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ABSTRACT 
A review of Byrd, Vostok and Dome C Antarctic ice­

core records indicates significant changes in atmos­
pheric characteristics between the late glacial maxi­
mum (LGM) and the Holocene. This data is relevant to 
general circulation model (GCM) boundary conditions 
and validation of output results. Reciprocally, GCM 
data could help to interpret ice-core results and to 
extend observed high-latitude changes to a larger 
scale. 

During the LGM, low troposphere temperatures were 
colder by about 5 to 7°C and surface temperatures by 
8 to 10°C over the Antarctic ice sheet. There are 
indications that snow accumulation was slightly lower 
and isotopic data suggests higher relative humidity 
over the ocean. A large increase in continental dust 
(up to a factor of 20) and marine aerosols (up to a 
factor of 5) is observed on the high Antarctic 
plateau, both explained by the increased (possibly 
up to 1.4 to 2 times) intensity of the large-scale 
atmospheric circulation modulated by desert and 
sea-ice area extension. Ice-core results show large 
changes in atmospheric C02 concentrations with 
LGM val ues around 200 ppmv and "pre-industrial" 
values of about 260 ppmv. Finally, determinations of 
total gas content suggest that central West and East 
Antarctica were .not thicker during the LGM, in con­
trast with higher surface elevations inferred from 
coastal-ice studies. 

aITRODUCTION 
An increasing number of parameters of climatic 

significance are being determined in ice cores, pro­
viding a record of past conditions. The obtained data 
are relevant to boundary conditions prescribed by an 
atmospheric global circulation model (GCM) and for 
the validation of output results. Reciprocally, GCM 
calculations could help to assess the validity of 
some of the interpretat.ions of the ice-core records 
which are not straightforward, and to connect and 
extend high-latitude changes to a much larger scale. 
The late-glacial maximum (LGM) is of particular 
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interest for palaeoclimatic GCM reconstructions. 
In central areas of the ice sheet, one ice record 

from West Antarctica (Byrd) and two from East Ant­
arctica (Vostok, Dome C) extend back to the LGM. 
Such a period is also covered by a few drillings in 
the coastal area of East Antarctica (Law Dome, Terre 
Adelie) but in such sites the climatic records are 
highly disturbed by ice-flow effects. In this paper 
we review climatic LGM-Holocene changes inferred 
from inland ice records in Antarctica; information 
about ice-thickness changes will also be discussed 
for coastal drillings. 

Due to the present lack of adequate absolute­
dating techniques, the time scale of the ice records 
has been obtained by ice-flow model calculations. 
Although it is not possible to determine very 
accurate ages in this way, the chronologies proposed 
for the central Antarctic ice cores are in suffic ient 
agreement to characterize the LGM and Holocene stages 
and to compare the obtained climatic records. 

