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The Pellinge region belongs to the Svecofennian mountain system. In 
the north and south, the district is bounded by late-orogenic granites and in 
the east and west by anorogenic granites of the rapakivi class. 

The rocks of the area are for the most part sedimentogeneous, with pyro
clastic sediments contributing a goodly share to their composition. The rocks 
situated at the bottom of the supracrustal formation, which has a thickness 
of about 6 500 m, are quartz-feldspar schists and gneisses. Occurring among 
them as intercalations are mica- and hornblende-bearing schists and gneisses. 
In mineral composition, these rocks correspond to arkoses, graywackes and 
subgraywackes. Associated with them are minor conglomerate and limestone 
layers. Overlying them are pyroclastic sediments, tuffites and agglomerates, 
with intercalations composed of uralite- and plagioclase-porphyritic meta
basalts and pillow lavas. Uppermost, the uralite porphyrites make up larger 
continuous basalt formations. In addition, there occur in the region many 
separate formations of plutonic rocks, varying in composition from gabbro 
to granite. 

Deviating from the rocks of southern Finland in general, those found in 
the Pellingc district are exceedingly weH preserved. Plenty of observations 
of primary structural features have been made of the pyroclastic sediments 
in particular and also of the basalts, and this has made it possible to put to
gether a picture of the large-scale folding that has taken place in the region. 
The mode of folding is isoclinal, and the area as a whole forms a synclinorium. 
In the light of the diagrams drawn of the planar and linear structures, the 
relation of these structural elements to the folding has been clarified and an 
interpretation made of the main features of the development of the overall 
geological structure of the study area caused by the folding. 

Abrief description of the local plutonic rocks, is included and their con
nection with the structure and folding of the region is discussed. 
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INTRODUCTION 

The Pellinge area, which is the subject oE the present paper, is situated in the 

coastal region of southern Finland. It comprises the southeastern section oE the 

rural commune of Porvoo and the southwestern section of the district of Pernaja. 
It is situated about 60 kilometers east of Helsinki and roughly 25 km southeast oE 
the nearest town, Porvoo. The situation of the area is shown in Figure 1. Its length, 
measured along an east-west line, is about 25 km and its breadth, extending north

south, about 10 km. For the most part, the area consists oE islands, of which there 
are many and which vary in size from 15 sq. km to - in the case oE skerries - only 

a few sq. meters. In the mapping work, maps oE the separate rural districts 
(= communes) and aerial photographic maps on the scale of 1:20 000 were utilized 

as reference maps, in addition to which stereoscopic photographs on a scale of 
approximately 1:37000 were examined. 

The area emerged for the first time as an exploration target of the Geological 
Survey oE Finland at the end oE the 1870s in connection with mapping operations. 
As a result of the mapping program, a map oE a general nature on the scale 
of 1:200000 was published, together with an explanatory text (Moberg 1881). 

Early in the second decade of the century, J. J. Sederholm explored the area 

more thoroughly (Fig. 1, Area 1) and the results were published in 1923. Many 
investigations have subsequently been made in the near vicinity - on the western 

side (Fig. 1, Area 2) by C. E. Wegmann and E. H. Kranck (1931) as weIl as by L. H. 
Borgström (1931) (Fig. 1, Area 3), and on the eastern side, in the rapakivi belt, 
by Wahl (1925), Simonen and Vorma (1969) and Vorma (1971). Having a elose 
bearing on the area is Vaasjoki's study (1953) on the Pernaja district (Fig. 1, Area 
4). The area dealt with in the present work is the same one investigated by Seder

holm (Fig. 1, Area 1 and Appendix 1). 
In his earlier research in southern Finland, Sederholm (1907) had paid partic

ular attention to the description and interpretation of various granitization phe

nomena as weIl as to stratigraphic elassification. In pursuing his objectives, Seder
holm (1923) also put chief emphasis on the PeIlinge area, where he divided the 
supracrustal rocks into two age groups, separated by a distinct hiatus. The con

spicuously metamorphosed rocks occurring at the northern margin of the area, 
which inelude, besides the rocks of mainly sedimentogeneous origin, tuffites and 
basic basalts as weIl as plutonic rocks, make up, in this elassification, the oldest 

category, the so-called Svionian group. 
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FIG. 1. Location oE areas inyestigated and mapped in detail in the southern 
Finnish coastal region to the east oE Helsinki. 1- The Pellinge district, in
vestigated by Sederholm (1923). This is the same region dealt wirh in thc 
present work. 2- The coastal stretch between Helsinki and Onas (Wegmann 
and Kranck 1931 ). 3- The granite area oE Onas (Borgsträm 1931). 4- The 

Pernaja district (Vaas joki 1953). 

The more weakly metamorphosed supraerustal rocks, occurring in the middle 
of the area, belong to a younger dass than the former to make up the so-called 

Bothnian group. The rocks of this group are mainly tuffltes as weil as lava rocks 
(uralite and plagiodase porphyrites), whieh he breaks down further into two sub
divisions, representing different ages. In addition, the group indudes the plutonic 
rock separating the foregoing sub-classes as weil as the migmatitic granites met 
with in the northern and southern sections of the area. 

The very youngest dass comprises the granites of the rapakivi group occurring 
in the western and eastern parts of the area. 

With the exception of the last-mentioned, youngest age group, this age dassifi
ca ti on arrived at by Sederholm for the rocks of the area caused a lively exchange 
of differing views, the participants being Mäkinen (1924, p. 361-366), Sederholm 
(1924, p. 542- 548) and Eskola (1924, in a newspaper artide commenting on Mä
kinen's critical sally). Later, Sederholm (1933, p. 20) changed his opinion of the 
Bothnian in Pellinge: » ... dass er jetzt alle Metabasalte (Uralitporphyrite) zu einer 

Formation rechnet.» This change evidently involved only the two subdivisions 
of the so-called Bothnian group, ",hich he combined into a single dass of the same 
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age. The major divisions, involving the Svionian and Bothnian groups, separated 
by a hiatus, remained steadfast in his age elassification (Sederholm 1926, 1932, 1934). 

On the basis of the stratigraphic elassification of the supracrustal rocks, Seder
holm (1923, 1931, 1932, 1934) also divided the plutonic rocks into four groups. 

The plutonic rocks of the first category are associated with the folding of the 
Svionian supracrustal rocks; those of the second group are associated with the 
diastrophism of the Bothnian formation; those of the third group are involved in 
the Karelian orogeny; and, finally, the plutonic rocks of the fourth group have 
not been involved in any orogenic movements. 

In the view of several researchers (Mäkinen 1915, Eskola 1936, Wahl 1936, 

Simonen 1948), there exist no valid grounds for dividing supracrustal rocks into 

Svionian and Bothnian categories. Nowadays, they are regarded as belonging to 
the same Svecofennian orogenic formation. In the elassification of plutonic rocks, 
to~, the prevailing points of view have undergone change since Sederholm. With 
their study, Wegmann and Kranck (1931) introduced the idea of a magmatectonic 
elassification of the Svecofennian plutonic rocks. Wahl (1936) drew attention to the 
elose relations hip prevailing between the intrusion and orogeny of plutonic rocks, 

and he divided them into »prim-orogenic» and »ser-orogenic» categories. Later, 

the terms applied by Eskola (1930) to these categories began to be used, namely, 

»synkinematic» and »late-kinematic» plutonic rocks. At present, plutonic rocks 
are divided, according to their situation and orogenic folding, into preorogenic, 
synorogenic, late-orogenic, postorogenic and anorogenic groups (Simonen 1969), 
of which the synorogenic and late-orogenic groups correspond to the ones pro

posed by Eskola (1930) and Wahl (1936). 
In Sederholm's (1923) study dealing with the Pellinge area, no attention what

soever is paid to the structural features. The present study is planned to 

cast light on this aspect of the matter. At the beginning, abrief description will be 
given of the supracrustal rocks and the primary structures observed in them. By 

reference to these structures, an attempt will be made to work out the overall struc
ture of the area, and by means of diagrams made of the structural elements, the 
main outlines of the structural development. In conclusion, abrief description will 
be offered of the infracrustal rocks and their place in the structural picture. 

MORPHOLOGY AND THE MAIN FEATURES OF THE BEDROCK 

As far as its character is concerned, the area runs true to the southern Finnish 

coastal type, with its myriad islands. In the western section, the elosely bunched 
islands form a typical inner archipelago. In the eastern section, excepting the im
mediate proximity of the coastline, the islands are small and scattered, forming a 

typical outer archipelago. 
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The elevations to some extent depend on the kinds of rock present in the various 
places. Thus the fine-grained and erosion-resistant basalts occurring in the middle 

of the area form ridges that rise above the surrounding country. Taken as a whole, 
however, the relief of the area is low. The highest point above sea level is about 
20 m, and the greatest depth of the water in the eastern section marked on the marine 

chart is about 60 m. 
The forms of the islands and their relative positions reftect in many places the 

features of the geological structure of the area. On the nearly vertical ftanks of the 

folds, where the schistosity and bedding planes join, the longitudinal axes of the 

islands and the rock exposures run parallel to them. At the core of the folds and 
especially at their crests, the longitudinal trend lines of the islands adhere to the 
bedding planes. The shores of such islands also slope more gently in the direction 

of the dip of the beds. 
The most conspicuous fracturing of the bedrock has taken place in line with 

the schistosity and along the plane perpendicular to the axis of the main folding. 

As they exist at present, they afford good channels for the water traffic, wh ich, es 

pecially in the summertime, is quite lively. 
The study area (Appendix 1) belongs to the formation known as the Svecofennian 

mountain range. It is bounded on the east and the west by younger granites be
longing to the rapakivi group. In the north and the south (not visible on the map), 
there occurs migmatitic granite, which is characteristic of the coastal region of 

southern Finland. At the northern margin of the area, there are sedimentogeneous 
schists and gneisses of varying composition, conglomerates and minor occurrences 

of limes tone and skarn. The largest part of the area consists, however, of lava rocks 
and sediments of volcanic origin, which vary in composition from basic to inter

mediary. Inside the area are numerous rather small, separate gabbro, quartz-diorite 
and granodiorite intrusions, to the last-mentioned of which are also connected 
small granite occurrences in the eastern section of the area. 

The primary structures preserved in the sediments have made it possible to work 
out the folding pattern and stratigraphic sequence of the area. In the area there 

occur sizable arching synclines and anticlines, the axes of which plunge at an gl es 

ranging from 15° to 40° toward the northeast or the east. On the flanks of these 
larger folds, there appears folding on a small scale with axial directions varying 
from slight westerly to sharp southwesterly. The style of the folding is isoclinal. 
The area as a whole is a synclinorium, with the volcanic rocks overlying the sedi
mentogeneous rocks occurring at the northern margin of the area. 

SUPRACRUSTAL ROCKS 

Metasediments 

At the northern margin of the study area, supracrustal rocks form a zone trending 
:lpproximately east-west. In the western section, this zone is about 4 km broad and 



Matti Laitala: The Precambrian Pellinge region 9 

continues eastward in a breadth of ab out 0.5 km to the nor th side of Risholm all 
the way to the rapakivi contact. The zone corresponds to the area that Sederholm 

(1923) termed the formations of Sundarö and Rabbasö. Corresponding rocks are 

met with separated from this continuous zone also on the north shore of Stor Pel
linge and on a single islet in the sea at the south end of the area, about 1 km south 
of Llngö. 

The predominant rocks in this zone are quartz -feldspar schists and gneisses 
with intercalations oE mi ca schists and gneisses, amphibolite and hornblende 

gneisses. In addition, there are minor occurrences of conglomerate, limes tone and 
skarn. 

Quartz-feldspar schists and gneis ses 

At the north margin of the afore-mentioned zone, which runs on the north 

side oE Risholm across the southern part of Sundarö and Sarvsalö to Kardrag, the 
quartz-Eeldspar schists are generally fine-grained. The grain size is less than 0.2 
mm. The bedded structure of the rock is clear-cut and weIl preserved. Intercalations 

mica schist and amphibolite occur in the rock in moderate abundance. 

The principal minerals oE the quartz-feldspar schists are quartz, plagioclase 

(An 1o - 25) and biotite. The relative amounts of quartz and plagioclase vary. Addi
tional minerals are potash felds par, hornblende, chlorite, epidote, muscovite, sil
limanite and, in a few instances, also diopside. The hornblende content varies greatly 
and in pi aces is apt to be so high as to place the rock in the amphibolite or horn
blende-gneiss class. The hornblende is evidently a product of volcanic activity. 

Accessory minerals are magnetite, apatite, sphene, calcite and - present in a couple 

oE the thin sections examined - also tourmaline. 
To the south oE Kardrag, on the south side, approximately, of the Tirmo-Granö 

line, the rock gradually turns coarser, becoming a quartz-feldspar gneiss, the grain 

size of which is less than 1.5 mm. Owing to metamorphism and strong folding on 
a small scale, the clear bedded structure characteristic of the fine-grained type has 
disappeared. The quantity of intercalations rich in amphibole is smaller than in the 
rocks of the northern margin; but, on the other hand, there is a more abudant oc

curence oE intercalations rich in mica. The locality is further marked by the occur

rence oE small conglomerate and limestone intercalations. 
The chief minerals oE the gneiss are quartz and either oligoclase or potash felds par. 

Present, in addition, are biotite, muscovite or sericite. Quartz occurs not only in 
the fine-grained ground mass, especially in the southern part of the area, but also 
as rounded phenocrysts, measuring between 3 and 4 mm in diameter, or as grain 

clusters, frequently possessing a faintly bluish color. Both the plagioclase and the 

potash feldspar are in places conspicuously sericitized. 
In addition to the principal minerals, the rock contains in pi aces - mainly in 

the zone running from Sundö past the north side oE Rabbasö to Byttholm -

2 7238- 73 
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strongly pinitized cordierite. The accessory minerals are sphene, apatite, epidote 

and calcite. 

Mica schists and mica gneisses 

Mica schists and mica gneis ses occur as narrow zones or intercalations among 

the quartz-feldspar schists and quartz-feldspar gneis ses described in the foregoing. 

In pI aces the bedding of the mica schists is quite clear -cut, but in other places, 

owing to the effect of metamorphism, it has disappeared at the same time as a growth 

in the grain size has occurred. The grain size of the mica schists is less than 0.2 mm 

and that of the mica gneis ses less than 1 mm. In both cases, the mineral composition 

is the same. The principal minerals are quartz, biotite and, in varying amounts, 

both potash felds par and plagioclase (An 2o - 25) . In addition, the rock contains garnet, 

cordierite and sillimanite. Accessory minerals are sphene, magnetite, apatite, epidote, 

zi rcon and, in a few instances, tourmaline. 

Amphibolites and hornblende gneisses 

Among the quartz-feldspar schists there also occur intercalations of amphibolites, 

the chief minerals of which are plagioclase, hornblende, quartz and, in places, potash 

feldspar. At the northern margin of the area, in the Kardrag-Risholm zone, they 

are a common occurrence; and in places their original bedded structure, notably 

in the eastern section, is weil preserved. The transition into quartz-feldspar schist 

is frequently observed to take pI ace g radually as the hornblende content decreases. 

On the south side of the Tirmo-Granö line, these schists have metamorphosed 

most conspicuously with the result that the original stratified structures have dis 

appeared. Simultaneously, an increase in the grain size has taken place, and the rocks 
are at present hornblende gneisses. 

The grain size of the amphibolites is less than 0 .2 mm and that of the horn 

blende gneisses less than 1. 5 mm. The composition of the plagioclase is generally 

oligoclase, but in pi aces it is apt to rise up to An35 • Additional components are 

cummingtonite, biotite, chlorite, epidote and, in the more basic types, also diopside. 

Conglomerates 

On the south side of the Tirmo-Granö line, there are also conglomerates among 

the quartz-feldspar gneisses. At Tirmo they occur only as minor intercalations, 

whereas farther south, in the Sundö-Viasholm zone, they occur as longish and 
continuous belts. 

The conglomerate layers vary from 1 to 20 m, the widest of them being in the 

southern part of the zone. One of the best occurrences is to be seen on the east 

shore of Sundö, where a decrease in both the size and number of the conglomerate 

pebbles is to be observed towards the southern margin of the bed. 
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The pebbles in the conglomerate are light-colored. In mineral composition and 
structure, they resemble the surrounding quartz-feldspar gneisses . 

The mass in between the pebbles is of a darker color. The principal minerals 
are quartz, plagioelase, biotite, hornblende, and microeline. In addition, cumming
tonite, epidote and, in one instance, also some diopside are present. Quartz 

occurs not only as a fine-grained mass but also as larger, rounded phenocrysts, 
or as clusters of many grains. Similarly, the plagioelase is apt to occur in the form 
of larger phenocrysts corroded around the edges. The composition of the plagio
elase is An 20 - 25 • The amount of amphibole varies considerably. It increases con

sistently, however, in the direction of the volcanic area occurring on the south
ern side. 

Limestones and skarns 

On the north shore of Sundö, on the little island situated to the east of it and 

on the island of Stor Byttholm, limes tone and skarn occur along with the quartz
felds par gneiss as intercalations about one meter thick and a few meters long. The 
limes tone is generally impure, containing in addition to calcite also dolomite and 

wollastonite as weil as skarn minerals, such as garnet, diopside, hornblende and 

epidote. 

