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During the 1987-1988 austral summer field season, members
of the south party of the antarctic search for meteorites south-
ern team* working in the Lewis Cliff/Colbert Hills region dis-
covered several areas of unusual mineralization within the
Lewis Cliff ice tongue and its associated moraine field (figure
1). The Lewis Cliff ice tongue (84°15'S 161°25'E) is a meteorite-
stranding surface of ablating blue ice, about 2.3 by 7.0 kilo-
meters, bounded on the west by the Lewis Cliff, on the north
and northeast by a large supraglacial moraine, and on the east
by the Colbert Hills. To the south it opens to the Walcott Névé.
Because it is a meteorite-stranding surface, the major com-
ponent of ice motion in the area is believed to be vertical
(Whillans and Cassidy 1983). The presence of Thule-Baffin
moraines at the northern terminus of the blue ice tends to
support the hypothesis that the area underlying the moraine
is essentially stagnant and that ice arriving from the south is
piling up against it. Areas containing mineral deposits were
found within the moraine field to the north and east of the
blue ice margin and also along the east margins of the blue ice
itself. Subsequent X-ray diffraction analyses of these deposits
have shown that they are composed predominantly of nah-
colite (NaHCO 3), trona [Na3(CO3)(HCO3) 2H0 1, borax
[Na2B405(OH) 4 . 8H201, and a new hexagonal hydrous sulfate
species. This paper reports the details of the borax occurrence,
because it is the first known on the continent.

Occurrences of chemical precipitates at the bases of glaciers
have been previously observed (see, for example, Ford, Fuller,
and Drake 1970; Bowser, Rafter, and Black 1970; Magaritz 1973;
Hallet 1975, 1976; Hanshaw and Hallet 1978; and Peterson and
Moresby 1979). The presence of crusts and efflorescences com -
posed of secondary minerals on exposed, weathered rock sur-
faces and in soils in the Antarctic is also well documented
(Tasch and Angino 1968; Vennum 1979, 1980; Keys and Wil -
liams 1981; Jones et al. 1983; Bockheim 1979; Pastor and Bock-
heim 1980). Subglacial precipitates generally involve thin layers
of calcite and/or aragonite (CaCO 3) on a limestone or dolomite
bedrock substrate. A notable exception to this is the occurrence
of large deposits of mirabilite (Na 2SO4 ' 10H2O) at the terminus
of the Hobbs Glacier (Bowser et al. 1970) which was demon-
strated to have a mixed glacial meltwater/seawater origin on
the basis of sulfur isotopy. Secondary encrustations and efflo-
rescences are generally composed of soluble sulfates, carbon -
ates, nitrates, and even iodates. These types of deposits originate

* Team members were William Cassidy principal investigator) and
Ralph Harvey, University of Pittsburgh; Faith Vilas, National Aero-
nautics and Space Administration; Joan Fitzpatrick, U.S. Geological
Survey; Robert Fudali, Smithsonian Institution; and John Schutt,
Ferndale, Washington.
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Figure 1. Location map of Lewis Cliff and vicinity. (km denotes
kilometer.)

from the in situ chemical weathering of the bedrock (or soil)
on which the minerals form. Bedded saline deposits of chlo-
rides, carbonates, and sulfates from the Dry Valleys have also
been described in the literature (e.g. Wilson et al. 1974; Hendy
et al 1977) and are believed to have originated by the periodic
subaerial evaporation of lakewaters with both marine and gla-
cial meltwater components (Hendy et al. 1977). The Lewis Cliff
occurrence is, to the best of our knowledge, the first reported
occurrence of boron-bearing minerals on the antarctic conti-
nent and does not appear to have originated by any of the
deposition processes described above.

The borax deposit described in this study is located in the
supraglacial moraine at the northeast margin of the ice tongue
(see figure 1). Pseudomorphs of borax as much as 3 centimeters
in length are found in large blocks, up to 1.4 meter on a side.
The blocks consist of discrete pods of euhedral borax pseu-
domorphs in a matrix of clear, euhedral, tabular laths of nah -
colite (figure 2). Areas devoid of borax, consisting solely of
massive nahcolite, make up the remainder of the blocks. Small,
irregularly shaped fragments of a black, fine-grained limestone
are also scattered throughout the mass of the blocks. From the
distribution of the blocks atop a low ridge in the moraine, it
appears that they were dropped from the ablating ice within
a very short distance of each other and may thus represent
broken pieces of a single, larger mass. The total area over which
the blocks were found at this locality did not exceed 1,500
square meters, but high boron concentrations in water from a
supraglacial kettle pond located more than 1 kilometer north
of the borax site suggest that other deposits may be present
in the area.

Individual pseudomorphs are elongate, punky, white prisms
averaging 0.5 to 1.0 centimeter in length with a typical length-
to-width ratio of 10:1. Only two prism forms are expressed on
most pseudomorphs and most prisms are four-sided and
rhombic in cross-section. The acute interfacial angle was es-
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Figure 2. White, prismatic pseudomorphs of borax after kernite (?)
with nahcolite in a matrix of pristine, clear, euhedral crystals of
nahcolite. (cm denotes centimeter.)

timated at 68-75° from scanning electron micrograph photo-
graphs taken looking down the prism axis. No prism terminating
faces other than an occasional simple pedion were observed.
The pseudomorphs are randomly dispersed in a matrix of clear
laths of nahcolite forming a generally massive, but locally open,
boxwork-like fabric. The pseudomorphs are composed of two
distinct zones, the boundary between which is easily discern-
ible with a hand lens. The inner or core zone consists of fine-
grained, short, prismatic borax crystals that are 20 to 30 mi-
crons long (figure 3a). The outer or rim zone consists chiefly
of fine-grained laths of nahcolite (figure 3b). Individual pseu-
domorphs tend to spa!l along the zone boundary.