ATM)SPHERIC DATA 
Tem erature from isoto e climatic records 

The 6 0 isotope Shlfts associate with the LGM­
Holocene transition (Figs.l, 2 and 3) are about 70 /00 
for Byrd (Johnsen and others 1972), 50/00 for Vostok 
(Barkov and others 1977) and 5.40/00 for Dome C (Lorius 
and others 1979). An interpretation in terms of 
temperature changes is complicated because the iso­
topic composition of the precipitation is governed 
not only by its temperature of formation TF but also 
depends on the origin and history of the air masses, 
on the condensation processes involved, and on its 
altitude of formation. The mean 6 180 content of 
modern precipitation decreases with mean surface 
temperature TS, and a very well-fitted linear relation­
ship (r = 0.989) is observed from -22 to -55°C over 
East Antarctica with a gradient of 0.750/00 °C- l 
(Lorius and Merlivat 1977). This and other facts 
(Robin 1977) suggest the possibility of reconstructing 
past temperatures from isotopic data. A simple isotopic 
model recently developed (Jouzel and Merlivat to be 
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published*) suggests that the influence of the alti­
tude of formation of the precipitation is negl igible 
and that the effect of the sea-water temperature in 
the vapour source area may be small at least for in­
land stations. Due to supersaturation over ice, snow 
is formed out of isotopic equilibrium and the calcul­
ated 6 180ITF gradient shows a rather constant val ue 
of about 1.2 0 /00 °C- l . As suggested by Robin (1977), 
TF is rather close to the temperature TI prevailing 
above the thin inversion layer, while the inversion 
strength is 1 inearly related to TS, with dTI/dTS = 0.67 
(Lorius and others 1979). A theoretical value of 
0.8 0/00 °C l is thus inferred for d618 0/dTS' a figure 
very cl ose to the experimental gradient (0.750 /00) 
observed over East Antarctica. This good agreement 
leads us to use this theoretical value for a tentative 
estimation of past temperature changes although there 
are obvious insufficiencies in this approach (i.e. 
the model is based on ideal isolated air masses and 
there is no available experimental gradient over West 
Antarctica); further improvements may be expected from 
the simulation of isotopic cycles with GCMs (Joussaume 
and others 1984[b], in which changes in the source 
area and in the dynamic history of the air masses can 
be taken into account, and from further data obtained 
concerning the present 6 distribution, in particular 
in West Antarctica. 

The observed LGM-Holocene isotopic shifts must 
first be corrected for the increase (1.6 0 /00) in the 
mean 6180 content of oceanic waters during the LGM 
(Duplessy 1978). The corrected isotopic changes are 
then 8 .60 /00 for Byrd, 6.6 0 /00 for Vostok and 
70 /00 for Dome C, leading to respective T F changes 
of about 7, 5.5 and 6°C. These values refer to low 
troposphere conditions, abo ve the inversion layer, 
while the derived surface temperature TS changes 
are about 10 and 8 to 9°C. 

These tentative estimated temperature values may 
include effects linked with changes in the ice­
formation site and in ice-sheet surface topography. 
As discussed in another section, very low velocity 
and ice-thickness changes suggest that these effects 
may be very smal l for central East Antarctica sites 
al though for West Antarctica (Byrd), LGM ice may 
originate from a distance of about 100 km . The 
Antarctic isotopic records from central areas there­
fore seem mainly to reflect atmospheric temperature 
changes; this is further supported by the comparison 
of the 6 profiles which show not only th e same 
trends and comparable amplitude for the LGM-Holocene 
transition, but have also recorded the same sig­
nificant shorter-term events, whi ch are more likely 
climatic features than ice-sheet dynamic effects. As 
also previously pointed out (Lorius and others 1979), 
the climatic history of the last 30 ka thus inferred 
from ice cores is in fact in very good agreement 
with available southern hemisphere proxy data. 
Further support of our estimated temperature changes 
comes from ice crystal-size changes (Duval and Lorius 
1980) with depth. The decrease observed during the 
LGM-Holocene transition can in fa ct be interpreted 
by surface temperature changes which affected the 
crystal growth; the estimated temperature variation 
for Dome C is in very good agreement with the one 
inferred from the 6 record (Petit and others to be 
publ ished**). 
Relative humidit over the ocean from isoto e records 

It was recently suggested Merlivat and Jouzel 
1979) that, when considering two different periods, 

*To be published : 
Jouzel J, Merlivat L Deuterium and oxygen 18 in 

precipitation . to1odell ing of the isotopic effect 
at snow formation. 

