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SCOPE AND METHODS OF THE INVESTlGA TION. 

The origin of alI those rocks which have been termed g ne i s s
os e has been long regarded as the most difficult problem of petro
logy. Nowadays we do not observe anywhere the formation of any 
rock masses similar to gneisses. Thus, if we try to explain their 
origin as due to the ac t u a 1 ca u ses, it is only possible if we 
assume that these have böen active at depths below the surface not 
directly accessible to our observations. 

It has long been evident that th e large group 01 rocks termed 
gneisses must comprise rocks of very different origin . For some 
of them very probable explanations have already been given. 

There is no longer any controversy about the fact, that gran
ites and other similar plutonic rocks can by mechanical action dur
ing mountain-forming processes, followed by chemical reactions 
between the minerals 01 the rock, be changed into sheared, gneiss
ose rocks which R osenbusch calls 0 r t ho g n eis ses. The great 
work of Johannes Lehmann, U nt er su ch u n g en übe r die 
Entstehung der altkrystallinischen Schiefergestei
ne (1884), gave the clue to the proper understanding of these 
rocks. Lehmann even proposed to restrict the use of the term 
gneiss to sheared plutonic rocks. No doubt a greater precision in 
the nomenclature 01 gneissose rocks is desirable, and it may per
haps in the future be practicable to 10110w the proposal or Lehmann, 
i. e. to use the word gneiss only as a designation of a secondary tex
ture. At the present moment, however, it seems hardly possible to 
avoid the use 01 the term gneiss in a more comprehensive sense, 
because its use as a >sack name~ 01' ~expression de l'ignorance, is 
so inveterate, and no generally recognised special names do exist 
for many 01 the rocks which are usually caUed gneisses. 

Very interesting types of granitic gneisses, 01' gneissose grani
tes, occur e. g. among the porphyritic granites 01 the lower Ar
chooan OI Finland. In these rocks the metamorphism has orten 
mainly consisted or a mechanical crushing, whose gradual develop-
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ment we are able to follow by studying tbe changes of the porp:Uyr
itic felspars. Along the shearing planes mica has crystallized. 

In many granitic gneisses, however, the metamorpbism has by 
no means been merely mechanical, but there have been formed, be
sides mica, other new minerals in a larger measure, either by react
ions between the neighbouring primary minerals 01' out of material 
which has been transported from longer distances. Here also the 
question still often remains open which metamorphic agencies have 
been active, especially to what degree plutonic heat has been con
coruitant. Moreover it is often difficult to determine in which cases 
the parallel texture of the granitic gneisses may be of primary 
origin, due to movements in the magma during the process of its 
consolidation. 

The problem 01 the genesis of granitic gneisses is ill general 
by no means yet perfectly clear in all it.s details, although it may 
be regarded as solved in the main. 

Other gneissose rocks, the par ag ne iss e s of Rosenbusch, have 
been proved to have been originally sediments, either normal clastic 
sediments in a metamorphic state or such derived from tuffs which 
had been more 01' less changed by weathering before their deposi
tion. 

The question whether there is, among metamorphic normal se
diments, a continuous series passing from argillites through mica
schists into gneissose rocks, and, in particular, whether the coarsely 
crystalline potash felspar, which is so important aud character
istic a constituent of the gneisses, has been formed by the meta
morphism of sediments, has long been a matter of controversy es
pecially in the German school of geology. Practically, it was a step 
forward when the petrologists, leaving aside this theoretical ques
tion, began to treat the schists proper separately from the gneiss
ose rocks, and investigated at first the origin of the former by 
the aid of microscopical methods. In our opinion, however, many 
German petrologists went too far when they drew a very sharp 
demarcation-line between schists and gneisses, and regarded it as 
proved that the,re were no gradations between them. 

Lately a new tenn has been introduced in the nomenclature of 
felspathiferous rocks which have been earlier designated as gneis
ses. Swedish petrologists have proposed to designate their fine
grained equivalents, earlier often called hälleflintgneisses, as 1 e p t
i t e s. Chemically this term has even a wider comprehension than 
the word gneiss. Thus, while the latter comprises mainly rocks con
taining potasb felspar, ranging from granites to felspar-bearing 
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micaschists, the t erm leptite is made to cover both acid and basic 
crystalline schists, when they are finegrain ed in texture. The lat
t er are called am phi bol i t i c and s yen i t i c 1 e pt i t e s. As 
Högbom points outl , the leptitic group »includes many genetically 
and structurally different rocks >. Often they are derivatives of 
porphyries and their tuffs, in otber cases they are derived from sed
iments, as for instance, from felsparbearing quartzites. Aplites 
and other boundary forms of granites may also in some cases have 
been transfOl'med into leptites by metamorphism. The author hits 
himseH used the term leptite, originally introduced by Hummel, 
but for a long time not accepted by his fellow-geologists in Sweden, 
as the name of a special rock-type of known origin, occurring neal' 
'rammerfors, a highly metamorphic psammitic rock containing ori
ginally some clastic fels par. He gave, however, up the use of the 
term when the word was claimed again by his Swedish colleagues2• 

Such a comprehensive term as leptite, in its present definition, may 
be 01 some use as long as our knowledge concerning these rocks 
1S still in a primitive stage, but then we ought cleady to remem
bel' that this new term also is only an >expression da l'ignorance>, 
of tbe same character as, although more comprehensive, than the 
term gneiss, or the t erm metabasite which is used in Finland for 
metamorphic basic rocks not more exactly determined. Bäckström3 

compares the term leptite to a »basket in which everything which 
is not assorted may be thrown>. In general the fine-grained meta
morphic rocks seem often to be more easily interpreted, with 
the aid of the microscope, than the more coarse-grained. The for
mer have, in most cases, never become metamorphic to a very high 
degree; in that case their fine grain generally vanishes. Thus both 
their chemical character, and, in many cases, also their original tex
ture, are rather weIl preserved, and we are able to determine their 
origin with more or less certainty. Just as it would be advisable 
to restrict the use of the term gneiss as much as possible, to cover 
only some of the genetically different groups of rocks which have 
been called so, we might hope that increased knowledge will make 
it possible to take a great many of the leptites out of that petro
graphical sack or »basket» and place them in their proper com
partment, so that genetically such different rocks as sedimentary 

1 A. G. Högbom , Precambrian Geology of Sweden. BuH. Geol. lnst. Univ. 
Upsala X, 1910, pp. 42-44. 

2 Om en ändring av nomenklaturen för vära granuliter eller häIleflint
gneiser. Diskussion Geol. Fören. Stockb. Förb. Bd. 30, Mars 1908. 

3 1. c. 
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felspar-bearing quartzites, fine-grained ampibolites, and granitic ap
lites naed not be referred to under a common designation. 

Besides the gneisses of plutonic and those of sedimentary ori
gin (including .also those formed by the metamorphism of volcanic 
rocks intercalated with the sediments), many geologists have recog-

ized the existence of gneissose rocks composed of ami x tu r e of 
supercrustal rocks and injected granitic material which has risen 
froI? the depths (veined gneisses, injection gneisses, mixed gneisses, 
miktosites, mi g m a t i t e s etc.). 

The first traces of such ideas are found as early as in the writ
ings of Rutton, the father of theoretical geologyl, who believed in 
a sub c ru s tal f u si 0 n of sediments and derived the granite 
from sediments which had undergone a complete fusion. Lyell be
lieved that the gneisses were semi-fused sediments2 , while gra
nites originated at still higher temperatures, or by a more leng
thened exposure to the influence of heat. Delesse professed the idea 
that all plutonic rocks were of metamorphic origin3, >not causing 
metamorphism, but originating through its influence>. .Such ideas 
were prevalent also among others of the older geologists on the 
continent. 

This connection between the theoretical question as to the ori
gin of the subcrustal magmas, and the mode of formation of deep
seated, often veined, gneissose rocks, was not propitious to their 
inductive study by petrological wethods. At the present moment 
i1i seems advisable first to keep both these questions apart trom 
each other, although they have a close theoretical connection. We 
prefer, so far, to take the plutonic magmas as a given fact, and to 
express no opinion about their origin, limiting our study to their re
lations to the oider rocks which they penetrate. Later on we shall 
return to this question, and try to draw some conclusions concern
ing the way in which magmas have been formed at depth. 

Among the older geologists there were some who studied in a 
purely inductive way the rocks formed by abysmal refusion or in
jection. Among them Durocher is especially prominent4 who visited 
Finland and Scandinavia in 1858 and described many cases of a 

1 J. Hutton, Theory of the Earth, I, pp. 239, 317, 319. 
• Ch. Lyell, Manual of Elementary Geology, V ed. 1855, p. 603. 
S Delesse, Etudes Bur le metamorphisme des roches 1861, p. 87. 
Quoted by J. Roth, Über die Lebre vom Metamorphismus und die Ent

stehung der krystallinischen ·Schiefer. Abh. k. Akad. Wissensch. Berlin 187l. 
, J. Durocher, Etudes sur la structure orographique et la constitution geo

logique de la Norvege, de la SuMe et de la Finlande. Mem. Soc. geol. France, 
VI, 1, 1856. 

I 

I 

_.~ 
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very typical injection, even from the region now lD question, viz. 
Southern Finland. 

It is difficult to determine now in what measure tbese injection 
theories of the older French geologists have influenced the later 
French petrological school in its ideas about an intimate in j e c
t i 0 n oi granites into their neighbouring rocks, and the ass i m i
la ti 0 n of the latter in the granitic magma. In any case, Michel
L6vy founded his theories about granitization on the firm basis of 
his own observations in the Archroan of France snd also in the 
crystalline areas of a younger age of this countryl. Almost at the 
same time also Barrois was led, by his study of the Paleozoic and 
Precambrian oi Brittany and elsewhere2 , to draw similar conclus
sions, and Lacroix3, Termier', Duparc5 and other French and Swiss 
geologists have accumulated more evidence in the same direction. 

Also in Germany tbere have been numerous adberents of the 
same idea, among them J ohannes Lehmann whose observations were 
published as early as 1884, and, in later times, Chelius,6 Erdmanns-

1 A. Michel-Levy, Note sur la formation gneissique du Morvan. Bull. 
soc. geol. France, 3 serie, 7, 1882, p. 857. 

- - - Sur l'origine des terrains cristallins primitüs. Bull. soc. geol. 
France, 3 serie, 16, 1888, p. 102. 

- - - Etude sur les roches cristallines et eruptives des environs de 
Mont-Blanc. Bull. Servo Carte geol. France, 9, 1893. 

- - - Contribution a l'etude du granite de Flamanville et des grani
tes fran<;ais en general. Bull. Servo Carte geol. France, 36, 1893. 

2 Ch. Barrois, Le granite de Rostrenen, ses apophyses et ses contacts. 
Annal. soc. geol. Nord, XII, 1884. 

- - - Aper<;u de la constitution geologique de .la rade de Brest. Bull. 
Soc. geol. France, 3 serie, XIV, 1885-1886, p. 678. 

- - - Sur le massü granitique de Huelgoat. lbid., p. 865. 
- - - Guide geologique en France, 7. VIII Congr. geol. internat. Paris 1900. 
- - - Sur les relations tectoniques des granites grenus et gneissiques 

de Bretagne. C. R. XI Congr. geol. Internat. Stockholm 1910, p. 597. 
3 A. Lacroix, Le granite des Pyrenees et ses phenomimes de contact. 

Bull. Servo Carte geol. France 64, 1898, and 71, 1900. 
• Pierre Termier, Les schistes cristallins des Alpes occidentales. C. R. 

IX Congr. geol. Internat. Vienne 1903. 
- - - Sur Ia genese des terrains cristallophylliens. C. R. XI Congr. geo!. 

Internat. Stockholm 1910, p. 587. 
• L. Duparc et L. Mrazec, Recherehes geologiques et petrographiques sur le 

Massü de Mont-Blanc. Mem. Soc. Pbys. et Hist. nato Geneve. XXXlIll, 1898. 
• C. Chelius, Petrographische Untersuchungen im Odenwald, V. Centralbl. 

f. Min. 1906, pp. 763 ff. 
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dörffert, Gäbert2, Gürich 3, Klemm4, Lepsius5, Philipp6, Sauer 7, 

Schwenkel8, Steinmann 9 , W eber10 etc. 
The petrological school of H eidelberg opposed, as is wen known, 

its world-wide influence to the idea of a local 01' regional inj ection 
01' assimilation. By his study of the contacts of certain granites of 
the Vosges Rosenbusch thought that h e was able to prove, that 
there had been no transfer of material from the granite into the 
adjacent schists, and he generalized this conclusion so as to hold good 
for all granite contacts of the world, persistently denying the pos
siblity that the schists could be permeable to the granitic magma, 
01' its juices. Later investigations in the Black Forest showed, how
ever, that there also mixed gneisses occur in a large measure. 
Schwenkel explicitly8 says: zones of mixture a.nd inj ection gneisses 
occur, and are certainly more common than hitherto was known. 

In German Switzerland, Austria and Romania the injectionist 
school has many adherents, such as Grubenmannll , Gutzwiller12 , Kö
nigsberger13, Truninger14, R einhold15, Reinhard16 etc. 

1 O. H. Erdmannsdörffer, Der Eckergneis im Harz. Jahrb. k. preuss. geol. 
Lalldesanst. 30, 1909, pp. 324-387. 

- -- - Über Resorptionserscheinungen an Einschlüssen von Tonschie
ferhornfels im Granit des Brockenmassivs. Jahrb. k. preuss. geol. Landesanst. 
XXVIII, 1907, pp. 131- 130. 

- _ .. - Über Mischgesteine von Granit und Sedimenten. Sitz. k. preuss. 
Akad. der Wissensch. B erliri 1912, pp. 478-484. 

2 C. Gäbert, Die Gneise ues Erzgebirges und ihre Kontakteinwirkungen. 
ZeitschI'. deutsch . geol. Gesellsch. 59, 1907, pp. 308--376. 

3 G. Gürich, Granit und Gneis. Himmol und Erde, 17, 1905, p. 2-U. 
• G. Klemm, Beiträge zur K enntniss des krystallinen Grundgebirges in 

Spessart. Abh. hessisch. geol. Landesanst. 1895, p. 87. 
- - - Bericht über Untersuchungen an den sogenannten ,>Gneissen. 

und den metamorphen Schiefergesteinen der Tessinen Alpen. Sitz. k. preuss. 
Akad. Wissensch . Berlin (Phys.-math. Kl.) 1906, pp. 420-431, and 1907, pp. 245-
258. 

• R. L epsius, Geologie von Deutschland und den ang renzenden Gebieten H. 
6 H. Philipp, Vorläufige :\litteilungen über Resorptions- und Injectionser

scheinungen im südlicben Schwarzwald. Centralbl. Min. 1907, pp. 76-80. Cf. 
Monatsber. deutscb. geol. Gesellsch. 1907, pp. 189- 17l. 

, A. Sauer, Das alte Grundgebirge D eutscblands etc. C. R. IX Congr. geol. 
Internat. 'Wien 1903, pp. 245 - 602. 

8 Hans '3chwenkel, Die Eruptivgneise des Schwarzwaldes und ihr Verbält
nis zum Granit. Min. petr. Mittb. XXXI, 1912, pp. 140-320. 

9 G. Steinmann, Gebirgsbildung und Massengesteine in der Kordillere Sücl
Amerikas. Geol. Rundscb. I, J910. 

10 M. W eber, Metamorphe Fremdlinge in Eruptivgesteinen. Sitz. k. bayer. 
Akad. 1910. 

- - - Studien an den PIahlschiefern. Geogn. Jahresh . 23, 1910. 
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While the discussion between the Reidelberg school and its 
opponents was going on, the evidence in favour of the existence of 
mixed rocks accumulated from all parts of the world. In England, 
Scotland and Ireland similar phenomena were observed, and their ex
planations worked out, by Rarris Teallt, Barrow2 , Rorne3, Greenly4, 
Cole5 etc. In Australia Andrews6 and others made similar observations. 
In Canada Lawson was the forerunner of a large number of petro-
10gists7 who explained the origin of veined rocks along quite the 
same lines as the French school. Some of them, as for instance 

11 U. Grubenmann, Die kristallinen Schiefer. 2 Aufl. 1910. 
- - - Über einige tiefe Gneise aus den Schweizeralpen. C. R. XI Congr. 

geol. Intern. Stockholm 1910, p. 625. 
12 Emil GutzwilleI', Injektionsgneise aus dem Kanton Tessin. lnaug.-Diss. 

Lausanne 1912. 
13 J. Koenigsberger, Karte des östl. Aarmassivs und 'l'ext 1910. 
- - - Die kristallinen Schiefer der zentralschweizerischen Massive und 

Versuch einer Einteilung der kristallinen Schiefer. C. R. XI Congr. geo!. In
tern. Stockholm 1910, p. 639. 

- - - Über Gneisbildung und Aufschmelzungzonen der Erdkruste in 
Europa. Geol. Rundseh. III 1912, pp. 297-309. 

- - - Bemerkung zu einem Aufsatz von J. J. SederboJm. Geol. Rundscb. 
Bd. V. H. 1. 1914. 

,. Ernst Truninger, Über das Grundgebirge im niederösterreichischen Wald
viertel. C. R. XI Congr. geol. internat. Stockholm 1910, p. 617. 

,. F. Reinhold, Pegmatit- und Aplit-Adern aus den Liegendscbiefern des 
Gföbler Zentral-gneisses im niederöstel'l'ichiscben "\Valdviertel. Min. petr. 
Mitth. 29, 1910, pp. 43-147. 

16 Max Reinhard, Sisturile cristaline din Muntii Fagarasului, Anm'ul Inst. 
Geol. al Romanici, III, 1909. 

- - - Der Coziagneisszug in den rumänischen l\:arpathen. lnaug.-Diss 
Bukarest. 1906. 

I J. J. Harris Teall, The Evolution of Petrological ldeas. Presid. Ad
dress. Proc. Geol. Soc. LVII, 101, LXIII and Smiths. Rep. 1902, pp. 287-308. 

2 G. Barrow, On an Intrusion of Muscovite-Biotite Gneiss in the South
eastern Higblands of Scotland &c. Q. J. G. S. 49, 1893, p. 330. 

3 J. Horne and E. Greenly, On Foliated Granites and their Relations to 
Crystalline Schists in Eastern Sutherland. Q. J. G. S. LlI, 1896, p. 633. 

• G. Greenly, The Diffussion of Granite into Crystalline Schists. Geol. 
Mag. IV, 10, 1903, p. 207. 

• Grenville A. J. Cole, On composite Gneisses in Boylagh, West Donegal. 
Proc. Roy. lrish Acad. XXIV B. 1902, p. 2. 

• E. C. Andrews, The Geology of the N ew England Plateau &c. Rec. 
Geol. Surv. N. S. W. VII, pp. 130-216, 1904: and pp. 281-300, VIII, 1905, 19. 

7 A. C. Lawson, Report Oll the Geology of the Lake of the Woods. Ann. 
Rep. Geol. Surv. Canada. New Series, I, 1885. 

- - - Report on the Geology of Rainy Lake R~gion. Ibid. IlI, 1887. 
cf. Mem. 40, 1917. 
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Adams1, had earlier beeu doubtful as to the injection theory, but 
their own study in the field brought them independently to tbe 
same conclusions. In the United States similar ideas were preval
ent even at an early date; at a time even prior to the publication 
of the papers 01 Michel-Levy, J. D. Dana2 thought that not only 
gneisses, but also granites, norites, diorites, hornblendites and pyro
xenites originated through metamorphie action which had reached 
the stage of refusion. Hawes3 also belongs to the earliest investi
gators of the injection phenomena. North America no doubt offers 
some of the most splendid opportunities for studying the geologi
cal problem here in question. There10re many 01 its geologists 
as BarrelF, Berkey';' Cushing6, Emerson7 , F enners, Foye9 , Miller10 , 

7 N. C. Lawson, The Arehooan Geology of the Region Northwest of Lake 
Superior. Etudes sur les sehistes eristallins. C. R. 1V Congr. geol. internat. 
London 1888. 

1 Frank D. Adams, The Origin of the deepseated Metamorphism of the pre
Cambrian erystalline Sehists. C. R. XI Congr. geol. Internat. Stockholm 1910, 
pp. 563-572. 

- - - and A. E. Barlow, The Geology of the Haliburton and Baneroft 
Areas in Eeastern Canada. Rep. Geol. Surv. Canada. 1910. 

- - - The Laurentian System in Eastern Canada Q. J. G. S. 1908, p. 
129. 

A. E. Barlow, Raport on the Geology of Lakes Nipissing and Temis
eaming. Ann. Rep. Geol. Surv. Canada, New Series, X, 1897. 

I. Wm. Me-Innes, Report on the Geology of the Seine River and Lake 
Shebandowan. Ann. Rep. Geol. Surv. Canada, New Series, X, 1897 H. 

W. H. C. Smith, Report on the Geology of Hunters Island, Ann. Rep. 
Geol. Surv. Canada. New Series, V, 1890-91. I - G. 

• J. D. Dana, On the Geologieal Relations of the Limestone Belts of West
chester County, N. Y. Amer. Journ. Science 3:d series 20, 1880, p. 219. Cf. Ma
nual of Geology. 1886, pp. 143-145. 

• G. W. Hawes, The Albany Granite and its Contaet Phenomena. Am. Journ. 
Sei. XXI, 1881, pp. 31-32. 

• J oseph Barrell, Geology of the Marysville Mining Distriet, Montana. 
Prof. Papers U. S. Geol, Surv. 57, 1907. 

• Charles P. Berkey, Struetural and Stratigraphie Features of the basal 
Gneisses of the Highlauds. BuB. N. Y. State Mus. 107, 1907, pp. 361-378. 

• H. P. Cushing, Geology of the Northern Adirondack Region. BuH. N. Y. 
State Mus. 95, 1905, pp. 71-453. 

7 Ben. K. Emerson, Porphyritie and Gneissoid Granites in Massacbusetts. 
BuH. Geol. Soc. Am. I, 1890, pp. 559-561. 

8 Clarenee N. Fenner, The Mode of Formation of Certain Gneisses in the 
Highlands of New Jersey. Journ. Geol. Chieago, XXII, 1914, pp. 594-612, 
694-702. 

• W. G. Foye, Are the .Batholithst of the Haliburton-Baneroft Area, On
tario, correetly named? Journ. Geol. Chicago XXIV, 1916, pp. 783-791. 

10 W. J. Miller, Magmatie Differentation und Assimilation in the Adiron
dack Region. BuB. Geol. Soc. Am. XXV, 1914, pp. 245 -264. 
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Whitney and WadsworthI, Alexander2 and N. H. WinchelP, are 
most decidedIy on the side of the injectionist school of petrology, 
and Daly' has even, in numerous writings, carried its conclusions 
farther than anybody else. The opposition which here, as well as 
in Great Britain and Scandinavia, meets not only this radical form 
of the granitization theory, but also this doctrine in general, comes 
especially from the leaders of microscopical petrology of which 
many have been students at Heidelberg. 

In Russia Loewinson-Lessing 5 has developed the theory of 
assimilation in a very logical manner, and the Russian petrologists 
have in general been adherents of the idea of an injection. 

In Norway Kjerulf6 independentIy reached the same conclusions 

1 I. D. Whitney and M. E. Wadsworth, The Azoic System and its Proposed 
Snbdivisions. BuH. Mus. Harvard Coll. Geol. Sero T. 1884. 

• Alexander Winchell, Some Results of Archean Studies. BuH. Geol. Soc. 
Am. I, pp. 357-394. 

• N. H. Winchell, The Origin of the Archean Igneous Rocks. Am. Geol. 
XXII, 1898. 

- - - Amer. Journ. ScL, XXI, 1881, pp. 31-32. 
• R. A. Daly, The Geology 01 the Ascutney Mountain, Vermont. BuH. 

U. S. Ueol. Surv. N:o 209, 1903. -
- - - The Mechanics of Igneous Intrusion. Amer. J. Sei. 1903, pp. 

269-298. 
- - - Second Paper. Ibid. 1903, pp. 107-190. 
- - - Third Pap·er. Ibid. 1908, pp. 15-50. 
- - - - The Secondary Origin of Certain Granites. Ibid. 1905, pp. 185-

216. 
-- - - The Classification of 19neous 1ntrusive Bodies. Journ. Geol. 

Chicago, 1905, pp. 485 -508. 
- - - Abyssal Igneous Injection as a Causal Condition and as an 

EH'ect of Mountain-building. Amer. J. Sei. 1906, pp. 195- 216. 
- - - Okanogen Composite Batholith of the Cascade Mountain. BuH. 

Geol. Soc. Amer. 1906, pp. 329-376. 
- - - The Differentation 01 Secondary Magma through Gravitative 

Adjustement. Rosenbusch-Festschrift, 1906, pp. 203-233. 
- - - - The Nature of Volcanic Action. Proc. Amer. Acad. Arts & Sei. 

1911, pp. 67-108 and 119-122. 
- - - Geology of the North American Cordillera at the Forthy-Ninth 

Parallel. Mem. Geol. Surv. Canada No. 38, I-lU, 1912. 
- - - Introductions to the Geology of the Cordillera and Annotated 

Guide Golden to Savona. Congr. geol. Intern. XII. (Ottava 1913). Guide
Book, pp. 111-167 and 202-243. 

- - - Igneous Rocks and their Origin, 1914. 
• F. Loewinson-Lessing, C. R. VII Congr. geol. internat. 1899, pp. 

308-401. 
- - - Geol. Mag. VIII, 1911. 
• Th. Kjerulf, Udsigt over det sydlige Norges Geologi. Kristiania 1879, 

pp. 60 and 142. 

2 
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as Michel Levy at an eady date, but the correctness of the observa
tions on which he based his theories about the »foot granites. etc. 
has been since qu·estioned. Reusch1 applied the assimilation theory 
in 1888 on the rocks of Bömmelöen and Karmöt'Tl. In general, how
eyer, the trend of the Norwegian school of petrology has beeIJ 
rather in opposition than in favour of the idea of a regional granit
isation. Its famous leader, Brögger, however, does not deny tbo 
theoretical possibility of those processes, at great depths under the 
surface of the eadh, although ho has been critieal as to' many ap
plications of the injection tbeories. Goldschmidt2 has lately given very 
convincing evidence for the assumption tbat certain >Norwegian 
injection gneisses. 01 tbe Caledonian mountain chain have origina
ted by the injection of granitic veins into partly dissolved phyl
litic schists. 

In Sweden the idea of a regional granitisation of sediments, or 
sheared older granites, earlier met with very little favour, but has 
won considerable ground during later years. The present director 
of the geological survey, Dr. Gavelin3 , is a decided adherent of these 
ideas. Holmquist4 admits the possibility of an injection in many 
ca!"es, but he (in sorne cases also Gavelin) is inclined to explain 
many of the rocks containing pegmatitic and aplitic veins according 

I H. Reusch, Bömmelöen og Karmöen. Norges geol. Undersök. 1838, pp. 
256 -305, 377 and 421 sequ. 

2 V. M. Goldschmidt, Die Injektionsmetamorphose im Stavanger-Gebiete, 
Vidensk.-Selsk. Skrifter, I, Math.-naturv. !CI. N:o 10, Kristiania, 1921. 

3 A. Gavelin, Kartbladet Loftahammar med beskrivning, Sver. Geol. Un
dersök. Sero Aa, 1904. 

- -- - Till frägan om berggrunden pä geologiska kartbladet Loftaham
mal'. Geol. För. Stockh. l<~örh. 27, 1905. 

- - -- Om relationerna mellan graniterna, grönstenarna och kvartsit
leptitserien inom Loftabammaromrädet. Sver. Geol. Undersökn. Ärsb. 1909, 
N:o 7. 

- - _ . Tbe Rocks of the Coast Regions of Loftahammar and Västervik. 
Geol. För. Stockh. Förh. 1900, pp. 988-1029 and Guides des excursions XI 
Congr. Geol. Internat. Stockholm 1910. 

• P. J. Holmquist, Studien über die Granite von Schweden. Bull. Geol. 
lnst. Univ. Uppsala, VII, 1906, pp. 77-270. 

- - - Adergneisbildning och magmatisk assimilation. Geol. Für. 
Stockh. Förh. Bel. 29, 1907, pp. 313. 

Gneisfrägan och urbergsteorierna. Ibid. Bd. 30. N oV. ] 908. 
- - - The Archean Geology of the Coast-Regions of Stockholm. Ibid. 

Bd. 32, 1910, p. 806, and Guides des Excursions en Suede 15. XI Congr. geol. 
Internat. Stockholm 1910. 

Cf. Discussion sur la geologie des s.ystemes precambriens. C. R. Congl". 
Geol. Internat. Stockholm 19]0, p. 734 and Diskussion anlässlich der Schäreu
fabrt der Excursion C 1. Ibicl. p. 1324. 
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to the older Swedish conception, as originated by metamorphic or 
>ultrametamorphic) changes, without any transport 01 granitic ma
terial from below. Högborns1 standpoint seems to be near to that 
01 Holmquist. Be does not ascribe any very great role to graniti
zation as a petrogenetical agent active among the Pre-Oambrian 
rocks. 

In Finland where rocks containing granitic veins occur almost 
everywhere over wide areas, the idea 01 a regional injection has 
seemed so natural as to meet almost no objection. Since the author2 

began his geological field-work in 1883 he has used it as a work
iug theory, and has published together with his colleagues, espec
ially Frosterus3, Hackrnan4, Eskola5 , Wilkman 6 and Mäkinen 7, a num
bel' 01 pamphlets relating to this subject. At the beginning the 
authour had some doubts wh6lther it was possible to explain, as 
suggested by Lawson, the absence oI preserved basements in the 
older Pre-Oambrian by the assumption that they had heen obliterated 
by retusion. Later field work, however, brought the author, as weIl 
as some 01 his Iellow-workers, to the same conclusion. 

1 A. G. Högbom, Precambrian Geology of Sweden, Bull. Geol. Inst. Univ. 
Upsala X, 1910. 

- - - Fennoskandia. Handbuch der Regionalen Geologie, IV, 3. 1913. 
, J. J. Sederholm, Beskrifn. till kartbl. N:o 18. Tammela Finl. geol. 

U ndersökn. 1890, pp. 22-24. 
- - - Om berggrunden i södra Finland. (Deutsches Ref.) Fennia 8, 3, 

1890. 
- - - Üeber eine arcbäische Sedimentformation im südwestlichen Finn

land etc. BuH. Comm. geol. Finlande, 6, 1899 . 
. - - - Om granit ocb gneis, deras UppkOillst, uppträdande och utbred

ning inom urberget i Fennoskandia (Engl. Summary). Ibid. 231 907. 
- - - Ännu en gang urbergsfragorna. Geol. För. Stockh. Förh. Bd. 

31, 1909, pp. 75-93. 
- - - Einige Probleme der präkambrischen Geologie von J!'ennoskan

dia. Geol. Rundsch. I, 1910, pp. 126-135. 
- - - Om palingenesen iden sydfinska skärgarden samt den finska 

urbergsindelningen. Geol. För. Stockh. Förh. Bd. 34, 1912, pp. 285-316. 
- - - 1 urbergsdiskussionen. Ibid. 34, 1912, pp. 1-4. 
- - - Über die Entstehung der migmatitischen Gesteine. Geol. Rund-

schau IV, 1913, pp. 174-185. 
- - - Über ptygmatiscbe Faltungen, N. Jahrb. f. Min., B.-Bd. XXXVI, 

1913, pp. 491- 512. 
- - - Die regionale Umschmelzung (Anatexis) erläutert an typischen 

Beispielen. C. R. Congr. geol. internat. Stockholm 1910, pp. 573-586. 
- - - On Regional Granitization (or Anatexis). C. R. XII Congr. 

geol. internat. Canada 1913, pp. 319-324. 
3 B. Frosterus, Beskrifning till bergartskartan, sektion C. 2, St. Michel, 

Geol. Komm. Finl. 1902. 
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Although the opposition against the theories in question has 
had its main stronghold, as already pointed out, in the micropetro
logical scbool of Heidelberg, while French petrologists have been 
most prominent in developing this fruitful conception of a regional 
granitization, it would be wrong to regard the wbole controversy 
as anational contest between German and French petrology. La 
sei e nc e n' a pas d e pa tri e, and, as results from the foregoing 
statements, there are petrologists from all countries on both sides. 
Like most scifmtific theories, the idea of a granit,ization at great 
depth can hardly be regarded as belonging entirely to any definite 
country. 

Behind this difference of opinion, which has so long divided 
the petrologists of the world into two camps, there lies another 
difference, that of the starting-point, and this has probably been 
the main cause of the division of opinion. 

Almost all the opponents of the granitization theories have 
been such petrologists as have used mainly the microscope for 
unravelling the mysteries of the origin of the rocks. They bave 
therefore with predilection turned their attention to the study of 
such rocks as show characteristic and weIl preserved primary tex
tures, and very often to such as possess an especially interesting 
mineralogical composition. In comparison with, for instance, tbe 
alkaline clans, tbat aristocracy among tbe. rocks, wbose study has 
so fascinated the attention of microscopical petrologists, the com
mon granites have far less conspicuous peculiarities to show. Where 
such rocks have been studied microscopically, preference has often 
been given to those occurrences that sbow a homogenous composi
tion and distinct, weIl preserved primary features in their texture. 

Such rocks occur especially as effusive bads or in laccolitbic 
masses, solidified in the upper portions of the earth's crust. The 
larger areas of granites and gneisses have appeared to the workers 
of petrological science by far less inviting. Moreover, many of the 
regions where microscopical petrology bas been from the outset 

4 V. Hackman, Beskrivning till bergartskartan, sektionerna C. 6, Rovaniemi 
etc. GeoL Komm. Finl. 1914. 

5 P . EskoIa, On the Petrology of the Orijärvi Region etc. BuI!. Comm. 
geol. Finlande 40, 1914. 

- - - On the Igneous Rocks of Sviatoy Noss in Transbaikalia. Övers. 
Finska Vet.-Soc. Förh. LXII. 1920-1921, s. L 

• W. W. Wilkman, Beskrivning till bergartskartan, sekt.ionen D 3, Joensuu 
Geol. Komm. FinL 1915. 

7 E. Mäkinen, Översikt av de prekambriska bildningarna i mellersta Öster
botten i Finland. BuH. Comm. geoL FinI. 47, 1916. 
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most flourishing, offer very little opportunity for studying the 
abysmal rocks, i. e. those which most commonly show typical injection 
phenomena. Such rocks are characteristic oi the great protaxes 
oi Pre-Cambrian rocks in North America and North Europe, and 
these regions are the proper places for their study. 

Therefore we think that the geologists who have taken different 
sides in this scientific conflict, have very often studied different 
cases, the microseopical school with predilection the effusive and 
hypabyssic rocks, and the field geologists of the other school, rocks 
that have originated at very great depths. Brögger has also em
phasized the same idea, when saying:1 >Es wäre immerhin möglich, 
dass sich in g r ö s s er er Ti e f e die Verhältnisse etwas abweichend 
gestaltet haben könnten) and further: )ich will ausdrücklich hinzu
fügen, dass es mir wohl bekannt ist, dass in regionalmetamorpho
sertem Gebirge die Resorptions- und Lösungsfähigheit der Tiefen
magmen oft eine bei weitem grössere gewesen ist, als in nicht re
gionalmetamorphosierten Gebieten, wie das Kristianiagebiet. Es 
wäre somit denkbar, dass die )Assimilations)-Tätigheit der Tiefen
magmen gewissermaassen (wenn auch kaum direct) eine Function 
des stattgefunden Druckes gewesen sei». 

)ZU einem Durchschmelzen des flüssigen Erdinneren von der 
ewigen Teufe aus ist aber auch sogar im Grundgebirge gewiss ein 
weiter Sprung über die tiefe Kluft zwischen den Beobachtungen 
und der Hypothese). 

The author of the present treatise has been a student in the 
laboratories of Brögger and Rosenbusch, and thus belongs from the 
outset to the H eidelberg school, but his study in the field has made 
him, since the beginning of his scientific ca re er, one oi the most 
eager partisans of the granitization theory. 

If what has been said above about the cause of the great dis
sensus of petrology is true, then the only way oi arriving at a de
finite agreement lies therein, that those geologists who think that 
they have observed things unknown to others present their evidence 
more completely. If it has not yet been possible to convince every 
pet.rologist, the fault is with those who posses the array of facts 
necessary to prove it, and have not yet shown it to the world of 
science. 

During many years, the petrological studies of the author con
cerned especially the origin of the schists proper, i. e. the Archrean 

1 W. C. Brögger, Die Eruptionsfolge der triadischen Eruptivgesteine bei 
Predazzo in Südtyrol. Vidensk.-selsk. Skrifter. I Math.-naturv. Kl.· Christia
nia, 1896, p. 116. 
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rocks of supercrustal origin, their petrology and stratigraphy. This 
study often brings the geologist to a point where he find:;; the 
schists grading into granite-invaded gneissose rocks. Especially 
at the surfaces of contact with other rocks, both with granites oc
curring over wide areas, and such rocks as presumably represent 
the basement of the sedimentary schists, such veined gneisses 01' 

>arterites) occur, and the geologist is here confronted with the 
problem of their origin. In these areas, however, the rocks in ques
tion play no very considerable role, and only possess a restl'icted 
distribution. In other areas, again, especially in the coast regions 
of south-western Finland, along the northern shores of the Baltic 
and the GuU of Finland, these veined rocks, or migmatites, as the 
author has proposed to calt them, occur over wide areas which 
then present the most confusing mixtures of different rocks, schists, 
basic eruptives and granites. 

