cumulates could be
the accumulation of volatiles in the residual melt and an
increase in the CO2 pressure as a result of the associated

crystallization of the magma and the assimilation of
carbonate–terrigenous material.

Effects of the assimilation of carbonates. Evi-
dence of carbonate decomposition and Ca passing into
the magmatic melt is the occurrence of magnesian
apocarbonate skarns in the Dovyren intrusion [16, 36],
the high CaO concentration in high-Mg olivine from
the units of contaminated dunites [23, 50], and the
appearance of olivine pyroxenites or wehrlites in the
upper portion of zone A [20, 21].

The Yoko–Dovyren Massif is hosted in a black shale
sequence with a 140-m layer of dolomite, which
approaches the lower contact of the pluton and can be
traced in the form of separated blocks of magnesian
skarn in the dunite (Fig. 3). The results of geological
and experimental investigations show that spinel–bru-
cite skarns in small apocarbonate xenoliths could be
formed by the thermal decomposition of dolomite into
the periclase + calcite + CO2 association [50, 51]. The
decarbonatization products mixed with the intercumu-
lus melt and formed diopside and fassaite veins in the
dunites. The CO2 fluid released thereby could suppress
the melting temperature of the olivine cumulate and
increase the mg# of the residual melt and coexisting oli-
vine. As is known from experimental data, the temper-
ature of the olivine–melt equilibrium decreases by a
few dozen degrees even at a low water concentration (a
few tenths of a weight percent) [61, 62]. The effects of
CO2, Cl, and other volatile components were studied
less thoroughly. Nevertheless, it is worth considering
the effect of (H2O)–CO2 fluid and CaO dissolution on
the expansion of the clinopyroxene field and an
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increase in the mg# of mafic phases in the Dovyren
magma. This is confirmed by experimental data on the dis-
solution of carbonates in alkali basaltic magmas [63].
According to these authors, the melts dissolved 3–12 wt %
carbonates at 1150–1050°C at a significant CO2 emission
from the system. This was associated with an increase in
the mg# of the coexisting clinopyroxene and olivine
owing to the dissolution of the calcite

(5)

and magnesite

2MgCO3(Carb) + SiO2 (l) = Mg2SiO4 (Ol) + CO2. (6)

components of dolomite. If the Dovyren magma
contained ~30% olivine crystals and 70% melt, the
complete dissolution of a 140-m carbonate layer in the
central part of the massif (~3 km thick) results in the
maximum scale of assimilation of 100 × 140/(0.7 ×
3000) = 6.7%. It can be expected that this process could
result in a unit of olivine–clinopyroxene rocks (high-
Mg wehrlite) some 200 m thick.

An obvious effect of the dissolution of carbonates in
the Dovyren magma was an increase in the Ca concen-
tration in olivine [50]. Figure 9a shows the variations in
the composition of olivine from the contaminated and
uncontaminated dunites (according to [64]). The dia-
gram demonstrates a pronounced trend in Ca enrich-
ment and an increase in the mg# of the olivine, with the
CaO concentration in olivine of the composition Fo88–90
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reaching 1 wt %. An important result of this analysis is
the discovery of coupled variations in the composition
of coexisting spinel in the ultramafites and chromitite
lenses (Fig. 9b). An increase in the mg# and ca# of oli-
vine is associated with a decrease in the Cr2O3 concen-
tration and an increase in the al# of the spinel. This
effect can likely be regarded as another important indi-
cation of the degree of parental magma contamination
with carbonate material. In the context of the evaluation
of parameters of the Dovyren magma (Table 1), it is
worth mentioning the narrow compositional range of
olivine from the uncontaminated dunite: Fo85–87
(Fig. 9a). This suggests that the “dunite trend” in the
FeO–MgO diagram is, in fact, compositional variations
of the contaminated dunites.

Another indication of carbonate assimilation is
likely the heavier oxygen isotopic composition of the
olivine: + 8.1 ≤ δ18O ≤ 9.2‰ [21, 65]. Intercumulus pla-
gioclase in the dunites and cumulus plagioclase of the
gabbronorites have compositions within the range of
+8.6 ≤ δ18O ≤ 9.4‰. At the same time, olivine, clinopy-
roxene, and phlogopite from inner-contact rocks of the
Yoko-Dovyren Massif show more stable characteris-
tics: +5.9  ≤ δ18O ≤ 6.4‰, which are close to the mantle
values [32, 66]. These values fall within the range of
isotopic compositions determined for continental
mafites and ultramafites, many of which (in contrast to
those typical of MORB, which have δ18O = 5.7‰ on
average) display an isotopically heavier oxygen com-
position: δ18O = 6–8‰ and higher. The possibility of
obtaining heavier oxygen isotopic composition during
the assimilation of mafite magmas with carbonates also
follows from the results obtained on the Jinchuan intrusive
complex in northern China [67]. According to these data,
the CaO/Al2O3 ratio definitely shows a correlation with
δ18O in ultramafites from the inner parts of the massif
(δ18O ~ 5–6‰) and in plagioperidotites and plagiodunites
from the inner-contact zone (δ18O ~ 10–11) and marbles in
contact with the intrusion (δ18O~16–19‰). The difference
with the Dovyren intrusion is that the isotopic exchange
was constrained there to the inner-contact zone.

