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Abstract Better assessing the dynamic of stratosphere-troposphere exchange is a key point to improve
our understanding of the climate dynamic in the East Antarctica Plateau, a region where stratospheric
inputs are expected to be important. Although tritium (3H or T), a nuclide naturally produced mainly in the
stratosphere and rapidly entering the water cycle as HTO, seems a first-rate tracer to study these processes,
tritium data are very sparse in this region. We present the first high-resolution measurements of tritium
concentration over the last 50 years in three snow pits drilled at the Vostok station. Natural variability of the
tritium records reveals two prominent frequencies, one at about 10 years (to be related to the solar Schwabe
cycles) and the other one at a shorter periodicity: despite dating uncertainty at this short scale, a good
correlation is observed between 3H and Na+ and an anticorrelation between 3H and δ18O measured on an
individual pit. The outputs from the LMDZ Atmospheric General Circulation Model including stable water
isotopes and tritium show the same 3H-δ18O anticorrelation and allow further investigation on the associated
mechanism. At the interannual scale, the modeled 3H variability matches well with the Southern Annular
Mode index. At the seasonal scale, we show that modeled stratospheric tritium inputs in the troposphere are
favored in winter cold and dry conditions.

1. Introduction

Antarctica is a key region to better document past and present climate dynamic. This remote continent
and especially the East Antarctic plateau are characterized by harsh climate conditions and significantly
influenced by stratosphere-to-troposphere transport. Numerous climate and environmental reconstruc-
tions have been made possible thanks to numerous proxies archived in the Antarctic snow and ice over
the last million years (e.g., Epica, 2004; Higgins et al., 2015) and at high resolution over the last centuries
(Abram et al., 2014; Schneider et al., 2006). Among the different proxies measured on the ice matrix,
stable water isotopes (δ18O or δD) are particularly useful to document past temperature variations
(Jouzel et al., 2003) and aerosols concentration (e.g., Na+, Ca2+, and SO4

2�) to document past atmospheric
transport as well as natural aerosols sources (e.g., Fischer et al., 2007; Lambert et al., 2012; Legrand
et al., 2016). Despite the use of sulfur isotopic anomaly to detect past stratospheric volcanic explosions
in ice cores (Baroni et al., 2007), documenting the past stratospheric input is not straightforward from ice
core proxies.

Natural tritium (3H or T) is mainly produced in the stratosphere at a rate of ~0.32 atoms/cm2/s by spallation of
nitrogen and oxygen (Masarik & Beer, 2009) and rapidly enters the water cycle in the form of tritiated water
molecules HTO. 3H has a radioactive half-life of 4,500 ± 8 days (Lucas & Unterweger, 2000). Since 1954 and
until the 1963 Nuclear Test Ban Treaty, vast amounts of thermonuclear tritium (~525 kg, United Nations
Scientific Committee on the Effects of Atomic Radiation, 2000) have been injected in the stratosphere and
upper atmosphere compared to the steady state global natural inventory of ~4.6 kg (deduced from the
above production rate). Since 1963 tritium levels in precipitation have been steadily decreasing due to radio-
active decay and dilution within the large oceanic reservoir. As a consequence, tritium concentration in pre-
cipitation today is very close to the natural level and insignificantly affected by anthropogenic production as
shown by a recent modeling of natural tritium concentration in water confronted to present-day measure-
ments in precipitation (Cauquoin et al., 2015). The present-day tritium content of the stratosphere is about
9 × 105 tritium unit (TU) (Ehhalt et al., 2002; Fourré et al., 2006) whereas tritium in precipitation is in the range
of a few tens of TU (IAEA/GNIP database, International Atomic Energy Agency / Global Network of Istopes in
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Precipitation), 1 TU meaning a T/H ratio of 10�18. This large difference is due to the higher H2O content in the
troposphere, diluting the signal.

