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HEE2' - Ay’ H2W . a2y’
"ZATHST K| TEA ST 7| R RS T A
PHIMPBAL LU el
sHEcjeot T BA IX|TA IX|XFAILHATE
2 o

3 7 2A) 4 HHEES] AR ekl |5t Wele) A|Eael TRE S WSk FEE
L AR E WAL AYOE o|Roj4l HEelel YE-GueE T FURE o|FolA glom, Hal
Fejo] wet 9, o2, AT, NPFRER FRE. ATREL ¥R 93 e B8 v
JAETREL gE7} o2 FREY HEel ddEo] B2 B2R el Fes ATt AgErE
E& NSt AREFo R Uehbe §Fevt IS X 25T oS Atk AY TR gRkg
Az F7)9) 2 Bt FASme 21719 QY d 7} mOko 2 Axpurakel] HaysA weratcy. 7
2E0] e AW AApzte] ute} deba v AL ATA.O 2 SHRERH0-10°) Berel s At ozt
go| FRE} LA HhE, FA FRH(10-30°) AFROIAE AT Hge) FEESL SAsA Lrehde.
FEEY FHhA Kol BEFNN F2-NFAG] A% A2 sha go] ZWE BA §7 A of
gz o 2o WP A2 U7} <3k o] S0 Yol it AWz AN} B3| AVFFEEL S22 TIW BF
% ARV} ete mopo 2 WS A ol 2 o B5H SelZe AaNe] o3 Y4E Aoz yEc. 7
ZE0] 52l uet o] 7ok AR SIS RESH: vhel F4 ol Aale)] weo] A1 R EE
o} A 59 T2 L A2 AR FRES] SR A £8ko] A4E T 9182 A|Aatet,
“C L OSL ATiZ S B3l TEEC] YHN7IE AR Glo] FEE Bao] FAolE Ak 2BH=A]

FRO0: BT, A2, TEE, FYRAY, GTEE BF5, AUS3

Y. M. Jeon, S.B. Kim, M.Y. Choe and Y.K. Sohn, 2009, Characteristics and origin of patterned ground in
the Barton Peninsula, King George Island, Antarctica. Journal of the Geological Society of Korea. v.
45, no. 1, p. 29-46

ABSTRACT: Patterned ground with distinct geometric shapes is well developed in the southwestern part of the
Barton Peninsula, King George Island, Antarctica. The patterned ground consists of stone borders composed of
clast-supported pebbles and boulders and central parts of coarse sand- to silt-size materials. The patterned ground
can be classified into circular, polygonal, stepped, and striped types according to the shapes of the stone borders.
The stone borders of the circular patterned ground have circular or elliptical shapes whereas those of the polygonal
patterned ground have the shape of irregular polygons because they are interconnected with one another. Stepped
patterned ground occurs as a terraced slope and has arrowhead-like or cuspate stone borders. Striped patterned
ground consists of slope-parallel bands of coarse-grained (pebbly to cobbly) and fine-grained (granule to medium
sandy) parts. The types of the patterned ground change according to the slope gradient with the circular and polygonal
types dominant on gentle (0-10°) slopes and the stepped and striped types common on steep (10-30°) slopes. The
difference in the shape of the patterned ground is interpreted to have formed by different degrees of asymmetric
material circulation and downslope soil movement in association with self-organization of the soil materials in
the active layer caused by repeated freeze-thaw cycles. The stepped patterned ground is in particular interpreted
to have formed by slow downslope mass movement or solifluction of the water-logged active layer. The absence
or poor development of vegetation in the central parts of the patterned ground, compared with the common presence
of moss and lichen on the surface of the stone borders, and the good preservation of internal patterned ground and
mudcracks in the central parts indicate that the materials in the central parts of the patterned ground are still in
active circulation. When interpreting the timing of formation of the patterned ground on the basis of “CorOSL

' Corresponding author: +82-55-751-6005, E-mail: yksohn@gnu.ac.kr
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ages, it is important to know whether the materials in the patterned ground are still in active circulation. In case
the patterned ground is still in active circulation, the “CorOSL ages of the soil materials are interpreted to have
values within the circulation period of the soil materials. Otherwise, the ages may have no relation with the timing

of formation of the patterned ground.

