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Some Problems m Stratigraphic Analysis of Firn in Mizuho Plateau, 

East Antarctica 

Okttsugu WATANABE*, Ktkuo KATO* and Kazuhtde SATOW** 

Abstract: Long-term vanat1on of prec1p1tat10n and surface temperature m the 
v1c1mty of Mizuho Statton were studied by means of stratigraphic analyses of 150-m 
bonng core In this paper, some problems on snow stratigraphy aroused concernmg 
the analyses are discussed. 

F1rst, problems on the umt of stratification are discussed m relation to v1s1ble 
strat1graph1c elements and depos1t1on-eros1on processes 

Second, phenomena of m1ssmg layer correspondmg to the hiatus m the layer 
formation are discussed m relation to regional charactenst1cs of those occurrence 
and frequency Precise est1mat10n of mean annual accumulation m a certam 
penod may be 1mposs1ble without quant1tat1ve ratmg of hiatus durat10n, and 
estabhshment of an effective method of ratmg should be the most important subJect 
for the stratigraphic study 

0180 vertical profiles m snow layer are mvesttgated usmg the data obtamed from 
h1gh-accumulat1on area (W46,1958 m a s.1,) m terms of recons1derat10n of the 
classical mterpretat10n. As a result, 1t 1s found that a part of 0180 osc11lat10n was due 
to the vanat1on by 1sotop1c d1scnmmat10n under snow metamorphism 

�!§'. .J;.. 'tvi 150 m ::z 7 O);ffi�mi&Mtrrvc1*Jjl L "C�!tc::htc. 2, 3 O)f�i�tc ":) 
", --c1ta11r-t Q. i --r. li&m:;it�*i.J;ffi�%$:;&J�--c 0) t 0) J: , tJ:m• t �jl-t Q 
i.J, ��tt L, -t0)*5*vc£--:51,, --c, it-Ws"JtJ:�*litt.�5cO)J& 9 �" ,vc ":)\, ,--c5m� 

tc.. �K�mli�J:��ooa�li%$:K��Qxlim•. �J:�-t.ncffl�%$:O) 
:t-m�*r-tt t O)�J!'IH=-":)\, ,--c�� Lt. 1ktR-*:tthO) � Qmrl'liv=-�� Q f .l:5J�7t:l:O)tft 
5E 0)/fliti.J,tJ:3'.EE�i. ;:.. O)x/im*O):l:EJ'9ll5JZfrffii.JlfJ�tJ:;:.. c vc� Q;:.. c �� Lt�. 
it�. ffl�/ir=f:!O)�*fR.!fftf*tJ1$: (0180) v=-"':>1.,--c, �-��L�Q w 46 :!i!t�i.J, 
G14 Ghk�;JS!-� 1b c vc�i-J- Lt� �{ft)il*JO)-t0)5t1Mt, -thi.J::!iffl1&0)ffl�O) 
�l�;&Jfl"C � Ctd&�s"JtJ: 1b O)"(-� Q AJt�ti�� L "(1,, Q. 0180 7° 

i:z 7 7,11vO)jW 
;jR�Cvi, 4'f&i:J5eci:)"(�it-t� � � < O)�jfili.J;�i h L \i 'Q · 

1. t± L, -JJ; � 

ffi:li.1.kl* OY�ITfifJi� mHt, "ffe:M v=. nt:. 6 ;!tJff1=1j 0) 11i:�iJ;:lt:fi� L l.: t 0)-(' 2D t'.), 7c h El {*iJ;� 

* 1'5if§'t::k�7j(Effi*-t�1ilf'.JEP,)f. Water Research Institute, Nagoya Umve1 s1ty, Chikusa-ku, Nagoya 
464. 

** ffi:WiJI:*���ri�:tx Nag:toka Techmcal Colledge, N1shi-Kataka1-mach1, Nagaoka 940 
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f1*0)!��--c-t A!> Q. ffl�!ifftMtJTO) § 8"Jvt, ffi�O)��O)wmn· G, -tnv=-n·n·n Q ��O) 

tt�����G�cKl0c, �MKbkG�*:I:, *ffifflmO)��O)����G�cKJ!> 

0. � 0) l 5 f!:.. tl,d-J-0) 1 -0 c L c, d-J-f vi i'@j JJ1{--c-� G tL t-: 150 m ::z 7 v:. -0 \i, c ffi� Ji fftMtfr 

�fr\,', -t 0)*5:;!l!Hi�c-v:.¥JH�r Lt-: (WATANABE et al., 1978). 1978 :q:. 12 Jn:.fib.ht-:�.ll 

ffi:tm1iJf9':m • � 1 @mffi�1tlffi s,, / $ :/ 17 A v:.:rot, ct, d-J-�vi ::i 7 0) !ifftMtfr*s:!l �¥Ii� 

Lt-::n�. � 0)¥Ji�v=-'*13l L ffi�Jif:v:v=-'*1� 0 2, 3 O)F1=11fil!}�O):t�tilM�A!> 0 t-:. 

-t � --c-, :;$:¥Ji�--c-vi.7c O)F1=11fil!}�iJ:. -0\i, c �6-1_) c�i-t� G c c t v:., J!>b-ttc -tttv:.'*1:Jf� 

0, ffi� Jifft1iJf9':v:.:ro t, c �ffi� Qt, < 0n· O)�fil!v=--0 t, c 0)-r( Q. 

S/ :/ ;t; :/ 17 A c'vt?JzO) 1 5 f!:..}�v=-'*1 L c O)i-t�n;t!:.. �ht-:. 

,tO) 1 '0viffi�Jifft (snow stratification) 0)1ji�O)J& l)jJk\,,v:.-0\i,c'"c'tf) I), � 2 vt:4:-ri3, 

�1](:1:0)1l5E, �v=-x!IJJ1r13, O):l:8"Jffflffiv=-'*1 L c--c-A!> 0. ��-*ffi��v=-n·n·n Q JJ!tO) 

t�ffl C LL 0)*5E�*FS]fft1*iJifflt (0
18
0) O):!lf-:��!Uvi:::k � \, '· Lb· L, -t O)fffjffiv:. '0\, 'L 

t t, < 0n· O)r1=1ifil!tM�1i � tL t-::. 
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�1 �mE*m �f���. �*K�Lk� 
,r,';Ht=*X * '"c'.ffl 1., , i:;fl� JI {ft�� 0) l!'lmt� 
'"c';:i;G. S, H, Z, Y, I, W �tr 7-'�-7. • 
iv- I- 0)1!5�. ,, 

Ftg. 1. Mzzuho Plateau, East Antarctzca. Sta
tzon numbers are the points where strati
graphic data were obtained. S, H, Z, Y, I 
and Ware the JARE traverse routes. 
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;:;ht::,O)�Jmv:::::."-::>l\-C, ;:;h� ,:v:.1tGht-.:[1s5i-O)tr}f�J5,xJf!��i;z_ -C�tl--t 0 c c  t 
K, *ffiffi*�• �'"t��� (�l) -CfflGhk-:;ht::,O)�JmK��'"t0ffik���K"=>l' 
-C.'60)�0. 

