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A Detailed Study of Snow Accumulation and Stable Isotope Content 
in Dome C (Antarctica) 

J. R. PETIT, 1 J. JOUZEL 2 M POURCHET, 1 AND L MERLIVAT 2 

Snow samples have been taken in the Dome C area in order to study the variations of the 
accumulation rate and of the stable isotope content over the last century. Stake observations indicate a 
large spatial variability of the accumulation rate at a 1-year scale (•rs = 2.6 g cm -2 yr -• for a mean value 
• = 3.6 g cm -2 yr-•). The depth of the 1965 and 1955 layers determined from beta radioactivity 
measurements in 19 sites lets us deduce that the spatial variability becomes small at a 10-year scale (•rs 
= 0.3 g cm -2 yr-•), showing that the snow collected at one point is well representative of the fallen 
precipitation over this period. The rate of snow accumulation since 1965 is about 30% higher than 
during the 1955-1965 period. This conclusion is supported by measurements over a large geographical 
sector of East Antarctica. Shorter-term changes of the snow accumulation have been studied by 
various means and in particular from detailed deuterium content profiles' by comparing with the beta 
and tritium radioactivity determinations it is shown that the deuterium variations do not allow us to 
obtain a seasonal record. In such a low-accumulation area, different mechanisms (such as smoothing of 
the isotopic signal, roughness of the surface, irregularity of the accumulation) which may disturb the 
short-term record are discussed. The interpretation of stratigraphic observations is not straightfor- 
ward. However, it was possible to obtain a calibration down to the 1955 layer, which allows us to offer 
a dating of the snow layers over the last century. The mean accumulation so obtained (3.7 g cm -2 yr -•) 
is in good agreement with the value (3.6 + 0.5) deduced from lead 210 measurements. Geographical 
changes of the mean deuterium content are relatively small, showing that at a 10-year scale the isotopic 
signal is well representative of the mean deuterium content of the precipitation. This ensures that the 
smoothed (10-year running mean values) deuterium profile obtained over the last 160 years provides a 
good indication of the temperature secular trend in the Dome C area. 

INTRODUCTION 

A very detailed study of snow accumulation and stable 
isotope content in the firn has been under way since 1975 in 
the Dome C area of Antarctica (74ø39'S, 124ø10'E (Figure 1)) 
where elevation is 3240 m above sea level and the mean 

temperature is -53.5 ø . Our aim was to investigate the 
representativeness of these parameters on the scale of 10- 
100 years at that location intended for deep core drilling (905 
m), during the 1977-1978 Antarctic field season [Lorius et 
al., 1979] for paleoclimatological studies. 

SNOW ACCUMULATION RATE 

Dome C is located in the central part of Antarctica where 
the snow accumulation rate (a) was expected to be very 
small (a few centimeters of snow per year) and difficult to 
determine precisely using only the classical method such as 
stake measurements and the visible stratigraphy studies 
[Koerner, 1971]. To get maximum information concerning 
the temporal and spatial variability of this parameter over 
the last century, we also applied other techniques such as 
artificial (gros•/3 and tritium) and natural (lead 210) radioac- 
tivity measurements and examination of detailed stable 
isotope profiles. For presentation purposes, we will divide 
these methods into three groups corresponding to increasing 
time scales: 

1. The first group includes measurements made in the 
field during the three glaciological expeditions (1975, 1978, 
and 1979), involving stake observations and surface rough- 
ness studies. 
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2. Over the 1955-1979 period, information was obtained 
from very detailed measurements of/3 activity, tritium, and 
stable isotopes. The year 1955 corresponds to a very well 
defined reference level due to the first arrival of gross /3 
artificial radioactivity in Antarctica [Picciotto and Wilgain, 
1963]. 

