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The objective of thi s study was to investigate the origin of fines in the basal 

till of Finland and the factors responsible for the regional variation in till 
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known till stratigraphic units . 

Tills in Finland were divided into regional provinces on the basis of the clay 
fraction content and specific surface area of fines ( 1015 sampies) and the fines 
content (5437 sampies). The fines content was determined with wet sieving, the 

clay fraction content with X-ray sedigraphy and the specific surface area with 
nitrogen sorption . The clay minerals in the till fines was stud ied with X-ray 

diffraction and infrared analysis on sampies collected from study pits. 
The kaolinite in the till fines is due to intense chemical weathering of the 

bedrock surface before the on set of Quaternary g laciations, at a time when the 

climate was considerably warmer than it is today. The vermiculite in the till fines 
and the associated mixed-Iayer minerals were formed when acidic gravitational 
water weathered biotite or chlorite in surficial soils during postglacial time. 
Vermiculite was a lso formed during interglacial ice-free stages, when conditions 
were simi lar to those prevailing at present. As shown by the clay mineralogy of 

the superimposed lithostratigraphic units, the till fines contain both fines eroded 
from preglacial weathered bedrock and interglacial sediments. 
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kaolinitecontent. More than anything else, the Gulf ofBothnia, as a sedimentation 
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bottom ofthe continental ice sheet seems to have had a marked impact on the clay 
fraction conten t of basal ti IIs. 
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INTRODUCTION 

Finland (Fig.l.) is located in Fennoscandia , 
southeast of the Caledonian mountain range , 
on the peneplain of the Fennoscandian (Baltic) 
Shield . In topography, Finland's terrain is 
relatively flat , about 75% of it lying at below 
200 m a.s.l. Throughout most of the country , 
differences in relative heights are often only 
a few tens of metres. In northern Finland -
Lapland - an area of high hills and fells , the 
differences in relative heights are more strik­
ing. 

Finland lies in the central area of Scandi­
navian glaciations, and thus the Scandinavian 
continental ice sheet has covered large areas 
of it several times during the Quaternary . 
During ice-free periods , low-lying parts of 
the country have been repeatedly covered by 

water as the Baltic Sea has spread to areas 
emerged from the ice sheet. In these areas, 
clay deposits , several metres thick, often rest 
on basal till (Fig .2) . 

Basal till, the most common surfical sedi­
ment in Finland , covers the Precambrian crys­
talline bedrock , smoothing its topography. As 
a surfical sediment, basal till covers 48.2% of 
Finland's land areas (Kujansuu & Niemelä 
1984, Fig. 3). However, it covers a far greater 
area of bedrock, as other sediments have de­
posited on the basal till. The average depth of 
surfical sediment in Finland has been estimat­
ed at 6-7 m, the same figure as that attributed 
to the cumulati ve erosion of Quaternary gla­
ciations (Okko 1964) . 

In grain size composition , Finland ' s basal 

60° 

50° 

Fig. I . Finland, the study area and the maximum extent of Pleistocene glac ialions in northern Europe 
(compiled after Bowen 1978; Arkhipov et al. 1986; Gibbard 1988; Bowen 199 1). 
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tills are mainly sandy tills poor in fines (Virkkala 
1969a). Some, however, are rich in fines and clay 
fraction (Kivekäs 1946, Virkkala 1969a). The 
trace-metal concentrations of the fines-rich 
basal tills are distinctly higher than those of 
the sandy tills (Lintinen 1989, Räisänen et al. 
1992b). It has been assumed that the high abun­
dances of fines and clay fraction, in the fines­
rich basal tills are due to the mixing of marine 
sediments deposited during the Eemian inter­
glacial with tills deposited during the Weichse­
lian glaciation (Rainio & Lahermo 1976 1984; 
Hirvas & Nenonen 1987; Bouchard et al. 1990). 
According to Hirvas and Nenonen (1987) , the 
basal tills rich in clay fraction in Ostrobothnia 

25° 

66° FINLAND 

RUSSIA 

100 km 
'-====' 

Fig. 2. Clay deposits in Finland (Kujansuu & Niemelä, 1984). 

contain clay elasts with a microfossil assem­
blage typical of the Eem interglacial; moreo­
ver, marine Eem deposits have been encoun­
tered beneath the till unit rich in clay frac­
tion. Aario and Forsström (1979) have de­
scribed a basal till rich in clay fraction , the 
Pudasjärvi Till, which they interpret as having 
deposited in a more central position beneath 
the ice sheet. 

The number of Quaternary glaciations that 
have covered Finland is not known for sure. 
The clearest evidence of several glaciations 
lies in deposits in continental Europe indicat­
ing the maximum extent of three glaciations 
of different ages (Fig. I). In Finnish Lapland, 

69° 
69° 

SWEDEN 

66° 

Fig. 3. Areas covered by basal till in Finland (Kujansuu & 
Niemelä 1984). 



till units have been found that represent up to 
five flow stages of the continental ice sheet 
(Hirvas 1991). Finland ' s present till covers, 
however, deposited mainly during the last, 
that is, Weichselian, glaciation (Hirvas & 

Nenonen 1987). Biostratigraphic observations 
from areas beyond the maximum extent of 
glaciation in Holland imply that the Scandi­
navian ice sheet may have covered large areas 
as much as ten times during the last 2 million 
years (De Jong 1988) . According to the oxy­
gen isotope ratios of oceanic bottom sedi­
ments, the number of Quaternary glaciations 
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in the northern hemisphere is higher still 
(Shackleton & Opdyke 1973). 

The objective of this study was to clarify 
the origin of the fines in Finnish basal tills, 
to find reasons for the regional variation in 
till properties , and to establish the regional 
distribution of stratigraphically known till 
units . Mineralogical analyses were made to 
assess the influence of the preglacial weath­
ered bedrock and of weathering during lce­
free stages on the clay mineralogy of till­
stratigraphic units. 

PREVIOUS STUDIES 

Regional studies 

Physical properties of till 

In accordance with the established practice 
in Finland, tiUs are divided into basal and surfi­
ci al ones. The basal tiUs of this study contain 
a group of tills , differing in origin and difficult 
to define , that deposited on the bottom of the 
continental ice sheet. Finland ' s basal tills may 
be structureless or they may exhibit banded and 
fissile structure (cf. e.g . Virkkala 1948, 1952; 
Aario & Forsström 1979; Saarnisto & Peltonie­
mi 1984; Hirvas 1991). The banded and fissile 
basal tills often contain lenses of sorted sedi­
ments. Massive structureless basal tiU corre­
sponds to the lodgement tiU described by Flint 
(1971). The banded and fissile basal tills may 
be melt-out tiUs in origin (Boulton 1970) or 
they may represent the A horizon of the defor­
mation tills of Boulton (1987) . 

In Finland, the term fines refers to material 
that passes through a 0 .06 mm sieve , and clay 
fraction to material that is less than 0.002 mm 
in grain size. Finnish tills have been char-

acterized by their grain size distribution (Aarnio 
1938; Kivekäs 1946 ; Virkkala 1969a). Aarnio 
(1938) noted that tills rich in clay fraction 
occur irregularly in supra-aquatic and sub­
aquatic areas. Virkkala (1969a) classified Finn­
ish tills on the basis of about 2400 sampies . 
His classification , which was based on the 
percentage of mass passing, did not distin­
guish clearly between tills from different ar­
eas. More recent till classifications applied in 
geotechnics and in the mapping of surficial 
deposits are based on combinations of various 
percentages of mass passing (Korhonen & 
Gardemeister 1970; Lindroos & Nieminen 
1982). In the mapping of surficial deposits 
conducted by the Geological Survey of Fin­
land (GSF), a till sampie is classified as rich 
in fines if it contains at least 30% fines «0.06 
mm) and at least 5% clay fraction in matter 
less than 20 mm in size (Lindroos & Nieminen 
1982) . The classification limits are deter­
mined with an areometer method and wet 
sieving. The mapping of surficial deposits has 
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made it possible to delineate the reg ional di s­
tribution of different till types in northern 
Sa vo (H uttu nen et al. 1993 ) . Lindroo s (1976) 
te s ted the usefulne s s of specifi c surface area 

meas ureme nts for cla ss ifyin g till sampIes and 
found that the s pecific surface area values of 

till sa mpI es with a s imil ar fine s conte nt ma y 
vary markedl y. According to Nieminen ( 1985 ), 
till s containin g weathe red matt e r have a large 
spec ific surface area fo r the ir c lay fra c tion 

co nte nt. 

Geochemical survey 

N ational till -geoc he mi ca l s urv eys unde r­
ta ke n by th e GSF have de linea ted the reg io na l 
di s tribution of th e c he mi c al pro pe rti es o f 
Finni s h basa l till s. In reco nn a iss an ce-sca le 

ma ppin g, the w ho le te rrito ry o f Finl a nd was 
covered w ith 1057 till sa mpI es a t a samplin g 
de ns ity of I sa mpI e pe r 300 km 2 The sa mpI es 
we re ta ke n with as pade fr o m th e c he mi ca ll y 

un a lt e red podzo l C hori zo n at a depth o f at 
leas t 0.5 m . The fines of the sampIes « 0 .06 
mm ) we re ana lysed for tota l concentrati ons and 

fo r concentrations of aqua regia-soluble elements 
(Ko ljone n 1992). In the course of th e reg io n­
a l-sca le geoc he mi ca l map pin g co ndu c ted by 

th e Geoc he mi s try De pa rtm e nt of the GSF , 
a bo ut 80 000 t ill sa m p Ies we re co ll ec ted a t a 
de ns ity of I sa mpi e pe r 4 km 2 (S a lmin e n, in 

print ). 
T he geoc he mi ca l s urvey da ta indi ca te th at 

the re are three la rge geoc he mi ca l prov in ces 
in F inl a nd , w he re the co ncentrati o ns of ma ny 
e le me nts a re hi g h in re la ti o n to th e ave rages 

o f the wh o le mate rial. F igure 4 s ho ws th e 
co ncentra ti o n o f aqu a reg ia-so lubl e z in c in 
till fin es. Th e po lymeta lli c a no ma ly th a t run s 
ac ross the co untry in a no rthw es t - so uth eas t 
direc ti o n fr o m th e coas t o f th e Gul f of Bo th ­

ni a is ca ll ed th e geoc he mi ca l La ke Ladoga­
Bo thni a n Bay zo ne. An o th e r co he re nt po ly­
me ta lli c a no ma ly s tart s o n th e coas t o f so uth ­

e rn O s tro bo thni a and co ntinu es inl a nd to 

H ä me, where it ends wes t of La ke Päijänn e . 
Th e third polyme tallic anoma ly is in centra l 

La pl a nd . 
The interpretation of the results of the recon­

naissance-scale mapping has aroused much di s­
cu ss ion (Saltikoff 1988a, b ; Salmine n 1988 ; 

Bj ö rklund 198 8a, b ; Hartikaine n 1989; Aatos 
et al. 1994). Th e inte rpre tation is hampered 
by the inadequ a te info rmatio n ava il a ble on 

the reg ion a l di s tribution of the phys ical prop­

e rti es of till (M ä kinen 1993 ) a nd th e ir effec t 
on till geoc he mi s try. The res ult s o f the geo­
c he mi ca l mappin g are re vealing about g lac i­
ogeo log ical fea tures as we il as bedroc k geo­
c he mi cal prop e rties. Acc ordin g to Valliu s 
( 1993), th e Centra l Finl a nd ice- marg inal for ­

nu ti o n ac ts as a bounda ry; o n its di s ta l s id e 
the re is a polym e ta llic anom a ly th a t extend s 
fro m so uth e rn O strobo thni a to H ä me, a nd o n 

it s prox im a l s ide, th e me ta l co nce ntra tion s in 
till a re a no m a lo us ly lo w . M ä kin e n ( 19 93) 

sugges ts th at the ano ma lo us ly hi g h co nce n­
tra ti o ns in th e L a ke L ado ga- Bothnian Ba y 
zo ne are d ue to th e c ru shin g ac ti v it y o f the 
co ntine nta l ice shee t, whi c h exceeded th at in 

th e a reas of act ive lo bes. 
Acco rd in g to Bj ö rklun d ( 1988a, b), th e 

po ly me ta lli c a no ma li es do no t fo ll o w th e 

bo unda ri es be twee n bedroc k a reas but a re 
co ncentrated in the inte rl o bate areas o f th e 
deg lac ia ti o n s tage. He s ugges ts th at the sa lin e 
g ro und wa te rs that di sc harged to th e bo tto m 
o f th e co ntin e nta l ice shee t fro m th e o re zon es 
co uld have exert ed a majo r co ntro l over the 

loca ti o n of the g lac ia l lo bes a nd the be hav­
io ur of th e co ntin e nta l ice shee t d u r in g deg la­
c ia ti o n. Acco rdin g to th e hypo thes is of Bj ö rk­

lund , th e s upe rimposed till units sho uld th e n 
be s imil ar in g ra in- s ize co mpos it io n , as the 
bedroc k wo uld fo rce the co ntin e nta l ice s hee t 
to be have in th e sa me ma nn e r durin g each 
g lac ia ti o n. In fac t , howeve r, th e pro pe rti es of 

th e s upe rimposed till units o ft e n d iffe r from 

eac h o th e r (Hirvas & Ne no ne n 198 7 ) . 

Aatos e t a l. ( 1994 ) ca lc ul ated no rmati ve 
min e ra l co mpos ition s fro m the d ata o f geo-
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chemical mapping in Finland. In addition to 
bedrock impact , the mineral compositions re­
vealed feature s related to ge netic processes 

not correlated with the mineral composltlOn 
of the bedrock (Aatos et al. 1994). 

Mineralogy of fines 

Recent basa l tills contain not only fine s 
loosened from the bedrock by g lacial erosion 
but also material from the preglacial weath­
ered bedrock , interglacial sediments and old­
er tiUs (Soveri & Hyyppä 1966). The follow­
ing takes a bri ef look at the mineralogy of 

Till 

The minera logy of the clay fraction in the 
till fines of Finland is poorly known . Based 
on the -0.00 I mm and 0.002 -0.02 mm frac­
tions of 15 till sampIes collected from south­
ern and central Finland , the s tudy of Soveri 
a nd Hyypp ä ( 1966) was for many years the 
only detailed di sc ussion of the mineralogy of 
the fines in Finnish tills. The subject has been 
studied more recently in association with till­
geochemical and soil investigations (Räisänen et 
al. 1992; Räi sänen & Jylänki 1990) . 

The till fine s in Finland contain quartz, 
feldspars , amphiboles, chlorite, illite , ver­
miculite and mixed-layer clay mineral s as 
main minerals (Soveri & Hyyppä 1966 ; Räisänen 
et al. 1992). According to Soveri and Hyyppä 
(1966), the sum of quartz, feldspars and am­
phiboles in the <0.02 fraction varies in the 
range of 30 - 70 %. Soveri and Hyyppä divide 
vermiculite into two types: clay vermiculite if 
in X-ray diffraction its 14 A reflection shifts 
to the range of the 10 A reflection of mica at 
temperatures of less than 200°C and if it does 
not expand in ethylene glycol treatment ; and 
vermiculite if its 14 A reflection shifts to the 
range of 10 A at 200-450°C. 

According to Räisänen et a l. (1992), the 
clay minerals in fines are mixed-layer clay 

Finl and 's till fines, postglacial clays and weath­
ered bedrock. In the mineralo g ic a l discus­
sion, postglacial clays are taken to corre­
spond to interg lacial sediments , which are 
probably ve ry close to recent clay in miner­
alogy. 

minerals that probably formed as alteration 
products of micas, mainly biotite . The alter­
ation product s include mica -ve rmiculite 
mixed -Iayer minerals; some of the minerals 
exhibit polymerization of Al-hydroxide in in­
terlayers of clay minerals, in which case the 
mixed-Iayer mineral approaches chlorite in 
properties. The formation of Al-hydroxy in ­
terlayers is related to podzolization , in which 
mobilized AI migrate to and precipitate in 
lower horizons , where they form AI-hydroxy 
interlayers in vermiculites. Soveri and Hyyp­
pä ( 1966) further maintain that c lay mineral s 
are most probably formed when acidic gravita­
tional waters leach micas. 

Soveri and Hyyppä (1966) consider it pos­
sible that clay minerals weathered during in ­
ters tadials or interglacials were mixed with 
till fines . According to Virkkala (1969b), the 
vermiculite reported from a till a t Hämeenlin­
na is a relic of mineral ma tter weathered 
during an ice-free stage and mixed with a 
younger til!. Räi sänen et al. (1992) have found 
kaolinite in till sampies from the geochemical 
Lake Ladoga-Bothnian Bay zone. However, 
they do not discus s the origin of the kaolinite 
occurrence. 

Soveri and Hyyppä ( 1966) did not find ka­
olinite in their till sampIes. Ihalainen (1994) 
investigated till mineralogy in different bed-



rock areas in Lapland and found kaolinite in 
till fines at the central Lapland ice divide. 

According to X-ray diffraction studies of 
Snäll et al. (1979), Björnbom (1979), Melker­
ud (1984), Snäll (1986) and Snäll et al. (1992) , 
the clay mineral composition of tills in Swe­
den is basically the same as that of tills in 
Finland. On the basis of sam pie profiles , 
Snäll (1985) and Melkerud (1985) demon­
strated that mica weathers into vermiculite 
under the conditions prevailing close to the 
ground surface. Snäll et al. (1992) point out 
that kaolinite is an occasional constituent in 
the clay fraction of tills in Sweden , where its 
abundance is less than 3 %. 

Quaternary clays 

The clay mineralogy of the Quaternary clays of 
Finland has been studied by Soveri (1950, 
1956 , 1957) , Tynni et al. (1969) , Sippola 
(1972,1974) , Gardemeister (1975), Punakivi 
et al. (1975) and Romu (1980). Mineralogical 
data have also been given in numerous reports 
for the brick industry . The mineral composi­
tion of Quaternary clays corresponds closely 
to that of the finest till fractions (Soveri & 
Hyyppä 1966). Sippola (1974) found expand­
ing-Iattice clay minerals , which are probably 
mixed-Iayer minerals of vermiculite and il­
lite , in the surficial parts of clay deposits. No 
indisputable occurrence of kaolinite has been 
reported from Finnish Quaternary clays. 

Preglacial weathered bedrock 

Till-covered occurrences of preglacial weath­
ered bedrock have been encountered in frac­
tures and bedrock depressions throughout 
Finland (Härme 1949 ; Niini 1968; Uusinoka 
1975 ; Niini & Uusinoka 1978 ; Kurkinen & 
Niemelä 1979; Hirvas et al. 1982; Lahti & 

Laitakari 1982; Lahti 1985). The largest co-
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herent occurrences are in the ice divide zone 
of the continental ice sheet in central Lapland 
(Virkkala 1955; Kujansuu 1972; Salminen 
1975; Hirvas et al. 1977 ; Hyyppä 1977 , 
1983). These occurrences were produced by 
intense weathering at a time when Finland 
was located in a zone where the climate was 
substantially warmer and more humid than it is 
at present. In places, the occurrences contain 
kaolinite-rich weathering clay (Hyyppä 1977 , 
1983; Pulkkinen 1985; Peuraniemi & Islam 
1993). The largest known occurrences of 
weathering kaolin are in central Lapland , 
Kainuu and Virtasalmi (Hyyppä 1983; Pekka­
la 1987,1988 ; Pekkala & Sarapää 1989). 
There, clayey weathered bedrock extends to a 
depth of several tens of metres. The kaolin 
occurrences are products of advanced chem­
ical weathering. 

Most occurrences of weathered bedrock in 
Finland are, however, composed of more coarse, 
granular material (Hyyppä 1983). They are poor 
in fines and the proportion of clay minerals is 
small (Hyyppä 1983 ; Lahti 1985). Their clay 
fraction contains illite, chlorite, vermiculite, 
kaolinite and mixed-Iayer minerals (Hyyppä 
1983). In Lapland, the coarse weathering occur­
ren ces may extend to a depth of up to 100 m 
in fractures (Virkkala 1955 ; Hyyppä 1983). 
Elsewhere in Finland, the occurrences of weath­
ered bedrock are usually a few metres thick at 
the most and are composed of coarse-grained 
granular material (Lahti & Laitakari 1982 ; 
Hyyppä 1983; Kejonen 1985; Lahti 1985). In 
fractures protected from erosion by the con­
tinental ice sheet , the occurrences of weath­
ered bedrock may be thicker. According to 
Hyyppä (1983) , the occurrences of weathered 
bedrock in southern Finland are richer in 
expanding-Iattice clay minerals than are those 
in Lapland. 

According to Räisänen et al. (1992) , some of 
the interlayers of mixed-layer minerals in the 
occurrences of weathered bedrock in the cen­
tral parts of the geochemical Lake Ladoga­
Bothnian Bay zone have alte red into an ex-
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panding-lattice component similar to smec­
tite. Peuraniemi and Pulkkinen (1993) have 
detected montmorillonite in the Raudaskylä 
weathered bedrock occurrence in Ostrobothnia. 

According to a review by Lundqvist (1985), 
the occurrences of preglacial weathered bed­
rock in Sweden are similar to those in Fin­
land. In Sweden, granular weathered bedrock 
is commonly encountered in bedrock depres-

sions. According to Lundqvist, fractures in 
the Swedish bedrock also contain kaolinite. 
On the Kola Peninsula, in the area of the 
Precambrian shield in Russia, there are occur­
rences of granular weathered bedrock 
(Afans'ev & Evzerov 1981). The fines in the 
Kola weathered bedrock mainly contain alter­
ation products of micas and only small 
amounts of kaolinite . 

SAMPLES AND METHODS 

Sampies 

Regional study 

The material studied contained 1015 till 
sampies selected from the stores of the GSF ' s 
Geochemistry Department. The sampies were 
collected in the course of the regional-scale 
till-geochemical mapping at a density of one 
sampie per 4 km 2

. Each sampie is composed 
of 3-5 subsampies taken from the same sam­
pling station with a portable percussion drill. 
The subsampies, which were taken from 
depths of 1.5 - 2 .5 m, with one sampIe from 
as deep as feasible, were compiled into sam ­
pies in the field while sampling was still 
under way. Most of the sampIes were collect­
ed in 1982 - 1991 . They were dried in a fur­
nace at 70°-80°C and the fractions were separat­
ed with nylon sieves. This study was based on 
<0.06 mm fractions . 

The geochemical macrofeatures revealed 
by the reconnaissance-scale mapping at a density 
of one sampIe per 300 km 2 (Koljonen 1992) 
do not change with the increase in sampling 
density (Salminen, oral comm . 1992). Hence , 
the 1015 sampIes collected on a regular grid 
are adequate for the mapping of the physical 
properties of fines on a regional scale. 

Grain-size data produced with sieving and 
areometer data were collected from the ar-

chives of the Department of Quaternary Ge­
ology to study the fines content of Finnish 
tills. The study was based on the percentage 
by mass passing of each fraction stored in the 
department's database. Each sampie analysed 
weighed about 100 g. Most of the data deri ve 
from sampies collected in the course of the 
mapping of Quaternary deposits and taken 
with aspade at a depth of about I m from the 
ground surface . The databank also contains 
data on the till sampIes collected from study 
pits dug by excavator during explorational 
studies on surficial deposits. Sam pies were 
taken from these pits from different strati­
graphie units; that taken closest to the surface 
was used in the regional assessment. Most of 
the sampIes , 5437 in all, were from basal tills ; 
a few were from moraine formations. Region­
al coverage was best for the fines content in 
the <2.0 mm fraction. 

Local studies 

On the basis of the regional studies , re­
search sites where study pits were dug with an 
excavator were selected in different till areas. 
The stratigraphie units in these pits were then 
sampled. The sites , which were chosen so as 

to represent dissimilar bedrock areas , had till 
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units separated by fine-grained sediments; at 
so me sites, weathered bedrock occurred on 
the bottom of the profiles. The properties of 
the stratigraphie units were recorded from the 
study pits (Hirvas et al. 1977; Hirvas 1991). 
Some of the sampies were obtained from the 
sampie stores of the till research group of the 

Department of Quaternary Geology and the 
Department of Geochemistry at the GSF. 
Physical properties and mineralogical data 
are given in the appendix. Figure 5 shows the 
location of the study pits in relation to the 
bedrock areas. Place names are given in Ap­
pendix 2. 

