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History 

By t h e ea r ly 1970's r e s e a r c h on t h e val ley 
of t h e O u l a n k a r iver h a d revea led t h e pres -
e n c e of u n u s u a l s lab- l ike f o r m a t i o n s of f ine 
s e d i m e n t s a n d o rgan ic ma te r i a l a b o u t a 
s q u a r e foo t in a r ea e a c h a n d s o m e 5 - 1 0 c m 
t h i c k at c e r t a in po in t b a r s on t h e lower c o u r s e 
of t h e r iver . P o l l e n a n a l y s e s ca r r i ed o u t at 
o n c e on t h e s e d e p o s i t s obv ious ly d e r i v e d 
f r o m s o m e o the r e n v i r o n m e n t s h o w e d a 
c o m p l e t e a b s e n c e of s p r u c e {Picea) po l l en , 
s u g g e s t i n g an age of a t leas t 5000 y e a r s (see 
Hicks , 1975, p. 13). T h e p r o p o r t i o n s of t h e 
m a i n a r b o r e a l spec ies , b i r c h and p ine , i n 
t h r e e of t h e s e s l abs va r i ed in t h e r a n g e 8 0 . 5 -
95.5 % Betula and 4 - 1 7 % Pinus, w i t h occa-
s iona l o c c u r r e n c e s of Alnus, Corylus, Ulmus 

a n d Carpinus. N A P a c c o u n t e d fo r 2 9 - 4 9 % of 
t h e to ta l A P + N A P . 

With t h e c o n t i n u a t i o n of o t h e r r e s e a r c h in 
t h e area , it w a s t h e n n o t i c e d t h a t n e w s labs 
of t h e s a m e k i n d w o u l d a p p e a r in t h e s a m e 
s i t ua t i ons e a c h sp r ing . The i r o r ig ins re-
m a i n e d a m y s t e r y , h o w e v e r , u n t i l 1975, w h e n 
it w a s d i s c o v e r e d en t i re ly by acc iden t ( w h e n 
d e t a c h i n g a n a n g l e r ' s f loat f r o m t h e r iver 
bed at s i te A in Fig . 1) t h a t t h e ' b e d r o c k -
f o r m e d ' r iver b e d w a s in fac t m a d e u p of 
t igh t ly p a c k e d layers s imi la r to t h o s e f o u n d 
on t h e p o i n t b a r s d o w n s t r e a m . In v i e w of t h e 
ear l ier po l l en r e su l t s a n d of the i r p o s i t i o n as 
t h e l o w e r m o s t depos i t on t h e valley f loor , t h e 
f i rs t supe r f i c i a l r eac t ion w a s to c lass t h e s e a s 
be ing of p o s s i b l e p reg lac ia l origin. When th i s 
m a t t e r w a s b r o u g h t u p at a m e e t i n g of re-
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Fig. 1. Location of the sites studied (A-G) in the catchment area of the Oulanka river. 

s ea rch sc i en t i s t s w o r k i n g in t h e K u u s a m o 
a rea in 1978, Dr. A h t i S i l v e n n o i n e n of t h e 
Geolog ica l S u r v e y of F i n l a n d a n n o u n c e d tha t 
t h e s a m e i d e a s h a d o c c u r r e d to h i m w h e n h e 
had m a d e s imi la r o b s e r v a t i o n s in t h e late 
1960's. C o r r e s p o n d i n g d e p o s i t s h a v e s i nce 
b e e n f o u n d w i t h ce r t a in ty at s e v e n s i t e s on 
t h e l o w e r c o u r s e of t h e O u l a n k a r iver d u r i n g 
r e s e a r c h c o n n e c t e d w i t h I G C P - p r o j e c t No. 
158(A). Po l l en ana lyses h a v e n o w been carr ied 
o u t on seven of t h e s a m p l e s , w h i c h w e r e 
o b t a i n e d by d iv ing or d igging , a n d radio-
c a r b o n d a t e s a r e n o w ava i lab le fo r t h r e e of 

t h e m . T h e s e s i tes f o r m t h e b a s i s fo r t h e dis-
c u s s i o n to b e e n t e r e d in to here , in w h i c h all 
t h e d a t e s r e f e r r e d to a re e x p r e s s e d in rad io-
c a r b o n years . 

B a c k g r o u n d e v e n t s 

With ve ry f e w e x c e p t i o n s (see Hi rvas & 
Tynn i , 1976, pp . 35 -37 ) , t h e P l e i s t o c e n e 
g lac ia t ions m a y b e said to h a v e d e s t r o y e d all 
t h e p r e - Q u a t e r n a r y d e p o s i t s in F i n l a n d , a n d 
t h e s a m e f a t e may also be a s s u m e d for t h e 
m a j o r i t y of t h e d e p o s i t s p r e -da t i ng t h e last , 
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Fig. 2. Partly stereoscopic areal view of the lower course of the Oulanka valley (photographs 80182/9-10. 
Sites A - B show the locations of the deposits and profiles depicted in Figs. 3 - 7 and 10. Photographed in 

