
sample network to include an approximation (exposures per-
mitting) of axial traverses along the three principal dry valleys,
as well as at least one full-width traverse across each valley to
the crest of the divide on either side. At the same time, we
plan to collect, in close association with the quartz that will be
our primary objective, mineral material likely to contain enough
calcium to permit determination of calcium-41 exposure ages
for the same localities. In addition, we plan to collect limestone
samples from a range of elevations on Nussbaum Riegel and
adjacent terrain to assist in our program of developing calcium-
41 as a third cosmogenic isotope for determining exposure
history. Duplicate samples of appropriate materials will be
provided to Mark Kurz of Woods Hole Oceanographic Institute
for measurement of the accumulated concentration of spallo-
genic helium-3, the basic of yet another method that Kurz is
developing for determining exposure ages and erosion rates
of Earth-surface materials.

We are indebted to Kunihiko Nishiizumi and John Mercer,
who provided us with appropriate samples for our initial mea-
surements of concentrations of cosmogenic radionuclides in
antarctic materials, to Peter Webb and his students for pro-
viding us with the suite of samples collected during the 1986-
1987 austral summer, and to Edward Zeller of the University

of Kansas for sending us limestone samples for analysis of
calcium-41. The research reported here was supported in part
by National Science Foundation grant DPP 87-17551.
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During the 1989-1990 austral summer, extensive collecting
was initiated in the Allan Hills (Victoria Land) to document
Permian and Triassic fossil floras and their biostratigraphic
location in this region. One of the principal stratigraphic units
in southern Victoria Land is the Lashly Formation, an alluvial
sequence of Upper Triassic age (Barrett and Kohn 1975). The
Lashly Formation is divided into four members; Member C
consists of carbonaceous shaley siltstones and ripple-laminated
sandstones with abundant, well preserved megafossils (Ga-
bites 1985).

Some of the most interesting elements of this flora are several
ferns, one of which is referable to the Osmundaceae. The spec-
imens consist of once-pinnate fronds with dimorphic, subop-
posite pinnae that are attached to the rachis at intervals of
approximately 2.0 centimeters. Vegetative pinnae are deeply
pinnatifid; the pinnatified segments arise at a slightly oblique
angle, with the tips slightly upturned (figure 1). Pinnae seg-
ments range from approximately 6.0 millimeters wide at the
point of attachment to less than 2.0 millimeters in the more
distal regions of the frond. Venation is of the open dichoto-
mous type. This foliage would probably be assigned to Cla-
dophiebis, a form genus for bipinnate Mesozoic fern foliage
which cannot be attributed to a family due to the lack of re-
productive parts. Some Cladophlebis fronds were no doubt pro-
duced by osmundaceous ferns. What is most interesting about
the Allan Hills specimens is the nature and position of the
fertile parts. The fronds include reduced, modified pinnae ap-
proximately 1.0 centimeter long arising from the rachis at in-
tervals of nearly 2.0 centimeters. Figure 2 illustrates four fertile
pinnae, all oriented in the same plane as the vegetative leaves
(part of a vegetative leaf is visible at the upper left edge of the
figure). Each fertile pinna is a nonlaminated unit which bears
numerous large, tightly compacted clusters of sporangia. The
clusters occur at intervals along the pinna rachis, similar to the
position of pinnae segments on vegetative pinnae. Like all
osmundaceous ferns, sporangia do not appear to be organized
into a distinct sorus; spores have not been recovered from the
specimen to date.

The Osmundaceae is an ancient family of ferns that can be
traced with confidence back to the Upper Permian (Taylor
1981). Almost all of the fossil evidence for the family consists
of permineralized stem segments that display the typical com-
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Figure 1. Portion of Cladophiebis pinna showing oblique insertion
of pinnatifid segments and upturned tips. (Bar scale = 1.0 centi-
meter.)
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plex stele, fibrous organization of the cortex, and characteristic
leaf bases (Miller 1971). Living osmundaceous ferns are rep-
resented by three genera containing approximately 16 species.
Within the genus Osmunda, frond morphology varies from
species with fertile and sterile regions on the same frond to
those in which sporangia are borne on separate, completely
fertile fronds. The frond morphology of the Allan Hills spec-
imens is identical to the extant fern 0. claytoniana—the inter-
rupted fern, so named because of the presence of reduced
sporangial-bearing pinnae midway along the vegetative frond
rachis. In living specimens, the fertile region includes three to
five pairs of fertile pinnae. Both pinnules and rachis in the
fossils possess some cuticle. This feature provides the oppor-
tunity to examine epidermal characters such as stomata and
trichomes, the latter a characteristic feature of the abaxial sur-
face of Osmunda pinnules.

Today the genus Osmunda can be found in temperate and
tropical regions of both the northern and southern hemi-
sphere, with 0. claytoniana ranging throughout eastern North
America, eastern Asia and India. Osmundaceous remains have
previously been reported from Antarctica in the form of per-
mineralized stems of Osmundacaulis from the Beardmore Gla-
cier region (Schopf 1978) and fertile foliage of Todites from Hope
Bay in the peninsula (Gee 1989). Foliage assignable to Clado-
phiebis was also reported from the Allan Hills (Gabites 1985).
This article reports the first occurrence of fertile osmundaceous
foliage with fertile pinnae attached along the midpoint of the
rachis as occurs in living 0. claytoniana. It is surprising that
this highly distinctive frond morphology occurs within the
Osmundaceae as early as the Triassic, and it occurrence in-
dicates that variation in frond morphology within the family

Figure 2. Rachis showing reduced fertile pinnae bearing clusters
of large, spherical sporangia. Note attached portion of a vegetative
pinna at upper left. (Bar scale = 1.0 centimeter.)

diverged far earlier than the suggested Cretaceous appearance
of several extant taxa including 0. claytoniana (Miller 1971).

This work was supported in part by National Science Foun-
dation grants DPP 86-11884 and DPP 88-15976. We are espe-
cially appreciative of the logistic support provided by the U.S.
Navy VXE-6 Squadron.
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