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Frost flowers and sea-salt aerosols over seasonal sea-ice areas in north-western
Greenland during winter-spring

HARA, Keiichiro

3,100,000

Ikaite Mirabilite Mg-rich Mg K

Simultaneous observations of frost flowers, brine, and aerosol particles
were conducted around Siorapaluk in northwestern Greenland. Water-soluble frost flower and brine
constituents are sea salt constituents. Concentration factors of sea-salts of frost flowers and
brine relative to seawater were 1.14 - 3.67. Sea-salt enrichment of Mg2+, K+, Ca2+, and halogens in
frost flowers related to associated with sea-salt fractionation. High aerosol number concentrations
correspond to higher abundance of sea-salt particles in both coarse and fine modes, and blowing snow

and strong winds. Coarse and fine sea-salt particles were found to be rich in Mg. Strong Mg
enrichment might be more likely to proceed in fine sea-salt particles. Mg-rich sea-salt particles
might be released from the surface of snow and slush layer on sea-ice and frost flowers.
Mirabilite-like and ikaite-like particles were identified only near new sea-ice areas. We propose
and describe sea-salt cycles in seasonal sea-ice areas.
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Fig. 1 Fig.1 Relation among sea-salts in frost flower,
brine, snow, and seawater at Siorapaluk, Greenland.
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Fig.2 (a) Concentration-factors of frost flowers relative to seawater, and (b) molar
ratios of SOAZ'ICI' in frost flowers. Sites |, Il and Ill indicate aged, young, and new
frost flowers, respectively. Red line shows seawater ratio.
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Fig.3 Short-term features of (a) air temperature measured by AWS
(T aws)» air temperature above frost flowers (T, ca. 10 cm above

the sea-ice surface), temperature of base of frost flowers (T..), and
(b-e) molar ratios of sea-salts in frost flowers and brine at Site I. T ;,
and T were not measured on 20-22 February.
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Fig. 4 EDX spectra of sea-salt particles and sea-salt relating
particles collected over the sea-ice area.
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of each aerosol type in coarse and fine modes.
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Fig. 6 Ternary plots of Na-Mg-S of sea-salt particles and the modified
sea-salt particles collected over the sea-ice area. A, B, C, and D in this
figure denote ratios of seawater, fully modified respectively with sof',

MgSO,, and MgCl,. Red open circles and blue triangles respectively
present ratios of particles in coarse and fine modes.

(Mirabilite ki) =° Ikaite (CaCO; 6H,0)
EEbD Ca R LRI Nz, ZO
Mirabilite #biF. Tkaite £EKIFI%. Site—
M DOIIZIEE L TV, ZHE TORATHFZE
TIX, WAL BB AR CHTH L7251, ¥
KFIZEE LS L, KA~ EShene
Z HAIVTWZAS, MK AR IC BV T
1. Mirabilite X Tkaite $i T b KK~
ENTWDZ ERfEREINT,

Fig. 7 |Z SSA @ Mg/Na OB LZERT,
Site-T T HALZ#EE (DOY 23 60 LIKE) LA
HME, Mg-rich SSA 2N FEZTH Y . /) SSA
TMg/Na LEAE < 2o TN, FREL - F7E KR
OFEFTIE, Mg/Na EEsEKEL X 0 &k
SSA BEWS, FETRRKREFL LD & Mg/Na
KD T, ZOEH2X2 /& hotz, K
Koyl S iz SSA D Mg/Na HRIZIE U 72 124R
B 72 PR, KK H T SSA KL 747 B
BAEE TV EEE I Wiz, ERK

BN
(%)) o
L

wind speed
m/s
=
o
L

Coarse mode

EEHH% El%ss o i |

Fine mode

i Wik L il

0.0 T T —
-20 0 20 40 60
DOY 2014
Fig. 7 Variations of atomic ratios of Mg/Na in sea-salt particles
and the modified sea-salt particles collected over the sea-ice
area. In box plots, the top bar, top box line, black middle box
line, bottom box line, and bottom bar respectively denote
values of 90, 75, 50 (median), 25, and 10%. The red line shows
mean values.

