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In the 1960's chromite boulders were found in the area between the 
Kemi chromium mine and the town of Tornio. In 1979 after many 
years of prospecting a layered intrusion with thin chromitite layers was 
found northeast of the town of Tornio. 

The stratified sill-like intrusion is situated between the Presveco-
karelian basement complex and the Peräpohja schist formation. The 
age of the intrusion is very likely the same as that of the Kemi and 
Penikat intrusions, that is 2 440 Ma. The rocks both below and immedi-
ately above these intrusions are older than 2 440 Ma. The length of 
the intrusion is at least 6 km and it extends into Sweden. 

Several thin chromitite layers have been intersected by drilling, 
all in the ultramafic unit. The Cr203 content of the chromitite layers 
varies between 26 and 32%, the FeO tot content between 22 and 28% 
and the Cr/Fe ratio between 0.9 and 1.2. The chromites are Fe-rich 
and Mg-poor averaging 43 % Cr203. 

The chromite deposit of the Tornio intrusion, like those of the 
Kemi and Penikat intrusions, is of the stratiform type. The Tornio and 
Penikat intrusions resemble each other as do the compositions of 
their chromites. 
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In troduct ion 

W h e n t h e E x p l o r a t i o n Div i s ion of Outo-
k u m p u Oy s t a r t ed fo l low-up s t u d i e s on t h e 
El i jä rv i c h r o m i t e d e p o s i t a t K e m i in 1960 
ac t iv i t ies w e r e e x t e n d e d to i n c l u d e t h e envi-
r o n m e n t . As a resul t , s eve ra l c h r o m i t i t e f loa t s 
w e r e d i s c o v e r e d in 1962-1966 tha t , w i t h ref-
e r e n c e to t h e glacia l t r a n s p o r t d i rec t ion , w e r e 
loca ted on t h e w r o n g s ide of t h e El i jä rv i de-

pos i t in t h e t e r r a in b e t w e e n Torn io a n d El i jär-
vi. T h i s s u g g e s t e d tha t a n e w c h r o m i t e occur -
e n c e could b e f o u n d at t h e a p e x of t h e boul-
der t r a i n n o r t h of A l a r a u m o . 

Geolog ica l m a p p i n g , Q u a t e r n a r y geo log ica l 
s tud ies , g e o c h e m i c a l s u r v e y s and geophys i -
ca l r e c o n n a i s s a n c e m e a s u r e m e n t s w e r e 
u n d e r t a k e n d u r i n g a pe r iod of severa l yea r s 
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Fig. 1. The location of the Tornio, Kemi and Penikat layered intrusions between the Peräpohja schist 
formation and the Presvecokarelian basement complex. Modified after V. Pert tunen 1971-1975. 

in t h e a rea b e t w e e n Eli järvi , To rn io a n d Ka-
r u n k i ( I n k i n e n 1979). A l t h o u g h t h e s o u r c e of 
t h e c h r o m i t i t e f loa t s cou ld no t be loca ted in 
t h e s e s tud ie s , t h e o c c u r e n c e c o u l d b e re-
s t r ic ted to a fa i r ly sma l l a rea N E of Torn io . 
Th i s a rea w a s s u b m i t t e d to g r o u n d m a g n e t i c 
a n d g r a v i m e t r i c s u r v e y s in 1978 a n d 1979. 
T w e l v e d i a m o n d h o l e s dr i l led in t h e a r ea in 
1979-1980 r e s u l t e d in t h e d i s c o v e r y of a 
l ayered i n t r u s i o n w i t h n a r r o w c h r o m i t i t e 
l aye r s N E of Torn io , a n d w h i c h in t h i s con-
t e x t is cal led t h e T o r n i o l ayered i n t ru s ion . 

General Geo logy 

T h e Torn io l aye red i n t r u s i o n is l oca t ed N E 
of t h e t o w n of T o r n i o b e t w e e n A l a v o j a k k a l a 
a n d Y l i r a u m o (Fig. 1). T h e a r ea is of p o o r out-
c r o p and t h e l aye red i n t r u s i o n is e x p o s e d 

only in o n e o u t c r o p on Orava inen , a n i s land 
c lose to t h e S w e d i s h b o r d e r . T h e dr i l l ing 
s h o w s t h a t t h e i n t r u s i o n is s l ab l ike in shape , 
at leas t 6 k m l o n g in F i n n i s h te r r i to ry a n d ex-
t e n d i n g into S w e d i s h t e r r i to ry (Claesson , 
Geolog ica l S u r v e y of S w e d e n , o ra l c o m m u n i -
ca t ion 1981). 

S o u t h of t h e T o r n i o l a y e r e d i n t r u s i o n t h e r e 
a re m i c a and h o r n b l e n d e g n e i s s e s t ha t w e 
i n t e r p r e t a s pa r t of t h e P r e s v e c o k a r e l i a n 
b a s e m e n t c o m p l e x . T h e c o m p l e x a lso in-
c l u d e s g ran i t i c po r t i ons . S o m e of t h e sil icic 
p l u t o n i c r o c k s m a y b e l o n g to t h e H a p a r a n d a 
sui te , w h o s e m e m b e r s p r e d o m i n a t e s o u t h of 
t h e area a n d w h i c h i n c l u d e p l u t o n i c r o c k s 
v a r y i n g in c o m p o s i t i o n f r o m h o r n b l e n d i t e to 
g r a n i t e (Bro tzen 1973). 

