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The Landforms of the Mizukumi Zawa near Syowa Station, East Antarctica 

Kenzo FUJIWARA* 

Abstract: Based on the investigation of micro-reliefs and deposits of the 

Mizukumi Zawa (Va1ley ), which is a small glacial trough near Syowa Station, 

geomorphic evolution after recession of ice sheet was studied. The va1ley floor 

in the investigated area was divided into five raised beaches and gentle slopes 

above them. 

The raised beaches are referred to as surfaces I ( 14. 0-11. 5 m. a. s. 1.), 

II (1 0.0-9.5 m.), III (7 .0-6.0 m.), IV (4.5-3.0m.) and V (below 2.0m.), 

surface I being the oldest. The molluscan shells contained in the deposits of 

surfaces I gave a 14C date a little older than 3 0, 000 yr. B. P. and the sur­

face V date 3, 000-6, 000 yr. B. P. (YosHIDA, 1970). Therefore, it seems that 
surfaces I and V were formed owing to the marine transgressions during the 

interstadial oscillation that preceded the Late Wurm glaciation and during 

the postglacial age, respectively. Surface II is a product of the marine re­

gression that followed immediately after the interstadial oscillation. It is im­
possible to date definitely surfaces III and IV, which are composed of thick 

coarse materials, because the radiocarbon ages of shells on the surfaces range 

widely from 2 0,000 to 31 ,000yr. B. P. 

As a rule periglacial processes in this area are slight, on account of the 

summer weather with relatively few freeze-thaw cycles and low precipitation . 

The gentle slopes, constituting the upper part of valley floor, are the result 

of the repeated freeze-thaw which shatters the bedrock and of the solifluction 
which removes the debris. The upper slope at the foot of valley walls is the 

steepest, and is the source of the slope debris. The middle and lower slopes 
have smooth surfaces with low angles and are covered with fine debris of 

freeze-thaw. And, the north-facing slopes are developed better than the south­
facing ones. The processes that account for such characters of these gentle 

slopes are discussed. Other landforms, such as cryoturbation steps, patterned 

ground and rock shattering, are also described. 

* JA�:k+W:JHITT:l:tl2:I:i+W:�. College of General Education, Hiroshima University, Higashi-senda­

machi, Hiroshima. 
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1. ��O) § EfJ 

aBf1J£JfufWJJ0)7J(�;;,_tRvH�iJ� 150 m, � �iJq, ooo m vci1.fiJt::.tJ:1, ,1J\��:tJ'UJ:1kti£ --e0 0 

iJ�, {�SJZ fJ:£ �v:. Vil]c:liffi::fiiJ�� < �;:{ff L, tJZ��tJ:iJ� GJWi1.kfoJ ±O)�n\tiJ�J,,_ Gh 0. it::., tl 

)1£r:p�iJ, GtaJ D v:n,vt--C viffel���trwnl<::ftfif0i7�5}:fff L, ��O)�'Ai;ITf$lO):fm% zb di-Gh 

6. L t::.iJ� 0 --c, :.:::. O)tlvi��:.:::. :t1J\ � 1, ,iJ�, 1k1*�;J!�O)Jfu%I!l:{t'3::'Tiif5E-t 0 J:v=-iU!UJ: 

fftE c -�,hh --ct t::.. 

LiJ, L tJ:n� G, :.:::. O)tlvi -fJUi:f.� --e t snow drift vc J: 0 --CNbh --c jo IJ , i td�!h�Jl:Jlv=. vi 

Jfu%1?f5l:1�b'7�F*JI� �1tv=-:W1it L --c � t::.:.:::. c t 2b 0 --c, :.:::. O)tlO) nH,'.11tvi 1,, i t-:::tfi'§-B"J1c tJ: � h 

--c1,,fJ:1J>0t::.. 19684 (�9?X��) 0)2}1, snow drift vi :.:::_O)tln,G'.:Yc�v=-1¢:1;:t, it::. 

p -r 'Y r 1*Jf*O)��v=-J: 0 --c:.:::. O):-'GO)Jfu�J:O)�;fG�n��hh6:.:::. ciJ�-r:!]!�ht::.O)c-, �f&, 

v:::.:::. O)tlO) r!ru1til�&:,� c fJ: 0 t::.. 

2. � � )J � 

�1tvi2J=Jr:r • r1iJ, �Jfu��0)01.,rl=l,v=-1trr®ts"Jv=-frtJ:hnt::.. if, �1tO)&lZic L--c 

1, 000 5}0) 1 Jfu%��SJZtl£mU.:l:v:::. J: 0 --Cf'pnx; Lt::. (� 1). ��tv'ltll=lJ�v'l 1 m, tmWJ aB m,'Jt vi 

0. 5m--C-cb6. R§JJftO)mU5Evi?-3<":),,<-3<"- (E-1) v=.J:0t::.. A=f-iJ�tJ:iJ,0f::.O)c-, ffi.R. 

c L--C10�::$:0)f,r¥�2b GiJ, L&0RJT5EO)Jfu,1�v=..:s'l--c, :th G�/l�?XY!* L--Ctp < :1]$�:l:*0 

t::.. aBflJ&Jfu#i6:v=-"':)\,, --c vi, �r:r�� J: IJ fpn\t L t.:OO±Jfu�f5f O) 1,000 5}0) 1 JfuM�� ffl 

?Xv=-J:tc::k*&.R.:ttft1r1�� m1. ,--cWcJfuM��1t Lt::.. !J=tv=-, :tO):JtfJl'.!10 c O)�f*v=-a § L, 

�< 0) r l/-:/"f-�t@0--CltFrffifm��Lt.:. it::., :ftfl!Jmr:rv=-Wc�sJtJ:iJ�GJWi1.kfPJJJl�;o�gi&0G 

ht::.0)--c-, :.:::. O)m�O)xr£fE!r--c-cb 0Jfur=rmtocO)mu5E� 3 J=J v=.frtJ:1.,, Jfur:p-A..O)�tsO)Jifr 

v=. "'=) 1, , --c -r � Lt-.: . 

3. wlrl�:!m 0) :till 7f3 IHI. 

