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The migmatites of the Skåldö area show the effects of an extensive 
polyphase deformational history at relatively deep crustal levels 
during the Svecokarelian episode. Despite the complexity of the 
fold pat terns it is possible to establish a deformational sequence into 
which the many phases of igneous emplacement in the rocks can be 
placed. There are at least seven successive fold sets and a number 
of phases of both basic and acidic igneous activity as well as the 
effects of metamorphism which reached a peak, under amphibolite 
facies conditions, early in the deformational history. Taken together 
the various features comprise a complex f ramework which can be 
used as a basis for comparison and correlation with the products of 
the Svecokarelian orogenic episode in other parts of the Baltic Shield. 
The characteristics of these migmatites in this classic area, viz. their 
»mixed» aspect as described by J. J. Sederholm, is shown to result 
from their extensive deformational, metamorphic and igneous history 
in which tectonic and igneous activity played prominent roles. 
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Introduct ion 

I n s o u t h w e s t F i n l a n d , a classic r eg ion f o r 
m i g m a t i t e s ( S e d e r h o l m 1967), t h e rocks r e p -
r e s e n t a r e l a t i v e l y d e e p l eve l in t h e Sveco -
k a r e l i a n o rogen ic be l t w h i c h , e l s e w h e r e in 
F i n l a n d w h e r e m e t a s e d i m e n t a r y sch i s t s p r e -
d o m i n a t e , h a s b e e n s h o w n to h a v e a n e x t e n -
s ive p o l y p h a s e d e f o r m a t i o n a l a n d m e t a -
m o r p h i c h i s t o r y (Gaå l et. al. 1975; B o w e s 1975; 
in press) . H o w e v e r , f r o m t h e d e t a i l e d i l lus-
t r a t i o n s a n d d e s c r i p t i o n s of S e d e r h o l m (1967) 

it is e v i d e n t t h a t t h e m i g m a t i t e s a lso h a v e 
u n d e r g o n e p o p y p h a s e d e f o r m a t i o n a n d m u l -
t ip l e i g n e o u s i n j e c t i o n . 

T o s t u d y t h i s d e f o r m a t i o n a l , m e t a m o r p h i c 
a n d i g n e o u s h i s t o r y , m e m b e r s of t h e G l a s g o w 
U n i v e r s i t y E x p l o r a t i o n Soc ie ty s p e n t f o u r 
w e e k s in t h e f i e ld a r o u n d S k å l d ö on S k ä r -
l a n d e t , a n d s o m e of t h e s m a l l e r a d j a c e n t 
i s l a n d s s o u t h of T a m m i s a a r i (Fig. 1; K i n g a n d 
G r e y 1975). T h e w o r k h a s c o n f i r m e d t h a t 
t h e rocks , i n c l u d i n g m a n y w h i c h a r e 
m i g m a t i t i c , p r e s e r v e a cons i s t en t r e c o r d of 
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Fig. 1. Map of par t of the Svecokarelian belt (after Welin, 1970) showing location of area studied. 

a deformational, metamorphic and intrusive 
history of considerable complexity (Figs. 2, 
3, 4). While the complexity is such that 
fu r the r work is needed both locally and 
regionally to complete the picture, a general 
pat tern of s t ructura l development has been 
established. This is presented as a contr ibu-
tion to knowledge of the Svecokarelian belt 
and as a f r amework within which to discuss 
the origin of the migmatites, par t icular ly as 
many studies relat ing to the genesis of this 
group of rocks have been laboratory ra ther 
than field oriented (Mehnert 1968). 

Exposure, which is generally very good, is 
restricted mainly to nar row and discontinu-
ous strips three to four metres wide along the 
shore lines. These are nevertheless extremely 
clean, especially on the nor thern sides of the 
islands facing the direction of Pleistocene ice 
movement. Inland outcrop is limited to iso-

lated hillocks where the quali ty of the ex-
posure is reduced in most cases by thick 
lichen cover which limits its value for the 
investigation of small scale deformational 
fea tures and intricate intrusive relationships.. 
In some places however, it is possible to 
peel off the vegetation cover to expose 
part icular ly clean rock faces. 

The regional s t ructura l pa t te rn of much of 
southwestern Finland has been published by 
Härme (1960) together wi th the na ture and 
distribution of the various rock units. Fu r the r 
detail is provided by the Geological Survey 
of Finland 1: 100,000 Sheet 2013 — Jussarö 
(Laitala 1973). Amphiboli te facies meta-
sediments and gneisses occur together with 
a wide variety of igneous rocks that range 
f rom ultrabasic to acidic in composition and 
which predominate over the metasedimentary 
units (Härme 1965, Appendix 1). Most of the 
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Fig. 2. a, b, c. Relationships between various basic to acidic intrusions and deformation. Baggöhamn 
near the kiosk, Skär landet . 

rock types have been affected in the course 
of the deformational and metamorphic his-
tory and in consequence display a consider-
able diversity of s t ructura l relationships. 

Although repeated intrusion, metamor-
phism and deformation has compounded the 
complexity of the Skåldö migmatites, the 
investigation has nevertheless shown tha t it 
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Fig. 3. Agmati tes showing the development of foliation in the matr ix. Road between Skåldö and 
Baggöhamn, Skär landet . 



