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Introduction 

Age de te rmina t ions f r o m Nor th Kare l ia 
show tha t the oldest P reka re l i an rocks, 
gneisses, a re about 2600—2800 Ma old (Simo-
nen 1980). Dist inct ly younger a re the Kare l ian 
in t rus ive rocks (»the M a a r i a n v a a r a granite»), 
which da te at about 1860 Ma (Huhma 1976). 
These rocks a re cut by dist inct ly younger 
d y k e rocks, the microtonal i te and l ampro-
p h y r e dykes to be deal t wi th in this paper 
(Fig. 1). The l amprophy re dykes have ear l ier 
been described by H a c k m a n (1914). 

The f i rs t l amprophy re dyke was discovered 
by J . N. Soikero in t h e summer of 1912 on 
the wes te rn shore of a small lake, Niinilampi, 
about 1 km SE of a f a r m called Hovi. A 
second dyke was encountered some 1.5 km 
f a r t h e r west . The dis tance be tween the dykes 
is about 2 km. 

In t h e s u m m e r of 1913 V. H a c k m a n dis-

covered a th i rd dyke only a few met res f r o m 
the f i rs t one. None of the th ree dykes is 
th icker t han 20 to 30 cm. 

H a c k m a n gave a comprehens ive descr ip-
tion of the minera l composit ion of the dykes 
and presented a modal composit ion and t h e 
chemical da ta on the basis of which he classi-
f ied the rock as camptoni te (ouachitite). As 
we shall see later , however , the nomenc la tu re 
is not qui te appropr ia te . 

Explora t ion act ivi ty by O u t o k u m p u Oy 
revealed more dykes in the same area ; cur-
ren t ly six dykes or para l le l dyke s w a r m s are 
known. Some s u p p l e m e n t a r y s tudies on the 
minera l and chemical composition of the 
dykes w e r e u n d e r t a k e n for this paper . 

The microtonal i te dykes were f i rs t dis-
covered in t h e course of geological s tudies at 
Kaav i in 1954 in the a rea of m a p sheet 4311 
(Fig. 1). They have been repor ted previously 
by H u h m a (1970, 1971, 1975, 1976). 
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Fig. 1. Simplified geological 
map of the western part of 
North Karelia. 1. Prekare-
lian rocks, 2. Karelian rocks, 
3. Microtonalite dykes, 4. 
Lamprophyre dykes. A940 = 
Dated microtonalite, A159 = 
Dated lamprophyre, 1—18 = 
Analysed microtonalites 

Tables 1 and 2). 

Microtonalite dykes 

Mode of occurence 

Microtonal i te dykes (the p re f ix according 
to Streckeisen, 1967) abound in a N-S t r e n d -
ing zone in the wes te rn marg ins of m a p sheets 

4311 (Sivakkavaara) , 4222 (Outokumpu) and 
4221 (Heinävesi) and in the eas te rn par t s of 
map sheets 3333 (Juankoski) and 3244 (Veh-
mersalmi) (Fig. 1). They have not been 
discovered outs ide tha t area. The dykes are 
whol ly unconnected wi th any la rger plutonic 
bodies. 
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Fig. 2. The contact of a 
microtonalite dyke with 
pegmatite granite. A 
fragment of pegmatite 
granite is visible in the 

dyke. 

The dykes are f r o m a few cent imet res to 
several met res wide. It has, however , not 
a lways been possible to de t e rmine the i r t r ue 
wid th because they of ten occur in the marg ins 
of outcrops and thus only one of the contacts 
is exposed. If both contacts a re visible, 
w id ths such as 15 cm, 50 cm, 2 m and sl ightly 
over 10 m have been measured . The dykes 
are not ve ry long and can seldom be t raced 
f r o m one outcrop to the next . The longest 
dis tance a dyke has been t raced is about 50 m; 
it has been es t imated tha t one o ther cannot 
be longer t han 15 to 20 m. 

Compared wi th the i r length, the dykes are 
o f t en fa i r ly wide and sometimes almost iso-
metr ic in shape. 

The n a r r o w dykes, which are only a f ew 
tens of cent imet res wide, a re genera l ly rec-
t i l inear and of constant w id th and cut the 
coun t ry rock wi th sha rp contacts. In contrast , 
t he wide dykes are of var iab le wid th and 
display contacts tha t a re of ten zig-zag. 

In places the dykes contain coun t ry rock 
f ragments , e.g. pegmat i t e g ran i te in one ex-
posure (Fig. 2). Some of the f r a g m e n t s a re 

rounded, some angular , va ry ing in size f r o m 
single crysta ls and quar tz fe ldspar mot t les 
to f r a g m e n t s la rger t han the pa lm of a hand . 

In ano ther outcrop, dyke rock pene t r a t e s 
mica gneiss, M a a r i a n v a a r a g ran i t e and peg-
mat i t e crosscut t ing and breccia t ing t hem so 
tha t the dyke rock exhibi ts mica gneiss (Fig. 
3) and g ran i t e (Fig. 4) xenol i ths wi th s h a r p 
contacts. The la t te r m a y be several me t r e s 
in d iameter . 

