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The article presents the results of a study of the composition of xenoliths of mantle peridotites (seven samples),
collected from the Quaternary basalts of the Sverre volcano, the Svalbard archipelago. The presence of two big (more
than 15 cm in diameter) xenoliths of spinel lherzolite allowed us to consider a change in their composition in the cen-
tral, intermediate, and marginal parts of the samples.

It is proposed to distinguish three types of xenoliths by the distribution of trace and rare earth elements. Enrich-
ment of mantle peridotites with light rare earth elements, as well as high field strength (HFS) and large-ion lithophile
(LIL) elements, is presumably associated with mantle metasomatism.

Key words: mantle xenoliths; mantle metasomatism; peridotite; trace elements; rare earth elements; Svalbard

Acknowledgments. The study was performed with the financial support of the Russian Foundation for Basic
Research (grant 19-35-50014) within the IPGG RAS research scientific work Ne 0153-2019-0002. The authors are
grateful to O.L. Galankina (IPGG RAS), S.G. Simakin, and E.V. Potapov (Valiev Institute of Physics and Technol-
ogy of RAS, Yaroslavl branch) for carrying out the analytical work.

How to cite this article: Ashikhmin D.S., Skublov S.G. Composition Heterogeneity of Xenoliths of Mantle
Peridotites from Alkaline Basalts of the Sverre Volcano, the Svalbard Archipelago. Journal of Mining Institute.
2019. Vol. 239, p. 483-491. DOIL: 10.31897/PM1.2019.5.483

Introduction. Currently, due to the systematic study of mantle xenoliths, significant informa-
tion on the Earth deep structure has been accumulated. Understanding the distribution of trace ele-
ments in xenoliths and rock-forming minerals can promote understanding the evolution of matter in
the upper mantle, as well as shed light on the interaction of mantle rocks with deep alkaline melts
[1, et al.]. In particular, data on the xenoliths composition are used to substantiate the hypotheses of
the basalt genesis [5]. Mantle xenoliths found in various alkaline basaltoid provinces vary in the
content of rare earth elements (REE). This is especially evident in the case of light rare earth ele-
ments. The heterogeneity in REE composition is observed not only when comparing samples from
different provinces, but often within one province and even one xenoliths bearing object [3, 12].

Xenoliths of mantle peridotites delivered to the surface by alkaline basalts of the volcanic
complex of the Svalbard archipelago have been studied in detail for a long time in the framework of
mantle metasomatism and the evolution of mantle rocks [1, 2, 10, etc.]. Our study of the melt pock-
ets in the central part of spinel peridotite xenolith have shown a change in the composition of oli-
vine and clinopyroxene during the metasomatism of the carbonate melt with the formation of sec-
ondary minerals and silicate glass [1]. However, until recently, there has been no comparative study
on the trace elements content in xenoliths from one field, and even less from different zones of
large-sized samples, which according to published data are extremely rare in Svalbard. The reason
for the enrichment of the xenoliths under study with incompatible elements remains debatable: ei-
ther this is a consequence of mantle metasomatism or the effect of transporting basaltic melts.

The paper presents the results of a study of the composition of xenoliths of mantle peridotites
(7 samples), collected from the Quaternary basalts of the Sverre volcano, the Svalbard archipel-
ago. The presence of two big (more than 15 cm in diameter) xenoliths of spinel lherzolites al-
lowed a comparative analysis of the composition in the central, intermediate, and marginal parts
of the samples.
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In our previous studies we have shown that xenoliths, before being extracted to the surface by
quaternary alkaline basaltic melts, underwent a series of transformations while the rocks were in the
mantle [1, 2]. Spinel lherzolites were impacted by at least two significant processes: depletion
caused by partial melting, and then mantle metasomatism [6]. Mantle metasomatism is character-
ized by the new minerals formed after the primary paragenesis of peridotites. We should also note
the formation of a new generation of spinel [2], as well as overgrowth of clinopyroxene with a

variety with higher calcium content [1].
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Fig.1. The chondrite (CI)-normalized REE spectra in the mantle

xenoliths of the Svalbard archipelago: a, b, ¢ — big xenoliths;
d — small xenoliths

Analytical techniques. Preliminary all
xenoliths have been thoroughly cleared from
host basalts by cutting the crusts from the
external borders. Since all xenolith samples were
ellipsoidal, they were cut along the long axis
with subsequent sampling from one part of the
xenolith to produce transparent polished sections
for petrographic and microprobe analysis.
Additional samples were also collected from the
same part of the xenolith to study its
composition.

