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INTRODUCTION 

The main part of the ancient rocks of Finland belongs to Archaean 
formations which have been involved in one 01' more orogenie cycles. 
In a few limited areas surrounded by metamorphie Archaean, the age of 
the rocks is also considered pre-Cambrian despite the fact that no traces 
of metamorphism are disclosed by the rocks concerned. This conclusion 
has been reached on the basis of the sedimentary rocks occurring in those 
areas. The rocks of these pre-Cambrian, and still post-Archaean regions , 
which occur also in Sweden and Eastern Fennoscandia, were collected 
under the designation »Jotnian formation» by Sederholm (1897, p . 36). 
The most complete and best preserved rock series of Jotnian age in Fin
land is presented by the Satakunta formation situated in southwestern 
Finland approximately in a triangle formed by Lake Pyhäjärvi and the 
two towns of Pori and Uusikaupunki (Fig. 1). 

The J otnian formation of Satakunta consists of three kinds of rocks, 
viz. , rapakivi granite, sandstone, and diabase. The rapakivi granite, a 
reddish , porphyritic, unoriented, potash-rich granite, forms a large pluton 
(so-called Laitila rapaltivi massif) in the southern part of the Jotnian 
area into which the younger rapakivi varieties have intruded (see map 
Plate V). The rapakivi granite contains in abundance large ovoid ortho
clase phenocrysts (Fig. 15 and 16, PI. IV) sometimes surrounded by 
oligoclase mantles . The rapakivi granite cuts the Archaean rocks. This 
fact , together with the intrusive character of the contacts , clearly shows 
that the rapakivi is younger than the Archaean. 

The arkosic sandstone, »the oldest red sandstone», occupies a wide 
area on the northwestern side of Lake Pyhäjärvi . On account of the 
vertical faulting which has probably taken place at its boundaries, the 
sandstone area has sunk with respect to its surroundings and thus, in 
spite of its friability , has been protected from erosion. The sandstone 
contains rounded quartz and feldspar grains with some mica cemented 
by siliceous material. The nearly horizontally stratified sandstone is 
usually medium-grained, containing thin inter-stratified layers of dark, 
pelitic material. Moreover, in the NW part of the sandstone area there 
are conglomerate varieties (Laitakari 1925, p. 14), the pebbles of which 
consist of pure vein quartz. In addition, near the town of Pori , sandstone 
conglomerate boulders are found , the pebbles of which are similar to the 
Archaean granite met in the surroundings (Sederholm , 1911 , p. 103). 
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Fig. 1. R eeta ngle in the m ap sh ows t h c ar ea invE'sti gated. 

It is therefore likely that the sandstone in the NW part of the area is 
mainly the erosion product of Archaean rocks, while in the SE some of 
its material (concluded on the basis of pigmented feldspar) may originate 
from the rapakivi granite. Sandstone conglomerates, together with the 
grayish varieties containing ripple marks and current bedding, show 
that they probably belong to a fluviatile formation; the fine-grained red 
quartz-rich varieties , on the other hand, may have been formed under 
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desert conditions. No definite fossils have been found in the Jotnian 
sandstone; a fact which is important evidence of its pre-Cambrian age. 
Finally, regarding the age relations, there is no direct proof in Satakunta 
that the sandstone is younger than tbe rapakivi granite. In Angermanland 
in Sweden, however, on the opposite side of the Gulf of Bothnia, similar 
Jotnian sandstone lies on rapakivi granite. The age relations in Sata
kunta are most probably the same. The sandstone, on the other hand, 
is penetrated by dark olivine diabase which, from numerous contact 
observations, is the youngest rock of the formation. 

The conceptions and the maps of the Jotnian formation of Satakunta 
have greatly changed with time. Tilas, 1737-38, and Gadd, 1780, were 
probably the first to write ab out the rocks of the Jotnian formation. In 
his general geological map of Finland Wiik (1877) roughly represents the 
distribution of the Jotnian rocks on the basis of the previous investi
gations of Bergroth (1801) , Holmberg (1858) and of his own (1868). The 
maps of Moberg (1885) and Gylling (1887 b), showed a great improve
ment. In the map of the former author the sandstone area was extended 
up to the coast near the town of Pori. The latter gives a relatively de
tailed picture (in scale 1 : 200 000), especially of the distribution of the 
diabase in the southern part of the area. In his map of the northern part 
of the area in question Sederholm (1892) , with the exception of the seven 
located sandstone areas, marked the large area between Lake Pyhäjärvi 
and Pori as olivine diabase, though it had been previously considered 
as andstone. In the explanation to the map (1911) he thought it possible, 
however, that the sandstone may extend over a wider area beneath the 
glacial sediments. This was confirmed by the investigations of Laitakari 
(1925) , who found several new outcrops of sandstone at the bottom of 
wells , in channels etc. On the basis of these observations the main part 
of the area between Lake Pyhäjärvi and Pori was marked as sandstone. 
The mapping made by the author in the summers of 1937- 1939 in South
western Finland disclosed no reason to make essential changes in Laita
kari' s map. The map on PI. V, in the scale 1 : 150000, presents that 
part of the area investigated (in the rectangle marked in Fig. 1) where 
the contact phenomena described in this paper are encountered. The 
outcrops, located by the writer are marked on the map, the contacts 
of the different rocks haye been drawn on this basis. The rest of the 
map is based on previous investigations , except for the western contact 
between the rapakivi granite and Archaean rock ground from the village 
of Lappi to Ihode. This contact has been also mapped by the writer, 
but the original map (scale 1: 42 000) showing the outcrops was lost 
during the war. 

Preyious inyestigators have also described the contact influences 
resulting from the olivine diabase. Gylling (1887, p. 777) and Rosengren , 
1886, describe a sandstone xenolith, 1. 5 X 8 m. in size, which has been 
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bent by the surrounding diabasic magma. It is regrettable that there 
are no recent observations available on this xenolith, situated at Kullan
kallio in the parish of Köyliö , since the later investigators (Sederholm, 
Laitakari and the writer) have not succeeded in finding it. Instead, 
Sederholm (1911, p. 109) and Laitakari (1925, p. 9 and 1928) describe 
similaI' phenomena at the contact between sandstone and diabase in 
Kiperjärvenoja and Leistilänjärvenoja and, in addition, more interesting 
contact phenomena in the N part of the Sorkka diabase massif (see map 
Pl. V) . They regard these latter phenomena, which will be described in 
more detail on pp. 23-25, as a result of remelting - 01' palingenesis 
of the rapakivi granite influenced by the adjacent diabasic magma. 



- - - --- - - -

PART I 

GENERAL CHARACTER OF OLIVINE DIABASE 

MODE OF OCCURRENCE 

As may be seen from the map, PI. V, olivine diabase occurs as long, 
narrow bands and as broader areas sometimes prolonged into bands as 
e. g. in the Suontaka and Lappi diabase areas (No. 12 and 5 on PI. V). 
Numerous contact observations over the area investigated show that the 
contact surface between the diabase bands and the surrounding rocks is 
nearly verticaI. Such contacts are known (Gylling 1891 b , Laitakari 1925 
and Eskola 1925) for example in Kiperjärvenoja, Rivanmaa, Haukka
vuori, (Nos. 7, 13 and 14 on PI. V) and beyond the area covered by the 
map at Leinmäki in the parish of Laitila and at Leistilänjärvenoja in the 
parish of Nakkila (Gylling 1887 b, Sederholm 1911 and Eskola 1925). In 
the broader diabase areas , on the other hand, the contacts are nearly 
horizontal as , e. g., in the Sorkka, Lappi , Tuiskula and Suontaka, diabase 
areas (Nos. 1, 2, 4, 5, 6, 9 and 12 on PI. V). 

Except for so me so-called hybrid contacts , which will be discussed 
in Part IV, the diabase is fine-grained 01' aphanitic at the contact passing 
gradually into a medium-grained type over a distance of usually 1- 2 m. 
from the contact. In addition, at many contacts, fine-grained or aphanitic 
diabase apophyses are found extending into the surroUllding rocks. All 
these facts show that the olivine diabase is the youngest of the rocks 
concerned and has intruded into the sandstone, into the rapakivi granite, 
and into the Arch'aean rocks forming vertical dykes 01' sills . 

The exact depth at which the diabase intrusion took place is unknown. 
The aphanitic contact zones of the diabase on the one hand and the lack 
of vitreous val'ieties on the other, however, show its hypa byssal character. 
It is also proved by the loose structure of the arkosic sandstone, which 
has obviously never been buried deep in the earth's crust. In Sweden, 
there are (v. Eckermann 1936, p. 331) sills of doleritic diabase in the 
Jotnian sandstone of the Dalecarlian formation wh ich is about 800 m. 
thick. Their mode of occurrence, composition and texture corresponds 
to the olivine diabase of Satakunta. In Satakunta, where the relief is 

2 86 92/50 
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smoother, the estimation of the total thickness of the sandstone by geo
logical means is more difficult. The deepest sections known at present 
are in the drill hole, 25 m. deep, near the power station of Harjavalta 
and in the well, 9 m. deep, of the farmhouse of Uusikatila in Panelia 
(beyond the map on PI. V). The base of the sandstone has not been 
reached at either of these places. The results (at present unpublished) 
of the regional gravimetrie measurements in West Finland of the Geodetic 
Institute seem to show that in so me places also in Satakunta the sand
stone formation can be of considerable thiclmess. For example, on the 
basis of the great negative anomaly in the vicinity of Lake Köyliönjärvi , 
found by MI' . T. Honkasalo, the sediment formation seems to be of 
considerable tlriclmess. 

As mentioned above, the relief in the sandstone areas is very smooth, 
but the wooded diabase chains are distinctly higher, having been more 
resistant to glacial erosion. In the rapakivi and Archaean areas, on the 
other hand, where the surrounding rocks have almost the same durability, 
the diabase areas can be often distinguished, by their richer vegetation, 
characteristic of areas of basic rocks. 

Another conspicuous feature of the diabase areas is the distinct joint
ing of the rock. The diabase has a strong tendency to split into parallelle
pipedie pieces in such a way that one plane of the parallellepiped, usually 
the most distinct one, is parallel to the contact surface. This jointing 
plane is called in this paper the main joint plane. Trus phenomenon is 
clearly seen in Fig. 1, PI. I , showing the upper contact of a diabase sill 
in the Suontaka area. The observations of the jointing of the diabase 
are of great importance, because they indicate the direction of the contact 
even in areas where no direct contact observations are available. 

MINERAL OOMPOSITION, TEXTURE AND STRUOTU RE 

The olivine diabase of Satakunta contains olivine, plagioclase, augite, 
and ore as main constituents and apatite, serpentine, and biotite as 
accessory minerals; in addition, it usually contains small amounts of 
quartz and alkali feldspar , which are often micrographically intergrown. 
The plagioclase occurs as lath-shaped crystals lying in all directions among 
the augite grains, giving rise to the ophitic texture, typical for this kind 
of rocks (Fig. 2 PI. I). 

In Swed en, Krokström (1932 , 1936 a and 1936 b ) has u sed for a s irnila r kind 
of dy k e rook the na m e dolerite, oommon in Engla nd, a nd v. E ok ermann (1936 , p. 309) 
has oomprornised b etween t h e two n a rnes b y oalling t he sam e type of the rocks 
doleritic diabase. R ecently Johannsen (1949 p. 312), howev er , d efined diabase as 
follow: .)Diabase (United Stat es usage) is a m edium- to fine.grained rock , occurring 
in sills or dikes, h aving the mineral composition of b asalts a nd u su ally a n ophitic 
t exture,) in accordance with common u sage in our country . 
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To obtain an idea of the quantitative and qualitative distribution of 
the minerals in the olivine diabase, let us examine the result of the sta
tistical refraetive index analysis (Fig. 13a), made by Mrs. Toini Mikkola 
of a sampie near point Vb in Fig. 8 (p. 41) aeeording to the method pre
Yiously deseribed by Kahma and Mikkola (1946). In eolumn 1, Table I , 
are presented the pereentages of minerals by volume aceording to the 
aforementioned method and in eolumn 2 the results of the volumetrie 
analysis after the Rosiwal method, also made by Mrs. Toini Mikkola. 
' Vhen eomparing the two analyses it is notieed that a distinetion between 
the minute grains of alkali feldspar and quartz from the labradoritic 
plagioclase by means of Rosiwal method without staining of the grains 
has not been possible. On the other hand, it is to be seen that, on 
aceount of the almost equal refraetive indices, it has not been possible 
to distinguish between augite and olivine by the aid of refraetive index 
analysis. It is to be notieed, moreover, that the amount of feldspars and 
quartz in eolumn 2 is eonsiderably greater than in eolumn 1 while the 
sum of the augite and olivine in column 2 is less than in column 1. The 
deviations just mentioned are so great that they considerably exeeed 
the errors eaused by the limited number of grains or by the size of the 

'l'able I. Mineral composition of the olivine diabase of Suontaka; (1) 
statistieal refraetive index analysis , (2) volumetrie analysis. 

I 
Labradoritic plagioclasc ... . . . ..... .. .............. . .... 1 

Alkali felclspars . . . . . . . .. .. ....... .. . .. . . . . ..... . . . .. . . 1 

t~;~~~ ::::::::::::::::::::::::::::.:::::::::::::::::: I 
~~:n.~l~~~l~. ~I.l~. ~~ I?~~n t.i~~.:::: : :::::::::::: : ::::::::::: 1 

1 
Yol. % 

4g:~Jl 570 
7. 5 

3J.0 

5.0 
J .o 

100.0 

2 
Val. ~o 

71.41 

o.lf 
13.4} 
8.5 
U ) 
J.8 

100.1 

71.5 

21.9 

salllple. For example, the relative error in the value of plagioclase in 
column 2, for the reasons indieated, is about 11 %, ealculated aeeording 
to the method of Mader and Grengg quoted from Niggli (1948, pp. 125-
127), while the errors in the statistieal refractive index analysis are prob
ably less than 5 %. For the most part, the deviation might depend upon 
the shape of the long plagioclase laths which have a eross-seetion relatively 
greater than that of the other more isometrie grains of the same volume. 

Sinee the aforementioned paper by Kahma and Mikkola (op. eit.) is 
presumably unlmown to most readers, the main principles of the statistieal 
refraetive index analysis method are presented below together with the 
writer's present opinion eoncerning its possibilities of application. 
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ure, by m ean.';; of the immersion m ethod 
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the different r efractive indices a s weil a s 
their frequency distribution in the material 
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how many p er cent by volume, k, of the 
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- Thus, according to Fig . 2 43 % of a11 grains 
of the corresponding sampIe h a v (' a reh·ac 
t ive index great er than 1.492 a nd none ha\·e 
a re~raetive index less tha n 1. .177. 

The curve, k = k(n), m ay be obtained in 
t he following way. The mixt ure in questi o n 
is ground t o a fine powder a nd homogcni . 
zeel . A sm all qua nti t y of this homogen cous 
p oweler is then t ransferred on a glass pla t e, 

1.+6 /.'-7 1.',8 1. " 9 /. 5 0 /.51 / .52 /.53 a drop of the immersion liquid is addecl a nd 
Fig . 2. Illustra ti on of the res lllts of thc t h e whole covered with a cover glass . By 

statistic a l r efracti \·e index analys is. m eans of a la t era lly adjusta.ble s t a ge, thc g lass 
pla t e is m oy ed a long a ecrta in traverse. ',\' ith 

t h e a id of the B eck e line m ethod , the g ra ins a r e investigat ccl and the p ercentages 
of those wit h a r efra c tive index lligh er than the liquid is d et ermined . The m eail lll'e· 
m ent is eontinued along a second, a third, ete., traverse until a suffi cient nllmbel' 
of grains has b een countcd. Tho c orresp onding p ercentages a r e calculated. The 
ordinate , k, corresponding t o the r efractiye index of the liquid is thus obta ined . 
The same procedurc is r ep eat ed , u sing anothcr immersion liquid and so forth. 
E ach drop of t h e Cllrve t hllS r epresents a certa in r efractive index corresponcling 
t o the steep est p ar t of the drop. The a mount of gra ins Iy ing in this particula r 
refractive ind ex interval is numerically identical, expressccl as a p ercentage of tbe 
tot a l, with tbe difference b etween the two va lues of the ordina t es on both s ieles 
of the drop in the c1.1rve. 

If the sampIe t o b e m easured contains som e birefringent minera l with a zon ecl 
structure, either a ' 0 1' y' must b e employed for the d et ermination of the curve 
kin) in the v icinity of the r efrac tive index interva l of tha t minera l. Insteael of a 
st eep drop , a more sla nting part of the curve is obtained , the sh ap e of whi e h 
d ep encls mainly 1.1pon the r a ti os between the m ain l'efraeti ve inJices a , ß, a nel y 
a nd upon the zoned s tructure of t h e minera l in qu esti on. A m eaSUl'em ent earri ecl 
out in this w ay r equires, howev er , that in each liquid. b elon ging to t his drop jn the 
cun·e, ev ery grain b o t est ed in the two p ositions of ex t incti on . This prolongs the 
time r equired for the d et ermina tion of a single p oint in thc curve h orn 10- 30 
to 40- 80 minutes. For this r eason a nd oth er r easons m enti on ed in the p ape r 
r eferred t o, su ch a procedure was usu ally not p erform ed. but the m ea surem ent 
has b een m a d e without t urning the slide. Thus, the curve I.;(n ) obtained corre· 
sponds to the distribution of bot h a' an d y' of t h e minerals in questi on. If no distinc · 
tion b etween a ' and y' h as b een m ad e, t h e exi stence of a zoned structure on a mine · 
ral may b e a scertainetl with ccrtainty in cases where thc width of the drop is grea t or 
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t han y- a of the corresponding mineral. Thus, for instance, on the basis of Fig. 13 a . 
it is evident tha t the plagioclase of that diabase is zoned and the composition 
va ries at least b etween 48- 77 p er cent anorthite (Winchell, 1933) the maximum 
and minimum va lues of y' a nd a ' being 1. 5 75 and 1.55 4 l'esp ec tively . 

The accuracy of the m ethod d ep ends mostly upon: 

1. the s ize of the powdered sa mple, 

2. the t otal number of the grains counted on ev ery point of the curye, 

3. to what extent the proportions of the different miner als in the powdered 
and s ieved mixture correspond to the original mineral composition of the 
rock investigat ed. 

In general, the errors d ep ending upon points 1 a nd 2 m ay b e elimina t ed rela
t ively easily by increasing the size of the sampie a nd the tota l nu mb er of grains 
counted . Excep t for a nalyses given in Figs. 13- 15, whieh will b e treat ecl 
in more d et ail , condition 1 is satisfi ecl for a ll the a nalyses of this p ap er. If the 
number of gra ins, eounted for a single p oint on the eurve kin) , v aries between 
500 a nd 2 000 , t h e error of the m ean squar e. cau sed by fac t or 2, does not exeeect 
2. 5 p er cent. 

Finally, regarding point 3, it is to b e admitted that t he elimination of t hi s 
aITor is v ery difficult. The writer cannot suggest at presen t any easy way to solve 
t his problem . F a irly reliable cont rol m ay, of course, b e ob tained b y sep a rat ing 
a nd ch emieally an alysing the minera ls of so m e roeks a nd subsequently calc ulating 
t h e a mounts of t he different minerals on the basis of t he bulk composition of the 
rock. This m ethod is, however , " ery a rduous. In t he paper b y K ahma a nd Mik
kola (ap . cit. pp. 37- 38), a n at t empt h as b een m ad e to correct errors eaused by 
point 3 with t he a id of cont rol mixt ures. In this p ap er , h oweycr , the results a r e 
presented as origina lly obtained wit hout simila r corrections . This was d on e 
because the minerals used for the control mixtures a re not q uite the sam e a s in 
the rock im-estigated . In addit ion, it is v ery difficult t o provc whether 0 1' no t 
t h e differen t minerals of t he control mixture, m a d e of loose m atcria l, a r e crushed 
exactly in t he sam e way as t he constit uents of t h e h ard r ock. Therefore, t hc 
l'('sults of t h e statistical r efractive index a nalyses h ave b een emp loyed only wit h 
care for conclusions concerning t he qua nt itat ive propor t ions of the different 
constituents of t h e rock. 

In this p ap er, a number of curves kin) r esult ing from statistical r efractive 
index analyses ar e given. In the corresponding figures presented b elow, the constit · 
u en ts of the rock in question ar e illustrated by columns. The width of t h ese columns 
indicat es t he r efracti"e index interval of t h e minera l and the h eigh t is proportiona l 
to t he content of the minera l in the rock. 

The olivine occurs as idiomorphic grains with serpentine as alteration 
product along the margins and cleavages. The composition of the olivine 
varies considerably. According t'o the determinations by Mrs. T. Mikkola 
and Mr. O. WaIden, the a xial angle 2 Va (using the universal stage) 
of the olivine in the Suontaka diabase area (No . 12 in the map PI. V) 
varies between 78°-72°, and the a'-values 1. 690 ± 0 .003, 1.710 ± 0.003 

and 1.729 ± 0 . 00 3 were obtained for 3 suitable grains separated from 
slides. According to Bowen and Schairer (1935) , these (a) values corre
spond to 30, 39 and 52 % fayalite, respectively. On the basis of the dia-
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gram published by Deer and Wager (1939) , the aforementioneel axial 
angle range corresponds to a variation of the composition of the olivine 
between 34 and 50 % fayalite. According to Sahama and Torgeson 
(1948) the olivine of the olivine diabase at Lake Leistilänjärvi in the 
parish of Nakkila on the northern siele of the area investigatecL contains 
44 % fayalite. After Krokström (1936a, p. 153) anel v. Eckermann (1936, 
p. 311) the axial angle of the olivine in the corresponding rocks in Sweelen 
varies 72°-89° and 74°- 84°, respectively. Thus, in the Swedish rocks 
the olivine varies in composition more than in the Satakunta rock, 
higher contents in magnesia being reached in Sweden. 

As has been mentioned in the foregoing, plagioclase generally occur 
as long lath-shaped, idiomorphic crystals often with a zoned structure . 
According to the statistical refractive index analysis (Fig. 13a), the com
position of the labraeloritic plagioclase varies at least between 48-77 % 
An. , but the range may be considerably greater. The plagioclase is usually 
quite fresh, but in the vicinity of the contacts it may contain saussurite 
01' even chlorite strips in its cleavages. The occurrence of abundant 
plagioclase phenocrysts together with olivine p euelomorphs at the apha
nitic contact zones of the diabase shows that the crystallization of plagio
c1ase has started before the pyroxene. 

The plagioclase laths are usually unoriented, but, on the island of 
Säppi, a horizontal orientation of plagioclase is seen on yertical surfaces , 
while horizontal surfaces show no orientation. To this phenomenon 
Eskola has suggested the explanation that the long plagioclase laths 
have sunk to the bottom of the magma basin anel oriented themselves 
on the base. The writer has found the same texture in the diabase on 
the western side of the road from Honkilahti to Eura and between the 
Kauttua factory and Kiperjärvenoja. 

The pyroxene of the diabase is a gray-violet augite. The optical 
properties of the augite are a = 1. 699, Y = 1. 723, cjy = 48° and 2 Vy = 
44°-47° (the axial angle determination was maele by Mrs . T. Mikkola). 
After Winchell (1933) , a pyroxene of the diopsiele-hedenbergite series, 
having these refractive indices, shoulel show an extinction angle on (010) 
of ab out 43° insteael of 48°. 

At many places, knobs some centimeters in size can be seen on the 
weathered surfaces of the diabase exposures. Thin sections prepareel 
from such a knob as well as its surrounding rock of diabase in the village 
of Pato show that the lmobs are formeel by large poikilitic augite crys
tals surrounded by plagioclase and olivine. 

Most of the opaque grains are magnetite and ilmenite, usually inter
grown. In addition there are some minute grains of pyrrhotite anel 
calcopyrite. 

As mentioned in the foregoing, the rock contains a small percentage 
of quartz anel alkali feldspar , usually micrographically intergrown and 
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filling the interstices of the main constituents of the rock . Eskola con
siders (1932, pp. 462-463) that these minerals represent the last crys
taIlizing acidic constituent of the diabasic magma. On the basis of the 
contact phenomena, described in Parts III and IV, the writer, however, 
regards it probable that, at least near the contacts of the diabase, the 
quartz and alkali feldspar grains originate from the acidic country rock 
of the diabase. 

