
Geological survey. To enhance the study of the structure of the
McMurdo volcanoes using both geophysical and geological
methods, a geological survey was also carried out during the
1984 - 1985 austral summer. Late Cenozoic volcanic rocks of the
McMurdo Volcanic Group are widespread in and around Ross
Island. It has been well known that the volcanic rocks carry a
large number of ultramafic to mafic xenoliths; lherzolites in
basanite from Cinder Hill, Cape Bird (Cole and Ewart 1968),
dunites and lherzolites in basanites from Cape Crozier (Cole,
Kyle, and Neal! 1971), various types of xenoliths in basanites
from Hut Point Peninsula (e.g., Frobes 1963; Cole et al. 1971),
and !herzo!ites in basanites from Mount Nubian, Black Island
(Cole and Ewart 1968).

During the 1984 - 1985 austral summer, field studies were
made on the volcanic rocks and the xenoliths of Cape Bird, Cape
Crozier, Hut Point Peninsula, and Black Island. The purpose of
the geological field work at these volcanic sites was to study and
collect xenoliths.

References

Cole, J.W., and A. Ewart. 1968. Contributions to the volcanic geology of
the Black Island, Brown Peninsula and Cape Bird area, McMurdo
Sound, Antarctica. New Zealand Journal of Geology and Geophysics,
11(4), 793 - 828.

Cole, J.W., P.R. Kyle, and V.E. Neal!. 1971. Contributions to Quaternary
geology of Cape Crozier, White Island and Hut Point Peninsula,
McMurdo Sound region, Antarctica. New Zealand Journal of Geology
and Geophysics, 14(3), 528 - 546.

Frobs, R.B. 1983. Ultrabasic inclusions from the basalts of the Hut Point
area, Ross Island, Bulletin Volcanologique, 16, 13 - 21.

Kaminuma, K., M. Baba, K. Shibuya, and R.R. Dibble. In press. Explo-
sion earthquakes of Mount Erebus, Antarctica. Memoir of National
Institute of Polar Research, Special issue.

Kienle, J. , D.L. Marshall, S.A. Estes, R.R. Dibble, K. Shibuya, and P.R.
Kyle. 1982. Seismicity of Mount Erebus, 1981 - 1982. Antarctic Journal
of the U.S., 17(5), 29 - 31.

Kienle, J. , C.A. Rowe, P.R. Kyle, W.C. McIntosh, R.R. Dibble, K.
Kaminuma, and K. Shibuya. 1985. Eruption of Mount Erebus and
Ross Island seismicity, 1984-1985. Antarctic Journal of the U.S., 20(5).

Shibuya, K., M. Baba, J . Kienle, R.R. Dibble, and P.R. Kyle. 1983. A
study of the seismic and volcanic activity of Mount Erebus, Ant-
arctica, 1981-1982. Memoir of National institute of Polar Research, Special
Issue, 28, 54 - 66.

Takanami, T., K. Kaminuma, K. Terai, and N. Osada. 1983. Seis-
mological observations on Mount Erebus, Ross Island, Antarctica,
1980— 1981. Memoir of National Institute of Polar Research, Special Issue,
28, 46-53.

Ueki, S., K. Kaminuma, M. Baba, E. Koyama, and J. Kienle. 1984.
Seismic activity of Mount Erebus, Antarctica in 1982-1983. Memoir of
National institute of Polar Research, Special issue, 33, 29 - 40.

Mineral chemistry of the Kirkpatrick
Basalt, northern Victoria Land

M.A. HABAN and D.H. ELLIoT

Institute of Polar Studies
and

Department of Geology and Mineralogy
Ohio State University

Columbus, Ohio 43210

Tholeiitic lavas of the Kirkpatrick Basalt and sills of the Ferrar
Dolerite crop out in an area about 60 x 100 kilometers in the
Mesa Range region (73'11'S 162°55'E) of northern Victoria Land
(Elliot et al. 1982, 1983). In the Mesa Range itself, the strat-
igraphic thickness of the basaltic lavas attains a maximum of
about 780 meters and consists of up to 40 flows ranging in
thickness from less than 1 meter to more than 80 meters. The
lavas and sills appear to fall into two distinct compositional
types, designated the low-titanium and high-titanium magma
types (Siders and Elliot 1985). The high-titanium type has been
found only as the capping unit in the Mesa Range and Sculpture
Mountain, and has a thickness of more than 70 meters. All other
analyzed flows and sills belong to the low-titanium type.