The analysis of xenoliths for trace and rare
earth elements (REE) was carried out by induc-
tively coupled plasma mass spectrometry (ICP-
MS) on an ELAN-DRC-6100 quadrupole mass
spectrometer according to the standard method
(VSEGEI). The relative measurement error did
not exceed 5-10 %.

The content of the major chemical ele-
ments in the minerals was determined on a
JEOL JSM-6510LA scanning electron micro-
scope with a JED-2200 EDS detector in the
laboratory of IPGG RAS. Thin polished rock
plates were carbon-covered. A local analysis of
the minerals composition was carried out using
an electron beam with an accelerating voltage
of 20 kV and a current of 1 nA, the beam spot
was 3 um. The accumulation time of each
spectrum was 35 s; natural minerals, pure ox-
ides, and metals were used as standards. To
correct the matrix effect, the ZAF algorithm
was used.

The content of trace and rare-earth ele-
ments in minerals and glasses was determined
by secondary ion mass spectrometry (SIMS) on
a Cameca IMS-4f ion microprobe (Valiev Insti-
tute of Physics and Technology of RAS, Yaro-
slavl branch) in accordance with the methodol-
ogy described by Sobolev and Batanova [4].
Analyzes were carried out in flat-polished thin
sections with gold coating. Cameca IMS-4f (YP
FTIAN) experimental conditions: primary ion
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beam 160", beam diameter ~ 20 pm; ion current 5-7 nA; primary beam accelerating voltage is 15
keV; relative measurement error does not exceed 10-15 % for most elements. The trace element
composition of rock-forming minerals was determined as close as possible to the analytical points
of the major elements measured on an electron microprobe. The spectra of REE content in the
rocks was normalized to the composition of CI chondrite [11]. List of mineral abbreviations is
given by Whitney and Evans [14].

Results and discussion. The distribution spectra of REE in the studied peridotite xenoliths
from the Sverre volcano are quite different, however, in all samples, LREE prevails over HREE.
Since the xenoliths samples SH-1, SH-2, and SH-11 were quite big, this allowed us to study the dis-
tribution of trace elements in different xenolith parts: center, intermediate, and marginal zones. For
big xenoliths, REE spectra were plotted separately (Fig.1).

Within the studied samples, the maximum and minimum contents of LREE differ in different
samples by almost an order of magnitude (Table 1). The minimum LREE content of 1.2 ppm is ob-
served in SH-11a sample, and the maximum of 12.5 ppm is found in sample SH-7. It should be noted
that both low and high values of the LREE content are in general anomalous for lherzolites [3].