These areas have long appeared to the author so enigmatic, 
that he feared that they would remain unexplained as to the de
tails at least during his lifetime, till he happened to find by chance 
some outcrops which promised to give a clue to their proper un
derstanding. This happened in the summer of 1906 while he was 
staying at or in the neighbourhood of the Zoological station of 
Tvärrninne near Hangö, on the northern shore of the Baltic. This 
station has been founded by the late Dr. J. A. Palmen, professor 
of zoology at the University of Helsingfors. He has given to the 
author much friendly assistance on this, as weIl as on many former 
occasions. He has been the centre of much of the study of Natural 
Science in Finland during several decades, and the theory deve
loped in this treatise also is born under his sponsorship. 

In the outermost of the numerous smaH rocky islands border
ing the southern shore of Finland such outcrops of these mixed 
rocks occur as are probably not surpassed anywhere else. The 
rocks which have been worn and polished by glacial action and 
are continua.lly splashed by the waves of the sea, present their 
surfaces in an almost ideal state of preservation, absolutely fresh 
and, near to the shore line, free also from covering lichens. On 
higher, less exposed pI aces such plants occur, but may in some 
cases still be rubbed off with the aid of a wire-brush. Often rock
surfaces measuring more than 10,000 square metres are perfectly 
weIl exposed, and we can then observe aH the features of their 
structure as far as this can be studied withont the aid of the mi
croscope. 

During his investigations the author has been able to find 
some cases where a purely microscopical study of these rocks pro-
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mises to give good results also. But in general the microscopical 
study 01 tbe mixed rocks is 01 liUle value in comparison with those 
observations which we are able to make in the field. It is differ
ent when we investigate the schists proper, where the study oE 
the pseudomorphic minerals gives us the clue to tbe right under
standing 01 the changes wbich tbe rock has undergone. There, 
often so much is preserved 01 its original texture, that it can be 
determined with more or less certainty. But in the migmatitic rocks 
the primary textures 01 the granite-invaded rocks have commonly 
been obliterated to such a degree that it is difficult to interpret 
them with tbe aid 01 the microscope. Moreover, the mixture 01 
these remaining portions 01 the older rocks and of the granitic 
veins may have becorne so intimate as to rnake it difficult to de
termine which is .which, and in this ca se the textures in both con
stituents are still more conlused. 

But even then so much may be lelt 01 the primary mac r o
s cop i c al petrological characters 01 the granitized rock as to make 
it possible to interpret them . The leispars, for instance, may, 
even when they are entirely granulated, still show their primary 
outlines lairly weIl preserved. Their arrangement may give some 
idea as to the original texture of the rock. Also the different 
stages 01 the granitization process are often exemplified in the rock
surfaces by so many typical instances that we are able to get an 
idea of the progress of this process simply by changing in one's 
mind the juxtaposition of things into a sequence of events. 

Now there occurs, in the rocks in qnestion near Hangö, aseries 
01 ba sie d y k e s whicb penetrate certain coarsely porphyritic 
gneissose granites. Both these rocks have been penetrated by veins 
of a younger granite, interwoven with the former in the most in
tricate way. Generally . the basic rock has been less changed, dur
ing the process 01 the granitization, than the granites, and remains, 
even in the highly granite-invaded varieties, as n ecklace-like strings 
01 fragments or as zones showing so much 01 the original chemical 
character preserved that the strike of the dykes can be ascertained. 
We thus are able, by using these basic dykes as te s t s, to deter
mine what has happened when the granite penetrated, in a molten 
stat e, into the older rocks, and these were in a large measure re
fused. By mapping and picturing a great number 01 such rock sur
faces we are able to find examples of all the stages 01 the graniti
zation process in a manner somewbat recalling the sequence of tbe 
pictures 01 a bioscope. 
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The author has mapped many of the most typical exposures 
on a very large scale, most of them in 1: 20. He proceeded with 
this work during the summers 1908-1910, using so much of his 
time as he could find available for tbis purpose. During the sum
mer of 1910 he was assisted by Dr. H. Hausen who made together 
with hirn a great many drawings in the region east of Hangö. 
The rocks were crossruled with chalk, and a picture of each square 
meter was drawn separatelyon millimetre-paper. The author desires 
t.o thank Dr. Hausen here for his able assistance. The author has also 
used tbe photographie camera in large measure. He has thereby 
found it absolutely necessary to have a camera which can be easily 
turned down ward and is very steady, allowing one to take photo
graphs perpendicularly against the surface of the rock. Perspec
tivic photographs are of much less value. 

His main purpose has been to work out a method for the study 
of such rocks, and thei1' structure, in order to get a proper classi
fication which can be used for mapping purposes. If even some of 
his conclusions should be wrong, he hopes that his methods will 
prove to be correct, and have followers. 

In 1907, the author has al ready 1'eported upon some of his 
observations from the region near Hangö, although his knowledge 
was then in a preliminary state. He has also made several later 
communications concerning this subject, at congresses 01' in different 
scientific journals, where he has reported upon the progress of his 
investigations, and has, on several occasions, shown the exposures 
in question to foreign colleagues who have visited Finland. 

In another region lying more to the east, between Hangö and Hel
singfors, around the Bar ö s und s f j ä r d many phenomena were 
observed which had a more complicated character than those occur
ring in the region first studied. 

Therefore it seemed desirable not on]y to study the basic dykes, 
and their changes during granitization, petrologically, as the author 
had mainly done till 1909, but also to determine, jf possible, their 
exact ag e in relation to the nejgbbouring rocks, and in general, 
their mutual ge 0 log i ca 1 re 1 a t ion s. For this purpose it be
came necessary to trace these formations in question to a region, 
where the granitization had been, at least locally, less intense, and 
where the primary petrological features, as weIl as the geological 
structure, were thus bettel' preserved, and could be unravelled. 

The author had long beforehand hoped that the region caUed 
Pe 11 i n g e near Borgä to the east of Helsingfors, and the neigh
bouring archipelago, could give the clue to rnany of the geologica1 
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and petrological questions which he had met in the region between 
Helsingfors and Hangö. Therefore he proceeded in 1911 with his 
investigation to the Pellinge region, leaving his study or the other 
areas partly incomplete, wishing at first to get a firm basis from 
which to start when judging the geology aud petrology or the 
whole coast region. 

The author was not deceived in his hope, as the Pellinge area 
showed itself to be a most typical cl u e re g ion. It has in gene-

. ral been his experience when working among the rocks of the older 
Archffian, that the study or such a due region is often many times 
more important than the indiscriminate mapping of great areas of 
less typical rocks. 

In Pellinge the author not only round what he had expected, 
an area where many of the rocks of Southern Finland showed their 
original reatures remarkably well preserved, but here he was also 
able to study phenomena OI granitization, caused by not less than 
rive different granites, partly in their in i t i als tag e s, while the 
rocks in the west had shown mainly stages of granitization which 
had progressed much farther. 

After having sturued this fascinating region during the greater 
part of three summers, the author found it most advisable prelimi
narily to put aside all the materials OI observation gathered in the 
archipelago west oi Helsingfors and to begin by describing the 
phenomena observed a-t Pellinge. Other works and especially cir
cumstances connected with the world war have considerably delayed 
the publication of this memoir. 

The author is very much indebted to Dr. E. Mäkinen who has 
made a number OI chemical analyses of rocks rrom the region in 
question, and also calculated their mineral constituents. 

Dr V. Hackman has· also kindly assisted hirn by such calculations. 

The accompanying drawings have been made with IDuch discri
mination and skill by Miss E. A.kesson. During much or his 
travelling in the archipelago the author has had an intelligent 
assistant in Mr Fr. Holmström, janitor at the geological survey 
who also made most or the thin sections. He has been or invaluable 
aid to the work in question by inventing a great many practical 
devices in the equipment of the motorboat, in the apparatus used 
ror measuring and photographic work etc. The author desires to 
thank hirn here cordially. 

3 



PART I. 

THE PELLINGE REGION. 

GENERAL CHARACTER OF THE PELLINGE REGION 
AND OUTLINE OF ITS PRE:~CAMBRIAN GEOLOGY. 

The islands called P ellinge lie within the ship's course between 
Helsingfors and Wiborg, in the parish OI Borga, and are surrounded 
by an archipelago OI some hundred srnall islands south OI some 
promontories protruding Irom the mainland, partly in the parish 
mentioned, partly in the parish OI Pern!L On the area 01 the map 
there are more than 1,000 islands, many OI them being very small. 
The largest OI these islands is Stor~Pellinge whicb has a length OI 
7 and a breadth OI 4 k ilometres. 

The rocks protrude Trom under the covering masses OI morainic 
debris, of gravel and sand washed by glacial rivers during the 
g reat lce-Age, 01' of glacial clays, and orten Iorm very typical 
r 0 c he s m 0 u ton n e e s. However, when they are seen here amidst 
the waves OI the sea, they do not remind one of sheep lying near 
to each other on a slope, as do the granitic bills protruding from 
a covering sheet of moraine, but rather of the backs OI whales or 
of other maritime animals returning from a dive. The Swedish 
speaking coast people often call a small rocky island a k 0 b ~ which 
is probably identical with k 0 b b e, seal. 

The large islands and a number of the smaH ones are forest
clad, displaying cbarming landscape-views, but those wbich lie in 
the open sea 01' near to large fjärds (a f j ä I' d, pr. firerde = firth, 
is a large area of water between promontories or archipelagoes OI 
islands) consist often mainly OI naked >whaleback-rocks>, 01' groups 
OI such, united by deposits of gravel or pebbles. The eroding ac
tion OI the brackish water of t he Gulf OI Finland has since the Ice
Age been almost imperceptible, and therefore the rocks, in places 
where they have been splashed by the waves, are here preserved in 
astate OI almost absolute fresbness. 

I 

I 
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The rocks are so well exposed tbat it is almost everywhere 
possible to find contacts between the different rocks which allow of 
determining their relations as to age etc. 

As shown by a glance at the map, the Pellinge area is geo
logically weIl defined, to the east by the western boundary of the 
great Wiborg area of Rapakivi granites (K on the map), to 
the west by the eastern boundary af a similar coarse, porphyritic 
granite, the 0 n a s g r an i t e (J) 1. Between the laUer granitic area 
and the open sea which lies to the south of it, only a na,rrow strip 
of migmatitic rocks exists, connecting the Pellinge area with the 
region lying immediatly to the west of H elsingfors. In the north 
we find a monotonous area of mi c r 0 cl in e - g r a n i t e s (H), gene
rally more or less migmatitic, belonging to the Ha n g ö-In g a group 
of granites which have been earlier orten designated as y 0 u n ger 
Arch ffi an, (or post-Bothnian granites). Between them and 
the Onas and rapakivi granites lies an area which has a more 
complicated geological structure, consisting mainly of supercrustal 
rocks, only locally penetrated by sm aller masses tl.nd numeraus 
veins oI granite. Most oI those rocks were origina11y basic valcan
ics, i. e. b a s alt s with associated tu f f sand ag g 10m e rat e s, 
sometimes grading into mare acid volcanic rocks, andesites and 
even such rocks as contain potash felspar and quartz, the latter 
rocks, however, occurring only in small quantities. Also basic rocks 
with granitic texture, i . e. gab b r 0 s, occur in connection with the 
metabasalts. 

All these basic volcanics, and associated plutonic or hypabyssic 
rocks, have later undergone metamorphic processes, wherein the 
most conspicuous change has been the alteration of the predomin
ant pyroxenic constituents into amphibole, i. e. their uralitization. 
The basalts have thus been changed into met a ba s alt s or ur a l
i t e - po r p h Y r i te s, while the gabbros have remained in part 
almost unaltered. 

By the first mapping of t.he region, which was made as early 
as the year 1879, at a time when our general knowl edge concerning 
the petrology of the pre-Cam brian rocks was still at a very imper
fect stage, a11 the uralite-porphyrites of Pellinge were regarded as 
belonging to one formation. Even at an investigation of the region 
which was undertaken in the last decade of the 19:th century, by 
Mr C. E. Otto, Austrian Consul General at Helsingfors, and an as-

6) The coarae porphyritic granite of 0 b b n ä s and B 0 dom, in the re
gion W. and NW. from Helsingfors, ia possibly of the same age, or also in
termediate in age between the Onas granite and the following group H. 
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sistant 01 his, Mr N. T. Nyholm, the same conception seems to have 
been prevalent. 

When the present writer began the renewed mapping in the 
year 1911, he was soon aware that there occurred at Pellinge two 
d i Her e n t f 0 r m a t ion sOl ur al i t e - p 0 r p h Y r i t e s. There 
is a granite, the R y s s k ä r g r an i t e (F ) which is intermediate 
in age between both these volcanic formations, penetrating the older 
of them, the Per n ä f 0 r m at ion (E) and forming with these rocks 
eruptive breccias which are intersected by dykes 01 the younger 
volcanic rocks which form the Pellinge formation (G). 

In the basement of the older 10rmation of volcanics there exist 
fe 1 s p at h i fe r 0 u s q u ar t z i t e s, the Ra b b a s f 0 r m at ion (B). 
These rocks are altered sandstones or arkoses of a very high age. 
They are intercalated with some layers 01 limestone. Underlying 
these rocks, a formation of basic v 0 I c an i c r 0 c k s, mainly p 1 a
gi 0 cl ase - p 0 r p h y r i t e s, occurs which has also originally had 
a basaltic or andesitic composition, and associated se d i m e n t a r y 
s chi s t s. These 0 1 des t s u per c ru s tal r 0 c k s, the S und a r Ö 

f 0 r m at ion (A) are separated from the older uralite-porphyrites 
by the intrusion of aga b b r 0, the S t a d sI a n d Gab b r 0 (0), 
and a g r a n i t e, the Va t s k ä r g r a ni t e (D). The granite forms 
veins, not only in the oldest schists of supercrustal origin, but also 
in the gabbro and quartzite. All these rocks, even the granite, have 
been intersected by dykes radiating from the older uralite-por
phyrites. As results horn the foregoing statements, the geological 
structure 01 these series of old superernstal rocks can be unravelled, 
'although only patches of them remain, and it shows itseH to be 
very complicated. The oldest schists CA) which belong to the Sv i o
ni a n which comprises the greatest part of the »leptites> of middle 
Sweden and Southern Finland, have been deposited as beds, pro
bably mainly of a tufaceous origin, and as lava Ilows, on an un
known basement. Among them conglomerates also occur, with 
pebbles consisting mainly of basic volcanic rocks. ' This formation 
has been overlaid by arkoses, (B) and it seems from their contact 
relations to the conglomerate of the oldest supercrustal formation, 
as i:f an unconformability, althongh not very well marked, existed 
between these rocks. Then followed the intrusion of the gabbros 
(0) and the granites (D) which latter does not seem to have hap
pened at a very great depth, as the penetration phenomena are not 
so conspicuons as in the aureoles of the younger granites. 

Then, after orogenetic movements which changed the granites 
into orthogneisses, and a long continued period of erosion, followed 
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the eruption of the middle basaltic formation, or the oider uralite
porphyrite (E), and the deposition of its associated tuffs and agglo
merates. These rocks which the author is indined to correlate with 
the Bothnian sediments of middle Finland and northern Sweden, 
come in direct contact with all the different older formations, belon
ging to their basement. Thus at the time of the volcanic activity, 
the region had already a complicated structure, the rock masses 
consisting of several formations of a very different origin. 

The unconformability separating the older uralite-porphyrites 
from the younger and marked by the intrusion of the granite (F ) 
does not correspond to any time interval of equally long duration. 
At the time when the younger volcanics (G) were deposited as sur
face-flows of lava, ashbeds and agglomerates, the erosion had not 
.proceeded so far as to uncover this granite; therefore we never find 
the granite in immediate contact with the younger uralite-porphyr
ite at the boundaries of th~ continuous area. But dykes of the 
sam e type as those which radiate frorn this area are found, as al
ready ment.ioned, penetrating the granite. 

Later all these different rock-masses were sunk to great depth, 
in connection with mountain-forming movements, and the "younger 
Archffian» granite (H ) penetrated all these different rocks, leaving 
only the middle parts of the area shown on the map better preserved. 
To the north, this granite is absolutely predominant, to the south 
and southwest it is intimately interwoven with the rocks of the 
volcanic group E. 

Finally the eruptions of the granites J and K , the Onas granite 
and rapakivi , have taken place, both forming batholiths. Tbese 
events happened in late Pre-Cambrian time, long after the dose of 
the Archrean. 

All these events are tabulated in the following scheme. 
We will begin witb the petrological description of the super

crustal rocks, starting from the youngest, and try also to explain 
tbeir mutual relations, thereby o-nly mentioning the granites in so 
far as it is necessary for the discussion of the stratigraphical pro
blems. In a later part of the memoir we will describe the pheno
mena caused by the intrusion of the granites, and try to explain 
the process of granitization. 
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Table 1. 

Post-Jatulian Rapakivi granite K and 

Onas granite J 

- --- ~ --

I Hiatus 

Middle Archman 
I 

Hangö-Inga granite H 

P ellingEl formation 01 metabasalts and 
tuffs G 

- ~ 

Rysskär granite F 

Bo t h n i a n (?) Perna formation of metabasalts and tuffs, 
meta-andesites, gabbros &c. E. 

Hiatus 

L ower Archman Vatskär granite D 
(granitic gneiss) 

- -

Stadsland gabbro C 
--- -

R abbas quartzite B 
Svionian ---

Sundarö formation 01 conglomerates, 
meta-andesites and tuffs, leptites 
and limestones A 
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PETROLOGICAL CHARACTERS AND STRATIGRAPHI
CAL RELATIONS OF THE SUSPERCRUST AL AND 

ASSOCIATED HYPABYSSIC ROCKS OF THE 
PELLINGE REGION. 

PELLINGE FORMATION (G) OF METABASALTS 
AND TUFFS. 

The younger uralite-porphyrites, 01' metabasalts, are greenish
black rocks with a finegrained ground-mass containing more 01' less 
densely interspersed crystals of uralite measuring from 1 to 12 mm 
in diameter. Generally their size does not exceed 6 wm 01' a quar
ter of an inch. When protruding horn the slightly weathered sur
face, they often show the short-prismatic crystal form characteristic 
of the augite of the basaltic rocks with the surfaces (100) (110) 
(010) (111). 

In most cases the crystals are rather stout, while in others they 
are elongated aloug the axis b. 

In the very typical variety from Sadholm, to the east frorn 
Lill-Pellinge, about 120-150 crystals are visible on each dm2, or 
more than one on a cm2, but very often the porphyritic crystals 
lie less densely, and sometimes they diminish in size so as to be
co me almost imperceptible to the naked eye. 

In thin seetions are never found any cores of augite pre
served: as is sometimes the case with the uralite-porphyrites of the 
Tammela-region, and the older uralite-porphyrites of the area now 
in question. . 

Twins are common, and there are often seen several twinning 
lamelIre in each crystal. 

The newly formed hornblende often projects as protuberances 
beyond the limits of the primary augite crystals. In some cases 
the secondary hornblende is not orientated along the same crystallo
graphical directions as the original augite, but forms irregularly 
interspersed bundles 01' sheaves. 

The plagioclase-felspar does not form macroscopical phenocrysts. 
By microscopical examination we recognize, however, that there are 
often crystals of plagioclase measuring up to 1 mm in length which 
may be regarded as porphyritic constituents. 

The plagioclase is generally andesine with 38-50 % An, but 
in some cases also a labradorite with 55--58 % An. Also a bytownite 
with 67 % An is occasionally found. Zonar structure has not been 
observed in this plagioclase. 
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The crystals are often broken and contain needles of uralite 
etc. which have penetrBted from without. The arrangement of the 
felspar shows that it is a primary constituent of the rock, although 
its chemical composition may have been altered by the metamor
phi sm which the rock has undergone. Zoisite and epidote are often 
found as substituents for the plagioclase, but are not very common. 
In the uralite-porphyrites of the Tammela region they possess a 
much greater importance, many of the fels pars having undergone 
a kind of saussuritization. 

The mass between the greater crystals consists mainly of horn
blende showing the same characters as the uralite of the porph
yritic crystals. It occurs either as crystals with imperfect prismatic 
delineation, or as fibers with more irregular forms. 

The grain of the ground-mass is of varying size. It may some
time be aphanitic to the naked eye, but generally the length of 
most of the crystals is above 0,1 mm. The aphanitic rock-varieties 
occur also in the dykes 01 uralite-porphyrite which radiate from the 
main masses of this rock near to their contacts with the older rocks 
which they penetrate. The grain of the dyke rocks attains such 
minuteness, that it seems certain that they have been originally 
hyaline or vitrophyric. 

That also the typical uralite-porphyrite has contained glassy 
material is shown by the fact that it is often am y gd u 10 i d. 

A very typical amygduloid uralite-porphyrite occurs e. g. in 
the island Stor Brändholm, to the south-east from Lill-Pellinge. 

Fig. 1. Pebble 01 amygduloid uralite-porphyrite in a tuH 
h'om ÄIskholm in the parish of Borgä. 

About 1/2 of tbe nato size. 
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The amygdulae are olten elongated, and some of them measure more 
than 10 cm in length. In the island AIskholm a pebble of very 
typical amygduloid uralite-porphyrite (Fig. 1) was observed in a 
stratified tuff. 

Also on other places amygdulae are common in these rocks. 
They are filled with quartz only or associated with felspar which 
in some cases is a bytownite, approaching an anorthite (con
taining 67 % An). Very probably these vesiculae have been origin
ally filled with calcite, or with zeolites rich in lime. Sometimes 
the quartz of the amygdulae is also mingled with grains of magne
tite, or with small flakes of biotite. 

The amygdulae are olten surrounded by a rim rich in uralite 
which has probably been formed by the metamorphosis of the glassy 
mass which has coated the vesiculae. 

Grains of quartz also occur outside the amygdulae, microscopi
cally orten appearing as strings filling fissures in the rock. 

While many of those uralite-porphyrites consist mainly of pla
gioclase and green hornblende, in others also bio ti t eis present as 
smaH flakes intermingled with the hornblende. They seldom occur 
in greater proportion than one fifth part of the hornblende. The 
author has never seen here aggregates of biotite flakes which could 
be regarded as p s e u dom 0 r p h s a f t e r 01 iv in e, although such 
aggregates are very common in the uralite-porphyrites in the Tam
mela region. As the description or these pseudomorphs given by 
the author seems to have been overlooked \ the reasons for the 
assumed change of olivine into biotite may be here repeated. 

The presence of olivine as one of the primary constituents of 
the rocks of the Tammela region, which are now very typical 
uralite-porphyrites, is in itself very probable, as they have been 
originally basalts with a content of only 48 Ofo Si O2 and up to 7 % 

MgO. Now there occurs, e. g. in the very typical variety from 
Pikonkorpi in Kalvola, aggregates of biotite flakes with rather uni
form size (1-2 mm in length) which do not show the sinuous 
outlines characteristic to amygdulae, but possess forms which some
times remind one very much of crystals of olivine. Although it is 
true that also amygdulae occur which have been partly fill ed with 
biotlte, it is not possible to assume that aH aggregates of biotite 
could be of this character. On the contrary, there are derinite 

I Van Hise does not mention this observation in his great Treatise on 
Metamorphism, nor the previous statement of Foulton about the conversion 
of olivine into biotite. Cf. Min. u. petr. Mitth. XII. 1891, p. 106 and 11. p. 
481-484. 

4 
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proofs of the occurrence of biotite aggregates of a different ongm, 
viz. the ract that they occasionally occur as inclusions in tbe greater 
porphyritic crystals of uralite. In a rock from Raito in Urjala, 
near to the Matku railway station, amygdulae filled with quartz 
and aggregates of biot,ite flakes occur simultanously, and in this 
case ther~ seems to be no doubt that the latter are pseudomorphs 
after a vanished mineral which has very probably been olivine. 

The author has later found reasons to believe that the olivine 
has not been directly changed into biotite as he thought berore, but 
that this mineral was at first filled with grains of iron ore, around 
which flakes of biotite later developed1• 

Also in the Tammela rocks, however, these pseudomorphs after 
olivine have in most cases altogether vanished, a,nd the rocks then 
consist mainly of plagioclase and green amphibole. These rocks 
are entirely similar to the predominant rocks among the uralite
porphyrites or Pe11inge. It seems probable, or almost certain, that 
olivine has been present also in the latter rocks, aithough it has 
been entirely obliterated during the metamorphism. 

Grains of opaque 0 r e are present in many ca,ses. They have a 
bluish surface colour and consist either or mag n e t i te or ilm e n i t e, 
or mixtures of both. This ore seems to be always or late rormation, 
occurring as inclusions in a11 the different minerals, and is certainly 
althogether of secondary origin. Primary ore crystals have no doubt 
existed, but they seem to have been everywhere obliterated during 
the metamorphism of the rock. 

Small grains of ti t a n i te are also often present, aggregated to 
stripes or heaps. Their arrangement never suggests, as is so orten 
the case with the titanite in the best preserved of the analogous 
rocks of the Tammela region, that they should mark tbe outlines 
or places of the original ore crystals, although no doubt the titanite 
has here been formed from ilmenite. 

As the primary ore of the rocks of Pellinge has been alto
gether obliterated, it must have been either taken up in the amphi
bole or expelled during the process of metamorphism. Some varie
ties are entirely deprived of their ore contents; in others it is the 
latest formed of all minerals. It therefore seems probable that so
lutions or gases charged with iron have transported this metal 
through the rock masses during the process of metamorphism. As 
observations on contact zones around areas of granites and other 

I Cf. J. J. Sederholm, On Synantetic Minerals. Bull. Comm. geol. Finl., 
N:o 48, 1916, p. 4. 
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rocks show. it has been a very general phenomenon that iron ores 
are deposited at the close of the eruptive activity. However it dORS 
not seem ' likely that any considerable part of the iron has been 
carried away. The iron content of these and similar effusive basic 
rocks , which bave undergone the process of uralitisation, is as high 
as in the corresponding primary rocks. These facts seem to prove 
that the iron contained in the primary ores, as weIl as the magnesia 
of the olivine, has been taken up by the secondary amphibole. 
This reasoning brings us to the conclusion that the process of 
uralitization i8 by no means a simple >metasomatosis> or molecular 
rearrangement of the material of the primary augite. W e shall 
return to this question later on, while discussing the chemical 
analyses. 

In the rocks in question the more minute details of the primary 
texture are not weIl preserved (Fig. 1, Plate I). The textures of 
the younger uralite-porphyrites of the Pellinge area are in ge
neral l'ather monotonous, most of their more minute details having 
been obliterated during the metamorphism. 

Beside the typical uralite-porphyrites which are no doubt me
tamorphic lavas, tu f f s also occur in the same volcanic area. In the 
latter rocks a distinct b e d d i n g may often be remarked. There 
are also, in several places in the area, ag g 1 0 m er at e s belonging 
to the same group of volcanic rocks CE'ig. 2). The beds are co m
monly neady vertical. 

Weshall now discuss the primary mineralogical and chemical 
com position of these rocks, in order to determine their place in the 
petrological system. 

The author has made some determinations of tbe relative amount 
of the constituents present with the aid of the Rosiwal method, 
measuring the diameter of the individual minerals in thin sections. In 
most of these rocks it meets considerable difficulty, because of the 
irregular outlines of the minerals and their entangled arrangement. 
In some cases, however, the minerals are better separated from 
each other , and then their volumes can be measured. In two 
varieties from the island AIskhollll in Lill-Pellinge, and a neigh
bouring inland, an amount of 20-21 0/0 plagioclase was found, 
while one of the rocks contains 79 0/0 hornblende, the other 65 Ofo 
weight's percent of this mineral and 15 % of biotite. The for
mer rock contained less than 1 % ore, the second only trifling 
amounts of it. 

The very typical uralite-porphyrite {rom Sadholm in P erna has 
been analyzed by Dr E. Mäkinen. 
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Fig. 2: Vertical layer of agglomeratic tuff seen in a horizontal rock Burface. 
Stor Brändholm, Pellinge. 1/7 of the nato size. 

Table II. 
Uralite-porphyrite belonging to the group G. rrorn the island 

Sadholm, Lill-Pellinge, analyzed by E. Mäkinen. 

% I MOl i prop. Norm 

Si02 oe •• • 56.06 934 Quartz 9.96 Q 9.96 1 
Ti02 0.92 11 Orthoclase 3"j 48.i3 f 

Sal .... 
58.09 

A120 3 .•.• 13.97 137 Albite 17.64 F 
Fe203 .... 1.41 9 Anorthite 26.97 
FeO ..... 7.58 106 Diopside 16.95} P 37.~51 MnO ... . 0.09 1 Hypersthene 20.40 Fern . 
MgO .... 6.95 174 Magnetite 2.09} M ~ 41.11 
CaO 0 •••• 9.i8 170 Ilmenite 1.67 3.76 J 

Na20 .... 2.06 34 99.20 
K 20 . ... " 1 0.63 6 Water 0.56 
H 20 .. . .. 0.56 - ~9.76 

. 99.72 I I 
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N ow a microscopical examination of the rock shows tha tit 
contains amygdulae filled with quartz and bytownite which forms 
bundle-like crystals. As has already been pointed out above, the amyg
dulae have probably been filled with arragonite or zeolites rich in 
lime which have been partly replaced by quartz , partly by felspar. 
The bundle-like crystals 01 bytownite resemble very much the 
secondary plagioclases common in crystalline schists in Lavia which 
have, as has been shown by tbe author elsewherel, undergone 
weathering, connected with the formation of abundant calcite, and 
a subsequent metamorphism. 

In one variety the volume of the amygdulae was about 10 % 
of the whole. 

Now part of the quartz may have resulted from the metamorph
ism of the immediately surrounding rock, and thus have taken 
part in its original composition. As the calculation of the mineral 
composition gives, however, a surplus of free silica, quartz has no 
doubt been added to the rock. It would probably not be correct 
to deduct the whole amount of quartz found by the calculation. 
A measurement of the volume of quartz gives about 7-8 °/0' Al
though these conclusions contain some arbitrary elements, we will 
try to deduct 8 % 8i02 from the analysis. W e then get the fol
lowing results: 

Table III 

0;. 
I 

Mol. 
prop. 

8i02 • . 0 ...... 0 ..................... 
48.06 800 

Ti01 · ....................... 1.09 14 
Al20 3 ......................... 16.62 163 
Fe20 3 ......................... 1.68 11 
FeO • '0 ....... 0 ............. 

9.01 125 
MnO • '0 . .......... ...... ... 0.10 1 
MgO · .0 ..... .... ... ........ .. 8.26 206 
OaO .. '0 ..... 0 . ................. 

11.29 202 
Na20 .......................... 2.45 40 
K 20 • . 0 ..... 0 ............. 

I 
0.77 8 

H 20 • o •• 0, ................ 0.66 -

1100.00 1 

1 J. J. Sederholm, Kontakten mellan de bottniska sedimenten och deras 
underJag vid Naarajärvi i Lavia. Geol. För. Stockh. Förh. 1913, p. 173. 

- De bottniska skiffrarnas undre kontakter. Ibid. 1915. p. 64 seq. 
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This is a typical basaltic composition. In general these urali~e
porphyrites can be properly designated as met ab a s alt s. 

In an analogous rock, which contains porphyritic felspars, from 
Raito in Urdiala, in the Tammela region, the author found by mic
roscopical determination 45 % plagioclase and 55 % hornblende, 
biotite etc. In general, the microscopical determination of these 
rocks shows sm aller amounts of felspar than the analyses indicate. 

As it was of great interest to know the exact composition of 
the urallte 01 the rocks in question, a chemical analysis of the por
phyritic uralite crystals of the rock 01 Sadholm was made by Dr. 
Mäkinen.1 The material was carefully sifted with the aid of meth
ylene-iodide. The powder thus obtained was examin ed under the 
microscope and found to be free from impurities. The middle speci
Hc weigh t of the mineral powder was 3,118. The hygroscopic wa
ter was determined by drying the powder during two hours at 
110° C., and the constitutional water by a subsequent heating of 
the powder in the blast furnace in a P enfield's tube. 

The analysis gave the following results: 

Table IV. 

Uralite !rom the Uralite-porphyrite from Sadholm, analyzed by 
E. Mäkinen. 

weight's ! Mol. 
"10 prop. 

Si02 • .oe.· . . .• . . •... •• 49.58 286}829 
Ti02 • '0'. . ...... . ..... 0.28 28 
A120 a ................ 6.82 67 1 
F e2 0 a .... ...... ... ... 3.95 > 88 
F eO •• •••••• • •• • • • 0 •••• 12.35 211 
MgO .. . ... ....... .. .. . 14.00 171 ) 
CaO . ... .. . ... .. . ..... 11.68 350 I 
Na20 ................ 11.33 280 } 817 
K 20 · .. . . . . . .......... 0.28 

~J H~O ....... .. .. .... 
! 

1.45 I 
H 20 - ... ... ....... . 0.50 

100.62 I 
The calculation of the analysis gave the relation: Si02 : (FeO + 

MgO + CaO + a20 + K 20 + H 20 ) = 829: 817 = 1: 0,984. Dr. Mäki
nen remarks that tlie close approximation to 1: 1 is in conformity 

I Eero Mäkinen, Über Uralit aus Uralitporphyrit von Pellinge in Finn
land. Geol. För. Stockh. Förb. 1915, p. 633. 
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ERRATA. 

Ins tead of Table IV on p. 30 the following table should be 
inserted : 

Mol. 
prop. i we:rt'sl 

I 0 ._-+----

Si02 • •• •..••. •.••••• •• 

Ti02 •.••••••..••.•..•• 

A1 20 3 · ••.•........•.•. 

Fe20 3 •.......•. •. •••. 

FeO .... .. .... ... .... . 
MgO ...... . ........ . 
CaO ... .. ....... . . ... . 

I Na20 .. ........... . . . 
I K 20 . . ... .. ....... ... . 

H20 + .... . '" ..... . .. . 
I H 20 - .... . . .......... I 
. I 

49.58 
0.28 
6.82 
3.35 

12.35 
14.00 
11.68 
0.33 
0.:28 
1.45 

0.50 

lOU.62 

826 } 8~9 
3 I 

67 } I 

21 88 
171 \ 

3öO I 
208 > 817 

~ I . I 
80 

p. 60. Fig. 21. The scale should be 1: 2300. 
p. 61. Fig. 2~. The scale should be 1: 800. 
p. 95 line 9 for eastern read western. 
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with the results oi Penfield and Stanley and makes it probable that 
the water (and fluor) are essential constituents of the amphiboles. 
The material was too scanty to make it possible to determine the 
fluor, but it seems probable that the lacking 12 unities among the 
numbers of the molecular proportions for the monoxides refer to 
fluor. If this is true, its amount would be 0,20 %' According to 
the analysis the uralite is an actinolite appl'oaching the hornblende 
in constitution. 

Mäkinen also determined the optical constants in plates made 
with the aid of WüHing's gl'inding apparatus. In the prism I one 
side was 11 (010), the refracting edge -.L c; in the prism II one side 
11 (100), the refracting edge 11 (110); the plate III was 1. a. B ecause 
the colour was rathel' dark, especially 11 c and 11 b, it was not pos
sible to get sufficiently distinct signals in monochromatic light, 
and the determinations were therefore made in ordinary light. 
When determining the index of refraction, the yellow part of the 
spectrum was used. The axial angle was measured in the micro
scope in a >universal apparatus, between two hemispheres oi glass. 

The results of these determinations were as follows: 

Table V. 
Determinatiou oi the optical constants lD the uralite from Säd

holm, made by E. Mäkinen. 

Prism I IP rism n lP late III 

a .... . ..... . . 1.6416 - -

ß .. .. ...... ··1 - 1.6551 -
Y . .. .. ....... 1.6678 - -

y-a .......... 1 0.0262 - -

12v .... .. . .. . 1 - - 83°57' 1 

The optical character was negative and the optical orientation 
the usual: b = b; c: c = 15°,5. The absorption is c> b > a, and 
the absorption colours in plates with a thickness of 0,4 mm: C - very 
dark bluish green; b - dark green, a - olive green. In plates with 
a thickness of 0,023 mm the absorption in a direction c and b is 
only slightly stronger than a, and the colours: c - very pale bluish 
green; b - pale yellowish green; a - from greenish yellow to co
lourless. 

According to W. E. Ford 1, thore is a regular relation between 
the middle index of refraction of the comOlon amphiboles and their 

1 W. E. Ford , Beiträge zur optischen Kenntnis der Hornblenden. Zeit
sehr. f. Kryst. 54, 1914, p. 1. 

/ 
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chemical composition. Mäkinen has found that this law holds good 
also tor the amphibole in question. By calculating the chemical 
composition according to the diagrarns ot Ford, he got a result very 
approximate to the identical composition. 

The amount ot uralite in the metamorphie rock calculated trom 
the percentage ot MgO ot the uralite, is 59 %, calculated trom the 
iron contents, a little above 60 0/ 0, Microscopical measurements give 
only 20 % or less telspar and very little ore, thus 79 % ot uralite 
and 1 0/0 ot ore. The analysis ot the rock gives an amount, in the 
norm, ot 41,11 % ot temic minerals. But on one side, the surplus 
ot silica cont,ained in the amygdulae ought to be deducted, on the 
other side the original augite has probably also contained some 
alumina. 