1i�1 ffHilM;Vr-c l il"}t'�i 0) *71:!J.E!ZJ, 1t."¥:BZJ·!li'il C C t v=:. r § v=:. J! 7c_ 6 J }�{il¥Pifii� ��ii: lllwi 
tJ:�!U 9 �=*t-:: L -ct, 6. ;: h G +� Jh��u1:, :lt=f_f;i o) J�Ji.:..� 0 :BH�. 7c 0) /l!fiFl;t-s J: V:�Ji--t 6 
fill O):litf1'{�1 c o) � i* � @jf.U1' L -C < h 6 i7, G -c � 6. 

-jj, ffi�O)�:!J.E!'J, 1t."¥:8'J·�'.Mi t:l[T)tff�J O)fj��N� L---:::>"=>, TJ��Ji0J-CO){J�Jj[iij, 
7Jc f:1J IP] 0) l ,-n'l,v=- <b Jtf®G L -C, � 6 l '(it,l'fr;fr;'c L -c �Nt.--t 6 n:, -7c O)�� O)fjf� J<�HJ3 0) 5-}1]I 

,1, �:@�*O)j/jjcJUvt c � '? 1 5 c'f:ttn ,. it-.:, fl�� PS-C'O)-: h GTf�0)�11:ir0)5}111 
2::, m::€�* 0) jljjc1U 2:: 0) F1=1j v=:. (t�,-?- Lt ]}gJt oyf<t J;G�,f*i t tJ: l ,. ;: hvi fffiJ� 0) JfJrJtv=.iJ,iJ,:b 
6 t-itfiJ;J;;tJ: 0 -cl, 6 (� n,, Tl� O)�:JJ.s'9, 1t.�sf.Jti�n:it;11:B"Jv==-�1t.-t 0 t-::Y:J-c- '/6 6. 

ffi��{ilJWtfrO) § E!Jii, ;: h Gffi� O),rtl;J§ 0 11:���� 6;: c vc J: 0 -C, -th G iJ;;lfJ/rZ � 
J.1,t-.:MFi=ijO):ltfffJJ��m_5c L, i t-:: 7cO)rfB:Jl'J3�il5E'"t" 6;: c r:::.'/6 6. it-.:, *rniffi��vi:[Y( 
l , M Fi=ij vc :b t-.: 0 -c ;/ff nx: � J.1, t-:: t 0) -c � 0 -c, �c ;h ,l-h iJ; 3!±D.L L t-.:Jift ffiJJ !fff-C Wriw'c L -c :1:. r, 

t-.::i{LJlO)�fff-c-� 6 Lt-.:iJ, 0 -c��M{iL�lf-,lfr-C ii, --c hvcffl l, Gh 0--t"�-C 0) ® {.v: � * 

�. -l-0)%/tZ;&J�t O);-tJ;Gv=:.:t0t ,-c1r-x1t.--t 0;: c1:: il:�,�-c-'16 6. m�m0)�&1¥-5t� J: 1J 
ii:1£sf.Jvc>1<Y:J 6 vci,:t, $ri1Jt':) J: V::r-t!!tw;,c J: 6 :Liffl:Jz\HlO) tiiJ: l, � � G iJ, v=---t 6 �,�ii; '/6 0. 

� G v=., 1¥iffi:;}J<1*v=-t t-:: G � n 0 �t1Jc:I: O)tffi5Evcv:t, !fl.tE t tJ: � g;, < O)F1=19lmiJ;� � h -cl, 
0 iJ;, t-:: 2:: ;t_ �f 7(�\!fJJFi=ij O)iffilli 0) J: 0 i::., �;,;,t;:s{_n,:::. vtm{:s'z:1¥-5t O)J& IJ :l'Zh, vc iJ,iJ,:b 6 t 0) iJ: 

2.:U.. ii� f!fftQ)lj!jc(;: ?l,' "C 
mH-f.iJ, G:;}J<Jl:v==-t t-:: G �ht-.:7.lc?!��i:::Jii:� c1:: ts:. I], � i � i td�W�K&-c7JctR*rmi==-�ffi 

L, tt�Ji c tJ: 0. :llffl:l:vi, :f:Wv::::. J: 0 -Ct i f__:,l-0):l-�fflO),tO)lfsf}�l. O)�rnj:(jt;riJH:::::. J: 0 

-C <b �ts:_ 6. 1¥iffi:;}j(w0) g;, < O)�ffl-C ,t, l' 0 f-.:lv:flfft L f-.:�iJ;.7c 0) ii -t O)�fflO)ffi�}i 
cJs:. 0;: c fi in -c � 0 -c, ,l-O)�v=-s:! 2'm < �1JfiJJ@1�i==-� G � n 6. {kO):JlffliJ;� c 0 ®f 

i§ui-CO)! t#�iJ;, ,l-O)�fflO)ffl�c L-C]lt{:s'z:1t (layering, bedding) '"t0. �ifv:::::.J: 0-Cvi� 
ffl L t-.:--t�-c 0):1:iJ;�IJflJ � h 6;: 2:: t, it-.: �IJflJiJ;-l-ht.J§IJO) Ji vc i -C' t :&.t:;: c t 2b 6. 
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I&] 2 Y200 :i'!g,� (�tWJ 2880 m) O)fft�)i{ft:rJli�, 
1) Ji�:W-. 2) lamma ffij�, 3) ffi�·i::>2160) 
9BJi, 4) zlO)�]m. 

Fig 2 Strattficatwn of surface snow layer at 
Y200 (2880 m as l ), 1) layer boundary, 
2) lamina structure, 3) depth hoar develop
ment and 4) summer surface 

f!�Ji{ftO)�,WUc L'-C, ;z,,_-tvi�)]'{O) Y200 Jt!!,12' (tJ� 2880m) O)ffl�Ji�� 2 vc.jft-j'-. 
ffi�!VrTifivc.vt, M r.t�YI-� c !J$-;f=f 0)%� t 0ffl�� (lensing layer*) O)ffi;z,,_m:tJ: 9 iJ�J! Gn 

o ffi��O)%, m�. :11:u:it!Ab?.tt, ;J<1*45-:f.:t!! O):Jtffif�m� &)*: L --c � � � � vc.�tJ: o. 

;J<1*�oo--c O):Jtffl��O)tm�v=. J: 0 --c, J:tfXl¥J::km�tJ::ftf1Ht, tk,____,��vc.%Jije-t o11£'A 
EEC .i: , '5LO){i}Jl�O)��v=:. J: 0 --Ct t� G �;h,0;: c iJ��DG n --C 1,, 0. � t� 1J\m*ltJ::ltffi 
vi, lf,____, JI� O)�Tifif:l:S 1t: (surface levehng) O)��v=:. :fD\, ,--c, 1J 3l /� �vc. J: 0 --C�lb-t 0� 

� (driftmg snow) iJ;[!:!JTifivc:l;ftffi-t o ;: c vc J: 0 --C 1: Co. � 2 O)�Tifi#Jli)c.J;_ G ;h, o ,j\:ft 

ffliJ�k 0) ,WU--C' � o. 1,' 0 t� !v:ltffl-t o c Jc ;h,iJ��Tifivc. � o mi 9 ± c L --C 1J 3l /� ,il.vc. J: 0 �IJfU 
�'.3l:vt--C-it7' r Jv=t-1t:-to. 

