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ON SOME GEOCHEMICAL FEATURES IN THE BLACK SCHISTS OF THE 
OUTOKUMPU AREA, FINLAND 

E S K O P E L T O L A 
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ABSTRACT 

The paper deals with some elements characteristic of carbonaceous schists. The mutual relationship of these ele-
ments and their distribution in schist fractions were studied in order to shed light on the depositional conditions of 
the Precambrian black schists in the Outokumpu region, East Finland. Special attention is paid to the variation in 
the carbon to sulphur weight per cent ratio and to the concentration of B and V 2 0 5 . The results are compared with 
those obtained from contemporaneous and younger through to recent carbonaceous formations, about the origin of 
which more information is available. 
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Introduction 

It is a well known fact that the composition of 
carbonaceous schists is greatly dependent on fac-
tors relating to the primary sedimentation, i.e. on 
the depositional environment. The comparison 
of carbonaceous schiots formed under different 
conditions has further revealed that in addition 
to major constituents, some trace elements are 

also characteristic of certain depositional condi-
tions. In addition to the bulk analyses, studies on 
the composition of the various fractions of these 
rocks have also recently gained favour. Thus/.g. 
the trace element contents in the carbonaceous 
schists and sulphide fractions separated from the 
schists have turned out to be significant to the 
environmental studies of the marine and fresh-
water sediments. 
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Fig. 1. Carbon-sulphur and carbon- sulphidic iron weight per cent relations in the black schists of the Outokumpu 
region. The numbers refer to the analyses in Table 1. 

The studies dealing with the origin of the car-
bonaceous formations are mainly based on the 
recent sediments and the younger less metamor-
phic schists. In the following, some chemical rela-
tions existing in the black schists in East Finland 
are considered. The findings are compared with 
those obtained from other contemporaneous and 
younger formations thus augmenting the infor-
mation concerning the geologic history of the 
Precambrian metasapropelites. 

Major elements 

Carbon, sulphur and sulphidic iron 

While considering the origin of the black 
schists in the Outokumpu region on the basis of 
their mode of occurrence and chemical compo-
sition, the present author (Peltola, 1960) paid 
attention to the variation in their carbon and 
sulphur content. Although the relative amounts 
of sulphides (mainly pyrite and pyrrhotite) vary, 
the sulphide content increases parallel to that of 
carbon (Fig. 1). This is most conspicuous in 
the argillaceous black schist variants which are 
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Fig. 2. Carbon-pyrite weight per cent relations in the 
carbonaceous shales and schists of different ages and 

depositional conditions (According to Strahl). 

common in North Karelia, East Finland. Usu-
ally the amount of sulphides is higher in the 
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calcareous black schist varieties. The carbon and 
sulphur content ranges from a few per cent to 
10—15 per cent, both varying within the same 
limits. Dr. T. A. Häkli kindly computed the 
standard deviations and the coefficients of corre-
lations: r FC-C, r FE-s and r c-s for carbon, sulphur 
and sulphidic iron listed in Table 1. 

rFe-c = 0 . 4 9 9 ; correlation is significant at the 0 . 0 5 level 
rFe-S = 0 . 8 4 5 ; » » » ( » » 0 . 0 1 » 
r C-S = 0 . 4 7 1 ; » » » » » 0 . 1 0 » 

Similar observations have also been made on 
the younger weakly metamorphosed carbon-
aceous schists from whose depositional condi-
tions more information is available than from 
the bedrock area, due to geologic and geochemi-
cal investigations. Fig. 2, which is based on the 
studies of Strahl (1958) concerning the Upper 
Carboniferous shale of St. Hippolyte in France, 
the late Devonian Chattanooga shale in Tennes-
see, the Devonian shales in Ohio and the Upper 
Cambrian alum shales in Sweden, shows the 
variation in carbon and pyrite in the schists of 
these areas. According to Strahl »the results of 
the analysis of the Chattanooga, Ohio and Alum 
shales show many of the features accepted as 
characteristic of the reducing marine environ-
ment. The decrease in the amount of organic car-
bon and the associated constituents pyrite and 
uranium indicates that the Ohio shale was depos-
ited at a more rapid rate than the Chattanooga 
and Alum shales. The character of the St. Hippo-
lyte shale is distinctly different and shows, that 
this shale is of continental rather than of marine 
origin. The relative deficiency in pyrite and the 
abundance of siderite and iron oxides indicates 
a somewhat more oxidative environment too». 

As indicated by Fig. 2, there are differences in 
the variation of the pyrite and carbon contents 
in the schists. It may not be chance that the St. 
Hippolyte shale, which Strahl considers as non-
marine in origin, shows a relative deficiency in 
pyrite, whereas the marine shales contain pyrite 
more abundantly and the amounts of carbon and 
pyrite fluctuate within the same limits. 