It is interesting to consider the effect of carbonate
assimilation on the conditions of melt saturation with S
and on the possibility of sulfide segregation in decar-
bonatization zones [68]. Direct evidence of these pro-
cesses is provided by the development of an aureole of
disseminated sulfides around apocarbonate skarns in
the Yoko–Dovyren Massif (see, for example, [21, 69]).
It is reasonable to assume that CO2 released during
decarbonatization affected redox equilibria near the
xenoliths, and this led to the partial oxidation of Fe2+ to
Fe3+ and a decrease in the FeO concentration in the
melt. It is thereby reasonable to expect that the S solu-
bility should decrease and sulfide phases should crys-
tallize from the melt (see, for example, [70, 71]). This
mechanism has been discussed with reference to the
genesis of disseminated and impregnated ores at the
Jinchuan deposit [67].

The study of interactions between the Dovyren
magma and carbonate xenoliths may shade light not
only on the emplacement mechanisms of the Dovyren
magma but also on certain details of the development of
the layered massif that cannot be explained within the
scope of simple crystallization fractionation [24, 25], as
well as on the genesis of sulfides within the chamber.

Role of the assimilation of terrigenous rocks. The
siltstones of the Ityka Formation hosting the pluton
were affected by intense contact metamorphism. The
thermal metamorphic aureole at the lower outer contact
varies from 100–200 m in thickness at the southeastern
margin of the massif to 400 m in its northwestern flank
[16, 20]. Thermal metamorphism produced a hornfels
succession of predominantly amphibole-hornfels
facies, which gives way to pyroxene hornfels in contact
with the massif. Simultaneously the SiO2 concentration
in the hornfels decreased from 67 to 60 wt % [21]. The
plagioperidotites and associated sills ubiquitously con-
tain minerals atypical of the lower part of the Layered
Series: phlogopite and bronzite (large orthopyroxene
oikocrysts serve as a reliable mapping guide, which
makes these rocks different from the plagioclase lherz-
olites and plagiodunites). This is thought to be evidence
that the parental magma actively interacted with the
siltstone. The variations in the SiO2 and K2O concentra-
tions in the plagioperidotites (Figs. 6, 8, 10) highlight
the migration of these components from the terrigenous
sediments into partly crystalline rocks in the bottom
part of the intrusion [21]. This conclusion is, however,
at variance with the plagioperidotite nature of the
Dovyren magma, which implies that the weighted
mean composition of the intrusion should correspond
or at least be close to the average composition of the
plagioclase lherzolites (see above). This problem can
be resolved within the framework of the hypothesis of
the selective migration of water and alkalis from the
host sediments without their significant “bulk-rock”
assimilation [21]. With regard to the above petrological
data, these considerations should be revised.

The broad occurrence of phlogopite (± pargasite) in
the plagioclase lherzolites suggests that water could be
provided to the lower part of the Dovyren chamber by
host siltstones when they were metamorphosed into
hornfels [20, 21]. The contents of phlogopite and sul-
fides in the rocks of the LCZ are correlated with those
in the bottom plagioperidotite sills (Fig. 10b). Such
relations suggest genetic links between the segregation
of sulfides and the large-scale metasomatic transforma-
tions of the plagioclase peridotites or the partly crystal-
line parental magma in the bottom part of the chamber.
This is one of the key issues relating the role of the pre-
chamber and intra-chamber genesis of the Ni sulfide
ores in the course of the evolution of the Dovyren
magma and the origin of the Yoko–Dovyren Massif.

The prechamber contamination of the parental
magma Yoko-Dovyren intrusion. The problem was dis-
cussed starting at an early stage of the isotopic–
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geochemical studies, when anomalous 87Sr/86Sr ratios
were determined in the rocks of the massif: 0.712 on
average [30, 73]. Certain traces of crustal contamina-
tion were revealed in the Sr–Nd systematics and the Pb
isotopic composition [33]. According to these data, the
87Sr/86Sr ratio varies from 0.7101 to 0.7135 (for the iso-
chron corresponding to 673 Ma) at ––16.3 ≤ εNd ≤ –14.1
variations. This is much lower than the parameters of
the depleted mantle. The 207Pb/204Pb (15.477–15.501)
and 208Pb/204Pb (37.17–37.59) ratios were very close to
the hypothetical composition of the Archean–Late Pro-
terozoic upper continental crust. According to Amelin
et al. [33], these relations can be regarded not only as
evidence of the contamination of the parental magma
with crustal material but also, perhaps, as an indication
of the existence of the enriched mantle beneath the
Siberian craton in the Late Proterozoic, with this man-
tle generated with the participation of ancient sub-
ducted lithospheric material.

