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Geological control on the distribution and characteristics of talus-derived 
rock glaciers 

Norikazu Matsuoka and Atsushi Ikedポ

Introduction 

Talus-derived rock Q:laciers. which characterize the v~---............~" 

alpine landscape， originate from thick debI1s accumulation 

under a permafrost climate. Further growth of the rock 

glacier requires continuous debris input from rockwalls 

(e.g. Olyphant， 1983; Haeberli et al.， 1999; Humlum， 

2000)， which exceeds the possible removal of debris 

from the rock glacier. Modelling of the rock glacier 

dynamics should incorporate debris budget in the 

roclくwall-talus-rockglacier system. 

Debris input mainly results from physical weathering 

on rockwaIls， which periodically provides coarse 

materials on talus slopes and rock glaciers. Since the 

rate of weathering depends on both environmental and 

geological factors (e.g. Matsuoka， 1990)， the rock glωier 

dynamics depends also on these two factors. This paper 

focuses on the geological constraints on rock glaciers， 

based on the literature review and f了ieldinvestigations 

in the Swiss Alps. 

Bedrock geology favorable for rock glaciers 

Table 1 lists bedrock geology feeding rock glaciers， 

compiled from the literature. Some references cite a 

number of rock types associated with rock glacier丸 but

only major rocks are listed. Table 1 a1so displays the 

activity status (active， inactive or fossil) and surface 

composition (boulders or pebbles) of the rock glaciers. 

The major four rock types， granite (including 

granodiorite)， gneiss， sandstone and limestone (including 

dolomite)， tend to produce bOlllders or blocky debris up 

to 5 m in diameter， in response to wide joint spacing 

(e.g. Wahrhaftig and Cox， 1959). This sitllation agrees 

with the visual impression that the majority of rock 

glaciers display blocky upper surface. These block-

producing rocks， also including basalt and quartzite， are 

generally considered to resist rock weathering and 

sustain a high rockwall (e.g. Whalley， 1984). Annual 

freeze-thaw action reaching several meters depth in the 

bedrock may play a vital role in producing such blocks 

(Matsuoka and Sakai， 1999). 

'" DoctOI叶 Programin Geoscience， University of Tsukutヲa

1n contrast， rock types mainly producing finer or platy 

debris， including schist， shale and rhyolite， are less 

common in rock glaciers. These rocks are densely 

jointed and susceptible to rock weathering (e.g. 

Matslloka， 1990). ln fact， protallls accllmlllations below 

rockwalls composed of these rocks consist mainly 01' 

finer clasts 01' the order of centimeters to a few 

decimeters in diameter. SlIch small clasts can originate 

from shal10w diurnal freeze-thaw action (MatslIoka， 

1990，2001). 

The contrast in rock Q:lacier distribution between the b 

two rock groups can be seen within a mountain region 

like the Alaska Range， where the geological bOllndary 

between granodiorite and schist (or sedimentary rocks) 

coincides with the bOllndary between abllndant and 

fewer rock glaciers (Wahrhaftig and Cox， 1959). Rock 

glaciers having a source area consisting of mllltiple rock 

types often display horizontal variations in surface 

topography and composition reflecting the lithological 

variation (e.g. Elconin and La Chapelle， 1997). 

Geological constraints on rock glacier morphology 

and composition 

The Iiterature survey shows that bedrock geology also 

affects the morphology of rock glaciers. The boulder-

producing rocks feed both tongue-shaped (1ength larger 

than width) and lobate (length smaller than width) rock 

glaciers， while rocks prodllcing finer materials are 

associated with sma11 (and mostly lobate) rock glaciers 

with a longitlldinallength less than 300 m (Table 1). 

Field observations in the Swiss Alps have also 

contrasted rock glacier morphology derived from the 

two rock groups. For instance， rockwal1s made of 

crystalline and hard carbonate rocks tend to resu1t in 

large rock glaciers made of coarse blocks (Fig. 1). This 

type of landform is defined as 'the bouldery rock 

glacier¥In contrast， shale rockwal1s produce much 

smaller and steeper forms made of finer debris (Fig. 2). 

This type is referred to as 'the pebbly rock glαcier' ， 

which is probably comparable to the earthy rock glacier 

defined by Evin (1987). Other contrasting features in 

morphology involve that the pebbly rock glaciers have 
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Field observations in the Swiss Alps have also 
contrasted rock glacier morphology derived from the 
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smaller and steeper forms made of finer debris (Fig. 2). 

