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GENERAL 

Previous investigations 

Geochemical soi! studies and the application 

of the results to exploration are nothing new. 
According to Kauranne (1958 a), as early as 
1887 Hj. Lundbohm published a study on the 
floats in a limes tone area and the Ca concen

tration in the fine fraction of till. Nevertheless, 

the effective use of the method did not become 

feasible until the 1950s and 1960s when intense 

development in sampling and analytical meth
ods and in equipment coincided with rapid prog
ress in automatie data processing. Hence it is 
now possible to analyse vast numbers of sampies 

vital for geochemical survey and to carry out 
the statistical processing of the accumulating 

analytical data without delay and at low cost. 

Explorational methods based on the assaying 

of sam pies collected from the soil and living 
organisms have proved their value in areas where 
the soil is composed of in situ weathered crust, 
since direct indications are obtained from subout

crops of ores (e.g. Hawkes and Webb 1962). In 

glaciated terrain, however, the application of 
these methods is considerably more compli
cated, because the soil is not local and the sub
stances derived from the bedrock are inter mixed; 
the metal concentration deriving from the ore 

suboutcrop has been diluted and the distance 
covered by the material transported by the 
glacier may differ notably between layers and 

areas. 
As an explorational method, geochemical 

soil studies in glaciated terrain are based on the 
fact that, owing to its mode of formation, till 
contains ore mineral grains even in its finest 

fractions in the same way as ore boulders are 
encountered among other boulders. 

Geochemical soil studies have been conducted 
since the 1930s when Goldscmidt (1934) and 
Brundin (1939) published their results. Geochem
ical studies on till became established as an 

explorational method in the 1950s. The method 
was applied in Finland by Tavela (1957) in 
connection with exploration at Kiiminki, Pal
tamo, Kontiolahti and elsewhere. At the same 
time Kauranne (1958 b) and Hyvärinen (1958) 

combined geochemical prospecting methods 
with studies on the molybdenite mineralizations 
at Rautio and Ylitornio and on the Korsnäs 
lead-ore deposit. Earlier than that Kauranne 

(1951 and 1956) had conducted preliminary 

studies on the feasibility of the method in the 
environment of the Outokumpu copper mine 
and the Makola nickel mine. 

The popularity of the method grew in the 
1960s w hen Wennervirta (1968) developed 

statistical methods for treating the analytical 
data and established the use of automatie data 
processing as the basis of handling the results. 
Somewhat later Nurmi (1976) developed the 

simultaneous use of different analytical methods 
for interpreting the results. 

At the same time geochemical till studies got 
under way in Ca na da (Dreimanis 1960) and in 
the U.S.S.R. (Ginzburg 1960). In Canada the 

application of the method has vogressed in 
same way as in Finland (e.g. Schilts 1971,1973). 
In the U.S.S.R., however, emphasis has been on 
the geochemistry of the bedrock; the soil has 
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been of a subordinate importance (Beus and 

Grigorian 1977). 
Even before geochemical till studies had been 

applied to exploration, experiments had been 
made on organic materials to localize ore miner

alizations. One of the first studies in this line 

was that by Rankama (1940) on the content of 

nickel in birch leaves in the environment of the 
Makola and Petsamo nickel deposits. At the 
same time experiments were conducted in or

way (Goldschmidt 1934; Vogt 1939, 1942 a, 
1942 b; Vogt and Braadlie 1942) and in U.S.S. R. 
(Vinogradov 1943). 

The geochemistry of peat was later studied 

successfully by Salmi (1950, 1955 and 1956). 

Since then various biogeochemical methods have 
been tested extensively, e.g. by Marmo (1953, 
1958), who studied the molybdenum concen
tration in wild rosemary, and by Björklund 
(1971), w ho investigated the lead concentration 
in birch leaves at Korsnäs. A number of studies 

have been carried out to c1arify how metal con
centrations in humus reflect the underlying 

bedrock (Kauranne cl al. 1961; Cannon 1964; 
icolas and Brooks 1969; Kovalevskiy 1976; 

Kokkola 1977; Nuutilainen and Peuraniemi 

1977). 

Vigorous development in analytical and data 

processing methods has allowed geochemical 

survey to be extended from prospecting to re
gional geochemical soil mapping. The geochem

ical characteristics of extensive areas are readily 
and rapidly established and explorational follow
up activities can be focused on areas demon

strated to be ore potential. Initially, practically 
the only material sampled was stream sediments 

(Hawkes and Bloom 1956; Beus and Yanishevsky 

1965; Bölviken 1967). Since then, till has become 

more and more popular as a sampling material 
for regional survey in glaciated areas (Schilts 
1971; Fortescue 1972; Kauranne 1975; K auranne 
cf al. 1977). 

On the geochemistry of copper 

The following brief summary of the behaviour 
of copper under different geochemical conditions 
is largely based on the text book of geochemistry 

by Rankama and Sahama (1950). 

In geochemical character copper is a typically 
chalcophile element. Of the trace metals that 
occur in nature copper has one of the highest 
affinities for sulphur; hence the bulk of the 

lithospheric copper occurs as sulphides and 
sulphosalts . To be sure, silicate cop per minerals 
are also known (e.g . chrysocolla and dioptase), 
but they occur only in hydrothermal veins and 

therefore they are of small significance for cop
per geochemis try. 

Copper tends to become enriched in mafic 
rocks, and it belongs characteristically to :he 
pyrrhotite-pentl andite paragenesis. Copper oc
curs mainly as chalcopyrite (CuFeS 2) and bornite 

(CusFeS.). These copper minerals, which repre-

sent the last products to crystallize from magma, 
fill the interstices between other minerals . 

Some copper remains in magma throughout 
the main crystallization stage and then becomes 

enriched in pneumatolytic and hydrothermal 
formations (Rankama and Sahama 1950). During 
weathering the surficial parts of copper orebodies 
are oxidized to form an oxidation zone in which 

sulphides are decomposed and copper is brought 

into solution as sulphates. Copper, however, 
readily reprecipitates from the water solution as 
sulphides (e.g. as chalcosite) and carbonates 
(e.g. as malachite) and is thus enriched in the 

lower parts of the weathering zone. In this 
cementation zone copper may occur as both 
native metal and oxides in numerous oxidation 
states ( urmi 1976). 

Under reducing conditions copper sulphides 

are precipitated in sapropelic muds from copper-



bearing solutions that have mig rated somewhat 
farther from the source; this may give rise to 

conspicuous sedimentary cop per ores (e.g. 

Mansfeld). Copper may also, albeit rarely, be 
adsorped in hydrolyzate or oxidate sediments. 

Althoug h copper is an intensely chalcophile 
element it is neither present in nor lacking from 

any specific rock type in the Earth's crust. Ture

kian and Wedepohl (1961 ) report the fo11owing 

average copper contents (ppm) for so me rock 
types: 

u ltramali tcs .... ~~ 10 
basalts . . .. .. ' 100 
g rano dio ritc 30 
g ranite . . 10 
schists .. 50 
li mestone 15 

Hence, the geochemical co nt rast between 
different rock types or lithological areas as denot

ed by copper concentrations cannot be as 
marked as that shown by, say, nickel concen

trations, the nickel contents in ultramafites 
being at least a thousand times higher than those 

in silicic rocks. On the other hand, the geo

chemical behaviour of cop per is both more 
clear and more simple than that of nickel and 
many other metals in that it is practica11y the 

sole constituent in the sulphide phase. In con
trast, nickel, for example, substitutes diadochi
ca11y for other elements in both sulphide and 

silicate phases, and its partition between these 
phases varies from one rock type to the other 

and even between different parts of one and the 

same rock unit. 

The present study is restricted to the geo

chemical behaviour of cop per in different soil 
sampies in both regional and detailed geo
chemical survey. Specia11y emphasised is the 
effect of glacial and Quaternary geological factors 

on the interpretation of geochemical data. The 
target of study was the Kiihtelysvaara map sheet 
(4241) area (1200 km2) in eastern Finland (Fig. 
1). The bedrock in that area is composed of 
Karelian schists and Presvecokarelidic gneiss that 
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Fig. 1. The locat ion o f the the study area. 

include a number of cop per mineralizations of 

various type. Although the predominant soil 
type in the area is ti11, the Quaternary geology 
is complicated by the large marginal formations. 

The area is we11-suited for studies like the 
present one because it has already been sub
mitted to geochemical survey using lake sedi
ments, stream sediments and ti11 as sampling 
materials, and also sampies have been taken from 

the outcrops for lithogeochemical investigation. 
Copper was selected as the element to be inves

tigated because there are several copper min
eralizati ons of different ages and types in the 

area. 
Although the geochemical character and 

behaviour of cop per in the lithological units of 
bedrock are simple, there are a number of Qua

ternary geological factors that make it difficult 
to interpret the pedogeochemical data. Hence, 
knowledge of the fundamental aspects of the 
Quaternary geology in the study area and its 
environment is always vital for the success of 

geochemical soil studies. 
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GENERAL FEATUR ES OF THE BEDROCK 

General 

The bedrock in the study area consists of two 

lithological units o f different age: 1) the Pre

svecokarelidic basement complex in the east, 

which covers about 70 % of the study area, 

and 2) the Karelian schists in the west, which 

cover some 30 % of the area. Both lithological 

units contain copper mineralizations of various 

Slze. 

Presvecokarelidic basement complex 

Most of the rocks in the basement complex 
are intensely alte red silica-rich plutonites, the 

orthogneisses known as granite gneisses. They 

are grey and medium- or coarse-grained rocks. 

In composition they are trondhjemitic quartz 
diorites and granites or oligoclase granites 

( ykänen 1971 b). 

On the basis of the crosscutting relations it 
has been deduced that the granite gneiss is older 

than the potassium granites that occur as numer
ous veins and minor bodies but also as sizeable 
massifs (e.g. the granite massifs at Loitimo and 

Uramo). The potassium granites are generally 
pinkish, coarse-grained and cataclastic rocks. In 
places they form migmatite together with the 
granite gneiss. 

