Characterization of hydrological network underneath ice
near the Victoria Land, Antarctica
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I. Title

Characterization of hydrological network underneath ice

near the Victoria Land, Antarctica

II. Purpose and Necessity of R&D

In order to examine the behavior of glaciers and the mass balance of the ice
sheet due to climate change, studies on the interaction between the glacier
water and the glacier are necessary. However, these interactions have been
mainly identified by indirect methods. Recently, due to the development of
satellites and the development of polar infrastructures, attempts have been made
to observe glacier movements in real time and to directly drill under glaciers to
understand the interaction between water and glaciers below. The glacier
exploration should be accompanied by a study of the glacier and the water
under the glacier. For this purpose, the stable water isotope was used for
effective study of polar hydrological cycle. Various analyzes and approaches are
needed for surface snow, ice or melted water flowing over the surface of the
ice, ice pools and groundwater below the glacier, and finally seawater in contact
with the water flowing under the glacier. In this study, we observed changes in
the stable isotopes of snow, ice on the surface and seawater and applied them

to the water circulation around Jang Bogo Station.



ITII. R&D Results and application Plans of R&D Results

The hydrogen and oxygen stable isotope ratios of water (hereafter water stable
isotope ratios) have been used to estimate the origin of water and mixing in
different water systems (Koh et al., 2012). In the water cycle starting from the
sea, the water stable isotope has different values in each water system through
the isotope differentiation process such as evaporation, precipitation and freezing.
These characteristics can be used to understand the mixing relationship with the
glacial melt water based on the water stable isotope ratio of seawater. The
purpose of this study was to identify the presence of ice shelf water by using
the water stable isotope ratio of seawater, and to calculate the contribution rate
of glacial melt water by using the physical factors along with the isotope ratio.

It was observed that the albedo difference caused by the Tefra, which is a
natural factor around Antarctic Sejong Station, caused a change in the melting
rate of snow on the surface of the eye, resulting in a change in the eye stable
1sotope. This study suggests that the presence of impurities on the surface of
the eye causes a change in eye stable isotope values. It is necessary to
quantitatively measure the amount of change of albedo on the eye surface, and
further studies are needed to directly measure albedo on the eye surface. These
findings can be of great significance for paleoclimatic and hydrogeological
studies (Lee, 2014). We also studied how the stable isotope value of ice melted
water changes over time as ice melts, and how much isotope exchange constant
and ice participates 1in the isotope exchange reaction. When restoring
temperatures through glacier samples in the polar regions, no physical processes
should occur after the ice is produced in the snow. Increasing studies of polar
temperature rises and glacier samples in coastal areas have resulted in increased
ice 1sotope values if glacier melting occurs in these areas, thereby restoring
warmer temperatures in the past. On the other hand, if the glacier melts again
and freezes, it will have lower isotopes than the original ice, so past
temperature recovery will cause errors in the colder side. Therefore, the results
obtained through this experiment may be helpful in evaluating the accuracy of
the study using the isotope value of ice samples as a proxy for temperature. It
can also be used as a basis for judging uncertainty in studies that use isotope
values themselves. Seawater will show different isotope values depending on the
course of each mass, such as evaporation, sea ice formation and melting, and
precipitation. In particular, the isotope values and salinity of glaciers tend to be

very different from seawater, which can be useful for estimating contribution.

X1



Seawater stable isotopes can reduce the uncertainty associated with other
factors by wusing the glacier itself as a single component. Minimizing the
analysis error of the seawater stable isotope and using other chemical factors
together, it is thought that more accurate mixing ratio can be estimated. Snow
and snow samples around Sejong Station, Antarctica, and water samples from
the west coast were used to compare the difference between the ordinary least
square method (OLS) and the perfect least square method (TLS). Calculating
and interpreting the slope of a linear relationship is a very important process in
isotope hydrology. The linear relationship between two stable isotopes (6180, &
D) in the Sejong Station snow, snow melt samples, and water vapor on the
west coast can be used to understand the physical process of how water moves.
When the linear relationship was calculated using the two methods, it was
found that the difference was not much different. The statistical method was
able to utilize the existing OLS even when both components had errors. It was
shown that an error could occur when calculating the mixing ratio of seawater
and freshwater in the seawater penetration area. Due to this error, the mixing
ratio can be overestimated when the value used when mixing seawater and
freshwater is lower than the average value and underestimated when it is high.
In the mixing ratio calculation, the magnitude of the error increases as the
mixing ratio increases, the larger the difference between the used value and the
mean value, and finally the smaller the difference between the seawater tracer
and the background concentration. Glacier studies can also be used to estimate
the mixing ratio of glacial melt water using single component mixing analysis.
In particular, in marine areas where there is a concern about endmember
fluctuations due to a large number of surrounding influence factors, it may be
possible to reduce these errors by accurately sampling and analyzing the
endmember samples when determining the mixing ratio of seawater and fresh
water. Integrating the study of glacier-ocean—atmosphere interactions through
the stable isotope in the polar regions enhances understanding of the polar
environment and confirms the need for continuous research using long-term
monitoring. The system constructed in this study can be applied to other
regions in the future, and it is expected that the research power in the polar

region will be improved.

Xil



i
N

A1 dFAEHRA Y e

A T BIT oo 1
A 278 ATINLEY TR A o 2
x{] 27g- :T,LLHSq 7]%7]]% §‘-’|i§g- ................................................................... 7

A 17 A B et 15
A 24 AR 7] X] FH OHSFEGT 7)Y FA e 10
;zﬂ 34 & =LA %i?*fi 1%§ ............................................................................. 52

A 47 AFMEEE 2A4E 3 dYr|dq=

A 1A AT NI E T TFA T v 75
Al 27 FFRBOFO O] 7] G I crereeemsensieeisseisssis ittt 76
A 5 ATNEATFY FLAF 33
A 67 AFARHAANA A3 A HFINEAHE e -
Al TFF FEILTET] o 93

xiii



JEOPR\

=P{[EPY




JEOPR\

=P{[EPY




M 1d A7 e 7

A 14 A7 vl

A 28 dF7ee] 2ed



JEOPR\

=P{[EPY




PO 2 T 2

774

Mo

ok

wmo

—_
o

wmo

ofy
)

® ]

AJr
)

T
4r

]
oy
oo
)

—_

0

)

7151 8o

thar e A

i

71 ¢

7}l

o
A
of

i
—
fie)

—

O

0

)

R

L
—_
fite)

—

HO
~
=t
—~
fite)
uze]

—

O

o)

—_—

o)/
oH

—

oz

T

73 Al

FH a1 714

o

3 el

(subglacial lake)ol Tt
F=387] =] <l

<

o

gl

bol A

[

-

ols} #el

C2

(2" 1.