Key words: Antarctica, King George Island, patterned ground, periglacial landform, permafrost, active layer, age

dating

(Y. M. Jeon and Y.K. Sohn, Department of Earth and Environmental Sciences, Gyeongsang National University,
Jinju 660-701, Korea, S.B. Kim, Korea National Oil Corporation, Gwanyang-dong, Dongan-gu, Anyang 431-711,
Koera; M.Y. Choe, Division of Polar Earth-System Sciences, Korea Polar Research Institute, KORDI, Songdo
Techno Park, 7-50 Songdo-dong, Yeonsu-gu, Incheon 406-840, Korea)

1. ME

T8 periglacial) A9 F2 F(arctic) E=
o} =(subarctic) X|HoL} A7 2| o] WS}
RN BES0] AT §alY o] wet 55
S A FEFAZ7F B E = Aol o] A FL AB+H
7]:&0] 0°C o]sto]aL, & 7| 20| o= A H=
o E5Zo| 7] f2ol F-5E(permafrost) 7} g
otal o= E5S(active layer)o] FAETH
(Washburn, 1956; French, 1976, Bockheim, 1995).
ALEE B gttt 523 52 vhEste S
2 A Aol EGEY oio] 4308 WA
A A& 7ol dojut |k o] 455k 5/ (frost
heaving) @/4}o] WAL, 35 Alodl= EUSO
WTeEs ¢ AA steo = Qs ol = k=
852 5Hthaw settlement) &Afo] HFEFoZ
ofii= Zo|tiCampbell and Claridge, 1987; Matthews
et al., 1998). BHH, GILEEL 2|20] &2 0°C o]}
2 SAET 19 Y AojBoiglo] BESS 43
o5 = EESS 98-S dtri(French, 199;
Matsuoka et al., 2003; 32 2], 2006).

A QoL BB S|5HerE mope] A E
T22 &R F-2E(patterned ground)7} st
o TR EE= 539 527 siso] vHEH o et
EG &9 950 A& 9= U7 ST v
THEo| A& X FF-Z0|tWashburn, 1956; Corte,
1971; French, 1996). +2E+= AL HFE(stone
border)e} Ao = F4l1 - (stone-free center) 2
TARE, A2 BlF2 o FEjo wet fF(circle),
-z} (polygon), 1-EF (net), AT (step) 12|11
A (stripe) 0.2 FEHTHWashburn, 1956, 1980;
French, 1996).

AIE71A7F Y128 F= 2224 (King George
Island)®] HFEREE (Barton Peninsula)oll= ®3H2;
|3 TAE X FPo] & Wl o, 53] tpefgt

Felo] FREZ BUYSA  Uehdthel5,
1992; A=t 1997; At 2, 1998; Lopez-Martinez
et al,, 2002). 2 HHERIE ] T2 22| ]
B27e] ol Hoik(jeong, 2006 HAH 9,
2008), ©] A& FxE] Felja A3} Aelo]
AT opH7HA] o] ojAlt ik o] =L ukEw
SRS R E RN B DEEEI
ou], PxE0] Fehd ST RTE Te)m A
8 BSOS vito R BANAS AAstaA 5
At olof e FRES] S} Aolo] e A7
£ 3R] 247 SRSt olsjel A=A 2
sho] gute sHe BE Fustx oo B 7]
5 E4L olal57] 913 Bashe ot 31 A%
20| 479} Aol = S8 4 9 Aoltt.

