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for a diabase from the intrusive contact of rapakivi granite (1650 Ma) 
and for a granodiorite intrusion (1810 Ma). The results, although 
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drawn earlier for the Middle Precambrian of Fennoscandia from 
about 2000 to 1200 Ma is correct and not caused by differences in 
uplift rates. 
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Introduction 

The direct ion of n a t u r a l r e m a n e n t magne -
tization of several Middle P r e c a m b r i a n dike 
systems (Neuvonen 1965, 1966, Neuvonen and 
G r u n d s t r ö m 1969) and in t rus ive bodies (Corn-
well 1968, P r i e m et al 1968, Neuvonen 1970, 
Pesonen and Stigzelius 1972) was de te rmined . 
In accordance w i th these measu remen t s a 
pa leomagnet ic appa ren t po la r wande r ing cur -
ve for the Fennoscandian shield was con-
s t ruc ted f r o m about 2 000 Ma to 1 200 Ma 
(Neuvonen 1973). La t e r s tudies (Poorter 1975, 
A b r a h a m s e n 1977, Magnusson and Larson 
1977) have conf i rmed the curve to be essen-
t ia l ly correct . 

The re a re two questions, however , which 
a r e not adequa te ly answered in d r a w i n g the 
curve. Firs t , t he direct ion of the n a t u r a l 
r e m a n e n t magnet iza t ion of rapak iv i g ran i tes 
(1630—1670 Ma old according to Vaas joki 

1978), so dominan t in the evolut ion of P r e -
cambr i an Fennoscandia , has still to be es ta-
blished. Severa l a t t emps have been m a d e 
to measu re the magnet iza t ion direct ions of 
d i f f e r en t r apak iv i variet ies , b u t w i thou t 
success. Dikes assosiated wi th r apak iv i or 
contact zones w i t h s table magnet iza t ion have 
not been encountered . The magnet iza t ion 
measu red is a lways e i ther too weak or too 
sof t to yield re l iable resul ts . 

Secondly, the younger (1 200 Ma) end of the 
polar curve is based on magnet ic measure -
men t s of rocks occurr ing on or close to the 
coastal l ine of Balt ic Sea; he re the r a t e of 
c rus ta l up l i f t is g rea te r t h a n inland, which 
r e fe r s to the older end of the curve (Käär iä i -
nen 1963). Consequent ly , t h e presen t au tho r 
(see Neuvonen 1973) suspected tha t the cu rve 
migh t be d u e to the d i f f e rence in up l i f t r a te 
and not to the wande r ing of the pa leomagne-
t ic pole. 
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Recent measu remen t s of magnet ic o r ien ta -
tion for two in t rus ive bodies of qui te d i f f e ren t 
types and d i f f e r en t ages give, I feel, every 
reason to bel ieve tha t one of these was m a g -
net ized dur ing the cooling per iod of r apak iv i 
g r an i t e and tha t the po la r cu rve const ructed 
rea l ly does represen t polar w a n d e r i n g dur ing 
the appropr i a t e P r e c a m b r i a n t ime span. 

Remanent magnetization of quartz diabase, 
Kuisaari, Jaala 

In the n o r t h w e s t e r n corner of the l a rge 
Wiborg rapak iv i massif t he r e is a small sepa-
r a t e r apak iv i body su r rounded in the east 
by an anor thos i te -gabbro (Frosterus 1902). 
This so-called Ahvenis to massif has been de-

scribed in deta i l by Savolaht i (1956). The 
basic rock types of the massif w e r e sampled 
by the presen t au tho r in 1966, bu t the m a g n e -
t izat ion was found to be soft and uns table . 
Abou t 5 k m southeas t of the Ahvenis to massif 
t he re is a qua r t z d iabase d ike su r rounded 
by microcl ine grani te . This d iabase is cut 
by the r apak iv i grani te , as shown in the con-
tact at the sou theas te rn end of Kuisaar i , an 
island on L a k e Vuoh i j ä rv i (Fig. 1). The dia-
base d ike in the contact zone w a s sampled 
and measu red to es tabl ish the magne t ic or ien-
ta t ion of the r apak iv i gran i te . A h a r d m a g -
net izat ion was f o u n d in t h e d iabase of t h e 
contact zone b u t not in t h e same rock a f e w 
ki lometers away f r o m the contact . A n o t h e r 
diabase dike occurs n e a r the r apak iv i g ran i t e 
in t h e Lake Loves j ä rv i area, no t f a r f r o m 

