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The roundness of quartz grains in till stratigraphical samples was 
studied from Central and eastern Finland. The results show slight 
differences between the various portions of the till beds as well as areal 
differences. The surface texture of the quartz grains in till studied 
with the aid of scanning electron microscopy displays glacial and 
eolian features. Examination of the roundness and surface texture 
seems to be a useful tool in till stratigraphical studies. 
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Kivimiehentie 1, SF-02150 Espoo 15, Finland. 

In troduct ion 

T h e p u r p o s e of t h i s s t u d y w a s to tes t 
w h e t h e r t h e r o u n d n e s s of t h e qua r t z g r a i n s in 
a till m a t r i x c o u l d be u s e d as a c r i t e r ion in 
ti l l s t r a t i g r aphy . T h e s t u d y w a s b a s e d on 
ma te r i a l co l lec ted by t h e Geolog ica l S u r v e y 
of F i n l a n d d u r i n g t h e r e sea rch p r o j e c t »Gla-
c ia lgeological s t u d i e s for m i n e r a l exp lo ra -
t ion». Mar j a t t a P e r t t u n e n is r e s p o n s i b l e for 
t h e s t u d i e s a n d c o n c l u s i o n s o n t h e r o u n d n e s s 
a n d s u r f a c e t e x t u r e of t h e q u a r t z g ra ins . The 
t i l l s t r a t i g r aph ica l d a t a ( fabr ic ana lyses , 
p e b b l e c o u n t s ) a re b a s e d on a s t u d y by H i r v a s 
(1980), w h o d e s c r i b e s f r o m C e n t r a l a n d east-
e r n F i n l a n d (Fig. 1) t w o or t h r e e d i f f e r e n t t i l l 
layers , o f t e n w i t h i n t e r b e d d e d s a n d layers . 
T h e till l ayers w e r e d e p o s i t e d by t h e con t i -
n e n t a l ice shee t f l o w i n g f r o m v a r i o u s d i rec-
t i o n s d u r i n g t h e la te Weichse l i an s tage. T h e 
till u n i t s a re i n f o r m a l l y t e r m e d t h e older , t h e 

y o u n g e r a n d t h e y o u n g e s t till b e d s . T h e m o s t 
c o m m o n till on t h e s u r f a c e is t h e y o u n g e r till. 

F o u r t e e n s a m p l e s f r o m six p ro f i l e s w i t h i n 
t h e ti l l s e q u e n c e w e r e a n a l y s e d for t h e r o u n d -
n e s s of t h e q u a r t z gra ins . F r o m 100 to 130 
qua r t z g r a i n s f r o m t h e 1 — 1.2 m m f r a c t i o n of 
t h e ti l l a n d s a n d s a m p l e s w e r e e x a m i n e d . 

T h e r o u n d n e s s of t h e qua r t z g r a in s w a s 
d e t e r m i n e d w i t h t h e aid of a m e c h a n i c a l 
g r a n i f o r m a m e t e r d e v e l o p e d by K r y g o w s k i 
(1964), w h o h a s u s e d t h e fo l l owing r o u n d n e s s 
c lasses : y2 = ve ry r o u n d e d , Yi = r o u n d e d , 
ß2 = s u b r o u n d e d , ßx = s u b a n g u l a r , 02 = 
angu la r , a t = ve ry angu la r . T h e i n d e x of abra -
s ion (W0) a n d t h e i n d e x of h e t e r o g e n e i t y (Nm) 
of the q u a r t z g r a in s w e r e also d e t e r m i n e d . 

T h e r o u n d n e s s of t h e q u a r t z g r a i n s in t i l ls 
h a s b e e n e x a m i n e d ear l ie r for till t r a n s p o r t 
a n d d e p o s i t i o n s t u d i e s by a f e w a u t h o r s , e.g. 
K r y g o w s k i 1964; K r y g o w s k i a n d K r y g o w s k i 
1965; S e p p ä l ä 1971; a n d P e r t t u n e n 1977. 
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Fig. 2. Stratigraphy, lithology and roundness of the quartz grains in Profile I and II, Utrianlahti. W0 = index 
of abrasion, Nm = index of heterogeneity. 
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R o u n d n e s s of the quartz gra ins 

T h e till a n d s a n d b e d s d i f fe r s o m e w h a t in 
t h e d e g r e e of r o u n d n e s s of t h e q u a r t z gra ins . 

