HOKKAIDO UNIVERSITY

Title 72 ZAAMT Y A= ILIKARGTISIC & 1T BT DIKAKA DER{L
Author (s) £, FER; WAKAHAMA, Gorow; B, KB ftk
Citation EERIE, ¥HEE, 32, 143-159
Issue Date 1974-03-31
Doc URL https://hdl. handle.net/2115/18253
Type departmental bulletin paper
File Information 32 p143-159. pdf

Hokkaido University Collection of Scholarly and Academic Papers : HUSCAP




Gorow WAKAHAMA, Daisuke KUROIWA and Carl S. Benson 1974 Field Studies
on the Transformation Processes of Snow into Glacier Ice in the Accumulation Area
of McCall Glacier, Alaska. Low Temperature Science, Ser. A, 32, (With English
Summary p. 158)

73 ARM =y 2= AORIFEIIT B3 %
B E O KA K~ O AL

w
[
}

(% | B 2% B % B
Carl S. Benson
(7 5 2 REFEHMIRY B EPICRT)
(494510 A= 5)

I. £ 2 ¥ &

HAFRBRCTE FERBIRS L, Lo LCEAELLBEOF L - THRFELY >
I, DWISEOKI KR LT B, FERELE KR T 28, BERBoSBCHEE
REW Lo TRIRDDT, KL TRAD, HliE7 7 A 0 O MREAN ORI T
L 10m B EICET B ARBOBRE 2 0, EMoRE LRI TE U KR 0B KA S
HNOEL T TBET DY, KRELWELZTH> TROZRIAKEFULLARCIEHL, BEX 20~
30 m THEpOKICELT A2, —F, BERAERR 7Y v T v F PSR o B Rk c iz
BEADVILL, BIKPBET D L7, FRAKGCDOTERRE VN, Brixtbd
BEXE50~150m LB,

AL T, TIAN - hF L ALEBI S AT B IR IE S K P TR S
A e, CFEKIREIRG B b i T L s = 50T, FE®E - KMEEE L RRE K
& E R E Rk OREI T A EEZDRD, L, ZOX 5 in BRHIZA K ]
T, BOBELEREIARELFHEL AL E AL\, £2C, HAL197148 H,
1972 427 B, 7 7 A RKFBHMBRHBLMARTEIH L 22, LBE7 7 A 2 DEL KT~ »
a2 — A KEFERS CREO K ILABEARAE L, i, LEOKLD, BHET 5 A HOEEEKA
DFFIRTH B 2 — 7/ —KETE, v v HREEEUERATERFTE B Il ©, B
DREHITIR ST, ThHOHAEL, HABEHBIFE AR 007 LB s L OOk iRic
BT HEEOERER b OB OKAIAN ORI T A58 ) (HAMNREE, JtigEk
SRR BHE TR, BUE KB #EE, 7 2 V) 2 HIRKE, 7 5 A » RFEMER Y BEGERT, » — -
Ny vy vEE Ob LT, BRIZBARENERSALFEL X R,

<y T KT, bR 699207, PEAR 143°20° OAbMREICAIL, MO EE L 2,100~
2,400 m, Kk 1,350 m, oy 2 AUPROECEHEIGCE S T A E X 8km, E 500 m

*OJREE R ERBEH AR B 13465
EEZHEP YER F328 Mmm4o4



144 FUE A ORR . b

E1 <y 7=k K] O PR B 28 B
LFEIR A Sy (1972487 A L H)

69°20°N
143°50° W
DKM T D (1, 521K, KA O E 1,740 m i
BT BEFEEEE —10°C TH B2, B phiE s
WL, MBI 7 B R M S ORI TH B, S D,
1956 ~57 4F.0 EEE MR O B id, AR ki o [
REFEL LT, XUDTRERENRTbY, F0i,
1969~1972 SE D 4 4E[E, 7 7 A % REFHIRY B PFIET O N
¢
G. v v g —Bbh, Kiahkounzs, Hi
WEE T2, bhbhoBy - v F 5 —BRic 4, B2 v - Ak,
o - e e s e A T e xROTHEZE»>THB, L;
Lo oMERREL 7o, AMECE, FORERIET  Fomms, M: p@EwK, U,
fTle o tcfED 5+ B KT~ DR (LR oy IR, LT, LC /o &ofe s &
7 IR 2 ! RIERE R L @ AT L, K-y v o

TEEOND, ok, RRBERIEED Tkl bog Ok, MG wv v 7, ;%
% o ’x\%\ AR A, KT o fi -3

McCall Glacier

P

i

B MU KRRk oMY TH B, i i
1971 4F 5 FIRALS, DR, JmBE/ T, bkfe— (B EIEKRIEIRDD, C. Benson, D.

Trabant (LA E7 5 A 7 k%)
1972 45 Aa k), FHIRARS, HEFHE, R/, KR S RIERIER DD, C.
Benson, G.Wendler, C. Fahl, D. Trabant (Ll 7 5 & k3,

II. 197148 B 24 B, TMEMREE LC ETTE > HERUERE

2Rt~y 72— A KA & FOMUMBOMKTH L, KU, M, L LE LIz 320K

W, ThEdy, RE, RS RIS DI LKA &L, oA R Ecm

THMN, WP 1350m OFMTHEML T b, S 00GL, KRS 2 & 991 & i o CIbi
T,

197148 A 24 H, TFHEHEOPI, Ko LC & (k2,135 m) THEIZR ¥ M-I d &

A, BOBWZEE 1m €, TO TIREFKEIZ - Tinle, ZITHES LE5m OHRDILT




SRR S U7

145

B3R <y z-—a }M“n‘rl*‘u{ WP LC fcol » 7 1 4 v - KK o i T
DUFTE, #H NN, 8S, FF i ivic 3 2o 1>;; AT e s, NN»S Fodin 71 #8 Adaici- i
a5 NN & SS oo [lix 1 554 ', SS & FF oMkl T 7 4 2 v v B, FF 20 F 2 EROK O @Rk E, (b)
197247 3 6 HORE, 7148 24 HoE etz ws &, K (a) ® FF [ (b) o FF ik diEL T
Bo PEoT, 2OMDFF L DD OBOEASIFVKOEL, T2HIZA - THBBRENLHL LV EFOKOF

