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Fieldwork for this project was completed during the 1985-
1986 austral summer. The study area is located in the Beard-
more Glacier region of the central Transantarctic Mountains
(figure 1). This project focuses on the Permian of the Beacon
Supergroup in that area. During the field season, 310 samples
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Figure 1. Location of study area and measured sections in the
Beardmore Glacier area that contain the Mackellar Formation. (See
table for definitions of section designations.)

were collected from 24 measured sections (Krissek and Homer
1986). These samples were collected from finer grained facies
of the Beacon sediments, since fine-grained clastic rocks often
preserve provenance information that has been lost in the
coarser, more permeable clastics (Blatt 1985). Special care was
taken to sample these units in detailed stratigraphic sections
and throughout the study area, in an effort to provide a stra-
tigraphic and geographic view of changes in the Perinian
provenance patterns and depositional systems.

Of the four Permian formations that were examined in the
Beardmore glacier area, only the Mackellar Formation will be
discussed in this paper (figure 2). Previous work has concen-
trated on large-scale geochemical and mineralogic indicators
of provenance and paleoclimate in the Beacon Supergroup
(Krissek and Homer 1987, 1988, in press). This paper will
concentrate on the Mackellar Formation and the information
that is provided by its organic carbon contents and vitrinite
reflectance values.

To facilitate both the geographic and the stratigraphic re-
porting of results, the Mackellar Formation has been broken
into informal subunits, and the measured sections have been
grouped according to their geographic location (table). The
facies or subunits of the Mackellar Formation have been de-
scribed in detail by Miller et al. (1987). The informal subunits
of the Mackellar Formation will be referred to in this paper as
the "lower," "middle," and "upper" Mackellar. The "lower"
Mackellar is a basal black shale that directly overlies the Pagoda
diamictite. It ranges in thickness from 1 to 27 meters and is
interpreted to indicate deposition in a quiet, sediment-starved
basinal environment. The "middle" Mackellar consists of in-
terbedded siltstones and silty shales, often with flaser, wavy,
and lenticular bedding. Thicknesses of the "middle" Mackellar
range from 40 to over 120 meters. This subunit represents rapid
post-glacial infilling of the Mackellar basin. The "upper" Mack-
ellar consists of sandstone beds greater than 2 meters in thick-
ness that contain less than 10 percent shaley or silty interbeds.
The "upper" Mackellar is interpreted to represent the progra-
dation of deltaic lobes into the Mackellar basin.

Methods. Two types of carbon data are discussed in this
paper. Organic carbon contents and vitrinite reflectance values
have been measured to provide information about the Mac-
kellar Formation. Organic carbon analyses were performed
using a coulometrics carbon analyzer at Ohio State University.
Organic carbon contents have been mapped stratigraphically
and geographically to determine patterns of organic carbon
distribution within the Permian depositional system. Vitrinite
reflectance analyses were performed by DGSI (The Wood-
lands, Texas). Vitrinite reflectance is used to identify samples
that have been altered by later (Jurassic) intrusion of sills and
dikes. This localized heating reduced the organic carbon con-
tent of samples. Vitrinite reflectance has also been used to
identify the degree of alteration in samples that are used for
the geochemical and mineralogical work that has been dis-
cussed elsewhere (Krissek and Homer 1987; Krissek and Hor-
ner 1988). Vitrinite reflectance has been found to be closely
related to illite crystallinity, which is a mineralogical indicator
of alteration (Homer and Krissek 1987).

Results. Organic carbon abundances and vitrinite reflectance
values exhibit variation on two scales. On the scale of indi-
vidual outcrops, sills and dikes have a strong and identifiable
effect on organic carbon contents (Homer and Krissek 1989).
When a sill occurs at the base of a section, the organic carbon
is lowest at the base, and increases upward. When a sill occurs
at the top of a section, the organic carbon content is lowest at
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Formation Thickness	Lithology	Environment

	

Channel sandstones with coal,	Fluvial (braided and
Buckley	up to 750 m.

	

overbank fine* and rhythmltes	 anastomoslng)

Fine to medium grained sandstone
Fairchild	120 to 220 m.	 Fluvial (braided)

with channel scours

Mackeller	45 to 140 m.	Shale and Interbedded slltstone	Post glacial basin fill,

	

and sandstone, coarsens upward	deltaic undsrflow

Glacial and
Pagoda	120 to 395 m.	Dlamlctlte with sandstone and shale

glaclofluvlal

Figure 2. Stratigraphy of Permian rocks in the Beardmore Glacier area. (m denotes meter.)

the top and increases downward. When no sill is visible in the
immediate proximity of a measured section, the organic carbon
content remains relatively constant. Organic carbon values are
relatively uniform within stratigraphic sections of the Mac-
kellar when least-altered samples are examined.

On a regional scale, organic carbon contents of unaltered
samples are relatively uniform throughout the study area, with

the exception of the southernmost section MBO (table). Av-
erage organic carbon contents range from 0.2 to 0.4 percent
and anomalous values (e.g., the low organic carbon value in
the west-central sections of the "lower" Mackellar) record the
presence of sills and dikes. The southern section (section MBO)
exhibits uniformly higher organic carbon values than other
sections measured within the study area.

Vitrinite reflectance and average organic carbon values from the Mackellar Formation in the Beardmore Glacier area.
(Note: Small "n" indicates the number of samples used to calculate each average.)