Electron microprobe data have been obtained for plagioclase,
pyroxene and opaque grains, and volcanic glass in these
tholeiitic rocks (Haban 1984). The objective was to investigate

the chemistry of the minerals and use the data for modelling
possible paths of evolution within the low-titanium rocks and
between the low- and high-titanium rocks.

The plagioclase compositions are illustrated in figure 1. The
most notable feature of these plagioclase grains is the high
anorthite (An) content which in some cases is more than An.
Individual samples show a range in values of about 10 percent
and cluster either in the calcic anorthite (An) or sodic
anorthite (An7080) range. The high-titanium lavas have more
albitic plagioclase (An 70). The more calcic anorthite composi-
tions (greater than An) are among the most calcic plagioclases
ever recorded from continental flood basalt fields; equivalent
compositions have been reported only from East Greenland
(Upton, Emeleus, and Beckinsale 1984) and certain Deccan
lavas (Krishnamurthy and Cox 1977).

The pyroxene data are plotted in figure 2. The calcium-rich
pyroxenes in the low-titanium rocks are, in general, high mag-
nesium/iron augites with a scattering of more iron-rich augites
and subcalcic augites. The calcium-poor pyroxenes include both
orthopyroxene and pigeonite. The former have compositions
similar to orthopyroxenes from other flood basalts. The
pigeonites, however, include some of the most magnesian re-
corded from any geologic setting. Among the continental flood
basalts, comparable pigeonites have been reported by Upton et
al. (1984) for a single tholeiite flow, which, like the Mesa Range
flows, is also high in silica (approximately 54 percent). The high-
titanium rocks contain only clinopyroxene, and both the augite
and pigeonite compositions are like those of the most iron-rich
clinopyroxenes from the low-titanium rocks.
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Figure 1. Microprobe analyses of plagioclase in Kirkpatrick Basalt
samples from the Mesa Range. A. Low-titanium flows. B. High-
titanium flows. ("Ab" denotes "albite." "An" denotes "anorthite."
"Or" denotes "orthoclase.")
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Figure 2. Microprobe analyses of pyroxene in Kirkpatrick Basalt
samples from the Mesa Range. A. Low-titanium flows. B. High-
titanium flows. ("Di" denotes "diopside." "Hd" denotes "heden-
bergite." "En" denotes "enstatite:' "Fs" denotes "terrosilite.")

The plagioclase and pyroxene data may be compared with
data for the Kirkpatrick Basalt in the Beardmore Glacier region
and Brimstone Peak in southern Victoria Land (Kyle and Elliot
1976). The lavas in the Beardmore region are more evolved than
the low-titanium rocks from the Mesa Range, having silica
contents that range between 53 and 59 percent. This more
evolved character is reflected in less calcic plagioclases and

more iron-rich pyroxenes, most of the calcium-rich composi-
tions falling in the field of ferroaugite, and the calcium-poor
compositions in the field of intermediate pigeonite. The pyrox-
ene data for the Mesa Range low-titanium rocks overlap the
field for the upper flow at Brimstone Peak. Compared with the
Mesa Range high-titanium flows, the single Beardmore exam-
ple (27.41) has more sodic plagioclase and a greater spread of
iron enrichment in the pyroxenes.

The mineral data for the Mesa Range rocks have been used to
model the evolution of the magmas. Major element modelling
suggests that the low-titanium flows are related to the sills by
the fractional crystallization of plagioclase, augite, pigeonite,
and titanomagnetite. Acceptable residuals are also obtained for
major element modelling of the high-titanium flows from the
low-titanium flows, but the results in this case require addition
of titanomagnetite along with subtraction of plagioclase, augite,
and pigeonite. However, in neither case do the trace-element
data support the model. Other factors must be involved.

The mineral compositions also yield estimates of the tem-
perature of eruption of the low-titanium lavas by three indepen-
dent geothermometers. On the basis of coexisting low- and
high-calcium pyroxenes, consolute pyroxenes (Lindsley 1983)
and plagioclase-glass equilibria (Mathez 1973), a temperature of
1,250 ± 50°C has been obtained. This is an unusually high
temperature, but recent work (Nabelek, Lindsley, and Bohlen
1984) suggests that the temperature estimates should be de-
creased by up to 50°C.

Further analytical work is being conducted to confirm the
unusual compositions and eruption temperatures and to inves-
tigate possible paths of evolution and the lack of correspon-
dence between the major and trace-element modelling.
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