** / �l" ;L,�vui, £1'irE/-nO)Jf11�*-v=-�1tE L --c*iz!3v=.5t Q �Jf.t'1, ,7}ct!re-h��l, Crfi'*, 

1971). 7J(rlzdi-tRvi�tif�v=-cb Q 1k�tl0) rzs:¥5tv=-� IJ , *=Fn"O):'.fr C31rtR) c viJ:tr"aJ b f  

:0,2. 5 m 0)5}7J(� --c-� � h --c 1,, 6. :.:::. 0)1.kti:'.frO) 1¥H;t!Jv=-** Y f!''11,, 9b O)�r'aJ}2' 1!1!!0) ��J 

-1tf0)1j(tifr.llj:iJ��t::.b IJ, :tO)jl=ljvci§i � 20 m �,/t0)7j(�mil�W:tv11i:kv:::.5t§:Q. 1.ktimO)& 

{ffHimH1J 20 m M�v=-cb IJ, Yeh J: IJ r::1Jv:::.7j(:li(t::fi0)�;:{ff-t Qi)';&@i#400iJ�$iJ� Q ([Zj 2). i� 
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lfachinosu Hi.Li 

Fig. 2. North-facing gentle sloj1c in the ujJjJCr stream of the Ahcukumi Valle)'. 
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4. 1. _t;jlc!� (Loe. 1, 2, 3) 
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�@fff4fmO)tlW:�Jvi:t-o:t-otrh.3JiV:5tvtGho. Loe. 3 O);riflJ17)'4ffi:iV::.""J\,,--C�oc, *­

JiviJ&:::kff 10,....., 15 cm O)]EF9��i3'tr�iif10)1Jd1frE-r·, fl3.:::ktJ:�vH ,--f'n t :im*-ffi:ir::. l¥ J:: 

L, cr:d.:h, t imE�£Z�""J2x�t.: J:: 5 -r·cb 0. ��vift:ilf:O)�fir:Ei=J=ivut� GntJ:\, ,�-a* 1v 

'/7 ;r:1v7-5<�Jit1fiE10J;xg-n��\,,. *-JiO)��vt 5,.....,7cm -r·, ri4ffi:iO)rJJ/rfc·i1n ,. i=J=i 

JivtW-flRe0)'./'1v r • lti±n,GtJ: IJ, 7J(5t��< i3'tr. './'1v 1-- • tli±�n\!lz¥:v::.vti%.'l!JWL, 

h. lJ f5]-0) J:: 5 v:::Jli� 19> 5 l fJ: ---::i --C, lj[O)jmfi�tavf 0. �{IJi#4rn:iJ::�-r·O)� � vi 10,....., 15 cm, 

r�{fG-r· 25,.....,30 cm, tlJlk-r·vt 30 cmtJJ:: c tJ: o. rmvt�:rieO)t:§.,...,_,i=J=iT!Y-r·, ,l-O)rJJv:::. 

£§xg·1J1±1*0) �--< 61iJfW!zxg-1�0)1i1t'iEJtn��:1tvc i3'i n --C\,, o. � � vi35 cm tJJ::-r·� o. 

2 J3 i=p1§JO)ful�-r·vt, 7J(�rn!±n�:im*-mir65 cm vccb ---::i t.:0)-r·, r JiO) rrR ��tai-r· � tJ:n" 

"? t.:. 

7J(?2k�tR.1Hfl1JlO)tl!E£ (Loe. 1, fftJJ}i_ 17 m) -r·t, J::{ff)O) 2@vi Loe. 3 l� GfJ:\,'?J�. 

rlivt�-a� �:1:v=-i3'trfllJ1)0)� c tJ: 0. -:. 5 L tdl3.1i9>vttfil.nx: c H!tbn 0 t O)"(·, :WJ;vi�f& 

O),J\ff4rn:i�f*v:::. t� < :!itft L --C\,, 0. �1&.0)iffH! 20 m :im}�-r·vt, 1k:!itEn�1l < $Ix Gvi ---::i --C 

\,, o t..:(,t-r·, i=J=i, rlivtR,� G tJ: \,,. 

Loe. 2 -r·vt�f!Jiff4rn:iJ::$vc1.](�Jit!{$vctJ---::i --c� o ,J\t�tJJJ: step n�cb 0 (@ 3). Step 

0) $I vi 1 m *ritm-r·, k O)fiJtJvcfllf10)J.K:Jit::5-Y1i4"En��fl L, MOO O)frl?rn:i J:: IJ to J:: -l-0. 5 

mt r§i\, '. °Wi&.0)1.K�� vi��@r.-r·, �ffi:ivc1.k:!itEnq�,:'§L L --c \,, 0. Step �t:itw:--r 0 ffl.f1 

� 3 ;mt{l¥fff-HmJ::(7)vfE±�i� (Loe. 2) 
Fig. 3. Cryoturbatzon step on the gentle slope (Loe. 2). 
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0) E1ifffHi, *�tr�5j !J� 7}( t:t Bf: /J, t::i Mt:& L ·-c � tc. t 0) c }:!:;, b ,h 0. � 0) step U: TRICART 

(1963) O)/jff±rlfJP1 cryoturbation step O)Jt::5}/:::.JejfL-c1,,fJ'.:1,,JT1l�c�ti�h0. 

4. 2. i:p�JitBmt**�iiu (Loe. 4, 5) 

"f1 iliErn\i':i !l:c-ut snow drift iJ�:C:('-1:Hb;·O)/in� --Fv:::.�lJIE L, }� 0) lti!WI"J;iIT_\ ,n:!tJW i 

Loe. 7 

2

0

l 

"' 

<� JS -�----

Lnc. 8 

L.nc. -! 