CHEMICAL COMPOSITION 

The chemical analyses of the olivine diabase of Satakunta are pre
sented in Table II (Nos. 1-5). For the sake of comparison, three typical 
analyses of corresponding rocks from other parts of Fennoscandia are 
included as weH as an average of 50 plateau basalts, according to 'Washing
ton (1922). 

Table II shows that the chemical composition of diabase in Satakunta 
is fairly homogeneous and fairly close to the average composition of the 
50 plateau basalts. This fact, together with the mode of occurrence, thus 
makes it probable, as Eskola pointed out (1925, 1932), that the diabase 
dykes in Satakunta present the hypabyssal eruption channels and their 
horizontal extensions of a plateau basaltic extrusion (01' extrusions). 

Table 11. Ohemical composition of diabase and related rocks from Fenno-
scandia as weIl as of an average of 50 plateau basalts. 

I 

Si0 2 .......... 1 

Ti0 2 ••••• • •••• 

Al 20 3 ••• .. •.• . 

Fe 20 3 •• • •. • . •• 

FeO .......... . 
MnO ...... , . . . 
MgO . . .. . ..... 
CaO ... . ....... 
Na 20 ........ . 
K20 ......... . 
P 20 5 ••••••• . •• 

H2O+ ... . . . " 

H 2O- ...... . . 

1 

1 Olivine diabase. 
2 

1 2 

I 
3 

I 
4 

I 
5 I G 

I 
7 

I 
8 

I 1 

45.90 
I 

46.20 46.-!3 -16.68 47.73 48.84 45.80 46.00 
2.00 1.90 2.18 2.18 1.96 3.78 1.99 2.40 

15.13 17.20 16.24 15.94 15.06 12.70 15.62 15.39 
1.84 2.08 1.92 2.59 4.09 5.12 3.34 2.44 

14.69 11.95 12.42 10.50 10.40 9.47 11.35 12.78 
0.14 0.29 0.10 0.17 0.20 0.19 0.16 0.01 
5.69 7.10 6.19 6.27 4.23 4.32 7.42 8.18 
8.66 8.98 9.47 11.06 10.48 7.26 9.99 9.23 
2.85 2.88 2.41 2.90 2.74 2.76 2.43 2.32 
0.96 0.89 0.69 1.02 1.46 1.96 0.96 0.91 
0.21 0.01 0.35 0.29 0.35 1.19 0.11 0.35 
1.20 1.10 1.26 0.53 1.23 1.74 0.75 0.27 
0.60 0.14 0.03 0.11 0.22 0.94 0.10 

99.87 1100.72 1 99.69 1100.24 1 100.15 1100.27 ! 99.921)1100.38 1 

Suontaka, Laitila (see No. 10 in Table VI). Anal. H. B. Wiik. 
(Analysis from P. Eskola) Sorkka, Rauma. Anal. 0. v. Knorring. 

9 

48.46 
2.55 

13.80 
3.35 
9.77 
0.21 
6.25 
9.55 
2.84 
0.98 
0.46 

1.59 

99.81 

3 
4 

about 2 m. from the contact. Suontaka, Laitila. Anal. H. B. Wiik. 
(Laitakari 1925, p. 20) From a boulder in Yläne. Anal. ~L Auroussea u 
and P. Eskola. 

5 ,) » Suontaka , Laitila (see No. 1 in Table VI). Anal. H. B. Wiik. 
6 Quartz diabase. (Lokka , 1934. p. 41) Island Möykynsaariin Lake Laatokka. Anal. L. Lokka. 
7 Mottled dolerite. (Krokström, 1936 p. 135) S. of Lake Holsjön, Sweden. Anal. N. Sahlbom. 
8 Doleritic diabase. (v. Eckermann, 1936, p. 307) Stensjöberg Hili, Sweden. Anal. N. Sahlboll1. 
9 Average of 50 plateau basalts (11 anal. of the Deccan, 6 anal. of the Oregonian, and 33 anal. 

of the Thulean basalts) according to Washington (1922 , p. 797). 

1 The sum is in the original paper 100.01. 



PART II 

LOW GRADE CONTACT INFLUENCE 

In most cases distinct exomorphic contact influences cannot be dis
covered with the naked eye 01' even with the aid of the microscope at 
contacts between olivine diabase and rapakivi granite. However, at 
some places, as for example in the upper contact of the diabase sill at 
Suontaka, the rapakivi granite is somewhat darker in color in the imme
diate vicinity of the contact. Under the microscope the rock is usually 
observed to contain great quantities of micropegmatite filling the inter
stices between the bigger orthoclase phenocrysts. 

ßili2·.::{·:·:{·.;:J·:-:1: ~~~==Waler level ===~_ 
The E J/ae 0/ fhe 0 2/17 The W Jlde oTfhe 
drainage channe/ I I dr>ainage channel 

Fig. 3. Profiles of the contac t a t KipCl'järvenoj a . 

As mentioned on p. 8, 
Seder holm and Laitakari 
have descrihed slightly 
metamorphozed sand
stone in the vicinity of 
the diabase contact at 
Leistilänjärvenoja and 
Kiperjärvenoja. In order 
to get an idea oft he phe
nomenon , the writer 
made observations and 
took specimens at the 

contact at Kiperjärvenoja in the summer of 1938. The contact is to be seen 
on the wall of the drainage-channel of Lake Kiperjärvi (No 7 on the map 
PI. V) . As seen in the sections of Fig. 3, the contact surface is somewhat 
uneven, but, on the average, it forms an angle of 45°-65° measured from 
the horizontal. Towards the contact the sandstone, though usuaHy loose, 
becomes hard, the reddish color brighter and the lustre more vitreous. 
Thin sections have heen made of sandstone specimens collected immedi
ately from the contact and about 5 m. apart from it, as weH as of anormal 
sandstone sample from a weH near the Kauttua factory (No 8 on the 
map PI. V). As seen in Fig. 3, PI. I, the larger quartz grains have 
rat her smooth surfaces in the normal sandstone, hut , on approaching the 
contact, they become toothed (Fig. 4, PI. I) while at the same time the 
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fine-grained cement decreases. A fine-grained aggregate of quartz, 
pigmented feldspar muscovite and chlorite occurs between the larger 
quartz grains in the sandstone about 5 m. apart from the contact. This 
fine-grained aggregate has almost entirely vanished at the contact and 
instead the bigger quartz grains have become toothed, thus joining the 
constituents of the sandstone more firmly than normal. Neither sericite 
Bor chlorite are found in the sandstone at the contact proper, but instead 
there are dirty shreds of biotite. Moreover neither twinning of the feld
spar nor perthitic growth of potash feldspar can be detected in the con
tact zone under the microscope. This also seems to be a result of a con
tact influence. 

It is difficult to say whether the hardening of the sandstone in the 
vicinity of the olivine diabase contact at Kiperjärvi is a result of the 
partial refusion of the minerals in the sandstone, 01' of more intense 
atomic movements in the crystal structures 01' perhaps of the consolidating 
influence of the water emanating from the crystallizing diabase. On the 
basis of similar phenomena in the sandstone at Tuiskula, to be described 
in the following chapter, the writer considers, however, the first factor 
probably most important at the contacts at Kiperjärvenoja and Suontaka. 

3 69 2/50 



PART III 

PARTIAL REMELTING OF COUNTRY ROCK 

PALINGENIC DYKES AT CONTACTS BETWEEN DIABASE 
AND SA~DSTO~E 

At several places in the area inyestigated notably stronger contact 
influences than those described in the previous chapter may be discoyered. 
Laitakari reports (1925) a sandstone xenolith, 10- 12 cm. thick, situated 
on the path between the farm-house of Parkkila1 ) and Eura which seems 
to have been granitized by the diabase. Of the xenolith he says (op. eil. p. 
J 1): »Dieses hat ebenso wie die anderen ziemlich kleinen Arkosebruchstücke 
grosse Ähnlichkeit mit Granit. Sie sind in fast gänzlich geschmolzenem 
Zustande in den Diabas hineingetragen und dann von neuem granitartig 
erstarrt». On mapping the north side of Lake Pyhäjärvi in the summer 

D 
111 

'./ (" .... : y 
.......... , 

medium - grained diabaJe 

(ine-gr>oint>d diabase 

,!'-<:.'!'»Y 

o 100 200 .100 4-tJO 500m 
~. ====~'====='====~'====d'====~' 

f"'emnont.J and .xeno//lhü o( 
JondJlone in Ihe diabaJe 

oulcrop 

Fig. 4. Sketch map of the Tuiskula diabase. 

1) According to Laitakari (op. eit. p. 10) the fann-house was onee situated neal' the olltcrup 
of Eskonkallio. 
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of 1938 the writer unfortunately eould not find this xenolith. However, 
it was possible to aseertain fairly strong eontaet influenees between the 
diabase and sandstone on the exposures already diseovered at Eskonkallio 
and Matomäenkallio (No. 9 on the map. PI. V) on the west side of the 
Tuiskula elementary sehool. 

In his note-book Th. Stolpe deseribeds in eonsiderable detail the 
sandstone )}xenoliths)} he had found on the exposures of Eskonkallio 
and Matomäenkallio (Fig. 4) (after Stolpe Matokallio). Their extraordi
nary shape and the vermieular )}eooling joints)} of the aphanitie diabase 
seem to have awakened his interest. During the author's investigations 
in 1938 it nevertheless beeame apparent that, over most of the area cov
ered by the strange )}xenoliths)}, they are usually only a few centimeters 
thick, but as much as several meters wide, being remnants of sandstone 
formerly situated on the aphanitic diabase. The following facts may be 
presented as proof that the sandstone remnants on the exposure of Mato
mäenkallio, as weIl as on the exposures in its surroundings are not only 
relics of the huge sandstone xenoliths suspended in the diabasie magma, 
but most probably the remnants of a former sandstone layer: 

1. Remnants and xenoliths of sandstone have been fonnd in five 
different places (Fig. 4) ; while fine 01' aphanitic diabase, indicating the 
proximity of a relatively cold contact surface, has been found in seven 
plaees eovering a rat her wide area. 

2. On the exposures of Matomäenkallio the sandstone remnants 
are almost horizontally stratifieel as in the sanelstone outerops of Kiper
järvenoja anel Murronmäki in the southern part of the large sandstone 
area (Nos. 7 anel 10 on the map PI. V) . This coulel hardly have happeneel 
if they hael been remnants of loose sanelstone inclusions in the diabase. 

3. At all the places mentioneel above, the transition of the aphanitic 
diabase into a medium-graineel type takes place over the same elistance 
(about 1- 2 m.). This coulel not be expecteel if the aphanitic diabase 
varieties hael been formed rounel loose sanelstone xenoliths of different 
sizes anel at varying elistances from the main contact. On the outcrop of 
Eskonkallio there are, however, two genuine xenoliths of sanelstone about 
0 . 5 X 1 m. in size; the fine-graineel contact cover rounel the one is only 
a few millimeters thick, while the other, situated farther apart from the 
main eontact, probably 2- 3 m. , has a medium-graineel anel hybrielizeel 
contact (p. 25) against the sanelstone xenolith. 

A eletaileel examination of the )}cooling joints)}, which are 1-2 mm. 
thick, shows even with the nakeel eye that they contain a light redelish 
material which, proceeeling from the sanelstone remnants 01' xenoliths , 
continues at least 1- 2 cm . into the aphanitic eliabase. Thin sections 
prepareel from these elykes show quartz , felelspar , greenish brown biotite, 
hornblenele, chlorite, anel iron ore. Quartz occurs as large tootheel grains 
as weIl as small allotriomorphic grains between other minerals. More-
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over, minute light green needles are found arranged in groups in the 
dykes. On account of their minute size, the needles cannot be identified 
with certainty. Hornblende, biotite, and chlorite occur as irregular 
shreds and, at the edges of some grains, hornblende has changed to bio
tite. The larger quartz grains and the texture of the groundmass is seen 
in the microphotograph Fig. 5, PI. n. 

On the contact, the distinct stratification and clastic texture of the 
thicker sandstone remnants are megascopically more difficult to per
ceive. Under the microscope, however, they can be observed fairly easily. 
It can also be seen how the rat her smooth quartz grains become toothed, 
as on the contact at Kiperjärvi (p. 16). The interstices of the larger 
quartz and feldspar grains are filled with a fine-grained groundmass 
of quartz, felds par, biotite, and chlorite, having the same micrographic 
texture as the reddish dykes proceeding from the contact into the apha
nitic diabase. 

Under the microscope, the diabase at the contact is either aphanitic 
01' very fine-grained, becoming gradually coarser on proceeding away 
from the contact. It contains big, idiomorphic plagioclase phenocrysts 
and large olivine pseudomorphs inside of which sometimes relict olivine 
may be found. The long plagioclase phenocrysts are in some places 
beautifully oriented along the contact surface. They, like the olivine 
pseudomorphs in the aphanitic contact zone, show that the diabasic 
magma was not under a superheated condition, when the intrusion took 
place. In the contact zone of the diabase against the reddish dykes 01' 

sandstone, it is also seen that , especially where the rock is coarser, the 
grains of augite and olivine have changed into chlorite, biotite, and 
iron ore while the plagioclase laths have corroded. On the other hand, 
between the corroded plagioclase some minute allotriomorphic grains, 
that might be quartz are also to be observed. 

On the basis of the observations described in the foregoing, it seems 
evident that the acidic dykes cutting the diabase cannot be interpreted 
as cooling joints in the diabase filled by loose sandstone that has been 
afterwards indurated nor as aseparate granitic intrusion which had also 
penetrated the sandstone (such granitic intrusions are not lmown). The 
dykes apparently are of palingenic origin having intruded from the par
tially remelted contact zone of the sandstone generated by the thermal 
influence of the diabasic magma. The dykes being very narrow it was 
not possible to determine their chemical composition, but it did succeed 
for the neighboring outcrop at Eskonkallio. 

The diabase at Eskonkallio (No. 2 in Fig. 4) is situated nearest the 
Köyliö Creek, about 350 m. from the elementary school of Tuiskula. 
The exposure is flat and measures about 3 m. in height. The bottom part 
of the outcrop is medium-grained, but the upper part is either a fine
grained 01' an aphanitic rock. The transition from fine-grained to me-
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dium-grained diabase takes place vertically over a distance of about 
2 m. The uppermost part of the rock being fine-grained or aphanitic , 
the contact surface between the diabase and the sandstone evidently 
must have been in the immediate vicinity of a flat upper surface of the 
exposure. 

Besides the two partially hybridized xenoliths, situated in the medium
grained diabase (p. 19) several xenoliths or remnants of sandstone are 
to be found in the aphanitic or fine-grained diabase (covering an area 
of about 1000 m 2

.) on the top of the outcrop of Eskonkallio. These 
xenoliths have also been described by Th. Stolpe in his notebook in the 
year of 1887. Also reddish dykes occur that are 0. 5- 8 cm. wide and 
several meters long (Fig. 6 PI. II) some of which proceed from the xeno
liths. Megascopically the texture appears clastic in these dykes. Under 
the microscope big (0.2-2 mm.), either rounded 01' toothed, quartz and 
feldspar grains may be seen (Fig. 7, PI. Ir), the interstices being filled 
with a micrographic groundmass of minute (averaging 0.1 mm.) quartz, 
feldspar, biotite, chlorite, epidote, and ore grains. On account of the 
great differences in grain size and texture between the bigger quartz 
and feldspar grains and the groundmass, the bigger grains are probably 
remnants of the sandstone grains which have intruded into the diabase 
with the partially remelted sandstone material. In the contact zone 
of the diabase products of similar reactions occur between the granitic 
melt and the diabase as described on p . 20. It is probable that the amphi
bole, chlorite, epidote, and ore grains, encountered in the granitic dykes, 
are results of such reactions. 

According to the method described on pp. 12-13 statistical refractive 
index analyses have been made of a sandstone remnant on the outcrop 
of Matomäenkallio and of a granitic dyke on the outcrop of Eskonkallio. 
The results of these measurements and the chemical analyses made from 
the same rocks and other sandstone specimens, are presented in Figs. 5 a 
and 5 a' and in Table III, columns 1, 2, 7. It is to be noted that, although 
the chemical and modal analyses are made of the same rocks, they are 
not made of identical, homogenized powder. This may cause small 
differences in the results. Nevertheless the great difference between the 
modal and normative orthoclase in the palingenic dyke seems to be real. 
It indicates that, in the palingenic dyke, only a minor part of the potash 
content combined in the feldspar forms orthoclase, while the major part 
occurs as anorthoclase 01', to a lesser extent, is contained in the albitic 
plagioclase. The most interesting feature, however, is the difference 
between the composition of the dykes and the parent rocks. It greatly 
supports the conclusion presented above of the partial remelting of the 
sandstone and the intrusion of this melt into the cooling joints of the 
diabase. 
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Fig . 5. R esults of the statist ica l r efractive index analyses of the p a lin. 
genie dykes from: thc sandstone (a'), the Tarkki granite (b'), the spotted 
granite (e'), and the normal rapakivi granite (d ' ) as weil as their corl"o
sponding parcnt rocks (a, b, c, d). Abbreviations; P. f. = potash feldspar, 

Pg = plagioclase, Q = quartz. 
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As mentioned above (p. 19), on the E and NE side of the exposure 
of Eskonkallio there occur two sandstone xenoliths measuring about 
0.5 X 1 m . in size. Round the eastern xenolith there is a fine-grained 
contact cover, a few millimeters in thickness , which, however, is neither 
diabase Bor sandstone, but a rock which together with the micrographi
cally intergrown quartz ana feldspar grains contains serpentine, some 
biotite, and ore. Some centimeters from the contact towards the center 
of the xenolith, the rock contains large rounded grains of feldspar and 
toothed quartz, the interstices of which are filled with a groundmass 
of the same composition and texture as the contact cover above. In the 
vicinity of the contact, the olivine and, to some extent, the augite, also 
of the medium-grained diabase, have been altered into iron ore and ser
pentine which occur in place of the original grains and fill the cleavages 
of the large plagioclase laths. On account of the heating up of the sand
stone by the intruding diabasic magma the sandstone xenolith has been 
partially remelted and the granitic liquid thus formed has reacted with 
the thin contact mantle of the diabase forming the fine-grained inter
mediate zone between the xenolith and the surrounding diabase. In the 
case of the other xenolith on the NE side of the exposure, situated prob
ably 2-3 m. from the main contact, the heating and thus also the 
l'eactions have been so intense that the sharp boundary between the 
two rocks has entirely disappeared. 

PALINGENIC DYKES AT CONTACTS BETWEEN DIABASE AND RAPAKIVI 
GRANITE 

PALIKGEXIC DYKES PROCEEDI:KG FROM THE TARKKI GRANITE 

Remelting phenomena, similar to those described in the preceding 
chapter are also encountered in the northwestern part of the area investi
gated at the contacts between the olivine diabase of Sorkka and the 
reddish, even-grained rapakivi variety, called Tarkki granite. Sederholm 
(1911 , p . 121). who first studied these contacts , writes as follows (in 
transition): 

»1 havc encountcr ed [\ y ery strange x enolith of rapakivi granite in the diabase 
on the northeast ern b01lIldary of the small diabase area n ear the town of Raurna, 
SE from Haukila '. The xenolith only about two meters in diamet er , is the same 
m edium-graill.ecL red rapakiYi granite whieh is common in the surroundings. In 
the immedia t e vieinit~· of this x enolith, the diabase has an aphanitie 01' almost 
glassy texture . In spite of the fact that the diabase has solidified later, small dykes 
rieh in feldspar proeeed, however. from the x enolith into the diabase just as if 
the granite were younger. This apparently contradictory r ela tion, whieh I have 
[l180 obseryed at the eontact b etween the rapa kivi granite and the olivine diabase 

1 must be Hankkila. 
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at Ulfön, Angermanland, in Sweden and which one can cOl1sider as a reeipl'ocu l 
contaet influence, is to b e explained in su ch a way that, on aeeount of the influenee 
of the surrounding eruptive magma tho constituonts of t he xenolith h ave b eeu 
partially remelted. Since uow also the r est of the diab asic magma, whieh was 
solidified last has b een a quartz anel feldspar solution, it is easy to unelerstand 
that apart of the constituents oi the granitic x enoliths could remaiu in a molten 
state after the diabase was solidified anel in this way penetrated it.» 

In his publication Laitakari (1928) describes the palingenic contact 
phenomena at the »old contact of Heikkilä» (No. 2 on the map Pl. V). The 
contact is well exposed on the outcrop, the upper surface of which slopes 
gently in a NW direction. The reddish brown, medium-grained Tarkki 
granite forms there an irregular network of dykes in the diabase (Fig. 6 
reproduced from Laitakari 1928). At suitable places, however, it can be 
observed that many of the diabase »xenoliths» like those seen in Fig. 6, 
are not really xenoliths, but shallow remnants of an earlier diabase sill , 
the contact surface against the Tarkki granite of which lies near the pl'es
ent surface of the outcrop. It is difficult to determine the age relations 
at this contact on account of the position of the contact and of the more 
intense reactions between the medium-grained diabase and the granite 

Fig. 6. Sketch of t h e »old con tact of H eikkiJä.). 
Eurajoki, from photograph by Laitakari (1928) . 

than those described 
on pp. 20- 21 which 
have formed tl'ansi
tional contacts be
tween these two 
rocks. For the same 
reasons it is not easy 
to decide which gra
nitic dykes are real, 
which are only win
dows of the granite 
base, and which are 
partially assimilated 
granite xenoliths in 
the diabase. 

In order to cast 
new light on this 

problem, the writer examined during field wOl'k in the summer of 1937 
the northern boundary of the diabase area of Sorkka. Two new contacts 
were found between the diabase and the Tarkki granite (Nos. 3 and 4 on 
the map Pl. V) . 

The most illuminating of these is the so-called »new contact of Heik
kilä» (No. 3 on the map Pl. V) situated about 300 m. east of the ~ld 
contact of Heikkilä» and about 50 m. south of the road between the vil
lages of Lapinkylä and Hankkila. The contact between the diabase and 
the Tarkki granite is exposed on a slope facing north, for a distance of 
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some ten meters, the lower part of the slope being Tarkki granite, above 
which diabase exposures are found. On the basis of data previously pre
sented by Laitakari (1925), the general course of the contact between 
the diabase sill and its base is nearly horizontal, as also found at the 
new contacts (Nos. 1 and 4, Pl. V). In this place the contact, however, 
seems to be steeper but, as there is not a sufficiently long section against 
the contact surface, it is not possible to ascertain its direction accurately. 

The Tarkki gTanite, forming a horseshoeshaped area between the 
Sorkka diabase and the village of Auvinkylä (see the map Pl. V), is 
a medium-grained, reddish brown, unoriented rock which, on account 
of its composition, mode of occurrence, and texture, is to be regarded 
as a rapakivi variety. It contains red pigmented orthoclase, partially 
altered plagioclase and, in addition to the allotriomorphic quartz, also 
idiomorphic quartz grains typical of all rapakivi varieties. As dark con
stituents the rock contains dark-green 01' brown hornblende and extremely 
pleochroic biotite, as well as apatite, ore and, according to Laitakari, also 
so me fluorite as accessory minerals. The chemical composition of the 
Tarkki granite appears in column 8 in Table III. 

The Tarkki granite described above continues unaltered almost up 
to the diabase-contact. Thin sections made of a specimen from the 
contact and 8- 9 m. from it , reveal that the amount of allotriomorphic 
quartz in the granite is perhaps somewhat greater in the contact zone. 

The olivine diabase is quite aphanitic at the contact, but a few meters 
away it be comes medium-grained. From the diabase a great number 
of apophyses proceed into the granite, their thickness ranging from a 
few centimeters to some 20-30 cm. The edges of the diabase dykes are 
aphanitic, but the central part of the wider dykes is fine-grained. These 
sharpedged and relatiyely straight diabase apophyses are cut, again, by 
red, fine-grained, granitic dykes which proceed from the Tarkki granite 
(Figs. 8 Pl. II and 9 Pl. III). The thickness of these granitic dykes varies 
from 1 to 20 mm. and they are sinuous and irregular in form. 

