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This study describes the La, Ce, Nd, Sm, Eu, Tb, Yb and Lu con-
centrations in six iron-formation rocks (Fetot^> 15 °/o), four ferriferous 
schists (Fetofx.10—15 °/o) and two schist interbeds of the Archean 
Ukkolanvaara iron formation, as well as in seven associated schists 
of the Ilomantsi Schist Belt. For the same elements, two samples 
were analysed from the Archean Siivikkovaara iron formation in 
Kuhmo, one sample from the Archean Otravaara pyrite ore and one 
sample from the Karhusaari pyrite ore, probably Middle Precambrian 
in age. 

All the iron-formation samples and the Otravaara pyrite ore show 
a marked positive Eu anomaly compared with the composite of North 
American shale (NAS) and are relatively poor in rare-earth elements 
(REE). The REE concentrations in the Ilomantsi schists are largely 
similar to those in the Sheba greywackes from the analogous iron-
formation-bearing association of the Archean Fig Tree Group, South 
Africa. The ferriferous schists show a marked positive Eu anomaly 
compared with the NAS, but contain the other REE in as high 
abundances as the Ilomantsi schists on average. 

The results confirm the general Eu excess in the Archean iron for-
mations compared with younger iron-rich metasediments. The REE 
concentrations in the Archean schists characterized by an Eu excess 
in relation to younger pelitic schists are considered indicative of 
their general immaturity and a source area dominantly granitic-
granodioritic in composition. 

Kauko Laajoki and Seppo Lavikainen, Geological Survey of Finland, 
Kivimiehentie 1, SF-02150 Espoo 15, Finland. 

Introduction 

This pape r is the direct sequel to a s tudy 
concerning r a r e - e a r t h e lement (REE) dis tr i -
but ion in F inn ish P r e c a m b r i a n (Karel ian) 
i ron fo rmat ions (Laajoki 1975). Of the small 
P rekare l id ic (Early P r e c a m b r i a n or Archean) 
i ron - fo rma t ion occurrences in Eas t F in land, 

t ha t of U k k o l a n v a a r a in the par i sh of I lo-
mants i (Fig. 1) w a s chosen as the s tudy t a rge t 
because of the detai l in which its geology is 
known. Fo r this t hanks are due to the P e n o -
logical D e p a r t m e n t of the Geological S u r v e y 
of F in land (Lavikainen 1973 and 1977), w h o 
recent ly m a p p e d the area. The purpose of 
the p resen t pape r is twofo ld : to give REE 
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Fig. 1. The sites of the Ukkolanvaara iron formation (1), the Otravaara pyrite occurrence (2), the Kar-
hunsaari pyrite occurrence (3), the Siivikkovaara iron formation (4), and the Vayrylänkylä iron forma-
tions (5) plotted on the simplified geological map of Finland (Simonen 1960). 1) Prekarelidic basement: 
a) schists and paragneisses, b) granite gneiss (orthogneisses). 2) Karelidic and Svecofennidic rocks: 
a) Karelian (Jatulian) quartzites, b) Karelidic and Svecofennidic schists, gneisses, migmatites, meta-
basalts and amphibolites, c) Karelidic granite, d) other (mainly silica-rich) orogenic plutonic rocks. 3) 

Jotnian sedimentary rocks (siltstone). 

da ta on the U k k o l a n v a a r a iron fo rma t ion and 
the associated metasediments , and to discuss 
the i r s ignif icance in the classification of P r e -
c a m b r i a n iron fo rmat ions of F in land into 
d i f f e r e n t age and genetic groups. For com-
parison, two samples w e r e analysed f r o m the 
S i iv ikkovaara i ron format ions , one f r o m the 
pyr i t e ore of O t r a v a a r a and one f r o m K a r h u -
saari . Seppo Lav ika inen is responsible f o r 
the geological background to the I lomants i 
area, and Kauko L a a j o k i for the processing 

of the REE analyses and t h e manusc r ip t 
itself. 

Experimental 

The REE analyses w e r e p e r f o r m e d in the 
Reactor l abora to ry of the Technical Research 
Cent re of F in land . The i n s t rumen ta l act iva-
tion t echn ique used has been described else-
w h e r e (Rosenberg and Wiik 1971, Rosenberg 
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1972, Koljonen and Rosenberg 1974). The 
other elements given in Table 2 were anal-
ysed in the Chemistry Depar tment of the 
Geological Survey of Finland. 

General geological settings 

The bedrock in Eastern Finland is com-
posed mainly of Prekarel idic basement ortho-
gneisses that vary in age f rom about 2500 Ma 
to 2900 Ma (Kouvo 1958, Asa 1971, Lavikai-
nen 1977). Within the basement area minor 
Archean schist belts occur in the parishes of 
Ilomantsi, Kuhmo and Suomussalmi (Fig. 1). 

In Ilomantsi, the schist sequence begins 
wi th basal conglomerate wi th clasts of ortho-
gneiss (zircon age c. 2900 Ma) and metavol-
canics in a mat r ix composed par t ly of syn-
depositional tuff i t ic mater ia l and par t ly of 
clastic mater ia l derived f rom the basement. 
The lower pa r t of the supracrusta l rock 
sequence consists of basic metavolcanics 
overlain by pelitic metasediments. The iron 
formations are met with in the upper par t of 
the metasedimentary group. The schists are 
penetra ted by orthogneisses whose zircon 
ages vary f r o m 2750 Ma to 2860 Ma. Thus, 
the sedimentat ion and extrusion of the rocks 
of the Ilomantsi Schists Belt took place be-
tween 2900 Ma and 2750 Ma. The Archean 
geology of the area seems to have many 
fea tures in common with that of the Ver-
milion district, Minnesota, where volcanism, 
sedimentation (including the Soudan Iron 
Formation), folding, metamorphism, igneous 
intrusion and, probably, faul t ing also took 
place over a period of 50 to 100 Ma, about 
2700 Ma ago (Sims 1976). 

Although not economic, the most note-
wor thy iron format ions in Ilomantsi are en-
countered at Ukkolanvaara , where minor iron 
formations occur in mica schists. The iron 
formations apparent ly belonged originally to 
a single horizon some tens of metres thick 

(Fig. 2). Only the main, NNW-SSE t rending 
formation, about 3 km long and called the 
Ukkolanvaara iron format ion (UIF), is t reated 
in this study. In the light of s t ruc tura l in ter-
pretations, which were hindered by the 
scarcity of outcrops, the UIF represents a 
f lank of a syncline. The schists in Matosärk-
kä, west of the Ukkolanvaara occurrence, are 
mainly mica schists showing graded bedding. 
They contain fer r i ferous interbeds and am-
phibole porphyroblasts and are in terpre ted to 
represent western lateral gradat ion of the 
UIF (Fig. 3). The schists east of the UIF are 
met with in only a few outcrops. They are 
pale-coloured muscovite-chlorite schists, oc-
casionally containing biotite. The iron fo rma-
tion itself contains interbeds of »normal» as 
well as fer r i ferous mica schists and black 
schists tha t vary in thickness f rom some deci-
metres to a few metres. Thus, the Ukkolan-
vaara iron formation occurs wi thin a normal 
supracrusta l rock sequence without int imate 
association wi th volcanic rocks. This fea ture 
distinguishes it f rom the Kuhmo iron fo rma-
tions, which, applying the general classific-
ation by Gross (1965), are the best repre-
sentatives of the Algoma type in Finland. 
Even the typical associated rocks of the 
Superior type, quartzi te and dolomite, which 
are distinctive elsewhere, e.g. in the Karel ian 
iron formations in Väyrylänkylä (Laajoki and 
Saikkonen 1977), are lacking in Ukkolanvaa-
ra. Hence, the depositional environment of 
the Ukkolanvaara format ion was between 
that of the Superior and Algoma types and 
the UIF resembles the iron-formations, main-
ly older than 2300 Ma, met wi th in clastic 
association in Southern Afr ica (Beukes 1973). 