3

k)

8=
2014

i
=

i)

o

o

do

oo

o
;O_v

)

et

—

il
o
)
fop-

1

ol

]

A
=

==
K3

NAE FHo 74

a1z
of

R 3}

?_]__

o] &

gkl tt.

A

e

FEI 7)A

o=

ol &

=

¥ (hydrological networks)

91 A A (connectivity)

ilin
o

Ho



A 28 A7 He

—~
o

-

0

oy
T
;oT

Jr
fite)

—_
file)

o] 2

sto FH 2

3

—_—
"o

H

—_
o

—

o0

o

olo

o
7o
oF
Mo

—_—

2 tH(Wingham et al., 2006, ¥ 1.2.1, 19 1.2.2.).

)

4r

it

o
HH

—_
file)

GG A

913}l

2 ls
4]

9]

3H(polar hydrological cycle)l

\

CERES

Y 3}7]

= A el A

el
o
e

o
el

Eias g

o

W
—~
fife)

—_—

0

iy
o)

JH

SCE R

S

J

o]

—~
o

M

ATl M=

bo 2

fite)

B

M

&

=K

ﬂ
e
4

o

o






Ice covering
Antarctica

&

Continent with
subglacial lakes, rivers

"
L
]
"
.
(]
]
(1
"
5
"
"
n
"
"
]
1
5
]
n
5,
s
]
23
u
u
L







JEOPR\

=P{[EPY




M 2& =2l 7l=7H



JEOPR\

=P{[EPY




Tol0

M oom Zfel e B

o)
—_
o
—_
fite)

—

HO
—~
o

e

m

o|
~

A A 7F

=2

R

Wt 9

ooy )

—
fIfe)

T
el

T 3lar Qth(Fricker et al., 2007, =3 2.1).

R

—_—

K3

-
~
o
—~
o

0

&
——
fite)
<
]

ol

=
=

Z}(tracer)

3

>4
B3 %S (Chandler et al,

-
1

T T= oA

1}

oot (Harris et al, 2014, 138 2.2).

32

oA

L
a

4

]

ol
_Z:l
&
el
]
;Ow
o)
a2
o}
o
—
fite)
mo
—
fite)

do

SH-oll A

Shar

3

AE 7

o

o
Hlo

4r

o}
all

B
o

e
min

.

B3

= ShallA

= ol A

el ol

2] &

Aoy 2.3).

A}

4r
a!
Mo

wK

o

Mo

It SAATFEE A 100, 200, 500m

0
K
7

Jjo
—_

=

—_
fite)

oF

o)/
A

)

0

&
o

B!

fie)

-
el

i

9|

Al &

AT

Eis

o, o

= aA

AL AR R = el A

AFLHXE AAAC

o =

&

Mo



Engelhardt Ice Ridge

83,60
20 km

1% 2.1 ICEsats o] &3t Ay

10

EIe\(_aﬂDn‘vﬁf@e (m)
%0 T~

Ross Ice:Shelf




11



o
oz
oz
<
()
a.

12



A 18 M



JEOPR\

=P{[EPY




[e)

Ul 55 (HSSW: High Salinity Shelf Water)i= Ul
7b WS sl = Y, o AERY o o 5
£ &&AH o] HAFAAN unddFseTet Wet &§5T7F E9E
T(ISW: Ice Shelf Water)& dAste= Aoz 4 A At (Jacobs et al., 1992;
Jacobs and Fairbanks, 1985; Orsi and Wiederwohl, 2009).

gt B A H O AkA b FedAav(olst EQMd e dan)E AR HgE
FAdAY] &3 H =9 7IdES FAe= d ol &EHo $Ith(Koh et al,2012).
vt R 5 AAEE & 3 AAAA = B EAdAE

A

Fo9s B BAe Az
e

7F A&
we  2th# 9 (temperate region)ol A A&Fer Ao JdW o] HS E
‘A (snowmelt)> S5x4d, AHALY, FLET, FYEA

A
AtH(Park et al, 2010). 7]¥ W3} (climate change)® <13 #A&He 7] 4
AEH §AFS T/ o= & 7|2 FEFo]l F7eAl ®th(Lee,
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&S Aohlee et al, 2011). 4 % FH FEol 94FE F= =24 44 2
AEo] e AFHQ oldle oz & AAlY R AHEgHom wjg

o (Lee, 2014; Lee et al.,, 2014).

O

Ab g BARA D R (radiative transfer model) ATtoll ©stH, = W
of 93 w9 ¢Hlx(albedo)= ZAAsttar d#H A Jth(Sterle et al, 2013).

My oX o
L

=]

-1

2l

%_

<]

=

1 A, EAGA E (radiative forcing)oll &3] o] o] dE= A|7ko] ZFal o] E
3] ol {9 FEF(unoff)e] dojyr|= dti(Lee and Ko, 2011). o] %
A= AZko] F31 o] & FEo] dojuy A HWE AR T ojoF & Fo] TR
A3 712 o] FstA Hol FxLH‘E] FHAA B &40 dojuybA A FESH
FAGN e due AR Qs & FWHolA FFIFHE= duyAe o] FIFSHI
HH, g0l FrlskAl Ha o]z s Welrt £ o FEsA oled & de
7FsAd ol S71ek Al ®th(conway, 1996). o]gldt + Wl EfEd = IEE
2o Ao gz <z7re oz s WA (dust) FE EIWIE(black
carbon) 5°] ATH(Sterle et al, 2013). FHtol= o]8 3t A7te] dFo=z Qs

WA (cryosphere) o] W3slo] @2 AF2E0] F 9
TN EFFEHE qQUAZ} Z7kskA HE o =& =7 A ZskY

N

& (meltwater) S ZAAIZ|A dd. AL ofHER sE2WA =Y
= 9] 9 &~ w3k (isotopic  exchange between liquid water and ice)S 3dhAl ¥ aL
AT T dAHFALATE HEA Ak (Lee et al, 2009). = xHO ETEol
EABHA] FeEthd g wo] I £E7F oA A HAY :LX]Q%]OH M= Eol
=52 s Aotk wEkA, ZE AN = w3 a"HA ZFS w9
AT EE G2 Aols HolA H Aotk o]gdt Aol= AAHFTALAE
g&5t= AgolA 2 Aggkel x5 WA It (Warren et al., 1980; Lee, 2012).
T AAFAYEE AMEL Z(new water)Z 7FH 3L 31 (stream)ol] A= F0]