**To be published: 
Petit J-R and other's Ice crystal growth rate in 

East Antarctica core samples: a new palaeoclimatic 
tool . 

the variation of the deuterium excess in precipi­
tation (d = 60 - 8 6180) ·can be used to estimate 
the variation of the relative humidity h over the 
source region of the precipitating a ir mass. A theo­
retical approach can be used to discuss the possible 
influence of various factors and indicates that d is 
linearly dependent on h (Jouzel and others 1982); 
with d = 10 (the mean value of modern precipitation), 
an h value of 81 % is inferred which is very close to 
the value that actually prevails over the ocean sur­
face. The main feature of the d profile obtained 
from the Dome C ice core (Fig.1) is the gradual 
change of 4.5 0 /00 between the LGM and 7.5 ka BP. Thi s 
shift has been interpreted (Jouzel and others 1982) 
as reflecting a higher value of h over ocean areas 
providing moisture for Antarctica (south of 40 0 S), 
estimated around 90% for LGM conditions through 
6d = - 45 6h. We keep in mind that there are many 
assumptions in the derivation of this relationship; 
nevertheless similar changes may have also affected 
the tropical and equatorial regions (Merlivat and 
Jouzel 1979, Flohn 1981). Its possible hemispheric 
and even global significance must still be con­
firmed, both by further experimental data and by GCM 
simulation of LGM climate. 

Marine aerosol concentration changes have been 
connected with wind intensity U over oceanic source 
areas (Petit and others 1981). The correlation ob­
served between d and Na concentration (Fig.1) thus 
suggests a link between hand U. It has been proposed 
(Jouzel and others 1982) that this link results from 
the constant value of U(l-h) for LGM and Holocene 
conditions, inferred from evaporation flux and 
energy-balance considerations . An increase of 10% 
for h then also suggests an increase in the wind 
speed over the oceanic source area by a factor of 
about 2 during the LGM, in agreement with the figure 
obtained from marine aerosols. 
Snow accumulation 

Due to the present lack of adequate absolute dat­
ing techniques and of convincing results on seasonal 
changes of geochemical parameters for deep ice, there 
is no direct evidence of changes in snow accumulation 
A. At Dome C, favourable glaciological conditions 
suggest that the time scale is linearly related to 
l/A. Direct determination of A in the surface layers 
and the comparison of the ice isotopic record with a 
suitable 14C-dated (Duplessy and others 1980) marine 
isotopic profile from the Indian Ocean was used to 
estimate that A remained rather constant over the 
Holocene but decreased with a co lde r climate, the 
accumulation 14 ka BP being about 75% of the present 
val ue (Lorius and others 1979). Since then the 
validity of this assumption has been confirmed, with 
a further check on the obtained chronology, by the 
existence of continental dust indexes about 26 and 
13 ka BP (Fig.l) attributed to the beginning ~nd 
end of an aridity period (14C dated) over southern 
hemisphere continents (Bowler 1976). As suggested 
by Robin (1977), the accumulation appears to be pri­
marily governed by the amount of water vapour that 
can be carried in the air mass above the inversion. 
The temperature changes deduced above would imply a 
decrease of about 40% for Dome C and Vostok, and of 
about 60% for Byrd. However this reduction may be 
partially compensated by the increase in air fluxes 
over Antarctica during the LGM as discussed in this 
paper . GCM simulations would help to clarify the 
scarce evidence of climate related accumulation 
changes over Antarctica. 
Aerosols 

From theoretical cons iderations (Junge 1979) and 
experimental determinations (Pourchet and others 1983) 
it is generally assumed that the concentration of 
impurities in the precipitation is directly re-
lated to the concentration in the atmosphere. This 
assumption, which should be further investigated, is 
the basis for reconstructing past aerosol data from 
ice-core records. The three Antarctic ice cores show 
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Fig.l. The Dome C record. Smoothed 0 180 (%o) (from Lorius and others 1979), dust and marine Na 
concentrations (from De Angelis and others in press, Royer and others in press), deuterium 
exce~s d (from Jouzel and others 1982), and C02 concentrations {individual measurements and 
runnlng means, adapted from Delmas and others (1980)) plotted versus age and depth (m of ice). 

very large changes over the last 30 ka (Cragin and 
others 1977, Petit and others 1981, Thompson and 
Mosley-Thompson 1981, De Angelis and others in press) 
with very large values around the LGM which cannot 
be explained by possible accumulation changes. 

