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The crystallization history of ten diabase dykes f rom three d i f ferent 
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The most pr imit ive diabase magma can be derived f rom part ial ly 
melted mantle. Evolving these magmas in the crust under d i f ferent 
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The intrusion tempera tu re has been derived to be about 1140—1170 °C 
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The results reveal that phenocrysts and megacrysts a lready were in 
the magma before intrusion. In the na r row dykes (width less than 
3 m) the cooling was so rapid that the phenocrysts had not t ime 
enough to reequil ibrate. 
The mega- and phenocryst concentrat ion in the middle of the dyke 
is explained by f lowage different iat ion. 
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Fig. 1. Location of studied diabase sets and the bedrock of southern Finland (simplified af ter A. Simo-
nen 1959). 1 — Aland diabase set, 2 — Häme diabase set, 3 — Satakunta diabase set. 

Introduction 

The presen t paper describes the crysta l l iza-
tion his tory of th ree d i f f e r en t sets of d iabase 
dykes in sou thern F in land (Fig. 1). The dykes 
are m u c h younger t h a n the last m e t a m o r -
phism in sou the rn Finland, which took place 
about 1900 Ma ago. According to Ehle rs and 
Ehlers (1977) the diabases of Åland archipel -
ago are of the same age as the Åland r a p a -
kivi g r an i t e (1650 Ma according to Vaas joki 
1978). According to Lai takar i , I. (1969) the 

H ä m e diabase dykes are of the same age, 
whi le S a t a k u n t a d iabases a re much younger , 
about 1260 Ma (Haapala 1977). The a l te ra t ion 
found in these dykes is a sl ight wea the r ing 
nea r the margins , the occurrence of secondary 
minera l s is scarce. 

A genera l v iew of the geology of Åland 
area is p resen ted by Sede rho lm (1934). The 
diabases a re recent ly descr ibed by Ehlers and 
Ehlers (1977). All sites of collected samples 
a re located east of the r apak iv i area. The 
neares t dyke, Käl lsholm, is about 11 km f r o m 

Table 1. Localities and widths of the studied diabase dykes. 

Diabase set Map shee t 1 Coordinates 1 Name of locality Width (m) 

Aland 101411 6661.78—490.42 Bergskär 4.60 
101411 6661.70—490.12 Husö 0.17 
101408 6662.92—483.87 Betesö 1.00 
101404 6659.20—479.40 Källsholm > 100 

Häme 214205 6840.10—514.86 Orivesi I 0.26 
214204 6839.74—514.38 Orivesi II 1.20 
214204 6837.22—511.40 Orivesi III 5.10 
214303 6822.40—544.75 Vehkajärvi 3.10 

Satakunta 113306 6765.26—553.86 Hinnerjoki I 0.25 
113306 6765.26—553.86 Hinnerjoki II 0.60 
113407 6874.18—562.00 Kiper järvenoja > 60 

1 Map sheet numbers and coordinates refer to the Finnish basic map system. 
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the rapak iv i contact . The dykes f o r m sharp, 
somet imes wriggl ing, contacts w i th the gneis-
soic granodior i te coun t ry rock. 

The wid th of the s tudied dykes (Table 1) 
var ies f r o m 17 cm to over 100 m. Husö dyke 
(Fig. 2) is the na r rowes t one, and i t conta ins 
large plagioclase megacrys t s 1 cm) in the 
middle. 

The H ä m e diabase set is about 150 k m long 
and 20 k m wide. According to Lai takar i , I. 
(1966, 1969), more t han one h u n d r e d individ-
ual dykes have been sofar found in the area. 
The size of the dykes var ies bu t most of t h e m 
are 5—50 m wide and severa l k i lometres long. 

The V e h k a j ä r v i dyke (Fig. 3) is s i tua ted in 
the middle of the diabase set and is only 3.1 
m wide. It is ideal ly exposed in a road cu t -
ting. The diabase contains in the middle of 
the dyke la rge (up to 10 cm) whi te plagioclase 
megacrysts . 

The S a t a k u n t a diabase set was s tudied in-
tensively in the beginning of th is cen tu ry 

Fig. 2. Diabase dyke in Husö, 
Width 17 cm. 

Sottunga, Aland. 

Fig. 3. A general view of the 3.1 m wide diabase 
dyke in Vehkajärvi , Häme. Note the zone of mega-

crysts on the left of the hammer . 

(e.g., Sederholm, 1911; La i takar i , A., 1925, 
1928). It is about 100 k m long and 50 km 
wide. The wid th of the dykes var ies f r o m 
cent imet res to severa l h u n d r e d met res . 

One sample set is collected in the n o r t h e r n 
end of the Lake P y h ä j ä r v i at K i p e r j ä r v e n o j a . 
The K i p e r j ä r v e n o j a diabase fo rms an wr ig -
gling contact wi th Jo tn i an sandstone. T h e 
contact zone is wel l exposed in an about 3—10 
m deep d ra inage channel of L a k e K i p e r j ä r v i 
The samples were collected beginning f r o m 
the contact and ex tend ing 60 m into the dyke. 
The minera l s found as phenocrys t s or mega-
crysts a re plagioclase and occasional com-
pletely a l te red olivine. The contact phenom-
ena are described by Lai takar i , A. (1925) and 
K a h m a (1951). 

The purpose of this pape r is to answer the 
fol lowing quest ions: W h a t is the origin of the 
d iabase m a g m a and can all the dykes be de-
r ived f r o m the same pa ren t a l magma? Is 
the re a genet ic re la t ionship be tween the 
diabase m a g m a and the associated rapakivis? 
Is the diabase dyke chemis t ry a f fec ted by 
mel ted coun t ry rock? How fas t did the dykes 
cool? To answer these quest ions the t e m p e r a -
t u r e of the in t rud ing m a g m a and the equi -
l ib r ium be tween l iquids and crysta ls m u s t be 
establ ished. 
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General remarks 

Table 1 gives the locations of the s tudied 
dykes. The i r w id th is given in smal ler 
dykes wi th g rea t accuracy bu t in the larges t 
ones only approx ima te ly according to f ield 
observat ions. The leng th of t h e dykes is 
a lways uncer ta in , owing the scarci ty of the 
outcrops, bu t i t can va ry f r o m h u n d r e d s to 
severa l thousand metres . 

All analyses were carr ied out on an 
au tomat ic ARL-SEMQ microprobe and the 
analy t ica l p rocedures a re described e.g. by 
Mäkipää (1978a). The F e 2 0 3 / F e 0 rat io is 
calculated using Fe.2O3/FeO-f0g relat ion (Mä-
kipää 1979). 

According to the classification of I rv ine & 
Baraga r (1971) all the rocks are quar tz or 
olivine no rma t ive tholeiites. 

Experiments 

was suspended in a P t loop at about 1200~C 
for 1 hour . The t empera tu re , which is sub-
s tant ia l ly h igher t han the l iquidus of the 
dikes, w a s t hen decreased cont inuously and 
the r a t e of the cooling was var ied be tween 
2 ° C / h and 300°C/h. The cooling r a t e was 
then corre la ted wi th the wid th of the plagio-
clase (010) pinacoid. 

For miscibil i ty tests of basa l t and coun t ry 
rock the same dyke mate r ia l s w e r e used. The 
p l a t i num tubes, which w e r e p r e sa tu r a t ed w i th 
the same mater ia l , w e r e packed end- to-end 
by powdered mate r i a l of the dyke and pow-
dered or solid rock of the coun t ry rock in 
question. 

The capsule w a s t hen suspended hor izon-
tal ly into the f u r n a c e at 1200°C for one to 
several hours depending on the wid th of the 
n a t u r a l dike. Then the t e m p e r a t u r e was de-
creased g radua l ly at d i f f e r e n t speeds be low 
the solidus. The p roduc t s were t hen analyzed 
on the microprobe. 

Severa l expe r imen ta l r uns w e r e conducted 
at 1 a tm using the ver t ica l quench f u r n a c e to 
test the cooling ra tes of the dykes. Also the 
contaminat ion of the wal l rock was s tudied 
using the method descr ibed by Yoder (1973). 
However , all the exper imen t s w e r e carr ied 
out u n d e r d ry conditions. 

All the cooling ra te exper imen t s were pe r -
fo rmed using one dyke ma te r i a l of each 
s tudied diabase set. The powdered sample 

Mineral composition of the dykes 

The observed crysta ls w e r e divided into 
four categories depend ing on size. All t h e 
dykes contain (1) megacrys t s ( including cog-
na t e crysta ls as well as f r agment s ) rang ing 
f r o m severa l cen t imet res up to 30 cent imet res 
along the longest axis. Phenocrys t s (2) a r e 
usual ly 0.5—0.2 m m long. Some dykes contain 

Table 2. Partial mineral composition of the studied diabases. (Determined by the point-counting meth-
od). Pl-plagioclase, Ol-olivine, Px-pyroxene, Amph-amphipole Biot-biotite, Opaq-opaque, Qz-quartz 

Dike PI Ol Px Amph Biot Opaq. Qz Acces. 

Husö 49.1 9.0 4.9 
Betesö 36.1 52.4 4.4 7.1 
Källsholm 53.6 32.8 7.2 6.1 0.3 
Orivesi I 55.3 5.0 
Orivesi II 47.3 9.7 20.0 12.1 
Orivesi III 56.8 7.6 13.6 3.5 13.3 5.2 
Vehkajärvi 61.9 3.1 11.8 9.9 
Hinner joki 56.1 19.5 6.4 
Kiperjärvenoja 58.7 15.6 11.1 2.7 6.9 5.0 
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Fig. 4. AI2O3, CaO and MgO variation (total analyses) and the variation of the grain size of the dyke 
in Husö, Sottunga, Aland. The numbers given below the photos refer to the distances from the contact. 

The scale is the same in all the photos. 

also microphenocrys t s (3) which a re s l ight ly 
la rger t han the g roundmass minera l s (4). 

The par t i a l modal composit ions of the 
s tudied dykes are given in Table 2. Because 
of the na r rowness of some dykes the g round-
mass w a s so glassy tha t the count ing of the 
minera l s was impossible, and the re fo re Table 
2 gives r a t h e r the f i r s t p r i m a r y phenocrys t s 
found. The pr inc ipal mine ra l is plagioclase, 
which comprises about 50 °/o of the total vol-
u m e of the rocks. 

The diabases of the Åland area have va r i -
able mine ra l composit ion. Käl l sholm dyke is 
a py roxene diabase whi le Husö, Betesö and 
Bergskär dykes are amphibo le diabases. 
Amphibo le is the dominan t minera l . It is 
par t ia l ly a secondary product . The f e w 

observed olivines are a l te red to opaque and 
serpent ine , plagioclases to chlor i te and 
epidote etc. This means tha t these t h r e e 
dykes, which are much older t han t h e 
Käl lsholm dyke (V. Suominen, pers. comm.), 
have unde rgone a slight me tamorph i sm. 
However , the contacts a re still glassy 
and not recrystal l ized. In cont ras t the Käl ls -
holm diabase is r a the r f resh , a l though some 
secondary chlor i te and amphibole occur. 

