Chronological Study of Glacial Advances Based
on the Weathering-Rind Thickness of Morainic
Gravels in the Northern Part of the Central Japan

Alps

B&5:jpn

HhRE

~FHH: 2017-10-02

*F—7— K (Ja):

*—7— K (En):

YRR

X—=ILT7 KL R:

FiT/:
https://doi.org/10.24517/00000031

This work is licensed under a Creative Commons
Attribution-NonCommercial-ShareAlike 3.0
International License.



http://creativecommons.org/licenses/by-nc-nd/3.0/

MG 67A-9 601-618 1994

TV — VEBBRBORBILEEDOE I SHE L
dhoe 7 L7 ZALE T 5 1) B oK RTEEEA

F A E AN

AEHr EFDICBT 3, FHEL— 2B 3BICERI N B{LEEOESIFEH4~8 mm T
=7 ZOFER%E, WET (1983) Lk - TRONALTEEI VOV - v OERERET I &iICE
-T, BEV—UEBBREOBREORS SEEEREOBFRERF NS L KB CER L, B{ILEE
ORZEREERDE. Z2HILE-T, ERRXFOEL -V ORILEEOEIN S EL — v OERERLHET
L. ZOER, FAEfBOKANERIIEVWENS 3.5 FEB. P. iR OFRSNHE GEEKERE0E
K#), 2.0 FEB. PR oBETBEY (BKMBEL, 1.0~1.4 FEB. P. 10 =/ R Bk
BhoFm Ky 728 KXATEL. IHSOKEIEREORSITHHNC bEYTH B,

F—U—F: KEHs & BILEBEOHE, B(CREOREME NAMPMEE F I 7

I 3C®IC

BADEUMFIC KDL AT & B O &
BHEL, EMSRLEREERL WS, LA

BRAEZOHEER ot ROBELTEHEETH 5.

& CIOKAHIFE KO SHREEEKWRT 21T

51, HEEHE oA ETEND CEEL,

KR - BKBEXO-DICHEELIEEL NS,
BADKEMFOREE (=KFAIDFTHEL) &
BREOKPATEOEKY (BT, DUTRL) &
BRCKAREOE KL LT, DUTEL) &
KARBENTWS (Fe& A, /N8 - B, 1975
Ono, 1880). k77 AT, /PEIFH (1974
DWELIK, BHFFIC | @& FEEDIC 3 EokAEH]
EHPBH SR TWE (o & XL, P 1982 ;
Ito and Vorndran, 1983 ; E#&)il, 1992). dt7
VT AR TIIEE, KAREGORHMERIT DL
THEHNEMLo-2d0, BRO—/REL—1

(RBER, 1962) 2% 5 EPm kLK (BTHE - §H+,

1979) ETE, RISV TR 60~T75 kaPIF]
EEZSNTVS (P EAR, 1989). #FiHic>
WTH, REFETOITAS TR Tn kLR (B
ERAEAEE

H - #1976 ; 22~24 ka) OB TAETRIC 2 EOD
KARENRBD SN TED (BB 1992), B8
EDOFEAREV - PORFD “CERDMSH,
#) 25 ka OKAHIENEEINTVS (NEED,
1974). .

FhRF7 NS X TH, Kobayashi (1958), Ko-
bayashi and Shimizu (1966), /INEF « #&7k (1982),
MPET (1983) 1L LT &k OIKAIMIEL DBEL TR bR
T W5, Kobayashi (1958), Kobayashi and
Shimizu (1966) &, BR#IKE % i O REIR K,
BEORIKBICXS L, fERUKMictkxhsE L
=Y LEhS Pm-IV KK (BETEH 43~55 ka
PIRD ZRR U7 /MEF - K (1982) bEHKI
EZHE2HCRSL, BOI T IVEL— Y B
5 Pm-V KK ZRR LTS, —%, HEl
(1983) FEHEKPEPHEFE] - I - DHRS
L, Pm-IV KK DT L ha I &%
DHROIMZ—E L CIHEIHL L, MEHEic
ML 72

PUETHRANRIALT VTR EFRT VT RICET B
REROKFAMRELE LB T 5L, FIETREFER
7 DIKFRTHERIC D W THSHERICE S RE - o
ESTFREbR TV 30, %RETIREFHEO KRS

— 601 —



d
—’,

vfl\',
=

1 2km

FIR AR LKA
7 I BRI DKM (98], 198310k 5).

