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So-Young Kim and Seung-Il1 Nam, 2011, A brief review of palynological studies The western Arctic paleoenvir-
onmental changes. Journal of the Geological Society of Korea. v. 47, no. 5, p. 547-560

ABSTRACT: Recently, the Arctic environments have experienced dramatic and rapid changes. The most
remarkable feature can be observed in the Arctic sea ice coverage, which shows rapid changes in its extent and
thickness according to satellite observation during the last three decades. Recent rapid reduction in the sea ice extent
is related to a major shift in the Arctic atmospheric and oceanic circulations, which plays a crucial role in regulating
the global earth’s climate. Of particular interest is the sea ice changes in the western Arctic, which is considered
as a key parameter in past climate changes in Arctic and subarctic regions. They control the intensity and direction
of sea ice drifts in the Beaufort Gyre and Transpolar Drift areas, and consequently regulate sea-ice and freshwater
exports toward the North Atlantic. However, records of the past sea ice changes in the western Arctic especially
on centennial to millennial scales have not been well-computed in climate models due to the rarity of suitable marine
sedimentary records. Remnants of microscopic organisms in marine sediments such as spore, pollen and
dinoflagellate cysts have been suggested as a useful tool for reconstructing paleoclimate changes in the western
Arctic, inferring the past terrestrial environment and sea surface conditions such as sea surface temperature, sea
surface salinity and the sea ice extent. In order to provide more complete and spatially extensive records of past
sea ice conditions in the western Arctic, the spatial distribution of organic microfossil data sets and the accuracy
of the environmental data need to be developed. This will enhance the reliability of the transfer function applied,
which has been generally quite limited in the Arctic region.

Key words: Arctic Ocean, sea ice extent, marine sediments, paleoenvironment, palynology
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9] F SAAS SErk 343 SR T
A7 71% Bell A Gl 717 wA Eta)
Al e 7 ee Bt 37 22 (polar am-
plification) @42 =7 o|23t 5= 2 wist
S5 oA B3 sl (sea ice) o] 79t HA
o] FA5H sk @Al B2 7|FsAlE0]
£33l @itk e.g., Holland and Bitz, 2003; Stroeve
et al., 2007; Parkinson and Cavalieri, 2008; Perovich
et al, 2008). Bo] 5 WHE Aol vzt 2 8
s}22 wolw, 19799 o} V= Shaao] o
sh ol 99 F<7ol 714 e Wao] gt
(ACIA, 2004; Serreze et al., 2007). 1979-2002 &
QFoHe] B afvY) HA2 Bt 2F 8% HAx(Stroeve ef
al., 2005)3F B, 1996-2006 52 52 9] 31
WAL oF 18~22% FATHA TSI THStroeve et
al., 2007). E3] 24t 2007d 99 16o)= 71 4
& WAl o 0% B8] Aol o} Azt
(Comiso et al., 2008; Stroeve et al., 2008). £-=3}|
A3 W22 20089 99 ) 7= A= 745,
20093} 2010 1831 20119 E71A] X424 Q)
i @A Hola Qltk. e vt 7P 54 38]
ol Ql= A ES8l ot WA 2o & -
F7] W% 7152 BalolA doid LAY 7%
2 I olsfist=t] o3t AEE AT 5= A
tHde Vernal et al., 2005, 2008; Ledu et al., 2008). 1
olf= AEF8Y 35 2 F o] E%21F
(Arctic Oscillation)®]] o9 W75 HA| w5tz
T35 Qs #3817 AL H o] HHYHEA
EA GO R FEE= ool At 93 v
2]7] & o]c}(Steele and Boyd, 1998; Kwok, 2000).
7|& dto =, 559 o A dAE FoA
4/ E=71s (North Atlantic/ Arctic Oscillation) X 3£2]
A& Bt Fol &9 gk ol Al7]of EAsk=
&S BAtHHu et al., 2002; Rigor and Wallace,
2004). £ E2A] 5] B3| -9 (ice-drift)
W3} 7| 5o W2, s 7| 9A7E 1 ' )
2 s S Boled, ol E=5%% 71
w2t AES3] sfFeste] M| feel Ae=
YeRgtth(Darby et al., 2001; Darby and Bischof,
2004). ololzro] A aF L 3 el

ATt 7|3t v X = F a3 G| = B8},
3% G71A gl digt 4 A= v 7]
TRBE A&t oAy Aol FE3] &EH
A Fskar ek