Mineralogical and chemical character of the metasediments 

The microtextures of the rocks of the north margin are granoblastic or blasto

clastic. Table 1 gives the mineral compositions of the rocks of the area, which have 
been determined, like the mineral composition of all the rocks reported on in this 

paper, by the point counting method (Chayes, 1949). Analyses 1-6 represent the 
compositions of the quartz-feldspar gneisses occurring south of the Tirmo-Granö 
line. In the making of the determinations, staining with potassium-rodizionate 

(Bailey and Stevens, 1960) was done in a few instances to differentiate between the 

quartz and the plagioelase on accoun t of their elose similarity. Sederholm (1923, p. 
69) reported that a sampie taken from Stor Byttholm contained (as determined by 

the so-called Rosiwal method) quartz 76% and muscovite 24% . No quartz content 
as high as that has been met with, however, in thin sections of sampIes taken from 

the same sites and stained by the foregoing method (Table 1, Nos. 2, 4 and 5). 
Analyses 7-9 represent the mineral compositions of the quartz-feldspar schists 
occurring on the north side of the afore-mentioned line. Noteworthy in these is 
their relatively high biotite content, and on the basis of their composition the rocks 
are intermediary forms between the afore-mentioned quartz-feldspar gneis ses and 

mi ca schists. The composition of the mi ca schists is represented in Table 1 by anal 
ysis No. 10. The composition of the amphibolite intercalations is represented by 
analysis No. 11. These are probably products of volcanic activi ty that took place 

du ring the sedimentation stage. 
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TABLE 1 

Mineral compositions o f sedimentogeneous rocks at the northern margin. 

1 I 2 I 3 

Quartz . . . . .. . ... . . . .. . . .... 60. 1 53.9 51.4 
Potash feldspar . . .. . .... ... . 9.0 21.9 
Plagioc1ase ... . . .. . .... . .... . 6. 6 0.6 13.6 
Biotite . . . .. . .. . . .. .. ....... 5. 2 1.1 13. 0 
Muscovite . .. . ..... . ..... . .. 13. 0 35.4 
Sericite . . .. .. ......... . . . ... 
Cordierite • •• • •••• 0 ••••• • , •• 14.8 
Hornblende . ........ . .. .... . 
Calcite . . ......... ... . ..... . 
E pidote ••• ••• • • • • 0 • • • ••••• • 

Accessories . -, ... . .......... 0.3 0. 1 

100 1100 1100 

1. Quartz-feldspar g neiss. H allo nholm, ru
ral commune of Po rvoo 

2. Quartz-feldspar g neiss. Stor Byttho lm, 
Pernaja . 

3. Quartz -feldspar g neiss. Rabbasö, Pernaja. 
4. Quartz-feldspar g neiss. Ster Byttho lm, 

Pernaja. 
5. Quartz-feldspar g neiss. Sto r Byttholm, 

Pernaja. 
6. Quartz-feldspar g neiss. Bockho lm, rural 

commune of Po rvoo. 

·n 

Arkose 

Feldspa r 

I 4 I 5 I 6 I 7 I 8 I 9 I 10 I 11 

48.8 48.2 47.2 45. 0 41. 5 31.4 30.1 19.0 
35. 6 4. 2 0.6 

40.1 25. 5 27.3 46.1 29. 1 58.4 
5. 6 19.0 25. 8 19.0 40.5 
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7. Quartz-feldspar schist . Brändholm, Pe r
naja. 

8. Quartz -feldspar schist. Aparnäsudd, ru 
ral co mmune o f Por voo. 

9. Quartz-feldspar schist. K ardrag, ru ral 
co mmune o f Porvoo. 

10. Mica schis t. K ardrag, rural commune 
of Po rvoo. 

11. H o rnblende g neiss. Stora Andholmen, 
Pernaja. 

FIG. 2. Mineral composltJons of sedimentogeneous rocks o f 
the north margin, marked in triangular diagram. 
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TABLE 2 

Chemical compositions of sedimentogeneous rocks at the northern margin. 

2 4 

Si02 · . . . · . .. · . .. · . • • • • o • .. 0" • .. 76.76 79.90 75.34 76.37 
Ti02 ..... .. ... . o. o • .. .. .. . . . . .. · . 0.91 0.45 0.32 0.41 
Alz0 3 ... . .. .. · . .. · . . . . . 0 " . · . · . · . 11. 55 10. 38 12.59 10.6 3 
Fe Z0 3 .. .. .. .. .. o • • • . . .. . . · . · . .. o. 0.34 1. 48 0.48 2.12 
FeO · .. .. .. . . · . . . .. . , 0 ' .. . . .. . . . . 0.70 0.60 1. 42 1. 22 
MnO .. ... , · . · . .. . . . . .. .. .. .. · . .. 0.0 5 0.25 
MgO · . •••. o. · . .. .. . . . . . . .. .. · . .. 1. 0 5 0.83 0.79 0. 23 
CaO · . 0 • •••• 0 " • . . . . ... . .. . . . .. . 0.82 1. 90 1. 87 1. 30 
Na 20 · . 0 ••• · . · . · . .. .. . . . . .. .. . .. . 2.27 3.25 3.32 1. 84 
K 20 · . .. · . .. . . •• o • . . . . . . . ... .. · . 5.40 0.99 2.90 4.99 
H 2O + .. · . · . · . .. · . . .. . o ••• · . o ••• 0.01 0. 06 0.92 } 0,83 
H 2O- .. .. . . · . · . .. . , .. .. . . .. , . . . 0.50 0.6 0 0.04 
P20 S · ... . . . · . 0 •••• • ... . .. · . .. · . .. 0.06 0.21 
COz • 0 • •• .. - . .. · . .. .. .. .. · . · . .. .. 0.54 

100. 31 100.44 100.10 100.94 

1. Quartz-feldspar gneiss. Hönsholm, rural commune of Porvoo. Anal. Age Renvall, 1934. 
2. Quartz-feldspar schist pebble of conglomerate. Sundö, rural commune of Porvoo. Anal. Age 

Renvall, 1934. 
3. Quartz-feldspar schist. Hästö, Pernaja. Anal. Aulis Heikkinen. 
4. Arkose, average analysis. Pettijohn 1957, p. 324. 

To clarify the ongm of the rocks present in the north margin, analyses 1- 11 
In Table 1 are marked (Fig. 2) by a triangular diagram (Krumbein and Sloss 1951, 
p. 130). Accordingly, Nos. 1, 2 and 4 are subgraywackes, Nos. 3, 5 and 6 arkoses 

and Nos. 7-11 graywackes. 
Analyses 1 and 3 in Table 2 give the chemical composition of the quartz-feldspar 

gneiss and quartz-feldspar schist occurring in the north margin. When these com
positions are compared with the mean-value analysis for arkose (Pettijohn 1957, 

p. 324) reported in analysis 4 of Table 2, they are found to correspond to each 

other and thus to be arkoses by origin. 
Likewise, analysis 2 of Table 2, which represents the chemical composition of 

a fragment embedded in the conglomerate, corresponds in the main to the compo
sition of the felds par gneisses of the area. These conglomerates are to be regarded 

as intraformational deposits sensu Pettijohn (1957, p. 276). 

Meta p yroc1asts 

A substantial proportion of the volcanic rocks of the area are pyroclastic. By 
origin, they had been tuffs varying in grain size from fine to coarse as weIl as 
agglomerates, which in connection with later folding had undergone metamorphism. 
In the following discussion, the metamorphosed tuffs will be termed tuffites. 
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The tuffites and agglomerates occur numerously as beds varying in thickness 

from less than a meter to several tens of meters. Most commonly, these beds con
sist of numerous easily differentiated layers, though in some places no layered struc

ture can be detected. This is the case especially with the agglomerate beds. The 
thicknesses of the separate layers composing the tuffite beds vary from less than a 
centimeter to a few dozen centimeters. 

Fine-grained basic tuffites 

Basic tuffites prevail in the area. Their mineral cOmpOs1tlOn 1S similar to that 

of the basalts, uralite porphyrites and plagioclase porphyrites of the area. As for 
color, they are dark. The principal minerals are green hornblende of varying dark 
shades and andesine. In addition, there generally occur differing amounts of epidote, 
chlorite, biotite and quartz. Accessory minerals are sphene, magnetite and zircon. 

Among the commonly occurring dark tuffites, there are present in pI aces (e.g., 

on the south shore of Stor Pellinge, the west shore of the northern section of ÄIsk
holm and the west shore of Gasholm) layers that stand out clearly from their sur 

roundings by virtue of the lighter color of their weathering surface (Fig. 3). The 

FIG. 3. Fine-grained basic tuffite with a lighter, epidote-bearing intercalation. Alsk
holm, N section, rural commune of Porvoo. 
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light color of these layers is due to the presence of epidote, which occurs in abun 
dan ce in addition to the light green hornblende and andesine. Moreover, the layers 
also contain larger amounts of quartz. 

The grain size of the basic tuffites varies. In the fine-grained types, the grain 
size is less than 0.1 mm, and in the coarser types less than 0.4 mm. The commonest 
types are the ones with a grain size of under 0.2 mm. Both the fine-grained and, 
especially, the coarser tuffites are also apt to contain uralite and plagioclase pheno
crysts and fragments of a larger size, that is, around 1 mm in diameter. The plagio
clase in such instances is conspicuously sericitized. 

Along the northern edge and in the western part of the volcanic area, changes 

have taken place in the basic tuffites in pi aces through the effect of stronger meta

morphism. The original layered structure has disappeared and the grain size grown. 
The grain size of the amphibolitic rocks is under 2 mm. The mineral composition is 
the same as in the preserved tuffites. 

Coarse-grained basic tuffites and agglomerates 

Besides the afore-described fine-grained tuffites, there also occurs in the area 

an abundance of coarser pyroclastic sediments varying in grain size, which likewise 

contain fragments of varying size. Witb respect to their grade of coarseness, these 
compose a continuous series ranging from fine tuffites to agglomerates and vol
canic breccias. They are closely associated with the fine tuffites and likewise occur 
as alternating beds stretching several meters in breadth. 

The grain size of the ground mass of the coarse-grained pyroclastic sediments 
varies from 0.5 mm to 4 mm. The chief minerals are hornblende and andesine, which 
usually has sericitized. In addition, the groundmass is apt to contain epidote, biotite, 

quartz and chlorite. 

The size of the fragments present in these rocks varies considerably, too CFig. 
4). The diameter of the smallest is ca. 1 cm, and the largest of the fragments 
observed are ca. 2 m in diameter. Most common, however, are fragments with a 

diameter of from 2 cm to 20 cm. In highly deformed areas Ce.g., east of Julö) the 
fragments are likely to be so greatly lengthened that at present they occur as stripes 

1- 3 cm wide and 1-2 m long. 
In different parts of the area, differences are likely to be observed in the com

position of the fragments of agglomerates. Throughout the area, uralite-porphyritic 
and plagioclase-porphyritic fragments are predominantly present. In addition, also 
quartz-feldspar schist fragments occur at the north margin of the western part of 
the area. They are once more met with in the southern part of the same area, but 

not quite so abundantly as at the northern margin. Around Fobistholmarna, fine
grained feldspar-porphyric fragments occur in abundance among the fragments. 
In the southeastern half of the Furuholmarna area, the fragments are likewise fine 

grained, feldspar-porphyric rocks and plagioclase-porphyritic rocks. In addition, 
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FIG. 4. Agglomerate. Island situated about 200 m west of Utterholm, rurdl com
mune of Porvoo. 

the fragments include amygdaloid lava, stratified tuffite and, in places, very fine 
grained pie ces consisting of quartz, plagioclase and potash felds par, the grain size 

ofwhich runs under 0.01 mm. In association with the acid tuffite occurring at Furu
holmarna, the agglomerates also contain an acid groundmass, in which the fragments 

are of basic tuffite and lava material. The areal division made on the basis of the 
agglomerate fragments just described is quite general in character. 

Quantitatively, the fragments present in the agglomerates vary. In places, only 
a few occur here and there, whereas in other places they are present in such abun
dance that they account for an estimated 90 % of the total material. This is true of, 
for example, the agglomerate (Fig. 5) situated in the reef to the southeast of Furu

holmarna. Most commonly, the fragments account for an estimated 20%-40% 
of the total. 

There are different types of agglomerates, the differences being probably due 
both to the degree of deformation and, possibly, a different mode of origin. The 
type most commonly met with in the area is represented by beds containing numerous 
fragments stretched out in li ne with the schistosity, fragments of different sizes being 

evenly distributed throughout each bed. However, there are beds clearly revealing 
a transition in the size of the fragments from one edge of the bed to the opposite 
side. The thickness of such beds is apt to be several dozen meters, as is the case 
on the northernmost island of Fobistholmarna and the island situated to the west of 
Utterholm. 
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FIG. 5. Agglomerate. Island situated about 400 m south of Furuholmarna, Pernaja. 
The label used in the field photos is 12 cm. 

FIG. 6. Agglomerate . South shore of Stor Pellinge, rural commune of Porvoo. 

3 7238- 73 



18 Geological Survey of Finland, Bulletin 264 

D eviating from the foregoing type are those agglomerates in the stratified tuffitic 
material in which there are angular or only slightly rounded fragments. On the 

western margin of Revvikudden, on the south shore of Stor Pellinge, there is an 
agglomerate the fragments contained in the stratified tuffitic material of which are 
angular and sharp-edged (Fig. 6). The shapes of the fragments give a dear picture 
of how, during the genesis of the agglomerate, the erosive forces were unable to 
affect them very greatly, for the fragments have retained nearly their original ap

pearance. 
In Pernaja, on the eastern and southern sides of the Furuholmarna islands, there 

occur agglomerates that likewise deviate from the prevailin g types in the area. 
There, the fragments, which occur in exceptional abundance (see p. 16, and Fig. 5), 
are angular in form. No kind of stratification can be detected. The mass in be

tween the fragments consists of a fine-grained tuff material , and dose inspection 
reveals it to be breccia-like agglomerate. 

Intermediary and acid tuffites 

Compared to the abundance of basic tuffites, there is a sparse occurrence, con

sidering the area as a whole, of acid and intermediary tuffites. They occur most 
abundantly in the eastern section of the area, in the locality of Hästö, Hamnholm 
and Furuholmarna, where they appear as rather narrow layered beds a few meters 
thick among basic tuffites and basalts. Only in the northwestern part of Furu

holmarna is there to be seen a larger occurrence of them, one some 200 m thick, 

which also indudes acid lavas. E lsewhere, mainly at the northern margin of the 
volcanic area, they occur only as slight, isolated layers among basic tuffites. 

The color of these rocks is reddish or reddish gray. Their structure is grano
blastic. They vary in grain size. In the fine-grained types, the grains are less than 

0.01 mm in diameter, and in the coarser types the corresponding diameter is less 
than 0.5 mm. In them there also occur fairly regularly larger quartz and plagiodase 
phenocrysts measuring between 0.5 mm and 1 mm in diameter. The composition of 
the plagiodase is An 10 - 1S ' 

The chief minerals of the groundmass are plagiodase (An 10 - 1S), quartz and 
potash felds par. These minerals vary in their proportions in the different types. 

In addition, the rocks contain likewise varying amounts of epidote, hornblende, 
chlorite, muscovite and magnetite. 

The intermediary and acid tuffites are dosely associated in their mode of occur
rence, and therefore differentiating them in nature often proves difficult - being 
based in the main only on the detection of different hues. 

Metalavas 

Among the pyrodastic sediments, there is also a profusion of lava rocks. In 
general, they occur as numerous beds in association with tuffites and agglomerates, 
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but in the central portions of the area they are also apt to form larger continuous 

areas. In the vicinity of Hasselö, such an area has been observed to be composed 
of numerous different basic lava beds. The thickness of the lava beds varies from 1 
to 50 meters. Beds with a thickness of less than 10 meters are the most common, 
however, in the area. 

Both basic and intermediary lavas are present in the area. The basic types are 
uralite porphyrites, pillow lavas, amygdaloid lavas and so-called fragmentary lavas. 

Various primary structures are abundantly preserved in these types. The intermediary 

type is represented by fine- and coarse-grained felds par porphyry. 

FIG. 7. Uralite porphyrite. Sandö, rural commune of Porvoo. 

Basic lava rocks 

Uralite porphyrites 

The uralite porphyrites (Figs. 7 and 8) of the different sections of the area are 
of the same description. The fine-grained (grain size under 0.2 mm), granoblastic 
groundmass contains hornblende phenocrysts (grain size: 0.5-12 mm) in varying 

amounts. In places, the groundmass exhibits the original flow structure of the lava. 
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FIG. 8. Uralite porphyrite. Sandö, rural commune of Porvoo. Microphotograph, 
magnification c. 8 x , nicols 11. Photo by Erkki Halme. 

FIG. 9. Uralite porphyrite in wh ich the crystal form of the uralitized pyroxene is pre
served. Korshäll, Pernaja. Microphotograph, magnification c. 11 x , nicols 1 I. Photo 

by Erkki Halme. 
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FIG. 10. U rali te porphyrite. Core of uralite contains ragged 
augite whose crystal form is partly preserved. Rocky islet on 
south s ide of Olandet, rural commune of Porvoo. Micro· 
photograph , magnification c. 13 x , nicols 1 I. Photo by 

E rkki Halme. 