At Män ty jä rv i , Kaavi, t he re is an ou tc rop 
of quar tz i t e wi th hor izonta l bedding. T h e 
quar tz i t e is crosscut by a subver t ica l m ic ro -
tonal i te dyke t h a t exhibi ts fol iat ion para l le l 
to the dyke (Figs 5 a and b). This dyke (A 940) 
has been dated. Ano the r para l le l dyke occurs 
a f e w me t r e s away. 

Dur ing mapp ing u n d e r t a k e n in 1954 a s t u d y 
was m a d e of the joints in a res t r ic ted area. 
This s tudy demons t ra ted tha t the joints e x -
hibi t f ou r max ima , two of which a re associ-
ated wi th the occurrence of micro tonal i te 
dykes. The dykes p r e f e r the joint m a x i m u m 
N35W, 75E. Ano the r joint m a x i m u m , less 
of ten f avoured by the dykes, is t ha t of N25W r 
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Fig. 3. A fragment of 
mica gneiss in a micro-
tonalite dyke. The scale 

as in Fig. 4. 

25W. The fo rmer represen ts joint ing, whose 
s t r ike paral le ls the s t r ike of schistosity but 
wh ich dips perpendicu la r to the dip of 
schistosity. The la t te r coincides wi th the 
jo in t ing para l le l to the schistosity. 

Petrography 

The microtonal i te dykes a re f ine-gra ined 
plagioclase-biot i te-quar tz rocks and plagio-
c lase-b io t i te -hornblende-quar tz rocks. Potas-

Fig. 4. Fragments of 
Maarianvaara granite in 

a microtonalite dyke. 

i 
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s ium fe ldspar occurs only accessorily, even 
in the va r ian t s r ichest in quar tz . At its most 
abundan t , potass ium fe ldspar is encountered 
as a secondary f r a c t u r e fi l l ing. 

The abundance of qua r t z var ies f r o m a 
few per cent to almost 30. Bio<tite tends to 
be r a t h e r common, and plagioclase, whose 
abundance f r e q u e n t l y exeeds 50 °/o, is the 
p redominan t minera l . Hornb lende m a y be 
lacking but it may reach abundances as high 
as 15.8 %> (Table 1). 

The dykes f r e e f r o m or poor in hornb lende 
resemble f ine-gra ined mica schist (e.g. Fig. 
5 a), so much so that , in hand specimens, it is 
o f ten impossible to dis t inguish t hem f r o m 
mica schist. The dykes are fol ia ted and wi th -
out layer ing. To complicate the picture, the 
mica schist contains non- layered port ions. 

The gra in size of the dykes is fa i r ly small , 
va ry ing be tween 0.05 and 0.5 mm. In addi t ion 

Figs 5 a and b. The contact of quartzite and a 
microtonalite dyke. 

to this r a t h e r equ ig ranu la r rock, some larger 
euhedra l plagioclase phenocrys ts ranging up 
to 1 X 3.5 m m in size occur locally (Fig. 6). 
The more maf ic the dyke rock, the more 
a b u n d a n t a re these phenocrysts . The la rger 
plagioclase phenocrys ts in the more acidic 
dykes are so indist inct t h a t they can seldom 
be seen macroscopically. 

The hornb lende -bea r ing dykes also contain 
hornb lende as la rger phenocrys ts up to 3— 
5 m m in length. In rocks poor in ho rnb lende 
this minera l cannot be discerned by the naked 
eye. Hence, ophitic or porphyr i t i c t ex tu re s 
a re absen t f r o m the dykes. 

The equ ig ranu la r por t ions exhibi t dist inct 
or ienta t ion owing to the presence of biot i te 
(and hornblende) . Otherwise the rocks are 
completely homogeneous wi thou t any zoning 
or layer ing. 

The or ienta t ion of the la rger plagioclase 
and hornb lende phenocrys ts of ten d i f fe r s 
f r o m the or ienta t ion of the more f ine-gra ined 
port ions. 

Plagioclase var ies be tween An2 5 and An4 3 

in composition and shows only slight serici t-
ization. 

The largest plagioclase phenocrys ts a re 
character ized by twinn ing (albite, pericline, 
Karlsbad) . The biot i te is reddish b r o w n and 
intensely pleochroic. The hornb lende is bluish 
green, s t rongly pleochroic and occurs as b lun t 
prisms. The la rger hornb lende crystals o f ten 
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Table 1. Mineral composition of microtonalite dyke rocks. 

