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Glaciological interpretation of the
microparticle concentration In
the 905-meter Dome C core
E. MOSLEY-THOMPSON and L. G. THOMPSON

Institute of Polar Studies
The Ohio State University

Columbus, Ohio 43210

Recently a 905-meter core was drilled at Dome C, Antarc-
tica (74°39'S 124-10"E, 3,240 meters above sea level) as part
of the International Antarctic Glaciological Program (Lorius
and Donnou 1978) and 51 sections provided by the French
were analyzed for microparticle concentration and size dis-
tribution. The microparticle analyses of 5,367 samples rep-
resenting these 51 sections (averaging 0.76 meters in length)
comprise the most detailed microparticle record from any
deep core. The average sample size of 0.0067-meter ice
coupled with the annual accumulation of 0.035-meter ice
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(Petit, Jouzel, Pourchet, and Merlivat 1980) yields a resolu-
tion of 5.5 samples per accumulation year.

Figure 1 presents the average concentration of particles
with diameters 0.63 micrometers per 500 microliter sam-
ple for each of the 51 sections along with the corresponding
ö measurements (Lorius, Merlivat, Jouzel, and Pourchet
1979). Particle concentration reaches a peak just prior to the
end of the last glacial (500 meters in core). This transition
into the postglacial or Holocene is marked by an abrupt
fivefold decrease in particle concentration within just 38
meters of ice representing a time interval of about 1,000
years. The particle concentrations in the Holocene sections
are very uniform except in the upper 100 meters, where
concentration increases are similar to those found between
1450-1850 A.D. in the South Pole 101-meter core (Mosley-
Thompson 1980).

This temporal correspondence between the increase in
insoluble microparticle concentrations and more negative
oxygen-18 values over millenial time intervals was found
in two other deep ice cores, the 2,164-meter core from

Byrd Station, Antarctica, and the 1,387-meter core
from Camp Century, Greenland (Thompson and Mosley-
Thompson 1980). Although a reduction in the net accumu-
lation over both polar regions would serve to concentrate
the particles within the snow strata, even a 50 percent
decrease would be insufficient to account for the many-fold
increase in particle concentration found in each core. It is
suggested that a substantial increase in the concentration of
insoluble particles in the global atmosphere is the primary
mechanism producing this corresponding increase in in-
soluble particles within the late glacial sections of three
cores representing both polar regions. This relationship be-
tween the increase in insoluble particles within the at-
mosphere and the reduction of global temperatures must be
satisfactorily resolved by any hypothesis that successfully
addresses the causes of climatic change.

Accurate dating of ice cores is essential for interpreting
any proxy data obtained from ice cores as well as for com-
parison of the core record with existing records. Dating of
strata older than 100 years is a particular problem on the
central Antarctic Plateau where accumulation rates are low

Dome C, East Antarctica
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Figure 1. The average concentration of particles with diameters 2: 0.63 micrometer per 500-microliter sample for each of the
51 sections of the Dome C, Antarctica core. The corresponding oxygen-18 measurements (Lorius at al. 1979) are plotted on the
right.
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(< .1 meter per year) (Bull 1971) and where the deepest
cores, and hence the longest records, will be obtained. Cy-
clical variations in insoluble microparticle concentrations
in the 101-meter South Pole core were found to be annual
features (Mosley-Thompson 1980). The detailed analysis of
the Dome C ice core (Doc) sections revealed similar cyclical
variations in particle concentration. A Dome C pit study
(Thompson, Mosley-Thompson, and Petit 1980) and the
data presented here support the annularity of these micro-
particle features.

Figures 2 and 3 present the concentrations of small par-
ticles (0.63 micrometers diameter < 0.80 micrometers)
for five sections from the postglacial strata and five sections
from the glacial strata of the Doc, respectively. The insert
at the bottom of figure 3 presents the average vertical layer
separation (a 1 ) in water equivalent for all 10 sections. These
estimates compare well with the current estimate of net
annual surface accumulation, 0.035 meter per year ice
(p = 920 kilograms per cubic meter) or 0.032 meter per
year water, suggesting that these particle concentration
peaks are annual.

These annual layer separation estimates were employed
to calculate a maximum age (30,000 years) and a minimum
age (22,000 years) for the bottom of the DUC. These ages
bracket the age of 27,000 years derived from Nye's model
and presented by Lorius et al. (1979). Using an entirely
different approach, Lorius et al. (1979) estimate the age at
the bottom of the core to be 32,000 years. This older age for
the bottom is obtained by assuming lower accumulation
rates at core depths greater than 381 meters. Based upon the
a1 estimates from the 51 sections analyzed, no consistent or
substantial reduction in net annual surface accumulation
was found in the Dcc.

