
opment of basal hyaloclastite. Hyaloclastite is also present at
the top of two flows, possibly due to rafting. Data on cooling
directions, based on "blind tips" on fracture surfaces (DeGraff,
Long, and Aydin 1989), suggest that the very thick (as much
as 135 meters) glassy flows primarily cooled from the upper
surface downward, in some cases to within 1 to 3 meters of the
base. The effects of shallow-level emplacement of diabase are
well displayed at Lindsay Peak, Mount Kirkpatrick, and Mount
Marshall. Evidence of interaction with water or water-saturated
sediment is quite widespread. Samples were collected for in-
vestigation of low-temperature alteration of primary iron ox-
ides, for isotopic analyses of secondary minerals, and for geo-
chemical and isotopic analyses of the basalt lavas themselves.
A new conchostracan-bearing locality was discovered in the
upper interbed in the basalt sequence at Storm Peak. Sills were
examined and collected at Mount Falla, Mount Marshall, Tem-
pest Peak, and Dawson Peak.

In the course of these investigations, data were also gathered
that support the hypothesis (Elliot 1991) that the volcanic rocks
were erupted in a rift setting. Monoclinal warping was associ-
ated with the volcanic activity at Mount Falla and Lindsay Peak.
In addition, at Lindsay Peak evidence also exists for large-scale
slumping of upper Falla and Prebble rocks onto a surface cut
across Falla sandstones.

Despite problems caused by adverse weather conditions,
which curtailed the scope of the program, progress has been
made in understanding the paleovolcanology of the extrusive
rocks and their tectono-magmatic setting.

After the termination of helicopter operations at Beardmore,
a few days were spent at Carapace Nunatak examining the
Carapace Sandstone and the Mawson Formation, which are the
equivalents of the Prebble Formation. The overlying Kirkpatrick
Basalt was also examined. Broad similarities with the Beard-

more succession are obvious, but, of course, many differences
exist in detail. We interpret the dipping sequence of lavas on
the north face as a toreva block, and in fact, other toreva blocks
were identified in the Queen Alexandra Range. The Basement
Sill of the Ferrar Dolerite near Pearse Valley was examined and
sampled and a brief visit was made to Coombs Hills to examine
the Mawson Formation.

We wish to thank the helicopter crews of Helicopters New
Zealand and the ASA and Navy personnel for their excellent
support. This project is funded by National Science Foundation
grants DPP 89-17348 and DPP 89-15429.
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We conducted geologic field work in the Nimrod Glacier re-
gion of the central Transantarctic Mountains during 1990-1991,

to continue study of basement metamorphic rocks of the Pre-
cambrian Nimrod Group. Our field party operated from a base
camp in the southern Miller Range (83°30'S 157°30'E). We also
conducted brief field operations in the upper Nimrod Glacier
area with support from a ski-equipped Dornier 228 aircraft,
provided in cooperation with the German GANOVEX-VI pro-
gram, to investigate structural relations within rocks of the
Beardmore Group. The principal goal of the project is to im-
prove understanding of the tectonic evolution of the high-grade
basement complex with respect to development of the east ant-
arctic cratonal margin. Our work this season focused on field
relations between various lithotectonic units, documentation of
mega- and mesoscopic structures, and collection of samples for
petrologic study, thermobarometric analysis, kinematic and
fabric analysis, and uranium-lead geochronometric investiga-
tion.

In the southern Miller Range, mappable rock units of the
Nimrod Group include orthogneiss, layered schists (including
pelitic schist, mica schist, amphibolite, quartzite, and quart-
zofeldspathic schist), marble and calc-silicate gneiss, and lay-
ered gneiss. These lithologic units generally correspond to for-
mations designated by Grindley McGregor, and Walcott (1964),
although i ntra formational variation is characteristic. Nimrod
Group rocks contain L-S-type ductile deformation fabrics con-
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sisting of a foliation and a ubiquitous, penetrative mineral elon-
gation lineation, indicating that they were pervasively de-
formed as in other parts of the Miller Range. In general,
mylonitic foliation dips moderately southwest and gently
plunging mylonitic lineation trends northwest-southeast (figure
1). Mylonitic foliation is generally parallel to compositional lay-
ering when viewed normal to lineation, but it cross-cuts folded
layering when viewed down the plunge of lineation. Axes of
meso- and megascopic folds are coaxial with the elongation
lineation. Asymmetric tectonite fabrics within the motion plane
consistently record a top-to-the-southeast sense of displace-
ment. These Nimrod tectonite fabrics are now documented
throughout the Miller and Geologists Ranges, indicating a re-
gional kinematic consistency. Although there is evidence of
multiple generations of folds, including refolded folds of layer-
ing, and rootless isoclines, it is difficult to assess the record of
deformation prior to ductile tectonism because the L-S tectonite
fabrics are pervasive.

Pelitic schists marked by strong L-S tectonite fabrics contain
sillimanite and/or kyanite. Kyanite and other minerals form a
pervasive elongation lineation, suggesting relatively high syn-
kinematic pressures. Rounded to lozenge-shaped, tectonic
blocks of amphibolite and garnet-pyroxene rocks are common
in the deformed sequence, and several tens of blocks ranging
up to approximately 25 meters in the longest exposed dimen-
sion were mapped.

Figure 1. Lower-hemisphere stereonet projection of fabric ele-
ments within Nimrod Group tectonites of the southern Miller
Range. Mylonitic fabric elements include a mesoscopic foliation
(S, filled circles) and mineral elongation lineation (L, crosses).
a-axes (large open circle) is 314 0 , 170.

