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TERMINOLOGY 

For the sake of elarity, some Finnish terms oeeurring in the geographie names and otherwise 
in this paper are listed below together with their English equivalents or explanations. 

tunturi 
vaara 
pää 
kaira 
selkä 
joki 
järvi 
harju 
rinneharju 
kuru 
satulakuru 
marginaal i nen 

= 

= 

uoma = 
extramargi naal i nen 

uoma 
proglasiaalinen 
uoma 
nielu-uoma 
lieveuoma 
laskukynnys 
lasku-uoma 

= 

fell 
forest-elad hili 
fell or felltop 
wilderness area 

ridge 
river 
lake 
esker 
engorged esker, ehute esker 

gorge 
eol ehannel 

marginal ehannel 

extramarginal ehannel 

proglaeial ehannel 
subglaeial ehute 
lateral drainage ehannel 
thres hold point 
sp illway 
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INTRODUCTION 

The area discussed here is located in north
eastern Finland and consists of the central and 
eastern parts of Lapland, the northernmost 
province of Finland. The area borders on 
Russia in the east. The area was situated in the 
north-central part of the Fennoscandian con
tinental ice sheet during the Late-Weichselian 

I 

\ 
J 

/ 
-' 

26' 

Tollinn Estonia 200 km 

2" / 
Fig. I. Location of the area studied. The Younger Dryas mar
ginal formations are indicated by broken lines and the icedivide 
during the last phase of the deglaciation by shading. 

glaciation and the flow centre of the ice and 
the ice divide occupied the middle of the area 
during the melting or deglaciation stage (Fig. 
I). The location of the ice divide had consid
erable influence on the movements of the 
continental ice sheet , on the progress of de
g laciation and on the glaciomorpholog ic al 
features of the area, and for this reason the 
deglaciation and related processes in the ice
divide zone constitute a special case com-

Fig. 2. Relief map ofthe area based on the elevation model data. 
I = Saariselkä fell region , 2 = central and southern area, 
dominated by fells and hills, 3 = Sompio lowlands. 



6 Geological Survey of Finland, Bulletin 383 
Peler Johal1ssol1 

pared wi th other areas once covered by the 
Fennoscandian ice sheet. 

Physiographically the area may be divided 
into three parts: the fell area of Saariselkä in 
the north , the fells and hills of the central and 
so uthern part, and the Sompio lowlands in the 
west and southwest (Fig. 2). The rounded fell 
tops of Saariselkä generally reach an altitude 
of 500-550 metres, while Sokosti, the highest 
fell, rises to 718 metres. Tectonic fault lines 
tens of kilometres long divide the bedrock 
into blocks of various sizes , which are best 
displayed by the Saariselkä fell massifs and 
the valleys between them . Other fells with an 
altitude of over 500 metres exist in the area 
stretching from Kemihaara via Tuntsa to Sor
satunturit. The main watershed, separating the 

waterway systems discharging i nto the Arctic 
Ocean from those discharging into the Gulf of 
Bothnia, runs from Saariselkä to Tuntsa . 

From Saariselkä south, the land slopes 
downwards in the form of a gently undulating 
peneplain crossed by river valleys. Altitudes 
are of the order of 200-300 metre s a.s.l., and 
the area is characterized by forest-clad hill s. 
river valleys and deep gorges. In the south
west, the Sompio area, the terrain turns into a 
swampy lowland crossed by river valleys and 
with scattered hills and fells in the centre, the 
highest of which is Koitelainen. The Sompio 
area, which was earlier covered by the most 
extensive peatlands in Finland, is nowadays 
partly beneath the Lokka Reservoir. 

The bedrock and its influence on relief 

The bedrock of the area consists mainly of 
Precambrian crystalline rock types (Fig. 3), 
the oldest of which are the highly metamor
phosed and partly migmatized quartz-feldspar 

gneisses, approximately 2.6-2.9 billion years 
in age, mica gneisses of sedimentary origin, 
volcanogenic amphibolites, ultramafic rocks, 
and the granitoids surrounding them (Juopperi 

____ =:;20 km 

Fig. 3. Bedrock map ofthe area. 1 = Archean metavolcanics and metasediments, 2 = 
Archean granitoids, 3 = Koitelainen layered intrusion, 4 = Proterozoie metavolcanics 
and metasediments, 5 = Proterozoic granites, 6 = granulite, 7 = Sokli carbonatite. 
Compiled by Juopperi (1994) after Mikkola (1937). 
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1994) . The rock types as such do not seem to 
have any significant influence on the relief, 
since the fells and hills in the region, e.g. the 
fell belt between Sorsatunturi and Sauoiva 
near the Russian border , consist of various 
rock types. Instead the morphology would 
see m to be controlled by structural features in 
the bedrock, such as schistosity, crush belts 
and tectonic movements . The rugged profile 
of Korvatunturi , for example, is a conse
quence of the gentle northern dip of the mica 
gneiss (Mikkola 1937 and 1941). 

The bedrock in the western part of the area 
consists of metasediments and metavolcanics 
belonging to the greenstone belt of central 
Lapland , and of mafic and ultramafic rocks 
that have intruded into them . This area, which 
is fairly even as a whole, has ranges of quartz
ite hills and fells projecting from it south-east 
of Lokka (Vuoltistunturi and Kokkotunturi) 
and east of Tanhua (the Pyörreselkä-Siy 
liövaara range). Parts of the mafic layered 
intrusions located in the area, i.e. Koitelainen , 
Kei vi tsa, Satovaara and Särki vaara (M utanen 
1989) , rise above the surrounding area in the 
form of residual mountains. Several chromite 
layers and deposits of go ld, vanadium and 
platinum group elements have been found in 
Koitel a inen in recent years, and large low
grade deposits of nickel , copper, gold and 
platinum group elements in Keivitsa (op. cit.). 

The rock types of Saariselkä, in the north
ern part of the area , belong to the granulite 
zone of Lapland. This arcua te zone extends 
from Finnmark, Norway, across the northern 
part of the area and into Russia. Granulite is 
a highly schistose rock type which was 
formed during the Svecokarelidic orogeny 

approximately 1.9 billion years ago. It orig
inally consisted of volcanic ashes and lavas 
which had been deposited as sediments on the 
sea bed and had later undergone a high degree 
of metamorphism during the folding process 
(Meriläinen 1976). The granites of Nattaset 
and Riestovaara, which intruded into the 
granulite and granitic gneiss approx im ate ly 
1.7 billion years ago, form a fell area wh ich 
rises conspicuously above its surroundings 
(Front et al. 1989). 

The youngest rock type in the area is the 
Sokli carbonatite, approximately 360 million 
years old. This is a round massif about 5 km 
in diameter surrounded by a 2-3 km wide fe
nitic alteration zone. The carbonatite, which 
has been eroded deeper than the surroundin g 
area, contains phosphorous minerals such as 
apatite and francolite, and rare elements, e.g. 
niobium (Vartiainen 1980). 

The Saariselkä fells were formed by block 
movements related to the new orogeny of the 
Scandinavian mountain range during the Ter
tiary, app rox . 30-50 million years aga (Mik
kola 1932) . As a result, the roots of the former 
fold mountains rose above their surroundings 
in the form of horsts, with large rifts and frac
ture zone valleys forming in all directions at 
the margins of the blocks, the most distinctive 
directions being NW-SE and SW-NE. Accord
ing to the interpretation of Niini (1964) , the 
vertical fault running eastwards from Som
piojärvi marks the southern limit of the block 
movements. The uplift gave rise to pro
nounced erosion, wh ich lowered the fells and 
smoothed over the originally sharp, angular 
features of the valleys. 

VVeathered bedrück 

The mechanically fractured and chemically 
altered rock known in Finnish as ' rapakallio' 
is widespread in the depressions and lowlands 
of the central and western parts of the area (cf. 
Hirvas 1991), being mostly covered by a till 

unit 1-3 m In thickness. The consistency of 
the weathered rock , wh ich may be c1ayey or 
sandy, depends mainly on the degree of alter
ation and on the rock type. Block weathering 
is the term used to denote weathering of the 
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rock surface into angular fragments. Accord
ing to Hyyppä (1983) it has not been possible 
to determine exactly when the weathering 
occurred, but pronounced weathering is 
known to have taken place as early as during 
the Paleozoic and Mesozoic eras, while the 
cIimate was also favourable for weathering 

during the Tertiary , approximately 25-50 mil
lion years ago. The fact that weathered rock is 
common in the gently undulating areas south 
of Saariselkä proves that the considerable 
block movements that took place in Saari selkä 
itself did not reach this area , and that erosion 
has been minor from the Tertiary onwards. 

Quaternary geological history and the ice divide 

Numerous observations of deposits predat
ing the last glaciation have been made in cen
tral Lapland, and it has been possible to date 
some of the lowermost till units as pre-Weich
selian, since organogenic deposi ts found be
tween these units have been classified on pal
ynoltlgical evidence and OSL (optically stim
ulated luminescence) dates as deriving from 
the Eemian interglacial (Kujansuu 1972, Mäki
nen 1982, Hirvas 1991, Kujansuu and Eriks
son 1995). The Eemian is said by Mangerud 
(1991) to correspond to oxygen isotope stage 
5e (130-117 ka), and the pollen flora of the 
organogenic deposits suggests that the cIimate 
in central Lapland at that time was approxi
mately similar to that of today or slightly 
warmer (Donner 1995) . Central Lapland was 
covered by ice for at least part of the Early 
Weichselian substage, and the cIimate during 
the ice-free periods , e .g . the Peräpohjola 
interstadial, was colder than today and a tun
dra vegetation prevailed (Korpela 1969, Hir
vas 1991). The climate became colder during 
the early Middle Weichselian, about 74 000 
BP (oxygen isotope stage 4, Mangerud 1991) , 
and the area was covered by continental ice 
sheets , after which it remained glaciated for 
most of the Middle and Late Weichselian . 

The zone identified as having contained the 
ice di vide stretches acro ss the central and 
southern part of the area . This constituted the 
centre of ice f10w and the divide during a 
number of the more recent glaciations and is 
characterized by weak glacial erosion and 
deposition , so that it possesses few parallel 
moraines or striations . The weakness of the 
glacial action is also reflected by the common 
occurrence of weathered rock, glaciofluvial 
landforms dating from before the last glaci
ation, and tor landforms , e .g . at Nattaset and 
Riestovaara . The occurrence of old Quater
nary deposits, and especially the concentra
tion of sorted and organogenic intercalations 
found between them, provides probably the 
most reliable proof of the weakness of glacial 
erosion and deposition in the ice-divide zone . 

The centre of ice f10w during the last degla
ciation was located in the middle of the area, 
so that an ice divide was formed approximate
Iy along the line Koitelainen-Lokka-Sorvor
tantunturi. From there the ice sheet spread out 
towards its margins in a fan-like manner. At 
the end of the deglaciation, when the ice 
margin had receded to the ice divide itself, 
great variations occurred in the direction of 
ice f1ow. 

Earlier findings and the aim of this research 

The first research into the glaciations and 
the f10w of the continental ice sheet in north
eastern Finland were published in the late 
19th century (Rosberg 1891, 1893), and Ros-

berg' s work (1908) on the Tulomajoki valley 
was the first study of the deglaciation in the 
area. The account provided by Tanner (1915) 
of the Quaternary geological history of Fen-
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noscandia stood out in its time as the most 
extensive and thorough study of the glacial 
geology of northern Finland, and its detailed 
local descriptions still serve as a basis for 
research. Tanner describes the directions of 
flow of the ice sheet and the retreat of i ts 
margin, and in this sense may be said to have 
been the first to descri be the ice di vide that 
ran across central Lapland. Tanner' s work 
also includes detailed descriptions of the oc
currence of ice-dammed lakes and of their 
history . 

Glaciofluvial landforms, both erosional and 
depositional, have been studied in northern 
Finland by Mikkola (1932), Virkkala (1955) 
and Kurimo (1978 and J 979), while ice
dammed lakes and their distribution in the 
area near Lake Inari have been described by 
Synge (1969) and corresponding examples in 
eastern Finland by Kilpi (1937) and Hyväri
nen (1971). Information on areas in Finland 
formerly covered by ice lakes has been com
piled in the form of a map by Eronen and 
Haila (1981). Equ i valent Quaternary terrai ns 
exist in Sweden, Norway and Canada, too. 
Extensive areas which were once covered by 
ice-dammed lakes have been identified in 
Sweden, chiefly in the province of Jämtland 
(Högbom 1892; Lundqvist 1969, 1973; Borg
ström 1989) . The major investigation into 
Swedish ice lakes and their typology is that of 
Lundqvist (1972). Research into the large ice
dammed lakes of central Canada, such as the 
Agassiz lce Lake , has been published by 
Christiansen (1979), Teller and Clayton 
(1983) and Karrow and Calkin (1985). 

The mapping of the Quaternary geology to 
a scale of 1 :400 000 that was begun in north
ern Finland in the 1960's involved the use of 
stereoscopic aerial photos, as also did the 
individual studies of Penttilä (1963) , Kujan
suu (1967) and Piirola (1967 , 1982), and this 
method enabled a more detailed classification 
to be made of the erosional and depositional 
landforms caused by the ice sheet itself and by 
its meltwater streams, thus leading to a closer 

examination of the deglaciation history of the 
ice-dammed lakes and the ice sheet in the ice
divide zone of northern Finland. Studies of 
the glacial morphology of the comparable 
region of Sweden were carried out mainly by 
Mannerfelt (1945), Hoppe (1952 , 1959) , 
Fromm (1965), Lundqvist (1969, 1979), 
Minell (1979) and Rodhe (1988), while anal
ogous work has been done in Canada by Shilts 
(1981) , Bouchard (1989) and others and on 
the Kola Peninsula in Russia by Nikonov 
(1964) , for example. 

The outcome of the investigations into the 
till stratigraphy of Northern Fennoscandia 
carried out by Korpela (1969), Lundqvist 
(1971) , Hirvas et al. (1977), Aario and Fors
ström (1979), Evzerov and Koshechkin 
(1981), Saarnisto and Peltoniemi (1984), Hir
vas and Nenonen (1987), Lagerbäck and Ro
bertsson (1988), Olsen (1988) and Hirvas 
(1991) has been the designation of a number 
of glacial stages and their corresponding till 
units , between which sorted or organogenic 
intercalations can be found. The results of this 
work have been gathered together in the map 
of Quaternary stratigraphy of the region pro
duced by the Nordkalott Project (Hamborg et 
al. 1986). These stratigraphic findings as their 
connections with the stratigraphy of Northern 
Europe as a whole are reviewed by Donner 
(1995). On the other hand, there are certain 
observations of till units associated with 
stages in the glaciation and of eskers which 
predate the last glaciation (Kujansuu 1975 , 
Mäkinen 1985) that have made the glacial 
stratigraphy more complicated and at the 
sa me ti me ha ve i ncreased the need for further 
research in central Lapland, and especially in 
the ice-divide zone, an area in which the erosion
al and depositional action of the ice sheet was 
only slight. 

The collection of material for this present 
research commenced in 1985, when the Geo
logical Survey of Finland started its mapping 
of the Quaternary geology of the Vuotso
Kopsusjärvi area to a scale of 1:50 000 and 
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related investigations (Johansson & Mäkinen 
1989). The mapping continued in the 
Saariselkä area during the years 1986-1988, 
and information on the deglaciation of that 
fell region was collected in conjunction with 

it (Johansson 1990). A map of the Quaternary 
geology of the Koilliskaira area (the Urho 

Kekkonen National Park and the Sompio Na
ture Reserve) on ascale of I: 100 000 with 
explanations was also published (Johansson & 
Mäkinen 1994), and more information was 

gathered on the ice-divide zone and the area 
to the south of it in 1993-1995. 

The aim was to form an overall picture of 
the action of the ice sheet, its dynamics and 

the retreat of its margin in the area where the 
ice divide was located during the melting of 

the ice , and thereby to be able to compare the 
action and dynamics of the ice sheet within 

the ice-divide area and outside it. A picture of 
the paleohydrography of the area was created 
by combining evidence from the erosional and 
depositional landforms caused by meltwater 
from the ice . A further aim was to clarify 

impressions of the occurrence of subglacial 

esker chains and till units and of their age 
differences. The main focus of the present 

work , however , is on the melting of the ice 
from the last glaciation and on the related 

paleohydrography, which serves as a basis for 
describing this. By combining information on 
the altitudes and age relations of the spill
ways, the directions of water flow and the 
history of the ice-dammed lakes , a detailed 

picture was obtained of the melting of the 

continental ice sheet and of the retreat of its 
margin in the area. 

METHODS 

For identification of depositionallandforms 

and interpretation of their formation , aerial 
photo interpretation was combined with stud

ies of the Quaternary stratigraphy. Interpreta
tion of aerial photos yielded the information 
necessary in order to focus the field checks 
and further studies on interesting and prob

lematic areas . In the aerial photo interpreta
tion Old Delft and Wild APT2 stereoscopes 
were used. When studied under the stereo
scope, differences in elevation are exaggerat
ed , which is helpful in the interpretation of 
landforms. Black-a nd-white photos to ascale 
of 1:31 000 were available for the whole study 
area. In addition, colour infrared or false col
our images to ascale of 1:30 000 were avail
able for most of the area. The interpretation of 
black-and-white photos is above all the inter
pretation of depositional landforms , in which 
the size, shape, location and greytone yield 
information on the behaviour of the ice sheet 
and on the properties of the deposits . In col

our infrared images, the blue-sensitive layer 

of the film has been replaced by an infrared
blue sensitive layer. In colour infrared images 

the green of plants is represented by red. The 

advantage, compared with black-and-white 
pictures, is that differences in moisture in the 
terrain cause distinct colour contrasts. Con
trasts in vegetation as weIl as variations in the 

amount of chlorophyll are also clearly distin
guished in the form of various shades of red . 