-�O)�-�#TK%��.nkffi�li�li&Mfi0)�*¥�c��. ;:;h,��;:O)J:5� 
Ji�. ¥&Ji (unit layer)� o \,, vt¥�Ji c J: lv--C''!!f� (WATANABE, 1978a: WATANABE et al., 

1978). f!�Ji{ft0)�*¥� c L --C O):Jtffi�-vi, L f�iJ; 0 --C, �Fsim�--r,;z,,_;nvi 1 00){1£ 
�EEC .i: 5 '5Li7� � o Jt!!,B O)f�m�:sz:ffi: L f�:Bt � (� 8) c ;z,,_ o ;: c iJ� --c- '15 0. t� t!. L, -t--r-
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K��L�kl5K, ]"':)���ffC15�Kl0LtkG�:hk�M�-$�, ��frC 

J: ? \sLiJ;* 0 tdf r::. ti� C tJ: 6 7J 5 / � j\.vc l 0 L �ljjlj � ;h 0 � L' �{ft/iiJ;{I&�ff C J: ? �L 

T �'°t�L �:llffl!f&I:Tit1.'1� LL\:, 6 :bv-)-L'vi tJ: \: '· {ffiJJ, iji{ft[� c dj_ tJ: � :h 6 fft � Ji r13 ti� 

v�, � G vc iZl 2 vc t dj_ G Jt 6 l 5 tdJHIB tJ: Ji fl:© (lam ma) '1-' t "':) = c iJ; as 6. Lamina � tl 

.©vi;J;j(��*�fl�vc� < dj_ G:h, -t' �fJ;©:��=t�JiJ, G 7d'LiJ:5�J� TL �:llfJ;i)c l 6 t � c 
\, 'x. 6 o 1 "':) 1 "':) � lamma vi�n\.��ffitj13j �:!ifft� !rJrtl'1.'� LL\.,, 6 �Las 6 ? . Lamma 

t1Ji.:©iJ; � � J: ? vc� 6 �vi 1 :ff.f� i L'L', -t' :ht)JW-��\., ,ff--C vi-t' �yj,ffvi i ;h Las 6. 

lr {v.� �-�s"JtJ:%�vi, )tVC]ffi�f::.&�� --c ci:) 6 n:, 7c � l:YmHi/i�W (layer boundry) 

c LL �4c#*1�fl�tJ:©: c tJ: 0 L \:, 6 1ktlz (ice crust) c l ti:h 61Jc�timvt, -t' �ftli!'1'9 

tr t � -r 20 6. § vCJl;z_ 6 �{ftflJliiJg* �±�tel': t � Ii, = :h � iii mW c ffi�*§.f-1--C zi1> 6. 

mmwn:5E,;i�J;:_1J<t&:1t LL\:, tr\:,;: c t ,:ls 6 iJ:, �t-ffiv;:_JJ�-t 6 c <i fitit ��fir�1UMA if\l:X 

t:¥eJ! L--C\:,6 c. ciJ;�\.,, (NARITA and WATANABE, 1977). 7](tlz�;ff:%X:�_Mtlfc LLvirn'�i�f

TlH**a, '�f.ftj13j �tU1:i :J'_; l 0�7(5ft.ci:) 6 \:, vH.i\�Tli iJ, G �7.](z'.���iL%stJ: c n:� ;t G h 6. 

"' , -t :h � �\Hft '1-' c 6 c L --c t , 1Jc ti o) nx: :l3t � flt iHt ffi�t1Hrri ( ,� 1m) c L L HiHi Lt::. JlfJnJj 

o);K �, -t' � Fi=i1 � �* � titfill '1-' 1xa;J( L -c \., , 6. �Im vc ci:) 6 mJ ii=i'J n::13t < iWE < t , � m o) 7Jdi 

(multi-layered ice crust) ctr 6 cc iJ;�\., ,. Glazed surface c l vi:h 6�00 �Vt�JHt, Jc O) 

1zlii �TJ;©.iJ'> Gd}_ 6 c, �m�7Kt&:/J:"':) < G:h "':)"':),:ls 6�� c % ;t L l iJ,6 5. 

f1,f�m{ft�:5r; c LL vi, �{ft)i�f*�*Ji�, 1M:©�%JrZvciJ,Jp;b 0 f-:�;!tl:Jj13j'1_,-t' �ltljj13j)J! 

1* C LL� X. 6 � � L' ci:) 0 L' 7c �Ja:�iJ, G '"t 6 C' :fl� �tftffivc� L l:�j13jvcJ::t""' 6 Ui 

mJr.�%/rZJtJi c L Lmr� L t::.B�ir=i'J �JJiJ;vi. 6 iJ,vc:13t \: '· LiJ, L, :i],tEL vt/imJ\!.%/rZ11lir=i9'1-' 

f;-:IJ.B"JvcJ!M6=f-f&'.iJ;J!l±\�:h L\:,tJ:"''�L, 9f:vc t ��t::.l 5 vc, fl��%nx:Mi13J�d}_'1.' 

)j{ft�x c LL ��B"JvcI& � � 0 L \:, 6 �iJ:�,�--C ci:) 6. 

ci:) c --c-��6 l 5 vc, ffe:Mvc;bt::. 6:llfft�q:tltfrvi, 7j(J;RJ::�@���L'vitr L6�iU:I'�-c

as �, !f,fvC4-�7J(:l:0:J:i5EvCvi, Ye �:l:B"JtJ:J!Tl 1'.) iJ;* � tr�im c t.r. 0 --C \.,' 6. L t::. iJ; 0 

--C, JtmW:m::©:�%nx:tl:fl��ffiivC� TL L < 6 ::r... 7 µ '/ JV tJ: c' �tJUIHf.ftr (micro particle) 

0:liflvc1*J--t 61iJf�vi, c ��ffi-"'�=f-iJ:iJ, 1; c LL 4-1f 'i-t 'i-t!lt� c tJ: 6 5. 

2.2. �� li1f�nx:G7.>:ttlrt:@c!M:1i 

:5t:vc t 0�t::. l 5 vc, �{ft!ivt, ;&c"'�'*=vc-&f.�-t 6{1£�ff: L 1 5 tLvc l 0 --ct t::. G � :h 

t::.����rrl c, *""�'*=��ffiif!S1t;&i�--c �jft��:llfl c vc l 0 --C%Jrt�;h6. Lt::.iJ: 
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!, 

� 3 1970 �O) S Jv- r{{tl,,O)�rl=!,.�]ivc� 

th�•&Ji�t*••O)�•�� 
Fig. 3 Variation of the number of unit layers and 

E so the amount of accumulation m the 1970 
annual layer along Route S. 

L-- -- -1-- -------t------f -----' 
500 1000 1500 

ELEVATION m 

2000 

�L, �*L��t��&��%nltffi�. ��mm�iu�ffi�A�N�LL, �&��% 

:!*� 1 U�&-:@vi, �h-fh��:rgx��{���tt�N� LL"' ovif--C'i/s Q, 

�&��%nltiJ�. ���:t-fil%9k{4:c c'�l? vc.��LL\,'Qi'.J��ffei" 1 v:)�{fUc LL, :J.;.. 

fvii@i1*�ffli@i 550 m iJ� G 2000 m vc�o S-Z 1v- Hii" ,� 1970 '.q=-�fji�U*a*�� 3 vcffe 

Lt.:. .:: h G ��:f:gxvi:l-;.. f vii@i1* �'*1--C'vil:t�1¥J�ffi�iJ�1: l: Q�jgxL'i6 -0 L, 1 1J ��� 

·ffi��:tgx��-=f c viiJ�tJ: IJ �tJ: -0 L 1,, 0. ffl� 500m tl-T �<B:W:ff,fimvi, ��*-fflH}il�f! 