The H ä m e and S a t a k u n t a diabases a re 
olivine diabases. The dominan t mine ra l is 
plagioclase, olivine occurs as id iomorphic 
gra ins somet imes wi th se rpen t ine as a l t e ra -
tion product . However , the occurrence of 
secondary minera l s is ve ry rare . 
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Table 3. Chemical composition and CIPW norms of the diabase s tudied dykes and some closely related rocks. Microprobe analyses. « 

Diabase set ALAND HÄME 

Dyke Husö Bergskär Betesö Källsholm Orivesi I Orivesi II Orivesi III Vehka jä rv i 

Column No. 1 2 1 2 1 2 > 1 2 1 2 1 2 2 1 2 1 2 

S i O 53.90 53.42 53.51 54.58 49.08 47.61 52.21 51.22 49.61 49.94 50.86 50.92 47.62 49.24 51.41 51.32 
T iQj 1.87 1.75 1.53 1.57 1.10 0.91 1.71 1.62 2.43 2.74 2.38 2.58 3.51 2.68 3.01 2.56 
Ali>0:i 15.33 13.74 14.69 13.33 15.25 13.61 15.92 16.00 18.23 15.33 14.68 16.48 14.93 15.41 14.71 15.42 
FeoO:i 3.29 3.35 3.58 3.68 2.52 1.32 3.20 3.58 3.88 3.68 4.11 2.40 3.85 3.22 3.55 3.81 
FeO 9.05 9.91 9.87 8.61 10.21 10.92 10.08 9.87 8.49 9.34 10.41 11.65 12.15 9.94 10.43 8.42 
MnO 0.15 0.21 0.16 0.18 0.13 0.27 0.15 0.13 0.12 0.20 0.18 0.10 0.15 0.17 0.16 0.18 
MgO 4.63 4.80 5.37 4 51 7.97 10.97 4.75 5.50 3.55 4.00 4.02 5.12 4.72 4.25 3.88 3.27 
CaO 8.05 8.05 7.42 8.52 9.28 10.06 7.41 7.60 8.59 7.62 8.02 5.98 8.16 7.43 6.85 7.30 
NagO 2.30 2.37 2.50 2.48 2.48 2.62 2.76 2.61 2.85 2.90 2.30 2.52 2.65 3.01 2.57 3.36 
K ' O 0.97 0.93 0.78 1.11 1.32 1.26 1.46 1.52 1.82 1.78 2.16 1.51 1.74 2.04 2.23 1.99 
P2O5 0.48 0.43 0.45 0.39 0.27 0.40 0.43 0.60 0.49 0.76 0.64 0.78 0.76 0.73 0.88 0.84 
Total 100.02 98.96 99.86 98.96 99.61 100.02 100.08 100.26 100.06 98.29 99.76 100.04 100.25 98.12 99.68 98.47 

No. of anal . 12 154 10 14 6 18 10 10 12 16 11 8 9 10 14 109 

CIPW norms (recalculated to 100 °/o) 

Qz 10.72 9.91 9.05 11.19 4.31 2.99 1.53 3.65 4.98 5.25 0.58 6.05 4.32 
Or 5.73 5.55 4.62 6.63 7.83 7.44 8.62 8.96 10.75 10.70 12.79 8.95 10.26 12.29 13.22 11.94 
Ab 19.46 20.27 21.18 21.21 21.07 16.76 23.34 22.03 24.10 24.97 19.51 21.31 22.37 25.96 21.82 28.87 
An 28.63 24.36 26.60 22.19 26.68 21.34 26.72 27.38 31.56 23.96 23.41 24.56 23.67 22.94 22.09 21.44 

Wo 3.41 5.49 3.06 7.49 7.42 10.83 3.01 2.64 3.27 3.94 5.13 — 4.92 4.08 2.60 4.08 
Di En 1.70 2.60 1.52 3.78 4.06 6.24 1.40 1.33 1.63 1.94 2.31 — 2.26 1.93 1.18 1.97 

Fs 1.64 2.82 1.47 3.54 3.09 4.10 1.58 1.24 1.58 1.93 2.79 — 2.62 2.09 1.41 2.04 
H v (En 9.83 9.48 11.87 7.57 6.40 — 10.42 12.33 7.21 8.20 7.73 12.75 8.62 8.86 8.52 6.30 n y 

(Fs 9.46 10.25 11.48 7.08 4.87 — 11.74 11.46 7.01 8.20 9.36 15.33 9.98 9.61 10.18 6.51 
Ol Fo — — — — 6.63 14.77 — — — — — — 0.60 — — — 

I Fa — — — — 5.56 10.70 — — — — — — 0.76 — — — 

Mt 4.76 4.91 5.20 5.39 3.67 1.92 4.63 5.18 5.62 5.43 5.98 3.48 5.57 4.76 5.16 5.61 
11 3.55 3.36 2.91 3.01 2.10 1.73 3.24 3.07 4.61 5.29 4.53 4.90 6.65 5.19 5.73 4.94 
A p 1.11 1.01 1.04 0.91 0.63 0.93 0.10 1.39 1.13 1.79 1.49 1.81 1.76 1.72 2.05 1.98 



Table 3 (continued) 

Diabase set 

Dyke 

SATAKUNTA 

Kiper järvenoja Hinner joki 

SOME CLOSELY RELATED ROCKS 

Column No. 1 2 1 2 3 3 4 5 6 7 84 

SiOa 47.45 47.89 47.38 47.06 52.69 46.20 47.73 48.84 51.46 47.36 
TiO> 2.91 2.59 2.75 2.46 1.14 1.90 1.96 3.78 1.95 1.00 
AI2O3 16.99 17.49 18.81 18.39 14.12 17.20 15.06 12.70 15.35 19.70 
Fe>0:i 3.19 3.11 3.61 2.26 3.32 2.08 4.09 5.12 1.53 0.75 
F e b 10.52 8.56 9.93 8.52 9.49 11.95 10.40 9.47 12.39 10.46 
MnO 0.17 0.10 0.11 0.16 0.22 0.29 0.20 0.19 0.10 0.14 
MgO 5.13 4.90 5.54 4.86 5.53 7.10 4.23 4.32 4.42 8.34 
CaO 8.50 7.10 7.46 6.61 9.86 8.98 10.48 7.26 7.32 8.77 
NaoO 3.07 3.07 2.94 3.09 2.51 2.88 2.74 2.76 2.94 2.68 
k 2 o 1.37 1.36 1.37 1.04 0.64 0.89 1.46 1.96 1.64 0.63 
P2O5 0.56 0.55 0.43 0.37 — 0.01 0.35 1.19 0.79 0.15 

Total 99.86 96.72 100.33 94.82 99.52 99.48 98.70 97.59 99.87 99.98 

No of anal. 10 15 8 14 

CIPW norms (recalculated to 100 °/o) 

Qz 0.11 5.36 6.02 1.23 
Or 8.05 8.31 8.07 3.80 5.29 8.74 11.87 9.70 3.72 
Ab 26.02 26.86 24.80 21.34 22.17 23.49 23.93 24.91 22.68 
An 28.60 30.94 33.97 25.49 31.54 24.80 16.88 23.87 39.87 

(Wo 4.16 0.74 0.05 9.88 5.50 10.64 5.03 3.06 1.11 
Di En 2.08 0.41 0.03 4.94 2.70 4.77 2.87 1.16 0.59 

(FS 1.99 0.30 0.02 4.73 2.70 5.82 1.94 1.94 0.49 
4.32 12.21 7.60 8.90 — 2.46 8.15 9.86 2.35 

H y \ f s 4.12 9.07 6.02 8.54 — 3.00 5.51 16.50 1.95 
4.48 — 4.29 — 10.56 2.41 — — 12.50 

0 1 \ F a 4.71 — 3.74 — 11.60 3.24 — — 11.40 
Mt 4.63 4.66 5.21 4.84 3.03 6.01 7.61 2.22 1.09 
11 5.53 5.09 5.21 2.18 3.63 3.77 7.36 3.71 1.90 
Ap 1.30 1.32 0.99 — 0.02 0.84 2.83 1.83 0.35 

COLUMNS: 

1. Mean composition of the dyke. 
2. Average groundmass analysis. 
3. High Fe^Os quar tz normative dolerite 

(Weigand & Ragland, 1970).5 

4. Olivine diabase, Sorkka, Rauma (Kah-
ma 1951). The total in the original 
paper is 100.72, containing 1.24 %> 
HL'Ot. 

5. Olivine diabase, Suontaka, Laitila 
(Kahma, 1951). The total is in the 
original paper 100.15, containing 
1.45 % H^Ot. 

6. Quartz diabase, Möykynsaari, Lake 
Ladoga (Lokka, 1934). The total is in 
the original paper 100.27, containing 
2.68 •/» HO». 

7. Quartz diabase, Kelesjärvi, Jaa la (Sa-
volahti, 1956). The total is in the 
original paper 100.47, containing 0.60 
n/o H>Ot. 

8. Olivine diabase, Ansio, Padasjoki 
(Savolahti, 1964). The total is in the 
original paper 100.44, containing 
0.46 °/o H>Ol. 

1 3.25 °/o Ne in the norm. 
2 1.69 °/o Co in the norm. 
3 Norm is not calculated because of 

the low total. 
4 1.26 °/o Ne in the norm. 
5 In the original paper total Fe reported 

as FeiO.i, ratio calculated using the 
method described in Appendix 1. 



Table 4. Microprobe analyses of plagioclases, Husö, dyke, Aland. 

1 megacrysts 1 1 phenocrysts 1 1 groundmass plagioclase 1 
S i O 58.98 54.53 53.57 55.03 53.95 54.28 56.12 54.48 53.66 55.21 54.30 52.24 55.26 53.67 53.39 54.20 
AI2O3 25.80 28.17 28.71 28.12 28.19 27.67 27.26 28.20 28.52 27.47 27.91 28.27 27.52 28.01 28.25 27.51 
Feb4 .30 1.06 1.02 .37 .84 .78 .57 .73 1.12 .74 1.18 1.19 1.18 1.35 1.16 .62 
CaO 7.59 10.16 12.05 10.88 11.82 11.21 9.55 11.81 11.98 10.86 11.49 12.26 11.08 11.24 11.95 11.30 
Na-<0 6.78 5.32 4.64 5.29 4.93 5.20 5.11 4.75 4.65 5.23 4.84 4.40 5.01 5.05 4.53 5.10 
KaO .62 .09 .17 .29 .10 .22 .59 .12 .19 .19 .18 .15 .18 .13 .16 .17 
Total 100.07 99.33 100.16 99.98 99.93 99.36 99.20 100.09 100.12 99.70 99.90 98.51 100.23 99.45 99.44 98.90 
An (mole-"/o) 36.8 51.3 58.4 52.3 57.0 54.4 49.0 57.5 58.1 53.4 56.8 60.1 55.0 55.2 59.3 54.5 
No of anal. 4 2 3 3 4 8 2 4 4 4 5 3 4 6 2 7 
Dist. f rom 
cont. (mm) 90 90 90 75 75 10 33 33 80 30 30 15 90 75 50 20 

Calculated 
density 2.598 2.622 2.635 2.624 2.633 2.628 2.618 2.633 2.634 2.626 2.633 2.638 2.628 2.629 2.637 2.628 

Notes 
same crystal 

rim 
same crystal same crystal same crystal Notes rim 

2 mm —*• core > rim core — —>- r im 2 mm —*• 

Table 5. Microprobe analyses of plagioclases, Vehkajärvi dyke. 

