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Cutting pegmatites with a schistosity parallel to the axial plane of 
the folds in the surrounding gneisses have been studied on Sälsö, 
Sottunga commune, one of the Aland islands in southwestern Finland. 
The schistose pegmatites probably formed at the culmination of an 
orogenic phase when the strain reached the point of f rac ture of the 
gneisses. Pegmatite material then filled the opening joints and 
crystallized under the same stress that folded the country rock. 
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Introduction 

Dur ing f ield w o r k on Sälsö, So t tunga com-
mune, one of the Åland is lands in sou th-
wes te rn Fin land, L e n n a r t L a u r é n observed 
sha rp ly cut t ing pegmat i t es t ha t conta ined 
longish magne t i t e aggregates or iented p a r -
allel to the axial p l ane of the fo lded coun t ry 
rocks (Laurén 1968, 1969). He suggested t h e 
fo l lowing a l t e rna t ive exp lana t ions fo r th is 
puzzling occurrence; he did not discuss i t in 
detail, however , because he was pr inc ipa l ly 
concerned wi th the origin of t h e magne t i t e 
in the pegmat i tes . He wro t e (Laurén 1969, p. 
112): »It is ve ry improbab le t ha t the folding 
(and the deve lopment of the axia l foliat ion) 
occurred a f t e r the fo rma t ion of the pegmat i te . 
A more plaus ible exp lana t ion is t h a t t h e 
magne t i t e gra ins h a v e g r o w n along an axial 
p lane direct ion which existed be fo re the 
pegmat i te . Ano the r possibil i ty is t ha t the 
lept i te gneiss was f i r s t folded. T h e n t h e 

pegmat i t e began to form, b u t the de fo rma t ion 
cont inued wi th the same stress directions, 
causing an or ienta t ion of the magne t i t e 
grains. This exp lana t ion p re sumes a ve ry 
cons tant direct ion of the stress f ie ld du r ing 
a considerable elapse of t ime, which to the 
au tho r seems r a t h e r unl ikely». 

While s tudying the p rob lem in the s u m m e r 
of 1974, I found t h a t the schistosity of the 
cut t ing pegmat i tes is o f t en almost para l le l to 
the axial p lane of the folds in t h e coun t ry 
rock and thus might t h r o w some l ight on the 
geological evolut ion of the area. A pape r 
discussing the subjec t w a s read a t Gothen-
b u r g in 1976 (Edelman 1975). 

Outline of the geology 

The Sälsö a rea consists of P r e c a m b r i a n 
rocks, pr inc ipa l ly h ighly m e t a m o r p h i c 
gneisses, amphibol i tes , and d i f f e r en t types of 



12 Nils Edelman 

20° 

ÅLAND I S L A N D S 

SÄLSÖ 

MARIE 

Fig. 1. Geology of the 
Sälsö a rea according to 
Laurén (1969) completed 
wi th s t ruc tura l observa-
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grani t ic and granodior i t ic rocks (Fig. 1). They 
f o r m zones s t r ik ing about 120° (counted 
clockwise f r o m the nor th) w i th a la rge Z-
shaped fold in the n o r t h e r n p a r t of Sälsö. 
The ma in rocks — gneisses and amphibol i tes 
—- a re commonly in te rming led and f o r m 
banded fo rma t ions tha t in m a n y places a re 
veined and grani t ized. Lenses and zones of 
gneissose granodior i te a re common b u t the i r 
origin is obscure. Some of t hem seem to be 

recrystal l ized paragneisses bu t o thers m a y be 
magmat ic rocks genet ical ly associated w i th 
a f e w smal l ho rnb l ende gabbros not m a r k e d 
on the map. The gneissose granodior i tes a re 
commonly grani t ized. 

Po tass ium gran i tes f o r m longish or 
b ranch ing in t rus ives w i th sha rp ly cut t ing 
contacts. I r respect ive of the direct ion of t h e 
contacts, they have a schistosity or a l ineat ion 
s t r ik ing about 90°. In th in section they show 
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Fig. 2. Pegmatite dyke with feldspar laths 
striking east or parallel to the axial plane of the 
folds. Small notches in the contacts show minute 
displacements along axial plane joints. North-

eastern part of Sälsö. 

granu la t ed zones and biot i te f l akes or iented 
in paral lel , indicat ing tha t they consolidated 
under stress. 

