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Abstract. Data on the composition and the
He-Ar and Sm-Nd isotopic systems of ultramafic
xenoliths in Cretaceous-Paleogene basalt in the
North Tien Shan provide insight into a lateral
heterogeneity of the upper mantle. The mantle
beneath the northern and southern portions of
the North Tien Shan has a lherzolite
composition, whereas pyroxenites found east of
Lake Issyk Kul were produced by the partial
melting of and metasomatism in the primary
lherzolite mantle under the effect of a mantle
plume at 55 Ma. This lateral heterogeneity of
the upper mantle is clearly reflected in variations
in the velocities of seismic waves and gravity
anomalies when the influence of the crust is
subtracted, as was determined for the portion of
the Tien Shan east of the Talas-Fergana Fault.
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Introduction

The very first data on the composition of mantle xeno-
liths in alkaline basalts in the North Tien Shan were
published by Dobretsov and Dobretsova [1974, 1979].
In the vicinity of Mount Uchkuduk west of Issyk Kul
Lake, they have found nodules in volcanic rocks. These
nodules composed a practically continuous series from
olivinite to pyroxenite. Data obtained by these re-
searchers on the composition of the rock-forming min-
erals led them to conclude that the mantle beneath
the North Tien Shan has a predominantly pyroxenite
composition [Dobretsov and Dobretsova, 1979].

In 1990–1991, the Joint Soviet-Chinese Expedition,
which included A. F. Grachev (Institute of Physics of
the Earth, Russian Academy of Sciences), P. V. Er-
molov, A. V. Leonov (Institute of Complex Develop-
ment of Mineral Resources of the National Academy
of Kazakhstan), and Wang Yifen (Institute of Geology,
Academy Sinica, China), studied vertical sections of
Early Cenozoic volcanics rocks in the North Tien Shan.
Xenoliths of ultramafic rocks were found at two locali-
ties: in the Kastek and Uchkuduk necks [Ermolov and
Wang Yifen, 1997; Grachev, 1999; Wang Yifen and
Ermolov, 1992].



The comparative analysis of the composition of these
xenoliths led us to detect remarkable compositional
variations in the mantle beneath the North Tien Shan:
it is likely of predominantly lherzolitic beneath the area
of the Kastek neck and pyroxenite underneath Uchkuduk
(the distance between the sites is approximately 500
km). Mantle xenoliths were later also found in the
vicinities of Toyun and Ortosu in the southern Kyrgyz
Republic, where the mantle has a lherzolite composi-
tion [Bagdassarov et al., 2011; Egorova et al., 2009;
Zheng et al., 2006] (Figure 1). It should be men-
tioned that along with the aforementioned four locali-
ties, small xenoliths and olivine megacrysts were found
in practically all outcrops of volcanic rocks not only
in the Kyrgyz Republic but also elsewhere [Dobretsov
and Dobretsova, 1969, 1974; Gapeeva, 1949, 1951].
This publication presents our lately obtained data on
mantle xenoliths from the Kastek and Uchkuduk necks.
Considered together with literature data, these mate-
rials makes it possible to conduct comparative analysis
of the composition of the mantle beneath the Central
Tien Shan and suggest, on this basis, an explanation for
the variations in the velocities of seismic waves in the
mantle beneath the North Tien Shan [Vinnik, 2004;
Vinnik et al., 1998, 2004].



Figure 1. Map indicating the approximate boundaries of
the Cretaceous–Paleogene basalts area of the North Tien
Shan (thick white line). Ciphers show the places of ul-
tramafic xenoliths sampling: 1 – Kastek, 2 – Uchkuduk,
3 – Ortosu, 4 – Toun. Straight white line is the profile,
along which cross-section of the velocity model is shown in
Figure 8 along Vinnik et al. [2004].



Methods

The chemical composition of the samples was analyzed
by XRF with the application of an original analysis
technique development at Sevzapgeologiya. The an-
alytical XRF setup consisted of a 1000-channel pulse
analyzer, spectrometric amplifier, and a Si(Li) detector
with 25 mm2 sensitive area and an energy resolution
(5.9 keV) of 210 eV. The material to be analyzed (20 g,
200 mesh) was placed into specialized trays. The char-
acteristic radiation was excited by (i) an X ray tube with
an intermediate Ag target and (ii) the Am-241 radioac-
tive isotope source. The XRF analyses were carried out
with the VM, SGD-1A, SG-1A, ST-1A, SA-1, TV, and
SGKHM-3 certified standards.