The vegetation is of indirect significance in 
the identification of superficial sediments and 

landforms , because various types of vegeta
tion represent various sediment types with 
their characteristic capacities to retain water. 

For the field checks sampIes of the deposits 
were taken by spade, percussion drill and 
hydrau I ic soi I-sampl i ng dri 11. In formation on 
the stratigraphie sequence of the surficial 

deposits was obtained from existing cuts, 
from excavator pits , and from ground radar 
loggings. In cuts and walls of excavated pits 
the stratigraphie till units were distinguished 

by study of their physical properties, such as 
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grain-size distribution, eompaetness, eolour, 
elast content, elast size and roundness of 
elasts. The grain-size distribution was studied 
by the laser diffraetion method in the labora
tory of the Regional Office for Northern Fin
land of the Geologieal Survey of Finland. 
Direetions of iee flow were determined by 
measuring striations and performing eonven
tional till fabrie analyses, analyses that in
cluded measurement of the direetion of ineli
nation and lithologieal analyses. The iee flow 
direetions are given in the form of eompass 

readings so that , e.g . a flow from west to east 
is referred to as 270°. Ground-penetrating 
radar was used to provide information on the 
st ratigraphie seq uenee and thieknesses of the 
layers , ineluding those lying beyond the depth 
range of exeavators, and more partieularly for 
studying till-eovered sOl·ted deposits. The 
mapping data were digitized by the FINGIS 
program to form a file from whieh the maps 
presented here , ineluding the appended map, 
eould be produeed. 

TILL STRATIGRAPHY 

In studies of till stratigraphy, the eentral 
Lapland iee-divide zone has been found to be 
an area of numerous till units of different 
ages. Till fabrie analyses have shown that 
they refleet iee flow stages, eorresponding to 
either different glaeiations or flow stages of a 
single glaeiation. Aeeording to the till stratig
raphy of Hirvas et al. (1977) eentral Lapland 
has six ti 11 beds of various ages, I-VI, from 
the youngest to the oldest. Only a few obser
vations exist of till beds IV, V and VI, wh ich 
represent the Saale or older glaeiations (Hir-

V uotso-Saa riselkä Maaselkä- Koitelainen 
area area 

Youngest till Youngest till 
(SW -WSW) (SW) 

Younger till (S W) Younger till (WSW) 

Oldest till (NW) Oldest till (NW) 

vas 1991). The most eommon till beds, II and 
IIl, also have the best regional eoverage. Till 
bed land the su rfieial till were fo rmed during 
the melting stage of the last glaeiation 
(op.eit.). 

B y in vestigations of the till st ratigraphy, 
five eommonly oeeurring till units of various 
ages have been found in the study area. They 
are presented in the following table (in braek
ets the flow direetion of the iee that deposited 
the till unit): 

Martti-Ruuvaoja Correspondi ng 
area till bed 

(Hirvas 1991) 

Surficial till Surficial till 
(SW-WNW) 

Youngest till Till bed I 
(WNW-NW) 

Younger till (W) Till bed Il 

I 
'Old Northern ' till 

I (N-NNE) 

Oldest till (NW) Till bed III 
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Oldest till unit 

Among the till units found by stratigraphie 
till studies the oldest one is the basal till , 
whieh for the purpose of this study was named 
the oldest till unit. It eonsists of massive and 
fairly eompaet sandy till (Fig. 4). Its eolour is 
browni sh g rey , and frequently it eontains 
eompletely weathered stones and boulders . 
The oldest till unit was depos ited by iee flow
in g from the direetion 300°-330°, apparently 
durin g its melting stage, when the iee divide 
was loeated in the northern part of the study 
area , approximately in th e Saariselkä fell re
g ion (Fig . 5 A). The oldest till unit is equiv
a le nt in its physieal properties , stratigraphie 
pos ition and tilJ fabrie to tilJ bed 111 dese ribed 
by Hirvas (1991) . Corresponding till units 
have been found in Vuotso (Kujansuu 1972, 

Kujansuu and Hyyppä 1995), east of Nattaset 
(Junnila 1982) , in Peurasuvanto (Lestinen 
1980) , in Maaselkä (Hirvas 1991) and in 
Keivitsa (Hirvas et a l. 1994) . In the Koitelai
nen a rea (T. Mutanen , oral report ) and so uth 
of Vuotso , striations in the direetion 3300 also 
oeeur. North of Vuotso , in Härkäse lkä , there 
is a basal till unit , deposited from the diree
tion 270°, whieh aeeording to Saarnisto and 
Tamminen (1987) probably belongs to the 
sa me stage . The oldest tilJ unit was penetrated 
only in a few plaees , and thus mueh uneertain
ty is attaehed to our notions of its thiekness. 
A further till layer was eneountered below 
this oldest unit in the Vuollosvaara area to the 

east of the Lokka Rese rvoir whieh in terms of 
its till fabrie and stratigraphie position may be 

GRAVEL 
(2-16 mm) 

SAND 
(63.um-2 mm) 

50 % 

o 

• 

50 % 

6. 1 

.... 2 

o 3 

• 4 

• 5 

50 % 

SILT + CLAY 
(liner than 63,um) 

Fig. 4. Ternary diagram of the grain-s ize distribution of till units in the Martti-Ruuvaoja 
area. I = surficial till , 2 = youngest till unit, 3 = younger ti 11 unit, 4 = 'Old Northern ' till unit, 
5 = oldest till uni t. 
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Fig.5. Directions ofice flow during deposition ofthe various till units: A = oldest till unit, B = 'Old Northern' till unit , C = younger 
till unit , D = youngest till unit and surficial till in the Vintilänkaira area (white arrow). 

analogous to till bed IV of Hirvas (1991). 
The oldest till unit is covered throughout by 

till deposits of a later date, the contact being 
visible nearly everywhere in the form of a 
change in colour or some other physical prop
erty. Occasionally there is a distinct contact 
or a sorted deposit between the till units. 

Other landforms related to the NW glacia
tion stage, or possibly to a still older one, are 
the col channel of Rumakuru (freely translat-

ed: Ugly Gorge) in Laanila (Penttilä 1963) , 
and the col channels of Pirunportti (Devil's 
Gate) and Keinokuru in the Saariselkä area 
(Johansson 1990) (Fig. 6). Judging from their 
locations and directions they cannot have 
been formed during the melting stage of the 
last glaciation . The ice sheet has crossed over 
them, but it has not been able to destroy them 
or fill them, except for their floors and slopes, 
which are covered by a thin blanket of till. 

The 'Old Northern' till unit 

In the area of Martti-Ruuvaoja- Tulppio, a earlier. Its properties are variable, from a 
till unit was found that has not been described loose , sandy basal till with few stones to a 
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Fig. 6. Keinokuru in the eastern part of Saariselkä, a meltwater gorge formed before the last glaciation. 

co mpact basal till of homogeneous structure, 
characterized by a higher than average eontent 
of fines (18-44 % 0< 0.06 mm) (Fig. 4). The 
till fabric analyses indieate that it was depos

ited by an ice sheet flowing from between N 
and NNE (F ig. 5 B). In plaees this till unit 
oeeurs at the ground s urfaee , and so possible 

ear lier observations of it have been elassified 
as surficial till (cf. Hirvas 1991). In this study 
this till unit is named 'Old Northern'. Its oc
c urrence and relations to other till units and to 

the various subglacial esker chains of the area 

will be deseribed later. 

Younger till unit 

The younger basal till unit was apparently 
deposited a t the end of the last glaeiation. At 
that time an ice divide was formed in the mid

dIe of the study area, along the line Koitelai
nen-Lokka-Sorvortantunturi, where the ice 
flow and its basal erosion were weak. In the 
iee-divide area the younger till unit is porous 

and sandy with small elasts. In the Maaselkä 

area its thickness is variable, 1-3 m (cf. Hirvas 
1991), while the corresponding till unit about 
20 km to the south, in the Keivitsa area, is 0.5-

1 m, at its thickest 2 m (Hirvas et al. 1994). 
When the younger till was deposited in the 
Maaselkä-Keivitsa area the ice was flowing 
from the direction 230°-260°. South and SE of 
the ice divide , in the areas of Martti and Ruu-
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vaoja , the direction of ice flow was 260°-280° 
and in the Sokli area 250°-270° (Fig . 5 C). 

North of the ice divide in the Saariselkä
Vuotso area and north of Pihtijoki , the direc
tion of ice flow was to NE or to NNE. The 

basal erosion and accumulation caused by the 
ice flow increased with an increasing distance 
from the ice divide. In the northern part of the 
study area, in the valleys of Suomujoki and 

Lutto (in Russian: Lotta), the ice direction 

was 210°-230°. In the central part of the 

Saariselkä fell area the ice flow was in the 
direction 195°-210° and south of Saari selkä, in 
Vuotso and around Pihtijoki , in the direction 
190°-210° (Fig. 5 C). In the area south of 
Vuotso and in Maaselkä, which were located 
closest to the ice divide at its northern margin, 
the dispersion is greatest, with directions rang

ing 230°-270° (Fig. 5 C). These results are 
analogous to the results obtained by Penttilä 

(1963) , Kujansuu (1972) , Hirvas (1991) , 1un
ni la (1982), and Saarnisto and Tamminen 
(1987) for the ice-flow directions. The stria
tions and shallow flutings that occur in the 
Saariselkä region (Johansson 1990), and the 
megaflutings occurring north of the study area, 

in the Ivalojoki river valley (Väisänen 1994) 

have the same orientation. 

The younger till is looser and on an average 
it has fewer clasts than the oldest till unit (Fig. 

4). It is , however, difficult to distinguish be
tween tills of various ages on the basis of the 
grain-size distribution , since this property de
pends especially on the amount of old sedi
ments and weathered rock mixed with the till 

(cL Lintinen 1995). The younger till unit is 
greyish brown, frequently speckled by minor 

light brown sandy intercalations and lenses. 
The colour is caused by the oxidation of iron 
above the groundwater table, but also by the 
underlying rock type and weathered rock. E.g. 
east of Nattaset, in the area of Rovaselkä and 
Pihtijoki , reddish brown basal tills occur. The 
colour of the tills in Rovaselkä are caused by 
the reddish colour of the potassium feldspar 

(microcline) of the attaset granite, since the 
till contains abundant material originating in 
Nattaset and transported by the ice to Rova
selkä. According to stone counts carried out by 
Junnila (1982), the clasts of the tills in Rova

selkä consist of Nattaset granite to nearly 

100 %. 

Youngest till unit 

The younger till unit is in the Martti-Ruu

vaoja area overlain by a till unit consisting of 
loose and sandy basal til!. On the basis of till 
fabric analyses it was deposited by an ice sheet 

flowing from the direction 300°-335° (Fig. 5 
0). The ice flow direction is approximately 
parallel to the subglacial esker chains deposit
ed during the latest deglaciation . The till unit 

described above is for the purpose of this study 
named the youngest till unit, and it corresponds 
partly to till bed I of Hirvas (1991 ). It was 
formed at that stage of the deglaciation when 
the flow of the ice was still active, the subgla
ci al meltwater action strong and the margin o f 

the ice sheet still tens of kilometres away, SE 
of the village of Martti . 

In the Maaselkä-Kuruselkä area the younger 

till unit is overlain by basal till , which is loose 
and greyish brown with few clasts. It was de
posited when the ice sheet was flowing from 
the direction 210°-220° and changes gradually 
without a contact into the underlying younger 
till unit , which was deposited from the direc

tion 260° (Fig. 5 0). It was probably formed 
simultaneously with the youngest till unit of 
the Martti area , since its orientation is equal to 

that of the esker chains of the latest deglacia
tion. The ice flow direction seems to have 
changed towards the end of the deglaciation 
from western to a more south-western without 
any distinct changes in the deposition of til!. In 
the vicinity of Vuotso , to~ , there is a change 
in ice flow direction from 210° to 240 0 (Ku

jansuu & Hyyppä 1995 ). 
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Surficial till 

Uppermost is a 0.5-1 m thick, sandy and 
loose layer , the origin of which may be quite 
variable. It may consist of supraglacial debris, 
frost-deformed till, till moved by solifluction, 
or ice-Iake sediments containing stones 
dropped by ice blocks floating in the ice lake. 
Some of the surficial unit is , however , clearly 
till, in which the fabric of the elasts reflects 
the f10w direction of the ice. 

South and SE of the ice divide the orienta
tions of the surficial till vary between SW and 
WNW. It was probably deposited at the final 
stage of the deglaciation, when the f10w direc
tion of the ice sheet was no longer necessarily 
parallel to the direction of the subglacial 

meltwater systems, but the margin of the ice 
sheet had turned into lobes and the lobes were 
f10wing in different directions, controlled by 
the landforms of the terrain. At the bases of 
the lobes , too , local flow variations occurred. 
Probably the loose and sandy surficial till 
presented by Hirvas ( 1991 ) corresponds part
Iy to the till unit described above. In the Vin
tilänkaira area the latest f10w stage of the ice 
sheet, from SW to NE (Fig. 5 D), seems to 
have been more intensive than the one de
sc ribed earlier, and as a result the surficial till 
unit deposited in the area is fairly compact 
and frequently more than a metre thick . 

GLACIOFLUVIAL SYSTEMS 

Abundant meltwater action was typical dur
ing the deglaciation of central Lapland, and 
the frequently occurring meltwater-related 
landforms , both erosional and depositional 
(Appendix) are the best evidence of this. They 
are classified for the prese nt purposes into 

subglacially, proglacially, marginally, extra
marginally and laterally formed erosional and 
deposition al types depending on how they 
were formed in relation to the ice sheet and its 
margin. 

Subglacial meItwater systems 

Many of the glaciofluvial landforms in the 
study area were deposited by subglacial melt
water systems inframarginally in a tunnel 
deep under the ice (cf. Lundqvist 1979). As a 
contrast to other meltwater-related landforms, 
the subglacial meltwater landforms are inde
pendent of the s lope s of the terrain and capa
ble of crossing water divide s. This is due to 
the hydrostatic pressure prevailing in an e n
c losed conduit. According to Shreve (1972) 
this pressure is directly proportional to the 
thickness of the overlying ice and the pressure 
caused by it. In an open channel , e.g. at the 
margin of the ice sheet or on top of it, such 
apressure could not form. 

Subglacial meltwater was formed and start-

ed to collect as a thin lay e r at the base of the 
ice sheet when the temperature of the ice was 
at the pressure-melting point, i.e., it was a 
'warm-ba sed glacier'. The meltwater s tarted 
flowing towards the margin of the ice in the 
directions of the pressure gradients (Hooke 
1989). Meltwater was also formed on the sur
face of the ice sheet and inside it, from where 
apart of it penetrated downward along frac
tures. The meltwater streams finally formed 
long networks of glacial rivers in the approx
imate direction of the ice f1ow, along which 
the meltwater streamed towards the ice mar
gin. The water-filled condu its widened and 
narrowed in relation to the contrast in pres

sure between the meltwater and the ice sheet 
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(Röthlisberger 1972). Shreve (1985) has stat
ed that already at a depth of 100 m the ice is 
plastic enough to allow meltwater conduits to 
open or contract according to the increase or 
decrease in hydrostatic press ure. 

The subglacial meltwater systems are in the 
study area represented by long, straight-to
sinuous esker chains running across the area 
(Appendix). The esker chains, which are fre
quently more than a hundred kilometres long, 
were hardly formed contemporaneously, but 
both the erosional and depositional landforms 
were formed gradually as the ice margin re
treated. The chains are dendritic, which is 
typical of conduits incised in the ice, 'R chan
nels' after Röthlisberger (1972). Walder and 
Fowler (1994) and Clark and Walder (1994) 
have presented an alternative model of drain
age systems, which comprises widespread, 
shallow 'canals' incised downward into the 
till. They have been found to occur in regions 
of sedimentary rocks, where the ice sheet was 
flowing on top of a thick bed of deforming 

sediment (cf. Clark & Walder 1994, Gilbert & 
Shaw 1994). In the study area the bedrock is 
crystalline and impermeable, and it is fre
quently overlain only by a thin , discontinuous 
till cover. For this reason the meltwater sys
tem theory presented by Röthlisberger (1972) 
was the most probable in the study area. Only 
in the western part of the area, where the 
Quaternary deposits along with the weathered 
rock may form a thick cover on top of the 
' hard' bedrock, canals mayaiso have oc
curred . 

Subglacial esker chains include both e
rosional and deposition al landforms. The e
rosional forms include flat-bottomed basins , 
and gorges and channels eroded to the bed
rock. The most common depositional land
forms are esker ridges, single esker hillocks, 
deltas, and accumulations of sand lacking 
particular morphological features. Between 
these , extensive areas may exist with no signs 
of glaciofluvial action. 