;](ffi--C'i/s � L:si2f:vc. superimposed ice 1t L Lffi���$iJ�� 0 viil�vi, �2f:�ffi��*iffi0-

vi@LvC..b � tlbn L L 'i 5 . 

ffl� 1000m-1400m Fai��:rgxLffi�vi�vc� < ,  '.q=-Faivc%nlt�ht..:�&���J&7(vi 12 

�vc� LL 1,, 0. '.q=-Faiffi�:i: c �{ft�%nlt� ('.q=-Fai) c vivivil:tiU'*lf*vc.As 0. 

�{ft��%nlt c ��:!:kt� c �'*11*� J! 0 t..:oovc., 1910 '.q=-�aa�P£�--r,�JLJ! • �EE�1t 

c, �B�£�M:W:;k*L� S16 �,¢,( (ffli@i 554 m) vc.�vt 0�AA��ffi:i:�:ltf$�� 4 vc.ffe 

� r--

l·l_ 
··

';====================-===� 
.,,100-0 J,H,) I I I 1111 ,, ' ,, I, 111m I mm II 11 111 UIII I ,,, 1

1 II I ,1,11 1 I I II l'fl I, I I• II II 
E�''° 

£910 

... -
'--+---'-----+1----'--- -<--+------+----+-----�---+--___J 
197'0 J I f M ' A M I J I J I A ' S 1 0 1 N I D 

� 4 13Bf0£�vc�t,t � 1970 �O) l=F-'f�J\.� (Vm) � J: tH:I f��EE (Pmsl) O)t{:Ut c 
S16 �,r� (�IWi 554 m) '""C'O)M��O)jt�. 

Fig. 4. Annual change of daily mean wind velocity (Vm) and daily mean pressure (Pmsl) 
at Syowa Station, and accumulation record at S16 (554 m a s  I) m 1970. 
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30 

"i' 20 
0 
C: 

� 10 

1000 1500 
Elevat1on,m 

_l_ • 
S20 30 H60 100 140 180 220 260 S 122 Z20 40 70 90 

lg] 5 1974 40) S, H :toJ:6 Ziv- ri£it,,O)�ifiW:J: 0:!iffi'.:i:O)�{t. 
Fig 5. Seasonal accumulatron in 1974 along Routes S, Hand Z. 

Lf.:_. S16 :f:tg}�vifl�m J::ff7J(?tfO)�Jf.#J£i):.if6Qf.:_66, 1,,0f.:_!v:ftf_lLf.:_ffi�iJ;��t.lG 

-:bh Q c. t iJ:� <, §faJ\O)m < *�110):fk-c vi, :JtfJtl:iJ;""? 1 -r .A O)ft!Pa::�--t c. 2:: t :h Q. i 

t-.:)f-F1310) IE�:ftffl:l:vi 1970 �vcvi ""71 -r 7' {l--c· ih "=' f.:_. c. O):ttgJ.jj)Z--c ;;l;.. Gh QJ& t * �"' ,� 

rl3, 0)1ji{:s'z:�;ff:%lU}JUlvi, Ye O):if O){f�EE C .i: 5 'tsLO)M:*� l VJ:fi:-I;c L --c 1,, Q. 

YB�JJ:fil:1:nJ:iJ. Gtl� 2100 m 0) N�vciJ,vt--C 0), 1974 �O):ftf_l:l:O)*�l!1tf$� � 5 vc � L 

f.:_. c. 0):1:tg;hj�:!Ey;�Ji t, --C 3 };! r--;5 };! O):Jtfjtl: (fj:Ji) iJ�J!&*--C, {)(\, ,"(' 5 };! r--;9 };! (�Ji) 

O)J/�ltJ: 0 --C\,,Q. 10 };!.--..,2 };!··eviViUf�J.jj)Z--e"<1-r7'{l��-t"iJ;, c..:hviW'"'"'�*O)�ITfi 

5f1-:f:131�iJ:[!:!:J:Lilz�O):Jt$:O);;l;..fJ: G--t, �Iru�im$--C O)�lj{R!J, HijHc t J: Q.:. 2:: �� L --c1,, Q. 

if.:_�� 1800 m t-JJ:O):f:tgj:jjlZ--C vi, �Fl31:ftffl:l:iJ: "< 1 -r 7- {@:��-t":ttg,BiJ;�tE L --C 1,, Q. 

J: 1'.J N 1¥$ 0) :ttg J.jj)Z--c 0) fl� IH� nit v-=. '*1 L --c 0) �lHi, fl� t*JT ITfi � Jl:l 1, , --c 0) Ji {ftM tFr vc J: Q 

t O)��"' ,--c vt. 1� G .:h --c"', tJ:"' ,. *1¥Jti::k1¥, ;;l;,. --tv'l r'lsbJJ:Vc:t"vt Q-*:ttg O)f.J�Ji O)ft�s�tJ: 

iYUvt. WATANABE (1978b) vc J: "=' --ct!H�· 0 .:h --c"', Q. ..:c.:. --c O)�J!UM* ���--t Q 2:: {kO)Ji 1J 

--C' ih Q. 

l) �� 1800- 2000 m t-J r" 0):1:tgj:jjlZ O)�f131:ftffi:l:vi� 45 cm (1968"' 1974 i=j::-0)3¥:f:53) --c- :h I), 
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*•�����oo�� c � �� � �� < m , � , K� c 0 .  m� �•&ll�••�, ��� 

-��hK�� 0 c * � < ,  M�Ji&•:€����-���n�, ���tt•������ 

oc1tvc �tiJ � tJ: 9 � 9 .t 5 tJ:;f=im.m:l;Jt§iJ;� cob G h 0 .  

2) ffli'@i 1800- 2000 m iJ� G 3000- 3200 m vcn �tt-c �:tfg�-e�t , glazed surface � ft\, ,Jt 

11JiJ;�� � 5 vc , tt> 0���rl3,a�J1 �7111l�tttxtEs"J-c:-.�6 0 .  ¥&Ji �••�1, tS7¥:tfg�� 

�hv:::J:t�-c ;J\ t- < ,  1RJ-¥&Ji �·-c�J1J¥oc1t�1* � \, , . •�Ji&•;g�t, *M�*•i:f:t 

Wr���Ji!'JUf.��mJt1J tJ:J11JJ-C·f;!J�"'5tt G h, i l:� � t-:oo vci;tE�tJ:oc�f'Fffl n�¥eJt� 

0 .  1RJ-¥&m �-c-��•�oc1t t �  L,\, , .  

