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The roundness and flatness (Cailleux's indices) of granodioritic stones 
from three different moraines in contact with Taku Glacier were 
measured. Mean roundness of talus material was 60, of late Wis-
consin moraine material 240 and of push moraine material 370. Flat-
ness of stones decreased in the same order. 
Results were statistically evaluated and the differences were 
identified also by analysis of variance. 
By comparing the stone size and roundness it was concluded that 
the original forms of stones determine their f inal forms. Flat and 
small stones cannot be rounded as easely as cubical and bigger blocks 
by glacial and glaciofluvial processes. 

Matti Seppälä, Department o/ Geography, University of Turku, 
SF-20500 Turku 50, Finland. 

Introduction 

The aim of this pape r is to describe the in -
f luence of glacial and glaciofluvial processes 
on the roundness of stones in the area of an 
act ive val ley glacier. 

A p rob lem here is the p rocedure by which 
the stones w e r e t r anspo r t ed and rounded 
before reaching the i r p resen t location. Since 
there a re f ewer possibilit ies in the case of 
a val ley glacier, it is easier to s tudy the 
problem in these condit ions t h a n in o ther 
cases e.g. mora ines of the cont inenta l ice 
sheets. 

The Taku Glacier in southeas te rn Alaska 
was chosen as a sui table research a rea (Fig. 1). 

Samples w e r e t aken f r o m : 1) a granodior i te 
mound of stones (talus moraine) s i tua ted on 
the slope of a n u n a t a k in the middle pa r t 
of the glacier, 2) a mora ine of la te Wisconsin 
da te lying near the previous site and s i tua ted 
on the slope of Icy Basin, a small t r i b u t a r y 
glacier of the Taku Glacier , w h e r e the till 
is subjec ted to qui te act ive solifluction, and 
3) a push mora ine at the foot of the T a k u 
Glacier on the seashore, w h e r e the ma te r i a l 
is washed glaciof luvial sand, silt and gravel . 

Methods 

The method of measur ing roundness used 
in this s tudy was tha t of Cai l leux (e.g. B lenk 
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1960, p. 203). S tones wi th a d iamete r of more 
t han 20 m m and less t h a n 140 m m (cf. K ing 
and Buckley 1968, p. 202) w e r e t aken and 
the i r m a x i m u m length (L), the m a x i m u m 
wid th (1) at r ight angles to the length and the 
thickness (E) at r ight angles to both of these 
measured . In addi t ion the m i n i m u m radius 
(r) of c u r v a t u r e in the pr inc ipal p lane LI 
at its sharpes t point was taken . With the 
aid of these measu remen t s an index of 
roundness 2r /L X 1000 and an index of 
f la tness (L + 1)/2E X 100 was calculated for 
the stones. An increase in the index of 
roundness indicates a h igher degree of 
roundness in the stone. A decrease in the 
va lue of E means a h igher index of f la tness 
and the h igher the value, the f l a t t e r is the 
stone. When the va lue for the index of 
f la tness approaches 100, it means tha t the 
values for L, 1 and E are the same as in a 
cube or a sphere. 

The n u m b e r of stones measu red at each 
sampl ing location var ied be tween 20 and 91. 
Only granodior i t ic stones were selected for 
measu remen t . The resul ts were processed 
s tat is t ical ly and the means (x), s t andard 
deviat ions (s), coeff ic ients of var iabi l i ty (v), 
and s t anda rd e r ro rs of the mean (m) calcu-
la ted for each of the th ree sites. The sig-
ni f icance of the stat ist ical d i f ferences be-
tween the samples was s tudied wi th the aid 
of analysis of va r iance (Table 1). 

Stone roundness 

As might have been expected the least 
rounded stones were found in the ta lus 
mora ine (sample 1, Figs. 1, 2 and 4, Table 1). 
The mean index of roundness for stones f r o m 
this sample was only 60 and the m a x i m u m 
value 160 (Table 1). Approx ima te ly 68 per 
cent of the stones in sample 2 and over 90 per 
cent of those in sample 3 had an index of 

roundness h igher t han the m a x i m u m value 
for sample 1 (Fig. 4). In sample 2 the mean 
index of roundness was 240 and the s t anda rd 

i i i 
Fig. 1. General map of the Taku Glacier area 
with sampling locations (1—3). C 10 is the main 
camp on the Juneau Icefield. The hatched area 

is Taku Inlet. 
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Table 1. Roundness and flatness distributions of studied samples. Explanation of symbols in text. 

