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Jurassic phreatomagmatic volcanism in the central
Transantarctic Mountains
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T
he upper part of the Gondwana sequence in the Queen
Alexandra Range, Beardmore Glacier area, central

Transantarctic Mountains (84°30'S 165 0E), records a transi-
tion from deposition in a retroarc foreland basin in the Trias-
sic to explosive basaltic and rhyolitic volcanism in the Jurassic
(Barrett, Elliot, and Lindsay 1986, pp. 339-428; Collinson et al.
in press). The explosive volcanism is represented by the upper
part of the Falla Formation, which is probably of Early Juras-
sic age, and the overlying Middle Jurassic Prebble Formation.
Explosive volcanism was directly followed by quiet effusion of
the Middle Jurassic Kirkpatrick tholeiitic flood basalts; both
phases of volcanic activity are interpreted to have occurred in
a continental rift environment associated with incipient
stages in Gondwanaland breakup (Elliot 1992, pp. 165-184).
Previous work revealed evidence that the explosive volcanism
was phreatomagmatic in nature, involving violent interaction
between magma and external water (Larsen 1988; Elliot and
Larsen 1993, pp. 397-410). The present research was initiated
during the 1990-1991 field season, with the intention of gain-
ing further insight into the nature of this phreatomagmatic
volcanism in relation to tectonic setting.

The Prebble Formation contains the main record of prox-
imal explosive basaltic volcanism prior to effusion of the Kirk-
patrick lavas and provides a unique opportunity to examine
the events leading up to eruption of a typical continental
flood-basalt province. The formation, which has a maximum
thickness of some 200 meters, consists primarily of coarse-
grained basaltic debris-flow deposits (lahars) and is an
unusual example of a regionally developed, basaltic lahar
field. Rapid thickness variations are interpreted to reflect the
effects of extensional faulting during accumulation of the
lahars, and clear evidence that monoclinal warping and
explosive volcanism were broadly contemporaneous has been
documented by Elliot and Larsen (1993, pp. 397-410).
Detailed mapping during the present study has shown that
deposition of thick lahars in steep-sided channels occurred
during large-scale slumping of the Falla Formation, providing

clear evidence for an active volcano-tectonic regime prior to
effusion of the Kirkpatrick basalts.

Individual lahar deposits are massively bedded, very
poorly sorted, and up to 50 meters thick (figure 1). Coarser
clasts typically are supported in a matrix of basaltic ash and
fine lapilli intermixed with large quantities of accidental
material. The deposits are intercalated with accretionary
lapilli tuffs, which are characteristically developed in moist,
cohesive volcanic ash produced by phreatomagmatic erup-
tions. Accretionary lapilli also are common in the matrix of
the deposits, and some beds grade directly up into accre-
tionary lapilli tuff. The latter relation suggests that at least
some of the lahars were produced during eruptive events,
rather than resulting from later slumping of unstable, near-
vent tephra accumulations.

In thin section, characteristics of the basalt shards in the
matrix of the deposits reveal details of the mechanisms driving
the explosive eruptions. Many of the basalt shards consist of
weakly devitrified, clear, pale-brown sideromelane glass,
which is indicative of rapid quenching of basaltic magma in
contact with water. Vesicularity of the shards is variable, but
shard outlines in many cases are controlled by fracture sur-
faces rather than broken bubble walls, indicating that steam
explosions generated from external water played a major role
in magma disruption. Dark brown, turgid, scoriaceous
tachylite shards also are present in variable amounts, however,
and indicate that some magma batches were subject to less
drastic quenching, with explosive release of magmatic
volatiles in large part driving the eruptions in these cases.

A notable feature of the laharic deposits is their high con-
tent of accidental lithic debris derived from quartzose sand-
stone, silicic tuff, and carbonaceous shale in the underlying
Falla Formation. This debris ranges from discrete sand grains
present in abundance in the matrix of the lahars to boulder-
sized clasts measuring 50 centimeters or more across (figure
1). Apparently, violent disruption of parts of the Falla Forma-
tion occurred when subterranean steam explosions were initi-
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igure 2. Cored bombs in a Prebble
har deposit. The cores are medium-
coarse-grained Falla arkosic sand-

one; note the horizontal lamination
sible in the core on the right. Rims
e basalt with elongate, concentrically
-ranged vesicles. The light color of
e basalt is due to pervasive zeolite-
cies alteration.

ated in groundwater-rich parts
of the sequence during uprise
of basaltic magma. Cored
bombs, in which clasts of
quartzose sandstone are
coated by thin layers of basalt,
indicate that fluid magma min-
gled with the lithic debris
before or during eruptions (fig-
ure 2). Large, composite clasts
within the lahars preserve a
remarkable record of mag-
ma/sediment interaction
below the surface prior to
eruption. Some clasts show
sharp contacts between intru-
sive basalt and sediment. In
other cases, peperite has devel-
oped where quenched basalt
has been intimately intermixed
with the host sediment in a
chaotic fashion.