Physical properties 

Grain size distribution of fines 

The grain size distribution of fines in the 
sampies of the regional-scale geochemical 
mapping was determined with an X-ray sedi­
graph (Mikrometric sedigraf 500ET) at the 
soil laboratory of the GSF. The sampies an­
alysed weighed 2 - 4 g. Before analysis , the 
sampies were stirred with an ultrasonic mixer 
for one minute . Figure 6 gives the reproduc­
ibility clay fraction contents in fines meas­
ured with the sedigraph as a correlation plot. 

Granulometric data measured with the sedi­
graph and by the areometric method on dupli­
cate sampies were compared for the clay frac­
tion contents in fines. From the determina­
tions made on the same sampies it appears 
that the clay fraction content measured with 
the sedigraph is 5 - 10% higher than that 
measured areometrically. The higher sedi­
graph clay fraction values are probably due to 
the ultrasonic mixer, wh ich breaks the clay 
and mica mineral accumulations and thus in­
creases the clay fraction content in the sam­
pie. Figure 7 shows the correlation between 
the clay fraction contents in fines measured 
with the areometric method and with the sedi­
graph. The correlation is high and the results 
are comparable. 

In the comparison of grain size data, it is 
important to remember that methods based on 

Stokes' law give only approximate values for 
clay fraction content. The methods assurne 
the particles to be spherical and equal in 
specific gravity. Stokes' law is not valid for 
colloidal particles. With a decrease in grain 
size, the shape of the particles becomes more 
platy, as the proportion of micas and clay 
minerals increases. At the same time the 
amount of material precipitated on the parti ­
eies also increases. Particles similar in size 
may weil differ in weight in different geolog­
ical environments. Hence, the clay fraction 
content measured depends on the method 
applied. 

Fines content 

This study deals only with the abundances 
of wet-sieved fines in the <2.0 mm fraction 
ex tracted from the databank of the Depart­
ment of Quaternary Geology at the GSF. The 
number of elasts remaining on the densest, 
0.06 mm, sieve is the highest, and thus the 
percentage of fines is the most reliable of the 
percentages by mass passing determined with 
sieving. The fines content is worth consider­
ing , because the analyses for the regional till­
geochemie al mapping were based on fines. 



Specific surface area 

Spec ifi c surface area was meas ured with a 
meth od based on nitrogen sorptio n (Mikro ­
metri c Flow Sorb 11 2300) on sa mpies from 
th e reg ion al material and on <0 .06 mm dry­
s ieved fin es of the till sampi es fr o m loca l 
stud y sites. The gas mi xture used in measure­
ments contained 30% nitrogen and 70% heli ­
um , and the sampies weighed from 0 .6 to 1.3 
g. Both sampie and gas mixture were cooled in 

(\j 

Cl 
LlJ 
(/) 

Geological Survey of Finl and , Bulletin 379 15 

50 ,-----,-----,------,-----,-----, 

40 

30 

20 

liquid nitrogen . According to Brunauer et a l. 10 

(1 938), nitrogen moleeules are adsorbed on the 
sam pie surface as a monomolecular layer at the 
temperature of liquid nitrogen . The reproduc­
ibility of the data produced by the instrument 
used is shown as a correlation plo t in Fig. 8. 
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Fig. 7. Correlation between clay fraction contents measured with 
the areometric method and with the sedigraph. Number of dupli ­
cate sampies 50. Spearman correlation coeffi cient 0.964. 
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Fig. 6. Bivari ate plot of duplicate clay fraction measurements. 
Number of duplicate sampies 31. Spearman correlation coeffi ­
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Chemical analyses 

The chemical composition of the dry­
sieved <0.06 mm fines of the sampIes of the 
regional-scale geochemical mapping was an­
alysed by inductively coupled argon plasma 
spectrometry in the GSF's chemical labora­
tory at Otaniemi. The sampIes were leached 
in aqua regia at 90 °C for one hour. The leach 
dissolves sulphides, secondary precipitates 
on the surface of mineral grains and so me of 
the micas. Biotite and chlorite and their al­
teration products, trioctahedral illitic micas, 
vermiculites and mixed-layer minerals dis­
solve completely in aqua regia, but the sol­
ubility of phlogopite and kaolinite varies 

(Räisänen et al. 1992). The solubility of horn­
blende increases as the mineral grains weath­
er (Foster 1971 , 1973). Räisänen et al. (1992) 
studied the solubility of hornblende on till 
sampies collected in central Finland. They 
found, however, that the 8.4 A reflection of 
hornblende did not weaken in X-ray analysis 
after the aqua regia leach . Of the feldspars, 
the Ca-rich variants dissolve the most easily, 
particularly if weathered . Only small amounts 
of elements dissolve from other minerals, and 
then from their broken surfaces. Muscovite is 
insoluble in aqua regia . 

X-ray diffraction analysis 

SampIe preparation 

The mineralogy of the fines was studied 
with the X-ray diffraction method on sam pIes 
from local study sites. Oriented aggregates 
were made by pi petting the desired fraction of 
dry-sieved <0.06 mm sampIes in water sus­
pension onto a glass slide (Whitting 1973). 
The setting time was 3-4 minutes, correspond­
ing to the <0.02 mm fraction. Clay mineral 
studies are usually based on finer fractions. 
However, owing to the small size of the stored 
sampies and the paucity of clay fraction in 
so me of the sampIes , the <0.02 mm fraction 
was also used for clay-rich sampIes. Many 
studies have shown that the fine silt in till 
contains the same minerals as the clay fraction 
(e.g. Droste 1956; Soveri & Hyyppä 1966). 
Reference sampIes were made from clay-rich 
sam pIes by sucking sampie suspension onto a 
membrane filter and turning the sampie onto 
a slide (Drever 1973). 

Three or four oriented aggregates were 
made for each sampIe after they had been: 
(I) dried in ai r at room temperature, (2) K+ 

saturated at room temperature and (3,4) K+ 
saturated and heated to 200°C and 550°C. In 
both heat treatments the sam pIe was kept at the 
given temperature for one hour. The sampIes 
were K+ saturated with a IM KCI solution. 
During the saturation, the sampIe was stirred 
for 3 hours and then washed in deionized water 
to remove excess K+. Expansibility was tested 
with ethylene glycol (5). The K+ saturated 
sam pIe was impregnated with a few drops of 
ethylene glycol. Till and weathered rock sam­
pIes rich in iron and AI precipitates were sub­
mitted to ammonium oxalate extraction 
(Räisänen et al. 1992) before the K+ saturation 
and heat treatments. In the extraction , the 
ammonium oxalate is buffered at pH 3 .0 with 
oxalic acid. For iron-rich sampIes the solution 
to solids ratio in the extraction was 1:50; for 
the sampIes that did not remain in water sus­
pension the ratio was 1 :20. Oxalate extraction 
does not destroy the lattice of the clay miner­
als (Farmer et aI.1988). The oriented aggre­

gates were analysed with a Philips X-ray dif-



Table I. Characteristic d-values of minerals in till sampie. 
ETGL = ethylene glycol treatment. 
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Mineral d-value 

plagioclase 
K-feldspar 
quartz 
tale 

3.19 A 
3.24 A 
4.24 A 
9.4 A 

chlorite, kao linite 
amphibole 
illite/mica 

7.0 A (3.57 A, 3.54 A) 
8.4 A 

10.0 A 
mixed-Iayer clay mineral 
chlorite, vermiculite 
smectite 

12.0 A ( 10-14 A) 
14.0 A 
14.0 A (16-17 A ETGL) 

fractometer in the GSF ' s mineralogical labo­
ratory at Otaniemi . The sampies were scanned 
at a rate of 10 per minute using Ni-filtered 
CuKa radiation. The mineralogical identifi­
cation was based on the textbooks of Thorez 
(1975), Dixon and Weed (1977), Brindley and 
Brown (1980) and Wilson (1987). 

Mineral identification 

The mineralogy of the sampies from the 
study profiles is based on the relative inten­
sities of the reflections typical of each min­
eral (Table 1). In the classification applied, 
++++ indicates a very high, and + a low 
abundance of the mineral in the sampie; -
indicates that the abundance of the mineral in 
the sam pie is very low but still measurable; ! 
indicates the presence of Al-hydroxy inter­
layers in mixed-layer minerals. 

This classification gives a good enough 
idea of the true mineral composition of the 
sampies for a mutual comparison of sam pies 
and study sites. 

Quantitative or semiquantitative analyses 
were not tried as the grain size distribution of 
the sampies varies from one area to the next. 
In particular, the ratio of the abundances of 
quartz, feldspars and amphibole to those of 
micas and clay minerals varies greatly, prob-

ably largely due to enrichment of the minerals 
in different grain size classes in tiB fines as 
a result of their dissimilar resistance to ero­
sion (Dreimanis & Vagners 1971 ; Nevalainen 
1983). Comparison of the sampies with each 
other is further hampered by the dissimilar 
ability of the minerals to reflect X-rays, and 
by the large mica flakes that may occur in 
coarser materials . The reflection caused by a 
single large mica grain may occasionaBy be 
excessi ve . 

Main silicates 

Plagioclase was identified and its abun­
dance estimated with 3.19 Arefleetion. The 
abundance of potassium feldspar was as­
sessed from the 3.24 Arefleetion and that of 
quartz from 4 .24 A. Amphiboles were identi­
fied from the 8.4 A reflection. 

Micas and iIlites 

The proportions of trioctahedral and dioc­
tahedral micas were estimated from the 10 AI 
5 .0 A (00l/002) intensity ratios of the micas 
(Soveri & Hyyppä 1966; Wilson 1987; Snäll 
et al. 1979) . Biotite and phlogopite are trioc­
tahedral, and muscovite and sericite are dioc-
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tahedral micas. If the 5.0 Ä reflection is weak 
in relation to the 10 Ä reflection the mica is 
trioctahedral. Illite is a partly weathered mica 
with a broad 10 Ä reflection sloping towards 
sm aller angles. The proportions of mica and 
illite in a sampie were estimated from the 10 
Ä intensity of an untreated sampie or an 
oxalate-extracted sampie. 

Chlorite 

Chlorite was identified from the 3.54 Ä, 7.1 
Ä and 14.2 Ä reflections. The abundance of 
chlorite was estimated by comparing the 7 Ä 
and 14 Ä reflections of K+ saturated sampie 
at room temperature and at 550°C. The inten­
sity of chlorite is the residual 7 Ä intensity 
plus the increment in the intensity of the 
sample's 14 Ä reflection. This assessment 
does not distinguish between chlorite me­
chanically loosened from the bedrock and the 
secondary chlorite that forms when AI hy­
droxide precipitates in mixed-layer minerals. 

Kaolinite 

Kaolinite was identified from the 3.57 Ä 
and 7 Ä reflections. Its abundance was esti­
mated from the 7 Ä reflection by assuming 
the intensity of the 7 Ä reflection of untreated 
sampies to represent kaolinite, chlorite and 
chlorite-bearing mixed-layer minerals. When 
heated to 550°C, kaolinite decomposes, and 
the 7 Ä reflection is due to chlorite (Wilson 
1987). As the intensity of chlorite's 14 Ä 
reflection increases at 550°C, the abundance 
of kaolinite was estimated roughly by deduct­
ing the intensity of the 7 Ä reflection measured 
at 550°C from that of an untreated sampie plus 
the increment in the intensity of the 14 Ä re­
flection. In ambiguous cases the identification 
was checked by infra-red spectroscopy . 

Mixed-Iayer clay minerals 

It is typical of the mixed- layer minerals 
containing vermiculite that the 12 Ä and 14 Ä 

reflections partly shift to the range of the 10 
Ä reflection in K+ treatment (Barnhisell 
1977). This is due to the replacement of H+ 
ions in the lattice of partially weathered mica 
by K+ ions, as a result of wh ich the mixed­
layer mineral gets back the 10 Ä d-value of 
mica. The proportion of vermiculite in mixed­
layer minerals was assessed from the reduc­
tion in the 14 Ä intensity of the untreated sam­
pie in relation to that of K+ saturated sampie. 

Al-hydroxy interlayered clay minerals 

Partial collapse of the crystal structure to 
the range of 10 Ä in K+ treatment is typical 
of mixed-Iayer clay minerals (14 Ä, 12 Ä). 
The final shift does not occur until a temper­
ature of 200°C or 550°C is reached. Accord­
ing to Barnhisell (1977) , the greater the po­
Iymerization degree of the AI hydroxide in ­
corporated in the interlayers of 14 Ä and 12 
Ä mixed-Iayer clay minerals, the higher is the 
temperature needed to alter a mineral into a 
10 Ä mica. With the filling of the interlayers 
and the increase in AI-hydroxy polymeriza­
tion it becomes increasingly difficult to dis­
tinguish between the mineral structure thus 
forming and the structure of the primary chlo­
rite, which does not alter in thermal treatment 
(Barnhisell 1977; Weaver 1989). Establishing 
the origin of mixed-Iayer minerals is further 
hampered by primary chlorite from the bed­
rock, which is common in the sampies, and 
the chlorite-vermiculite interstratified clay 
mineral, which is also present as an alteration 
product of chlorite (Droste 1956). 

Smectite 

Expanding-lauice smectite-group clay min­
erals were identified, and their proportions 
were estimated from the shift of the 14 Ä 
reflection of K+ saturated sam pIe to the 16-17 
Ä range with etylene glycol treatment (Mace­
wan 1944; Wilson 1987). 
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Infrared spectroscopy 

Infrared spectroscopy (IR) was mainly 
used for identifying kaolinite. Sampies were 
submitted to IR analysis if kaolinite could 
not be identified for sure by X-ray diffrac­
tion. The presence of kaolinite was checked 
when the 7 A reflection in diffraction traces 
was high in relation to the 14 A peak of the 
K+ saturated sam pie . 

The IR sampies were prepared by taking 3 
mg of powder from the air-dried oriented X-

ray sampies and mixing it with 350 mg of KBr. 
The mixture was powdered in an agate mortar. 
Half of the mixture was pressed into a bri­
quette and analysed by IR in the GSF's min­
eralogical laboratory with a Perkin -Elmer 983 
instrument in a range of 4000- 180 cm-I. The 
kaolinite in the sampies was identified from 
the 3700 and 3620 cm-I absorption bands in 
the IR spectra (Russe l 1987) . 

RESULTS 

Regional properties of till fines 

Regional variation in siit and clay 
fraction contents and in specific surface 
area of fines 

Grain size distribution measured with a 
sedigraph is shown in the triangular diagram 
in Fig . 9 plotted in terms of proportions of 

COARSE SILT 

50% 

CLAY 50% FINE SILT 

Fig. 9. Triangular diagram showing the proportions of clay 
« 0.002 mm), fine silt (0.002 - 0.02 mm) and coarse silt fraction 
(0.02 - 0.06 mm) in the till fines of 1015 sampIes from Finland. 

clay fraction , fine silt and coarse silt in the 
whole material. The diagram does not show a 
c\ear distribution of sampies into different 
populations. The distribution of the clay frac­
tion content in fines into different c\asses is 
given as a histogram in Fig. 10. In about 80 % 
of the sampIes the fines contained 5-20% c\ay 
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Fig. 10. Frequency distribution of clay fraction content in fines. 
Number of sampIes 1015. 
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Fig. 15. Frequency distribution of specific surface area of till 
fines. Number of sampies 1015. 

fraction. High clay fraction contents, exceed­
ing 30%, were found in only about 10% of the 
sampies. As the sampies cover the study area 
fairly evenly the result can be taken as an 
estimate of the frequency distribution of high 
clay fraction content in till fines in Finland. 
The distribution of the clay fraction content 
in till fines is presented as a ball symbol map 
in Fig. 11 . The size of the ball refers to the 
clay fraction content in <0.06 mm fines . High 
c1ay fraction contents in fines occur in the 
northwestern part of the Lake Ladoga-Bothni­
an Bay zone, in southern Ostrobothnia and 
locally in Häme and southeastern Finland. 

The regional distribution of the silt fraction 
in till fines in terms of proportions of 0.002 
- 0 .02 mm and 0.02 - 0.06 mm fractions are 
shown in Figs 12 and 13 . Coarse silt is clearly 
most abundant in the supra-aquatic area in 
eastern and northern Finland. Fine silt is 
anomalously abundant in the area between 
Vaasa and Kokkola on the coast of Ostroboth­
nia. 

The distribution of the specific surface area 
of till fines is given as a histogram in Fig. 15. 
The data show a bimodal distribution. About 
70% of the sampies have a specific surface 

area of I - 8 m2/g. The specific surface area 
of a smaller population comprising a few 
percent of the sampies is 20 - 22 m2/g. The 
regional distribution of the specific surface 
area of till fines , which is presented as a ball 
symbol map in Fig. 14, closely resembles the 
distribution of the c1ay fraction content in 
fines. Anomalously high values have been 
measured on sam pies from the northwestern 
part of the Lake Ladoga-Bothnian Bay zone 
and southern Ostrobothnia and also on sever­
al sam pies from Häme and southwestern Fin­
land. Values high in relation to clay fraction 
content have been measured on sam pies from 
all over Lapland. Especially in central Lap­
land the specific surface area values are 
anomalously high in relation to clay fraction 
content. 

Regional variation in fines content 

Figure 17 is a histogram showing the dis­
tribution of fines contents (0.06 mm) in 5437 
till sampies with a grain size of less than 2 
mm. The data exhibit almost normal distribu­
tion. About 80 % of the sampies contain 20 -
55 % fines . In 10% of the sampies the fines 
content exceeds 55 %. 

Figure 16 gi ves the regional distri bution of 
fines contents in the <2.0 mm till fraction . 
Unlike the material used for the regional­
scale geochemical mapping , that of the GSF's 
laboratory is unevenly distributed . The carto­
graphic software used computes a value for 
each pixel by taking into consideration the 
survey data within a radius of 38 km from the 
centre of a circle . The value of the pixel is the 
average in wh ich the data from sites closest 
to the centre have the highest weights. 

The regional distribution of the fines con­
tent differs clearly from that of the clay frac­
tion content and specific surface area of the 
<0.06 mm fraction. The fines conte nt is high 
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Correlation between grain size 
distribution , specific surface area and 
chemical analytical data 

The correlations of the c lay fract ion con­
tent in till fines, proportions of fine and 
coarse silt and specific surface area (Spear­
man correlation coefficient) with the aqua 
regia-soluble metal concentrations were cal­
cu lated. In visual examination, the anomaly 
patterns of the clay fraction content and spe­
cific surface area of till fi nes coincide partly 
with the results of the reconnaissance-scale 
geochemical mapping (Ko lj onen 1992). The 
corre lations for 1015 samp Ies collected from 
the material of the regional-scale geochemi­
cal mapping were calculated for three areas. 
The correlations were also calculated for 
material covering the whole of Finland; for 
map sheets 24 and 34, wh ich partly cover the 
northwestern part of the till-geochemical 
Lake Ladoga-Bothnian Bay zone; and for 
southern Finland with the northern margin of 
map sheets 25, 35 and 45 as a boundary (Fig. 
18). Correlation matrices are given in Tables 

in some places in the area between the Lake 
Ladoga-Bothnian Bay zone and the Central 
Finland ice-marg inal formation. Elevated 
fines contents also occur in Häme, central 
Lapland and here and there in various parts of 
the study area. 

Fig. 17. Frequency distribution of fines contents «0.06 mm) 
in the <2.0 mm till fraction. Number of sampIes 5437. 

2, 3 and 4. 

The correlations of the clay fraction con­
tent in fines and specific surface area with the 
aq ua regia-soluble elements are poor for the 
whole of Finland. The correlation coeffi­
cients for aqua regia-soluble AI, Ba, Co, Li , 
Mn, Cu, Fe, V and Zn concentrations are in 
the range of 0.38 - 0 .5 9. The highest correla­
tion, 0.63 , is between Fe concentration and 
specific surface area. Other elements ana­
Iysed show a positive but very weak or non­
existent correlation with clay fraction co ntent 
and specific surface area. The other grain s ize 
classes, 0.002 - 0.02 mm and 0.02 - 0.06 mm, 
have a nonexistent or negative corre lation 
with e lemental concentrations. 

In southern Finland the correlation coeffi­
cients between the AI, Co, Fe, Li , Mg, Mn, Ti , 
V and Zn concentrations and the clay fraction 
content and specific surface area are in the 
range of 0.52 - 0.66. The correlation coeffi­
cients between other elements and c lay frac­
tion content and specific surface area are also 
low. The correlat ions between the coarse and 
fine silt fraction and elemental co ncentra-
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Table 2. Corre lation matr ix for aqua regia-so luble elemental concentrations and physical properties. SSA = specific surface area, clay fraction «0.002 mm), 
fs ilt = fine si lt fraction (0.002 -0 .02 mm) and csi lt = coarse si lt fraction (0.02 - 0.06 mm) in Finland. 

AI 
Ba 
Ca 
Co 
Cr 
Cu 
Fe 
K 
Li 
Mg 
Mn 
Ni 
Sc 
Ti 
V 
Zn 
SSA 
clay 
rsilt 
csilt 

AI 

1.00 
.70 

-.06 
.70 
.45 
.58 
.79 
.48 
.54 
.54 
.46 
.49 
.02 
.64 
.75 
.66 
.56 
.40 
.04 

-.31 

Ba 

1.00 
.04 
.70 
.30 
.58 
.72 
.70 
.44 
.60 
.57 
.41 
.01 
.64 
.67 
.66 
.47 
.40 
.01 

-.29 

Ca 

1.00 
.06 

-.04 
.07 
.03 
.03 
.03 
.55 
.13 
.00 
.00 
.07 
.03 
.06 

-.00 
.03 

-.05 
-.02 

Co 

1.00 
.66 
.72 
.81 
.53 
.41 
.69 
.69 
.74 
.02 
.66 
.8 1 
.64 
.49 
.38 
.08 

-.32 

Cr 

1.00 
.44 
.54 
.24 
.19 
.53 
.29 
.83 
-.0 1 
.40 
.64 
.30 
.27 
.17 
.08 

-. 17 

Cu 

1.00 
.69 
.49 
.34 
.56 
.46 
.54 

-.01 
.54 
.66 
.55 
.32 
.22 
.10 

-.20 

Fe 

1.00 
.64 
.60 
.69 
.69 
.56 
.01 
.80 
.91 
.78 
.64 
.52 
.10 

-.43 

K 

1.00 
.69 
.60 
.55 
.28 
.0 1 
.67 
.53 
.7 1 
.40 
.46 
.13 

-.40 

Li 

1.00 
.50 
.52 
.19 
.02 
.61 
.44 
.74 
.48 
.59 
.10 

-.50 

Mg 

1.00 
.56 
.55 

-.01 
.61 
.68 
.59 
.39 
.37 
.1 1 

-.33 

Mn 

1.00 
.39 
.01 
.64 
.55 
.64 
.51 
.5 1 
.08 

-.44 

Ni 

1.00 
-.01 
.36 
.59 
.42 
.27 
.18 
.03 

-. 18 

Sc 

1.00 
.01 

-.01 
.02 
.00 
.00 
.20 

-.02 

Ti 

1.00 
.80 
.67 
.53 
.49 
.08 

-48 

v 

1.00 
.63 
.54 
.39 
.09 

-.32 

Zn 

1.00 
.55 

.59 
-.05 
-.47 

SSA 

1.00 
.76 

-.08 
-.49 

clay 

1.00 
-.02 
-.70 

rsi lt 

1.00 
-.72 

csi lt 

1.00 
N 
--l 



Table 3. Correlation matrix for aqua regia-soluble elemental concentrations and physical properties in southern Finland. For symbols, see Table 2. 