3. Before 1955, only visible stratigraphy and lead 210 
determinations could be used to deduce the accumulation 
rate. 

Field Observations (1975-1979) 

Seventy-eight stakes were placed around the Dome C 
station during the 1975 and 1978 expeditions, allowing accu- 
mulation rate determinations for 1-year and 4-year time 
intervals. For the 1-year period (58 measurements) the mean 
value was equal to 3.6 -+ 0.4 g cm -2 yr -• with a variability 
between the individual points of 2.6 g cm -2 yr -• (one 
standard deviation' •r). Among these observations there are 
6 cases (10%) with no accumulation or ablation and a total of 
13 cases (22%) with accumulations of less than half the mean 
annual value. In addition, detailed snow level studies have 
been performed on a 100-m 2 area (Figure 2) showing that the 
mean surface level variation (roughness) is equal to 10 cm or 
4 g cm -2 of equivalent water. This relatively high surface 
relief is due to the removal of snow by wind leading to a 
value of the same order as the mean annual accumulation 

rate. It appears that stake measurements and surface level 
observations are quite consistent and clearly indicate that in 
the Dome C area, snow deposited at a single point cannot be 
considered to be representative of the snow precipitation on 
the 1-year scale. 

For the 4-year period (25 observations) we obtained the 
same mean value (a = 3.8 - 0.15 g cm -2 yr -•) but a much 
lower variability between individual points (0.8 g cm -2 
yr-•), demonstrating, as would be expected, that successive 
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Fig. 1. Map of Antarctica. 

annual rates at a given point are not independent variables. 
This is due to the fact that the mean surface roughness tends 
to be conserved, implying a preferential deposition of snow 
at low-level points. However, the low variability observed 
indicates that accumulated snow is quite representative of 
the precipitation of a 4-year scale. 

Period From 1955 to 1975 

The • radioactivity measurements. The values of artifi- 
cial • activity in Antarctic snow are characterized by two 
well-defined reference levels, one, previously mentioned, at 
the beginning of 1955 [Picciotto and Wilgain, 1963] and the 
other from the end of 1964 to the beginning of 1965 [Crozaz, 

1969] due to the arrival in the Antarctic area of radioactive 
debris from the Castle series in 1954 and from the 1962-1963 

nuclear tests, respectively. In addition, a basic feature of the 
/3 activity fallout in the southern hemisphere is the appear- 
ance of a broad summer maximum and winter minimum. 

This seasonal pattern, connected to the stratospheric-tropo- 
spheric exchange mechanisms, has been observed in south- 
ern hemisphere precipitation [Taylor, 1968] and in the South 
Pole • profile, providing additional information concerning 
the snow deposition chronology at this station [Jouzel et al., 
1979]. 

In the present Dome C study, a new method based on the 
use of ion exchange filters was applied [Delmas and Pour- 
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Fig. 2. Example of level variation of the snow surface versus an artificial horizontal line in two right angle directions at 
the Dome C area. 
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chet, 1977], allowing the preparation of a large number of 
samples in the field. A total of 1660 samples, taken at 19 
different sites, were analyzed. Seventeen of these sampling 
points are located in a 20-km 2 area centered at the station, 
and the two others are 25 and 98 km away, respectively. 
Figure 3 shows one of the profiles obtained, with two well- 
marked peaks, that can be used to fix precisely the 1955 and 
1965 reference levels. However, successive/3 summer maxi- 
mum are not clearly displayed and cannot be used for 
additional annual chronology. The reported profile is very 
typical, the 1955 and 1965 levels being easily detectable in 
each of the 19 studied cases and the seasonal pattern being 
largely obliterated. This last problem, concerning the disap- 
pearance of seasonal variations, is discussed at the end of 
this section. 

The chronological information deduced from these exten- 
sive studies of/3 activity is reported in Table 1. For the 
accumulation rate, a single cumulative density (d) curve, 
obtained by plotting different sets of density measurements 
versus depth, has been used. It can be expressed by 

d = 0.345 + 6.4 x 10-3z 

where z is the depth in meters. The mean annual accumula- 
tion rate was calculated over three distinct periods, from 
1955 to 1965, from 1965 to the sampling date, and from 1955 
to the sampling date (Table 1). 

