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Abstract: Crustal xenoliths in Cenozoic alkali basalt at Cape McCormick Crater consist mainly of a bimodal suite
of mafic and felsic granulites, although some scapolite-clinopyroxene granulites are also present. There is a distinct
compositional gap, exemplified by SiO,, between the mafic two-pyroxene granulites and the tonalitic to trondhjemitic
felsic granulites. Both groups are broadly depleted in terms of incompatible elements, with the low K,0 and in-
compatible trace elements of the felsic granulites being particularly striking. These felsic granulites resemble
plagiogranites of ophiolite complexes. The bulk of the lower crustal suite appears to represent depleted crust formed
either in a ridge or oceanic-arc (or back-arc) setting. The xenoliths from Cape McCormick Crater are compositionally
very different from xenoliths collected from Cenozoic basalts in the Royal Society Range of southern Victoria Land.
Correlation with xenoliths from the Ross Embayment or Mt. Melbourne is possible but certainly not confirmed.
Correlation with exposed igneous rocks in northern Victoria Land is problematic, in part because the age of these

xenoliths is unknown.
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Introduction

As part of a continuing xenolith study of the crust in the
western Ross Sea and adjacent Transantarctic Mountains,
cinder cones and lava flows in the Adare-Hallettregion were
examined for xenoliths during the 1989-90 and 1990-91
field seasons. A particularly robust suite of xenoliths was
collected at Cape McCormick which is located toward the
southern end of the Adare Peninsula along the northwestern
side of the Ross Sea (Fig. 1). The xenoliths were erupted
with Cenozoic alkali basalt from Cape McCormick Crater,
the larger and more prominent of the cinder cones at Cape
McCormick reported by McIntosh and Kyle (1990).

Previous work on crustal xenoliths from the western Ross
Sea and adjacent Transantarctic Mountains (Berg, 1984,
1991;Bergetal., 1989; Kalamarides etal., 1987; Kalamarides
and Berg, 1991; Gamble et al., 1988; Worner et al., 1989)
has involved sites in the Wilson Terrane and its southward
extension in southern Victoria Land or in the immediately
adjacent Ross Sea (Fig. 1). In contrast, Cape McCormick
Crater is situated in or adjacent to the Robertson Bay
Terrane. Thus these xenoliths provide the opportunity to
evaluate lower crustal differences across terrane boundaries
that have been defined on the basis of upper crustal geology
and structure as well as age and isotope geochemistry of
granitoids (Borg et al., 1986, 1987). Ultimately, they will

Fig. 1. Map of the western Ross Sea area showing some of the
more important sites for crustal xenoliths. Cape McCormick
Crater is one of the more northerly sites and situated in the
Robertson Bay Terrane. The dashed lines in the Ross Sea are
intended to schematically (and speculatively) represent the cur-
rent rifting. Triangles designate sites that contain a substantial
proportion of non-tonalitic felsic granulites relative to mafic
granulites (Mount Overlord is not well characterized). Circles
designate sites that contain only mafic granulites or tonalitic
granulites.

Recent Progress in Antarctic Earth Science: edited by Y. Yoshida et al., pp.

© by Terra Scientific Publishing Company (TERRAPUB), Tokyo, 1992.

s S

]
A [
|
N |
!

i
Cape Adare [I
‘t?} capeéﬁcCormick 1,
\ K Paossession
‘,\ 4 Islands 7 A
\ auln y *{~
'.“:\K /c :l
| i Hallot / !
\ 7
\ I3 4 *J
Y Coulman |, |
\ b !
'\ j |
‘a\\ g *
‘\ .r
| <
\\ O ,55 LZA’Washinglon'{ f:’
\ —
LoE 2 1 “
K\ z ( " 4 ©
L < ( "Victoria ] >
\ e L'\E Land " »
WL Z « Trough @ Franklin 1. /~
“T\ < } 4 |
v w |
\\ Z
| <
\ e
E-

T

x cape Crozier
randau
Ven

\. Ha\f Moon Crater
Whlte I

Black I

\ Fosle\‘ Minna Bluff

\
” I Roaring
\\ Valley

265 —271.

IS



permit the comparison of Antarctic lower crust with the
lower crust documented in southeastern Australia (e.g.
O’Reilly et al., 1988).