AI 
Ba 
Ca 
Co 
Cr 
Cu 
Fe 
K 
Li 
Mg 
Mn 
Ni 
Sc 
Ti 
V 
Zn 
SSA 
cJay 
fsilt 
esill 

AI 

1.00 
.69 

-.03 
.69 
.68 
.6 1 
.83 
.72 
.78 
.78 
.62 
.39 
.02 
.78 
.80 
.76 
.6 1 
.58 
.07 

-.47 

Ba 

1.00 
.23 
.75 
.68 
.64 
.78 
.80 
.52 
.80 
.66 
.46 
.0 1 
.73 
.78 
.66 
.48 
.45 

-.00 
-.33 

Ca 

1.00 
.3 1 
.05 
.12 
.20 
.14 
. 11 
.20 
.46 
.06 
.0 1 
.36 
.19 
.19 
.15 
.19 
.08 

-. 19 

Co 

1.00 
.79 
.72 
.80 
.77 
.62 
.86 
.78 
.67 
.02 
.73 
.80 
.75 
.59 
.52 
.08 

-.44 

Cr 

1.00 
.64 
.77 
.77 
.61 
.85 
.56 
.74 
-.0 1 
.69 
.82 
.67 
.43 
.44 
.08 

-.38 

Cu 

1.00 
.67 
.67 
.47 
.71 
.50 
.51 

-.02 
.57 
.69 
.58 
.32 
.27 
.07 

-.25 

Fe 

1.00 
.84 
.79 
.91 
.79 
.50 
.00 
.84 
.92 
.88 
.66 
.64 
.0.9 

-.53 

K 

1.00 
.71 
.88 
.66 
.49 
.0 1 
.78 
.85 
.77 
.43 
.45 
.14 

-.43 

Li 

1.00 
.73 
.64 
.34 
.01 
.71 
.70 
.83 
.52 
.60 
.15 

-.55 

Mg 

1.00 
.74 
.60 

-.0 1 
.82 
.9 1 
.81 
.53 
.54 
.14 

-.49 

Mn 

1.00 
.44 
.00 
.74 
.70 
.73 
.64 
.63 
.11 

-.54 

Ni 

1.00 
-.02 
.40 
.5 1 
.49 
.26 
.26 
.06 

-.23 

Sc 

1.00 
.01 

-.0 1 
.0 1 

-.00 
-.0 1 
.03 

-.02 

Ti 

1.00 
.87 
.75 
.54 
.56 
.18 

-.53 

v 

1.00 
.79 
.60 
.56 
.08 

-.47 

Zn 

1.00 
.57 

.63 

.11 
-.54 

SSA 

1.00 
.8 1 

-.08 
-.53 

clay 

1.00 
-.02 
-.7 1 

fsilt 

1.00 
-.68 

csilt 

1.00 

Table 4. Correlation matrix for aqua regia-soluble elemental concentrations and physical properties in the northwestern part of the Lake Ladoga-Bothnian Bay zone (in the area of map 
sheets 24 and 34, Fig. 16). For symbols, see Table 2. 

AI 
Ba 
Ca 
Co 
Cr 
Cu 
Fe 
K 
Li 
Mg 
Mn 
Ni 
Se 
Ti 
V 
Zn 
SSA 
cJay 
fsilt 
es ilt 

AI 

1.00 
.87 
.43 
.88 
.89 
.75 
.91 
.89 
.74 
.92 
.67 
.85 
.95 
.89 
.93 
.64 
.55 
.50 
.27 

-.57 

Ba 

1.00 
. 12 
.88 
.86 
.70 
.89 
.84 
.79 
.86 
.74 
.85 
.89 
.74 
.89 
.74 
.60 
.59 
.20 

-.59 

Ca 

1.00 
.2 1 
.02 
.18 
.28 
.03 
. 17 
.18 
.36 
.05 
. 13 
.24 
.26 
.16 
.29 
.38 

-.16 
-.28 

Co 

1.00 
.8 1 
.75 
.91 
.84 
.74 
.88 
.84 
.86 
.89 
.83 
.88 
.70 
.66 
.59 
.26 

-.63 

Cr 

1.00 
.69 
.85 
.84 
.69 
.88 
.58 
.93 
.89 

.79 

.88 

.68 

.43 

.45 

.34 
-.59 

Cu 

1.00 
.67 
.67 
.46 
.75 
.47 
.72 
.76 
.76 
.75 
.46 
.26 
.27 
.23 

-.37 

Fe 

1.00 
.85 
.85 
.90 
.83 
.83 
.92 
.81 
.96 
.72 
.72 
.69 
.20 

-.67 

K 

1.00 
.71 
.89 
.57 
.79 
.91 
.82 
.89 
.53 
.45 
.36 
.24 

-.44 

Li 

1.00 
.71 
.78 
.65 
.80 
.56 
.79 
.79 
.74 
.7 1 
.05 

-.57 

Mg 

1.00 
.67 
.87 
.89 
.83 
.93 
.63 
.53 
.51 
.3 1 

-.6 1 

Mn 

1.00 
.66 
.70 
.60 
.73 
.72 
.84 
.79 
.14 

-70 

Ni 

1.00 
.86 

.78 

.85 

.73 

.45 

.42 

.41 
-.61 

Se 

1.00 
.89 
.95 

.74 

.56 

.52 

.29 
-60 

Ti 

1.00 
.86 
.53 
.40 
.34 
.40 

-.54 

V 

1.00 
.72 
.60 
.58 
.26 

-.63 

Zn 

1.00 
.55 

.60 

.22 
-.61 

SSA 

1.00 
.36 

-. 10 
-.59 

cJay 

1.00 
-.08 
-.70 

fsilt 

1.00 
-.65 

csilt 

1.00 

N 
00 
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Till mineralogy 

The relative mineralogical compos itions of 
34 study pit sam pies estimated from the X-ray 
diffraction data are given in Appendix 1. The 
location of the study sites is shown in Fig. 5 

Main silicates 

All the sampies of till fines studied contained 
feldspars, quartz and amphibo les. Of the feld­
spars, plagioclase was clearly more abundant 
than potassium feldspar. The plagioclase was 
usually an N a-rich type as shown by distinct 
reflections at d-values of 6.3 - 6.4 A, 4.02 A 
and 3.19 A. As a rule, plagioclase was the most 
abundant main silicate. Quartz occurred in 
varying abundances in all sam pies. Amphiboles 
were present in most of the sampies, the coars­
est one often showing the 3. 12 A reflection 
typical of hornblende. The abundance of horn­
blende varied less than those of the other main 
silicates. 

Micas and illites 

The 10 A reflection typical of micas was 
recorded from all sampies . For the sampies 
poor in clay fraction , the 10 A reflection was 
usually sharp and narrow , referring to the pres­
ence of unweathered biotite or muscovite in the 
sam pie. In the X-ray diffraction traces , the in­
tensity of the 5 A reflection was usually very 
weak in relation to the intensity of the 10 A 
reflection. On the basi s of the 10 A/5.0 A (00 I I 
002) intensity ratios of the micas (Snäll et al. 
1979 ; Wil son 1987), trioctahedral micas (bi­
otite , phlogopite) are distinctly more common 
than dioctahedral micas (muscovite , sericite) . 
Soveri and Hyyppä (1966) and Räisänen et al. 
( 1992) have also found that trioctahedral micas 
are more common than dioctahedral micas in 
the til l fines of Finland . 

Illite ,. with a broad reflection s loping to-

together with the distribution of bedrock ar­
eas after Simonen (1980). Figure 19 gives the 
study sites in relation to eskers and ice-mar­
ginal formations. 

wards small angles in the range of 10.0 - 10.3 
A, is typical of clay-ric h sampies. Illite was 
not of the nonexpanding-Iattice dioctahedral 
type described by Sroden and Eberlin (1984) 
or of the partly expandi ng-Iattice type with a 
smectite component described by Wilson 
(1987). According to Räisänen et al. (1992), 
the illite is probably a partly weathered mica. 
Trioctahedral types are more common than 
dioctahedral types in illites as in micas. 

Chlorite and tale 

Chlorite, which was a common mineral in 
fines , comprises a group of minerals varyi ng in 
composition that are difficult or impossible to 
identify acc urately from mineral mixtures 
(Marel 1959; Wilson 1987). The ch lorite in till 
sampies may be mechanically crushed from the 
bedrock or secondary ch lorite formed when AI 
Iiberated in podzol processes and precipitated 
as AI hydroxide in interlayers of vermiculite. 

Talc was identified from the 9.4 A reflec­
tion. It occurred particularly in chlorite-ric h 
samp ies from the sc hi st belts of central Lap­
land and Kuhrno. 

Kaolinite 

Kaolinite is a common mineral in till and 
weathered rock sa mpies from the weathered 
bedrock area of central Lapland , bein g in 
places the predominant mineral. It is a lso en­
countered in varying abundances elsewhere in 
Finland. In the Virtasalmi weathered bedrock 
occ urrence kaolinite is the main mineral. Till 
fines in Aland contain ab undant kaolinite. 
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Fig. 19. Eskers and ice-marginal formations in Finland after Kujansuu & Niemelä (1984) and sampling sites. 
CFIMF = Central Finland ice-marginal forma tion. The sampIes are described and the mineralogical results are 
given in appendix I. 



The 3.54 A reflec tion of chl or ite minerals 
and the 3.57 A reflection typica l of kaolinites 
often formed a clear double peak in X-ray dif­
fraction traces. The identification was not al­
ways indi sputable , as absorption bands 3700 
and 3620 cm·1 of the IR analysis were weak, 
even when the X-ray diffraction analysis gave 
a c lea r indic at ion of the presence of kaolinite. 

The 7 A reflection of so me sampIes had 
widened towards smaller angles. For the sam­
pI es from Rautuvaara the broad reflection was 
in the range of 7 - 8.5 A (Fig. 20), but shifted 
to 12 A during the heat treatment. The 12 A 
reflection indicates a mixed-Iayer mineral of 
mica and vermiculite . The IR analyses (Fig. 21) 
of the sampIes showed 3700 and 3620 cm·1 

bands typical of kaolinite . The Rautuvaara 
sampIes contained a mixed-I ayer mineral that 
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Fig. 20. X-ray diffraction traces typical ofthe oriented aggregates 
«0.02 mm fraction ) from Rautu vaara section. Note diffuse 
reflections between 7 Ä and 8 Ä. OX = oxalate extracted, K = K+ 
saturated, K200°C = K+ saturated and heated to 200°C, K550°C 
= K+ saturated and heated to 550°C. KETGL = K+ saturated and 
treated with ethylene glycoI. The IR spectra of the same sampie 
is shown in Fig. 21. 
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has not been de fined in detail but whose com­
ponents include kaolinite and partly weath­
ered mica. Soveri and Hyyppä (1966) have 
described a similar mineral in till sa mpIes on 
the basis of X-ray diffraction determinations . 

Mixed -Iayer c1ay minerals 

The surficial sam pIes of the profiles often 
show 14 A and 12 A reflections, which move 
partly or totally to 10 A after the K+ treatment. 
These reflection s are typical of mixed-Iayer 
c1ay mineral s (Wilson 1987) . On the basis of 
the proportions of components, the 14 A 
mixed -layer clay minerals are chlorite-ver­
miculite or vermiculite-chlorite. The partial 
shift of the 14 A reflection of an untreated 
sampIe to the range of 10 A after K+ treatment 
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Fig, 2 1. IR spectra of a sampie from Rautuvaara. The 3700 and 
3620 cm" bands are characteristic of kaolinite. The X-ray 
diffraction traces of the same sampie are shown in Fig. 20. 
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indicates the content of the vermiculite com­
ponent in the mixed-Iayer clay mineral. In 
some cases , the 14 A reflection moves entire­
Iy to the range of 10 A, implying the presence 
of pure vermiculite in the sampIe . The sam ­
pIes from the surficial parts of the profiles 
often s how a weak 12 A reflection, usually low 
in intensity in relation to that of the 14 A re­
f1ection. The mineral has been c lassified as a 
mixed-Iayer mica-vermiculite . It does not ex­
pand in ethylene g lycol treatment. 

AI-hydroxy interlayered mixed-layer cIay 
minerals 

[n two-thirds of the study profiles the sam­
pIes taken from the oxidized layer closest to 
the surface contained AI hydroxides polymer­
ized in the 12 A and 14 A interlayers of the 
mixed-Iayer clay minerals. AI hydroxides oc-

curred in the interlayers of the mixed-later clay 
minerals in both clay-rich and clay-poor tills , 
particularly in the surficial parts of the study 
pits with a distinct and thick oxidized horizon. 
So me sampIes from the weathered rock also 
contained AI-hydroxy interlayered mixed-Iayer 
clay minerals. 

Smectite 

The 14 A reflection of the till and clay 
sampIes does not expand in ethylene glycol 
treatment. The fines of so me weathered rock 
sampies contain a partly expanding 14 A 
mixed-Iayer clay mineral that expands and 
shows a diffuse reflection in the range of the 
17 A reflection. Obviously some of the com­
ponents of the mixed-layer clay mineral have 
al tered i nto an ex pandi ng-lattice mineral re­
semb lin g smectite. 

EXAMINATION OF RESULTS 

Relationship between cIay fraction content and specific surface area 

The correlation between three grain size 
c1asses and the specific surface area of till 
fines is given in Table 2 for 1015 sam pIes 
from a regular grid covering all Finland. Clay 
fraction content has the highest corre lation 
with specific surface area. The fine silt (0.002 
- 0.02 mm) , however , does not correlate with 
the specific surface area of the sampIes. 
Coarse silt exhibits a negative correlation 
with specific surface area. This is to be ex­
pected , as the surface area increases with the 
increase in the amount of clay fraction, and 
the presence of coarse silt reduces the surface 
area. According to ieminen (1985), the spe­
cific surface area of till fines in Finland de­
pends mainly on the amount of clay fraction. 
Figure 22 shows the correlation between the 
c lay fraction and the specific surface area of 
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Fig. 22. Clay content of fines and specific slll'face area of fines. 
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till fines. Some sampies have a distinctly 
higher specific surface area than one would 
expect from the amount of clay fraction. 
Specific surface area is high in relation to 
clay fraction content in central Lapland. High 
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specific surface area values may roe due to 
precipitates on mineral grains (Carlson & 
Schwertmann 1981; Nieminen 1985) or to 
weathered minerals (Nieminen et al. 1985). 

Regional till provinces 

The fines content, the clay fraction content 
of fines and specific surface area data reveal 
regional differences between Finnish tills . 
Figure 23 distinguishes 10 till provinces de­
noted A, B , C, D , E, F, G, H , land J . The tills 
in so uthern Finland, till province A, are typ­
ically poor in fines and the clay fraction con­
tent of fines is low . Occasionally, however , 
high specific surface area and clay fraction 
content values have been measured on sam­
pies from this area. In Aland (B), the fines 
content is high but the clay fraction content 
and specific surface area of the fines are low . 
In southern Ostrobothnia, northwestern Fin­
land and Häme (C) the fines content of tills 
is medium or high , and the clay fraction con­
tent and specific surface area of the fines are 
both high . The hi ghest values for clay frac­
tion content and specific surface area were 
measured in southern Ostrobothnia and areas 
adjacent to the Central Finland ice-marginal 
formation. In central Ostrobothnia and cen­
tral Finland (D), the tills contain abundant 
fines, the highe st contents being encountered 
on the coast. The clay fraction content and 
specific surface area of the fines are low in 
sam pies from the area. In the northwest of the 
till -geochemical Lake Ladoga-Bothnian Bay 

zone (E) the till s are rich in fines with high 
clay fraction content and specific surface area 
values. The largest till province (F) compris­
es eastern Finland, Oulu province and south­
ern Lapland. The fines content of tills is 
medium, and specific surface area and clay 
fraction content are low. In Lapland, the tills 
can be divided into four provinces on the 
basis of their properties. In province G, the 
fines content is low but the specific surface 
area of the fines is high. In central Lapl and 
(H) , the fines content and the specific surface 
area of fines are high. It is typical of till 
provinces G and H that specific surface area 
is high rel ative to clay fraction content. In 
western and northeastern Lapland (I ,I), the 
fines content of till and the clay fraction 
content and specific surface area of fines are 
all low . 

When considering the above regional types 
it should be remembered that the Geochemis­
try Department 's sampies were taken , on av­
erage, from one metre deeper than the sam­
pies for the mapping of Quaternary deposits. 
In a few rare cases, then, the clay fraction 
content of fines and the specific surface area 
of fines were analysed from different till 
units than the fines content. 
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Grain size distribution and specific surface area of till fines in relation to chemical 
data 

In ti 11 fi nes the abundance of micas and their 
alteration products is highest in the clay frac­
tion (Droste 1956; Dreimanis & Vagners 1971; 
Soveri 1956, Soveri & Hyyppä 1966 ; Sippola 
1972; Nevalainen 1989). Of the main elements 
of biotite and chlorite, aluminium and iron 
have a medium correlation (r = 0 .5 - 0 .72) with 
clay fraction content and specific surface area. 
The correlations between several metal con­
centrations and the AI and Fe concentrations 
are clearly higher than those between the metal 
concentrations and physical properties. The 
concentration of aqua regia-soluble K, which 
in the till fines mainly derives from biotite 
(Räisänen et al. 1992b), has a low correlation 
coefficient (r= 0 .36 - 0.45) with clay fraction 
content and specific surface area. This can be 
attributed to regional differences in the abun­
dances of micas and clay minerals in the clay 
and silt fractions. 

Biotite and chlorite are probably unevenly 
distributed in till fines owing to the regional 
occurrence of biotite-rich mica gneisses and 
chlorite-rich greenstones (cf. Si monen 1980). 
This uneven distribution is shown by the re­
gional distribution of normative minerals cal­
culated from chemical analytical data (Aatos et 
al. 1994). The weak correlation can also be 
explained by the ratio of the abundance of aqua 
regia-soluble micas to the concentration of 
metals incorporated in precipitates, which var­
ies from area to area. In places, sulphide min ­
erals are substantial sources of metals, lower­
ing the correlation between clay fraction con­
tent and metal concentrations. 

The correlation coefficients given by Mäki­
nen (1992) between the unit weight and ele­
mental concentration data on till fines are 
higher than those found in this study between 
metal concentrations , specific surface area and 
clay fraction content. It is thus clear that clay 
fraction content and specific surface area do 

not explain the variation in the meta I con­
tent of the mineral matter in fines as reliably 
as does the unit weight presented by Mäkin­
en (1992). Unit weight takes better account 
of the uneven distribution of micas between 
the clay and silt fractions. 

The correlation coefficients between the 
specific surface area and metal concentra­
tions of till fines and those between clay 
fraction content and metal concentrations 
are higher than those given by Vallius 
(1992) between till and bedrock sampies. It 
is therefore important to understand the 
processes leading to the formation of till and 
to be familiar with Quaternary history when 
interpreting reconnaissance-scale till maps , 
as these factors affect the elemental distri­
butions and development of anomaly pat­
terns in tills as much as do the elemental 
concentrations in bedrock. 

According to Shilts (1971,1975), the Zn 
concentration in till correlates strongly with 
clay fraction content in the areas of Quebec 
and Keewatin , Canada. There are also clear 
correlations between clay fraction content 
and Cu, Ni and Pb concentrations. The ma­
terial of this study did not show similar 
strong correlations in Finnish tills. Outside 
the Canadian Precambrian Shield, the till 
fines derive from sedimentary rocks formed 
under conditions that favoured more intense 
chemical weathering than do those prevail­
ing today . The finest fractions of the sedi­
mentary rocks were enriched in metals 
mobilized during chemical weathering. In 
Canada, however, there are great differences 
in clay fraction contents between till units; 
this increases the correlations , as the range 
of clay fraction content variation increases. 
Some of the sampies reported by Shilts 
(1971, 1975) were taken from permafrost 
areas , where in the active layer of perma-
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frost intense chemical and mechanical weather- are more mobile and are able to be adsorbed on 
ing takes pi ace (Shilts 1973). Hence, metal ions colloidal mineral grains or precipitates. 

St r a tigraphy of r egiona l till provinces 

Province A 

In terms of regional till mapping, southern 
Finland is an area of low fines content where 
the clay fraction content and specific surface 
area of fines are occasionally anomalously 
high. The Salpausselkä zone does not form a 
boundary between areas of different till prop­
erties as does the Central Finland ice-margin­
al formation. 

In some depressions outside the Salpaus­
selkä zone, occurs occasionally a dark-grey 
basal till units rich in fines, overlain by a 
sandy basal till unit (Rainio & Lahermo 1974, 
1984; Hirvas & Nenonen 1987) . A till unit 
with abundant sorted material inclusions has 
been found on the surface of a sandy till in­
terpreted as basal melt-out till formed during 
the liberation of abundant melt waters (Bou­
chard et al. 1990). 

On the inner side of the Salpausselkä zone 
there are two till units, both usually sandy 
basal till poor in fines (Hirvas & Nenonen 
1987). The lower till unit deposited before 
the readvance of the glacial lobe s that termi­
nated at the Salpausselkäs, whereas the upper 
unit deposited during the readvance (Hirvas 
& Nenonen 1987; see also Rainio et al. 1986 ; 
Rainio 1991). Sorted sediments and glaciola­
custrine sediments have been encountered 
between the till units (Nenonen & Hirvas 
1987). Basal till older than the sandy till units 
has been described from a few sites in south­
ern Finland. Precrag formations have been 
reported from western southern Finland, e.g. 
from the areas of Tammisaari and Salo 
(Haavisto-Hyvärinen et al. 1989). The pre­
crags, which are composed of clay-rich basal 
till, are partly covered by a younger sandy till 
unit. Kurkinen et al. (1989) have described a 

clay-rich basal till unit beneath an esker delta 
at Hyvinkää . 

On the basis of the stratigraphie data the 
tills in southern Finland are mainly poor in 
fines . The occasional anomalously high fines 
and clay fraction contents in the regional data 
of this study are probably due to fines-rich 
basal tills preserved in topographie depres­
sions. The regional data also indicate that the 
lowest clay-rich till unit occurs in a large area 
in southern Finland . In terms of the interpre­
tation of the geochem ical maps, the lowest 
fines-rich till unit is problematic , as it may 
occasionally raise the metal concentrations in 
sampies. 

Province B 

In regional till mapping, Äland is an area of 
high fines content where the clay fraction 
content and specific surface area of fines are 
low. Two superimposed till units are common 
in the area (Nenonen 1993). The tills contain 
abundant Palaeozoic limestone elasts, which 
increase the abundance of the silt fraction In 
tills. 

Province C 

The regional till maps exhibit anomalously 
high clay fraction content and spec ific sur­
face area values in till fines in southern Os­
trobothnia . The anomaly is clearly demarcat­
ed in the east but in the south and southeast 
it grades into the areas of Häme and south­
western Finland that in places have anoma­
lously high clay fraction content and specific 



surface area values. The fines content in the 
tills of southern Ostrobothnia is typically 
high. In southwestern Finland the fines con­
tent varies greatly. 

Sorted deposits with local organic matter 
and covered by a clay-rich till unit have been 
described from several sites in southern Os­
trobothnia (Niemelä & Tynni 1979; Donner 
1988; Gibbard et al. 1989). Podzol horizons 
have also been reported from sorted till-cov­
ered deposits (Kujansuu 1992; Kujansuu et al. 
1991). The horizons have been dated to the 
Eem interglacial and the following interstadi­
al with thermoluminescence and optically 
stimulated luminescence methods (Kujansuu 
1992; Kujansuu et al. 1993) . Bouchard et al. 
(1990) ha ve proposed the Harrinkangas For­
mation as the stratotype for southern Ostro­
bothnia; the clay-rich till has been named the 
Harrinkangas Till Member. The clay-rich till 
unit covering sorted sediments is known in­
formally as mäkisavimoreeni, the "hili clay 
till". The name is somewhat misleading, as 
for instance in the Harrinkangas section (Gib­
bard et al. 1989) the "hili clay ti 11 " grades 
into a fines-poor till over a few tens of me­
tres. The above stratigraphie studies in south­
ern Ostrobothnia mainly deal with the de­
scription of till-covered sorted deposits , 
which are special cases in terms of regional 
till studies. 

The number of excavator pits is highest in 
the Korsnäs area, from where one till unit rich 
in fines and clay fraction has been described 
(Huhta 1983). Mineralogical analyses on the 
sampIes from Päntäne stored in the Depart­
ment of Quaternary Geology at the GSF are 
presented here . On the basis of the Korsnäs 
and Päntäne data we can be assurne that the 
material of the regional till study represents 
the fines- and clay-rich till unit common in 
southern Ostrobothnia. 

Regional till maps show high fines and clay 
fraction contents in the area of the Central 
Finland ice-marginal formation. Anomalous ­
Iy high values have been measured on many 
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sampIes from the distal side of the formation, 
but in only very few from its proximal side . 
An important finding is that the anomalously 
high values for the clay fraction content and 
specific surface area of fines do not fully 
coincide. The high values for specific surface 
area in relation to the values for clay fraction 
content are attributed to the presence of iron 
precipitates in fines in the area. The high clay 
fraction contents of some sampies in relation 
to their specific surface area shows that the 
clay fraction contains less micas and clay 
minerals than the fraction on average . 