Elemental determinations (Si, Al) and scanning 
electron microscope observation and analysis indicate 
an influx of dust at this time which is mainly of 
continental origin (Cragin and others 1977, Petit and 
others 1981, Briat and others 1982) even if the Byrd 
core shows many ash layers which may have a local 
volcanic origin. The LGM/Holocene ratio is 4 for Byrd, 
24 for Vostok and 17 for Dome C. The high LGM dust 
value has been interpreted as reflecting both the 
extension (x 5) of arid continental sources in the 
southern hemisphere (Sarnthein 1978) due to a dry 
environment (CLlMAP Project Members 1981) and stronger 
winds. Antarctic ice cores, therefore, probably record 
record large-scale environmental changes; the high 
elevations of Dome C (3 240 m) and Vostok (3 420 m) 
suggest that they are more representative than Byrd 
(I 500m) of the background atmospheric dust which 
travels at elevations higher than 3 000 m in the 
troposphere (Delany and others 1973), although the 
dust repartition may not be homogeneous over all 
Antarctica. Assuming a constant snow accumulation 
and a dust flux over the high East Antarctic plateau 
proportional to the flux over the sources, an increase 
in wind velocity by a factor of about 1.4 has been 
calculated for the source areas (Petit and others 
1981). This is a maximum value since the transport 
efficiency which is linked to turbulence has also 
played a role as demonstrated by the presence of 
microparticles as large as 10 ~m in LGM ice samples 
(Petit and others 1981). Such a wind velocity increase 
is probably connected with an increase in the tempera­
ture gradient with latitude during the LGM (CLlMAP 
Project Members 1981) over the southern hemisphere. 

Marine aerosol concentrations are also higher 
during the LGM (see Na in Fig.l) with LGM/Holocene 
ratios of about 2 to 3 for Byrd (Cragin and others 
1977), 4 to 5 for Vostok (De Angelis and others in 
press) and 5 for Dome C (Petit and others 1981). These 
higher values may also be explained by an increase in 
the wind over the Southern Ocean (40 to 50 0 S wind 
belt), with the effect of the sea-ice extension during 
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the LGM (CLlMAP Project Members 1981) compensated by 
a higher transport efficiency. The comparison of Na 
and 0 180 profiles (Fig.l) shows that marine aerosol 
concentrations increase as climate gets colder; they 
both probably reflect Antarctic and SUb-Antarctic 
changes. Differences between sites for the LGM/Holo­
cene ratios may tentatively be explained by deeper 
penetration of cyclonic disturbances associated with 
a higher meridional temperature gradient during the 
LGM (De Angelis and others in press). 

The main ionic constituents such as sulphate and 
nitrate also show higher concentrations during the 
LGM. The increase for SOf, about x 1.5 at Byrd 
(Cragin and others 1977) and about 2 to 3 for East 
Antarctic sites (M Legrand in preparation), is likely 
to be associated with an increase in the marine con­
tribution. Legrand also found a threefold increase 
for nitrates in LGM Dome C ice samples. Assuming 
that the concentrations measured in the ice reflect 
atmospheric changes, LGM aerosol concentrations were 
then higher by about x 5 to 6 (Royer and others in 
press) • 

The high aerosol loading of the LGM atmosphere has 
probably affected the radiation balance. A tentative 
estimate (Royer and others in press) suggests a 
warming effect over Antarctica smaller than 2°C and 
a relative heating rate significantly higher over the 
dust sources, e.g. tropical desert areas. This 
suggests a possible significant change in one of the 
bounda~y conditions, i.e. the atmospheric composition, 
prescrlbed in atmospheric GCM palaeoclimatic simu­
lations. 