In every case, it seems certain that the amount ot the se
condary temic constituents has in c r e ase d during the metamor
phism, making now at least 60 percent of whole, perhaps. even 
more. This circumstance seeillS very natural when we remem
ber that the primary rock certainly also has contained olivine 01' 

hypersthene and ilmenite which are now altogether obliterated. 
When these have been added to the uralite, it must have taken up 
silica and alumina from the telspar constituents, the amount ot which 
has thus diminished. Tho whole process ot uralitization is by no 
means to be regarded as a simple >metasomatosis> ot the augite, 
but is a much more complicated process. 

The greater plagioclases consist ot oligoclase with ab out 21 0/ 0 

An. As Eskola remarks while discussing the origiu ot the amphi
bole in cer ta in effusive amphibolites, the plagioclase in the meta
morphic metabasites is never more calcic than a labradorite-bytow
nite, while in nonmetamorphie igneous rocks also telspars richer 
in calcium are of common occurrence. This is in accordance with 
the author's experience. For the nearer understanding ot the pro
cesses here in question and their chemical formulae,the author re
ters also to Eskola's discussion1 . 

On the whole the original chemical composition of the younger 
uralite-porphyrites, or meta-basalts, of Pellinge seems to have been 
very unitorm. Variations in the chemical composition, however, 
occur, although they are not very pronounced. The lighter varie
ties are represented only by dyke rocks. In one ot the small islands 
Dömansörama, to the south ot Tjurholm in Pema, there is a 

1 Pentti Eskola, On the Peirology of the ürijärvi Region in Southwestern 
Finland. BuH. Comm. geol. Finl. N:o 40, 1914, pp. 12.l-·lßO. 
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dyke, 1,8 cm broad, 01 a grey rock with a uniform fine grain. 'rhis 
rock contains the Iollowing weights per cent 01 minerals, deter
rnined microscopically: hornblende 47%' oligoclase 40%' quartz 6% ' 
biotite 5 % and ore 2 0/ 0, 

Another rock, the composition 01 which differs Irom the ordi
nary, torms a dyke in the amygduloid uralite-porphyrite 01 W ester 
Saltö1'en in Pernä, within the fairway east 01 Hasselö. According 
to determinations made by the Rosiwal method, this rock has 
the rollowing composition: reispar 38 % 01 w~ight, biotite 35 %, 
quartz 30%' epidote 5%' titanite 2% and magn etite 1 %' The 
quartz rorms aggregates with rounded outlines consisting 01 several 
grains with varying optic<ll orientation, and seldom measuring more 
than 1 mm in lellgth. They are smaller and more regular in size 
than the amygdulae in the adjacent rock, and it seems uncertain 
wh ether they are such, 01' original crystals, 01' pseudomorphs arter 
some entirely obliterated mineral. In any case, this rock must 
have had an original composition differing !rom that 01 the typical 
metabasalt, more resembling either an andesite or a quartziferous 

. dacite. 
, 

PERNA FORMATION (E) OF METABASALTS AND TUFFS, 
META-ANDESITES, GABBROS &c. 

URALlTE-PORPHYRITES. 

The older uralite-porphyrites are olten petrologically so similar 
to the younger ones as to be distinguished rrom them only with 
difficulty. 'rheir colour, however, is generally dal'ker, with a less 
pronounced greenish shade than that or the n.rst-mentioned rocks. 
They are also genel'ally tougher, so that it is often difficult to chip 
good specimens. 

Microscopically, the most conspicuous difference between these 
groups or rocks seems to be in the character 01 t4e hornblende. In 
the rocks now in question it olten forms tults, entangling all the 
minerals of the rock, but is less orten fibrous than in the younger 
metabasalts. The uralite or the porphyritic crystals has sometimes 
lighter colours in thin sec tions than the hornblende or the younger 
uralite-porphyrites. In some cases cummingtonite seems to be pre
sent. Most or the- hornblende, however, is or the same optical char
acter as in the younger uralite-porphyrites. 

As to the shape 01 the phenocrysts 01 uralite, they are some
tim es smaller and also more sparse in the oider rocks. Biotite, iron 
ore and titanite are also present h ere in varying amounts. 

g 085-21 5 
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The plagioclase is cornmonly a labradorite, with 53 0 0 An. 
The above description applies especially to thc rocks inthe ne ig h

bonrhood of the area of younger malite-porphyrites along its northern 
boundary, where there are extensive areas of oider metabasalts , and 
partIy also 8 . of that area. West of the P ellinge islands, these 
metabasalt. are more intenvoven with granites, and then their 
primary charader becomes somewhat altered. We shall desCl'ib E1 th ese 
varieties later on . 

The analysis made by Dr. E. lHäkinen, Table VI, of a typical 
uralite-porphyrite of this group, shows the normal composition of 
a basalt 01' an au v e rg nos e, according to the American classificatioD. 
with, howover, a rather h igh contcnt of ma gnesia and iron. Th~ 
las..t-mE'ntioned metal occurs in much greatpr quantity than in the 
younger malite-porphyrite horn Sädholmen. 

Table VI. .Uralite-porphyrite trom Batviken in Stor P ellin ge. 
Analysed by Dr. Eero Mäkinen. 

I 
MOl. I prop. N o r lTI. 

Ortboclase Si02 . .. ••••• 1 50.18 1 836 

Ti02 .•..•••• 0.70 1 9 

~03 .. ... .. ~~B 1-143 

Albite 

Anortbite 

- 2.7 8 I • 

- 1'" f F 49." 

.- 29.47 J 

Sal 49.02 

Fl'203· .. . : ... 1 1.2 7 1 8 Diopside - 15.06 ) 

I F,O .: . .. . ~I-;:; _1 120 I HYP",tb"" - 27." [ N°"'''l 
-~-1:-n-O-. -. . - .-.-.-. . ...,-1-0-.1-2-71--1- Olivine - 2 .9 4 J I Fern 48. 88 

MgO ····· ··.1 9.00 1 24.8 Magnetite - 1.86 l 
~ M 3.28 

GaO ........ 1 9. 60 1 171 Ilmenite - 1.37 J 

N~20 ····· ···1 1.9
81 32 

K 2 ° ······· ·1 O.4D 1 5 

H 20 .. . ..... 1 ' 1.70 I 

1
99

.
66

1 

Water 

97.85 

1.70 

99.65 
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PLAGIOCLASE-PORPHYRl'TES. 

Varieties f'.ontaining t.ogether witb the uralites small porphYl'i
tic plagioclases are also very common ' among these uralite-porphyr
ites of the older group E. Associated with thelD occur also pI a g i o
cl ase - p 0 r p h Y r i te s, which contain large phenocrysts of felspar 
measming 1-3 cm in length, but only 1-2 mm in thickness. Some 
of these are extremely thin at the ends, making almost needle-shaped 
sections. Sometirnes they lie parallel to each other, while in other 
cases they are more irregularly interspersed (Fig. 3). 

Fig. 3. Plagioclase-porphyrite from Öster Rysskäl', Pernä. 
1/7 of the nato size. 

The plagioclase has a maximal extinction of J 9° and is thus 
an andesine (37 % An). The groundmass is very similal' to that of 
the .uralite-porphyrites. These rocks are especially typical in the 
Rysskären islands in Pema, where they are very much invaded 
by dykes of granite, forming with them eruptive hreccias. Some 
parts, however, show macroscopically a very weIl preserved primary 
texture. The microscopical constitution of that rock is shown by 
Fig. 2, Plate 1. It is composed mainly of .green hornblende and 
plagioclase, together with grains of secondary magnetite. 

This rock has been analysed by Dr. Mäkinen (Table VII). 
The rock contains lesser arnounts 01 magnesia and especially iron 

than the malite-porphyrites, being a he s sos e while the latter are 
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auvergnoses. In spite 01 the unusually low percentage of iron, the 
rock is more nearly related to tbe basalt-gabbro than to the andes
ite-diorite family. 

Another typical variety of plagioclase-porphyrite occurs at 
Ednäs torp in the south-west of the Stor P ellinge island. 

Table VII. Plagioclase-porphyrite from Oster Rysskär m Pernii. 
Analysed by Dr. Eero Mäkinen. 

I 
1 Mol. I prop . No r m. 

Si02 . .. . . .. . 1 50.78 1 846 

Ti02 .... . ·· ·1 0. 75 1 9 Orthoclase - ,,, I 
Al 2 0 s .. .. '" · 1· 18.0s l 176 Albite - 26.20 ' F 64.29 Sal 64.29 

Fe2 0 S ' • • " . , ·1 2.R O 1 18 Anorthite - 31.97 J 

FeO · ...... · 1 5.88 1 74 Diopside - 17." I 
MnO ...... · ·1 0.11 1 1 Hypersthene - 7.62 P+028.431 

-
........ I 5. 72 1 2.94 J l MgO 143 Olivine -

CaO ........ 1 10.80 1 193 Magnetite -
4.

18 1 M 

f Fern 33.9g 

.. · .... ·1 3.12 1 

5.55J 
N:a 2O 50 Ilmenite - 1.87 

K 20 ........ I 1.00 1 11 98.27 

H 20 ........ I 1.061 Water 1.06 

1
99

.
55

1 
99.88 

At Hellmoholm in Perna the plagioc1ase crystals of the plagio
clase porphyrite are in places very much compressed. 

A rock similar to these plagioclase-porphyrites occurs or se
veral places in the eastern part of the region as an inclusion in other 
volcanic rocks. 

On the eastern shore of Träskholm in S.E. Perna the meta
basalts are cut by two dykes of a fine-grained, dark rock which con
tains numerous fragments of a very typical plagioclase-porphyrite. 
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Some of these . fragments measure one metre in diameter. Most of 
them are rounded, and they are so numerous as to form the greater 
part 01 the dyke rock. 'rhe northern dyke has a breadth of 7 ID, 
the southern one 01 2,5-4 m. Their direction is N. 60° E. At 
the southern contact 'of the broader dyke there 1S a zone measuring 
one metre in breadth which is almost free from iDclusions. 

Also in a little island S. of Bastö, S:W 01 the above, several 
dykes occur which in places eontain numerous iDclusions of a plagio
clase-porpbyrite, 01' a meta-diabase with a texture nearly related 
to that 01 the form er rock. ODe of these dykes, which measures 
3 m, is fuU of such inclusions while a neighbouring dyke, 3.5 m 
broad, contains none of them. • 

In the metabasalt of Flot taskär, S.S.W. 01 the former loca
lity, small fragments of plagioclase-porphyrite containing large fe1- . 
spars occur as inclusions. 

These facts seem to indicate that thera were below greater 
IDasses of plagioclase-porphyrites belonging to the same volcanic 
formation . Fragments have been detached from these masses of rock 
and brought nearer to the surface by the rising magma. 

AMYGDULOID MEl'ABASALTS, TUFFS, BRECCIAS 
AND PILLOW LAVAS. 

Among the metabasalts of group E we also find very typical 
varieties of am y g d u 10 i dIa va s. The vesicula-e are of varying size 
and shape. In the porphyritic rock 01 Lilla Finnholmen in P erna they 
reach. a leDgth of 10 Cll, but are very sparse. The amygdulae are 
commonly filled with quartz, together with SOIlle felspar, uralitic 
hornblende &c. Sometimes the rock may be described as having 
been originally cavernous or scoriaceous. B re c c i a t e d Javas also 
occur which seem to have been formed by the bursting of th e sur
face during the cooling of the magma. The in terstices between 
the fragments are filled either with a rock mass which is similar 
in constitution to that which forms the fragm ents, although oHen a 
little lighter in colour, or else by a mass richer in quartz, epidote or 
calcite. Such is tb e rock in the island Dokskär, to the S.E. of 
Lill P ellinge. 

Intercalated with the lava beds there are t u'f f s which are 
oHen well stratified. The dips are always vertical. Some of these 
rocks are fin e-grained, while others contain also coarser fragments 
and grade into s t rat i f i e d b r e c c i a s. These fragments are of 
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very varying size, sometimes measuring more than a metre in dia
meter. They generally consist of metabasaltic rocks of almost the 
same composition as the cementing mass, but showing very varying 
texture. U ralite-porphyrites, plagioclase-porphyrites and amygduloid 
varieties alternate with fragments of older breccias. Sometimes also 
the fragments may be rich in epidote and then lighter in colour 
than the cementing maRS. These rocks are occasionally agglomera
tic in cbaracter ~Fig. 4), In the agglomerate, or rather cong]ome
rate which occurs at Lökö and Pellinge Tullandet, at a distanre of 
about 500 m from. the contact with the quartzite of the basement, 
small pebbles of qua r t z i t. e are also visible. 

Fig. 4. Agglomeratic stratified breccia with vertical layers. 
H orizontal rock surface at 'rimmerholrn, Pellinge. 

1: 9. 

The tuffs are very often rich in epidote. These parts, which 
have a light green colour, either form a network of veins, as is the 
case e. g. on 'rimmerho]m, S. of Stor P elliIlge, 01' occnr as rounded 
inclusions in thc tuff. Iu some cases, e. g. on Hamnholmen in 
Perna, near Vätskär, those inclusions seem to play the same r61e 
as the rock fragments, oe pebbles, of the a,gglomerates. Possibly 
the volcanic rock from which the pebbles were derived, was in some 
cases impregnated with arragonite or zeolites before the meta
morphism began. 

The stratified tuffs of the volcanic group E sometimes alter
nate with thin layers of limestone, e. g. in the island of Högskär, 
of Timmerholrn in the region 8 .E. of Kungshamn in Stor Pel
linge and in Tjurholm in Perna (Fig. 5). The limes tone is impure, 
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containing much hornblende and epidote, and grades into the tuffs. 
In Sandskär, S. of Högskär, t he limestone also contains garnets. 

Fig. 5. Metabasaltic tuffs alternating witb layers of very 
impure limestone. Tjurholm in Pel'l1a. 1: 11. 

On the northern shore of Flottaskär a vertical bed of aruygdul
oid lava, which has originally been very cavcrnous, shows a nUIIl ber 
01 slllall faults which do not . 
cont.inue into the adjacentvol
canic rock. It seems probable 
that they originated during 
thc time of volcanic activity, 
when a lava bed was covered 
with other volcanie masses 
whose pressure caused it to 
become cracked and faulted. 

In theislandsnear Hamn
holm in P erna s:milar pheno
mena are visible. The volcanic 
rock, which shows srnall phe
nocrysts of plagioclase, seems 
to have formed several differ
ent lava beds whose contacts 
are in part very sharp. Next 
to such portions as show a brec
ciated structure, and have ob
viously originally been scoria
ceous lavas, the rock is oHen 
amygduloid in character. 

Fig. 6. Rock of pillow lava in tbe 
Stor-Digskär isl and in P ernä. 
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The Digskär-islands which lie in the open sea 15 km 8. E. of 
the Pellinge islands, consist of a very typical pi 110 W 1 a va (Fig. 
6-7). The individual pillows measure from 10 to 50 cm in dia
meter and generally show a darker border rich in hornblende. The 
mass filling the interstices between the pillows is composed of a 
mixture of qual'tz, calcite, epidote and light brown garnet (gros
sularite) in varying proportions. The garnet is often well crystallized. 

Fig. 7. Pillow Java intersected by a dyke of uralite-porpbyrite. 
Mellersta Digskär in Pernä. 1 :6. 

In the middle of the Digskär-islauds the pillow lava is inter
sected· by a dyke of uralite-porphyrite (Fig. 7) which has a breadth 
of 10-20 cm and runs in the direc tion N.-S. The texture is por
phyritic in tobe inner portions, but fine-grained and very dark at 
the eontacts, where it has probably originally been glassy. At one 
place the fissure dyke shows an abrupt deviation. 

This dyke wedges out and is contioued by another dyke, 
beginning neal' to it. 

DOLERITES, DIABASES AND METADIABA.SES, GABBROS, 

METAGABBROS AND GABBRO PEGMA 1'I1'ES. 

At some pI aces in tbe area mapped very int.eresting rocks 
occur which may be design'ated as d 0 1 e r i t e s, dia ba ses, gab b l' 0 s 
and gab b l' 0 p e gm at i t e s, and regal'ded as more deep-seated equi-
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valents 01 the basic volcanic roeks belonging to the middle group. 
They seem to be connected by gradations with the uralit~-por

phyrites 01 the neighbouring larger islands. 

The 1irst-mentioned rocks oceur e. g. on some islands in the 
south-east, Virskär, Bastö and neighbouring islands. Here the roek 
is 01 medium grain and of very uni10rm eharaeter. The primary 
mineral constitution is astonishingly weIl preserved. The interstiees 
between the andesine (42 % An) laths are padly filled by an augite 
whieh is rather strongly pleoehroic in light rose colours, partly by 
oli vine and ore. 

The olivine has crystallized earlier than the augite which fills 
up the interstiees between the olivine and the plagioclase, sorne
times resembling a >reaetion rirn> (Fig. 3; Plate I ) A,S described by 
the author in an earlier memoir 1, but eertainly of primary origin. 
At the contaet with plagioclase the olivine is surrounded by eoronas. 
Besides augite, diallage is also present, and brown hornblende may 
sometimes occur in the plaee 01 the pyroxene. In some specimens 
the on]y secondary constituents beside the synantetic minerals are 
green hornblende, biotite and some iron ore, mainly as featherlike 
or >dactylotype> skeleton crystals in the olivine. These secondary 
minerals orten occut' in very ,seanty quantities, and in spite 01 their 
presence the primary character 01 the rock is well preserved. 

'rhe rock shows a very typical ophitic text ure (Fig. 3, Plate I, and 
Fig. 2, Plate V). It is a dolerite whieh originally differed from 
the other basaltic rocks 01 the region mainly in that no phenocrysts 
of pyroxene occurred. The more coarse-grained parts 01 this rock 
may be designated as a diabase. 

In the southernrnost part 01 Virskär the contacts between this 
rock and uralite-porphyritic tuffs are visible. The latter, which are 
agglomeratic or breceialike in eharacter, are cut by dykes 01 the 
metadolerite, which also contains 1ragments of the tuff. Thus there 
is no doubt about the intrusive eharacter and the younger age of 
the dolerite. 

In Strömruingsgrund near Morumshällarna, about 6 km S. E. 
01 Virskär, a metadiabase occurs which has originally had a rather coarse 
ophitic texture. Tbe individual lath-shaped plagioelases measure 
about 5 rum in length and 1-2 mrn in thickness. The interstices 
between them are filled with green hornblende and some biotite 
and ore. This rock seems to grade into a porphyritic variety. 

1 J. J. Sederholm, On Synantetic Minerals. Bull. Oom m. gaol. Finl. , 
N:o 48, p. 36 seq. 

6 
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The most typical hypabyssic rocks associated with the meta
basalts of the rniddle group are those which occur in Tunnholmen 
and neighbouring islands, S. W. of the P ellinge islands. 

Some of these rocks do not differ very much from th e doleri
tic uralite-porphyrites which occur in the southwesternmost parts of 
Stor P ellinge, and even macroscopically show ura1ites between the 
plagioclase-Iaths oi" the ophitic rock. But the predominant rock in 
the islands in question is a very typica1 gabbro, which must have 
originally been very similar to the weil known gabbros of Skyp. 
which are connected with tertiary volcanic rocks. It is medium
grained and often contains diallage crystals which are a little lar
ger tban the other minerals and therefore give tbe rock a spot
ted character. lt also contains fragments of darker rocks whicb 
sometimes resemble uralite-porphyrites, but more often are rather 
coarse-grained and rich in diallage. Some of them have a perido
titic composition. Tbey often form elongated zones whieh in places 
may he so sharply defined as more to resemble dykes than frag
ments. They send out apbphyse-like protuberances into the sur
rounding rock. Occasionally such zones are sharply defined on 
one side and imperceptibly grade into the neighbouring rocks on 
the other, t-he diallages becoming gradually sparser. 1t almost seems 
as if a portion of the mother magma which was more basic than 
the rest must have segregated and begun to crystallize, so that tbe 
pyroxenes parlly sunk into the neighbouring, still fluid magma. 

The striped gabbro orten shows fluxion structures which are 
similar to those which have been desCl'ibed horn the gabbt"Os of 
Skye. 

The following analysis, made by Dr. Eero Mäkinen, shows the 
cheinical COOl position of the normal rock which is an au ver g nos e 
according to the American classification. 

Microscopically, the rock still shows the primary character of 
a gabbro astonishingly well preservecl, being composed of plagio
clase, pyroxene, brown horn blende, olivine and ore. 

The plagioclase is an andesinp. with 35 % An. It contains 
numerous very sma;l interpositions OI green 01' brown colour, 
many OI them needles 01' rods, arranged normally against 010. 
Most of them seem to consist of hornblende. 1t . forms either short 
prismatic crystals 01' laths projecting into the pyroxene. The rock 
often shows a typical ophitic texture. 

The pyroxene-is in part. an augite which is occasionally pleo
chroic with co10urs varying between light rose and greyish white, 
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Table VIII. Olivine gabbro from a small island S.E. of T unn
holm, Borga. 

Analysed by Dr Eero Mäkinen. 

SiOz ........ 1 47.54 1 792 

Ti02 ······· ·1 0. 75 1 9 

A1 2 0 3 ••••• . •• 1 15.88 1 ]56 

16 

]<'eO ........ 1 6.60 I 92 

MnO .···· ·.·1 0.18
1 

3 

MgO • " ••••• 1 8 .54 1 213 

Ca(J .... . ... 114.9° 1 2ßG 

Na2 0 ........ 1 1.20 1 ~9 

l{20 . . . . .. · ·1 0.28 1 3 

H 20 ····· ·· ·1 1.
14 1 

-~.:r-

Orthoclase 

Albite 

Anorthite 

I Diopside 

Hypersthene 

Olivine 

lTagnetito 

ilmenite 

Water 

No r 111 

- 1.67) 

I 
- 9.96 t F 48.88 Sal 48.88 

- 37.25 J 

- 30.62 I 
> P 41.25 ) 

-10.63 ) I 
- 3.22 0 3.22 ~ Fern 49.55 

- 3.71 ) 

> M 
- 1.37 J 

98.43 

1.14 

90.57 

I 
5.08 J 

in part a diallage containing numerous smaU interpositions lying 
along the cleavage planes. 

Brown compact hornblende also occurs and has, as the author 
has point,ed out elsewhere 1, a rather puzzling character. It occurs 
in patches or as narrow rirns around ilmenite-crystals. The horn
blende ' is then entirely anhedral, filling the interstices between the 
plagioclase and augite crystals, and the outlines of the ore are often 
almost parallel with t hose of the hornblende rims. If the ore crys
tal1ized earlier than that mineral, it is difficult to understand why 
its limit,ation should be in so high degree dependent on the form 
of the interstices in which the hornblende has crystallized. The 
latter cannot here have originated as a secondary 01' »deute1'ic ) 

1 1. c. p. 36 - 37. 
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mineral, )synantetic . between ilmenite and plagioelase, then it oceurs 
also between ore and erystals of augite, or olivine. It therefore 
seems probable that the brown horn blende has erystallized earlier 
than the ore whieh has afterwards filled the innermost parts of 
the interstices coated wüh it, or else both minerals have erystall
ized simultaneously, ore at the centre of the remaining in terstices, 
hornblende along their walls. In any case, the formation of the 
latter minerals seems to depend on the existenee of a surplus of 
iron in the magma, and ehemieally the oeeurrenee (Fig. 4, Plate I ) 
is thus nearly related to that oi such biotite as crystallizes synantet
ieally around ore. 

Brown hornblende, however, oeeasionally also oeeurs as patehes 
in diallage crystals, whereby the erystallographieal orientation is 
the same in both minerals. If this hornblende also is primary, then 
it bE'eomes necessary to assume that there has been a reeurrenee 
of the eireumstances which eondition the formation of horn blende. 
A surplus of iron might have existed at several plaees in the mag
ma, eausing the formation of brown hornblende inst ead of pyroxene. 
But it is likewise possible that apart of the brown hornblende 
may be of seeondary origin, as it is indubitably in other eert~inly 
metamorphie basic rocks . deseribed by various authors. 

Around the erystals of primary ore biotite oeeurs, often form
ing rather large crystals wh ich have in many eases eertainly re
placed plagioelase. In other eases it seems possible that tbe bio-
tite has replaeed brown hornblende, or diallage. -

The olivine lies between the laths of plagioclase, either direetly 
in contaet with them, or more oHen surrounded by augite or dial
lage. In the former ease it is anhedral, in the latter it is in part 
more idiomol'phic. Where the pyroxene filling the interst ieeR be
tween olivine and plagioclase oeeurs only in scanty quantity, it may 
sometimes resemble areaction rim (cf. Fig. 3, Plate I), but it is eel'
tainly not of that origin, as neal' by it may alone constitute the 
matrix between the fels pars. Tbe crystallization of the olivine seems 
to have begun and probably also ended earlier than that of the 
pyroxene. 

. The olivine is a variety rieh in iron. It contaius seeondary li
monite as minute in terpositions which are oHen rather regularly 
dispersed, aud also as eoarser grains whieh have gathered in fis
sures and next to them. It is surrounded by very typical coronas 
(Fig. 5, Table I) which the author has described elsewhere. 1 

1 1. c. p. 36 seq. 

• 
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• 
Beside the symplektites which the author has earlier descri

bed from this rock there occurs one which consists oi iron are, pro
bably magnetite, together with a light mineral with high refraction 
which seems to be pyroxene. The ore forms slendel' rods whose 
distribution is the same as that oi the sodalite in the ~ dactylo
type '> intergrowth oi that mineral and orthoclase which Shand has 
described from a borolanite hom Cnoc-na-Sroine in Scotland. 1 The 
author earlier thought, before he was aware of the fact that the ore 
is intergrown with pyroxene, that the former mineral had crystall
ized within olivine, but this does not seem to be the case. Although 
it occurs near to olivine containing ore partic1t:lS, it show no grada
tions into that mineral, and it seems more likely that the implica
tion of ore and pyroxene has replaced hornblende. In any case, 
it seems probable that it is of secondary origin . 

• 
It is an astonishing fact that we find h ere, among old Archffian 

basic rocks which usually have undergone such a complete meta
morphism, rocks whose primary composition and texture have been 
RO weIl preserved. Sometimes the metamorphie and non-metamor
phic rocks may even be observed within the same thin section. There 
is no >armoun· between the plagioclase and the augite, or diallage, 
of these basic rocks. Then the coronas have not such a character 
and could not have preserved th e pyroxene from metamorphism 
An armour would be preservative only if the metamorphie changes 
were confined to an interchange of substance beLween the neigh
bouring minerals. But even in the formation oi the synantetic 
minerals, and still more in other cases, the substances interchanged 
have obviously been in part carried from more distant places by 
solutions 01' gases which ha,ve penetrated the whole rock masses. 

Perhaps it is not a mere chance that the best preserved portions 
of these old eruptive rocks are those which solidified as greater 
massas at a certain depth and possessed an ophitic or a gabbro 
texture. These rock masses are very homogeneous and tough and 
have probably been very little jointed, and they thereiore gave mucn 
more difficult aceess to the metamorphosing solutions and gases 
than the effusive metabasalts which were very varying in composition, 
cracked, scoriaeous, and often intermingled with asbbeds which bad 
a weIl developed parallel texture. 

The younger metabasalts of the Pellinge group are mueh more 
completely uralitized than those of the Perna formation, so that no 

1 J. Shand, Ueber Borolanit und die G;.esteine des Cnoc-na-Sroine-Mas
sivs in Nord-Schottland. N. Jabrb. XXII Beil. Bd. 1906, p. 429-433. 

.. 
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traces (except tbe crystal form) of the primary pyroxene, and still 
less 01 the olivine, can be detected. One would rather expeet to 
rind the oider metabasalts, wbieh have been penetrated by granites 
berore tbe eruption of the Iatter, to be more highly metamorphie 
than them. It is very diffieult to find any explanation or this 
different behaviour towards the metamorphosing ageneies of these 
two basaltie rormations. In any ease, the cireumstances noted prove 
that the metamorphic proeesses at a deptb eannot simply be regarded 
as a funetion 01 temperature and pressure, but depend also on con
ditions more diffieult to determine. When using laboratory expe
rienees in order to explain them we have always to take tbis differ
enee into aeeount. 

Fig. 8. Dyke of gabbro pE'gmatite in gabbro. 
TunnhoJm, Pellinge. 1 :10. 

In Bredskär and some adjacent sma1l islands also another 
gabbro variety outerops which has. a different grain and a ligbter 
and somewhat reddish eolour, and shows a sharp eontaet against 
the main mass 01 tbe dark gabbro. It is eomposed mainly or oligo
elase (26 °/0 An) arid hornblende, sometimes with a eore 01 pyroxene 
filling the interstiees between the fels par laths but occurl'ing in 
ratber small quantities. Some ore is also present. This rock probably 
belongs to the same eo-magmatic series as the Tunnholm gabbro 
and the assoeiated metabasalts, but seems to be sornewhat' oldel' 
than either 01 them. It is interseeted also by dykes or metabasalt. 

In the gabbro 01 Tunnholm and adjaeent islands dykes of a 
eoarse pe gm a t i ti e rock are vel'Y eommon. This eonsists 01 erystals 
01 plagioclase and hornblende whieh is possibly seeondary. Some 
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of these dykes are straight fis sure dykes attaining a breadth of 0.3 m 
(Fig. 8) while in other instances (Fig. 9) a similar rock forms a net~ 
work of narrow veins less sharply defined. This vein rock consists 

Fig. 9. Veins of gabbro pegmatite and »aplite . in 
gabbro. TUllnbolm~ Pellinge. C:a 1:12. 

partly of a rather fine-graiofld mass rich in felspar and containing 
sparsely scattered small hornblend e crysta]s, which may be compared 

Fig. 10. Veins of gabbro >aplite> in gabbro. 
Bredskär, Pellinge. C:a 1:15 e. 

to an aplite. This gabbro pegmatite is mainly composed of oligoclase 
(27 - 32 % An) and green hornblende. Ore grains are common in 
the hornblende, often forrning a fine dust of minute particles, and 
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so are also sllaH grains of titanite. Crystals oi chlorite, which has 
probably replaced biotite, occasionally occur. Epidote is often present, 
sometimes filling narrow fissures: and seems to be of later origin 

than the other constituents. 
Apatite often occurs. In some 
cases scapolite has also been 
observed. 

In a gabbro pegmatite 
from a little island near Hals
skär the hornblende still eon
tains cores of diallage. Both 
in this mineral and in the se
condary hornblende interposi
tions of a dark brown mineral 
are ablIDdant. It is impossible 
to decide whether and in what 
quantity primary hornblende 
mayaIso have been present in 
these gabbro pegmatites. 

In the fine-grained >apli
tic> rocks connected with the 
gabbro pegmatite the horn
blende sometimes shows idio
morphicforms and is surrounded 
by fine-grained oligoclase. In 
some cases quartz js also present, 

I",' especially in the veins in the 
gabbro in Bredskär, Pellinge 
(Fig. 10). Here, however, the 
contact with a younger granite 

0, is near, and it is possible that 
it has influenced the mineral
ogical composition oi the vein 
rock. 

o 

Fig. 11. Faulted dykes of metabasalt in 
gabbro, intersected by gabbro' pegmatite (in 
tbe upper part of tbe drawing) and aplite. 
Horizontal rock surface at tbe western 
sbore of Tunnbolm, Stor Pellinge. 1: 30. 

Fig. 11 shows a horizontal 
rock surface on. the western 
shore oi Tunnholm where the 
gabbroid rock is intersected by 
several dykes of metabasalt. 
These again, are cut both by 
a coarse-grained pegrnatit.ic 
rock which includes a fragment 
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of one of the dykes, and by fine-grained aplitic rock. This 
locality is of interest because it shows tb e elose connection in respect 
to age between the gabbro and the fine-grain ed metabasalt which 
solidified here before the final consolidation of the gabbro pegmatite. 

When the author uses the name aplite, it is of course only for 
want of a bettE' r designation , and because h0 does not like to en
cumber petrological nomenclature with a new term. 

Also a lighter-coloured diorite-like rock with a medium grain 
occurs in Tunnholm as veins closely connected with the pegmatitic 
veins. It is composed mainly of plagioclase and hornblende in the 
same proportion as in t.he uralitized gabbro and in the gabbro 
pegmatite. 

The cbemical compo~ition of this rock wbich has been analysed 
by Dr. E. Mäkinen (Table IX) is very near that of the gabbro; it 
is also an au v e r g nos e according to the American classification. 

Table IX. Light-coloured gabbro forming veins in typical gabbro 
on the vestern shore oi 'runnholm in Borgä. 

Analysed by Eero Mäkinen. 

I MOl. I prop. Norm. 

SiO •.......... 1 49.00 I 817 

l'ioz• ...... · .. 1 0.50 1 06 

Al.O, ........ 1 16.39 1 16L 

F~=-· I-oT-; 

Orthoclase 

Albite 

Anorthite 

1:::: ' I F 52.12 Sa152.12 
3G.70 

Feo ... . ...... 1 4.67 \ 65 

MnO ..... . .. 1 0. 17 1 

MgO .... . ... \ !J.28 r----;;-
cao . . ........ 1 16.17 1 289 

Na.O ..... .. . 1 1. 36 1 22 

3 Diopside 

Olivine 

Magnetite 

llmenite 

35.73 1 
} P+O 44.83 ) 

9.10 J I 
} Fem. 4.6.80 

J 1.

16 1 
0.91 

M 2.07 

KoO. ·········1 0.
72

1 
7 99.02 

Rest of MgO 0.08 
-----H 20 · ·· .... ··· l l.G4 1 

99.10 

1.64 Water I !100", 
100.74 

3 0 8 5 - 21 '7 
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ME l' A-ANDESITES. 

Clüse tü the süuth-eastern margin üf the area üf yüunger 
uralite-pürphyrites there is an area üf pürphyritic rücks assüciated 
with the ülder metabasalts which differ früm them in chemical 
and mineralügical cümpüsitiün. They are fine-grained rücks whüse 
surface cülünr is lighter and müre brüwnish than that üf the meta
basaltic rücks, and which macrüscüpically shüw nü distinctly pür
phyritic texture. Microscüpically, hüwever, we find weil develüped 
phenücrysts üf üligüclase (ab 'Out 29 0 ' 0 An) which üften shüw a 
beautiful zünar structure. 'rhe primary crystals are sümetimes SUl'
rüunded by a narrüw rim üf secündary plagiüclase. 

These phenücrysts, whüse dimensiüns are abüut 1 tü 3 mm I 
are surrüunded by a fine-grained grüundmass cünsisting ·mainly üf 
felspar which fürms l'üunded grains measuring 0.0 1 tü 0.1 rum. This 
felspar generally shows nü twinning lamellatiün, but is, however, 
certainly mainly plagiüclase üf the same character as in the pheno
crysts. Pütash felspar, however, may alsü be present, although nü 
individual grains can be determined as such. Grains üf qnartz are 
numerüus. As femic constituents numerüus flakes of biütite and 
prisms üf green hornblende üccur, sümetimes forming large crystals. 
The dark minerals are arranged in bands, winding around the 
porphyritic felspars, distinctly indicating a eharacteristic fluxiün 
texture (Fig. 6, Plate I ). The rück alsü Cüntains süme grains üf 
titanite, epidüte and üre. 

In a typical variety from a little island lying E.N.E. of Stor Mi1s
holm in Perna, the percentage weights üf the different cünstituents, 
determined by the Rosiwal method, were as füllows: fels par 65, 
biütite 19, quartz 8, hornblende 6 and titanite and epidote less tban 
2 per cent. This agrees weil with the chemical cümpüsitiün which 
is shüwn by the füllüwing analysis ('fable X ) made by Dr. Mäkinen. 

The rück is a tü n al '0 s e ac cord ing to the American classifica
tiün. Its primary compüsitiün was rather that üf an an d e s i t e 
thanthat of a dacite. Most üf the quartz shüwn in the müde is in 
fact contained in the biütite, epidote &c. OnIy apart üf it is free, 
and Ihis is prübably of secündary origin. 

In other rücks of this group the grüundmass is müre meta
morphic and cüntains müre num erüus grains of quartz. Hürnblende 
in süme cases prevails üver the biütite. Epidüte üccurs in varying 
quantities. 

In the island üf Dü~skär in Pema a meta-andesite which has a 
rather light, reddish sudace colour intersects a tuff belünging tü tb e 

, 
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Table X . Meta-andesite from a smaIl island E.N.E. oI Masholm in 
Pellinge. 

Analysed by Dr Eero Mäkinen. 

I I MOl. I prop. Norm. 

SiO, ... " . . ... 163.68 1 1061 I Quartz 19.92 Q 19.92 1 
I 

TiO, ....... · 1 0.92 1 11 Orthoclase 11. 68 I ~ Sal 82.38 

62.46 J Al,03 . ....... 115.84 1 155 Albite 28.82 ~ F 

Fe,O.I · ....... 1 1.80 I I 
11 Anortl;1ite 21.96 J 

PeO .......... 1 4.55 1 63 Diopside .6.04 1 
p 

I'" I MnO ....... · 1 0.08 1 1 Hypersthene 7.23 J 
Fern 17.49 

MgO ....... · 1 1.99 1 47 Magnetite. 2.55 I 
> 1\1 4.22 

CaO .......... 1 5.93 1 105 Ilmenite 1.67 I 
Na,O ........ 1 3. 42 1 55 99.8 7 

K,O .......... 1 2.02 1 21 Water O.bO 

H,o· · ········ 1 0. 50 I 100.37 

/100.73 / 

metabasalts, and is itself cut by a narrow dyke of metabasalt (Fig. 
12). The meta-andesite consists mainly of minute grains of plagio
clase together with smaIl flakes of mica and crystals of uralite. 
At this place it becomes evident that no distinct difference in age 
between the meta-andesite and the metabasalts exists, some of the 
latter rocks being older and others younger than the meta-andesites. 