1980. By permission of Topografikunta. 

or Weichse l i an (Würmian or Bal t ic) g lac ia t ion , 
a l t h o u g h n u m e r o u s f i n d s h a v e b e e n r e p o r t e d 
over t h e las t t e n years , e spec ia l ly i n t h e n o r t h 
of F i n l a n d , w h i c h w o u l d p o i n t to h o r i z o n s 
o r ig ina t ing f r o m e i the r t h e E e m i a n In te r -
glacial , a p p r o x . 120 000 B.P. , or one of t h e 
s t ages of t h e Midd le Weichse l i an In t e r s t ad ia l . 
Wi th in t h e s e Betula a n d Pinus a l t e r n a t e as 
t h e d o m i n a n t a r b o r e a l spec ies , a n d in m o s t 
of w h i c h po l l en of Alnus, Corylus a n d Picea 
is also f o u n d (see K o r p e l a , 1969; H i r v a s & 
Tynn i , 1976, pp . 3 7 - 3 9 ; F o r s s t r ö m & P e u r a -
n iemi , 1977, p. 11; Aar io & F o r s s t r ö m , 1979, 
pp . 3 7 - 3 9 a n d l i t e r a tu r e c i ted t h e r e i n ; H i r v a s 
e t al., 1981). 

A c c o r d i n g to t h e p i c t u r e of e v e n t s w h i c h 
h a s b e c o m e e s t a b l i s h e d in r e c e n t t i m e s , t h e 
ice of t h e Weichse l i an g lac ia t ion h a d r e c e d e d 
to a b o u t t h e l a t i t ude of t h e Arc t i c Circle on 
t h e e a s t e r n b o r d e r of F i n l a n d by a b o u t 9500 
B .P . a n d h a d r e a c h e d a p o i n t c o r r e s p o n d i n g 
to t h e p r e s e n t w a t e r s h e d in t h e w e s t by 

a b o u t 150-200 y e a r s a f t e r t h i s (Hyvär inen , 
1973, p. 93; H e i k k i n e n & K u r i m o , 1977, pp . 
2 0 - 2 1 ; Aar io & F o r s s t r ö m , 1979, pp . 3 9 - 4 4 ; 
K o u t a n i e m i , 1979, pp . 3 9 - 4 2 ; K u r i m o , 1979, 
pp . 5 8 - 5 9 ; P u n k a r i 1979, p p . 2 5 - 2 7 ; Saa rn i s -
to, 1981, pp . 20 -21 ) . At t h i s t i m e t h e O u l a n k a 
val ley, w h i c h lay a b o u t 100 m b e l o w t h e 
s u r r o u n d i n g te r ra in , s e r v e d as a col lec tor 
c h a n n e l for m e l t w a t e r f r o m e x t e n s i v e p a r t s 
of s o u t h e r n Sal la a n d n o r t h e r n K u u s a m o 
(Fig. 1). Th i s led to t h e d e p o s i t i o n of vas t 
q u a n t i t i e s of silt, s a n d a n d gravel , s o m e 
s u b a q u a t i c i n or ig in a n d s o m e s u p r a - a q u a t i c , 
on t h e val ley f loor , r e g u l a t e d by t h e w a t e r 
level p reva i l ing in t h e val ley a t t h a t t i m e 
(160-170 m a.s.l.). C o n s i d e r a b l e a m o u n t s of 
ice w e r e also b u r i e d b e n e a t h t h e s e d e p o s i t s 
(Kou tan i emi , 1979, pp . 2 1 - 2 8 , 4 4 - 4 5 ) . T h e 
r ap id p r o c e s s of l and u p l i f t w h i c h b e g a n u p o n 
t h e e m e r g e n c e of t h e l and f r o m b e n e a t h t h e 
ice a n d t h e c o n s e q u e n t t i l t ing of t h e e a r t h ' s 
c ru s t t o w a r d s t h e eas t f o r c e d t h e w a t e r s to 
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Fig. 3. Location of the deposit 
at Kallioperä (shaded in the 
channel) in relation to its en-
vironment (site A in Figs. 1 and 
2). The broken line indicates the 
course of the profile in Fig. 4. 
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Fig. 4. Cross-section of the de-
posit at Kallioperä (site A; see 
Figs. 1-3) . For further details, 
see text. 

flow o u t of t h e val ley in t h a t d i r ec t ion , 
r e d u c e d t h e b a s e level of e ro s ion a n d set in 
m o t i o n a p r o c e s s of r eo rgan iza t ion of t h e 
g lac iof luvia l va l ley fill ma te r i a l u n d e r t h e 
c o m b i n e d i n f l u e n c e of la tera l a n d ver t i ca l 
e ros ion w h i c h h a s b e e n typ ica l of t h e devel -
o p m e n t of t h e val ley d u r i n g t h e pos tg lac ia l 
pe r iod . O n e s t age i n t h i s is d e p i c t e d in Fig . 2. 