' megacrysts phenocrysts groundmass plagioclase | 
SiOL> 54.81 54.85 54.92 55.27 58.03 53.30 53.82 54.32 54.41 55.11 54.78 53.40 55.03 55.61 55.20 58.22 
AI2O3 28.54 28.84 28.73 28.61 26.12 29.62 29.48 28.31 28.19 28.16 28.35 29.40 28.14 27.81 27.59 26.17 
FeO1 .39 .35 .43 .33 .77 .61 .66 .57 .73 .82 .48 .75 .54 .85 .82 .54 
CaO 11.12 10.73 10.67 10.69 7.66 11.83 11.13 10.80 11.33 10.28 10.55 11.24 10.48 10.38 9.94 8.12 
NajO 4.86 4.78 4.87 4.91 6.12 4.32 4.52 4.65 4.76 5.17 5.11 4.79 4.99 5.14 5.18 6.61 
K2O .66 .69 .64 .58 1.31 .49 .55 .67 .60 .65 .60 .52 .77 .68 .65 .60 
Total 100.38 100.24 100.28 100.39 100.00 100.17 100.16 99.32 100.02 100.19 99.87 100.10 99.95 100.47 99.38 100.26 
An (mole-°/o) 55.8 55.4 54.7 54.6 40.9 60.2 57.6 56.2 55.8 52.3 53.3 56.4 53.7 52.7 51.5 40.4 
No of anal. 
Dist. f rom 
cont. (cm) 
Calculated 
density 

2 

152 

2.631 

2 

152 

2 

152 

2 

152 

2 

152 

4 

0 .1 

2 

0.1 

4 

34 

2 

50 152 0.1 

3 

35 

3 

50 

2 

152 

Notes 
same crystal 

2 

152 

2.628 2.603 2.638 2.633 2.632 2.631 2.625 2.627 2.632 2.627 2.626 2.623 2.603 

2 cm 

same crystal 
core »- rim 
•*- 0.5 cm -»-

same crystal 
core > rim 

0.01 cm 
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Analytical results 

Åland diabases 

H u s ö 

The mean chemical composit ion of the dyke 
is t ha t of a qua r t z no rma t ive tholei i te (Table 
3). However , the composit ion of the ind iv idual 
samples th rough the whole dyke var ies con-
s iderably (Fig. 4 and Append ix 1). Due to the 
s t rong plagioclase concentra t ion (40 %>) sam-
ples nea r the center of the dyke show m a r k e d 
increase in CaO, A1203 and Na 2 0 , whi le MgO, 
FeO* and TiOo decrease. 

Composit ion of g roundmass t h rough the 
whole dyke shows var ia t ion only (Fig. 5) at 
the contacts, which will be discussed la ter . 
The analyses a re given in A p p e n d i x 2. 

The plagioclase composit ion is given in 
Table 4. Some of the megacrys t s (An38_53) 
a re ex t remely homogeneous whi le o thers 
show s t rong composi t ional zoning. The la rge 
megacrys t s usual ly have an inner and outer 
r im of An5( l_53 and An5 4_3 9 , respect ively. 

Plagioclase phenocrys ts (An48_34) a re homo-
geneous wi th a ve ry th in react ion r im, 
An54_5g. The g roundmass is whol ly glassy 
about 8 m m f r o m the contacts. The g round -
mass plagioclases (An35_60) in the inne r p a r t 
of the d y k e are ex t r eme ly homogeneous laths. 

I ron sulf ides occur in 1—2 m m wide zones 
about 5 m m f r o m the contacts. The concen-
t ra t ion of sul f ides in these zones is ex t r eme ly 
high, u p to 30 vol.0/«. 

B e r g s k ä r , B e t e s ö a n d 
K ä l l s h o l m 

The composit ion of the dykes are given in 
Table 3. T h e composit ion of ind iv idual dykes 
is ve ry homogeneous except in the Käl lsholm 
dyke w h e r e var ia t ion can be observed. 

The composit ion of Be rgskä r plagioclase 
phenocrys t s and m a t r i x plagioclases a re 
A n 3 2 _ 53 
t ively. 

(rim An5 4_5 6) and An. 53 - 59' respec-
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Fig 5. The groundmass 
chemistry variation (major 
elements) through the dia-
base dyke in Huso, Sot-
tunga, Aland. Each circle is 
an average of many spot 
analyses given in Appendix 

2. CR — country rock. 

The cor responding values a re An 3 g _ 4 5 ( r im 
An25_40), An 3 4_ 4 7 fo r Betesö and An 4 8_ 5 5 (rim 
An45-5ö)> An4 7_7 7 Käl l sholm plagioclase 
phenocrys t s and m a t r i x plagioclases, respec-
tively. All the plagioclase composit ions a re 
t abu la ted in A p p e n d i x 3. 

Häme diabases 
V e h k a j ä r v i 

The mean chemical composit ion of the dyke 
is t ha t of a qua r t z no rma t ive tholei i te (Table 

2). The var ia t ion in chemical composit ion 
th rough the dyke (Appendix 1) ref lec ts con-
cent ra t ion of plagioclase megacrys ts , CaO, 
A L A (Fig. 6) and Na.,0 increase towards the 
middle of the dyke. 

The g roundmass chemis t ry (Table 3) is 
ex t r eme ly homogenous unt i l t he plagioclase 
megacrys t zone. Spot analyses of the g round -
mass t h rough the whole dyke show s t rong 
var ia t ion in the megacrys t zone (Fig. 7) r e -
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Fig. 6. AI2O3, CaO and MgO variation (total analyses) and the variation of the grain size of the dyke 
in Vehkajärvi, Häme. The numbers given below the photos refer to the distances from the contact. 

The scale is the same in all the photos. 
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f leet ing intense react ion be tween the mega-
crysts and the groundmass . 

The plagioclase composition is g iven in 
Table 5. The la rge megacrys t s a re ex t r eme ly 
homogenous (An53_58) w i th a r im of An4 0_4 2 . 
The crystal l izat ion of these 0.1 m m wide 
zones have caused s ignif icant in si tu d i f f e r en -
t iat ion. 

Plagioclase phenocrys t s (An-„; _ fi0) a re occa-
sionally zoned wi th a th in react ion zone of 
An5 0_5 3 . T h e g roundmass is whol ly glassy to 
about 5 m m f r o m the contact . T h e m a t r i x 
plagioclase composit ion is usual ly An,-)2_5e b u t 
in the megacrys t zone the composition is va r i -
able down to An40. 

O r i v e s i I, II a n d III 

The chemical composit ion of indiv idual 
dykes is not the same (Table 3). The re fo re it 
is assumed tha t they do not r ep resen t the 
same magmat ic event . 

The chemical composit ion th rough indi -
v idua l dykes is ve ry cons tant and the dykes 
character is t ica l ly contain la rge plagioclase 
megacrys t s ( largest 10 cm). Phenocrys t s 
a re plagioclase and occasionally pyroxenes 
which a re f r e q u e n t l y a l tered. Olivine is ve ry 
rare . 

The composit ion of plagioclase phenocrys t s 
and m a t r i x plagioclases is An 5 4_ 6 5 and 
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Fig 7. The groundmass 
chemistry variation (major 
elements) through the dia-
base dyke in Vehkajärvi , 
Häme. Each circle is an 
average of many spot analy-
ses given in Appendix 2. 

CR — country rock. 

An5i-<;o> respect ively. The plagioclase com-
posit ions of individual dykes are t abu la t ed in 
A p p e n d i x 4. 

Satakunta diabases 
K i p e r j ä r v e n o j a 

The mean composit ion of the dyke is 
qua r t z no rma t ive tholei i te (Table 3). Total 
chemical composition th rough the dyke shows 
var ia t ion (Appendix 1 and Fig. 8). W h e t h e r 
this is caused by a he te rogenous m a g m a or 
concent ra t ion of phenocrysts , is not clear. 

The g roundmass analyses p e r f o r m e d on the 
microprobe show no clear var ia t ion a t the 
contact one. However , the g roundmass is so 

coarse-gra ined tha t microprobe analyses 
could only be car r ied out to about 10 cm f r o m 
the contact . 

Represen ta t ive analyses of plagioclase phe-
nocrysts a re given in Table 6. The i r composi-
tion at the f ine -gra ined contacts is ve ry ho-
mogenous, Anü()_68. These crysta ls (about 
0.1—0.3 m m wide) a re s t rongly a l te red so t h a t 
the de te rmina t ion of anor th i t e content in 
some cases was impossible. The la rge var ia -
tion of r im chemis t ry An3 5 . 67 m igh t be caused 
by the a l te ra t ion . 

The m a t r i x plagioclase composit ion is 
An 4 ä_ 0 4 and some sl ight d i f f e rence t o w a r d the 
cent re of the dyke can be found. 



Crystallization history of some postmetamorphic diabases in Aland, . . . 105 

Fig. 8. AI2O3, CaO and MgO variation (total analyses) and the variation of the grain size of the dyke 
in Kiperjärvenoja, Satakunta. The numbers given below the photos refer to the distances from the 

contact. The scale is the same in all the photos. 
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H i n n e r j o k i I a n d II 

The two sample suites r ep resen t the same 
d y k e and show ident ical composit ion (Ta-
ble 3). 

The whole dyke is considerably a l tered. 
The g roundmass t h rough the whole dyke 
contains ve ry small chlor i te grains. The 
g roundmass analyses pe r fo rmed by micro-
probe gave a lways the sum of about 94 %>. 
The res t (6 %>) is assumed to be volatiles. 

However , to get the original m a g m a com-
position, the chlori tes w e r e separa ted f r o m 
the mate r i a l and the powder was mel ted and 
f u r t h e r analysed by microprobe. However , 
the original g roundmass analyses show tha t 
the chemis t ry th rough the dyke is ve ry ho-
mogenous. Only sl ight MgO decrease t o w a r d 

the cent re is observed, bu t this migh t be 
caused by smal ler amoun t s of chlorites. 

Discussion 
Chemical composit ions 

Because of the d i f f e ren t ages of the dyke 
sets it is unl ike ly tha t the m a g m a s a re de-
r ived f r o m the same pa ren ta l l iquid. On the 
MgO-TiO ä plot (Fig. 9) the d i f f e r en t dyke 
sets plot separa te ly . The Åland d iabase set 
shows a var ia t ion t r end t owards MgO-poorer 
magma, so tha t the Husö, Käl l sholm and 
Bergskär m a g m a s can be der ived f r o m the 
Betesö m a g m a f rac t iona t ing 21—24 % plagio-
clase and 15—17 °/o olivine. For S a t a k u n t a 
and H ä m e diabase sets re la t ionships a re more 
complicated. 

9 
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MgO (wt-•/,) 

Fig. 9. MgO-TiOs variation diagram. 1) Åland 
set of diabase dykes. 2) Häme set of diabase dykes. 

3) Satakunta set of diabase dykes. 

To test possible genetic re la t ionships t h e 
analyses were plot ted on a TiOo-P 20 5 d i ag ram 
in Fig. 10. In addi t ion to the da ta presented 
here some more p r imi t ive diabases f r o m the 
same areas w e r e also plot ted. These f e w 
plot ted analyses show tha t the s tudied dia-
bases were not der ived f r o m t h e same m a g m a 
by s imple f rac t iona t ion . All t h ree d i f f e r e n t 
g roups show reasonable t rends . If the most 
p r imi t ive m a g m a in H ä m e diabase set is 
s imilar to the Ansio m a g m a (Table 3), then i t 
fol lows tha t der iv ing most evolved magmas , 

Orivesi III and Vehka jä rv i , f r o m the same 
source the d i f fe ren t i a t ion condit ions (pres-
sure, t e m p e r a t u r e and f0 2 ) mus t be d i f fe ren t , 
o therwise the separa te t r ends are d i f f icu l t to 
explain . This can also be seen on t h e plagio-
clase phenocrys t compositions. V e h k a j ä r v i 
and Orivesi II bo th have plagioclase composi-
tion about An35, whi le Orivesi I and III have 
An 6 i , which means t h a t the crystal l izat ion 
condit ions were d i f fe ren t . Thus, f r o m Ansio 
m a g m a it is feas ible to d i f f e ren t i a t e Orivesi 
I—Orivesi III and Orivesi I I — V e h k a j ä r v i in 
d i f f e r en t ways . 

The same holds for S a t a k u n t a diabases. 
We can not f r ac t iona te K i p e r j ä r v i f r o m Hin -
ner joki , bu t both can be f r ac t iona ted f r o m 
a m a g m a r icher in MgO (Sorkka, Table 3). 
How to get such possible d i f f e r e n t pa ren ta l 
l iquids is discussed in the nex t chapter . 