Subglacial erosion and related landforms 

Under the hydrostatic pressure prevailing in 
an enclosed conduit, a meltwater stream is 
able to rise uphill , ascending valley floors and 
slopes and crossing divides. At divides and 
passes the meltwater stream seems to have 
mainly eroded earlier deposits, exposing or 
incising the bedrock surface . According to 
Vivian (1970), three types of erosional land
forms were formed , depending on the power 
of the stream and the abrasion it caused : tor
rential polish on bedrock surfaces, subglacial 
channels, and gorges. All three types occur in 
the study area . 

The variation of erosion and deposition 
caused by a subglacial meltwater stream is 
weil illustrated in the glacial hydrography of 
the Värriötunturi-Sauoiva area , in the eastern 
part of the study area (Fig. 7). The subglacial 
meltwater system of Suurkovanselkä-Papu
haara (A4 on Appendix) crossed the orienta-

tion of large bedrock landforms in several 
places. Erosional landforms occur especially 
at the crest of the divide and on steeply de
scending slopes. The depositional landforms 
are located in the flat areas between the di
vides and on ascending slopes. North of 
Sauoiva the depositional landforms decrease 
in size the closer they get to the crest of the 
divide , where they are replaced by erosional 
landforms. On the lee side of the divide these 
gradually become breaches incised deeper and 
deeper into the bedrock. At their maximum 
they are 25-30 m deep and approximately 
equally wide gorges wi th a V -shaped profile 
(Figs. 8 and 9 A). They have an irregular long 
profile with ridges and basins, running 
downslope for a distance of a few hundreds of 
metres , until the slope becomes gentle , and in 
the valley of Papuhaara deposition al land
forms occur again (Fig. 9 B) . 
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Fig. 7. Longitudinal section of the subglacial meltwater system of Suurkovanselkä-Papuhaara (A 4 in Appendix) with related 
processes: 1 = depositionallandform, 2 = erosionallandform, 3 = floor of the Syväkuru gorge. A = Zone of fairly rapid subglacial 
meltwater flow, resulting in melting in the conduit walls and the formation of sharp-crested eskers. B = Zone of retarded meltwater 
flow, resulting in abundant deposition at the base of the conduit and the formation of broad-crested, flat eskers. C = Zone of slow 
meltwater flow, resulting in freezing ofthe walls ofthe conduit and the formation oflow, even-crested eskers. D = Zone at the crest 
of a divide and on adescending slope, marked by accelerating meltwater f10w and the development of erosionallandforms. E = 
Zone ofweakening meltwater f1ow, marked by abundant deposition at the base ofthe conduit. The white arrow shows the direction 
of subglacial meltwater flow. The upper part ofthe figure shows the course ofthe meltwater system on a map based on the elevation 
model data. 
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Fig. 8. The subglac iall y formed gorges of Sauoiva. 

The dimensions of the Sauoiva gorges show 
the enormous erosional force of meltw ater in 
enclo sed conduit (Fig. 8). The pressurized 
flowing water was able to create considerable 
e rosional landform s, eve n in a very short 
ti me , if the underlying rock was already bro
ken (cf. Vivian 1970). The erosion could also 
continue for a long time in the sa me place, 
s ince the c hannel cut in the rock offered the 
meltwater stream an environment bettel' pro
tected from the pressure of the ice and the 
movements of its base than a channel merely 
cut in the ice (Nye 1973 ). 

At the divides the erosion see ms to have 
co ncentrated at the crest, being at its s tron ges t 
in the upper part of the lee s ide of the divide. 
Deposition aga in occurred in flat a reas, on the 
upstream si de of the divide and on ge ntle 
downstream slopes . It thus depended on the 

inclination of the conduit, on the velocity of 
the meltwater stream in it , and on its trans
porting capacity, which process was dominat
ing. The power of the stream to erode and 
transport e roded debris was at its maximum 
j ust after the divide, where the stream turned 
abruptly downward . On uphill s lopes the 
stream was s lower, and so the debris trans
ported by the stream was deposited at the base 
of the conduit (cf. Shreve 1972). 

On the Värriötunturi fells it can be seen 
how the path of a subglacial conduit is inde
pendent of the topography of the di vide (Figs. 
7 and 9). A subglacial conduit crossed the fell 
range along its southern margin without de
scending to the floor of the Syväkuru gorge 60 
m below , wh ich was formed as early as before 
the last glaciation (Fig. 10) . The path of the 
subglacial stream can be traced on the slope 
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Fig. 9. Glaciohydrographic hi story of the Värriötunturit-Sauoiva area and disappearance of the glac ier (A-D); I = subglacial 
meltwater system and its mouth , 2 = func tion ing proglacial or marginal channel, 3 = former proglacial or marginal channe l, 4 = 
former subglacial channel , 5 = ice margin , 6 = gorge, 7 = esker, 8 = ice-dammed lake, 9 = contour line. 

of the fell in the form of washed bedrock 
surfaces and low esker hillock s. The meltwa
ter s tream did not shi ft down to the bottom of 
the gorge until the proglacial s tage , when the 
subglacial conduit at the crest of th e fell was 

broken as the ice became thinner. Th e progla
ci al stream followed the floor of the go rge 
onto the ice loca ted east of the fell , where it 
probably continu ed in an open channel to the 
NE, towards the go rge of Pirunkuru (F ig. 9 
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Fig. 10. The ancient subglacial Syväkuru gorge, wh ich cuts across the fells of Värriötunturit. Loose debri s was washed out from 
the gorge f100r by proglacial meltwater during the final stage of the latest deglaciation. 

C). After the thinning of the ice sheet and 
after its surface had sunk below the bottom of 
the Syväkuru gorge, the meltwater discharg
ing from its mouth turned to flow marginally 
along the western slope of the Värriötunturi 
fells to the north, towards the upper tributar
ies of Hirvasjoki . Remaining from this stage 
is a network of deep marginal and extramar
ginal channels, leading to the north (Fig. 9 D). 

On level or gently sloping ground, where 
the till blanket covering the bedrock is thicker 
than on the divides and steep slopes, the ero
sionallandforms are flat-bottomed basins and 
channels, wh ich have been cut into the under
lying till or weathered rock. Afterwards they 
were filled by lakes, ponds or peat deposits . 
Since the depositional landforms are often 
located in these channels and basins, as e.g. 

ne ar the lakes Joutsenjärvi and Naavajärvi , 
the erosional forms are older than the depo
sitional forms and were formed during the in
itial stage of the development of the subgla
ci al meltwater system, when the action of the 
meltwater deep under the ice was mainly ero
sional (cf. Shreve 1972). In the ice-divide 
zone the eroded channels formed by the 
meltwater action are frequently clearly dis
tinguishable , since the base consisted of 
easily eroded weathered bedrock (Kujansuu & 
Eriksson 1995). Near the ice margin the power 
of the stream began to weaken due to de
creased ice pressure (cf. Lundqvist 1979) . The 
erosion turned to accumulation and deposi
tionaJ Jandforms started to form at the base of 
the conduit quite near its mouth. 
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Subglacial deposition and related landforms 

The most common depositional landforms 
are long uniform esker ridges, which were 
deposited on level or gently sloping land. 

Examples are found in the subglacial esker 
chain of Suomujoki (A 11) in the Suomujoki 
valley (Mikkola 1932, Saarnisto 1973, Jo
hansson 1990), in the Sokli esker chain (A 5) 
in the area between Nuortti and Ainijärvi 

(Perttunen & Vartiainen 1992), as weil as in 
the Leukkuhamara esker chain (A 1) NW of 

Ettisselkä and in the area between Vaklivaara 

and Kemijoki (calied Keihäsharjut). The ridges 
are 5-25 m high and approximately 100-200 m 
wide. Their slopes are frequently steep, and 
occasionally they also have s harp crests, e.g. 
Kuivahaaranharju SE of Ainijärvi, Selkä-Suo
niharju south of Leukkuhamaranvaara (10-

hansson & Kujansuu 1995), and the Tuntsa 
esker (Fig. 11). In the type of esker deposited 

on level ground. the variations in grain-size 
distribution are considerable both horizontal

Iy and vertically. The contacts between rhythmi
cally interlayered sand and gravel units are 

sharp . The variations in grain size were 
caused by the seaso nal changes in velocity 
and sediment load of the streaming water. The 
st ructure is mostly cross-bedded, with the 
beds dipping in the distal direction and to
wards the flanks of the esker (Fig. 12). The 

debris deposited in the eskers origi nated in 
the ice s urrounding the tunnel, which was 

flowing from the sides towards the tunnel at 

the same time as the friction caused by the 
glacial stream melted the walls of the tunnel. 
The meltwater stream also eroded the till or 
glaciofluvial material earlier deposited on the 

tunnel floor. In many pi aces the erosion ap
parently reached as far as the underlying rock , 

Fig. 1 I. Sharp-crested esker on the f100r of the Tuntsajoki river valley. 
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which is shown by barren rock at the base of 
deep esker cuts. On the basi s of the structures 
the debris seems to have been transported and 
deposited at the crest of the esker and, by the 
force of the stream , further on obliquely down 
along the flank s of the esker. Accordin g to 
Röthlisberger ( 1972) and Shreve ( 1985), the 
meltwater st ream on level ground strived to 
shape the cross-section of th e subglacial tun
nel into a parabolic or semi-circular form, 
which in an area of thick surficial deposits 
would be partl y underground . 

The esker ridges of th e mo st impress ive 
s ize are in the vicinity of Leukkuhamaran
vaara, in Ettisselkä, in the Papuhaara valley 
and west of the Värriötunturi fells. Many of 
these are located at the point of the subglacial 
conduit where the meltwater s tream turned in 
an uphill direction (Fig . 7). The transportin g 
capacity decreased as the stream slowed 
down, which led to accumulation of the debris 
carried by the meltwater stream, and so the 
landforms were built up. Many of the eskers 
on the proximal s ide of the divide are flat , 
occasionally broad-crested landforms , e.g. 
Nuutamaharju SW of Leukkuhamaranvaara, 

Fig. 12. Ground-penetrating radar 
image of a cross-section of the 
Suomu esker on the bottom of the 
Lake Aittajärvi. Sand and gravel 
layers slope away from the flanks of 
the esker. The peaks on the ri ght are 
caused by the bedrock. The black 
line in the upper part represents the 
ice covering the lake. 

wh ich belongs to the subglacial esker chain of 
Leukkuhamara (A 1) . According to studies by 
Shreve ( 1985) of the Katahdin esker system in 
the USA, the formation of broad -c rested and 
exten s ive eskers depends on a change in the 
shape of the tunnel into a low and wide one . 
It was caused by freezing in the tunnel wall as 
a consequence of a decrease in stream veloc
ity . Kujansuu (1967) has stated that the esker 
deposits become better sorted and finer
gra ined on the up stream side of the divide 
than in other parts of the subglacial meltwater 
sys tem. Poorly sorted and mainly coarse
grained deposits formed the esker ridges at 
the foot of the slope downstream from the 
divide , where the coarsest debri s transported 
by th e s tream was the first to accumulate as 
the velocity of the f10w decreased. E.g. in the 
Muorravaarakanjoki valley the meltwater , 
which was streaming forcefully down the 
slope, left behind it a ridge cons isting only of 
round , polished stones and boulders (Rosberg 
1891 , Johansson 1990). 

In the northern part of the study area and 
north of the study area at Nangujärvi, en
gorged eskers (J ohansson 1994) occur. They 

100 m 10 3 0 ns 
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were formed on the slopes of fells and hills 
when the meltwater f10wing along the ice 
margin penetrated under the margin in frac
tured places. In this way a subglacial tunnel 
was formed, running down the slope. At the 
base of the tunnel, sand and gravel transported 
by the meltwater was deposited . The path of 
the engorged esker with its bends reflects the 
path of the subglacial tunnel at the base of the 
ice sheet (MannerfeIt 1945). In Finland, en
gorged eskers are most frequent in the valleys 
of Lutto and i ts tri butaries (J ohansson 1994), 
but so me observations also exist from the ar-

eas of Laanila (Penttilä 1963) and Lemmen
joki (Piirola 1967). 

In Saariselkä , there are two esker ridges at 
Kutturapäät (cf. Penttilä 1963) and Ante
rimukka, which have been interpreted as 
formed in open crevasses on the surface of the 
ice . They are less than a kilometre long , 10-
15 m high steep-sided ridges, which are not in 
connection with the subglacial esker chains 
proper of the area. Their crests are f1at , re
flecting the level of the meltwater flowing on 
the bottom of the crevasse . 

Marginal and proglacial landforms 

The best developed delta in the area is 10-
cated west of Kopsusjärvi . It is apart of the 
Suomu subglacial esker chain (A 11 ) and was 
deposited at the mouth of a subglacial conduit 
at the surface level of the Kopsusjärvi Ice 
Lake (Johansson 1990, Kujansuu & Hyyppä 
1995). Considerably more frequent than the 
esker deltas are the marginal outwash deltas . 
While an esker delta was deposited under 
peaceful conditions during a long time , the 
marginal outwash delta was formed as the 
result of a short but forceful discharge of 
meltwater. The discharge was generally ac
companied by a sudden drop in the water level 
of the ice lake, so that large volumes of water 
were discharged along the marginal channel to 
a lower level, frequently to another ice
dammed lake. The debris transported by the 
water stream accumulated on the shore of the 
ice lake in the form of a marginal delta . Since 
the time of deposition was short , the deposits 
of a marginal outwash delta is poorly sorted , 
frequently stony gravel. Marginal outwash 
deltas occur at the southern edge of the 
Saariselkä fell region, especially on the fell 
slopes of Siuloiva and Vongoiva (Johansson 
1988) . 

Proglacial deposition al and erosional land
forms, related to the formation of eskers , 
occur e .g . in the vicinity of Leukkuhamaran-

vaara (Fig. 13) . When the subglacial meltwa
ter system that deposited the Leukkuhamara 
esker was broken near Tuorainselkä as a con
sequence of the thinning of the ice and the 
retreat of its margin, the meltwater discharg
ing from the mouth of the tunnel turned to 
flow proglacially into RiikunkufU . The trans
porting capacity of the proglacial stream was 
markedly weaker than that of the subglacial 
one. However , it eroded away apart of the old 
till-covered Ketsepuhnus esker , depositing it 
in the form of a delta at the surface level (238 
m) of the ice-dammed lake covering the valley 
of Värriöjoki (Fig . 13 B) . There are also delta 
deposits at the 230 m level , since the progla
cial stream of Riikunkuru still continued after 
the surface level of the Värriöjoki Ice Lake 
had dropped to the level of the Kemihaara lce 
Lake (Fig . 13 C). The channels on the western 
slope of Tuora inselkä were formed when the 
meltwater stream had shifted from Riikunkuru 
to flow marginally towards the ice-dammed 
lake. These channels end at the surface level 
of the lake (Fig . 13 D). Proglacially formed 
erosional and depositional landforms also 
occur in the vicinity of Kärekeoja south of 
Kemihaara , and around Joutsenjärvi . 

In the valleys of Lutto and Jaurujoki , 0.5-
I km wide and tens of metres thick valley 
trains occur. They were formed extramargin-
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Fig. 13. Subglacial and proglacial meltwater systems of the Leukkuhamara area and the retreat of the ice from the area. I = 
subglacial meltwater system and its mouth, 2 = functioning proglacial or marginal channel , 3 = proglacial delta ofKetsepuhnus, 
4 = ice margin, 5 = gorge, 6 = esker, 7 = ice-dammed lake, 8 = contour line. 

ally. The valley train of the Jaurujoki valley 
was deposited in front of the ice margin as it 
was receding towards SW. This valley train 
consists of outwash gravel of marginal and 
extramarginal origin, formed by the sudden 
discharge of the former ice-dammed lakes 
south of Saariselkä. Meltwater streaming 
from the ice later f1attened them into valley 
trains . The Jaurujoki valley train is gently 

inclined from SW to NE, i .e ., in the direction 
of the meltwater f1ow . Its surface is smooth 
with the exception of the postglacial channel 
of Jaurujoki, 3-4 m deep, in its middle . Inves
tigations by ground-penetrating radar show 
that the Jaurujoki valley train is 10-20 m thick 
and its bedding horizontal or slightly inclined 
in the f10w direction (Johansson 1990) . 
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Lateral landforms 

The lateral drainage channels were formed 
when the meltwater flowing on the surface of 

the ice sheet accumulated at its margin and 

turned to stream laterally towards the snout of 
the ice along the ice margin, which was lean
ing against the slope that was al ready ice-free. 
The channels generally occur in groups, run
ning side by side gently sloping down the fell 

side. The lateral drainage channels are open at 
both ends, beginning and ending inconspicu

ously on the slope. They are variable in 
length, from 100 m to I km, and 1-2 m deep. 

Lateral drainage channels occur especially 
in the fell region (Fig. 14), where at the final 
stage of the deglaciation the ice covered the 
valley floors while the upper slopes were al

ready ice-free. By using aerial photos and 

fjeld checks, 66 systems of lateral channels 
were found in the southern part of the 

Saariselkä fells. The most representative sys

tems are: a regular system of lateral drainage 
channels comprising more than 40 in number, 
one below the other on the southern slope of 

Vuomapää; aseries of approximately a hun
dred channels on the western slope of Am
pupäät (Kujansuu & Hyyppä 1995); and the 
channel system on Teräväkivenpää (Penttilä 
1963). 