Table 1
Content of REE and trace elements (ppm) in mantle xenoliths of the Svalbard archipelago
SH-1 SH-2 SH-11
Component SH-3-15 | SH-4-15 | SH-5-15 | SH-6-15 | SH-7-15 | SH-9-15 | SH-14-15
a b c a b c a c
La 0.69 | 0.50 | 0.53]0.30{0.330.23]|0.19]0.20 | 0.98 2.20 0.19 0.30 3.08 0.50 0.68
Ce 1.59 | 1.31 | 1.470.80 | 0.79] 0.50 | 0.48 | 0.54 | 1.76 4.16 0.45 0.75 5.95 0.83 1.23
Pr 0.23 1 0.19 | 0.19{ 0.15| 0.14 | 0.09 | 0.07 | 0.06 | 0.23 0.47 0.08 0.09 0.67 0.11 0.17
Nd 0.79 1 0.77 | 0.73 | 0.68 | 0.58 | 0.53 | 0.34 | 0.37 | 0.82 1.59 0.24 0.37 2.36 0.51 0.76
Sm 0.23 1 0.10 [ 0.12]0.23 | 0.17 | 0.12| 0.15| 0.14 | 0.14 0.27 0.10 0.14 0.40 0.19 0.26
Eu 0.06 | 0.06 | 0.05| 0.10 | 0.07 | 0.08 | 0.09 | 0.08 | 0.07 0.09 0.06 0.07 0.11 0.07 0.12
Gd 0.22 1 0.17 { 0.22 0.29 | 0.27 | 0.25| 0.25 | 0.20 | 0.20 0.36 0.18 0.23 0.52 0.32 0.41
Tb 0.04 | 0.03 | 0.02 | 0.05| 0.06 | 0.05] 0.04 | 0.04 | 0.02 0.07 0.05 0.05 0.08 0.06 0.09
Dy 0.18 | 0.12 | 0.19| 0.41 | 0.36 | 0.28 | 0.30 | 0.28 | 0.11 0.40 0.24 0.24 0.47 0.38 0.49
Ho 0.05 | 0.04 | 0.03|0.12 | 0.10 | 0.09 | 0.07 | 0.07 | 0.02 0.09 0.05 0.07 0.11 0.09 0.12
Er 0.09 | 0.07 | 0.12] 0.27 | 0.20 | 0.18 | 0.22 | 0.18 | 0.04 0.20 0.16 0.17 0.27 0.25 0.33
Tm 0.02 | 0.02 | 0.03 | 0.04 | 0.04| 0.03 | 0.03|0.04 |<0.01 | 0.03 0.02 0.03 0.04 0.04 0.06
Yb 0.12 | 0.11 | 0.14{ 0.29 | 0.25| 0.16 | 0.23 | 0.29 | 0.06 0.25 0.19 0.22 0.19 0.35 0.37
Lu 0.02 | 0.02 | 0.03 | 0.04 | 0.04 | 0.04 | 0.04 | 0.03 | 0.01 0.05 0.03 0.03 0.04 0.04 0.04
U 0.03 | 0.02 | 0.03 | 0.02 | 0.02|0.49 | 0.04 | 0.07 | 0.01 0.03 0.09 0.03 0.02 0.03 0.03
Cr 586 | 650 | 622 | 856 | 981 | 651 | 572 | 738 | 714 689 662 782 851 847 898
Rb 0.51 {0.29 | 0.35]0.49 | 0.48 | 0.28 | 0.99 | 0.46 | 0.56 0.67 0.98 0.44 0.39 0.46 0.54
Sr 244 1238 1245|154|12.6|11.6|19.1 |38.0| 8.82 10.2 55.9 12.6 8.58 8.27 16.8
Y 1.10 | 1.06 | 1.07 | 2.59 | 2.31 | 1.94 | 0.54 | 2.40 | 1.54 1.80 2.53 2.50 2.11 1.83 3.01
Zr 1531140 (140 16.2| 153|157 | 144 |15.6| 14.7 15.2 14.7 15.2 16.1 14.4 16.7
Nb 0.26 | 0.21 | 0.24| 0.30 | 0.17 | 0.11 | 0.97 | 0.20 | 0.16 0.25 0.87 0.09 0.15 0.11 0.14
Ba 16.7 1162 | 169 | 18.2| 16.0 | 142 | 22.7 | 32.6 | 144 16.0 51.0 15.6 14.3 16.4 17.5
La/Yb 57514.55(3.79]1.03 132|144 0.83]0.69 | 16.1 8.80 1.00 1.36 | 16.21 1.43 1.84
LREE 3.53 (287 |3.04]2.16(2.01| 147|123 ]131| 3.93 8.69 1.06 1.65 12.46 | 2.14 3.10
HREE 0.80 | 0.64 | 0.82| 1.61 | 1.38|1.16|1.28 | 1.22| 0.52 1.54 0.98 1,11 1.83 1.61 2.03
Ew/Eu’ 0.86 | 1.48 097 |1.14|1.02|1.34|147|1.48| 1.20 0.86 1.28 1.19 0.74 0.91 1.12
Ce/Ce’ 0.93 | 1.00 | 1.09 | 0.87 | 0.86 | 0.83 ] 0.99 | 1.12 | 0.85 0.92 0.88 1.05 0.94 0.80 0.83

Note: a — central; b — intermediate; ¢ — marginal part of the samples.

