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Some minor galena mineralizations are in par t associated with clastic 
dykes of Cambrian sandstone in the Aland rapakivi area. Galena also 
occurs disseminated in greisen-type mineralizations. The difference 
in age between the two modes of occurrence is probably at least 
1100 Ma. 
No traces of a magmatic source have been found, and hence, a 
magmatic-hydrothermal origin for the galena associated with sand-
stone dykes is unlikely. It is suggested that the lead-bearing solu-
tions mobilized f rom the sediments and precipitated in fissures during 
compaction and diagenesis. 
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Introduction 

There a re several minor su lphide minera l i -
zations wi th ga lena as the p r edominan t ore 
mine ra l in t h e Finnish r apak iv i a reas and 
the i r immed ia t e vicini ty (O. Vaas jok i 1956, 
M. Vaas joki 1977). Galena occurs wi th in the 
rapak iv i a reas e i ther associated w i th post-
magmat i c greisens or as younger veins (M. 
Vaasjoki 1977, p. 42). 

The ga lena minera l iza t ions in the Åland 
rapak iv i a rea d i f fe r f r o m those in the o ther 
r apak iv i a reas in t h a t the veins in p a r t 
occur toge ther wi th clastic dykes of Cambr i an 
sandstone. 

The occurrences associated w i th sands tone 

dykes on Si lverskär , Långholm, Ådö, and 
Loören (Fig. 1) a re discussed in deta i l in th is 
paper . The ga lena minera l iza t ions in connec-
tion w i th greisen, as in Gre lsby (Fig. 1) 
w h e r e the ga lena is d isseminated in a sericite 
greisen, a re no t descr ibed f u r t h e r . 

The minera l iza t ions at Gre lsby and Si lver -
skär have been known since the 17th cen tu ry 
(Radloff 1795, P e h r m a n 1948). The ga lena 
veins on Loören have long been f ami l i a r to 
the local people and are ment ioned by M. 
Vaas jok i (1977) and Ehle rs and Ehle rs (1979). 
The occurrences on Långho lm and Ådö w e r e 
found du r ing recent invest igat ions in the r a -
pakivi area. F r o m Långbergsödaö jen (Fig. 1) 
and its vicini ty veins of ga lena are ment ioned 
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Fig. 1. Map of the Åland area showing the loca-
tions of the galena occurrences. 

by Fros te rus and Sederho lm (1890) and 
Mattsson (1960). 

Eas t of the r apak iv i area veins of ga lena 
have been found on Södö, So t tunga (Fros terus 
1894) and on the sou thwes t e rn shore of K ö k a r 
(Carl Eh le rs 1978, Åbo, personal comm.). T h e 
ga lena occurrences of Grelsby, S i lverskär and 
Södö have been b r i e f ly described b y M. Vaas-
joki (1977, App. 2). Veins of galena, mos t ly 
associated wi th calcite (Åhman 1974), occur 
along the Swedish coast of the Åland Sea and 
in the S tockholm region. 

Outlines of the geology 

The Åland rapakivi area 

The rapak iv i a rea consists of severa l t e x t u r -
ally and minera logica l ly d i f f e r en t g ran i t e 

variet ies, f r o m n o r m a l r apak iv i w i th fe ld-
spar ovoids, to f ine -gra ined aplit ic and qua r t z 
porphyr i t i c grani tes . Ages de te rmined f r o m 
the r apak iv i a rea indicate two d i f f e ren t 
phases of in t rus ion: 1670 Ma fo r the main 
rapak iv i in t rus ions and 1620 Ma for the 
younger ones (M. Vaas jok i 1977, p. 26). 

Pos tmagmat ic gre isen bodies occur pr inci -
pal ly in connection wi th the younge r grani tes , 
but they h a v e been f o u n d sporadical ly in t h e 
whole r apak iv i area . The greisens a re poorly 
mineral ized, and ore minera l s a re scarcely 
visible to the una ided eye. The lead content , 
a l though r a n d o m l y d is t r ibu ted in t h e greisens, 
is h igher in the n o r t h e r n and eas te rn p a r t 
of the r apak iv i area. 