2. X|gqt 7|1

BPENEL daukE 2AE ¢ ASAC 2%
(South Shetland Islands)o|A] 7} & 7R
AANATHH 1). vHEREEE S152] 3hika A
AETT AR 871/8-54d ket 1eja 3719
IAAFE FAAEAAJH(Yoo et al, 2001; Yeo,
2004; Kim et al., 2005). A2AHL fHE FA
Wt gojglon, sieke whet FusAgol we
skt BFENH == FYsHA o] 71 YA =23
A F sptolch A<, 1997; A= €], 2003; 7
3/ 9, 2003)(2F 1, 2A). HFERE=l= 2R B¢
2| & AlJsta HebHo] WA sl slom F2 7|
Hietel 52 33l o8 A7 A7 4= em-524 cm
3719 4% g2 FoQuoh(1d 2B). T3 0]
A ell= Wslakgol 9a F4H 3 LEE(fjord),
HIE|4(moraine), P(cirque), W3I=Al(striation),
F X (erratic) 5o] UePATHE 2A,0). 3ot &
AR = 719Eete] £l TR FAA S
4 A% (talus)o] WEstaL, 7R ol= 5 A+
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Fig. 1. Map of the Barton Peninsula, King George Island, Antarctica. Contour is in 25 m interval; the altitudes are in meters.
The polygonal pattern indicates the area of the patterned ground.

Z=2 7" 3§ Hl(palacobeach) &o] EEIITH
(John and Sugden, 1971; X1g4] 2], 1989; |54,
1992; 31 0], 1993; Zej=l £, 2003; Seong et al.,
2006)(2 2D,E).

MZZ1R A EFE 17d7H1988'd-2004) 2
ZARRo] olehel BRERHES] AR 78S 16
CHoH, BFEEE89%, 7L 484 mm, 7B
#HEFEE 8 m/soltHABFTA €], 2003; e £,
2006). HFERHE= A7FsFo] A2 HolA|ut A&
e =2 5% & 52 EE st RE9 3=

< EolU 5712 Z3H 1, YFEESY &
ZFt Ashaliz s AAZ o= AR (rill flow)7t
FAE7| = (719 &, 1999).

HREREE O] EFSl sl H5-%(1990)2 A&
5} 50-60 cmof| A =2ko| LTt FAE EYSS
TR, $H2(1994)7 Han and Jung(1994)2 %
olof W o FH A 2HIE F3l A3 5 60-70 cm
oJatolA] L7k A 1°C HE YEn T
shich A3 9(1995)= e ut 9 A7) v A=
A2 £5) BTBE 20| AE 5 oF 1 mo] AIHsH=
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Fig. 2. (A) Panoramic view of the Barton Peninsula mostly covered by glacier but exposed near the coastal area. (B) In
situ fragmented platy rock fragments that are commonly aligned subvertical to the ground surface. (C) The study area is
covered by very poorly sorted glacial sediment (till) with erratic boulders. (D) Stepped coastal morphology of the study
area consisting of relatively flat paleobeaches and steep slopes with coalescing talus cones (arrows). A tent for scale (circled)
is 2 m in height. (E) Angular cobble-to-boulder clasts exposed on the steep slopes.

A2 sttty vhEW=ES) FRES} Bt A YRtES HALSIA F2E A7 (st
0]5-9(1992)3 Lopez-Martinez et al.2002)&= 2= FE|A|7])<t F&A3tH Yoon et al.(1997)-2 W ALt
B9 BxXY9E BUsIYa, A7 (199 = 7+  EHFEY EZE(sedimentation rate)S <AZE H]
Z2E AR HERE 242 245t WelkeE 5k $E7} 9F 17,000 yrs BPoj| A2t o2 Kl
o] MEZEC| Bl BRI FEI ARl 3 SIATh Hjort ef al. (1998)2 HE=HE =19 0]7]



[=]

(moss) & th} o= HAM] S AE SA5H] W
&12] 3.E|7} 5,000-9,000 yrs BP Ato]o]] Lot Ao
2 FAset E=38F Bjork et al.(1998)3}F Yoon ef
al.(2000)-2 "8}l (glaciomarine) E|ZE-2] WAL
reddn]E 2AR Weke] FHAZIE 5000 yrs BP
2 A|ekst v} Qltt. $HH, Jeong(2006)2 YFTFXE
Yol BEH o]7|9} 2| &F(lichen)S o]&3}o]
290-4,710 yrs BP2] BAMY BAE YA AE B
a8igov, of doj2 Wat TEAI stez A
AletETh A 9](2008)2 HFFERES] SAF
oI} 414J<}] OBLOptically Stirmulated Luminescence)
AhEAL £ 1141 kao] AThS AU, |5
3} 55)9] seke 2 AA|aHIT} 123 H2 Seong
et al.(2008)& ©-327]Y(cosmogenic) F2 ¥4 *Cl
of Q|2 F3) uubeel hEvhE olne)
SF5-E| A]7]5 15.5%2.5 ka= A|F3}T.

