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Abstract: Field studies have provided initial information about the environments of deposition of Permian mudrocks
from the Beardmore Glacier region. On the basis of our field work and previous studies, the Pagoda Formation is
interpreted to be a glacial deposit, the Mackellar Formation is deltaic, and the Fairchild and Buckley formations were
deposited by braided streams. Additional insight into the fine-grained intervals is obtained from analysis of their bulk
geochemistry. Cluster analysis of the major element abundances identifies the Buckley and Mackellar formations as
chemically distinct. Principal component analysis, using major elements and organic carbon as variables, identifies
two compositional end-members, one rich in organic carbon and the other rich in clastic material. The organic carbon
component significantly dilutes the inorganic chemical component in the upper part of the section (Buckley
Formation). When the data are normalized to remove the dilution effects of organic carbon, principal component
analysis indicates that phyllosilicates are dominant detrital components in the Pagoda and Mackellar formations,
while quartz (and possibly feldspar) become relatively more important in the Buckley Formation. This change may
reflect events accompanying the initiation of a foreland basin complex and input of volcanic clasts into the
depositional system. Results of the principal component analyses can also be used to evaluate major element mobility
during burial, diagenesis and thermal alteration. Results from principal component analysis of a data set composed
of unaltered samples correlate very closely with results obtained from principal component analysis of a data set that
contains relatively altered samples. This indicates that major elements were not mobile when subjected to alteration
temperatures that may have exceeded 600°C, and that these Permian mudrocks acted as essentially closed systems

during heating.
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Introduction

This project focuses on the sedimentology, mineralogy
and geochemistry of Permian mudrocks from Antarctica.
The stratigraphic units discussed in this study contain both
mudrocks and sandstones with occasional conglomerates,
but we have chosen to concentrate on the fine-grained
intervals because they often preserve chemical or mineralogic
information that has been lost or removed from the coarser,
more permeable clastics (Blatt, 1985). The results described
inthis paper are part of a larger project in which geochemistry,
mineralogy and field relationships are used to describe the
depositional environments, low temperature alteration,
mineralogy, paleoclimate signatures and provenance of
these fine-grained Permian clastics (Krissek and Horner,
1986; Krissek and Horner, 1987; Horner and Krissek, 1991;
Krissek and Horner, 1991). This article includes a brief
summary of the depositional environments of the Pagoda,
Mackellar, Fairchild and Buckley formations, a presenta-
tion of their major element bulk geochemistry, and a dis-
cussion of four relationships that are established through
multivariate statistical analyses of these geochemical data.
The first relationship is obtained through cluster analysis,
which describes groupings of generally similar samples
within the data set. The second identifies the variables
(major elements) that are responsible for the similarity
groupings. The third identifies the specific variables re-
sponsible for compositional similarity after the effect of a
major dilutant (organic carbon) is removed, and the fourth

compares elemental associations in altered and unaltered
samples to evaluate elemental mobility during diagenesis.

Study Area

Field work was conducted in the Beardmore Glacier
region during the 1985/86 and 1990/91 field seasons (Fig.
1). During this time, 22 sections were measured and 310
samples were collected for later geochemical and mineralogic
analysis. Field work included detailed description of
lithologies, sedimentary structures, thickness patterns, and
lithologic relationships. Samples were selected to provide
broad geographic and stratigraphic distribution within the
study area. The units described in this study are late Car-
boniferous(?) to Permian in age, and belong to the Beacon
Supergroup (Fig. 2). A broad belt of equivalent sediments is
exposed throughout the present-day Transantarctic Moun-
tains, which lie along the paleo-pacific margin of east
Antarctica (Barrett et al., 1986).

One factor that complicates the mineralogic and geo-
chemical aspects of this project is the presence of Jurassic
intrusive igneous rocks, which occur as dolerite sills and
rare dikes in the Carboniferous/Permian sedimentary se-
quence. Sills range from decimeters to over 200 meters in
thickness, and heated the country rock on both regional and
localized scales during their emplacement (Vavra et al.,
1981). The effect of these intrusions must be recognized and
removed if we are to interpret correctly the primary tectonic,
depositional, provenance, and/or paleoclimatic information
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Fig. 1. Location of study area and measured sections in the Beardmore Glacier region, Antarctica.

that is carried in the mineralogy and geochemistry of these
sediments.

Sedimentology

The four units discussed considered here were deposited
ina variety of depositional environments. Work by previous
researchers (Barrett, 1968; Lindsay, 1970) established the
general depositional settings, and detailed analysis by Miller
(1989), Isbell (1990) and Miller ez al. (1991) have provided
additional information about the environments of deposi-
tion.

The Pagoda Formation (Fig. 2) lies at the base of the
section studied. Pagoda sediments disconformably overlie
the underlying Devonian quartzites, and vary from ten to
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395 meters in thickness (Barrett et al., 1986). The Pagoda
Formation is predominantly composed of gray-green
diamictites, with lesser amounts of sandstone, siltstone and
shale. Diamictites are poorly sorted and massive or sheared,
with clasts composed of granite, quartzite, chert, or
metasediment. The Pagoda Formation is interpreted as a
glacial deposit (Lindsay, 1970; Miller, 1989), with multiple
advance and retreat cycles recorded by interbedded basal
debris and meltout till.

The Mackellar Formation lies in sharp but conformable
contacton the underlying Pagoda Formation, and is composed
of fine- to medium-grained clastic sediments. The total
thickness of the Mackellar Formation exceeds 150 meters in
deeper parts of the depositional basin (Horner and Krissek,





