On the northern shore 01 Flottaskär contacts are visible between 
the meta-andesite aDd a dark rock which is in part rather coarse
grained, but is sometim(~s aphanitic and amygduloid at the contact. 
The meta-andesite contains a dyke of middle-grained uralite-porphyrite. 
This rock again is penetrated by a dyke of fine-grained metabasalt. 

In the smaIl island E.N.E. 01 Masholm the meta-andesite is 
seen in contact with uralite-porphyrite of group E which is aphanitic 
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at the contact with the andesite. The htt,ter contains several weIl 
defined dykes of fine-grained or aphanitic uralite-porpbyrite. 

Also in the island of Trutkobben between Flottaskär and Mäs
holm, the andesitic rock is found in contact with the older uralite
porphyrite. '1'he former rock prevails, but in the southern part of 
the island uralite-porhyritic rocks occur which penetrate the andes
ite at the contact. Tbe latter contains also an aphanitic dyke of 
metabasalt. Thus here also the andesite is older than tbe ura.lite
porphyrite. 

Fig. 12. Dyke of metabasalt intersecting an older dyke of meta-andesite. 
Dokskär in Perna. 1: 67. 

The metabasalt is here cut by a co m pos i ted y k e belong
ing to the same volcanic series. Its direct·ion is N. 80° E. while 
the strike 01 the volcanic tuffs is N. 70° E. In the west the dyke 
has a breadth of 2.5 m, in the east 01 1,5 m, and it can be followed 
for about 50 m. At its middle it is faulted. 

The basic coritact zones have a breadth of 10-30 cm. 'l'hey 
consist of a black aphanitic metabasalt, while tbe central portion is 
composed 01 a more acid rock which is reddish at the surIace. The 
contact between the two varieties is ratber sharp at. :tbe southern 
side but more -indistinct at the nortbern one. " 

Microscopically the rocks do not show any 'very conspicuous 
differences. The rock Irom the central portion is composed mainIy 
of smaH grains of plagioclase mingled with some quartz and of 
green hornblende, epidote and ore in small quantities. In the main 
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it has an andesitic character. The rock from the contact zon es con
tains some more uralite, and some or the plagioclases form large 
crystals. 

BRECCIAS CONTAINING PEBBLES OF METADACITE AND 
QUAR']'ZIFEROUS METADACITE. 

Sometimes also the rragments in the volcanic breccias in part 
consist or rocks which possess a more acid composition than the 
prevailing rocks, differing Irom them also in the lighter and more 
reddish colour of their surfaces. This is especially the case with 
the rocks or the small island S. of Furuholm, in the eastern part 
of the area mapped. R ere the rock is a very typical breccia 01' 

Fig. 13. Agglomeratic tuff containing a pebble of stratified 
tuff. Island south of Furuholm in Perna. ] :8. 

conglomerate or a polymict character, in which, however, most of 
the pebbles belong to the same series of basic volcanic rocks as the 
matrix. Plagioclase-porphyrites are commOD. These pebbles orten 
show a lighter border, perhaps because they have weathered at the 
time when they were loose boulders. Some pebbles consist of medium
grained rocks whose lath-shaped plagioclases are arranged so as to 
suggest an ophitic texture. Between them there are well crystallized 
uralites. Pebbles and fragments of basic tuffs (Fig. 13), of rocks rich 
in hornblende and or lighter rocks rich in epidote and qua,rtz also 
occur. Aphanitic rocks are common which are reddish at the surface, 
but almost black in fresh chips. Some of these rragments have a dia
meter 01 several metres. Other rragments consist 01 reddish rocks 
01 medium grain wh ich contain macroscopically visible quartz 
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and red felspar. They show gradations into the aphanitic rocks just 
mentioned. The acid rocks olten exhibit a very distinct fluidal tex
ture which sornetimes lies transversally to the schistosi ty 01 the 
breccia. Dykes 01 metabasalt with a maximal breadth 01 .12 m in
tersect this breccia. One 01 them is again penetrated by 'leins of 
the pegmatitic granite which forms dykes in the breccia. Some of the 
pebbles or fragments consist alm ost entirely 01 an epidositic rock 
variety. 

Microscopically many of the rock fragments show a peculiar 
eutaxitic texture due to the occurrenCe or irregularly dispersed spots, 
in which the felspar has the same orientation all over each spot 
but different in neighbouring ones. These rocks are obviously 
vitrophyres which have been devitrified. The fluxion texture is 
orten very distinct. In t·he red rock of the fragments the plagioclase, 
which is an oligoclase with 28 % An, is intergrown with quartz 
which is certainly of prirnary origin. These rocks seem to have 
originally been quartz-dacites while the others show gradations 
between dacites and andesites. 

CONT ACT RELATIONS BETWEEN THE PELLINGE FORMA. 
TION CG) AND THE ROCKS OF lTS BASEMENT. 

A glance at the map shows that the P ema formation E has 
a much wider distribution than the Pellinge formation G. The 
Rysskär granite F, which is intermediate in age bctween these forma
tions, does not reach to their ·immediate contact-l ines. But dykes 
radiating from the centml area of youngest uralite-porphyrites inter
sect the eruptive brecr,ias which originated when the volcanic rocks 
of the Pema formation were penetrated by the Rysskär granite. They 
occur even at a considerable distance rrom this central area. The 
rock of these dykes often shows just the same petrological cha
racter as tbe uralite-porphyrites of the central area., 01' of dykes oc
curring at the contacts and directly connected with the younger 
volcanics. 

The best locality ror studying these phenomena is the little 
island of Ormskär in P ema. It consists of an eruptive breccia in which 
fragments of uralite- and plagioclase-porphyrites, in part amygduloid, 
with associated tuffs and agglomerates, are cernented by granite and 
granodiorite. Most of these fragments are angular (cf. Fig. 57, p. 126). 
This eruptive breccia is intersected by several narrow fissure dykes of 
a fine-grained uralitized basaltic rock, which has the looser texture 
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characteristic of the rocks belonging to series G, and in general 
the same petrological character as those rocks, although it does 
not show any porphyritic uralite crystals. One oi" these dykes 
(Fig. 14) has a maximum breadth of 0.5 metre and can be Iollowed 
36 metres. It has probably a continuation along a fissure which 
stretch es Iurther along the same line but where the rock is not 
visible. In the northernmost part 01 the island there a.re also seve
ral dykes, some 01 them very narrow, running in the same direc
tion. On the sonthwest shore there is also a dyke which has a 
length of 15 metres. The rock of 
these veins is entirely ura.litized, 
but tbey have not been deformed 
at all by mechanichal dis turban
ces. Also in the island Korsholm, 
south of Ormskär, and adjacent 
small islands, several dykes have 
been observed which intersect the 
eruptive breccia and certainly be
long to the younger metabasalt. 

In a little island situated 
between Lil~ Finnholmen and 
Iglasön in P erna, 2 km W .S.W. 01 
Ormskär, a dyke 01 loose green
ishblack uralite-porphyrite also 
occurs (Fig. 15), which intersects 
the granite veins that penetrate 
the older met.abasaltic rock 01 that 
island. Dykes also occnr here 
which are older, belonging to 
formation E and cutting the tufa
ceous schists of the same formation, 
but these are penetrated by veins 
of tbe granite F. Those are here 

F ig . U. D.l'ke of younger metabasalt 
intersecting an eruptive breccia contain
in g fragments of metabasalts of the 
Perna formation. E.-sbore of Ormskär, 

Pernä. 

common everywhere, and the older rock has thus in part the cha
racter OI a migmatite. The contrast between the dyke interwoven 
with granite (Fig . 16) and the younger dyke wh ich intersects the 
granitic veins is very striking. " 

In a Ettle island ODe kilometre N .. OI Rysskär the eruptive breccia 
is intersected by a dyke OI younger metabasa1t which is 20-30 
em broad and runs in N.N.W. 

The islands mentioned lie at dii:ltances 01 2-4 km from tb e 
.E. boundary 01 the arp.a oI younger uralite-porpbyrit.e. 
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It is evident from the foregoing statements, that there are dykcs 
of metabasalt youngor than the Rysskär granite (F ) which invades 

Fig. 15. Dyke of YOllnger metabasalt inter
secting oldel' meta basalt and granitic veins 
which penetrate tbe latter. Small island E. 

of Iglasön, Perna" 

the older uralite-porphyrites of 
gronp E, and these dykes also 
occur at a distance of several 
kilometers from the central 
area of younger uralite-por
phyrites. earer to it we find 
similar dykes whose connection 
with tbe last-mentioned rocks 
seems, in some cases, indubi
table, as is evid ent from the 
detailed description which we 
will now give oE the contact
lines of this volcanic formati on, 
beginning with the southern 
contacts, and proceeding from 
west to eas t. 

On the southern shore of 
the south-westernmost prornon
tory of Stor P ellinge island, S. 
of Kungshamn, ~ykes of three 
different kinds occur in a h ori
zontal rock. The predominant 
rock is a dark, schistose me

tabasite, probably a basaltic tuff, whose strike is N. 30° W. (indica
ted by the direction OI the lines in Fig. 17). This rock is penetrated , 

Fig. W. Dyke of oldel' meta basalt intersected by veins 
of H.ysskär granite. Sm all island E. of Ig lasön, Pema" 1: 30. 
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by a branching dyke of metabasalt; which is porphyritic in the midst 
and fine-grained near to the contacts. It certainly belongs to the 
oIder volcanic formation E. Tbis dyke, as well as the tuffs, is cut 

Fig. 17. Metabasalt of tbe Perna formation penetrated by different dykes. 
Horizontal rock surface at tbe seasbore S. of Kungsbamn, Stor 

Pellinge. Scale c:a 1: 140. 

by a broader vein of a medium-grained rock which bas a pale ~olour 
at the surface. It is composed main]y of oligoclase (about 30 % An), 

Fig. 18. Dykes of metabasalt intersecting tuffs of tbe Perna formation. 
Horizontal rock surface on Timmerbolm in Stor Pellinge. Scale 1: 200. 

biotite, quartz and some garnet, and probably belongs to tbe Rysskär 
granitic formation (F). It has a parallel texture running in the same 
direction as the scbistosity of the tuff. A third dyke cuts all the 
rocks mentioned. It is very fine-grained, dark and uniform in colour, 

8 



58 Bulletin dc ],a Oommission geologique de Finlande N :0' 58. 

aml shows much similarity to some of the dykes already described 
which have been referred to uralite-porphyrites of the Pellinge 
formation (G). 

In the harbour of Kungshamn the contact between older and 
younger metabasalts is seen on t.he shore. The former contains small 
porphyritic plagioclases while the latter is a uralite-porphyrite. Their 
difference in petrological character is not very pl'onounced, but the 
contact is sbarp. 

Fig. 19. Dykes of metabasalt intersecting tuffs of tbe Pern! formation. 
Horizontal rock sm'face on Timmerholm in Stor Pellinge. Sca le c:a 1: 360. 

In the island of Timmerholm to the S. there oCCur narrow 
dykes of metabasalt which also possibly belong to tbe YOllnger 
volcanic formation. In the Figg. 18-20 some of them are shown. 
In the former a dyke of this cbaracter intersects another one of a 
rock which is harder and shows some similal'ity to dykes of group E. 
H is rather uncertain whether it belongs to them 01' to tbe younger 
dykes. The rock or tbe dykes is grey and fine-grained. 

When \Ve follow tbe southern boundary line farther to tbe east, 
we often find tbe older and younger uralite-porphyrites near to each 
otber represented by very typical varieties, but the immediate con
tact-line is generally difficult to detect. 

Tbe island of Utterholm sbows a very fine display of different 
varieties of uralite-porphyritic rocks, probably all belonging to the 
older group E. Typical uralite-porphyrites, amygduloid varieties, 
breccias 01' agglomerates &c. alternate, and very orten the different 
rocks are very much faulted and dislocated. These ' dislocations, 
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caused either by landslips Ol' volcanic earthquakes, may have taken 
place either when these same rocks erupted 01' during the later epoch 
of volcan ic activity in the region. 

Stor Masholm, N.E. of Utterholm, is certainly traversed by the 
boundary between the different porphyrites, but it is very difficuJt 
to determine t.he pxact site of the contacts, although the rocks are wen 
exposed. In the northernmost part of the island the younger ural
ite-porphyrite is very typical, while the rocks in the greatel' part 
no doubt belong to tbe older g1'Oup. Brecciated lavas prevail. in 

Fig. 20. Dyke of metabasalt intersecting tuffs <?f the 
Perna formation. Timmerholm in StOl' Pellingo. 1: 13. 

alternation with tuffs, more typical uralite-porphyrites and metabasalts 
containing small phenocryst,s of plagioclasE'. Parts which are rich 
in epidote are very common. Sometimes the different varieties 
show sharp contacts, either due to a succession of volcanic eruptions 
01' to earthslips that have ocnrred at the slopes of the volcanoes. 
On the southern side of a little bay on the western shore of the 
island there is a weH defined dyke intersecting othe1' volcanic rocks. 
It 1S cut by narrow veins containing orthoclase, quartz and epidote. 
It seems probable tbat this dyke belongs to the older voJcanic group. 

S t eng r 0 p hol m on the southern side of P ellinge Ölandet, 
1S one of the best localities for studying the contacts between the 
two volcanic groups (Fig. 21). The predominant rock is an agglo
meratic tuff containing numerous fragments of arnygduloid volcanic 
rocks. It certainly belongs to the older group E , and is also found 
in some adjacent islands more to the W. and S. W. 
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The south-eastern part 
01 the island is mainly com
posed 01 a typical uralite
porpbyrite wbich is quite 
similar to the rock, cer
tainly belonging to the 
younger group G, that oc
curs in the neighbouring, 
larger island 01 Olandet. 
A similar rock also occurs 
along the soutbern shore 
01 Stengropbolm. 

The contact between 
these different rocks in 
Stengropbolm Iorms a bro
ken line, the younger rock 
sending out a number of 
lobes into the older one. 
In some pI aces tbe contact 
plane seems to lie rather 
flatly. The younger rock 
also occurs as dykes in 
t,be agglomerate which are 
partly continuous with tbe 
greater masses of uralite
porphyrite. This rock is 
often very typical, porphyr
itic in tbe broader dykes 
and sometimes aphanitic 
in the narrow ones, or 
along the contacts . 

In the island N. N. E. 
of Flottaskär the andesitic 
rock is cut by several 
dykes, one of them measur
ing a metre in breadth, 
01 a metabasaft which is 
rather loose in texture and 
possibly belongs to tbe 
younger group G. 

Very interesting are 
the contacts in the little 
island 01 Hmghäll, W. 01 
Sandö, in the south-eastern 
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corner of the area 01 younger uralite-porphyrites, near to the place 
where its boundar abruptly turns in a northward direction (Fig. 22). 

The older rock is here a meta-andesite while the younger vol
callic formation consists 01 tuffs, in part agglorneratic, with lnter
calated lava beds. The contact plane dips 700 N. The dips are at 
an uncommonly low angle, on the northern shore of the island only 
20° N. The strike is hom N. 70° to N. 80° W. In the andesitic 
basement several dykes of metabasalt are observed which in part 
penetrate also into t.he younger volcanics. The petrological cha
racter of the broader dykes is quite similar to that 01 the volcanic 
lava beds in the younger formation. 

, 
>' 

"" , ~ .. 
N 

l 
s 

Fig. 22. Sketcb map of L angbäll in Perna sbowing contact between older anel 
younger volcanic rocks and dykes of younger metabasalts intersecting 

botb of tbem. Scale 1: 800W. . 

Most of the dykes are almost vertica1. The narrow dyke In the 
western part of the rock has in pI aces a more recumbent position. Here 
the dyke rock is aphanitic in texture and has certainly originally 
been glassy. The same js the case with the otber narrow dyke 
branching out lrom the broadest one. 

At the eastern boundary 01 the area 01 younger rocks the 
contrast between these and the older rocks is olten very marked. 
The former are typical uralite-porphyrites and associated agglome
ratic tuffs, wbile tbe latter are in part line-grained doleritic or rLD

desitic rocks, in general much more varying in their comp·osition. 
It is, however, not always easy 'exactly to determine the contact 
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line. In the north-east, it seems probablo that ib lies imme
diately S. of the island 01 Tjurholm , or perhaps traverses the southern
most part 01 that island. H ere several dykes oceur which certainly 
belong to the younger volcanics, while it is in other cases difficuH 
to detel'mine their age. A bl'oad dyke in S. E. and another in the 
middle of the island certainly belong to the former category. 

The small islands of Dömansörarna S.W. of Tjurholm, and Lill 
Brokholm consist of rocks which show more similarity with the 
younger uralite-porphyrites than with the older volcanic rocks. They 
are to a great extent agglomeratic, showing a great variety 01 frag
ments of volcanic r~cks with different textures, porphyritic, aphani
tic, amygduloid varieties, tuffs &c. They are cut by numerous dykes, 
sometirnes showing zonar structure. 

West 01 theAe islands, the northern boundary of the younger 
area may everywherfl be determined with certainty, and the imme
diate contacts are also visible in some places. 

In the norbhernmost part 01 Sadholm fine-grained older meta
basalts occur, cut by a dyke of a. rock showing porphyritic crystals 
of plagioclase. It has a breadth 01 2 m and certainly belongs to 
the same volcani'c formation. The main part of the same island is 
formed 01 loose, greenish black uralite-porphyrites, orten showing 
very big phenocrysts. These rocks certainly belong to the younger 
series. 

The same rock also predominates in t,he island of Baggholm. 
Only along the northern shore 01 that island older metabasalts occur 
which show different textures. They are sometimes very fine-grained 
and tough and occasionally contain small crystals 01 plagioclase. 

On the western shore 01 the island 01 Lill Pellinge ß. sharp con
tact between the younger uralite-porphyrite and a fine-grained tough 
metabasalt of the older group is visible in a low horizontal rock 
exactly at the shore line. The younger rock is 1iner-grained next 
to the contact than elsewhere.' 

In the north of Ölandet there is, on the eastern AhOl'e, a 
small rock in which a sharp cODtaet between the younger and 
older metabasalts is visible. Thc older uralite-porphyrite is darker 
next to tbe contact and seems to contain more numerous pheno
crysts 01 uralite and plagioclase tban elsewbere, hut this fact is cer
tainly not to be interpreted as a. fluidal arrangement along the contact, 
but is due to some more occasional cause. 

The younger uralite-porphyrite, which is fine-grained, shows a 
weIl marked contact zone which is certainly aue to an arrangement 
01 the constituonts along tbe contact during solidification. Near 
to that contact runs a zone richer in uralite. 
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S.W. from that place th~ contacts are hidden. Rocks show
ing the cbaracters of the older and younger metabasalts are often 
visible at a distance of ten to twenty metres. 

It is obvious from tbe ioreguing statements that the contact 
relations between the older and tbc younger volcanic rocks can be 
determined in many places with certainty: but are obseurer in other 
places, because tbe contacts are hidden, in some cases also because 
tbe similarity oi the volcanics of different ages makes it diffieult 
to discriminate between them. 

At many contacts both volcanic rocks were originally basalts, 
now cbanged into rnetabasalts, 01' uralite-porpbyrites. Although the 
older basalts have been intruded by granites, at a time prior to the 
emption oi the younger ones, this intrusion has not affected tbe 
parts lying at that moment near to tbe surface. Only in one place, 
S. of Kungshamn , bave we iound, nE'ar to the contact of the younger 
volcanic rocks, a dyke oi a granitic 01' dioritic rock which seems 
probably to be genetically connected with the granites in question. 
Tbe older basalts thus possibly were still unmetarnorpbic in their 
upper parts, at the time when tba younger volcanic rocks were de
posited on them. It is easy to und erstand that where basaltic lavas 
flow over a basement consisting oi rocks with an almost identical 
composition, which were probably fissured and divicled into blocks on 
the surfaca, the relations of both should become, in many cases, 
very intricate. Moreover, tbe two rocks may have been mixed, at 
the margin oi lava flows, by smaller rockslips. The conditions at 
Utterholm wbere the older rocks seem to bave been fauIted and in 
part changed into debris which were aga in cemented, seem to indi
cate that sucb bas happened. 

In the central area we meet everywhere rock oi a rather uni
form character until we reach the boundary, wbere a formation sbow
ing much more variety abruptly begins. 

'rhe observations at tbe contact-lines would, however, hardly 
be sufficient to convince every sceptical observer, at a short visit 
to the region, of tlle existence of two different volcanic formations, 
were it not for the evidence of the dykes, whicb radiate from the 
younger area and penetrate also the eruptive breccias which consist 
of fragments of older metabasalts (E ) cemented by the Rysskär 
granite (F). This fact proves that metabasalts younger tban tbis 
granite exist. There is no reason to beli eve that there is more 
than one group of metabasalts younger tban this granite. On the 
contrary, the great similarity between these dyke rocks and tbe 
metabasalts of tbe younger area, and especially tbe dykes directly 
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radiating from it, at Stengropholm and Langhäll; seems to leave llO 

doubt as to the fact that the whole central area of volcanics is 
younger than the granites penetrating the Perna volcanic formation. 

RELATIONS BETWEN THE VOLCANIC PERNÄ 
FORMATION CE) AND THE OLDER ROCKS. 

It would be easier to understand the contnct relations between 
the rocks of the volcanic Pel'na formation and the oider rocks when 
we have learnt to Imow in detail the oldest supercrustal rocks, the 
different granites of the region and the migmatites formed by their 
injection into the schists. The Rysskär granite especially, which 
is so intimately in terwoven with these volcaoic rocks, forming with 
them eruptive breccias, is he re of interest. It would be difficlllt, 
however, to illsert a description of the stratigraphical relations 
between the volcanic formation and its basement in the latter part 
of this memoir which Plainly treats the injection phenomena. We 
will therefore give this description here, anticipating some of the 
results of the second part of the treatise. If the reader should feel 
it difficult, because of the complicated character of these phenomena, 
to form a decided opinion about the age relations of these rocks, 
we hope that he will return to this chapter later on, if he ü; suff't
ciently interested in this matter, after having stlldied the part treat
ing granitization phenomena. 

To the autohor, the relations between these volcanics and the 
rocks belonging to their former basement, in spite of the strong ana
texis and dislocations which the rocks of the volcanic Perna 
formation CE) have undergone at the time of the intrusion of the 
Rysskär granite CF ), are so clear as to. leave no doubt about their 
relative age. Along the contact lines which separate these eff'us ive 
metabasalts from the neighbouring rocks north of them, dykes 
everywhere occur which show a complete similarity to the rocks 
of the volcanic P erna formation and no doubt belong to them, but 
which penetrate all the adjacent rocks. They are in their turn cut 
by veins of the Rysskär granite. 

The most convinciog evidence is obtained in a locality situa
ted on the southern shore of Stadslandet in Pema. A horizontal 
rock surface shown in the sketch on Plate VII shows a Stadsland gabb
ro (0) which has been penetrated by nUl1lerous veios partly 
aplitic. or pegmatitic in character. The composite rock is a mig
matite in which the included fragments have become in part 
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somewhat more basic than the rest of the gabbro. This migmatite 
is penetrated transversally to its strike by dykes of a metabasalt I 

whicb shows exactly the same character as the malite-porphyrite 
01 the adjacent Pema formation. In the broader dykes the rock 
contains phenocrysts or uralite, and the groundmass is fine-grained, 
while the narrower dykes are almost aphanitic and have certainly 
originally been glassy at the contact~. 

Like the other dyke rocks which are older than the Rysskär 
granite (F), these metabasalts are very tough and brütle, thereby 
differing Trom the dyke rocks or the P ellinge formation with their 
looser texture. 

No doubt these dykes are true fissnre-veins which have origin
ated during aperiod 01 volcanic activity, later than the period or 
plutonic activity during which the granite erupted. 

The western most dyke can be rollowed ror 50 m to the S. W . It is, 
on the area mapped, cut by a dyke and several narrow veins 01 a 
granite which shows all the peculiarities 01 the Rysskär granite (F ) in 
such a characteristic rorm as to Ieave no doubt that we have 
t.o do with metabasalts oider than that granite. Thus the relations 
01 the dykes to the plutonic rocks of the region is the same as 
that of the Pema volcanic rormation (E). The westemmost dyke 
is interrupted, at a point which lies 30 m to the west 01 the area 
shown in the drawing, by a rather basic migmatitic rock, which 
shows a great similarity to some portions ot the migmatite 
which is intersected by the basic dykes. On elose inspection, 
however, we are aware that this basic migmatite is a portioll 
01 a narrow vein-like zone, which intersects the gabbro and is 
analogous to the other veins which are connected with the younger 
granite F. 

In any case it seems certain that the dykes or metabasalt and 
th e granite which rorms the cement in the migmatite intersected by 
these dykes are 01 widely different age. Then the contacts 01 the 
granite are those 01 a plutonic rock while the dykes are true fis sure 
dykes for01ed in the uppermost, brittle parts 01 the earth's crust. 
The volcanic rock has obviously been glassy at the contacts. The 
granite 01 the migmatite must belong to the Vatskär granite which 
is the only one observed in the region which is older than the Pema 
rormation. 

In some neighbouring rocks, east 01 this place, we find, how
ever, a gneissose granite resembling that 01 the migmatite, very 
intimately connected with another granite which' certainly belongs 

B085-21 9 
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to the yo un ger group. Dyke-like zones of basic rocks also occur, 
but their relations to the other rocks are obscure. P robably an in
tense refusion has taken place which has obliterated the original fea
tl1n~s. 

Further to the east, however, we find again, in several rocks 
on tbe southern shore of Stadslandet, dykes of metabasalt which 
without any doubt cut both the Stadsland gabbro (0) and veius of 
an old grauite intersecting it, but are themselves cut by veins of a 
granite of Rysskär type. 

I 
Fig. 23. Dyke oE metabasalt in quartzite, faulted and penetrated 

by veins of granite. ]: 60. 

In tbe quartzite occurring S. \V. of Stadslandet, dykes of simi
lar metabasalts are common. They are cut by granitic veins belong
iug to the Rysskär granite (F), and have very often been faulted, 
pl'obably at the tim e of the intrusion of the granite (Fig. 23). 
Sometimes those dykes are conformable to the strike of the quartzite. 
They are very common near the contacts with the Perna uralite
porphyrites (E). On the western shore of Tirruolandet (at Hästholms
udden) the quartzite is also cut by a basi dyke which is in its 
turn intel'sected by a pegmatitic vein, but tbis belongs to the Hangö 
granite (H), which is very mucb younger than all these formations, 
and the exact age of the basic dyke can thererore not be determined. 

The small pebbles of quartz contained in the agglomeratic tuffs 
in the islands of Tullandet and Lökö, neal" to the northern bound
ary of the uralite-porphyrite formation E, are probably derived 
from the adjacent quartzite, and on Rabbaslandet a boulder 
was found near the contact between the two formations mentioned, 
in which fragments of tbe quartzite were cementf,d by tbe meta
basalt. 
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Also in the region east of Stadslandet numerous dykes of fine
grained basic rocks are seen cutting both the gabbro, the schists be
Ion ging to tbe series A, and the intercalated volcanic rocks. In seve
ral places these dykes are penet.rated by veins of the Rysskär gran
ite (F). On Viasholm such dykes are numerous in the highly al
tered conglomerate of that island, as will be described in detail 
later on. Such dykes also intersect the metamorphic conglomerate at 
Sundarö. 

On the southern shore of Hä~tö the meta-andesite belonging to 
the oldest Sundarö series (A) contains numerous dykes (Fig. 3, PJ~te V) 
of a dark metabasalt which shows complete similarity to the 
adjacent uralite-porphyrite of tbe P erna formation (E), the north
em contact of which lies only some hundred metres to the south. rrhese 
dykes show very irregular ~ outlines, a circumstance certainly in 
great measure due to the brittleness of tbe rock, whicb became 
fissured in some degree, and also to tbe fact that the dykes have 
afterwards been penetrated by numerous veins of tbe Rysskär granite (F), 
Tbus here also t he cortificate of their age is not wanting. Although 
the fact O1entioned determines their age only in relation to younger 
rocks, the dykes show, on the other hand, so much difference frorn 
the meta-andesites wbich tbey penetrate, and such a complete simil
ar ity to the dykes occurring elsewhere in the neighbourhood, as 
to make it indubitable that they also belong to series E. 

Thus there seems to be no doubt that the rock masses lying 
immediately to thenorth of the uralite-porphyrite formation E, 
with the exception of the Rysskär granite (F) wh ich occurs here too 
as numerous veins, and sometimes as greater masses, and, of 
course, also of the Hangö granite (H ), are older tban the volcanic 
Perna forrration, and originally formed the basement on which it 
was deposited as lava beds, 01' which it penetrated as dykes filling 
fissures. 

The volcanic series E with its tuffs and lava flows is of course 
a supercrustal formation, tbat is to say was deposited on the eartb's 
surface. Tho circumstance that tbe surface flows came in contact with 
so many different older rocks, shows that the geological structure 
of the basement, at tbe epoch of the formation of the volcanic forma
tion E, was rather complicated. As plutonic rocks also form part 
of this basement, i t is obvious that a long continued period of 
8l·osion, by whifh the granitic masses have been exposed, has pre
ceded the formation of the supercrustal series E. The strike of the 

·oldest superCl'ustal rocks Ais, in the regions lying most to the east 
not always conformable with tpe contact line, but somestimes forms 
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with it an angle of 15 --::.20°. In g eneral, the relation of the super
crustal rocks of the P erna formation (E) to their basement 01 different 
rocks, is unconformable. 

The length of the interval 01 time between the formation 
o± the oldest supercr'ustal formation A, and t.hat of the volcanic 
P ernä formation E is m easured by the deposition of the sedimentary 
quartzite, by the intrusion of two plutonic roc\ s, the Stadsland 
gabbro C and the Vätskär granite D , by their metamorphism during 
aperiod of orogenetic movement and their subsequent erosion . The 
unconformability between the supercrustal series A. and the Perna 
formation (E) must in any case be much greater than that between 
the latter and the younger supercrustal (volcanic) series G, the P eH
inge formation, because E and G lie in apparent conformability 
;a.t their contacts. • 

THE RABBASO FORMATION (B) OF QUARlZITIC SCHISTS 
AND MICA.SCHISTS, WITH INTERCALA TED LIMESTONE. 

N orth of the P ema formation 01 metabasaltic rocks, OCCurs 
a zone of quartzitic schists which show gradations into mica-schists and 
sometimes contain intercalations of an impure crystalline limestone. 

'fhe predominant rock is a quartzite which is sometimes rather 
pure, so as to leave no doubt about the fact that it has originally 
been a sandstone, form ed by the weathering of rocks containing 
quartz. 

On Stor Byttholm N. E. of Rabbasö the quartzite is purer than 
in most other places. On the eastern shore of this island lenticular 
fragments of limestone with a length of 2 m and a breadth of 0,5 
mare found in the quartzite, which shows, n ear to that place, an 
unmistakable conglomeratic structure. At some places, again, the 
quartzite is very fine-grained. This rock consis ts roainly of rounded 
grains of quartz, with some roicroclin e, cemented by muscovite. These 
grains, which probably still r etain the original size 01 the clastic con
stituents, although tho rock is now entirely cryst.allin e, sometimes 
measure 0,03-0,2 mm, but on an average oniy 0, t-O, 2 mm (Fig. 1, 
Plate II). The sediment has consequently been a fine-grained sand. 
Determined by the Rosiwal method, the quartz fo rms 76, the muscovite 
24 percent of the whole, wh ich gives, in weigbt percentage, about 
the following composition of the rock, calculated as waterfree: 

Si O2 84, Al2 03' F e2 0 3 and F e ° 12,5, K 2 ° 3,5. 
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If we use 14 analyses of typical sands tones and qUCLrtzites 
cOl1lmunicated by Rosenbuschi as a norm for determining the ave
rage composition of these rocks we g et 

Si O2 80,76, Al2 0 3 6,24, Fe2 0 3 and Fe ° 3,46, K 20 1,71 , the 
rest being mainly CaO, Na2 0, H2 ° and C 03' 

. In some 01 these rocks, however, the content of silica is below 
70 0/0' that of alumina as high as 10-17 0/0' and that of potash 
3-4,5 0/0' The composition of the rock trom Stor Byttholr::i:J. thus 
falls entirely within the limits of this group. No eruptive rock 
which has not undergone weathering could possess this composition. 
It is impossible to regard the rock as a "leptitic tuff" belonging to 
a metarhyolite. Jor are there any signs suggesting that it could 
have been originally a cherty rock originated by volcanic soHataric 
action. It has certainly been anormal sandstone. 

Very interesting varieties occur also on the southern shore of 
Rabbasö in Fema, where the rock occasionally shows an unmistak
able, although indistinct cross-bedding marked by rows 01 mica. 
The rock has amiddie grain and greyish 01' white, some times red
dish colour. The latter variety occasionally contains well rounded 
grains 01 blue quartz recognisabJ e even to the naked eye. These 
may possibly be originally clastic constituents. In general, however, 
the rocks are entirely crystalline. 

'rhis reddish rock is composed chiefly 01 grains of quartz and 
microcline, together with some tlakes of muscovite with irregular 
outlines. The size of the quartz grains is in general 0,05-0,2 mill, 
but some individual greater grains measure 2-5 wm. When mea
sured under the microscope, the quantities · of felspar and quartz 
seem to be almost equCLI, with some preponderance 01 the former 
(about 5,5 : 4,5). The muscovite only f'orms a small percentage. As 
the quartz forms bettel' individualized grains, it seems likely that 
they are rests 01' at least reminiscences 01 the original sand grains, 
whiLe the felspar, which is almost exclusively microcline, occurring as 
smaller, more irregular grains, has probably been, at least in part, 
formed out 01 the cement which was perhaps a clay pOOl' in iron. 

(n another rock from the same locality which occurs as numer
ous boulders, most 01 the quartz Iorms grains wilh irregular out
lines, with a size of 0,')5-0,2 mm. Some 01 them are bigger and 
may have a Ion ger diameter 01 1 mm, but then they are usually 
composed OI several grains with different optical orientation and 
showing barbed · outlines. 

1 H. Rosenbusch , Elemente der Gesteinslehre, 3 Auf!. 1898, p. 510. 
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Grains ot plagioclase, seldom rneasuring 1 mm in length, also 
occur, and olten include a great nurn ber 01 smaller quartz grains. 
Flakes ot biotite lie between the other constituents. The greatest 
rneasure 1 mrn in length, but they also include grains 01 guartz. 
Srnall grains 01 magnetite are rather common. 

A rock trom the sound between Sundö and Rabbasö consists 
mainly 01 grains ot quartz measuring- 0,02-0,2 rnm, surrounded by 
grains of felspar, mainly microcline, which are in part smaller, 
flakes ot biotitc and smaH grains OI epidote. Some calc ite is also 
visible. By using the Rosiwal method, we get abo ut 66 per cent 
of guartz, 22 ot felspar, 10 of biotite and 2 of epidote and calcite. 
The composition 01 the rock, with about 80 per cent weight 01 
silica, talls within the limits of the sands tone group. 

In some cases also plagioclase is present in these quartzites 
and may be derived trom tuffs, 01' else have been tormed during 
thc process ot granitization which these rocks have undergone. 

Other varieties contain mica in greater amounts, und thus grade 
in to fine-grained m ica-schists. 

In the northwest the q uartzite often alternates with dark, basic 
schists, and in some pI aces also with thin layers of limestone. Such 
is the case on the northern shore of Sundö in Borga, in Klovholm 
anü Husuholm in P ern a and on Fölisöudd where there are several 
intercalated thin layers ot limestone, between others ot quartzite which 
mcasure several metres. In Kalkholm (= Lirnestone Island) N. of 
Fölisöudd TIO limestone was found in the rocks, but boulders were 
seen consisting 01 limes tone alternating in thin layers with quartzite. 

In another Kalkbolm (S.W. of Björnholm) the quartzite is 
intercalated with layers of "skarn" consisting of gamet, malacolite, 
amphibole, pynhotite, pyrite, arsenopyrite &c. 

In many places the quartzite is very much changed because 
of the intense granitization which it has undergone. On thc west
ern shore of Sundö veins of granite of two distinctly d)fferent 
ages are seen in the quartzite, and this is interwoven also with 
narrow telspathiferous veins which obviously belong to these granites. 
Iu many places the quartz ite grades iDtO gneissic rocl<s, which are 
certainly to be regarded as migmatites of quartz ite and granites 
belonging to several different groups. SOllie of these rocks are thus 
to be designated as "polymigmatites". 

