www.czasopisma.pan.pl P@N www.journals.pan.pl
<D

POLISH POLRAR RESEARCH

vol. 42 no. 4, pp. 221-236, 2021 DOI: 10.24425/ppr.2021.137146

Seasonality of isotopic and chemical composition of snowpack
in the vicinity of Jang Bogo Station, East Antarctica

Soon Do HUR' (), Jiwoong CHUNG' (®), Yalalt NAMGEREL'
and Jeonghoon LEE*"

"Division of Glacial Environment Research, Korea Polar Research Institute,
26, Songdomirae-ro, Yeonsu-gu, Incheon 21990, Korea

<sdhur@kopri.re.kr> <jjw79@kopri.re.kr> <yalaltn@gmail.com>

*Department of Science Education, Ewha Womans University, 52, Ewhayeodae-gil,
Seodaemun-gu, Seoul 120-750, Korea

* corresponding author <jeonghoon.d.lee@gmail.com>

Abstract: Seasonal variations of the isotopic and chemical compositions of snowpits can
provide useful tools for dating the age of the snowpit and examining the sources of aerosol.
Based on the seasonal layers with D and §'®0 maxima and minima, it was determined that
the snowpit, conducted in the vicinity of the Jang Bogo Station in Antarctica, contained
snow deposited over a three-year period (2008—2010). Distinct seasonal variations of stable
water isotopes were observed, with a slope of 8.2 from the linear isotopic relationship
between oxygen and hydrogen, which indicates that the snow accumulated during three
years without a significant post-depositional process. The positive correlations (r > 0.85)
between Na" and other ions in the winter period and the positive relationship with the
concentrations of the methanesulphonic acid (MSA) and non-sea salt sulfate (nssSO4>") in
the warm period (r = 0.6, spring to summer) indicate the significant contributions of an
oceanic source to the snowpit. Based on principal component analysis, the isotopic and
chemical variables were classified into species representing input of sea-salt aerosol and
suggesting potential seasonal markers. This study will support further investigations using
ice cores in this region.
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Introduction

Information on the spatial and temporal variabilities of snow chemistry is
crucial in glaciochemical studies (Dansgaard 1964; Jouzel and Masson-Delmotte
2010). Snowpit and ice cores provide robust records of the past climate and
environmental changes, particularly in remote areas such as Antarctica, where
instrumental data are sparse and have short observation periods (Jouzel et al.
2007; Sinclair et al. 2010; Klein ef al. 2019). In Antarctica, many of the chemical
species and isotopic compositions of water retrieved from ice cores and snowpits
show clear seasonal variations (Kuramoto et al. 2011; Kwak et al. 2015;
Nyamgerel et al. 2020, 2021). Distinguishing seasonal patterns in stable water
isotopes (8'*0 and 8D) and chemical impurities is crucial for the stratigraphic
dating of accumulated snow layers, and are used as proxies for temperature, sea
ice extent, atmospheric circulation, aerosol transport and depositional processes
(Udisti 1996; Delmotte et al. 2000; Ayling and McGowan 2006; Severi et al.
2017; Du et al. 2019; Servettaz et al. 2020). However, obtaining reliable
relationships between chemical and isotopic data and atmospheric composition is
strongly dependent on how changes in source intensity and transport efficiency
can be stored in snow in different climatic conditions (Udisti et al. 1999; Stenni
et al. 2000; Rhodes et al. 2012; Markle et al. 2012; Tuohy et al. 2015; Arndt
et al. 2018; Casado et al. 2018; Goursaud et al. 2019; Ma et al. 2020; Servettaz
et al. 2020).

In 1988, the Republic of Korea constructed its first permanent year-round
base in Antarctica, named King Sejong Station (62° 13.4'S, 58° 47.3'W), on
King George Island, South Shetlands. However, given its distance from the
Antarctic continent, the extent of in-depth research and international collabora-
tion around the King Sejong Station has been limited. In this context, the
construction of a second Korean scientific research station in Antarctica was
proposed in 2004; this station was completed in 2014 and named the Jang Bogo
Science Station (JBS). Its location is appropriate for conducting studies on the
reconstruction of past climate and environment using ice cores, geological
surveys, and so on (Park et al. 2014). The station is located in mainland
Antarctica on the coast of Terra Nova Bay (TNB), northern Victoria Land
(74° 37.4'S, 164° 13.7'E; Fig. 1). In TNB, there is also an Italian summer
research station, the Mario Zucchelli Station, which is located at a distance of
10 km to the southwest of the JBS. The latitude of the JBS is nearly 10° higher
than that of the King Sejong Station on King George Island and the climate is
close to that of Antarctica (Park et al. 2014). The mean temperature at the JBS is
—14°C and the minimum temperature is —36°C. Low-pressure systems are
common in this region due to the influence of the Ross Sea and the
Transantarctic Mountains. Typically, summer is characterized by light winds,
intersperse by katabatic drainage events. Westerly winds dominated and daily
mean wind speeds range from 0.5 to 38.6 m s (Wang et al. 2017).