Occurrence of organic depos i t s 

Site A, Kallioperä 

At th i s p o i n t t h e r ive r h a s c u t d o w n a b o u t 
25 m in to t h e va l ley fill ma t e r i a l a n d t h e 
w h o l e of t h e va l ley floor h a s b e c o m e a f ie ld 
of va r i ab l e f luvia l l a n d f o r m s as a r e su l t of 
m e a n d e r i n g (Fig. 2). T h e r e is a r iver t e r r a c e 
5 m in h e i g h t and seve ra l t h o u s a n d s of y e a r s 
old d i r ec t ly o p p o s i t e t h e s i te ( K o u t a n i e m i , in 

p ress ) a n d p o i n t ba r s a n d s d a t i n g f r o m re-
cen t c e n t u r i e s on t h e i n s i d e of t h e b e n d . T h e 
c h a n n e l of t h e r iver is in a m o r e or l e s s s t a b l e 
s ta te at t h e p r e s e n t t ime , b u t t h e i n s i d e of t h e 
b e n d is r e s h a p e d eve ry yea r s as t h e s p r i n g 
h i g h w a t e r s car ry off a n d r e d e p o s i t s o m e of 
t h e s a n d (Figs. 2 a n d 3). 

T h e o rgan i c d e p o s i t s lie at a d e p t h of 
1 — 1.5 m a n d a re v i s ib le on t h e r iver bed in 
an a r ea of a b o u t o n e ac re ( coo rd ina t e s x = 
7358.83, y = 479.44). R e s e a r c h ca r r i ed ou t by 
d iv ing a n d b y m e a n s of a h a n d - o p e r a t e d 
p e r c u s s i o n dri l l w i t h a s a m p l i n g t ip (Pa r tne r ) 
h a s s h o w n t h e d e p o s i t s t o c o n t i n u e b e n e a t h 
t h e s a n d s of t h e po in t ba r in a s l ab of m o r e 
or less t h e s a m e t h i c k n e s s as is v i s ib le in t h e 
ve r t i ca l sec t ion in t h e c e n t r e of t h e c h a n n e l 
(Fig. 4). N o o rgan ic ma te r i a l w a s f o u n d in t h e 
u n d e r c u t s l ope o n t h e o u t e r wa l l of t h e 
c h a n n e l . 
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T h e ma te r i a l of th i s f ind is cha rac t e r i zed 
by para l le l l a m i n a t i o n , w i t h t h e w h o l e f o r m a -
t ion s lop ing gen t ly in a d i r ec t ion c lose to the 
l o n g i t u d i n a l a x i s of t h e val ley to p a s s u n d e r 
t h e po in t ba r (Fig. 4). T h e silt a n d f i n e sand 
c o n t a i n s an a d m i x t u r e of p l an t r e m a i n s a n d 
w o o d f r a g m e n t s , o f t e n in l a rge a m o u n t s (Fig. 
5). T h e m i n e r o g e n i c f r ac t ion is of a ve ry 
m u c h f i n e r g r a i n size t h a n the m i d d l e coa r se 
to c o a r s e s a n d ho r i zons f o u n d a b o v e a n d 
b e l o w it. 

A w o o d f r a g m e n t r e c o v e r e d f r o m s o m e 
20 c m a b o v e t h e l o w e r b o u n d a r y of t h e 
depos i t g a v e a r a d i o c a r b o n d a t e of 8530 ± 140 
B .P . (Figs. 4 a n d 5), and a s a m p l e of ma te r i a l 
f r o m b e l o w th i s w a s f o u n d to c o n t a i n 74.7 % 
Betula po l len , 24.2 % Pinus a n d 1.1 % Alnus. 
T h e a rbo rea l spec ies a c c o u n t e d fo r 86.4 % 
of t h e to ta l po l len , t h e N A P cons i s t i ng largely 
of Cyperaceae (67.8 %). 

Site B, Alaniemi 

At th i s site t h e o rgan i c ma te r i a l w a s f o u n d 
b e n e a t h s e d i m e n t s w h i c h had s l i p p e d d o w n 
to t h e b a s e of the u n d e r c u t s l ope o p p o s i t e 
t h e A l a n i e m i m e a n d e r h e a d l a n d (Figs. 2 a n d 
6; c o o r d i n a t e s x = 7357.06, y = 481.53), a n d 
w a s over la in b y s o m e 4 m of f luvia l d e p o s i t s 

Fig. 5. Vertical section through the old deposits 
at Kallionperä. The date HEL-1439 (see Fig. 4) 
applies to the wood fragment in the picture. 
Photographed by the author on 7th July, 1980. 

Fig. 6. General view of the un-
dercut slope opposite to Ala-
niemi (site B in Figs. 1 and 2) at 
the foot of which organic ma-
terial was found close to the 
water level (black arrow). 
Photographed by the author 

on 4th July, 1980. 

4 
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c o m p o s e d , typ ica l ly f o r a m e a n d e r i n g r iver , 
of a c o a r s e lag ho r i zon c o v e r e d by cross-
b e d d i n g s a n d s of t h e p o i n t b a r f ac ies w i t h 
t w o i n t e r v e n i n g e ros ion p a v e m e n t s and 
f ina l ly w e a k l y ho r i zon ta l ly l a m i n a t e d top-
s t r a t u m h o r i z o n s (cf. Allen, 1965a, pp. 1 2 9 -
153; R e i n e c k & S i n g h 1975, p p . 2 3 8 - 2 4 0 ; 
G u l l e n t o p s & P a u l i s s e n , 1978, pp . 28 -29 ) . 
B e l o w t h e o rgan i c ma te r i a l a n d r u n n i n g 
w e a k l y in para l le l to it is a b e d of l a m i n a t e d 
c o a r s e s a n d w i t h s o m e still coa r se r f r a c t i o n s 
(Fig. 7). 

