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During austral summer 1985-1986, we collected approx-
imately 310 samples of fine-grained clastics from 24 measured
sections in the Permian sequence of the central Transantarctic
Mountains (figure). Our fieldwork and our collaborative efforts
with other sedimentologists from Ohio State University and
Vanderbilt University were summarized by Krissek and Homer
(1986). Our objective is to extract provenance and paleoclimatic
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Geographic distribution of measured sections, Beardmore Glacier
area, central Transantarctic Mountains.

information from these fine-grained sediments, using their
mineral and chemical compositions as well as principles estab-
lished by other workers (e.g., Griffin, Windom, and Goldberg
1968; Keller 1970; Nesbitt and Young 1982). Because the Permian
sequence in the central Transantarctic Mountains records the
transition from a glacial regime (Pagoda Formation), through
subaqueous clastic (deltaic) deposits (Mackellar Formation), to
fluvial sequences (Fairchild Formation) with coals (Buckley For-
mation), such an examination promises to provide valuable
insight into the timing and nature of this paieoenvironmental
change.

Samples that have experienced minimal post-depositional
alteration have been recognized on the basis of five criteria:

• presence of kaolinite (de Segonzac 1970; Carroll 1970);
• low illite crystallinity index, indicating relatively abundant

less-ordered (i.e., low temperature) illites (Weaver 1960;
Guthrie, Houseknecht, and Johns 1986);

• low illite polytype parameter, indicating relatively abun-
dant less-ordered (i.e., low temperature) lMd illites (Max-
well and Hower 1967);

• low vitrinite reflectance value, indicating limited heating of
organic components (Dow 1977; Guthrie et al. 1986); and

• high organic carbon content.
Of the 53 samples examined in this study, 19 meet two or

more of the criteria for least-altered samples outlined above.
The data for these samples are listed in table 1, where the
samples are grouped stratigraphically and geographically (ar-
ranged from north to south for each formation). Least-altered
samples are used to interpret provenance in the discussion
below. This interpretation assumes that the least-altered sam-
ples contain a higher proportion of detrital material than the
more highly altered samples.

The composition of least-altered Pagoda samples suggests
that variable amounts of detrital lMd and 2M illite were mixed
during Pagoda deposition; the detrital 2M illite input probably
reflects the dominance of physical weathering processes under
glacial conditions, while the detrital lMcl illites may have been
eroded from preexisting soils or sedimentary rocks. The high
relative chlorite/illite abundance ratios also indicate the impor-
tance of physical weathering processes in the Pagoda source
areas. The four least-altered Mackellar samples exhibit a
marked geographic difference in composition, contrasting the
two northern and the two southern samples. The criteria exam-
ined here suggest that a northern source of the Mackellar experi-
enced relatively humid weathering conditions during this time,
thereby providing kaolinites, less-ordered ilhite forms, and a
predominance of ilite over chlorite to the basin. A southern or
western source of the Mackellar, however, was still dominated
by physical weathering, as recorded by detrital 2M illites and
abundant chlorite at section MB. Compositions of the four least-
altered Fairchild samples suggest that physically weathered and
chemically weathered clastics were mixed throughout the basin
during Fairchild deposition.

Three least-altered samples from the lower halves of the
Buckley stratigraphic sections exhibit a marked compositional
similarity across the study area, which indicates that chemical
weathering processes were dominant in all source areas during
deposition of the "lower" Buckley. These compositional charac-
teristics point directly to the regional onset of a warm, humid
paleoclimate during deposition of the Buckley; similar condi-
tions are also suggested by the abundance of coals in the Buck-
ley. Four least-altered samples from the upper halves of the
Buckley stratigraphic sections have variable compositions. Pos-
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Table 1. Compositional data for least-altered Permian samples from
the central Transantarctic Mountains

a %C denotes organic carbon content (weight %).
I ICI denotes illite crystallinity index, i.e., X-ray diffraction peak intensity ratio (10A/10.5A).

IPP denotes illite polytype parameter, i.e., X-ray diffraction peak intensity ratio (2.80A/2.58A).
d %R0 denotes vitrinite reflectance.