www.czasopisma.pan.pl P@N www.journals.pan.pl
<D

Seasonality of snowpack near Jang Bogo Station

223
East
163° 164° 165°
74°15' SRR \ O v
South %] \ \| \T N
- - F
L1 A
Y

g

. “Mouht I
Melboutpe |- |

¢ )

A

T10.05m
\

) [N
2 N
\&.{é 3
4
Fig. 1. (A) Location of the snowpit (red star) near the Korean Jang Bogo Station (blue star) in Terra

Nova Bay, East Antarctica. Surface snow samples (triangles) are located just near by the station.
The surface snow samples were collected before the construction of JBS. The locations of samples
were indicated in Table 1. (B) Photo of snowpit.



www.czasopisma.pan.pl P@N www.journals.pan.pl
<D
S~

224 Soon Do Hur, Jiwoong Chung, Yalalt Namgerel and Jeonghoon Lee

During the 2010/2011 Antarctic expedition by the Korea Polar Research
Institute (KOPRI), samples were taken from a snowpit with a depth of
1.95 m located 23 km to the north of the JBS. We selected the sampling site
considering the proximity to the Styx Glacier for ice core drilling and the
automatic weather systems maintained by the Mario Zucchelli Station. The Styx
Glacier plateau has been characterized by high snow accumulation rates and has
been of great importance in interpreting climatic and environmental change as it
allows reliable dating of ice cores and the possibility to compare firn core
stratigraphy with reliable satellite data, e.g., sea ice extent (Nyamgerel et al.
2020).

Site-based information and the evaluation of seasonal variations in isotopic
and chemical compositions of snow are required to examine the present-day
snow compositions and their differences at regional and/or local scales, which
provide reference for the interpretation of the paleoclimate records from this
region (Stenni et al. 2000, 2017; Tuohy et al. 2015; Goursaud et al. 2019). To
assist in ice-core interpretation at the Styx Glacier in northern Victoria Land, the
purpose of this study is to evaluate the isotopic and chemical compositions of the
snowpit and to determine the factors that had the greatest influence on these
compositions.

Material and methods

Site location and sampling. — The sampling areas in northern Victoria Land,
East Antarctica, are located to the west of the coast of the Ross Sea and 23 km
north of the JBS (Fig. 1). Sampling was carried out between 03 and 14 February
2011, before the construction of the JBS. Two types of samples were collected:
surface snow and snowpit. Four surface snow samples were collected near the
JBS to allow a comparison with the snowpit samples from the 1.95-m-deep
snowpit (Table 1). The wall of the pit was removed using pre-cleaned light-
density polyethylene (LDPE) shovels. Samples were obtained at depth intervals
of 0.05 m with a pre-cleaned polytetrafluoroethylene (PTFE) tube and a hammer
and were then transferred into pre-cleaned 1L LDPE bottles. The snowpit
samples were shipped and stored frozen before isotopic and chemical analysis at
the KOPRI. The samples were melted at room temperature in a clean room before
being subsampled and filtered using a 0.45-um polyvinylidene difluoride syringe
filter (Merck Millipore, USA).

