
estimated from 32 ± years (1945-1977) of seasonal deuterium
peaks (b = 19.8 centimeters of water per year, (T 5.9) and the
accumulation rate estimated from the conductivity peaks (b =
18.8 centimeters of water per year, a = 5.9) are in good agree-
ment. These are also consistent with measurements made by
Stuart and Bull (1963) from a pit on the McMurdo ice shelf (b =
18.5 centimeters of water per year, (T	3.4) for the period
1948-1958.

The results of this study are significant in terms of under-
standing polar ice chemistry. We conclude that in coastal sites,
such as the McMurdo ice shelf location, conductivity variations
can be interpreted as seasonal variations of marine salts and can
be used to date cores and to estimate accumulation rates. The
origin of substantial excess sulfate at this site is as yet unclear.

Studies of tephra dispersal around Mount Erebus were begun
during the 1982-1983 field season. Shallow firn cores and snow
samples were taken around the volcano for studies of grain size
distribution and ice chemistry. The purpose of this research is to
establish a model for fine-grained tephra dispersal about an
active volcano and to select a site where deeper coring in the
future could provide an interpretable record of eruptive activity
for Mount Erebus.

This core was made available by Tony Cow of the U.S. Army
Cold Regions Research and Engineering Laboratory. Measure-

ments of deuterium were provided by Jean Jouzel of the CEN

Saclay, France. Sodium measurements were performed by Mar-
tine Briat, Laboratoire de Glaciologie, Grenoble, France. Anal-
yses of liquid conductivity, sulfate and nitrate were performed
by Palais at the Laboratoire de Glaciologie, Grenoble. This work
was funded by the Institute of Polar Studies, Ohio State
University.
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Ross Ice Shelf oxygen isotope profile
at J-9

PIETER M. GROOTES and MINZE STUIVER
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Seattle, Washington 98195

A 16-meter-long, 8-centimeter-diameter core through the
Ross Ice Shelf at J-9 (82°22'S 168°40'W) was obtained in the
1978-1979 field season by the Soviet Antarctic Expedition and
the United States Antarctic Research Program (Zotikov,
Zagorodnov, and Raikovsky 1979a). Preliminary results of oxy-
gen isotope analysis were reported by Grootes and Stuiver
(1982). The oxygen isotopic composition (6 80) of the ice has
now been measured for the complete core and an additional
progress report is given here.

The figure shows 6180 for 52 1-meter core sections, 47 cut in
1981 and 5 in July 1982. The 1-meter core sections were sampled
in detail (0.5- to 2.5-centimeter intervals) to study short-term
variability in 6180. An average value for the 6 1 0 of each section
is used in the figure. The individual 1-meter averages show a
considerable scatter—±2 parts per thousand (%c)—around the
long-term trend, especially in the upper part of the core. This
has to be attributed entirely to the variability in the 80 of the
ice because the uncertainty of sample preparation and mass-
spectrometric measurement is less than 0. 1%c. Below 100-meter
depth cyclic short-term variations in 6 1 0 of up to 13%c over 10

centimeters occur in the ice (Grootes and Stuiver 1982). The
average value obtained for a section may be significantly influ-
enced when an incomplete cycle is included. An upper limit for
this type of error is suggested by Morgan (1982) who estimates
the error in 6 as being smaller than or equal to the spread in 6
divided by twice the number of maxima and minima sampled.
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Oxygen isotopic composition ( 8 180) [expressed as relative deviation
from the International Atomic Energy Agency, Vienna Standard
Mean Ocean Water (v-sMow), in parts per thousand—%0] of Ross Ice
Shelf ice at J-9 as a function of depth (measured in meters). Data
points each represent the average of a large number of samples
from a 1-meter core section. Error bars give an estimate of the
uncertainty based on the spread of h values observed in the section
and the number of cycles included in it.
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The error bars in the figure are based on this estimate. The
standard error in the mean, obtained by treating the results as
random fluctuations around the mean, is generally about the
same. It is significantly smaller if only a few cycles are included
in the 1-meter section.

