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ABSTRACT

The Uralide Orogen is one of the main Paleozoic belts formed during the assembly of Pangea. The present-day Urals (Uralian Mountains, N-S-trending
through northern Eurasia) expose the relicts of this Paleozoic orogen. The Voykar Massif, located at the Polar Urals, is an ophiolite assemblage composed
mainly of mantle tectonite, gabbroic to ultramafic plutonic sequence and sheeted dikes with a MORB-type source. Geochronological data for this region show
a wide range of ages and are mainly based on U-Pb zircon data, although some Rb-Sr and Sm-Nd are available. We present high-resolution U-Pb (LA-ICP-
MS) analyses performed on zircon crystals extracted from a plagiogranite vein associated with a porphyritic dolerite dike. Magmatic zircon grains yielded a
U-Pb age of 428.1+7.4 Ma, corresponding to the Wenlock Period (middle Silurian). This age suggests a late stage of oceanic crust generation in the Voykar
basin. Different ages from plagiogranite and gabbroic bodies suggest that oceanic spreading lasted from ca. 490 to 425 Ma, i.e., at least 65 Ma or even longer,

in the Voykar basin.

INTRODUCTION

The northern part of Wegener’s Pangea was formed as a
result of several large Precambrian and early Paleozoic pale-
ocontinents assembly: Baltica, Laurentia, Siberia, Arctida,
Kazakh-Kyrgyz and smaller terranes of different origins
(e.g., micro-continents, oceanic arcs, fragments of oceanic
basins) (see review in Kuznetsov et al., 2007; 2010 and ref-
erences therein). These smaller terranes are involved in
Phanerozoic orogenic belts that lie between the more an-
cient cratonic shields and along their edges (see the first
plate tectonic reconstructions for the Uralian region in Zo-
nenshain et al., 1984; 1990; Sengor et al., 1993, and the
most recent ones in Stampfli and Borel, 2002 and Lawver et
al., 2002). The late Paleozoic Uralide Orogen is part of a Pa-
leozoic fold-thrust belt that was formed during the final
stage of assembly of N-Pangea when the Arct-Laurussia
(Arctida + Baltica + Laurentia), Siberia and Kazakh-Kyrgyz
paleocontinents were sutured.

The present-day Ural Mountains, the Urals, took the
form of a north-south-trending mountain range in the late
Paleozoic Uralide Orogen. The Urals expose late Cambrian
to late Paleozoic rocks that collectively form the Uralides.
Older complexes that crop out in and west of the Urals are
collectively defined as the Pre-Uralides. The Pre-Uralides
are separated from the Uralides by a tectonic contact. This
subdivision was firstly proposed by Kheraskov (1948).

The Main Uralian Fault (MUF) or Uralian Suture subdi-
vides the Urals into the Eastern-Uralian and Western-
Uralian megazones (Fig. 1). The eastern Uralides mostly
consist of Paleozoic ophiolites and volcanic island-arc com-
plexes and are generally thought to be allochthonous with
respect to the East European Craton (Baltica). The Western-

Uralian megazone contains both the Uralides and the Pre-
Uralides. Across the strike, the Urals are subdivided into the
Southern, Northern and Polar segments (Kuznetsov et al.,
2010) (Fig. 1B).

Many geological aspects of the Southern and Northern
segments of the Urals (e.g., relations of individual se-
quences at different scales and their biostratigraphic and iso-
topic-geochronological characteristics) are presently well
understood, allowing many stages and events in the geody-
namical history of those segments to be reconstrained (see
the review articles by Puchkov, 1993; 1997; 2000; 2003;
Brown et al., 1996, 2006; 2011; Ivanov, 1998; Alvarez-Mar-
ron, 2002; Chaplygina et al., 2002; Savelieva et al., 2002;
Ruzhentsev and Samygin, 2004; Desyatnichenko et al.,
2005; Fershtater et al., 2007; 2010; Ryazantsev et al., 2008).
In contrast, the geology of the Polar segment of the Urals
(Polar Urals) is poorly known (Voinovsky-Kriger, 1945;
1966; 1967; Puchkov, 1979; Savelieva, 1987; Dembovsky
et al., 1990; Dushin, 1997; Aristov and Ruzhentsev, 1998;
Scarrow et al., 2002; Shishkin et al., 2004) mainly due to
their poor accessibility. As a result, many key problems of
the geology, stratigraphy and geochronology of the Polar
Urals remain unresolved.