The experimental error (_ rre) for the 10-year and 20-year 
periods is estimated to be ---0.3 and _+0.2 g cm -2 yr -], 
respectively, taking into account the different sources of 
error concerning the density determination and the sampling 
procedure. The/3 arrival dates (taken as January 1955 and 
January 1965) appear to be well defined in Antarctica 
[Picciotto and Wilgain, 1963; Crozaz, 1969], and even a 2- 
month shift, due, for example, to the different tropospheric 
behavior of the/3 aerosol in the Dome C area as compared to 
other parts of Antarctica, does not appreciably modify this 
estimated error. 

Two interesting pieces of information concerning the 
spatial and temporal variation of the accumulation rate in the 
Dome C area can be derived from these data (Table 1). 

If we consider the two successive decades, the total 
variability of the individual results (trr) is equal to 0.35 and 
0.45 g cm -• yr -], respectively, excluding site 17, located 98 
km away from the main Dome C camp, where the accumula- 
tion rate is significantly higher than near the station. This 
parameter trr is linked to the measurement error tre and to 
the spatial variability tr• by trr 2 = tr• 2 + O'e 2. From this we 
deduce that tr• is equal to 0.3 g cm -2 yr -• (taking 0.4 as a 
mean value for trr). Therefore the spatial variability ob- 
served on the annual signal (2.6 g cm -2 yr -1) becomes very 
weak on a 10-year scale. This indicates that the snow 
collected at a point is quite representative of the Dome C 
area and consequently of the precipitation fallen during the 
considered period, this last point being very important for 
climatological and palcoclimatological studies. As would be 
expected, the weakness of spatial variability is also verified 
for the 20-year scale, tr• being equal to 0.2 g cm -2 yr -• (with 
rrr = 0.3 g cm -2 yr -] and O' e -" 0.2 g cm -2 yr-]). This 
indicates that the site chosen for the drilling of the 905-m- 
deep core can be considered as being well representative of 
this region. 

A significant increase in the mean accumulation rate 
between the two successive decades, from 2.7 _+ 0.1 g cm -2 
yr -• (1955-1965) to 3.5 _+ 0.1 g cm -2 yr -• (after 1965), is also 
evident in Table 1. This striking feature, previously observed 
by Lambert et al [1978] and Pourchet et ai. [1979], over a 
large part of Antarctica, has not been satisfactorily ex- 
plained. We will see below that the accumulation variability 
for 10-year periods over last 100 years is equal to 0.8 g cm -2 
yr -• at Dome C, showing that, at least at this station, the 
30% increase between the two successive decades can be 
considered normal. 

Tritium measurements. As previously shown by many 
authors [Merlivat et al., 1977; Jouzel et al., 1979], tritium 
measurements are a valuable dating tool for the last 20 years, 
based on the existence of several reference levels and of a 

seasonal pattern. A well-dated profile measured at the South 
Pole [Jouzel et al., 1979] allowed us to define the main 
features of tritium fallout in Antarctica, characterized by its 
first arrival in 1954, maximum values in 1960, 1966, 1969, 
and 1973, and low values in 1961 and 1962, all these levels 
being highly related to nuclear explosions (except for the 
1973 level). Each annual tritium peak clearly appears during 
the Antarctic winter, indicating different injection mecha- 
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TABLE 1. Accumulation Rates From Total Beta Radioactivity Measurements, at 19 Different Sites in the Dome C Area 

Station Sampling Date 

Depth of the 1955 and 1965 Beta 
Level From the Sampling 

Surface, cm Accumulation Rate, g cm -2 yr -1 

January 1955 January 1965 1955-1965 
Beta Level Beta Level Period Since 1965 Since 1955 

Accumulation 

Variation (in %) 
Between the Post- 
1965 and the 1955- 

1965 Periods 

1 1978 180 129 
2 1978 195 138 
3 1978 198 122 
4 1978 155 95 
5 1978 215 146 
6 1978 199 124 
7 1975 200 122 
8 1975 195 119 
9 1979 210 130 

