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The dykes which are the subject of the present paper are the youngest
rocks in the area. These include microtonalite dykes about 1850
Ma old and lamprophyre dykes about 1830 Ma old.

A total of 18 modal and chemical analyses (mainly by XRF) were
made on the microtonalite dykes, showing that they vary largely in
composition.

Only a few lamprophyre dykes are encountered and one of them
was analysed chemically. The dykes are mesocratic biotite-lampro-

phyres.
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Introduction

Age determinations from North Xarelia
show that the oldest Prekarelian rocks,
gneisses, are about 2600—2800 Ma old (Simo-
nen 1980). Distinctly younger are the Karelian
intrusive rocks (»the Maarianvaara granite»),
which date at about 1860 Ma (Huhma 1976).
These rocks are cut by distinctly younger
dyke rocks, the microtonalite and lampro-
phyre dykes to be dealt with in this paper
(Fig. 1). The lamprophyre dykes have earlier
been described by Hackman (1914).

The first lamprophyre dyke was discovered
by J. N. Soikero in the summer of 1912 on
the western shore of a small lake, Niinilampi,
about 1 km SE of a farm called Hovi. A
second dyke was encountered some 1.5 km
farther west. The distance between the dykes
is about 2 km.

In the summer of 1913 V. Hackman dis-

covered a third dyke only a few metres from
the first one. None of the three dykes is
thicker than 20 to 30 cm.

Hackman gave a comprehensive descrip-
tion of the mineral composition of the dykes
and presented a modal composition and the
chemical data on the basis of which he classi-
fied the rock as camptonite (ouachitite). As
we shall see later, however, the nomenclature
is not quite appropriate.

Exploration activity by Outokumpu Oy
revealed more dykes in the same area; cur-
rently six dykes or parallel dyke swarms are
known. Some supplementary studies on the
mineral and chemical composition of the
dykes were undertaken for this paper.

The microtonalite dykes were first dis-
covered in the course of geological studies at
Kaavi in 1954 in the area of map sheet 4311
(Fig. 1). They have been reported previously
by Huhma (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 =

28°30 AZ'SO 0 5 10km 460 Dated lamprophyre, 1—18 =
el e—) Analysed microtonalites
|| [ [ S 1 4. Tables 1 and 2).

Microtonalite dykes

Mode of occurence

Microtonalite dykes (the prefix according
to Streckeisen, 1967) abound in a N-S trend-
ing zone in the western margins of map sheets

4311 (Sivakkavaara), 4222 (Outokumpu) and
4221 (Heinévesi) and in the eastern parts of
map sheets 3333 (Juankoski) and 3244 (Veh-
mersalmi) (Fig. 1). They have not been
discovered outside that area. The dykes are

wholly unconnected with any larger plutonic
bodies.
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The dykes are from a few centimetres to
several metres wide.
always been possible to determine their true
width because they often occur in the margins
of outcrops and thus only one of the contacts

It has, however, not

is exposed. If both contacts are visible,
widths such as 15 cm, 50 cm, 2 m and slightly
over 10 m have been measured. The dykes
are not very long and can seldom be traced
from one outcrop to the next. The longest
distance a dyke has been traced is about 50 m;
it has been estimated that one other cannot
be longer than 15 to 20 m.

Compared with their length, the dykes are
often fairly wide and sometimes almost iso-
metric in shape.

The narrow dykes, which are only a few
tens of centimetres wide, are generally rec-
tilinear and of constant width and cut the
country rock with sharp contacts. In contrast,
the wide dykes are of variable width and
display contacts that are often zig-zag.

In places the dykes contain country rock
fragments, e.g. pegmatite granite in one ex-
posure (Fig. 2). Some of the fragments are

Fig. 2. The contact of a

microtonalite dyke with

pegmatite granite. A

fragment of pegmatite

granite is visible in the
dyke.

rounded, some angular, varying in size from
single crystals and quartz feldspar mottles
to fragments larger than the palm of a hand.

In another outcrop, dyke rock penetrates
mica gneiss, Maarianvaara granite and peg-
matite crosscutting and brecciating them so
that the dyke rock exhibits mica gneiss (Fig.
3) and granite (Fig. 4) xenoliths with sharp
contacts. The latter may be several metres
in diameter.