Pioneering results were recently obtained on the
mineralogical and chemical composition of crystalline
and melt inclusions in cumulus olivine and plagioclase
from ultramafites of the Yoko–Dovyren Massif [31].
The abundance of haplogranite glassy inclusions in
polyphase mineral inclusions can be explained by
widespread reaction interactions between the parental
magmas and crustal material and by the mixing of the
hybrid products at various levels of the magmatic sys-
tem (including the lower levels of the continental crust)
as a result of the emplacement of fresh portions of
parental melts from deeper levels [73]. These consider-
ations are consistent with the concept according to
which primitive magmas coming from the mantle are
undersaturated with sulfides, but crustal contamination
suppresses the S solubility in these liquids and triggers
(and maintains) silicate–sulfide immiscibility [1, 74].
Such processes could play a determining role in the sat-
uration of the parental magma in sulfides, and this
magma served later as the source of disseminated and
massive ores at the Baikal’skoe deposit [26]. The early
saturation of the Dovyren magma in sulfides is consis-
tent with the occurrence of sulfide inclusions in primi-
tive olivine from the plagioperidotites and dunites [21].
At the same time, the recrystallization of melt inclu-
sions with the development of olivine–amphibole
aggregates and acid residual glasses in the inclusions
could also result from the reequilibration of the primary
inclusions with host olivine in the course of cooling
after the entrapment of the inclusions [75].

SULFIDE MINERALIZATION 
AND ORE POTENTIAL

The Yoko–Dovyren Massif and small plagioclase
peridotite bodies in the southeastern flank of the Synnyr
rift structure host mineral deposits and occurrences of
Cu–Ni sulfide, magmatic ore mineralization, and traces
of noble-metal mineralization.

Cu–Ni sulfide ores were discovered in the Dovyren
intrusion by M.M. Tetyaev in 1914 in the course of field
traversing in the western Baikal territory. Exploration
and prospecting operations and the evaluation of the
resources of these occurrences were accomplished in
the 1960s by the Buryat Geological Department of the
Ministry of Geology of the Soviet Union. According to
the results of this work, the resources of the Baikal’skoe
deposit were classed with subeconomic (150000 tons)
and with low-grade ores. Exploration operations at this
territory resulted in the discovery of the Kholodnen-
skoe Cu–Zn sulfide deposit in the southeastern flank of
the Synnyr structure and the Avkit Cu–Ni sulfide occur-
rence in the ore field of this deposit.

Sulfide mineralization at the Baikal’skoe deposit
and Avkit mineral occurrence is related to bodies of pla-
gioclase peridotites. These rocks compose the bottom
zone of the Yoko–Dovyren Massif, and the plagioclase
lherzolite sills approach it at an acute angle. These sills
can be fragments of magma conduits that fed the intru-
sive chamber from below. Economic sulfide ores were
found in the northeastern margin of the massif in the
bottom plagioperidotites. Based on the core materials
from the area of Shkol’nyi Stream (Ozernyi prospect)
and observations in exposures at the surface, a vein was
revealed that trends for 650 m and has a thickness of
approximately 1 m [21]. The ores contain up to 2.1 wt %
Ni, 0.64% Cu, 0.14% CoO, 0.2 ppm Pt, 0.68 ppm Pd,
0.02 ppm Rh, 0.14 ppm Au, and 10.7 ppm Ag. The mas-
sive ores are surrounded by an aureole of disseminated
sulfide mineralization and are spatially constrained to
numerous faults cutting across the peridotites. Bodies
of the disseminated ores are also typical of the central
and southwestern parts of the bottom zone and were
traced for 200–1400 m along their strikes at a width of
2–25 m at the surface. These ores are of lower grade
and contain 0.5 wt % Ni, 0.28% Cu, 0.03% CoO, 0.26
ppm Pt, 0.9 ppm Pd, 0.01 ppm Rh, 0.06 ppm Au, and
16.3 ppm Ag.

The massive ores consist of 40–95% hexagonal pyr-
rhotite and contain minor concentrations of troilite,
pentlandite (7–25%), and chalcopyrite (0.1–6%). The
minor minerals are cubanite, ilmenite, magnetite, and
pyrite, and the ores occasionally contain mackinawite,
titanomagnetite, sphalerite, and molybdenite. The dis-
seminated ores differ from the massive and brecciated
ones in containing magnetite as a major mineral, minor
chromium spinel and sphalerite, and occasional bornite
[21, 76].

Low-sulfide noble-metal mineralization was dis-
covered in the early 1990s in the central part of the
Dovyren Massif, near the boundary between troctolite
and the cyclically layered olivine gabbro series [77,
78]. The mineralization is restricted to the taxitic gab-
bro unit that includes veins of gabbro-pegmatites and
anorthosite schlieren and lenses. The thickness of the
anorthosite bodies ranges from a few centimeters to
5 m, and they usually trend for no more than 40 m.
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They are oriented conformably with the layering and
compose en-echelon “drapes” in the taxitic unit
approximately 300 m thick, with the unit traced by field
traversing for 19 km and, judging from the topography,
extends for approximately 1 km downward [79]. The
anorthosite bodies contain lean (approximately 5%)
disseminated sulfide mineralization (pyrrhotite, pent-
landite, cubanite, chalcopyrite, heazlewoodite,
godlevskite, talnakhite, and bornite) in association with
noble-metal minerals. The total PGE content in
anorthosites from the taxitic unit reaches approxi-
mately 10 ppm, including 1.33 ppm Pt, 4.91 ppm Pd,
0.06 ppm Rh, 0.008 ppm Os, 0.13 ppm Ir, 0.009 ppm
Ru, and 3.24 ppm Au [80], with Pt dominating over Pd
in practically all samples. Noble-metal minerals found
in the anorthosites of the platiniferous unit are mostly
intermetallic compounds: tetraferroplatinum,
tulameenite, rustenburgite, moncheite, and zvyagint-
sevite [76, 81]. This testifies to a low fugacity of sulfide
sulfur ( ) during the origin of this type of mineraliza-
tion.