Severa l types and genera t ions of p e g m a -
ti tes a re present . One of the pegmat i t e s is 
cut by a microcl ine g ran i t e w i t h a dis t inct 
l ineat ion and is hence older t h a n it. The 
schistose pegmat i tes , on the o ther hand , cut 
the microcl ine g ran i t es and a re hence 
younger t han they. A genetic classif icat ion 
of the pegmat i t es is, however , beyond t h e 
scope of th is paper . 

Fig. 4. Detail of an irregular pegmatite cutting 
folded gneisses. Black magnetite lenses in the 
pegmatite are parallel to the axial plane in the 
surrounding gneisses. Northeastern point of Sälsö. 

Fig. 3. Pegmati te with magnetite aggregates 
(black spots) parallel to the axial plane striking 
east. In the curved branch the feldspar laths have 
the same att i tude as the axial plane. Skerry west 

of Sälsö outside the map in Fig. 1. 

The schistose pegmatites 

The schistose pegmat i tes a re of d i f f e r en t 
kinds. The schistosity is megascopical ly 
visible as a para l le l or ien ta t ion of fe ldspar 
phenocrys ts , biot i te f lakes, or aggregates of 
magnet i te . In th in section it is f u r t h e r ex -
hibi ted by thin crushed zones. The pr inc ipal 
types of pegmat i tes are: 1) un i fo rmly thick 
and most ly s t ra igh t dykes (Figs. 2 and 3); 
2) i r r egu la r dykes or bodies (Fig. 4); 3) veins 
in veined gneisses; and 4) coarsened recrys-

Fig. 5. A granitized zone in a gneiss close to the 
pegmatite in Fig. 4. Remnants of the gneiss and 
recrystallized dark minerals strike almost east; 
they are oblique to the banding but parallel to the 
axial plane of adjacent folds. Northeastern point 

of Sälsö. 
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Fig. 6. A granitized zone in a gneiss passing di-
agonally right across the photo. The dark biotite 
scales strike about east; they are oblique to the 
banding but parallel to the axial plane of the 
second folding. Southern shore of the eastern cape 

of Sälsö. 

tal l ized por t ions in gneisses (Figs. 5 and 6). 
The fol lowing gives a f e w examples of these 
pegmat i tes . 

On the n o r t h e r n shore of Sälsö, east of the 
ha rbour , a pegmat i t e occurs in a p ink m e -
d ium-gra ined , schistose g ran i t e (Fig. 2). La rge 
fe ldspar gra ins and e longated qua r t z aggre -
gates in the pegmat i t e lie para l le l to t h e 
schistosity of the su r round ing grani te . Th in 
sections show la rge microcl ine g ra ins su r -
rounded and cut by zones consisting of g r a -
nu la ted quar tz and la te sericite scales. T h e 
pegmat i t e is c ruc i form, and the b ranches are 
of d i f f e r en t appea rance depending on the i r 
angle wi th the schistosity of the grani t ic 
count ry rock. The b ranches para l le l to the 
schistosity of the g ran i t e a re th in and w i t h 
s t ra igh t contacts, whe rea s the dykes tha t a re 
nea r ly pe rpend icu la r to the para l le l s t ruc tu re 
of the g ran i t e a re th icker and have some-
w h a t c renula ted contacts (Fig 2). T h e c renu-
lat ion is due to small dislocations para l le l to 
the axial plane. In th in section the disloca-
tions appear as c rushed zones. 

A n o t h e r pegmat i t e on the no r thea s t e rn 
point of Sälsö cuts the folded gneisses (Fig. 
4). It f o r m s an i r r egu la r and angu la r dyke 

wi th sha rp contacts. Lens-shaped aggregates 
of magne t i t e lie close to the contacts of the 
pegmat i t e and a re para l le l to the axia l p l ane 
of the folded gneisses. Th in sections show t h a t 
the pegmat i t e contains la rge microcl ine g ra ins 
su r rounded and cut by zones of g r anu l a t ed 
quar tz . Some p a r t s of the gneisses close to 
the above-ment ioned pegmat i t e a re s t rongly 
grani t ized and exhibi t axial p l ane schistosity 
due to the u n t r a n s f o r m e d r e m n a n t s of the 
gneiss (Fig. 5). The gneisses commonly display 
older schistosity para l le l to t h e layer ing . 
Grani t ic or pegmat i t ic por t ions of d i f f e r en t 
sizes occur in the gneisses on Sälsö. As a ru le 
these recrysta l l ized por t ions exhibi t a n e w 
schistosity s t r ik ing about 90°, t hus mak ing 
an angle of rough ly 303 w i th t h e band ing 
(Fig. 6). 