3. TXES| RE

slERbE o] Ukt TrEe] Bux e} ¥
£ °159(1992)7} Lopez-Martinez et al.(2002)2]
A|47] XA XE(Quaternary geomorphological map;
1:10,000) 5 F=3IHch ARG L i E ALA
o £22 Holil AFHolle A &EHo| == A
Aoz, A= (PH=A] o5l sigst= 149
A 49 Apololl ojoiRTt, ZA oA FREE
F2 SPUTE o 30190 mo| YHE-ekE-Ag-¢|
W S njel BER o] A5 APHee
7} 92 o] (ShAPET AV ks, T2 51 AR A}
olo] ghubet HErRolm, ARL GlBH ik H& B
o B2 AL} o] e B o] Zulx] <olc. it
#, Wat ool 77k R} ors o] o) F
A A G} el E-ANE FE2] 75T APEA
£ PR} e QITHIE 1). o] XI5 L
FEHOE AW A} F5h Wate) ) v
a2 2| Tof| dofigrom(0]FF, 1992; Jeong, 2006),
7 & Aol Yz aFo] SRR g x|folt. X ¢l
TFoMe FEES deo] Fugtk 97 Aol
FxEo| gejo} 22 ° QJa 54 2|7 Tl
Yres 2ARHACH Y 1)

4. TEEO| gEfet £3
drtH o2 FrEE 2 HFE] 2 FEof wet

A8, oy, 159 81 Ag 5oz BESit)
(Washburn, 1956; French, 1996). Z1&ju} Z}z}+o] 7L

o3 LAY HIESIEO) LEtk PEES] SXT Aol 33

2% Yo7t EPHo e ok A4l
B8l Holm A 02 Uehly] g
xojo] TEES shke] el L] of
97}t Bolch, wheby 2ARR| o] TaE
S A 0 2 $AT FEE 7l E0R Stk 7
229 Yo S Bt Qo 2T ol TEE
= Ao ulge] Tt 7)o $l A ek
A97} ot AR TRER Bsle] 73Tk o
2y 7ret R et S A2, A}
2149, 5218 Solm HFevt N2 ddE dee
HQltk. ole} o] Bl Fe)7t AP Yehg 12AT
ZER ERSH A9E A ASUE} o 7}
Zho] Hl5e] Fe} TR e w 97} ot ols
2 Qe o TR TEER IH ERstrt
AARE ook A P U PREE
2jo] et kst 98 B g pEEe &
A3) Paso] Ttz AYYPRER RSk 4
PPREE ARt 297 ot AP 2o}
w mopo R v wids FH Yehdth. B Ay
i PRES) BeiE 27 4, T, AD,
Te)3 M50 FEstel | Askck

4.1 AT XE (circular patterned ground)

YPTREL o] g7 AHE ALo] oF 1.5%0.5 km'o]
AR FHSHA #3zskar Qlom(19 3A), A
2ZT g 52| ghaiel o Fety B2 o] xjul
HRo A e P2 YEPITHIE 1). o] A9 5
& Apuie] AAjzie] 5 ofstel Wekwloln), FHA 0
2 Aol 5 ol ke ' F7lshe oAl BHEE
ol} g TRER Hols|E Gk APFRE
= AEE HHE2 FA4E SAFE 2HE HRE

o] S FHIE I3 3B, 0). +2EY
AHE A 7|Eo= Fdt 1-2mo|H, F 3.5 m
of g3ttt ElFg J52 AFEHA 4 cm-A
cm 0] (2]t 30 cm) 2 S0} Qlom i A
PAL(AR ABE E3) F7)9) T E 4ol
JEZ FTAHHEHE 3B to D).