Antarctic ice cores have recorded significant 
changes of aerosol concentrations in the regional low 
troposphere. A three-dimensional picture over 
Antarctica and reconstitution up to the source areas 
may not be achieved without the help of atmospheric 
circulation models (Joussaume and others 1984[a]); the 
ice-core data may potentially be used as a check on 
such simulations. A significant increase (by a factor 
of 2.5) in concentration of the cosmogenic l OBe has 
also been observed in the LGM Dome C samples with 
respect to rather constant Holocene values (Raisbeck 
and others 1981). The climatic implications are not 
clear at present as such a change may be related to 
various parameters, i.e. snow accumulation, atmos-
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pheric exchanges, primary cosmic-ray and geomagnetic 
field intens ity, and solar activity. 
Carbon dioxide (C02) 

When flrn turns into ice, atmospheri c air is en­
trapped as bubbles. Using appropriate gas-extraction 
procedures (Raynaud and others 1982) it is possible 
to obtain, from cold ice cores, a record reflecting 
the past evolution of the atmospheric C02 content. 
Although different processes may complicate the inter­
pretation of the C02 measurements in air bubbles in 
ice (Lorius and Raynaud 1983), this method provides 
the most direct evidence for such an atmospheric 
record. 

For the record extending back to the LGM, the most 
relevant Antarctic data was obtained from the Dome C 
and Byrd cores (Delmas and others 1980, Neftel and 
others 1982). Although there is significant scatter 
in the data which could reflect both experimental 
problems and natural fluctuations, the following 
features are clearly apparent: C02 values for the LGM 
are of the order of 200 ppmv; for the Holocene period 
the records indicate a mean figure of about 270 ppmv 
(Figs.1 and 2). These values are consistent with the 
results obtained from other ice cores (Delmas and 
others 1980, Neftel and others 1982). More recent 
measurements performed on both cores indicate that 
between about 800 and 2 500 a BP, which is before 
the significant anthropogenic perturbation of the 
atmospheric C02, the C02 concentration was of the 
order of 260 ppmv (Barnola and others 1983). This 
figure should be compared with the C02 concentration 
measured in the atmosphere since 1958, which is today 
around 340 ppmv. A new study of the D57 core (East 
Antarctica suggests a value of about 260 ppmv around 
1850 AD and the existence of slight natural variations 
before this time (Raynaud and Barnola 1984). 

Mlcropartlcles 

Thus, according to ice-core data, important 
changes have occurred in the C02 atmospheric reser­
voir since the LGM; the same relative increase is 
observed with very different climatic changes : the 
first increase (from 200 to 270 ppmv) is linked with 
the drastic LGM-Holocene climatic change and the 
second (from 260 to 340 ppmv) corresponds to a period 
with relatively stable temperature conditions. 

If the C02 change measured in the atmosphere be­
tween 1958 and today is mainly attributed to the 
effect of th e fossil fuel con sumption, causes for 
earlier variations are more difficult to assess. Part 
of the change that has occurred since the 260 ppmv 
level, which could be representative of the pre-
1850 AD atmosphere, may be due to a biospheric C02 
source induced by mankind before the use of fossil 
fuel (Lorius and Raynaud 1983, Raynaud and Barnola 
1984). On the other hand the increase in the C02 con­
centration, which occurred between the LGM and the 
Holocene period, was forced by natural mechanisms. 
Recent explanations involve changes in the marine bio­
logical productivity (Broecker 1982, McElroy 1983) or 
in the reef-building activity (Berger 1982) linked 
with the sea-level rise following the melting of the 
ice sheets; possible modification in the oceanic cir­
culation may also play a primordial role (Broecker 
and Takahashi 1984, 5tauffer and others 1984). A 
precise study of the comparative timing between the 
C02 and climate changes inferred from ice-core 
records may provide important information in this 
respect. New results obtained from the Dome C core 
suggest that the interpretation of this comparative 
timing near the end of the LGM could be complex 
because of the "stepped" shape of the C02 variation 
(Raynaud and Barnola 1984). 
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Fig.2. The Byrd record. 6 180 (0/00 ), aluminium and microparticle content, total Na and so~­
concentrations, total gas V, and CO2 content versus age and depth. 6 180 (0/00) and the· 
chronology are from Johnsen and others (1972); the 6 values versus depth provided by 
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500 ~l sample) content is from Thompson (1977). Al, Na and 504- values: circles are 
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compiled values from Briat (1974). V results are from Raynaud and Whillans (1982); the 
difference between lines (1) and (2) for the LGM ice indicates that the Byrd area was lower 
than at present by about 175 to 205 m (from the 6E scale given in the figure). C02 concen­
trations are from Neftel and others (1982) and Oeschger and others (1982). 
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I CE-TH I CKNESS OAT A 
The total gas content V in ice depends theoretic­