The composition of the rock-forming minerals from
the xenoliths was studied using Cameca Camebax elec-
tron microprobe with energy-dispersive spectrometer
(with a resolution of 160 eV) at the Karpinsky Russian
Geological Research Institute (VSEGEI). The analysis
was conducted at 15 kV accelerating voltage and 2 nA
beam current. Monomineralic separates were obtained
from our samples of ultramafic xenoliths with the use
of heavy liquids and the subsequent magnetic sepa-
ration of minerals. If needed, the concentrates were



then 95–99% purified by hand-picking. Xenolith sam-
ples were crushed to 3–5 cm, washed in cold 0.1 NHCl
to get rid of surface contaminants, and then pulverized
in an agate mortar to 200 mesh grain size. Helium
was extracted from rocks and minerals by the melt-
ing techniques [Kamensky et al., 1990] and by crush-
ing the samples [Ikorsky and Kamensky, 1998] at the
Laboratory of Isotopic Geochronology of the Institute
of Precambrian Geology and Geochronology, Russian
Academy of Sciences. The crushing technique makes
it possible to selectively extract gases from fluid in-
clusions and thus to minimize the effect of radiogenic
gases accumulated in the crystal structure of minerals
[Kaneoka, 1998].

To extract gases, 0.16–2.25 g of the material and
steel rolling crushers were placed in a glass ampoule,
which was then evacuated and welded. The material
was crushed due to vibrations of the ampoule. The He
isotopic composition and concentration were measured
on a MI-1201 no. 22–78 mass spectrometer with a He
detection limit of 5×10−5 A/torr. The concentrations
were calculated from the height of the peak accurate
to 5% (±1 σ), and the errors of the measured isotopic
ratios were ±20% at 3He/4He of n×10−8 and ±2% at
3He/4He of n × 10−6. The blanks were conducted af-



ter reloading the cassette under the same conditions as
the analyses of the samples. Sm, Nd, Rb, and Sr were
extracted for isotopic analysis at the same institute in
compliance with the method described in [Richard et
al., 1976]. The blanks were 0.003 ng for Rb, 0.2 ng
for Sr, 0.03 ng for Sm, and 0.08 ng for Nd. The iso-
topic composition of these elements was determined on
an Finnigan MAT-261 8-collector mass spectrometer in
static mode, with the simultaneous recording of the ion
currents of various isotopes of elements.

Ultramafic Nodules From the

Kastek Neck

In 1973, A. I. Radchenko and F. M. Ibragimov have
mapped an olivine basalt neck in the Kastek Range.
The neck contained lherzolite nodules and rare eclogite
xenoliths, and it was later suggested that the rocks are
of “kimberlite nature” and could likely be diamondifer-
ous [Radchenko, 1995]. Simultaneously with the find
of an olivine basalt neck in the Kastek Range, dikes and
small volcanic bodies of analogous composition, which
contained minerals accompanying diamond, and two
“diatremes” (Ovchinnikova and Karagaily), which con-



tained minute diamond grains, were discovered [Rad-
chenko, 1995].

The Kastek neck, which is exposed over an area of
400 m2 in the northern face of the Kastek Range west
of the village of Uzunagach, in the upper reaches of the
Kastek River, at an elevation of 2290.1, cuts across red
Paleozoic beds, whose exact age is uncertain. Inasmuch
as the neck is poorly exposed, mining operations were
conducted in order to make it possible to collect repre-
sentative samples of fresh xenoliths and megacrysts in
the basalts, as is particularly important when He iso-
topic composition is studied.

The xenoliths range from 3–5 to 15–20 cm across,
their morphologies vary from flattened to angular, and
their contacts with the host basalt are sharp. The tex-
tures of the rocks are protogranular. According to their
modal composition, the xenoliths are strongly domi-
nated by spinel and garnet-spinel lherzolite, while web-
sterite and pyroxenite are rare.