A conspicuous and geochemically interesting 

member of the rocks of the basement complex is 
the Presvecokarelidic amphibolite formation. It 

includes voleanogenic amphibolites, hornblende 
schists and chlorite schists as well as leptites 
derived partly from weathering products of the 
former and partly from acid lavas (Nykänen 
1971 b). The amphibolite formation is heterog
eneous and the rock types vary considerably in 

grain size, structure and mineralogy. The tuffa
ceous hornblende schists and coarse, voleanogenic 
gabbroic amphibolites are similar in mineral 
composition and correspond in chemical com
position to tholeiitic lavas (Nykänen 1971 b). 

They often contain ore minerals, e.g. minor 

Pb- Zn mineralizations (Kahma cl a/. 1976) and 

sporadic chaleopyrite. In the Otravaara- Lin

nansuo area (Fig. 2) the amphibolite formation 

contains beds a few tens of metres thick of ultra
mafites, predominantly serpentinites and tale 

schists. 

The leptitic interlayers in the amphibolite 

formation are from a few metres to so me tens of 
metres thick. In places, e.g. at Otravaara, they 

are associated with thin black schist layers. Ore 
minerals are common in the leptites. In and 

around Otravaara they contain several pyrite 
orebodies (Saksela 1923; Aurola and Vähätalo 

1939) that do not, however, include economic 
amounts of any other ore minerals. 

The granite gneiss, potassium granite and 
amphibolite formation in the basement complex 

are c1early cut by the younger and abundant 
metadiabase dykes. According to Väyrynen 

(1954) and ykänen (1971 b), they are the prod
ucts of the same magmatic activity as are the 

metavoleanics in the Karelian schist area. In 
composition they are generally iron-rich, tho
leiitic basalts (Nykänen 1971 b). The metadia
bases frequently contain ore minerals, chaleopy

rite in particular, which has locally been enriched 

in albite-rich products of late crystallization 
(Nykänen 1971 b; Pekkarinen 1976). Although 
only a few met res to some tens of met res wide, 
the metadiabase dykes are so numerous that they 

account for 10 to 15 % of the bedrock (Kallio 
1976). 
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R esting unconEormably on the saprolitic 

weathering crust oE the ancient base me nt com

plex are schis ts that dip at a high angle wes twards . 

Lowest in the schist formation are basal con-

glomerates and basal arkosites overlain by a 

continuous and well-bordered sericite quartzite 
layer 200 to 400 m thick, in the southern part 

oE the study area on top oE the sericite quartzite, 

2 1279029055 
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volcanic beds alternate wirh younger quartzites 

that are more variegated in composition and 

structure than the lower sericite quartzites. In 

addition to quartz they often show other main 

minerals induding ore minerals. In terms of age 

and composition the metavolcanite beds sand

wiched between the quartzite layers are products 

of the same volcanism as the metadiabases of the 

basement complex (Nykänen 1971 b). 

Most of the Karelian schists are phyllites and 

mica schists. The aphanitic phyllites and fine

grained mica schists are grey, layered and in 

pi aces graded-bedded rocks that were primarily 

slightly chemically weathered sediments mixed 

with day and sand. The phyllites indude graph

ite- and sulphide-bearing variants. 

The abundance of carbon and sulphur de

creases from the margins of the sedimentation 

basins towards the phyllites of flysch type and 

mica schists in the centre (Nykänen 1968). 

In the westernmost part of the area, in the 

Hammaslahti- Särkivaara region, phyllite eon

tains blaek schist as interlayers 10 to 15 m thick. 

Aeeording to Nykänen (1971 b), in many places 

the black schist-phyllite formation shows dolo

mite and skarn layers as well as sulphides (mainly 

iron sulphides). 

In the H ammaslahti area there is a zone, about 

1 km wide, of meta-arkositic schists in which 

chlorite-, tremolite- and hornblende-rich layers 

alternate with silieic quartz- and feldspar- pre

dominant matter; the black schist layers are often 

tremolite amphibolite of the Mulo schist type 

(Ny känen 1971 b) . These schists contain portions 

rich in sulphides (e.g. the Hammaslahti eopper 

deposit). 

On the co p p er m inera lizations in the s tudy area 

Several copper mineralizations (Fig. 2) have 

been discovered at Kiihtelysvaara area as a result 

of exploration eonducted there. They are small 

and, apart from the Hammaslahti deposit, with

out economic sigrüficance. evertheless, to be 

able to interpret the pedogeochemical data, it 
is necessary to understand the characteristic 

features of these mineralizations. 

1) Hammaslahti. The largest of tbe known 

copper mineralizations is the Hammaslahti ore 

deposit, which is also the only economic one. It 

contains chalcopyrite and loeally also sphalerite 

in an intensely tectonized zone with quartz 

breccia strueture in a contaet between the Kare

lian meta-arkose and phyllite. The deposit con

tains several orebodies. The copper content 

averages 1 % ( ykänen 1971 b; Hyvärinen ct al. 
1977). The overburden is less than 5 metres 
tluck and contains till and glacioHuvial sediments. 

2) Kortevaara. Chalcopyrite occurs at Korte

vaara as heterogeneous dissemination in sericite 

quartzite and is the only ore mineral in the 

oceurrence. The copper content is 0.2 to 0.3 % 

at the most. The overburden consists of till and 

is less than 1 metre thick. 

3) Kastelampi. Chalcopyrite is encountered 

as blebs and nests in amphibolitie fragments 

within Prekarelian potassium granite. The over

burden is till that varies in thickness frorn 0 to 
2 metres. 

4) Havukkavaara. A quartz-banded magnetite 

orebody a few hundred metres long that shows 

loeal chalcopyrite as breeeia matrix (Nykänen 

1971 b) occurs in the Presvecokarelidie am

phibolite leptite zone. The formation crops out 

locally but is mainly covered by a thin till blanket. 

5) and 6) Hyypiä. Chalcopyrite and minor 

sphalerite occur as nests in the middle and as 

dissemination in the margins of a metadiabase 

dyke (5). Moreover, chalcopyrite bodies and 

dissemination have been encountered in the same 

area in a metavolcanite bed and in the upper 

quartzite (6) in association with quartz veins 

(Pekkarinen 1976). 



7) Karsikkojärvi. Chalcopyrite in metadiabase. 
The occurrence is too small to warrant diamond
core drilling. The sulphides have been encoun

tered in an outcrop . The area is covered by 
glaciofluvial overburden a few metres thick. 

8) Särkilampi. Minor chalcopyrite in the rocks 
of the Presvecokarelidic amphibolite formation. 

The overburden is composed of a till layer less 
than 2 metres thick. 

In addition to the above occurrences, chal
copyrite has occasionally been encountered in 
the metadiabases in the area as well as in the 
Presvecokarelidic amphibolite formation. The 

copper content in the metadiabases is often 
locally so high that it gives rise to anomalous 

copper concentrations in till. The phyllite layers 
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in the Karelian schists frequently contain abun
dant iron sulphides; nevertheless chalcopyrite 
is rare. South of the ore deposit anomalous 
copper contents have been noted in the Ham
maslahti zone. 

The Mulo schist with its abundant sulphides 
is located immediately west of the study area. 

However, considering the abundance of sul

phides, the copper content in this schist is low 
(Frosterus and Wilkman 1920). The formation 
dips at a low angle and hence has a surface area 
of tens of square kilometres. Since it is located 

in the direction from which glacial transport 
took place, it may well be that some of the 

copper content in the soil in the western part of 
the study area derives from the Mulo schist. 

Tectonics 

The tectonic pattern of the Kiihtelysvaara area 

is dominated by the roughly 330° -trend of 

schistosity in the Karelian schists. The same 
trend is recognisable in the Presvecokarelidic 

basement complex several kilometres from the 
contact with the schist area. In contrast, the 

trend of the rocks in the basement complex in 
the NE corner of the study area is 60°. The 
schistosity and bedding of the Karelian rocks 
are usually conformable (Nykänen 1971 b) . 

The predominant jointing direction in the 

area coincides with the above schistosity, i.e. 
330°. Another almost equally strong and ubiq-

uitous jointing direction is 310°. Less intense 
than these two but still quite distinctive are 
jointings that trend N-S and 50°. 

Parkkinen (1975) has studied the lineament 
tectonics of the Haukivesi area southwest of the 

Kiihtelysvaara area. According to him, linea
ments trending 335°, 305°, 000°, 35° and 70° are 
recognisable extensivel y throughout eastern 
Finland. The forementioned tectonic trends in 
the Kiihtelysvaara area as well as the lineaments 

shown in Fig. 3 coincide well with the lineament 

trends reported by Parkkinen (1975). 

QUATERNARY DEPOSITS 

General 

The closing stage of the last glaciation was a 
very varied event in the Kiihtelysvaara area. 
During the withdrawal of the glacier two separate 
lobes, if not more, were active. Punkari (1979) 
calls these the Finnish Lake District lobe and 

the North Karelian lobe. The lobes are schemat
ically shown in Fig. 4 under the local names of 
Pyhäselkä lobe and Koitere lobe. 

Large marginal formations were deposited 
along the margins of the lobes, the most impor-
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tant being Salpausselkä land II and Selkäkangas. 
These marginal formations and their age rela
tions have been treated comprehensively In 

several earlier studies (Sauramo 1928; Repo 1957; 
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c 

Donner 1969; Repo and Tynni 1971; and Rainio 
1972). 

The generalized map of the Quaternary de

posits shown in Fig. 5 was compiled mainly on 



the basis of the data of the overburden gathered 

from about 10000 sampling sites in the course 

of geochemical soil sampling. The preliminary 

map was drawn by computer using the da ta of 

the overburden from the geochemical data nle 

in such a way that the soil type of the uppermost 

sample at each sampling site (at a depth of c. 

1.5 m from the surface) was marked on the map. 

