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PREFACE. 

This paper is one of the last works of the late Professor J. J. 
Sederholm, who clied on 26th of June ] 934. The manuseript 1eft for 
the paper had no title , and therefore we do not exaetly know, whether 
it was intended to be published as an additionaL number in the se
ries of the author's stuclies on migmatites, 01' as a more eondenseel 
deseription. It is , as eompared with the two previous parts of the 
series, those dealing with the Pellinge and Barösundsfjärd regions. 
fairly short and eoneise, but the maps had obviously been prepared 
for a larger memoir. However, it seems to us most in aeeordan ee 
with the intentions of the late author to issue this paper as Part III 
of his series »On Migmatites and Assoeiated Pre-Cambrian Roeks of 
Southwestern Finland». 

The late Professor Sederholm also had material eolleeteel and 
plans ready for a fourth number of this series, in whieh he woulel 
have dealt with the Hangö area anew , in a more wide anel general 
way. Apparently this was his thought when he wrote , in the prefaee 
to the seeond part: »vVe are therefore now able to give, at least 
preliminarily, some of the general theoretieal eonelusions to whieh 
our study has leel, retaining their further elueielation anel definite for 
mation for later memoirs». 

The task of bringing Professor Seelerholm's manuseript in its 
final eonelition for printing was entrusted to the undersigneel , beeause 
he, as Professor Sederholm's eollaborator eluring the fielel work in 
Enklinge, was the geologist best aequainteel ,,,ith that partieular area. 
The analyses, the figures , for most of whieh the author himEelf al
ready hael the plates made, anel some of the loeal names have been 
inserted eluring this final eelitorial work. The undersigned also prepa
red the explanations to the figures. A ehapter of »Coneluding Re
marks» would probably have eompleted this memoir , as in the ease 
of the previous ones, had the authors work not been so prematurely 
interrupted. 

The author himself hael also eompiled the aeeompanying maps, 
and they were already printed when preparations for printing of the 
manuseript were begun. Some small errors whieh had erept into these 
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could therefore not be corrected . In preparing coloured geological 
maps of migmatitic areas one is confronted with many difficulties of 
a technical nature, especially in an area like the one under considera 
tion. with its extremely complicated and vari€d mixtures of rocks and 
kinds of metamorphism. As a matter of fact , the scale of the map 
of the Enklinge area is still much too small to show many of its 
characteristic features and details. The part of the mapping in the 
fjeld , carried out by the undersigned, is also far from sufficient to 
do justice to the extremely complicated geology of that particular 
area - Enklinge - which is probably not surpassed by any other 
pre-Cambrian area of corresponding size in the world for beautyand 
variety of rocks an~ the astonishing complexity of structure. 

E. Mikkola. 



INTRODUCTION. 

The archipelago of the Aland Islands, as weIl as the adjacent 
archipelago of Abo in Finland, consists of a very great number of 
islands of varying sizes . Both archipelagoes together contain about 
10 000 island . Those that lie next to the open sea are almost entirely 
bare, while others are covered with vegetation. All the larger islands 
are forested , except those of the parish of Kökar next to the Baltic 
Sea. Even on the larger islands, bare rocks are common. Next to 
the sea, even lichens and mosses are scanty or absent. This area 
therefore offers excellent facilities for the study of its rocks , but its 
geology presents riddles which at the beginning seemed to the writer 
almost impossible to solve. He has, however, after studying this area 
for a great part of seven summers, arrived at a conception of its geolo
gical structure which he thinks will in essence stand the test of future 
criticism. ome features are so enigmatic that opinions as to thEir 
explanation will probably differ even in the future. 

Most of the rocks of the region have in the main a granitic com
position. The largest granitic areas are formed of so-called rapakivi 
granites, but other granites are also prevalent. Among the supra
cru tal rock ', both sediments and volcanics occur. Both are highly 
metamorphic and very much mixed with granitic veins. 

Most of the geological problems of this region are also connected 
with the petrology and tectonics of granitic masses and associated 
rocks. Occasionally, however, rocks occur that clearly show their 
characteristics of sediments and effusive rocks and which are of 
unusual interest. This ' is especially the case with the schists of the 

. Enldinge area which the writer has studied very thoroughly. In the 
summer of 1928, Dr. E. Mikkola acted as his assistant, mapping the 
Enklinge area in still greater detail than had been done before. The 
writer desire to thank hirn cordially for this valuable aid. The oppor
tunity for a dialectic treatment of the problems has been of great 
use especially in the study of the most difficult outcrops of the 
area. 
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The writer also had the advantage of visiting the Enklinge area 
in the company of several foreign geologists, like Professor Barbour 
from Peiping, Doctor Magnusson from Stockholm, Professor Bruce 
from Kingston, Doctor 'Vegmann from Schaffhausen , as well mi 
Professor Eskola from Helsingfors. Dr. Wegmann has given him 
valuable information as to the tectonics of the region. Other partR 
of the region, viz. the neighbourhood of Mariehamn , LemJand, Kökar. 
Sottunga and Brändö, have been visited by a still larger number of 
foreign geologists who in ] 924 took part in an excursion o1'ganizecl 
by the writer. He cordially thanks his colleagues and friencls for 
their visits and for the suggestions receivec1 from many of thelll. 
Unfortunately the Enklinge area had not yet been re-studie<! in 
detail at the time of this international eXCUl'SiOll. 

THE OLDEST SUPRACRUSTAL ROCKS (SVIONIAN) 

The oldest of the rocks of the region are those highly l1l E-ta
morphic schists belonging to the so-called Sv ion i ans er i e s. 
in Sweden usually called the Leptite Formation. Most of them are 
here so highly metamorphic and so much mixed with granitic ' -eins 
that it is difficult to determine what has been their primary compo
sition and texture. Bettel' preserved portions, howeve1', sometimes 
occur, especially near the contacts with the schists of the so-called 
Enklinge formation which the writer regards as an unconformablv 
overlying formation younger than the leptites. In the Enklinge a1'e~. 
the older schists have been designated Ku ml i n g e sc his t i;. 

because they occur in Kumlinge Tsland and the adjacent sm aller 
islands N. of it. They also appeal' in the southernmost part of En
Idinge Island. There we find some varieties of these oldest f'chists 
which may be termed typical fine-grained m i c a-s chi s t s. They 
still show a distinct bedding, and are intercalated with thin layel:s 
of qua l' t z i t i c sc his t s that have certainly originalJ,v con
sisted of quartz sand. while the darker, phyJJitic portions rich in mica , 
have originally had a more pelitic composition. Thinlayers of crystal
line 1 i m e s ton e also occur intercalated with these mica-schists 
(Fig. 1). 

Analysis o. 1, Table I shows the composition of a mica-schist. 
There is very little left of the primary mineral constituents . 'fhe 
rock is now composed mainIy of flakes of biotite and angular 01' 

lenticular grains of quartz, with some feldspar. The compositioll of 
a quartzitic intercalation is shown by analysis No. 2 in the . ame 
table. 
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Fig. 1. Thin layors of limestone interoalatcd with politio and 
q uartziti o sohists. Pilot Station of Enklinge. Kmnlinge. 

Table I . 

1. .:\Iica·soh ist (Kllmlingo schist). Pilot Station of Enklingo. KlImlinge. 
A land. 

2. Quartzitic schist (Kllmlingc sories). Pilot Station of Enklinge. KllJl1· 
linge. Aland. 

Analyzed by Lallri Lokka. 

8i0 2 ...... . •. . . .•... . .•• .. . .. • 

'ri0 9 •••• • • ••••• • • • • •••••• • •• •• 

AI 2Ö3 .•• .. •• •.••. . • . ••••.•..•• 

FC20 3 . . . . .•.....•. . .. . • . .. .. • . 

FeO ....... . ....... . ......... . 
1I1nO . ............... . ... . .. . . . 
MgO ... ...•.. . . . ... .. ........ . 
CaO .. .... ..... . ... . . . ... . . .. . 
Na2ü . .. .. . . .. . ... . ... .. .. . . . . 
](2° ........... .... . . . .. . .... . 
P 205 . .. . ... .. ... .... ... .. ... . . 
ll 9Ü + ...... ... .. .... .. ... . .. . 
11;0 - . . .... .. . ... ..... .. . . .. . 

- 1-"" 0 0 )101. prall. )101. pl"Op. 
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0.12 
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0. 17 
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1. 2 1 
3 .93 
0.14 
0.57 
0 .0 I 
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102 
1 
7 
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31 
20 
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1 

The intercalations of limestone stretch from E splund in the 
southernmost part of the Enklinge Island beyond the Pilot Station 

2 
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of Enklinge, and continue further to the S. E. In the islands of Kräk
skär and Stenskär the mica-schists are intercalated with layers of 
limestone, quartzite and greenstones which seem to be partly effu 
sive basaltic rocks, but are now so highly metamorphie that it is 
difficult to determine their primary texture. 

This zone of schists intercalated with limestone is certainly con
tinuous, and it seems probable that they all belong to the oldest 
schists of the region and not to the Enklinge series, although their 
original character is sometimes almost as well preserved as that of 
the rocks of the younger formation. 

On the northern shore of the island of Bärö, the mica-schist also 
contains an intercalatedlayer of crystalline limestone which probably 
belongs to the same formation as the rocks of the Esplund-Enklinge 
belt. N. W. of Esplund in the island of Enklinge there appears, at 
the edge of the shore, a thin layer of white marble which is po sibly 
a continuation of the Bärö belt. 

N. E. of the limestone of Bärö there is a broad intercalation of 
a basic rock which has the character of a p i 11 0 w 1 a v a, showing 
rather large rounded pillows surrounded by dark rims. This pillow 
lava is in contact at both sides with schists that are more highly 
metamorphie than those outcropping at the Pilot Station of En
klinge. They show no bedding 01' other positively primary features. 
More to the S.E. , from this place, the schist have also been highly 
disturbed. Where the layers of different composition originally 
existed, they are no longer easy to recognize. At the northern side 
of the islands of Stora Varpskär and Lilla Varpskär there are highly 
compressed basic rocks which obviously form the continuation of 
the Bärö belt of pillow lava, 01' a parallel zone lying to the N.E. 
of it. 

In the outhernmost parts of these islands there is another. 
much broader belt of pillow lava which has a continuation in the 
island of Torsholmsören and further to the S.E. , in the peninsula 
Torsholmsudden and Stolpören. In Stora Varpskär, it shows in one 
outcrop the character of a typical pillow lava (Fig. 2) limited by a 
sharp contact with the schist outcropping N. of it. lt has been in 
parts strongly sheared. (Fig. 3). The pillows have been clrawn out 
and the rock changed into aschist , showing alternating dark er and 
lighter bands. In the south-western part of Lilla Varp kär, the same 
pillow lava outcrops but it is here more highly m6tamorphic. Traces 
of the pillows are, however, still clearly recognizable. In the northern 
part of Torsholmsudden, again , the same rock has been more comple
tely changed, so that it now presents the appearance of a fine-grained 
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Fig. 2. Pillow lava, a belt in the Kumlinge sehist. S. shore of the island of 
Stora Varpskär, KumIinge. 

Fig. 3. Pillo,," lava, partly shcared, belonging to the same layer as that shown 
on Fig. 2. S. shore oi the island oi Stora Varpskär, Kumlinge. 
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schist with alternating dark and white layers. 'fhe dark bands are 
fich in hornblende and the light ones composed mainly of quartz 
and feldspar. The rock might be called a leptite, according to Swe
dish nomenclature. The alternation of Jayers reminds one of bedding 
(Fig. 4), but there is no doubt that the rock originated by the mechan 
ical squeezing of a pillow lava accompanied by the crystalJization 
of dark and light minerals alternately. cluring a kind of selectiye meta
morphism. 

As there are also pillow lavas in the Enklinge series, the simplest 
conception would be to regard the Bärö rocks as beionging to t he 

.Fig. 4. Banded rock, rescmbling a >,]eptitc>" form cd out of a pillo\\" lava b.,· 
strong shearing movements and a simultancous sE'gregation of the light anti 
dark componcnts into diffE'rent bands. X. shore of Torsholmsudden. Kurn1ingp. 

same formation. But the latter are no doubt oider than the gneissose 
granite of the region , while the lavas of the Enklinge series are 
younger. 

There are also other intrusive rocks that pen etrate the pillo\Y 
lavas in the i lands of Varp kär and Bärö which seem to be oIder 
than the Enklinge series. In the southernmost part of Stora Yarp
skär, a gabbroid rock outcrops as a pipe-like mass with rounded 
outlines, penetrating the pillow lava and al~o forming dykes in it. 
SimilaI' dykes occur at several places on the northern shore of the 
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island of Bärö. They are penetrated by a younger dyke of meta
basalt which seems to belong to the basic lava formation of the En
klinge series. Fm all these reasons it seems probable that the pillow 
lavas in question belong to the Kumlinge series, which is older than 
the gneissose granite of the region and cannot be conll€cteel with the 
Javas of the Enklinge series. 

In the region N.E. of the isJand of Enklinge, and at the north
eastern shore of that island, there are also mica-schists which are 
penetrated not only by the younger granite but also by the gneissose 
granite. Here and there they show the character of a mica-schist 
not much elifferent from that outcropping near the Pilot Station of 
EnIdinge. In most cases, however, this older schist has been much 
changeel by the action of the older granite. lt often contains feld
:.;par and shows gradation into rocks wit.h a more gneissie compo
sition. 

Other crystalline limestones occur in many parts of the areas 
where the older granite preelominates. Thus thue are Iayers of 
limestone, very much crumpleel anel contorteel , in IlJisho]m anel at 
several other places in the archipelago of Jurmo in northern Brändö 
anel in the island of Bergskär in Kökar. 

Typical I eptite. , of the character so common in parts of mieldle 
Sweelen have not been founel here. In spite of eliligent search it has 
not been possible to discover here any of the characteristic leptites, 
rich in potash, which occur in the archipelago E. of Stockholm. 
::\Iore typical mica-schist' associateel with quartzites, anel rocks of 
an andesitiq 01' basaltic composition seem to be pn;valent among 
the oidest supraCl'ustal rocks of the Aland Islands. 

GNEISSOSE GRA JITE. 