Lithologically, the UIF is characterized by 
whi te chert mesobands, 5 to 20 cm thick, that 
separate thicker and darker units consisting 
of d i f ferent i ron-mineral rocks (Fig. 4). P re -
dominant is a yellowish b rown nonquartzose 
gruner i te (or cummingtonite) rock tha t is 
laminated and contains hornblende in addi-



Fig. 2. Geological map of the Ukko-
lanvaara-Hattuvaara area (simplified 
from Lavikainen 1973). 1) Iron-for-
mation occurrences (the thicknesses 
are exaggerated). 2) Schists. 3) 
Granodioritic basement orthogneisses. 
4) Sampling site and sample number. 

5) Drill hole. 

j, Fig. 3. Stratigraphic columns from 
the different sections in the Ukkolan-
vaara area, Ilomantsi (Lavikainen 
1977, Fig. 31). Sections: I = Korento-
vaara, II = Matosärkkä (position in 
Fig. 2 between Korentovaara and 
Ukkolanvaara), III = Ukkolanvaara, 
IV = Haja (east of Ukkolanvaara, 
beyond the map area in Fig. 2). Litho-
logic symbols: 1) Iron-formation 
rocks with pelitic schist interbeds. 
2) Amphibole-bearing mica schist. 3) 
Black schist. 4) Mica schist. 5) 
Banded basic metavolcanics. 6) 
Massive metavolcanics and tremolite 
schist. 7) Gabbroidic basic metavol-
canics. 8) Hornblende-chlorite schist. 
9) Psammitic interbeds. 10) Conglo-
merate. 11) Gneissic granite. Num-

bers refer to Tables 1 and 2. 
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Fig. 4. Chert (white) and 
grunerite-magnetite mesobands 
(grey, alternating with chert 
on the left) and two massive 
hornblende-garnet rock inter-
beds (on the right) in the UIF. 
The label measures 6 x 6 cm. 

Photo by K. Laajoki. 

Fig. 5. Typical grunerite-
magnetite-quartz-banded rock 
of the UIF. Photo by K. Laa-

joki. 

t ion to g runer i te . Both amphiboles appear 
ma in ly as discrete laminae . The amoun t of 
magne t i t e var ies in the rock f r o m 0 to 40 °/o. 
This type of rock accounts for rough ly 70 °/o 
of the to ta l vo lume of the iron format ion . 
The uppe r p a r t of the fo rma t ion conta ins an 
i ron-r ich g rune r i t e -magne t i t e -qua r t z -banded 
rock in which th in bands, 1 to 2 m m thick, of 
magnet i te , g rune r i t e and quar tz regu la r ly 
a l t e rna t e w i th each o ther and impose upon 

the rock a s t r ia ted appearence in black, 
yel lowish b r o w n and whi t e (Fig. 5). In places, 
these th ree rock types a re r epea ted in the 
fol lowing cyclical pa t t e rn : cher t — g r u n e r i t e -
magne t i t e -qua r t z -banded rock — g r u n e r i t e 
rock. Especial ly in t h e contact zones mas -
sive ho rnb lende rock occurs in bands of a 
dis t inct ive d a r k green colour. They o f ten 
contain va ry ing amoun t s of red g a r n e t (dia-
me te r u p to 2 cm). Hornb l ende rocks a re 
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also encounte red as in t e rbeds in t h e m a i n 
p a r t s of the fo rma t ion (Fig. 4), w h e r e they 
o f ten contain apprec iab le amoun t s of m a g -
net i te . 

A t the sou thwes te rn end of the I lomants i 
Schist Bel t in Ot ravaara , , t he sequence begins 
w i th basic metavolcanic rocks w i th mino r 
iron fo rma t ions (Saksela 1923, N y k ä n e n 1971). 
The u p p e r p a r t is composed of leptites, mica 
schists, b lack schists, »ore quartzi tes», sericite 
schists and pyr i t e ores. The b lack schists 
and py r i t e ores a re closely associated w i t h 
each other . T h e model age of the py r i t e 
f r o m O t r a v a a r a is 2400—2500 Ma (Wampler 
and K u l p 1964). Saksela (1923) expla ined the 
O t r a v a a r a pyr i t e ore (OPO) as f o r m e d by 
metasomat ic processes produced by hyd ro -
t h e r m a l emana t ions f r o m a grani t ic in t rus ion. 

In Ka rhunsaa r i , the schist sequence be-
gins w i th basa l conglomera tes and arkosi tes 
over la in by black schists, f e ldspar - and 
ser ic i te-r ich schists and biot i te schists (Sak-
sela 1933, Gillen and MacDonald 1971). T h e 
pyr i t e ore of K a r h u n s a a r i (KPO) occurs in 
the serici te schist, and Saksela (1933) cor re-
la ted it genet ical ly w i th the OPO. The ex-
t r eme ly l ight su lphu r isotopic composit ion 
(Kouvo 1958, p. 60), the low se len ium content , 
and the physical re la t ion to the black schist 
(Marmo 1960) suggest s t rongly tha t bo th the 
K P O and the OPO are of s ed imen ta ry origin 
as discussed by W a m p l e r and Ku lp (1964, p. 
1433 and 1448). The P b isotopic composit ion 
of the K a r h u n s a a r i py r i t e indicates depo-
sition of the ore more t han 2100 Ma ago 
(op. cit. p. 1448). 

The schist be l t of K u h m o is composed 
main ly of basic metavolcanics w i th minor 
serici te quar tz i tes and acid volcanics (Hyppö-
nen 1973 and 1976). The rocks a re pene t r a t ed 
by the H ä r m ä n j o k i granodior i te , whose zircon 
age is 2740 Ma (Geological S u r v e y of F in land 
1973). The iron fo rmat ions of S i iv ikkovaara 
(SIF) occur as th in beds, 0.5 to 3 m thick, in 
meta -andes i t es (Papunen 1960). 