Isotopic and chemical analysis. — A total of 39 samples were analyzed for
isotopic composition by cavity ring-down spectroscopy (L1102-i, L2130-i;
Picarro Inc., USA). The D/H and '%0/'°0 ratios are expressed in the notation as
parts per thousand difference relative to the Vienna Standard Mean Ocean Water
(VSMOW). The VSMOW (0%o for 8'®*0 and 8D), Greenland Ice Sheet
Precipitation (—24.76%o for 8'%0 and —189.5%o for 8D), and Standard Light
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Table 1.
The isotopic and chemical compositions of four snow samples
(JBG-01 to JBG-04) and snowpit.
JBG-01 | IBG-02 | IBG-03 | IBG-04 | SmOWPit | Snowpit
mean SD*
Locaion | Eleto | Eeke | Eiee | Bl | ST
13.536’ 12.239’ 11.644' 12.894'
MSA 47.88 522.62 494.68 504.28 36.59 32.54
ClI 759.21 15,329.19 10,997.50 20,394.78 493.51 546.08
S0,% 212.73 2614.34 2085.81 3166.07 205.70 116.18
NO;~ 189.08 1582.84 1469.41 1587.28 64.24 78.81
Na" 412.45 8674.51 6406.89 11,635.68 298.32 312.94
K 70.43 582.13 565.36 376.85 22.32 18.95
]\/[g2+ 175.86 2160.94 1916.33 2495.20 56.05 68.89
Ca%t 74.94 3262.69 3078.66 3248.20 51.64 71.95
%0 —13.88 —14.86 —18.15 -16.77 —24.34 4.84
3D —99.48 —117.88 —146.55 —130.79 —186.50 39.82
d-excess 11.57 0.98 -1.36 3.35 8.22 5.16

* SD - standard deviation.

Antarctic Precipitation (—55.5%0 for 8'°0 and —428%o for 3D) from the
International Atomic Energy Agency were used to calibrate the isotopic analysis.
An in-house reference prepared from Antarctic snowmelt (—34.6 + 0.07%o for
3'%0 and —272.4 + 0.6%o for 3D) was measured every 10 samples to monitor the
operation of the analyzer. The analytical reproducibility was < 0.1%o and < 1%o
for '0 and 8D, respectively. The deuterium excess (d-excess, 8D = 8 §'*0 — 10),
which represents the deviation from the global meteoric water line (GMWL), was
estimated using the method of Dansgaard (1964).

Tons (Na*, K*, Ca*", Mg*", CI', SO, and NO5 ") and methanesulphonic acid
(MSA) were analyzed using a two-channel ion chromatography system (ICS-200
and ICS-2100; Thermo Fisher Scientific Inc., USA) at the KOPRI. Anions were
analyzed using a Dionex model ICS-2000 with an IonPac AS15 column and
KOH eluent (655 mM), and cations were measured using a Dionex model ICS-
2100 with an IonPac CS12A column and MSA eluent (20 mM). The analytical
detection limit, reproducibility, and accuracy were, respectively, 0.01-0.26 ug/l,
0.4-17.4%, and 4.5-12.0% for cations and 0.02—0.26 pg/l, 0.1-27.6%, and 1.3—
5.6% for anions. Using the theoretical ratio of a specific ion to Na" in sea water,
the non-sea-salt (nss) fraction of the sulfate was estimated to isolate the
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contribution of sea-spray using the following equation, assuming that Na" was
exclusively of sea-salt origin (Kuramoto et al. 2011):

[nssCI'] = [CI] — (CI/Na"),., Na* (1)

where (Cl/Na‘)., is the equivalent concentration ratio of CI/Na" in the sea
water, which is 1.16. Similarly, the concentration of nssSO,>~ was calculated
using a sea-water ratio of 0.12 (Pilson 2013).

Principal component analysis. — Principal component analysis (PCA),
a multivariate statistical technique, is applicable to classify large datasets (Lee
et al. 2008). PCA reduces the information in many variables into a set of
weighted linear combinations of those variables, which does not differentiate
between common and unique variance. Since PCA is based entirely on the
eigenvalue analysis of a correlation or covariance matrix, the data are not
required to be normally distributed (Ko et al. 2010). In this work, PCA was
applied to a correlation matrix because the variables considered in this study vary
by different orders of magnitude. PCA has been used to analyze hydrochemical
data, including isotopic and chemical compositions. Several studies have applied
PCA to measure proxies for past atmospheric conditions from ice core records
(Kniisel et al. 2005) and snow pits (Kwak et al. 2015). In this work, PCA was
applied to the correlation matrix using the JMP® statistical software. Values for
elements below the detection limit (DL) were substituted with DL/2 prior to
statistical treatment (Lee ef al. 2008).