Pressure-temperature relations 

The fac t tha t most of the diabase dykes are 
geographica l ly associated wi th t h e r apak iv i 
in t rus ions does not necessari ly mean t h a t 
they are genet ical ly and chemical ly re la ted 
to the rapakivis , as wide ly has been argued. 
In some cases when the dikes a re of the same 
age as r apak iv i grani te , t he p r i m a r y f r a c -

T102 

( w t - ' / . ) : 
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i r -

0.3 0 4 
—r~ 

0 .5 
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P 2°5 (wt-%) 

Fig. 10. PäOg-TiOä var ia-
tion diagram showing the 
possible genetical relation-
ships between the studied 

diabase dykes. 
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Table 7. Mixing calculations for deriving the Husö magma f rom part ia l ly melted garnet lherzolite. 

Composition SiOa T i 0 2 A I 2 O 3 FeO MgO CaO N a 2 0 KoO 

1. Garnet lherzolite 44.5 0.3 2.8 10.2 37.9 3.3 0.3 0.1 
2. 20 %> par t ia l melting 50.3 1.1 12.3 10.4 10.0 12.0 1.5 0.7 
3. Betesö magma 49.1 1.1 15.3 12.7 8.0 9.3 2.5 1.3 
4. 72 °/o liquid 3. + 5 °/o olivine + 

23 %> clinopyroxene 50.2 1.0 12.2 10.8 10.0 12.2 1.8 0.9 
5. Difference 2—4 0.1 0.1 0.1 0.4 0.0 0.2 0.3 0.2 
6. Husö magma 53.9 1.9 15.3 12.4 4.6 8.1 2.3 1.0 
7. 57 °/o liquid 6. + 19 % olivine + 

24 °/o plagioclase 49.1 1.1 15.5 12.6 8.0 9.1 2.1 0.7 
8. Difference 3—7 0.0 0.0 0.2 0.1 0.0 0.2 0.4 0.6 

tu r ing of the count ry rock is possibly due to 
the r ising of rapak iv i magma . 

In a model constructed by Vorma (1977) the 
fo rma t ion of r apak iv i m a g m a is due to the 
par t ia l mel t ing of the lower c rus t du r ing the 
culminat ion of the svecofenno-kare l ian oroge-
ny, about 1900—1800 Ma ago. Dur ing the f i r s t 
orogenic s tages the basal t ic m a g m a f r o m the 
m a n t l e source possibly (discussed later) in -
t ruded and stored into the crus t (Vorma, 
1977). 

At the sub jo tn ian t ime, about 1700—1600 
Ma ago, large-scale block m o v e m e n t s took 
place in Fennoscandia (see e.g. Vorma, 
1977). Dur ing t h a t episode the r apak iv i 
m a g m a rose into the h igher levels of the 
crust , accompanied by volcanic erupt ions . 
The deep f r a c t u r e s and fau l t s fo rmed at the 
t ime m a y have ex tended into the man t l e and 
at this t ime the basal t ic m a g m a m a y have 
e rup t ed and the p resen t d iabase dike sets 
were le f t in the f o r m e r conduits . 

The pa ren t a l m a n t l e ma te r i a l of basal ts is 
assumed to be ga rne t per idot i te , which is 
s table in the upper m a n t l e conditions. Ac-
cording to Kush i ro (1973) the par t ia l mel t ing 
of the ga rne t lherzol i te unde r the m a n t l e con-
dit ions (1475°C, 20 kb) produces a l iquid 
w i th composition given in Table 7. This 
l iquid rep resen t s about 20 % mel t ing of 
per idot i te consisting main ly of pyroxenes and 
smal l amoun t s of olivine components . 

The l iquid is basal t ic in charac ter . P lagio-
clase can not be observed, because it is not 
s table at 20 kb. In order tha t th is l iquid 
could yield the most p r imi t ive basa l t he re 
(Betesö, A land set) f r o m it m u s t f i r s t f r a c -
t ionate f e r ro -magnes i an minera l s and the 
l iquid must be separa ted f r o m the crystals . 
If the m a g m a a r r ived into the lower c rus t 
dur ing the orogeny, its t e m p e r a t u r e and pres -
sure decreased, resul t ing in m a r k e d py roxene 
and olivine crystal l izat ion. The Betesö mag-
ma can be der ived f r o m the par t ia l ly mel ted 
per idot i te (Table 7) by separa t ing about 23 °/o 
c l inopyroxene and 5 °/o olivine. The d i f f e r -
ence be tween the actual and calculated com-
position is ve ry small . The m o r e pr imi t ive 
magmas of Ansio (Häme set) and Sorkka (Sa-
t a k u n t a set) can be der ived in a s imilar away. 

This process may be fol lowed on a An-Di-
Fo d iagram. Al though this d i ag ram is ve ry 
simple, it can be used to demons t r a t e p ressure 
and crystal l izat ion relat ionships, see e.g. 
Pressna l l et al. (1978) and Mäkipää (1978b). 
The ex t r eme m e m b e r s (Betesö-Husö) of t h e 
Aland diabase dykes a re plot ted in Fig. 11. 
In spite of the pa r adox tha t Kushi ro ' s (1973) 
20 K b exper imen ta l mel ted lherzol i te does 
not lie on the 20 K b cotectic line, the d i ag ram 
shows the pr inc ipal direct ion of crysta l l iza-
tion. Assuming the par t ia l ly mel ted per i -
dot i te to be the pa r en t a l l iquid, c l inopyroxene 
and olivine s ta r t s to f r ac t iona t e a t about 20— 
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An 

Fig. 11. The equilibrium diagram of the system 
Anorthite-Diopside-Forsterite. Different pressure 
lines drawn from Presnall et al. (1978). 1) Garnet 
lherzolite (Table 7). 2) Betesö magma (Table 3). 
Husö magma (Table 3). 4) Husö groundmass 

(Table 3). 

25 kb pressure . Separa t ion and ascent into 
the lower crust would decrease t h e p ressure 
and the composition of the m a g m a lies w i th in 
the spinel field. Because the spinel composi-
tion MgAL,04 does not lie wi th in the d iagram, 
the f rac t iona l crystal l izat ion involving spinel 
cannot be described completely. However , 
the impor t an t f e a t u r e is t ha t the spinel reacts 
wi th the liquid, fo rming olivine and plagio-
clase. This p a r t of evolut ion requ i res about 
24 °/o plagioclase and 19 %> olivine crysta l l i -
zation. 

It should be noted tha t the t ie l ines in Fig. 
11 are only to give the direct ion of crysta l l i -
zat ion on the basis of this d i ag ram. Dur ing 
the ascent the pressure decreases and the 
composit ion of Husö m a g m a now lies w i th in 
the plagioclase field. Plagioclase is t he r e fo r e 
the only minera l occurr ing as phenocrys ts . 
As more plagioclase crystal l ize the composi-
tion of the l iquid moves t owards t h e cotecti-
cum and f ina l ly eutec t icum. This can be seen 
in the widest dykes w h e r e the crysta l l iza t ion 
is complete and t h e a m o u n t of olivine and 
py roxene in the g roundmass g radua l ly in -
crease towards the cen t re of the dyke. 

The depth of the crysta l l izat ion of the 

ma t r i x cannot be de te rmined accurate ly . The 
fact tha t the m a g m a s at th is level a re not 
cotectic, means tha t all the pressures der ived 
are too high. However , all analyses (except 
S a t a k u n t a diabases) plot a round 2 kb l ine 
( ^ 6 km), which gives the m a x i m u m pressure . 
According to this d i ag ram the Åland diabases 
represen t the deepest erosion level. 

The t e m p e r a t u r e of the into t h e jo ints 
in t ruded m a g m a can be es t imated by t h e 
method described by Mäkipää (1979), and the 
resul ts a re t abu la ted in Table 8. Because of 
the ve ry sl ight crysta l l izat ion nex t to the 
contact, the m a g m a is assumed to be a t ve ry 
near the l iquidus t e m p e r a t u r e a t the t ime of 
int rusion. The in t rus ion t e m p e r a t u r e appears 
not to be the same in all t he dykes of the 
same set. Again the Vehka jä rv i—Or ives i II 
and Orivesi I—Orivesi III m a g m a s sepa ra te 
by d i f f e r e n t l iquidus t e m p e r a t u r e s (d i f ference 
~ 25L'(C) as well as d i f f e r en t plagioclase equi-
l ib r ium t empera tu res . So do also the K ipe r -
j ä r v e n o j a and H inne r jok i dykes. This indi-
cates e i ther lack of equ i l ib r ium or d i f f e r e n t 
condit ions dur ing the ear l ier evolut ion of 
these magmas . 

The fact t ha t plagioclase is the only phe -
nocryst mine ra l in most of the s tudied dykes, 
sets a l imit to the calculat ion of the accura te 
equ i l ib r ium tempera tu res , because the equi -
l ib r ium depends on the prevai l ing w a t e r p res -
sure. It seems most l ikely t h a t t h e w a t e r 
p res su re was a round 1 kb or less. The 
resul ts (Table 8) using the Kudo & Weill 
(1970) and Mathez (1973) plagioclase geo the r -
momete r show tha t the crystal l izat ion t em-
p e r a t u r e of the m a t r i x is abou t 50°C lower 
t han the l iquidus. It is not iceable tha t t h e 
phenocrys t equ i l ib r ium t e m p e r a t u r e s a re 
s imilar to the g roundmass t empera tu re s . This 
indicates tha t the m a g m a was whol ly in a 
l iquid f o r m dur ing the a r r iva l into the lower 
crust , w h e r e the phenocrys t crystal l izat ion 
took place. 

For test ing the feasibi l i ty of these t em-
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Table 8. Liquidus temperatures (calculated using the method described by Mäkipää 1979) and plagio-
clase equilibrium temperatures for megacryst-groundmass, phenocryst-groundmass and groundmass 

plagioclase-groundmass pairs, 
mc-megacryst, pc-phenocryst, mc m a x o r m i n and pc m a x or min refer to the calculated maximum and 
minimum temperatures, respectively, max or min refers to the groundmass plagioclase-groundmass 
maximum or minimum temperatures, respectively. 

plagioclase equilibrium temperature 
Sample Liq. T (°C) Kudo & Weill Mathez 

0 kb 1 kb 2 kb 0 kb 1 kb 2 kb 

Husö mcmax 1168 1172 1087 1010 1142 1114 1029 
mcmin 1081 1001 916 1064 1009 924 
PCmax 1173 1088 1003 1142 1115 1030 
pCmin 1157 1073 988 1129 1097 1012 
max 1175 1089 1004 1144 1117 1032 
min 1164 1080 995 1135 1105 1020 

Bergskär max 1151 1173 1087 1002 1142 1114 1029 
min 1149 1064 979 1122 1087 1002 

Betesö max 1250 1182 1101 1016 1152 1129 1044 
min 1114 1037 952 1093 1052 1067 

Källsholm max 1159 1226 1141 1052 1189 1177 1097 
min 1188 1105 1020 1156 1134 1049 

Vehkajärvi mc,„ax 1139 1227 1140 1051 1189 1177 1097 
mCniüi 1158 1075 990 1130 1099 1014 
PCmax 1238 1150 1065 1199 1189 1109 
PCmin 1213 1126 1041 1177 1160 1080 
max 1228 1141 1052 1190 1178 1098 
min 1156 1073 988 1128 1096 1011 

Orivesi I max 1161 1222 1137 1052 1186 1172 1092 
min 1214 1129 1044 1178 1163 1083 

Orivesi II max 1147 1215 1129 1044 1179 1163 1083 
min 1206 1120 1035 1171 1153 1068 

Orivesi III max 1173 1240 1153 1068 1201 1192 1112 
min 1226 1140 1051 1189 1176 1096 

Kiper järvenoja mcmax 1162 1267 1182 1106 1226 1224 1144 
mCmin 1208 1126 1041 1174 1158 1073 
PCmax 1265 1179 1099 1223 1221 1141 
PCmin 1183 1103 1018 1153 1130 1045 
max 1270 1184 1104 1228 1227 1147 
min 1208 1126 1041 1175 1159 1074 

Hinnerjoki max—min 1169 1287 1201 1121 1243 1246 1166 

p e r a t u r e calculations, some crysta l l iza t ion 
expe r imen t s have been pe r fo rmed a t t h e 
p ressure of one a tmosphere . The resul ts sofar 
indicate t ha t reasonable approx imat ions can 
be achieved by the method described above. 