T h e t igh t ly p a c k e d , b l a c k - c o l o u r e d b e d of 
o rgan i c a n d m i n e r o g e n i c ma te r i a l s o m e 25 c m 
in t h i c k n e s s is h o m o g e n e o u s to t h e e x t e n t 
t h a t it d o e s n o t p r e s e n t a n y o b v i o u s s t ra t i f ica-
t ion . T h e w h o l e b e d s lopes gen t ly ac ros s t h e 
val ley in a no r th -eas t e r ly d i r ec t i on (cf. Figs. 
2 a n d 7). A s a m p l e of p l a n t r e m a i n s e x t r a c t e d 
f r o m t h e m i n e r o g e n i c ma te r i a l for rad iocar -
b o n d a t i n g gave a resu l t of 8600 ± 150 B.P. 
T h e a r b o r e a l po l l en s p e c t r u m fo r t h e d e p o s i t s 
c o m p r i s e d Betula (71.1 %) a n d Pinus (28.9 %), 
w h i c h t o g e t h e r a c c o u n t e d fo r 72.8 % of t h e 
to ta l po l l en f lora. T h e m o s t c o m m o n N A P 
t a x a w e r e Cyperaceae (22.6 %) a n d Gra-
mineae (30.6 %)-. 

Site C, Antinniemi 

T h i s site w a s d i s c o v e r e d in c o n n e c t i o n 
w i t h t h e s t u d y of a n 8 m r iver t e r r a c e 
( coo rd ina t e s x = 7360.65, y = 477.48). T h e 
d e p o s i t s c o n t a i n i n g o rgan i c m a t t e r f o r m t w o 
ho r i zons at t h e foot of t h e b a n k and s lope 
a w a y r a t h e r s t eep ly t o w a r d s t h e n o r t h ex-
t e n d i n g b e l o w t h e w a t e r level of t h e r iver 
(cf. Figs . 1 a n d 8). A b o v e t h e s e is f i r s t of all 
a b o u t 4 m of large-scale c r o s s - b e d d i n g 
f o r e s e t s of s a n d , a n d t h e n a grave l a n d s tone -
e n r i c h e d b e d r e s e m b l i n g a r iver c h a n n e l lag 
hor izon . T h e u p p e r p a r t of t h e t e r r ace is 
c o m p o s e d of c r o s s - b e d d i n g a n d hor izon ta l ly 
l a m i n a t e d s a n d s in a s e q u e n c e m o r e or less 
typ ica l of d e p o s i t s a c c u m u l a t i n g on t o p of a 

Fig. 7. Stratigraphy of the bank pictured in Fig. 6 
(site B in Figs. 1 and 2). For further details, see 

text. 

lag ho r i zon in c o n n e c t i o n w i t h la tera l sh i f t 
of t h e r iver bed (cf. Fig. 8). 

L a r g e n u m b e r s of we l l -p re se rved frag-
m e n t s of t r ee t r u n k s a n d o the r s u c h ma te r i a l 
c a n b e f o u n d in t h o s e p a r t s of t h e o rgan i c 
ho r i zons ly ing b e l o w the w a t e r s of t h e r iver . 
One t r u n k r e c o v e r e d f r o m t h e l o w e r of the 
t w o h o r i z o n s g a v e a r a d i o c a r b o n d a t e of 
8730 ± 170 B.P . (Fig. 8). T h e a r b o r e a l po l l en 
of th i s d e p o s i t c o m p r i s e d 99 % Betula a n d 
1 % Pinus, a n d a c c o u n t e d only for 56.2 % of 
t h e t o t a l pol len . T h e m o s t c o m m o n N A P t a x a 
w e r e Rosaceae (45 %) a n d Gramineae (23 %). 

Sites D-G 

T h e r e m a i n i n g f o u r s i tes a re all loca ted 
w i t h i n t h r e e k i l o m e t r e s of A l a n i e m i in a 
d o w n s t r e a m d i r ec t ion (see Figs . 1 a n d 2). 
T h e d e p o s i t s of s i te D w e r e f o u n d i n t h e 
c e n t r e of t h e r iver b e d at a d e p t h of a b o u t t w o 
m e t r e s a t t h e cut-off po in t of t h e S i ikauopa-
j a n l a m p i o x b o w l ake (coord ina tes x = 7356.87, 
y = 481.64). T h e o t h e r t h r e e are all c lose to 
t h e m e a n d e r h e a d l a n d of H o r s m a n i e m i 
(si tes E, F and G in Fig. 1). O n e of t h e s e 
(site E, c o o r d i n a t e s x = 7355.37, y = 483.57) 
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Fig. 8. Location of the organic horizons at Antin-
niemi (site C in Fig. 1) in relation to the sediments 
of the 8 m river terrace above them. For further 

details, see text. 

l ies at t h e foo t of t h e u n d e r c u t s lope u p s t r e a m 
of t h e h e a d l a n d , a n d t h e o t h e r t w o in t h e 
bed of t h e r iver d o w n s t r e a m (site F, coor-
d i n a t e s x = 7355.03, y = 484.00; s i te G, coor-
d i n a t e s x = 7355.16, y = 484.16). 