1 2 3 4 5 6 7 8 9 10 

Quartz 13.4 12.1 21.1 8.1 4.3 14.8 12.5 11.2 14.5 20.9 Plagioclase 42.0 54.5 37.3 51.1 68.3 58.7 59.9 52.9 53.2 51.0 (An) (40) (30) (50—45) (35—30) (45—30) (40) (45—25) (30) (40) (45—40) Biotite 25.7 20.8 30.5 38.6 16.8 11.8 18.0 23.3 24.8 26.0 Hornblende 15.8 9.2 7.7 0.7 6.9 12.5 5.7 10.3 4.7 Accessories 3.1 3.4 3.4 1.7 3.7 2.2 3.9 2.3 2.8 2.1 
100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 

11 12 13 14 15 16 17 18 Average 

Quartz 19.9 18.2 23.2 19.8 10.7 28.5 25.8 23.4 16.8 
Plagioclase 52.2 44.0 50.6 54.2 50.5 49.7 50.0 55.0 51.6 (An) (32) (35—20) (40—35) (30) (35—30) (35—28) (45—35) (35—25) (35) 
Biotite 25.9 35.6 21.0 21.7 38.8 20.9 23.1 18.3 25.0 
Hornblende — — 3.2 3.8 0.3 4.4 Accessories 2.0 2.2 2.0 0.5 tr 0.9 0.3 3.3 2.2 

100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 
Accessories: 

1. sphene, apatite, orthite, epidote, zircon 
2. sphene, epidote, zircon, apatite, orthite, opaques, microcline 
3. opaques, apatite, sericite, orthite, zircon 
4. apatite, zircon, orthite 
5. opaques 2.0 %>, orthite, sphene, rutile, zircon, apatite 1.7 °/o 
6. opaques, apatite 
7. opaques, sphene, epidote, sericite, apatite, orthite, zircon 
8. sphene, opaques, apatite, orthite 
9. apatite, orthite, zircon, opaques 

10. chlorite, sphene, sericite, microcline, saussurite, opaques, apatite, orthite, zircon 
11. chlorite, apatite, opaques, zircon, epidote, sphene, microcline 
12. opaques, apatite, sericite, orthite, zircon 
13. microcline, sphene, apatite, orthite, sericite, zircon 
14. sphene, apatite, zircon 
15. opaques, apatite, zircon 
16. apatite, sphene, zircon, orthite, microcline 
17. sphene, apatite, orthite, zircon, opaques 
18. microcline, sericite, chlorite, apatite, orthite, zircon 

conta in appreciable plagioclase, i lmeni te and 
sphene inclusions. The r e f r ac t ive index de-
te rmina t ions indicate tha t the composit ions 
of ho rnb lende in two samples can be ex-
pressed (according to F reund , 1955, p. 163) 
as Mg, i0FeJ0 (y = 1.675) and Mg„Fe 3 5 (y = 
1.688). Quar tz occurs as small grains. There 
a re n u m e r o u s accessories (Table 1) and the 
dykes occasionally contain a lmandine (n = 
1.792) mott les 1.5 to 2 cm in d iameter . 

The crosscut t ing mode of occurrence of the 
dykes is c lear ly shown in the t ex tu re ; see 

the pho tomicrograph (Fig. 7) of the contact 
be tween the quar tz i te and a dyke. 

The modal minera l composit ion given in 
Table 1 shows tha t the abundances of plagio-
clase, biot i te and hornb lende va ry r andomly 
as a func t ion of qua r t z and do not exhibi t any 
func t iona l re la t ion to the quar tz . 

P lo t ted in Fig. 8 is the abundance of horn-
blende agains t t ha t of quar tz . The f igure 
demons t ra tes tha t the hornb lende /quar t z 
ra t io of the dykes is scat tered, p robab ly owing 
to contaminat ion. 
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Fig. 6. A microtonalite 
with plagioclase pheno-
crysts. lOx. Nic. + . Photo 

E. Halme. 

Chemical composition 

Except for samples 5 and 15, which were 
analysed by wet -chemica l methods (Huhma, 
1975), the samples collected f r o m the micro-
tonal i te dykes w e r e assayed by X R F at t h e 

O u t o k u m p u Oy Geological Labora to ry of Ex-
plorat ion. The analyt ical da ta of the dykes 
are listed in Table 2. 

The chemical composition is i l lus t ra ted by 
a MgO—Si0 2 d i agram (Fig. 9). The t h r ee 
samples r ichest in SiOä (Nos 16—18) consti-

me. 