Currently available data on the S isotopic composi-
tion comprise a few analyses of the sulfide ores and a
more representative database for low-sulfide units of
the Yoko–Dovyren Massif (Fig. 11). These data indi-
cate that the average isotopic characteristics of the mas-
sive Cu–Ni ores and sulfides from the platiniferous unit
are close, thus suggesting a juvenile source of S for
both types of the ore mineralization. Broader variations
in δ34S in the rocks of the PGE unit (Fig. 11) can be
explained as resulting from the migration of fluids
removing SO2 late during the solidification of the resid-
ual melt [82]. These conclusions should, however, be
confirmed by more systematic studies of the variations
in the S isotopic composition of sulfides in the vertical
section and along the strike of the intrusion. It is perti-
nent to mention that sulfides should also be examined
in the aureoles of the gabbro-diabase dikes and the sup-
posedly comagmatic Synnyr volcanic rocks.

Possible ore potential of the Dovyren Massif. The
evaluation of the sulfide ore potential of mafite–ultra-
mafite intrusions is based on the application of certain
empirical and theoretical criteria. The former were
established as a result of the long-term exploration and
prospecting practice at mineral deposits and include (1)
the affiliation of the magmatic complexes to a metallo-
genic epoch and metallogenic province productive for
Cu–Ni sulfide mineralization, (2) a favorable geody-
namic environment, and (3) the “right” type of the mag-
matic association of the layered massifs.

It is well known that the Earth’s evolutionary history
included time intervals when processes generating cer-
tain minerals were highly productive. For Cu–Ni sul-
fide ores, the most favorable time was the Precambrian
and Mesozoic. The great majority of all the known larg-
est mineral deposits of Precambrian age were formed in
their metallogenic epochs: in the Archean and in the
Early and Late Proterozoic [83]. The Archean mag-

f S2

matic deposits were related mostly to komatiite mag-
matism (for example, Kambalda in Australia). The
Early Proterozoic deposits were related to layered
mafite–ultramafite massifs, which were derivatives of
boninite-like magmas (intrusions of the Pechenga–Var-
zuga and Vetrennyi belts in Russia). The Late Protero-
zoic epoch was responsible for the generation of the
Synnyr–Dovyren Complex and a number of widely
known large mineral deposits in the United States and
Canada (Duluth, Muscox, and Voisey’s Bay) and in
northern China (Jinchuan). According to recently
obtained data [84], the Jinchuan deposit has an age
most closely similar to that of the Dovyren intrusive
complex (825 and 740 Ma, respectively).

Recent palispastic reconstructions conducted by
Chinese geologists [85] have demonstrated that the
Northern Chinese and Siberian platforms were neigh-
boring in the Late Riphean (800–750 Ma) at the eastern
margin of the Rhodinia paleocontinent, and both
occurred within the influence zone of an subequatorial
superplume. The effect of this superplume can likely
explain the breakup of Rhodinia in the Riphean and
ultramafite magmatism in the marginal parts of both plat-
forms. This geodynamic environment, which implies
rifting and related mafic magmatism, was favorable for
the generation of significant resources of sulfide miner-
alization [1, 2]. The restriction of the Yoko–Dovyren
Massif and Avkit intrusion to flanks of the Synnyr rift
structure and similarities in the petrochemistry of dia-
base sills in the Dovyren pluton and Synnyr volcanic
rocks (Fig. 2) suggest genetic links of these intrusive
bodies with the development of the Late Riphean rift in
the margin of the Eastern Siberian craton.

