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Paragenetic associations with diamond in kimber-
lites can be subdivided into three main types: (1) inclu-
sions of various minerals in diamond crystals, (2) min-
eral intergrowths with diamonds, and (3) xenoliths of
diamondiferous mantle rocks. These types are found in
different proportions in all the kimberlite pipes with
commercial diamond contents. Such rocks have always
attracted attention of researchers, since they bear the
most reliable information on natural formation environ-
ments of diamonds and their peculiarities, i.e., petro-
logical features of the upper mantle in the region.

Like any new object, kimberlites from the recently
discovered Botuobinskaya and Nyurbinskaya pipes
(Nakynsky kimberlite field) became a target for intense
research. Despite the relatively short (less than 10 yr)
history of their study, several publications have been
dedicated to the geology, kimberlite mineralogy, and
other compositional features of these pipes [1-10].
These works demonstrate that kimberlites from the new
field are unique in terms of their isotopic signatures,
which are similar to those of kimberlites of the second
group, and compositional features of associated miner-
als (primarily, garnets and chrome spinels). It is also
established that the lithospheric mantle under the
Nakynsky field differs (with respect to petrography of
rocks and tectonomagmatic evolution) from the neigh-
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boring Malaya Botuobinskaya and Daldyn-Alakitsky
fields [5, 9].

Already, first data on the external morphology dem-
onstrated that diamonds from kimberlites of this field
differ (in terms of the spectrum and proportions of var-
ious morphological groups) from diamonds of other
kimberlite pipes of the Yakutian province [1, 3]. The
diamond population from kimberlites of the Nakynsky
field contains a higher content of rounded and envel-
oped (or rimmed) crystals. Crystals with caverns, etch-
ing channels, and other signs of natural dissolution and
resorption are also present [3, 5]. The visual study of
mineral inclusions in diamonds from kimberlites of this
field revealed the elevated content of orange garnets
and other minerals of presumably eclogitic association,
which points to wide distribution of eclogitic mineral
inclusions among diamonds from these pipes [1, 3].
This inference has been supported by the microprobe
studies of inclusions in diamonds from the Botuobin-
skaya Pipe, which demonstrated that over 50% of crys-
tals belong to the eclogitic association [10]. All these
facts indicate that the new diamondiferous area is
unique and it is important to study specific features of
mantle xenoliths, particularly those with diamonds.

We studied mantle rocks and monomineral garnet
megacrysts containing single diamond ingrowths or
occasional crystals at their surface. The diamondiferous
xenoliths and megacrysts (more than 130 samples)
were taken from kimberlite ore in the course of its con-
centration by X-ray luminescence separators. Since the
samples are represented by diamondiferous xenoliths
(with only garnet preserved as the primary mineral) or
nearly monomineral garnet megacrysts, we mainly
studied garnets and diamonds. In all samples, we car-
ried out the microprobe analysis of garnets and the mor-
phological study of diamonds.

The garnet composition was examined under stan-
dard conditions using a Superprobe JXA-8800R X-ray
microanalyzer in the Central Analytical Laboratory of
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Fig. 1. Diamondiferous xenoliths from the Nyurbinskaya Pipe. (a) Sample N-6 corresponds to magnesian eclogite in terms of garnet
composition, diamond (2.4 x 8 mm) is represented by the colorless octahedron with smooth facets; (b) Sample N-47 corresponds
to garnet websterite in terms of garnet composition, diamond (3 X 2 mm) is represented by the colorless octahedron with polycentric
structure of facets; (c) Sample N-17 corresponds to high-alumina eclogite in terms of garnet composition, diamonds are represented
by the five linearly arranged octahedral crystals 2—-3 mm across; (d) Sample N-20 corresponds to ferruginous eclogite in terms of
garnet composition, diamond (3.5 x 2.5 mm) is represented by the gray intensely corroded irregular in size crystal; one can clearly
see leaching channels crosscutting the crystal and rim composed of entirely chloritized phlogopite.

the ALROSA Joint-Stock Company. Some minerals
were analyzed using a Link ISIS-300 device (resolu-
tion, 133 eV; accelerating voltage, 20 kV; current, 10 nA;
and beam diameter, 1-2 pwm). Natural minerals certified
at the Institute of Geology and Geophysics (Novosi-
birsk) were used as standards.