Phase-equilibria 

The only method avai lable to tes t the plagio-
clase equi l ib r ium is the m a j o r e lement dis t r i -

but ion be tween plagioclase and l iquid as a 
func t ion of t e m p e r a t u r e . 

Tak ing t h e plagioclase t e m p e r a t u r e s f r o m 
Table 8 and supposing tha t they a re equi l ib-
r i um tempera tu res , all the microphenocrys ts 
and the r im of the phenocrys t s and m e g a -
crysts appea r to be in a reasonable equi l ib-
r i u m (Fig. 12). 

When a t t empt ing to c la r i fy the m e g a - and 
phenocrys t core equi l ibr ium, the densi t ies of 



Fig. 12. Regression curve for 
lnDxa versus 1/T (°K), where 
D \a = (weight of Na in plagio-

- clase)/(weight of Na in matrix) 
Solid circles refer to the 
groundmass, open circles to the 

- phenocryst and crosses to the 
megacryst plagioclases (pheno-
and megacrysts only for Husö, 
Vehkajärvi and Kiper järvenoja 
dykes). Dashed line (D'75) in-
dicates equilibria in Drake's 
(1975) experiments. Solid lines 
are drawn from Mäkipää (1978) 
(M'78) and Grönvold & Mäki-
pää (1978) (G & M'78). Bars 

- indicate the difference of m a x -
imum and minimum composi-

tion and temperatures. 
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the crysta ls p lay a most i m p o r t a n t role. For 
example , in Husö dyke la rge megacrys t s could 
have been f o r m e d a t g rea te r dep ths and 
f loa ted in the m a g m a chamber into the l iquid, 
whe re they a re n o w found . Considering 
h igher pressures , these crys ta ls a r e in 
equ i l ib r ium wi th the g roundmass and t he re -
fore fo rmed in a s imilar or the s ame magma . 

The reverse s i tua t ion holds in V e h k a j ä r v i 
dyke, w h e r e the mega- and phenocrys t s w e r e 
heavier t han the su r round ing magma . These 
crysta ls were in equ i l ib r ium wi th the g round -
mass, if lower pressures w e r e postula ted. 
However , according to the foregoing discus-
sion about the crysta l l izat ion his tory of these 
dykes, this model is an impossibil i ty. There -
fore the la rge megacrys t s of the V e h k a j ä r v i 
dyke cannot be crystal l ized f r o m a m a g m a 
corresponding the composit ion of the su r -
rounding mat r ix . 

Cooling rate and crystallization history 

C o o l i n g r a t e s 

The cooling r a t e of the m a g m a in a dyke 
can be es t imated using the resul ts of exper i -

men t s by Grove & Walker (1977). They found 
tha t the size of plagioclase (width of the 010 
pinacoid) corre la tes wi th the cooling r a t e as 
fol lows: 
log (cooling rate) = —1.71 log (width) —1.75 
The der ived ra tes can be used to give some 
es t imat ions of cooling rates . The resul ts of 
d i f f e ren t dykes on the same set a re fu l l y 
comparable . 

The Åland diabase dyke show a l inear 
cooling r a t e wi th dis tance f r o m the contact 
(Fig. 13). Because the coun t ry rock is the 
same in all the dykes, the in f luence of the 
w id th of the dyke is distinct, t he wide r t h e 
dyke the lower the cooling rate , because of 
the g rea te r h e a t capaci ty. 

The S a t a k u n t a diabases show lowest 
cooling ra tes (Fig. 14), and the r a t e of cooling 
is a lmost cons tant u p to about 10 cm f r o m 
the contact . However , the t e m p e r a t u r e of the 
m a g m a was so low tha t also contacts a re 
complete ly crystal l ized even in the n a r r o w e s t 
(20 cm) dykes. F u r t h e r , t he or ien ta t ion of the 
g roundmass plagioclases para l le l to the dyke 
direct ion a t contacts indicate t ha t the m a g m a 
was a l ready pa r t ly crystal l ized be fo re in-
t rusion. 
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Fig 13. Cooling rate curves 
of the dykes in Aland dia-

base set. 
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Fig. 14. Cooling rate curves 
of the dykes in Satakunta 

diabase set. 

The H ä m e diabase set (Fig. 15) shows 
highest cooling r a t e at the contacts. However , 
the ra tes decrease rap id ly and a re lowest 
of all sets about 10 cm f r o m the contact . This 

might be caused by re la t ive h igh in t rus ion 
t empera tu re . The V e h k a j ä r v i dyke, hav ing 
the lowest t empera tu re , shows not so rap id 
cooling ra te . F u r t h e r the w id th of the 
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chilled marg ins decrease w i th increas ing 
wid th of the dyke. 

All the presen t cooling r a t e expe r imen t s 
show similar behav iour as the resul ts of 
Grove & Walker (1977), i.e. the wid th of the 
plagioclase (010) pinacoid corre la tes l ineary 
wi th the cooling ra te , bo th in log scale (Fig. 
16). 

However , the slopes of the lines a re ve ry 
d i f fe ren t . A t h igher cooling ra tes this can be 
caused by kinetic problems, b u t at lower ra tes 
the re mus t be some o ther fac tor to control 
these ind iv idual exper iments . 

One impor t an t fac to r is the d i f fe rence in 
the chemical composit ion. Grove & Walke r 
(1977) used qua r t z -no rma t ive l una r basal ts 
wi th py roxene and small amoun t s of olivine 
and spinel as t h e f i r s t crystal l izat ion 
phase. Plagioclase was the last phase to 
crystall ize. At the ear ly s tage in the i r cooling 
ra te exper imen t s the n u m b e r of pyroxenes 
increased and the i r size decreased as a f u n c -

Fig. 15. Cooling r a t e curves 
of the dykes in H ä m e d ia -

base set. 

t ion of increasing cooling ra te . They de-
t e rmined the py roxene nucleat ion densi ty 
and found it to cor re la te wi th the cooling 
rate . Then, dur ing the la te s tages of c rys ta l -
lization the size of g roundmass plagioclase in-
creased at lower ra te . So, applying this to the 
presen t exper iments , t he slope of t h e 
cooling ra te l ine should be much s teeper fo r 
ear ly s tage plagioclases t han for la te s tage 
plagioclases. This is obvious. Does the line 
cont inue l ineary at lower ra tes or t u r n 
para l le l to la te s tage line is open to quest ion. 

However , ano the r i m p o r t a n t resul t mus t 
also be pointed out. Three d i f f e r e n t dyke 
mate r ia l s (Husö, V e h k a j ä r v i and K i p e r j ä r -
venoja) were cooled s imul taneous ly and the 
products reveal t ha t the speed of the plagio-
clase g r o w t h d i f f e r s in indiv idual dykes, as 
shown in Fig. 16. This d i f fe rence is smal l 
bu t noticeable. Apply ing this to Fig. 13 t h e 
discrepancy be tween the g roup Husö, Betesö 
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L O G W I D T H ( i n m m ) 
(PLAGIOCLASE 010 PINAC0ID) 

Fig. 16. Width of plagioclase phenocrysts mea-
sured in cooling rate experiments. Log of the 
width of plagioclase 010 pinacoid (in mm) is 
plotted against the cooling rate. G & W line rep-
resents late-stage cooling rates for lunar samples 

(Grove & Walker, 1977). 

and Bergskär dykes (amphibole diabases) and 
the Käl lsholm dyke (pyroxene diabase) is easy 
to under s t and . So the w id th of the dyke is 
not the only and p r i m a r y fac tor to control 
the cooling rate , bu t also the chemical com-
position of the m a g m a plays an i m p o r t a n t 
role. 

C o n t a c t p h e n o m e n a 

The hea t capaci ty of the Husö dyke dur ing 
the cooling was smal l and the par t ia l ly 
mel ted contact zone only ex tended a f e w 
mi l l imeters into the coun t ry rock. When 
m a g m a is i n t ruded into a coun t ry rock con-
ta in ing hyd rous minerals , hea t will be ab-
sorbed by vapor iz i ta t ion and the whole 
sys tem will be su r rounded by a zone r ich in 
wa te r vapor . Because w a t e r can i n t rude into 
the magma, the contacts contain more w a t e r 

some postmetamorphic diabases in Aland, . . . 113 

Fig. 17. A photomicrograph of the contact phe-
nomena in Orivesi I diabase dyke. Note the par-
tially melted country rock fragments in the dyke. 

t han the res t of the dyke. The fo rma t ion of 
ve ry small , f ine -g ra ined and colourless 
chlori tes at the contacts of Husö dike at 
h igh t e m p e r a t u r e is p robab ly due to the 
act ivi ty of h y d r o t h e r m a l solut ions i n t ruded 
into the m a g m a f r o m par t i a l ly mel ted g rano-
diori te. Ano the r exp lana t ion is t h e r m a l m e t a -
morphism, b u t then also the crystal l izat ion 
of the glassy g roundmass should occur, which 
is not evident . 

Because of this wa t e r -vapo r phenomenon 
also the saussur izat ion of the plagioclase 
fe ldspars can be unders tood. In the zone ex-
tending about 4—5 m m f r o m the contacts 
plagioclases a re a l tered to epidote. 

In the V e h k a j ä r v i dyke the par t ia l mel t ing 
of the coun t ry rock was ve ry slight, in spi te 
of the fa i r ly la rge hea t capaci ty of the 
magma. At the contacts only Na 2 0 , MgO and 
FeO increase slightly, whi le SiOo and ALO : t 
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decrease (Appendix 2). The a l te red zone is 
ve ry n a r r o w . 

Ex t r eme ly well the pa r t i a l mel t ing of the 
coun t ry rock occurs in some Orivesi dykes. 
The contact zones contain chlori tes and even 
solution pubbles can be found (Fig. 17). 

The contact zone is h igh in K 2 0 , MgO and 
FeO and low in S i 0 2 and N a 2 0 . The average 
total of m a n y microprobe analyses is as low 
as about 90 °/o. 

A f t e r the crystal l izat ion cooling joints 
opened in the dykes. They w e r e immedia te ly 
f i l led up by h y d r o t h e r m a l deposits wi th 
average composit ion 12 % MgO, 30 % FeO, 
13 °/o A1203 and 29 %> Si0 2 . The rest 13—15 °/o 
is p robab ly wate r . 

The K i p e r j ä r v e n o j a dyke has contact w i th 
an arkosic sandstone. According to K a h m a 
(1951) its contact in f luence is low grade . »Ap-
proaching the contact the qua r t z gra ins in 
sands tone become toothed and the amoun t of 
f ine -gra ined cement decrease. This f ine -
gra ined aggrega te has a lmost en t i re ly 
vanished at the contacts.» 

The mel ted coun t ry rock ma te r i a l has 
f lowed into the joint and mixed wi th con-
tact magma . The mix ing calculat ions show 
tha t about 35 °/o of the f lu ida l ma te r i a l has 
mixed wi th the m a g m a a t contact zone, MgO 
and FeO increased, whi le S i 0 2 and A1203 

decreased. 

