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Classification and Characteristics of the Distribution of Glacial
Landforms in the Japanese Alps

Tatsuto AOKI *

Abstract

Glaciations during the Last Glacial in the Japanese Alps can be classified “azona]
glaciation” and “zonal glaciation”. The ELAg (geomorphological equilibrium line altitude) of
each former type of glacier is determined by Hs (height of summit), and is depressed by
microclimatologicai phenomena such as drifted snow. The vertical/horizontal distribution of
this type of glacier is azonal and sporadic. On the other hand, the ELAg of the latter type of
glacier remains constant with Hs, and reflects the regional air temperature. In the case, the
mountain ridge is higher than the regional equilibrium-line altitude, the vertical/horizontal
distribution of glaciers belonging to this type becomes zonal and continuous. Modern
examples of these two types of glaciation can be found in Kamchatka Peninsula, the Altaj
Mountains, and the Caucasus Mountains. These facts suggest that this classification is
applicable to spatial and temporal variations of glaciation. Most of the Last Glacial glaciers in
the Japanese Alps are classified into the “azonal glaciation” type. The glaciers belonging to
the“zonal glaciation”type are located in the Northern Japanese Alps that have high altitudes.
Some of the “zonal glaciation type” that existed during the Last Glacial Maximum stage were
changed to “azonal glaciation” type during the Late Glacial stage. From this point of view,
the Last Glacial glaciers in the Japanese Alps existed as a spatio-temporal transition between
these two types. Paying attention to the “azonal glaciation” which is controlled by local
conditions, is important for reconstructing the palaeoclimate based on the glacial landforms
and their ELAs. ’

Key words : glacial landforms, Japanese Alps, equilibrium line altitude, summit altitude,
zonal glaciation, azonal glaciation
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1 Fhily g
Table 1 Glacial inventm.y

substade2 substaded o~
glacier name ELAg Hs(m) Hs-ELA; glacier name ELA, Hs{m) H-Eia,
Chojiredan 2640 2998 358 Chojirodan 2720 2998 373\
Heizodan 2680 2813 1wy
Tsurugisawa 2570 2998 428 Takezodan 2560 2800 244
Tsurugisawa 2660 2880 2
Betsuzanzawa 2550 2880 330 - - - -
Masagozawa North 2560 2880 320 - - - -
Masagozawa 2640 2840 200 Masagozawa 2680 2840 15h
Mt. Tsurugi-Mt. Tateyama Kuranosuke 2780 2999 219 Kuranosuke 2850 2999 149 _
Gozendani North 2660 2870 310 -
Gozendani 2630 3015 385 Gozenzawa 2860 3015 155
Ryuo 2790 2872 s
Oysmaian o0 ez s GRS CTh a0 mo o
Shishidake 2600 2714 114
Joudo 2740 2840 10
Murodo 2600 3015 415 Yamazaki 2820 3015 lﬂg
Kinsakudani 2780 2926 146 Kinsakudani 2830 2926 9
Mt. Yakushi Yakushi Chuo 2760 2926 166 Yakushi Chuo 2750 2800 150
Nanryo 2720 2855 140 Nanrys 2740 2855 115
Suisho-FG 2650 2820 135 - - - -
Suisho-E 2690 2904 214 Suishe-E 2800 2904 104
Suishe-D 2770 2977 207
Mt. Suisho Suisho-B, C, D 2710 2986 276 Suishe-C 2820 2977 157
Suishe-B 2810 2920 110
Noguchigoro 2660 2862 202 Noguchigoro 2670 2904 234
Masagodake 2770 2880 110 Masagodake 2780 2880 100
Umazawa 2480 2780 300 - - - -
Umazawa East 2430 2760 330  Umazawa East 2570 2760 190
Mt. Momisawa— Kurobegora 2520 2840 320 Kurobegore 2690 2840 150
Mt. Kurobegoro Sugoroku NE 2740 2860 120 Sugoroku NE 2780 2840 60
Momisawadake 2560 2755 195 - - - -
Io-Nokkoshi 2590 2640 50 - - - -

ELA; BB EHTHHEE  H.  HARBAHE
ELAg : geomorphological equilibrium line altitude, Hs : height of sum