o (a); 1971428 A 24 B

THB T EHDND, (a) (b)
Lower Cirque , McCall Glacier, 24 Aug.,1971  Lower Cirque, G
Center 0.53
Kinosita's Hardness (R) érain oy Density(G) h=2135m ii
30 20 10 kgjem’ gsurface hoar 02 03 04 05 g/cm® G(g/cemd) . Surface DS.
T T T T 00 [ (D) T = tglem g + s e e 04°
e I o8| | + 0.45
e i wet
i i L 0.28| |+ + 0.45
1 NEss ¢ NpE== coarse
R 0.31 4 046
. rain
I_(F.”_ _________ IR EL L (6) skt e 035
T~a cm [
Tl =50 | tirn - 04950 tirn ) 0.47
i J I3mm_ | firn
e =i T (Ts) 0.46 i i 043
. 4 P fmmi 0.49| A 'i 047
. | | 047| 1 firn 'D 0.48
Y | firn | ] firn _sﬂg\gr-d 0.81
0.4 impose
- i | " h00dE rl BEsF
i cm |eoogEq & g2ssel 0.89
B coaa-on r L | L I ¢ L | Jo0000ee & |00 o ool
deel P 0 2 4 6 -8 -10C a e o.s0
1 om Cneof mmoF Temperature (Ts) _e//o////{///:///égg”///////////
430 | - V| §
1 ' L 24 Aug. 6 July
1971 1972

#EAR (@) FEEVIR LC Aot 5 1971 4R 8 B 24 Ao R, REBERO ATz N,
S, Foi®ix, F3HE) ol ,,u:r.-uu BRI HIET S, (b) LC Ao R—MEicis T 197247

SHM L ST R EWE L. 1972 FoRMABGLRT A6 B ETiz, D, FTHLALES
18cm OF H L EFOKAER 3 i,




146 I N I

— Y v ETI, WE3Sm ETCoOa THBERFENLALE S, EEIKTTECNST
EIRHERR S e,

B3 (@IS 1.5 m ETOWHRMDOFESY, Fi, 4K (@ T OBEBENARYRL
foo WD &ML —8°C, FHRULRIC T, TR LIz X 5, FHT —8°C, 30 cm DIETIRIE
—3°CTCHwtz,

FEEw BN L 51, WEs NN, SS % kot FF fl,méi/}ui 3 o@déf} e
NN & SS ofix, #E 0.3 g/em’ LIF, AT Lkg/em? LI Fo, gmbfljmg%@%
THole, ZOBEWE, 970~171HEDOLCHE -TED S, 9L EOR T B es, 7
T 1970~71 KINZEDERERETH D, KIEFE T 6l mmiZie s,

FEM T 40 cm (Mo SS) ikl CHELBRE AN HD LI, LD F, X 100 em (XD FF)
¥ G, BIE 0.45~0.5 gem®, K TR 20~30
kg/cm?, i 3~4 mm OIFFZH 7 1L v (&
FE) PR Tintz, F5ROEE RS
NDHLHIT, ZD7 Ay BICERERE TR OB
NEEL B A RO, be b &I DRBILE
EHHETTE W0, B, Kx&A Tk
BAEELELTIbHL, b8 AT
Ao Tinb OFEE TR KPS Licicdis, b
THECHEEED RSBGPS S HED R -
b slBihs,

7 A v BT 3 B A AR
bR, THREBEICLTZ ALy 2En2E508
BTTETBI &b, KICHE Lt""‘
BT 1969~70 KN F4E T 120 mm, 1968~ 69 I
FHET 168 mm TH - T2,

TA vk, FEEF 100 em (43X FF)
T, %R, KCE-Tw5b, H5RDOFEDFR
R B A TS FF 25, £hTh D, K
DI LRI E i, T~10 cm T
KPR KEENED BB, KeRERT 5 H5HH6
DRI 3~4mm T, FLETFTCHETLL, 0
EH OIS E S - T 5,

SOLOIRME, RN, < OXD HE5F 1971 428 J1 24 H O D 5 b,
Superimposed ice TH 5B Z LILHEETH D (Su- TAA Y - EROKOBERTE FF & &1 el
L3O 7 4 4 VD BE

imposed ice IZX T B HAE AN OT, & Do - FIR O LD 5
perimposed ice IZXIET 5 HAFD L BURMSA RSB, F i”fl\ﬁ‘_[‘.ﬁ(/l\;,

IR BB K ST F T B), B B SO FIAKCRIZE A TV B




<y == AKIE IR & 147

TALVBRHLREL, HoKOBO ECERTAHEIC, TOXKCHSLINFER/L TTELK
TH5H, COLEEROREIL, A—Y v TRENER BExndin &b 2m P Rix#EREL T
Bb, BIEZARCTRWC EAER IR, REMEI &1E, b B FTE—-Y VI LK
WELZTIEWA, ERSKOBRL O kWO E CHAE L Tu D REME R, E T
Ty T AKIDKMAKITIFEAETRT, &b EIDIBICLTHEINRLEEKTHS
T ENTEIN,

COFRFIHEND DI, 197247 B, ik REEoHERY L, b, THMERBCE
THln i,

IIL. 197278, ¥y O—JJLKFARRETITR - 12
REBLULRBRAKOBRERR

1. T®|E#E LC SToOBRE

TH2H8H256 Hcad T, filo LC & & & A—&THE, 7411y ROEEKD
Wi, F—-Y v 27 - LbEKOBMNY T8 7o, BIF, BEMSCTER2LTTl
WeDT, MEEOKMEBMNBSIARERA I, REWEDH L, AEOK LMD
L THH L 2B SR A S,

H3R (D) OFHTH 6 AOWiHi AR LT, RET 49 cm ORBOENHS (E3 -
(b) ® CC) 2%, FHFICE O CHIEBMAOR LIS & X ICHH L, Y OBZRE Lk
BELeEHETHD B4R () D DS EHILALEDA), #HsT, ZDFEDTHE CC 5, HIFED
BA24 HK BT APHEERMCU D, ZI0LRMET 2 cm ¥ TOFIARMOILDET, Hi
8 H 24 BB X B0 L, b 40cm FTORBIY 5, REF 92cem 25 130
cm ¥FCIXEX 38 em OFEGW7 A A vaiEnbh, TOTIIIIRE S 18 cm DH S IFV KO E
(55414 (b) ® DD & FF & of) 25, FICEDOTICXERDEAFNTHBDARG R, K
DETHE—-Y v/ &7, BKOBAECZm L BEFLTH5Z & HERL 2,