Sample description 

Table 1 lists the numbers , names and sam-
pling locations of the samples analysed. All 
the samples f r o m the i ron - fo rmat ion rocks 
( F e t o t » 1 5 %>) of the U I F (Nos. 1—6) and the 
outcrop samples of the I lomants i metape l i tes 
were collected by Lavika inen , main ly dur ing 
the m a p p i n g for the I lomants i m a p sheet in 
1967. A t the closing stage of the p resen t 
s tudy, the UIF was intersected by one dri l l 
hole (DH 1). The f ive samples (Nos. 7—11) 
collected f r o m t h e dri l l core r ep resen t 
d i f f e r en t pelitic schist in terbeds . The sites 
of the samples f r o m U k k o l a n v a a r a and the 
ne ighbour ing a rea are plot ted on the s impl i -
f ied geologic m a p in Fig. 2. Thei r s t r a t i -
g raphic sites appea r in Fig. 3. 

Nos. 1 and 2 represen t typical g r u n e r i t e -
magne t i t e -qua r t z -banded rock. Both samples 
w e r e collected f r o m the same band . The rock 
consists of rough ly 1 cm thick mesobands , 
r ich in g rune r i t e and magne t i t e w i th some 
carbonate , and 1 to 2 cm thick qua r t z meso-
bands. Both mesoband types show micro-
banding. The f o r m e r consist of discrete 
g rune r i t e and magne t i t e laminae . The l a t t e r 
a re composed a lmost solely of polygonal 
quar tz . Of these samples, No. 1 is s l ight ly 
w e a t h e r e d and contains some l imonit ic 
ma t t e r . 

Nos. 3—6 represen t nonquar tzose si l icate-
rich i ron - fo rma t ion rocks. Sample No. 3 is 
a weak ly l amina ted rock tha t consists ma in ly 
of cumming ton i t e r immed by green h o r n -
blende. Some ca rbona te is to be seen in the 
rock. No. 4 is a massive green ho rnb l ende -
magne t i t e rock. Hornblende , which accounts 
fo r abou t 70 °/o of the bu lk of the rock, ex -
hibi ts ample helicitic opaque (graphite) 
p igment . 

Of the U I F samples analysed, No. 5 is 
un ique in t h a t it conta ins an abundance of 
ga rne t (almandine), b iot i te and chlor i te in 
addi t ion to hornb lende . No. 6 is a mass ive 



Table 1. Rock stratigraphic positions, some petrological remarks and codes for samples from the Ukkolanvaara iron formation (UIF), pelitic 
metasediments from the Ilomantsi Schist Belt, two samples from the Siivikkovaara iron formation (SIF), and one sample from the Otra-

vaara (OPO) and Karhunsaari pyrite ores (KPO). 

Sample number and name Rock-stratigraphic position Remarks Sample code 

1 Grunerite-magnetite-quartz-banded rock 
2 » 
3 Cummingtonite rock 
4 Hornblende-magnetite rock 
5 Garnet-hornblende rock 

6 Hornblende-grunerite rock 
7 Hornblende-garnet schist 
8 Garnet-hornblende-biotite schist 
9 Garnet-biotite schist 

10 Biotite schist 

UIF, upper part 
» » 
» middle part 
» » 
» upper contact 

» » 
» ferriferous interbed 

11 Biotite schist 
12 Black schist 
13 Muscovite-chlorite schist 
14 Muscovite schist 
15 Biotite schist 
16 Coarse-grained part of a schist grade 
17 Fine-grained part of a schist grade 
18 Biotite schist 
19 » 
20 Quartz-amphibole-magnetite-banded rock 
21 Magnetite-amphibole-banded rock 
22 Pyrite ore 
23 Quartz-banded pyrite ore 

» interbed 
» » 

East of UIF 
Sonkaja, 30 km SW of the UIF 
Hattuvaara 
West of UIF 

SIF -
SIF -
OPO 
KPO 

Slightly weathered 
Typical sample 

» , laminated 
» , massive 
» , biotite- and 

chlorite-bearing, massive 
Typical sample, massive 

Pigmented plagioclase 

Relatively rich in apatite, 
abundantly allanite inclusions 
in biotite 
Pigmented plagioclase 

23/4244/74-SL-67 

Abundant accessory epidote 
Biotite-bearing 
Biotite-rich 

Pigmented plagioclase 
Sulphide-bearing 
Only traces of quartz, allanite-bearing 
Slightly weathered 

50/ 
26/ 
27/ 
28/ 

24/ 
57/ 
59/ 
52/ 
53/ 

/74g-SL-67 
/145A-STL-73 
/66D-SL-67 
/Rl-Gfos-74 

/A 283 
/DH 1- 78.40 
/DH 1-149.20 
/DH 1- 32.45 
/DH 1- 54.55 

58/ » /DH 1-131.70 
46/ » /75-SL-67 
29/ » /54-SL-67 
47/4242/15-68 
30/4333/A 221 
48/4244/A 278-1 
49/ » /A 278-2 
54/ » /53-SL-67 
25/ » /A 278-3 
22/4411/2-KL-74 
21/4411/1-KL-74 
71/4241/KL-74-08-22 
70/4223/KL-75-08-26 
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hornb lende -g rune r i t e rock wi th some m a g n e -
tite. Pe t rographica l ly , the rock resembles No. 
4, b u t it contains only minor magne t i t e and 
some g runer i t e . 

Garne t (a lmandine) -bear ing f e r r i f e rous (Fe t o t 

^ 10—15 %>) peli t ic schists of the UIF a re 
r ep resen ted by Nos. 7—9. No. 7 consists 
of bands, some of which are r ich in g reen 
ho rnb lende and qua r t z and some in bioti te , 
chlori te, g a r n e t and hornb lende . In cont ras t 
to the o ther two samples, no fe ldspar has 
been detected in it. No. 8 is a b iot i te- r ich 
schist charac ter ized by bands r ich bo th in 
biot i te and plagioclase and o ther bands rich 
in qua r t z wi th some green hornblende , biot i te 
and garne t . Both the plagioclase and the 
ho rnb lende appear as porphyrob las t s s t rongly 
p igmented by opaque (graphite) dust . No. 9 is 
a qua r t z -banded garne t -b io t i t e schist w i th 
a b u n d a n t plagioclase in tensely p igmented 
by opaque (graphite). 

No. 10, one of the f e r r i f e rous in terbeds , 
is in some respects exept ional , being a mica 
schist t h a t consists main ly of bioti te, quar tz , 
chlori te, and plagioclase. The biot i te con-
ta ins n u m e r o u s smal l b rownish inclusions 
w i th dark-co loured pleochroic haloes. Ac-
cording to microprobe de te rmina t ions by 
J . Siivola, the inclusions a re allanite. The 
fe ldspar of the rock occurs as roundish por -
phyroblas t s t ha t a re a lmost complete ly saus-
suri t ized and p igmented by opaque (graphite). 
The re la t ive ly h igh P content of the rock 
(Table 2) is due to the unusua l ly la rge 
amoun t s of apat i te , an accessory tha t occurs 
as f a i r ly sizeable g ra ins whose centres h a v e 
greyish h u e impor ted by f ine opaque dust . 
The REE content of apa t i t e is too small to be 
detected by microprobe. 