Among the olelest rocks of the region, a gneissose granite has a 
Iarge distribution, especially in the southernmost parts, next to the 
Baltic Sea. Here it occurs almost unmixed he re and there containing 
fragments of the oielest schists which it penetrates everywhere at 
the contacts. It has the same character as the gneissose granites out
cropping at the southern shore of Finland, but in that region they 
are more mixeel with younger granite and do not form such large 
areas as in the archipelago now under eliscussion. The latter ob
viousIy form a clirect continuation of the great areas of gneissose 
granites in the region N. of Stockholm (the Uppsala granite 
etc.). 
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Where this gneissose granite is weB preserved , it is a very typ
ieal granite, rieh in plagioelase, as is usually the ease with the granites 
of the oldest group in southern Finland. It always shows gneisf;ie 
texture, although it is only slightJy reeognizable in the best presernd 
varieties. This granite everywhere eontains small fragments of a 
dark rock whieh is similar in composition to a mica-schist. ,Vhcre 
the granite is more schistose than usual , these fragment s are drawn 
out along the direetion of schistosity. There are . however , granites 
of this group eontaining innumerable small fragm ents of sehist 
whieh are not drawn out at all . but show the original a ngular form s 

Fig .. ) . Gnpissos(' granite w ith fragments or schists. I s la nd s of Srna
ho lmarna. X. of Enkling('. Klimlinge. 

entirely preserved (Fig. 5). This fact proves t hat there are portions 
of the oldest granite which have not been changed m EchanieaBy to 
any high degree. ln any ease, these rocks always Rhow a granulation 
of the quartz , faulted twinning lamellation of the plagioelase. and 
other signs of tectonic movements. 

This granite is usuaBy equigranular, but often the feldspars tencl 
to be a little bigger than the other mineral eonstituents . Tn the 
islancl of Ljus kär in Kökar and at some other plaees p 0 r p h Y r
i t i e varieties of the older granites oeeur . These granites also eontain 
fine-grained rocks, elosely assoeiated with the main mass, whieh are 
aplitie in eharacter, and oeeasionally dark er varieties. ' ''hen tbese 
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rocks, showing an alternation of varieties with different colours, 
have been drawn out through mechanical action, they have a certain 
resemblance to leptites, but there is no doubt that they are as
so~iated with the oider granites. 

That the dark fragments usually found in these granites are in 
many cases fragments of mica-schists, is clearly shown in the north
eastern part of the island of Enklinge and the islands of Smaholmarna 
N. of it. At the north-eastern shore of the larger island, the schists 

Eig . 6. (:ne issosf' g ranite ,,' ith innumera blf' fragm C'nts of lC' ptitic schi sts. 
I s lands of Smaholmal'na . :So of Enklinge. KumlingC' . 

are in contact with gneis ose granite which clearly penetrates them, 
forming dykes parallel with the schistosity of the rock. When we 
follow this belt of granite-invaded schist further to the N.N.W. , 
it becomes more and more mingled with gneissose granite, and in 
the island of Granskär the schist becomes gradually more and more 
split up into large and small fragments , between which the granite 
has penetrated. There are continuous gradations bet-ween this mixed 
rock and the rock of Smaholmarna (Vindarskär) which is formed 
by plagioclase-granite containing millions of fragments of mica
schist more 01' less changed and penetrated by the granitic magma, 
so that they gradually become light er in colour and mixed with feldspar 
and other granitic minerals (Fig. 6). In one of these fragments we 
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can follow the continued splitting up of the schists. Radiating fissure. ' 
into which the granite has penetrated have been formed at the 
periphery of the fragment (Fig. 7). 

Rocks also occur which have been formed by the intrusion 
of the oldest granite into amphibolitic schists that eem to have 
been originally either andesitic effusive rocks or tuffs asso
ciated with them. In the island of Redarskär in Brändö, 5 km. 
N.E. of Enklinge, such aschist has been intruded by gneissose 
granite which has brecciated the older rock so that a hybrid 

F'ig. 7. Fragment of schist bc ing assimilated by thc gncissose grani t e 
\\'hich penetrates into the fragment along fi ss llI'es 

from thc p criphpry . 

rock has originated, consisting mostly of angular fragments of 
basic schist cemented by granite. This kind of migmatite is cha
racteristic of the oldest granite. The migmatites showing ptygma
tic folding , which are so common when the veins consist of granite 
of the second group, are rather rare among the oldest migmatites. 
Only occasionalJy are varieties with folded veins observed among 
them. 

It is, however, not certain that all the dark fragments 
in these granites have the same character. In some cases they 
seem to have been formed through the splitting up of portion. ' 
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of more basic rocks which are genetically associated with the 
granite. 

All over these areas of gneissose granite there are basic dykes 
which are genetically associated with the granite and also show 
gradations into more acid dyke rocks approaching an aplite in co m
position. These dykes may be designated 1 a m pro p h y r i c, al
though it must be admitted that this term is not entirely adequate. 
It means rocks which are glistening and porphyritic, while these 
rocks now in question are equigranular and have a dark, rather 
dull colour. Moreover the name »lamphrophyric» has been used 
for rocks of such varying character that it has not a very precise 
meaning. The \vriter has sometimes us€d the name »tpibasites» for 
these rocks. This name indicates that they were formed later than 
the main mass of surrounding granite and that they have a prepon
derantly basic character. Törnebohm, who was annoyed at the 
inconsistent behaviour of the basic dykes so common in middle 
Sweden and southern Finland, called them »the rogues of the Pre
Cambriam. In accordance with this, the basic rocks of lamprophyric 
character might be called k 1 e p t 0 1 i t h s, alluding both to the 
nickname given them by Törnebohm and the fact that they have 
»stolem their material from the intrusive granites in which they 
occur. This is only meant as a suggestion that ought to be dis
cussed before it is possible to make a more formal proposal of such 
a term. 

These lamprophyric dykes have been form€d in fissUl'es cutting 
the gneissose granite. They usually have a breadth varying between 
a couple of metres and a few centimeters. Unlike the metabasaltic 
dykes in the same region they do not show a different composition 
01' texture in the narrower from that in the broader veins, nor do 
the broader dykes, in most cases, show any aphanitic contact zone, 
as is often the case with the metabasaltic dykes. Moreover , the 
lamprophyric vein rocks are often closely associated with more acid 
rocks. The most typical lamprophyres have, however, a chemical 
composition which is very near to that of a metabasalt, on1y with 
the difference that they show a higher content of potash (cf. ana
lyses pp. 20-21). They are often homogeneous in composition. 
In other cases, they show alternate darker and lighter stripes parallel 
to the walls of the dyke. The lighter portions are richer in feldspar 
and sometimes also contain some epidote . 

These lamprophyric 01' »kleptolithiC» dykes are very common 
in the archipelago of Föglö and Kökar in the Baltic Sea and are 
especially common in the island of Kökarsörn. Most of these dYkes 

3 
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consist of a very dark rock; others are striped (Fig . 8). Spotted rockR 
are also common which seem to have been formed by the brcccia
tion of lamprophyric zones and cementation of the fragments by a 
more acidic magma. 

In the island of Följskär in Kökar, lamprophyric rocks are also 
COlnmon and are associated with aplitic rocks, pegmatites and in 
trusive breccias. The phenomena in this isJand are rather enigmatic . 
some of the dykes are somewhat similar to metabasaltic dykes , and 
are penetrated by granitic veins that may belong to the graniteR 
of the second group . 

.I!'ig. 8. Dyke of lamprophyro with banded structurc. clltting the gneissosc 
granito. I sland of Kökarsörn. Kökar. 

Here a number of dark basic dykes occur, sometimes inten.ecting 
each other, and also penetrated by veins of light red pegmatite and 
aplite. In other cases, again, aplite and dark lamprophyre occur in 
the same veins, alternating with each other , but rather well separated. 
It is obvious that they are genetically connected, but the basic anel 
the acid rock seem in a way antagonistic to each other, so that grada 
tions between them do not occur. 

In Table II three analyses are given to show the chemical com
position of some lamprophyric rocks in the island of Följskär. 
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In the eastern part of the 
island of Följskär , there is a 
composite dyke (Figg. 9, 10) 
",here the contact zone (Anal. 
2, Table II) consists of dark 
hornblende mixed with small 
patches of quartz , while the 
middle of the dyke consists 
of a rather light rock of di
oritic composition (Anal. 3, 
Table II) containing angular 
fragments of the basic con
tact rock. This composite 
dyke, which strikes in a W.
E. direction, is cut by a broad 
belt of breccia striking at the 
contacts mostly in a N.- S. 
direction (Fig. 11) . It con
sists of fragments of abasie 
schist-like rock and a cement
ing mas. of aplitic compo
sition, although rather rich 
in plagioclase. This cement
ing mass is also non-homo
geneous, and we get the im
pression that the brecciation 
of the darker rock and the 
penetration of the lighter 
magma has been accompanied 
by a process of differentiation, 
causing the former to be more 
and more basic and the other 
to vary in the direction of an 
aplitic magma. 

In the island of Längskär, 
N.E. of the Kumlinge Island, 
there are a great number of 
narrow lamprophyric dykes 
some of ",hich have the com
position of a minette-like ba
sic rock, while others are rich 
in epidote so that they grade 

6~ 

.~~ 
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_Fig. 10. Thf> western end portion of thc compositc dyke in Följskär, 
Kökal'. 1 : 11. 

T able 11. 
l. Dark lamprophyre. Följskäl', Kökar, Aland . 

Analyzed by Laul'i Lokka. 
2. Dark contact zone of the composito dyko in tho island of Följskäl' , 

KÖkar. Aland. 
Analyzed by E lsa Stählberg. 

3. Diol'itic rock from the middlo 01 tho composite dyko. Följskär. Kö
kar, A land . 
Ana lyzed by E isa Stählbcrg. 

SiO, . ___ _ . _ " _ ... " ___ . _ . _ .. __ . 
'l'iO~ .. .. . __ . _. _. _. _ ..... _. _ ... 

~:~~.: :: :::::::::::::::::::::: 
MnO .. . _. __ . __ .... . ......... . . 
MgO ." ....... - - " - - -... - -- __ . 
CaO .. _. _. _ . . ... . ..... . - . .. - . -
Na20 ..... . .. - _ . . . _. _ ... - _ .. . . 
K 2Ü .. - - - - . . _ ...•. . ... . .....• -
P20ö _ .. .. . . ....... - - . - - - . - - - .. 
S ____ .. .. __ ................ ,, _ 

1 I Mol-:-
prap. 

I 
.,17.09 

1.18 
lJ.21 

.,1.1 ,1, 
8.69 
0 .11 I 
8.00 
9.01 
2.68 
LUG 
0.30 

795 
15 

139 
26 

121 
2 

202 
161 

43 
21 

2 

2 

0 I 10 

I 
52,45 

0.19 
8.92 
2.32 
!l_05 
0.09 

] 1.57 
11.65 

1.25 
0.66 I 

0. 19 
H20 + -- ... -.-.--- ---.- -_ .... . 
1-I20 - .. - .. . ..... . .... .. . ... - -

1.75 
0.12 ~~ 

99.90 99.82 I 

~lol. 
0 

Mol. 
prop. 0 prop. 

8/J 67.38 1123 
2 0.37 5 

87 15.~0 150 
15 0.64. 4 

126 3_38 47 
1 0.07 1 

289 1.4:l 36 
208 3.85 69 

20 2.13 34 
7 4.30 46 
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into a mass consisting mainly of that mineral. The chemical compo
sition of such a rock was determined , and the result is shown b y 
analysis No. 1 in Table IH. 

Fig. 11. Brcccia of a schist · liko basic rock and a cC'ment of non-homogC'Ilf'
ous apl iti c rock ri eh in plag ioclasE', cutting the compositC' clykC' 

in Följskär. Kökar. I: 13. 

Table 111. 

I. Lamprophyn' " ery rich in E'pidotc. Liingskär, Kumlinge, Aland. 
2. Amphibolitic JamprophyrC'. Trutklobb, Skeppsvik, Eckerö, Aland. 
:3 . Gneissose gmnito. Skoppsvik, Eckerö, Aland. 

AnalyzC'd by Lauri Lokka. 

1

1

_ 1[01. I 
°0 pro}). I 

3 
--0,-" -,-o-)I~oc--l. - ---0 -1-:.\10!. 

prop. 0 I prop. 

2 

8i02 • • •• 0 • • ••• 0 •• • • 0 ••• ••• 0 ••• 39.iV 663 H.iJ 7,16 7,1. li 1 :236 
'1'i02 ... . ••..... •....• . .....• . . 0.23 3 0.78 10 0.26 3 
Alt 0 3 . ..••... . • . ....••.•.. . •.. 2,1.35 239 11..13 1 112 12.7 ' 125 
Fe20 3 ...•.. . ..•..... • ......•. . 7.56 .J-7 3.:>0 21 1.80 11 
FeO .. .. .. . .... ..... . ..... . .. . 2.98 .n 8.51 118 0.5V 8 
MnO ••••••••• 0 • ••••••••••••••• 0.11 :2 0.36 . 5 0.03 
MgO •• • 0 •••••• 0 •••• 0 • ••• • •• • • • 3. 13 7 H.40 1 360 0.29 7 
CaO •• •• 0. ' ••• 0 •••• • 0 • • ••• • • • • Hl .68 351 12.vo 

t 

230 0.7-! 13 

~~bO.:: : :::: :: : :: ::::::: : ::::: 0.~6 -! 1.17 19 3.38 55 
0.50 5 1.0 11 5.11 .S5 

Po-Os' ......................... 0. 15 1 
0.

27
1 

:2 0.10 1 
B 20 + ••• •••••• •• • 0 •• •••• 0 •• •• 1.12 0.72 0.(;3 

--=1 I-J2O- .... _, . . 0.· .· · . ·· · ··.··· 0.10 0.23 0.16 --- ---
99.% 99.9 100.16 

In some of t hose dykes a brecciation took place after the con
soIidation of the basic dyke rock, portions of ",hich now form angular 
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fragments. Others have a composite character, the rock next to the 
contact being very dark and rich in biotite, while the middle patt 
consists of an aplite rather rich in potash. There are also broader 
dykes of aplite in which the lamprophyric variety only forms a 
narro\\' zone next to the contact. 