At Méntyjarvi, Kaavi, there is an outcrop
of quartzite with horizontal bedding. The
quartzite is crosscut by a subvertical micro-
tonalite dyke that exhibits foliation parallel
to the dyke (Figs 5 a and b). This dyke (A 940)
has been dated. Another parallel dyke occurs
a few metres away.

During mapping undertaken in 1954 a study
was made of the joints in a restricted area.
This study demonstrated that the joints ex-
hibit four maxima, two of which are associ-
ated with the occurrence of microtonalite
dykes. The dykes prefer the joint maximum
N35W, 75E. Another joint maximum, less
often favoured by the dykes, is that of N25W,
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Fig. 3. A fragment of
mica gneiss in a micro-
tonalite dyke. The scale

as in Fig. 4.
25W. The former represents jointing, whose Petrography
strike parallels the strike of schistosity but
which dips perpendicular to the dip of The microtonalite dykes are fine-grained
schistosity. The latter coincides with the plagioclase-biotite-quartz rocks and plagio-
jointing parallel to the schistosity. clase-biotite-hornblende-quartz rocks. Potas-

Fig. 4. Fragments of
Maarianvaara granite in
a microtonalite dyke.
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sium feldspar occurs only accessorily, even
At its most
abundant, potassium feldspar is encountered
as a secondary fracture filling.

in the variants richest in quartz.

The abundance of quartz varies from a
few per cent to almost 30. Biotite tends to
be rather common, and plagioclase, whose
abundance frequently exeeds 50 9, is the
predominant mineral. Hornblende may be
lacking but it may reach abundances as high
as 15.8 %o (Table 1).

The dykes free from or poor in hornblende
resemble fine-grained mica schist (e.g. Fig.
5 a), so much so that, in hand specimens, it is
often impossible to distinguish them from
mica schist. The dykes are foliated and with-
out layering. To complicate the picture, the
mica schist contains non-layered portions.

The grain size of the dykes is fairly small,
varying between 0.05 and 0.5 mm. In addition

<«— quartzite

A
I

e e 2
A————
——

fdyke

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

to this rather equigranular rock, some larger
euhedral plagioclase phenocrysts ranging up
to 1 X 3.5 mm in size occur locally (Fig. 6).
The more mafic the dyke rock, the more
abundant are these phenocrysts. The larger
plagioclase phenocrysts in the more acidic
dykes are so indistinct that they can seldom
be seen macroscopically.

The hornblende-bearing dykes also contain
hornblende as larger phenocrysts up to 3—
5 mm in length. In rocks poor in hornblende
this mineral cannot be discerned by the naked
eye. Hence, ophitic or porphyritic textures
are absent from the dykes.

The equigranular portions exhibit distinct
orientation owing to the presence of biotite
(and hornblende). Otherwise the rocks are
completely homogeneous without any zoning
or layering.

The orientation of the larger plagioclase
and hornblende phenocrysts often differs
from the orientation of the more fine-grained
portions.

Plagioclase varies between An,; and Any;
in composition and shows only slight sericit-
ization.

The largest plagioclase phenocrysts are
characterized by twinning (albite, pericline,
Karlsbad). The biotite is reddish brown and
intensely pleochroic. The hornblende is bluish
green, strongly pleochroic and occurs as blunt
prisms. The larger hornblende crystals often
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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 12.1 211 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 TT 0:7 6.9 12.5 5.7 10.3 4.7 —
Accessories 3.1 3.4 3.4 1.7 37 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 — — 32 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 %
6. opaques, apatite
7. opaques, sphene, epidote, sericite, apatite, orthite, zircon
8. sphene, opaques, apatite, orthite
9. apatite, orthite, zircon, opaques
10. chlorite, sphene, srer1c1te microcline, saussurite, opaques, apatite, orthite, zircon
¥ b I chlonte apatite, opaques, zircon, epldote 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

contain appreciable plagioclase, ilmenite and
sphene inclusions. The refractive index de-
terminations indicate that the compositions
of hornblende in two samples can be ex-
pressed (according to Freund, 1955, p. 163)
as MggFey (y = 1.675) and MggFey; (y =
1.688). Quartz occurs as small grains. There
are numerous accessories (Table 1) and the
dykes occasionally contain almandine (n =
1.792) mottles 1.5 to 2 em in diameter.