Profile I, Utrianlahti (Fig. 2) 

In P ro f i l e I. Ut r ian lah t i , t h e 2 -me t re t h i c k 
y o u n g e r till is u n d e r l a i n by sand a n d o lder ti l l 
(Fig. 3). B o t h till b e d s h a v e s imi la r fabr ics . 
T h e f ab r i c of t h e o lde r till in t h i s p rof i l e is 
e x c e p t i o n a l in th i s area. A p o s s i b l e e x p l a n a -
t i on is tha t t h e f ab r i c ana lys i s of t h e o lder till 
w a s d o n e on t h e u p p e r m o s t por t ion , w h i c h 
w a s d e f o r m e d by t h e y o u n g e r ice f low, al-
t h o u g h t h e sand layer d o e s no t m a n i f e s t any 
d e f o r m a t i o n s t r uc tu r e s . T h e p e b b l e c o u n t s 
h a v e g iven s imi la r resul t s , a n d t h e qua r t z 
de r i ve s f r o m g r a n i t e s a n d qua r t z d ior i tes . 

T h e r o u n d n e s s of t h e q u a r t z g r a i n s va r i e s in 
t h e t h r ee layers . Deta i led e x a m i n a t i o n of the 
qua r t z gra ins , ro l led in ang le c lass 12° (ß,), 
s h o w s t h a t t h e r o u n d n e s s in t h e o lde r till is 
less t h a n in t h e y o u n g e r till. T h e q u a r t z g r a i n s 
in t h e sand layer h a v e t h e h ighes t d e g r e e of 
r o u n d n e s s . In all t h e s a m p l e s t h e ma jo r i t y of 
t h e qua r t z g ra ins b e l o n g to the s u b a n g u l a r 
r o u n d n e s s class . All the b e d s i n c l u d e a f e w 
p e r c e n t a g e s of a n g u l a r and s u b r o u n d e d 
gra ins . 

Profile I I , Utrianlahti (Fig. 2) 

P r o f i l e II, U t r i an l ah t i , i s at a d i s t a n c e of 
800 m f r o m P r o f i l e I. T h e s t r a t i g r a p h y is simi-
lar: y o u n g e r till, s a n d a n d o lder till (Fig. 3). 
F a b r i c a n a l y s e s s h o w d i f f e r e n c e s in t h e ice 
f l o w d i r e c t i o n s b e t w e e n t h e y o u n g e r and 
o lde r tills. T h e d i r ec t i ons a re typ ica l of t h e 
local t r e n d in t h e tills. P e b b l e c o u n t s revea led 
t h a t b o t h ti l ls c o n t a i n e q u a l p r o p o r t i o n s of 
s ch i s t s a n d gran i tes , b u t t h a t t h e o lder till 
c o n t a i n s a g r e a t e r p r o p o r t i o n of q u a r t z d ior i te 
c las t s o w i n g to t h e longe r t r a n s p o r t d i s t a n c e 
in t h e q u a r t z d ior i te b e d r o c k area . 

T h e va r i a t i ons in t h e r o u n d n e s s of t h e 
qua r t z g ra ins in P r o f i l e II a re s imi la r to t h o s e 
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Fig. 3. Stratigraphy and fabrics in Profiles I and 

II, Utrianlahti. 

in P ro f i l e I. T h e q u a r t z g r a i n s in t h e y o u n g e r 
till h a v e t h e h ighes t r o u n d n e s s . T h i s is s h o w n 
by t h e g ra in s of t h e ang le c lass of 12° (ß,) and 
t h e a n g l e c lass of 16° (a2). T h e r o u n d n e s s of 
t h e qua r t z g r a i n s in t h e i n t e r b e d d e d s a n d is 
less in P ro f i l e II t h a n i n P ro f i l e I. S u b a n g u l a r 
g r a i n s p r e d o m i n a t e in al l beds . A n g u l a r a n d 
s u b r o u n d e d g r a i n s a re l e s s c o m m o n . O n e pe r 
c e n t of t h e q u a r t z g r a i n s in t h e o lder till a n d 
in t h e ove r ly ing s a n d a re r o u n d e d (yj, 4 ° -6° 
class). 

