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Issues of the origin and age of lower crustal xeno-
liths from kimberlites of the Siberian Craton are con-
sidered in [1–5]. The Grt–Cpx Sm–Nd isotope age of
granulite from the Udachnaya Pipe is 1756 Ma [1].
Model ages of xenoliths in pipes of the Anabar Block
correspond to the Archean [5].

This paper presents results of zircon dating of xeno-
liths from the Udachnaya Pipe. Mafic two-pyroxene
garnet granulites (samples uk1 and uk2), mafic amphib-
ole-bearing garnet granulite (uk11), and intermediate
garnet granulite (uk5) were taken for age determina-
tion. The mafic two-pyroxene garnet granulites corre-
spond to tholeiitic basalts. Xenolith uk1 shows differ-
entiated REE distribution (

 

La

 

n

 

/Yb

 

n

 

 = 3.9); depletion in
Ti, Nb, and other HFSE; and enrichment in LILE,
including Pb, which is typical of island-arc tholeiites.
Sample uk 21 has a flat PM-normalized REE pattern
with an insignificant Nb maximum and Pb minimum.
Its protoliths was presumably ocean floor basalt. Xeno-
lith uk11 differs from other xenoliths in the high con-
tent of incompatible elements, which can be related to
contamination by host kimberlites or metasomatism.
Granulite uk5 is characterized by elevated contents of
Al

 

2

 

O

 

3

 

 and alkalis, as well as a fractionated REE pattern
with LREE enrichment, HREE depletion, and Eu max-
imum (Eu/Eu* = 1.32). This geochemistry suggests a
monzonitic composition of the protolith.

The equilibrium temperature and pressure of the gran-
ulite assemblage are within 720–810

 

°

 

C and 0.9–1 GPa.
They were calculated for grain cores using Grt–Cpx geo-
thermometers [9, 10], a Grt–Cpx–Pl–Qz geobarometer
[11], and a Grt–Opx thermobarometer [12].

Zircon grains were hand picked under binocular
microscope and were cast in an epoxy mount together
with standard zircon grains TEMORA and 91 500. To
choose analytical spots, we used optical and cathodolu-
minescence images. The U–Pb dating was conducted
on a SHRIMP II ion microprobe at the Center of Isoto-
pic Studies of Karpinskii All-Russia Institute following
technique [6]. The intensity of the primary beam of
negative molecular oxygen ions was 4 nA, and the Spot
(crater) diameter was 18 

 

µ

 

m. The data obtained were
treated with SQUID software [7]. The U–Pb ratios were
normalized to 0.0668 in TEMORA standard zircon cor-
responding to an age of 416.75 Ma [8]. Uncertainties of
individual analyses (ratios and age values) are given at
the 1

 

σ

 

 level; uncertainties of calculated age values, at
the 2

 

σ

 

 level.
Zircon forms short-prismatic or oval grains 100–

200 

 

µ

 

m in size. The cathodoluminescence images dem-
onstrate dark cores with thin rhythmic zoning and light
rims (Fig. 1). Grains from one sample have a similar
internal structure. Zircon from xenolith uk1 has thin
and homogeneous rims (Figs. 1a, 1b). Zircons from
samples uk21 and uk5 have thick concentric-zonal rims
(Figs. 1c, 1d). Thick rims of grains in sample uk11
demonstrate a chaotic structure (Figs. 1e, 1f; the grain
in Fig. 1f lacks a zoned core). Cores are rounded or
angular, occasionally crosscut by fractures and
cemented by light “zircon,” but fragments of cores are
not displaced from each other (Fig. 1b).

Rims yield concordant ages, which are identical within
the error limits in all samples. Rims in xenolith uk1 have
an age of 1824 

 

±

 

 20 Ma (MSWD = 0.69), while sample
uk5 has an age of 1827 

 

±

 

 14 Ma (MSWD = 2.4). In sam-
ples uk11 and uk21, rims and cores have virtually iden-
tical ages (table). Concordant values (on two points in
each sample) are 1831 

 

±

 

 16 Ma (MSWD = 1.8) for
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uk11 and 1805 

 

±

 

 43 Ma (MSWD = 2.8) for uk21. Zir-
con cores in xenoliths uk1 and uk5 define discordant val-
ues (Fig. 2a). Age values determined from 

 

207

 

Pb/

 

206

 

Pb are
within 1770–3150 Ma.