The surface of the ice lobes was frequently 

convex, causing the meltwater to accumulate 
at the margins of the lobes. In the Saariselkä 
region there are also examples of how melt

water accumulated only along one margin of 
the lobe , due to the fact that this was in a 

Fig. 14. Lateral drainage channels on the slope of Reutupää , a fell in the eastern part of Saariselkä. 
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Fig. 15. Distribution of lateral drain
age channels on slopes dipping in var
ious directions in relation to the alti
tude. I = one observation, 2 = two 
observations, 3 = three or more obser
vations. Diagram based on 66 margin
al channel systems in various parts of 
Saariselkä. 
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po sItIOn to receive solar radiation while the 
other margin was in the shade for most of the 
time. Thi s also had the effect of giving the ice 
a s loping surface. The majority of the lateral 
drainage channel s in the Saari se lkä region are 
s ituated on s lopes inclined in directions from 
1200 to 3200 between the altitudes of approx
imately 280 m and 480 m (Fig. 15) . Since the 
margin of the ice was inclined towards the 
NE, the SE and NW slopes were at the sides 
of the ice lobes. This is where the deepest 
lateral drainage channels were formed, since 
on them the gradient of the ice lobe was at its 
steepest and the water flow at its strongest. 
On SW slopes the gradients were gentle and 
the channels that formed were shallow. On NE 
slopes lateral drainage channels are lacking , 
except for one single channel system. 

The lateral drainage channels are of great 
importance in the study of deglaciation, since 
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Fig. 16. A diagram showing the distance between lateral drain
age channels projected on the horizontal plane allows the 
annual rate of thinning of the ice sheet and the di stance of its 
retreat to be calculated. a = horizontal length of slope, h = 
vertical height of slope, y = number of lateral drainage channels 
on slope, b = thinning of glacier in metres per ten years , x = 
distance of ice retreat per ten years. 
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they help construct the position of the ice 
margin in great detail , which gives a picture 
of the inclination of the surface of the ice 
sheet, its gradient and thinning . In favourable 
places on the fell slopes channel systems com

prising several tens of channels were formed , 

in wh ich the distance between the individual 
channe ls remains nearly constant. In these 
pI aces the channels may have formed as a 
consequence of the annual thinning of the 
lateral part of the ice sheet (Penttilä 1963) . 

According to Kujansuu (1967) the lateral 
drainage channels are like the varved clays of 
the subaquatic area: they cannot be directly 
connected with the annual di sta nce of ice re-
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Fig.17. Subglacial esker chains without till cover. 

cession, but they do reflect the rate of melting 
and the gradient of the ice surface. In this 
study, so me of the systems of lateral dra inage 
channels were found to be so regular that on 

their basis one could calculate the gradient of 

the ice surface; the annual thinning of the ice 
s heet ; and the rate of recession of its margin 

(Fig. 16). In these considerable regional var
iations occur , wh ich are described in more 
detail in the sect ion on deglaciation. The gra
dient of the ice sheet was between 1.5 and 3 
m : 100 m and its margin thinned approxi

mately 1.2 to 3.5 m per year. The rate of 
rece sion of the ice margin varied 70-220 m 

per year in the various part s of the study area. 

0 20 km 

• 
, ,~ 

. ' .. 

! 
." 

"\0 • 

'0' 



Geological Survey of Finland, Bulletin 383 29 
The deglaci ation in the eastern part of the Weichselian ice divide in Finnish Lapland 

Directions of f10w of the subglacial meltwater systems 

By combination of subglacial erosional and 
depositional landforms , a picture of the sub
glacial palaeohydrography of the area was ob
tained (Appendix). In the southern part of the 
study area, landforms connected with at least 
three , perhaps even four crossing subglacial 
meltwater systems were found (Johansson & 
Kujansuu 1995). They were classified on the 
basis of the assumed direction of subglacial 
meltwater f10w into: subglacial esker chains 
without till cover (the A systems of the Ap
pendix); till-covered ones running in a direc
tion N/NNE to S/SSW (B systems of the Ap
pendix); till-covered ones running from NW 
to SE (e systems); and till-covered ones of 
variable orientation (D systems). 

The esker chains without a till cover begin 
in the western part of the study area , at the ice 
divide. The first clear indications of subgla
ci al meltwater action occur outside the arc 
formed by Lohisarriot-Koitelainen-Moskuvaa
ra . They are minor esker hillocks or channels 
in the surficial deposits, initially difficult to 
follow. From there they run in a fan-like pat
tern (Fig. 17) in the southern and SE part of 
the area from WNW to ESE (equals the f10w 
direction of the meltwater that deposited the 
esker) . In the central part of the study area 
they turn to a west-east direction and in the 
northern part of the study area from SW/SSW 
to NE/NNE . Farther away from the ice divide 
the landforms created by the meltwater turn 
more distinct , reflecting the amount of melt
water and its increase in erosional and depo
sitional capacity. The esker chains without till 
cover continue both in NE and SE all the way 
to the marginal formations of the Younger 
Dryas (Fig. 1) (cf. Niemelä, Ekman & Lu
kashov 1993). 

The total number of esker chains without a 
till cover is 12 (systems AI-AI2 , Appendix). 
They were formed during the latest deglacia
tion stage. The depositional landforms they 
include vary in size from over 25 m high 

gravel and sand ridges to only a few metres 
high stony and gravelly mounds. In places the 
eskers are only 2-3 m high, sinuous ridges. 
They all have distinct features in common, 
such as steep flanks , and frequently a sharp 
ridge (Fig. 11). The subglacial erosional 
forms are also distinct. Frequently the melt
water action has eroded all surficial deposits 
away from the bedrock. 

The esker chains oriented in a northern or 
NNE direction (B systems) were formed be
fore the last glaciation, and so they were de
formed by the following glaciation or glaci
ations, and covered by tills deposited during 
these (Fig. 18). Esker chains in a north-south 

Fig. 18. Section cut into the till-covered esker of Reutulehto. 
The till , which is 0.5-0.6 m thick, has a gradual contact with the 
underlying glaciofluvial gravel and sand deposits. 
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Fig. 19. Erosionallandform produced by a subglacial meltwater system running north-south on the ridge ofTuore-Naavaselkä. The 
bedrock, eroded by nowing water, is covered almost throughout by a thin layer of basal till formed during the last glaciation. 

direction are generally less than 10m high, 
and in them an abundance of morphological 
details have been preserved, such as steep 
eskers and kettles, contrary to those in a NW
SE direction, in which the ridges are large and 
discontinuous. Some of the ridges in a NW-SE 
direction (C systems) are massive, over 25 m 
high erosional remnants of formerly coherent 
esker ridges. In the esker chains in a N-S 
direction the erosional landforms are also 
visible in the field (Fig. 19), however, fre
quently covered by younger deposits. The 
erosional landforms belonging to the systems 
oriented in a NW d irection are today visible 
in the fie ld only as valleys and depressions in 
the large-scale morpho logy. Approximately 9 
km south of Leukkuhamaranvaara, in the 
Kuutsokanharj ut esker area, the N-S-oriented 

esker chain of Kiimaselkä (B I) crosscuts the 
NW-SE-oriented esker chain of Suomuriniva 
(C2). This configuration, together with the 
geomorphological differences described 
above, leads us to conclude that the N-S-ori
ented esker chain is younger than the NW-SE
oriented one (Johansson & Kujansuu 1995). 

The number of till-covered subglacial esker 
chains found in a north-south direction is 11 
(systems B I-B 11, Appendix), and they are 
somewhat more concentrated than those men
tioned before, at intervals of approximately 6-
10 km in an extremely limited area between 
Kitinen and Naruskajärvi (Fig. 20). They are 
clearly shorter than other esker chains, about 
5-15 km long. The longest one (50 km) is that 
of Kiimaselkä (B I). In the Pihtijoki valley 
and north of Kemihaara there are subglacial 
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Fig. 20. Subglacial eskerchains oriented in a N-S direction. 

erosion al landforms in a north-south direc
tion , which may be continuations of the esker 
chains in the same direction . However , no 
indication s of subg lacial meltwater activity 
have been found in the Kemihaara fell region 
Iying in between , and so the connection can
not be shown with certainty . 

In connection with the esker chains run
ning in a north-south direction, landforms in 
a trans verse direction (west-east) can also be 
found. The northernmost of these, Harjusu
vannonharjut , is situated on the southern 
shore of Värriöjoki , 13 km east of Martti. It 
is a kind of enlargement of an esker, or a 
landform deposited at the margin of the ice 
sheet, where three esker chains in the direc-

o 20 km 

•. 

tion north-south join (systems BI, B2 and B3, 
see Johansson & Kujansuu 1995), possibly 
also the esker chain coming into Martti from 
the north (B4). One of the esker chains in a 
north-south direction, the subglacial esker 
chain of Kiimaselkä (B I) , continues as far as 
south of Harjusuvannonharjut , terminating in 
the transverse landform called Niliharju , which 
runs in an east-west direction and was inter
preted by Sutinen (1992) as an Early/Mid
Weichselian marginal formation. The till-cov
ered esker ridge coming from the north from 
Kelujärvi (B8) in the SW part of the study 
area , north of Nuolikuru , is joined by the 
branches coming from the NW from Puolak
kavaara and from the west from Palkisvaara. 
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Fig. 21. Subglacial esker chains oriented in a NW-SE direction. 

Especially the latter one is nearly transversal 
in relation to the other branches. It has, how
ever, been found to be an esker and not a 
marginal formation, and its orientation has 
been influenced by the high relief of the ad
jacent hilly areas. 

The number of till-covered esker chains in 
a northwestern direction is seven (systems 
C l-C7, Appendix). They begin in the western 
part of the study area with the exception of 
esker chain C7, which begins as far as 20 km 
west of the study area . They do not display the 
fan pattern typical of the esker chains without 
till cover. They run parallel across the study 
area for tens, some even for hundreds of kilo
metres (Fig. 21). They do continue SE of the 
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study area, but information is lacking on their 
possible continuation in Russia. They are gen
erally situated at a distance of 7-15 km apart 
which reflects the drainage area of the subgla
ci al tunnel network and equals the average 
esker frequency in Finland (cf. Punkari 1994). 

In the vicinity of Ruuvaoja, two till-covered 
subglacial esker chains (C3 and C4) run in a 
NW-SE direction only 2-3 km apart. The fact 
that two esker chains of a fairly large size 
exist so elose together gives reason to suspect 
that the meltwater systems are of di fferent 
ages (Johansson & Kujansuu 1995). In case 
they had been formed at the same time, one of 
them wou ld probably had drained the water 
away from the other one (Röthlisberger 1972). 
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On the SE side of the Porttipahta reservoir, at 
Lohijoki, and in the Siella-aapa area there are 
two till-covered esker chains (D land D2), 
which are very strongly eroded and f1attened 
by the ice. Their orientations differ somewhat 
from that of the NW -SE esker chains and 
cross them. It is uncertain whether the two of 

them are contemporaneous, but apparently 
they are older than the NW-SE systems. An
other unsolved question is the age of the 
Mäkärä esker (D3 ) (cf. Kuj ansu u 1994), 
which is oriented SW-NE in the NW corner of 
the study area, and its relation to the other 
eskers. 

Comparison of subglacial esker chains with the till stratigraphy 

The till stratigraphy in cuts and test pits 
excavated in the study area is mostly made up 
of randomly occurring till units. It is nearly 
impossible to find a perfect stratigraphic se
quence, comprising all five till units described 
earlier (Fig. 22). The stratigraphic till studies 
in the area of Suomurinivat (Johansson & 
Kujansuu 1995) are based on the assumption 
that the subglacial esker chains formed before 
the last glaciation in this area should each 
have a corresponding till unit, deposited from 
approximately the same direction , since the 
flow direction of the meltwater systems 
formed during the latest deglaciation can be 
correlated with the fabric orientation of the 
till formed during the same stage. Thus there 

m Silmäselkä 

4 -

, 

should exist till units deposited by ice flowing 
from approximately the same direction as the 
meltwater flows that deposited the till-cov
ered esker chains from NW and north. 

At Suomurinivat the gravel and sand depos
its of the esker, which is oriented in a NW-SE 
direction, are situated between two till units 
of different ages (Fig. 23). The one below is 
basal till deposited by ice flowing from the 
NW (the D till in Johansson & Kujansuu 
1995). It is contemporaneous with the esker or 
older than it, since the subglacial meltwater 
that deposited the esker have eroded their 
channel into it. It may be correlated with the 
oldest till unit of this study. The eskers in a 
NW-SE direction and the oldest till unit may 
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c 

Fig. 22. Compilation of stratigraphie observations in whieh the 'Old Northern' till unit oeeurs . I = youngest till unit, 2 = younger 
till unit , 3 = 'Old Northern' till unit, 4= oldest till unit, 5 = glaeiofluvial gravel, 6 = glaeiofluvial sand, 7 = silt, 8 = preglaeial weathered 
rock. 
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Fig. 23. The youngest till unit (a), the 'Old Northern ' till unit (b), a sand unit belonging to 
a NW-SE-oriented esker (c), and the oldest till unit (d) in the wall of an excavator pit at 
Suomurinivat. 

be eorrelated with the glaeiation stage at the 
end of the Saale glaeiation or that during the 

Early Weiehselian, when the iee was flowing 

from NW to SE. 
The till on top of the esker deposits (The B 

till in Johansson & Kujansuu 1995) , i.e., the 
' Old Northern', whieh was deposited by iee 
flowing from between north and NNE, was 
formed after the formation of the eskers in a 
NW-SE direetion either eontemporaneously 
with the Kiimaselkä esker, whieh runs in a 
north-south direetion, or slightly before it. 

Stratigraphieally the ' Old Northern ' is situated 

between the older and the younger till unit, 
sinee in the areas of Sokli and Törmäoja it 

oeeurs under the younger till unit. The 'O ld 
Northern ' till unit and the eskers running 
north-south have so far been eneountered only 

in the southern and southeastern parts of the 
study area . The stratigraphie findings at 
Suomurinivat would seem to support the eon
elusion reaehed from the geomorphologieal 
observations , that the N-S-oriented subglaeial 
esker ehains are younger than the NW-SE-ori

ented ones. It may be possible to eorrelate the 
' Old Northern ' till unit with the north -south-
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ern ice f10w in the Savukoski area , wh ich was 
described by Sutinen (1992) and interpreted 
by hirn to be Early/Mid-Weichselian. 

The ridge of Pihtijoki (D4), which is a till
covered glaciofluvial landform, runs WSW
ENE along the eastern shore of the Lokka 
Reservoir and in the Pihtijoki valley. It is a 
mostly 500 m to I km wide and approximately 
25 m high, massive landform. It is joined by 
a branch from the west. The ridge ends before 
the national border, and there are no observa
tions of its possible continuation on the Rus
sian side (V. Evzerov, oral communication). 

According to Sutinen (1992) the stream that 
deposited the north -south eskers turned to 
f10w from NE to SW in the Lokka area, and 
so the ti II-covered Pihtijoki ridge (Vieri harj u) 
would have been deposited during the same 
stage by meltwater f10wing from ENE to 
WSW . During thi s study no evidence was 
found of a flow from ENE to WSW nor of the 
connection between the north-southern eskers 
and the Pihtijoki ridge. 

As to i ts geomorphology, the Pihtijoki ridge 
may be an esker or an interlobate complex 
deposited by meltwater flowing from WSW to 
ENE. In stratigraphic till studies it was found 
to be older than the esker chains oriented in a 
NW-SE direction, since the oldest till unit 
overlies the littoral sand deposits associated 
with the Pihtijoki ridge , and it is underlain by 
a till layer with a SW-NE orientation , possibly 
corresponding to till bed IV of Hirvas (1991). 
The course of the Pihtijoki ridge crosses that of 
the Siella-aapa subglacial esker chain (D2), 
and so they are of different ages, too. The 
relation of the Pihtijoki ridge to the subglacial 

esker chains interpreted as the oldest ones (D) 
remains to be solved. In any case the age of the 
Pihtijoki ridge is pre-Weichselian , and it was 
deposited by one of the oldest glaciofluvial 
systems of the study area. 

The till unit occurring on the ground sur
face in the test pits at Suomurinivat (the A till 
in Johansson & Kujansuu 1995) is youngest, 
and it was formed during the latest deglacia
tion, at the same time as the young eskers 
running from WNW to ESE in the southern 
part of the study area. Thus the younger ti 11 
unit, common in the vicinity of Suomurinivat, 
equal to till bed TI of Hirvas (1991), is totally 
lacking or too thin to be distinguished. It is 
probable that the youngest till unit was 
formed by deformation of the younger till unit 
during the deglaciation stage, as the ice mixed 
its clasts, giving the fabric a new orientation. 