The lherzolite xenoliths of the so-called green suite
are noted for high Al2O3 and CaO contents at relatively
low MgO concentrations, which makes them somewhat
close in composition to the primitive mantle (Table 1,
compare with columns 17 and 18). The occurrence of
garnet suggests that the xenoliths were brought from
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depths of 60–70 km, which corresponds to the transi-
tion from the spinel to garnet depth facies.

The mineralogical composition of the rocks is typ-
ical of the garnet-spinel facies of the lherzolite man-
tle: 40–50% olivine, 15–40% clinopyroxene, 10–30%
orthopyroxene, and accessory spinel and garnet.

The olivine shows relatively narrow compositional
variations (the average concentration of the forsterite
end member is close to 80%, Table 2, columns 1–9),
whereas olivine in the host basalt has the composition
Fo79–Fo80 [Grachev, 1999]. The Ca-rich pyroxene be-
longs to the Cr-diopside series, and the Ca-poor pyrox-
ene is enstatite (Table 3, Table 4). The spinel is brown
and rich in Al and Fe (picotite, Table 5). The com-
position of pyroxene in the host basalts (megacrysts
and phenocrysts) is close to those of clinopyroxene in
lherzolites, with the only difference in Mg#.

The composition of the garnet is of particular inter-
est (Table 6): it is pyrope-almandine, as is typical of
ultramafic rocks in diamondiferous diatremes [Sobolev,
1974]. The garnet typically contains elevated Na con-
centrations, which was confirmed by replicate analyses
of the same samples at various Russian and Chinese
laboratories.

All of the minerals except only for the orthopyrox-
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ene show no evidence of any influence of melt. The
orthopyroxene is always surrounded by reaction rims of
complicated composition, involving olivine.

The spinel-bearing olivine websterite and pyroxenite
of the black suite compose a continuous rock series and
exhibit the following distinguishing features:

(a) they have cumulus textures with growth zones
of clinopyroxene (which is usually pale purple because
of elevated concentrations of TiO2 of 0.52–0.57% and
relatively low Cr2O3 of 0–0.18%);

(b) the Fe# values of the rocks (20–35%) and their
mafic minerals (fol = 18−20%; frpy = 18%) are notably
higher than in the green suite;

(c) the spinel is pleonast;
(d) one websterite nodule contained a xenolith of

crystalline schist.

These facts testify that the xenoliths of the black
suite are of magmatic genesis and that these xenoliths
were captured by the alkaline basaltic magma during
its ascent through the crust.

All black-suite xenoliths from the Kastek neck show
traces of interstitial melting, which is pronounced in
the development of cellular textures filled with glass
and newly formed minerals. Studies of one of such do-



mains indicate that a rim around aluminous orthopyrox-
ene contains newly formed olivine and K-Na feldspar.

The xenoliths of both the black and the green suites
contain equilibrium orthopyroxene and clinopyroxene.
Evaluations of the crystallization temperatures of these
mineral assemblages by the method of F. Boyd has
not revealed any significant differences between them.
Equilibrium pyroxene pairs yield crystallization temper-
atures of 900 to 970◦C for the green suite and 870 to
940◦C for the black one. The minimum temperature
of 870◦C was obtained for black-suite lherzolite with a
cumulus texture.

Ultramafic Nodules of the Uchkuduk Neck

This locality, which was first documented in [Dobretsov
et al., 1979], is situated approximately 15 km south-
west of Issyk Kul Lake, where the Lower Carboniferous
sedimentary rocks are cut by three limburgite stocks.
The ultramafic nodules range from 1 to 10 cm across
and are predominantly angular or, more rarely, rounded.

The contacts of the ultramafic nodules with the host
basalt are toothed because of embayments of alka-
line basaltic melt and because it enters the interstitial
space of the nodules. Interaction between the melt and



xenolith involves melting of the nodules and the devel-
opment of purple Ti-augite rims around clinopyroxene
grains in the nodule and cellular rims of partial melting
around clinopyroxene.