No. 11 is a biot i te-schist in te rbed in the U I F 
wi th a lmost »normal» iron content . The rock 
consists ma in ly of biotite, plagioclase and 
quar tz . The plagioclase is a lmost b lack u n d e r 
the microscope owing to the a b u n d a n t opaque 
p igment , which microprobe s tudies revea l 

to be graphi te . P y r r h o t i t e occurs as an acces-
sory. No. 12 is a b lack schist conta ining 
quar tz , sericite, chlorite, f e ldspar and p y r r -
hot i te as ma in minerals , and apat i te and 
ru t i le as accessories. 

Nos. 13—19 rep resen t typical metased i -
men t s w i th »normal» i ron conten t (Fe to t<^ 
10 °/o) outs ide the i ron - fo rmat ion horizon. 
Nos. 13 and 14 a re fe ldspar -poor mica schists. 
The f o r m e r is composed main ly of quar tz , 
sericite and chlorite, and the l a t t e r of quar tz , 
sericite and some bioti te. Both rocks contain 
tou rmal ine and apa t i t e as accessories. Sample 
No. 15 is a f e ldspa r -bea r ing g reywacke- l ike 
mica schist whose ma in minera l s a re quar tz , 
biotite, K- fe ldspar , plagioclase and sericite. 
The accessories a re epidote in abnormal ly 
la rge amounts , some carbonate , t i tani te , 
apat i te , zircon and opaque. 

Sample No. 16 was collected f r o m the 
coarse-gra ined p a r t and No. 17 f r o m the 
f ine -gra ined p a r t of the same g rade in a 
typical g reywacke- l ike mica schist wes t of 
the UIF. The main components of both rocks 
are plagioclase, qua r t z and bioti te, w i th the 
d i f fe rence t h a t No. 16 contains m o r e pla-
gioclase and less b iot i te t h a n No. 17. The 
abundance of biot i te in No. 17 is revealed 
geochemical ly by its h igh T i 0 2 content (Table 
2). No. 18, which comes f r o m an outcrop 
100 m east of Nos. 16 and 17, is a f e ldspar -
bear ing g reywacke- l ike mica schist t h a t 
contains both biot i te and sericite. The biot i te 
occurs as porphyroblas t s , b u t the sericite is 
f ine-gra ined . Sample No. 19 represen t s an 
8 cm thick dark-co loured phyl l i t ic in te rbed 
f r o m the same outc rop f r o m which Nos. 16 
and 17 w e r e collected. It is a fe ldspar -poor 
biot i te schist t ha t is d is t inguished f r o m t h e 
o ther samples of »normal» me tased imen t s by 
the a b u n d a n t p igment of an opaque mine ra l 
s imilar to t h a t in the fe ldspar of the f e r r i -
fe rous in terbeds . 

The S I F samples w e r e collected by L a a j o k i 
f r o m i ron- fo rmat ion beds separa ted f r o m 



Hare-ea r th elements in the Archean iron format ion and associated schists . . . 113 

each other by a roughly 100 m thick meta-
andesite; No. 20 f r o m the western end of the 
so-called »kiisumonttu» iron format ion 
characterized by a poor sulphide dissemina-
tion (Papunen 1960, p. 35) and No. 21 f r o m 
the ma jo r iron format ion in Pahakangas, 
120 m south of the f i rs t -named horizon. Of 
the samples, No. 20 is a thinly banded quar tz-
amphibole rock wi th some magnet i te and 
iron sulphides. Sample No. 21 comprises a 
magnet i te-amphibole mesoband, 5 cm thick, 
and par ts of two amphibole mesobands. Very 
f ew quar tz grains are met wi th in the 
sample. The sample is exceptional among the 
Kuhmo samples in tha t it contains t iny grains 
of a yellow or b rown mineral causing pleo-
chroic haloes in the amphibole. According to 
the microprobe studies by J. Siivola, this 
minera l is allanite. 

The pyri te ore sample f rom Otravaara was 
collected by Laajoki f rom a roadcut and is 
slightly weathered. The main ore mineral 
is pyr i te wi th some marcasite. The sulphur 
content (Table 2) suggests that the sample 
contains 75 % FeS2. The other 25 °/o is mainly 
quar tz and amphibole. In the light of the 
microprobe analysis by T. Paasivaara, the 
amphibole is t remoli te (56 °/o Si02 , 0.03 °/o 
Ti02 , 2.5 °/o A1203, 2.8 °/o FeO, 0.6 °/o MnO, 
24 %> MgO, 12.6 % CaO, 0.4 °/o Na 2 0, 0.1 %> 
K 2 0) . Fur thermore , the rock contains 
f ragments rich in sericite, amphibole, quar tz 
and ti tanite. The Karhunsaar i sample (No. 
23) was collected by Laajoki f rom the adit a t 
Suovaara (Saksela 1933, Fig. 12). The rock 
represents the quar tz-banded type of the 
KPO and contains 48 % pyri te and 49 °/o 
quar tz as shown by ore analysis (Table 2). 
The remaining 3 %> is chloritized biotite, 
sericite and an unidentif ied isotropic silica-
rich mineral . 

Results and discussion 

Table 2 gives the analytical data. REE 

contents normalized to the composite of 40 
North American shales (NAS), mostly 
Paleozoic in age, (Haskin et al. 1968, Table 2), 
are presented graphical ly in Figs. 6—8. For 
general comparison (Figs. 9 and 10), some 
averages values were normalized to the 
composite of nine chondrites (op. cit., Table 
1). Besides the REE listed in Table 2, Gd and 
Tm were also analysed in 10 samples. The 
mutua l variat ions of these two elements 
were, however, so high and random tha t ana-
lyses were rejected. 

REE in the iron-formation rocks of the 
UIF: All the i ron-formation rocks show a 
clear depletion in the l ighter REE and a 
marked positive Eu anomaly in comparison 
wi th the NAS (Fig. 6 A). No. 1, which re-
presents a slightly weathered counterpar t of 
No. 2, reveals a clear negat ive Nd anomaly. 
This is consistent with earl ier observations 
on the effects of surface weather ing on the 
REE distr ibution in i ron-format ion rocks 
(Laajoki 1975, p. 100). These two quar tz 
(chert)-banded samples, which, in their low 
Al and Ti contents, are the pures t chemical 
sediments among the UIF rocks, contain 
markedly less REE than do the nonquartzose 
iron-silicate-rich samples (Nos. 4—6). Of the 
latter, No. 5 is only slightly enriched in the 
l ighter REE, probably owing to the abundant 
garnet in the rock. 

REE in the ferriferous schist interbeds in 
the UIF: In comparison wi th the NAS, three 
(Nos. 7—9) of the four rocks analysed in this 
category show a sharp positive Eu anomaly, 
but are depleted in other elements by the 
factor 0.5—0.8 (Fig. 6 B). The samples show 
an REE pat terns, except Eu, very similar to 
that of some metapeli tes wi th normal iron 
content in Figs. 7 A and B. This is also 
reflected in their average REE content which, 
except for the higher Eu, is almost analogous 
to that of the Ilomantsi schists (Table 2, B 
and F). 