A fairly pronounced differentiation of REE is observed in sample SH-1 (Fig.1, a). The total
content of REE is relatively low. Maximum values are observed in the central part. Upon transition
from the xenolith centre to its edge, the REE concentration, in particular, LREE, decreases signifi-
cantly. The ZLREE decreases from the center to the edge, having a maximum value of 3.6 ppm in
the SH-1a sample and a minimum value of 3.1 ppm in the SH-1c sample. The distribution of HREE
in this sample is quite complex, mainly its content decreases from the central part of xenolith to the

485
Journal of Mining Institute. 2019. Vol. 239. P. 483-491 e Geology



) Dmitriy S. Ashikhmin, Sergey G. Skublov DOI: 10.31897/PMI.2019.5.483
% Composition Heterogeneity of Xenoliths of Mantle Peridotites...

intermediate, and then increases. The final increase can be significant in some cases (Table 1).
However, the La/Lu ratio decreases from the center to the edge. All parts of big xenolith are charac-
terized by insignificant values of negative Ce and Eu anomalies. The absence of a strong negative
Ce anomaly indicates the absence or minimal effect of surface and meteoric waters on xenoliths,
which makes it possible to exclude the influence of exogenous processes on the mantle matter
carried up to the surface.

REE in the SH-2 sample are also rather weakly differentiated (Fig.1, »). Samples SH-1 and
SH-2 are generally similar in REE distribution. Sample SH-2 also shows a decrease in the REE con-
tent from the center to the edge, with following average contents values: 0.3, 0.24, and 0.18 ppm in
the central, intermediate, and marginal parts, consequently. The only exception, as well as in the
case of SH-1 sample, is Lu showing the inverse relation (Table 1). The REE content in sample SH-2
is characterized by subchondritic values. Sample SH-2 is characterized by a weak positive Eu-

anomaly and a slight negative Ce-anomaly (Ta-
a ble 1). Thus, the influence of exogenous proc-

1o - :E: :Z esses is not observed in this xenolith either.
== - . ..
SH.5.15 REE in the composition of sample SH-11

are slightly differentiated (Fig.1, ¢). Sample SH-
a 11 is smaller than the two abovementioned, so
ﬁ»r'q":&ﬁ we analyzed only the central and marginal parts

(Table 1). The distribution of LREE and HREE

practically does not differ in the central and mar-
L ginal parts. The sample is characterized by a posi-
Ce Pr Nd Sm Eu Gd Tb DyNo Er Tm Yb Lu tive Eu-anomaly (Euw/Eu” = 1.48). As in the larger

xenoliths, there is no Ce- anomaly (Table 1).
b Other xenolith samples (SH-3, SH-7, SH-9,

0.1

10§ == :Eiz "“:E'?ZTS SH-14) are small. This group of xenoliths is
:: SH:2c * SH: 6_]' S rather heterogeneous in the REE content; samples

SH-4 and SH-7 stand out from the current set
(Fig.1, d). Samples SH-4 and SH-7 contain
LREE 5 times more than other xenoliths. The
HREE content in SH-4 and SH-7 is almost the
same as in the other five xenoliths, and in some
.. . . . . . cases lower. Samples SH-4 and SH-7 are charac-
La'Ce' pr'NdISmj Eu Gd Tb DyNo Er Tm Yb Lu terized by weak negative Ce- and Eu- anomalies;
in the remaining samples, the anomalies are also
weak and positive (Table 1).

