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Introduct ion 

Cher ty m e t a s e d i m e n t s of P r e c a m b r i a n 
i r o n - f o r m a t i o n s o f t e n c o n t a i n we l l -p re se rved 
p r i m a r y s e d i m e n t a r y f e a t u r e s , w h i c h in m a n y 
c a s e s m a y p r o v i d e a tool for p a l e o e n v i r o n -
m e n t a l i n t e r p r e t a t i o n s , e.g. D i m r o t h (1968); 
P a a k k o l a (1971); G r o s s (1972); D i m r o t h (1976); 
L a a j o k i a n d S a i k k o n e n (1977); Bar l ey et al. 
(1979); G r o s s (1980); a n d Gole a n d Kle in 
(1981). In t h i s p a p e r , t h e p r i m a r y s e d i m e n t a r y 
a n d early d i a g e n e t i c t e x t u r e s a re d e s c r i b e d 
a n d the i r s e d i m e n t o l o g y i n t e r p r e t e d f r o m t h e 
j a s p e r ( f e r r u g i n o u s r e d cher t ) of t h e Vuossa -
v a a r a o c c u r r e n c e in H a n h i m a a , Kit t i lä . Be-
c a u s e of t he i r d e e p red co lour , t h e s e j a s p e r s 
h a v e f o u n d u s e as g e m mate r i a l u n d e r t h e 
n a m e »Kitt i lä j a spe r» . 

T h e j a s p e r o c c u r r e n c e s in Kit t i lä w e r e no-
t iced by H a c k m a n (1925) a n d c lass i f ied a s 
P r e c a m b r i a n i r o n - f o r m a t i o n s by Mikkola 
(1941). T h e y f o r m l e n s e s 2 - 1 0 m w i d e a n d 

2 0 - 2 0 0 m long in m a f i c m e t a v o l c a n i c r o c k s 
w i t h p i l low a n d a g g l o m e r a t e s t r u c t u r e s (Leh-
to and N i i n i s k o r p i 1977). T h e m a f i c metavol -
can ic r o c k s p r e d o m i n a t e i n t h e Ki t t i lä g reen-
s t o n e c o m p l e x , c o n s i d e r e d in s o m e p a r t s 
A r c h a e a n (Ras t a s 1980). J a s p e r c l a s t s have 
b e e n o b s e r v e d i n t h e K u m p u c o n g l o m e r a t e 
(La i t aka r i 1967, p. 294), w h i c h is i n t e r p r e t e d 
as L o w e r P r o t e r o z o i c (Ras tas 1980). Th i s 
m o d e of o c c u r r e n c e p r o v e s t h e P r o t e r o z o i c 
a g e of t h e j a s p e r l e n s e s a n d m a y i n d i c a t e then-
A r c h a e a n or ig in . 

Methods 

T h e t e x t u r e s w e r e s o u g h t o n po l i shed s labs 
w i t h a h a n d l e n s a n d a s t e r e o m i c r o s c o p e and 
f ina l ly s t u d i e d in t h i n sec t ions in t r ans -
m i t t e d a n d da rk - f i e ld r e f l ec t ed l ight u n d e r a n 
ore m i c r o s c o p e . T h e g r a i n sizes of t h e t e x t u r a l 
c o m p o n e n t s w e r e m e a s u r e d f r o m t h e t h i n 
s ec t i ons w i t h an o rd ina ry m i c r o r e a d e r ; t h o s e 
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Fig. 1. Photomicrograph showing the polymictic clastic texture of the Kittilä jasper. Transmitted light, 
thin section 22371. Photo by Erkki Halme. 

of t h e m i n e r a l c o m p o n e n t s w e r e m e a s u r e d 
u n d e r t h e o re m i c r o s c o p e e q u i p p e d w i t h a n 
ocu la r s c r e w m i c r o m e t e r . 

T e x t u r e s 

Kit t i lä j a s p e r c o n s i s t s m a i n l y of f ine-
g ra ined q u a r t z w i t h i n c l u s i o n s of m i n o r 
h e m a t i t e . A l t h o u g h t h e j a s p e r is recrys ta l -
l ized, g h o s t s of p r i m a r y t e x t u r e s a re pre-
s e r v e d in h e m a t i t e dus t . Ear ly d i agene t i c 
p r o c e s s e s h a v e r e d i s t r i b u t e d t h e h e m a t i t e 
d u s t to s o m e d e g r e e a n d f o r m e d t h e diage-
ne t ic i n n e r t e x t u r e s of t h e c las ts . 