At the N.E. shore of the Enklinge Island, J.E. of Enklubb. 
very interesting basic dyke rocks , associated with a gneissose granite. 
occur. The granite has here been brecciated over a rather large 
area, and the fragments cemented by more basic rocks. Some of them 
are very dark, consisting mainly of biotite, but they pass by grada
tion into lighter, dioritic rocks, and aplitic and pegmatitic veins, 
obviously belonging to the same magma, are also associated with 
them. While in most cases the more basic rocks cut the acid ones, 
here and there mayaiso be observed inclusions of very basic rocks , 
obviously possessing the same character as the others, and entirely 
surrounded by granite. 

Lastly the interesting basic dyke rocks of the island of Svart
grund in the archipelago of the Gulf of Bothnia, N.W. of Jurmo 
in Brändö may be mentioned. The prevalent rock in that little is
land is a diorite which often shows a distinct parallel texture, caused 
by dark er stripes of biotite and hornblende. This diorite is cut by 
Immerous dykes of Iamprophyric character. Some of them have t h e 
composition of aminette and are rather rich in biotite. In others 
small crystals of plagioclase occur as a kind of porphyritic constituent. 
Several of the dykes are very rich in garnet, a constituent which 
seems to have been formed as early as during the crystallization of 
the dykes. The composition of the different dykes is rather varied: 
aplitic and pegmatitic veins are associated with some of them: on 
the other hand, there are narrow veins consisting almost exclusively 
of biotite that cut the other rock varieties. There is no doubt that 
all these dykes of varied composition and texture were formed at 
the final stage of the crystallization of the dioritic magma which , 
again. is certainly consanguineous with the old gneissose granite. 

Finally a very peculiar dyke rock has been observed in the 
littie island of Trutklobben at Skeppsvik in Eckerö, next to the 
Aland Sea (Fig. 12). The prevalent rock here is a gneissose granite. 
but in it occurs a basic rock consisting mainIy of hornblende (Anal. 
2. Table III). Its contacts cut the schistosity of the gneissose granite. 
anel the basic rock has clearly an intrusive character. It includeR 
fragments of the granite which have been more or Iess changed by 
the basic magma. Associated with those portions, which consist 
mainly of amphibole are others in which epielote becomes more and 
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more prevalent. S. of the main mass of the amphibolitic lamprophj'l'e, 
narrower dykes of another lamprophj'l'ic rock occur which are simil
al' to the common metabasalt-like variety of these rocks , but they 

o I 5m 
'-=,--,=","",", 

.Fig. 12. Dark dyke-like rock masses in the gneissose granite in the island 
of Trutklobben, Eckerö. The black portions consist mainly of hornblende, 

the dotted ones of epidote. 

are here to a great extent transformed into a rock consisting mainly 
of green epidote. This mineral occurs also in the gneissose granite 
between these peculiar dyke rocks. 
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The origin of all these basic dyke rocks of a lamprophyric 01' 

»kleptolithic» character as segregation products of the granitic magma 
is obvious. They have »stolen» their magma from the last residuum 
of that magma. In these remnants of magma, a continuous differen
tiation by fractionation has taken place. The most basic minerals 
crystallized at an early date, leaving a mother liquid of more acid 
magma which was probably diluted with water. This acid portion 
crystallized later than the basic one. The last remains of the epi
magmatic solutions were rich in CaO and CO 2 , effecting the partial 
transformation of the basic rocks into a mass rich in epidote. This 
mineral has obviously crystallized at a much lower temperature than 
the biotite and feldspar. In many rocks of the region an epidote 
crystallized in narrow fissur es in the granitic masses during the last 
epoch of rock formation. 

Most of the gneissose granites are rich in plagioclase, but thel'e 
is one variety undoubtedly belonging genetically to the same group 
of granites, wh ich has a composition more resembling that of the 
granites of the second group , especially of the typical Hangö granite.· 
This gneissose granite, reddish in colour, üccurs in Skeppsvik in Eckel'ö. 
the westernmost part of the Aland islands. The analysis No. 3. Table 
III shows its composition. 

B OTHNIAN 8CHISTS. 

ENKLINCE tl ERlES. 

METAMORPHIC SEDIME~TS. 

Only in a small area, that of Enklinge in the parish of Kumlinge, 
do supracrustal schists occur which quite clearly show their primal'Y 
character. They belong, as already mentioned, to aseries that is 
younger than the Svionian schists and the gneissose granite which 
penetrates them. These younger schists may be elesignateel the 
E n k 1 in ge se r i e s. As will be shown later, they probably belong 
to the same cycle as the Bothnian schists of the Tampere (Tammer
fors) region anel the uralite-porphyrites of the Tammel Kalvola anel 
the Pellinge areas in southel'n Finlanel. The E n k 1 i n g e s chi Cl t s 
form a small area, irregular in form, stretching from the region N. of 
the village of Enklinge over the mielelle anel the south-eastern part of 
this islanel to some smaller islanels S.R of it. It is surrounelecl on 
most sieles by gneissose granites, but in the S. it is in contact with 
the oleler schists. Both of those rock formations are. in th e opinion 
of the author , oleler than the Enldinge series. 
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Next to the gneissose granites which form the substructure of 
the schists, occurs in most places a fine-grained m i c a-s chi s t. 
This consists mainly of quartz and biotite, with which minerals some
times are found also feldspars and crystals of ore. The schist does 
not show a distinct bedding, nor, on the whole, other primary features 
indicating its sedimentary character. This character is, however, 
quite obvious .from its chemical composition wh ich is entirely that 

Fig. 13. Metamorphic alteration of the mica-schist. whereby the rock is 
dividod into parallelipipedio portions separated from each other by dark 

stripes rich in mioa. Bockholm. Kumlinge. 

of a pelitic 'ediment, a common clay. The strike of the schists is 
usually parallel to their contacts with the adjacent granite, and only 
in the western part of the area is it more irregular. 

While the absence of such primary features as bedding etc. and 
the crystalline character of the rock show that it is highly metamor
phie, changes have in many cases taken place which go beyond the 
realm of metamorphism and may be designated u 1 t r a-m e t a
m 0 r phi c. In the island of Bockholm, the schist often shows a 
peculiar brecciation (Fig. 13), being divided into parallelipipedic por
tions whose outlines are marked by black stripes richer in biotite 
than the rest of the schist. At other places, again, the schist , ,,-hich 

!J37- :ll 
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has obviously been soaked with granitic magma 01' ichor, has become 
rich in feldspar and gradually changed into a fine-grained gneissic 
rock which in some parts has even a granitic composition. The ana
lyses ~o. 1 and 2 in Table VI, p. 43, give examples of composition 
of schists produced by such changes. These gneissose, 01' »felsitic» 
rocks show no marked difference from similar rocks wh ich must 
simply be regarded as aplitic portions of the granite. These are more 
massive, 'while the felsitic schists are schistose and show no sharp 
boundaries towards the mica-schist . We shall return to the question 
of their origin later. In the middle part of the area of schists, and 

Fig. 14. Pillow lava, Enklinge, Kurnlinge. 

a lso \V. of it, varieties occur which are also feldspathiferous and 
seem to be ultra-metamorphic parts of the same formation, but do 
not contain any remains of the bettel' preserved, typical mica-schist. 

There are, however , also feldspathiferous schists which seem to 
have a different origin. They are found especially in the middle part 
of the area, in the island of Enklinge, as layers with a maximum 
breadth of some twenty to thirty metres , and consist of a rock that 
reminds one of a gneissose granite, but is more fine-grained, richer 
in biotite, and contains rounded grains of glassy quartz. They show 
some similarity to porphyritic quartz crystals, and thc rock is there
fore somewhat like a quartz-porphyry. Some of the rouncled accumu
lations of quartz , however, are too big to be porphyritic cry tals, 
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ind their forms too are different and seem to indicate that they are 
smaIl pebbles of quartzite. The rock has the same character as the 
s a t h l' 0 1 i t h i c sc his t in the Tampere (Tammerfors) region, 
\I'hich has been described by the writer . These latter rocks , again, 
are metamorphie sediments formed by the weathering of the underly
ing diorite , 

At some places lighter val'ieties of the schists occur which are 
riche!' in quartz and feldspar than the other parts, and probably 
have originally contained less completely assorted materiaL 

l\1ETAMORPHIC YOLCANIC ROCKS. 

~. of this irregular belt of mica-schist are supracrustal rocks 
which , where they are weIl preserved, show clearly the character of 
111 eta m 0 l' phi c 1 a v a sand associated volcanic rocks. Especially 
on the promontories S.W . of Bovik, on the south-eastern shore of the 
Enklinge Island, do rocks occur which, in the well-exposed outcrops 
at the shore, show the character of p i 11 0 w 1 a v a s so clearly 
that one is astonished to find them among so highly metamorphie 
rocks (Fig. 14). Other structures, which do not show such typical 
pillows, have obviously also been formed by the accumulation of 
loose volcanic materials (Fig. 15) 01' by the bursting of the lavas during 

F ig. 15. Volcanic agglom erate. Xear B o,-ik. Bnklinge, KUIIllingc . 
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Fig. 16. Bursting of thC' 'urface lava flom,. Kf'Ul' 
Bovik. Enklinge, Kllmlinge. 

their downward mo\'e' 
ment (Fig. 16). The ana
lysis of a pillow laya 
(Anal. So. 1, Table [Y) 
sho,vs a composition 
w hich is nearer to tha t 
of an andesite than a 
basalt , but it is not 
quite clear ",hethel' this 
composition is primal'Y. 
as thel'e are , among the 
more highly metamor
phie varietie of the 
same rock , sonle in 
wh ich a change into 
more acid rocks h as 
clearly taken place. 'l'he 
pillow Javas are also cut 
by basic dykes (Fig. ] 7). 
The rock of one of these 
has been analyzed (Anal. 
No. 2. Table IV). and 
reyeals a wholly ba 'altie 
composition , and it is ~o 
closely associatedwith 
the lavas that it seemt' 

Fig.17. Pillo\\' lava cut b~' a basaltic c1ykc. Xe ar Bo\'ik, F,nkling('. Knmlill!!t' . 
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probable that the original composition was the same in both, alt
hough the dyke rock has been more resistant to metamorphic chan
ges. Around the northel'n shore of the bay which lies N.E. of the 
localities mentioned, there are, in the lavas , big fragment-like por
tions of mica-schist, similar to that which outCl'OPS in greater mas
ses a little more to the X . This mica-schist is cut by numerous 
metabasaltic dykes which end abruptly at faults that limit the frag
ments. Fig. 18 shows such a fragment at the eastern shore of the 

Fig . 18. Big fragment of mica-schist cut by basaltic clykes, which in turn 
are' broken and Jimited by an agglomeratic lava. E . shore of the bay at 

t he Likholm pier, S. shore of Enklinge. Kumlingc . 

cleepest bay on the S. shore of Enklinge. A big fragment of mica
schist is here cut by several dykes of metabasalt which end abruptly 
a t the northern contact. The first impression wh ich one receives , 
is that of a fragment which has been faultecl after the penetration 
of the dykes and the deposition of the lava wh ich outcrops N. of 
the mica-schist. But when we foliow the same lava bed to the S.E.. 
we find that it continues farther in that diJ:ection and that it must 
have originated later than the movements which caused the abrupt 
ending of the metabasaltic dykes. They were not cut by a fault 
later than the deposition of the wh oIe series, but disturbances 
took place ah'eady at the time of the volcanic activity. These volcanic 
earthquakes have brought about the relations between the fragment 
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and the overlying lava beds. These facts are of great importance. 
because they clearly prove that the basaltic dykes belong to the r,;ame 
volcanic series as the lavas , and not to any lateT formation. 

Table IV. 
1. Andesitic pillow laya, Enklingo, Kun~linge. Aland. 
2. Metabasalt, from a dyke outting the pillow lava. l<;nklinge. Kumlin.gp. 

Aland. 
3. Metabasalt. from a dyko c utting the mica-schist. The small i ~ l alld 

of Smörldippan, b etween EnkJinge and Bockholm. Kumlinge, Aland. 
4. Granite (Kumlinge granite ). 1',' . of tho church. Kllmlingc. Aland. 

Analyzod by Lauri Lokka. 

------------ .----~----~------~------

I -::- l l~~~I-o-,o-~2 ~l~g~·. I ~o I ~g:;. I -;;-~-i-I~~~~; 
1-

8iO. . . . . . . . . . . . . . . . . . . . . 70.75 1179 J9. 8U 832 5,1.09 902 7,1.30 I J ~38 
TiO~ .................. .. 1.02 I 13 0.74 9 2.37 30 0.19 :2 
Al20 a ................... 10.75 1 105 22.07 216 13.15 129 13.85 136 
Fe20 3 .... • .... . . ..•..•. 1.44 9 loH 9 4.00 25 0.32 2 
FeO ........... . ....... . 5.33 7J 7.70 107 10.66 H8 1.H :W 
MnO •••• 0 • • •••••• • ••• " 0.11 2 0.07 1 0.1 8 3 0.02 I 
MgO .. . ...... . ......... . 2. 27 1 57 ,1.92 123 3.52 88 0.09 :2 
CaO ....... . .... . ... ,- .. 4.08 73 7.36 131 6. 8'1 122 1.2,l n 
Na20 . . ... . .. . ........ . . [ .) '0 ,10 3.75 60 2.44 39 3,,12 ö5 _.0 I 
K20 .. . ............ . .. . - 1.07 11 0.75 8 1.50 16 ,1.66 50 1 
P20S .................... 0.20 1 0.13 1 0.41 3 O.\.! 1 
H 20 + .......... ... .... I 0.72 1.35 1.11 0.47 
H 20 - . ... ....... . ..... 0.13 0.15 0.11 0.10 

1 1100.37 
--

100.24 1 100.32 100.38 

These metabasaltic dykes are quite like the basic dykes 'which 
occur in the neighbourhood, cutting the gneissose granite, and whiclt 
are not to be confounded with the lamprophyric dykes. They are 
found in great numbers e. g. in the northern part of the island of Ang
holm. Several broad dykes also occur in mäholmarna, cutting the 
gneissose granite which contains numerous fragments of mica- chist . 