S t r u c t u r a l deve lopmen t of migmat i t e s nea r Skåldö, sou thwes t F in l and 47 

0 I Amphibolite/hornblendite 

Coarse grained amphibolite 

Weakly foliated amphibolite 

Amphibolite 

"'i'i1 "'vlli'ii 

Pale grey amphibolite 

Vi'!,11! iMiMV.' 
'P '»''i l'i'V y ii' it"'?1 'm /I'li'.'ii'A'V '• ii' t'"• 'SK a. i,I.'in,• v 

' 1 W 1 , 1 V ,y- MM1 

i j j j l & v . ' . - s 
•I11 

.•••vm'1!,'" 
- • I n " i i ' 

J!!!."!ji: 
'iiu \'H i mi' 

W.vW 
,1 M • i» 
!' \\\ 

i U \i 'ii,m. .... 
f VN» "i XS." I '"I ''/liSjW, 

H M Ä ß ! 

Ä Ä I R A * 
I S I 
ui In ' W " 
I»i in 11VA 
i'M'iii W.v\ ||' 'i I'M^uV iil i iii' W'nJiii 
Si w 
' ^ " W m 
i l l ® I M ! ! , .I/..WM.II I 11 l'1-

H l Aplite [ y l 

|. 1 Faults/Fractures 

Pegmatite 

P f M i l i i « 

^ m m 

ivl »Ä\v V 

w 

v 

m å 

4 i'i VI i 

W 
: liifillffilMi1 

ll!i|i!ji 
i'Ni/iij ii;i; 

i'! ! ! 

I ill liSijiifi 
i'i! ! | i i | [H'lh!1/ 
Aii l iHii j 

i'.iiv'ii! I'liT] 

i1 <•-. 

jn'i 
Ml 
Ii 1 

Ü 
LL' ' i i i i 1 

ii » f y ! i 

•»N 

1 

1 m 
Ä V vV>\\\ii'in' i'I 

^ S L I L V L 

< n Ii 

vh' i :i i 
•I'.FK !' II IL n, 

"l l l lülSll i !!!!!! 

i1' ' i 1 - ' / ' / ^ \ 

vMSi'%., 
\ v ' 1 " 1 

V, |'|I VVl'l'l l'l I I'I X V'lV^'lllll'll I'll, »W'Miii'i I V,'|IIß 

'l I 
'i'i 

I 
!" I'll 

" p i r 
il',!1,!', 

l'l'l" v 

w 
IFIT 
w 

W I ' 
L'i'i!"!' "i 

'i'ilV"'1 I1!'" 1 1 r ' ' " '."i' 

;! 11! I'i' 
lilii!""1^ 

W ! ''M',1!!1 
p > 1 ' 1 i 

',|li i'i I H ' 
1111 i'|ll Iii ll 

' i II I 

Fig. 4. Re la t ionsh ip be tween amphibol i tes , apli te, pegma t i t e veins, fol ia t ion and folds. Nor th shore 
of Ä n g h o l m e n at the wes t end, eas t of Svar tho lm. 

is p o s s i b l e t o e s t a b l i s h a d e f o r m a t i o n a l s e -
q u e n c e w i t h i n t h e m . T h e r e f o r e t h e y a r e 
a m e n a b l e t o i n v e s t i g a t i o n b a s e d o n t h e i n t e r -

p r e t a t i o n of t h e r e l a t i o n s h i p of s m a l l - s c a l e 
s t r u c t u r e s t o o n e a n o t h e r a n d t o i g n e o u s a n d 
m e t a m o r p h i c p h e n o m e n a a n d t h i s p r o v i d e s 
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a n o t h e r w a y in w h i c h i t is p o s s i b l e to t h r o w 
l i g h t on t h e h i s t o r y of t h e s e c lass ic r ocks . T h e 
a p p r o a c h e m p l o y s t e c h n i q u e s p r e v i o u s l y u s e d 
s u c c e s s f u l l y in h i g h l y d e f o r m e d t e r r a i n s in 
t h e H i g h l a n d s a n d i s l a n d s of S c o t l a n d (Hop-
g o o d a n d B o w e s 1972) a n d e l s e w h e r e in t h e 
w o r l d ( H o p g o o d 1971, 1973). T h e m e t h o d is 
b a s e d on t w o f u n d a m e n t a l p r i n c i p l e s of 
geo logy , n a m e l y t h a t (1) d e f o r m e d s t r u c t u r e s 
a r e o l d e r t h a n t h o s e w h i c h d e f o r m t h e m a n d 
(2) c r o s s - c u t t i n g f e a t u r e s a r e l a t e r t h a n t h o s e 
w h i c h t h e y cu t . S t r u c t u r e s a n d i g n e o u s 
i n t r u s i o n s so f o u n d to p o s t - d a t e o t h e r s c a n b e 
t r a c e d , u s i n g c h a r a c t e r i s t i c f e a t u r e s a l r e a d y 
e s t a b l i s h e d s u c h as o r i e n t a t i o n , s t y l e a n d 
m i n e r a l g r o w t h , to o t h e r o u t c r o p s w h e r e t h e y , 
in t u r n , a r e a f f e c t e d b y l a t e r s t r u c t u r e s or 
c r o s s - c u t b y l a t e r i n t r u s i o n s . T h u s a s t r u c -
t u r a l s e q u e n c e c a n b e b u i l t u p in t h e r o c k s 

a n d r e l a t e d to m e t a m o r p h i c a n d i g n e o u s 
e v e n t s . 