Fig. 7. The contact be-
tween quartzite and dyke 
(quartzite on the left). 
lOx. Nic. + . Photo E. Hal-
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Table 2. Chemical compositions, Niggli values, and CIPW norms of some microtonalite dyke rocks. a 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 

Si02 53.45 54.59 54.61 56.39 56.8 56.82 56.83 56.88 56.97 56.98 57.42 57.54 57.65 57.87 59.27 64.34 67.36 68.55 
TiOs 1.23 1.01 1.89 1.28 1.0 0.94 0.87 1.23 1.93 0.82 0.94 1.60 1.13 0.91 1.19 0.63 0.52 0.49 
AI2O3 16.38 17.07 16.35 15.77 18.7 15.94 16.75 16.08 15.74 16.23 16.02 15.20 15.47 14.95 18.25 15.79 15.68 16.19 
FeO 8.31 7.10 9.27 9.29 7.551 6.37 5.90 8.20 8.45 5.95 6.54 9.59 7.19 8.37 6.07 2 6.00 5.82 5.03 
MnO 0.07 0.03 0.06 0.05 0.10 0.02 0.02 0.07 0.05 0.03 0.03 0.09 0.04 0.07 0.08 0.02 0.02 0.01 
MgO 3.98 4.03 3.30 3.28 3.22 3.02 3.38 2.41 2.71 3.21 2.84 2.80 2.40 2.08 3.20 1.17 1.24 0.87 
CaO 6.71 5.68 5.48 3.97 6.25 5.24 6.09 6.35 6.10 4.78 3.65 3.56 4.55 3.98 4.37 3.75 4.47 3.51 
Na-'O 2.48 3.32 1.29 3.19 3.70 3.45 3.49 4.33 2.42 2.08 3.14 3.07 3.06 3.81 2.83 3.87 2.73 4.18 
KoO 1.97 1.81 2.84 3.13 1.75 1.53 1.77 1.82 2.14 2.55 2.45 3.20 2.24 2.22 2.80 1.66 1.58 1.71 
P2O5 0.62 0.38 0.85 0.53 0.24 0.45 0.37 0.62 0.78 0.36 0.33 0.69 0.51 0.44 0.31 0.41 0.31 0.31 

95.20 95.02 95.94 96.88 99.313 93.78 95.47 97.99 97.30 92.99 93.36 97.34 94.24 94.70 98.42 4 97.64 99.73 100.85 

Niggli values 
si 157 168 187 180 170 195 184 177 186 203 207 191 206 204 193 258 276 286 
al 28.4 31.0 30.8 29.7 32.6 32.2 31.9 29.5 30.2 34.0 34.1 29.8 32.5 31.1 35.2 37.4 37.8 39.8 
fm 39.7 36.8 40.7 40.5 33.3 33.8 32.3 32.7 36.4 34.8 35.1 40.8 34.3 35.8 34.4 27.2 27.6 23.0 
c 21.1 18.7 18.8 13.6 20.0 19.2 21.1 21.1 21.3 18.2 14.1 12.7 17.4 15.0 15.3 16.1 19.6 15.7 
alk 10.8 13.5 9.8 16.2 14.1 14.8 14.6 16.7 12.1 13.0 16.6 16.7 15.7 18.0 15.1 19.3 15.0 21.5 
k 0.34 0.26 0.59 0.39 0.24 0.23 0.25 0.22 0.37 0.45 0.34 0.41 0.32 0.28 0.39 0.22 0.28 0.21 
mg 0.44 0.50 0.39 0.38 0.43 0.46 0.50 0.34 0.36 0.49 0.44 0.34 0.37 0.31 0.45 0.26 0.27 0.24 
ti 2.7 2.3 4.5 3.1 2.3 2.4 2.1 2.9 4.7 2.2 2.6 4.0 3.0 2.4 0.9 1.9 1.6 1.5 
P 0.8 0.4 1.1 0.7 0.2 0.7 0.5 0.8 1.1 0.5 0.5 1.0 0.8 0.7 0.4 0.7 0.5 0.5 

CIPW norms 
Q 6.6 5.9 15.6 7.1 5.5 11.8 9.0 5.1 14.1 16.7 13.9 10.7 14.2 10.5 14.3 22.3 30.4 25.0 
C 0.1 3.2 1.2 0.2 0.2 2.2 2.3 1.9 1.0 0.1 3.3 1.8 2.1 1.8 
Or 11.6 10.7 16.8 18.5 10.3 9.0 10.5 10.8 12.6 15.1 14.5 18.9 13.2 13.1 16.5 9.8 9.3 10.1 
Ab 21.0 28.1 10.9 27.0 31.3 29.2 29.5 36.6 20.5 17.6 26.6 26.0 25.9 32.2 24.4 32.7 23.1 35.4 
An 27.7 26.0 21.6 16.2 29.2 23.0 24.8 19.1 25.2 21.4 16.0 13.1 19.2 16.9 19.7 15.9 20.1 15.4 
Di 1.3 0.2 2.5 7.1 
Hy 23.9 21.5 22.2 23.2 20.3 17.7 16.6 15.5 19.2 17.6 17.5 22.1 17.4 19.2 17.3 12.9 13.0 10.6 
II 2.3 1.9 3.6 2.4 1.9 1.8 1.7 2.3 3.7 1.5 1.8 3.0 2.1 1.7 2.2 1.2 1.0 1.0 
Ap 1.5 0.8 2.0 1.3 0.6 1.1 0.9 1.5 1.8 0.9 0.8 1.6 1.2 1.0 0.7 1.0 0.7 0.7 