TANVBEEAKE I ERAEX 18 em OEVIKDEIL, FBIESH24 B R5H
Tehots, SOEVKDEL, Hi4E8 ArbAEMNL & COMCBM I hic s & n T
MIx b, AXKLEKRD, T, HEMIURLA L 5 K EOLRIIY EL, BB TOHRRN
EZ D E LEKTH D LR,

AKX (b) 1, 19714, 1972 FOWERB LN BESEYEELC, ShBWEE, 71
Ly BRRECRbNI SHDOAKBROH I —H I TURTH D, 714 VED LML, 72
FEOFMAEL D H4em K2, TLEO 7 A AL VEBOTEH2F 0 LEkO FH (# 3K @) o
FF) 11, 2E0EXOLHE 3R (b) ® FF) ¢ —HL CTw5%, TLTC, T2ED7 11V - %k
DEHREM, TVEDT7 Ay - XOERBHI V18 em FH <L 7 » T b, LEMIIRKT XD
Wnsix, # 3K () o DD & FF LickEhicEH < A2 % LREKOEKE EEHeEL T
Wh, SO, TOHGKD, TLESH24 b 72447 H 6 HOMOW OB IR
FLELBHTERTELS, AKDOTOFKOBAICHD R DEELIIBEO L <1, #4
K@), D) imlicksic—HLTwbd2 &, Loy, 18 H24 HDKRKE L, 724 7H6



148 BEERN-

WRABXNEHEDO TEMNMIF—RL W52 81, FROBEARTIFEEAND 2HETAD
BovoncBRShic BEXKTH D2 L xBAT T 5, ZOHL VBRSPS ek
Wiz ounTit, BOFE4ETOND,
2. FEREEATCOMERUBR

LC Akl s E RBEAKHEBIME X —) v -2 70 X 282, THERRO LHET
WoRESCEALRE 2K LT

N ~ W 0/0
& LG &, RSO MG A, 200 g

B I RSERED UG &, UC -6-5 *3-2-
&, UT ST fifsbhi, Bl “T)\W
HBROFGEE 6 NT, HEHEY
$£10 Mok D TRLI, ,
TR TR ORI LC ST J“
BHInAWKOBE, i o 955
fs o UT, UC a0 &, i T /e %@
DLFROHETH RIS hi, 5 ] |
FUOKOROES E, B2ROE ik Middle Cirque
AP FE D TRLT, o/ e Gate,(Stake 21)
Lk O EARER S et o ?ﬁfgn
COREREL, IRy, L ; e 230
B, W& 7 4y - Bk - FHX Mgt i '
ELHIEBRIRL WD, —H,
Eok DA R T LEE 20 o o ]mmgmba L
ik UG &cik, %10 Fic/RL *'\-'5 -4 -éT(.o.'zC )-i 50, :Wj;? 2 3 "z.';';. és( .I'7 g 03
L oic, kab, BT 7 n W\\ ﬁm(%\\\\_a glems)
VBRI EL 7 AN, o ?ﬁfi R7 &
FRUTFRBEGKEE 7 MV & P i i G\
BEECEbhEOD, FX 242 . Jblue .
cm CTEFEADOEBLE It T 5, ’,"
UC HTix, HEX85m ¥ TH— '
Vv 2 7 NEND RIS, KD J .
HEEBXRE I o, FEbv T/ co:qrs_e‘ =~ Lower Cirque,
KL 74y & AR EEE bR / i Gate
AR UH S ERUTH D2, K /; fine ?f??;z
ROFSEEE <, fAsem }%% ,Mi%wm
DK S BB E i, ¢ oom

m O UT gitik, kEKA 1969 LR MG &, TE LG &



LK, BE, Wik &

=y 2~ AKEREIREE 149

- A . o fine Snow'a‘(—-fine‘—-)‘erain
UAR— Y 7 7B r12’c Max Temp.l‘— 4,1? fall
THKtc, TRICXBE, " .
i-ﬁ] T 11 m i T‘Qi 7 'f I ,JI"/‘\ rx,ll' —” ” \\‘\
2 ~/’ Ej}(%‘é@ﬁ}% -’C‘, % A - ," A “ ,” ‘\// \\\
LY, BX 17m ¥ E 2 "“V\/’Q“ 20/”‘”HA. ? 2
1 v
THMKTH B &2 Hg r May ‘ < June July
RhTus, UCET B[ | A 1972
b 10m BTk | /), [V Min Temp,
o T b EE LD A
n, 12 AIR TEMPERATURE IN MET-SHELTER
I ; NEAR CAMP, MCCALL GLACIER

UG, UC, UT ALl 16
S+ 0 BRI IR O HE R [m
BETHWX, 2
RETHVX o0& BIR < vz - AKAPERMM SCRER?PBEN L 197245 A
bHLWERKNEBEIZ R 13B26, 7TH213ECo&ER, ETOoERIEREHh, H

oz, UG, UCHT &

RESRE ARESE, $E» EPesErRT

TREANRBHE IR ok, ThinD
WTik, BoE VISito~Ns,

IV. kOB REDR

<y 2 —AKE OB CHRE S h
fo FRKOF LGB, —EuoIEX
NIcDEH 5, ERKILAER - FRA
X5 TTEDDOT, KA L CRMIZE
AT T o eI S i i e
Vv, £TT, ki ETBEINIKkD
MEEE, SKELECOWTRANTAR
Lo,

587 K, KR, ¥k 1,720m
o MM gScBEllShi 1972 45 F 13
Hab7H21RE TOREERL, E
B E, RESE, PERERS - &IE
DEBETH B, —HICHTFEIHER
Bl IGHBIBRICH D S EnambhT
Wb, £oT, FHEKUEORKELRD,
#w 8RO THIHEHE CRLI, ThbD
SEOERC LB L, RMERAT D

Ablation & Accumulated Warm-ness
in Micro-Met. Shelter near Camp,

McCall Glacier ,» 2007

June July

160+

>

o

~ °

- (@]

Y "