The hornblende occurring as phenocrysts is green or light green of color. In 
places, the original augite crystal form of the hornblende phenocrysts is to be seen 
(Fig. 9). In a few rare cases, corroded augite still persists as a relict in the middle 

of the grain (Fig. 10) . 
The granoblastic groundmass consists of hornblende similar to the phenocrysts 

and plagioclase (An. o- . s). Biotite occurs sparsely as ti ny flakes, but it is apt ex
ceptionally also to form largish clusters, in which case the grain size, too, is larger. 

In the g roundmass there also occurs a slight amount of quartz and, as accessories, 

apatite, sphene, magnetite and epidote. 
In the typical fine-grained urahte -porphyrite beds, there occur types resembling 

coarse plutonic rocks. On the small rocky islet south of Ölandet, the uralite por

phyrite contains coarse-grained (0 < 5 mm) gabbroic segregations composed of 
hornblende, plagiodase (An . o) and biotite with a diameter of between 0.2 m and 
1 meter, the boundaries of which against the surrounding uralite porphyrite are 
quite gradual. These features are probably early segregations crystallized out 
of lava. Similarly, also at the western margin of the area, on the island of yttis
holm, the uralite porphyrite contains a variant resembling a plutonic rock. 
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FIG. 11. Plagioclase porphyrite. Korsholmsä r. situated about 150 m to the 
east fro m Korsholmen, rural commune of Por voo . 

Plagioclllse porphyrites 

The plagioclase porphyrites occur as beds like the uralite porphyrites. They 
have not been observed to form any large continuous areas, although their occur

rence in the marginal portions of the area composed of volcanics is perhaps more 
abundant than in the middle portions. 

The fine-grained (grain size under 0.2 mm) groundmass of the most common 
type of plagioclase porphyrite (Fig. 11) contains plagioclase phenocrysts varying 
in size from 0.5 to 4 mm and the composition of which is An3S - 40 • In places, pre
served in them one can observe original crystal forms. 

The groundmass consists mainly of plagioclase and hornblende. The compo
sition of the plagioclase 1S the same as in the phenocrysts. The hornblende is gener

ally green, but it also occurs in light green and faintly bluish varieties. There are 
sporadic occurrences of quartz and biotite. Accessory minerals are magnetite, 
sphene, apatite and epidote. In places, the groundmass exhibits the orginal flow 
structure of the lava very well preserved (Fig. 12). 

Deviating from this general type is a plagioclase porphyrite that occurs at the 
northern margin of the eastern section of the area in a belt ab out 300 m broad 
running west from Risholm across Hästö. There, plagioclase phenocrysts occur 

more abundantly; in general they are larger, with a diameter ranging from 4 to 10 

mm. The groundmass is fine-grained (grain size < 0.5 mm) and consists of plagio
clase, hornblende and biotite. On the islands to the west of Risholm, this »coarse-
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FIG. 12. PlagiocIase porphyrite with idiomorphic plagiocIase crystals and flow struc
ture preserved in groundmass. Ölandet, rural commune of Porvoo. Microphoto 

graph, magnification c. 23 x , nicols / / . Photo by Erkki Halme. 

grained» plagioclase porphyrite occurs as separate patches in fine -grained material 
resembling the groundmass . Further, as it runs westward, the belt turns into 

a gabbroic rock resembling plutonic rock, which, however, exhibits structural 
features characteristic of porphyrite. In the southern part of Öster Ryssholm, the 
plagioclase-porphyrite phenocrysts are still larger; they are likely to be as much 
as 2 cm in length. 

Uralite--plagiocfase porphyrites 

Similar in their mode of occurrence to the foregoing lava rocks are the uralite
plagioclase porphyrites, which evidently represent an intermediary form between 

these two rocks. Present in the fine-grained groundmass as phenocrysts are both 

hornblende and plagioclase. The three porphyrites pass over into each other quite 

gradually. 

Pillow lavas 

Pillow lavas occur In assoClatlOn with uralite porphyrites, uralite-plagioclase 
porphyrites and, more rarely, also plagioclase porphyrites . They are present in the 
zone composed of volcanic rocks along the northern margin of the area, a zone 
that runs westward via the northern section of Lill Pellinge to the north shore of 
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Stor Pellinge. In this zone, the lavas occur as narrow beds among stratified pyro

clastic sediments. They further occur at the margins of the larger areas composed 

of lava rocks situated in the central part of the area, also in the proximity of pyro

clastic sediments. In addition, they have been met with weil preserved on the isolated 

island of Digskär situated about 24 km from the area toward the east-southeast. 

Also among the metasediments of the northern section of the area, there occurs a 

basalt bed. Along its northern margin there are patterns resembling pillow lava. 

According to several investigators, the pillow-lavalike structure is the result of 

rapid cooling of the lava, caused either by the air or the water (Lewis 1914; Shrock 

1948, p. 359- 363). The occurrence of pillow lavas in the studied area among pyro
clastic sediments as intercalations or in association with lava beds situated in the 

immediate proximity of pyroclastic sediments gives grounds for assuming that the 

lava eruptions took place in water. In the zone running from Lill Pellinge to and 

along the north shore of Star Pellinge, it has been possible to determine the 

faces of the layers from the primary structures of the tulfite layers. Thereby 

it has further been possible to note that a pillow-lavalike structure occurs in 

the surface portions of the lava beds (Fig. 13) . The grading over from homo 

geneous lava to a surface portion resembling pillow lava proceeds little by little 

without any sharp lines of demarcation . The lava consists of fragments that give 

pillow lavas forms characteristic of »pillows» (Shrock 1948, p . 359- 366). Such 
pillow-lavalike zones vary generally in width from 1- 10 m. 

FIG. 13. Pillow-Iavalike surface portion of plagioclase porphyrite. Rocky islet situated about 400 
m south of Banholm, on north side of Stor Pellinge, rural commune of Porvoo. 



Matti Laitala: The Precambrian Pellinge region 25 

FIG. 14. Pillow lava in which calcite amygdalae are concentrated along margins of 
pillows. Northern part of Delholm, rural commune of Porvoo. 

The pillows vary between 0.5-2 m in length. As for color, they are apt to be 
dark, Iike the underlying basalts. In places, owing to their abundant epidote content , 
they are light of color. Concentrated in their marginal portions, they are likely to 
have quartz or calcite amygdaloids, which generally have worn down into hollows 

on their weathering surface (Fig. 14). 
The spaces between the pillows consist of a fine-grained mass, the mineral com

position of which is likely to vary considerably. The chief minerals are epidote, 
hornblende, plagioclase, chlorite, quartz and calcite. Depending on the amount 

of epidote present, the color of this matrix is either dark or light. The mass con
taining calcite in abundance had generally worn away on its weathered surface 
and in place of the matrix there are hollows conforming to the outlines of the 

piIlows (Fig. 15). 

Fraglllentary lavas 

In their mode of occurrence, the fragmentary lavas (Fig. 16) resemble pillow 

lavas. They most commonly occur in the surficial portions of uralite-porphyrite 
as weIl as plagioclase-porphyrite beds, but the impression is gained in certain places 
that the entire lava bed is fragmented. Compared to those in the pillow lavas, the 
fragments are generaIly smaIler, their diameter varying from 5- 40 cm. In deformed 
rocks, they are slightly rounded and elongated in shape. In better preserved rocks, 
they are angular or irregularly shaped. The color of the mass between the fragments 
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FIG. 15. Pillow lava. Calcite-bearing mass filling space between pillows has been 
worn down. orehern part oE Delholm, rural commune oE Porvoo. 

FIG. 16. Fragmentary lava. Flottaskär, rural commune of Porvoo. 
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FrG. 17. Amygdaloid lava . Uralite porphyrite with quartz amygdalae. Island situated 
about 50 m to the east from the east end of Sandholmen, rural commune of 

Porvoo. 

varies. The dark, interstitial mass consists of the same minerals as do the fragments; 

the shade of color is due only to the fine grain of the material. The color of the 
light interstitial mass is in many cases due to a higher epidote content. 

Amygdaloid lavas 

Notably in uralite-porphyrites as weH as plagioclase-porphyrites, there occur 
in places in the study area (Fig. 17) amygdaloids, which in individual beds are likely 
to be evenly distributed throughout. In general, however, they are concentrated in 
different parts of a single bed in different ways, which may be explained in greater 

detail in connection with the primary structure (p. 38). 

The amygdaloids vary generaHy in size between 0.2 and 3 cm, but larger ones 

have also been seen. Depending on the degree of deformation, the amygdaloids 
are generally more or less elongated. In particularly highly deformed lavas, the 
amygdaloids have become stretched out into lang and narrow streaks. Most 
commonly, the amygdaloids have formed exclusively out of quartz, but in addition 
plagioclase (ca. An60), calcite, epidote, hornblende and tiny magnetite grains are 
also met with as amygdaloid minerals. 
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TABLE 3 

Chemical compositions of basic lava rocks . 

Si0 2 •••••.• . . .• .•.•• • •. . .. . .. •.. . 50.18 
Ti0 2 .....•.... , . • .. • . . . . . . • .. . . . . 0 .70 
AI 20 3 ....•..•......• • .. . . .•.. . ... 14. 58 
Fe20 3 .....•.........•............ 1. 27 

FeO .. .. .. ...... . . ... . . . . . ... . ... 9 . 14 
MnO . . .... . . . . . . .. . .. ... ....... . 0.12 
MgO .. . . . ................ . ...... 9.90 
CaO ........ . . ... . .............. . 9.60 
Na20 ....... . ...... . .. . ..... . .... 1.98 

K 20 ..... . .. . .. . .. . . ...... . . . ... . 0.49 

~:g+ :::::: ::: :::: ::: :::::: :::: : 1~}--9-:-:6-7:--+-___ -+------+------

1. Uralite porphyrite. Bätviken, Stor Pellinge, rural commune of Porvoo. Anal. Eero Mäkinen. 
(Sederholm, 1923, p. 34.) 

2. Ura lite porphyrite. Sädholm, rural commune of Porvoo. Anal. Eero Mäkinen. (Sederholm, 
1923, p. 28.) 

3. PlagiocIase porphyrite. Oster Ryssholm, Pernaja. Anal. Eero Mäkinen. (Sederholm, 1923, p. 
36.) 

4. PlagiocIase porphyrite. Ägghällan, Pernaja. Anal. Eero Mäkinen. (Sederholm, 1923, p. 74.) 

The basic lava rocks, uralite-porphyrites and plagioclase-porphyrites of the 
study area described in the foregoing are similar to the corresponding basic lava 
rocks described from different localities in southern Finland previously by a number 

of researchers (Sederholm 1891; Simonen 1948; Seitsaari 1951) . Analyses 1 and 2 
of Table 3 represent the chemical compositions of the uraliteporphyrites of the 

area. Thc high Si0 2 content reported in analysis 2 is probably due to the quartz 

am ygdaloids contained in the rock. Analyses 3 and 4 represent the chemical com
position of the plagioclase-porphyrites. These compositions correspond to those 
of normal basalts, and the changes occurring in conjunction with the metamor 
phism have been isochemical in nature. 

Intermediary lava rocks 

Fine-grained feldspar porphyr)' 

On the island of Furuholmarna, in the eastern section of the area, and in the 

vicinity of Bastuö, about 5 km to the southeast of it, there occurs a fine-grained 
feldspar porphyry in a zone 100- 300 m broad. In outward appearance, the rock 
is reddish gray and in the dense groundmass felds par can be observed as pheno 
crysts. Inspected microscopically, the grain size of the groundmass is under 0.2 
mm and the size of the plagioclase phenocrysts varies between 0.5 and 1.5 mm. 
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The groundmass consists mainly oE plagioclase, the composition oE which, 
its refraction compared to that oE Canada balsam, proved to be oligoclase. In 
addition the groundmass contains an abundance oE biotite, quartz, potash Eeldspar 

interstices between the grains as weil as scant amount oE hornblende, chlorite, calcite, 
and muscovite. Accessory minerals are apatite, epidote, appearing in cross section 
as beautiEul hexagons, ilmenite grains, around which in many instances occurs a 

sphene border about 0.1 mm wide. In places, the groundmass also exhibits the orig
inal flow structure oE the lava. 

The plagioclase phenocrysts are oligoclase in composition. In general, they are 
markedly epidotized. 

Coarse-grained felds par porp~yry 

Coarse-grained felds par porphyry occurs in the central part oE the region in a 
zone that runs from Lill Mäsholm to Bastuö. In addition, it is met with in narrow 
zones at Skvättan, Korsholm, Gäsholm and Mäsholm. 

This rock contains an abundance of plagioclase phenocrysts. This creates the 

impression that the rock, taken as a whole, might be coarse-grained. Microscopic 
examination, however, proves that the rock is very much like the afore-described 

fine-grained felds par porphyry. The plagioclase phenocrysts measure less than 

3 mm. In composition they vary: An z. - 35 • In places, the phenocrysts exhibit a highly 
developed zoned structure, signifying that the middle of the plagioclase is richer 
in An than the borders. 

The grain size and the mineral composition of the groundmass is similar to 
what they are in the foregoing fine-grained type. An exception is the hornblende, 
which occurs in greater abundance in the coarse type, forming in places uralite 

phenocrysts. 

In the comparison between the fine- and coarse-grained feldspar porphyries, the 

similarity of their respective mineral composition has already been noted in connec
tion with the rock description. The similarity extends also to their chemical com

position. Analysis 1 in Table 4 represents the chemical composition of the fine 
grained felds par porphyry, and analysis 2 that of the coarser-grained variety. 
When these are compared with the mean chemical compositions oE dacite (ana

lysis 3) and andesite (analysis 4) calculated by Daly (1933, p. 456 and p. 447), the 
composition of the fine -grained felds par porphyry is seen to correspond with 

dacite and the composition of the coarse-grained felds par porphyry to andesite. 
Moreover the modes of occurrence of these two rocks are similar. They are 

situated by and large in the same zone, in the western part of which occurs the 

coarse-grained and in the eastern part the fine-grained type. In the middle of the 
zone, to the east of Bastuö, they occur side-by-side. According to the observations 
made in the region of the bedding sequence, the fine-grained felds par porphyry 
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TABLE 4 

Chemical compositions of intermediary lava rocks. 

Si02 ... . . . .. , ...... . .. .... .. · . .. 66. 57 63.68 66.68 63.20 
Ti02 '" . . . . .. · . .. ... . . . · . .. .. · . . . 0. 58 0.92 0.58 1. 67 
Al 20 a .. . . .. · . ... .... . .. .... .. . . .. 14.56 15.84 16. 50 16.35 
Fe 20s .. .. ... . .. . ... .. ...... .. .... 3. 46 1. 80 2.41 3.67 
FeO . . .. .. .. · . .. .. . .. . · . · . .... .. 2.51 4. 55 1. 93 2.23 
MnO .. .. .. .. . . .. . . . . .. · . .. · . . . .. 0.1 0 0.08 0. 06 0.2 1 
MgO .. ... . .. · . . . ... . .. .... .. ... , 1. 42 1. 9 9 1. 44 2.06 
CaO .. . .. .. · . ... . .. .. .. .. · . .. · . .. 4.57 5.93 3. 51 4. 11 

a2 0 .. .. .. .. .. . . ......... . ...... 3.40 3.42 4.03 3.61 
K 20 .. . . . . .. . ..... . .. . .. .. · . .. .. 2.30 2.02 2.71 2.48 
P 20 S .. . . . ... .. .. ... . .. · . . . · . .. .. 0.18 0.1 5 0.41 
H 2O + .. . . · . . . . . .... .. · . .. .. . . . . 0. 75 } 0.50 
H 2O - .. . . .. · . .. . . . . .. .. · . . . . . , . 0.05 

100.45 I 100. 73 100.00 100.00 

1. Fine-grained feldspar porphyr y. Island situated about 1 km to the east of Bredho lm, Pernaja. 
Anal. Aulis Heikkinen. 

2. Coarse -grained feldspar po rphyry. Island situated about 400 m to the east o f Mäsholm, rural 
commune o f Po rvoo. Anal. Eero Mäkinen. (Sederholm, 1923, p . 51.) 

3. Average dacite, 90 analyses. (Daly, 1933, p. 457, Table 55, Anal. No 6.) 
4. Average andesite, 10 analyses . (D aly, 1933, p. 447, Table 52, Anal. N o 9.) 

overlies the coarse-grained variety. Evidently, the same lava produced both the 

hypabyssal type that crystallized deeper down, represented by the coarse-grained 
andesitic feldspar porphyry, and the type that crystallized on the surface as the 
finegrained dacitic felds par porphyry. 

Primary structures 

In the tuffites, agglomerates and lavas oE the region, structures dating back to 

the time of formation of the original rocks can still be recognized . They have been 
preserved in special abundance in the tuffites. By means of these surviving primary 

structures, it has been possible to determine a large number oE the directions of the 
bottom or top oE layers, on the basis oE which a picture could be drawn of the struc
ture of the region. 