The relations oi the quartzite to the crystalline Echists of the 
Hästö formation which outcrop north of it are those of an apparent 
conformability. No basal conglomerates nor any sharp boundary 
ha"e been observed between these formations, and they se am to 
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grade into and alternate with each other. On the eastern side of 
the quartzite area, however, wher~ micaschists connected with that . 
rock are in contact with a conglomeratic rock which obviously 
belongs to the oldest schists, their mutual relations are difficult 
to interprete under the assumption that both formations are entirely 
conformable. Bu t as granitization has played a considerable role 
at the contact line in question, we will postpone the discussion of 
these relations till later, when the granitization phenomena will be 
described. 

In any case the occurrence of arenaceous sediments shows 
that a shore has existed near to the place where they were deposi
ted, and thus erosion processes may bave taken place on a neigh
bouring continent. 

This quartzite zone has a continuation outside of the region 
shown on the map, on the western side of the area of Onas granite, 
where it outcrops e. g . N. W. of the island Skyttenskär in the parish 
Sibbo. It is here glassy and mixed up with granitic veins, but the 
chcmical character is anyhow weIl preserved. The strike is E . N. E. 

THE SUNDARÖ FORMATION (A) OF OLDEST SUPER
CRUST AL ROCKS. 

The oldest supercrustal schists of the P ellinge area form a 
zone with a breadth of 3 -4 km north of the quartzitic schists and 
the metabasalts of the Perna formation. Their strike is N. 60--800 

E. in the west, while in the east they turn to a N. 60-700 W . 
. direction. H ere they are bettel' preserved than in the west, where 

th ey have been in a high degree mixed with veins of the Hangö 
granite, and also with older granites. 

Among the rocks in question fine-grained schists occur which 
may be called leptites, according to the Swedish nomenclature, 
although the author uses this term with the reservation mentioned 
on p. 3. But they ruay as well be termed hornblende schists. 

They are dark , fine-grained rocks with a well developed folia
tion and consist maiDly of hornblende, biotite, plagioclase and quartz 
in varying proportions. In so me of them plagioclase (wainly ande
sine) is preponderant among the salic constituents, while the horn
blende resembles the malite of the metamorphir. volcanic rocks, and 
is rather intimately interwoven with the felspar. Biotite is present 
only in small quantities. In other cases quartz predominates, while 
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the hornblende forms mOTe compact crystals (Fig. 2, Plate Ir). In 
some cases again, biotite becomes preponderant at the expense oi 
the hornblende. Epidote and small grains of ore are also someti mes 
present. 

There are some varieties of these leptitic rocks which are very 
near to mica-schists, but most of them, anyhow, are felspathiferons. 
In some cases both two varieties form alternating layers. 

Some oi the more basic hornblende schists very closely re
semble the tuffs intercalated with the metabasalts oi the same region, 
and probably have a similar origin. The other schists of the 

Fig. 2-10. lIieta-andesite from the island Ägghällan 
near Vätskär. 1: 4. 

Sundarö formation also vcry probably contain tuHaceous material, 
although it may have been changed by atmospheric agencies at the 
time of its transport and deposition. 

Intercalated with these fine-grained sr.hists, porphyritic rocks 
occur which are typical meta-andesites, showing in a very fine
grained, sometimos almost aphanatic groundmass short prismatic 
crystals of plagioclase (andesine with 30 °/0 An) with a maximallength 
oi 4-10 mm. Between them sparse and small crystals oi mahte are 
visible. The porphyritic texture is macroscopically very typical 
(Fig. 24), but under the microscope only few signs (lf the original 
texture are visible. The phenocrysts consist oi an andesine (ö3 0/0 
An) which is sOOletimes tnrbid because oi the existence oi a great 
nuruber oi minute mineral grains, as well as oi larger grains of 
epidote, zoisite, calcite etc. The groundmass consists oi small stalks 
or compact crystals oi secondary green hornblende, flakes oi biotite 

I 

-~ 
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and grains of plagioclase &c. (Fig. 3, Plate II). Secondary quartz 
is also oHen present. 

Chemically the rock shows the composltlOn of a vel'Y typical 
andesite (a n dos e according to the American classification). The 
following analysis (Table XI) has been made by Dr. E ero Mäkinen. 

In many pI aces in the middle part of Sundarö there is no sharp 
boundary between these meta-andesites and the surrounding schists 
which are probably tuffs. The former occur as smaller lenses in the 
latter. But dykes of meta-andesite have also been observed cutting 
the schists in the eastern part of the area, e. g. on the northern 
shore of Hästö. 

Fig. 25. Horizontal rock surface showing an indistioct conglotneratic 
structure in the Sundarö schists. Western shore 

of Sundal'ö, Pernli.. 1: 8. 

The porphyritic meta-andesite is in part quite homophanous. 
(The author proposes to use this term instead of the indefinite 
words massive (or massic), or homogeneous, as a designation of a non
schistose texture (= richtungslos körnige Struktur, R 0 sen bus c h). 
In places it has been triturated in a more or less high degree, some
times, as e. g. in some parts of the rocks of Ägghällan, near Vatskär, 
mylonitized. 

At some places the oldest schists also contain intercalations 
of conglomeratic or agglomeratic rocks. Most of the pebbles consist 
of rocks belonging to the same eruptive series, such as meta-andesites 
with grain oi varying size, uralite-porphyrites, fine-grained schists 
rich in amphibole, probably tuffs, and also light-coloured rocks 
rich in epidote which are either weathered portions of the same 
volcanic rocks or perhaps such as have been irnpregoated with 

3085-21 10 
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Tablo XI. Meta-andesite from Ägghällan in Perna. 

Annly:;ed by Dr. E ero Mäkinen. 

I 
"10 I 

Mol. 

I Norm prop. 

SiO, 52.28 71 

-

TiO. 0.S7 11 Quartz 1.26 Q 
1.

261 
Al.03 20.H 203 Orthoc)ase .") l Sal. 77 .15 ( 

Fe.O. 2.30 14 Albite 31.96 F 75.89 J 

FeO 5.20 72 Anorthite 35.03 

MnO 0.10 1 Diopside 
4.

641 p 
15.4 6) 

MgO 2.70 68 Hypersthene 1O.s2 1 I 
} Fem 20. 38 

C!l.O 8.1S 146 Magnetite 3.26 ) I 
> 1\1 4.92 ) 

Na,O 3.82 61 Ilmenite 1.6d 

K,O 1.55 16 97.53 

I H,O 1.66 Water 1.66 

I 99.46 I I 99.19 

zeolites orig inated by solfataric action. The pebbles are in part 
well rounded and of very varying size, the biggest measuring about 
half a metre in diameter. 

On the western shore of Sundarö such a conglomerate furms 
a layer which is several metres thick (Fig.25). On the easternmost 
of the L angstrandsholmarna islands, west of Sundarö, there is another, 
thinner layer of conglomerate. 

The greater part" of the island of Viasholm also consists of a 
conglomeratic or agglomeratic rock which was originally of similar 
character, although it is now partly changed by anatexis in so high 
degree as to become a massive pseudo-eruptive rock. W e williater 
on give a description of these highly interesting phenomena. 
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Also in the oldest schists, dykes of uralite-porphyrites occur 
which are often very much faulted and contorted, and do not resemble 
t.he dykes or the same region belonging to the P ernä formation or 
volcanic rocks. They are probably older than these, genetically 
cunnected either with the meta-andesites which are intercStlated with 
the same schists, 01' else possibly with the Stadsland gabbro. They 
occur e. g. in Korsö (-Korssundsskatan) and Korsudd in Borgä 
and in Sundarö and Längstrandsholmarna in Pernä. In the latter 
place they occur near to the contact or the Stadsland gabbro. No 
connection with the plutonic rock, however, is visible, and it seems 
probable that they are older than that rock. 

THE GRANITES AND ASSOCIA TED PLUTONIC ROCKS 
AND THE MIGMA TITES OF THE PELLINGE REGION 

THE RAPAKIVI GRANITE AND ITS INJECTION PHENOMENA. 

When now describing the plutonic rocks or the Pellinge region 
their contacts with adjacent rocks and the process or their injection 
by which IDiglIlatites have been rormed, we will begin with the 
youngest granites belonging to the great rapakivi area or Wiborg 
whose western margin lies within the region shown on the map. 

The rapakivi or Buckholm and the neighbouring small islands, 
near the Vatskär pilot station, is very typical (Fig. 26). It is a 
coarsely porphyritic granite, showing phenocrysts or a dark brownish 
red potash reIspur with an ovoid form, coated by rims or green 
plagioclase, and. surrounded by a granitic mass of rather coarse 
texture in which crystals of grey quartz are cOllspicuous. The length 
of the reIspar ovoids is commonly 4- 6 cm, while it may occasionally 
reach 10 cm (4 inches). Their breadth is about 2/3 of their length· 
The plagioclase is an oligoclase with about 2ö % An. It rorms 
macroscopically visible borders around the orthoclase with a thickness 
or 3- 4 mm, sometimes ' also several concentric inner zones due to 
arepetition or the same causes. The outer oligoclase border does 
not always possess as regular an ovoid form as the core of potash 
relspar, hut orten shows a tendency to the development or crystal 
surraces. ' 

On microscopical exumination th~ potash reIspar reveals itself 
as either microcline or orthoclase. The latter is more common. The 
suhstance or this potash reIspar 1S very im pure. It is intergrown 
with oligoclase in irregularly interspersed patches, and also cOlJtains 
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quart.z in so great a quantity that the microcline ohen may he regarded 
as a kind of skeleton crystal. The quartz fills interstices in the 
felspar whose Torms are determined by the crystallization of the 
latter mineral. The walls of these interstices are sometimes cased 
with a felspar which is more transparent than the main erystal, and 
seems to have a different composition. Micropegmatite also occasion
ally occurs as a filling of these interstices. Small biotite crystals 
are likewise included in the reIspar ovoids. 

Fig. 26. Typical rapakivi. Sm all island near Buckbolm, N. E. of Vätskär 
pilot station. 1: 5. 

The intersertal mass between the ovoids consists of the same 
minerals as the latter, hut hiotite here occurs in greater quantity. 
It is entirely allotriomorphic against the quartz, but sometimes 
included in the felspars. Green pleochroic hornblende, which is 
oHen also intergl'own with quartz, substitutes more or less com
plet ely for biotite. The oligoclase forms laths which are rather idio
morphic against the potash felspar, hut include, however, grains of 
quartz. This min eral is, in general, the best individualized among 
the minerals of the gL'Oundmass. .B'luorite also occurs, as the last 
crystallized ingredient. Sm all , well developed crystals of zircone 
are common in all rapakivi rock s. 
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The rapakivi shows very regular fissuration, and the rocks are 
generally divided into rectangular blocks. This granite has a great 
tendency to disintegregate by weathering, whereby the felspar ovoids 
detach themselves from the rock, and the latter gradually changes 
into a loose gravel (rapakivi = rotten stone). On the shore, however, 
wh ere the rocks have been only exposed to the action of the atmo
sphere for a relatively short space of time, the weathering pbenomena 
are less conspicuous than elsewhere. 

Although this is not the place to discuss at any length t.he 
interesting problem of the cause of the peculiar texture of rapakivi, 
and especially of the ovoidal form of the orthoclase: the author 
wishes tn say here a few words on the question, because t.he explana
tions given by other authors do not appear to him quite satisfactory. 

The crystal form of the orthoelase in granitic rocks shows the 
predominant surfaces (010), (110), (001), (101), (201), (021) and (111), 
and is in itself very nearly ovoidal. It is only necessary that the 
sharpness of the angles and comers should become attenuated, in 
order to give the thicker felspar crystals nearly t.he form of an ovoid, 
sJightly deformed by being protracted aJong the axes a anel c. On a 
elose inspection we find also that the ovoid al form of the phenocrysts 
of rapakivi is not always quite regular, but that an indication of 
the crystal form or orthoclase is orten visible. The surfaces (010) 
and (110) especially are orten weIl marked, when the outlines of the 
crystals are in part rectilinear. 

Although it may be true that the alternating layers or potash 
relspar and oligoelase indicate oscillations or the composition 01 tbe 
magma which surrounded the ovoids at the time of their crystalli
zation, as has been suggested by Harker!, the author does not t.hink 
it possible to account for the rounded rorms of the reispars by the 
assumption that a supersaturation of the magma with orthoclase 
and plagioclase substance in turn has caused these minerals to be 
altemately resorbed. The rounded rorm or tbe ovoids has existed 
during the whole time or their growth, and they are rounded both 
when formen by alternating layers 01 orthoelase and plagioelase and 
when composed of a microperthitic intergrowth or these minerals. 
In some cases they may even enelose a granitic core consisting of 
small grains or quartz and orthoelase. The author has observed a 
rew cases where aggregates of these minerals rorrned heaps with a 
major diameter or more than a decimetre, which possessed the same 

1 Alfred Harker, 'rhe Natural History of Igneous Rocks. L ondon 1909, 
pp. 267-268. 
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ovoidal form and were sUlTounded by borders of orthoclase and 
plagioclase. 

The author regards the ovoids as imperfect crystals whose 
impurit.y aecounts for the defective development oftheircrystalforms 1. 

H the oval form were due to eorrosion, we should expect to 
find crystals showing the usual Carlsbad twinning which would have 
been afterwards rounded, when the boundary between the twins 

Fig. 27. Two parallel dyk es ()f rapakivi pegmatite, cut by a vein of 
rapakivi. Bergholm in P ern ä. 1: 12. 

might occasionally interseet the longer diameter 01 the ovoids. Bat 
when twinning oceurs, the ovoid is aLways divided into a number 
of sectors whicb radiate from tbe centre. Obviously in eaQh of these 
sectors layer has been deposited upon layer during the whole growth 
of the crystal. 

While most of the rapakivi of the region in question has this 
t.ypical character, there are also varieties, e. g. in the Hamnholmarna 
islands, S.E. 01 Vatskär, which have a finer-grained groundmass. 
The felspar and quartz are here moro intimately intergrown, and 

1 Cf. J. J. Sederholm, Über die finnländischen Rapakivigesteille. Tschel'
maks Min. u. Petr. Mitth. XII. 1891 , p. 4. 
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the texture is in general more similar to that or a qual'tz-porphyry 
thau it is in thIOl coarse-grained rapakivi. 

In the Buckholm island, N. of the Vat.skär pilot station, the 
contact of the rapakivi with the oldest granite of the regioll is ob
served, at the western boundal'Y of the granite area in question. The 
contact surface seems to dip at a Iow angle to the west under the 
covering oider granite. At the immediate contact on the northwest
ern shore of the island a transitional zone between the rapakivi 

Fig. 28. Rapakivi and rapakivi aplite sbowing transitional zones to the 
older .granite. Bergholm in Pern a.. 1: 10. 

aud the older rock occurs, measuring ouly so me decimet.res in bl'e-adth. 
The rock in this zone has the same medium grain as the oider 
granite, but contains small ovoids 01 1elspar. 

Also in the neighbouring island 01 Bergholm dykes 01 peg matite 
and aplite belonging to the rapakivi intersect the oldest Vfltskär 
granite (D), showing in part rectilinear boundaries. Fig. 27 shows two 
parallel dykes or pegmatite which are cut by a vein 01 fine-grained 
aplitic granite. The same fine-grained rock OCCllrs as small bosses 
in which the rock at several places shows the l'apakivi ovoids (l:i'ig. 
28). This aplite is in part sharply defined against the neighbouring 
gn eissose granite, but in some places there are transitional zones 
between them in which the rapakivi aplite gl'adnally passes into 
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the older granite. Microscopically the rock of this transitional zone 
shows more similarity to the rapakivi aplite than to the older granite. 
Only occasional heaps 01 rounded quartz grains occur which 
resemble the granulated quartz of the gneissose granite. There is 
much more potash felspar in the roc.k than is usual in the Vatskär 
granite, and in general also the forms oi the minerals are such as 
are characteristic of rapakivi. There are signs which seem to 
indicate that the felspars have crystallised within a partly solid 
rock. Myrmekite occurs in the midst 01 some plagioclases, surrounded 
by rims of a more transparent plagioclase (Fig. 4, Plate II). As myr
mekite is usually formed at the expense of potash felspar, it seems 
probable that this plagioclase has encroached upon neighbouring 
microclines. At the centre of plagioclase crystals t.here is often a 
core, the substanca of which is impure and also otherwise different 
from the surrounding felspar, and more similar to the felspar of the 
neighbouring gneissose granite. 

In several smaH islands to the S.W. oi' Buckholm we are able to 
study the relat.ions between the rapakivi and the meta-andesite which 
belongs to the oldest volcanic series A of the region. Although 
this is older also than the granite D occurring north of it, this granite 
has but very feebly affected the basic volcanic rock at the contactsi 
dykes 01' veins occur only in their immediate neighbourhood. Dykes 
01 the Hangö granite occur in the meta-andesite, but they seem to 
be rare in the region in question. 

All the phenomena of granitization wbicb are visible in the 
small islands S.W. of Buckholm are solely due· to the contact 
action of the rapakivi granite. This is proved by the fact that an 
granitic veins occurring here contain felspar with the characteristic 
p culiarities of the rapakivi minerals. Sometimes typical ovoids 
surrounded by a plagioclase border are seen. 

The older volcanic rocks seem to bave possessed a fairly uni
form character before they were metamorphosed hy the rapakivi. 
The predominant rock was the oldest meta-andesite described on p. 7~. 
It is possible that dykes of the uralite-porphyrite next, younger in 
age (E) have occurred also in this region, for they are common 
west of the locality. The main contact of tbis rock lies only some 
hundred metres more to the south. In one pl ace also a clastic se
dimentary rock which SBems to contain leptitic fragments occurs, 
intercalated with the volcanic beds. 

Southwest of Buckholm, between this island and Vatskär, there 
are several small islands, the great,est of which measures about 100 
metres in length. In these islands we are able to st.udy the rela-
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t ions between the rapakivi granite and the meta-andesite. These 
low rocky islands, which are continually splashed by the .waves in 
stormy weather, are entirely devoid of any covering soil or vegetation. 

Fig. 29. Map of a small island S. W. of Buckbolm in Perna, where the contact 
is visible between rapakivi (ovoids), and scbistoso meta-andesite (lined) pene

trated by veins of aplite (bigger dots), and in places strongly granitized 
(smaH dots). Scale 1: 500. 

In one of them the immediate contact between thc two rocks 
is vis ible, as sh0wn in the map (Fig. 29). The rapakivi retains 
its typical character immediately at the contact and shows no di
minution of the grain or other sign of an exogenous contact action. 
On the southern shore ws are able to determine that the contact 

3085-21 1L 
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surface dips und er the covering schistose rock. It has on the shore 
an inclination or about ten degrees to the south-west, but it is 
probable that its dip may be steeper towards the west. This ract, 
which is in accordance with observations made at the contacts or the 
rapakivi granites east oi Ladoga and in Angermanland in weden, 
seems to indicate that the rapakivi rurms a Iaccolith 01' rather batho
lith under a cover of oldet' crystallin~ rocks. No dykes or typical 
rapakivi are seen penetrating tbe neighbouring basic rocks as apo
physes frorn tbe greater mass, but a great number of aplitic dykes 

Fig. 30. Tbe contact in tbe small islo.nd S. W. of Buckholm in Pernä, soen 
rom the south. R = rapakivi; S = schistose meta·andesite und tuffs ; A = aplite. 

and veins, the minerals of wh ich are sim ilar to those of the rapakivi , 
have been iojected ioto the meta-andesite. ln a few pI aces we 
rind, in these veins, the roundcd orthoclases, bordered by an oli
goclase rim, which are characteristic oi the rapakivi. In the rock 
which is shown in the map one oi these aplitic dykes is seen pene
trating also the adjacent rapakivi (cI. Fig. 30), but there is no doubt 
that they belong to the rapakivi magma. 

Dykes OI pegmatite, whose orthoclase and quartz are entil'ely 
similar to those of the rapakivi, are found in the neighbonring 
island 01 Agghällan at a distance oi about one kilometre irom the con
tact of the rapakivi. Also nearer to t.he contact, at a distance oi 
some hundred mekes !rom it, some 01 the veins are pegmatitic and 
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then rather weIl separated rrom the rock which they traverse. Most 
of them, however, are here aplitic and very intimately interwoven 
with the basic rock, forming with it migmatites. 

These migmatites can be weIl studied in two small islands 
north of Risholm (Vatskär pilot station). The predominant rock is 
here also very basic. Only on the northern shore is th ere an inter
calation of a schistose rock with a different composition , whicb shows 
an indistinctly preserved conglomeratic or agglomeratic structure. 

Fig 31. Metll.-andesiti c scbists pe netra ted by veins of rapakivi aplite and 
pegmatite. Small isl and N. of Risholm ( \' a tsk är pilo t station). 

in P em a. 1: 10. 

These older rock~ are penetrated by num erous veios of granite. 
In some cases the basic rock is simply brecciated and the fissures 
fill ed with granite which is partly pegmatitic, partly a fioe-grain ed 
aplitic variety (Fig. 31). Some of these veins have a breadth of 
Jess than tL millimetre (Fig. 32), whil e the broadest measure a deci
metre or more. These are often straight and weIl defin ed, and the 
granite is then fr quently rich in blaek mica at the contact (Fig. 33). 
Sometimes they are enlarged so as to form gl'eater masses with 
angular forms, suggesting the idea that a brecciated portion ha s been 
solved away by tbe granite (Fig. 34). Some of the veins end abrupt
ly at one end (Fig. 35). In som e cases tu e fissures in the breccia-
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ted portions havo been filled partly by granite, pal'tly by a light 
green pyroxene. The rock in the neighbourhood of the veins is also 

Fig. 32. Narrow veins of rapakivi pf'gmatite in meta-andesitie 
sebists. Small island N. of Risholm 1: 8. 

Fig. 33. Veins of pegmatite in meta-andesitie seh ist which shows a horder zone 
rieh in biotite. Small isl and N. of Risho1m. 1: 10. 

often rich in such pyroxene. 80me of the veins contain small cavities 
which have perhaps been filled by calcite. In some cases the veins 
rock is very rich in quartz (Fig 36). B esides the well defined veins 
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there is a number which show faded contours. They have obviously 
permeated the neighbouring schist with their ~agma. In this case 
the schist becomes Iighter in colour and very much changed. Some
times it has a certain resemblance to a hälleflint or "leptite", but 
that character is here certainly due to secondary changes. 

Such a rock with more uniform non-porphyritic character is 
especially common in the southern island. It sometimes contains 

Fig 34. Veins of pegmatite in meta-andesitic schist. Small 
island N. of Risholm. 1: 10. 

lenses of granite, the minerals of which show aU the peculiarities 
of the rapakivi minerals. This<;ranite-like rock grades into the sur
rounding schist. 

Veins ol pegmatite or aplite which are straight and well de
fined when they intersect meta~andesite that shows a beUer pre
served primary texture, occasionally exhibit, when they reach this 
hälleflint-like rock, the peculiar kind of folding which the author has 
caUed ptygmatic and which he thinks is due to undulatory move
ments in a semi-molten medium (Fig. 37). This is also a sign 

' ) J. J. Sederholm, Über ptygmatische Faltungen. N. ,Tahrb. f. Min. GeoL 
u. Pa!. Beil.- Bd. XXXVI, 1913, pp. 491-512. 
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that tbe hälleflint-like rock has undergone a stronger metamorphism, 
accompanied by granulation of the porphyritic minerals, than the 
other parts of the schist. 

In the island where tbe main contact is visible these pheno
mena of granitization are still more pronounced. Among the 

rocks older than the rapakivi 
here too a plagioclase-por
phyrite is predominant. It is 
highly metamorphic and re
sembles in part the hälle
flint-like rock mentioned 
bove. Alternating with it 
there are layers of CL darker 
rock rieh in hornblende. 'l'his 
alternation may be duc to 
a primary intercalation 01', 

which seems more probable, 
Fig. 35 Pegmatitie vein ending abl'uptly. to amigration of the basic 

Sm all island N. of Risholm. 1: 10. Jljineral constituents into 

certain parts of the schistose rock. The aplito veins orten show h e re also 
a darker border which i5 rich in hornbl ellde (cf. Fig. 38), like some 

Fig. 36. Veins of pegmatite rieh in quartz. Small island 
N. of Risholm. 1: 8. 

of the fragments in the breccia of the contact (B'ig. 39). The schistose 
rock is intersected by dykes of aplite which partly traverse the 
schistosity. They are not always sharply dofined in this 'case either, 
but the granite has, at the contacts, permeated the neighbouring rock 
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so completely as to cbange it into an acid, "leptitic" variety sbowing 
no schistosity (Fig. 40). In those portions of the schist wbich are 

Fig. 37. Veins of rapakivi :lplite wbicb.. bave undergone tptygmati c folding~. 
Smalt island N. of RishoJm. C:a 2: 5. 

next to the contact there are also acid parts wbose composition 
grad es between that of the aplite and the acid "leptitic" rock, and 

Fig. 38. Aplitic veins with a da rk border zone, ricb in hornblende, penetl'at
ing the scbistose rock neal' its contact with th e rapakivi. 

Small island S. IV. of Buckholm. 1: 8. 

which are rather to be regarded as highly granitized parts of the 
scbist.s, than as granitic dykes proper. Wbere this rock is in contact 
with t.h e rapakivi , it is brecciated and behaves as sometbing foreigu 
to the magma in whicb it is included as -fragments . In Figg. 
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39 and 40 we remark such brecciated parts next to the main 
contact, together with fragments occasionally containing within their 
limits ovoidal orthoclases with oligoclase rims. 'l'bis fact prOVElS 
that the schis tose rock has been permeated by the granitic magma. 

In Fig. 26 is also seen an indistinctly preserved fragment of a 
highly granitized rock, which lies in th e rapakivi some metres from 
the contact. In general, however, the granite is remarkably free 

Fig. 39. Oontaet botween rapakivi and meta-andesitie sebists. The fragments 
of sehist are in plaees strongly aplitized, while some of them are rieh in 
hornblende. Within the limits of the former felspar ovoids have been fOl'med. 

Small island S. W. or Buekholm. 1: 9. 

from inclusions, which proves that the fragments that bave been 
entirely detached from the schistose rocks have been rapidly solved 
by the granitic magma . 

In some other small islarids which lie to the north of the one 
where the main CO'Iltact is visible, a meta-andesite occurs which • 
has in part a well preserved primary text ure, but is penetrated by 
narrow fissure veins of granite. 

No geologist could visit these localities without being convin
ced that the granitic magma is able intimately to permeate neigh
bouring rocks. Even macroscopically we find here tbe most irre
fntable proofs of an intense granitization "par apport", and we are 
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enabled to add more facts to this evidence by studying the same phe
nomena rnicroscopically. This circumst,ance is of great value, be
cause it is in g eneral rather rare to find granitized rocks which 
ret,ain so much of their primary texture as to allow its recognition. 
It is therefore, in most cases, difficult to Iollo~ the course oI the 
changes which the rocks have undergone at their granitization. But 
h ere we have an opportunity oI studying gradations between more or 

Fig. 40. Contact beiween rapakivi and meta-andesitic scbists showing intimate 
peneh'ation of th e rapakivi magma into the schists. Small island 

S . W. of Buckbolm. 1: 9. 

1ess strong1y granitized rocks and determining the way in which the 
process has taken place. 

At the contact of more sbarply defined veins oI rapakivi ap1ite 
occurring in the island oI Risholm, the plagioclase-porphyrite sbows 
macroscopically the same texture as e1sewhere, but the study of tbin 
sections reveals the fact that the Iemic minerals oI tbe porphyrite 
have been rep1aced by small flakes oI biotite, while small grains 
of quartz have become abundant among tbe salic constituents. The 
ap1ite is rather rich in plagioclase and sparsely contains ~mall gar
nets, an unusual mineral in the rapakivi rocks. 

In the small is1ands next ta the main cantact, the p1agioclase 
porphyrite occasionally s'hows its earlier composition very 1ittle 

12 
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altered even next to the narrow veins of aplite. The porphyritic 
andes ine crystals especially are often weIl preserved, and the 
groundmass also oce.asionally shows a texture which is not very 
different from that of the same rock farther frorn the contact (Fig. 1, 
Plate IV), although sornetirnes the porphyritic felspars have been 
granulated (Fig. ~, Plate IV),. 

Where the rock is dark, it is rich in erystalline, st.rongly pleo 
chroie, green hornblende either as hornogeneous crystals or intergrown 

Fig 41. Contaet of tbe broadest aplite dyke visible in Fig. 29 with the adju
cent sehists, whieh are in plaees highly granitized. Small island 

S. W. of Buekbolm. 1: 8. 

with small grains of quartz. Other varieties are rieher in salie 
constituents. It can also be proved microscopieally that ~he COffi

position of the rock has been changed by the injection of aplitic 
or pegmatitic magma. The rock of the narrower veins still shows 
much affinity to that of the broader dykes of rapakivi aplite 01' 

pegmatite. The character of the minerals in the former is often 
quite identical with that of more typical granite, and also the tex
ture shows much resemblance. The narrow veins which traverse 
the basic rock, contain, however, much more oligoclase than tue 
broader dykes. The narrowest veins especialJy, which have some
times indefinite boundaries to the surrounding schist, are rich in plagio
clase and also contain erystals of biotite, and sometimes a pale pyro-



J. J. Sederholm: ,on }/Iigmati tes. 9l 

XAne (diopside). The orthoclase is not quite as highly idiomorphic 
as these minerals, while the quartz, which is orten abundant, is alto
gether allotriomorphic (Fig. 3, Plate IV). Tourmaline is common in 
many of these veins and often in the surrounding schist. 

Where the magma or the veins has more completely permea
ted the surrounding roek, the latter contains salie minerals in great
er amount, and the femic constituents begin to form better deve-
10ped crystals. In some cases chiefly hornblende and biotite occur, 

, while in others diopside is also present either as individualized cryst
als or as groups of such. The salic and the femic constitllents 
are either unirormly dispersed 01' form alternating stripes (Fig. 4, 
Plate IV) which are occasionally undulating. 

In a variety which was very rieh in tourmaline, the larger 
crystals or microcline and also of quart.z ware rull of small inclu
sions of plagioclase grains (Fig. 5, Plate III), reminding OnA of the 
poikilitie t~xture, although probably not originated in the same way, 

In . tI{~ most high Iy aplitized, palecoloured varieties of the 
rock nexb ~to the contact the femic eonstituents are alm ost entirely 
obliterated. Only small grains of ore occur~ marking . the parallel 
t exture of the ' ~ock , which is also elsewhere very distinct. This 
variety consists· 'Qhiefly of small grains of quartz and plagioclase, 
possibly also some potash felspar. 

The rock of t.he veins which show ptygmatic folding consists 
of orthoclase and quartz. The quartz erystals are composed of a 
number of grains with different optical orientation, but they do not 
show any influence of mechanical pressure (Fig. 6, Pl ate IV). 

The existence of sharply defined pegmatitic dykes at a distance 
of about a kilometre irom tobe contact shows that fissuring has oc
cUlTed in the walls of the batholith, at the time when the magma 
was still fluid. There is also evidence of movements in the rock
masses which have been granitized in a higher degree. If the rocks 
were solid, these movements caused a 10eal brecciation, if they were 
semi-fused, or plastic, they became folded, In the same measure 
as the covering rocks were brecciated they became impregnated 
with the magma and very soon solved. It must be emphasized 
that the neighbouring rocks were penetrated IJ.ot only by "juices" 
from the granite but by the magma itself. The former process 
would have caused mainly a recrystallization of the older rocks, 
which in that case would have retained their basic composition. 

Hflre, however, an analogon to metamorpbism "par apport", 
t.hat is to say an impregnation of the older rock with granitic magma, 
has occurred. 
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That gases have been concomitant to this process, is shown 
by tbe presence 01 tourmaline in several of the veins. Fluorite is 
also a common mineral in all rapakivi rocks. However, it seems 
rather probable tbat the emanation 01 boric acid, fluoric acid and other 
gases has rather accompanied granitization than been the . cause 
01 it, and it does not seem cor1'ect to design the proeess in its 
entirety as pneumatolytic. 

COMPARISON WITH OTHER CONTACTZONES OF 
THE RAPAKIVI GRANITES. 

]'01' comparison, some contact phenomena at the borde1's' 01 the 
rapakivi 'granites in other regions may be here briefly described. 
In general, these granites Iorm ronnded areas which are well defined, 
and where dykes occur only in the immediate neighbourhood. 
OnIy at the northwestern boundary 01 the great Wiborg area 
are there dykes connected with these granites which intersect the 
neighbouring rocks to a distance 01 more than 20 km. 'fhe texture 
of the dyke rock is then pol'phyritic. 

At the northern and western limits of the area east of Ny
stad in south-western Finland, a rather intense granitization of the neigh
bouring older rocks has taken place. These are granites of the 
Hangö group, SOlle even oldel', together with schists and basic rocks. 
Both the latter are often intricately interwoven with the Archooan 
granites, Iorming arteritic migmatites At the northern contact of 
the rapakivi, the author has studied' the relation between the older 
rocks and this gra.nite neal' to the Vuojoki railway station. t U p to 
a distance 01 some hundred metres from the rapakivi, we find 
in the older granites and also in the basic ro~ks characteristic 
minerals and textures and sometimes also veins 01 rapakivi . It is 
often impossible to draw any sharp demarcation-line between these 
veins and the older rocks. 

Theso phenomena are still more conspicuous at the western 
boundary 01 this rapakivi area where the cont.acts have been 
studied by Eskola, together with whom the author bas visited the 
most importam localities, and also later by Hackman. In many 
pI aces the granite is here surrounded by an aureole measuring some 
hundred metres in breadth, where all the older rocks are brecciated 
and perrueated by a grey aplite which certainly belongs to the rapa
kivi magma. It occasionally contains rOllnded orthoclase crystals 
witb a rim of oligoclase, a.nd shows other rapakivi peculiarities. 

1 J. J. Sederbolm, Beskr. t. BergartRkart. B 2, 'fnmmerfors, 1911 , pp.lOO- lOl. 
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The older rocks sometimes form distinct fragments, but more often 
patches with indefinite outlines which are surrounded by purer 
granite. They are to be regarded as an eruptive breccia with highly 
digested fragments. Veins of pegmatite occasiqnally occur farther 
from the granitic area. They are also orten vaguely defined against 
the oider granites. 

In one pI ace, on the high road about 6 km east of Nystad, a 
contact occurs where the typical rapakivi grades through a striped 
granite containing garnets and enclosing highIy digested portions 
of the oider rocks, into a micaceous gneiss-like migmatite with 
inderinite veins or grey granite which at some places shows the cha
racteristical ovoids 01 the rapakivi. This i9 the locality ar present 
known where the contact action of the rapakivi has been most 
intense.1 In general, the anatexis of the oIder rocl~s which it has 
caused, has not reached the same degree as is cornmon where the 
Archrean granites have penetrated the ne'igbbouring rocks. Thera 
we find migmatites, almost at every contact" orten on a very large 
scale. At the rapakivi contacts, on the contrary, true migmatites, 
showing a very intimate mixtul'e of the different components, 
occur more locally, and those migmatltes which show the cha·· 
racteristic fluidal (ptygmatic) folding are especially rare. 

Also at the northwestern boundary of the Wiborg rapakivi 
area, however, phenomena or granitization occur which have been 
described by Frosterus.2 Here, too, the process has sometimes 
reached a considerable intensity. Diabases, diorites, gneissose granites 
and micaschist·s show sinuous boundaries at the contact with the 
rapakivi, because or the solvent action of its magma, and eruptive 
breccias, consisting of fragments of older rocks and veins of rapa
kivi granite, are very common. The basic rocks in particular have been 
very intimately interwoven with veins of this granite, and thei!' 
individual ,minerals show also very characteristic corrosion phenomena. 
In some places, however, rectilinear, sharp contacts occur. Next to 
them the rapakivi becomes more fine-grained than elsewhere. 

The inclusions of basic rock in rapakivi granite which occur 
in the neighbourhood of the railway station Simola, ·W. 01 Wiborg, 
are also of very great interest. rrhey .form masses with a diameter 
of several hundred metres having in part still the same consti-

1 In the summer of 1921 the author studied rapakivi rocks in tbe archi
pelago betweon Aland and Abo where the oontact action of the rapakivi magma 
on the older rocks has been still stronger. These interesting pbenomena will 
be desCl'ibed in a later memoir. 

2 Benj. Frosterus, Beskr. t. Bergartskart. 02, S:t Michel. 1902, pp. 64, 88 seq. 
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tution as the original rock, which is a metadiabase, often cODtaining 
large phenocrysts of a basic plagioclase. But this basic rock has 
been almost entirely recrystallized and has now a texture rem ind
ing one or contact-metamorphic rocks, alt.hough the minerals are 
coarse. Minerals characteristic of rapakivi granite occur, how
ever, also in the basic masses, and Dear to them the granite is gene
rally dark, orten alm ost black in colour. This is due to the occur
rence or innumerable inclusions in the felspar. Synantetic minerals 
are common and, as the author has shown elsewhere, have been 
rormed in connection with a migration oE mat.erial, at a time when 
only parts or the magma were fluid. 

It is or great interest to note how import,ant a r61e this mig
ration or certain constituents of the rocks has played even at the 
end of the consolidatioD of the magma. This suggests the idea 
that movem ents or certain parts oE t,he magma have taken place 
in a still larger measure at the time when a great portion of it 
was still fluid. At a mome:lt when the main part oE the potash 
felspar and quartz had already crystallized, iron , magnesia, lime 
and sodium may have still existed in solution and have been easily 
carried away every time they increased in quantity by the rusion 
of resorbed fragments. These may either have been distributed, by 
ascending waters, in overlying rocks, 01' sunk to greater dept.h where 
they formed a basic magma deeper below, or also simply been evenly 
distributed In the granitic magma which was in process or 
crystallization. 

