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Abstract: Examination of deep-seated nodules from the Mesozoic alkaline-ultramafic intrusions of the Beaver Lake
area has provided the first information on the composition and structure of the upper mantle of East Antarctica from
xenoliths. Five main varieties of deep-seated rocks are as follows: garnet and spinel lherzolites; garnet-free dunites,
harzburgites and wehrlites. The P-T conditions of the mantle-derived rocks have been estimated based on the chemical
composition of co-existing minerals in the nodules. The following conclusions have been made. Garnet lherzolites
equilibrated at temperatures ranging from 875 to 1180°C at 20-27 kbar, and garnet-free peridotines equilibrated at
temperatures 825-1050°C at 12—19 kbar. The examined nodules can be subdivided into “undepleted” and “depleted”
types based on CaO, Al,O5 and Mg# contents. These two types are suggested to have formed by the variable degrees
of partial melting and melt extraction. The garnet lherzolites are more Fe- and Ca-rich and thus less geochemically
depleted than the spinel peridotites. The nodules show a range of chondrite normalised REE patterns including
relatively flat unfractionated patterns, LREE depleted patterns and LREE enriched patterns which are independent
of major element and mineral chemical characteristics.
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Introduction

Over the last several years deep-seated mantle-derived
materials, occuring as inclusions in igneous rocks from
various regions of the world have been widely studied. The
study of these deep-seated nodules, including the variation
in geochemistry, metasomatism and partial melting which
varies fromregion to region, leads support to the idea of both
vertical and lateral heterogeneity in the Earth’s upper mantle.
The overwhelming majority of mantle nodules so far studied
are associated with cratonic kimberlite eruptions. In this
paper the studied xenoliths associated with intrusive alka-
line-ultrabasic rocks from the central sector of East Antarctic
craton are presented. These seven multi-phasic bodies of
alkaline ultrabasites such as alkaline picrites, melilite
lamprophyres and ultrabasic foidites (120-145 Ma)
(Andronikov, 1990; Laiba et al., 1987) are associated with
the Paleozoic-Mesozoic Beaver Rift System (see Fig. 1).

Petrography
The alkaline ultrabasites contain five main varieties of
xenoliths: garnet and spinel lherzolites; garnet-free dunites,

Fig. 1. Schematic geological map of the Jetty Peninsula area,
Prince Charles Mountains. Legend: 1 - moraine; 2 - Permian
sandstones; 3 - Precambrian crystalline basement; 4 - cover of
Cenozoic alkaline basaltoides; 5 - bodies of Cretaceous alkaline-
ultrabasic rocks: a - sills. b - stocks (I - Severnoye Verchneye, 11
- Severnoye Nizhneye, III - Nowye, IV - Konus, V - Ploskoye, VI
- Yuzhnoye, VII - Martovskoye); 6 - faults.
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Table 1. The list of using samples.