Atomic ratio of Mg/Na ~ Atomic ratio of Mg/Na




ZMT (89E) TH Mg-rich SSA X Mg Hiki
FRMEKIEN SRS TWD EEZ BN
D,
(5) g kIR COUEHE YA 7 v

A FERE OB AE R & BATZE TR O
TR G  ZEEMEKIR ORI - O BRI
DNWT, TReD L D e a e Lz,
OFIEBHAH

WK EAS AT IX, MEER T D> B I OFRIRRTE
DIEEZNZ X - T, WAKHRELIZITV Y SSA 23K
K~ s s,

@K Rk A

IRIRIZ AWK A 23 0 E 5, F1HIEKIRAE
(T —ATA AR T T INT A Aip L
grease—ice, frazil ice) T. lkaite O#TH
HET L TWDRIEEENH B,

QFF I

#oK (nilas) 2R L. MK EOSKIESNE
ALY, FF OB EE D, Kk ED
Brine 2% FF ~¥4t A& 723 0 . FF _E<° Brine W
T Mirabilite HrH 2 EE 5,
@#EK « FF lREH

WK REFZ XV KEN R 2 IZHE L T
TEVN, KD B KR T~ DO EMRE 23 0] S
AU YEOKFRT - FF 2 OEE MK T LT
W<, FOREE . Brine T Mirabilite,
mirabilite, hydrohalite 72 & D3 O H
AT 5, FF O EIZEV Y, Residual-brine
3 FE ~YeZr A0 | Brine & FF I O¥gEdE A%
IR N e > T LT,

OFXK « REARF « EERF

FF (3055 2 A9 508, e THF4E (Roscoe
et al., 2011) Ti%, (¥ 15m/s LLFCIX) M
FEIZ & D SSA iHIF L X 12 < W2 & A3 FEHR S
NTW5, RERFZIL, S - HIRE N RAE
L. TRk Eo FF (&) Th o
FF (27822 « 3L L. #R% 2 FF 234 0T
<, FAEFDOREE OFRIE, FF, Brine EIZZE
KDL - T,

®mKMBIE%

FF <° Brine IZHERE L7=fEFEHIZ Brine/<°
Residual-Brine 2MEFZICYLIH I o TV &,
Yer B3 %, WSRO IR X, RIS
CCHEFR CHLkG T 5, MERED L35
TFHEENGIFRK T TH, MERE OGS

(Brine =X° Residual-Brine) D72 iz L v .

Mg—rich SSA <2 Mg ¥ ki 723 S35, BN,
RS NI & FEOHIFENC LV Ak
SRl U7z SSA M RE A~ &b, #EKAK
ENEATWAUEKTIZ, BEDOIFL A LI
BEIN, BV Brine O7\VY) HEKFEE
BT 5,

PLE@RFRIZ. 940 7g K E wWifgsk (41
ZAE, Ak, FEARE D) i, EHEO
WENFRFICEITL WD EEZ LD, KN
WFFERREE Clx, &R - MEOKIRFE S T

Mirabilite, hydrohalite DOATHIZ X 2 Ak
AL FER SN, LV IRIRIC/ AR T
Ti, MgCl2 X° KC1 72 E DM H 3 5 Al EE

PEHH 0 RIEEK EHR O SSA DEhIER
a7 EOFER SEME LD S
HI0%. ABOBIHIIZENEE L 72 5,

5. ERRRwRIE
(WFZefeFE . BFgesy s M ONEHERF e 5 12
EEN)

UdEssamc) GGE 1 1F)

1. Hara, K., Matoba, S., Hirabayashi, M.,
and Yamasaki, T.: Frost flowers and
sea—salt aerosols over seasonal sea—ice
areas in north-western Greenland during
winter-spring, Atmos. Chem. Phys.
Discuss., doi:10.5194/acp—2016-1094,
2016.