km 

lkm -Ant to la 

Kuisaar i 

2 3 

Fig. 1. Location of the sampling sites. 1 = quartz diabase, 2 = rapakivi granite, 3 = granodiorite, 
4 = granites and gneisses. 
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Table 1. Paleomagnetic stability of specimens from Kuisaari, Jaala (Giddings and McElhinny 1976). 

Specimen Stable Range Cs 

7590.111 — 
7591.22 40—10 .750 
7592.16 — 
7592.19 60—15 .750 
7583.16 60— 5 .917 
7594.112 60—15 .583 
7595.14 60—10 .833 

Cp CI MBI PSI 

0 
.500 .375 .454 .170 

0 
.750 .563 .493 .277 
.750 .688 .486 .334 
.750 .437 .495 .216 
.750 .625 .682 .426 

Fig. 2. AF-demagnetization of two pilot speci-
mens. (1) Kuisaari diabase No. 7592.19, (2) Luon-

tarivesi granodiorite No. 7527.21. 

Kuisaar i ; no h a r d magne t ic component was 
found in this rock, however . 

The magnet iza t ion in the contact zone dia-
base was qui te s t rong b u t most ly r a t h e r soft. 
T h e h a r d r emanence component isolated 
a f t e r af-c leaning, a l though not ve ry coherent , 
w a s still fa i r ly re l iable (Fig. 2 and Table 1). 
This h a r d NRM component was not revealed 
by t h e r m a l t r ea tmen t , evident ly because of 
the d i f f icu l ty of nu l l i fy ing the geomagnet ic 
f ie ld inside the fu rnace . The la rge por t ion 
(up to 99 %) of magnet iza t ion tha t had to be 
removed (randomized) is ve ry sensi t ive to 
the r e m n a n t of the f ie ld in the f u r n a c e and 

causes i r r egu la r components which cover the 
smal l p r i m a r y magnet iza t ion of the speci-
mens. 

Stabi l i ty tes ts p e r f o r m e d on pilot speci-
m e n s according to the me thod of Gidding and 
McElhinny (1976) showed t h a t some of the 
specimens w e r e ve ry s tab le (Table 1). The 
s table magnet iza t ion w a s d u e to l a rge mag-
ne t i t e g ra ins which w e r e pa r t i a l ly oxidized, 
p r e sumab ly because of contact e f fec ts by the 
r apak iv i grani te . The pa leomagnet ic pole 
(Lat = 22°N, Long = 190°E) is r eversed and 
not very re l iable as shown by t h e ind iv idual 
va lues of 95 % circles of confidences (Table 2). 
I t is w o r t h not ing t h a t the K u m l i n g e dikes 
in the Åland archipelago also h a v e a reversed 
pole and t h a t the two poles come qu i te close 
to each o ther (see Fig. 3). The two poles 
evident ly represen t the same ages, i.e. the 
age of the rapak iv i grani te , 1650 Ma. 

Remanent magnetization of the Luontari 
granodiorite 

About 90 k m nor theas t of Ku i saa r i and 
about 50 km east of the t own of Mikkel i (St. 
Michel) t he re is a round c i rcular granodior i te 
body about 2 k m in d i ame te r (Fig. 1). The 
rock has been described by K o r s m ä n and Le-
h i j ä r v i (1973). They also give the rock radio-
met r ic (U/Pb) age of 1810 Ma based on zircon 
and sphene and de te rmined by Dr . Olavi 
Kouvo. The granodior i te is u n d e f o r m e d and 



Neuvonen 

o o o o o o o o co co f̂ o h to in a H moi M co H © H 

M CO CO Tf o ® "tCOlfiO 

lO'-HOi "t ̂  CO l> M LO CO rf O CO (M Tf l> CO O LO CO IO t> rq ifi 
co co cd ^ ö ai 

<D 
S CD CO »H jg LO CO Tf f̂ ^ ^ M ^ t - H o j l O H LO CM CO CO CO i-H 

o o o o o 

o o o o o 
o m m ^ o CO Ĉ  LO CO CO 
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younger t h a n the su r round ing gneisses. Its 
magne t i t e content is high, giving rise t o a 
dist inct anomaly on the aeromagnet ic map. 