7 8 3 5 2 — 6 8 

According to Murty et al (1962), the organic 
carbon content of the Precambrian black shales, 
exposed at Nagarjunasagar, India, has a fairly 
direct relationship to the content of sulphur and 
ferrous iron in the sulphide. The black shales are 
siliceous in composition and their organic carbon 
and sulphur contents are low resembling the 
aranaceous schist variety in the Outokumpu re-
gion. 

Studies on recent carbonaceous sediments have 
also revealed that under marine conditions with 
sulphate abundantly available, more sulphides are 
formed than in fresh-water basins of similar envi-
ronments. This conclusion is supported, accord-
ing to Keith and Byström (1959) and Degens et 
al (1959), by sulphur analyses of marine and 
fresh-water shales of Pennsylvanian age as well 
as of modern fresh-water and marine muds from 
Oahu, Hawaii. 

Strakhov (1960) found out that in the highly 
reducing marine environments, sulphides are for-
med in amounts comparable with those of car-
bon. While considering the composition of the 
euxinic sediments in the Black Sea, he states that 
the irregular distribution of pyrite almost ex-
actly parallels the distribution of organic carbon, 
both of which increase markedly in the centre of 
the sedimentation basin. 

Strakhov et al (1959) have developed a quanti-
tative geochemical method for the analysis of 
sedimentary strata in order to determine the con-
ditions of their formation. According to them, 
»in the rocks of marine origin the ratio of pyritic 
iron to residual organic carbon fluctuates be-
tween 0.2 and 2.0, but i.i the majority of cases it 
is betwwen 0.5 and 0.8. In the rocks of continen-
tal origin these ratios are between 0.03 and 0.06 
and in the deposits formed in intermediate envi-
ronments (in lagoons) these ratios occupy an 
intermediate position varying between 0.06 and 
0.2. The ratio of pyrite iron to residual organic 
carbon in rocks formed in the same environment 
varies somewhat from region to region, but the 
general tendency of a sharp increase in this ratio 
in the transition from continental to sea rocks 
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has been established for many coal basins of the 
»USSR». 

In the highly metamorphosed Precambrian 
black schists of the Outokumpu area the ratio 
varies from 0.6 to 1.8, with an average of 1.3 
(Fig. 1) thus clearly indicating a marine deposi-
tional environment. In some calcareous black 
schist varieties with higher amounts of sulphides 
the ratio may rise up to 4.5. The local abundance 
of sulphides in the skarn-predominant schists of 
this type can partly be attributed to the mobilisa-
tion of the sulphidic matter during regional 
metamorphism. 

Content and relationship of some typical 
trace elements 

Boron and vanadium 

The analyses of the Precambrian carbonaceous 
schists in North Karelia show a regular boron 
content which varies between 0.001 and 0.1 % B. 
In black schist, the boron content is higher than 
in the other rocks of the area in general,i.e. in 
the quartzites and micaceous schists. The average 
boron tenor in the 18 analysed black schist sarn-
ies was 0.015% B (Table 1). This is approx-
imately the same as that obtained by Th.G. 
Sahama (1945) for the Precambrian black schists 
of South Lapland (0.006 — 0.1 % B 2 0 3 ) and as 
that reported by S. Landergren (1945) for the 
Cambrian alum shales in Sweden (0.009 — 
0.014 % B). In the mica schists and quartzites of 
the Outokumpu area the boron content fluctu-
ates from 0.001 to 0.008 % B. 

Areal comparison of the boron abundances 
indicates that the phyllites and black schists in 
the eastern part of the area and in Mulo, south 
of Joensuu, are richest in boron, the abundance 
varying between 0.008 and 0.1 % B. The boron 
tenor decreases westwards and the lowest values 
are encountered at Outokumpu and Luikon-
lahti. 

Fig. 3. Tourmaline porphyroblast in sulphide-rich black 
schist. Outokumpu mine. One Nicol. Magnification 500 x. 

The highest concentrations of boron are met 
with outside the serpentinite area (Table 1, Nos. 
1, 2, 3, 4, 12 and 19), whereas in the vicinity of 
the largest serpentinite bodies the boron content 
in the black schists remains below the average 
value (0.015 % B) although the serpentinites also 
have a moderate boron tenor. The average boron 
content, obtained from a dozen serpentinite sam-
ples, is about 0.005 % B. 

The carrier of boron has been investigated. In 
some thin sections, tourmaline grains have been 
observed with optical properties compatible with 
those of chromian tourmaline. They occur in the 
carbon-rich portions of the schist as small (0.1 — 
0.2 mm in diameter) but euhedral crystals 
(Fig. 3). No rounded detrital grains have been 
observed. It is well motivated to suppose that 
boron originates from the marine depositional 
environments of the original sediment, for boron 
is a biophile and definitely thalassophile element. 
Tourmaline is a common carrier of boron in all 
rocks of marine sedimentogenic origin. 