K:X&ss&E H:Z28%

Sa:=/R&

1: {BRFiE  Si:vSE¥E

Fig. 1 Location and landforms of study area
Shaded area shows glacial landforms formed during the latter half of the Last Glacial

period (after Yanagimachi, 1983).
K: Mt. Kisokomagatake

Inamaedake Si: Shirabidaira
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Fig. 2 Distribution of glacial landforms of study area

a: San’' nosawa cirques
1. investigated moraines
5. trough wall 8. glacial subdued ridge 7. gradin
Slu~k: investigated moraines
dake

Ni: Mt. Nigorisawadake  Hi: Mt. Hinokiodake

b: Nogaike cirque

2. uninvestigated moraines

8.

A:point A K: Mt. Kisokomagatake

¢: Senjojiki cirque

4, distracted cirque wall
ground moraine 9. fossil periglacial slope 10. peal
H: Mt. Hokendake  Sa: Mt. San’ nosawa-

3, cirque wall (clear)
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Fig. 3 Projected profiles of the upper reach of

Inagawa Valley
Sa: Mt. San’nosawadake
Ni: Mt. Nigorisawadake

Si: Mt. Shimadamusume
S II: San’ nosawa I cirque
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Fig. 4 Measuring method of weathering-
rind thickness

The maximum weathering-rind thickness is

measured at each of five sections (1~ 5) except

for corner (*) and joint (**) points.

k- TERY, HESFHAEICET 2 —EDRME
BFESHhTWIEWY, 4EIiT Burke and Birkeland
(1979) ITHELT | 5 25 EERERH RS L, &
BETSFR D 50 EAFHRI L 70

2) FHRRER

ZJiRA—NEE:Slu, SIL, SISO
BELV—- U oBRONKBOBILRIEDE X D
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Table 1 Statistical values of weathering-
rind thickness for each moraine
Moraine AVG STD  Mode N

San’ nosawa cirques

Slu 43 0.53 4.1-45 50

SIL 5.4 0.83 5660 50

S 6.3 0.66 6.1-6.5 50

ST 6.5 098 6.1-6.5 50
Nogaike cirque

NT 6.2 0.61 6.1-65 80

NL 6.5 0.83 6.1-65 25

NM 5.6 119 66-70 25
Senjojiki cirque

b 7.8 0.95 8.1-85 25

c 6.6 0.62 6.6-7.0 25

e 6.7 098 6.6-70 25

i 6.3 048 6.1-65 25

k 44 0.36 4.145 15

AVG : BULEIEDOE S DFIGE (mm)
STD : BULHEOE S OHEESHOEEFEE
Mode : EULEE DM X OHEE S HOREXE
(mm)
N: 4>l (@)
KEEGEREEE IO IE
AVG : average thickness of weathering-rind
(mm)
STD : standard deviation of weathering-rind
thickness
Mode : mode of {requency distribution of
weathering-rind thickness (mm)
N : number of sampled gravels
Bold face figure : used for age estimation
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Frequency distribution of weathering-

rind thickness of morainic gravels
STu~k : investigated morines (see Fig. 2 for locations of
moraines)
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Elb~2;7.8mm, 3Hka cEL— ;6 6mm,
25 ka) SODMFREENRELA. £/, EL—VEL
THRE LB, UFEB0/8ECE T 3KkADS
TyF I THEULER, URROBBORER
BUC K DAEI N, KREREICET LIBIERE
EZZohd. ChSOBAToEANSAT, BO
HERAIET RILRBEOEXRIZIE 0 mm &
ZZo0507T, (D) ROFEHaZ0&LLAD b
BLU cOBOBRILEEOES & EROBFREENE

8

W =10.26log(1+1.36 x10%r)  (b)
1 T T T T T b

c -

0 E‘.‘,;,...I.'»ll.--,;-ﬁ i\ SUTEEUET JN
0 10 20 30 40

AGE (ka)

o6 ELEBOREHBRERVCAERRHNOEL — v OEBREROETE
(8) : 1" X (REBED 1ok » Tk - BRSO REdhE
(b) : 27" K, GHEBEED) I & » Tk =B RIEO R i
b,c: BEEEL LATEHA LD, cEL—V

Fig. 6

Estimation of moraine forming age using the growth curve of weathering-rind thickness

(a): growth curve expressed by power function

(b): growth curve expressed by logarithmie function

b, c¢: b and c-moraine in the Senjojiki cirque used for the regression of the equations
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LIcBRELTOLED THS (B ERD.

