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The Lower Cambrian sedimentary rocks form a doughnut-shaped 
deposit on the bottom of the Söderfjärden depression. The sedimen-
tary pile was first established and has now been penetrated by drill-
ing. The remaining thickness of sedimentary rocks at the drilling site 
is 244 m under 74 m of glacial overburden. 

Sediments in the lower half of the sequence are clayey and con-
tinue in the upper half mixed with sandy and silty beds. Thin phos-
phoritic conglomerates intercalate with any other rocks. Syndeposi-
tionary sedimentary structures and penecontemporaneous soft-state 
deformations are well preserved in these completely unmeta-
morphosed rocks. Indications of rapid basin filling are met with 
throughout the sequence. 

A volcanic origin of Söderfjärden basin, Lower Cambrian in age, is 
claimed to have implications with coeval alkaline magmatism in the 
Fennoscandian Shield. 
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Introduct ion 

T h e flat , r o u n d e d f ie ld of S ö d e r f j ä r d e n 
is s i t ua t ed s o m e 10 k m s o u t h of t h e c e n t r e 
of Vaasa and is s u r r o u n d e d b y l o w r o c k y 
hills. D u r i n g t h e las t d e c a d e g e o p h y s i c s and 
dr i l l ing r evea l ed it to b e an e x c e p t i o n a l , 
s e d i m e n t a r y r o c k -fi l led d e p r e s s i o n of con-
s ide rab l e d e p t h in t h e P r e c a m b r i a n t e r r a in 
( L a u r é n et al. 1978). T h e s e d i m e n t a r y r o c k s of 
t h e dr i l led t o p layers w e r e f o u n d by T y n n i 
( L a u r é n et al. 1978) to b e L o w e r C a m b r i a n i n 
a g e over la in by a P l e i s t o c e n e o v e r b u r d e n of 
7 0 - 8 0 m of till a n d silty and s a n d y mate r ia l . 
T h e L o w e r C a m b r i a n s e q u e n c e (Fig. 1) w a s 

no t , h o w e v e r , fu l ly i n t e r s e c t e d u n t i l 1979. 
Only s u m m a r i e s of t h i s o p e r a t i o n h a v e b e e n 
w r i t t e n ( L e h t o v a a r a 1980, 1982). 

L a u r é n and o t h e r s (1978) c o n c l u d e d t h a t 
t h i s s i zeab le d e p r e s s i o n , a b o u t 5 k m in dia-
m e t e r , o r ig ina t ed in a n e x p l o s i o n . T h e oc-
c u r r e n c e of t h e e x p l o s i o n w a s e s t a b l i s h e d by 
t h e d i s cove ry of t u f f a c e o u s brecc ia ma te r i a l 
in ho le s dr i l led in to t h e b o t t o m in t h e m i d d l e 
of S ö d e r f j ä r d e n . T h e d e p r e s s i o n t h e r e f o r e 
h a d to b e a c ra ter , a n d o n e tha t w a s m o r e 
p r o b a b l y of v o l c a n i c t h a n of m e t e o r i t e - i m p a c t 
or igin . A s e d i m e n t a t i o n bas in , i t s m a x i m u m 
d e p t h e x c e e d i n g 300 m ( L e h t o v a a r a 1982), 
h a d t h u s s u d d e n l y c o m e into ex i s t ence . Tal-
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Fig. 1. Lower Cambrian sedimentary rocks form a 
doughnut-shaped (hatched) remnant on the bottom 
of the Söderfjärden sediment plain the approxi-
mate contours of which are marked with a dashed 
line. The drilling sites are marked with asterisks, 
D , - D 4 drillings reported in Lauren and others 

(1978) and S F - 1 the drilling at hand. 

vi t ie a n d o the r s (1975) h a d ear l ier i n t e r p r e t e d 
S ö d e r f j ä r d e n as a d o w n f a u l t e d b lock . 

T h e p r e s e n t p a p e r c o n t a i n s a sy s t ema t i c 
d e s c r i p t i o n of t h e co re of t h e i n t e r s ec t i on 

dr i l led in 1979 (Table 1), t o g e t h e r w i t h o t h e r 
o b s e r v a t i o n s and m e a s u r e m e n t s . A brief com-
pa r i son is g iven w i t h o t h e r da ta . T h e local 
or ig in a n d geologica l h i s to ry a r e d i s c u s s e d in 
a g e n e r a l sense . 