10 1979 215 130 
11 1979 218 147 
12 1979 202 125 
13 1979 225 148 

14 1979 207 133 
15 1979 206 128 
16 1979 236 146 

17 1979 194 
18 1979 220 144 
19 1979 226 152 

average 

1.8 3.5 2.8 94 
2.1 3.8 3.0 81 
2.8 3.3 3.1 18 
2.2 2.5 2.4 14 
2.5 4.0 3.4 60 
2.7 3.4 3.1 26 
2.9 4.3 3.6 48 
2.8 4.2 3.5 50 
2.9 3.3 3.1 14 
3.1 3.3 3.2 6 
2.6 3.7 3.3 42 
2.8 3.1 3.0 11 

2.9 3.7 3.4 27 
2.7 3.4 3.1 26 
2.9 3.2 3.1 10 
3.3 3.7 3.5 12 

4.9 

2.8 3.6 3.3 29 
2.7 3.9 3.4 44 
2.7 3.5 3.2 33 

All samples were taken in January. 

nisms for /3 and tritium and providing, in the case of the 
South Pole, a year to year dating method. 

Four detailed tritium profiles have been obtained at Dome 
C in two different pits. Figure 4 shows one of these profiles 
covering the 1957-1971 period. On this curve the three 
reference levels corresponding to the 1960, 1966, and 1969 
winter maxima can be easily attributed and agree well with 
the information previously deduced from the/3 radioactivity 
measurements performed on the same samples (1955 and 
1965 summer). However, the seasonal pattern is totally 
absent in spite of very extensive sampling (ten samples per 
year, on the average). The three other profiles are very 
similar, indicating clearly that tritium measurements cannot 
provide chronological information on the 1-year scale in the 
Dome C area. This agrees with the surface observations. 

Deuterium measurements. Seasonal variations of deute- 

rium content in the snow precipitation, with maximum and 
minimum occurring during summer and winter, respectively, 
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Fig. 4. Profile of artificial tritium content (in tritium units (T.U.)) 
measured in the Dome C snow. 

provide a widely used dating method [Hammer et al., 1978; 
Jouzel et al., 1979]. 

At Dome C we have obtained four deuterium profiles for 
the same samples as those measured for tritium. As shown in 
Figure 5, where we have reported/3 and tritium chronology, 
there are fewer deuterium maxima than the estimated num- 

ber of years in each dated interval, demonstrating that this 
deuterium profile cannot give any chronological information 
by itself. This point, so valuable for the other data sets, is 
consistent with the study previously carried out by Dans- 
gaard et al. [1977] at Vostok (Antarctica), a station with a 
low accumulation rate (a - 4.4 g cm -2 yr-•). 

Obliteration of seasonal variations. A common feature 
of the three described methods, based on the/3 radioactivity, 
tritium, and deuterium analyses, is the general absence of 
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Fig. 5. Profile of deuterium content measured in the Dome C 
snow. 
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Fig. 6. Stratigraphy for 1975 made in the field from a pit wall 
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seasonal indexes. This can possibly be explained by three 
independent factors. 

First, with such a low precipitation rate as observed in the 
Dome C area, the probability of the absence of precipitation 
during several months is not negligible. The Antarctic Pla- 
teau climate is characterized by a sharp transition between a 
long winter (April-September) and a short summer (Decem- 
ber and January), so that the lack of precipitation during one 
of these two seasons always results in the missing of a year. 
In the absence of field observations, the probability of such 
an event is difficult to evaluate, but it could be an important 
factor. 

Second, as shown by stake measurements, the removal 
processes in the surface snow layers are very important on 
the 1-year scale. It can reasonably be assumed that the 
probability of no snow accumulation at any one point of an 
area, during a given period, is equal to the percentage of this 
area showing no accumulation during the same period 
[Koerner, 1971]. In 22% of the cases studied, the accumula- 
tion was equal to or less than half of the mean annual value, 
resulting almost certainly in the disappearance of a seasonal 
index. With the available data, this figure is the best estima- 
tion of the annual signals which disappear in a/3, tritium, or 
deuterium profile owing to removal processes due to the 
transport and deposition of snow by the wind. 