The crosscutting mode of occurrence of the
dykes is clearly shown in the texture; see

the photomicrograph (Fig. 7) of the contact
between the quartzite and a dyke.

The modal mineral composition given in
Table 1 shows that the abundances of plagio-
clase, biotite and hornblende vary randomly
as a function of quartz and do not exhibit any
functional relation to the quartz.

Plotted in Fig. 8 is the abundance of horn-
blende against that of quartz. The figure
demonstrates that the hornblende/quartz
ratio of the dykes is scattered, probably owing
to contamination.
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Chemical composition

Except for samples 5 and 15, which were
analysed by wet-chemical methods (Huhma,
1975), the samples collected from the micro-
tonalite dykes were assayed by XRF at the

Fig. 7. The contact be-

tween quartzite and dyke

(quartzite on the left).

10x. Nic.+. Photo E. Hal-
me.

Fig. 6. A microtonalite

with plagioclase pheno-

crysts. 10x. Nic.+. Photo
E. Halme.

Outokumpu Oy Geological Laboratory of Ex-
ploration. The analytical data of the dykes
are listed in Table 2.

The chemical composition is illustrated by
a MgO—SiO, diagram (Fig. 9). The three
samples richest in SiO, (Nos 16—18) consti-




Table 2. Chemical compositions, Niggli values, and CIPW norms of some microtonalite dyke rocks.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
SiOs 53.45 5459 5461 56.39 56.8 56.82 56.83 56.88 56.97 56.98 57.42 57.54 57.65 57.87 59.27 64.3¢ 67.36 68.55
TiOs 123 1.01 189 128 1.0 094 087 123 193 082 094 160 113 091 119 063 052 049
AlOg3 16.38 17.07 16.35 1577 187 1594 16.75 16.08 1574 16.23 16.02 1520 1547 1495 1825 1579 15.68 16.19
FeO 831 7.0 927 929 7551 637 590 820 845 595 654 959 719 837 6.072 6.00 582 5.3
MnO 0.07 0.03 006 005 010 002 002 007 005 003 003 009 004 007 008 002 0.02 0.01
MgO 398 403 330 328 322 302 338 241 271 321 284 280 240 208 320 117 124 0.87
CaO 671 568 548 397 625 524 609 635 610 478 3.65 3.56 4.55 3.98 437 375 447 351
NasO 248 332 129 319 370 345 349 433 242 208 314 307 3.06 3.81 283 387 273 4.8
K0 197 181 284 313 175 153 197 1.82 214 255 245 320 224 222 280 1.66 158 171
P05 062 038 08 053 024 045 037 062 078 036 033 069 051 044 031 041 031 031

95.20 95.02 95.94 96.88 99.313 93.78 9547 97.99 97.30 92.99 93.36 97.3¢4 94.24 94.70 98.424 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 40.5 333 33.8 32.3 32.7 36.4 34.8 35.1 40.8 34.3 35.8 34.4 272 27.6 23.0
[ 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 16.7 157 18.0 15.1 19.3 15.0 218
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 2.4 2:3 4.5 3.1 2.3 2.4 %l 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 11 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 B 14.1 16.7 13.9 10.7 14.2 10.5 14.3 22.3 30.4 25.0
C 0.1 312 132 0.2 0.2 2.2 2.3 1.9 1.0 0.1 33 1.8 2.1 1.8
Or 11.6 10.7 16.8 18.5 10.3 9.0 10.5 10.8 12.6 151 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 277 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 20.1 154
Di 1.3 0.2 25 1

Hy 23.9 21.5 22.2 23.2 20.3 17.9 16.6 15.5 19.2 17.6 17:56 22.1 17.4 19.2 17.3 12.9 13.0 10.6
11 2.3 1.9 3.6 2.4 1.9 1.8 17 2.3 7 1.5 1.8 3.0 2.1 1.7 2.2 1.2 1.0 1.0
Ap iL45) 0.8 2.0 1.3 0.6 1 0.9 15 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