If we consider only long-term trends, three (and possibly
four) regions of differing 6 1 0 trends can be seen in the figure
(see table). The decrease in 6180 with increasing depth between
35- and 274-meter depth can be treated as uniform ( 6 180 =

- 0.033 d - 26.53%c, where d is depth in meters). There seems to
be, however, an off-set plus a change in trend around 150-meter
depth and we will treat this interval as two separate sections in
the preliminary discussion of the 6180 profile given below.

Isotope regimes of the J-9 core

	

Depth 	alBob	Precipitation area	Time

	

35-150	—28.5 to —30.5 Ross Ice Shelf	Halocened
Ice Stream B

	

150-274	—31 to —36	Ice Stream B	Holocene 
Catchment

	

274-281	—36 to —43	Ice Stream B	Interglacial/glacial
Catchment	transition

	

281-410	Range	Ice Stream B	Last glacial
—40 to —43	Catchment

410-416'	Data not	Sea ice, bottom	Recent'
available	freezing

a In meters
b In parts per thousand (%).
C Sampled and described by Zotikov, Zagorodnov, and Raikovsky, 1979b.
"Holocene" refers to last 12,000 years and "Recent" refers to present,
to less than 1,000 years.

The first section down to about 150-meter depth consists of
snow that fell at or below the 500-meter contour on Ice Stream B
and on the Ross Ice Shelf. The gradual depletion of 6180 with
depth from a 60 of about - 28.5% to - 30.5% agrees with the
change in the mean isotopic composition of the upper firn when
going upstream along the J-9 flow line (Thomas and MacAyeal
1982) from - 29%c near J-9 to - 30%c near the outflow of Ice
Stream B (Clausen et al. 1979). Thomas and MacAyeal (1982)
calculated a depth of about 80 meters at J-9 for snow that fell on
the ice shelf near the grounding line and estimated between
125-meter and 155-meter depth for snow from the 500-meter
altitude contour. Herron and Langway (1979) place the glacio-
chemical transition between inland ice and shelf ice, which is
expected to occur near the 500-meter contour, at a depth of
about 130 meters at J-9 based on their measured sodium con-
centrations. They estimate an age of about 1,100 years for this
ice. The change in the trend of 6180 with depth which occurs
around 150-meter depth in the figure therefore probably re-
flects the transition from snow that fell in the catchment area of
Ice Stream B above the 500-meter contour to snow that fell on Ice
Stream B and the Ross Ice Shelf below that altitude.

The ice of the second section originates from the catchment
area of Ice Stream B which extends from the 500-meter contour
up to the Ohio Range and the Whitmore Mountains (over 2,100
meters) (Rose 1979). Morgan (1982) shows a mean annual sur-
face 6180 contour of —40% extending from East Antarctica to

the Whitmore Mountains and a 6180 of — 39.2%c for this area.
The isotopic composition of the snow in the catchment area can
therefore well account for the decrease in 6180 from - 31% to
—36%.

The very rapid change in 6180 from about - 36%c to - 43%o
exceeds currently observed 6 values in the catchment area and
most likely reflects the transition between the present inter-
glacial and the last glacial period. Its magnitude of 71/c is identi-
cal to the isotopic shift observed in the Byrd core (Johnsen et al.
1972) and somewhat larger than the 5%o and 5.4%c observed,
respectively, at Vostok (Barkov et al. 1977) and Dome C (Lorius
et al. 1979). The age interval represented by the 7 meters of
transitional ice is unknown but is probably restricted to less
than a thousand years if comparable to the Greenland transition
(Dye-3 and Camp Century Dansgaard et al. 1982).

The ice below 280-meter depth, down to the sea ice at 410
meters, shows strongly negative 6180 values like those reported
for the west Antarctic ice sheet at Byrd Station during the last
glacial (Johnsen et al. 1972). The 3%c 6180 variations may reflect
climatic fluctuations. Microparticle analysis on the same sec-
tions shows high concentrations (up to ten times those in the
upper 270 meters of core) for four sections from 292- to 340-
meter depth (Mosley-Thompson and Thompson 1982). A layer
of ice with high particle concentrations just below the transition
from the last glacial to the present interglacial has been reported
for the cores at Byrd Station, Dome C, and Camp Century
(Thompson and Mosley-Thompson 1981). This lends support
to our assignment of the change in section 3 to the glacial/
interglacial transition.

