
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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Iron and titanium anomalies
in till from the Transantarctic

Mountains

ERIK H. HAGEN, KENNETH S. JOHNSON,
MICHAEL L. STROBEL, and GUNTER FAURE

Department of Geology and Mineralogy
Ohio State University

Columbus, Ohio 43210

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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U.S. Geological Survey (Flanagan 1973). All samples were ana-
lyzed in triplicate, and the average analytical errors are ± 0.4
percent of the reported concentrations for iron and ± 1.3 per-
cent for titanium.

The concentrations of iron and titanium in 28 of the 30 sam-
ples vary within narrow limits and lie within the small rectan-
gular area marked "TAM" in the figure; however, a sample of
till from the plateau of the Wisconsin Range (85°48'S 125°24'W)
has significantly higher concentrations of iron and titanium
than most of the till samples from the Transantarctic Moun-
tains. In addition, fill from Shapeless Mountain (77°26'S 160°26E)
is enriched in titanium but depleted in iron relative to the other
samples. The till sample from the Wisconsin Range was col-
lected by the late John H. Mercer during the 1964-1965 austral
summer (Mercer 1968) and contains marine diatoms as re-
ported by Webb et al. (1984).

The diagram contains the common iron- and titanium-bear-
ing minerals that occur in the heavy-mineral fractions of till.
Most of the samples cluster around the point representing
pyroxene and other ferromagnesian minerals including horn-
blende. These samples evidently contain large amounts of py-
roxene, presumably derived from the sills of the Ferrar Dolerite
and are therefore of little geochemical interest.

Concentrations of iron (Fe) and titanium (Ti) of heavy-mineral frac-
tions of till from the Transantarctic Mountains (TAM). The samples
from the Wisconsin Range and from Shapeless Mountain are anom-
alous compared to the majority of the till samples.

The samples from Shapeless Mountain and from the Wis-
consin Range are mixtures of magnetite, ilmenite, rutile, sphene,
pyrite, and pyroxene. In addition, minor amounts of quartz
and feldspar are also present as intergrowths with the other
minerals. The diagram has been divided by drawing mixing
lines between ilmenite and pyroxene and between ilmenite
and quartz/feldspar which places the two anomalous samples
in different sections of the diagram.

The heavy-mineral fraction of till from the Wisconsin Range
can be treated as a mixture of magnetite, ilmenite, and pyrox-
ene which are characteristic of plutonic mafic igneous rocks
like gabbro and peridotite. The sample from Shapeless Moun-
tain lies in the mixing triangle containing ilmenite, rutile, sphene,
and quartz/feldspar which occur in igneous and metamorphic
rocks of granitic composition. Therefore, the heavy mineral
fractions of till in the Wisconsin Range and at Shapeless Moun-
tain appear to have originated from different kinds of rocks
under the east antarctic ice sheet.

We thank the pilots and crew of VXE-Six who helped us to
collect the samples on which this study is based. This research
was supported by National Science Foundation grant DPP 87-
14324.
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