Clay-rich tills were observed in the area in 
the course of the GSF's mapping of Quater­
nary deposits (Kejonen 1981; Kejonen & 
Huttunen 1982). Rainio and Lahermo (1976, 
1984) have also described clay-rich tills from 
Häme. According to them, these tills occur in 
depressions protected from the erosion of 
younger flow stages. The explorational stud­
ies undertaken by the Department of Quater­
nary Geology at Hämeenkyrö and Ori vesi did 
not encounter a clay-rich till unit. The min­
eralogy of the stored sampies from 
Hämeenkyrö and Orivesi was investigated 
here. 

A clay-rich till unit was found in summer 
1993 at Pirkkala in the course of exploration 
undertaken by the GSF (Hirvas , oral comm. 
1993). According to Hirvas, lowermost in the 

stratigraphy there is a compact basal tiJl rich 
in fines containing 14% clay fraction and 
45 % fines in the <20.0 mm fraction. The 
fines-rich till is overlain by 20 cm of varved 
sill. Uppermost in the pit is 2 m of sandy 
basal till. In a survey of surficial deposits by 
the GSF ' s Geochemistry Department in sum­
mer 1993 , a fines-rich till was encountered at 
Teisko , where the bedrock is covered by a 
massive basal till unit , 3 m thick (Räisänen 
and Lestinen , oral comm. 1993) . 

The stratigraphie position of the fines-rich 
tills in Häme has not been established yet. It is 
plausible that such till units occur in several 
stratigraphie positions. The regional sampIe 
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material used here may thus represent sam pies 
collected from till units differing in age. 

Province D 

On the regional till maps, the area of fines­
rich but clay-poor tills extends from the co ast 
of the Gulf of Bothnia to central Finland . The 
overburden in this area is very thick in some 
places. Till-covered organic deposits have been 
described from Vimpeli (Aalto et a1.1983; Hir­
vas & Niemelä 1986) , Lappajärvi (Salonen et 
al. 1992) and Evijärvi (Eriksson et al. 1980). 
Ti ll-covered occurrences of weathered bed­
rocks are common in central Ostrobothnia (Hir­
vas & Nenonen 1987). 

Several till units have been described in the 
stratigraphy of surficial deposits in the area 
(Aalto et al. 1983 ; Eriksson et al. 1980 ; Hir­
vas & Nenonen 1987 ; Salonen et a1.l992). 
Two till units have been encountered on the 
proximal side of the Central Finland ice-mar­
ginal formation . The lower unit deposi ted be­
fore the readvance of the ice sheet and the 
upper one during the readvance that ended at 
the ice-marginal formation (Hirvas & Neno­
nen 1987 , see also Rainio et al. 1986; Rainio 
1991 ). 

In Ostrobothnia, the till-covered sedi­
ments have been deformed in places and 
turned into till s . The stratigraphic investiga­
tions undertaken by the GSF in the area be­
tween Pietarsaa ri and Evijärvi in sum mer 
1993 were not able to penetrate the uppermost 
fines-rich but clay-poor till unit. Coring dem­
onstrated that the overburden was commonly 
over 30 m thick (Nenonen, oral comm. 1993). 
Observations of a fines-rich till unit overlain 
in pI aces by a fines-poor till unit have been 
made in the northern part of the provlnce 
(Iisalo 1992). A great number of these obser­
vations are described in unpublished GSF 
re ports of explorational stud ies on surfi c ial 
deposits (Nenonen & Johan sso n 1981 ; Huhta 
1981 , 1983b, 1984a,b,c; Johansson 1981 ; 
Hirvas & Huhta 1982 ; Hirvas & Nenonen 

1978). The reports are unanimous that there 
is a sa ndy basal till unit in the area deposited 
by the youngest f10w of the continental ice 
sheet from the west. A clay-rich basal till 
overlain by a fines-poor till unit has been 
encountered at Tervo in the east of the prov­
ince (Hirvas 1980). 

On the basi s of available stratigraphic 
knowledge, the material of the regional till 
mapping probably corresponds to the till unit 
encountered in the area, wh ich is low in clay 
fraction but rich in fines, varies in thickness 
and was deposited during the youngest f10w 
stage of the continental ice sheet. 

Province E 

The clearest coherent regional feature in 
the till propertie s is an elongated anomaly of 
high clay fraction content in fines extending 
from the coast of Bothnian Bay to Riistavesi 
in the southeast and which is also seen as 
anomalously hi gh specific surface area val­
ues . 

Till-stratigrafic observations published 
from the Pyhäsalmi open-cast mine and from 
Kiuruvesi (Nenonen 1985) and Vesiperä in 
Haapavesi (Hirvas & Nenonen 1987) imply 
that there are typically two clearly different 
till units in the anomalous area. The lower till 
is of structureless basa l till poor in fines with 
less than 5% clay fraction in it s <20.0 mm 
fraction, whereas the upper till is a massive 
basal till rich in fines and clay fraction, with 
a clay content of 10 - 20%. At the study sites 
the upper till is 2 - 5 m thick and the cl asts 
in both till units show a distinct orientation. 
In the upper unit the orientation is 270° -
280° and in the lower one 310° - 320°. In the 
Pyhäsa lmi section the fines-poor basa l till is 
underlain in places by glaciofluvial sand , 
gravel and weathered rock (Ne nonen 1985). 
At Vesiperä , Haapavesi, organic matter and 
clay have been encountered between the till 
units. From their microfossil assemblages 



these are interpreted as having deposited 
during the Eem interglacial (Hirvas & Nenon­
en 1987). An interglacial deposit overlain by 
one till unit has been described from Ollala 
(Forsström et al. 1987). Observations of two 
till units similar in grain size composition to 
the tills of the above sites have been reported 
from Siilinjärvi (Nenonen, oral comm. 1993). 
Exploration in the area has revealed basal till 
rich in fines on the surface of the overburden 
over a large area (Nenonen, 1985; Hirvas & 
Nenonen 1987). The topmost fines-rich basal 
till is usually at least 3 m thick, with the 
consequence that numerous study pits failed 
to penetrate it. 

In the northwest, the till unit continues on 
the bottom of Bothnian Bay, from where 
Simula (1988) has reported a clay-rich till. 
According to hirn, there are two till units off 
the coast at Raahe of which the lower one is 
sandy till and the upper one fines -rich till. In 
the present study, clay minerals were deter­
mined from Marjapuro and Mertuanoja, 
Ylivieska; from Vesiperä, Haapavesi; and 
from Pyhäsalmi . 

It is clear from the till-stratigraphic stud­
ies that the anomalously high values for the 
clay fraction content and specific surface area 
of till fines extending on the regional till 
maps from the Bothnian Bay coast to Riis­
tavesi are due to the topmost basal till, which 
occurs in the area as a coherent unit with 
abundant clay fraction and fines . 

Province F 

In this province, the fines content of till is 
medium and the specific surface area and clay 
fraction content of fines are low. Southeast of 
province E, in the area of the geochemical 
Lake Ladoga-Bothnian Bay zone , the clay 
ffaction content and specific surface area of 
fines are locally elevated. 

The till stratigraphy of the southern part of 
the province has been studied by Hirvas 
(1980) , Hirvas & Nenonen (1987) and Kujan-
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suu & Nenonen (1987). Uppermost is a wide­
spread thick sandy till unit with lenses of 
sorted sediments. The fabric of the stones in 
this till points to the Salpausselkä zone. Silt 
and clay layers ha ve been found beneath this 
fines-poor till bed . As the type localities of 
these layers, Hirvas (1980) and Hirvas & 
Nenonen (1987) have presented Heinävesi 
and Rääkkylä, of which the latter has several 
metres of silt beneath a sandy till. Basal till 
rich in fines with a clay fraction content of up 
to 17 % has been encountered at Heinävesi 
beneath a fines-poor till layer. According to 
Hirvas & Nenonen (1987), the fines-poor till 
unit containing sand lenses deposited when 
the continental ice sheet readvanced to the 
Salpausselkäs during the deglaciation stage. 

Hirvas & Nenonen (1987) maintain that 
silts and clays deposited in a glacial lake at 
the front of the ice. According to Hirvas 
(1980), the high clay fraction contents in the 
lower fines-rich till unit are due to redeposi­
tion of silts and clays initially deposited in 
water. Here and there in the ice-marginal 
zone there is a shallow layer of fines -poor 
ablation till as the topmost unit (Hirvas 1980; 
Hirvas & Nenonen 1987) . 

The material for the regional studies was 
collected from the proximal side of the Sal­
pausselkä zone, mainly from fines-poor sandy 
till containing sand lenses. The till was de­
posited during the active flow stage of degla­
ciation when the ice sheet readvanced to the 
Salpausselkäs (Hirvas & Nenonen 1987; Ku­
jansuu & Nenonen 1987). 

The till stratigraphy of North Karelia has 
been described by Kujansuu & Nenonen 
(1987), Huhta ( 1992) and Nenonen & Huhta 
(1993). There are several till units in the area , 
their number depending on the location of the 
study site in relation to the ice-marginal for­
mations. All the units are composed of sandy 
ti 11 poor in both fines and clay fraction. The 
sam pIes of the regional study cannot be cor­
related with any of the known till units. 

Stratigraphic descriptions are available 
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from Vihanti and Ruukki in northern Ostro­
bothnia, north of province E. Several differ­
ent till units have been reported from Vihanti 
(Grönlund et a!. 1985) of which the upper­
most one is a sandy till unit with stones ori­
ented at 270 0

• Lower down is a unit that is 
also sandy till but with stones oriented at 
330 0 and containing pieces of organic matter. 
Lowermost in the stratigraphy is a fines -rich 
basal till that cannot be correlated with any of 
the tills in other study areas. Two till units 
have been observed at Ruukki. an upper one 
poor in fines and a lower one rich in fines 
(Mäkinen 1992). 

The till stratigraphy of northern Ostroboth­
nia and Kainuu has been described by Aario 
& Forsström (1979), Saarnisto et a!. (1980 , 
1981), Sutinen (1984) and Saarnisto & Pel­
toniemi (1984) . Several different fines-poor 
till units have been reported from a large 
area. Lowermost in the Koillismaa stratigra­
phy is a basal till rich in fines that , according 
to Aario & Forsström (1979) , contains 10% 
clay fraction and about 50% fines. They have 
given this till unit the stratotype name Pu das­
järvi Til!. From Kaapinsalmi Saarnisto et a!. 
(1980 , 1981) and Nevalainen (1983) have 
documented a fines-rich basal till beneath 
sandy till units . 

The material of the regional till study may 
represent the fines-poor basal tills described 
by Aario & Forsström (1979) and Saarnisto et 
al. (1980, 1981) . The resuIts cannot be clearly 
correlated with any of the till units owing to 
their similarity. The observations of 
Nevalainen (1983) support the existence of 
the fines anomaly found in the regional till 
mapping east of the Kuhmo greenstone belt. 
Some of the sampIes suggest that the green­
stone belt was a source of the abundant fines 
in the tills on the distal side of the belt. 

Provinces G, H, land J 

For Lapland the resuIts of the regional till 
studies are mainly compared with the obser­
vations of Hirvas et al. (1977) and Hirvas 
(1991). On the basis of 1400 study pits, Hir­
vas described the flow stages of the continen­
tal ice sheet that deposited the till units in 
Lapland. His flow stage 11 is the most impor­
tant for till sampling because the till unit 
deposited then is the most common in Lap­
land. 

At the time of flow stage II , the ice-divide 
zone was located in central Lapland . North of 
the ice divide, the continental ice sheet 
flowed northeastwards in eastern and north­
ern Lapland and northwestwards in north­
western Lapland. South of the ice divide, it 
flowed southeastwards or ESE. Within the ice 
divide zone the flow directions varied, and 
glacial abrasion was minimal, as shown by 
the presence of numerous till-covered organic 
deposits (Hirvas 1991). The ti 11 bed of f10w 
stage II is fines-poor sandy till with 1 - 2% 
clay fraction. According to Hirvas , the fines 
and clay fraction contents in till in the ice 
divide zone of flow stage II are slightly high­
er than south and north of the zone. 

The fi nes contents selected from the data­
bank of the Department of Quaternary Geol ­
ogy mainly refer to the flow stage II till bed 
descri bed by Hirvas (1991). 

The regional till maps show elevated fines 
contents in the ice divide zone. The clay frac­
tion content of the fines does not exhibit 
anomalously high values. The specific sur­
face area values are anomalously high in cen­
tral Lapland, in an area of till-covered occur­
rences of weathered bedrock established by 
field studies (Hirvas 1991) . At Peurasuvanto 
which is located within the area of anoma~ 
lously high specific surface area values for 



till, the variations in the elemental concentra­
tions of till fines reflect the variation in the 
elemental composition of the weathered bed-
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rock (Lestinen 1980). According to Lestinen, 
the till fines at Peurasuvanto mainly derive 
from the fines of preglacial weathered bedrock. 

Comparison of granulometric analyses 

The regional da ta allow the tills of Finland 
to be roughly di vided into three types on the 
basis of their fines and clay fraction contents : 
tills rich in both fines and clay fraction con­
tain 40 - 60% fines in the <2 .0 mm fraction, 
and the clay fraction content of the fines as 
measured with a sedigraph exceeds 27%; tills 
rich in fines but poor in clay fraction contain 
40 - 60% fines, but their fines contain less 
than 17 % clay fraction; and tills poor in both 
fines and clay fraction have less than 30% 
fines and the clay content of the fines is less 
than 17 %. 

The average fines content in the study ma­
terial is compatible with the results of grain 
size analyses on 2406 till sampIes reported by 
Virkkala (l969a). The clay fraction contents 
of fines cannot be directly compared with 
Virkkala' s data, because the values deter­
mined with a sedigraph are, on average , 5-
10% higher than those obtained with an are­
ometer. Basal tills from different bedrock 
areas can , however , be compared. 

The average fines content of basal till in 
the crystalline bedrock area in Sweden and 
Norway is 18 - 42 % and the clay fraction 
content of fines 9 - 18 % (Lundqvist 1969 ; 
Follested 1973; Vorren 1977; Jl2Srgense n 
1977; Persson 1992) . In the areas of clastic 
sedimentary rocks in Norway, the average 
fines contents in tills vary in the range of 41 
- 55% and the clay fraction content of fines 
10 - 30% (Jorgensen 1977; Haldorsen 1982, 
1983). Tills in sedimentary carbonate rock 
areas in Denmark, which have an average 
fines content of 61 - 63 % and a clay fraction 
content in fines of 34 - 44%, constitute a 
clearly different type (Petersen 1973 ; Vorren 

1977) . In the area of sedimentary carbonate 
rocks in Wisconsin, USA , the average fines 
content of till is 55 % and the clay fraction 
content of fines 25% (Dreimanis & Vagners 
1972). In Canada, the fines and clay fraction 
contents in tills vary clearly depending on the 
bedrock area (Scott 1976; Dredge & Cowan 
1989); in Precambrian shield areas where the 
bedrock is composed of plutonic and meta­
morphous rocks , the tills are usually poor in 
fines, but in the sedimentary rock area the 
fines and clay fraction contents may be dou­
ble those in the shield areas (Scott 1976) . 

The average fines and clay fraction con­
tents in Finnish tills are compatible with the 
average values reported for tills from areas of 
crystalline bedrock in Scandinavia and the 
Canadian Precambrian Shield . However , in 
fines and clay fraction contents, the Finnish 
fines-rich tills approach the tills in the areas 
of sedimentary rocks . 

Fines-rich tills have also been documented 
in the area of the Canadian Shield , where the 
readvancing ice sheet eroded glacial lake sed­
iments and deposi ted clay-rich till s poor in 
stones (Hughes 1965 ; Scott 1976 ; Dredge & 

Cowan 1989). Southwest of the Hudson Bay 
Lowlands , the fine s- rich till s continue as a 
zone up to 100 km wide to the areas of 
Precambrian crystalline bedrock. The Hudson 
Bay Lowlands are an important source of fines 
because they are composed of carbonaceous 
rocks and thick clay formations deposited dur­
ing ice-free stages (Dredge & Cowan 1989) . 

Clay-rich till s have also been encountered 
in Sweden, outside the sedimentary rock areas 
(Lundqvist 1958 1973; Björnbom 1979). 
There the clay-rich basal tills are located low-
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ermost in the stratigraphy, and fines-poor 
basal till has deposited on top of them. In 
mineralogy, the clay-rich tills are similar to 
the clay-poor tills (Björnbom 1979). The 
clay-rich tills often contain abundant far-

travelled mica schist clasts. The clay clasts in 
the clay-rich tills suggest that the increment 
of fines and clay fraction was due to the re­
deposition of older water-Iaid sediments 
(Björnbom 1979). 

Postglacial weathering 

The clay mineralogy of the fines of till 
sampIes from the oxidized surficial parts of 
sampling profiles often differs from that of 
the sampIes from the lowest parts of profiles, 
which are partly be low the ground-water ta­
ble . The mineral alterations are thought to 
have taken place in soil forming processes 
once the land surface was .exposed from under 

Marjapuhto 

The Marjapuhto profile represents a basal 
till unit deposited during one glacial f10w 
stage. The clay fraction contents of the sam­
pIes vary, and the lowermost sampIe is poor 
in clay fraction in relation to the others . In the 
mineralogy of the lowest sampIe, the micas of 
the silt fraction are more prominent than in 
that of the other sampIes. As a whole, the 
sampIes of the profile show mineral altera­
tions in the oxidized surficial part of the clay­
rich till cover where mixed-layer minerals 
and vermiculite occur as alteration products 
of micas and chlorite. The X-ray diffraction 
traces of the oriented <0.02 mm sampIes stud­
ied are presented in Fig. 24 . The estimated 
mineralogical composition of the sampIes are 
given in Appendix 1 :8 . 

SampIes from depths 5.0 and 3 .8 mare 
dark-grey unoxidized basal till. The clay frac­
tion content and specific surface area of the 
upper sampIe are high and those of the lower 
sampIe low. 

The 14 A reflection is relatively weak and 

the continental ice sheet or water. The min­
eral alterations in different study profiles are 
rather similar on the whole . As examples, 
sampIes from Marjapuhto, Ylivieska; and Ke­
turinkylä, Päntäne are examined because the 
mineral alterations seen in them are distinct. 
The results are compared with the example 
cases discussed in the following chapters. 

sharp. The reflection of the lower sam pIe 
does not change during treatment. The 14 A 
reflection of the upper sampIes from a depth 
of 3.8 m shifts partly to the range of 10 A with 
K+ saturation. Heating to 550°C increases the 
14 A reflection slightly in relation to the K+ 
saturated sampIe . Together with the 7 A re­
f1ection, the 14 A reflection clearly indicates 
the presence of chlorite in the sampIes. The 
chlorite is a chlorite-vermiculite mixed-Iayer 
clay mineral in which some of the chlorite 
layers have altered into vermiculite .. 

The 10 A reflection of the lower sampIe is 
sharp and widens only slightly towards small­
er angles , whereas that of the upper clay-rich 
sam pIe is stronger and widens more distinctly 
towards sm aller angles. The 10 A reflection 
of both sampies intensifies at 550°C. As the 
5 A reflection is weak in relation to the 10 A 
reflection, the 10 A reflection indicates an 
almost unweathered trioctahedral mica in the 
lower sampIe and a trioctahedral illitic mica 
in the upper sampIe. 

The 7 A reflection , which is relatively 
strong in relation to the 14 A reflection , 

l 



clearly weakens at 550°C. The intensity of 
the 14 A reflection does not increase during 
heating. The sampie also exhibits the 3.54 A 
reflection typical of chlorite , with a widening 
at 3 .57 A characteristic of kaolinite . 

The sampie from a depth of 2.0 m repre­
sents a transitional zone between the oxidized 
horizon with yellowish-brown iron precipi­
tates and the unoxidized dark-grey horizon. 
The clay fraction content and the specific 
surface area of the sampie are relatively high 
but specific surface area is not elevated in 
relation to clay fraction content. 

The 14 A reflection is strong and sharp. It 
moves almost totally to the range of 10 A with 
K+ treatment , implying the occurrence of ver­
miculite and a vermiculite-chlorite mixed­
layer mineral in the sampie . A weak reflec­
tion in the range of 14 A for a K+-treated 
sam pie and a sam pie heated to 550°C indi­
cates the presence of unweathered chlorite 
component in a mixed-Iayer mineral , or small 
amounts of independent , well-crystallized 
chlorite not incorporated in the mixed layer 
structure of the sampie. Diffraction traces 
also show a weak 12 A reflection , which dis­
appears during K+ treatment and may thus be 
due to the presence of mica-vermiculite. 

The 10 A reflection is relatively strong, 
albeit slightly weaker than that of 14 A. The 
illitic 10 A reflection loses its widening to­
wards smaller angles with K+ treatment and 
the crystal structure approach es that of un­
weathered trioctahedral mica . 

The 7.1 A reflection disappears al most 
completely at 550°C , which, together with the 
3.54 A reflection of chlorite and the 3.57 A 
reflection of kaolinite, indicates the high con­
tribution of kaolinite to the 7 A reflection . 

The sam pie from a depth of 1.5 m repre­
sents the oxidized, yellowish-brown surficial 
part of the till cover with iron precipitates as 
horizontal bands. The clay fraction content 
and specific surface area of the fines in the 
sam pie are high . Specific surface area is not 
elevated in relation to clay fraction content. 
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The 14 A reflection is sharp and very in­
tense. It moves almost totally to the range of 
10 A with K+ treatment, indicating the pres­
ence of vermiculite. The weak 14 A reflection 
after K+ treatment and heating to 550°C is 
suggestive of small amounts of chlorite com­
ponent in the mixed-Iayer structure. Vermicu­
lite is probably a vermiculite-chlorite mixed­
layer mineral. A weak 12 A reflection is typical 
of mica-vermiculite mixed-Iayer minerals . 

The 10 A reflection is relati vely strong and 
of illitic type . It grows markedly in intensity 
after K+ treatment. 

The 7 A reflection disappears almost com­
pletely at 550°C , which. together with the 
3.54 A reflection of chlorite and the 3 .57 A 
reflection of kaolinite, indicates that kaoli­
nite contributes almost totally to the 7 A re­
flection. 

The Marjapuhto sam pies clearly reveal the 
effects of postglacial weathering. The oxi­
dized surficial layer contains abundant ver­
miculite, and the mica is illitic. Well-crystal­
Iized chlorite is almost tota lly lacking . As 
chlorite occurs deeper down, it has probably 
altered into random, interstratified vermicu­
lite-chlorite or chlorite-vermiculite, depend­
ing on the proportions of the components. in 
the oxidized horizon. The alteration of chlo­
rite can probably be explained by the mech­
anism described by Droste (1956). According 
to this , the AI-hydroxy interlayer in chlorite 
has reacted with the H+ ions in gravitational 
water and become gradually hydrated. In 
weathering , the structure of chlorite becomes 
looser and the AI-hydroxy interlayer gradual­
Iy alters into a layer containing water and 
Mg2+ ions. Chlorite has alte red into a mixed­
layer mineral with variably weathered chlo­
rite layers as components that come increas­
ingly to resemble vermiculite as weathering 
proceeds. The complete weathering of the AI­
hydroxy interlayers in chlorite results in the 
formation of vermiculite (Droste 1956) . 

The micas in the sampies of the profile 
have not weathered as clearly as chlorite . Il-
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Fig. 24. X-ray diffraction traces ofthe oriented till sampIes ( <0.02 mm fraction ) from the Marjapuhto profile. K = K+ saturated, K200°C 
= K+saturated and heated to 200°C, K550°C = K+saturated and heated to 550°C. KETGL = K+ saturated and treated with ethylene 
glycol. 



litic mica also occurs in unoxidized basal ti 11. 
The least weathered sam pie in terms of micas 
comes from the sandy basal till on the bottom 
of the pit. Direct comparison is hampered by 
the low clay fraction content of the lowest 
sampie, owing to which the abundance of 
micas is higher in the coarser fraction, which 
has weathered less . The 10 A reflection of the 
micas intensifies after K+ treatment, mainly 
owing to alteration of the vermiculite compo­
nent of the 14 A vermiculite-chlorite or the 
random interstratified vermiculite-chlorite 
into a mica with K+ treatment (Barnhisell 
1977). In the sampies from the unoxidized 
horizon the 10 A reflection is not intensified 
until a temperature of 550°C is reached, sug­
gesting that the crystal structure is reorgan­
ized with the liberation of the water bound to 
the interlayers. In general, chlorite is clearly 
more sensitive to weathering than biotite. 
However, in this part of the profile, chlorite 
is relatively unweathered in illite-bearing 
sampies from greater depths . The mica in the 
clay fraction of the till may have weathered 
into illite under the oxidizing conditions of an 
ice-free stage, whose clay deposits were the 
source of the fines increment in the clay-rich 
tills. The weathering of micas is indicated by 
the weak 12 A reflection of the sampies from 
the oxidized horizon. The mineral is mica­
vermiculite, an alteration product of mica, 
which was formed as the H+ ions replaced K+ 
ions in partly unweathered mica . Weathering 
has not proceeded far, as the 12 A reflection 
is faint. 