The composition of these mantle nodules is notably
different from that of nodules at Kastek: no spinel
lherzolite was found among these nodules, which are
dominated by wehrlite, websterite and clinopyroxenite
(Figure 2). The bulk-rock compositions of the typi-
cal xenoliths and the composition of their rock-forming
minerals are reported in Table 1–Table 6.

The wehrlite is dark green massive rock of poikilitic
texture, containing the assemblage Cpy + Ol + Opx +
Pl + Sp. The average grain size is 1.5 mm, and the
largest grains are 3.5 mm. The rocks are poor in Ti
and have Fe# = 21%.

The clinopyroxene occurs as large grayish to greenish
grains, sometimes with a discernible purplish tint, and
is rich in Ti (1.1% TiO2) and poor in Fe (Table 3). The
olivine forms euhedral to anhedral poikilitic ingrowths in
clinopyroxene. The ore mineral is titanomagnetite and
is mostly a secondary mineral, which was formed during
recrystallization of analcime glass in contact with its
inclusion.

The contacts of the ultramafic nodules with the host



Figure 2. Ol-Opx-Cpy diagram for mantle xenoliths.
Solid squares – xenoliths in the Kastek neck, open circles
– xenoliths in the Uchkuduk neck (this publication), solid
diamonds – xenoliths in the Toyun basalts [Zheng et al.,
2006].

rock are scalloped because the alkaline basalt melt en-
tered the interstitial space of the rocks of this nodule.
Interaction between the melt and nodule is seen as the
partial melting of the nodule material, development of
purplish Ti-augite rim around clinopyroxene of the nod-



ule, and growth of cellular rims of partial melting in
clinopyroxene.

The wehrlite shows features that characterize this
rock as intermediate between the peridotites of the
green and black suites. Considered together with the
heterogeneity of the olivine and clinopyroxene compo-
sition (as was determined by G. L. Dobretsov) in the
xenoliths of both the green and black suites, this led us
to regard these rocks, together with the similar “green
pyroxenites”, as xenoliths of the so-called secondary
upper mantle, which can reportedly be formed in rela-
tion to the ascent of its material, recrystallization, and
partial melting.

The olivine pyroxenite is a black massive rock con-
sisting of clinopyroxene an variable contents of olivine
(0–20%) and ore mineral (2–10%), which is responsi-
ble for the variability of the composition of the nodules
in the clinopyroxenite-wehrlite series. The Fe# of the
rocks is 28.3%.

The clinopyroxene is purplish Ti-augite with growth
zoning and hourglass structures, which testify (together
with the occurrence of poikilitic olivine ingrowths) to
the obviously cumulate texture of the rock. In contact
with the host rock, a dark purple reaction rim of Ti-
augite is formed. The melting of clinopyroxene at grain



boundaries is associated with the chloritization of glass
in the melting interstices and the transition of clinopy-
roxene into glass + Opx + Pl. Ore mineral occurs only
in molten domains.

The structural features and compositional traits of
the clinopyroxenite led us to suggest that these rocks
are cumulates whose parental melts were derived via
partial melting of primary mantle lherzolite material.

Ultramafic xenoliths in the Kastek and Uchkuduk
necks can thus be classified into two clearly distinct
groups: (i) xenoliths of the green suite and (ii) those
of the black suite.

Reaction relations in ultramafic nodules in contact
with the basalt melt are typical of rocks of this type.
Olivine, the most refractory mineral, is only disinte-
grated into individual xenocrysts and is partly fused by
the melt. The outermost margins of the clinopyroxene
grains consist of typical spongy material, which was
partly melted and developed both near contact with
the host rock and in the nodule. Orthopyroxene in
contact with tephrite is always surrounded by double
reaction rim 0.3–0.6 mm thick. The inner portion of
the rim is cryptocrystalline, and the outer one con-
sists of larger grains of olivine (75%) and ore mineral



(3–5%) submerged in colorless glass of anorthoclase
composition. The rims were reportedly formed during
interaction between excess silica, which was produced
by the incongruent melting of the orthopyroxene, with
the residual liquid analcime phase of the tephrite, with
the synthesis of anorthoclase.