The representative collection (163 samples) includes
rounded xenoliths (with visible diamonds) or monomin-
eral garnet nodules (with diamond ingrowths). Some sam-
ples contain two or more diamond crystals. The collection
is unique because of its numerous samples of diamon-
diferous xenoliths and megacrysts found in kimberlites
of the recently discovered pipe. Despite the long history
of development of the well-known kimberlite deposits,
such as the Mir and Udachnaya pipes, the total quantity
of diamondiferous xenoliths found in them usually does
not exceed 100 specimens in each pipe. This statement
is at least valid for xenolith collections from well-stud-
ied kimberlite pipes in both Yakutia and South Africa
[11,12].

Leaving aside the detailed characteristics of dia-
monds enclosed in xenoliths, let us note that most of
them are represented by octahedral crystals (Fig. 1). In
general, the collection shows the following proportions
between morphological groups of diamonds (%): octa-
hedrons 65, transitional forms 22, intergrowths 8, and
various twin types 5. Figures la and 1b demonstrate
two xenoliths with relatively close composition of the
major mineral (garnet) represented by octahedron with
the polycentric structure of facets or octahedron with

acute edges, respectively. It should be noted that dia-
monds are deeply submerged into the garnet matrix in
both cases and enveloped by entirely chloritized
monomineral phlogopite. Such an envelope is particu-
larly well developed around the corroded irregular
crystal (Fig. 1d). Several examined samples contain up
to five or more diamond crystals. Some xenoliths
enclose accumulations of diamonds, which form chains
and veinlets (Fig. 1¢). In some samples, diamonds are
represented by crystals with usually yellow-green rims.
The size of diamond crystals ranges from 0.5 to 4-5 mm
along the long axis. It is remarkable that many dia-
monds demonstrate leeching channels and other corro-
sion signs (Fig. 1d). Such crystals constitute approxi-
mately 30% of the collection.

As was noted above, garnet grains from all the xeno-
liths were analyzed to determine the major compo-
nents. Particular attention was paid to central and
peripheral zones of garnets in order to define any zon-
ing. It was established that approximately 10% of
examined garnets show zoning with respect to the dis-
tribution of major elements, such as Ca, Mg, and Fe.
Factor analysis of the data on the mineral composition
of xenoliths revealed eight groups of garnets, which are
readily distinguishable in terms of certain major com-
ponents. The table presents average garnet composi-
tions in defined cluster groups, the number of examined
samples, and percentage of separate groups in analyzed
xenoliths. The defined garnet groups correspond com-
positionally to different garnet types in certain mantle
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Average contents of garnet cluster groups in diamondiferous xenoliths from the Nyurbinskaya kimberlite pipe, wt %
Component Gl G2 G3 G4 G5 G6 G7 G8
Si0O, 39.26 (0.73) [39.73 (0.53) [{40.05 (0.44) |40.48 (1.42) | 40.23 (0.43) [40.62 (0.08) |40.52 (4.01) | 40.72 (0.37)
TiO, 0.27(0.09) | 0.45(0.22) | 0.29(0.06) | 0.38(0.14) | 0.4 (0.11) 0.3 (0.1) 0.37(0.17) | 0.15(0.11)
Al,O4 21.22(0.32) |21.28 (0.45) | 21.75 (0.32) {21.96 (0.97) |21.85 (0.31) [22.05(0.37) [21.98 (1.8) |15.39(1.26)
Cr,04 0.07 (0.05) | 0.08 (0.05) | 0.08 (0.06) | 0.1(0.07) 0.1 (0.05) 0.11 (0.06) | 0.17(0.27) | 9.87 (1.56)
MgO 9.38 (2.01) | 10.23(1.41) | 12.43 (0.35) | 14.1 (1.16) 9(1.32) 15.53(0.94) |20.59 (3.32) | 19.09 (0.92)
CaO 5.09 (1.0) 8.27(1.44) | 5.05(0.79) |10.2(2.2) 1633 (1.51) | 3.82(0.83) | 3.37(1.57) | 6.12(1.08)
MnO 0.48 (0.12) | 0.39(0.07) | 0.38(0.06) | 0.19(0.07) | 0.14(0.04) | 0.37(0.08) | 0.34(0.12) | 0.47 (0.09)
FeO 23.07 (2.13) | 18.22 (1.48) | 18.83 (0.91) | 10.76 (1.76) | 11.03 (1.16) | 16.26 (1.28) | 10.65 (3.7) 7.46 (0.42)
Na,O 0.1 (0.04) 0.16 (0.06) | 0.12(0.02) | 0.22(0.26) | 0.17(0.03) | 0.12(0.02) | 0.12(0.05) | 0.04(0.02)
NiO 0.01 (0.003)| 0.01(0.03) | 0.01(0.002)| 0.01(0.003)| 0.01(0.002)| 0.01(0.002)| 0.01(0.009)| 0.01(0.003)
Total 98.94 98.83 99.00 98.41 99.26 99.19 98.12 99.31
Number of samples and relative content, %

