within the sediment. In addition to the five cores
taken at the multiple-coring station 17, other cores
were obtained during the cruise by Mr. W. Osburn
of Florida State University and Miss J . Canfield of
the University of South Carolina.
Eltanin stopped at Campbell Island to pick up
mail and deliver some materials to the New Zealand
scientific party on the island. An attempt to land
the Eltanin dory on Macquarie Island was prevented
by the high surf; however, the scientists on the island
packed their mail in a rubber raft that was carried
by the wind past the surf so it could be picked up
by the Eltanin personnel on the dory.

Photo by author
Near Macquarie Island, Eltanin awaits a mail pickup by personnel
in the ship's dory during Cruise 44.

front (Antarctic Convergence) was observed at 490
51°S.
The Lamont-Doherty geophysical program consisted of underway gravity, magnetic, bathymetric,
and seismic profiling measurements. Sonobuoys were
also used. The party chief wa Dr. D. A. Christoffel
of Victoria University of Wellington, New Zealand.
The first part of Cruise 44 was devoted to a geophysical survey of the continental margin of South
Island off the west coast. This work was undertaken
at the request of the Geophysics Division of the New
Zealand Department of Scientific and Industrial Research (DSIR). It was found that the New Zealand
Alpine Fault, previously traced as far south as Milford Sound, extends further south at sea to run into
the Puysegur Trench.
The trend of the segments of the Macquarie Rise,
the form of the passages, and the characteristics of
the sea floor and sub-floor were studied. The area
for the most part is devoid of sediments, except for
patches near the base of the ridge and thick—apparently consolidated—sediments in the Solander
Trough. Down the central axis of the Solander
Trough runs a channel of only 2 km width and 50 fm
depth. The magnetic features of the Macquarie Rise
seem to be closely in phase with bottom topographic
features.
The ship's track along 58°S. (en route to 1200E.)
crossed the "Antarctic Fracture Zone," identified
from the numerous earthquake epicenters; fractures
were found at 152°E. and 149°E. The thick sediments of the South Indian Basin were found west
of 134 0 E. At 58 0 S. 129 0 58'E., a number of piston
cores were taken (one two-pipe, one three-pipe, and
three four-pipe cores) at the request of Dr. J . Conolly
of the University of South 'Carolina, in order to study
small-scale horizontal variations in the stratification
18

Climatological Implications of Stable
Isotope Variations In Deep Ice Cores,
Byrd Station, Antarctica
S. EPSTEIN

and R. P. SHARP

Division of Geological Sciences
California Institute of Technology
and
A. J . Gow
U.S. Army Cold Regions Research and
Engineering Laboratory
The 2,164-rn core hole through the Antarctic Ice
Sheet at Byrd Station (Gow et al., 1968) provides
an unusual opportunity for stable-isotope study of
materials from near the surface to the bottom of the
ice sheet. This is a report of initial analyses and a
preliminary interpretation of the results obtained.
Well over 100 ice-core samples have been analyzed
for their oxygen (018/016) and hydrogen (D/H)
ratios. For the most part, these were homogenized
strip samples from core sections 30 to 151 cm long,
taken at intervals ranging from 33 to 62 rn and at
depths ranging between 99 and 2,162 m.
The data are presented in the usual way as
and 6D, representing the departure of the 018/016
and D/H ratios in the samples from the corresponding ratios in standard mean ocean water (SMOW).
The values are plotted against depth in Fig. 1, and
the 8018 values of only those samples taken below a
depth of 1,000 m are plotted in linear fashion against
estimated ages in Fig. 2. Age of the ice at various
levels is estimated from measured accumulation rates
and calculations of thinning through flow by a
method formulated by Bader (1962) and Nye
ANTARCTIC JOURNAL