X = FES AAE e T YAFEEE H (sotopic  hydrograph separation) @}
olo] ~10l(ice core)E ©]&ste] HAS 2EE Hdste ATdAR wol %<
o] WAE = o]g) sk W3l (post depositional process)ol] &aA A ZE Eo] 7)o
D A &7t AEgetA AArE 4 §lA @ (Taylor et al, 2001). wekA,
o] H ?i?oﬂ/ﬂl:— wol Al Fo] mol EFEO e EEEd YA w9
AAFALA o]l AEA WISt AE AT HI oyt ¥ A
Aol A i oulE 7R =A e tiste] n#E HE AE HAoRE g

oW ATE AFEAEACS] PEA Aol AT AFNANM 3km FE Do)
AT 3210, AAHQ sREe W
o
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o3t = dATALLRY WEs #FE] St 19" 3233 FHo
AHASEA T HZgle] Bof e XS FASE HixZge o) s v
(Snow cover with tephra)e°l A 57H4 Al
snow)oll Al 471 N8BS AHEFAT. A A
AN AHSFASLH v ’\]»%—3— ZkzF 90-120cm A o]Fste] AR E
AAs AT, = AET ZdEdHo] ol MET|AeA WEsom HIE F
FAAFRAA EAT w7 Hogk W Hasidt £4S YA wS 59

= =]

! 3
R EIRE] g g ol gohel E4stert
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2 tm

g9 12Ex ke A Y(relatively clean
v "HzZgdAgo A 30-40cm EoiRl

=
|

EAY AL

2R
T HAEYLAGD,  6180)=  FA AL A A & o] AE e
A F AT 4] (Picarro L1102)E o] €3t A48tk dolAE 3 (a
cavity ringdown spectrometer, CRDS, http://www.picarro.com)2 ©]-&3}o] 7] 2]
FrodERY] RS ol&d o AHlE HI FHALAAFENIIE dAGE
FAolth YA A g We FH v (cavity)dl ARG & Ho] FA
A orell Qe t71e EHARE o HlEEe F4 2 AEEHE ALS
=4 dgold(Jung et al, 2013). FEELZE ZAJYAZE 7P AlFshe=

VSMOW2(AH4A 2 Faedda dk 0%, 0%), SLAP(*555O/0, —427.5%0),
GISP(-24.76%0, -189.5%)E At&&tdtt. 24t FFE2LS A9 FUIFS 43 =
Aol 5 WA A s7tA = o]d Al59 7Y EFH(memory effect)S 3173}

A gk AbE Al AQstal U] A5 el AR Hgs ol &St ARE
Ng FH3+E 1232 Atz He ofx wWe Ay #e] Hd @S
O]*‘lo}oiﬂr(Lee et al, 2013). AlEE 53 VAT F HFEAS

Y28 (running  standard)® o] &3P F4& 0 2 AAEYPUL9

% (precision)= 77} 0.8%, 0.08%°lth. =<5 U4 618042 H2160¢

el digk H2180¢ % #e duizAdv= vepdy, sDO 2 H21609]
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5(%0) -

ROS_R y
[ bs  TTVSMOW 1000 (1)

RVSAIOW
o] 7] A Robs¢} RVSMOW+= 7H7} #41% A5 9t xFA 59 D/H =+ 180/160%
vhebd
EREE SR

]

o
mel5e BeBo & EW ZAel HW ke Iur:

7+ 23} %E}(Sterle et al, 2013). olHI ETE T we
A 2F 8- (metamorphism) ¥ w328 (aging)?] £5& Z7MX 7|31 o= <3|
aAGY] e e oA AAYe] §ARE Aty = ARS FolAl ®Hrh(Lee et
al, 2010). 34, wo] H & FAY wol H= FAAMAY F A FALAF
zke) 7 GERUA H=d, oy w £S5 THete B w3 s YA

[e)
<) o
7138 ®©th(Lee et al, 2009; Lee et al., 2010). wWztA, = FHA Fo] o}
AAGe] Eo] w £& z2A HWUE YL ORE QI3 5
Al o YA ®@tH(Taylor et al, 2001; Lee et al, 2009; Lee et al., 2010).
olZ 3l v HHEALa #(ED, §180) F7tskAl H T

%
—
0
@)
kR
rr
-
rr

Hxzke] s dds w2 A9y a9 Ze A I ot F P Hrgke
247y - 98+1.0% 2 - 11.3x0.9% 1tk flelAl Ag3g Hxzele] o IS
Aol 7] ] t-testE: FHIFATHLHE 324). t-testZ¥ " Zo] 93] IS
Ho 2] = AU @ 1EA &L AY9ERYg =ue WS & F
O

AtHpP<0.02). BlZ ol ofaf] dHw=rt srolx A W sk E/\}Oﬂﬁﬂ-‘ﬂ ol
FolA Al HaL, o]® Ql&f wo] A HAY wo] mE &

et al, 2011; Lee, 2014). & XWolA o] 7] /\1&3}‘3&, fﬂr E 9
=919 & w$hik-S-(isotopic exchange between liquid water and ice), & LA A3}
WA Gl PR ETG o] B FAUATEEI dojuA HrHLee et al,
2009). B3 Fefoll A, =2 61803 DO #& A AL el va] 77t 31,

195% WA AtHONel, 1968). uhebd, FAQruswngoz s Eo
Fol(melting)7} AojubAl AW, FoHom g ol Hal mAFA we
5994 @l F/1eksl HrkLee, 2014). wWebd, Hzate] o Fe we
Aele awx g Add wa) LuE adl o & EWA o] 7]
A Fargl o ol X

2 8l HRENUs ol FALOR felmetA 1A
o

Bol F3
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A

3
= FolA 7HE WA Amste] Hi= Zlo] AbAe)
Wi Aolth(Lee et al, 2010). AFxe} F=4o AEH
K9] 718 7] (slope)9t A (intercept) = E9] 719#] 4
A4S Fal &= 4 AdvhLee et al, 2010). A AFHo=
o] = A5 e st 49 A8
HdANA 71717 8% dEhH, olfd As HAAX <=8 (Global Meteoric
Water Line, GMWL)o]2} FEt. o]#d #A= Ao =o] 7[Ade 35713
LT E do7 u FEAS(fractionation factor)oll  olsiA A,
2t 49 B34+ 1.0107 1.080¢]th(Dansgaard, 1964). wehA, 7]&7]=
80/10~8l 7}7kg gkoltt.