T h e p r o p o r t i o n s of t h e p r i n c i p a l t r ee 
spec ie s in t h e po l l en f lora at t w o of t h e s e 
sites, D a n d F, w e r e r a t h e r s imi la r to t h o s e 
at t h e d a t e d s i tes d e s c r i b e d above , w i t h 
Betula a c c o u n t i n g fo r 75 .5-83 .9 % of A P a n d 
Pinus for 16 .1 -24 %. T h e i r c o m b i n e d pro-
p o r t i o n s of to ta l po l l en var ied in t h e r a n g e 
38 .8 -81 .6 %. At t h e o t h e r t w o si tes, E and 

G, h o w e v e r , Pinus w a s by fa r t h e m o s t com-
m o n a r b o r e a l spec i e s (73 .5-82 .5 %), w h i l e 
Betula r e a c h e d only 15 -19 .5 % a n d t h e 
nob l e d e c i d u o u s t r e e s Ulmus, Corylus a n d 
Quercus w e r e also r e p r e s e n t e d as we l l as 
Alnus ( 1 - 5 . 5 %). H e r e t h e A P spec i e s a m o u n t -
ed to as m u c h a s 9 2 . 6 - 9 3 % of to ta l po l len . 

Origins of the organic hor izons 

All t h e d e p o s i t s for w h i c h d a t e s w e r e 
o b t a i n e d t h u s p r o v e d to o r ig ina te f r o m t h e 
Ho locene , a n d t h e s a m e m a y also b e c l a i m e d 
of t h e o t h e r f o u r s i tes s t u d i e d on ly by po l l en 
ana lys is . With only t w o e x c e p t i o n s , s i t e s E 
a n d G, t h e y w o u l d all b e l oca t ed in t h e Ear ly 
Borea l C h r o n o z o n e (cf. M a n g e r u d et al., 1974, 
p. 122), a l t h o u g h s i tes D a n d F cou ld p o s s i b l y 
be r e g a r d e d as b e l o n g i n g equa l ly wel l to the 
L a t e P r e b o r e a l C h r o n o z o n e . T h e d e p o s i t s at 
s i tes E a n d G a re d e r i v e d f r o m a t i m e w h e n 
p ine f o r e s t s w e r e d o m i n a n t , a n d a r e t h u s 
y o u n g e r , b u t e v e n so n o t y o u n g e r t h a n 
5000 B.P. , s i nce no Picea po l l en is f o u n d in 
t h e m . Al l in all, t h e t r ee po l l en r e l a t ions and 
t h e la rge a m o u n t s of Cyperaceae, Gra-
mineae a n d Rosaceae a m o n g t h e N A P 
(excep t at s i tes E and G) fit in e x t r e m e l y 
wel l w i t h po l l en r e su l t s p u b l i s h e d fo r de-
pos i t s of s imi l a r age i n n o r t h - e a s t e r n F i n l a n d 
(see H y v ä r i n e n , 1972, p p . 9 - 1 5 ; Vasar i , 1974, 
pp. 108-114; H icks , 1975, p p . 8 - 1 6 ; K o u t a -
n iemi , 1979, pp . 40 -41 ) . 

T h e c ruc ia l q u e s t i o n a s fa r a s t h e or ig ins 
of t h e o rgan i c d e p o s i t s a re c o n c e r n e d is 
na tu ra l ly w h e t h e r t h e y w e r e laid d o w n in situ 
or no t . B e f o r e t h e d i s c o v e r y of t h e A n t i n n i e m i 
depos i t , w h e n t h o s e at Ka l l iope rä , for in-
s tance , w e r e a l r eady k n o w n to b e pos tg lac ia l 
in or igin, o n e w a s inc l ined to f a v o u r t h e 
t h e o r y t h a t t h e s e s l abs w e r e d e r i v e d f r o m 
s o m e m i r e a rea f u r t h e r u p s t r e a m . T h e as-
s u m p t i o n w a s t h a t t h e y h a d b e c o m e f r o z e n 
f a s t to t h e ice on t h e r iver b a n k at va r i ous 
t i m e s over t h e mi l l en ia a n d b e e n t r a n s p o r t e d 
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Fig. 9. Rate of postglacial downcutting on the lower reaches of the Oulanka and Kitkanjoki valleys (1) 
(Koutaniemi & Ronkainen 1982, fig. 2) in relation to shoreline displacement, i.e. the fall in the base level 
of erosion in the Peräpohjola region (2) (Saarnisto, 1981, fig. 9) and tilting on the ancient shoreline of 
Kitkanjärvi (3) (see Fig. 1; Heikkinen & Kurimo 1977, fig. 16). The similarity between curves 1 and 2 is 
striking, even though the latter does begin its fall slightly later than the former, for obvious reasons. The 

vertical scales in metres for curves 1 and 2 and in cm/km for 3 are marked on the left. 

d o w n s t r e a m by t h e e n s u i n g f lood wa te r s . 
S u c h a t h e o r y w o u l d fit ve ry wel l w i t h all 
t h e f i n d s e x c e p t fo r t h a t at Kal l ioperä , w h e r e 
e v e n t h o s e d e p o s i t s w h i c h w e r e vis ib le w e r e 
obv ious ly too large to h a v e b e e n car r ied 
d o w n s t r e a m by ice f loes. 