1:J 

l'l 

":: (j(] 

12.l 4 J:.: • ,=1=i vf[ 1'fiS 0) J:fu Jf:3 ilJr rm is: 
Fig. 4. Cro.n sections of lanclforms in the ujJper and midclle streams ancl their dejJosits. 
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{�tt� c t'$; x. G.h 0 iJ�, cryoturbation step c :J,, 0 � c t  --e � 0. :f;&--e� L < �� L -C 

:J.;.. t::.I,,. �J{1£ 2 ""..)O) �J=.vi � i .tL td$:{!:Jiw4imvi;/:_ft M> iJ· G t.c �:d.ii 1,, '*li C� � 4,...__,5 cm, @ 

�cm 0)1j,�iJ�*®v=-,S\iE) C, ,l-O)""fO)Jjl(J!�B'//V )>O)i=p}i cw.�� 15cm) toJ:U'ER�B 

O)��� G IJ '/' /v r 0) ""f }i (� � 20 cmtJJ::) v:=. J:--::> -C;f:l$: � .h -C \, 'Q · r'J.'J\, ,jJO) �0)£fill 

"'UirliiJ�ffe: 0 5,...__, 10 cm O)""'-/vftJ:�n---caf) iJ, J=JJ£J� t IJ '/ Iv r �jz < . �n0)£fht 

£�0)£:fiO)JEJME)tlff£ c IAJ C --e� 0.  � Gv=-, �\, ,jJO) £iJ• GJ::O)tjffi�timvi{ij;� (� 

� 17 cm) c �E (10 cm tJJ::) 0) :J,._iJ, G fJ: I) , fi&ffltliviJl� G tJ: 1,,,. L t-:iJ� --::i -C, r1aJ{:s'[O) 

�vilBITi,,1tO){:s'[J'i:��--t t 0) c d',dJ:-t" � c iJ�--e � o.  

[i{J 5 9=1vfE$0)�t[PJ ��@{#400 (Loe. 5) 
Fig. 5. North-facing gentle slope in the middle stream ( Loe. 5). 

1�Hi1.k�H!fv=.tt-t"0 Loe. 5 O):Jm% t Loe. 4 O),l-;hv=.{Mo (!ZI 5). 1.k��£:g-13v=.v;t� 

l&iJ· Gvi < IiJUilt L -c � ts:£!iiJ�, lftltv=-�Hl--t o. ,l-O)""f:1Jv=-iwc < tlffiffe�imvi�@c 5° --e, 

*®v=.JW:11.kloJ±t'if*3'0)�,li;{* OID11¥,0�iJd::d.c 0 '""' � :J.;..J c f].f14m� 0) 1 b < G:J,._J ) iJ� 

;;,._ G.h 0 . ,l-0) rti3v=-rE1 � 1. 5 m 0) §)j�tJ: £iJ�� o iJ�, ,l-0) r:1Jv=.$J:]JJt]iiJ. Gt.co f:!:8 imiJ� 

$iJ�oiJ,G, Loe . 4 O)�(:s'z:0)£c lAJC<, IBITiJJH=.;lf%Jt�.htdBJEEcJ;,i_tJ:�.ho. tdc.L 

,l-O)ttUJH0� ;;,._ 0 c Loe . 2 0) step v:::. t ,f� --n, 0 0)---C·, JW:11.kF1fl= J§v=. J: --::i -c 1§,j,'I[;rf� � .tL 

--n,oiJ• t LJitcel'. tceto, !Zl6vi Loe. 5 �1&0)1.ktt£--c·tm��.ht-:WEtri: ---c-�0 . �*a 

tffim1rti=-mr::. J: --::i --c 1:.ff � .tL k*1J\O)�:fi1J�, 1.kttmfv:::. cD o �:1m�:1:.recotceiJ� G r:1Jv=.1Jit:iJ L 
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� 6 1l<-futtitiLf::0)�5�vlE 
Fig. 6. Stone stream on a glacial wall. 

�t10 � O),f!Jii'h -c %t(L1gijc0)7JF[.jii-c � IJ , Wf f&O) Ji�$t t {Jf l, 0) -c, ��-ct if t !u Lf1I-i�-JJ'; 
l \. -=-=-ct [B/HljtO){\'{/i5':��:,-r 1N,tUJ�jfiJ:}t 14 m D1Tf&r=-2l0 1)' .:t;hJ:J---rr=-ffel�xx LI) O)f¥J' 
!J( & '/ ;t,, 1, • TrP J'ifll7�5}11i-t 0 . i f-.:jJ�M��1:Wft:::. J 0 =1::.ti'.flO)fil@C1:T/P1J 0) 5}tRiJ�Jinlv -C'l, 0 iJ;, 
-t" 0) (l12 0) ?,Jilk ]r1WL2�l 0) \i ' < "'J 1J' 1h Mm� -c � 0 . 

!Zl 7 i Hl {1Ji5irr J-t!nt Wi ,,=-JJJ i: :hJ � 1 J, 0 tJ: 1'!11t-C' , 2l0 t � iJ , t i/i:s; -C-Jl!z mi� 01 �d1, l , -c ti) l , t.: J 0 °': 
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� 7 ff£AAft.1Jro.l:v::.¥£� Lt-: nonsorted stripe 

(Loe. 6) 

Fig. 7. Nonsorted stripe on the gentle slope ( Loe. 6). 

� 8 Nonsorted stripe O)tlJrl1fl 
Fig. 8. Cross section nf a nonsorted stripe. 
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f]t�O) vi l !v c'"".)/]\ f.r_\, \� � � G Ltth-c-' ��vtM� l �IuJifil.v:::.@:ti � G � ;h -c \, \ Q � l' -t" 

O)f-: ��:V=-v-n, 'bEp- < �±1J��!ht-ctthr:J=tillll.oc1J�:1Jq'� � J:-. r-t o � l t.r. 2:::·-c-c1s o. 
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Loe. 6 {ti[v:.:.v:t:k1J\O)�-=fEn�,�iE-t 6 ii�, f'.*i0wJ�fpffi�:;fH--c1,, Qt O)iJ��1,,. ill! 

9 vi-t 0) ][$ts: t 0) --c-, .H-Wiz£0) .H-:Ell!.:m;©v:.:.fJ-::, -c:WZtkv=-MUt 0 n -c 1,, Q. illJi=pO)i:ir O)� 

v:.:. .J:-::, -c 1?�)$J.�il�ffi 0 h -c 1,, 6 iJ�, IiEUt 0 h t-.::!GEvi-th c vi�l}�{*v=-7f.400 0)@�17J�i=­

{!t-::, -C lc7J-"'-f$1ir/J L -C 1,, 9. tt!t�OOO)�@r.vi 2° Mf�c·2D9iJ�, c 5 Ltdi�@c.-r-2D-::,-Ct 

�tt'f:10) solifluction iJ�fiJJ\,, -C \,, 6 .J: 5 v:.:.}�J-'Jh Q . 

lg! 9 �*5 vz:. J: Q ).kPl:fi co� w l �llw 
Fig. 9. Shattering and migration of a boulder. 