-
Ao EAH H2AAE & 5 UFol, ATz BY A duxe] Faz

=
A8} el 7] AAse] FAAL Raish dojgon], T¥A @e AL A
wol WA @ Aol F EAAL AFWANME 2 vehtm ok w4,
1

gl el ols] IS we Ao
70|, 2Ex e AL 7)e7t 8002 <

= A
stal vk meEbA, AlFE7IH] FRe sfigtell FEstel &5¥ 75717t
il

(o))

A8

o e, o]de k= 9o HlZalst uige] oja HAWA HHEE wshAlA
T2 FolA Hof dAFEALL grol Wsrt BUA HAS Aol

ol E7] AAstel £ B2 Eol = £ FdHsHA HY 99 Aot o]
T age WekE 7HA A "k o] %A ¢ AeolE 71€717F GMWLP
Aol Wl=g 71&7] #®e dEkd Zlolth B3 dgo] vk w AbAoh 49
AdAeALdre ZaAe= A4 3% 195%kCI2E o] wxe we] w9
71€71E 195/31~6.35 YEFUA Ath(Lee et al, 2009). webAl, ol2g 7]&7] <]
HstE T3 wo AT o gle T FAEHE JAd ¢ e, 994 o
AAHez & o BEEel e W L= Wz A7 wo FHGdHE oW

T At ol AT 5

=)
12

A F Qe E OE 242RE B3 ]9

ol\
N

tH(Earman et al, 2006). @2 = = 1
Abel YA 7F ol e = A 7] witel, = B Hes T2 S8=
i vk S8 dojd W= o]
718715 6701282 o Fa7t dojd
skukg-o] o FelAQl Aol # & S Aotk (Lee et al, 2010).

= I =
Lee et al. (2010)¢] AFZA¥o] olshd, %7t v Faj7F A|3kz <l

ol
|
o v
N,

offt
B
ST
ik

e R O N VA VR | 2

o 1o I of
ry
o X F

’

19



-

s

A=
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=
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Folth R, 59 ad HFAARANNE oefF W wAFYoM
Bzt s JFS B AGe AP 1717} 67019 0w, THA G AL
02 YRRt HEAALmBUSOR Al

AA TR A FAR
719717} 80014 o] %

oM ATE B ¥

_

1t Lee, 2014). ®3ale] <A FI LA
= odgolA ssHe] ex olge] tE e
il

SEe s 7K 2 Aol o]

5

3o E3HE

ofN O Jm oz 1o W N ox
2o ob plu fuoat S

P o ool e e 2 oo N

_0|L
>
Y
=)
Jz
o
it
N
o

N

4 JH(Taylor et al., 2001). &% % A st}
T YRS TR H(sotopic  hydrograph
A, meltwater)2] TPzl HIHAXA

3 ol

o
o

ol
o

separation) 9] o
et 7HAOdA = T
7kl fuf & ¢ dom, FEI AT

]_

= 2 gt

Azt Azhgl 3 T U=
Zlo|th(Lee et al, 2014). ol = IAFALRY] WES o8|ty fsiA =
WYEs2AdA  (cold laboratory)ollAl 8823 (melting experiment)¥} L4
W3S (isotopic exchange)S ©]&3t FAEAAFE T3 F o AHFHo=
A & 4 J8 Aol dAdHH(Lee et al., 2009).
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19 3.2.1.2 A photo of sampling region

23



120cm 120cm 90cm 90cm 40c 30cm 90cm 120cm 90cm

XY

relatively clean snow

RETY:

29 3.2.1.3 A schematic diagram of sampling positions
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19 3.2.1.6 Isotopic distributions of snow as a function of distance
from the tephra hill
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2. &3l A7 ¢

dlo
Lo
o
ol
of
f
(o,
b
rE
o
=
=
o
2
-

7F A E
T e 929 ot 59 A (sotopic compositions of snow or ice core)T ¥
thekA] Foke]l ATl A HbAl7] FQF AMEEo] Skti(Taylor et al. 2001;

Mason-Delmotte et al. 2008; Lee et al. 2010; Lee 2014). ¥ 4], & A ZHdr+=
A el A wAHe = Aokt shHel dAnirtEe]l S FETtel deko
A4S 3 o Aoz A of st WMot (Taylor et al. 2001). °] =
99 FEF Y H(Gsotopic  hydrograph separation)e] 2} s, T& M=
E(new water), A3t+E ¥ E(old water)® FR3te] sl A
e Eol A7 dwinta 71013}b s AZFREWAAS o] &5t
A (Lee et al. 2014). A, 29I (snowpit) AlFET olo]2x=

AAtE AEEHA, 293 AR AdAHTALdLS A FEEAM S Fdstd
74 ekl ulel 343 S5y Al 306 F<te] x| tshshA <l %i}% H&EE 7 drh(Lee
et al. 2015). 2R A5 AP S FA457] HAE = ° A

#ZsE e 54 otk (Kuramoto et al. 2011). }]iioi% o] &3lo] A9
E % 7FE Bdetdd dAAY =53 AES tirj¥sety AddAE
L E38to] o]F ofo]AaFo]o A E3lejof st (Mason-Delmotte et al. 2008). ©] 2] &t
FHBAE ol&ste] FAGeAME FE OAAS 7l B Y WHASES
EAG s AL E ol &t 59T & Utk
UL FEEYHEE o]&dled w HL& &, F §A(snowmelt)o] 3dHHl
Zledste= vk AAS7] S AAeA WA Tt Zo] §HS WA=
o] SHdEdA Fhol dAs = Beltt Taylor et al. (2001)¢] Aol < stH
 AEFAAALY G2 Aol ZEWA HF Frtste o= WA vk Lee
et al. (2014) A= §A9 FHYAMETS 1A ZFAS @ AL F Qe
o

A5 AlAtste] AAISEATE = EE Aol Foba ofgl®E uield w, A
B3 DA e dEAolol A 59 YA 3HE-S-(isotopic exchange between
liquid water and snow or ice)o] HASA Huhlee et al.  2009).
SRS o] WASA HH, 0Tl AAGS A Aol Bl el A
oF FasAdA gtel 22 31%, 195% A FTHO'Neil 1968). Al zto]
e

= F EE dge IAEANLGe FAQsudNGon ddd) Fra

:}ﬂr(Lee et al. 2015). 2x=9$3A3  FHFolo
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T, el dH, vl ¥des dEkd 4 tk(Posmentier et al.