HFFZES FAF= 2F 10 em o|W9] 7|55
7HA ] @htstA| Sxobgli=(convex-up) FE|7} ARk
Zo] AWK 19 3C, D), Y7 A HoAl= olfi = &5
Hconvex-down) FEE Ho|7|= st IH 3E).
9= guketA £2 FE Y SAFE F= AE-=
YA 2719 A A2 T T, ] 450
A =(suscitic cryogenic fabric) FHEA}FZ-SALZ o
Sk E3E ] T 2™ 3D). AT el WA
© 2 Uit £1-3 cm @] E(furrow) S w2k 457
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Fig. 3. (A) An overview of site 1 with well developed circular patterned ground. (B) A closer view of the circular patterned
ground consisting of fine-grained central parts and distinctive stone borders. A stick for scale (circled) is 70 cm long. (C)
Circular patterned ground at site 3 with stone borders partly covered by dark brown mosses. Internal patterned ground
within the fine-grained central part is indicated by red broken lines. (D) An elliptical patterned ground at site 5 with the
long axes of the border stones aligned parallel to the outline of the border. A notebook for scale is 15 cm long. (E) Patterned
ground at site 4 with concave-up central part. (F) Close-up of internal patterned ground at site 4. The scale bar is graduated
in centimeters. White arrows in C and D indicate declivity within the fine-grained central parts.

ofg] oty 22452 WAl W72 E(desiccation 7 YERITHE 3C, F). WREFRESY &2 of=
polygon or micro-scale polygon; Washburn, 1980) QB3 VA Fejo|n] g d-Axpd 3719 A=
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2 YA Ack(ZH 3F). T, offj 2 253t FEj
o] YA ZE FAIFE= o iz 952 14
=ojlem A YatEo] A EFHEIUA] gt
(% 3E).

P2 B I3 AL F2 HFY 955
HESIIL Y= ol7IFolH, Ui JE59 ®HoA =
12k F7o] 459 N oFE FAFEHeg, A
3] 9], 2004)(1H 3C). 21U FREY FAF=
A &} 57F G LA g o RE A0 whdo] ¢l
Aot m|eFgt Holtt,

Tl A TR EE YA 270l weE 9F
(A -2 Bl et AR A HE-2 1A T4
2 22 FHE Ak ad 4). 92 "R
©F20-30 cm % o] 2 UAY 9HS AYn, 922 =]
o] Q1AL F=-2 H] o AU openwork) A Hof| 4=2]
Higko 2 disl A 2]dh(needle ice)I} +=2 2 Y
A itk X ®HA] 2k 60-80 cm BRELof|= EFo)
EFT AR 2719 gRe 41 HE0]

N
g .i_.’f. i
- v,.tq“,a_::\..;(,-w.

B Pe

E72sHA 4o} g IAe] JTEESO] ekt
o GTEESS WA gl B3] ggo] <
3 QA5o| Tkl AgtElol ik,

4.2 CH}ETFZ E(polygonal patterned ground)
HtgTREL gEast olgdt TR BF
2o} elslo] AT A2, A2, $2 5
o] Yejg BRICHIR 5). Tzt FREE Aokl
TR Alole] A, W o] e FEAE 1
2] popRa efaie] U AR wkRolA el
HoHE 1), o] AGELS FEHOR A FA
2bo] 5-10° 91< Bbet AALA ol Thztg
= AE4 S45e 9 "R E FREY, 27
= A5S 71822 Hat 24 m(Fd 5.5 m)o|tt. H|
Tl AR 27]9] 952 FAE ey,
9| Fel= W o] fAlstH ™ 5B, C).
E2 AR 729 vPEZA & (S
P AT 7|7 Ao ARFE Hold, o

o - "'\:-.. AP ) "\b
Vviga QN w 7. [ XS

Fig. 4. Photograph (A) and sketch (B) of the cross-section of circular patterned ground at site 1. The white broken line
indicates the boundary between the active layer and the permafrost layer, of which the materials have distinctly different
sorting characteristics.