ally on the atmospheric pressure P and temperature T, 
and on the ice-pore volume Vc when the firn turns 
into ice (Raynaud 1977). Raynaud and Lebel (1979) 
found an experimental relationship between V and the 
elevation E of the ice-formation site under present 
conditions: 

V[cm 3 g- 1 of ice] = -1.66 x 10-5 Em + 0.138 

This equation implies that Vc decreases linearly with 
temperature and we can assume that .the variations of 
V with E are only due to the changes of P and T 
according to: 

V[cm 3 g-1 of ice] 
0.015 

( 2.0 x 10-4 - -- ) P[mbar] 
T (K) 

(Raynaud and Lebel 1979). At constant pressure, V 
would then decrease as the temperature decreases at a 
rate of about 2 x 10-4 cm3 g-1 of ice per °C. Although 
the physical mechanisms causing the Vc-Tc dependence 
a~e not clearly understood, application of the above 
empirical figures is the most direct way to obtain in­
formation about past ice-surface elevation. 

The application to LGM conditions first requires a 
correction for changes in T which can be obtained, as 
previously discussed, from isotopic shifts. An uncer­
tainty remains with regard to possible changes of the 
atmospheric pressure field which could, in particular, 
be connected with different circulation patterns. Due 
to the lack of information, which could probably be 
obtained from atmospheric· palaeo-simulations, we will 
assume in our interpretations that the elevation­
pressur'e pattern did not change with time. 

When the elevation of the ice-formation site is 
thus obtained, we have to assess ice-flow conditions 
so that the past surface elevation may be reconstruc­
ted, which will, in turn, reflect the past ice thick­
ness. For the Byrd ice core, Raynaud and Whillans 
(1982) calculated the expected V profile from steady­
state conditions, i.e. assuming a surface elevation 
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Fig.3. The Vostok record. 6180 (0/00) from Kotlyakov 
and Go rdiyen ko (1982) and total gas content V ver­
sus depth and age from Korotkevich and others (to 
be published*). For the V record a scale in terms 
of elevation change is also given; the difference 
between dashed lines 1 and 2 (6E ~ - 30 m) indic­
ates that the LGM ice was formed at an elevation 
close to the current Vostok alt itude. 

profile constant with time, upstream from Byrd station. 
Note that the "steady-state" 1 ine (1) in Figure 2 is 
slightly different from the one given by Raynaud and 
Whillans because a surface temperature change of 10°C 
(as discussed previously) linked to the termination 
of t~e LGM has been used instead of a value of 7°C. 
Fi~ure 2 indicates a significant deviation between 
the "steady-state" curve and the V experimental re­
sults in the depth interval corresponding to the LGM. 
This deviation suggests that the surface elevation 
at the ice formation site, estimated to be at about 
100 km upstream from the drilling site (Whillans 
1979), was lower than present by about 175 to 205 m. 
Keeping in mind the limitations of this method, the 
gas information strongly suggests that the ice thick­
ness around Byrd did not change dramatically at the 
same time that the last ice age ended. The gas evi­
dence is consistent with another study based on the 
interpretation of internal radio echo layers (Whillans 
1976). The behaviour of the Byrd area between the LGM 
and present conditions may be typical of the central 
area of West Antarctica. 