These dykes contain potash feldspar, plagioclase, quartz, and biotite 
as main constituents and some hornblende, especially near the contacts 
of the diabase. The texture is micrographic (Fig. 10, Pl. III). When 
comparing the statistical refractive index analysis (Fig. 5 b',) with the 
norms of analyses Nos. 3 and 4 in Table III, made of the dykes, it may 
be observed, as in the case of the palingenic dykes from the sandstone 
(p. 21), that a considerable amount of potash is combined either in the 
albitic plagioclase 01' in the anorthoclase. On account of the overlapping 
of the refTactive index of anorthoclase, after Winchell (1933) ß = 1.52 8 

and Chudoba, 1932, ß = 1.526- 1.549 , with the albitic plagioclase after 
Winchell (1933) ß = 1.529, and on account of the lack of suitable grains 
for the determination of the axial angle in the thin sections, made of the 
dykes, it was not possible to identify with certainty the sodium-rich 
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feldspar. Taking into consideration the large amount of potash compo
nent, it is probable, however, that anorthoclase is also present. 

Some granitic dykes continue to a certain extent, though vaguer in 
form, into the Tarkki granite. As shown in Fig. 9, PI. Irr the dyke on the 
side of the granite becomes a little broader (indicated by the broken arrow) 
and less distinct, disappearing at a distance of 10- 20 cm. from the diabase 
dyke. In addition , parallel with the diabase apophyses, and apart from 
the granitic dykes cutting them, fine-grained granitic dykes are met, a 
few millimeters thick and several meters long. They contain quartz and 
alkali felds pars as their main constituents and, in addition, some biotite 
and hornblende near the contact to the Tarkki granite. The micrographic 
texture is similar to that in the dykes mentioned above. At the contact 
of the dyke, minute apophyses can be observed, a few millimeters long, 
proceeding from these dykes between the quartz and felds par grains of 
the surrounding Tarkki granite. 

In addition to the sinuous , granitic dykes which cut diabase apo
physes, similar fine-grained, reddish dykes (1 - 2 cm. broad and about 
0.5-1 m. long) are encountered at the main contact proceeding from the 
contact of the Tarkki granite into the fine-grained diabase. Moreover, 
granitic dykes , 1- 30 mm. thick, and so me ten centimeters long, may be 
seen coming frem the xenoliths of Tarkki granite (0. 5-2 m. in diameter) 
situated in the medium-grained diabase a few meters from the main 
contact. On the surface of the outcrop one of these xenoliths seems to 
be almost typical Tarkki granite, but in specimens it appears that the 
rock is darker and there are transitional contacts between the xenolith 
and the diabase. These fine-grained granitic dykes show an appearence 
like that described above, continuing, although vaguer, into the xenoliths. 
and vanishing at so me distance. 

At the contact between the diabase and the granitic dykes the results 
of reactions similar to those described on p. 20 are seen. Just at the 
contact between the diabase and dyke, as weIl as around the smaIl diabase 
xenoliths in the dyke, there is a margin of green hornblende. It is prob
able that the hornblende grains encountered here and there in the dyke 
have been separated from this margin. Away from the contact the laths 
of plagioclase of the diabase are weIl developed and beautifully oriented, 
but, some millimeters from it , they become unoriented and corroded. At 
many places the corrosion has proceeded to such an extent that there 
are only shreds of the original plagioclase left. The interstices of the pla
gioclase laths are filled with a groundmass of hornblende, serpentine and 
iron ore, which are difficult to identify on account of their turbidy and 
minute grain size. 

As regards the age relations between these two rocks , the fact that 
the medium-grained diabase shows aphanitic contacts against the granite 
should in itself prove that the diabase is younger than the Tarkki granite. 
This becomes, however, quite evident from the granite xenoliths in the 
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diabase, and in the diabase apophyses which have aphanitic edges and 
coarser centers and proceed from the diabase to the granite. It is possible 
to explain in the following manner the fine-grained granitic dykes penetrat
ing the diabase apophyses and the aphanitic contact zone of the diabase 
of the main contact as weIl as the phenomena at the contact between 
the diabase and sandstone. The thermal influence of the diabasic magma 
has caused apart of the minerals of the Tarkki granite to remelt and the 
intergranular liquid thus formed has been intruded as pali.ngenic dykes 
into the cooling joints of the previously solidified diabase, 01' filled the 
joints of the somewhat plastic Tarkki granite. The comparison of the 
chemical analyses of the palingenic dykes Nos. 3 and 4 in Table IH. with 
the analysis of the Tarkki granite No. 8 in Table IH. shows that the 
remelting of the Tarkki granite has not proceeded very far. 

P ALINGEKIC DYKES PROCEEDING FROM SPOTTED GRANITE 

Another rapakivi variety, spotted granite, occms in the Suontaka 
diabase area (see Fig. 8 on p. 41) at three different places. Remelting 
phenomena are encountered also at its contacts against the olivine diabase. 

The usually even-grained spotted granite, containing quartz, ortho
clase, plagioclase, and biotite as main constituents, has been named after 
the black biotite spots abundant in the rock. Microscopically the dark
brown pleochroic centers of the biotite spots are surrounded by dark rag
ged biotite; in addition, there are also light green biotite laths which 
do not have the dark margins mentioned above. As accessory minerals 
the spotted granite contains fluorite , apatite , chlorite, and muscovite. 

On account of tmbidity and lack of twinning, it is difficult to 
identify the different feldspars in thin sections. According to statistical 
refractive index analyses given in Fig. 5c, the feldspar seems to be 
mainly potash feldspar. As is usual in rapakivi granites, the spotted gra
nite contains quartz of two generations, '&iz. , idiomorphic drops , and 
allotriomorphic grains between the other minerals . Moreover, the SW 
part of the even-grained spotted granite area (No. 2 in Fig. 8) contains 
large, ovoid orthoclase phenocrysts the amount of which graduaIly in
creases towards the west until the rock becomes anormal rapakivi granite. 
In the NE part of the small massif, on the other hand, the amount of 
the phenocrysts decreases and a sharp contact exists between the even
grained spotted granite and the normal rapakivi. At the contacts men
tioned above, no direct evidence (e. g. apophyses 01' inclusions) of the 
age relations between these two rocks has been traced. It is, however, 
highly probable that the spotted granite, as wen as the other rapakivi 
varieties, is younger than the normal type. Ifthe opposite view is accepted , 
it becomes difficult to understand how the smaIl spot ted granite massif 
has been preserved unaffected inside such an enormous rapakivi granite 
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massif ofthe normal type which has intrusive contacts against its surround
ings. 

Two contacts have been found between the spotted granite and olivine 
diabase in the Suontaka diabase area, viz., Nos. 2 and 9 in Fig. 8. At 
place No. 9, where the spotted granite is above the olivine diabase. the 
direction of the contact is N 30° E dipping 20° WNW. As usual , the 
olivine diabase is aphanitic at the contact containing phenocrysts of 
plagioclase and pseudomorphs of olivine 01' augite phenocrysts. 

The medium-grained spotted granite containing no orthoclase pheno
crysts, continues almost unchanged up to the contact. At some places 
against the diabase contact, however, a micrographic groundmass of 
fine-grained quartz and feldspar is seen under the microscope. From 
such a place fine-grained, reddish dykes , o. J - 2 mm. thick and several 
centimeters long extend into the aphanitic diabase. These dykes ha,-e 
the same mineral composition, texture and similar reaction zones again:-;t 
the diabase as described in the connection with the other palingenic dyke .. 
On account of the narrowness of the dykes, it was not possible to deter
mine their chemical cOluposition at this place, but it did succeecl for 
contact Jo. 2 in the SvV part of the Suontaka diabase area. 

The upper surface of the diabase outcrop at the contact No. 2 (Fig. 8) 
mentioned above, sloping 45° WNW, consists of fine-grained 01' aphanitic 
diabase which becomes coarser downwards. The contact surface had obvi
ously lain on the upper surface of the aphanitic diabase parallel to the main 
jointing of the rock. The spotted granite outcrops are only 1- 2 111. from 
the diabase . It is highly probable that the spotted granite had been 
lying above the aphanitic diabase, and then eroded away. On the aphanitic 
diabase surface, however, red granitic dykes 5- 10 cm. thick are found 
continuing on the steeper side of the outcrop about one meter from the 
contact. As the granitic part of the contact has been eroded away, it is not 
possible to decide conclusi vely whether palingenic dykes from the spotted 
granite are in question 01' whether they represents aseparate granitic 
intrusion of later date than the diabase. The fact that no granitic dykes 
are found farther in the diabase 01' even in the spotted granite makes 
the palingenic origin of the dykes highly probable. The texture and 
composition of the dykes also points to this interpretation. 

The dykes contain quartz, alkali feldspars , greenish brown biotite, and 
light brown biotite, with chlorite, some fluorite , and zircon as accessories. 
Apart of the quartz occurs as idiomorphic drops which may originate 
from the spotted granite, but the greatest part of it forms a micrographic 
intergrowth with the potash feldspar forming sun-like aggregates. Some
times such an aggregate is banded only in two directions perpendicular 
to each other giving raise to a time-glass texture. When comparing 
the mineral composition, obtained by statistical refractive index analysis 
(Fig. 5c'), with the normative composition No. 5 in Table III, it is to be 
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lloted again that a considerable amount of the potash content of the dyke 
is combined either in the anorthoclase 01' albitic plagioclase. On the curve 
(Fig. 5c') between the pure albite (ß = 1. 5 29) and orthoclase a notable 
drop exists which coincides with the refractive index interval of the 
anorthoclase. It is most probable that the rock also contains this mineral. 
Biotite occurs as greenish brown strongly pleochroic plates and green 
acicular needles inside of which traces of the original amphibole 01' py
l'Oxene grains are sometimes seen. The brown ragged biotite as weIl as 
the idiomorphic quartz drops of the dyke may originate from the spotted 
granite in the same way as the rounded quartz grains in the palingenic 
dykes from the sandstone (p. 21). Regarding the acicular biotite needles 
and chlorite grains, into which the greatest part of the considerable MgO 
content of the dyke is combined (see analyses Nos. 5 and 9 in Table III), 
it is probable that they are results of similar reactions between the granitic 
liquid and the diabase as described on pp. 20 and 24. 

PALINGENIC DYKES PROCEEDING FROM NOR)IAL RAPAKIYI GRANITE 

At several places in the Suontaka diabase area contacts between the 
eliabase sills anel the normal rapakivi granite (Nos. 3, 4, anel 6 in Fig. 8) 
are found. In addition, on the steep slope in the SW part of the area it 
is possible to foIlow the contact between the undulating diabase sill anel 
the normal rapakivi granite above it almost continuously for a distance 
of 600 m. (section Ib- Iel in Fig. 9). The medium- 01' coarse-grained diabase 
is aphanitic at the contacts and in many places there are smaIl apophyses 
penetrating the rapakivi granite. As usual, the aphanitic contact margin 
of the diabase contains phenocrysts of plagioclase and olivine 01' augite 
pseudomorphs. 

The normal rapakiyi granite contains in abundance large, reddish, 
ovoid orthoclase phenocrysts, 3-8 cm. in diameter, between which there 
are dark ieliomorphic quartz grains together with oligoclase, hornblende, 
biotite, anel allotriomorphic quartz. At some places near the contact of 
the diabase the rapakivi granite is somewhat darker in color with more 
micropegmatite than usual. Especially at such a point fine-grained, 
reddish, sinuous, granitic dykes, 1-20 mm. t.hick, proceed from the 
granite into the diabase. It must be pointed out that in spite of much 
searching, these dykes have never been observed to continue farther 
than 1-2 m. into the fine-graineel diabase. 

The mineral composition and texture of the dykes is similar to that 
of the other palingenic dykes , e. g. the Tarkki granite. On the basis of 
the statistical refractive index and chemical analyses (Fig. 5d' and 
No. 6 in Table III) apart of the potash content seems to be combined 
either in the anorthoclase 01' in the albitic plagioclase. In the vicinity 
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of the dykes the olivine has been altered into iddingsite, chlorite and 
iron ore while pyroxene may occur together with hornblende even in 
the dyke itself. As usual, the plagioclase laths of the diabase have been 
corroded near the dyke, and between them and other grains there are 
minute allotriomorphic grains which might be quartz. 

PALINGENIC DYKES AT A CONTACT BETWEEN DIABASE AND 
ARCHAEAN 

Most of the diabase sheet of Sorkka is surrounded by Archaean rock:,;. 
In the NW side of the diabase sheet an illuminating contaet between 
the diabase and Archaean rock is seen about 150 m. south of the 
Mäntylä farm-house (No. 1 on the map Pi. V). The undermost part of 
the exposure is composed of migmatite gneiss rich in biotite streaks, above 
which lies the bed of olivine diabase. The contact is nearly horizontal , 
dipping 15° to the east; the medium-grained diabase becomes fine-grainetl 
01' aphanitic towards the eontaet. Palingenie dykes, 1- 2 mm. thick and 
a few centimeters long, proceeding from the gneiss to the diabase have 
been found especially in places where the migmatite gneiss is rich in qual'tz 
and in reddish potash feldspar which , on the basis of its cross-hatchecl 
structure, is microcline. They contain quartz and alkali felds pars as Illain 
constituents, with some hornblende, serpentine, and a small amount of 
biotite in addition. The texture is microgTaphic, rieh in miel'opegmatite 
aggregates. At the contaets between the fine-grained diabase and the 
palingenic dykes there are similar, though not so intense, reaetion zone" 
as those deseribed in connection with the other palingenie dylces . On 
aecount of the narrowness of the dykes it was not possible to separate 
sufficient material for ehemieal anel statist.ical refraetive index analysis. 

In addition to the palingenic dykes just deseribed straight, grayish 
dykes , 0.5-2.0 cm. in thickness , cut the medium-grained dia base a few 
meters from the eontact. These dykes eontain ordinary greenish browll 
hornblende, bluish green fibrous amphibole, chlorite, biotite, turbid 
plagioclase, and potash feldspar , and some ore. The lightel' minerals are 
often enriehed in the central part of the dykes , thus giving rise to a bahded 
structure. It may be noted that these dykes are apart from the pal
ingenic dykes and do not continue up to the contact surface. Moreovel' , 
their mineral eomposition and texture is quite different from that of the 
palingenic dykes. As to their genesis , the writer cannot express anything 
definite on the basis of rather limited observations. Perhaps they l'epre
sents the last crystallized residual solution of the diabasic magma, as 
assumed by Wahl (1908, p. 60) with respeet to the acidie dykes in the 
Svir-diabase, although they differ from the latter in being practicall.,· 
quartz free. 
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CHEMICAL COMPOSITION OF THE PALINGENIC DYKES AND 
P ARENT ROCKS 

When examining the analyses in Table In in more detail we find that , 
except for the MgO and CaO content, the composition of the palingenic 
dykes (Nos. 1-6) generally varies within a considerably narrower range 
than that of the parent rocks (Nos. 7- 10). Thus for example the Si0 2 

content, varying in the parent rocks from 64.96 to 81.10 %, in the 
palingenic dykes ranges only from 69.50 to 74. 28 %. In the palin
genic dykes the content of A1 20 3 is in general somewhat sm aller 
than in the parent rocks , and this is probably due to the fact 
that the palingenic dykes contain plagioclase which is more albitic 
and poorer in aluminium than that of the parent rocks . The per
centages of FeO, CaO and MgO, combined in the amphibole, 
chlorite and biotite in the palingenic dykes, vary considerably even in 
analyses made from the same kind of rocks as e. g. the palingenic dykes 
from sandstone (Nos. 1 and 2) and Tarkki granite (Nos . 3 and 4). In 
addition , all palingenic dykes contain more MgO than their parent rocks, 
and usually the amounts of FeO and CaO are also greater . All palingenic 
dykes contain more Na 20 owing to a greater albitic plagioclase content 
whereas the amounts of potash are smalleI' than in the corresponding 
parent rocks. 

In Table In the sums of normative quartz, orthoclase and albite 
range from 69.4 3 % to 90.72 % of the total composition of the palingenic 
dykes and parent rocks . In order to illustrate the distribution of these 
characteristic constituents , the position of each analysis has been cal
culated on the basi of the normative Q, 01' , and ab values in the triangle 
Si0 2-NaAlSi0 4-KAlSi0 4 in Fig. 7 where the main features of th e 
equilibrium diagram of the dry alkali-alumina silicate system are repro
duced after Schairer and Bowen (1935). The numerical yalues of the 
coordinates of the points are included in Table In after the norms . Thi s 
operation is , as Bowen (1937) writes , »tantamount to projecting the 
composition of the rock out of polydimensional space upon that triangle, 
or more simply, to projecting it out of a tetrahedron which has that 
triangle as it base and the sum of all the other normative constituents as 
its apex, the eye-point being the apex». When comparing the consti
tuents of the parent rocks with those of the palingenic dykes , the points 
of which are connected by broken lines , it is seen that in the dykes the 
amount of albitic plagioclase increases at the expense of potash feldspar. 
In addition, the Si0 2 is fairly similar in all palingenic dykes from rapakivi 
granite (Nos. 3, 4, 5 , 6) and shows an increase as compared with the 
parent rocks . But the amounts of Si0 2 in the palingenic dykes from 
sandstone (Nos. 1 and 2) on the other hand, deviate clearly from the others. 
According to the description given on page 21, the palingenic dykes 
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from sands tone eontain large, usually rounded quartz and feldspar grains 
in addition to the fine-grained, mierographie groundmass. These large 
grains are interpreted by the writer as remnants of the original sandstone 
grains. To eliminate the influenee of these large grains, volumetrie analy
ses have been made, and, on the basis ofthis and the norms, the eomposi
tion of the groundmass has been ealeulated. The position of the ealeulated 
groundmass, Ir in Fig. 7, is eonsiderably eloser to that of the other palin
genie dykes, with respeet to the Si0 2 content. A detailed deseription 
of the method and the results obtained are presented in the following . 

vVith the aid of the intergration stage, the proportions between the large rounded 
quartz and feldspar grains and the groundrnass have been deterrnined. On the 
basis of three thin scctions, corresponding to analysis N:o 1, and a total line-surn 
of 725 rnrn., the rock contains: 

Val. % 
Large rounded quartz grains............ . .. 16.9 

.) feldspar .) .. . . . . . . . . . . . . . 12.4 
Groundn1ass .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 70.7 ---

100.0 

Table 111. The analyzed palingenie dykes and their parent rocks. 

1 I 2 I 3 4 5 I 6 7 8 I n I 10 

SiÜ 2 . . ........ 70.92 71.98 7,l.28 72.04 72.58 69.50 81.10 64.96 72.98 68.16 
Tiü 2 . . . . . . . . . . 0.25 0.53 016 0.27 0.17 0.63 0.09 0.85 0.25 0.46 
Al2ü 3 . . . . . . . . . 11.69 11.54 11.69 9.20 10.97 11.33 9.64 14.26 12.28 14.37 
Fe 2ü 3 .•....... 1.04 0.89 0.91 1.29 1.68 1.01 0.28 1.25 1.64 1.95 
FeO .......... . 2.67 3.38 2.28 3.30 1.,14 4.00 0.65 6.02 1.67 2.07 
Mnü .......... 0.04 0.07 0.03 0.05 0.04 0.05 0.03 0.10 0.03 0.04 
Mgü .... . ..... 2.17 2.28 0.67 1.00 1.38 1.30 0.76 0.54 0.21 0.50 
CaÜ ........... 3.78 1.29 0.96 4.58 0.60 2.79 0.80 2.45 1.02 1.45 
NR2ü ..... . . . . 2.50 2.81 3.60 3.20 2.5-1 2.29 1.78 2.80 2.04 1.83 
K 2ü .......... 2.02 2.36 4.43 3.23 5.62 5.01 3.79 5.23 7.12 6.89 
P 2Ü S ••••...•.• - 0.11 - 0.11 - 0.10 0.08 0.05 - 0.11 
H 2ü + . . . . . . . . 2.31 2.01 0.80 1.03 1.90 1.60 0.77 1.20 0.80 1.20 
H 2ü - . . . . . . . . 0.53 0.37 0.20 0.30 0.84 0048 0.17 0.13 0.16 0.32 
F ....... . ..... - - - - 1)0.34 0.37 - 1)0.21 1)0.33 0.23 

........ . .. ! 99.92 ! 99.62 !100.01 ! 99.60 !100.10 !100.55 ! 89.94 !100.05 !100.53 ! 99.58 
-0 0.14 0.16 0.09 0.14 0.10 - - - - ----- -

99.96 100.39 99.96 100.39 99.48 

1. Palingellic dyke from sandstone Tuiskula, Köyliö Anal. ElSR Stiihlberg 
2. » » » » H. B. Wiik 
3. TRrkki gmnite »New contact of ElsR Stahlberg 

Heikkilä», Eurajoki 
H. B. Wiik 4. » » » » » 

5. » spotted gmnite Suontaka, LaitilR ElsR S tiihl berg 1) 
6. I) »» normRl mpakivi granite » » ü. von Knorring 
7. Sandstone near the contact of the diabase Tlliskllla, Köyliö H. B. Wiik 
8. Tarkki granite (Laitakari, 1925 p. 11) Eurajoki 

Sllonta ka, L:titilR 
E. 1 ordenswan 1) 
EIsa tiihlberg 1) 9. Spotted granite » 

10. Normal rapRkivi granite t ü. von Knorring 

1 The flllorine determiuations, which were not performed from the identical sampIe materiRl, 
were made IRter by H. B. Wiik. 
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All the feldspar grains have been eounted together, b eeause the identifieation 
of the grains without staining was not possible, owing to turbidity and lack of 
twinning lamellae. 

Provided that the ratios between the different feldspar eompononts of the 
large feldspar grains is equal to that of the groundmass, the eomposition of the 
groundmass is obtained by subtraeting the weight pereentages of the large quartz 
and feldspar grains from the norms. The oxaet density values of the feldspars and 
the groundmass not being known and, further, the deviations eaused thereby being 
relatively small with r esp eet to the other errors, the author has used in Table IV 
the volume pereentages, instead of weight pereentages obtained by the volumetrie 
analysis. 

Table IV. Composition of the groundmass of a palingenie dyke from Sandstone. 
Eskonkallio, Tuiskula, Köyliö. 

Quartz ....... . .. : . ....... . .......... . . . ..... 1 

Orthoclase and albite ....... . ........... . .... . 

Normative 
comp. 

36.8% 
32.6 

Largo 
grains 

16.9% 
8.5 

Calculated 
groundmass 

19.9 
24.1 

The ealeulated groundmass eontains eonsequently Si0 2 = 69. 5%, KAISiO. 
10.9 % and NaAlSiO. = 19.6 %. As mentioned above, the plotted point I r is 

Table III continued. 

3 4 5 6 7 8 9 10 

Q . . .. . . , .. ... 36.78 1 38.94 32.40 32.52 32.64 28.32 53.28 18.90 I 31.02 27.24 
or ....... , .... 11.68 13.90 26.13 18.90 33.36 30.02 22.24 31.14 42.26 40.59 
ab ....... . .... 20.96 23.58 30.39 27.25 21.48 19.39 15.20 23.58 17.29 15.72 
lan ... . ........ 15.01 5.56 2.78 1.11 1.95 5.56 3.06 10.84 3.34 5.56 
C ... . ......... 1 - 2.35 - - - - 1.43 - - 1.84 
Isal ..... . .. ... ' 1 8ol.43 8ol.33 91.70 79.78 89.43 83.29 95.21 84.46 93.91 90.95 
01 .......... . .. 3.19 - 1.64 14.08 0.89 5.13 - 1. 21 1.43 -

wo ............ 1 - - - 1.74 - - - - - -
hy ... . ....... . 

7.
40

1 

lO. lU ol.04 - 3.99 6.59 3.09 9.35 1.09 2.75 
mt ...... . . . .. . 1.39 1.39 1.39 1.86 2.55 1.39 - 1.86 2.32 2.78 
il . . . .. . ..... . . 0.46 1.06 0.30 0.46 0.30 1.22 0.15 1.67 0.46 0.91 
ap ... . . . .. . . .. 0.34 

7.37 1 

0.34 - 0.34 0.34 - - 0.34 
fr ............. 