Descr ip t ion 

Drilling results 

On g r o u n d s of s e i smic logg ing , dril l 
hole S F - 1 of 1979 a p p a r e n t l y r e p r e s e n t s 
t h e m a x i m u m t h i c k n e s s of t h e s e d i m e n t a r y 
r o c k s u c c e s s i o n (cf. also L a u r é n et al. 1978, 
Fig. 6). At t h e ear l ier dr i l l ing site, w h e r e t h e 
s e d i m e n t a r y r o c k s w e r e f irst d i s c o v e r e d , t h e 
t h i c k n e s s of loose o v e r b u r d e n w a s 72 m (op. 
cit., p. 11). A t the n e w site, 120 m eas t of t h e 
ear l ier o n e (D3, F ig . 1), t h e C a m b r i a n layers 
w e r e r e a c h e d at 74.35 m (Table 1). T h e sedi-
m e n t a r y s e q u e n c e c o n t i n u e d to 318.08 m, 
f r o m w h e r e dr i l l ing w a s e x t e n d e d to a d e p t h 
of 347.25 m in to t h e b a s e m e n t of t h e s e d i m e n -
t a ry rocks . 

Table 1. The drill-indicated Lower Cambrian sedimentary sequence at Söderfjärden. 

depth rock type 

00.00- 74.35 overburden: silt and sand above a basal till. 
74.35- 76.45 sandstone: pale grey; fine-grained and brittle; with clayey laminations and layers; one 

clear-cut contact against shale; a few phosphoritic pebbles 1 - 3 mm in diameter. 
76.45- 78.40 shale: greyish green; mixed with silt, base sandy with a sharp contact. 
78.40- 78.53 greywacke: greenish; larger grains and sedimentary rock fragments in clayey silty matrix; 

many quartz grains shock-like lamelled and broken, some kinked biotite flakes; a little 
glauconite. 

78.53- 86.40 shale: greyish green; with sandstone and greywacke-like intercalations; bedding varies 
strongly, also minor folds. 

86.40- 92.65 sandstone: pale brownish (secondary) with reddish laminae; lower contact clear-cut, 
microfaults; some quartz overgrowth, brownish pigment, and calcite. 

92.65- 92.98 greywacke: greenish; minerals and structures as in the greywacke above. 
92.98- 97.30 sandstone: pale grey; frequently intercalated with shale, its topmost bed graded; some 

angular shale fragments and larger quartz crystals having a few shock-like lamellae. 
97.30-108.05 sandstone: greyish white; impure with several clayey and silty intercalations; grading in 

thicker beds; slumping structures visible, some microfaults. 
108.05-127.63 siltstone: greyish-greenish; lower contact abrupt, upper contact gradual; slumping 

frequent, pieces u p to 10 cm; matrix mixed, cemented with some calcite and glauconite. 
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208.30-209.95 

127.63-131.50 shale: greyish green; mildly varved; sandy layers; minor folds in shale, strongly slumped, 
coarsening at the base; some pyrite concretions. 

131.50-140.35 shale: greyish green; silty interlayers and a few phosphoritic pebbles; relatively undis-
turbed; clearly but varyingly glauconitic. 

140.35-140.43 conglomerate: brownish phosphoritic pebbles, 1 - 2 cm, of differing shades; clayey matrix. 
140.43-142.30 shale: greyish green; slightly glauconitic; deformed. 
142.30-142.45 conglomerate: brownish phosphoritic pebbles, up to 3 cm; greenish matrix of shale and 

sandstone; cementing pyrite and calcite; grain size strongly varying. 
142.45-146.90 siltstone: greyish; glauconitic stripes and a few pyrite concretions; strongly slumped and 

micro faulted but not the clayey top portion. 
146.90-148.70 sandstone: greyish white; bright green at stripes where authigenic glauconite as the sole 

cement; a few phosphorit ic pebbles; grain size coarsening downwards, strongly laminated 
with shale and slumped. 

148.70-166.30 shale: greyish green; with silty and sandy interlayers; some slumping. 
166.30-192.80 sandstone: greyish white and brittle; frequently laminated with shale especially at the 

base; white calcite spots (1-2 cm) and stripes as cement, some pyrite concretions conform-
able with bedding; microfaults well visible and slumping in shale; a few tourmahne and 
glauconite grains. 

192.80-192.95 conglomerate: pale brown clasts of strongly varying sizes, in a chaotic matrix with many 
grain sizes; bent shale laminae; some calcite and pyrite cement. 

192.95-197.70 sandstone: pale greyish; thin wavy clay laminae, grain size fining topwards; spotty with 
calcite. 

197.70-208.30 sandstone: a larger unit clearly graded, fining into shale at top; scattered brown phos-
phoritie pebbles, also angular fragments; phosphorite much replaced by calcite; zircon 
f requent as thin stripes, glauconite also as cement together with quartz overgrowth. 
shale: greyish green; strongly laminated with sandy and silty layers; small-scale slumping. 

209.95-215.30 sandstone: pale greenish white; less sorted than usual; some overgrowth of quartz and 
calcite spots. 

215.30-262.00 shale: greyish green and soft, breaks like a modern clay on drying; commonly varved 
with silt, varve thickness 2 - 5 cm, varves often destroyed by small-scale slumping; only 
sandstone layer at 233.00-233.40; solitary phosphoritic pebbles and pyrite concretions; 
tourmaline and clastic glauconite in coarser layers together with zircon and epidote; 
chlorite and white mica in clayey material. 