1% 0

2 n
£ %’ 1201

~-30 © £
[ o 1

3

-mo% ;
5 % 801

50 < 2
I tall :Ea 1

L-60 / S
/ 40-

/
snow- ‘fine

fall. /warm 4

May L/ June July, 1972

BIR ~ v 2 —aAXKARERR MM &ckER E
LA 192 EB s 2 EERE (BH) &
BMAOLEM - MER (EH)



150 0| I R

X5 A2T ALETH LA, KRBNRBENBE > CORBBEIBARIUA 6 4 8 HLk -
XD, BE, KEEROBNIC LD &, HKAFERE CHFEEORE O EH ORIBIYILEE %
ZFeDiL 6 A 8 H»EH 6 A 19 HOMTH -, O YT, HpDO&HRA +10°C iz
L, BREOE D & ZATEHEEIRY, TO—HMIX LRI (Slush flow) & e KM k% i
NTh, Rl CELL,

KR D MM S TR EBR A U 7Bk O B - HREELH 8 Mo FIICER TR
Lic, 6 AU BEREN G E, BE D i, BEAWEL A, 6 A 7 HabABI
TERESE - HEEARE » T b, ZHILBERB TOBRMGER L L —F,L T3,

D%, 6 A200,5A29 HE CEXAREE, FRHTHES Ocm #BHHML I, Zh
NTHZ2H, T%ﬁﬁmLC5@§@Tﬁm3ht$éMﬁan@%iﬁkﬁrTé(%4@
(b)), ﬁZEE@kﬁﬁ&ﬂ%m,bhbhﬁ%@kﬂ%ma@bﬁsoakwﬁo,7H7B
2 17 B, el e,

BlEDZ &b, BEANEE - 7 A4 vBICBHERTL, 2Vl thl LBEYF
etz ok kO FHICEL T ERBAXDOHE I F - 72 DI, 6E8B#B&%26h6

BB T 5 A 12 Bk EB B L ook B B ORI —12°C Th oo, KicE R
LA DI 0, KO EECERE L @K o— i &R L, MREsoktict
TKEDBE L FHD D, —HMORFKIZHFKEROFAITE » TR L, Dwicid/ilx7aL T
KMERE Ex TS,

LA B>~z EROKER ORI O TOM @A X RHFT A BMIRERIC X » T IhTw
DT, THEOLCHBIZONSEY,

. - N 2007 o8y stake

K LA, REH3mOROELYT, o M mﬁ%%\ T
Thip DI < L BKIDKHIICA D X 51t h, &0 " o h
HiconC, WEREE B LRE TOBS AL, 10-T, A o
B0 RS d 2, 53808 CHE S i, 180'0\\ L ifsnew
BBV 40X, BRI 8 ATHT, 0% 1 Pk A 8 i °"\/, TR 7,{
BIZITHidA  KOECET 2 TORI OFLET e, %
55, 160 2,5 ey

Bl & 5 BRI DR & A L2y, B E | “\~\
T 7ALVEBOEX A, 0w 150em Tl N ¢
©, EOETFHLEEkE 5, HoT, MaiTE  140p 25
AT wRDTHEFEID L, fooT L dpsky i \
bhb, L, EREREO ERO X 5, K, S
ANV DEBHRRSR BT, EDOXEETo  120¢ o

@é%ﬂmbt#ki Td K Rich, BEN zowmzoww$%92
MAY JUNE  JULY, 197
KE, ZOXARIENALVHES LS A, h &

d s BIE o~y = A KEORFITRER
EOM=i3, KOFOLEALHOLHETORS 725 0 ommal, = oEL
Hi B, LEDKDOEEC FEANEE I TR HEMS LROKOMBHEZY S



~y 5= KRR 151

W, 2 DERTC~ETH D, & ANERCIL 2 DEEX5 AN 7T Herd T—RCEI L
T KEFERIRTHEG R 2 Oz, 5 AL, B EicE 5B Lh0flxE I
WORL TS, P FERR 11-11 BOBIC K% 2 OfEix, 245 A 15Bnb7TH15H %
TO2HFDOEC 25 em WA Uic, BO FHIL, By okoEioys UM L 7o kK EPRICE  H
THHDT, EFE - HRCEBRCHDAALRKOBCH L IARETH S, T, 22885
LIRREL T, WS - 71 4 vREH T IO S s e, dauBMclilb i o
&y EFILQ), TROKOE R EREAABE S R, dOBEOKEE TH L KOEE HH L
ALiCl, DstconErsbhd, BE, 714 VvBAENLL, $ORBCKARITE
TEX10em 28T X 5 KBEWKEABEEN S 2 E3ELH-L, FBL, ERERERKE
WaEAT, o5 BBl S Tv, —7%, EBKERIhHe z A BP T2
Tl HIEITHAN X o, WIERMEAVED TE, EF R EEASRER IR TN B,
T, 2 OFA I, EEASEBRI NI, d OREEEE L TE - XkOHEB SN E
AL DIER ST EELDONBELLELZDLRD,

EIRD LR OMERNY, FERKOUBREESY S 25, BNER1A VI DO CEMLZ &
LS 2y, ERKOMBERE d=/de DENKE VWO, 6 5 E~4a, $IUTHEAT
B5, DARIVG AT dz/d pUh &, Zhi, EEARZHCHER IO, 68
L~thty, BICTALEALEETAHARNFHOREXZBMNTHLOTH D, ks, ULOBRRYE
fHr Brewis, EEKOMH - AFERCETIENERA A Thbhic, hiz2ow Tkl
wsT 59,

V. LEKESOKADKRZICREITHE

KM OAINZ Y, KHEFHCLEMOSE, KoBRELHEELYNEST 24, T, E
o EER (MER) »BEHENEL TRo5, Lirl, TOXATIAIANESTERCTH
B L, EBEKEL TKIARICER IR 20T, ZATHNMLCMBZRELDOLDONELITEL
DEFHTOEOERE LT, T, BT KO—MIEHKELTHES (711 N
REE NG, THIRROERERD & HCHEL (HEoHER»SD, ERHTCEEIND,
FoT, TOMTE, RECTHMINICHEZEED 5D, FOMAEREKERD, FofnEh
K e LKA CE L B, B OKEMCHRE L CEOMBEC L 2 2 B X
5, WLl HF THAETI ML DHERDTH L 5,

