XENOLITHS FROM THE VOLCANIC PROVINCE OF WEST ANTARCTICA AND
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Abstract: Xenoliths which vary from spinel peridotite and pyroxenite to granulite and supracrustal rocks have been
entrained within basaltic rocks of the Marie Byrd Land Volcanic Province and yield important information concerning
the petrology of the lithosphere in West Antarctica. We have collected suites of xenoliths from alkali basalt - tephrite
basanite scoria cones which are satellitic to the strato-volcanoes of the Executive Committee Range (Mt. Sidley, Mt.
Waesche, Mt. Cumming and Mt. Hampton), the USAS Escarpment (Mt. Aldaz) and Mt. Murphy. Peridotites, which
represent samples of the mantle lithosphere, are all spinel bearing lherzolite and lacking in hydrous phases such as
amphibole and phlogopite. Pyroxenites are wehrlites frequently containing traces of amphibole and glass. Granulites,
which we interpret to be derived from the lower crust, include ultramafic and mafic types lack garnet but contain
olivine or orthopyroxene, spinel and clinopyroxene together with variable traces of glass. The supracrustal rocks are
mainly granitoids, which must form part of the regional basement to these parts of Antarctica, and layered mafic and
felsic rocks representing the congealed contents of subvolcanic magma chambers. Chemical compositions of
granulites from the Executive Committee Range highlight a compositional difference between Mt. Sidley, and Mt.
Hampton and Mt. Murphy. Granulites from Mt. Sidley show distinctive multi-element plots to those from Mt.
Hampton and Mt. Murphy, which are closely similar. We suggest that the Executive Committee Range may straddle
an important tectonostratigraphic boundary in West Antarctica.
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Introduction the Marie Byrd Land Volcanic Province (LeMasurier, 1990)
In a region largely covered by the West Antarctic ice  contain numerous small satellitic scoria cones of tephrite-
sheet, edifices of the Late Cenozoic to Recent volcanics of  basanite (Le Bas ef al., 1986) composition. Many of these
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Fig. 1. Location map of study area showing major sampling areas, MBL = Marie Byrd Land, FM = Fosdick
Mountains, USAS = USAS Escarpment, ECR = Executive Committee Range and RSE = Ross Sea Embayment.
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cones contain deposits rich in lithospheric xenoliths and in
areas where surface outcrops of the pre-Cenozoic basement
are sparse or missing, and where high resolution geophysi-
cal data are not yet available, these samples give the only
insights into the sub-ice geology.

This study forms a part of the West Antarctica Volcano
Exploration (WAVE) project and field work was undertaken
during the 1989/90 and 1990/91 field seasons. Samples were
collected from a number of widely spaced sites in Marie
Byrd Land including: a) The Executive Committee Range
(Mt. Sidley, Mt. Cumming and Mt. Hampton). b) The USAS
Escarpment (Mt. Aldaz). c) Mt. Murphy, and d) The Fosdick
Mountains (courtesy of C. H. Smith and D. Kimbrough)
(Fig. 1). The samples extend from mantle peridotites through
lower crust to supra crustal and subvolcanic magma cham-
ber lithologies.

Based upon the xenoliths, vertical sections of the lithos-
phere beneath a particular vent can be drawn up and where
numerous vents have been sampled (e.g. Mt. Sidley), hori-
zontal correlation can be attempted. These observations can
be constrained further by estimation of P-T conditions from
coexisting mineral assemblages and experimental data. In
addition, from the textures and chemistry of the xenoliths
models of crustal growth and modification processes can be
evaluated. A major aim of this study was to search for
heterogeneities in the lower crust which could be signals
for terrane amalgamation in the Pacific margin of
Gondwanaland.

Xenolith Compositions

Based on petrographic study we have subdivided the
xenoliths into four groups:

1) Mantle Peridotites: mainly green Cr-diopside bearing
spinel lherzolites and dunites. Hydrous phases (phlogopite,
pargasite, etc.) are absent (cf. Gamble et al., 1988).
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Fig. 2. Clinopyroxene compositions in xenoliths from Mt. Sidley.
Fields are areas occupied by granulites, G, pyroxenites, Px and
Peridotites, Pe. Note the overlapping compositions of the
interlayered granulite (crosses) and pyroxenite (diamonds).
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Fig. 3. Plots of CaO and TiO, versus SiO, and Mg-number for granulites and pyroxenites from Mt. Sidley, Mt.
Hampton and Mt. Murphy. Spread of CaO is strongly controlled by abundance of cpx. Data from the McMurdo
Volcanic Province (from Kalamarides and Berg, 1991 and our unpublished data) are shown for comparison: TAM

= Transantarctic Mountains, RSE = Ross Sea Embayment.
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Fig. 4. Plots of Ba and Cr versus Mg-number for granulites and pyroxenites from Mt. Sidley, Mt. Hampton and Mt.

