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Figure 2. Tracings of sections of typical firn from 6-meter depth at
upstream B. Pore spaces are black, ice is white, and grain bonds are
single black lines. A. Section cut vertically. Up is indicated by the
arrow. B. Section cut horizontally and viewed from above. ("cm"
denotes "centimeter.")

This research was supported by National Science Foundation
grant DPP 83-15777. This is contribution number 438 of the
University of Wisconsin at Madison, Geophysical and Polar
Research Center.
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Figure 3. Three-dimensional coordination number versus density
for firn from upstream B. Horizontal line segments connect apparent
coordination numbers from horizontal and vertical sections, which
were determined for all anisotropic samples; true coordination num-
bers lie on the line segments. Apparent coordination number I
larger on the section cut vertically in every case. Single point
represent isotropic firn, which occurs below 10-meter depth. Opefl
triangles indicate estimated values. ("g cm " denotes "grams per
cubic centimeter:')

Land-ice/sea-ice transition in Ross Ice
Shelf ice at J-9, Antarctica

P.M. GROOTES and M. STUIVER

Quaternary isotope Laboratory
University of Washington

Seattle, Washington 98195

In previous issues, we reported on the oxygen isotope profile
through the Ross Ice Shelf, Antarctica, near J-9 near (82'21'S
160°42'W) and on the short-term fluctuations in oxygen isotopic
composition in this core (Grootes and Stuiver 1982, 1983). Re-

cently, samples were obtained from the bottom part of the J-9 ic
core, including the sea ice, through the courtesy of A.J. Gow
the Cold Regions Research and Engineering Laboratory
(CRREL). The samples had been used for ice-structure studie,
and part of the remaining material was used for the oxygn
isotope study. A total of 31 core segments, varying in lengh
from 7 to 23 centimeters and covering the bottom 7.03 meters
the J-9 core, was available. Thirteen ice samples had been cut
perpendicular to the core axis and used for crystal structure
analysis. This resulted in 13 3-centimeter gaps in the oxygen
isotope record. No samples had been taken for ice-structure
study from six larger intervals. A study of oceanic inclusions in
this same core section is reported in this issue by Zotikov and
Jacobs (Antarctic Journal, this issue).

The core segments were split perpendicular to the axis into
samples of 5 to 10 grams, the samples were melted, then 5-
milliliter liquid samples were immediately loaded into the Mi-
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cromass 5020 carbon dioxide equilibration system. The samples
were measured as described earlier (Grootes and Stuiver 1982).
The sea-ice part of the core was analyzed using the same meth-
od used for the fresh-water ice samples, because ocean-water
samples processed this way yield valid isotopic oxygen-18 re-
sults (McConnaughey personal communication). [ I80 is the
relative difference in isotopic composition between the sample
and the Vienna Standard Mean Ocean Water expressed in per
mil (parts per thousand).] The 8180 precision of these samples is
0.1 parts per thousand. The uncertainty is related primarily to
the sample preparation; the mass spectrometer precision is 0.04
parts per thousand. The 6 1110 results are shown in figure 1.

100 rETiTTTOL

meters above the bottom of the Ross Ice Shelf, but the percent-
age of sea ice up to 5.86 meters is more than 97 percent. Between
5.860 and 6.005 meters the sea-ice contribution drops from
greater than 97 percent down to about 1 percent. The 1K0

transition appears to be above the 5.83-meter point where brine
inclusions still could be clearly identified in the ice-structure
study (Cow personal communication). The good hydraulic con-
nection between ice at 410-meter depth (6 meters above the
bottom of the Ross Ice Shelf) and the sea below reported by
Zotikov, Zagorodnov, and Raikovsky (1979, 1980) proves that
sea water may penetrate the ice at this depth and therefore may
have continued to contribute to establishing the transition pro-
file after sea ice froze onto the bottom of the land ice.

HEIGHT ABOVE BOTTOM (METERS)

Figure 1. Isotopic oxygen-18 (h) profile of the bottom 7 meters of the
Ross Ice Shelf core at J-9. The transition from modern sea ice (8180
equaling approximately + 2 parts per thousand) to glacial land ice
(8 180 equaling approximately -42 parts per thousand) occurs
around 5.9 meters above the bottom.

The sea-ice 8 180 values of about + 2 parts per thousand (+ 1.7
to + 2.2 parts per thousand) are similar to those observed on the
McMurdo Ice Shelf (Stuiver et al. 1981; Cow and Epstein 1972).
Jacobs, Fairbanks, and Horibe (1985) report, for the upper 75
meters of sea water beneath the Ross Ice Shelf at J-9, an average

180 of -0.71 parts per thousand, an average potential tem-
perature of -2.14°C, and an average salinity of 34.417. Using a
fractionation factor for ice-water isotopic equilibrium a of
1.0035 (O'Neil 1968), we calculate 8 1110 to be +2.87 to +2.69
parts per thousand. In saline waters, lower fractionations have
been observed leading Stewart (1975) to derive a fractionation
factor a of 1.0025 for concentrated seawater at - 10°C. This
latter factor yields sea-ice 8 110 values of + 1.87 to + 1.69 parts
per thousand. Sea water in sea ice also will yield less positive
isotope values. Sea-water penetration is most likely on the
boundaries between the long parallel vertical sea-ice crystals
(Zotikov, Zagorodnov, and Raikovsky 1979, 1980). The dif-
ference between the observed and the calculated O'Neil 80

values, however, would require 20 to 25 percent sea water. Such
a large sea-water component is unlikely, and consequently, the
presence of sea water in the sea ice is not the only factor causing
lower isotopic oxygen-18 values.

The transition from sea-ice to land-ice dating from the last
glacial period is sharp. Figure 2 gives the percentage sea ice
(with 8 80 equaling + 2 parts per thousand) and land ice (with
6180 equaling -42 parts per thousand) that results in the meas-
ured 8180 values. A minor change in 8 110 is evident at 5.74

HEIGHT ABOVE BOTTOM (METERS)

Figure 2. Percentage of sea ice in the sea-ice/land-ice transition
zone calculated from the measured 8 180 values using a sea-ice 8180

value of +2 parts per thousand and a land-ice 8 180 value of -42
parts per thousand.

The bottom 2 centimeters of sea ice at J-9 may have been
formed in 1 year (Zotikov, Zagorodnov, and Raikovsky 1979,
1980). The transition zone of 14 1/2 centimeters would represent 7
years of growth if growth rates at the boundary were similar.
During this 7-year interval, the ice stream B ice would have
moved about 2 kilometers (Thomas and Bentley 1978) away
from the grounding line. A reasonable assumption is that freez-
ing to the bottom of the ice started near the grounding line. In
that case, meltwater from the bottom of ice stream B has to mix
completely with sea water soon after passing the grounding line
because otherwise a much larger fresh water oxygen-18 compo-
nent would be found in the sea ice.

This work was supported by National Science Foundation
grant DPP 84-00574 A.J. Cow at the Cold Regions Research and
Engineering Laboratory (CRREL) kindly provided the samples
and discussed his unpublished crystal structure data. Travis
Saling and Dan Britt of the Quaternary Isotope Laboratory
assisted in measuring the samples.
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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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