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A clay deposit occurring on the eastern side of Pienempi Kuivajärvi , 
southeast of Ivalo, is described. The clay was accumulated in a 
proglacial lake. Mineralogical analysis indicates a mineral content 
not closely similar to those found earlier in Finnish argillaceous sedi-
ments and shows a derivation f rom local granulitic bedrock. Most 
if not all of the pollen and diatoms are reworked. The pollen spectra 
include elements which may have originated f rom Eemian deposits. 
The diatom flora consists of f reshwater small-lake forms. 
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Introduction 

In the s u m m e r of 1970 one of us (M.S.) be-
came in te res ted in an unusua l ly located clay 
deposit, s i tuated 15 k m southeas t of Ivalo 
in F innish Lap land (Fig. 1), be tween Lake 
P ienempi K u i v a j ä r v i and the h ighway lead-
ing to Ra ja - Joosepp i (68°35.5' N Lat , 27°52' 
E Long; topographica l m a p No. 3832 10, 
x = 7614 44, y = 535 64). The sou thern pa r t 
of the fo rmat ion has been excava ted for 
brick product ion. According to Mr. Kauko 
Rauha la of Ivalo, w h o ran the b r i c k y a r d 
f r o m the la te 40's un t i l 1956, the main d i f f i -
cul ty in product ion was the unsu i t ab le f ine -
gra ined mater ia l . P ienempi K u i v a j ä r v i is 
s i tuated somewhat no r th of the last ice 
divide and on the lee side of c. 300 m high 
K u r u p ä ä fel l (elev. 457 m), in re la t ion to the 

last ice advance f r o m the southwest . It is 
in the area of w e a k glacial erosion which is 
indicated by a preglacia l wea the r ing horizon 
found in m a n y places in the Saar i se lkä area 
not f a r south of P i enempi K u i v a j ä r v i (Virk-
ka la 1955, Pen t t i l ä 1963). F u r t h e r m o r e , the 
clay deposit at an elevat ion of 187 m, is 
almost 40 m above the highest la te-glacial 
shorel ine of the n e a r b y Lake Ina r i bas in 
(Tanner 1930). The f ine ma te r i a l also d i f -
fe rs f r o m the la te-glacial silty clays found 
in the Inar i basin. These points lead one to 
conclude p re l iminar ly t ha t the clay is pos-
sibly an in situ deposit of in te rs tad ia l or in-
terglacia l origin. However , as wil l be seen, 
this assumpt ion did not prove to be correct 
bu t the location, minera logical composition, 
and pollen and dia tom content of the deposit 
display some in te res t ing f ea tu r e s which h a v e 
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Fig. 1. Index map 

not previously been noted in no r the rnmos t 
F in land . 

The site and its setting 

The clay deposit f o rms an elongated 
nor th—south or ien ta ted ridge, which meas-
u res some 200 X 20 to 50 m and ex tends 
2 m above the level of P i enempi Ku iva j ä rv i . 
The sou the rn pa r t of the fo rma t ion has been 
removed. In Fig. 2 the clay pit and the 
r idge n o r t h of it a re shown as the l ight -
coloured a rea on the east shore of the lake. 
The fo rmat ion cont inues to the no r th side 
of the h ighway w h e r e a pit exposes coarser 
mater ia l , including 80 to 100 varve- l ike lay-
ers composed of sand and silt a l t e rna t ing 
wi th clay. 

Topography and glacial morphological fea -
tu res in the P ienempi K u i v a j ä r v i a rea sug-
gest t ha t dur ing the f ina l s tage of the degla-
ciation the re was an ice -dammed lake in the 
P ienempi K u i v a j ä r v i basin. The local ice 
marg in at t ha t t ime follows a cont inuous 
morainic ridge, which belongs to the h u m -
mocky mora ine area shown on the aer ia l 
pho tograph (Fig. 2). The area of the pro-

posed ice -dammed lake is indicated in Fig. 
2 toge ther w i th its d ra inage direct ions. Based 
upon threshold elevat ions the lake was 15 to 
20 m deep. The clay was most p robab ly de-
posited in th is deep lake which was pe rhaps 
par t ia l ly f i l led wi th ice. 

Material 

The mate r ia l was s tudied in a section 
2.5 m deep on the no r th side of the pit. T h e 
resul ts of the grain-s ize analyses (Fig. 3) 
show tha t the ma te r i a l becomes f ine r 
t owards the top. Nea r the sur face the clay 
f rac t ion accounts for 70 % of the gra in size 
d is t r ibut ion which is unusua l ly high when 
compared wi th la te-glacial f ine sediments 
occurr ing e l sewhere in F in land . Below a 
clear b o u n d a r y at about 1.5 m depth, the 
ma te r i a l becomes coarser . The total th ick-
ness of the deposit is u n k n o w n . 