Profile I, Rääkkylä (Fig. 4) 

In P r o f i l e I, R ä ä k k y l ä , t h e y o u n g e r till lies 
d i rec t ly on t h e o lder till (Fig. 5). T h e i r f ab r i c s 
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Fig. 4. Stratigraphy, lithology and roundness of the quartz grains in Profiles I, II, III and IV, Rääkkylä. 
Wo = index of abrasion, Nm = index of heterogeneity. 

a re d i f f e r en t . T h e o lde r till c o n t a i n s m o r e 
local sch i s t c las t s t h a n d o e s t h e y o u n g e r till. 

T h e r o u n d n e s s of t h e q u a r t z g r a i n s in t h i s 
p rof i l e d i s p l a y s t r e n d s s imi la r to t h o s e in t h e 
p ro f i l e s of Ut r i an lah t i . T h e r o u n d n e s s in-
c r e a s e s g r adua l l y f r o m t h e o lder to t h e 
y o u n g e r till. S u b a n g u l a r g r a i n s d o m i n a t e . 
T h e o lder till h a s s o m e g ra ins in t h e angle 
c lass of 8° (ß2, s u b r o u n d e d ) . G r a i n s of t h e 
a n g l e c lass of 10° (ß2, s u b r o u n d e d ) ex i s t in 
b o t h tills. 

Profile II, Rääkkylä (Fig. 4) 

Pro f i l e II, R ä ä k k y l ä , c o n t a i n s b o t h y o u n g e r 
a n d o lde r till (Fig. 5). T h e h i g h e s t p r o p o r t i o n 
of s c h i s t s s h o w n by t h e p e b b l e c o u n t s on t h e 
o lder till i n d i c a t e s t ha t the m a t e r i a l in the 

o lder till is m o r e local in or ig in t h a n tha t in 
t h e y o u n g e r till. 

As i n P ro f i l e I a n d t h e p ro f i l e s of U t r i an -
laht i t h e r o u n d n e s s of t h e qua r t z g ra ins in-
c r e a s e s f r o m t h e b a s e to the u p p e r p o r t i o n of 
t h e prof i le . A n g u l a r g r a in s (angle c l a s ses of 
16° a n d 18°) p r e d o m i n a t e in t h e h i g h e s t por-
t i o n s of t h e o lder ti l l and in t h e l o w e r p o r t i o n 
of t h e y o u n g e r till. A s imi lar t r e n d is dis-
p l ayed by t h e i n d e x of a b r a s i o n (W0), w h e r e a s 
t h e i n d e x of h e t e r o g e n e i t y (Nm) is m o r e var i -
able . On t h e who le , in t h e d e g r e e of r o u n d -
n e s s t h e lower par t of t h e y o u n g e r t i l l is m o r e 
s imi la r to t h e o lder till t h a n to t h e u p p e r pa r t 
of t h e y o u n g e r till. T h e g r a i n s of t h e angu la r 
a n d s u b a n g u l a r c l a s ses p r e d o m i n a t e in all t h e 
s a m p l e s , w h e r e a s t h e s u b r o u n d e d g r a i n s a re 
a l m o s t c o m p l e t e l y l ack ing . 
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Fig. 5. Stratigraphy and fabrics in Profiles I, II, III and IV, Rääkkylä. 

Profile III, Rääkkylä (Fig. 4) 

The s t ra t igraphy of Profile III shows a 
younger till overlying an older one (Fig. 5). 
The two till beds differ in fabrics. The pebb le 
counts show that the propor t ion of grani tes 
is higher in t he younger than in the older till. 

This profi le is unl ike any of t he other pro-
files already descr ibed. The angle class of 12° 
exhibi ts more subangula r grains in the older 
than in the younger till. The subangular 
g roup p redomina tes in both till beds. 

Profile IV, Rääkkylä (Fig. 4). 

The s t ra t igraphy is the same as in the other 
Rääkkylä profiles: the younger till overlies 
the older till (Fig. 5). Fabr ic analysis shows 
t he same orientat ion for the younger till as in 

Prof i les I and II in the Rääkkylä area. The 
older till was not subjec ted to fabric analysis. 
P e b b l e counts show more schists in t h e older 
till. 

The results for roundness are similar to 
those in Prof i le III. The quartz grains of the 
older till are more rounded . In the angle class 
of 12°, the propor t ion of subangu la r grains in 
the older till is th ree t imes tha t in t he younger 
one; l ikewise t he propor t ion of angular grains 
is conspicuously smaller in the older till. 