The J-9 ice core thus appears to span the present interglacial
as well as a segment of the last glacial and provides a data base
for the southern, inland part of the west antarctic ice sheet over
this period.

This work was supported by the National Science Foundation
Grant DPP 80-19756. The assistance of the staff of the Ice Core
Storage Facility of the State University of New York at Buffalo in
sampling the core is gratefully acknowledged. Part of the sam-
ple material was obtained via L. C. Thompson, Ohio State
University, who sampled J-9 for microparticle studies.
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Detailed studies of tephra layers in the
Byrd Station ice core: Preliminary

results and interpretation

J . M. PALAIS
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Since its retrieval in 1968, the Byrd Station ice core has been
the subject of a wide variety of scientific investigations (e.g.,
Cragin et al. 1974; Cow and Williamson 1971; Johnsen et al. 1972;
Kyle and Jezek 1978; Thompson 1977). Of particular interest is
the presence of 25 ash and 2,000 dust layers of volcanic origin
believed to be derived from sources in Antarctica (Kyle and
Jezek 1978).

To date, most of the studies have concentrated on the ash
layers presumably because the larger particles and greater
abundance of material facilitate analysis. In this paper, we re-
port on some new analyses of ice chemistry and on the com-
position and morphology of particles of some of the dust layers.
New data on several of the ash layers are also presented.

The samples examined in this study were taken from sections
in which dust bands exist as well as from dust-free ice. Each
sample, representing about one year of accumulation, was
cleaned and melted using techniques described by Langway,
Herron, and Cragin (1974).

Measurements of acidity, conductivity, sulfate, nitrate, so-
dium, and aluminum were performed. Most core sections have
fairly complete acidity and conductivity profiles while the other
parameters were only measured on selected samples. Acidity

and conductivity measurements are well correlated for samples
in which there are no dust layers. When dust is present in a
sample of ice, the correlation is less clear. Many dust-bearing
samples have very low acidities or may even be alkaline, proba-
bly because of hydrolysis of silicate material which tends to
neutralize the acidity of the ice samples. Such reactions, while
affecting the acidity, may leave the conductivity relatively un-
changed because of the liberation of other ions in the hydrolysis
reaction. Sulfate peaks generally correlate with high levels of
acidity but also occur in sections where there are no elevated
levels of acidity, especially in dust-bearing sections of the core.
Likewise, sodium and especially aluminum are elevated in as-
sociation with dust layers. Nitrate measurements show no ob-
vious relationship to the dust layers. Finally, 31 excess sulfate
values were calculated for ice samples with and without dust.
This calculation takes into account the sodium contributed from
dust in the sample and the sulfate derived from seawater and
refers to the sulfate which occurs in excess of stoichiometric
sodium sulfate derived from seawater. Values range from -0.05
to 9.03 microequivalents/liter with most of the values in the
interval 0-2 microequivalents/liter. These results indicate that at
Byrd Station there is an important background component of
excess sulfate as well as a sporadic volcanic contribution associ -
ated with the dust layers.

Insoluble dust particles were recovered on filters to investi-
gate their morphology and composition. Samples from the 25
ash layers described by Cow and Williamson (1971) were also
examined. A small piece of each filter was mounted and carbon
coated for scanning electron microscope and energy dispersive
x-ray analysis work.

Preliminary studies of these samples indicate distinct dif-
ferences in size, morphology, and surface chemistry of the
particles from ash and dust layers. The ash layers are charac-
terized by fresh angular glass shards ranging in size from 5-50
micrometers with little or no surface alteration whereas the dust
samples contain aggregates up to 100 micrometers in diameter,
composed of smaller (1-2 micrometers) grains that are coated
with a surface alteration enriched in sulfur and chlorine (see
figure).

The high proportion of small particles (indicating a high de-
gree of fragmentation) and the presence of aggregates suggests
that the dust formed in volcanic eruptions under water or ice.
Subaqueous eruptions are known to produce aggregates of
small particles, called accretionary lapilli. The surface alteration
of the dust particles also favors the interaction with water.

We suggest on the basis of this information that the ash layers
were formed during normal subaerial eruptive activity while
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