HTO concentration in accumulated snow (precipitation and ice crystals settling) can thus be related to strato-
spheric water input. Stratospheric inputs are expected to be particularly important in polar regions, especially
in central Antarctica in austral winter (Roscoe, 2004). A clear increase of tritium concentration in snow from
the coast to the interior of East Antarctica is observed both in data and in modeling experiments
(Cauquoin et al., 2015; Fourré et al., 2006). This effect on the local tritium concentration in snow is also favored
by the very low accumulation rate in East Antarctica.

In turn, tritium concentrations in East Antarctica snow should ideally be used to assess the dynamic of
stratosphere-troposphere exchanges. However, tritium data are very sparse in East Antarctica except a few
mean concentration measurements performed on surface snow (Becagli et al., 2004; Cauquoin et al., 2015;
Proposito et al., 2002) and a couple of samples at the Vostok station covering the period 1980–1990 (Fourré
et al., 2006). In this study, we present the first high-resolution measurements of tritium concentration over
the last 50 years at the Vostok station. The Vostok station, at an elevation of ~3,500 m, is characterized by its
very low accumulation rate and temperature (respectively 2.4 cm eq ice yr�1 and �57°C) and is thus one of
the best place in Antarctica to detect stratospheric water vapor input. The signature of such an input at
Vostok has already been suggested by combined measurements of water stable isotopes and 10Be (Winkler
et al., 2013). Indeed, variations of 10Be concentrations in snow are influenced by the 10Be production itself
modulated by the solar activity (as for the tritium production) and by its transport in the atmosphere (Baroni
et al., 2011). In addition, because of photochemical reactions involving ozone in the stratosphere, the triple iso-
topic composition of the water vapor in the stratosphere is not expected to follow a mass-dependent relation-
ship so that 17O-excess of water (17O-excess = ln(δ17O + 1)� 0.528× ln(δ18O + 1)) (Barkan & Luz, 2005; Barkan &
Luz, 2007; Landais et al., 2008) is expected to bear a signal of stratospheric moisture input (Winkler et al., 2013).
The correlation between 17O-excess and 10Be in the Vostok snow pits (Touzeau et al., 2016; Winkler et al., 2013)
has thus been assumed to reflect a temporal modulation of the stratospheric moisture input.

In contrast to 10Be and 17O-excess whose signatures in terms of stratospheric input can be debated, variabil-
ity in tritium data at Vostok is more directly linked to variability of the stratospheric moisture inputs. In the
following, the combination of the tritium measurements with stable water isotopes (δ18O, δD, and δ17O),
aerosols concentration, and 10Be as well as a confrontation with modeling outputs permits to identify the
mechanisms at play that link climatic conditions and stratospheric moisture inputs.

2. Analytical Methods and Results

Tritium concentrations have beenmeasured on samples collected with a 2 to 3 cm depth resolution from the
wall of three snow pits drilled respectively in 2006 (2.95 m deep), 2007 (3 m deep), and 2008 (3.65 m deep) at
Vostok station. The last one covers the period 1945–2008 and is the most documented (Baroni et al., 2011;
Winkler et al., 2013).

The tritium content of the ice was measured by mass spectrometry using the 3He regrowth method
(Jean-Baptiste et al., 1992): the principle of this method is to degas the water sample to remove all the 3He
initially dissolved and then to store it under high vacuum in a sealed glass bulb (Corning 1724 glass to
prevent helium diffusion) to allow for the accumulation of tritiugenic 3He. Special care is taken at the degas-
sing step to avoid any fractionation (and subsequent questionable correction): a cold trap is inserted between
the sample and the pumping unit and the water trapped in it is further fully transferred back to the sample.
The tritium content of the sample is then deduced from the amount of 3He produced during the storage time
and measured by mass spectrometry (MAP215-50 with an electron multiplier operated in the pulse mode). In
this study, measurements range from about 10TU to 400TU, with analytical one-sigma uncertainty of 1.5–3%.