At the eastern boundary of the rapakivi area E. of Ladoga 
dykes of aplite belonging to this laccolith occasionally occur even 
at distances of 2-3 km from its boundaries. .T uices which have 
acC'ompanied the magma have acted very intensely upon the lleigh
bo uring crystalline limestones at these distances und even rarther 
from the contacts. It has impregnated the limestone with magnetite, 
pyrites, galena, sphalerite and tinstone. In general, however, the 
granitization at the contacts of the Ladoga rapakivi has been very 
reeble, and its margins are sharply derined. AU these phenomena 
have been described in a masterly way by Trüstedt. 1 

Phenomena of impregnation and solution occur also at the 
contacts of the rapakivi areas in northern Sweden, espccially in the 
Ragunda region 'where the granite forms a typical laccolith or 
batbolith. 2 

'Otto Tl'üstodt, Die Erzlagerstätten von Pitkäl'anta am Ladoga-See. 
Bull. Oomm. geol. Finl. :0 19. 1907. . . . . 

2 Of. the figure in the author's memon' Om gramt och gneIs. Bull. Oomm. 
gEio!. Finl. N:o 2il. 1907, p. 30. 
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The study ot the textures ot the rapakivi granites has in 
many cases given the clue to the right understanding Ot the primary 
textllres of the older Archrean granites of Fenno-Scandia. In the 
saUle way, the study 01 their contact action throws much light on 
the more intense eontact action which the older granites of the 
same region have exercised in tbe rocks whicb they have ponetrated. 

THE ONAS GRANITE AND ITS CONT ACTS WITH 
THE NEIGHBOURING ROCKS. 

The Onas granite which oceUFS in the :'a,~tern part ot the 
Pellinge region forms an outcrop with rounded outlines, which has 
an area of about 270 km2 and extends to the north into the imme
d iate neighbourhood of the town ~I Borga. 

This granite resembles very lIlUCh some granites trom the 
typical rapakivi areas. It is composed of large, rounded crystals 
of reddish brown microcline separated by grains 01 plagioclase, blue 
quartz and black hornblende, together with some biotite. 

The larger felspar crystals have a length 01 one to two centi
metres. They are mixed with plagioclase in parallel intergrowth, 
but the same mineral occurs also as separate crystals with a maxi
mum length 018 mm. It is an oligoelase with a maximal ext inction 
in the zone perpendicular to 010 of 12°, thus eontaining about 
29 % An. Beside the larger patehes 01 oligoclase the microcline 
also contains narrow winding stringers 01 an acid plagioclase which 
seem to be seeondary. It also contains inclusions 01 quartz whose 
outlines are partly determined by the forms 01 the felspar, while 
other quartz crystals are more idiomorphic. The greater part 01 
the quartz lies between tbe larger felspars and is entirely allotrio
morphic. Each individual is divided into a number of grains with 
different optical orientation which show undulatory oxtinction. The 
quartz which is included in t.he larger felspar does not show, however, 
this phenomenon in any marked degree, obviously because it has 
been protected against mechanical pressure by the surrounding felspar. 

The famic eonstituents occur as hea ps with a diameter ot some 
millimetres. Green hornblende predominates, but also a highly 
pleoehroie hiotite occms. In sOnJe hornblende crystals there is a 
eore 01 quartz grains mingled with fluorite. Among the femie 
constituentH there are some ore grains. Zircone occnrs in the rock 
as small erystals. 

Myrmekite i8 common in places where microcline and oligoclase 
meet, especially at the borders of the greater felspar crystals, but 
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sometimes also in zones penetrating them. It is probably at least 
in large measure a "deuteric" constituentI. 

In the region shown on the map no contacts between the 
Onas granite and the older rocks are visible. More to the north 
the author has found contacts at the eastern boundary ol this granite 
area on the island of Borgholm in Utngfjärden, south of Fagersta 
in the parish of Borga. The neighbouring rock is an old granite 
with veins of pegmatite. At the contact with the Onas granite this 
older rock is broken into fragments which form together with the 
younger granite, which is here medium-grained, an eruptive breccia. 
Veins of the same granite penetrate the older rocks in the neigh
bourhood of the breccia, but do not occur very far from the contact. 

At the western margin of the same area of granite there are, 
west of the Onas islaods, very interesting contacts between the 
granite in questioo and the neighbouring older rocks. The author 
has studied these localities several times during more than ten years, 
often in company with Professor Borgström who has investigated 
this region in great detail and will report. upon his observations in 
the future. We will here only briefly mention some circumstances 
wbicb are 01 interest for the subject here treated.2 • 

The older rocks are metabasites and granites of at least two 
different ages, cOl'responding to the groups D and H of the Pellinge 
region. The younger of tbem rorms eruptive breccias and other 
migmatites with the older rocks. At the western boundary of the 
Onas granite veins conuected with it peuetrate a11 tbe neigbbouring 
older rocks, forming eruptive breccias witbin a zone tbat has a breadtb 
of several hund red metres. The granite which cements these breccias 
is finer-grained than the main mass of the Onas granite. At the 
contacts with the metabasit~s the granite has sometimes assimilated 
hornblende and is dioritic 01' syenitic in composition. The fragments 
of older rocks orten show by their foi'ms tbat tbey have been corroded 
by the magma. In the breccia of Brunskär, where tbis rock is best 
developed, the author has found in one place granitic portions with 
rounded outlines which also seem to be due to the solvent action 
of the granitic magma. It has probably enlarged fissures, in pI aces 
where they have intersected each other, iuto rounded cavities. 

When pegmatite belonging to the Onas granüe intersects veins 
of older pegmatite, th e contacts are not always quite sharp. This 
must be due to r€lfusion 01' palingenesis of the older rock. 

Cf. J. J. Sederholm, On Synantetic Minerals &c. Bull. Comm. geol. de 
Finl. N:o 47. p. 142. 

• Cf. J. J. Sederholrn, Om granit och gneis. Bull. Cornrn. geol. Finl. N:o 
23, p. 31. 
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Rere, too, the batholith has a rather weIl deiined limitation 
against this surrounding zone oi eruptive breccia and is remarkably 
iree irom inclusions. The solution oi the iragments oi the brecciated 
older roc.ks seems to have taken place mainly within this brecciated 
zone. When the fragments have sunk into the larger mass of 
granitic magma they havE\ rapidly been entirely solved. 

BOl'gström has described a quartz-porphyry 1 irom the region 
west 01 Onas, 16 km trom tile western boundary of the Unas granite. 
This rock shows some peculiarities w~ich distinguish it trom the 
quartz-porphyrites commonly con'nected with rapakivi which occnr 
in southern Finland. Borgström thinks it probable that this dyke 
is genetically connected with the Onas granite. 

n this assumption is correct the occurrence is 01 great interest., 
because it shows that the temperature 01 the older rock maRses, in 
regions neighbouriog to the Onas batholith, w~s so low, at the time 
01 the intrusion 01 this granite, that a rapid cooling was possible. 
In any case the re1usion which the Onas granite has exercised 
upon the adjacent rocks has been restricted in extent in the 
same way as that caused by the rapakivi magma, not regional in 
the widest sense 01 the word, as the anatexis which has taken pI ace 
in connection with the intrusion oi several 01 the Archooan granites. 

THE HANGÖ GRANITES (H) AND ASSOCIA TED 
MIGMA TITES. 

Among the granites occurring on the southern coast of Finland 
those which have the widest distrihution are the granites rich in 
microcline, earlier designated by the author as "p 0 s t - Bot h
ni an", also as "c 0 ast. - g r a n i t es". The best known tYPE\S among 
them are the red granites horn Ha n g ö and Inga, which have been 
lal'gely used as monumental stones, and the coarse-grained P0l'
phyritic granite horn Per ni ö (Bjerna) which has been descl'ibed 
in detail by Eskola, the red granite from Abo and tile grey granites 
irom Hitis and the neighbourhood 01 Nystad. 

The geological designation "post-Bothnian granites" refers to 
the fact, that they an" younger than all the Archooan supercrustal rocks 
of western Finland, including tile uralite-porphyrites 01 the Tarn
mela area, W. 01 Tavastehus, and alt the uralite-porphyrites of the 
region described in this memoir. The volcanic rocks 01 Tarnmela 

I L . H. Borgström, Granitporphyr fl'{m Östersundom. Bull . Comm. geol. 
Finl. N:o 22. 1D07. 

3085-21 13 
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have been tentatively correlated by the author with the old "Both
nian" Iormation of metamorphic sediments and volcanic rocks 01 
the T ammerfors region,l as weIl as with the similar schists, mainly 
consisting 01 metamorphie volcanics and their derivatives, which 
outcrop in Ostrobothnia in Finland and the Skelleftea region in Sweden 
and have been described by Mäkinen,2 Högborn,3 EkIund,4 and 
others. 

But while the author thought belore that the supercrustal rocks 
of Bothnian type were y 0 u n ger than the hornblende-granites, diori
tes &c. wlich have a wide distribution in the region between Tam
rnerfors and Tammela; he has later found that most of these plutonic 
rocks, and not only the granites 01 Hangö ty pe and associated rocks, 
penetrate the Bothnian schists OI Tammerfot's, as well as the uralite
porphyrites of Tammela. The latter volcanic rocks thus seem to 
have a position analogous to that oi the oider uralite-porphyrites 
(the Perna formation) of the Pellinge region, which are also pene
trated both by a group 01 hornblende-granites and by the H angö 
granites. It therelore seems more likely that the older uralite-pOl'phy rites 
are to be correlated with the uralite-porphyrites of Tammela and 
Tammerfors, rather than those of the younger, Pellinge forrnat,ion. 

If that is truß, th en the Hangö granites would be not only 
post-Bothnian , but even youlJger than another group 01 granites oi 
post-Bothnian age, which is separated from the Hangö granites by the 
supercrnstal formation to which the youngest volcanics 01 the P ellinge 
region (i. e. the Pellinge formation) belong. 

In any _ case these >coast-granites» occurring on the northern 
shore of the Gulf 01 Finland Iorm, geologically and petrographically, 
a weIl defined group, comprising those granites which are intel'
mediate in age between the rapakivi, the Onas, the Obbnäs granites 
&c., and the older granites of the same regions. 

The Hangö, or post-Pellinge granites, are here represented by 
several types differing in composition , colour and texture, but all 
connected by gradual transitions. They are mostly pale red or 
reddish browll , in some cases grey or nearly white. Other varieties 

1 J. J. Sederbolm, Über eine al'cbäiscbe Sedimentformation &c. Bull. 
Comm. geol. Finl. N:o 6, 1897, pp. 203-207. 

• Eero Mäkinen, Övel'sikt av de prekambl'iska bildningarna i mellerstn 
Österbotten. Eng!. Summary of tbe Contents. Bull. Comm. geol. Finl. N:o 48, 1916. 

3 A. G. Högbom, Precambrian Geology of Sweden. Bull. Geol. lnst. 
Upsala', Vol. X. 1910. 

• J osei Eklund, Skellefteäfältets geologi (p reliminary communication). 
Geo!. För. Stockb. Förh. 1923, pp. 219-224. 

-
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have a deeper red colour. These colours are mainly determined by 
that 01 the predominant microcline. The quartz is generally pale 
grey and has therelore very little inlluence on the colour. The 
relative amount of biotite has a certain influence on the more or 
less dark shade 01 the rock. 01ten these granites contain gar ne t s 
(almandine) sometimes assQciated with, 01' replaced by co l' die r i t e. 
These minerals appeal' on the surrace as dark spots. 

The prevailing varieties 01 these granites are medium-grained, 
but they grade into coarser-grained rocks which often become 
pegmatitic. The coarsely porphYl'itic varieties which are elsewhere 
common among these granites, are not represented in the region 
now in question in any specially typical 10rm. 

Typical pegmatites and aplites are also very common, both 
as dykes penetrating t.he neighbouring older rocks and as large 
masses in migmatites where the granitic constituent predominates, 

B ecause 01 their richness in micl'ocline these granites almost 
constantly show a high alllount of potash, No analyses have been 
made of such granites from the Pellinge area, but their composition 
seems to be in general alrnost identical with that of the granites 
from Hangö, Skarvkyrkan by TVärminne, east of Hangö, and Pemiö 
(Bjerno) analyzed before. These are Dellenoses or Toscanoses, accord
ing to the American classification, and possess a .high amount 01 
silica (71,75--73,91 %), nearly 14 % A12ü 3, a low amount 01 iron, 
magnesia and lime, but 5,85 to 6,53 % potash, There are, however, 
in the region now in question, some varieties richer in biotite 01' in 
gamet, which probably contain more iron than the most common 
types. On the other hand, aplitic varieties occur in which femic 
minerals are almost absent, or only represented by a lew scat
tered garnets. 

These granites show to the naked eye, where they are homo
geneous, almost no traces 01 schistosity. When they are striped, 
that phenomenon is usually caused, as t he author pointed out as early 
as 1893, by the occurrence 01 more or less completely 1'esorbed 
inclusions of foreign rocks, whose femic constituents partly remain 
as strip es of mica. In some cases also a fluidal arrangement of the 
salic minerals may have occurred, although no typical instances are 
known to the author from the region now in question. 

In general these granites of the coast-type are very inhomo
geneous, including a large number 01 fragments of foreign rocks in
all stages of dissolution. Over wide areas they are so mixed 
with older rocks which they penetrate that it is difficult to say 
whiclt constitnents of the migmatites predominate. 
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Although the mountain-making processes in which these gran
ites have taken part have not been strong enough to give them 
any schistosity, the minerals show, especially under the microscope, 
visible signs or pressurß. Even macroscopically we rind that the 
larger reIspars, e. g. in the pegmatitic vari !:\ti es, do not possess 
entirely unbroken cleavage surfaces, but are broken in a number 
of portions which show slight diffurences in their orientation. The 
quartz is also a good deal crushed. 

The author has studied the granitization phenomena connected 
with the intrusion of these post-Pellinge granites in greatest detail 

Fig. 42. Migmatite of Hallgö granite and hornblende 
schist. Northern shore of Sundarö in Pero!i. 1: 12, 

in the regions W. of Helsingfors, especially in the neighbourhood 
of Hangö. By drawing a number of large scale pictures of eruptive 
breccias in which the fragments of foreign rocks include basic dykes 
of characteristic appearance, he has, as already mentioned, been 
able to rollow the movements which have occurred in the molten 
magma. The region here in quest.ion does not aHOl'd equal oppor
tunities ror the study of these Hangö granites, but even here they 
show phenomena of much interest. 

In the northernmost part of the area mapped these granites 
predominate, sometimes rather homogeneous, but more often also 
here including .clusters or more or less completely resorbed foreign 
rocks. 

At the contact with the zone of old schists belonging to the 
Sundarö formation CA) and outcropping south of this area of granite, 
very typical migmatites 00cur. Fig. 42 shows a horizontal rock surface 
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in the northwest of Snndarö, where the sehist is penetrated by a 
large number of veins of pegmatitie granite, whieh are eontorted 
in the peeuEar manner so eommon in these granites. The most 
typical mstances of "ptygmatic" folding, whieh the author has 
already deseribed, also belong to granites of the same group, out
cropping west of H elsingfors. 

When tbe qua.ntity of the granitic constituent of these migma
tites increases, the composition becomes gradually almost entirely 
granitie, although serpentinizing narrow strip es of a darker schis tose 
rock ri eher in biotite st ill are left (Fig. 43.). Such rocks oecur 

Fig. 43. Striped migmatitic granite. Stein ars torp S. 
of Gäddrag, Borga. 1: 5. 

everywhere in the northern granitic area, espeeially where thel'e are 
numerous fragments of schists. 

In the southern part 01 the area mapped we find again similar 
granites intermingled with the basic effusive rocks belonging to the 
Perna formation (E). In the southwestern islands th ese migmatitie 
rocks are espeeially typical. Such migmatites of basic rocks and 
microcline granites conttnue farther to the west along the southern 
boundary of the Ouas granitfl area, and they form the greater part of 
tue rocks in the arehipelago between the Onas area and H elsingfors. 

Migmatites 01 ruierocline granite and quartzite, 01' of this gran
ite and hornblende-sehists, possessing the same character as the 
schists in the Hästö formation CA) in tohe Pellinge region, and mig
matites eonsisting of several different granites, also oeeur in the 
archipelago east of H elsingfors. 

W e will he re describe a numher of typical instances of gran
itization caused by these granites, beginning with those in which 
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the t~o constituents are bettel' separated and ending with the more 
completely mixed rocks. 

On the western shore OI the Stor P ellinge island and in the 
small islands to the west of it, a pegmatitic granite 01 group H 
occurs, forming a number of broad dykes, and aplitic granite is 
also common as dykes, veins or small bosses. Both granites also occur 
more intimately mixed with the uralite-porphyrites. 'rhe strikes of 
the latter rocks show here a ' sudden change in their direclion, 
Irom E. N. E. to N. W. which proves that severe dislocations have 
occurred at this pI ace. 

Fig. 44. P egmatite filling irregular cavities in the 
metabasalt. Ednäsudd, Stor Pellinge. 1 :12. 

In the island Ny t t i s hol m and on Point E d n ä sud d (Edis
udd ) the phenomena of granitization may very weH be studied. 
The predominant rock is a uralite-porphyrite which is rather strongly 
metamorphic, i. e. a porphyritic schist whose texture sometimes ap
proaches that OI ahornblende gneiss. 

The drawing in Plate VIII gives a picture of a system of 
granitic dykes and veins visible in the rocks on the south-western 
shore 01 Nyttisholm. The length 01 the surface is 11.6 metres, the 
breadth 5.6. It slopes at a low angle towards the south. 

As we are aware, narrower veins branch off from the main 
dyke at all sides. No doubt the formation 01 a Iissure has marked 
the beginning of the inj ection of the granite, and some 01 the 
ramifying narrower veins have the character OI fissure fillings, but 
it is not possible to account for the forms 01 a11 these veins which 
penetrate the surrounding rock in such an intricate way, simply 
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by the assumption that the rock has been mechanically fractured 
anel the fissures filled with granitic magma. 

Beside the straight veins which meet each other at high angles, 
tberc are some which posstJss very irregular forms, clearly indicating 
a magmatic corrosion, and a great number oi smaller lenses of 
granite which show no visible connection with the broader dykes. 
Most 01 t.he straight veins are nearly parallel with each other, 
and in so me cases they also run parallel with the schistosity of 
tho bas ic rock. In general, however, their direction is not entirely 
coincident with that of the schistosity. 

The narrower veins only seldom intersect each otber in such 
a way as entirely to detach fragments frolli the main mass of the 
rock. Very often transversal veins end at a short distance from an
other vein , so as to leave a narrow stripe 01 basic rock as a connection 
between t hem and the main masses oi uralite-porphyrites from which 
th ey have been torn away. Only in very few instances do these highly 
lacerated marginal portions seem entirely detached ; cOll1monly they 
rather resemble promontories projecting from a mainland than islands. 
Moreover, in the latter case they may possibly be connected with the 
larger masses at a level which li es below or above the surrace of 
the rock. Rocks appeal' very differently when they have been sbat
tered in conneetion with dislocations that have t aken place in the 
upperrnnst, brittle parts 01 the lithosphere. In such cases commonly 
great parts of the rock are entirely brecciated, and tbe fragments 
detached from eacb otber. 

In tbe present ease slow torsional movements are more likely to 
bave taken place than sud den ruptures. All tb e fissures have not 
originated at once, but they bave been opened dUl'ing the gradual 
dcstruction of tbe basic rocks, and obviously in connection witb 
a process 01 solution caused by tbe granitic magma. All those 
veins which end blindly, and th e sm aller lenses, are certainly due 
mainly to solution. 

But tbe author may let the pieture speak for itself. It ean 
hardly be interpreted under the assumption that a rock whicb has 
been fissured beforeband in a purely mecbanical way, has simply 
been cemented by granite. The solution phenomena are so conspi
cuous as to allow of only one explanation. 

Most of tue vein filling is a pale granite of medium grain , 
but apart, espeeially of the narrower veins, is filled by coarse
grained pegmatite (dotted in the figure). This rock seems to occur 
with predilection in the straight veins. It seems to be a general 
rule all over tbe world that dykes and veins oi pegmatite, where they 
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have not later undergone "ptygmatic" folding, are more often regular 
und straight than other granitic bodies. Perhaps t he explanation 
is that these dykes have been formed at the end of the solidification 
of the granite, when the time for widening and disfiguring the fis
sures by resorption was limited. Prohably the pegmatite also has 
crystallized more rapidly than the larger masses of granite. The same 
circumstances mayaIso acconnt for the implication ' texture of the 
pegmatite. 

The granite of E d n ä sud d is partly pegmatitic, partly aplitic. 
A great part of the pegmatite does not occur as dykes, but as 

Fig. 45. Pegu1atite filling irregu lar cavities in metabasalt. 
Ednäsudd, Stor PeUinge. 1: 10. 

irregular masses with angular forms, looking as if they bad 
filied cavities in the basic rock. (Fig. 44). Sometimes these pegmatitic 
portions show no visible connection with other parts of the granite, 
or with any fissures through wh ich they could have been fed, but 
in other cases they are arranged in rows which obviously belang to 
one and the same fracture zone and in purt are connected bY nar
rower veins of granite. Their 10rms are often rectilinear, and tben 
they lo ok as if they had been limited by fracture lines. Cf. Fig. 
45 where there is a narrow vein of granite connecting the two 
bigger, lump-like portions. '1'he author thinks it most probable that 
these inclusion-like pegmatite dykes have originated by the Ieaching 
out of such portions of the basic rocks as. became broken up 
during granitization. 

In other cases the forms 01 the granitic portions are more 
irregular (Fig. 46), and the granite is then impurer and shows 
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in places indistinct boundar'ies against inclusions of the basic rocks, 
which it seems to have impregnated and partly absorbed. 

These occurrences exhibit gradations on the one hand into 
eruptive bl'eccias (Fig. 47) in which the smaller fragments bave also 
in a large measure been absol'bed by the granite, on the other 
hand into rocks which more reseruble the veined gneisses cornmon 
in the region west of this locality (Fig, 48). Further, there are 
varieties in which aplite OCCUl'S as srnall lenses 01' as narrow veins 

Fig. 46. Metabasnlt injected by pegmatite and nplite. 
Ednäsudd, Stor Pellinge. 1:12. 

(Fig. 49), which Seem to be due to tor"ional lJlOVöments in the rock 
during which certain parts have been crushed and then leached out 
by the grani tic juices. 

Some of the narrow veins branching out from tho pegmatite 
dykes contain qua~z and epidote which latter mineral sometimes 
forms bundles of radially arranged small crystals. 

vVhere the pegmatite veins OCCUl' near to vertical surfaces, 01' 

their snrface portions have been leached out by the sen. watet', it is 
possible to determine that their boundaries have a !:Iteep dip , horn 
45° to 90°, It is thus not possible to explain e. g, the pegmatite 
dykes shown in Fig. 45 as portions of a horizontal dyke whose main 
part has been solved away. 

The basic rock has been penetrated, at an epoch previous 
to the intmsion of the granite, by dykes of a rock variety' which 

14 ' 
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differs hom it mainly in grain and often also in colour, being 
often darker than the main rock. When these dyke rocks are fine
grained, they occasionally contain more numerous small lenses of 
aplite than the surrounding rock. This circumst.ance seems to be 
due to the greater brittleness of the dyke rock. In other cases, again, 
the dyke rock has a paler colour than the rock which it penetrates. 
Also in this case it sometimes contains either more or less granite 
than the latter. In the islands lying farther to the southwest the 

Fig. 47. Eruptive breccia Iormed by the injection of pegmatite and aplite 
into metabasalt. Ednäsudd, Stor Pellinge. 1:12. 

mixture between the basic ro~ks and the granite becomes still more 
intricate. E.g. in the island of Stenskär, in the southwesternmost 
corner of the map, tbe migmatite consists of a granite with fragments 
of dark metabasite and veins of pegmat.ite belonging to the same 
granite. In a rock more to the west the metabasite again predo
minates, but is bere brecciated, showing fragments cemented by red 
granite. 

In the island of Bredskär S. W. of the Pel1inge islands, tbe gabbro 
belonging to tbe P erna formation is interwoven in such a way 
with veins of gabbro >aplite» and granitic aplite as to make it 
sometimes difficult to decide which of theDJ belong to the gabbro 
and which to the granite. As tb e network of veins filled with a 
rock rich ' in plagioclase is intersected by a dyke of metabasalt which 
certainly belongs to the P erna formation and shows sbarp contacts 
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against the veins, it seems certain that these veins are genetically 
connected with the gabbro. The veins shown in Fig. 9 (p. 47) also 

Fig. 48. Migrnatite in which tbe basic rock and the 
granite show fading outlines. Stenskär S. VV. oI 

Tunnbolm, Stor Pellinge l:lil. 

belong to the salDe group. Along the sonthem shore of the island, 
again, there is a similar network of veins, whose origin seems more 
un certain, because they contain in places qnartz and potash relspal'. 

Fig. 49. Lenses of aplite in metahasalt. Nyttisbolm, 
Stor P e llinge. 1:15 .. 

A rejuvenescence of older veins at the tillle of the injection of the 
granite seems in this case, as the authol' has earlier pointed out (cI. 
p. 48) not to be improbable. At least there are, in anoth er rock on 

the same island, veins which certainly belong to the »gabbro aplite», 
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intersected by others which are typical microcline aplites connected 
with the Hangö granite. The latter veins are easily distinguished 
from the former, as may be seen in the photo graph in Fig. 50, by 
their lighter colour. As we are aware, the vein of granitic aplite 
which intersects the two faulted veins in the lower part of the photo
graph, has been injected along the contacts of the narrower vein (to 
the right in the figure). The granitic aplite has he re replaced the 
material of the older vein, which is rich in plagioclase. 

Fig. 50. Horizontal rock surface sbowing a gabbro witb a network of 
veins of . gabbro aplite . intersected by nal'row veins of granitic aplite. 

Bredskär, S. W. of the Pellinge islands. 1:7. 

This injection along thfl rirns of the vein may, however, in 
part be due to mechanical causes, tbe boundaJies of rocks of differ
ent grain giving easier access to the magma, 01' its accompanying 
solutions. In any case the rarity of s11ch phenomena shows that 
they do not play the role which Holmquist and üther Swedish 
petrologists are inclined to ascribe to thern, believing that the for
mation of granitic veins in migmatitic rocks is due in most cases 
to a more acid composition 01 the material in these parts of the 
injected rock. 

Chemically these migmatites are of interest in several ways. 
The great difference in composition between th e granite and the 
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basic rock which it iovades, makes it absolutely impossibl e to derive 
the material ot the aplitic and pegmatitic veins trom the latter. 
Moreover, the pegmatite and the aplite show complete similarity to 
dykes ot the same rocks which .occur in the neighbourhood and 
which grade into larger masses 01 granite. 

As the process 01 assimilation is so indubitable, it seems strange 
that the composition of the granite has not been changed when it 
has absorbed so much basic material. In some cases, e. g. on Nyttis
holm, the narrower veins contain homblende which has obviously 
been derived from the surrounding basic rock. In general, how
ever, the granite of the vein is very acid even next to the contacts, 
which proves that a li vely transfer of the sol ved material has taken 
place. 

In a low little rock, Lökskärshällan, at the west-beacon 
between Lökskär and Glosholm, a red dioritic rock occurs which 
shows in its general characters much affinity to the microcline 
granites of the same region, but contains much hornblende, together 
with a plagioclase which has a m:1Ximal extinction of 7°, and thus is 
an oligoclase (22 % An). Part of the felspar is antiperthitic, consisting 
ot an oligoclase with a fine twinning lawellation intergl'own with 
microcline (Fig. 5, Plate II). The rock contains several big frag
ments of gabbro, and is cut by veins of aplite which often lie at 
the margin of the gabbro fragments. Very probably the dioritic 
character of this rock, which is no dou bt genetically conuected with 
the Hangö granite, is due to an assimilation of basic material. 

On the northern shore of Timmerholm, which lies 1 km to the east, 
a narrow vein of aplite is visible, whose middle part is very rich 
in biotite, while the rock nearer to the contact, is a pale aplitic 
granite (Fig. 51). The continuation of the same vein is found on 
the neighbouring island of Högskär. Here the darker portions resern ble 
fragments of a schistose rock. PossibIy the darker portions of the 
dyke in Fig. 51 are more compietely assimilated fragments of a 
basic schistose rock. In the southwest of Timmerholm veins of 
a similar fine-graioed grey granite rich in biotite also occur, and 
are continuous with veins of aplite. The latter veins are sometimes 
found intersecting the veins of grey granite, but both rocks also 
occur together in the same fissure. 

These phenomena are signs of incipient differentiation processes 
in a magm a which is itsell migmatitic. rEhe vein shown in Fig. 51 
is a kind of >composite dyke> although it is uncommon that the 
contact zones are more acid than the middle portion. The author 
has later studied granites in the western parts of the coast regions which 
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contain very typical composite dykes, as well as lamprophyrie dykes. 
These also are eonnected with the formation 01 migmatites. 

In the region W. 01 Helsingfors, e. g. in Inga and in the neigh
bourhood of Hangö, where the non-porphyritic Hangö-granites occur 
in their most typieal 10rms, they seem to be everywhere more or 
less migmatitic in charactel', always containing more or less comple
tely assimilated remnants 01 older rocks. The general impression 
which the rockmasses here give, is not that 01 a plutonic rock 
working its way by >overhead stoping », but that of magma int im-

Fig. 51. H orizontal rock of metabasaltie tuff intel sected by a vein 
of granite whieh is rieb in biotite at tbe midst and aplitie at the 

margins. Timmerholm, Stor P ellinge. ]:7. 

ately permeating older rockmasses which retain in the main the 
position they had when granitization intervened. The same seems 
to be true also as to the present region, whel'e the granites of Hangö 
type almost invariably show signs of having assimilated older rocks. 

Microseopically the granites in the north of the present area 
show much similarity to the Hangö and P erniö granites and 
assoeiated granites wbieh have been desc.ribed from other regions by 
the authol' and later by Eskola. The main difIerence between the 
Hangö granites oE the present region and thc Perniö g ranite lies in 
their nonporphyritic eharacter. 

These granites OI Hangö type a,re very rieh in microcline, which 
forms about a third part Ot the constitu ents. It shows tbe usual 
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lattiee lamellation, somewhat irregular, as is often the ease in granites 
whieh have t1Ddergone ehanges during or after their consolidation. 
Carlsbad twins are common. A great part of the mierocline is 
mieroperthitic. The stripes of albite are in some cases eurved and 
often rather irregularly dispersed. The plagioelase, which oceurs as 
crystals in much lesser amount than the microcline, is an oligoelase. 
Its twinning lamellae are sometimes broken or bent, although not 
in a very high degree. The quartz, which occurs in about the same 
quantity as the microcline, is anhedral while the felspar often shows 
good crystal forms (Fig. G, Plate II). The mierocline crystals may 
often be enclosed on one side in other crystals of the same mineral. 
They are often euhedral where bordering on and especially where 
surrounded by the quartz. The plagioclase crystals are commonly 
euhedral against the mierocline, but when they come in contact 
with the quartz they often show eorrosions forms. Also when bor
dering on microcline thoy occasionally exhibit more irregular forms, 
sometimes also a fringe of myrmekite. The outlines of the microcline 
againts the quartz often show a curvature, although not so pro
nounced as that of the plagioclase. 

The small rounded quartz grains included in the fel s pars seem 
to be, at least in most cases, merely sections through round corrosion 
chann els penetrating from the outside irito the felspars. They some
times show the same optical orientation as the surrounding quartz. 
Possibly many cases of the formation of s.c. poikilite have a similar 
origin. 

Biotite occurs in varying amount and often as euhedral crystals 
enelosed in all th e other minerals, ineluding the felspars, and may in 
this case have crystallized earlier than most other eonstituents. It 
also somotimes shows eorroded ouHines against the latter. But both 
biotite and museovite may also oeeur as much later crystallizations. 
They occur as interpositions in the plagioclase, often seemingly 
parallel to its twinning lamellation , forming rather broad flakes 
traversing the whole erystal. In other cases they form a fine dust 
m the felspar and are then, if not seeondary in the strictest sense 
of the word, at least constituents form ed during the last period 
of eruptive activity. 

Both biotite and muscovite, however, also oceur between grains 
of quartz or other minerals, filling up their interstices, so that they 
seem to be late crystalLizations. In those granites which show a 
pamllel texture, owing to the arrangements of the primary mica, 
that min eral also often occurs as rows winding between the other 

• 
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minerals, sometimes even in tersecting them, and especially in that 
case it seems certain that it is a late constituent. The same is parti
cularly true of the muscovite, whose occurrence is still more irregulat 
than that of the biotite. 

Biotite in some cases also occurs as pseudornorphs after gamets 
which have been replaced by a number of small Hakes of mica. 
The author has not been able here to malm any observations eluci
dating the origin of the gamet, which is an almandine, but he does 
not think it possible to imagine that this mineral wonld have been 
the first to crystallize, and then replaced by biotite, before the 
crystallization of any other mineral. He thinks that the rorma
tion of these pseudomorphs is a process of comparatively late date, 
belonging, however, to the epoch of the crystallization of the same 
granitic magma, 01' its juices. 

Accessory constituents, such as zircone, apatite, titanite and 
iron ore, are present only in very small quantities or entirely absent,. 

While most of t.h e granites in question possess a medium grain, 
with relspars measuring 1-5 mm, some vai'ieties contain microcline 
crystals which are much larger, so that the rocks become rather 
coarse-grained. But there also occur, especially among the 'lein 
rocks, varieties whicb are fine-grained. In these the felspars and 
quartz orten forIJls smalI, rounded grains which are in part cemented 
by somewhat larger felspars. 

As the author has pointed out long ago, ) these granites 
do not show any marked phenomena due to mechanical pressure 
01' kataclasis ).1 Their parallel texture is generally not due to fO~'mation 
of mica on trituration zones, but to a parallel arrangement of the 
biotite durin.g the crystallization of the magma. In part it is even 
prior to the crystallization of the greater part of the minerals, 
being a reminiscence of older schistose rocks wh ich have been 
more 01' less completely refused, 01' rather changed by anatexis. 
Eskola when describing granites of the same type, also particuw.rly 
emphasizes the absence of dynamometamorphism, and thinks that their 
texture is a true texture of consolidation, with no secondary features. 2 

He thinks that even the undulatory extinction of the quartz may 
be regarded, in many cases, as a primary feature, due to the un
equal contraction of the minerals during the cooling of the rock. He 
mentions also, however, the circumsta,nce that deformation structures 

1 J. J. Sederbolm, Om bärggrunden i södra Finla nd. Fennia 8. N:o 3, 
1893, pp. 17-18. 

, P. Eskola. On tbe Petrology of the Orijäl'vi region &c. Bull. Comm. 
geol. Finl. 40, 1914, p. 25. 
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are by no means rare in ser-Archffian granites, to which he reckons 
the Hangö-granite, and cornrnllnieatfls a good picture of a pegmatite 
belonging to the same grollp which has been sheared. 

The author has also, as pointecl out by Eskola, explained the 
undulatory extinction of the fels pars in certain granites as possibly 
clue to primary causes. But on the other hand, he has observed cases 
where the Hangö granites are intersected by trituration zones 
of the most typical character, filled by small grains 01 crushed 
quartz and felspar together with minute grains of mica, and 
then the strain shadows in the adjacent grains of quartz seern 
to stand in connection w ith these shearing zones. The circumstance 
that all the other minerals, including the mica, which is often bent, 
also show signs of mechanical pressure, makes it probable thatthe undu
latory extinction of the quartz has the same cause. These influences 
of pressure, however, have seldom been very strong. 

Moreover, it seems probable that at least some of the movements 
which have caused the deformation of the minerals, have taken 
J:llace before the complete consolidation 01 the same granit ie masses, 
and are thus not to be designated as dynamometamorphie in the 
strict sensfl of the word, if thereby is meant changes caused by 
mOl1ntain-making processes acting on solid rocks. 

THE RYSSKÄR GRANITE (F) AND THE ERUPTIVE 
BRECCIAS (AGMA TITES) IN WH ICH IT FORMS 

THE CEMENT. 

The Rysskär granite, which Over a great area forms the cement 
in eruptive breccias in wh ieh the fragments consist of meta basalts 
belonging to the Perna formation, is almost never represented by 
varieties free from any inclusions. It would be diHicult here to 
quarry a block of entirely horuogeneous granite even of a size suffi
cient for a tombstone. Everywhere the rock is fuH of inclusions 
which have undergone resorption in a greater 01' lesser degree, 
whereby also the composition of the magma has been changed 
through the assimilation of basic material. Besides the granitie vari
eties, therefore, oceur some containing more horn blende and plagio
clase, and grading into hornblende-granites, mODzonites, diorites &c. 
On the other hand , there also occur in connection with this granite 
pegmatitie and aplitie rocks which contain but very small amounts 
01 the femie eonstituents, and eonsequently have a rather acid eom
position. Because 01 the Proteus-like ehanges of the rock masses 
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in question it is difficlllt to say which variety of this granite ought 
to be regarded as possessing a typical composition. In order to 
get a starting point we will begin with the description of some 
granites outcropping in the Rysskären islands in P arna. The same 
types are common also elsewhere. 