The presen t expe r imen t s show contact 
in f luence s imilar to those observed in the 
field. The par t i a l mel t ing of the count ry rock 
depends e.g. on the composit ion of dyke and 
coun t ry rock mater ia l , t empe ra tu re , hea t ing 
t ime and cooling rate . The degree of pa r t i a l 
mel t ing is di rect ly comparab le w i th the t ime 
used for p rehea t ing at h igh t e m p e r a t u r e 
(1150—1200°C). The contact zone is a lways 
r icher in K>0 and FeO, and poorer in N a 2 0 , 
AL,03 and S i 0 2 t h a n the res t of the d y k e 
ma te r i a l in expe r imen ta l capsule. 

In one set of exper imen t s powdered Husö 
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Fig. 18 A. A photomicrograph of products re-
sulting f rom the experimental run of Husö diabase 

and granodiorite (left) at 1160°C for one hour. 

Fig. 18 B. A photomicrograph of Husö diabase 
granodiorite contact. 

diabase and solid g ranodior i te were packed in 
a p l a t i num capsule and suspended in a 
f u r n a c e at 1160 C for one hour and cooled 
a f t e r w a r d s using the r a t e of 180°C/hour. 
F igure 18A shows the basa l t -g ranodior i t e 
contact a f t e r the expe r imen ta l procedure . 
K , 0 content of the d iabase f r o m the contact 
to the dis tance of about 1 cm decreases f r o m 
2.5 °/o to 0.8 °/o, whi le e.g. A1203 increases 
f r o m 13.3 °/o to 15.3 °/o. This contact zone does 
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Fig 19. Time of the solidification as a function 
of the distance from contact in the Husö dyke. 
Solid circles — calculated using the experimental 
results of Grove & Walker (1977). Open circles — 
calculated using the method of Jaeger (1957) for 
intrusives. Triangles — calculated using the 
method of Jaeger (1957) for surface lava. 
L = 100 — latent heat 100 cal/g. 
L = 80 — latent heat 80 cal/g. 

not ex t end more t h a n a f e w mi l l imeters to 
the diabase. 

For compar ison the n a t u r a l contact of Husö 
dike is shown in Fig. 18 B. 

D u r a t i o n o f t h e s o l i d i f i c a t i o n 

J a e g e r (1957) s tudied the cooling ra tes of 
igneous rocks and in t roduced a me thod to 
calculate the t ime needed by a m a g m a at a 
sur face of known dis tance f r o m the contact 
to sol idify completely. 

As discussed ear l ie r the contact zone ab-
sorbed hea t e f fec t ive ly and the corresponding 
hea t loss mus t be accounted fo r in the calcu-
lation. In the Husö dyke the t ime for solidif i-
cation is calculated using 1170°C as l iquidus 
and in t rus ion t e m p e r a t u r e (derived using the 

method by Mäkipää 1979) and 1120°C as 
solidus t e m p e r a t u r e (calculated plagioclase 
g roundmass equ i l ib r ium t empera tu re , Tab le 
6). These t e m p e r a t u r e s agree well wi th the 
expe r imen ta l resul ts by Yoder & Til ley 
(1962). They found tha t rocks s imilar to those 
s tudied he re a re complete ly crystal l ized a f t e r 
the cooling of 40—60 DC f r o m the l iquidus. 

In an a t t e m p t to account for the hea t loss 
due to vapor iza t ion at the contacts, the t e m -
p e r a t u r e was assumed to be 30 C lower t h a n 
the l iquidus. The densi ty of the m a g m a was 
calculated using 1—2 kb pressure and 0.5 °/o 
H.,0 content , which was assumed to be con-
s tan t u p to the contact zone w h e r e it was 
assumed to increase l inea r ly up to 1.5 ®/o 
H , 0 . 

The resul ts (Fig. 19) wi th d i f f e r e n t l a ten t 
hea t s 80 and 100 cal/g a re compared wi th the 
resul ts of the me thod by Grove & Walke r 
(1977) and the cooling ra tes of the su r f ace of 
a lava f low. 

The agreement be tween the theoret ica l and 
expe r imen ta l methods is good, and resul ts 
may now be used quant i ta t ive ly . According to 
these the sol idif icat ion of Husö dyke was 
complete in 2—3 hours a f t e r the in t rus ion . 

The case of the V e h k a j ä r v i d y k e is more 
complicated because of the d i f f e ren t i a t ion in 
the dyke. The t ime of solidif icat ion was cal-
cula ted using 1140 C as the l iquidus t e m p e r a -
tu re and 1090°C as the solidus t e m p e r a t u r e . 
Assuming s imilar condit ions as quoted above, 
the cooling curves a re shown in Fig. 20, 
which indicates s lower cooling ra te at the 
contact t h a n calculated. This is caused by the 
g r a y w a c k e schist coun t ry rock, which does 
not absorb hea t well, and f u r t h e r , t he chil led 
contacts w e r e cont inuously in contact wi th 
the ho t te r m a g m a in t ruded into the joint . 
When the contact zone (about 1 cm) is 
crossed, the cooling r a t e fol lows the calcu-
la ted ra te un t i l it r ap id ly increases at the 
megacrys t zone. Because of the ve ry ex t en -
sive crystal l izat ion the cooling r a t e is here 
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Fig. 20. Time of the solidification as a funct ion of 
the distance f rom contact in the Vehka jä rv i dyke. 

Symbols as in Fig. 20. 

grea t e r t han calculated. However , according 
to the expe r imen ta l resul ts p resen ted here, 
the cooling ra te at the contact is not so rapid 
as calculated using the method of Grove & 
Walker (1977), and in addit ion, the megacrys t 
zone shows s lower cooling rate , so t ha t the 
agreement be tween Jaege r ' s and this s tudy is 
even be t t e r t han presented . 

According to these results, t he sol idif ica-
tion of the V e h k a j ä r v i dyke was complete 
in 40—50 days a f t e r the int rusion. However , 
it seems to be more realist ic to use the ob-
served ra te on the basis of plagioclase widths , 
which gives the resul t of two weeks. 

The K i p e r j ä r v e n o j a dyke is even more 
problemat ic , because of the d i f fe ren t i a t ion 
and convection in the dyke du r ing solidif ica-
tion. The t ime for solidif icat ion was calcu-
lated using 1170°C as in t rus ion t e m p e r a t u r e 
and 1120 C as solidus t empera tu re . The com-
par ison (Fig. 21) wi th the t ime der ived f r o m 
plagioclase wid ths shows m a r k e d di f ference . 
This is caused by at least t h ree factors . F i r s t -
ly, the ef fec t of convent ion m a y p lay an im-
po r t an t role. It seems cer ta in t h a t a f t e r the 

marg ina l phase solidification the hea t con-
vection was increas ingly domina t ing fac tor . 

The au tho r has m a d e some expe r imen ta l 
calculat ion to establ ish the e f fec t of convec-
tion on the contact t e m p e r a t u r e and on the 
dura t ion of solidification. In these the t e m -
p e r a t u r e at K i p e r j ä r v e n o j a contacts has r isen 
by an amoun t of tens of degrees f r o m the 
ini t ial contact t empera tu re . Consider ing a 
very ef fec t ive hea t circulat ion, the dura t ion 
of solidification decreases to half of the cal-
cula ted value. 

Secondly, the method to calculate the t ime 
of solidification using the plagioclase wid ths 
requi res the assumpt ion tha t the g r o w t h of 
the crysta ls is cont inuous and l inear . In 
the s tudied dykes the wid th of the plagio-
clase crysta ls increase l inear ly only in dykes 
n a r r o w e r t han about 20 meters . For example 
the wid th of the plagioclase crysta ls in the 
60 m wide K i p e r j ä r v e n o j a diabase and 100 m 
wide Käl lsholm dyke seems to be cons tant 
(about 0.6 cm) f r o m 25—30 m f r o m the con-
tact on. 

Thirdly , according to the p resen t ea r ly 
s tage plagioclase cooling r a t e exper iments , 
the ag reemen t wi th the calculated ra tes is 
much be t t e r t han presented b u t at lower 
ra tes it is now impossible to say if the g rowth 
cont inues l inear ly or not. 

However , it seems unques t ionab le t h a t the 
solidif icat ion t ime of K i p e r j ä r v e n o j a dyke is 
in the order of a h u n d r e d years . 

S e t t l i n g o f t h e p l a g i o c l a s e 
c r y s t a l s 

Using the Stokes ' l aw it is possible to 
calculate the velocity requ i red for a c rys ta l 
rise or sink. 

_ 2 g a2 (Pi—Po) 
V 

9 a 

w h e r e g is accelerat ion due to g rav i ty ( ^ 103 

cm/sec2), a = rad ius of the crystal , P, = den-
sity of the crystal , P 2 = densi ty of the mel t , 
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Fig. 21. Time of the solidi-
fication as a funct ion of the 
distance f rom contact in the 
Kipe r j ä rveno ja dyke. Sym-

bols as in Fig. 20. 
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and u = viscosity of the mel t (calculated 
using the me thod of S h a w (1972)). 

According to Bot t inga & Weill (1970) the 
tota l r ange of the dens i ty of plagioclase a t 
1200°C is 2.53 to 2.71 (corresponding to An 0 — 
An100). The calculated densit ies a re given in 
the tables wi th plagioclase analyses of in-
d iv idual d iabase sets. 

The densi ty of a m a g m a can be calculated 
f r o m par t i a l molar volumes of oxide com-
ponents (Bott inga & Weill, 1970). 

Thus the dens i ty of t h e Husö plagioclase 
phenocrys t s (Aland d iabase set) var ies f r o m 
2.615—2.625 (An48_54). The densi ty of the 
la rger megacrys t s can be considered to be 
be tween 2.600 and 2.625 (An38_53). Assuming 
the p ressure of 1—2 kb and w a t e r conten t of 
0.5 °/o, the specific g rav i ty of the Husö 

g roundmass at 1175 C is about 2.615. Con-
sider ing the ef fec t ive viscosity of the Husö 
m a g m a to be about 1100 poises and t h e m a x i -
m u m rad ius of phenocrys t s 0.2 m m the 
crystals should sink a t the r a t e of 0.35 m m / 
day. This means tha t if the dyke is l ike a sill 
it takes half a yea r to r emove the phenocrys t s 
f r o m the contact to the cen t re of the dyke. 
As discussed ear l ie r the sol idif icat ion of such 
a n a r r o w dyke takes only hours . 

Megacrysts can e i ther s ink or rise. Consid-
er ing ve ry common plagioclase megacrys t 
composit ion (An40) the crys ta ls (max. 0.6 cm 
in diameter) should f loa t at the r a t e of 0.8 
cm/h. 

On account of these velocities, t he g r av i t a -
t ive set t l ing of plagioclases in Husö dyke is 
not a s t rong fac tor to move the crystals . The 
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concentra t ion of the mega- and phenocrys t s 
into the cen t re of the d y k e mus t be u n d e r -
stood to be due to the f lowage d i f fe ren t ia t ion . 

V e h k a j ä r v i plagioclase phenocrys t s (Häme 
diabase set) show sl ight var ia t ion in composi-
tion toward the cen t re of the dyke. However , 
as an average the i r densi ty var ies f r o m 2.625 
to 2.635 (An53_60). The densi ty of the e x t r e m e -
ly homogenous, l a rge megacrys t s (0 2—3 cm) 
var ies f r o m 2.630 to 2.635 (An55_59). 

The densi ty of the V e h k a j ä r v i g roundmass 
is 2.59 at 1139°C (other p roper t i es quoted 
above). 