For each snow pit (Figure 1 and data in supporting information), a clear peak corresponding to the bomb
tests is identified at about 230–250 cm depth. The postbomb parts of the records suggest an interannual
variability yet affected by some spatial distortion although the pits are separated by only a few hundred
meters. This can be attributed to redistribution of snow by wind, formation of dunes influencing local
accumulation patterns, and densification processes as reported, for instance, by Ekaykin et al. (2002) for δD
and δ18O at Vostok. Diffusion and wind ventilation can also alter the original tritium variations in surface
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snow (Johnsen et al., 2000; Neumann & Waddington, 2004). However,
despite this stratigraphic noise, a similar cyclic interannual pattern
can be identified on all pits with a wavelength of ~20–30 cm.

Building a chronology is a necessary step to further study this cyclic
interannual pattern and to correct tritium data for radioactive decay
since deposition time. In this dry region of East Antarctica, the accumu-
lation rate is too small to enable annual layer counting from the chem-
istry or water isotopes profiles. The dating strategy is based on the
following time markers (full blue symbols in Figure 2): a first tie point
was taken at the surface of the pit; second, we matched the tritium
bomb peak recorded in the snow pit record with the same tritium
bomb peak observed in the precipitation record from the IAEA/GNIP
database (more specifically data from Invercargill station, south of
New Zealand, WMO Code 9384400); third, a linear interpolation was
applied between these two horizons. For the 2008 pit, a check of the
relevance of such a linear interpolation is possible through the compar-
ison with the non-sea-salt sulfate record (Baroni et al., 2011) allowing
the identification of volcanic events: actually years 1964 (Agung erup-
tion) and 1992 (Pinatubo eruption) exactly match the non-sea-salt
sulfate peaks (Figure 2). For the 2006 and 2007 pits, we used the same

two first timemarkers and since sulfate records were not available we used the 2008 pit chronology as a refer-
ence to match the tritium variations patterns as shown by the solid red lines in Figure 1. Errors in the chron-
ology of a couple of years are expected locally because of specially low amount of precipitation, spatial
variability of accumulation patterns due to wind scouring (Libois et al., 2014), and possible wind blowing
effects leading to possible hiatus andmissing annual layers. Still, the fact that a single linear interpolation cali-
brated only on the surface and the bomb tritium peak in precipitation matches well with the volcanic erup-
tions record gives some confidence to the approach. This also confirms that diffusion does not have a major
effect on the tritium variations archived in snow (otherwise, we would expect a larger width of the bomb
peak in the pits than in precipitation).

Figure 1. Tritium records versus depth for three pits dug at Vostok in 2006, 2007,
and 2008.

Figure 2. Chronology for the 2008 pit from tritium record in precipitation and volcanic events recorded by non-sea-salt
(nss) sulfate concentration. Full symbols show the identified tie points (see text): in blue the surface of the pit and the
tritium peak as recorded in precipitation and in red the linearly derived years corresponding to the Agung and Pinatubo
eruptions (1964 and 1992), matching well the non-sea-salt sulfate profiles. TU = tritium unit.
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3. Discussion
3.1. Tritium Data

To further analyze the temporal variations of natural tritium on the
longest possible period, it is important to (1) remove the bomb tritium
component and (2) increase the ratio signal versus noise. To remove
the anthropogenic signal on the tritium profile, we approximated the
decreasing trend of the tritium peak by a combination of two exponen-
tials. This signal has then been subtracted from the measured signal
over the period 1970–present. To remove the local noise component
from the global signal, we followed previous studies of water isotopes
in East Antarctica that stacked different records from several neighbor
snow pits (Ekaykin et al., 2014; Münch et al., 2016). We thus put our
three pits on their reconstructed chronology, described in the previous
section, together to build a stack by averaging all the data in a temporal
sliding window (Figure 3).