36 xge - sy

Fig. 5. (A and B) Polygonal patterned ground at site 6 (A) and at site 3 (B) with the interconnected borders. Black lines
in B indicate the long axes of the border stones that are aligned parallel to the border. (C) Irregularly interconnected stone
borders of polygonal patterned ground at site 7 with the long axes of the border stones aligned parallel to the border. (D)
Close-up of internal patterned ground surrounded by moss-covered border stones at site 7. A notebook for scale in A is
15 cm long. The scale bars in B and D are graduated in centimeters.

of HZo] FHRE AT U] wjdslol ek
(1% 5B, C). &3, el A2 wigop gl B
o 2} H 9] GEo] AR i) YO R 7]-2e]
Hglom, 5 7 Aolo] $1X/3 S5 x| o]
TR O R A= FEHE th:}(z%} 5C).

B TRES FHFE 10 am o9 7|02
gursh fotglow], Rz AE-gud 2719 ¢
A2 TAEHIE 5A, B). FA1Re o] 44
O = Al BAL-GAL 5| Ego] glon,
2T FS et PO 2 ABE B U]
FIEES} SRR 5A, D). 2 WP RES)
FUHE AY-3Y9) YR PHET, FS
oL 27)0] AFEE ANA k(1
5D).

FY7h dE2 THE YRR A1)
£ o8 = %2 Bo| ol B89o] M

TS wgh Yeue, S4Eol= 052 cm Zo) 9
£EA = 22 E512I%E A E(desiccation crack)©]
ST 6A). 32 %=71110-120 mQl 5H A
o= FRES| F4Ro| Pupwr} 5 WAz
50| AFHYL FPsHA %= FEE ehd
=y A 6B) °l A5 dut=e}t 27, i E8F 5
o] oA AFT A2 A Q= WA A5 E
Aot gAFFREANA AA(CI7I1FE A oF)E
HF 2 955 FE402 yEste FH= vehd
th(2# 6C, D). *1]‘%]%1 FAF e TRE o= 29
F7t EEZSHA| T T 2 A4 Q) o] glA ui¢-
o] oFek Holt}

4.3 HHETZE(stepped patterned ground)
AGFT2ES AET YuloA BT FH
of whe wfel ek AAE vt Akmee
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Fig. 6. (A) Mudcracks in the silty central part of a polygonal patterned ground at site 2. (B) Flat-lying, well rounded gravel
clasts in the central part of a circular patterned ground at site 5. (C) Well-developed lichen (Usnea) on the border stones
at site 5. (D) Net- or polygonal-type internal patterned ground at site 7 surrounded by moss-covered border stones.

2 g B2 geo RS YT
U 7A). AU FREL AARzto] oF 10-15° 19]2)
e 8= Alwig et ekt Aapzte] 10°
ujgro 2 Zhashe SAtRolAL Ugolt T2
F2EE HolE7|E Fitt. AVFPEEE HFe)
7 i Sk, W, 259 o) g
ol R 22}o] F el 5o] Az Adue] it
(2 7A). FEEE 45| 27o] 1-25 mo|v, 3
Zo] Amie] AR} ek B Elol gieh(2
% 7B). HiFelo] d5e WAL F7loln, B
T 4 = ghgo] SASEH(2H 70).
FARE Bgo| 2w AN G 27)
o) AR TA RS, AAL-GA o] w3
w0} glth. 53], TAFO] A5 Avle] fH 02 A
glom] Axelold Helg Fehg |7 FrHa
% 7D). FAR= Ao B UeS £8 e 5
AR7L B GO ek WaraEst

bt AR TRE AL A4 Wk v
slofsfe] U El5e) o] el Ae }oJR7t =
2] Uhepdet.