A s a r e s u l t of t h e p r e s e n t p r e l i m i n a r y 
i n v e s t i g a t i o n a s e q u e n c e i n v o l v i n g s o m e of 
t h e p r i n c i p a l e v e n t s a f f e c t i n g t h e m i g m a t i t e s 
h a s b e e n d r a w n u p a n d is p r e s e n t e d h e r e as 
a n i n d i c a t i o n of w h a t c a n b e d e t e r m i n e d 
r e g a r d i n g t h e h i s t o r y of t h e s e r o c k s b y u s i n g 
t h e r e l a t i o n s h i p s of s m a l l - s c a l e s t r u c t u r e s 
i n c l u d i n g m i n o r i n t r u s i o n s . W h i l e t h e l i s t of 
e v e n t s ( T a b l e 1) is n o t r e g a r d e d as b e i n g 
c o m p r e h e n s i v e , t h e e v e n t s a r e c o n s i d e r e d to 
b e in s e q u e n c e , if n o t n e c e s s a r i l y c o n s e c u t i v e . 

T h e d e f o r m a t i o n a l e v e n t s p r o d u c i n g t h e 
s t r u c t u r e s d e s c r i b e d a r e d e s i g n a t e d D a _ n 

a n d k n o w n e q u i v a l e n t f o l d s e t s p r o d u c e d b y 
t h e s e e v e n t s a r e r e f e r r e d to as F a _ n . T h e 
s t r u c t u r e s r e s u l t i n g f r o m e a c h of t h e m a j o r 
d e f o r m a t i o n a l e v e n t s a r e d e s c r i b e d s e p a r a t e l y 

Table 1: Outline of sequence of events in migmatites, Skåldö 

1) A series of events (sedimentary, and igneous) leading to the establ ishment or a lithologically 
layered succession (Figs. 2, 4). 

2) Deformation (Da) responsible for the development of the present isoclinal, intrafol ial folds (Fa). 
Syntectonic mineral growth wi th production of prefer red orientation of minerals parallel to 
the fold axial planes. This was probably the main gneiss-forming event (Fig. 6). 

3) Emplacement of basic minor intrusions, now amphibolites. Intrusion of aplitic minor in t rus-
ions (Figs. 2, 4). 

4) Deformation (D|,) responsible for the development of t ight folds wi th axial planes paral lel to 
the main foliation (Fb). Both f l exure and slip were involved (Fig. 7). 

5) Emplacement of granite, pale cement-grey amphiboli tes and discordant quartzofeldspathic 
pegmati tes wi th a more or less norther ly t rend (Fig. 3 a). 

6) Onset or continuation of foliation slip (Dt/) to produce slip folds (Fb') in the cross-cutt ing 
intrusions. This or related movement appears to have continued throughout the de fo rmat -
ional sequence (Fig. 8). 

7) Deformation (D«) responsible for the development of asymmetr ical folds (Fc) with SE-trending 
axial traces and paral lel pegmati te (Fig. 9). 

8) Deformation (D,i) responsible for the development of asymmetr ical folds (Fa) with NE-t rending 
axial traces and paral lel pegmati te veins (Fig. 10). 

9) Deformat ion (De) responsible for the development of open folds (Ft.) with incipient shear and 
slight pegmati te veining in two directions on their limbs. These may prove to belong to 
two sets of folds (Fig. 13). 

10) Deformation responsible for inclined folds which probably belongs to a position which is 
relatively early in the deformat ional sequence and as yet not located. 

11) Deformation responsible for the development of more or less symmetrical open folds with 
subvertical nor th- t rending axial planes and f ine axial p lanar f r ac tu re cleavage (Fig. 14). 

12) Deformation responsible for NNE- and SSE-trending conjugate shears probably causing nor th -
t rending gash veins in response to N—S compression a f te r the late folds. 

13) Slip parallel to the foliation offset t ing the complementary shears. This more br i t t le de-
format ion appears to be the latest to affect the migmatites. 
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with those of the la te r events, which are 
genera l ly more weak ly expressed, and those 
of unce r t a in position in the sequence g rouped 
for descr ipt ion unde r the head ing D l a t e . 
He re the degree of conf idence w i th which 
the order of events can be establ ished both 
at any one outcrop, and regionally, is less 
t han tha t for the m a j o r events D a _ e . Le t te r s 
r a t h e r t h a n n u m b e r s a re used to des ignate 
events in the sequence as subsequent w o r k 
in the su r round ing areas may reveal f u r t h e r 
de fo rmat iona l events. Also in places w h e r e 
f l a t t en ing and o ther tectonic act ivi ty have 
not been as extens ive as is genera l ly the case, 
f u r t h e r aspects of the ea r ly h is tory m a y be 
deciphered in the f u t u r e . When this f u r t h e r 
w o r k is done, n u m b e r i n g of events should be 
more mean ingfu l . 