The wet clay is da rk b rown in colour and 
becomes only s l ight ly l ighter w h e n dried. It 
appears to be homogeneous bu t in pa r t ly 
dr ied sed iment some f ine band ing can be 
seen. The s t ruc tu re of the clay indicates 
tha t it accumula ted in a calm sed imen ta ry 
env i ronment . The clay b reaks down into 
i r regu la r pieces along i ron-s ta ined surfaces. 

For loss-on-ignit ion analysis the oven-
dr ied sample was f i r s t kept at + 5 5 0 ° C for 
two hour s a f t e r which it was weighed. It 
was then hea ted to 800°C for an hour . Most 
of the weight loss had a l ready occurred at 
550 C and most of it can be a t t r i bu t ed to the 
loss of w a t e r f r o m clay minerals . This ex-
plains the high loss-values in the clay-r ich 
samples. 

Mineralogical analysis 

X - r a y analysis was carr ied out on a clayey 
sample by using CuK a - rad ia t ion wi th Ni 
f i l ter . The or iented p r e p a r a t e w a s dr iven 
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Fig. 2. Aerial photograph showing the proposed ice-dammed lake in the Pienempi Kuiva-
järvi basin. The sampling locality in the clay deposit is indicated by x. By permission 
of Topograf ikunta . 

both when air-dried, and when heated to 
600°C, at which tempera ture it was kept 
for an hour. 

The following minerals were identified: 
biotite, bioti te-vermiculi te (a mixed-layer 
mineral, also called hydrobiotite), chlorite, 
quartz, potash feldspar, plagioclase, and am-
phibole. On the basis of the reflection 
intensities, the micas are by fa r the principal 
constituents, followed by quartz and chlor-
ite. The (001) reflection of mica was broad 
and di f fuse in the unheated sample, whilst 
in heated sample the intensity conspicuously 

grew and the shape of the peak sharpened. 
This indicates that some layers of vermicu-
lite must be present in the mica as the 
weather ing product of the lat ter . The re-
flections at 4.9—5.0 Å and 4.46—4.48 Å, 
typical of illites, were not observed, which 
indicates that illite is only present in very 
small quanti t ies if at all. Vermiculite is the 
weather ing product of t r ioctahedral micas, 
thus the mica must be biotite containing 
some mixed-layer mineral biot i te-vermicu-
lite. The presence of other t r ioctahedral 
micas, at least in notable quantities, is not 
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Fig. 3. Grain size distribution and ignition loss 
of the Pienempi Kuivajärvi clay deposit. 

probab le in an a rea of granul i t ic bedrock. T h e 
(001) ref lect ion of chlori te at 7.1 Å, which 
could also indicate the presence of kaolinite, 
did not d isappear , a l though the sample was 
hea ted a t 600°C for an hour . Thus, it is 
h ighly improbab le t ha t kaol ini te occurs in 
the clay. 

The minera logical composit ion does not 
indicate a f a r - advanced wea the r ing process in 
the fo rma t ion of the clayey f rac t ions . The 
w e a t h e r i n g products of plagioclase (kaolin-
ite, smect i te and/or illite) a re absent ; only 
hydrobio t i t e and chlor i te can be r ega rded as 
p roduc ts of wea ther ing , the l a t t e r is, how-
ever, most p robab ly a l ready fo rmed in the 
bedrock by h y d r o t h e r m a l processes. 

The composit ion of the P ienempi K u i v a -
j ä rv i clay does not bear any close resem-
blance to the argi l laceous sediments of 
sou thern F in land (cf. Sover i 1956, Garde -
meis ter 1975), which contain illite and ve r -
micul i te toge ther w i th i l l i te-vermicul i te , chlo-
rite, and hydrobiot i te . Nor is it s imilar to the 
f ew avai lable analyses f r o m the preglacia l 
wea the r ing crust in the Saar ise lkä area n e a r -

