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Abstract　The main sources of nssSO 2-
4 and NO-3 were summarized in this paper.By an-

alyzing the spatial distribution features of major ions in Antarctic ice sheet and studying on

the different time of the same volcanic event recorded by different ice cores from different

regions in Antarctica , this paper intends to study the transmission path of nssSO2-4 and

NO-3 .Results show that nssSO2-4 and NO-3 are transmitted to the ice sheet through long

distance and high altitude.The procedure of the transmission is that nssSO2-4 and NO -
3

are transmitted to the level between the top of troposphere and the bottom of stratosphere ,
then subsided to the ice sheet surface and spread to other regions.
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1　Introduction

The study on the Antarctic ice cores has obtained great achievements since Bader
proposed to sample ice cores by drilling successively in Polar Regions for scientific research
in 1954(Bader 1958).As one of the frontier research fields in global change research ,
the results significantly improve people' s understanding of the reflection and the contribu-
tion of Antarctica to global change.The ultimate object o f studying ice cores is to learn
the history and to predict the future environmental change.To explain the ice core

records quantitatively and to establish reliable models are necessary to obtain this object.
However , it is still dif ficult to interpret all kinds of parameters quantitatively obtained
from analyzing the ice cores , because we do not know exactly the main sources , transmis-
sion paths and depositional processes of major ions.

Lots o f studies show that the sea-salt ions in Antarctic ice sheet mainly come from
Sub-Antarctic Ocean(Qin 1995;Li et al.1999).Some studies also point out that the
cyclones from Sub-Antarctic Ocean bring sea-salt ions into the ice sheet , when they in-



vade south region and frequently enter the inland of Antarctica(Van Loon 1966).How-
ever , there is lit tle studies on the transmission path of the important ions in Antarctic ice
sheet , such as nssSO2-

4 and NO-3 which sources are considered to be complicated.By
summarizing the main sources of nssSO2-

4 and NO-3 and by analyzing the spatial distribu-
tion features of major ions in Antarctic ice sheet and studying on the different time record-
ing the volcanic eruptions in different regions , this paper intends to give a preliminary
study on the transmission path of nssSO2-

4 and NO-3 .

2　Main sources of nssSO2-
4 and NO-3

Generally speaking , SO2-
4 in Antarctic ice sheet can be divided into sea-salt (ss)

SO2-
4 and non-sea-salt(nss)SO2-

4 , of which the former comes from sea-salt aerosols and
the latter mainly comes from marine organisms in the low and middle lati tudes and vol-
canic eruptions(Qin 1995).In the previous works , 13 sources of NO-3 have been record-
ed in Antarctic ice sheet (Zeller and Parker 1981).The sources of NO-3 in Antarctic ice

sheet are considered to be complicated , but recent studies show that most of NO-3 in
Antarctic ice sheet comes from lighten in the low and middle lati tudes and various atmo-
spheric processes in the high altitudes of Antarctica (Legrand and Delmas 1986).By
summarizing the sources of nssSO2-

4 and NO-3 in Antarctic ice sheet , two points must be
emphasized:(1)Long distance;(2)High altitude.

3　Transmission path of nssSO2-
4 and NO-3

Our studies show that nssSO2-
4 and NO-3 are transmitted to the ice sheet through

long distance and upper air.The procedure of nssSO2-
4 and NO-3 transmission is that nss-

SO2-
4 and NO-3 are transmitted to the ice sheet at the level between the top of troposphere

and the bottom of stratosphere , then nssSO2-
4 and NO-3 subsided to the ice sheet surface

and spread to other regions.Reasons are as follows:

3 .1 　Analyzing the spatia l distribution features of major ions in Antarctic ice sheet

The glaciochemical data of the snow samples collected during the 1990 International

Trans-Antarctic Expedition(ITAE)by Qin Dahe are rather good to study the spatial dis-
tribution features of major ions in Antarctic ice sheet.Concentrations of Cl- , Na+ ,
Mg 2+ , SO2-

4 , nssSO2-
4 , ssSO2-

4 and NO-3 over the ITAE route , as well as their fluxes in
section M (multi-year snow), are shown in Fig.1.It is clear that the sea-salt ions(Cl- ,
Na+ , Mg2+ and ssSO2-

4 )displaying a similar distribution pattern decrease from west to

east along the ITAE route.Enough evidences show that the sea-salt ions in Antarctic ice
sheet derived from the vapor channel from the Ross-Bellingshausen-Weddell Seas towards
the interior , especially from the Weddell Sea section (Qin et al.1999).At the same
time , it is also clear in Fig.1 that SO2-

4 , nssSO2-
4 and NO-3 display a different pattern

comparing to those of sea-salt ions (nssSO2-
4 dominates SO2-

4 , so SO2-4 and nssSO2-
4
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Fig.1.　Distribution of the concentrations and fluxes of Cl- , Na+ , Mg2+ , SO 2-
4 , nssSO 2-

4 , ssSO2-4 and

NO
-
3 along the ITAE route.Circles represent the section mainly of winter snow ;crosses the multi-year snow;

and triangles the section mainly of summer snow.Left o rdinate:the measured concentration(in exponent)of
surface snow .Right ordinate:the calculated fluxes(kg·m-2·a-1)for multi-year snow only.Abscissa:the
latitudes of the sample sites.

show a similar pattern while ssSO2-
4 display a pattern similar to that of sea-salt ions).