Deformational sequence 

Introduction 

The oldest rocks comprise metased iments 
(including highly de fo rmed marbles) , basic 
in t rus ive igneous rocks now largely agmat iz -
ed, amphibol i tes and hornb lend i tes (Figs. 2, 
3), porphyr i t i c micrograni tes (Fig. 3) and pos-
sibly basic lavas. There is a complex re la -
t ionship be tween folding and fol ia t ion of at 
least four sets of basic rocks shown in Fig. 2, 
as wel l as wi th gneiss, apl i te and pegmat i te . 
This in t r ica te association is typical of t ha t 
shown by most of the migmat i tes in the area 
and the i l lus t ra t ions show clearly the i r r egu-
lar and lobate f o r m of some of the more 
highly de fo rmed in t rus ive bodies as wel l as 
the w a y in which the fol iat ion cuts t h rough 
the folded r e m n a n t s of some cross-cut t ing 
uni ts (e.g. the la rge fold in agmat i sed am-
phibol i te in the bot tom r igh t h a n d corner of 
Fig. 2 c). The qual i ty of the exposure in 
places is such tha t the f inest detai ls a re 
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clearly displayed so tha t cross-cut t ing and 
cross-folding re la t ionships m a y be de te r -
mined wi th a high degree of confidence. 

The porphyr i t i c micrograni te , whose 
emplacement appears to have accompanied, 
at least in par t , t he deve lopment of some 
agmat i t es (Fig. 3), shows ef fec ts of f l a t -
ten ing and a l ignment of crystals . Cont inued 
f l a t t en ing resul ted in the deve lopment of 
s t r eaky gneiss (Fig. 3 a-r ight) . In places 
agmat i t e blocks have resisted f l a t t en ing wi th 
fo rms tha t indicate s imple separa t ion at the 
t ime of igneous in ject ion (Fig. 3 c). I t is in 
this s t ruc tu ra l s i tuat ion tha t the ear l ies t 
h is tory of the rocks is l ikely to be resolved. 
However , the ex ten t of f l a t t en ing genera l ly 
var ies f r o m place to place, wi th s t rongly 
fol ia ted rocks represen t ing the e f fec t s of 
ex t r eme f l a t t en ing (Fig. 3 b-bot tom) w r a p p i n g 
a round more competent lens-shaped masses. 
The pa t t e rn of zones of high de fo rma t ion 
separa t ing areas of much lower de fo rmat ion 
appears to be a f e a t u r e of the whole distr ict . 

The a l ignment and f l a t t en ing of the pheno-
crys ts begun wi th the earl iest recognized 
de fo rmat ion phase (Da), was accentua ted by 
subsequent fo lding and f l a t t en ing pe rpend ic -
u la r to the dominan t fol iat ion as well by shear 
para l le l to the gneissose foliat ion. With 
successive emplacement of a n u m b e r of 
igneous masses of va ry ing composit ion and 
f u r t h e r agmat iza t ion (Fig. 5), t he resu l tan t 
rocks have a thoroughly mixed (i.e. migmat i -
tic) aspect (Sederholm 1907). In places the re 
a re as m a n y as seven d i f f e r en t cross-cut t ing 
rock types in var ious s ta tes of de fo rmat ion 
and dis in tegra t ion (Fig. 4). Those migmati tes , 
showing ef fec ts of f la t ten ing , fol iat ion f o r m a -
tion and igneous emplacement , w e r e then 
deformed several t imes and in t ruded by more 
discrete masses including pale grey amphibo-
lite (Figs. 4, 5 a), apl i te and a succession of 
pegmat i tes (Fig. 5 b). 
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Amphibolite 

Ouartzofeldspathic 
gneiss 

Pale grey amphibolite 

Amphibolite 
- minor intrusion 

Aplite 

Pegmatite 

Tension gashes 

Fig. 5 a. Rela t ionship be tween amphibol i tes , apl i te , pegmat i te , fo l ia t ion and folds, and c ross -cu t t ing 
tension gash veins. B a g g ö h a m n n e a r the kiosk, Skär lande t , b. Cross -cu t t ing of post-F | , pegmat i t e 

veins. Clear ing in woods wes t of road south of Skå ldö f e r ry , Skä r l ande t . 

Deformational phases 

Da phase 
The earliest folds identified (Fa) are iso-

clinal s t ructures wi th a t tenuated limbs and 
sharp hinges. These folds, which lie wholly 
within the foliation (Fig. 6), have been seen 
on only a small scale, usually just a few cm 
long. Most are isolated, either because they 
are rootless, due to tectonic at tenuat ion of 
limbs, or because of their geometry and 
orientation combined with the effects of later 
folding. In a number of localities the folds 
are seen to have been folded around tight, 
sometimes almost symmetrical folds whose 

axial planes are largely parallel to the folia-
tion (Fig. 6 b). In places the la t ter folds con-
tain a weakly developed axial p lanar mineral 
growth through their hinge zones. The F a 

folds, however, have the dominant dimen-
sional al ignment of minerals cutt ing their 
hinge zones and paral lel to their axial planes. 