No. 10 is exceptionally rich in REE, espe-
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Table 2. REE concentrations (ppm) and contents of total iron, silica, AI2O3, Ti02, P2O5 and S (Wt-'/o) 
and of Cr, Co, Ni (ppm) in the Ukkolanvaara and Siivikkovaara iron formations, in the pyrite ores of 
Otravaara and Karhunsaari, and in pelitic metasediments from the Ilomantsi Schist Belt. Sample 

No La Ce Nd Sm Eu Tb Yb Lu 2" REE' Eu : Sm 

1 4.7 10.3 (0.68) 1.3 0.56 0.26 0.97 0.21 (18.98) 0.43 
2 5.8 15.1 10.6 1.6 0.73 0.28 * 1.4 0.26 35.77 0.46 

3 9.8 25.4 12.9 2.8 0.99 0.43 1.52 0.35 54.19 0.35 
4 9.2 26.2 13.3 3.0 1.68 0.53 1.99 0.37 56.27 0.56 
5 10.8 25.7 13.3 2.7 1.16 0.38 (0.23) 0.27 54.54 0.43 
6 7.4 18.6 12.1 2.4 1.02 0.48 2.38 0.63 45.01 0.43 

A 9.3 24.0 12.9 2.7 1.21 0.46 1.96 0.41 52.50 0.44 

7 24 53 24 4.3 2.4 0.52 1.2 0.34 109.76 0.56 
8 18 50 20 3.9 1.8 0.56 2.0 0.41 96.67 0.46 
9 18.4 39.7 16.4 3.0 1.2 0.42 1.6 « 0 . 6 ) < 81.32 0.40 

B 20 48 20 3.7 1.8 0.50 1.6 0.38 ^ 95.9 0.47 

10 135 317 124 18.0 5.5 1.8 3.7 0.41 605.41 0.31 

11 24 56 21 4.1 1.1 0.75 1.5 0.42 108.87 0.27 
12 17.2 41.5 20.2 3.4 0.96 0.45 * 1.4 0.26 85.37 0.28 

c 20.6 48.8 20.6 3.8 1.0 0.60 1.5 0.34 97.12 0.27 

13 23.4 57.9 26.0 4.6 1.14 0.68 2.35 0.32 116.39 0.25 
14 19.8 47.2 19.8 4.1 1.02 0.56 * 1.8 0.34 94.62 0.25 

D 21.6 52.3 22.9 4.4 1.08 0.62 2.08 0.33 105.51 0.25 

15 28.0 56.6 23.7 4.6 1.31 0.46 1.31 0.27 116.25 0.28 

16 8.9 24.8 9.9 2.4 0.75 0.35 * 1.6 0 26 48.96 0.31 
17 13.1 34.5 15.4 3.2 0.94 0.47 * 2.0 0.30 69.91 0.29 
18 14.5 45.4 17.4 4.1 1.1 0.80 2.7 0.28 86.28 0.27 
19 7.7 15.0 7.9 1.7 0.80 0.27 1.35 0.31 35.03 0.47 

E 11.1 29.9 12.7 2.9 0.90 0.47 1.91 0.29 60.05 0.34 
F 17.4 42.1 17.9 3.6 1.01 0.53 1.78 0.31 84.63 0.30 

20 3.3 8.0 3.3 1.2 0.82 0.27 0.86 0.19 17.94 0.68 
21 17.2 42.1 18.5 4.1 1.17 0.45 1.04 0.20 84.76 0.29 
22 2.0 3.7 < 7 0.53 0.25 < 0.1 0.25 0.06 < 13.89 0.47 
23 0.5 0.8 < 1.5 0.12 < 0.3 0.04 0.12 0.03 < 3.41 

*) estimated from the distribution pattern, y) analysed by optical-emission-spectrography, — = not 
determined. The values in brackets are not included in the calculated averages. 2 REE' = La Ce, Nb, 
Sm, Eu, Tb, Yb, Lu. 

cially in the l ighter variet ies . The tota l REE 
content is a lmost twice tha t of the phospho-
r i te i n t e rband in the P ä ä k k ö iron fo rma t ion 
(Laajoki 1975, Table 2, No. 8). The Eu : Sm 
rat io in this sample is m a r k e d l y lower t h a n 
in o ther f e r r i f e rous schists. Because a l lani te is 
known to be enr iched in the l ighter REE and 
to conta in only t races of Eu in re la t ion to Sm 
(Lee and Bas t ron 1967), these exept ions are 

obviously due to the presence of a b u n d a n t 
acessory a l lani te in the rock. 

REE in the schist interbeds in the UIF: 
Both in te rbeds analysed, the biot i te schist 
(No. 11) and the b lack schist (No. 12), show 
dis t r ibut ion pa t t e rns (Fig. 7 A) and tota l con-
ten ts s imilar to those of the muscovi te -
chlori te schist east of the UIF and t h e 
S o n k a j a muscovi te schist (Fig. 7 B). 
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descriptions are given in Table 1. REE analyses by Riitta Zilliacus and Rolf Rosenberg (Nos. 7, 8 11 
22 and 23), Reactor Laboratory of the Technical Research Centre of Finland. The other elements 
were analysed in the Chemistry Department of the Geological Survey of Finland. 

La : Lu Fet„t °/o Si02 °/o AI2O3 % TiOo °/o P0O5 °/o S °/o Cry) Coy) Niy) 
22.4 39.6 — o.77y) 0.03 0.41 0.17 170 < 20 < 20 22.3 40.1 — o.85y) 0.03 0.30 0.1-4 170 < 20 < 20 
28.0 29.3 — 2.5 0.13 0.46 0.07 170 < 20 23 24.9 29.3 — 7.6 0.28 0.60 0.29 220 < 20 40 40.0 30.3 — 8.8 0.23 0.17 0.13 200 < 20 27 11.7 21.8 39.73 14.44 0.51 0.24 — 220 18 100 
26.1 27.7 8.3 0.29 0.37 0.16 203 < 20 48 
70.6 15.8 — 11.8 0.55 0.14 0.19 190 < 20 92 
43.9 11.6 — 17.4 0.73 0.25 0.03 210 < 20 86 

( > 3 1 ) 10.6 — 13.2 0.55 0.16 0.81 280 < 20 96 
57.3 12.7 14.1 0.61 0.18 0.34 227 < 20 91 

329 12.8 — 14.0 0.90 1.56 0.06 500 29 270 
57.1 7.71 — 15.3 0.53 0.18 0.86 420 32 92 
66.2 7,75 - — 13.8 0.47 0.40 2.44 270 34 110 
61.7 7.73 14.6 0.50 0.29 1.65 345 33 101 
73.1 6.01 — 17.0 0.78 0.41 0.08 330 < 20 55 
58.2 4.54 65.07 15.81 0.68 0.09 — 270 28 140 
65.6 5.28 16.4 0.73 0.25 300 98 

103.7 3.51 68.21 15.57 0.54 0.18 — 27 12 26 
34.2 5.42 64.56 14.99 0.65 0.11 160 31 100 
43.7 6.87 55.27 18.71 1.09 0.18 — 290 42 150 
51.8 8.40 — — 0.93 0.16 0.42 — — 

24.8 5.36 60.68 17.41 0.79 0.18 0.03 270 11 82 
38.6 6.51 0.87 0.16 
57.0 6.71 0.72 0.21 
17.4 24.0 58.05 0.20 0.00 0.25 1.67 < 150 < 20 < 20 
86.0 37.2 33.98 0.74 0.02 0.18 0.11 230 < 20 < 20 
33.3 36.8 16.40 3.10 0.13 0.14 40.4 200 150 180 
16.7 23.4 49.25 0.49 0.05 0.09 25.8 130 180 320 

A) Av. of Nos. 3—6. B) Av. of Nos. 7—9. C) Av. of Nos. 11—12. D) Av. of Nos. 13—14. E) Av. of Nos. 
16—19. F) Av. of Nos. 11—19. 