W=4.33X1072¢%% an
W=10. 26 log(1+1.36X107¢) @

2. BA—NTH T BKERIEROHE

BIE R~ BLEEOE X O AERE, B2
DOELKBEOREHMBEZHWT, &4 — L OKAER
EEHOFREEEE A7
meeEFE2RkEIK (1), @) ORULREDSR
EHEIC, ERKEOEL -V - BN SESOKL
BOBLEEOEXOFEEERA L, BRERE

BELLEEEARLADOTHS. 2L, SIL,

NM &, BULRBEOEIDHEESRICEHOE—
RPRBEISED A2 bHDT, BEEIEL—DF
s R EEL, FETRECEEBEEZRA
L 710,

b, cAZFNZFH 5 ka, 25 ka IcREhizeT

%&, BALHBOEXOHEEREN S, AEYRE
Lic® b — Y OERERIBEITO 2 i KBlREEE
Ebh b,

e, i, SIL, SI, SI, NT, NL, NM O¥ak#A
s ff] 1. 9~2. 6 FEERT

k, STu OFZEER----§9 L 1~1. 2 Al
Ihoicb DB (35 ka) 2EbE5E, 4
HIROKFRHELIZ 3 > DML 5. ARBTIZT
No%x, HOEHISEZIE, BTFERYE =/R
B DKERIER &IP3 LI 5.

3. BALREOEXICES OKAREROEED
Ptud
FEMEADE L — Y OERERB EEOX S
3 oizkBlxN. SEOKAFEEIFEET A E
i85, Linl, BILEBEOREX Z/H W/ HiBTER
HOEEICELTR, T0RSEEIaoRETS
HENH B (REB. 1993 ; BB, 1993). 22T,
BT b — v ORE L KERIEHOEENENYT

g2k AIRBEoRZEHE,ISHEELLEL—V
DFRRER

Table 2 Moraine forming age estimated from
growth curves of weathering-rind
thickness

point A\ES"TVY)RT from(;gj (1) from(iz.)(Z’)
San’ nosawa cirques

Slu 4.3 10.5 12.0

SiL* (5.8) 19.3 19.7

si 6.3 22.8 22.9

Sl 6.5 24.2 24.3

point A 3.9 10.3 8.7

NT 6.2 22.0 22.2
NL 6.5 24.2 24.3
NM** (6.3) 22.8 22.9

Senjojiki cirque
b* 7.8 35.0 35.0
c* 6.6 25.0 25.0
e 6.7 25.8 25.7
i 6.3 22.8 22.9
k 4.4 11.0 12.4

ERBmoEL— v

* SIL & NMBHENRIRONPALNEIEND,
EL—-VOEFBRERERTEELTE— FORRE
[z 1A
absolute ages are known

* Because the frequency distribution of weathering-rind
thickness for S1L and NM shows irregular patterns,
mode values were used for the estimation of the
moraine forming age

HBNERITLTAHI

D BOBLEBEOES ZiEHERE 470 E

DE=E

2R (1993) id, BLoE#E BT sHORL
EFEOBEX:, BEREKAOSNLIFEIH mm OF
A (BikgIBiY v b, granular exfoliation pit)
DEX & OBEFRERIT L, MEORICEDHRBIBR
NHBEIEERHLI.. JOBRIESE, BRE
ROBFOVE (B, 1093 @ stage.4) B LTI,
BLREBEORE X IRINHIRBEOHEEEMI(K
Mg 57, BLEEOEINSERZHEETHI
LERENTHSE L. ZOER (1993) OIEHE
ZEZRL, BEOREEEL LITEEI LD b,
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cBLU, Z/RBEIcHELAkICWT, BRE
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TRICBULEEOE S SRR E v SOOI LD
BT RLE WTFROEL— VIS0 TH, R
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AEEEERREELTIVWEWE B,