Wherever it has been possible to determine 
the axial orientation of F a folds this has been 
found to be sub-horizontal, suggesting that 
these small scale folds may be .parasitic s t ruc-
tures on the limbs of as yet unrecognized 
large scale isoclinal synformal and ant i formal 
f lexures with steep to vertical l imbs and sub-
horizontal hinges. These might well have 
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Fig. 6a. Small F a fold, looking south. Near the kiosk, Baggöhamn, Skärlandet , b. Paral le l ism of axial 
plane of F a fold with tha t of tight Fh fold which refolds it. Both s t ructures cut by N—S quar tz 
filled tension gashes; looking west. West end Ängholmen, nor th shore, c. Paral le l ism of axial planes 
of F a and Fb; looking east. Baggöhamn near the kiosk, Skärlandet . 
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Fig. 7a. Isoclinal Fb folds; looking east. North shore of Skär landet opposite Björnholmen, b. Fb folds; 
looking west. North shore, west end of Ängholmen. 

formed in response to simple horizontal com-
pression in a direction perpendicular to the 
foliation. 

D|, phase 
Folds refer red to this deformational phase 

tend to be tight s t ructures which fold the 
dominant foliation and mineral alignment. 
They have limbs more or less equally in-
clined to their axial planes which are them-
selves parallel to the foliation and this rela-
tionship applies even where F b folds are 

markedly asymmetrical (Fig. 6 c). In some 
cases the s t ructures are isoclinal (Fig. 7 a) 
but more usually there is an inter l imb angle 
of at least 10—20° especially in the hinge 
areas of larger folds where the smaller folds 
tend to be asymmetrical (Fig. 7 b). Normally 
they are readily distinguishable f rom F a 

generation folds because of their geometry 
and orientation and they can often be seen 
refolding the typically slender profiles of F a 

intrafol ial folds (Fig. 6 b). In those cases 
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Amphibolite | * * | Pegmatite 

b 
Fig. 8a. Cross-cutt ing pegmati te vein folded during Db'. Nor th shore of Skär lande t opposite Björn-
holmen. b. Fb' folded pegmati te veins cutt ing Fi, folds. Clearing in woods west of road south of 
Skåldö ferry, Skär landet . 

where the hinge orientation is determinable 
it is seen that the axes of F b folds are steeply 
inclined and this is consistent with develop-
ment as a result of f lexure on inclined axes 
probably succeeded by simple shear paral lel 
to the foliation which they fold. While the 
axial p lanar mineral al ignment discerned in 
Ft) folds is only faint , it may be that the more 
obvious mineral al ignment associated wi th 
the F a folds is due to the fact that the axes 
of these folds are paral lel to the outcrops 
which are normally more or less horizontal. 
Thus the elongation of minerals and mineral 
aggregates parallel to the F a fold axes is more 
easily discernible while Fh axes on the other 
hand are steep and mineral elongation paral -
lel to them would not be seen except on steep 
outcrops which are less common. 

The formation of F b folds was at least in 
par t due to slip, and deformation at this t ime 
seems to have presaged an extensive period 
of folding by inclined slip parallel to the 
main foliation direction. In the course of this 
deformation successive generations of pegma-
tite veins and minor intrusions emplaced at 
high angles to the foliation became folded 
while at the same t ime early folds were in-
creasingly more strongly modified. Slip paral -

lel to the foliation appears to have affected 
the migmati tes r ight up to the end of, or close 
to the end of, the deformational sequence 
determined and for the limited area studied 
it seems to have been a dominant fea ture of 
the style of tectonism which affected them. 
The continuance of this shear unti l late in the 
deformational sequence undoubtedly accounts 
for the relatively common occurrence of 
coaxial-planar folds belonging to this and 
later generations. As yet no large scale 
examples of F b folds have been recognized. 

The deformational episode responsible for 
the formation of F b folds was succeeded by 
at least two intrusive episodes; the emplace-
ment of porphyri t ic microgranite associated 
wi th agmatisation and the injection of coarse 
grained pink pegmati te veins, commonly wi th 
an approximately N—S trend. The la t ter 
form one of the means whereby recognition 
of shear folding later than that causing F b 

folds is possible and strongly discordant 
pegmati tes emplaced about this t ime display 
the effects of shear folding of this type 
(designated Fb '). Characteristically F b ' folds 
have thick hinges and a t tenuated limbs (Fig. 
8 a) and can be seen to have a development 
independent of the earlier Fb folds to whose 
axial plane they are nevertheless parallel 
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Fig. 9a. Fi, folds (axial t races t rending lef t to right) and F c folds with axial traces paral lel to pencil; 
looking west. Shore nor th of Storängen, Ängholmen. 9 b. F c fold cut by amphibolite. Shore northeast 
of Norrnäs, Skär landet . 9 c. Fc fold in amphiboli te cut by SSE pegmati te and showing the relat ionship 
between earlier shear and pegmati te emplacement. Shore nor theast of Norrnäs, Skärlandet . 

(Fig. 8 b). T h e f o l d s g r o u p e d u n d e r F h ' p r o b -
a b l y b e l o n g to s e v e r a l s e t s i n i t i a t e d a t d i f -
f e r e n t t i m e s in t h e c o u r s e of t h e p r o l o n g e d 

h i s t o r y of f o l i a t i o n s h e a r in t h e m i g m a t i t e s 
a n d t h e y m a y i n c l u d e s o m e of t h e y o u n g e s t 
s t r u c t u r e s in t h e rocks . 