T w e n t y seven or ien ted samples w e r e dri l l -
ed f r o m this in t rus ion (Fig. 1) fo r pa leomag-
netic measuremen t s . The magnet iza t ion w a s 
f o u n d to be s t rong bu t r a t h e r soft (Fig. 2). 
The smal l ha rd component was bad ly camou-
f laged by the la rge soft component , which 
could be removed (randomized) by a f -c lean-
ing b u t not by t h e r m a l t r ea tmen t . Tab le 3 
and Fig. 3 show the magnet ic direct ions ob-
ta ined a f t e r a f -demagnet iza t ion of the s a m -
ples at 60 m T peak field. The direct ions h a v e 
a la rge scat ter and the pole posit ion calcu-
la ted (Lat = 67°N, Long = 198°E) is not ve ry 
re l iable (Fig. 3). 

Discussion 

The pole posit ions de te rmined a re p lo t ted 
in Fig. 3. The pole for the Kui saa r i d iabase 
is south of the po la r wande r ing curve and 
not ve ry f a r f r o m the pole position of the 
Kuml inge diabase dikes. According to E h -
lers and Ehle rs (1977), the K u m l i n g e diabase 
dikes e i ther i n t r u d e d a l i t t le ear l ie r t h a n or 
a re of the s ame age as the r apak iv i grani te . 
Consequent ly , the poles of Kuml inge and 
Kui saa r i dikes should both represen t the age 
of t h e r apak iv i in t rus ion (1650 Ma according 
to Vaas joki 1978), since the l a t t e r was collec-
ted f r o m t h e ve ry contact of t h e r apak iv i 
grani te . Both poles a re reversed in compar i -
son wi th the res t of the poles used in con-
s t ruc t ing t h e curve. 

The pole position of the Luon ta r i g rano-
dior i te lies wel l above the curve (Fig. 3). This 
pole is, however , not ve ry f a r f r o m the pole 
obta ined for the Å v a in t rus ion f r o m the SW 
archipelago and which has about the s ame 
rad iomet r ic age, 1810 Ma (Neuvonen 1970). 
When the la rge size of the cones of confi-
dence are considered, these pole posit ions 
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Table 3. Remanent magnetization of Luontarivesi granodiorite after demagnetization with 60 mT 
AC-field. 