Although the Uralides have been extensively overprinted
by post-orogenic processes (see a review in Puchkov, 2000
and references therein) and by the flood basalts of the Siber-
ian superplume (Permo-Triassic boundary, Reichow et al.,
2009), many petrotectonic assemblages are well preserved,
including the Voykar Massif, which is one of the main tec-
tonic units of the Polar Urals (Fig. 1). The Voykar is an ophi-
olite assemblage mainly composed of mantle tectonite, gab-
bro-ultramafic plutonic rocks and a sheeted dike complex. In
this paper, in situ U-Pb measurements (LA-MC-ICPMS) for
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Fig. 1 - Geological scheme of the Polar Urals showing the sampling locality within the Voykar Massif (A) and index schemes (B, C) (based on Udoratina et
al., 2008 and Kuznetsov et al., 2010).



a plagiogranite vein associated with dolerites were carried
out in order to constrain the magmatic age of the Voykar
Massif. Together with previously published data, the new
results allow us to constrain the age of the generation of
oceanic crust in the Voykar basin.

GEOLOGICAL SETTING

The Voykar Massif is located in the Eastern-Uralian
megazone of the Polar Urals (Fig. 1) and belongs to the
Uralides. The Uralides in this megazone are represented by
a collage, including allochthonous mafic-ultramafic com-
plexes (Khord’yus, Voykar, Rai-Iz, and Syumkeu Massifs)
forming the largest mafic-ultramafic belt in the world (ap-
proximately 400 km long). The Eastern-Uralian megazone
at the Polar Urals is divided into two main zones (from
southwest to northwest): (1) the Maliy Urals volcanic-plu-
tonic belt and (2) the Voykar Massif. The Maliy Urals are
represented by a volcanic island-arc (VIA). A vast grani-
toid complex, the Sob’ batholith, is located in the
western/northwestern part of the belt. The Sob’ batholith is
composed of tonalites, trondhjemites and granodiorites dat-
ed at 408-390 Ma (Udoratina et al., 2005; 2008; 2014,
Udoratina and Kuznetsov, 2007). The Sob’ complex is in-
truded by a few elongated or isometric bodies of biotite
granites and leucogranites of the Middle Devonian
Yanaslor complex, dated at ca. 380 Ma (Udoratina and
Kuznetsov, 2007, Fig. 2). Eastward to the Sob’ batholith,
the Maliy Urals volcanic-plutonic belt is composed of vol-
canic, volcanic-sedimentary and carbonatic rocks of the
late Silurian (Ludlow and Pridoli), Devonian and early
Missisippian (Tournasian, Early Carboniferous; Lupanov
and Markin, 1964; Yazeva and Bochkarev, 1984; Didenko
et al., 2001, and others).

The Voykar Massif, composed mainly of ophiolitic
rocks, occurs within large allochthonous complexes of an
oceanic and island-arc lithosphere that is up to 200 km long,
approximately 20-30 km wide and more than 4 km thick.
All this system, including the ophiolites and the overlying
and intruding island-arc complexes, were thrust over by the
continental margin of the East European Plate in the middle-
late Paleozoic due to the closure of the Uralian Paleo-ocean
(Puchkov, 1993; 2010; Saveliev et al., 1996; Koronovsky,
2001; Kuznetsov et al., 2010). Most of the Voykar ophiolite
is composed of tectonized mantle harzburgites and dunites.
Plutonic units are exposed at the Lagorta and Trubayu re-
gions, localized in the central part of the Voykar Massif. In
both regions, the base of the allochthonous massif is marked
by the appearance of garnet-zoisite amphibolites and
blueschists. Sharma et al. (1995) postulated that both crustal
and mantle rocks of the Voykar Massif have a MORB-type
source. According to Saveliev et al. (1999), Pertsev et al.
(2003) and Savelieva et al. (2002; 2007), the Voykar ophio-
lite comprises the following sequences (Fig. 2):