The boundaries of the formations were estab

lished on the basis of base-map interpretation, 
aerial photos and data gathered for the g ravel 

inventory project of the Department of Qua

ternary Geology of the Geological Survey of 

Finland. When necessary, data were checked in 

the neld with the aid of tractor excavators etc. 

The data pertinent to the thickness of the 

overburden given in Fig. Gare based on map 

interpretation using the outcrop frequency and 

drilling information gathered during sampling. 

The thickness of the overburden varies g reatly 

and the fig ures given are to be considered as the 

average thicknesses of rather large areas . 
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Fig. 4. A schematic representation of the lobes that were 
active in North K arelia. The marginal formations (SS I 
and SS II) according to Glückert (1974). The Kiihtelys-

vaara area hatched . 

Occurrences of weathered bedrock 

During sampling for mapping purposes, 
weathered bedrock was encountered at 32 sites. 

Of them, 17 are located within a rather limited 

area at and south of Linnansuo (Fig. 7). The 

remainder are distributed evenly throughout 

the area. In connection with detailed geochemical 

sampling, 123 new observations have been made 

so far on the weathered bedrock; most of them 

in the Linnansuo area. 

The w eathered bedrock layer in the Linnansuo 

area is usually less than 1 met re thick; elsewhere 

even less than that. The thickest measured 

occurrence of weathered bedrock is in the NW 

part of the Linnansuo bog, w here there is a 2.2 
metres thick layer that consists of weathered 

leptite underlain by intensely pyritized rock 

resting on weathered black schist. 

The high frequency of the occurrences of 

weathered bedrock in the Linnansuo area is due 

to the topography of the bedrock, which has 
protected the weathered rock from abrasive 

glacial action. Oblique to the direction of glacial 

advance (320°- 330°) there are amphibolite 

ridges with intervening narrow valleys 20 to 

30 m deep (Fig. 8) whose bottom the glacier 

was unable to denude. The bedrock also includes 

rocks that are readily weathered (mainly leptites 

and ultramafites); thus, before the Ice Age, the 

weathered layer was presumably thicker in this 

area than in the surrounding granite g neiss 

areas . No attempts have been made to delineate 

the occurrences of weathered bedrock by drilling . 

Surface topography and outcrops indicate that 

they are small in size even though weathered 
bedrock was encountered at several sampling 

sites at Linnansuo. 
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Glacial deposits 

The till in the Kiihtelysvaara area is covered 

extensively by glaciofluvial and water-Iaid sedi
ments. Apart from the areas of marginal forma

tions, the till cover consists of homogeneous 

basal till. Although several directions of glacial 
transport have been recognised in the area (Fig. 
9 and Frosterus and Wilkman 1917 and Repo 

1957), the basal tilllayer seems to be continuous 
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and rather homogeneous without distinct layered 

structure. The areas of marginal formations 

excluded, extensive beds of different ages have 

not been found in the till. In individual test pits 

at Aittovaara and Palojärvi, however, separate 

ü: 

layers have been noted in till. Nevertheless, hese 

observations are not sufficiently convincing to 

establish the existence of ti11 beds of different ages. 

Salpausselkä Ir is covered largely by a ti11 

blanket that is 2 to 3 metres thick in the western 
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part of the marginal formation at Hammaslahti 

but willch gets thinner from there eastwards. 

This bed consists of outwashed material similar 

to ablation till. It was deposited as a result of 

the eastward thrust of the glacier (the Pyhäselkä 
lobe) although it shows only slig ht orientation. 

The bed is so homogeneous over large areas that 

geochemical soil sampling on a regular g rid was 

feasible. 
The average thickness of the basal till is from 

3 to 5 metres. The variation is, however, large 

owing to the variegated topograph y: till beds 

over 10 metres thick have been encountered in 

the valleys between the hills. In terms of geo

chemical soil studies this kind of thin till cover 

has much in its favour because the samples can 
be taken from dose to the surface of the bedrock 

and the results are easy to interpret. On the 

other hand, the thick and extensive glaciofluvial 

deposits that cover the till obstruct pedogeo

chemical investigations in the study area; like

wise, glacial transport from difFerent directions 



hinders interpretation. It has not been possible 

to demonstrate that the lobes transported till to 
any marked degree east of the line Kiihtelys

vaara- Heinävaara in spite of the observed 
orientations 270°- 280° and 10°_ 30° of the 

pebbles in till. In the interpretation of the geo
chemical research data, 300°-320° can be taken 
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as the average direction from which the glacier 
advanced, excluding the till cover in the proximal 

portion of Salpausselkä II which was transported 

from 270°- 280°. The basal till underlain by the 

Salpausselkä formation probably arrived from 
300°- 320° as did all the other basal tills in the 

area. 

Glacio fluvial deposits 

Salpausselkä II occurs in the western part of 
the area as a formation several kilometres wide 
and trending roughly N - S. Between and south 
of Kiihtelysvaara and Hammaslahti it spreads 
out until at and around Kannusvaara it covers 
an area several tens of square kilometres in extent. 
Somewhat smaller is the marginal formation 

associated with Salpausselkä I and which runs 

from Värtsilä via Tuupovaara and Kovero to 

Aittovaara. Moreover, between Kiihtelysvaara 
and Selkäkangas there is a small discontinuous 
zone of marginal formations trending SW- NE. 

Unlike elsewhere in southern Finland, in this 

area Salpausselkä does not rise above its sur
roundings. The reason for this is that when the 

marginal formation deposited, the margin of the 
glacier was stationary against the succession of 
hills (Raatevaara, Kiihtelysvaara, Heinävaara) 

composed of Karelian quartzites and metavol
canics. West of this hili zone there is a valley 
in the bedrock (Fig. 8) into wh ich the sediments 
of the marginal formation accumulated . The 

valley is so deep that the sediments that deposited 

along the margins of the glacier were unable to 
fill it. In many cases the thickness of the sedi
ments has been noted to be 30 to 40 metres, or 
even more. 

The sediments in Salpausselkä II vary in grain 

size; they are, however, mainly gravel and sand. 
Between the gravel and sand layers till has been 
found that, as suggested by its mode of occur
rence, was well mixed during oscillations in the 

margin of the glacier and hence does not repre
sent any particular stage of glaciation. 

The glaciofluvial sediments in the proximal 

part of Salpausselkä II are also covered by a 
thin till blanket. 

The Salpausselkä formation continues from 
Kiihtelysvaara towards NW but grades into 
an esker-like deposit that was formed between 

two lobes as a seam formation. This formation 
is also often covered by till. Another prominent 

zone in the W-SE-trending glaciofluvial 

formations is met with west of the line Tuupo
vaara-Aittovaara. Eastwards the formation 
exhibits a sharp and straight boundary caused 
by a threshold in the bedrock. Westwards the 
boundary is ill-defined, and in the Linnansuo 

area a continuous sand area extends about ten 
kilometres westwards. Similarly, north of Aitto

vaara in the northernmost part of the study area 
there is a sand plain some 30 km2 in size. Dis

tinctly esker-like portions occur at and south of 

Tuupovaara, although there too a glaciofluvial 
formation with less well-defined constituents is 
encountered. In this area till has also been ob
served to occur on top of or inter mixed with 

glaciofluvial sediments. As suggested by the 
constituents of the formation and its position 

analogous to Salpausselkä II against a threshold 
in the bedrock, the formation is presumably a 
marginal formation associated with the Salpaus

selkä I stage. 

The Salpausselkä formations are joined to 
each other by a discontinuous zone that runs 
almost perpendicular to them from Kiihtelys
vaara to Aittovaara and on to Selkäkangas. The 

zone is composed of marginal formations of the 
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end-moraine type. Their constituents, as weil 
as those on their proximal side, are predomi
nandy till and sand. 

At the site of this formation the bedrock has 
a threshold against wh ich the margin of the 
glacier was temporarily stationary (see Fig. 3). 
At Aittovaara some test pits have shown that in 
this marginal formation zone the basal till 2 to 

4 m thick is underlain by current-bedded delta 

sediments. The formation, which joins Selkä

kangas south of Koitere, deposited at the same 

time as Salpausselkä II (Rainio 1972 and Donner 
1976). 

Eskers proper are rare in the area. East of the 
Tuupovaara- Kovero marginal formation there 
is a discontinuous and narrow esker trending 
NNW- SSE. At Hammaslahti an esker trending 
roughly W - E joins Salpausselkä. Another 
esker trending in the same direction is met with 

south of Hammaslahti at the southernmost 
margin of the area. 

Water-laid sediments 

In addition to glaciofluvial sediments, littoral 

sand formations of variable thickness and surface 

area are encountered on the slopes of hills. They 
are most abundant west of Linnansuo in the area 
between Tuupovaara and Kiihtelysvaara (Fig. 5). 

Fine-grained water-Iaid sediments - mainly 
silts - occur in the study area as formations 

about 10 km2 in extent in the valley of the river 

Iiksenjoki and in the areas of Linnunsuo and 
Valkeasuo. Smaller silt formations occur in the 

valleys between the hills; yet others are encoun
tered in the Linnansuo area, although there the 

coarser-grained sand deposits predominate. 

During the melting of the glacier the Viesimo
joki riverbed was occupied by a current of melt 
\Vaters that was considerably stronger than the 

present one and which ran from south of Kiih
telysvaara to west of Raatevaara and from there 

to the area of the present Valkeasuo. This current 

washed out previously deposited sediments and 

exposed large outcrops. Later, fine-grained 
water-Iaid sediments were deposited in the glacial 
lake at the site of the present Valkeasuo. The 
washed-out rocks and minor till areas constitute 
islets among the sediments. 

The valley of the river Iiksenjoki is a fracture 

zone in the bedrock that has been denuded sev
eral tens of met res deeper than the environment. 
Consequently, silt deposits 20 to 30 m thick are 
common in the area. 

Silts have been encountered in the middle of 
the bog Linnunsuo. Coarser-grained sediments 
predominate at the margins of the bog. Pushed 
by littoral forces, these sediments have spread 
from the glaciofluvial formations south and west 

of the bog. 