T h e p r i m a r y t e x t u r e s of m o s t of t h e j a s p e r 
s a m p l e s f r o m Kit t i lä h a v e b e e n o b s c u r r e d 
a n d in p l a c e s to ta l ly d e s t r o y e d by c o m p a c t i o n 
a n d rec rys ta l l i za t ion c o n n e c t e d w i t h d iage-

nes i s and l ow-g rade m e t a m o r p h i s m (K innu -
n e n 1979). Ea r ly d i a g e n e t i c t e x t u r e s i n c l u d e 
recrys ta l l ized c h a l c e d o n y s p h e r u l i t e s and 
s h r i n k a g e c r acks . T h e g r a i n size of t h e mic ro -
c rys t a l l i ne q u a r t z i nc rea sed d u r i n g m e t a -
m o r p h i s m , a n d q u a r t z v e i n s w i t h c a r b o n a t e 
i nc lu s ions c u t t i n g t h e p r i m a r y t e x t u r e s w e r e 
f o r m e d . 

T h e sma l l e s t g r a i n sizes of q u a r t z a n d 
h e m a t i t e genera l ly o c c u r in a reas c o n t a i n i n g 
we l l -p re se rved p r i m a r y t e x t u r e s . T h e r e a re 
t w o va r i e t i e s of qua r t z : t h e che r ty qua r t z a s 
sma l l po lygona l g r a in s ( m e a n d i a m e t e r 0.03 
m m ) and t h e s e c o n d a r y qua r t z as la rger gra ins 
( m e a n d i a m e t e r 0.2 m m ) in t h e q u a r t z v e i n s 
a n d in t h e s t rong ly recrys ta l l i zed a reas . T h e 
m a i n h e m a t i t e va r i e t i e s a r e t h e h e m a t i t e crys-
ta l lo ids of t h e h e m a t i t e d u s t (d i ame te r u p to 
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Fig. 2. Grain size frequency distribution curve 
for 205 well-preserved clasts (maximum diameters 
measured from thin sections and polished slab 

surfaces). 
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Fig. 3. Correlation between the size and shape of 
the clasts: O oval granules, • tabular bed fragments. 

1 Jim) in t h e p r i m a r y t e x t u r e d areas , t h e spe-
cu la r i t i c h e m a t i t e o c c u r r i n g as la rger t a b u l a r 
c rys ta l s ( m e a n d i a m e t e r 0.01 m m ) , a n d t h e 
h e m a t i t e agg rega t e s f o r m i n g t h e mar t i t i zed 
m a g n e t i t e o c t a h e d r o n s (mean d i a m e t e r 
0.25 mm) . 

Kit t i lä j a s p e r s h o w s a p r o n o u n c e d b las to-
c las t ic t e x t u r e in w h i c h t h e de t r i ta l c o m p o -
n e n t s of red c h e r t a re e m b e d d e d in a h o m o g e -
n e o u s m a t r i x of w h i t e c h e r t (Fig. 1). T h e det r i -

t a l c o m p o n e n t s c a n be c lass i f ied as t w o t y p e s : 
t a b u l a r bed f r a g m e n t s a n d oval g ranu les . 
B o t h clast t y p e s lie pa ra l l e l to a w e a k p l a n a r 
o r i en t a t i on r e s e m b l i n g b e d d i n g . 

T h e grain-s ize d i s t r i b u t i o n of t h e c las t s 
(Fig. 2) h a s t w o p o p u l a t i o n s : sa l t a t ion and sur -
f ace c reep (or ro l l ing popu la t ion ) , t h e coa r se 
t r u n c a t i o n po in t be ing at a b o u t - 1 . 0 ph i un i t s 
(cf. V i she r 1969). T h e sa l t a t ion p o p u l a t i o n is 
m a i n l y c o m p o s e d of g r a n u l e s a n d t h e coa r se r 
g r a ined s u r f a c e c r e e p or ro l l ing p o p u l a t i o n of 
bed f r a g m e n t s . 

T h e s h a p e of t h e c l a s t s co r re l a t e s w i t h the i r 
size (Fig. 3). T h e l a rges t b e d f r a g m e n t s a re 
ve ry e longa ted , w h e r e a s t h e g r a n u l e s a re 
r o u n d e d and smal l , w i t h a m a x i m u m ave rage 
d i a m e t e r of 1 m m . T h e bed f r a g m e n t s s h o w 
ind i s t inc t , u sua l l y g r a d u a l b o u n d a r i e s aga in s t 
t h e ma t r ix , a n d s o m e of t h e g r a n u l e s a r e pres -
sed in to t he i r su r f ace . Mos t of t h e g r a n u l e s 
a n d s o m e of t h e b e d f r a g m e n t s w i t h a b u n d a n t 
h e m a t i t e d u s t a re u n d e f o r m e d . T h e g r a n u l e s 
a re c o m m o n l y i r regular in o u t l i n e b u t a f e w 
of t h e m a re of a r e g u l a r f la t d i s c o i d a l shape . 
It is s u g g e s t e d t h a t the g ranu les , too, a re b e d 
f r a g m e n t s in or igin, b u t t h a t t h e y a r e m o r e 
a b r a d e d . 