Vanadium, a typical biophile element, is en-
countered in the black schists in amounts dif-
fering from those in the other schists of the area 
and varying from 0.04 to 0.23 % V 2 0 5 with an 
average of 0.11 % V 2 0 5 (Table 1). According to 
the previous work of the present author (Peltola, 
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TABLE 1 

Abundances of some characteristic elements in various carbon-

Rock type 

Phyllitic black schist 
» » » quartz-rich 

Graphite- and sulphide-bearing phyllite . . . . 
Black schist 
Phyllitic black schist 
Quartz-rich black schist 
Graphite-rich layer in black schist 
Black schist 

» » 
Graphite- and pyrrhotite-rich black schist . . 
Gneissose black schist 

Amphibole-rich black schist 
» » » 

Calcareous » » 
Diopside-bearing pyrite-rich black schist . . . 
Amphibole-bearing black schist 
Gneissose amphibole-bearing black schist . . 

» » -rich » » . . 

Average content 
Standard deviation (excluding sample No 7) 

Phyllite 
Graphite- and sulphide-bearing mica schist . 
Mica schist 
Quartz-rich black schist 
Black quartzite 
Quartzite 

Location 

Lake Höytiäinen, Polvijärvi 
» » 

Käsämä, 
Solansaari, 
Suopolvi, 
Viitalampi, 
Mertala, 
Sukkulansalo, Kuusjärvi . . 
Outokumpu mine, 285-level 

» , 320-level 
Luikonlahti, Kaavi 

Mulo, Pyhäselkä 
Sukkulansalo, Kuusjärvi 
Matovaara, Outokumpu 
Outokumpu mine, 320-level 
Ulla, Kuusjärvi 
Itkonsalo » 
Luikonlahti, Kaavi 

Kinahmo, Polvijärvi 
Kupinpuro » 
Keretti shaft, Outokumpu 
Kyykeri » 
Outokumpu mine, 285-level 
Outokumpu mine, 285-level 

1960), the consistency between the vanadium 
content and the organic matter cannot always be 
perceived in the black schists of the Outokumpu 
region. However, it is roughly valid for the varie-
ties of schists richest in carbon and for the car-
bon-poor mica schists and quartzites. In certain 
layers extremely rich iii carbon and aluminium, 
the vanadium content is higher than 0.20 % 
V 2 0 5 . The contents determined in the phyllites, 
mica schists and quartzites are considerably lower 
and from 0.02 to 0.05 % V 2 0 5 . 

According to Goldschmidt (1954), the vana-
dium content in marine shales is higher than in 
corresponding fresh-water deposits. Degens et al 
(1957) state, however, that this is valid only as 
far as the carbon fractions of these deposits are 
concerned. The abundance of vanadium in the 
black schists of the Outokumpu region is of the 

same order of magnitude as that in several marine 
carbonaceous deposits of different ages and 
known origin. 

Cobalt to nickel ratio 

The abundance of nickel in the black schists 
of the area fluctuates from 0.013 to 0.221 % with 
an average of 0.051 % Ni. The corresponding 
figures for cobalt are 0 . 0 0 4 — 0.020 % and 
0 .0076 % Co, respectively. The highest values are 
encountered in argillaceous black schist varie-
ties. Some of the Ni and Co values obtained from 
phyllites and mica schists are lower than the 
average Ni and Co values for black schists 
(Table 1). In the following, attention is paid to 
the mutual relationship between the cobalt and 
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and sulphide-bearing schists of the Outokumpu region 

% 
B v

s
o , Ni Co Co/Ni FC(S) C S Fe(S)/C 

0.1OO 0 . 20 0.022 0 . 00 4 2 0 . 1 9 9 . 1 9 7 . 6 2 1 0.48 1.2 
0.07 5 O.ll 0 . 0 1 3 0 . 00 60 0.46 3.5 6 2.0 3 2.04 1.7 
0 . 02 5 0 . 0 4 0.221 0 . 0 1 7 0 0 . 0 8 1.55 0.91 1 . 0 0 1 . 7 
0 . 0 1 5 O.ll 0 . 026 0 . 0 1 40 0.54 2.8 3 3 . 2 2 2 . 8 3 0 . 9 
0 . 0 0 2 0 . 1 1 0 . 0 8 5 0. 006 8 0 . 0 8 9.75 6.00 7.8 0 1 . 6 

> 

0 . 003 0 . 0 6 0.116 0 . 00 9 2 0. 0 8 5 . 0 5 3 . 8 2 3.90 1.3 
3 O 

0.010 0 . 0 4 0 . 0 40 0. 0 200 0 . 5 0 2.33 2 8 . 4 2 1 . 4 5 0.1 
o 

0 . 0 1 0 0 . 0 9 0.028 0 . 0 0 4 2 0 . 1 5 9 . 6 5 6.0 8 6.10 1 . 6 '5b 
< 0 . 0 0 1 0 . 0 9 0.029 0 . 0 0 4 3 0 . 1 5 4 . 5 0 4.00 2.90 1.1 < 
< 0 . 0 0 1 0.23 0.08 3 O.oioo 0.12 7.52 1 3.36 5.32 0 . 6 