95.9 95.0 95.9 96.9 99.3 93.8 95.5 98.0 97.3 93.0 93.4 97.3 94.2 94.7 98.4 97.6 99.7 100.9 
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Fig. 8. Hornblende as a function of the quartz 
in the microtonalites. 

tu te a g roup tha t d i f fe rs completely f r o m the 
o ther samples. Ano the r g roup of two samples 
(Nos 1 and 2) occurs in the opposite marg in 
of the d iagram (high MgO and low Si0 2 , in 
contras t to the f i rs t group). All the o ther 
samples (excluding No 15) a re located wi th in 
a ve ry n a r r o w SiOa zone in which MgO 
varies be tween 2 and 3.4 %>. This g roup in-
cludes both ho rnb l ende - f r ee and hornb lende-
bear ing rocks. The f i r s t g roup is f r e e f rom 
hornblende , whereas the second group con-
tains it in abundance . The most p robab le 
explana t ion for these th ree groups is the 
effect of contaminat ion. For example , nos 
16—18 are s i tua ted in M a a r i a n v a a r a grani te . 

% 

4 • 

M g O 

3 • 

•1 '2 

o No ho rnb lende 

• H o r n b l e n d e - b e a r i n g 

9» 

8* »13 

• 14 
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o18 
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S i 0 2 

7 0 % 

Fig. 9. MgO — SiOa diagram of microtonalites. 
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Lamprophyre dykes 

Mode of occurrence 

In addi t ion to those described by H a c k m a n 
(1914), the Explora t ion Dept. of O u t o k u m p u 
Oy has discovered more l amprophy re dykes, 
br inging the cu r ren t n u m b e r of known dykes 
o r dyke s w a r m s up to six (Fig. 1). The w id th 
of the dykes var ies f r o m a few cent imet res 
to 70 cent imetres , bu t usual ly f r o m 25 to 50 
cent imetres . In some localities the dykes 
have been encountered in only one outcrop, 
whereas in o thers they can be t raced for over 
100 met res f r o m one outcrop to t h e next . The 
dykes usual ly occur alone, bu t in some places 
two or th ree para l le l dykes lie close together . 

The contacts of the dykes are ve ry sha rp 
and rect i l inear . The p redomina t ing t rend is 
N73W; only ra re ly do they depa r t f r o m this 
direct ion and then ve ry slightly. The dip is 
subver t ica l to vert ical . The dykes cut both 
the basement gneiss and the pegmat ine veins 
in it. Locally they include small f r a g m e n t s 
of count ry rock. 

Fig. 10. Photomicrograph 
of lamprophyre. Biotite 
(dark) and apatite (light) 
phenocrysts clearly visi-
ble. 20x. Nie.—. Photo E. 

Hänninen. 

Petrography 

The rock is da rk grey or almost black and 
f ine-gra ined wi th n u m e r o u s small mica 
f lakes. Some of the micas occur as la rge 
bundles one square cen t imet re or more in 
size. Phenocrys t s of o ther minera l s a re also 
present , bu t they are not as character is t ic 
and conspicuous as is the mica (Fig. 10). 

The g roundmass consists of ve ry f ine-
gra ined biotite, plagioclase (c. Ana )), potassi-
um fe ldspar , quar tz , apat i te , carbonate , epi-
dote, i lmenite, sphene, rut i le , spinel, ba r i t e 
and zircon. The minera l composition was 
de te rmined by X - r a y techniques, the rock 
being too f ine-gra ined for the minera l s to 
be ident i f ied wi th cer ta in ty by optic methods. 
Biotite, augite, apat i te , orthoclase, calcite and 
quar tz occur as pehnocyrsts , whereas calcite 
and quar tz of ten exist as the f i l l ing of 
amygdules . 

Chemical composition 

Two wet-chemical analyses of the l ampro-
phy re dykes are given: the f i rs t one is by 
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Table 3. Chemical composition of the lampro-
phyre dykes. 

1 2 

SiOo 43.40 45.51 
TiO-> 1.98 1.61 
Z r O n.d. 0.13 
ai2o3 12.71 13.43 
Cr203 n.d. 0.01 
Fe->Oa 1.94 3.27 
Feb 5.80 5.25 
MnO 0.34 0.12 
MgO 8.64 5.78 
CaO 9.67 7.72 
BaO n.d. 1.19 
SrO n.d. 0.60 
Na->0 3.06 3.84 
k>6 4.66 3.94 
P->Oä 3.44 2.91 
S 0.27 0.22 
Cl 0.10 n.d. 
CO» 2.56 1.34 
H>0 + 0.78 1.24 
H>0— 0.17 0.33 

99.52 98.44 

Cu 108 ppm 
Zn 218 » 
Ni 75 » 
Co 38 » 
Pb 150 » 

1. The analysis by Hackman (1914) 
2. The analysis of the sample A159 
n.d. = not determined 

H a c k m a n (1914) (No 1 in Table 3) and the 
o ther tha t of sample A159 (No 2 in Table 3), 
analysed at the O u t o k u m p u Oy Geological 
Labora to ry of Explora t ion. 