Most of t h e de t r i t a l c o m p o n e n t s s h o u l d b e 
c lass i f ied as in t rac las t s , b e c a u s e the i r s imi la r 
m i n e r a l c o m p o s i t i o n a n d t e x t u r e ind ica te 
de r iva t ion f r o m t h e s a m e bas in . T h e i n t ens i t y 
of t h e r e d co lou r of t h e i n t r ac l a s t s co r re la t e s 
to t h e a m o u n t of h e m a t i t e dus t . T w o pe r c e n t 
of t h e c las ts a re ye l l ow g reen . T h e s e m a y b e 
ex t r ac l a s t s , t h a t is, t h e y de r ive f r o m o u t s i d e 
t h e b a s i n p r o p e r . Only i r o n - f o r m a t i o n m a t e -
rial w a s o b s e r v e d as c las ts ; no t a s ingle de t -
ri tal m i n e r a l g ra in , e.g. qua r t z , f e l d s p a r s or 
heavy mine ra l s , w a s n o t e d . 

T h e in t r ac l a s t s c a n b e s u b d i v i d e d in to 
s even t e x t u r a l l y d i f f e r e n t t y p e s (Table 1). T h e 
bed f r a g m e n t s e x h i b i t d i f f e r e n t p e r c e n t a g e s 
of t e x t u r a l t y p e s f r o m t h e g r anu l e s . 

The spheroidal type (Fig. 4 A) is p i n k a n d 
t h e p r e d o m i n a n t t e x t u r a l t y p e of t h e bed 





Primary sedimentary features in Kittilä jasper, Finnish Lapland 73 

Table 1. Clast types in the Kittilä jasper. 

Textural type Number percent 

Bed fragments Granules 

Spheroidal 33 65 
Banded 16 _ 
Massive I 3 28 
Massive II 15 7 
Colloform 15 _ 
Tubular 12 _ 
Banded and 
spheroidal 6 -

Sum 100 100 

Data from 76 texturally well-preserved intraclasts. 

f r a g m e n t s a n d g ranu le s . It is cha rac t e r i z ed by 
s p h e r o i d s f r e e of h e m a t i t e d u s t a n d each 
h o s t i n g in i ts c e n t r e o n e specu l a r i t e crys ta l . 
Th i s t y p e w a s f r a g m e n t e d into po lygons . 
T h e s p h e r o i d s m a y r e p r e s e n t rel ict s p h e r u -
l i tes of c h a l c e d o n y , b e c a u s e , in s o m e of t h e m , 
t h e q u a r t z c rys t a l s a re rad ia l ly o r i en t ed (see 
K a s t n e r 1979, Fig . 2). A s imilar t e x t u r e h a s 
b e e n d e s c r i b e d as a sphe ru l i t i c t e x t u r e by 
S p e n c e r and Pe rc iva l (1952, Figs . 10, 14-18) . 
T h e t y p e w i t h t iny h e m a t i t e c rys ta l s is analo-
g o u s to t h e a s s u m e d mic ro fos s i l s d e s c r i b e d 
by L a B e r g e (1973) f r o m t h e che r t of b a n d e d 
i ron - fo rma t ions . A s imi la r t e x t u r e h a s also 
b e e n d e s c r i b e d by D i m r o t h a n d C h a u v e l 
(1973, Fig. 7 B) f r o m t h e c h e r t s of S o k o m a n 
I r o n F o r m a t i o n , C a n a d a . T h e y (ibid.) l i kewi se 
in t e rp re ted t h e s e t e x t u r e s as relics of g lobula r 
a g g r e g a t e s of c h a l c e d o n y . 