The same dykes have on the whole a wide distribution all oyer 
the area of gneissose granite. Where the younger granite has injected 
it, the fragments of gneissose granite, surrounded by the younger 
one, often contain dykes of that dark basic rock. In the island of 
äster Florskär in Föglö, thi metabasaltic rock occurs in greater 
masses, wh ich seem to lie flatter , but from ",hich yeJ'tical dykes branch . 
cutting the sUlTounding gneissose granite. 

Although , as already remarked, the lamprophyri c rocks may sho,,
a certain similarity to the metabasaltic dykes. it is in most case" 
possible to distinguish them. The metabasaltic dykes are also common 
in the eastern part of the archipelago skirting the southel'n shore of 
Finland, in which lamprophyric dykes are rare 01' absent anel ,,-he1'e 
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bettel' preserved portions of the rock masses often show basic dykes 
with the most indubitable basaltic textures. In the Pellinge area E. of 
Helsingfors , we also find dykes associated with larger masses of lavas 
that are younger than the gneissose granite. 

Towards the W., the lavas of the Enklinge Island gradually 
pass into schistose rocks with a more acid composition and ,,·ith only 
rare traces of the pillow lava structure. These are no doubt ultra
metamorphic portions of the same lavas . In the we ternmost parts 
of the area of schists, near the western shore of the Enklinge Island. 
basic rocks are rather common neal' the contacts of the schist. In 
so me parts they are dykes, in other parts they may be surface flows . 
In the southernmost part of the Enklinge Island , and in the adjacent 
part of the island of Bärö, similar basic dykes occur cutting both 
the schists and those oider porphyritic basic rocks mentioned above 
that have a certain resemblance to basic portions of the gneissose 
granite. But, as ah'eady stated, still {lIder basic rocks also occur in 
the same islands intercalated with the oider schists , and it may in some 
cases be difficult to distinguish the different groups of basic dykes. 

CONGLOMERATE OF BOCKHOL~1. 

In the island of Bockholm there is a rock which is of great im
portance, because it gives evidence which proves conclusively that 
the schist of Enklinge is youngel' than the gneissose granite. It is a 
c 0 n g 10m e rat e intel'calated with the mica-schist and Iying neal' 
the contact of the gneissose granite. The map in Fig. 20 gives an idea 

Fig. 19. Conglomerate eontaining p ebbles of thc gneissose granite 
whieh outcrops ncar to the conglomcrate. Bockholm, H:.umlingc. 
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Fig. 20. i\lap of the outcrop of conglomerate, showing its relations to the schist and thc gneissose granite. N. E . shore of 
Bockholm, Kumlinge. 
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of the occmrence of this conglomerate and its relation to the surround
ing rocks . It consists of a great numbel' of pebbles of gneissose gra
nite (Fig. 20). With them are found a few consisting of mica-schist 
01' a basic rock . The granitic pebbles are often weH rounded, while 
those comisting of schist have originally been flatter and are usually 
"maller . The largest of the granite pebbles measure nearly one metre 
in length, but most of them vary between the size of a head and that 
of a fist . Gradually the conglomerate passes into a rock in which 
the fragments are very small, down to the size of a pea and even less. 
lt thus passes by gra
dation into a rock that 
may be termed a meta
mOl'phic arkose, and 
fmther into the mica
schist. The cementing 
mass between the larger 
pebbles has also in some 
parts the character of an 
arkose, in others of a 
mica-schist. In the ad
jacent schist isolated 
pebbles of granite also 
occur. In the conglo
merate. there are inter
calated beds of a fine
grained light rock which 
has obviously been a 
feldspathiferous sand, 
and next to the contact 
with the adjacent gneiss
ose granite a rock is 
found which consists of 
a coarser-grained mix-

Fig . 21. :::>edimcntary breccia, consisting of 
blocks of the gnoissoso granite which are ce
mentod by an arkose- 0 1' schi st-likc mass. The 
small isla ncl E. of tho conglomerate outcrop of 

Borkholm. Knmlingp. 

ture of granite and small fragments of schist. lt may be tenned 
an arkose, 01' perhaps bettel' a s at h r 01 i t h formed out of 
weathered granitic material. In a little island near the conglomerate 
rock, the gneissose granite is highly brecciated, and the fragments 
are cemented by a dark materialrich in biotite which in parts is very 
similar to the mica-schist 01' to the arkosic parts of the conglomerate 
(Fig. 21) . This breccia has no doubt been formed by weathering pro
cesses, through the action of which the superficial parts of the granite 
have been fissured and mixed with sedimentary material. 



Table V. 

1 

I " " ~l ol. IlrO]l. " " ~[ol. jlfOp. 

SiO., .. . .......... . 7-1 .. ;1 12-12 7;).16 I 26tl 
'l'iO~ .. ... .... .. .. .. ... . . ... .. . 0.5 8 7 0.6;1 8 
A120, .. . ... . .......... . 12..l8 122 12.40 U2 
Fe20" ............... . . . .... . . . 
FüO ........ . .. . ... ... . ...... . 

0.39 :2 0.57 -1 
1.54 :21 l.ÜG 23 

lIInO . . . ....... . ............. . . 0.02 0.02 
MgO .......... • .......... . • . 
CaO ... . ... .. .. .. . ... .. ... ... . 

0.32 8 0.70 lK 
3.0 8 65 3.10 :)ö 

~a20 ..... . ............... . . . . Ü6 ö7 3.5 ~ :)8 
I<ß .......... . .............. . LOG [ t 0 .B2 !l 

~22%; -t- ' ~ : : : : : : : : : : : : : : : : : : : : : :: I 
0.70 5 0 .17 1 
0.75 0.40 

H20 ~ ... ............. . ..... . . 0.16 0.10 -----
99.7 8 !)!).GI 

The granite of the pebbles is exactly like that of the gneissose 
granite outcropping next to the schist, as appears from the analyse. 
in Table V. Even the small dark fragments which are so characteristic 
of this granite occur in the pebbles. The rock must thus be regarded 
as a basal conglomerate of the material of the gneissose granite that 
has formed the substructure of the sedimentary formation. The mica
schist which is so closely connected with the conglomerate must 
obviously also be younger than the granite. This is a typical deep
seated rock which must have been eroded to a gl'eat depth before the 
deposition of the sediment. 

We are able to follow the contact between the mica-schist and 
the gneissose granite a ll over the island in a N.- S. direction. The 
boundary in the north has a zigzag direction because folding has taken 
place, but the greater part of the contact between the schist and the 
granite is straight. and it is everywhere quite sharp. Nowhere are any 
dykes or veins of gneissose granite intruded into the schist. Nano,," 
veins of granite occur both in the conglomerate rock and at some places 
near the contact between schist and granite, but they do not cut the 
contact, and are eyen found cutting the gneissose granite outside of it. 
They belong to the younger granite, that of the second group. 

It is difficult to say to what extent the present contact of th e 
rocks is the original one. The contact surface wh ich was originally 
flat-lying is now vertical, and great disturbances must therefore haye 
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taken place. That is proved also by the occurrence of a big fragment 
of schist in the gneissose granite which has, however , not at all the 
character of fragments Iying in an intruding granite of a younger 
age, but has obviously arrived at its present position through faulting 
movements. In other parts of Bockholm, the mica-schist is extremely 
contorted and has been mIxed with younger granite, as will be de
scribed in detaillater on. Along the northern shore, again, one ObSelTeS 
portions of gneissose granite which have a breadth of only a few metres 
and one of which ends abruptly. The end is rounded, anel next to it 
a fault has divided a lens of granite into two portions. The fissure 
has been partly filled with quartz, but folds of schists have also pene
trated the fissure at both sides. These lenses 01' sheets of gneissose 
granite have obviously been pushed into the schist in a soliel state 
during overthrust movements. A continuation of the same lens of 
gneissose granite is found in a promontory of the Enklinge Islanel 
where it penetrates the lava, but not in the way of a younger intrusive 
rock. It forms a highly mylonitized mass in which the granitic charac
tel' is fairly weIl preserved only in some places, while most of the 
rock is almost schist-like. 

OTHER CONTACT RELA'l'IONS OF THE ENKLIKGE SERIES. 

As the occurrence of a conglomerate containing pebbles of 
gneissose granite is evidence of age that cannot be gainsaiel, the rela
tions of the Enklinge schist and the adjacent gneissose granite at other 
contacts in the same region must be explained by taking into account 
the results obtained on the island of Bockholm. A detailed stuely of 
the other contacts has shown that there are no facts which do not 
agree with the conclusions now drawn. In the island of Ängholm, 
the contact between schist and gneissose granite is at some pI aces 
l'ather sharp, but there are elykes of a pegmatite beionging to the 
younger granite which have in parts been intrudeel near the contact, 
obliterating the primary features. At the contacts in the nearest parts 
ofthe island of Enklinge, N. of Enklubb, there occurs, near the contact 
and at some places even next to it, aschist which has obviously beeIl 
soaked with aplitie ichor belonging to the younger granite. That 
complicates the contact relations. More to the N. W. , again, there 
are , along many hundreds of metres , contacts where schist and gneissose 
granite may be seen next to each other and where there is no penetra
tion by the gneissose granite, although in some places folding move
ments have deformeel the contact line. At one place, farther K. of 
Enklubb, a number of elykes of gray granite were found whieh at one 
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time were regarded as belonging to the gneissose granite, because they 
in parts show a weH de\Teloped parallel texture. f:lome of them, how
ever. showed more similarity to the younger, Kumlinge granite. By a 
elo 'er study of the relations of different rocks it was found, howevel'. 

Fig. 22. SlickensidC':5 an<! a "ery pronollll.cl'cl "C'rti
cal »rodding strllctllre» in the schist in a zone of 
"trong disturbaneC's of a late datC'. \Y. "horC' of 

tl1l' S. part of tlw Enklinge Islan<!. Kllmling(" 

that the real contact 
between schist and 
gneissose granite lieR 
to the north of the 
place \\"here the dykes 
oeelU and here a sharp 
contact of the usual 
character was found. 
The dykes have no
thing to do with the 
gneissose granite, but 
certainly belong to the 
younger granite in 
\\-hich varieties are 
cOInmon having quite 
the same character as 
tbe dyke rocks. 

[n the narrow portion 
of schists ",hich forms 
the northernmost part 
of the area. felsitic va
l'ieties of schist are l'a
ther common, which 
are certainly to he in
terpreted as sedimen
tary rocks that have 
been soaked ,,-ith mag
ma, 01' ichor. emana
ting from the magma 
of the youngel' granite. 

In the region ne al' the westel'l1 boundary of the sehist, strong 
disturhances have obviously taken place at an epoch which seems to 
be much later than the folding of the schist, and 1S also later than the 
intrusion of pegmatitic dykes associatecL with the younger granite. 
Nhearing movements have caused a strongly developecL »rocLcLing» struc
ture in the schist, the position of which , in general, is nearly vertical 
(Figg. 22, 23). This zone of cListmbances stretches along the shore of 
the Enklinge I land and continues to the island of Bärö. 
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There is indisputable evidence in fayour of the older age of the 
limestone-bearing mica-schists of the Kumlinge series , wh ich occm 
as big fragments in the gneissose granite; therefore. a contact line 
must separate those older schists and the schists of the Enkl inge 
sel'ies , in such a way af' is shown on the map of the Enklinge aren. 
The contacts are probably, at most places, mechanical. Both rocks 
have been mylonitized and mixed "Yith each other. In the southern-

Eig. 23. Rocky shorc portion on the "\\' . siele of tbc S. part of Enklingf' . 
in thc rcgion of tbe intricatc " 'clcling together of thc oldcr anel y oungc r 
Rchists . The rocks show a strongly·dc \·eloped stret ching or rodding 

structure in a highly inelined position. 

most part of the Enklinge Island, in a zone of strong distmbances. 
wedge-like portions of the oIder schist seem to prob'ude into the 
schist of the Enklinge series. 

POST-BOTHNIAN GRANITES. 

(GRAXITES OF THE SEcoxn GR01:P) . 

All over the region which lies E. of the rapakivi granite, and also 
in the south-eastern part of the area mapped, a granite is widely 
distributed which is younger than the schists of the Enklinge series 
and the basic dyke rocks associated with it and so common all oyer 
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the area of oldest schists and granite". The younger granite, " 'hich 
is widely distributed all over sonth-western Finland. e\'ery\\'here 
penetrates the schists which have been referrecl to the 'Bothnian 
series and can thel'efol'e be tel'med pORt-Bothnian granite. lt belongs 
to the second group, accol'ding to the eIas 'ification of the granite" 
of Felilloscandia pl'oposed by the authol'. It has a regional extension. 
but seldom forms well-individualized al'cas; usually it is mixed with 
older rocks which it penetrates in the most intimate fashion. At a 
fe\\' pI aces in the present area, it occutS in purer and more chal'acter
istic form and shows no migmatitic structure. The area of granite of 
the is1and of 8torklyndan in the northernmost part of the region 
may be regarded as a typical area. Here the granite is quite homo
phanous, 01' massive, and is in some parts light gray, in others reddish. 
The grain va ries in size. Middle-grained rocks are prevalent. It is a 
potash granite, very rich in microcline. A rather regular , almost 
horizontal jointing occurs in this granite, while more usually in these 
granites it is almost vertical. This granite contains dykes of a fine-to 
middle-grained dark rock which is richer in biotite, but has also a 
granitic composition. It is graded, especially nearer to the contacts, 
illtO more dioritic varieties , with a contact seam of a dark 1amprophyric 
rock. The granite contains very 1arge fragments of a migmatite. 
consisting of a schistose component and parallel dykes and veins of a 
granite rather similar to that which predominates in the is1and and 
which surrounds the fragment. Both granites probably belong to the 
same group of rocks , although the migmatite was formed at an earliel' 
epoch of intrusion than the prevalent granite. In this migmatite. 
rounded nodules of quartz and sillimanite occur, both in the granitic 
portions , wh ich may then be termed a nodulal' granite, and in the 
sehistose components. At their contaets , too , nodu1es oecur. These 
facts show that the nodu1es have been formed through the action of 
the surrounding granite and later than the migmatite. They can 
therefore, as has been shown in greater detail in a former papel' by 
the writer , not be exp1ained, according to the eadier theory. as cll'op
like structures due to liquation. 