262.00-262.08 conglomerate: pale brown; contacts againt shale abrupt; flat pebbles u p to 2 cm, made up 
of different grain fractions cemented with brown varyingly phosphoritic material; cal-
careous cement between pebbles, also replacing phosphorite; pyrite also cementing. 

262.08-313.25 shale: greyish green; of much the same qualities as above; graded, coarsening at t he very 
bottom and a few coarser laminations. 

313.25-314.04 siltstone: greyish; a mixture with sandstone fragments, in places conglomeratic with 
phosphoritic pebbles; calcareous and glauconitic; s lumping advanced. 

314.04-314.28 sandstone: white with green undisturbed laminae; lower contact disturbed; calcareous 
cement, detrital glauconite enriched at the green laminae. 

314.28-314.48 siltstone: greenish; clayey matrix with larger feldspar and quartz grains, not quite a grey-
wacke. 

314.48-316.07 shale: dark green and soft; with few thin layers of hard sandstone, greywacke, and con-
glomerate. 

316.07-316.94 shale: dark green; an almost equal amount of thin sandy layers hardened by a complete 
overgrowth of quartz, orthoquartzitic in composition, with zircon, sphene, pyrite, and 
tourmaline. 

316.94-317.55 shale: dark green and soft; some sandy intercalations. 
317.55-318.08 greywacke: greenish; a mixture of different size fractions; clayey-silty matrix and fewer 

rusty sand flasers; structure somewhat chaotic and contact with the basement clear-cut; 
authigenic tourmaline. 

318.08-347.25 basement: migmatite of mica gneiss and granodiorite; little altered, mostly at thin stripes 
and top 15 cm. 
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Basement rocks 

T h e C a m b r i a n r o c k s res t d i rec t ly o n t h e 
local b e d r o c k , a h e t e r o g e n e o u s m i g m a t i t i c 
g ranod io r i t e . No J o t n i a n or e v e n V e n d i a n 
s e d i m e n t a r y r o c k s lie b e t w e e n the C a m b r i a n 
a n d i ts b a s e m e n t . T h e w h o l e s e d i m e n t a r y 
rock s e q u e n c e of 243.73 m h a s b e e n d a t e d 
L o w e r C a m b r i a n (Tynni , pe r s . com. a n d t h i s 
issue). 

L i k e t h e g r a n o d i o r i t e in t h e ear l ie r dr i l l ings 
(holes 1, 2 and 4 in L a u r é n et al. 1978), he r e , 
too, t h e b a s e m e n t of t h e s e d i m e n t a r y cove r 
s e e m s to be a l t e red . T h e a v e r a g e d e g r e e of 
a l t e ra t ion d e c r e a s e s d o w n w a r d s . In t h e ear-
lier dr i l l ings , a t u f f a c e o u s b recc ia w i t h f rag-
m e n t s va ry ing in size b u t c h e m i c a l l y of t h e 
s a m e c o m p o s i t i o n as t h e c o u n t r y r o c k w a s 
me t w i t h over a w i d e area . H e r e , at 1.5 k m 
f r o m t h e c e n t r e of t h e cra ter , on ly a f e w th in 
d i f f u s e s t r i pes of m o r e b r o k e n r o c k occur ; 
t h e r e a re no c lear-cut b a n d s or layers . S o m e 
smal l c a r b o n a t e v e i n s also cut t h e c o u n t r y 
rock . 

T h e t o p m o s t 15 c m of t h e g r a n o d i o r i t e is 
c o n s p i c u o u s l y rus ty . Microscopica l ly th i s 
rock cons i s t s of a » g r o u n d m a s s » of f ine r 
g r a in s t o g e t h e r w i t h o r i en t ed l a rge r biot i te , 
par t ia l ly » b u r n e d » b u t not k i n k e d , a n d of 
still l a rger s e p a r a t e g r a in s of r a t h e r f r e s h 
qua r t z and f e ld spa r s . 

Only a f e w c o m m e n t s c o n c e r n i n g the al-
t e r e d g r a n o d i o r i t e p r o p e r a re a p p r o p r i a t e , as 
it h a s b e e n d e s c r i b e d in s o m e de ta i l by 
L a u r é n a n d o t h e r s (1978, pp . 18-19) . U n d i s -
p u t e d s h o c k l ame l l ae in qua r t z have not b e e n 
seen at t h i s d i s t a n c e f r o m t h e c ra t e r cen t re . 
R a t h e r , t h e tec tos i l ica tes , a n d espec ia l ly pla-
gioclase , a re in m a n y p l a c e s b r o k e n in to a 
f i n e m o s a i c of m i n u t e p i eces t h a t i n c l u d e 
s o m e glass, j u s t as w a s o b s e r v e d in ear l ier 
dr i l l ings . T h e b r o k e n ma te r i a l is s o m e t i m e s 
a s soc i a t ed w i t h t ha t of t h e n e i g h b o u r i n g 
g ra in s a n d f o r m s m i c r o s c o p i c s t r i pe s or v e i n s 
of t u f f a c e o u s brecc ia . D o w n w a r d s f r o m t h e 

t o p m o s t »crust» of t h e g ranod io r i t e , b io t i t e 
and ch lo r i t e b e c o m e k i n k e d o n c e more . 

