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Ö13C and Ö180 va lues of calcite and do lomite have been determined for 229 

sediment3l'y carbonate rock sampies from Paleoproterozo ic supracrustal belts of 

the Fennoscandian Shie ld. In addition , ÖJ3C va lues of organic carbon have been 

analysed for 28 black shal e sampies collected from formations directly connected 

to se lec ted sed ime ntary carbonate units. 
The distribution of Ö" C va lues of total carbonate is clear ly bimodal , showing 

a pronounced maximum at about 1%0 and another less di stinct maximum at about 

10%0. The 13C/" C ratios of sedimentary carbonates vary sys tematically within 

individual s trati graphie sequences, and exhibit broadl y s imil ar evolutionary 

patterns in widely separated supracrustal belts. Rely ing on formations for which 

the time of deposition could be estimated from radiometri e age data , a carbon 

isotope evolution curve was constructed for the time pe riod from 2.5 to 1.9 Ga. 

The most conspicuous and stratigraphically useful feature of the c urve is the 

interval from about 2 .2 to 2. 1 Ga, which is represented by highly 13C-enriched 

sedimentary carbonates w ith öJ3C va lues in the range lO±3%o. These are followed 

between 2. 11 and 2.06 Ga by a sharp, almost 10%0 drop in the ÖJ3C va lues of 

carbonates, whi le from that time until 1.9 Ga the ÖJ3C values re main in the range 

0±3%0. 
Carbon isotope compositions for organic carbon in black shales assoc iated 

with the J3C-enriched carbonates show large variation. Most ofthe Ö" C va lues fall 

in the range - 19±3%o, suggest ing a comparati ve "C-enri chme nt in the coexisting 

organic matte r, but some sam pies show more negative Ö" C va lues, down to as low 

as -43%0. [n contrast to the majo rit y of the sampies , these strong ly J3C-depleted 

black shales have not been obse rved in direct contact with the carbonate units , and 

they seem to res ult from local predominance of processes producing extremely 

li ght organic carbon , possibly through methy lotrophic path ways. 

Ir is s uggested that the pos iti ve carbon isotope shift observed in sediment 3l'y 

carbonates of the Fennoscandian Shield was related 10 an increased re lati ve rate 

of burial of organic matter on a globa l basi s. The shift was poss ibly e nhanced by 

local buria l of isotopi ca ll y unu sually li ght organic matte r. As hi gh burial rates of 

organic carbon are probab ly followed by a large f1u x of free oxygen, the positi ve 

carbon isotope shift Illay be fundalllentally connec ted with the significant ri se in 
atlllospheric oxygen leve ls at about 2.0 Ga . 
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INTRODUCTION 

For as long as life has existed on Earth, 
carbon has been buried in sediments both as 
inorganic carbon, precipitated in the form of 
carbonates, and as biogenic carbon, which is 
deposited in sediments in the form of organic 
matter. The fraction buried as organic carbon 
has originally been produced during biological 
carbon fixation processes, which are accompa
nied by significant fractionation of carbon iso
topes (Rankama, 1948 ; Craig, 1953; Park & 
Epstein , 1960). 

If the relative proportions of burial of organ
ic and inorganic carbon change, then this is also 
reflected in the isotopic compositions of 
inorganic and organic carbon (Broecker, 1970). 
It is somewhat surprising, therefore , that 
throughout geologic history the isotopic com
position of carbon in carbonates and in organic 
matter have remained fairly close to the com
positions found in modern sediments (Schid
lowski et al., 1983). This stability implies that 
biogenic carbon fixation has been operating 
since earliest Archean times and that the rela
tive proportions of inorganic and organic car
bon i ncorporated into sedi ments ha ve remai ned 
nearly constant (Schidlowski et al., 1983). 

The period around 2.0 Ga appears to be one 
of the big milestones in the evolutional history 
of the biosphere . According to geochemical 
indicators , for instance, it is characterized by a 
dramatic increase in the 0 2 content of the at
mosphere (Holland et al., 1989; Walker et al. , 
1983 ; Cloud , 1980). The oldest microfos sils 
inte rpreted as eukaryotes also date from this 
time interval (Han & Runnegar, 1992). Because 
of the intimate relationships between oxygen 
production and the biological and geochemical 

cycles of carbon, it may indeed be anticipated 
that these remarkable changes may have left 
some kind of signature within the isotope sys
tematics of carbon. 

Most of the carbon isotope compositional 
data reported from Paleoproterozoic sedimen
tary carbonates fall within the general range of 
modern mari ne carbonates (Veizer et al., 
1992a, 1992b). However, Paleoproterozoic 
limestone and dolomite formations character
ized by 13C-enriched carbon isotope composi
tions also exist and have been recorded from 
Zimbabwe (Schidlowski et al. , 1976), Gabon 
(Gauthier-Lafaye & Weber, 1989) , Scotland 
(Baker & Fallick, 1989a), Australia (Mc
Naughton & Wilson, 1983) and also from var
ious parts of the Fennoscandian Shield (Baker 
& Fallick, 1989b; Karhu , 1989 ; Yudovich et 
al., 1991; Galimov et al. , 1975). 

The depositiona l ages of these successions 
are not very weil constrained, and at the mo
ment it is impossible to ascertain, whether or 
not these I3C-enrichments represent a single 
global event or local and diachronous perturba
tions. The former possibility was suggested by 
Baker and Fallick (1989b) and the latter by 
Schidlowski et al. (1976) and Yudovich et al. 
(1991). 

The Archean cratonic nucleus in the central 
and eastern Fennoscandian Shield preserves a 
relative ly continuous sequence of rifting epi
sodes und sedi mentation that commenced at 
about 2.5 Ga. Therefore, the Fennoscandian 
Shield provides good opportunities for study
ing and assessing the nature and significance of 
Paleoproterozoic changes. Unfortunately, how
ever, sedimentary carbonates are , due to unfa-
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vourable environments, very rare in the se
quences older than 2.2 Ga. From 2.2 Ga to 2 .1 

Ga carbonate occurrences became more abun
dant and finally at about 2 .1 Ga large areas of 
the Archean craton were covered by extensive 

carbonate formations. 
This work presents and di sc usses carbon and 

oxygen isotope analyses from sedimentary 
carbonates from various Paleoproterozoic sedi
mentary units of the Fennoscandian Shield, in

c ludin g severa l welI-studied stratigraphic suc-

cessions. Many of them contain 13C-enric hed 

carbonates and collation of the results shows 
consistent evolutionary trends in I3C/ 12C ratios 
for different supracrustal belts. Therefore, car
bon isotope studies offer a potenti a l method of 
correlating Paleoproterozoic sedimentary for
mation s within the Fennoscandian Shield. Pre
liminary results from this study have been 

published by Karhu (1989, 1992) and isotope 
data for the Kola Peninsula area in Russia have 

been given by Karhu and Melezhik (1992). 

GEOLOGIC OVERVIEW AND STRATIGRAPHIC NOMENCLATURE 

Major teetonostratigraphie units 

The continental crus t of the Fennoscandian 
Shield can be divided into two major structural 
units (Fig.I), namely the Archean Domain in 
the northeastern part of the shield and the Sve
cofennian Domain in the southern and central 
part of the shield (Gaal & Gorbatschev, 1987). 
The former consists predominantly of rocks 
formed between 2.9 and 2 .6 Ga ago, while the 
latter represe nts a Paleoproterozoic crustal 
grow th event at about 2.0-1.75 Ga, in which 

new mantle material was accreted to the exist
ing continental crust (Patc hett et al. , 1981 ; 
Patchett & Kouvo , 1986; Huhma , 1986) in an 
event known as the Svecokarelidic (Sirnonen, 
1980) or Svecofennian (Gaa l & Gorbatschev, 

1987) orogeny. 
The Archean Domain may be further divided 

into the Kare li an , Belomorian and Kola Penin
sula Provinces (Gaal & Gorbatschev, 1987). 
The whole Archean Dom ain is underlain by late 
Archean g ranitoid s and g ree nstone be lt s, but 
the Karelian and Kola Pe nin sula Pro vinces 

contain numerou s remnants of Paleoproterozo

ic platform cover sequences and intracratonic 
thrust and fold belts (Fig. I) . The most remark
able Paleoproterozoic thrust and fold belts in 

clude the Lapland Granulite Be lt and the 
Pechenga-Varzu ga Be lt, which have been in 
terpreted to as representing Paleoproterozoic 
accretionary belts associated with the conver

gence of disparate late Arch ea n continenta l 
blocks (Barbey et a l. , 1984; Berthel sen & Marker, 

1986a). The Paleoproterozoic supracrustal suc
cessions deposited on the Archean Karelian Prov
ince (Fig. I) are collectively known as the KareJian 
formations (Eskola, 1925; Meriläinen , 1980). 

The Svecofennian Domain includes volcanic 
sequences interpreted as island arc o r volcanic 

continental margin se ttings and large gray
wacke dominated sedimentary deposits (e.g. , 
Simonen , 1953 ). The original geo log ic features 
of the Svecofennian Dom ain have been largel y 
obscured by granitoid intru s io ns a nd tectonic 
ac tivity . 

Traditional s tratigraphie nomencIature 

The Kare l ian formations deposi ted on the 
Archean base ment have been traditionally di 

v ided into three consecutive successions, 

which have been called the Sariolian, the 1at

uli an a nd the Kalevi a n groups (Eskola, 1925; 

Väyrynen, 193 3; Meriläinen , 1980; Simonen , 
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Fig. I . Geological map Of lhe cenlral and northeastern partofFennoscandian Shield , mainly aflerGorbunov 
& Papllnen ( 1985 ). Numbers indicale sludy areas: I. Svecofenni an Domain . 2a. :'>1orth Karelia Schi sl Be ll , 
2b. Norlhern Ostrobolhnia Schisl Be ll. 3. Pilkäranla area, 4. Kuopio area, 5. Kali x Greenslone Be ll , 6. 
Kainllu Schi st Belt , 7. Tulomozero area , 8. Lake Oncga area, 9. Peräpohja Schisl Bell. 10. Kuusamo Schisl 
Bell, 11 . Salla Schi sl Beil , 12a. Karasjok- Killilä Greenstone Be ll , 12b. Killilä-Kolari urea, 12c. PyhälUn
luri area, Pe lkosenniemi , 12d. Weslern Lapland area, 13. Pechenga Bell. 14. Imandra-Varzuga Be ll. 
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1980; Laajoki , 1986). However , in recent years 
the value of these broad term s has been ques-

tioned . Firs tl y, there has been no conse nsus 
about the definition of these units, and they 
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have been used to fefer to both time-strati
graphie units and lithofaeies assoeiations (Laa
joki, 1986). Seeondly, reeent studies have des

ignated more local and formal li thostratigraph
ic units at the formation and group level, which 
has largely rendered the traditional broad clas
sification obsolete for the purpose of correla
ti on throughout the shield (Laajoki, 1988). 

fn spite of the reservations expressed above, 
the traditional terms , Sariolian, latulian and 
Kalevian, are still used here, as they clearly 

remain useful in large scale studies. Neverthe
less, they are not used as formal lithostrati
graphic units , but as informal parastratigraphic 
units in the sense of Krumbein and Sloss (1963, 

p. 333). This kind of usage has been encour
aged by Schoch (1989, p. 163), who observes 
that many extremely useful stratigraphic units 
are never formalized or eannot be formalized, 
because they do not fit into the conventions 

used for instance in the International Strati
graphie Guide (Hedberg, 1976). 

Parastratigraphie units of the Karelian formations 

According to Krumbein and Sloss (1963), 

there are two types of criteria that are applied 
to define parastratigraphic units. One is based 
on special attributes, like for instance trace 
element composition, and the other on marker 
horizons. In fact, the traditional stratigraphic 

units in current use are very close to marker
defined parastratigraphic units , except that 
so me boundaries are not weIl defined. 

Here the stratigraphic classification of the 
Karelian formations will be adopted largely 
from Sokolov (1980), who based his elassi fica

tion on earlier works of Ramsay (1902, 1906), 
Metzger (1924) and others. In essence this is a 
marker-defined parastratigraphic classifica
tion , which in addition to the traditional groups 
of the Karelian formations includes a new Lu
dian group, largely based on the weIl preserved 
and only weakly deformed suecession in Rus
sian Karelia. The key horizons maI"king group 
boundaries will be reviewed in the following. 

The Sariolian group, including the Sumian 
formations in Russian Kare1ia (e.g. Gaskelberg 
et a1. , 1986) , contains the lowermost supracrus
tal units, which have been deposited uncon
formably on the Arehean basement. Deposition 
of these was followed by an intensive weather
ing period , and as a result a widespread weath
ering crust was formed. This paleosol is under
stood as separating the Sariolian group from 

the overlying latulian group (Sokolov, 1980; 

Meriläinen, 1980). Since the weathering crust has 
been found from alilocalities, where latulian for

mations are common (Negrutsa et al., 1986; Mar
mo, 1992) , the lower boundary of the latulian 
group seems to be weil defined, irrespective of 
whether it is synchronous or diachronous. 

The boundary separating the latulian group 
below from the Ludian formations above cor
responds to the Mesojatulian- Neojatulian 
boundary of Metzger (1924) and the 1 atul ian
Onegian boundary of Ramsay (1902, 1906). It 

coincides with an abrupt facies change from 
pink and light colored quartzites and dolomites 

to grey and green colored graphitic shales and 
impure dolomites. With respect to burial of 

carbon the latulian- Ludian boundary marks a 
change from conditions where carbon is depos
i ted in the form of carbonates to a system in 
which carbon is removed from the basin mainly 
in the form of organic matter. This Jatulian
Ludian distinction is important when the unu

sual carbon isotope systematics of the Karelian 
sediments are diseussed. 

The Ludian formations are typically found in 
the synclinorial cores of latulian outliers in the 
areas around Lake Onega, Tulomozero, Suo

järvi and Kuusamo (Galdobina & Melezhik, 
1986). The sharp facies change marking the 
Jatulian- Ludian boundary is also evident in the 
stratigraphic section of the Kiihtelysvaara area 

in Finland reported by Pekkarinen (1979). 



It should be noted that the Ludian group is 
not equivalent to the Marine latulian facies of 
Väyrynen (1933), because in addition to the 
Neojatulian unit, the Marine Jatulian was de-
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fined to include the largely dolomitic Mesojat
ulian unit of Metzger (1924) as weIl. 

The upper boundary of the Ludi a n is marked 
by a change to massive Kalevian graywackes. 

MA TERIALS AND METHODS 

Sam pIe selection 

Sedimentary carbonates were collected for 
isotopic analysis from different Paleoprotero
zoic supracrustal formations in the central and 
eastern Fennoscandian Shield. Because pure 

carbonate rocks are known to retain thei r car
bon isotope compositions better than those 

containing a larger proportion of silicates, all 
sam pIes were inspected visually and only those 
sedimentary carbonates which were estimated 
to contain more than about 80% carbonate were 

chosen for analyses. 

SampIes analysed in this work were obtained 
from different sources. Some represent field 
sampIes from various current Geological Sur
vey of Finland mapping programs , others are 
representative specimens from limestone and 
dolomite quarries donated by minin g compa
nies. The Geological Museum of the University 
of Hels inki has a good collection of Paleopro

terozoic metasediments from eas tern Karelia 
collected at the beginning of thi s century a nd 

a few sam pIes from various s ubareas were se
lected for thi s work. In addition, sampIes were 
collected specifically for thi s s tudy from out
crops and from the National drill core archives 
of the Geological Survey of Finland. Brief de-

scriptions, sam pIe localities and original sam
pIe codes are gi yen in Appendix 1. 

A few sam pIes were rejected after iso topic 
analysis, if they either contained less than 75 % 

carbonate or the measured 8180 value of oxygen 
in carbonate was below 13%0 (SMOW). Both 
provi s ion s were essential in avoiding sampIes 
affected considerably by decarbonation reac 
tions. T he latter prerequisite was, in addition, 
necessary in order to elim i nate extensi vely 
exchanged a nd hydro thermal carbonates. If 

oxygen isotopes are shifted down from their 
original Paleoproterozoic 0 180 values of about 
22 to 24%0 (S MOW) (Veizer, 1992a, b), indi 
cating extensive exchange, carbon isotope s 
may a Iso have been shifted, as ca rbon and 
oxygen isotope ratios in carbonates often show 
mutuall y correlated depletions in J3C and 180 
(Valley, 1986). 

The data set also includes a few sampIes 
from important key formations, which do not 
fulfil the above mentioned requirements. Thei r 
preservation, including arguments sugges ting a 
sedimentary origin , will be discussed separate

ly . 

Determination of dolomite-calcite ratios 

Isotope analytical methods are chosen ac 
cording to the carbonate species in question. 
Therefore , an aliquot of the sampIe powder was 
used to routinely determine the proportion of 
dolomite in the total carbonate by a semi-quan

titative X-ray diffraction method. 
These XRD methods are usually based on 

counting the inten si ties or the peak areas of the 
main reflect ion s of calcite and dolomite 
(Royse et a l. , 1971), and the numbers are then 
converted into dolomite weight percentages 
using calibration curves. The publi shed cali
bration equations of Te nnant & Berger (1957) , 
Weber & Smith ( 1961 ) and Roy se et al. (197 1) 
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all show small differences from each other, 

with none of them giving satisfactory results 

close to the end member compositions. For 

instance, applying the curve of Royse et al. 

(1971) to pure dolomite sa mpies gave dolomite 

contents that were sysLematically too high, 

ra ngin g from 102 to 103 % . 

Because pure 01' nearly pure dolomite is typ

ical of Preca mbrian sedimentaJ'y formation s, it 

was decided to investi ga te the possibility of 

improving existing calibrations. For these pur

poses synthetic mixtures of pure calcite and 

dolomite were prepared from pure na tural dol

omite (sampie C-119D of this study) mixed 

with either commercial calcite reagent (Merck) 
or natural calcite (C-117) . Natural carbonates 

used for the calibration were essentially free 

from silicate impurities and the acid re s idues 

were <0. 1 % in both cases. 

In the following, first the theoretical form of 

the calibration curve is derived, and then the 

synthetic mixtures of calcite and dolomite are 

used to estimate the unknown parameter in the 

equation. 

The diffraction line intensities of a phase (I) 
are related LO the weight fraction (X) and den

s ity (p) of the phase and to the mass absorption 

coefficient of the mixture 11
m

: 

(Eq. I) , 

where K; is a constant for the given phase and 
the chosen diffraction line (S nyder & Bish , 

1989) . In a mixture of two phases the mass 

absorption coefficient is eliminated by calcu

lating the ratio of the diffraction line intensities 

for phases i and j: 

1. / I. = K X . / X 
I J I J 

(Eq. 2), 

where the constant K includes the K/K. term 
I J 

and th e ratio of the den sit ies. Up to this point 
the derivation is equal to the calculation of 

diffraction line intensity ratios in the internal

standard method (Snyder & Bish, 1989). 

However, in a mixture of two phase , the 

weight fractions are expressed as percentages 

that add up to 100% . Substituting thi s into 

100 

80 

1'f l 
....; 
~ 60 r 
Cl) ....., 

S 40 0 
0 -0 + 

Cl 

Thlswork 

Royse et al., 1971 

0.6 0.8 

Fig. 2. Calibration curve for the determination of the weight 
percentage ofdolomite in a mixture ofcalcite and dolomite, using 
XRD peak-height intensities compared 10 the linear calibration 
Iinc of Royse ct a1. (1971). Also shown are thc rcsu lt s from the 
synthetic calc ite dolomite mixtures prepared from natural dolo
mite and natural calcite (crosses) and from natural dolomite and 
commercial calcite reagent (circles). 

Equation 2, reaJTangin g and so lvin g X; leads to 

(Eq. 3) , 

where Y; = I/(I ;+l
j
). This eq uation represents 

the locu s of a rotated hyperbola passing 

through (0,0) and (100, I) and descri bes the 

general relation of XRD inten s ities to weight 

percentages in two phase mixtures. 

The unknown coefficient (K) for dolomite

calcite mixtures (dolomite = i, calcite = j) was 

estimated by fitting the equation derived above 
to intensity data from synthetic calcite dolo

mite mixtures. The diffraction line intensities 

of the ma in reflections were measured using 

Cu-K" radiation , first scanning the 28 region 
from 2r LO 32° and then counting the peak 

intensities at 28 angles of about 29.4° a nd 30.8° 
for calcite and dolomite, re s pectively. 

A nonlinear iterative prog ram gave a best fit 

to the theoretical curve with K = 0.9017, and 

the re sulting graph is shown in Figure 2. Also 

shown are the dolomite proportions and the 

intensity ratios of the synthetic mixtures . 



Crosses indicate mixtures in which the natural 
calcite was used, and circles refer to admix
tures of reagent grade calcite and natural dol
omite. In the central area the calibrated curve 
agrees remarkab ly weil with the linear calibra
tion of Royse et al. (1971) and differences are 

evident only in the proximity of the end mem
ber compositions . 

At best this method is a rapid way of determin

ing the proportion of dolomite in a calcite-dolo
mite mixture in the total range of 0- 1 00%. Based 
on repeated experiments, accuracy is about ±5 % 
when calcite and dolomite are present in similar 
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amounts , but is better than 1% as end member 
compositions are approached. Nevertheless , the 
results are only semi-quantitative. Firstly, as 
Runnels (1970) has pointed out, chemical varia
tions in carbonates can lead to large shifts in the 
intensities ofthe main reflections, which will lead 

to errors in the apparent proportions. Secondly, 
other variables, such as grain size and preferred 

orientation may affect the intensity of the diffract
ed beam. Thirdly , if silicate impurities are 
present, interfering diffraction lines may cause 
errors. 

Isotopic nota tion and ex press ions 

Carbon and oxygen isotope compositions are 
measured as isotope ratios , 13C/ 12C and 180/ 160 
respectively , which are reported re lative to an 
international standard using so-ca lied delta no
tation. For carbon the 13C/12C ratio is given as 

aper mil deviation from the PDB standard 
(Cretaceous belemnite of the Peedee formation, 
South Carolina, USA): 

Ol3C = I OOO(Rs)R pDB - 1), 

where RSA = 13C/ 12C for the sampIe and RpDB = 
13C/12C for the PDB standard. The 0180 value is 

defined similarly: 

0180 = 1000(RsA/R sT - I) , 

where R SA = 180/ 160 for the sampIe and 
RST = 180/160 for the standard, which may be 
either the PDB 01' the SMOW standard (stand

ard mean ocean water). In th is work the oxygen 
isotopic results are given relative to the SMOW 

scale, but they are easily converted to the PDB 
scale using a simple, linear equation (Friedman 
& O ' Neil , 1977) . 

When the isotopic composition of carbon in 
two sampIes is compared , the one with a higher 
ol3C value is enriched in 13C relative to the 
other sam pie. However , the carbon isotopic 
composition of sedimentary carbonates has 

generally remained approximate ly in the range 
0±3%0 throughout geologie time (Schidlowski 
et al., 1983), and this value mayaIso be used 
as a reference for sedi mentary li mestones and 
dolostones. In this work sedimenlary carbon

ates showing these isotopic signatures will be 
referred to as normal sedimentary carbonates . 

The more unusual carbonates with ol3C > 3%0 
are referred to as being enriched in 13C with the 
assumption that the reference is made to normal 

sedimentary carbonates. 

Isotopi c analys is of ca lci te 

The carbon and oxygen isotopes in pure cal

cite sampIes, with < 2% dolomite in the carbon
ate fraction , were measured using the conven
tional phosphoric acid method at 25 °C (McC
rea , 1950). To assure essentially complete 
yields, sampIe powders were sieved to <70 J.lm 

grainsize , and then about 20 mg of powder was 
weighed into the reaction vessels , and about 2 
cl of > lOO% phosphoric acid (Wachter & Hay 
es, 1985) was added to the side arm of the 
vessel. The vessel s were evacuated for > I 0 
hours under high vacuum at 25 °C, after which 
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the acid was poured on to the sampie, and the 
vessel was placed back in the thermostated 
water bath for > 16 hours. The following day the 
liberated CO

2 
was collected in a liquid nitrogen 

cold trap and then transferred to a manometer 
using ethanol at about -80°C to remove water 
vapour. Fi nally the CO

2 
sampie was collected 

in a sampie tube, ready for analysis in a mass 
spectrometer. 

Duri ng the phosphoric acid reaction all car
bon in calcite is liberated as CO

2
, but only two 

thirds of the oxygen is bound within CO
2

. 

Therefore , analysis of the carbon isotope ratio 
of CO

2 
gives directly the isotopic composition 

of the source calcite. However, oxygen iso
topes will be fractionated between the original 
calcite and the CO

2 
produced by reaction with 

phosphoric acid, and this fractionation factor 
must be known at the temperature of reaction. 
For calcite reacted at 25 °C the generally ac
cepted fractionation factor of 1.01025 (Fried
man & O'Neil, 1977) was used. 

Calibration to the PDB and SMOW scales 
was made through NBS-20 (Solenhofen lime
stone), assuming the isotope ratios given for it 
by Craig (1957). The precision of the 8 13C and 
8 180 determinations from calcite is better than 
0.05%0. In the course of this study , between 
1988 and 1992, 13 analyses of the NBS-19 
standard gave a mean 8 13C value of 
1.95±0.02%0 (1SD) and a 8 180 value of 
-2.27±0.04%0 (I SD, PDB). These agree well 
with the values of 1.93%0 and -2.19%0, respec
tively , reported by Coplen et al. (1983) . 

Isotopic analysis of dolomite 

Dolomite reacts very slowly with phosphoric 
acid at 25 °C, and even after areaction time of 
one week the yields are typically incomplete. 
Such reaction times are very impractical, and 
there may, in addition, be small systematic 
di fferences in the isotopic composi tion of the 
evol ved CO

2 
gas in the course of the reaction 

(Walters et al., 1972). Therefore, an extraction 
method that gives essentially complete yields 
in shorter time is preferable, and this in fact is 
possible at higher reaction temperatures 
(Rosen baum & Sheppard , 1986). 

In this work dolomite sampies, with > 98 % 
dolomite in the carbonate fraction, were react
ed with phosphoric acid at 100°C, a value cho
sen because this temperature is readily 
achieved with a high degree of accuracy in a 
boiling water bath and the transfer of heat from 
the water bath to the vessel is rapid. In addition , 
essentially complete yields are obtained in one 
hour, and the precision of the results seems to 
be better than in the 25 °C experiments. 

For analysis dolomite sampies were sieved to 
< 40 /-lm grainsize and degassed in a vacuum 
line at room temperature for > 6 hours. The acid 

was poured on to the carbonate, and the vessel 
was immediately placed in a boiling water bath. 
Unlike calcites, the dolomite sampies were not 
pre-equilibrated at the reaction temperature. 
This is also the method recommended by 
Rosenbaum & Sheppard (1986), who observed 
no variation in the isotopic reslilts with respect 
to the pre-equilibration temperature. Following 
reaction, the vessels were transferred back to 
the vacuum line and the evolved CO

2 
was col

lected in the normal way. 
The oxygen isotope fractionation factor be

tween dolomite and acid extracted CO
2 

at 
100°C was gi yen by Rosenbaum & Sheppard 
(1986) as 1.00913. Since there are small differ
ences between the extraction procedures used 
by them and those used in this work , the dol
omite laboratory standard (C-119-D, Tytyri) 
wa , in addition , analysed using the conven
tional phosphoric acid method at 25 °C with a 
reaction time of about one week , and the iso
topic results were then compared with each 
other. 

Five replicate measurements at 25 °C with a 
reaction time of one week gave a mean 8 13C 



value of 0.76±0.02%0 (lSD) and a 81 80 value of 
23.76±0.33%0 . For nine analyses at 100°C the 
mean 8 13C value was 0.74±0.03%0 and the 81 80 

value was 23 .36±0.06%0. Here a phosphoric 
acid fractionation factor of 1.01110 (Clayton et 
al. , 1968) was used to calculate the isotopic 
results of dolomite oxygen at 25 °C. The carbon 
isotope results are equal within error limits and 
the reproducibility of the results is better than 
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0.05%0 in both cases . The 8 180 compositions 
measured using the 25 °C reaction appear to be 
on average about 0.4%0 heavier than the results 
from the 100°C experiments, although the ac
curacy of the former results is relatively poor. 
The difference in the 81 80 values could be 
caused by uncertaintity in the phosphoric acid 
fractionation factors. 

Analysis of mixed calcite-dolomite sam pIes 

Analyses of coexisting calcite and dolomite 
may be made without physical separation of the 
phases (Epstein et al., 1964). The method is 
based on the different reaction rates of calcite 
and dolomite with phosphoric acid , which en
ables sequential collection of CO

2 
first from 

calcite and then from dolomite. However, sev
eral precautions must be taken to get an effec
tive separation of the phases and to minimize 
cross mixing. The reaction times should be op
timized, and since particIe size affects reaction 
rates , the particIe size range should also be 
limited (Walters et al., 1972). 

For mixed sampies containing both calcite 
and dolomite , a modification of the method of 
Epstein et al. (1964) was used. The sampie 
powder was first sieved to < 40 iJ-m grainsize. 
Then the finest size fractions were removed by 
washing the powder several times with distilled 
water, relying on the different relative settling 
velocities of the particles. After the treatment 
the grain si ze of the sampies was limited to a 
range from about 20 to 40 iJ-m. 

From 20 to 40 mg of sam pie was degassed 
with > 100% phosphoric acid at 25 °C for at 
least 5 hours . Then acid was poured on to the 
carbonate and CO

2 
evolved during the next 1.5 

hours was collected as the calcite sam pie . Then 
all CO

2 
evolved du ring the next 1.5 hours was 

discarded after measuring the yield in a ma
nometer. After that the reaction vessel was 
placed into a boiling water bath for one hour, 
and the aliquot of CO

2 
evolved was collected as 

the dolomite sampie. 
A sensitive method for measuring the amount 

of cross mixing is to use synthetic calcite-dol
omite mixtures made of pure phases with dif
ferent carbon isotope compositions. Here a 
calcite with 8 13C = -21.0%0 and dolomite with 
8 13C = 3 .5%0 were used . The results showed that 
using the procedure described above , only 
about 1.5 % of calcite or dolomite was mixed 
with the other phase. 

In medium and high grade metamorphic rocks 
typical of the Fennoscandian Shield, the differ
ences in both the 8 13C values and in the 8 180 
values of coexisting calcite and dolomite at equi
Iibrium is expected to be below 1%0 (Sheppard & 
Schwarcz, 1970). However, the high temperature 
equilibrium between calcite and dolomite for 
oxygen in particular is generally not preserved, 
and for sampies from the Fennoscandian Shield 
the difference in the 8180 values of coexisting 
calcite and dolomite varies from -4 to 4%0 (Fig. 7). 

To avoid cross-m ixing calcite or dolomite in 
a mixture was analysed only , if its content was 
> 15 %. From this and the information presented 
above it may be calculated that the bias caused 
by cross-mixing can be expected to stay below 
about 0.1 %0 for carbon isotopes and below 
about 0.4%0 for oxygen isotope ratios . 

In addition to separate analysis of calcite and 
dolomite compositions, all mixed sampIes were 
also analysed separately for the isotope compo
sition of total carbon by reacting the total car
bonate at 100°C for one hour. 
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Analysis of sedimentary organic carbon 

For the analysis of sedimentat·y organic car
bon a weighed amount of rock powder was 
treated with concentrated HCI at 60°C for two 
hours in order to remove carbonate interferenc

es, centrifuged and rinsed several times with 

di st illed water, and finally dried at 90 °C. 
Weight loss was determined and an aliquot of 
the acid re s idue was weighed into a 9 mm 

quartz tube together with 400 mg of CuO (e.g. , 
Schoell et al., 1983) . The tubes were evacuated 
and th e n sea led and heated at 950°C for two 
hours . The hot furnace and the sampies were 
allowed to cool slowly over night. 

The next day the CO
2 

sam pies were purified 
in a vacuum line in the same way as the CO

2 

sampies extracted from carbonates. Any water 
or unconde nsables were removed , and the sam-

pie was tran sfe rred to a manometer for the 
measurement of the yield. 

The quartz tubing and CuO used for the re

actions had been previously cleaned of organic 
contaminants by heating to 800°C for one hour. 

Under these conditions the CO
2 

blanks were 
less than 0 .5 Ilmoie and insignificant relative to 
normal sampies containing from 40 to 400 

Ilmoles. In graphitic schists with abundant 
sulfides no traces of sulfur compounds could be 
detected in th e mass spectrometer. Thirteen 
re peat analyses of a spectral carbon laboratory 
standard gave a 8 13C value of -18.00±0.03%0 
(l SD). NBS -22 standard oil yielded a 8 13C value 

of -29.77%0, which may be compared to the 8 13C 
value of -29.6 1%0 reported by Coplen et al. (1983) 
and -29.8 1 %0 suggested by Schoe ll et a l. ( 1983). 

Mass spectrometry 

The carbon and oxygen iso tope ratios of the 

CO
2 

sampies were determined us ing a Finnigan 
MAT 251 gas source mass spectrometer. All 
isotope values given in thi s work were calibrat-

ed using the international NBS-20 standard 
(Solenhofen limestone) and the isotope ratios 
g iven for it by Craig (1957). 

PRESERVA TION OF ORIGINAL ISOTOPE RATlOS 

Following deposition sedimentary carbon
ate s will be subjected to diagenetic modifica
tions , where original micritic phases may be 
partly replaced by new , coarser grained min
eral growth. Isotopic microanaly ses of these 
newly formed phases have shown considerable 
variation caused by increasing temperature 
during burial , shifts in the oxygen isotope com
position of the interstitial water a nd incorpora
ti on of diagenetically oxidated organic carbon 
in carbonate (e.g., Tucker, 1982; Hurl ey & Lo
hmann , 1989). In addition to microsampling , 
so me control over these secondary changes in 
the original isotope ratios may be obtained 
from correl at ive variations in the trace element 

contents of carbonates (Vei ze r, 1983) . 

In thi s study no attempt was made to assess 
the extent of alteration by trace elements. Also, 
since metamorphic recrystallization has com
pletely obliterated original diagenetic features 
in all Svecofennian and in many Kare lian car
bonates, only bulk carbonate compositions 
were determined. 

During high grade metamorphi sm the origi
nal carbon isotope compositions of carbonates 
may be affected. One potential process is car
bon exchange between carbonate and g raphite , 
which ca n beg in at temperatures as low as 
350°C (Valley and O ' Neil , 1981 ) . However, for 

this work only relatively pure carbonate rocks 



were collected, typically with very low graph
ite contents. On the basis of mass balance con

siderations the carbon isotope shift caused by 
exchange between carbonate and graphite may, 
therefore, be expected to be insignificant. 

Another potential process causing lowering 
of original 01 3C values arises from metamor

phic decarbonation reactions between carbon
ates and s ilicates . These reactions produce 

CO
2

, which may escape from the system and 
that way a ffect the original isotope ratios. 

