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Last season, arrangements were made to transport
from Antarctica to New Hampshire about one-half
(1,000 in or 14 tons) of the Byrd deep-ice core recov-
ered in January 1968. The U.S. Navy provided trans-
portation by LC-130 aircraft from Byrd Station to
McMurdo, from where the cores were shipped to
I)avisville, Rhode Island, aboard USNS Wvandot. All
cores arrived safely in New Hampshire on March 17,
1969. These cores will provide the material needed to
continue CRREL's studies of geochemical and phys-
ical properties of ice an(l will supply samples for other
researchers involved in the NSF core-studies program.

The Camp Century, Greenland deep-ice core has
been sampled at approximately 10-rn intervals over
its 1,380 m length and analyzed for dissolved solids.
The objective of these investigations is to measure
concentrations and variations in the chemical compo-
sition of the ice sheet as a function of depth in order
to determine whether these small but detectable vari-
ations reflect changing climatological conditions.
Replicate cation (Na + , K+ , Ca++, Mg++) and
anion (Cl — , SO4 — ) measurements have been
made on over 100 samples using atomic-absorption
and ultraviolet-spectroscopy techniques. Conduc-
tivity and pH measurements have also been made on
each sample. The results reveal 10 concentration
maxima spaced between 73 and 1,360 in depths,
which correlate favorably with climatic changes re-
vealed in a complementary stable-isotope investiga-
tion. The ionic ratios differ considerably from sea-
spray values, suggesting that the ocean is not the only
source of the nuclei or fallout substances found in the
ice cores. Ca++ and Mg++ show strong covari-
ance over the entire vertical profile (correlation coef -
ficient 0.97). Poor correlation exists between electro-
lvtic conductivit y and total (as measured) cationic
content. Detailed reports of these results are being pre-
pared by S. Leung, A. Wolf, and S. Ragone. Segments
of the deeper ice core (below 500 m), the high silt-
content dirty ice (the bottom 16 in). and the sub-ice
material (3.5 in) have been prepared and measured
for density , thermal conductivity, and creep proper-
ties. Samples of the high silt-content ice are being
prepared for index analyses and mineralogical and
chemical studies.

Over 2.000 small-increment samples from the
Canip Century core have been measured for their

ratios by W. Dansgaard and associates at
the Universit y of Copenhagen. The results of these
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measurements are the basis for several reports, pub-
lished or in press, relating to the physical. chemical,
and climatic interpretations of the stable-isotope data.
Four Danish scientists accompanied a CRREL team
on a short revisit to Camp Century in June 1969 to
collect several hundred additional samples from the
surface to the 1954 stratigraphic horizon for 018/016

measurements. This profile will permit a tie-in to
the present surface of the temperature and chronology
profile obtained earlier. Six large-volume firn samples
were also collected and processed for Si 32 measure-
ments. An additional 4,500 samples of the Century
core stored in New Hampshire have been prepared
for 018/016 measurements to obtain greater detail
in the Pleistocene chronology and to refine the tem-
perature curve.

Several laboratory studies involving measurements
of the physical properties of the Byrd core as a func-
tion of depth have been completed by A. Gow. These
studies include measurements of density and its
changes with depth and time (after recovery from the
borehole) ; visual stratigraphy; the effects of core re-
laxation on physical properties, crystal size, and orien-
tation of the ice; and a comprehensive study of
bubble shape, size, and pressure.

Samples of cores from Site 2, Camp Century, Little
America, and old Byrd Station have been provided to
C. Lorius, Centre d' Itudes Glaciologiques, France,
for gas analysis. Samples of the new Byrd core have
been provided to S. Epstein, California Institute of
Technology, for 018/016 analysis. Various other
ice-core samples from Greenland and Antarctica have
been distributed to interested researchers for neutron
activation analyses, air pollution studies, and micro-
scopic and sub-microscopic dust investigations.
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The upper layers of the oceans seetmi to be polluted
with industrial lead. Offshore from industrial areas,
surface waters show much higher lead concentrations
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than deep waters; this effect diminishes in the open
ocean. Although lead seems to he entering the oceans
through rivers at greater rates today than ever before,
a major fraction of pollutant lead in the oceans prob-
ably originates from the direct washout by rain of
industrial lead aerosols injected into the atmosphere
by the burning of lead alkyls in automotive fuels. The
use of automotive fuels began in the U.S.A. in 1924; if
today it serves as an important means of introducing
lead into the oceans, then the lead content of the at-
inosphere of the Northern Hemisphere should have in-
creased markedl y after 1924.