4.4 METXE(striped patterned ground)
APF2EE 2YE FEGAEE fiolg &2
Fo = vHEstn HApdakat HagstA i EE FH
o] LR Eo|th APFREx= Tog FE ] AP T
THol| A ZAAkzEo] ¢F 10°-30°%1 FAMH & whet vEt
VAL 1), AR o] 107 o] 8t Zhasgte] wt ot
Zgoly BHlFF 2 ER Ho|H7| & T IH 8A).
2P BRI A9 BEL vHE-n 55 FARg
Ft BsHA ‘Q’Q«‘i_ﬁ et el 1H 8B),
TEFESH dEd FeHE FREH™ 8C). ¢
Ao s it A2 Es YA AP 7
2o e Aoz FAH o= wjdEH o] ¢
P4} o=} 2k (ridge and furrow) ] FEIE A
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Fig. 7. (A) Stepped patterned ground at site 9 with irregular borders. An arrow indicates the downslope direction of the
ground surface. (B and C) Stepped patterned ground with bow- or crescent-shaped border stones on a slope dipping 10°.
(D) In situ fragmented and vertically oriented clasts in the central part of the stepped patterned ground.

u}(ff} 8B).

AFFRES] 2L R F2 B BAL-
YAB(YR AT TR %LHFM q5e fry
AT $F 02 HYAL £ 02 = 99lek
8B D) Aol 02 AR AL H el
ARSI YA B A= o] th(1™ 8D).

A F&22 4 cm £0| 2 SsHA J—Oblh &'
o], w‘“d/\}-%*EEH 3719 A QA= A"
TH1H 8E). A 2= A (17172t A9 +7)

zizgzl ‘3“% H‘dﬁﬁfﬂi%}—t—%ﬂ]il%
E‘rUrEP(IL% 8C, D). AlEd FEoM= Az o=
2|y o] o] m|eFstA Ly it

gagelA 2EE F22 UAY dds 2olo
Wz wdo] gla ‘1‘11111301 AHZH 8E).
e T2 HoUAY A&l -2 o2 Wt
AMEE A Aok AEE FES Agold, &
Fo| A - A S0l 7]/211 Zlﬂ‘ﬂ&’l‘:}- E:

Ll

oA ¢ 40-70 cm FHFofl= EHFo] 2 APQ?J

Aol FEo] 71X E HFFo] Ehn 352
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Fig. 8. (A) An overview of site 7, showing the changes in the type of patterned ground from stripes on steep slopes to polygons
at the foot of the slope. (B) Close-up of the striped patterned ground in A, characterized by alternations of straight and
parallel bands of coarse-grained and fine-grained materials. (C) Close-up of the striped patterned ground at site 8 charac-
terized by irregular and anastomosing stone borders, which are partly covered by mosses. (D) Close-up view of striped

patterned ground at site 8 with parallel-aligned border stones. (E) Sketch of the cross-section of striped patterned ground
in B. Arrows in B, C, and D indicate downslope direction of the ground surface.
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Putkonen, 1994; Ballantyne, 1996). 121} o] o]&
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< 543159 BHEo o8l YA 27]0f e 423
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THe.g., Corte, 1971; Grab, 2002; Sumner, 2004)(1
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Kessler and Werner, 2003)(Z18 9F). 1&]1L o]¢}
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Kessler and Werner, 2003; Guglielmin e al., 2008).
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o2, Y& Z27)(Ee HE), A E FAHY, S8 7
F 5ol et T2 EL FE7 GEtR= Ao g U
] Qlth(Washburn, 1980, Matthews et al., 1998;
Mann, 2003). ZAX| G| 3¢ AFFZEY HF
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AEtHe.g., Kessler and Werner, 2003; Luoto and
Hjort, 2006; Ballontyne, 2007)(1% 10).
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Fig. 9. Schematic illustrations depicting vertical and lateral segregation of soil materials through repeated freeze-thaw
cycles in the active layer (modified after Kessler and Werner, 2003).
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Fig. 10. A cartoon illustrating the changes in the types of patterned ground from circle to stripe as the slope angle changes

in study area.
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Fig. 11. (A) A model for material convection within the active layer caused by repeated moisture-induced freezing and
thawing (after Mackay, 1980). (B) The materials constituting the patterned ground can have different OSL or "“C ages
depending on the sample location, the period of material cycle, and the extent of the material convection. Very young (1)
and very old (4) materials may coexist near the ground surface whereas the materials of intermediate ages (2 and 3) may
be present deep within the active layer. Some materials that didn't participate in the material convection (5) may have quite
old ages that are unrelated to the formation of the patterned ground. Dating the formation age of the patterned ground can

therefore be very tricky.
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