During metamorphism decarbonation typically 
leads to coupled I3C and 180 depletions (Valley, 

1986) . In this study the effects of decarbona
ti on reactions should nevertheless be rather 
smalI, because generally only relatively pure 
carbonate rocks were analysed. In addition , no 

evidence of covariation can be observed be-
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tween the OI3C and 0180 values on plots that 
include all isotopic data presented in this work 
(Figs. 6a and b). 

Additional evidence suggesting only minor 
metamorphic shifts in the carbon isotope ratios 
of relati vely pure carbonate rocks is provided 
by the systematic features of the 01 3C values 

presented in this study. For instance, in the 
Southern Svecofennian Province the metamor

phic grade varies from amphibolite to granulite 
facies, but in spite of this the o l3C values of 
sedimentary carbonates are tightly clustered 
between -0.8 and 1.2%0, while the 0 180 values 

vary more, ranging from 13 .3 to 23 .6%0 (Ta
ble I). If the carbon isotope ratios had been 
significantly shifted by metamorphic process
es, nearly constant o 13C values could not be 
expected. 

GENERAL RESULTS 

Carbon and oxygen analytical results of the 
Paleoproterozoic sedimentary carbonates from 
the Fennoscandian Shield are given in Tables 
1- 10. In addition , these tables include the pro
portions of dolomite in the total carbonate frac

tion as determined by XRD analysis. Since the 
main aim of this work has been to study pos
sible secular variations in the carbon isotope 
compositions of sedimentary carbonates , rele 

vant litho- and chronostratigraphic information 

will also be reviewed. 

The interpretation will be based on the 0 13C
T01 

values, which for pure calcite or dolomite 
sampies are identical to that of the analysed 

mineral compositions , but which for sampies 
containing both calcite and dolomite were 
determined separately. In the following, a 
general overview of the wh oie data set will be 
given f irst , and then , in the following section , 
the individual schist areas will be treated in 

more detail. 

Isotopic characteristics of the data 

Figure 3 summarises the 13C/ 12C determina

tions presented in this work for the Paleopro
terozoic sed imentary carbonate from the Fen
noscandian Shield (Tables 1- 10) . The 0 i3C

T01 

values of carbonate range from about 16 to 

-4%0, with one outlier at -12%0. The distribution 
is bimodal , and there are strong maxima at 
about 1%0 and about 10%0. The former is simi laI' 
to normal sedimentary carbonates, but the latter 

represents carbonates highly enriched in 13C 
relative to average carbonates in the sedimen

tary record. 
Sedimentary carbonates showing o l3C values 

arou nd I %0 are found in all Paleoproterozoic 
supracrustal sequences throughout the Fennos
candian Shield. On the other hand, the sedi
mentary carbonates with 0 13C

T 01 
> 4%0 are re

stricted to the supracrustal belts within the 
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values of sedimentary carbonates from the Fennoscandian 
Shield. The 229 carbonate analyscs presented in thi s work showabimodal distribution with 
one maximum at about I %0 and anOlher at about 10 %0. 

Archean Dom ain covering an area of about 
1200x600 km 2 (Fig . 4). In fact, the western 
limit of these carbonates a lmost coincides with 

the western marg in of the Archean craton in 
ferred from the works of Koi s tinen (1981) and 
Öhlander et al. ( l987). 

Mineralogie eharaeteristies of the data 

Mineralog ica ll y the Paleoproterozoic sedi
mentary carbonate sampies analy sed in this 
stud y are predominantly e ithe r pure dolos
tones or pure limeston es (F ig . 5). Thi s st ron g
ly bi modal di stributi on resembl es the pattern 
which has been found in the MgO/CaO ratios 
of sedimentm'y carbonate rock s from the Fe n
noscandi an Shield (Pekka la, 1988). A s imil ar, 
a lbeit less we ll -defined distribution in the per
centage of dolomite has also been reported for 
Phanerozoic sedime nta ry carbonates from 

North America by Sperber e t al. (1984). They 

noticed a pronounced maximum at 97% dolo 
mite (doloston es) and another less di s tinct 
maximum at 20 % (do lo miti c limes tones). Be
cause similar bimodal di s tributi ons character
ize most published data on Ph anerozoic carbon
ates, Sperber et al. (1984) suggested that two 
separa te processes may lead to these di stinct 
populations. According to them, dolomitic 
limestones orig inated in diagenetically closed 
system during hi gh-M g calcite dissolution , and 
dolos tones , on the other hand , are co ns idered to 

have o rig inated in diage ne ti ca ll y open systems 
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in the presence of an allochthonous Mg2+ sup
ply . However, some Precambrian dolostones 
may be primary precipitates from seawater 
(Tucker, 1982) , which might be another proc
ess, in addition to open system diagenesis, 
leading to essentially pure dolostones. 

Although the data set is bi modal with respect 
to the 8 D C

TO
' values and dolomite-calcite ratios , 

there is no clear correlation between the two 
variables. Figure 6a illustrates the 8 13C and 
8 180 determinations for calcite and Figure 6b 
for dolomite. Both minerals define roughly 



18 

120 

'" 100 
'" on 
>-

'" c: 

'" 

E 

" Z 

80 

60 -

40 

20 

Geological Survey of Finland, Bulletin 37 1 

Dolomite (Wl. %) 

Fig. 5. Distribution of dolomite contents in total carbonate 
fraction ofthe Paleoproterozoic sedimentary carbonates from the 
Fennoscandian Shield, determined by XRD and the calibration 
cu rve shown in Figure 2.ln hand specimen the majorityofthe 229 
sed imentary carbonates analysed are nearly pure calcite or dol
omite rocks. 

simi lar fields in the 8 13C vs. 8 1MO diagram , even 
though there is a general tendency for dolomite 
analyses to be concen trated towards higher 8 13C 
values than for calcite analyses. This is, how-
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ever , easy to unde rstand on the basis of the 
geographic distribution of the 8D C va lu es 
(Fig. 4) and on the o ld work of Eskola et a l. 

( 19 19). They demonstrated that the sedimenta
ry carbonate rocks of the Karelian for mati o ns 
are large ly dolomitic, while the Svecofennia n 
carbonate rocks are ge nera ll y ca lcitic. 

Figure 7 gives so me information about the 

preservation of metamorphic equi I i bri u m in 
coexistin g calc ite-do lomite pairs. The L'l1 3C va l

ue refers to the difference in the 8 13C values of 
dolomite and calcite, and the L'l1 80 values refer 

sim il arly to 8180 values. The fields out lined in 
the diagram (Fig. 7) show the areas where 
dolomite and calcite are in metamorphic eq ui
librium in the temperature interval from 400 to 
700°C. With respect to carbon the calcite-do l

omite pairs are in near equi li brium , but in con

trast, the 8180 va lu es show strong diseq uilibri 
um . In fact the majority of the ca lcite-do lomite 
pairs show inverse fractionation, the 8 180 val
ues for dolomite generally being lower than 

those for calcite . Sheppard & Schwarcz (1970) 
noticed sim il ar disequilibrium effects between 
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Fig. 6. Relationship between the 8"0 and Ihe 8" C values of 99 calcite analyses (a) and 164 dolomite ana lyses (b) for the 
Paleoproterozoic sedimentary ca rbonates from the Fennoscandian Shic\d. The plot includes all data from both pure calci te and 
dolomite rocks and from mixcd calci te-dolomi te rocks. 



coexisting calcite and dolomite in regions 
metamorphosed under high grade conditio ns. 
They also presented evidence sugges ting that 
the observed oxygen iso tope s hift could 
have resulted from more rapid exchange of 
calcite with an aqueous fluid relative to dolo
mite. 

Geological Survey of Finland , Bulletin 37 1 

o 
Cl 

U 
'" 
<l 

~ e 

e e' 

_ e _ ~ '-1. 
O ~~- - ·OO-# e 

-4 -2 o 2 4 

19 

The calcite-dolomite pairs analysed in this 
study represent , with a few except ions , either 
the Svecofennian Domain or the Karelian 
schi s t belts close to the southwes tern margin of 
the Archean Domain , and in these areas the 
supracrustal sequences have generally been 
metamorphosed under amphibo lite facies con
dition s. A t these temperatures ca lcite and dol
omite can be expected to reach isotopic eq ui
librium at the sca le of a hand specimen, and the 
pronounced disequilibrium of oxygen isotope 
compositions apparently has res ulted from ret
rograde , postmetamorphic reactions with an 
extern al oxygen reservoir. 

Fig. 7. Relationship between the Ö180 (Dolomite-Calcite) and the 
Ö" C(Dolomite-Calc ite) values for 34 coexi sting calcite-dolo
mite pairs. The narrow fields define areas where dolomite and 
calci te are in metalllorphic equilibrium at 400-700°C with re
spect to isotopic cOlllposition of carbon or oxygen, following 
empirical calibrations of Sheppard & Schwarcz (1970). 
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Table I. Carbon and oxygen isotope data for sam pies from the Svecofennian Domain. 

Sampie Location Dol' ) 8" C, PDB ') 8" 0 , SMOW') 

Wl. % Tot Cal 001 Cal 001 

South Svecojenl1ial1 

C-7 Parainen, quarry 0 0.28 18.40 
C- 14 Rautsuo, Suomusjärvi I 0 .36 16.55 
C-67 -A Sipoo, quarry 0 0.04 19.72 

C-67 -B Si poo, q uarry 0 -0.01 20.57 

C-67 -C Sipoo , quarry 0 -0.02 20.53 
C-67 -D Sipoo , quarry 6 0.47 17.74 
C-67 -E Sipoo, quarry 87 -0.42 -0.74 -0.31 17.95 15.10 
C-70-A Parainen, quarry 0 0.47 14.02 
C-70-B Parainen, quarry 0.27 20.95 
C-70-C Parainen , quarry I 0.45 19.90 
C- 117 Förby , Särkisalo 0 0.35 19.90 
C-1 18 Mustio quarry 0 0.65 19.13 
C- 119-A Törmä, Lohja 0 0.46 18.41 
C-119-B Solhem, Lohja 0 0.86 14.84 
C- 119-C Solhem, Lohja 0 0.65 17.55 
C-119-D So lhem , Lohja 100 0.75 23.58 
C- 181 Kalkkivuori, Hyvinkää 0 0.39 19.00 
C- 182 Kalkkivuori , Mäntsälä 0 0.06 18.67 
C-201 Kalkkimäki , Kiikala 0 -0.07 18.86 
C-202 Alskär , Korppoo 0 1.16 20.93 
C-204 Bergskär, Kökar 7 -0.15 -0.50 14.88 
C-205 -A Avensor , Korppoo 11 -0.08 -0.13 18.40 
C-205 -B Ä vensor, Korppoo 3 0.95 17.38 
C-206 Stenskär, Brändö 0 0.91 22.11 
C-207 Norra Härholm , Brändö 0 -0.46 15.51 
C-297 Toija , Kisko 0 -0.84 13.29 

I ) Wcight -% dolomite in total carbonate by XRD , 
2) Tot = Total carbonate, 001 = Dolomite, Cal = Calcite. 

Ö13C VARIATIONS IN STRATIGRAPHIC SECTIONS 

Sveeofennian Domain 

Geologie setting 

The Svecofennian Domain represents juve
ni le Paleoproterozoie formation of continental 
erust in the form of volcanic ares , metagray
wacke and metapelite dominated sedimentm'y 
basins and granitoid intrus ion s . The Svecofen
nian Domain was divided by Gaal & Gorbat-

schev (1987) into three provinces , wh ich are 
the largely volcanogenic Northern and South
ern Svecofennian provinces and the Central 
Svecofennian Province, which in addition to 
volcanic rocks is eharacterized by metagray
wacke and metapelite dominated sedimentm'y 
belts. The province boundaries shown in Figure 
8 are largely based on Gaal & Gorbatsehev 



Table I. (continued) 

Sampie Location Doll ) 

wl. % 

Cenrral Sve cofennian 

C-65-A lhalainen , Lappeenranta 0 
C-65-B lhalainen, Lappeenranta 0 
C-65-C lhalainen , Lappeenranta 0 
C-66-B Ryytimaa , Vimpeli 96 
C-66-C Ryytimaa , Vimpeli 3 
C-69 Kurikka 3 
C- 122-A Otamo, Siikainen 97 
C-122-C Otamo, Siikainen 94 
C- 123-B Punola , Vampula 100 
C-123-C Punola, Vampula 0 
C-160 Kuparsaari, Antrea, Russia 
C-252 Hiirola, Mikkelin Mlk. 
C-290 Siivikkala , Vampula 10 

Northeasr Svecofennian 

C-125-A Ruokojärvi, Kerimäki 0 
C-125-B Ruokojärvi , Kerimäki 0 
C-132-A Ankele, Virtasalmi 59 
C- 132-B Ankele , Virtasalmi 87 
C-158 Mattilanmäki , Kerimäki 69 
C-168 Montola , Virtasalmi 99 
C-273 Rummukka , Jäppilä 86 
C-292-1 Tutunen, Juva 0 
C-292-4 Tutunen, Juva I 

C-366 Karsikumpu , Virlasalmi 0 

Norrh Svecofennian 

C-293 -2 Savijärvi , Pielavesi 
C-293-3 Savijärvi, Pielavesi 2 
C-316 Prästhom, Luleii , Sweden 49 

I) Weight-% dolomite in total carbonate by XRO , 
2) Tot = Total carbonate , 001 = Dolomite , Cal = Calcite . 

(1987), except that the lithologically and iso
topically distinct northeastern corner of the 
Central Svecofennian Province has been sepa
rately distinguished here as the Northeastern 
Svecofennian Province. Sampies were collect
ed on ly from relatively large carbonate bodies, 
mostly from marble quarries. 
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8 1JC, POB') 8 180, SMOW2) 

Tot Cal 001 Cal 001 

1.29 23 .30 
0.57 23.46 
1.47 24 . 10 

1.52 1.55 21.99 
0.51 23.17 
1.21 21.21 

2.03 2.08 22.76 
1.35 1.51 22.68 

1.68 21.10 
1.08 21.57 
1.23 20 .1 8 
1.28 19.72 

0.93 0.88 22.80 

1.99 23.01 
2.09 23.49 

1.86 0.87 2.08 18.08 18.13 
2.17 1.06 2.39 17.97 17.95 
3.31 3.0 I 3.38 18.04 16.52 
1.89 1.87 14.46 
1.68 1.36 1.77 21.17 20.26 

2.86 20.08 
1.83 20.05 
1.44 21.60 

-2.99 -2 .99 18 .76 
-2 .36 -2.45 18 .69 
-0.51 -0.65 -0 .26 20 .23 19.76 

813 C results 

The 8 13C
T OI 

values of the Svecofennian sed
imentary carbonates range from -3 to 3.5%0 
(Table I). They are, therefore, similar to nor
mal sedimentary carbonates and also simi lar to 
Paleoproterozoic carbonates reported by Veiz-
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e r e t a!. ( 1992a, 1992b). 
Although the carbon iso tope compos iti ons o f 

the S vecofe nni an Oomain show onl y limited 
vari ati on, the re are sys tematic diffe re nces be
tw ee n th e va ri ous Svecofe nni an prov in ce s 
(Fi g. 9) . The mean ö13C

Tot 
va lues are 0. 3±0 .5%o 

( I SO) fo r the southern prov in ce, 1. 2±0.4%o for 
th e ce ntra l pro vince , 2. 1±0 .6%o fo r the no rth
eas tern prov in ce and -2 .0±1.3%o fo r th e north 
ern prov ince. Exc ludin g the no rthe rn prov in ce, 
whi ch has onl y three data po ints, the re appears 
to be a ge ne ra l tre nd of dec reas in g Ö13C values 
with in creas ing di s tance fro m the Archean c ra
ton. 

Age eonstraints 

Sedim e nta ry ca rbonate fo rm a ti o ns o f th e 
Svecofenni an Oomain are assoc iated w ith vo l
ca noge ni c rocks, me tag raywac kes and mi ca 
schi sts, whi ch provide some info rm ati on about 
the age of depos ition o f these ca rbo nates. Th e 
reported ages of vo lcanic roc ks range fro m 1.87 
to 1.9 1 G a ( Kähköne n eta!. , 1989; Vaasj oki & 

Lahti , 199 1), while a minimum age fo r the 
depos iti on of the Svecofe nni an ca rbo nates is 
p rov ided by the 1.90 to 1. 88 Ga intru sions of 
sy norogeni c granitoids. 

A furth er constrai nt is set by me tag raywac k
es in the T ampere reg ion, Iy in g be low the vo l
canics in the strati graphi e seque nce (S imo ne n, 
1953). On the bas is of ion mi c roprobe U-Pb 
a na lyses o n de trit a l z irco ns, they a re co n-
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Fig. 9. Hislogram of lhe 8 t3C
TOI 

values of sedimenlary carbonates 
from four prov inces of lhe Svecofcnnia n Domain. 

strained to have been de posited betwee n about 
1.93 and 1.90 G a (Huhm a et a!. , 199 1). 

Kiihtelysvaara-Onega region 

Geologie setting 

The sedim entary seque nces in the Lake On
ega, S uoj ärvi, Tulomozero and Soa nl ahti - Kiih
te lysvaa ra areas (Fi g. 10) re present Pa leopro t
erozoic, e pi continental sedim e ntati o n on the 
Archean cra ton. Although these sequ e nces are 
now present in isolated supracru sta l be lts with
in th e Archean crato n, they do show gene ra ll y 

simil ar sedime ntary success ion s, and they have 
been litho log ica ll y corre lated (Sokolov , 1980, 
1987). 

Th e Pa leoproterozoic for mati ons in the On 
ega and Su oj ä rvi areas in c lude the c lass ica l 
outcrops wh e re the tradition a l s trati g ra phie 
te rm s were fir st de fin ed at the beg innin g of th e 
20th century (R amsay , 1902, 1906; Me tzge r, 

1924 ; Esko la, 1925) . Curre nt reviews desc rib-
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in g the Paleoproterozoic successions in this 
area are gi ye n by Sokolov ( 1980, (987 ), Gal

dobina & Melezhik (l986), Gaskelberg e t a!. 
( 1986) a nd Negrutsa et a!. ( 1986). The Kiihte

Iysvaa ra area in eastern Finland has been stud
ied by ykänen ( 1971 ), Pekkarinen ( 1979) and 
Pekkarinen & Lukkarinen ( 1991 ). 

The Sari o lian (or Sumi-Sari o lian ) formations 
are prese nt locally (Kohonen & Marmo , 1992 ; 
Pekkarinen & Lukkarinen , 1991 ; Gaskelberg et 
a!., 1986). These formations are mostly coarse 

clastic graben fillings and do not contain sed
im entary carbonates. 

The weatheri ng crust deve loped at the top of 
the Sariolian formations is overlain by meta
sed iments of the l atulian group , which in gen
era l represents an epicontinental transgress ive 
sequ e nce de posited on the Archean craton. 
Sokolov (1980) divided these success ion s into 

four areas or subprovinces with different types 
of latuli a n seq uences. Two of them li e in the 

southern part of Ru ss ian Karelia , namely the 
South Karelian and the North Onega subprov
inces (Fig. 10). 

The latulian successions are overlain con
formabl y by the Ludian supracrustal forma
tions. I n the South Karelian Subprovince the 
thickness of the Ludian may exceed 1 km, but 
in the North Onega Subprovince it is prese nt 
only locally (Sokolov, (980) . Kohonen & Mar

mo (1992) have noted a similar north- so uth 
polarity between the Koli and the Kiihtely s
vaara areas in Finland; in the latter , for in
stance, both the upper latulian dolos tones and 
Ludi an carbonaceous schist are present , while 
they are both absent from the former. They 
suggested that the supracrustal sequences pre
served in these areas represent partly di s tinct 
stratigraphic leve ls. Evidently, this maya iso 

apply to successions in Russian Karelia. 
The boundary between the latulian and th e 

Ludian is marked by a sharp facies change from 
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Table 2. Carbon and oxygen isotope data for sampies from the southern part of Russian Karelia . 

Sampie Location 001 " 

(Slromalolile :one) wl. % 

No rth On ega S ubprovince, J a tuli a n 

C- 144 Voljärvi 100 

C- 151 Perguba 100 

C- 152 Ahvenjärvi 3 
C-35 1 Segozero 100 
C-371 Segozero 100 
C-372 Tsobine 2 

So uth Ka r elia n S ubprovince 

Onega basin , lalL/lian 

C-146 T illdia 100 
C-150 SUlInunjärvi 100 
C-287-A Raiguba (SL/ndosia) 100 
C-287-B Raiguba (NL/c/eph)'lon) 100 

C-349-A S. Oleny Island (BUlinella) 100 
C-349-ß S. Oleny Island (Bulinella) 100 
C-350 Raiguba (SL/ndosia) 100 

Onega basilI , Ludiall 

C-161 Shunga 100 

SL/ojärvi, lalL/liall 

C- 162 Syväjärvi 100 
C- 165 Varpaky lä (Omachlenia) 100 

Tulomozero, lalulian 

C-328-1 Lower I atulian 100 
C-328-2 Lower Iatulian 98 
C-328-3 Upper latulian 100 
C-328-4 Upper Iatulian 100 
C-328-5 U pper 1 atu lian 100 

Tulomozero , LL/diall 

C-328-6 Middle Ludian 95 

Soanlahli , lalulian 

C-133 Kintsi nniemi 100 

I) Weight- % dolomite in total carbonate by XRD , 
2) Tot = Total carbonate, 001 = Do lomite , Cal = Calcite. 

lig ht and red co lored psamm ites and do lomites 
to gray and green co lored, often carbonaceous 
schists and carbo nate rocks (Soko lov, 1980) . 
A lso ty pi cal of the L udian for mations are inter
ca lat ions of pyroc last ic mater ia l and beds of 

/5 I3C, PDß" 

Tot Cal 001 

12.58 

10.83 
15.91 

12.13 

11.73 
14.40 

8 .37 
9.20 
9.53 

11.04 

9.67 
9.65 
8.73 

-3.24 

10.62 
9.5 1 

I 1. 50 
10.51 
9 .61 
5.97 
7.92 

7.23 7.58 

8.37 

/5 " 0, SMOW" 

Ca l 

14.68 

15.50 

001 

19.50 
20.62 

22.92 
22.09-

20.04 
20.02 
18.58 
19 .35 

21.83 
22.28 
22.72 

21.92 

20.77 
19.36 

20.35 
20.59 
16.13 
18.40 
17.52 

17.94 

21.3 1 

ca rbonaceous sc hi sts, loca ll y called sh un gites, 
in wh ich the organic ca rbon conten t may atta in 
80%. The lower, so-ca ll ed Trans-Onegian (Za
onezhye) forma ti ons of the L udian group a re 
over lai n by the large ly volcanogeni c S uisaar ian 
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formations , which include the well-known ul
tramafic metalavas (Sokolov, 1980; Galdobina 
& Melezhik, 1986). 

The sedimentary carbonate sam pIes mostly 
represent latulian formations , although a few 
Ludian carbonate rocks have also been ana
Iysed. Since the term Ludian has not been ap

plied to geologie formations in eastern Finland, 
the geology of the Kiihtelysvaara and luuka 
areas (Fig. 10) will be discussed shortly below. 

The stratigraphie succession in the Ki i htelys
vaara area has been studied by Pekkarinen 
(1979) and Pekkarinen & Lukkarinen (1991). 

Based on their descriptions the latulian -Ludian 
transition is here placed between the Annala 
and Petäikkö formations. The Annala Forma
tion consisls of quartzite and hematite rock, 
and the overlying Petäikkö Formation compris
es carbonate rocks , graphitic schists and phyl
lites. The lowermost beds of the Petäikkö For
mation are variously pink and green , fine

grai ned dolomites (Pekkarinen, 1979) , wh ich 
may be regarded as a transitional sequence 
between the latulian and Ludian groups. 
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No comparable investigations have as yet 
been carried out in the luuka district. Drill core 

sampies (C-135-A, B; Table 3) from Petro
vaara, Juuka, are impure carbonate rocks inter

Iayered with graphitic schists and mica schi ts. 
The specimen (C-263) from the Polvela area 
represe nts a similar rock association, in which 
the graphitic schists have even been evaluated 
as a potential source of industrial graphite 

(Sarapää, 1988). Judging from the associated 

graphite bearing lithologies the luuka sampIes 
may therefore be tentati vely correlated with the 
Ludian group. 

8 13 C res u lts 

The dolomite contents in the total carbonate 
fraction and the results of the isotopic analyses 

are given in Tables 2 and 3. The Jatulian sed
i mentary carbonates are wi th few exceptions 
pure or almost pure dolostones, whereas the 
dolomite-calcite ratios of the Ludian sampies 
are variable. 

The 813C values of total carbonate for Ludian 
sampies and for Jatulian sampies from the 

South Karelian and the North Onega subprov
inces are shown separately in Figure 11. All 
Jatulian sedimentary carbonates from this area 
are highly enriched in J3C , with 813C

T01 
values 

from 6.0 to 15.9%0, and this is especially true 
for the North Onega Subprovince, in which the 
8 13C

T01 
values range from 10.8 to 15.9%0. [n 

contrast, the 8 J3C
T ll1 

values of sedimentary car

bonate sam pies from Ludian formations are 
highly variable and range from enriched com
position s of 9.4 down to -3 .2%0 . These regular
ities in the distribution of carbon isotope com
positions will be investigated in more detail 
below. 

Stratigraphie 8 J3 C variations 

Figures 12 , 13 and 14 show 813C
T01 

results of 
sedimentary carbonates against the ir positions 
in the sedimentary column for the Kiihtelys-
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Table 3. Carbon and oxygen iso tope data for samp ies from the Kiihtely svaara and Juuka areas. 

Sampie Location Dol l) 

Dri 11 core/Depth (m) wt. % 

Kiiht elysvaara, Viistola FormC/lion, latulian 

C-187-D R309/66.4 100 
C- 187-A R309/64.5 100 

C-187-B R309/54.5 99 
C-188-B R3101174.6 97 
C-188-C R3101164.3 99 
C-188-J R3101149.7 0 
C-188-E R3101135.6 7 

Kiiht elysvaara, Petöikkö Formation, Ludian 

C-188-K R3101l09.9 48 
C-188-H R3 10/82.6 99 
C- 189-A R3111170.4 16 
C-189 -F R3111123.5 4 
C- 189-J R311/105.4 2 

Juuka 

C- 135-A Petrovaa ra 77 
C-135-B Petrovaara 84 
C-263 Pol ve la 99 

I) Weight -% dolomite in tota l carbonate by XRD , 
2) Tot = Total carbonate , 001 = Dolomite, Cal = Calcite. 

vaara, Tulomozero and Central Onega areas, 

respectively . 

The Kiihtelysvaara column (Fig. 12) repre

sents the Viistola composite drill core secti on 

described by Pekkarinen (1979). The general

ized stratigraphic column and the lithostrati

graphic names are here given after Pekkarinen 

& Lukkarinen ( 199 1). The öl3C Tot va lues of sed

imentary carbonates in the Kiihtelysvaara sec

tion show a decreasing trend from about 10 

down to about 2%0 . The shift from 13C-enriched 

carbonates down to normal sedimentary car

bonates is not linear, but appears to show a 

cyclic pattern superimposed on the general 

trend. For in s tance , immediately below the 

Annala Hematite Formation there is a local 

minimum at a öi3C Tot value of about 4%0. 
The Tulomozero section (Fig . 13 ) is more 

qualitative in nature. Traversing upward s from 

the Archean basement the first two dolomite 

8 13C , PDB ' ) 8 " 0 , SMOW') 

Tot Cal 001 Cal 001 

9.88 20.29 
11.20 22.23 
10.05 18.46 

9.45 9.55 19.51 
9.55 17 .17 

4 .82 16.93 
4.25 4.19 18.27 

6.53 6.14 6.98 17.97 21.71 
6.03 17.89 

0.90 0.78 2.69 15.61 16. 38 
2 .94 3.07 16.39 
2.88 2.88 16.38 

6.26 5.97 6.35 16.00 15.20 
4.78 4.35 4.94 17.93 14.41 

9.36 19.63 

sam pies have been collected from the lowest 

part of the stratigraphic succession. The next 

three sampies were taken from a drill co re in

tersecting hematite-bearing layers about 40 m 

below the Jatulian- Ludian transition. The up

permost Ludian dolomite samp ie represents 

sedimentat·y carbonates in the middle part of 

the Ludian g roup, about 200 m above the Jat

ulian-Ludian contact. 

As in the Kiihtelysvaara section the Tulom

ozero sampies show a decreasing Ö1 3CTot trend 

commencing at about 11 %0 and ending at about 

8%0 in the Ludian. In addition there appears to 

be a sharp local minimum associated with the 

hematite layer, in wh ich the Ö13C goes down to 

about 6%0. 
The stratigraphic positions of the sa mpies 

from the Lake Onega area are not very weil 

constrained . However, s ince sedimentary car

bonates in that area commonly contain stroma-
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values of sedimenlary carbonates in the drilling profile R309-3 1 0-3 11 across lhe Hyypiä Group. The profile has been desc ribed by 
Pekkarinen ( 1979). 

tolitic structures , an attempt was made to study 
the ÖI3C variations by stromatolite biostratigra
phy , which is based on the morphology of cer
tain stromatolite groups and forms (Krylov, 
1976; Semikhatov , 1976). 

An extensive study of stromatolites in east
ern Karelia has been published by Makarikhin 
& Kononova (1983) and later reviewed by 
Makari khi n (1992). The partial stratigraphie 
column in Figure 14 has been constructed from 
their data, and includes those dolomite sam pIes 
from the central Onega area of the South Kare
lian Subprovince that either contain identifi ed 
stromatolite structures or have been collected 
from beds containing identified stromatolite 
groups and forms. The specimen (C-165) from 
the Omachten ia kintsiensis beari ng zone has 
been classified on the basis of a columnar s tro
matolite form Carelozoonjatulicum (see Maka
rikhin & Kononova , 1983 , Fig. 66 ; Makarikhin , 
1992) . The Ludian sampIe is only shown for 
comparison , and it is not known to contain stro-

matoli tes. 
The stromatolite form Carelozoon jatulicum 

was originally descri bed by Metzger (1924) 
from erratic boulders found in the vicinity of 
Lake Suojärvi. Later this stromatolite form has 
been identified in situ both from Lake Suojärvi 
and Lake Onega, where it forms an important 

(m) 

600 
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o 

• 

• • 
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Ö I 3C (0 / 00 , PDB ) 

Fig. 13. Generali zed st rat igraphie eolumn of the Tulomozero 
area based on information in Sokolov (1980) showing the vari
ation of the Ö" C

T 
values of dolomites from different leve ls inthe 

strati graphie col~'mn . Symbols as in Fig. 12. 
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co rre la ti o n ho ri zo n (Sok o lov, 198 0 ; M aka
rikhin & Ko no nova, 1983). Th e iso to pi c ana l

ys is o f Ca relozoonjalulicum (C- 165) was made 
fr o m an o ri g in a l specim e n co ll ec ted a nd de 

sc rib ed by M e tzger ( 1924). 
The s tro mato liti c do lo mites fro m th e So uth 

Ka re li a n S ubpro vince sho w nea rl y co ns ta nt 
ö13C

T01 
va lues wi thin the ra nge 9.9±1.1 %0. The 

ö13C
T01 

va lue of the Ludi a n do lo mite sa mpi e is 

-3.2%0, wh ic h indicates a s igni ficant shi f t fro m 
the l a tuli a n isotope pa tte rn (F ig. 14). 

T he s tra ti g ra phi e success io ns in th e Lake 

Onega , Tu lo mo zero and Kiihtely sva ara di s
tricts have bee n correlated lithologica lly wi th 
each other (Pekkarinen , 1979 ; Sokolov , 1987). 
In addition , the 13C/ 12C ratios of ca rbonate in 

each of these supracrustal belts show similar 
evol utiona ry trends from highly I3C e nriched 
carbon in the l atul ian to lower and var iab le 

ö13C values in th e Ludian . 

Age eonstraints 

At Kiihte lys vaara a diabase dike te rminatin g 
a t the volcani c Koljola Formatio n and presum

ably representing a feeder for the la va fl o w has 
an age of 21 15±6 Ma (Pe kkarinen & Lukkari
nen , 1991 ) . Thi s ind icates that all sedimentary 

ca rb o nates in th e Kiihtel ys vaa ra a rea were 

deposited a ft e r thi s time (see Fi g . 12). lf the 
litholog ic co rre la tio ns presented by So ko lov 
(1 987 , Fi g. 13) a re co rrect , thi s appli es a lso to 
o the r ca rbo nate sam pi es fro m th e So uth Kare 
li a n Subprov ince. 

A gabbro intrus ion f ro m th e Sui saa ri a n for 
mati o ns in the uppe r part of th e Ludi a n g roup 
has g ive n a Sm-Nd minera l isoc hro n age of 
1980±27 M a (Pukhte l ' et al. , 1992). T hi s pl aces 

a minimum age co nstra in o n the T ra ns- Onegian 
(Zaonezhye; Soko lov, 1980) fo rm ati o ns o f the 

Ludi an gro up . 
lt may the re fo re be conc luded th a t th e de p

os iti o n of the hi ghl y 13C-enri ched sed ime ntary 

carbo nates and the shi f t to norm a l sed ime ntary 
ca rbo nates in the So uth Kare li a n Subp rov in ce 

pro bab ly occ urred be twee n 2 1 15 a nd 1980 Ma . 

Pitkäranta and Kuopio areas 

Geologie setting 

T he Pitkära nt a a nd Ku op io a reas li e a t th e 
wes tern ma rgin of th e Arc hean c ra to n , th e 
fo rm er in the north e rn co rn e r of Lake Ladoga 
in Ru ss ia a nd th e la tte r in ce ntr a l Finland 

(Fig. I ). C haracte ri s ti c of the geo logy of these 

two areas a re Arc hea n g ne iss do mes surro unded 
bya reg ul ar success io n of supracrusta l fo rm a
ti o ns, wh ic h in bo th a reas inclu de sed ime ntary 

carbo nates. These s truclU res co nstitu te some of 
the we il k now n ma ntl ed g ne iss do mes di s
c ussed by Esko la ( 1949). 

Pitkäranta. The Pitkära nta reg io n is a n o ld 



mining area, and the area of eastern domes 
(Fig. 15 ) was thoroughly investigated and 

mapped in the course of mining operations by 
Trüstedt (1907). The geo logy and stratigraphy 
of the large sedi me ntary carbo nate deposit of 

Ru skeala has been studied by Metzger ( 1925) . 
More recent cross seetions of the stratigraphi e 
successions have been given by Galdobina 
(1987, Fig . 14). 

Around the eastern domes of the Pitkära nta 

region (Fig. 15) the basement is overlain by a 

ve ry regu lar rock sequence called here the 
Pitkäranta group (Pitkäranta suite , Ga ldobina 
& Melezhik , 1986). It starts with a 2-15 m 
thick cont inuous, sedimentary carbona te hori
zo n, and is followed by 100-300 m of horn
bl e nde sc hi s ts containing graphite and carbon
ate bearing interlayers, which in turn are over
lain by a seco nd carbonate horizon , 5- 40 m in 
thickness (Trüstedt , 1907 ). 