One way of finding out whether lead pollution in
the atmosphere has increased with time is to analyze
the precipitated lead in successive annual layers of
preserved snow. Towards this end, investigations were
made of salts, dusts, and lead in firn and ice at Camp
Century, Greenland and at Byrd Station, Antarctica.
Block samples were sawn from the nc1ined shaft at
Byrd and a remote site northeast of Byrd during the
1965-1966 summer.

Anal ysis of the samples show that lead concentra-
tions have increased from < 0.001 y Ph/kg ice in
800 B.C. to > 0.200 y Pb/kg ice today in north
polar ice sheets, the sharpest rise occurring after 1940.
The levels of lead in south polar ice sheets are gener-
ally below our detection limits before 1940 and rise
only to about 0.020 y Pb/kg ice after 1940. The
increase of lead with time in north polar snow is
ascribed mainly to contamination frorri lead snielteries
before 1940 and to burned lead alkyls after 1940. The
difference between the concentrations of lead in north
and south polar snow is ascribed to barriers to north-
south tropospheric mixing which hinder the southward
migration of aerosol pollutants from the Northern
Hemisphere.

Our observations of the concentrations of the
common chemical elements in ice from the interior of
Greenland and Antarctica can be explained in terms
of simple relations among sea salts and terrestrial
dust. Dust concentrations are about 15-20 times
higher in Greenland interior ice (35 /kg) than in
antarctic interior ice ( 2 ykg) , but twice as much
sea salt exists in antarctic interior ice (110 ykg) as
in Greenland interior ice (67 ykg). The proportions
of sodium, chlorine, magnesium, calcium, and potas-
sium adhered closely to sea-salt ratios in ice that was
relatively free of silicate dust, even when the concen-
trations of sea salts decreased from 1100 '//kg in
northwest coastal Greenland ice to 110 -//kg in
Rockefeller Plateau ice in the antarctic interior. The
amounts and chemical composition of silicate dusts in
Greenland were no different in coastal and interior
ice, averaging 3 y Mg, 5.6 y Ca, 2.0 y K, 0.1 y Ti,
and 6.8 y Si per kg ice, respectively, in the interior.
We found that there are seasonal variations in the

amounts of pollutant lead, sea salts, and silicate dust
in the snow, the concentration of pollutant lead and
sea salts being two or three times higher in winter
than in summer snow, and that of silicate dusts three
times higher in spring than in winter snow.

Contrary to observations of a number of other in-
vestigators, we found that the purity of polar ice
nearly equals that of the purest laboratory water.
Other investigators who have studied polar ice have
found values for common-clement concentrations that
are either much higher than ours or are so different
that they cannot be explained by the simple relations
mentioned above. Such data have been interpreted in
a variety of ways, invoking gross chemical fractiona-
tion of sea salts or the gross addition of either silicate
dusts or sea salts, but most of the conflicts among
chemical data published by different investigators can
he explained b y contamination. It appears that the
single most important factor affecting contamination
is the manner of collecting the ice samples. The cx-
tremne precautions necessary to avoid lead contamnina-
tion and the huge size of the samples required for the
lead analyses dissuaded us from using drill-core mate-
rial (which is highl y contaminated). The mining
procedures used seem to have provided unusually
clean ice samples that were well suited for analyses of
comnnion salts and dusts.

A complete report of this work will he published in
Geochimica et Cosmochimica Acta, vol. 33 (October
1969.

Analysis of Antarctic Geophysical Data,
1968-1969
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During the past year, the emphasis of our analysis
has continued to be oil glaciological significance of
geoph ysical data. From seislilic-wave velocities ill
the ice sheet of West Antarctica, we have concluded
that there is almost everywhere a pronounced concen-
tration of crystal c-axes around a single mean direc-
tion which varies from place to place. Anisotropic ice
composes more than half, even as much as 90 percent,
of the ice column. At most observing points, the indi-
cated immean axial direction is inclined 300 or more to
the vertical, and lies in or near the flow plane, al-
though it is nearly vertical at four locations in the
West Antarctic interior, incluclitig Byrd Station. At
many stations, there is clear evidence of a variation in
axial orientation with depth.
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