H—VEEERROBRBM LI~ VHEE, FOT
TCHEEET BKEBD I B, KA O5H O
ENVILBWES L R HBEICER S -5
KA ORIHREBEL 2. SWNRETS
HHIAREED»OE - BEERCELT VS
ADEFITERT, FRT7VTRAOSHHEL4H
HTERELILE W 110km) OHETH 2,
RIETEA DR E L FROBE XU TOFIET
fToke ¥, FHARE LAkTHBICHET S
FANRESEC, ZhEEAZEHBRAEICL
DKRMETEHOR G %1T o072, FOME, ZLD
AERACEEEROBAZT KTHTEORN
B, BB 25w L 3FDEL — 28

mit

RO LNz T IITRHIKEARIEDOHEKRERIZ 1 I,
BEDTRIIC 3 BOKITHIE L B LMl
7 (1974), Ito and Vorndran (1983), & & Il
(1995, 1996) 5DOKAEELH L BEHTH 5,
S oI, —EOKFHIE TIENY Y 74 10 (Be)
AV FHBEHERUELTo T3 (Adki
and Imamura, 1999; ¥, 2000),

I D 4 EOKIATES Z KA (1996), Aoki
and Hasegawa (submitted) IZH# U, kil
BRI 5 substade 1 ~ substade 4 & L 77,
substade 2 ~ substade 4 PRI B EDTEK
#i (younger stade) IZFEHB L, 2D Hig b kil
AHEAR LT 72 substade 2 3B L T, KiFAE D #i
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of Northern Japanese Alps.
- substade2 , substade4
glacier name ELAg Hs(m) Hs-ELAg glacier name ELAg He{m) H,-ELAg
Yukikuradake North 2020 2320 300 Yukikuradake North 2080 2320 240
Yukikuradake 2230 2560 330 - - - -
Sangokuzakai 2640 2700 60 - - - -
Mt. Shirouma -
Nagaike 2480 2820 340 Nagaike 2630 2820 180
Asahidake 2700 2932 232 Asahidake 2660 2760 100
Shakushizawa 2740 2903 163 Shakushizawa 2680 2903 223
Shiratakesawa 2390 2541 151 - - - -
Harinoki 2530 2820 290 Harinoki 2650 2820 170
wiowes ey Sl e e
Tenjozawa 200 me  s0 G et 2710 80 470
Yarisawa 2900 3180 280
Yarisawa 2580 3180 600 Oobami 2940 3101 161
Tenguppara 2750 2986 236
Yokoo-One North 2550 2729 179 - - - -
Yokoo-Migimata 2700 3032 332
Mt. Yari-Mt. Hotaka Yokoo-Hidarimata 2730 3000 270
Yokoodani 2550 3190 640 gﬁ:ﬁ‘flke ;Z‘:g ?i:(l) 42(1)
Kitaho 2970 3106 136
Karasawa 2860 3190 330
Hidasawa 2900 3101 201
Hidasawa 2450 3101 651 Oobamisawa 2990 3101 111
Nakazawa 2990 3084 94
. . Nakadake 2980 3084 104
Minamizawa 2780 3084 %34 Minamidake 2770 2910 140
Shakushidaira 2560 2800 240 Shakushidaira 2670 2800 130
Mt. Kasa Banryudaira 2640 2770 130 Banryudaira 2630 2770 140
Kasagatake North 2550 2830 280 Kasagatake North 2530 2660 130

NL-BETH ) RTHBBIE b THER
substade 4 # R HRE Lize T b OKMFIE
HoERidsubstade 2B B ETn KIKET
(24kaBP) ERIOBRMKFBAL (REN, 1992)
IZ, substade 4 2SERKHAD 11-10ka IZHH T 5
(Acki and Imamura, 1999 iZ X % ¥Be #£1%),
Ric, BERSNIKABEOSMAIIETE, &
F#i k. (Accumulation Area Ratio; AAR) #:1Z
Lo TCELA DB ERTT o7 TNEFNRD
substade ICFER &Ny —3IFNEL—VE, £
NICERT 2KEBOGH P LB ITENEZNE
N substade DT DFEFIH L, 1/25,000
WEREHALAEER LT, AR (1999), Adki
(2000) ICETEX AAR = 0.6 2 EA L7 E51C,
1/25,000 A & KR & § 5 KW DEFER © B
VELBRORESEE (H) 2RELL. =8