Phanerozoic rocks 

Dur ing our r emapp ing of the rapak iv i 
a rea in Åland in 1972—77 w e added some 
250 n e w sands tone dykes to those known 
the re since the 19th cen tu ry (Frosterus and 
Sederho lm 1890). Severa l sands tone dykes, 
one of the fossi l i ferous, have been described 
by Tanne r (1911) f r o m the no r theas t e rn shore 
of the Långbergsödaö jen peninsula . P y r i t e 
occurs as concret ions in one of t h e m and as 
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Fig. 2. Galena veins and sandstone dykes on 
Loören. 
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cement in another . The cement ing pyr i t e 
fo rms a rep lacement bo rde r 4 to 6 m m wide 
on both sides of t h e sands tone dyke. Ac-
cording to Mart insson (1968, p. 144), also 
galena occurs f r e q u e n t l y in some sandstones 
f r o m this locality. 

The age of the sands tone dykes was de-
t e rmined as Lower Cambr i an on the basis of 
the brachiopod Acrotreta tanneri f ound in the 
fossi l i ferous sands tone dyke f r o m L å n g -
bergsödaöjen (Tanner 1911, Metzger 1922). 
Re-examina t ion of the brachiopod — 
Ceratreta tanneri according to the n e w 
nomenc la tu re — indicates an Upper Cam-
br ian age (Mart insson 1968). 

The clastic dykes show tha t Aland was 
covered by sediments du r ing the Cambr i an 
and tha t the denuda t ion before the Cambr ian 
had reached approx ima te ly the p resen t level 
of erosion (Tanner 1911). Sed imenta t ion p ro -
bably cont inued into the Ordovician, because 
l imestone of Ordovician age has been found 
(Asklund and Kul l ing 1926, Sederho lm 1934) 
in the n o r t h e r n pa r t of L u m p a r n Bay (Fig. 1). 
Dri l l ing shows tha t the l imestone is 34 m 
thick and is unde r l a in by clay (upper g rey 
and lower reddish) to a depth of at least 57.5 
m (Sauramo 1943, Mar t insson 1956, p. 99). The 
d i f f i cu l ty of dril l ing, however , p r even ted 
complete pene t ra t ion of the clay. According 
to Metzger (1960, p. 13, 1965, p. 151—152), t h e 
fo rma t ion was t raced by 24 la ter dr i l l holes 
for about 2 km to the south, whe re it is u n d e r -
lain by sandstone. The sands tone has u n d e r -
gone much weake r diagenesis t han the clastic 
dykes. L u m p a r n Bay is p robab ly a g r a b e n 
t h a t fo rmed a f t e r the Ordovician (Hausen 
1964, p. 52). Mart insson (1956, p. 100) has 
proposed an er ra t ic origin for this l imestone. 

Er ra t ic boulders of pyr i t e -cemented 
sands tone have been found on Aland and in 
sou thwes te rn F in land (Marmo and La i t aka r i 
1952, Lonka and P a p u n e n 1969). The source 
of the boulders is p robab ly a Cambr ian 

sands tone bed unde r the Bo thn ian Sea. The 
sands tone is covered by Ordovician l imestone, 
wi th fo rms the f loor of t h e wes te rn pa r t of 
the Bothn ian Sea (Winterha l te r 1972). 

Description of localities 

Loören 

Eight ga lena veins and a s w a r m of s and-
stone dykes have been encounte red on Loören 
(Fig. 2). The ga lena veins a re 0.2 to 1 cm 
wide, a f e w met res long and s t r ike rough ly 
N-S. Six of them consist of e i ther p u r e galena 
(Nos. 2, 3 and 8) or h a v e a gangue of ve ry 
f ine -gra ined silica (Nos. 1, 4 and 7). In veins 
Nos. 1 and 4 the galena has been spli t in two 
by f ine-gra ined silica wi th a b u n d a n t f r a g -
men t s of galena. The f r a g m e n t s have been 
torn away f r o m the ga lena vein, which 
suggests small-scale movemen t s at the t ime 
of crystal l izat ion of the silica. The s u r -
rounding rapak iv i revea ls microscopic 
cataclast ic zones wi th undu l a to ry qua r t z and 
m i n u t e f i ssures f i l led wi th silica and some 
galena. Vein No. 2, which is m a x i m u m 1 cm 
wide, can be t raced f r o m sea level, w h e r e i t 
s t r ikes abou t 30°, for a f e w met res un t i l it 
crosses a n a r r o w f r a c t u r e zone s t r ik ing 110°. 
A t this point the vein is 5 cm wide and 
fol lows the f r a c t u r e zone to the east for half 
a me t r e be fore it r esumes i ts f o r m e r course 
and wid th . 