REE in the Ilomantsi schists: On the basis 
of the i r REE contents and li thology, the 
schists w i th no rma l i ron content can be 
divided into two main group. The f i r s t com-
prises two schists r ich in muscovi te and 
re la t ive ly r ich in REE (Nos. 13 and 14). They 
reveal a lmost ident ical REE dis t r ibut ion 
pa t te rns , and REE contents t ha t a re only 
s l ight ly lower t han those in the N A S (Fig. 

7 B). The second g roup is composed of f ive 
biot i te-r ich samples. Of these, No. 15 is 
re la t ive ly rich in REE and in somewha t more 
enr iched in the l ighter REE than are the NAS 
(Fig. 7 C). This unusua l f e a t u r e is a t t r ib -
u ted to the a b u n d a n t accessory epidote of the 
rock. The NAS normal ized REE pa t t e rns of 
the o ther fou r (Nos. 16—19) a re clearly 
depleted in the l ighter REE. The rocks contain 
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La Ce Nd Sm Eu Tb Yb Lu 

Fig. 6. NAS-normalized REE distribution patterns 
for the iron-formation rocks (A) and the ferri-

ferous schist interbeds of the UIF (B). 

La Ce Nd Sm Eu Tb Yb Lu 

La Ce Nd Sm Eu Tb Yb Lu 

Fig. 7. NAS-normalized REE distribution pat-
terns for the metapelite interbeds with normal 
iron content from the UIF (A), for the muscovite-
rich (B) and biotite-rich (C) metapelites from the 

Ilomantsi schist belt. 

La Ce Nd Sm Eu Tb Yb Lu 

Fig. 8. NAS-normalized REE distribution patterns 
for the iron-formation rocks of the SIF (Nos. 20 
and 21) and the pyrite ore samples of the OPO 

(No. 22) and KPO (No. 23). 

m a r k e d l y less REE than do the t w o 
muscovi te-r ich schists (Fig. 7 B). 

It is of special in teres t to compare the 
re la t ive REE dis t r ibut ions in t h e d i f f e r en t 
pa r t s of the g raded bed analysed. The lower 
par t , more rap id ly deposited and re la t ive ly 
plagioclase-r ich and biot i te-poor (No. 16), 
contains less REE and shows a somewha t 
h igher posit ive Eu anomaly t h a n does the 
upper pa r t of the g r ade (No. 17). This is 
consistent wi th the conclusions d r a w n by 
Haskin et al. (1966, p. 269) t ha t maf ic rock-
fo rming minera l s tend to have h igher REE 
concentra t ions t han do felsic minera ls , 
whereas the la t te r exhib i t a s t rong anomalous 
p re fe rence for Eu. No. 19 is except ional ly poor 
in REE and shows an NAS-normal ized dis t r i -
but ion pa t t e rn and a posit ive Eu anomaly 
s imilar to those in the i ron - fo rma t ion rocks 
of the UIF. I t appa ren t ly r ep resen t s an 
in terca la t ion deposited dur ing a ve ry slow 
sedimenta t ion period. Otherwise its chemis t ry 
is s imilar to t ha t of o ther b iot i te- r ich schists. 

REE in the SIF samples: S IF sample No. 20 
has a REE dis t r ibut ion pa t t e rn (Fig. 8) and 
an absolute REE conten t ident ical to t h e 
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Härmänjok i sample analysed earl ier f rom 
Kuhmo (Laajoki 1975, No. 20). No. 21 dif-
fers drastically f rom these two in tha t it 
contains about f ive t imes more REE in total 
and has an Eu : Sm ratio even lower (0.29) 
than that in Middle Precambr ian iron forma-
tions of Superior type in general (0.31—0.43, 
Laajoki 1975, Table 3). Moreover, it is not 
depleted in the lighter REE (Fig. 8). This 
peculiarity, as in No. 10, is a t t r ibuted to 
the presence of allanite. 

REE in the OPO and KPO samples: The 
OPO sample (No. 22) closely resembles the 
quar tz-banded types of the UIF (Nos. 1 and 2). 
This similarity suggests that the Otravaara 
pyri te ore represents a sulphide facies of iron 
formation. The KPO sample contains the 
lowest absolute REE content found so f a r in 
iron-rich rocks in Finland. Its REE content is 
as low as that in the massive magnet i te and 
hemat i te reported by Fryer (1977, Nos. 25 and 
27) f rom the Archean (?) iron format ion in 
Mary River. This very low absolute REE 
content can be a t t r ibuted to the insignificant 
silicate and phosphate contents of the rock 
as revealed by the low A1203, T i0 2 and P 2 0 5 

values in Table 2. 

Cr, Co and Ni content: These trace elements 
were analysed in the hope of gaining infor-
mation about the possible volcanic affinit ies 
of each deposition. In spite of their con-
trast ing lithologic association, the UIF and 
SIF samples show almost identical Cr, Co 
and Ni contents, of which Co and Ni are 
mostly below detection limits. The Ni in the 
UIF samples bears a clear positive correlation 
to Ti0 2 (Table 2, Nos. 1—6). The Cr content 
is about twice tha t in the Karel ian iron-
format ion rocks in Väyrylänkylä (Laajoki 
and Saikkonen 1977, Table 14). Of the meta-
pelite samples, No. 10 is the richest in Cr and 
Ni. The Co content is, however, normal. No. 
15 is exceptionally poor in all three elements. 
The upper relat ively biotite-rich par t of the 

grade (No. 17) contains markedly more Cr, 
Co and Ni than the lower, more felsic par t 
(No. 16). Both the OPO and KPO samples are 
comparat ively rich in Co and Ni. 

General discussion: The nonquartzose sili-
cate i ron-formation rocks in Ukkolanvaara 
(SUIF) are relatively richer in REE than are 
the Kuhmo and other Archean iron fo rma-
tions (Balashov and Goryainov 1966, F ryer 
1977). The absolute REE abundance in the 
quartzose variety (Nos. 2) is close to that in 
the massive magnet i te and banded magnet i te-
hemat i te iron formation of Mary River (Fryer 
1977, Nos. 24 and 28). There is, however, no 
depletion in Ce. 