19727 H 6 H, TFHERPRO LC ST 7 o Wi 8RS RILE 4 X (b) iR/ L 1e,
DA DT CRSES 15 B kERK RN 2 EEL, TR AMm, ®ES il
A, JlEFEE, FWALBCKTAFROET, BEKESLEIL T3, Thb 0k
AT AL, TEHERE TR AR ST, Ridok 51264 8 H~18 H DRI
BEOSE I HRMEL ., TO%, 6 30 B TIRRIEN0°C i<, F1o, BEHT
40 cm OEFEELBWL /A, TH1IHLGE 16 H O, 82 oMBERENE vo 7z,

55 15 H TOREFL 160 cm, 5 - KOWAEOBE L —12°C, HEOFHEE 6,1
0.30 g/fem® THotc, TOHERMITAOCHETI 9em EFL, FYHMELLHESO



152 R IR A i}

MEPREEE By 1 0.45 g/em®, CEXIEIKE 611 8% TH - 1o,

FHOK T, 5SHIH~7A 6 HOMICHIFT ML K TFR2G T, TOmDR
BB LD LRALBOFFBCI AR TAEENRD, 4, MENIHE HEMOEEROL S (W
v74»v@%%<)%4,¥%%£%m,M%MLMMﬁNLkHw'WHbH)ifD%H
BOEX % d,, LD FHEES 0., WIEBHINEOE DL XY d,, FHEIEY 0, FHEKER
@ ETH,

FREL ML LR (ditd,) OEEER, EHCL - TEs d, FHEE 0 DEE L
D, THICMBICL S TUESd), PHEEDL OBREC b ZEL DI ENTES,

L BMELFC I AEBEEDE T Y e & T E, MER QL Q=0 h,=0{d—d),
BMEDHABNBREIRD Z &b, Odi+0.d,=0-d, ZhuxiiREfrtbed &ML R
Qslx, Qe=01d\+0ndn—0dy LTe%, BT 0 ¢ DEITIE, o =01—7) 0, s 2BHRADH
Bink Qsii,

Qs = (_71'd1+u‘_)7z'd7L—(1_'@>Ai2'dz (1>

ZOXRT, GUOBBRXTNTHEAEL,DL, TAHETOLEMEKRE O, nKDHLNRS,
COMBEKREQ. D5, —HITHHBKEL TRERIO 7ML VvAICHREIR, —#ix
BEEHREL TEEKE o THBRCEE S, B xEmRosM it 5,
Gy TANVEORSDE Sk dr, FHEES 0, BN EHERESY L L,
BRI EREKDOE S % d,, PHEEY 6, ¢ THE, HBEKELTHESE - 714 4 v RICR
T BDKDOE Qf i,

Qs = @0y dy+(0//1— 0y) wy+(ds—dy) (2)
¥, ERIh EEKOR Qs i,
Qs = (Bs—py)+ds (3)

THDH, hd Qn Q: DEDDBBIIBINC L 5 TROLNBELEID Qr, Qi KkBLRS,
R K& Qs X,

Qs = Qr+ Qi+ Q. (4)
ZORT, Qs Qn QiR BhBM5, oD Q. (HHE) Lkvbhd, f#sT, LpsE
QT D Qn Qi Q OHAELRS,

— & L CTFHEREO LC Sk 28MEL AT Qn Qs Q- OlaRdTHRE 5,
28, MEOKMELHIOS A 15 H, LC K TKERSELMRICI S L, 6=030g/m’, 4,
=170cm, ¥, HRbABML A7 B 6 12X, 0,=045¢g/cm® ©=008, d,=90cm T
BHote 5HISA2DTH 6 AOMOBHEEKE b.-du ik 8em, 1, 5=0.48 g/em’, w,=
01, ds=18cm, dr=60cm 75 7ed b, THBDEE (1), (2), 3) RICRAL TQs, Qn Qs Q-
DfEERD, F1FIZE L7,

:hmiak,L%%K%kbf%@%mﬁﬁéhé%u,@@émﬁow%mﬁb,g
7o, HEKRE U TRERNCREIND 2% 18%, , B T AR ER & EDOESITL



oy = KRR 153

FELV, HEL, Thooit5 15 H»57 A6 A coiflic>nTHEBRICL DT
BB, TAPGLRE D &, KEDBENEHT 5700 RO EBEENML, 2R
BIZKT 5 EROKOARBEOAMETT 5, - T, A ME Tv2, EREkOZ
MBI T AR, H1EOEL D BRI EELILRD,

LC Spisto@ms (LT, LG, MG &l E) T, #EEiMoBEEORE YLD T,
LCHRDEISTLTQ, Qi Q DHARDDZ LTy, 2T, KEKH 1971 EDE
BICIHACEEELY AT, CABHESCETD Q0 Qi Q. A ETEL THL S, H2RNES
ik, Wendler 5231971 4£6 F 17 U256 7 A 22 Hofic, T Ok TR cig S IE R O

Flk  THBEKLC Siob T, 1972485 KL 75 6 BicE 5 H o4&
TEQ AT LM KEQ, FHKOERE Qs MR Q- oltR
i ,

2 M HE QO BHiidKkKE Qr Bk R QW oW OB Q
19.5 g/cm? " 3.5 g/cm? ' 7.2 g/cm? : 8.8 g/cm?
o® 100% | L R 18% HoR3% 0 kR 4%

E2F BHBRAECHSOGCINZES AL T AR F THERLE
EEOKDER, 5I0ThH0ERLBHEE RS- 2HEE Qf
T A EROKERE Q: HleKkE Qr WMHE Q- olkK

‘ EMKﬂlﬁﬁﬁﬁﬁ‘%L,blmn$6'% %]Lﬁfm BhgK WM&
R S, g bpoko AUA~imgR, & & -
19724 ’ 80cm | em  glem? | g/em? | glem? g/cm? g/cm?
LG TRTH ' gaggiems 235 240 21.7 1035 7.3 10.0
2,075 19% . 37% | 25% 37%
N SO S
7A6H e |7o2 . 35 109
LC \ 045 | 180 200 - 223 i
| 2,135 | 6.0 P 36% ‘ 16% \ 48%
S B DA _
I |
L 7R4H 108 . Y 1.73 4 80
LT | ! 0.40 15.0 15.5 16.3
2,230 20 405% | 105% (  49%
l ) ! ' {
S Y S S S
7HsH 7 58 | 324 6.3
MG 049 |, 360 210 , 253 |
2,125 20 ! 625% | 13% 24.5%
i :
uer  TAlE 22 | ‘ | 1055 1.81 6.4
! 05 24.0 14.0 188 | | ‘
(TC-4) | 2260 70 ! ; ‘ ' 56% 10% 34%
! ; ] 1
we | rRe | 21a | | |
| 045 | — i 135 191 — .
(23.5) 2,270 - ;
_ | l |
196 ‘ ; |
7AIE |
ue ! 0.42 — T 105 ‘ 15.0 — — —
(24.5) | 23% | 6.0 ! |




