
Chemical index of alterationa
values for Permian samples from

the central Transantarctic Mountains

Number of	 Standard
Formation	Area	samples	Mean	deviation

Buckley	All	 9	79.1	5.8
Fairchild	All	 3	80.0	2.2
Mackellar	All	 13	74.0	3.3
Pagoda	All	 2	72.7	0.3

Buckley	North	 5	80.3	7.1
Central	3	76.8	3.0
South	 1	79.8

Mackellar	North	 3	76.6	2.1
Central	5	74.8	3.8
South	 5	71.6	1.2

a Nesbitt and Young 1982. (The chemical index of alteration (CIA) equals
[Al2031(Al 203 + CaO + Na20 + K20)] x 100, so that low values
indicate a predominance of physically weathered materials, while high
values indicate a predominance of chemically weathered materials.

removed), and are significantly larger than CIA values for the
Mackellar from the southern portion of the study area. This
pattern indicates that the northern and central parts of the
study area received chemically weathered material before the
southern part, and it supports the similar interpretation pre-
viously based on mineralogic data. CIA values within the Buck-
ley are relatively high and do not vary significantly across the
study area, indicating that chemically weathered source areas
were dominant during Buckley deposition, with only locally
important input of physically weathered detritus. This conclu-
sion also agrees with the interpretation of mineralogic data
from these samples.

The results of this study, combined with the results pre-
sented by Krissek and Homer (1987) indicate that the mineral
and chemical compositions of fine-grained sediments can pro-
vide valuable provenance information in the study of a dep-
ositional basin.

This project was funded by National Science Foundation
grant DPP 84-18354.
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ically weathered source rocks to a predominance of chemically
weathered material. Mixing of physically weathered and chem-
ically weathered products appears to have remained important
locally during the deposition of the Fairchild and the Buckley
formations, however, in order to produce the low CIA values
observed in those units.

Geographic details of the shift from physically weathered to
chemically weathered sources are also apparent within the CIA
data for the Mackellar and the Buckley formations (table). Within
the Mackellar, CIA values for the northern and central portion
of the study area are similar (especially when one sample from
section MD that may be misidentified Pagoda mudstone is
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Sequences of terrestrial sediments in Antarctica have proven
difficult to correlate and date accurately due to the generally
low recovery of microfossil assemblages. One of the principal
reasons that palynofloras have not been widely used in cor-
relating antarctic sediments is the assumption that excessive
thermal maturation has reduced the number of specimens
available for study, or badly degraded those remaining so that

diagnostic characters necessary in taxonomic distinctions are
impossible to resolve.

To date, Permian sediments in Antarctica have been dated
principally on the presence of Glossopteris remains (e.g., Bar-
rett, Elliot, and Lindsay 1986). In the absence of any animal
remains, more refined biostratigraphy is dependent upon the
use of palynological data. Previous studies (e.g., Kyle and
Schopf 1977) have commented on the effects of Jurassic vol-
canism on microfossils in underlying sediments. Despite a va-
riety of problems associated with thermal maturation and the
resultant effects, palynofloras can be recovered and thus offer
an opportunity for refined biostratigraphic correlation.

The existence of palynomorphs in the Buckley Formation
was reported by Tasch (1978) from Coalsack Bluff, Mount Sir-
ius, and Mount Picciotto in the central Transantarctic Moun-
tains, but taxonomic designations and illustrations were not
provided. Palynomorphs of Permian age have been recovered
from the Mount Glossopteris Formation and Queen Maud For-
mation by Kyle and Schopf (1982). The sediments were inter-
preted as Buckley-age equivalents based on other non-
palynological data. In addition, Kyle (1976, 1977) reported a
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palynoflora from the Weller Coal Measures in Victoria Land,
while Balme and Playford (1967), Kemp (1973), and Dibner
(1978) described similar assemblages from the Prince Charles
Mountains that have been considered Late Permian.

Here we report a well-preserved palynoflora (table) in the
Buckley Formation recovered from shale units from the north-
west face of Mount Achernar. The samples were processed
from shales at four horizons that occur between the highest
diabase sills. Sample preparation techniques are those outlined
in Farabee, Taylor, and Taylor (in press).

Based on preliminary results the section on Mount Achernar
is correlated with the Amery Formation in the Prince Charles
Mountains (Balme and Playford 1967), and also with the upper
portion of the Mount Glossopteris Formation in the Ohio Range
and Queen Maud Formation in the Nilsen Plateau (Kyle and
Schopf 1982). The following taxa occur in the Upper Permian
of Antarctica: Didecitriletes ericianus (figure 1), Protohaploxypinus
amplus (figure 2), P. limpidus, Praeco/ pat ites sinuosus, and Stria-
topodocarpites cancellatus. Kyle and Schopf (1982) have sug-
gested a correlation between the Weller Coal Measures and
Feather Conglomerate (excluding the Fleming Member) of South
Victoria Land with the Mackellar, Fairchild, and Buckley for-
mations of the Beardmore Glacier area. Two taxa, D. ericianus
and P. amp/us, occur in sediments from the Weller Member C,
as well as younger sediments in the Prince Charles and the
Transantarctic mountains. Kyle (1977) equated the Weller C
with Australian stage 4 (Lower Permian). All available data

Palynomorphs recovered from the Buckley Formation

Acanthotriletes cf. A. superbus
Calamospora cf. C. microrugosa
Camptotriletes cf. C. warchianus
Cannanoropollis sp.
Chordasporites sp.