>, 7 =5
2005). et E Aot ol M4k AAE AHHsy] YA E wol U o] F
02 E94 7140l glojof dth(no post depositional process). dE £, wo] &
T oFol HA4 ¥ F 5L Eol ¥ EE 4S9 £& 54 Y, £
A9 FALA ;e ARl mEWA FTkeAl "o SA YA E
YEA ol ME & EE o] H& FTAEC LAHI Jornz oyt
Aol A 2w93 L ofo]xFoE o]gete e V|ZS HdstA HW
2 27F BASHA " (Taylor et al. 2001).
T EE 98 YL @Y WS odEte AL sHd9A FEwEEHEY
2593 EE ofo]xaFo] dFo] B2 ouE 7§ th(lee 2014). T H9A
FEEYYEAA AL B F ¥ EE dgol e Eo A7hFe WHES
ol o v QA5 FojofstH, ofo]xiio] AFoM = UL e wol F7
Aol Fgoz HEYH AE Folt g3 AlEdlefol g Holth oly3 TAE
g4dstzl fsEAE = Ee 959 AAFALA Fhol ol g A
e

e

3}(fractionation)7}ell  tgk o]sj7} Fasdtth(Lee et al. 2010). ¥ 79
A5o g EHYA  #He ®HEs  #AFEr] Hstd §3A FH(melting
experiment) S F3A T wEbA], B Ao HAHLE dgo] =7 A ASHHA]
o] T Eo FLYA Fol oEA wd yrteEAE #AFsa IFE

mde] /| ARz F§ate Aot

ado 12
S o

71 EA o7 &34 e X (apparatus of melting experiment)= Z 3 (column) <FHl
T Ee 958 FA, ARAdA delvAlE v e de 19 AYEste] w B
deol HS 7 YEE adFHH(Taylor et al. 2001). &AL
o] sl xttfj gL o] =] A (Cryosphere laboratory)ol Al &3t vH(2d 3.2.2.1).
FAHEY =5 AP 2R Qe d5o] 5= As WASH] flste] A
CEE 938t 1-3C= A3 U S oy Aded 22 s99a
2AE AT F AEHF 1A FRFTE LLE FH|EHA, ol WEad dY
Hystal Aol & wj7b#] A&kt

Ao AHEH FTHFE 30ml AFE B 7)o wE BASIT A3 A5
7|3k (water medium)s SAst=tl ARESATE I Ao AMEH A5
sdstA el dEx Ad AR 7|F#lce medium) O E  AREE AT
A5 Z7E 7R, AR, Eol7b RF 3eml AFWHAY] 5SS AFEESATh
Ao AgE dFY Y2 F 1500gel™  99.9%(1498.08g)7F HETH o=

P

110mme] #74d< 7Fd Zdel 15kge <d&s F4

o

T AR Z(T0W,
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A A)E 7HestAanh Ad AR F 110E Fol Aoz §alE BAEE
AFsFR o, Ade F 21547H1290%) st AEFHAT dSrdelA] A
B2 ARE AW AFAA HAFT ofdY FERE s2A AA HIAoHW FHRE
A 87F o= As WA flste] Hdoz A Fodth HFA o2 156ml(8471),
30ml(157H) ¢ A&7 AHH AT Als AR 7IES Fopxl AEFe] FAR skt
15mle] A AZ9 FAZE #HArHow 1328g(Ex HA 1.74)°)19 o™ 30mle
A9 27.73g(E+ HAF 584)9] Hit FAE YRt g5H 9971 AE Foll A
dgo] [yl AF3 FE 5o AR(QAZF B8 AIHE o BEAEg o,
Aol EAA SR =7] A2 o] £ HE = 5/ Fell A 104 FA skt

A AR HHFTAYARED, §180)% FAAFR AHAAHA e AE
A TN D AEA A (Picarro L2130)E o] &3le] EA3tAt. ol AgEEH(a

cavity ringdown spectrometer, CRDS, http://www.picarro.com)< ©]-&3}¢] 7] 2]
T EdY]  IfAAS  ol&std, AdEsA =HF" HFge dHEs A
A (cavity)oll ZAFSE & Hlo] FHA AW <to] A= 7Y HAAAEY ¢
Higste] S 92 AEFEE AFES SASe 9ot (Jung et al, 2013).
ETEdEE FAGAF 7 FAA AFsteE VSMOW2(4EA: 2 FAs9d94 gk
0%, 0%0), SLAP(-55.50%0, —427.5%0), GISP(-24.76%,, -189.5%.)5 At&3sttt. 2zt
Fr=d2 NG FHIFE 24312 Aot dF WHA AEAAE old AE9
719 & (memory effect)& Lelste] A3 g A= Al A9t ywx] dF Ho
Ao Higs ol&adtt AlsEE MY FHIFE 1282 Aot FHe oA
Hol Azl zre] HgS o] & dth(ee et al, 2013). AEE 53 A3 F
E7E54S Y2t =(running standard)® ©]&3Ath 42 2 AAE P A9
U % (precision) & ZF2E 0.8%, 0.08%°1th. =< 591U 49 §180%k2 H21609]

kol oigk H21809] s gkel BulxdHl= dEhdie, DO 2 H21609]
Yol digk HD160° s% kel Aol A8 = vetdinl 69 Aol= ol 2

Ol

§(%) = % 1000

[ Robs —R VSMOW

R VSMOW

(1)

o714 Robs$} RVSMOW= ZHzF A E Alget A 59 D/H £+ 180/160%

e

Y 3222, 3223, 3224 SIS EI #HF &
e gz FQU gEe Azte] #4E 2o oz WatE %

st o HAAHOoZE 15g/min7t 7HE Wol 3 °

=2 =0 AL #@2 e en, Aot g2 FodadA=

IO/ N 17
bo b o
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A A =3k (Global Meteoric Water Line, GMWL)¥}+=
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a9 3221 A schematic diagram (a) and photo (b) of apparatus of melting

experiment installed at a cryosphere laboratory in Ewha Womans University
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a9 3222 A distribution of total melt as a function of collected specific
discharge
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a9 3224 6180 vs. 8D linear plots for the column experiment (Obs:
observation). The grey dotted lines are the 95% confidence intervals on the
estimated mean. The black solid line is the Global Meteoric Water Line (GMWL,
§D=8x5180+10).
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3. % AAEAALY $8F 7194 33 B2 9T IS $44Y 49