Murphy. Symbols and fields as in Fig. 3.

2) Pyroxenites: mainly Al-augite bearing spinel wehrlites
similar to those described by Gamble and Kyle (1987) from
the Ross Embayment area.

3) Granulites: plagioclase rich rocks containing
clinopyroxene, olivine or orthopyroxene and spinel. These
samples are often interlayered with and presumably grada-
tional with, pyroxenite.

4) Supracrustal rocks: comprising subvolcanic plutonic
rocks ranging from gabbro to syenite and pre-Cenozoic
country rocks, mainly of granitoid composition and often
fused and sintered.

This paper is concerned with the first three groupings
which we interpret as originating in the upper mantle and
lower crust.

Olivine and clinopyroxene are the only major mineral
phases to occur in all three groups from Mt. Sidley. In the
granulites olivine ranges from Foy; to Fog;, while compo-
sitions in the pyroxenites span from Fogs to Fogs. In contrast,
the peridotites have relatively constant olivine composi-
tions (Fogg—Fo0g,). Clinopyroxene compositions are shown
in Fig. 2 where the plotted data are for interlayered granu-
lite-pyroxenite samples. The fields delineate the spread of
data in the three groupings. The diagram emphasises the
gradational nature of the granulite and pyroxenite xenoliths
and the hiatus between these and the peridotites.

None of the granulite-pyroxenite suite xenoliths contain
orthopyroxene or garnet, and this has been a significant
limitation to thermobarometric study.

Traces of glass occur in many of the granulites and

pyroxenites and may represent decompressive or infiltrated
mafic melts (cf. Gamble and Kyle, 1987). Furthermore,
amphibole (kaersutite) is a common mineral in many granu-
lites and pyroxenites but no mica has been recorded.
Many xenoliths are oxidised or partially oxidised and
traversed by cross-cutting veinlets of Fe-oxide, with partial
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Fig. 5. Plot of Nb versus Zr (both in ppm) for granulite xenoliths
from Mt. Sidley, Mt. Hampton and Mt. Murphy. Lines are for Zr/
Nb ratios of 5 and 10. Hampton and Murphy data conform to low
Zr/Nb ratios whereas most Sidley rocks show appreciably higher
ratios.
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Fig. 6. Multi-element trace element plot of granulites from Mt. Sidley, Mt. Hampton and Mt. Murphy. The Sidley
data are distinctly different from both the Hampton and Murphy rocks.

or complete replacement of Mg-Fe silicates (notably oli-
vine) by oxide minerals such as hematite. The exact timing
of the replacement is problematical and it may be related to
entrainment or may be an alteration feature brought about by
the passage of fluids.

Geochemistry

Major and trace elements

In this section we concentrate on the lower crustal granulite
and pyroxenite suites which range from ultramafic to mafic
compositions. Compositions are shown in Figs. 3 and 4
which distinguish between granulites (plagioclase bearing)
and pyroxenites (clinopyroxene + olivine or orthopyroxene
bearing). Major oxide trends are controlled strongly by
modal abundance, thus rocks rich in plagioclase show high
Al,O5 contents and those rich in clinopyroxene high CaO
and MgO. Furthermore, the major (TiO,) and trace element
plots show overlap between the Mt. Hampton (Northern
ECR) and Mt. Murphy data which are distinct from the Mt.
Sidley data. In detail, the Sidley rocks show lower Cr
content and Mg-number but higher TiO,, Ba, Zr and Nb than
the Mt. Murphy and Mt. Hampton rocks (Fig. 5). Comparing
the granulite xenoliths with available data from the McMurdo
Volcanic Province (Gamble et al., 1988; Kalamarides and
Berg, 1991; our unpublished data) shows that the Sidley
samples are similar to granulites from the Transantarctic
Mountains whereas the Mt. Murphy and Mt. Hampton data
are more akin to the Ross Sea Embayment data.

Representative multi-element normalised abundance plots
(Fig. 6) for granulites emphasize significant differences
between the lower crust beneath Mt. Sidley and that beneath
the Mt. Hampton—Mt. Murphy areas. The former shows the
humped light REE enriched profile associated with intraplate
basalts whereas the Mt. Hampton and Mt. Murphy rocks
display strong depletions relative to the MORB normalising
composition. In turn, this infers that fundamentally different
segments of crust have been sampled beneath Mt. Sidley and
Mt. Hampton and may imply a significant change in crustal
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Fig. 7. Composite stratigraphic section (not to scale) through the
lithosphere of Marie Byrd Land based upon xenoliths.