Conclusions 

T h e index of abras ion (W0) and the index of 
heterogenei ty (Nm) of the younger till are the 
same (1180, 1185) in Prof i les I and II in the 
Utr ianlaht i area. Fur thermore , the roundnes s 
of t he quartz grains in t he older till in both 
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Fig. 6. Clear angular and subangular quartz grains (left), pitted subrounded quartz grains (right) from the 
till in Rääkkylä. 1-1.2 mm fraction. 

Fig. 7. A typical glacial-featured quartz grain with 
very high relief from the till in Rääkkylä. 

p ro f i l e s is r a t h e r s imi la r (1095, 1150). T h e cor-
re la t ion b e t w e e n t h e till b e d s of t h e s a m e age 
s e e m s obv ious . 

Fig. 8. Good parallellel steps of the quartz grain 
seen in photo 7. 

All f o u r p ro f i l e s in t h e R ä ä k k y l ä a r ea 
over l ie sch is t b e d r o c k . I t is r e m a r k a b l e t h a t 
t h e va lue of a b r a s i o n (W0, 1180) is c o n s t a n t i n 
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Fig. 9. Arc-steps of the quartz grain seen in photo 7. 

o lde r till in P r o f i l e s I a n d IV. In P r o f i l e s II 
a n d I I I t h e i n d e x of W„ va r i e s s o m e w h a t (1045 
a n d 1105) in t h e o lde r till. F u r t h e r m o r e , t h e 
y o u n g e r t i l ls a r e s imilar , t h e va lue of W0 b e i n g 
1070, 1100 a n d 1115. T h e e x c e p t i o n is P r o f i l e 
I, w h i c h h a s a h i g h v a l u e of a b r a s i o n (W0 ,1235) 
for t h e y o u n g e r till. 

P ro f i l e s I I - I V a r e n e a r e a c h o the r , b u t 
P r o f i l e I is 7 k m to t h e east . F a b r i c ana lyses 
i n d i c a t e t h a t t h e y o u n g e r till w a s d e p o s i t e d 
by ice f lowing f r o m w e s t to east . T h e s o u r c e 
r o c k s a re t h e g ran i t i c r o c k s to t h e w e s t of t h e 
prof i les . T h e h i g h e r d e g r e e of r o u n d n e s s of 
t h e y o u n g e r t i l l in P r o f i l e I is a t t r i b u t e d to t h e 
l onge r t r a n s p o r t d i s t ance , 7 k m , by t h e la te 
Weichse l i an c o n t i n e n t a l ice. O t h e r w i s e , t h e 
cor re la t ion b e t w e e n t h e till b e d s of t h e s a m e 
a g e is a s d i s t inc t as in t h e U t r i a n l a h t i a rea . 
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Fig. 10. A pitted quartz grain from the till in Rääk-
kylä. Eolian origin. 

Fig. 11. Detail of the quartz grain seen in photo 10. 
The effect of solution and precipitation is clearly 

visible. 
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Occurrence of p i t t ed quartz g r a i n s 

T a k e n f r o m t h e d r u m l i n s , t h e t w o p ro f i l e s 
of U t r i a n l a h t i h a v e a sma l l p e r c e n t a g e of 
p i t t ed g ra in s in al l beds . 

T h e p r o p o r t i o n of p i t t ed q u a r t z g r a i n s is 
l ower in t h e p ro f i l e s of R ä ä k k y l ä , j u s t w i t h i n 
t h e S a l p a u s s e l k ä ice m a r g i n a l f o r m a t i o n s 
t h a n in t h e U t r i a n l a h t i area. T h e d i s t r i b u t i o n 
of t h e p i t t ed q u a r t z g r a in s is a s fo l lows: In 
P r o f i l e I al l t h e b e d s h a v e a smal l p e r c e n t a g e ; 
in P ro f i l e II only t h e y o u n g e r till c o n t a i n s 
t h e s e gra ins ; in P r o f i l e I I I p i t t ed g r a i n s a re 
f e w b u t t h e y a r e p r e s e n t in all t h e un i t s ; in 
P r o f i l e IV they a re p r e s e n t on ly in the o lde r 
till. T h e p i t t ed g ra in s w e r e p r o b a b l y t rans -
p o r t e d f r o m t h e glacier by w i n d s d u r i n g each 
g lac ia t ion s t age a n d w e r e i n c o r p o r a t e d in to 
t h e till d u r i n g d e p o s i t i o n . T h e y m a y also h a v e 
de r ived f r o m r e w o r k e d o lde r s e d i m e n t s . 