This type is referred to as 'the pebbly rock glacier', 

which is probably comparable to the earthy rock glacier 
defined by Evin (1987). Other contrasting features in 

morphology involve that the pebbly rock glaciers have 

11 



2 0コ 片 山 N C Y A R 出 c c w h 凶m Z M m 凶 〉 門 出 C 凶一凶ニ r m w 仏 何 回

Ta
bl
e 
1. 

B
e
d
r
o
c
k
 g
e
o
l
o
g
y
 a
ss
oc
ia
te
d 
wi
th
 r
oc
k 
gl
ac
ie
r 
di
st
ri
bu
ti
on
. 

伊
同
d

t¥
J 

Re
fe
re
nc
e 

Is
ak
se
n 
et 

a
l. 
(2
00
0)
 

Sw
et
t 
et 

a
l. 
(
 

19
80
) 

A
n
d
r
e
 (

 
19
94
) 

Fi
rc
h 
&
 8
ra
nd
t 
(1
98
5)
 

H
u
m
¥
u
m
 (
20
00
) 

El
li
s 
&
 C
al
ki
n 
(
 

19
79
) 

El
1i
s 
&

 C
al
ki
n 
(1
97
9)
 

Ma
rt
in
 &

 W
ha
l1
ey
 (
19
87
) 

W
a
h
r
h
a
f1
ig 

&
 C
o
x
 (
19
59
) 

W
a
h
r
h
a
f1
ig 
&
 C
o
x
 (
19
59
) 

C
a
p
p
s
 J
r. 

(1
91
0)
 

H
u
m
l
u
m
 (
19
98
) 

Sh
ak
es
by
 e
t 
a
l. 
(1
98
7)
 

Jo
hn
so
n 
(1
98
7)
 

Jo
hn
so
n 
&
 L
ac
as
se
 (
19
88
) 

Sl
oa
n 
&

 D
y
k
e
 (
19
98
) 

Sl
oa
n 
&

 D
y
k
e
 (
19
98
) 

S
a
n
d
e
m
a
n
 &

 8
al
la
nt
yn
e 
(1
99
6)
 

Wi
ls
on
 (
19
90
) 

K
o
n
i
g
 &

 S
mi
th
 (

 
19
99
) 

L
u
c
k
m
a
n
 &

 C
ro
ck
et
t 
(
 

19
77
) 

U
r
d
e
a
 (
19
98
) 

Kr
ai
ne
r 
&
 rャ
10
st
er

(2
00
0)
 

D
e
 J
on
g 
&
 K

 wa
di
jk
 (
19
88
) 

Fi
sc
h 
et 

a
l. 
(
 

19
77
) 

I
m
h
o
f
 (
19
96
) 

I
m
h
o
f
 et
 
a
l. 
(2
00
0)
 

I
m
h
o
f
 et
 
a
l. 
(2
00
0)
 

8a
t・
5c
h
et 

a
l. 
(
 

19
79
) 

8a
rs
ch
 (
19
69
) 

Ha
eb
er
li
 e
t 
a
l. 
(1
99
9)
 

e a山; ・ l 嗣

L U r - 岨

《七 e mV I 4 s ‘ 開 門 】 「

l a M 弓 a

門 出 m 一 乱 B

D a  

f f '  