T 5o, A Y ES FHst| st 3
FEAE HEE ot TRY ZEAIEC] o1&
H31 gtk I d 2= HERF A]AE(de Vernal
et al., 2005; McKay et al., 2008), F-5-/4 = A A4
F55(e1AE £, 2007; Wollenburg et al., 2004),
552 o] g3t A E ¢ ¥4 (Spielhagen et al.,
2004), 343+ 37 WL ShH 29l % (Darby
et al., 2009), =HE(Vogt and Knies, 2008), A=
%5 (Backman et al., 2009) &} 7277} A= &
7] BEA 321 IP25(Andrews et al., 2009) 5] |
o} olefat oy W 84 T A AR5 Bhpel &
712 w|se B S0l shaisielel YA 4)
227 9l 51, 790 SR 2 e 5 -
Alge) FHEH oI, o5 72 7 chitinyolh
3252 (sporopollenin) Z-2 F7] FAIEE o]Foi%l
294 slsbyio 2 pAsel 9] ] H4et
730l A WA St ThFet B - 35HA A= Hish
- 7t YWtAdS Z=th(Taylor, 1987). E3F &
714 m|gtaL 2 2717}k wlA|(5-500 pm)st7] wi
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ZFol A=dt) uEthA FASH o= 831 18k
ARE 22X = Q= ZEAIR GBA o

HFEHEANA 7HE 2 HIEE BEEE 7]
2 u|3he F shel AlE Aol SRR dkH o s
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Qe = AT S 51 agteh waba sigE
A& shEat x| FY A (flux) = F3HH-gol v
o 3 SAMA Fgo g fYUHE ERo &
Hl7])ZKtransport mechanisms)o] gt HEE A
Sk ES SFHAE Lol BHEL s
Mg 324 ARE ol83te] 3 S AR
A& BT 4= QltH(e.g, Hooghiemstra and Agwu,
1986; Dupont and Wyputta, 2003). $+H S}H ==
FAAEE F Ot £3 HHE Yol B
Aol obn T B Aol S8 ZBAR
<A QitHde Vernal et al., 2001; Mudie et al., 2001).
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A= A el = vbd(e.g., Eldholm et al., 1989),
QPHRZRF AAE= H517]9F 74 7] B2 E oA
LA 02 AMEEE FA w2 TS Bt
(de Vernal and Mudie, 1989). £3], tjF-&2] o}
H2F= 3 &5 S8l sl 35l A48t
7] g7 o]59 BE= BF £} FEEW of
Yzt iy ol gizslth(e.g., Matthiessen et
al., 2005; de Vernal and Marret, 2007). o]} Zo],
5= 1FHIE o]3fT 4~ e T ot ZEA R
A SRR AILES {840 WY u,
559 @A HE =AY HER7 75 229
3 ol A& 7HY] Aol tigt A gst
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SeF E5 23 A, Y L 0, PP
9 ojokelat W AL ek oleje A
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a3t 271 = RAtHe.g., McKay et al., 2008). 18
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et al., 2004).
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St F 7H A2 g Bdl= A H4 9
52.9%7F Ado] Wi ¢ EE-C2 Ea Ao
t}(Jacobsson, 2002). & Bl5}e] 220 93] &
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] 48] 84, % fekrloHEurasia) 212} ofs]
Z}A|oH Amerasia) EX]o] 93 FEF e} A B
Sz FREC 53] AR3ohe Lf(Alpha)-Ad
g Z(Mendeleev) 3|FHL FAo2 UHE= syt
(Canadia) #A|¢2} 0l7t2 3 (Makarov) £X4], & A
H|Zolsfel H2)sf & et B3 A= (Canadian
Arctic Archipelago)& &3t 1). AE=3]
ol A= v F (54 2F 50 m)S Bl SEBS 5
o} A|FHA QL sfjpurgto] o] FojZih HiH s HS
Tl AES=E RS vl A oestal g&ol
S BB 25 AR 255 2 SRy
A AEF3] jgFeA ol Fa3t 93 Fth E
3t ERB g A58 7He] A QL s ek
909 $5 o= Fa% TS v|A= A
o 2 4FHA Qlck(Jones, 2001).
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FEo] ¥ TF(0-30 m)T G4=29F5(inverse
thermocline) 9] EA& Hol&= 73t FEFZ(30-
200 m), H]ILA THEF ohAF2(200-800 m)T}H
Al547(800 m oJsh=2 FAHTHMcKay et al.,
2008). FE=7} Bl A W& R4 FH HEY
2 Fo2RE fYEs gt A5 dHo]
= OTHA HIEE] = W0] 3RS 37| W=rl(Aagaard
et al., 1981). A B3] FEFS W oFEZE= 3
o] F4d u W=EH= st BHEG D EriA
&F 7199 sli7t E9tE o] FAAHHMcKay ef al.,
2008). s=4lo] €L, EF G0 I UiE5 &
ZBollA =2 FEdhe S-S AES A viE
#Z80F 250l et IA F A ol AREZ
£tk st vt A& SHSE AAYFe R
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elof shelel A el 3 Sl Tk e By
Ao 2 k= Transpolar Drifto]th(I® 1).
H(drift ice) @] &= Beaufort Gyre®} H| - ujf
Transpolar Drifte] A A& o2 o w24 el
L AL Bl o|2at SR w3k ArEe BT
AgE DY DAL 9tk 5, 8o BFAE 7]
Ztolli= Beaufort Gyre7} = HA 3 &8k
FFE T, Fo] EFX1F 717toll= Beaufort Gyre
7} & =W A Transpolar Drift7} A &3¢ 5%
5 2 HEHMcKay et al., 2008). o3t dlF<E
2] M52 A5 FXs9 o) &= wsHEgt
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Fig. 1. Map of the Arctic Ocean (from The International Bathymetric Chart of the Arctic Ocean): LR, MR, AR,
and NR are Lomonosov, Mendeleev, Alpha, and Northwind ridges, respectively. MB, AB and NB are Makarov,
Amundsen and Nansen Basins, respectively. Arrows show major circulation features: Beaufort Gyre (BG),
Transpolar Drift (TPD), and Atlantic water inflow (dashed arrows for subsurface current).