Results and interpretation

The isotopic and chemical compositions of four surface snow samples (JBG-
-01 to JBG-04) and snowpit collected near the JBS are summarized in Table 1.
The stable water isotopes (8'*0) of the surface snow samples show similar
values (—13.88 to —18.15%0) to the maximum value of the snowpit (—16.37%o).
Moreover, a slight decrease in 8'*0 of 2.88%o was observed corresponding to the
distance ~1.6 km between JBG-01 and JBG-04 (the nearest site to the coast).
The chemical compositions of the surface snow were higher than those of the
snowpit. Because of the proximity of the four surface snow samples to the
ocean, their isotopic and chemical compositions indicated that the source of
snow was oceanic (e.g. Benassai et al. 2005; Ma et al. 2020). Compared to the
surface snow samples JBG-02, JBG-03, and JBG-04, sample JBG-01, which was
obtained farthest from the coast, showed much lower chemical compositions and
more enriched isotopic values with higher d-excess. In the following, the
isotopic and chemical compositions of the snowpit will be presented and
discussed.

Seasonal pattern of stable water isotopes. — In the snowpit, we observed
thin ice layers with a thickness of approximately 5 mm or less at depths of 100
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and 180 cm, which were formed by minor surface snowmelt during the summer
months. Significant melt can alter the natural layering of snow (Udisti et al. 1998;
Lee et al. 2014, 2020). However, the occurrences of slight summer surface
melting apparently did not affect the profiles of stable water isotopes and ions
since the isotopic compositions showed regular variations (Fig. 2). The slope of
the 8D—-58'%0 diagram for the snowpack is 8.2 (0.2), which is close to the slope of
the Global Meteoric Water Line (slope = 8; Dansgaard 1964) and the whole
Antarctic scale (Local Meteoric Water Line, LMWL, slope = 7.75; Masson-
Delmotte et al. 2008), suggesting that the vapor source came from the nearby
ocean by evaporation (Uemura et al. 2008). This may reflect the minimal effects
of sublimation and melting (Steen-Larsen et al. 2014; Lee et al. 2010; Casado
et al. 2018). Examining the slope of the 3'0 vs. 3D regression line may reveal
whether water has experienced significant evaporation, isotopic exchange
between liquid water and ice, or transport from the ocean (Lee et al. 2009,
Lee ef al. 2010). The linear 3'*0—-8D diagram for the snowpit samples is shown
in Fig. 2. Physical processes such as evaporation, isotopic exchange between
liquid water and ice, or isotopic exchange between water vapor and ice affect the
slope of the isotopic regression line, which is typically < 8 (Lee et al. 2009, 2010;
Ham et al. 2019).

Fig. 2. The linear regression line between 8D and §'®0. The regression line is similar to that of the
GMWL (grey line).
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The stable water isotopic compositions of snowpits, firn cores, and ice cores
can be used to date these deposits. Figure 3 shows the vertical profiles of the
stable water isotopes (5'%0) and deuterium excess (d-excess, d = D — 8 '%0)
sampled from the snowpit. The 5'%0 values (n = 39) fluctuated between —35.45%o
and —16.37%o (—24.34 + 4.84%o, average = 1o), while the 8D values (n = 39)
fluctuated between —279.56%0 and —125.82%0 (—186.50 + 39.82%0), which is
more enriched than previous reports from the Styx Glacier (Stenni et al. 1999,
2000; Kwak et al. 2015; Nyamgerel et al. 2020). This enrichment can be
attributed to the snowpit’s proximity to the ocean. The means of isotopic
composition of oxygen from the snowpit was more enriched in heavier isotopes
(—25.3 + 4.8%o) relative to the previous studies reporting mean values of —36.2 +
5.0%0 (Nyamgerel et al. 2021) and —32.9 £ 3.2%o (Stenni et al. 2000) obtained
from the nearby study sites in the Northern Victoria Land. The 8'*0 (5D)
changed synchronously and showed clear seasonal variations, with the most
enriched value occurring near the snow surface and at a depth of 90 cm. It can
reasonably be assumed that the layers with 8D and 8'*0 maxima and minima are
summer and winter layers, respectively (Stenni ef al. 2000; Kwak et al. 2015).

The snowpit was dated using the seasonal variations of isotopic compositions
(8D and §'%0). The 1.95-m deep snowpit contained snow deposited over a three-
year period (2008-2010). The d-excess can be determined by the relative
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Fig. 3. Vertical profiles of stable water isotopes (5'%0 in the left and deuterium excess in the right,
respectively). Summer and winter in the snowpit were defined from the maximum and minimum
values of the stable water isotopes, respectively.
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humidity of the ocean water in the source area of water vapor and sea surface
temperature (Uemura et al. 2008). The mean d-excess was 8.22%o, with
a maximum of 21.91%0 and a minimum of —0.11%o0 (# = 39). Although the
oscillation of the d-excess differed from those of 8D and §'%0, the variation is
relatively consistent, the lower variation in the seasonal cycle of d-excess values
indicates dominant moisture transport from the neighboring stationary ocean
source (Delmotte er al. 2000; Fujita and Abe 2006; Jouzel et al. 2007). In this
region, Stenni et al. (2000) suggested the main influences originate from the
Pacific Ocean and the Ross Sea.