—7, KRG Y v POESOFHER, TEEN
BENOARKFOREE (W2 mm) &EBRE
L o7z, ZORBHIE, b, o k BREORLE
B5, EES (1993) o Stage. 4 IZHXF B EER
7. fo ki, AR (1993) Tk, Stage.
4 ST ARORILEEOEX 3, EERKLD
LRI HISEE OMEEBR RIT 5. Ll
SHEE Licb, ¢, kD3I DDEL—ViZWTH
bA-NVEICKEL, EHICLINIErs, W
HEOBERL EOEBREOHIFERENE LI ELS
EREIANID. T, ZO3ODEL—VTEA
ENELEEOE X IH VIS IR EEL K -TH
D, ZOREIDZERRIETERZHEHNLREOE

BHOATHLEELELVAS. Lidt>T, D

(&b Bka FTOPWHTHR, HEMBOBOR
(EEEOE X (3B s LTRV S 5L EX S50
5.

2) €l —VHEDY DR L

wic, RIEICHRE L OKAREROXSY OB EGE
&, E—kERER IV —Ud, FH—
DOBEMICET 3 & REE B0 E I pekettici
ELf.

—#2i2 2 DL EOEFISWT, FOEERET
BHEELT, /85 A MYy TED 1 DTHS,
IEMFniE ik (Kruskal-Wallis BE) 295 5.
Kruskal-Wallis BEXKE (1993) Tk, Bk
BRI K 2ERUMEDEMEELTANLBICHETH
5L3INTVWA.

%9, EERSMOFERZIISDVLWTRH L. &
i, FENEO b & TR TEENRAD
e I DWVT, RICHETEETHSENR/PND NT
&= RETESENRAO KIS OVWTREZETES
sfe. REOHE HiEs bHERKE25% TH
BEED (BEIR), SHOMEMEREL VWA S,

iz, BkmEFER b ahiceL - VELI

51 @ G =0.104W +1.334
st r* =0.0306 °
z G =—0.145W +3.544 °
E O
3t r* =0.0442 .
o, ° o o 4
w I~ %\ Tree—ea._. 0008 | _ um
< -7 - -.O- TR >~
L] 2t rs'.:ao ° °° o
< e % o. ° °
1} )G=-Q&UV+4%5
r? =0.2124
0 2 2 A A 2 2 3
3 4 5 6 7 8 9 10
¥ : WRT (mm)

TR BERBOES (WRT) HRRHKE v FoEX (GEP) &0

A:kEL—V

Fig. 7

@:cEL—

O:bEL—v

Relationship between weathering-rind thickness (WRT) and

depth of granular exfoliation pit (GEP)

A : k-moraine

@ : c-moraine

<& : b-moraine
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Table 3 Results of Kruskal-Wallis test
Stage Moraines H-value
Nishisenjojiki c,e i, SO, ST,
NT, NL 16.749**
(former) c,e, ST, NL 2.532
(latter) i, ST, NT 2.098
(former & latter) ST, i, ST, NL 4.009
San’ nosawa k,Slu 0.733
Inagawa and Nishisenjojiki
b, e 16.131**

Nishisenjojiki and San’ nosawa
NT, k 32.830**
H-value: Kruskal-Wallis RiFIz &k 2R TR
o HBKEE25% THE
H-value: result of Kruskal-Wallis test
** : significant (@ =2.5%)

=1

- 12 LR _
H= NNFTY En—j 3(N+1)
B i
R=X2r,; N=23Xn,
’

n, : sumple number of group j
r;; :rank { in groupj

DWT, MEOFREERF L. B&IIHIIcoW
TR IME LT - HBSNE D Foicdd, #1D
SHICOVWTDAREEITE - 72, REDER, =
/RIS SWTIRERKEE 2. 5% THETHLS,
BEPELWIEFEOMhER -7 (B3E).
=7, BTEEMIEESENEL{ES SIL
ENMEZRS THAFROEL— L E0EE LI2RE
T, BEKE 2.5% THELLD, BEEREIHE
DEINBENREINI. ER, BTBEEOEL
—VOEREREMICTANS L, 24ka (B
6.4 mm) DHFIERT2OCH»PNELIIHE B
(BERD. Thid, 24 ka © AT KLKKE Faik
WK 2EDKARERERE L-ES) (1992) &3
MMTH 5.