The till stratigraphy of the Martti-Ruuvaoja 
area is complicated with its numerous till 
units, one on top of the other. The glacial 
erosion and deposition of till varied greatly on 
a regional scale, which makes it difficult to 
corre late the till units from one observation 
site to another. In places the bedrock is cov
ered by one single till unit. In other places the 
same unit may be totally lacking between 
other units. The reason that till units older 
than the last glaciation occur at the sUl'face 
mayaiso be that the deposition of till durin g 
the Mid- and Late Weichselian glaciation was 
remarkably slight in the ice-divide area. Thi s 
view is supported by the observations made 
by Lagerbäck (1988) in northern Sweden and 
by Kujansuu and Hyyppä ( 1995) in the Vuotso 
area . 

leE LAKES 

The area concerned here was favourable for 
the format ion of ice-dammed lakes partly for 
the following reasons. Variations in altitude 
are considerable over the major part of the 
area; the main water divide runs across the 

area, separating the water systems flowing 
into the Arctic Ocean and the bays of the 
White Sea from those flowing into the Gulf of 
Bothnia; and the land surface was inclined 
towards the margin of the ice sheet that 
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formed the dam. The suitable conditions are 
not, however, sufficient proof that large ice 
lakes really existed in the area. In order to 
dam meltwater , the ice margin had to be intact 
enough, and the internal pressure of the ice 
had to exceed the pressure caused by the 
dammed water (cf. Lundqvist 1972). The ice
lake basin could contain abundant ice blocks 
and icebergs , which had co me loose from the 
margin of the ice . The ice sheet could a lso be 
dynamically passive, meaning that the water 
escaped from the basin along subglacial or 

submarginal crevasses and fractures. The ice 
melted down in place, and blocks of dead ice 
filled the basin. Thus the proportion of free 
meltwater was small. 

The existence and history of the ice lakes in 
the area were studied using shore marks, spill
ways and bottom sediments of ice lakes. By 
reconstruction of morphological conditions it 
was possible to draw conclusions regarding 
the size of individual ice-lake basins and their 
relations to the receding ice margin . 

Sh ore mar ks 

The shore marks (Fig. 24) are one of the 
most conclusive indications of the former ex
istence of an open ice-lake basin. The forma
tion of shore marks is influenced especially 
by the type of surficial deposits , the inclina
tion of the slope, and the length of time during 
wh ich the water surface of the ice lake stayed 
at the same level. The position of the s hore in 
relation to the open lake also had g reat influ
ence. Towards extensive areas of open lake 
the shores are better developed than in pro
tected places, such as the bays of the lake . 

According to Lundqvist (1969 and 1972) the 
best developed shore marks of ice-dammed 
lakes see ms to have been formed rather close 
to the ice margin. 

The s hore marks include washed bedrock 
surfaces, from which the till layer covering 
the rock has been washed away. These marks 
occur on the fellslopes, e.g. in the Luirojärvi 
valley. The surface level of the ice lake is also 
reflected by the termination of lateral drain
age channels on the valley s lope s at the sa me 
level , as weil as by the flat surfaces of the 

ice sheet 

Fig. 24. Types of ancient shorelines and other marks of former ice lakes. a = washed bedrock 
surface, b = lateral drainage channels terminating at the surface level of the ice lake, c = delta 
deposited at the surface level of the ice lake, d = stone bel!, e = scarp shore, f = spi llway with 
threshold point. 
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deltas and marginal drainage deltas. The ac
tion of waves and surf resulted in scarp shores 
on esker slopes and boulder belts on till 
slopes, and in winter the ice pushed up boul
der belts or boulder fields (Fig. 25). Indistinct 
stone belts occur in various parts of the study 
area, but distinct boulder belts and boulder 
fields only in the southern part , where the ice-

dammed lakes were larger and so the force of 
the waves and the pack ice in winter was 
greatest. In the extensive ice-Iake basins the 
shore level reflecting each ice-Iake stage may 
be followed over long distances (Fig. 26). 
Because the land uplift was stronger in the 
SW part of the study area than in its NE part , 
the ancient shorelines are inclined towards 

Fig. 25. Littoral boulder belt of the Salla Tee Lake at 237 m a.s.1. on the siope of Puu
Matovaara, 4 km east of the village of Salla. 
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NE . Since the land uplift was faster during the 
beginning of the deglaciat ion , the shore le vels 
then formed are mo re stro ng ly in c lin ed than 
those of later formed ice lakes. Thus the g ra 
dient of the ice-Iake basin s that first became 
ice-free, i. e., those in the eastern part , such as 
the Sall a lee Lake, is 0.50-0.55 rn /km, g row-

> 
" > 

in g gen tIer toward s the western part of th e 
area. In the Värriöjoki and Kemihaara ice 
la kes the gradient is 0.55-0.58 rn/km and in 
the Pososaapa lee Lake, which was formed at 
the e nd of the deglaciation in the area, the 
grad ie nt is approximately 0.37-0.40 rn /k m. 

Spillways 

Spillways are erosional landfo rms created by 
strong water streams. Today they are either dry or 
e lse the erod ing power of the stream flowing on 
their bottom is in no proportion to their size. On 
the basis of the shape and dimensions of the spill
way , it is possible to get an idea about the strength 
and duration of the former stream in it. The spill
ways are not always conclusive ev idence of the 
former existence of ice lakes, because some of 
them may prove to be of subglacial or s ubmargi
nal origin, and so the ice lake may never have 
existed. On the other hand the meltwaters from the 
ice lake may have flowed across the ice lobe that 
dammed it or along a crevasse formed within it 
(cf. Whalley 1971 , Röthlisberger 1972). so that no 
traces of meltwater erosion were left in the terrain . 
The spillways in the study area are proglacial, 
marginal 01' extramarginal. 

Eros ional landforms that have formed parallel 
to the slope, frequently perpendicular to the ice 
margin, part of them typical co l channels, are 

considered to be prog lacial orig in . The col chan
nel s cross ridges that form water divides and are 
freque ntl y si tuated at the lowest po int of a ridge 
between two tops. They generall y start at the 
crest of the divide, like the subglacial erosional 
landforms described above , and terminate in the 
middle of adescending slope, because the lower 
part of the s lope was still covered by ice. The 
meltwaters that flowed from the ice lakes fo rmed 
at the southern edge of the Saariselkä range erod
ed several col channel s between the fells, since 
the ice sheet Iying against the southern edge of 
the fell range forced the waters to flow ac ross the 
range. A lthough the proglacial channels are 
clearly eroded by running water, the fo rmation of 
a col channel was also favoured by ex isting frac
tures and crush zones in the underlying bedrock. 
The o ldest spillway of the Siuloiva lee Lake 
(Tanner 1915 , Johansso n 1988), a loca ll y 20 m 
deep co l channel wh ich crosses the fell ridge 

between the tops of Vuomapää and Siuloiva, is a 
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typical proglacial spillway. The spillway of the 
Tuntsa Ice Lake into the Papuhaara valley is also 
proglacial. However, it lacks the features typical 
of a col channel, because the erosion did not start 
until after the divide, and continued to the lower 
part of the descending slope. 

A spillway could also be formed at a location 
where subglacial meltwater erosion had taken 
place earlier. Although the route of the subglacial 
meltwaters did not always coincide with the low
est points in the terrain, the existing eroded point 
on the water divide could weil be the lowermost 
route offered to the meltwaters. As the ice sheet 
melted, the ice lake started to form at the mouth 
of a subglacial meltwater conduit. The formation 
of the lake was favoured by strong melting of the 
ice and by a large volume of meltwater coming 
from the conduit. Ice lakes that received a sub
glacial stream also have the most impressive pro
glacial spillways, such as the old spillway of the 
Kopsusjärvi Ice Lake south of Kopsusselkä, and 
the gorge of Kynsikuru, which is situated south 
of Nuorttitunturi. There are local variations in 
what part of the erosion occurred as early as 
subglacially and wh at part proglacially. As an 
example there are three closely grouped progla
cial spillways north of Kiilopää, the southern
most of which was originally subglacial (Fig. 
27). The part played by the subglacial meltwater 
erosion was certainly more significant than that 
of the proglacial one, because this gorge served 
as the spillway of the Kiilopää Ice Lake for only 
a short time before the next spillway opened, 
situated on a lower level than the first one. 

Marginally formed spillways are erosional 
landforms formed at the contact between the ice 
margin and the slope. Although they are situated 
on the slope like the lateral drainage channels, 
they can be distinguished on the basis of their 
considerable size and irregular mode of occur
rence. It is evident from the appearance of these 
spillways that an abundance of meltwaters 
f10wed in them for a short time. E.g. the slopes 
of the fells Siuloiva and Vongoiva show a 
number of marginal spillways, one below the 
other, with a depth from a few metres to ten 

metres. They were formed as the ice thinned and 
its margin receded down the slope of the fell. The 
opening of new spillways under the margin of the 
ice sheet, below the preceding ones, led to a 
successive lowering of the water levels in the 
Siuloiva and Vongoiva ice lakes. Meltwater ero
sion was at its most marked when the spillway 
opened and the level of the ice lake dropped to 
that of the spillway threshold. From that point 
onwards meltwater erosion weakened, and when 
a new spillway opened up at a lower level under 
the ice margin, the former spillway dried out and 
erosion caused by the water came to an end. 

Extramarginally formed spillways were 
formed outside the margin of the ice sheet. In 
suitable locations , channels earlier formed mar
ginally or proglacially became extramarginal. 
The landforms influenced their location more 
than the position of the ice sheet at the time. In 
the Saariselkä fell region there are extramarginal 
spillways in the vicinity of Laanila (Penttilä 
1963) and south of the Saariselkä fell range, 
among the marginal channels on the slopes of 
Vuomapää (Tanner 1915), Siuloiva and Vongoi
va. The Jaurujoki valley is in itself a big extra
marginal spillway, which collected the meltwa
ters f10wing in marginal and extramarginal chan
nels south of Saariselkä, leading them eastward 
to the Tuloma river valley. In the fell region the 
edges of the spillways are steep and straight, 
about 5-15 m high (Fig. 28). The f100r is 5-20 m 
wide and mostly smooth . Some of the spillways 
follow old tectonic valleys and in them the ero
sion has reached as far as the bedrock. Some 
canyons south of the fells Vongoiva and Talkku
napää represent an order of magnitude of their 
own. They are tens of metres deep, formed in 
fracture zones, and correspond to the meltwater 
canyons of kursu type in northern Sweden (Rud
berg 1949, Olvmo 1989). Although marginal and 
extramarginal meltwaters were streaming in 
these canyons, too, their formation was largely 
controlled by the fracture zones and the pregla
cial erosion of the bedrock. 

In the area between Ruuvaoja and Sotatunturi 
and in the vicinity of the vi llage of Tanhua, mar-
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Fig. 28. A marginal channel typical of the fell region , on the lower slope of Vongoiva, Saariselkä. 

ginal and extramarginal channels occur, which 
differ from those in the fell region regarding 
shape and size. They are wider than in the fell 
region , their floors are smooth and their edges 
low (Fig. 29). The size and shape of these, too, 
reflect strong meltwater erosion, which was 
caused by the waters discharging from the ice 
lakes. South of Rautuvaara the spillways joined 
to form a more than 20 m deep extramarginal 

channel, collecting the waters and leading them 
to the Nuortti canyon, which for a long time 
served as an outlet for the ice lakes in the south
ern and SE parts of the study area. The loca lly 
more than tens of metres deep channels oriented 
north-south in the vicinity of Tanhua served as 
spil lways for the Posoaapa !ce Lake into the 
Luiro valley. 

lee-lake sediments 

The coarsest sediments found on the bottom of 
the ice-dammed lakes are poorly sorted stony out
wash gravels , which were formed from debris 

transported by running water on the shore of the 
ice lake at the mouth of a marginal chan ne I. The 
cause of its deposition could be a catastrophic 

Fig. 27. Stereopair showing an aerial view ofthe terrain north of Kiilopää. The Kiilopää lee Lake was dammed up in the innermost 
part of the Kiilo-oja valley during the retreat of the ice sheet (a). Spillways beginning in the ice lake can be observed in the 
depressions between the fell tops (b-h, in chrono logica l order). The oldest sp illway (b) was ori ginally a subglacia l channel through 
which the Kiilopää meltwater system ran. Esker ridges related to it can be seen on the northern slope of Kiilopää (i). Reproduced 
by courtesy of theFinnish Defence Forces Topographie Service. 
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Fig. 29. A marginal channel in the Tulppionjoki valley. 

water discharge in connection with a rapid drop in 
the water level of another ice lake at a higher level. 

Widespread bottom sediments are found in an 
ice-Iake basin, in wh ich a subglacial river termi
nated. In addition to the coarse material that ac
cumulated on the bottom and at the mouth of the 
subglacial river, the meltwater brought with it 
abundant finegrained sediments , which were de
posited on the bottom of the basin where the 
stream velocity decreased . In the ice lake of 
Sokli, ice-Iake sediments with a thickness from 
half a metre to five metres (Fig. 30) accumulated 
on top of the glaciofluvial sand bed . The basal 
part of the sequence consists of horizontally 
laminated fine sand, deposited by turbidity cur
rents f10wing in a subglacial conduit. While these 
were deposited , the ice margin and the mouth of 
the meltwater conduit were still near by. In many 
places 10-30 cm thick weakly varved or homo-

genous silt and clay beds were deposited on top 
of the sands. In the varves, a light 'summer' layer 
and a darker 'winter' layer can be distinguished. 
The thickness of a varve is variable, 3-20 mm. The 
maximum number of varves encountered is ap
proximately 30, generally the number is 5-10 . 
They may represent annual sedimentation, but 
mayaiso have formed during a short time as a 
consequence of variations in stream velocity 
and amount of suspended material (cf. Theak
stone 1976). When the varved sediments were 
formed, the ice margin had receded farther 
anyway, and the effect of the turbidity currents 
from the meltwater tunnel had ended. Thus the 
small number of varves shows anyway that the 
Sokli Ice Lake was short-lived. A correspond
ing sequence can be found in the bottom sed
iments of Luirojärvi (Johansson 1988) and 
Kopsusjärvi (Kujansuu & Hyyppä 1995). 
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Fig. 30. Distribution of ice-Iake sediments in the Sokli area, as determined from drillings. I = 
postglacial peat , 2 = littoral sand and gravel, 3 = weakly graded or homogeneous si lt and c\ay depos ited 
on the bottom of the ice lake, 4 = hori zontally laminated fine sand deposited on the bottom of the ice 
lake, 5 = glaciofluvia l grave l, 6 = glac iofluvial sand , 7 = till, and 8 = preglacial weathered rock. 

Sand depos its interpreted as littoral were 
formed at an altitude of approximately 263-265 
m., at the shoreline of the Pihtijoki lce Lake, 
e.g. adjacent to the Pihtijoki eske r, where suf
ficient amounts of originally g laciofluvial sand 

was available. E Isewhere littoral deposits are 
rare , since the shores consisted mainly of till 
and the ice-Iake stages were short- lived, so that 
they did not ha ve time to fo rm. 

Types of ice lakes 

The ice lakes in the study area were classi
fied into f ive types (Johansson 1993) . 

I: Shallow marginal ice lake or nunatak 
ice lake lacking bottom sediments. 

2: Open ice lake with fairly distinct shore 
marks but lacking bottom sediments. 

3: Open ice lake with fairly distinct shore 
marks and a thin, frequently less than 20 cm 
thick bed of bottom sediments . 

4: Shallow ice lake with indistinct shore 
marks and several metres thick bottom sedi-

ments. 
5: Shallow ice lake with indistinct shore 

marks a nd lacking bottom sediments. May 
have been partly filled with dead-ice block s. 

It is worth notin g that many ice lakes could 
be referred to two or more various types dur
ing the stages of its history . Differences be
tween the types were not caused only by outer 
factors, such as the morphology, the size of 
the basin and the volume of sediments trans
ported into it, but the relation of the ice-Iake 
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basin to the reeeding iee margin, and the dy
namies of the iee sheet also influeneed these 

differenees. E.g. iee-Iake type I existed dur
ing the initial stage of the deglaeiation, when 
meltwaters eolleeted around the exposed nun
ataks. They were possibly supraglaeial basins 
(ef. Liest!ill et al. 1980) or transitions between 

lateral meltwater stream and ponds of stag
nant water (Lundqvist 1972). lee lakes of type 
I existed only in areas of pronouneed relief, 
e.g. the Siuloiva and Vongoiva iee lakes in 

their early stages, whereas types 2 and 3 were 
eommon throughout the area. Type 3 is found 
espeeially in plaees where subglaeial meltwa

ter systems oeeurred, leading to the deposi
tion of fine-grained sediments on the lake 

bottom. lee-lake type 5 was eommon in the 
eentre of the iee divide, e.g. the Posoaapa lee 

Lake, beeause at the final stage of the degla
eiation the iee sheet beeame broken at its 
margins, so that some of the iee lakes may 

have turned into fields of dead iee. lee-lake 
type 4, of whieh the Sokli lee Lake is the only 
example, differs from the other types on the 
basis of its thiek bottom sediments. lee lakes 
of the same type as the Sokli lee Lake oe
eurred in Sweden over extensive areas (Lund

qvist 1972). In addition three other iee-Iake 

types 0, 3 and 5) have their equals in Lund
qvist's elassifieation, whieh eomprises a total 
of seven iee-Iake types. 

ICE RETREAT PATTERN 

The Younger Dryas stadial and deposition of the younger till unit 

During the Younger Dryas stadial the mar
gin of the eontinental iee sheet was situated 
outside the study area, in northern Norway 
and in Russia (see Fig. 1). In the north, mar
ginal formations of this stage, named 'the 

Main sub-stage' by Sollid et al. (1973) are 
found in the area between Tana and Kirkenes. 