ol A FE 2] 547} Transpolar Drifte]] 2J3
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(de Vernal and Giroux, 1991). o|#3l 3|FEHE
0] A1 shHol SHE SHAE BT ae
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Asdot. ARS8 552 A3 Sl
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= Holtp7}, E=2A 0| st AR EASolA
A|&2 02 AR 2). o9 Lol IFE A &
A719 f714 w3 AdEsgo] A&EH 0= Zradt
AL Z=2A] A7 57 S ARTHE ==
S 71 f71E Y o] AT A &
o3tk Ad W] o]l MBS EEE W A
= S471Y R71E2 Y ol st AFS o
B Z3}|(Laptev Sea; Mueller-Lupp et al., 2000)2} 7}
2}5|(Kara Sea; Kang et al., 2007)o]| A &= Ei1¥ v}
Atk o]t Ak, T2A| A7 sjmHo] Ass)
HA] ol A 471 f71EE ] EA == ¢4
7h5A) £0.2 o]F31317] ol
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L4 Aol tigt Fa3t AERE AFsHAN, g
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%7] dizol Z2A] o)A Al7]of izt Atr= AAY
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Fig. 2. Down core concentrations of (a) pollen, (b) re-
worked material, (c) coarse-grained material (i.e., >106
mm size fraction), and (d) dinocysts. The horizontal bro-
ken line indicates the contact between units 1 and 2.
Trigger core (Tc) data are shown by the solid symbols
and piston core (Pc) data by the open symbols(From
McKay et al., 2008).

1994; Andrei et al., 2003). @A B SAF 27 o) A
A REAY AL ABH 7T B 52N o
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Gusev et al., 2009).
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SHHRE = HE 2 [ AAE 245 93 A
AAE g d F T30l gt 23} 2¢S 28
Sh= Aol WHhel o HlolEHlo|AE 5313
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3f|(e.g., de Vernal et al., 2005), EElHF :qi”ﬂoﬂ
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"C ages are indicated with triangles. Vertical shadings show subunits in Unit I (From
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Fig. 4. a) Location of surface sediment samples used to develop the reference dinoflagellate cyst database (n=1054).
The database includes assemblages for 516 sites characterized by seasonal sea ice, about half of them corresponding
to more than 6 months per year of sea ice. b) Sea ice cover data in the reference database used for estimating sea
surface condition from dinoflagellate cyst assemblages. The number of sites is 1054, many of which from arctic
and subarctic seas being representative of dense sea ice cover (From de Vernal et al., 2005)
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