The trans port directions of till 

The directions of till transport have also been 
studied in a rather extensive area outside the 
study area proper (Fig. 9). Information on the 
transport directions is based on measured striae 
directions and on the orientations of pebbles 
determined at different depths in 38 test pits. 

The lobes (Fig. 4) that were active in the study 

area caused till to be transported in conspicu-

ously diverse directions. The greatest effect on 

the deposition of the present till cover was, 
however, given by the movement of the glacier 
from 3000 to 3200 during the main stage of 
Weichsel g laciation. This direction of advance 
shows up clearly throughout the area. 

The most active of the lobes was the Pyhä

selkä lobe, which moved from west to east and 



whose well-known marginal position is Salpaus
selkä H. The movement of the lobe also extended 

east of Salpausselkä H, as is shown by the large 
sets of data on striae and pebble orientation 

suggesting that the glacier advanced from 270° 
to 300°. The easternmost marginal position 

recorded for the Pyhäselkä lobe is a marginal 

formation located along the line Värtsilä-Tuu

povaara-Aittovaara (the extension of Salpaus

selkä I). The eroding and transporting force of 

this lobe east of Kiihtelysvaara was, however, 
weaker than farther west. 

Another lobe that extended to the study area 

advanced from the north and later from the 

northeast, from east of Koitere. The most well

known marginal formation of this lobe is the 

extensive Selkäkangas, southeast of Koitere. 

Pebble orientation determinations carried out on 
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surflcial till at depths of 1 to 1.5 m demonstrate, 

however, that south of Selkäkangas the glacier 

moved in a E - SW direction. Striae have also 
been encountered in the same area indicating 

glacial advance from 20°, e.g. at Sonkajanjärvi 

where grooves 2 to 3 cm deep have been encoun

tered with this orientation. These obviously refer 

to earlier stages of the Koitere lobe. This orien

tation is, however, no Ion ger encountered in the 

surflcial till west of the Värtsilä-Tuupovaara

Aittovaara marginal formation. 

Observations on the NE- SE-trending glacier 

movement antedating the Koitere lobe have been 

recorded from three exploration pits at Viesimo, 

Kiihtelysvaara, at a depth of 3 to 4 metres. Simi

lar observations have been reported from Ilo
mantsi. 

The transport distance of tiU 

To be able to interpret the data correctly it 

is important in geochemical till survey to know 

as accurately as possible not only the direction 

from wh ich the till was transported but also its 

transport distance; to this end, a comprehensive 

investigation on the transport of till in the basal 

till area was carried out. The transport distance 

of the till blanket in the proximal part of Salpaus

selkä II differs from that of the rest of the till; 

geochemical data indicate that it is several kilo
metres. 

The transport distance of mica schist at 

Heinävaara 

The transport of pebbles derived from Kare

lian mi ca schist was studied at Heinävaara (Fig. 

10). The average direction of glacial transport 
in the area was established to be 300°-320° 
(p. 20). Stone counts were conducted on surflcial 

till at a depth of 0 to 2 metres along a line tren

ding in this direction. The till blanket is thin in 

the area and the exploration pits went deep 

enough to establish the transport of the wh oIe 

till bed. SampIes were also taken from this line 

for chemical assay of the fraction under 0.064 
mm. Some, but not all, of the sampling sites 

were the same as those for the stone counts. 

The distance till was transported under these 

conditions (the proportion of the rock type to 

be studied is high in the bedrock, and its decrease 

in frequency is followed from the distal contact 

onwards) has been studied extensively, and 

theoretical models have been suggested for the 

decrease in the frequency of the rock type studied 

(Krumbein 1937; Gillberg 1965; Virkkala 1971 
and Perttunen 1977). As assumed by Krumbein 

back in 1937, here too the curve that describes 

the decrease in frequency in mica schist pebbles 

(Fig. 10) is elose to a negative exponential fu nc
tion in shape. 

According to Perttunen (1977), at two research 

targets in southern Finland the half-distance of 

the granitoids in the 2- 20 cm till fraction is 
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2.7 and 2.2 km . For a similar fraction Virkkala 

(1971) reports 3.0 km as the half-distance of 
microcline granite at Hyvinkää. At Heinävaara, 
however, the half-distance of mica schist turned 

out to be only 1.6 km. 
The transport of the finest till fraction (under 

0.064 mm) was studied by assaying the fraction 

for cop per along the same li ne as that used fot 
the stone counts. Mica schist is richer in copper 
than is granite gneiss, although in this area the 

copper content in granite gneiss is clearly above 
average. Fig. 10 shows that in the fraction under 
0.064 mm the cop per concentration falls to 
background value (the copper content in granite 

gneiss) about 400 to 500 m southeast of the distal 
contact of the mica schist. This implies that the 
transport distance of the finest till fraction is 
much shorter than that of the 2- 20 cm fraction, 
a finding that is important for geochemical till 
survey. In estimations of the location of a min
eralization that causes an anomaly, the investi
gations on the transport distance of till must be 
conducted on analysed fractions rather than on 

the pebbles in till. 

The tran sport distance of amphibolite at 
P aloj ärvi 

According to the geological map by Nykänen 
(1971 a), an amphibolite formation 200 to 600 m 

wide occurs south of Palojärvi roughly perpen
dicular to the main direction of glacial advance 

(Fig. 11 ). Another and thicker amphibolite 
occurrence that is part of the same formation is 

located SW of Rahalampi, about two kilometres 
east of the former. Studies were conducted in 
the area to establish the transport of the material 
derived from the amphibolite. The amphibolite 
is surrounded by bedrock composed of granite 

and granite gneiss but which includes metadia

bases that resemble amphibolite. In the stone 
counts these metadiabases were not distin
guished from the amphibolite; thus, the propor
tion of rocks labelled amphibolite is 15 to 20 %, 
even in the background areas. 

The cop per concentration in the amphibolite 
is by nature high er than in the surrounding 
granite gneiss (Fig. 12). Moreover, thanks to 

the geochemical till maps, it was known that the 
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amphibolite formation south of Palojärvi exhi
bi ted anomalously high copper contents. Hence, 

the transport distance could also be studied on 
the basis of the cop per content in tilJ. The am
phibolite south of Rahalampi did not show 

anomalous cop per concentrations in till. 

Twelve test pits were dug in the area by tractor 
excavator. Also available was information from 

fo ur test pits dug by Outokumpu Oy (Peura
niemi 1975). For the chemical analyses the test 

pits were sampled at different depths . For the 

stone cou nts till sam pIes weighing 15 to 20 kg 
were taken; the fractions finer than 8 mm were 
washed out with water. Pebbles larger than 2 cm 

were also removed. The percentage of pebbles 
belonging to the amphibolite formation was 
counted from the pebbles that remained (100 to 

300/sample). 
Fig. 11 shows the percentage of amphibolite 

pebbles in each test pit. If several sampIes were 

taken from a test pit the figure refers to the 
average for all the stone counts. The results 
indicate that the percentage of amphibolite peb
bles on the southernmost line did not increase 
when the amphibolite formation was crossed in 
the direction of glacial transport. 0 amphi
bolite outcrops have been found in this part of 
the formation, neither does the aeromagnetic 

low-altitude map show any anomalies due to 

amphibolite as it does farther north. Hence, it 
seems likely that at Palojärvi the amphibolite 
does not extend as far south as is marked on the 
geological map. 

In contrast, a clear increase in the percentage 
of amphibolite pebbles in the gravel fraction is 

noted on the northern line. Fig. 13 illustrates the 
change in the percentage of amphibolite pebbles 
across the amphibolite formation. Marked on 
the same figure are the cop per concentrations 
in the fractions under 0.064 mm taken from the 

test pits (averages at each site). The background 
value of the copper concentration in till reflects 

the amount of copper derived from g ranite gneiss. 
The appearance of amphibolite in till causes 

a sharp increase in the copper concentration in 
the < 0.064 mm fraction some 600 m from the 
proximal contact. At the next site (300 m from 
the previous one) the copper conte nt is only 

slightly above the background values. The per
centage of amphibolite in the 8- 20 mm fraction 

reaches the maximum value only at a distance of 
about 900 metres from the proximal contact; it 
then decreases gradually so that at a distance of 
1.7 km it has reached the background value. 

These results suggest that the gravel fraction 
at this site was transported for about one kilo
metre (half-transport distance 1.1 km) and the 

fraction under 0.064 mm about 500 m. 
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Granite gneiss boulders in the till blanket of Salpausselkä II at Heinävaara 

In addition to Karelian schists, the till layer 

above the glaciofluvial deposits at Salpausselkä 
II contains boulders that derived from the Pre

svecokarelidic basement complex (Fig. 14) . They 

are predominantly granite gneisses but include 
amphibolites and meta diabases as well. Pinkish 

quartzite boulders that originate from the base
ment of the Karelian schists are also met with 

among the boulders in till. A ll of these boulders 
are large (in the gravel fraction they are rare), 

rounded and seem to have moved with the gla
eier for a long time. The origin of the boulders 
is interesting; nowhere in the direction from 
which the glacier advanced in the final stage (280° 
and 320C

) is there bedrock near enough to have 
been the source of the boulders . The amount 

4 1279029055 

of Presvecokarelidic boulders in till covered 

by glaciofluvial sediments is so high (20-40 %) 
that they cannot be attributed merely to long
distance transport - the nearest occurrcnces in 

the west and northwest of rocks of this type are 
at a distance of 20 to 25 km. Lithologically a 
suitable source occurs east of Salpausselkä II , 
only 1 to 2 km away; the appearance of the boul
ders is such that they could well be from there . 
Another source area might be the Prekarelian 

rocks at Sotkuma west of Höytiäinen (Fig. 15). 
The source of the boulders was traced by 

studying their geochemical characteristics. For 
this purpose sampies were taken from the granite 
gneiss boulders in the Salpausselkä II area and 
from the bedrock granite gneisses at Sotkuma 
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and Heinävaara. The analytical data of the 
sampies are compiled in Table 1. Fig . 16 shows 

the frequency distributions of the Mn/Cu ratio 
in the rock samples from Heinävaara and Sot
kuma and in the boulders from the Salpausselkä. 
Tbe bedrock at Sotkuma and Heinävaara exhibits 

two distinct Mn/Cu populations. As a wbole, 
however, the distributions differ from each other 
so clearly that it should be possible to establisb 

T able 1. 