Gl G2 G3 G4 G5 G6 G7 G8
Number of 10 17 51 8 13 40 10 12
samples
% 6.2 10.6 31.7 5.0 8.1 24.8 6.2 7.5

Note: Standard deviations are shown in parentheses.

xenoliths of the mafic or ultramafic composition. For
example, in terms of the high Cr content (>8.0 wt %
Cr,05) and magnesian index, group G8 corresponds to
garnets of the dunite—harzburgite association. Garnets
of group G7 are also characterized by the similarly high
magnesian index, but they have lower Cr,0; and CaO
contents. Therefore, they are similar to garnets from
lherzolites and wehrlites. Garnets of group G6 corre-
spond to those from garnet websterites characterized by
the lower magnesian index (as compared with groups
G8 and G7) and the low CaO content. It is conceivable
that some samples from this group of xenoliths belong
to magnesian eclogites. Garnets of group G5 are similar
to those from high-alumina eclogites that include
grospydite, kyanite, and coesite, as well as corundum-
bearing varieties. This is also confirmed by the detec-
tion of separate corundum grains found in samples of
group G5. The CaO content in garnets is a criterion for
defining xenoliths of this group [13]. In terms of the
magnesian index, garnets of group G4 are close to those
from group G5, but they have a lower CaO content and
can belong to various ferromagnesian eclogites.

Groups G1-G3 are depleted in Cr, enriched in Fe,
and variable in terms of CaO content. They correspond
to garnets from different magnesian and ferromagne-
sian eclogites. It should be noted that garnets of group
G6 with the high magnesian index and lower CaO con-
tent can belong to either magnesian eclogite xenoliths
or garnet websterites. Garnets with similar composition
of major oxides are also recorded in the megacrysts
from kimberlites [12]. The position of garnets from
group G7, which are characterized by the elevated Cr
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and Mg contents and a lower CaO content, is somewhat
uncertain. Similar garnets occur in lherzolite and
pyroxenite xenoliths. At the same time, they can be
attributed to garnets from the megacryst association.
Therefore, it is probably reasonable to define them as a
transitional group.

In any case, the first five cluster groups, which unite
garnets with the medium magnesian index, elevated
mafic index, and low Cr content, correspond most
likely to eclogitic varieties of mantle rocks. They
account for more than 60% of the examined xenolith
samples. It should be emphasized that samples of
undoubtedly dunite—harzburgite association constitute
<10% of the studied diamondiferous xenoliths (table).

The analysis of inclusions in diamonds from the
Botuobinskaya Pipe of the Nakynsky field revealed that
the eclogitic association constitutes no less than 50% of
all the inclusions recorded in diamonds from this pipe
[10]. Such a high share of the eclogitic association was
not noted among diamond-hosted inclusions from any
kimberlite pipes of the Yakutian province. These data
are substantiated by data on the Nyurbinskaya Pipe. As
was shown above, the examined samples of diamondif-
erous rocks are largely represented by xenoliths that
correspond to different eclogite varieties or, less com-
monly, garnet websterites in terms of garnet composi-
tion. The share of samples of the ultramafic association
of the dunite—harzburgite and, less commonly, lherzo-
lite or pyroxenite composition approximates 10%. The
percentage of diamondiferous associations of the
eclogitic composition could even be higher since the
examined collection virtually lacks xenoliths with
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Fe 50 Mg
Fig. 2. Diagram illustrating the composition of garnets in
diamondiferous xenoliths and megacrysts from kimberlites
of the Nyurbinskaya Pipe. For comparison, the field of gar-
nets from diamondiferous eclogites of the Udachnaya Pipe

is shown. Fields of garnets (4, B, C) from different types of
eclogites are shown after [14].