Sedimentary cover 

T h e s e q u e n c e of t h e s e d i m e n t a r y r o c k 
s t ra ta in t h e core of t h e n e w dri l l in te rsec-
t i on S F - 1 (Fig. 1) is g iven in r o u g h de ta i l in 
T a b l e 1. T h i s d e s c r i p t i o n is b a s e d p r imar i ly 
on m a c r o s c o p i c o b s e r v a t i o n s a n d a u g m e n t e d 
by da t a on t h i n sec t ions . E x c l u d i n g s o m e still 
t h i n n e r c o n g l o m e r a t e b e d s a n d o t h e r s ingular 
r o c k t y p e s , t h e t h i n n e s t layers d i s c e r n e d h e r e 
a r e of t h e o rde r of 50 c m in t h i c k n e s s . T h e 
t r u e s e q u e n c e is, h o w e v e r , m u c h m o r e com-
pl ica ted , espec ia l ly if t h e l a m i n a t i o n is also 
c o n s i d e r e d . T h e d i a g r a m in Fig. 2 is a s o m e -
w h a t m o r e de ta i l ed p r e s e n t a t i o n of t h e da t a 
in Tab l e 1, in w h i c h t h e t h i n n e s t b e d s in t h e 
f i gu re cou ld n o t b e d e s c r i b e d . 

T h e only n e w r o c k t y p e e n c o u n t e r e d in t h e 
dr i l l ing w a s a g r e y w a c k e . T h e o the r rock 
t y p e s a n d c o m m o n f e a t u r e s of t h e s e r o c k s 
h a v e b e e n d e s c r i b e d by L a u r é n a n d o t h e r s 
(1978); h e n c e t h e p r e s e n t a u t h o r h a s l imi ted 
h is a c c o u n t of t h e s e p o i n t s to a d d i t i o n s , al ter-
a t ions , a n d c o m p a r i s o n s . 

T h e m a c r o s c o p i c c lass i f ica t ion of t h e sedi-
m e n t a r y r o c k s n o w revea l ed a p p e a r e d , as a 
whole , to b e b e s t a l igned w i t h t h e W e n t w o r -
t h i a n d iv i s ion ( P e t t i j o h n 1975) in to s e d i m e n -
ta ry r o c k t y p e s b a s e d on l o g a r i t h m i c g ra in 
sizes. Th i s d i f f e r s s o m e w h a t f r o m t h e ear-
lier p r a c t i c e of t h e p r e s e n t a u t h o r (cf. L a u -
r é n et al. 1978, pp . 23, 27). T h e c o n g l o m e -
ra t e is a rock t y p e w i t h w e l l - r o u n d e d flat 
b r o w n p e b b l e s a n d a r a t h e r m a r k e d size g a p 
t o w a r d s t h e s a n d s t o n e s (cf. Fig. 4 by Tynn i , 
t h i s issue). T h e l a t t e r r o c k s m a i n l y cons i s t of 
t h e f i n e r gra in f r a c t i o n s a n d g r a d e in to silt-
s t o n e s (c lassed in t h e 1 /16-1/256 m m size). 
T h e s i l t s tones c a n be r o u g h l y iden t i f i ed by 
the i r c o m m o n l y g r ey i sh colour , w h e r e a s t h e 
s a n d s t o n e s a r e wh i t e r . T h e g r e e n i s h shales , or 
r a t h e r c l ays tones , w e r e so f t a f t e r dr i l l ing a n d 
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Fig. 2. A simplified diagrammatic presentation of 
the succession of sedimentary rock strata at the 
S F - 1 drilling site. All bedding planes are inclined, 
the angle of dip varying rapidly. Bed contacts are 
shown with a continuous line. Where the beds are 
too thin (less than 1/2 m) but important, they are 

indicated only with the rock type markings. 

e v e n t h e re la t ive ly coa r se W e n t w o r t h i a n g ra in 
size l imi t h a s obv ious ly o f t e n b e e n e x c e e d e d . 
T h i n l ayers of a ve ry u n s o r t e d m i x t u r e con-
t a in ing m o s t of t h e size f r a c t i o n s w e r e d e n o -
t e d g r e y w a c k e . Th i s r o c k t y p e n o r m a l l y con-
t a ins u n r o u n d e d f r a g m e n t s of o t h e r s e d i m e n -
t a ry r o c k s as well . 