Description and Petrography

The xenoliths at Cape McCormick Crater are very abun-
dant, certainly numbering in the many thousands, and 150
representative samples were collected for laboratory study.
They range upward in size to about 30 cm, but more
commonly they are 3—10 cm in diameter. Five groups of
inclusions are observable in the field. The most abundant
type is a relatively mafic two-pyroxene granulite that is
typically massive but may be gneissic. Less abundant are
ultramafic and cumulate igneous inclusions that are pre-
sumably of cognate origin and which have not been exam-
ined in any detail. Also less abundant, but nevertheless
relatively common, is a very felsic type that ranges from
massive to gneissic to mylonitic or flaser. A scapolite-
clinopyroxene granulite is present as a fourth type butis very
rare. Small inclusions oflherzolite are presumably of mantle
derivation and are probably the least abundant type of
inclusion.

Mafic two-pyroxene granulites

The mafic two-pyroxene granulites consist primarily of
plagioclase, orthopyroxene, and clinopyroxene. Although
many of the samples have not been studied in thin section,
primary olivine has not been found. A few samples contain
symplectitic pseudomorphs of what may have been garnet,
although amphibole cannot be ruled out either. Textures
range from equigranular and annealed to gneissic with
mortar texture. Intergranular glass ranging from quench-
crystal rich to quench-crystal poor is quite common.

Felsic granulites

The felsic granulites are composed mostly of plagioclase
and quartz. Mafic minerals, where not oxidized beyond
recognition, consist of orthopyroxene and clinopyroxene. A
few ofthe samples contain obvious pseudomorphs of garnet,
although only one has actual garnet preserved in the cores of
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pseudomorphs. Many of these xenoliths are gneissic and
several are mylonites or flaser gneisses showing evidence of
extreme strain. Many of the felsic granulites have large
patches of intergranular glass. Pyroxenes and feldspars in
the xenolith have coarse, euhedral faces in contact with the
glass, indicating that the glass represents an equilibrium
partial melt of the granulite rather than disequilibrium,
decompressional melt.

Scapolite-clinopyroxene granulites

The scapolite-clinopyroxene granulites contain aegerine-
augite, CO,-rich scapolite, plagioclase, and apatite. The
scapolite has moderately to extensively decomposed to
plagioclase and calcite, and in one or two samples biotite is
abundant.

Major- and Trace-Element Chemistry

Nine of the mafic granulites and eleven of the felsic
granulites have been analyzed by X-ray fluorescence for
major and trace elements. Representative analyses and nor-
mative-mineral contents are listed in Table 1. Also listed in
Table 1 are average compositions of all analyzed mafic
granulites (AVG-1) and tonalitic granulites (AVG-2). Fig-
ure 2 shows that the felsic granulites consist predominantly
of tonalites (trondhjemites), or plagiogranites. There are,
however, two felsic granulites that are (quartz) monzodiorites.

Major- and trace-element variation is illustrated in selected
SiO, variation diagrams in Fig. 3. Several points are im-
mediately apparent. Firstly, in terms of silica, there is a
distinct compositional gap between the mafic and felsic
granulites. The two groups form clusters near49 and 73 wt%
Si0,, respectively, and no xenoliths, thus far analyzed, lie
between 52 and 62 wt% SiO,. Secondly, the two
monzodioritic felsic granulites are completely unlike the
other felsic granulites as evidenced by their K,O, Ba, and Nb
contents, among other things. Finally, the K,O and incom-
patible-trace-element contents of the tonalitic (plagiogranite)
felsic granulites are strikingly low. For example, K,O
contents are, with one exception, well below 1.0 wt%. These
points will be addressed in the discussion section.

or pl

(A)

(B)

Fig. 2. Normative mineral contents of felsic granulite xenoliths from Cape McCormick Crater plotted on the modal
diagram (A) of Streckeisen (1976) and the normative diagram (B) of Barker (1979). Triangles represent tonalitic or
trondhjemitic (plagiogranite) xenoliths and diamonds represent (quartz) monzodioritic xenoliths.
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Table 1. Compositions of representative xenoliths from Cape McCormick Crater.

Sample 0-20 0-18 0-16 0-7 0-11 0-13 0-12 AVG-1  AVG-2
Type1 MG MG MG TG TG TG MD MG TG
51'02 46.86 48.15 48.29 62.06 70.87 74.30 65.37 48.22 70.44
TiOZ 0.26 0.51 0.48 0.58 0.65 0.22 0.51 0.48 0.42
A1203 10.43 13.77 16.52 15.26 14.38 12.54 16.55 13.21 13.65
Fe0* 11.18 11.58 10.80 7.56 3.03 2.99 3.42  10.72 3.91
MnO 0.21 0.24 0.15 0.13 0.06 0.06 0.05 0.21 0.03
Mg0 18.01 8.47 11.11 2.27 0.93 0.19 1.20 11.34 1.26
Ca0 11.09 10.92 8.07 6.57 5.04 1.68 3.90 12.08 4.30
Na,0 0.92 2.98 2.53 3.55 3.31 4.396 4.76 2.04 3.85
K,0 0.05 0.45 0.18 0.32 0.21 1.23 2.32 0.26 0.45
P50g 0.01 0.04 0.04 0.11 0.03 0.04 0.18 0.05 0.08
TOTAL 99.02 98.11 98.27 98.41 98.51 98.21 98.27 98.61 98.45
Sr 50 56 133 153 110 66 287 98 118
Rb 0.1 2.5 1.1 6.0 0.8 10.7 57 4.4 4.9
Ba 18 13 32 6 4 445 901 23 103