DWYNH 0Dy
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Lamprophyre dykes
Mode of occurrence

In addition to those described by Hackman
(1914), the Exploration Dept. of Outokumpu
Oy has discovered more lamprophyre dykes,
bringing the current number of known dykes
or dyke swarms up to six (Fig. 1). The width
of the dykes varies from a few centimetres
to 70 centimetres, but usually from 25 to 50
centimetres. In some localities the dykes
have been encountered in only one outcrop,
whereas in others they can be traced for over
100 metres from one outcrop to the next. The
dykes usually occur alone, but in some places

two or three parallel dykes lie close together.

The contacts of the dykes are very sharp
and rectilinear. The predominating trend is
N73W; only rarely do they depart from this
direction and then very slightly. The dip is
The dykes cut both

the basement gneiss and the pegmatine veins

subvertical to vertical.

in it. Locally they include small fragments

of country rock.

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

Petrography

The rock is dark grey or almost black and
fine-grained with numerous
flakes.
bundles one square centimetre or more in
size.

small mica
Some of the micas occur as large

Phenocrysts of other minerals are also
present, but they are not as characteristic
and conspicuous as is the mica (Fig. 10).

The groundmass consists of very fine-
grained biotite, plagioclase (c. An,y), potassi-
um feldspar, quartz, apatite, carbonate, epi-
dote, ilmenite, sphene, rutile, spinel, barite
and zircon. The mineral composition was
determined by X-ray techniques, the rock
being too fine-grained for the minerals to
be identified with certainty by optic methods.
Biotite, augite, apatite, orthoclase, calcite and
quartz occur as pehnocyrsts, whereas calcite
and quartz often exist as the filling of
amygdules.

Chemical composition

Two wet-chemical analyses of the lampro-
phyre dykes are given: the first one is by
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Table 3. Chemical composition of the lampro-
phyre dykes.

1 2
SiO2 43.40 45.51
TiO2 1.98 1.61
ZrO2 n.d. 0.13
Al203 12.71 13.43
Cr203 n.d. 0.01
Fea03 1.94 3.27
FeO 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
Na20 3.06 3.84
K>0 4.66 3.94
P203 3.44 2.91
S 0.27 0.22
€1 0.10 n.d.
CO2 2.56 1.34
H>O+ 0.78 1.24
H>0— 0.17 0.33
99.52 98.44

Cu 108 ppm

Zn 218 »

Ni 8 »

Co 38 »

Pb 150 »

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

Hackman (1914) (No 1 in Table 3) and the
other that of sample A159 (No 2 in Table 3),
analysed at the Outokumpu Oy Geological
Laboratory of Exploration.

The chemical composition indicates that
these rocks contain conspicuous amounts of
K and P. Their Ba, Sr, and Zr contents are
also marked.

Comparison of the chemical compositions,
normative minerals and Niggli values of the
camptonites (1—5) and lamprophyres in Kaa-
vi (6—T) (Table 4) indicates the dissimilarities
between these groups. See also Fig. 11.

Dating

Two samples were dated: one from a micro-
tonalite dyke (A940) at Méantyjarvi, Kaavi, on

map sheet 4311 05D (6996.60/435.09) and one
from a lamprophyre dyke (A159), at Niini-
vaara, Kaavi, on map sheet 4311 07B (6988.78/
442.94) (see Fig. 1 and Table 5).

The microtonalite dyke occurs in Karelian
quartzite (Fig. 5) and the lamprophyre dyke
in Prekarelian gneiss. The datings were based
on zircon and sphene (Table 5).

The age of the lamprophyre dyke was
determined from three zircon fractions (Fig.
12). The zircon in fraction A is clear and
seems to have existed in large crystals that
were broken during crushing. This zircon
fraction gives an age of 1830 Ma, which is
also the age of the dyke.

The zircons in fraction C are rounded. They
show an age of 2460 Ma according to the con-
tinuous diffusion model of Wasserburg (1963)
and are obviously from an external source.
Fraction B is an admixture. The results of
the sphene datings are summarized in Table
5 and in Fig. 12.