Table 3 gives some REE parametres for the 
Precambr ian iron formations in Finland. The 
Kuhmo occurrences (excluding the allanite-
bearing SIF-1) are characterized by a low 
REE content and a high Eu : Sm ratio, the 
UIF by a markedly higher REE content and 
a lower Eu : Sm ratio, and the Väyrylänkylä 
occurrences by low Eu : Sm and high La : Lu 
rations. The pyri te ores of Karhunsaar i and 
Otravaara seem to be very poor in REE. All 
these differences may be related to the 
specific sedimentation environment of each 
occurrence as revealed by the associated 
rocks and by some fa in t bu t specific li tho-
chemical features . Thus, of iron format ions 
in Finland, those at Kuhmo are, in terms of 
A1203 and Ti02 , the chemical sediments poo-
rest in these elements (Laajoki and Saik-
konen 1977, Fig. 73 a). The UIF is composed 
mainly of iron-silicate-rich rocks and, like the 
other Archean iron formations in North 
Karel ia (op. cit. Fig. 73 a), is relatively rich 
in A1203. The Väyrylänkylä iron format ions 
are exceptionally rich in phosphorus. Both 
pyri te ores d i f fer f rom the typical sulphide 
facies described by James (1954) in that they 
are noncarbonaceous and relatively poor in 
A1203 and Ti02 . This difference is also 
revealed by distinctly higher REE abun-



Table 3. REE characteristics of the Finnish Precambrian iron formations proper and one quartz-banded hematite ore from Sweden. 
Averages are weighted for the number of analysis. 

Occurrence Age 
(Ma) Associated rocks Iron-formation 

facies Anal. 2 REE* 
(ppm) Eu : Sm La : Lu References 

Kuhmo 
Härmänj oki 
Siivikkovaara-2 

> 2740 
» 

Basic metavolcanics Mixed oxide-silicate 1 
1 

16 
18 

0.63 
0.68 

26 
17 

Laajoki 1975, Table 2, No. 20 
This study, Table 2, No. 20 

2 17 0.66 22 

Siivikkovaara-1 » » » 1 85 0.29 86 » » No. 21 
Ilomantsi 

Ukkolanvaara 
» 

> 2750 
< 2900 

Mica schists 
Noncherty silicate ± 
oxide 

1 
4 

36 
53 

0.46 
0.44 

22 
26 

» » No. 2 
» » A Noncherty silicate ± 

oxide 
5 49 0.44 25 

Otravaara > 2600 Basic metavolcanics, 
quartz-feldspar 
schists, black schists 

Sulphide 1 < 14 0.47 33 » » No. 22 

Puolanka 
Väyrylänkylä 2080 Quartzite-phyllite-

dolomite-black schist 
Mixed oxide-silicate 
Carbonate 

4 
1 

63 
53 

0.31 
0.24 

59 
92 

Laajoki 1975, Table 2, A 
» » No. 10 

Karhunsaari > 2100 
< 2600 

Feldspar + sericite 
schists, black schists 

Noncherty Fe-sili-
cate interbands 

Sulphide 

5 

2 

1 

61 

41 

< 3 

0.30 

0.28 
? 

66 

25 

17 

» » No. 17, 
Laajoki and Saikkonen 1977, 
Table 15 
This study, Table 2, No. 23 

Central Sweden 
Kallmorberg 1800? Acid metavolcanics 

(leptites) 
Oxide (hematite) 1 35 0.63 -x, 50 Holmqvist 1971, Table 7: 13, 

composite of quartz-banded 
hematite ore. 

* 
s e s-o 
t-R 
a V J . O S* pi. 
s 
S a 
to ro •ö •b o 
f 
p e 
s-s 
3 
rts S 

2 REE * = 2 La, Ce, Nd, Sm, Eu, Tb, Yb, Lu. 
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dances in the carbonaceous su lphide-fac ies 
rocks (Wildemand and Hask in 1973, No. 9, 
Laa jok i 1975 Nos. 12 and 13). 

The occurrences ment ioned do not exhib i t 
any dist inct secular changes in REE. F o r t u n a -
tely, t he re a re two rock groups wi th almost 
s imilar l i thology and bu lk chemis t ry , namely , 
the ga rne t -bea r ing i ron-si l icate i n t e rbands of 
the P ä ä k k ö iron fo rma t ion and the non -
quar tzose si l icate-rich rocks of the UIF. 
In te res t ing ly the chondr i t e normal ized REE 
pa t t e rns of the f o r m e r show a nega t ive Eu 
anomaly, whe rea s the l a t t e r show a posit ive 
Eu anomaly (Fig. 9). The REE da ta avai lable 
in the l i t e r a tu re and discussed recen t ly by 
F r y e r (1977) indicate t ha t the A r c h e a n 
iron fo rma t ions (age < 2500 Ma) h a v e Eu : Sm 
ra t ions f r o m about 0.40 to 1.22, whe rea s the 
same ra t io in the Middle P r e c a m b r i a n and 
younger banded iron fo rma t ions var ies f r o m 
about 0.40 to 0.24, which is close to t ha t in 
the Mesozoic massive Mn deposit in the 
Apennines (0.27, Bonat i et al. 1976b), the 
Mesozoic Cyprus ochres and u m b e r s (0.24— 
0.30, Rober tson and Flee t 1976) and the 
Pacif ic meta l l i f e rous sediments (0.28—0.36, 
Dymon et al. 1973). The same t r end is to 
be seen w h e n the REE p a t t e r n of the OPO 
sample is compared wi th tha t of the pyr i t e 
concret ion in the Romanche Trench (Fig. 9). 
However , the qua r t z -banded hema t i t e ore of 
Ka l lmorbe rg (KQHO), p robab ly Middle P r e -
cambr i an in age, has as h igh an Eu : Sm ra t io 
as the Archean K u h m o i ron fo rma t ions on 
average (Table 3). The Ordovician oxide i ron-
fo rma t ions associated w i th the massive sul -
ph ide ores in New Brunswick , SW Canada, 
show unusua l ly high and var iab le Eu : Sm 
rat ios (0.27—10.10; av. 2.63, Graf 1977). As 
discussed by Graf (op.cit.), the Eu : Sm ra t io 
appears to be the h igher the g rea te r t h e P b 
content of the sample, this m a r k e d except ion 
to the gene ra l secular t r end m a y be re la ted 
to the presence of smal l quant i t i es of ga lena 
in the N e w B r u n s w i c k i ron format ions . 
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Fig. 9. Chondrite-normalized REE distribution 
patterns for the average silicate-rich rocks of the 
UIF ( = SUIF, Table 2, A), the average of two 
noncherty garnet-bearing iron-silicate interbands 
from Pääkkö ( = SPIF, Laajoki 1975, Table 2, No. 
17, Laajoki and Saikkonen 1977, Table 15), for the 
composite of 15 samples of Kallmorberg quartz-
banded hematite ore ( = KQHO, Holmqvist 1971, 
Table 7 : 13), for the average of two Kuhmo iron 
formations ( = KIF, Table 2, No. 20, Laajoki 1975, 
Table 2, No. 20), for the OPO sample (Table 2, No. 
22) and the pyrite concretion from the Romanche 