Petrological and geochemical analogies of the
Baikal’skoe and Jinchuan deposits. The genesis of the
Jinchuan deposit in north central China is also thought
to be related to Late Riphean rifting [84, 86], which
resulted in the opening of an oceanic basin (the Paleoa-
sian Ocean [87]) during the breakup of Rhodinia. Sim-
ilarities in the age and geotectonic setting of the
Dovyren and Jinchuan Ni-bearing complexes is empa-
sized by their petrological–geochemical and metallo-
genic similarities (Table 2). Table 2 summarizes the
principal characteristics of these deposits, which are
analogous (in spite of the multifold difference in the
resources of their Ni sulfide ores), with ranges of most
of their parameters overlapping. In comparing their
geological–tectonic characteristics, it should be taken
into account that the broadly known concept of the geo-
logical setting of Jinchuan was recently revised
(according to this concept, the major intrusions of this
complex are subvertical mafite–ultramafite bodies that
show traces of horizontal layering in the eastern block
[58, 86]). The authors of [67, 88] presented geological
arguments testifying that the intrusions of the Jinchuan
Complex in their original setting were (similar to
Dovyren) a single subtabular body, which was later
affected by rotational tectonic deformations and meta-
morphosed to the greenschist facies.
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An important geological feature of Dovyren and
Jinchuan is their heterogeneous character and enrich-
ment in olivine phenocrysts. Similar to data in [22] on
the Dovyren pluton, the authors of [58] state that intratel-
luric olivine in the Jinchuan magma contained approxi-
mately 85 mol % of the forsterite minal, although this min-
eral crystallized from a more magnesian melt that con-
tained close to 12 wt % MgO (Table 2). A mafic but not
picrite–komatiite composition of the initial melt of both
intrusive complexes follows from the relatively low Ni/Cu
concentrations in the disseminated ores: Ni/Cu = 1.8 for
Dovyren [21] and 1.5–1.76 for Jinchuan [86]. Such values
of this ratio are typomorphic of sulfide settling from a liquid
of basalt or gabbronorite composition [1]. This also follows
from the weighted mean Ni/Cu = 0.92, which was calcu-
lated for a representative vertical section of the Yoko–
Dovyren Massif characterized by 113 rock analyses [92].

The analogies mentioned above may be appended
with similarities in the isotopic–geochemical signals in
the Dovyren and Jinchuan rocks (see Table 2 for
their87Sr/86Sr and εNd values), which suggest lower
crustal contamination [26, 31, 67] and/or the anoma-

lously enriched Riphean mantle from which the paren-
tal magmas were derived [33, 84]. The possibility of the
assimilation of granitic material in the lower crust
makes it possible to admit the relatively early, precham-
ber saturation of the initial melts with S. This is con-
firmed by the occurrence of sulfide inclusions in the
primitive olivine and chromite. At the same time,
uncertain issues for both complexes are the scale of car-
bonate assimilation during the filling of the magmatic
chambers and the effect of these processes on the S sol-
ubility in the melts and the possibility of additional set-
tling of sulfides in the chambers [50, 67].

Geological–petrological data on the Dovyren intru-
sive complex and metallogenic and geochemical analo-
gies with the rocks of Jinchuan as one of the largest Ni
sulfide deposits suggest positive outlooks for economic
Cu–Ni–noble metal ore mineralization at Dovyren. The
analysis of available geological–geophysical materials
indicates that the Dovyren mineralized zone and the
massif itself are still poorly explored [93]. The zone of
Cu–Ni ore mineralization discovered in the 1960s
trends for approximately 20 km and was examined only

Table 2.  Comparison of geological characteristics and petrological–geochemical parameters of the Baikal’skoe and Jinchuan de-
posits

Characteristics of deposits Baikal’skoe deposit (Yoko–Dovyren Massif) Jinchuan

Geological–tectonic setting
Geological setting Rift in a continental margin
Age PR2 (R3, ~740 Ma) PR2 (R3, 825 Ma)
Type of association 
(primary form)

Dunite–troctolite–gabbro–norite layered massifs 
(subtabular body)

Ultramafite massifs (perhaps, a sill)

Evidence of assimilation 
of carbonates

Apocarbonate magnesian skarns Apocarbonate magnesian skarns

Petrological parameters
Predominant rocks 
of the massifs

Plagioclase peridotites, dunites, troctolites, and 
gabbronorites

Lherzolites (70–80%), dunites, and olivine pyrox-
enites: all are olivine and chromite cumulates

Conditions of parental 
magma emplacement

P = 0.5–1 kbar, ~WM buffer, í = 1200–1250°ë P = 2–3 kbar, solidification temperature was 900–
1050°C

MgO in melt (wt %) 7.5–10 % ~12% 
Fo in olivine (mol %) 85–87 85.5

Isotopic–geochemical features
La/Lu (in intrusion) 4.5–9.3 4–10
δ18O 5.9–6.4 5–6
87Sr/86Sr 0.712 (average) 0.7091–0.7169 
143Nd/144Nd 0.511464–0.511744 0.511772–0.511942
εNd from –16.3 to –14.1 from –8.9 to –12.0

Metallogenic characteristics and sulfides
Ni/Cu disseminated ores 1.8 1.5–1.7
Sum of PGE + Au ≤1.5 ppm ≤1.8 ppm
δ34S in ores. from + 1.1 to + 5.6 from –2 to +5
Sulfide inclusions In olivine and chromite In olivine and chromite

Note: Data on the Jinchuan deposit are compiled from [1, 58, 67, 84, 88–90] and the review [91].



GEOCHEMISTRY INTERNATIONAL      Vol. 47      No. 5      2009

THE DOVYREN INTRUSIVE COMPLEX: PROBLEMS OF PETROLOGY 447

fragmentarily, at a few exposed occurrences and to
depths of 200–750 m in a thin network of boreholes.
Deep-charge and gravimetric data in combination with
VES-IP results, make it possible to predict high-grade
sulfide ores in the deep ultramafites of the Yoko–
Dovyren massif [93]. An increment of the resources can
be expected as a result of the follow-up exploration of
the flanks and deep levels of the Baikal’skoe deposit.