Third, diffusion of the water molecules in the firn may be 
responsible for the smoothing of the HDO, H2•sO, or HTO 
signal recorded in the new fallen snow, during the firnifica- 
tion [Johnsen, 1977]. In low-accumulation areas (less than 20 
g cm -2 yr -•) the obliteration of seasonal isotopic variations 
would occur over a few decades. Recent results obtained at 

the South Pole for the last 25 years (mean accumulation rate 

equal to 8.2 g cm -2 yr -•) indicate that this smoothing effect 
is less rapid than expected [Jouzel et al., 1979]. This 
phenomenon may affect the deuterium and tritium Dome C 
profiles over the last 20-year period; however, we were 
unable to calculate its relative influence with respect to the 
two other processes given as explanations for the oblitera- 
tion of these seasonal isotope variations. 

Period Prior to 1955 

Stratigraphy. Stratigraphic studies represept a widely 
used dating tool based on the stratification of snow layers 
during the annual cycle [e.g., Gow, 1965] giving very reliable 
results even in low-accumulation areas such as the South 

Pole [Jouzel et al., 1979]. However, the application of this 
method is not obvious for very low accumulations as shown 
in a detailed study carried out by Koerner [1971] at Plateau 
Station and during the South Pole-Queen Maud Land Tra- 
verse (mean accumulation less than or equal to 4.4 g cm -2 
yr -• [Picciotto et al., 1971]). This study and our previous 
results showing the disappearance of seasonal indexes at 
Dome C indicate that difficulties may be encountered in 
applying the stratigraphic method in this area. 

This can be confirmed by considering the results of N. I. 
Barkov in his field dating of a 9.54-m snow core. Barkov 
proposed a conventional interpretation based on the count- 
ing of summer hoar layers. Measurements of/3 can be used 
to check on the obtained results, and we have found a loss of 
5 years over the 1955-1975 period. Because of this difference 
in the results of the two methods, we tried to reinterpret the 
stratigraphic field observations made by Barkov, taking into 
account all the stratigraphic indexes corresponding to any 
physical change in the snow, i.e., the appearance of hoar 
layers, crust layers, hard layers, and so on. 

The different layers which have already been accurately 
dated by /3 and tritium measurements (1955, 1960, 1965, 
1966, and 1969) were used to calibrate this new interpreta- 
tion over a 20-year period. Within this zone, 14 stratigraphic 
indexes were observed, four of them being represented by a 
double-crust layer and another one by a 6-cm-thick hard 
layer. It was assumed that the double-crust layers corre- 
spond to 2 years of accumulation, which was supported by 
the general depletion of the adjacent layers (Figure 6). 
Following the interpretation proposed by Koerner [ 1971] at 
Plateau Station, we also attribute 2 years to the thick hard 
layer. With these two reasonable assumptions we get com- 
plete agreement between the previous dated levels and the 
stratigraphic interpretation. 

This calibration justified the continued dating of the snow 
core down to 9.54 m. A minimum value equal to 86 years, for 
the bottom age, was obtained by counting only the classical 
stratigraphic indexes (a = 4.4 g cm -2 yr-•). However, we 
observed very thick hard layers (up to 15 cm), and a 
tentative estimate of the maximum age was made by assum- 
ing that they represent the number of years equal to the 
number of multiples of 3 cm included, a figure derived from 
the fact that the hard layer observed before 1955, and very 
likely corresponding to 2 years, was 6 cm thick. This method 
gives a maximum age for the bottom of the core equal to 117 
years (a = 3.3 g cm -• yr-•). 