The granite of Storklyndan shows so me similarity to granites 
of the second group oceurring in the region around eusikaupunki 
(Nystad). Such granites are, however , not very common in the region 
where granites of the seeond group predominate, because these are 
on the who1e more migmatitic. 

A more eommon type of these post-Bothnian granites is the 
granite in the north-western part of the archipelago of Kumlinge. 
Analysis No. 4 in Table IV, p. 30, shows its chemica1 composition. 
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lt is visible K.W. of the chmch in promontories of the island of Kum
linge and in smalleI' islands more to the K.vV. This Kumlinge granite 
iR a middle-grained gray granite very like some of those varieties 
from the region of Uusikaupunki (Nystad) which have been exported 
in large quantities (so caUed Birkhall gray) , and also the Stockholm 
granite, the granite of Kuru N. of Tampere (Tammerfors) and granites 
in the Lake Saimaa region. All these granites belong to the second 
gl'oup . The Kumlinge granite is quite uniform in the middle of the 
area, but at its margins it penetrates the smrounding schists of the 
is land of Bärö and adjacent islands as numerous dykes , and contains 
a great number of fragments of the schists , forming with them intru
"i ve breccias. 

Such breccias 01' agmatites form the island of Skaftö which is a 
prornontory projecting to the south fl'om the island of Bärö, and 
connected with it· by only a quite low isthmus . The breccia consists 
of an immense number of fragments of schistose rocks of varying 
sizes and forms which are more 01' less intimately penetrated by veins 
of granite ,,-hich also form a cementing mass between the fragments. 
A great part of this granite has the character of a typical Kumlinge 
granite: aplitic and migmatitic varieties also occur. Very often the 
granitic veins have a distinct parallel textme along the contacts of 
the surrounding rock. This gneissose stnlcture is certainly primary 
and not to be regarded as a mylonitic structure which has originated 
in a solid rock . Some gneissose veins cut others in which the granite 
is entirely massive, and there is no doubt that it belongs to the granite 
of the second group that cements the bl'eccias . As an area of gneissose 
granite lies immediately W. of this island it seems rather probable 
that granite of the first group also occurs among the fragments. As 
the Kumlinge granite also shows gneissose varieties , it is rather diffi
cllit to determine whether pre-Bothnian gneissose granite al. 0 occurs 
as fragments in the breccia of Skaftö. 

Besides the schists of the Kumlinge series, basic rocks of the 
same age as the porphyritic dyke rocks at the northern shore of the 
island of Bärö, occur as components of this migmatitic rock. Many 
::luch dykes have been extremely folded and broken into pieces while af
fected by the movements of the rock masses at the time the agmatite 
was formed. At some places migmatitic rocks with bands rich in calcite 
have been observed. It is difficult to describe this breccia in words 
so as to do full justice to its peculiar character. There is hardly any 
hybrid rock, consisting of more 01' less angular fragments and granitic 
veins , which is more characteristic than this. It shows almost every 
imaginable variety of such mixtures. 
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Towards the ~.W. too, the Kumlinge granite has no quite definite 
boundaries. In the migmatite, ,,,hich is here predominant, smaller 
areas of purer granite occasionally occur. While the Kumlinge granite 
has a deal' gray colour, reddish varieties are more COlumon here. On 
the hi11 S. of the village of Kumlinge where ther~ is a monument of 
the war. of 1808-1809, the granite consists partly of a gray and pal'tly 
of a reddish variety; the two grade into each othel'. 

At some places, as e. g. in the island of Seglinge, several varietieF; 
of granite occur of which none resembles the oldest granite. Among 
the granites of the second group there seem to be varieties of somewhat 
different ages. The pegmatites especially are often younger than the 
main mass of the granite. They are in any case closely associated 
with some variety. 

In the north-easternmost part of t he mapped area, granites orcur 
which are in parts, e. g. in the islands of the north-western part of 
the parish of [niö. almost as pure as the rock of the Kumlinge area. 
They contain, ho,,-evel'. usually vaguely defined remnants of almoF;t 
completely assimilated fragments of older rocks, and grade towal'ds 
the south into migmatites. 

Only in thc localities mentioned do the granites of the seconcl 
group show such a character that a stone mason would without any 
hesitation caU the rock a real granite. At most othel' places where the 
younger granite occurs i t has a more 01' less migmatitic chal'acter. 

MIGMATITES. 

AGMATITIC ~nGMATITES CO:NSISTING OF GNEISSO E GRA:XITE A:XD 

GRANITE OF THE SECOND GROt.:P. 

There is a rather decided difference between the migmatites in 
which the older component is a granite of the first group and those 
in which it is aschist. The gneissose granite was split, at the time of 
the intrusion of the younger granite, into innumerable angular frag
ments . They became more 01' less intimately penetrated by the gra
lüte, and the quantities of both components vary. The hybrid rock . 
however, always retains the character of a breccia, which has on the 
whole an unvarying character. Only the most gneis ose older granites 
have more easily been split along the schistosity . Then the migmatites 
became more similar to those veined gneisses 01' arterites that consist 
of a mixture of schists and younger granites. Even at a distance. 
it is often possible to discern the migmatites of the character no\\" 
described from those in which the older component is schist. The 
latter are usually more val'iegated and spotted. 
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:\'lIGl\IATITES CO~SISTIXG OF OLDER SCHISTS A~D GRA~ITES OE TUE 

SECO~D GROPP . 

Those migmatites too, in which the older component is aschist. 
often show the character of breccias, containing fragments of schists, 
surrounded by a granitic mass. The fissUl'es into which the granite 
has penetrated have, however , here more often followed the schi tositv 
of the rock, and the penetration has often been more intimate. 'Vh e l'~ 
the veins lie near each other , the older rocks are entirely soakecl ,,-ith 

Fig. 24. :\figmatite . partly agm atit ic. sho"'ing differl'nt stage>; of thc g rani. 
tization of thC' schistose portions. I s land of X orra c:ü"örC'n. X .\Y. of J lll'mo, 

Brändö. 

granitic magma, 01' ichm. These portions have often been mme strongly 
folded , obviou ly " 'hile they were in a plastic state. Ca es haye even 
been observed where a migmatite, consisting of alternating stripes 
of schist and granitic veins , has become so plastic that it has penetrated 
other portions of the migmatite as if it ",ere an igneous rock. In the 
most plastic portions of the migmatites, the components have been 
drawn out into narrow veins. In rocky islands lying next to the open 
sea 01' to some larger surface of water, these structures may be speciaUy 
weH studied. Such an island is N orra Gasören, in the Hulberga Al'chi
pelago in the N.W. part of the parish of Brändö. Here we observe 
near to each other portions of the migmatite in ,,-hich the fragments 
are angular - those especially have a more basic composition - and 
other portions which have been changed so that only indistinct light 
gray stripes indicate the existence of the schistose portions (Fig. U) . 

J537-34 Li 
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Sometimes eertain portions consist of a well-presened dark 
K<:hist like a mica-sehist in eomposition and are alm ost free from 
gl'anitic veins, while other portions in wh ich a greater number of 
granitie veins oeeur have beeome el1l'iehed with feldspar anel are 
lighter in eolour. 

A vel'Y interesting migmatite is seen in the islands of Bogskären 
X. of Kökal' anel E. of Sottunga. The older eomponents eonsist mainly 
of L'ather basic sehist, but layel's of limestone also oeeur ,,'hieh lie in a 
dil'eetion intersecting the present strike of the migmatite at an angle 
of 30 degrees. In basic rocks , whieh have obviously originally been 
dykes of metabasalt that cut the sebists, some granitie veins are 
obsel'Yed arl'anged along tbe eontacts of the basic dyke, while other 
veins, injeeteel later, lie vertieally against the eontaets. The opening 
of the latter fissUl'es is due to a tension in a direetion different from 
that of the movement whieh eaused the foldillg . This took plaee at 
the end of the illjeetion of the granite. 

)1[G-'IATITES OF BOTHNJAX SCHISTS A:ND GRANITES OF THE SECO:ND 

GROrr. 

In the is land of Ängho lm there are, as has already been mentioned, 
migmatites eonsisting of a miea-sehist of the younger group and veins 

I?ig. 25. \ Teins belonging to thc KmuLinge gran, 
it<, and showing ptygmatic folcling, cutting 
thC' Enklingo schist. Jsland of Ängholm. E. of 

l<:nklingC'. KumlingC'. 

of granite. These veins of
ten sho,\' the eharaeter
istie ptygmatie folding 
(Fig. 25). Besides these 
veins, whieh are inti
mately mixed with the 
sehist, thcre are also bet
tel' delimited dykes of 
granite in the region N. 
of Enklubb (cf. p. 35) in 
wh ich the granite ha in 
some plaees the ehar
aeter of the typiealKum
linge granite. Dykes of 
pegmatites also oeem' in 
the same region eutting 
the sehist and someti
mes the eontaet between 
sehist andgneissose gran
ite. There are further 
fine-grained felsitie va-
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rieties of red granite which belong to the same group and which 
have intimately penetrated the schist so that they often seem geolo
gically to have more connection with it than with the granite OCCUl'

ring in greater quantity. 
Very intimate is the penetration of granite in the western part 

of the island of Bockholm and S. of it. On its south-western shore 
occur dyke-like masses of a r ock with granitic composition (cf. the 
analyses No. 1 and 2 in Table VI). They often show a sharp contact 
at one side while the rock passes by gradation into the schist at the 
other side. ~umerous veins of quartz and hornblende. weil separated 
from each other, also occur in the same island. 

Table V 1. 

Analyscs of the m et amorphie and llltl'a-metamorphic rocks of Bock-
holm and S. of that island. Kumlingc . Aland. 

::;i02 

Analyz<"d by Lauri L okka. 

1. Aplitic (,)felsitic,») schist, Bockholm. 
2. Arkose-like schist , formed by thc intimate p enetration of granitic 

m agma into mica-schist. 13ockholm. 
3. Schistose r ock, originally a mica-schist ",hich has become semi

eruptive in character. The sm a Jl island of Bockholmsgrund . S. of 
B ockholm. 

4. Garnet-biotite rock, form cd by the enrichment of femic constituents 
dllring ultra-m etamorphic processcs. Bockholmsgrund . S. of Bock
holm. 

5. Lamprophyric rock. occurring as a dyke-like mass in ultra-meta
morphic rock which look s likc granite, but \\'here traces of an origin
al schistose composition are prcscl'ved. Hllndskär . 1. 5 km. S.S.'K 
o f Bockholm. 
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The sm all island of Bockholmsgrund 8. of Bockholm consist:" 
partly of a typical mica-schist, partly of aschistose rock containing 
much feldspar (Anal. Xo. 3, Table VI), and it is obvious that thif' 
rock, having here and there a semi-eruptive character, has originatecl 
by the intimate penetration of granitic magma into the schist. Some 
portions of the schist have become enriched with femic constituents. 
resulting in the composition shown by analysis No . .J. in Table VJ. 
which rock is composed almost exclusively of biotite and garnet. 
while other portions of this migmatitic rock more and more approach 
the composition of an aplite which sometimes forms distinct dyke:-; 
and veins in the darker rock. On the other hand the darker. morE' 
basic portions of the mixture also occur as dyke-like masses. There 
is thus no definite order of crystallization of the acid and more basic 
portions of this migmatite. 

The same phenomena occur in still more varied forms in the island 
of Hundskär. 80me parts of the rock masses are simila1' to a gneissose 
granite and one ,yould be inclined to regard them as belonging to the 
gneissose granite outcropping X.E. of this island. but with these 
granitic components there al'e also schistose rocks, which g1'aduall.,· 
become more and more rich in biotite and approach a typical micH 
schist. There are dark basic rocks of a lampl'ophyric chal'acter which 
penetrate the migmatitic rocks as clistinct dykes, but, on the other 
hand, aplitic dykes are also common. At the southern shore of the 
island a curious dyke-like rock mass occurs. Jt has a bl'eadth of 
70 cm., but gl'adually nalTOWS towards both cnds. and continue:-; 
as a very nano\\' vein consisting almost exclusively of biotite and 
penetrating the surrounding more gneis jc rock. By moyement~ 
of the rock masses this dyke has been cut by numerous faults . 
whereby pure quartz has crystallized along the fissures. This dyke 
rock has the chemical composition shown by analysis No. 5 in 
Table VI. 

From a microscopic study of the rocks it is obvious that different 
minerals have alternately cry tallized. So "'e find kerb-like aggregatef' 
of amphibole in which flak es of biotite have cry tallized obliquel} 
across streaks of amphibole displacing them and forming a kind of 
pseudomorphs. Obviously the crystallization of the minerals of these 
curious migmatites has taken place in the mass where the crystals of 
different minerals have formed a kind of paste with some fluid magma 
that was rich in ichor . Many minm·als, e. g. the garnet, have replaced 
minerals that had crystallized earlier. 

The differentiation into rocks of basic and acid compositioll. 
which has taken place here in connection with the granitization, j:-; 
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111 more typical forms than at any othel' places. This process 
i!' probably rather general although its results may in many 
enses have again been obliterated during the later facies of ana
texis. 

GRA1~ITES OF THE THIRD GROUP. 

Younger than all the migmatites that have a regional distri
bution, and the granites of the second group, are certain p 0 r
p h y r i t i c g r a n i t e s which occur in the region in three dif
ferent areas. The largest of them is sitllated irnmediately S.W. of 
the rapakivi area in the parish of Lemland. A small area of similar 
porphyritic granite, which was earliel' probably continuous with 
the former area, forms, with gneissose granite, a window-like area 
Fmrrounded on all sides by the rapakivi. Another srnaller area of 
a sirnilar porphyritic granite lies on the island of Mosshaga and 
adjacent islands N.W. of the island of 8ottunga. A third area is that 
of Ava ~. of Brändö. 