Around the western domes (Fig. 15) the se
quence of the supracru s tal rocks is more irreg
ul ar a nd complicated . Sedime ntary carbonate 
layers are discontinuous, a nd apparently occur 
at more than just two stratigraphie levels. Also, 
the thickness of the amphibole schi st horizo n is 

greater, approac hing 1 km and , in additi on, ba
sa lt ic lavas occ ur (Galdobina, 1987). The 
Pitkäranta group is overlain by Ladogan mica 
schists, and has been correlated w ith the Lu

dian group (Sokolov , 1980; Ga ldobina & Me
lezhik , 1986; Galdobina, 1987). 

Sedimentary carbonate samp Ies were co ll ect
ed from the lower and u pper carbo nate horizons 
of the Pitkäranta gro up . In the area of the east

ern domes there are no difficulties in assig nin g 
the sa m pIes to either the lower or the upper 
carbonate hori zo n. In the area of the western 
domes a t Ru skeala Archea n basement is not 
exposed (F ig. 15) and also th e st ratigraphie 
success ion is more complicated. However, the 
large carbonate deposit at Ru skea la lies be
tween a mphibole sc hist and mica sc hi st just as 
th e upper carbonate horizon in the area of the 

eastern domes, and based on this it appears to 

form a direct conlinuation of the lIpper carbon-
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Fig. 15. Geologica l sketch map and the sampIe locations in the 
Pitkäranta area atthe northern corner ofthe Lake Ladoga, Russia. 
The map is based on information in Trüstedt ( 1907) and Hack
man (1933). 

ate hori zo n (Me tzger, 1925). 
Kuopio. The s uprac rusta l seq ue nce s llr

roundin g the Archean g ne iss domes of the Ku o

pio area has been described in deta il by Wilk
man (1923). Later s tudies were made by Esko la 
( 1949) and Preston ( 1954), who, however , con
centrated more on doming . Aumo (1983) de
scribed the s tratigraphy of the Kuopio area and 
named the format ions in the success ion. 

The s tratigrap hi e sequence surrou ndin g the 
Archean gneiss domes in the Ku opio area re
sembles the successio n in the Pitkäranta area. 

However, the seq ue nce at Kuopio differs in that 
it begins w ith si li cic lastic metasediments , a l
though their total thickness re main s ralher 
small, varying between 0 and 250 m (A urno , 
1983) . 

The si lici c last ic metased iments are followed 
by pure and impure carbonate rock s a nd g raph
i tic schi sts of the Petonen Formation, wh i eh are 

overlain by bas ic metalavas of the Vaivanen 
Formation. 

Wilkm an (1923) a lready noted that graphitic 
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Fig. 16. Geo logical sketch map and the sam pIe localiti es in the 
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Luk karinen ( 1985). Also shown is the site of the fe lsie volcan ie 
rock sampIe (Ko ivusaari), whieh has yielded aU-Pb age of 
2062±2 Ma (Pekkarinen & L ukkarinen, 199 1). 

schi sts occ ur within the sedim e ntat·y carbo nate 
fo rm ati o n a nd es pec ia ll y in its lower part. Th e 
carbo n co nte nt of th e g ra phiti c schi s ts may 
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Fig. 17. St rat igraphi e eo lu mn ofthe Pitkä ranta area a ft er Trli stedt 
( 1907) also show ing the variation o f the o"ero, val ues of sedi
mentary carbonates in the strat igrap hi e seq ucnce. Symbols as in 
Fig. 12. 

even exceed 50%, and c learl y these me tasedi 
me nt s represent an e nviro nme nt w ith hi g h bur
ia l ra te o f o rga ni c c arbo n, ty pi c al fo r s u

pracru s ta l fo rm ati o ns of the Ludi a n g ro up . The 
vo\cani c Vaiva ne n Formation is fo ll owed by 
Kal e vian turbiditic mica sehi sts. 

The sa m pI e loeation s a re sho wn in Fi g ure J 6. 
At the Pe tose n lampi (C- I77) a nd La i vo nsaari 
(C- 147 , C- 192) s ites it was poss ible to eo llee t 

two and three sa mpies, respee ti ve ly, in strati 

g raphi e seque nee. M ost sa mpies a re e learly in 
a s tra ti g raphi e pos iti o n be low the mafie me ta
lavas , but the re is o ne d o lo mite oee urre nee 
(C-1 39, Pulko nkoski ), surrounded exe lu sive ly 

by ro cks of the base me nt eomplex. Therefo re, 
the strati g raphi e pos ition of thi s sa mpi e i un 
e lea r. 

Ala-Siikajärvi. Two sam pIes we re ana lysed 
fro m the Al a-Sii kajärvi se hi st be lt , w hieh is a 

separa te Kare li an se hi st a rea e ne losed w ithin 
the Are hea n basement eo mpl ex abo ut 60 km 
no rtheas t fro m Ku o pi o (Fi g. 16). T he strati 
graphi e sueeess ion in the Ala-S iikaj ä rvi sehi st 
be lt has bee n desc rib ed by Grind ( 1988) a nd is 

s imil a r to the seque nce in th e Ku o pi o a rea. 
Ho wever, in the Al a- Siikajärvi area sedime nta
ry ca rbo nates a re additi onall y present a mo ng 
gra phiti c se hi s ts above a vo lcanoge ni c fo rm a
tio n. 

8 13 C resuIts 

Th e do lo mite conte nt s in the tota l ca rb o nate 
frac ti o n a nd the ca rbo n a nd oxyge n iso to pe da ta 

for th e sedim e nta ry ca rb o na tes fr o m th e 
Pitkä ra nta , Ku o pi o and Al a- Siikaj är vi areas a re 
give n in Tabl e 4. Ge ne rali zed s tra ti g raphi e co l
umn s a nd va ri at io ns of the 8 13C TOI va lues in th e 
strati graphi e co lumn s a re illus tra ted in F igure 
17 fo r sa mpie s f ro m the Pit kä ra nta a rea, in 
Fig ure 18 fo r sa mpi es fro m the Ku opio area and 

in Fi gure 19 fo r sa mpi es from the A la-Siika
j ärv i sc hi st be ll. 

Pitkäranta. In the Pitkäranta a rea th e sedi 
me ntary ca rbo nate sa m pIes f ro m th e lo we r ca r

bo na le ho ri zo n gave a mea n 8 1lC TOI va lue of 
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Table 4. Carbon and oxygen iso tope data fo r sa mpIes from the Pilkäranla area in Ru ss ia and Kuopio and Ala-S iik ajärv i 
areas in Finland. 

SampI e Location Dol ') 

wt. % 

Pitkäranta area 

Upper Pitköra nta group 

C-127-A Ru skeala quarry 0 
C-127-B Ru skea la quarry 0 
C-332-A Hopunvaara, Pitkäranta I 
C-332-B Hopun vaara, Pitkäranta 0 
C-333 Klara mine , Pitkärallla 63 
C-334-A Ru skea la quarry 0 
C-334-B Ru skeala quarry 0 

LOlVer Pitköran ta g roup 

C-330-A Ri stiniemi , Pitkäranla a rea 
C-330-B Ri s tiniemi , Pitkäranta area I 
C-331 - A Kirj ava lahti , Sortavala 96 
C-331-B Kirj ava lahti , Sortava la 13 

Kuopio area 

Unclassified 

C-139 Pulkonkoski , Siilijärvi 91 

Pe /otz en Fo rmation 

C-147 Lai vo nsaari, Kuopio 83 
C-148 Keh vo, Siilinjärvi 8 1 
C-177-A Petosenlampi , Kuopio 97 
C-I77-B Petose nlamp i, Kuopi o 26 
C-192-F Lai vo nsaari , Kuopio 65 
C- 192-G Lai vo nsaari, Kuopio 78 

C-291 Puutos mäki , Vehmersa lmi 89 

Alasiikajärvi schist belt 

Upper carbonate forma tion 

C-149 Hutlunie mi , Juankoski 89 

LOlVer carbonate formation 

C-271 Huosia isni e mi , Juankosk i 99 

I ) Wei ghl-% do lomite in to tal ca rbonate by XRD , 
2) Tot = Total carbonate , 001 = Do lom ite, Cal = Ca lcile. 

S.4± 1.0%0 , and those from the upper carbonate 
hor izon a 8 )3C

T01 
va lue of 1.8±0.4%o. Con se

quently , there is a sign ificant 3.6%0 drop in the 

8 13C va lu es from the 10wer to the upper carbon-

OllC , PDB ' ) 0"0, SMOW') 

Tot Cal 001 Cal 001 

2.34 22.21 
2.15 22.76 
1.27 2 1.0 I 
1.76 17.68 

1.40 1.00 1.93 21. 13 20.62 
1.61 16.17 
1.95 21.22 

4 .2 1 14.08 
6.58 14.70 

5.30 5.41 14.01 
5.35 5.35 5.61 17.74 16.64 

1.09 1.14 16.99 

5.86 5 .28 5.99 17.23 16.34 

5.72 5 . 15 5.80 21.21 20.92 

6.40 6.43 18.3 1 

0.99 0 .93 1.37 15 .63 15.22 
4.84 4.40 5.32 18.7 1 17.30 
3.02 2.55 3.24 17.55 15.30 
5.93 6.09 17.88 

1.44 1.44 16.38 

6.56 6.58 2 1.64 

ate horizon (Fig. 17 ) . 

Kuopio. Sedimentary carbonate samp Ies 

from the Petonen Formation in th e Kuopio area 

gave a mean 81 JCTOI va1ue of 4.7±2.0%o, which 
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Formation. Tie lines eonneet sampies from stratigraphie profiles 
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is within error limits the same as the mean 

ö13C
To

! value of the lower carbonate formation 
of the Pitkäranta group. In addition, ö13e values 
appear to be decreasi ng towards the contact of 
the Vaivanen Formation, as is shown by the two 
sam pIe profiles (Fig. 18) . 

Ala-Siikajärvi. Dolomite sam pies from the 

lower and upper carbonate formations of 
the Ala-Siikajärvi schist belt yielded Ö13C

To
! 

values of 6.6 and 1.4%0, respectively (Fig. 19), 
which are similar to the 13C/ 12C ratios 

of the corresponding formations of the Pitkä-
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Fig. 19. Stratigraphie eolumn for the Ala-Siikajärvi area drawn 
based on information in Grind (1988) and the /i I3C

Tot 
values of 

two sedimentary carbonate sampIes at different stratigraphie 
levels. Symbols as in Fig. 12. 

ranta group. 

Age constraints 

A felsic ash-f1ow metatuff from the Koi
vusaari Formation in the Siilinjärvi area, north 

of Kuopio (see Fig. 16) has been dated to 
2062±2 Ma using the U-Pb method on zircon 
(Pekkarinen & Lukkarinen, 1991). The Koivu
saari Formation may correlate with the Vaiva

nen Formation of the Kuopio area, which has a 
similar stratigraphic context (Lukkarinen , 1990). 

Kalevian provinces 

At the western margin of the Archean craton 
the basement and the Jatulian and Ludian su
pracrustal units are overlain, often discon
formably , by deeper water Kalevian mica 
schists (Sirnonen, 1980; Meriläinen , 1980). AI
though these metasediments were previously 
regarded as a single homogenous lithostrati
graphic sequence, recent studies suggest that 
thc Kalevian provinces represent more complex 

assemblages of sedimentary units deposited at 
different limes possibly in different sedimenta

ry basins (Ward, 1988). In addition, these prov-

inces also seem to contain remnants of Jatulian 
and Ludian supracrustal successions , wh ich is 
consistent wilh the carbon isotope results in 
this study. 

SedimentaI'y carbonate sampIes were includ
ed from the Northern Ostrobothnia Schisl Belt 
in northern Finland and from the North Kare
lian Schist Belt in eastern Finland (Fig. I). In 
addition, the Kalevian metasediments of the 

Kainuu schist bell are also represented by one 
sampIe. 
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Fig. 20. Geological sketch map of the Northern Ostrobothnia 
Schist Belt according to information in Honkamo (1989), also 
showing locations of sampies analysed in this stlldy. 

Geologie setting 

Northern Ostrobothnia. The geology and 

stratigraphy of the Northern Ostrobothnia 
Schist Belt has been described by Honkamo 
(1985 , 1988, 1989). The 5- 8 km thick su
pracrustal sequence is dominated by metagray

wackes (Fig. 20), which were generally depos
ited directly on the Archean basement. In the 
southeastern part of the belt the succession 
starts with massive conglomerates, wh ich are 
replaced by metagraywackes higher up in the 
sequence. The lower metagraywackes are cov 
ered by formations containing mafic metavol

canics , quartzites and chemical sediments, 
which in turn are overlain by metagraywackes. 

The sampie locations of sedimentary carbon

ates are shown in Figure 20 . Two sampies 
(C-80, 163) have been collected from forma
tions directly associated with mafic metavol
canic units between the metagraywacke succes
sions. The carbonate sampie from Käkiperä 
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Fig. 21 . Geological skelch map of the North Karelia Schist Bell 
based on LlIukkonen & Lukkarinen (1985), also showing sam pie 
locations. 

(C-164) is associated with metavo1canics and 
quartz ites in an area dominated by rocks of the 
Arc hean basement complex (Honkamo, 1989). 
The Pitkäselkä dolomite (C-176) represents an 
association of quartzite and dolomite lying 

along the contact of Svecokarelian granitoids 
and the metagraywackes of the schist belt. 

North Karelia. The geology of the North 
Karelia Schist Belt in eastern Finland has been 
extens ively tudied largely due to the economic 
potential of the Outokumpu Ore District. In 
these deposits massive Cu-Zn-Co orebodies are 
associated with an assemb lage including ser
pentinites, calc-silicate rocks, metacherts and 
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Tablc 5. Carbon and oxygen isotope data for sampie s from the Kalevian successions. 

Sampi e Location Dol l) 

wt. % 

Northern Ostrobothnia Schist Belt 

C-80 Kiiminki , quarry 94 

C- 163 Vepsä, Ylikiiminki 97 

C-164 Käkiperä, Utajärv i 80 

C- 176 P itkäse lkä , Muh os 100 

North Karelia Schist Belt 

C-131 Varmonniemi , Kesälahti 90 

C-120-A Ke re lli , Outo kumpu 73 

C-1 20- B Kerelti , Outokumpu 85 

C-2 3 1-A Kylylah ti , Outokumpu 94 

C-23 1-B Kylylahti , Outokumpu 88 

C-262 Kuhnustenjärvi , Juuka 100 

Kainuu Schis! Belt 

C-266 Talvivaara, Sotkamo 99 

I ) We ight- % dolom ite in tot a l carbonate by X RD , 
2) Tot = Total carbonate , 001 = Dol omite, Cal = Ca lcite . 

black schi sts, kn own collectively as the Outo
kumpu As se mbl age (Huhma & Huhma, 1970; 

Koi stinen , 1981 ; Papun e n, 1987). The ore de

posits and assoc iated rocks are enclosed in 
mi ca sc hi sts, which a re the predomin ant rock 

type of the reg ion . 
The Kalevian metasediments of the area rep

re sent a diverse asse mbl age of a utochth o nou s 
unit s and al1ochthonous thrust shee ts and nappe 
complexes ( Koi stin e n, 198 1; W ard , 1988). The 
earliest sedimentaJ'y unit s may have been de
pos ited already a t 2105±15 Ma (Ward , 1988) , 

which is based o n a z irco n age from the volcan

ic Tohmajärvi co mpl ex ( Huhm a, 1986). Th e 
lates t mica sc hi s ts are Iyin g s tratigraphically 
above the rocks of the Outokumpu Assemblage, 
and their depositional age is pres um a bly 
yo unge r than 1972± 18 Ma (Ko is tinen , 198 1). 

Sam pIe location s a re shown in Figure 21. 

Foul' ca rb o nate sa mpi es from two loca liti es 

(C-120 , 23 1) represent dolomite rocks of the 
Outoku mpu Assemblage. According to c urrent 
interp re tati ons the carbo nates, cherts and 

8 JJ C, PDB ') 8 " 0 , SMOW2) 

Tot Ca l 0 01 Cal 001 

0.16 0.23 16.07 

1.97 2. 14 18.17 

1. 12 1.26 19.48 
8. 12 17.23 

6.43 6.48 19.50 

- 1.55 - 1.86 - 1.5 I 17.44 16.30 

- 1.53 - 1.85 - 1.53 17 .34 16.22 

-3.60 -3 .46 13.60 

-2.35 -2.04 13.8 1 
2.69 2 1.98 

- 12.47 13.27 

sulfides of the assemblage were depos ited from 
hydrothermal fluid s onto oceanic crust 
( Koi stinen , 1981 ; Pa pune n, 1987), and, there 
fore, the carbon iso tope ra tio s of th ese carbon
a te s may have been affected by hydrothermal 

input. 

The dolomite sa mpie from Kuhnu ste njärvi 
(C-262) has been collected from a co ng lo mer
ate with carbonate elasts in a mica schist e nvi
ron me nt. Th e sed i men tary carbonate occ ur

re nce at Varmonni e mi (C-1 3 1) is located in a 
narrow remnant of sc hists within a Svecokare
li a n granite pluton (F ig. 2 1), and is associated 

w ith amphibole and graphite bearing sc hist s 
and quartzite (Nykä nen , 1975). 

Ö)3 C results 

Res ult s of isotopic a na ly ses a nd the dolomite 
conte nt s of th e sedimentary ca rbo nate sa mpies 
from the Ka levia n provinces are g ive n in 

Table 5. The Öl 3CToi va lu es range from - 12 .5 to 
8. 1 %0, and thus the sedimentary carbonates 
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values ofthe sedimentary 
carbonates from the Kalevian provinces of the Northern Ostro
bothnia Schi st Belt, the North Karelian Schist Belt and one 
sampie from the Kainuu Schist Belt. 

from the Kalevian provinces form a rather het
erogenous group (Fig. 22). 

The Talvivaara dolomite sampIe (C-266) is 
so highly depleted in I3C, that it probably does 
not represent a primary precipitate. Since it is 
interbedded with graphitic schists, it is there
fore concei vable that biogenie carbon has been 
incorporated in the dolomite . The majority of 
carbonate sa mpIes show 8 13C

T01 
values between 

-3.6 and 2.0%0. Thi s range includes also the 
sampIes from the Outokumpu Assemblage 
showing a mean 8 13C

T01 
value of -2.2±1.0%0. 

Two dolomite formations, one at Pitkäselkä, 
Muhos and another at Varmonniemi , Kesälah
ti , show I3 C-enriched carbon isotope signa
tures , the 81 3C TOI values being 8.1 and 6.4%0 
for the Pitkäselkä and Varmonniemi sampIes, 
respectively (Table 5). In this re spect they 
differ from other carbonates from the Kalevi
an provinces and from a11 studied edimentary 
carbonate formations in the Svecofennian 
Domain , but are similar to sed imentary car
bonates from latulian and Ludian formations. 
This s imil ar ity is also reflected lithologically, 
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since like the Jatulian and Ludian, they occur 
in association with quartzites and graphitic schists. 

Age eonstraints 

Ostrobothnia. According to radiometrie de
terminations on zircon the Koiteli Quartzite 
Formation in the middle of the schist belt was 
deposited between 2093±35 and 1873±4 Ma 
(Honkamo, 1988) . None of the sedimentary 
carbonate sampIes are directly associated with 
the Koiteli Formation, and, therefore , this time 
period does not necessarily constrain their sed
imentation . Nevertheless, in stratigraphie cor
relation diagrams presented by Honkamo 
(1989) sampIes C-80 , Kiiminki and C-163 , 
Vepsä lie roughly at the same stratigraphie 
level with th e Koiteli Formation. 

The sedimentary carbonate sampIe C-164 
from Käkiperä resembles the previou s ly men
tioned sampI es both mineralogically and tex
tura11y , and it may therefore be related to them. 
However , these schists may possibly be 
Archean, as has been suggested by Honkamo 
(1989) and Kähkönen et al., (1986). 

North Karelia. Sam pIes C-120-A , C-120-B, 
C-231-A and C-231-B from Outokumpu repre
sent the chemical sediments of the Outokumpu 
Assemblage. A gabbro body amongst serpen
tinites ofthe Outokumpu Assemblage has given 
a zircon age of 1972±18 Ma (Huhma, 1986 ; 
Koistinen , 1981). In the absence of any other 
constraints , it is here assumed that thi s date 
corresponds to the depositional age of the 
whole Outokumpu Assemblage. 

Kainuu Sehist BeIt 

Geologie setting 

The Ka inuu Schist Belt in northeas tern Fin
land (F ig. I) is one of the major Paleoproter
ozoic schist belts containing Karelian forma
tions. The belt is bordered on both eastern and 

western margins by Archean basement of th e 
Karelian craton. The sa mpling area for thi s 
work was in the central part of the schist belt , 
on the northern s ide of Lake Oulujärvi 
(Fig . 23). 

The complex geology and stratigraphy of the 
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Fig.23. Geological sketch map of the Kainuu Schist Belt based 
mainly on information in Laajoki (199 I), and locations of sam
pies analysed in this study. Also shown is the tectonic line 
separating the Eastern and Western Kainuu zones. 

eastern part of the schist belt in the Puolanka 
area has been extensively stud ied by Laajoki 

and co-workers, and the results have been re
viewed recently by Laajoki ( 1991). The Mela
lahti area close to the shore of Lake Oulujärvi 
has been studied by Kärki (1988), while the 
stratigraphy of the supracrustal rocks in the 
western Hyrynsalmi area has been described by 
Konti nen (1986). 

A major tectonic line divides the Kainuu 
Schist Belt into two parts (Fig. 23). which have 

been called the Eastern and Western Karelides 

by Laajoki ( 199 1). Here more local names , the 

Eastern and Western Kainuu zones will be 

used. The Eastern Kainuu formations are auto
chthonous to para-autochthonous, but the 
Western Kainuu formations comprise alloch

thonous nappe complexes and thru st sheets. 
Based on lithologie differences a nd on the 
existence of an ophiolite complex in the contact 
area Laajoki (1991) suggested that the Western 
Kainuu terrain is exotic with respect to the 
Eastern Kainuu terrain. 

Eastern Kainuu. In the study area the low
ermost units of the Eastern Kainuu success ions 

are siliciclastic Jatulian type metased iments, 
which in many pI aces are underl ain by a 
palaeoweathering crust (Konti nen, 1986). In 
the Hyrynsa lmi area these formations are in
cluded in the Hyrynsalmi Group, which corre
lates with the East Puolanka Group in the 
Puolanka area (Laajoki, 1991 ). The Hyrynsalmi 

Group is unconformably overlain by Kalevian 

metapelites and metaturbidites of the Ristijärvi 
Group. 

Three dolomite sampIes from the Eastern 
Kainuu formations have been co ll ected from 
the Poikkijärvi Formation, which is within the 
uppermost unit of the Hyrynsa lmi Group. One 
dolomite samp Ie represents a carbonate elast 
from a turbiditic conglomerate within the 

Väisälä Formation of the Ristijärvi Group, in 
which the elasts are interpreted as having been 
derived largely from the Hyrynsalmi Group 
(Kontinen, 1986). 

Western Kainuu. According to Laajoki 
(1991) the depositional basement for the a ll o
chthonous Western Kainuu successions is un

known , and the formations are present as 
tectonic slices separated by thrusts. The west
ern most units in Figure 23 are the Central 
Puolanka Group, wh ich is cut by 2.2 Ga meta

diabases , but is possibly much older, and the 
Ka lpio Complex, which may represent a meta
morphic derivative of the Western Kainuu for
mations. To the cast follow formations of the 
Vihajärvi and Somerjärvi groups, the latter 
containing sedimentary carbonate units. The 

Somerjärvi Group can be traced southwards 10 
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Table 6. Carbon and oxygen isotope data for sampies from the Kainuu Schist Bell. 

Sampie Location Dol ') 

wl. % 

Western Kainuu 

Horkankalli o Formation 

C-156-A Melalahti, Paltamo 40 
C-156-C Melalahti, Paltamo 66 

Salmijärvi Forma/ion, Somerjärvi Group 

C-283- 1 Pääkkö, Puolanka 100 
C-283-3 Pääkkö, Puolanka 86 

Eskosenvaara Formation, Somerjärvi Group 

C-280 Vuorimäki , Paltamo 99 
C-283-2 Pääkkö, Puo lanka 100 
C-283-4 Pääkkö, Puolanka 99 

Eastern Kainuu 

Väisälä Forma/ion , Ristijärvi Group 

C-248 Väisälä, Hyry nsalmi 100 

Poikkijärvi Forma/ion, Hy rynsalm i Group 

C-284 Kalkkini e mi , Ri st ijärvi 100 
C-303 Iso Särkijärvi , Puolanka 80 
C-304 Koikeronlahti , Paltamo 96 

1) Wei ght -% dolomite in total carbonate by XRD , 
2) Tot = Total ca rbo nate, Dol = Dol o mite, Cal = Calcite. 

the Melalahti area studied by Kärki (1988), 
where it corresponds to the Melalahti Group. 
The Somerjärvi Group comprises the Eskosen
vaara and Salmijärvi formations and, in addi
tion , the upper part of the Somerjärvi Group 
contains several poorly exposed tuffitic units. 

The Eskosenvaara Formation consists ma inly 
of quartzites, but in the upper part it also con
tains graphitic and dolomitic intercal at ions . Tt 
is succeeded by the dolomitic Salmijärvi For
mation , with the contact between the two for
mations being a gradual transition. Dolomites 
of the Salmijärvi Formation are interbedded 
with graphitic schists and mica schists, and 
appear to be litho logica lly correlative with the 
Ludian group rather than with the latulian 
group of the Kiihtelysvaara- Onega reg ion. The 

813C, PDB 2) 8"0, SMOW2) 

Tot Ca l Dol Cal Dol 

4.17 3.82 4.38 16.9 1 18.97 
3.76 3.30 3.97 21.01 21.41 

3.62 19 .76 
3.41 2.56 3.70 20 .80 20.40 

5.99 20.72 
4.21 16.50 
4.23 18.30 

7.54 17.94 

8.20 18.32 

7.99 7.69 8. 17 18.1 6 15 .23 
9.10 9.18 16. 39 

Salmijärvi Formation is overlain by phyllites, 
iron formations and metaturbidites of the 
Väyrylä Group (Laajoki, 1991) . 

The sampIes from the Western Kainuu for
mation s have been collected from two strati
graphie level s. The lower of these is represent
ed by the Eskosenvaara Formation of the 
Somerjärvi Group at Puolanka and Paltamo , 
while the upper level sampIes were taken from 
the Horka nkallio Formation of the Melalahti 
Group at Paltamo and the Salmijärvi Formation 
of the Somerjärvi Group at Puolanka . 

O) 3C results 

The dolomite contents in the total carbonate 
fraction and the results of the isotop ic analyses 
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Fig. 24. Partial lithostratigraphie eolumns for the Eastem and Western Kainuu zones and 
Ö13C

To
( eompositions of sedimentary carbonates from the Somerjärvi and Hyrynsalmi 

groups . Stratigraphie nomenclature for the Western Kainuu area is from Laajoki (1991) and 
for the Eastern Kainuu area from Kontinen ( 1986). Symbols as in Fig. 12. 

from the Kainuu Schist Bell are given in Table 6 
and illustrated together with the stratigraphie 
columns in Figure 24. Mineralogically the sed
imentary carbonate sam pIes are either pure do
lomites or mixed calcite-dolomite rocks. The 
lowest dolomite contents of 40-66 % were re
corded from the Horkankallio Formation at 

Melalahti. 

Eastern Kainuu. The four dolomite sampies 
from the formations of the Eastern Kainuu 
schist belt have relatively high o J3C

To
, values, 

ranging from 7.5 to 9.1 %0, with a mean value 
of 8.2±0.7 %0 . 

Western Kainuu . The sedimentary carbon
ates from the Eskosenvaara Formation of the 

Somerjärvi Group show oJ3C
T O

, values spanning 
from 4.2 to 6.0%0 , with a mean value of 
4.8± 1.0%0. The o J3C

T O
, values of carbonate sam

pled from the Salmijärvi and Horkankallio for-

mations show a relatively small range from 3.4 
to 4.2%0, and the mean value is 3.8±0.2%0. 

There is a significant difference in the oJ3C
To

, 

val ues of carbonate between the formations of 
the Eastern and Western Kainuu Schist belt. 
The sampies from the Eastern Kainuu are more 
enriched in J3C relative to the Western Kainuu. 

In addition , the Western Kainuu formations 

show some tendency for a decreasing trend In 
the Ol 3C values (Fig. 24). 

Age constraints 

There are no published age data , from which 
the depositional age of the sedimentary carbon

ate formations in the Eastern and Western Kai
nuu zones could be inferred with reasonable 
accuracy. 
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Kuusamo-Salla Schist Belt 

Th e Pal eopro tero zoi c Kuu sa mo-Sa ll a Schi s t 
Belt li es o n both s ides of th e Arcti c C irc le a nd 
straddl es th e boundary be twee n F inl a nd a nd 
Ru s. ia (Fi g. I ). Geo log ic a ll y it is s itu a ted a t th e 
juncti o n be tween se veral maj o r c ru s ta l stru c
tures (Silve nno ine n, 19 92 ) . Ln th e so uth it is 

bo unded by the Kareli an Prov ince, in the eas t 

by the l3 e lo mori a n Prov ince and in the wes t by 
th e Centra l Lapl a nd Granite Co mpl ex (Fi g. 25). 

Th e geo logy a nd strati graph y o f th e Ka re li an 
success io n in the Kuu samo area has been s tud 
ied by S ilve nn o in e n ( 1972, 1991 , 1992). Pek
kal a ( 19 85 ) in ves ti gated the petrog raphy and 
ge oc he m i s try o f th e sed i me nta ry ca rbo nate 
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rocks of the Kuusamo Schist Belt. Recently 
Mann i nen (1991) reported on the geology and 

strati g raphy of the Sa lla area, which is a direct 
continuation of the Kuu samo Schist Belt to the 

north. The geo logy of the schi s t belt on the 
Russ ian s ide of the border, in the Paanajärvi
Kuolajärvi area has been re viewed by Kulikov 
et al. ( 1980) and Sokolov (1980). 

Geologie setting 

Kuusamo. The Kuusamo Schi st Belt consists 
of a sedimentary sequence, which appea rs to 
have bee n deposited over a time inte rval 
of several hundred millions years, and sedi
mentary carbonates are prese nt at several strati
g raphie leve ls. Following the lithostrati graphic 
nom e ncl ature o f Silvennoinen ( 1972) the 

suprac rustal sequence of the Kuu samo Schist 
Belt beg ins loca lly with basal co ng lomerates, 
and these are immediately ove rl a in by the in
te rmediate and acid lavas of Greenstone For

mati o n I. 
Greenston e Fo rmati o n T is followed by a 

transgressive sequ e nce of quartzitic units , 
which are characterized by herrin gbone cross
beddi ng a nd othe r tid a l features (S i I vennoi nen, 

1992), suggest ive of a marine incursi on. The 
seq ue nce commences with the Sericite Quartz

ite Formation, which is fo llowed by th e Sericite 
Schist and the Quartzite Schist formations. The 
Sericite Schist Formation includes do lo mitic 
members , some of which have been reported to 
contain stromato li tic structures (Pekka la, 

1985) . 
The transgression e nded with the extrusion 

of submarine lavas of G reenstone Formation 11, 
and these in turn were fo ll owed by the regres
si ve metasedi mentary Si I tstone Formation. 
After that vast areas were covered by 200-400 
m thick plateau basalts of Green s tone Forma
tion \11 (S ilvenno in e n, 199 1, 1992). 

The plateau basalts are overla in by the Ru
katunturi Quartzite Form ation and the Dolo
mite Fo rmati o n, which in turn is followed by an 

abrupt change to graphit ic schi sts and tuffites 

of the Amphibole Schi st Formation. Us ing the 

te rminology of Sokolov ( 1980), thi s sharp 
facies change marks the boundary betwee n the 

l a tulian and Ludian formation s. 

Pekkala (1985) recognized the presence of a 
di stinct sedimentary carbonate fo rm ation over

ly in g the Amphibole Schist Formation, known 
as the Limestone-Dolomite Formation, charac

te rized by the prese nce of both dolomitic and 
ca lcitic members. This contrasts with other 

sedimentary carbonate units in lower strati
graphie positions , in wh ich calcite is rare. This 
feature is a lso ev ide nt in the dolomite/calcite 
determi nation s of Table 7. 

In thi s study the iso topic com pos ition of 
carbon and oxygen were ana ly sed of 17 sedi
mentary ca rbon ate sampies from fo ur strati 
graphie leve ls of the Kuu samo Schist Be lt. 

E ight of the sam pies represent the same pow
ders whose geoc he mi s try was st udi ed by 

Pekkala ( 1985). 
Salla. Th e continental plateau basalts of 

Greenstone Formation \11 can be followed on 
magneti c maps from Kuusamo northwards to 

the Salla a rea, where th ey are des ig nated as the 
Tahkoselkä Formati o n (Mannin e n, 1991 ). This 
formation continues even further northwards 
into Lapl a nd and therefore it i clearly a key 

ho rizon for stratigraphi e correlation in north
eastern Finland. 

Three sed ime ntary ca rbonate sam pi es from 
the Salla area have been ana ly sed in thi s 
s tudy. One samp ie represents the Kelloselkä 
Forma ti on, com pri ing the dolomites, arkose 

quartzites a nd s ilt sto nes occurring below th e 
basalts of the Tahkoselkä Form a tion. Another 
has been col lected from the dolomitic portion 
of the Matovaara Formation Iy in g strat i g raph 
ica ll y above the Tahkoselkä Formation. The 
Matovaara Format ion consists largely of 01'

thoquartzi te s and si I tsto nes (Man n i nen , 199 1) 
and co rresponds to the Ruk at unturi Formation 
in the Kuu samo area. The third sam pie is from 

dolomites associated wit h graphitic sch ists of 
the Aa tsi ng i n ha u ta Formati on. 
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Table 7. Carbon and oxygen isotope data for sam pies from the Kuusamo and Salla schist belts. 

Sampie Location 001 " 

wt. % 

Kuusamo Schist Belt 

Limestone-Dolomite Formation 

C-210-5 Liikasenvaara, Kuu samo 98 

C-210-6 Liikasenvaara, Kuusamo 17 

C-210-7 Autiolampi , Kuusamo 98 

C-210-8 Autiolampi, Kuusamo 100 

C-210-10 Autiolampi, Kuusamo 22 

C-277-1 Autiolampi, Kuusamo 100 

C-277-2 Autiolampi, Kuu samo 100 

Dolomite Formation 

C-210-2 Kiutaköngäs , Kuusamo 100 

C-210-4 Puukkorinne , Kuu samo 1 

C-323-A Kuopunki, Kuusamo 100 

C-323-B Kuopunki, Kuu samo 100 

C-323-C Kuopunki , Kuu samo 100 

C-324 Kiutaköngäs , Kuusamo 100 

C-327 Asentolampi , Kuu samo 98 

Siltstone Formation 

C-210-1 Vaimojärvi, Kuu samo 100 

Sericite Schist Fonnation 

C-249-D Särkilampi, Kuu samo 100 

C-346 Paanajärvi, Russia 92 

Salla Schist Belt 

Aatsinginhauta Formation 

C-200 Könkäänmaa , Salla 100 

Matovaara Formation 

C-256 Sompsuripalo, Salla 100 

Kelloselkö Formation 

C-257 Hanhioja, Salla 0 

I) Wcight- % dolomite in total carbonate by XRD, 
2) Tot = Total carbonate, 001 = Dolomite, Cal = Calcite. 