In brief , these observat ions show tha t some 
of the pegmat i tes , grani t ic veins and s t rongly 
recrystal l ized por t ions of the gneisses as wel l 
as the p ink microcl ine g ran i t e have a s teep 
schistosity s t r ik ing about 90°. This indicates 
a no r the r ly direct ion of m a x i m u m stress. T h e 
n o r t h w a r d - s t r i k i n g b ranches of the pegmat i t e 
on the n o r t h e r n shore are c rumpled (Fig. 2), 
whereas the eas tward - s t r ik ing ones a re th in 
and compressed f r o m the sides; these f ac t s 
a re consis tent wi th the n o r t h e r l y stress. 
Hence, the m a x i m u m stress w a s n o r t h w a r d 
dur ing t h e orogenic phase w h e n the p ink 
grani te , schistose pegmat i tes and grani t ized 
por t ions of the gneisses w e r e fo rmed . T h e 
schistosity and microscopic crush zones in t h e 
pegmat i t es indicate t h a t the stress cont inued 
dur ing and a f t e r the emplacement of t h e 
pegmat i tes . Thus the pegmat i t es w e r e in-
t ruded in jo ints opened by the nor the r ly 
stress. The same s t ress fo lded the gneisses 
and gave them the axial p l ane s t r ik ing 90°. 

Folding and f r a c t u r i n g seem to have al-
t e rna t ed dur ing the s ame de fo rma t ion phase. 
When the s t rain, or r a t h e r the r a t e of s t ra in , 
reached its m a x i m u m , the rock could not 
yield rap id ly enough to folding and broke. 



Schistosity of cutting pegmatites . . . 15 

In o ther words , w h e n the rock passed the 
point of f r a c t u r e in the s t ress -s t ra in d i ag ram 
folding was replaced by f r ac tu r ing . When 
the f r a c t u r e s had formed, the stress d i f f e r -
ences became balanced and the p re s su re in 
the joints w a s hydros ta t ic as long as t hey 
w e r e f i l led w i th f lu id or magma. W h e n these 
crystall ized, t h e stress f ield was again bui l t 
u p giving r ise to schistosity and l a t e r to 
m i n u t e crush zones in the pegmat i tes . Hence, 
in this case, f r a c t u r i n g indicates the cu lmina-
t ion of de fo rma t ion and not a change in P T -
condit ions nor up l i f t of the c rus t f r o m the 
zone of f low to the zone of f r ac tu re . 

The explana t ion presen ted here is con t ra ry 
to m y ear l ie r i n t e rp re t a t ion of t h e origin of 
amphibol i t ic dykes (Edelman 1949 p. 24, 1960 
p. 80). In t ha t I i n t e rp re t ed these dykes as 
in t rus ions in joints t ha t fo rmed dur ing a 
quiet phase of orogeny w h e n the region was 
up l i f t ed into the zone of f r a c t u r e in the 
moun ta in chain. The re seems to be good 
reason for r e - examin ing the old exp lana t ion 
in the l ight of this n e w idea. 

orogenic stress, I, folded the supracrustal rocks 
isoclinically with a horizontal or f lat axis. The 
steep layers could then be bent into a Z-fold 
with a steep axis. This fold was probably caused 
by a force couple, II, with a secondary stress, II', 
The axial plane of folding I strikes about 120°, 
that of folding II strikes about 90°. The dashed 

line indicates a possible fault . 