154 HRE -1

HETHDL, ZOMEOXKAFREO MM S0k 2B ERE L +103°C-day TH 5, Wik
BNFOSORBREBECHEATAERET S &, KA EEE ThhbhnWinBilL 77 - e
H¥ETo 197245 ALUMEO MM Ji ki) 2EREX G5 Z Ltk v, SETOHERY
HETHIENTESD, DL HICL TRDIBEERE QaEOH 6 FICRL 1,

o 37hzix, 7247 Acbhbivbh Bl CE BB, E0FHEE, VFHEKRY
RL, ChBDOEEHCTELNS AHEKERS L0 02HEERE Q) w5 Qr % 8 7
iRk L7z, 450, FES AUBRCER IR ERXOBOBXtH S, LC A KT
5 EFRE, EROKOFHEEN 0.8 g/lem®, EREOKNVBRINAEMNOZOH & HEY 041 g/
em® L L THELRLEECOLEKDOERE Q: BIOED QT2 HuE TR LE,
Qi=Qi+ 0+ Q. DBRN D, TOATOREE Q &K, Qi+ %k & i 9 FhicoR
L1z,

BLEsRad 7 Qr: Qe Qoit, B THWHETHELMETSS, LML, LCETDERNTE
LG/t 18:37:45 (B1FR) WXL, 4DFHETIZ16:36:48 & L\ —FH A RL TH5HDT,
o EDEL—IEDO AL E S5 2 TnbbDEELLRS,

TEHETIR T2 LRAKOERE Q OMRHEY, LFHzE e THREEERE VR,
EMFERICAT B M, FEMERKSELM L T35~40% T, 2i3—ETHbH, THICHL
THHEESKE QD Qr KHTHHE THREEKREL, LT AT0 11% il TLG &tk
25% 12l 5> T B, BOETLBINCRLND X 51T, &HERD 50~60% » K- HHK
DWW TAHBRBICE LN TR D, KU T2 Ok fin 40~50% 2L 2l E o
DTH %,

P ED#RE, S5ATHOMBEORXLUE Vb, TAFHOE 2BZNN#HE S F TOFET
HoC, MBH2EChIc, TOZ ETikfcwv, 197244137 22~31 H % ToF 3BEH
(MM S CoORELIE ; +36.7°C-day), 8 A 15~20 H & 4 @B Y (7, +21.6°C-day) 3% -
72o T OBFINCAR L BB KO—E A LEACERL L S 3 BENTH B A, FEEOK YD
FCIEDMD EFERNER IR LT, L2L, TATAUECKD &, ki
KEDBIEN EAL, FREKOARITECRT 2IRENER VNS (e diesd, EROKEBGEE
P S, <y = - AKEERBEET, CoFO0HEoLPRIIChy, oo Bk
RS, ThABKRZICED TWEDHFE L LIz onTil, AEEHR-HHETRKD S
CEMTED, TRIEDWTULFIDEE DB,
<y T = AKE T, LEEEREO UC S TO&ETE, BE - 71 L v BOEI R
22misDT, EEICEDALEFE RV EEZBRD, 65T, < v 72— KO THE
g, PEERE S X O BRFERIR O TAER IR b ROk, < v 2 — kil OK{E KD
BCh D, MICw2iE, ZOKMOKAKDKEHEL, b &b E WM ThEE S e Bk
DTH%,

UC i X EIEOFE G EEREFI®R T, 510X UC, UT &I L 7B E ISR L s
L5, RETF 8~11m b #EKENtAE - Th, TDOLEDT 1 4 v BRIZIZFIK L 0
WA R E D2, BE, TOBIAKML TH 5 LACKEKROBIIZ X - THESh



<y 2 TR E 155

Twd, Zduk, BEH, ThLhDOKWED FEIC EROKPER S h et il TdH 5,

=77, 7AAVBUTOKAMERERICS TS, Bz Bk VERSh S, 2ok
BOKIRRBE P S EG IS O TRRBIT R D, X1 F DT oKk L HFET 5, HHMAT
BERENTC ERKDES % by T OHER 05, ERAIVERNINZHOEOHER 05 &T5
&, ZTOHBEMASLFEBICHBELLE - KORE, FoMdoRGCHM I hCHER LY
(0s—0s) hs 12TVl , KAOKNFE BT HEEIL, TOIEHRFAFICARTT T IERD
T,

LA ED 7GR, HERC B 5 FREK AR R L 0% D KIREIC Rig T 8L
HZ= y 2 — k{2 oM T <, Ué<%&%%ﬁﬁf@ﬁﬁ%kﬁ&?é?«f®
M TE B K TN DWTR MY M2 ETH D, KIARE CoMCERCHEEYHEL T
L, BRTh2AELICHBERC 25D Tk, TOo—8ix LB HBKE U TKAPHTIC
EREINLO0T, HOPHERIBNCHILEERI Y LTS P00 THDH, FREZAH
By, EROKOAER I F 2 OBEOKFOKIKROFEEECH D, KT DKFK DI
o TWBDTHS,

~1100m 1335m 1785m 2075m 2125m2135m 2230m 2270m 2335m 2375m

c-10 coset GEC1® L6 MG Lc LT ue uc

McCall Glacier
6~12,July, 1972

e
A
o 6 4 Juneau lcefield
= ~
- 1~12,Aug. 1872 D new snow
—~ 71 fine-grained snow
[#<3] coarse grained snow
8 - £ solid type depth hoar
iced firn
9 1 f very hard iced firn
3 Ml ice layer
101 o X_ ice gland
o ice lens
117
F0E FHH75 22002 —KERBTHEMLARY 71 o voREEEs, <

w 3= KRB E T CHBMLABE - 71 v v - FEOKORB#ELEY, SRS EE
BB ED BRI <1, K, EFKOEHKIZ X 5 FOKAM K~ T T+ 2
HKOZED A, EEMIESKFO 744 VBB TRIKE LB Wb B,