Ö13C results 

Dolomite contents in the total carbonate frae 
tion and the earbon and oxygen isotope analy
ses from the Kuusamo and Salla areas are listed 
in Table 7. The Ö!3C

T 01 
values are illustrated 

Ii lJC, %0, PDB ') 1i' 80, %0, SMOW" 

Tot Cal 001 Cal 001 

5.82 5.90 20.94 

3.29 3.22 3.88 21.33 2 1.65 

2.59 2.72 18.47 

3 .70 2 1.15 

3.38 3.31 4.17 17.32 18.58 

3.74 21.57 

3.77 20.71 

10.41 18.1 3 

15.03 15.07 20.45 

8.17 20.36 

I 1.20 22.14 

10.98 19.36 

8.21 17.20 

10.54 10.61 18 .55 

12.10 14.30 

8.18 13 .51 

8.10 8.21 14.85 

7.10 20 .89 

9.88 20.49 

12.70 12.71 17.71 

with respeet to the stratigraphie eolumn in Fig
ure 26. The datapoints from the Salla area are 
given as open eireles to distinguish them from 
the Kuusamo sampIes. 

Apart from the uppermost Limestone-Dolo
mite Formation all sedimentary formations 
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Fig. 26. Lithostratigraphy of the KUlI samo Sehist Belt modified from Silvennoinen (1972, 
1991) and Pekkala ( 1985), al so showing the variat ion in /5' .1C

To
, eompositions of sedimen

tary carbonates throughout the stratigraphie collimn. Sampies from the Salla Schist Belt 
have been included in inferred correlati ve formations, based on the extrapolation of 
Greenstone Formation 111 and the Amph ibole Schist Formation to the Sall a area. Symbols 
as in Fig. 12. 

studi ed show unusuall y hi gh ÖDC
T OI 

va lues var

y ing from 8. 1 to 15 .0%0, which are cons idera

bly hi gher th an those reported by Veizer e t a l. 

( 1992a,b ) for Pa leoprote rozo ic carbo nates . 

The ÖDC
To

, va lues of the sedime ntaJ'y carbo n

ates defi ne a trend th at first i ncreases from 

8. 1±0. 1%0 in th e Ser ic ite Schist Formation to 

12.4±0.4%0 in th e Siltstone Formation, a nd th e n 

dec reases to I O.6±2.1 %0 in the Do lomite For

mation a nd finally to 4.2±1.5%0 in th e Lime 

stone-Dol om ite Formation. In calculating the 

averages, the Sa ll a sa mpI es were in c luded in 

their inferred correlati ve formations; their re

mov a l from th e dataset would no t s ig nifica ntly 

affect th e results. 

Age constraints 

The supracrustal seq uen ce in the Kuu sa mo 

a rea is cut by albite diabase dikes and sill s of 

different generation s. U- Pb ages from diabases 
a t l äkä läni e mi a nd a t Viipus (S ilve nnoine n, 

199 1) se t importa nt constraints o n the timing of 

edime ntation in the Kuusa mo Schi st Belt. 

The diabase s ill at läkäl äni e mi is dated a t 

2206±9 Ma, which is based o n z ircons, o n tw o 

concordant titanite fractions a nd on a nearl y 

conc o rd a nt badde leyi te fraction. The Viipus 

diabase sill has y ie lded an age of 2078±8 Ma, 

w hich has been calculated from two transpar

e nt, di scorda nt z irco n fractions and three titan 

ite fractions , two of w hich are nearly concord

ant. A maximum age for th e supracrusta l suc

cess io n of th e Kuu samo area is prov ided by a 

zircon datin g of 2405±6 M a from three quartz

porphyry pebbles from th e basal conglo merate 
(S ilve nnoinen , 199 1). 

The l äkä lä ni e mi diabase has been observed 

to cut bo th Greenstone Formation II a nd Silt

stone Formation . The younger Viipus diabase 

c ut s th e lower pa rt of th e Rukatunturi Quartzite 
Formation . No a lbite di abases have been found 

to c ut the Amphibole Schist Formation, wh ich 

led Silvennoinen (1991) to suggest that the 

younger di abase gene ration possibly represent

ed feeder co nduit s for th e Amphibole Schist 
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Formation. 
The age of the läkäläniemi diabase sill dem

onstrates , that the lowermost \3C-e nriched car
bonates from the Kuusamo district were depos
ited before 2206 Ma, but after 2405 Ma. The 
large drop in öJ3CTot values from 10.6%0 in the 

Dolomite Formation down to 4.2%0 in the 
Limestone-Dolomite Formation is roughly con
temporaneous with the deposition of the Am
phibole Schist Formation (see Fig. 26) , possi
bly at about 2070 Ma ago. 

Peräpohja Schist BeIt and Misi area 

The Peräpohja Schist Belt in northern Fin
land (Fig. 1) covers an east-west trending area 
of about 130x50 km 2 bounded to the north by 
the Central Lapland Granite Complex and to 
the south by the Archean Basement Complex 
(Fig. 27). The Misi area is an iso lated schist 
belt totally enclosed in the Central Lapland 
Granite Complex close to the eastern extremity 
of the Peräpohja Schist Belt (Fig. 27). 

Geologie setting 

Peräpohja. The geology and lithostratigra
phy of the Peräpohj a Schist Belt has been de
scribed by Perttunen (1985, 1989, 1991), 
and general geo logie features are shown in 
Figure 27. The succession overlies the Archean 
Basement Complex and the 2.44 Ga layered 
intrusions, and locally there is a weathering 
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crust present between the lowermost forma
tions and the basement. This paleorego li th 
marks the lower boundary of the J atulian for
mations in this area. 

The weathering crust is followed by the si l
iciclastic Sompujärvi Formation, which also 
locally includes dolomitic interlayers. The 
Sompujärvi metasediments are followed by the 
subaerial lava f10ws of the Runkaus Formation, 
which is overlain by the fluvial metasediments 
of the transgressive Kivalo Formation. The 
Kivalo Formation is composed largely of 
quartzites, but in the uppermost units pink 
dolomite is also present. 

The Kivalo Formation is followed by the 
subaerial lavaflows of the Jouttiaapa Formation 
and the tidal orthoquartzites of the Kvartsimaa 
Formation, which display oscillating cross
bedding, ripple marks, mudcracks and occa
sional dolomi te i nterlayers. 

The Kvartsimaa Formation is overlain by the 
mafic tuffites of the Tikanmaa Formation and 
the 100 to 300 m thick Rantamaa Dolomite 
Formation. Dolom ites in both the Kvartsimaa 
and the Rantamaa formations show distinct 
stromatolitic structures, which have been de
scribed by Härme & Perttunen (l964) and Kry
lov & Perttunen (1978). 

Misi. The geology of the Misi area has been 
described by Nuutilainen (1968). Although that 
work concentrates largely on the geology and 
genesis of the iron ores in the Misi area, strati
graphie relations of the supracrustal suecession 
are also described. 

Most of the Misi area is composed of gabbro 
and apparently voleanogenic amphibolite. In 
addition, there are more local zones or lenses 
of metasedimentary sequences including quatz
ites, mica schists , graphitic schists and dolo
mite rocks. These are often completely en
closed by gabbro and assoeiated albite rocks. 

There appears to be no doubt that the meta
sedimentary units are older than the enclosing 
gabbro ( uutilainen, 1968). The stratigraphie 
succession of the metasediments is more diffi
cult to ascertain, as primary struetures general-

Iy have not been preserved. However, Nuuti
lai nen (1968) suggested that the metasedimen
tary succession starts with quartzites, which are 
followed by mica schists and dolomite rocks. 

The dolomite sam pIes from the Misi area 
were all collected from material derived from 
the Raajärvi iron ore prospect. 

ö13 C results 

Analytical results for the Peräpohja Schist 
Belt and for the Misi area are listed in Table 8. 
The Ö13CTO! values of carbonate are illustrated 
together with the stratigraphie column in Fig
ure 28 for the Peräpohja sampIes and in Figure 
29 for the Misi sampIes . 

Peräpohj a. The general systematics of the 
evolution of the Öl3C

TO
! values of carbonate in 

the Peräpohja sam pIes resembles the strati
graphie variation in the Kuusamo area. With 
the exception of the uppermost Rantamaa For
mation , carbonate in the sampies from all other 
format ions is enriched in l3C relative to normal 
sedimentary material (Fig. 28). 

A dolomite sam pIe from the lowermost Som
pujärvi Formation yielded a ÖI3CTo! value of 
8.6%0. Dolomites in the upper part of the Kivalo 
Formation have a similar mean Öl3C

TO
! value of 

7.9±1.9%0, and the analysed sampIes from the 
Kvartsimaa Formation also show analogous 
high Öl3C values, with a mean Öl3CTo! value of 
8.6±0.5%0. There appears to be no significant 
differences in the carbon isotope compositions 
of carbonate between these formations. 

However, the systematics of the DC/ 12C ra
tios of carbonate in the Rantamaa Formation is 
different. The Öl3C

To
! values of carbonate sam

pIes range from highly enriched compositions 
of 11.4 down to 2.5 %0. In addition, there ap
pears to be some regularity in the distribution 
of these values within the formation, as is de
scribed below. 

The Miihkailinmaa (C-170) drill hole inter
seeted the contact between the Tikanmaa and 
the Rantamaa formations, and it apparently 
includes sampIes from the lowest level in the 
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Table 8. Carbon and oxygen iso tope data for sampI es from the Peräpohja and Mi si schi st belts. 

SampIe Location Dol ' ) 

wt. % 

Per ä pohja Schist Belt 

Rantamaa Formation 

C-72 Korkeamaa, Torn io 100 
C- 116 Rantamaa, Torni o 100 
C-128-1 Louepalo, quarry I , Tervola 100 
C- 128-2 Louepalo, quarry 2, Tervo la 100 
C- 128-3 Lou epalo, Te rvol a 100 
C- 129 Kukkola, Tornio 82 
C- 130 Korpijärvi , Tornio 100 
C-2 12-A Kalkkimaa , Tornio 98 
C-212-B Kalkkim aa, Tornio 100 
C-170-A Miihkailinm aa, Tervola 100 
C-170-B Miihkailinmaa, Tervo la 99 
C- 170-C Miihkailinmaa, Tervola 100 
C-170- D Miih kai linmaa, Tervola 100 

Kvarts imaa Formation 

C- 193-A Kvartsimaa, Tornio 100 
C- 193- ß Kvart simaa, Tornio 100 
C-193-C Kvartsimaa, Tornio 100 

Ki va lo Formation 

C-8 1 Taipale, Rovanie mi mlk . 98 
C- 171-A Palokivalo , Te rvola 100 
C- 17 1-C Palokivalo, Tervola 100 
C-17 1-D Palokivalo, Tervola 100 
C-17 I-E Palokivalo, Tervo la 100 

C-2 13 Ka lliokos ki , Ke minm aa 100 

C-298-A Kal kk inulkki , Rovani e me n mlk 100 

Sompujärvi Formation 

C-352-A Santalampi, Tervola 100 

Misi area 

C- 197 Raajärv i, Ke mij ärv i 82 
C-28 1- 1 Raajärv i, Ke mij ärv i 94 

C-28 1-2 Raajärvi , Kemijärvi 100 

C-28 1-3 Raajärvi, Kemijärvi 77 

C-28 1-4 Raajärv i, Ke mij ärvi 88 

I) We ighl-% do lomite in tota l ca rbonate by XRD, 
2) Tot = Tota l carbonate, Dol = Dolomite , Ca l = Calcite. 

Rantam aa Formation , from only 4 to I I m 
above the eo ntaet surfaee (Appendix 1) . At 
present it is not possib le to arrange the Ran-

ö13C, %0, PDß ' ) ö" O, %0, SMOW2) 

Tot Cal Dol Cal Dol 

2.9 1 22.84 
5. 16 21.96 
2.50 21.66 
3.63 23.80 
4.14 23.16 

7. 1 6.86 7. 19 19 .59 18.46 
5.44 19 .70 
7.4 1 20.66 
8.49 19.45 

11 . 13 21.44 
11.44 21.26 
11.29 20.67 
9 .63 20.74 

8.3 1 14.03 

9.2 1 19. 86 
8.42 16 .27 

8.33 8.45 17.46 
10 .55 18.02 
7. 10 20. 13 
6.93 20. 19 
5.22 23 .20 

9.53 17 .50 
10.0 1 13. 10 

8.56 14.84 

12 .78 12 .33 12.94 20.47 19.63 

12.20 12.35 20.28 

12.81 21. 15 

12. 11 I 1.61 12.36 17.66 20.21 

12.90 13.01 19.21 

tamaa sampies in stratigraphie order, and, 
therefore , only two di stinet groups will be eon
sidered. The samp ies from the Miihkailinmaa 
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Fig. 28. Lilhostratigraphy of the Peräpohja Sehist Beh based on information in Perilunen 
(1985, 1991 ) and Huhma et al. ( 1990), also showi ng the variati on in /i " CTOI eomposilions 
of sedimentary carbonates through the stratigraphie eolumn. Symbols as in Fig. 12. 

dri II core are considered as representi ng the 
lower Ra ntam aa Formation , and all other sam

pIes are thought to represent the upper Ran
tamaa Formation. 

The mean Ö13C
T01 

value for the lower Ran

tamaa sa mpIes is lO.7±O.8%o, which means , 
th at dolomites of the lower Rantamaa Forma
tion are the most enriched in 13C yet found 
within the Peräpohja Schist Belt. In contrast, 

the uppe r Rantamaa Formation records a mean 
ö13C

TOI 
value of 5.2±2.1 %0, wh ich is lower than 

the corresponding mean values for other forma
tion s . Thu s, the Rantamaa Formation apparent
Iy records a transition from dolomites highly 
e nriched in l3C in the lower part of the sec tion 
to dolomites only moderately enriched in l3 C in 
the upper part of the sec tion. 

Misi. The carbon isotope compositions of 
carbonate from the Raajä rvi mine in the Misi 

area a re ti ghtl y clu s tered , s howin g a mean 
öl3C

TOI 
value of 12 .6±0.4%0 (Fig. 29). Of all the 

sedimentm'y formations in thi s study, the Mi si 

dolomite unlt I S the most enriched in l3c. A l

though the carbon iso tope co mpos ition s are 
exceptional, th e Ö'80 values o f do lo mite are 

s imilar to those of other carbonate units , ran g
ing from 19.2 to 21.2%0 (Tabl e 8). 

c :, 
eil 2160± 15 Ma 

~ 
U-Pb 

eil 
J 

L . . . 
6 8 10 12 14 
/i13C (% 0 , PDB) 

Fig. 29. Sehematie stratigraphie eolumn of the Misi sehist belt 
presented aeeording to the interpretation of uutilainen (1968) 
and the radiometrie results of Patehett et al. ( 198 1). Also shown 
are the /i "CTol eompositions ofsed imentary carbonates. Symbols 
as in Fig. 12. 



Age eonstraints 

Peräpohja. Radiometric age data for laye red 

intrusions, mafic metavo lcani cs a nd a lbite di
abases in the Peräpohja area ha ve been re ported 
by Alapieti ( 1982), Huhma et a l. (1990) and 

Perttunen (1991); some of these results are 
shown sc he mati ca lly in Figure 28. 

Laye red intrusions a t the base of the su
pracrustal seque nce ha ve been dated by U- Pb , 
Pb-Pb and Sm-Nd-methods, an d a ll res ult s 
po int to an intru sion age of abo ut 2440 Ma 

(A lapi et i, 1982; Huhm a et al. , 1990) . Zircon , 

titanite a nd baddeleyite from the albite diabase 
s ill s within the quart zites of th e Kivalo Forma

ti o n have y ielded ages from 2 121 to 2215 Ma 
(Pe rttune n, 199 1) . These res ults impl y that the 
dolomite beds of the Sompuj ärv i Formation 
were deposited before 22 10 Ma (see Fig. 28). 

The mafic metal avas of the Jo utti aapa For

mation have bee n dated as 2090±70 M a (Huh-
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ma e t a l. , 1990). The Jouttiaapa Formation is 
underlain by the do lomite beds of the Ki valo 
Formatio n and is over la in by the quartz ites a nd 

dolomite inte rca la ti o ns of the Kv artsimaa For
mation ; both these formations contain carbon
ate e nriched in 13C, with an average ö13CTo( 

value of 7.9%0 in the former and 8.6%0 in the 

latter. 
Th e Ra nta maa dolomite Formation, which 

see ms to be charac ter ized by a large drop in the 
ö13CTo( va lu es, was deposited after 2090±70 Ma. 

Misi. The large gabbro body in the Misi area 

has y ie lded aU- Pb zi rcon age of 2 160± 15 Ma 
(Patche tt e t a l. , 198 1). Based on the geo logic 

ev idence the gabbro intrusion is yo un ge r than 
the sed ime ntm'y units of the Mi si area (Nuuti
lainen , 1968). Therefore, in the Mi si area th e 
deposition of the hi g hly I3C enriched carbonate 
units is cons train ed to have occurred before 

that t ime . 

Kalix Greenstone Belt 

Th e Ka li x Gree nstone Be lt li es at the north
e rn e nd of the Gulf of Bothni a in Sweden , about 
40 km west of the southwestern marg in of the 

Pe räpo hj a Schist Belt (Fig .27). The Ka li x and 
the Peräpohja supracrusta l belts are separated 
by sy no rogen ic granito id intru sion s, and poss i

bly a lso by o ne arm of a large no rth -so uth 

tre ndin g tectonic zone desc ribed by Berthe lsen 

& Marker (l986b). 

Geologie setting 

Although the di stance be tween the Kali x and 
Pe räpo hj a su prac rustal be lt s is s ma ll , th eir 
s trat ig rap hi c success ions are no t readily corre
lated . As the names indic ate, the Ka li x Green
s to ne Belt is domin ated by metavolcani c rocks 
and the Peräpohj a Schist Be lt by me tasedime n
tary rocks. One notable diffe re nce in thi s re
spect is the a bsence of thick Kiv alo type quar
zites in the Kali x area , where th e qu artzite units 
reach a thi ckness of only a few ten s of meters 

(Lager & Loberg , (990). Thi s is muc h less tha n 
the thi ckness of the Kivalo Formation in the 
Peräpohj a Schist Be lt , where it varies from 

1000 to 2000 m (Perttu nen , 1991 ). 
The sedi me ntology a nd lithostrat igraphy of 

the Kal ix Greenstone Belt has been in ves ti gat
ed by Lager & Loberg (1990). A summ ary of 

the lith os tra ti g raphic rel a ti ons has a lso been 
prese nted by Öhlander et al. (1992), who at
tempted to de te rmine the age of the Kali x suc
cession us ing the Pb-Pb method on carbonate 

rocks. 
The s uprac ru stal sequence of the Ka li x area 

has been di v ided into three groups referred to 
as th e Lower, Middle and Upper gro ups (Lager 
& Loberg , 1990). The depositional base me nt is 
unkn own. The Lower Group consists predom
inantl y of terrestrial, mafic metalavas, which 
are separated from the Middle Group by an 
unconformit y and a weathering cru st. 

The Middl e Group comprises three forma
tions, respectively the Lower, the Middl e and 
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Table 9. Carbon and oxygen isotope data for sampIes from the Kalix Greenstone Belt in Sweden. 

SampIe Location Dol l) 

wl. % 

Upper formation , Middle group 

C -3 70-1 Lutskäret, Kalix 100 
C -3 70-2 Vitgrundet , Ka lix 100 
C - 370-3 Vitgrundet, Kalix 100 
C - 370-4 Vitgrundet , Kalix 100 

Lower formation , Middle group 

C-317-A Bodölandet, Kalix 93 
C -3 17-B Bodölandet , Kalix 87 
C-369 Trutskärsgrund , Kali x 69 

I) Weight- % dolomite in total carbonate by XRD , 
2) Tot = Total carbonate , 001 = Dolomite, Cal = Calcite. 

the Upper Formation (Lager & Loberg, 1990) . 
The Lower Formation contains mafic metala

vas, volcanoclastics, quartzites and limestones 
and dolomites. Quartzite beds show bidirec
tional crossbedding indicating a tidal environ
ment. Dolomites include intertidal stromatolite 
beds and supratidal calcrete beds. The Middle 
Formation is largely composed of mafic terres
trial metalavas. The Upper formation is domi
nated by a dolomite succession containing nu
merous stromatol ite beds. 

The Upper Group consists mainly of mica 
schists with graphitic and carbonate interlay
ers. 

Sedimentary carbonate sam pies for isotopic 
ana lysis were included from the Lower and 

Upper formations of the Middle Group and 

therefore represent two different stratigraphie 
levels. 

Ö13C results 

The dolomite contents in the total carbonate 
fraction and the carbon and oxygen isotope 
ratios of sam pies from the Kalix Greenstone 
Belt are given in Table 9, and the Ö13C

T 01 
val lies 

of carbonate are also illustrated relative to the 
schematic stratigraphie colllmn in Figure 30. 

The mean Ö13C
T 01 

va l ue of carbonate for sam-

Ö13C , %0, POB " Ö" O , %0, SMOW' ) 

Tot Cal Dol Cal 001 

4.77 16.93 
4.18 18.96 
3.93 17 .98 
3.45 20 .79 

2.68 2.67 20 .64 
2.59 1.92 2.67 22.63 22.27 
3.37 2.66 4.08 18 .86 17.36 

pies from the Lower Formation of the Middle 

Group is 2.9±0.4%o and for those from the 
Upper Formation it is 4.1 ±0.5%o. Sedimentary 

carbonates from the Kalix Greenstone Belt are 
not strongly enriched in 13 C compared to dol
omite rocks from the Peräpohja Schist Belt or 
from the Misi area. In the Peräpohja area only 
the upper Rantamaa Formation contains dolo

mites with similar carbon isotope signatures. 

L lthostrat lgraphy 
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Fig. 30. Lithostratigraphy of the Kali x Greenstone Belt after 
Lager & Loberg ( 1990) and Öhlander et al. (1992), al so showing 
the ö" CTot compositions of sedimentary carbonates in the Lower 
and Upper formations of the Middle Group. Symbols as in Fig. 
12. 
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Central Lapland region 

An extensive Paleoproterozoic supracrustal 
belt is presen t on the southwestern side of the 
Lapland Granulite Belt in central Lapland , 
extending across the territories of Finland, 
Sweden and Norway. The belt is bounded to the 
northwest by allochthonous and autochthonous 
Caledonian units and to the so uth is intruded by 
the Central Lapland Granite Complex 
(Figs. land 3 1). 

The depos itional age of these supracrus tal 
rocks has aroused a great deal of controversy. 
Based on a few Archean zircon dates and other 
ev idence most of the supracrustal succession 

had previously been assigned as being latest 
Archean (Silvennoinen et al. , 1980; Gaal et al. , 
1978). Recently , however, Lehton en et al. 
(1992) have accep ted the alternative viewpoint, 
that this rock sequence was deposited on the 
Archean basement in Paleoproterozoic times. 

General geologie setting 

Lehtonen et a l. (1992) divide the supracru s
tal form ation s deposited on the Archean base
ment in Central Lapland into five g roups . Start
ing from the bottom these are the Lower , Mid-
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di e and Upper Lappo ni an gro ups, the La ini o 

Group a nd th e Kumpu Gro up. 
Lowe r La ppo ni a n fo rm at io ns a re prese nt 

o nl y loca ll y a nd consist mainl y of ultramafi c to 

fe ls ic lava fl ows a nd py roc las ti cs , a lth o ug h 
min o r sedim e ntogenic interb eds are also 
present. T he Lower Lappo ni an Gro up has been 
repo rted as be i ng separaLed f ro m the me tased
ime nts of the Middle Lapponi a n G ro up by a 
wea the rin g crus t, a ltho ugh the re is no ev ide nce 

for a reg io na l unconfor mit y. T he M iddle Lap
po ni an fo rm ati o ns inc lude arkos ic qu artz ites , 
orth oq ua rt zites, mica sc hi sts and sedime ntary 
carbo nate rocks (Lehto ne n e t a l. , 1992) . 

Th e Upper Lapponi a n Gro up is co mposed of 
three me tavo lcanic unit s. The lowe rmos t unit 
co nsis ts of h igh-M g basa lti c a nd ko matiiti c 
lava flows with inte rbedded pyroc las ti c de pos
its. These ko matiites a re ove rl a in by two tho

le iiti c unit s separated by the Po rko ne n I ro n 

Form ati o n. 
T he me tavo lcani c fo rmati o ns of the Uppe r 

Lap po ni an G ro up are fo ll owed by the largely 
me tased ime ntary La inio and Kumpu g ro ups . 
Ori g in al ly Mikko la ( 1941 ) inc luded bo th these 
gro ups in the Kum p u fo rm ati o n, However, it 

was la te r sho wn th at so me of these for mati o ns 
preda te a nd so me pos td ate the Svecokare li a n 
o roge ni c defo rm ati o n, a nd accord in g ly, thi s 
fea ture is now considered to fo rm the bound ary 
betwee n the Laini o and Kumpu gro ups (Lehto
ne n, e t a l. , 1992). 

T he La in io gro up co mpri ses po lymi ctic con

g lo me rates, flu vial qu artzites a nd s ilt sto nes. 
A lso inc luded in the La ini o Gro up is the vo l
ca ni c Latvaj ärvi Form atio n, whi c h is fo rm ed of 
po rph yr it ic inte rm ediate and fe lsic volcanics . 
The sedime nts of the Kumpu Gro up consist main
Iy of flu via l and shallow water cong lo merates and 

qu artzites , wh ic h were deposi ted unco nform a
bly o n defo rmed La pponia n vo lcanics. 

Teeto n ost r atig r ap h ie s ub div is io n 

The s tra ti graphi c sc he me p rese nted above is 

a s impli f ied genera lizat io n po rt ray ing co mpli-

cated patte rn s of depos itio n of suprac rus tal 
fo rm ati o ns in the centra l Lapl and reg io n, and 

thu s the inte rpretati o ns g ive n above may be 
in adequ ate. For in stance, if an atte mpt is made 
to arra nge the I3C/12C ra ti os of sed im e ntary 

ca rbo nates acco rdin g to the ir pos iti ons in the 
strati graphic co lumn , the ö l3C values do not show 
any sys te mati ca l trends or variati ons. In contras t, 
the Midd le Lappo ni an, the Up per Lappo nian 
a nd even the La ini o Gro up all co nta in bo th 13C_ 

e nri ched and no rma l sed ime ntary ca rb o nates. 
A lac k of sys te mati cs in the ö1 JC va lues is 

conce i vabl e, but because the varia ti ons in ö l3C 
va lues in many other Paleoproterozoic suprac ru s

ta l belts appeal' to be sys te mat ic, thi s might also 
be ex pec ted to be the case in Lapl a nd . If thi s 
were so , the appare ntl y rando m d istr ibuti o n of 
the 13C/ 12C ra ti os wo uld be an arti fac t of the 

stra ti g raphi c model. As an a tt e mpt to reso lve 

thi s pro ble m th e Central Lap la nd area is he re 

di v ided into fo ur tec to nos tra ti graphi c subp rov 
inces, w hi ch w i 11 be trea ted separate ly. 

Gaa l e t a l. (1989) di vided the the Ce ntra l 

Lapl and a rea into two subprov inces sepa rated 
by thru st fa ult s a lon g the Sirkka L ine . The 
northe rn , large ly me tavo lcani c area is ca ll ed 

the Karasjo k- Ki tt il ä Greens to ne Belt a nd the 
so uthe rn , do min a ntl y me tasedi men tary sub 

province is ca ll ed the Centra l Lap land Co m
pl ex. The la tter w ill be he re f urt her d iv ided into 
two geographi ca ll y separa te suba reas , namely 
the Kittil ä- Ko lari a rea in wes te rn Lap land and 
the Pyhätuntu ri area a t Pe lkosenn iemi in east
e rn Lapl a nd (F ig. 3 I ). 

To th e west th e S irkka Li ne te rmin ates 

aga in st a be lt of no rth -south tre nding shea r 
zo nes (cf. Lehto ne n e t a l. , 1992 ; Berthe lsen & 
M arke r, 1986b ; Gaa l e t a1., 1989). The sub 
p rov in ce o n the wes tern s ide of these shea r 
zo nes, ma in ly in no rthe rn Swede n, is he re 
ca lled the Weste rn Lap land area . 

Geo logie setti n g of s u bareas 

P yh ä tuntu ri , P elkosenn iem i. T he sedime n

tology a nd li thos tra ti g raphy of the co ng lo me r-



ate-orthoquartzite sequence at Pyhätunturi has 
been investigated by Räsänen & Mäkelä 
(1988), who considered it to be part of the 
Kumpu formation . Its stratigraphic position 
relative to the Lainio Group and Kumpu Group 
(Lehtonen et a!. , 1992) nevertheless is uncer
tain. 

According to the description of Räsänen & 
Mäkelä (1988), the lowermost stratigraphic 
units in the Pyhätunturi area consist of Lappo
nian supracrustal rocks, which include mica 
schists, metavolcanics and quartzites. These 
are overlain by the coarse clastic, fluvial Iso
ku ru and Pyhätunturi formations, and these in 
turn by the lava flows of the Kiimaselkä For
mation . 

Sampling localities are shown in Figure 3l. 
A total of five sedimentary carbonate sampies 
were included in the work from the Pyhätunturi 
area . Three of these sam pies have been collect
ed from outcrops , which according to the strati
graphic column of Räsänen & Mäkelä (1988) 
would be Iying above the Pyhätunturi group . 
However, according to J. Räsänen (personal 
communication , 1993) the stratigraphy of 
Räsänen & Mäkelä (1988) is not correct in this 
respect, and all carbonates in this work seem to 
lie stratigraphically below the Isokuru and Py
hätunturi formations. This interpretation is pre
sented schematically in Figure 32. 

Two of the sampies have been collected from 
the Kalkkivaara area at the River Kitinen and 
the other two from the Pyhäjoki area 12 km 
further south. These occurrences do not neces
sarily represent the same carbonate horizons, 
but they do , however, share one unusual min
eralogic feature. Eskola et a!. (1919) reported 
the existence of brownish albite crystals in the 
Kalkkivaara dolomites. The Kalkkivaara sam
pies analysed in this study are calcite rocks and 
do not contain albite, but the sam pie C-348-B 
from Pyhäjoki is characterized by brownish, 
idiomorphic albite crystals. 

Kittilä-Kolari. The Archean basement is 
not exposed in the Kittilä-Kolari area of the 
Central Lapland Complex , but otherwise the 
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succession appears to be nearly complete in
cluding the Lower , Middle and Upper Lappo
nian groups , the Lainio Group and the Kumpu 
Group (Fig. 33). However, it is notable that the 
ultramafic komatiites from the lower part of the 
Upper Lapponian Group are absent (see Lehto
nen et a!. , 1992). 

The sampies represent sedimentary carbon
ate units from among the Middle Lapponian 
metasediments and the Upper Lapponian vol
canics , and, in addition , one sampie was ob
tained from carbonate rock intercalations with
in the Lainio Group. The Upper Lapponian 
Group also includes the Rautuvaara Formation 
in the Kolari area (Hiltunen, 1982; Väänänen, 
1989). 

The Middle Lapponian dolomite occurrence 
at Kuoninki vaara (C-31S) lies in the immediate 
vicinity of the Sirkka Line among tidal quartz
ites (Nikula, 1988) . The metasedimentary rocks 
in this area are intruded by numerous metadi
abase bodies , and the area has been subject to 
large sc ale hydrothermal alteration (Eilu, 
1993). 

The 8 180 values of dolomite in the middle 
Lapponian Kuoninkivaara occurrence range 
from 11.3 to 12.1 %0 (Table 10) and are unusu 
ally low, if they represent original depositional 
conditions. More probably therefore their low 
8 180 values are related to large scale hydrother
mal alteration and albitization , which has af
fected the Kuoninkivaara area and its surround
ings. 

In spi te of the evidence for hydrothermal 
alteration , the dolomite sampIes from 
Kuoninkivaara were accepted partly because 
this dolomite unit is one of the rare examples 
of carbonate depostion before 2.2 Ga, and part
Iy for the reason that they are without doubt 
primary metasediments. In addition , petro
graphical investigations showed no evidence of 
reactions between dolomite and silicates , and 
dolomite sampies have retained their highly 
positive 8 13C values. 

Karasjok-Kittilä. The following descrip
tion applies mainly to the southern part of the 
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Karasjok-Kittilä Greenstone Belt , and follows 
the lithostratigraphic classification of Lehto
nen et al. (1992). The supracrustal sequence on 
the northern side of the Sirkka Li ne was depos
ited discordantly on the Archean basement. The 
Pa leoproterozoic succession starts with the 
Lower Lapponian Group, which consists large
Iy of volcanic rocks. These are followed by the 
Middle Lapponian metasediments, which are 
largely quartzites, but in the upper part of the 
section mica schists , dolomites and graphitic 
schists are also found (Lehtonen et al., 1992; 
Juopperi & Räsänen, 1989). 

Deposition of the graphitic schists was fol
lowed by a phase of explosive komatiitic mag
matism represented by the Sattasvaara Forma
tion, which resulted in a chain of ultramafic 
pyroclastics extending from Karasjok in Nor
way at least as far as Salla in northeastern 
Finland, near the Russian border (Lehtonen et 
al., 1992; Saverikko, 1987; Pihlaja & Manni
nen, 1988). In addition, the unit also contains 
komatiitic lava flows and high-Mg tholeiites. 
This dominantly ultramafic unit is the lower
most formation of the Upper Lapponian Group. 

The Sattasvaara Formation is overlain by two 
tholeiitic units, the Kautoselkä and Vesmajärvi 
formations , which are separated from each oth
er by the Porkonen Iron Formation (Lehtonen et 
al., 1992). 

The Lainio Group appears to be absent from 
the Karasjok-Kittilä Greenstone Belt, but the 
coarse clastic sediments of the Kumpu Group 
are present locally and unconformably overlie 
the Upper Lapponian Group. 

This study includes sampies from all three 
Lapponian groups. Sedimentary carbonates are 
rare in the Lower Lapponian , and a single sam
pie was obtained from the Peurasuvanto area, 
where the geology has been described by Pelto
nen et al. (1988) and Pihlaja & Manninen 
(1988). Several sam pies represent the dolo
mite-black shale unit Iying in the transition 
zone between the Middle and Upper Lapponian 
groups , as shown schematically in Fig. 34. Two 
of these transition zone sampies (C-305-2 & 3, 

Rajala) have been included in the Sattasvaara 
Formation, because in the drill core section 
(Fig. 35) they can be observed to occur strati
graphically above the lowest ultramafic beds. 
Five sedimentary carbonate sampies represent 
the Kautoselkä Formation, stratigraphicall y 
above the Sattasvaara Formation. 