4. 4. i:f:!51it€fBO)�tiffi�{im (Loe. 7) 

itrwifGO) �t��/lH::.:fflJoJJ*n-. G�ih tdl:l:illii�2D 1? , -tO) Jfr.00 vi7fifttr 12. 5 ,..,._, 13. om O)i'Je±!JR 

c·2D 6. -tts:::bt>, �Jiil�wflReO) Y 1t., r • tti± CJIJ 030cm), rJit.J�ffeJ�� L IJ w�e Y 

;i., r · ffiill?i.Pc·, §J=J GiJ,f::.AITv::.Jtfl L td'iiJfflt�O)t°lff!/1£�ffi-t. c O)il:Jm� c IJ �1, ,-c )1::1, ,tf 

fi;&ilEmil�¥8;rl-t 9 iJ�, C Cc· t 1J\ijtj;JO) 1¥:v::. .J: -::, -C ��v::. 5,}·iJ-.;h -C 1, '6 ([Zj 4). Jfjjw:I6m 

.tJJ:::O)tJk11JUJ4Jroc·v:t �- < �§J=J�ts: k[t.J�i=p1:¥�=-2D 6 t.J�, c nv=- .J: -::, -c�0 n Q 1: r O)tiG53-vO:t 

lJMo/.JO)R�vivtcA..,c'ts:1,,. -ftl)tv::., �Ji 40,..,._,50cm t.J�fl3.iJ;�LIJitrij! Cf.1L1i£ 1,..,._,2cm) 

--c, -t0)-Fv:.JJ��l-1±1*0)�A..,3f-ts:W� (�0 15 cm t.Jl::) t.J�ti<. :lm�irr< c·0)1ifc?tP 

t 0)5NtkrL tlfliw��Im 0) rJJ·vi c:·�fi L -c 1,, Q t.J�, -thvir7Jtt c:·:1:-tl!i=p1J(5ti7��1, ,lf� t M 

1*t.J�� Q .J: 5 v=.}�,::bh Q. :Jmi=pJj(5}t.J�j,'ts: 1,, c, �*5 • �!EMO)** IJ 71R Lv=- .J: Q ij�O)ffi&Ef':11: 

�t.J�Jid-;,:,v=. < 1, ,t.J, Gc·2D Q. 

@H!l3. 5,..,._, 14. QmO)il.tti!c·vi, �liiv=-JR:k@ 20 cm, 1:fJffi 2 ,..,._, 4 cm 0)7}(:frlEt.J�i¥-J::: L, 
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c. O),�-c-W:tt 16 m LlJ:O)rif!J'i#4ffi c� GtJ:1..,,n�, -t.tLLlrv-lJill��bfn,v:::.%tsW<a$fry 

Of.� 55 cm) cffiltz� r: IJ wERaffiHl1tl> • � 11., r -c-, 1.., ,f .tL t ITK\11tLl r O):!iJM¥l' c }l!th.h 6 

t0)-C-cb6. it::., C.O)�:tt!!�c IJ�l,tJ:U�i2 m*1i;cy, 1JrNc.15--..,20° O)�,�rnaiJ�cb-?-C, 

�:tt!!�wtt 16m,LlJ:O)ni{lj�f�ffi7Jd?@falijfiv:::.[R-!;;J-?-Cl,6. �J;j.ffij_l_O)±,/ivi�<, cC.6 

c' c. 6 v:::.t15ti'.£n��bn -cl, 6. L t::.tJ�-? -c, c. .nvt��O)ifiHif c ¥!JitJr-c- '@" 6. 

4. 5. q:i5JiHm�t*4® (Loe. 8, 9) 

r:ptlf {f50) it ,ffir]v=. vi "\'::,�:eJd'4 iii iJ� K?li; < . c. c. -c-t wtt 14. o"' 16. Om v=. @fa!� tJ: }]fiJ� 2b IJ , -t 

O)rJJv:..ffeltz� t: IJ 0)$JJYJfllf14mf=tn, GtJ: 6f:f:8:tt!!iJ�cb 6. td!.. L, .7c0)1J@c.vi Loe. 7 J: 

1J *'@" < , -tO)rJJvi:9ltE0)7.JqffLv:::. c1:-? -c�u IJ c G.n -Cl, 6. �11q1ru=- c1: 6{�tsrr&J!vt-tt1..,, 

"t!\.,'� 1 3(1,,0)tmf�#i!'f:i-C--c-, J-_-_mt:if�t.-c-2z1v-c-1..,,tJ:1,,. -1J, mEJ: ILJ:.JJvi1J@c. 5
° iw 

�O)@t\,�a{jtd'41mc', �ffiv=-5'H�0)1Jd:fU=i�1rJJ. < �-tt 6 iJ�, *tT�5tvi�]�:!sEB*0)1il:fin, G 

tJ: 6. 1ilEti� �� cm iJ, GIO� cm O)fi]vf-? t::.�·E-c-, ��0)�1.., ,��JrfJ:� )l� -c- � ft 

L, �-Jt O)*TI[f§mhv=-J: 6 Ji1tvt. t;2.c6 G.h tJ: 1..,,. -t 0) w. � vt-tt1.., '"t!1.., ,20"'40 cm -c-2b 6 iJ�, 

$5JITTV:.vt.t§�J1¥ < *fl L -c1..,, 6J=iftt 2b 6. {JU'*- vf, Loe. 9 -c-vt.&;�O) �--< 6EJ=tlff£iJ� 

�E1t L, -thiJ� 2 mi!'f: < t 1$Jl L -C@JJRITTtd�4ffi�;TJ%X: L -C 1..,, 6 (!ZJIO). 
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Fig. JO. Frost-screes constituting the south-facing slope (Loe. 9). 
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Fig. 12. Profile of the raised beaches in the lower stream of the Mizukumi Valley and their deposits. 
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0 0 ii� , :ttf$:vi��--c$nx:ffiJi1ii�tw.1*:� 0 *fifilM:E1tfl4m ---c,cb 0 .  -tn(1) x. ,  rfin��u�Ui 