0. 0 0 2 0. io 0 . 03 5 0. 00 60 0.17 6.8 0 7.26 5.26 0.9 

0 . 0 2 5 0.14 0 . 02 5 0 . 0 0 3 7 0 . 1 5 6 . 2 3 4.01 3.93 1.6 g 

< 0 . 0 0 1 0.13 0 . 027 0.00 57 0.21 8 . 7 5 1.96 5 . 1 0 4 . 5 'S 
0. 00 2 0 . 1 8 0 . 0 2 5 0 . 003 6 0.14 5 . 6 8 3 . 8 8 3 . 8 0 1 . 5 > 

O.ooi 0 . 1 5 0.036 0 . 0047 0.13 1 4 . 0 3 7.60 16.20 1.8 D O 
0.002 0 . 0 8 0 . 05 7 0 . 007 2 0.13 9 . 8 6 5 . 4 5 9.40 1.8 H 

< 0 . o o i 0.06 0.032 0. 0 0 6 1 0.19 1 2 . 7 2 7 . 2 9 8 . 2 3 1 . 7 g 
< 0 . o o i 0 . 06 0 . 0 1 7 0 . 00 40 0 . 2 3 4 . 3 6 5 . 2 8 3 . 2 0 0.8 

0 . 0 1 5 O.ll 0 . 0 5 1 0 . 00 7 6 0 . 1 5 7.18 5 . 2 8 5.73 1 . 3 
3 . 4 5 3.01 3.76 

0 . 0 0 8 0 . 0 5 0. 00 8 0 . 0 0 5 6 0 . 70 1.08 0 . 4 4 0 . 7 1 1 . 5 1 
O.ooi 0. o i 0 . 007 0 . 00 3 5 0 . 5 0 1.12 1.49 0. 7 0 0 . 8 £ 
0.003 0 . 04 0 . 00 9 0 . 00 6 5 0.72 1.70 0.66 1.10 1 . 5 
O.ooi 0.0 6 0. 0 1 8 0. 00 80 0.44 2.67 1.96 1.66 1.4 £ 

< 0 . o o i 0 . 04 0 . 170 0 . 007 7 0 . 04 2 . 2 5 0.37 1.83 6 . 1 
O.ooi 0 . 0 2 0 . 009 0 . 0 0 4 0 0.44 0 . 5 1 0 . 0 4 0 . 3 3 15.4 

c 

nickel tenors, which, according to some authors, 
is of importance when determining the origin of 
deposits. 

The average cobalt to nickel ratio in eighteen 
black schist specimens is 0.15. In some sulphide 
fractions separated from black schists this ratio 
is 0.13 (See Table 2). 

Marmo (1960) has investigated minor element 
contents in sulphide and graphite schists from 
various parts of Finland and has found that the 
abundance of nickel invariably (61 determinations) 
exceeds that of cobalt (40 determinations). The 
average nickel and cobalt content is 0 . 0 5 8 % and 
0.011 %, respectively. The cobalt to nickel ratio 
is 0.19, which is approximately the same as that 
in the Outokumpu area. Further, according, to 
Marmo, the corresponding ratio in the pyrrhotite 
fraction of these same schists (over 20 determina-
tions) is 0.17, although the abundances of nickel 

( 0 . 0 8 4 %) and cobalt ( 0 . 0 1 4 % ) are somewhat 
higher than in the host rock. 

Landergren (1948) confirmed that the cobalt to 
nickel ratio in the Cambrian alum shales in Swe-
den is 0 . 0 5 ( 0 . 0 2 % Co and 0 . 4 % Ni). The car-
bonaceous shales in Sweden contain about 
0.01 — 0.04 % nickel, the cobalt being less than 
a tenth of these values, as reported by Wester-
gårdh (1944). 

In the Romanian gyttja and sapropel sediments 
and in the German copper shales the abundance 
of nickel fluctuates from 0 . 0 0 9 % to 0 . 0 4 % and 
that of cobalt from 0 . 0 0 3 % to 0 . 0 0 7 % (Gold-
schmidt, 1937 a). Janda and Schroll (1959) have 
observed that in some of the graphite fractions 
extracted from the bituminous shales in Ger-
many the abundance of nickel fluctuates between 
18 and 100 g/t and that of cobalt between nil 
and 0.90 g/t, the average cobalt to nickel ratio 
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TABLE 2 

Distribution of some characteristic trace-elements in some black schist specimens in the Outokumpu region 