Sample 
n 

Roundness - 1 0 0 0 

L 
L + 1 i nn Flatness • 1 0 0 

2 E 
Sample 

n 
Range X s V m Range X s V m 

1 
2 
3 

20 
25 
91 

3 — 160 
80 — 520 
70 — 700 

60 
240 
370 

40 
120 
150 

60.33 
49.49 
40.82 

8.93 
2.35 

15.6 

142 — 929 
106 — 344 
106 — 215 

236 
185 
147 

168 
50 
21 

71.26 
26.77 
13.94 

37.6 
9.92 
2.14 

F = 45.106 dfl = 2 
p < 0.001 

df2 = 134 14.805 dfl = 2 df2 
p < 0.001 

134 

deviat ion 120 or, in o ther words , considerably 
la rger t han in sample 1 bu t somewhat smal ler 
than in sample 3 (s = 150) (Table 1). The 
s t anda rd e r ror of the m e a n index of round-
ness was larges t in sample 3 (Table 1). 

More t han 16 per cent of the stones f r o m 
the push mora ine w e r e more rounded than 
any single stone in the o ther samples. The 
stones in this sample w e r e also on average 
more rounded than o thers (x = 370). The 
range (70—700) was by f a r the grea tes t 
(Table 1). The cumula t ive curve for the in-
dices of roundness in sample 3 w a s con-
sequent ly gent ler t h a n for the o ther samples 
(Fig. 4). 

When test ing stat is t ical d i f ferences in the 
indices of roundness of the samples by means 
of analysis of var iance, a va r iance rat io 
(F = 45.106) was obtained, which is s ignif icant 
below the 0.1 °/o risk level (p < 0.001) 
(Table 1). 

Flatness 

The highest values for the index of f la tness 
were obta ined for stones f r o m the ta lus 
ma te r i a l (x = 236). In sample 2 stones w e r e 
less f la t (x = 185). The stones wi th the most 
even propor t ions w e r e found in the push 
mora ine sample (x = 147) (Table 1 and Fig. 4). 
The s t anda rd deviat ion (s), which gives an 
indication of var ia t ions wi th in the sample, 

also decreased in the same w a y (Table 1). 
This same regu la r i ty was also fol lowed by 
the coeff icient of var iab i l i ty and the s t andard 
e r ror of the mean (Table 1). 

In the cumula t ive curves d r a w n for the 
indices of f la tness the inf luence of the 
rounding of the stones can also be seen 
(Fig. 4). The steepest curve is t ha t for the 
most rounded push mora ine mate r i a l and 
the f la t tes t tha t of the sl ightly or not at all 
rounded ta lus mater ia l . 

A var iance analysis was also car r ied out 
in the case of the th ree samples on the basis 
of f latness. This gave a s imilar resul t to the 
one obtained f r o m the analysis of the in-
dices of roundness . The var iance ra t io for 
the th ree samples (F = 14.805) is s ignif icant 

Fig. 2. Angular stones f rom the talus material 
(Sample 1). The longer side of the compass is 
11 cm in length. Photographs by the author. 
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Fig. 3. Rounded stones f rom the push moraine (Sample 3). The longer side of the 
matchbox is 5 cm in length.. Stereogram. 

below the 0.1 °/o r isk level (p < 0.001) (Ta-
ble 1). 

Relationship between roundness and 
flatness 

The indices of f la tness become smal ler as 
the stones become more rounded (Figs. 4 
and 5). 

In Fig. 5 the indices of roundness and 
f la tness a re shown together . The stones of 
sample 1 a re to be found in the lower p a r t 
of the gr id and the area wi th in which the 
values lie ex tends to the r ight . T h e area 
represen t ing sample 2 lies h igher u p on the 
grid and lies f a r t h e r to the lef t t han the f i r s t 
even though it, too, is r a t h e r e longated be-
cause of a single stone. Sample 3 provides 
a roundish area lying even f a r t h e r to the 

1 A 2 x 3 . 

Fig. 4. Percentage cumulative curves of the flatness (L + l)/2Exl00 and roundness 2r/Lxl000 of 
the studied samples. Key to symbols: 1. talus material, 2. Late Wisconsin moraine and 3. push 
moraine stones (see Fig. 1.). 
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— • 1000 

Fig. 5. Relationships between roundness and flatness of stones in different moraines. Key to 
symbols: see Fig. 4. 

l e f t and h igher on the grid t h a n the two 
previous samples. The g rea te r the degree 
of erosion and roundness of the stones, the 
f a r t h e r to the lef t and the h igher u p the gr id 
the c lusters of values for the indices lie. 