They may be eorrelated to the TromS!il-Lyngen 
marginal formation, whieh aeeording to the 
radioearbon datings originates from the 
Younger Dryas stadial (Marthinussen 1962). 
The same marginal formation eontinues far

ther on the eoast of Petehenga to the Kildin 
Island NE of Murmansk (Tanner 1930, 
Nikonov 1964, Evzerov & Kolka 1993). In the 
eentral part of the Kola peninsula the position 
of the margin of the Younger Dryas stadial 

has not been exaetly defined. Aeeording to 
Evzerov and Kolka (1993) the iee margin ran 
north-south in the eentral part of the Kola 
peninsula, east of the Khibiny Mountains. 
Aeeording to Ekman and Iljin (1991) the mar
ginal position of the Younger Dryas stadial 

eontinues along the SW shore of the White 

Sea to the marginal formations of the Rugoze
ro stage in East Karelia. They are related to 

the Koitere marginal formation and are prob
ably eontinuations of the Salpausselkä II 
marginal formations (Rainio 1991). The ridg
es in a north-south direetion in the area be

tween Kovdor and Kandalaksha are part of the 
marginal formations of the Kalevala stage 

(Ekman & I1jin 1991), and eontinue on the 
Finnish side of the border in the form of the 
Pielisjärvi marginal formations, whieh ae
eording to Rainio (oral eommunieation) are 

probably eontemporaneous with the Salpaus
selkä III marginal formation. Between Kovdor 

and Petehenga no distinet marginal positions 
ean be observed, but apparently the till ridges 
and hilloeks north of the Khibiny Mountains 
are deposited by the readvanee of the Younger 
Dryas (Ekman & I1jin 1991). 

When the Late Weiehselian glaeiation was at 
its most extensive, the iee flow eenter was an 
iee dome, whieh was probably situated approx

imately at the Gulf of Bothnia (Boulton et al. 

1985, Bouehard & Salonen 1990). During the 
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Younger Dryas stadial, at the latest, it had 
shifted towards the north, changing into an ice 
divide , which formed a line from the fell region 
of the western part of the Kola peninsula 
(Evzerov & Koshechkin 1980, Legkova, Ko
rovkin & Shchukin 1981 ) via central Lapland 
southwestward to Sweden, and following the 
eastern slopes of the Scandinavian mountain 
range to the central part of southern Norway 
(Lundqvist 1972, 1986). From the ice divide 
the ice flowed towards the marginal areas of 
the conti nental ice sheet. On the ice di vide 
itself the ice was probably cold-based and stat
ic over extensive areas. The ice did not become 
warm-based until in the marginal zone, which 
was approximately 100-200 km wide, and then 
erosion and deposition started at its base. In
cl uded in this zone were also Petchenga and the 
basin of the lake Inarijärvi . In the basin of 
Inarijärvi the ice was flowing fairly intensively 
in a SSW-NNE direction, so that the boulder 
trains formed were narrow and rather short (cf. 
Salonen 1986). This flow equals flow stage II 
as descri bed by Hirvas (1991) . During that 
time till bed II was formed , which is common 
in the area and analogous with the younger till 
unit of the study area. During the Younger 
Dryas, the deposition of drumlins also started 
north and NE of Inarijärvi (Heikkinen & 
Tikkanen 1979, Ström 1980) and in the central 
parts of Petchenga (Nikonov 1964). The fields 
of hummocky moraines and drumlins in Kov
dor-Kandalaksha area in the southwestern part 
of the Kola peninsula (Ekman & lljin 1991) 

and the uppermost till unit (Evzerov & Ko
shechkin 1977) were probably deposited dur
ing the same time. 

At the end of the Younger Dryas stadial, 10 
200-10 300 radiocarbon years BP (Sollid et al. 
1973), the ice margin started to recede again. 
In the north the withdrawal of the margin 
towards south-SW was rather fast, approxi
mately 100-150 m annually in the Paatsjoki 
valley at the border between Norway and 
Russia (Sollid et al. 1973) , and 200 m annu
ally in the Inari-Kaamanen area (Seppälä 
1980). The oldest ages obtained by radiocar
bon dating of musseI shells from the Petchen
ga river valley are 9120 ± 70 BP (Evzerov & 
Kolka 1993). Ni konov (1964) esti mates that 
the Lutto valley on the Russian side of the 
border became ice-free approximately 9500-
9800 BP. Southeast of the ice-divide area, in 
the vicinity of Kandalaksha-Kovdor, the ice 
margin receded towards the west-northwest 
(Evzerov & Koshechkin 1977, 1981). 

The deposition of the younger till was still 
continuing during the beginning of the ice re
cession. Apparently the younger till unit was 
not formed contemporaneously in the entire 
study area, but is time-transgressive. The 
younger till unit in the middle of the ice-divide 
area was deposited later than the analogous till 
unit in the northern and SE parts of the study 
area. The younger til! unit was deposited deep 
in the interior of the marginal zone of the ice 
sheet at the same rate as the margin was with
drawing towards the ice flow center. 

Deglaciation of the Tuntsa area 

The ice margin reached Finnish territory in 
the vicinity of Puitsitunturi and in the Tunt
sajoki valley approximately 9500 years aga 
(cf. Hyvärinen 1973). Before that there was a 
distinct change in the flow direction of the ice 
sheet. The glaciofluvial deposits running from 
NW to SE on the Russian side of the border 
in the Tuntsajoki valley (Niemelä et al. 1993) 
become discontinuous and assurne a SW-NE 

orientation in the Auermajoki valley on the 
Finnish side, turning again to a WNW-ESE 
direction after about 10-15 km. According to 
the investigations of the till stratigraphy the 
same change also occurs in the flow direction 
of the ice sheet. In the Tuntsa-Naruskajärvi 
area, the youngest till unit, which was depos
ited by an ice flowing from SW to NE, over
lies the younger til! unit , the orientation of 
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which is WNW-ESE. The change in flow di
rection occurred at a time when the ice was 
s til l several hundreds of metres thick and 
dynamically active, as it is also detectable in 
the orientation of the esker chains. Thus it 
was not caused by local movements of the ice 
margin, which lay further away to the south
east of the area studied here , but rather by the 

Fig. 31. The proglacial gorge of Nuoluskuru. 

morphology of the area , especia ll y the N-S
oriented fell range of Värriötunturit. It rises 
more than 200 m above the adjacent area and 
will have inevitably constituted a transverse 
obstacle to the ice sheet , influencing the 
movements of the ice from a very early stage , 
as the ice tried to circle it. 

When the ice sheet had thinned and its mar-
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gin had reached the area of Tuntsa-Naruska
järvi, it became lobate. It flowed, controlled by 
depressions in the terrain, from SW to NE. 
North of Tuntsa, in the area of Sauoiva and 
Papuhaara, the ice margin receded along the 
northern edge of Värriötunturit westward. The 
Tuntsa lce Lake was dammed in the Peurahaara 
valley, at a point north of Peuratunturi. At first 
it discharged across the water divide to the 
northeast into the river Tulomajoki and along 
it to the Arctic Ocean. The Tuntsa lce Lake was 
of type 2. Due to the shape of the valley , the 
ice lake did not grow big, and its duration was 
also short. As the margin of the ice withdrew 
from the western slope of Peuratunturi, aseries 
of marginally formed spillways were formed, 
which slope towards the Tuntsajoki valley. 
Along Tuntsajoki the waters from the ice lake 
emptied into the White Sea. The subglacial 
meltwater systems that crossed the fells of 
Nuolusoiva and Kuskoiva functioned until the 
ice sheet on the fells became thinner and the 
conduits were broken. The meltwaters that had 
discharged from the tunnels continued their 
f10w marginally along the fellslopes and along 
the bottom of the Nuoluskuru gorge into the 
Tuntsajoki valley (Fig. 31). The marginal 
channels formed on the slopes , as weIl as the 
lateral drainage channels, indicate that the ice 
flow was continuously active and that its mar
gin remained intact until the ice sheet wasted 

down. On the basis of the lateral drainage 
channels the ice thinned about 2.8-3.2 m a 
year. lts margin receded only 70-80 m a year. 
The recession was actually fairly slow com
pared with the recession in northern Lapland 
and in Petchenga, mentioned earlier. Observa
tions made south of the Kola Peninsula and in 
Karelia support the results from the Tuntsa 
area. This development must have given rise to 
a colder, more continental climate, so that the 
deglaciation took place more slowly in the SW 
part of the Kola Peninsula than on the coast of 
the Arctic Ocean (Ekman & Iljin 1991). 

West of the valleys of Ylä-Naruskajoki and 
Auermajoki the margin of the ice began to 
recede uphill and the direction of ice f10w al
tered to WNW-ESE. After the margin reached 
Värriötunturit, it settled in a nearly north-south 
direction, leaning on the western slope of Vär
riötunturit. On the slope of Värriötunturit only 
a few lateral drainage channels occur, because 
the meltwater action at the ice margin was 
minor. The meltwaters streaming from the ice 
drained either along the southern edge of the 
fell range via the ice lake dammed at the up
permost tributaries of the rivulet Murhahaa
ranoja or to the north, where they united with 
the marginal channels leading from the conduit 
of the subglacial meltwater system of Suurko
vanselkä (A4) to the upper tributaries of the 
river Hirvasjoki (see Fig. 9). 

Early deglaciation or the Saariselkä nunatak phase 

During the same time as the ice margin at 
Tuntsa withdrew towards the west the first 
felltops in the northern part of Saariselkä ap
peared in the form of nunataks in the middle 
of the ice sheet. The deglaciation was at first 
thinning of the ice, since the ice margin was 
situated in the NE of the study area, in the 
basin of the lake lnarijärvi and in the southern 
part of the Pechenga area. The f1utings occur
ring in various parts of the fell region (Fig. 
32) indicate that the ice was actively f10wing 
across the area from SSW towards NNE. 

There are relatively few subglacial esker 
chains, and they coincide in direction with the 
ice flow, although on account of the pro
nounced relief they frequently follow the 
fracture zones in the bedrock and the valley 
floors (Penttilä 1963). During the nunatak 
stage many of the col channels in the 
Saariselkä region were also formed , e .g. in the 
vicinity of Kiilopää and Sokosti-Ukselmapää. 
The waters flowing in them drained towards 
north or NE (Fig. 33), in the same direction as 
the gradient of the ice sheet (Johansson 1990) . 
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Fig. 32. Flutings on the slope of Siliäselkä, north of Lake Luirojärvi. 
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Fig. 33. Orientation of col channels, i.e. direc
tions of ancient meltwater f10w in them, relative 
to altitude. 
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On the basis of the lateral drainage ehannels 
o n the upper s lopes of the fells the gradient of 
the iee sheet during the early stage of the 
deglaeiation in the Saariselkä region, i.e., the 
nunatak stage, was variable, 1.5-2.5 m : 100 

m. Similar gradients were also measured in 
the areas of Inari (Syrilä 1965 ), western Finn
ish Lapland (Kuj ansuu 1967 , Abrahamsson 
1974) and Finnmark (Sollid et al. 1973 ). 

Deglaciation of the Sokli area 

When the iee margin had reeeded west of 
the fells of Värriötunturit, damming of melt
waters began in the eastern part of the Ylä
Nuortti val ley. T hi s basin , ealled the Sokli lee 
Lake, was at first of iee-Iake type I . It dis
eharged alo ng the proglaeial gorge so uth of 
Nuorttitunturi into Tulomajoki in the eas t. 
Judging fro m the altitude of the thre shold 
point of the sp illway , the wate r level in the 
Ylä-N uortti va lley sett led at 270 m. As the 
reeession of the iee margin eo ntinued, the iee 
lake expa nded to fill the whole valley of Ylä
Nuorttijoki. The subglaeia l meltw ater syste m 
of Sokli (A5) termin ated in the iee lake. In 
addition to the esker formed on the bottom of 
the iee lake , the sand and fine-grained mate
rial transported by the meltwaters formed the 
thiekest iee-Iake sediments found in the study 
area. The Sokli lee Lake is an example of iee
lake type 4 (Johansson 1993). When the iee 
margin had passed the hili of Pierkulinrovat , 
the waters of the iee lake started to discharge 
marginally to the north, first into the eanyon 
of Törmäoja and then , at the final stage, into 
that of the River Nuortti. The more than 100 

m deep eanyon of Nuortt i had formed in a 
preglaeial fraet ure zone (Mikkola 1941), and 
it funet ioned for a long time as a spi llway for 
the iee lakes in that reg ion. T he water drained 
via Nuortti to the River T ulomajoki and on 
into the Aretie Oeean. 

The history of the Sokli lee Lake and the 
strati graphie till studies in the region give a 
pieture of the deglaeiation and glaeial action in 
the area (Fig. 34). At the initial stage of the 
deglaeiation , the iee flow was from the WSW 
(cf. I1vonen 1973, Hirvas 1991 ), depositing the 
yo un ger till unit. The iee margin was then still 
outside the s tudy area. At the time when the 
Sokli esker ehain was being formed, the iee 
flow had al ready turned towards ESE. At this 
stage the youngest till unit oeeurring in the 
study area was deposited. On the basis of the 
direetions and age relations of the spillways 
leading to Nuortti, and the till fabrie of the 
youngest till unit , the iee flow direetion re
mained the same until the iee had wasted down. 
In addition the marginal ehannels indieate that 
the iee margin remained eoherent and the iee 
sheet dynamieally aetive to the end . 

The Kemihaara and Värriöjoki ice lakes 

The most extensive iee lakes in the eastern 
part of the study area, ealled the Kemihaara 
and Värriöjoki iee lakes , were dammed in the 
valleys of the river Kemijoki and its tributar
ies Värriöjoki and Siurujoki. The exaet size 
and history of the Kemihaara lee Lake are 
unknown , beeause distinet shore marks are 
laeking. At the time of the formation of the iee 
lake the iee margin was divided into two 

lobes , whieh is indieated by the direetions of 
the lateral drainage ehannels in the area. The 
northern lobe retreated in a NW direetion , eir
cling to the north of the Kemihaara fell re
gion, while the southern one retreated in a SW 
direetion, ci reling the fell region on its south 
side. If the iee lake was dammed mainly by an 
iee lobe that had retreated towards NW, the 
iee lake may have inundated only a narrow 
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Fig. 34. History of the Sokli lee Lake. I = subglaeial meltwater system and its mouth, 2 = funetioning proglaeial 
or marginal ehannel , 3 = ice margin , 4 = gorge, 5 = esker, 6 = iee-dammed lake, 7 = contour line. The figure shows 
the meltwater channels emptying into the ice lake and terminating at its shore level. The altitude data refer to the 
threshold that regulated the water level in the ice lake. 
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Fig.34 
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Fig. 35. The lilloral boulder bell at 275-278111 a .s.l. on the upper slope ofSiuruvaara was for111ed at the shore level ofthe Värriöjoki 
lee Lake. 

strip of the eastern bank of Kemijoki. If the 
ice lake was mainly dammed by a lobe that 
had retreated towards SW, the ice lake grew 
into an extensive but shallow water basin , in
undating the valleys of Kemijoki and its up
perm ost tributaries. The channel leading from 
north of Kärekelehto to N uortti served as the 
first spillway of this ice lake. Its altitude, 248 
m, controlled the surface level of the ice lake. 
Later a new spillway opened on the western 
s lope of Kuttusvaara, causing the surface lev
el to sink to the level of the threshold point at 
Sotataipale (220 m). 

The ice lake dammed in the Värriöjoki val
ley was larger and it had a longer lifespan than 
the one in Kemihaara. It left abundant shore 
marks and spillways, on the basis of which the 
size of the ice lake and the retreat of the ice 

margin may be followed. A notable channel 
begins at 277 m in the valley south of Verk
komaselkä and leads to the river Ylä-Naruska
joki. The erosion was so marked in this area 
that it could not have been caused exclusively 
by the meltwater flowing along the margin of 
the ice sheet. Since no subglacial meltwater 
erosion occurred in the valley during the lat
est deglaciation either, the channel must have 
been formed by the erosional action of waters 
discharging from the ice lake dammed in the 
Värriöjoki valley. The spillway at Verkko
maselkä functioned until the following spill
way, leading via Hirvikaltionoja to Nuortti, 
opened up at the 272 m level. Once this had 
happened, the water broke through the till
covered Hirvikaltio esker (eS) which crossed 
the gorge. This rapid meltwater discharge 
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spread the gravel and sand from the esker into 
extramarginal sandur deposits eovering the 
upper part of Tulppiojoki valley (Fig. 29). 
The Siuruvaara hilI rose in the middle of the 
iee lake in the form of an isolated island, and 
the aneient shore marks on its slope, al an 
altitude of 275-278 m, were formed during 
this stage of the iee lake (Fig. 35). The iee 
lake eovered an area of more than 400 km 2 and 
the depth of the water was in plaees more than 
50 m. It represented iee-Iake type 2. During 
the following stage the shore level of the iee 
lake sank to an altitude of 270 m and soon 
thereafter to 259 m. The waters drained along 
marginal and extramarginal spillways that had 
opened in the area between Ru u vaoj a and So
tatunturi, to the threshold point at Sotataipale, 
and eontinuing to Nuortti. 