T he average trace element co ncentrati ons in sa mpIes 
ra ken fro m the Sotkuma and Heinävaa ra grani te g neisses 
and in granite gneiss boulders (5s II) from 5alpausselkä 

H . n = number of sampIes. A nalysed by O E Q . 

T i I v I Cr I Mn I Co I i I Cu I Zn I Pb I n 

Soekuma .. 3000 81 28 570 11 23 24 38 21 31 
Heinävaara. 3500 88 23 510 14 26 6 24 23 18 
5s H ..... . 3800 80 21 540 12 25 11 40 23 23 

whether the boulders derive from eitber of them 

by comparing their Mn/Cu distributions witb 

those of the boulders. The Mn/Cu ratio of the 
boulders shows a similar bimodal distribution 

to that of the bedrock distributions. Tbe peaks 
of the Mn/Cu distribution in tbe boulders coin

cide witb those in the Mn/Cu distribution of the 
Heinävaara bedrock. In the Mn/Cu distribution 
of tbe boulders, bowever, the lower of the peaks 
is higher than the corresponding peak in the 

Heinävaara Mn/Cu distribution. This may be 
because boulders analysed include boulders from 
tbe Sotkuma granite gneiss. 

The geochemical distribution data indicate 
that most of the granite gneiss boulders encoun
tered in the Salpausselkä II area originate from 
bedrock east of Salpausselkä. The boulders 
obviously landed at Salpausselkä as a result of 

complex transport in tbe course of wh ich a 
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glaciation preceding the Weichsel glaciation had 

loosened and transported them westwards (see 

p. 21), from where the movement of the glacier 

during the Weichsel glaciation had transported 

them on top of the glaciofluvial deposits of 

Salpausselkä H. 

GEOCHEMICAL STUDIES 

Geochemical research methods 

The sampling, sampie preparation, analyses 
and automatie data processing were conducted 

in accordance with the routine methods of the 

Geochemistry Department of the Geological 

Survey of Finland (Kauranne 1975 and Gustavs

son ef al. 1979). In the present context only a 
brief summary is given of the principles of the 

met hods; deviations from the routine are de

scribed in the presentation of results. 

Sampling 

The soil was sampled in two stages. The 

sampies for the actual mapping were taken in 
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winter by a light-weight portable and com

bustion motor-driven percussion drill unit. 

Originally a miniature piston bit was used as 

sampIer; later, however, it was replaced by an 
Irish type oE through-flow bit. The sampling 

sites were located along lines 1 to 1.5 km apart 

and oriented perpendicular to the movement 

oE the glacier that gave rise to the till bed to be 

sampled. The distance between sampling sites 

along all lines was 100 m. 

In the second stage the sampling was supple

mented by additional sam pIes taken from targets 

oE explorational interest. The equipment used 

was the same, but the sampling grid was more 

dense. The thick glaciofluvial layers were inter

sected by a heavy au ger that allowed sampIes to 

be taken from till overlain by sorted sediments 

20 to 30 m thick 
At some targets a medium-heavy pneumatic 

percussion drill unit was also used that was able 

to intersect a till cover over 20 m thick and 

sampIe the underlying bedrock. In addition to 

these drilling units, a tractor excavator was used 

to dig the exploration pits needed Eor soil stra

tigraphic observations. Altogether 54 pits were 

dug. 
Attempts were made to take the soil sampIes 

from the unaltered till below the ground-water 

table. A number oE sampIes were also taken Erom 

glaciofluvial sediments and weathered bedrock. 

In the course oE sampling Eor mapping purposes, 

sampIes were taken from 9360 sites (7.8 sitesj 

km 2); at the checking stage, sampIes were taken 

from 1123 sites . 
The stream sediment sam pIes were collected 

in summer from the shores oE each stream, pond 

and lake in the study area. The sampIes consisted 

oE organic or mineral sediments that had been 

continuously submerged. The sampling sites 

were 50 to 250 m apart along the banks oE 
streams but 500 m on the shores oE lakes. Organic 

and mineral sampIes were collected separately; 

both were composed oE at least five subsampies 

collected over a distance oE 20 m. A < 0.18 mm 

Eraction was wet-sieved from the mineral sedi-

ment at the sampling site and the organic 

sampIe was collected as received into a plastic 

bag. The total number oE sites sampled was 
5695, from which 4703 organic and 1688 mineral 
stream sediment sampIes were obtained. 

The lake sediments were sampled in winter 

through the ice. Attempts were made to indude 

as much organic matter as possible in the sam

pIes; they are, thereEore, similar to the organic 

stream sediments. They were, however, taken 

in the middle oE lake basins beyond the littoral 

zone and thus contain, particularly when taken 

from large lake basins, rat her abundant silt 

and day Eractions. Altogether 177 sites were 

sampled . 

The bedrock was sampled in summer. The 

sampling grid was planned as homogeneously 

as the outcrops allowed, and all the rock types 

were sampled according to their Erequency. The 

average number oE sampling sites per base map 

sheet (100 km2) was 50; the total was 621. The 

sam pIes were taken by a rotary percussion drill 

fitted with a 13 mm hard-metal auger. Three to 

five subsampIes were taken at each outcrop. 

They were then combined to Eorm a single 

sampie during preparation. 

The handling and assaying of sam pIes 

The s'oil sampIes were dried at 70°- 80°C. 
The Eractions < 0.064 mm, 0.064-0.250 mm 

and 2 mm were then sieved Erom the sampIes . 

The < 0.064 mm Eraction was assayed on a direct 

reading ARL Model 31000 optical emission 

quantometer (OEQ) equipped with a Danielson 

tape unit as Eeed and exitation device (Danielson 

and Sundqvist 1959). The readouts oE the inten

sity values were converted into concentrations 

by an empiric algorithm programmed to the 

central HP- 3000 computer oE the Geological 

Survey. The repeatability oE the concentrations 

by the OEQ varies from 20 to 50 % at a confi
dence level oE 0.95 depending on the element 

and the concentration. In range oE 10- 5000 
ppm the repeatability Eor copper (20 %) is one 



oE the best allowed by the method. In detailed 
studies and when checking the anomalies de
tected by OEQ assaying, the metals that are 

soluble in hot 7 M nitric acid were also analysed 
from the < 0.064 mm fraction by atomic absorp
tion technique (AAS). 

The stream and lake sediment sampies were 

analysed by the AAS technique. The mineral 
stream sediments were assayed in the same way 
as the soil samples. The organic stream and lake 
sediments were dried at 70°-80°C, and the 

organic su bstances were destroyed by keeping 
the sampies at 500°C for 12 h. The ash was 
analysed for metals soluble in hot 6 M hydro
chloric acid. 

The bedrock sampIes were dried and the 

portions oE the sampIes to be analysed were 
ground in a centriEugal mill. The sampies were 

assayed by OEQ technique. For comparison, 
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some oE them were also assayed by AAS for 
cop per soluble in hot 7 M nitric acid . 

D ata processing 

The data were processed with the aid of 

programs developed by the A DP group at the 
Geochemistry D epartment of the Geological 
Survey and applied to the HP-3000 computer. 
The analytical data were grouped into 3 to 5 
classes according to the concentration and 
presented as maps drawn automatically by a 

Cal-Comp plotter. For the present study an 

interpolation pro gram was drawn up that allows 
average metal contents to be computed in sam

pies taken from sites that fall within the area of 
a given ellipse weighted so that the effect of 

weighting decreases towards the margins of the 
ellipse. Figs. 21 and 22 were made by applying 
this technique. 

Lithogeochemical studies 

Considering conditions in Finland, the Kiih
telysvaara area is well-suited Eor lithogeochemical 

studies . On account oE the thin overburden, the 
Erequency oE outcrops is high (see Fig. 3); only 
at Salpausselkä II is there a coherent area of 
about 20 km 2 without exposures . Furthermore, 

all the rock types encountered in the area are 

weil represented in the outcrops, and so it was 
possible to construct a regular and representative 
grid that covered the entire area. 

Average cop per concentrations in different 
rocks 

The copper concentrations in the major rock 
types in the study area are listed in Table 2. For 
comparison the table shows the AAS analytical 
data as weil as the normal OEQ data oE the same 

rocks. The difference between the data obtained 
by different methods is distinct. The mutual 
ratios of the concentrations indifferent rock 
types are, however, independent oE tbe method 

applied. 

T able 2. 

The average copper concentrations (x), standard devia
tions (s) and variation coefficients (v) of a variety of rocks 
from the Kiihrelysvaa ra map sheet area (4241). n = num-

ber of sampIes. 

Rock type l\ na lysed by O EQ I Analysed by AAS 
- x --'-1 --'------,-'-~'------ x 1 n 

Mica schist . . 42.4 43.0 1.01 49 69.4 7 
Black schist . 38.4 17.1 0.44 19 74.8 5 
Phyllite .... . 30.4 15.3 0.50 13 77.3 3 
Arkosite . . . . 23.9 25.7 1.07 28 39.7 4 
Quartzite ... 5.4 3.9 0.72 30 10.0 4 
Granite gneiss 6.7 7. 1 1.05 131 8.2 4 
Granite ... . . 6.3 6.6 1.04 122 9.0 6 
A mphibolite . 30.8 38.7 1.29 69 74.5 6 
Diabase ... . 52.8 82.8 1.56 83 139.5 5 

The maximum differences between the average 
copper concentrations in the rocks are tenEold 

(granite 6.3 ppm and diabase 52.8 ppm). The 
variation coefficients (Table 2) demonstrate that 
in terms oE cop per the black schist and phyllite 
are notably more homogeneous than the other 
rock types. Lonka (1967) has studied the meta I 
concentrations in similar rocks from different 
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parts of Finland; he found the lowest variation 

coefficients of cop per concentrations in black 

schists taken from Pyhäselkä - the western 

margin of the present study area. It is statistically 

unlikely that these rocks contain copper miner

alizations despite their abundant sulphides. The 

variation coefficients were highest in rocks that 

are known to include cop per mineralizations: 

metadiabases and amphibolites. 