by (see Uusinoka 1975). These contain much 
illite and/or kaol ini te as well as some ve r -
miculi te . The wea the r ing produc ts of p la-
gioclase in the preglacia l w e a t h e r i n g area on 
the granul i t i c bedrock of Lap land are il l i te 
and kaolini te . No smect i te (montmori l lon-
ite) has been repor ted to occur in th is area. 
The ma te r i a l mus t have been, therefore , 
der ived f r o m glacial debr is der ived f r o m the 
granul i t ic bedrock by the ice-sheet e i ther 
f r o m the wea the r ing crust or f r o m the f r e sh 
rock below. The l a t t e r would seem more 
probable because of the abundance of u n -
w e a t h e r e d minera l s p resen t in the clay. 
However , it mus t be r e m e m b e r e d t h a t the 
ma te r i a l is r eworked and sorted. Thus, the 
f inest f rac t ions (less t h a n about 0.0015 mm), 
most p robab ly conta in ing nea r ly all t he 
wea the r ing products of plagioclase (kaolin-
ite and illite), m a y wel l have been washed 
away and the coarser f rac t ions consisting 
ma in ly of the u n w e a t h e r e d mate r i a l w e r e 
deposited in the basin. 

Pollen stratigraphy 

The deposit is ve ry poor in pollen. F ive 
slides were counted f r o m each level. Pol len 
gra ins a re most a b u n d a n t in the s i l ty lower 
p a r t of the section, bu t decrease towards the 
f iner topmost sediment . In Somero, south-
ern Fin land, most of the pollen in rede-
posited Eemian clay is found in si l ty s u m m e r 
layers whe rea s the f ine r w in te r layers con-
ta in only a f ew pollen gra ins (Donner and 
Gardemeis te r 1971). Similar ly , the d is t r ibu-
tion of pollen in the P ienempi K u i v a j ä r v i 
deposits suggests redeposi t ion. Pol len would 
thus have been mixed wi th minerogenic 
ma te r i a l and sorted dur ing t r anspo r t and 
deposit ion into the si l ty f rac t ion. The h igh 
proport ion, up to 30 °/o, of b r o k e n and cor-
roded inde te rminab le pollen also points to 
redeposi t ion. 

F u r t h e r evidence of redeposi t ion is in the 
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Fig. 4. Pollen diagram of the Pienempi Kuivajärvi clay deposit. 

pollen content of the sediment . I t has fea -
tu re s found not typica l of the pollen f lo ra 
s ince the last glaciation. Dur ing the middle 
Weichsel ian in te rs tad ia l (Peräpohjo la or 
Jämt land) , the P ienempi K u i v a j ä r v i area 
was p robab ly ice-free. This is indica ted by 
an organic horizon f o u n d in Vuotso, 70 k m 
to the south, which is of an equ iva len t age 
(Ku jansuu 1972). Pol len spect ra f r o m this 
in te rs tad ia l in Lap land were composed p re -
dominan t ly of Betula (Korpela 1969). The 
occurrence of Corylus and Carpinus pollen 
toge ther w i th t ha t of Picea and Alnus in the 
P ienempi K u i v a j ä r v i deposit indicates a still 
g rea te r age. In a sepa ra te sample 5 m 
dis tant at 1.3 m dep th four Carpinus pollen 
gra ins w e r e found. Korpe la (1969) describes 
the occurrence of Corylus and Carpinus 
pollen in till an teda t ing the middle Weich-
selian Pe räpoh jo l a in te rs tad ia l deposits in 
sou thern Lapland . S imi la r ly the in situ 
organic deposits at Sokli, sou thern Lapland , 
almost cer ta in ly of Eemian age, contain 
Corylus pollen (Ilvonen 1972). They also 
have high quant i t ies of Picea pollen which 

is however r a r e in P ienempi Ku iva j ä rv i . At 
presen t Sokli is s i tua ted wi th in the spruce 
fores t zone whe rea s P ienempi K u i v a j ä r v i 
lies immedia te ly n o r t h of the spruce t r ee 
limit. 

The pollen of the in terglacia l organic de-
posits in Leveäniemi , Swedish Lap land lead 
Rober tsson (1971, see also Lundqv i s t 1971) to 
conclude t h a t Corylus was g rowing 800 km 
nor th of its present l imit dur ing the Eemian . 
Similar ly , in the Kola Peninsula , Corylus pol-
len is typical in the Eemian deposits (Armand 
et al. 1969, according to Lundqvis t 1971). 

In conclusion, the pollen con ten t of the 
P ienempi K u i v a j ä r v i deposits suggests an 
interglacial , pe rhaps Eemian age, for some 
of the pollen, mixed wi th in te rs tad ia l and 
p r i m a r y ear ly Holocene pollen indicated by 
h igh Betula values. 

Diatoms 

The dia toms are l is ted in Table 1. The 
sed imenta t ion of d ia toms shows s imilar f ea -
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Table 1. List of diatoms of the Pienempi Kuiva-
järvi clay deposit. 