B P B B B B B B P B B B B B B B B  B P B B B  n u n D n D D 1  

Sh
ap
e 

ー し 1・ u l
し ー し

1 U I

し Iレ ー し l M 1 L I - -
“ ー し

T I L L - L I L T T T T T T I T I」 T T I T I T I - u L T T T T T T U T T I U T T T

Ac
ti
vl
ty
 

c i む
A E a r s r l r i u A

む 1

ラ I J γ J F F

A A A A A A A A A A A F A A A A A F F A A A A F A A - ハ L A A A

L
s
/
D
o
 

O
 

O
 

O
 

O
 

O
 

O
 

Se
di
me
nt
ar
y 
ro
ck
s 

Q
z
 

C
g
 

Ss
 

S
h
 

O
 

O
 

O
 

O
 

O
 

O
 

O
 

O
 

O
 

O
 

O
 

O
 

O
 

O
 

O
 

O
 

O
 

St
 

O
 

O
 

O
 

O
 

O
 

O
 

0  

5 由 P A

E K比 四

p i u 由

。四 1- - l  

u 一G・ I -
出 nv i 圃 ‘ ‘ 、

O 四 J

n 一Mm 副 一 Bt -出 i v 四
m 一h/ / 四 p n

q M 聞

H U 醐

} 同 J U

以 一 G

n円 一 u u

h 」 G

O
 

O
 

O
 

O
 

0 0 0  O
 

O
 

O
 

O
 

O
 

O
 

O
 

O
 

O
 

O
 

O
 

O
 

O
 

Lo
ca
ti
on
 

Sv
al
ba
rd
 

Sv
al
ba
rd
 

Sv
al
ba
rd
 

W
 G
re
en
la
nd
 

W
 G
re
en
la
nd
 

8r
oo
ks
 R
a
n
g
e
，

 Al
as
ka
 

8r
oo
ks
 R
a
n
g
e
，

 A
 la
sk
a 

Ic
el
an
d 

Al
as
ka
 R
a
n
g
e
 

Al
as
ka
 R
a
n
g
e
 

Al
as
ka
 R
a
n
g
e
 

Fa
ro
e 
Is
la
nd
 

R
o
n
d
a
n
e
，

 
N
o
r
w
a
y
 

S
W
 Y
u
k
o
n
 

S
W
 Y
u
k
o
n
 

S
E
 Y
u
k
o
n
 &

 N
W
T
 

S
E
 Y
u
k
o
n
 &

 N
W
T
 

Ca
ir
ng
or
ms

，
 Sc
ot
la
nd
 

N
W

 lr
el
an
d 

Ca
na
di
an
 R
oc
ki
es
 

Ca
na
di
an
 R
oc
ki
es
 

Ca
rp
at
ia
ns
 

Ti
ro
li
an
 A
lp
s 
(S
tu
ba
i)
 

Ti
ro
li
an
 A
lp
s 

Sw
is
s 
Al
ps
 

Sw
is
s 
Al
ps
 (
Be
rn
es
e)
 

Sw
is
s 
Al
ps
 (
Sc
hi
lt
ho
rn
) 

Sw
is
s 
Al
ps
 (
Sc
hi
lt
ho
rn
) 

Sw
is
s 
Al
ps
 (
Gr
ub
en
) 

Sw
is
s 
Al
ps
 (
M
a
c
u
n
)
 

Sw
is
s 
Al
ps
 (
Mu
rt
el
) 

tv
 

T
ab

le
 I

. 
B

ed
ro

ck
 g

eo
lo

gy
 a

ss
oc

ia
te

d 
w

it
h 

ro
ck

 g
la

ci
er

 d
is

tr
ib

ut
io

n.
 

Z
 

0 ::!
. 

:>
;"'

 
~
 

L
oc

at
io

n 
Ig

ne
ou

s 
I 

m
et

am
or

ph
ic

 r
oc

ks
 

S
ed

im
en

ta
ry

 r
oc

ks
 

A
ct

iv
ity

 
Sh

ap
e 

Su
rf

ac
e 

R
ef

er
en

ce
 

N
 c: 

G
r/

G
d 

R
h 

B
al

A
n 

G
n 

Po
 

St
 

Q
z 

C~
 

Ss
 

Sh
 

Ls
/D

o 
m

at
er

ia
l 

~
 

~
 

Sv
al

ba
rd

 
0 

A
 

T
 

B
/P

 
Is

ak
se

n 
et

 a
l. 

(2
00

0)
 

en
 

c: 0 
Sv

al
ba

rd
 

0 
0 

A
 

L
 

B
 

Sw
et

t 
et

 a
l. 

( 1
98

0)
 

;>
::"

 
~
 

Sv
al

ba
rd

 
0 

0 
0 

0 
A

 
L

 
A

nd
re

 (
 1

99
4)

 
~
 

::;
 

0
..

 

W
 G

re
en

la
nd

 
0 

A
, 

I 
L

 
B

 
Fi

rc
h 

&
 B

ra
nd

t 
(1

98
5)

 
~
 

W
 G

re
en

la
nd

 
0 

A
 

L
 

B
 

H
um

lu
m

 (
20

00
) 

en
 

c:
 

en
 

B
ro

ok
s 

R
an

ge
, 

A
la

sk
a 

0 
0 

A
, 

I, 
F 

T
,L

 
B

 
E

lli
s 

&
 C

al
ki

n 
( 1

97
9)

 
:r. 

B
ro

ok
s 

R
an

ge
, 

A
la

sk
a 

0 
0 

A
, 

1, 
F 

T
,L

 
P 

E
lli

s 
&

 C
al

ki
n 

(1
97

9)
 

~
 

(l
l 

0
..

 

Ic
el

an
d 

0 
A

 
T

 
M

ar
tin

 &
 W

ha
lle

y 
(1

98
7)

 
~
 

A
la

sk
a 

R
an

ge
 

0 
0 

A
, 

I, 
F 

T
,L

 
B

 
W

ah
rh

af
iig

 &
 C

ox
 (

19
59

) 

A
la

sk
a 

R
an

ge
 

0 
A

, 
I, 

F 
T

,L
 

P 
W

ah
rh

af
iig

 &
 C

ox
 (

19
59

) 

A
la

sk
a 

R
an

ge
 

0 
A

 
T

 
B

 
C

ap
ps

 J
r. 