V e h k a j ä r v i m a g m a has a viscosity of about 
1200 poises at 1140°C. The m a x i m u m rad ius 
of the phenocrys t s is 0.1 mm, denot ing 
s inking at the r a t e of 0.7 mm/day . The la rge 
megacrys t s can move in the m a g m a a t the 
r a t e of 1.7 m/h and in this spir i t the concen-
t ra t ion of the plagioclase megacrys t s in the 
middle of the dyke mus t be expla ined. 

The f i r s t idea to rise is a s imple model of 
magmat ic chambers . Being much heavier 
t han the magma, the megacrys t s m a y h a v e 
sunk to the bot tom levels of the chamber . 
A f t e r the e rup t ion the p resen t megacrys t 
zone m a y represen t the last phase of the ex -
t rac ted mater ia l . However , this model should 
r equ i r e a d i f fe ren t ia t ion t rend toward the 
cen t re of the dyke, which ev ident ly does not 
occur. F u r t h e r , t he condit ions dur ing t h e 
e rup t ion should be so ideal tha t the exis tence 
of this sys tem is unl ikely, and f inal ly , as dis-
cussed ear l ier , the megacrys t s a re in equi l ib-
r i um only if lower pressures a re postula ted. 

Ra the r more p robab le is the exis tence of 
some mechanica l sor t ing dur ing the e rup t ion . 
The only exp lana t ion w o r t h y of considerat ion 
is the f lowage d i f fe ren t ia t ion . In such case 
the whole sys tem is ve ry s tabi l because of the 
h igher viscosity of the concent ra t ion zone. 
This indicates t h a t the less viscous m a g m a on 
the bo th sides of t h e megac rys t zone has 
f lowed fas te r t h a n the c rys ta l - sa tu ra ted 

l iquid in the mid-channel . On this basis the 
chemical d i f fe rence be tween the m a t r i x 
in the cen t ra l p a r t of the dyke and o ther 
pa r t s is easy to under s t and . 

A n y w a y in both cases the dyke mus t rep-
resent a more or less ver t ica l jo int or o the r -
wise some g rav i t a t ive set t l ing should cocur. 

K i p e r j ä r v e n o j a plagioclase phenocrys ts (Sa-
t a k u n t a diabase set) a re homogenous and 
s t rongly a l tered. The i r dens i ty var ies 
be tween 2.645 and 2.650 (An0(i_68). The den-
sity of the K i p e r j ä r v e n o j a g roundmass is 
2.605 at 1165°C (other proper t ies quoted 
above). 

K i p e r j ä r v e n o j a m a g m a had a viscosity of 
1150 poises at 1165°C. The m a x i m u m rad ius 
of the phenocrys ts observed nea r the contacts 
is 0.2 mm, denot ing s inking at the r a t e of 
about 3 mm/day . 

Owing to the scarici ty of the megacrys t s 
such concent ra t ions of the crysta ls as de-
scribed in the V e h k a j ä r v i dyke cannot be 
found. Because the dist inct ion be tween the 
phenocrys t s and g roundmass mine ra l s beh ind 
the contact zones is impossible u n d e r the 
microscope, the tota l analyses a re the only 
facts re la t ing possible crysta l concentra t ion 
dur ing t h e in t rus ion . 

S u m m a r y 

The crystal l izat ion his tory of ten dykes 
f r o m th r ee d i f f e r e n t d iabase sets in sou the rn 
F in land has been described. The basal t ic 
m a g m a was fo rmed by par t i a l mel t ing of the 
upper m a n t l e dur ing the Svecofenno-Kare l ian 
folding, and it i n t ruded into the crus t du r ing 
this folding. 

The in t rus ion t e m p e r a t u r e has been der ived 
to be about 1140—1170°C and no clear dis-
t inct ion be tween indiv idual sets can be made . 
The calculated equ i l ib r ium t e m p e r a t u r e s 
show tha t the dykes in most cases w e r e 
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complete ly crystal l ized a f t e r a cooling of 
40—60°C. 

The m a g m a at this t e m p e r a t u r e has p a r -
t ial ly mel ted the coun t ry rock. In t h e 
na r rowes t dykes the mel ted zone ex tends 
only a f ew mi l l imeters into the coun t ry rock, 
b u t in the la rges t ones the zone is severa l 
tens of cent imetres . The mel t ing has also 
inf luenced the diabase chemis t ry u p to 3—4 
mete r s f r o m the contact , as has been de-
scribed by K a h m a (1951). Also some d i f f e r en -
t iat ion in the dyke self occurs in the wides t 
dykes. 

The lack of any var ia t ion in the g round-
mass chemis t ry a round the mega- and pheno-
crysts indicates t ha t they a l ready were in the 
m a g m a before in t rus ion. The homogen i ty 
of the mega- and phenocrys ts can be ex-
pla ined by m a g m a chambers , which ev ident ly 
existed for a long t ime benea th the diabase 
areas. 

The cooling ra te of the m a g m a depends on 
the count ry rock, dyke chemis t ry , in t rus ion 
t e m p e r a t u r e and the wid th of the dyke. To 
general ize, the wid th of the chilled marg ins is 
the func t ion of the wid th of the dyke. F u r -
ther , the la rger the dyke the s lower is the 
cooling ra te , and the h igher the in t rus ion t em-
p e r a t u r e the speedier is the cooling r a t e a t 
the contacts. 

The set t l ing of the plagioclase m e g a - and 
phenocrys t s in the cent re of the dykes is ex-
pla ined he re by a process of f lowage d i f f e r e n -
t iat ion. However , in most of the dykes in the 
s tudied areas the plagioclase crystals occur 
near the assumed uppe r or lower contact . 
Very popula r exp lana t ion to this phenomenon 
is the g rav i t a t ive d i f fe ren t i a t ion in t h e dyke 
itself. However , this s tudy shows t h a t such 
conclusions mus t be m a d e wi th g rea t care. 

Consider ing the plagioclase cell expans ion 
at h igh t e m p e r a t u r e and the m a g m a densi ty 
var ia t ion wi th t e m p e r a t u r e and pressure , t h e 
densi ty of the plagioclases in mos t dykes 
equals the densi ty of the magma. In the n a r -
rowest dykes the re has not been t ime enough 
to the g rav i t a t ive separa t ion of the crysta ls 
and the re fo re the origin of the crys ta l -con-
cent ra t ion in one pa r t of the dyke mus t be in 
m a g m a chamber at a shal low dep th or even 
deeper . 
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APPENDIX 1 

Total chemistry of the studied dykes. 

Dist. f rom 
cont. (cm) S 1 O 2 Ti0 2 A I 2 O 3 FeO* MnO MgO CaO NaoO K>0 P 2 O 5 Total 

Husö dyke 
0 53.46 1.68 14.82 11.87 .17 4.73 8.09 2.35 1.50 .38 99.05 
1 53.92 1.47 15.23 11.84 .18 4.60 8.44 2.24 1.11 .33 99.36 
4 53.59 1.77 15.25 11.89 .21 4.79 8.36 2.24 1.04 .44 99.58 
6 52.94 1.78 15.56 11.62 .14 4.96 8.51 2.28 1.22 .45 99.78 

Centre 53.27 1.40 17.41 10.21 .14 3.74 9.56 2.59 1.22 .40 99.94 
7.5 53.43 1.39 17.25 10.40 .14 3.75 9.30 2.61 1.20 .36 99.82 
6 53.28 1.71 15.35 12.49 .13 4.55 8.51 2.28 1.01 .39 99.70 
3 53.08 1.78 14.73 12.69 .13 5.00 8.59 2.31 .85 .37 99.53 
1 53.79 1.77 15.30 11.21 .16 5.13 8.93 2.55 1.04 .42 100.30 

Vehkajärvi dyke 
0 50.98 3.33 15.04 13.47 .17 3.95 6.84 2.67 2.27 .82 99.54 

20 51.34 2.93 13.96 14.79 .16 3.77 6.68 2.40 2.30 .79 99.12 
50 51.91 2.77 15.14 12.60 .16 3.92 7.03 2.65 2.12 1.03 99.33 

110 51.48 2.75 15.26 13.10 .17 3.95 7.10 2.69 2.22 .98 99.70 
125 50.37 3.48 16.88 11.82 .14 3.60 7.68 2.79 1.96 .73 99.45 
Centre 50.80 2.60 19.02 10.69 .13 2.83 8.55 3.06 1.69 .57 99.94 
110 50.98 2.81 15.38 13.40 .18 3.82 7.02 2.65 2.11 .88 99.23 
30 51.21 2.91 14.86 14.10 .19 3.92 6.91 2.58 2.11 .76 99.55 

Kiperjärvenoja dyke 
(metres) 

0 47.12 3.22 18.02 13.32 .19 4.76 7.44 2.96 1.44 .69 99.16 
0.06 46.82 2.91 16.96 14.28 .11 5.58 7.34 2.98 1.72 .58 99.28 
0.12 46.98 2.97 17.52 13.97 .16 5.56 6.99 2.85 1.36 .77 99.13 
0.32 46.84 2.92 16.03 14.51 .17 5.48 8.29 3.16 1.26 .59 99.25 
0.75 48.52 3.23 16.21 13.57 .18 4.61 8.87 2.92 1.26 .45 99.82 
1.75 49.40 2.41 19.73 9.59 .19 4.28 8.89 3.33 1.30 .60 99.72 
3.90 46.74 2.95 16.02 14.39 .18 4.96 9.45 3.13 1.21 .65 99.68 

10 46.42 2.60 16.88 13.89 .13 5.44 9.83 3.15 1.13 .38 99.85 
23 48.51 2.94 16.84 13.04 .15 4.87 8.23 3.16 1.55 .44 99.73 
60 47.12 2.92 15.67 13.34 .20 5.72 9.66 3.08 1.42 .44 99.57 

9 
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APPENDIX 2 

Groundmass composition of the Husö diabase dyke (Aland diabase set). 

Distance 
from cont. 
(mm) 

No. of 
anal. S i0 2 TiO» A I 2 O 3 FeOt MnO MgO CaO NaoO K2O P 2 O 5 Total 

0 6 55.94 2.15 17.49 7.21 .28 1.96 5.99 5.25 1.18 .46 97.91 
1 3 46.35 2.07 13.43 18.46 .37 6.87 4.87 .99 3.68 .46 97.55 
2 6 56.63 1.92 12.88 11.12 .25 4.17 7.36 2.90 1.21 .41 98.85 
4.5 5 53.43 1.97 13.25 12.68 .23 5.06 8.10 2.75 1.12 .43 99.02 
7.5 4 53.18 1.96 13.17 13.20 .24 5.31 8.05 2.52 1.15 .43 99.21 

11 3 52.42 2.00 13.40 13.66 .19 5.21 8.09 2.46 1.05 .43 98.91 
16 3 52.07 2.12 13.18 14.12 .23 5.11 8.08 2.38 .95 .44 98.68 
20 4 52.65 1.91 13.42 14.50 .21 4.97 7.79 2.38 .90 .43 99.16 
25 6 53.18 1.61 13.42 13.82 .22 4.86 7.90 2.12 .98 .45 98.56 
30 4 53.59 1.71 13.35 12.95 .22 4.85 8.21 2.05 .93 .44 98.29 
35 4 53.86 1.70 13.16 12.95 .19 4.68 8.31 2.17 1.03 .32 98.37 
40 3 53.36 1.77 13.24 13.19 .22 4.71 8.00 2.35 .85 .38 98.07 
45 4 53.11 1.65 14.06 12.86 .20 4.87 8.01 2.31 .85 .41 98.39 
50 4 52.57 1.71 14.24 13.38 .17 4.94 8.07 2.28 .88 .44 98.68 
57 4 53.21 1.51 14.52 13.63 .20 4.77 7.92 2.32 .85 .40 99.33 
62 4 52.15 1.84 14.24 13.71 .21 4.72 7.91 2.49 .74 .42 98.43 
67 3 54.52 1.85 14.14 13.05 .22 4.26 7.70 2.35 .84 .40 99.33 
73 4 53.92 1.95 14.15 13.24 .27 4.42 7.72 2.37 .84 .41 99.34 
80 7 54.64 1.72 13.76 12.09 .19 4.29 8.06 2.23 .93 .44 98.35 