cubic diamonds. Judging from our collections, the
share of similar diamonds in populations from both
pipes is no less than 5%. Inasmuch as all xenoliths were
taken after visual examination of the concentrate
yielded by luminescence separators, it is natural that
xenoliths with cubic diamonds, which are characterized
by low X-ray luminescence, could have been missed.
At the same time, kyanite and, less commonly, two-min-
eral eclogites are parental rocks of such diamonds [11].
Thus, it is conceivable that the share of the eclogitic
substrate, which represents substrate for diamonds in
the lithospheric mantle beneath the studied kimberlite
field, was even higher. The results obtained will proba-
bly be refined after subsequent studies. However, it is
clear already now that diamonds from the Botuobin-
skaya and Nyurbinskaya pipes are characterized by an
unusual paragenetic composition, an elevated role of
the eclogitic substrate in their formation, and a high
contribution to the formation of the lithosphere beneath
the Nyurbinskaya kimberlite field.

The data on the content of major oxides in garnets
from examined diamondiferous xenoliths and monom-
ineral nodules are plotted in the Mg—Ca—Fe ternary dia-
gram (Fig. 2). One can see that garnets from diamondif-
erous xenoliths of the Nyurbinskaya Pipe are character-
ized by a wide range of all main components.
Moreover, the compositional spectrum of garnets from
the diamondiferous xenoliths and nodules exceeds the
field of diamondiferous rocks from the Udachnaya and
Mir pipes. Variations in the CaO content in garnets
associated with diamonds from the Nyurbinskaya Pipe
are wider than in xenoliths of the Mir Pipe. The com-
parison between compositions of garnets from the con-
centrate and diamondiferous associations of mantle
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rocks shows that the composition field of the second
variety, which served as the substrate for the diamonds
and is an undoubted associated mineral of diamonds, is
slightly wider than that of the field of garnets from the
concentrate. It means that more thorough garnet sam-
pling is needed during prospecting works, primarily in
the Nakynsky kimberlite field. Orange eclogite-type
garnets are sometimes similar in appearance to alman-
dine garnets from metamorphic rocks and might be
rejected by the quality controller, thus, being excluded
from the selection of indicator minerals associated with
diamonds.

The data obtained suggest the specific composition
of the diamond-forming medium and, correspondingly,
mantle in the Nakynsky kimberlite field. The specific
composition is probably responsible for the anoma-
lously high diamond potential of kimberlites from both
pipes. The high diamond content is mainly related to
the capture of high-productive mantle xenoliths prima-
rily of the eclogitic composition. It is unclear whether
this fact is related to the selective capture or the anom-
alous composition of the mantle in the study area. How-
ever, data on the Nyurbinskaya Pipe testify to the abun-
dance of diamondiferous xenoliths of the eclogite and,
partially, pyroxenite composition in relevant kimber-
lites. This implies the elevated proportion of the eclog-
itic substrate in the lithospheric mantle beneath the
Nakynsky kimberlite field. In addition, some other indi-
rect indications, such as wide distribution of rounded
diamonds, as well as crystals with etching channels and
other signs of corrosion, point to the substantial role of
metasomatism and partial melting in the formation of
diamonds [15]. These processes presumably governed
the presence of certain types of crystals and specific
mode of diamond population but also provided the sup-
ply of sufficient carbon owing to intense percolation of
fluids. The contribution of metasomatic processes and
associated fluid components to the formation of dia-
monds is emphasized by both the style of zoning in gar-
nets from diamondiferous xenoliths and the presence of
chloritized phlogopite rim around diamond crystals in
xenoliths from these pipes.

The largely eclogitic composition of the diamond-
forming substrate and specific composition of the litho-
sphere mantle suggest that some methodical
approaches to prospecting in the study area and, proba-
bly, some other fields of the Yakutian kimberlite prov-
ince should be revised. For example, special attention
should be paid to eclogite-type garnets during sampling
and field works, in addition to high-Cr garnets of the
dunite-harzburgite association. Such garnets are simi-
lar to their orange and pink counterparts from metamor-
phic rocks or crustal xenoliths. Therefore, they can be
ignored during prospecting works.
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