156 F Ut A - fib

VI, KARRBICHITEIEDKEREELKREDBMMRK

Ll kD~ X 5, 8, EORU»ic, KEREOKS - 71 4 v ERK, LEXkE
Eieok M, KiET & ORI - HHEKSE IR A, BI10BIC, 197247 B 4~12 H OfH,
< T — KB T, %7, FESH U~ AREETIRAI»OS . / —KETHELR
1o - kORBEEKAY T LD TRLI, Y/ —KE, =y 2 —akiifdd, ROLMOL
DIE EYRHEEE DR  fn o T B,

BEEKAOFERIRDO C o /7 —KE T, BEREENMENEZARE, REBRBEESEY
KL C, AROKLEL VI, Pl XKoEsmD C-10 4 (#HK 1,100 m) T, %Mok
BENFECL L, i, HMOBMBNEML A, HEROERE D 7o D THEF K ORI/ LK
BAWETZZ el 20 2 @FRT, MHLTLE S, 0L 5Birciiiicnh®E)
LT 5 Z &1L TRibnikZ %, C-10 OBV HEEIIETN»S 2m BEE TH 057
glem®, 2m 2H4m FTA067g/em’, 4mDBETII07 %2 %2 5m T 0.78 g/em® #HIL
oo WA C-9 © 1,335 m, C-8:C-18 ™ 1,785 m & SE»E { e i ohT, KETH
Btk o B EEICRITT 5, FIICHIGL T, kRO, Wi koKEXKN 0k
TIC b o B BENIEART B, FRTLHEICE BEBRRM, C-9 Jet. & TI1E D BENEH
T2mT07g/em® & 2, THUTOBEITHBL T%, JhICHL T C8-C18 M Tik
W2 4m FTOFHEEH 062 g/lem®, 42m LTk 7 14 v BTIE 08 g/lem?® THEL KD
BEIMTRTREDHERL CCDD208R6N15, IHICHERD» F 4 A D &SRR
D Teh, ML TEOERIMNEL < /e A DO CHBMMAKAMCBT TS5, HFE v/ —
KIFEIT, =—avMoF € 8 IAKTTIRERKABICER IR, <o 2 — KT
REL G5, ZORBARBCEbR IO~ » 2 —AKHD LG, MG, LC, LT /& T
H5, BFRKOBEMEICL D EFKDOIK LD THER I R, Fixr 0B TARIKICEL
T, Larl, bl Uwohf,m%m®iﬂﬁ9?5tmrﬁx%&@%%ﬂ%
B, UC A, UT Sl ohskdic, BE - 74 vRICRMEBEN O AT 5B KR
%,

REN S OISR e D &, AMBEEIIED TH KR ERBEIE <K T T 5,
TS, EmABERCS ) v v R KEKRRE S EOBRERAKTEICKLD L, b, —&HEp
BT 2 S ENI e B e b TZIXHICHRRBICH O, MRIEAERLMED R b,
BRI X DIEE - KIEEEIL, QhBOFhICHENTT - B85 00T, KIEFEER 50~
100m, FW&E AT I50m iz ET 5,

DX 5T, HERMIEAIKITICR T HOKMLRE R, IRBEK & m RS ok O kLR IE
DFRICH D DT ey, BT EEAPECER IR D), FRRERTF1~2m &5
FEHFCENEZATKILLTLES>DTH D,

VIL £ & &
197148 B, 1924/ 70 2H by, 77 Ao MBS XA TH L~



oy KT A A 157

T~ KT DFHRIK T, BE D KIKNDE(AR LT, BbhicfRuyTLhd iR
DL BT D,

(1) B 8 H T TR BN Z T7c - 1ol E, BiRoKES OEET, 71V DR
X 1~2m Lk, FOFILRESITKIEL okErnElbhi, £-0 v a2 70Ric
LB&, ZOKEITKFOKE TEFEL TWBHEELLND,

2) 7A A vbKEk~DE, H3XOE - kERE SSTRbh 5 X 5T, £
TERMTE - Twb, ZhiE, KFEBC L, TTE D Titikd, 714 v ETRICER
LIcBEBREANEOE TCHEM L CTELEEATCHLZ EERL T D,

(3) ZDZ LT - ADERENLT O ML AHEACEEIZL - ThE,rDBRI, #S
MOBEICRH N 28 WORER LY, ZOXKNBEKTCHB L EFL T,

4) Zokp bk THBI Ly, 19714, 1972460 2, FTHEREKOR—#E (LC
S CWITEE L CHEA D b LTz,

B) VDEEOMICARIND ERKOE S RFEREOBHC L » TR D2, 711Vl
IR SR RS EE BT T 30~40 cm, KK T 20cm O T & Th 5,

(6) ERXAERLHBRI QAR INLMML, TOEOBMEBEOWH T bbb 5 ARG 7
AL TTths, ZoBcy, K2EORKOLEHNELRBFICRE DT, BE
LB B KD BHENDB L ITRbR Bhnb THAH, 7 ATAMEIC D & KEDEEM E
AT 5720, EREKOEREELETT 5,

(7 HEEI L ERERBRO BT, KEREALENSV (-2°~-3°C) T, L
Tk O L RES R o,

@ TANVEULTOEE, 2% ) HER TSI ERKZER IR D, ZIULH
R E CIom i@l TL & 525, kIWRHDKNZ R TH5BICEEBCANRDLERD S,

9) 5~7H LBt ARI N5 EFKO2HE BICRT 2 ik TSR € 35~40%,
FEf,  EIFERIRO TE T 60% 48T 5, BBEKE L OO T 2K 21348
H[EOKFETITT E /o BB2R), KWPICER SN EROKIZE DO F Fkik & LToNT
B FTRCH THRET 5,

(10) PAED~7oZ b4, =y 2 —A KR T, foFT_To RIS KT @
HAT32LT, CofloXkFOXKREXH T LBECED THETH 5,

