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Most of our activities this past year have been directed toward
completing analytical work and data reduction on firn cores and
pit samples gathered in previous years. The most important
results were obtained from a 10-meter-deep snowpit that was
excavated near South Pole Station during the 1979-80 field sea-
son. More than 800 samples, collected from three columns
down the pit walls and spaced roughly 1.5 meters apart, were
analyzed for nitrate. The pit spans 51 years over the period
1929-79 and provides us with the first comprehensive statistical
test of our analytical and sampling technique. The three sample
sets are of such high resolution that they can serve as a basis for
a quantitative test of the relatonship between solar activity and
the nitrate concentration in the individual snow layers.

Absolute dating and the determination of annual snow ac-
cumulation was accomplished by counting and measuring the
thickness between the individual depth hoar layers that form
each year, at the end of the polar summer, directly below the
snow surface (Giovinetto 1960). Among the three columns, the
relative dates were established by tracing the depth hoar layers
along the pit walls from one column to the next. Annual nitrate
fallout (flux) at South Pole was calculated from the firn density,
thickness, and nitrate concentration in each of the annual
layers.

The figure shows the curves of flux variations through time
for the three sample columns. Although the signal contains a
substantial noise level, the curve's general shape is clearly rec-
ognizable in all three data sets and specific intervals of high- or
low-nitrate flux are usually shared by all three. Intrinsic noise is
contributed by natural processes, causing local variations in the
accumulation and mixing on the snow surface, and by any
redistribution of nitrate that may occur in the compaction and
recrystallization process taking place as the snow is converted
to firn. Extrinsic noise is derived from errors in measurement,
collection, packaging, chemical analysis, and data transcription
and analysis.

Cross correlations between the three columns vary between
0.73 and 0.80, indicating that total noise is not so large that it
tends to obscure major features in the signal. Absent is any of
the nitrate-spike component that had been reported in previous
firn core studies (Parker and Zeller 1979; Parker, Zeller, and Cow
in press; Parker et al. 1978; Rood et al. 1979; Zeller and Parker
1979,1981a, 1981b). During analysis we found that anomalously
high values were extremely rare, were usually confined to sam-
ples contained in bags that had broken in shipment, and were
never repeated in the adjacent columns. Lack of nitrate spikes in
our analyses has confirmed our growing suspicion that most, if
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Annual nitrate concentrations at the South Pole, determined from
three columns taken from the South Pole glaciological pit.

not all, were artifacts of drilling and packaging procedures that
introduced such high levels of contamination that the usual core
cleaning methods were inadequate (Dreschhoff, Zeller, and Par-
ker in press). The analytical data now available from this sample
set are of significantly higher quality than any previously ob-
tainable from firn cores. Clearly, this increased quality is related
to the large number of samples and to the high analytical preci-
sion and accuracy. We believe this test confirms the validity of
our collecting and analytical procedures and establishes the
reliability of the data for use in determining the quantitative
relationship between solar activity and the nitrate concentration
in the individual yearly snow layers.

Using this data set, Laird and others (in press) showed that
there is a positive correlation between the nitrate flux and two
recognized indices of solar activity, the Zurich sunspot numbers
and the geomagnetic "aa" index. The correlation between the
nitrate flux values in the snow at South Pole Station and the
yearly "aa" index is 0.45 ( p < 0.005). This implies that a substan-
tial portion of the nitrate deposited in South Pole snow is de-
rived from a solar-terrestrial mechanism, probably operating in
the middle and upper atmospheres. Furthermore, since the best
correlation is with essentially zero lag,* it appears that the time
between nitrate formation and its ultimate deposition in the
snow must be 6 months or less.

It is recognized that the geomagnetic index is only a second-
ary measure of variations in solar output. Clearly, a more
rigorous test of the relationship between solar activity and ni-
trate flux would result if the primary source of the ionization
responsible for nitrate production in the atmosphere could be
determined. Fortunately, this will be possible because satellite
data have been assembled in a continuous series for the last 20
years (Armstrong, Brungardt, and Meyer in press), and work is
now in progress to determine the extent to which the nitrate
flux measurements are reflecting the high-energy particle com-
ponent of specific solar events. Future work will also be directed
toward development of new analytical apparatus that can be

* Zero lag means the nitrate descends from the atmosphere very rapidly.
There is no delay in the nitrate being incorporated into the snow.
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operated in the field in Antarctica. Since this equipment re-
quires much smaller samples, it will be possible to increase the
resolution with which the yearly snow layers can be examined
by a factor of at least five over that used in the study reported
here. Such extremely high resolution sampling will permit the
intrinsic errors to be quantified, and the capability for field
operation should eliminate nearly all of the extrinsic errors.

This project is a joint research effort of Virginia Polytechnic
Institute and State University and the University of Kansas.
This research was supported in part by National Science Foun-
dation grant DPP 78-21417.
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South Pole ice core drilling, 1981-1982
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A cooperative ice core drilling, core processing, and strat-
igraphic logging program was conducted at Amundsen-Scott
South Pole Station during the 1981-82 season by investigators
from the Polar Ice Coring Office (Pico), the national Hydrology
Research Institute/Environment Canada (NHRI), and the U.S.
Army Cold Regions Research and Engineering Laboratory
(CRREL). A 202.4-meter ice core was collected, logged and pack-

aged in the field, and then shipped to the CRREL ice core storage
facility, where it will be made available to National Science
Foundation-sponsored glaciologists for further analysis.

The principal objective of the field program was to collect a
200-meter core from the South Pole Station in order to extend
the site's ice core chronology beyond the existing 115-meter
depth. This was accomplished by using the Canadian Rufli-
Rand electromechanical drill, which had been used in 1980 on
Mount Logan (5,300 meters elevation) to collect ice cores to a
maximum depth of 103 meters (Holdsworth in press). The drill's
design is based on principles established by Rufli, Stauffer, and
Oeschger (1976) and by Rand (1976). The drill collects a core
96-99 millimeters (3.8-3.9 inches) in diameter in runs averaging
1 meter in length. Unique to the Canadian drill system is a
geodesic dome that serves as a structural unit supporting the
central fixed tower and providing shelter for the drill crew. The
entire packaged drill system, including winch platform, tower,
drill, and shelter, weighs 730 kilograms (1,606 pounds).

The drill shelter, a core processing laboratory van, and PICO's
6.5-kilowatt generator were set up in the center of the station's
taxiway oval (figure 1). A core storage trench (3 meters deep x 3
meters wide x 6.4 meters long) was excavated adjacent to the
drill site. Drilling began on 17 December with a three-member
drill crew and one core processor and continued for 22 days
until drilling stopped at a depth of 202.4 meters. The average
working day under normal conditions was 7.5 hours.

Initial problems with the antitorque spring-skate system and
cutting bits were overcome as drilling progressed. During drill-
ing runs in the upper 60 meters of the hole, the oversized
antitorque system tended to jam in the hole, thereby reducing
the penetration rate and causing a "stick-slip" motion as the drill
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