The considered mantle peridotites can be at-

0.1

’ ::E:Z :‘: z:j:: tributed to the three types proposed by
Sl SE 3.1 5 F.P.Lesnov [3] based on the summarizing of a

significant amount of analytical data on the geo-

! chemistry of mantle rocks. This classification is
based, first of all, on the La/Lu ratio, which re-

flects the degree of REE fractionation. The first

@é@ type is characterized by La/Yb rate value <1, and

0.1 . . a positive slope of the REE spectrum. The second

La Ce Pr Nd Sm Eu Gd Tb Dy No Er Tm Yb Lu  type is marked by a La/Lu ratio values close to 1
Fig.2. Classification of REE chondrite-normalized spectra and the subhorizontal REE spectra. The third
in mantle xenoliths of the Svalbard archipelago: a — first; type has La/Lu ratios value >1 and a negative
b= second; ¢ — third types slope of the REE spectra (a noticeable enrich-
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ment in LREE in relation to HREE). The use of this classification can help answer the question: did
basaltic melt affect xenoliths during their transportation? If such an impact took place, then a simi-
larity of REE spectra should be observed in all samples of mantle peridotites.

Big xenolith SH-11 can be attributed to the first type. In both parts of this xenolith, weak
LREE depletion is observed, due to which REE spectra have a barely noticeable positive slope and
are characterized by La/Yb ratios of less than 1. This sample extremely stands out from others in the
specific features of the trace elements content (Fig.2, a, Table 1) and has similarities with peri-
dotites from massifs distributed within the folded areas on platforms, from the MORB zone, as well
as from ophiolites [3].

The second type in contrast to the first one, includes xenoliths slightly enriched in LREE. Such
xenoliths from the studied collection are SH-2, SH-5, SH-6, SH-9, and SH-14. Compared with the
first type, these samples have an almost subhorizontal REE spectrum, and the La/Yb ratio tends to
unity (Fig.2, b).

Xenoliths, which are the most specific in their geochemical characteristics, belong to the third
type (Fig.2, c¢). All of them are abnormally enriched in LREE, therefore REE spectra have a very
steep negative slope and are characterized by a high La/Yb ratio, which can reach 52 (Table 1). This
type includes SH-1, SH-4, SH-6, and SH-7 samples. Among the xenoliths of this type, the SH-3 sam-
ple stands out because of it's higher LREE content, exceeding the content in the primitive mantle by a
factor of 4, and at the same time, it is depleted in HREE relative to the primitive mantle by about 5
times (Fig.2, ¢).

The mineral composition of the third type xenoliths does not correlate with the REE content in
them. The orthopyroxene content in the xenoliths of the third type relative to the first and second
ones decreases from 15-19 to 5-7 %. However, the REE content in orthopyroxene from the stud-
ied rocks is insignificant (Table 2); therefore, a decrease in the content of this mineral is unable to
significantly affect the bulk content of REE.

It should be noted that in all peridotite

xenoliths under study, there is no correlation .
between LREE (in particular, La), and CaO '
content (Fig.3, a). At the same time, a pro-
nounced positive correlation is observed be- 1t » ]
tween the CaO content and Yb (Fig.3, b), La : :
which distinguishes these samples from  ppm g i e SH-la
mantle rocks of other origins [3]. . - N

In addition, a correlation was found be- s i . :Sggz
tween the La distribution and the content of a < SH-2¢
number of HFS and LIL elements. In particu- O'i . ng
lar, the highest contents of such impurity ele- ] *sus
ments as U, Sr, Nd, and Ba were noted in 1 » S0
xenoliths assigned to the third geochemical | =sH9
type (Fig.4). It was found that the U content in Yb, oy & |2 SE} }2
the marginal part of SH-2 xenolith is anoma-  PP™ « °% * SH-14
lously high (0.49 ppm, Table 1) and stands ® 4 ’
out from the set of samples. _:

The distribution of HREE in the whole ~ *'f
set of xenoliths understudy is quite sustain- >
able. The major contribution to the XHREE is 2 3
made by Yb (Table 1). In all samples, at the Ca0, wt.%

level of increased Yb content, an increase in
the content of a number of siderophile ele-

