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The Siberian craton consists of Archean blocks, 
which were welded up into the same large unit by ca 
1.9 Ga [Gladkochub et al., 2006; Rojas-Agramonte et al., 
2011]. The history of the constituent Archean blocks is 
mosaic because of limited number of outcrops, insuffi-
cient sampling coverage because of their location in 
remote regions and deep forest and difficulties with 
analytical studies of ancient rocks, which commonly 
underwent metamorphic modifications and secondary 
alterations. In this short note, we report data on dis-
covery of unusual for Archean mafic rocks of ultimate 
fresh appearance. These rocks were discovered within 
southwestern Siberian craton in a region near a boun-

dary between Kitoy granulites of the Sharyzhalgai high-
grade metamorphic complex and Onot green-schist belt 
(Fig. 1). Here we present preliminary data on geochro-
nology of these rocks and provide their geochemical 
characterization. 

Methods. The rocks under consideration were dis-
covered at two localities with size of about 500 by  
500 m at a distance of about 3 km separated from each 
other at the middle stream of the Kitoy river. The rock 
occurrences are located at deep forest regions and geo-
logical relations with ambient rocks were not observed. 
According to regional tectonic subdivisions, the studied 
rocks are located within the Kitoy granulite block of  
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the Sharyzhalgai high-grade metamorphic complex. 
However, as will be discussed below, it cannot be ruled 
out that the ambient rocks belong to the Onot green-
schist belt (Fig. 1). 

The rocks initially were cut for thin sections to 
check them under the polarized microscope. It ap-
peared that some of them retain original dolerite tex-
ture with fresh plagioclase-clinopyroxene-orthopyro-
xene-olivine mineral assemblage (Fig. 2). The rocks 
vary significantly, however, by the degree of secondary 
modification and metamorphism. Secondary minerals 
in dolerites are sericite, epidote, chlorite, zoisite and 
rarely biotite which constitute up to 5 % in the most 
altered varieties. Metamorphic rocks are plagiogneis-
ses and plagioschists with relics of original dolerite tex-
tures. 

Having in mind extremely fresh-looking appearance 
of the minerals, seven dolerite samples were processed 
for K-Ar dating at the Centre of Geodynamics and Geo-
chronology of the Institute of the Earth’s Crust. Argon 
and potassium concentrations were measured using 
ARGUS VI mass-spectrometer and SOLAAR M atomic 
absorption spectrometer, respectively. Prior the K-Ar 
dating, all samples were treated by 4N HNO3. 

The same seven samples, though not treated by any 
acids, were used for major and trace element analyses, 
which were conducted at the Centre for isotope-

geochemical studies of the A.P. Vinogradov Institute of 
Geochemistry and at the Centre of ultramicroanalysis 
of the Limnological Institute using S4 Pioneer XRF 
spectrometer and Agilent 7800 ICP-MS mass-spectro-
meter, respectively. Nd-Sm-isotopes were measured on 

 

 
Fig. 1. Schematic map of the 
southern Siberian craton 
with the study area. 

 
 

 
 
 

 
 
 

 
 

Fig. 2. Thin section of a sample dated at 3213 ± 110 Ma by 
K-Ar method under a polarized microscope. Magnification 
is 10×. Ol – olivine, Cpx – clinopyroxene, Pl – plagioclase. 
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2N HCl-leached samples at the Centre of Geodynamics 
and Geochronology of the Institute of the Earth’s Crust 
using Finnigan MAT262 mass-spectrometer. 

Results. The performed K-Ar dating on seven do-
lerite samples has shown the range of ages between 
1941±42 and 3213±110 Ma. The youngest among the 
measured ages corresponds to a peak of granite mag-
matism and metamorphism in the southern Siberian 
Craton [Rojas-Agramonte et al., 2011]. The oldest of  
the measured ages is older than any published ages for  
the Sharyzhalgai high-grade metamorphic complex 
[Turkina et al., 2012] and approaching the oldest  
published age of 3386±14 Ma for plagiogneisses of the  
Onot green-schist belt [Bibikova et al., 2006]. Thus we 
interpret the oldest of measured K-Ar ages as poten-
tially yielding the true eruption age and the younger 
ages as due to complete or partial metamorphic reset-
ting at ca 1.9 Ga. 

The dolerites form two geochemical groups, re-
ferred to as group-1 and 2, which are identical by the 
heavy rare earth element (REE) concentrations at a 
level lower than in the modern mid ocean ridge basalts 
(MORB) but different by majority of the most incom-
patible elements, whose concentrations are inter-
mediate between MORB and ocean island basalts (OIB) 
(Fig. 3). These two groups are different by their time-
corrected (at 3.2 Ga) εNd values. The εNd values in 
group-1 and 2 rocks vary between –2.6 and –4.7 and 
between –10.8 and –15.0, respectively (Fig. 4). 

Discussion. It seems that the studied rocks are 
quite unique among Archean rocks by their freshness, 
which allowed preserving the radiogenic argon. Most 
likely the oldest age 3213±110 Ma obtained on one of 
the studied samples can be still younger than the true 
age of the rock because it is hard to believe that 100 % 
of radiogenic argon in the sample is retained. In princi-

ple, this age could be also too old in case of excess ar-
gon. Thus, the obtained K-Ar ages should be viewed as 
preliminary until confirmed through Ar-Ar dating 
and/or U-Pb dating, in case if zircon or baddeleyite are 
present. The additional problem in interpretation is 
related to difficulties in revealing geological situation, 
because no contacts with the basement rocks were  
observed because of deep forest. 

Surprising are the geochemical features of the rocks 
as well. They show very low concentrations of the heavy 
REE, lower than in modern MORB, suggesting very high 
degree of partial melting (>15 %). At the same time,  
they show high concentrations of some lithophile trace 
elements such as Cs, Rb, Ba and Pb (Fig. 3). Considering 
the freshness of the rocks, peaks of concentrations for 
these elements cannot be due to secondary alteration. 
This cannot be due to contamination of initial mantle-
derived melts by crustal material either, because the 

 
 

Fig. 3. Primitive-mantle [McDonough, Sun, 1995] normalized diagram for the studied samples. MORB and OIB reference lines 
are after [Sun, McDonough, 1989]. 

 
 
 

 
 
 

 
 

Fig. 4. Time-corrected (at 3.2 Ga) εNd relative La/Yb in the 
studied rocks. 
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group-1 rocks with the higher concentrations of these 
elements are characterized by higher εNd values com-
pared to the group-2 rocks (Fig. 4). Thus, it seems, the 
only feasible explanation is recycling of crustal material 
at depth and melting of peridotite-crustal mixture at 
high degrees of partial melting. 

Conclusion. Preliminary K-Ar dating of exception-
nally fresh dolerites discovered at the boundary bet-
ween Sharyzhalgai metamorphic complex and Onot 
green-schists belt suggests that these rocks are among 
the most ancient rocks of the Siberian craton. 

These dolerites have unusual geochemical features, 
combining very low concentrations of the heavy REE 
and high concentrations of some lithophile elements 
such as Cs, Rb, Ba and Pb. 

Nd-isotope data suggest that the source of melting 
at 3.2 Ga already contained highly evolved crustal  
material. 
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