As at t h e o the r s i tes , t h e s u b s e q u e n t u n -
d e r w a t e r i nves t i ga t i ons ca r r i ed o u t by t h e 
a u t h o r at A n t i n n i e m i b r o u g h t u p an en t i re ly 
n e w a s p e c t r e g a r d i n g t h e or ig in of t h e de-
pos i t s c o n c e r n e d , in t h e s e n s e t h a t the or-
gan ic ho r i zons at t h i s s i te w e r e s h o w n to 
c o n t i n u e a c r o s s t h e r iver c h a n n e l a s a c u r v i n g 
f o r m a t i o n r u n n i n g b e n e a t h t h e s a n d s of t h e 
po in t b a r on t h e i n s i d e of t h e b e n d . S i n c e 
t h e y also d i p p e d s t eep ly b e l o w t h e lag 
hor i zon e v e n in t h e r iver bed , o n e w a s lef t 
in n o d o u b t t ha t t h e y m u s t h a v e b e e n laid 
d o w n in situ. I n v i e w of t h e s imi la r i t i es 
b e t w e e n t h e d e p o s i t s a n d t he i r s t r a t i g r aph ic 
pos i t ions , t h i s s i t ua t ion m a y t h e n be said 
to a p p l y equa l ly wel l to all t h e sites. 

I n t h e l ight of t h e above , t h e d e p o s i t s con-
c e r n e d m a y be i n t e r p r e t e d a s r e p r e s e n t i n g 
t h e basa l ho r i zons of e i t h e r p a l a e o c h a n n e l s or 

ke t t le -holes . As h a s b e e n s h o w n by r e s e a r c h 
car r ied ou t on t h e l o w e r r e a c h e s of t h e Ou-
l a n k a and K i t k a j o k i r ivers , d o w n c u t t i n g , as a 
c o n s e q u e n c e of t h e fal l in t h e b a s e level of 
e ros ion fo l lowing l and up l i f t , w a s ve ry r ap id 
in ear ly pos tg lac ia l t ime , so t h a t t h e w a t e r s 
of b o t h r ivers w e r e f l owing at levels only a 
c o u p l e m e t r e s a b o v e t h e p r e s e n t r iver b e d by 
5000 B .P . (Fig. 9). I t d o e s no t s e e m at all 
likely, h o w e v e r , t h a t t h e r ivers c o u l d h a v e c u t 
t he i r w a y d o w n to v i r tua l ly the i r p r e s e n t 
levels d u r i n g t h e first t h o u s a n d yea r s a f t e r 
t h e ice re t rea t , as t h e d a t e s o b t a i n e d for t h e 
o rgan i c ma te r i a l w o u l d s e e m to s u g g e s t (see 
K o u t a n i e m i & R o n k a i n e n , 1982; K o u t a n i e m i , 
in press) . 

T h e d e p o s i t s m u s t t h e r e f o r e b e de r ived 
f r o m old ket t le-holes . T h e r e a re i n d e e d a la rge 
n u m b e r of ke t t l e -ho les in t h e O u l a n k a val ley 
to t e s t i fy to t h e b u r y i n g of ice b l o c k s in con-
n e c t i o n w i t h g lac iof luv ia l a c c u m u l a t i o n , b u t 
t h e s e are f o u n d a l m o s t en t i re ly on t h e u p p e r 
c o u r s e of t h e r iver ( K o u t a n i e m i , 1979, pp . 
26-28 ) . T h e fac t t h a t t h e r e m a y h a v e b e e n 
ke t t l e -ho les in t h e l o w e r r e a c h e s of t h e valley 
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U p p e r m o s t l e v e l of va l ley fill depos i ted 9300-9500 B.P . 

Kettle-hole formation 
and removal of 
uoper horizons 

8530*140 

G l a c io f l uv i a l subs t r a tum 

Fig. 10. Cross-section of the Oulanka river valley through the deposit at Kallioperä (see Figs. 1 -4 ) and 
schematic representation of the sedimentological consequences of the earlier melting of dead ice at the 

site. 

as wel l h a s n o t real ly a r i sen in d i s c u s s i o n s 
before , for t h e s i m p l e r e a s o n tha t f luvia l 
e ros ion h a s w i p e d o u t t h e ke t t l e -ho l e s t h e m -
se lves (see K o u t a n i e m i , 1979, a p p e n d i c e s 
I V - V I I ) and tha t t h e or ig in of t h e p r e s e n t 
o rgan i c d e p o s i t s h a s b e e n u n c e r t a i n . 