CONCLUSIONS

The review of petrological–geochemical data on the
Yoko–Dovyren Massif presented above highlights
important relations between the genetic interpretations
of the inner structure of the massif and certain
geochemical aspects linked to the analysis of the nature
of the Ni sulfide mineralization and the evaluation of
the possible ore potential.

The key problem here is the evaluation of the tem-
perature and composition of the initial melt and the
chemical and modal composition of the parental
magma. COMAGMAT simulations in application to
the inverse [22] and forward [28, 29] problem of the
modeling of natural intrusive bodies demonstrate that
the Dovyren magma contained abundant intratelluric
olivine (20–50%) when injected into the chamber, with
this olivine having the composition Fo85–91 (Table 1).
These characteristics imply broad variations in the tem-
perature (1185–1400°C) and MgO concentration in the
initial melt (~7.5–17 wt %). This scatter results in a sig-
nificant uncertainty of the estimates for the sulfide con-
tent in the Dovyren magma. Experimental results dem-
onstrate that the temperature, composition, and reduc-
tion of magmatic melts control the S solubility in them
and the conditions under which sulfide phases crystal-
lize and/or dissolve [70, 71, 94–100]. If, presumably,
the lithostatic pressure in the Dovyren chamber was
close to 1 kbar and the redox conditions corresponded
to the wustite–magnetite (WM) buffer, then, for a melt
of gabbronorite composition at a temperature close to
1200°C [22], the S solubility should be approximately
0.10–0.11 wt %, and picrite–komatiite melts at 1350–
1400°C [28, 29] may contain 0.19–0.25 wt % S. 4 This
precludes an unambiguous evaluation of the degree of
the under- or oversaturation of the Dovyren magma
with sulfides.

The average S content in plagioperidotites of the
massif is 0.12 ± 0.06 wt % [21]. Assuming a minimum
estimate of 0.06 wt % S (for the minimum content of
sulfide in these rocks) and ~40% intratelluric olivine
phenocrysts in the plagioperidotite magma, we arrive at
an estimate of 0.10 wt % S in this liquid. The compari-
son of our estimates for the S solubility and this “real”
S concentration in the melt leads to principally different
conclusions: for the relatively low-temperature gab-
bronorite melts, it is reasonable to assume that the ini-

4 Calculations by the model for S solubility [101]. 

tial magmatic material was saturated with sulfides,
whereas the picrite–komatiite system should have been
significantly undersaturated in sulfides. This results in
differences in the genetic schemes and evaluations for
the scale of sulfide settling in the chamber. The first sit-
uation implies the predominant segregation of primary
magmatic sulfides (perhaps, with an addition of a cer-
tain amount of “chamber” sulfide S), whereas the sec-
ond situation suggests in situ crystallization and accu-
mulation of sulfides as a result only of the assimilation
of the host rocks by the magma. The problem can be
solved based on a complex approach, with a combina-
tion of precise geochemical investigations of the rocks,
minerals, and inclusions and with the simulation of
phase equilibria in the crystallizing magma with regard
for the segregation of sulfide phases [12, 101].

Parameters of the parental magma can be specified
based on the identification and interpretation of “anom-
alous” petrochemical trends for the lower contact [37]
and reversal [38] zone of the pluton (Fig. 4). Models
taking into account crystal accumulation at the lower
solidification front (Fig. 6) and cumulus compaction
(Fig. 7) suggest the inevitable generation of such trends
with an increase in the content of cumulus olivine and
MgO in the vertical section of the rocks up from the
lower inner contact. These trends correspond to mixing
lines of intratelluric olivine and the initial magmatic
liquid and thus impose rigid constraints on the compo-
sitions of the initial olivine and melts as end compo-
nents (Fig. 8). Graphical reconstructions with the use of
olivine control lines in combination with data on the
compositions of minerals from the uncontaminated
dunites (Fig. 9) indicate that parental magma of the
Yoko–Dovyren pluton came to the chamber which con-
tained olivine with no more than 87 mol % of the for-
sterite end member. These evaluations constrain the
possible temperature range of the parental magma to
1200–1250°C, and its crystallinity during emplacement
is, thus, constrained to 35–50%, with this information
needed to calculate the effective viscosity and density
of the initial suspension. The exact geological knowl-
edge of properties of a magmatic system is required to
develop models for the separation and concentration of
sulfide globules in the magma conduit and chamber
[102, 103].