Nb 2.3 1.7 .6 3.8 8.5 5. 40 2.6 7.3
La 13.4 3.9 3.6 0.4 nd 10.9 69 3.5 3.8
Ir 14 24 20 12 21 189 403 24 80

Y 8 18 10 S 4 19 23 13 20

Ga 9 12 16 16 12 16 22 13 14

Cu 73 47 31 20 31 16 12 36 19

In 71 214 85 71 30 29 27 97 43

v 176 334 249 82 43 nd 23 226 29

Ni 329 69 76 9 8 10 19 140 11

Cr 358 93 87 nd nd nd nd 191 2

Sc 45 55 40 15 6 6 7 40 13

Q 0.0 0.0 0.0 18.6 36.8 34.6 16.9 0.0 33.4
or 0.3 2.7 1.1 1.9 1.2 7.3 13.7 1.5 2.7
ab 7.8 19.4 21.4 30.0 28.0 42.0 40.3 17.3 33.1
an 24.2 22.9 33.2 24.8 23.8 8.1 16.9 26.1 18.9
ne 0.0 3.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0
c 0.0 0.0 0.0 0.0 0.0 0.1 0.0 0.0 0.0
di 24.9 25.6 5.4 6.1 0.9 0.0 1.0 27.4 1.9
hy 10.2 0.0 13.7 15.7 6.5 5.7 8.0 1.4 9.0
ol 31.2 23.4 22.5 0.0 0.0 0.0 0.0 23.9 0.0
il 0.5 1.0 0.9 1.1 1.2 0.4 1.0 0.9 0.8
ap 0 0.1 0.1 0.3 0.1 0.1 0.4 0.1 0.2

Analyzed by XRF with major elements in wt%, trace elements in ppm, and FeO* as total iron.
IMG: Mafic granulite; TG: Tonalitic granulite (plagiogranite); MD: Monzodioritic granulite.

Discussion

Although mineral chemistry has not yet been analyzed in
these samples, some general conclusions about pressure,
temperature, and time of metamorphism can be drawn from
petrography alone. As indicated above, the presence of
pyroxenes and feldspars with coarse, euhedral crystal faces
adjacent to intergranular glass in several of the xenoliths
implies that these glasses represent deep-seated equilibrium
melts rather than decompressional melts. Thus it seems
apparent that the granulite metamorphism was operating at
the time of xenolith capture by the alkali basalt. This is
similar to conclusions drawn from the xenoliths around
McMurdo Sound (Berg et al., 1989). The granulite miner-
alogy and the existence of partial melts (glass) indicate
temperatures greater than 700-800°C. Finally, the absence
of olivine coexisting with plagioclase in the mafic granulites

suggests that most of the xenoliths come from depths greater
than about 20-25 km (Irving, 1974). The tentative identi-
fication of garnet pseudomorphs in the mafic granulites
would support that conclusion.

As for the origin of the xenoliths, some of the mafic
granulites could have originated as cumulates or restites
because they have elevated MgO, CaO, and compatible
trace elements (Fig. 3) and mg numbers near 0.8. However,
many of the mafic granulites have compositions similar to
basaltic melts. In these samples Cr, Ni, Sr, etc. are not
elevated in concentration, mg numbers are between 0.6 and
0.75, and unpublished rare-earth-element (REE) data show
no Eu anomaly. Except for K and Rb, incompatible trace
elements are generally less than 10 times chondritic values,
which are at or below typical MORB values (Sun and
McDonough, 1989). Thus, if these are metamorphosed
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Fig. 3. Variation diagrams of selected major and trace elements for Cape McCormick Crater xenoliths. Major

elements (A) in wt% and trace elements (B) in ppm.

basaltic melt compositions, the source must have been
depleted. The most likely place of origin for such rocks
would have been either a mid-ocean ridge or the primitive
tholeiitic part of an oceanic island arc or back arc spreading
center.
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The tonalitic felsic granulites are quite unusual because of
their extremely low trace-element contents. Incompatible
trace elements are close to typical MORB values, although
Nb, Ba, Rb, and K are somewhat on the high side of typical
MORB (Fig. 4). Futhermore, unpublished REE data have