L i k e t h e K e m i a n d P e n i k a t l aye red in t ru -
s ions , t h e T o r n i o i n t r u s i o n is loca ted b e t w e e n 
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t h e P e r ä p o h j a schis ts , w h i c h a re c o n s i d e r e d 
as Kare l ian , a n d t h e P r e s v e c o k a r e l i a n base-
m e n t c o m p l e x . 

T h e N E c o n t a c t of t h e layered i n t r u s i o n h a s 
not b e e n i n t e r s e c t e d by d i a m o n d dri l l ing. 
Ho les dr i l led a b o u t 1.5 k m n o r t h of t h e in t ru -
sion, h o w e v e r , d e m o n s t r a t e t h e e x i s t e n c e of 
qua r t z i t e s a n d a lb i te d i a b a s e s b e t w e e n t h e in-
t r u s i o n and t h e g r e e n s t o n e area. T h e K e m i 
a n d P e n i k a t l ayered i n t r u s i o n s a r e over la in 
by a sha l low c o n g l o m e r a t e layer w i t h g ran i t i c 
p e b b l e s de r ived f r o m t h e b a s e m e n t c o m p l e x . 
N o r t h w e s t of t h e K e m i in t ru s ion , t h e con -
g l o m e r a t e is over la in a l t e rna te ly by m a f i c 
vo l can i c s a n d silicic m e t a s e d i m e n t s a n d only 
a f t e r t h e m by a lb i te d i abase s . 

T h e N W p o r t i o n of t h e T o r n i o l aye red in-
t r u s i o n is c ro s scu t by a m e t a d i a b a s e d y k e 
t r e n d i n g c. N 60 W. On a c c o u n t of i ts mag-
ne t i t e c o n t e n t , it is c lear ly vis ib le on mag-
ne t ic m a p s , as a re t h e a lb i t e d i a b a s e s over-
ly ing t h e l aye red i n t ru s ion . T h e m a g n e t i c 
m a p s also s u g g e s t t h a t t h e a rea is i n t e r s e c t e d 
by f au l t s and s h e a r s t r e n d i n g N 0 5 - 0 1 0 E and 
N 6 0 - 7 0 W. 

T h e r e are no r a d i o m e t r i c d a t i n g s for t h e 
r o c k s of t h e area. T h e a g e d e t e r m i n a t i o n s by 
t h e Geo log ica l S u r v e y of F in l and , h o w e v e r , 
i n d i c a t e t ha t t h e P r e s v e c o k a r e l i a n b a s e m e n t 
c o m p l e x is 2 7 0 0 - 2 800 Ma old. T h e z i rcon 
a g e of t h e K e m i l aye red i n t r u s i o n is a b o u t 
2 440 Ma ( K o u v o 1977; P a t c h e t t et al., i n 
press) ; t h e s a m e age w a s o b t a i n e d f r o m t h e 
w h o l e r o c k to ta l lead i s o c h r o n ( M a n h e s et al., 
1980). T h e l ayered i n t r u s i o n s at P e n i k a t (Kou-
vo 1977), K o i t e l a i n e n ( M u t a n e n 1979) Por t t i -
v a a r a a n d N ä r ä n k ä (Alapie t i 1982) a r e of 
t h e s a m e age, a n d it is h igh ly p r o b a b l e t h a t 
t h e Torn io l aye red i n t r u s i o n is also of t h e 
s a m e age. T h e d i a b a s e d y k e s c u t t i n g t h e 
K e m i l ayered i n t r u s i o n a re 2 200 Ma old (Geo-
logical S u r v e y of F i n l a n d 1981). T h e g r a n i t e 
p e b b l e s in t h e c o n g l o m e r a t e ove r ly ing t h e 
K e m i a n d P e n i k a t l aye red i n t r u s i o n s a re 2 600 
Ma in a g e ( P e r t t u n e n 1980). S t r a t i g raph ica l ly 

t h e c o n g l o m e r a t e and over ly ing sch i s t s be-
long to t h e L o w e r J a t u l i a n G r o u p ( P e r t t u n e n 
1980) a n d a re o lder t h a n t h e l aye red in t ru-
s ions . H e n c e , t h e l aye red i n t r u s i o n s are s a n d -
w i c h e d b e t w e e n r o c k s t h a t a re o lde r t h a n 
they . I t can a lso b e a s s u m e d t h a t all t h e por -
t i o n s of t h e l aye red i n t r u s i o n s h a v e b e e n 
p r e s e r v e d a n d t h a t t h e u p p e r p o r t i o n s h a v e 
no t b e e n e r o d e d . 