The zircon grains separated from the micro-
tonalite dyke (A940, Table 5) were all roun-
ded and residual and gave an age of 2640 Ma
according to the continuous diffusion model

Ab+An+Ne

Or+lc Ol+Px+Cs+Mt+]l

Fig. 11. Composition of the lamprophyres in the

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

SiO2 40.70 44.4 44.67 43.01 42.96 43.40 45.51
TiO2 3.86 3.3 3.26 2.72 2.75 1.98 1.61
Al203 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 T 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
NasO 3.23 3.2 2.99 3.27 3.41 3.06 3.84
KO 1.76 1.7 1.91 1.90 2.02 4.66 3.94
P20s5 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 7.18 797
Lc —_ —_ — —_ — 10.76 —_
Ne 717 7.43 4.20 9.50 9.12 7.34 5.11
Di 14.67 26.30 21.31 24.92 21.37 14.64 9.21
Hy 7.42 — — — — = —
(0] _ 7.20 8.19 7.06 8.40 15.02 10.40
Mt T.87 5.66 6.53 7.00 6.73 2.81 4.74
11 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 Wasserburg (1963); thus an external source Discussion
is suggested.

The microtonalite dyke contains abundant Microtonalites

sphene with an age of 1850 Ma. It is, how-
ever, unknown whether this can be taken as
the age of the dyke or whether the sphene is
metamorphic in origin.

The microtonalites are fine-grained dyke

rocks of tonalitic (or quartz dioritic) composi-

tion.



Table 5. U-Pb analyses on zircons and sphenes from lamprophyre (A159) and microtonalite (A940) dykes in Kaavi.

207Ph
206Pb

Age (million years)
207Pb
2357

206Ph
2387

206Pb = 100
207 208

Isotopic abundance

204

206Ph 206Ph
radiogenic 204
uglg Pb
(measured)

2381
uglg

d = g.cm-3
= um

a

fraction

Sample
No.
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+4.6/rounded
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zircon
zircon
zircon
sphene
sphene

2606
1848

18.23 17.08 2278 2455
217.08

16.99

91.0 1411 .0510

248.1

+4.2
3.4—3.5

zircon

A940A

1834

1821

17.3 235.8 .4088

61.3

sphene

(¢

The usage of the terms tonalite and quartz
diorite is somewhat ambiguous in the litera-
ture and often refers to the same rock.

Joplin (1964) calls rocks with less than 10 /o
quartz, quartz diorite and those with more
than 10 °/o quartz, tonalite.

In the classification by Johannsen (1941,
Vol. II, p. 378), all the rocks described in the
present paper fall into the class of tonalites
228P. His quartz boundary is at 5 %.

Referring to tonalites, Shand (1949) states:
»This division includes all oversaturated
rocks in which the anorthite molecule exceeds
the orthoclase molecule, regardless of the
nature of the dark minerals».

According to the system by Shand, the
rocks under consideration belong to tonalites,
more precisely to indices XOy and XO0.
Samples 4 and 14 (index XOf), however,
Shand would have considered as granodi-
orites.

According to the more recent classification
by IUGS (1973) the rock samples in Table 1
are tonalites but some of them are close to
quartz diorite; No 5 is the only quartz diorite.

The comparison between the mean of the
18 microtonalites in this paper and that of
the 19 tonalites of Johannsen (Johannsen,
op. cit. Vol. II, p. 386) shows that the similar-
ity is not very conspicuous (Table 6).

On the other hand, the Niggli values of the
mean of the microtonalites (No 1) are quite
close to that of Niggli’s tonalitic magma type
(No 2) (Niggli, op. cit.):

Niggli values 1 2
si 201 200
al 32.7 33
fm 344 33
c %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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The age of the microtonalite dykes has not
been established for sure because the dyke
only contains residual zircons (2460 Ma). The
sphene age, 1850 Ma, can be interpreted as
the age of metamorphism. Geological evi-
dence, however, suggests that it is also the
age of the dyke.