Residual mantle rocks, up to 6 km in thickness, consist-
ing of a dominant harzburgite package with subordinate
dunite and small bodies of llerzolite. Chromite mineraliza-
tions can be hosted in the harzburgite and dunite at different
structural levels of the residual mantle section. Dunite layers
become larger toward the contact with the overlaying plu-
tonic ultramafic unit.

Dunite-wehrlite-clinopyroxenite section, 100-700 m
thick, occurs with subordinate amounts of troctolites and
plagioclase-bearing ultramafic rocks.
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Plutonic layered and banded gabbro, gabbronorite and
olivine gabbro, up to 1 km in thickness.

Pegmatoid gabbro, amphibole-rich gabbro and gab-
brodolerites closely associated with dolerite dikes, 1 km in
thickness.

Plagiogranites occur as rare small-volume stock-like
bodies, dikes and veins related to the gabbros and/or do-
lerites (see details in Chapter 4).

Pillow lavas intermixed with pelagic sediments, 50-100
m thick, occur at the top of the sheeted dikes and isotropic
gabbro through tectonic contacts. According to Savelieva et
al. (2007) their affinity with ophiolitic sequence is not con-
firmed and for Saveliev et al. (1999) pillow lava unit is
missing from all the ophiolite sequence in the Voykar zone.

PREVIOUS GEOCHRONOLOGICAL
INVESTIGATIONS

There were some attempts to determine the age of the
Polar Urals ophiolites. In the northern part of the Voykar
Massif, samples of harzburgite, dunite and websterite from
the mantle section and of gabbro and diabase from the over-
lying crustal section yielded a Sm-Nd whole rock isochron
of 387+34 Ma (Sharma et al., 1995) (Table 1). Ronkin et al.
(2000) obtained a Sm-Nd isochron age from a harzburgite
from the allochthonous mafic-ultramafic Rai-Iz Massif of
406+26 Ma and a Sm-Nd isochron age of a dunite-wehrlite-
clinopyroxenite-gabbro complex from the eastern side of the
same massif of 41015 Ma. Glodny et al. (2003) obtained
for the metasomatic veins in the Rai-Iz ophiolite a Rb/Sr
mineral isochron age of 373.1+5.4 Ma. According to the au-
thors, this result could represent the minimum age for the
onset of subduction in the Polar Urals and the incipient ob-
duction time for the ophiolites (Table 1).

Fig. 2 - Geological sketch map showing the sampled plagiogranite (number
116-09) associated with dolerites (based on Remizov et al., 2012).
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Savelieva et al. (2007) dated zircon grains in a chromitite
from the northern part of the Voykar Massif. Their U-Pb
SHRIMP study yielded the following results: a concordant
cluster of seven grains centered at 585.3+6 Ma (Mean
Square Weighted Deviation, MSWD = 0.036 and the proba-
bility of concordance is 0.85), a concordant age of the
eighth grain at 622+11 Ma and a concordant age of the ninth
grain at 2552425 Ma (Table 1). The age of 585.3+6 Ma was
interpreted as a Vendian (Ediacaran) tectonomagmatic event
that occurred in the upper mantle of a transitional ocean-
continent domain. Neither the 622 Ma nor 2552 Ma ages
were explained. Note that the Vendian (Ediacaran) age does
not agree with the common assumed age for the Polar Urals
ophiolites, which is estimated as middle (or, rarely, early)
Paleozoic (see summary on the Table 1). For this reason, the
age of 585 Ma was connected with a Pre-Uralian event (e.g.,
Kuznetsov et al., 2007).

