Accretionary lapilli and
lithophysal spherulites from the
Taylor Formation, Queen Maud
Mountains
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During the 1970-1971 field season, we found occurrences of accretionary lapilli and lithophysal
spherulites, both features of volcanic rocks, in the
Early Cambrian Taylor Formation adjacent to
Shackleton Glacier (Stump, 1976) (figure 1).
Moore and Peck (1962), in summarizing accretionary lapilli, conclude that they are formed by
concentric accretion of moist ash in an airborne
cloud during explosive volcanic eruptions.
A specimen of the Taylor Formation containing
accretionary lapilli was found high on a ridge crest
north of Mount Orndorf, and though it was not in
place it probably was locally derived. The accretionary lapilli occur as usually intact, aimed ellipsoids with long axes to 5-10 millimeters in length,
and packed so that adjacent ellipsoids are in contact (figure 2). Compositionally the lapilli consist of
microcrystalline quartz and feldspar, calcite, and
minor amounts of opaque minerals. In addition
some small (to 0.1 millimeter) crystal fragments of
quartz and plagioclase occur with long axes arranged concentrically within the ellipsoids. A slight
decrease of grain size occurs outwardly in the ellipsoids, and most have an outer shell (5 millimeters)
of slightly darker material. The surrounding
matrix is composed of similar material, along with
broken crystals of plagioclase and quartz (to 1 centimeter) and patches of sparry calcity. Also present
are forms suggesting devitrified glass shards.
Although this is the first report of accretionary
lapilli from the "basement" rocks of the Transantarctic Mountains, they have been found in the lower
Mesozoic Prebble Formation of the Beardmore
Glacier area (Barrett, 1969; Barrett and Elliot,
1972), and in Cenozoic volcanic rocks of the Execu-
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Figure 1. Location map.
ANTARCTIC JOURNAL

Figure 2. Accretionary lapilli. North of Mount Orndorf, sample
ES-02.

tive Committee range in Marie Byrd Land (Doumani, 1960).
Spherulites are spherical masses of elongate crystals radiating from a single point. They often grow
during devitrification of glassy, volcanic rocks and
are found in various units of the Taylor Formation
(Stump, 1974). Under certain circumstances spherulites are found with radial or concentric cavities,
called lithophysae, which may or may not be filled
in by later mineral growth. The "thunder eggs" of
Oregon are a type of lithophysal spherulite familiar to many rockhounds.
In discussing the origin of these features, Ross
(1941) concluded that volatiles held in solution in
volcanic glass are released during spherulitic crystallization of anhydrous feldspar and cristobalite,
and that the increasing pressure of these released
volatiles combined with shrinkage due to cooling of
the enclosed material causes the opening of the
cavity.
Spherulites with both radial and concentric lithophysae were found at Taylor Nunatak, the informal
type locality of the Taylor Formation (Wade et al.,
1965). They occur in porphyritic felsites containing
embayed quartz and euhedral plagioclase phenocrysts.
The concentric spherulites are 1-2 centimeters in
diameter and are bright pink, in contrast to the
dark-gray country rock enclosing them (figure 3.
Microscopically it can be seen that the spherulitt
are composed of very fine, radiating crystals ol
quartz and feldspar. The lithophysae, which ai u
not developed in all spherulites of this type, are
1-2 millimeter-wide crescentic openings, arranged
roughly parallel to the margins of the spherulites
and filled in by anhedral quartz and in some cases
a little calcite.
The spherulites with radial lithophysae are 1-3
centimeters in diameter and are dark-brown bodies
December 1976

Figure 3. Spherulites with concentric lithophysae. Taylor
Nunatak. Polished slab, sample ES-01.

set in a medium-brown groundmass (figure 4). In
thin section, the spherulites appear as recrystallized
mosaics of K-feldspar and perhaps quartz. Quartz,
calcite, and minor muscovite have grown in the
star-shaped lithophysae.
The discovery of accretionary lapilli and lithophysal spherulites in rocks of the Shackleton Glacier area serves to further substantiate the volcanic
nature of much of the Taylor Formation found
there (Wade, 1974).
This research was supported by National Science
Foundation grant GV-26652.
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Figure 4. Spherulites with radial lithophysae. Taylor Nunatak.
Polished slab, sample ES-b.
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Weathering and mineral synthesis
in antarctic soils
F. C. UG0LINI
College of Forest Resources
University of Washington
Seattle, Washington 98195
In the polar regions emphasis has been placed on
the prevalence of physical versus chemical weathering, and in Antarctica the results of a study of Kelly
and Zumberge (1961) would seem to preclude any
possibility of chemical weathering of significance
today. Other studies conducted in the Mirnyy oasis
and in the ice-free areas of southern Victoria Land
advanced evidence that mineral alteration is presently occurring (Glazovskaia, 1958; Ugolini, 1964;
Claridge, 1965; Linkletter, 1971; Behling, 1971;
Bardin and Konopleva, 1975). Direct evidence of
(1) ionic migration and (2) a continuous unfrozen
film of water at the surface of the soil particles in
the frozen antarctic soils support the possibility of
contemporary chemical weathering (Ugolini and
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Grier, 1969; Ugolini and Anderson, 1973). Previous studies in southern Victoria Land (Ugolini
and Bull 1965; Linkletter, 1971; Behling, 1971;
Ugolini et al., 1973) have shown that silt and clay
percentages increase from younger to older soils.
These results apparently indicate that weathering
is occurring and that there is a weathering-time
relationship. These findings suggest two possible
mechanisms for the formation of clay: (1) synthesis
of new minerals and/or (2) comminution or fracturing of existing minerals. To establish whether the
increase of silt and clay is due to either syntheses
of clay minerals or to comminution or both, three
soils from Wright Valley, southern Victoria Land,
were selected: one relatively young, one of intermediate age, and one old. The particle-size analysis performed on these samples emphasizes the
importance of the parent material on the mechanical constituents of soils. The old soil derived from
granitic bedrock has almost as much clay as the
intermediate soil formed on the moraine where the
glacier had provided the initial grinding of the
minerals. The young soil, however, despite derivation from glacial deposits, has the lowest clay content. Free-iron oxides, extracted either with oxalate
(Fe.) or with dithionate (Fed), are used as indices of
chemical weathering. The Fe O/Fed ratio is related to
the degree of crystallinity of the iron oxides liberated through weathering. The lowest ratio recorded in the old soil indicates a high degree of
crystallinity, long exposure, and high intensity of
weathering. Thin sections of selected rock fragments at different depths from the old soil show
that feldspar is altering to mica and that the degree of weathering increases toward the surface.
The best documented case of in situ clay synthesis
was found in the old profile (Jackson et al., in press).
Here the feldspar in the granitic rock was weathered, in the soil, into a clay mica that, in turn, was
weathered into montmorillonite that subsequently
was interlayered with iron, forming chloritized
montmorillonite. The mineralogy of the young profile shows that the feldspar amount decreases with
particle size but still persists in the fine clay. The
major minerals in this fraction include montmorillonite and mica vermiculite intergrade. Both
minerals are considered to be authigenic. In the
intermediate profile, montmorillonite and micavermiculite intergrade occur in the coarse clay fraction; both minerals are considered to be authigenic.
In this profile the prevailing minerals in the fine
clay fraction are micavermiculite intergrades;
whereas a vermiculite- montmorillonite intergrade
is the major constituent of the coarse clay fraction.
Both mineral assemblages are considered to be
authigenic.
Although not fully documented, the weathering
sequence in the young and intermediate soils seems
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