Although lower air temperatures during the last glacial
stage may have reduced the amount of water vapor trans-
ported to the polar plateau, the greater baroclinic instability
resulting from expanded ice shelves or a modest alteration
in circulation patterns may have increased the net mass
transport enough to offset the temperature effect upon pre-
cipitation. These suggestions are speculative in light of the
many processes operating within the antarctic meteoro-
logical regime. It cannot be assumed, without additional
substantiation, that lower temperatures as deduced from
oxygen-18 depletion resulted in reduced accumulation. Ad-
ditionally, the data from one core are insufficient to confirm
or negate any regional trend in accumulation, and other
cores in the East Antarctica Plateau region are required to
clarify these discrepancies.

This work was supported by National Science Founda-
tion grant DPP 77-19371-A02. Sections of the Dome C core
were kindly provided by Terres Australes et Antarctiques
Francaises. We thank C. Lorius and J. R. Petit for their
cooperation and valuable discussions.
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Cyclic Variations

C.,

0a-

E
00
E U,c
otCOo U),ç

(D
0

F

470.1	4702	4703	4704	4705	4706
Depth in Meters

Figure 2. Concentration of particles with diameters between
0.63 micrometer and 0.80 micrometer for five sections from
the Holocene portion (upper 500 meters) of the Dome C core.
The * suggests annual features and? indicates a question-
able feature.
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Figure 3. Concentration of particles with diameters between 0.63 micrometer and 0.80 micrometer for five sections from the
late glacial portion (lower 500 meters) of the Dome C core. The insert contains the maximum vertical layer separation (a.) In
centimeters of water for each of the 10 sections in figures 2 and 3. The maximum sh is obtained by counting only the best defined
particle peaks as annual features.
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Shallow-depth temperature
models for Dome C

RICHARD E. EWING
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Columbus, Ohio 43210

The development of accurate shallow-depth numerical
temperature models for heat transfer in firn and ice is very
important for understanding the mechanism and effects of
heat flow within glaciers. Data taken at Dome C during the
1978-79 and 1979-80 field seasons is being used both to help
determine thermal properties of the firn necessary for
building the models and also to test the resulting equations.
Once a working model is obtained, it can be used to make
reverse calculations from measured temperature profiles
from Domc C to a depth of about 100 meters to derive past,
decade-scale, climatic, and surface temperature changes.
These results will be valuable for understanding the climate
change at the surface of the ice sheet and for understanding
the general process of heat transfer into the ice sheet sur-
face. The models will also be valuable in guiding the choice
of locations, techniques, and needed accuracies for future
data measurements in the field.

W. F. Budd and his colleagues have established the great
value of deep temperature-profile interpretation (Budd,
Jenssen and Radok 1973). Our models concentrate on the
more localized changes in thermal properties of the firn as
it gradually changes to ice under compaction. The first area
of our research is centered on accurately determining val-
ues of thermal conductivity and specific heat, which vary
with depth and density, from measured data from Dome C.

Richard Falk and I first constructed and analyzed a
method for computing the thermal properties of firn from
measured data and determined what type of field data
would be necessary to obtain reasonable error estimates.
Guided by this analysis, we constructed an experimental
apparatus which was used at Dome C in 1978-79, modified,

and used again in 1979-80. The apparatus consists of an
insulated stack of control cylinders of lucite, a sample cylin-
der from a field core, and plates of copper containing
thermisters. The thermisters in the stack allow us to obtain
temperature measurements in the field as a function of time
as an induced heat pulse passes through the sample. Since
we know the thermal properties of lucite, it can be used as
a control medium to determine the heat flux at the ends of
the firn sample. A description of the apparatus and a brief
analysis of the resulting mathematical problem, complete
with error analysis, is forthcoming (Ewing and Falk in press
a). We are now computing the thermal properties from the
measured data from Dome C, and will publish the results
when they are available.

Ian Whillans and John Bolzan, also from the Institute of
Polar Studies at Ohio State University, obtained tempera-
ture distributions to depths of about 100 meters from bore
holes at the South Pole Station and at Dome C which con-
tain some large temperature anomalies. The second part of
my antarctic activities concerns possible mathematical in-
terpretation of these anomalies using the newer shallow-
depth temperature models described earlier.

Falk and I (in press b) are now extending my earlier
(Ewing 1975) ideas and analysis for numerical calculation of
temperatures backward in time using finite element nu-
merical procedures. We are now using the ideas in these
papers to take the measured temperature anomalies from
Antarctica and try to infer what might have caused the
anomalies—a major climatic change, a change in the el-
evation of the glacier, or some other reason. Boizan and
Whillans have done some preliminary boundary control
type of calculations, forward in time, to try to explain the
measured anomalies. We are presently combining the
inference-making process with refined boundary control
ideas to determine climate changes which could have
caused such anomalies. The accurate shallow-depth tem-
perature models discussed earlier are very important to this
effort. Brief surveys of the mathematical literature on this
problem and descriptions and analysis of the new numer-
ical methods for this problem have appeared or will appear
elsewhere (Ewing and Falk in press a, in press b).

This work was supported in part by National Science
Foundation grant DPP 78-23834 and by Army Research
Office contracts DAAG29-78--G-0161 and DAAG29-79-C-0120.
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