The stack reveals two prominent frequencies, one of about 10 years
(red curve in Figure 3) and the other at 3–5 years (blue curve in
Figure 3). The 10 year frequency can be linked to the solar forcing mod-

ulating the natural cosmogenic tritium production (Schwabe cycles), while the 3–5 years cycles may be
related to internal modes of atmospheric circulation with similar periodicity such as the Southern Annular
Mode (SAM) (Fogt & Bromwich, 2006; Marshall, 2003; Thompson & Wallace, 2000; Thompson et al., 2000),
although an influence of deposition effects cannot be completely ruled out at this stage.

3.2. Tritium Compared With Water Isotopes and Other Tracers

Figure 4 compares the relative variability of tritium and stable water isotopes (Winkler et al., 2013) on the
same snow pit dug in 2008 at Vostok. Tritium data have been corrected from the influence of the bomb test
peak, and we concentrate only on the top 2 m where the natural variability is dominant. In addition, we dis-
play the 10Be and the sodium concentration (Baroni et al., 2011). Na+ concentration is usually linked in inland
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Antarctic snow to sea ice production rate during brine or frost flower formation (Rankin et al., 2000;
Wagenbach et al., 1998; Wolff et al., 2003; Yang et al., 2008). Na+ concentration is thus associated with larger
sea ice extent, and maximum Na+ concentrations are observed during austral winter on short timescales and
in ice corresponding to glacial maxima on long timescales (see review by Abram et al., 2013).

The frequency analysis of these parameters has revealed a periodicity of 4 to 5 years similar to what has been
observed for the tritium variability and that may be attributed to SAM. As mentioned above, the chronology
of one pit is not entirely reliable in such dry area and postdeposition effects can be huge so that we do not
elaborate more on the frequency analysis for this individual record. Despite this limitation, interesting
features arise from the comparison and correlation of the different records on the same coherent depth scale
(i.e., on the very same snow pit).

From the combined measurements of δ18O and δ17O on the Vostok snow pit dug in 2008 and whose tritium
concentration profile is presented here, Winkler et al. (2013) found a surprising anticorrelation between the
δ18O and the 17O-excess signals. This anticorrelation is opposite to the general correlation between δ18O and
17O-excess observed in cold regions of Antarctica in transect surface snow samples and large precipitation
samples at Vostok which can be explained by kinetic fractionation during snow condensation in clouds
(Touzeau et al., 2016). This anticorrelation between 17O-excess and δ18O has been confirmed on more recent
snow pits drilled at Vostok (Touzeau et al., 2016) but could not easily be explained by postdeposition effects.
The correlation observed for the recent period (since 1975) between 10Be (Baroni et al., 2011) and 17O-excess
on the same snow pit rather led to the suggestion that the origin for the 17O-excess variability could be linked
to the variability of stratospheric moisture input in central East Antarctica (Winkler et al., 2013) since 17O-
excess anomalies can be created by photochemical reactions in the stratosphere.

However, comparing 10Be with stable water isotopic records to retrieve information on the stratospheric
input is not very satisfactory since 10Be is attached to aerosols. Transport and deposition processes for water
isotopes and 10Be are thus not comparable which raises potential doubts on the interpretation. Tritium is
actually a much better tracer for stratospheric moisture input than 10Be.

We notice a significant correlation between tritium and Na+ (R = 0.44; N = 65) as well as an anticorrelation
between tritium and δ18O (R =�0.39; N = 65). The correlation between tritium and 10Be is also strongly visible
(R = 0.41, N = 65) and expected, given the common stratospheric origin of the two tracers. Since δ18O and
17O-excess are strongly antiorrelated despite the noise on the 17O-excess data, we observe some correlation
between tritium and 17O-excess (R = 0.3; N = 65). An anticorrelation between Na+ and δ18O has already been
observed both on similar andmuch longer timescales in East Antarctica (e.g., Bigler et al., 2010 ; Hoshina et al.,
2016) and is classically explained by more sea ice on the Antarctic margins during cold periods associated
with low δ18O. The fact that aerosols concentration (Na+) and δ18O display comparable temporal variabilities
suggest that the postdeposition effects on water isotopes expected fromwater vapor diffusion within surface
snow (Johnsen et al., 2000; Town et al., 2008) do not fully erase the climatic imprint on δ18O. If so, tritium, 10Be,
and 17O-excess maxima at the Vostok station would mostly correspond to cold conditions indicated by low
δ18O values.