Struc tura l development of migmati tes near Skåldö, southwest Finland 55 

Dc phase 
Folds of this generation are notably more 

open than any of the ear l ier-formed struc-
tures. They are decidedly asymmetrical (Fig. 
9 c), sometimes wi th quartzofeldspathic vein-
ing parallel to their axial traces and in places 
show faint axial p lanar mineral growth. In 
isolation they are readily distinguishable 
f rom isolated F b folds by vir tue of the fact 
that their axial p lanar traces are inclined to 
the dominant foliation t rend (Fig. 9 b) where-
as Fb axial planar traces are parallel to the 
foliation (Fig. 9 a). In places where both sets 
of folds occur together the relationships 
between the foliation and their axial planes 
can be seen in the one outcrop (Fig. 9 a), al-
though mutua l interference where the two 
sets of folds are of the same order of size may 
obscure this relationship. Otherwise the two 
sets of folds are separable simply because one 
can be seen to refold the other (Fig. 10). 

On horizontal outcrops Ft. folds appear as 
discontinuous asymmetrical s t ructures of 
variable style and wavelength, ranging f rom 
a few centimetres to a metre or more across 
(Fig. 9 b). Characterist ically they have 
rounded, lobate hinges which may even be 
box-like (Figs. 9, 11) where single folds may 
show subparallel or slightly divergent axial 
traces (Figs. 9 a, b; 10 a). 

The acute angle between the fold axial 
trace and the foliation t rend implies a sinis-
t ral rotational sense inclined to the foliation 
(Fig. 10 b) so that with the general easterly 
t rend of the foliation in the Skåldö area, F c 

axial traces commonly t rend SE with a 
moderately steep southwesterly dip of axial 
planes (Fig. 9 a). Where the foliation swings 
away f rom the normal E—W trend, the axial 
trace of F c folds correspondingly departs 
f rom the usual SE t rend (Fig. 9 c). 

It is probable that syntectonic or imme-
diately post-tectonic pegmati te veins are 
associated wi th this deformational episode 
(Fig. 10 b) and it appears that the emplace-

ment of the quartzofeldspathic material , 
which is mostly autochthonous or parautocht-
honous, was directly controlled by shear or 
incipient shear strain more or less parallel 
to the fold axial traces. F c fold hinge zones 
have subsequently been used as sites of con-
siderable pegmati te injection (Fig. 9 c). 

In areas where Da, Db and fold sets 
appear together the effects of mutua l in-
terference can be considerable. In spite of 
this the three sets can normally be discrimi-
nated provided reasonable care is exercised in 
applying the distinguishing criteria which in-
clude att i tude, trend, style and crossfolding 
relationships (Fig. 10). 

At some as yet undetermined t ime follow-
ing D(, there was a fu r t he r episode of dolerite 
intrusion represented now by amphibolites 
which cut across F0 fold s t ructures with 
marked discordance (Fig. 9 c). 

Dd phase 
The folds formed as a result of deforma-

tion during D j are similar in style to F c folds 
(Fig. 11 b). They are asymmetrical and their 
axial traces, which are commonly parallelled 
by quartzofeldspathic veins, are inclined to 
the foliation trend. They are however sepa-
rable f rom them because their axial traces 
t rend at high angles to F e fold axial traces 
and also because they tend to be more regular 
and are f requent ly rectilinear. Where the two 
s t ructures crop out together, Fd folds can be 
seen to cause reorientat ion of F c folds and 
this rules out the possibility of the two sets 
being contemporaneous and conjugate. Often 
F c fold axial traces are very strongly curved 
by the later folds (Fig. 11 a, c). Isolated 
examples of Fd folds can be distinguished on 
the grounds that they appear to be genetically 
related to dextral shear couples inclined to 
the foliation. This means tha t because of the 
generally E—W strike of the foliation in the 
Skåldö area, the traces of F(i axial planes, 
which dip steeply, almost invariably have a 
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Streaky grey hornblende gneiss 

Pegmat i te 

, 1 0 a - Fa and Ft, folds (axial t race parallel to foliation) and F c folds (axial t race paral le l to pencil)-
looking south. Baggöhamn, nea r the kiosk, Skärlandet , b. F , and F c folds; looking west. Baggöhamn 
near the kiosk, Skarlandet . c. In ter ference pa t te rn result ing f rom F a and F,i folds. North shore of 
ökar landet , opposite Bjornholmen. d. In ter ference pa t te rns result ing f rom F a , Fi, and F,. folds North 
shore of Skärlandet , opposite Björnholmen. 
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Fig. 11a. Refolding of F c folds by Fd; looking south. F,i fold axial t race curved by late N—S 
open folds. North shore of Notholmen, Skärlandet , b. Fd fold; looking south. Baggöhamn near the 
kiosk, Skärlandet , c. In ter ference between Fi>, F c and Fd folds crossed by open N—S folds. Nor th 
shore of Notholmen, Skär landet . 

NE trend, although in places this is sometimes 
altered by the effects of later folding (Fig. 12). 