Vitrinite reflectance:	 (Ro)
	

Organic carbon
Section	 Average A 0	High R0	Low A0	(average value)

"Lower" Mackellar
Northern section (MKR)
North-central sections (TRM, CPZ, MMZ)
West-central sections (MMC, MMA)
East-central section (TGA)
Southeast sections (MDK, CHI)
Southern section (MBO)

"Middle" Mackellar
Northern section (MKR)
North-central sections (MMD, MMZ, TAM, CPZ)
West-central sections (MMC, MMA, MMQ)
East-central sections (TGF, TGA)
Southeast sections (CHI, MDK)
Southern section (MBO)

"Upper" Mackellar
Northern section (MKR)
North-central sections (MMD, MMZ, CPZ)
West-central sections (MMC, MMA)
East-central section (TGA)
Southern section (MKD)
Southern section (MBO)

	

0.78 (n=1)	 0.78	 0.78	 0.30 (n=2)

	

2.16 (n=2)	 1.21	 3.10	 0.31 (n=5)

	

barren (n=0)	 0.04 (n=5)

	

3.10 (n=l)	 3.10	 3.10	 0.27 (n=5)

	

3.12 (n=2)	 3.92	 5.44	 0.34 (n=6)

	

3.90 (n=1)	 3.90	 3.90	 0.93 (n=1)

	

0.96 (n=1)	 0.96	 0.96	 0.33 (n=3)

	

2.16 (n=5)	 1.37	 2.82	 0.39 (n=13)

	

2.65 (n=4)	 2.34	 3.02	 0.16 (n=18)

	

3.70 (n=1)	 3.70	 3.70	 0.11 (n=7)

	

3.80 (n=2)	 2.24	 5.40	 0.17(n=11)

	

3.21 (n=1)	 3.21	 3.21	 1.52 (n=3)

	

1.26 (n=1)	 1.26	 1.26	 0.33 (n=1)

	

2.69 (n=3)	 2.29	 2.99	 0.28 (n=11)

	

3.22 (n=2)	 3.00	 3.44	 0.29 (n3)

	

barren (n=0)	 0.07 (n=5)

	

5.40 (n=1)	 5.40	 5.40	 0.21 (n=1)

	

1.97 (n=2)	 1.71	 2.23	 1.26 (n=5)
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On a local scale, vitrinite reflectance decreases with increas-
ing distance from intrusive bodies (Homer and Krissek 1989).
This pattern is consistent with the effects on organic carbon
distributions that were discussed above.

Vitrinite reflectance values also exhibit a regional pattern
(table). The northern sections consistently have lower average
vitrinite reflectance values, and the vitrinite reflectance values
increase progressively toward the central sections. The south-
ern section has intermediate vitrinite reflectance values. This
pattern is visible in the "lower," "middle," and "upper" Mac-
kellar Formation.

Conclusions. Analysis of 105 samples from the Mackellar For-
mation yields an average organic carbon content of 0.40 per-
cent. Localized reductions in this value are due to the presence
of intrusive bodies. Organic carbon contents are relatively uni-
form within most sections, and organic carbon contents show
little regional variation with the exception of the southernmost
section. The southern section was probably influenced by a
different sediment source, which is also supported by a dif-
ference in paleocurrents between the northern and southern
measured sections.

Vitrinite reflectance values help to identify altered samples
within the Mackellar Formation, and also establish regional
heating patterns in the Beardmore Glacier area. Within the
Mackellar Formation, the northern section has the lowest vi-
trinite reflectance values. The average vitrinite reflectance is
highest in the center of the study area and decreases slightly
in the southernmost section. This pattern of heating may have
implications that extend beyond the Mackellar Formation. The
pattern described in the Mackellar Formation would be con-

sistent with an intrusive event that was located along the con-
tinental margin of Antarctica during Jurassic time.
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This paper summarizes work on the late Precambrian to early
Paleozoic basement of the Transantarctic Mountains from 1
June 1988 through 1 June 1989. It supplements previous reports
in the Antarctic Journal (see Borg, DePaolo, and Smith 1988).

Details of analytical results are given in recent abstracts (Borg,
DePaolo, and Smith 1989; Borg and DePaolo 1989) and in a
manuscript submitted to the Journal of Geophysical Research (Borg,
DePaolo, and Smith in preparation).

Geologic mapping and sampling of granitic and metamor-
phic rocks were carried out along the north side of the Byrd
Glacier, along the lower Darwin Glacier, and in the Brown
Hills during January 1989. This was accomplished with a com-
bination of helicopter support and ground traverses. In early
January, a tent camp and fuel bladder (for helicopter opera-
tions) were placed by an LC-130 about 4 kilometers west of
Roadend Nunatak on Darwin Glacier near the Darwin Glacier
Camp of 1978-1979 (figure). UH-1N helicopters provided sup-
port from McMurdo, commuting about 300 kilometers each
way on each day of support—an arrangement that was subject
to disruption by the unpredictable weather but was necessary
because the north side of the Byrd Glacier is inaccessible by
ground traverse. About 1,800 kilograms of rock were collected
representing 40 localities.

The basement in the region is composed of granitic and
metamorphic rocks (figure). The metamorphic rocks includc
both metasedimentary and metaigneous lithologies. The me-
tasedimentary rocks are represented by complexly folded am-
phibolite-grade banded gneisses and schists and are best exposed
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