12.44 1 
- - - 0.78 

3.58 1 
- - -

fem .. · .... · .. ·1 12.98 18.48 7.73 15.45 14.09 5.30 6.78 
( 

Si0 2 .......... 74.1 73.0 6ol.8 67.6 65.0 64.6 77.0 58.6 63.2 62.2 
KAISiO

Ü 
...... 9.6 10.3 16.7 13.6 21.7 21.9 13.9 24.0 26.5 27.6 

~aAlSi ....... 16.3 16.7 18.5 18.8 13.3 13.5 9.1 17.4 10.3 10.2 

100.0 100.0 I 100.0 1 100.0 1 100.0 100.0 100.0 100.0 I 100.0 100.0 

si ... ..... . .... 3±1 372 410l 3ol7 ol07 327 6ol7 271 oll1 338 
ti ......... .... 0.9 2.2 0.7 0.9 0.7 2.3 0.5 2.8 1.0 1.8 
al ... .......... 33.1 35.0 38.5 26.0 36.4 31.3 ol5.0 35.0 40.9 ol2.0 
fm ............ 29.7 36.2 20.7 25.4 25.9 29.3 15.3 28.7 16.2 19.6 
C ............. 19.6 7.1 5.7 23.7 3.7 H.l 6.7 11.0 6.1 7.7 
alk . . . . . . . . . . . 17.6 21.7 35.1 24.9 3ol.0 25.3 33.0 25.3 36.8 30.7 
qz ............ 170 185 174 148 171 126 ,*15 70 160l 115 
k ...... ..... . . 0.34 0.36 0.45 0.40 0.59 0.59 0.58 0.56 0.70 0.71 
mg ........... 0.52 0.49 O.n 0.28 0.46 0.34 0.59 0.12 0.10 0.20 

le/fm .......... 0.66 0.20 0.27 0.23 0.14 0.48 0.44 0.38 0.38 0.39 

1) The norms ano the Kiggli numbers have been calculatecl llsing the tables, Johannsen 
I (1939) quotecl from Prof. Paper 99, D.S.G.S. 
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situated eonsiderably eloser to the other palingenie dykes with respeet to the Si0 2 

eontent. As to the K jNa r atio of the redueed point Ir' it is not as aeeurate as the 
value of Si02 , beeause it is not known how far the foregoing assumption of the 
eonstant relation between the different feldspars is va.lid. 

DISCUSSION OF RESULTS 

To sum up the most essential features of the observations in the 
field and under the microscope concerning the palingenic contact pheno
mena described in the foregoing paragraphs , the following facts may 
be presented: 

1. As a rule, the olivine diabase has aphanitic contacts against its 
country rock, in which apophyses are found with aphanitic edges and 
coarser centers. Exceptions to this rule are the »old contact of Heikkilä» 
(p. 24), as wen as some xenoliths of the country rock situated 
farther from the main contact and so me exceptional contacts wllich will 
be described in detail in Part IV. 

2. At the aphanitic contact margin of the diabase, an over the area in 
question, large plagioclase phenocrysts and, very often, pseudomorphs 
of olivine or pyroxene phenocrysts are met. 

3. Especially in places where the olivine diabase has a sill-like char
acter, there are in the aphanitic or fine-grained diabase fine-grained , 
reddish granitic dykes called palingenic dykes , 0.1-8 cm. thlck. These 
dykes cut the diabase apophyses or penetrate up to 2- 3 m. into the 
diabase from the contacts. The different country rocks, also called parent 
rocks, are: sandstone, three varieties of rapakivi granite, and Archaean 
gneiss. 

4. The above mentioned palingenic dykes, are usually sinuous aneL 
irregular in form . At the >>Dew contact of Heikkilä» (p. 26) where they 
penetrate the diabase apophyses, some of these dykes continue, though 
vaguer and broader in form, even to some extent into the granite. 

5. Palingenic dykes contain orthoclase, anorthoclase, albitic plagio
clase, amphibole, chlorite, and biotite as main constituents; micrographic 
text ure is characteristic cf them all. 

6. In the narrow contact zone (1 - 5 mm. thlck) ofthe diabase against 
the palingenic dykes and the parent rocks, the olivine and augite grains 
of the diabase have disappeared and altered into serpentine, amphlbole, 
chlorite, and iron ore whlle the plagioclase laths have been corroded. 

7. Fine-grained granitic dykes in the parent rock near the palingenic 
dykes are not observed except at the >mew contact of Heikkilä». Here, 
parallel with the diabase apophyses, some granitic dykes are encountered 
whlch, though occurring quite apart from the palingenic dykes, have a 
mineral composition and texture similar to theirs. In addition, proceeding 
from these granitic dykes, apophyses a few millimeters long are noticed 
between the quartz and feldspar grains of the surrounding Tarkki granite. 
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8. According to Laitakari in the diabase sill of Sorkka, some reddish 
granitic dykes, ten centimeters broad and several hundred meters long, 
occur. Against these dykes in the contact zone of the diabase, the olivine 
and augite have been altered into hornblende, serpentine, biotite, and 
ir on ore. 

To avoid repetition, the genetic aspects of the phenomena have 
been treated in the previous paragraphs only to an extent necessary to 
make the descriptions clear. On the basis of the foregoing facts, the 
writer will now try to present his conception of the remelting phenomena 
of the country rock at the olivine diabase contact. 

As previously described at numerous contacts in the area investigated, 
where it is possible to determine the age relations by means ofthe aphanitic 
contact margins of the diabase or of the diabase apophyses, it is obvious 
that the olivine diabase is younger than the sandstone, rapakivi granites 
and Archaean rocks. The diabase, now seen on the erosion surface, has 
been solidified at a depth, that cannot be determined exactly (see p. 9) . 
However, the chilled margins on the one hand and the lack of vitreous 
contact varieties on the other clearly show the hypabyssal character of 
the intrusion. In addition, the olivine pseudomorphs and plagioclase 
phenocrysts which occur in the aphanitic contact zone of the diabase 

20 80 

.JO 70 

40 

Na, I< Fe/dspar 

I<AISi0Lr-
Fig. 7. Plot of the salic normative composition (except anorthite) 
of the palingenic dykes and their parent rocks in Table III in the 
equilibrium diagram of the system NaAISi04-KAlSi04-Si02 after 
Schairer and Bowen (1935). Dashed lines show the side boundaries 

of the temperature through after Bowen (1937). 



36 Bulletin dc la ConUlJissioll geologiquo dc Finlandc N: 0 152. 

are not resorbed except in the narrow reaction zone at the contact surface 
proper. This shows that the dia basic magma was not under superheated 
conditions when intrusion took place. 

According to the experiments made by Eskola (1925) at the Geo
physical Laboratory of the Garnegie Institute in Washington, a dry 
silicate melt, prepared from the olivine diabase of Satakunta, passed 
through its crystallization interval approximately between 1 200°-1 050°C 
under the press ure of one atmosphere. According to Schairer and Bowen 
(1935), on the other hand, the area oflowest temperature on the boundary 
line between tridymite and alkali feldspars in the dry system Si02-

JaAISi0 4- KAISi0 4 is about ] 000° C. 
On account of these differences in the crystallization intervals between 

dry diabasic and granitic liquids it is easy to understand that the heat 
flowing from the diabasic magma through the aphanitic contact has 
caused the temperature of the country rock to rise high enough to remelt 
part of its minerals. This has happened especially in places where the 
heat influence has been gl'eater than usual as e. g., below diabase sills 
or, also , at the upper contacts of the diabase in places where other hot 
diabase sills above the present erosion surface might have been pres
ent. It is obvious that the composition of the first intergranular liquid 
was situated in that part of the space in the polydimensional system which 
corresponds to the lowest temperature range in the prevailing pressure 
and concentration (including water) of the country rock. When the 
temperature arose, the composition of this intergranular liquid shifted 
somewhat towards the bulk composition of the country rock. 

During the cooling of the contact zone of the diabase, cooling joints 
formed, into which intergranular, granitic liquid, crystallizing at a lower 
temperature, intruded as palingenic dykes. The sinuous form of these 
dykes, together with the fact that they do not continue more than 2-3 m. 
from the main contact into the diabase, shows that the diabase was not 
completely solidified at the time of their formation. That these palingenic 
dykes extend also vaguely into the Tarkki granite (p. 26) and that there 
are fine-grained dykes in the Tarkki granite, of almost the same mineral 
composition and texture can be explained as an extension of the cooling 
joints from the diabase into the relatively basic Tarkki granite, these 
joints having been filled with intergranular liquid. Aseparate post
diabasic granitic intrusion, not genetically connected with the diabase 
intrusion, would be very artificial, because only apart of the palingenic 
dykes of the mew contact of Heikkilä) extends indefinitely into the gra
nite. Neither have any fine-grained granitic dykes been found in connec
tion with palingenic dykes of other contacts. 

The extension of so me palingenic dykes into the granite, together 
with the micrographic groundmass between the orig-inal minerals of the 
parent rocks encountered near the diabase contacts, shows that the 
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remelting of the parent rock during the formation of the palingenic dykes 
had not advanced very far. This is also shown by the great differences 
between the chemical composition of the palingenic dykes and parent 
rocks in Table IH. Despite the great variety of the parent rocks, the 
positions of the palingenic dykes lie in a rather limited area, encircled 
in Fig. 7, near the temperature valley of the boundary curve between 
tridymite and alkali feldspars in the dry alkali-alumina silicate system 
under normal pressure. This fact seems to show that the conditions 
at the diabase contacts have not deviated considerably from that of the 
dry system. It is difficult to decide which one of the following points 
has been most important in causing the differences in the compositions 
of the palingenic dykes in Fig. 7. 

1. On account of the remelting of the minerals of the parent rocks 
with rising temperature, the composition of the originally similar inter
granular liquid has changed towards the composition of the parent rocks. 

2. Different pressure and concentration (including water) ha ve 
caused differences in the compoeition of the first drops of the intergranulal' 
liquid. 

3. The original unresorbed minerals of the parent rocks carried by 
the intergranular liquid have altered the total composition of the dykes. 

The straight lines drawn through the points representing parent 
rocks of the rapakivi granites and the corresponding p9.lingenic dykes 
in Fig. 7, intersect between points Nos. 4 and Ir ' In addition, the palin
genic dyke from the Tarkld granite, corresponding to analysis No. 4, 
Table IH, contains considerably more micropegmatite than the other 
dyke from the same rock, corre ponding to analysis No. 3. On the basis 
of these facts the writer regards the first and third factors to be dominant. 
If this is correct, then the po ition of the first drops of the intergranular 
liquid between quartz and alkali feldspar grains should lie approximately 
between points No . 4 and Ir in Fig. 7. 

Let us follow, then, the crystallization of the liquid which has intruded 
into the joints of the diabase and which may contain so me quantity of 
the original minerals of the parent rocks. When the temperature of the 
liquid begins to fall , it is probable that such minerals , being in excess over 
the composition of the primary intergranular liquid, will crystallize 
first; after that the quartz , alkali feldspars and perhaps also biotite will 
crystallize simultaneously , forming a micrographic texture (Vogt, 1921 , 
pp. 323-324), typical of all palingenic dykes. A.nother characteristic 
feature, probably resulting from the extraordinary conditions in the 
formation of the palingenic dykes , is their considerable anorthoclase 
content . According to their composition the anorthoclases coincide with 
perthite. In view of this fact , Alling (1921) writes: »It is quite reasonable, 
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therefore, to consider that many anorthoclases are undercooled metas
table solid solutions of the two alkali components». Taking the fact 
into account that anorthoclases occur mainly in volcanic rocks , this 
explanation mayaiso be valid with respect to the formation of the anortho
clases of the palingenic dykes. Then it must be conceded that conditions 
were favorable for the formation of undercooled, metastable minerals 
from a liquid the temperature of which was relatively high, and which 
certainly must have cooled rapidly as compared with plutonic conditions . 

On the basis of the reaction principle of Bowen (1928) , the formation 
of the dark minerals of the palingenic elyke<; becomes understandable as 
do the reactions at the immediate contacts between the aphanitic or 
fine-grained diabase and the palingenic dyke or parent rock. According 
to this principle, as soon as a liquid in the parent rock has been creat ed 
through the thermal influence of the diabase, the olivine, augite, and 
labradoritic plagioclase in the contact mantle of the diabase become 
unstable in the granitic liquid st.riving for the acid end of the reaction 
series. The intergranular liquid, containing mainly quartz and alkali 
feldspar , could not remelt the plagioclase of the diabase richer in anorthite, 
hut began to react with it and convert it into a more acid plagioclase, 
while at the same time more albitic plagioclase, with which the granitic 
liquid is saturated, crystallized from it. On the other hand, olivine and 
augite, with which the liquid is supersaturated, disintergrate and apart 
of their constituents forms serpentine, hornblende, and iron ore in the 
immediate vicinity of the disintergrating grains, while the rest , as Mg-, 
Fe- and Ca-rich solutions, migrate through the intergranular liquid 
towards the palingenic dyke or parent rock to form hornblende, chlorite, 
and biotite. As has been pointed, it is possible. however, that apart 
of the biotite, and perhaps also hornblende, in the palingenic dykes 
originates from the material of the parent rocks. As to the quartz grains , 
encountered in the reaction zone on the siele of the diabase, the writer 
assumes that their material , like the solutions containing ferrous iron 
and magnesium, nugrates through the intergranular solution formed 
by the reaction of the acidie intergranular liquid with the constituents 
of the olivine diabase. 

Depending upon the position and width of the dyke in relation to the 
main contact and upon the thermal conditions, the reactions between 
the diabase and granitic liquid have attained different "tages at different 
points and thus it is possible to understand the great differences, occurring 
even in the dykes from the same parent rocks, in the contents of FeO, 
MgO, and CaO, which for the most part have come from the diabase. 
Especially the magnesium content of thc palingenic dykeö is considerably 
greater (as much as 4- 6 times) than in the parent rocks. This seems to 
show that the magnesium ion has the greatest mobility of the three, 
Mg, Fe and Ca. This fact is consistent with the results which will be 
presented on pp. 70 and 75. 
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On the basis of the phenomena described above, it is also easy to 
comprehend that under more favorable thermal conditions, as e. g. 
round the xenoliths in the diabase farther from the main contact (p. 23), 
the reactions between the partiaIly remelted-xenolith and the thin diabase 
mant.le around it have been so intense that the distinct boundary between 
the rocks has vanished. 

The writer has no personal observations regarding the genesis of the 
acidic dykes in the diabase area of Sorkka, reported by Laitakari (1928, 
pp. 16-18), and VirilI accordingly not express any definite opinion in the 
matter. Considering, however, the intense remelting phenomena observed 
in the Suontaka diabase area to be described later in more detail, as weIl 
as the texture of the dykes in question together with the l'eactions between 
the diabase and the dykes encountered at the contacts, the writer regards 
it possible that they might have intruded from parts below the Sorkka 
diabase sheet, which on account of the stronger heat influence have been 
remelted more completely. 

From the observations at the contacts of the olivine diabase of Sata
kunta, the writer considers it evident that the hypabyssal diabase, espe
cia.ny in areas where it occurs as sills, has been able partially to remelt 
its country rocks and form intergranular liquids. Despite the great 
deviations in the composition of the parent rocks , that of the liquids 
ranges in a fairly narrow area neal' the temperature valley along the 
boundary curve between tridymite and alkali felds pars in the dry alkali
alumina silicate system. It is noteworthy that , although the rapakivi 
granites are rich in potash, the intergranular liquids, squeezed out from 
the different kinds of parent rocks, contain considerably more sodium. 
However, contact phenomena will be described later (pp. 57 and 76) that 
can be explained by assuming that the residual solution of the almost 
completely remelted and recrystallized rapakivi granite has been en
riched in potash. 

It is difficult to say how far the results can be applied to phenomena 
taking place deaper in the earth's crust, where the temperature undoubt
edly corresponds to the contact conditions of the diabase, but where 
the press ure and concentration of components, especially the water 
content, are different. In any case the foregoing contact observations 
tend to support the conception, presented by Eskola (1932, 1934,1950), of 
the genesis of a granitic magma by partial refusion of the igneous rocks, 
most basic ones excepted, and argillaceous or arkosic sediments. The 
iJwestigation of the composition of the intergranular liquid, formed 
under plutonic conditions, by the aid of the aforementioned methods, 
is probably more difficult than at the contact of the Satakunta diabase. 
Hence, it is possible that suitable laboratory experiments will more easily 
give a satisfactory answer to this and othel' related questions. 



PART IV 

MORE COMPLETE REMELTING OF COUNTRY ROCK AND 
FORMATION OF HYBRID ROCKS 

HYBRIDIZATION PHENOMENA IN THE SUONTAKA DIABASE AREA 

POSITION OF THE HYDRIDS 

Previous chapters have described how the minerals of country rock 
have, on account of the heat flowing from the diabasic magma, been 
partially remelted near the contact forming an intergranular liquid 
which may have intruded as palingenic dykes into the contact zone of 
the diabase. Also the endomorphic contact influences in the diabase, 
caused by the intergranular liquid, have been described. Moreover, 
on p. 23 mention has been made of the reactions between the partially 
remelted xenoliths and the surrounding fine-grained diabase which have 
been so intense that any distinct boundary between the two rocks has 
vanished. Similar hybridization phenomena are encountered also at the 
main contacts of the diabase sills in many places over the area investi
gated, but they have been extraordinarily intense in the Suontaka dia
base area (No. 12 in appended map) in the parish of Laitila. 

In the Suontaka diabase area several wave-like diabase sills occur, 
at the upper contacts of which (Nos. 2, 3, 4, and 9 in Fig. 8) palingenic 
dykes described in Part III are encountered. The map (Fig. 8) shows 
that, in connection with the diabase and rapakivi area, there are also 
hybrid rocks which may contain either features of diabase 01' of rapakivi 
granite; but on the basis of the texture as weH as the mineral and chemical 
composition these hybrid rocks belong to neither one of the two rocks. 
In the vertical sections IIa- IId and IIIa-IIId in Fig. 9, drawn through 
the drill hole (No 1 in Fig. 8) , 24 m . deep, it can be seen that the southern 
hybrid rock area is situated between two nearly horizontal diabase sills. 
The contacts Nos. 6 and 9 near the vertical section IVa-IVb (Fig. 9) 
and the outcrops Nos. 7 and 8, in which the upper part of the out
crop is medium-grained diabase while the lower part is of a hybrid rock , 
show that the hybrid rock occurs also in the northern part of the Suon
taka diabase area below a diabase sill. It is hard to say how thick the 
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hybrid formation here is and whether there is another diabase sill below, 
as is assumed in section IVa-IVb (Fig. 9). It is also difficult to decide 
whether the diabase outcrops (No. 5), situated in the rapakivi window, 
are remnants of the main diabase sill, or only remnants of the thinner 
branch, parallel with it. 
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The upper diabase sill once existed all over the area above the hybrids, 
but it is difficult to estimate its total thickness. Rough estimates range 
from 10 to 25 meters, being based chiefly on sections Ia-Ib 1) and IVa
IVb (Fig. 9). In following chapters the description will be limited to the 
hybrid formation of the southern part of the Suontaka area, where a 
reliable picture can be obtained of the occurrence of the different rocks 
and conditions of formation from more detailed surface investigations 
and drill hole No . 1. 

DENSITY AND CHEMIOAL COMPOSITION OF THE HYBRIDS 

In order to get an idea of the character of the southern hybrid con
tact in the Suontaka area, let us first examine the density determina
tions. Curve Cs(Z) in Fig. 10 represents the densities in the vertical 
drill hole 2), which is 23.9 m. deep (No. 1 in Fig. 8). The determinations 
were made from the halved drill cores with a sampie interval of 0.5 m . 
The density curve in Fig. 10 is drawn in the interval - Z= 10- 23.9 m. 
through the points corresponding to the average densities in the sampie 
interval - Z= 10- 12, 12- 14, 14- 16, 16-20 and 20- 23.9. 

The practical density determinations of the sampies in the drill hole, 
as wen as of the other sampies mentioned in this chapter, have been 
made by Mrs. T. Mikkola using the ordinary method of weighing the 
sampies in air and in water. Regarding the accuracy of the determina
tions it can be seen in Fig. 10 that the points , corresponding to the sampie 
interval of O. ~ m. , deviate only 0.01-0.03 g jcm 3 from the curve in the 
upper part of the drill hole, but in the lower part the deviations may 
be even 0.1 2 gjcm 3 from the average densities of greater sampie intervals. 
In Table V we see that the average grain size of the plagioclase rapidly 
increases with increasing depth. Thus any fortuitous variation in the 
number of the different mineral grains may cause notable deviations in 
the density at the relatively short sampie interval. 

Table V. The average grain size of 
the plagioclase grains in drill hole 

No. 1. Suontaka. 

- z 

0.01 m. 
0 . 81 
6.0 
6. 5 

21.0 
23.87 

The average grain diameter 

1. 86 mm. 
1.11 
0.2 5 
0.2 5 
2.03 
3. I 5 

1) The course of the contact in section Ia-Id has been made by levelling. 
a) The co·ordinates of the drill hole are: X = 449.5, Y = 143.7, Z = 0.00; the 

Y - axis is parallel with traverse na-nd in Fig. 8. 



..... . 00 
::; P'" 
~o 
o ::il 1-3 
~~g
g-~p.. 
S ~ § 
s: ::il ~. 
p.. P"' ,:r-_ CD ...... 
CD ::; p.. 
o >d ~ ....., IP CD 
1:+ ~ 1-1 
P'" ...... S 
CD ::; ..... . 

(Jq ::; 

P'" CD ~ 
~ )-"1-'" 

o-~o 
>-j P'" ::; 
1-"' ('t) w p..>-j 

....,::tS 
o 0 IP >-j !:j p.. 
S p CD 
IP ~ 0 
~P"''''''' o' CD ~ 
::; ~ g-
~ >d rn 
P'" >d IP 
CD ~ S 
p..o~ CD >-j CD 
::; rn 
rn ~ 
:;:P"'::t « CD 0 -S o 0 
.....,~p.. 
~ CD ::l. 
P"'>-j~ 
CDp.. __ 

...... ..... 
>-l ." 0 
00-_ 
o ." CD 
:;>;' U1 ..... ~ 

CD / , 
o o 

o ~ :;; _ ...... 

29 

27 

26 

+ 
x 

25 

jCJ i02 
2'-

Jomple inlerval 0 . .5 m. 
2.0 " 
4.0-

-20 1.5 

es 

C,JHn 

I 
I 

I 
Theoroethicol c urove--.J 

I 
I 

I 
I 

I 
I 

I 
I 

LCSi02 (z ) 0 o 
--'Co 

_if;-~ -~JiO. ----20 

Z/ 

1 1 

10 

~L-~_ :;? 

-/0 

Zu 

es, 

11 

o 

~<o:.!' - " ! JI(}Z 

-.5 
C'Ji02 0 

CJ {Z) 

S2-2 .61 meterJ 
.5 

.J.z 

So 

2.9 

CJ 1 2ß 
2.7 

~ 2.6 

CNno(Z) 

°'1 CHnOj :: 
0.2 

CJiOJZ) 

meterJ z 
.5 -- 10 

Fig. 10. Thc distribution of dcnsityl) (s) and thc concE'ntration of Si0 2 and MnO in drill hole No. 1. Suontaka. 

1) Instead of eS1, (;8
2 

and (;S3 in Fig. 10 read CIS' and C2S and C3S respecth·cly. 

""" """ 

b:J 
E. 
1i 
S' 
a. 

'" p-
o 

i. 
ffi. 
g 

11'! 
~' 
0' 

rro ...,. 
..0 

'" '" a. 
'" I'%j 

e: ,., 
I:l 

~ 
~ 
o 

>-' 
0 1 
!"l 



.danw Kah lila: On Contact Phenomena of the Satakunta Diabas<:'. 45 

oi 
~ 
'Il .., 
c 
0 
:: 
w 
.....; 

ci 
Z 
Gl 

0 
..c 

.. 
~ 

>:: 

eS 
'" 

<::l ~ 

'0 
>:: 
'Il 

eS 
'" ~ 

<::l ~ 

~ '!i !:>'" 

N:) G ~ I.:: 
G' 

0 
'Il 

(.) 

