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T
he asymmetric rift system is marked by a 3,000-kilometer
(km) long, 4- to 5-km-high rift shoulder escarpment (fig-

ure) which extends along the Transantarctic Mountains from
northern Victoria Land to the Horlick Mountains, thence to the
Ellsworth Mountains. Behrendt and Cooper (1991) suggested
that episodic uplift rates of the order approximately 1 km per
million years of the highest sections of the rift shoulder might
have a climate-forcing effect on antarctic glaciation; the onset
of late Cenozoic rift activity and antarctic glaciation are
approximately coincident. This interpretation is controversial,
however (Wilch et al. 1993; Behrendt and Cooper 1994). The
alkaline volcanic activity (LeMasurier 1990) started in the late
Cenozoic (about Oligocene time) and continues to the present;
it is possibly mantle plume related (Behrendt et al. 1991, 1994).
No part of the rift can be considered inactive. Numerous expo-
sures of hydroclastic volcanic rocks are interpreted as evidence
of subglacial eruption (LeMasurier 1990), and the active sub-
glacial volcano in the CASERTZ survey (Blankenship et al.
1993) indicates volcanic activity beneath the west antarctic ice
sheet today. Microearthquakes of probable tectonic origin are
reported to occur every 2 days and are interpreted as being
associated with rifting in the Victoria Land basin (Behrendt et
al. 1991). An Mb 5.3 earthquake occurred (U.S. Geological Sur-
vey, unpublished data, 1994) on the northwest Ross Sea conti-
nental margin; the earthquake had both normal and strike slip
components, subparallel to the west antarctic rift system fab-
ric, in an extensional stress regime.

Aeromagnetic surveys (made in 1984-1985, 1990-1991, by
GANOVEX-USGS and 1991-1992, by CASERTZ) over widely
separated areas of the largely ice- and sea-covered west antarc-
tic rift system reveal similar patterns of magnetic anomalies.
These data combined with more than 100,000 km of widely
spaced aeromagnetic profiles, vertical incidence, and large off-
set seismic data in the Ross Sea and radar ice sounding meas-
urements over the west antarctic ice sheet control and extend
the magnetic interpretations from the detailed surveys. Linear
magnetic rift fabric and numerous semicircular, high-ampli-
tude anomalies having sources essentially at the base of the ice
and sea floor, which appear to be magnetized in approximately
the present field direction, are evidence of extensive late Ceno-
zoic(?) volcanism (having high Q magnetizations). The similar-
ity of the magnetic anomaly patterns over the west antarctic
ice sheet (CASERTZ aeromagnetic survey) constrained by radar
ice sounding to the aeromagnetic surveys in the Ross Sea area
data allows extension with some confidence of our volcanic rift
interpretation to this totally geologically unsampled area.

Glacially smoothed volcanic edifices and associated sub-
volcanic intrusions overlie and penetrate respectively the
youngest sedimentary rocks (for example, Cooper et al. 1987,
pp. 27-76) in the Victoria Land Basin area, as imaged by
marine seismic reflection data (Behrendt et al. 1991). We con-
sider this as evidence that these volcanic rocks erupted
beneath, or at least were subsequently covered by, moving
grounded ice which covered the present continental shelf
north of the Ross Ice Shelf. In contrast are several volcanic edi-
fices and inferred fault scarps in the same area defined by seis-
mic reflection profiles that give the appearance of never having
been overlain by moving grounded ice. We interpret these fea-
tures as evidence of Holocene tectonic and volcanic activity.

The active approximately 3,800-meter high Mount Erebus
and most of Ross Island have not been eroded, in contrast to
an obviously eroded (the ice shelf is not grounded now) sub-
marine -subglacial volcano interpreted from a circular 50-km
wide, 725-nanotesla anomaly, 130 km east of Ross Island.
Probably the volcanic source was overlain by more rapidly
moving grounded ice (an ice stream?) during previous maxi-
mum glaciations.

In a similar manner, we interpret the topographic expres-
sion of the active subglacial volcanic peak, imaged by
CASERTZ radar ice sounding data (Blankenship et al. 1993),
which lies in the catchment basin (Blankenship et al. 1993), of
the very rapidly moving ice streams draining the WAIS (Alley
and Willans 1991; Bindshadler and Scambos 1991). This 6-kin-
wide, 600-meter-high peak sits atop an approximately 35-km-
wide volcano interpreted from a 400-nanotesla-magnetic
anomaly having a smoothed topographic expression.
(Behrendt et al. 1994). We infer that as the grounded ice moves
over the active volcano, it continuously erodes the small peaks
[likely easily eroded hyaloclastite and pillow breccia (LeMa-
surier personal commununication; Borg personal communica-
tion)] that are episodically erupted beneath the ice sheet
(Behrendt et al. 1994). The CASERTZ survey over this active
volcano, is essentially a "snapshot" of conditions that exist and
have existed beneath the west antarctic ice sheet over the Byrd
Subglacial Basin episodically since about Oligocene time and
were present on the Ross Sea continental shelf prior to the last
deglaciation.

Seismic-reflection and radar ice-sounding data are inter-
preted (Behrendt et al. 1991, 1994) as indicating glacial erosion
of volcanic peaks erupted beneath the ice sheet in several
places, suggesting this is a general case. Behrendt and Cooper
(1991) suggest a possible synergistic relationship between the

ANTARCTIC JOURNAL - REVIEW 1994
7



0°

180°

90°W 900E

Generalized isostatically compensated
(after ice removal) bedrock elevation
map of part of Antarctica (from Behrendt
et al. 1994; modified from Drewry 1983).
Stipple indicates edge of present
grounded ice. Thick line represents
Cenozoic shoulder of interpreted west
antarctic rift system. Dashed line, which
surrounds rift system, indicates sug-
gested general area of mantle plume
head. Elongate area of the plume possi-
bly is the result of very slow movement
in the nearly stationary plume-antarctic
plate system consistent with the trend of
the oldest late Cenozoic volcanic ages
measured within this area (LeMasurier
1990). On the other hand, the large area
of the suggested plume may have
resulted from lack of movement of the
antarctic plate during late Cenozoic time.
Square box indicates area of the
1991-1992 CASERTZ survey. Irregular
box in Ross Sea area indicates the
1984-1985 and 1990-1991 GANOVEX-
USGS aeromagnetic surveys. The Juras-
sic tholeiitic Dufek intrusion is correlated
with the sills and flows of the Ferrar
group indicated. E denotes Ellsworth
Mountains; S denotes 1 ,200-nanotesla
Sinuous Ridge magnetic anomaly; MLB
denotes Marie Byrd Land. Contour inter-
val = 500 meters.

high uplift rate of the rift shoulder and antarctic glaciation
which is generally coincident in late Cenozoic time. We know
that there is some associated submarine and subglacial activity
today and has been for the coincident period of apparently
episodic late Cenozoic glaciation. Behrendt (1992) and
Blankenship et al. (1993) speculate on the effect of this sub-
glacial volcanism on the dynamics of the west antarctic ice
sheet, but the mechanism of any possible influence remains
controversial.
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