The chemical composition indicates t ha t 
these rocks contain conspicuous amoun t s of 
K and P. Thei r Ba, Sr, and Zr contents a re 
also marked . 

Comparison of the chemical compositions, 
no rma t ive minera l s and Niggli values of the 
camptoni tes (1—5) and l amprophyres in Kaa -
vi (6—7) (Table 4) indicates the dissimilari t ies 
be tween these groups. See also Fig. 11. 

Dating 

Two samples w e r e da ted : one f r o m a micro-
tonal i te dyke (A940) at Män ty jä rv i , Kaavi , on 

m a p sheet 4311 05D (6996.60/435.09) and one 
f r o m a l amprophy re dyke (A159), at Niini-
vaara , Kaavi , on m a p sheet 4311 07B (6988.78/ 
442.94) (see Fig. 1 and Table 5). 

The microtonal i te dyke occurs in Kare l i an 
quar tz i te (Fig. 5) and the l amprophy re dyke 
in P reka re l i an gneiss. The dat ings w e r e based 
on zircon and sphene (Table 5). 

The age of the l a m p r o p h y r e dyke was 
de te rmined f r o m three zircon f rac t ions (Fig. 
12). The zircon in f rac t ion A is clear and 
seems to have existed in la rge crystals tha t 
were b roken dur ing crushing. This zircon 
f rac t ion gives an age of 1830 Ma, which is 
also t h e age of t h e dyke. 

The zircons in f rac t ion C are rounded. They 
show an age of 2460 Ma according to the con-
t inuous d i f fus ion model of Wasse rburg (1963) 
and are obviously f r o m an ex te rna l source. 
Fract ion B is an admix tu re . The resul ts of 
the sphene da t ings a re summar ized in Table 
5 and in Fig. 12. 

The zircon gra ins separa ted f r o m t h e micro-
tonali te dyke (A940, Table 5) were all roun-
ded and res idual and gave an age of 2640 Ma 
according to the cont inuous d i f fus ion model 

A b + A n + N e 

Table 4. Diagram after Fig. 2 by Rock (1977, p. 136). 
Dashed line indicates the basalt screen of Manson 

(1967). 
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Table 4. Chemical compositions, CIPW norms and Niggli values of lamprophyres. 

1 2 3 4 5 6 7 

Si02 40.70 44.4 44.67 43.01 42.96 43.40 45.51 
TiOg 3.86 3.3 3.26 2.72 2.75 1.98 1.61 
AI2O3 16.02 14.3 14.35 14.64 14.82 12.71 13.43 
Fea03 5.43 3.9 4.50 4.83 4.64 1.94 3.27 
FeO 7.84 7.4 7.19 7.26 7.44 5.80 5.25 
MnO 0.16 n.m. n.m. n.m. n.m. 0.34 0.12 
MgO 5.43 7.1 7.02 6.78 6.68 8.64 5.78 
CaO 9.36 10.6 9.45 10.25 10.18 9.67 7.72 
NaaO 3.23 3.2 2.99 3.27 3.41 3.06 3.84 
K->0 1.76 1.7 1.91 1.90 2.02 4.66 3.94 
P2O5 0.62 n.m. n.m. n.m. 0.71 3.44 2.91 

94.41 95.9 95.34 94.66 95.61 95.64 93.83 

CIPW norms 
Or 10.40 10.05 11.29 11.23 11.94 13.81 23.28 
Ab 14.09 13.36 17.55 10.14 12.02 12.35 23.06 
An 24.02 19.63 20.10 19.66 19.17 7.18 7.77 
Lc - — — — — 10.76 — 
Ne 7.17 7.43 4.20 9.50 9.12 7.34 5.11 
Dx 14.67 26.30 21.31 24.92 21.37 14.64 9.21 
Hy 7.42 _ _ _ _ _ _ 
Ol — 7.20 8.19 7.06 8.40 15.02 10.40 
Mt 7.87 5.66 6.53 7.00 6.73 2.81 4.74 
II 7.33 6.27 6.20 5.20 5.22 3.76 3.06 
Ap 1.47 n.m. n.m. n.m. 1.68 8.15 6.89 

Niggli values 
si 96 102 105 98 98 100 120 
al 22.2 19.3 19.9 19.7 19.9 17.3 20.8 
fm 44.3 45.1 46.7 45.2 44.8 45.0 41.0 
c 23.5 26.0 23.8 25.1 24.8 23.9 21.8 
alk 10.0 9.6 9.7 10.0 10.5 13.9 16.4 
k 0.26 0.29 0.30 0.28 0.28 0.50 0.40 
mg 0.43 0.54 0.53 0.51 0.51 0.66 0.55 
ti 6.82 5.68 5.78 4.67 4.71 3.44 3.19 
p 0.62 n.m. n.m. n.m. 0.69 3.37 3.24 

1. Average of 15 camptonites (Johannsen, op.cit., Vol. IV, p. 65) 
2. Average of 14 camptonites (Nockolds, 1954) 
3. Average of 78 camptonites (Metais and Chayes, 1963) 
4. Average of 107 camptonites (Rock, 1977) 
5. Estimated mean composition of 95 camptonites (Rock, 1977) 
6. Lamprophyre by Hackman (1914) 
7. Sample A159 
n.m. = not mentioned 

of Wasse rburg (1963); thus an ex te rna l source 
is suggested. 