b EEAPEELTVWARARFOBE, X
LEVHERRIBVESROEZR VTS,
R L Lz EhOXT#FIZONT,
substade Z&IZELA & Ho 2Bl L, 7F— 9 X—
RELTEHELE: &,

III. FEREELREREABEORR

1-a il &KITD ELA: & HiOBFR% R, |
FREHBEREBIIE2ICRT, IPOKRKIR
ELA; = Hs 278 L, {4 OXAOEILZ DOBDE
TIIHMET B, L7V T ADKADH Aoki (2000)
THOSPICERIBRT VT A LERKIZ ELAg A*
Hs G EOMHBEEREOZ LRI N, Thid,
%L DXFAD ELA S Hs 20 5 —EDO B ELR, L7
VTADBERHB0OmOEERBTRILLTYA
HTHB (MRTVIADEEIEH250m :
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1 kFATR, FRTATRCBYHREHEEARE (H) RO FEREE (ELAg) OBIfR.
a) Hs & ELAg; b) Hs & He-ELAg. NJA RIET7 VTR, CJA BHRRTVSRAERT.
b) HOMIE100m JENBHTHERT. b) Oy @MORr— i 2.

Fig. 1 Relationships between maximum altitude of the mountain ridge (Hs) and geomorphological equilibrium

line altitude (ELAg).

a) Hevs. ELAg; b) Hsvs. Hs-ELAg. NJA : Northern Japanese Alps ; CJA : Central Japanese Alps.
Solid and broken lines in b) indicate the 100 m running mean. Scale of y-axis in b) is X 2.

Acki, 2000),

ZOMBEEE, L7V TR - FBRTVTALE
b 8ok 28 O substade 4 TE <, B E D sub-
stade 2, FICH TV TATRIE( ZoTWwW5h, Z
i, Hs 5 3000 m & ) B\ H#I8IC 350 m DOF
EED S RBE T 5 —BHOKAVFLEL TS0
Thbh, 2D ki, BERTNVTADKEDKA
IR ABEEBOXKTAENFELTVT,
ELA; & Ho 8B ICEAMLCE& 2 REEEZRL T
Vib,

“onKTEOEABIE LT, & - HEEERED
KABETE%ERT (K 2). substade 2 TREED
Tk L7z H-ELAg > 350 m & % 2 KA S & A5
EICREL, BEHHMEE % 2 ILIROAERE D =D
TEXRBIFEGEWICRET 5, THhICHL,
substade 4 TIRIUTE*# #HATHH ) Fo - BTHR
KABSH L2 WBERRONE R E, KAD
SANAERE %), He-ELA;>350m & %2 5K

% 2 H: & ELA, ODERBRSHOKR.
Table 2 Statistical results of relationship between

Hs and ELAg
Mts. substade a R
CJA 2 0.749 0.450
4 0.696 0.838
NJA 2 0.331 0.375
4 0.788 0.839

o fliid~KEBRELA; =a X Hs + b O &, R®
HRERE.

a : Slope in equation “ELAg = a X Hs + &7

R? decision coefficient.

MIZEEPEVILEDOBRADARICEEL TWa.
zhizx L, &ﬁ@%%ﬁﬁw%ﬁﬁﬂi%%# 5
MM L SRS OHTARTMOEILTE, 20K
3 KA TR TR TH-ELA,<350m & %o TW
5o
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KiZ, Hs L ELA; D, T 2bbEEBOGE
ficEB L, Hs COBIRREER L7z (K 1-b)s

EESOHRE T H.OZiclb & FiE%%
OEEIEA 350 m A (1 200 m Bif%) T—&
LTV ABKARFROONE, ZOXKMEIZIEE
RFNVTADKFERT VT AD) bBBOBE
FECRTFZL L Twb, $72, substade 2
5 substade 4 DRI 2T TR AHEAD L 7242
bEHLLTY, TOXKAETRRAT—VHOBES
FOBEMICHEBRELZEVIERD SRV, TALD
HTEE, FEREESBREES,L—EEICL
PRLET, SHPEENIIRDL, SO Epb,
REEBOHBZRLZT-BHEAS, 7-& 218
WEHMRIZEIZEOBH A L2 X o THR - H#%
ENTVE720, BRREERIEREY S —ER
UERERT DB ENTETY, BREEENEL L
BIIONTFHEREELBL o TWwB—HTH
hEEZLNE,