(1
91

0)
 

Fa
ro

e 
Is

la
nd

 
0 

F 
T

,L
 

B
 

H
um

iu
m

 (
19

98
) 

R
on

da
ne

, 
N

or
w

ay
 

0 
A

, 
I, 

F 
L

 
B

 
Sh

ak
es

by
 e

t 
al

. 
(1

98
7)

 

SW
 Y

uk
on

 
0 

A
 

T
 

B
 

Jo
hn

so
n 

(1
98

7)
 

SW
 Y

uk
on

 
0 

0 
A

, 
I 

T
 

B
/P

 
Jo

hn
so

n 
&

 L
ac

as
se

 (
19

88
) 

SE
 Y

uk
on

 &
 N

W
T

 
0 

A
 

T
,L

 
B

 
Sl

oa
n 

&
 D

yk
e 

(1
99

8)
 

SE
 Y

uk
on

 &
 N

W
T

 
0 

0 
0 

A
 

T
,L

 
P 

Sl
oa

n 
&

 D
yk

e 
(1

99
8)

 

C
ai

rn
go

rm
s,

 S
co

tla
nd

 
0 

0 
0 

F 
L

 
B

 
Sa

nd
em

an
 &

 B
al

la
nt

yn
e 

(1
99

6)
 

N
W

 I
re

la
nd

 
0 

F 
L

 
B

 
W

ils
on

 (
19

90
) 

C
an

ad
ia

n 
R

oc
ki

es
 

0 
A

 
T

 
B

 
K

on
ig

 &
 S

m
ith

 (
 1

99
9)

 

C
an

ad
ia

n 
R

oc
ki

es
 

0 
A

, 
I, 

F 
T

,L
 

B
 

L
uc

km
an

 &
 C

ro
ck

et
t 

( 1
97

7)
 

C
ar

pa
tia

ns
 

0 
A

, 
I, 

F 
T

,L
 

B
 

U
rd

ea
 (

19
98

) 

T
ir

ol
ia

n 
A

lp
s 

(S
tu

ba
i)

 
0 

0 
A

 
T

 
B

 
K

ra
in

er
 &

 M
os

te
r 

(2
00

0)
 

T
ir

ol
ia

n 
A

lp
s 

0 
F 

T
,L

 
B

 
D

e 
Jo

ng
 &

 K
 w

ad
ijk

 (
19

88
) 

Sw
is

s 
A

lp
s 

0 
A

 
L

 
B

 
Fi

sc
h 

et
 a

l. 
( 1

97
7)

 

Sw
is

s 
A

lp
s 

(B
er

ne
se

) 
0 

0 
0 

A
, 

I, 
F 

T
,L

 
Im

ho
f (

19
96

) 

Sw
is

s 
A

lp
s 

(S
ch

ilt
ho

rn
) 

0 
0 

I, 
F 

T
 

B
 

Im
ho

f e
t 

al
. 

(2
00

0)
 

Sw
is

s 
A

lp
s 

(S
ch

ilt
ho

rn
) 

0 
I, 

F 
L

 
P 

Im
ho

f e
t 

al
. 

(2
00

0)
 

Sw
is

s 
A

lp
s 

(G
ru

be
n)

 
0 

A
 

T
 

B
 

B
ar

sc
h 

et
 a

!. 
( 1

97
9)

 

Sw
is

s 
A

lp
s 

(M
aC

lin
) 

0 
A

 
T

,L
 

B
 

B
ar

sc
h 

(1
96

9)
 

Sw
is

s 
A

lp
s 

(M
ur

te
l)

 
0 

0 
0 

A
 

T
 

B
 

H
ae

be
rl

i 
et

 a
!. 

(1
99

9)
 



。m w o z m R m凶 } の O ロ 門 『 色 。 ロ H ・0 n u } ハ 加 z i o門 的

Sw
is
s 
Al
ps
 (
Co
rv
ig
li
a)
 

Sw
is
s 
Al
ps
 (
Co
rv
ig
li
a)
 

Fr
en
ch
 A
lp
s 

Fr
en
ch
 A
lp
s 

It
al
ia
n 
Al
ps
 (
Ao
st
a)
 

It
al
ia
n 
Al
ps
 (
Li
vi
gn
o)
 