Khain et al. (2008) have performed U-Pb isotopic study
in plagiogranite zircon crystals from the Voykar Massif.
This U-Pb study was conducted using three zircon samples
collected from size fractions ranging from -100+60 um,
> 100 um, and > 60 um. The zircons showed insignificant
discordance and their data points yielded a Discordia with
the upper intercept at 489+20 Ma (the lower intersection be-

ing almost zero, MSWD = 0.4). The average age value cal-
culated using the 2°7Pb/?%Pb ratio for the examined zircons
was 490+7 Ma (MSWD = 0.21) and coincide with that ob-
tained using the upper intersection of the Discordia. Taking
into account that the morphological features of the studied
zircons suggested their magmatic origin, 490+7 Ma was
proposed as the best estimate for the plagiogranite crystal-
lization in the Voykar Massif (Table 1).

Remizov et al. (2010) reported the results of a U-Pb
SHRIMP study in zircon grains of milonized amphibolized
gabbro (sample 5052/3) and amphibolized and sossuritized
gabbro (samples 2004/5 and 11081/1) from the southeastern
edge of the Voykar Massif. One rock sample (5052/3) was
collected in the left bank of the Bolshaya Lagorta River,
which is only 2 km southwestward from the location of our
study (see Fig. 2). Two other samples were collected in the
north (Khoila River - 2004/5) and south (Igyadeiegart Creek
- 11081/1). Ten zircon grains for each sample yielded con-
cordant ages at 446+2 Ma (sample 5052/3, MSWD = 047),
446.8+4.3 Ma (sample 2004/5, MSWD = 0.094) and 454+7
Ma (sample 11081/1, MSWD = 0.049) thereby constraining
the generation of the Voykar’s gabbroic rocks as Late Or-
dovician (Table 1).

More recently, Remizov et al. (2012) and Estrada et al.

Table 1 - Summary of the main features and isotopic ages of the Polar Urals ophiolites.

Sm-Nd: whole rock isochron; Rb-Sr: mineral isochron; U-Pb: LA-ICP-MS or SHRIMP in zircon grains.



(2012) dated single zircons from plagiogranite and gabbroic
rocks in the central part of the Voykar ophiolite. Remizov et
al. (2012) analyzed, using SHRIMP method, plagiogranites
from the Lagortayu River (sample 8813), very close to our
study area, and from the Malaya Lagorta River (outcrop
13503). The zircons yielded concordant ages at 452.7+5.1
Ma (MSWD =0.107, 10 grains analyzed) and 444.1+6.5 Ma
(MSWD = 0.17, 10 grains for the Concordia age), respec-
tively. Estrada et al. (2012) dated single zircons from an ap-
prox. 5 cm-thick leucocratic band in gabbro (sample RUB-
145, Malaya Lagorta River) and from a plagiogranite sam-
ple from the Trubayu River (RUB-347). Three zircons from
the gabbro yielded a mean 27Pb/Pb?* age at 454.8+1.1 Ma
(MSWD = 0.83) while one zircon grain from the pla-
giogranite sample showed slightly younger 2°Pb/U?* age of
443.8+1.5 Ma (Table 1).