ZIT, FERERNG 4 kalllfssiExhs ST,

NT, i &, 24 ka DIgi&#EXN S ST, NL, ¢
e D27 N—TROVTHEHIICREE T -7, &
EDHR, ZHFhOHHIC > W THEK®E 2. 5%

THETUL, ZRFNOBBRYNE LV I &5
Sht. ULiedi->T, BFEEE 2 >0k g
Hh SR X N B TR E .

LiL, SI, i & SH, NL oA &bEEHE
WTHEBRHOEEZII S OWTRERFTES &, &
BOKHE 2.5% THETKL, MERELERENIC
RAg6IETELEN.

FHETRESI (1992) DLH5ICF75 2B/
T2HERS L TRV, F7:, BULREOE X
KEBFEREEORE (KATER) 2ZR8T5H&,
FEROVEE L 2 HAEMBIICRAT 5 L EL
W, EITARTIE, BETBEPEELLEL—-vE
HA TS ET, FE—ORRIICEEIICRIH
TbDEEZ B,

DEogith s, BEIE BETEHM =/R
BOKRAFEPOEE L XKML, et aThs
CRELTHB Z EhRaNE.

3 FREEEHEDORE

i<, BORMEEOREXDOEHEE+ 1S, b,
¢, k DREL—VOEREROBEEERDI. *
DR, b T2 3505885 ke (BEON, B
MABNF BB X > TRDI b D, FEMARI T
BEIcL > TR bD. UTHER, ¢ Tl
250235 Dk a, kT 110730 1 Dka 0
EXEShI. Thid, citoWTR 1 FELA—4
= kI OWTRHTFEL -5 —DERITEE T &
ZRT. —H, BiEROLSICb REEIKIcRERI
c KDV, BEWEIR 2 FEFEAEV. L
P-T, FRINFDOE L — v ORRERICHONTI,
BKE—FERIKEY 1 7 VOB TORBNE L ES
FITELEDHERETHSHS. ULORFERICES
%, 3 OOKFEAEINIC D\ CERES R L AR
ZRTERDESITH B,

* BRERJIH—35 ka Fik O REOKEIRTED TR

* BT BHH—20 ka §i% O BKIKORBLIE

* =/ R#A—10 ka~14 ka DBk
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iAge from| GLACIAL Glacial advances at | Central |Yari-Hotaka| Age from
IWRT (ka STAGES| San'nosawa cirques {Jpn.Alps 1)| Range 2) |4C &tephra
2, "700 2, ?00 2. 300
T
10 Tsannosawa > Slumoraine Yarisawa St. T
St. { Sl cirque
Nakagoshodani
~ Apiates et St. I .
20 Nishisenjojiki | s sm SILSH Yarisawa St T 94 g9y B.P.
St cirque moraine AT ash  3)
) - Babadaira St. |<14C age 4)
25, 150210
30 ] y.B.P.
Nakagoshodani
. St
40 . ground moraine
trough edge
Inagawa St. Ichinomata St.
«Po-1V ash 1D
g Nakagoshedani 43, 000-55, 000
5 0 I St 1 y.B.P.
B8N FRTLSRIEMOKEDERE ZORE
1) %y (1983) 2) Ito and Vorndran (1883) 3) &4 (1992) 4) /NEHE (1974)
Fig. 8 Chronological sequence of glacial advances in the northern part of the

Central Japan Alps
1) Yanagimachi (1983)

el, al. (1974)
=) RESBKEICEST5E, Z/RIA
—IRICA SN BEHE (HEA) ORI, B
2R T 2BOBRLEBEDOEI NS 8~10 ka L
EXN, ORI - VRISKENEE LD