Relationship between stone size and 
roundness 

To i l lus t ra te the size of the stones the 
length of the longi tudinal axis (L) of stones 
was chosen (cf. K ing and Buckley 1968). 
When this was compared wi th the index of 
roundness of the stones it was noticed (Fig. 6) 
t ha t large stones, which were most f r e q u e n t 
in the ta lus mater ia l , we re genera l ly less 
rounded than small stones, which had u n d e r -
gone d i f f e ren t abras ion processes. This ob-
servat ion is r a t h e r n a t u r a l since the size of 
the stones decreases as they a re w o r n and 

rounded. However , no clear s tat is t ical cor-
re la t ion was obta ined for the whole mater ia l . 

If Fig. 6 is s tudied more closely, t he re can 
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Fig. 6. Relationship between stone length (L) and 
roundness (2r/Lxl000) of stones in different 

moraines. Key of symbols in Fig. 4. 
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be seen some in te res t ing hyperbol ic l ines 
fo rmed by the points f r o m the samples. F rom 
this the guess might be hazarded tha t a s tone 
of a cer ta in shape when it has been loosened 
f r o m the rock undergoes a cer ta in develop-
men t process in the course of its becoming 
rounded. In o ther words, the f ina l fo rm of 
a stone is de te rmined p r imar i ly by its original 
shape when c rumbled away f r o m the rock 
and secondari ly by the processes t h rough 
which it subsequent ly passes (cf. King and 
Buckley 1968). In Fig. 6 it is possible to fol-
low f ive or six d i f f e r en t hyperbol ic roundness 
genera t ion lines. Two of the lines a re not 
very clear because of the small mate r ia l used 
and the fact t ha t the largest s tones were not 
measured bu t they appear only in the sec-
tion of the f igure i l lus t ra t ing more rounded 
stones. The stones a re clearly not c rushed 
in the course of the f luvia l processes and 
the re fo re they follow the roundness develop-
ment l ines r a t h e r closely. On the o ther hand, 
the glacier can crush stones which have 
a l ready been rounded (cf. Holmes 1960, 
p. 1648). As a resul t of this n e w stones are 
fo rmed which in t u rn are subjec ted to the 
abras ion act ivi ty of the round ing processes. 

Discussion 

As genera l rule it m a y be said t ha t the 
degree of roundness of stones is de te rmined 
by the process and the dis tance they are 
t ranspor ted . 

At p resen t the re a re two types of ma te r i a l 
which are t r anspor ted by the ice and wa te r s 
of Taku Glacier. Firs t , t h e r e is mate r ia l 
deposited on the peaks and slopes of m o u n -
tains dur ing the Wisconsin glaciation and, 
second, mate r ia l recent ly b roken off the rocks 
as a resul t of periglacial wea the r ing processes 
(Hamelin 1964). 

It is not known how fa r the f i rs t type of 
ma te r i a l has been t r anspor t ed and w h a t 

s tages it has passed th rough before being 
deposited on the nuna taks . The original ly 
f luvia l ma te r i a l m a y have been carr ied by 
cont inenta l ice f r o m d i f f e ren t d ra inage areas 
to the new sur roundings . In s tuding mate r ia l 
tha t m a y have been t r anspor t ed by the con-
t inenta l ice it is t he re fo re necessary to be 
ex t r eme ly ca re fu l in d rawing conclusions 
about round ing tha t has resul ted f r o m glacial 
and glaciof luvial processes. 

The stones f r o m the Wisconsin glaciation 
mora ine on the T a k u Glacier a re not iceably 
more rounded than stones t aken f r o m the 
ta lus sample. These mora ines a re small in 
size and the i r ma te r i a l moves only slowly 
down the slope unde r the inf luence of 
solifluction. Consequent ly the amoun t of 
mate r ia l moved now is ve ry small when com-
pared wi th the ma te r i a l t ha t c rumbles away 
by f ros t w e a t h e r i n g and is t r anspor t ed by 
the glacier and its waters . 

Sed imenta t ion on the coasts of Alaska is 
ex t remely rapid at the t e rminus of glaciers 
(cf. J o r d a n 1962). Stones of the push mora ine 
of the Taku Glacier which lie close to the 
sur face at the edge of the glacier have presu-
mably been t r anspor t ed the re only a few 
years ear l ier . 

The m a x i m u m s t ra ight - l ine dis tance over 
which mate r i a l can have been t r anspor ted 
f r o m the source of the Taku Glacier to its 
p resen t foot is 60 ki lometres , and the direc-
tion of t r anspor t is d o w n w a r d s along the 
glacier valley. The stones have been car r ied 
e i ther f rozen into the glacier or glaciof luvial -
ly by mel twa te r s . In this case the method 
by which this ma te r i a l has a r r ived at its 
p resen t site m a y be t e rmed a one-way 
t ranspor ta t ion system. 