Western Lapland. Witschard (1984) sug
gested a general stratigraphie column for the 
Paleoproterozoic supracrustal sequence in 
western Lapland. Starting from the base these 
units are the Lower Sediment Group, the 
Greenstone Group, the Middle Sediment 
Group, the Porphyry Group and the Upper 
Sediment Group. 

In this work sam pies have been included 
from only two stratigraphie levels. Most of the 
sam pies have been taken from the upper part of 
the Greenstone Group and one calcitic sampie 
(C-128 , Tiankijoki) represents the Middle Sed
iment Group. 

The Greenstone Group includes sampies 
from the upper part of the Veikkavaara Green
stone Group (C-236-A,B , Masugnsbyn; C-237, 
Hietajoki) and from the upper part of the Kiru
na Greenstone Group (C-239, Kivivaara; C-
240, Huornaisenvuoma). The geology of the 
Veikkavaara Greenstone Group and the associ
ated rocks has been described by Padget (1970) 
and that of the Kiruna Greenstone Group by 
Ambros (1980) . According to Padget (1970) , 
the correlation of these two greenstone groups 
seems indisputable. 

Also included in the same group are sampies 
from the Mannakorpi (C-208) and Äkäsjoki (C-
121, C-157) areas in northwestern Finland . 
These sedimentary units represent continua
tions of the metasedimentary upper part of the 
Kaunisvaara Greenstone Group on the Finnish 
side of the border with Sweden (Väänänen, 
1989; Hiltunen, 1982). The Kaunisvaara Green
stone Group has been correlated with the afore
mentioned Veikkavaara and Kiruna Greenstone 
groups (Lindroos , 1974). 

Based on this information all sedimentary 
carbonate sampies from formations Iying on 
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Fig. 32. Sehematie stratigraphie eolumn of the Pyhätunturi area. 
All sedimentary carbonate sampIes are thought 10 represent the 
Lapponian metasedimenlary formation s, whieh are stratigraph
ieally below the Pyhätunturi , Isokuu and Kiimaselkä formations. 
Symbols as in Fig. 12. 

top of different greenstone units would seem to 

represent approximately the same stratigraphie 
level. 

Pyhätunturi, Pelkosenniemi. The carbonate 
contents in the total carbonate fraction and the 
carbon and oxygen iso tope compositions of 
sampies from the Pyhätunturi area are listed in 
Table 10 and the Ö13C

To
, values with respect to 

the stratigraphie column are shown in Fig. 32. 
All these sedimentary carbonate sam pies are 
highly enriched in I3C, and the mean Ö13C

To
, 

value is 10 .0±2.8%0. However, taking into ac
count the uncertainty in the stratigraphie inter
pretation of the Pyhätunturi succession dis
cussed above, more studies are needed from the 
Pyhätunturi area in order to ascertain the strati
graphic position of the Kiimase lkä , Isokuru and 
Pyhätunturi formations with respect to the I3C_ 
enriched carbonates. 

Kittilä-Kolari. The carbonate contents in 
the total carbonate fraction and the carbon and 
oxygen isotope ratios of the sedi mentary car
bonate sampies from the Kittilä- Kolari area are 
listed in Table 10 and shown together with the 
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Fig. 33. Lithostratigraphy ofthe Central Lapland Complex in the 
Kittilä area modified from the general stratigraphie eolumn 
presented by Lehtonen et al. (1992), showing variations in the 
813CTOI values ofsedimentary carbonates through the stratigraph
ie sueeession. Open eircles represent sampIes from the Rautu
vaara Formation. Symbols as in Fig. 12. 

stratigraphic column in Figure 33. 

Carbon iso tope results (Table 10) show that 
all sedimentary carbonates in thi s area are ei
ther moderately or strongly enriched in 13c. The 
Middle Lapponian dolomites from Kuoninki
vaara show a me an Ö13C

To
, value of 5.9±0.7%0. 

In the predominantly vo1canic Upper Lapponi
an Group the mean Ö13C

To
, value is 8.8±3.3%0 

for the Riikonkoski-Aakenustunturi area and 
3.7±0.4%0 for sampies from the Rautuvaara 
Formation in the Kolari area . Furthe rmore , the 
only analysis representing the Lainio Group 
(C-179 , Luosujoki ) is moderately enriched in 
I3C showing a Ö13C

To
, value of 5.4%0 . 

Karasjok-Kittilä. The dolomite contents in 
the total carbonate fraction and the carbon and 
oxygen isotope ratios of sam pIes from the 
southern part of the Karasjok-Kitti lä Green
stone Belt are given in Table 10 and illu strated 
in Figure 34 relative to the stratigraphic col
umn. 

In the Lower Lapponian sampIe from Ma
detkoski . Sod ankylä (C-169-A) the Ö13C

To
, val

ue of carbonate is -1.7%0. In the upper part of 
the Middle Lapponian Group the Ö13C

TO
' values 

vary from 1.4 to 10 .9%0 (Table 10; Fig . 34). 
A stratigraphic drill core cross section 
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throu gh the transition zone from the Middle 
Lapponian to the Upper Lapponian Group from 

the Rajala area in Sodankylä is shown in 
Fig. 35. Here the dolomite sampie representing 
the lowermost carbonate bed in the section is 

associated with quartzites and di s plays the 
highest ö De T01 value of 10.9%0 . The other two 

sampies were collected from hi gher in the sec-
Carbonate 

o 

o 

o 
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>I 
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Fig. 35. Comparison ofthe OIlC values ofkerogen in blaek shales 
with OIlC values of carbonate in sedimentary carbonate intereaJa
tions in a drill eore seetion at Rajala, Sodankylä (C-305, Fig. 3 1). 
Stratigraphie eolumn is simplified after J. Räsänen (pers. eomm. , 
1993). The eore interseets the transition from Middle Lapponian 
metasediments to Upper Lapponian ultramafie volcanies 01' the 
Kamsjok- Kittilä Greenstone Belt. Symbols as in Fig. 12. 
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tion, above the lowest ultramafic units and are 

associated with graphitic schists , mica schists 
and volcanic rocks; their mean Öl3C

To
, value is 

4.7±2.1 %0. Judging from these results the 
stratigraphic section seems to record a transi
tion from highly \3C-enriched to moderately 
enriched sedimentary carbonates. 

Five sedimentary carbonate sampies from the 
Kautoselkä Formation of the Vpper Lapponian 
Group have a mean Öl3C

To
, value of 1.5± 1.3%0, 

which is within the normal range of values for 

sedimentary carbonate of any age. 

Western Lapland. Dolomite contents in the 
carbonate fraction and the results of the isotop
ic analyses are given in Table 10 and shown 
with respect to the general stratigraphic column 

in Figure 36. The mean Öl3CTo, value of sedi
mentary carbonates from the Greenstone Group 

is l .O± 1.4%0, which is almost identical to that 
analysed from the Tiankijoki sampie of the 

Middle Sediment Group (Fig. 36) and also with 
the mean ÖI 3CTo, value for carbonates of the 
Kautoselkä Formation in Finnish Lapland. 

Age constraints 

Kittilä-Kolari. On the southern side of the 
Sirkka Line the Middle Lapponian metasedi
ments are in many pI aces intruded by albite 

diabases about 2200 Ma old (Tyrväinen , 1983 ; 
Lehtonen et al., 1992). In the Riikonkoski
Aakenustunturi area hypabyssal intrusions 
among the Vpper Lapponian volcanic rocks 
have yielded zircon ages less than 2100 Ma, 
such as for in s tance 2044±7 Ma for the 

Sätkänävaara albite diabase and 2060±4 Ma for 
the Riikonkoski albite gabbro (Lehtonen et al. , 
1992). Therefore, the deposition of highly I3C_ 
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enriched carbonates in the Riikonkoski-Aake
nustunturi area is constrained to have occurred 
before this time. 

Karasjok-Kittilä. A Lower Lapponian fel
sic me tavolcanic breccia from the Madetkoski 
Formation in Peurasuvanto has yielded a zircon 
V-Pb age of 2526 Ma (Pihlaja & Manninen , 
1988). Vltramafic komatiites from the Karasjok 
area in Norway were dated by Sm-Nd method 
on whole rock sampIes by Krill et al. (1985) to 

be 2085±85 Ma old. These komatiites are con
sidered to be equivalent to the ultramafic Sat
tasvaara Formation of the Vppe r Lapponian 
Group (Lehtonen et al., 1992) , and accordingly , 

the large drop in the Öl3C values roughly at the 
base of the Sattasvaara Formation (see Figs. 34 
& 35) may be approximated by that time. 

A felsic porphyry from the Vesmajärvi For
mation has given a zircon V-Pb age of 2012±3 
Ma (Lehtonen et al. , 1992) , which indicates 

that the isotopically normal sedimentary car
bonates of the Kautoselkä Formation were de
posited before that time (see Fig. 34). 

Western Lapland. The age of deposition of 
these sedimentary carbonates is not weil con
strained . Zircons from a diabase sill within the 
Kiruna Greenstone Group have been dated to 
2 .2 Ga by the V-Pb method (Skiöld , 1986) , 
while Skiöld & Cliff (1984) reported a Sm -Nd 

mineral isochron of 1.93±0.05 Ga from the 
Kiruna greenstones. However, because this is 
based on secondary minerals , it does not nec 
essarily indicate the time of emplacement of 
the volcanic rock (Skiöld, 1986) . Adefinite 

minimum age for the sedimentary carbonates in 

this work is 1909±17 Ma, which is a V-Pb 
zircon age for a felsic volcanic rock from the 
Porphyry Group (Skiöld & Cliff, 1984). 

Pechenga-Varzuga Belt 

The Pechenga- Varzuga Belt is located in the 
Kola Peninsula , in the northeastern part of the 
Fennoscandi a n Shield . Geographically it is 

composed of two distinct supracrustal zones , 

namely the western Pechenga Belt and the east
ern Imandra-Varzuga Belt (Fig . I). They both 

contain a Paleoproterozoic supracrustal se
quence covering a time period of several hun-
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Table 10. Carbon and oxygen isotope data for samp ies from the Cent ra l Lapland region. 

Sam pie Location Doll ) 

wl. % 

Pelkosennie mi area 

C-347-ß Kiim ase lk ä, Pelkosen ni e mi 96 
C-220-A Kalkk ivaa ra, Pelkosenniemi 0 
C-220-B Akankoski, Pe lkosenniemi 0 
C-348- A Pyhäjoki , Pelkosenniemi 100 
C-348-B Pyhäjoki, Pelkosenniemi 100 

Kittilä- Kolari area 

Yllös formation, Lainio group 

C- 179 Luosujok i, Kolari 97 

Upper Lapponiall group 

C- 15 3 Nirtsankuusikko , Killilä 99 

C- 154 Telaköngäs, Kittilä 82 

C-180 Aakenusjoki, Kittil ä 16 

C-282- 1 Riikonkoski, Killil ä 100 

C-282-3 Riikonkoski , Kittil ä 100 

Rautuvaara format ion, Upper Lapponian group 

C-216 Äkässaivo, M uonio 92 

C-227-A Juurakkojä rvi, Ko lari 98 

C-227-ß Juurakkoj ärv i, Kolari 98 

Middle Lapponian group 

C-3 15 -A Ku oninki vaara, Sodankylä 100 

C-3 15 -ß Ku oni nkivaara , Sodankylä 100 

C-3 15-C Kuoninkivaara, Sodankylä 100 

C-315 -D Kuoninki vaara, Sodankylä 100 

I) We igh t-% dolomite in total ca rbonate by XRD, 
2) Tot = Tota l carbonate, 001 = Dolomite, Ca l = Calcite. 

dred million years and furthermore, sedimenta
ry carbonates are present at several stratigraph
ie levels. 

The Pechenga- Varzuga Belt is eonsidered to 
comprise the remnants of a di stinct orogenic 
epi sode (Gaal & Gorbatschev , 1987), a nd the 
geo log ie evo lution there can be expeeted to be 
largely independent of the prog ress of the Sve

cokarelian orogeny. Si nce the carbon isotope 
sys tematies of the Pechenga-Varzu ga Belt are 
important for subsequent interpretation , the data 
on sedi mentary carbonates reported by Karhu 
and Melez hik ( 1992) will be reviewed below . 

Ö" C, %0, POß ' ) Ö180, %0, SMOW' ) 

Tot Ca l 0 01 Ca l 001 

5.28 5.42 13.36 
12.57 19 .03 
I I. 15 15.46 

10.15 17.20 
10.85 17.71 

5.42 5.45 23 .96 

11 .92 11.95 18 .64 
10.98 9.22 I 1.26 18.3 1 18.48 

10.57 10.49 11.34 15.71 15.24 

5.55 15 . 15 

4.82 14 .63 

3.68 3.84 20.46 
3.30 3.35 19 .20 

4.15 19. 12 

5.29 11 .32 
5.45 12. 14 
5.92 11.44 
6.80 12. 10 

Geologie setting 

Peehenga. The Paleoproterozoie Peehenga 
Belt comprises a 10-km-thiek supraerustal se

quenee , depos ited in a time interv al of over 400 
Ma (Mitrofanov et al., 1991 ; Han ki , 1992) . 
The sueee ss ion is characterised by cyc li eal 
repetiti o n of sedimentary a nd vo lcanic rocks, 
which can be divided into four formations 

(Fig . 37). Of these the Kuetsjärvi and Kolos
joki formation s in the middle of the see tion 
contain we il preserved , sometimes stroma

tolitie, limestone and dolos tone inte rbeds (Ne-



Tabl e 10. (continued ). 

SampI e Loca tion Dol ') 

wt. % 

K a r asj ok-Kittilä G reen stone Belt 
Kau toselkä Fo rma tion, Uppe r Lapp onian g roup 

C- 199-A Jä nesvaara , Kittil ä 66 
C-2 11 - 10 Saattopora, Kit t il ä 99 
C-2 11 - 11 Saattopora, Kittil ä 100 
C-2 15 Välimaa, Sodankylä 100 
C-250 Tarvasenvaa ra, Kittil ä 0 

Sa rrasvaara Fo rmation, Uppe r Lapponian g roup 

C-3 05 -2 Raj ala , Sodank ylä I 
C-3 05 -3 Raj ala , Sodank ylä 97 

Midd le Lappon ian g roup 

C-22 1 Käy läse lkä , Pelkose nni e mi 100 
C-30 5- 1 Raj ala, Sodankylä 98 
C-359 L innunlaulum aa , Pelkosenni e mi 

Lower Lapponian group 

C- 169-A Madetkoski , Sodanky lä 97 

Wes tern Lapla nd area 

Middle Sedilll ellt g roup (Pahakurkio) 

C-238 Ti ankij oki , Täre ndö, Sweden 6 

Greells tolle gro up 

C- 12 1 Äkäsj oe ns uu , Kolari 0 
C- 157 Aittamaa , Ko lari 0 
C-208-A Mann akorpi , Mli oni o 8 1 
C-208-B Ma nn akorpi , Mu oni o I 
C-208-C Mann akorpi , Mu oni o 96 
C-236-A Mas ugnsbyn, Tärendö, Swede n 100 
C-236-B Mas ll gnsby n, Tärendö, Swede n 100 
C-237 Hi e tajoki , Täre ndö , Swede n 99 
C-239 Kivivaa ra , Lann avaara, Swede n 100 
C-240 Hu orn aisen vll o ma, Lann avaara 99 

I ) We ig ht- % do lo mite in to ta l ca rbonate by XRO , 
2) To t = Total ca rbonate, Dol = Do lo mite , Ca l = Calc ite . 

g rutsa e t al. , 1986) . On the othe r hand , the 
upperm os t Pil g uj ärvi form atio n was de posited 
in deep wate r (Ha nski , 1992), a nd it is not 

kn o wn to co ntain sedime ntat·y ca rbon ates; it is 
kn o wn mostly for the associated Ni-bearin g 
intrusions anel cogenetic ferropi critic vo lcani sm. 

Th e Ku e tsj ärvi and Kolosjoki format ions 
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8 13C, %0, POB ' ) 8'80 , %0, SMOW2) 

Tot Ca l Do l Cal Do l 

2.89 2.97 2 .8 1 14.79 15 .20 
2.87 2.95 14 .76 

0 .6 1 13 .02 
0. 03 13.75 

0 .99 1.02 16.26 

3.23 17 .62 
6 . 17 6. 23 14. 89 

2.77 19.34 
10. 85 11 . 14 16.49 

1.42 19 .96 

- 1.66 - 1.66 13. 13 

1. 36 1.33 18.76 

-0 .37 20 .84 
0 .52 2 1.62 

- 1.96 -2.37 -1.74 16.0 1 19.67 
0. 11 14. 16 

2.74 2.79 2 1.48 
1.77 20.75 
1. 96 20.86 

1.44 1.48 2 1.92 
2. 00 2.03 2 1.0 1 
2. 05 2.08 20 .25 

have , o n the bas is o f lith olog ie simi la riti es , 
been correl a ted with the l a tuli a n gro up in Kare
li a (Negrutsa e t a l. , 1986) . 

Imandra- Varzuga. Th e cyc li c vo lca ni c

sedime nta ry success ion of th e Imandra-Varzu 
ga Belt resemb les th at in the Peche nga Be lt , 
and was al so ele posited over a lon g time inter-
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lithostratlgraphy 

Formation 

PlIgUjärvi 

KoloSjokl 
v I 

v 

vi 

v v 
v v v - '--'--l' 

Kuetsjärvl v v v v v 
.. ;-~ 

...... ' 

v v v v v 2453+42 Ma 
Ahmalahtl v v -

, . 
L . . ~--,-.L- ---L -'-- -'"_-'---

v v v~ Sm-Nd 

Archea;;- y -;-7-\, _ + 0 2 4 6 8 10 
y y y 1- + 

basement 1 ___ -~ 813C (°/00 , PDB ) 

Fig. 37./i" C
T

o< va lues ofsedimenlary carbonales from lhe Kuel
sjärvi and Kolosjoki formalion s of lhe Pechenga Bell (Karhu & 
Melezhik , 1992). Lithoslraligraphy is modified from Predovsky 
el al. ( 1987). The Sm-Nd whole rock-mineral isochron age fOrlhe 
Pilgujärvi formal ion is from Hanski el al. ( 1990) , and lhe Sm-Nd 
isochron dale for the Gora Generalskaya layered intrusion is 
given by Mitrofa nov el al. (199 1). Symbols as in Fig. 12. 

val spanning about 550 Ma (Mitrofanov et al. , 
1991) . Apartial, simplified s tratigraphie co l
umn is shown in Fi gure 38, after Predovski et 
al. ( 1987). 

The Seidorechka and Polisarka formation s 
have been correlated with the Sumi-Sariolian 
group in Karelia (Gas kelberg et al., 1986). The 

overlying Umba and II ' mozero formations have 
been corre lated with the Kuetsjärvi and Kolos
joki formations of the Pechenga Belt and also 
with the Jatulian group in Karelia (Zagorodnyi , 
1980). 

öI3C results 

According to isotopi c re sult s published by 
Ka rhu a nd Melezhik ( 1992), th e mean ö13C

T01 

va lue of ca rbonate for sampIes from th e Kuets
Jarvl Formation o f the Pec he nga Belt is 
7.0±1.0%o and 1.2±0.8%o for sampies from the 

Kolosj o ki Formation. In the fmandr a- Varzuga 

Llthostratlgraphy 

Formation 

Tomnga 

II 'mozero v 

Umba 

Poltsarka ". ~-:--; 
--- - - - 2423+7Ma 

Seldorechka ~ v ~ v /11 

U-Pb 
v v 

--- --

• . , 
: . .... 

l===--~ ~ ••• " 
Archean r v v v v I ~I~ -'- ~ ~ "-' ~J 

basement v v v v -4 -2 0 2 4 6 8 
I _ ~ 

Fig. 38./i" C
To

, profile for sed imenlary carbonales oflhe lmand
ra-Varzuga Bell (Karhu & Melezhik, 1992). LilhoSlrati graphic 
column has been modified from Predovsky el al. ( 1987). The U
Pb zi rcon dale for lhe Seidoreehka formation is from Milrofanov 
el al. ( 199 1). Symbols as in Fig. 12. 

Belt the corresponding mean va lu es are 

-2.7±0 .8%o for the Seidorechka Formation, 
5.0±1.4%o for the Umba Formation , 1.6± 1. 2%o 
for the ll ' mozero Formation and 1.1 ± 1.5%c for 
the Tomin ga Formation. 

The ca rbon iso tope result s are show n in F ig

ures 37 a nd 38. The ö13C values seem to va ry 
sys tematically , and only one form ation in each 
belt is characterized by I3C-enriched carbon
ates. 

Age constraints 

The 13C-enriched carbonates of the Kuets
järv i Formation in th e Pec hen ga Belt were 

deposited between 2453±42 and 1990±66 Ma 
(see Fig. 37). More importantl y, the iso topical
ly normal sedime nta ry ca rb o nates of the Kolos 
joki formation were ev ide ntl y depos ited before 
1990±66 Ma. 

The Seidorechka carbonates In th e Im a ndra-



Varzuga Bel! are older than 2423±7 Ma , and 
the I3C-enriched carbonates of the Umba For

mation are younger than this (see Fig. 38). 
Assuming that the correlation of the Tominga 
Formation of the Imandra-Varzuga Belt with 
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the Pilgujärvi Formation of the Pechenga Belt 
is correct (see Zagorodnyi, 1980), the sedimen
tary carbonates of the Umba formation were 
also deposited before I 990±66 Ma. 

Ö13C EVOLUTION OF SEDIMENTARY CARBONATES 

Dating of metamorphosed sedimentary formations 

For most of the Precambrian, where metazo
an fossil remains are absent, the chrono logical 
correlation of sedimentary formations is almost 
totally dependent on radiometric age determi
nations. Generally radiometric dating methods 
are applied to igneous rocks , wh ich may con
stra in the deposition time of a sed imentary for
mation either from below or from above. In the 
present discussion most estimates of deposi
tional ag es have been derived from these kinds 
of relationships. 

In recent years new radiometric dating meth
ods have been developed, and possibilities now 
exist for determining the depositional age of 
sedimentary rocks directly, even where they are 
metamorphosed. Such methods include the 
whole rock Pb-Pb method, which has occasion
ally been applied successfully to Precambrian 
sedimentary carbonate rocks (Moorbath et al., 
1987; lahn et al. , 1990) and the Sm-Nd mineral 
isochron method using iJlite fract ions from a 
weakly metamorphosed shales (Bros et al., 
1992) . 

An attempt was also made in this study to 
date the Rantamaa Dolomite Formation in the 
Peräpo hja area by the Pb-Pb method. However, 
the V contents of the Rantamaa dolomite turned 
out to be too low to cause any significant var
iation in the isotope ratios of Pb, and as a result, 
no meaningful ages could be obtained. Öhland
er et al. (1992) experienced the same difficul
ties in the Kalix area , northern Sweden, and 
also obtained poor results due to insufficient 
variation in U/Pb ratios . 

An additional dating method for determining 
the maximum age of clastic metasedimentary 
rocks is offered by recent advances in the ana l
ysis of V-Pb isotopes of single mineral grains 
particularly of zircon, using especially the ion 
microprobe. The youngest zircon in a sedimen
tary rock obviously gives the maximum depo
si tion a l age for the sedimentary formation in 
question. Usin g this method Huhma et al. 
(1991) for example, were able to set very nar
row limits for the timing of sedimentation of 
the Svecofennian graywackes. 

Öl3C versus time curve: ca libration 

According to the data presented above , the 
isotopic composition of carbon in carbonate 
varies in a systematical way in the Paleoprot
erozoic sedimentary basins of the Fennoscandi
an Shield. Within individual carbonate units 
the dispersion of 8 13C values is generally rather 
limited, but successive stratigraphic units are 
often characterized by contrasting carbon iso-

tope signatures. In addition, radiometric age 
determinations , reviewed in the preceding sec
tion, indicate that the deposition of 13C-en
riched carbonates was apparently re s tricted to 
a distinct time interval. 

Therefore, it may be proposed that there 
exists a single 8 13C evolution curve which 
could explain the I3C/ 12C variations in different 



60 Geological Survey of Finland, Bulletin 371 

Table 11. The mean ol3C values of carbonate and estimated deposition times for se lected supracrustal units from the 

Fennoscandian Shield. 

Formation o"C(TOT) n Estimated Ref. to 

mean ±ISD deposition time age 

%0, POB Ma' 

I. Madetkoski Formation -1.7 2526±46 I) 

Lower Lapponian Group 

2. Seidorecha Formation -2.7±0.8! 3 2423±7 2) 

lmandra- Varzuga Belt 

3. Sericite Schist Formation 8.1±0.1 2 2300-2206 3) 

Kuusamo Schist Belt 

4. Sompujärvi Formation 8.6 2300-2210 4) 

Peräpohja Schist Belt 

5. Misi dolomite formation 12.6±0.4 5 2300-2160 5) 

Mi s i supracrustal belt 

6. Lower Viistola Formation 10.0±0.7 5 2113±4 6) 

Kiihtelysvaara 

7. Joulliaapa Formation 8.4±1.6 10 2090±70 7) 

Peräpohja Schi st Belt 

8. Upper Petone n Formation 2.0± 1.4 2 2062±2 6) 

Kuopio area 

9. Svecofennian Oomain O.8± 1.1 52 1950- 1890 8) 

§) Results from Karhu & Mel ezh ik , 1992, 
*) Refc rence s to age determination s: I) Pihlaja & Manninen , 1988 , 2) Mitrofanov et al., 1991 ,3) Silvennoinen, 1991, 

4) Perltunen , 1991 , 5) Patchett et al. , 198 1, 6)Pekkarinen & Lukkarinen , 1991 ,7) Huhma et al., 1990,8) see text. 
' ) ±dev iations refer to uncertainty in radiometrie age data. 

supracrustal belts of the Fennoscandian Shield . 
Considering that our knowledge from Precam

brian sedimentary sequences is at present frag
mentary and incomplete , this kind of model 
cannot yet be proven . However, the model is 
easily testable and may be modified or rejected 
if conflicting isotope values arise. 

For calibration of the age versus Ö13C curve, 
only those sedimentary carbonate units were 
selected for which the time of deposition could 
be estimated reasonably weil from existing 
radiometrie age data. The data set includes nine 
occurrences of sedimentary carbonates, for 
wh ich the mean Ö13C value and the best esti
mate for the deposition al age is given in 
Table 11 and illustrated in Figure 39. 

The öl )C values for carbonate from these 

sedimcntary formations are mutually consist-

ent, and they seem to define a systematic evo
lution trend for a time span of 600 Ma starting 
at the Archean-Proterozoic boundary. Howev

er, the evolution of Öl3C values from about 

2400 to 2300 Ma is unknown , due to a lack of 
suitable sedimentaI"y formations. For instance, 
the Sariolian sequences, which were possibly 

deposi ted at that ti me, are not known to cOlltai n 
sedimentary carbonate units. 

The sedimentary carbonate formations de
posited between about 2600 and 2400 Ma show 
Öl3C values of carbonate from -3 to -I %0 
(Fig. 39). The two sedimentary units from this 
time period are the Madetkoski Formation of 
the Lower Lapponian Group from Peurasuvan
to , Lapland (I) and the Seidorecha Formation 
of the lmandra- Varzuga Belt, from the Kola 

Peninsula , Russia (2). The isotope da ta for the 
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(5) 

(6) 

, 
(4) , 

(3) 

? 

? ? 

? 

(9) 

2.6 2.4 2.2 

Age (Ga) 

2 1.8 

Fig 39. Evolution of the 8UCTo< composition of Paleoproterozoic sedimentary carbonates in the 
Fennoscandian SchieId. Numbers refer to formations in Table 11. Arrows at about 2 100-2060 Ma 
are combined to units, which are either preceded or followed by a relatively rapid , significant shift 
in the carbon isotope ratios. 

latter formation was published by Karhu & Me
lezhik (1992). 

The metasedimentary units intruded by ca. 

2200 Ma me tadiabase dikes are represented by 
two formations, namely the Sericite Schist For
mation from the Kuusamo Schis t Belt (3) and 

the Sompujärvi Formation from the Perä pohja 
Schi st Belt (4). The minimum age of these units 
is defined by the diabase dikes, but the max i

mum age is se t arbitrarily at the es timated tim e 
of formation of the pre-Jatulian weathering 
crust about 2300 M a ago (e.g. M e ril ä ine n, 
1980; He iskanen , 1992). The sa me applies also 
to th e Misi dolomite fo rmati o n (5) , which was 

intruded 2160 Ma ago by a gabb ro body. AI 
th o ugh th e maximum depositional ages for 
these formations are therefore not exact , the y 
clearly indicate that 13C-enriched carbonate 

sed iments we re a lready accumulating in the 
Fennoscandian Shield before 2200 Ma. 

The extreme ly hi gh average ö13C value 
( 12.6±0.4%o; Table I I ) recorded for the Misi 
dolomite is not just a local c uriosity, as similar 

average ö13C values have also been recorded for 
the North Onega Subprovince (12.9±1.9%0, 

Table 2) a nd for the Si Itstone and Kelloselkä 
formation s at Sa lla and Kuusamo, respective ly 
(12.4±0.4%0, Table 7). 

Three sedim e ntary carbonate formations 
show evidence of a relatively rapid , 5-8%0 shift 
dow n from hi g hl y positive Öl 3C values, as 
shown sc he matica ll y by arrows in Figure 39 . 
The lower Viistol a Formation a t Kiihte ly svaara 
(6) was deposited afte r the 2113 Ma lava fl ows 
of the Koljola Formation, which therefore pro

vides a max imum age of depos itio n fo r these 
carbonates. The carbo nate unit s wit hin the 
upper Vii s to la and Petäikkö formations are 
c haracterized by decreasing ö13C va lues (see 
Fig.12). 

The vo lcanic Jo utti aapa Formation in the 
Peräpohja region lies between carbonate units 

of the Ki va lo Formation and dolomite beds 
within the Kvart s imaa Format ion , both of 
whi ch show s imil ar carbon isotope signatures 
(see Fig. 28) . An average valu e coi ncid in g wi th 
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the time of eruption of the Jouttiaapa basalts 
(2090±70 Ma) was therefore calculated from 
the Kivalo and Kvartsimaa sampies. The drop 
in 8 13C values can be observed higher in the 
stratigraphy, in the Rantamaa Dolomite Forma

tion. 
In the Kuopio area the sedimentary carbon

ates of the Petonen Formation (8) display a 
decreasing 8 13C trend, wh ich predates the ex
trusion of the volcanics of the Vai vanen Forma
tion. These are correlated with the lithological
ly si mi lar sequence from the Koi vusaari For
mation, for which an age of 2062±2 Ma has 
been obtained (see Figs. 16 & 18). The mean 
8 13C value corresponding to this phase of vol
canism was calculated using results from the 
uppermost samp Ies from the Petonen Forma
tion. One of these sam pies (C-I92-G) was col
lected at a distance of 85 cm from the exposed 
contact and the other (C-177 -B) represents a 
transi tional contact wi th al ternati ng carbonate 
and volcanogenic amphibole schist layers. 

Additional, circumstantial support for a rap
id decrease in the 813C va lues of carbonates 
between 2110 and 2060 Ma may be obtained 
from the Kuusamo area, where the decrease 
takes pi ace within the Amphibole Schist For
mation (see Fig. 26). There Silvennoinen 
(1991) suggested that the pyroclastic units of 
the Amphibole Schist Formation may have 
been related to the emp lacement of the younger 

set of diabase dikes, dated at 2078±8 Ma. 
Among formations overlying 13C-enriched 

carbonates the earliest isotopically normal sed
imentary carbonates represent the uppermost 
Petonen Formation at Kuopio (>2062±2 Ma, 
see Fig. 18). However, similar carbonates were 
also deposited elsewhere in the Fennoscandian 
Shield already before 2000 Ma. Examples are 
the Kautoselkä Format ion from the Central 
Lapland region (>20 12±3 Ma, see Fig. 34) and 
the Kolosjoki Formation from the Pechenga 
Belt (> 1990±66 Ma, see Fig. 37). Furthermore, 
no sedimentary units of the Fennoscandian 
Shield deposited after 2060 Ma are known to 
contain 13C-enriched carbonates , in agreement 
with the general 8 13C trend outlined in 
Figure 39. 

It was shown earlier that the Svecofennian 
Domain (9) may be divided into provinces 
based on the carbon isotope ratios of carbonate 
(see Fig. 9). However, on the basis of existing 
geochronologic information , it is not possible 
to discern any differences in the depositional 
ages of these provinces. Therefore , al l Sve
cofennian carbonate format ion s are here in
cluded together. The depositional age for these 
formations is constrained by data from detrital 
zircons, volcanic rocks and Svecokarelian syn
orogenic rocks as being between about 1950 
and 1890 Ma, as was discussed earlier in this 
paper. 

Comparison with other shield areas 

Veizer et al. (1992a) studied the isotope 
geochemistry of three early Paleoproterozoic 
carbonate format ion s deposited between 2.5 
and 2.0 Ga ago. This time interval is interest
ing , as it also corresponds to the age of the 
Karelian formations in the Fennoscandian 
Shield. 

The formations studied (Veizer et al. , 1992a) 
were the Malmani Dolomite of the Transvaal 
Supergroup , South Africa , the Duck Creek 
Dolomite of the Wyloo Group, Au stralia and 

the Espanola Formation of the Huronian Super
group, Canada. From these three formatio ns a 
total range in 8 1JC compositions from - 1.5 to 
1.5%0 was measured . 

The contrast in carbon isotope ratios between 
the results from sedimentary carbonates report
ed by Veizer et al. (1992a) and the Karelian 
carbonates of this s tudy could reflect slightly 
different depositional ages. As is summarized 
by Veizer et al. (l992a) the est i mated depos i

tional ages for the Malmani Dolomite and the 



Espanola Formation are 2300-2250 Ma and 
2350± I 00 Ma, respecti vely, and they therefore 
are definitively older than most Karelian sed
imentary carbonates. The age of the Duck 
Creek Dolomite is constrained to be within 
2100±400 Ma, but due to the large age bracket 
any comparison with the Karelian formations is 
imposs ible . 

Veizer et al. (l992b) reported 8 13C results 
from the 1.91 Ga old Coronation Supergroup in 
Canada, including sampies from the Odjick, 
Rocknest and Cowles Lake formations. The 
8 13C values vary from -2 to 2%0, although for 
marine components they report a smaller range , 
between 0 and 2%0. The depositional age of 
these formations is virtually the same as the age 
of the carbonate formations of the Svecofenni
an Domain , and in thi s case the carbon isotope 
signatures are almost identical. 