The final union of the Kemihaara and Vär
riöjoki iee lakes oeeurred at the same time as 
the meltwaters streaming from the iee margin 
deposited the Ketsepuhnus proglaeial delta 

(see Fig. 13). The margin of the iee sheet 
followed the line Mutajärvenselkä-Leukkuha
maranvaara-Ruuvaoja. The area inundated by 
iee lakes was at its most extensive at this 
stage, reaehing as far as the Kemijoki river 
valley, to Kuttusoja, and in the Värriöjoki 
river valley as far as east of Siuruvaara (see 
Appendix). Due to the land uplift the shore 
levels of this stage have beeome inelined from 
SSW to NNE with a gradient of approximately 
0.55-0.58 m/km. The shores rise from the 220 
m level in the vieinity of the Sotataipale di
vide lO an altitude of 245 m at the boulder belt 
on the NW slope of Kaltiovaara. After the 
reeession of the iee margin from Kaltiovaara 
to the west, the waters from the iee lake that 
had inundated the valleys of Kemijoki and 
Värriöjoki diseharged into the Salla lee Lake. 
The waler level sank approximately 20 m. The 
lower boulder belt at 225 m a.s.l. on the NW 
slope of Kaltiovaara refleets the water level of 
the Salla lee Lake. 

The Salla lee Lake 

In the past the Salla lee Lake inundated 
extensive areas south of the study area, i.e., in 
Salla, the southern parts of Savukoski and the 
eastern parts of Kemijärvi (Fig. 36). The Salla 
lee Lake penetrated in the form of a narrow 
bay along the Kemijoki valley north of Ruu
vaoja and into the Värriöjoki valley all the 
way to the foot of Siuruvaara (see Appendix). 
Tanner (1915) was the first to suggest the 
former existenee in the area of an extensive 
iee-dammed lake, whieh he named the Tenniö 
lee Lake. The iee lake deseribed by Tanner 
eovered the northern part of the Salla lee 
Lake, whieh is deseribed in this study. Tanner 
(1915) also loeated the spillway of the iee 
lake in the valley southeast of Aapajärvi in 
Russia. The iee lake was drained from there 
into the river Kutsa and into the White Sea, 
the shore of whieh was then at a level of 160-
165 m (Ekman & lljin 1991). Hyyppä (1936) 
eontinued the investigations of the spillway at 

Aapajärvi. He obtained as its altitude 211 m, 
although he mistakenly interpreted it as the 
spillway through whieh the waters of the Bal
tie lee Lake had drained into the White Sea. 
Hyvärinen (1973) later proved that the degla
eiation of northern Finland did not oeeur until 
the Preboreal period, when the Baltie lee Lake 
stage was already over. 

The lowest shore levels of the Salla lee 
Lake on the Fi nnish side of the border are 
found at an altitude of 230-235 m in the Kel
loselkä-Aatsinki area (Fig. 36) (ef. Hyyppä 
1936, Kuri mo 1979). Due to the isostatie land 
uplift the shore levels have beeome inelined 
from southwest to northeast with a gradient of 
0.50-0.55 m/km. In the vieinity of the village 
of Salla-Lapajärvi-Akanvaara the altitudes of 
the shore levels are 237-246 m (Figs. 25, 36 
and 37). The western most shore levels of the 
Salla lee Lake were found in Kyrövaara east 
of Kemijärvi at an altitude of 260 m, and in 
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Fig. 36. The Salla !ce Lake. I = local ice lakes , 2 = area occupied by the Salla !ce Lake, 3 = area covered by the Ancylus Lake, 4 
= assumed position of the ice margin immediately before the rapid lowering of the water level in the Salla Ice Lake, 5 = shore level 
observation with altitude, 6 = spillway and its height, 7 = present lakes and rivers. 
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Fig. 37. Boulder shore formed at the surface level of the Salla Ice Lake (244 m a.s. l.) at Tuorelehto, north of Akanvaara. 

Ippilänvaara south of Kemijärvi at an altitude 
of 262 m. They were formed quite close to the 
iee margin only a short time before the water 
level of the Salla lee Lake sank. This hap
pened when a new marginal spillway opened 
in front of the iee margin at Yli-Neitijärvi, 6 
km NE of the village Juujärvi (Figs. 36 and 
38) . Through it the waters of the Salla lee 
Lake drained to the south , to Simojärvi and 
the Gulf of Bothnia . The waters of the aneient 
Baltie Sea (during the Aneylus Lake stage) 
penetrated to the vieinity of Kemijärvi (Fig. 
36) , where the highest shoreline was formed 
at an altitude of between 200 and 209 m a.s .1. 
(Hyyppä 1936, 1966, Kurimo 1977) . The Ke
tola delta west of Kemijärvi is at an altitude 
of 208 m a.s .1. The Aneylus Lake eontinued 
along the Kemijoki river valley , apparently to 

the vieinity of the village Martti north of Sa
vukoski, at an altitude of approximately 180-
185 m. No shore marks were found in the river 
valley , however. 

The youngest till unit in the Martti-Arajärvi 
area was laid down while the glaeier was 
f10wing in a NW-SE direetion. At the same 
time Rogen-type trans verse moraines were 
formed around the lake Arajärvi. The esker 
ehains in this area run approximately in the 
same direetion, although they assume a more 
NNW -SSE orientation north of the lake. When 
the surfaee level of the Salla lee Lake sank, 
the iee margin was situated in the area be
tween Kemijärvi and Savukoski in a NNE
SSW direetion . At the northern edge of the 
lake basin the western most shore marks of the 
iee lake are on the slope of Aravaara (cf. Tan-



Fig. 38. Colour infrared stereopair showing the spillway ofLake Yli-Neitijärvi , through which the waters ofthe Salla Ice Lake discharged towards the south , into the Gulf ofBothnia. 
A spillway opened after the ice margin had withdrawn to the west of the hili (a) shown in the figure. The discharge washed the bedrock (b) bare, seen as pale blue in the figure , 
and deposited gravel and sand south of the channel (c). Reproduced by courtesy of the Finnish Defence Forces Topographie Service. 
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ner 1915). West of that , in the vicinity of of the Salla Ice Lake. This means that the 
Kivitunturi, the channels eroded by the mar- surface level of the ice lake had begun to sink 
ginal streams of the ice sheet continue below when the ice margin reached Kivitunturi. 
the level that corresponds to the surface level 

Deglaciation of Saariselkä 

As the ice sheet grew thinner and its surface 
sank in the Saariselkä region , the nunataks 
expanded into vast ice-free fell areas, and the 
ice flow stagnated. On the distal side of the 
nunataks , at the ice margin , fractures and cre
vasses formed (cf. Virkkala 1955) , along 
wh ich the meltwaters penetrated under the ice 
margin, forming subglacial chutes by erosion 
or engorged eskers by deposition. In fact the 
largest number of engorged eskers in Finland 
are found here , in the Lutto river basin in the 
northern part of the study area, and at N angu
järvi north of the study area (Johansson 1994). 
Regarding their morphology and material they 
have been found to resemble the corresponding 
depositional landforms described by Manner
feIt (1945 ). After stagnating the ice sheet ap
parently became passive and melted down, 
since no indications have been found of its 
reactivation and later glacial erosion. 

Tanner ( 1915 and 1936) was the first to 
suggest that the Arctic Ocean , in the form of a 
narrow bay , had reached up the valleys of Lutto 
and Suomujoki all the way to the northern edge 
of the present study are a. Nikonov (1964) 
mentions finding marine diatoms as high as 
120 m a.s .l. in the Lutto river valley in Russia. 
Considering the influence of the isostatic land 
uplift on the inclination of the shore levels , the 
possibility exists that the silt deposits found at 
a level of 115-125 m by drilling of the banks 
of Lutto (lohansson 1990) were once deposited 
in a bay of the Arctic Ocean. Saarnisto (1973) 
did not find marine diatoms on the Finnish side 
of the border during his investigations. Accord
ing to hirn the valley train in the Lutto river 
valley is a typical supra-aquatic glaciofluvial 
formation, which is situated at an altitude of 

128-130 m. The marine limit is at a slightly 
lower level, located on the Russian side of the 
bord er. In ca se a bay of the ocean reached to 
the Finnish side, it is possible that the meltwa
ter running from the ice sheet stopped the sa
line water from penetrating upstreams, which 
would also explain the lack of marine diatoms. 

As the retreat of the ice margin continued, 
the southern edge of the Saariselkä fell region 
became exposed. The ice was still flowing 
from SSW to N E. Its margin was pressing 
against the fell range, and its flow was led 
towards NE along the valleys between the fell
tops . The ice margin became undulated with 
tens of ki lometres· long ice lobes penetrating 
into the valleys of, e.g. Kulasjoki, Suomujoki 
and Muorravaarakanjoki. On the basis of the 
lateral drainage channels and the lateral ter
races, the edges of the ice lobes were unbro
ken , although narrow passes had a tendency to 
obstruct the ice flow . The gradients obtained 
for the ice lobe surfaces are 3-6 : 100, which 
is equivalent to the results obtained by Penttilä 
(1963) and Piirola (1982) from the western 
parts of Saariselkä. For ice falls formed at the 
foot of the fell range , the gradient may have 
been 10-12 : 100 or more. At the terminus of 
an ice lobe, the ice turned stagnant due to the 
infl uence of the underlyi ng topography. The 
ice lobes probably behaved in the same way as 
today ' s valley glaciers (cf. Nye 1952, 0strem 
et al. 1976 and Sugden & lohn 1976), al
though their own accumulation area was re
placed by a stream of ice originating in the 
continuous ice sheet south of Saariselkä. At 
the end of the ice-Iobe stage, stagnant lobes 
were left on the floors of valleys opening in 
a northward direction. These lobes became 
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passive and melted down after they lost eon
taet with the eontinuous iee sheet. The su
praglaeial material on top of the lobes in the 
Sarvijoki valley aeeumulated in erevasses in 
various direetions , and as the iee melted, ra 
dial and marginal till and sand ridges were 
formed on the valley slopes (Figs. 39 and 40). 
NE of Kiilopää, ringlike or eurved hummoeky 
moraines oeeur. They were apparently formed 
subglaeially as plastie debris was penetrating 
from underneath into erevasses at the base of 
the iee. They are s imilar to the hummoeky 
landforms in Pulju , western Lapland, ealled 
Pulju moraines (Kujansuu 1967 , Johansson & 
N enonen 1991 , Aario 1992). 

While the margin of the iee sheet was lean
ing against the so uthern s lope of the 
Saariselkä fell range, several iee lakes started 
to form in the depressions between the fells, 
ineluding the iee lakes of Talkkunapää, Von
goiva, Siuloiva, Hammaskuru , Luirojärvi, 
Kopsusjärvi, Sompiojärvi, Tankajoki and Kii
lopää, in addition to some sm aller iee lake 
basins between them. Their history has been 

studied by Tanner (1915), Penttilä (1963), 
Piirola (1982), Johansson (1988, 1990 and 
1993) and Kujansuu and Hyyppä (1995). 
Compared with the iee lakes of Savukoski 
they were short-lived and smalI , but si nee 
they oeeupied valleys between fells they be
eame deep , and they eontained a eonsiderable 
volume of water. The first ones were formed 
as early as when the fell range at the southern 
edge of Saariselkä was still rising in the form 
of a row of nunataks in the middle of the iee 
sheet. They represented iee-Iake type I. The 
waters dammed at the innermost ends of the 
valleys between the felltops diseharged progla
eially aeross the fell range (Fig. 41) into the 
Lutto or Anterijoki valley, and fi nally to the 
Aretie Oeean. After the iee margin had with
drawn to the southern and southwestern side of 
the fell range they turned into iee-Iake type 2 
or 3. At first the Kiilopää lee Lake (Tanner 
1915, Pentti lä 1963) diseharged aeross the fell 
range into the ri vers Kulasjoki and Lutto. Later 
its spillway turned direetly into Lutto and later 
into the Tolosjoki valley. The Tankajoki lee 

Fig. 39. Formation of hummocky moraines in the Sarvijoki river valley. I) An unbroken ice sheet f10wed across the fell ridge. 2) 
The contact with the active ice sheet was broken and the ice remaining on the valley f100r stagnated. Supraglacial debris 
accumulated on its surface. 3) The glacier, now passive, broke into pieces and supraglacial debris fell into the crevasses. 4) After 
the melting of the ice, the supraglacial material formed hummocks and ridges. 
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Lake discharged along Tolosjoki and later 
along Sotajoki into the Ivalojoki valley, con
tinuing into the Arctic Ocean (Kujansuu & 
Hyyppä 1995). For a short time the ice lakes of 
Luirojärvi and Hammaskuru formed a chain
like basin, from where the waters streamed 
along the spillway formed by the Paasjoki 
valley to Lutto (Johansson 1988). The ice lakes 
of Siuloiva, Vongoiva and Talkkunapäät never 
united, but the meltwaters were flowing along 
marginal and extramarginal channels from one 
ice lake to another and finally into the Jauru
joki valley. Along J aurujoki the waters contin
ued into the river Tuloma and finally to the 
Arctic Ocean. The marginal spillways and lat
eral drainage channels indicate that the ice 
margin was unbroken. On the basis of the reg
ular set of lateral drainage channels formed on 

the southern slope of the fell Vuomapää and 
consisting of more than 40 consecuti ve chan
nels (Fig. 41), the gradient of the ice sheet was 
l.7 : 100, the annual thinning was approxi
mately 2.1 m and the ice margin retreated at a 
rate of approximately 140 m a year. In the 
vicinity of Kärpäjärvet and Kaitmitoja SE of 
Sokosti, the gradient of the ice sheet was 2 : 
100, the annual thinning 1.3-1.6 m, and the rate 
of retreat 130-140 m a year. On the basis of 
calculations made from various parts of 
Saariselkä, the retreat of the ice sheet took 
place on a variable rate of 130-170 m annually. 

The surfaces of the ice lakes sank succes
sively and the lakes emptied when the dam
ming ice margin withdrew from the mouth of 
the valley. The water could also es cape 
through subglacial fractures before the final 

Fig. 40. Hummocky moraines in the Sarvijoki river valley. Laterally formed ridges are seen on the slopes and unoriented hummocks 
on the valley floor. 
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Fig. 41. Colour infrared aerial photo of the southern slope of Vuomapää, Saariselkä. The treeless fell areas are represcnted in the 
photo by variolls shades 01' bille and the low-Iying areas with a forest 01' shrub vegetation by shades of red. The Siuloiva lce Lake 
was dammed up in the closed arclIate valley (a), and the ice margin retreated SSE. The figure shows two proglacial spillways (b 
and c, in order 01' age), which led towards the SlIomujoki river valley at the initial stages of the ice lake. Aseries of subsequent 
marginal spillways (d) can be seen on the southern slope 01' the fell of Siuloiva, whieh turned the f10w of water from the iee lake 
into the Jaurujoki river as they formed, eausing the iee lake to empty. This left the iee margin resting on the fell slope, and aseries 
of subsequent lateral drainage challllels (e) were formed. South of these there are some deeper marginal ehannels (f) along which 
the Hammaskuru !ce Lake, loeated west of the arca shown in the photo, diseharged towards the Jaurujoki river. Reproduced by 
eourtesy of the Finnish Defenee Forees Topographie Service. 
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wasting down of the ice. Thi s happened espe
cially if the marg in of the ice locally beca me 
passive, and its damming capacity weakened 
(cf. Gien 1954). According to the s tudie s 
made by LiestjZll (1956) on valley glaciers, the 
ice lobe becomes dynamically dead as it s 
thickness decreases to less than 50 m, and it s 
capac ity to dam meltwaters disappears. Thi s 
happened in the ice lobe that dammed the 
Hammaskuru lce Lake at its final s tage . On 

the bottom of the ice lake basin there are 
channels, which did not form until the ice lake 
had emptied, when the las t remaining dead ice 
melted down. At the final stage the ice lake s 
of Hammas kuru and Luirojärvi united with 
the ice lake formed at Repoaapa (Johansson 
1988), which is apart of the Po soaapa lce 
Lake, formed in the lowlands of Sompio south 
of Saariselkä (cf. Tanner 1915). 

Deglaciation of Vintilänkaira 

In the area between Kemijoki and Vintilä
tunturi the retreat of the ice margin continued 
westward. Since the ice margin retreated up
hill , the meltwaters from it flowed proglacial
Iy to the Kemijoki valley. The area was unfa
vo ura ble for the formation of large ice lakes, 
w ith one exception . A short - li ved ice lake, 
wh ich was drained v ia Sulkarikuru into Kemi
joki, was formed in the Suksenaapa a rea. 

The glaciofluvial systems crossing the area, 
the yo un g ones from WNW, the o lder ones 
from NW , are very discontinuou s in relation 
to those in adj acent areas. Especia lly the o ld 
systems are hard to follow. In this area there 
are o nl y a few minor hillocks of coarse
gra in ed material and a few erosional land
forms to be see n in the fie ld. Between them 
there are long gaps where not a sign of melt
water action has been p reserved. 