The stylistic similarities between the two 
fold sets may be a consequence of subsequent 
deformation, especially slip parallel to the 
foliation, which has modified them to the 
extent of obli terating all their characteristic 
features, apar t f rom the axial planar mineral-
ization which appears to be confined to F c 

folds only. Nevertheless fu tu re work may 
well show that Fd folds have stylistic 

characters that considered alone are enough 
to set them apar t f rom F c folds but it seems 
tha t in most cases their styles are indistin-
guishable, apar t f rom the fact that where the 
two sets occur together and can be compared 
(Figs. 11a, c) some F d folds are seen to be 
more open (Fig. 12). They are thus separable 
at present only on the basis of axial p lanar 
t rend or mutua l cross-folding but where the 
two appear together the interference pat terns 
produced are often extremely complicated 
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Fig. 12a. Folding of F,i axial traces and F e folds by 
o p e n N—S folds in quartzofeldspathic gneiss. 
North shore of Notholmen, Skärlandet , b. Open 
N S folds wi th f r ac tu re cleavage affect ing F|„ 
nor theas t - t rending F,i and F e in quartzofeldspathic 
gneiss North shore of Notholmen, Skar landet . 

and then separation of the two sets requires 
considerable care (Fig. 11 a, c). 

De phase 
Following D,i the migmatites seem to have 

responded to deformation in a somewhat 
more bri t t le fashion with the development 
of two sets of relat ively open folds with in-
cipient shears parallel to their limbs. The 
axial traces of these two sets of s t ructures are 
often curved but on average t rend respec-
tively NNE and SE and the folds appear to 

be contemporaneous and conjugate, although 
on some outcrops it is possible to establish 
a sequential relationship where one direction 
is more regular than the other (Fig. 13). 
Whether or not a consistent cross-folding 
relationship exists remains to be determined 
and for the moment the two sets are t reated 
together. 

The close similarity of style coupled wi th 
their open form and relatively weak develop-
ment often tends to result in complex, highly 
i r regular interference pat terns which may be 
difficult to decipher (Fig. 13b). This is 
because mutual interference precludes the 
development of axial planes which continue 
for more than a few centimetres so that on the 
outcrops axial traces are in termi t tant and 
irregular, changing direction over compara-
tively short distances. For this reason it is 
quite possible that more than one or two fold 
sets are involved in the interference pa t tern 
so formed. 

In style the folds vary f rom open s t ructures 
showing gently rounded hinges to asym-
metrical kinks exhibit ing sharp apices. There 
is a suggestion of slip parallel to one set of 
limbs in many cases and often these limbs 
form the locus of quartzofeldspathic material 
whose development, possibly in situ, was 
controlled apparent ly by local shear stress 
in much the same way as comparable veining 
associated with F c folds (Fig. 13 a). 

D i a t e ( f - n ) phases 

The occasional appearance of small chev-
ron-type folds whose axial traces t rend 
approximately ENE where the dominant 
foliation strikes approximately N-S may 
represent the effects of E-W subhorizontal 
slip. This slip would normally be parallel to 
the foliation with its general E-W trend in 
the Skåldö area, and would produce folds 
related to F b ' and subsequent generations 
derived f rom later p lanar veins wi th axial 
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Fig. 13a. FP folds wi th development of quartzofeldspathic pegmati te parallel to some limbs. Shore 
nor thwest of Furuholm, Skärlandet , b. Interference pa t te rn produced by F e folds and F c . Nor th-
west shore of Flackholmen. 

Quartzofeldspathic gneiss Pegmat i te j ] Aplite Axial t r ace 

planes parallel to the foliation. Where, how-
ever, the foliation departs f rom this E-W 
trend, folds of chevron type could be formed 
as a result of E-W slip-folding of the folia-
tion, or of p lanar veins at high angles to the 
foliation (Fig. 14 a), where this is E-W. 

The only examples of s t ructures considered 
to have been produced by foliation folded in 
this way are small (1—2 centimetres) folds 
with angular to rounded hinges (Fig. 14 a) 
and limbs that in places are slightly crum-
pled. The interl imb angle is in the region 
of 90° and the folds tend to be comparatively 
isolated, separated by unfolded foliation for 
a distance equal to about twice their wave-
length. 

Fold s tructures demonstrably late in the 
sequence are those wi th axial planes t rending 
N—S (Fig. 14 b, c, d). These are mostly very 
open s t ructures but they range f rom no more 
than gentle warps to moderately t ight folds, 
usually with very rounded hinges, but some-
times showing hinges that are relatively 
angular. They impar t a wavy effect to the 
banding where this would otherwise be more 
or less rectil inear in outcrop (Fig. 14 d, e). 
They may represent more than one set of 
folds but if this is so these have not yet been 

distinguished. Apparent ly associated with 
the N-S t rending axial planes is a moderately 
well developed north- t rending, steep f rac tu re 
cleavage which weathers out cleanly in 
amphibolite layers as a series of f ine ribs. 
This s t ructure is often fanned and the fanning 
may be the result of even later deformation. 
The axial planes of these structures, which 
appear to be f lexura l ra ther than shear folds, 
are subvertical. 

Amongst the latest s t ructura l fea tures are 
bri t t le s t ructures such as conjugate shears 
which t rend respectively NNE and SSE. These 
are steeply dipping surfaces apparent ly cutt-
ing all the folds but they are clearly not the 
latest s t ructures in the deformational se-
quence because they are offset by shears 
parallel to the foliation. The relatively com-
mon N-trending steeply dipping, narrow, 
more or less recti l inear quartz lenses (Fig. 
6 b) are possibly en échelon tension gash 
veins in zones parallel to the NNE and SSE 
complementary shears (Figs. 2 a, 5 a). 

