
Grootes, P.M., and M. Stuiver. 1982. Ross Ice Shelf and Dome C oxygen
isotope analysis. Antarctic Journal of the U.S., 17(4), 76 - 78.

Grootes, P.M., and M. Stuiver. 1983. Ross Ice Shelf oxygen isotope
profile at J-9. Antarctic Journal of the U.S., 18(5), 107 - 109.

Jacobs, S.S., R.G. Fairbanks, and Y. Horibe. 1985. Origin and evolution
of water masses near the Antarctic continental margin: Evidence from
H2 180/H7 16O ratios in seawater. In: Oceanology of the Antarctic Conti -
nental Shelf. (Antarctic Research Series, Vol. 43.) Washington, D.C.:
American Geophysical Union.

McConnaughey, T.A. 1984. Personal communication.
O'Neil, J.R. 1968. Hydrogen and oxygen isotope fractionation between

ice and water. Journal of Physical Chemistry, 72, 3683 - 3684.
Stewart, M.K. 1975. Hydrogen and oxygen isotope studies on the

McMurdo Ice Shelf, Antarctica. New Zealand Journal of Geology and
Geophysics, 18, 49 - 64.

Stuiver, M., I.C. Yang, G.H. Denton, and T.B. Kellogg. 1981. Oxygen
isotope ratios of Antarctic permafrost and glacier ice. Dry Valley Drill-
ing Project. (Antarctic Research Series, Vol. 33.) Washington, D.C.:
American Geophysical Union.

Thomas, RH., and C.R. Bentley. 1978. The equilibrium state of the
eastern half of the Ross Ice Shelf. Journal of Glaciology, 84, 508 - 518.

Zotikov, I. 	and S.S. Jacobs. 1985. Oceanic inclusions in the J-9 sea ice
core. Antarctic Journal of the U.S., 20(5).

Zotikov, IA., V.S. Zagorodnov, and J.V. Raikovsky. 1979. Sea ice on
bottom of Ross Ice Shelf. Antarctic Journal of the U.S., 14(5), 65 - 66.

Zotikov, IA., V.S. Zagoradnov, and J.V. Raikovsky. 1980. Core drilling
through the Ross Ice Shelf (Antarctica) confirmed basal freezing.
Science, 207, 1463 - 1465.

Nitrate variability in South Pole and
Ross Ice Shelf snow and firn

C.M. LAIRD, E.J. ZELLER, G.A.M. DRESCHHOFF,

and T.P. ARMSTRONG

University of Kansas
Lawrence, Kansas 66045

The primary goal of this study was to obtain nitrate con-
centrations from densely sampled vertical and horizontal tran-
sects of south polar firn to permit analysis of the variance
(square of the standard deviation) within single-year layers for
comparison with the variance between yearly deposition layers.
This objective is part of an ongoing effort to determine the
sources of nitrate variation in polar snow. There has been much
discussion about the degree of lateral consistency in thickness
and composition of snow deposited in yearly layers near South
Pole Station (Cow 1965; Giovinetto and Schwerdtfeger 1966). In
the 1984 - 1985 austral summer, we made an effort to resolve
some of these questions by excavating three parallel trenches to
depths of about 2 meters at a site approximately 5 kilometers
from South Pole Station on the boundary of the clean-air quad-
rant. The trenches were excavated using a bulldozer, and the
walls were trimmed back about 15 centimeters by hand to avoid
contamination and distortion that might have been introduced
during the excavation. Depth hoar layers were well developed,
and we experienced few problems following yearly snow layers
along trench walls. Correlations between trenches proved to be
only slightly more difficult. A total of 170 samples was collected
from 16 measured stratigraphic columns in the trench walls over
a horizontal area of approximately 50 square meters. Prior to
excavation, 35 samples of surface snow were collected at the
trench site, and an additional 53 samples were taken at other
locations nearby.

All nitrate analyses were made on site, usually within a few
minutes after collection. The apparatus consisted of an ultra-
violet spectrophotometer system (Parker, Thompson, and
Zeller 1981) which had been modified for field operation in the
antarctic environment. It proved to be reliable and provided

nitrate analyses with a precision of 2 parts per billion. The
ability to perform highly accurate chemical analyses in the field
was an advantage providing significant new information on
nitrate deposition and redistribution processes.

Analysis of variance (AN0vA) shows that the average variance
in nitrate concentration within yearly layers is significantly less
than the average variance between yearly layers. (See figure 1.)
This indicates that there is a systematic and distinguishable
variation in the nitrate concentrations through time. Similarly,
we found a systematic temporal variation in snow accumulation
over the area of the pits. A preliminary attempt to compare the
nitrate flux from the past 11 years with interplanetary charged
particle intensities shows the strongest correlation (r equals
approximately 0. 75) with high-energy (190 to 440 megaelectron-
volts) solar cosmic rays.
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Figure 1. Average yearly South Pole nitrate-nitrogen concentrations
and standard deviations derived from analysis of variance.
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Some of the most surprising results were obtained from the
study of surface samples. We found the highest concentrations
of nitrate to occur at particular locations on the tops of sastrugi
which in some cases proved to contain more than five times the
nitrate present on the front or sides where wind erosion is most
active. Repeated sampling of a number of sastrugi confirmed
the phenomenon and showed that the highest nitrate con-
centrations occur in a zone immediately downwind of the high-
est point on the crest. This zone is typically made up of very
soft, low-density snow which was found to consist mainly of
dendritic ice crystals. Clearly, some type of redistribution or
concentration process is active on the snow surface near South
Pole Station. This process may be related to sublimation which is
thought to be active during the antarctic summer. This result
indicates that chemical analyses of snow samples on the surface
and at depth may produce varying results because of these
processes which alter concentrations. Future studies of the sur-
face and ice cores should take spatial variation into account.

At the conclusion of the season, we excavated a pit by hand to
a depth of 1.7 meters at Windless Bight on the Ross Ice Shelf
about 10 kilometers from McMurdo Station. A total of 92 sam-
ples was collected in two columns 1 meter apart. Nitrate con-
centration curves show strong peaks associated with summer
deposition and lower values during winter months (figure 2).
This type of signal has been reported previously in Greenland
by Risbo, Clausen, and Rasmussen (1981) and Herron (1982). It
is particularly interesting however to compare the con-
centration signal with monthly nitrate flux (figure 3) which can
be determined approximately for this area from monthly snow-
fall records at McMurdo Station. Although nitrate flux varies
over a wide range throughout the year, it actually peaks in the
winter months. Hence, the summer concentration maxima in
Antarctica, and probably in Greenland as well, appear to be
caused by lower snow accumulation rather than by greater "tro-
pospheric-stratospheric exchange" as suggested by Risbo et al.
(1981) or by a 'more active" nitrate source as proposed by

erron (1982). Furthermore, it is interesting to note that the
harp peak in nitrate flux, which occurs in 1984 May and June
n owfall, immediately follows an unusually large increase in
nterplanetary, charged-particle flux that occurred from 25 to 27
pril 1984.
This research was supported by National Science Foundation
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Figure 2. Nitrate-nitrogen concentration profiles from two vertical
columns in a pit excavated at Windless Bight on 31 December 1984.
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Figure 3. Average monthly nitrate-nitrogen flux at Windless Bight for
1983 and 1984.
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