It
al
ia
n 
Al
ps
 

S
W
 Al
ps
 

S
W
 Al
ps
 

N
 N
e
w
 H
a
m
p
s
h
i
r
e
 

Ab
sa
ro
ka

，
 W
y
o
m
i
n
g
 

N
 T
ie
n 
丁
目
n

Ap
en
ni
es

，
 It
al
y 

Py
re
ne
es
 

Al
ba
ni
an
 A
lp
s 

Co
lo
ra
do
 P
la
te
au
 

Co
lo
ra
do
 R
oc
ki
es
 

Me
st
as

，
 Co
lo
ra
do
 

L
a
 S
al

，
 Ut
ah
 

Si
er
ra
 N
e
v
a
d
a
 

S
a
n
 M
a
t
e
o
、N

e
w
M
e
x
i
c
o
 

Ja
pa
ne
se
 A
lp
s 

Ja
pa
ne
se
 A
lp
s 

Ne
pa
l 
Hi
ma
la
ya
 

Bo
li
vi
an
 A
n
d
e
s
 

Ce
nt
ra
l 
A
n
d
e
s
 (
M
e
n
d
o
z
a
)
 

Ce
nt
ra
l 
A
n
d
e
s
 (
M
e
n
d
o
z
a
)
 

S
 Al
ps

，
 N
e
w
 Z
ea
la
nd
 

S
 Al
ps

ラ
N
e
w
Ze
al
an
d 

J
a
m
e
s
 R
os
s
，
 An
ta
rc
ti
ca
 

0
 

To
ta
¥ 
oc
cu
re
nc
es
 

¥6
 

3
 

8
 

¥4
 

2
 

¥
 

0
 

6
 

3
 

¥3
 

8
 

¥2
 

Li
th
ol
og
y:
 G
r
/
G
d
 G
ra
ni
te
 o
r 
Gr
an
od
io
ri
te

，
 G
b
 G
a
b
b
r
o
，

 R
h
 R
hy
ol
it
e
，

 B
a
/
A
n
 B
as
al
t 
or
 A
nd
es
i
旬、

Ph
Po
rp
hy
ry

き
St

Sc
hi
st

，
 Q
z
 Qu
ar
zi
te

，
 C
g
 C
on
gl
om
er
at
e
，

 

Ss
 S
an
ds
to
ne

，
 S
h
/
M
s
 S
ha
le
 o
r 
M
u
d
s
t
o
n
e
，し

s/
Oo

Li
me
st
on
e 
or
 O
ol
om
it
e.
 

Ac
ti
vi
ty
: 
A
 Ac
ti
ve

，
 1
 In
ac
ti
ve

，
 F
 Fo
ss
i
l. 
Su
rf
ac
e 
ma
te
ri
al
: 
B

 Bo
ul
de
ry
 o
r 
Bl
oc
ky

今
P
Pe
bb
ly
 o
r 
Pl
at
y.
 

Th
is
 s
tl
ld
y 

Th
is
 s
tl
ld
y 

Fr
an
co
u 
&

 R
e
y
n
a
u
d
 (
¥9
92
) 

Ev
in
 &

 F
ab
re
 (
¥9
90
) 

Sm
ir
ag
li
a 
(J 
99
2)
 

G
lI
gl
ie
lm
in
 e
t 
a
l. 
(1
99
4)
 

Gu
gl
ie
l
l1
1
in 

&
 S

l1
1
ir
ag
li
a 
(1
99
8)
 

Ev
in
 (
J 
98
7)
 

Ev
in
 (
J 
98
7)
 

T
h
o
m
p
s
o
n
 (
¥9
99
) 

Po
tt
er

，
 Jr. 
(J 
97
2)
 

G
o
r
b
u
n
o
v
 (
19
92
) 

O
r
a
l1
1
is 
&
 K
ot
ar
ba
 (
19
92
) 

Se
rr
an
o 
et 

a
l. 
(J 
99
9)
 

Pa
lm
en
to
la
 e
t 
a
l. 
(1
99
5)
 

Sh
ro
de
r 
J

 
r. 
(

 
19
87
) 

Wh
it
e 
(1
97
1)
 

Gi
ar
di
no
 &

 V
it
ek
 (
19
88
) 

Ni
ch
ol
as
 &

 B
lI
tl
er
 (
19
96
) 

K
o
n
r
a
d
 &

 C
la
rk
 (
19
98
) 

Bl
ag
br
ou
gh
 &

 F
ar
ke
s 
(1
96
8)
 

Is
hi
ka
wa
 e
t 
a
l. 
(2
00
1)
 

Is
hi
ka
wa
 e
t 
a
l. 
(2
00
1)
 

Ba
rs
ch
 &

 J
ac
ob
 (
¥9
88
) 