T h e r o c k s of t h e H a p a r a n d a s u i t e s h o w a 
1 880 Ma R b - S r i s o c h r o n (Welin et al., 1970) 
and 1 890 Ma z i r con ages ( K a a k a m o dior i te , 
Geologica l S u r v e y of F i n l a n d 1977; L i a k k a 
g a b b r o , Geolog ica l S u r v e y of F i n l a n d 1981). 
Bro tzen , h o w e v e r , h a s ob t a ined c o n s i d e r a b l y 
h i g h e r R b - S r ages for t h e m . T h e Geologica l 
S u r v e y of F i n l a n d (1981) h a s also r e p o r t e d 
h ighe r Zr ages for t h e N o s a g r anod io r i t e (see 
Fig. 1). F u r t h e r r e s e a r c h is t h u s n e e d e d to 
se t t le t h e issue. Neve r the l e s s , we feel t ha t at 
least s o m e of t h e r o c k s of t h e H a p a r a n d a 
sui te , e.g. t h e N o s a g ranod io r i t e , a re of the 
r e m o b i l i s e d A r c h e a n b a s e m e n t c o m p l e x . 

The Tornio layered in trus ion 

T h e T o r n i o layered i n t r u s i o n w a s e m p l a c e d 
a s a sill b e t w e e n t h e A r c h e a n b a s e m e n t com-
p lex and s l ight ly y o u n g e r sch is t s . T h e in t ru -
sion, w h i c h w a s or ig ina l ly subhor i zon ta l , 
d ip s 65°-75° NE , i.e. as s teep ly as t h e K e m i 
in t rus ion . I ts s t r ike l e n g t h in F i n n i s h t e r r i to ry 
is at leas t 6 k m , a n d i ts w i d t h n o t less t h a n 
0.4 t o 0.5 k m . 

T h e T o r n i o l aye red i n t r u s i o n c a n be sub -
d iv ided in to a l o w e r u l t r a m a f l c u n i t a n d a n 
u p p e r m a f i c u n i t (Fig. 2). T h e u l t r a m a f i c 
l o w e r un i t , w h i c h is f r o m 80 to 215 m th ick , 
c a n be f u r t h e r s u b d i v i d e d in to t h r e e l ayers 
(I, II, III). T h e m a f i c u p p e r u n i t is over 200 m 
t h i c k and is c o m p o s e d of t w o layers (IV a n d 
V). T h e layers o f t e n g r a d e into o n e o the r , in 
p laces , h o w e v e r , t h e b o u n d a r i e s a r e sha rp . 

T h e l aye r ing is we l l -deve loped a n d mani -
f e s t s i tself b e s t a s a f r e q u e n t a l t e r n a t i o n of 

2 
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Fig. 2. Schematic and simplified stratigraphy of 
the Tornio layered intrusion. 

t h e r o c k types . R h y t h m i c l aye r ing occu r s 
w h e n t h e p e r i d o t i t e a n d p y r o x e n i t e , and py-
r o x e n i t e a n d g a b b r o a l t e rna te . T h e g a b b r o s 
a lso e x h i b i t r h y t h m i c l aye r ing w i t h i n t h e 
layers , o w i n g to t h e a l t e r n a t i o n of a m p h i b o l e -
p r e d o m i n a n t and p l a g i o c l a s e - p r e d o m i n a n t 
b a n d s a f e w c e n t i m e t r e s th i ck . S imi l a r r hy th -
m i c l aye r ing h a s also b e e n d e s c r i b e d f r o m t h e 
g a b b r o s of t h e P e n i k a t ( K u j a n p ä ä 1964) a n d 
S t i l lwa te r (Hess 1960) l aye red i n t r u s i o n s . 

A t t h e b a s e of t h e Torn io l aye red i n t r u s i o n 
t h e r e is i nva r i ab ly a mylon i t i zed b o r d e r zone , 
a f e w m e t r e s th ick , c o m p o s e d of t r emol i t e , 
talc , p lag ioc lase and c a r b o n a t e . T h e b o r d e r 
zone genera l ly e x h i b i t s a w e a k to m o d e r a t e 
c h r o m i t e d i s s e m i n a t i o n ; in o n e dri l l in te r sec -
t ion e v e n t w o n a r r o w c h r o m i t i t e l aye r s w e r e 
o b s e r v e d . T h e b o r d e r z o n e is ove r l a in by t h e 
l ower p y r o x e n i t e l ayer (I), w h i c h h a s n a r r o w 
pe r ido t i t e i n t e r ca l a t i ons a n d d i s s e m i n a t e d 
c h r o m i t e . T h e c o n t a c t w i t h t h e u n d e r l y i n g 
p y r o x e n i t e l ayer is fa i r ly sha rp . 

L a y e r III, l ike layer I is c o m p o s e d of p y r o x -
en i t e w i t h g a b b r o i c in t e rca la t ions . T h e bas ic -

ity of t h i s l ayer i n c r e a s e s d o w n w a r d s and t h e 
layer g r a d e s in to per ido t i t e . U p w a r d s t h e 
layer g rades , pos s ib ly t h r o u g h nor i te , in to 
g a b b r o . T h e l o w e r layer (IV) of t h e u p p e r 
m a f i c un i t is c o m p o s e d of g a b b r o w i th pyrox-
en i t i c a n d nor i t i c in t e rca la t ions . T h e u p p e r -
mos t k n o w n layer (V) is of l e u c o g a b b r o . Be-
t w e e n layers IV a n d V a n a r r o w a m p h i b o l i t e 
layer or silicic s e d i m e n t f r a g m e n t s are en-
c o u n t e r e d t h a t s e e m to de r ive f r o m t h e col-
l apsed roof of t h e m a g m a c h a m b e r . 