The latest deformation seems to have been 
the continuation of the foliation shear which 
may have proceeded f rom at least the t ime of 
D|, throughout the deformational history of 
the migmatites. The progress of this move-
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Fig. 14a. ENE chevron folds in N—S trending foliation. North shore of Notholmen, Skärlandet, b. 
Complex interference pat tern produced by Fa , F c and Fd folds affected by N—S folds. Norrnäs, Skär-
landet. c. Interference between open N—S folds and F c folds. Shore north of Storängen, Ängholmen 
d. Open N—S warping of foliation folded by Fb. North shore of Skärlandet opposite Björnholmen 

m e n t can be moni to red th roughou t the se-
quence because of its e f fec t on p l ana r s t ruc-
tu res such as dykes and veins emplaced f r o m 
t ime to t ime dur ing the deve lopmenta l his-
to ry of the migmat i t es (Figs. 5, 8) and it can 
be seen tha t the s tyle of de fo rmat ion became 
g radua l ly more bri t t le , wi th a change f r o m 
ear ly s t ruc tu res w i th a f low fold aspect (Fig. 
7 b) t h rough more angu la r shear folds (Fig. 
14 a) to f r ac tu re , wi th offset para l le l to the 
foliat ion, of the la te con juga te shear zones. 

Some open waves on hor izonta l outcrops 
appear to be the expression of inclined or 
r e c u m b e n t folds gent ly p lunging e i ther east 
or west . An indicat ion of the i r geomet ry can 
be de te rmined on r a r e th ree dimensional 
exposures such as low cliffs or road cuts bu t 
these are so f ew tha t it has not yet been 

possible to de t e rmine the re la t ionship of these 
s t ruc tu res to o thers in the sequence a l though 
they a re though t not to be the resul t of la te 
deformat ion . The incl ined folds va ry in s tyle 
be tween re la t ive ly t ight folds w i th in te r l imb 
angles of about 90° to compara t ive ly open 
s t ruc tu res b u t the i r hor izonta l prof i le is in-
var iab ly ve ry open. 

Discussion and conclusions 

The sequence of events shown by the 
migmat i t es of Skåldö is summar i sed in Table 
1. This is considered to be only an out l ine of 
w h a t could prove to be a much more com-
plicated his tory and f u r t h e r invest igat ion is 
l ikely to provide addi t ional i n fo rma t ion and 
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thus increase the certainty regarding points 
such as the relat ive t ime of event 10 and the 
number of fold sets involved in De. Never the-
less, it can be stated wi th reasonable con-
fidence that the s t ructures described and 
f igured by Sederholm (1907) near ly three 
quar te rs of a century ago can be recognized 
and identif ied with distinct sets which can 
be placed in a consistent deformational se-
quence. Thus these migmati tes record a his-
tory of polyphase deformation and meta-
morphic and igneous events all of which must 
be considered in a s tudy of their petrogenesis. 

The demonstrat ion of a complex tectonic, 
metamorphic and igneous sequence such as 
the one shown here permits a stage by stage 
assessment of the progressive evolution of 
the deep levels of an orogenic belt. It also 
provides a sound basis for comparison with 
the successively developed products of other 
crustal levels and environments in the Sve-
cokarelian orogenic belt. Fur thermore , in this 
way the validity of correlation between these 
migmati tes and the metasediments and meta-
igneous rocks of comparable age in other 
par ts of the Baltic Shield can be tested and 
in addition it will be possible to determine 
how the style of tectonism, the degree of 
deformation, and the expression of meta-
morphic and igneous events varies through-
out the orogenic belt. 

The fact tha t the migmati tes in the Skåldö 
area have been shown to form a complex 
rock unit whose characterist ic mixed aspect 
resulted dominantly f rom repeated deforma-
tion and igneous intrusion indicates tha t the 
roles of metamorphic different iat ion and par-
tial melt ing at the present level of exposure, 
do not appear to have played as impor tant a 
role here as that assigned to them in studies 

elsewhere (cf. Menher t 1968). Hence any ex-
amination of migmati te development in this 
region must not only take this into account, 
but must also take into account the t ime ele-
ment which has so often played a relatively 
minor role in many discussions of migmat i te 
genesis, par t icular ly laboratory-or ientated 
studies. The fact that sufficient t ime must 
have elapsed between successive phases of 
intrusion to allow folding and tectonic dis-
ruption to take place implies tha t t ime has 
not been insignificant and this bears out the 
thesis of Read (1957) that t ime as well as 
place are important factors in considering 
the genesis of migmatites. 

With the establishment of a general s t ruc-
tura l f ramework , a study of metamorphism 
in relation to tectonics in these migmati tes 
can be under taken. This together with a 
study of the successively formed granit ic 
veins throughout the area — their petro-
graphy, chemistry, geometry and mutua l re-
lations as well as ages f rom isotopic studies — 
should lead to a ful ler unders tanding of the 
genesis of migmatites, the crustal environ-
ments of their formation and the t ime spans 
of the processes involved. Linked wi th struc-
tura l investigations it is hoped tha t this work 
will f u r t he r elucidate the crustal history of 
the deeper levels of orogenic belts. 
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