The nodules of crustal rocks consist of metamor-
phic schists, granulites, anorthosites, and fragments of
quartz and anorthoclase. These nodules were affected
by the basaltoid melt and were partly melted and recrys-
tallized. The melting of acid crustal xenoliths depends
on their size and composition, and the products of this
process range from quartz grains without any traces of
melting and newly formed brown glass around plagio-
clase inclusions and skeletal plagioclase crystals to the
complete dissolution of the anorthosites.

The model Sm-Nd isochron age of a lherzolite xeno-
lith the Uchkuduk basalt is 2894 ± 180 Ma, and the
40Ar/39Ar age of diopside in a lherzolite xenolith from
the Kastek neck (sample TS-90-1/5) is 2593±141 Ma.
As of now, these are the oldest age values for the
continental mantle in Asia. At the same time, an
augite megacryst in basalt from the Kastek neck has
an 40Ar/39Ar age of 610 Ma.

Previously we have already attracted attention to the



fact that basalts in the North Tien Shan are strongly
degassed, and their 3He/4He ratios normalized to the
atmospheric value of Ra (Ra = 1.39−6) varies from
0.04 Ra to 1.1 Ra for basalts in the Uchkuduk neck
to 2.2 Ra for basalts in the Kastek neck (Table 7)
[Grachev, 1999].

Mantle xenoliths in the Uchkuduk and Kastek necks
yield principally different He isotopic parameters. The
R/Ra ratio of the former ranges from 1.7 to 4.7 at an
almost unchanging 3He concentration, which testifies
to a cosmogenic nature of this isotope. This is ex-
plained by the fact that the Uchkuduk neck is deeply
eroded and its material was bombarded by cosmic ra-
diation during a time span of at least 30 Ma.

Conversely, the Kastek neck is weakly eroded, and
its most fully exposed portions were intersected by four
excavations, and 25 kg of ammonite were installed in
them and blasted. This made it possible to collect
xenolith samples that originally occurred at depths of
1 to 2 m.

Assuming that the exposure time of rocks in the
Kastek neck is close to 1 Ma (which is an period of time
undoubtedly longer than the time span during which
erosion exposed these rocks, considering the young age
of the valley of the Karakastek River, no older than
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200–300 ka, judging from the age of its terraces), it is
possible to evaluate the effect of cosmic radiation.

The productivity of cosmogenic He is controlled by
the elevation above sea level and geographic latitude
[Lal, 1991; Staudacher and Allegre, 1991]. By anal-
ogy with evaluations for such areas as the Vitim Plateau
at the Baikal rift and the Taryat depression in Mongolia,
whose altitudes and latitudes are comparable with those
of Kastek Range, the maximum productivity of 3Hecosm

is close to 1.98 × 10−17 cm3/g annually [Staudacher
and Allegre, 1991], the total amount of spallogenic
He generated during a time span of 1 Ma is estimated
at 0.2 × 10−12 cm3/g. Hence, the 3He/4He ratio of
olivine from a xenolith in basalt form the Kastek neck
(sample TS-91-1, Table 7) is, with regard for 3Hecosm,
R/R0 = 14.4, which is obviously higher than the value
typical of a source of the MORB type and testifies to a
contribution of a plume component [Kaneoka, 1998].
Strictly speaking, it was not necessary to introduce this
correction for the xenolith from the Kastek neck, be-
cause the samples were not collected at the surface but
taken from a depth of more than 1 m.

It is worth mentioning that traces of fluid enriched
in mantle He (3He/4He≥ 10−5) were found in gases
in groundwaters of the North Tien Shan [Polyak et



al., 1989, 1990] and outline the same territory of the
Tien Shan as that with Cretaceous-Paleogene basalt
containing mantle xenoliths.

Along with the Kastek and Uchkuduk necks, man-
tle xenoliths were also found in Cretaceous-Paleogene
basalts in the Toyun Basin in the southern part of
the Tien Shan, at the boundary with the Tarim Mas-
sif. Back in the late 19th century, K. I. Bodganovich
found mafic magmatic rocks in this area, hosted in Cre-
taceous and Paleogene sedimentary rocks [Gapeeva,
1949]. These rocks were later dated by Ar isotopic
techniques at 67–46 Ma [Sobel and Arnaud, 2000].
Rocks in the bottom portion of the basalt pile in the
Toyun area at the southeastern termination of the Talas-
Fergana Fault contain xenoliths of spinel lherzolite, along
with pyroxenite and granulite and with amphibole, py-
roxene, and anorthoclase megacrysts [Zheng et al., 2006].
Analogous xenoliths were found in spinel lherzolite xeno-
liths in basalt in the Ortosu area in the Kyrgyz Republic
northeast of Toyun [Bagdassarov et al., 2011; Egorova
et al., 2009] (Figure 1).