Fig.3. The ratio of CaO and La (@), YDb (b) contents
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a 1F . ;7 ments Ti, V, and Cr is noticeable. The correlation

i y 1 of these elements is most likely associated with

1 their predominant accumulation in clinopyroxene.
The distribution of trace elements in big

o1k , 1 xenoliths is similar in general. The same patterns
B 5 ] can be traced in samples SH-1 and SH-2, but the

pp[i; i “ . " ] content of most of the trace elements in SH-2 is
N 0 | lower (Table 1). The distribution of trace ele-

o ments in the SH-11 sample is similar to other

0,01 _ _ xenoliths and is characterized by subchondritic

b ' ' values, with the exception of U, Ce, and Yb (Ta-

100¢ = ¥ v el ble 1), for which the content was found to be in-

creased by about 1.2 times.
All trace elements in the composition of

. 1 sample SH-1 have a maximum content in the cen-
Sr, T i » 1 tral and marginal zone. Only Cr shows a decrease
PRI " { 1in the content from the center to the intermediate
v : part and then increases towards the rim (Table 1).
ok B i The distribution of trace elements in small
[ b e ° 1 xenoliths is significantly different from big sam-
1 ples. Small xenoliths show an increase in the Th,
c — — U, and Ce content by five or more times. In this
60 R T group, there are samples with high REE content
[ ® 1 and anomalously high concentrations of the above
40 1 1 elements (the exceedance relative to chondrite is

. up to 10-20 times).
Ba, | ' It should be noted that almost all xenolith
b > samples, for which an increased content of trace
20 = 1 elements was found, are of the third geochemical
" e gd type. In particular, this is due to a positive correla-
el tion of La and a number of HFS and LIL elements

(Fig.4).

01 — - The obtained data on the REE and a number
La, ppm of rare elements distribution in the mantle xeno-
Fig.4. The ratio of the content of La and U (a), Sr (b), Ba (c) liths of the Svalbard archipelago, along with the
(see symbols in Fig.3) literature data [6, 8, 10], allow us to note some

geochemical features of this province. Despite a
wide range of changes in the content of LREE and other trace elements, fairly constant high con-
centrations of HREE is observed throughout the samples.

Currently, there are two hypotheses explaining the increased content of trace elements in the
mantle rocks.

The first hypothesis suggests connecting the increase in the trace elements content in mantle
rocks with the processes of mantle metasomatism. There are two types of mantle metasomatism:
evident and stells metasomatism. A characteristic feature of the first type is the dominant effect of
the aqueous phase, due to which minerals with the OH-group (phlogopite, amphibole), as well as
minerals rich in incompatible trace elements are formed [9, 13]. With stells metasomatism, an in-
crease in the LREE content in mantle rocks is associated with the fluid supply. According to pub-
lished data, this is a carbonatite fluid enriched in LREE and a number of other incompatible ele-
ments [6, 7].
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The second hypothesis suggests enrichment in LREE and LIL elements due to the interaction
of xenolith with basalt melt during the mantle rocks transportation to the surface [3]. That hypothe-
sis stated that the main cause for enrichment is the lack of equilibrium in the xenolith—basaltic melt
system, while the basaltic melt is much hotter than the mantle that it breaks through. It is evident
that the content of incompatible elements, as well as volatile components, is higher in basaltic melts
than in the hosting restite. Consequently, basaltic melt, affecting xenolith, increases the content of
incompatible elements by filtration metasomatism in its entire volume, and in case of big xenoliths
in the marginal part.

When applying this hypothesis to the obtained data, it contradicts the following facts: LREE
enrichment is not observed in all xenoliths, and xenolith samples differ quite significantly in the
trace elements content. In addition, according
to this hypothesis, the greatest enrichment in
incompatible elements would be in small
xenoliths and in the marginal parts of large
ones, which was not confirmed in this study. It
can be concluded that most likely enrichment
of mantle xenoliths with incompatible ele-
ments (LREE, HFSE and LILE) is associated
with mantle metasomatism.