Sedimentary carbonates enriched in 13C have 
been reported from Paleoproterozoic forma
tion s in other shield areas, the most notable 
example being the Lomagundi Group in Zimba
bwe (Schidlowski et al., 1976). Other examples 
have been reported from the Lewi sian carbon
ates in Scotland (Baker & Fallick, 1989a), from 
the Einasleigh Metamorphics of the George
town Inlier , Australia (McNaughton & Wilson , 
1983 ) and from the Francevillian Series in 
Gabon (Gauthier-Lafaye & Weber, 1989). Un
fortunately however, the depos itional ages of 
these units are generally not weil constrained. 

Sedimentary units of the Lomagundi Group 
were deposi ted after extrusion of Deweras la
vas, which have yielded a Rb-Sr age of 
2170±100 Ma (Hohndorf, unpublished data, in 
Treloar, 1988) and before a metamorphic event 
recorded in the K-Ar ages of 1905±70 Ma and 
1974±70 Ma from Lomagundi s late s (Va il e t 
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al. , 1968). The Lewisian sedimentary carbon
ates in Scotland were metamorphosed at 1800 
Ma, and the depositional age probably does not 
exceed 2100 Ma, as indicated by 87Sr/86Sr initial 

ratios and Sm -Nd crustal residence ages (see 
Baker & Fallick, 1989a). The deposition of the 
Einasleigh Metamorphics in Australia predate a 
metamorphic event at 1570±20 Ma (Black et 
al., 1979). 

Subvo lcanic N ' Goutou intrusion s in the low
er part of the Francevillian Series in Gabon 
have been dated using the Rb-Sr isochron meth
od as 2 143±143 Ma (Bonhomme et al., 1982) . 
Diagenetic clay fractions, acid leachates of 
these clays and the corresponding residues 
from black shales have yielded Sm-Nd isochron 
ages 01' 2099±115 Ma and 2036±79 Ma (Bros 
et al., 1992). These ag es were interpreted as 
representing multi-episode illitization during 
early diagenesis, and the depositional age of 
these sequences therefore is similar to these 
estimates or s li gh tly older. 

On the basis of the age data presented above 
all these 13C-enriched carbonates may have 
been de posited in the same time interval as the 
Karelian carbonates of the Fennoscandian 
Shield . However, due to poorly de fined depo
sitional ages none of them can be constrai ned 
to have been deposited exactly within the time 
period from 2200 and 2060 Ma, wh ich includes 
most of the 13C-enriched sedimentary carbon 

ates from the Fennoscandian Shield (see 
Fig . 39). The refore , at present there is no un
equivocal evidence for agiobai 8 13C excursion 
at that time, a lthough the data presented above 
as weil as the results of this study from th e 
Fennoscandian Shie1d s trongly support that 
kind of model. 
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PROCESSES CONTROLLING Öl3C COMPOSITION OF SEDIMENTARY 
CARBONATES 

Global earbon eycle 

General 

The lon g- term records of the carbon isotope 
ratios of sedimentary carbonates and organic 
matter are re lated to the operat ion of the g lobal 
geochemical cyc le of ca rbo n which invol ves 
the tran sfer o f carbon between the Earth's in
terior and th e surficial rese rvoir (e.g . Holland, 
1978 , Chapter 6; Schidlowsk i & Ahm'on , 1992 ; 

Summons & Hayes, 1992). Here the surficial 
re se rvoir includes carbon in the atmosphere, 
bi os phe re, hyd rosphere and unlithifi ed sedi
ments . The interior reservo ir comprises ca rbo n 

in sedimentary rocks a nd the ir me tamorphic 
derivatives and carbon in the mantl e . 

The atmosphe re, bi osphere, hydrosphe re and 
the unlithi f ied sedim e nts are a lso linked 

throu g h important ca rb o n transfer processes 
(e.g . Holl a nd , 1978 , Chapter 6). However, the 
time sca les for these cycles are rel at ive ly short 
« I 04 a), a nd for intervals exceed in g abo ut 
105 a the surf ic ial reservo ir can be regarded as 
be ing in quasi-equilibrium and viewed as form

ing a unifi ed sys tem (Sc hidlow ski & Aharon , 
1992), as is show n sc hemati ca lly in Figure 40. 

From the deep reservoirs ca rbo n is trans
ferred to the s urfi c ia l system as a co mponen t in 
vo lcanic and mctamorphic fluids a nd as a result 
of weathering processes (Ho ll and , 1978, Chap
ter 6). Most of this carbon probabl y represents 
crus tal carbon, a ltho ugh the proportion of juve
nile carbon from the mant le is a lso significant 
(Des Marai s, 1985). The ö13C va lu es of both 

these componen ts are c lose to -5 %0. For the 
mantle this is inferred from the Ö13C frequcncy 
di s tribution s of carbonatites and diamonds. 
Carbonat i tes show very li mited variabi li ty in 
the Ö13C compositions wit h a mean at -5.4%0, 
and thi s is comparable to the Ö13C values of 

most diamonds showing a major mode at -5.5%0 

nput I' Atmospher~ Bunal 
~ I Blosphere -=-

1

('/ L Hydrosphere - - '\ Organlc carbon 
- - _.-J I1 jl (-27'/00 ) 

J Carbonates L ~- - - --) (0°100)-

__ Sed lmentary rocks '~_ 
- jj 

Mant le I~ 

Fig. 40. Schematic reprcsentation of the global carbon cyc le 
relevant at time scales > I 0' a. Numbers refer to o"C values of 
carbon, and indicate long-term average compositions (e.g. Schid
lowski et al. , 1983). 

(Deines, 1992) . An ave rage Ö13C co mposition 

for ca rbo n in the exogenic cyc le has been cal
c ul ated from inventories of various crusta l res
ervo irs, a nd the results of these com pilation s 

range from -5 .2 to -4.5%0 (Ho lser et a l. , 1988), 
i nd i st i ng u i shable fro m carbon of presumed 
mantle deri vat ion. 

The g lobal carbon cyc le is intim ate ly cou
pled with the evo luti o n of li fe and linked with 
cyc les of other e lements, most notably w ith the 

geochem ical cyc le of oxygen (e.g. Ho lland , 

1978; Broecker, 1970). Isotop ic records relat
ing to the state of the ancient carbon cyc le are 
therefore also of potential interes t for under
standing the evol uti on of the biosphere and the 

development of atmospheri c oxygen leve ls. 

Isotope fraetionations within the global 
earbon eycle 

The frac ti onat io n mechanisms are governed 
either by kinetic isotope effects, wh ich depend 

on differences in the reaction or translocation 
rates between the heavy and light carbon iso
tope, or by thermodynamic exchange eq ui 
libria. Among these mechanism s k ine ti c iso 

tope effects associatcd with carbon fixation by 

2 



autotrophic organisms are of primary impor
tance. 

In autotrophic carbon fixation carbon diox
ide (C02) or dissolved bicarbonate (HCOj) is 
assimilated by organisms as the immediate 
source of cellular carbon (see e.g. Chapman & 
Gest, 1983). These processes may proceed via 
different pathways, which are characterized by 
significant, though variable kinetic carbon iso
tope effects . They all lead to a marked enrich
ment of the light carbon isotope in the organic 
substance (e.g. Park & Epstei n, 1960; Sehid
lowski & Aharon , 1992). 

The quantitatively most important assimila
tion pathway is the C3 or Calvin cycle photo
synthesis, which is operated for instance by 
algae, cyanobacteria and most plants. Appar
ently, it is responsible for the generation of the 
bulk of the present and fossil biomass of the 
Earth (Schidlowski & Aharon, 1992). The C3 
photosynthesis involves a two step fractiona
tion mechanism, originally described by Park 
& Epstein (1960). The average fractionation 
displayed by this pathway is elose to -20%0 
relative to atmospheric carbon dioxide, which 
indicates that the o l3C value of the generated 
organic material will be around -27%0 with 
respect to the PDB standard in the presence of 
an atmoshere with a o l3C composition at about 
-7%0 (Schidlowski & Aharon, 1992). 

Carbon isotope fractionations associated 
with the surficial carbon dioxide-bicarbonate
carbonate system are only moderate when com
pared to the extensive kinetic effects accompa
nying the autotrophie carbon fixation. These 
fractionations are largely governed by chemi
cal exchange equilibria between the reservoirs 
of atmospherie carbon dioxide (C02(g)), dis
solved carbon dioxide (C0

2
(aq)) , bicarbonate 

ions (HCO; ) and precipitated carbonates. 
The equilibrium fractionations between the 

various carbonate species depend on tempera
ture. At low temperatures the calibrations pre
sen ted by Emrich et al. (1970) and Mook et al. 
(1974) predict the following equilibrium order 
of 13C-enrichment from the highest to the low-
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est: 

CaC0
3

- HCO; -C0
2
(g)-C0

2
(aq). 

At 25 °C CO/aq) is about 1%0 depleted and 
HCO; about 8%0 enriched in I3C relative to 
CO/g). The fractionation between precipitated 
CaC0 3 and dissolved HCO; is about 2%0 . 
This indieates that carbonates follow relatively 
closely the isotopic composition of the dis
solved bicarbonate, which is, and has always 
been, the dominant carbon reservoir in the at
mosphere-biosphere-hydrosphere system (e.g. 
Holland, 1978, Chapter 6; Holser et al., 1988). 

Mass and isotope balance constraints 

In the absence of life all carbon entering the 
surficial system would be deposited as carbon
ates, and the o l3C values of these carbonates 
would be the same as in the average supply 
(Broecker, 1970) , or about -5%0 . In the pres
ence of life however, part of the carbon in the 
surficial reservoir is buried as organic matter, 
which is strongly depleted in I3C relative to 
inorganic carbon due to the extensive fraction
ation associated with biological earbon fixa
tion. In order to maintain the isotopic mass 
balance in the global carbon cyele , burial of 
l3C-depleted organic carbon must be accompa
nied by deposition of carbonates with o l3C val
ues exceeding -5%0 (see Fig. 40). 

This relationship mayaiso be expressed in 
the form of an isotopic mass balance equation 
(Broeeker, 1970; Schidlowski et al., 1983; 
Summons & Hayes , 1992) 

O. = f 0 + f 0 
1 org o rg carb carb. 

(Eq. 4), 

where 0; represents the carbon isotopic com
position of the average earbon input to the 

surficial system, fO,g and fCa'b are the fractions of 
the total carbon flux buried as organic matter 

and carbonates and 00,g and 0ca'b represent the 
corresponding average carbon isotopic compo

sitions. 
By substituting f<acb = I - fO,g and denoting the 
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isotopic difference between the buried inorgan
ic and organic carbon by t3. = 8c, rb - 80rg ' so lving 
for 8

carb 
in Equation 4 gives 

8 =8+f t3.. 
carb I org 

(Eq. 5) 

The equation shows that if we assume 8; to 
be constant, the carbon isotopic composition of 
carbonate depends on the fraction of carbon 
buried as organic matter and on the difference 
in the isotopic composition of carbonate carbon 
and organic carbon. Moreover, if 8

mb 
and t3. are 

known and 8; is assumed, then f
org 

can be deter
mined. 

Carbon burial through geologie time 

It has been established that throughout geo
log ic history the 8 13C values of carbonates have 
generally varied within relatively narrow limits 
around 0%0 (Schidlowski et al., 1983) . There 
has been more variation in the 8 13C values of 
organic carbon, for which Schidlowski et al. 
(1983) suggested a mean value of -27±7%0. 
Using these values, it can be calculated (Eq. 5) , 
that f = 0.2 or about one fifth of total buried 

org 

carbon has been deposited as organic carbon. 
When the long-term time trend in the 8 13C 

compositions of carbonates is s tudied in shorter 
time scales, the near constancy of the isotope 
values gives way to sequences of smaller scale 
oscillations (Sc hidlowsk i & Aharon, 1992) . 
The existence of secular variations in the 8 13C 
values of Phanerozoic sedimentary carbonates 
was demonstrated by Vei ze r et a l. ( 1980) . The 
highest 8 13C values for the Ph anerozoic occur 
in late Carboniferous and Permian sed imentary 
carbonates. Veizer et al. (1980) reported an 
average 8 13C value of 2.0%0 for lhe Permian, 
but at least loca lly and intermitte ntly the 8 13C 
of ca rbonates exceeded 6%0 (Magaritz et al. , 

1983 ; Popp et al., 1986) . 
Systematically I3C-enriched sedimentary car

bonates have also been reported from Neoprot
erozoic successions of Svalbard, East Greenland 
and elsewhere (Derry et al., 1992 ; Knoll et al., 
1986) . These results show that carbonates with 
8 13C values between 4 and 8%0 we re deposited 
for much of the time between 900 and 600 Ma, 
with brief negative excursions , possibly asso
ciated with glacial periods (Derry e t al., 1992). 

In the study of Knoll et al. ( 1986) the iso top
ic composition of organic carbon was also an
alysed, in addition to carbonates. Based on the 
average ana lytical data (8

carb
=5%0, t3.=29%0) 

they calculated that the burial rate of organic 
carbon could have been doubled (f

org
=0.34 , Eq. 

5). In order to transform the buri al fraction of 
organic carbon to burial rate they assumed the 
modern value for the global total carbon burial. 
Compared to this example, the Paleoproterozo
ic carbon isotope shift recorded in the carbon
ates of the Fennoscandian shield appears to 
have been even more extreme. 

Over aperiod of at least 100 Ma carbonates 
deposited in the Fennoscandian Shie ld were 
characteri zed by carbon with 8 13C val ues var
ying from about 8 to 12%0 (Fig. 39). Taking 
10%0 as an average value for thi s time period 
and assuming that the difference has remained 
constant as 27%0, Equation (5) indicates that f 

org 

would be 0.55. lf it is assumed that this was a 
global event, then thi s implies that during this 
episode the burial rate of organic carbon would 
have exceeded the burial rate of inorganic car
bon. Considering that the carbon cycle has 
generally remained within a rath er weIl bal
anced dynamic equilibrium through most of 
Earth 's hi sto ry, it is not easy to understand 
what kind of conditions could cause s uch s ig
nificant deviations. 

Carbonate deposition in restrieted environments 

All th e considerations presented above refer 
to carbonate depositional systems, which are 
open to the g lobal oceans , in wh ich the isotopic 

compos ition of carbon is buffered by the large 
reservoir of oceani c bicarbonate. However, in 
re st ricted basins exchange of ca rbon with the 



global oceans may be unable to maintain iso
topic equilibrium, and as a result the isotopic 

composition of dissolved bicarbonate may vary 
independently. In such environments volumi
nous burial of organic matter, for i nstance , may 
lead to local precipitation of carbonates enriched 
in I3C. A similar mechanism was suggested by 

Schidlowski et al. (1976) as an explanation for 
the existence of the J3C-enriched carbonates in 

the Paleoproterozoic Lomagundi Group of Zim
babwe. 

Analogous situations may arise in anoxic 

diagenetic settings within sedimentary succes
sions , where organic matter is decomposed by 
methanogenic processes. Methane generated 

under these conditions is highly depleted in J3C, 

and may be accompanied by deposition of car
bonates which are highly enriched in 13e. How

ever , the 8 13C values for these carbonates seem 
to vary widely. For instance Friedman & Mu
ra ta (1979) analysed apparently methane- relat

ed dolomite sampIes from the Monterey Shale, 
and found a range of 8 13C values from 3 to 
21 %0. Similarly Deuser (1970) reported a range 

of 8J3C val ues from -64 to 21 %0 for Quaternary 
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methane-related dolomites from continental 
shelf settings . 

Evidently, locally operating processes in re
stricted environments are able to produce condi
tions which lead to deposition of '3C-enriched 
carbonates. Nevertheless, these mechanisms 
probably are not sufficent to explain the evolu
tionary trend of 13C/12C ratios presented in Fig
ure 39. Firstly , the vast area covered by the J3C_ 

enriched carbonates cannot be considered as a 
single restricted basin. Secondly, based on age 
data and isotopic results the carbon isotope ex
cursion appears to have lasted over 100 Ma, and 
during that time only '3C-enriched carbonates 

were deposited. The areal extent, the duration 
and the systematical character of the carbon 

isotope pattern strongly suggest that the atmos
phere and the global oceans were also involved . 
These considerations do not, however, exclude 
the possibility that some of these J3C-enriched 
carbonate sequences were deposited in restricted 
basins. Essential is that even these basins appar
ently were in near equilibrium with the global 
oceans with respect to the isotopic composition 

of carbon. 

Evidence from graphitic sediments 

The Karelian carbonate formations are often 

associated with black shales . In the Kiihtelys

vaara-Onega area the light-colored latulian 
quartzites and dolomites are separated from the 
darker , graphitic Ludian formations by a dis
tinct facies boundary. The carbonate units 

around the domes of the Pitkäranta and Kuopio 
areas are also closely associated with graphitic 
schists , and the same is true for the dolomites 
of the Western Kainuu zone. Likewise, in the 
Kuusamo Schist Belt the Dolomite Formation 

is succeeded by the graphitic Amphibole Schist 
Formation . At Rajala, in the southern part of 
the Karasjok- Kittilä Greenstone Belt the low
est dolomite units are followed by a transition 
zone, were komatiitic pyroclastic beds alternate 
with carbonate layers and graphitic schist units. 

Selected sampIes from these formations were 

analysed for their carbon isotope ratios and 
these results together with the carbon and sul
fur elemental abundances are given in Table 12. 

Addition a l information including grid coordi
nates ancl brief descriptions are given in Ap
pendix 2. For comparison , Table 12 also shows 
a few organic carbon analyses from carbonate 
rocks. The analysed carbonates are mostly weJl 

preserved, stromatolitic dolomites from green

schist facies environments. 
Based on the stratigraphie position of the 

graphitic schist sampies and evidence from ra
diometric age data, all these sam pIes (Table 12) 
appear to represent the time period from about 
2.11 to 2.06 Ga. Additional evidence is provid
ed by the carbon isotope systematics of associ-
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Table 12. Ö13C values of kerogen and the contents of Co,. and S in black shales and dolomites. 

Sampie Location Ö13C" C S2) 
ms 

no. (Drill core/Depth (m)) %0, PDB wt. % wt. % 

Black sh a les 

Juuka 

K-IO-A Petrovaara -19 .74 24.0 2.7 

K-IO-B Petrovaara -20.93 10.3 2.3 

K-IO-C Polvela -19.9\ 18.8 1.9 

K-IO-D Pol vela -2 0.53 27.8 0.44 

K- IO-E Pol vela - 18.48 5.6 0.01 

Kiihtelysvaara, Petöikkö Formation 

K-9-A Viistola -17.56 6.3 0.07 

K-9-B Viistola -17.81 30.5 0.02 

K-9-C Hyypiä -19 .96 32 .7 1.17 

K-9-D Hyypiä - 19 .67 34.2 0.18 

Lake Onega area, Ludian Group 

K-25 Sunga -23.77 87.4 1.45 

Kuusalllo Schist Belt , Amphibole Schist Formation 

K-32 Kuivajärvi , Kuu samo -16.62 8.2 0.01 
K-IOO Purnujärvi , Kuusamo -17.00 0.94 0.26 

Kuopio 

K-I Laivonsaari, Kuopio -30.08 50.5 1.92 

Kara.\jok- Kittilö Greenstone Belt, maillly Middle Lapponian 

K-60 Miekkakoski, Savukoski -21.91 5.6 6. 11 
K-63- 1 Peurasuvanto, Sodankylä -36 .34 2.6 1.64 
K-63-2 Peurasuvanto, Sodankylä -38. 07 3.7 <0.01 
K-63 -3 Peurasuvanto, Sodankylä -43.5 5 9.2 0.02 
K-63 -4 Peurasu vanto , Sodankylä -21.63 l.S <0.01 
K-65 Jeesiörova, Kitti lä -31.29 4.3 17.2 
K- 112-1 Rajala , Sodankylä (R3/10.4) -36.38 1.7 1.05 
K-112- 2 Rajala, Sodankylä (R3/13.0) -32.41 7.5 1.85 
K-11 2-3 Rajala , Sodankylä (R3123.6) -15.61 2.2 0.74 
K-112-4 Rajala , Sodankylä (R3/32 .9) -17.66 0.62 0.46 
K-112-5 Rajala , Sodankylä (R3/45.7) -17.94 6.8 0 .32 
K- 112-6 Rajala, Sodankylä (R3/11 .5) -36.75 9.8 <.01 
K- 1I2-7 Rajala , Sodankylä (R3/55 .7) -21.59 13.6 1.42 
K-1 12-8 Rajala , Sodanky lä (R3/42.7) -18.99 7.3 0.23 
K- 112-9 Rajala , Sodankylä (R3/61 .2) -24. 11 8.8 0.69 

Kerogen in carbonates 

K-22-A Miihkailinmaa , Tervola (C-170-A) -24.32 ( 11.1 3) 0.01 
K-2 2-D Miihkailinmaa, Tervola (C-170-D) -25.05 (9.63) 0.006 
K-24 Kalkkimaa , Tornio (C-2 12-B) - 18 .99 (8.49) 0.01 
K- 106 Kuetsj ä rvi Formation , Pctschenga -21.17 (7.34) 0.002 
K-107 S. Oleny Island, Onega area (C-349) -21.32 (9.66) 0.02 

" Nulllbers in brackets give the Ö" C valucs for total carbonate. 

" Sulfur detenninations by R. Saikkonen with Leeo analyser at the Geological Survey of Finland. 
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ated carbonates and the Ö13C evolution trend 30 r---------------~ 
(Fig. 39). 

The black shales associated with l3C-en
riched carbonates of the Fennoscandian Shield 
share some distinctive features. The carbon 
contents in them are exceptionally high , often 
exeeding 10%, but in contrast they appear to be 
generally almost competely devoid of sulfides. 
In this respect they are distinct from the slight
Iy younger black shales from the about 1.97 Ga 
successions of the Kainuu- Outokumpu zone 
(Loukola-Ruskeeniemi, 1992) , which are char
acterized by high contents of both sulfur and 
carbon (Fig. 41). The existence of the sulfur
rich and sulfur-poor types of black shales 
among the Paleoproterozoic formations of the 
Fennoscandian Shield was originally recog
nized by Melezhik (1985). Evidently, this ge
ochemical feature is genetically significant, as 
is discussed in more detail below. 

Normal marine sediments of the present day 
oceans contain sulfur and carbon roughly in the 
ratio SIC=0.36, although this ratio has appar
ently varied through geologic time (Berner & 
Raiswell , 1983, 1984). Low SIC ratios in mod
ern sediments are characteristic of lacustrine 
environments, where bacterial sulfate reduc
tion is precluded due to the low sulfate levels 
in fresh waters. Therefore, it is possible that the 
sulfur-poor black shales of the Fennoscandian 
Shield were deposited under restricted condi
tions. Alternatively, pyrite formation may have 
been limited by iron availability , wh ich is possi
ble in sediments containing high concentrations 
of organic matter (Berner & RaisweIl, 1984). 

The geochemical pattern of carbon deposi
tion during the Paleoproterozoic 13C-excursion 
appears to be similar to that during the Late 
Carboniferous and Permian periods , when vast 
quantities of organic matter were accumulated 
in coal swamps. This was accompanied by a 
global positive shift in the öl3C values of sed
imentary carbonates, and according to model 
calculations, a lso atmospheric 0 2 levels in 
creased considerably during that time (Berner 
& Canfield, 1989). As a difference , the Late 
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Fig. 41. Relationship between sulfur and organic carbon contents 
in black shales associated with the I3C-enriched carbonates ofthe 
Fennoscandian Shield. For comparison are shown the line indi 
cating the S/C ratio in modern normal marine sediments after 
Berner & Raiswell (1984) and the median values of representa
live analyses from black shales of the Kainuu-Outokumpu zone 
(open circles) as presented by Loukola-Ruskeeniemi (1992). 
Included are data from the Keretti and Vuonos mines at Outo
kumpu, and from the Talvivaara and Jormua occurrences in 
Kainuu .. 

Carboniferous-Permian event is attributed to 
the rise of the vascular land plants, whereas 
organic carbon in Paleoproterozoic black shales 
obviously represents remains of microbial Iife. 

The Ö13C values of organic carbon in the 
black shales of this study are generally between 
-21 and - 17%0 (Table 12). The Ö13C values of 
associated carbonates range from about 3 to 
10%0 (Tables 2, 3 and 7), and the apparent 
fractionation between organic and inorganic 
carbon remains elose to 27%0. A slightly higher 
estimate was obtained from those dolomites for 
which the isotopic composition of both carbonate 
carbon and organic carbon was determined. The 
difference in the Ö13C values spans from 27.5 to 
35.5%0, with an mean va1ue at 31.4%0 (Table 12) . 

Some g raphitic schists from the Karasjok
Kittilä Greenstone Belt are strongly depleted in 
l3C , and show Ö13C values ranging down to 
-43%0 (Table 12). Thi s unusually light organic 
carbon may be more than a local anomaly, as 
similar carbon isotope ratios have been report
ed for the Ludian black shales from the Lake 
Onega region (Chukhrov et a\., 1984). The Ö13C 
values of carbon for the 9 sampies in their data 
set range from -35.9 to-41.2%0 . The exact 
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stratigraphie position of these sampIes relative 
to the 13C-enriched carbonates is, however, not 

known. 
In the Rajala area in Lapland the stratigraph

ie relationship between this unusually light car
bon and 13C-enriched carbonates can be ob
served in a drill core section (Table 12, R3). 
The core includes a transgressive profile from 
the upper part of the middle Lapponian guartz
ites and graphitic schists to pyroclastic komati
ites of the Upper Lapponian Group (Fig. 35). 
Sedimentary carbonate beds are present only in 
the lower part of the section, and there the 
difference between the ö13C values of inorganic 
and organic carbon is about 24%0 . Higher up in 
the seguence carbonate units are absent and the 
ö13C values of organic carbon record a dramatic 
drop from -15 to -37%0 within 10 meters. These 
results suggest that the light organic matter and 
the 13C-enriched carbonates probably formed in 
the same sedimentary basin , but at different 
times or in different areas. 

The stratigraphie seguence in the Rajala area 
in many respects resembles the Paleoproterozo
ic Francevillian guartzite black shale succes
sion in Gabon, Africa , which is famous for its 
uranium ores and natural U reactors (Gauthier
Lafaye & Weber, 1989). The Francevillian 
Series has been dated to about 2.0 to 2.1 Ga 
using the Sm-Nd method on early diagenetic 
illite fractions (Bros et al., 1992) . In addition, 
the Francevillian succession includes dolomite 
beds , in which the ö13C composition of carbon 
varies from 2.6 to 6.3 %0 . The total organic 
carbon contents of the black shale units are 
high, from about 5 to 10%, and they show pro-

gressively more negative ö13C values , starting 
from about -25 to a minimum of -46%0 higher 
up in the seetion (Gauthier-Lafaye & Weber, 

1989). 
The coexistence of a similar stratigraphie 

seguences with matching, unusual carbon iso
tope systematics in the Fennoscandian Shield 
and in Gabon suggest that the deposition of 
isotopically heavy carbonates could be partial
Iy related to concomitant deposition of unusu
ally light organic matter. 

Depos ition of I3C-depleted organic matter 
has also been reported from several Archean 
successions, where it has been attributed to 
production and utilization of biogenie methane 
(see Schid lowski et al., 1983 ; Hayes , 1983). 
Among natural carbon pools bacte rial methane, 
produced in anoxie environments , is character
ized by the lowest ö13C values. This methane 
may be used and incorporated into biomass by 
methylotrophic bacteria , which in modern en
vironments , however, are generally dependent 
on free oxygen, and therefore Live in aerobic 
environments (Hayes , 1983). 

Possible scenarios for a simultaneous exist
ence of anaerobic and aerobic regions and their 
relation to the deposition of highly 13C-depleted 
organic matter were discussed by Hayes 
(1983). He suggested that the anaerobic and 
aerobic regions were separated geographically, 
but not vertically. However , consideri ng the 
new evidence from the roughly concomitant, 
transgressive succession in Gabon , in Lapland 
and in the Lake Onega area , the latter possibil
i ty appears more probable than the former. 

Summary 

The existing information concerning the tim
in g and mutual relations of Pal eoproterozoic 
sed imentary carbonates and kerogens is frag
mentary . The results presented in this work 
nevertheless show that the roughly 2.2 to 2.1 

Ga old sedimentary carbonates of the Fennos
candian Shield are systematically enriched in 
13c. ]n addition , isotopica lly similar carbonates 
are also found from other Paleoproterozoic 
shield areas , although exact chronostratigraph-



ic correlation is impossible at present due to the 
imprecision of existing isotopic age data. 

The I3C-enriched carbonate units are com

monly but not always associated with volumi
nous organic carbon accumulations. An exam
pIe of this is the Ludian group, which conform

ably overlies the latulian formations in the 
Kiihtelysvaara-ünega area. According to 

Walther's Law (Schoch , 1989) conformable 

facies boundaries, such as the one separating 
latulian and Ludian formations , are probably in 
general diachronous. Therefore , it is likely, 
that while latulian dolomitic stromatolite struc

tures were forming in some parts of the basin, 
organic carbon was already accumulating in 

other, probably deeper parts of the same basin. 

However, the voluminous organic accumula
tions in the Karelian sediments of the Fennos
candian Shield have only been recognized in 
strata that were evidently deposited at or 

around about 2.1 Ga or 1ater. The existence of 
similar organic accumulations in the 13C-en

riched sedimentary carbonate formations older 

than this can , at the moment, only be inferred. 
üne conspicuous feature of the organic accu

mulations associated with heavy carbonates is 
the presence of separate black shale units char
acterized by unusually light, 13C-depleted 
I3C/1 2C ratios. The exceptional depletions in 
13C have probably been produced in combined 

operation of methanogenic and methylotrophic 

bacteria. These cannot, however, be considered 
as representative of organic matter of that time 
in general , since most black shales in close 
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association with 13C-enriched carbonates show, 
in contrast , slight 13C-enrichments relative to 
the average ö13C value of -27%0. 

All these considerations see m to indicate that 
agIobaI event affecting the carbon cycle oc
curred in Paleoproterozoic time. Based on the 

evidence from associated organic accumula
tions the carbon isotope shift was probably 
caused by excessive relative burial of organic 
carbon , and the effect was enhanced by local 
burial of organic matter, strongly depleted in 
13c. 

The net effect of the local burial of strongly 
I3C-depleted organic matter would be to in

crease the average difference between the 
I3C/12C compositions of inorganic and organic 
carbon. The magnitude of this effect is difficult 
to estimate, since the two isotopically different 
organic components appear to have been depos
ited separately, and their relative proportions 
are not known. 

If it is assumed that while carbonates having 
ö13C values at 10%0 were being deposited , the 
corresponding average ö13C composition of or
ganic matter burial was -30%0, then the differ
ence between these two would be 40%0. Substi

tuting this figure for .0. in Equation 5 suggests 
aburial fraction (f

org
) of 0.38 , instead of 0 .55 

calculated above on the basis of .0.=27%0. Most 
probably the actual burial fraction of organic 
carbon was somewhere between these two fig

ures , both of which are considerably higher 
than the modern burial fraction of about 0.2. 

IMPLICATIONS FOR PALEOPROTEROZOIC SURFACE ENVIRONMENTS 

The model presented above , which involves 
a large shift in the global , relative burial rates 

of organic carbon , also has so me important im
plications for the behaviour of other elements . 
Conversely, these implications mayaIso be 
used to empirically test the model, i.e. conse
quences and predictions of the model shou Id be 

in agreement with geologic observations. 

Autotrophic photosynthesis is the dominant 
source of oxygen in modern environments , and 
on the bas is of geologic evidence this proces s 
has apparently been operating from the earliest 
Archean limes (Schopf, 1993; Schidlowski & 
Aharon , 1992; Schidlowski et al. , 1983). In this 
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process CO2 is consumed and 0 2 is liberated as 
a by-product, which may be represented by the 
general reaction: 

CO2 + Hp ---7 CH20 + 0 2' 

where CH20 stands for carbon in newly 
formed organic matter. According to the stoi
chiometry of the reaction, for every mole of 

organic carbon produced, one mole of 0 2 is 
liberated. 

In biological processes majority of the dead 
organic material is reoxidized, which consumes 
also most of the oxygen, and the resulting CO2 
is returned back to the atmosphere-ocean sys
tem. Only a small fraction of the dead organic 
material is buried and preserved in sediments 
(Holland, 1978, Chapter 6), and the corre
sponding quantity of oxidizing potential is 
made available for the atmosphere-biosphere
hydrosphere system. This indicates that any 

increases in the burial rate of organic carbon 
will be accompanied by corresponding addi
tions in the oxidizing potential. 

The fractional burial rate of organic carbon 

could in theory be increased from 0.2 up to 1.0, 
which would mean transition to conditions 
where all carbon is deposited in the form of 
organic material. However, burial of organic 

matter also removes essential nutrients, like 

phosphorus and nitrogen, from the ocean, and 
thus the burial rate of organic carbon probably 
cannot be increased by more than a factor of 2 
to 4 (Holland, 1978, Chapter 6). When the bur
ial rate of organic carbon suddenly increases, 
the response time of the 813C composition of 
the dissolved bicarbonate in oceans is relative
Iy short, being roughly between 105 and 106 a, 
while the atmospheric oxygen levels respond 

more slowly (Holland, 1978, Chapter 6; Kump 
& GarreIs , 1986) . 

It was estimated above that in the period 
about 2 .2 to 2.1 Ga ago the fractional rate of 
organic carbon burial was shifted to a value of 
between 0.38 and 0.55 depending on the value 
chosen to represent the average fractionation of 

carbon isotopes between carbonates and organ-

ic carbon at that time. Evidently this indicates 
a significant shift also in the redox balance of 
the surficial system. 

To get an idea about the quantities in ques

tion, the effects of high relative burial rates of 

organic carbon may be modelIed assuming the 
modern total burial rates for carbon, as was 

done for instance by Knoll et al. (1986) in the 
case of the Neoproterozoic carbon isotope ex
cursion. Using the modern burial fraction ofO.2 

and a total carbon burial f1ux of 28x 10 12 moll 
a (Holland, 1978), the burial rate of organic 
carbon would be about 6x I 0 12 molla, which is 

accompanied by liberation of an equivalent 

quantity of 0 2 or other oxidized products. If the 
burial fraction is higher, between 0.38 and 
0.55, the respective quantities of liberated 0 2 
will be from I I x I 01 2mo l/a to 15x 101 2mo l/a . 

The amount of excess oxidizing potential accu
mulated within 100 Ma is equivalent to 5x1020-

9x 1020mol 0 2' which is from 12 to 22 times 
higher than the present inventory of 0 2 in the 
atmosphere (4xI0 19mol, Holland, 1978). 

The calculation presented above indicates 
that the shift in the redox balance accol11pany

ing the positive carbon isotope excursion may 
have been considerable, although the magni
tude of the increase in atmospheric 0 2 levels 
remains unknown. 