T h e T o r n i o l ayered i n t r u s i o n r e s e m b l e s the 
P e n i k a t l ayered i n t ru s ion in i n t e rna l s t ra t ig-
r a p h y a n d pos i t ion . T h e l aye red i n t r u s i o n s at 
K e m i a n d P e n i k a t are, h o w e v e r , c lear ly 
t h i c k e r t h a n t h e i n t r u s i o n at Torn io (Fig. 1). 
T h e Torn io a n d K e m i i n t r u s i o n s b o t h h a v e 
u l t r a m a f i c a n d m a f i c r o c k s in a b o u t t h e s a m e 
p r o p o r t i o n s , w h e r e a s in t h e P e n i k a t i n t r u s i o n 
t h e p r o p o r t i o n of t h e u l t r a m a f i c s is d i s t inc t ly 
l ower ( K u j a n p ä ä 1964). In t h e T o r n i o a n d 
P e n i k a t ( K u j a n p ä ä 1964) i n t r u s i o n s p y r o x e -
n i t es p r e d o m i n a t e over pe r ido t i t e s , w h e r e a s 
in t h e K e m i i n t r u s i o n t h e r eve r se is t r u e (Ku-
j a n p ä ä 1980). T h e S t i l lwa te r i n t r u s i o n b e a r s a 
ve ry s t r o n g s t r u c t u r a l r e s e m b l e n c e to t h e 
P e n i k a t i n t r u s i o n ( K u j a n p ä ä 1964). T h e se-
q u e n c e of t h e u l t r a m a f i c r o c k s in t h e Stil l-
wa te r i n t r u s i o n (Hess 1960), h o w e v e r , is in-
ve r t ed c o m p a r e d to t h a t in t h e T o r n i o a n d Pe -
n ika t l ayered i n t r u s i o n s . T h e u p p e r py roxe -
n i t e l aye r (III) of t h e T o r n i o l aye red i n t r u s i o n 
c o r r e s p o n d s to t h e n o r i t e z o n e s at S t i l lwa te r 
a n d P e n i k a t . 

As a ru le t h e r o c k s of t h e T o r n i o l aye red 
i n t r u s i o n a re i n t ense ly a l t e red a n d t h e classi-
f i ca t ion of t h e rock t y p e s w a s b a s e d on e x a m -
ina t ion of t h i n s e c t i o n s and X R F a n a l y s e s as 
wel l as o n core logging. In t h e p e r i d o t i t e s 
ol ivine is a l m o s t c o m p l e t e l y a l t e red in to ser-
pen t ine . T h e r o c k is m o t t l e d a n d c o n t a i n s 
m a g n e t i t e in s u c h a b u n d a n c e t h a t layer II 
c a n be t r a c e d on m a g n e t i c m a p s . T h e or-
t h o r h o m b i c a n d m o n o c l i n i c p y r o x e n e s a r e 
a l t e red into ura l i te , an thophy l l i t e , ta lc and 
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Fig. 3. Geometric means of SiOa, Fe, A1203, Mn, 
Ti and V versus MgO in the Tornio layered in-

trusion. 

chlor i te . I n p laces t h e p y r o x e n i t e is c o m -
p o s e d a l m o s t en t i re ly of va r ious a m p h i b o l e s . 
T h e l e u c o g a b b r o is a pa le rock r i ch in plagio-
c lase t h a t o f t e n o c c u r s as p h e n o c r y s t s . 

T h e r o c k s of t h e l a y e r e d i n t r u s i o n s w e r e 
ana ly sed for Cr 2 0 3 , FeO t o t , A1203 , MgO, 
SiO z , Mn, V a n d Ti (a to ta l of 245 X R F ana ly-
ses) at t h e l abo ra to ry of t h e O u t o k u m p u Oy 
Torn io Works . T h e g e o m e t r i c m e a n s of S i 0 2 , 
Fe , A1203 , Mn, Ti a n d V ca l cu la t ed f r o m t h e 
a n a l y s e s a re p lo t t ed as a f u n c t i o n of M g O in 
Fig. 3. A p o r t i o n of t h e g a b b r o zone w a s no t 
s u b m i t t e d to ana lys i s a n d so t h e r e su l t s a re 
s l ight ly d i s t o r t e d . T h e g e n e r a l t r e n d is fa i r ly 
n o r m a l : w i t h t h e i n c r e a s e in MgO the con-
t e n t s of S i 0 2 , A1203 a n d Ti dec rease , t h o s e of 
F e a n d Mn inc rease , a n d tha t of V r e m a i n s 
a l m o s t c o n s t a n t . 

F ig . 4 i l lus t ra tes h o w t h e c h e m i c a l c o m -
pos i t ion of t h e r o c k s v a r i e s in a p ro f i l e f r o m 

Fig. 4. Graphical presentation of the variations in the chemical composition of the rocks from the base 
of the intrusion upwards. The zig-zag behavior of the curves is due to rhythmic layering. (XRF analyses, 
drill holes TO-6, 7 and 8.) 1. leucogabbro 2. gabbro 3. pyroxenite 4. peridotite 5. chromitite layer 6. dis-
seminated chromite 7. amphibolite 8. mylonitic border zone 9. mica gneiss 10. hornblende gneiss 11. 
granodioritic gneiss (9, 10 and 11 = Presvecokarelian basement complex). 
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Table 1. Partial XRF analyses of the main rock types of the Tornio layered intrusion. Numbers refer 
to Fig. 4 and show the stratigraphic position of the analysed rocks. 