3.3. Modeled Tritium and Water Isotopes Using an Atmospheric General Circulation Model

To further investigate the mechanisms leading to an anticorrelation between δ18O and tritium, we have used
outputs from the LMDZ Atmospheric General Circulation Model (Laboratoire de Météorologie Dynamique
Zoom), version LMDZ5a (Dufresne et al., 2013). Tritium and water isotopes have been implemented in this
version thereby called LMDZ-iso (Cauquoin et al., 2015; Cauquoin et al., 2016; Risi et al., 2010). The details
of water stable isotopes and tritium implementation, as well as their dynamical and physical descriptions,
have been described in the aforementioned references: Risi et al. (2010) describe the implementation of
water stable isotopes with the fractionation processes involved; Cauquoin et al. (2015) describe the
implementation of natural (i.e., cosmogenic) tritium, while Cauquoin et al. (2016) focus on the addition of
the anthropogenic tritium from the atmospheric nuclear bomb tests. For the natural signal, the tritium
production rate used in the model is constant over time but takes into account the strong dependency with
latitude and altitude (see details in Cauquoin et al., 2015, and the references therein). It is derived from the
calculations of Masarik and Beer (2009) for a long-term average value of solar activity and a geomagnetic field
intensity corresponding to present-day values. Although the mean value of the tritium production rate is
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associated with a relatively large uncertainty within 30–50% (Masarik & Beer, 2009), this does not impact the
following discussion since it only implies a global shift in the values. Finally, note that in our study, we also use
the recently corrected version of the advection scheme of LMDZ-iso. The erroneous scheme, so-called
“upstream scheme,” is too diffusive (Hourdin & Armengaud, 1999) and affects all water isotopes, with as
the main consequence a humid bias at the poles and especially in the polar stratosphere (Cauquoin et al.,
2016; Cauquoin & Risi, 2017). As in Cauquoin et al. (2016), the isotopic outputs shown here are from
simulations that were nudged by the horizontal winds from 20CR reanalyzes (Compo et al., 2011).

Risi et al. (2010) and Cauquoin et al. (2015) have shown that LMDZ-iso captures well the relative spatial varia-
bility of δ18O and tritium in Antarctica with (1) a decrease of δ18O toward low-temperature areas because of
the distillation of the water mass and (2) an increase of tritium toward the East Antarctic plateau reflecting, on
top of the elsewhere observed “continental effect,” the strong influence of stratospheric input combined with
very low humidity conditions. The temporal variability is also well depicted by the LMDZ-iso model: first, the
general shape (bomb peak and slow decrease) of the tritium concentration is well reproduced over the per-
iod 1950 to 2008 which is the period of interest of the present study (Cauquoin et al., 2016); and second, at
the seasonal scale in Antarctica, the higher content of tritium in the winter precipitation is well reproduced as
observed in the available tritium record in monthly precipitation on the Antarctic base of Halley Bay
(Cauquoin et al., 2015). Interannual and seasonal variations of δ18O in Antarctic precipitations are also well
reproduced in the LMDZ-iso with a clear dominance of the temperature signal in the precipitation δ18O signal
(Risi et al., 2010). We thus confidently use the simulated tritium and δ18O variability in Antarctica from the
LMDZ-iso model in the following.