For the central part of East Antarctica the only 
available data including the LGM comes from the 
Vostok core (Korotkevich and others to be publ ished*). 
Although the experimental procedure used lacks accur­
acy, the results suggest that the LGM ice was formed 
at an elevation close to the current Vostok altitude. 
From ice velocities at the order of a few metres per 
year (Young 1979) and the present day surface ele­
vation contours, we can estimate that the LGM ice was 
formed a few tens of kilometres from the present 
drilling site at an elevation which was about 100 m 
lower than the current one. The Vostok gas results 
are consistent with the interpretation of the tem­
perature profile measured in the Dome C bore hole 
(Ritz and others 1982). They both suggest a slight 
thickening of this central part of East Antarctic 
since the end of LGM but, in any case, no dramatic 
change. 

The interpretation of the comb ined V-o obtained 
from ice cores drilled in some East Antarctica 
coastal sites is less straightforward, due to the 
significant ice-flow effects. Nevertheless, results 
from the 0-10 (66°40' 5 140 0 01'E) core in Terre 
Adelie suggest that the surface elevation about 250 km 
from the present coast was of the order of 400 m higher 
during the LGM than now (Raynaud and others 1979, 
Young and others 1984). Other V resul ts from the Cape 
Folger F core suggest that the ice-thickness change 
for the area of the Law Dome near Casey (66°17'5 
110 0 32'E) was even larger (Sudd and Morgan 1977, 
Lebel 1979). 

In conclusion, the interpretation of the limited 
available V data indicates a possible slight thicken­
ing of the central parts of the ice sheet and a more 
significant thinning of some coastal areas in East 
Antarctica since the LGM. This picture differs from 
the one given by some reconstructions (e.g. Hughes 
and others 1981), based on ice-sheet modelling, which 
conclude a much thicker West Antarctica during the LGM. 
A slight thickening of central West Antarctica between 
the LGM and the Holocene could have been induced by 
an increase in the rate of snow accumulation (Raynaud 
and Whillans 1982), an explanation which could also 
hold for central East Antarctica. On the other hand, 
coastal areas could have thinned between the LGM and 
the present under the influence of the sea-level rise 
and the temperature increase. 

However lOuch more experinlenta I data and ice-sheet 
modelling efforts are required to sort out a realis­
tic picture of Antarctic ice surface elevation 
changes since the last ice age. 

* To be published: 
Korotkevich Ye 5, Petrov V N, Barkov N I, Lipenkov V Ya Vertical st ructure of the Antarct ic ice sheet and 

palaeogeographic interpretation of the data obtained. 
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CONCLUS ION 
The review of available Antarctic ice- core data 

from inland sites and covering both Holocene and LGM 
suggests very drastic modifications of the atmos­
pheric environment. Some have a regional significance; 
the proposed temperature and suggested accumulation 
changes could provide useful comparisons with GCM 
results. Others may have impact on a hemispheric 
scale (aerosol concentrations, relative humidity over 
the ocean); the inferred changes for the wind velocity 
and relative humidity could again be checked with 
atmospheric model outputs. Aerosols may have changed 
the radiation balance and when feasible should be in­
cluded as prescribed boundary conditions in model 
simulation. This also applies to carbon dioxide, as 
the large changes recorded in Antarctic ice are of a 
global significance and may have played, through 
strong interactions between continents, atmosphere and 
oceans, a major role in the LGM-Holocene climatic 
change. In contrast with the drastic modifications 
of the atmospheric environment, ice-core data suggest 
only slight changes in central Antarctic ice thick­
nesses since the LEM, but more pronounced changes in 
the coastal areas; central and marginal areas of the 
ice sheet could have reacted differently to the 
climatic change. 
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