Zircon cores from sample uk5 have wide variations of
U and Th contents (table), averaging 309 and 157 ppm,
respectively. The Th/U ratio varies in wide ranges.
Rims have more steady composition: 31–36 ppm U, 7–
9 ppm Th, and 0.21–0.24 Th/U. In sample uk1, cores
also show wide variations in contents and ratios of
these elements. The rim demonstrates the lowest Th/U
ratio. Generally, the Th and U contents and their ratio
are lower in the rims than in the cores.

We studied REE distribution in different zircon gen-
erations to decipher their origin. REE contents were
determined on SHRIMP II at the Center of Isotopic
Studies of Karpinskii All-Russia Institute. Cores in
samples uk5 have similar REE abundance and distribu-
tion patterns (Fig. 3). The studied profiles exhibit a pos-
itive Ce anomaly (Ce/Ce* = 89–178), a negative Eu
anomaly (Eu/Eu* = 0.31–0.54), and HREE depletion
(Yb

 

N

 

/Dy

 

N

 

 = 15–35). As compared to them, cores from
sample uk1 are depleted in REE. They are character-
ized by less significant Ce and Eu anomalies (13 and
0.69, respectively) and strong HREE fractionation
(Yb

 

N

 

/Dy

 

N

 

 = 60), which is consistent with the mafic
composition of this rock. Zircon rims in xenolith uk5
are distinguished from the cores by lower contents of

REE, especially HREE (Yb

 

N

 

/Dy

 

N

 

 = 10), and a lower Ce
anomaly (49–74) (Fig. 3).

The rhythmic zoning and high Th/U ratio indicate a
magmatic origin of zircon in the core. Despite the sim-
ilarity in the internal structure of cores from one sam-
ple, the studied sample group could contain zircons
crystallized from a parental melt (in the studied rock)
and entrained from host rocks, because the Th and U
contents in them show wide variations. However, cores
of different ages from sample uk5 lack distinct differ-
ences in REE distribution patterns. This fact indicates
their crystallization from a common melt. In sample
uk1, sectors of cores crosscut by fractures are not dis-
placed. Hence, zircon in rims and fractures is related to
recrystallization of zircon in the core. One of the zircon
fragments, which evidently belonged to a single crystal,
is depleted in the Th and U content. This fragment is
younger than another one (table, grain 3). In the cathod-
oluminescence image, rhythmic zoning in this frag-
ment is vague (Fig. 1b). In this case, the age obtained
does not correspond to the formation time, but reflects
the loss of radiogenic Pb during the superimposed pro-
cess. Thus, the protoliths of the studied xenoliths could
have been formed in the Archean. This assumption is
consistent with the model Sm–Nd age established in
several similar xenoliths [5].

The formation of rims and rejuvenation of cores
could be caused by granulite metamorphism. However,
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Fig. 1. 

 

Cathodoluminescence images of zircon grains. Ovals show analyzed area within grain.
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the Th/U ratio in the rims in most of the studied samples
(except sample uk1) is higher than those typical of zir-
con from the granulite-facies rocks [13]. The signifi-
cant HREE depletion of the rims (relative to the cores)
is presumably caused by zircon growth in the presence
of garnet, which also accumulates HREE. This phe-
nomenon was observed in metamorphic rims and newly
formed zircon grains from garnet granulites and eclog-
ites [14].

The structure and composition of the cores indicate
a primary magmatic origin of the zircon. Grain rims are
equilibrated with garnet. Hence, they formed simulta-
neously with the mineral assemblage in the sample.
Thus, their age (1.81–1.83 Ga) corresponds to the age
of granulite metamorphism of the lower crustal rocks.
The younger Grt–Cpx Sm–Nd age of granulite xenolith
[1] reflects the closure of this system during cooling.
The rims were formed by recrystallization of older zir-
con grains. The same process could be responsible for
partial loss of radiogenic lead in the cores and rejuve-
nation of their age. However, the existence of entrained
grains cannot be ruled out. In this case, the ancient dat-
ings reported in this paper indicate the Archean age of
crustal rocks, which were intruded by parental melts.
However, zircon cores from sample uk5 lack distinct

differences in REE patterns, indicating their crystalliza-
tion from a common melt. Hence, it is possible that the
protoliths of lower crustal granulites have an Archean age.
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Fig. 3. Chondrite-normalized REE distribution patterns in
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