21 EZONBIE LT/ TH S,

4. HhR7 IV T R B 1T BKEIRE

IS, BIKFERGEEDOKADAHIZH>WT, BE
DRI L BAMAERA CHBISE~NS (58D,
RZRINEA - HIET (1983) @A, T
b s kEEER. FEARFETCRKEVESH
L600 m OS5 EREETHT L (HIET, 1983), B
yMA—-NDHBBNBETRESH 1900 m 08
Miiev—y (FH - 1], 1983) £ TKRENKT
LTwie, Z/RA—-IVETIKBMTELBREER
Licskikd, Z/RIA—NOKEENREHELTE
FNEHRTTHEKEEEY, THRATR IS 7

2) Ito and Vorndran (1983)

3) Hasegawa (1992) 4) Koaze
wOETIT U FEV—VERRKR L. JOBKA
DFREIEEH 2, 160 m (AHIR, 1979)~2, 040 m
(W7, 1983) fTELEEINTWVS.

ETEYE : T8I -, Z/RIA-ATIR
KEVTHOBETHTL, ¢ e i, SILOEE
L—rv&ERLE. Lrl, #hoh—-LcikEgo
BWAA— VAR SN, A —VEDEITIEY —3
FUEL=-VHERINI. EBRROBFEH TR
IR AIMEEEAME RE Lo CMNR - B, 1902).

ZJRB - Z/RIF-NBLUTEHS — I
EIMOHIKANREL, k, SIuDOHEL— %
Bkl —H, Z/JRIA-AENA-LVTRE
IBSERITHBK L Tz,

INSDOKEREHD S B, BRI EFBFTER
3, BULRBOEI M OHEELAAERIDERK
WP KYICBAET 5. —F =/ REPOEEE
i3 10~14 ka T, BkificiEd 5.
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Chronological Study of Glacial Advances Based on the Weathering-Rind Thickness of

Morainic Gravels in the Northern Part of the Central Japan Alps
Tatsuto AOKI*

In Japanese high mountains, glaciers advanced during the Last Glacial period to form cirques and mo-
raines. The chronology of these glacial landforms is important for examining landforms development
in the high mountains and for reconstructing the Last Glacial palecenvironment. In high mountains,
however, it is difficult to find the key tephra layers and/or radiocarbon samples for dating. There-
fore, weathering-rind thickness (WRT) of gravels (Fig. 4) has frequently been used for dating mo-
raines and debris slopés. Recent studies in Japan have also determined the age of glacial and peri-
glacial landforms using the WRT, yet little attention has been paid to the statistical significance of
the dating. This study discusses the glacial fluctuation history of the northern Central Japan Alps on
the basis of the statistical interpretation of the WRT values. Eleven moraines in five cirques were se-
lected for the analysis (Fig. 3-a~c).

The measured WRT values are large for lower moraines, but small for higher moraines. In addi-
tion, the WRT values have no correlation with the depth of the granular exfoliation pits developed
on gravels, which reflect the effect of denudation on gravel surfaces (Fig. 7). Thus, the WRT values

depend not on the difference in the denudation process but on the age of the moraines.

Geographical Review of Japan 64A-9 601-618 1994 *Graduate Student, The University of Tokyo.
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In the study area, two moraines were dated at 35ka and 25ka, respectively, using tephrochronolog-
ical methods (Yanagimachi,1983). The relationships between the ages and the WRT values for the
two moraines can be expressed as:

W=4.33Xx 1077
or
W = 10.26log (1+1.36 X 10™*¢)

The ages of the other undated moraines can be estimated by the substitution of their WRT values
into these equations (Fig. 6; Table 2). The moraines can be divided into three groups according to
their estimated ages: ca. 35ka, 1.9~26ka, and 11~12ka. This grouping is confirmed by the Kruskal-
Wallis test, which is a nonparametric statistical method (Table 3).

Based on the WRT values and the mathematical errors involved in the WRT method, the ages of
the glacial advance stages are determined as follows (Fig. 8) : 1) Inagawa Stage, the early stage of
the Last Glacial Age; 2) Nishisenjojiki Stage, around the Last Glacial Maximum ; and 3) San’nosawa
Stage, the Late Glacial. The age of the third stage has not been determined in previous research in
the Central Japan Alps. The stage can be correlated to the Younger Dryas stage, because glacial ad-

vances in Japan are known to have occurred during the colder substages of the Last Glacial Age.

Key words : Central Japan Alps, weathering-rind thickness, growth curve, glacial chronology,

Younger Dryas stage
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