3) ffli'@i 3000"' 3200 m J;tl::�;1.k1*!t:��$M�Ji•:€����i ,  �h G ��•-c·-tHc 

� Gh 0�ffi����� c ����K�ffl� Lt-:Jim��tt> � - � �--��-tt� t �Ji 

1 0  

1 0 

o 

1 0 

o 

1 0  

0 

1 0 

0 

1 0  

0 
o _ 1 

H 1 28 ( 1 380m) 

Y 200 (2880 ) 

5_6 1 0_1 1 1 5_15 2Cl21 25_26 
we ight c l a s s  ( g/cm2 ) 

� 6  

Fzg 

;7,,. 'tv�1§-:l'tln:t!t Gnt.: 10 m ;J-; - !J '/ !7 • 

� 7*�•&-�Mffl*A�*�· �a� 

�c.:B-vtt-:-:t.n.:f .n�Mffl*A C�iMJ) i:J\ 
-:t.n.:f.n� � 7 ��-ffl*AK� L� �� 
� !U��ffi Lt-:. 

6. Weight ratio of each weight class amount 
to the total amount of 10-m core from 
Hl28, W46, Z30, Mizuho Statwn, Y200 
and 1355. 
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{:sttf:© (umform1ty of layering) vi , 1¥:f:{\llLB�Jtl! (ffi r@J 2800 m) -c t tm� � h, Gow (1965) v::. 
J: "') ---C $!H�r � h "C 1., '  6 .  fl:©J:, 1 if� 2:: ;I.;_ G h 6 Mh'J;�ipv::.:ht-.:: 6:'itffl-�ljfljj®�v::. J: "') 
"C ;Jf;� � ht:: i-,rnglt t J) 6 . Ytiffi1ktKJ& IAJ�J:-tgfuJ; 0) �{:s'lt�fil O);Jfjnx;�ff v::. vi tce tu�@};l tJ: }2,h; 
�I., , . 

tJJ: 0) J: 5 v::.;I.;_ --t vt ri�H�:a-ttl! O)ffl� m 0) Jif:s'lfl:©vi, 'Af� 0)� 1., , ,j_: &BR L t-:::ttg:lJ1Zs"Jt�ft. ,j_: 
� L---c 1., , 6 . s:::. ;h v::.�Jl Lt��:¥-l 2:: v-c, 10 m ;f - 0 :,,, !7' 0 ::i 7 v::. J:  6 *{:s'l�fWifrO)t.t� 
,j_: �  6 v::.�--t .  c h G O)::J:J� ::i 7 vi, �� 1380 m (H 128 :ttg,if;\) h " G �� 3300 m (I 355 t-ig 
}�) O) rfc'IJ -C(� G ht� t 0) "C J;  � ,  }*liJ!Qvi � 1 v::.� � h "C 1., , 6 .  ::1 7 :@:*i=f=i v::. '21° i h t�l:µ{:s'l 
� 0)���- 0)� � � � .  ffl�*AO)f�ffi� J: �ffl��£� J:: ,j_: � 1 K�--t. 

• •  ���%��fflGhk lO m :1 7 0)ft� 
Table 1 .  Stratigraphic characteristics of 10-m cores obtained from Mizuho Plateau. L Loca

tzon, E Elevatzon, D Length of core , N· Number of umt l ayers, T. W. Total 
weight of core , A Mean weight of one umt layer per unzt area and a Standard 
devzatzon of weight of a umt layer 

iHi ,c,' I :1 7 0) ! ':: 7:. tj=l?_ I 
:1 7 �I* I ¥{ft.�O) I !&!fl t1, 1i=11 I ?_ --'1- 1 �{iL�n;'r, I 0) I f:L� �7.K.m..O) a/A 

I
A c , � , ffi�*• l fl�*· I �*�� 

- -�-= �- - __ _ ____ __ ( E_)_ i (D ) I (N) 1 (T.W) I ( A) I _( _a )_ � 

H 128 
W 46 
2 30 

Mizuho Station 
Y 200 
I 355 

m cm I g/cm2 
I g/cm2 

I 

1380 997 157 494 . 3  I 3 . 1 3 . 1  
1958 999 87 492 . 0  5 . 7  6 . 0  

2056 944 97 443 . 8  4 . 6  4 . 2  

2230 

2880 

3300 

1014 

968 

868 

1 15 

92 

105 

521 . 0  

452 .4  

365 . 6  

4 . 6  

4 . 9  

3 . 5  

3 . 8  

4 . 2  

2 . 9  

1 . 00 

1 . 05 

0 . 91 

0 . 83 

0 . 86 

0 . 83 

c h G  1 0 m O) f* � i "C' 0) :1 7 0)�tiJHi , :ttg:lglZv::. J: "') "C ?X O) J: 5 tJ: t��,j_: t "') ---c 1., , 6 .  
1) *i:s'LT� O)f:L'5Jfl�J,l(Avi /Bwv::.J£c1., , 2 :ltl!,B (H 128, W 46) "C' vi7c O)�n;:;k � 1., , n; , ;I.;_ 

-t vt J;J-ig:to J: rYtt� 2000 m -&J O)  2 .tlhi� (Z 30, Y 200) 0) t O)vi 4.5 -4.9 g/cm
2 O)lflrilfflv::. J; "') 

L vi vi JPJ lit"(' cf) 1) ' IAJ�:Jm:fglZ 0) I 355 Jfil ,B 0) t 0) vi -th G v::.J:t,;-( L ;J, � I., \ {@: 2:: fJ: "') L I., \  6 .  
iBA=:lmJ:$ZO):Jit:JJf:IJi@O):Jm:lgjZv::.J:t,;-( "C ::k � 1., , {@:,j_:�--tn; ,  :til!:lgjZ !AJ -C' O) �  1J t ::k �  < W 46 :lfil 
,Bh; c O):f:!g:lgjZ---C'W'!tl!U � h t-:J&::kipiaj:fitfflA (90"' 100 cm) ,j_:�--t 0) v::.xt L, H 128 :ttg,Bvi /B 
)¥:ttgtiO) $ ---C viJ}�fu::lZ (25 cm) 2:: fJ: 0 ---c 1., ,  6 .  *i:s'l�Mi:JT*a:!f!:v::. J; G :hht-::fiGJ:l:fil,BO)�{:s'l� 
O)f:!:6]fJ�7J(Ji O)::k � t,e�vi , c 0) J: 5 t,eipiaj O) JE9*.IifflA O)� 1J ,j_:N� Lt� t 0) ---c, J; ;s  
5 .  :lmtl1AJ:'itflA*1t1n;1Jc1*J:O):ttg;ff;v:::. J: 0 ---c ::k �  < �-,j_:�vt 6 ;:  2:: ,  to J: �'ipv::. J: 6 :iE  
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�:itff{:i:O)�l!JiJ�* � '-' ' C.  c iJ�ffl� 1800 - 2000 m tJ-J:.O)fBJ¥:l'il!�O) l 00)t�a--cJ; 0 c. c 

vi , -t ··e vc YAMADA et al. (1978) vc J: "'.) -C;f�:tj@j � :h -c " ,  0 .  

� JIM�0)£*���-�� 0 k�K.  � 7 �* 0)••�*:i:K�-t" 0 �ffi�*:i:�& 

�, c O)��.lt$� �  6 vc� Lt-:. ��J:t$0)5J"-1nf!iJPJ�� 0 c ,  W 46 :l'il!,BO)JtJ{JPJiJ;@O):l'il! 

mx;O)--z::h c �tJ: "'.) -c " ,  0 viiJ � vi ,  :l'll!�vc J: 0 ��vi�vcif�·-cvi tJ: "  , .  w 46 :l'il!,B--eviJL\'-' , 

5t;{pfrilffl� cb 'b , --Z: ;h,t;h,O)�ffJkiJ� vi Vif�J:f:$vC J; 0 0) iJ;�f!i&-C ,j; 0 .  C. nvcJf l, -C , @:I'll! 