Minera log ica l ly t h i s i n t e r s e c t i o n of t h e 
w h o l e s e d i m e n t a r y pi le c o n f i r m e d s o m e 
cha rac t e r i s t i c f ea tu re s . A u t h i g e n i c t o u r m a -
l ine occu r s t h r o u g h o u t t h e s e q u e n c e (see 
T a b l e 1). T h e s e q u e n c e is a lso g l aucon i t i c 
pa r t i cu la r ly a r o u n d d e p t h s of 1 3 0 - 1 5 0 m 
w h e r e t h e g l a u c o n i t e o c c u r s as c e m e n t i n g 
mater ia l ; e l s e w h e r e it is me t w i t h a s s e p a r a t e 
g ra ins . T h e l o w e r m o s t s a n d s t o n e layers a r e 
c e m e n t e d by a h a r d o v e r g r o w t h of qua r t z 
w h e r e a s a b o v e t h e level of 215.30 m t h e s a n d -
s t o n e b e d s are c e m e n t e d by calc i te b u t only 
par t ia l ly in t h e spo t ty f a s h i o n t h a t g ives t h e 
r o c k s a mo t t l ey a p p e a r a n c e (Fig. 3 a). Con-
c r e t i ona ry py r i t e o c c u r s f r e q u e n t l y a n d in all 
rock t y p e s (Fig. 3 b). T h e t o p m o s t g r e y w a c k e 
b e d s e x h i b i t s eve ra l q u a r t z g r a in s w i t h not 
ve ry closely s p a c e d shock- l ike l ame l l ae as in 
t h e q u a r t z of t h e t u f f a c e o u s b r ecc i a d e s c r i b e d 
by L a u r é n and o t h e r s (1978, Fig. 11). T h e f e w 
p ieces of cha l cedony- l i ke q u a r t z o b s e r v e d in 
t h e g r e y w a c k e s a n d s o m e of t h e s a n d s t o n e s 
m a y be f r o m t h e q u a r t z o s e dyke- f i l l ings 
f o u n d ear l ier in e r ra t ic b l o c k s ( L a u r é n et al. 
1978, p. 20). H e a v y minera l s , e spec ia l ly zircon, 
a r e c o m m o n in all of t h e s a n d s t o n e s a n d in 
s o m e of t h e f i ne r rocks . 

T h e S ö d e r f j ä r d e n s e d i m e n t a r y r o c k s ex-
hibi t wel l d e v e l o p e d a n d p r e s e r v e d p r i m a r y 
s e d i m e n t a r y s t r u c t u r e s u n d e s t r o y e d by 
m e t a m o r p h i s m . T h e la tes t dr i l l ing d id no t 
revea l any essen t ia l ly n e w s t r u c t u r e s in addi -
t ion to t h o s e f o u n d by L a u r é n a n d o the r s 
(1978), b u t it d o e s g ive a m o r e c o m p l e t e and 
de ta i l ed v i e w a long t h e s u c c e s s i o n of s t ra ta . 
A f e w p i c t u r e s of t h e s t r u c t u r e s a re i n c l u d e d 
in th i s p a p e r (Figs. 3 - 4 ) , b e c a u s e p r e v i o u s 
d i s c u s s i o n of t h e s t r u c t u r e s h a s b e e n l imi ted 
a n d u n i l l u s t r a t e d ( L e h t o v a a r a 1980, 1982). 
Seve ra l r e f e r e n c e s to t h e m a r e a lso m a d e in 
T a b l e 1. 

As f o u n d ear l ier , it is e v i d e n t t ha t , at t h i s 
dr i l l ing site, t h e s e d i m e n t a r y rock s e q u e n c e 
is d iv i s ib le in to t w o m a i n p a r t s ( L e h t o v a a r a 
1982), t h e d iv id ing l ine ly ing at 215.30 m (see 
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Fig. 3 a. Sandstone, greyish and fine-grained. The 
white spots are caused by the sporadic cementation 
by calcite. The depth of the sample approximately 

172.5 m and the diameter of the core 30 mm. 

Fig. 3 b. Sandstone with a few laminations and 
dark pyrite concretions conformably with bedding. 
The depth approximately 185 m and the diameter 

of the core 30 mm. 

Fig. 3 c. Graded bedding in varved shale. The silty 
bottoms show very slightly erosional contatcs 
against the under-lying clayey tops of previous 
varves. The depth of the sample approximately 311 

m and the diameter of the core 30 mm. 

Fig. 4 a. Slumping in the varved shales. The 
graded varves are destroyed. The depth approxi-
mately 297.5 m and the diameter of the core 30 mm. 

Fig. 4 b. Sandstone with frequent laminations of 
clayey material, enhanced by rusting. The depth 
approximately 89.5 m and the diameter of the core 

40 mm. 