Wale] AAHFAYAR e 83 AFe= wol W AlF FaolA EA ol &
dgoz WA A ol EE8]4 A (post-depositional process)®E d o]
Fotth= e 7MA3H(Lee et al, 2015). ol W= WEF WPl o] dAF
gate] FAHoNAME HHS spgolAnt, 1 9 tddt A AoA EQl iEo] Fol
ez g A gol= AAsA] &th(Taylor et al., 2001). &2 Hd 59 dA
I 7S AR o AFBAE AL JdoerE dFY UL TS d50]
HAg2ES e Bob o] Wt S FYA FEEEE T8 A=
Ao FYUYa7F Aol upel ¥ (fractionation)d S ZH WAYEE QAo
ol 7} Hastrt 2 AFoANE Ao E§FARS T3 UL FEEE #H
Wate]l AAFALLRE olsfiste dHol Hed deo 9L FHAAS
DA e AAGA B FHLAL wdnkgo R old stz s o E
A3l Lee et al. (2015)14 #AAIg A& &F5GAE ol &3ste] Ao =2HE TAH
B9 FYaNES EY4d EES o)gste Adystuz g &
gl §180% 2 H21609 FX kel digk H2180¢ s% Fke
doizguE Jebde, §D] g2 H21609 % #hel dig HD1609 ®%& #e]
gl 2Aul 2 Ebd §9] geol= ol A 13

5(%0):

R, — Ry,
[ by TVSMOW 1000 (1)

R VSMOW

©17]4 Robs9t RVSMOW== 742} &4 Alzot #FA5 D/H E= 180/1605
LHERA T
BoAFo AFEE 2ES Taylor et al. (2001)3 Feng et al. (2002)°] <]3f
e Rom, wo] 52 =3 AANS o YA wINES HAlsHE
Toll Abgx o] gkoh(Taylor et al, 2002; Lee et al, 2009; Lee et al, 2010a). &
25 =9 £+ dAs g 7HAste] 8l &7 (hydrological condition)
ek mds shato]
EY dd FdA ¥WE H QATAFol gk FHdxr WEs
wakdh 7 B ZpolH I Ao i 2r|E2H wE
2 WEE Lee (2014)°] AA = o] At}
et al. (200)3} Feng et al. (2002)°] <o} siEH
2 taEdande A 2-59 AupEAAE wEr o V[EHo®
Aol dy FA3X T o]S(advection)T T LA 3SH(isotopic exchange
between liquid water and ice)©|] ¥3%% o] It} o]+ Baason (1972)9] 23|
Ago R AAEASH Taylor et al. (2001)= Fo] & E3p mAAe F9

fllo
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-
£ xR

lo
ggjgrlo_
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ado m» M o 4 e X
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ol

ol
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FAALNHUSE BE Aqo]A] dojihz Ao] ol ¥ Ere] AR
wgo] dold Aolebm A4 39 Ditel mES 543
= mag wmste] £ 2 4 59 FAALBAARKDE

A Al 3}

oy

atjl:f B;I+¢7(thcc*O‘R“fl> ?
aRice
e 1o, - R Y
_ b
T bf ’
k,Z
N (5)

o 7] ol A Rliq 2 Ricer Z+7+ A
e a= 0°ColA e 4 e A
BAGHAA Fa B ks

UEeld Aol W4 o= FAAFHI LA S EA 9 (dimensionless rate constant of
isotopic exchange)©|t}. 7|& EHo A= T €59 YL uERESe] A
A G| A dojdttar ZFASFI AR, Taylor et al. (2001)e] AFAAME ~E
o] g3ate] THULUZGo] FiREAOoR dojd Aol ZHASIATE o 7]l A

EAgelM, Ze= Hxe w9 zololH, uxs 429 Fkolth adt

rlot

d SHet =) 5} (kr)&=
F3 47 AT ¢ vk HH ] A EE(the best-fit)> R A kel #fo]9
AHS 7 HA23Fsk=  F(least-squares method) o2 A A3 tHlee et al,
2009).
A5 EHol F7] AZEHH 52 B2 A5 AtolE et A B3 AR
A8 FAYLwsHFS(isotopic exchange between liquid water and ice)©]
WAk, 7 e 9%

Pa S WHIA7IA " (Lee et al, 2009; Lee et al.,
2010; Lee et al, 2015). A A3 AAFS =9 sHLLwEEo =2
d& o] FA FHW, A 2 F49 FAYL #2747 31%, 195%2 o]zt
03t A Hh(Lee et al., 2009). 2 Alolo = Bo] EAEA] &)

i)
B
A
=2
2
o

37



EA92 ol 78 ALl
& %% AuE B B992 g% 780, a9 3231% 2ol

STk Aol b e B
AU L -84, T
(3]
2

= A
w9 s e AIHA

7

_

%:@}E 1 o] %—ﬂ% 08 7Fow g IR
et Ze HolE 7hA oFghtt

cbaet i AFBAE FALLTE
ol el AP pAe 7]&r] 2 AN
g 32320 AAE AAH AAT
GMWL)> 7]&71& 8 AHA=5 A S JHATE ol&= sl 7Y
7+ (precipitation)ol  S|F == Algrolw & EE dgo] & olF Y]
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Fraction of melt (F)

19 3.2.3.1 Isotopic compositions of meltwater (triangle) and modeled results

(line) plotted against F, the fraction of water melted: (a) oxygen data; and (b)

hydrogen data
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discharge as a function of fraction melted (F).
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L $AALAEED BEH2ASUL o $F BART AL AFBAY W
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A

o] &3 (water cycle)ol A o] ojudt &4 HAHS AFNE/E L7 HAdA
O F AdATALAGDY §180)7F Ak 50 odzt FA A (tracer) = AF-E-E] o]
FH(Lee et al, 2013). 3ol A Z4(evaporation) B+= o F(convection)o] 2|3}
712 ol ® FT717F olue HA2=2 olFsty kEvtE 4] HElA 5719
ot &9 Y Aa(stable water vapor isotope) % HFFEHUALAE ZHHe FHA=
Zgstair JvHKim et al, 2016). A= Wt I =9 AAHTHLLE

ol-gstel A == H Wakel Aol &Estal t(Kwak et al, 2015).