Depths 30 cm and 50 cm: none found. 
Depth 70 cm: Melosira f rag. 1. 
Depth 90 cm: Amphora ovalis 2, Cyclotella comta 

1, Cymatopleura solea 1, Epithemia zebra var. 
saxonica 1, Fragilaria construens 3,Gyrosigma 
Kütsingii 1, Navicula radiosa 4, Navicula sp. 
1, Pinnularia gibba 4, Pinnularia mesolepta 
1, Pinnularia sp. 1, Rhobalodia gibba 11, Sta-
uroneis phoenicenteron 2, Stauroneis frag. 1, 
Surirella biseriata 7, Surirella f rag. 3, Synedra 
affinis var. obtusa 1. Sum total 45. 

Depth 110 cm: Pinnularia frag. 1. 
Depth 130 cm: Amphora ovalis 1, Comphonema 

acuminatum var. coronata 4, Cymbella lacu-
stris 1, Cymbella ventricosa 1, Eunotia pec-
tinalis 1, Epithemia sorex var. gracilis 2, Epi-
themia zebra var. porcellus 1, Epithemia sp. 
1, Navicula cuspidata var ambiqua 1,Navicula 
pupula var. rectangularis 1, Navicula radiosa 
2, Navicula frag. 1, Navicula sp. 1, Nitzschia 
acuta 1, Pinnularia mesolepta 2, Pinnularia 
frag. 2, Surirella biseriata var. bifrons 5, Sur-
irella robusta var. splendida 1, Surirella f rag. 
6, Stauroneis anceps fo linearis 2. Sum total 
37. 

Depth 150 cm: Eunotia f rag. 1, Pinnularia maior 
1, Pinnularia frag. 2, Surirella biseriata 1. 

Depth 170 cm: Cymbella parva 1, Cymbella sp. 
1, Fragilaria sp. 1. 

tu res to t ha t of the pollen. They are most 
a b u n d a n t in the coarser silty sediment and 
absent in the f ine clay f rac t ion. This m a y 
be par t ia l ly due to the decant ing and sieving 
method used dur ing the p repara t ion , b u t is 
more likely, re la ted to the deposition of 
r eworked mater ia l . The dia toms a re f r e sh -
wa te r smal l - lake fo rms which on the basis of 
the i r d is t r ibut ion in the deposit, pe rhaps did 
not l ive in a proglacial basin. More probably 
they w e r e der ived f r o m older lake sediments . 
It should be pointed out, however , t ha t Melo-
sira distans, Navicula radiosa, Rhobalodia 
gibba and Cymbella ventricosa are among 
those dia toms which Mölder (1951) found in 
recent ice-margina l lakes in N o r w a y and Ice-
land. 

Summary 

The glacial morphology and topography 
near P ienempi K u i v a j ä r v i indicates t ha t the 
clay fo rma t ion on its east shore was mos t 
p robably deposited in an i ce -dammed lake, 
dur ing the f ina l r e t r ea t phases of the Weich-
selian glaciation. The deglaciat ion of this 
pa r t of Lap land took place dur ing ea r ly 
Holocene t ime (Saarnisto 1973). 

Mineralogical analysis indicates a mine ra l 
content not closely s imilar to those found 
ear l ier in Finnish argi l laceous sediments . 
The pr inc ipal const i tuents a re micas, fo l -
lowed by quar tz and chlori te. They indicate 
the origin of mine ra l m a t t e r f r o m w e a t h -
ered and/or u n w e a t h e r e d horizon of t h e 
local granul i t ic bedrock. 

The sedimenta t ion of pollen and d ia toms 
wi th the silt f rac t ion points to a redeposi ted 
origin. Corylus and Carpinus pollen f o u n d 
in the P ienempi K u i v a j ä r v i deposit suggests 
an Eemian age for some of the pollen, to -
ge the r wi th in te rs tad ia l and p r imary , ea r ly 
Holocene pollen. The dia toms or ig inate 
f r o m redeposi ted f r e s h w a t e r sediments . 

Thus the P ienempi K u i v a j ä r v i clay de-
posits seem to consist of mate r ia l s of d i f f e r -
ent ages, which were mixed dur ing the las t 
glaciation. These were then sorted du r ing 
t r anspo r t and sed imenta t ion in the calm 
wa te r s of t h e ice -dammed lake which w a s 
fo rmed in the P ienempi K u i v a j ä r v i bas in 
dur ing the f inal s tages of deglaciation. 
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