All mineral identifications were made from X-ray diffraction
patterns acquired with a high-resolution Guinier-Hagg camera.
Samples were run immediately after receipt of the samples in
the laboratory (3 months after collection). A second set of pat-
terns run 60 days after the samples were received showed that
most of the borax had dehydrated to tincalconite [Na2B405(OH)4

• 3H201. Chemical analyses obtained during this same time
reflect this dehydration in low reported values of H 20 - 8D
values collected during this same time frame indicate isotopic
re-equilibration of the molecular water to ambient laboratory
values. Uranium-disequilibrium series dating (thorium-230/
uranium-234) on the pseudomorphs gave an age of 78 ± 3 thou -
sand years. This age must, of course, be interpreted as the
average age of both the rim nahcolite plus the borax, because
it was not possible to separate the two phases for the analysis.
A uranium-disequilibrium series date on the massive matrix
nahcolite alone yields an age of 150 ± 4 thousand years.

Speculations on the origin of the deposit are constrained by
the textures observed in hand specimen and by geochemical
considerations. The large volume of the deposit and lack of
substrate material suggest that it cannot have originated as an
efflorescence phenomenon. Additionally, the pristine, euhed -
ral appearance of the matrix nahcolite and the absence of any
other detrital phases in the matrix strongly suggest its for-
mation as a precipitate from a saturated solution rather than
as an alteration or replacement product of another mineral or
the product of crystallization from pore water in a mud. The
borax is clearly the product of a replacement reaction—most
likely from another borate parent. The observed morphology
of the pseudomorph is consistent with a kernite (Na213407
4H20) precursor. If the parent kernite precipitated in equilib-
rium with a saturated Na 20 - B203 solution, the data of Nies
and Hulbert (1967) suggest that the temperature of that so-
lution must have been in excess of 58°C. Additionally, the
calcium-to-sodium ratio of this solution must have been low
in order for nahcolite to have precipitated rather than calcite.
It is not known whether the age determined on the pseudo-
morphs represents the age of the parent which, from textural
evidence, appears to have formed coevally with the matrix
nahcolite or have an age intermediate between much older and
much younger components—the borax and the rim nahcolite.
These two components of the pseudomorph need to be dated
separately. From considerations of the temperature, elevated
partial pressures of carbon dioxide and low activity of Ca ' +
required for the precipitation of nahcolite (Eugster 1966) and

Figure 3. Scanning electron micrograph micrographs of an individual pseudomorph from the Lewis Cliff locality. 3a. Core zone crystals of
borax from a pseudomorph. 3b. Rim zone nahcolite from the same pseudomorph shown in 3a.
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the equilibrium solubility behavior of the hydrates of sodium
borate (Bassett 1976; Nies and Hulbert 1967), we consider the
most probable origin for this material to have been crystalli-
zation from a sub-glacial, alkaline brine generated by the mix -
ing of glacial meltwater with a warm, carbon dioxide-charged,
boron-rich thermal fluid.

Additional work is planned on samples retrieved during the
1988-1989 field season. This work will include carbon-14 dating
of rim nahcolites, boron-11/boron-10 determinations on the
borax to determine the source of the boron, isotopic oxygen-
18 and 8D determinations on sealed samples of borax (for
H20 - ) and nahcolite, and uranium-series age determinations
on the core zones of pseudomorphs. Additional work is also
planned on other deposits of nahcolite and trona in the area.

This research was supported by National Science Founda-
tion grant DPP 83-14496 with the cooperation of the U.S. Geo-
logical Survey, the Branch of Sedimentary Processes and the
Branch of Isotope Geology. We wish to express our appreci-
ation to William A. Cassidy for allowing us to participate in
the 1987-1988 antarctic search for meteorites field activities and
to all other members of the team without whose cooperation
these samples could not have been retrieved.
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Till in the Transantarctic Mountains is composed in part of
minerals derived from the subglacial bedrock of East Antarc-
tica. Rubidium/strontium dates of feldspar concentrated from

till by Faure and Taylor (1981), Faure, Taylor, and Mercer (1983),
Faure and Taylor (1983), Taylor and Faure (1983), and Faure
(1986) indicate that a Precambrian component, presumably de-
rived from East Antarctica, is present in till deposited by the
Byrd and Reedy glaciers. We now report preliminary results
from a study of the heavy-mineral fraction of till collected at
localities ranging from the Morozumi Range of northern Vic-
toria Land to the Wisconsin Range of the Horlick Mountains
adjacent to the Reedy Glacier.

Thirty till samples were sieved into size fractions and the
heavy minerals were separated from the sand fractions (35 to
120 mesh) by settling them in bromoform (specific gravity of
2.83). The heavy-mineral separates were ground and com-
pressed into pellets for analysis by X-ray fluorescence using
molybdenum/potassium alpha X-radiation and a lithium fluor-
ide (220) diffracting crystal (Hagen 1988). Calibrations for iron
and titanium were based on the standard rock samples of the
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