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ing the strain network markers (figure 2). During the
1992-1993 field season, we continued the program of bedrock
topography mapping of our earlier seasons. With the addi-
tional profiles collected among the new survey markers, we
now have sufficient coverage to determine bed geometry for
flow modeling.

We continued our observations directed at understand -
ing the regional depositional characteristics and, in particu-
lar, their spatial variability. Data from two existing automatic
weather stations (AWS) were retrieved, and a third AWS was
installed at the entrance to Taylor Valley (figure 1). Several
snowpits were dug and sampled for oxygen isotopes and
physical properties. We measured near-surface air pressure
and firn temperature variations to help assess the impact of
wind ventilation on the time series of aerosols, isotopes, and
volatile chemical species preserved in the firn. We continued
to monitor the accumulation rate by observing the burial
rates of marker boards and survey poles. In addition, three 10-
meter firn cores were hand augered and sampled to detect the
depths of atmospheric nuclear test fallout products
(1955-1964 approximately).

We thank the University of Texas satellite-tracking staff at
McMurdo for their assistance with the Geoceiver survey. This
work is supported by National Science Foundation grant OPP
89-15924.
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Profile of oxygen isotope compositions of ice in the
Lewis Cliff ice tongue, Transantarctic Mountains

GUNTER FAuRE, ERIK H. HAGEN, KENNETH S. JOHNSON, and DAVID BUCHANAN, Department of Geological
Sciences and Byrd Polar Research Center, Ohio State University, Columbus, Ohio 43210

D
uring the 1990-1991 field season, ice samples were col-
lected along a set of surveyed lines on the Lewis Cliff ice

tongue adjacent to Mount Achernar located at 84012'S
160°56'E in the Transantarctic Mountains. A map of the sur-
veyed lines was published by Faure, Buchanan, and Schutt
(1991) in connection with a study of the annual ablation rates
of the ice tongue. The occurrence of meteorite specimens on
the Lewis Cliff ice tongue was recently described by Cassidy et
al. (1992), whereas Faure, Mensing, and Johnson (1992a)
determined the lithologic composition of till in the large ice-
cored moraine located north of the ice tongue.

The isotope compositions of oxygen in ice collected
along a line across the northern (lower) part of the Lewis Cliff
are displayed in the figure. The isotope compositions of oxy-
gen are expressed as the delta oxygen-18 (8 180) parameter
relative to standard mean ocean water (abbreviated SMOW)
(Faure 1986). The values of this parameter vary widely from
-43.1 to -58.7 per mill (%o) and indicate severe depletion of
the ice in oxygen-18. In general, values less than -50%o imply
very cold climatic conditions at the time of formation of the
ice. Such conditions existed along the central ice divide of
East Antarctica during periods of glaciation in the Northern
Hemisphere but have not been encountered previously in ice
that is presently exposed along the Transantarctic Mountains.

For example, the most oxygen- 18-depleted ice at the Reckling
Moraine (76°15'S 158 040'E) on the east antarctic ice sheet
adjacent to southern Victoria Land has a 8180 value of only
-51.2% (Faure et al. 1992b). The extreme 180 depletion of
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Variation of the oxygen isotope composition of ice in the northern
(lower) part of the Lewis Cliff ice tongue. The measurements were
made by Krueger Enterprises, Cambridge, Massachusetts.
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some of the ice in the Lewis Cliff ice tongue is exceeded only
by ice in the core drilled at Station Vostock where 8180 values
as low as -62%o were reported by Lorius et al. (1985).

A second interesting feature of the data in the figure is the
change in the 8180 parameter from 43.1 0/oo at station 500W to
-53.1 0/oo at station 600W. The decrease of this value by 10%o
implies a major change in the average annual temperature at
the time and place where this ice originally formed. Conse-
quently, the ice having 8180 values less than -52%o is labeled
"cold" in the figure, implying that the ice formed during a
glacial epoch. The ice having 8180 values between —43%o and
-48%o formed under "warm" climatic conditions during an
interglacial epoch similar to the present time.

The dividing line between "cold" and "warm" ice may be
represented by a color change in the ice of the Lewis Cliff ice
tongue, noticed by John Schutt (personal communication). In
addition, Cassidy et al. (1992) mentioned that oxygen isotope
analyses across this boundary indicate that the ice on the
western side formed under cold climatic conditions, consis-
tent with the data presented in this report.

This research was supported by National Science Foun-
dation grants OPP 88-16236 and OPP 91-18485.
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Studies of cosmogenic in situ produced carbon-14 in polar
accumulation and ablation ice

D. LAL, Geological Research Division, Scripps Institution of Oceanography, University of California at San Diego,
La Jolla, California 92093-0220

A.J.T. JuLL and D.J. DONAHUE, National Science Foundation, Arizona Accelerator Mass Spectrometry Facility,
University ofArizona, Tucson, Arizona 85721

Although remarkably pure, polar ice contains a suite of
I-ILextraneous substances that serve as direct and proxy links
to the paleoenvironment. These substances—stable and
radioactive isotopes, chemical compounds, and particles—
are being studied to delineate different aspects of geophysical
and environmental changes in the past (Langway, Oeschger,
and Dansgaard 1985; Dansgaard et al. 1993; Taylor et al.
1993). A relatively new addition to the useful tracers is the
radionuclide carbon-14 ( 14C), which is directly produced in
situ in the ice lattice primarily by nuclear interactions of cos-
mic-ray energetic neutrons with oxygen nuclei. In this article,
we summarize the highlights of the work done thus far on
studies of the in situ produced 14C in accumulation and abla-
tion ice and indicate the potential of the in situ 14C as a tracer
for ice dynamics.

The in situ-produced 14C was discovered in Allan Hills
and Cul-de-Sac * ablation ice (Lal et al. 1990), confirming the
possibility suggested earlier by Fireman and Norris (1982)
that an appreciable amount of 14C in accumulation ice may
have been produced in situ. Since then, we have also studied

4The designations "Cul-de-Sac" and 'Main Icefield" used in this article are
not official names but the features are distinct geographic units.

several accumulation samples from Antarctica and found
considerable excess 14C activity above that expected from
trapping of atmospheric carbon dioxide (CO 2) (Jull et al. in
preparation). We first discuss the expected production rate of
14C in ice and the expected in situ 14C concentrations in accu-
mulation and ablation ice and then present the highlights of
the results.

In situ 14C production is expected to occur from nuclear
spallations of oxygen by fast neutrons in the ice lattice and by
the capture of thermal neutrons in any nitrogen occluded in
the ice. Although no direct measurements of in situ 14C pro-
duction rates in ice have been made, fairly "direct" experi-
mental estimates have been formulated of the production of
14C in oxygen; these estimates are based on studies of 14C in
rocks exposed in known geometry at different altitudes and
latitudes (Jull et al. 1989; La! 1991). Most of the production of
14C in rocks occurs due to nuclear spallation of oxygen (La!
1991). Consequently, using the known altitude-latitude varia-
tion in the flux of nuclear active particles of the cosmic radia-
tion in the atmosphere, the altitudinal variation of in situ 14C

production in polar regions can be easily estimated. The pre-
sent best estimates are 47, 99, 190, and 330 atoms 14C per
gram of ice per year [' 4C/(g iceyr)J at 1, 2, 3, and 4 kilometers
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