I eS 
tl!J 

;:E 

'" 0 
E=i 

q, 
~ 

'0 
>:: 
0 

'';:; 
P 

.D 
'0:; .., 
'" '0 

>:: 
0 

'';:; 
'Il .. .... 
>:: 
Gl 
Q 
>:: 

~ 
0 
Q 

'-.:. 
~ Gl \:) 

~ ::.:'" 
I 

\.j 

\...J .....; 

\ 
.... 

'" '" '" bÖ 
" " <:i ~ , 

tinuously deereases , reaehing a mllllmum s = 2.67 gjem3 at ab out Z = 
- 6.0. The density eurves in Fig. ISa, and ISb" obtained from the 
determinations of surfaee sampies along the traverses IIb-IIe and 



I 
I 
I 

I 

'" '" QJ) 
co ..., 
~ 

'" '" ;... 

'" "'" 
'" "0 

'>1 
0 

Table VI . Chemical composition, molecular proportions, concentrations and Niggli numbers of the rocks 
m 0 1' near drill hole No. 1. in the Suontaka area. 

Sampie inter"al in m. __ 1_1 O~l I 1~2 I 4~5 1 6~7 I 7~8 I 9~10 112~13 \ 16~18122~~3.9 1--11_ 1 __ 12_1-_13-

Si0 2 ..... ... .. . .... 47.73 49.08 52.50 64. 56
1 66.71 66.18 63.67 47.98 46.57 45.90 65.35 66.71 68.16 

Ti0 2 .. . .. . .... •. . . 1.96 2.22 1.90 1.09 0.72 0.72 1.20 3.33 2.66 2.00 1.00 0.61 0.4.6 
Al 20 3 •••.••. • •.•.•• 15.06 14.32 14.40 14.:\2 13.52 13.21 13.46 12.60 14.76 15.13 13.38 13.77 14.37 
Fe20 3 •....• . ..• .• •• 4.09 2.71 2.28 1.16 1.36 1.12 1.45 4.12 3.01 1.84 2.28 3.32 1.95 
FeO ........ ... . . . .. 10.40 12.42 11.45 5.69 4.79 4.97 6.62 12.96 13.24 14.69 4.75 2.38 2.07 
MnO . .. . .. ... .. ... . 0.20 0.21 0.18 0.08 0.08 0.07 0.11 0.19 0.23 0.14 0.07 0.06 0.04 
MgO .. ... . .... 4.23 4.3:; 3.07 1.38 1. 27 1.12 1.69 3.93 4.80 5.69 1.39 0.83 0.50 .... . 

I CaO ..... .. .. .. ..... 10.48 8.37 6.71 2.74 1.82 2.69 3.43 6.90 10.08 8.66 2.70 1.11 1.45 
Na 20 .... . ... ... .. . . 2.74 2.35 1.97 2.25 1.81 2.20 2.54 2.58 2.30 2.85 2.26 2.00 1.83 
K 20 ... . . . . . . . . . . . . . l.4G 1.66 2.68 5.17 5.78 5.89 3.90 1.90 0.95 0.96 5.29 7.07 6.89 
P20S .. .. ...... ... ... 0.35 0.30 0.29 0.14 0.12 0.20 0.26 0.20 0.23 0.21 0.15 0.18 0.11 
H20 + .... . . .. . . . .. . 1.23 

1.2! I 1.85 1. t2 1.57 1.07 1.53 2.08 1.25 1.20 0.87 1.41 1.20 
Il.O- ....... , . . ... . 0.22

1 
0.41 0.55 0.44 0.11 0.43 0.55 0.90 0.42 0.60 0.14 0.G2 0.32 

P-..... .... .. . ....... 0.03 0.23 

1-0 ................ . 1 
100.15 1 99.

67
1 99.

83
1 100.4,1, I 99.661 99.

87
1 100041 I 99.

67
1 100.50 I 99.

87
1 99.

63
1 100.071 99.58 

0.01 0.10 

99.66 99.48 

~ '"'I \l,)~ 

~ '" 1 

2.!)91 2.96
1 2.91 1 2.7 1 1 2. 67

1 
2.6!J I 2. 75

1 2.9'> 1 3. 03
1 3.03 1 2. 72

1 2.59
1 

2.61 

1. Olivine diabase Poin t L in Fig. 18 ,\ na I. 1[. 13. \Viik 
2. Dia bast' hybrid Drill hole No 1 in Fig. R, - '/, = 0- 1 
3. » » - '1, = 1- 2 
,1.. Hapakivi hybr id - Z = 4- 5 
5. ~-Z = 6- 7 
6. - Z = 7- 8 
7. » -z = 9- 10 
H. Diabase Z = 12- 13 
9. ·Z = 16- 18 

W . » (practically plll'e oliv. diabas~) » -Z = 22·-23. \I 
11. Hapakivi Point G in Fig. 1~. 
12. » » » E 2 in Fig. l~. » 

13. Normal rapalüvi granite Near Ib in Fig. 8. Anal. O. von Knorrillg 



Table VI. continued. 

I I 
I 

I 
I I 

I I 
I 

I I 
1 

I 
2 3 4 

I 
5 

I 
6 7 8 I !l 10 11 12 13 

I I 

~ ~,i.Ü2 ...... ........ .. .795 .817 .874 1.075 1.111 1.102 1.060 .799 .775 .764 1.088 1.111 1.135 . S 
t: lJ02 ............. . . . .025 .028 .024 .014 .009 .009 .015 .042 .033 .025 .013 .008 .006 
0 Al 20 3 .... . ........ .. .148 .140 .141 .142 .133 .130 .132 .124 .1 45 .148 .131 .135 .141 P-
o Fe20 3 .. ... . . . .. . .... .026 .017 .014 .007 .009 .007 .009 .026 .019 .01 2 .014 .021 .012 ... 
P- FeO ........ . ... .. . . . .145 .173 .159 .079 .067 .069 .092 .180 .184 .204 .066 .033 .029 ... FeOt 1) ... . .. . . .... . . .196 .207 .188 .094 .0 84 .083 .110 .232 .218 .228 .094 .075 .053 '" 'i3 MnO ........... . . . .. .003 .003 .003 .001 .001 .001 .002 .003 .00 3 .002 .001 .001 .001 
Q MgO .... . .... . . . .... . 105 .108 .076 .034 .031 .028 .042 .097 .119 .141 .034 .021 .012 '" '0 GaO ... . . .. . . . . ..... . .187 . 149 .120 .049 .032 .048 .061 .123 .180 .1 54 .048 .020 .026 ~ Na20 ....... . ... . ... .044 .038 .032 .036 .029 .035 .041 .042 .037 .046 .036 .032 .030 

1(2° . . . . . . . . . . . . . . . . .016 .018 .028 .055 .061 .063 .041 .020 .010 .010 .056 .075 .073 
P20S ...... · ........ ·1 .002 .002 .002 .001 .001 .001 .002 .001 .001 .001 .001 .001 .001 
H20 + ...... .. ... ... .008 .069 .103 .068 .087 .059 .085 .115 .069 .067 .048 .078 .067 

8i02 . . . . . . . . . . . . . . . . 23.77 24.1 8 25.43 29.13 29.66 29.64 29.15 23.57 23.48 23.15 29.59 28.77 29.62 
Ti02 . ... . . . . .. . . ... . 0 .748 0.829 0.698 0.379 0.240 0.242 0.413 1 .239 1.000 0 .758 0.354 0.207 0 .157 

~ AI 20 3 ....•...•....•. 4.43 4.14 4.10 3.85 3.55 3.50 3.63 3.66 4.39 4.48 3.56 3.50 3.68 
.S Fe2Ü3 . . . . .... .. ..... 0.777 0.503 0.407 0.190 0.240 0.188 0.248 0.767 0.576 0.36 '1 0.381 0.544 0.31~ ..., 

FeO ...... . . ... . . . ... 4 .34 5.12 4 .63 2.14 1.79 1.80 2.53 5.31 5 .58 6.18 1.80 0.855 0.757 '" ... 
FeOt ...... . . .. ...... 5.86 6.13 5.47 2.55 2.24 2.23 3.03 6.84 6.61 6.91 2.56 1.94 1.38 

..., 
~ 

'" MnO . .... . .. . ... . .. . 0.084 0.086 0.073 0.030 0.029 0.027 0.044 0.080 0.097 0.061 0.027 0.026 0.026' Q 
~ MgO ••• • •• ,_ 0 • • • •• •• 3.14 3.20 2.21 0.921 0.828 0.753 1.16 2.86 3.61 4.27 0.925 0.544 0.313 0 

0 GaO ••••• • •• 0 ••••••• 5.59 4.41 3.49 1.33 0.854 1.29 1.68 3.63 5.45 4.67 1.31 0.518 0.679 
Na 20 . .. . . . . . . . .. .. . 1.32 1 

1.12 0.931 0.976 0.774 0 .942 1.13 1.24 1.12 1.39 0.979 0.829 0.783 
1(2° · .............. ·1 0.478 0. 533

1 
0.815 1.49 1.63 1.69 1.13 0.590 0.303 0.303 1.52 1.94 1.91 

P20 S .......... . ..... 0.060 0.059 0.058 0.027 0.027 0.027 0.055 0.030 0.030 0.030 0.027 0.026 0.026 

s~ ... . ... . . ..... . .... 1 113.5 123.2 148.9 262.2 1 298.6 284.0 247.1 124.6 108.2 104.8 272.0 309.5 337.8 
~ tl . .................. 3.6 4.2 4.1 3.4 2.4 2.3 3.5 6.6 4.6 3.4 3.3 2.2 1.8 
'" al ........... . ....... 21.1 21.1 24.0 34.6 35.7 33.5 30.8 -19.3 20.3 20.3 32.7 37.6 42.0 .t:J 
@ fm .......... .. .. .. . 43.6 48.0 45.3 31.2 31.5 28.8 35.9 51.8 48.0 50.9 32.3 27.0 19.6 
~ c ....... ... ........ 26.7 22.5 20.5 12.0 8.6 12.4 14.2 19.2 25.1 21.1 12.0 5.6 7.7 
.~ alk . . .. .. ... . .... . ... 8.6 8.4 10.2 22.2 24.2 25.3 19.1 9.7 6.6 - 7.7 23.0 29.8 30.7 
OJJ qz . .. ..... . .... . .. . - 20.9 - 10.4 8.1 73.4 101.8 82.8 70.7 -14.2 - 18.2 - 26.0 80.0 90.3 115.0 OJJ 

Z k ................... 0.27 0 .32 0.47 0.60 0.68 0.64 0.50 0.32 0.21 0.18 0.61 0.70 0.71 
mg" .. . . . . . ... . ... .. 0.34 0.34 0.29 0.27 0.26 0.25 0.27 0.29 0 .35 0.38 0.26 0.22 0.18 
cjfm ........... -., , ' 0.61 0.47 0.45 0.38 0.27 0.43 0.40 0.37 0.52 t 0.42 0.37 0.21 0.39 i 

J) tobl iron lieO + 0.8998 X .l!'e 20 3 
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Va- Vb in Fig. 8 show 
almost the same charac
tel'. In addition Fig. 18a, 

shows that lower on the 
slope the hybrid forma
tion reached its mini
mum s = 2.59 gjcm3 at 
point E 2, which is 3. 8 6 

m. higher 1 ) than the cor
responding point in the 
drill hole. On the trav
erse Va- Vb, on the 
other hand, the hybrid 
formation reaches its 
minimum density s = 
2 .58 near point ein Fig. 
18b" which is 1. 5 5 m. 
high er than the film
mum point in the drill 
hole. 

The variation in the 
chemical composition of 
the hybrid rocks is given 
in Table VI. Analyses 
Nos. 2- 10 have been 

'g~ 
o;l ~ made of sampIes from 
<.l H the drill hole and Nos. 1 
-~ e t:. and 11- 13 of surface 

.... ~ sampIes. To avoid the 
'äi aforementioned errors 
~ owing to grain size, anal-
E-i yses Nos. 2- 8 have 

been made with sampIe 
intervals of l.o m. in 
length, and analyses 
Nos. 9 and 10 with 

sampIe intervals of 2.0 m. In addition to the oxide percentages and 
moleculaI' proportions Table VI contains the Niggli values and 

t . (' I l't ) C 103 
. S • 1l1A 1 h concen ratlOn In mo es per 1 er A = --102 = O· s . m A w ere 

mAis the molecular proportion of an oxide A and s the density of the 
sampIe. As fluorine determinations have not been made of all the sampIes 
and as the H

2
0 values may vary greatly on account of accidental factors. 

the concentrations of fluorine and H 20 are omitted. 

J) Tho profiles in Fig. 18 have b een made by levelling. 



Aanw Kahma: On Contact Phenomena of the Satakunta Diabase. 49 

Figs. 10 and 11 give a better idea of the variation of the chemical 
composition in the drill hole, the concentration of the most characteristic 
oxides of analyses Nos. 2-10 being presented as the function of the 
average depth (or Z-coordinate) of the sampie intervals. For reasons 
to be described on p. 65, analysis No . 1 (Anal. No. 5 in Table II) is included , 
corresponding to the Z-value + 9. 5, a point which lies 9. 5 m. above the 
upper end of the drill hole. As in the density curve, we can see in Figs. 10 
and 11 that the hybrid formation consists of a continuous series of rocks 
lying between the composition of the olivine diabase (Nos . 1 and 10) 
and the granite (Nos. 5 and 6) , which has almost the same composition 
as the normal rapakivi granite , in the Suontaka area (No. 13). The 
comparison of analysis No . 12 (made of a surface sampie on the 
slope) with the analyses Nos. 5 and 6 in the drill hole shows that the 
former is more acid than the latter - - a fact which is in agreement 
with the density determinations , made of tne same rocks. 

Fig. 12 presents the values of al, fm , c and alk in Table VI as a func
t ion of si . In addition, the hybrid analyses Nos. 1 and 2 in Table VII, 
made of surface sampies not far from the drill hole have been included. 
As the sampies for these analyses were taken before the detailed mapping 
of the area , their location on the map is not as accurate as for the others. 

l'able VII. Chemical composition and Niggli numbers of hybrid and 
dyke rocks in the vicinity of drill hole No . 1 in the Suontaka area. 

I 2 

1 -?-ill-2-.-. -,,-. -,,-.-. -,,-. -,,-. -,,-. -,,-. -,,-.-,,-.-. -,,-. -,,-. -,,-. ~------~--------~--------I 
[1°2 ...... . ... . ........ . . . .. ..•. .•. .. .... 
Al 20 3 . •.• . .•.... ... ...•• . .•..•.. . •• .• • .•• 

FeZ0 3 • ... • . • . •• . . .• ••• . • .•. •••••••. . ••••• 

57.44 69.02 70.28 
2.37 0.63 0.40 

FeO .. .... . . . ..... . .. ... . . . ... .. .. ... .... . 
MnO ... . ......... . ............ . . . .. ..... . 
:\IgO ....... . .... . .. . .. .... .. . . . ...... . .. . 
CaO ........... .. .......... . .. . ... . ... . . . . 

I ~~c? .':: ::::::::::: :::::::::: :: ::: :: :::::: 
PzOs ....... .. . ... .. .. .. . ............... . . 
H 20 + .. .... . .. .. ..... ........ .. ........ . 
H 20 - . ........... .. ............... . .... . 

si ............... . ... . . . .... . ....... .. ... . 
ti ... .. ..... . . .. . ... ...... .. ........ .. ... . 
al . ..... . ..... . ... . . ... ....... ... ..... ... . 
fm . . .. ...... . ..... . .. . ....... . ...... . ... . 
C ........................... .. : ......... . 
alk ...... . . . . .. . ... ..... . . . ......... . .... . 
qz ... ... ... . . . .. ... . . . .... ........ .. . ... . 
k ..... . . ... .... . ....... .. ..... . ...... .. . . 
mg .. . .. .. . . . . .. ....... .... . .. ... . . . . . .. . . 
e/fm ..... . .. ... . .... . .. .... . ......... . . . . 

1. Hybrid. Anal. Eisa Stählbcrg 
2. » )} » » 

3. Aplitie dyke. Anal. H. B. Wiik 
7 869 2/50 

13.32 
3.00 
8.35 
0.15 
2.17 
5.00 
2.82 
3.75 
0.04 
1. 46 
0.46 

100.33 

185.6 
5.8 

25.1 
40.8 
17.3 
16.5 
19.6 

0.17 
0.26 
0.12 

13.11 12.90 
1.H 2.80 
3.02 1.69 
0.06 0.04 
0.79 0.69 
1.60 0.69 
2.34 2.33 
6.6-l 6. 12 

tr. 
1.1 2 1. 25 
0.22 0.53 

99.99 99.72 

331.1 365.6 
2.3 1.6 

37. 2 39.7 
23.3 24.1 
8.4 3.7 

31.1 32.2 
106.7 136.8 

0.65 0.63 
0.25 0.22 
0.36 0.15 
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MINERAL COMPOSITION, TEXTURE AND STRUCTURE OF THE HYBRIDS 

DIABASE HYBRIDS 

On the basis of arguments to be presented later (pp. 72-86), the 
hybrid rocks of the drill hole (No. 1 in Fig. 8) in the Suontaka area are 
divided into two groups, viz., the diabase and the rapakivi hybrids. 
Among rapakivi hybrids are included the rocks occurring in the drill 
hole at the depth interval-Z = 3.1-10.4 m. and among diabase hybrids 
the rocks extending on either side of the foregoing limit es to the normal 
olivine diabase. 

If the specimens of hybrid rock from the interval - Z = 0- 1 m. 
are examined megascopically, no differences can be detected between 
them and the normal olivine diabase. Even the densities and the chemical 
compositions are similar. Microscopically, however, in addition to the 
main minerals of the olivine diabase (plagioclase, augite, olivine and 
iron ore) also quartz and alkali feldspar can be detected. The large plagio
clase laths, together with the gray-violet augite, form a similar ophitic 
texture as in the normal olivine diabase (Fig. 11 Pi. III). The olivine 
occurs as idiomorphic grains, with green serpentine as an alteration 
product on the margins and fissures. In many cases the olivine grains 
have been completely altered into serpentine 01' more rarely into reddish
brown iddingsite, and iron ore. 

There are micrographic intergrowths of quartz and alkali feldspar 
in the form of veinlets 01' aggregates between the aforementioned main 
minerals. Adjoining minerals have altered to a slight extent: grains of 
augite show rims of hornblende 01' even biotite; the plagioclase laths, 
usually fresh, contain epidote, whilst only the margins of olivine grains 
have altered to serpentine. 

The depth interval of - Z = 21-23.9 m. is more coarse-grained than 
the former (see Table V) but very similar in mineral and chemical composi
tion, the most important difference being the smalleI' amount of quartz 
and alkali feldspar not micrographically intergrown. The differences 
between this type of diabase hybrid and the normal olivine diabase are 
so small that it can be considered normal olivine diabase. The plagio
clase contains abundant alteration products in the vicinity of the alkali 
feldspar grains. Small apatite grains are fairly abundant throughout 
the rock as inclusions in the augite, plagioclaSe, and alkali feldspar grains. 

Figs. 13 band 15 c give a general idea of the minerals which occur 
in the depth interval of -Z = 0-1 m. and - Z = 21-23.9 m. They 
present the statistical refractive-index analyses (pp. 12-13) made of the 
sampie intervals of - Z = 0.00 - 0.0 8 m. and -Z = 23.00-23.0 8 m. 
These analyses has been made by Mr. O. WaIden. In the upper part of 
the figures are the curves k = k(n) , on the basis of which the columns 
below are .drawn. When the composition of certain minerals, like plagio-
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~~ ABBEVIATIONS a 
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F ig . 13. R esult s of the statistical r efractive index analyses of the olivine 
diabase (a), and diabase hy brids (b and c ) in drill hole No. 1. Suonta ka.
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ABBEVIATlONS a 
Alk. feldsp. A lkali feldspar 
Pg. Plagioclase 
Serp. Se'/"pentine 

Z--6.04 

B. BiotitR 

,70 

b 
z - -7.0" 

z - - (J.D'-

1\.11 

Fig. 14. R esults of the statistical r efractive index analyses of r ap a kivi 
h y brids in drill hole No. 1. Suontaka. 
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clase, varies considerably in a relatively short depth inter val it was 
necessary to use a very short sampie interval. It follows from this and 
the relatively coarse grain size of the sampies (see Table V) that the 
height of the columns represent only roughly the proportions of the differ
ent minerals. Owing to the method used, it is difficult to draw a sharp 
boundary between two minerals when the refractive indices overlap, 
as is very often the case of plagioclase and quartz. When identifying 
the different minerals fro:n the curve k = k(n), the microscopical observa
tions, made on the thin sections have, of course, been taken into con
sideration. 

The comparison of Figs. 13 band 15 c shows that the augites are 
almost the same in both sampies , but the refractive indices of the olivines 
deviate considerably. To confirm these facts, axial angle determinations 
have been made of the thin sections and, in addition, individual grains 
have been picked out of the slides or powder for refractive index deter
minations . The values presented in Table VIII have been collected from 
determinations made by Mrs. T. Mikkola, Mr. O. WaldEm and the writer. 
Figs. 13 band 15 c, and Table VIII show that , on the basis of refractive 
indices, the olivine in the depth interval of 0- 1 m. is richer in iron, con
taining (cf . the diagram by Bowen and Schairer, 1935) about 46 % faya
lite, whereas in the interval of 21 - 23.9 m. the olivine contains only 
about 27 % fayalite. In addition it is interesting to note that serpentine, 
the alteration product of olivine, seems to have higher refractive index 
in the sampie interval of 0 .00- 0.08 m. than in the interval of 23.00-
23 .08 m. This seems to show that the serpentine also in the former sampie 
is richer in iron (probably delessite) than in the latter sampie, where the 
serpentine is likely to be penninite. These facts are in agreement with 
the higher mg-value of analysis No. 10. in Table VI. A comparison of 
Figs. 13 band 15 c with Fig. 13 a, which is made of an almost pure olivine 
diabase sampie, situated about 50 m. from the drill hole (near point Vb 
in Fig. 8), reveals that the labradorite plagioclase begins in all these three 
cases at almost the same point, corresponding to the refractive index 
of 1.572- 1.575; but the amount of labradorite in the diabase hybrids 
is slightly less than in the olivine diabase. On the other hand, the diabase 
hybrids contain considerably more alkali feldspar than the olivine diabase. 

Megascopically most of the rocks which are situated in the depth 
intervals of -Z = 1.0- 3.1 m. and 21.0 - 10.4 m. and which change 
into the rocks described above without any sharp boundaries deviate 
considerably from the olivine diabase as weH as from the rapakivi granite. 
Also their densities and chemical composition differ noticeably from the 
ordinary rocks of the area. 

Regarding mineral composition, the depth intervals of - Z = 1. 0-

3.1 m. and 21.0 - 10.4 m . do not contain olivine, but especially near the 
boundaries with the previous intervals there are serpentine and iron 
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ore aggregates which are probably alteration products of former olivine 
grains. Instead of olivine, grey-violet poikilitic augite grains, typical 
of the normal olivine diabase, are seen near the olivine-bearing zone 
of the diabase hybrids. It is to be noted, however, that the borders of 
the augite grains have altered into hornblende and biotite. When ap
proaching the boundary of the ra pakivi hy brids the augite grains disa ppear 
and, instead, colorless or yellowish prisms of pyroxene occur, very often 
twinned on (100). Sometimes such pyroxene prisms have grown cross
wise but, on account of the alteration products, it is difficult to decide 
with certainty whether it is a twinning phenomenon or not. The deter
mination of the extinction angle (c 1\ y) on a prism, the section of which 
lies parallel to the plane (010) , gives the value 42°. Mter removing this 
prism from the thin section its refractive indices by the ordinary immersion 
method were found to be a' = 1.693, y' = 1.718, corresponding after 
Winchell (1933) to a pyroxene in the series diopside-hedenbergite, con
taining 37 % hedenbergite. Comparing it with the augite of the diabase 
hybrid in Table VIII, the refractive indices are found to be alm ost the 
same; but the extinction angle of the augite is considerably greater. 
Note, however, that the foregoing determinations have been made earlier 
from surface sampies situated near the drill hole, corresponding the dia
base hybrid met later in the drill hole. 