Trench (= PRT, Bonatti et al. 1976a, Table 2). 
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Fig. 10. Chondrite-normalized REE distribution 
patterns for some Archean rocks. CBGL = com-
posite of 40 gneissic granites and granite gneisses 
from Finnish Lapland (Sahama 1945, Table 28). 
AIS = average of 9 Ilomantsi schists (this study, 
Table 2, F). ASG = average of 6 Sheba greywackes 
(Wildeman and Condie 1973, Table 2). AWG = 
average of 6 Wyoming greywackes (op. cit., Table 
1). AUFS = average of 3 ferriferous metapelites 
of the UIF (this study, Table 2, B). AAS-I = 
average of 6 Kalgoorlie sedimentary rocks (Nance 
and Taylor 1977, Table 4). AGG = average of 
10 granitic and granodioritic (ortho)gneisses from 
Godthåb (O'Nions and Pankhurst 1974, Table 2). 
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Fig. 10A shows the average chondr i te -
normal ized REE p a t t e r n for the Archean I lo-
mants i schists (AIS) compared w i t h tha t of 
the Archean Sheba g reywackes of the Fig 
Tree Group. Both rocks can be considered as 
represen ta t ives of the f i r s t t ype of clastic 
association descr ibed by Beukes (1973, p. 
1000). The rocks show similar REE pa t t e rns 
consistent wi th the i r a p p a r e n t analogous sedi-
men ta t ion env i ronmen t and age. As to t h e 
Finnish rocks, the AIS and the Kare l i an Toh-
m a j ä r v i and Kangasa la g reywackes (Wilde-
m a n and Hask in 1973) a re not m a r k e d by a 
deplet ion in Eu, compared wi th chondri tes , 
whereas the Kare l i an O u t o k u m p u black 
schist (op. cit.) and the Kare l i an metape l i tes 
in Puo l anka (Laajoki 1975 and 10 unpubl i shed 
analyses) show a clear negat ive Eu anomaly, 
in re la t ion to chondri tes . Thus, in F in land , 
t he r e seems to be no a b r u p t change in Eu 
content be tween the P r e k a r e l i a n and K a r e -
lian clastic sediments . 

I t should be noted, however , t ha t the f e r r i -
fe rous metapel i tes of the U I F show Eu : Sm 
rat ios as la rge as those in the i ron - fo rmat ion 
rocks themselves and have an average REE 
dis t r ibut ion p a t t e r n s imilar to t ha t in 
Archean Aus t ra l i an schists (Fig. 10 B). More-
over, t he re is no l inear corre la t ion be tween 
the Eu : Sm rat io and the tota l i ron contents 
in the I lomants i metasediments , b u t the 
Eu : Sm rat io fa l ls a b r u p t l y f r o m about 0.47 
to 0.30 w h e n the to ta l i ron content decreases 
to below 10 per cent (Fig. 11). The f e r r i f e rous 
schists as wel l as the i ron - fo rmat ion rocks 
obviously conta in some chemical s ed imen ta ry 
components which absorbed selectively Eu 
f r o m the sea w a t e r or, as discussed by F r y e r 
(1977), the chemical sediments ref lec t the 
original Eu en r i chmen t in the Archean sea 
wa te r . The re are, however , two except ions to 
this ru le : No. 10, whose low Eu : Sm ra t io and 
REE p a t t e r n a re due to the presence of a l la-
ni te and were ev ident ly p roduced in a m e t a -

Eu: Sm 

F e t o t 
Fig. 11. Eu : Sm/Fetot plot of the Ilomantsi meta-
sediments (Nos. 1—19 in Table 2). 1) Iron-for-
mation rocks of the UIF. 2) Ferriferous interbeds 
of the UIF. 3) Metapelite interbeds of the UIF. 
4) »normal» metapelites of the Ilomantsi Schist 

Belt. 

morph ic system, and No. 19. The reason w h y 
No. 19 is so except ional has not been es tab-
l ished wi th cer ta in i ty . 

Nance and Taylor (1977) have shown tha t 
posit ive Eu en r i chment s a t t r ibu ted to local 
accumula t ion of fe ldspar du r ing sedi-
men ta t ion could also h a v e been f o r m e d in 
Paleozoic rocks. They suspect t h a t the en -
r i chmen t of Eu, in re la t ion to chondri tes , 
observed in the Archean s ed imen ta ry rocks 
p robab ly has the same cause. They f u r t h e r 
discussed t h a t » there is no reason to suppose 
tha t such an en r i chmen t has wider s ignif i -
cance, imply ing an excess Eu content , re la -
t ive to chondri tes , as a genera l f e a t u r e of 
Archean crust , exposed to wea ther ing» 
(op.cit., p. 228). However , if the REE da ta 
avai lable for both the clastic and chemical 
sed iments a re t aken into considerat ion, the 
genera l Eu excess in Archean sed iments 
seems to be a s ignif icant and regional pheno-
menon. This, coupled w i th the secular 
var ia t ion of the K 2 0 : N a 2 0 ra t io in sed imen-
t a ry rocks (Engel et al. 1974), and wi th the re -
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sui ts of the oxygen isotope s tudy of Archean 
clastic m e t a s e d i m e n t a r y rocks f r o m Canada 
(Longstaf fe and Schwarcz 1977), suggests t ha t 
the excess is s imply due to the gene ra l 
i m m a t u r e n a t u r e (Pe t t i john 1943) of the 
Archean sediments . 

As can be seen in Fig. 10, the I lomants i , 
Sheba, Wyoming and Aus t r a l i an schists and 
the Archean grani t ic and granodior i t ic 
gneisses f r o m God thåb have fa i r ly s imilar 
REE pa t te rns . F u r t h e r the REE p a t t e r n fo r 
the composite of ba semen t gneisses f r o m 
Finnish Lap land does not devia te much f r o m 
the average for the I lomants i schists. On the 
basis of the i r REE dis t r ibut ion, the I lomants i 
schists could thus have der ived f r o m a source 
area dominan t ly grani t ic -granodior i t ic in 
composit ion. This is in logical ag reemen t wi th 
the i r geologic evolut ion discussed in the 
in t roduc to ry chapter . In principle, this exp la -
nat ion is analogous to the b imoda l tholeii t ic-
felsic igneous sui te proposed by Nance and 
Taylor (1977) as a p robab le source of the 
Archean s ed imen ta ry rocks. 

Concluding remarks 

1) Nd is leached out by Preglac ia l wea the r ing 
processes more easily t han the o ther REE. 

2) The low REE concentra t ions in O t r a v a a r a 
and K a r h u n s a a r i pyr i t e ores suggest t h a t 
they a re of chemical s ed imen ta ry origin. 

3) The REE in the Ukko lanvaa ra i ron fo r -
mat ion conf i rms the genera l Eu excess in 
the Archean iron fo rma t ions in re la t ion to 
younger i ron-r ich chemical sediments . 

4) The presence of some REE-bea r ing ac-
cessory minera l s gives rise to anomalous 
REE concentra t ions and dis t r ibut ion pa t -
te rns in the rock. 

5) The REE concent ra t ions in the Archean 
rocks of mechanica l sed imen ta ry origin 
seem to ref lec t a c rus t dominan t ly g r an i -
t ic-granodior i t ic in composit ion. 
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