FIELD AND PETROGRAPHIC FEATURES
OF THE PLAGIOGRANITE BODIES

Some outcrops of oceanic plagiogranite occur within the
central part of the Voykar Massif at the Lagortayu River
(Figs. 2 and 3a). These leucocratic bodies have irregular
vein-like shapes, ranging in size from centimetre to metre,
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and are associated with porphyritic dolerites containing
flow-oriented plagioclase crystals (Fig. 3a). The studied pla-
giogranite is white to yellowish, fine- to medium-coarse
grained, showing hypidiomorphic granular texture. Zoned
plagioclase (0.5 to 2.0 mm) and quartz (0.5 to 1.5 mm) are
the principal mineral constituents, making up 90-95 vol%,
with subordinate amounts of amphibole (5-7 vol%) partially
altered to chlorite (Fig. 3b and c). Zircon occurs as accesso-
ry phase. The petrochemical characteristics of this low-K
oceanic plagiogranite differs essentially from the Early De-
vonian plagiogranitoids, tonalites and granodiorites of the
Sob’ batholith, which are tholeiitic to calc-alkaline, Sr-poor
and compositionally related to volcanic island-arc plutons
(Udoratina and Kuznetsov, 2007; Udoratina et al., 2014).
Our plagiogranite can be considered the youngest element
of the Polar Urals ophiolitic association, and its age could
give constraints about the minimum age for the lower crust
generation within the Voykar sequence.

U-Pb GEOCRONOLOGY
OF THE SELECTED SAMPLE

A precise age for the ophiolites of the Ural Mountains is
important to understand the tectonic evolution of this orogenic

Fig. 3 - a- General view of the profile along the Lagortayu River. b- Porphyritic dolerite with flow-oriented plagioclase. c- One of the plagiogranite veins
found at the Lagortayu River, showing felsic minerals (quartz + plagioclase) and amphibole. d- Photomicrograph showing plagiogranite with a hypidiomor-

phic granular texture and zoned plagioclase. Qtz = quartz; pl = plagioclase.
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system. Until now, few reliable ages for the Voykar ophi-
olitic sequence in the Lagortayu area were available, mostly
due to the difficulty of sampling this part of the Ural Moun-
tains. In order to determine the crystallization age of this
ophiolite, we collected one sample of a plagiogranite at the
Lagortayu River (number 116-09). The sample was crushed
and milled using a jaw crusher and the zircons were separat-
ed using a manual pan, conventional heavy liquids and mag-
netic procedures. All zircon grains were mounted in epoxy
in 2.5-cm-diameter circular grain mounts and polished until
the zircon grains were revealed. The internal features of the
crystals were characterized by cathodoluminescence (CL)
imaging, using a CL detector (Oxford Instruments - X-Max)
coupled to a scanning electron microscope (Jeol JSM 6510)
at the Microanalysis Laboratory of the Universidade Federal
de Ouro Preto, Brazil. The zircon grains were dated with a
laser ablation microprobe (New Wave UP213) coupled to an
MC-ICP-MS (Neptune) at the Laboratory of Geochronology
of the Universidade de Brasilia, Brazil. Isotope data were
acquired in static mode with spot sizes of 30 um. Laser-in-
duced elemental fractional and instrumental mass discrimi-
nation were corrected using the reference zircon GJ-1 (Jack-
son et al. 2004). Two GJ-1 analyses were measured after
every five zircon samples. The external error was calculated
after the propagation error of the GJ-1 mean and the individ-
ual sample zircon (or spot). The collector configuration was
mixed, with faraday cups for ?°®Pb, 232Th, and >**U and mul-
tiplier ion counting channels for 22Hg, 2*Hg + 2%4Pb, 20Pb
and ?°Pb. Detailed analytical methods and data treatment
can be found elsewhere (Guadagnin et al., 2010).

The zircon grains are euhedral, prismatic and well crystal-
lized, displaying an oscillatory zoning with no inherited cores
and sizes varying from 100 to 200 um (Fig. 4). The U-Pb in