��Ev=-WJrv:::.tu�� in tc. t O)c· vi tct < , *fifil*MitfJM0n� vi < JtJffi � n --c �hhn tc.!tJ&�-0) 

ilrrr.i c. � --c 1 1, , . 

t),J:::. 0) r��nffJJ{0):1mm c. 7J(uz�ff( O)iw'f:��rmrfl c. /.) ,  G, ��fvJra®n,  G8i®1ii i ---c- 0) IJ9rkw:s'-J 

1Nfajgvi, IP.I L�FAJEfJ JSJ �ffi� b "? --c Ji�tJZffi r) j}g � :rL tc. 0) ---C' fct < , I 1ii ,  m jij ;fu l U'ffliti.1Hfi {t 

:ili v::::. :to \, \ --c 1J \mw£ 0) (/JJJi i k viJttzs'-J* \, \ {-¥ih11.J � 2b "'.) tc. -=- C. /.) ��D G ;h 0 . -7c-;h ---C' Ii ' -=- ;h G 

0) wJi, mJJB 0) o�, JJJ tct G CY v::::. JJJs!vt c' 3 1.7 ,  l tct 0 c. , i tai c. 1v l'';tJ n ,  "'.) --c 1, , tct 1, , . -=. o) -=. 

c. vtWiffi�{2'q:::. ":JI,  ,-c 1, '*- 0 -:.  c. ---C'S 0 --c , kO)WEBvilB:J$:v::::.1'f£i7�ffi«.J --C J,- tct < W.1*:flli 

0)9BJ¥7J� i ;h ---C'cb 0 -=- C. '  L/.J, t :hlfl4efor=J=iv::::. 1 4C if.{�J!U;i]::::.fljffl---C' 2" 0 "£4efo3!1*iJ� fi c. /0 c' 

"2i' � ;h -C 1, , fct 1, ,  tc. c6---C'cb 0 .  

-=- ? L tc.�m,v:::. 2b "'.) -c '  1J :i ')' ;t • * )V A  �y{:}7$:0) wnx:ffiJiJ:::. 0) Jl�if.ft� �� ' -t ;h G 
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iJ�20, 000"-31 ,  0001 4C if B. P. c 3, 000"-6, 00014C if B. P. 0.) 2 '.ii:'f:vc5Ht G;h, ,  fi!u$tO) q=ifMJO) 

1@�ffi-t t O)iJ� tci:: 1,, , -:  t �rnJ@ L t:arn C l97o) O)?iJf�vilt § vc 1@-t 6 .  {X vc am 0) �J�:if 

1i: vc J:: 0 --c , :e-W.J»t�Jiffil O)�J»t�jiJJ���-t 6 .  7,J(ilzJJ-V�lPJ P 0) 1¥I:n soom vc. 0 6 �t�7A 

vi , aB3 0) 1
4C if1i:v:!UA£0)/lit��1*�:l'tl!.O)----:::>c·0 6 iJ� , 7c ;::. --e vitr lB 0) �l;r., - 7° vimi.tli 3 m 

Mz��tf�)c L --C %:fti-t 6 .  :j(fil�ffelPJ P -c· vi , s: 0) � � vifVffii c Vffii c O)mvc 3 0 --C � IJ , 

L f.:_iJ� 0 --Cfi!DHz:JiFl3jvct;2ob G:h f.:_:i't!fJf�EfJF13j�JiHiffelJ&tif1i;O) _ Uc t vi --::> �  IJ �!W, � :h --C 1,, '  6 c 

1,, , x. 6 .  -jJ , �1,, , ;7·· ;v - 7° viiU,g-1µm;J:t1,, ,iff�O) t 0) �-1� L --C 1,, ,  6 iJ� , s: :h� t 5 Y L� 

L < �6 c ,  mH1J:12mtJJ:::.O) I 1:mvi7J(ill�l'Rc·30, 700±2, OOOif1JiJ , �t�7Ac·34, ooo!�: ��� 

iffiJ O)Jl��1'/x:�--C �  IJ ,  1,, ,f;h, t 3 7Jif J:: IJ �1,, , {@:�?f;-J· . L f-:.iJ� 0 --C ,  I 1:m�J»tO)�;M 

vi.J,'tci:: < c t 3 7Jif�iU 6  s: c vi tci:: 1,, , .  c s:  0 iJ��t�7AO)�'ijtfil0"-'5 m vC0 6 ��0)�JiJ:::. 

r=- vi , 2 75if1i:iJ,  G 3 7Jif ��-t t O)iJ��tE L ,  f�liffii cJU�if1i: c O)XJfG�ilM� vi 0 � IJ 

L tci:: 1,, , . 7c :h� x. , - 7.J(fil �ffe 0) I • II 1:m c ill • IV1:m c 0) F13j v::. !12 ob G :h tdt!flfJEfl F13j l�Hi , Jl� 

O)if{i; vc J:: 0 --c OOutvct�ffi-t 6 -: c iJ� -c· � tci:: 1,, , .  tci::--1£ s: 0) ct 5 vc�tci:: 6 if{i;O) Jl�iJ�mtE-t 

6 iJ , ,  � <  biJ, G fJ: \, ' .  7c:hvi , j:l�O)if�mUAEO):fxf,/;jEfJM�vC. 0 0 0)/),  (1J\7C ( 1 972) vc 

J:: :hvi , aBlD£:l:t!?.1ti/f O) mJ.7J(i=p O)  1 4C �ocvi� �vc.{1.£1,, , t t ,;b;h , 7c 5 t -t:hvi , -: O) mJ.:tl 

vc:Jitrftl�vc J:: 6 14C if{i: vi�� J:: IJ �1,, , {@:�?F-t -: c vc tci:: 6 ) ,  Jl�iJ� tci:: Iv GiJ ,O) J}Rfz;;lvc 