Chemical compositions of the snowpack. — Sea-salt, derived from bubble-
bursting and wind-blowing from wave crests in open-water and ice-covered areas,
and oceanic biogenic activities have been considered as two major determinants of
the chemical compositions of snow, firn cores, and ice cores in the coastal
Antarctic (Delmas 1992; Wagenbach et al. 1998; Benassai et al. 2005).

High concentrations of sea-salt aerosols (e.g. Na', Mg2+, K", Ca*", CI', and
$sS0O,4”") can be seen in the winter layers of the snowpit, which are interpreted to be
related to the thin layer of sea-salt enriched crystal that forms above sea ice and its
movement with blowing snow (Rankin et al. 2005; Abram et al. 2007; Vega et al.
2018), which is greater than those transported from open sea during warm periods.
Coupled with high cyclonic activities in the Ross Sea, mineral dust (partial of K,
Mg*", and Ca*") showed an enhancement in spring and summer in northern Victoria
Land (Caiazzo et al. 2017). This may be due to the input from local ice-free areas as
well as long-range transport from South America (Kreutz and Mayewski 1999). Na"
is a more reliable proxy for sea-spray aerosol due to the absence of extra sources,
particularly in coastal regions, and to the steady concentration during transport and
preservation without fractionation (Traversi et al. 2004).

The variation of the chemical composition of the snowpit is plotted in Figs 4
and 5. There were positive correlations (r > 0.85) between Na” and other ions
(CI™, SO4*, Ca**, Mg*", K"). The concentrations of Na” and Cl” showed similar
profiles, with pronounced seasonal variations (Fig. 4). The winter-to-spring peak
observed for Na* and CI” is in agreement with previous studies conducted on the
Antarctic ice sheet (Stenni et al. 2000; Rankin ef al. 2005). A high concentration
of sea salts can occur in winter due to intensive storms, which move the fragile
sea-salt crystals formed above the sea-ice surface (Udisti et al. 1998; Rankin
et al. 2000; Abram et al. 2007; Kavan et al. 2020). To investigate the seasonal
changes of Na" and CI~ sources, CI/Na" ratios were computed (Fig. 4C). The
ratios reached the sea-water ratio of 1.18 during the winter-to-spring period,
while other periods showed a depletion of CI~ concentrations compared to Na"
concentrations.

MSA and nssSO,> are the oxidation products of dimethylsulfide (DMS)
from marine algae and phytoplankton during the austral spring and summer
(Udisti et al. 1998). Although nssSO4>~ in polar ice cores can be derived from
crustal erosion or volcanic emissions (Handler 1989; Delmas ef al. 1992; Legrand



www.czasopisma.pan.pl P@N www.journals.pan.pl

<
230 Soon Do Hur, Jiwoong Chung, Yalalt Namgerel and Jeonghoon Lee
SWR=1.18
0 LML A A I B B |
o 1 2010
40 |
- . winter
60 |
3
= 80
.E, 1 2009
£ 100 -
ét L
120 _: AAAAAAAA - winter
140 |
160 | <
1 2008
180 |
200 [ L L L 1 L 1 [ L 1 L .I
0 10 20 30 4 8 12 16 20 24 08 09 1 11 12 13
CI- (neq/L) Na* (ueq/L) CliNa*

Fig. 4. Vertical profiles of CI” (A), Na® (B) and the CI/Na" ratio (C). The dashed line represents
the CI'/Na" ratio in the Sea Water Ratio (SWR, 1.18).

and Mayewski 1997; Cole-Dai et al. 1999), emissions from marine activity can
be significant, especially at coastal sites (Dixon et al. 2004: Jonsell et al. 2005:
Uemura et al. 2016). Although there can be differences in the transport pathways
of MSA and nssSO,*~ (Becagli et al. 2012), as well as differences in their rates of
photochemical oxidation (Preunkert et al. 2008), the elevated MSA and nssSO42’
in the snowpit during the spring and early summer were related to the strong
seasonality of DMS production (r = 0.60). A similar seasonal pattern has been
reported in previous studies (Udisti et al. 1998; Saltzman et al. 2006; Rhodes
et al. 2012; Becagli et al. 2016). The MSA and nssSO,4>~ were lower in 2009. The
MSA/nssSO,” ratios (Fig. 5) showed a major peak in late summer to fall.