The differences between the average cop per 

concentrations in different rock types also vary 

significantly in different parts of the study area. 

This is revealed by the average cop per concen

trations of granite gneiss and amphibolite in the 

base map sheet areas given in Fig. 12. The differ

ences between the average concentrations shown 

by the different rock types are natural ones; the 

regional differences within one and the same rock 

type, however, are important for geochemical 

exploration. 

Regional differences in copper concentra
tions in rocks 

It is not easy to establish regional differences 

between rock types on account of the large 

variation in the differences. The copper concen

trations were therefore standardized by the 

method suggested by Lohnes and Cooley (1968), 

and a new value was calculated for each sampie 

by comparing its concentration with tbe average 

concentration and standard deviation in tbe same 

rock type, viz. 

ZXj = ----
Sx 

where Xi is the copper concentration in the sam

pie, m x the average copper concentration in the 
rock type and Sx the standard deviation in the 

cop per concentrations in the sampies of the rock 

type assayed for copper. The z values thus 

obtained are mutually comparable irrespective of 

rock type and form a normally distributed 

population for each rock type. On the basis of 

the z values calculated, an anomaly map (Fig. 17) 

was drawn on which the positive anomalies were 

defined to include the highest 20 % of the popu

lation (highly positive anomalies are those that 

include the highest 10 % of the values). The 

negative anomalies were defined in like manner 

to include the lowest 10 % and 20 % of the 

values. Included on the map are the predominant 

rock types of the area. The positive anomalies 

form three zones; oqe of them, running from 

Raatevaara to Heinävaara, follows the contact 

between the Presvecokarelidic and Karelian 

rocks. Note, nonetheless, that high copper 

concentrations occur in both the Karelian and 

Presvecokarelidic rocks; in otber words, the 

copper anomalies are not associated with any 

particular rock type but rather with a certain 

area. Another zone of positive anomalies extends 

in a SWW-NEE direction from Hammaslabti 

to Aittovaara. Tbis zone as weil passes the 

contact between rocks of different ages and in 
tbis case, too, tbe anomaly is regional rather 

tban restricted to a certain rock type. The tbird 

anomaly zone is between Huosiovaara and Hei

nävaara and it, too, crosses several rock types. 

The anomaly zones trends parallel to tbe most 

prominent tectonic lineaments in the area (see 

Fig. 3 p. 12) and may weH be called a copper 

field . Beyond tbem the anomalies are smal!. 

It is noteworthy tbat most of the negative 

anomalies are located in these same zones. This 

seems to indicate that cop per ions migrated and 

were enricbed witbin the zones; hence tbe corre

sponding depletion is now seen as a negative 

anomaly in the adjacent bedrock. 

Copper concentrations in weathered bedrock 

Weathered bedrock was observed at 123 sites 

in tbe study area. Most of tbe occurrences were 

detetcted in the area of Presvecokarelidic amphi

bolite formation (see p. 13) in tbe course of 

explorational geocbemical soil sampling. Hence, 

altbougb tbey are not ore deposits proper tbeir 

copper concentrations are often anomalous. 



Lestinen (1980) has studied the distribution 

of trace elements in the weathering products of 

a variety of rocks in northern Finland. He noted 

that the copper concentration in the < 0.064 mm 

fraction sieved from weathered rock was markedly 
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higher than that in the unsieved bulk sampie 

from weathered rock or in the corresponding 

unweathered rocks. Table 3 shows the cop per 

concentrations in the < 0.064 mm fractions from 

weathered rock t ypes in the Kiihtelysvaara area 
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Table 3. 

The average cop per concentrations (ppm) in wcathered 
rock types in the K iihtelysvaara study area. 1 = the> 2 mm 
milled fraction, 2 = the <0.064 mm sieved fraction, n = 

number of sampies. Analysed by AAS. 

Rock types 

Presvecokarelidic 
Leptite . . ......... ... . . .... . 
Amphibolite ............... . 
Black schist ......... .... ... . 
Granite gneiss . .. . . ........ . 

Kareliall 
Mica schist ......... . .. . . .. . 

86.5 
132.4 
335.1 

83.4 

86.7 

2 

134.9 
131.3 
326.3 

96.6 

85.4 

9 
59 

7 
5 

11 

as weil as those of the ground > 2 mm fractions 

(representing rocks not affected by chemical 

weathering). The differences are practically nil; 

the finest fraction of the weathered bedrock has 

not been enriched in copper as it is in northern 

Finland (Lestinen 1980). 

This implies that the weathered bedrock so 

common in the Kiihtelysvaara area is only 

slightly chemically weathered, and that the 

weathering crust is younger than the Preglacial 

weathered bedrock in Lapland. 

Lake sediment studies 

Geochemical survey using lake sediments as 

sampling media is regional in character in that 

one sampie represents an extensive drainage 

area. So that the drainage area can be outlined 

sampies are taken from smallish lakes, less than 

one kilometre in diameter, or from bays in 

larger lakes. According to Tenhola and Lum

maa (1979), small lakes of the appropriate type 

abound in the Kiihtelysvaara area. 

With the coarse sampling grid employed in 

the method it is not possible to localize individual 

mineralizations; rather the anomalous metal 

concentrations in the lake sediments indicate the 

areas anomalous for tbe element to be studied, 

i.e. the ore fields. 

Tbe copper concentrations Jn the lake sedi-

ments from the study area are shown in Fig. 18 
as an anomaly map on whicb the dass limits and 

anomaly thresholds are at the usual percentages 

of 20, 80, 90, 95 and 97.5. The Raatevaara

Heinävaara copper zone stands out distinctly 

as an area of positive anomalies. The Hammas

lahti- Aittovaara and Heinävaara- Huosionvaa

ra zones, bowever, which cut the former, are 

sbown less well. The negative anomalies are 

located in areas with uncommonly thick over

burden. Hence, the negative anomalies do not 

reflect the bedrock areas of low copper con

tent but are controlled by the thickness of the 

overburden; the pOSIt1Ve anomalies, on the 

other hand, do coincide with the bedrock 

anomalies. 

Stream sediment studies 

As shown by the sampling site density (c. 5 

sitesjkm2), tbe stream network is dense in tbe 
Kiihtelysvaara area. It comprises the headwaters 

of two different waterways, between wbich tbe 

Salpausselkä II acts as divider. The dense net

work of the headwaters of the Jänisjoki water
ways is located to the east of Salpausselkä II and 

the less dense beadwaters of the V uoksi water

ways to the west of it. The flow rate in the 

streams is high except in so me minor flat peat 

lands. Tbe lakes in the northeast are over 200 m 

above sea level, whereas the river Jänisjoki in 

the southern margin of the area is only 89 m 

a.s.l. The average flow of water in the streams 

is, however, rather small and not capable of 

transporting heavy sediment loads. Hence the 

stream sediments are local and represent the soil 

and bedrock of the immediate vicinity. 

The streams in the area are in a natural state. 

Even though organic sediments in particular 

react with heavy metal pollution (Salminen 1975), 

there is no observable impact of pollution on 
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stream sediments in this area not even in the im

mediate vicinity of the Hammaslahti copper mine. 

An organic stream sediment is heterogenous 

in physical consistency: it is mainly composed 

of plant debris whose grade of humification 

5 12 79 029055 
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vanes; it carries variable amounts of colloidal 

humic acids; mineral constituents are always 

present in variable amounts. Efforts are made 

during sampling to eliminate the disadvantages 

of this heterogeneity by compiling a sample fro m 
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five subsampies collected fro m sites a few m etres 

apart. Attempts are also made to sampie material 

with a constant degree of humification, that is, 

a rat her w ell -humified substance. The negative 

e ffect of heterogeneity - sampie error - w as 
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v ersus kept as low as possible. Hence tbe results 

are not given sampling sites but as averages of 

the copper concentratio ns of 3 to 5 sampling 

sites. Tbe averageJ g roups were se1ected on a 

geological basis. One g ro up usually consists of 
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samples collected from between two forks of a 

stream or from a shore of a bay in a lake. If a 

stream did not fork the number of sampies that 

formed one g roup was restricted to indude only 

sampies taken from a stretch of the stream no 
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longer than 1 km. On the basis of the averages 
thus obtained the maps were drawn with the dass 

limits at percentages of 20, 80, 90 and 95. The 
isopleths referring to these anomaly limits are 

shown in Figs. 19 (organic) and 20 (mineral) . 
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The anomaly map exhibits the same copper 

zones no ted in the bedrock (Fig. 18) and with 

which distinct negative anomalies are associated. 

The anomalies of the bedrock and the organic 

stream sediments are not who11 y analogous in 

shape, because the density of the sampling grid 

for the stream sediments was several times 

higher than that for the bedrock sampies. Owing 

to the high er sampling density the map shows 

more details. Intense anomalies are also encoun

tered outside the above copper field and reflect 

the copper concentrations in dyke rocks -

mainly metadiabases . 

Copper concentrations 1n organic stream 

sediments are hig hest at Raatevaara, where the 

bedrock exhibits copper abundances higher than 

in the environment. 

Studies on restricted targets showed that 

organic stream sediments indicate the underlying 

bedrock much better than do the mineral sedi

ments (Salminen 1979). The findings a110w us to 

generalize that the copper contents in the bed

rock are weIl reflected in organic stream sedi

ments not only in terms of their location but 

also in terms of concentration differences. 