Cycadopites cf. C. follicularis
Deltoidspora directa
Didecitriletes ericianus
D. Ion gispinosus
Granulatisporites trisinus

Horriditriletes ramosus
Laevigatosporites vulgaris
L. cf. plicatus
Lophotriletes novicus
Lunatisporites Cf. L. noviaulensis

Marsupipollenites triradiatus
Pilasporites calculus
Praeocolpatites sinuousus
Protohaploxypinus amp/us
P. limpidus

P. microcorpus
P. pennatulus
P. samoiovichii
Retusotriletes nigritellus
Striatopodocarpites cancellatus

S. fusus
S. gondwanensis
S. rarus
Vitreisporites signatus

Figure 1. Didecitriletes ericianus. x 800.

suggest that the Buckley, Amery, Mount Glossopteris, and
Queen Maud formations are, at least in part, stage 5 (Upper
Permian). It is noteworthy that Praeco/patites sinuosus has not
been reported from southern Victoria Land, although this taxon
occurs in all other Upper Permian sediments in Antarctica.
Palynomorphs have not yet been recovered from the lower
Feather Conglomerate (Kyle 1977).

The recovery of palynofloras from Permian and Triassic sed-
iments in the Beardmore Glacier area demonstrates the pres-
ence of these important biostratigraphic fossils in sediments
previously believed to have been unproductive. Moreover, their
occurrence provides the opportunity for more extensive and
refined correlation between the central Transantarctic Moun-
tains and southern Victoria Land, Prince Charles Mountains,
Australia, and other Gondwanaland sequences. We are con-
fident that other sections of the Buckley currently being pre-
pared for palynomorphs will offer the opportunity to define
local stratigraphic ranges and develop further distributional
data. Such information will ultimately contribute to a more
accurate placement of the Buckley Formation within a regional
stratigraphic framework.

Figure 2. Protohaploxypinus amplus. x 800.
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Stratigraphic and structural data collected during our 1987-
1988 field season in the Churchill Mountains (figure) together
with isotopic and geochemical data necessitate a revision in
the stratigraphy of the pre-Devonian Paleozoic Byrd Group
and a reinterpretation of the regional geological history. We
conclude that there is no evidence for deep-water deposition
in the Shackleton Limestone, that the Dick Formation is part
of the basin-fill phase of sedimentation formed subsequent to
the initial episode of Paleozoic deformation, and that there is
no evidence for volcanic activity in the area during deposition
of the group. Although not the focus of our field work, we

also mapped post-Permian normal faults that confirm sub-
stantial extensional deformation in the central Transantarctic
Mountains, and we collected carbonaceous and silicified plant
fossils from a new locality (N-87-2; figure, block D) in sand-
stones of the Beacon Supergroup.

Our field team consisted of Margaret N. Rees, Albert J. Row-
ell, and two field assistants, Sarah Jones and Peter Braddock.
We were put into our first field area (figure, block C) by an
LC-130 ski-equipped Hercules airplane on the Nicholson Pen-
insula (80°42'S 159°22'E) on 23 November 1987 and picked up
there on 16 December. The put-in at our second field area
(figure, bock D), the Starshot Glacier (81°54'S 158°29'E), was
on 18 December, and we were pulled out on 6 January. Al-
though much was accomplished at localities M, N, and 0
(figure, block D), numerous days of poor visibility resulted in
only 1 day at locality P to examine the Starshot Formation, and
consequently, the relationships there are still unresolved.

Four formations have been referred to the Byrd Group:
Shackleton Limestone, Dick Formation, Douglas Conglomer-
ate, and Starshot Formation (reviewed in Laird 1981). The Lower
Cambrian Shackleton Limestone throughout the Churchill
Mountains represents only shallow-water carbonate shelf and
peritidal deposits (Rees, Rowell, and Pratt 1987; Rees, Pratt,
and Rowell in press). The limestone breccia sequence at Crack-
ling Cwm (figure, block C), which tentatively was interpreted
as a deep-water deposit in the Shackleton by Burgess and
Lammerink (1979), we consider to be a younger, very proximal
alluvial fan accumulation. It is fractured, deformed, and faulted
against a highly cleaved and isoclinally folded argillite, which
in turn is juxtaposed to deformed Shackleton. The breccia is
clast supported, matrix poor, and extremely poorly sorted with
clasts ranging from 0.5 centimeters to 10 meters. Most clasts
are dark gray mottled or white fenestral limestones; cyano-
bacteria-archaeocyathan boundstone clasts are very rare. Bed-
ding within large blocks is obvious, but within the breccia
sequence it can be traced laterally only a few meters. No fine-
grained, marine basin or slope interbeds nor clasts derived
from such occur in the sequence. This breccia sequence may
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