Figs. 13 c, 15 a and 15 b present the statistical refractive index ana
lyses of sampies from the depth intervals of - z = 3.00- 3.08 m., 12.00-
12.08 m. and 17.00- 17.0 8 m. the first two made by Mrs. T. Mikkola 
and the third by Mr. O. WaIden . Fig. 15 b shows that, together with 
the colorless pyroxene, the rock contains abundant hornblende (c /\ y = 
12°), which, according to its refractiye index, is rich in iron, while at 
depths of 3.00- 3.0 8 m. (Fig. 13 c), with practically no augite, the iron 
content of the hornblende seems to be less. When approaching the bound
aries of the rapakivi hybrids (Figs. 13 c and 15 a), the upper limit 
of the refractive index interval of the labradorite plagioclase decreases 
at the same time as the amount of alkali feldspar and quartz increases. 
In the thin section we can see that the alkali feldspars and quartz no 
longer occur as small aggregates or veinlets between the other minerals, 
but form wider, micrographically intergrown areas between the dark er 
minerals and the larger square plagioclase grains. 

RAPAKIVI HYBRIDS 

The rapakivi hybrids of the depth interval of 3.1-10.4 m. grade 
without sharp boundaries into the diabase hybrids. Fig. 14 shows the 
main minerals of the rapakivi hybrids and their proportions. The curves 
in Fig. 14 are based on the statistical refractive index analyses of the 
sampies of the depth intervals of -z = 6.00-6.08, 7.00-7.0 8 and 
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Table VIII . Optical determinations of the olivines and pyroxenes in the 
rocks of the Suontaka area. 

~1ineral 

I 
a' 

I 
y' 

I 
2V I C A Y i Type of rock anel lorality 

Olivine ..... 1.703 1.734 _ 74° Olivine diabase, near drill hole 
No. 1 

» ..... 1.723 1. 762 _ n °, (_ 78°)1) Diabase hybrid , - Z = 0.2-0.4, 

... ··1 
drill hole No. 1 

» 1.689 1. 722 Diabase hybrid , - Z = 23.0, drill 
hole No. 1 

Augite .. . . . 1 1.(;99 1.7 23 H O _ 47° 48° Hybrid 2), near drill hole No. 1 
Diopsidic (see p. 14) 
augite ..... 1.093 1.71~ 42° Hybrid, near drill hole 

1) The determilla tions of a' , y' and 2 '/ have not been made of the same grains. 
2) Correspollding to the diaba se hybrids in the drill hole. 

8.00-8.08 m. made by Mrs . T . Mikkola. As shown by Fig. 14 the 
rock in the depth inter val of 6-8 m. contains almost equal amounts 
of quartz , oligoclase, and potash feldspar (probably orthoclase). It is 
to be noted that no labradorite occurs. The refractive index intervals 
of the serpentine are in Fig. 14 a and b between 1,560 and 1,570, corre
sponding closely to the composition of antigorite, rich in magnesium 
Winchell (1933). The refractive index intervals of hornblende are also 
slightly less than t hat of hornblende in the diabase hybrids. This may 
depend upon their greater magnesium content . 

Characteristic of the rock in the depth interval of 4-8 111 . are the 
long hornblende ne edles (Fig. 12. PI. Irr) inside of which minute color
less cores, probably consisting of pyroxene, may be detected . When 
approaching the boundary of the diabase hybrids , the proportion of 
hornblende and pyroxene increases, while the rock gradually changes 
into a diabase hybrid. 

Of particular interest in the rapakivi hy brids are the quartz blebs 
(0.5-1 C111. in diameter) and the large orthoclase ovoids (3-5 cm. in 
diameter) , the latter being more abundant in the depth interval of - z = 
4.5-5.5 m. As seen in Fig. 14 PI. IV the potash feldspar ovoids in the 
hybrids greatly resemble those of the rapakivi granite (Figs. 15 and 
16 PI. IV) , in shape and size, even though some ovoids in the rapakivi 
hybrid seem to have been partly assimilated. Under the microscope 
it can also be seen that the potash feldspar ovoids of the hybrids contain 
a great amount of small quartz inclusions instead of the large quartz 
inclusions in the orthoclase ovoids of the normal rapakivi granite. 

The quartz blebs in the rapakivi hybrids also resemble to some extent 
the idiomorphic quartz grains of the normal rapakivi granite, but they 
are somewhat larger and more rounded than in the normal rapakivi 
granite and, in addition, they are often surrounded by a margin of horn
blende (Fig. 13 PI. IV) . The micrographic groundmass between the large 
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potash feldspar, quartz, and acicular amphibole grains mainly consists 
of quartz, oligoclase, potash felds par , and biotite. 

The transition of the red rapakivi hybrid into a dark diabase hybrid 
takes place gradually in the drill hole without any breccia formations. 
This is also partly shown by the upper part oft he density curve in Fig. 10. , 
which is based on the density determinations of a sampie interval 0. 5 m. 
in length. 

Also in the vicinity of the drill hole the transition of the rapakivi 
hybrid into the diabase hybrid 01' diabase takes place gradually. The 
only heterogeneties found are at a place about 8 m. SE of the drill hole 
where a rapakivi hybrid, rich in potash feldspar ovoids, is cut by an 
aplitic vein, 2- 3 cm. in thiclmess. About 6 m. W of the drill hole was 
found a similar vein in a loose block, probably formerly situated at the 
bottom of the weIl near the drill hole. 

The first mentioned vein contains quartz, pigmented potash feldspar , 
oligoclase (y' > Canada balsam > a'), pleochroic greenish brown biotite 
and yellow green mineral shreds which are probably serpentine. Quartz 
occurs as rounded inclusions in the potash feldspar , and it is also en
countered in the interstices of the other grains and in many places it 
forms micrographic intergrowths with the potash feldspar , as in the 
palingenic dykes and in the rapakivi hybrids. The chemical composition 
of the aplitic dyke is seen in Table VII. Comparison with Table VI shows 
that the dyke contains more Si0 2 than the rapakivi hybrids , but less 
Ti0 2 , FeO, MnO, MgO, and CaO differing from the palingenic dykes 
mostlyon account of its greater potash and smalleI' FeO, MgO and CaO 
content. 

THE PROBABLE COURSE OF THE HYBRIDIZATION PROCESS 

DISCUSSION OF THE GE NERAL OU TLINE 0 );' THE PRO CESS 

In examining the analyses of the hybrid rocks in Table VI 01' Fig . 12 
and only knowing that they are made of specimens from the same area, 
the idea is easily obtained that there is a group of rocks between gabbro 
and granite, belonging to the same rock series of magmatic differentia
tion by crystallization. For instance, that part of the section, corre
sponding to the depth interval - Z = 9- 23. 9 m . may give the impression 
that the differences in the composition of the rocks depend upon gravi
tative differentiation of the diabase; but quite the reverse sequence of 
the rocks in the upper part of the drill hole makes this impossible. More
over, it is very improbable that the hybrid formation could have been 
formed through hybridization between the dia basic magma and a granitic 
magma, intruded in connection with the dia basic intrusion, 01' through 
the hybridization of the solidified diabase sills and a granitic magma 
intruded later, for the following reasons. 

8 869 2{50 
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1. Excepting the small palingenic dykes and the dyke situated in 
the rapakivi hybrid (p. 57), no granitic intrusions are known in the Suon
taka area as being postdiabasic or contemporaneous with the diabasic 
intrusion. 

2. It is difficult to understand why the contemporaneous diabasic 
and granitic magmas have not been able to mix earlier and how the 
mixing of a diabasic and granitic magma could give rise to a rock which, 
together with the characteristic minerals of the olivine diabase, contains 
at the same time a great amount of quartz and alkali feldspars. 

3. FinaIly, if we assume that the hybrids have been formed through 
the assimilation of the cold olivine diabase by the granitic magma, it is 
difficult to understand how a granitic magma containing large ortho
clase and quartz phenocrysts can assimilate diabase to such an extent, 
and moreover why the partially assimilated orthoclase phenocrysts, 
as weIl as the quartz blebs, are situated in a fairly limited zone, correspond
ing to the depth interval of - Z = 4-6.5 m. in the drill hole. 

On the basis of the foregoing discussion, and taking into consideration 
the fact that the diabase sills have been able, even under normal contact 
conditions, to melt the country rocks, as shown by the numerous palin
genic dykes in the Suontaka area, the writer regards it as very probable 
that the hybrid formation is a result of hybridization between the rapa
kivi granite lens and the two olivine diabase sills which have intruded 
contemporaneously, or nearly so, on both sides of the granite lens. 

Let us consider the last point of this hypothesis that both diabase 
sills have intruded contemporaneously - - or nearly so. If this were 
not so, we should have no reason to assume more intense influences at 
the contacts than those encountered in other parts ofthe area (pp. 27-30). 
If, on the other hand, the diabasic intrusions have been contemporaneous, 
01' have followed closely upon one another, the heat influences will have 
reinforced each other, and it is easy to understand the intense hybridi
zation at the upper as wen as the lower contacts of the granite lens. 

DETERMINATION OF THE ORIGINAL CONTAOT SURFAOES 

THEORETICAL CONSlDERATlONS 

In order to understand the hybridization process it is very important 
to know the original position of the contacts between the diabase sills 
and the rapakivi lens when the diabase-intrusion took place. On the 
basis of the hypothesis presented in the foregoing chapter, and the den
sity and concentration curves in Figs. 10 and 11 we shan try to locate 
the original contacts in the following way. 

Let us first examine a theoretical case, Fig. 16, where the plane BB' 
(perpendicular to the z-axis and the plane of the figure) divides two 
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Fig, 16. Curve C(z) shows the dist· 
ribution of concentration in the vi· 
cini t.y of the boundary plane BB' 

at moment t. 

substances I and II (e. g. diabase and 
granite) from each other. The concen
trations of an oxide in the substances 
I and II are Cl and C2 respectively. 
In addition, let us assume that from 
the moment t = 0 the concentration of 
this oxide has had opportunityto equal
ize through migration either in the 
liquid 01' solid state, and the curve C(z) 
represents the distribution of concen
tration along the direction of the z-axis 
at the moment t. Provided that the 

total amount of the oxide in question remains constant, and provided, 
moreover, that after the migration there ex ist no differences in con
centration in the planes parallel with BB', we get the equation 

ZB + 00 

(1 ) S q [ I C (z) -C2 1] dz = S q [,I C (z) -Cl I ] dz, 
- 00 ZB 

where q dz is the volume element, which has the cross-section q and the 
concentration C(z), and where zB is the point of intersection of the 
plane BB' with the z-axis. On the other hand, if, in the aforementioned 
system the original concentrations Cl and C2 and the curve C(z) are 
known, the position of the original boundary plane ZB can be estimated 
from equation (1). Even in case one lmows the concentration curve C(z ' ) 
along the z'-axes, which forms an angle rp with the normal of the contact 
plane, the value of ZB can be computed by subtituting C(z') for C(z) in 
equation (1). If desired, the curve C(z') can be transformed into C(z) , 
using z = z' cos rp. When angle rp is relatively small e. g. smaller than 
10° t.he yalues of z and z' deviate 1. 5 % at the most. 
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Fig. 17. Curyes C(z) and CT (z) show the distribution of concentration in 
thc "icinity of the boundary planes UU' and LL' at moment t = tE and 

t = tT respectively. 
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Let us now examine a system, Fig. 17, where the two boundary 
planes UU' and LL' , perpendicular to the z-axis and the plane of the 
figure, divide the concentration field at the moment t = 0 so that 

0 = ° 1 ° = O2 

0 = 0;; 

when z > Zu 
» Zls; zs;zu 
» Z < Zl ' 

where Zu and Zl are the points of intersection of the plane UU' and LL' 
with the z-axis. Let us aSSUllle again that from the moment t = 0 the 
concentration differences have had opportunity to equalize. Let the 
broken curve OT(Z) in Fig. 17 represent the concentration in the direction 
of the z-axis at the moment t = t T, when the straight line ° = O2 can 
be taken as tangential to the concentration curve at the point of its 
extreme value 0T' or, in other words, the difference 10 2-0'1'1< c, where c 
is a small number (e. g. 1 % from 10 2-0 1 1 or 102-0al). Let the curve 
O(z) represent the final concentration distribution after the time t = t E. 
Providing the concentration is equal in the planes parallel with the 
boundary planes UU' and LL', we get 

Zl +00 Zu 

(2) I q [ [ ° (Z) --:-0a[ ] dz + I q [I ° (z) -01 I] dz = I q [I ° (z) -02 [] dz 
-00 Zu Zl 

If I 0T-OE I .is small compared with 102-0al and 10 2-01 1 (OE is the 
extreme value in curve O(z)) , and, in addition, the straight li ne z = zE di 
vides curve O(z) into two almost symmetrical parts i . e. ZE:::::ZT (see Fig. 
17), we can write thus 

(3 a) 

7 ZR I q [ I ° (z) -Oa l ] dz::::: I q [ I ° (z) -02 [] dz and 
-00 Zl 

Zu + 00 

(3 b) I q [ I ° (z) - ° 2[] dz ::::: I q [ [ ° (z) - ° 1 I ] dz 
ZR Zu 

If, on the other hand, curve O(z), and the original concentrations Cl> O2 
and Oa are known , the original contact planes Zu and Zl can be calculated 
using equations (3 a) and (3 b) , provided the foregoing conditions are 
satisfied. 

POSJTION OF THE CON'l'ACT~ I~ THE ID EAL CAHE AND THE EXt\MINATION OF ERROR::i 

Examining again the map in Fig. 8., the profiles in Fig. 9. and the 
concentration curves in Figs . 10 and 11 , it can be seen that the southern 
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contact of the Suontaka area considera bly resembles the theoretical 
case, presented on p. 60 and in Fig. 17. How far the positions of the 
calculated contacts (according to equations 3 a and 3 b on p. 60) corre
spond to the real conditions depends mostlyon the extent to which the 
following conditions are satisfied. 

l. The migration of the constituents after hybridization has not 
been great enough to cause essential changes in the concentration curves. 

2. The upper and lower diabase sills, as well as the granite lens be
tween them, must have had a sufficiently constant composition, at least 
with respect to some oxides (or density), to allow a relatively reliable 
estimate of Cl ' C2 and C3 · 

3. The error caused by the deviation between the ZT- and ZE- values 
must be small. 

4. The original contact surfaces between the diabase sills and the 
rapakivi lens must be parallel planes, or the deviations such that the 
errors caused can be taken into consideration. 

5. Not much migration could have taken place in the direction of 
the contact planes - - or only in such a way as to cause no differences 
in concentration in the direction of the contact ' planes. . . 

Regarding point 1, the olivine diabase is the youngest rock of 
the Jotnian formation , and so has not been involved in any orogenic 
cycles, where the diabase and the rapakivi granite might have exchanged 
material. Also , except for insignificant surface weathering, there is no 
known instance of water solutions having caused alterations in the com
position of the diabase and granite. H ence it is very probable that the 
concentration values , in Table VI, present a sufficiently accurate con
centration distribution of the hybrid formation after the hybridization 
process . 

Table VI shows that the cOlnposition of the olivine diabase varies 
considerably, especially with respect to the values of Ti0 2, FeO, MnO, 
MgO and CaO. Indeed it is not easy to decide whether the variation 
of these oxides in the depth interval of - Z = 12.0-23.9 m. depends 
upon the hybridization process or upon the original variation in the 
composition of the olivine diabase. On the other hand the values of Cl 
and C3 with respect to the K 20 , Si0 2, FeO, and the density can be 
relatively accurately estimated. Also the determination of Cl in the 
upper system with respect to the values of MgO, Ti0 2 and MnO seems 
reliable. It is to be noted also that , according to the density determina
tions by Mrs. T. Mikkola, the density (3.05) of the aphanitic diabase 
from the contact proper (No. 2 in Fig. 8). is within the limits of error 
equal to the fine- or medium-grained diabases 0.5 m. (corresponding to 
anal. No 3 in Table II) and farther from the contact. It is regrettable 
that no other direct information is available concerning the composition 
ofthe original rapakivi lens than analyses Nos. 5 and 6 in Table VI corre-
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sponding to the depth interval of 6- 8 m. in the dTill hole, and the analy:;es 
Nos. 11 and 12, which have been made of the sampies on the slope. Analy
sis No. 13 of the normal rapakivi granite (near point Ib in Fig. 8 on p. 41) 
is very similar to the rapakivi hybrid analyses Nos. 11 and 12, so analysis 
No. 13 can be considered to represent the values of C2 sufficiently accu
rately. The contacts can also be estimated using the values of C2, from 
analysis No. 12 instead of No. 13. On p. 63 we can see that the results 
of the calculations with respect to CK20 (Z) and Cs(Z) deviate only a 
little from each other. 

In Figs. 10 and 11, condition 3 is satisfied at least with respect to the 
Si0 2 and CaO. As to the other oxides and the density, it may be seen 
on p. 63 that the corrections in the positions of the contacts, resulting 
from the deviations in the ZE- and ZT- values, are relatively small. 

Whether 01' not conditions 4 and 5 are satisfied will be examined 
on pp. 63-67 after Table IX which presents the calculated positions 
of the contacts on the basis of the concentration curves and the equations 
(3 a) and (3 b) on p. 60. The column Zu in Table IX presents the calculated 
contact positions in the upper concentration system (Z > ZE) ' where 
the integration is perforrned from ZE to Zu and frorn Zu to ZCl ' where 
ZCl is the Z-value for C = Cl' Correspondingly, in column ZI are presented 
the contact positions in the lower concentration system (Z <::: ZE) ' when 
the integration is performed from ZC3 to ZI and from Zl to ZE' 

Table IX. Calculated positions of the contacts in the drill hole. 

Group 

I I 
Zu 

I 
Zl I Zc, I Zr, I ZE 

Si0 2 . . . ... . ............ - 2.2 - 11.2 9.5 - 23.0 --G.5 
I 1(2° .. . .... . . .... . .... . - 3.3 - 10.0 0.5 - 17.0 • 

S ....... . . .. . .. . .... . .. - 3.4 - 10.8 1.0 - 22.0 " Mean ... . . ... . ... . ... . .. - 3.0 - 10.7 * 
FeO . . ............ . ..... - 3.7 - 9.7 - 0.5 - 14.0 " FeOt .. . ......... . . ... . . - 3.-l - 9.0 » - 12.5 " II Ti0 2 ..... .. .. . ...... . .. - 3.5 - 10.3 » » " MnO •• • • •••• 0 • • •••••• • - 2.6 - 11.0 » - 17.0 " MgO •• , • • 0 •• •• •• • •• •• •• - 2.9 » .. 
Mean . .................. - 3. 2 - 10.2 

III 
I 

MgO . . ... . ... . ... .. . . . . 
I I 

- 10.3 
I I 

- 1±.0 I • 

-I 

CaO ........ . ... . ....... - 3.1 - 10.4 - 0.9 - 13.5 ~ 

\ Mean land 11 ..... . ... . \ - 3.13 I - 10.41 I I \ 

Table IX is divided into three groups viz., I, II and III depending 
upon the reliability of the calculations. In the group I are those oxides 
(and the density), in which the C1 - and C3- values are relatively 
reliable, owing to the regular shape of the C(Z) curves. The determi
nation ofC 1 and C3 of the oxides belonging to group II is slightly less accu-
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rate, but it is to be noted, however, that the results obtained, and espe
cially the means of the two first groups, do not deviate much from each 
other. In group III are CaÜ and Mgü (of the lower system), with respect 
to which the determination of Cl and C3 is rather questionable. Finally, 
A1 2ü 3, Fe2ü 3, Na 2ü, P2Ü5 and H 2ü form their own group which has 
not been presented in Figs. 10 and 11 or in Table IX. Taking into con
sideration the accuracy of the chemical analysis, the differences in these 
oxides between the diabase and rapakivi hybrids are so small that calcula
tions serve no purpose. 

Let us then consider the basis for the assumption ZE = - 6. 5, and funher 
what differ ences a variation in the ZE-value will cause in the values of Zu and 
Z l' In T a ble VI, the concentrations of analyses Nos. 5 and 6 d evia t e only a little 
from each other. On the basis of Figs. 10 a nd 11 ZE:::::: -7. 0 should b e taken as 
the mean value. According to the d ensity curve (Fig. 10), which has b een made 
from sampIe intervals of 0. 6 m., however, the value ZE - 6.0 is obtained. As the 
density depends to some extent on the proportions of the lighter and h eavi er oxides 
in the rock, the m ean value ZE = -6. 5 has been chosen. 

Fig. 10 shows that the value of CE in curve CSiO,(Z) is approximately the same 
as C 2• So , if Zu and Z 1 are calculated on the basis of the curve CSiO.(Z), u sing 
ZE = -6.0 01' ZE = - 7. 6 instead of ZE = -6.5, no changes in the va lues in 
Table IX are obtained. If, on the other hand , curve CK,o(Z) instead of CSiO,(Z) 
is used, the Zu - and Zl- values, thus obtained, will d eviate only 0.1 m. from those 
in Table IX. Thus d eviations of O. 5-0. 1 m. in the values of ZE cause on1y re1a
tive1y small changes in the calcu1ated positions of the contact plane. 

How much the va lues of Zu and Z 1 would change , if C 2 is taken from analysis 
No. ]2 instead of No. 13 in Table VI (01' the d ensity s = 2. 59 instead of 2.61). 
If C2K20 is increased by 0.0 3, it causes a change of 0.1 m. in the va1ues of Zu and 

Z 1> and an alteration from 2.61 to 2.59 in C2s causes a d eviation of 0.2 m. Taking 

into consideration the accuracy of the va1ues of C .. C 2 and C 3 it can b e considered 
probable that the deviations in the va1ues of Zu and Z 1 in Table IX d ep end for 
the most part upon the errors in C l' C 2 and C 3' provided that conditions 4 and 5 
are satisfied. On the other hand, the m eans of the differ ent calcu1ations proba b1y cor
respond to a greater accuracy, than is to b e expected solelyon the basis of Table IX. 
as the d eviations most probably compensate each other, b ecause the sums of the 
oxides, from which the calculations are made, are n early equal. For example the 
sums of the concentrations (presented in Table IX) of analyses Nos . 12 and 13 
deviate only 0.01 from each other. 

Let u s now consider the errors in the position of the contact when condition 
4 on p. 61 is not satisfied. As the contacts b etween the diabase and rapakivi granite 
are transitional, it is not possible to d et ermine their direction in the usual way , 
but we have again to u se the density estimations and ch emical analyses, made 
from the drill core 01' from the sampIes in its surroundings. 

The d ensity curves in Figs . 10 and 18 a 2 show that the density has its minimum 
in the drill hole at about Z = -6.0, while on the traverse II b-II c the minimum is 
reached at point E 2 in Fig. 18 a 2 , wher e Z = -2.14. The straight line E 1E2' drawn 
through these points in Fig. 18 a1' forms a n angle of rp1 = 6.2° with the horizontal. 
It is, however, probable that the actual minimum d ensity on traverse II b-II c is 
1'eached n ear point E' 2' which would divide the d ensity curve more symmetrically. 
This point is reasona ble b ecause the e1'ror in the d ensity calculations on this traverse 
may be O. 02 g(cm3, and when the d ensity curve in Fig. 10 is fairly symm etrical with 
respect to the straight line Z = -6. o. Thus the line E 2'E1' connecting the minimum 
values, should m a ke an angle rp' 1 = 2. 5° with the horizontal. 
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Point Gin Fig. 18 a on traverse II b - II c has the same d ensity (s = 2.72 g /cm 3 ) 

as point D in the drill hole, corresponding to a d epth Z = - 8. 6 m. On the other 
hand, analysis No. 11 in Table VI, made of the sampIe at point G, corresponds 
on the average (according to the calculation of all the components in Table IX) 
to a depth of z = - 8.5 m. If line GD is assumed to b c parallel to the lower contact 
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and to form a n angle of 'P2 with the horizonta l, then 'Pa = 'P ,- 'P2 would represent 
the angle betweon the ]owor contaot and the line conneoting the minimum va lues. 
D ep ending upon what value of 'P, is used (6.2° 01' 2. 5°) 'P 3 varies 4. 5°- 0. 8°. This 
would m ea n that the distance b etween the contaot s urfaoes is gr eat er on the lowel" 
s lope than in the drill h ole. This is supported b y analysis No. 12 , whioh li es b etween 
ana lyses Nos. 5 amI 13, and the fact tha t the d ensity (s = 2.67 g/om 3 ) fit a depth 
of Z = - 6. 0 in the drill hole is distinctly greater thfln fit point E 2 (s = 2. 59 g/om3 ) 

where the density is equal. within the limit of <'fror, to tha t of the normal rapflkivi 
g ra nit C' (s = 2.61 g/cm 3 ). 