NN Sample # Lithology Host Rock Intrusion name

1 U-A10 Garnet lherzolite Biotite-Pyroxene alkaline picrites Yuzhnoye

2 U-A34 Garnet lherzolite Biotite-Pyroxene alkaline picrites Yuzhnoye

3 U-A48 Garnet lherzolite Biotite-Pyroxene alkaline picrites Yuzhnoye

4 D-A3 Garnet lherzolite Biotite-Pyroxene alkaline picrites Yuzhnoye

5 D-A29 Gamet lherzolite Biotite-Pyroxene alkaline picrites Yuzhnoye

6 D-A30 Garnet lherzolite Biotite-Pyroxene alkaline picrites Yuzhnoye

7 DK-8 Garnet lherzolite Biotite-Pyroxene alkaline picrites Yuzhnoye

8 1/36 Garnet lherzolite Biotite-Pyroxene alkaline picrites Yuzhnoye

9 U-A3 Spinel lherzolite Biotite-Pyroxene alkaline picrites Yuzhnoye
10 U-A24 Spinel lherzolite Biotite-Pyroxene alkaline picrites Yuzhnoye
11 D-A1S5 Spinel lherzolite Biotite-Pyroxene alkaline picrites Yuzhnoye
12 D-A23 Spinel lherzolite Biotite-Pyroxene alkaline picrites Yuzhnoye
13 1/45 Spinel lherzolite Biotite-Pyroxene alkaline picrites Yuzhnoye
14 2/15 Spinel lherzolite Nepheline-Biotite-Pyroxene alkaline picrites Yuzhnoye
15 3/9 Spinel lherzolite Biotite-Pyroxene alkaline picrites Yuzhnoye
16 3/10 Spinel lherzolite Biotite-Pyroxene alkaline picrites Yuzhnoye
17 SN-N22 Spinel lherzolite Nepheline-Melilite-Pyroxene alkaline picrites Severnoye Nizhneye
18 SN-A47 Spinel lherzolite Nepheline-Melilite-Pyroxene alkaline picrites Severnoye Nizhneye
19 1/46 Harzburgite Biotite-Pyroxene alkaline picrites Yuzhnoye
20 SN-N3 Harzburgite Nepheline-Melilite-Pyroxene alkaline picrites Severnoye Nizhneye
21 SN-N14 Harzburgite Nepheline-Melilite-Pyroxene alkaline picrites Severnoye Nizhneye
22 SN-N24 Harzburgite Nepheline-Melilite-Pyroxene alkaline picrites Severnoye Nizhneye
23 SN-N12 Webhrlite Nepheline-Melilite-Pyroxene alkaline picrites Severnoye Nizhneye
24 SN-N19 Wehrlite Nepheline-Melilite-Pyroxene alkaline picrites Severnoye Nizhneye
25 SN-N21 Webhrlite Nepheline-Melilite-Pyroxene alkaline picrites Severnoye Nizhneye
26 SN-A2 Dunite Nepheline-Melilite-Pyroxene alkaline picrites Severnoye Nizhneye
27 SN-A30 Dunite Nepheline-Melilite-Pyroxene alkaline picrites Severnoye Nizhneye
28 SN-N2 Dunite Nepheline-Melilite-Pyroxene alkaline picrites Severnoye Nizhneye
29 SN-N10 Dunite Nepheline-Melilite-Pyroxene alkaline picrites Severnoye Nizhneye
30 3/2-2 Dunite Nepheline-Melilite-Pyroxene alkaline picrites Severnoye Verchneye
31 14/24 Dunite

Nepheline-Melilite-Pyroxene alkaline picrites

Severnoye Verchneye

harzburgites and wehrlites (see Table 1). The majority of
nodules are lherzolites (~60%) mostly garnet-free varietes,
25% are dunites and 15% are harzburgites. Wehrlites are
rare.

The main rock-forming minerals of the garnet lherzolites
are olivine, orthophroxene, clinopyroxene and garnet; alu-
minous chrome-spinel also occurs. Probably secondary
magnetite and sulphides are also present as accessories. A
characteristic feature of the garnet lherzolites is the devel-
opment of thick keliphytic rims around the garnets, some-
times completely replacing the garnet. Usually this rim
consists of very fine-grained amphibole, mica, spinel (e.g.
Ukhanov ef al., 1988). We suggest that development of this
rim is due to decompression influence. The spinel lherzolites
consist of olivine, ortho- and clinopyroxene, and chrome-
spinel.

Dunites mainly consist of olivine (90-95%) and
aluminous chrome-spinel (up to 10%). Clino- and/or
orthopyroxenes are present in small quantites (<5%).

Harzburgites composed of olivine, orthopyroxene and
chrome-spinel. It should be noted that harzburgites without
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clinopyroxenes are rare and account for no more than 10%
from the general amount of all harzburgite nodules.

Wehrlites consist of large olivine grains between which
smaller grain of clinopyroxene partly replaced by carbonate
and minor interstitial aluminous chrome-spinel are lo-
cated. All deep-seated rocks have massive structures and
hypidiomorphic-granular (to porphyroblastic) textures. The
modal composition are given in Table 2.

Geothermobarometry

The chemical composition of the rock-forming minerals
of the nodules has been determined for estimating the P-T
conditions. Analyses were conducted at the Scientific In-
dustrial Association “MEKHANOBR” (St. Petersburg) us-
ing a “CamScan” scanning electron microscope. Analysts
are T. G. Ivanovaand A. E. Belous. Representative analyses
of minerals are given in Table 3.

The geothermometers used were based on:

- thermodynamic analyses of the reaction Mg,;S1,0¢4 (Opx)
= Mg,Si,04 (Cpx) (Ehrenberg, 1982; Wells, 1977);

- the reaction Mg,Si,0¢ (Cpx) + MgAl,O, (Sp) =



Table 2. Modal composition of the deep-seated nodules from alkaline-ultrabasic rocks of Jetty Peninsula (vol.%).