Several large-scale folds (wavelength 0.5-1.0 kilometer) occur
in the Gerard Bluffs area, as mapped by Grindley (1972), which
have axes colinear with elongation lineation. These folds are
best displayed at the contact between interlayered metasedi-
mentary schists and meta-carbonates, and layered quartzofeld-
spathic gneisses. The transition between these two major rock
sequences occurs over a structural distance of approximately 5
meters, and no discernable changes were observed in the in-
tensity, orientation, or asymmetry of fabrics across this litho-
logic break. This contact may be one of the most important
geologic boundaries within the Nimrod Group basement com-
plex, although the nature of the contact is difficult to assess
due to the strong ductile fabric overprint. The contact may rep-
resent a conformable or nonconformable sedimentary contact
that pre-dates ductile deformation, a thrust contact that pre-
dates ductile deformation, or a tectonic contact that resulted
from regional top-to-the-southeast ductile flow.

In several areas of the southern Miller Range, there is evi-
dence of syn-kinematic magmatism. At least three distinct or-
thogneiss units, ranging from granitic to tonalitic composition,
are characterized by relict igneous features (such as mafic en-
claves, coarse feldspar megacrysts, and abundant aplo-granite
to pegmatite veins that show varying degrees of shape modi-
fication) and mylonitic textures dominated by linear fabrics.
One of these is equivalent to the Aurora Formation of Grindley
et al. (1964). The orthogneisses are lineated and foliated, and
their contacts are coplanar with regional foliation. Ductile fab-
rics are homogeneous at the scale of an outcrop; the intensity
of the fabric varies spatially, although the orientation and asym-
metry of fabrics remain generally uniform. On the basis of
these features, we conclude that the orthogneisses represent
sill-like magmatic bodies that were intruded during penetrative
ductile deformation.

Common within both the orthogneisses and other schist and
gneiss units are pegmatitic dikes containing quartz + K-feld-
spar + biotite ± garnet ± tourmaline. Pegmatitic dikes show
a textural range from unmodified igneous textures to strong
L-S tectonite fabrics concordant to wall-rock fabrics. Locally
such dikes show progressive stages of folding and boudinage
(figure 2). These features indicate that the pegmatite dikes, as
well as the orthogneiss protoliths, were intruded throughout
and after the period of ductile tectonism. A preliminary lead-
lead radiometric age from one of the orthogneiss units of ap-
proximately 1.7 billion years (discussed by Goodge et al. 1991)
provides a maximum age constraint for this deformation. Initial
uranium-lead ages from several of these variably deformed ig-
neous units (Walker and Goodge 1991) indicate the deformation
may be as young as 540-520 million years.

In the Cobham Range and Kon-Tiki Nunatak areas (82°30'S
160°E), layered metasedimentary rocks of the Cobham Forma-
tion, consisting of mica schist, massive quartzite, and impure
carbonate, conformably underlie monotonous bedded quartz-
ite, greywacke and slate of the Goldie Formation. The top of
the Cobham Formation is represented by the top of the highest
of several thick (20 meters) gray metacarbonates (Laird, Man-
sergh, and Chappell 1971). The transition between these units
is sharp, and the stratigraphic succession probably reflects a
marine facies transition.

Beardmore Group rocks are regionally metamorphosed to
the biotite zone of the greenschist facies. Layer-parallel meta-
morphic foliation is pronounced in biotite-rich layers, and the
rocks lack L-S tectonite fabrics characteristic of the Nimrod
Group. As exemplified at Kon-Tiki Nunatak (figure 3), the
rocks contain a steep, east-dipping penetrative cleavage that is
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Figure 2. Sketch of folded, sheared, and boudinaged pegmatitic
dikes intruded into deformed Nimrod gneisses. Gneissic layering
(Si) shown by line traces. At least two sets of generally syn-kine-
matic dikes occur: strongly folded and boudinaged dikes (P 1 ) that
are concordant with S 1 but at a high angle to mylonitic foliation
(52), and semicontinuous dikes (P2) that are parallel to S2 and that
crosscut the first set of dikes. Both sets of dikes contain well-
developed shear fabrics. (m denotes meter.)

axial-planar to north-trending, west-vergent meso- and mega -
scopic asymmetric folds. Two types of lineations are present:
L 1 is a slickenside-type lineation on foliation surfaces that is
perpendicular to fold axes, and L 2 is a gently plunging bedding-
cleavage intersection lineation that is colinear with mesoscopic
folds. Locally the rocks contain west-dipping en echelon tension
gashes. The orientation and character of these features indi-
cates that the rocks were deformed by west-directed flexural-
slip folding at relatively shallow crustal levels. Beardmore
Group rocks thus exhibit shallow-level, west-vergent struc-
tures, in contrast with Nimrod Group tectonites, which record
pervasive deep-level, southeast-vergent ductile flow.

In contrast to Stump, Korsch, and Edgerton (1991), we inter-
pret the structural features of the Goldie and Cobham forma-
tions as a product of Ross orogenesis. Despite remaining tem-
poral uncertainties, a transpresssional tectonic model of
deformation along the Late Proterozoic to early Paleozoic Ross
orogen, as suggested by Goodge et al. (1991), may explain the
disparate structural styles and kinematics exhibited by rocks of
the Nimrod and Beardmore groups.
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Figure 3. Geologic map and cross-section of Kon-Tiki Nunatak.
Note large-scale, west-vergent asymmetric synform, and tight, up-
right folds within eastern limb. Cleavage is uniformly steep and
east-dipping. L 1 slickenside lineations trend east-west and formed
during flexural-slip folding. L 2 bedding-cleavage intersection lin-
eations trend north-south, parallel to mesoscopic folds. (km de-
notes kilometer.)
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