(1) BETSAH2DL ./ —KEEMCHBLCHSE - 714 voRBE# Sy~ 2 —
AKFDFFIRE M CTIHF/EE - 7 1A v - KEDK OB EME & L 7o, KA EAIn
ey . s —kKBETREBAERBICL AR - KE2EL V0, TABI 7 &M Ko mssic
LBk, EREKOEHEABEEC /D, &b FEEC/ D ONHEMMIEA KT D 7 4 L v EHHE
T, L OB DL, B - THEREEKOKIBITS T 2 %E 0 2385 (810 [R),

(12) BRI 2B O FEMACRR LB DT, ERNER B LA L
THANTUND, TRICDWTRPIOBEIET S,

BIWE; SO ERTR O, KRS AR ORI E, mBH



158 e A O

B, SBE P —, R, KPR T OZWFE, 7 7 A 2 REHBRYBEEYISEFT © D. Trabant,
C.Fahl O &K OMBIITEERNL ET, £72, 79 A7 RFMBBYBEYPRFTO~ » =2 ~
AKTIENN R - HBEIGERER (EPEE . G Wendler fi1:) DJ5 % % L O KPR R YL
A FIERBCSROM IR T, a2 —kKEToO@r, o7 vk
FR LA IR ZERTE M. M. Miller [k & Z DI FBIFESE 3 L UM BFFERT RSB R
BEILARDBII T2 wie,

COPWRICEL e RS OB BARSMIRME LIRS hie, HEHHIXZ OPEE
FEWT D ETERDOMECE A 7T,

B bok B #@laml Lids,

X ik

1) Miller, M. M. 1953 Juneau ice field research project 1951 winter season. J.LLR.P. Report 8,
American Geographical Society.

2) Wakahama, G. 1967 The metamorphism of wet snow. Proc. LU.G.G. General Assembly of
Bern, Sept.-Oct. 1967, 370-379.

3) Keller, C. M. 1959 Notes on the geology of the McCall Valley area. Arctic, 12, 87-97.

4) Wendler, G, Fahl, C. and Corbin, S. 1972 Mass balance studies on McCall Glacier, Brooks
Range, Alaska. Arctic and Alpine Research, 4, 211-222.

5) Wendler, G. and [shikawa, N. 1974 The combined heat, ice and water balance of McCall
Glacier, Alaska: a contributin to the International Hydrological Decade. J. Glaciol. 13,

227-241.
6) HILHME - BASEENE 1974 EEMES KTk s LEKOERK ST, EREE, BEE, 32,
161-174.

Summary

The transformation process of snow into glacier ice was investigated in McCall
Glacier, Brooks Range, Alaska. As McCall Glacier belongs to the category of the
sub-polar glacier, the mechanism of transformation of snow into glacier ice may be
more complicated than that occurring in high-polar glaciers where the transformation
mainly proceeds by mechanical densification of snow without any experience of melting
phenomena. The main purpose of this work is to clarify the transformation process
of snow into glacier ice in McCall Glacier and to compare it with that occurring
in polar or temperate glaciers. This work was conducted as one of the Japan-U.S.
Scientific Cooperative Research Projects. The project number approved by Japan
Society for Promotion of Science was 4R-007, and the counterpart research organi-
zation was Geophysical Institute, University of Alaska.

In the summers of 1971 and 1972, many pit works and ice-core drillings were made
at various sites (labelled with LG, MG, in Fig. 2) in three accumulation areas of McCall
Glacier ; Upper, Middle and Lower Cirques, in cooperation with glaciologists of Geo-
physical Institute. Vertical distributions of stratigraphy, density, hardness, grain size
and shape, free water content and temperature of snow and ice were measured as shown
in Fig. 4 As seen in Fig. 3, the thickness of firn-snow was only 1~2m and super-
imposed ice was developed immediately underneath the firn-snow. The transformation
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from firn-snow to the superimposed ice was discontinuous as seen in Fig. 5. This
discontinuous structure suggests that melt water formed at the surface of snow pene-
trates into firn but its penetration is stopped by underlying ice. Since the temperature
of underlying superimposed ice is maintained well below the melting point of ice,
water staying on the surface of ice begins to freeze there increasing the thickness of
ice. This mechanism of formation of the superimposed ice was ensured by the pit
work made at the same place in Lower Cirque (Site-LC) on 24 August, 1971 and 6
July, 1972. The observed stratigraphy indicated that the superimposed ice was newly
developed by 18 cm in thickness throughout this period.

Though the superimposed ice is formed by refreezing of melt water which perme-
ates through snow, the rate of formation may be predominant in the melting season,
June~July. According to our observation, the approximate thickness of superimposed
ice formed in a whole summar was 20 cm at the upper region and 30~40cm at the
lower region of the accumulation area of the glacier. This difference in thickness may
be attributed to the difference of the temperature of underlying ice and the rate of
supply of melt water. In the upper region of the accumulation area, the thickness of
deposited snow was larger than that in the lower region. The temperature lowering
of underlying ice in winter is inversely proportional to the thickness of deposited snow.
The temperature of superimposed ice observed in the summer season was —2°C~ —3°C
at the higher region and —10°C~ —12°C at the lower region of the accumulation area.
The rate of supply of melt water is larger in the lower region than that in the higher
region, because the air temperature is higher in the lower altitude. Besides, the
amount of run-off water supplied from the higher region increases with the lowering
of altitude. Therefore, it may be assumed that these two factors, the comparatively
high temperature of ice and the low rate of supply of melt water, reduced the aug-
mentation of superimposed ice at the higher region of the accumulation area. In fact,
the structure of superimposed ice found at the higher region of the accumulation area
was not continuous but composed of several thick ice slabs (Fig. 10).

The ratio of amount of superimposed ice formed at various sites of the accumu-
lation area in May~July of 1972 against the total amount of ablation are listed in
Table 2. As seen in this Table, the value of ratio was 35~40% for Lower Cirque and
60% for lower regions of Middle and Upper Cirques. This means that approximately
50% of the total amount of ablation was discharged from the glacier as “run-off” water
and the remainder contributed to the formation of superimposed ice. It may be
argued, therefore, that the main part of the ice body which constitutes McCall Glacier
is superimposed ice formed by refreezing of melt water in accumulation area. This
argument may be applicable for the consideration of mass balance of glaciers existing
in sub-polar regions.
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