(1963). Since the oxygen and hydrogen curves are
consistent, subsequent comments are confined to the
oxygen data.
Since these curves represent the relative temperature at which the water substance composing
the ice condensed, they have meteorological and
climatological implications. A more negative 6018
or 6D value indicates a lower temperature.
Only the uppermost part of the core originates
in the vicinity of Byrd Station, at an elevation of
1,530 m. Deeper ice comes from more remote, higher,
and somewhat colder areas. Thus, the gradual decrease in 6018 values from 100 to 1,050 m depth
probably reflects the underflow of ice from somewhat
colder sources. However, the sudden and larger decrease in 8018 value between 1,050 and 1,400 m
seems too large and too rapid to be anything other
than the product of major climatological change.
The terrain is unfavorable to a sudden influx of ice
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from a much colder source, such as the polar plateau.
The return of the curve to higher 8018 values between
2,160 m depth and the bottom is regarded as equally
significant.
The interpretation offered here is that these fluctuations mark the beginning and the end of the
Wisconsin glaciation. If age estimates for the Byrd
core samples are approximately correct, they suggest
that the Wisconsin glaciation was initiated about
75,000 B.P., reached its climax about 17,000 B.P.,
and terminated about 11,000 B.P. Fluctuations in
the curve between 17,000 and 75,000 B.P. suggest
the possibility of somewhat warmer intraglacial intervals peaking at about 25,000, 31,000, and 39,000 B.P.,
with intervening colder intervals at about 27,000,
34,000, and 46,000 B.P. As shown by the curves, the
magnitude of these intraglacial fluctuations was but
a fraction of that between the Wisconsin culmination
and pre- and post-Wisconsin times.
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Figure 1. Oxygen (0/016) and hydrogen (D/H) isotope ratios, with respect
to SMOW, in ice samples from deep core hole at Byrd Station. Platted
linearly against depth and nonlinearly against estimated age.
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Figure 2. Oxygen-isotope ratios of Byrd borehole samples
from depths below 1,000 m
plotted on a linear time scale.
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The dates of 17,000 B.P. for the culmination and
11 3 000 B.P. for the termination of the Wisconsin, as
well as the initiation date of 75,000 B.P., are remarkably close to dates given for corresponding
events in the Northern Hemisphere. The implications
of synchronism between Wisconsin events in the
Northern and Southern Hemispheres are strong and
constitute one of the more significant aspects of the
Byrd core analyses. The likelihood of synchronic
climatic variations in the two hemispheres is increased
by the similarity between data from the deep core
holes at Camp Century in Greenland (Dansgaard
et al., 1969) and at Byrd Station. The succession of
warmer and colder intervals within the Wisconsin
below the depth of 1,400 m could, perhaps, with some
boldness be correlated with Wisconsin intraglacial
warm and cold intervals recorded in the Northern
Hemisphere, but we favor a conservative stance on

Oxygen (0 18 /0 6 ) and Hydrogen
(D/H) Isotope Ratios as Indicators
of Relative Temperatures
When water evaporates from the ocean (or
any other water body), the vapor produced is
depleted in both 018 and D relative to the
original source. When the air mass containing
this vapor is cooled, causing condensation of
some of the vapor, the resulting precipitation
is enriched in O and D with respect to the
vapor, which is thus further impoverished in
01S and D. Unless more vapor is added to the
system, further condensation can occur only
with further cooling. This later precipitation
is necessarily lower in0 18 and D than the initial
precipitation, i.e., progressively lower temperatures produce precipitates progressively lower
in 0 and D. Thus, the 018/016 and D/H
ratios of precipitation as preserved in an ice
cap, for example, indicate the relative air
temperature at the time of its condensation and
deposition. The isotope ratios of standard mean
ocean water are used as the datum of reference,
Deviations from this datum (8018, 6D) are
commonly expressed in permillage or percentage and as plus or minus depending upon the
direction of deviation.
Although factors such as the original sources
of water vapor, direction of storm paths, and
complexities in the history of condensation introduce deviations from the ideal of simple
temperature control, the history of condensation is basically a function of air temperature.
20

this question and do not propose specific correlations.
The general pattern in both hemispheres is similar,
however.
We offer the following conclusions derived from
these preliminary oxygen- and hydrogen-isotopic
analyses of the Byrd Station core:
1) The duration of the Wisconsin cold interval in
Antarctica appears to have been from about
75,000 to 11,000 B.P.
2) Major temperature fluctuations from the beginfling of the Wisconsin to the present in the
Northern Hemisphere and Antarctica have been
essentially synchronous.
3) The Wisconsin was significantly colder in Antarctica than the post-Wisconsin, perhaps by as
much as 70 or 8°C.
4) Warmer intervals within the Wisconsin peaking
roughly at 25,000, 31,000, and 39,000 B.P. were
all too cold to qualify as anything other than
interstadials within the Wisconsin.
5) These temperature relationships and the synchrony of events suggest that the ice sheets
never completely disappeared from the North
American and Eurasian continents during the
Wisconsin.
6) A corollary is that the eustatic rises of sea level
during the Wisconsin fell short of present sea
level unless the Greenland and antarctic sheets
suffered unusual wastage for some cause other
than warming of the climate.
7) Isotope values near the bottom of the Byrd
core, when allowances are made for the underflow of colder ice, indicate a pre-Wisconsin
climate even warmer than the present in Antarctica, probably representing a true interglacial.
This work was supported by the U.S. Army Cold
Regions Research and Engineering Laboratory, by
the California Institute of Technology, and by NF
I
grants GA-105 and GA-1663.
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