Sample 
N:o 

% ppm Sample 
N:o Cu Zn Ni Co Mo As Pb VaO, uso„ 

1 
Bulk composition 
Sulphide fraction 
Carbon » 

0 . 0 1 8 0 . 0 5 0 . 0 6 3 0 . 0 0 7 0 . 0 1 0 0 . 0 2 9 0 . 0 0 5 0 . 1 5 
0 . 0 1 5 0 . 1 5 0 . 1 2 0 0 . 0 2 5 0 . 0 0 2 0 . 0 7 0 0 . 0 0 2 
0 . 0 3 0 0 . 0 5 0 . 0 7 0 0 . 0 0 1 0 . 0 3 2 0 . 0 1 9 0 . 0 1 0 0 . 1 3 

24 
16 
12 

2 
Bulk composition 
Sulphide fraction 
Carbon » 

0 . 0 1 5 0 . 0 1 0 . 0 2 5 0 . 0 0 2 0 . 0 0 7 0 . 0 0 5 0 . 0 0 4 0 . 1 4 
0 . 0 7 0 0 . 0 7 0 . 2 2 0 0 . 0 3 0 0 . 0 0 3 0 . 0 1 2 0 . 0 0 3 0 . 0 2 
0 . 0 7 0 0 . 0 1 0 . 0 1 5 < 0 . 0 0 1 0 . 0 0 7 0 . 0 1 0 0 . 0 0 7 0 . 1 4 

40 
200 
100 

3 
Bulk composition 
Sulphide fraction 
Carbon » 

0 . 0 2 5 0 . 0 3 0 . 0 2 5 0 . 0 0 2 0 . 0 0 7 0 . 0 0 4 0 . 0 0 3 0 . 1 4 
0 . 1 0 0 0 . 5 0 0 . 2 7 0 0 . 0 3 0 0 . 0 0 3 0 . 0 1 2 0 . 0 0 5 0 . 0 1 
0 . 0 6 5 0 . 0 3 0 . 0 1 5 < 0 . 0 0 1 < 0 . 0 1 0 0 . 0 0 5 0 . 0 1 2 0 . 1 1 

40 
40 

200 

4 
Bulk composition 
Sulphide fraction 
Carbon » 

0 . 0 2 5 0 . 0 3 0 . 0 2 5 0 . 0 0 2 0 . 0 0 7 0 . 0 0 5 0 . 0 0 3 0 . 2 1 
0 . 2 0 0 0 . 3 0 0 . 2 3 0 0 . 0 3 0 0 . 0 0 3 0 . 0 1 3 0 . 0 0 5 0 . 0 3 
0 . 0 7 2 0 . 0 3 0 . 0 1 6 < 0 . 0 0 1 0 . 0 0 6 — 0 . 0 1 0 0 . 0 4 4 

40 
40 

150 

5 
Bulk composition 
Sulphide fraction 
Carbon » 

0 . 0 1 5 0 . 0 2 0 . 0 2 5 0 . 0 0 2 0 . 0 0 7 0 . 0 0 4 0 . 0 0 2 0 . 1 4 
0 . 0 7 0 0 . 2 0 0 . 2 8 0 0 . 0 3 0 0 . 0 0 3 0 . 0 0 6 0 . 0 0 3 0 . 0 1 
0 . 0 8 0 0 . 0 4 0 . 0 2 5 0 . 0 0 1 0 . 0 3 0 0 . 0 0 5 0 . 0 1 5 0 . 3 2 

40 
40 

150 

Average 
content 

1—5 

Bulk composition 
Sulphide fraction 
Carbon » 

0 . 0 2 0 0 . 0 3 0 . 0 3 3 0 . 0 0 3 0 . 0 0 8 0 . 0 0 9 0 . 0 0 3 0 . 1 6 
0 . 0 9 1 0 . 2 4 0 . 2 2 4 0 . 0 2 9 0 . 0 0 3 0 . 0 2 3 0 . 0 0 4 0 . 0 2 
0 . 0 6 3 0 . 0 3 0 . 0 2 8 0 . 0 0 1 0 . 0 1 7 0 . 0 0 8 0 . 0 1 1 0 . 1 5 

37 
67 

122 

1. Graphite- and pyrite-rich black schist, Outokumpu mine, 320 level. 
2. Argillaceous black schist, Sukkulansalo (drill core Oku 141, between 88.7 and 96.0 m), Kuusjärvi. 
3. Amphibole-bearing black schist, Sukkulansalo (drill core Oku 141, between 130.9 and 137.5 m), Kuusjärvi. 
4. Argillaceous black schist, Sukkulansalo (drill core Oku 142, between 73.5 and 77.3 m), Kuusjärvi. 
5. Gneissose amphibole-bearing black schist, Sukkulansalo (drill core Oku 143, between 91.1 and 94.5 m) Kuusjärvi. 

being 0.6. According to Hegemann (1943), the 
cobalt to nickel ratio is more or less constant 
and about 0.05 (0.02 % Ni and 0.001 % Co) in 
sedimentogeneous pyrites. 

Strakhov (1960) has demonstrated that this 
ratio varies in the Black Sea sediments from 0.18 
to 0.68 the lowest value being in clay muds and 
the highest in shell sands. 

