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Recent revision of the classification of kimberlite
rocks and associated rocks made it possible to propose
a modern classification that includes two natural forma-
tion series (hereafter, series) with different features.
The first series includes traditional rock associations of
platformal alkali ultramafic magmatism: diamondifer-
ous kimberlites, picrite—alnoite rocks associated with
rare-metal carbonatite complexes (alpicrites), and a
large group of alkali picrites (kimpicrites) that occupy
an intermediate position between the two series and
lack any distinct metallogenic specifics. The second
series includes diamondiferous olivine lamproites,
orangeites, and majhgawanites [1].

In the proposed classification, the term “kimberlite”
(sensu stricto) refers to rocks with diamond and miner-
als of the diamond assemblage. Based on this classifi-
cation, diamondiferous kimberlites are combined with
nondiamondiferous and weakly diamondiferous kim-
picrites, as well as alpicrites associated with rare-metal
carbonatite complexes, in a single natural series, as
opposed to the diamondiferous rocks of another series
(olivine lamproites—majhgawanites).

However, we have only limited geochemical and
isotope data on rocks of these series, except for the kim-
berlites and lamproites, which hampers interpretation
of genetic relations both within series and between
rocks of different series. In particular, data on the Sr
and Nd isotopic compositions of kimpicrites and alpi-
crites are nearly absent. Given this fact, we report new
Sr and Nd isotope data on the classical alpicrite occur-
rences of the Siberian Craton, which include phlogopite
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picrite dikes of the Arbarastakh carbonatite massif
(Aldan Shield), as well as dikes and pipes of alnoites
and picrites of the Chadobets Complex (southwestern
Siberian Craton) and the Tomtor Massif or Udzha
Uplift (table). For the sake of comparison, the table also
presents original Sr and Nd isotope data on kimberlites
from the Yubileinaya, Aikhal, Udachnaya, Komso-
mol’skaya, Mir, Internatsional’naya, Botuoba, and
Nyurba pipes. Isotope diagrams plotted on this basis
were supplemented with literature data [2, 3]. In the
diagrams, kimpicrites are represented by recent data on
typical occurrences of these rocks in the northern Sibe-
rian Craton (eastern Anabar Shield) [3].

The Rb-Sr and Sm-Nd measurements were con-
ducted by the isotope dilution method at the Center of
Isotope Research, Karpinskii All-Russia Research
Institute of Geology. The Sr and Nd isotopic composi-
tions of alpicrites, kimpicrites, and kimberlites of the
Siberian Craton are shown in the 8’Sr/2Sr—gy, diagram
(figure). Analysis of the data presented in the table and
figure suggests the following conclusions.

All the rocks of the kimberlite—alpicrite series are
significantly overlapped with Group 1 kimberlites,
which are mainly plotted in quadrant II of the diagram.
Hence, at least some of these rocks were derived from
the weakly depleted sublithospheric mantle. At the
same time, unlike Group 1 kimberlites, the Sr and Nd
isotope ratios in all groups form fairly large fields
extending from quadrant II to quadrant I with higher
87Sr/8Sr values at comparatively constant positive €xq
values. Similar variations in isotope ratios are unusual
and deserve special attention.

All rocks of the kimberlite—kimpicrite—alpicrite
metallogenic series of the Siberian Craton have similar
Sr and Nd isotope characteristics, which is expressed in
significant overlapping of fields of these rocks up to the
point of their complete coincidence in the 8’Sr/*Sr—ey
diagram. This fact indicates the principle similarity of
not only their mantle sources (the weakly depleted sub-
lithospheric mantle is among such sources), but also
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Sr and Nd isotopic compositions of kimberlites, kimpicrites, and alpicrites of the Siberain Craton. The fields of isotopic composi-
tions of kimebrlites of the Botuoba and Nyurba pipes are outlined separately. The contours of the fields of kimberlites and kimpi-
crites were drawn using original (table) and published data [2, 3]. The fields of Group I and Group 2 kimberlties, as well as lam-
proites of Australia, the United States, and Aldan, are plotted according to data from [4-7]. (/) Kimberlites in traditional diamon-
diferous areas of Yakutia; (2, 3) kimberlties of the Botuoba and Nyurba pipes, respectively; (4-6) alpicrites of the Tomtor Massif,

Chadobets Uplift, and Arbarastakh Massif, respectively.

processes that defined variations in the isotope parame-
ters of these rocks.

The obtained results and previously noted similarity
in isotopic compositions of the kimberlites and carbon-
atites confirm the possible genetic difference between
two series of deep-seated alkali ultramafic rocks. The
first series includes the traditional platformal rock asso-
ciations (kimberlites, alpicrites, carbonatites, and inter-
mediate kimpicrites) described above. Data points of
rocks of the second series (olivine lamproites,
orangeites, and majhgawanites) make up a cluster sepa-
rated from the field of the kimberlite—carbonatite series
in the ¥Sr/°Sr—ey, diagram (figure). The isotopic
parameters of the field of rocks of the second series sug-
gest their derivation from both the primitive substrate
and EM1- and EM2-type sources.