Kaolinite, which occurs in all sampies 
studied, represents far-advanced weathering 
that did not happen during postglacial time . 
The sampies do not show any AI hydroxide 
binding or polymerization in mica interlay­
ers. 

On the basis of the profile, the weathering 
cycle in the Marjapuhto section is probably as 
folIows: 

Chlorite -> chlorite-vermiculite (14 A) -> 
vermiculite-chlorite -> vermiculite 
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Trioctahedral mica -> trioctahedral illite -
> mica-vermiculite (12 A). 

Chlorite has had time to alter into vermicu­
lite almost completely, even though the mica 
has weathered only slightly i nto the 12 A 
mineral. 

Päntäne 

The mineralogy of the Keturinkylä profile 
at Päntäne differs from that of Marjapuhto at 
Ylivieska in that chlorite occurs only in the 
uppermost sam pie from the oxidized horizon . 
In the surficial part of the profile, till is grey­
ish brown but deeper down it is grey. The 
uppermost sampie represents the greyish­
brown oxidized surficial horizon with iron 
precipitates that extends to a depth of 2.5 m. 
The sampie taken from a depth of 4 m is from 
the thick transitional horizon between the 
oxidized and unoxidized horizons. The lower­
most sampie was taken from below the 
ground-water table . Comparison of the clay 
minerals of the sampies is hampered by the 
clay fraction content of the uppermost sam­
pie, which is double that of the lower sam­
pies . The clay fraction contents of the two 
lowermost sampies are almost identical. The 
X-ray diffraction traces for the sampies are 
shown in Fig. 25. The specific surface area, 
clay fraction content and estimated minera­
logical composition of the sampies are given 
in Appendix 1:5. 

The mineralogy is similar in all sampies. 
The 14 A reflection of the two lowermost 
sam pies moves completely to the range of 10 
A during K+ treatment, indicating the pres­
ence of vermiculite. The 10 A reflection of 
the lower sam pies intensifies at 550°C, im­
plying the reorganization of illite when inter­
layers are dehydrated or the presence of po­
Iymerized Al hydroxide in interlayers of il­
li te. The weak 7 A reflection disappears at 
550°C and since no increase is observed in 
the range of 14 A, the 7 A mineral is kaoli-
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nite . The uppermost sampIe, which is richer 
than the others in cIay fraction, differs clearly 
in clay mineralogy. It exhibits intense reflec­
tions at 10 Ä, 12 Ä and 14 Ä. The 12 Ä and 
14 Ä reflections do not move to the range of 
10 Ä until a temperature of 200°C is reached. 
The final move takes place at 550°C, resulting 
in a distinct increase in the intensity of the 10 
Ä reflection. The diffraction trace shows 
weak reflections at 12 Ä and 14 Ä at 550°C, 
too, indicating that the mixed-Iayer minerals 
- illite-vermiculite and vermiculite-chlorite -
contain chloritized portions . The partial move 
of both peaks to the range of 10 Ä suggests 
that the 12 Ä and 14 Ä mixed-Iayer minerals 
contain polymerized AI hydroxide. 

The uppermost sam pIe of the profile from 
the oxidized horizon is cIearly richer in clay 
minerals with polymerized AI hydroxide in 
their interlayers. The uppermost sampIe is 
richer in clay fraction than the others, empha­
sizing the peaks of the clay minerals in the X­
ray diffraction trace. However , the occurrence 
of mixed-Iayer minerals and polymerized AI 
hydroxide is probably due to postglacial 
weathering (cf. Soveri & Hyyppä 1966; 
Räisänen 1988) . As the sampies from the 
deeper parts of the profile do not contain 
chlorite , the 12 Ä and 14 Ä mixed-Iayer min­
erals of the oxidized horizon are probably 
alteration products of illitic mica . AI hydrox­
ide has become so highly polymerized that 
mica has altered into a mineral resembling 
primary chlorite. 

The weathering cycle in the Keturinkylä 
profile is probably: 

Trioctahedral mica -> trioctahedral illite -> 
mica-vermiculite -> vermiculite-chlorite with 
AI-hydroxy interlayers -> chlorite 

Factors affecting postglacial weathering 

In postglacial weathering , the time that has 
passed since the area was liberated from ei­
ther the continental ice sheet or water does not 

seem to have a clear correlation with the 
progress of weathering . For example, in the 
Korpilampi profile at Ilomantsi (Fig . 28, 29, 
Appendix 1: 19), the alterations in the top­
most sampies are slight compared with those 
in the Keturinkylä profile at Päntäne and the 
Mertuanoja profile at Ylivieska. The Korpi­
lampi area has been submitted to weathering 
for 2000 years Ion ger than either Keturinkylä 
or Mertuanoja. The Kaapinsalmi profile at 
Suomussalmi (Fig. 35, 36, Appendix 1 :21), 
also located in a supra-aquatic area, shows a 
weak 12 Ä reflection , indicating incipient 
mi ca weathering . 

The tills at Suomussalmi and I10mantsi are 
poor in clay fraction whereas those at 
Ylivieska and Päntäne are rich in cIay frac­
tion. The rate of postglacial weathering 
cIearly depends on the clay fraction content 
of fines more than on time . Any increase in 
clay fraction content , then , prornotes mineral 
alterations. The water permeability of cIay­
rich tills is poor in relation to that of sandy 
tills . Thus , acidic gravitational water has 
more time to leach micas. The surface area of 
clay-rich tills susceptible to weathering is 
also many times higher than that of sandy 
tiUs. In a comparison of the weathering de­
grees of the surficial parts of overburden , the 
profiles should have more or less the same 
clay fraction contents. At Korsnäs, which lies 
cIose to the present sea level, no mineral al­
terations were observed, whereas at Päntäne 
intense alterations were no ted in the surficial 
part of the Keturinkylä profile. Keturinkylä 
was Iiberated from the water about 8500 
years ago (Saarnisto 1981 ; Salomaa 1982). A 
long enough period has thus elapsed for dis­
tinct mineralogical alterations to appear in 
the surficial part of clay-rich tills . More rapid 
postglacial alteration is indicated by the 
common occurrence of AI hydroxide polym­
erized in interlayers in sampies taken from 
study profiles. For example , the occurrence 
of AI-hydroxy interlayers is common in earth 
cuttings at the Pyhäsalmi open-cast mine. 
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Another noteworthy feature is the great 
variation in degree of weathering in the top­
most sampIes, even between adjacent pro­
files . The weathering in the surficial parts of 
tills cannot be compared between profiles 
located on the same uplift isobase. Altera­
tions are not seen in the Vesiperä profile at 
Haapavesi (Fig. 33,34, Appendix 1: 11) , but 
they are distinct in sampIes from Marjapuhto, 
Ylivieska . The parent materials in the sam­
pIes from both profiles are similar in miner­
alogy and their clay fraction contents are 
quite high. The differences in weathering are 
probably due to differences in redox condi­
tions, the thickness of the oxidized surficial 
horizon , the availability of acid gravitation al 
water and the time it takes for the water to 
infiltrate trough the soil and the till cover. 

Intense variations in the ground-water ta­
ble , due to which the oxidized horizon may 
have been deeper than it is at present, should 
also be taken into account as factors possibly 

affecting the postglacial weathering rate in 
the study profiles . In some cases, the redepo­
sition of old fines weathered during an inter­
glacial stage may explain the occurrence of 
vermiculitic interlayers in deep sampIes. At 
some sites, it can also be assumed that the 
topmost sampIes of the profiles contain rela­
tively more mineral matter weathered during 
previous ice-free stages. For example, at Ke­
turinkylä , Päntäne, where the clay fraction 
content of the topmost sampIe is twice that of 
the lower sampIes, it is reasonable to ass urne 
that the surficial part of the profile has been 
relatively enriched in previously weathered 
material. The Keturinkylä profile at Päntäne 
is a good example of the difficulties encoun­
tered in profile comparison. The sam pies 
richest in clay fraction are the most suscep­
tible to weathering and yet they probably 
contain more previously weathered minerals 
than the other sampies. 

Mixing of weathered bedrock material with till 

The mixing of material from the weathered 
bedrock with tills is examined with examples 
from the weathered bedrock area in central 

Weathered bedrock area in Lapland 

The mixing of material from the weathered 
bedrock with till is most distinct in the weath­
ered bedrock area of central Lapland . Lower­
most in the Mäkärärova profile at Vuotso is 
weathered granite gneiss . The weathered bed­
rock grades into weathered-rock till , and 
above this there is basal till poor in fines . The 
clay fraction content and specific surface area 
are distinctly higher in till fines than in the 

Lapland. For southern Finland , the profiles of 
Korpivaara, Ilomantsi ; Vesiperä at Virtasalmi 
and Haapavesi; and Aland are discussed . 

fines of weathered bedrock . All the sampIes 
from the profile contain abundant kaolinite, 
as clearly indicated by the disappearance of 
the 7 A reflection at 550°C. Secondary chlo­
rite, which hampers the identification of ka­
olinite, occurs only in the uppermost sam pie 
of the profile. The two uppermost sampies 
contain abundant 12 A and 14 A mixed-Iayer 
clay mineral s with polymerized AI-hydroxy 
interlayers . The mixed-layer minerals may be 
alteration products of trioctahedral micas, be-



cause primary chlorite is not present in the 
profile. The profile probably exhibits both 
postglacial weathering and mixing of the 
products of older, more advanced weathering 
with till. The X-ray diffraction traces of the 
sampIes from the Mäkärärova profile at Vuot­
so are shown in Fig . 26 and their IR spectra 
in Fig . 27. 

The high clay fraction contents of till sam­
pIes in relation to weathered rock sampIes 
were also reported by Säynäjärvi (1953). Ac­
cording to Kujansuu (1976), the clay fraction 
content in the lower parts of the till units with 
intermixed material from weathered bedrock 
is often twice that of the rest of the till cover. 
According to Carrol (1970) and Ollier (1984), 
the weathered bedrock profiles typically have 
a high clay fraction content in their surficial 
parts where the weathering has proceeded 
farthest. The continental ice sheet has depos­
ited the uppermost clay-rich parts of the 
weathered bedrock as clay-rich tills in areas 
of weathered bedrock. Hence, the material 
from the weathered rock in the present pro­
files represents the deeper parts of a weath­
ered bedrock formed in a warmer climate . 

In the mineralogy of the weathered rock 
sam pIe from Mäkärärova , kaolinite repre­
sents far-advanced weathering, but the tri oc­
tahedral illitic mica is a product of mechan­
ical weathering . Weathered rock sampIes lack 
minerals with vermiculitic interlayers and 
also expanding-Iattice minerals with smectite 
components suggestive of transitional stages 
between an almost unweathered trioctahedral 
illite and kaolinite. According to Pulkkinen 
(1985), montmorillonite is present in the 
clayey part of the weathered bedrock occur­
rence at Mäkärärova. He does not, however, 
describe the method with which the mineral 
was identified, and so the occurrence of 
montmorillonite should be considered un­
established. 

The mineralogy of the sampIes of weath­
ered bedrock and till from Kakslauttanen 
(Appendix 1 :32) is broadly similar to that of 
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the Mäkärärova profile. The mixed-Iayer clay 
mineral in the weathered bedrock occurrence 
in the granulite at Kakslauttanen expands 
partly during glycol treatment, indicating 
that the mineral contains small amounts of 
smectite component. Till sampIes from Lin­
tupuoliselkä , Angeli (Appendix I :33), also 
contain abundant kaolinite. 

The main minerals in the sampIe profile at 
Sattasvaara (Appendix 1 :28) located in the 
weathered bedrock area are chlorite, tale , 
amphiboles and plagioclase; the minor min­
erals are potassium feldspar and quartz. The 
fines in the coarse granular weathered bed­
rock, weathered-bedrock till and sandy till 
are largely similar in mineralogy. Mixed-lay­
er minerals occur in the surficial parts of the 
profiles, and the weathered rock material is 
richer in plagioclase. The mineralogy of the 
profile corresponds to that of mechanically 
crushed chlorite-tale schist. The clearest dif­
ference between the weathered rock and till 
is in the clay fraction content of fines , which , 
in the weathered rock, is twice that in till. 
This great difference is due to the fine grain 
size of the rocks, which contain abundant 
chlorite and tale. 

The brownish rusty colour indicating the 
presence of abundant iron precipitates is typ­
ical of all sampIes from the area of weathered 
bedrock. The iron content of the sampIes was 
not analysed here . The anomalous area in 
central Lapland shown by the regional specif­
ic surface area submaps can be explained by 
the occurrence of tills rich in iron precipi­
tates and kaolinite. EIsewhere in Lapland, the 
clay minerals in ti lls are 12 A and 14 A 
mixed-Iayer minerals, the majority having 
formed in the weathering of biotite and chlo­
rite. They are related to the incipient chem­
ical weathering, which was mainly caused by 
acid gravitational waters leaching the miner­
al matter in the surficial parts of the soil 
during postglacial time . Outside the area of 
high specific surface area the tills do not 
contain much kaolinite, which would indicate 
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Fig. 26. X-ray diffraction traces of oriented sampies ( <0.02 rnm fraction ) from weathered bedrock and tills at Mäkärärova after various 
treatments. OX = oxalate extracted, OX K = oxalate extracted and K+ saturated, OX K200°C = oxalate extracted, K+ saturated and heated to 
200°C, OX K550°C = oxalate extracted, K+ saturated and heated to 550°C, OX KETGL = oxalate extracted, K+ saturated and ethylene glycol 
treated. IR spectra ofthe same sampies are given in Fig. 27. 
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Fig. 27. IR spectra of till and weathered bedrock sampIes from 
Mäkärärova. The 3700 and 3620 cm· l bands are characteristic 
of kaolinite. X-ray diffraction traces of the same sampIes are 
given in Fig. 26. 

far-advanced chemical weathering, even if 
the till cover rests on weathered bedrock. 
Hirvas (1991) found that till-covered weath­
ered rocks are coarser in western and south­
ern Lapland than in central Lapland. Time 
and again the flow activity of the continental 
ice sheet has probably been higher in the 
western part of the ice divide than in other 
parts of it. The granular weathered rock may 
thus represent the lower, less weathered por­
tions of weathered rock descri bed by Carrol 
(1979) and Ollier (1984). 

Occurrence of kaolinite south of Lapland 

Elsewhere in Finland there are only scat­
tered occurrences of kaolinite in tills. For 
example, in the Korpivaara profile at Ilo­
mantsi, where a till unit rests on weathered 
talc-chlorite schist, kaolinite occurs through­
out the profile . The effect of postglacial 
weathering is slight. The abundance of kaoli­
nite declines in the uppermost sampies of the 
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Fig. 28. IR spectra ot Korpivaara sampIes. 

profile, implying that weathered material 
from a relatively small occurrence developed 
in a fracture has mixed with the till. X-ray 
diffraction traces for Korpivaara, Ilomantsi, 
are shown in Fig. 29 and the IR spectra in Fig . 
28 . 

The till profiles terminating in granular 
weathered bedrock dealt with here include 
those at Rauhala, Ylivieska; and Koura, 
Seinäjoki (Appendix 1:10, 1:4). At these sites 
the mineralogy of the weathered bedrock is 
close to that of till sampies . In places smec­
titic components not seen in the till sampIes 
may occur in the mixed-layer minerals of 
micas. Räisänen et al. (1992) also found that 
some mixed-layer minerals in weathered bed­
rock sampies contained smectite that was 
absent in till sampies . It would seem that , in 
these cases , material from the weathered bed­
rock has not been mixed with till. On the 
other hand, the mixing may have happened 
several glaciation cycles earlier due to which 
the component of the weathered material in 
the till unit resting on weathered bedrock has 
been strongly diluted. 
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Fig. 29. X-ray diffraction traces of oriented sampIes ( <0.02 mm fraction ) of till and weathered bedrock from Korpivaara profile. For 
symbols, see Fig. 24. IR spectra of the same sampIes are given in Fig. 28. 



The thick overburden at the kaolin occur­
rence of Huuhan suo , Virtasalmi does not con­
tain kaolinite. A large occurrence of weather­
ing clay located in a fracture in a drumlin area 
has been protected from glacial erosion. In 
thi s area of active ice flow, the clayey weath­
ering material may have acted as a sliding 
surface, thus protecting the weathering mate­
rial from glacial erosion . Another pos sibility 
is that the upper part of the kaolin occurance 
was eroded several glacial cycles earlier. The 
lowermost till unit has then protected older 
deposits, and the material loosened from the 
kaolinite occurrence may have spread over a 
large area, thus becoming diluted below the 
detection limit. X-ray diffraction traces of 
weathered bedrock , weathered- bedrock 
mixed with till and till sampies from Huu­
hansuo are shown as an example in Fig. 30. 

The only observation of an expanding-Iat­
tice clay mineral of the smectite group comes 
from a sampie of the lowest till unit at 
Vääräkoski, Hos sa. The unit contains de­
formed sand and silt band s oxidized into 
material a greyish orange in colour. Figure 31 
shows X-ray diffraction traces of Vääräkoski 
till sampies. The diffraction traces of oxalate­
extracted sampie have a diffuse reflection 
between 10 A and 14 A, which, at 550°C, 
splits into independent 12 A and 14 A reflec­
tions. The 12 A reflection of the K+ -saturated 
sampie disappears with glycol treatment and 
moves as a wide diffu se peak to the range 
16.6 - 21.5 A. The first maximum of the peak 
is at 17.2 A. The 14 A reflection does not 
change with glycol treatment. According to 
Wilson (1987), the 17.2 A reflection can be 
attributed to a random interstratified mica­
vermiculite mixed-layer mineral, in which 
part of the vermiculitic component has weath-
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ered and altered into a smectitic expanding­
lattice clay mineral. The vermiculite compo­
nent of the mixed-layer mineral has probably 
been chloritized, as the 12 A reflection inten­
sifies with heating. Since the reflection is 
diffuse after glycol treatment, the mixed-Iay­
er mineral contains almost amorphous ex­
panding mineral matter. 

Saarnisto et al. (1980) and Nevalainen 
(1983) reported the common occurrence of an 
expanding-lattice clay mineral in tills and 
weathered bedrock from the Kellojärvi area, 
Kuhrno . As the heat treatment applied by 
Nevalainen (1983) does not , however, allow 
unambiguous identification of expanding-lat­
tice clay minerals, the reported occurrences 
of expanding-lattice clay minerals should be 
regarded with caution. According to 
Nevalainen (1983), the presence of montmo­
rillonite in the lowest till unit of the Kello­
järvi area is due to redeposition of the weath­
ered-rock material in till fines. The deformed 
sand and clay lenses at Vääräkoski , Hossa, 
dealt with here may represent material ex­
tracted from weathered bedrock or they may 
be deformed portions of water-lain sediment 
that , washed from the weathered bedrock, 
ended up in till. IR analyses revealed that all 
the till sampies from Vääräkoski and Kaapin­
salmi had small amounts of kaolinite. 

Sampies from Näs in the Aland Is lands 
contain abundant kaolinite. The Aland sam­
pies differ from those of other sites in being 
rich in Palaeozoic limestones . Analyses on 
the mineralogy of sedimentary rocks on the 
bottom of the Bothnian Sea have not been 
published. Kaolinite is, however, a common 
constituent of fine-grained sedimentary rocks 
(Wilson, 1958a,b) . In marine sedimentary 
rocks , kaolinite is terrigeneous clastic matter. 
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Fig. 30. X-ray diffract ion traces of oriented sampies ( <0.02 mm 
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rence and of till sampies after various treatments. For symbols, 
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Fig. 31. X-ray diffraction traces of oriented sampies ( <0.02 mm 
fraction ) from the Vääräkosld profile after various treatments. 
For symbols, see Figs 24 and 26. 
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The occurrence of kaolinite in Aland tills is 
thus most probably due to the sedimentary 
rock component in till. X-ray diffraction trac ­
es of the Näs sampies are shown in Fig. 32. 

Fig. 32. X-ray diffraction traces of oriented sampIes ( <0.02 mm 
fraction) from Näs after various treatments. For symbols. see Fig. 
24. 

Influence of bedrock on regional properties and mineralogy of till 

The sa mpies studied are large ly si milar in 
mineralogy , irrespective of the part of Fin­
land from which they originate. Differences 
in bedrock are mainly reflected in the occur­
rence of chlorite and talc in the area of green­
stones containing these mineral s. The Kuhmo 
greenstone belt , for instance , shows up clear­
ly in the sa mpIes from Vääräkoski, Hossa, 
due to the presence of chlorite and taIe. Like­
wise , in the area of the Lapland sc hi st belt 
and in the komatiite zone chlorite, ta lc and 
amphibole occur in higher abundances than 
elsewhere. In so me sampies the abundances 
of plagioclase and hornblende are high . How­
ever, the abundances of these mineral s also 
depend on the grain-size di stribution , sam-

pies poor in clay fraction in the <0.02 mm 
fraction being richer in minerals typical of 
silt. The grain s ize-di stribution of till sa m­
pies depend s on the strength propertie s of the 
minerals controlling the distribution of min ­
erals in the grain size classes of fines (Drei­
manis & Vagners 1972 ; Perttunen 1977 ; 
Nevalainen 1983 ). The anomalously high 
co ntents of fines in the Lapland greens tone 
belt sugges t that an extensive bedrock area 
rich in chlorite may increase the fines co n­
tents in till s on a regional sca le . 

The mine ralogy of the Finnish bedrock 
producing fines is fairly monotonou s. Thi s 
study investigated the influence of the Muhos 
sedimentary rock and the Angeli anorthosite 



on the mineralogy of till sampies. Typical of 
the Muhos sedimentary rock is the presence 
of carbonate (Korpela 1977; Romu 1988). 
Analysis of a greenish-grey stone of the 
Muhos type from the Oulunsalo esker re ­
vealed that the <0.02 mm fraction of the sam­
pie contained illitic mica, chlorite and car­
bonate as main minerals, with small amounts 
of plagioclase, potassium feldspar and quartz. 
The Liminka profile showed a reddish oxi­
dized clay band typical of the area of the 
Muhos formation, but carbonate was not 
present in till sampies . The conclusion drawn 
from the sampies studied is that the Muhos 
siltstone does not have a distinct effect on the 
mineralogy of till fines in the vicinity . 

The influence of bedrock on till mineralogy 
was also studied in the area of the Angeli 
anorthosite massif (Appendix 1:33). The 
study pit is about 4 km from the proximal 
margin of the massif in the direction of flow 
stage II of the continental ice sheet (Hirvas 
1991). Kaolinite , trioctahedral mica , horn­
blende and plagioclase are the main minerals 
in the sampies . The kaolinite may derive from 
weathered anorthosite or from outside the 
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massif. Mica and hornblende have been trans­
ported for at least 4 km from a source south­
west of the anorthosite massif, where, accord­
ing to Meriläinen (1975), there are quartz­
feldspar schist, gneiss with amphibolitic in­
terlayers, and mica gneiss. Granodiorite and 
quartz diorite occur at the margin of the 
anorthosi te mass i f . Si mi larly Ihalainen 
(1994) concluded that till fines in the Angeli 
area were rich in minerals transported from 
beond the anorthosite massif. 

As shown by the sam pies from Kierikkala , 
Hämeenkyrö; and Koura, Seinäjoki (Appen­
dix 1:2, 1 :4), the till fines in mica schist areas 
have higher abundances of 10 Amica, which 
mayaiso be of illitic type, than the fines in 
other areas . As implied by the low 001/002 (5 
All 0 A) ratio , the 10 A mica in the sampIes 
from both mica schist areas was mainly trioc­
tahedral. 

The 8.2 A reflection of hornblende varies 
relatively little in the sampIe material. In 
sampies poor in tale and chlorite the variation 
in hornblende abundance can probably be at­
tributed to differences in grain size distribu­
tions. 

Mineralogy of litostratigraphic unHs 

The mineralogy of superimposed till units 
and intervening sediments can be studied in the 
profiles at several sites , e.g. at Rautuvaara, 
Kolari; Angeli; Kainuu ; Liminka; Pyhäsalmi; 
Vesiperä, Haapavesi; Mertuanoja, Ylivieska; 
Kaapinsalmi , Suomussalmi ; and Virtasalmi. 