,BO) t O) vi5t1niJ;1J" � tdffJkfJlij vcfi 0fiJPJvcJ; iJ ,  "i t-: J: iJ l*JP.fO):l'il!,Bvi c' 2, 3 O)�ffJk vc� 

q:i-t 0f!iJPJ�� 1.., -c 1.t ,  0 .  LiJ� 1..,,  M�Jl{ftM;@vc� G :h 0itFftJ::l'il!�t�ttvi c'' vc vi ,  vi "'.) 

� IJ L t-::l'll!��viJ; G bh -c " ,  tJ: " , .  M�1J(:i:��ifJk5tvt L, ..f: h.:f :hO)�ffJk5J!J vc� t-=li� 

iJifltvC '0 1.t , "( vi-t° .. C:' vC¥Ji� (WATANABE et al., 1798) � h, -C l.t '  Q iJ\ � f vi r@]}Jj{�j:if! O)ffl� 

���Kbk "? -C ��� 7 � �71;fp0)���-t. 

ffi�jg� (snow texture) iJ\ ffl�O)��j��vc J: "'.) -C�b "'.) -c 1.t ,  < �-J-vc t :tif!�vc J: 0� 

1.t ,iJ:J! G :h 0 .  ����vi± c 1.., -c� �· G �1t:-eJ; 0 iJ� .  c. O)��vi:ltfflWMO)iki� cwoc 
-?Jitf�O)flicJUtJ: [') vc J: "'.) -C , J: iJ �6 '5 tJ:*§.� c tJ: 0 :1$}-ir (hard depth hoar) c ,  �*5 

a� 0) nlt*iJ�r59evc� r:, t 6 l.t ,jg� c tJ: 0 :!$}if (loose depth hoar) vc:B-iJ�h 0 .  lW�iJ�iBW: 

:l'll!tgjzO)t}c"'�$0)ffl�}i vc� C. I) -?-t°l.t , O) vc:xt L, ��vi l*JP.f-tm-e��-t 0 .  Loose depth 

hoar vi , Jl!�lWmtr-?•{ftJir-1'.mtJ: c' 0) Ji l*J 0) t� 5EfJ:t1�1ll-C'JEJ¥ L-?-t°\t ' · STEPHENSON 

(1968) iJ�;f��-t 0 J: '5 vc..f: 0)9eJ¥ L t-:$fft-?9eJ¥0)�fltvc J: "'.) -c ,  J; 0 �J.t.7c 0) JI O):}fjn\t� 

Jll��D 0 c. c cb -C' � 0 .  Hard depth hoar vi --z: O):}fjn\t�MiJ� G� -C , :ltffl�vcj\.n\tO)J±Wft 

ffl (wind packing) �'.Jtvtktk'"'"'�*Jlvc1}1.t , .  

-jj, :ftfflq:tt¥JriJ�*,11rl3,in ,f-::_�tfilr-?, fflr@J 3000 m ��-t l*J�:l'il!mx;O) J: '5 vc4�7j(:_i: 

iJ� �b� -c 1J" � " , c c. ;s ··cvi, � �' G�1l:iJ�� 1.., < JEJ¥ 1.., , Ji1ft:rf�0)�1t-?m�tJ�� r: 0 

c. c t "i :h --evitJ: "  , .  L t-:iJ; "'.) -c , c. :h G O):l'il!�-c- O)*fftJl !K:B-vc�k "'.) -C v:t +:B-tJ:tl:�iJ; 

�,�"'(-,j; 0 .  

2.3. �rai!1*7k:a:(7)tfE>E'.(�?l., -C 

4f13,�jm t,-C:}fjn\t � :hf-::.•{ft}i O)�f*� � l, -C4}i, J; 0 1.t , vi4f13,.�m (annual layer, 

annual unit of firn layer tJ: c. )  c. J: vih 0 .  c. n "i "'(·O)ffl�}i{ftMVr --e v:t , c. 0)4ji�ffl� 

)i{ft0)£*•5G C l, t-: t O)iJ;1}1.t  ' · {tiJ¥VCJlil.t ,1}::JJf�:l'll!mx;"c' vi , 1 4Ji q:tvC1}�0).{ll}iiJ� 

� "i h 0 iJ; ,  l*J��"c-vi ,  1 4JliJ; 1'"'"'�*{ftli-c·:t-1inlt � n-c 1.t , 0 :1$}ifiJ;-��-c-J; "'.) -c ,  
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i t3f.JiE1Jf 0)�5£vi�,f L t  �£ --nits: '-' , 0) --c (!Wfvz:_ ;J-; - � / !l O :::i r�.ffl '-' , -c O)Jl{ftM 

;tJr-c- vi) , �{ft!l ��*!l{ft�5c c L,  4m � 7ch c vi�ts:: -0 t��iJ=l9 :kJUJ 0)�5c (4f139�5c) 

c L -C � < :1JiJ:ii"WB'9-C' 2o 6 ? . 

�F1=19ffi� JI O)ti5£vi , c .h i -c :±.v:::.?}( 0) 2 v::> O)jjf.k:v::.. J:: -0 -c fibh -c '-' ,  0 .  Ye 0) 1 v::> vi ,  

Jl{fttf��* O)*t�B';;ts:: rJicJU 2o 6 t, ' vilf:%X:�M�*'¥5E-t 0 Jl{ftt:;� O)ff:j'.'-E�IDril� 6 c c , t� 

c k.  i'l, }ljl:)3 0):ijZfS 11:: L t��jjj ()l{fttj=iv::.. 2o -0 -C vi!l�:W) � .ffl '-' , -c 4J1mW-Yc 0) t 0) �Jft 

5E-t 6 c c  --e2o 0 .  @O) 1 v::> vi:f!� O)�tt�. t� c *-. vi, Woc. first, �5E®* jqj{ft1*tfl/Jt 

ts:: t �tt� O)ft�m 113� 0 )j 1PJ --c-0)�11::0)�mt1v::..� § -t  6 :Jjf.k:-c 2o 0 .  

-=- h G '-' , -th O)jjf.k: t :Itffl:I: 0) � '-' , tB;\¥v::..Jli '-' ,j:-m� .z.,, :lt:ffiiJ, G i1=19 t ts:: '-' ,  rt v::.. v::> '-' ,  -c vi iJ ,  

ts:: 'J *15(iJts:: ti5E-'f� c t ts:: 6 iJ: , :!t:ffi:I: O):Pts:: '-' ,  113�$0)fj�)l �O)�_ffl , � 6 '-' ' vt- 1} 0 ts:: 

ltfrooffi LiJ· Jd. G hts:: 1-, , -f - � :,,; !7 ° :::1 7 :fWV'f�O)�ffl --c'vi, :Jl5EO)�ocn:n ,ts:: IJ � < ts:: 6 .  