Fig. 4 - Cathodoluminescence
images showing the external
characteristics and internal struc-
tures of the zircons from the
sample 116-09.
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situ zircon data for the plagiogranite sample are presented in
Table 2. We dated 16 inclusion-free single-phase zircon
grains. Fifteen zircons have U contents from 18 to 172 ppm,
Th from 6 to 59 ppm, a very low amount of Pb (1-13 ppm)
and Th/U ratios between 0.24-0.50. One zircon grain (D-05)
presented higher U, Th, and Pb values (366, 390 and 28
ppm, respectively) and a Th/U ratio of 1.09. The 238U/?%Pb*
ratios of all dated zircons (where * corresponds to radiogenic
Pb) ranged between 14.118 and 15.124. The 16 analyzed zir-
cons yielded a Concordia with a mean 2°Pb/U?% age at
428.1+7.4 Ma (95% conf., MSWD = 0.43 and a probability
= 0.97) (Fig. 5). We interpreted the age of 428 Ma as the
crystallization age of the Voykar plagiogranite.

DISCUSSIONS AND CONCLUSIONS

According to the global geodynamic reconstructions, the
Polar Urals ophiolites are large fragments of oceanic lithos-
phere formed in the middle Paleozoic back-arc and inter-arc
basins, including fragments related to a suprasubduction set-
ting (see details in Kuznetsov et al., 2007; 2010). An initial
episode of seafloor spreading in the Voykar ocean basin may
be constrained by the crystallization age of the plagiogranite
veins at 490+7 Ma (Khain et al., 2008) (Fig. 6). A continuing
spreading into the Voykar basin has been marked by the gen-
eration of gabbro and plagiogranite dated at 454.8+1.1 Ma
(Estrada et al., 2012) and 452.7+5.1 (Remizov et al., 2012),
respectively, and by the production of younger gabbroic
rocks and plagiogranitoids ranging from 440 to 446 Ma (for
details see Table 1) (Fershtater et al., 1998; Remizov et al.,
2010; Estrada et al., 2012; Remizov et al., 2012). Spreading
in this basin lasted at least up to the middle Silurian, as
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Fig. 5 - Concordia diagram for the plagiogranite of
the Voykar Ophiolite Massif in the Lagortayu area.

Fig. 6 - Synoptic plot of available isotopic data for the Polar Urals ophiolites. References: (1) Sharma et al. (1995), (2) Ronkin et al. (2000), (3) Glodny et al.
(2003), (4) Savelieva et al. (2007), (5) Khain et al. (2008), (6) Remizov et al. (2010), (7) Remizov et al. (2012), (8) Estrada et al. (2012).



supported by our dating of plagiogranite veins associated
with porphyritic dolerites at 428.1+7.4 Ma (Figs. 5 and 6). In
the Voykar Massif, the dunite, wehrlite and clinopyroxenite
present an isochron Sm-Nd age of 387+34 Ma (Sharma et
al., 1995). This estimate could be interpreted as the result of
metamorphic/metasomatic events related to the subduction
process in the Voykar sector of the Polar Urals rather than
the time of the spreading stage (Fig. 6), in agreement with
the interpretation of Glodny et al. (2003).

The reported island-arc sequences - Maliy Urals vol-
canic-plutonic belt - were dated at 408-390 Ma (Udoratina
and Kuznetsov, 2007; Udoratina et al., 2014), whereas the
first subduction-related magmatism of Andean-I-type gran-
ites was dated at 370 to 350 Ma (Late Devonian to Early
Carboniferous) (Bea et al., 2002; Udoratina et al., 2005;
2008), suggesting a relatively short time between the gener-
ation of the Voykar ophiolite and the beginning of the sub-
duction process in the Urals Mountains.

Thus, our new data (U-Pb-dating of single zircons from
plagiogranites) add new constraints for the geochronology
of the Voykar Massif. The value of 428.1+7.4 Ma provided
in this work is the youngest of previously obtained ages for
the plagiogranitoids of the Voykar ophiolitic association. It
represents an upper constraint for the timing of oceanic
crust generation in the Voykar basin. Different ages of pla-
giogranitoids and gabbroic rocks from the Voykar Massif
suggest that the generation of lower oceanic crust in this
basin lasted at least 65 Ma (from ~ 425 to 490 Ma) (Fig. 6).
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