J:: 0 --c��vc ylEtf L --c \, \ 6 0) iJ ,  C 'WU x. vi ' ill 1:m-c·1*� L td��vt I ffii;)WO) m})lEvc;Ji,'e, L --c \, \ 

f.:_ t 0) c iJ , , ill @Mvc I ffiiiJ,  G 3JHftL --C:rf:UJ L f.:_ t 0) c iJ,) , 1,, ,  6 1,, ,  6 � x. G .ti 6 .  7.J(fil� 

iRlPJ P 0) ill · IVffii:rftfli!J7,0i=pvc �g[-t 6 Jl7flzvi Vii: c Iv c·iJ�QlU! � :h --c 1,, ,  --c , ;:ti(fil�iRvc J:: 0 --c 

J:::.ttiJ,  GJivi:htc: t O) c·0 0 -:  c vt §)j GtJ, -c·0 6 .  4-1.EE;tE<?Y±.fz;;liJ� -: -: vc.0 6 c � --c , moo 

O)iffi:��1,, , ;7·· ;v - 7° 0) 5 'b ··e t .tt�Ef11f\, ,:nO){mL ---:::> i iJ 20, 000""'2s, ooo if �1*ffl L tc: 

c s:  6 -C· ,  3, 000"-'6, OOOifM c 1,, ,  :> O) vi_ ,  �t�rJO) {tdkJ!E�¥fU7./(@0) �jt;)Jvct§3-t 6 . V 

1:m vi s: ;h, v:::.xt;;t L --C �J»t L tc: c �tci:: � :h 6 .  -jJ , 20, OOOr...,3 1 ,  OOOif Mvi�t�fj(O) TJ ;r., A 1k 

;JtJ.Jv:=- 3f_: 6 iJ� , 7c0) 5 'b 3 7Jif{i; O)  r Iro vi TJ h A  IT / ill  !IEFi311k;ttJ.Jvc 3 t_: 6  c ,8c7,b:h 6 . 3� 

O)mj.7j(j]jO) �J � VC 1*1-t 6 tojHi�ob --C z  L \, ,i)� , vSE Vif!W,mJ.7)(1:Jvci!f\, ,iJ , , 7c:h l I) l QmfiJ� 

{l.£iJ,  0 tc: c � :h  --c 1,, ,  6 (FLINT, 197 1 ) . IT 1:m vt @J:J GiJ , vc r rniJWiJ, G@H!Hr,""c < mJ.j.1!0)-��0) 

g[4o/.Jc·2lb 6 iJ,  G ,  s: O)!IEFl3j1](;ttJ.JiJ , G 0) ::1- - 7- !7 :;- 1 'Y ;7 tci:: {f/i@{l&Tvc J:: 6 c � --c J:: 1,, , . i tc: 

m 1ii vi , IT 1ii c 0) F13j vc 5t.'5t.'B�tci::tt!tffjEfJF13j �Jlt� t ---=:>ii� , 7c c') � L 1,, ,:Jm5eEfJ{ftJl:vjvt villill:ft-c· 

21b 6 .  -: 5 L tdHJiJ , 1,,  ,iffi:ttH� J!iJ:ffs � � 6  tc: ob vc vi , mik:--c-vi�3JBfO)�iJ�� L < JGJE L --c � 
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I) '  i tc.. 1 4C �f1<:mJJ5EO)�OCO)FpiJ1h���6. A,�0)1i}f�v=-t-Itc..tJ.: vt:hvifJ.: GfJ.:\, \. 

JN1�v=- '  1§-�Ji]]j 0) �OC�iJ�-l-:h-f ;h,0)1:_nx: v=-1*1� L tc.. C ,8ctb:h '6 ::I. - ,A 3< T 1 'Y !l fJ.: W 

iil�mlrl: J: IJ t ,  vifJ.:vit� L < tj\ � \, <::. c v:::.�{t < . s EE vi HoLLIN(1962) 0) J!.M� < A, 

-e, 1::z.-7- !J r 1  'Y !l tJ.:®00{1£TviJdJ.:< c t  !J "1-- '/ * · ;j-; ;L,, J,, �lBw-c-vi, 1Jc1*0)J1!1f.� 

�j:�* � -:it '6 J: ? v:::.vifliJ,f, :!s-�O){l&Ffr��A,-C-7j(iJ�ttT-t 6 {±:1J-C'7k1*0)i)t7(� t tc.. G 

Ltd� 6 ? . ::.. 0) k.'d:>, 7 1  'J 7- 3< T 1 'Y !7 tJ.::tt!!filiJ:Hvi:to � k G:htc..-c-as 6 ? . J c -riiJJ 

v-n , 6 .· ffi{i0)7j(��iJ�ffl,tE J: IJ iJt:*: L tdlEWLvi-t ::.. � '6 :?H ,iJ�, ::t :/ !l'';L,,�)Wiill-C' t :*:I� 

tJlJH:::.tUJ,,_ ::.. i :h tc..®Llt}ki!(§v:::. l "'.) --c -l:hiJ�.:s'zJIE � :h tc.. ()li)W:, 1 97 1 ) . ::.. ? L tdJ<J51zO)fJt:;:*: 

v:::. J: "'.) --c 7 1  'l ,A 3< r 1 'Y !l tJ.::ttf!�O)Jf�iJ�as "'.) tc.. c-t:hvi, -l-:hvi1k1*v:::.{lh:h fv:.�0 

tc..::t :/ !J" ;L,, �-l O) {[g O):ttgtgx;v=. {J}J < ::z. - 7- 3< T 1 'Y !7 tJ.: lBJiil{l&T O)tjJ* � ���� L tdi f-c­

as 6 . lwiil J:H v:::. to\, , --c vi, ::.. :h t � < � 0) m�h � as -? --c , ::z. - ,A 3< r 1 'Y !l tJ.: w:oo J:H 0) 

:l:Vii: c'W�h�;m ::.. G tJ.:iJ, "'.) tc..vif-c-as 6. WJJJZ�Ji]]jO)�OC��-k 6 � ,  ::.. 5 L tc..1k J,;t�O)�_t 

:*: • t1ffiJ,,' v:::.{f ::> 7 1  'J 7- 3< r 1 'Y !7 fJ.::ttf!�O)J: TiUvJ� J!�-t ::.. c vi-C' @" fJ.:\,, c ,�,h:h '6 . 