Finally, we propose a more likely value (lying between 
these two extremes) which can be used to deduce a year to 
year dating. This value is determined by applying exactly the 
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Scale, years 

TABLE 2. Accumulation Rates Obtained From Different Methods 

Mean Value of 
Number of the Accumulation 

Method Determinations Rate, g cm -2 yr -• 
1 stakes 59 3.6 --+ 0.4 
4 stakes 25 3.8 -+ 0.15 

10 (1955-1965) fl 17 2.7 -+ 0.1 
10 (1965-1975) fl 17 3.5 -+ 0.1 
20 fl 17 3.2 --+ 0.1 

100 stratigraphy 1 3.7 
100 210 Pb 1 3.6 -+ 0.5 

Spatial 
Variability, 
g cm -2 yr-• 

2.6 

0.8 
0.3 
0.3 
0.2 

same criteria as those used for the calibration period (1955- 
1975), i.e., by attributing 2 years to each crust layer as well 
as to each thick hard layer. This leads to a bottom age of 105 
years (Figure 6) corresponding to a mean accumulation of 
3.7 g cm -2 yr -•. 

A slightly different approach can be taken by considering 
that high accumulation rates observed in the classical inter- 
pretation correspond to several years of accumulation. 
There are 11 years with annual accumulation rates higher 
than 8 g cm -2 yr-•, the total thickness of which corresponds 
to 30 years of normal accumulation. This adds 19 additional 
years to the classical interpretation (86 years), supporting 
the 105-year value previously proposed. 

Lead 210 measurements. Measurement of the exponen- 
tial decay with depth of the 20.4-year half-life 210 Pb 
concentration in the firn represents a method to deduce the 
mean annual accumulation rate on the 100-year time scale, 
assuming that the 210 Pb concentration is constant in newly 
fallen snow [Sanak and Lambert, 1977]. Such a 210 Pb 
profile gives a 3.6 -+ 0.5 g cm -2 yr -1 mean accumulation rate 
in close agreement with the 105-year dating deduced from 
stratigraphic studies. 

Summary of the Results Concerning 
the Accumulation Data 

Table 2 summarizes the values of accumulation rate 

obtained for different time scales and the estimation of the 

spatial variability when several determinations have been 
made over the same period. The decrease in spatial variabili- 
ty with increasing time scale is well illustrated by this table. 
For 1- to 10-year time scales, successive annual accumula- 
tion rates at a given point are clearly dependent (as decreas- 
ing more quickly than the square root of the time scale). As 
has previously been pointed out, a 10-year period appears 
long enough to determine a representative value of the mean 
accumulation rate in the Dome C area. 

At the 100-year scale, additional information can be de- 
duced from the sulfate concentration profile determined for 
the same location [Delmas and Boutron, 1980], which shows 
a well-defined peak starting at a depth of 8.40 m from the 
snow surface. Such high sulfate values correspond to the 
signature of major volcanic events detected in deposited 
snow in Greenland [Hammer et al., 1978], as well as in 
Antarctica [Delmas and Boutron, 1980], for the Mont Agung 
eruption (1963), for example. In the studied case at Dome C 
the suggested volcanic event would be the 1883 Krakatoa 
eruption implying a 3.6 g cm -2 yr -• mean accumulation 
value, well in agreement with the lead 210 and the reinter- 
preted stratigraphic data (Table 2). 

The consistency of the results obtained by the different 
methods gives a high level of confidence in the proposed 

stratigraphic interpretation, and we therefore attribute an 
age of 1870 years to the bottom of the core. This can now be 
used to deduce the temporal variation of the accumulation 
rate. For a 1-year scale (105 determinations) the variability is 
equal to 2.6 g cm -2 yr -1, the same value as the spatial 
variability at this time scale (Table 2). Such a high agreement 
between spatial and temporal variability has already been 
observed at Byrd Station [Whillans, 1978], indicating that 
surface relief is fairly well preserved in the core stratigraphy. 
To present these results for a representative time scale, we 
have calculated the 10-year running mean values (Figure 7). 
This curve shows a rather high variability for this time scale, 
which can be attributed to snow precipitation variability. For 
the first nine successive decades this parameter is equal to 
0.8 g cm -2 yr -•. The high values observed at the bottom of 
the core were excluded from this calculation because strati- 

graphic observations were difficult in this lower part thereby 
increasing the probability of missing stratigraphic indexes. 