The Rysskär granite has a greyish red colour with a more sombre 
hue than the granites of Hangö type, and is always even-grained. 
Porphyritic varieties do not occnr. It is characterized by the pre
'valence1 in most cases, of plagioclase over microcline, by the ell
hedral forms of the felspars, especially the plagioclase, and the an
hedral forms of the quartz. 

The plagioclase forms short prismatic crystals with a length 
of 1-3 mm which are entirely idiomorphic against the sllrrounding 
quartz, and also against the rnicrocline crystals when such are pre
sent. The prevalent plagioclase shows a maximum e;xtinction of 
only a few degrees and is thus an oligoclase with about 20 °/0 An. 
It often shows a zonal strllcture which is certainly primary. The 
outer layers are more albitic than the inner ones, and there is often 
a rim of pure transparent albite. The inner parts of the plagioclase 
crystals are often turbid, which is due to tho occurrence of sman 
interpositions of epidote, zoisite and probably also mica. The same 
min erals also olten occur as large grains 01' flakes in the plagio
clase, when the mica, which is either biotite or Illuscovite, is 
sometimes arranged along the cleavage planes OI the ielspar. The 
microcline is present in rather great quantity as a primary constitu
ent in the lighter, more acid rock varieties. The cross-hatched 
twinning lamellation is often very irregularly dispersed, so that great 
parts of the crystals are free from it. The crystals are idiomorphic 
against the quartz. At the boundaries of plagioclase and microcline, 
myrmekite, consisting of oligoclase and q uartz, as usual occurs 
and is olten very typical. 

The quartz is commonly subdivided into a great number OI small
er grains with irregular, serrated outlines, each of them showing 
a more or less undulatory extinction . 'J'his character OI the quartz 
seems to be due to mechanical crushing and subsequent healing by 
recrystallization oi some of the crushed portions. 

Among the femic minerals a dark, strongly pleochroic biotite 
is predominant in the more acid varieties. It is sometimes replaced 
by chlorite. Together with the biotite a green hornblende often 
OCCU1'S and becomes prevalent in the more dioritic variet.ies. The 
biotite sometimes Iorms large crystals with a major diameter of 
2'-3 mm. They seem not to be idiomorphic against the felspars, 
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but are surrounded by anb edral quartz. The crystals have sometimes 
been Ilattened out into lens-like aggregates of smaller flakes which 
are intermingled with small grains of quartz, sometimes also inter
woven with that mineral at the margins in myrmekite-like im pli
cation. Small grains of epidote also oHen occur. Apart of th e 
biotite is oiten changed into chlorite. 

The hornblende is more euhedral than the biotite. The latter 
min eral sometimes occurs within the hornblende crystals in such a 
way as to make it probable that it has replaced horn blende. 

B esides epidote orthite is also found, either alone or surrounded 
by ' a rim of epidote. 

Titanite occurs both as large, probably primary crystals with 
rather strong pleochroism and also as small grains with a pale brown 
colour, in which case it has probably been derived from ilmenite. 
Opaque ore, most of it magnetite, is also sometim es present, but it 
seems uncertaiJl whether it is primary 01' secondary. 

Apatite is present only in a small ql1antity. 

Two granites of this group have been analysed by Dr Mäkinen. 
One of them (Table XII), which outcrops in Öster Rysskär, is an al
kali granite uncommonly rich in silica. The microscopical constitution 
of this rock is shown by Fig. 1, Plate III. It is composed mainly 
of qu artz , mi.;rocline and plagioclase, with trifling amounts of biotite. 
It is a t e h a m 0 s e according to th e American classification. The 
other granite (Table XIII) which outcroups in W ester Rysskär, 
is a tos c a nos e with almost equal amounts of potash and sodiurn. 
Microscopically, it is composed of plagioclase, a small amount of 
microcline, quartz, biotite, hornblende and accessorily titanite, epidote 
and magn etite. 

In the hornblende-granites and diorites into which these gra
nites grade, the plagioc1ase and hornblende gradually begin to pre
dominate over microcline and biotite. 'rhe plagioclase forms short 
prismatic crystals with a maximal length of 2-3 mrn and varies in 
its cornposition between an oligoclase (22 % An) and an andesite 
(34 Ofo An). Its idiomorphism is very weIl developed, whil e the 
quartz is entirely anhedral. The hornblende torms rather well de
veloped crystals CE'ig. 2, Plate III). The bio ti te gives often the 
impression of having been form ed as crystalloblasts after the 
crystallization of the other minerals. 

Some parts of the more basic rocks connected with this granite 
are no doubt portions of the basi c volcanic rock masses, which have 
been refused or resolved in the granitic magma and have afterwards 
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Table XII. Granite from Öster Rysskär, Perna. 
Analysed by Dr. Eero Mäkinen. 

Mol. I 
prop 

SiO, I 75.64 1261 

TiO, 1 0 .30 4 

1 12.34 121 

Fe,Oa 1 1.78 1 11 

1 1.19 1 17 
----i----

1 0.03 1 -

FeO 

1\1nO 

MgO 1 0.57 1 H 

1 2.27 1 41 

-N-a-,o--a ~1 --3-. . -0-6 -1---~ 
CaO 

1 2.92 1 31 

H,O 1 0.38 1 

1
100

.4 8 I 

Norm. 

Quarz - Q - 40.98 Q 

Orthoclase 

Albite 

Anorthite 

Hypersthene 

Magnetite 

Ilmenite 

Wate r 

17.ul 

25.68 ~ F 

I 
11.40) 

1.66 P 

100.12 

0. 38 

100.50 

40.98 j 

~ Sal 95.30 

I 
54.32} 

1.66) Fern 4.82 

3.16 

recrystallized. W o w ill therefore describe them in connection with 
the eruptive hreccias. 

The analysis in Table XIV of a rock of this group shows atona
litic composition. It is a ton al 0 s e according to the American class
ification. l\licroscopically, the rock is composed of pla.gioclase, 
micr.ocline, quartz, biotite and hornblende, togetheter with some 
titanite and epidote. 

Er u p t i v e b r e c c i a s hardly outcrop anywhere in Fennoscandia 
in more typical and varying forms than in the area in southwestern 
Perna where the Rysskär granite occurs intermingled with the older 
metabasalts. 

The different forms and quantities of the fragments of basic 
rocks included in the granite, and the Jifferent degree in which 
these parts have been changed by the action of th e granitic magma 
cause the great variety of the mixed rock. 
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Table XIII. Gran ite from Wester Rysskär, P erna. 
Analysed by Dr. Eero Mäkinen. 

I 
"10 

I 

Mol. 
prop I Norm. 

8iO. I 70.31 I 1172 Quart.z 24.84 Q 24.84) 

- -
TiO, 

1 

038 
1 

5 Orthoclase 28.91 ) 

1 

-I -- I 
AI,03 15.45 151 Albite 27.77 } F 66.97} 8al 9273 

1<'e.0 3 

1 

0.25 
1 

2 Anorthite 10.2 9 J 

FeO 
1 

2.30 
1 

32 Cor undum 0.92 C 0. 92 J 

MgO 
1 

1.15 
1 

29 Hypersthene 6.20 P 6.20\ 
~--- I CaO 

1 

2.40 I 4-3 Magnetite 0.46 ] 
M 1.22 } Film 7.76 

1 1 

> 
Na.O 3.33 53 Ilmenite 0.76 1 

I 
1 1 

K .O 3.91 52 Apatite 0. 34 A 0.34J 

p,Ü. 
1 

0.0 8 I 1 100:49 

H.O 
1 

0.62 I 
. 

1 

100.28 I 1 

As these migmatites consisting of fragments of older rocks 
cemented by granite are genetically and petrologically very different 
from many of the rocks that have been called eruptive breccias 
many oi which are volcanic rocks, the aut.hor proposes to designate 
this group 01 migmatites as agmatites (from aYl-w, fragment). 

One of the best opportunities for observing these agmatites is 
afforded by the small R y s s k ä ren islands in Perna. Even w hen 
we regard these rocky islands, especially thE:!" steeper r 0 c he 
mo u ton ne e of W ester Rysskär, ±'rom a distance, we become aware 
that they are as heterogeneous as possible. Great rnasses of dark 
metabasalt alternate with ligh ter granitic portions, furming irregularly 
shaped dykes and veins, but these again contain fragments oi dark 
rocks in varying forms and different stages ' of refusion. When we 
investigate th is petrological mish-mash more nearly, we find that it is 
composed mainly of two ingredients: a metabasalt which shows 
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Table XIV. Hornblende granite (tonalite) from Söderskatan in Sundarö. 
Analysed by Dr. Eero Mäkinen. 

I 
. 0;. 

I 
Mol. 
prop I Norm . 

SiO, I 66.20 I 1103 Quartz - Q 2'." Q 22"} . 
TiO, 

I 
0..19 

I 
6 Orthoclase - Or -- 15.011 Sal 84.00 

Al,O 
I 

14.9'5 
I 

146 Albite - Ab - 28.30 ~ F 61.38 

Fe,O 
I 

1. 7 3 
I 

11 Anortbite - An - 18.07 J 

FeO 
I 

3.16 
I 

44 Diopside - Di - 6.501 
> P 11.321 

MnO 
I 

0.04 
I 

- Hypersthene - Hy - 4.82) 
~ Fern 14.78 

MgO 
I 

1. 7 9 
I 

45 Magnetite - Mt - 2.55l I 
M 3.46J 

CaO 
I 

5.23 
I 

93 Ilmenite - II -- 0.9 d 

Na.03 I 3.38 
I 

5-10 98.78 

K,O 
I 

2.52 I 27 Water 0.76 

H,ü 
I 

0.76 
I 

99.54 

I 
100.25 

I I 
-

slender porpbyritic crystals of plagioclase, and granites grad ing into 
diorites . 

. The plagioclase-porphyrite is often very typical, especially in 
Öster Rysskär, and shows even macroscopically a weH preserved 
porphyritic texture. It is then entirely homophanous. It is the same 
rock whose description and analysis has been given on p. 35. 

I n Wester Rysskär fragments have been observed which consist 
of a fine-grained, dark, schistose rock in which besides the distinctly 
visible bedding there is also a schistosity transversal to the former. 

Sometimes narrow volcanic dykes, consisting of varieties with 
a somewhat different texture, are seen intersecting the plagioclase
porphyrite. Amygduloid varieties also occur, and in so me places 
in the islands tuffs, in part agglomemtic, are found intercalated with 
the volcanic rocks. The dips of the beds are as usual vertical, or 
nearly so. 
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Where this plagioclase-porphyrite is intersected by very narrow 
veins of granite, it is often but slightly changed next to them. Only 
at the immediate contact is the texture of the basic rock destroyed. 
Bere slender crystals of green hornblende have accumulated, while 
the plagioclase has been almost entirely obliterated. 

Some of these nanow granitic veins pE'netrating the basic rock 
have sinuous and irregular forms, and thus give the impression 
that the magma has slowly percolated the rock and solved it along 
certain lines. rrhey intersect the plagioclases of the basic rock, but 
its uralite crystals may remain undamagecl in these narrow veins, 

Fig. 52. Fragment of metabasult in Rysskär granite. 
S. E.-shore of Öster R ysskär. C:a 1:8. 

often even still showing sharp crystal angles. The metabasalt is 
also olten cut by very narrow, vein-like stripes consisting mainly of 
hornblende. These veins have probably beenformed at the same 
tim e as the granitic veins. Where there are primary veins of aphan
itic metabasalt, their contacts may sometimes be marked by gran
itic material, which has penetrat.ed along the boundaries, or they 
may in their whole breadth contain more granite than the rest of 
the rock. This is certainly a secondary phenomenon, and cannot 
be interpreted as due to an original genetical connection, because 
similar veins never occur in such portions of the rock as have not 
become granitized. 

Some of the angular fragments of basic rocks, e. g. that shown 
in Fig. 52, may in parts possess a weIl preserved primary t-exture, 
while other parts of the same fragments are lighter in colour and 
show a granitic texture, having obviously been impregnated with 
granite and recrystallized. 
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The nortbern part of Oster Rysskär shows the greatest variety 
of eruptive breccias. Often the fragments of basic rock are quite 
angular, and distinctly exhibit the primary features of the original 
porphyritic, amygduloid or agglomeratic rock (cf. Fig. 53), while they 
have, in other cases, been very much changed, both in forms and 
also chemically, through the infiuence of the granitic magma. By 
comparing portions of the erupti\'e breccias lying near to each other, 
we are able to follow the gradual change of the original composition 

Fig. 53. Eruptive breeeia in whieh the fl'agments are in part 
weH preserved. Island in Rysskärsfjärden. 1 : 8. 

of the fragments, until the stage when only faded remnants of 
them are left. The eruptive breccia is th en changed into what 
the author has called a ne b u 1 i t e, i. e. a rock containing only 
"ghostly remnants" of the included fragments . Even in these highly 
changed portions the original porphyritic texture may be wen pre
served on one side of the fragments. In sorne cases the fragments 
become so completely assimilated by the surrounding granite that an 
indistinct spottedness is the only reminiscence of the breccia structure. 
The rock is then dioritic rather than granitic in composition. 'fhis 
nebulitic migmatite, however, may contain fragments of another 
breccia which shows greater contrasts between the fragment,s and 
the cementing material (Fig. 54). This fact shows that some parts 
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of the eruptive breccia had already become entirely solid at a time 
when refusion was still going on in the neighbourhood. 

The fact that the fragment!'! included in a granitic magma thus 
gradually become impoverished in their femie constituents, is in 
itself ·a proof 01 a prOCBSS 01 differentiation. In some cases the faded 
basic fragments show a darker rim because of an aggregation 01 
t.he femic eonstituents next to their contacts. 

Fig. 5-t. Nebulitic variety or the eruptive breccia containing fragments of 
another variety wbich shows a marked contrast between weil preserved, 

dark fragments and a ligbt granite. N-sbore of Öster Rysskär, 
Pernä. O:a 1:10. 

Somet'mes parts of the granitic or dioritic veins may interseet 
othol's. This also shows that they all belong to the same poriod 
01 granitization. But even the basic material, which has in general 
been more rigid and less fusible than the granitic, bas in some 
cases undergone ' such a reIusion that it became able to penetrate 
al ready solidified parts of the eruptive breccia. Fig 55 shows a vein of 
such a > palingenetic> basic rock wbich in te r sec t s t he e r u p t i v e 
breccia, but is its e lf inters ecte d byveinsofagranite 
which has exact.ly the same character as the rocks cementing the frag
ments in the neighbourhood and no doubt belongs to the same period of 
granitization. The vein has a breadth of 4-10 cm and can be fol-

16 
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lowed 101' 5.5 m. An analysiR 01 this basic rokc has been made by 
Dr. E. Mäkinen, with the following result: 

I 

Table XV. Palingenetic basic vein-rock from Öster Rysskär. 
Analysed by Dr. Eero MäkinAn. 

I 
0/0 I 

Mol. 

I Norm. prop. 

Si02 I 53.28 I 888 Quartz - Q - ·7.80 Q 
7.

801 
TiO. I 1.8 2 I 23 ürtboclaRe - Or - 10.56l t Sa165.49 

Al,O. I 15.73 I 154 Albite - Ab - 20.44 } F 57.69) 

Fe,Oa I 3.03 I 19 Anortbite - An .::.. 26.69 J 
----

F eO 
I 

8.05 
I 

111 Diopside - Di - 8.82 1 

I I 
> P 24.65) 

MnO 0.06 1 Hyperstbene - Hy - 15 83 ) I 

I I 
_.- )Fem32.5 6 

MgO 4.40 110 Magnetite - Mt - 4.41 ) 

M 7.9J 

I I 
> 

CaO 7.50 134 llmenite - Il - 3501 

Na,O 
I 

2.44 I 39 98.05 

K 20 
I 

1.8 2 
I 

19 Water 1. 70 

H,O I 1. 70 
I 

99.75 

I 99.83 I I I 

Microscopically, this vein rock is composed 01 plagioclase, 
hornblende and biotite, with smal1 amounts 01 titanite, epidote and 
ore. 

When we compare the composition of this rock, which is an 
an dos e according to the American classification, with that of the 
plagioclase-porphyrite (Table VI) we become aware that the difference 
mainly lies in a higher amount 01 iron in the vein rock. The amount 
of calcium is slightly lower in the latter. Otherwise both analyses show 
so great an analogy as to make it highly probable that the vein • 
rock really consists of relused metabasaltic rock. Weshall in the 
following pages learn to know other examples of the same phenomena 



J. J. Sederholm: On Migmatitee. 123 

'rhe increase 01 the iron constituents is obvious also In other rocks 
01 similar origin. 

In the island of Finnholm, which lies 3 km S.W. 01 Ryss
skären, a similar basic rock occurs as veins which can be followed 
over a considerable distance. They are more irregular in breadth 
than the vein 01 Öster Rysskär. 

In a small island S. W. of Ytterholmarna, N. E. 01 Öster Rysskär, 
we observe the direct change of a metabasalt into a relused rock 

Fig. 55. Eruptive breccia intersected by a basic vein. 
Öster Rysskär, Pernli. 1:13. 

grading into the surrounding granite and showing the same texture 
as the latter rock. The granite here also contains numerous fragments 
of metabasalt. 

The analysis in Table XVI, of the refused rock shows that it has 
very nearly the same composition as the unmelted plagioclase-por
phyrite (d. Table VII, p. 36). It is a he s sos e, but rather near to an 
auvergnose. It consists mainly of plagioclase, hornblende and biotite, 
with some quartz, apatite and secondary we. Its microscopical tex
ture is very near that of the rock shown in Fig. 2. Plate IV, from 
an adjacent island. The latter rock, however, has a more acid com
position. 
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Table XVI. Basic rock originated by the refusion ot plagioclase
porphyrite, trom small island between Rysskär and Ytterholm. 

Analysed by Dr. Eero Mäkinen. 

I 
"10 

I 
Mol. 

I 
Norm. prop. 

Si02 I 
51.7 8 I 863 I Quartz 5.04 Q 5.04 I 

Ti02 I 
1. 8 ~ 

I 
23 Orthoclase 7.23 1 ~ Sal 61. 96 

I I 
-~- I I 

AI.03 16.18 WJ Albite 19.89 t F 56.92 J 

Fet 0 3 I I Anorthite 1.99 13 3080 J 

FeO I 8.77 
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122 Diopside 0.74 1 

I I 
> P 29.55 1 

MnO 0.10 1 Hypersthene 19.81 J I 
} Fern 36.07 

MgO I 5.26 132 Magnetite 3.02 1 
6.52 J I 

I I 
> M 

CaO 8.46 151 Ilmenite 3.50 J 
~-

Na,O I 2. 34 I 37 98.08 

K.O I 1.21 13 Water Lu 
-

I 
~I 

~-

ll,O 1. 71 90.74 

99.6 ~ I 
Also in the islands lying E. and W. ot Rysskären the Lreccia 

is often typical. A rock in Sundarö island shows in a very striking 
way the gradual splitting up of the basic rock, which in several 
places distinctly exhibits the text ure ot a uralite-porphyrite. 
We are otten able to remark that some granitic veins which intersect 
the greater part ot a fragment stop near to the opposite margin, a 
p eculiarity which Wfl have noted already before on Nyttisholmen 
(cf. p. 103) and elsewhere. Here also a fragment of a pale rock occurs 
which shows a distinct bedding and possibly belongs to the quartzite' 
outcropping in Rabbasö and neighbouring islands. 

On another neighbouriug island, Ytterholm, the photograph 
given in Fig. 56 was taken . The l'ight hand fragment still dis
tinctly shows the amygduloid texture ot the metabasalt. W e here 
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observe how the fragments have been gradually split up by fissures , 
beginning from the margins. The l.'ight hand fragment shows forms 
wbich remind one of those of quartz crystals which have undergone 
resorption in a magma, while tbe left hand one has been subdivided 
into a cluster of small fragm ents showing all stages of destruction. 

As weH in Ytterholm as in the smaU islands lying south of 
it we find some fragments which are very dark and retain their 
original chemical composition, while otbers are pale in colour and 

Fig. 56. Eruptive breccia showing fragments of amygduloid uraJite-porphyrite 
changed by resorption. Ytterholm near Sundarö in Peroa. 1: 10. 

as acid as certain parts of the surrounding grano-dioritic rock. Some
times a fragm ent shows on one side weU preservod primary features, 
such as the porphyritic textures, while it is, on tho othol' side, 
changed ioto a pale granodioritic rock. Both are connected by 
gradual transitions, and there is not the slightest doube that the 
basic rock fragment has been gradually changed into a more acid 
rock, having been intimately penetrated by the granitic magma. 

Where the anatexis has gone fnrther, the nebulitic migmatite 
often looks like a granite 01' granodiorite containing "Schlieren" of 
a more basic material. 

Such rocks occur also west of the Rysskär islands. But here 
also typical breccias with angular fragments are common and all 
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these varieties grade as usual into each other. The author has 
taken a great number of photographs of these migmatites in order 
to be able to visualize these phenomena and allow the reader to 
draw his own conclusions, but it is of course not possible to print 
an unlimited number of illustrations, especially at the present tim e 
when the cost is so high. This circumstance has already forced 
the author to reduce the size of some of the figures, which has caused 
an incongruity. 

Fig. 57. Eruptive breccin. witb pegmatitic veins between tbe fragments. 
W.-shore of th e Ormskär island, Pernli. 1:15. 

When anatexis has proceeded far, the granitized basic rock 
has often acquired a grunitic texture even if it wa originally a 
metabasalt. In this case it may often be impossible to distinguish 
the fragments of metabasaltic rocks from such as originally con
sisted of gabbro. rrherefore it is sometimes difficult to determine with 
certainty where tb e eruptive breccia consisting of metabasalt and 
granite gives way to an analogous roek with gabbro fragments. 

This case 1S, however, exceptional. As a general rule it may 
be said that it is in most cases possible to determine the character 
of the constituents in tIJe migmatites of the coast regions of 
sontbern Finland. 

The granite which fonns the predominant constituent of the 
eruptive breccia is sometimes pegmatitic, especially in veins which 
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lie between the different parts of a broken fragment. Thus we find 
in the island of Ormskär in P erna, where the eruptive breccia is very 
typical and contains fragments of a number of different varieties 01 
metabasalt: uralite- and plagioclase-porphyrites, amygduloid varieties, 
tuffs, agglomerates &c., a fragment which has been split into several 
pie ces by fissuring. Only in these cracks does pegmatite occur (Fig. 57). 

We shal1 meet with other examples of the same phenomenon 
later on. These sheltered interstices, between broken fragments which 
became separated becauso of a flowing motion 01 the surrounding 
magma at the end 01 its consolidation, are just the places where 
the granitic juice ought to have assembled. 

The Rysskär granite (F) has also in a large measure penetrated 
the Stadsland gabbro (B) at its southern contacts, as weIl as the 
Rabbasö quartzite (B) and the oldest schists (A). Agmatites OI the 
latter roentioned rocks and the Rysilkär granite F occur e. g_ on the 
isthmus connecting the Sundarö and Hästö islands in P erna. 

As a11 these rocks have also occasionally been penetrated by the 
Vatskär granite (D), it is sometimes difficult to say whether the gra
nitization is due to that granite 01' to the Rysskär granite. In the 
western part OI the quartzitic area veins 01 the oldest gran'te cer
tainly occur, together with others consisting OI Rysskär granite, and 
sometimes also OI Hangö granite. However, the greater part uf the 
granitization 01 the quartzite seems to be due to the action 01 
the Rysskär granite. Then: as already mentioned on p. 67, veins 01 that 
granite penetrate also dykes OI basic rocks wbich na doubt belong to 
the Perna metabasalt (E ). In Fig. 23, p. 67, a basic dyke OI that character 
is shown which has been Iaulted and deIormed at the time of the 
subsequent granitization. As the quartzite was probably already schis
tose at the time OI grc1nitization, it has generally divided along its 
cleavage, and the migmatite has rather the character 01 a gneissose 
rock than that OI an eruptive- breccia. 

In spite OI tbe great variety of the agmatites consist.ing 01' 
metabasites belonging to the Pema formation, cemented by veins 
OI the Rysskär granite, they never show gradations into "arteritic" 
rocks, with tbe "ptygmatic" folding which is often characteristic 
01 migmatitic rocks. Tbe basic rock has been a refractory ma
terial, which has melted only where it was intimately per
meated by the granite. The magma OI- tbe Rysskär granite was not 
in the same measure as the Hangö granite associated with aplit-es 
and pegmatite. Further, we observe mainly sucb parts OI the 
granite in question a8 have solidified nearer to the earth's surface, 
and the reaction OI the granite on the metabasalts ha8 pro-
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bably thus not lasted during a very long period . Moreover, the meta
basalts OI tbe P ellinge region bave b en brittle rocks, and devoid 
OI a well developed schistosity which wonld cause a more intimate 
"lit par lit" injection. All t hese circlETlstances explain why we 
observe mainly such stages of granitization where "agmati tes", i. e. 
breccias with angular fragments wer<) fOI:med . 

However. in the same area migmatites consisting of R ysskär 
gl'anite and fragments of older rocks also occur, in which thc latter 
have been changed in such a degree that rocks similar to ptygmatie 
arterites have been formed, at least locally. This is the case in the 
quartzitic area, and in the island of Viasholm where a conglomera
tic schist has beeu changed by the granitic action. 

In this case, whieh we will now describe, thc magma of the 
g ranite has been pegmatitic in higher measure than elsewhero. 

THE CONGLOMERA TIC ROCK OF VIASHOLlVI AND ITS 
PALINGENESIS BY THE ACTION OF THE RYSSKÄR 

GRANITE. 

In most cases where a "refusion" of solid rocks has taken place, 
the products are so different from the rocks wbich have undergon e 
the changes that they may be said to form a sub:3tiantial1 y new, younger 
rock. By the opponents 01 tho idea 01 an anatexis, the assertion 
has been made that it can be proven only i1 we are able to show 
gradations {rom unmelted to melted rocks in which the original 
chemical cbaracter has been retained. Wehave already (p .124). described 
a case where a metabasaltic rock has been simply refused w itbout 
materially cbanging its composition. Among the migmatites in tho 
P ellinge region, there are other rocks which have originated by the 
older rock, in this case a conglomerate, simply undergoing 11. palinge
nesis, that is to say bein g changed by 11. process surpassing rueta
morphism, into a new magma whieh has later again solidified. 

The conglomeratie rock OI Viasholm in Perna is very similar 
to that which occurs on Sundarö and whieh is there intercalated 
with the oldest schis ts. (cf. Fig. 20, p. 73 ). The latter rock also 
consists of pebbles OI varying size, up to one metre 01' more in 
diameter. Most of them measure, however, only 5-20 cm. Many 
OI them are well rounded, otherd olongated. These torms are 
sometimes due to pressure, sometimes original. This is shown by 
the fact that they occasionally lie with their longer axis trans-
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versally to the schistosity 01 the rock. (Fig. 58). Most of them 
consist of basic rocks, mainly meta-andesites, but showing very 
varying' textures. As the rock consists of fragment,s which 
belong mainIy to one and the same eruptive series, it could be 
called agglomeratic, but it has certainly not been formed only 
uy the accumulat.ion of loose volcanic debris. The materials have 
been transported frome some distance and are waterworn. The au
thor therefore prefel's to caU it conglomeratic. Some pebbles differ 

Fig. 58. Conglomeratic schist at the N. E.-shore of 
Viasholm in Perna. 1: 8. 

considerably from the majority, being lighter in . colour and 
100ser, l'ßsemb1ing some varieties of the >skarn » which accompanies 
the Swedish iron ores. They are probab1y fragments of rocks which 
have been calcareous, eühel' because 01 an infiltration of material 
from hot volcanic sources or from having been weathered. 

On . the southern shore of Stadsland, north of Viasholm, there is 
a small outcrop of a dark metabasitic rock which contains small 
pebble-like inclusions of glassy quartz. It may possibly belong to 
the same formation. 

In the rock of Viasholm the original structure is in some places 
very weIl preserved (cf. Fig. 58), while in others the conglomerate 
is changed to a gneiss- or micaschist-Iike rock in which the conglom
eratic structure gradually fades away. This happens especially in 

3080-21 17 
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places where veins or pegmatite are common. These veins belong to 
thfl Rysskär granite (F) which rorms the cement OI the eruptive breccias 
in the region immediately south-east or Viasholm. But beside these 
pegmatitic veins, wbich differ in chemical composition rrom the SUl'

rounding rock, there are rocks which behave like eruptives, penetra
ting the np.ighbouring conglomerate, but are obviously only portions 
01 the same rock which h ave undergone fusion. They still contain 
in places patches wbicb have been incompletely rused and 
distinctly show the original conglomeratic structure, wbile in other 
cases the original pebble appeal' only as indistinct spots. These 
spotted rocks which behave as eruptives are entirely similar to other 
portions in the midst 01 the conglomel'atic masses which are con
tin uous with the main mass 01 the rock. 

Dykes 01 basic rocks probably associated with the volcan ic 
rocks 01 the adjacent Pema formation are common, and orten inter
sect the conglomerate in directions transversal to its parallel struc
ture. It is very interesting to study the relations between these 
basic dykes and the surrounding conglomeratic rocks, at places 
where th ey have been changed in a high degree by "anatexis", 01' 

what may be conveniently, although perhaps not quite exactly called 
refusion. 

Fig. 1, Plate VI, shows one 01 these basic dykes occurring on the 
eastern shore of Viasholm. It intersects a rock which shows in its 
southern papt an unmistakable conglomeratic structure which gradu
a11y fades away in the northern portions, in the same degree as 
pegmatitic veins become more nuruerous. These granitic veins often 
show, espe~ially in the southrrn portion, darker margins rich in biotite. 

Not only these pegmatitic veins, but also the main mass of t he 
conglomeratic rock, where it has lost its original texture, bebaves as 
an eruptiv 01' semi-eruptive rock. It has obviously taken part in 
rluidal movements at a time when the basic dyke rock, wbile retain
ing its rigidity, had broken in pieces. In connection with this feacturing 
process, pegmatitic ma.gma which has permeated the whole rock 
has penetrated both the solid and the semi-fluid rock, corroding 
the Iormer so as to enlarge th e Iissures. H ere again we are 
aware 01 the strange fact noted b efore, tbat some granite veins 
do not intersec t tbe whole rragment, but end near to one 01 its 
margins. Some 01 them even end blindlyon both sides, so as to suggest 
the idea that they have heen formed mainly by the solution OI parts of 
the oider rock. In the northemmost part the schistose rock is more 
migmatitic than elsewhere, and here it sbows also thc ptygmatic 
Iolding characteristic 01 semi-molten rocks. 
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It is remarkable that the pegmatite occurs especially in the 
immediate vicinity of the basic dyke. \Vhenever a fissure has 
been formed in the brittle dyke rock, the ubiquitous pegmatitic 
juice has filled it, and it has obviously enlarged many of these 
fissures by corroding the basic rock. The fact that the prescmt 
composition shows no influence of this solution process can only be 
explained by assuming a rapid removal of the material solved. Such 
veins are not equally num erous in the surrounding palingenetic 
rock, w111c11 is perhaps explained by the assumption that it has 
been viscous during the grcater part oi tbe time of the formation 
oE the pegrnatitic veins. 

The author refers to the figure in Plate VI which speaks for 
itself better tban words. 

On the western shore of Viasholm we find a counterpart 
of these phenomena. H ere a mica-scbist is iu contact with the 
conglomerate. To the petrological problem 1'3 here added a stra
tigraphical one, as it seems probable that we here observe 
two formations of different age in contact. The main part of the 
Viasholm island consists oE conglomeratic rock in a more or 
less alte red state, but containing no intercalations of other sediments. 
A glance at the map shows that quartzitic rocks. occur west oE this 
conglomerate, and that their eastern boundary follows a direction 
which is transversal to the general strike both of the quartzite and 
associated rocks and of the Viasholm conglomerate. The leptitic schist 
which is in contact with the conglomerate. probably belongs to the 
same formation as the quartzite which alternates with such schists 
especially in tb e northern part ot the area. 

As we approach younger rocks when passing frorn the north 
to the south, it seems probable that the quartzite was originally 
superposed on the amphibolitic schists 01 the Hästö formation. 

Their relation to each other is apparently that of con10rmability, 
the strikes of tbe rocks being parallel. But even il the guartzitic 
sediment was deposited, in apparent conformability, on the older 
rocks of tuIfaceous origin outcropping north of the quartzite zone, 
it is by no means certain that it could not bave been at other, 
neighbouring places deposited on sediments with different composition 
and different strike 01' dip. 

Now the main direction of the contact line on the western 
shore 01 Viasholm, which runs from north to south, coincides with 
tbat of tbe eastern boundary of the quartzite, and it seems therefore 
not unlikely that WB observe here tbe original contact between the 
bottom layers ot this sedimentary formation and the conglomerate. 

- - - ----------
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The original contact line is disligured by the intense folding whieh 
has oeeurred later and eaused its sinuosity. The eontaet is also cut 
by dykes of metabasalt whieh interseet both the sehist and the 
eonglollerate and probably belong to group E. 

The traces of stratifieation whieh are left in the eonglomerate 
follow the general east and west strike of the rocks in the 
neighbourhood. In the southern part of the rock surfaee shown on 
Fig. 4, Plate V, this stratifieation ends abruptly at the eontact with ~ 

Fig. 59. Contact between mica-scbist and conglomeratic scbist which is 
changed into a massive rock at tbe contAct. W.-shore of Viasbolm 

in Pernä. 1:7. 

the leptitic sehist, whose strike intersects it at a high angle. The 
sehist. here eontains lenses of impure limestone. Also more to the 
north there are several places where tbe strike of the sebist at the 
eontact cuts the stratification c;>f the eonglomerate (Cf. the map in the 
plate and Fig. 59). If we are entitled to draw any eonclusions at all 
from observations of rocks whieh have undergone so great ehanges, 
they would seem to suggest that the original relation of the sehist 
and the eonglomerate has been that of an u n c 0 n f 0 r m abI e 
s u p e r pos 1 tl 0 n. The phenomena deseribed may at least serve as 
an example of how such an uneonformability migbt appeal' in a 
region whieh has undergone regional anatexis. 
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It is noteworthy that on the small island of Smultronhälllying 
about 2 kilomet.res more to the south, i. e. at the presumable eastern 
boundary of the quartzite, fragments occut" in the granitic brec~ia 
in which similar contacts between a leptitic schist and a rock resembling 
the conglomerate of Viasholm are vis ible. Their relations are 
identical with those on the latter island, although still more 
obscured by granitization. The prevalent rock on Smultronhäll is a 
fine-grained leptitic schist containing broken layers of a calcareous 
skarn-like rock and penetrated hy dykes of metahasalt, which are 
orten suhdivided into a number of angular fragments. The strike is 
also here in part N. 10° E., thus parallel with the supposed boundary 
against the older rocks. 

In the contact rock of Viasholm the schist contains narrow veins 
or quartz and 01 aplitic or pegmatitic rocks which in part also 
intersect the conglomerate. But thore are also rock varieties which 
are more 01' less massive and behave as eruptives, but grade into 
the conglomerate and are indubitably to be regarded as parts thereor 
w.hich have been more or less entirely refused. This rock occurs 
especially in the northern part or the rock immediately at the 
contact (Fig. 59) where it contains patches or incornpletely fused 
conglomerate. In the southern parts of the rock (lying next to the 
first 30 metres of the scale) a rock variety occurs whose character 
is intermecliate between the entirely massive, "palingenetic" rock 
and the conglomerate. It still retains the spottedness of the latter, 
but its relation to the schist is that or an intruding eruptive. This 
case where a refused conglomerate behaves as an eruptive rock is 
really a very typical example of palingenetic eruptivity. 

In order to get an idea of the changes which the rock has 
undergone dLuing the anatexis some analyses hs,ve been made by 
Dr. E. Mäkinen (Tables XVII-XIX). The conglomerate seems to have 
a very uniform composition on the whole. It has thererore been 
possible to determine its average com position by analysis, by 
crushing and quartering large speclmens, according to the methods 
used wllen taking average sampIes of ore. The first analysis, 
Table XVII, shows the composition or the best preserved variety 
or conglomerate rrom the N. E. shore or Viasholm, the second analysis, 
Table XVIII, gives the composition of the semi-eruptive rock which 
intrudes the schist in t.he contact rock on the western shore or that 
islandj the third analysis, Table XIX, gives the composition of the 
palingenetic conglomerate trom the eastern shore, from a place which 
lies on the area mapped in Fig. 4, Table V, to the west of the number 
at the metre scale. 
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As we are aware from the analyses, the rocks whose com
position is shown by Tables XVII and XVIII are chemically very 
nearly related , one of thern possessing the composition OI a ban dos e, 
the otber of a t 011 al 0 s e according to the American classiIication, 
while the tbird rock, ('rable XIX) wbich has a higher content OI 
silica and a lower OI alumina and lime, bas the composition of a 
si t k 0 s e, Deal' tonalose. 

The "refusion" OI the conglomerate has DO doubt taken place 
in connection with the intrusion or the Rysskär granite (F), and an 
intermingling of its magma with the palingenetic basic rock has 
occurred. But the granite has DOt here acted as a solvent in the 
same measure as elsewhet'ß. Apart 01 the conglomerate has simply 
been "reEused" without any addition OI granitic material. 