The microtonal i te dyke contains a b u n d a n t 
sphene wi th an age of 1850 Ma. I t is, how-
ever, u n k n o w n w h e t h e r this can be t aken as 
the age of the dyke or w h e t h e r the sphene is 
me tamorph ic in origin. 

Discussion 

Microtonalites 

The microtonal i tes a re f ine -gra ined dyke 
rocks of tonal i t ic (or quar tz dioritic) composi-
tion. 
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The usage of the t e rms tonal i te and quar tz 
diori te is somewha t ambiguous in t h e l i t e ra -
tu re and of ten re fe rs to the same rock. 

Jopl in (1964) calls rocks wi th less than 10 %> 
quar tz , qua r t z diori te and those wi th more 
t han 10 °/o quar tz , tonali te . 

In the classification by Johannsen (1941, 
Vol. II, p. 378), all the rocks described in the 
present paper fa l l into the class of tonal i tes 
228P. His qua r t z b o u n d a r y is at 5 °/o. 

Refe r r ing to tonalites, Shand (1949) states: 
»This division includes all oversa tu ra ted 
rocks in which the anor th i t e molecule exceeds 
the orthoclase molecule, regardless of t h e 
n a t u r e of the d a r k minerals». 

According to the sys tem by Shand, the 
rocks unde r considerat ion belong to tonalites, 
more precisely to indices X O / and XO<5. 
Samples 4 and 14 (index XOß), however , 
Shand would have considered as granodi-
orites. 

According to the more recent classification 
by IUGS (1973) the rock samples in Table 1 
a re tonal i tes but some of t hem a re close to 
quar tz diori te; No 5 is the only quar tz diorite. 

The comparison be tween the mean of the 
18 microtonal i tes in th is paper and t h a t of 
the 19 tonal i tes of Johannsen (Johannsen, 
op. cit. Vol. II, p. 386) shows tha t the s imilar-
i ty is not ve ry conspicuous (Table 6). 

On the o ther hand, the Niggli values of the 
mean of the microtonal i tes (No 1) a re qui te 
close to t ha t of Niggli 's tonali t ic m a g m a type 
(No 2) (Niggli, op. cit.): 

Niggli values 

si 201 200 
al 32.7 33 
fm 34.4 33 
c 17.7 22 
alk 15.2 12 
k 0.32 0.40 
mg 0.39 0.50 
ti 2.6 n.d. 
P 0.7 n.d. 
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NIINIVAARA 
A159 

2 8 0 0 , 

2460^ 

1000 

1900. 
1830^/+b 

D SIZE U 
(g/cm ) FRACTION («g/g) 

A159A ZIRCON + 4 6 + 100 5 6 

B ZIRCON + 4 6 1 0 0 - 2 0 0 6 9 
C ZIRCON + 4 6 ROUNDED 165 
D SPHENE 3.4-36 + 2 0 0 102 

0 1.0 3,0 5,0 
2 0 7 p b / 235U 11,0 13,0 15,0 17,0 

Fig. 12. Concordia dia-
gram for U-Pb ratios of 
zircons and sphene. 
Lamprophyre A159, Nii-

nivaara, Kaavi. 

The age of the microtonal i te dykes has not 
been establ ished for su re because the dyke 
only contains res idual zircons (2460 Ma). The 
sphene age, 1850 Ma, can be in te rp re ted as 
the age of me tamorph i sm. Geological evi-
dence, however , suggests t ha t it is also the 
age of the dyke. 

The microtonal i te dykes crosscut the Maa-
r ian vaa ra g ran i t e the age of which is 1860 Ma. 
The o ther l imit of the age is set by the l am-
prophyre dyke tha t is 1830 Ma old. 

According to Rock (1977, p. 125), l ampro-
phyres a re a lways the latest mani fes ta t ion of 
igneous act ivi ty in a given region, accom-
panying aplites, pegmat i tes or carbonat i tes . 
Thus the age of the microtonal i te dykes pro-
bably fa l ls be tween 1860 Ma and 1830 Ma. 
There is no reason to doubt t ha t the real age 
of the microtonal i te dykes is about 1850 Ma. 

Lamprophyres 

Hackman (1914) called l amprophy re dykes 
camptoni tes and ouachiti tes. 

According to the chemical composition, the 
d y k e rock belongs to Niggli 's shonkini t ic 

m a g m a type (Niggli, 1923, pp. 193, 395), as do 
most camptoni tes (Niggli, op. cit., p. 353). 
Hence the names used by Hackman, a l though 
comprehensible , a re re jec ted in this paper . 