Several geological indicators are sensitive to 
atl110spheric oxygen levels , one of these being 
the behavior of iron in ancient weathering 
crusts. At low oxygen levels iron is present as 
Fe2

+, which dissolves easily and is transported 
from the weathering profile. When the atmos

pheric oxygen contents increase over some 
threshold , iron will be oxidized , and it will be 
retained in the weathering crust as insoluble 

Fe3
+ cOl11pounds (e.g. Holland , 1984, Chap

ter 7). The geochemical data for the oxidation 
state of paleosols was summarized recently by 
Holland (1992) , and these data suggest a signif
icant increase in the 0/C02 ratio of the atmos
phere between 2.2 and 1.8 Ga ago. 

Other indicators suggesting considerable rise 

in the atmospheric oxygen levels at about 2.0 



Ga are the formation of first red beds, the dis
appearance of the deposits containing detrital 
uraninite and pyrite (Holland, 1984, Chapter 7; 
Walker et al., 1983; Cloud, 1980) and the ap
pearance of microfossils interpreted as eukary
otes (Han & Runnegar, 1992). 

All these lines of evidence are compatible 
with a considerable increase in the atmospheric 
oxygen contents between about 2.2 and 1.8 Ga 
ago, al though closer time constraints cannot be 
set due to the nature of the data. In this respect 
the carbon isotope records from sedimentary 
carbonates are important, as they suggest that 
the increase in the oxygen levels occurred 
largely between 2.2 and 2.1 Ga aga and that by 
2.06 Ga aga the global carbon cyc le was al
ready shifted to lower, normal fractional burial 
rates of organic carbon. 

The co-existence of l3C-enriched carbonates 
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and voluminous accumulations of sulfur-poor 
black shales is in general agreement with the 
model presented by Berner & Canfield (1989) 
for the evolution of the atmospheric 0 2 during 
the Phanerozoic time. According to them the 
dominant factor, which has affected atmospher
ic 0 2 levels and öl3C values of dissolved bicar
bonate in the oceans, is the redistribution of 
sediment between marine shales , non-marine 
coal basins and non-marine clastics. The model 
predicts that the highest Phanerozoic 0 2 levels 
were reached as a result of the voluminous 
burial and preservation of organic matter in 
vast coal swamps during the Late Carbonifer
ous and Permian times. As a difference, the 
co al basin sediments should in the Precambrian 
be understood as meaning sulfur-poor exces
sive accumulations of organic carbon, but oth
erwise the geologic settings appear si mi lar. 

IMPLICA TIONS FOR TUE KARELIAN SEDIMENTATION 

General 

The Paleoproterozoic carbon isotope record 
from sedimentary carbonates of the Fennoscan
dian Shield shows many systematic features 
that can be recognised in different parts of the 
shield. Where radiometric dating constraints 
exist these systematic variations can be de
scribed by the Öl3C evolution curve (Fig. 39). 
Within the Fennoscandian Shield the evidence 
supporting the general form of this öl3C versus 
age curve is relatively strong, but indications of 
its global applicability are more theoretical. 

It should be noted that the öl3C versus age 
curve is a generalization that does not describe 
any small scale variations. It is also evident 
that local conditions may affect the carbon iso
tope ratios of carbonates. However , on the 
basis of all the evidence presented in this work, 
the öl3C curve for sedimentary carbonates 
(Fig. 39) appears to be a useful stratigraphic 
tool in correlating sedimentary formations, as 
long as Ihe caveats mentioned above are re

membered. 

Carbon isotope stages of the Karelian sedimentation 

In order to interpret the evolution of the 
Karelian sedimentation , the öl3C evolution 
curve (Fig. 39) is here divided into five stages, 
which are shown in Figure 42. 

Stage I. The carbon isotope stage I includes 
the rare sedimentary carbonates which were 
deposited before the I3C enrichment event. 

Presently available data come from the sedi
mentary horizons within the Lower Lapponian 
volcanic formations in Lapland and from the 
Imandra- Varzuga Belt in the Kola Peninsula. 
These formations appear to represent separate 
intracratonic rifting episodes. 

Stage 11. The second stage includes the shift 
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Fig. 42. Carbon isotope stages observed in Paleoproterozoic 
sedimentar'y carbonates of the Fennoscandian Shield. 

in Ö13C values of carbonate from about 0 to 
about 10%0 (Fig. 42). This stage is hypothetical 
in the sense that no data sets have yet been 
analysed in which the increasing Ö13C trend 
could be seen. It is , however, possible , that the 

dolomite interbeds in quartzites deposited be
fore the 2.2 Ga albite diabase sills and dikes 
could represent this stage, as the Ö13C values in 
these range from 5.3 to 8.6%0. 

In many areas, including the Kuoninkivaara 
area in Central Lapland and the Sericite Schist 
Formation of the Kuusamo district, the silici
clastic sediments deposited before 2.2 Ga show 
tran verse cross bedding and other features sug

gestive of tidal origin (Nikula , 1988 , Silven
noinen, 1992) . These findings are important , 
because they show that at least some of these 
oldest '3C-enriched carbonate sampies are ma
rine in origin. These formations appeal' to rep
resent sedimentation on a stable epicontinental 
platform. 

Stage IH. The third stage contains the sys
tematically '3C-enriched sedi mentary carbon
ates deposited on the Archean craton at about 
2.2 to 2. I Ga, in wh ich the Öl3C values of car
bonate vary from about 8 to 12 .5%0 (Fig. 42). 
Sedimentary carbonate formations representing 
thi s stage are found in most Karelian s upracrus
tal belts , except those that are located close to 
the western margin of the Archean craton. 

As is clearly shown in the Kuusamo (Fig. 26) 

and Peräpohja (Fig. 28) cross seetions, the 
formations of the carbon isotope stage III do 
not represent a s ingle stratigraphie horizon , but 

rather have been formed in connection with 

successi ve rifti ng and sedi mentation episodes 

on the epicontinental platform. 
Some units representing stage III , such as the 

Kvartsimaa Formation of the Peräpohja Schist 
Belt (Figs. 27 and 28) , contain sedimentary 

st ructures suggesting an intertidal environment 
(Perttunen, 1991), but other formations of stage 
III display mudcracks and other ev idence of a 
supratidal origin (Perttunen, 1985 & 199 I ; Sil

vennoinen, 1972 & 1991). 

Stage IV. Carbon isotope stage four records 

an approximately 10%0 drop in the ö13C values 
of sedimentary carbonates. Evidence comes 
from various schist areas, and in several cases 

radiometrie datings seem to constrain the event 
to the time interval between 2. I land 2.06 Ga 
(see Fig. 39). 

Sedimentary carbonates of this stage occur in 
most areas that contain Karelian supracrustal 

formations. In the Kiihtelysvaara-Onega re
gion the uppermost Jatulian dolomite forma
tions al ready show a decrease in the Ö13C val
ues, which continues in the lowermost Ludian 
formations. 

At the western margin of the Archean craton, 

in the southern part of the shield, only Stage IV 
carbonates are present. This appears to be true 
for the Pitkäranta, Varmonniemi , Kuopio , Ala

Siikajärvi and Western Kainuu areas. Further 
northwards this stage is represented by the Am
phibole Schist Formation at Kuusamo, the 
Aatsinginhauta Formation in Salla, the Ran
tamaa Dolomite Formation in Peräpohja and 

the black shale unit between the middle Lappo

nian quartzites and the lowest ultramafic pyro
clastics of the Upper Lapponian Group. 

The pos ition of the Lainio Group in the Kit
tilä-Kolari area is more problematical. Only 
one sedimentary carbonate sa mpie has been an
alysed, and on the basis of a ö13C value of 

5.4%0, at least parts of the Lainio Group could 



represent stage IV. This conclusion should ne v
ertheless be confirmed with further isotopic 
studies. 

Stage V. The youngest carbon isotope stage 
represents the period after about 2.06 Ga, when 
the öl3C composition of sedimentary carbon
ates , according to all the evidence, remained in 
the range 0±3%0. In the Svecofennian Domain 
all sedimentary carbonates represent stage V. 
In the Archean Domain carbonates of stage V 
occur particularly in Lapland , where this stage 
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includes all Upper Lapponian carbonates from 
the Kautoselkä Formation of the Karasjok-Kit
tilä Greenstone Belt and all carbonates from the 
greenstone belts in northern Sweden. This con
elusion cannot however be generalized to em
brace all carbonates in Swedish Lapland , as 
carbonates there probably occur at several 
stratigraphic levels, and only two levels in the 
upper part of the greenstone group were sam
pled for this work. 

Classification of the Karelian formations based on carbon isotopes 

With respect to the carbon isotope ratios of 
sedimentary carbonates there are two principal 
types of Karelian supracrustal successions , 
characterized by distinct carbonate deposition
al histories. The first, cratonic kind of sequence 
occurs weil within the Archean craton 
(Fig. 43). It is characterized by a long deposi
tion history of siliciclastic sediments , overlain 
by stage II and UI dolomites , which , in turn, in 
most areas are followed by the deposition of 
stage IV limestones and dolomites. 

A typical example of the cratonic sequence 
is the Kiihtelysvaara-Onega region. There the 
Sariolian and lower latulian siliciclastic meta
sediments are overlain by accumulations of 
upper latulian stage TII dolomites up to hun
dreds of meters thick , followed by latulian and 
Ludian sed i mentary carbonates representi ng 
stage IV. Similar overall successions are found 
for instance in the Kuusamo and Peräpohja 
schist belts and in the Central Lapland area . 

The second kind of Karelian supracru stal 
successions is found elose to the southwestern 
margin of the Archean craton, and is therefore 
here called the margi nal type of seq uence 
(Fig. 43). Characteristic of these formation s is 
the presence of stage IV carbonates and the 
absence of carbonates representing earlier stag
es. The transi tion from cratonic to marginal 
sequences is abrupt , occurring within a few 
tens of kilometers (Fig. 43) , and no transitional 
successions have been recognized. 

An example of the marginal sequences is 
found around the Archean basement domes of 
the Pitkäranta area. There the sedimentary car
bonate representing stage IV have been depos
ited directly on the Archean basement (Figs. 15 
and 17) , which i ndicates a precedi ng period of 
erosion. The Karelian successions in the Kuo
pio , Ala-Siikajärvi and Western Kainuu areas 
also show carbon isotopic signatures of stage 
IV, but, in contrast to the Pitkäranta area , car
bonate beds there are underlain by s ilicielastic 
metasecliments. However, compared to the cra
tonic sequences the thickness of these forma
tions remains relatively smal!. In the Western 
Kainuu zone the lower boundary of these 
quartzites, belonging to the Eskosenvaara For
mation , is interpreted as an unconfo rmity (Laa
joki , 1991), but in the Kuopio area no uncon
formiti es have been reported from within the 
sequence. 

The association of the sedimentary carbon
ates of the Kalix Greenstone Belt with stage IV 
is more tenuous. Firstly, the Öl3CTot values there 
are increasing rather than falling (Fig. 30). Sec
ondly, the depositional basement is not known 
(Lager & Loberg, 1990), and, consequently, 
stage Irl carbonates might exist below the 
known part of the section. 

On the other hand the sedimentat·y carbonate 
formations of the Kalix area also share some 
features typical of the marginal sequences. The 
measured Öl 3CTot values range from 2.6 to 4.8%0 
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Fig. 43. Distribution of cratonic and marginal types of Karelian sequenccs based on interpretation of carbon 
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(Table 9), which are for instance comparable 
with results from the Pitkäranta, Kuopio and 
Western Kainuu areas (Tables 4 and 6). In ad
dit ion, only minor quartzitic units are present, 
and the carbonate bearing Middle Group is sep
arated from the Lower Group by an unconform
ity and a paleoweathering crust (Lager & Lo
berg, 1990). 

As is suggested by the geographica l distribu
tion of the Karelian marginal sequences 
(Fig.43) and other geological features de
scribed below, the deposition of the Kare lian 
marginal sequences may have been related to 
break-up of the Archean craton and opening of 
a marginal basin during carbon isotope stage 
IV. This suggestion agrees with arecent esti-



mate of Kohonen & Marmo (1992), who sug
gested that the break-up of the continent oc
curred about 2.1-2.2 Ga ago. 

Continental break-up is generally considered 
to be preceeded by mantle upwelling and dom
ing (Burke & Dewey, 1973). On the surface this 
would be presented by aperiod erosion, such as 
appears to be typical of most Karelian marginal 
sequences. Early rifting is followed by opening 
of an oceanic basin and thermal subsidence of 
the margins. In the sedimentary sequences this 
would be seen as a transgressive shift from 
shallow water to deep water sedimentation. The 
stratigraphic successions in the Karelian mar
ginal sequences are in accord wi th this model, 
as the Jatulian and Ludian successions there are 
followed by deeper water mica schists of the 

Geological Survey of Finland, Bulletin 371 77 

Kalevian group. 
The boundary between marginal and cratonic 

sequences (see Fig. 43) follows the line drawn 
by Laajoki (1991) to separate Eastern and 
Western Karelides in the North Karelia and 
Kainuu areas. On the basis of lithological dif
ferences he further suggested that these crustal 
units may be mutually exotic. According to 
alternative solution presented above , the mar
ginal sequences were possibly deposited in a 
different geotectonic environment, where the 
erosion-deposition history was domin ated by 
processes leading to break-up of the Archean 
craton . Nevertheless, in the light of existing 
data it appears difficult to disprove either of 
these models . 

Summary 

The interpretations presented above are gen
erally in agreement with the existing isotopic 
age data , and in many respects they conform to 
existing conceptions about the general stratig
raphy of the Karelian formations. Nevertheless, 
even widely separated and lithologically differ
ent successions may be compared, and as a 
result new interpretations also arise. Some of 
these correlations are summarised and dis
cussed shortly in the following. 

Sedimentary carbonates of stage IV appear to 
be most in teresting for the purpose of correla
tion . In eastern Karelia, in the middle of the 
Archean craton the transition from stage IIT to 
stage IV carbonates occurs roughly at the Jat
ulian-Ludi an boundary, and therefore, the dis
tinction between these groups has been evident 
f rom the turn of the century (e.g. Ramsay , 1902 
&1906; Metzger, 1924; Sokolov, 1980). At the 
western margin of the Archean craton this 
boundary, however, cannot be easily recog
nised, and accordingly no di s tinction has gen
erally been made between the latulian and 

Ludian sedimentary carbonates. Therefore, the 
recognition of the marginal type of Karelian 
sequences, characterized by stage IV carbon
ates, can be expected to be useful for future 
correlations. 

Another interesting correlation pos si bility 
arises between widely separated formations in 
Lapland and those in the Kiihtelysvaara-Onega 
region. The sedimentary carbonates within the 
Middle Lapponian quartzites generally repre
sent carbon isotope stage III and are therefore 
correlati ve wi th the 1 atulian form a tions in 
Karelia. This also applies to similar carbonate 
units closely associated with volcanic forma
tion s in the Kittilä-Kolari region. However, 
carbonates from the voluminous volcanic for
mations in the sou thern part of the Karasjok
Kittilä Greenstone Belt as weil as from the 
greenstone belts of Western Lapland represent 
stage V and therefore, these volcanic forma
tions are apparently correlated with the Ludian 
formations in the Kiihtelysvaara-Onega re
gion. 
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CONCLUSIONS 

lt has been shown that the Paleoproterozoic 

sedimentary carbonates show consistent evolu
tionary trends of 13C/1 2C ratios in different su

pracrustal belts of the Fennoscandian Shield. 
The timing of systematic isotope shifts was 
estimated using information from formations 
for which the age of deposition was constrained 
from radiometric data . The results suggest that 

in the time period 2.2 to 2. I Ga only strongly 
13C-enriched carbonates, with 8 13C values in the 

range 10±3%0, were deposited. The carbonates 
deposited between 2.1 land 2.06 Ga recorded 

a sharp approximately 10%0 drop in the 813C 
values. Based on the systematics of this time 
trend and on the data from associated organic 
carbon accumulations the following conclu

sions can be made: 
I. The data presented in this study as weil as 

published results from the other shield areas are 
compatible with a model of a global perturba
tion in the carbon cycle, which was caused by 

excessive relative rates of burial of organic 

carbon. 

2. The whole atmosphere-biosphere-ocean 
system was affected, as is evidenced by con

comitant deposition of black shales character
ized by heavier than normal carbon isotope 
ratios . Local deposition of isotopically unusu
ally light organic carbon showing 813C values 
down to -43%0 may have enhanced the positive 
isotope shift of the surficial carbon reservoir. 

3. As organic carbon burial is associated with 
oxygen production, the isotope shift may be 

connected with the generally observed rise in 
atmospheric oxygen contents at about 2.0 Ga. 
Based on carbon isotopic records from sedi
mentary carbonates this change probably oc
curred largely between 2.2 and 2.06 Ga ago. 

4. The carbon isotope shift in carbonates may 
be used for stratigraphic correlation of sedi
mentary formations, at least within the Fenno

scandian Shield. 
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Appendix I. Descript ion s and locations of sedimen tary carbonate sam pIes . 
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2577. 1 

6683.3 2577.1 
6683.3 2577. 1 
6683 .3 
6683 .3 
6938.7 

6688 . 
6688. 

6688. 
7327 .6 

7227.8 
7363. 

2577 .1 
2577. 1 
1576. I 
j 571. 

1571. 
1571. 

25 13.4 

3444.4 
3451. 

7318.5 2522.0 

6665.5 
6673.2 
6683.9 

6683.9 
6683.9 
6683.9 

2437.2 
249 1. 2 

2504.0 
2504.0 
2504.0 
2504 .0 

6957.2 4447 .6 
6957 .2 4447.6 
7484.9 2485. I 
6856.5 1538 .5 
6856 .5 1538.5 
6772 .5 2426.7 

& ) Total yield of CO, as ~mol/mg. For pure ca lc ile and do lomite the yie lds a re about 10.0 and 10. 8 ~mol/m g, 
respec tiv e ly. 

7 

7 

4 

7 
4 

33 

7 
15 
15 
15 
15 
7 

7 
4 

24 

7 

7 

24 

30 
30 

30 
30 
30 
3 1 
31 

4 
4 

4 

') Source of samp Ies: 1. E. Ekdahl, GSF, KlI Opio , 2. J. Hallika ine n, Lapin Marmori Oy, Loue, 3 . E. Hanski , 
GSF, Rova ni emi, 4. R. Harinen , Parlek Minera ls Oy, Para inen, 5 . M . Havo la, GSF, Ku opio , 6. M. Honk amo , 
GSF, Rovaniemi, 7. P. Karhune n, Mineralogical Mu seum, GSF, Espoo, 8. R . Kesola, GSF. Kuopio , 9 . J. 
Kohonen, GSF, Espoo, 10. A. Konlin en, GSF, Kuopio, 11. J. Kurki , Olltok umpu Oy, OUl okumpu , 12. I. Lage r, 
Lul eä Universi ry, Sweden, 13. M. Lehlinen, Parlek Minerals Oy. Lappeenranla , 14. M. Lehtinen , Geologica l 
Mu seum , Universily of Hel s inki , 15 . P. Lehlincn , Lohja Oy, Sipoo , 16. M. Lehlonen, GSF, Espoo , 17. H . 
Lukkarinen, GSF, Kuopio, 18. T. Manninen , GSF, Rovaniemi , 19. P. Medvedev , Ru ssian Academy of Sciences , 
Pe trozavodsk, 20. D. Mihai lova & K. Slepanov, Sevzapgeologija, SI. Pelersb urg, Ru ssia, 21. V. Niiniskorpi, SG 
Ab, Kiruna , Sweden , 22. J. Paavola , GSF, Kuopio, 23. Y. Pekkala, GSF. Espoo , 24. V. Pertl unen , GSF, Rova 
ni emi , 25. P. Pihlaja , GSF, Espoo, 26. J . Räsä nen, GSF, Ro van iem i, 27. P. Ras las, GSF, Ro van iemi, 28. 1. 
Rein ik a inen, GSF, Espoo, 29. R. Ruol sa la inen , Nalional drill core a rchi ves, GSF, Loppi , 30. R. Saikkonen, 
Lohja Oy, Lohj a, 3 1. R . Sarikkola, Outokumpu Oy , OUlokumpu , 32. H. Schöberg , Swedish Mu seu m of Natural 
Hi s tory, Stockholm , 33. E. Sonninen , University of Hel sinki , 34. V. Suomine n, GSF, Espoo, 35 . E. Tammin en, 
University of Oulu , 36. M. Torsso ne n, GSF, Espoo , 37. J. Väänänen , GSF, Rovani emi , 38. A. Vorma, GSF, 
Espoo, (GSF = Geologieal Survey of Finl and ). 



Appendix I . (continu ed) 

Sampi e Tabl e Original Description Yie ld&) Grid coordinates Source *) 

no . no. sam pie no. x y 

C- 123-C Medium-grained , ye llowi sh marbl e 9.47 6772.5 2426.7 
C- 125-A Coarse-grained, white marble 9.59 6870.4 4448.8 13 
C-125 -B Coarse-grained , white marble 9.41 687 1.15 4447.94 L3 
C- 127-A 4 Medium -g rained , white marble 9. 63 7 
C- 127-B 4 983 White marbLe with darker inte rcalations 9.33 L4 
C-128-L 8 Very finely crystalline, ye llo wish dolos tone 9.09 7347.2 2542.4 2 
C - 128-2 8 As C-128 - L 9.77 7347 .2 2542.4 2 
C-128-3 8 Very finely crystalline dolostone , 8 .03 7347.2 2542.4 24 

assoc iated with stromatolites 
C-129 8 Fine-g rained, gra y, 7 .75 7320. 2505. 2 

tremolite bearing dolostone 
C-J30 8 Very finely crystalline, white , dolostone LO.27 7327.6 2522 .5 2 
C-131 5 Fine-gra ined , gray marbl e 9.50 6871.4 4497.65 13 
C-L32-A Medium-grained, white marble 9.06 688 5.1 352 1.6 13 
C- 132- B I Medium-grained, ye llowi sh marble 8 .34 6885. I 352 1.6 13 
C-133 2 2369 Medium-grained , carmine red dolostone 9 .56 7 
C-135-A 3 JuPe- LI !20. LO Fine-gra ined , light gray marble 9 .68 7001.66 4453 .63 LI 
C-1 35-B 3 J uPe-2 1/18,00 Li ght g ra y, tremolite bearing marble 9.79 7001.64 4453 .28 11 
C- 139 4 2 LB-HMM-78 Med ium-grained, white marble 9.21 7001.80 35 11 .16 17 
C-144 2 2172/Ramsay Fine ly crystalline, gray dolostone 8 .51 14 
C-L46 2 1255/Ramsay Med ium -crys ta lline, white dolostone LO.15 14 
C-147 4 LI-6-HJL-85 Fine-gr. , white dolostone, 12.5 m from the 8.78 6980.28 3529 .70 17 

Pe tonen- Vaivane n formation boundary 
C-148 4 15-2- HKÄ -82 Med ium -g rain ecJ, white dolostone 9 .22 6990.57 3529.9 1 17 
C-149 4 Fine-gra ined, dark gray dolostone 9.59 7011.58 3569.22 22 
C- 150 2 3/Wahl Fine ly c ry stalline dolostone 9.63 14 
C-151 2 1306/Wahl Fine-gra ined, white dolostone 9.68 L4 
C-152 2 1308 Fine-gra ined, light gray lim es tone 9.43 14 
C- 153 10 34A-ROK-74 Med ium -grained, white marble 9.77 75 10. 60 2524.44 27 
C-154 10 26A-PPR-75 Medium-gra ined, pink marble 8.85 75 11.02 2535.47 27 
C-156-A 6 43A-VH-70 Very finely cry s talline, gray carbo nate rock 8.28 7144.6 5 3530.70 10 
C-156-C 6 Lamina ted carbonate rock , 9.63 7146 . 13 3532.65 10 

pelitic interca lations 
C-157 10 51-JTV-78 Med ium -g rained , gray marble 9.27 7486.86 2484.89 37 

&) Total y ie ld of CO, as ~mol/m g. For pure ca lcite and dolomite the yie ld s are abo ut 10 .0 and 10. 8 ~mo l/mg, 
respectively. -

' ) Source of samp ies: I. E. Ekdahl , GSF, Ku opio , 2 . J. Hallikainen, Lapin Marmori Oy, Lou e, 3. E. Han ski , 
GSF, Rovani em i, 4. R. Har inen, Part ek Minera ls Oy , Pantinen, 5. M. Havo la, GSF, Ku op io, 6. M. Hon ka mo , 
GSF, Rovaniemi , 7. P. Karhun en, Mineralogi ca l Mu seum , GSF, Espoo, 8. R. Keso la, GSF, Kuopio , 9 . J. 
Kohonen , GSF, Espoo, LO. A. Kontine n, GSF, Kuopi o, I I. J. Kurki , Out oku mpu O y, Outokumpu , 12. 1. Lager , 
Lul ea University , Sweden, 13. M . Le htinen, Partek Minera ls O y, Lappeenranta, 14 . M. Lehtinen , Geological 
Museum, University or He ls inki , 15 . P. Lehtinen , Lohja Oy , Sipoo, 16. M. Leht one n, GSF, Espoo, 17. H. 
Lukkarinen , GSF, Kuopio , 18. T. Manninen , GSF, R ovaniemi, 19. P. Medvedev , Ru ss ia n Academy of Sciences, 
Pe trozavodsk, 20. D. Mihailova & K. Stepanov , Sevzapgeo log ija, SI. Pe tersbu rg , Ru ssia , 21. V. Niiniskorpi , SG 
Ab, Kiruna , Sweden, 22. J . Pa avo la, GSF, Ku o pi o, 23. Y. Pekk ala, GSF, Espoo, 24 . V. Perttun en, GSF, Rova
niemi , 25. P. Pihl aja, GSF, Espoo , 26. J. Räsänen , GSF, Ro vaniemi, 27. P. Rastas, GSF, Rovani emi. 28. J . 
Rei nik a inen , GSF, Espoo, 29 . R. Ruot sa lainen, National drill core arc hi ves. GSF, Loppi , 30. R. Sai kkonen, 
Lohj a Oy , Lohja , 3 1. R. Sarikkola , Outokumpu Oy, Outokumpu , 32. H. Schöberg , Swedish Mu se um of Natural 
Hi sto ry, Stock ho ll11 , 33. E. Sonninen, Uni vers ity o f He ls inki , 34 . V. Suominen, GSF, Espoo , 35. E . Taml11inen , 
Unive rs ity of Oulu, 36. M. To rssonen , GSF, Espoo, 37 . 1. Väänänen , GS F, Ro va niel11i , 38 . A. Vorm a, GSF, 
Espoo, (GSF = Geological Survey o f Finland). 



Appendix I. (con t inued) 

Sampi e Table Original Description Yield&l Grid coordinates Source* ) 

no . no . sampie no . x y 

C-158 Med ium-gra ined, li ght g ray marbl e 10.09 6870.4 4450.2 13 
C-160 966 1 Coarse-grai ned, w hite marble 8.05 14 
C - 16 1 2 127 1/ Ram say Fine-grained , black dolostone 9 .59 14 
C-162 2 238/Metzge r Finely crysta lline , pink dolostone 9 .92 14 
C- 163 5 42-MS H-78 Fine-g rained, 7 .9 1 7205.06 3466.89 6 

g ra y , tremolit e bea ring dolostone 

C-164 5 19-MSH -85 Fine-g rained , g ray , 8.49 7185.09 3482.85 6 
tremolite bearing dolos ton e 

C- 165 2 4 17/Metzge r F ine ly crysta lline dolostone wi th s tromato- 4 .29 14 
lite form Carelo:ool1 jatliliclIl1l (M et.) 

C- 168 1 Medium -g ra ined , g ray marbl e 9.27 6895 . 1 35 16.1 13 
C-l69-A 10 165-I-PIP-80 Banded , w hite dolostone 8. 19 7534.37 3489.48 25 
C- 170-A 8 R4/3.5m Finely c rysta lline, ye llowi sh dolostone, 9.9 1 7321.67 2547.95 24 

11 m above the Tikanmaa- Rantamaa 

formation boundary 
C- 170-B 8 R4/ 5.4m Finely c rys ta lline , ye llo wish dolostone, 9.32 7321.67 2547.95 24 

9 m above the Tikanmaa- Rantamaa 

forma ti o n boundary 
C-170-C 8 R4/8. 0m Finely crysta ll ine , white do los to ne, 9.63 732 1.67 2547.95 24 

7 m above the Tikanmaa-Rantamaa 

formation boundary 
C - 170-D 8 R4/1 0 .8m Finely crys talline, li g ht g ray dolos tone , 9.02 7321.67 2547.95 24 

4 m above the Tikanmaa- Ranlamaa 
fonnation boundary 

C-1 7 1-A 8 R7/228.4m Finel y erysta lline, pink dolos tone 9. 10 7322.22 2551 .70 24 
C-17 1-C 8 R7/247. 8m Fine ly erys talline , pink dolos tone 9. 16 7322.22 2551. 70 24 
C-17 1- D 8 R7/249.9m Finel y c rystalline , pink dolos tone 7. 18 7322.22 2551.70 24 
C- 17 1-E 8 R7 /255 .2 m Finely crys talline , pink dolos tone 9 .29 7322 .22 255 1.70 24 
C- 176 5 Medium-g ra ined , pink ma rbl e 9.42 7204 .05 3449 .65 8 
C-I77 -A 4 55-RMA-78 Medium-gra ined, pink marbl e, about 9.35 6971.68 3532.20 17 

100 m be low the Petonen- Vaivanen 
form ation boundary 

C-I77-B 4 56-RMA-78 Gray marble , transition zone between 7. 16 69 71.76 3532. 13 17 
Pe to nen and Vaiv ane n formations 

&) Total y ie ld of CO, as Ilmol /mg. For pure calcite and dolomite the yie ld s a re abou t 10.0 and 10.8 lImo I/ mg, 
re spec ti vely. -

') Souree of sa m pi es: I . E. Ekda hl , GSF, Ku op io, 2 . J. Hallikainen, Lapin Marmori Oy , Loue, 3. E. Han sk i, 
GSF, Rova niem i, 4. R. Ha rinen, Pa rt ek Minera ls Oy , Parainen , 5. M. Havo la , GSF, Ku opio, 6. M. Honka mo , 
GSF. Rovani emi. 7. P. K a rhune n , Minera logieal Museum , GSF, Espoo, 8. R. Keso la, GSF, Kuopi o , 9. J. 
Kohonen, GSF, Espoo, 10. A. Kontinen , GSF, Kuopio , 11. J. Kurki , Outok umpu O y, Outokumpu, 12. 1. Lage r, 
Lul eä Unive rsi ty. Sweden . 13. M. Lehtin en , Partek Mine ral s O y, La ppeen ran ta , 14 . M . Le hlinen , Geologiea l 
Mu se um , University of He lsin ki . 15 . P. Le ht inen, Lohja Oy, Sipoo, 16 . M . Le ht onen , GSF, Espoo, 17. H. 
Lukk a rinen , GSF, Kuopi o. 18 . T. Manninen, GSF, Rovaniemi , 19. P. Medvedev , Ru ssian Aeadem y of Seienees, 
Pe trozavodsk , 20. D. Mih ai lova & K. Stepanov. Sevzapgeo log ij a. SI. Pe te rsbu rg, Ru ssia. 2 1. V. Niiniskorpi, SG 
Ab. Kiruna , Sweden , 22. J. Paavo la, GSF, Ku opio. 23. Y. Pekkal a , GSF, Espoo, 24 . V. Pe rttun en, GSF, Rova
niemi, 25. P. Pihlaja, GSF, Espoo, 26. J . Räsänen. GSF, Ro va ni emi , 27. P. Ras tas , GSF, Rova ni emi , 28. 1. 
Rei nikaine n. GSF. Espoo. 29. R. Ru o tsa la inen , National drill co re arc hi ves, GSF, Lop pi. 30. R. Saikkonen. 
Lo hja Oy, Lo hj a, 3 1. R. Sarikko la, O ut ok umpu Oy, Outokumpu , 32. H. Sehöberg, Swedish Mu se um of Natural 
Hi s lo ry, Sloekho lm , 33. E. Sonn in en , Univers it y o f Hels inki, 34. V. Suom inen, GSF, Espoo. 35. E. Tamm inen , 
Unive rs ity of Ou lu , 36. M. To rsso nen , GSF, Espoo , 37. J. Väänänen. GSF, Rovani emi , 38 . A. Vonn a, GSF, 
Espoo. (G SF = Geologiea l Survey of Finlanc1). 