It can be assumed that the most probable
source of HFS and LIL elements is the melt
formed during the partial melting of ortho- and
clinopyroxene in mantle rocks, previously pre-
pared under the influence of a mantle fluid that
lowers the melting temperature. These proc- Fig.5. BSE image of the melt pocket in peridotite xenolith
esses are consistent with a decrease in the or- recording the result of the orthopyroxene (Opx) partial melting

. . with the formation of glass (Gl) accompanied by a change
thopyroxene content level in xenoliths of the in the olivine (Ol) and clinopyroxene (Cpx) composition
third type, as well as with a change in the cli-
nopyroxene composition in the marginal zone
(Fig.5). Apart from the orthopyroxene content
reduction, it is also worth noting changes in its Content of major and rare earth elements in pyroxenes,

. . glass and basalt
morphology according to electron microscopy

Table 2

study. Often the grains of this mineral have Component nO:p;c] n(ilS nC:p;cO liaia;t
traces of melting, as well as corroded border
areas. It is also noted the replacement of or-  SiO2 56.87 5241 5113 41.25
. . TiO2 - 1.93 0.78 2.47
thopyr'ox‘ene by chgopyroxene (Fig.5). Appar- o, 334 9423 6.38 12.90
ently, it is the melting of orthopyroxene under Cr203 0.42 0.05 1.34 0.04
the influence of the mantle fluid, as well as the FeO 5.99 3.55 272 11.35
. . . MnO 0.15 0.05 0.13 0.16
partial meltmg of the clinopyroxene .that leads MgO 23,60 502 14.52 11.45
to the formation of a melt of the basic compo- Ca0 0.54 7.39 22.01 9.48
sition. Such a hypothesis was considered by La 0.01 20.9 868 515
G.B.Fershtater [5] by the case of mantle xeno- Ce 0.04 63.4 235 90.1
liths in alkaline basaltoids from Makhtesh Pr 0.01 7.39 3.38 9.98
Nd 0.05 30.9 17.8 36.7
Ramon, Israel. N Sm 0.04 532 427 7.41
Table 2 shows the averaged compositions Eu 0.01 1.70 1.49 250
of ortho- and clinopyroxene, glass, and also  Gd 0.04 5.30 4.51 7.31
. Dy 0.08 4.91 4.37 5.13
hp§t basalts. The gl_ass contains mu'ch more Er 012 396 278 535
silica than basalt, so it cannot be considered as Yb 0.20 3.18 2.62 1.69
a result of an injection of basalt melt into v 0.03 048 0.36 0.26
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1000 E xenolith. The distribution of REE in all four
: #Opx i Gl phases is quite informative. It is worth not-
Cpx  -e= Basalt ing the similarity of the REE spectra in cli-

1OO§ nopyroxene, glass, and basalt (Fig.6). The

observed depletion of orthopyroxene in
10; ’ LREE is not typical for this mineral [3].

: According to published data, the U-shaped
REE spectra is most characteristic of or-
Lk thopyroxene. In orthopyroxene from xeno-
: liths of the Sverre volcano, the spectrum
has a pronounced positive slope from LREE

01 to HREE, indicating a depletion in LREE.
I Such behavior of LREE in rock-forming
0.01 L ,  minerals participating in migration proc-

La Ce Pr Nd  Sm EuGd Dy  Er  ¥b Lu = ooqeq during partial melting in the presence
Fig.6. Chondrite-normalized REE spectra in orthopyroxene, glass, of fluid was noted earlier [2’ 12]'
clinopyroxene, and basalt Conclusions. Thus, the proposed

mechanism for the enrichment of mantle
peridotites xenoliths with incompatible elements (LREE, HFSE, and LILE) is associated with the
mantle metasomatism. The most likely source of HFS and LIL elements in mantle rocks is the infil-
trate obtained as a result of the interaction of the fluid with upper mantle rocks. The presented data
indicate that mantle rocks of the Svalbard archipelago may have made a significant contribution to
the formation of basaltic melt due to the melting of ortho- and clinopyroxene. When xenoliths of
mantle peridotites were carried to the surface, the effect of transporting basaltic melt was minimal.
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