Fr
an
co
u 
et 

a
l. 
(J 
99
9)
 

W
a
y
n
e
 (J
 
98
1 
)

 

W
a
y
n
e
 (
19
8 

J
 )

 

Ki
rk
br
id
e 
&
 B
ra
zi
er
 (
19
95
) 

Je
an
ne
re
t 
(1
97
5)
 

St
re
li
n 
&

 S
o
n
e
 (
19
98
) 

p t D U n υ  B
 

0 1 p t

 

，，，，，， ι ，，，，，， 

B B B B B B B P B B B P B  B P B B B  B
 

し し し し し し し し L L I L L - u I H I L L - u

L T T T T T 1 7 T T T T T L T T T T T T T T T L T T T T L T T  

F r r r F a F B F a

 

I i p i

 

' F r a  

A A A A A A A A A F A A F A F A A F A A F L ， i A A A A A A A  

O
 

O
 

O
 

O
 

O
 

O
 

O
 

O
 

O
 

O
 

O
 

O
 

O
 

O
 

O
 

O
 

O
 

O
 

O
 

O
 

O
 

O
 

O
 

O
 

0 0 0  O
 

O
 

O
 

O
 

O
 

O
 

O
 

O
 

O
 

O
 

O
 

O
 

O
 

O
 

O
 

O
 

O
 

O
 

炉
・
圃

υJ
 

Sw
is

s 
A

lp
s 

(C
or

vi
gl

ia
) 

0 
A

, 
I, 

F 
L

 
P 

T
hi

s 
st

ud
y 

Sw
is

s 
A

lp
s 

(C
or

vi
gl

ia
) 

0 
0 

0 
A

, 
I, 

F 
T

,L
 

B
 

T
hi

s 
st

ud
y 

Fr
en

ch
 A

lp
s 

0 
A

 
T

 
B

 
Fr

an
co

u 
&

 R
ey

na
ud

 (
19

92
) 

Fr
en

ch
 A

lp
s 

0 
0 

0 
A

,I
 

T
,L

 
E

vi
n 

&
 F

ab
re

 (
19

90
) 

It
al

ia
n 

A
lp

s 
(A

os
ta

) 
0 

A
,I

 
T

,L
 

B
 

Sm
ir

ag
lia

 (
19

92
) 

It
al

ia
n 

A
lp

s 
(L

iv
ig

no
) 

0 
A

, 
I 

T
,L

 
G

ug
lie

lm
in

 e
t 

al
. 

(1
99

4)
 

It
al

ia
n 

A
lp

s 
0 

A
,I

 
T

,L
 

G
ug

lie
lm

in
 &

 S
m

ir
ag

li
a 

(1
99

8)
 

SW
 A

lp
s 

0 
0 

0 
0 

A
, 

I, 
F 

T
,L

 
B

 
E

vi
n 

(1
98

7)
 

SW
 A

lp
s 

0 
0 

A
, 

I 
T

,L
 

P 
E

vi
n 

(1
98

7)
 

N
 N

ew
 H

am
ps

hi
re

 
0 

0 
F

 
T

 
B

 
T

ho
m

ps
on

 (
19

99
) 

A
bs

ar
ok

a,
 W

yo
m

in
g 

0 
A

 
T

 
B

 
Po

tte
r,

 J
r. 

(1
97

2)
 

N
 T

ie
n 

T
ia

n 
0 

A
 

T
,L

 
B

 
G

or
bu

no
v 

(1
99

2)
 

A
pe

nn
ie

s,
 I

ta
ly

 
0 

F 
L

 
D

ra
m

is
 &

 K
ot

ar
ba

 (
19

92
) 

P
yr

en
ee

s 
0 

0 
0 

A
 

T
,L

 
B

 
Se

rr
an

o 
et

 a
l. 

(1
99

9)
 

A
lb

an
ia

n 
A

lp
s 

0 
F

 
T

 
Pa

lm
en

to
la

 e
t 

al
. 