2 5 9 3 6 16 19 25 26 23 A B C 

Si02 48.9 39.1 39.0 49.4 48.9 48.8 47.9 48.9 48.5 55.0 13.1 17.9 8.6 
Ti02 0.22 0.14 0.12 0.19 0.22 0.20 0.14 0.17 0.17 0.26 0.66 0.64 0.45 
AI2O3 7.6 2.6 2.2 3.1 5.5 13.4 17.9 20.0 17.0 5.6 13.4 13.1 14.1 
Cr203 0.82 1.06 0.79 2.21 0.68 0.36 0.16 0.16 0.25 0.19 32.2 29.4 30.4 
FeOtot*) 9.6 15.9 14.8 11.2 10.7 4.4 3.1 5.3 6.2 11.1 26.2 21.6 26.6 
MnO 0.20 0.24 0.25 0.26 0.23 0.14 0.11 0.11 0.13 0.20 0.32 0.28 0.33 
MgO 19.6 35.7 35.1 27.4 24.5 13.6 11.5 7.2 10.1 15.3 9.5 11.2 14.0 
CaO 5.0 1.2 2.1 3.6 5.0 12.6 12.8 11.5 10.3 6.8 0.4 2.1 0.2 
Na 2 0 1.0 0.2 0.2 0.5 0.7 1.2 1.4 2.3 1.9 0.3 n.d. n.d. n.d. 
K2O 0.7 0.1 0.1 0.1 0.6 0.2 0.1 1.0 0.8 0.2 n.d. n.d. n.d. 
P2O5 0.03 0.01 0.01 0.01 0.01 0.08 0.08 0.07 0.06 0.04 n.d. n.d. n.d. 
v 2 o 5 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 0.41 0.34 0.30 
L.O.I. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 1.35 2.51 n.d. n.d. n.d. n.d. 

Total 93.67 96.25 94.67 97.97 97.04 94.98 95.19 98.06 97.92 94.99 96.19 96.56 94.98 

* Total Fe as FeO 
n.d. = not determined 

2. Mylonitic 16. Gabbro 
contact zone 19. Gabbro 

5. Peridotite 25. Leucogabbro 
9. Peridotite 26. Leucogabbro 
3. Pyroxenite, 23. Amphibolite 

well preserved 
6. Pyroxenite 

A. Chromitite layer, 27 cm, in pyroxenite, 16 m 
from the base of the intrusion. 

B. Chromitite layer, 37 cm, in pyroxenite, 65 m 
from the base of the intrusion. 

C. Chromitite layer, 25 cm, in peridotite, 160 m 
from the base of the intrusion. Drill hole TO-2 in 
another cross-section. 

t h e b a s e of t h e l aye red i n t r u s i o n u p w a r d s . 
L i s t e d in Tab l e 1 a r e t h e c h e m i c a l c o m p o s i -
t i o n s of t h e m a i n r o c k t y p e s of t h e l ayered 
i n t ru s ion . T h e n u m b e r s in t h e t ab l e r e fe r to 
Fig . 4 a n d s h o w t h e loca t ion of t h e r o c k t y p e s 
ana lysed . 

The c h r o m i t i t e hor izons 

T h e c h r o m i t i t e h o r i z o n s of t h e T o r n i o 
l aye red i n t r u s i o n are all in t h e l ower u l t ra -
m a f i c uni t . C h r o m i t e is m o s t a b u n d a n t in 
t h o s e p l aces w h e r e t h e u l t r a m a f i c po r t i on is 
t h i c k e s t , t h e ve ry l a rges t a m o u n t s b e i n g i n 
pe r ido t i t e s (layer II), a l t h o u g h c h r o m i t e is 
a lso e n c o u n t e r e d in t h e l o w e r m o s t p y r o x e -
n i t e l ayer (I) a n d in t h e b o r d e r zone. C h r o m i t e 
o c c u r s a s d i s s e m i n a t i o n a n d layers , a f e w 
c e n t i m e t r e s to d e c i m e t r e s th ick , t ha t s h o w 
s h a r p c o n t a c t s w i t h t h e a d j a c e n t rocks . I n 

o n e sec t ion s e v e n c h r o m i t i t e l aye r s f r o m 3 to 
37 c m th i ck w e r e i n t e r s e c t e d . T h e layers a re 
s e p a r a t e d by a d i s t a n c e of a f e w d e c i m e t r e s 
to 80 m. T h e t h i c k e s t c h r o m i t i t e l aye r s s e e m 
to be p e r s i s t e n t a long t h e s t r ike . D o w n w a r d s 
a layer , 2 0 - 3 0 c m th i ck , h a s b e e n t r aced fo r 
over 100 m. E a c h dril l hole t h a t i n t e r s e c t e d 
t h e u l t r a m a f i c un i t also i n t e r s e c t e d c h r o m i -
t i te layers . 