A Fol A =] AAFALALAE FAXE L&y fsAE o] dFo=E
FAHE oM = e 59 g7 HASA HHE A 2EE Hdd=
del  ex7b AeA " olE  FHeotatr] fEiA = AbAe A F
A9 MEAA(linear relationship)E ol &3tH  Fal7l HASIA A=

vota 4= 9lth(Lee et al, 2009; Lee et al., 2010).
HA = B4 ojEgor A AArFTHYLE FE FHAR ALEFHY

gov], A 2001dzr eARAPP w0z old F2FHULE Bol

S8y gl FASYYAE 700C oo medA AB(Cre AsiAA
FaNAE BASH il oligguEadt #HIS  AA  oiEgEAS

S
THYAAFEAIE o] &35} o EA%cHlee et al, 2009). B
& o] A i34 (laser-spectroscopy) 2] = N, FAELARE EA
Aol golsi ol wel Ata B o FhEdAY AY

=214 #ABE osfstele o] ojdxRY F

Kim et al, 2016). wetr 2th 2 FA2EAU2Y AFAAE ol &3 A7}
tgstA AP o, olF FI = EARZES olsictr] A A=
Had = a1 AH(Lee et al., 2010).

o] F adAFEYLLr AYBAE I 5 HEHALASW(ordinary least
squares method, OLS)S ©]&3lo Ay #AA e 779 DAL AA I HLee et
al, 2010). A AFHo=z oA 7L F577F S5H v7F WgA =4

Ao T e dARY] AGaAdA V17l A9 88 yWErH T (Dansgaard,
1964). TFa23Y 7k (d=8x6180-6D) 9] 18 Al HdHogA  FolA
T5717F 7198 o] MG EE el tH(Dansgaard, 1964). a3 kol 09l
Wheas AdssErE 100%  7Hbew, ghol ARl wEk 1A el A 9
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el AA o] exke] AYrF HATF H= sidol HAXE AN (least squares
approximation)©|th. AFA¢ FAEHLAY AHAFAAS YHEYHE WHOREE
OLS7} 7F¢ dwtAolt}, o= FAHE Amo FduFrtEwta))e]

) =

Qi Row AL FAFFAZEP)S

Ir
ru

X
off
i
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T
Lo
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st REzke] A E HAVh g !
Atgel 27 EAEA HE FAHARY XA AHetaia et REih
A7t Havb = WHS Zolop ) o] g WS TLSEF s (Markovsky
and Van Huffel, 2007; Petras and Bednarova, 2010), ©]& 9949 A& AA
AgH o] gty AW Yl A2 AYar AfdE 227 EA51H7]
izl A oRe SHHLASTHE $ALL AR H&steop dvh a9
33112 ol& /Mdstsle] vegl e, F dS AJRstaAt skt

rob

3oy dddaAs

OLS+ A" W (explanatory variable)®} WH-&-%¥ <= (response variable)Zte] 37|
Avsts Aotk &, fdA dud A" FEREFEY Ay 9
WEHes 24, v AWE Ao webA, vgs yob A

s

&

y o

y=a+bx, (1)
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7oA pE 717, o HHES VEhH, yE OLSe Y3 d=d 43S
R ShATE #5E A s OLSOl o3& o= o B2 7] Tl
(o]

=
U3 o] 7hg e & Sl
Yy, =a+bx,+e; (2)

A7 A e, = L AH(error) HE= ZHAM(residua) & WERATE OLSolA 2xk= yoll
ofsfi At EAELY] wEell, LAt ta I o] Wk 5 St

e; =y;— (a+bx,) (3)
ZJetSt A O o= WSH g3 ASH 40 AgelH, olE Hidlehs WML ¢
Ag) Fe Az Ak ol e ol e 4+ v

ool ABS B Qb= HED oF ash b9l T Wiel W@ W@y
002 e ge oA e 2k

™
o

22{% (a+bz,)}=0 5)

*2E{y, (at+bz)} e 2, =0 6)
21 (B¢ B)= BEstd 7127109t dA(a)s T8t w3 2

na = Eyi—bei (7)
i=1 i=1
a=y—bx )

zn]xiyi_azn]xi_bi(xi)on 9)
i=1 i=1 i=1

n

Z<x1_5><yz_§>
h=""— (10)
Z(Ii_gf

i=1

AZNAN ne AR AFE e, TS g A7 wgussh 4guse
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Wite yUedt OLS7F =44 #ee] Hzstol 7jwksto] fig Aoz,
TLS= A=k A58 #HAzkel A=rr HAxsts= ey TLSe 4544l
e o] =] WeE Hour] wiel Mo FE f=d sev)eh A9
Ak s AT OLSSt wdstAl S4" A5(e,y)e 1 Anet HAd9
A=GE 7 #@A ske vlerieh diE AXtE o doi(ad 3312) o 4%l
b 2 AAE de 2ol 4o 3l

e; = Ay,cosf = DY 2 (11)

V1+tan?e V142

OMM—%%&HSX}E%EMﬁJ@ﬂﬂ7m}§%ZMﬁ:d(®ﬂ%@1ﬂ

aag—— 1+b2 E{% (a+bx;)} (13)
%: 1+b22{y1 (a+bz,)} e o, — 1+b2 z]{y2 (a+bzx,)}* =0 (14)

g A - A
(1HE Adstd 71e71)el i 223 o] F=dv. oxhgAgAs 9

4L olg3tel AT THW b vhet 2ok

EIYEALL R £37] AAFNL

B e Az e Ad BUAEANLE olgdel OLSH TLSE
sttt WA, 20139 S 7132 olgdte] W AFENA FHA
FANR 1I80E ARG WEAEE muste BA AAAA FAAT 20
WE m@ad. as Fae dAEANaE FTAYRIEd RA
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FA QA4 A 0] 9= Picarro L2130-i8 o] §3le] RAEAT). &lo] A &3
EAgn e Pums Aadh Fark 247 020, 1% oldtelth AF7IA Fwe
T3 §AHAEE OLSY TLSE 2% 2 &3le] Hlus Alxake]

(e} j]