Discussion and Conclusions

Nowadays information is available on the composition
of the upper mantle at three sites in the North Tien
Shan, with these sites occurring on a north-south line
and are spaced approximately 300 km apart. The afore-
mentioned information testifies that the local mantle is
laterally heterogeneous: its composition is lherzolite in
the northern and southern parts and predominantly py-
roxenite at the latitude of the Issyk-Kul depression (in
the vicinity of the Uchkuduk neck).

The Ol-Opx-Cpy and CaO-Al2O3 diagrams (Figure 2
and Figure 3) show similarities between the composi-
tions of the mantle beneath the Kastek Range in the
northern Tien Shan and in the Toyun-Ortosu area in
the south, in contrast to the pyroxenite mantle in the
Uchkuduk area. An analogous conclusion follows from
the chondrite-normalized REE patterns (Figure 4, Ta-
ble 8) of the rocks, which demonstrate a similarity
of mantle composition beneath the Kastek Range and
that of the primitive mantle. Data on the Nd and Sr
isotopic composition (Table 9 and Figure 5) provide
evidence of two distinct mantle reservoirs beneath the
Tien Shan: enriched mantle beneath the area of the
Uchkuduk neck and depleted mantle beneath Kastek.



Figure 3. CaO-Al2O3 diagram for mantle xenoliths. PM
– primitive mantle according to [Zindler and Hart, 1986].
Rectangle – compositions of xenoliths in the Toyun basalts
[Zheng et al., 2006].
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Figure 4. REE pattern for ultrabasic xenoliths, normal-
ized to chondrite after Sun [1982]: open circles – Kastek
xenoliths, closed circles – Uchkuduk xenoliths.

The time when the lateral heterogeneity of the man-
tle underneath the North Tien Shan was produced can
be inferred from the age of the host basalts, whose
median K-Ar age is 55 Ma [Grachev, 1999]. As was
earlier inferred from a complex of geochemical features
of the basalts, they were generated under the effect of
a mantle plume [Grachev, 1999; Sobel and Arnaud,
2000], which affected an area as large as 300,000 km2.



Figure 5. Nd-Sr diagram for mantle xenoliths and their
host basalts. Solid squares – xenoliths in the Kastek neck,
open circles – xenoliths in the Uchkuduk neck (this pub-
lication), solid diamonds – xenoliths in basalts [Sobel and
Arnaud, 2000].



However, unlike other manifestations of plume mag-
matism (such flood basalts in Siberian and the Deccan
Plateau), basalt sheets in the Tien Shan are no thicker
than a few dozen meters, and hence, the total volume
of the erupted lavas is lower than in eastern Siberia and
the Deccan Plateau [Grachev, 2000].

It is well known that plume magmatism induces, due
to underplating processes, significant changes in the
lithospheric structure and results in a high-velocity layer
in the bottom part of the crust (Hawaii, Iceland, Dec-
can, and eastern Siberia) [Grachev, 2000; Grachev and
Kaban, 2006]. It is important to mention that the het-
erogeneities induced by plume magmatism in the struc-
ture of the lithosphere are preserved for dozens [Bjar-
nason et al., 1993; Charvis et al., 1995; Darbyshire
et al., 1998] or even hundreds of million years, as is the
case, for example, with eastern Siberia [Grachev and
Kaban, 2006]. As was demonstrated earlier, the most
significant velocity heterogeneities beneath the North
Tien Shan occur immediately beneath the Moho, with
up to 3% decrease in the velocities of seismic waves rel-
ative to the average values [Vinnik, 1998], as is typical
of areas with magmatic underplating.