In all these areas apo r p h Y r i t i c g r a n i t e is the most 
common rock. It is in some places rather similar to the rapakivi 
granite and earlier has even partly been included in the same group. 
R ims of plagioclase surrounding the orthoclase or rnicrocline are, 
however, rare. Gradations into more qua r t z-p 0 r p h Y r i t i c 
l' 0 c k s with micropegmatitic texture occur. Most of those granites 
have a red colour which is often rather dark. The quartz is often blue. 
A difference from the rapakivi is that these granites are always more 
01' less sheared , in most cases, however, not in a high degree. The 
quartz is always crushed. The plagioclase has crystallized earlier 
than the potash feldspar and the biotite is a late constituent which 
often has a xenomorphic limit. E q u i g r a n u I arg r an i t e s 
also occur, rnainly as dykes or at places where this granite has pene
trated older rocks. 

In the Lemland area basic fragments are very common, so that 
in some cases they form the greatest part of the rock-rn ass , but they 
are always mixed with granitic constituents. In so me cases the basic 
rocks show rnicroscopically an ophitic texture, although not ver)' 
elearly. They sometirnes shO\,v angular fragments of a bettel' preserved 
rock wh ich then has the same character as the basic roch associated 
with the oldest schists. There are also gradations between eruptive 
breccias consisting of angular fragments with nalTO'\v veins of granite 
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with straight contact,.. 
(Fig. 26) and such mig 
matitic rocks in which 
the baRic rock haR beeil 
more or less assimilated 
by the gr anite . Ln some 
cases the granite ha" 
corroded t he fragment" 
which 'how forms simi 
laI' to those of cOlTodecl 
cl'ysta ls in porphyritic
rocks (Fig. 27 ). Thc 
granitic ' -eins may han' 
repeatedly penetrated 
the fragment: sometime" 
again both components 
have been intimately 
mixed so that one iR 
inclined to t hink that 
the baRic rock origin 
ated by the differentia
tion out of the sa me 
m agma. 

The g ranite of t he 
Lemland area clearl ,' 
penetrates the adjacent. 
gneissose granite , but i,.; 
as clea rly older than the 
r apakivi gr anite (Fig . 
28). 

The typical Lem land 
g ranite h aR the chemi
cal cO l11position 8ho l\"11 
by analysis X o. I in 
Ta ble VH . 

[n the ~ottunga aren 
the pOl' phyritic gr anite 
iso mOl'e Rheared than in 

the Lemland area. lt has a l '0 sometimes a coarser gr ain. 1t conta in:; 
in many places great fragments of an amphibolitized b asic rock which 
it penetrates in numerous sharply delimited dykes and veins. In 
some cases, as in the island of Österkobben, t he granite occasionally 
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fills rounded cavities in 
the basic rock wh ich 
have probably ongm
ated by the corroding 
action of the magma 
(Fig. 29, 30). The gran
ite also contains differ 
ent sized fragments of 
gneissose granite and of 
migmatite. Ruch a big 
fragment of migmatite 
occurs in Lamskär S. of 
the island of Mosshaga. 
The gneiss has been cut 
by a vein of metabasalt 
which is again pene
trated by veins of aplites 
belonging to the Moss
haga granite. A little 
older than these veins 
is a dyke ofl'eddish gray 
darker rock which also 
penetl'ates the main 

Fig . 27. Fragments of a finc-grainf'd basic rock 
in an eruptivc breccia. paI'tl~' corroded by tlw 
cementing porphyritic Lemland granitf'. 1'11(' 
most northf'rl ~ ' of the islanrl s 0 1' Pungö skären. 

Lemlanrl. 

Fig. 28. Dyko of a fine-grained rapakivi g ranite cutting the Lemlancl 
granite. E. shore of tbc island of pörkö. Lemland. 
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Fig. 29. :\{osshaga granite, filling rouncled cayities in a basic rock, formet! 
by th(' (·o l'l'oc1 ing act ion of the gran ite. I . land of Österkobben. Sottunga. 

mil. S of Mosshaga granite and belongs to the suite of dyke r ocks 
asöociated \\'ith it and with a composition varying between a lampro
ph YTe and an ap litc. 

Thc most intere ting of these areas of granite of the third group 
is that of ..\,-a. 1t is cir cular in form wit h a diameter of about 7 km. 
lt has a crater-like morphology, the greater part of this area forming 
a circula r surface of water \\·ith only a fe,\· small islands. The strike 
of the sUlTounding nIdel' r ocks fo11ov;s very mu ch the contacts cf the 
l'ounded ,trea. The predominant rock here is also a porphyritic gra
nite (Anal. X o. 2, Table VIl) , but this is yery much mixed with other 
r ocks. These consist partly of gneissose rocks. mainly migmatit eR 

Fig. 30. :\[ostihaga granite. occllrring a s concl'l'tion· like I'olmclecl 111mps 
in an o ld pl' metahasitc,. rs lan d of Östl' rkobbl'n . SottLm ga. 
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of older schists and granites of the second group, partly al 0 of gneiss
ose granites in small islands in the water surface of Ava Fjärden. 
These big fragments of older rocks are arranged on the main periphery. 
hut not strictly so. ~ext to the fragments equigranular varieties 

LAMPROPHYRIC DY\(ES 

A T ÄVA FJÄRDEN 

r 1 POQDH" " l f l( 
,_ GQ AN I H. 

• l AMPOOPHY'1( + 

~J Dr c. MAT IT ( 

Fig . 31. Two lamprophyric clykes in the A"a granite. eut by a 
, -e in of A.\"a pegmatite and faulted wlwn the latter " ein was for

mer!. \\" . shore of the Axa I sland, Brändö. 

of the granite. partly aplitic, are more common than in other places. 
~Iore ba ·ic rocks of dioritic composition also occur within this area. 
and have obviously a genetic connection with the granite into wh ich 
they pass by gradations. vVhere they occur fragments of still more 
hasic rocks are usually general, and these mayaIso, when they are 
in the granite. have a narrow rim of a rock of dioritic composition 

j:.:17- 34 
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obviously formed by syntexis of a granite and a fragment. Lt seem" 
possible that the dioritie rock, whieh oceurs in great masses. ma!' 
also have been formed by syntexis and thus has the same character 
as some of the granitizecl rock varieties in the Lemlancl area. 

Very interesting are the la m pro p 11 Y l' i c cl y k e s commoll 
in this area, which on the whole are al'ranged l'adiall)·. One of them 
has a length of nearly 2 km. , penetrating the surrounding gneiSSOf;E' 

Fig. 32. The bl'oadcl' of the dykes shown on Fig. 31, looking towal'ds thc fault 
from a spot near the shore. Axa Island. Bränc1ö. 

rocks too, and many are about 200 m. long. Fig. 3] shows some of 
these lamprophyric dykes on the eastern shore of Ava Fjärden. The 
broadest dyke (Fig. 32) has a breadth of 1. 8 m. These basic dykel' 
are cut by a dyke of pegmatite which undoubtedly belongs to the 
A va granite. The lamprophyric dykes have been faulted by the for
mation of the gl'anitic dyke. lt is thus obvious that the lamprophyre 
belongs to the same magma as the Ava granite. Analysis No. 3 
in Table VII shows the composition of the narrower of the dykes 
described: its rock is homogeneous, while the broadest dyke contains 
numerous small tail-like stJ'ips of aplitic granite. Another lamprophYl'ic 
dyke farthel' to the north contains a greater l1umber of aplitic "eins 
which have penetrated after the formation of basic dykes and also 
pervade the surrounding rock. The whole rock mass became plastic 
by the action of this aplitic granite and the dyke was folded. 
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Table VII. 
1. Granite (Lt>mland granite). Nybamn. L cmland. Aland. 

Analyz E'd b\· Lauri L okka. 
:!. GranitE' ('Aya gr~nitc ). Quan'y X.W . of the vi!lage of Ava. Brändö. 

Aland. 
Anal~'zed Eisa Sta hlbcl'g. 

3. Lamprophyre belonging to Ava granite. E. shore of Ava FjärdE' ll. 
X.'Y. of tbc vi!lage of Aya. Brändö, Alanrl . 

. -\nal yzed by . EIsa Sta hl berg. 

----~--------~----------
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0.21 0.29 i 
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0.09 , - 0.07 I 

9Q.H:l 100.12 1 99.4,1 

A sünilar dyke in Langskär at the opposite side of Ava Fjäl'den 
cuts both the adj acent migmatite (Fig. 33) and the Ava granite. 

Fig. 33. Dyke of Ava lamprophyre cutting a migmatite. Island of Langskär. 
W. side of Ava Fjärden, Brändö. 
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More to the east it ends abruptly, penetrated by aplitic granite be
longing to the same magma and forming with the clyke a kind of 
breccia. 

A narrow dyke in Gonskär on the southern shore of A va Fjärden 
has a schistosity which is oblique towards the contacts of the dyke 
and shows that movements also took place after the formation of the 
Jamprophyric dyke. 

The composition of the more typical basic dykes associated with 
the granite is rather like that of a diabase 01' metabasalt. The lampro
phyric rocks are, ho\\'ever, richer in potash. containing twice as much 
potash as soda. There are, howeve1' , also dykes belonging to the same 
suite which have a more acid composition passing into diorites or 
Hyenites. Horne of these more acid dykes and veins are extremely 
foldeel anel cut by a number of faults and granitic veins , and. it seems 
as if they had in parts been earlier more basic . but have been changeel 
by being soaked by granitic ichor. 

The basic dyke rocks occur in such great quantities as seem to 
indicate that femic minerals in the granite crystallized at a late date. 
There may therefore have circulated in the rock magma remnants 
rich in femic constituents which were dTained off \\'hen fissures were 
formed in the older crystallized portions of the rock masses. The 
intimate association between lamprophyre and aplite whieh is found 
hefe , but is rare in the same dyke, sho\\'s that they may ha,e crystal
lized simultaneously. A fraetionation of either the basic or the acid 
constituents led to the formation of these different dyke rocks. It 
is not absolutely necessary to imagine that aU minerals erystallized 
freely floating in a magma. They mayaIso have replaced portions 
of the rock more 01' 1e s completely, thus changing its composition. 
[t i a lso possible that the assimilation of older basic rocks contributed 
to the formation of this more basic portion of magma. There are in 
the contact breccias of the A va granite fragments of older rocks of 
Cf llite the same composition as the lamprophyric dykes. 

~\ll round the A va area dykes of porphyritic granite are ver) 
common. Most of them follow the trike of the surrounding schistose 
rocks. Broad belts of Ava granite are thus numerous in the eastern 
part of the island of Ava and the middle part of the island of Bolmö. 
On the southern side of the Ava area dykes and veins of the Ava 
granite occur everywhere in the northern parts of the islands of 
~orrholm and Björnholm and the adjacent islands. In Norrholm 
dykes of porphY1'itie granite are very common in the northern part 
and follow the strike of the gneissose granite. In the promontories 
of the western shore of that island the contact relations of the A ,a 
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granite and oider granites are weH seen. The dykes of the former 
granite clearly intersect veins of the granite of the second group 
in the gneissose granite. Some dykes of A va granite have a quartz
pOl'phyritic character although the texture is not quite typical. 

In the nOl'thern part of the A va area, in the middle island of 
the Rönnkobbal'na occur two dykes ofporphyritic granite quite simil
ar to the granite of the A va area, but very much sheared by a tec
tonic movement which took place only within these dykes. A little 
more to the south there is a dyke of quartz-porphyl'Y 8- 12 m. bl'oad. 
and striking X. 40° E. 
It can also be seen in 
the next island towards 
the E. This rock has a 
certain similarity to the 
rapakivi quartz-pol'phy
ries, but shows some 
small influence of tec
tonic movement. 
These porphyritic val'ie
ties are partly earlier 
than the main mass of 
granite, as sho",n III 

places by fragments of 
quartz-pol'phyry in a 
typical granite (Fig. 34). 

Similar quartz-por
phyries have been found 
also R.W. of the Ava 
area. In the island of 
Utterklobb (X. of Björ
kö in the parish ofKum

l'ig . 34. Fragment of a rapaki,·j.like porphyritic 
yariety of the Aya granite. lying in the main 
granitE'. 'Y. shore of thc A.\'a I sland, Bränclö. 

linge) a dyke of quartz-porphyry cuts the older rocks in a direc
tion N. 35° E., and is continued in the island of Ramsholm more 
to the ~.E. The breadth of this dyke is about 4 m. In Utterklobb 
it has a grayish colour and is rather highly metamorphic. The 
quartz crystals are in parts chawn out, so that the rock may be l'e
ferl'ed to the so-called tail porphyries. In the outCl'0P lying more 
to the ~.E. the rock is bettel' pl'eserved, especially near to the COl1-
tact ",here it is alm ost aphanitic. The porphyritic crystals consist 
mainIy of microcline and a quartz which has a blue colour. The 
ground mass of the rock is micro-pegmatitic. Anothel' similal' dyke 
of quartz-porphyry. ",hich has a breadth of 6 m .. OCCUl'S in the is-



land of Falkklobb, more to the N.K.E. lt strikes K . 10° E.. but 
is possibly a continuation of the dyke previously mentioned. 

These dykes of quartz-porph)'TY eertainly belong to the Ava 
granite whieh shows rather similar textures in some of tbe dykes 
of S orrholm. 

lt is of interest to note that some varieties of the quartz-por
phyries oeeurring in the e dykes are somewhat similar to the so-called 
Ba ltic porphyries (Östersjö-porfyrer) so common as glacial boulder . 
in the regions R. and S.W. of the Baltic. It has been shown that they 
are derived from an area lying S.E. of the Aland Islands. It is very 
probable that there are sheets of effusive quartz-porph)'1.'ies gene
tieally conneeteel with the granites of the third group at the bottom 
of the sea 8. of the Alanel Archipelago. 