The nickel and boron contents should be criti-
cally reviewed on account of the abundant occur-
rence of serpentinite containing moderate a-
mounts of both of these elements. Accordingly, 
sets of samples were taken across some contact 

zones of the serpentinites. It was found out that 
the alteration zone usually existing between black 
schist and serpentinite was enriched in Cu, 
Zn, Ni, Cr and B. The borders of the altera-
tion zone (the transition series is as follows: 
black schist-biotite-chlorite- talc-bearing trem-
olite-serpentinite) as well as the portions of the 
black schist and serpentinite closest to it were 
impoverished in these elements for a distance of 
a few decimetres or at most a couple of metres. 
Further away from the contact the abundances 
are more constant and fluctuate within the limits 
characteristic of both wall rocks. This same phe-
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nomenon can be observed in the alteration zone 
between quartzite and serpentinite (the succession 
is as follows: quartzite- diopside skarn- tremolite 
skarn- dolomite- serpentinite) although the in-
fluence of serpentinite, especially on the abun-
dance of chromium and nickel, extends further 
away from the contact, obviously due to the 
higher permeability of the quartzitic rock. 

On the composition of the carbon and sulphide fractions 

Carbon and sulphide fractions were separated 
from some black schist samples typical of the 
Outokumpu zone in the Research Laboratory of 
Exploration. The fractions as well as the schist 
samples were analysed for trace elements (Tab-
le 2). The separation of the fractions was per-
formed in such a way that first of all the samples 
were ground under 200 mesh. The material was 
then treated on a concentrating table and the 
lightest fraction reground down to 400 mesh. 
The carbon fraction was separated by means of a 
bromoform -alcohol liquid with a density of 
2.55 g/cm3. The material was centrifuged three 
times.. The heavy minerals were extracted with 
the aid of a concentrating table and heavy liq-
uids. 

Comparison of the concentrations in the schist 
fractions shows that copper, zinc, nickel, cobalt 
and arsene are enriched in the sulphide fraction 
as was anticipated. The sulphides of the above 
elements (excluding arsene) are frequently en-
countered in all black schists. Nickel is incorpo-
rated in pe.itlandite, which occurs in pyrrhotite 
as exsolution lamellae or grains. On the basis of 
the optical properties some grains were identi-
fied as cobalt pentlandite. Copper occurs as 
chalcopyrite and zinc as sphalerite. 

From among the elements enriched in the car-
bor fractio-i of the black schist mention may be 
made of molybdenium, lead, uranium and vana-
dium. Also the abundance of copper has in-
creased. According to the previous studies of 
the present author (Peltola, 1960), part of the 
lead is of radiogenic origin occurring as inclu-

sions within uraninite grains in the schists. The 
uraninite grains are enveloped by a thick carbon-
aceous shell. On account of this shell, uranium 
and partly also lead are enriched into the carbon 
fraction during the separation process. 

The carrier of molybdenium and vanadium 
has not been identified. Apparently vanadium, 
whose abundance in the carbon fraction is the 
same as in the schist proper, is partly incorpo-
rated either in the microscopic silicate inclusions 
in the graphite grains or in the original clay 
fraction of the schist. It is not possible to prevent 
the latter from accompanying the carbon fraction 
in the separation process of a fine-grained schist 
rich in graphite. However, part of the vanadium 
is obviously bound in the carbon matter proper, 
as the observations on younger formations indi-
cate. 

Due to the lack of sufficient information con-
cerning the trace element abundances in Pre-
cambrian schists formed under different condi-
tions and their fractions, it is only possible at 
this stage to compare them with younger forma-
tions of known origin. Although studies on the 
latter are at a preliminary stage, it is interesting 
to notice the remarkable abundance of molyb-
denium and vanadium in the studied Precam-
brian schists and their carbon fractions. 

In a preliminary study, Degens et al (1957) 
have reported the relative enrichment of vana-
dium in organic fractions separated from marine 
Pennsylvanian shales. 

Mode of occurrence and isotopic constitution 
of carbon 

Carbonaceous matter occurs as graphite, with 
an average content of about 5.0 %. X-ray exami-
nations showed that the degree of graphitisation 
of the carbon material was quite high. According 
to microscopic examinations, it is possible that 
schungite with a lower degree of graphitisation 
may occur locally in the less metamorphosed 
parts of the region. The graphite occurs as fine-
grained flakes, parallel to the schistosity, re-
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maining as a helicitic parallel texture in the 
growing porphyroblasts during recrystallisation. 
The graphite grains vary in size, according to 
the grade of metamorphism, from 0.001 to 
0.3 mm. The older sulphide generation is usu-
ally free from graphite inclusions which occur 
abundantly in the younger generation. The 
graphite itself is free from inclusions, but it con-
tains fine-grained silicates sporadically. 