Appendix 1. (continued) 

SampIe Table Ori g inal Desc ription Yield&1 Grid coordinates Source*1 

no . no. sam pIe no. x y 

C-179 10 I 12A-RAR-74 Medium -g rained , g reenish marble , 8.97 7492 .08 2509.49 
10m laye r 

C-180 10 62E-ROK-73 Fine-grained, gray marble 7.06 7512.15 2525 .06 
C-181 Fine-grained , pure white marbl e, 10m layer 9.80 6715.3 2535.4 
C-182 Fine-grained , white marbl e , 10m layer 9.19 6714.8 3 2567.25 
C-187-A 3 R309/64.50m Medium -g rained , pink dolostone 9.64 6924.86 4515.82 
C-187-B 3 R309/54 .50m Fine-grained , laminated, white dolostone 8.65 6924.86 4515.82 
C-187 -D 3 R309/66.40m Medium-grained , pink dolostone 10.04 6924.86 4515. 82 
C-188-B 3 R310/174.60 Fine-grained , pink dolostone 8 .28 6924.81 4515.68 
C-188-C 3 R3 10/164.30 Fine-g rained , pink dolostone 10. 38 6924.81 4515.68 
C-188-E 3 R310/135.60 Fine-grained , red calcite rock 9.54 6924. 8 1 4515.68 
C-l88-H 3 R310/82.60 Fine-grained, gray, laminated dolostone 9.85 6924.81 4515.68 
C-188-J 3 R310/149.70 Fine-grained , pink calcite rock, 8.66 6924. 8 1 4515.68 

chen nodule s 
C-188-K 3 R310/149.70 Fine-grained , red , laminated 9.07 6924.81 4515.68 

calcite -dolomite rock 
C-189-A 3 R311 / 170.40 Fine-grained , greenish gray, 7.61 6924.76 45 I 5 .54 

phyllite laminae 
C-189-F 3 R3 11/1 23. 50 Fine-grained , greenish gra y calcite rock 7.24 6924.76 45 l5.54 
C-189-J 3 R311 / l05.40 Fine-grained , gray , tremolite bear ing 7.62 6924.76 4515 .54 
C- I92-F 4 II-K5-HJL-85 Medium -g rained marbl e, 7.86 6980.28 3529.70 

0.85m from the Pe tonen-V aiva nen 
formation boundary 

C-I92-G 4 II -K4-HJL-85 1.35m from the Petonen-V aivanen 7.7 8 69 80 .2 8 3529.70 
formation boundary (see C-I92-F, C-147) 

C-193-A 8 Finely crystalline, Im dolostone bed 8.59 7312.6 2519.9 
in quan zite 

C-193-B 8 BOllom of a 10m bed in quart z ite , 35m 9.23 7312.6 25 19.9 
higher in stratigraphy compared to C-193-A 

C-193-C 8 Finely crystalline , top of a 10m bed 7 .85 73 12 .6 2519.9 

in qu art zite 
C-197 8 42-PJM-87 Medium -g rained , light gray dol os tone 8 .74 7385.8 3496.3 
C-199-A 10 Fine-grained , li gh t gray , 7 .3 6 7514.0 3443.4 

lamina ted dolostone 

&) To tal yield of CO, as ~mol/mg. For pure ca lc ite and dolomite the yields are abollt 10.0 and I 0 .8 ~mol/mg , 
respec ti ve ly. 
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27 
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29 
29 
29 
29 
29 
29 
29 

29 

29 

29 
29 
17 

17 

24 

24 

24 

3 

') Source of sa mpIes: 1. E. Ekdahl , GSF , Kuopio , 2. J . Hallikai nen. Lapin Marmori Oy. Lou e, 3 . E. Han ski , 
GSF, Rovani emi , 4. R. Harinen, Parlek Mine ral s Oy, Parainen , 5. M. Havola, GSF, Kuopio , 6. M. Honkamo , 
GSF, Ro va ni em i, 7. P. Karhunen, Mine ralog ical Mu seum , GSF , Espoo, 8. R. Kesola , GSF, KlIOpio , 9. J. 
Kohonen, GSF Sspoo, 10. A. Kontinen , GSF, Kuopio , 11. J. Kurk i, Outokumpu Oy, Outokumpu , 12. 1. Lager, 
Luleä Univ( ' Sweden, 13 . M. Le htinen , Partek Mine rals Oy, Lappeenranta , 14. M . Lehtinen , Geo logica l 
Muse um , U) ty of Hels inki, 15. P. Lehtinen , Lohja Oy , Sipoo . 16. M . Lehtone n, GSF, Espoo , 17. H . 
Lukkarin en, GSF, Kuopio , 18. T. Manninen, GSF, Ro vani emi , 19 . P. Medvedev, Ru ss ian Academy of Sc ie nc es, 
Pe trozavodsk, 20. D. Mih a ilova & K. St epanov , Sevza pgeo logija , Sr. Pe tersburg, Ru ss ia , 21. V. Niiniskorpi, SG 
Ab, Kiruna, Sweden, 22 . J. Paav ol a, GSF, Kuopio, 23 . Y. Pekkala, GSF, Espoo, 24. V. PertlUn en, GSF, Rov a
nie mi , 25. P. Pihlaja, GSF, Espoo , 26. J . Räsänen , GSF, Rovanie mi, 27. P . Ras tas, GSF, Rovani emi , 28. 1. 
Re inikainen, GSF, Espoo, 29. R. RlIots a laine n, National drill core archives , GSF, Loppi , 30. R. Saikkonen, 
Lohja Oy , Lohja , 3 1. R. Sarikkola, Outokumpu Oy , Outokumpu , 32. H. Schöbe rg, Swedish Mu se um of Na tural 
Hist o ry , Stockholm , 33. E. Sonninen, University of Hels inki , 34. V. Suominen , GSF, Espoo , 35. E. Tamminen, 
U ni ve rsity of Oulu, 36. M . Torssonen, GSF, Espoo , 37 . 1. Väänänen , GSF, Ro vani emi , 38. A. Vorma , GSF, 
Es poo, (G SF = Geo log ical Survey of Finland). 



Appendix I. (cont inued) 

Sam pie Table Original Description Yield&l Grid coordinates Source*l 

no. no. samp ie no. x y 

C-200 7 Fine-grained , ye llowi sh marbl e 10.04 7411.3 4452.3 18 
C-201 Fine-grained , pure white calcite rock 9.37 6702.00 2482.32 

C-202 Medium -grained , whit e marble 9.21 6670.8 1523.8 34 

C-204 Medium-grained , li ght gray marble 8.77 6643.5 1493 .9 34 
C-205-A Medium -grained, white marble 9.82 6687.6 1529.8 34 
C-205-B Fine-g rained , white marble 9.67 6687.6 1529.8 34 
C-206 Medium-grained, white marble 9.66 6724.4 1491.5 34 
C-207 I Fine-graned, gray marble 8. 14 6715.3 1505.2 34 
C-208-A 109 R6/69 ,8 0 Medium-grained , whi te marble 9.93 7488.45 2478.0 1 37 
C-208-B 10 R6/276,60 Medium -g rained, pinkish gray marble 9.30 7488.45 2478.0 1 37 
C-208-C 10 R6/690 ,10 Medium -g rained , gray marble 9.80 7488.45 2478.0 1 37 
C-210-1 7 30 Dolostone , powder sam pie 7.49 7334.0 4473.7 23 
C-210-2 7 55 Dolostone, powder sam pie 10.03 7364.1 4469.4 23 
C-210-4 7 68 Limestone, powder sampie 9.70 7365.0 4469.3 23 
C-210-5 7 96 Dolostone, powder sam pie 9.22 7364.0 4480.8 23 
C-210-6 7 98 Dolomitic limestone, powder sampie 7.58 7364.0 4480.8 23 
C-210-7 7 RI2 /60.0 Dolostone , powder sam pie 9.95 7365.96 4477.89 23 
C-210-8 7 RI2/120.0 Dolostone, powder sampie 9.43 7365.96 4477 .89 23 
C-210- 10 7 RI2/160.0 Dolomitic limes tone 8.95 7365.96 4477 .89 23 
C-211-10 10 SP226/83.00 Finely crysta lline, gray do lo stone 9.34 7522.5 2517.5 35 
C-211 - 11 10 SP280/72.70 Fine-grained , gray dolostone 8.29 7522.5 2517.5 35 
C-212-A 8 Finely crystal line, yellowish dolostone 9.84 7312.62 2521. 16 
C-212-B 8 Finely crysta lli ne, gray dolos tone, 9.87 7312 .58 2520.99 

stratigraphie pos ition about 
200 m be low C-212-A 

C-213 8 Finely crystalline, pink do lo stone 9.41 7307.6 2541. I 
C-215 10 Finely crystalline, white dolostone 10.07 75 13.63 3453.28 16 
C-216 10 175F-ROK-75 Medium -g rained, gray marble 9.38 7512.15 2506.24 27 
C-220-A 10 21 1-3-LUP-88 Medium -grained , yel lowish marble 8.32 7455.3 3503 .9 26 
C-220-B 10 95-PEM-73 Medium-grained, pink marble , 9.43 7454.86 3502. 10 26 

within quartzites 
C-221 10 95-JER-78 Fine-g rained , li ght gray dolostone, 8.96 7448.00 3546.94 26 

within black shales 
C-227-A 10 35-JTV-79 Medium-grained, pink marble 7.83 7478.56 2492.36 37 

&) Total yie ld of CO, as ilmol/mg. For pure calc ite and do lomite the yields are about 10.0 and 10.8 ilmol/mg , 
respective ly. -

') Source of samp ies: I . E. Ekdahl , GSF, Kuopio , 2. J. Hallikainen. Lapin Marmori Oy, Lou e. 3. E . Hanski , 
GSF, Rovaniemi , 4. R. Harin e n, Part ek Mineral s Oy, Parainen , 5. M. Havola , GSF , Kuopio , 6 . M. Honkamo, 
GSF, Rovaniemi , 7. P. Karhunen. Mineralogica l Mu se um. GSF, Espoo, 8. R. Kesola , GSF, Kuopio , 9. J. 
Kohon en , GSF, Espoo , 10. A. Kontine n, GSF, Kuopio, 11.1. Kurki, Outokumpu Oy, Outokumpu, 12.1. Lage r, 
Luleä University , Sweden, 13. M. Lehtinen, Partek Minerals Oy. Lappeenranta. 14. M. Lehtine n, Geological 
Mu se um , University of Hels in ki, 15. P. Lehtinen. Lohja Oy. Sipoo , 16. M. Lehton en. GSF, Espoo, 17. H. 
Lukkarinen , GSF, Kuopio . 18 . T. Manninen , GSF, Rovaniemi , 19. P. Medvedev, Russian Academy of Sciences, 
Pe trozavodsk, 20. D. Mihailo va & K. Stepanov. Sevzapgeo logija , SI. Pete rsburg, Russia , 21. V. Niiniskorpi , SG 
Ab, Kiruna , Sweden , 22. J. Paavola , GSF, Kuopio , 23. Y. Pekkala. GSF, Espoo , 24. V. Pert tun en. GSF, Ro va
ni emi, 25. P. Pihlaja. GSF, Espoo, 26. J. Räsänen, GSF, Rovani em i, 27. P. Ras tas. GSF, Rovaniemi , 28 . J. 
Rein ikaine n, GSF, Espoo. 29. R. Ruotsalainen , National drill core archives, GSF, Loppi , 30. R. Saikkonen , 
Lohja Oy. Lohja. 31. R. Sarikkola, Outokumpu Oy , Outokumpu. 32. H. Schöberg , Swedish Mu se um of Natural 
Hi s tory. Stockholm, 33. E. Sonninen , University of Hel si nki , 34 . V. Suominen, GSF, Espoo, 35. E. Tamminen, 
Univers ity of Oulu , 36. M. Torssonen. GSF, Espoo, 37. J. Väänänen, GSF, Rovan iem i, 38 . A. Vorma , GSF, 
Espoo , (GSF = Geological Survey of Finland). 



Appendix I. (conti nued) 

Samp Ie Table Origi nal Descr iption 

no. no. sam pIe no. 

C-227- B 10 R2/8 ,3 Med ium-grained , gray marble 
C-23 1-A 5 OKU-796/669.20 F ine-grai ned, li ght gray do lomi te rock 
C-231-B 5 OKU-796/677 .06 Fine-grained , light gray dolomite rock 
C-236-A 10 R39/20.7 Med iu m-grained, ye ll owis h marble 
C-236-B 10 R44/3 5.0 Medium-grained, white marble 
C-237 10 R78062/67 Medi um-grained, while marble 
C-238 10 TIA- IO/45.70 Medium-grained, while marble 
C-239 10 R-78096/64 .80 Fine-grained , yellowish marble 
C-240 10 HUO-27/124,55 Med iu m-gra ined, white marble 
C-248 6 Fine ly cryslalline, dolos tone clast 

in conglomerate 
C-249-D 7 Finely crysta lline, pink dolomi te, 

associated wi lh stromalo lites 
C-250 10 Finely crystalline, gray l imesto ne 
C-252 Coarse-grained , whi te marble, 

graph ite bearing 
C-256 7 Medium-grained, pink marble 
C-257 7 Fine ly cryslall ine, pink limestone 
C-262 5 Finely cryslalline , dolostone clasl 

in conglomerate 
C-263 3 I I -Höy-89 Fine-grained, light gray dolostone 
C-266 5 Fine-grained , dark gray dolostone, 

0.9m bed wilh in black shales 
C-271 4 Fine-grained , pinkis h do los lone 
C-273 Medi um-g rained , wh ite marble 
C-277-1 7 R12/107.5 Finely crystalline, 

yellowish white do loslone 
C-277-2 7 R 12/136.5 Finely cryslalline , white doloslone 
C-280 6 132- I A-A VL-89 Finely crystalline, pinkish doloslone 
C-28 I-I 8 Fine-grained , white marb le 
C-281-2 8 Fine-grained , white marble 
C-28 1-3 8 Fine-grained , lighl gray marble 
C-28 1-4 8 Fine-g rained , while marble 
C-282-1 10 R375/56.80 Fine ly crystalline , white dolostone 

Yie ld&) Grid coordinates Source*) 

9.57 
9.60 
9.02 
10.57 
10.59 
10.39 
9.80 
9 .63 
9.88 
10.41 

x y 

7478.56 2492.35 
6972 .60 4466.52 
6972.60 4466.52 

7 185.96 3561.78 

9.63 7338 .75 4469.25 

8.94 7508 .12 3443.32 
9.21 6854 .42 35 17 .06 

10.10 7421.35 4449.35 
9.81 7402.95 4452.75 
10.63 6999.20 4475.62 

9.58 7004.6 4457. I I 
9.67 7102.88 3552. 10 

9.9 7 70 I 2 .88 3568 .68 
10.14 69 I 2.32 3522.56 
9.44 7365.96 4477.89 

10.09 7365.96 4477 .89 
9.9 I 7151.96 3527.74 
9.30 7385.8 3496.3 
9 .94 7385.8 3496.3 
8.75 7385.8 3496.3 
9 .37 7385.8 3496.3 
10. 13 7518 .30 2540 .70 

37 
3 1 
3 I 
2 I 
2 I 

2 I 

2 1 
21 
2 I 
10 

36 

18 
18 
9 

10 
5 

22 
28 
29 

29 
10 

29 

&) Total yie ld of CO, as ~mol/mg . For pure calcile and do lomite the yields are about 10.0 and 10.8 ~mol/mg, 
respectively. -

') Source of sampie s: I. E. Ekdahl , GSF, Kuopio , 2. 1. Ha ll ikainen, Lapin Marmori Oy, Loue. 3. E. Hanski , 
GSF , Rovaniemi , 4. R. Harinen , Parlek Mineral s Oy , Parainen , 5. M. Havola , GSF, Kuopio, 6. M. Honkamo. 
GSF, Rovani em i, 7. P. Karhunen , Mineralog ical Mu seum , GSF, Espoo, 8. R. Kesola , GSF, Kuopio , 9 . J. 
Kohonen , GSF, Espoo, 10. A. Kontinen , GSF, Kuopio , I I . J. Kurki , OUlokumpu Oy, Outokumpu , 12. I. Lage r, 
Lule ä University , Sweden , 13. M. Lehtinen , Partek Minerals Oy. Lappee nranta , 14. M. Lehlinen. Geologica l 
Mu seum . Universily of Hel sinki. 15 . P. Lehtinen, Lohja Oy , Sipoo , 16. M. Lehtonen, GSF, Espoo, 17. H. 
Lukkarinen , GSF, Kuopio , 18. T . Mannine n, GSF, Rovaniemi , 19. P. Medvedev. Ru ss ian Academy of Scien ces, 
Pe trozavodsk, 20. D. Mihailova & K. Stepanov. Sevzapgeologija, SI. Petersburg, Ru ss ia, 21. V. Niiniskorpi, SG 
Ab. Kiruna . Sweden , 22. J. Paavola , GSF. Kuopio , 23. Y. Pekkala . GSF, Espoo , 24. V. Perilunen. GSF, Rova
ni em i, 25. P. Pihlaja, GSF, Espoo, 26. J. Räsä nen, GSF, Rovaniemi, 27. P. Rastas, GSF, Rovaniellli , 28. J. 
Rcinikaincn, GSF, Espoo, 29. R. Ruolsalainen , National drill core archives, GSF, Loppi . 30. R. Saikkonen, 
Lohj a Oy , Lohja , 3 I. R. Sarikkola, OUlokulllpu Oy, OUlokumpu , 32. H. Schöbcrg, Swedish Museum of Nalural 
History , Slockholm, 33. E. Sonninen , University of He lsinki, 34. V . Suollline n. GSF, Espoo. 35. E. Tamminen, 
University of Oulu, 36. M. Torssonen, GSF, Espoo. 37 . J. Väänänen , GSF, Rovani emi , 38. A. Vorma , GSF. 
Espoo, (G SF = Geological Survey of Finland). 



Appendix I. (contin ued) 

SampIe Table Original Descrip ti o n Yield&) Grid coord inates Source*) 

no. no. sam pIe no. x y 

C-282-3 10 R3 75/5 1.00 Finely c rys ta lline , li g ht gray dolos to ne 10.20 751 8.30 2540.70 29 

C-283- 1 6 R356/3,30 Fine -grained , w h ite do lostone 8.30 7185.45 3537 .09 29 

C-283-2 6 R353/4 1,30 Fine-grained , li g ht g ray dolosto ne 9.09 7 184.40 3536.46 29 

C-283-3 6 R356/13 .50 Fine-grained , li gh t gray ca lci ti c dolo tone 8 .24 7185.45 3537.09 29 

C-283 -4 6 R353/29 .50 Fine-gra ined , li g ht g ray dolostone 10.0 1 7184.40 3536.46 29 

C-284 6 Fine-grained, white dolos tone 10.06 7166.96 3543.69 10 

C-287-A 2 Finely crys ta lline, pink dolostone from 9 .2 1 38 

bed con tain ing s trom atolites of 

the SUlldosia g ro up 
C-287-B 2 Fine ly crys ta lline, in strati g rap hy ca . 10.25 38 

17m below C-287-A. Bed wi th 

N uclepilyroll stromatolites 

C-290 Medi ull1 -g ra ined , w hite marb le 9.30 6773.70 2430 .32 

C-29 1 4 Med iull1-gra ined, light gray marbl e 9.78 6956.76 354 1.28 

C-292- 1 R378/216,85 Medium-gra ined. li ght gray marble 8.96 6871.80 3530.27 
C-292-4 R377/13 1, 1 Medium -g ra ined , light gray ma rble 8 .29 6871.32 3530.67 
C-293-2 R303/52,5 Medium -g rained , li ght gray marble 7.70 7036.28 3477 .33 
C-293-3 R303/6 1, I Medium -g ra ined , light gray ll1arble 7.86 7036.28 3477 .33 
C-297 Coarse-g ra ined, li g ht g ra y marbl e inclusion 9.21 6683.13 2470 .09 

in ultramafic pillow lava 
C-298-A 8 Medium -g rained , white marble 10.53 7361.30 3492. 18 3 
C-303 6 Finely crys ta lline , white ca lci ti c dolostone 9.80 7172.92 3544.58 10 
C-304 6 Med ium -c ry stal lin e, white dolo stone 10.14 7144 .94 3536 .20 10 
C-305-1 10 R3/97 .85 Fine -g ra in ed, ye llo w ish white do los to ne 10.34 7509.50 3469 .94 26 
C-305-2 10 R3/65 .50 Fine-grained , w h ite lill1es lOne, 9.37 7509.50 3469.94 26 

tremolit e bea ring 

C-305-3 10 R3/25 .70 Fine-g rained . li g ht gray dolostone 10. 12 7509.50 3469.94 26 
C-3 15-A 10 Finely c rys ta lline, whi te s iliceou s dolos tone 6.36 7494 .20 3459 .40 
C-3 15-B 10 Finel y c rys talline , whi te si liceou s dolos tone 6.96 7494 .20 3459.40 
C-3 15-C 10 Finel y crysta lline, lamina ted siliceous 6.33 7494.20 3459.40 

do lostone 
C-3 15-D 10 Finely crysta lline, laminated s ili ceo us 6.30 7494 .20 3459.40 

do losto ne 
C-3 16 Medium-grained, li g ht gray ma rbl e 8.53 

&) Total y ie ld of CO, as Ilmol / ll1 g. For pure ca lcite and dol omite the y ie ld s are abo ut 10 .0 and 10 .8 Ilmol / ll1 g, 
respeetively. -

') Source of sall1 pl es: I. E. Ekdahl , GSF, Ku opio, 2. J . Hallik a ine n. La pin Marmori Oy , Lo ue. 3 . E . I-I anski, 
GSF, Rovaniemi. 4. R. Harine n. Partek Mineral s Oy, Parainen , 5. M. Havo la. GSF. Kuopio, 6. M. Ho nkamo, 
GSF, Rovani emi , 7. P. Karhu nen , Min e ralog ica l Mu se um , GSF. Espoo. 8. R. Keso la , GSF. Ku opio, 9. 1. 
Kohonen , GSF, Espoo , 10. A. Kontinen, GSF, Kuop io , 11.1. Kur ki, Outokull1pu Oy . Outokumpu , 12 . l. Lager. 
Lul d Uni ve rs it y, Sweden, 13. M. Le htinen. Partek Mineral s Oy. Lappeenrallta , 14 . M . Leht ine ll , Geologieal 
Museum , nive rs ity of Helsinki, 15 . P. Lehtinen. Lohja Oy. Sipoo , 16. M. Lehtonen , GSF, Espoo, 17. H. 
Lukkarinen. GSF, Ku opi o, 18 . T. Mannine n , GS F , Ro va ni em i, 19 . P. Medvedev, Ru ss iall Aeademy of Sciences. 
Pe trozavodsk, 20. D. Mihailova & K. Stepanov. Sevzapgeo logija. SI. Petersburg. Ru ss ia. 21. V. Niiniskorpi. SG 
Ab, Kirun a. Sweden , 22. 1. Paavo la , GSF, Ku op io. 23. Y. Pe kkala , GSF, Espoo, 24. V. Pert tun en , GSF, Rova
ni emi , 25 . P. Pihlaja. GSF. Espoo , 26 . J. Räsä ll ell. GSF, Rovalliemi. 27. P. Ra stas. GSF. Rovani emi , 28. J. 
Re illi ka ill en . GSF, Es poo , 29. R. Ruot sa la ine n, National drill co re arc hive s, GSF. Loppi. 30. R. Saikkonen, 
Lohj a Oy , Lohja , 3 1. R. Sarikkola , Outokumpu Oy , Outokull1pu. 32. H. Sehöberg, Swedi sh Mu se um of Natural 
Hi story , Stockholm , 33. E. Sonnine n , Uni ve rs it y o f He ls inki , 34 . V. SUOll1iIlCn , GSF, Es poo, 35 . E. Tall1l1linell , 
Uni versity of Oulu , 36. M. Torsso nen, GSF. Espoo, 37. J. Väänäne n, GSF, Rovaniemi , 38. A. Vorll1 a . GSF. 
Espoo, (GSF = Geologieal Survey of Filllancl) . 



Appendix I. (conlinued) 

Sampie Table Original Desc riplion Yield &) Grid coordinates Source *) 

no. 

C-317-A 

C-317-B 
C-323-A 
C-323-B 
C-323-C 

C-324 

C-327 

C-328-1 

C-328-2 

C-328-3 

C-328-4 

C-328-5 

C-328-6 

C-330-A 
C-330-B 
C-331-A 
C-331-B 

C-332-A 

C-332-B 
C-333 
C-334-A 
C-334-B 
C-346 
C-347-B 
C-348-A 

no . 

9 

9 
7 

7 

7 
7 

7 

2 

2 

2 

2 

2 

2 

4 
4 

4 

4 

4 

4 

4 
4 

4 

7 

10 
10 

sam pIe no. 

10.3-TEM-91 

10/4n 

9/4n 

C28/136.5m 

C28/1 0 1.0m 

C28/96.0m 

C39/l8.5m 

30c-MON-76 
2 1-JAK-74 

x y 

Finely c ry stalline , gray do loslone wilh 8.13 
s tromalolite structures, 0.6m carbonale bed 
Same as C-317-A, 0.2m carbonale bed 7.28 
Fine-grained, light gray doloSlone 10.6 6 7352.68 4470.60 
Fine-g rained , white dolostone 9.87 7352.68 4470.60 
Fine -g ra ined, pink doloslone 10.22 7352 .68 4470.60 
Fine-grained, pinkish dolostone 10.40 7364.15 4469 .70 
Finely crystalline pink doloslone 10.33 7371.11 4467 .31 
Fine-g rained doloslone , ca. 400m 9.72 
below the Ludian-Jatulian bou ndary 
Fine-g ra ined dolostone , ca. 400m 9.06 
below lhe Ludian- Jatulian boundary 
Fine-grained, p ink dolostone , ca. 76m 9.77 
below th e Ludian- Jatulian boundary 

Fine-grain ed, hematite bearing dolo slone , 10.41 
ca. 40 m below lhe Ludian-Jalulian 

boundary 
Fine-gra ined , p ink dolostone , ca. 35m 9.89 
be low the Ludian-Jatulian boundary 

Fine-grained , light gray dolostone , aboul 8.94 
200 m above the Ludian- Jatulian boundary 
Medium -g rained , while marble 8. 59 
Medium -g rained, white marble 8.88 
Fine-grained , white marble 9.91 
Fine-grained, li ghl gray marble 9.20 
Medium -g rained, white marble 9.51 
Fine-grained, white marble 9.43 
Fine-grained, white marble 7.70 
Medium -g rained , white marble 9.35 
Medium -g rained. while marble 9.59 
Finely crystalline, light gray dolostone 7.09 
Fine-grained, pink dolostone. laminat ed 8 .56 7439.2 3505.8 
Medium -g rained , lighl g ray marble 9.28 7443.42 3503.52 

&) Total yield of CO, as J..lmol /mg. For pure calcite and dolomite the yields are about 10.0 and 10.8 J..lmol /mg, 
respec live ly . 

18 

20 

20 

20 

20 

20 

20 

27 
26 
26 

') Sou rce of sampies: I. E. Ekdahl. GSF, KliOpio , 2. J. Hallikainen . Lapin Marmori O y, Loue , 3. E. Hanski , 
GSF, Rovani emi, 4. R. Harin en, Partek Minera ls Oy, Parainen , 5. M. Havo la , GSF, Kliopio. 6. M. Honkamo , 
GSF, Rova ni e mi , 7. P. Karhunen , Mineralog ica l Mu se um , GSF , Espoo, 8. R. Keso la, GSF, Kuopio , 9 . J. 
KOhonen , GSF, Espoo , 10. A. Kontine n. GSF, Ku o pio , 11. J. Kurki , OUlokumpu Oy, Outokumpu , 12. l. Lage r, 
Luleä UniversilY , Sweden. 13. M. Le htinen, Partek Minerals O y, Lap peenran la . 14. M . Lehtinen , Geological 
Museum. Uni versity of Hel s inki, 15. P. Lehtinen, Lohja O y , Sipoo . 16. M. Leht one n, GSF, Espoo , 17. H. 
Lukkarinen , GSF, Kuopio , 18. T. Mannine n, GSF, Rovaniemi , 19. P. Medvedev , Ru ss ian Academy of Sciences , 
Petrozavodsk . 20. D. Miha ilova & K. Stepanov, Sevzapgeologija. SI. Pe lersburg, Ru ss ia. 21. V. iini sko rpi , SG 
Ab, Kiruna . Swcden , 22. J. Paavo la. GSF. Kuopi o , 23. Y. Pekkala , GSF, Espoo. 24. V. Perttunen , GSF, Ro va
ni emi , 25. P. Pihlaja , GSF, Espoo, 26. 1. Rä sä nen. GSF, Rovaniem i, 27. P. Ras tas , GSF , Rovaniemi , 28. J. 
Re inikainen , GSF, Espoo , 29. R. Ru o tsa la inen , Nalional drill core archives , GSF. Loppi , 30. R. Saikkonen , 
Lohja Oy , Lohja. 3 1. R. Sar ikkol a. OUlokumpu Oy , Outokumpu , 32 . H. Schöberg. Swedi sh Mu se um of alural 
Hi s lory , Stock holm, 33 . E. Sonninen, University 01' Helsinki , 34. V. Sliomine n, GSF, Espoo, 35 . E. Tammine n, 
Universily of Oulu, 36. M. Torsso nen , GSF, Espoo. 37 . J. Väänäne n, GSF, Rov ani e mi , 38. A. Vorm a, GSF, 
Espoo, (GSF = Geological Survey of Finland). 



Appendix I . (continued) 

Sampie Table Original Description Yield&) Grid coordinates Source*) 

no. no. sam pie no. x y 

C-348-B 10 22c-JAK-74 Medium-grained , yellowish marble with 8 .67 7443.46 3503.58 26 

euhedral, brown albite crystals 

C-349-A 2 Finely crystalline dolostone, with 8.85 19 

stromatolite form Srrarifera ordinara (Mak.) 

C-349-B 2 Same sam pie as C-349-A , 9.98 19 

s tromatolite form BI/rinella bor ea l e (Mak .) 

C-350 2 Finely crystalline dolos tone with 8. 66 19 

stromatolite form SlIndo:ia mi:a (BI/r .) 

C-351 2 Finely crystalline dolostone with 9.25 19 
stromatolite form Segosia co llimnaris (BlIr.) 

C-352-A 8 R23/246.0m Finely crystalline, light gray dolostone 7 .51 7346.13 2527.49 24 

C -359 10 60-PPN-79 Medium-grained , yellowish marble 8.26 7441. 10 3543.29 26 

C-366 I R22/37 ,20 Coarse-grained , white marble 9.39 6883.6 3529.2 28 

C-369 9 Finely crystalline, gray calcitic dolostone 7.64 32 

C-370-1 9 Kal501 Fin e ly crystalline, white dolostone 10.23 12 

C-370-2 9 Kal908 Finely crystalline, white dolostone 9.35 12 

C-370-3 9 Kal925 Finely crys talline , laminated . 9.83 12 
white dolos tone 

C-370-4 9 Ka l927 Finely c rys talline, laminated , 7.61 12 
g ray dolos tone 

C-371 2 1260/Ramsay Finely crystalline, white dolo stone 10.41 14 
C-372 2 241/Eskola Fine-g rained , light gray limes tone 9.00 14 

&) Total yield of CO, as ~mol/mg. For pure calcite and dolomite the yields are about 10.0 and 10.8 ~mol/mg , 
respectively . 

') Source of sampies : 1. E. Ekdahl, GSF, Kuopio , 2. J. Hallikaine n , Lapin Marmori Oy , Loue, 3. E. Hanski . 
GSF, Rovaniemi , 4. R. Harinen , Partek Mine ral s Oy , Parainen , 5. M. Havola , GSF, Kuopio , 6. M. Honkamo, 
GSF, Rovani emi, 7. P. Karhune n, Mine ralogical Mu seum , GSF, Espoo, 8. R. Keso la , GSF, Kuopio , 9. J . 
Kohonen , GSF, Espoo, 10. A. Kontinen, GSF, Kuopio , 11. J. Kurki, Outokumpu Oy, Outokumpu , 12. I. Lage r. 
Lul eä University, Sweden, 13. M. Lehtinen , Pa rtek Mine ral s Oy , Lappeenranta , 14. M. Lehtinen , Geological 
Mu seum, University of He lsi nki . 15. P. Leh tinen , Lohja Oy. Sipoo, 16. M. Lehtonen , GSF, Espoo , 17. H. 
Lukk a rinen , GSF, Kuopio , 18. T . Manninen , GSF, Rovaniemi , 19. P. Medvedev, Ru ssian Academy of Scienccs, 
Pctrozavodsk. 20. D. Mihailova & K. Stepanov, Sevzapgeologija, SI. Petersburg , Ru ss ia, 21. V. Niiniskorpi, SG 
Ab, Kirun a. Sweden , 22. J. Paavo la, GSF, Kuopio, 23 . Y. Pekkala, GSF, Espoo, 24. V. Perttunen , GSF, Rova
ni emi , 25. P. Pihlaja, GSF, Espoo, 26. 1. Räsänc n, GSF, Rovani emi , 27. P. Ras tas, GSF, Ro van iemi , 28 . J. 
Reinikaine n, GSF, Espoo , 29. R. Ruotsa lainen , National drill core archives. GSF, Loppi , 30. R. Saikkonen , 
Lohja O y, Lohja , 31. R. Sarikkola , Outokumpu Oy , Outokumpu , 32. H. Schöberg. Swed ish Mu seum of Natural 
Hi s tory, Stockholm , 33. E. Sonninen , University of Hel s inki, 34 . V. Suominen , GSF, Espoo, 35. E. Tamminen , 
University of Oulu , 36. M. Torssonen , GSF, Espoo, 37. J. Väänänen, GSF, Rovaniemi , 38. A. Vorma , GSF, 
Espoo, (G SF = Geological Survey of Finland). 
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Appendix 2. Descriptions and locations of black shale sampIes. 

SampIe Ori g in al Description Grid coordinates Source*) 

no. sam pIe no. x y 

K-I 13-HJL-85 Old graphite quarry at Laivonsaari , Kuo pio 6980.68 3529.66 6 
K-9 -A R311/l 87. 1 Graphitic schist, drill core sampIe 6924.76 4515.54 5 
K-9-B R3 15/45.8 Graphitic schist, drill core sam pIe 6924 .76 4515.54 5 
K-9-C R430/50.0 Graphitic schist, drill core sampIe 6925.43 4515.44 10 
K-9 -D R430/57.0 Graphitic schi st, drill core sampIe 6925.43 4515.44 10 
K-IO-A Ju/Pe 9/1 00.2 Graphitic schi st, drill core sam pIe 7001.48 4453.42 5 
K-IO-B JuPe12/l35.9 Graphitic schist, drill core sampIe 700 \.27 4456.76 5 
K-IO-C R302/22 .0 Graphitic sc hi st, drill core sampIe 7007.44 4456.81 10 
K-IO-D R30 3/27.5 Graphitic sc hist , drill core sampIe 7007 .24 4456 .82 10 
K- IO-E Graphitic sc hist 7009.0 4456.0 4 
K-25 Shungite , very high contents of C, Lake Onega area 3 
K-32 52 -PM/KS -61 Black shale , concretion bearing , "Calu precambricus" 7352 4469 I 

K-60 R6/182.6 Sulfide bearing black shal e , drill core sampIe 7470.77 3552 .87 2 
K-63- 1 104-PJP-80 Black shale, be low SaUasvaara Format ion 7520.80 3490.81 7 

K-63-2 77-KOS -80 Black shale , be low Sattasvaara Format ion 7524.13 3491.61 7 

K-63-3 76-RAN -82 Black shale , below Satta svaara Formation 7520.91 3482.17 7 
K-63-4 62-I-TEM-83 Black sha le, below Sattasvaara Formation 7532.90 3496.22 7 
K-65 RI5 /217.90 Sulfide bearing black shale , drill core sampIe 7512.76 256\.99 9 

K- IOO Black shale intercalation s in tuffite 7346.40 4462.87 

K-112- 1 R3/l0.4 Black shale , thin pyroclastic intercalations 75 09.50 3469.94 8 
K-112 -2 R3/ 13 .0 Laminated black shale 7509.50 3469.94 8 
K-112-3 R3/23.6 Laminated black shale, thin pyroclastic intercal ati ons 7509 .50 3469.94 8 

K-112 -4 R3/32.9 Black shale , as intercalations in ultram afic tuffite 7509.50 3469 .94 8 

K- 112-5 R3/45.7 Black sha le , thin pyroclastic intercalatio ns 7509.50 3469.94 8 

K- 112-6 R3/11.5 Blac k shale bed in gray ph yllite 7509.50 3469.94 8 

K- 112-7 R3/55 .7 Blac k shale, pyroclasti c intercalations 7509 .50 3469.94 8 

K- 112-8 R3/42 .7 Black shale interlayer in ultramafic tuffit e 7509.50 3469 .94 8 

K-112 -9 R3/6 1.2 Black shale interlayer in ultramafic tuffite 75 09.50 3469.94 8 

') Source of sampI es : I. M. Huhma , Espoo, 2. H. Juopperi , GSF, Rov aniemi , 3. P. Karhunen, Mine ralogical Museum , 
GSF, Espoo, 4 . A. Kontinen , GSF, Kuopio , 5. K. Loukola-Ru skeeniem i, GSF, Espoo, 6. H. Lukkarinen , GSF, Kuopio , 
7. P: Pihlaja , GSF, Espoo, 8. J. Räsänen , GSF, Rovaniemi, 9. P . Rastas , GSF, Rovaniemi , 10. O. Sarapää , GSF, Espoo, 
(GSF= Geo logica l Survey of Finland). 
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