Tab le 1). T h e p r i n c i p a l s y n d e p o s i t i o n a l fea-
t u r e of t h e d o m i n a n t s h a l e s of t h e l o w e r pa r t 
is t h e g r a d e d sil t-clay v a r v e s t r u c t u r e (Fig. 
3 c), w h i c h h a s o f t e n b e e n m a s k e d by s l u m -
p i n g (Fig. 4 a). I n t h e u p p e r half of m o r e 
m i x e d s e d i m e n t a r y r o c k s m a n y of t h e s a n d y 
layers a r e m ic ro f au l t ed (Fig. 4 b). T h e i r r a t h e r 
m a s s i v e b e d d i n g is s e e n in Fig. 3 a and w i t h 
l a m i n a t i o n s in Fig . 3 b. E v e n t h e g r e y w a c k e 
layers a n d t h e o c c u r r e n c e of c o n g l o m e r a t i c 
p e b b l e s in a n y o t h e r r o c k t y p e (Tab le 1) t e n d 
to e n h a n c e t h e cha rac t e r i s t i c ins tab i l i ty of t h e 

S ö d e r f j ä r d e n s e d i m e n t a r y b e d s d u r i n g t he i r 
ini t ial depos i t i on . A r a p i d f i l l ing of t h e b a s i n 
is i nd i ca t ed , espec ia l ly s ince all t h e b e d d i n g 
p l a n e s a r e n o w in va r ious ly inc l ined posi-
t ions . 

S o m e n e w c h e m i c a l a n a l y s e s h a v e b e e n 
m a d e on t h e S ö d e r f j ä r d e n s e d i m e n t a r y rocks . 
T h e y a r e p r e s e n t e d t o g e t h e r w i t h a f e w ear l ie r 
o n e s in T a b l e 2. W h e n a r r a n g e d in t h e o r d e r of 
t h e i n c r e a s i n g S i 0 2 con t en t , t h e S ö d e r -
f j ä r d e n s e d i m e n t a r y r o c k s h a v e a w i d e a n d 
obv ious ly g r a d u a l s p r e a d in the i r c h e m i c a l 
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Table 2. Söderfjärden sedimentary rock analyses. 

1. 2. 3. 4. 5. 6. 7. 

Si02 61.61 62.95 66.96 80.34 91.31 98.3 67.1 
TiOa 0.96 n.d. 0.11 0.45 0.53 n.d. n.d. 
AI2O3 16.36 18.21 14.29 6.14 4.17 0.50 2.3 
Fe 20 3 2.69 2.72 1.40 2.12 0.22 0.15A 1.0» 
FeO 5.09 3.4 4.10 2.05 0.57 n.d. n.d. 
MnO n.d. 0.03 n.d. n.d. n.d. n.d. n.d. 
MgO 1.26 2.10 1.33 0.91 0.18 n.d. 3.8 
Ca O 0.38 0.45 0.74 1.71 0.10 0.46 n.d. 
Na 2 0 0.17 0.21 0.18 0.10 0.07 0.01 0.04 
K.,O 3.43 4.25 3.31 2.17 1.11 0.11 0.44 
P2O5 0.05 0.08 0.15 0.26 0.03 n.d. 8.9 
H20+b 6.99 4.98 5.49 3.47 1.58 n.d. 3.8 
S 0.27 0.40 0.40 0.07 0.11 n.d. n.d. 

total 99.31 99.80 98.99 99.89 99.98 99.5 100.1 

1. Shale (claystone). Drill hole S F - 1 , 154.30 m. 
2. Fine siltstone. Drill hole D3, 73.35 m (Laurén et al., 1978). 
3. Silty varve in shale. Drill hole S F - 1 , 117.15 m. 
4. Glauconitic silty sandstone. Drill hole S F - 1 , 137.90. 
5. Laminated sandstone. Drill hole SF-1 , 89.18 m. 
6. Whitish sandstone. Boulder 59-e, Malax (Laurén et al., 1978). 
7. Calcareous phosphorite conglomerate. Drill hole D.^(Laurén et al., 1978). 
a. total iron 
b. ignition loss at 1000°C 
All analyses are made at Partek Development Centre, Parainen, using standard wet chemical methods. 

c o m p o s i t i o n s . T h e p u r e s t s a n d s t o n e s a re 
ve ry p u r e o r t hoqua r t z i t e s . Si l ty a n d glau-
con i t e i m p u r i t i e s g r adua l l y r e d u c e t h e pre-
p o n d e r a n c e of q u a r t z in to t h e f i e lds of pro-
t o q u a r t z i t e s a n d e v e n g r e y w a c k e s (classif ica-
t i on of Se l ley 1976). I n c a l ca r eous s a n d s t o n e s 
t h e C a C 0 3 c e m e n t m a y r ise to a l m o s t half t h e 
v o l u m e of t h e rock ; n o r m a l l y it is m u c h less. 
I n t h e c layey rocks , o n t h e o the r h a n d , S i 0 2 

d o e s no t s e e m to d r o p b e l o w 60 %, a l t h o u g h 
t h e c o n t e n t of Al 2 0 ; i m a y b e r a t h e r h igh . Thus , 
m i c r o s c o p i c a l o b s e r v a t i o n s on t h e re la t ive ly 
c o a r s e g ra in size of t h e c layey m a t e r i a l s e e m 
to b e c o r r o b o r a t e d by t h e c h e m i c a l ana lyses . 