The Rautuvaara profile has five till units 
with silt between the lowermost ones (Appen­
dix 1 :25). The mineralogy of all the sampies 
is almost identical, including small amounts 
of mixed-Iayer minerals of kaolinite and 
weathered mica. An ex am pIe of the Rautu­
vaara sam pIes is given in Figs 20 and 21. In 
other areas , too, the stratigraphie units of the 
profiles are almost identical in mineralogy. 

At Vesiperä, Haapavesi , there are two till 
units that differ clearly in properties and have 
Eemian sediments between them . Uppermost 
in the profile is postglacial clay. All the units 
are almost identical in mineralogy . Note that 
all the Vesiperä sampies contain kaolinite 
demonstrating the presence of products of 
old , far-advanced weathering throughout the 
profile. The abundance of kaolinite does not 
vary significantly even though the clay frac­
tion contents of sampIes f1uctuate markedly . 
The units differ in the occurrence of vermicu­
Iite . Thus the 14 A mixed-Iayer minerals in 
the interglacial and postglacial cIays contain more 
vermiculitic interlayers than do the mixed-Iayer 
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minerals in the till units. The clays, too, con­
tain more 12 A mixed-Iayer minerals than do 
the till sampies. Firm conclusions cannot be 
drawn from the occurrence of the 12 A and 14 
A mixed-layer minerals, as the differences 
between them are so small. Vermiculite is 
also present in the lowermost till unit, imply­
ing that the vermiculite in the upper sampies 
has been at least partly redeposited . The stratig­
raphy of Vesiperä and the fabric analysis of the 
till elasts are shown in Fig. 33, and the X-ray 
diffraetion traces in Fig. 34 . 

The Kaapinsalmi study pit shows the most 
complete till stratigraphy of the Suomussalmi 
area (Saarnisto & Peltoniemi 1984). The stratig­
raphy and the fabric of till stones are presented 
in Fig. 35. Till units SI-SIIl deposited during 
the deglaciation stage of the continental ice 
sheets , which flowed parallel to the Kuhmo 
greenstone belt, as implied by the high chlorite 
abundances in the two uppermost sam pies of 
fines (Appendix 1:21). The ice sheet that de­
posited the lowermost till unit f10wed from 
northwest to southeast. The lowest sampies are 
poor in chlorite, as the contact with the schist 
belt in the direction from which the ice flowed 
was closer than during the younger f10w stages . 
Nonetheless , small amounts of kaolinite seem 
to oecur in till units deposited during both f10w 
stages. Figure 36 gives IR spectra with absorp­
tion bands typical of kaolinite for four fines 
sampies from Kaapinsalmi . Hence, the OCCUf­

rence of kaolinite does not seem to be related 
to any specific lithological unit but is a feature 
typical of the fines of the Kuhmo tills . 

The presence of kaolinite in all sampIes 
from the Vesiperä profile at Haapavesi might 
be attributed to the redeposition of fines . Sue­
cessive glaciations eroded and deposited till 
units similar in mineralogy because the start­
ing material was composed of older till or 
interglacial or interstadial water - Iain sedi­
ments. The mineralogy of the till sampIes at 
Kaapinsalmi, Suomussalmi , exhibits the in­
fluence of the local bedrock, but the occur­
rence of kaolinite in the different till units is 

due to the homogenization of fines caused by 
the recirculation of fines. The till units that 
deposited during younger f10w stages contain 
materials from older till units and preglacial 
weathered bedrock even if the flows differed 
markedly in direction. 

The Haapavesi profile is in the area that, 
accordi ng to the regional till mapping, is rich 
in clay fraction and fines; the Suomussalmi 
area, in contrast, is poor in fines and clay 
fraction. Haapavesi is a subaquatic and 
Suomussalmi a supra-aquatic area. Evidently, 
the profiles represent extremes of redeposi­
tion. The Haapavesi till profile contains rede­
posited fines in abundances several times 
higher than those in the Suomussalmi sam­
pIes . Yet, the fines of the tills in supra-aquat­
ic areas have also undergone recycling. 
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DISCUSSION 

Origin of day minerals in till 

As shown by the presence of kaolinite in 
different stratigraphie units in study pits, part 
of the till fines has been redeposited from 
older tills to younger till units during glaci­
ation cycles. In a number of profiles , the 
sampIes from the topmost oxidized horizon 
contain mixed-layer minerals with vermicu­
litic interlayers in an abundance that is not 
seen in sampIes taken deeper down. The surfi­
cial sampIes also show polymerization of AI 
hydroxides in the interlayers. Both the mixed­
layer minerals and the Al hydroxides were 
weathered during postglacial time due to the 
action of acid gravitational waters. In several 
profiles, deep sampIes, too, contain mixed­
layer minerals and Al hydroxides in interlay­
ers. Variations in the ground-water table may 
have caused the deeper layers to weather , but 
cannot ha ve been the reason for all the mi n­
eral alterations encountered below the 
ground-water table. There, the mixed-Iayer 
minerals and those with AI hydroxide in their 
interlayers were partly redeposited after hav­
i ng been eroded from the surficial parts of 
older tills . The presence of mixed-Iayer min-

erals in deeper horizons thus implies redepo­
sition of till fines from older sediments. 

The scarcity of mixed-Iayer minerals with 
vermiculitic interlayers in deep sam pIes can­
not be easily attributed to the redeposition of 
till. Some of the micas that weathered during 
ice-free periods deposited in marine and lake 
basins , where ion-exchange reactions re­
placed H+ ions with K+ ions in interlayers and 
mica was transformed back into an unweath­
ered state (cf. Weaver 1958a,b,c; Roalsed 
1972) . A starting material rich in illite and 
chlorite deposits as a till in which mixed­
layer vermiculitic minerals are formed when 
micas and chlorite weather in the course of 
podzolization . At a later stage of the fines 
cycle, weathered micas may resurne their un­
weathered state when fines deposit in saline 
water. The vermiculitic mixed-Iayer minerals 
deep in till sheets may be remnants of mate­
rial weathered e10se to the ground surface 
during earlier cyeles and which has not been 
in contact with seawater. Thus, they have 
preserved mineral alterations produced dur­
ing former ice-free stages. 

Genesis of till fines 

A number of studies have shown that the 
coarse fractions in Scandinavian tills corre­
spond to the local bedrock in lithological 
composition (e.g . G . Lundqvist 1935 , 1951 ; J. 

Lundqvist 1969 ; Gillberg 1964, 1967 ; 
Virkkala 1969b ; Linden 1975; Perttunen 
1977 ; Saarnisto et al. 1980, 1981; Nevalainen 
1983; Saarnisto & Peltoniemi 1984; Salminen 
& Hartikainen 1985; Salonen 1986). Investi ­
gations of surface boulders have shown that 
Finland's till has been transported for only a 

short distance (Salonen 1986). The stones and 
boulders used as indicators decrease in fre­
quency in the direction of glacier f1ow , even­
tually disappearing altogether. Consequently , 
i t is assumed that ti 11 fi nes are formed as the 
material loosened from bedrock is pulverized 
while being transported in the base of the 
continental ice sheet. In the course of trans­
port, debris is reduced in grain size as the 
elasts are ground against each other and aga inst 
the bed. This process is called comminution. 
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Dreimanis and Vagners (1972) have as­
signed each mineral a terminal grade grain 
size class in which its fines fraction becomes 
enriched during comminution. However, min­
eral grains occur fairly abundantly in frac­
tions finer in grain size than those of the 
terminal grades (Linden 1975 ; Perttunen 
1977 ; Nevalainen 1983, 1989). The abun­
dance of monomineralic grains increases in 
the till matrix and their source is less easy to 
establish from bedrock lithology. The varia­
tion in fines mineralogy is not always as 
evident in sampIe profiles across different 
bedrock areas as it is in rock fragments 
(Linden 1975) . Material deriving from sourc­
es clearly definable in mineralogy can, how­
ever, be irrefutably identified. A good exam­
pIe is the tills on the distal side of the Kuhmo 
greenstone belt, which contain abundant am­
phiboles, serpentine and chlorite (Nevalainen 
1983). Till fines often represent the farthest­
travelled and most homogenized component 
of ti 11 (Gillberg 1977 ; Perttunen 1977 ; Saar­
nisto et al. 1980, 1981 ; Taipale et al. 1986). 
Till fines der i ve from a larger area than the 
coarser fractions . 

The geochemical anomalies in till fines are 
now known to be of local origin. Glacigenic 
geochemical anomalies caused by sulphides , 
which are less wear-resistant than silicates, 
eroded from ore outcrops are roughly 2 - 4 
times wider than the outcrop itself (Salminen 
1992) . Geochemical anomalies may even rest 
almost directly on top of mineralizations 
(Kokkola 1989) . Some bedrock areas, e.g. 
rapakivi granite massifs, are clearly delineat­
ed by some aqua regia-soluble elements in till 
fines (Vallius 1993). According to Saarnisto 
et al. (1980, 1981) , the increase in the trace­
metal concentration in till caused by the 
Kuhmo greenstone beIt is local , but concen­
trations exceeding the background values are 
still observed for 30 km on the distal side of 
the schist bell. The increase in metal concen­
trations caused by the Kuhmo greens tone belt 
is clearly visible because the concentration 

-
level in the granitoids in the background is 
low. 

The genetic processes of basal till are not 
fully understood due to the lack of direct ob­
servations on the bottom of the continental 
ice sheet (Dreimanis 1990) . In the margins of 
glaciers, it has been possible to examine gla­
cial debris transported under subglacial con­
ditions. In a warm based glacier, the debris 
being transported is concentrated in a bottom 
layer, rarely more than 10 - 20 cm thick, with 
5 - 50 wt % mineral matter by volyme (Boul­
ton 1975). The comminution caused by gla­
cial transport has been simulated in laborato­
ries with crushing tests (Salminen 1980 ; Hal­
dorsen 1983; Salminen et al. 1989 ; Mäkinen 
1993). By wet-grinding stones from till in a 
ball mill , Mäkinen (1992, 1993) succeeded in 
producing fines that , in terms of unit weight, 
corresponded to those of natural fines-poor 
sandy till. Stones from tills rich in silt and 
clay fraction could not be ground into fines 
corresponding to natural fines in unit 
weight.In certain circumstances the crushing 
tests can simulate comminution at the bottom 
of a continental ice sheet. This seems to apply 
to tills poor in fines. On the basis of crushing 
tests, Mäkinen (1993) suggests that recon­
naissance-scale geochemical differences be­
tween tills are due to differences in commi­
nution processes in areas of dissimilar flow 
activity of the continental ice sheet. 

In the area of the Great Lakes of North 
America, mineral counts show that younger 
till units have received a large input of ma­
terial from older tills (SitIer 1963; Gross & 
Moren 1971 ; Wickham et al. 1988). In Swe­
den, Gillberg (1977) emphasizes the redepo­
sition of old sediments as a possible contrib­
uting factor in the genesis of tiB fines. He 
attributes the homogenization of till fines to 
the redeposition of fines from older sedi­
ments that ha ve gone through several glacial 
cycles. According to Gross & Moran (1971) 
and Gillberg (1977), comminution of material 
loosened from bedrock and of that eroded 



from older glacigenic deposits takes place 
simultaneously during glacial transport. 

In many Scandinavian tiUs, fines have been 
enriched in quartz in relation to the source 
rock (Virkkala 1969b; Linden 1975; Rosen­
qvist 1975; Perttunen 1977). According to 
Gillberg (1977), the enrichment of quartz is 
due to the polycyclic genesis of till. When till 
is submitted to several successive comminu­
tions, the silt fraction is enriched in the min-
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eral with the greatest resistance of common 
minerals. Haldorsen (1982) suggests that the 
enrichment of basal ti 11 in quartz in the A~­
tadalen area in Norway may be due to above­
average abrasion. This produced quartz and 
feldspars in such abundance that eventually 
the fines were relatively impoverished in 
micas . According to Haldorsen, quartz is also 
enriched if clay fraction is partly winnoved 

from the depositing till. 

Evidence for recycling of fines 

The material of this study provides elear 
mineralogical evidence of the mixing and 
preservation of material from preglacial weath­
ered bedrock in tills in Finland. Kaolinite is a 
product of far-advanced chemical weathering 
and cannot have formed in weathering in a 
climate similar to that of Finland today (Weav­
er 1989). Kaolinite is often the predominant 
mineral in till fines in the area underlayn by 
weathered bedrock in central Lapland. Out­
side this area it occurs in clay-rich tills in 
particular. In the Vesi perä profile at Haa­
pavesi, kaolinite is present in all litostrati­
graphic units, suggesting that material from 
preglacial weathered bedrock has redeposited 
throughout all glaciation cycles. Small amounts 
of kaolinite are also encountered in the Suo­
mussalmi till units; the redeposition of kaoli­
nite is thus not restricted to the fines-rich tills 
of Ostrobothnia. It is also present in sedimen­
tary rocks, and material from them may occur 
in the tills of Ostrobothnia and Aland. 

On the basis of the mineralogy of till sam­
pies , it used to be assumed that the fines 
derive in part from preglacial weathered bed­
rocks or from sediments deposited during 
interglacial ice-free stages (Soveri & Hyyppä 
1966 ; Virkkala 1969b). The profiles studied 
here suggest that Finnish tills have obtained 
incremental matter in varying amounts from 
deposits predating the flow stage of the con-

tinental ice sheet in question. 
Other observations , too, support the con­

cept of till redeposition . According to Hei­
nonen (1957), the microfossils in the till cov­
er indicate redeposition of interglacial or in­
terstadial material in till units . Tills resting 
on deposits interpreted as Eemian sediments 
are often rich in fines and elay fraction and 
frequently contain elay clasts with the same 
microfossil assemblage as the interglacial 
sediment at lower levels (Hirvas & Nenonen 
1987) . In the till sampies from Paltamo , the 
corroded surfaces of quartz grains , which are 
very resistant to weathering, suggest that re­
sidual elasts produced by weathering consid­
erably more intense than would be possible in 
the present elimate have redeposited in till 
(Nieminen 1985). According to Perttunen 
(1977), small amounts of weU-rounded quartz 
grains are present in tills of the Hämeenlinna 
area, implying that the tills contain minerals 
rounded by fluvial or glaciofluvial processes 
predating the last glaciation. 

A comparison of the data on transport dis­
tance distribution of surface boulders pub­
lished by Salonen (1986) , and the regional 
fines and clay fraction anomalies of the 
present study leads to the conelusion that till 
fines evidently have more complicated trans­
portation histories than do the glacially trans­
ported surface boulders. 



64 Geological Survey of Finland, Bulletin 379 

Intensity of glacial erosion 

Interglacial and glacial periods have alter­
nated repeatedly several times in Scandina­
via . Drawing on the principles of actualism, 
then, we can assurne that overburden similar 
to that of today has been eroded several times 
by waxing and waning continental ice sheets . 
According to Boulton (1979), the bottom f10w 
of Breidamerkurjökull in Iceland is deform­
ing previously deposited tills . He is of the 
opinion that the f10w of Breidamerkurjökull 
is largely due to the deformation of older 
sediments . On th e basis of this and theoretical 
considerations, Boulton and Jones (1979), 
Boulton (1987) and Boulton and Hindmarsh 
(1987) have proposed that the deformation of 
previously deposited sediments and their 
gradual conversion into massive basal till 
may have been an important factor in the 
genesis of till in all glaciated terrains . The 
deformation of till-covered sediments and 
their mixing with the lower parts of massive 
basal till units is visible in Ostrobothnia 
(Nenonen 1993), and examples of the reorien­
tation of the elasts in an older till unit by a 
younger ice f10w have been reported (Virkka­
la 1960; MacClintock & Dreimanis 1964; 
Ramsden & Westgate, 1971) . The reorienta­
tion of the elasts shows that the older till units 
are capable of being deformed and that they 
can even form "new" till units from the ma­
terial loosened before that particular glacial 
f10w stage. 

Studies on surficial deposits conducted by 
the departments of Quaternary Geology and 
Geochemistry at the GSF in summer 1993 re­
vealed that younger glacial f10w had deformed 
the surface of a till unit deposited during an 
older glacial f10w stage , reorienting stones 
down to a varying depth. The phenomenon 
was observed over a large area in Pirkkala 
and Laitikkala (Hirvas, Nenonen & Huhta , 
oral comm . 1993) , and was particularly clear 
in a study pit excavated in the Laitikkala area 
(map sheet 2132 06, x :6793 33, y:2514 58, 

z: 100 m a.s.I.). The one till unit in that area 
exhibits a northwest-southeast-trending till 
geochemica1 anomaly on regional-scale geo­
chemical maps. The geochemie al felsic anom­
aly, in which the concentrations of aqua regia­
soluble trace metals in till are anomalously 
low in relation to the local bedrock (Lestinen, 
oral comm. 1993), preserved its older north­
west-southeast-trending fabric , even when the 
whole till mass was reoriented during the 
youngest f10w from WSW. This is an extreme 
case in which a younger till unit was formed 
from till deposited during an older flow stage 
by deformation. Glacial striae of both f10w 
stages were observed on the bedrock beneath 
the till unit. 

Studies on the relationship between till and 
the underlying bedrock have usually exam­
ined the influence of only a very restricted 
source on till. Clasts, minerals or trace ele­
ment concentrations have been used as indi­
cators. Till matrix, largely composed of dura­
ble silicate minerals enriched during commi­
nution, tends to be neglected. Local tillgeo­
chemical studies often concentrate on the 
recognisable anomaly in the matrix caused by 
a weIl defined source. However, the genesis 
of the fine fractions cannot be established 
from indicators. In extreme cases , the till 
fines may be composed entirely of redeposit­
ed older sediments or of fresh material loos­
ened from the bedrock by the last glaciation . 

If we assurne that the till is a sediment of 
one cyele, we can conclude that glacial ero­
sion has been intense and that the till mass is 
renewed during each glaciation with material 
from the bedrock. Glacial erosion should then 
lower the surface of the bedrock by almost the 
average thickness of the till unit in question. It 
is difficult, however, to envisage a mechanism 
whereby the old deposits would be totally re­
moved before the new till sheet was deposited. 
The purely monocyclic concept of till genesis 
requires powerful glacial erosion and transport 

2 



distances of hundreds of kilometres. 
Studies of striations indicate that glacial 

erosion has been very slight in Finland, as 
many outcrops show cross-striae. At Pyhäsal­
mi open pit, for ex am pie, cross-striae found 
under the overburden correspond to the fabric 
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of stones in till units deposited by two differ­
ent glaciations (Hirvas et al. 1988). Till-cov­
ered occurrences of weathered bedrock and 
sorted formations also imply glacial erosion 
of low intensity (Lundqvist 1985; Hirvas & 
Nenonen 1987). 

Dewatering during till deposition 

When a warm based continental ice sheet 
transports its bottom load, some of the fines 
may be removed when the depositing till is 
dewatered under pressure-melting conditions 
(Drewery 1986; Clarke 1987). The water ex­
pelled from the depositing debris may flow as 
a thin water layer - Weertman film - between 
the ice and the bottom (Weertman 1972). 
Water mayaiso be removed through the de­
positing debris and depositional floor (Boul­
ton 1975; Boulton & Hindmarsh 1987; Alley 
et al. 1989; Murray & Dowdeswell 1992); in 
that case, the outwashing of the finest frac­
tions is probable (Clarke 1987) . 

Regional differences in the grain size dis­
tribution of till have been attributed by Fei­
ninger (1971) to the water removed from 
depositing debris . According to hirn , melt 
waters percolate through the depositing de­
bris, and transport finer fractions towards the 
margin of the glacier. Depending on the case, 
the washing effect of water is restricted to 
grains below a certain threshold value in size. 
The threshold value varies with the pore 
water pressure and the grain size of the de­
positing debris . The concept put forward by 
Feininger (1972) is similar to that of Boulton 
(1975) according to which pore water flows 
from the depositing till into subglacial chan­
nels through either the depositional base or 
debris. Feininger ' s (1972) idea about the 
washing of till has , however, not attracted 
wide attention, because he also suggested that 
all till material, from clay fraction to boul-

ders, derives entirely from preglacial weath­
ered bedrock. The mineralogical analyses 
made for this study show that, with the excep­
tion of the tills in central Lapland, the propor­
tion of clay minerals from preglacial weath­
ered bedrock is low in Finnish tills. 

According to Muller (1983) , massive basal 
till is formed in a lodgement process (Flint 
1971) if the till is not sorted by dewatering. 
He further maintains that many of the bands 
of sorted sediment in till produced by the 
lodgement process can be attributed to sort­
ing caused by waters liberated during the dep­
osition of till. Microstructures in tiUs caused 
by dewatering have also been described by 
van der Meer (1987) , although most of the 
microstructures in till are due to subglacial 
deformation during the deposition of till (van 
der Meer 1993). 

Under extremely dry and cold conditions , 
till may deposit slowly by sublimation , with­
out free water (Shaw 1976, 1989) . Lundqvist 
(1989a,b) reports that sublimation is an im­
portant till-forming agent in Antarctica . AI­
though the till is eroded under pressure-melt­
ing subglacial conditions , free water does not 
play any role in till forming proceses when 
the ice mass disappears and the bottom load 
is deposited. The sparsity of water is partic­
ularly evident in the lack of sorted deposits in 
Antarctica. The tills at Vestfold Hill s and at 
Vestfjella areas in eastern Antarctica , are 
very rich in fines and clay fraction (Hirvas & 
Nenonen 1991; Lintinen 1991; Hirvas et al. 
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1993). According to Hasegawa et al. (1992), 
even supraglacial debris is rich in clay frac­
tion in the areas of Sjijr Rondane crystalline 
bedrock in eastern Antarctica. Clearly the 
high clay fraction content in Antarctica tills 
is not due to the underlying bedrock, as the 
mi neralogy of the ti 11 fines varies from one 
area to the other (Hirvas et al. 1994). We can 
assume then that meltwaters liberated during 
the deglaciation of the Scandinavian conti­
nental ice sheet removed finest fractions from 
depositing till in the rapidly melting margins 
of the ice sheet , thus producing basal tills 
poor in clay fraction and fines. 

The effect of meltwaters on depositing 
debris on the floor of warm based continental 
ice sheets is difficult to assess. Let us there­
fore examine the removal of fines from the 
depositing till hypothetically with a simpli­
fied balance calculation. To make things eas­
ier, we shall consider the clay fraction only. 
The estimated volume of sorted deposits in 
Finland is 67.5 109 m3 (Niemelä 1979). As­
suming that these deposits are originally 
composed of average Finnish till with 20 -
30% silt and about 3 % clay fraction «20 mm 
fraction) , we can estimate the volume of clay 
fraction produced by sorted deposits . The 
mean thickness of clay deposits in Finland is 
about 6 - 7 m (Hyyppä 1990). The average 
clay fraction content of 1000 clay sam pies 
analysed in the course of the national assess­
ment of clay resources is 37 % (Sahala, oral 
comm. 1993). Clay deposits cover 8 .3% of the 
country ' s surface area (Kujansuu & Niemelä , 
1984). Thus, the average thickness of the clay 
fraction in clay deposits is 2.4 m. The hypo­
thetical average starting material from sorted 
formations converted into till yields a layer of 
clay fraction only 0 . 1 m thick to cover the 
entire area of present clay deposits . This 
consideration has omitted the clay deposits 
on the bottom of lake basins, which would 
reduce the difference between the observed 
and calculated clay volumes somewhat. The 

calculation involves a great number of im­
ponderables. Even so , it is obvious that the 
amount of clay fraction in clay deposits is 
higher than the amount that could have been 
washed from sorted formations by an order of 
magnitude. As large amounts of clay have 
also deposited on the present sea bottom, the 
volume of clay fraction removed from Finn­
ish tills is probably much higher than that 
estimated. 

Judging by the occurrence of esker chains 
and drumlines , Punkari (1980) divided the 
country into active lobe areas and passive 
interlobate areas. In his regional division, the 
high clay fraction content anomalies are 
largely located in passive interlobate areas . 
However, the fabric of the stones in the basal 
tills of these areas is typically weil developed 
(Hirvas & Nenonen 1987), implying an ac­
tively flowing continental ice sheet when the 
till was depositing. What is more , the high 
clay fraction content anomalies do not fully 
coincide with the interlobate areas of Punkari 
(1980). The regional clay fraction anomalies 
in southern and northern Ostrobothnia lack 
drumlin fields, and the number of sorted for ­
mations in clay-rich areas is markedly lower 
than that in the area of glacial lobes. 