Tuffites and agglomerates 

One of the commonest and useEul structural features used in determining the 
direction of the bottom and top of layers is the variation in the degree of coarseness 

oE the tuff material occurring in individual layers of stratified tuffites (Shrock 1948, 
p. 330-331). Generally speaking, it is the coarser mineral matter and fragments 
that have collected in the lower part of the layers (Fig. 18). In the direction of the 
upper par t of the layers, the grain-size decreases. This sorting has also brought 
about variation in the mineral composition of the lower and upper parts of the 
layers (Fig. 19). In the coarse lower par t, hornblende generally is present abundantly 
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FIG. 18. Variation in the degree of coarseness of the mineral constituen~s of the 
tuffite layers. The rock also exhibits schistosity intersecting the stratification. South 

shore of Stor Pellinge, rural commune of Porvoo. 

FIG. 19. Microphotograph of tuffite layers. The picture shows the di
minishing size of the grains in the direction of the layer surface. The 
large grain contained in the lower part of the upper layer is hornblende, 
the Iighter grains being plagioclase. KorshäII, Pernaja. icols / /, mag-

nification c. 9 x. Photo Erkki Halme. 



32 Geological Survey oE Finland, Bulletin 264 

FIG. 20. Current ripple marks in tuflite. Northern part of Alskholm, rural com
mune of Porvoo. 

along with large p lagioclase grains. In the direction of the upper part of the layers, 

the proportion of plagioclase increases as the grain size decreases. As the layers 

include quartz and biotite, the quartz is also situated in the upper part of the layers 

and the biotite forms the top surface. At the bottom of the layers, magnetite and 

sphene grains are present as accessory minerals. 

Besides the foregoing inner structural features of the layers, primary structures 

have survived in the area also on the boundary surfaces between layers, along with 

structures characteristic of stratified rocks. 

On the west shore of the northern part of Älskholm, there is a cut through the 

bedrock nearly at right angles to the layer surfaces of the tuffites, which dip at a 

gentle angle of about 20° toward the east. In this locality, between the fine-grained 

tuffite layers, there is a coarser-grained layer about 15 cm thick containing plagio

clase and hornblende. On the upper surface of this layer, one can observe a wavy 

pattern, which greatly resembles ripple marks, (Fig. 20). The length of the waves 

varies from 8 to 11 cm and the amplitude is from 1 to 1.5 cm, so that the index of 

the waves is ca. 8. The crests of the waves are rounded. On the upper surface of the 

waves there is an exceedingly fine-grained (0 < 0.02 mm) layer consisting mainly 
of a tuffite material that contains hornblende; this layer is either entirely lacking or 

very thin on the crest of each wave but becomes stronger toward the trough, where 

it gains a thickness of some 3-4 mm. At the trough of each wave, there is also 
usually a larger amount of magnetite. 
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FIG. 21. »Scour and fiU» in tuffite. orthero part of Alskholm, rural commune 
of Porvoo. 

This strueture fully eorresponds to the ripple marks deseribed by Shroek (1948, 
p. 109-111). The asymmetrie forms of the ripple marks and the index value of 8 
suggest their having been produced through the action of flowing water (Shrock 
1948, p. 94), the direction of flow in this case having been from the north south
ward. To a high degree of certainty these features are to be regarded as ripple marks. 
It is hardly likely that any teetonic strueture is in question, for the surrounding 

layers as weil as the one under consideration are very weil preserved and undis
turbed. 

In the same place, about 6 meters to the south from the preceding ripple marks, 
there occur a couple of forms in the stratified tuffite that were possibly pro
duced by flowing water. It may be seen from the currents that during the stage of 
their origin, there developed in the horizontal layers (Fig. 21) a hollow about 30 
cm long and 20 cm deep, the northern wall of which has been cut very sharply and 
the southern side a gentle slope, making the form conspicuously asymmetrie. Later 
on, tuffite was deposited in this place. Its stratification conforms to the shape of 

the hollow. After the hollow was filled, horizontal layers were laid over it. 
This formation structurally corresponds fully to the structures created by the 

erosive action of flowing water, as described in the literature (Shrock 1948, p. 230-
231). A whirlpool developing in the flowing water had produced a hole in the sedi
ments, which at the time were still in a loose state; subsequently this hole filled up 

(»scour and fill»). The steeper wall of the hollow represents the direction from which 

5 7238-73 
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FIG. 22. Cavity caused by erosion in tufnte. Cavity later fi lled with new ash material, 
the layers oE wh ich conEorm to the edges oE the cavity. South shore oE Stor Pellinge, 

rural commune oE Porvoo. 

the flow had come. In the case described, the flow had been from north to south. 
This supports the observations made previously, on page 33, regarding the direction 
of flow in connection with ripple marks. The same direction was also obtained in 

connection with the current bedding occurring in the vicinity (Fig. 3, p. 14). 
On the south shore of the Stor Pellinge, there is another, corresponding hollow 

caused by erosion; in type, it slightly differs from the one just described. A hollow 
was scoured into the stratified tuffite bed; the hollow cuts through the strata(Fig. 
22). The tuffitic layers at the base vary in thickness from 0.5- 1 cm. The hol

low scoured out later became filled with a coarser tuffite material, wruch forms 
layers from 5 to 20 cm thick. In these layers one can observe sorting according to 
grain size. In this case, too, the layers conform the shape of the hollow. 

One sedimentary feature useful in the determination of the orientation of the 

bottom or top of layers is a crossbedding structure met with in stratified tuffites; 

it occurs abundantly in the area. Structures of this kind occur in both thin tuffite 
layers and also as larger bodies several meters long. The upper parts of current 
beds have usually been worn away, with the result that a marked discordance 
with the overlying horizontal layers is to be observed (Figs. 23 and 3, p. 14). 

Also to be seen in tuffites are features varying in size that were produced by 
the sliding of loose sediments. One smallish such occurrence is on the west shore 
of the northern part of Älskholm, where in a fine-grained tuffite layer situated be-
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FIG. 23. Cross bedding in tuffite. West shore of Gäsholm, rural commune of Porvoo. 

tween two coarse-grained horizontal layers, there can be observed foldlike, partly 
overthrust structures (Fig. 24). The direction of the overthrusts is from north to 
south. 

In unhardened tuffites, deformation took place also from the weight of the lava 

bed discharged over them. An example of this is the occurrence situated in the 
eastern section of Risholm. The fragments present at the bottom of the lava bed 

caused the deformation of the underlying loose tuffite, which to some extent forced 

a way between the fragments. (Fig. 25). On Flottaskär, the lava discharged over 
the tuffites caused shattering and small faults in the tuffites. Such faults do not ex
tend to the overlying lava (Fig. 26). 

Also in the agglomerates there are structural features whereby the directions 
of the bottom and the top of the layers can be determined. It has already been men

tioned (p. 16) that in the thick agglomerate beds variation in the size of the fragments 

can be observed at the different margins of each bed. The portion of the bed containing 
the large fragments probably represents the original basal portion of the bed, from 
which the size of the fragments diminishes toward the surface. This same phenom
enon is to be noticed in places also in narrower agglomerate layers, an instructive 

example being the agglomerate occurring at KorshäIl in the Pernaja group of islands 
(Fig. 27). The occurrence contains several agglomerate layers from 1 m to 1.5 m 
thick, in which the largest fragments are in the basal and the smaller ones in the 
surface portion. The fragments are somewhat rounded. 
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FIG. 24. Penecontemporaneous folding in tuffite . Ripple marks in lower part of pic
ture (cf., Fig. 20). Northern part of Alskholm, rural commune of Porvoo. 

FIG. 25. Fragments in lower part of lava bed have deformed tuffite layers below. 
Risholm, Pernaja. 
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FIG. 26. Lava discharged on top of tuffites has caused dis placements 
in underlying tuffite, which do not extend to the lava on top. 

Flottaskär, rural commune of Porvoo. 

FIG. 27. Agglomerate layers in which a decrease can be seen in the size of 
agglomerate fragments from the lower part of each stratum toward the surface. 

Korshäll, Pernaja. 
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Lava rocks 

In the lava rocks, the primary structures appear either as structural variations 

occurring within the beds or as different phenomena in the upper and lower portions 

of the beds. 
In many places where observations could be made throughout the cross section 

of the entire uralite-porphyrite bed, the different parts of the bed were seen to 

vary with respect to the size and number of uralite phenocrysts. In the lower portion 

of the bed, there are tiny phenocrysts sparsely distributed, and they form a narrow 

zone there. Toward the center, the phenocrysts show an increase in size and number. 
Toward the surface, the phenocrysts again diminish in size and number. The breadth 
of such a surface zone is greater than that of the zone at the bottom. 

Associated with the lower margin of the coarse-grained central portion of the lava 
bed, there also occur the previously mentioned (p. 21) varieties of segregation of a 
plutonic character. They apparentl y crystallized from the lava after having become 

separated at an early stage. 
When the lavas contain amygdalae, these have been observed in the study region 

to be very often concentrated at the different margins of the beds in different ways. 

The zone along one edge is narrow and contains amygdalae sparsely whereas the 

zone along the other edge is broader and contains an abundance of amygdalae. 
The latter zone in that case represents the upper portion of the lava bed (see 
Shrock 1948, p. 348-349). 

FIG. 28. Flow structure in the lava, revealed in the arrangement oE the quartz 
amygdalae into arciEorm patterns. From an island c. 1 km east oE Bastuö, rural com

mune oE Porvoo. 
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FIG. 29. Quartz amygdalae concentrated in the upper part of the pillow of a pillow
lava formation. West part of Lill Pellinge, rural commune of Porvoo. 

The lavas further exhibit structures that probably represent the original flow 
structure. On the island about 1 km to the east of Bastuö, there are a couple of nearly 

vertical uralite-porphyrite beds containing quartz amygdalae; these beds trend 
roughly northeast - southwest. Within the beds, the amygdalae are arranged so 

as to form arches, which are convex lengthwise to the beds, in this case toward 

the southwest (Fig . 28). The structure probably originated in such a way that, as 
the lava was discharged, solidification took place at the edges of each bed on account 
of more rapid cooling, whereas in the center, on account of the higher temperature, 
the substance remained more mobile and continued to move in the direction of ad
vance. In this instance, the direction of Row of the lava would have had to be from the 
northeast to the southwest. 

In spite of deformation, the forms of the pillows in the pillow lavas have in 
many pI aces preserved their original form (p. 24, Fig. 13). On the basis of these 
forms, it was possible to determine the orientation of the upper surfaces of the 
lava beds (see, Wilson 1942, p. 62- 64; Shrock 1948, p. 364-366). In many in
stances too, particularly as far as the uralite porphyrite is concerned, on such 

a pillow-Iavalike upper surface, there occurs a concentration of amygdalae both 
in the pillows and the fine -grained mass betweem them and in the uralite porphyrite 
underneath the pillow lava. In the pillows, the amygdalae are apt to appear in their 

marginal portions, forming a zone adhering to the contours (see, p. 25, Fig. 14) 
or then have be co me concentrated in the upper portion of the pillow (Fig. 29). In 
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one case, the longitudinal direction of the amygdalae in the lower portion of a pillow 
is at right angles to the lower edge, whereas in the upper part the longitudinal trend 

of the amygdalae runs parallel to the upper edge. 
On the upper and lower margins of the lava beds, there also occurs quite gener

ally compact chilIed zones, which vary in width from a few cm to between 10 and 

20 cm. Where both margins could be observed, the chilled zone of the upper margin 

appeared to be broader than that of the lower margin. 
The fragmented upper portions of the lava beds have in many places afforded 

an excellent opportunity for making determinations of the top. Exceedingly weil 
preserved lava structures are to be seen on the eastern shore of Älskholm. It is 

therefore described in the following in greater detail. The stratified structures of 
the layers of the extremely weil preserved tuffite bed overlying the lava bed has made 
it possible to verify the fact that the upper margin of the lava is actually in question. 

The fragmented lava bed is uralite porphyrite, and the thickness of the zone 

containing the fragments on the upper portion of the bed is ca. 2.5 m. The fragmen

tation begins quite gradually: in the uralite porphyrite (Fig. 30) there is first to be 

noticed the appearance of fine-grained, indefinitely shaped detached patches a few 
sq. cm in size. Upwards, their color gradually lightens at the same time as the frag
ments take on a more definite shape, whereupon this pale, fine-grained material 
fills up the interstices. Further, the fragments increase in size toward the top sur

face, and they develop an existence distinctly separate from each other. A pale, 

fine-grained mass surrounds themall over. In the uppermost portion on the lava 
bed, the fragments, the long axes of which run at right angles to the bed, are apt 

to be about 40 cm across. The surface of the bed is very uneven (Fig. 31), resembling 
the surface of present-day boulder or aa-Iava beds (see Macdonald 1953). The 

irregularities of the surface are covered by the overlying layered tuffite. 
In outward appearance, these fragments are of the same rock material as the 

underlying uralite porphyrite. Also examined microscopically, this material proves 
to resemble uralite porphyrite. In the fine-grained ground mass, the grains of whieh 

are less than 0.02 mm in size, the phenocrysts consist of both plagioclase (An 5s) 

and hornblende, varying in size between 1.5 and 2 mm. The hornblende is also 
likely to occur radially arranged into fans. Under the microscope, the fine
grained mass reveals the presence of plagioclase and hornblende laminae as 
weil as disseminated magnetite. In the middle of the fragments, the ground mass 
has slightly larger grains. At their margins, the fragments contain abundant con 
centrations of quartz amygdalae measuring about 3 mm across. 

The mass in between the fragments is exceedingly fine -grained and conceivably 
glass by origin. Close to the edge of a fragment, this matrix is finer of grain than in 
the middle. Under the microscope, it could be observed to contain epidote, horn

blende, quartz, plagioclase and a dissemination of fine magnetite. In addition, there 
occur some sparse plagioclase phenocrysts, which are less than 0.5 mm across. The 
matrix further contains small amygdalae with the following compositions: 1. quartz, 
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FIG. 30 . Incipient fragmentation in the upper part of a uralite porphyrite bed. East 
shore of Älskholm, rural commune of Porvoo. 

FIG. 31. Fragmented upper surface of uralite porphyrite bed. Visible in upper right 
corner are the overlying tuffite layers. East shore of Älskholm, rural commune of 

Porvoo. 

6 7238-73 
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2. epidote, 3. epidote and plagioclase, 4. epidote, hornblende and plagioclase, 5. 

hornblende and quartz. Around the latter amygdalae, magnetite is profusely 
disseminated. Also likely to occur in the matrix are little pieces broken loose from 

the nearest fragment. 
In Table 5, Analysis 1 gives the chemical composition of the fragments and 

Analysis 2 that of the mass between them. The fragments resemble in outward 

appearance and mineral composition the intact uralite porphyrite underlying the 

fragmented zone. Also the chemical composition of the fragments (Analysis 1) 

corresponds to the chemical compositions of the uralite porphyrites of the region 
(see, p. 28, Table 3, Anal. 1 and 2). A comparison between the fragments and the 
intermediary mass reveals differences in their chemical composition (Table 5, Anal. 

2). The total ir on content of both the fragments and the mass is the same, but the 
latter contains substantially more ferric iron than do the fragments. This situation 
corresponds to the observations made of the degree of oxidation of the ir on con

tained in the upper surfaces of lava beds (Butler and Burbank 1929, p. 35-37). 
Moreover, the mass contains more Si0 2 and CaO, whereas its MgO content has 

appreciably diminished compared to that of the fragments. This gives reason to 
ass urne that partial differentiation has taken place. 

There are differing opinions about the causes and modes of occurrence of frag
mentation in the upper suface of lava beds. According to one view, it was caused 

by gases discharged upward by solidifying lava (Butler and Burbank 1929, xi; Shrock 
1948, p. 348-349). Considering the process involved in the fragmentation - which 

in the foregoing instance worked gradually upward from below in the fragmented 
zone -, this view seems to have validity here, too. This would mean that as the 

gases increased in volume upon rising from the already partly solidified lava and 
broke through the solid surface, the still molten lava below, after becoming diffe 

rentiated to a more acid state, penetrated into the cracks that had appeared. 

TABLE 5 

Chemical compositions of fragments and surrounding mass of fragmented lava. 

Si02 ........ 
Ti02 .. . , .... 

12°3 .. , .... 
e20 3 ....... 
eO ......... 

A 
F 
F 
M 
M 
C 
N 
K 
P 
H 
H 

nO . ... .. - . 
gO ........ 

aO ......... 
a20 ....... 
2° ..... ... 

20 5 ........ 
2°+ ..... . 
2°- ...... 

1 I 
47. 25 

0 .62 
18.84 

4.74 
7.06 
0.1 3 
6. 86 
7.92 
1. 72 
1. 92 
0.1 6 
2.68 
0. 23 

100.13 I 

2 

:'3.97 
1. 00 

15.23 
8.47 
3.44 
0.1 3 
2.5 2 

13.1 2 
1. 05 
0. 25 
0 .22 
0 .93 
0.05 

100.38 

1. Fragment of the fragmentary lava. AIskholrn, rural 
cornrnune of Porvoo. Anal. Aulis Heikkinen. 

2. ~ass in between the fragments of the fragrnentary lava . 
AIskholm, rural commune of Porvoo. Anal. Aulis Heik
kinen. 
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STRUCTURE OF THE REGION AND ITS EVOLUTION 

The following elucidation of the structure of the region is based mainly on ob
servations made of minor structural features occurring in individual exposures. 
Of these smallscale structures, the most important are planar and linear structures, 
minor folds and preserved primary structures. An attempt was made by combining 
such observations to work out a picture of the broad regional structures and their 
evolution. 