The microtonalite dykes crosscut the Maa-
rianvaara granite the age of which is 1860 Ma.
The other limit of the age is set by the lam-
prophyre dyke that is 1830 Ma old.

According to Rock (1977, p. 125), lampro-
phyres are always the latest manifestation of
igneous activity in a given region, accom-
panying aplites, pegmatites or carbonatites.
Thus the age of the microtonalite dykes pro-
bably falls between 1860 Ma and 1830 Ma.
There is no reason to doubt that the real age
of the microtonalite dykes is about 1850 Ma.

Lamprophyres

Hackman (1914) called lamprophyre dykes
camptonites and ouachitites.

According to the chemical composition, the
dyke rock belongs to Niggli’'s shonkinitic

nivaara, Kaavi.

magma type (Niggli, 1923, pp. 193, 395), as do
most camptonites (Niggli, op. cit.,, p. 353).
Hence the names used by Hackman, although
comprehensible, are rejected in this paper.

The name camptonite (Johannsen, 1941,
Vol. IV, p. 64) was given to dark grey to
black dyke rocks of basaltic habit that occur
as satellites of foyaitic and theralitic pluto-
nites. They have not been found in the area
now discussed.

According to Johannsen (op. cit.), campto-
nites contain phenocrysts of biotite, barke-
vikite and titanaugite, and often olivine in
a fine-grained to dense groundmass. The
groundmass consists of plagioclase laths and
microlites of amphibole and augite.

According to Niggli, camptonites may also
contain nepheline, leucite and other feld-
spathoides (Niggli, op. cit., pp. 214—215).

In the opinion of Streckeisen (1978) the
mineral composition of camptonites includes
amphibole (barkevikite, kaersutite), titanau-
gite, olivine, and/or biotite in a groundmass
of labradorite, amphibole, pyroxene with
subordinate alkaline feldspar and foids; +
apatite, iron ore, calcite, zeolite ete.
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Rock (1977) gives the following data on of
the camptonites:

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

Ouachitites, the other name proposed by
Hackman, are regarded as olivine-free bio-
tite-monchiquites, which occur as dark dyke
rocks in nepheline-syenite. The monchiquite
in Ouachita River in Arkansas has the follow-
ing mode: analcime 15, dark mica 44, pyrox-
ene 26, magnetite and pyrite 6, calcite 9
(Johannsen, op. cit., Vol. IV, pp. 391, 382, 384),
(cf. Niggli, op. cit., p. 215).

The name ouachitite (and monchiquite) is
thus obviously inappropriate to the lampro-
phyre discussed here.

The mineral composition of kersantites
given by Streckeisen (op. cit.) is as follows:
plagioclace (oligoclase—andesine), biotite,
augite; * alkaline feldspar, hornblende, oli-
vine, quartz, apatite, iron ore, calcite, etc.

According to Beuge and Kramer (1977, p.
80), the kersantites are alkali-, especially
K-dominant and they are also relatively rich
in P, Ba, and Zr.

Thus, the lamprophyre described in the
present paper resembles kersantites to some
degree, although kersantites are more acidic
containing c¢. 50 per cent SiO, (Metais &
Chayes, 1963).

Without renaming the rock under discus-
sion, it can be described as ’biotite-lampro-
phyre of the shonkinitic magma type’ (cf.
Niggli, op. cit.), or 'mesocratic biotite-lampro-
phyre’ (cf. Johannsen, op. cit.). Or why not

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

1 2

SiO2 58.31 66.22
TiO2 1.09 0.39
Al203 16.25 15.66
Fea03 n.d. 1.22
FeO 7.28 (tot.Fe) 3.11
MnrO 0.05 0.04
MgO 2.73 2.15
CaO 4.92 4.56
Na:0 3.14 4.24
K20 2.55 1.42
P205 0.48 0.05

96.80 99.06
Niggli values
si 201 256
al 32.7 35.6
fm 344 26.1
e 177 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 ’niinilite’ after the lake Niinilampi
as already proposed by Hackman.

Rather than to discuss the mame of the
lamprophyre in Kaavi, the main purpose of
the present work was to report the age, 1830
Ma, of the youngest rock found in North
Karelia.
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