(1
99

5)
 

C
ol

or
ad

o 
Pl

at
ea

u 
0 

A
, 

I, 
F 

T
,L

 
B

 
S

hr
od

er
 J

 r. 
( 1

98
7)

 

C
ol

or
ad

o 
R

oc
ki

es
 

0 
0 

A
 

T
 

B
 

W
hi

te
 (

19
7J

) 

M
es

ta
s,

 C
ol

or
ad

o 
0 

0 
F 

T
 

B
 

G
ia

rd
in

o 
&

 V
ite

k 
(J

 9
88

) 

La
 S

al
, 

U
ta

h 
0 

0 
A

, 
F 

T
,L

 
B

 
N

ic
ho

la
s 

&
 B

ut
le

r 
(1

99
6)

 

Si
er

ra
 N

ev
ad

a 
0 

A
 

T
 

B
 

K
on

ra
d 

&
 C

la
rk

 (
19

98
) 

Sa
n 

M
at

eo
, 

N
ew

 M
ex

ic
o 

0 
F 

T
,L

 
B/

P 
B

la
gb

ro
ug

h 
&

 F
ar

ke
s 

(1
96

8)
 

Ja
pa

ne
se

 A
lp

s 
0 

0 
r, 

F
 

T
,L

 
B

 
Is

hi
ka

w
a 

et
 a

l. 
(2

00
1)

 

Ja
pa

ne
se

 A
lp

s 
0 

L
 

P 
Is

hi
ka

w
a 

et
 a

l. 
(2

00
 J

) 

N
ep

al
 H

im
al

ay
a 

0 
0 

A
 

T
,L

 
B

 
B

ar
sc

h 
&

 J
ac

ob
 (

19
88

) 

B
ol

iv
ia

n 
A

nd
es

 
0 

A
 

T
 

B
/P

 
Fr

an
co

u 
et

 a
l. 

(1
99

9)
 

C
en

tr
al

 A
nd

es
 (

M
en

do
za

) 
0 

A
 

T
,L

 
B

 
W

ay
ne

 (
19

81
 )

 

C
en

tr
al

 A
nd

es
 (

M
en

do
za

) 
0 

A
 

T
,L

 
P 

W
ay

ne
 (

J 
98

 J
 ) 

0 
S 

A
lp

s,
 N

ew
 Z

ea
la

nd
 

0 
A

, 
I, 

F 
L

 
B

 
K

ir
kb

ri
de

 &
 B

ra
zi

er
 (

19
95

) 
(l

J 0 

S 
A

lp
s,

 N
ew

 Z
ea

la
nd

 
0 

A
, 

I 
T

 
Je

an
ne

re
t 

(1
97

5)
 

0'
 

CT
Ci 

Ja
m

es
 R

os
s,

 A
nt

ar
ct

ic
a 

0 
T

,L
 

St
re

lin
 &

 S
on

e 
(J

 9
98

) 
o· 

A
 

=.. 
T

ot
al

 o
cc

ur
en

ce
s 

16
 

3 
8 

14
 

2 
10

 
6 

3 
13

 
8 

12
 

("
) 0 

L
ith

ol
og

y:
 G

rl
G

d 
G

ra
ni

te
 o

r 
G

ra
no

di
or

it
e,

 G
b 

G
ab

br
o,

 R
h 

R
hy

ol
ite

, 
B

al
A

n 
B

as
al

t 
or

 A
nd

es
ite

, 
Ph

 P
or

ph
yr

y,
 S

t 
Sc

hi
st

, 
Q

z 
Q

ua
rz

ite
, 

C
g 

C
on

gl
om

er
at

e,
 

g ""
I 2-

Ss
 S

an
ds

to
ne

, 
Sh

iM
s 

Sh
al

e 
or

 M
ud

st
on

e,
 L

s/
D

o 
L

im
es

to
ne

 o
r 

D
ol

om
ite

. 
0 ::

l 

A
ct

iv
ity

: 
A

 A
ct

iv
e,

 I
 I

na
ct

iv
e,

 F
 F

os
si

l. 
Su

rf
ac

e 
m

at
er

ia
l: 

B
 B

ou
ld

er
y 

or
 B

lo
ck

y,
 P

 P
eb

bl
y 

or
 P

la
ty

. 
(5

 
("

) A
 

0
0

 ;- ("
) (ii
' 

>
-
' 

""
I 

rn
 

W
 



Norikazu Matsuoka and Atsushi Ikeda 

Fig. 1. A bouldery rock glacier below gneiss rockwall， Muragl， Swiss Alps. 

Fig. 2. Pebbly rock gJaciers below shale rockwaJJ， Corviglia， Swiss Alps. 
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Norikazu Matsuoka and Atsushi Ikeda 

Fig. 1. A bouldery rock glacier below gneiss rockwall, Muragl, Swiss Alps. 

Fig. 2. Pebbly rock glaciers below shale rockwall, Corviglia, Swiss Alps. 
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同揺れぬckwall

No movement in 

the active layer 

Bouldery rock glacieJ's 

Geological control on rock glaciers 

しowrockwall 

Solifluction 

Debris flow 
""'-..島

Pebbly rock glaciers 

Fig. 3. COl1strail1ts 011 bouldery ancl pebbly rock glaciers. The !eft and right 
illustrations corresponcl to Figs. 1 ancl 2， respectively. 

a subdued frontal slope and lack multiple ridges on the 

upper surface， while the bouldery rock glaciers have a 

sharp frontal edge and multiple ridges. 