Significant variations in Sr isotope ratios of kimber-
lites, kimpicrites, and alpicrites of the Siberain Craton
are expressed in the distinct extension of the Sr and Nd
isotope fields along the 8'Sr/*Sr axis, passing from
negative to positive €g, values at the relatively stable
parameter €yy. This could result from isotope mixing of
different sources, e.g., the depleted sublithospheric
mantle and the lithospheric EM2 source with upper
crustal isotopic parameters. This assumption is sup-
ported by the correlation of the chemical composition

of kimberlites with the composition of host rocks in
many provinces [8].

In particular, kimberlites of the Central Yakutian
subprovince contain abundant carbonate xenoliths.
Therefore, their chemical composition is distinguished
from that of kimberlites of other provinces by higher
concentrations of CaO and CO, and lower contents of
silicate components (primarily, SiO, and MgO). Host
rocks in the Arkhangelsk province are dominated by
weakly metamorphosed clayey—quartzose sedimentary
rocks. Correspondingly, the kimberlites of this prov-
ince are enriched in SiO, and Al,O;, which derived
from the host rocks, and depleted in carbonates. The
kimberlites of the Arkhangelsk province are character-
ized by specific secondary alterations, which are
expressed in saponitization instead of the traditional
serpentinization and carbonatization. This fact testifies
that exchange between kimberlites and xenogenic
material of the host rocks occurred presumably at the
postmagmatic stage.

These features of kimberlites convincingly argue for
the introduction of different portions of Sr from host
rocks of the continental crust. This is also consistent
with the fact that the isotope composition of South Afri-
can kimberlites (Group I), which are generally less con-
taminated by xenogenic material and less subjected to
crustal contamination, occupies a relatively compact
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field (figure) with no trend subparallel to the 37Sr/36Sr
axis. This field corresponds to isotope characteristics of
the depleted asthenospheric mantle.

This interpretation of Sr and Nd isotopic composi-
tions in kimberlites is apparently consistent with their
contamination with the crustal material. However, cal-
culations show that this model cannot explain the
Sr isotope variations in kimberlites [2].

Alternatively, the Sr and Nd isotope variations in
kimberlites can be explained by heterogeneous mantle
sources, which were formed by inflow of deep-seated
material with high Rb/Sr and low Sm/N ratios. Accord-
ing to Zindler et al. [9], the partial melting of the isoto-
pically heterogeneous mantle could produce liquids
with variable ¥Sr/%Sr and '*’Nd/'*N ratios owing to
the variable contents of deep-seated enriched material
in the source.

A more likely explanation is that both these fac-
tors—isotope mixing during crustal contamination of
kimberlites and isotope heterogeneity of the mantle
caused by irregular inflow of enriched material during
repeated processes of deep-seated metasomatism—
participated in the formation of the isotopic composi-
tion of kimberlites.

We have obtained new data that allow us to compare
the Sr and Nd isotopic compositions of geochemically
anomalous kimberlites in the recently discovered
Nakyn field with the respective isotopic compositions
of rocks from traditional diamondiferous areas in Yaku-
tia. The data points of rocks of the Botuoba Pipe located
in the main field of diamondiferous kimberlites of
Yakutia are slightly shifted toward the higher 87Sr/%6Sr
ratios. The Nyurba kimberlite field is additionally
shifted along the &y, axis toward negative values. It
should be noted that such a shift is typical of geochem-
ically anomalous kimberlites of the Zolotitsa field of
the Arkhangelsk province and kimberlites of the Slave
province in Canada. These facts probably support the
assumption that the geochemically anomalous kimberlites
are related to the deepest sources located in the transitional
mantle zone (more than 300 km deep) in the segments
with a greater thickness of the lithosphere [10].

The similarity in Sr and Nd isotope characteristics
of kimberlites, kimpicrites, and alpicrites of the Sibe-
rian Craton emphasizes the genetic relation of these
formation-mineragenic types of magmatic rocks and

LAPIN et al.

the principle similarity of their mantle sources. Corre-
spondingly, specific features of the rocks described
above confirm their affiliation to a common natural
series [1]. This conclusion does not contradict other
concepts, according to which the formation-metallo-
genic diversity of magmatic rocks could primarily be
related to different depths of magma generation. The
depth discrepancy provoked systematic changes in pro-
tolith composition and different degrees of the perme-
ability of sublithospheric blocks for deep-seated solu-
tions and melts. The latter parameter, in turn, is corre-
lated with heat flow and the geothermal gradient [11].
Processes discussed above were responsible for differ-
ences in the degree of partial melting of the mantle; the
composition, volume, and energetic resource of mag-
matic melts; and the mode of their subsequent evolution
in the course of ascent to the surface.
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