Pedogeochemical studies 

General 

It was pointed out on p . 21 that the finest till 

fraction that incorporates copper had been 

transported for a short distance. It is gene rally 

accepted that the finest till fraction mig rates the 

farthes t (Levison 1974; Dreimanis and Vagners 

1971). The studies supporting this point of view, 

however, are based on investigations of the 

transport distances of minerals more resistant 

to wear, such as quartz and felds pars (Virkkala 

1971 and Perttunen 1977). The resistivity to 

wear of the sulphides is, however, lower than 

that of quartz and felds pars, and hence sulphides 

are presumed to be able to migrate only short 

distances (Lee 1971 and Garret 1971). This 

concept is corroborated by the data on transport 

distances from Palojärvi and Heinävaara. 

Copper concentration in soil 

Although the main task of the sampling was 

to take till sampies from each site, other mineral 

soil sediments were also sampled. A ll the sam
pies were handled and assayed in the same way 

regardless of the soil t ype. Table 4 lists the 

average copper concentrations, standard devia

tions and variation coefficients for fractions 

< 0.064 mm from different soil types . The copper 

concentrations in sorted soils decrease notably 

with the decrease in grain size. This is probably 

because in sorted soils copper is adsorped 

hydromorphically on the surfaces of the mineral 

grains. The grain surface area is considerably 

smaller in the coarse-grained soils than in the 

fine-grained variants. Thus, a given amount of 

copper ions produces a higher ion concentration 

per unit grain surface area than in the more fine

grained soil, and the result is an apparently hig h 

copper concentration in coarse-grained soils. In 

ti11, however, the copper concentratio n is mainl\' 

due to the clastic components and only subor

dinately to hydromorphic constituents ( urmi 

1976). In this respect till and sorted sediments 

differ from each other geochemically. 

'fable 4. 

The average copper concentrations (x) ppm, (heir stand
ard deviations (s) and variation coefficients (v) in thc 
< 0.064 mm fractions of a variety of soi l types. n = num-

ber o f sampIes. Analysed by O EQ. 

Soil type 

Till .. . ... .. .. . 91.1 142.5 156.3 8073 
Clay . . . . . . . . . . . 34.5 26.9 77.8 89 
Silt ............ 53.4 31.8 58.1 321 
Fine sand . . .. 66.2 33.2 50. 1 131 
Sand . . . . . . . . . . 85.7 97.0 113.3 962 
Grave l ......... 100.0 63.1 63.2 433 



Table 5. 

The average cop per concentrations (ppm) in various 
rock types (KA) and in the < 0.064 mm ti ll fractions 
(MR) collected from the areas of these rock types. nK A = 
number of rock sampIes, n~1R = number of till sampIes 

Analysed by OEQ. 

Rock type KA nMR 

'Mica schist . ... . 105 40 1 981 71 
Granite gnciss . . 70 7 4236 131 
Granite .. . . .... 70 6 792 122 
Amphibolite .... 90 30 1 119 69 

Enrichment of copper in the finest tiU 
fraction 

Table 5 shows the copper concentration 1n 

t he rock types of the study area and in the fine 

till fractions collected from the areas occupied 

by those rock types. The difference between the 

cop per contents in bedrock and in till is so large 

that it cannot be attributed to the heterogeneity 

of the bedrock. 

The subject was studied by preparing ro:k 

sampies in different ways. When a rock sampIe 

is crushed in a jaw crusher it breaks into particles 

in which all sizes are represented , the fines t 

fractions induded. A product like this corre

sponds to natural till in grain-size distribution, 

and tbe minerals are ground in it just as they 

are when milled by tbe glacier; in other words 

the natural resistivity to wear and the grain size 

of tbe minerals control the final degree of com

minution. On the other hand, when a rock 

sampie is milled all the minerals are forceably 

reduced into a roughly constant size, irrespective 
of their hardness . 

A number of rock sampies from tbe study 
area were crushed to < 10 mm in a jaw crusher. 

They were then ground in a centrifugal mill for 

periods of various length. Furthermore, the 

fraction < 0.064 mm was sieved from the crushed 

product without grinding. The sampies were 

assayed by OEQ technique. The data are listed 

in Table 6. The length of the grinding had little 

effect on the results, which are comparable to 

those obtained previously (Table 2, p . 29). Tbe 
sampies sieved from tbe crushed products, 
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Table 6. 

The average concentrations (ppm) in ground samples 
from so me rock types and in sieved sampIes from crush
ed rock . 1. metadiabase, 2. granite gneiss, 3. amphibo
lite, 4. black schist, 5. mica schist. Analysed by OEQ. 

1. I 2. I 3. I 4. I 5. 

Ground sampIes .. ... . 170 5 82 57 5 
Crushed sampIes ..... . 305 62 216 169 85 
Number of sampIes .... 1 3 1 3 1 

however, showed different values, the concen

trations being many ti mes higher than in tbe 

grou nd sampies. Moreover, the ground sam

pIes and the sampies sieved from the crushed 

products were very different in concentration, 

depending on the rock types. Cop per is liberated 

from metadiabase dearly less readily t han from 

the other rock types studied; on the other hand, 

it is liberated very easily from granite gneiss and 

mica schist into tbe fraction < 0.064 mm. The 

copper concentration in the crushed product is 

d ose to tbat of the till derived from the same rock 

type. This suggests that chalcopyrite (copper 

exists predominantl y as chalcopyrite in rocks) 

is liberated readily from rocks in the glacial 

m ill, that it is reduced rapidly in grain size and 

that it remains in basal till dose to its source. 

Copper anomalies in till 

Since the transport distance of till is short 

(p. 21 ), one would expect the differences in the 

trace element contents in bedrock - due to both 

Table 7. 

The medians (m), averages (x) and standard deviations 
(s) of the copper concentrations (ppm) in the < 0.064 mm 
till fractions from different lithologie areas. n = number 

of samples. Analysed by OEQ. 

LitholO/l'ic arcas >TI 

A . Mica schist .. . .. . . 104.9 105.2 42.1 1981 
B. Granite gneiss near 

mica schist . .... .. . 75.7 80.7 51.8 1226 
C. Amphibolite ..... . 81.8 91.1 70.0 1119 
D. Uramo granite ..... 70.0 73.1 28.2 292 
E. Aittovaara granite 

gne iss . .. .. . . . .... 62.7 66.4 32.2 680 
F. Loitimo g ran ite .. 64.1 68.9 60.0 500 
G . Tuupovaara g ranite 

gneiss ...... .... .. 56.0 58.8 34.5 2330 
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rock types and mineralizations - to be reflected 

distinctly in the metal concentrations in till. The 

data could of course be standardized as in the 

bedrock sampies (p. 30) to filter out the variation 
in concentration level due to rock types. The 

metal contents in till, however, are also affected 

by other factors, e.g. the degree of homogeneity 

and thus there is no justification for standard

izing the till sampIes data. It would be unneces
sary in any case, because the areas with anoma

lous copper abundances bad already been out

lined by stream sediment survey. 
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The average copper concentrations In the 

rock types in the study area are very different 

from each other (Table 2). Likewise, the tills in 
the areas of different rock types differ from 

each other in copper content (Table 7). Thus, 

when the anomaly limits for the pooled data are 

calculated on a conventional basis the anomaly 

map mainly reflects the bedrock of the area; the 

anomalies caused by possible mineralizations, 

low in concentration and small in size, are lost 

in the geochemical landscape produced by the 

rock types and by the variation in sam pIe and 
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analytical errors. Since, as pointed out earlier, 

copper is liberated from the rocks in different 

ways, each lithologic unit should be treated 

separately, unless even smaller units are required 

for explorational or other purposes. 

The copper anomaly map of the study area 

shown in Fig. 21 was compiled with the aid of 

the interpolated data (p . 29), the dass limits 

being set at percentages of 20, 80, 90 and 95 %. 
. \ conspicuous anomal y is visible in the mica 

schist area, partly in the till cover of Salpaus

selkä II and partly in basal til1. In the area of the 

Presvecokarelidic basement complex the anom

alies are weaker and occur mainly within the 

a mphibolite formation . The exception is the 

a nomaly in the area of the Raatevaara- Heinä

vaara cop per field, which, although not very 

marked, is still distinct. Individual anomalous 

points due to metadiabases occur elsewhere 

520' .... 

f . ' 
.. ' . ' 

within the basement complex. The anomalies 

in the figure reflect quite correctly the average 

differences in concentration between the rock 

types, although the Raatevaara-Heinävaara 

zone with its several copper mineralizations 

cannot be distinguished from the »rock-type 

anomalies» . 

Fig. 22 shows an anomaly map on which the 
data are divided into the lithological units. The 

class limits were calculated for each unit on the 

basis of the percentages, and the whole data 

were then united. The large copper anomaly in 

the mica schist area is now reduced and subdivid

ed into separate anomalies that presumably reflect 

the anomalous cop per concentrations in the 

rocks, i.e. the copper mineralizations (e.g. the 

anomaly due to the Hammaslahti ore deposit 

shows up). Likewise, the copper anomalies 

caused by the Raatevaara-Heinävaara cop per 
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field and the Hammaslahti- Aittovaara copper 

field are much more distinct. Thus, the anomaly 
map drawn on the basis of the data processed 

in accordance with the rock types compares 
better with the map showing the copper con
centration in the bedrock on p. 31 than does 

the anomaly map compiled in the conventional 
way by using the pooled data of the whole map 

sheet (Fig 21 ). 