1n addition to the size of surface clasts， the 

composition of the active layer di汀"ersbetween the two 

rock glaciers. Bouldery r・ockglaciers shows the open-

work acti ve layer lacking interstitial fine materials， 

commonly 1-3 m thick， although the frozen core 

underlying the active layer is composed of coarse clasts 

embedded in ice and fine materials (e.g. Barsch， 1996). 

The active layer of pebbly rock glaciers usually contains 

interstitial fine materials composed 01' sand and finer 

grains， apart fr・omthe lIppermost 10-20 cm. 

Discussion 

The predominance 01' rock glaciers in bedrock 

geology producing blocky materials contradicts the 

conventional understanding on the susceptibility to rock 

weathering. Rock types unfavorable for large rock 

glaciers (e.g. shale and schist) have been thought to 

experience more rapid weathering， reducing the clast 

size to pebbles or 1'iner materials， than the favorable 

rocks (e.g. Potts， 1970; Whalley， 1984). This implies 

that debris input to rock glaciers may also be more rapid 

in the former rocks， but in fact only a smalllobate form 

is produced below shale rockwalls. 

At least two conditions should be taken into accollnt 

to solve this problem. Firstly， weak rocks can only 

SllppOrt low rockwalls， so that the sOllrce area and total 

debris inpllt may be mllch smaller than hard and high 

rockwal1s (Fig. 3). Secondly， bouldery rock glaciers 

lack fine materials in the active layer， while pebbly rock 

glaciers are usually supported by interstitial fine 

materials. The fine debris may activate solifluction or 

debris f1ow， whi比chtends to remove the su山1rf日ic口ialdebris 

O凶fpebbly ro刀ockglacie引1's. 1n the Swiss Alps， in fact， 

solif1l1ction lobes and sorted patterned ground， which 

indicate high freeze-thaw activity of the surficial layer， 

dominate debris slopes in shale and porous carbonate 

rock regions (Matsuoka et al.， 1997). Such debris 

removal may prevent thick debris accumulation which 

permits continuous permafrost creep (Fig. 3). As a 

resu!t， permafrーostcreep in talus slopes deri ved from 

sha!e rockwalls can only develop small lobate rock 

glaciers. 
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a subdued frontal slope and lack mUltiple ridges on the 
upper surface, while the bouldery rock glaciers have a 
sharp frontal edge and multiple ridges. 

In addition to the size of surface clasts, the 
composition of the active layer differs between the two 
rock glaciers. Bouldery rock glaciers shows the open
work acti ve layer lacking interstitial fine materials, 
commonly 1-3 m thick, although the frozen core 
underlying the active layer is composed of coarse clasts 
embedded in ice and fine materials (e.g. Barsch, 1996). 
The active layer of pebbly rock glaciers usually contains 
interstitial fine materials composed of sand and finer 
grains, apart from the uppermost 10-20 cm. 

Discussion 
The predominance of rock glaciers in bedrock 

geology producing blocky materials contradicts the 
conventional understanding on the susceptibility to rock 
weathering. Rock types unfavorable for large rock 
glaciers (e.g. shale and schist) have been thought to 
experience more rapid weathering, reducing the clast 
size to pebbles or finer materials, than the favorable 
rocks (e.g. Potts, 1970; Whalley, 1984). This implies 
that debris input to rock glaciers may also be more rapid 
in the former rocks, but in fact only a small lobate form 
is produced below shale rockwalls. 

At least two conditions should be taken into account 
to solve this problem. Firstly, weak rocks can only 
support low rock walls, so that the source area and total 
debris input may be much smaller than hard and high 
rockwal1s (Fig. 3). Secondly, bouldery rock glaciers 
lack fine materials in the active layer, while pebbly rock 
glaciers are usually supported by interstitial fine 
materials. The fine debris may activate solifluction or 
debris flow, which tends to remove the surficial debris 
of pebbly rock glaciers. In the Swiss Alps, in fact, 

solifluction lobes and sorted patterned ground, which 
indicate high freeze-thaw activity of the surficial layer, 
dominate debris slopes in shale and porous carbonate 
rock regions (Matsuoka et al., 1997). Such debris 
removal may prevent thick debris accumulation which 
permits continuous permafrost creep (Fig. 3). As a 
result, permafrost creep in talus slopes deri ved from 
shale rockwalls can only develop small lobate rock 
glaciers. 
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