Planar structures 

The planar structures appearing in the rocks and exhibiting varying modes of 
origin are termed in this paper, after Sander (1948, p. 105), »s -surfaces». The most 
important of these is the bedding formed by the sediments before deformation 
(So-surfaces) and the schistosity caused by the deformation (Sl-surfaces). 

Bedding (So) 

The degree of metamorphism undergone by the rocks in the region investi

gated varies. At the northern and southern margins, it has been exceedingly in 
tense, with the result that the original structures of the sediments have been de
stroyed. The original stratification, however, remains in the rocks as a banding 
in which the individual bands varying in composition are of even thickness and 
continuous. 

In the central zone of the region, on the other hand, the primary structural fea 

tures have been abundantly preserved in the layered tuffites and the lava beds oc
curring in conjunction with them. Judging by their depositional features, it is easy 

to decide that the determination made of the So-surface truly is a bedding plane. 

The strikes and dips of these planes are represented in Appendix 2. 

Schistosity (S 1) 

Compared to the bedding of the sediments, the s-surfaces created by the 
movements set off by the deformation that occurred in conjunction with the folding 

are secondary with respect to their mode of origin (Whitten 1966, p. 216). In the 
area investigated, the intensity of the deformation varies from place to place. In 
general, it exhibits greater intensity along the northern and southern margins as 

weil as in the eastern and western sections. Variation in intensity was also ob
served on a smaller scale. As an example, mention might be made of the granitic 
vein about 3 cm wide and 10 m long running between tuffitic strata on the south 
western shore of Stor Pellinge. The eastern end of the vein is slightly folded along 
with the clearly observable tuffitic layers (Fig. 32). At its western end, this vein is 

broken up into numerous branches a few millimeters thick and from 5 to 20 cm 
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FIG. 32. Slightly folded granitic dike situated between tuffite laye rs. South shore 
of Stor Pellinge, rural commune of Porvoo. 

long, which are situated about 1 or 2 cm apart. These branch veins run parallel to 
the local schistosity and at right angles to the original vein (Fig. 33). The deter
minations of the Sl-surfaces were made from the parallel structures of the flaky 

and laminar minerals as weIl as of the deformed, elongated fragments of the conglo

merates and agglomerates. These planar structures are illustrated in Appendix 3. 
The strikes of the Sl-surfaces generally vary between southwest-northeast and 

west-east. A more conspicuous deviation from the afore -mentioned directions 
occurs in the southwestern part of the region, where the S l-surfaces run nearly 

north-south. The dips vary between 70° and 90°. The dips follow a consistent pattern 

in relation to the line running from the eastern part of the south shore of Stor 
Pellinge at first northward and later across the northern part of Ölandet, arching 
toward the east, and Delholm. On the north side of this line the dips have a south
erly and on the south side a northerly direction. Vertical dips are concentrated 
on the line. 

With respect to the relation of the So - and Sl-surfaces to each other, it may be 
noted that at the northern and southern margins of the region, they generally run 
parallel. Elsewhere they intersect each other at varying angles (Fig. 34). Considered 

as a whole, the mode of occurrence of the S l-surfaces is consistent in both schist 
and plutonic rock areas, and there is full reason to assurne that they evolved in 

conjunction with the foldin g into axialsurface schistosity conforming to the axis 
surface (see fead 1940, p. 1010). 
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FIG. 33. The same granitic dike as in Fig. 32, conspicuously deformed. South shore 
of Stor Pellinge, rural commune of Porvoo. 

FIG. 34. Schistosity intersecting stratification of tuffites. South shore of Stor Pel
linge, rural commune of Porvoo. 
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Linear structures 

Lineations and th e axes of the minor folds 

Lineation observations were made from many different line directions resulting 
from deformation. Of these, the most important are the longitudinal directions 

of the hornblende and the biotite on the So- or Sl-surfaces, the extended longi

tudinal directions of the fragments of the agglomerates, the pebbles of the conglo

merates, the pillows of the pillow lavas and thc amygdalae of thc lava rocks. The 

line of interseetion of the So- and S csurfaces is likewise viewed as an lineation 
(Cloos 1946; Turner and Weiss 1963, p. 101 and p. 54-55). 

The lineations vary in the region in prominence. They are particularly con
spicuous at Aparnäs and its surroundings in the northwestern part of Stor Pellinge, 

where the ratio obtained for the diameter of the fragments of the extended agglo
merate was 1 : 1. 5: 10. The lineation is so marked that the amphibolite occurring 
there - which was probably originally gabbro - has been quarried in the direc

ti on of the lineation. 

The axes of the minor folds run in line with the local lineation. In the south
western part of Stor Pellinge there occurs in the tuffites and lava rocks miniature 

folding, on the order of a few millimeters, the axes of which have been interpreted 
to represent lineations (see Billings 1954, p. 359; Turner and Weiss 1963, p. 101; Whit
ten 1966, p. 265). In this study the attitude of these rectilinear structures is related to 

geographie axes in terms of trend and plunge (see Clark and McIntyre 1951; Turner 

and Weiss 1963, p. 47; Whitten 1966, p. 38). 
Local variations, shown on Appendix 4, occur in the trends of the lineations 

and axes of the minor folds . These will be described in more detail in connection 
with the s tructural diagrams. 

Fold ing 

The principal folding in the region emerges in the picture projected by the map 

as major folds constructed out of various structural elements with their axes run
ning toward the northeast or nearly due east. On the limbs of the main folds, there 

occur minor foIds, which can be observed on rock exposures and the axes of which 
run both parallel to those of the main folds and in deviating directions (see p. 50-
53). Furthermore, there occurs in the region transverse folding, which will be descri
bed later along with the structural evolution. 

Major folds 

It was possible to determine a Iarge number of top directions in the layers 
by means of the primary structures preserved in the metasediments and meta

lavas as weil as by means of drag folds and intersections of So- and Sl-surfaces 
(see, Shrock 1948, p. 437-440; Billings 1954, p. 78-82 and 345-350). These 
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directions are represented on Appendix 2. They made it possible also to determine 
the largest synelines and anticlines, the axial traces of which are marked on Appen
dix 2. The major folds have been designated after local place names. 

Delholm ryncline. From the southwestern part of Stor Pe11inge, the syneline reaches 
a11 the way to the vicinity of Delholm. In the western section, it at first fo11ows a 
NNE line, but in the middle of Stor Pe11inge it turns ENE. On the eastern side of 
Delholm, the syneline descends underneath a rather broad uralite porphyrite bed 
and evidently widens and, on the basis of the top directions worked out, joins the 
syneline of Länghäll. 

In the southwestern part of Stor Pe11inge, the fold is elosed in shape and, on ac
count of the overthrust having taken place toward tbe northwest, both of its limbs 

dip toward the southeast. In the middle of Stor Pe11inge, the shape of the fold is more 
open and nearly symmetrical; and that is the way it runs a11 the way to Delbolm. 

';Üskho/tN anticline. The antieline extends from the eastern part of the south shore 

of Stor Pe11inge to the vicinity of Älskholm. In the western section, its trend is 
also NNE, but more to the ENE it turns eastward. In the western section, on ac

count of the overthrust that had taken place toward the northwest, its limbs dip 

ESE. In the east, on the south side of Ölandet, the northern limb of tbe anticline 
dips gently (ca. 40°) and the southern limb more steeply (ca. 75°_80°) toward the 

north. So the asymmetric shape and the southward-dipping character of the fold 
is elear enough. In the east, elose to Älskholm, the shape of the fold is more open, 
but its southward-dipping character remains clearly apparent. 

Sundö anticline. An antieline occurs in the vicinity of Sundö. Owing to the higher 
degree of metamorphism undergone by the sedimentogeneous schists of the area, 
no primary structures have been found there; but in structure the area is similar 

to the Älskholm antieline and the Delholm syneline. In the light of the structural 

similarity, the feature in this locality may be judged to be an antieline. It has a elosed 
form and it tilts slightly toward the north. 

Länghäll ryncline. East of Älskholm, in the area of KorshoIm-Länghä11, there 
is an open syneline, which, situated on the northern side of the Älskholm antieline, 
dips slightIy toward the south. This syneline likewise extends possibly northeast

ward to the vicinity of Ormskär, elosed in form and dipping gently toward the 

south. 
julö ryncline. In the J ulö area, on the southeast side of Stor Pe11inge, there is 

a syncline with an east-west trend in its eastern part but which in its western end 
turns toward the southwest. The Iimbs of the syneline dip in its eastern part toward 
the north. In the western part, the shape of the fold is nearly symmetrical. 

N)ttisholm ryncline. Judging by the primary structures, there is a syneline on the 
west side of the southwest shore of Stor Pe11inge. Its position and trend are un
certain, for the open sea ahead of it prevents accurate determination. In the light 
of observations made from on shore, it structura11y resembles the afore-mentioned 

Julö syncline. See, structural diagrams of subareas II and III in Appendix 5. 



48 Geologie al Survey oE Finland, Bulletin 264 

The large folds referred to here are likely to be several kilometers long. Be

tween these major folds, there occur smaller ones, which are connected with them 
and vary in length from a few dozen to hundreds of meters. These could be ob
served by means of their primary structures. As they are situated on the limbs of 

the major folds, in which steeply dipping layers run parallel for long distances, 
such folds must be quite closed and isoclinal in style. Folds of this kind occur in 

particular abundance on the south shore of Stor Pellinge as weil as in the eastern 

section of the area. 

Minor folds 

The minor folds to be seen on rock exposures vary in size from tiny wrinkles 
to forms a few metel s across. Isoclinal folds with the closed shape occur in greatest 

abundance on the limbs of large folds, notably in the schist zone of the north margin, 

whereas the open folds are characteristic of the middle portions and ends of the 

major folds. In many instances, beautifully developed drag folding is associated 

with last-mentioned folds (Fig. 35). 
There is local variation in the intensity of the minor folding. Conspicuously 

folded in the eastern section of the area are the surroundings of Ormskär and Myss

holm as well as the tract from Risholm to the west. Corresponding tracts in the 

western section are the surroundings of Julö and the southwestern section of Stor 
Pellinge, where overthrusts have occurred, too (Fig. 36). In the last -mentioned 
locality, both in the tuffites and the lava rocks there occurs crenulations. 

Examined as a whole, the folding of the region gives the impression of its being 

a syncline, or rather a synclinorium, composed of several folds, the central portion 
of which lies in the vicinity of the Delholm syncline. 

Structural dia grams 

The trends of the Iineations and axes of the minor folds vary locally. When such 

Iocalities are separated from each other, several subareas emerge (see, Turner and 
Weiss 1963, p. 175) in the western section of the region investigated in which these 
trends are the same or nearly the same (Appendices 4 and 5). In the eastern 
section of the region, with the exception of the northern margin, no such division 
can be made, for the islands belonging to the archipelago proper are sparse and 

consist largely of plutonic rocks. The eastern section is therefore regarded as a 
single entity. In the western section, the homogeneous subareas form alternating 
and parallel zones, which are folded along slightly curved lines running east and 

west, with their boundaries generally following the direction of the schistosity of 

the rocks but in places also apparently intersecting it. In aerial photographs, these 
boundaries are distinguishable by the fractures and, in places, where no fractures 
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FIG. 35. »Drag folding» on flanks of minor folds. Islet located about 1 000 m east ofByttholmen, Pernaja. 

r------------------------c . 30m· ----------------------~ 
FIG. 36. Schematic drawing of overthrust minor folds. Southwest part of Stor Pellinge, rural COffi

mune of Porvoo. 
7 7238-73 
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can be seen owing to, for example, the soil cover, by the differences in the level of 
the ground. To make possible a comparison of the structural differences between 
these subareas, the structural elements from each subarea have been plotted sepa
ratelyon the lower hemisphere of Scbmidt's equal area net to construct the dia
grams (Billings 1954, p. 112-114). Although only sparse observations are available 

from some of the subareas, they nevertheless probably provide an overall picture 

of each of them, considering that the areas are relatively small and homogeneous. 
The directions and dips of the structural elements were measured within a margin 
of error of 5°, which, in my opinion, is wholly adequate in elarifying the structural 
differences and interpreting the reasons for them by means of a statistical study of 

this kind. In the following exposition, the diagrams made of the strata will be termed 
So-diagrams, the ones made of the schistosities Sl-diagrams and tbose of the 
lineations and axes of the minor folds L-diagrams. An So-diagram enables one to 
dctermine the trend and plunge ofaxis B of the major folds in a given area (Weg

mann 1929, p. 104-105). The diagrams of the subareas are presented in Appendix 5. 

The subareas marked off on the basis of the directions of the lineations and axes 

of the minor folds are divided into three groups: 

l.Areas in which the directions are to the northeast or east. This category in 

eludes subareas I, IV and VI. 
2.Areas in which the directions are to the southwest or west. Belonging to this 

group are subareas II, III, V and VII. 
3.Eastern subarea VIII, in which the directions are to the west, southwest and 

northeast. 

Grollp 1 

Subarea I is located in the southern part of Stor Pellinge and ineludes the ends 
of the Delholm syneline and ÄIskholm antieline bent toward the southwest. 

On the So-diagram, the poles of the normals of the strata form a great drele, 
the B direction of the axis of which, ca. 400 E 35°, is the trend of the axis of the 

main folding in the area. 

On the L-diagram, the strongest maximum of the lineations, LI> is in approxi
mately the same place. In addition, there occur in nearly the same direction two 
weaker maxima, L 2 and La. Such an occurrence of several maxima in approximately 
the same direction is apparently due to the marked ben ding of the major folds in 
this area. Besides the foregoing, there occurs in the diagram still a fourth weak 
maximum, L 4 , in the direction S 15°E 55°. It deviates appredably from the pre

ceding directions. Reference will be made again to this direction later (p. 55). 

The same bending appears in the Sl-diagram as three maxima of the foliation 
plane, according to which the schistosity varies from the north-south line to the 
direction N 300 E. The magnitude of the dips varies from 70° to 80° toward the 
east. 
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Subarea IV is the extension of the preceding area toward the east, comprising 
the middle portions of the Delholm syndine and the ÄIskholm antidine. In the 
light of the diagrams, the area is dearly delineated. 

On the So-diagram, there occur two prevalent trends of the principal folding, 
B 1 (N 500 E 25°) and B 2 (N 75°E 15°). The B 1 direction of the fold axis occurs in 
the western and eastern parts of the subarea. Direction B 2 occurs in the central 
portion of the area, marked on the map (Appendices 4 and 5) as IV:a. In this area, 
there is a profusion of well-preserved primary structures; accordingly, the meta
morphism there was probably weaker than in the surroundings. 

On the L-diagram, there are likewise two maxima, L 1 and L 2, the trends and 
plunges of which correspond roughly to the trends of the fold axes. 

On the Scdiagram, the maximum areas are broad, reflecting variation also in 
the strikes and dips of the schistosity. 

According to the So- and L-diagrams, there takes place in the area a turning of 
the axis trend and that of the lineation from the northeast line in the western section 
to the east li ne in the central section and, on ce again, to the northeast line in the 
eastern section at the same time as the plunge of the axis in the central section be
comes slightly less steep. 

Subarea VI is separate from the preceding ones, comprising the central portion 
of the Sundö antidine. Compared with the preceding ones, it also reveals differences 
of structural style. 

The So-diagram is somewhat undear, with weak maximum points on the outer 
cirde of the diagram. This is apparently due to the conspicuous minor folding 
that occurs in the area and would have required a larger amount of observations. 

In the L-diagram, on the other hand, there is similarity. It has a distinct maximum, 
L, the trend of which is the same as the trends B 2 and L 2 of central portion IV:a 
of subarea IV. The plunge, however, is steeper, ca. 40°. 

From the S l-diagram, the strike of the schistosity plane obtained is approxi
mately N 65°E 700 S. 

Group 2 

Subarea II is located at the west end of the formation, and it comprises the 
Nyttisholm syndine. 

On the So-diagram, the poles of the strata form two great cirdes, the corre
sponding trends B 1 and B 2 of the fold axis being parallel to them but a difference 
of about 35° occurring in the plunges. The gentler B1 (S 800 W 35°) prevails, as 
may be observed from the maxima of the corresponding great drcle. 

On the L -diagram, there occur the corresponding lineations L 1 and L2• In ad
dition, there occurs still a third !ineation trend, L3, which plunges straight south 
at a 65° angle. This trend coinddes approximately with the lineation L, of subarea 1. 

This direction will be reconsidered later (p. 55). 
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From the S l-diagram, the strike of the schistosity is ca. N 85°E 85°S. 
Subarea UI is situated at the south margin of the western part of the formation 

and comparises the JuIö syncline, which opens toward the southwest. 
The trend of the foId axis B, obtained from the So-diagram, is ca. S 800 W 70°. 