L 

------A-::--::::-----l C.:J 

B 

~ZOZO' 

B 
Ctr-r---~~~-----------

L' u~ u/ 
Fig . 19. Ourves 0, (z) and O2 (z) show the concentration distribution at 
moment t in syst ems I and II, whioh have the boundary planes U, U ,', LL' and 

U 2U 2" LL' r esp ectively. 

It has b een stated that 'P, is probably too gr C'a t. It will b e made c lear b elow 
that thC' angle 'P2 used above is probably t oo F; maU a mi thus 'P3 = 4. 5° too gr eat. 
ß y analogy with Fig. 17 the curve 0t(z) in Fig . 19 prosents at the moment t the 
con.c entration (or d ensity ) cur"e in a system I, where the contact planes a re U,U', 
ami LL' . In addition . let llS assume tha t ('J, - 02 1 is sm all comparecl with (' ,- 0 21. 
If tht" ot l1C'r contact is moved to the position U 2U 2', the cur"e 02(Z) (broken 
line) and th C' ori ginal cun"e O,(z) in the inten·al of AB presents the di stribution 
of the concentration a t moment t in this n ew system 11. D ep ending upon the 
differences b etween the t\\"o c uryes. the concentrati on Cn in syst<'m I will be rC'ached 
at point Z = Zn ' in system 11. V'.' h en Zn '- Z, 2 Zn - Z,. angle 'P 2 in Fig . 18a, 
is either equal or greater than the anglp betwepll the 10wer con tact and tlw hori
zontal. Thus thc an gle b etween thc strflight linp B 2E, a nd the lower eontaet ('P3) 
probably would b e 4. 5° at the most. 

In T able VI and Figs. 10 and 11 we ea n see th a t 1 0E - 02 I is relatiyC'ly small 
compared with 10 2- 0, 1 and 10 2- 0 3 1. a nd with resp eet to Si0 2 the yalue of 
CE :::::: 02· Thus it is to b e expected that direc tion E ,E 2• connecting the extrpme 
yalues. will n ot h a \"e ch a n gecl much at thp end of t h e hybriclization process. W e ean 
t hen approximately estimate that angle 'P4 in. Fig . 188, b etween the upper and 
lower contact is about 7°, and a line p ara llel t o the direction of the uppcr C" ontart 
through point L in Fig. 18 a , cuts the drill hole extension at point L '. with Z = 9. 5. 

That 'P4 is probably too great rather than too small is shown by the d ensity 
C UlT C in Fig. 18 a 2, wherc the d ensity (s = 2.95 g/cm S ) at point J in Fig. 18 a,. 
indica t es a smaller clistance from the uppcr contaet surfac e than inclicat ed by 

9 8692/50 
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Fil-(. 18 a L' This i" a l~o pron'd by tlw fact that ang le 'P2 - Cf . :--- 9". b <,t w('e lt tlH' 
uppe!' contact ami tlw ho ri zontal. S<,('ITIS to bC' t oo g re>\t Oll t!w basis of tlw (\ C'ta iiC'd 
mHp anel profiles from thc t1L'C'a (Figs. 8 aJl(1 9). AR mC'ntionecl on p. 59, this a n g l(· 
widens th C' c urve C(Z) in th C' yieinity of the uppe l' contact by an amount of cos 7 
01' about 1 % wid er than in the dirC'ct ion 01' th e normal o f tlw uppC' l' contac t plfl lH' . 
buL this ha s no dfC'et on t lw position of tlw eontact. .Ln tlw vicinity of th(' C'x trenw 
\'>1lu ps of the cone (,lltl",ti on c urve . on tlw othC'r hund. where the tlwor etica l cu rn-'s 
of th e Uppl'l' ami 10\\,('1' eO llcC'ntrat ion s.,·stem:-; O\'Pl' IHp . flS Fi g. 11 sho \\'s . d l'yiat ion 
from the p aJ'a ll e l pontHct s~' ste111 ca ,, ~es 1'1'l'01'8 in the contaet p ositions eu le ul ated 
on the b as is of tlw id(' a l easp. But when I C J.; - C 2 1 is sma ll comparpd \\' ith ('2- (':J 

and ('2- C L • and \\,hpl1. moreoyel'. tlw n1ltH' s of tlw int pgra ls 

z,,; Zu 

,I' q [ [ (' (z) - ('2 ] dz anel 

ZI 

J q [ (' (z) - C2 [ ] d z 

z" 
and thu~ a l:-;o Zu ' aIHI Z I' c hange \,pr.,' s lowly with the sma ll a lt eration of ZE as h its 
bp('n ShO \\'1l o n p , 63. tlwl'e is r C'flson to bpli(',' (' that the P1'1'or s . d ('pending "pOil 
tll(' a ng le er . bt't'\'t'('1l thp contac l pl anes. arl' insigllifieant with r pspC'C't to th p ot lH'r 
e1'ro rs. E" (,1l if er. \\,('rl' as g T' pat as l5- 30° thC' la:-;t l1H'ntionl'd eITOI' would b(' r('I .. · 
tiyply s111al l. pro"i(kd that tlw fon'going C'ollditi on is sat i"fi"d , 

It has b"en slüled in the foregoing that tlw !!PllPnll coursp of tlw UPP('1' <lnd 
lowl' l' con taet surfac('f; in thC' clirl'et ion of n b - U c dp"ü1t(, fro111 thp id ea l course 
only ;;0 s li ght l.,· as to b" lH'g li giblp. On the basis of t lH' d('taikd geologieu l map 
(Fig. 8) and thC' cun'es in l' ig. 18 it ean bC' ascertain('(! that. whik the tlppN eOl1tt1('t 
" lop C's gent I,\' (3- 5 ) in thp N \\' dirpetion. tlw gen " ral shap(' of tlw upper a nd 10 \\'('1' 
eontaets pI·obab l.,· do('s not dpYiute 1110re 1'rom tlw idpal easC' than that in tl)(' dirpe· 
tion 1I b- ll e. 

As to thp de,'iation of th c contacts hom tlwiLl eü l ('asp") in tlwimmediatp vie init.,· 
of tl1P drill hole. it CHn not be d pü'rminC'd Hcc ura(C'l,v at kast with resppl't to tll(' 
lo\\'('l' contaet owing to lac k of mor<:, drill ho lC's . .Ln any ease . on t hp basis 01' tlw 
(' un'l's in Fig. 18 it is ob" io us that tlw UppC'l' eontact cun'es up\\'arcls into tlw 
dirC'et ion S \'\' and H I ~ . t l1E' radius of the CLll'\'ature being o f an onler of 10 ami 40 m. 

rpsppcti\'l'ly. The lattl'r yallle is obtaincd horn tlw CUl'\'e Zu (X ) (Fig, 18 C'3)' Thi" 
eu )'\,e. which charactNizps to S0111C cxtent thl' cour,:;p of tl)(' uppel' contnet KHrfHC(' 
in the dirC'ction of l1Ib- Ine!) . is obtainl'd hy ml'ons of t 11(' pquati oll ZUx Zu 
(Zx - Zsx) ",here ZUx amI Zx clpnotp thC' z-co·ordinut('s 01' thp cH lculated contact 
an<! the erosion su rfacp ]'C'spC'ctiyely at point x. ZSx rC'prC'sC'nting tlw Z·co·ord in!1tC' 
in tho drill h olC' wh ich cOl'resp ond s to the d pnsity Sx in tlw upppr conc('ntra ti on 
system . anel Zu = 3.1 is t h C' Z·co·ord inatC' of tlH' ea lcu lated contact in the drill hol". 
D (' IX'nding thC' contuct s urface c llr\'atures. CL (sPI' p. 88) is not conf;tant but q(Z). 
wh ic h causes c[{'viatiolls in t h o Zu-va hl es in T ab lC' IX. aB cH lc \llat ed on thp aSStlmp· 
ti OIl that g iF; con ilta nt. lf the radius of tl1(' c urn lt urp is 5. 10 ami 40 111. tltl' eI ('\· i· 
ntions (clowllwanb) \\'ould be 0.8.0.4 amI O.l m. respC'cti\'P]Y. prO\'idpd the concpntra 
tion field iF splwri ca lly symmetri c. No,," s incC' ana l,"s is No , I in Table \'1 probahl.,· 
does not p,'rfectly c01T('spond to tlw compoF;ition of t 11<' upp(')' dia bas(' s ill amI sinc(' 
thp e1'ror8 causet! t lwI'eby tC'nd to 111o"e the "a lul' of Zu upwardF;. both thl' forpgoing 
pffeets will compt'w:;ate pac h othe l' and can thus 1)(' omittpd. 

As to the low('r eontact. it can b e state" that s ho uld the d etai lcd cours" in tll(' 
yirinit)' of t lw drill hole d t'\'iat(' from thC' idea l ca;.;c mor(' than tlw uppel' C'Olltar!. 
a con siderab le diffprl'nce in tlw ca lcu lated cOlltact positiolls of tlw differpnt compo· 

I) Thr traverse nIl, - lII" forms an anxle o[ a')out 3° \\' ith the X-axis. 
2) See Fig. 17. 
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nents would r esult, b ecause the concentration curves d eviate to so m e extent from 
pach other in shape. As the d eviations in the calculated contact positions uf the 
lower concentration system in Table IX are not greater than those in the upper, 
wo have r eason to b elieve that the errors resulting from the irregular shape of the 
lower contact surface do not appreciably exceed those in the upper system. 

Finally, r egarding condition 5 (p. 61) , it can be ascertained that the migration 
of som e components in the direction of the contact plane will give rise to values 
of Zu and Z 1 that greatly deviate from each other. This is in conflict with the values 
in Table IX. 

On the basis of the foregoing exa mination of errors the author is of the opinion 
t h at the true contact positions in the drill hole probably do not d cviate from the 
values of Zu = - 3.1 and Z 1 = - 10.4 more than 0 .5- 1. 0 m. 

CHARACTER OF THE MIGRATION AND MIGRATION ABILITIES 

In the previous chapter an attempt was made to determine the posi
tions of the original contacts. Let us then examine the concentration 
distribution , assuming that hybridization between diabase and granite 
has taken place by material diffusion either in the liquid 01' solid state. 
Further let us examine how the concentration cun-es thus 0 btained 
cl eyiate from the curves in Figs. 10 and 11. 

Diffusion follows Fick's second law: 
o e ( 0

2 e 0
2 e 02 e ) 

(1 a) 8t = D LI c = D 0 x2- + -0 y2- + 0 Z2 ; 

where ~ ~ is the differential of the concentration with respect to the time 
and D the constant of the diffusion which has been assumed to be inde
pendent of the concentration. For an infinite system in the direction of 
t,he z-axis we get: 

(1 b) oe &2 c 
K= D o Z2 

If: 
c=C when z<O and t = 0 
and 
c = 0 » z>O » t = 0 , 

the partial integral of equation (1 b) is after Jost (1937, pp. 14-15) 

(4) 
where ~ = ~-:=z=::;-

2 y DT 
and '1p(~) = 

The values of the latter function can be obtained e. g. from the append
ed table by Jost (op. eit). 
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The total amount of material that has flowed during the time from 
o to T through the cross-section q at point z = ° is: 

T 

(5) S = J Sz dt , 
o 

where according to Fick's first law: 

(6) 
oe 

Sz = - az q D 

Equation (5) together with eq. (4) gives (Jost op. eil. , p. 16): 

(7 a) S = qO t1 D
n
T 

, and 

(7 b) 
. /- S 
vDT = Oq v'n 

If S be considered as the amount of material flowing through the unit 
cross-section on the contact plane, and in addition 0 as 102--01 1 or 

102--03 1 in the curves O(Z) in Figs. 10 and 11 the values of v'DT can be 
calculated by the aid of equation (7 b). Substituting the \'alues of v'DT 
and 0, thus obtained, in equation (4) and in addition considering that 
z = Z-Zu and z = Z- Z1 (see p. 60), we get for K 20 and Si02 the dotted 
curves in Figs. 10 and 11 , which foHow the original curves fairly weH. This 
seems to show that migration in the hybridization has taken place, at 
least with respect to the components, K 20 and Si0 2, in a way which 
approximately foHows Fick's second law. 

In Fig. 10 curve OSIO.(Z) and the theoretical curves overlap in the 
vicinity of ZE' Fig. 11 shows, on the other hand, that the intersection 
of the theoretical curves is approximately above the maximum values 
(Z = -6.5) of the curve OK.O(Z), If the upper and lower system 
had the same values of DT · at the beginning of the hybridization 
process, the two concentration curves would »meet» approximately in 
the middle of the upper and lower contact viz., at point ZT = -6.75, 
which deviate only 0.25 m. from the average ZE -value (p. 63) and thus 
the errors, caused by the deviation in the value of ZT and ZE' are 
so smaH that it is not necessary to take these into consideration when 
calculating the position of the original contacts as weH their directions. 

What conclusions, then, can be drawn concerning the constant of 
diffusion on both sides of the contact and the relative diffusion constants 
ofthe different oxides on the basis of the curves in Figs. 10 and In Ex
amination of the theoretical curves which have been calculated on the 
basis that DT is constant on both sides of the contact, shows that the 
inflexion points are situated on the contact line, and the curves are sym
metrical with respect to these points. On the other hand, the inflexion 
point in Fig. 20 has moved considerably towards the upper side and the 
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eUl've is not symmetrie""l with res
peet to the inflexion point; this 
figure represents the experimental 
eoneentration eurve in the liquid 
plagioelase-diopside system after 
Bowen (1921 , p. 303), the diffusion 
eonstant on the lower (diopside) 
side of the eontaet being ab out 
three times that on the upper side. 
When looking at eurves in Figs. 
10 and 11, we find that the mean 
values of the eontaets Zu = - 3.1 
and Zl = -10.4 are situated, with
in their limits of error (pro ba bly 
less than 0.5- 1.0 m), so near 
the inflexion points of the eurves 
that the diffusion eonstant on both 
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Fig. 20. Concentration curve in the 
system liquid plagioclase-diopside after 

Bowen (1921). 

sides of the hybrid eontaets ean be regarded as almost equal, provided 
that the time of diffusion (T) i the same. 

Let us now examine the relative diffusion eonstant of the different 
oxides. Although a glanee at the eurves in Figs. 10 and 11 is enough to 
show that there are no great differenees in the migration ability of the
different oxides, a more aeeurate eomparison is not possible at once, 
owing to the considerable deviation in the values of Cl> C 2 and C3 of the 
different oxides. When now the experimental and theoretical concentra
tion curves correspond so closely, as Figs_ 10 and 11 show, it is possible 
to obtain some measure of the migration abilities by calculating the 
values of DT for such theoretieal curves, in which the values of Sand C 
(p _ 68) are equal to the values of 

+00 zl 

S = J q [ 1 C(Z) - C3 I ] dZ 01' S = J q [ I C(Z) - Cl 1 ] dZ 
-00 Zu 

and C = 1 02- C1 1 01' 1 °2-03 1, obtained from the experimental cur 
ves C(Z) in Figs. 10 and 11. As q can be regarded as equal for all oxides, 
we get, according to equation (7b): 

(8) D T (8 CO)2 
Do To = 80 C . 

If we assume the different oxides to have the same migration time (T), 
the values of DTJD oT 0 would represent the relative diffusion constants_ 
However, it is possible that some oxides may be able to migrate at lower 
temperatures than others, and so the times of migration cannot be regarded 
as equal. Thus the author will use the term »migration ability» (DT) 
(instead of diffusion constant) to inelude as factors both the diffusion 
eonstant as weH as time. 
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Table X. Calculated migration abilities of some of the components at 
the southern hybrid contact in the Suontaka area. 

I I I Su I SI I 
DT/D.T. ----0,- 0, C,--{;, 

moles/rn' moles/rn' Upper 
I 

Lower 
I Mean system system 

K 20 I 1.43 1.60 1 1.19.103 1.50.103 1.00 I 1.00 1.00 .. . ....... 
Si02 .........• , 5.85 6.<1,6 4.09 3.5 0.68 0.35 0.52 
MgO .......... 2. 83 2.94 2.41 2.5! 1.04 (0.85) 0.95 
FeO .. ___ ..... 4.36 4.69 3.61 4.05 0.99 (0.80) 0.90 I FeOt ...... - . -- 4.75 5.46 3 .55 3.83 0.80 0.56 0.68 
Ti0 2 • ..•...... 0.672 1.082 0.533 0.674 0.90 0.44 0.67 

I MnO . - ...... . - 0.060 0.071 0.0311 0.0612 0.39 0.85 0.62 I 

Table X presents the relative migration abilities of Si0 2, MgO, FeO, 
FeOt , Ti0 2 and MnO compared with K 20. We see first that the migra
tion abilities are of the same order varying from 0.35 to 1.04. Although 
the values of DT/DoTo in the upper and lower system deviate to some 
extent, the fact that for example the migration ability of K 20 in the 
upper and lower system is considerably greater than that of Si0 2 seems 
to be real and not fortuitous. For the same reasons, the migration ability 
of MgO seems to be almost equal to that of FeO, but perhaps a little 
greater than that of FeO t . 

When comparing the migration abilities of K 20 and Si0 2 with those 
of MgO, FeO and FeO t , we must take into consideration the fact that 
the concentrations on the side of the diabase do not necessarily repre
sent the concentrations in the dispersed phase, especially with respect 
to the components migrating from the diabase into the granite (e. g. 
MgO, FeO and FeOt ), because apart of the material has probably been 
in a crystalline state and the rest liquid, as we shall see on pp. 72-74. 
In addition, it is to be noted that Fick's law is strictly valid for 
dilute solutions only and not for such a concentration as, for example, 
with respect to Si0 2 . vVhen, however, the experimental curves CK,o(Z) 
and CSiO,(Z) correspond fairly well to the theoretical curves, in the 
absence of any better method the foregoing manner of presentation 
seems reasonable. 

MORE DETAILED DESCRIPTION OF THE HYBRIDlZATION PROCESS 

The general outlines of the hybridization process have been discussed 
on pp. 57-58, and in the same connection the conclusion has been reached 
that the hybrid formation most probably has been formed in the present 
position immediately after the dia basic intrusion, through the hybridi
zation oft he diabase and the rapakivi granite. On the basis ofthis assump
tion the author has tried to determine the exact position of the original 
contact surfaces. On pp. 68-69 the migration abilities of the oxides on both 
sides of the original contacts have been ascertained to be almost equal 
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and the course of the migration to follow approximately the la ws of 
material diffusion, at least with respect to some oxides. Moreover, on 
this basis, the author has calculated some values of the relative migra
tion ability of so me oxides under the contact conditions of the olivine 
diabase. 

Though the general outlines of the hybridization process have been 
drawn, the mechanism of hybridization has not yet been discussed in 
detail. Thus, let us first consider the solidification of the diabase in the 
vicinity of the original contact surfaces. As mentioned previously in 
several connections, the olivine diabase of Satakunta normally forms 
chilled mal'gins, 1-2 m. thick, against its country rocks. Bearing in 
mind that the rapakivi lens at point No. 1 in Fig. 8 is as much as 7- 8 m. 
in thickness, it seems very probable that chilled margins were also formed 
against this lens at the very beginning of the diabasic intrusion. This 
is supported by the theoretical cooling curves Fig. 21 of an igneous 
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Fig. 21. Theoretical cooling curves of an igneous sheet, 
20 m. in thickness, after Bowen (1921). 

sheet, 20 m. thick, after Bowen (1921). Fig. 21 shows that, in the vicinity 
of the contact margin of the intrusive sheet, cooling proceeds very rapidly 
with respect to the central part. On account of the character of the 
function of the thermal diffusion and the relatively small differences 
in the values of thermal conductivity, heat of fusion , and heat capacity 
of the different igneous rocks (Birch, 1942) , it can be considered that, 
at the beginning of cooling, the cooling curves continued approximately 
symmetrically into the country rock, as shown by the dashed curves 
(not presented in the original figure by Bowen). Thus it is very probable 
that chilled margins, a few decimeters thick, were formed before the 
heat flows from the diabase sills have reached the center of the granite 
lens. 
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The temperature reached by the granite lens, lying between the dia
base sills, depends upon the temperature of the diabasic magma as well 
as that of its surroundings, and above all upon the thickness of the dia
base sills and that of the granite lens between them. As the lower con
tact in the drill hole lies at Z = - 10.4 m. and the diabase is met at a 
depth of Z = -23.9 m., it is evident that the lower diabase is at least 
13 m. thick, but taking into consideration that the lower diabase becomes 
coarser with increasing depth, being very coarse-grained at a depth of - Z 
= 20 -24 m., it is probable that the thiclmess oft he lower sill is twice that. 
On p. 65 the thickness of the upper diabase sill is shown to be at least 
5-10 m. In addition, bearing in mind the symmetry of the density 
and concentration curves with respect to the straight line Z = ZE' made 
from the drill hole, it is very probable that the thickness of the upper 
sill considerably exeeds 10 m . Thus a granite lens 7-8 m. thick has been 
situated between two diabase sills several tens of meters thick, and it 
is very probable that its temperature has been above the lower limit 
of the melting interval of the granite for a long time. This is clearly 
shown by the rapakivi hybrids, which contain, only in a narrow zone 
in the vicinity of the upper colder contact, partially assimilated potash 
feldspar ovoids a remnants of the original orthoclase ovoids of the 
granite. 

Let us hereafter consider the changes in the contact margin of the 
diabase when granitic liquid had been formed in the granite lens. It is 
probable that there have been similar reactions, though of greater extent, 
than those described in connection with the palingenic dykes on pp. 20, 
24. As a result of these reactions the fine-grained contact margin of the 
diabase were corroded away, while the diluted constituents of the diabase 
have migrated towards the center of the lens through the granitic liquid. 
It is important to lmow whether the granitic liquid came in contact with 
the uncrystallized diabasic magma, 01' with the medium-grained diabase, 
01' perhaps with medium-grained diabase, containing some residual solu
tion between the earlier crystallized grains. Bowen has stressed in hjs 
paper (1921 , p. 309) that, when the constant of thermal diffusion of 
the rocks is about 10 4- 10 5 times that of the material diffusion, we cannot 
observe any considerable traces of material diffusion at the normal con
tacts of the intrusive rocks. The conditions at the southern hybrid con
tact, however, have been more suitable for material diffusion, but even 
here, on the basis of the aforementioned values, it is likely that thermal 
diffusion, and thus the crystalliz3.tion of the diabase, has advanced before 
-the hybridizat-ion »front». This is supported by the fact that the diabase 
hybrids conta;n, together with quartz and alkali feldspar grains, the 
minerals of the normal olivine diabase (p. 50); for example, olivine has 
been met within a distance of only 0.1 mm. from a mineral aggregate 
·of quartz and alkali felds par - - a fact not to be expected had the 
granitic liquid and diabasic magma mixed. 
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In view of the foregoing arguments, it is probable that at least the 
main part of the diabase had crystallized before hybridization began. 
How, then, could migration have taken place on the side of the olivine 
diabase1 Did it happen in the solid state, or through the granitic, inter
granular liquid situated between the partially corroded mineral grains 
of the olivine diabase, and containing material of the resorbed minerals 
as assumed in connection with the palingenic dykes on p. 381 As discussed 
on p. 72, it is certain that the granite has been in a liquid state during 
the hybridization, except for the remnants mentioned above. The labo
ratory experiments of Bowen (1921, p. 307) showed that the material 
diffusion constant in liquid diopside and plagioclase at a temperature 
of about 1 500°0 and under normal pressure is of an order 10.6-10- 7 

cm 2jsec (0. 3-0.015 cm2 per day). According to Rosenquist (1949) the 
maximum material diffusion constants for Ra++ in microperthite and 
albite under the pressure of one atmosphere and at temperature 1 063° 
and 1073° K. are 3.1.10- 8 and l.1· 10. 8 cmZjsec respectively, while 
the diffusion constant for Pb++ in microperthite and albite under the 
pressure of one atmosphere and at a temperature of 1 038° K. varies from 
10.11 to 10-9 cmZjsec. Mter Jagitsch (1949), the material diffusion con
stant of NazO in the solid system of NazO-AI20 a-SiOz' under the pres
sure of one atmosphere and at a temperature of 760°0 is about 10-9 cmZjsec. 
It is to be noted, howeyer, that the temperature in the determinations 
of Bowen was much higher than in the latter cases. If the constant of the 
material diffusion were 10-1 000 times greater on one side of the con
tact than the other, it would be visible in the unsymmetrical shape of 
the concentration curves, as is shown by the figures in Bowen's paper 
(see Fig. 20). Since this is not to be seen in the curves in Figs. 10 and 11, 
it is probable that migration on the side of the diabase has occurred in 
the liquid state, or else the migration abilities (see p. 69) must have 
been almost equal to that of the molten granite. 