5. 2. fflJ jj(5AJ±itHfi 

nBt1J&:tt!!-c-viJ=J f:lf:J�@l.h� 0° c UJ:v=.ts:6::.. cvif.t\, ,iJ� . 0°c �J::T-t6 B �1rJil2J=J 

i=p1lJiJ,G2 J=J i=J=t{§J i-c-;f&c< . LiJ, t l l J=J ;fCiJ,G'tR:ttw��O):x{�h��< tcr. '6 0)-C-, :ttl!lii 1 i)E,ill 

t=-rr!iv:hi l: d_) ,  :ttgi=pl,](5j-O)[!!lHa . �_rhfq:7H:::.;@lzg-t6:rtlflf:{1fJ$;, ---::i i  I) )Wi7j(frJI{tJ§h� {IJJ<. 1k1* 

:f�jgO):f�v:::.Jf[::t / !l''1L,,�v=-flliJ1\, , td-ig�;'s1J0):1:�vi, ::.. 5 L tc..JWi1kliiJf1=m t ,�,h:h 6 h�, �c 

:hv=-J: 0 :tt!!Mvil'Jtv=-�J�i,}-c-as '6 .  -l-:hviml.oc�1L�1�i < ®O) JWi1J<M1tm O)x@clz9rv=-:X�J 

6 tc..'d:>-c-as '6 .  ---::i i IJ , l/f�1*�f�O) tc..cJ_) v:::.±i=J=tl,)(53-0)l'.i¥eh�iJE� � :h '6 ::..  c ,  :!?fUJi'.40v:tr:aw. < 

--c til.11t.t O)-C-{�1J(1Jh�1J\ � \, , ::.. t ts: t:' a, JWi1J<frJJfp m �'.){:vt v=-< < -t 6 Jw:lz9 c tJ.: "'.) --c \., ,  6. 

l.:J,T, {JJ&lJ�tJ.:h� G, 7,J(ilzJ,,_ff(-c-���:hfc..\, ,  < ---::iiJ,0)$J1kloJ:tt!!:JfJ�asvf '6 .  

7,J(ilzJ,,_�O)TffiJ{JJJJ v=.$iJ�6ii'0'.ffi#4liivi, Jc- 0)����1ktk{tfflv=-� 5 c \,, k '6h�, jj;:�Jro -l-0) t 
0) vi, JNJ 1kfPHt J§ v:::. t cf< solifl uction slope c J,,_ --c J: \,,.  ;fffli#41m 0) J: #Gvi �� 0) 7Jctfi 

ElfiJ, G�fMffimft,fpffl v=- J: --::> --C �;1€ � :h tc..EM-C'{lh:h, J:t�l¥J{B,-C'2D 6 h�, J:f' • Tff/3vi� 

Y_) --Cfr)JJ-c-2o IJ, Lf� 1., , v:::.wt< tJ.: 1J tJ.:h� Gtl/ff:""'-f$fi-t6. -ttv=.::ti(iliJ,,_lf(O)*fifil{f,§�fif0 

vtJWi7Jc/oJfp m v=- 1 0 --c fil@l¥JtJ.:53-1L�'.)[:v-J --c \,,oh�, r&ftJflf.1 lii 0) i=p • r#G-C- -l":hh�� L 1, , . 

�Jih�fil.*JLO),pj;�i), G tJ.: � , tli:*:tJ.:�vt l ,f ;h <b :ttl:!,�]mv:::.� J: L --c l ,  '6 .  i:pJiHiW-)3( 130) '/ 

;L,, r . f1�±-C', ::ti(53-h��< �v:::.vi�:hH· --C i� IJ *-5}0) J: 5 v:::. tJ.: '6 .  ::.. 5 Lt..:JWi1kliiJ±O)�JJ:>tvi 

TABER ( 1929) O)�/J: frost heaving t L < vi�¥6v=- J: 6±:tif.:V:rO)��ITTJ:H(::. J: 6. 
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FM!v:r- 0 ch 1? f;}O) l :5 v:::_ tJ: 0 '*11ivt-t c � 0 vfEl)Jtt1J;:* � ti,. -:. t r:., ?J7K:l: l ::i p 1 F'� 

�O):;l:iJ;�1, ,(f c'vff!IJirl�iJ;X � < fJ: 0 -C, hf iJ� fJ:ffi#4:i1in::· t �J±rt 0.  C J L tdffif.:;'Uto/.J� 

vtiiffifr.4 ffi 0) T:JJvi c'Jf < , i !-:ft J!fffi� r.t < :1:m&C)-c 1,, 0 . L t..:.iJ; 0 -c t&ftJi#4ffiv=-� 1, ,  -c 1:. 

&� ntdffit.ft!fu1�)il4' 0 < 1? l #lrnir:JJ""'�w1 L, ft�v=-t..:.i--:i -c 1,,0 cd,dJ: -t c l 1J� --e �  

0 . #4 ffi 1: 0) £ wt t c 0) r�:tru v=- J: --:i -c r:15 v:=- 3ilf n ,  tJ, < L -c *t ffi vi L tc: 1,, v=-f nHt � n, 

mnVrl�v=-r,t, L -c r:JJvi c·tJk�iJ,tJ::1z0@c l tJ: 0 t..:. t 0) l ,1�,hh 0 .  

tik&i �-oo :1:ui ¥J.J 0) rm a i1 e 0) t.fi"' '*1 NP "\":o £1jl,i £ t fqJ � c') � E iJ, i::i tJ: 1? • 5t iflz � n --c \, , tJ: 

1,,. ik�JI Hc RJ::>h 0 l :5 td'f-:�f��?Jlvc' \, ,fJ: 1,,. "'J J  i? rli!io/.J�O)vf l !v c··a�isMB 

wt 1tfrfatl v:::. J: 0 -c £1jl,i�-iJ, G1:.;1[ � ht..: t O)c·0 0 .  1 968 i:J:.O)ffimt/� vi 55 cm Mf�O)� � 

v=-Iklvtc:IJ� . rlfl:l'i#4ffiO)q:t • J:.ir�O):l4Ul4m vi C ;h, J:  I) �<, �1:Y/);!±!M L --c 1,, t..:. . Lf..:_/); --:, 