T h e fac t t h a t t h e s e d e p o s i t s o r ig ina t ed f r o m 
ke t t l e -ho les also e x p l a i n s one s t r a t ig raph ica l 
odd i ty a t t a c h e d to all t h e f inds , as i l l u s t r a t ed 
in Fig. 10. T h e g lac iof luv ia l ma te r i a l lying 
b e n e a t h t h e f luvia l d e p o s i t s c lose to t h e 
p r e s e n t - d a y w a t e r level in t h e O u l a n k a r iver 
n o r m a l l y b e l o n g s to t h e b o t t o m set b e d s of 
t h e valley fill ( K o u t a n i e m i , 1980, fig. 3) a n d is 
u sua l ly c o m p o s e d of silt or ve ry f ine s a n d 
(Kou tan i emi , 1981, p. 95), w h e r e a s t h e m a -
ter ia l f o u n d b e n e a t h t h e ke t t l e -ho le depos i t s , 
w h i c h l ies at t h e s a m e level , as n o t e d above , 
is w i t h o u t e x c e p t i o n t h e s a m e m i d d l e coa r se 
a n d c o a r s e s a n d t h a t c a n b e f o u n d in t h e 
c o r r e s p o n d i n g r e s i d u e s of t h e t opse t b e d s of 
t h e val ley fill r e m a i n i n g on t h e s i d e s of the 
va l ley (see K o u t a n i e m i , 1979, p. 31). T h i s 
r ece ives a n a t u r a l e x p l a n a t i o n if o n e a s s u m e s 
t h a t t h e d e p o s i t s had b e e n r e m o v e d in con-
n e c t i o n w i t h t h e ke t t le -hole f o r m a t i o n (cf. 
Fig. 10). 

T h e O u l a n k a r iver t e r r a c e s u s u a l l y c o n t a i n 
4 - 5 m of f luv ia l s e d i m e n t s ( K o u t a n i e m i , 1981, 
fig. 5; in p ress , f igs . 4 a n d 7), a n d t h e loca-
t i on of t h e ke t t l e -ho le d e p o s i t s b e n e a t h t h e 
lag hor izon , as s een a t A l a n i e m i (see Fig. 7) 
is a logical o u t c o m e of t h e e ro s ion a n d depos i -

t ion b r o u g h t a b o u t by t h e la te ra l m o v e m e n t s 
in t h e r iver c h a n n e l . T h e d e p o s i t s at Ant in -
n iemi d i f fe r in the i r s t ra t ig raph ic loca t ion (see 
Fig. 8), h o w e v e r , s ince t h e s t r a t i g r a p h y of t h e 
8 m t e r r a c e i n d i c a t e s t ha t d e p o s i t i o n of t h e 
4 m or so of s u r f a c e h o r i z o n s o c c u r r e d in t h e 
s e d i m e n t fac ies m o d e cha rac t e r i s t i c of t h e 
t e r r a c e s of t h e O u l a n k a val ley . B u t w h e r e 
do t h e a l m o s t 4 m of s a n d d e p o s i t s o c c u p y i n g 
t h e l o w e r p a r t of t h e t e r r ace a n d ove r ly ing 
t h e o rgan i c h o r i z o n s o r ig ina t e f r o m ? 

W h e n c o n s i d e r i n g t h e s e s a n d s , it s h o u l d be 
r e m e m b e r e d at t h e ou t se t t h a t at t h e t i m e 
w h e n t h e o r g a n i c d e p o s i t s in t h e ke t t l e -ho le 
w e r e b u r i e d , t h e O u l a n k a r iver m u s t h a v e 
b e e n f l o w i n g pas t t h i s s i te at least a t t h e 
he igh t r e q u i r e d to c rea te t h e p r e s e n t 8 m 
t e r race , i.e. a b o u t 5 m a b o v e i ts p r e s e n t level. 
I t is e v e n pos s ib l e t h a t t h e y w e r e b u r i e d at a n 
ear l ier s t age in the la te ra l m o v e m e n t s of t h e 
r iver c h a n n e l t h a n t h a t a t w h i c h t h e 8 m 
t e r r a c e w a s f o r m e d , in w h i c h case t h e w a t e r 
level w o u l d h a v e h a d to h a v e b e e n still 
h ighe r . R e g a r d l e s s of h o w t h i s ac tua l ly t o o k 
place, h o w e v e r , t h e ke t t l e -ho le m u s t h a v e 
b e e n ab le to t a k e s h a p e g radua l ly over m a n y 
c e n t u r i e s b e g i n n i n g f r o m t h e a c c u m u l a t i o n of 
t h e val ley fill, a f t e r w h i c h it fell w i t h i n t h e 
s cope of f luvial ac t ion a n d f o r m i n g a d e e p pool 
it w a s filled w i th large-scale c ros s -bedded 
sand laid d o w n in the m a n n e r of e i the r de l t a 
or s a n d w a v e d e p o s i t s (Fig. 8; cf. Al len, 
1965b, p p . 104-105 ; W h e t t e n et al., 1969, pp . 