Main structures 

A compar ison of t h e pegmat i t e s t ruc tu res 
wi th the main s t ruc tu res in the p resen t a rea 
m a y give an idea of the s t ruc tu ra l evolut ion 
of the area. The geological m a p (Fig. 1) shows 
tha t the s teep gneiss zones genera l ly s t r ike 
about 110°—120°. In the no r thea s t e rn p a r t 
of Sälsö the s t r ike t u r n s almost to t h e n o r t h 
in a la rge Z-shaped fold wi th s s teep axis. 
The fold axes in the Sälsö area h a v e a dist inct 
m a x i m u m at about 90°—100° wi th an almost 
ver t ical p lunge and a less p ronounced 
m a x i m u m at about 120° or 300° w i th p lunges 
of 0 —20° to the southeas t or nor thwes t . 
Folds w i th hor izonta l or f l a t axes are of 
course unde r - r ep re sen ted in re la t ion to folds 
wi th s teep axes on f l a t exposures. T h e 
genera l s t r ike of the s teep gneiss zones shows 

tha t the f l a t axes a re connected w i th the f i r s t 
fo lding phase, which t i l ted the layers into a 
s teep position. This fo lding was caused by 
a m a x i m u m stress in the direct ion of 30°. 

The layers could not be folded a round the 
s teep axes to the Z-shaped fold un t i l they 
had a t t a ined a ver t ica l posit ion du r ing the 
f i rs t folding phase. The axial p l ane of the 
s teep axes s t r ikes about 90° (Fig. 7) and is 
para l le l to the schistosity of the pegmat i t es 
and the p ink grani te . Hence the second phase 
of folding is associated w i th grani t iza t ion, 
microcl ine g ran i t e and schistose pegmat i tes . 
Be tween the two folding phases t h e s t ress 
mus t have changed direct ion f r o m 30° to 0°. 

The smal l Z-folds and c lockwise-rota ted 
f r a g m e n t s in the gneisses and amphibol i tes 
which are r a t h e r common in th is area, can 
all be expla ined as resul ts of e i ther a 
no r the r ly stress or a r i gh t -hand force couple 
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almost along the s t r ike of the gneiss zones. 
L a u r é n (1968, Fig. 50) proposed a fo rce 
couple s t r ik ing east, b u t one s t r ik ing eas t -
southeas t expla ins more successful ly t h e 
no r the r ly stress (Fig. 7). 

The pink microcl ine gran i tes w e r e emplaces 
in the spaces tha t opened u p dur ing the 
second folding phase. T h e shapes and posi-
tions of the two n o r t h e r n g ran i t es in the 
Z-fold agree well w i th the in te rp re ta t ion n o w 
proposed. The S - shaped sou thern g ran i t e lens 
d i f f e r s f r o m the ma in p a t t e r n b u t it could be 
a f i l l ing in a tension joint whose ends w e r e 
tu rned by r igh t -hand shear movements . F a r -
fe tched though it m a y seem, th is exp lana t ion 
should not be d is regarded out of hand . 

The fol lowing p ic tu re emerges f r o m a 
s u m m a r y of the s t r uc tu r a l evolut ion of t h e 
area. A sup rac rus t a l series of s ed imen ta ry 
and volcanic rocks was f i rs t fo lded isocli-
nal ly by a s tress f r o m 30°. The fold axes 
due to this phase are hor izonta l or f l a t and 
the sub-ver t ica l axial p lane s t r ikes 120°. In 
the course of this folding the rocks w e r e 

me tamorphosed into gneisses and amph i -
bolites. Dur ing the second phase of fo lding 
a r i gh t -hand force couple n e a r l y para l le l to 
the t hen s teep band ing or a no r the r ly s t ress 
bent the zones of the d i f f e r en t rocks in to 
a Z-shaped fold in the no r theas t e rn p a r t of 
Sälsö. All the minor folds associated wi th th is 
Z-fo ld have s teep axes and a ver t ica l axial 
p lane s t r ik ing about 90°. When the s t ra in 
reached its m a x i m u m dur ing the second 
folding phase the f r a c t u r e s t r eng th of some 
rocks was exceeded and joints w e r e fo rmed . 
Grani t ic f lu ids f i l led the opening jo ints or 
spaces and crystal l ized as g ran i tes and peg-
mat i tes . It was this s tress t h a t caused t h e 
schistosity in these rocks. Hence, fo lding and 
f r ac tu r ing , which a l t e rna ted du r ing this de-
fo rmat ion phase, w e r e both produc ts of t h e 
same stress. 
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