Since some authors hold the opinion that the 
isotopic constitution of carbon has a bearing on 
the study of the depositional environment of the 
carbonaceous formations, mention can be made 
of some preliminary investigations carried out in 
the Outokumpu region. T. C. Hoering (personal 
communication to Dr. O. Kouvo) of the Carne-
gie Institution of Washington, has made an iso-
topic determination from a graphite in a black 
schist of the Outokumpu mine. According to 
the determination 

A C 13 = — 24.6 

Dr. W. U. Ault of the Lamont Observatory 
determined the isotopic constitution of carbon 
from graphite pebbles in Karelian quartzite, 
Outokumpu. Dr. O. Kouvo kindly placed the 
data at the disposal of the present author. The 
isotopic constitution varies from A C 1 3 — 
— 18.8 to —21.7. The results are expressed in 
»per millage» units, as follows: 

(C13/C12) — (C13/C12) standard 
A C13 = ; — ; X 1 000 

(C13/C12) standard 

where the standard used was Solenhofen lime-
stone, NBS isotope reference standard No 20. 

According to Silverman and Epstein (1958), 
the isotopic constitution of carbon in the above 
specimens would indicate a marine origin, for 
the carbonaceous matter. 

Discussion 

In this study emphasis is laid upon some ele-
ments characteristic of carbonaceous schists, 
upon their relationship and their distribution 

between the schist fractions in order to collect 
information concerning the depositional condi-
tions of the Precambrian black schists. The iso-
topic constitution of carbon, which has a bearing 
on the determination of the origin of a forma-
tion, has also been used as an auxilliary aid. 

Attention has been focused on the mutual rela-
tionship of the amounts of carbon and sulphides 
in the black schists, a subject which has recently 
been investigated in recent carbonaceous sedi-
ments or shales of known origin. It has been 
observed that the amount of sulphides is higher 
in a marine than in a fresh-water depositional 
environment. Further, the abundances of sul-
phidic and carbonaceous matter often vary sym-
pathetically with each other and the irregular 
distribution of sulphides (pyrite in recent sedi-
ments) almost exactly parallels the distribution 
of organic carbon. 

The Outokumpu black schists are predomi-
nantly sulphidic with a sympathetic relationship 
between carbon and sulphur. This also holds 
true for the Chattanooga and Ohio shales, which, 
according to Strahl (1958), have some additional 
features characteristic of a reducing marine en-
vironment. In this connection, mention should 
be made of the fundamental studies of Strakhov 
(1960) concerning recent carbonaceous sedi-
ments. 

It appears that in the black schists of the Outo-
kumpu region and its surroundings the abun-
dances of carbon, vanadium and boron are 
clearly higher than in the other rocks of the 
formation. However, since carbon and vanadium 
concentrate in reduzate sediments of different 
origins, their abundances, as such, cannot be 
used for environmental studies. On the other 
hand, boron, due to its ability to become en-
riched mainly in marine water, is applicable to 
such studies. 

According to Landergren (1945), the boron 
content of a marine sediment is directly propor-
tional to the salinity of the water in which the 
sediment was deposited. The Cambrian alum 
shales form part of the subject of his study con-
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cerning the distribution of boron in Swedish 
sediments and rocks. He discovered that the 
boron content in the alum shales is decidedly 
marine (the average boron content of the 161 
analyses from Gislövhammar was 0.014 % B and 
that of the 160 analyses from Södra Sandby 
0.009 % B). The paleontological and strati-
graphic observations of Westergård (1944) con-
firm the fact that the deposition of these shales 
took place under marine conditions. 

Although the number of analysed samples 
from the Outokumpu region is modest, the 
boron content in the samples (0.015 % B) is 
comparable with that of the alum shales which 
the black schists also resemble geochemically. 
Further it must be pointed out that the abun-
dance of boron in the black schists outside the 
area occupied by serpentinites is higher than at 
the periphery of the serpentinites. 

The information concerning the micaceous 
schists, mica schists, phyllites and quartzites in 
the area and its surroundings is incomplete. In a 
few samples the boron content has been observed 
to vary between 0.001 % and 0.008 % B. The 
lowest boron tenors have been encountered in 
quartzites. The abundances are compatible with 
those reported by Sahama (1945) for the alu-
minium-rich schists in South Lapland, in which 
the values fluctuate from 9 to 93 g/t B. 

Examination of the concentration of trace ele-
ments in the fractions separated from black 
schists reveals that especially molybdenium, but 
also to some extent vanadium, occurs abundantly 
in the carbon fractions of the schist. This is also 
manifested by the high Mo and V 20 5 tenors 
in some carbon-rich argillaceous black schists. 
Since, according to microscopic examination, the 
graphite does not contain sulphide inclusions, it 
is probable that vanadium and molybdenium are 
either partly incorported in the silicatic inclu-
sions in the graphite or that they occur con-
cealed in the original clay fraction. In the separa-
tion process the latter follows graphite and origi-
nates from the fine-grained graphite-rich por-
tions of the schist. Comparison of the concentra-

tions in the samples and in the fractions sepa-
rated from them shows that a considerable part 
of the abovementioned elements belongs to the 
carbon fraction of the black schists. Degens et al 
(1957) have observed the enrichment of vana-
dium in the organic fraction of marine Penn-
sylvanian shales. 