The former possibility is supported by the fact that in the upper 
part of the drill hole, especially, there are mineral aggregates and veinlets 
of quartz and alkali feldspars, with a micrographic texture similar to 
that of the palingenic dykes, and with fairly sharp boundaries against 
the original minerals of the diabase which are sometimes altered along 
the boundary. On the other hand, in the lower part of the drill hole, 
where the temperature has fallen more slowly, migration in the solid 
state might also have occurred at the same time 01' after the crystalli
zation. This is shown by the scarcity of the micrographic aggregates and 
veinlets as weIl as by the more widely and evenly distributed alteration 
zones of the plagioclase grains. 

On the basis of the data available, the author can not make any 
statement as to whether migration of ions 01' of oxide molecules has taken 
place. Examples of these both have been mentioned in literature as e. g.: 

10 8692/50 
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Eitel (1941), Jagitsch and Perlström (1946), Jagitsch and Bengtson (1946) , 
and Bengtson and Jagitsch (1947). In this paper the author has used the 
oxides only because of easier calculations, the calculated positions of the 
contacts being independent of these assumptions. 

On page 54 was mentioned that, on the basis of the statistical refrac
tive index analyses, the upper limits of the labradoritic plagioclase inter
vals of the diabase hybrids are approximately equal to those of the nor
mal olivine diabase. Thus the labradoritic plagioclase of the diabase 
hybrids is apparently the original plagioclase with which the intergra
nular granitic liquid from the granite lens ha started to react, forming 
andesine. The refractive indices of the andesine and those of the quartz 
overlap, but in thin sections it can be seen that andesinic plagioclase is 
fairly abundant. The foregoing reactions apparently did not reach an equi
librium before the rock solidified, because together with the labradoritic 
and andesinic plagioclase alkali feldspars occur, increasing in amount 
tm,vards the contacts. The fact that the rapakivi hybrids contain only 
plagioclase, rich in albite, is comprehensible, because the constituents 
which migrated from the diabase, crystallized simultaneously with the 
original constituents from the granitic liquid. 

The great amount of anorthoclase in the hybrids may have originated, 
at least partiaIly, ffom the relatively rapid cooling of the hybrids (see 
p. 38). The fact that , in accordance with the statistical refractive index 
analyses, the rapakivi hybrids contain less anorthoclase than the diabase 
hybrids , seems to show that the composition of the granitic melt (perhaps 
the water content) as weIl as the surrounding minerals have played an 
important part in the formation of anorthoclase, because the temperature 
and pressure conditions were probably almost the same in both these 
cases. As to the micrographic texture of the hybrids , the writer considers 
that it has been formed by the simultaneous crystallization of quartz 
and alkali feldspars from the residual solutions, as assumed in connection 
with the palingenic dykes p. 37. 

As described on p. 55, the olivine and the gray-violet augite of the 
diabase become unstable, when approaching the contact. Apart of the 
constituents of the disintegrated olivine and augite grains form serpen
tine, iddingsite, or hornblende and biohte in the place of the original 
minerals, while the rest of the constituents migrate into the rapakivi 
hybrids there to form new minerals as e. g. diopsidic pyroxene, amphibole, 
serpentine, chlorite, and biotite, which have been in equilibrium with 
their surroundings. The cooling of the hybrid formation , however , has 
proceeded so rapidly that even the dark minerals have not reached equi
librium. Thus, on the borders of the diopsidic pyroxene can be seen 
fibrous, yeIlow-brown and green hornblende, as weIl as serpentine and 
biotite as successive alteration products. In the middle of the long amphi
bole needles, characteristic of the rapakivi hybrids , there are minute, 
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bright mineral cores which are probably pyroxene. It is likely that at 
the beginning of the hybridization process the magnesium, iron, and 
calcium ions (or oxides) , which migrated from the diabase, formed together 
with the primary constituents of the granite long pyroxene needles , 
which have altered into amphibole at falling temperature. 

Nockolds (1934, p. 31) has found the following reaction series at the 
contacts between acid magma and basic rocks: 

- ·-olivine -+ orthorhombic pyroxene -+ colorless amphibole -+ brown 
amphibole -+ green amphibole -+ biotite (green mica, chlorite) 

- monoclinic pyroxene -+ new monoclinic pyroxene -+ brown amphi
bole -+ green amphibole -+ biotite -7 (green mica, chlorite). 

Except for green mica, the latter series has been found in the hybrids 
of the Suontaka area . The gray-violet augite of the diabase, however, 
has not been observed to change directly into diopsidic augite. Contrary 
to the partially assimilated xenoliths of basalt in the rhyolite of the 
Katmai area, described by Fenner (1926), the hybrid formation of Suon
taka contains many · reaction minerals between the mineral composition 
of the granite and the diabase. For this reason the writer regards the 
use of the reaction principle of Bowen in this connection as justified. 

On the basis of the statistical refractive index analyses, the indices 
of the amphibole and serpentine of the rapakivi hybrids area slightly 
lower than those in the diabase hybrids, probably due to their greater 
magnesium content. It ifl interesting to notice that the migration ability 
of MgO in Table X is slightly greater than that of FeO and, moreover, 
the values of mg (Table VI) of the rapakivi hybrids are distinctly higher 
than that of the normal rapakivi granite, which is consistent with the 
relation between the values of mg in the palingenic dykes and the parent 
rocks p. 38. On the other hand, the valuefl of c/fm are considerably lower 
(0.2-0.27) than that of the rapakivi granite (0.39) , which seems to show 
that DTJD oT 0 of CaO is less than that of MgO or FeO. 

The partially assimilated potash feldspar ovoids , as weH as the quartz 
blebs, are considered to be remnants of the original texture of the rapakivi 
granite. The potash feldspar ovoids are restricted to a relatively narrow 
zone (-Z = 4. 5-5. 5), which lies in approximately the middle of the 
values of Zu and ZR. This can be understood in this way: the temperature 
in the vicinity of the more rapidly cooling, upper diabase sill did not 
rise as high as it did near the value of ZR ' where the influence of the 
hybridization effect, on the other hand, can be regarded as least. Al
though the quartz blebs which occur especially in the depth interval 
of - Z = 4. 0-6. 5, have been considered as remnants of original quartz 
grains of the rapakivi granite, their greater size (0. 5-1.0 cm.) together 
with their rounded shape shows that much additional material has crys
tallized around the original grains. The idiomorphic quartz grains, very 
often surrounded by hornblende margins, show that quartz occurs in 



76 Bulletin de la Commission geologique de Finlan:de N: 0 152. 

two generations in the rock. viz., as idiomorphic drops which crystallized 
early, and as xenomorphic grains which together with alkali feldspars 
fill the interstices between minerals that had crystallized earlier. 

Finally, let us try to understand the fine-grained granitic dykes that 
cut the rapakivi hybrid rock containing potash feldspar ovoids on the 
basis of the contact phenomena described in Parts III and IV. The 
author considers that these dykes represent the residual solution of the 
remelted and recrystallized granite lens. This residual solution has been 
intruded from the lower parts of the granite lens that had crystallized 
last into the overlaying rapakivi hybrid rocks that had crystallized earlier. 
This assumption is supported by the chemical composition of the dyke 
(No. 3 in Table VII) , which deviates considerably from those of the 
palingenic dykes and the rapakivi hybrids. The dyke contains more 
K 20 and Si0 2 than the rapakivi hybrids. Perhaps the residual solution 
of the granitic material, on account of the enriched water content, even 
under the hypabyssal conditions ofthe diabase tends to be enriched in these 
components. If this is correct, it means that the remelting and recrys
tallizing phenomena are not reversible under the conditions just described. 

HYBRIDIZATION PHENOMENA IN OTHER AREAS 

In addition to the hybridization phenomena of the Suontaka diabase 
area, similar phenomena are also encountered in other parts of the area 
investigated. The disappearance of the sharp boundary between the 
diabase and sandstone xenoliths is described on p. 23; the hybridization 
phenomena of the »old contact of Heikkilä» is mentioned on p. 24. 

On the basis of the geological map it has previously been assumed 
that the diabase of the Lappi area would also have a sill-like character. 
During field work in the summer of 1938 the writer found a new contact 
between the diabase and normal rapakivi granite in the northern part 
of the diabase area (No. 5 on map PI. V). As usual, the gently sloping 
diabase has an aphanitic contact against the granite on which it lies. 

. . . . . . 
Fig. 22. Sketch profile of a diabase ridge in SW part of the Lappi 

diabase area. 
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The rapakivi granite is quite normal up to the contact and no contact 
influence can be observed megascopically. In the southern part of the 
Lappi diabase area (No. 6 on map. PI. V), on the other hand, quartz 
biebs or worms, 0.5 - 1.0 cm. in diameter, were found in the rapakivi 
granite situated on the NE side ofthe diabase ridge (see Fig. 22). Margins 
of brown-green hornblende and dark, strongly pleochroic biotite are 
found round the quartz blebs, making the rock slightly darker than the 
normal rapakivi granite. The quartz blebs and the worms greatly resemble 
those described from the Suontaka diabase area (p. 56). The diabase 
is a medium-grained type on top of the ridge, hut on approaching the 
granite on the NE and SW sides of the ridge, it becomes finer -grained, 
the contact itself not being exposed. The fact that the vari8tion in grain 
size takes place only in a vertic81 direction, but not horizontally, shows 
that the contact between the diabase and the rapakivi granite is most 
probably situated parallel to the main joint plane (see Fig. 22 and p. 10) 
of the diabase. Thus the granite containing quartz blebs has probably 
been situated immediately below the diabase sill and the writer regards 
the quartz blebs as a result of the weak contact influence of the diabase. 

So me hundred meters east of this place the writer found another 
exposure of rapakivi granite, containing orthoclase ovoids and quartz 
blebs . Here are thin diabase remnants, aphanitic against the contact 
with the rapakivi granite, and cut by small palingenic dykes from the 
granite. Thus at the lower contacts of the Lappi diabase sill (or sills) 
remelting of the country rock and probably also slight hybridization 
have taken place. 

Corresponding rocks have been also found in the diabase area of 
Vaimaroinen (No. 11 on map, PI. V) , but in the absence of detailed map
ping the relation of this rock to the contacts of the diabase is not known 
at present. 

Many examples of contact phenomena between basic and acidic rocks , 
influenced either by basic or acidic magmas are described in literat ure. 
Sobral (1913, p. 107- 114) describes monzonites which occur at Ulfön 
in the Nordingra area in Sweden and which pass through several transi
tional rocks into the normal olivine diabase. Sobral assumes that the 
monzonites have been formed by assimilation ofrapakivi granite xenoliths 
by the diabasic magma. The monzonites greatly resemble in mineral 
composition and texture the diabase hybrids described above. The 
chemical composition of the fayalite-monzonite lies between analyses 
Nos. 3 and 4 in Table VI, but its Na 20 content is distinctly greater than 
that in the corresponding diabase hybrids of the Suontaka area. This 
is easily explained as the rapakivi granite of Ulfö contains considerably 
more Na 20 than that of Suontaka. 

H. von Eckermann (1936, p. 315-317) describes similar monzonites, 
which gradually change into doleritic diabase. In addition to some 
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andesine, these rocks contain orthoclase, anorthoclase and long prisms 
of pyroxene, the latter of which have been partly altered into amphibole, 
as in the hybrids in the Suontaka area. Eckermann, however, »considers 
them, in this case, to be normal members of the differentiation sequence 
of the doleritic magma, or, maybe, a hybrid rock originated at greater 
depths». It would be interesting to lmow the contact relations of the 
doleritic diabase in the vicinity of the monzonites. Would it be possible 
to explain their origin in the same way as the hybrid formation in Sata
kunta~ 

In Gävle region, Asklund (1934, p. 34) has encountered a reddish 
pegmatitic zone, a few centimeters thick, between the gneissous-granite 
and Hohällan diabase. Small dykes extend from this zone into the dia
base. Asklund regards these dykes as well as the zone itself as the result 
of refusion 01' palingenesis of the wall rock. 

Kroksträm has explained the epidolerite of Breven (1932, p. 309) 
as weH as the altered contact zone of the mottled dolerite of the Hälle
fors dolerite dyke (1936a, p. 138) as a result of assimilation of the acid 
country rock by the doleritic magma. The kersantite dykes at Island 
Halsaren, too, have been explained by Ahman (1947) as the product of 
partial assimilation of Jotnian sandstone by diabasic magma. 

Wager and Deer (1939) describe in the olivine gabbro of the Skaer
gaard intrusion granophyre inclusions, which they regard as compleatly 
refused blocks of acid gneiss from the surrounding metamorphic complex. 
Between these inclusions and the surrounding olivine gabbro there are 
zones of variable thickness consisting of extremely coarse quartz gabbro, 
which is assumed to be a product of hybridization between the refused 
inclusions and the surrounding basic magma. 

According to Walker and Poldervaart (1949), the doleritic magma 
of the Karroo System in South Africa has also been »estremely active 
toward the associated sedimentary rocks causing widespread rheomorphic 
and syntectic phenomena. Many of the rocks previously described as 
'diorite'or'granophyre' were found to be transfused siltstones». 

In her paper (1950) on the rocks of the Slieve Gullion area, Reynolcls 
describes how the Caledonian granodiorite changes through transitional 
rocks to typical Tertiary granophyre, containing micrographic textures 
similar to palingenic dykes and rapakivi hybrids of the Suontaka area. 
Like the authors of the aforementioned papers, Reynolds also regards 
the heat of the adjacent basaltic magma flow (situated in the vicinity of 
the granophyres) as responsible for this transformation. vVhile deferring 
some important genetical conclusions to later publications , she assumes, 
howeyer, that the transformation of the granodiorite to granophyre has 
taken place through selective migrations of the components in the crys
talline state and not as a result of (more 01' less) complete remelting of 
the granodiorite, as assumed by Geijer and Eskola in the discussion 
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(ap. eit. p. 30) and by the lLuthor in the present paper. As the author has not 
visited the area in question and thus does not know all the facts available 
it is preferable to postpone comments untill the investigations of the 
Slieve Gullion area are completed and the final conclusions concerning 
the genesis - especially the source of the potash, necessary for the trans
formation, the destiny of the displaced Fe, Mg, and Ca, as weIl as a de
scription of the process in more detail-are at hand. 

The investigations of Fenner (1938) and Sahama (1945) may be men
tioned as examples of the assimilative influence of an acid magma. Accord
ing to the former , the rhyolite on Gardiner River has deeply penetrated 
the basalt as complex networks of veins, and has had a corrosive action 
upon the basalt giving rise to aseries of hybrid rocks , the composition 
of which lie on straight lines between basalts and rhyolite (when the 
different oxides are presented as a function of the Si02-content). In Fig. 12 
we can ascertain that the Niggli numbers of the hybrids at Suontaka, 
when presented as a function of the value of si , deviate considerably 
from straight lines, which seems to show that the mechanism of hybridiza
tion is different in this case. Fenner has tried (p. 1482) to explain the 
hybridization by assuming gaseous emmanations from the rhyolite as 
the solvent and transporting medium, but this assumption does not 
solve (as he pointed out on p. 1483) the Iproblem of the rectilinear vari
ation of composition of the modified basalt. As the rhyolite contains 
many basalt xenoliths , would it be possihle, perhaps, to explain the 
hybrid rock as a mechanical mixture of the liquid rhyolite with an in
creasing number of small basalt xenoliths, which have been assimilated 
by the rhyolite, thus giving rise to a fairly uniform rock? 

Sahama (ap. eit.) describes the contamination phenomena at the contact 
between the mi ca gneiss and the younger rapakivi granite at Ihovaara. 
On the basis of fiye analyse , rubidium, fluorine and lithium seem to 
have been enriched into the contaminated rock, while the other co m
ponents are between the amounts of the mica gneiss and the granite. 

In addition to the aforementioned papers be it mentioned the investiga
tions of Dennen (1950) and Hotz (1950) , who, according to the concise 
abstracts available at present, have had almost the same problems and, 
to some extent have also employed methods of investigation in their 
work similar to the authors'. 

SUMMARY 

This paper deals with the contact phenomena of the olivine diabase 
which is the youngest rock of the Jotnian formation of Satakunta in SW 
Finland. The chemical composition of the olivine diabase is nearly that 
of the plateau basalts, and there is reason to believe that the diabase 

l 
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formation represents the hypabyssal eruption channels and their hori
zontal extensions of one or more basaltic extrusions. The contact phe
nomena can be divided into three groups, viz., low-grad e contact influences, 
partial remelting of the country rock, and the hybridization phenomena 
between the olivine diabase and its country rock. 

The induration of the sandstone in the vicinity of the diabase coo
tacts represents the lowest grade of contact metamorphism. Near the 
contact with the olivine diabase, the rounded quartz grains have become 
toothed, thus rendering the constituents of the sandstone more coherent 
than usual. 

The fine-grained dykes, called palingenic dykes, are regarded as the 
result of the partial remelting of the country rock. These dykes proceed 
from the various kinds of acidic country rock (or parent rock) for 2-3 m., 
at the most, into the aphanitic 01' fine-grained contact mantle of the 
olivine diabase. 

Palingenic dykes contain mainly quartz and alkali feldspars, the 
latter being mostly either anorthoclase 01' plagioclase rich in potash; in 
addition there is some biotite and chlorite, and especially near the diabase 
contact also hornblende. A micrographic texture is characteristic of all 
the palingenic dykes. In the vicinity of the palingenic dykes the plagio
clase of the diabase has been corroded, and at the same time the olivine 
and augite have disintegrated and changed into serpentine, hornblende 
and iron ore. 

Ten chemical analyses of the palingenic dykes and the parent rocks 
are presented, and these analyses have been plotted on the equilibrium 
diagram of dry NaAISiO 4-KAISiO 4-Si02 after Schairer and Bowen. 

Despite the great differences in composition of the parent rocks, the 
composition of the corresponding palingenic dykes occurs in a fairly 
limited field near the boundary curve between tridymite and alkali feld
spar. It is to be noted that all palingenic dykes from the rapakivi granites 
which are rich in potash contain more sodium than their corresponding 
parent rocks. 

The difference in the composition between the parent rocks and their 
palingenic dykes is explained as the result of the contact influence of the 
diabase. The constituents of the parent rocks have been only partially 
remelted, forming intergranular liquids, the composition of which has 
been situated near the eutectic composition of the quartz and alkali 
felds pars under the prevailing conditions of pressure and temperature. 

In the Suontaka diabase area there is a hybrid formation about 20-
30 m. thick situated between two diabase sills, and the hybridization 
phenomena here are described in more detail. The density determina
tions, chemical analyses and the microscopical investigations of sampIes 
from a drill hole, made for the present investigation, and specimens from 
the surface are presented. Accordingly, the olivine diabase on the upper 
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and lower sides of the formation is found to change gradually into a rock 
that, in the middle of the formation, has almost the same density and 
chemical composition as the surrounding rapakivi granite. The texture 
is micrographic, but the medium-grained rock contains, in addition, 
large partially assimilated ovoids of potash feldspar and quartz blebs. 

The formation is explained as the result of almost complete remelting 
of a granite lens, about 7-8 m. thick, by the heating influence of the 
two diabase sills, intruded contemporaneously on both si des of the gran
ite lens, together with reactions between this granitic liquid and the 
solidified diabase. The reactions between the remelted granite and the 
diabase have been explained by the reaction principle after Bowen. 
With the aid of the density and concentration curves of the different 
oxides, an attempt is made to estimate the position of the original con
tacts between the granite lens and the surrounding diabase sills. 

On the basis of these calculated contact positions and the concentra
tion curves, the migration of the components from the granite to the 
diabase (KzO , Si0 2) is found to follow approximately Fick's second law 
of material diffusion. Moreover, with the aid of the theory of material 
diffusion and the concentration curves, the relative migration abilities 
(that is , the diffusion constant multiplied by the time of diffusion) have 
been calculated for some oxides with respect to K zO. The main results 
o btained are; 

-the relative migration abilities of all the oxides considered, viz. , 
K 20, Siez, MgO, FeO, FeOt (total iron), Ti0 2 and MgO are of the same 
order of magnitude, varying from 0 . 35 to 1.04, and approximately equal 
on both sides of the contacts, 

-the migration ability of K 20 seems to be greater than that of the 
Si0 2 and the migration ability of MgO almost equal to that of FeO and 
perhaps slightly greater than that of FeOt . 

The method as weIl as the results obtained are discussed. Finally a 
more detailed conception of the hybridization and so me comparisons 
with corresponding phenomena in other areas are presented. 

11 S(;!; 2/50 
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EXPLANATIONS TO THE PLATES 

P late I. 
Fig. 1. The jointing of t.he diabase in Suonta ka . The anows sh ow thE' uppel' eOIl

tact of thc diabasC'. 
Fig. 2. Olivine di a base. 8uontaka. Gra ins of o livine (0). plagioclase (Pg). augite 

(A ). x16. 
Fig. 3. Normal a rkosic sandstonC'. From a weil neal' the K a utt u a factory. x34. 
Fig. 4. T ooth ed quartz g rains of tlw sandstonC' at the diabase contact of Kiper 

järvcnoja. x28. 

Plate II. 
Fig. 5. Palingenic dykc from sandston p. ~1atomäenkalli o. Tuiskula. x16. 
Fig. 6. Palingenic dykes from sanrlstone. Eskonkallio. Tuiskula. 
Fig. 7. Palingenic dykes from sandstone. Eskonkallio, Tuiskula. x 16. 
Fig. 8. Palingenic dyke from T arkki granite. 0. 5- 1 cm in thickness, clltting a 

diabase apophysis. The new eontact of Heikkilä, Eurajoki. Phot. R. K ern. 

Plate IH. 
Fig. 9. Sinuous palingenic dykl':> from Tarkki granite, c lltting tL diabase apophysis. 

The o rdinary arrows show thC' palingenic dykes in the diabase, the broken 
arrow the yagller C'xtention of a dyke in the Tarkki g ranite. The new contact 
of H cikkilä, Eurajoki. 

Fig. 10. The contact bE'tw('ell thC' palingenic dyke frorn the Tarkki granite and the 
fine-grained d iabasC'. The nC'w contact of H eikkilä . Eurajoki. x34. 

Fig. 11. Diabase hybrid from t hC' lIpper part of t he drill holE'. Suontaka, Laitila. x 16. 
Fig. 12. L on g amph ibolC' nC'ed lpi'; in the rapakivi hybrid fI'om the drill hole. 

Suontaka. x16. 

Plate I\r. 
Fig. 13. Quartz b leb in thc rapaki\'i hybrid ne ar the drill hole>. Suontnka. x17. 
Fig. 14. Partially assimi latE'd rapaki"i granit e>. Suontaka. 
Fig. 15. Normal rapakiYi granitE'. Honkilahti. 
Fig. 16. Haukkavuori granite . a rapakivi variety. Honkilahti. 
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