TabJe X VIL Meta-conglomerate rrom the N. E. -shore 01 Viasholm 
in Pern~L 

Analysed by Dr. Eßl'o JHäkinen. 
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Table XVIII. Palingenetic conglomerate, penetrating tbe mica-schist 
on the western shore of Viasholm in Perna. 

Analysed by Dr. Eero l\Iäkinen. 
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All those var iet ies of conglomeratic rock which sh ow in 
the outcrops the general cbaracter 01 a crystalline schist, also 
retain the texture of aschist microscopica lly. They consist of 
green -hornblende, biotite, plagioclase and quartz in very varying 
amounts, together with titanite and ore as accessory constituents, 
usually in very smaH amounts. Epidote and zoisite also occnr, 
in some cases in such quantities as to become prevalent. Most 
of the minerals form rounded grains with no signs of any crystal 
fo rm. In some cases the plagioclase contains numerous smaH 
interpositions of temic minerals. The macroscopically visible con
glomeratic structure mayaiso reveal itseH under the microscope by 
the existence of spots with varying amounts of the different mineral 
constituents, but lhese spots are by no meaIlS clearly . defined. The 
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Plate XIX. Palingenetic conglomerate from the northern part oI the 
rock shown in Fig. 1, Plate VI, on the eastern shore of Viasholm in P erna. 

Analysed by Dr. Eero Mäkinen. 
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rock whose analysis is given in Table XVII, is composed mainly oI 
plagioclase, green hornblende and quart~J with some biotite, titanite 
and magnetite. 

Even that rock on the eastern shore which behaves almost like 
an eruptive and whose analysis was given in Table XVIII, still shows 
thc general character oI a crystalline schist. It is complosed f bio
tite, plagioclase and quartz, with some epidote and magnetite. Also 
the metabasalt of the dyke has entirely the character of aschist, 
being composed of small grains of plagioclase and stalks of green 
hornblende lying parallel to each other. 

0nly those rocks f!'Om the western shore which have becom~ 
quite homophanous (massive) and which behave like eruptive rocks, 
show microscopically a texture which is very different from those 
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01 the crystall ine schists, and possess in tact a very peculiar character. 
They consist mainly 01 andesine (35 Ofo An), biotite and quartz, with 
very small amounts of ore. The andesine crystals are arranged 
somewhat like the laths of plagioclase in an opbitic diabase, but 
they are in part intergrown with quartz . in such a ,vay as to rnake 
them sometimes rcsemble skeleton crystals. Also tbe biotite is olten 
similar to crystalloblasts, containing grains Ot the other minerals 
irregularly dispersed. The greater part of the quart7. is decidedly 
allotriomorphic. Titanite, epidote and ore are present in trifling 
amounts. The texture is in some cases very near to that of the 
basic rocks wbich bave originated trom the refus ion ot the metabasalts, 
although tbe mineral constitution is different. Both mineralogically 
and in the texture this rock (:B'ig. 3, P late III, analysis rrabl!> X IX) 
is a hybrid between a metamorphic and an eruptive rock, although 
nearer to the latter. 

THE V ATSKAR GRANITE · (0) ANO ITS RELA TIONS TO 
THE AO JACENT ROCKS. 

The oldest Archffian granite OI the region outcrops in its most 
typical Iorm in the is]and of Vatskär, north OI tbe pilot station with 
the same name, and stretches westward trom that place as a zone 
which roeasures ö km in length and 3 l{m in breadth. In the west
ern most part 01 the area mapped another small outcrop Ot the same 
granite exists, and it also occurs in some small islands in the open 
sea; south of the Pellinge islands. 

The rock OI Vätskär is a grey, ind istinctly porphyritic granite 
which shows a pronounced ' gneissose texture, owing to the parallel 
arra.ngemen OI the minerals. Tbis is at least in part due to stress which 
has acted upon asolid rbck. The greater felspars seldom measure 
more than 1 cm in leng th and possess irregular forms, having 
been more 01' less crushed. Tbe main part of the rock has a medium 
grain and consists OI lenses Ot felspar with a leng,th OI 2 - 10 mm, 
together with biotite and hornblende in alm ost equal parts, arranged 
in stripes between the Ielspar, and granulated, glittering quartz. 
The gneissose character is so pronounced that th e rock may perhaps 
bettel' be designated as a granitic gm·iss than a granite. Tbis 
conclusion is confirmed by a microscopical examination (Fig 4, 
Plate IV). 

rrhc predominant felspar is an oligoclase with a maximum 
extinction OI ab out 10° (27 % An). The twinning lamellation is 
irregular but does not indicate any distinct tractures; obviously a 

]8 



138 l~l111etin c1c Ja 'ommission gcologique dc Finlande N:o 58. 

healing 01 the felspar by recrystallization has taken place dl1ring 
the process of metamorphism. Microscopical1y the plagioclase has 
the >dul!. appearance common to plagioclascs of gneissose rocks, 
showing between cl'ossed llicols no lively contrasts between different 
lamellae and notbiog individual in the outlines, whicb are commonly 
rOl1nded and do not show any . crystal 101'01s. The lJ)icrocline 
is characterized by a very irregular »lattice. lamellation and is often 
broken. '['he ql1a1'tz does often not show tbat Hamy extinction which is 
uSl1al in rocks tb at bave undergooe a purely mechanical metamor
phism auel uo subsequeut stronger recrystallization. Here tbe fractures 
have obviously afterwards been healed. Tbe quartz now Iorms 
rounded grains with varying optical orientation, olten arranged in 
lonses whicb sometimes lie on opposite sieles of a cataclastic zone 
and by their forms and sizes reveal thflmselves as portions 01 
large primary q uartz crystalil which bave baen cl'Ushed and broken 
wbereafter the torn portions have been sepa1'ated by gliding move
ments along a fissure. Sometimes the quartz grains have been 
elongated into string-like lenses. Biotite flakes and stalks of horn
blende also often lie along the same gliding planes, winding between 
the other minerals and bordering the elongated quartz lenses. Anotber 
part 01 tbo biotite forms large irreguJa rcrystals which are some
times bent. The light green hornblende is in quantity about equal 
to the biotito. The lattet" mineral sometimes encroaches upon tbe 
plagioclase, showing more 01' less irregular outlines against it. At 
some places the horn blende occnrs as large crystals measuring 
even several centimetrcs in length. 

At the boundaries between oligoclase anel microcline barbed 
outlines occur, but myrmekite 8eems to be rather rare. The general 
metamorphism of the rock has gone so fitr as to obliterate, in a 
large measure, both the delicate structu1'es men tioned and other 
features which originate at the beginning of aperiod of metamorphism. 

In a strongly sheared gneissose rock !rom Hästholm, S. of 
Vatskär, mY1'mekite, however, is rather common, and here also the 
plagioclase shows still more conspicuous evidences of a mechanical 
crushing than at Vatskär. 

No distioct features of the primary texture are left in these 
gneissose granites. Sometimes quart~ grains are observed wbich 
show rounded ontlines against the greater felspars and remind 
one of such p1'iOlal'Y ql1artz grains as are observed in many granites. 
But the greater felspar crystals also contain smaller grains of felspar 
with different optical orientation which posseas the same rounded 
outlilleil anel whose seconda1'Y character seems indubitable. 
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The chemical composition of the gneissose granite from Vatskär 
is shown by the following analysis, made by Dr. Eero Mäkin8n. 
The relation oetween potash and sodium is different Trom that in 
the youngest granites of the same region. It has a more gnmo
dioritic composition, or is a 1 ass e nos e ac.cording to the American 
classification. 

Table L'C. Gneissose granite fmm tbe ea tern shore of the island of 
Vatskär. 

A.nalysed by Dr. E ero Mäkinen. 

I % I ~iOI. I pl'Op. Norm. I 
Sio"········· ·1 67.36 11123 I 
TiO·· · ~···· 1 0.61 1 8 Quartz - 22.44 Q 22.44 ) 

-
, 

AI, 0 3 ........ I 15.20 149 Ortboclase - 18.36 1 ~ SaI 88.65 

0.85 1 
I I 

F e,OJ . . . . .... 5 Albite - 33.0\ ~ F 66.09 J 
- ------- - I 

FeO . . ... .. ... 2.80 1 3D Anorthite - 14.73 J 

MnO . . . .. . .. 0. 06 1 1 Diopside - 1.86 1 
-

I 
} P 7.70 ) 

MgO . . .. . .. . 1.30 32 Hypersthene - 5.84. J I 
- - ~ Fern 10.08 
CaO ......... ·1 3.40 61 Magnetite - 1.1 G 1 I 

3.93 1 
JM 2.38 J 

Na"O ... . .... 63 Ilmenite - 1.22 

l{.O ... ....... 1 3. ,2 1 03 98.6 3 
-- -----

H "O . . ... . .... 0.84 Water 0.84 
-- ---

1 99 .47 1 99.47 

P egmatite and aplite connected with this granite sometimes 
occur, although not in very great qu.antities. In a granitic vein 
which probably b elongs to tbis granite, intersecting the gabbro in 
Klovholm in Perna, the rock shows a very typical micropegmatitic 
texture (Fig. 5, PJate III), weil visibl e in spite of the strong mechanical 
metamorphism whieh the rock hlls undergone. 
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The author has rollowed the contact line between this granite and 
the schists or the Sundarö formation (A) from the region of Vätskär 
6 km eastward. On Bergbolm, east of Bockholrn, several dykes 
öf pegmatite wh ich belong to the youngest Archrean granite (H) 
occur in the neighbourhood of the contact, which circumstance makes 
the relations or the older rocks less clear, but more to the west we 
generally find only the oldest granite and the schists, and their 
immediate contacts are visible in several places. 

Fig. 60. Horizontal rock surface showing the contact 
between Sundarö schists and Vätskär granite. Island 

S. W. of Juponholm in P ern!\" 1: 8. 

'rhe contact traverses the southernmost parts or Hästholm and 
Sotäktsbolm, and the ljttie island S. E. of Juponholm . Rere several 
dykes associated with this granite are visible near to the contact, 
which is parallel to the strike or the schist. The granite is very 
rich in black mica. On the western side or the northernmost pro
montory or Rästö, the contact is visible east of the isthmus connect
ing it, with Sundarö along a length of several metres. The granite 
is rine-grained and ricb. in mica. The boundary is nearly parallel 
with the schistosity or the schist, but the granite also intrudes the 
former rock as narrow wedges (Fig. 60). A narrow stripe or strong
ly sheared pegmatite, which no doubt belongs to the old granite, 
is visible at the contact. In the neighbourhood or the contact 
vein-like stripcs or felspatic material which probably belongs to the 
granite, occur in the schist. 

On the southern side of the isthmus there is an erup tive brec
cia or granite including numerous fragments of schist and meta-
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andesite, but this granite certainly belongs to the Rysskär formation 
(F ) and not to the oldest Vatskär granite (D) now in question. 

The gneissose granite is well exposed east of Sundarö pier, 
where the rock contains numerous small lense-like fragments of schist. 
The contact is 'not visible. 

The rock has here a peculiar appearance. It consists of a grey 
felspar and a cementing chocolate-coloured mass cOlltaining minute 
flakes of chlorite and epidote. Even macroscopically it shows 
signs 01 having undergone strong mechanical disturbances. 

Microscopically the felspar reveals itself as an alb i t e,with 
a maximal extinction. of about 15° in sections perpendicular to P M 
(5 % An). The twinning lamellation is very irregular, and trituration 
zones cut the felspars almost everywhere. Mainly between the 
felspars, especially in these trituration zones, occur numeraus flak es of ' 
chlorite which is prabably, at least in part, altered biotite, together 
with grains of epidote and smaller crystals of titanite. The rock 
is aso das yen i t e, similar in composition to those which have 
been described from the Kiiruna-Gellivaara region in Sweden by 
Geijer, and Iram Ostrobothnia in Finland by Mäkinen. Chemically 
and mineralogically it also has · a resemblance with the Helsinkites 
described by Laitakari which are chiefly composed of albite and 
epidote: He regards them as primary magmatic rocks, but also lays 
stress an their near connection with pE'gmatites. 

The Vätskäl' granite also is sometimes intersected by narrow 
fissures . filled with epidotE'. Near to them, the · biotite of the ro ck 
has been partly changed into chlorite. Sometimes the biotite also 
seems to have been replaced by epidote. 

It is thus possible that the formation of the epidote and the 
chlorite is a process of later date than the general metamorphism 
of the rock, as has been made probable by Väyrynen in the case of 
similar rocks trom the neighbourhood ot Tavastehus.2 

The author has subsequently studied the formation of fissures filled 
with epidote and of epidotiferous portions of granites in other regions, 
and will later report on these observations. He has also ascertain ed 
the near connection of these phenomena with the formation ot peg
matitic veins. From these veins juices rich in carbonates have 
emanated, percolating the neighbouriug rocks and changing some 
parts of thern into aggregates rich in epidote. Chemically this 
process has great interest, but both petrologically and geologi-

1 Aarne Laitakari, Einige Albitepidotgesteine von Süd finnland. Bult. 
comm. geol. Fin!. N:o 51, H118. • 

2 Medd. frän Geol. För. i Helsingfors 1917 och 1918, p. 5, 
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cally these masses are very vaguely defined and cannot be regarded 
as forming a special type 01 magmatic rocks, in the strict sense of 
the word. 

Fig. 61. MigmA.tite 0:1: Sunda.l'ö schi"ts nnd Vätskär 
granite. Havel'bolm in BOl'gä. 

In the western most parts oi the zone 01 schists belonging to 
the Sundarö Iormation, we find, at its southern margin, another small 

Eig. 62. Migmatite of Sundarö schists and Vätskär 
granite. Haverholm in Borgä. 1: 8. 

area 01 gneissose granite which certainly belongs .to the same 
group as the Vatskär gmnite. It is here outcropping in the Sma
holmarna fl.nd rrimmerholm islands W. of Sundö. 

Tbe rock is hore still more sheared than on Vatskäl', a perfect 
gneiss, consisting mainly OI small rounded grains of felspal' and 
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quartz; together with flakes of biotite. More to the west, on Haver
holm, the granite forms migmatites with fragments of schist (Figg. 
61 and 62.) Many of the granite dykes and veins are straight and 
parallel with the schistosity of the fragments, but they often also 
intersect the lamellation. Numerous small faults are visible (Fig. 62). 
In the schis tose portion of this mi.gmatite ep idote is abnndant. This 
migmatitic rock has a characteristic appearance and is very different 
from the eruptive breccias associated with the younger granites. 

In the area of gabbro (C) lying between the two outcrops of 
the granite F, migmatites of gabbro and gneissose granite also occur, 
especially at the southBrn margin. This granite also belongs to the 
Vatskär group, so that its age is determined by its relations to the 
metabasalts of group E wbich intersect it" as has been described 
in a previous chapter. Also in the quartzitic area west of this gabbro, 
dylres of the Vatskär granite are eertainly found. They are visible 
e. g. S.W. of Tirmo. But as this area is in large measure permeated 
with granite belonging to group F , it is soruetimes difficult to 
identify dykes belonging to the older granite. Finally there 00curs 
in some islands which lie in the open sea south of the P ellinge area, 
a gneissose granite which shows a similar character and has a 
position analogous to that of the Vatskär granite in relation to other 
rocks of the region. 

These islands, Kummelskären, which lie about 3 km S. of Stor 
Pflllinge, consist of a migruatite of a peculiar character. Numerous 
veins of an aplitic granite penetrate the older rocks (Fig. 63), among 
which at least two different constituents can be distinguished, one 
a dark ( metabasite> and another a gneissose granite which is some
times indistinctly porphyritic. Although the basic rock generally 
forms fragments in the aplite, they are oHen so arranged as to sug
gest the idea that the fragments are parts of a dyke which has 
been torn in pieces. On the southern shore of West Kummelskär 
bettel' defined dykes of the metabasite actually appear, which intersect 
the gOt3issose granite in a direction transversal to its schistosity. In 
most places, however, the basic rock is highly brecciated and 
intermingled with a granite which belongs fl ither to the Hangö 
granite or, less probably, to the Rysskär granite. The veins show 
the effect of fluidal folding which they have undergone together 
with th e fragments. In the littl e island of Bockholmgrund, E. of 
Kummelskär' and about 3 kilometres south of the P ellinge islands, 
a porphyritic granite OCCU1'S which is penetrated by numerOLlS veins 
of aplite and pegmatite of the Hangö type. The porphyritic granite 
has a gn eissose character and i8 penetrated by an indistinctly pre-
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served dyke of metabasite. It seeliS probable that it is a porphyrit.ic 
variety of the same gneissoso granite which occurs in Kummelskären. 
The metamorphosing influence of the younger granite on the gneiss
ose granite has obviously been very strong. Hereby also the por
phyritic felspars have been recrystallized, in the same way as is 
oHen the case with the porphyritic granite occuring in the rrvärminne 
region, east 01 Hangö, as will be described in a later treatise. 

12 km more to the E. S. E. in the bpen sea, lie the small islands 
of Gaddarna at a distance of about 10 km from the more densely 

Fig. 63. Migmatite consisting of gneissose granite and 
rnetabasite penetrated by veins of younger granite. 

'West Kummelskä.r in Borgä. 1: 15. 

lying islands. These cODsist, also of a grey, very schistose granite 
wllich is coarser in grain than the Hangö granite, and is penetrated 
by veins wuich prossibly belong to that granite. The gneissose 
granite is cut by several dykes of a fine-grained metabasitic rock, 
partly branching. These are certainly true fissure dykes (Fig. 64-). 
They are older than the granite of the veins, which intersect both 
them and the gneissose granite. Th~ basic dykes probably belong 
to the volcanic group E. 

Both in the islands lying to the west of Kummelskären 
and to the east of Gaddarna the older granites and migmatites 
are interwoven with veins of microcline-granite and pegmatite 
belonging to group H. If the rocks were not to such a great extent 
hidden under the water of the sea, we should be able here to study 
v.ßl'Y typical ,polymigmatites» consisting of at least two -different 
granites and OD e ba ic rock. 
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The oldest granite D seems to have been subject to a rather 
strong mechanical pressure. The oldest basic dykes occurring in the 
Hästö formation often show, especially when they run transversally 
to the strike of th e scbists, signs of having undergone strong 
disturbanees. But tbe dykes belonging to the P ema formation CE) 
have not been faulted, even when they run in a direction transversal 
to tbat of the strike of the rocks (cf. Fig. 64), and the Rysskär 
granite CF ) is never gneissose, although the minerals show signs of 
baving undergone mechanical pressure. 

, 

Fig. 64, Slightly inclined rock surface of gneissose granite cut 
by two dykes of metabasalt. Gaddarna in Pernä. 1: 15. 

These circumstances prove that the gneissose texture of the 
granite has originated before tbe eruption of the volcanic P erna 
formation (E). 

The author was earlier inclined to think tbat tbe gneissose 
texture of the Vätskär granite was entirely due to a dynamometa- . 
morphism which had acted on the rock after its solidification. 
Observations whiC\b h e has made later in soutb-western Finland 
seem to prove tbat the parallel text ure of similar gneissose granites, 
of these regions is in many cases due to the circumstance that the 
magma has assimilated older schistose rocks. It is possible that 
part of the parallel t exture of tbe oldest granite of the P ellinge 
area may have a similar origin. 

The circumstance that dykes of metabasalt, 01 tbe same cbal'ac
tel' as tbose occurring in tbe P ema formation, are so common in 
the adjacent al'eas, even at distances of many kilometres from tbat 
area, proves tbat tbe volcanic formation mentioned bas ea,rlier bad 
a wide extension over neigbbouring areas. Tben tbose dykes wbose 

19 
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rocks are fine-grained and sometimes even aphanitic, cannot have 
solidified .very far irom the surface of the earth. They filled fissures 
which were opened at the same time when the lavas composing 
the supercrustal Perna formation erupted. Although the meta
morphosed lava beds are now vertical or nearly so, the surface which 
separates this formation from its basement may be, in the main, 
nearly horizontal, and so is probably also the position of the vol
canic rock masses taken in their totality. 

Whenever we meet similar volcanic dykes in other, more 
westerly regions of the southern shore of Finland, the conclusion 
seems warrarited that they indicate nearness to a tormer Archrean 
surface on which volcanoes and extensive basaltic beds probably 
exiSlted in many places, although remains of them now are left only 
in a tew regions. 

THE STADSLAND GABBRO (e). 

The old gabbro of Stadslandet (Rösundsö) and adjacent islands 
in Perna is a typical intrusive rock of plutonic character which 
penetrates the Rabbas quartzite and the Sundarö Rchists, but is 
decidedly older than all volcanic rocks of the Perna and P ellinge 
Ionnations and also than the Vatskär granite (D) and a11 younger 
granites. 

'l'he prevalent rock is of medium grain and has on the surface 
a brownish red colo nr, which is determined mainly by that 01 the 
felspar constituents and not so dark as could be expected in such 
a basic rock. It shows an indistinct parallel texture which is pro
bably secondary. It often contains inclusions of rock varieties with 
identical composition but very varying texture, most of them por
phyritic, showing phenocrysts of plagioclase or uralite in a ground
mass of varying grain. They seem to be fragments of rock varieties 
belonging to the same magma as the main part of the rock, but 
which have solidified earlier than it. Sometimes these fragments 
are so numerous and manifold as to form with the main mass 01 
the gabbro a typical eruptive breccia. 

The typical gabbro consists mainly of plagioclase and horn
blende. T he felspar usually shows a maximal extinction of 12-
16° and is thus an andesine (30-31 % An). The lamellae have olten 
been bent and broken, and the extinction is therefore somewhat irre
gular. This felspar forms laths with a breadth ot 2-4 mm. Be
tween them lies hornblende which under the microscope is pleochroic 
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in green to yellowish or yellowish-red colours, so me quartz and 
often also magnetite, apatite and titanite in varying amollnts. It 
has irregular contours, is sometimes sheaf-like, sometimes subdivided 
in a number of small rounded grains. The larger crystals are often 
intergrown with irregularly dispersed patches of ahornblende with 
identical composition , but a dIfferent optical ori entation. In some 
cases biotite is also present, replacing part of the hornblende 
(Fig. fi, Plate III). 

Vague reminiscences of an original ophitic texture are some
times visible in the distribution of the minerals, but in general the 
strong metamorphism which the rock has undergone has entirely 
veiled thfl primary textures. 

This gabbro shows very typical eruptive contacts with those 
neighbouring rocl~s which are older, but is not inj ectfld into them in 
the same intimate way as the granitic rocks of the same region. 
This is a remarkable fact which is repeated at most other contacts 
between plutonic basic rucks and the rock masses surrounding them. 
The absence or rarity of rocks, corresponding to the migmatites, at 
the contacts of deepseated basic rocks (the author does not know 
any instance where typical basic migmatites would occur), seems to 
indicate that the formation oi migmatites is not due mainly to a 

• mechanical »stoping > of the adjacent rocks, but depends essentially 
on the cbemical character of the magma. 

The delimitation of the gabbro area is very peculiar. It forms 
a narrow zone following a11 tbe sinuositi es of a line whieh seems 
to indicate the original boundary b etween the oldest schists and 
the volcanic rocks of the Perna formation. This suggests the idea 
that the gabbro originally formfld a thin sheet which did not solid
ify very far from the earth's surface. 

N. of t.he greater gabbro area there is a sma11 outcrop of the 
same rock which has more indefinite outlines, 

The following analysis, Table XXI, made by Dr. E. Mäkinen, 
shows the composition of this gabbro, which is an anve'/'.r;nose according 
to the »American classification), as we have called it in this memoir, 
that is to say the classification of Cross, Iddings, Pirsson and 
Washington. 

... 
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Table XXI. Gabbro from the N. E -shore of Stadslandet 
in Perna. Analysed by Dr. Eero Mäkinen. 

I 
% 1 MOl. I prop. 

SiO, .... . ..... 48.08 801 Orthoclase ,,, I --

I TiO, • •• •• 0 •• 1.46 18 Albite 16.7 7 F 59.86 Sal 59.86 
-- I 

Al,Oa .... .. . . 18.00 ]76 Anorthite 36.97 J 
--

F e,Oa ..... . .. 2.38 15 
--

FeO .......... 8.94 12! Diopside 3.72 t P 31.18 1 --

MgO • o' o. 0" 6.~3 173 Hyperstbene 27.46 J 
----

OaO .......... 8.70 155 Magnetite 3.48 1 > Fern 38.07 -- >M 6.22 

Na.O · o. o. 0" 2.00 32 Ilmenite 2.74 J 
--

K,O .. .. . . .... 1.01 11 . Apatite 0.67 A 0.67 J ----
p,O. • o. o. 0 •• 0.26 2 97.9 3 

--

H,O 110° + .. 2.02 Water 2.31 --
----

H,O 110° -- .. 0.29 100.21 

-

1
100.07 

--

CONCLUDING REMARKS 

The basic dykes have given to the author the Ariadne thread 
which he has followed when trying to solve the riddl e 01 the mig
matitic rocks which is so closely connected with sorne of the great
est petrological problems, and he is confident that this clue has not 
Ied hirn astray. 

The special question which he proposed to solve in the Pellinge 
region has been answered: it has been possible to determine the 
origin and age of the basic dykes for this particular region, and 
their age relations to· other rocks. They are connected with super
crustal volcanic rocks, of which especially the older (i. e. the Pema 
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formation) still have a wide extension, anel probably had a still 
greater formerly. It is most likely with this Parna Iormation, not, 
as the author thought before, with the younger Pellinge formation, 
that tbe main portion 01 the v01canic dykes occurring in the 
western parts of the coast regions is genetically connected. But even 
if there were any incertitude as to this point, the circumstance 
does not play any considerable r01e. Then in the western regions 
the granites of Rysskär type seem to have a very unimportant extension, 
if any at all, and the basic dykes there come in age everywhere 
between gneissose granites, corresponding to the Vatskär granite 
0:1' the present region, and the granites of Hangö type. 

More important is the fact that these basic dykes are every
where true volcanic fissure dykes, and occur all over the coast regions 
in such multitude and so intimately connected with each other as 
to make their correlation certain. Not only in the Pellinge region 
but also at another place, in the same area of migmatitic granites 
01 southern Finland, viz. at its northern margin, near Tavastehus 
(Hämeenlinna), the metabasalt rorms extensive surface flows, and in 
the archipelago 01 Aland it occurs as thick horizontal sheets which 
possess the flame texture as the rock 01 the narrow dykes, and ce1'
tainly have crystallized near to the earth's surlace. 

The old metamorphic volcanic rocks which we have studied 
here show, in their primary features, no difference from modern 
volcanic rocks, and in an analogous way we have also found, among 
the supercrustal rocks of the P ellinge region, sandstones which are 
products of anormal weathering, inelicating climatic conditions 
similar to those 01 later ages. 

We have further found that the determination 01 the relative 
age 01 the Archffian rock masses, even when they are so highly 
metamorphic and in part so interwoven with granites as in the 
present region, is not necessarily a hopeless task. On the contrary 
it may, il the outcrops are as excellent as in the coast regions, be 
completely successful. 

The succession which we have arrived at here, in this fragment 01 
a vanished world which is the Pellinge area, seems to hold good 
also for the western part of the co ast regions~ and may be used as 
a time scale. 

'I'he metamorphism 01 these rocks has been mainly chemie al. 
A purely mechanical s. c. dynamometamorphism has in most cases 
been 01 very little importance. Even the oldest volcanic rocks often 
show only the slightest influence of dynamic alteration. 



150 13ulletin de la Oommission geologique de Finlande N:o 58. 

'fhe main part oi the metamorphislll has taken place in obvious 
connection with the eruption OI granites; it can be defined as a 
regional contact-metamorphism. 

Thus most oi the granites may be described as non-dynamometa
morphic. Wbere they are gneissose, this is mainly due to the fact 
that they have absorbed older schis tose rocks. Only the oldest 
gneissose granites have in part become sheared by dynamic action. 
But also h ere the parallel texture is probably to a large extent 
due to the assimilation OI 01der schistose rucks. 

The aplitization of older rock masses which plays such an 
important r61e in the formation of veined gneisses, can in no case 
be explained, in the present region, as due to an «ultrarnetamor
phism. independent of the eruption of granites. Every aplitic or 
granitic vein is genetically connected with some special granite 
outcropping in the same region, and it is in most cases possible to 
determine with certainty to which of the different granites it belongs. 

By the study of these foul' or five different granites (the author 
is doubtful whether the Onas gra~ite is genetically separated from 
the rapakivi) we have already been able to elucidate many of the 
problems whose solution is the purpose of this investigation. We 
have here met some of the most important types OI migmatitic rocks. 
Many or those types are so characteristic and so different rrom 
each other, that it seems quite possible to recognize und identiry 
the same types in other, adjacent regions. Moreover, the fragments 
or the older rocks wh ich ha,e been penetrated by the granites are, 
even in the greatest areas or migmat.ites, occasionally astonishingly , 
well preserved, so that it may be feasible to determine their primary 
characters and relations to each other. Tbus the correlation even 
or rock formations which are in the most intirpate way interwoven 
with granites is by no means impossible . 

. Wehave orten been able, while recording our observations, 
to draw immediate condusions as to the mode or rormation or 
migmatitic rocks, and the mechanism or eruption of abyssic granit.ic 
magmas, hereby also correcting many prevalent errors. 

The author reserves, however, his rinal theoretical conclusions 
to a later merooir. He will first publish the results oi his later 
studies on the same subject in the western parts of the co ast regions, 
as soon as he can find leisure for this continuation of his petro
logical work. He hopes that every uttentive reader or this memoir 
will at least admit tbat such studies are necessary and may be fruit
rul. The problem of regional granitization is not solved through 
the creation of some terms 01' catch-wol'ds. It ought to be studitld 
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in great detail in alt regions where the rocks in question are suffi
ciently exposed. 

Purely theoretical deductions, whether they may be based on 
geophysical or chemical considerations, cannot lead to any definite 
solution of these problems, nor can laboratory experience do so. 

The safest way in geology is the old way of induct.ive science, 
by studying nature's methods in hel" own great workshops, where 
they are available to our direct observation. OnIy by such field 
studies, conjoined with microscopical research, and of course giving 
due consideration to tbe important results 01 modern physico-chemi
cal science, can we reach a better knowledge of tbe petrogenesis of 
the deptb. 

EXPLANATION OF THE PLA TES. 

All microphotographs have been taken by Mr. W. W. Wilkman. 

PLATE 1. 

Fig. 1. Uralite-porphyrite oE the Pellinge formation. Sädholm, Lill Pellinge. 
Section A 1001. Ordinary light. X 11. Detailed description pp. 23-24. 

Fig. 2. Plagioclase·porphyrite of the Pernä formation. Öster Rysskär, Pernä. 
Section A 1037. Orossed nicols. X 12. Mainly andesine and horn
blende with some ore. 

Fig. 3. Dolerite (diabase) of the Pernä formation. Vätskär. Pernä. Section 
A 1103. Orossed nicols. X 50. Olivine crystal surrounded by a pri
m!\ry coating of augite. Detailed description p. 41 and Bull. N:o 
48, pp 37-38. 

Fig. 4_ Gabbro of the Pernä formation. Small island S. E. oE Tunnholm, 
Borgä. Section A 979. Orossed nicols. X 13. Andesine, diallage, brown 
hornblende and olivine. 

Fig. 5. Olivine crystal surrounded by coronas of tremolite and green horn
blende in olivine gabbro of the Pernä formation. Small island S. E. of 
Tunnholm, Borgä. Section A 979. Ordinary light. X 40. 

Fig. 6. Metabasalt of the Pernä formation. L änghäll, Pernä. Section A 1142. 
Orossed nicols. X 12. Description p. 50. 

PLATE H. 

l!'ig. 1. Quartzitic schist (meta-psammite) of the Rabbasö formation. Stor Bytt
holm, Pernä. Section 1069. Orossed nicols. X 13. Quartz, microcline 
and muscovite. 

Fig. 2. Hornblende-schist of the Sundarö formation. Fölisöudd, Pernä. SectiOll 
1113. Ordinary light. X 20. Hornblende, biotite, quartz and plagioclase. 

Fig. 3. Meta-andesite oE tbe Sundarö formation. Loitholmsviken, Pernä. Sec
tion 1101. Polarized light. X 11. Description p. 72-73. 
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Fig. 4. Oligoclase witb a core of myrmekite in granite of tbe Vatskär group, 
recrystallized trough tbe action of the rapakivi granite. Northern 
shore of Bergholm, Pema. Section A 1126. Polarized light. X 45. 

Fig. 5. Diorite probably formed by syntexis of Hangö granite and Perna meta
basalt. Section A 963. Crossed nicols. X 12. Lökskärsklacken near 
Glosholm, Borga. Oligoclase, anthipertbite, bornblende intergrown 
witb quartz, titanite. 

Fig. 6 . ., Granite of H angö type. W. of Rödhäll, Kitslldd, Perna. Section 1056. 
Crossed nicols. X 11. 

PLATE IIl. 

Fig. 1. Granite of Rysskär ty pe. Öster Rysskär, Perna. Section 1042. Crossed 
nicols. X 12. Oligoclase, microcline, quartz, trifling amounts of chlori
tized bioti t e. 

Fig. 2. Dioritic rock. Small island between Rysskären and Ytterholmarna. 
Section A 1050. Crossed nicols. X 13. Andesite, hornblende, biotite, 
quartz. 

Fig. 3. Rock originated by palingenesis of a conglomeratic schist. W .-shore 
of Viasholm, Perna. Section A 1082. Crossed nicols. X 13. D escription 
p . 137. 

Fig. 4. Gneissose granite of Vätskär type. E.-shore of Vatskär, P ernä. Sec
tion A 1158. Crossed nicols. X 12. D escription pp. 137-138. 

Fig. 5. Micropegmatite in vein belonging to tbe Vätskär granite. Klovholm, 
Perna. Section A 1146. Crossed nicols. X 17. Oligoclase and quartz. 

Fig. 6. Gabbro of the Stadsland type. N. E.-shore of R ösundsö (Byön), 
Perna. Section 1033. X 13. Description p. 147. 

PLATE IV. 

Fig. 1. Meta-andesite of the Sundarö formation. Small island N. W. of Ris
bolm. Crossed nicols. X 12. Idiomorphic crystals of labradorite sur
rounded by a mass ricb in uralite. 

Fig. 2. Meta-andesite strongl.y metamorpbic through tbe action of aplite. Small 
island S. of Bergholm. Crossed nicols. X 12. Plagioclase interwoven 
with actinolite and quartz. 

Fig. 3. Aplitized schist. Small island . of Risbolm (Vatskär pilot station). 
Section A 1188. Ordinary light. X 12. Alternation of femic and salie 
stripes. The former consist of diopside, actinolite, biotite and magnet
ite, the latter of plagioclase. 

Fig. 4. Aplitized schist at the main contact with rapakivi. Small island S. ,V. 
of Buckholm. Section A 1073. Crossed nicols. X 12. At the midst a 
veinlike stripe. Diopside, biotite and oligoclase, all more or less idio
morpbic, surrounded by xenomorphic quartz and ortboclase. 

Fig. 5. Contact between aplitic vein and aplitized schist. Small island S. W. 
of Buckholm. Section A 1187. Crossed nicols. X 15. Microcline and 
quartz containing numerous minute grains of oligoclase. 

Fig. 6. Ptygmatically folded vein in aplitized schist from small island N. of 
Risbolm. Section 1178. Crossed nicols. X 12. Quartz and miet'ocHne 
showing no influence of pressure. 

PLATE V 

Fig. 1. Vitroporhyric metabasalt in contact with meta-dolerite. Virskär, Pema 
Section A. 1102. Ordinary light. X 30. 
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Fig.4. 
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Doleritic basalt. Virskär, P ern a. Section A 1103. Crossed nicols. X 17. 
Augite, plagioclase, olivine (0). 
Dykes of metabasalt belonging to th.e Perna formation, (dark) inter
secting a meta-andesite of the Sundarö formation (dotted), both being 
penetrated by veins of Rysskär granite (white). H orizontal rock sur
face at Hästö in Perna. 1: 73 . 
.M:ap of a horizontal rock surface at t he western shore o E Viasholm, 
showing conglomeratic schist in contact with mica-schist. Both are 
cut by dykes of metabasalt and in t imately penetrated by aplite (dots). 
In some pI aces next to the contact the conglomerate has been cban
ged into a massive rock (sparse dots). 1: 1 000. 

PLATE VI. , 
F ig . 1. .M:ap of a horizonta l rock surface at ' tbe eastern shore of Viasbolm, 

sbowing conglomeratic scbist cut by metabasalt of the Perna formation 
(dark) ; both a re penetrateel by aplite anel pegmatite (white) belonging 
to the Rysskär granite. 1: 40. 

PLATE VII. 

Fig. 1. .M:ap of a horizontal rock surface at the soutbern share of Stadslandet, 
sbowing migmatite of Stadsland gabbro and Vatskär granite, both pene
trated by metabasaltic dykes of the Perna formation. These dykes are 
cut by veins of Rysskär granite. 1: 91. 

PLATE VIII. 

Fig. 1. Dralite-porphyrite of the Pernii formation (dark) penetrated by aplite 
(white) aud pegmatite (dotted), belonging to the H angö granite. 
Southern shore of Nyttisholm in Pernä. ]: 25. 
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