RMA denotes relative mineral abundance, based on basal diffraction peak area (C denotes chlorite, I denotes illite, K denotes kaolinite).
No data available.

sible explanations for this variation include (1) mixing of or-
dered and disordered detrital illites across the study area, and
(2) formation of illites, diagenetically, from smectite produced
by alteration of volcanic detritus, which is abundant in sand-
stones of the "upper" Buckley (Collinson and Isbell 1986).

Table 2. Chemical index of alteration (CIA)
(Nesbitt and Young 1982) values for Permian samples

from the central Transantarctic Mountains

Level
Formation	Section	(in meters)	CIA 

Buckley	 MMD
	

417
	

83.7

	

MMD
	

270
	

83.1

	

MBb
	

80
	

79.6

Fairchild	 MMD
	

115
	

78.0

Mackellar	 MK
	

79
	

78.6

	

MMD
	

11
	

73.8

	

Cl
	

132
	

77.2

	

MB
	

125
	

71.8

	

MB
	

38
	

69.8

Pagoda	 TGA
	

41
	

73.0

a Low CIA values indicate a predominance of physically weathered mate-
rials, while high values indicate a predominance of chemically
weathered materials.

These least-altered samples outline the transition from
source areas dominated by physical weathering to source areas
dominated by chemical weathering during Permian deposition
in the central Transantarctic Mountains. In detail, however,
preliminary data show that this transition first appears in the
northern portion of the study area in the Mackellar Formation
and may not be observed in the sourthern portion of the study
area until the "lower" Buckley rocks. These interpretations of
temporal and lateral variations in provenance are supported by
the limited number of geochemical analyses available at this
time, which have been used to calculate chemical indices of
alteration (Nesbitt and Young 1982; table 2).

The results of this study indicate that careful consideration of
the mineral and chemical composition of fine-grained sedi-
ments can provide valuable provenance and paleoclimatic data
to a basin-analysis study. This project was funded by National
Science Foundation grant DPP 84-18354.
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The genus Dicroidium represents a major component of the
Triassic Gondwana flora, with 20-30 species described from
throughout the Southern Hemisphere (e.g., Retallack 1977; An-
derson and Anderson 1983). This foliage genus is represented
by a dichotomizing frond with morphologica l ly variable pin-
nules arranged pinnately. Leaves assignable to Dicroidium are
thought to represent the vegetative leaves of the Corystosper-
males, an enigmatic group of Mesozoic pteridosperms. Despite
the fact that taxa are well known from a number of localities and
certain species have been important as biostratigraphic indica-
tors (e.g., Anderson and Anderson 1983), little is known about
the anatomy, ecology, plant habit, phylogenetic relationships,
and other biological aspects of these plants. Although frond
morphology and cuticular features have been described for
most species from compression/impression specimens,
nothing is known of the internal anatomical features of this leaf
form.

Permineralized peat from the Fremouw Peak locality in the
central Transantarctic Mountains of Antarctica (Smoot, Taylor,
and Delevoryas 1985) contains three-dimensionally preserved
Dicroidiuin fronds, and provides the first opportunity to de-
scribe the anatomic features of this form. A combination of
weathered surfaces revealing leaves in paradermal surface view
(figure 1), closely spaced serial peels of transverse sections
(figure 2), and macerated cuticle fragments (figure 3) has been
studied to reconstruct the frond anatomy and morphology of
the Dicroidium leaf. This approach allows for the direct com-
parison of this permineralized material with previously de-
scribed compression/impression specimens.

Surfaces reveal fronds of at least bipinnate organization with
odontopteroid pinnules (figure 1). Pinnules are bluntly lobed
and contain several sets of dichotomizing veins each. Individual

pinnules are up to 5.0 millimeters long and 3.0 millimeters
wide. Within the pinna rachis, the midrib is noticeably more
prominent than lateral veins (figure 1). Internally, Dicroidiurn
pinnules are characterized by prominent vascular bundles, each
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Figure 1. Weathered surface of silicified peat block showing charac-
teristic Dicroidium pinnules. 10,200 C3 Side. (x 2.7)

Figure 2. Transverse section of Dicroidium pinnule. Note prominent
vascular bundles surrounded by bundle sheath, and well-differenti-
ated mesophyll. 580 C Bot. #la. (x 27)
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