T h e c h r o m i t i t e l aye r s c o n t a i n 2 6 - 3 2 % 
Cr20,.j a n d the i r FeO, ( ) t va r i e s b e t w e e n 22 a n d 
28 %. T h e c o r r e s p o n d i n g a v e r a g e s a re 30.3 % 
C r 2 0 3 a n d 24.9 % FeO t o t (Table 3). S i n c e t h e 
FeO t o t i s so h i g h t h e Cr /Fe rat io of the l ayers 
is mere ly 0 .9-1 .2 , t h e a v e r a g e b e i n g 1.07. T h e 
c o n t e n t s of FeO, V, Ti a n d Mn in t h e ch romi -
t i t e layers a r e h i g h e r a n d tha t of S i 0 2 is lower 
t h a n in t h e o t h e r r o c k t y p e s of t h e l ayered 
in t rus ion . T h e V 2 0 5 c o n t e n t of t h e c h r o m i t i t e 
layer f l u c t u a t e s b e t w e e n 0.23 a n d 0.41 %, 
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Table 2. Electron microprobe analyses of altered and homogeneous chromites. (Analysed by S. Uusitalo). 

N, Cr203 FeO to,* Cr/Fe MgO AI2O3 Ti02 Ni v 2 o 5 MnO 

Homogeneous chromites 7 43.0 34.6 1.24 4.9 16.3 0.45 n.d. n.d. n.d. 
Altered chromites: core 8 29.7 37.8 0.69 9.4 25.3 0.45 0.09 0.20 0.35 

border 8 28.6 47.8 0.53 6.1 12.0 0.70 0.20 0.29 0.63 

* Total Fe as FeO 
N = number of analyses 
n.d. = not determined 

a v e r a g i n g 0.30 %. T h e P G E s assay 0.1 to 
0.3 p p m . 

T h e c h r o m i t i t e layers h i g h e r u p in t h e pe-
r idot i te of t h e l ayered i n t r u s i o n d i f fe r f r o m 
t h o s e lower d o w n in t h e p y r o x e n i t e by t h e 
h ighe r F e O and MgO, a n d lower S i 0 2 a n d 
T i0 2 . L i k e w i s e in P e n i k a t ( K u j a n p ä ä 1964), 
K e m i ( K o u v o 1962), S t i l lwa te r ( J a c k s o n 1964) 
a n d G r e a t D y k e (Metal Bu l l e t in 1981), t h e 
u p p e r c h r o m i t i t e h o r i z o n s are r i che r in F e 
t h a n a re t h e layers l ower d o w n . 

T h e c o m p o s i t i o n s of t h e c h r o m i t e s w e r e 
d e t e r m i n e d at t h e Meta l lu rg ica l R e s e a r c h 
C e n t r e of O u t o k u m p u Oy by a C a m e c a M.S. 
46 e l ec t ron m i c r o p r o b e . S o m e of t h e chro-
m i t e s a re h o m o g e n e o u s , o t h e r s a re a l t e red in 
s u c h a way tha t t h e c o m p o s i t i o n of t h e 
m a r g i n s d i f f e r s f r o m t h a t of t h e cores . T h e 
m a r g i n s of t h e a l te red c h r o m i t e s con t a in 
m o r e FeO, T i 0 2 , Ni, V 2 0 5 a n d M n O t h a n do 
t h e cores , w h e r e a s t h e co res a re r i c h e r in 
MgO a n d A1 20 3 t h a n t h e m a r g i n s (Table 2). 
T h e d i f f e r e n c e in c o m p o s i t i o n b e t w e e n t h e 
c o r e s a n d t h e m a r g i n s c a n p r o b a b l y b e 
a t t r i b u t e d to p o s t m a g m a t i c h y d r a t i o n . T h e 
h o m o g e n e o u s c h r o m i t e s a re m a r k e d l y r icher 
in C r 2 0 3 t h a n are t h e a l te red c h r o m i t e s ; 
f u r t h e r , the i r F e O is l o w e r a n d the i r Cr /Fe 
rat io h ighe r t h a n t h o s e of t h e la t ter . T h e 
c h r o m i t e s in pe r ido t i t e s s h o w h i g h e r FeO t o t 

a n d MgO, a n d l o w e r Cr /Fe a n d h i g h e r Mg/Fe 
t h a n do t h e c h r o m i t e s in p y r o x e n i t e s . 

