
tional processes must be quantified and taken into considera-
tion when interpreting the results from the 205-meter and 202-
meter cores.

The project was supported by National Science Foundation
grant DPP 84-10328. The Polar Ice Coring Office at Lincoln,
Nebraska, provided the excellent drilling support, and field
participation by Bruce Koci, John Litwak, and Jay Sonderup is
gratefully acknowledged. Personnel in the Department of Polar
Programs, Polar Operations, especially Ron LaCount, Erick
Chiang, David Bresnahan, and Lee DeGalen (National Science
Foundation Contractor Representative) deserve special recogni-
tion for their efforts to return the ice samples to the Byrd Polar
Research Center successfully.
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Isotopic alteration of f irn cores

PIETER M. GROOTES and MINZE STUIVER

Quaternary Isotope Laboratory
University of Washington
Seattle, Washington 98195

Firn cores are collected as part of many antarctic research
projects. Such cores are usually packaged in 1-meter sections in
plastic bags for shipment to the United States because of limited
field time and the amount of work involved in detailed sam-
pling. Sampling for oxygen-isotope analysis occurs at some
later time. Results obtained in our laboratory on two South Pole
urn cores and on snow-pit samples show that such firn cores
readily undergo isotopic smoothing throughout the core sec-
tions and isotopic enrichment at the ends. This type of storage
makes the cores unsuitable for studies of the seasonal isotope
cycle.

A firn core was drilled near Amundsen-Scott South Pole Sta-
tion during the 1980-1981 field season (Kuivinen 1981). The 103-
meter core was stored initially in plastic in Rutford core boxes in
a van at the South Pole. In December 1982 an Ohio State Univer-
sity field party hand-augered a firn core from the bottom of their
pit I (Mosley-Thompson, Kruss, and Bain 1983) from 3.24
meters down to 19 meters for M. Giovinetto, University of
Calgary, Alberta, Canada. After splitting the cores, the ¼-core
oxygen-isotope samples were packed in plastic and stored three
to a core tube. The samples were stored in core tubes at the
Quaternary Isotope Laboratory below - 18°C. They were
sampled immediately before measurement.

The history of the cores is shown in figure 1. As detailed in
figure 2, the oxygen-isotope results of these cores show the
effect of prolonged storage (between 1-1/2 and 4-1/2 years) un-

der various conditions. The smoothing, which occurred during
storage, in the top 10 meters of the firn from both cores is
obvious when we compare the stored-core profiles (figure 2, b
and d) with profile a (figure 2) obtained by Jouzel et al. (1983)
from a pit wall and core sampled in the field in 1978 and with the
oxygen-isotope profile of wall C of the 1982 pit I (figure 2, c)
(Mosley-Thompson et al. 1985). This confirms the observation
by Jouzel et al. (1983) of relatively rapid smoothing of the stable
isotope signal during core storage in the Grenoble cold rooms.

The isotopic alteration is different for the two cores. The 1980
core shows an oxygen-isotope maximum at the ends of each of
the 1-meter core sections. In the 1982 core, there is no correla-
tion between the 1-meter core breaks and the oxygen isotopes.
It is tempting to attribute this difference in alteration to the 2-
year storage of the 1980 core in a van at South Pole. During
summer the temperature in the van may have been consider-
ably above ambient, leading to low relative humidity and sig-
nificant water-vapor loss by the core sections. Mass loss by
evaporation is also indicated by high microparticle con-
centrations at the ends of core sections (Mosley-Thompson,
personal communication).

1-2 cm

OSU	 0 

25cm	
1-2 cm

South Pole	 QL

80	1981	1982	1983	1984	1985
I	 I	 I

Figure 1. History of two South Pole fir cores. x denotes core drilled;
Vdenotes core split; ---> denotes core shipped from South Pole to
the United States; -'--denotes oxygen isotope measurements of
samples covering 25 centimeters or 1 to 2 centimeters per sample.
("QL"—"Quaternary Isotope Laboratory:' "OSU"—"Ohio State
University.")
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Average o oxygen-18 delta values in the top 20 meters of firn
all are -50.53 parts per thousand and -50.61 parts per thousand

-350 ,	for the 1980 and 1982 cores respectively. [o delta/oxygen-181Z	(8 1 80) is the relative difference in oxygen-isotopic composition
between the sample and the Vienna Standard Mean Ocean

-390 0 Water (v-sMow) expressed in per mil (parts per thousand).] The
enrichment of the 1980 core is apparently limited to the ends of
the sections and has little effect on the average composition of

430	the core. The 1978 profile of Jouzel et al. (1983) has an average
i D = -397.3 parts per thousand or, with 8 D = 8 6 180 + 10
(Lorius and Merlivat 1977), 8 110 = - 50.9 parts per thousand.
Storage thus had a relatively minor effect on the average com-
position of the stored cores if we assume that the relationship
between 8 D and 8 180 is accurate for these cores.

We conclude that firn cores taken to study the seasonal 8 180

cycle should be sampled for 8 180 immediately in the field,
preferably in glass bottles. Storage leads to rapid smoothing of
the seasonal 6 180 signal, especially in cores from areas with low
annual snow accumulation like the South Pole.

This work was supported by National Science Foundation
grant DPP 84-00574. M. Giovinetto kindly made available his
1982 firn core. We appreciate the collaboration of E. Mosley-
Thompson. Travis Saling (Quaternary Isotope Laboratory) as-
sisted in measuring the samples.
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Figure 2. Oxygen isotope profiles in the first 10 meters of firn at
South Pole. a. 1978 pit wall and core profile (Jouzel et al. 1983), b.
1980 firn core, c. 1982 C-wall of pit 1 (Mosley-Thompson et al. 1985),
and d. 1982 firn core from the bottom of pit 1. (Delta oxygen-18 scale
derived from h D using h D = 8 h 180 + 10. First few 1-meter core
sections were less than 1 meter long when sampled; we assumed
compaction of the very loose fir, which was confirmed by density
measurements, and "stretched" the data uniformly to cover 1-meter
sections.)

Nitrate variability in South Pole ice
sequences and fossil surface effects

CLAUDE M. LAIRD, EDWARD J. ZELLER,
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Department of Physics and Astronomy
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This report briefly updates the major results of a detailed
study of snow and nitrate deposition patterns near the South

Pole in the 1984-1985 field season. The study was undertaken,
largely, to address the problem of spatial versus temporal vari-
ability in the ice sequence, and thus, the reproducibility of trace
impurity profiles as a function of depth or time.

Previous studies have shown snow accumulation on the polar
plateau to be highly variable over distances as short as a few
meters (e.g., Giovinetto 1960; Giovinetto and Schwerdtfeger
1966). The positive accumulation balance on the surface of the
antarctic plateau reflects annual accumulation minus that which
is lost to ablation. The details of this balance can be very com-
plex. An early work by Cow (1965) observed a considerable
leveling of the surface by the fall, from its maximum end of
winter roughness, due to sublimation and deflation processes
and concluded that depth-hoar layers formed no more than
once a year, thus simplifying the stratigraphic interpretation
considerably. However, Cow also noted occasional hiatuses in
areas having no net accumulation over a period of a year or
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