Two of the ga lena veins (Nos. 5 and 6) a r e 
associated wi th sands tone dykes. No. 6 was 
s tudied in more detail . At sea level it is a 
pu re sands tone dyke, b u t some me t r e s f r o m 
the shore it g rades into a sands tone dyke 
minera l ized wi th pyri te , galena, marcas i te , 
spha le r i te and accessory chalcopyri te . The 
wid th of the sands tone d y k e is 5 to 7 cm. In 
the sands tone the cement , which is usua l ly 
silica, has been replaced by sulphides, wh ich 
h a v e also pa r t ly corroded the sand grains. 
The qua r t z gra ins of the sands tone a re sub-
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Fig. 3. Fissure filling of sandstone and galena. 
Note the thin clastic remnant in the upper left. 
1) Rapakivi. 2) Sandstone. 3) Galena. Silverskär. 

rounded, whereas the fe ldspar and rapak iv i 
f r a g m e n t s are angu la r . 

Silverskär 

Si lverskär has an old ga lena q u a r r y da t ing 
f r o m 1610. Located on the n o r t h e r n shore 
(Finnish m a p coordinates: x = 6694.84, y = 
452.92), the q u a r r y is about 30 m long, a 
m a x i m u m of 3 m wide and s t r ikes 130 . 
P r e s u m a b l y only one ga lena vein was mined 
because at the sou the rn end of t h e q u a r r y 
the re is a ga lena vein a f e w m m wide 
s t r ik ing 160° and a t the n o r t h e r n end, on 
the shore, a vein 1 to 2 cm wide wi th a f e w 
offshoots 2 to 3 m m wide. Fig. 3 shows a 
deta i l of a dril l core sample f r o m the n o r t h e r n 
end. The ga lena vein is about 1 cm wide w i th 
remains of a sands tone dyke in t h e middle . 
A n a r r o w r e m n a n t of the same sands tone 
dyke occurs along one of the contacts w i th 
rapakivi . Conceivably the sands tone has been 
f i ssured and ga lena has crystal ized in the 
f issure. The ga lena has also crystal l ized 
be tween the sand grains, pa r t l y corroding 
them. Accessory sulphides a re pyri te , m a r c a -

site and sphaler i te . The sands tone is s l ight ly 
recrystal l ized, bu t it stil l ma in ta ins a dis t inct 
clastic t ex tu re . 

Långholm 

On the n o r t h e r n shore of Långholm, about 
1 km no r thwes t of Si lverskär , t he re is one 
dyke consisting of pu re ga lena (x = 6695.53, 
y = 451.71) and ten sands tone dykes s t r ik ing 
10°— 20°, one of which (x = 6695.24, y = 
451.92) contains galena. The sands tone d y k e 
associated wi th ga lena is up to 5 cm wide. 
Galena occurs at the marg ins of the sands tone 
dyke only south of the point w h e r e a minor 
f r a c t u r e zone crosses it. S o u t h w a r d s the dyke 
b i fu rca te s and the ga lena occurs most ly a t the 
outer contact of the dyke. 

Fig. 4. Photomicrograph of the clastic remnant 
between rapakivi and galena in Fig. 3. Without 

nicols. 
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Fig. 5. Detail of a sandstone dyke. The f issure 
was reopened and slightly displaced a f t e r the 
lithification of the sandstone. Galena and f luori te 
have la ter crystallized in the same fissure. 1) Ra -
pakivi. 2) Sandstone. 3) Galena. 4) Fluorite. Ådö. 

Adö 

A s w a r m of sands tone dykes 1 to 5 cm wide 
and calcite dykes 1 cm wide associated w i th 
ga lena and f luor i t e a re encounte red on the 
sou thern shore of the eas tern point of Ådö 
(x = 6688.33, y = 469.58). The dykes s t r ike 
roughly 20 . The calcite dykes display idio-
morphic crystals of ga lena in several places. 
One of the dykes c lear ly shows the age re la -
tion be tween sands tone and ga lena (Fig. 5). 
The sketch shows a section of t h e sands tone 
dyke, which has been f r a c t u r e d and pa r t ly 
displaced. Galena and f luor i t e h a v e crys-
tallized in the f r ac tu re . Galena and accessory 
pyr i te also occur as n a r r o w f r a c t u r e f i l l ing or 
as small g ra ins in the m a t r i x of the sandstone. 
The sands tone is s l ight ly recrystal l ized along 
the f luor i t e -ga lena contact b u t clastic t e x t u r e 
can still be discerned. The recrysta l l iza t ion 
zone is 2 to 3 m m wide. The cement ing 
mate r ia l of the sands tone is i ronp igmented 
silica except in one dyke w h e r e it is f luor i te . 
In some localities in the Wiborg rapak iv i a rea 
f luor i t e is also associated w i th galena (O. 
Vaasjoki 1956, p. 50). 