A closed chamber or a flowing system? Estimates
of the temperature and composition of an initial melt by
geochemical thermometry are independent of the
emplacement mechanism of the melt and the succes-
sion of the chamber filling with the magma and its sub-
sequent differentiation [12]. Evaluations of the modal
composition of the parental magma, including the con-
tent of olivine phenocrysts, are based on data on the dis-
tribution of major elements in vertical sections and the
weighted mean composition of the intrusions [13]. The
latter approach implies a single act of magma emplace-
ment into a closed chamber and the absence of other
magma injections and magma feeders. Assuming the
constancy of the bulk composition of the emplaced
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material leads to the contradiction that arises when
thermodynamic simulations are made for the Yoko–
Dovyren Massif [22]. Thermometric data on primitive
rocks point to a gabbronorite composition of the initial
melt, whereas calculations for the high-Mg average
composition of the massif at temperatures of ≤1200°ë
yielded high concentrations of an intratelluric phase
(75–80%) and an extremely low content of the comple-
mentary magmatic liquid (20–25%). This inconsis-
tency can be eliminated if the chamber is regarded as an
open system through which much more basite magma
had flowed early in the course of the evolution of the
massif than it can be assumed based on the volume of
the gabbroids, gabbronorites, and norites in the upper
part of the Yoko–Dovyren Massif. In this situation, it is
reasonable to relate the origin of the dunite sequence to
the cooling history of the olivine cumulates, which
were produced by the settling of excess subcotectic oli-
vine (Ol ± Pl) from the magma that flowed through the
chamber and whose composition corresponded to oliv-
ine gabbronorite. This approach makes it possible to
interpret the Dovyren chamber as an intermediate
magma conduit from which much of the initial melts
(and perhaps, also their derivatives) were removed.
Indirect evidence in support of this concept is the wide
occurrence of gabbronorite sills and dikes around the
Dovyren Massif and the strong predominance of basal-
tic andesites and andesites among the supposedly
comagmatic Synnyr volcanic rocks. The interpretation
of the Dovyren chamber as a temporal magma conduit
makes it possible to explain the insignificant variations
in the chemistry of the rock-forming minerals in uncon-
taminated rocks in the lower part of the vertical section
at the contrasting modal layering of the massif (Fig. 5).
To simulate these features within the scope of the con-
vection–accumulation model, Bolikhovskaya et al. [29]
had to assume free convection and the reequilibration
of minerals in the highly crystalline suspensions.
Thereby the modeled bodies evolved not according to
the fractional crystallization mechanism but in compli-
ance with a mechanism close to the equilibrium crystal-
lization of residual systems with abundant suspended
olivine crystals. The model of an intermediate mag-
matic chamber seems to be advantageous from the
physical viewpoint, because it does not require the
existence of hydrodynamically unstable suspensions
for a long time. This interpretation implies that the
Dovyren chamber was “closed” only after a significant
volume of gabbronorite magma passed through it and a
certain amount of olivine has been settled out. A differ-
entiation process according to the convection–accumu-
lation mechanism with the development of clearly pro-
nounced compositional layering more probably
affected the upper part of the magmatic reservoir. This
alternative to the genesis of the Yoko–Dovyren Massif
as an originally “closed” intrusive body deserves a
detailed petrological analysis.

Another important problem of Dovyren is the
occurrence of much dunite in the vertical section, with

these rocks containing highly magnesian olivine (87–
92 mol % Fo, i.e., higher than in the initial plagioperi-
dotite magma) [22, 33, 55]. The authors of this review
arrived at the conclusion that this resulted from the par-
tial melting and compaction of the primary olivine
cumulates in response to the infiltration of intercumu-
lus melt enriched in volatiles. The volatile components
were likely provided mostly by carbonate xenoliths,
whose thermal decomposition brought about an
increase in the CO2 pressure and the transfer of the cal-
cite–magnesite components into the melt. This follows
from (1) the occurrence of apocarbonate magnesian
skarns [16, 36], (2) high CaO concentrations in olivine
from the contaminated dunites [23, 50], (3) the appear-
ance of olivine pyroxenites and wehrlites in the upper
part of the dunite zone [20, 21], (4) correlations
between olivine and chromite compositions in the con-
taminated and uncontaminated dunites [64], (5) broad
variations in the oxygen isotopic composition of olivine
and plagioclase from rocks of the Layered Series [32,
65, 66], (6) experimental data on the dissolution of car-
bonates in alkali basaltic melts [63], and (7) analogies
of the isotopic–geochemical characteristics of the rocks
with those of rocks from the Jinchuan ultramafic com-
plex [67].

The anomalously high Sr and low Nd isotopic
ratios and the Pb isotopic composition of rocks from
the Yoko–Dovyren Massif [30, 33, 35] seem to suggest
a hybrid nature of the Dovyren magma, which was pro-
duced by the interaction of primary mantle melts with
the granulite layer in the lowermost continental crust.
Indirect evidence of the action of these processes is pro-
vided by the abundance of acid melt and polyphase
crystalline inclusions in olivine from the dunite zone
[31]. This hypothesis looks appealing in light of the fel-
sitization concept [1, 74] as the main reason for the sat-
uration of the Dovyren magma with sulfides. At the
same time, another alternative is proposed by the
hypothesis of the melting of anomalously enriched
mantle material that occurred beneath the Siberian cra-
ton in the Late Proterozoic [33].