=%, X7V T AOEES OHEBRITIE, sub-
stade 2 T 2900 m, substade 4 T 3100 m {5 %
B2, He DN - TS ERS—REHK
MICERT 2 KAEFBDONE, ZHIEE 1-a
KEBWTHs & ELA; OB ET S ¥ T3 Hs
>3000m & %2 BKIMEICHYE T 5, 77, BME
L2 5B E L substade 4 A¥substade 2 £ H b 5
{, substade 4 Ti3 L ) EEEEB T CREEAS
WKLo THBINIOKTBEISFL TR
RLTWn5,

- IV, BREDKHATOREE

BETZVTATROONZHRBOBEEE LY
RORFTT 57001218, HROKTIZB W THEE
DHAFPRDOLNDE P EI »EEHL, BHHN
5% 56X, BREUKA O LD SBEOKAD
VB ERET A EATEEE 25,

World Glacier Monitoring Service (WGMS)
WKL oT, HREMOKMIZET 544 2 iEME
PF—% %y + “World Glacier Inventory” & L
TEEEN, 1529 F2BULTABSKT
W5 (Hoelzle and Haeberli, 1999), L#2*L, &
D7F—=5+Ey MIIELA;, Hs tR—OEEBIXE

Substage 2 Substage 4

Senjo-sawa

Legend
T3TN
NIA Glacier
HS-ELAgg 350m

Matsumoto N
T T36
,cu o’
Nagoya SJA
9

Glacier
H_-ELA e <350m

-35'N

Mountain Ridge

It

} 43
T T 1 T
I37E  I138E  139E 140°E

s

B2 18- #EELgEokmas.
ETHAONAR IS - MEEROMYEEZRT.

Fig. 2 Reconstructed glaciers in the Yari-
Hotaka range.
An open square in the lower left figure
indicates the location of the Yari-Hotaka
range.

. EINTW2v7-®, “Snowline Elevation (SE)” &

“Highest Elevation (HE)” # 88+ L THW/- 2,
SHRRELI-DIE, TAFALR, 2—HH% X
WikE L THAFE L HBOKADBSH T 54
LF X v AEETH DB, B, 20024 4 Bicy™
YU—FL7F—%% B/,

K 3-a izl =L D HE & SE * DBEE TR T,
HEF vy HEBOKA (K3a-1) T, K HE
# 8 (HE < 1800 ~ 1900m) THE 2 ¥ 5
SEDEBREENELDTHEVDICHNL, SHEH
BTEREFETLTYS, 74 LK (X 3a-
2) THEHE $H (HE < 2800 ~ 2900 m) T
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2 e a-1) Kamchatka Peninsula a-2) Altai Mountains 2-3) Caucasus Mountains
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b-1) Kamchatka Peninsula b-2) Altai Mountains b-3) Caucasus Mountains
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2500  2se0l. | 2800 § o HE-SE
2500 ¢ RM in Lower HE R
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HE: Highest Elevation (m a.s.l.)

B3 FUMCBYARESEE (HE) LEHBE (SE) 0R%k.
a) HE L SEDOME, b) y R+ BERROBER (HE-SE) & LAbo. NIEFFgRE LAKTE  TA: & HE

fEIREE HE HROBRAEE.
b) Tit 100 m BEEHOMEE ML
g L.

—RERERD S DEEZEOMA MM R B L 58 HE 3 & K HE #HE

Fig. 3 Relationships between Highest Elevation (HE) and Snowline Elevation (SE).
a) HE vs. SE, b) altitudinal width of accumulation area (HE-SE) vs. HE. N : number of glaciers ; TA : threshold
altitude between the higher HE groupe and the lower HE groupe.
in b), 100 m running-mean value were calculated. These values were classxﬁed in the Higher HE group and
the lower HE group so that a total of the residuals from the regression lines is the smallest.