The banded type (Fig. 4 B) i n c l u d e s only 
p i n k b e d f r a g m e n t s . A f e w of t h e c las t s con-
ta in g h o s t s of g r a n u l e s , w h i c h i n d i c a t e an 
ear l ier s t age of t r a n s p o r t a t i o n , d e p o s i t i o n a n d 
c o m p a c t i o n p r e c e d i n g t h e r e w o r k i n g . S o m e 
of t h e c las t s c o n t a i n s tylol i t ic s e a m s b e t w e e n 
t h e b e d s , s u g g e s t i n g t h a t d i a g e n e t i c so lu t ion 

a l r e a d y ex i s t ed in t h e s o u r c e beds , i.e. in t h e 
w e a k l y c o n s o l i d a t e d i r o n - f o r m a t i o n s . S imi la r 
b a n d e d t e x t u r e s h a v e b e e n d e s c r i b e d b y 
o t h e r a u t h o r s , e.g. S p e n c e r a n d P e r c i v a l 
(1952, Figs . 1 a n d 3). 

The massive type (Fig. 4 C, D, a n d E) is d e e p 
red a n d o c c u r s m o r e f r e q u e n t l y a s g r a n u l e s 
t h a n as b e d f r a g m e n t s . I t c a n b e c lass i f ied 
in to t w o s u b t y p e s : I, t h e h o m o g e n e o u s t y p e 
(Fig. 4 E); a n d II, t h e t y p e w i t h d e h y d r a t i o n 
c r a c k s (Fig. 4, C a n d D). S u b t y p e I also con-
t a i n s c racks , b u t t h e t w o s u b t y p e s d i f f e r in 
f r a c t u r i n g . S u b t y p e I w a s f r a c t u r e d in a 
br i t t le s t a t e a n d t h u s t h e f r a c t u r e s do no t 
f o r m t r ip le j u n c t i o n s at ang l e s of 120° b u t w i th 
t w o a n g l e s a p p r o a c h i n g 90°. S u b t y p e II w a s 
f r a c t u r e d in a p las t ic s ta te , m o s t p r o b a b l y by 
d e h y d r a t i o n . I n t h i s t y p e t h e c r a c k s m e e t at 
t r i p l e j u n c t i o n s w i t h a n g l e s a p p r o a c h i n g 120°. 
B l e a c h i n g h a s a f f e c t e d s o m e of t h e s u b t y p e I I 
c las t s a n d only t r a c e s of h e m a t i t e d u s t r e m a i n 
(Fig. 4 D). S u b t y p e II is t e x t u r a l l y s imi la r to 
t h e po lygona l t e x t u r e s f o r m e d by recrys ta l -
l izat ion of q u a r t z (see S p e n c e r a n d Pe rc iva l 
1952, Figs . 7 a n d 8; a n d D i m r o t h 1968, P l a t e 
23, Figs . 3 a n d 5). 

The colloform type (Fig. 4 F) o c c u r s on ly as 
r e d d i s h b r o w n b e d f r a g m e n t s . I t c o n s i s t s of 
g lobu l a r a r e a s f r e e of h e m a t i t e d u s t t ha t is 
e n r i c h e d in the i r r im . T h e h e m a t i t e h a s b e e n 
recrys ta l l i zed as s p e c u l a r i t e i n t h e s e g lobu la r 
a reas . Th i s t y p e o f t e n f o r m s c o a t i n g s on b e d 
f r a g m e n t s c o m p o s e d of t h e m a s s i v e t ype . T h e 
poros i ty of t h e co l l o fo rm t y p e is i n d i c a t e d by 
t h e f r e q u e n t i nvo lu t i on of g r a n u l e s in to t h i s 
t y p e of mate r ia l . T h e g lobu l a r a r eas r e s e m b l e 
t h e g a s - e x p a n s i o n h o l e s f r e q u e n t l y o b s e r v e d 
in r e c e n t m u d s (cf. R e i n e c k and S i n g h 1973, 
p. 217). 

The tubular type (Fig. 4 G) o c c u r s on ly as 
r e d d i s h - b r o w n b e d f r a g m e n t s . I t c o n s i s t s of 

Fig. 4. Photomicrographs showing the main textural types of the larger well-preserved intraclasts: 
A spheroidal, B banded, C, D and E massive, F colloform, G tubular, and H combined banded and 

spheroidal. Plane polarized transmitted light, thin sections 22281 and 22371. 
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vermicular t u b e s f ree of hemat i te dust , but 
generally there is a specular i te crystal at bo th 
ends of the tube . T h e t u b e s are su r rounded by 
a rim of hemat i te dus t as in the colloform 
type. The tubular type fo rms porous coatings 
on bed f r agmen t s of other tex tura l types. 
Nevertheless , it also fo rms individual bed 
f ragments , suggest ing its deposi t ion, or early 
diagenet ic origin, in the source format ions. 
In a f ew bed f r agmen t s the t ubes are filled 
wi th hemat i t e and su r rounded by a zone of 
clear quartz. 