Sample No. Deel. Incl. N (*95 K R 

7520.1 9° 76° 11 16° 9.0 9.890 
.2 —14° 82° 8 20° 8.32 7.158 

7521.1 — 9° 25° 6 v.l. t 2.49 2.796 
7522.1 22° 48° 6 13° 25.27 5.802 

.2 1° 50° 7 13° 23.23 6.742 
7523.1 7° 46° 9 7° 55.58 8.856 

.2 1° 47° 6 9° 54.91 5.909 
7524.1 —13° 49° 6 v.l. 2.23 3.761 

.2 — 2° 44° 5 21° 14.14 4.717 
7525.1 33° 56° 6 v.l. 1.42 2.488 

.2 26° 40° 5 v.l. 1.82 2.813 
7526.1 14° 50° 6 51° 2.69 4.141 

.2 34° 61° 11 37° 2.51 7.023 
7527.1 58° 47° 10 39° 2.47 6.362 

.2 66° 67° 9 48° 2.11 5.205 
7528.1 —20° 57° 10 26° 4.27 7.893 

.2 —11° 46° 10 40° 2.40 6.250 
7529.1 —62° 55° 10 v.l. 1.34 3.305 

.2 —70° 60° 10 v.l. 1.38 3.488 
7530.1 —16° 65° 12 22° 4.73 9.676 

.2 31° 55° 12 17° 6.90 10.407 
7531.1 2° 60° 11 20° 6.18 9.383 

.2 12° 57° 10 23° 5.46 8.350 
7533.1 19° 74° 10 23° 5.21 8.271 

.2 —17° 59° 6 29° 6.28 5.203 

Average 5° 58° 25 7° 16.30 23.527 

Paleomagn. pole N 67°, 198°E om = 10°, op = 8° 1 very large 

Fig. 3. Stereographic equal area projection of the demagnetized directions (a) and the paleomagnetic 
pole positions (b). 1 = Kumlinge, 2 = Kuisaari, 3 = Ava, and 4 = Luontarivesi. 1 and 3 from Neuvo-

nen (1970). 
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m a y well r ep resen t one and the same posi-
tion. 

The two in t rus ions discussed in the p resen t 
s tudy gave poor results . The au thor thinks, 
however , t ha t t h e f indings are impor t an t and 
w o r t h publ i sh ing since they show tha t the 
po la r w a n d e r i n g curve d r a w n cannot be due 
to the d i f fe rence in up l i f t ra te . 

As demons t r a t ed by the p resen t au tho r 
(Neuvonen 1961), t h e a p p a r e n t age p a t t e r n 
of the crus t decreases w i th dep th unt i l zero-
l ine is reached. This applies to all da t ing 
methods, including magnet ic age de t e rmina -
tion. Consider now t w o in t rus ions of s imilar 
age (like K u m l i n g e and Kuisaar i , bo th close 
to the age of r apak iv i grani te , 1650 Ma) b u t 
located, one in a block of h igh crus ta l up l i f t 
(Kumlinge) and the o ther in a block of low 
crus ta l up l i f t (Kuisaari) . Dur ing crysta l l iza-
t ion and cooling they obtain s imilar r e m a n e n t 
magnet iza t ion (TRM). Long bur ia l at t h e 
h igh t e m p e r a t u r e of the lower c rus t m igh t 
change the magnet iza t ion ; hence, t h e rock 
in the block of high up l i f t r a te shows (young-
er) magnet iza t ion d i f f e r en t f r o m tha t loca-
ted in the block of low up l i f t ra te . If h o w -
ever , these two in t rus ions have a s imilar 
magnet iza t ion, i.e. if they show similar pole 
positions, the p r i m a r y magnet iza t ion p rob -
ably was not changed dur ing bur ia l . This 
seems to be the case in t h e K u m l i n g e and 

Kui saa r i d iabase dikes. They have s imilar 
pole posit ions wh ich r e f e r to the t ime of 
r apak iv i in t rus ion. T h e p r i m a r y charac te r 
of this magnet iza t ion is also demons t r a t ed 
by the reversa l n a t u r e of the pole. A s imilar 
reasoning applies to t h e magnet iza t ion and 
pole posit ions of the Ava and Luon ta r i i n t r u -
sions. They would give d i f f e r en t pole posi-
t ions if t he magnet ic or ien ta t ion of these 
bodies w e r e not p r i m a r y b u t w e r e caused 
by d i f f e r e n t up l i f t rates . Since the poles 
come roughly to the s ame area w e can con-
sider the magnet iza t ion to be essent ial ly of 
p r i m a r y charac te r . 

T h e po la r w a n d e r i n g curve d r a w n r e p r e -
sents t h e appa ren t wande r ing of the magnet ic 
pole f r o m about 2 000 to 1 200 Ma. The r e -
sul ts obta ined suggest t h a t the curve is based 
on p r i m a r y magnet iza t ion measu red f r o m 
d i f f e r en t p a r t s of the Fennoscandian shield. 
The cu rve d r a w n is, w i thou t a n y doubt , very 
t en ta t ive and f u t h e r s tudies wi l l in t roduce 
m a n y n e w details . N u m b e r of m e a s u r e m e n t s 
a re needed, however , be fore they can be con-
f i rmed . 
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