That is the concentrations of SO2-
4 , nssSO2-

4 and NO-3 showing high values at 80°S , then
decreasing towards both sides , which support our point that nssSO2-

4 and NO-3 are trans-
mitted to the ice sheet through long distance and upper air.The transmission process is
that nssSO2-

4 and NO-3 are transmitted to the level between the top of troposphere and the

bottom of stratosphere , then subsided to the ice sheet surface and spread to other regions.

3 .2 　Studying on the dif ferent time of the same volcanic event recorded by dif ferent

ice cores from dif ferent regions in Antarctica

If the above-mentioned point is cor rect , different ice cores from different regions in
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Antarctic ice sheet may show different detected time as to the same volcanic event.It also
can be expressed as follows , when detecting a volcanic event using ice cores from Antarc-
tic ice sheet , the detected time appearing in the ice cores from the region of 80°S may be
earlier than that of ice cores from fringe area of Antarctica under precision dating condi-
tion.In order to prove the hypotheses , we studied with special attention on the galcio-
chemical data of the two snow pits recovered during Chinese First Antarctic Inland Expe-
dition.The traces (the increased nssSO2-

4 concentrations)of the June 1991 Pinatubo

eruption in Philippines and the August 1991 Cerro Hudson eruption in Chile were detected
by the data of the two snow pits(Zhang et al.1999 , 2000a).The detected time in the
two snow pits o f the two volcanic events is 1995/ 1994 and 1994/1993 , respectively.In
the meanwhile , the detected time of the same two volcanic events in the two snow pits in
South Pole is 1994/1993 and 1993/ 1992 , respectively (Dai et al.1997a).There exists
apparent time difference between the records.Since the two volcanic events occurred in
1990s , ice core dating should not be a problem.So it can be regarded as a proof to our
point.However , the time difference between the records is as long as one year , which is
affected by the precision of the ice core dating , in fact , if we can date the snow pits
month by month , then the time difference may be far less than that of one year.At the
same time , lots of studies show that the signals o f volcanic events in Antarctic ice sheet
are more obvious in low accumulation regions than those in high accumulation regions

(Legrand and Delmas 1987).Dai et al.(1997b)consider it to be the result of the dilu-
tion in high accumulation regions.However , we found that the concentrations of major
ions in the atmosphere in Princess Elizabeth Land , East Antarctica are independent of
snow accumulation rate , which shows that the dilution effect did not occur in the ion con-
centrations of this region(Zhang et al.2000b).The study of Mulvaney also shows that
the concentrations of major ions in Antarctic ice sheet do not vary with the accumulation

rate(Mulvaney and Wolf 1994).From our study , this phenomenon can be considered as
the result the SO2-

4 transmission.Detailedly SO2-
4 came from volcanic eruptions and were

transmitted to the ice sheet , which passed through the level between the top of tropo-
sphere and the bottom of stratosphere , then subsided to the ice sheet surface and spread to
other regions.In addition , the accumulation rate in the fringe region of Antarctica is

higher than that in the interior land.So it is self-evident to understand that the signals of
volcanic events in Antarctic ice sheet are more obvious in low accumulation regions than
those in high accumulation regions.

3 .3 　Theoretical discussion

In order to further prove the point , the theore tical discussion can be made.As have
been noted , nssSO2-

4 mainly comes from marine organisms in the low and middle latitudes

and volcanic eruptions.SO2-
4 comes from marine organisms which can be transmitted to

high altitude due to the strong air convection in the low and middle latitudes.Explosive
volcanic eruption introduce large amounts o f dust and gaseous materials into the atmo-
sphere and often directly into the stratosphere (Dai et al.1997b).Therefore , SO2-

4

comes from marine organisms or SO2-
4 comes from volcanic eruptions , they all can be

transmitted to the high altitude between the top of troposphere and the bottom of strato-
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sphere or to the upper air over the Antarctic ice sheet according to three-circle atmospher-
ic-circulation , then subsided to the ice sheet surface and spread to other regions.Because
NO-3 in Antarctic ice sheet mainly comes from various atmospheric processes in the high

altitude , it is transmitted to Antarctic ice sheet according to th ree-circle atmospheric-cir-
culation , similar to the transmission of nssSO2-

4 .So , nssSO2-
4 and NO-3 are transmitted

to Antarctic ice sheet by atmospheric-circulation in a large scale , such as three-circle at-
mospheric-circulation.
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