0 pryvpererrrerTrYrTYTT T T

20 2010

40 :
winter

60

2009

Depth (cm)
g

-
n
o

J winter
140

160

71 2008

180 summer]

zun PE B B Y ada b a b o b ol PR B Y
02040608 1 1 2 3 4 56 7 8 0 00501015 0.2 0.25

MSA (neq/L) S0, (peg/L) MSA/nssSO,*
Fig. 5. Vertical profiles of methanesulfonate (MSA) (A), sulfate (B), and MSA/nssSO,>" ratio (C).
The gray line in the middle indicates non-sea-salt (nssSO4>).

o



www.czasopisma.pan.pl P@N www.journals.pan.pl
<D

Seasonality of snowpack near Jang Bogo Station 231

In this study, PCA was applied to the isotopic and chemical compositions of
the snowpit to determine the factors that had the greatest influence on these
compositions. In the present study, PCA was utilized to emphasize the dominant
characteristics of the isotopic and chemical compositions of the snowpit at the
same depth resolution. The inter-correlated variation, which represents the same
atmospheric sources and common transport path (Kniisel ez al. 2005; Kwak et al.
2015), is shown to assist the visual interpretation of the temporal signals by
detecting the seasonal tendency. PCA was conducted using the variables, 5'°0,
Na', K", Mg2+, Ca’", MSA, CI", NO; ", and SO,*". The first principal component
was loaded by most of ions except MSA and nitrate in all time periods (loading
values are > 0.9), which suggests that most of the major ions have a common and
dominant source, for example, the nearby ocean (Moore et al. 2005; Kwak et al.
2015) (Table 2). As shown in Table 2, the strong positive correlations (7) were
observed among the ions (Na", K", Ca’", Mg2+ and CI; r > ~ 0.85). The second
principal component had high loadings of §'*0, MSA, and NO5 ", which indicates
the seasonal nature of these variables. PCA classified the variables into species
representing input of sea-salt aerosol (PC 1) and species suggesting potential
seasonal markers (PC 2). This result is consistent with what Nyamgerel et al.
(2020) reported in the Styx firn core.

Table 2.

Correlation matrix for the principal component analysis. Significant correlation
coefficient values greater than 0.5 highlighted in bold (n=39).

3'%0 | MSA | CI” | SO | NOy | Na' K" | Mg | ca®t

5'%0 1.00

MSA 0.10 1.00

Cl -0.61 | 0.08 1.00
S0.% —0.31 | 045 0.80 1.00

NO5~ -0.18 | 0.28 0.57 0.83 1.00

Na* -0.57 | 0.10 1.00 0.83 0.59 1.00

K" -0.54 | 0.10 0.99 0.84 0.61 0.99 1.00
Mg>* -0.61 | 0.07 1.00 0.80 0.55 0.99 0.99 1.00

Ca* -0.38 0.14 0.87 0.91 0.76 0.89 0.91 0.88 1.00
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Summary and implication of this work

This study focused on the water isotopic and chemical composition of
snowpit samples and four surface snow samples obtained from a coastal site near
to the JBS in northern Victoria Land, East Antarctica. The isotopic and chemical
compositions of the surface snow represent distinct values, mainly depending on
the distance to the coast, and indicate that the source of the snow is oceanic. The
snowpit shows a typical variation of isotopic compositions, with the slope of the
3D-8"'%0 diagram for the snowpack being 8.2 (£0.2). This also indicates that the
vapor source is from the nearby ocean by evaporation. Based on the seasonal
layers with 8D and 8'®0 maxima and minima, the snowpit was determined to
contain snow deposited over a three-year period (2008-2010). Although the
record is short, it can be seen that the major contribution is from an oceanic
source based on the positive correlations (r > 0.85) between sea-salt ions.
Moreover, the MSA and nssSO42’ in the snowpit elevated values fairly with the
isotopic peaks. Via PCA, the variables were classified into species representing
input of sea-salt aerosol (PC 1) and species suggesting potential seasonal markers
(PC 2). This study will be supportive for further investigations in this region.
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