(Fa%EEK) G 9 1)

. K ED7nA 77U —ERLEOKE
RF DALy D435 & e, BB R
E£—RR. LIRS, FAREE . ZORBFER
£ (2016 - £ R) . AR KR, 2016 4
9H29H~10H 1 H

2. Chemical Concentrations and
Fractionations during Formation of
Frost Flower on Sea Ice, Matoba S, Hara
K, Yamasaki T and Hirabayashi M.
Goldschmidt 2016, /337 ¢ =i, 2016
FeH26H~TH1H

CRECBR, BBRBA. LIRSS, ik
KIS T O R - - YRR & MK D>
SO, AARKR TS 2015 FFEKFXR
£ 2015 4E 10 A 28~30 H, m#T /LY

4. 70 A N7 7 U =R DLFR S 53 R
BB JRE—BR . LR F5 AR
TEOKMFFERE (2015 « FAA) . 1EM KA,
20154-9 H 13~16 H

5. RE—BR. WBEA. EHH. 45
it CBLH S AV 7oA S B 56 6 (B4R
Wy o AR A 2016411 A 16~19 H.,
] ST AR HATF 22 I

6. Chemical concentrations and
fractionations during formation of
frost flower on sea ice, Matoba, S., K.
Hara, T. Yamasaki and M. Hirabayashi,
The 6th Symposium on Polar Science,
SRR SERT, 2015 4F 11 H 16~19 H

7. 7= I Ml TO7e A N7 Z
T — OB LTSy DA & Rl 43l
HSEA . REBR, LTS, ZOKIF5E
KRex (2014 - \F) . JUFIR, 2014 49
H 19~22 H

8. JRE—BR. WHEEBA. WIKHFH, 7' —
v v MO T v Y VB 5
[RIFE R s R U0 A E NIRRT ST T,
20144 12 H 2~5 H

9. Chemical compositions of frost flower
at Siorapaluk in northwestern Greenland,
Matoba, S., K. Hara and T. Yamasaki, The
5th Symposium on Polar Science, [E 748

w




1.

1.

HIBFZErT, 2014 4E 12 H 2~5 H

(XF) Gt 5 )

HIBREA (2016) : ZuRAhLKT7T7U—F
VAT T H 2, ARFEE AN B AT KFES
M. EREET, HELEHREE. (5 Eko
e 60 (AP T2V U —X2),
pp76-77 (42193 _—) philiasEs
HBEEBAN, 7V —F7 0 RoEH., I
v J—T V=0T FADLDOSD S L,
ANRGE, T, mRE IR AR [ A X
FUR T =0T R bR B D728
D 65 F | pp62-65 (4= 441 ~<—3) 2016,
aEE

HBEBA. HREEOQOA LYY kT
A AT ¢ 3R, NRE, PRS-, &G
EWEYRE (TA AT KT Y—=0 T
K« bR AZNB7-9D6 53| pp. 66-68
(£ 441 ~_X—77), 2016, HlAEL
HBEEA. HERERLE 7V -T2 K
KIK—HBARIZBITFA TV —2 T FKIK
BB, NREE, FALE T BB T
AARATU R T Y =T Rz s s
728D 6 5 pp419-422 (4 441 ~—0) |
2016, BIAEE

HISBEA . LR (2015) @ fiRH > ¢ —
VR E E REVIERFZD 7 4 — L R
J— ., HER, 60, pp.47-51 (42136 ~—
V), 2015, A ER

(X747 GF 4 1)

B EERE 2014/5/12 U —rF K
THRAERBLGHEORE Y BNER KORE
7 A N7 U—%2BLIZ)

g B /NFEABR 2014/5/1 JKDEEL~
2SF 7=

I REE AT 2014/5/12 AR DO KRF
O LA SRR e MK O R
20144E3 A 30 H BSHEIH MMy FEHERIT ]
BA T ) — 2T RIZ “KIDKDOEE” & K,
72

A B D

6. WFFER
() BFge Rz

JF=E—FB[ (HARA Keiichiro)
FER R HLT5E - Bh#K
WFgeE 35 1 10390593

(2) WFFES 184

A8 A (MATOBA Sumito)
B R FARIE R AR TR - Bh#
WFgeE &5 1 30391163

(3) L HENFIEA

L

(4) WH5EtH 11

SEMRERES (HIRABAYSHI Motohiro)
[ESTARHAFZE P - ReEBhF
(L4775 (YAMSAKI Tetsuhide)
Avangnaq