:Jt5Effloc�� < -t 6 :i'& t * � ts:: �lzslvi ,  JtfJitj::IWf (hiatus) v::.. J:: 6 !X� (missmg layer) 0)35 

�v::.. 2o 6 .  Jl{ft�* c !XJfffl,* c O)�;f;��H-t 6 t�oo v::.., c c  -c-vi!XJff!l*� 2 v::> v::..5}vt 

-c�k. 6 . .7c 0) l v::>vi�&IHJ"Jfflt��-C O) !XJI -C'2o IJ ,  @O) 1 v::> vi4-JI O) !Xtm -c-2o 6 .  

OKuHIRA and NARITA ( 1 978) v::.. J:: 6 �,RiW3--c-O)�jjj%fflt:®1W O)�{J!UMf*v::.. J:: 6 c ,  S 122 Jig 

-� (t,?@j 1 853 m) -C' vi4rl39 v::..%nx: 0 h 6 �{ft!l vi 1 - 3  }I, dJ--:f Vii: l�J-m#Jli (fflri'u 2169 m) 

-c vi o- 3 JI --c-2o 6 . fflri'D 2000 m �it 0) ,  iB1¥iJ" G 300 km Vii: c' O)jg�O) .1Vl�B'9tB;\¥v::..J1i 

1-, , 173�{$-C cb 4ifcl9 v::..%nx: 0 h 6  � {ft )I  vi , � < dJ- -c t 3 Ji�& -C'2o 6 .  i t�.  KOERNER 

(1 964) iJ::t�tr�-t 0 J:: 5 v::.. , �� 0) J:.v::.. ?x O)�mn:®Jt:ltffl-t 6 c '-' ,  5 c c t !*J�{ITT-c- vi i h 

-c- vi ts:: '-' ' · i t� .  '-' ' 0 t� k,:ltfl Lt�!ln: ,  u � mc < :JtJmm::.. Yc O)-t�-c :;0: �u1u � h 6 c t t L 

fi Ux� c 6 .  

c 0) J:: 5 v::..1¥-{ft�%nx:v::.. � vl 6 !X!I c vi , �RiJJj 0) !Xti1J�Jg;i;t L -c '-' ,  6 .  -;f;O)�f'ir1B'9ts:: 

:ltffl3@�n::1=. i: ts:: '-' ,  0) vi 113�:tttt�-c-n ifJfi-c-2o -0 -c , Tl� O)�tt�n:��Mr;;ts:: �,JJ�1t �Y.K 

0 tJ: 1-, , 0) vtts L 6 ��--c- t 2o 6 . i t� .  �.fr11JI O)!XPmi, 4Jl;ffJffltJ&l;ffil O)ti� c L -C Jd. 6 c 

lt®ZB'9ffeJr·JJ O)JlfflO) q:i!tfr�Jg;*-t 6 .  1, ,  -0 k A,Jf}nx: 0 h t�ffl�iJ:, ffe:mv::.. bt� -0 -c�ITfiv::.. 2o 

-0 -Cjc7J.v::.. 0 G 0 h -C '-' , 6 c ,  ;fl�tj::iv::..7( � tJ:i@.st c ? rJicn:� 1.:fl(� O)�f?J:®1 � iJ; 36 a -t 

6 .  Ye 0)*5*, :It ;fl �  0) )l{ftt'Jti�.z.'�'l:i�iJ:�ts:: bh t� I) ,  �� Lt� fJ -t 6 stit t 5ln < ts:: 

0 .  �ftpJI O)!XPt Hi , c 0) J:: 5 v::.. 2 v::>O)jjjiJ, GJl&M;tJr� lz!§ttv::..-t 0 � lzsl  c ts:: -0 -c 1-, ,  6 .  

4Jl%ffl<: O) !Xtm (hiatus m annual layer formation) vi , .Jf: O)ir!*t1-t 6 S�ifcl9 0) :Jjl:{:�)::.. J:: -0 -C 

2 �ffiK�vt G h 6 . l v::>vt-&��JtafflmK�vt 64)1 0)!J(��?O fJ ,  ftp,O) l v::>viffe:M 
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v:.;ht-: 0 -CJ!*m-r 0:ftfflO) i:pttJy (long-term hiatus) v:. J: 0 t O) "('ct) 0 ,  

ffl�Jli:p O)  1 0 1 00)�Jl �:ttn:-r 0 ;:.  c vi , ffiltv:.ir:i9�i7;� 6 c 1-, --c t  �PJt§-c:- vi tJ: 

\, , .  L,iJ� 1-,�Jt§v:.nt-: 0 �71(:i: O)�tfJ��o 6J:.-c:-Fr:i9� c tJ: 0 0) vi , �J1%nlt O)i=p ttfrJJji1=1j� J! 

ffi 0 "iititJ:JJ1*iJ;ffl.tE1¥tE L, tJ: \, ,  c \, , '.5 ;:. c -c:-cl!> 0 .  

:J-;.. fvf r@J}Jj{v:.:t-o vt 0�.R.ll?J\ll0)$Ji1a" (YAMADA et al. , 1978) v:. J: 6 c ,  ,=c ;:_ -C:'O)fflr@J 2000 

m ��-r:f;fg�-c:- vi ,  �v:. J: 0 --C vi�.R.1it�il:�O) 50% v:.:t-o .J:: £�iJ� " 1  :J- ;z, 0){@:�� 1-,---c 

:to iJ ,  �JI 0) x�mih� tJ: iJ �Ji1¥Jv:.� c --c \, ,  0 ;:. c � � 1-, --c \, ,  0 .  i t-=�!1%nlt 0) i=pttJitJ;:lst 

Mv:.;hf-: 0 --Ciw'G < �ii- t -1H-t!?.-c:-:z-;.. G ;h 6 .  Glazed surface vi , ,l- 0) .J::  '.5 fJ:�Jt§O):ftfjfi:pttfrik 

�v:.cl!> 6�Iro-c:- t  cl!> 6 .  t-: c :U:t, :J-;.. fvi£:f:tg#i5:vik:hi7;91� � :h 6 iJ�tJ: iJ lWh� G glazed 

surface -c:-cl!> 0 --c (iltill • BH, 1972) , k :h t1, * m tEv:.� 0 i -c:- ,l- O)ikJKM;m\, ,  --c \, ,  0 .  

Glazed surface O)�ffij-c:-vi , ��h� G +��ct> 6 \, ,  vi k htJJ:.v:. :to J: £:ftflO) i:pttfriJ�*l*m L, 

"( \, , 0  c �x_ G ;h, 0 . WATANABE (1978a) iJ�� L,f-: J: ? v:., :J-;..fvi r@JJJi{v:.:t-ovf 0 glazed sur

face 0) 51:ifHiffli§b 1800 "' 3200 m O)ifglffl v:. :ht-: 0 --Ch� fJ: iJ JAifglfflv:.:J-;.. G ;h, -l-hiJ� ;:. O)j-tg� 

-c:-0)-�s"Jtce�miik�-c:-cl!> 0 ;:. c �� 1-, --c \, ,  6 .  i t-: , ffl.tE glazed surface O)iki�v:. cl!> 0 � 

ffi:fgx--c- t ,  -l- ;:.  O)ffi�J1&•:©:vih�0--c O)JlltHNutJ::llffifflm�� 1-,, i t-:�v:. -=c O)�FJriJ�iJ�0 

--C �JJjO):ftffii:pttfrO)ffimv:.cl!>  0 t-: ;:. c ��-r ;:. c t  cl!> 0 .  -; 

;:. ;h, G glazed surface O)n\t!z;Jv:.0\, , ---C vi , 1.k1*�ffiO)jdJlt.ttJ: undulation c :llflt:!• c  

0)'*1-f* �:ti§'� 1-, t-:$1i1a- (BuDD, 1966) c '*1l!-r 0 PJt§tt t cl!> 0 tJ�. WF 1-, \, , :fz\H�vinh� 0 --c \, ,  

tJ: \, , .  L,iJ� L,:ftffi�• c 0)'*1Jlvi�'.xf: 1-,� < ,  �Mv:.nt-: 0 �1.K:i:�tfJ�>J<2lb 6�i;-v:. vi, 

-�s"JtJ::llffifflm-c:- 0) XJIJE� O)zv]lt��o 6 ;:.  c c c t v:. , � M 0) :It ffl i:pttfrffl.� (glazed 

surface ffl.�) 0)9e�v:. 0\, , --c ,  k O):Ltg:fg,1Z�tt�¥e�JW:JM� � Gh � v:. 1-, --c \, ,  < �,�iJ� cl!> 6 . 