It L obvious that in the older schista and 
especially in those submitted to strong meta-
morphism, mobilisation of elements has taken 
place. The elements hav^ also migrated from one 
fraction to another even beyond the bound-
aries of the original rock. All these facts must 
be kept in mind when studying Precambrian 
rocks. Moreover, the intruding plutonic rocks 
bring with them their own trace elements causing 
complications to the interpretation of the re-
sults. 

Consequently, the trace element concentra-
tions in the carboneceous schists and their frac-
tions are to be taken only as indicative and the 
chief emphasis must be laid upon the carbon 
fraction which is known to be the most resistant 
portion of the schist. This is supported by obser-
vations made on many Precambrian black schists 
showing that the carbon-rich beds in the schists 
are generally finer in grain than the carbon-poor 
or carbon-free layers alternating with them. The 
occasional preservation of a varved structure is 
sufficient to indicate the probability of seasonal 
variation in the sedimentation rate. As stated by 
Eskola (1932), the survival of such an original 
sedimentary structure indicates that carbon was 
a primary constituent of the sediment and had 
from the very beginning acted to delay recrys-
tallisation. 

The mobilisation of trace elements in the car-
bon-rich portions of the schist has apparently 
always been modest and consequently, the carbon 
fraction has best preserved its original composi-
tion. This is further supported by the mode of 
occurrence of the sulphides, which also tend to 
become easily mobilised in black schist. In less 
metamorphosed parts of the region, the sul-
phides (pyrite and pyrrhotite) occur in carbon-
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rich beds as elongated grains or lamellae con-
cordant to the original bedding. No graphite 
inclusions have been observed in them. How-
ever, graphite inclusions are consistently found 
in the sulphides cutting through the bedding in 
more metamorphosed parts, but even then the 
graphite grains are free from sulphide inclu-
sions. 

The feasibility of the cobalt to nickel ratio for 
the environmental studies of carbonaceous shales 
is uncertain. The opinions of various authors 
differ as to its suitability for a criterion of the 
origin of many strata-bound ore deposits. The 
ratio was included in this study only to permit 
the comparison of the Outokumpu black schists 
with other contemporaneous as well as younger 
carbonaceous formations. 

The predominance of nickel over cobalt is a 
characteristic feature of all of the schists in the 
area. The average cobalt to nickel ratio in the 
hydrolyzate sediments is 0.40 (Goldschmidt, 
1937 b). Sahama (1945) ascertained that the ratio 
is 0.33 in the aluminium-rich schists in South 
Lapland. Lundegårdh (1946) reports that this 
ratio varies from 0.40 to 0.43 in the shales and 
bituminous schists at Västergötland, Sweden. In 
reduzate sediments, which are often richer in 
nickel, the ratio is lower. In the black schists at 
Outokumpu, the ratio is approximately 0.15 
which is the same as that given by Marmo (1960) 
for the numerous sulphide and graphite schists 
elsewhere in Finland. For comparison it can be 
mentioned that in the clay muds of the Black Sea 
(Strakhov, 1960) the cobalt to nickel ratio has 
the same numerical value. In the alum shales in 
Sweden the ratio is still more nickel predominant 
and varies between 0.05 and 0.1. 

According to some preliminary determinations 
Karelian quarzites and black schists contain car-
bon whose C13/C12 ratio fluctuates from A C13 = 
— 18.8 to —• 24.6. According to Silverman and 
Epstein (1958), this isotopic constitution of car-
bon in petroleum and organic extracts indicates 

a marine origin for the carbonaceous matter. 
Since the usage of the C13/C12 ratio as a salinity 
indicator is questionable even in connection with 
the younger formations, it is premature to apply 
it to the Precambrian formations. 

The mode of occurrence and the stratigraphy 
of the black schists in the Outokumpu region, 
described earlier by the present author (Peltola, 
1960), indicates that the original depositional 
conditions were marine. The close connection 
between the black schist intercalates and the 
extensive mica schist and phyllite formations in 
the area indicate a common depositional environ-
ment for them which belongs as a part to the 
Karelian geosynclinal formation. 

Several geochemical features discussed in this 
paper support the above view. It is well known 
that both boron and sulphur are elements of the 
marine chemofacies and are strongly concen-
trated into the oceans. The information con-
cerning the applicability of the other trace ele-
ments dealt with in this study, their mutual rela-
tionship as well as the isotopic constitution of 
carbon, to the Precambrian sediments is still 
insufficient. The mutual comparison of carbon-
aceous formations of Precambrian age with a con-
tinental mode of occurrence and stratigraphy, 
would contribute to the study of the deposi-
tional environment. 
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