54 Leo Koutaniemi 

1155-1157; R e i n e c k & S ingh , 1975, p p . 2 3 8 -
243). T h e s a n d h o r i z o n s f o u n d in b e t w e e n the 
t w o o rgan i c d e p o s i t s a re m o r e l ikely to h a v e 
r e su l t ed f r o m s lope w a s h or ma te r i a l t r ans -
p o r t e d by s t r e a m s r u n n i n g d o w n t h e val ley 
s ides t h a n f r o m s e d i m e n t s t r a n s p o r t e d by t h e 
r iver i tself , s i nce it is i m p r o b a b l e t ha t t h e 
f i l l ing in of t h e ke t t l e -ho le w o u l d h a v e b e e n 
i n t e r r u p t e d for any ve ry grea t l e n g t h of t i m e 
o n c e t h e f o r m a t i o n h a d fa l len w i t h i n t h e 
s p h e r e of i n f l u e n c e of t h e r iver . 

It s h o u l d also b e m e n t i o n e d t h a t a s a m p l e 
of p l an t r e m a i n s r e m o v e d f r o m o n e s l ab 
t r a n s p o r t e d on to t h e po in t ba r o p p o s i t e Hors -
m a n i e m i ( coo rd ina t e s x = 7355.08, y = 483.64) 
by t h e s p r i n g f loods g a v e a r a d i o c a r b o n d a t e 
a s old as 9500 ± 220 B .P . ( H E L - 9 8 8 ) . It is 
not , of course , i m p o s s i b l e t ha t m a t e r i a l of 
t h i s a g e c o u l d h a v e o r ig ina ted f r o m s o m e 
of t h e o ldes t of t h e ke t t l e -ho les , espec ia l ly 
w h e n w e b e a r in m i n d t h e s t a n d a r d devia-
t ion of t h e r a d i o c a r b o n d a t e t o w a r d s a y o u n g -
e r i n t e r p r e t a t i o n (cf. K o u t a n i e m i , 1979, p . 47), 
b u t ce r t a in r e se rva t i ons s h o u l d p e r h a p s b e 
a t t a c h e d to t h i s da te , s ince t h e s a m p l e w a s 
in a n y case not r e c o v e r e d in situ. 

Fina l remarks 

T h e fac t t h a t ke t t l e -ho les loca ted in t h e 
m i d d l e of t h e val ley f loor w e r e ab l e to devel -
op u n d i s t u r b e d in s u c h la rge n u m b e r s as 
w o u l d b e a p p a r e n t f r o m t h e p r e s e n t obse rva-
t i o n s a r g u e s s t rong ly for t h e c o n c l u s i o n tha t 
t h e O u l a n k a r iver could n o t h a v e m e a n d e r e d 
to a n y t h i n g l ike i ts p r e s e n t e x t e n t d u r i n g 
ear ly pos tg lac ia l t ime , for if it h a d d o n e so, 
t h e ke t t l e -ho les w o u l d h a v e f i l led w i t h s a n d 
w i t h i n t h e f i rs t f e w c e n t u r i e s a n d w o u l d 
n e v e r h a v e c o m e to c o n t a i n d e p o s i t s of t h e 
age s h o w n h e r e by t h e r a d i o c a r b o n da tes . T h e 
c h a n g e in t h e f l o w s y s t e m of t h e r iver w o u l d 

s e e m to b e a s soc ia t ed b o t h w i t h c l imat ic 
f ac to r s and ve ry closely w i t h the t i l t ing of 
t h e e a r t h ' s c rus t , a n d t h u s it w o u l d s e e m 
r e a s o n a b l e to a s s u m e t h a t as a c o n s e q u e n c e 
of t h e r ap id fall in t h e base level of e ros ion 
at t h e b e g i n n i n g of t h e pos tg lac ia l pe r iod , 
t h e e n e r g y of t h e r iver at t h a t s t age w a s 
ch ie f ly c o n c e n t r a t e d u p o n t h e p r o c e s s of 
d o w n c u t t i n g , a n d tha t as t h e r a t e of t i l t ing 
s lowed d o w n la te ra l e r o s i o n inc reased , un t i l 
t h e r iver g r adua l l y a c h i e v e d t h e s i t ua t ion 
w h i c h p reva i l s at p r e s e n t , in w h i c h t h e role 
of d o w n c u t t i n g a p p e a r s to be v i r tua l ly nil 
(Fig. 9; cf. K o u t a n i e m i , 1979, p. 62). 

T h e f i n d s d e s c r i b e d a b o v e a re cer ta in ly 
n o t t h e only o n e s of t he i r k ind , a n d a s i tua-
t i on c o m p a r a b l e to t h a t a n A n t i n n i e m i w o u l d 
p r e s u m a b l y ar ise at t h e p r e s e n t m o m e n t , for 
e x a m p l e , if t h e r iver w a s to sh i f t i t s c o u r s e to 
pa s s t h r o u g h t h e ke t t l e -ho le r e p r e s e n t e d by 
K o u r u l a m p i ( c o o r d i n a t e s x = 7364.46, y = 
468.80) c lose to t h e O u l a n k a Biological 
S ta t ion . S imi lar ly , n e w d e p o s i t s of a corre-
s p o n d i n g t y p e a r e l ikely to c o m e to l ight in 
t h e f u t u r e as t h e r iver c h a n g e s i ts course , 
a n d cou ld a lso b e f o u n d at t h e p r e s e n t t i m e 
in o t h e r f o r m a t i o n s w h i c h c o n f o r m to t h e 
O u l a n k a val ley in t h e p a t t e r n of the i r pos-
glacial d e v e l o p m e n t . 
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