The n a m e camptoni te (Johannsen, 1941, 
Vol. IV, p. 64) was given to d a r k grey to 
black dyke rocks of basal t ic habi t t ha t occur 
as satel l i tes of foyai t ic and thera l i t ic p lu to-
nites. They have not been found in the a r ea 
now discussed. 

According to Johannsen (op. cit.), campto-
nites contain phenocrys ts of biotite, b a r k e -
viki te and t i tanaugi te , and of ten olivine in 
a f ine-gra ined to dense groundmass . T h e 
g roundmass consists of plagioclase la ths and 
microli tes of amphibo le and augite. 

According to Niggli, camptoni tes m a y also 
contain nephel ine, leuci te and o ther fe ld-
spathoides (Niggli, op. cit., pp. 214—215). 

In the opinion of Streckeisen (1978) the 
minera l composition of camptoni tes includes 
amphibole (barkeviki te , kaersut i te) , t i t anau -
gite, olivine, and/or biot i te in a g roundmass 
of labrador i te , amphibole, py roxene wi th 
subord ina te a lkal ine fe ldspar and foids; ± 
apati te , iron ore, calcite, zeolite etc. 
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Rock (1977) gives the fol lowing da ta on of 
the camptoni tes : 

Olivine Olivine 
free bearing 

Amphibole only 14 14 
» + clinopyroxene 40 56 
» » + biotite 13 18 
» + biotite 10 6 

Clinopyroxene + biotite 1 2 
Biotite only — — 

Totals 78 92 

Ouachit i tes, the o ther n a m e proposed by 
Hackman, a re regarded as o l iv ine-f ree bio-
t i te-monchiqui tes , which occur as d a r k dyke 
rocks in nephel ine-syeni te . The monchiqui te 
in Ouachi ta River in Arkansas has the fol low-
ing mode: analcime 15, da rk mica 44, py rox-
ene 26, magne t i t e and pyr i te 6, calcite 9 
(Johannsen, op. cit., Vol. IV, pp. 391, 382, 384), 
(cf. Niggli, op. cit., p. 215). 

The n a m e ouachi t i te (and monchiqui te) is 
thus obviously inappropr i a t e to the l ampro-
p h y r e discussed here. 

The minera l composition of kersant i tes 
given by Streckeisen (op. cit.) is as fol lows: 
plagioclace (oligoclase—andesine), biotite, 
augite; ± a lkal ine feldspar , hornblende , oli-
vine, quar tz , apat i te , i ron ore, calcite, etc. 

According to Beuge and K r a m e r (1977, p. 

80), the kersant i tes a re alkali- , especially 
K-dominan t and they a re also re la t ively rich 
in P, Ba, and Zr. 

Thus, the l amprophy re described in the 
present paper resembles kersant i tes to some 
degree, a l though kersant i tes a re more acidic 
containing c. 50 per cent SiO;> (Metais & 
Chayes, 1963). 

Without r enaming the rock under discus-
sion, it can be described as 'b io t i te - lampro-
phy re of the shonkini t ic m a g m a type ' (cf. 
Niggli, op. cit.), or 'mesocrat ic b io t i te - lampro-
phyre ' (cf. Johannsen , op. cit.). Or w h y not 

Table 6. Averages of the chemical compositions, 
Niggli values and CIPW norms of the microton-

alites and tonalites. 

1 2 

Si02 58.31 66.22 
TiO? 1.09 0.39 
AI2O3 16.25 15.66 
FejOg n.d. 1.22 
F e b 7.28 (tot.Fe) 3.11 
MnO 0.05 0.04 
MgO 2.73 2.15 
CaO 4.92 4.56 
NagO 3.14 4.24 
KJO 2.55 1.42 
P2O5 0.48 0.05 

96.80 99.06 

Niggli values 
si 201 256 
al 32.7 35.6 
fm 34.4 26.1 
c 17.7 18.9 
alk 15.2 19.4 
k 0.32 0.18 
mg 0.39 0.47 
ti 2.6 1.13 
P 0.7 0.08 

CIPW norms 
Q 13.3 20.63 
c 1.2 0 
or 12.0 8.31 
ab 26.6 35.88 
an 20.6 19.50 
di 0.6 2.33 
hy 18.2 11.40 
il 2.1 0.74 
ap 1.1 0.12 

1. Average of the 18 microtonalites (Table 2) 
2. Average of 19 tonalites (Johannsen, op.cit. Vol. 

II, p. 386) 

call it 'ni inil i te ' a f t e r the lake Ni ini lampi 
as a l r eady proposed by Hackman . 

Ra the r t h a n to discuss the n a m e of the 
l amprophy re in Kaavi , the main purpose of 
t h e presen t w o r k was to repor t t h e age, 1830 
Ma, of the youngest rock found in Nor th 
Karel ia . 
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