T a b l e 3 s h o w s t h e p h o s p h o r u s a n d u r a n i u m 
c o n t e n t s of s a m p l e s a long t h e e n t i r e l e n g t h of 
t h e drill core . T h e va lues a re ve ry c o n s t a n t 
a n d at l o w p e r c e n t a g e s . T h e P 2 0 5 c o n t e n t of 
t h e c o n g l o m e r a t i c r o c k s is lower t h a n t h o s e 
repor ted earl ier (Laurén et al. 1978, p. 25) and 

in t h e t o p v a l u e s of t h e B o t h n i a n S e a (Thors-
l u n d a n d A x b e r g 1979). T h e u r a n i u m va lue in-
c r ea se s only s l ight ly in t h e c o n g l o m e r a t e ; 
n o w h e r e a re t h e va lues m o r e t h a n a f e w p p m . 
T a b l e 4 p r e s e n t s t h e v e r y low c o n t e n t s of 
s o m e heavy m e t a l s in a pyr i t e c o n c r e t i o n in 
a c c o r d a n c e w i t h ear l ier a n a l y s e s by L o n k a 
a n d P a p u n e n (1968) and by T h o r s l u n d and 
A x b e r g (1979). 

D i s c u s s i o n 

T h i s f i rs t i n t e r s ec t i on of t h e w h o l e sedi-
m e n t a r y pi le at S ö d e r f j ä r d e n is r evea l ing in 
severa l a spec t s . T h e ve r t i ca l t h i c k n e s s of t h e 
va r ious ly d i p p i n g s e d i m e n t a r y r o c k s in t h e 
S ö d e r f j ä r d e n b a s i n h a s n o w b e e n f o u n d to 
e x c e e d 200 m (p. 38). Th i s is e x c e p t i o n a l l y 
h igh , as t h e dr i l led L o w e r C a m b r i a n b e d s 
r each only 3 0 - 4 0 m in t h e B o t h n i a n S e a 
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Table 3. Phosphorus and uranium contents of 
Söderfjärden sedimentary rocks. 

rock type depth P2O5 U 
(%) (ppm) 

graywacke 78.45 0.06 2.86 
varved shale 83.20 0.06 4.26 
reddish sandstone 89.18 0.03 1.49 
graywacke 92.70 0.09 5.40 
silty varve 117.15 0.15 2.80 
glauc. silty sdst 137.90 0.26 2.11 
conglomeratic sh. 142.37 0.48 2.92 
shale 154.30 0.05 3.02 
shale 186.70 0.10 4.03 
silty shale 201.05 0.06 3.74 
shale 216.50 0.08 3.26 
shale 237.60 0.05 2.79 
shale 255.20 0.06 2.64 
conglomerate 262.00 2.9 6.33 
silty shale 276.00 0.14 2.98 
shale 296.20 0.04 2.70 
graywacke 317.55 0.02 3.27 

Phosphorus analyzed at Partek Devel. Centre, Pa-
rainen, spectrophotometrically, and uranium at 
VTT, Espoo, using neutron activation analysis. 

(Tho r s lund a n d A x b e r g 1979). A c c o r d i n g to 
Win te rha l t e r (1972), t h e m a x i m u m t h i c k n e s s 
is p r o b a b l y more , a n d , a c c o r d i n g to L e h t o -
v a a r a (1982), t h e r e m n a n t s on t h e m a i n l a n d 
a re m u c h t h i n n e r still. O w i n g to t h e in te r sec -
t i on it is u n d e r s t a n d a b l e t ha t n o o ther , i.e. 
J o t n i a n , s e d i m e n t a r y r o c k s h a v e b e e n m e t 
w i t h on t h e b a s i n f loor . Geologica l ly speak -
ing, t h e d e e p (more t h a n 300 m) local b a s i n 
w a s f o r m e d rap id ly . Th i s is m a n i f e s t e d by 
t h e chao t i c m a n n e r in w h i c h it f i l led, as h a s 
b e e n d e d u c e d f r o m t h e s e d i m e n t a t i o n a n d 
d e f o r m a t i o n s t r u c t u r e s (p. 40 a n d Leh tovaa -
ra 1982, p. 19) a n d t h e pa l eon to log ica l da ta 
(Tynni , pers . c o m m . a n d th i s issue). A n y 
ear l ier s e d i m e n t a r y cove r w a s b l o w n o u t 
d u r i n g t h e c ra t e r ing p r o c e s s or t h e n it n e v e r 
ex i s t ed . 