Evidence that subsurface
phreatomagmatic eruptions
generated the widespread
Prebble lahar field points to a
model in which volcanism
occurred in a basinal setting,
where uprising basalt magma
repeatedly came in Contact
with sediments containing
large volumes of groundwater.
We interpret this basinal
region to be a direct result of
extensional tectonism preced -
ing eruption of the overlying
Kirkpatrick plateau lavas. Sig-
nificantly, similar basaltic
phreatomagmatic deposits
occur in the Jurassic Exposure
Hill and Mawson Formations
in northern and southern Vic-
toria Land, respectively, where
they immediately underlie the
Kirkpatrick lavas exposed in
those areas (Elliot 1992, pp.
165-184). Thus, explosive
phreatomagmatic activity,
presumably associated with
extensional tectonics, appears
to have occurred on a large
scale in the Transantarctic
Mountains prior to the onset
of quiet flood-basalt effusion.

Thomas Fleming and
Christopher Miller participated
in the fieldwork described
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Stratigraphy of Upper Carboniferous and Permian rocks
exposed between the Byrd and Nimrod Glaciers
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D
uring the austral summers of 1992-1993 and 1993-1994,
Upper Carboniferous and Permian rocks exposed

between the heads of the Nimrod and Byrd Glaciers were
examined to identify the nature of strata exposed in this
region. Rocks of this age were not previously known to exist
north of the Starshot Glacier (c.f., Laird, Mansergh, and Chap-
pell 1971). The area between the Nimrod and Byrd Glaciers
was believed to occupy a high which separated strata in
southern Victoria Land from strata in the central Transantarc-
tic Mountains (c.f., Elliot 1975, pp. 493-536; Collinson et al. in
press). The purpose of this paper is the following:

to describe the late Paleozoic strata in this region,
• to define the outcrop belts for rocks in the central

Transantarctic Mountains and southern Victoria Land,
• to compare and contrast strata in the two areas, and
• to define the extent of the depositional basin/basins for

late Paleozoic rocks in the Transantarctic Mountains.
Late Paleozoic strata in the area between the Nimrod and

Byrd Glaciers were found to consist of the following, in
ascending order:
• interstratified diamictite, coarse-grained sandstone, and

laminated siltstone;
• interstratifled black shale and fine-grained sandstone;
• thick fine-to-medium grained sandstone; and
• interstratifled coarse-grained sandstone, shale, and coal.
Respectively, these rocks are laterally continuous with strata
of the Pagoda, Mackellar, Fairchild, and Buckley Formations
exposed in the Beardmore Glacier region. We propose that
these formational names be extended into the Nimrod-Byrd
area. Upper Carboniferous and Lower Permian strata in the
central Transantarctic Mountains are continuous from the

Byrd Glacier to the Ohio Range. Paleocurrent orientations
from these rocks display regional directions toward the pre-
sent Weddell Sea (Collinson et al. in press); these orientations
suggest that the rocks were deposited within the same deposi-
tional basin.

Late Paleozoic strata in the area between the Nimrod and
Byrd Glacier differ from rocks exposed in southern Victoria
Land to the north of the Byrd Glacier. In southern Victoria
Land, a discontinuous diamictite is overlain by interbedded
sandstone and coal-bearing shale (Bradshaw, Harmsen, and
Kirkbride 1990). Regional paleocurrent directions for these
strata are toward northern Victoria Land, opposite of those in
the central Transantarctic Mountains (Barrett and Kohn 1975,
pp. 329-332). Differences in strata on opposite sides of the
Byrd Glacier support the hypothesis that this glacier marks
the position of a major Cenozoic strike slip fault (c.f., Grindley
and Laird 1969) and that strata in the central Transantarctic
Mountains and southern Victoria Land were deposited in two
separate basins.

Rocks of the Pagoda rest unconformably on Precambrian
and lower Paleozoic rocks in the area between the Nimrod
and Byrd Glaciers. The Pagoda is 180 meters (m) thick and
laterally continuous across the study area, except at Mount
Cerberus, where it fills erosional depressions on the top of
the Devonian Alexandria Formation. Lithofacies consist of
unstratified diamictite, crudely stratified diamictite, lenticu-
lar sandstone within diamictite, coarse-grained sheet sand-
stone, and laminated shale deposits. These are interpreted as
lodgement till, melt-out till, sub- or englacial meltwater
channel, outwash stream, and lacustrine deposits, respec-
tively. These lithofacies and the presence of numerous stri-
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