The 3.6 g cm -2 yr -• mean annual value obtained for the 
studied snow core compares well with the mean value of 3.4 
g cm -2 yr -1 calculated from the 905-m Dome C ice core for 
the last 10,550 years [Lorius et al., 1979], showing that the 
present-day accumulation rates are consistent with those of 
the last few thousands of years. 

STABLE ISOTOPE CONTENTS 

The deuterium and oxygen 18 analyses of snow and ice 
samples are a very powerful tool in paleoclimatological 
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Fig. 7. Ten-year running mean of annual accumulation rate and 
deuterium content (•cm2/a is g cm -2 yr-•). 
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studies, the isotopic content of precipitation being depen- 
dent mainly on its temperature of formation [Dansgaard, 
1964]. Basic features of the deuterium and 180 distribution in 
ice caps are (1) the existence of seasonal variations providing 
a commonly accepted dating tool and (2) the dependence 
between the mean isotopic content and the mean annual 
temperature studied either at different sites over the same 
period [Lorius and Merlivat, 1977] or at a given site as a 
function of time which can be used in the reconstruction of 
past climatic conditions [Hammer et al., 1978; Lorius et al., 
1979]. 

Our purpose in studying surface samples in the Dome C 
area was to determine the spatial variability of the isotopic 
signal and its temporal variation on the 100-year time scale. 
We will present only the deuterium results (expressed in/i 
D%dSMOW), as the •80 determinations were performed for 
only a part of the samples. 

Spatial Variability 

Twenty snow cores, each representing 13-15 years of 
accumulation, were sampled over a 25-km 2 area around the 
Dome C station. The mean deuterium content determined 
for the 20 results was -387.5%0 with a standard deviation of 
6%0. The spatial variability is actually even less than this 
value because each sample does not represent exactly the 
same period. This relatively low value shows that the 
isotopic signal measured in the firn is well representative of 
the mean isotopic content of the precipitation for this time 
scale. 

Hundred- Year Variations 

Deuterium analyses were performed on different sets of 
samples. We have obtained four detailed profiles covering 
the last 20 years (one of them is shown in Figure 5) and one 
less detailed profile (one sample per year on the average) 
with samples taken in a pit down to 5 m and from a core 
drilled in this pit from 5 down to 14 m. 

No attempt was made to correlate deuterium values with 
temperature records available in certain Antarctic locations 
over the last 20 years, as we have already seen that the snow 
sampled is not representative of the fallen precipitation on a 
1-year scale. Thus an experimental determination of the 
temperature isotope gradient, as we made for the South Pole 
[Merlivat et al., 1979], is not possible for the Dome C area. 

However, the 10-year running mean deuterium values 
shown in Figure 7 are well representative of the 100-year 
trend for the deuterium content in precipitation. Up to 1870, 
this curve has been established by taking into account the 
previously determined annual accumulation rates, and from 
there down to the bottom of the core we have assumed a 
constant accumulation rate of 3.6 g cm -2 yr -•. 

This smoothed deuterium profile provides an indication of 
the 101)-year trend of the temperature in the Dome C area 
over the last 160 years, showing two marked maxima over 
the 1830-1860 and 1920-1940 periods. The accumulation 
rates and deuterium variations do not appear to be correlated 
for the 1880-1970 period over which these two parameters 
have been determined. 

CONCLUSION 

From this very detailed study of snow surface samples 
taken in the Dome C area we can draw the following 

information: 

1. In such low accumulation rate areas, the more power- 
ful dating tools are those based on reference level determina- 
tions such as /3 and tritium measurements, and to a lesser 
degree lead 210 and sulfate analyses. The disappearance of 
seasonal variations. (/3, deuterium, and tritium) prevents a 
highly reliable year to year dating. We have shown, howev- 
er, that reinterpreted stratigraphic observations can provide 
such information even if it is less precise. 

2. It is necessary to consider at least a 10-year period to 
obtain representative information concerning accumulation 
rates and stable isotope content. For this time scale, the 
spatial variability of these two parameters is sufficiently low 
to ensure that the profiles shown in Figure 7 represent a 
reliable record of the accumulation rates and 100-year tem- 
perature trends in the Dome C area. 
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