The banded and spheroidal type (Fig. 4 H) 
occurs only as p ink bed f ragments . It consis ts 
of banded f r agmen t s wi th in which there is a 
s teady impregna t ion of quartz sphero ids f ree 
of hemat i te dus t bu t wi th one large specula-
rite crystal. A similar t ex tu re ha s been de-
scribed by Spencer and Percival (1952, Fig. 
16). 

Chemical indications 

The Kittilä jaspers were in terpre ted by 
Mikkola (1941) and Paakkola (1971) as hot 
spr ing sinter deposi ts , p robably associated 
wi th greenstones. According to the spectrog-
raphic de te rmina t ions by S a h a m a (1945), the 
a lmost total absence of t race e lements f rom 
the red jasper of Kapsajoki , Kittilä, is consist-
ent wi th the sinter interpretat ion. According 
to the analytical data on cherts of var ious 
origins (Lovering 1972), t he scarcity of t race 
e lements suggests tha t the Kittilä j aspers 
were not fo rmed as a jasperoid by replace-
ment of a precursory carbonate rock. This 
notion is suppor ted by pe t rographic observa-
t ions indicat ing the absence of ca rbona te and 
gypsum pseudomorphs , ooid-like grains and 
oncoli thic overgrowths (cf. Barley et al. 1979). 

The analyses publ i shed by Lehto and Nii-
niskorpi (1977, p. 28) reveal that the total i ron 
content of the Kittilä jaspers is unde r 20 per 
cent Fe. The hemat i te-quar tz assemblages of 
the P recambr ian banded iron-formations, 

however , are characterized by a cons tant iron 
content wi th an average of about 38 per cent 
Fe (Eichler 1976, p. 185). This un i fo rm iron 
content in all of the P recambr i an banded 
iron-formations is indicative of their origin as 
colloidal i ron-hydroxide and silica precipi-
tates, because artificial colloidal iron and 
silica precipi ta tes are characterized by the 
same ratio of iron to silica (ibid.). In the Kitti-
lä j aspers the low total iron content may be 
a t t r ibuted to leaching of t he clasts dur ing 
reworking. 

Deposit ional environment 

The pr imary sedimentary t ex tu re s in the in-
dividual clasts of the Kittilä jasper show that 
the material was deposi ted in t he source beds 
as chemical precipi ta tes and as colloidal 
f locculates. Reworking of these beds is evi-
denced by the polymict clastic t ex tu re com-
posed of tabular bed f r agmen t s and oval 
granules wi th d i f ferent inner textures . The 
sedimentary character of the Kittilä j a sper 
together with field evidence of pillow and 
agglomerate s t ruc tures in the su r round ing 
metavolcanic rocks poin ts to interf low 
chemical deposits. According to Lowe (1980), 
th in cher ty me tased imen t s intercalated wi th 
ul t ramafic-mafic metavolcanic sequences are 
typical of Archaean and Proterozoic green-
stone belts. In t he opinion of Barley et al. 
(1979), these interf low deposi t s usually 
belong to the initial phases of the devel-
opmen t of volcanic sequences . 

Iwao (1970) has in terpre ted fer ruginous 
silica rock deposi ts f rom the Palaeozoic 
geo synclinal bas ins of J a p a n as submar ine 
post-volcanic deposits . Their chemical 
composi t ion (ibid., Table 2) and t he manne r 
of the later vein-quartz brecciat ion (ibid., Fig. 
5) closely resembles the Kittilä jasper . If 
the lenses of the Kittilä jasper were l ikewise 
precipi tated onto the s u b m a r i n e basalt lava 
floors above hot spr ing wells, they may be 
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c o m p a r e d to r e c e n t l y d i s cove red s u b m a r i n e 
h y d r o t h e r m a l m o u n d s . On t h e G a l a p a g o s Ri f t 
t h e s e m o u n d s f o r m r o w s a l m o s t para l le l to 
t h e s p r e a d i n g axis . I n h e i g h t t hey va ry f r o m 
less t h a n a m e t r e to ove r 20 m; in l e n g t h 
t h e y c o n s t i t u t e c o n t i n u o u s r i d g e s 100 to 200 
m long (Corl iss et al. 1979). T h e m o u n d s a re 
f o r m e d w h e n w a r m f lu ids f low u p a l o n g 
f r a c t u r e s f r o m t h e basa l t i c c r u s t a n d pre-
c ip i t a t e i ron a n d silica on to t h e sea f loor . 
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