In the L-diagram, there occur three maxima, which indicate changes in the 

Iineation trend from the east end of the foId to the western part. Of these, the gende 

southwestern trend, LI, occurs in the eastern part of the fold, the more steeper 
western trend, L 2 , around the middle of the fold and the steep southwestern trend, 

L 3, in the western part of the fold. The L 3 trend is approximately the same as the 

foId axis B. 
The Scdiagram also reveals the changes that had taken place in the strike of 

the schistosity from the 85° E li ne to the N 75° E line, the dips being 70° to 80° 

toward the north. 
Subarea V is situated in the center of the area as a zone about a kilometer broad 

bent nearly to an east-west line; it lies on the li mb of the fold between the Delholm 

syncline and the Sundö anticline. 
The direction of the li mb of the fold obtained from the So-diagram is approxi

mateIy east-west and the dip ca. 70 0 S. Thc area surrounding the point of the maximum 

is broad, indicating the variation in the orientation of the layers. 

On the L-diagram, there occur three maxima, LI> L 2 and La. The lineations 
corresponding to the maximum L l fall into the eastern part of the zone. The max
imum L 2 has stretched to quite a length on roughly a plane striking northwest

southeast with a dip of about 60° SW. The corresponding lineations fall into the 

vicinity of the bend in the western part of the zone, where also field observations 
ascertained the lineation to have developed quite markedly. A lineation plunging 
steeply southward occurs at the western end of the zone, coinciding with trend 
L t of subarea 1. This trend will be dealt with later (p. 55). 

The SI-diagram reveals the lineations to !Un along the schistosity plane, which 
strikes ca. N 85°E 85°S. 

Subarea VII is situated at the north margin of the region, occurring as a curving 
zone about 2.5 km wide, which, at least in its western portion, lies on the north 
limb of the Sundö anticline. 

Variation in the orientation of the strata is to be observed on the So-diagram, 

being due to the curving of the zone. In the eastern part of the zone, the strikes 
are ca. 800 Wand in the western part N 700 E. The dips are steep. 

On the L-diagram, the trend of the lineations varies. A weak maximum, L l, 
occurs at the east end of the zone. The lineations corresponding to the likewise 

weak maximum L 2 fall in the vicinity of the curve made by the zone in the eastern 
section, while the lineations corresponding to the stronger maximum La fall in the 

zone running toward the west. LI> L 2 and L 3 are situated on a plane striking ap
proximately northwest-southeast wirh a dip of ca. 6QoSW (cf., subarea V, L 2). Like
wise characteristic of this zone is a turning of the lineation from the western di-
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rection of the eastern section to a nearly due south one at the western section at the 
same time as its dip steepens. 

The Sl-diagram reveals that the schistosiry partly has taken the same strike as the 
strata. Also lineation L 3 falls on the schistosity plane. 

Group 3 

Subarea VIII embraces the eastern section of the area investigated wirh the ex

ception of the north margin, which is dealt wirh in conjunction wirh subarea VII. 

This area differs from the other areas in that ir consists for the most part of plu
tonic rocks. More schists occur in the southwestern and northeastern sections. 
Also structurally, the area stands apart from the other ones, for which reason the 

clear-cut zones described in the foregoing could not be distinguished and the area 
is treated as a single entity. 

On the So-diagram, the poles of the normals of the strata bring about a number 
of weak maxima on the outer circle of the projection, this apparently being due 
to the conspicuous minor folding that occurs in the region. 

On the L-diagram, there are three maxima, of which the L 1 evidently represents 
the axis of the main folding. At right angles to this is L 2 • The deviating trend L 3 

occurs in a smalI, confined area in the southwestern part of the subarea. 

On the S cdiagram, considerable variation is to be observed in the strike of the 
schistosity plane: this appears as a dispersion of the normal poles of the planes over 
an extensive area. In the diagram, there occur two maxima, the corresponding 

strikes of which, 700 E 75°N, occur mainly in the southwestern part of the region 

and the strike N 800 W 800 N in the northeastern section. 

Structural evolution 

The foregoing So- and L-diagrams make evident that in the cores of the major 
folds, observed to vary in orientation in the region from the northeast to nearly 
due east, the trends followed by the axes of the minor folds as weil as by the line

ations run nearly parallel with the main axes of the major folds. On the limbs of 

the main folds, the lineations and the axes of the minor folds likewise coincide but 
run, by contrast, west and southwest. Consequently, in the following interpretation 
of the structural evolution of the region, use was made of the trends of the line

ations and axes of the minor folds represented in the L-diagrams. They seem to 
reflect the development undergone by the total structure quite faithfully. 

The diagrams also reveal the changes that have taken place in the region in the 
L-directions. In the areas of the main folds (subareas I, IV, VI and VIII, Appendix 

5), one will note how in the southwestern section, in subarea I, the E-trending 
axis gradually turns so that in subarea IV:a it runs nearly due east and from here, 
further, back to a northeasterly direction (subareas IV, eastern part, and VIII). 
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In subarea VI, the trend of the axis is ENE. The change in direction, as compared 

to that of subarea IV:a, is of the order of ca. 30° to 40° and in the southwestern 
section, in subarea I, it is nearly 50°. In the axis trends, there accordingly had taken 
place a rotation, the center of which is approximately in the vicinity of subareas 

IV:a and VI and the direction had been counter-cIockwise. Simultaneously, changes 

had taken place also in the plunges of the axes, which in the southwestern section 

are ca. 30°, in the middle of subarea IV:a ca. 15° and in the northeastern section 

again ca. 30°. 
The same rotation appears also in the L-diagrams of subareas V made from 

the limb of the main folds and VII as weIl as in subareas II and UI of the L-dia

grams of the folds opening toward the west. Common to all, proceeding from east 
to west, is a turning of the L-trends from agende westerly one to a steeper south
westerly one. It may be noted from the L-diagram of subarea V that the most marked 

change of trend happens around the arch opening south in the western part of the 
subarea, where the maximum L 2 composes a zone trending SE-NW. The same 

phenomenon may be noted also by examining the L-diagram of subarea III. In 
subareas III, V and VII, the change in the L-trend is ca. 35°-45°. The plunges 
steepen at the same time. 

In subarea II, changes appear only in the plunges of the lineations. It has not 
been possible to determine how these directions fall into the various parts of the 

area because evidently they represent only part of a larger whole. 

The last diagram of Appendix 5 summarize the da ta incIuded in the dia grams 

of subareas I-VIII. On the basis of these and the dia grams of the subareas, an at
tempt was made in the foIlowing to elucidate the main features of the folding. 

The main folding was caused by horizontal compression, the direction of which 

was approximately SSE- N W. This is revealed by Appendix 5 of the L-diagram 
(see Sander 1948, p. 132) and the Sl-diagram (see BiIlings 1954, p. 343) comprising 
the whole region. During folding, however, there takes place a division of this one
direction compression into differential stresses, the directions and magnitudes of 

which change the whole time - having done so as early as the sedimentation stage 

or as the strength of the strata, the resistance of the formations and other physical 
properties varied (Bhattacharji 1958, p. 627). The changes in the direction of the 
forces at work naturally also cause changes in the directions of the fold axes and 

axial surfaces. This is what evidently happened around the middle of the region in 
the southward-thrusting area of acid gneis ses and its extension to the south charac
terized by the occurrence of volcanic rocks (subareas IV:a and VI). This area, ap

parently owing to the rigidity of the originally arkosic sediments, constituted a 

resistant block (Appendix 5). Here, the folding was caused by differential stress, the 
direction of which was almost north-south and which, owing to its nature, was 
smaller. To this probably may be attributed the more open folding style of the area, 
the weaker metamorphism in comparison with the surroundings and the turning 
of the axis direction east (subareas IV:a and VI) and the gentler plunge in subarea IV:a. 
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On both the western and eastern sides of the afore-mentioned block, the force 

working from the south was able to make itself felt freely so that the yielding sedi

ments gave way to form gently arching folds. Such large, arching folds opening 
southward occur on both the eastern and western sides of the rigid block. 

By virtue of the greater density of observations afforded by a homogeneous 
archipelago, it was possible to elucidata more clearly the structure of the arched 
transverse fold opening south in the western section. The crest of the fold occurs 
in the northwestern part of Stor Pellinge and the inner curve in the J ulö area. As 

this arched fold developed, the limbs of the main folds ac ted as yielding slide sur

faces, whereas the central portions of the folds, thanks apparently to the strength 
of the structure, were preserved. The sliding that occurred on the limbs of the main 
folds is revealed by the development of the L-trends as shown in the L-diagrams 

of subareas II, III, V and VIII. The steeply plunging lineation L 3 , which occurs 
at the western end oE the subareas, varying from southwest to south, and the 
lineation L 4 of subarea I fall onto the »axial surface» of this transverse fold and thus 
represent the developing axis trend oE the fold. On the west shore of J ulö, foliation 

directions were measured from the quartz diorite - this was done also on the south 

shore of Stor PeIIinge - and the figure obtained oE ca. 20 0 W 700 W seems to cor

res pond to the »axial surface foliation» of this folding. 
The radius of the outer curve oE this fold, located in the northwestern part of 

Stor Pellinge, is larger than the radius oE the inner curve, located in the vicinity of 
Julö. In type, it is a flexure fold. On the outer curve of the fold in the northwestern 

part of Stor Pellinge, there are several long bays oriented toward the southeast, 
the directions of which deviate from the general style of the bays in the archi
pelago. These might be fractures formed in the tension zone at the crest of the fold 

(see, Billings 1954, p. 89). Analogously, in the compression area oE the fold in the 

vicinity oE Julö, where the compression had been great, there is a syncline opening 
toward the southwest, one in an en echelon position in relation to the principal 

folding. A similar phenomenon is to be observed in the eastern section, in the 
vicinity of Ugglasö-Korsholm, where the compression produced minor folding 
oriented northwestward in the inner part of the arched fold opening toward the 

northwest. 
The slight overthrusts oE the strata occurring in the southwestern and south

eastern parts of the region are also associated with this folding, dating from a late 

stage. 
With the whole taken into account, the summary oE the L -diagrams constructed 

of the region (Appendix 5) reveals that the L-trends oE the main folds (the directions 
of the b -axes) and the on es situated on the limbs oE the main folds (those of the 
a-axes) developed synchronously and roughly at right angles to each other. Many 
researchers have previously had their attention drawn to the relation between 
such directions. Van Hise (1894) was the first to reEer to the minor folding of a 

folded formation as »cross-folding» - he regarded the main folding and the as-
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sociated minor folding as representing two different stages in the evolution of a 
structure. At present, the view prevails that both foldings are synchronous (New

house 1955; Rast and Platt 1957; Whitten 1959). 
The inter-relations of folding have also been studied experimentally (Hungerer 

1922). The synchronousness of foldings is further supported by the latest experi

mental studies (Bhattacharji 1958). 
In studies carried out in southern and southwestern Finland, the lineation has 

been observed to be both at right angles to the fold axis (Neuvonen and Matisto 

1948; Simonen 1949, 1952, 1953) and parallel to it (Salli 1955). Also the magma 
has been found to have caused a conspicuous lineation in the direction of its move 
ment (Härme and Seitsaari 1950). The lineation has further been observed to run in 
different directions but not perpendicular to the b -axis of the general folding (Härme 

1955). 
In the area of Orijärvi (Tuominen 1957), two general lineations trending east 

ward have been observed; thc more gently plunging of the two (15 °_20°) runs paral

lel to the fold axis and the steeper (with a plunge of 45°) is assumed to be connected 

with the overthrust directed westward. 

PLUTO IC ROCKS 

In the following presentation, mention will first be briefly made of the plutonic 

rocks that bound the region under investigation. The plutonic rocks actually as

sociated with the region itself will be dealt with somewhat more thoroughly. 

Plutonic rocks skirting the study region 

Microcline granites 

In the north, the region borders on an extensive area of microcline granite. 

Granite of the same kind has also been met with on the south side of the region, 
on a few rocky islets (not shown on the map) out at sea about 10 km from Stor 
Pellinge. This granite composes migmatites with older rocks and it is a rock typical 
of the southern coastal region of Finland. Such migmatites have been de 
scribed by quite a number of investigators, but special mention should be made of 

Sederholm's studies, which have become classics by now (1907, 1923, 1926, 1934). 
A petrological summary of these rocks has been published by Simonen (1960, p. 64-
72). 

At Kardrag, at the northern margin of the region, observations have been made 

of the contact between the granite and the schists dipping southward at an angle 
of approximately 80°. The contact proper is not visible . In the area of the contact, 
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there is a deeply eroded zone a few dozen meters wide, wich is covered with 
soil. At the southern edge of this contact zone, granite has abundantly penetrated 

the schists . At the same time, strong fracturing of the rocks has taken pi ace, along 

with metamorphie changes, the most striking of which is a marked epidotization 
of the minerals of both rocks. 

EIsewhere, the contacts are covered with either loose deposits or water. 

Granite of Onas 

On the west side of the region, there occurs a granite massif, which takes up an 
area of nearly 300 sq. km. It is composed of potash feldspar forming grains 2- 3 cm 
in size and plagioclase, quartz, biotite and hornblende. The composition of the 

rock is fairly homogeneous. Only at its western margin do diverse varieties occur. 
The contact between this granite and the schists of the study region lies under 

the sea, so no observations of it have been made. Detailed descriptions of the rock 
have been published by Sederholm (1923, p. 95-97) and Borgström (1931). 

Rapakivi 

In the east, the region is bounded by the great Wiborg (Viipuri) rapakivi massif. 
The most prevalent type of this rock contains potash felds par ovoids 
which are generally mantled by plagioclase. In addition to the potash feld
spar and plagioclase, the rock contains quartz, biotite and hornblende as the princi

pal minerals. The rapakivi has been described closely by Sederholm (1923, p. 75-

92), Wahl (1925), Vaasjoki (1953, p. 49-50), Savolahti (1956), Simonen and Vorma 

(1969) and Vorma (1971). 
In the eastern par t of the region, also the contact between the rapakivi and the 

schists has been met with. The rapakivi has been observed to intersect the schists 
intrusively. The contact and the contact phenomena have been described in detail 

by Sederholm (1923, p . 75-92) and Vaasjoki (1953, p . 49- 50) . 

Plutonic rocks occurring in the region 

The plutonic rocks occurring within the region investigated composed separate 

intrusions, which are identified by the place names . 

Haverholm quartz diorite 

On the north side of Stor Pellinge, there is an area of plutonic rock, the longi
tudinal direction of which is the same as the direction of the local foliation, 

ca. N70oE . It is located at the core of the n or thward-tilting Sundö anticline. The 
western margin lies under the sea, and in the east it borders on arkose gneisses. The 

rock varies in composition from gabbro to granodiorite. The predominant type, 

8 7238-73 
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however, is quartz diorite. It generally contains volcanic fragments. The grano

dioritic types contain less fragments; but, on the other hand, they have amphibolitic 
and arkose gneiss intercalations running parallel to the foliation. There is a 
greater abundance of granodiorites at the northern margin of the area. The arkose 
gneiss on the eastern side is especially rich in quartz -dioritic and granodioritic veins, 

which, running parallel to the folia ti on, can be traced to this massif. 

The principal minerals of the rocks are plagioclase (An 2S - 33), which in some in
stance is present as phenocrysts, hornblende, quartz and chlorite. Diopside has also 

been met with in the gabbros. At the western margin of the area, the plagioclase is 
conspicuously sericitized. Accessory constituents are epidote, magnetite, apatite 
and - in some pI aces occurring abundantly - sphene. No potash feldspar has been 

detected in any of the thin sections examined. 
The gneissose structure of the rock is weil developed, as observed both in the 

field and under the microscope. 
The mineral composition of the rock is given in Table 6, Nos. 1 and 2. 

Kummelskär quartz diorite 

The same kind of quartz-dioritic rock, which in places is porphyritic, has been 
met with on the outermost islands of the group on the south side of Stor Pellinge 

as weil as on the skerries located some 13 kilometers to the east from them. Here, 

to~, the gneissose structure is marked, and the rock contains volcanic fragments 
as weil as amphibolitic intercalations running parallel wirh the foliation. 

The chief minerals in the rock are plagioclase (An 27 - 32), quartz, hornblende and 

biotite. 

Vatskär granodiorite 

At the eastern end of the region, west of Vätskär, there is a body of plutonic 

rock similar in mode of occurrence to the foregoing ones. In composition it is g rano
diorite. It likewise forms an elongated massif parallel to the foliation, and the 
gneissose structure of the rock is weil developed. It also contains basic inclusions. 

The plagioclase (An 27) composes phenocrysts, which are arranged parallel to the 
foliation . Present, in addition, as major mineral constituents are quartz, biotite 
and hornblende. A detailed description of the rock was published by Sederholm 

(1923, p. 137- 146) as weil as by Vaasjoki (1953, p. 17- 18). 
This rock, to~, occurs in the schists of the southern margin, in the form of veins 

running parallel to the foliation . 

The mineralogical composition of the Vätskär granodiorite is given in Table 6, 
os. 3 and 4. 
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TABLE 6 

Mineral compositions of plutonic rocks. 1- 2 Quartz diorite of Haverholm, 3- 4 Vätskär gra
nodiorite, 5-7 quartz diorite of Julö. 