From the occurrence of clay-rich till, it can 
be deduced that the hydrological and hydro­
graphic states of the continental ice sheet 
have a major effect on till properties. In the 
area of clay-rich tills , clay fraction was not 
removed from the depositing debris owing to 
the scarcity of meltwater channels (cL Boul­
ton & Hindmarsh 1987) . According to 
Virkkala (1948), the till in the vicinity of 
some esker chains at Nurmes grades into sort­
ed matter, and the impact of washing by sub­
glacial rivers on the till sheet is visible within 
a small area. In central Lapland , too , till is 
locally richer in fines than elsewhere in Lap­
land. The number of eskers in the area of high 
fines content anomalies in central Lapland is 
lower than elsewhere in Lapland. 
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Polycyclic formation of till 

When a f10wing ice sheet erodes or deforms 
old tills and water-Iaid sediments, large quan ­
tities of old fines that have gone through sev­
eral glacial cycles end up in the bottom load. 
At the same time "new" fines are generated 
continuously due to crushing and abrasion 
processes on the bottom of the continental ice 
sheet. Fines are formed by comminution from 
material loosened from the bedrock during 
each f10w stage and also from stones of older 
tills and weathered bedrock. The grain size of 
the fines eroded from older deposits dimin­
ishes even further in comminution. 

The polycyclic formation of till must also 
involve a mechanism for removing fines from 
the system . Otherwise, as the till fines pass 
through increasing number of glaciation cy­
cles , the fines and clay fraction contents in 
tills should increase towards the younger till 
units where the final products of the previous 

comminution processes are concentrated. It is 
assumed that , in the lodgement process de­
positing massive basal tiIls , sorting by water 
is minimal or nonexistent (Dreimanis & Lun­
dqvist 1984 ; Dreimanis 1990) . On the other 
hand, the selective washing proposed by Fei­
ninger (1971), which begins with the finest 
grains, does not necessarily result in more 
than partial removal of fine grain sizes, leav­
ing the depositing till unsorted. The variation 
in clay fraction contents of tills found here is 
clearly related to the occurrence of esker 
chains in certain areas . Thus, the filtering of 
water from depositing debris to the nearest 
subg lacial channels to the front of the conti­
nental ice sheet (cf. Boulton & Hindmarsh 
1987; Clarke, 1987) is the most probable 
fines-removing mechanism in the polycyclic 
formation of till. 

Regional differences between tills 

According to mineralogical observations 
made during this study, Finnish till fines are 
almost always only slightly weathered. An 
exception is central Lapland with its numer­
ous occurrences of preglacial weathered bed­
rock . Kaolinite and iron precipitates, which 
are common in the tills of central Lapland , 
derive from preglacial weathered rocks. Con­
siderable quantities of weathered material 
have been intermixed with till sheets over a 
large area, as shown by the anomalously high 
specific surface area values in relation to the 
clay fraction content of fines (provinces G 
and H in Fig. 23). In the weathered bedrock 
area , eros ion by continental ice sheets has 
repeatedly been very weak (Kujansuu , 1976 ; 
Hirvas 1983 , 1991), which has allowed the 
preglacial weathered bedrock to survive . 

However, it can also be proposed hypotheti­
cally that before the glaciations the weather­
ing crust was not evenly distributed over 
Lapland . Before the spread of the first conti­
nental ice sheets , the impact of Tertiary fI u­
vial erosion was powerful in river valleys . 

The till areas classified by the specific sur­
face area and c lay fraction content of till fines 
and by fines content do not follow litholog­
ical boundaries or the border between supra­
aquatic and subaquatic areas . The high fines 
and clay fraction content anomalies have no 
clear connection to areal variation of the gla­
cial transport distance distribution of surface 
boulders determined by Salonen (1986). 
Clay- and fines-rich tills (province E and the 
northern part of province C , Fig. 23) seem to 
be located partly in the interlobate areas de-
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termined by Punkari (1980). The present 
study suggests a model for the regional-scale 
distribution of till properties , with the em­
phasis on ice dynamics , hydrology, hydrogra­
phy and the regional distribution and recy­
cling of fines-rich material during the waning 
stages of the continental ice sheet. The quan­
titative contribution of the different factors 
cannot be established , as their impact has 
varied from one area to the other during the 
numerous glaciations . The existence of the 
marine basin of the Gulf of Bothnia during 
ice-free periods is , however, indisputable (cf. 
Forsström et al. , 1987). Hence , the high val­
ues of clay fraction and fines contents south­
east of the basin (provinces C, D and E , Fig. 
23) reflect the repeated influence of this large 
sedimentation basin on tills. 

As shown by the regional till material, ar­
eas with anomalously high fines and clay 
fraction contents following the general flow 
trends of the continental ice sheet extend 
from the coast of Ostrobothnia to central Fin­
land. Owing to the macrotopography of Scan­
dinavia , the flow patterns of the continental 
ice sheets changed !ittle from glaciation to 
glaciation. During each ice-free stage , the 
Gulf of Bothnia acted as a basi n for fi ne sed­
iments deposited by rives. Fine-grained sed­
iments were deposited as fines-rich till sheets 
in the lowlands of Ostrobothnia during the 
glaciations and were then converted by 
younger flows into fines-rich till units. 

The till areas rich in fines but poor in clay 
fraction, which extend from central Ostro­
bothnia to central Finland (Province D, Fig. 
23) , probably also represent an area of fines 
redeposition . In that area , conditions on the 
bottom of the continental ice sheet differed 
from those prevailing in the area of the 
present fines-rich tills . In areas of clay-rich 
tills , sorted formations and drumlins are rare, 
whereas in areas poor in clay fraction but rich 

in fines esker chains are usually located at a 
distance of 15 - 25 km from each other (Ku­
jansuu & Niemelä 1984). The active flow of 
the continental ice sheet divided into lobes 
during deglaciation, probably transporting 
material for a considerable distance. As a 
result, the fines content declined in relation 
to that of clay fraction. The esker chains 
occurring regularly in areas of active lobes 
indicate that there was abundant meltwater in 
subglacial channels on the bottom of the con­
tinental ice sheet. The pressure of subglacial 
water in such areas was probably high, result­
ing in relatively more active flow (cf. Boul­
ton 1975; Boulton & Hindmarsh 1987 ; Brown 
et al. 1987 ; Allay et al. 1987) and the partial 
removal of the clay fraction from the depos­
iting debris to subglacial channels and ulti­
mately to sites outside the ice sheet (cf. 
Clarke, 1987). 

The anomalies of the regional clay fraction 
content in till in subaquatic areas are proba­
bly due to the clay increment eroded from o ld 
interglacial sediments (provinces C, D and E, 
Fig. 23) . This increment is seen in areas 
where the flow activity of the continental ice 
sheet was lower than average or the washing 
less effective , or both. It is possible therefore 
that till units in the same stratigraphic posi­
tion differ markedly in clay fraction content. 
An example of this occurs in province E, 
where there there is a sharp demarcation be­
tween the lithostratigraphic till unit and the 
area in the southwest with a till poor in clay 
fraction but rich in fines. Clay-rich tills ev­
idently deposited while the sediments of ice­
free periods were eroded by the continental 
ice sheet during the first f10w stage of each 
glaciation depositing tills (Rainio & Lahermo 
1976,1984). Clay-rich tills thus occur in dif­
ferent stratigraphic positions and are, at least 
partly, different in age . 
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Explanations based on polycyclic genesis 

The polycyclic process of till fines forma­
tion explains many earlier observations oth­
erwise difficult to interpret. Long transport 
distances of boulders and mineral grains are 
not inconsistent with the local character of 
geochemical anomalies. The geochemical in­
dicator determined on till fines has been in­
termixed with large amounts of homogenized 
fine matrix that has passed through several 
glaciation cycles , thus moderating the influ­
ence of the indicator. The transport of the 
whole mass of fines cannot be examined 
merely on the basis of chemical da ta and the 
stones and minerals used as indicators . The 
influence of the recycled fines in matrix is 
clear in the mineralogy of till sampIes from 
the area of the Angeli anorthosite massif 
(Appendix 1 :33) . The study site is located 
about 4 km down-glacier from the proximal 
margin of the massif. The fines in till sampies 
contain minerals typical of matrix, i.e. quartz , 
plagioclase, potassium feldspar , hornblende, 
illitic trioctahedral mica and kaolinite. These 
are present in all the till sampies investigated 
from Angeli. Note, however, that chlorite is 
absent, implying that mineral matter has not 
been transported from the greenstone belt to 
the study site . Thus , till fines have been trans­
ported for at least 5 km, but no more than 30 
- 50 km. Bedrock areas containing chlorite 
show up clearly in sampies from various 
study sites despite the diluting effect of fine 
matrix , as considerable amounts of fines were 
loosened from a source susceptible to erosion 

during each glacial flow stage. 
The variation in the oxygen isotope ratios 

of ocean-floor sediments has been attributed 
to global variation in the volume of glaciers. 
The number of oxygen isotope stages implies 
that there have been more than ten glaciations 
during the Quaternary (Shackleton & Obdyke 
1973) . However , only a few superimposed till 
units are encountered in Finland . The discrep­
ancy between the great number of oxygen iso­
tope stages of marine sediments and the small 
number of superimposed till units can be ex­
plained by the hypothesis of recycled till 
fines , that is , that till units deposited during 
older glaciations were eroded and deposited 
during the flow stages of younger glaciations. 
Only at very protected sites have older tills 
survived as erosion remnants. At the onset of 
continental glaciation, glacial erosion was 
restricted to the preglacial weathering bed­
rock. Thus, the till deposited by the first gla­
ciation was composed almost exclusively of 
material from the weathered bedrock . During 
subsequent glaciations the older tills were the 
principal source of new till. Their material 
was comminuted and part of the fines was 
removed by the dewatering of subglacial de­
bris deposited as basal till. After the glacia­
ti on cycles had repeated themselves over and 
over again the abundance of kaolinite , a min­
eral indicative of far-advanced chemical 
weathering , was diluted to its present level in 
till fines. 

Till-geochemical mapping 

The polycyclic origin of till fines provides 
a new approach to the examination of the 
findings of regional-sc ale till-geochemical 
mapping and contributes to the assessment of 
the regional anomalies. Till is a sediment 

with variable amounts of material that has 
passed through several glaciation cycles, de­
pending on the fines production of the start­
ing material , the activity of comminution 
during the last glacial flow stage and the 
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removal of fines by water from depositing 
ti 11. 

In the northwest of the till -geochemical 
Lake Ladoga-Bothnian Bay zone (province E, 
Fig. 23) , a significant proportion of the aqua 
regia-soluble metal concentrations in till 
fines derives from biotite and chlorite and the 
mixed-layer minerals that are their alteration 
products (Räisänen et al. 1992). The concen­
trations of soluble metals analysed from 
oxalate extract are very low in relation to the 
concentrations of aqua regia-soluble ele­
ments. A hydromorphic component does not 
play any role in the anomaly (Räisänen et al. 
1992b) . The aqua regia-soluble minerals in 
clay-rich tills are for the most part in the clay 
fraction and , according to Räisänen et al. 
(l992b), the anomaly is mainly due to the 
high abundances of micas. With some res er­
vations , the results of Räisänen et al. (l992b) 
could be applied in other areas of clay-rich 
tills, too. 

Examination of the results of the reconnais­
sance-scale geochemical mapping together 
with the regional distribution of the clay frac­
tion and specific surface area shows that , in 
some areas , the clay fraction is a significant 
source of aqua regia-soluble metals . True , the 
medium correlation (r = 0.59) between Zn 
concentrations and the abundance of clay 
fraction noted here shows the effect of the 
minerals in the silt fraction on chemical data . 
Younger tills contain varying amounts of 
fines that have passed several cycles. Tills 
rich in fines have probably obtained an incre­
ment of aqua regia -soluble micas from the 
clay fraction of fines that has passed through 
several cycles. 

In the Päijänne area, the correlation be­
tween the chemical data of till fines and the 
chemical bedrock data is weak or nonexistent 
(Vallius 1992) , which show s how difficult it 
is to compare the till fines and the metal con­
centrations of bedrock . Quartz, feld spars and 
hornblende, which occur in high abundances 
in the silt fraction and do not dissolve in aqua 

regia (Räisänen et al. 1992b) , dilute till and 
thus make it difficult to interpret anomalies. 
Despite the diluting effect of fine matrix , 
some bedrock areas show up weil on geo­
chemical maps . For instance, the high Li con­
centrations of a rapakivi granite massif man ­
ifest themsel ves as elevated concentrations 
on geochemical maps (Vallius 1993). This is 
a good example of an indicator showing up 
even when the till fines have probably gone 
through several glacial cycles and are thus 
homogenized. 

The elevated Cr and Ni concentrations on 
the distal side of the Kuhmo greens tone belt, 
still detectable outside the anomaly proper 30 
km from the source (Saarnisto et al. 1980, 
1981), can be attri buted to the presence of 
greens tone material transported in the matrix, 
so me of which has been recycled a number of 
times. The continuation of each local till­
geochemical anomaly on the distal side of the 
source depends on the ratio of fines produced 
by the last glaciation to the increment eroded 
from the older till sheets. Hence, the small 
size of local till-geochemical anomalies is 
due to the large amount of diluting material. 

In terms of regional interpretation, the 
grain size distribution of till controls the ef­
fect of the primary bedrock sources , either 
enhancing or moderating it. As shown by the 
study material, the tills in the till-geochemi­
cal Lake Ladoga-Bothnian Bay zone can be 
di vided into two populations by clay fraction 
content. In the northwestern part up to Ri­
istavesi a substantial part of the till is of 
redeposited material from the sediments of 
the Eem Sea (province E, Fig. 23). Here , the 
high metal concentrations in till fi nes are due 
to clay fraction . In the southeast of Riistavesi 
the tills are poor in fines , and the elements 
soluble in aqua regia mainly derive from silt 
fraction . 

Shilts (1984) and DiLabio (1990) have sug­
gested that geochemical anomalies varying in 
size occur one on top of the other. The anom­
aly patterns of the reconnaissance-scale geo-



chemical mapping (Koljonen 1992) refer to 
the largest regional anomalies produced by a 
variety of factors. In addition to elemental 
ratios in bedrock, variations in fines and the 
clay fraction content of tiU reflect the contri­
bution of glacigenic processes to the forma­
tion of tiU-geochemical anomalies. 

Vallius (1992) points out that the Central 
Finland ice-marginal formation divides the 
geochemical anomaly pattern . The division is 
seen clearly in the clay fraction contents of 
the regional sampies. The low meta I concen­
trations in tiUs on the inner side of the ice­
marginal formation are caused by the low 
trace metal concentrations in the central Fin­
land granite complex and the low clay frac­
tion content of till. The low clay fraction 
content is due either to the impoverishment of 
till in clay fraction caused by the dewatering 
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of depositing debris or to an increase in the 
volume of silt fraction during comminution. 
The high fines content implies that the area 
has recei ved a fines increment from older 
sediments. 

The key finding of this study for till-geo­
chemical mapping is the regional distri bution 
of till properties. The regional till provinces 
are partly genetic units, some of which are of 
known lithostratigraphic position. It would 
make sense, then, if geochemical mapping 
were to examine the elemental variation orig­
inally due to the bedrock within each til1 
province separately . The <0.06 mm fraction 
analysed in till-geochemical mapping is, 
however, problematic because it does not take 
into account the natural variations in bulk 
sampIe till fines contents (Fig. 16). 

SUMMA RY 

The basal tills of Finland were classified by 
fines properties measured on regional-scale 
sam pie material consisting of 1015 regular­
grid sam pIes taken from the stores of the Ge­
ochemistry Department at the GSF. The sam­
pies were taken with a percussion drill from 
a depth of 1.5 - 3 m. The <0.06 mm fractions 
of the sam pies were measured for grain size 
distribution with a sedigraph and for specific 
surface area with nitrogen sorption. The re ­
gional variation in the fines content of Finn­
ish tills was studied using the grain size data 
in the databank of the GSF' s Department of 
Quaternary Geology. These sam pies were 
taken from a depth of I m. On the of both sets 
of sampling materials, 34 sites were selected 
for mineralogical studies . SampIes from 
stratigraphically known units were collected 
at the sites to establish the origin of til1 fines. 
The mineralogical determinations were made 
by X-ray diffraction and IR spectrometry. 

The tiUs were divided into provinces by 
their fines content, and the clay fraction con­
tent and specific surface area of the fines. In 
the northwestern part of the tiU-geochemical 
Lake Ladoga-Bothnian Bay zone, the fines 
and clay fraction contents of tills and the 
specific surface area of fines are anomalously 
high (province E, Fig. 23). Tills rich in clay 
fraction and fines also occurred in southern 
Ostrobothnia and southwestern Finland 
(province C) . In central Ostrobothnia, be­
tween the Central Finland ice-marginal for­
mation and the Lake Ladoga-Bothian Bay 
zone, the content of tiU fines is high in pI aces 
but the clay fraction content and specific 
surface area of fines are low (province D) . In 
southern and southeastern Finland the fines 
and clay fraction contents are low, although 
occasional high clay fraction values are also 
encountered (province A). Throughout most 
of Finland the fines contents and the clay 
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fraction contents and the specific surface area 
of fines are low (province F); in these areas, 
too, occasional high values were encountered. 
In a large area in Lapland the specific surface 
area values are elevated in relation to the clay 
fraction content (provinces G, H). In central 

Lapland, the contents of till fines are locally 

high (province H). In northwestern and north­
eastern Lapland, the fines content and specif­
ic surface area of till are low (provinces I, J). 

Some of the till sampies of the regional 
mapping were from stratigraphically known 
till units, e.g. in province E where there are 
two stratigraphic basal till units. Stratigraph­
ic studies have shown that lowermost in the 
area is a till unit poor in fines and uppermost 
a continuous, 2 - 5 m thick basal till unit rich 
in fines. The sampies of the regional study on 
fines derive from the fines-rich uppermost 

basal till unit. Tills in supra-aquatic and sub­
aquatic areas do not differ markedly from 
each other in fines and clay fraction contents. 

The tills in supra-aquatic areas are usually 
sandy tills poor in clay fraction. In subaquatic 

areas the basal tills may contain abundant 
clay fraction , but fines-poor tills also occur. 
The Salpausselkä zone does not show up in 
the regional till properties, but the Central 
Finland ice-marginal formation clearly sepa­

rates tills into two groups based on regional 
properties. Regional studies reveal that bed­
rock properties have only a slight influence 
on the fines and clay fraction contents of the 
tills of Finland. 

SampIes from the study sites have quartz, 
feldspar and micas as main minerals. Only in 
areas with lithological units rich in chlorite 
and talc does the mineralogy of tills differ 

significantly from those of other areas. The 
disparity is due to the high abundance of 
chlorite and tale. In other bedrock areas the 
abundance of micas varies in till fines. The 
sampIe material does not allow firm conclu­
sions to be drawn concerning the effect of 
bedrock on the till mineralogy. This is in 

harmony with previous concepts of the ho-

mogenization of till fines. Small amounts of 
kaolinite are also present in the till fines. A 
product of far-advanced chemical weather­
ing , kaolinite forms when the climate is dis­
tinctly warmer than it is at present. It occurs 
abundantly in central Lapland, in the area of 

high specific surface area tills , where the 
preglacial weathered bedrock has a marked 

impact on till fines. Kaolinite also occurs in 
Ostrobothnia, in various stratigraphic units of 
the study pits, and occasionally in sampies 
from other areas, too. Mineralogical alterations 
have taken place in till fines during postglacial 
time, as shown by the weathering of biotite and 
chlorite in the topmost sampies into mixed­
layer minerals with vermiculitic interlayers. 

Postglacial weathering has been most powerful 
in tills rich in clay fraction. Time is not a sig­
nificant factor in explaining the difference in 
weathering intensity between areas . 

Till fines have been recycled several times 
in Finland. During each glaciation the conti­
nental ice sheet erodes the overburden and 
fresh bedrock and deposits new till units com­

posed of material that is a mixture of the two. 

New till fines are produced subglacially in 
comminution processes from boulders extract­
ed from the bedrock and from the coarse frac­
tions of older tills . Thus , the ratio of "new" 
material comminuted du ring the most recent 
glaciation cycle to the "old" fines entering each 

glaciation cycle from the overburden varies 
from region to region. In the area of clay- and 
fines-rich tills in particular there is abundant 

redeposition of "old" fines in younger till units. 
During the successive ice-free periods , the Gulf 
of Bothnia has been an important sedimentary 
basin and thus a source of fines for the fines ­
rich tills of Ostrobothnia. Sedimentary rocks , 

too, have produced fines-rich tills, as in Aland. 
Basal tills rich in clay fraction are located 

in areas with only few glaciofluvial forma­
tions. This lead to the conclusion that dewa­
tering of debris during the deposition of till 
may have had marked contribution to regional 

differences in the clay fraction contents of 



tills. The removal of clay fraction has been 
more effective in the areas of active lobes 
through abundant subglacial channels . The 
occurrence of the fines-rich but clay-poor 
tills of central Ostrobothnia between two 
clay-rich till zones may be due to the relati ve 
difference in glacial flow rates when these 
tills deposited. During the last deglaciation 
stage of the continental ice sheet, clay-rich 
tills probably deposited in an area of less 
active flow, where the production of "new" 
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fines was less intense. The regional distribu­
tion of till properties is due to the combined 
effect of many processes whose individual 
contribution is impossible to evaluate. 

The regional dissimilarity in tills should 
betaken into account in till-geochemical in­
vestigations . Till-geochemical maps should 
be considered for each till area separately to 
ensure that chemical differences better reflect 
internal concentration variations in each area . 
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Appendix 1. Location of the test pits and estimated mineralogical composition of the studied sampIes 

Abbreviations and explanations: 

Bedrock refers to the most abundant bedrock type wh ich cou ld be the potential source of the studied till sampIes 

till = basal till, Wb = weathered bedrock, Twb = till wh ich material is composed mainly of weathered bedrock. 

Mineralogy of the oriented aggregates <0.02 mm: 
Plg = plagioclase, Kfs = K-feldspar, Q = quartz , ChI = ch lorite , Horn = hornblende, Kaol = kaolinite , Mi-ill = illitic 
mica (10 Ä), Ver = vermiculite component in (14 Ä) mixed layer clay mineral, Int = interstratified clay mineral (12 
Ä) . Sm = expandable smectite component in mixed layer clay mineral, Tale = tale, ! = Al-hydroxy interlayers. 
Estimated abundance of mineral: + to ++++ , - trace . 

Physical property: 
C lay = clay fraction % of fines «0.06 mm) , SSA specific surface area of fines m'/g. 