S e d i m e n t a t i o n in t h e S ö d e r f j ä r d e n b a s i n is 
n o w s h o w n to h a v e p r o c e e d e d swi f t ly (viz. 
s t r uc tu r e s ) a n d u n d e r m a r i n e c o n d i t i o n s 
( tourmal ine , g l aucon i t e ) eve r s i n c e it f i rs t 

Table 4. Trace metal contents of a pyrite concretion 
at 138.22 m in siltstone. 

ppm ppm wt% 

Cu 49 Ni 53 Fe 0.91* 
Zn 21 Co 20 S 29.5 
Pb 44 Cr 2 

* soluble 
Analysed at Partek Devel. Centre, Parainen, using 
AAS method. 

b e g a n to fill w i t h g r e y w a c k e - l i k e u n s o r t e d 
mater ia l . T h e p r o c e s s w a s ve ry c o m p l e x in 
de ta i l and , as d e d u c e d f r o m r o c k - t y p e obser -
v a t i o n s at only o n e dr i l l ing po in t , t h e f e e d i n g 
c u r r e n t s s h i f t e d r ap id ly , b e i n g l o a d e d w i t h 
c las t ic ma te r i a l of f r e q u e n t l y c h a n g i n g gra in-
size c o m p o s i t i o n car r ied d o w n f r o m d i f f e r e n t 
levels of t h e s e d i m e n t a t i o n e n v i r o n m e n t . 
T h e geologica l h i s to ry of t h e s e d i m e n t a t i o n 
is d i s c u s s e d f u r t h e r in L e h t o v a a r a (1982). 

In t h i s c o n t e x t it is i m p o r t a n t to n o t e t h e 
L o w e r C a m b r i a n age of the s e d i m e n t a r y fill-
ing a n d , c o n s e q u e n t l y , of t h e s e d i m e n t a t i o n 
bas in , t h e c ra te r , as well . T h e r o u n d i s h s h a p e 
of t h e S ö d e r f j ä r d e n p l an sec t ion , a p p r o x i -
m a t e d in Fig. 1, s u g g e s t s to t h e a u t h o r t ha t 
s u c h a ra re f e a t u r e in t h e P r e c a m b r i a n bed-
r o c k c a n n o t h a v e b e e n f o r m e d by n o r m a l 
t e c t o n i c d o w n f a u l t i n g , e v e n t h o u g h seve ra l 
s t r i ke s of t e c t o n i c l i n e a m e n t s a r e d i s c e r n i b l e 
in t h e local b e d r o c k (Talvit ie et al. 1975). 
R a t h e r , severa l p o s t o r o g e n i c a lka l ine i n t ru -
s ions d e v e l o p e d a l m o s t s i m u l t a n e o u s l y w i t h 
t h e b i r t h of t h e S ö d e r f j ä r d e n c ra te r in t h e 
F e n n o s c a n d i a n Sh ie ld . T h e Alnö a lka l ine 
i n t r u s i o n o n t h e w e s t e r n s ide of t h e B o t h n i a n 
S e a w a s f o r m e d s o m e 589 Ma ago ( recalcu-
la ted, Welin 1979). T h e F e n a l k a l i n e i n t r u s i o n 
in s o u t h e r n N o r w a y h a s a lso b e e n da t ed at 
585 Ma ( O f t e d a h l 1980). I ivaara , c. 500 k m 
N E of S ö d e r f j ä r d e n , is 430 Ma old (Doig 
1970). 
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T h e p r e l i m i n a r y dr i l l ing into t h e S ö d e r -
f j ä r d e n s e d i m e n t a r y r o c k s (Laurén et al. 1978) 
a n d t h e la tes t dr i l l ing inc l ine t h e a u t h o r to 
c o n c l u d e t ha t , o n t h e bas i s of age s imi lar i t ies , 
S ö d e r f j ä r d e n m a y be t h e resul t of a n a b o r t i v e 
a lka l ine (?) i n t r u s i o n a s soc ia t ed w i t h a rea l 
a lka l ine m a g m a t i s m . No, or a v e r y m i n u t e 
a m o u n t of, lava w a s e r u p t e d , t h e ac t iv i ty 
h a v i n g b e e n r e d u c e d to t h e v io len t , ex-
p los ive e s c a p e of gases t h r o u g h t h e S ö d e r -
f j ä r d e n vent . T h e e x p l o s i o n c leared t h e c ra te r . 
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A ca ldera- l ike s u b s i d e n c e m a y h a v e f u r t h e r 
c o n t r i b u t e d to t h e f o r m a t i o n of t h e L o w e r 
C a m b r i a n S ö d e r f j ä r d e n bas in . A w a t e r - m u f -
f led m e t e o r i t e - i m p a c t m i g h t be c a p a b l e of 
c r ea t ing S ö d e r f j ä r d e n , b u t d i r ec t p r o o f of 
s u c h an or igin is e v e n m o r e d i f f i cu l t to p ro -
d u c e . 
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