DBEMENEN—F, BHEHEBTITESDEN
A& %D, SE = 2600m ~ 2700 m 354 TR
EELLD [Ea&%] 2R TKIHFEDLNE,
a—#H4 AWK (K3a-3) TiiE HE #i8 (HE
> 3100 ~3200m) TOESDEMKE L, HIC
HE > 4000 m Ti3 3500 m < SE < 4000 m {3
TSE® [EBEH] PHEIEDLNS,

Zh b 3RICEIT 5 HE-SE 41, k#io
BEA7Z VT ADORATED b7 H-ELA; B{R
LRABOERMERL TS, Thbb, BESE

(Hs, HE) 23BEWVWHIR TIZEEHREE (ELA,,
SE) &<, BEBENE 25 1o THEH
EELLATA, —H, BREEN-ERELE
ABLBREEL FEREEOHEBEIEIRY,
FHEBEEIC (B8] ¥8h5,

7 v FAURDBBKAICOWCILEEE (Hs
LF%) LEHEE (SE LER) OBKEREL
HRET (1992) &, WEEEIZL > TEREEN
HESWLEHEL, BREE:EHETERSESY
—EEEICNHT2ELPRONBEIEEZRL
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£ 3 FLUBCBISBREAEE (HE) L ERREERE (HE-SE) 0BFES
WoOHRE. -

Table 3 Relationships between Highest Elevation (HE) and altitudinal width
of accumulation area.

Kamchatka Altai Caucasus
(TA=1600 m) (TA =3000 m) (TA=3600 m)
a R? a R® a R?
all 0.26 0.61 0.55 0.61 0.67 0.61
Lower HE 0.01 0.96 0.06 0.44 -0.06 0.16
Higher HE 0.51 0.83 0.96 0.95 0.91 0.94

TA (31 HE i & & HE HBOEFRE.

o ld—XkKEBR (HE-SE)=ce¢ X HE + b D%, R*IIREFRK.

all 12 & IR O KA A K. Lower HE & Higher HE i3 100 m BB FIHE D
& HE #i, H HE HBEZHREL TV 5.

TA : threshold altitude between the “Lower HE group” and
group”.

a : slope in equation “ (HE-SE) = a X HE + b"; R*®: decision coefficient. "all”
include all glaciers in each mountain area. “Lower HE " and “Higher HE”
include glaciers belonging to the “Lower HE group” and "Higher HE group”,

“Higher HE

respectively.

BREOHOE[REEIEER FHRE (3.3 £ 1.0
CT) KXo THEENTWAI EERLE. — 4,
#NET (1991), Yanagimachi and Ohmori (1991)
RBEEOBART VT ADOEILF LBREE (SER
HEEREE) PREBATFHAE A~5T)
FoTHREINTWAZ L ZERARBMERC
EOVWTRLTwS,

7T AURDOKAICE L T WGMS &7 —
Yy MISEDF—FHiELACBBIATY
BnlbREBTAIERTERY, LML, KT
PTHEICRSSh, ZO—-HOREBREE S
BEELERRII TEFH] 2oL v BRI
KRR BB RLEEEST D, TOZEnD,
HAF v hEBLEDIINRTREIN:E HE
HIBOKFEH O SE 1, YFKILIMICBIT SR
PHBREEERLTVwEEEILNA,

BAET V7 A DK OKAICBIT 5 ELAg & Hs
OBk (K 1-a) Tik, B HsBIRIZBVTELA
DHEELEBERRTED AW, Ho I T 538
EHIET §5. £7-, BEBROBEELZT Y Hs
CELADHBIZAE LAM1b T, Bilal
BT % ELA, DIE 5D & L3S LTCRBTHE

CEBMArEDON 22T, H3biHh A
FrvhtB, a—AFAUK, TVF AL UKD
KiMizowT, ERBOEEIE (HE-SE) & HE
DEBER L, 100m BEIFHEE HHLE TR
L, —REUFRA DS OBRERZOMPRNDCE D
I EHE ikt B HE BB LKL, #ER
BE (TA) £HHBELE (%&3) %

FORKE, TARZURE B ART VTR LRAK
KB FEHEOHRZERESE LTROLN, K
3-allBWT HE 23§ 5 SE OBHEBRIMET L,
EBEESBLEDLIEEL—HT 5, $72, TNV
AWk, -4 AURTE HE #IBICBIT3
HREROEE (afl) 2°1.0IXEVC EiE, HE
DLRGHEOE FEEREEROEMSITHY
LTWwWaAIE®EWRL, Zho0WRTIAHE HE
FBIIBWTSE# (B8] 2F-o-TwaI L
ERBL T b,

HE7 V7 AOKBOXATIE, B Hs #HIRIC
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