C o m p a r i s o n w i t h o ther c h r o m i t e d e p o s i t s 

T h e Torn io c h r o m i t e d e p o s i t h a s m a n y of 

t h e f e a t u r e s t h a t T h a y e r and L ip in (1978) 
r e g a r d as cha rac t e r i s t i c of s t r a t i f o r m chro-
m i t e d e p o s i t s in c o n t r a s t to t h e A l p i n e t y p e or 
p o d i f o r m depos i t s . L a y e r e d i n t r u s i o n s w i t h 
similar ch romi t i t e hor izons a re t h e Bird River 
in C a n a d a ( B a t e m a n 1943), S t i l lwater in U.S.A 
(Hess 1960, J a c k s o n 1968), F i s k e n a e s s e t in 
G r e e n l a n d (Ghis le r 1976) a n d K e m i (Ku jan -
p ä ä 1980), P e n i k a t ( K u j a n p ä ä 1964) a n d Koi te -
l a inen ( M u t a n e n 1979) in F i n l a n d . Espec ia l ly 
t h e d e p o s i t s of P e n i k a t , B i rd R ive r a n d Still-
w a t e r r e s e m b l e t h e Torn io depos i t . I n t h e s e 
fou r t h e t h i c k n e s s of t h e c h r o m i t i t e s var ies 
f r o m a f e w c e n t i m e t r e s to a f e w m e t r e s . T h e 
C r 2 0 3 c o n t e n t of t h e layers f l u c t u a t e s be-
t w e e n 10 a n d 30 % a n d the i r Cr /Fe rat io f r o m 
0.8 t o 1.5. In t h e l ayered i n t r u s i o n s of B u s h -
veld in S o u t h Afr ica a n d of G r e a t D y k e in 
Z i m b a b w e , w h i c h a r e e s t i m a t e d to c o n t a i n 
99 % of t h e w o r l d ' s c h r o m i t e r e s o u r c e s 
(Thayer and L i p i n 1978), t h e t h i c k n e s s of t h e 
c h r o m i t i t e l ayers va r i e s f r o m 0.1 to 1.8 m. 
The i r C r 2 0 3 c o n t e n t , h o w e v e r , is a b o u t 4 4 -
55 %. T h e C r / F e ra t io of t h e B u s h v e l d ch ro -
m i u m ore is 1 .4-2.9: 1 a n d t h a t of t h e G r e a t 
D y k e c h r o m i u m ore 3.2: 1 (Thayer and L ip in 
1978). 

I n T a b l e 3 t h e m e a n c o m p o s i t i o n s a n d 
t h i c k n e s s of t h e c h r o m i t i t e h o r i z o n s of t h e 
Torn io l aye red i n t r u s i o n a r e c o m p a r e d w i t h 
t h o s e of t h e K e m i , P e n i k a t a n d K o i t e l a i n e n 
in t ru s ions . As m e n t i o n e d above , t h e T o r n i o 
layered i n t r u s i o n r e s e m b l e s t h e P e n i k a t 
l ayered i n t r u s i o n i n p o s i t i o n a n d s t r u c t u r e . 
T h e FeO t o t a n d MgO of t h e c h r o m i t i t e l ayers 
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Tabic 3. The average chemical composition and thickness of the chromitite horizons in the Tornio layered 
intrusion compared with those in the Kemi, Penikat and Koitelainen layered intrusions. 

Deposit Cr203 FeO to t* Cr/Fe AI2O3 MgO Si0 2 v 2 o 5 Thickness of 
horizon m 

Tornio1 30.3 24.9 1.07 13.4 11.1 12.6 0.30 0.1-0.4 
Kemi2 26.9 15.4 1.54 9.5 19.5 18.5 < 0.2 30-90 
Penikat3 22.9 24.9 0.81 10-13 9-12 24-29 n.d. 0.2-2.5 
Koitelainen4 20.2 27.2 0.7 12.8 4.7 23-24 0.64 1.3 
* Total Fe as FeO 

n.d. = not determined 
1 Tornio: Söderholm (1980) (5 chromitite layers) 
2 Kemi: Kujanpää (1980) (All the chromium ores with a cut-off grade of 20 % Cr203) 
3 Penikat: Kujanpää (1964), Kouvo (1962) (4 chromitite layers) 
4 Koitelainen: Mutanen (1979) (Upper chromitite layer) 

Table 4. The average compositions of chromites from the Tornio intrusion, the Kemi chromium ore, the 
Kemi chromitite horizons above the ore, the Penikat, Koitelainen, Bird River, Stillwater and Fiskenaesset 

intrusions. 

Deposit Cr203 FeO to t* Cr/Fe MgO AI2O3 v 2 o 5 Ti02 

Tornio1 43.0 34.6 1.24 4.9 16.3 0.2-0.4 0.45 
Kemi ore2 47.0 27.4 ~ 1.5 8.7 12.5 0.14 0.67 
Kemi chromitites3 42.4 33.7 1.12 5.6 15.3 0.14 0.52 
Penikat4 42.1 38.3 0.97 2.5 11.9 0.16 0.63 
Koitelainen5 42.5 40.5 0.93 0.5 9.5 1.12 3.50 
Bird River6 41.3 36.8 1.0 5.4 12.3 n.d. 1.08 
Stillwater7 42.9 26.8 1.47 10.2 17.6 0.07 0.58 
Fiskenaesset8 35.1 41.4 0.78 3.5 18.6 0.40 0.75 

* Total Fe as FeO 
n.d. = not determined 

1 Tornio: Inkinen (1979) Electron microprobe analyses, only homogeneous chromites 
2 Kemi ore: Kouvo (1962) Cleaned chromite concentrates, 25 samples from the Elijärvi ore 
3 Kemi chromitites: Kouvo (1962) Cleaned chromite concentrates from 7 chromitite horizons 2.5-300 cm 

thick 5 -20 m above the Elijärvi chromium ore 
4 Penikat: Kujanpää (1964) Cleaned chromite concentrates, 6 samples 
5 Koitelainen: Mutanen (1979) Electron microprobe analyses 
6 Bird River: Bateman (1945) Cleaned chromite concentrates 
7 Stillwater: Howland (1955), Jackson (1968) Cleaned chromite concentrates 
8 Fiskenaesset: Ghisler (1976) Electron microprobe analyses 