The Vintilänkaira area resembles the ice
divide area in that the subglacially formed 
meltwater landforms are few . There is one 
difference , however: In the ice-divide area 
only the young eskers are discontinuous or 
locally lacking , while the old till-covered es
kers are continuous. In the Vintilänkaira area 
the esker chains are , regardless cf age, dis
continuous and hard to follow. Their small 
number cannot therefore be d ue to only the 
stagnation of the ice margin during the latest 
deglaciation. The reaso n is probably the ero 
sio n caused by an active ice f1ow. In the Vin
tilänkaira area as weil as in the area stretching 

NE from there all the way to Kuttu svaarat , it 
is typical that the surficial till unit is the one 
deposited by an ice sheet f10wing from SW to 
NE (F ig. 5 D ) . lt s flow direction deviates 
s ignificantly from those of the esker chains 
and the yo un ges t tiJl unit. Apparently the 
active f10w of the ice eroded away the earlier 
formed depos ition a l landforms , at the sa me 
time covering the subglacial erosional land
form with till. Most of the remainin g esker 
hillocks, such as the Vintilätunturi es ker hill
ocks, consist of very coarse-grained material , 
and are apparent ly the co re parts rem ai nin g 
from larger esker ridges. They are also locat
ed on the NE s ide of the hills or in NW-SE 
depressions , whe re they were best protected 
from the eros ional actio n of the ice. The surfi
cia l t ill unit , deposited during the flow of the 
ice sheet, is in this area quite continuous and 
fairly compact and thick , 0.6-1.5 m, reflecting 
the intens ity of the glacia l actio n. 

Except for some proglacial and subglacial 
gorges , such as the Ettisse lkä gorges , the ero
siona l landforms incised by the meltwaters 
are lateral or marginal. A n abundance of well
developed lateral drainage channel systems 
occur in the vicinity of V uo lti stunturi and 
Kokkotunturi. On the gentle slope NW of 
Vuoltistunturi it is possible to distinguish 29 
channels, one below the other, running at a 
distance of about 20-60 m apart. On the basis 
of the gradient of the channel s, the gradient of 
the ice was ap proximately 1 - 2 : 100 . The ice 
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margin thinned about 2 m annually and re
treated about 220 m a year. The lateral drain
age ehannels in the vieinity of Kokkotunturi 
are situated on steeper slopes . They are at a 

distanee of 10-30 m apart, and on the bas is of 
them the iee marg in thinned, depending on the 
plaee, 2.1-3.5 m annually and retrea ted at a 
ra te of 120- 190 m a year. 

The Kopsusjärvi and Posoaapa ice lakes 

The development hi s tory of the Kopsusjärvi 
lee Lake resembles that of the other iee lakes 
in the Saari selkä region . At first it di se harged 
its waters proglaeially SW of Kopsu sse lkä 
into Suomujoki . It s surfaee leve l se ttl ed at 
315 a.s.l., whieh is refleeted by the surfaee of 
the Kopsusjärvi delt a, apart of the subglaeial 
esker ehain of Suomujoki (A 11 ). As the iee 
margin had reeeded to SW of Aitavaara, a new 
spillway at 310 m opened towards Suomujoki, 
following the southern s lope of Aitavaara. 
Thi s s tage did not last lon g, however , before 
the water level sank to 275 m. (Johansson 
1990, Kuj ansuu & Hy yppä 1995). The mar
g inal and lateral ehannels indi eate that the iee 
margin divided up into two lobes, whieh e ir
e led the Nattaset fells (cf. Kujansuu & Hyyp
pä 1995). The north ern lobe of th e iee shee t 
reeeded to the valley belween Nattaset and 
Raututunturil. The reeession of the southern 
lobe proeeeded towards SW. As the southern 
lobe withdrew from Tinkiaavankuusikko, the 
Kopsusjärvi lee Lake united with the Posoaa
pa lee Lake. 

The Posoaapa lee Lake was loealed in the 
eastern part of the present Lokka Reservoir, 
inu nd ating in addition some lowlands in its 
vieinily (see Appendix) . Its surfaee level was 
eontrolled by the Repoaapa spillway, whieh 
was situa ted at 253 m a.s .1. and led to Jauru
joki. As the Kopsusjärvi lee Lake united with 
the Posoaapa lee Lake, its surfaee level in the 
Kopsusjoki valley settled at approximately 
258 m, wh ich due to the isostatie land uplift 
eor responds to the altitude of the Repoaapa 
threshold point. The same iee-Iake phase is 
also represented by th e aneient shore lines on 
the slopes of Vuollosvaara and Silmävaara, at 
altitudes of260-264 m a.s .1. (cf. Tanner 1915 , 

Saarinen 1961 ). 

Th e shore marks in the vieinity of Pihtijoki, 
at 263-265 m a.s.l., do not fit in with the other 
shore observations related to the Posoaapa lee 
Lake, si nee they are situated approximately 4 
m above the level representi ng th e surfaee 
leve l of thi s iee lake. lnstead , they belong to 
the Pihtijoki l ee Lake , whieh oeeupied the 
Pihtijoki valley before it united with the 
Po soaa pa lee Lake. The spi llw ay leadin g to 
Kemih aara belonged to the Pihtijok i l ee Lake 
and not to the Posoaapa lee Lake as forwarded 
by Manner and Tervo (1988). 

The following spillway of the Posoaapa lee 
Lake was not formed until the iee margin had 
withdrawn from the area between Lokka and 
Tanhua . Approxi mately 15 km south of the 
village of Lokka, on the western s lope of Iso 
Angeevaara , there is a spillway, along whieh 
the waters of the iee lake were diseharged easl 
of the village of Tanhua into the river Luiro . 
The threshold point of the spillway is at 254 m 
a.s .l., and so the surfaee level of the Posoaapa 
lee Lake sa nk to the 250 m level in the vieinity 
of Lokka. In the Kopsusjoki valley lhis eo rre
sponds to a level of 238-240 m (today the 
surfaee level of the Lokka Reservoir ranges 
from 240 to 245 m). When the surfaee of the 
Posoaapa lee Lake sank, the iee margin was 
situated in the northern part of the iee lake in 
the area between the Silmävaara hili and the 
Sompionjärvi lake . At Silmävaara the shore 
marks of the Posoaapa lee Lake are on a leve l 
of 260 m a.s.l., but southeast of Venevaara a 
ehannel eroded below this level bears witness 
to the fact that the water level in the Posoaapa 
lee Lake had begun to fa ll. This ehann el led 
from the Sompiojärvi lee Lake at a leve l of 
approximately 256 m a.s.l. into the Posoaapa 
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lee Lake. Erosional landforms caused by the 
discharge of water can be found even below the 
250 m level. On the basis of shore marks and the 
marginal channels between Lokka and Tanhua, 
the direction of the ice margin was approxi
mately S-N as it ran from Tanhua, west of 
Lokka to the western side of Silmävaara, where 
it turned towards NW, to south of Nattaset. 

The Posoaapa lee Lake was of type 5 , and 
the ice bordering onto it was stagnant or pas
sive in places. In depressions, such as Repoaa
pa and south of Hammaskuru, fields full of ice 

blocks that had co me off the ice sheet were 
formed, like in extensive areas in central and 
northern Sweden, according to Lundqvist 
(1972) . Their role was, however, minor. At 
least the scarp-and-terrace shores of Vuol
losvaara and Silmävaara indicate that there 
was open water in the Posoaapa lee Lake, and 
so there was in the area between Lokka and 
Tanhua, where the ice lake discharged its 
waters along marginal and extramarginal 
channels to the south. Here the ice margin 
was also sufficiently intact to dam a lake. 

Deglaciation of the Vuotso-Koite lainen-Keivitsa area 

The last area to be exposed from under the 
ice margin was the Vuotso-Koitelainen-Keivit
sa area, which was situated in the western part 
of the ice divide. Typical of this area are weak 
erosion and deposition by the ice sheet, the 
common occurrence of preglacial weathered 
rock and several till units of different ages, and 
the occurrence of sorted and organogenic de
posits older than the last glaciation (Kujansuu 
1972, Mäkinen 1982, Hirvas 1991 and Kujan
suu & Eriksson 1995). 

Towards the end of the deglaciation there 
were also considerable variations in the ice 
f10w directions, wh ich is reflected , e.g. by 
wide boulder fans (Tanner 1915, Salonen 
1986). South of Vuotso the ice margin with
drew towards SW and in the Koitelainen -
Keivitsa area towards WNW . South of Vuotso 
in the vicinity of Riestovaara and Sakiaselkä 
the margin of the receding ice sheet was lobate 
and continuous . The well-developed system of 
lateral drainage channels in the valley east of 
Sakiaselkä reflects clearly how the ice lobe 
receded along the valley floor towards SSW, 
whereas in the Koitelainen-Keivitsa area there 
are only a few channels eroded by meltwater 
s treams, wh ich is partly due to the fact that the 
ice was dynamically stagnant and its broken 
margin terminated in the shallow ice lake of 
Rookkiaapa , which was obviously largely 
filled with ice blocks. Some of the channels in 

the ice-divide area may have been created 
before the last glaciation. The last remnants 
of the receding ice sheet were probably sit
uated at the western edge of the study area, 
in the Rookkiaapa-Peurasuvanto area. 

The subglacial meltwater action was weak, 
too . With only one exception there are no 
subglacial esker chains without a till cover in 
the western part of the ice-di vide area. The 
exception is the Leukkuhamara esker chain 
(A I), which begins west of Maaselkä in a 
west-eastern direction and is first discontin
uous, then turns towards ESE. Till-covered 
eskers deposited before the last glaciation 
do , however, occur in the ice-divide area. 

The scarcity of eskers on the ice di vide is 
known in Canada , too (Andrews et al. 1985 
and Shilts et al. 1987). Several causes have 
been presented: In the subglacial meltwater 
systems crossing the area there could be a 
balance between erosion and deposition, so 
that the meltwater stream transported all de
bris forward along the conduit (cf. Brennand 
1994). According to Boulton and Hindmarsh 
(1987) the meltwater could infiltrate into 
thick deposits and continue its flow there. The 
latter alternative is hardly possible in the ice
divide area, since the ground underlying a 
cold-based ice sheet was also frozen to a 
considerable depth. In this study area the most 
probable reason for the scarcity of eskers is 
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the dynamie state of the iee sheet. The iee had eome stagnant. It was not eapable of maintain-
thinned and over an extensive area it had be- ing extensive subglaeial meltwater systems. 

Estimation of the time of deglaciation 

In the study area, like in most of northern 
Finland, the deglaeiation oeeurred during the 
Preboreal time (Hyvärinen 1973). The iee 
margin probably reaehed the NE and SE parts 
of the study area nearly at the same time, 
approximately 9500 BP, and at that time the 
oldest iee lakes of the region were also 
formed (e.g. the Tuntsa lee Lake) (Fig. 42). 
The iee margin probably reeeded to the west
ern part of the study area approximately 9200-

9100 BP (Johansson 1988). This is an esti
mate based on the average rate of reeession of 
the iee sheet as ealeulated from the lateral 
drainage ehannels. A eorresponding result 
was arrived at also by using eritieally seleeted 
radioearbon ages , by whieh the reeession of 
the iee margin in Finland has been estimated. 
Aeeording to these, northeastern Finland be
eame iee-free approximately 9100-9500 BP 
(lgnatius et al. 1980). The exaet time for the 

o 20 km 

Fig. 42. Map of the retreat of the ice margin (stages A-G) and subglacial esker chains without till cover. The arrows indicate 
directions of ice flow during deposition of the younger till uni!. 

2 
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disappearance of the ice is impossible to tell. 
Regarding the pollen studies of the lowermost 
parts of the postglacial deposits , including 
their dating , it should be noted that vegetation 
did not begin to appear until some time after 

the disappearance of the ice (cf. Sorsa 1965, 
Saarnisto 1973). On the other hand some so
called over-ages have also been obtained in 
radiocarbon datings from this area (Vasari 
1963, Donner & Jungner 1974). 

SUMMA RY 

In central Finnish Lapland weak glacial ero
sion and deposition have made possible the 
preservation of old preglacial weathered rock 
and till deposits with organogenic intercalations 
predating the last glaciation. Sizeable till-cov
ered eskers (of C systems) , probably of Early 
Weichselian age, have been found in the area , 
and the oldest till unit was deposited 
contemporaneously with these , by ice flowing 
NW -SE. Some of the older tills and esker chains 
(D systems and the Pihtijoki ridge) predate 
these and are apparently of pre-Weichselian 
age. A new till unit was found in the southern 
part of the area, deposited by an ice stream 
running in a N-S direction apparently during the 
Early or Middle Weichselian. Till-covered esk
er chains (of B systems) of the same orientation 
were formed during the deglaciation stage. The 
morphological features of these eskers are 
remarkably weil preserved, including sharp 
crests, steep flanks and kettle holes. 

At the final stage of the Middle/Late Weich
selian glaciation, the icedivide seems ta have 
sett led in an east-west direction across Central 
Lapland. In the ice-divide area proper the basal 
part of the ice sheet was stagnant, and ice flow, 
erosion and deposition taok place only some
what further away from the centre of ice flow. 

The deglaciation phase and the final disap
pearance of the Late-Weichselian continental 
ice sheet were examined by studying the fol
lowing glacial processes and their re sulting 
landforms: subglacial meltwater action and 
glaciofluvial hydrography , till stratigraphy 
and ice flow directions , proglacial , marginal 
and late ral meltwater action, and the develop
ment and typology of ice lakes. 

A synthesis of the results was constructed to 
form a picture of the ice movements , the be
haviour of the ice sheet and the retreat and 
melting of its margin in various parts of the 
area . The deglaciation was time-transgressive 
and proceeded in four phases, affecting each of 
the subareas in turn. The phases were charac
terized by certain glaciological and geomor
phological processes , which resulted in a va
riety of landforms and deposits . The phase pre
vailing in a subarea and its duration depended 
on the location of that area in relation to the 
ice divide and to the retreating ice margin . 

During the first phase the ice sheet cover
ing the area altered gradually from cold
based to warm-based, whereupon the basal 
parts of the ice sheet in the corresponding 
zone si tuated farthest from the ice margi n and 
closest to the ice divide became dynamically 
active and a movement towards the margins 
began at the base of the glacier. The ice sheet 
started to erode its bed and till accumulation 
began. It was during this phase that the 
younger till unit , which is widespread in the 
area , was deposited . 

During the second pha se, closer to the mar
gin of the ice sheet, meltwater started to col
lect at the base of the ice sheet , forming a 
network of tunnels and conduits. Since the 
hydro sta tic pressure in the conduits was high , 
it was possible for the meltwater to flow up
hili and across divides. The subglacial melt
water action was mainly erosional at first , 
forming depressions , channels and gorges 
along the path of the conduit. Later, deposi
tion prevailed closer to the ice margin, and it 
was then that the youngest eskers in the area 
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were formed. These eskers belonging to A 
systems differ from the ones deposited earlier 
in their orientation, morphology and lack of 
till cover, for example. The orientation of 
these subglacial esker chains is the same as 
that of the youngest ice flow . 

During the third phase the thinning of the 
ice sheet continued. The highest fell tops were 
the first to appear from under the ice to form 
nunataks, and col channels were formed in the 
depressions between them as a result of melt
water erosion. The ice flow stagnated on ac
count of the nunataks , and fractures and cre
vasses were consequently formed at the mar
gin of the ice. The subglacial meltwater 
streams eroded subglacial chutes and deposit
ed engorged eskers . In areas of high relief 
such as the Saariselkä region the ice margin 
became lobate . The movements of the basal 
parts of the ice sheet were controlled mainly 
by the topography, and it was at this stage that 
the surficial till unit was deposited. The direc
tion of the subglacial meltwater systems was 
no Ion ger influenced by local ice movements . 

During the fourth phase the melting margin 
of the ice sheet reached this area , and the 
meItwater flowing along the margin gave rise 
to erosional and depositional landforms. By 
studying these, information was obtained on 
the recession of the ice margi n. The subglacial 
meItwater action became proglacial at the 
mouth of the conduit and diminished signifi
cantly in both erosional and depositional pow
er. The landforms produced by marginal and 
lateral meltwater action, mainly channels, 
reflect the gradient of the ice sheet and the 
thinning of its margin . The formation of ex
tensive channel systems also required a con
tinuous ice margin, which again indicates that 
the ice sheet remained dynamically active 

until it wasted away. A lack of marginal and 
lateral channels may indicate that the ice 
sheet was stagnant or passive, with a discon
tinuous margin , or one that terminated in an 
ice lake. The area was indeed favourable for 
the formation of ice lakes , since the variations 
in altitude are considerable , the area is 
crossed by the main watershed , and the 
ground surface was inclined towards the ice 
margin that dammed these lakes . The ice lakes 
may be classified into five types on the basis 
of their location , size , frequency of shore 
markers and occurrence of bottom sediments. 
They also reflect changes in the dynamics of 
the ice and in the melting of the ice margin. 
Working from the history of the ice lakes, the 
variations in their water levels and the changes 
in their spillways , it is possible to create a 
picture of the position of the ice margin over 
extensive areas. 

The deglaciation of the area considered here 
took place around 9 500 - 9 100 BP. The retreat 
of the ice margin from the position that it 
occupied during the Younger Dryas stadial 
started contemporaneously in both the NE and 
SE. In the northern part of the area the ice sheet 
receded towards the SSW, and calculations 
based on lateral drainage channels show that 
the rate of recession was approximately 130-
170 m per year. In the Sand SE part the ice 
margin receded mainly towards the WNW, and 
the more continental climate meant that the 
rate of retreat was only approximately 70-80 m 
per year at first, aIthough it increased to 120-
220 m closer to the ice divide. The ice flow 
seems to have been active almost throughout 
the deglaciation, and no extensive stagnation 
or fracturing of the margin took place until it 
had receded into the ice-divide area. 
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