The A va granite area with its rouneleel outJine and its riehness 
in fragments of oleler rocks, the more basic varieties anel the lampro
phyric elykes raeliating from the centre of the area, shows a very 
interesting example of a granitic magma working itself upwards. 
The surrounding rocks are in many parts orientateel along the mar
gins of the granitic area. Tbe general strike of the older rock masses 
S. anel S."V. of the granitie area is N.W. anel N.N.W. , while the strike 
X. of the area is more "V.- E. elirection. The strikes in the Ava 
lslanels follow tbe periphery of the granitic area, anel they seem to 
have been re-arrangeel by the intrusion of the magma. The small 
islanels S. anel fl.E. of tbe Ava Island have very varied strikes so it 
seems probable that the rock masses here form a mosaie of migmatite 
striking in different directions. The fragments of gneissose granite 
next to the southern contact are all orientated along the periphery 
of the granitic area, but in the S.'''. part of the area " 'e again find 
very varied strikes in the fragment-like portions of gneissose rocks 
in and next to the granite. A very detailed investigation of the 
tectonics of this granitic area connectcd with the petrologieal study 
of the interm;ting rocks ,,·ould probably re\' eal ne\\" important 
facts. 

The granites of the third group in the region no\\" being deRcribed 
"ho,,· great similarity to the Obbnäs, anel in parts also to the Qnas 
granite of the northern shore of the Gulf ofFinland and tbe Graversfors 
granite near ~ T orrköping in N\\"eden and many of the granites of the 
timalanel area. All these granites are elearly younger than the sur
rounding migmatites which originateel at the intrusion of the granites 
of the second group. The so-called post-Kalevian (or post-J atulian) 
granites in northern Fennoscandia also show much analogy to these 
granites of south-western Finland. 
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POST-ARCHAEAX ROCKS. 

\Vhile all the rocks hitherto described are more 01' less meta
morphic because of the tectonic movements they have undergone, 
the youngest rocks of the same area are almost entirely devoid of 
traces of metamorphic action. 

OSSIPITE.DIABASES. 

Only the oidest of the post-Archaean rocks of that region show 
a slight influence of metamorphosing agencies. These are the so
called 0 s s i P i t e-d i a b ase s which occur as dykes of different 
breadths all over the region outside the area of rapakivi granite. 
The rock of the narrower dykes is a rather fine-grained basic rock 
~ hm\'ing an ophitic texture and consisting mainly of labradorite. 
enstatite-augite and ilmenite. They have usually been called »traps» 
by the oider geologists, Iater also diabases. Associated with them 
coarse-grained rock also occur, very rich in labradorite, in crystals 
measuring several centimeters , sometimes even 10-20 cm; enstatite
augite and ore also occur among them. These coarse-grained rocks 
have a lighter coloUi' and are occasionally very rich in plagioclase, 
RO that they may be called an 0 r t h 0 s i t e s 01' J a b rad 0 r
i te s. In later years the name »ossipite» has been most commonly 
used fol' these rocks in Finland , but it must be remarked that the 
name refers only to the chemical composition and is used in the 
"ense of Niggli. The rocks have not the mineral composition of the 
American os ipites. 

The most coarse-grained variety of these ossipites OCCUi'S in the 
islands of Höggrunden in Eckerö (Fig . 35-37). They are on most 
sides surrounded hy islands consisting of rapakivi granite, but they 
certainIy belong to rock masses older than that. The southernmost 
parts of Höggrunden consi t of gneissose granite, containing numerous 
black fragments of a middle-grained metabasitic rock belonging to 
the oldest supraCl' ustal formation. Th ese rocks are cut by dykes of 
granites of the second group. The ossipite cuts thema11 at the con
tact und a lso sends out apophyses of fine-grained diabase which 
tut a ll the older rocks. X ext to the contact with the gneissose granite 
there is in some places u narro\\' zone of fine-grained aplite which 
a lso penetrates the ossipite and is the last crystallized r esiduum of 
its magma. - Two val'ieties of the ossipite of the easterly one of 
the isJands of Höggrunden were analyzed, and the results are given 
in Table YllI. The first rock is a typical ossipite, the latter one 
consists mostly of labradorite and approach es an anorthosite in 
cOInposition. 
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Fig. 36. Very coar,,('-p:rainecl ossipitt' , HÖp:p:l'Il11(1. I~ck('l'ö. 1: 6. 

Fip:. 37. Ossipitc sho\\'ing porphyritic labradoritt' Cl'., 'staIR. Island of 
ÖRt{'l' Höggrllnd. Eckerö. 

8 
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Table VIII. 
1. Ossipitc diabase. Öster Höggnmd. EckE'rö. Aland. 
2. Anorthosite . conncctecl with thc ossipitc diabase. Öst€r Höggrund. 

E ckerö. Aland. 
Anal.vzed by Lami Lokka. 
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X eal' to f:lkeppsvik in E ckerö there are several dykes of the same 
roc ks_ 

The island of Stoddobb 01' Notklobb (Fig. 38) consists mainly 
of an old amphibolite 01' metabasite penetrated by gneissose granite. 

I~ :3CALE • _ • ~ _m 
Iaweee.... ___ 

I 
I 

_ OSSIPlTE 

METABASITE 

GNEISSOSE GRANITE 

~ AMPHlBOLlTf OU TCROPPING 
~ COVERED BY GRAVEL 

--------- ------------------
_Fig. :38. :\Iap uf thp islancl of X otklobb . EckPrö. 
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Fig. 39. Gcntly-dipping dyke of ossipit(' in an old amphibolit('. S('en from thc 
,,·estcrly. small er island on Fig. 38. Island of Notklobb, Eckerö. 

In this rock we again find some narrow veins of metabasite which 
is probably of the same age as the Bothnian metabasaltic dykes. 
Some broad dykes of pegmatite cut the oider metabasite. Youngel' 
than a11 these rocks are dykes of ossipite which occur at several 
places (cf. Fig. 39). They lie at an incIination of about 30° toward" 
nOI·th. In the eastel'n broadel' dyke very big crystals of labradorite 
occur, sometimes aggregatecl to anorthositic ma ses. In another 
island, Trutklobben, more to the f;. broad dykes of rather coarse
grained ossipite also occur. At the shore f;. of Skeppsvik there is 
a clyke of middle-grainecl diabase. The fi ssure is very irregular in 
form (Fig . .t0). Farther to the S. \ye again find off the western shore of 

/ 

Fig. 40. VE'ry irr('gulal', faulted dyk(' of ossipitc in thE' gn('issose granite. 
Skcppsyik. E ckcrö. 
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the island of Eckerö, a small island called Blaklobben which mostly 
consists of ossipite. lt is here porphyritic with big crystals of labra
dorite in a middle-grained ground mass. In the B.E. 'we find gneissose 
granite cut by a narrow dyke of diabase wh ich is an apophyse from 
the ossipite. On the S.'''. shore, the ossipite is cut by a quartz
porphyr'y belonging to the rapakivi. The contact is irregular and the 

EXPLANATION Of THE COLOURS 

OUARTZ-PORPHYRY 

OlITCROPPING 
OSSIP1TE: 

COVERED BY GRAvn. 

GNE1SSOSE GRANITE 

SCALE 

Pig. +1. ~rap of tllt' i"larul 01" I3läklohb. I':ckprö. 

oider rock has been brecciated next to it and is penetl'ated by nUIlH'

rous veins of the porphyr'y (Fig. 41). 
In the islands ~.E. of Eckerö ossipitic rocks occur in severaJ 

places. The whole of the little island of Västel'sten is composed of 
a rather coarse-grained rock rich in labradorite. ~ome portions haye 
the composition of an anorthosite. On the " 'estern shore of Bäken 
skär a dyke of trap occurs. N. of it a broader dyke is visible and Oll 

the north-western shore a thil'd dyke '\'hich is yel'Y irregular in form. 
the magma having filled out cavities between blocks that were faulted 
at the time of the opening of the fissure. 
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The basic dyke S. of Hammal'udda mentioned by Frosterus 1 is 
a metabasalt, probably of Bothnian age. 

In the area of Lemland granite no ossipitic dykes have been 
observed, but there is no doubt that the basic rock is younger than 
the granite. 

The biggest outcrop of the rocks in question is in the archipelago 
K 1.<:. of Föglö where it is found in a numbel' of islands, the biggest 
of \"hich has a breadth of 300 m. The direction of this broad dyke 
if; X. 30- 35° E. The predominant rock has a rather coarse-grained 
texture. It consists of broad laths of plagioclase about 3 cm. long , 
enstatite-augite, and ore. In Källsholm in the nOl,thern part of this 
dyke porphyritic vaJ'ieties also occur with big feldspars in a rather 
coarse-gl'ained ground mass. Besides the predominant rock of this 
dyke, of a grayish green colour, light red varieties also occur, although 
in small quantities , containing orthoclase and quartz , in some cases 
epidote too. They were formed by the consolidation of the last resi
duals of the magma in which the salic parts have segregated, 

In nOl'thern Sottunga there are also several dykes of these more 
coal'se-gl'ained varieties of the ossipite-diabases. One of them out
cropping in the little island of :x orrgrund is very much mixeel with 
a light gl'anitic rock which penetrates the prevalent basic rock and 
i:,; the last cJ'ystallized acid part of the same magma. 

~-\nother dyke of a similal' rock forms the most nortb-westerly 
pJ'olllontOl'Y of the islanel of Sottunga. At the contact with the migma
tite on the southern side a fine-graineel contact zone occurs anel next 
to it there is a stripe rich in plagioclase crystals, Narrow veins of 
a granitic rock penetrate the diabase at the contact. The impression 
it gives is that the granite S, of it is younger, but it is only an acid 
part of the ossipite magma. All these dykes strike N. 45° E, 

Farther to the S.E. , S. of the island of Busö a elyke has been ob
:-erveel striking N. 45° E., and others N, 35° E. anel N. 20° E. in the is
land of Dömmarskär in northern Kökar. They are fine-grained and 
have a breadth of 0,3-1.2 m. 

In Kumlinge similar dykes are very common. They have been 
noticed in Ingersholm stI'iking N, 40° R , N,vV. of the church N, 
35° E., in an island N,W. of the Kumlinge islanel N, 35° E. anel in 
Langskäl' N. 45° E. In the Enklinge island two long elykes have a 
strike of ~. 35° R In Högholm, Langörn and Ljungskär there are 
4- 5 parallel dykes lying near each other which all strike N. 45° E. 

1 BENJ. FROSTERUS, Beskrifning till Kartbladct ~:o 2]. Mariehamn. 
18!J2. p. 18. 



Farther to the S.E. in the islands of Degerbrok and Langbrok there 
are four dykes striking N. 40-50" E., and one in the Gunnarskären 
N. 45" E. E. of the island of Lappo there are in Bar6 four dykes N. 40" 
E., N.W. of the island of Oster Bergholm N. 45" E. 

E. of the area shown in the map the predominant direction of 
the dykes of trap is also N.E. Very few have the direction E.-W., 
and two narrow veins have been observed running N.-N.E., but 
this is a local deviation from the general direction. 

There are pronounced geomorphological features, straight lines 
which limit the different groups of islands and often run channel- 
like through the archipelago for a considerable distance, but these 
never follow the predominant direction of the trap-dykes, but are 
arranged in N.-N.W. and N.-N.E. directions. The assumption 
by several geologists that the most pronounced fissure Enes in middle 
Femoscandia originated at the time of the eruption of the ossipite- 
diabasea, is not in agreement with the facts observed in this region. 

While most of the rocks of the dykes in question show primary 
pyroxene, most of the narrow dykw in which the rock is fine-grained, 
next to the contacts even aphanitic, contain green hornblende which 
is obvioitsly a secondary mineral. Thus these rocks am not entirely 
devoid of metamarphic phenomena. 

These basic rocks have at  several plaaes shown a very close 
association with the rapakivi granite as to distribution. Thns we 
find them in the hgermanland area in Sweden, in the Jaala-Manty- 
harju area in Finland, where the basic rocks form the outher portion 
of the area while the rapakivi granite outcrops mainly in the middle, 
and also in connection with rapakivi in southern Russia where a 
coarse anorthositic rock, very simila to those of Fennoscandia, 
occm in outcrops next to the ribpakivi. 

In fhe region now under discnesion there is, however, no clorre 
association between the rapakivi granite and the basic rooks m r e p d s  
distribution. On the contrary the latter form well-defined dykes 
cutting the older rocks, while rapakivi granite forms rounded a r m  
of great extension, the contacts of which cut the basic dykes as we11 
as all rocks older than these. Tectonically the rocks differ very much 
in eharac%er and there must be a marked differente in age, although 
the association in other regions shows that there may be a cerwin 
connection lower down. 

RAPAKIVI GRBNITES. 

The rapakivi granites have the greatest distribution all over 
the region. The big Aland area measures at  le& 10 000 sq.km. 
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It is only when shown on a petrological map , where no a('count is 
taken to the distribution of land and water , that an adeguate iden, 
of its size is obtained. If the island s only are marked \\'ith the coloUl' 
indicating the rocks , we get the impression that it is much smallel'. 
Only at a few pI aces in this al'ea are there small outcrops of rocks 
younger than the rapakivi . In great parts of it the so-('allecl A 1 a n d 
rap a k iv i is the predominant rock. 'Ihis is a r edclish bro\\'n r e('k 
showing the peculiar ra
pakiYi texture character
ized by round crystals 
of orthoclase more 01' 

Jess intergrown with 
quartz and SUITounded 
by a shell of plagioclase 
which on the surface is 
visible as light-coloured 
and oval-shaped rings. 
'Ihe ground mass be
tween these feldspar 
ovoids consists of feld
spar , quartz and biotite . 
the last of which has 
very often crystallized 
later than the main part 
of the others. 'Ihere 
are varieties in which 
the difference between 
roundecl porphyritic 
crystals and the ground 
mass is not weH pro-

Fig. 42. Coarse vari ety o[ the l'apakivi of t.he 
Aland a rea. like the main rock o[ the rapaki"i 
area of \'('hroaa. I slands K.\\·. of 'Enklinge. 

Kurolinge . 

nounced. 'Ihey have been called granitic rapakivi , but it i ' difficult 
to distinguish between them in the field because they rapidly and 
irregularly pass into each other by gradations. 'Ihey are therefore 
on this map marked with the same colour . 