Figure 5 shows the outputs of tritium and water isotopes in Vostok precipitation from LMDZ-iso over the per-
iod 1990–2008. There is a clear maximum in modeled tritium concentration during austral winter as already
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observed at Halley Bay in both analyzed and modeled precipitation tritium content. For our study at Vostok
we cannot compare directly themodeled tritium andwater isotopes variability from Figure 5 to themeasured
profiles from Figures 3 and 4 because of local chronology uncertainties of a few years in our reconstructed
tritium concentration record in Figure 3. As mentioned in section 2, precipitation intermittency and wind
blowing effects in such a low accumulation site are associated with hiatus of a few years and anomalously
thick snow layers. This is the reason why we restrict our analysis to the comparison of the relative
variations of tritium and stable water isotopes in both snow pit profiles and model outputs. The pertinence
of such a data-model comparison is supported by the validation of stable water isotopes and tritium
modeled variability (both temporally and spatially) in Antarctica with the LMDZ-iso model (Risi et al., 2010;
Cauquoin et al., 2015, 2016). In addition, even if a straightforward comparison is limited by the chronology
issue, the mean tritium level is similar in our data (Figure 4) and in the modeled outputs (Figure 5). The
amplitude of the measured tritium variability is slightly higher than the amplitude of the modeled tritium
variability on annual average which is also expected from the sampling resolution (3 cm) which is smaller
than the average thickness of an annual snow layer (~7 cm).

There is a significant anticorrelation in the model between δ18O and tritium at the seasonal and interannual
scale (Figure 5): R = �0.59 at the monthly scale (N = 228) and R =�0.78 at the annual scale using tritium and
δ18O precipitation weighted averages (N = 19), in agreement with what is observed in the data. As expected
and already noted in Winkler et al. (2013), there is a strong correlation in the model between δ18O and tem-
perature at both the seasonal and interannual timescales at Vostok. In the model nudged by reanalyzes, the
Vostok annual temperature is significantly anticorrelated with the annual SAM index (R = �0.54, N = 19) in
agreement with the finding of Thompson and Solomon (2002) using data from different weather stations.
This anticorrelation between SAM index and East Antarctic temperature is mainly explained by stronger
circumpolar wind during positive phases of the SAM that prevent heat to reach the interior of Antarctica
(van den Broeke & van Lipzig, 2003).

3.4. Characteristic Atmospheric and Isotopic Patterns During Stratospheric Input

We observe similar relationships between δ18O and tritium in both model outputs and data. Moreover, δ18O
of precipitation is strongly imprinted by temperature, a link that is observed both in data records and in the
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Figure 6. Modeled variations of tritium, δ18O of precipitation, temperature, and precipitation amount during year 2006
from the LMDZ-iso modeled equipped with tritium at the Vostok station. Light blue rectangles highlight periods
associated with significant tritium input during cold periods. Yellow rectangles highlight periods associated with a larger
amount of precipitation but little tritium input, in winter milder temperatures and higher δ18O episodes.
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model. This relationship is explained by the distillation effect (e.g., Touzeau et al., 2016). Because the link
between δ18O, temperature, and tritium is well captured by the LMDZ-iso model, we use the model outputs
to progress on the understanding of the atmospheric conditions leading to high natural tritium values in East
Antarctica. At a seasonal scale, precipitations are very rich in tritium during winter (Figure 6). The strongest
peaks of tritium concentration are observed during cold days when the daily precipitation amount is rela-
tively small (i.e., at least 5 times lower than the strongest daily precipitation amount; light blue rectangles in
Figure 6). Still, since the tritium concentration can reach up to 300 TU, these events contribute significantly to
the average annual tritium content in snow. This can be clearly seen on the upper panel of Figure 6, which
quantifies the amount of HTO brought by the precipitation events. On the opposite, during the larger winter
precipitation events associated with warmer temperatures and hence high δ18O, tritium level remains low
(yellow rectangles in Figure 6). These events reflect strong intrusion of warm air from the coast linked to
amplification of Rossby waves in the circumpolar westerlies and mostly negative SAM index (e.g., Schlosser
et al., 2016, and references therein). Finally, our modeling results suggest that the tritium level in Antarctic
precipitation is controlled by the climatic conditions during austral winter. It suggests that when precipitation
is mainly related to arrivals of warm air from the coast in austral winter, hence negative SAM index like for the
observations in 2009 (Schlosser et al., 2016), tritium level in precipitating snow should be low due to dilution.
On the opposite, cold austral winter in the East Antarctic associated with positive SAM index as observed in
2010 (Schlosser et al., 2016) is expected to be associated with higher tritium level in precipitating snow. This is
also the case when we compare the modeled tritium in winter (Figure 5) and the SAM index (from Marshall &
National Center for Atmospheric Research Staff, 2016): for the 1995–1999 period, for instance, year 1996
correspond to negative SAM index and relatively low tritium values compared to the period 1997–1999 when
the SAM index was positive and winter tritium values higher (Figure 5).