Classi fication of the a nomalies on the basis 

of meta l ratios 

Chalcopyrite-bearing metadiabases abound in 
the Kiihtelysvaara area. Although the grade 

might meet the requirements of an economic 
ore deposit, chalcopyrite occurs so sporadically 
and the total tonnages are so low that the 

metadiabases are currently without explora -
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tional importance (Pekkarinen 1976). Never 

theless, the copper-bearing metadiabases give 

rise to numerous anomalies on the geochemical 

copper maps. Hence, means were sought to 
eliminate the copper anomalies due to meta 
diabases from the maps on the basis of analytical 

data. 
The Huosiovaara area with its numerous cop

per anomalies (Fig. 23) was chosen for detailed 
investigation. Covering some 176 km2 , it is 

located between Palojärvi and Loitimojärvi in 
the middle of the study area. Some of the anom

alies were known to be due to the copper
bearing metadiabases and some to the chalco
pyrite-disseminated amphiboli tes of the Pre

svecokarelidic basement complex. The average 

chromium content in amphibolite was almost 
300 ppm whereas in metadiabase it was less than 

10 ppm (Table 8). Both rock types exhibit 
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Table. 8. 

The averages (x) and standard deviations (s) of the chro
mium and copper concentrations in metadiabases and 
amphibolites. n = number of sampIes. Analysed by OEQ. 

c, Cu 

1 C' ICu 1 Rock types n 
x x 

Metadiabase 1 6.71 3.21 90.21 60.91 0. 07 1 19 
Amphibolite 285.7 153.2 63.6 33.7 4.48 11 

moderate copper contents even without anom

alous chalcopyrite abundances. Also shown 

in Table 8 are the Cr/Cu ratios, which for the 

amphibolite is 4.48 and for the metadiabase 

0.07. 

Fig. 23 depicts the copper anomalies in the 

Huosiovaara area (the anomaly threshold was 

106 ppm corresponding to the value at L % 80). 

The Cr/Cu ratio was calculated for these cop per 
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anomalous sampies. The amphibolite and diabase 

sampies were distinguished from each other by 

subdividing them into two classes with the Cr/Cu 
ratio 0.75 as the limit between them. Fig. 24 

exhibits the anomalous points oE Fig. 23 that 

have a ratio less than 0.75, that is, copper anom

alies produced by metadiabases. Marked on the 

same figure are the metadiabase dykes that are 

known to exist in the area (Nykänen 1971a and 

Kallio 1976). It is seen that most of the anoma

lies are located on or in the immediate vicinity 
oE the metadiabases . Some anomalies do not 

seem to be associated with any of the known 

metadiabase dykes. There are, however, more 

metadiabase dykes in the area than could be 

marked on the small-scale lithological map 

(Kallio 1976) and hence all the anomalies can 

be attributed to metadiabases. 
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The sites whose Cr/Cu ratio exceeds 0.75 and 

whose copper concentration is anomalous are 

shown on Fig. 25. Most of the sites are located 

on the known amphibolite formation. Some of 

the anomalies, however, occur in areas that do 

not show amphibolite in exposures but which 
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on the low-altitude aeromagnetic maps, have 

magnetic anomalies, that are probably attrib

utable to amphibolite. Hence in this area the 

sampies that show an anomalous copper concen

tration and whose Cr/Cu ratio exceeds 0.75 
derive from the amphibolite formation. 

DISCUSSION 

Ore deposits are seldom discovered by geo

chemical survey alone. Only in areas where the 

in-situ weathering products of the bedrock can 

be sampled, can geochemical methods be ex
pected to lead directly to the discovery of under-

lying ore mineralizations. In glaciated areas, 

however, the geochemical data have to be 

interpreted and the interpretation relys on the 

assessment of a11 the geological information 

available. 

The irnportance of bedrock data 

The geochemical anomalies obtained by 

routine statistic methods can only be classified 

into the explorationa11y significant and nonsig

nificant, and the anomalies due to a certain rock 

type can only be sorted if we know the distri

bution of the trace elements in the bedrock of 

the study area and the differences between the 

trace element ratios in the different rock types. 

In the present study basic information of this 

kind was employed to discriminate between 

explorationa11y less important copper anomalies 

due to metadiabases and other copper anomalies. 

The Cr/Cu ratio, which in the study area was 

invariably markedly lower for diabases than for 

other rock types, proved to be an effective 

discriminating factor (p. 41) . This characteristic 

feature of diabases was also noted in ti11 sampies 

co11ected from the vicinity of the metadiabases. 

The trace element concentrations, however, 

vary regiona11y even within a given rock type 

and mineralization. Hence, the trace element 

concentrations and their ratios must always be 

handled target-wise particularly when applying 

geochemical survey to exploration. Oversim

plified application of old data may lead to wrong 

conclusions. 

Tbe distribution of the trace elements in the 

rock types and in the subareas must be known 

when those areas are outlined whose data are 

treated as a unit. The variation in metal contents 

between rock types also causes variation in the 

trace element concentrations in till. In the Kiih

telysvaara area, for example, the copper conte nt 

in ti11 averaged 105 ppm in the mica schist area 

and 70 ppm in the granite gneiss area. If the data 

from lithological units are treated together the 

anomalies accumulate in the mica schist area. 

Although tbis portrays the difference between 

the rock types, the result may be misleading for 

exploration . 

In comparisons of the copper contents in ti11 

derived from different rock types we noted that 

copper is not always liberated from rock to ti11 

in tbe same way (p. 37). Thus, in relation to the 

cop per contents in the rocks ab out five times 

more copper is liberated from granite and granite 

gneiss than from amphibolite to tbe < 0.064 mm 

ti11 fraction. 

To maximize the usability of the geochemical 

data, the geophysical data must also be taken 

into account in the interpretation, because they 

contain information relevant to the properties 

of the bedrock covered by overburden. 

When the bedrock in covered areas is being 

mapped, far-reaching conclusions concerning 

the distribution of the rock types can be drawn 
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by joining the geophysical and geochemical the geophysical anomalies according to explo
results. A case in point is Palojärvi (p. 22). The rational significance. 
geochemical results can also be used to classify 

T he simultaneous use of different sam pIe types 

The use of different sampie types in geo

chemieal survey gives us results that are of 

different charaeter but that, when joined, comp

lement each other. Lake sediment survey is 

applicable to regional studies over vast dis

tances in the seareh for areas anomalous for 

copper. To use this method, however, there 

must be a sufficient density of lakes of the 

appropriate size. 

Stream sediments aIlow a denser and more 

regular sampling grid than do lake sediments, 

partieularly in the headwaters of river systems 

where smaIl streams abound, as in the Kiihte

lysvaara area. Stream sediments notably enhanee 

the details in the geoehemical »landscape» 

delineated by the lake sediments but whieh 

owing to the coarse sampling grid is rat her 

generalized. Organic stream sediments and lake 

sediments are often similar in geochemical char

aeter; the most prominent difference between 

them is that the lake sediments are taken from 

beyond the active littoral zone. 

The variation in the copper content in 

organie sediments refieets weIl the variation 

in the cop per content in the bedrock. In contrast, 
the results obtained from the mineral stream 

sediments were difficult to interpret. 

TiIl has turned out to be. the best sampling 

material in detailed studies. If the anomaly 

limits are determined in routine fashion on the 

basis of sampIe data from an extensive area, the 

anomaly map iIlustrates the lithologieal units 

that differ from eaeh other in geochemical ehar

acteristics, provided that the Quaternary geo

logical eonditions are similar throughout the 

area. If ore mineralization anomalies are aimed 

at, special attention must be paid to outlining 

the area. Quaternary geologieal factors and 

the geoehemieal characteristics of the bedrock 

must also be earefully established. 

The importanee of Quaternary g eological data 

In addition to the geoehemistry of the bedroek 

the Quaternary geological conditions should 

always be established in survey. It is imperative 

to determine the transport distanee for till so 

that the location of possible mineralizations ean 

be estimated. The classie studies on the transport 

distance of pebbles in till are not enough for 

interpreting geoehemieal data; the studies on 

transport distance must be direeted at the fraction 

being analysed. For the finest fractions it should 

also be noted that ore minerals are ground 

markedly more easily and quickly than are quartz 

and feldspars, which predominate in these frac

tions as well. The transport distanee of the till 

fraetions studied in the Kiihtelysvaara area was 

found to be significantly shorter than that report

ed from southern and western Finland (Virk 

kala 1971 and Perttunen 1977). The transport 

of the fraction < 0.064 mm, which was studied 

by means of the copper concentration, was found 

to be 500 to 600 m outside the area of the 

marginal formation . 

The transport distanee of till is generally ex

pressed as the halfdistance of transport of a 

eertain rock type. The geochemieal data can, 

however, be interpreted by examining the dis

tance over which the material to be studied 

attains its maximum abundanee in till. The dis

tanee is measured from the proximal eontaet of 

the material being studied. In this way the trans-



port distance can be determined accurately, 
because the maximum abundance is reached 

over a short distance while the falling of the 

abundance to the background value takes place 

gradually over a longer distance. 
The area of marginal formations is seldom 

suitable for geochemical soil studies (Salminen 
and Iisalo 1978) because till and glaciofluvial 
sediments are intermixed to such an extent that 

the advance direction and the transport distance 
of till are difficult to establish. Furthermore, the 

overburden is exceptionally thick. Although till 
survey in the area of the Kiihtelysvaara marginal 

formations produced data difficult to interpret, 
the variations in the cop per concentrations in 
bedrock are satisfactorily reflected in the organic 

stream sediments. 
In studies on till stratigraphy the beds can be 

distinguished from one another by their geo

chemical characteristics, provided the beds de
rive from different bedrock areas. Mixing and 

diluting prevent the analysis of the finest till 
fraction from indicating clearly the source of the 

matter. Nevertheless, by studying the trace ele
ment ratios in one or more rock types, as was 
done at Heinävaara (p. 25), the source can be 

pinpointed a high er probability. Do not forget, 

however, that in each study area these metal 

ratios - the factors - must be selected on the 
basis of the geochemical character of the area. 

In interpretations of geochemical data the 
framework is provided by the general geochemi-
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cal relationships; the final touch, however, can 

only be given if we take into consideration the 
special features of each area. The lithological 

and geophysical data are of great use but it is 

the Quaternary geological conditions of the area 
that must be studied the most carefuUy. Without 
detailed knowledge of soil stratigraphy and gla
cial transport directions the geochemical data 
can only be partially interpreted. 
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