1 I 2 I 3 I 4 I 5 I 6 I 7 

Quartz ••••• • • •• 0 •••••• ••• •• 5.0 11.5 25.7 21.0 29.6 27.5 5.4 
Potash felds par . .. .......... 13.0 13. 6 10.5 6.4 
Plagioclase ..... . ........ . . .. 58.6 53.3 50.5 46.9 28.0 42.7 37. 1 
Biotite . -, . . .... . .. , . . ... .. . 1.2 8.3 10.0 12.5 1.1 
Chlorite ....... . ... , . .. .. . . . 6.4 7.4 4. 7 
Hornblende . .. ... . . . ... . . ... 27. 4 25.9 4.5 9. 9 28.0 2.7 48.3 
Epidote .... . ........ . ... . .. 2.3 
Accessories ..... . ........... 2.6 1.9 0.4 0.3 4.4 1.8 1.7 

100. 0 I 100.0 I 100.0 I 100. 0 I 100. 0 I 100.0 I 100.0 

1. Quartz diorite. Island situated about 200 m to the west from Brudholm, rural commune of Porvoo. 
2. Quartz diorite. Brudholm, rural commune of Porvoo. 
3. Granodiorite. Vadholm, Pernaja. 
4. Granodiorite. Bergholmen, Pernaja . 
5. Quartz diorite. Langö, rural commune of Porvoo. 
6. Granodiorite dike. Björnholm, rural commune of Porvoo. 
7. Quartz diorite dike. Glosholm, rural commune of Porvoo. 

Julö quartz diorite 

In the western part of Langö and in Julö, there occurs a small, independent 
body of plutonic rock, the predominant variety of wh ich is quartz diorite. Its chief 

minerals are plagioclase (Anao - aa), quartz, hornblende and biotite. The plagioclase 
occurs to some extent as long, idiomorphic laminae, with the result that the structure 

is ophitic in appearance. In places, the plagioclase exhibits a well-developed zoned 
structure. To some extent, the hornblende is green, to some extent, pale bluish. 

The accessory minerals are sphene, magnetite, calcite and apatite. The mineralogical 
composition of the rock is given in Table 6, No. 5. 

Also occurring in the intrusion are granodioritic varieties, whereupon potash 
felds par is present in addition to the afore-mentioned minerals and the composition 

of the plagioclase is An 25 • Myrmekite generally occurs in the plagioclase. 

This plutonic rock is situated in the Julö syncline, which had formed in the inner 
arch of the great trans verse fold opeiling southward (see, p. 55). Its eastern margin 
lies on top of volcanics and runs at an angle of about20° toward the west in conformity 
with the lineations and the axes of the minor folds in the eastern part of the syncline. 

The northern border dips at an angle of about 80 ° to the north and the western bor
der at one of about 70° to the east. 

At the northern and southern margins, the plutonic rock brecciates the sur
rounding volcanics . The center of the plutonic rock is homogeneous, and there 

one can notice a weak schistosity in the direction N20°-45°W, the dip being ca. 700 W. 
This schistosity direction intersects nearly at right angles the foliation directions 

measured from the surrounding volcanics. This direction apparently came about 
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during the time of transverse folding. Also situated on this level are the steep south

westerly and southerly L-directions (see, p. 55). 
On the southern and southwestern sides of the intrusion, there occur an abun

dance of quartz-diorite and granodiorite dikes (Table 6, Nos. 6 and 7) deriving from 
this intrusion and that discordantly intersect the surrounding volcanics. 

Plutonic rocks of the vicinity of Ryssholm 

These plutonic rocks are situated in the eastern section of the region, In the 
vicinity of the island of Ryssholm, and they comprise the rocks designated by Se
derholm (1923, p. 113- 128 and 146-148) as Rysskär granite and Stadslandet 
gabbro. The area, measured east and west, is approximately 6 km long and 3.5 km 

broad. The plutonic rocks extend southward on the eastern side of the archipelago 
proper as a zone about 1.5 km broad. This body of plutonic rock also includes 

a narrow, veinlike occurrence running from the south shore of Byö and curving 

westward on the eastern side of Stor Byttbolmen to reach as far as the nortb shore 

of Lill Pellinge. The same kind of narrow zone of plutonic rock has further been 
met with on the north shore of Stor Pellinge; in all likelihood, it is an extension 
of the one just mentioned. It is not, however, possible to decide this for sure be
cause the areas in between are covered with surficial deposits. 

Tbe rocks of the area vary a great deal. In mineral composition, they are gabbros, 

quartz gabbros, diorites, quartz diorites, granodiorites and granites, which grade 
over into each other. 0 contacts have been detected. On the basis of the 
abundance in the occurrence of given varieties of rock, it is possible to dis
tinguish different roughly bound areas . At the northern margin of the area, in the 

southern part of Byö and Stadslandet, and in the islands fronting it, the predominant 

variety of rock is gabbro. In the middle of the area, there are a couple oE 
small stretches of granite. Tbe rest of the area contains a mixture of all the varieties 
of rock mentioned, and it would be virtually impossible to draw the boundaries 
between occurrences on a map. 

The plutonic rocks of the area vary in mineral composition. The principal min

erals contained in the gabbros are plagioclase (An33 - 3 ,), green hornblende and bio
tite. In places, there is a scanty amount of quartz in addition. Besides the horn
blende and biotite, the diorites and quartz diorites contain a greater amount of 
quartz, and the composition of the plagioclase varies between oligoclase and 

andesine (An 2s - 33)' The granodiorites contain plagioclase (An 18 - 2')' a slight amount 
of hornblende or, in its pi ace, chlorite, potash feldspar, biotite, quartz and, in many 
instances, epidote. Compared to granodiorites, the granites contain more potash 
feldspar, and the composition of the plagioclase is An 1s - 2s ' The mineral compo
sitions of the different plutonic rocks of the area are given in Table 7. 

In the basic types, the gabbros and diorites, plagioclase is frequently observed 
to form lamallae, which are apt to be 4 mm long and 1 mm wide. The spaces be
tween the crystals are filled with dark minerals. For this reason, the rock is op-
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hitic in structure (Fig . 37) . Such types occur abundantly in marginal parts of the 
plutonic r ock area. The plagioclase grains in very many instances exhibit beau ti
fully developed, zoned crystallization . 

TABL E 7 

Mineral compositions oE plutonic rocks in v icinity oE Ryssholm. 

1 I 2 I 3 I 4 I 5 I 6 I 7 I 8 I 9 I 10 I 
Quartz .. . . . 1. 9 1. 2 11. 9 14.2 16.8 19.2 27.0 27.8 40.0 27.8 
Potash 

feldspat .. 0.5 7.8 12.4 4. 3 11. 9 13.4 25.2 
Plagioclase . . 51. 6 58.0 39. 5 53.4 48.0 50.8 56.1 43.8 42.3 41. 8 
Biot ite ..... 7. 0 10.3 12.4 12.2 9 5 8. 5 9. 9 2. 2 2.0 
Chlorite . . . . 2. 1 0. 9 1. 1 1. 4 2.2 
Hornblende 43. 3 32.2 34. 8 17.9 13. 9 7. 4 2.3 5.3 
Epidote ... . 0.5 
Sphene .... . 0.6 1. 0 0.2 
Calcite . . .. . 0. 2 0. 2 
Apatite ..... 0. 5 0. 4 1.4 0. 3 0.2 0.3 0. 2 
Accessories 0.6 0.6 1. 2 0. 1 1. 3 0.3 0. 4 0. 4 0.7 1. 0 

100. 0 1 100.0 1}00.0 1 100.0 1 100.0 1100. 0 1100. 0 1100.0 1100. 0 1 100.0 1 

1. G abbro. Kräkskär, Pernaja. 
2. G abbro. Tärneshäll, Pernaja. 

7. Granodiorite. Kräkskär, Pernaja. 
8. Granodiorite. Aggärarna, Pernaja. 

3 . Quartz gabbro. H ägglandet, Pernaja. 
4. Quartz gabbro. Sto ra Klacken, Pernaja. 
5. Q uartz dio rite. Mäshäll , Pernaja. 

9. Granodiorite. Ryssholm, Pernaja. 
10. Granite. Sundarä, Pernaja. 
11. Grani te. Ryssholm, Pernaja. 

6. Granodiorite. Sundarä, Pernaja. 

FIG. 37. Ophitic textu ral fea tures in gahbro. Brändholm, Pernaja. Microphoto
graph, magnifica tion c. 12 X, nicols + . Pho to E rkki Halme. 
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43.6 

29. 7 
25.2 

1. 5 

100.0 
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In a few pI aces in the plutonic rock area proper, but, especiaIly, also in the dike 

running from the south shore of Byö and turning westward at Byttholm, the gabbro 
in places contains hornblende phenocrysts about 5-7 mm across with the mat
rix ordinarily being finer of grain. These types are variants of the even-grained 
gabbro and very dosely resemble the uralite porphyrites of the region. 

Also other varieties deviating in structure from the plutonic rocks proper occur. 

On the west shore of Stor Finnholm, the observation may be made at the western 
margin of the plutonic rock how the quartz -dioritic rock possessing an ophitic 

texture graduaIly changes into a finer-grained porphyric rock, which in texture 
dosely resembles the hypabyssal felds par porphyry occurring on LiIl Masholm

Bastuö (see, p. 29). 
The plutonic rocks contain tuffitic as weIl as uralite- and plagiodase-porphyritic 

fragments, which vary in abundance from area to area. They occur in especial pro
fusion dose to the contacts of the plutonic rocks as weIl as at the center of the 
area, where the fragments give the rock its dominant character. On the other hand, 

in the district located to the southeast and east from Byö, there are fewer of the 

fragments and in some places the plutonic rock is homogeneous. Through the 
effects of the molten magma that penetrated them, the fragments have altered 
in many ways. These phenomena have been described in detail by Sederholm (1923, 
p . 116-128) and Vaasjoki (1953, p. 28-39). In addition, more acid plutonic rocks 
brecciate basic plutonic rocks that crystaIlized earlier. 

In the southern part of Masholm, there is to be seen the contact between the 

granodiorite of the Ryssholm rocks and an earlier volcanic rock. The granodiorite 

penetrates the country rock as veins, forming a zone of veined gneiss some 2 m 
broad. In general, direct contacts between the plutonic rock and older volcanics are rare. 

The country rock surrounding the intrusion abounds in dikes that cut across it. 
In mineral composition and structure, these dikes correspond to the country rock 
of the locality itself and derive from this massif. In places, they brecciate the country 
rock and, in other places, they have penetrated the country rock along the foliation 

planes, composing veined gneissose migmatite. One example is to be observed on 

the west shore of Viasholm. A description of it is given by Sederholm (1923, p. 
128-137, Fig. 59, p. 132), according to whom the conglomerate occurring on the 
island became homogenized by palingenesis during the penetration of the plutonic 
rock and then recrystallized into a material appearing to be plutonic rock. The 

case might also be interpreted as migmatite. Material penetrated along the foliation 
plane from the vein of plutonic rock cutting the conglomerate to produce a veined 
gneiss. Similar phenomena have been described by Härme (1958, p. 46, and 
plate I, Fig. 1). 

Tunnholm gabbro 

The Tunnholm gabbro is situated in the southwestern part of the region on the 
island of Tunnholm and the islands in its vicinity. On account of the surrounding 
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sea, no contacts between the gabbro and the country rocks are to be seen. The lon

gitudinal direction of the formation is evidently southwest-northeast. A detailed 

description of the gabbro has been given by Sederholm (1923, p. 42- 49). The 

predominant type of rock is a medium-grained (grain size: 1-5 mm), somewhat 

brownish gabbro, which contains slightly pleochroic augite, brown hornblende 

and plagioclase (An38 - 43). In places, the rock exhibits an ophitic structure. 

Deviating from the prevailing type, the gabbro contains in spots phenocrysts 
about 1 cm in diameter as weIl as coarser-grained and darker-colored patches of 
rock resembling fragments. The phenocrysts are diopside, which in some 
places have undergone uralitization. The phenocrysts are likely to occur in quite 
some abundance, in which case the rock strongly brings to mind uralite porphyrite. 
The boundaries of the dark fragments against the surrounding gabbro are gradual 
and also the transition from one variety of rock to another takes place gradually. In 
composition, the fragments are more basic than the gabbro and they contain di
opside, hornblende and plagioclase (AnS7 - 63) as well as olivine. In their mode of 
occurrence and appearance, these fragments closely resemble the ones that occur 
in the uralite porphyrite on the small rocky islets of Stensundsviken, on the southern 

side of Ölandet (p. 21). These fragments should probably be regarded as basic seg
regations of magma that became separated from the main mass at an early stage. 

In places, the gabbro is also distinctly banded, bringing to mind the streaky 
appearance of the uralite porphyry met with at Edisudden, in the southwestern 
corner of Stor Pellinge, and, to some extent, also on the island of Nyttisholm (p. 
21). The width of the bands varies from 20 cm down and in cross section they dis
play differences in both mineral composition and grain size. One edge of a band 
is likely to be coarse-grained and contain a profusion of dark minerals while the 
other edge may be of a Iighter shade and finer of grain. The structure of such in
dividual bands is not, however, always even nearly regular but marked by inhomo
geneous features. This banding can probably be attributed to movements that took 
place during the crystallization of the magma, and it may be regarded as representing 

an original flow structure. 

Among the gabbro occurrences, especially in the marginal portions of the massif, 

there are also to be found dioritic rocks, the principal minerals of which are plagio

clase (An 28 - 32) and hornblende. In addition, apt to be present are secondary potash 

feldspar, epidote and chlorite. 

Further present in these types of rocks are coarse gabbro-pegmatitic dikes, the 

chief mineral constituents of which are oligoclase and hornblende. These dikes 

brecciate the gabbro in places, and they have been described in detail by Sederholm 

(1923, p. 46-49). 

The mineral compositions of the different types of Tunnholm gabbro are tab

ulated in Table 8. 
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TABLE 8 

Mineral compositions of different rock varieties of Tunnholm gabbro. 

2 

Plagioclase .. . . ... . .. · . .. · . .. · . .. .. .. 10.9 17.0 39.4 54.2 
Hornblende .. .. .... .... .. · . ...... . . 8.6 26.4 10.2 9.0 
Diopside .. .. .. · . . . .. · . .. · . · . ...... . . 75.5 55.3 44.2 26.0 
Olivine ... . .. · . .. .... .. · . · . · . .. . . .. 8.8 
Potash felds par .. . , .... , ... .. . . .... .. 
Chlorite .. .. , ... . . . . .. ...... . . .. .. .. 5.8 
Serpentine .. .. ........... . .... .... .. 4.5 
Accessories .. . . · . .. .. · . .. .. · . · . ...... 0.5 1.3 0.4 2.0 

100.0 100.0 100.0 100.0 

1. Pyroxenite. H alskär, rural commune of Porvoo. 
2. Gabbro. Mäsholm, rural commune of Porvoo. 
3. Gabbro. Halskär, rural commune of Porvoo. 

81.9 
13.9 

3.8 

0.4 

100.0 

4. Olivine gabbro. Island situated to the southeast from Tunnholm, rural commune of Porvoo. 
5. Diorite. Bredskär, rural commune of Porvoo. 

Virskär gabbro 

The Virskär gabbro is located in the southeastern section of the district, forming 

in the vicinity of Virskär an area that in the south is divided into branches running 
toward the southwest and the southeast. In view of the uniformity of the area, it 

has been regarded as a single formation, even though it does contain highly di
verse types of gabbro (Table 9, os. 1-9). 

Common to these types is their ophitic structure. The plagioclase forms lamellae, 

the interstices of which are filled with dark minerals. The most basic type is repre
sen ted by the diabase-like rock met with on Virskär and on the islands on its north 

ern side. This rock is brownish in color, and in places it displays a weak ban ding. 

The chief minerals are plagioclase (An 40 - 45), both brown and green hornblende 
and diopside (Fig. 38). In the eastern part of Virskär, there are olivine-bearing varie
ties with a lower content of hornblende. Around the olivine are to be seen various 

reaction rims, which have been described by Sederholm (1916, p. 37-38). The 

mineral compositions of the different types of Virskär gabbro are tabulated in 
Table 9, os. 1-5. 

The rocks in the branch running southeastward from the area are less homo

geneous than the Virskär type depicted in the foregoing. In the Morumshällar 
area, the rock is smaller of g rain (0 ~ 1 mm). In places, the hornblende composes 
phenocrysts, to a certain extent, and otherwise hornblenditic bands and larger ac
cumulations. The principal minerals are plagioclase (An 35 - 40), hornblende and 
scapolite. The plagioclase forms lamellae, the interstices of which are filled with 
hornblende and scapolite. Accessory constituents are sphene, magnetite, epidote 

and apatite - the last-mentioned mineral abounds in spots in the scapolite areas 
(Table 9, No. 7). Granodiorite also occurs in the rock. 
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FIG. 38. Pyroxene-bearing gabbro. Virskär, rural commune of Porvoo. Microphoto
graph, magnification 12 X , nicols +. Photo Erkki Halme. 

TABLE 9 

Mineral compositions of varieties of Virskär gabbro. 