4. Conclusion

We have displayed the first tritium profiles over 3 to 3.6 m deep snow pits retrieved during three consecutive
years at the remote station of Vostok in East Antarctica. A correction from the bomb peak permits to study the
natural tritium variability at the Vostok station. As for the other climatic and environmental proxies measured
in snow pits at Vostok, there is no straightforward depth correspondence between the tritium minima and
maxima from one pit to its neighbor. Therefore, the best way to look at tritium natural variability is to perform
a stack of the three snow pits plotted against their own timescale. This stack displays two kinds of variability:
(1) a 10 years periodicity variability that most probably corresponds to the solar influence on the tritium pro-
duction and (2) a 3–5 years periodicity. Due to the low accumulation at Vostok, the snow pit samples cannot
capture the seasonal cycle, and also, processes like wind scouring can lead to inhomogeneous accumulation
pattern at the surface (e.g., Libois et al., 2014). It is therefore not clear whether the 3–5 year variability should
be regarded as a result of inhomogeneities in surface accumulation processes or as a signal of interannual
variability linked to SAM. However, it is still possible to compare the tritium record to variability of other
climatic and environmental proxies provided that they are all measured on the same snow pit, hence on a
common timescale.

Over the 3–5 years periodicity, tritium variations are significantly correlated with 10Be concentration also
reflecting stratospheric input. They are also correlated with sodium concentration and anticorrelated with
δ18O variations in the same snow pit. Using the atmospheric model LMDZ-iso equipped with stable water iso-
topes and tritium, we show that the strong tritium inputs likely occur during cold conditions. During these
periods, the air is dry and the dilution of the tritium of stratospheric origin in the tropospheric water vapor
is less efficient. These periods also correspond to low δ18O in falling snow (because of low condensation tem-
perature) in the model, hence explaining the anticorrelation between tritium and δ18O.

The correlation between 17O-excess, 10Be, and tritium on the 2008 snow pit supports a possible stratospheric
origin for the 17O-excess signal in remote region of East Antarctica as hypothesized by Winkler et al. (2013).
The alternative explanation for the origin of the 17O-excess signal was linked to fractionating postdeposition
process (e.g., diffusion, Johnsen et al., 2000, or wind pumping associated with condensation on cold layer,
Neumann & Waddington, 2004). Indeed, these two processes linked to water vapor transport are favored
within the topmeters of the snow because of high snow porosity. However, tritium concentrations show such
a large variability that diffusion effects are impactless, and it is not expected that 10Be, sodium concentration,
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andwater isotopes are affected similarly by fractionating postdeposition effects. We thus believe that the cor-
relation observed between stable water isotopes parameters, sodium concentration, and tritium is at least
partly linked to atmospheric conditions modulating input of stratospheric air in East Antarctica.

Finally, our work opens new perspectives. In particular the combined use of tritium and stable water isotopes
is a strong tool to assess the input of stratospheric moisture in the past (only recent past for tritium because of
its radioactive decay). This combination can thus be used to quantify the evolution over the last decades of
stratospheric versus tropospheric moisture inputs, that is, distinguish winters with frequent arrivals of warm
air from the coast from winters with more local moisture sources.
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