Geological–petrological genetic model for the
Synnyr–Dovyren Complex. We consider the results
presented above to be the basis for a genetic scheme
relating the genesis of volcanic rocks of the Synnyr rift,
Dovyren intrusive complex, and Baikal’skoe Cu–Ni–
PGE deposit (Fig. 1). This scheme implies that the
picrite–komatiite parental melts were formed in the
upper (likely enriched) mantle and were contaminated
at the lowest levels of the continental crust with the
development of suspensions of less magnesian sulfide-
saturated melt and olivine (~Fo87–88) crystals. Magma
differentiation during its ascent and reactive interac-
tions with the host rocks within the second structural
floor in the Synnyr depression gave rise to sills of pla-
gioclase lherzolites (olivine : melt ~ 1 : 1) and comag-
matic diabase dikes (olivine << melt), which crystal-
lized from a mixture of gabbronorite melt and olivine
(~Fo85–87) at temperatures of 1200–1250°ë. The Yoko–
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Dovyren pluton can be regarded as a crystallization
product of plagioperidotite magma (olivine + gab-
bronorite melt) in a large chamber, which initially was
an intermediate chamber for the Synnyr volcanic rocks.
The culmination of these processes was subaerial vol-
canism of contrasting type (Inyaptuk Formation) with
indications of the contamination of the parental mag-
mas with continental lithospheric material (microxeno-
liths of garnet gneisses in acid lavas), which gave way
to subaquatic eruptions of basaltic andesite lavas (Syn-
nyr Formation). The upper crustal assimilation of the
host terrigenous–carbonate rocks facilitated an addi-
tional decrease in the S solubility in the Dovyren
magma, the crystallization and accumulation of finely
dispersed sulfides in the near-mouth part of the magma
conduit (perhaps, at the northeastern termination of the
massif), plagioperidotites of the lower zone and in the
southwestern flank of the intrusion. Conceivably, this
situation resembles the situation with the development
of the Voisey’s Bay sulfide deposit in Labrador, where
major occurrences of Cu–Ni sulfide ores are restricted
to swellings in the magma conduits during magma
transfer from the lower to upper chambers [7, 9, 104].
Erosion and subsequent tectonic deformations did not
expose the main orebodies of the Yoko–Dovyren Mas-
sif. The ores were exposed only as single lenses of mas-
sive ore and parts of the mineralized marginal zone with
disseminated mineralization.

The aforementioned conclusion should not be
regarded as a rigorous prediction of economic mineral-
ization because it does not include evaluations of the
reserves. In fact, this is merely a statement that the
structure of the pluton and the composition of its rocks
and rare orebodies show a set of petrochemical and
mineralogical characteristics that fit known genetic fea-
tures of Ni sulfide deposits [1]. The newly discovered
criteria include estimates of the solubility of sulfide S in
the initial melts [101] and the application of this infor-
mation to characterizing the possible volumes of sulfide
ores in the unexposed part of the massif. Indeed, if the
average S concentration in the plagioclase lherzolites
(0.12 wt %) is no lower than in deep peridotites and a
realistic evaluation is available for the S solubility in
the initial gabbronorite melt (~0.10 wt %), one can cal-
culate the minimum amount of sulfides that could be
segregated from the sulfide phase suspended in the
melt. For this purpose, we can, again, use the assump-
tion of ~40% olivine (+ sulfide) crystals in the plagio-
peridotite material. Then, from the mass balance for S
0.12 = 37fS + 0.6 × 0.10, we obtain fS = (0.12–0.6 ×
0.10)/37 ~ 0.0016, where fS is the average weight per-
centage of sulfides disseminated in the parental magma
(0.16 wt %), and the value of 37 wt % is close to the S
concentration in the stoichiometric pyrrhotite FeS. Let
us now assume that the LCZ plagioperidotites account
for 5 vol % of the intrusive body (this is the minimum
estimate under the assumption of the thickness of the
plagioclase lherzolites in the central part of approxi-
mately 150 m). Using the evaluated volume of the

Yoko–Dovyren Massif of 350 km3 and the density of
peridotite of ~3 g/cm3, we obtain a minimum estimate
for the mass of these contact ultramafites, including the
unexposed part: 350 × 0.05 × 3 × 1015 g = 52.5 × 1015 g.
Hence, the total mass of the potentially “cumulus” sul-
fide phase concentrated in the plagioclase peridotite
unit is 52.5 × 1015 × 0.0016 g = 0.084 × 1015 g = 8.4 ×
107 tons or 84 million tons. Assuming that no more than
1% of these sulfides formed the orebodies, we arrive at
an estimate of approximately 0.8 million tons in recal-
culation to pure pyrrhotite or close to 4 million tons of
rich disseminated ores with 20% sulfides. This is more
than one order of magnitude greater than the resources
of Ni sulfide ores evaluated based on exploration data
(see above). Note that this estimate does not take into
account the possibility of the additional crystallization
of sulfides in the simultaneous processes of chamber
differentiation and the assimilation of carbonate–terrig-
enous material.

Irrespective of the validation or invalidation of this
prediction of economic ore mineralization, studies of
the Synnyr–Dovyren volcanic–plutonic complex are of
fundamental significance for the development of
genetic models for Ni sulfide ores. The further study of
the inner structure, mineralogy, and composition of
rocks composing the Yoko–Dovyren Massif with the
application of modern petrological–geochemical tech-
niques will place this intrusion among world-class
structures in terms of genetic importance. The results of
these studies can be applied in developing new pros-
pecting guides and criteria for the evaluation of
resources of base- and noble-metal sulfide ores in less
thoroughly explored mafite–ultramafite complexes in
eastern Siberia.
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