-r--c- v:.¥Ji� (WATANABE et al., 1978) L, t-: J: '.5 v:. , :J-;.. f vi ::z 7 v:.--:::> \, , --Cffl� Jl{ftM;tFrv:. J: 0 

-r>J<2lbk ::z 7�� c .  :z-;..-r� ::i 7 0)�n:®•�&�mn1tO)�lfJ � P 7 7 1 �� Y v - / 5 /  

F • ::z 7 O) ,l-;hv:.xt .ft 1-, --c>1<6bt-=�� c O)j13j O)�s�v:.:r-o J: £-ft\, ,;j;\, ' vi ,  :r-o -=c G < :$t;v:. 0) 

-r-Zf-: 2 00)  !J 1 7
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O)�JI 0) XJl v:. J: 0 --c��-r 0 O)iJ;:il t �� c ,�:hh 0 .  ;:. O) �  x_iJ;lE 1-, 

\, \ C i""  0 C '  �Ji 0) xtm L, t-:;Jtjjj13j C �JliJ�%nlt � ht-:Mi1=1J O).f:tvi 1 :  2 C fJ: iJ '  XJIMi1=1J 0) 

mt.tvi�m 1-,;:t tJ: \, ' vi c'::k @'  \, , ;:.  c �� 1-, --c \, ,  0 .  t-:t.:. 1-,, ;:. O)J:t�v:. vi f
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v - / 5 / F • 

::z 7 v:.axJ1Mi1=1jtJ;� i h --c \, ,  tJ: \, ,  c \, , , fiimh:�,�-c:-cl!> 0 h; . 

;:. h 'i --ev:. 0)-r-Z--C @' t-:::t�tJ:Ji{ft•:©: c Jl&1li:5c 0)'*1-f*, :to J: rf -=ch G h�ffi�JI 0)%n\t� 

�O):lm:fgx�tt c c' 0) J: , v:.'*1Jf-r 6 h�� � 7 v:.� 1-, t-:. ;:. hvt 1 0 0) -t -r 1v -c:-cf0 0 --c ,  �� 
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� 1  ±��m��&m€�*t 4�m��� 1 o�MO) ��*Wrm* c O)M��� L, 

���0)%n\t;§�O):tfu� Ctf?.t-C1@1 Lt-.:) vc l 0Ji1, ,�ffl:�1¥Jvc.* Lt �*vc 

� Lt-.:lji{:{[}i0)3fi:!*, ii: tit Ii 4 Ff'li ffl ��vC)(;j-j'" 0 if§x1B'9fJ:���� Lt-.: cb 0) -C  ct> 
0 .  :;(-51'ffl!lvc� Lt-.: Type I-III Ii OKUHIRA and NARITA (1978) F:. J: 0 -C��hi-.:4 

��m-=c-5- iv-C ct> 0 ,  a"' d li-th-l-ttffl � 0)4F'"itt�� c 7cO) �ffl)l�Ff�* L -c 1, ,  
0 .  �*-c O) -t_-;rt7c;rt O) {ft!tliicO)m�� -=c- :;- 1v c O) � �  l -t_- 0) 1*)��*-j'"· 

Fig 7 An 1dea of regwnal charactenstzcs of snow cover formatwn being md1cated by 
occurrence and d1stnbutwn of annual layer, umt !aye, and varwus types of layer 
boundary. Type,s I-Ill of annual layer structure lll the nght 5 1de column were 
proposed by OKUHIRA and NA RITA (1978), and a "' d  represent the annual layers and 
the order of their formatwn The relatwn of the ttt o 1dew, 15 5hown by these pos1-
tt0m lll the figw e 
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c iJ :3T 1-, , .  k c  x_ !:t W 46 tih ,s( lttf�--C'd/- ;.s c iJ ,  tJ: I) 0) 113�t�vct§ �--t ;.s iJ : ,  -t .::.  O)ffl�JI 
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0) 0
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0 7t1tfb; 

]! \t , tf:l '2 ;h, --C \t ,  o (v!Jll, 1978) L, j( � tJ:�Fajffi�Jlb�1?.-t o :f:t!!�O)�ffijJI O)q:tvc, -t ;h 

c � .:t G n 0 0
18

0 7t1tfb�J! \t ,  tf:l '2 tL --c \t , o (WATANABE, 1978b). Lb�  L-JJ-C' vi,  � f vt 
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J: � �fl c �-*. G h  --C 1; ,  0 O) vcxt L, -th-C'vi tJ:�� fvf �JJJ{--C'vi a
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0 7
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0 7t 1ff � 7F 2 tJ: 1; , :El EB c L --CY tJ: < c t fk 0) 2 
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0 7J'1tJ7J� 

tFtE-t o � c § 1$: i ;htJ: � c c �-*. G ;h o .  @O) 1 ":> vi:ftffiff O)ffi�O)!!£y$jj&J;@v::. :t-o \t ,  --C lqj 
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o .  i t::. , ffi�O)!!£�j&J;@vi , § I � wE < :ftffi i -c-0):ftffir:f:t�M O)* '2 �!!i&JI O)ffl.tl, %:Ix 
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180 7t*1vi .t 9 fi*fE 

c tJ: '6 .  iffiL� � 5 �c� t ":>ffi�Jlr:p O)  a
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0 5J-*1v::.!££1tb�1?. t: 0 � c vi-fti:ffifm (1979) v::. ct 0 

�.�vc ct -0 --c�tb�66 G h  --c 1; ,  o b� .  ,l- 0) !!£1t 0)1*-=fvi, Jlm'.::W-��Jim'.ff\!. O) ct 5 tJ:Jl{:s'lm� 

�� 0)'¥.f�:f-o J: U-l-O)ref!:!*1-f*v::. J: ") L t ff1?.B"J 0
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1tt,t);c-;E O) j)Jt11-iJ ;�  6 :.  c 'ia:'�,'*--t 6 .  t-=k L�.ifijfiti'.IJJJ'ia:'71'--tfi� O) if-3-JZJ!53�)]if[iJ;  1 04 cm 

�=- :tJ L, 2f-MJEJJtJ1�� 2= tJ: 1_, , Jj O) ,l-:hvi 80 cm c 1J\ � < fJ: 0 -C '-' ' 0 . 
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