Centre 7 54.09 1.79 14.06 11.64 .21 4.47 8.32 2.31 .96 .42 98.27 

80 8 53.98 1.57 13.72 11.55 .21 4.30 8.14 2.36 .90 .45 97.18 
75 7 56.23 1.55 14.14 10.77 .19 4.04 8.15 2.41 .96 .44 98.88 
68 3 56.37 1.52 13.80 11.25 .22 4.19 8.13 2.41 .92 .40 99.21 
62 4 55.86 1.47 14.21 11.18 .18 4.33 8.00 2.34 1.01 .41 98.99 
56 3 55.58 1.50 13.82 12.00 .16 4.48 7.89 2.33 .91 .44 99.11 
52 7 54.70 1.49 14.28 12.12 .19 4.70 8.15 2.31 .86 .42 99.22 
44 5 54.06 1.46 14.11 12.31 .21 4.78 8.00 2.45 .80 .45 98.63 
40 4 53.57 1.49 14.18 13.28 .18 5.17 8.18 2.43 .81 .47 99.76 
33 3 53.78 1.56 13.40 12.68 .17 5.14 7.90 2.47 1.09 .46 98.65 
27 4 53.26 1.58 13.56 12.66 .18 5.11 8.07 2.36 .89 .45 98.78 
22 4 52.55 1.65 13.88 12.54 .18 5.28 8.29 2.39 .98 .48 98.16 
13 6 53.79 1.63 14.04 12.41 .19 5.12 8.19 2.48 .81 .46 99.12 

6 3 54.19 1.62 14.12 11.32 .22 4.61 8.03 2.72 .99 .41 98.23 
1 6 53.62 1.73 17.09 9.24 .26 2.80 7.07 5.94 .81 .40 98.91 
0 4 54.60 2.03 16.91 7.54 .23 2.74 7.15 6.50 .58 .47 98.64 

Average 154 53.42 1.75 13.74 12.92 .21 4.80 8.05 2.37 .93 .43 98.62 
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APPENDIX 2 (continued) 

Groundmass composition of the Vehkajärvi diabase dyke (Häme diabase set). 

Distance 
f rom cont. 
(cm) 

No. of 
anal. SiOa Ti02 AI2O3 FeOt MnO MgO CaO NaoO K2O P2O5 Total 

0 5 49.47 3.08 14.18 13.35 .26 3.82 7.40 4.43 .92 .87 97.78 
0.2 3 50.11 3.34 14.43 10.90 .24 3.78 7.82 4.78 .68 .95 97.08 
0.6 4 49.92 2.88 14.49 12.53 .22 3.74 7.26 3.66 1.76 .76 97.22 
1.5 3 49.54 2.87 15.21 12.28 .19 3.48 7.45 3.47 1.93 .84 97.26 
1.8 3 50.34 2.65 15.17 12.81 .21 3.24 6.89 3.35 2.14 .84 97.64 
4 3 50.48 2.48 15.26 12.33 .18 3.31 6.99 3.26 2.01 .83 97.13 
8 4 50.83 2.61 15.33 12.71 .19 3.18 7.12 3.41 2.26 .79 98.43 

10 6 51.26 2.51 15.42 11.88 .22 3.22 7.33 3.22 1.97 .86 97.89 
15 6 52.33 2.33 15.58 11.63 .18 3.16 7.21 3.40 2.06 .85 98.73 
20 7 51.88 2.41 15.13 12.08 .19 3.43 7.42 3.45 2.25 .77 99.01 
25 3 52.22 2.31 15.21 12.01 .21 3.33 7.13 3.31 1.88 .79 98.40 
35 8 51.78 2.22 15.61 11.97 .18 3.35 7.28 3.16 2.00 .85 98.40 
50 5 52.28 2.52 15.37 11.77 .18 3.13 7.39 3.47 1.90 .83 98.84 
82 3 52.36 2.42 15.62 12.03 .19 3.36 7.18 3.37 1.80 .81 99.14 

110 5 52.42 2.53 15.78 12.12 .19 3.41 7.32 3.41 1.92 .82 99.92 
125 6 49.49 2.99 14.81 15.13 .16 4.07 6.98 2.72 1.96 .79 99.10 
142 8 50.25 3.84 14.34 14.91 .17 4.14 6.77 2.41 2.17 .74 99.74 
Centre 
148 9 50.12 3.92 14.21 15.08 .18 4.21 6.61 2.38 2.21 .72 99.64 
110 5 52.30 2.42 15.61 12.28 .20 3.39 7.21 3.38 1.99 .88 99.66 

42 5 51.31 2.38 15.48 12.01 .19 3.48 7.19 3.36 2.08 .93 98.41 
30 3 52.23 2.48 15.12 11.81 .17 3.12 7.22 3.21 1.99 .86 98.21 
28 3 51.62 2.41 15.13 11.97 .17 3.26 7.18 3.31 2.06 .87 97.98 

6 4 50.82 2.59 15.11 12.38 .19 3.52 7.26 3.46 1.89 .79 98.01 
2.5 3 50.22 2.78 14.98 12.29 .18 3.62 7.46 3.72 1.72 .81 97.78 
2 3 49.36 2.63 14.89 12.37 .22 3.56 7.33 3.98 1.01 .82 96.97 
0.8 4 48.72 2.92 15.01 12.08 .19 3.48 7.61 4.31 .81 .76 96.89 
0.3 4 49.81 3.08 14.92 10.70 .29 3.76 7.90 4.72 .66 .90 96.74 
0.1 6 50.12 3.31 14.48 11.02 .28 3.61 7.71 4.60 1.02 .92 97.08 
0 7 48.81 3.28 14.36 13.92 .31 3.92 7.52 4.52 .92 .77 98.23 

Average 109 51.32 2.56 15.42 11.85 .18 3.27 7.30 3.36 1.99 .84 98.09 
Groundmass composition of the Kiper järvenoja dyke (Satakunta diabase set) 

0 2 47.40 3.41 12.31 18.72 .17 6.55 2.10 1.41 2.38 .54 94.99 
0.5 3 44.79 4.14 12.43 16.00 .18 8.33 3.09 1.56 3.27 .43 94.22 
1 2 45.86 2.81 16.77 11.33 .09 4.86 6.48 2.92 2.86 .49 94.48 
2 2 46.20 3.19 17.72 11.36 .10 5.16 6.10 3.08 2.78 .59 96.18 
4 3 47.89 1.77 17.64 10.43 .09 5.14 6.60 3.39 1.24 .48 94.67 
6 8 47.86 2.56 17.49 12.42 .09 5.08 6.90 3.42 1.96 .46 98.27 

10 5 47.77 2.41 17.26 11.86 .17 4.89 7.21 3.47 1.14 2.10 98.17 
Average 15 47.89 2.59 17.49 11.36 .10 4.90 7.10 3.42 1.24 .55 96.64 
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A P P E N D I X 3 

S o m e r e p r e s e n t a t i v e m i c r o p r o b e a n a l y s e s of p l a g i o c l a s e . 

S iOä AI2O3 F e O ' C a O N a 2 0 K 2 O T o t a l A n 

Aland diabase set 
B e r g s k ä r pCc 54.95 28.26 .75 10.72 5.29 .34 100.28 52.8 

PC,- 54.05 28.79 .76 11.21 5.15 .26 100.22 54.6 
PCc 54.91 27.88 .53 10.35 5.27 .36 99.30 52.0 
p c r 54.92 28.20 .81 10.78 5.09 .24 100.04 53.9 
g m 53.12 29.11 1.25 12.24 4.50 .38 100.60 60.1 
g m 53.87 28.49 1.26 11.49 4.81 .26 100.18 56.9 
g m 54.39 28.28 .86 10.70 5.25 .24 99.72 52.9 

B e t e s ö p c c 55.38 29.11 .16 8.42 6.04 .57 99.68 43.5 
per 54.89 29.11 .19 7.69 6.20 1.86 99.94 40.7 
PCc 58.38 25.75 .29 7.50 8.27 .10 100.29 33.4 
PCr 60.03 24.73 .18 5.38 9.33 .15 99.80 24.2 
g m 57.26 25.92 .20 9.36 7.10 .06 99.90 42.1 
g m 55.37 27.81 .37 10.33 6.54 .01 100.34 46.6 
g m 59.04 25.69 .13 7.23 8.05 .01 100.15 33.2 

K ä l l s h o l m PCc 54.52 27.64 .59 10.68 5.83 .66 99.92 50.3 
pc,- 54.68 27.61 .60 11.53 5.37 .44 100.23 54.3 
PCc 55.36 27.09 .42 11.05 6.25 .48 100.65 49.4 
PCr 56.11 25.86 .32 10.12 6.82 .46 99.69 45.1 
g m 53.54 28.45 .66 11.60 5.03 .34 99.62 56.0 
g m 48.88 27.56 1.33 18.71 3.27 .16 99.91 76.0 
g m 55.15 27.39 .55 10.46 6.06 .63 100.24 48.8 

Häme diabase set 

O r i v e s i I PCc 52.17 30.42 .50 12.77 3.84 .31 100.01 64.8 
PCr 56.16 27.19 .68 9.72 5.21 1.06 99.92 50.7 
PCc 53.95 29.31 .55 11.53 4.57 .50 100.41 58.2 
PCr 55.89 28.02 .63 9.93 5.20 .82 100.49 51.3 
g m 54.47 28.26 .83 10.97 4.84 .74 100.11 55.6 
g m 54.43 28.42 .67 10.70 4.88 .59 99.69 54.8 
g m 54.86 28.37 .73 10.52 5.02 .43 99.93 53.5 

O r i v e s i I I PCc 53.06 28.26 .66 11.61 5.30 .76 99.65 54.6 
p c r 55.50 27.60 .88 10.29 4.80 .82 99.89 54.1 
PCc 52.40 28.65 .61 11.84 4.70 .92 99.12 58.1 
PCr 55.19 28.00 .82 9.83 5.03 1.02 99.89 51.9 
g m 53.24 28.10 .73 11.36 5.32 .92 99.67 54.1 
g m 54.44 27.65 .79 10.65 5.51 .73 99.77 51.7 
g m 55.19 28.00 .63 9.83 4.83 1.02 99.50 52.9 

O r i v e s i I I I PCc 54.02 29.71 .30 11.82 4.03 .40 100.28 61.7 
pc,- 55.13 27.92 .48 9.74 5.02 1.03 99.32 51.7 
p c c 53.27 30.08 .27 12.31 3.96 .36 100.25 63.2 
PCr 55.59 27.91 .64 9.92 5.12 1.02 100.20 51.7 
g m 53.04 29.88 .63 12.19 4.28 .47 100.49 59.5 
g m 53.92 28.92 .66 11.31 4.52 .62 99.94 57.9 
g m 54.38 28.66 .62 10.61 4.92 .72 99.91 54.4 

Satakunta diabase set 

H i n n e r j o k i m c 66.92 20.17 .02 .06 .10 11.65 98.92 — 

I a n d I I m c 67.47 19.72 .15 .00 .10 12.43 99.87 — 

p c 50.92 30.57 .62 13.35 3.65 .19 99.30 66.9 
g m 50.65 30.17 .69 12.87 4.00 .21 98.59 64.0 

m c — m e g a c r y s t 
p c c — p h e n o c r y s t c o r e 
p c r — p h e n o c r y s t r i m 
g m — g r o u n d m a s s p l a g i o c l a s e 
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