In the north-eastern part of the area, the Aland rapakivi in 
which the feldspar ovoids are very small, seldom more than 1 ('m. 
gradually passes into a more coarse-grained rock in which the ovoids 
have a size of about 2 cm. (Fig. 42). It is rather similar to some 
of the predominant val'ieties in the Vehmaa area in the north-eastern 
part of the region mapped, but rocks of different character are here 
more general. On the map all rapakivis of the Aland area are shown 
with the same colour , different from that of the Vehmaa rapakivi. 
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On the othe1' hand the Aland 1'apakiYi pas es gradually into 
(1 u art z-p 0 r p h Y I' i t i c r 0 c k s. They occul' especially in the 
I-ur. margin next to the contact, for instance in the islands of Pep
parn and BäJ"enskär anel inHammarudda, fUl'ther - as alreaely mentio
ned - in the httle islanel of Bläklobb in Eckerö. This quartz-porphyry 
has a wonelerfu 1 fluidal texture. .lt certainly solielified very nea1' 
the surface of the ea1'th. rn the region of Emkarby there is a q uartz
porphYl'itic rock with cl'ystaJs of blue quartz. The ground masses 
here are a little less fine-grained than in the other varieties. 

Among the otbel' granitic rocks of this area the so-called Haga 
granite is l'ather weil defined; it is middle-grained, red, and equi
granular , and consists mainly of rather idiomorphic quartz, red 
orthoclase with some plagioclase anel biotite. lt has a rather sharp con 
tact towards the rapakivi which it penetrates. Another more fine
gl'ained granite also OCCUl'S in some sm allel' areas within the rapakivi 
and as dykes cutting it. 

At one place on the S.E. shore of LUmpal'll Fjärden, N. of Lum
parsunel in Lumparlanel, Eskola has observed a narr 0'" dyke of a 
lamprophyric rock cutting the rapakivi. Microscopically it give ' the 
impression that its numerous small flakes of biotite crystallized in 
the consolidated mass of the other minerals, pal'tly replacing them. 

Dykes of pegmatite do not occur in the .Aland rapakivi. Rocks , 
,,'hich may be callAd aplites, are also on the whole lacking. In a few 
cases the youngest granite occuring as dykes in veins may be similal' 
to an aplitic granite: only in one case is there a dyke of gray granite. 
Pneumatolytic agencies caused a removaJ of the reel colour character
istic of the Aland rapakivi. [n the north-easternmost part of the 
area, where the rapakivi is simiJar to that of the Vehmaa area. 
gray porphyritic rocks with an abundant ground mass also occur. 

The rapakivi granites of the Aland area have usually a very 
regular jointing. The most common fissures are nearly horizontal 
and lie, especially in the finer-grained rocks, yery near to each other 
so that in quarrying it is difficult to get blocks thickel' than 0.3 m. 
Vertical fissur'es also occur perpendicular to each othel' and to the 
horizontal jointing. The rocks are therefore subdivided into paralJeJipi
pedic blocks, and the rock slopes often show terraces at regular inter
vals, The most fine-grained rocks are more fissured than the others, 
subdivided into a number of sm aller angular blocks, 

The red colour and irregular forms of the hills , often steep on 
one side, make the archipelago of Aland very beautiful. 

In the north-eastern corner of the region mapped lies the most 
westerly part of the V e h m a aar e a of rapakivi. Most of it 
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consists of a rather coarse-grained porphyritic rock similar to that 
of the north-eastern part of the Aland area, but still a little coarser 
and often somewhat richer in ground mass. Varieties with a reddish 
brown colour are most common, but grayish varieties sometimes 
occur. In the northernmost part of Skataudd N.vV. of Lypertö 
there are also fine-grained varieties sometimes entirely equigranular, 
;.;ometimes containing sparsely distributed rounded crystals of feldspar . 
~. of Lypertö in the north-westernmost prornontory of Kattkuru a 
cont.act with older migmatitic rocks is observed. The migmatite is 

Fig. -i3. Straight ,"cins of the rapaki\' i granite of the ' -ehmaa area. 
Clitting a migmatitc. S. \\' . of thC' island of Lypertö, Kustavi. 

subdivided into numerous fragments cemented by fine-grained aplitic 
l'apakivi granite. In the northernmost part of Skataudd too, contacts 
of rapakivi granite and migmatite are visible. 

In Malmö N.W. of the island of Korra the main contact between 
the rapakivi and the older rocks is also vü~ible. In the S. there is a 
rather typical rapakivi with a sharp contact towards the gneiss. 
On the north-eastern shore of the island there are aplitic varieties 
of the rapakivi as dykes in the gneiss. Some of these dykes have 
a dark lamprophyTic border zone not very basic in its composition. 
1n one rock a rapakivi-aplite has filled several quite narrow, recti
lineal fissures (Fig. 43). In the small island N. of 1:alö too the contact 
of the older rocks and the rapakivi granite, here coarse-porphYJ:itic , 
is visible. 

Li 3 i :l1 9 

1 
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In the is land S.\V. of Korra the contact between the rapakiYi 
a ncL the gneiss can be seen a ll along the middle part of t he island . 
Ln Storskär the most nOl therly promontory consist of gneiss. whil e 
most of t he is land is r apakivi. Finally there is a contact betv.:een 
r apakivi and the older r ocks in t hose promontories of the island of 
Osnäs which lie nearest to the island of P oskär. Th e rapakivi RendR 
out some apophyses cementing a breccia of fr agments of the olcler 
rock . 

Tn K ökars Fjärden, W. and S.W. of the island of Kökar. several 
sma ll islands of a rapakivi granite occur. In the northernmost iR
land of N on'harun it is a rather coarse-gr ained l'apakivi containing 
several fragments of gneissose granite. This rock resembles the 
rapakivi of the Viipuri (Viborg) area 01' that near to Uusikaupunki 
(~ystad) more than the Aland r apakivi . In the is land of Söder 
harun the rock has even greater resemblance to the typical rapakivi. 
On ~he island of Ändör and an adjacent island the rock is a granite
porphyry such as are common in connection with t he l'apakivi 
rocks. 

In F äfänggadd and Mälsör the rock is a rather coarse-grained 
rapakivi granite in which the orthoclase crystals are not surrounded 
by a shell of plagioclase. This rock is 'rather similar to the rapakivi 
granite of Pyterlahti in the region of Viipm'i (Viborg) wh ich h as been 
used extensively as building-stone in Petersburg. 

Finally the island of Karlbybädan and some neighbouring small 
is lands in the B altic Sea consist of a similar coarse-grained rapakivi 
granite. A no islands lie between these two outcrops of rapakivi 
granites in the Kökar Fjärden it is difficult to say whether they 
belong to one area or two different areas . 

In Table IX there are analyses of some representatives of rapa
kivi rocks occuning within the present area. 

OLIVTXE-DIABASE •. 

The islands of Märket and Sankan in the Aland Sea consist of 
an 0 1 i v i n e- dia b a se with ophitic texture consisting of laths 
of labradorite interspersed with augite, olivine and ilmenite. The same 
rock , although a little less coarse-grained, occurs in the small island 
N. of Skeppsvik in Eckerö among the Aland I slands. It lies within 
the area of rapakivi granite and is certainly younger than that be
cause it is found as dykes penetrating it at several pI aces on the shore 
of the Gulf of Bothnia. 
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Trtbl" IX. 

1. Rapakivi (Vehrnaa Rapakivi). Katanniemi (Skataucld ). L ypertö 
Kustavi. 

Analyzed by Lauri Lokka . 
2. l~apakivi granite (Aland Rapak·ivi ). Haraldsby. 8alh·ik. Aland. 

Analyzed by Kaima Sahlbom. 
:3. Quartz.porphyry belonging to Aland Hapaki\·i. Bläklobh('n. Eekerö. 

Aland. 
Analyzed by Lattri Lokka. 

_
_ 0_, 0 _ _ 

1

1 ~lol. I '-o-~-' -~·-lo-1. -1-: ~I Mol. 
~p~ro~p~. ~ ___ ·" __ ~I~)f~OI~).~ ___ ·o __ ~~pr~o~p.~ 

~,ii~~ ::: : ::: ::::::: :::::::::::: 
Alz0 3 .... ..• . .. . .• .. ... . •... . • 

Fe20 3 . ... . ••••••.••••••••••••• 

FüO . .......... .. .. . . . ... .. .. . 
MnO . ...... . .............. . .. . 
~1g0 ............. . ...... . .... . 
CaÜ .... . .......•.... . •. ... . .. 
~a20 .... . . .... .... . . . . .. .... . 
1(2° .. . .. . .. . .. . ......•.... .. . 
P2Ü5 ... .. ••...•. ••..• • .•.. . •. . 

1120 + ....................... . 
Fl 2ü - ..... . ........... .... .. . 
BaO . .. . . ..... . . . ..... . .. . ... . 
ZrÜ2 .•.•••• . • .. . . . •. •••.••. . •. 

f? .......• . ...••....••• .. ..•.. 

71.21 
0.65 

12.09 
0.80 
3.89 
0.08 
0.12 
1.61 
3.39 

5.
10

1 0.2~ 
0.7fi 
0.21 

I 0.11 

I 
~:~~ 

100.58 

1187 
8 

119 
5 

5,1 
1 • 
3 

29 
55 
54 
2 

70.56 \ 
0.,14 

12.27 
2.7,1 
2.93 
0.1-1 
0.65 
1. 87 
3.20 
,1.92 
0.18 

\ J 0.60 

- 100.:1 
CAMBRIAK SAN DSTONE. 

1176 
(j 

121 
17 
,10 

1 
16 
34 
52 
52 

1 

77.35 
0.19 

11.08 
1.28 
0.50 
0.01 
0.22 
0.39 
2.81 
5.12 

0. 09
1 

0.37 
0.09 

~I 

1289 
2 

109 
8 
7 
1 
6 
7 

46 
58 

1 

~ear to Langbergsöda in north-eastern Saltvik there are dykes 
of a g r a y i s h san d s ton e in wh ich Tanner1 has found fossils, 
among them a new species of Brachiopods called AC1"otreta Tanneri. 
Similar, though very narrow, veins of sandstone are common in the 
rapakivi rocks in the north-eastern part of the area, e. g. in the islands 
of Bredan and Venningbadan. The occurrence of these dykes of sand
stone, which are found at several places in south-western Finland 
and middle Sweden where they have yielded some Cambrian fossils , 
is of interest because it clearly defines the age of the rapakivi granite. 
Moreover the Jotnian sandstone in the Satakunta area and in Anger
manland in Sweden has also been directly superposed on the rapa
kivi granite which is thus not only late pre-Cambrian, but pre-Jotnian 
in age. In the present region no outcrops of Jot n i a TI sa n d-

1 y. TA:::\fNER. Über eine Gangformation von foss ilienführendem Sand· 
.~tc in auf der Halhinsel LangbergsÖda-Öjen im Kirchspi('1 Saltvik. Aland
Ins€'ln. Bul!. ("omm. geo l. Finl.. :;\: 0 2:"5. 1911 . 
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s ton e s have been found , but in the little island of Rödakon in 
Lumparn a breccia was found by Dr. Asklund1 who has studied the 
J otnian area of middle Rweden. According to him it is similar to 
the basal breccias of the Jotnian in othel' areas. It consists only of 
angular fragments of rapakivi cementeel by a rather coarse gravel 
of smaller , angular fragments. 

ORDo\' JC[AX LDIESTOXE. 

In the northern part of the Lumpal'l1 Fjärelen in Alanel. near 
to the promontory calleel Tranviks Udel, there is a small rock of 
I i me s ton e usually under water , but visible at exceptional 1m,· 
water. It was first observed by Dr. Asklunel, whose attention had 
been called to it by the people of the neighbomhooel. The rock is 
of Orelovician limes tone like that common as blocks both in the 
Aland area anel especially,S.E. of Lumpal'l1 Fjärelen anel in the nOl'tb 
ernmost part of the archipelago. To eletermine the thickness of the 
limestone it was eliamond drilled , but this met with several diffi
culties especially as the limes tone altel'l1ated below with a brownish 
clay that was not entirely consolielated anel offered great l'esistance 
to the drilling . In any case it has been clearly proved that the lime
stone outcrops at this place. It lies obviously in a hollow limited 
by faults. This is the youngest rock observed in the region uneler 
eliscussion. 

1 B . ASKLUND 0<; 11 O. K ULLING. ~ya data till Aland,.; gE'ologi (\\-it h a 
Summary in Eng lish). O('o l. För('n. Stockh. Förh. , ßd. 48, 1926, pp. ·HI8-
511. 
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Sllomen Geologisen Seuran jlllkllisuja - Meddelandcn frll1l Gcologiska Sällska
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12 figures dans le texte et 6 planches. A vri l 1931 ... "." .. , ., ' . ' , .. ,.. +0: -
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p"bJitl p,tr .f. J. SEDERHOL)1. )[ai 1933 .', .. " ", ." '. , ."",,, .... , ' .' 30: 
SIIOJl1rll Gcologisen Seumll jlllkaisuja - )ledelelanden fran (;rologisk,t Sällska-
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:2 figllrps clans le texte. _\ önt 1933 .. , ..... , , .... , , . ... . , .. , , , , .... , . ' . , 25:
SlIomcn Geologiscn SCllran julkaisllj a. - Meddelanclen I'ran Geulogiska Sällska-
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3:-3 fig llres dans le texte. 11ai 193-b . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 55:
\' cllere chemische Ana.h·sen \'on finnisdlcn Gesteinen. yon L.\t'lll LOK" ,\_ Sep-
tl'lllber 1934 . , , . , .. , .' , , ... ' , ..... , , .... , , . , ... , . , .... , . , , . , , , . , .... , " 30; -
Das Rapakiwirandgebict drr Gegend Yon Lappeenranta, (\\'illillan st ranrl ), \'011 

VIC'TOR ]-IACKMAN. )1it 15 'l'extfig ll rrn , 6 :Figuren allf:2 TafPln, r inN' _\ na-
h'spntubellp lind riner Karte in Farbendruck. Octobrr 1 ~3.,1 , . , ." , ."" 3;"): 
ÖII ),[igmatitrs anel _\ ssociatt'd Pre-{'ambrian Rocks of Southwestern Fill
Innd, Part II!, 'l'hr Aland Islnnrls. b,· J. J. SEnERHoL~ 1 t, With t wn 
111<1 ps n n d ·tl fi~nrrs in thr text. Drceill ber 193+ " ,. , , , , , ... , . , ' . , . , ,. +0: -
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