Lee et al. (2013)°lA Fol Az
TS EFALALE ol AEFHE o8

tste] =tk AbAhet T FEUIMAEAEAE A5l OLSE
A&t FF717F bl A el o3 di7lE A ¥

E=)
R
o,

AFAHFo =R o]Fslias HAt. B AFolA = Lee et al, (2013)o]4 AlA| S
FZ71 9L A AFe TLSES A &350 OLSE W2 Ao} vl S A =319

o A4
of  Fast AdaEddas LEZHCloffline)dA oz HAAHE T OF
AR 7] (Isotope  Ratio Mass  Spectroscopy, IR-MS)E o] &3¢
A A7lelE T OFFY SAYAE FAY B4 = A AEE o)
2 P do|dr] o, F2 EAo] golFPW AAEYALTS o] &3]
=3 oldistEH L Tk 20008 HERE B s AT

&l
2l (online)W2] 2} 2000t vk 5743t # o] A &3 (laser—spectroscopy) ]
FAEA o] GolaiA WA HlFH o R  FtAE oA
Ak Tl A= HolAREFHE ol &3 =UdFsHAdA
Hol E=qiso] FAGAF R Aok Aol vhdetAl &85 AH(Jung et
al., 2013; Lee et al., 2015)
gl S e il o AAPE FF7= VIR olEdHA S5
H e w9 YJHE "HolxHA A F57|Y w99 #e
gl Foll Al St o8] AAE FF57]9 Atx 2 FaFHdARe] APAAE 7€)
8= 7HAWA LA #e HolAA HAN 7|7 83 AR AH 109
A ogoll Al A o] Al Fth(Dansgaard, 1964). ©] & A7~ 4 (Global Meteoric Water
Line, GMWL)olg} F2w XG4 Z9= o HAZddA 9L #ol

® dr R off fo o i AT of
ool e M olo fo 2 do M

Lo |

3

N

ol\

)

_OL

=

wAolA ok WA, Y T oEe °Ji° AFBAL 71&7] 8& E- oA
ol oF YIS otk Hel Beol &8dT dF 50, EYdT T HFY
A8t T osA9ae] A BAIL 1371 8& 7HAA HWH o= ol g
™A @For motdE = Qvk AGHEE 7]E7|7F 8dA Hlous AeE
o o]E XY H4A(Local Meteoric Water Line, LMWL)o|2} K=,
T = AFAGolA o] LMWLe] Aldd= EI_’E]CH ATHLee et al, 1999).
olfgt AEFE ol&st AFE Astrrt AA FX(recharge) HA=AE
AFA oz Axstdon, o] v F dAFALLRY] V&V g T8I 4TS
g oy =3, TFELRYF(d=8x6"0-6D)> 71&717F 89 AFHFAe
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3 3.3.1.1 Comparisons of estimated parameters between OLS and TLS

OLS

TLS

Antarctic

SNow

Water

vapor

slope

intercept
RZ
slope

intercept

RZ

7.00
-5.89

0.9778
7.75

10.06
0.9847

slope

intercept
RZ
slope

intercept

RZ

7.16
-4.05

0.9768
7.87

12.01
0.9842
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OLS residuals

N\

A « TLS residuals

N\
N\

>

X

1% 3.3.1.1 A schematic diagram for comparison between OLS and TLS. The
solid line is a fitting model of y=a+bx and dashed lines are approximation

errors
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X

19 3.3.1.2 The total least squares method for a straight line
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19 3.3.1.3 (a) Linear relationship between oxygen and hydrogen isotopes of
snow and snowmelt collected from the King Sejong Station using OLS and

TLS (b) Comparison of residuals of oxygen isotopes between OLS and TLS
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19 3.3.14. (a) Linear relationship between oxygen and hydrogen isotopes of
water vapor used by Lee et al. (2013) using OLS and TLS (b) Comparison of
residuals of oxygen isotopes between OLS and TLS
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Reference Location Cl'(mg/L) Br (mg/L)

Saloum 19888.67
Faye et al. (2005)
Senegal +2423.38 67.00
Western Coastal Area, South
Park et al. (2005) 19350.00
Korea NA=*
Pulido-Leboeuf (2004) Castell de Ferro, Spain 21259.00 132,00
Argamasilla et al. Marbella - Estepona,
] 19472.00 66.00
(2017) Spain
Daweijia, 16211.50
Han et al. (2015) )
China +668.08 NA
Seomjin River,
Na and Son (2005) 18800.00
South Korea 67.00
Capaccioni et al Sicily, 21204.50
(2005) Italy +34.65 NA
Y ,
Kim et al. (2006) eonsgwane
South Korea 14408.02 67.00
. Jeju,
Kim et al (2003)
South Korea 18211.00 64.70
Buan,
Lee and Song (2007)
South Korea 16716.00 NA

Mid-western Coast,
Jeen et al. (2001) 19300.00 73.00
South Korea

. Gogum,
Shin et al. (2002) 17164.00
South Korea NA
] Yeosu, 14230.50
Kim et al (1997)
South Korea +528.21 NA

3 3.3.2.1 Chloride concentrations of seawater for mixing ratio calculations from

previous studies
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19 3.3.2.1 Contour diagram of the error in the calculated mixing ratio as a
function of the chemical difference between the averaged seawater concentration
and standard deviation(lo) using chloride ion in Table 1.
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29 3.3.2.2 Contour diagram of the error in the calculated mixing ratio as a
function of the chemical difference between the averaged seawater concentration
and standard deviation (1o) using bromide ion in Table 1.
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Longslived radionuclides ('*I'and 2**U) as water mass tracers in the North Atlantic and Fram Strait
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Highlights Fram Strait

+ Data of **l and U along a transect through 19| and 2°U Tracer Distribution Transit times and dilution factors: Polar Surface Water and mid-depth Atlantic layer
Fram Strait (2013, 2016, 2018) and the
subpolar North Allantic (2014, 2018) - . () — y S—— ©
¢ [~ Surtaca input function F—AL layer input function| [ Brary murg ines
« Estimation of transit times and dilution factors: S [ ’ B Y
Fram Stralit: surface (0 - 50 m) and ] : :
Allantic layer (300 - 800 m)
North Atlantic: Deep overflow walers
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7 A
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Rerrssaaing Fig. 2: Using lime series of "™ measurements to estimate ransit times in the Fram Strait Fig. 3: Using a dual-tracer approach to estimate transi times In the Fram Strait
300/ Planis

The Input function Is diluted and shi The dilution of RP input with GF background is
match measured "™ concentrations A simulaled using the combination of the U concentration
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Spilsbergon Currer (*) denotes unpublished data, (*) denotos unpublished data.
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