Based on the comparative analysis of newly obtained
gravity data and seismic models constructed with the



Figure 6. Mantle gravity anomalies obtained upon subtracting
the effect of the crust from the observed gravity field (prepared
by M. K. Kaban). The black contour shows the boundaries of
the field of the Cretaceous–Paleogene basalts.

application of the receiver function technique [Kosarev
et al., 1993; Vinnik, 2004; Vinnik et al., 2004], an
area of lower density was outlined in the North Tien
Shan. Figure 6 displays mantle gravity anomalies ob-
tained upon subtracting the effect of the crust from
the observed gravity field. Thereby the following three
important points should be stressed:

1. the contours of the area of lower density coincide



with the field of the plume Cretaceous-Paleogene
basalts;

2. the area of lower density also corresponds to lower
crustal thicknesses;

3. mantle xenoliths of wehrlite-pyroxenite composi-
tion in the Uchkuduk neck (spot 2 in Figure 1)
occur in the zone of lower density mantle (Fig-
ure 6), whereas the lherzolite mantle in the Kastek
and Toyun-Ortosu areas (spots 1, 3, and 4) lies
outside the area with lower density mantle.

The mineralogy of xenoliths from Uchkuduk, partial
melting and recrystallization zones in them, and their
enrichment in LREE were produced during the melting
of the primary lherzolite mantle in relation to a pressure
decrease during the ascent of a mantle plume. Meta-
somatic transformations of this type result in a lower
density of the mantle material, which is, in turn, re-
flected in the seismic structure of this portion of the
North Tien Shan.

According to seismic tomography data [Vinnik et
al., 2004], the Uchkuduk area has the lowest velocities
of S-waves in the upper mantle (Vs < 4.4 km/s at
depths from 110 to 130 km) (Figure 7 and Figure 8)
(NB: Using the multiple regression to relate Vp to SiO2



Figure 7. Cross-section of the S velocity model along the
line in Figure 1 for the crust (top) and for the crust and mantle
(bottom) [Vinnik et al., 2004]. Topography along the line is
shown at the top. The stations are from the corridor ±50 km
wide.
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and MgO for igneous rocks under confining pressures
from 0.6 to 1.0 Gpa [Kelemen, Holbrook, 1995] and
taking into account the correction for the temperature
at crust-mantle boundary (∼ 400◦C), using dvp/dT
of 0.0005 km/s/◦C [Christenesen, 1979], the average
Vp values for Uchkuduk xenoliths are significantly less
than for Kastek ones). We believe that this anomaly
in Vs provides evidence that the area hosts the now-
crystalline head part of a mantle plume. Tomographic
sections through the local crust (sites KBK, UCH, and
KZA in the upper portion of Figure 7) also clearly show
a high-velocity layer in the bottom part of the crust, as
is typical of the lithosphere in areas of plume magma-
tism [Bjarnason et al., 1993; Charvis et al., 1995;
Darbyshire et al., 1998; Grachev and Kaban, 2006].
The high-velocity layer in the bottom of the crust ta-
pers northward in the area of Site KHA (Figure 7) out-
side the field of plume basalts.

Our data on the compositional traits of the local
mantle obtained by studying the mineralogy and geo-
chemistry of mantle xenoliths in basalts allowed us to
explain the variations in the density heterogeneities iden-
tified by seismic tomography techniques and gravity
field simulations. The modern structure of the litho-
sphere beneath the North Tien Shan was shaped by the



activity of a mantle plume at 55 Ma in a pre-rifting en-
vironment. The subsequent orogenesis in the earliest
Neogene in response to the collision of the Eurasian
and Indian lithospheric plates affected only the upper-
most structural stages, whereas the deep structure of
the lithosphere was inherited from that as of the latest
Cretaceous.

In this context, it is pertinent to mention that the
estimated crustal shortening in the course of orogenesis
[Chediya, 1998; Yakovlev and Yunga, 2001] and anal-
ysis of seismic [Thomas et al., 1993] and paleomag-
netic data [Bazhenov and Mikolaichuk, 2002, 2004]
testify that the part of the Tien Shan east of the Talas-
Fergana fault (i.e., in the field of plume magmatism)
was much less affected by the collision of Eurasian and
Indian lithospheric plates than other orogenic belts in
Middle Asia.
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