--c, l&M-I�tffi0)£�£ Lt-:.1, ,0)0R*s*ITI� 11::fJ=ttl l,  -t:hiJ, !::>1:.£�n ts: £ wt 0) r :15 f$ lb 

(solifl uction) l 1Jq[W11,, --c � 1? , iWi �J;';-0) i�fqlf'f*v=- l ") --c ,  f&fitIW-tlID viJe:Ii L -c 1, , 0 c 75· :-t 

0 C ciJ;c- � 0 .  

MJ:.O) 1 5 v=-r&ffJi�4ITfi0)'*1 • Tt-i) ft-tH=-ft/U· --c· 0 0 h� . -1:tl�r=- vti-tmi:15�v=-@1 :x-t 0 

1Lm.tl1f 0) step 7J;Je�-t 0 . C :h vi¥J.J� 0) r:JJ�!lwiJ:-1*--efJ: \, 'ts: r}_) v=- 1:. r:. ts: t 0) -c· ' 

TRICART 0) cryoturbation step O)JE5tv=-Je:Ii L -C \,,  fJ: \, ,�j l � -C l \, ' . 7J(ilz�if(O)�ti1mi 

-c· vi, c 0) step iJ;i-tffil:tM, G�-60 v:::. fp Gh --C 1, , 0 iJ�, �: hvi�t}R O)ij[�Ji,v:.fJ 0 --C i1mi 

vc�f&:i v:::. ii1JJf Lt-: snow drift vc J: 0 --C, 4mj[O)r:1J�i1JiJ�� :-t �' Gh 0 t..:.e0-C·0 0 .  Step 

0) TrFJi snow drift 0) J:.tiv=-� L --C 1,,  0 c l iJ� �1,,. 

Jjgq=t7j(5t0)�*5 • /M!pjvc��-t 0 J$j 7](1BJ�2,fl< l L -C, 1:§cVC ct;,(,f t..:vfiJ,vC, 1JctiitJ:.� G 

n 0�Evff., ;ii-J-1:JO)�::fi 1tc.7cO)fjWJ, �AJ@c�tOOJ:.v=.9eJi-t 0 nonsorted stripe tJ: c·· 

iJ; 0 0 . c h  G vi 1IBIT5JUB"J r:::. tr¥:jzt Lt..:. 0)-C' c c -c· viti 1? ;iJz � t.c. 1, , . 

im'*1ilill.!JfiJ� 0°C � J:. T-t 01tJJF1lJ0)�1,, c l iJ�, %11Jcfru�i*O)� t £*B"J�{!:j::c·0 0 .  L 

iJ, L, f!B:f-0£:J,:jg--c· vt c O)f'.filO)fmJ!IJ�**!B"Jv:.f-=rtJ: 0 ts.: c l ti�tJ: 1, , . hf1J,r:. 1i0 rn 0964) iJ� 

-t :-"�lUll1iO)�!tHffJ1EO)-� l L -C, :imml.l'.flU'.xE� L ts: c l  i'J� 2D 0 .  .7cnvc ct 0 l,  ,fd,:tfuO) 

:ttg�@l.OCvi�iJ;-t"::>7J' 1? y�j x_ f..: l l }j *Ll�7J' G .  0°C �vi :� !vc·x t tJ: B IJNt�� L, 3 }j 

tJJci..>ic· t0'c1,,f..:_ . I }j 1JJ1f]v=. (t, B r:r +30°C 32r <  �-ilfil Lt-:::tili£zrniilfil./Jfvi, fZFfcl'J v=. &t. -3°C 

v:.fi'itfl L, it..:. 3 }j tJJd..>c· zh + I0°C"' - l l °C � J:. T L t..:.. c ;hv::.xt L -C:tili'*1ilffi.MO)w$! Ht 

vi 6 iJ, v=. 1J\ � < , �� IO cm -c· vt��v=-0°C"' +5 °C 0) B �{ 11:'.i�;l;_ 0 �oc-c·0 0 .  1K&�V\ 
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�� C') vf A., O)�_fliJ :.  1, ,JJ.JFsjt3t c ,� b h 

6 .  

�$�C')�MC')�A�� 6 k� . ** 

vi 3 J3 1 B iJ :.  G [r'tJ J3 3 1  B i c' , � 8 WI�U 

�mooC')�ffl���t . �$moc��� 

L t-: (IZ! l3) . 1,f!JJ��vi **I-S�� K K%1: 

ET-1 ffJ � J: cf' ET-2 mJ. -tt - � :7-. !l -

zlfil.OCHc' , 4 * C') �t:S B , C ,  D , E � 

iZl 4 (Loe. 10) C'):/?ftf:Jfi@l�i:1i'H=- -t 5 A 

L t-:. � :h� -T - 7�1v-C'ti!!�1* i -C' 5 [ � ,  

�;gz�� � 3 i tdi 6 �Fsjto � v:::.i][JJ� L 

t-.:. � C')4vi� � 54 cm i -c,;1vt --c 1, ,  

--c ,  -tC')rv=-:1k;\0f!±fi@ln�J,i. Ght-.: .  2 

J3 TiVv=-�mn�* � < Tn� 9 ,  ��T� 

if� (� � 4"'-'8 cm) to J: U$� Cl0"'-'1 8  

cm) n�-t-c, v:::.�M L --C 1, ,  6 .  -t C')  t-.:�, 

�w B , c vi�U��ifraC') �WiP G�ml.� 

{t,v:::. :tj
J

G L k B �11::�ffi L t-.: .  � �  27 

cm C') D tu J: U 57 cm C') E vi , -t.:h-t 

h 0° C c - 0. 3 °C t 1, , 5 -� L tdml.oc 
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.:h-t.:hC') 2 8 MC') �m\.�TK J: 0 --C �M 
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1JY5C vi 1 4113J� 9 C')jfu$Wl\.OC�i2wi L t-.: .  

-t" C') $v=. vi*tf(C')�ifW • �*2i��n�i2ii 

� ht-.: c 11:fJ < C') -c, , !rt*n�JJ.lffc' � 6 .  
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