Surface t e x t u r e of the quartz gra ins 

T h e s u r f a c e t e x t u r e s of s o m e q u a r t z g r a i n s 
of t h e s a m p l e s f r o m U t r i a n l a h t i a n d R ä ä k k y l ä 
w e r e e x a m i n e d by s c a n n i n g e l ec t ron mic ro -
s c o p y (SEM). B o t h c lear a n g u l a r a n d sub -
a n g u l a r g r a in s and p i t t e d s u b r o u n d e d g r a i n s 
w e r e u s e d for t h e s t u d y (Fig. 6). 

T h e s u r f a c e t e x t u r e of t h e a n g u l a r and s u b -
a n g u l a r g r a i n s r evea l ed cha rac t e r i s t i c fea-
t u r e s p r o d u c e d by glacial a c t i o n (e.g. Kr ins l ey 
a n d D o n a h u e 1968, Whalley a n d Kr ins l ey 
1974). F i g u r e 7 s h o w s a typ ica l glacial-fea-
t u r e d q u a r t z g ra in w i t h ve ry h i g h relief, a n 
i r regular , r o u g h glacia l out l ine , c o n c h o i d a l 
f e a t u r e s a n d b r e a k a g e b locks , para l le l a n d 
sub-para l l e l s t e p s and a rc -s teps . Fig. 8 dis-
p l ays good para l le l s t eps . T h e y a re p r o b a b l y 

c a u s e d by s h e a r s t r e s s as a re t h e a rc - s teps 
c o m m o n on c o n c h o i d a l b r e a k a g e f a c e s w i t h 
r egu la r spac ing (Fig. 9). A c c o r d i n g to 
Kr ins l ey a n d D o n a h u e (1968, p. 746), t h e y pro-
b a b l y r e p r e s e n t p e r c u s s i o n f r ac tu r e s . S o m e 
c o m m i n u t i o n f l a k e s o c c u r on the s u r f a c e of 
t h e gra in . 

Fig. 10 i l lus t ra tes a p i t t ed q u a r t z g ra in f r o m 
t h e o lder till. Fig. 11 s h o w s a de ta i l of the 
s a m e gra in . D i a g e n e s i s ( so lu t ion a n d p rec ip i -
ta t ion) s h o w s u p c lear ly on l ower p o r t i o n s of 
t h e g ra in (Coch a n d Kr ins l ey 1971, p . 433). 
Glacial a b r a s i o n w i t h s t r i a t i ons a n d e tch p i t s 
is revea led on t h e u p p e r s u r f a c e of t h e grain . 
S o l u t i o n a n d p r e c i p i t a t i o n a r e t yp i ca l of cold-
c l ima te d u n e ma te r i a l (Kr ins ley a n d D o o r n -
k a m p 1973). N u n e z and A l h o n e n (1974) h a v e 
d e s c r i b e d eol ian ma te r i a l w i th s imilar fea-
t u r e s f r o m L a m m i , F i n l a n d . T h e p i t t ed g ra in s 
s e e m to re f lec t t h e eo l ian e n v i r o n m e n t . 

Final remarks 

T h e q u a r t z g ra ins e x h i b i t on ly s l igh t d i f fe r -
e n c e s in r o u n d n e s s . N e v e r t h e l e s s , de ta i l ed 
e x a m i n a t i o n revea l s a ce r t a in t r e n d . I n t h e 
s t u d y a r ea t h e r o u n d n e s s of t h e q u a r t z g r a in s 
a p p e a r s to b e a u s e f u l too l in e s t a b l i s h i n g t h e 
d i f f e r e n t i a t i o n of till l ayers . I t m a y be appl ic -
ab l e in sh ie ld a reas s imi la r to t h a t d i s c u s s e d 
in t h i s s tudy . F u r t h e r m o r e , t h e r o u n d n e s s of 
t h e q u a r t z g r a in s and s u r f a c e t e x t u r e s ref lec t 
d i f f e r e n t o r ig ins a n d t r a n s p o r t d i s t a n c e s of 
t h e mate r ia l . 
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