I. Näs, Ahvenanmaa 

Map sheet: 1021 08 x:6690 .28 y: 14450.04 z:013 
Bedrock: rapakivi granite (Bergman , 1981) 
Lithostratigraphy: two till units interbedded with fine sand. Bedrock not reachted. 
Note: oxidized surface layer 2 m thick 

sampIe depth Plg Kfs Q ChI Kaol Horn Mi-i11 Int Ver SSA Clay 

till 1.2 m + + + ++ ++ + 10.6 20.0 
sand 1.5 m + + + + +++ +++ + 4.6 7.0 
till 1.5 m + + + +++ ++ 6.3 16.0 

2. Kierikkala , Hämeenkyrö 

Map sheet:2122 10 x:6831.30 y:2458 .81 z: 115 
Bedrock: basic metavolcanite and mica schist (Vi rran salo & Vaarma 1993) . 
Lithostratigraphy: one till unit 
Note: oxidized surface layer 5 m thick 

sampIe depth Plg Kfs Q ChI Kaol Horn Mi-i1l Int Ver SSA Clay 

till 2.0 m + + ++ + ++++ + 10.8 8.5 
ti 11 4.0 m + + ++ + ++++ 9 .2 9.0 
till 5.5 m + + ++ ++ ++++ + 6.6 5.5 
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3. Solttila, Orivesi 

Map sheet: 2142 07 x:6836.58 y:2521.60 z: 137 
Bedrock: gabbro (Laitakari 1986) 
Lithostratigraphy: one till unit , with clay fragments in lower part. 
Note: oxidized surface layer 4.8 m thick. 

sampie depth Pig Kfs Q Chi Kaol Horn 

till 1.0 m ++ ++ + + + + 
till 2.0 m +++ ++ + + + + 
till 3.7 m +++ ++ + ++ + 
till 4.6 m +++ + + + + 
till 5.2 m ++ + + + + 

4. Koura , Seinäjoki 

Map sheet: 2222 10 x:6958 .20 y:2452.75 z:095 
Bedrock: mica schist (Mäkitie & Lahti 1991) 
Lithostratigraphy : one till unit , underlain by weathered mica schist. 
Note: ground-water table at 2.8 m depth. 

sampie depth Pig Kfs Q Chi Kaol Horn 

till 1.5m +++ ++ + + + 
till 2.8m ++++ +++ + + 
Twb 3.5m +++ ++ + + 
Wb 4.0m +++ ++ ++ + 

5. Keturinkylä, Päntäne 

Map sheet: 123406 x:6916.58 y:1555.08 z:115m 
Bedrock: granite and granodiorite (Laitakari 1942). 
Lithostratigraphy: one till unit, with upper part rich in c1ay fraction. 
Bedrock not reached 
Note: oxidized surface layer 2.5 m thick. 

sampie depth Plg Kfs Q Chi Kaol Horn 

till 2.2 m +++ ++ + + ++ + 
till 4.0 m ++++ +++ +++ + ++ 
till 4.5 m ++++ +++ ++ + ++ 

Mi-ill Int Ver SSA 

+ +! +++! 11.2 
++ +! - ! 9.3 
++++ ++ 10.8 
+++ + +++ 15.5 
++++ + + 9.2 

Mi-ill Int Ver SSA 

++++ ++! +! 4.0 
+++ 2.7 
++++ +! + 7.0 
++++ +++! +++ 5.9 

Mi-ill Int Ver SSA 

++++ +++' ++! 10.6 
+++ 5.1 
++ + 6 .0 

Clay 

31.0 
23.5 
22.5 
32.5 
25.0 

Clay 

9.0 
5.0 

11.0 
19.0 

Clay 

21.5 
11.0 
10.0 
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6. Vadbacken, Korsnäs 

Map sheet: 1242 05 x:6966.49 y: 1512 .69 z:003.5 
Bedrock: migmatitic mica gneiss (Nykänen 1960) 
Lithostratigraphy: one till unit; bedrock not reached (Huhta 1983a) . 

Note: ground-water table at 2 m depth ; no distinctive oxidized surface layer. 

sampie depth Pig Kfs Q ChI Kaol Horn Mi-ill Int Ver SSA Clay 

till 1.5 m +++ ++ ++ + + ++ 10.2 25.5 

ti 11 2.0 m +++ ++ + + + ++ 8.4 25.0 

ti 11 2.5 m +++ ++ + ++ ++ + ++++ + 8.0 22.5 

7. Kerttuankylä , Evijärvi 

Map sheet: 231403 x:7037 .02 y:2466.30 z:070 
Bedrock: migmatitic mica schist (Laitakari 1942). 
Lithostratigraphy: one till unit; bedrock not reached . 
Note: oxidized surface layer 2.5 m thick 

sampie depth PIg Kfs Q Chi Kaol Horn Mi-ill Int Ver SSA Clay 

ti 11 1.0 m ++++ ++ ++ + + + +! 3.8 4.4 
till 3.0 m +++ + + + + ++ -! 7.7 21.6 
till 6.0 m +++ + + + + ++ 6.6 15.0 

8. Marjapuhto, Lumikangas , Ylivieska 

Map sheet: 2431 10 x:7103.22 y:2533.11 z:078 
Bedrock: quartz and granodiorite is the main rock type, al so mica shist and amphibolite occurs (Salli 1961 ). 
Lithostratigraphy : one till unit ; bedrock not reached. 
Note : oxidized surface 1ayer 2.5 m thick 

sa mpie depth PIg Kfs Q ChI Kaol Horn Mi - ill Int Ver SSA Clay 

till 1.5 m +++ ++ + ++ + +++ ++ ++++ 10.2 20.5 
till 2.0 m +++ ++ + ++ + ++ + +++ 8.8 18.0 
till 3.8 m +++ + + + ++ + ++ + 11.6 32.0 
till 5.0 m ++++ ++ + + + ++ ++ 2 .9 5.5 

9. Marjapuhto , Ylivieska 

Map sheet : 2431 10 x:7103.31 y:25334.36 z:077 
Bedrock: quartz and granodiorite is the most abundant rock type , also mica schist and amphibolite occurs (Salli 1961). 
Lithostratigraphy : deformed elasts of weathered clay in till unit 
Note: no di stinctive oxidized surface layer 

sampie depth Pig Kfs Q Chi Kaol Horn Mi -ill Int Ver SSA Clay 
clay 0.9 m ++++ + 16.6 30.0 
till 1.4 m ++ + + + +++ + +++ ++ 16.0 30.5 
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10. Rauhala, Ylivieska 

Map sheet: 2431 10 x:7107.03 y:2538.63 z:079 
Bedrock: mica schist and quartz-feldspar schist also quartz diorite and diorite occours (Västi 1989). 
Lithostratigraphy: one till unit underlain by weathered bedrock 
Note: ground-water table in weathered bedrock 

sampie depth Pig Kfs Q Chi 

till 1.9 m +++ + + 
till 2.4 m +++ + + 
Twb 2.5 m ++++ ++ ++ + 
Wb 2.6 m +++ + + 

11. Vesiperä , Haapavesi 

Map sheet: 2433 02 x:7111.84 y:2548.35 z: 105m 
Bedrock: feldspar-bearing mica schist (Salli 1961). 

Kaol Horn Mi-ill Int Ver SSA 

+ + ++ + ++ 17.9 
+ + ++ ++ 18.2 
+ + ++ + 6.7 
+ ++ +++ +++ 6.6 

Clay 

30.0 
30.0 
15 .5 
7.5 

Lithostratigraphy: two till units , which represent two different glaciations (Hirvas ja Nenonen 1987). Silty clay 
Between two till units, glacial clay at top of section. Bedrock not reached. 
Note: ground-water table at 3 m depth , no distinctive oxidized surface layer 

sampie depth Pig Kfs Q Chi Kaol Horn Mi-ill Int Ver SSA Clay 

clay l.0 m ++ + + ++ ++ + +++ ++ +++ 21.4 58.5 
till 2.0 m ++ + + ++ ++ + +++ ++ 14.6 31.0 
clay 3.0 m +++ + + ++ ++ + +++ + ++ 14.8 5l.0 
till 4 .0 m ++++ ++ + ++ ++ + +++ ++ 3.1 16.0 

12. Mertuanoja, Ylivieska 

Map sheet: 2431 08 x:7112.37 y:2528.92 z:066 
Bedrock: uralite porphyyrite , feldspar bearing mi ca schist and granodiorite (Salli 1961). 
Lithostratigraphy: test pit situated on till covered sorted formation (Iisalo 1992). Two till units interbedded with silt 
and sand . Bedrock not reached. 
Note: ground-water table at 2.5 m depth, no distinctive oxidized surface layer. 

sampie 

till 
clay 
till 

depth Pig Kfs 

2.3 m ++++ ++ 
3.0 m ++++ ++ 
5.3 m ++++ ++ 

Q 

+ 
+ 
++ 

Chi 

+ 
++ 

+ 

Kaol 

+ 

+ 
+ 

Horn 

++ 

+ 
+ 

Mi-ill Int 

++ 
+++ 
+++ 

Ver 

+ 
+ 

SSA 

5.1 
4.1 
3.7 

Clay 

20.5 
13.5 
14.0 
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13 . Ruotanen, Pyhäsalmi 

Map sheet: 3321 12 x:7062.52 y:3453 .21 z: 152 
Bedrock: sericite schist, acidic and basic metavolcanites and porphyritic granite (Marttila 1993). 
Lithostratigraphy: two till units (Nenonen 1984) 
Note: section has been exposed for many years 

sampie depth Pig Kfs Q Chi Kaol Horn Mi-ill Int Ver 

till 1.3 m ++++ ++ ++ ++ ++ ++++ +! 
till 2.0 m ++++ ++ + + + ++ ++++ ++! 
ti 11 3.2 m ++++ +++ + + + ++ ++ +! +! 
till 3.7 m ++++ +++ + + ++ +++ +! - ! 
Wb 5.0 m + + +++ +++! 

14. Lammassaari, Ruukki 

Map sheet: 244305 x:7172 .57 y:2556 .90 z:053 
Bedrock: quartz and granodiorite (Nykänen 1959) 
Lithostratigraphy: two till units interbedded with sand and gravel. Bedrock not reached. 
Note: no distinctive oxidized surface layer 

sampie 

till 
till 

depth Pig Kfs 

2.5 m ++++ +++ 
4 .5 m +++ ++ 

15. Navettakangas, Liminka 

Q Chi 

+ + 

Map sheet: 2443 09 x:7183.28 y:2564.10 z:043 
Bedrock: granite (Nykänen ,1959) 

Kaol 

+ 
+ 

Horn 

++ 

+ 

Mi-ill Int 

++ 
++++ + 

Ver 

Sm 

+++ 

SSA 

10.3 
10.8 

1.7 
2 .0 

21.7 

SSA 

1.70 
1.83 

Clay 

21.0 
16.5 

2 .6 
1.7 

Clay 

4.0 
3.0 

Lithostratigraphy: two till units interbedded by sand containing thin reddish layers. The provenance of the reddish 
fine material is most probably the Muhos siltstone (cf. Korpela 1977, Romu 1988). Bedrock not reached. 
Note: oxidized surface layer 3 m thick . 

sampie depth Pig Kfs Q Chi Kaol Horn Mi-ill Int Ver SSA Clay 

till 1.2 m ++++ +++ ++ + + + -! 1.7 8.0 
till 4.2 m +++ + + + + ++ + 5.1 17.0 

16. Likala, Oulainen 

Map sheet: 2432 10 x:7138.65 y:2533.64 z:080 
Bedrock: porphyritic microcline granite (Salli 1965) 
Lithostratigraphy: two till units , bedrock not reached . 
Note: oxidized surface layer 2 m thick. 

sampie depth Pig Kfs Q Chi Kaol Horn Mi-ill Int Ver SSA Clay 

till 1.4 m +++ + + + + ++ + +++ 14 .1 24.0 
ti 11 3.0 m +++ + + ++ ++ + ++ + 6.9 23.0 
ti 11 4.5 m ++ + + ++ + + + + 6.8 22.0 
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17. Huuhansuo, Virtasalmi 

Map sheet:3231 09 x:688 3. 12 y:3528.58 z: 105 
Bedrock : hornblende gneiss and amphibolite (Pekkarinen & Hyvärinen 1984); kaolin derived from quartz-feldspar­
gneiss (Kuivasaaari et al. 1991) 
Lithostratigraphy: several till unit s overlying kaolin deposit. 

sampie depth Plg Kfs Q ChI Kaol Horn Mi -ill Int Ver SSA 

till 1.3 m ++++ ++ ++ ++ + -! 3.5 
ti 11 1.8 m ++++ ++ ++ + + - ! 3.3 
till 2.3 m ++++ +++ ++ ++ ++ 2.0 
till 4 .0 m ++++ +++ ++ + ++ 2.1 
till 5.0 m ++++ +++ ++ ++ ++ 1.5 

till 5.5 m ++++ ++ + + ++ 1.5 
Twb 8.2 m ++ + + ++++ + ++++ 3.9 
Wb 9.0 m + ++++ + ++++! 14.6 
the reflection at 14 A in Wb-sa mple ex pands to 15 .5 A by ETGL-treatment 

18. Heponiemi , Virtasalmi. 

Map sheet:3232 07 x:6896.88 y:352 1.76 z: 101 
Bedrock: mi ca gnei ss (Vorm a 1971 ) 
Li thostratigraphy: two till unit s underl a in by organ ic materi al, sand and clay (Jokinen et al. 1993). 

sampIe depth Plg Kfs Q ChI 

till 14.5 m +++ ++ ++ + 
till 18.5 m ++ + + + 
si lt 26.0 m ++ + + + 
si lt 34 .0 m +++ ++ ++ + 
c lay 38.0 m ++ + + + 
Wb 43.5 m +++ ++ + +++ 

19. Korpivaara, I1 0mantsi 

Map sheet :4333 08 x:6992 .25 y:4561.74 z:220 
Bedrock: Hattu schi st belt (So rj onen-Ward, 1993) . 

Kaol Horn 

++ 
+ 
+ 
+ 
+ 
++ 

Lithos trat igraphy: one till unit , resting on weathered chl orite schi st. 
Note: ground-water table at 2.5 m depth. 

sampIe depth Pl g Kfs Q Ch I Kaol Horn 

till 1.0 m ++++ ++ ++ + + 
till 2.0 m ++++ ++ ++ + 
t ill 3 .5 m +++ + + + + + 
Wb 4 .0 m +++ + +++ ++ 

Mi - ill Int Ver SSA 

++++ 1.4 
++++ 5.9 
+++ 16.1 

++++ 2.2 
++++ 8.8 
++ 11. 8 

Mi-ill Int Ver SSA 

++ +! l.l 

+++ +! 3.2 
++++ 3.7 
++++ 3.7 

Clay 

8.0 
8.5 
7 .5 
9.5 
8.0 
8.5 

12.5 
49.5 

Clay 

10.0 
22.0 
45.5 

9.5 
70 .5 
13.0 

Clay 

8.0 
12.0 
15 .0 
10.5 
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20. Vääräkoski, Hossa 

Map sheet: 4514 04 x:7257.19 y:4478.88 z:217 
Bedrock: gneiss granite (Matisto 1958) 
Lithostratigraphy: two till units. Bedrock not reached . 
Note: ground-water table at 5.2 m depth. 

sampIe depth PIg Kfs Q ChI Kaol 

till 1.0 m ++++ + + + 
lill 4.0 m ++++ + + 
lill 5.0 m ++++ ++ + 

21. Kaapinsalmi , Suomussalmi 

Map sheet : 4511 II x:7231.96 y:4458.93 z:210 

Tale 

+ 

Bedrock: basic volcanite and serpenlinite (Malislo 1958). 

Horn Mi-ill Int Ver Sm SSA Clay 

++ +++ + +++ 4 .0 11.0 
+ ++ + ++ 4.9 16.0 
++ ++ + + 6.3 10.0 

Lithostratigraphy: several till units interbedded by sorted sediments (Saarnisto & Peltoniemi 1984). Bedrock not 
reached. 

sampIe depth PIg Kfs Q ChI 

lill 1.5 m +++ + ++ 
till 6.0 m ++++ + +++ 
till 8.5 m ++++ + + 
till 10.5 m ++++ ++ + 

22. Ahmavaara, Tervola 

Map sheet: 3522 06 x:7332.12 y:3432.28 z: 134 
Bedrock: granite gneiss (Perttunen 1971) 
Lithostraligraphy: one till unil 

Kaol Horn Mi-ill int 

+ ++ ++ +! 
+ ++ +++ + 
+ + ++ 
+ ++ ++ + 

Note: the section as a whole is oxidized, ground-waler table at 3.2 m depth. 

sampIe 

lill 
till 
till 

depth PIg 

1.2 m ++ 
2.2 m +++ 
3.2 m ++ 

Kfs 

+ 
+ 
+ 

Q 

+ 
+ 

ChI 

+ 
+ 
+ 

Kaol 

+++ 

Horn Talc 

++ ++ 
++ ++ 

+ + 

Mi-ill Int 

+++ ++! 
+++ +! 
+++ 

Ver SSA Clay 

+++! 3.2 5.0 
+ 2.0 2.0 
+ 2.6 13 .5 

2 .5 9.0 

Ver SSA Clay 

++! 10.9 18.0 
8.8 36.0 
6.2 8.5 
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23.Tiskiaapa, Ylitornio, Rovaniemi 

Map sheet: 2634 02 x:7370 .60 y:2544.75 z: 165 
Bedrock:gneiss and mica schist (Hackman 1914). 
Lithostratigraphy :one till unit 
Note :no distinctive oxidized surface layer , ground-water table at 3.0 m depth. 

sampie depth Pig Kfs Q Chi Kaol Horn Mi- ill Int Ver SSA Clay 

ti 11 1.0 m ++++ ++ ++ ++ + -! 2.6 8.5 

till 2.0 m +++ ++ + ++ + -! 2.7 6.5 

till 3.0 m +++ ++ + ++ + 2.6 7.0 

24. Vuoskunoja, Pello 

Map sheet: 2641 08 x:7413 .75 y:2523.45 z :1 20 
Bedrock: granite (Hackman 1914). 
Lithostratigraphy: one till unit 
Note: oxidized surface layer 2.2 m thick 

sampie depth Pig Kfs Q Chi Kaol Horn Mi-ill Int Ver SSA Clay 

till 0.7 m +++ ++ + ++ + + + 5.6 8.5 

ti 11 1.7 m +++ ++ + ++ + + + 4.7 12.5 
till 2.7 m ++++ ++ + + ++ ++ + + 5.1 11.0 
till 3.0 m ++++ ++ ++ ++ + 2.6 9.0 

25. Rautuvaara , Kolari 

Map sheet: 2713 12 x:7490.00 y:2497.27 z:215 
Bedrock: quartzite, amphibolite and monzonite (Hiltunen 1982). 
Lithostratigraphy: sec tion contains 5 disticti ve till units interbedded by sorted sediments (Hirvas, 1991). 

sampie depth Pig Kfs Q Chi Kaol Horn Mi-ill Int Ver SSA Clay 

till 0.5 m ++++ ++ + + + ++! 10.9 14.5 
till 2.0 m ++++ +++ + ++ +++ +! ++! 6.4 2.0 
ti 11 7.8 m ++++ ++++ + ++ ++++ 4 .9 10.0 

till 12.8 m ++++ ++ + ++ ++++ 7.7 9 .0 
till 14.5 m ++++ ++ ++ ++++ 7 .5 13.0 

till 15 .3 m +++ ++ ++ ++++ 7.3 10.0 

till 16.2 m +++ + + ++++ 7.4 13.5 
till 20 .6 m ++++ + + ++++ 4.0 9.0 
si lt 21.0 m ++++ ++ + ++ ++++ 5.1 7.0 
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26. PaitinmLa, Sodankylä 

. :ap sheet: 371302 x:747S.8S y:3463 .30 z: 130 
Bdrock: granodiorite (Tyrväinen 1983). 
Lithostratigraphy: one till unit , resting on weathered coarse grained granodiorite . 
Note: oxidized surface layer 1.2 m thick. 

sampIe depth PIg Kfs Q ChI Kaol Horn Talc Mi - ill Int Ver SSA Clay 

till 1.2 m ++++ ++ + ++++ ++ ++ +++ ++! - ! 7.3 19.0 
till 1.6 m ++++ ++ + ++++ ++ + +++ +! -! 6.4 13.0 
Wb 1.7 m +++ + + ++++ + + +++ +' - ! 7.1 19.0 

27. Postovaara, Sodankylä 

Map sheet: 371408 x:7S06.IS y:3481.S0 z:220 
Bedrock: basic vo lcan ite (Tyrväinen 1983). 
Lithostratigraphy: one till unit 
Note: ground-water table at 2 .6 m depth. 

sampIe depth PIg Kfs Q ChI Kaol Horn Talc Mi - ill Int Ver SSA Clay 

till 0.6 m + ++++ +++ + ++ ++++' ++! 16.4 18.5 
till 1.6 m ++ + ++++ +++ ++ +++ +! +! 15.4 20 .0 
till 2.6 m + +++ ++ + ++ +! ++! 15 .0 14.5 

28. Sattasvaara , Sodankylä 
Map sheet: 37 1405 x:7504.86 y:3474.66 z:250 
Bedrock: basic volcanite (Tyrväinen 1983) . 
Li thostratigraphy: one till unit , resting on weathered bedrock. 

sam pIe depth PIg Kfs Q ChI Kaol Horn Talc Mi -ill Int Ver SSA Clay 

till 0.5 m ++ + + ++++ ++ ++ + ++! 6.7 21.0 
till 1.0 m + ++++ ++ ++++ + ++! 11 .3 23.5 
Wb 1.5 m +++ + ++++ ++ ++++ 9.5 41.0 
Wb 2.0 m +++ +++ ++++ 21.2 43.5 

29. Kopsuskuusikko, Sodankylä 
Map sheet: 3714 09 x:7518.10 y:3481.20 z:230 
Bedrock: mica sch ist (Tyrväinen 1983). 
Lithostratigraphy: one till unit , resting on coarse grained weathered bedrock . 

sampIe depth PI g Kfs Q ChI Kaol Horn Talc Mi-ill Int Ver SSA Clay 

till 1.0 m ++++ ++ + ++++ ++ ++ ++ ++! ++! 6.5 16.0 
till 1.4 m ++ + + ++++ ++ ++ ++ ++! ++! 14.3 23.5 
till 2 .5 m ++ + + ++++ ++ ++++ +++ -! + 13 .5 17.5 
Wb 2.6 m ++ + + + ++ + + +! + 10.7 6.0 
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30. Peurasuvanto, Sodankylä 

Map sheet: 3723 07 x:7527.80 y:3487.70 z:200 
Bedrock: chlorite-amphibolite-schist (Pihlaja & Manninen 1993) . 
Lithostratigraphy: one till unit, underlain by weathered bedrock. 

sampie 

Twb 
Wb 

depth Pig 

0.7 m ++ 
1.3 m ++ 

Kfs Q 

31. Mäkärärova, Vuotso, Sodankylä 

Chi Kaol 

++++ + 
++++ + 

Map sheet:3724 II x:7567 .53 y :3494.31 z:265 

Horn Talc 

+++ +++ 
++++ 

Bedrock: granite gneiss, interbedded by amphibolite (Säynäjärvi 1953). 

Mi-ill Int 

+++ 

+ 
+! 
+! 

SSA 

4.5 
3.7 

Clay 

6 .0 
3 .5 

Lithostratigraphy: two till units underlain by weathered bedrock. The lower unit probably correlates with the 
widespread till unit 11 (Hirvas 1992) . Weathered bedrock is rich in clay fraction. 

sampie depth Pig Kfs Q Chi 

ti 11 0.5 m + 
till 1.0 m + 
Twb 1.5 m + 
Wb 2.0 m +++ 

32. Kakslauttanen, Sodankylä 

Map sheet:3831 04 x:7583.50 y:3514.60 z:285 
Bedrock: coarse grained granulite (Meriläinen 1976). 

Kaol Horn Mi-ill Int Ver 

++++ +++ ++++! ++++! 
++++ +++ ++++! +++! 
++++ ++++ +++ 
+++ +++ 

Lithostratigraphy: weathered bedrock, the uppermost part of which is mixed with till uni!. 

samp ie depth Pig Kfs Q Chi Kaol Horn Mi-ill Int Ver 

Twb 1.0 m + + ++++ ++ + +! 
Twb 1.5 m + + +++ +++ 
Wb 1.9 m + +++ + ++++ + 
Wb 2 .0 m + + ++++ ++++ 
Wb 2.1 m + + ++++ ++ 

SSA Clay 

20.4 43.5 
24.5 41.0 
21. I 28.0 

7.6 13.0 

SSA Clay 

24.4 25.5 
24.4 20.5 
29.7 13.5 
21.7 18.0 
20 .0 18.0 
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33. Lintupuoli se lkä, Angeli , Inari 

Map sheet: 3821 10 x:7647.75 y:3450.20 z:230 
Bedrock: anorthosite. Approximately 4 km to south -west in ice flow direction occurs qu artz-fe ldspar schi st, grano­
diorite and quartz diorite (Meriläinen 1965). 
Lithostratigraphy: two till unit s interbedded with clay. 
Note: oxidized surface layer \.6 m thick. 

sampie depth Pig Kfs Q Chi 

till \.6 m +++ + + 
till 2.4 m + 
clay 2.5 m +++ + 
till 2.7 m + 

34. Stuorrakeädggevarri, Nuorgam 

Map sheet: 3941 II x:7775.35 y:3533.95 z:215 
Bedrock: hornblende gneiss (Meriläinen 1976). 

Kaol 

++++ 
++ 
+++ 
++ 

Horn Mi-ill Int 

++ ++ 
++ ++++ -! 
+++ +++ 
++ ++++ 

Lithostratigraphy: thin till unit resting on top of blocky weathered bedrock. 

sampie 

till 
till 

depth Pig 

1.0 m ++++ 
\.3 m ++++ 
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+++ 
+++ 

Kaol Horn 

+ 
++ 
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Appendix 2. PI ace names referred to in the text. 
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