The age and origin of the galena 

Field obaservat ions indicate t ha t t he re a re 
two d i f f e r en t types of ga lena minera l iza t ion 
in Åland: 

1. Galena genet ical ly associated w i th 
greisen; 

2. Veins of galena associated w i th sand-
stone dykes. 

The gre isen bodies a re considered to be 
associated in space and t ime wi th t h e 
younges t in t rus ion phases of the r apak iv i 
g ran i t e complex, i.e. they are genet ical ly 
l inked to the r apak iv i grani tes . Dat ings of 
r apak iv i g ran i tes f r o m Åland give ages of 
1670—1620 Ma (M. Vaas joki 1977, p. 26), 
which should also be the a p p r o x i m a t e 
m a x i m u m age of the galena occurrences 
associated wi th greisen. 

As ment ioned ear l ier , the sands tone dykes 
in Åland a re p robab ly La te Cambr ian , i.e. 
they are about 500 Ma old. As shown by Fig. 
5, the ga lena cuts across a l r eady l i thif ied 
sands tone dykes, which means tha t i t is 
Cambr i an or younger . Hence, the d i f f e rence 
in age be tween the two d i f f e r e n t types of 
galena occurrences is at least 1100 Ma. 

M. Vaasjoki (1977) has m a d e lead isotopic 
s tudies of the galena f r o m Grelsby, S i lver -
skär , Loören and Södö. The isotope composi-
tions show tha t the ga lena f r o m Gre lsby 
d i f f e r s f r o m the others. I t is t h e least rad io-
genic, and its age is 1362 Ma (M. Vaas jok i 
1977, Tab le 11, p. 50). According to Vaas joki 
(1977, p. 51), its young age suggests con-
tamina t ion of the lead. The galenas f r o m the 
o ther localit ies a re anomalous as f a r as the i r 
modal ages a re concerned. These ages are, 
however , re la t ive ly he te rogenous and th ree 
age de te rmina t ions f r o m Loören show t h a t 
they cannot be plot ted on a s t ra igh t line, not 
even wi th in a single occurrence (M. Vaas jok i 
1977, p. 51). 

M. Vaas joki (1977) suggests t ha t the ga lena 
veins a re of r apak iv i age and der ived f r o m 
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Fig. 6. A model for the origin of the galena associated with Cambrian sandstone. The lead-rich solu-
tions were mobilized out of the enclosing sediments during diagenetic processes, precipitating galena in 

fissures. 

the i r host rock. For the ga lena veins on 
Si lverskär , Långholm, Ådö and Loören this 
hypothesis would imply remobi l izat ion of the 
lead and precipi ta t ion in f issures dur ing the 
Cambr i an or la ter . In the l ight of the low 
content of base me ta l s in the ga lena f r o m 
Södö, O. Vaasjoki (1956, p. 52) s ta ted t h a t 
it »most p robab ly belongs to post- tectonic 
f i ssure fill ings, pe rhaps even younger t h a n 
p r e - C a m b r i a n in age». 

Galena minera l iza t ions t ha t pa r t ly r e -
semble the occurrences in Åland a re f o u n d 
in m a n y places along the eas te rn marg in of 
the Caledonides: some are of the d isseminated 
type in Cambr i an sandstone, o thers a r e 
ga lena veins wi th in the Caledonides and in 
P r e c a m b r i a n rocks eas t of the moun ta in 
range (Grip 1967). The mine ra l composit ion 
is: galena, sphaler i te , pyr i te , bary te , f luor i t e 
and calcite, which would suggest a low 
t e m p e r a t u r e of fo rmat ion . T h e ga lena 
genera l ly contains a su rp lus of radiogenic 
lead (Grip 1967, p. 214—126). 