On the basis of one rock type the source 
of which is known it is possible to a r r ive at 
a f a i r ly rel iable p ic ture of the round ing 
qual i t ies of the stones and thus a r r ive at an 
idea of how grea t a dis tance they would have 
had to t r ave l to become completely rounded. 
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It is, of course, impossible to measure unde r 
n a t u r a l condit ions the total dis tance the 
stones t ravel led before being deposited. In 
this s tudy we know only the place in which 
the stones have been deposi ted: we do not 
know how long a s tone might have been 
rolled back and fo r th on one spot, for ex-
ample, in a glacier moulin. There are p lenty 
of granodior i t ic rocks in the Taku Glacier 
area, in the ba thol i ths of the Coast Range 
(Forbes 1959), so t h a t the stones could have 
or iginated f r o m several d i f f e ren t sources 
along the sides of the glacier. 

By selecting only granodior i t ic s tones for 
the measu remen t s it was possible to keep 
one var iab le (rock type) constant (cf. King 
and Buckley 1968, p. 200). 

Sample 1 is represen ta t ion of those stones 
tha t have loosened f r o m the rock in the course 
of periglacial wea the r ing processes. T h e re-
sults of measu remen t s indicate t h a t a con-
s iderable n u m b e r of f la t stones b r eak a w a y 
and become ta lus mater ia l . The granodior i t ic 
rock has one p redominan t direct ion of As-
sur ing and two o thers at roughly r igh t angles 
to the f i rs t b u t at d i f f e ren t angles to each 
other . This charac te r has its e f fec t on the 
original shape of the stones. 

The degree of roundness of the stones of 
the second sample is m u c h the same as t ha t 
observed by King (1969, p. 294) in analyses 
made on Ba f f in Is land of mora ines of d i f -
f e ren t ages. U n f o r t u n a t e l y King does not 
reveal which types of rock she used in he r 
measurements . 

In glacial me l twa te r s t reams mate r i a l does 
not need to be t r anspor t ed ve ry grea t dis tance 
for rapid rounding to t ake place because of 
the eff icacy of the tu rbu len t , r u n n i n g w a t e r 
of such s t reams (cf. King and Buckley 1968, 
p. 211). La rge stones become rounded more 
rap id ly t han small ones (cf. King and Buckley 
1968, p. 209) since they tend to be rolled along 
the bot tom of m e l t w a t e r channels in the 
course of t ranspor t . This can be seen in Fig. 6 

w h e r e the best rounded stones a re not the 
smallest ones. 

The largest n u m b e r of measu remen t s of 
stones w a s t aken in the th i rd sample (Ta-
ble 1). These stones have possibly unde rgone 
all the d i f f e ren t t r anspo r t and abrasion 
phases connected wi th the glacier. There -
fore the most rounded stones and the grea tes t 
var ia t ion in mate r ia l a re to be found in this 
sample. A small p ropor t ion of the ma te r i a l 
m a y have carr ied on the sur face of the glacier 
so tha t it has not been ab raded at all. 

We do not know exact ly w h a t e f fec t t idal 
wa te r s have had on the roundness of stones 
in the Taku Inlet area, w h e r e the re a re s t rong 
t idal cu r ren t s (cf. S la t t and Hoskin 1968, p. 
434—435), nor the s ignif icance of ou twash 
processes in proglacial s t r eams (Alimen 1961 
according to Fl int 1971, p. 168). These 
processes may have a f fec ted the degree of 
roundness to some ex ten t be fore the push 
mora ine was formed. 

Conclusions 

Compared wi th the ma te r i a l b roken off 
the original rock and the stones deposited 
ear l ier dur ing the glacial phase the roundness 
of stones increases ve ry considerably in the 
course of the i r being t r anspor ted by the T a k u 
Glacier to its margin . In genera l it m a y be 
said, therefore , tha t the round ing ef fec t of 
a t empera t e val ley glacier and its wa te r s on 
the ma te r i a l it t r anspor t s is very great , even 
w h e n the dis tance over which the material-
is t r anspor t ed is short . 

Pe rhaps the most impor t an t observat ion 
made in this s tudy is t ha t the roundness of 
the stones depends on the i r original shape 
and size in which they loosened f r o m the 
rock face. Of course, the f ina l shape of the 
stones depend also on the rock type and 
erosional processes to which they are sub-
jected (cf. B lenk 1960). 
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It is intended later to study experimental ly, 
with the aid of a ball mill-like device, changes 
in the shape of stones, and so follow the 
rounding of stones of a given shape as they 
pass through dif ferent rounding processes (cf. 
Kuenen 1959). 
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