I I 2 I 3 I 4 I 5 I 6 I 7 I 8 I 9 

Plagioclase .... ,- . .. .. ... 63.7 65.4 51.5 56.5 39.7 57.3 24.4 44. 7 44. 3 
Hornblende ... . .......... 6.3 17.6 41. 5 57.7 36.7 54. 6 43.1 31.7 
Dio pside , ............... 16. 3 15.5 30. 5 
Olivine ......... ' , ...... 10. 5 8.6 
Biotite ., . . ... ....... .... 7.1 2. 6 1. 6 4.7 4. 9 8. 0 
Scapolite •••••••••• 0 • • • • • 18.5 
Chlorite ••••••••••• 0 •• • •• 2.4 
Quartz ••• • • • 0 •••• • •• •• • • 3. 5 10.1 
Accessories .. .. . ... .. ... . 2.4 1.6 0.4 0.4 0.2 1.3 2.5 3. 8 5. 9 

100.0 I 100.0 I 100.0 I 100.0 I 100.0 I 100.01 100.0 I 100.0 I 100. 0 

1. Gabbro. The east shore of Virskär, rural 
commune of Porvoo . 

2. Gabbro. The east shore of Virskär, ru
ral commune of Porvoo. 

3. Gabbro. Central part of Virskär, rural 
commune of Porvoo. 

4. Gabbro. The western shore of Virskär, 
rural commune of Porvoo. 

5. Gabbro. The western shore of Virskär, 
rural commune of Porvoo. 
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6. G abbro. Strömmingsgrund, rural com
mune of Porvoo. 

7. Gabbro. Morumshällarna, rural com
mune of Porvoo. 

8. Gabbro. Stängskär, rural commune of 
Porvoo. 

9. Quartz gabbro. Sandö, rural commune 
of Porvoo. 
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FIG. 39. G abbro. Strömmingsgrund, rural commune of Porvoo. Microphotograph, 
magnification c. 13 x , nicols + . Photo Erkki Halme. 

In the locality of Strömmingsgrund, situated likewise in the same zone in a south

easterly direction, the rock is coarser and the plagioclase (An 3s) occurs as phenocrysts 
about 5 mm long and 1- 2 mm wide (Pig. 39). The groundmass consists of green 

hornblende and biotite (Table 9, No. 6). 
The branch of the formation running southwest is more homogeneous than 

the foregoing in mineral composition. The chief mineral constituents are plagioclase 
(An33 - 37), green hornblende and biotite. In addition, the rocks contain scanty amounts 
of quartz (Table 9, Nos. 8- 9). In this locality, to~, the plagioclase forms distinct 
lamellae and is in pi aces zoned. Hornblende, biotite and quartz fill the interstices 

between the plagioclase lamellae. In places, the rock also displays weak banding. 
At the southern tip of Virskär and on Strömmingsflada, which is located north

west of Virskär, the contact between the gabbro and the surrounding rock can be 
seen. In the southern part of Virskär, it can be clearly observed how the gabbro 
brecciates the agglomerate. On Strömmingsflada, the contact is more poorly visible, 

but here, to~, the gabbro brecciates the older tuffite and in pi aces forms with it 
a kind of rock comparable to veined gneiss. The evidence provided by the contact 
makes the intrusive nature of the gabbro unmistakable. 

Pegmatites 

In general, the pegmatites occur as numerous dikes, in the abundance of oc
currence of which variation can be observed from area to area. In the middle of the 
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area, they occur less numerously, and in the marginal portions more abundantly 

as 'leins either parallel to the schistosity and the bedding or intersecting them. 
They are met with in particular profusion in the plutonic rock area on the southern 

side of Stadslandet. The dikes 'lary in width from a few centimeters to se'leral meters. 
On the west shore of Glosholm, there is a dike about 60 m wide. 

In addition to the numerous dikes, pegmatite also occurs as broader areas in 

the northwestern part of Stor Pellinge and on the islands in the vicinity, in the north 
ern part of Haverholm and the southwestern part of Korssundsholm. In these 10-
calities, the grain size of the pegmatite is substantially larger than that of the dikes. 

The principal mineral constituents of the pegmatites are potash feldspar, quartz 

and biotite. In addition, muscovite and plagioclase are apt to be present. 

T h e r elation of the plutonic rocks to the structu re and the folding of 
the reg ion 

All the plutonic rocks of the region investigated are younger than the supra
crustal rocks. On the basis of their mode of occurrence, however, they can be divided 
into two categories. 

The first category contains the quartz diorites of Haverholm and Kummel 

skär, situated in the marginal parts of the region, as weil as the granodiorite 
of Vätskär. Common to all of them is an elongated occurrence parallel to the 
strike of the schistosity in the gneiss areas, where the So and S 1 planes join 
together. Similarly, the gneissose, to some extent cataclastic, structure of these 

plutonic rocks represents an advanced stage of development. The quartz diorite 
of Haverholm lies in the core of Sundö anticline. The relation of the quartz 

diorite of Kummelskär and of the granodiorite of Vätskär to the regional structure 
cannot, owing to the lack of reliable observations, be determined confidently. Ne

vertheless, the similarity of these occurrences to the quartz diorite of Haverholm 
gives a reason for assuming that they likewise are located in the area of the anticline. 

The second category contains the quartz diorite of Julö, the plutonic rocks of 
the 'licinity of Ryssholm and the gabbros of Tunnholm and Virskär. The two 
varieties of rocks mentioned first share a number of features in common. The 

dominant rock of both is a quartz diorite, which has both more basic and more 

acid variants and, in the vicinity of Ryssholm, even one with a granitic character. 

The texture of the rocks has an ophitic appearance, and the plagioclase in many 
instances has crystallized in zones. In them, there also occur varieties that resemble 
the supracrustal basalts of the region. Furthermore, both formations contain an 

abundance of fragments from the surrounding country rock. 
All these features give the impression that the intrusions are rather thin sheets. 

Their ophitic texture strongly suggests that the depth of crystallization was 
not very great. It has already been noted that the quartz diorite of Julö is located 
in a syncline (p. 59); hence the rock forms a phacolith at the bottom of the syncline. 

10 7238-73 
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A similar mode of occurrence is to be observed in the plutonic rocks of the Ryss
holm vicinity, too. According to the determinations made of the directions of the 
faces of the strata in the country rock, in the north, west and south, this plutonic 
rock lies on top of schists. In the eastern section, the determinations are less sure; 

but it is probable that the plutonic rock here underlies the schists. This, to~, may 
be regarded as a phacolithic sheet, which crystallized near the surface of the ground. 

The same thought was previously expressed by Sederholm (1923, p. 147) with 
reference to the gabbroic varieties occurring at the northern margin of the Ryssholm 

intrusion. 
Common to the occurrence of these rocks, further, is the fact that both types 

are located in the compression area of the trans verse fold opening out toward the 

south. 
An extension of the Ryssholm plutonic rock area in the south is the Virskär 

gabbro. Its mode of occurrence resembles that of the former. In the northern section, 
it overlies the supracrustal schists that have been overthrust toward the south. 

In the southwestern seetion it likewise overlies the schists. Here, too, the structure 

of the rock, which in places is distinctly ophitic, indicates that it crystallized 

under hypabyssal conditions, either as a sheet or, possibly, at least in the 

southern section, as a fissure eruption running from the southeast toward the north
west. On account of the sparsity of islands, the density of the observations is poor, 
so the matter could not be completely verified. 

Similarly, the Tunnholm gabbro shares features in common with all the rocks 

mentioned in the foregoing. It is located in the vicinity of the southwestern parts 

of the Älskholm anticline and the Delholm syncline. Nevertheless, owing to its 
isolated position bordering on the sea, its relation to the general structure of the 
region is difficult to determine reliably. 

The afore-mentioned plutonic rocks are synorogenic in relation to the folding. 
During the orogenie stage, they had become situated in the anticline and syncline 
areas of the folds. Their differences in composition are due to the differentiation 
that took place during the crystallization. The differences in degree of deformation 

occurring in the rock structures can apparently be attributed to their varying po
sitions in relation to the folding. 

The migmatitic granite located on the north side of the region is associated 
with the extensive granite occurrence composing migmatites on the south coast 
and represents the diastrophism that took place during the orogenie stage. It took 
its place late in the orogenie process (see Simonen 1960, p. 64-65). The same state 
of affairs prevails also out at sea, as in the case of the migmatitic granite met with 

on the skerries situated about 10 km from the region investigated and from the 
southern margin of the map. 

In Sederholm's view (1926, p. 112-116), the so-called Onas granite, located on 
the west side of the region, is younger than the migmatitic granite just referred to 

but slightly older than the rapakivi occurring on the east side of the region. Ac-
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cording to later age determinations (Kouvo 1958), the rapakivi and the granite 

of Onas have proved to be contemporaneous, and nowadays both are regarded as 

anorogenic granites (Sirnonen 1969, p. 487). 

BASIC DIKES 

Several investigators (Sederholm 1907,1923,1926,1934; Wegmann 1931; Kranck 
1933; Edelman 1949) have described younger basic dikes intersecting the country 
rock in the southern Finnish coastal region. The relations hip of such intersecting 

dikes to the country rock was studied closely and discussed in detail by Sederholm 

(1923) in many connections involving individual exposures in the region. In the 
following, the occurrence of these dikes will be dealt with as a regional phenomenon. 

The dikes vary in width. The narrowest dike to be observed is ab out 5 cm wide 
and the broadest 8 m; the most common are between 10 and 50 cm. They are similar 
in composition to the basaltic lavas of the region. The chief minerals are plagio
clase (An 3S - 40) and hornblende, in connection with which biotite occurs in spots 

as an alteration product. In general, the dikes are even-grained, the grain size 

being less than 1 mm. However, they are apt to contain as phenocrysts hornblende 

or plagioclase, or both together, in which case the veins resemble corresponding 

porphyrites. At the contact of the dikes with the country rock, fine-grained chilled 

margins are sometimes observed. 
Excepting the migmatitic granites in the northern and southern sections and 

the younger granites belonging to the rapakivi group, basic dikes generally occur 
everywhere else in the region in varying measure. The largest number of obser

vations has been made in the central area composed oE volcanic rocks, but veins 

also intersect the arkosic gneisses at the northern margin and the plutonic rocks 

of the region. 
A comparison of the directions in which the dikes run with the directions of the 

structural features reveals that in only rare instances do these directions coincide 
with the bedding of the surroundings. Somewhat more commonly do these direc

tions run parallel to the schistosity of the country rock. Most commonly, the dikes 
form angles of between 10° and 20° or even more with the direction of the schistosity. 
In the case oE some of the intersecting dikes, the same schistosity prevails 

as in relation to the surrounding country rock. There further occur dikes that had 

folded synchronously with the country rock. There are also displacements in the 
dikes that took place in line with the schistosity. The dikes are apt, moreover, to 
intersect each other. Basic dikes are in certain places intersected by pegmatitic dikes. 

In the light of the observations told in the foregoing, the age relations of the 

dikes and their relation to the folding vary. The probability is that they penetrated 
the fractures that developed in the bedrock during the intra-orogenic phase (Edel
man 1949, p. 23-24). The precondition must have been that the supracrustal for-
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mations had gained a firm space and the plutonic rocks crystallized through the 

metamorphism that took place during the orogeny. 
Sederholm assumed that the genesis of the veins was connected with the younger 

volcanic activity belonging to the Bothnian (Sederholm 1907, 1923, 1926, 1932) 
formation. Eskola (1914, p. 15) on the other hand, regarded the veins as hypabyssal; 
and his view was shared by Edelman (1949, p. 24). In the area in question, that the 
dikes were associated with the volcanic activity that took place at the end of the 

synorogenic phase seems highly likely. 

Deviating in type from the afore-mentioned dikes, which are present all over 
the region, are the ones that in their mode of occurrence are dosely associated with 
the intermediary lavas of the region, specifically the coarse-grained felds par por

phyries. These veins either penetrate this coarse-grained feldspar porphyry (Skvättan, 
Västaholm, the islands on the south side of Bastuö, Gäsholm, Mäsholm) or occur 
in the country rock in its immediate proximity (Korsholmsör). In addition, they 

have been met with, deviating from their usual mode of occurrence, in the imme

diate vicinity of the southern border of the quartz diorite in the Julö area as weIl 

as on the island located about 2 km to the northwest from Furuholm in the eastern 
section of the region, likewise in association with quartz diorite. 

The dikes run parallel to the Iocal foliation. They vary between 2 and 8 m in 
width. The grain size is less than 1 mm and the principal mineral constituents 

are plagiodase (An 25 - 30) and hornblende, with sphene, epidote, chlorite, quartz 
and magnetite present in accessory amounts. In this fine-grained mass, there are 

both isolated plagiodase phenocrysts 0.5-2 cm long as weIl as segregations meas
uring from 5 cm all the way to a full meter across and consisting almost exdusively 

of larger plagiodase grains (Fig. 40). The plagiodase has undergone marked al

teration and was possibly highly basic originaIly, for chlorite and epidote occur 
in abundance along with sericite as alteration products. The interstices between 
the large plagiodase grains are made up of hornblende, chlorite, epidote and, in 
scanty amounts, sphene. 

The segregations resemble plutonic rock, specifically anorthosite, and they 
must be regarded as having become isolated from the magma at any early stage. 

DISCUSSION 

Several Finnish investigators have conduded that the bedrock of southern Fin
land represents a very deep section of the root area of the Svecofennian mountain 
chain in which the effect on the rocks of the deformation accompanying the orogeny 
has been exceedingly great. It is for this reason that the rocks of volcanic origin 

are inhomogeneous and, in many instances, shattered by plutonic rocks, mainly 
late-orogenic granites, besides which the primary structures of the sediments have 
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FIG. 40. Basic dike. Gasholm, rural commune of Porvoo. 

been completely destroyed. On the other hand, the geological appearance of the 
region under investigation represents a type deviating markedly from the general 
style along the southern Finnish seaboard. The volcanics compose quite a uniform 

and welJ-preserved area, in the rocks of which primary structures have survived in 
abundance. The region as a whole gives the impression that possibly a level higher 

than the general level is in question. This difference in level might be due to the 

possibility that the entire complex was originally a deeper depression. This view 
is supported by the circumstance that even at present the land uplift in this locality 
is slower than it is in the areas to the east and the west of it (Fig. 41). 

It has been already pointed out that the region as a whole represents a 
syndinorium composed of several folds. Southward from the northern margin, 

it is possible to work out a sequence of strata composed of supracrustal rocks to 

a thickness of approximately 6500 m. Reading from the bottom to the top, the 

sequence is as folIows: 
1. Quartz-feldspar schists and gneisses, among which there occur mica and 

hornblende schists and gneisses as intercalations (corresponding in mineral 
composition to arkoses and graywackes). In the upper part of this formation, 
at its south margin, there occur the more acid types (subgraywackes in min-
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FIG. 41. Isobases of land uplift (mm per year) in Porvoo area (marked 
with a broken !ine). Map drawn after Kääriäinen (1969, pp. 69- 76). Bounded 

area represents the Pellinge district, the subject of the present paper. 

eral composition) as weH as smaH limes tone and intraformational conglom

erate deposits. 
2. Stratified tuffites and agglomerates, including uralite- and plagioclase-por 

phyritic lavas as intercalations. arrow pillow lava layers occur at the lower 

margin of the pyroclasts. 
3. More extensive uniform uralite-porphyrite formations. 

With respect to their mode of formation, the supracrustal rocks of the Pellinge 

region, taken as a wh oIe, show a similarity to the geosyndine features of Iater times. 
The quartz-feldspar schists and gneisses of the graywacke and arkose type along 
the northern margin show that, during the stage of their formation, erosion, trans
portation and sedimentation had been rapid. The consequence was imcomplete 

chemical weathering of the material (see, Pettijohn 1943, p. 956- 957). Substantial 

arkose occurrences indicate the rapid aceumalation of sediments on a rapidIy sink
ing formational base under eonditions typical of geosyndine areas (Krumbein and 
Sloss 1951, p. 131 and 351). Directly on top of these sediments without any ap
preeiable transitional zone, there is a sizable formation containing volcanies. This 

is evidence of powerful volcanic aetivity, which started abruptly. Sueh a develop
mental geosyncline stage is characteristic of so-called eugeosyndine zones (Still 
1941; Kay 1951). 

Owing to the mode of genesis, deep-water sediments characterized by a Iayered 
strueture generally prevail in geosyndine areas. In the region studied, it may be 
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stated, on the strength of the evidence provided by the sedimentary primary struc
tures occurring in the tuffites, in particular, that the sedimentation took place in 

both deep and shallow water. Besides the commonly occurring graded bedding, 
one also meets with the cross bedding that evolves in shallow water. These structures 

do not belong to the same sedimentation stage (Bailey 1936, p. 1716; Pettijohn 
1943, p. 967). In addition, there occur other shallow-water structures, such as current 
bedding, ripple marks and »scour and 611». Variation of this kind in the sediment

ation facies occurs in geosyncline areas (Pettijohn 1943, p. 968); and, with respect 

to the reasons for it, Kay (1951, p. 85) has observed: » . .. Areas of great subsidence 
retain shallow marine or nonmarine environments if deposition of sediments ba
lances or exceeds the sinking. Thus shallow-Iaid sediments are not distinctive of 

areas outside geosynclines.» As pointed out by Ruchin (1958), varying local eleva
tions and depressions are also possible in geosynclines .. 
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