Gr ip (1967) considers the ga lena minera l i -
zations to be epigenet ic and the o re - fo rming 
solut ions to have or ig ina ted f r o m pal ingenet ic 
processes in the cen t ra l pa r t of the moun ta in 

range. These solutions m a y have leached out 
radiogenic lead f r o m over ly ing Cambr i an 
shales and thus caused a su rp lus of radio-
genic lead. 

I t is, however , less p robab le t ha t processes 
a t w o r k wi th in the Caledonian m o u n t a i n 
range could have produced o re - fo rming solu-
t ions as f a r f r o m the source as in t h e Åland 
area. If this mode of origin is to be assumed 
for the ga lena veins in Åland, t h e source 
must be much closer. Such magmat i c sources 
a re not k n o w n and, should they have ever 
existed, they would be re la t ive ly deepseated. 
The n o r t h e r n pa r t of the Åland rapak iv i a rea 
is cut f r o m n o r t h w e s t to southeas t by dist inct 
tectonic f r a c t u r e zones (Hausen 1948 and 
1964) t ha t a re fa i r ly close to the galena oc-
currences . Had t he r e been Phanerozoic 
m a g m a t i c - h y d r o t h e r m a l act ivi ty these zones 
might have acted as feeding channe ls for 
o re - fo rming solutions. 

One exp lana t ion for the fo rming of the 
ga lena veins m a y be the theory tha t the 
o re - fo rming f lu id was pressed out of the 
Phanerozoic sediments (Fig 6). Dur ing the 
Cambr ian , sand was main ly deposi ted and 
the sed imenta t ion p robab ly cont inued into 
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t h e O r d o v i c i a n . T h e d i a g e n e t i c p roces se s 
s t a r t e d in t h e l o w e r p a r t s of t h e s e d i m e n t s , 
c a u s i n g l i t h i f i c a t i o n of t h e s a n d a n d m i g r a -
t ion of t h e w a t e r w i t h i t s d i s so lved m e t a l s . 
A t t h e s a m e t ime , e x i s t i n g a n d n e w f i s s u r e s 
o p e n e d a n d w e r e f i l l ed w i t h w e t s a n d f r o m 
u n c o n s o l i d a t e d l a y e r s above . L a t e r l e a d -
b e a r i n g s o l u t i o n s i n f i l t r a t e d t h e c las t ic dykes , 
a n d g a l e n a w a s p r e c i p i t a t e d . 

N o b l e (1963) s t r e s se s t h a t w a t e r of c o m -
pac t i on m a y h a v e p l a y e d a n i m p o r t a n t r o l e 
in t h e f o r m i n g of s a n d s t o n e - t y p e v a n a d i u m -
u r a n i u m d e p o s i t s of t h e C o l o r a d o - P l a t e a u a n d 
M i s s i s s i p p i - V a l l e y - t y p e l e ad a n d z inc d e -
posi ts . S u c h w a t e r s c an r e c e i v e t h e i r m e t a l 
c o n t e n t d u r i n g t h e d i a g e n e s i s of t h e enc los ing 
s e d i m e n t s (Noble 1963, p. 1147). 

Conclusions 

Fie ld o b s e r v a t i o n s in t h e Å l a n d r a p a k i v i 
a r e a i n d i c a t e t h e p r e s e n c e of m i n o r g a l e n a 
m i n e r a l i z a t i o n s of t w o d i f f e r e n t ages : 

1. P r e c a m b r i a n , of r a p a k i v i age, 1620 M a ; 
2. C a m b r i a n or y o u n g e r , 500 Ma o r less. 
T h e P r e c a m b r i a n g a l e n a is a s soc i a t ed w i t h 

g r e i s e n i z a t i o n in r a p a k i v i , b u t t h e C a m b r i a n 
g a l e n a can h a r d l y b e g e n e t i c a l l y l i n k e d t o t h e 
r a p a k i v i g r a n i t e s b e c a u s e i t h a s p a r t l y p r e -
c i p i t a t e d in t h e f i s s u r e s o c c u p i e d b y C a m -
b r i a n s a n d s t o n e . 

A s e d i m e n t a r y - c h e m i c a l p roces s f o r t h e 
o r ig in of t h e g a l e n a is p r o p o s e d . T h e l e a d -
b e a r i n g s o l u t i o n s a r e s q u e e z e d o u t of t h e 
s a n d d u r i n g c o m p a c t i o n a n d d iagenes i s , a n d 
g a l e n a is p r e c i p i t a t e d in t h e o p e n f i s su re s . 
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