Rock OL OPX CPX GA SP RUT MGT SLP CARB
Garnet lherzolite 63-72 12-22 6-10 5-10 0.5-1.0 + +
Fo=88-90 En=8892 Mg#=287.5-92.6 Mg# = 82.0-86.3 Mg# = 74.7-79.9 +
N2,0=1.15-243 Cr#=32-6.2 Cr#=19.6-28.3
Spinel lherzolite 42-80 16-45 4-10 1-5 + + + +
Fo=88-92 En=90-93 Mg#=288.5-93.5 Mg# = 63.4-84.5
Na,0 =0.57-1.96 Cr#=36.8-65.5
Harzburgite 75-90 10-20 + 0-2 + + + +
Fo = 88-91 En=89-91 Mg#=286.6-88.2 Mg# = 68.4-74.9
Na,0 =0.79-1.76 Cr#=139.2-51.9
Dunite 85-99 0-3 + 1-15 + +
Fo=85-88  En=285-90 Mg# =73.2-74.7
Cr#=39.9-48.6
Webhrlite 65-75 25-35 + + 34
Fo = 87-89 Mg# =91.7-91.9

Na,O = 1.39-1.77

Note: OL - olivine, OPX - orthopyroxene, CPX - clinopyroxene, CARB - carbonate, GA - garnet, SP - chrome-spinel, RUT - rutile, MGT - magnetite,

SLP - sulphides.

MgAIL,SiO¢ (Opx) + Mg,SiO, (O1) (Sachtleben and Seck,
1981);

- the ratio of Ca and Mg contents in clinopyroxene, co-
existing with orthopyroxene (Boyd, 1973).

For garnet-bearing varieties of peridotites the geoba-
rometers used were based on:

- Al,Oj; content in orthopyroxene (Ringwood, 1975);

- the distribution of Ca and Mg between the garnet and
clinopyroxene (Ukhanov et al., 1988).

There is no satisfactory geobarometers for garnet-free
peridotites now. That is why we have used for garnet-
free varieties of rocks the most well-known in Russia
geobarometer based on AI(IV)/Al(VI)ratio in clinopyroxene
(Mysen and Boettcher, 1975).

The following conclusions have been made (Table 4):

1)Garnet-bearing lherzolites equilibrated at 875—1180°C
(after different geothermometers), 2027 kbar.

2)Spinel lherzolites equilibrated at 825-1048°C, 12—-19
kbar.

3)The other types of inclusions show equilibration tem-
peratures ranges from 840 to 980°C and pressures 15-17
kbar, similar to the conditions determined for the spinel
lherzolites.

Geochemistry

Major elements

Peridotites can be subdivided into several groups based on
CaO, Al,O; and Mg# (100 Mg/(Mg+Fe)) relationships
(Table 5; Fig. 2). More undepleted (so-called “fertile”)
(AL,O3 > 2%; CaO > 2% and Mg# = 88-91) and depleted
(restite from varying degrees of incomplete melting) (Al,O;
<2%; Ca0 <2% and Mg#=90-92) rocks can be recognized.
Dunites form an independent group of figurative points in

zone of depleted rocks with Mg# = 86-89. We consider, as
otherscientists (e.g. Ukhanov ez al., 1988), dunites as a restite
from partial melting of other peridotites.

The behavior of the points of wehrlite compositions and
part of spinel lherzolites on the plot CaO-Mg# is of un-
doubted interest. These rocks form original trend expressing
in increase of CaO content (1.0-3.0%) with Mg# decreas-
ing. I consider this feature as due to replacing part of
clinopyroxene by carbonate may be under the influence of
the carbonate metasomatism. Unfortunately we have not
reliable petrographic evidence of this consideration (for
instance, formation of apatite in the rock composition).

The study of petrochemical features of deep-seated inclu-
sions points to chemical heterogeneity, complex structure
and decrease of general basicity of mantle beneath studied
region with depth.

Rare earth elements

By absolute contents (Table 5) and the character of REE
distribution several groups of mantle substance, being the
source of varying types of deep-seated inclusions, can be
distinguished (Figs. 3 and 4). Analyses have been made by
neutron activation method at Geochemical Institute (Mos-
cow). The results are summarized as follows.

1)Deep-seated rocks with low fractionation of lanthanides
and insignificant deviation from a standard chondrite. The
general increase of REE content relative to chondrite ap-
pears to correspond with enrichment of the mantle by these
elements. These xenoliths can be assigned to derivates of
more or less primitive mantle substance (the overwhelming
majority of these nodules are garnet lherzolites).

2)The rocks subjected to partial melting accompained by
removal of REE mainly of the Ce group. For these rocks the
positive incline of the graph with general low content of
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