of t h e s e d e p o s i t s a re also fa i r ly s imilar . T h e 
C r 2 0 3 of t h e c h r o m i t i t e h o r i z o n s at T o r n i o is 
as h igh as it is in t h e K e m i c h r o m i u m ore a n d 
h i g h e r t h a n it is in t h e c h r o m i t i t e l aye r s of 
P e n i k a t and Koi t e l a inen . T h e c h r o m i t i t e 
l ayers in Torn io h a v e a h i g h e r Cr /Fe ra t io t h a n 
do t h e c h r o m i t i t e l aye r s in P e n i k a t and Koi-
t e l a i n e n b u t a m a r k e d l y l o w e r o n e t h a n tha t 
in t h e K e m i c h r o m i u m ore. T h e A1 20 3 c o n t e n t 

is a b o u t t h e s a m e in t h e c h r o m i t i t e l aye r s of 
P e n i k a t , K o i t e l a i n e n a n d Torn io . T h e chro-
mi t i t e h o r i z o n s of Torn io , pa r t i cu la r ly t h o s e 
h ighe r in t h e depos i t , a r e poo re r i n S i 0 2 t h a n 
a r e t h e o t h e r F i n n i s h c h r o m i t e d e p o s i t s l is ted 
in T a b l e 3. 

In Tab le 4 a c o m p a r i s o n is m a d e b e t w e e n 
t h e a v e r a g e c o m p o s i t i o n s of t h e c h r o m i t e s 
f r o m t h e Torn io l ayered i n t r u s i o n a n d t h o s e 
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f r o m t h e Kemi , El i jä rv i ore , a n d t h e over ly ing 
c h r o m i t i t e layers a n d c h r o m i t e s f r o m Pen i -
kat , Ko i t e l a inen , B i rd River , S t i l lwa te r and 
F i s k e n a e s s e t . S ince s o m e of t h e a n a l y s e s 
w e r e d o n e on c o n c e n t r a t e s a n d s o m e are 
electron mic rop robe de te rmina t ions t h e resul ts 
a r e n o t d i rec t ly c o m p a r a b l e . 

T h e t ab l e s h o w s t h a t t h e c h r o m i t e s in t h e 
c h r o m i t i t e layers ove r ly ing t h e El i jä rv i o r e 
a re very s imi la r to t h e T o r n i o c h r o m i t e s i n 
c o m p o s i t i o n . T h e c h r o m i t e s of Bird River and 
P e n i k a t also r e s e m b l e t h e Torn io c h r o m i t e s , 
w h e r e a s t h e c h r o m i t e s of Ko i t e l a inen , 
F i s k e n a e s s e t a n d K e m i c h r o m i u m ore d i f fe r 
c lear ly f r o m t h e Torn io c h r o m i t e s . 

S u m m a r y and D i s c u s s i o n 

S t u d i e s u n d e r t a k e n in t h e e n v i r o n m e n t of 
Torn io h a v e m o d i f i e d t h e g e n e r a l geologica l 
p i c t u r e of t h e P e r ä p o h j a sch is t area. I n add i -
t i on to t h e a l r e a d y w e l l - k n o w n K e m i a n d 
P e n i k a t l ayered i n t r u s i o n s a t h i r d l ayered 
i n t r u s i o n w a s d e t e c t e d n o r t h e a s t of Torn io . 
T h e T o r n i o l ayered i n t r u s i o n r e s e m b l e s t h e 
P e n i k a t i n t ru s ion in s t r a t i g r a p h i c pos i t ion , 
c h e m i c a l c o m p o s i t i o n a n d pos i t i on of the 
c h r o m i t i t e s and c o m p o s i t i o n of t h e ch romi t e . 
T h e l ayered i n t r u s i o n s at Torn io , K e m i a n d 
P e n i k a t all h a v e a s imi la r s t r a t i g r a p h i c posi -
t ion b e t w e e n t h e P r e s v e c o k a r e l i a n b a s e m e n t 
c o m p l e x a n d t h e P e r ä p o h j a sch is t s . In all 
l ike l ihood t h e Torn io l ayered i n t r u s i o n is of 
t h e s a m e a g e a s t h o s e of K e m i , P e n i k a t a n d 
Koi t e l a inen , i.e. a b o u t 2 440 Ma. 

T h e s u p r a c r u s t a l r o c k s s o u t h w e s t of t h e 
Torn io layered i n t r u s i o n p r e s u m a b l y be long 
to t h e P r e s v e c o k a r e l i a n b a s e m e n t c o m p l e x . 
T h e p l u t o n i t e s of t h e H a p a r a n d a sui te , or a t 
leas t s o m e of t h e m , m a y r e p r e s e n t r e m o -

bi l ised b a s e m e n t c o m p l e x . T h e s u p r a c r u s t a l 
r o c k s t h a t u n d e r l i e a n d overl ie t h e l aye red 
i n t r u s i o n s a re o lder t h a n t h e m . More age 
d e t e r m i n a t i o n s a re n e e d e d , h o w e v e r , to 
c lar i fy t h e a g e r e l a t ions b e t w e e n t h e rock 
types . 

T h e l aye red i n t r u s i o n s at Torn io , K e m i and 
P e n i k a t h a v e s t r a t i f o r m c h r o m i t e d e p o s i t s in 
the i r u l t r a m a f i c basa l po r t i ons . T h e K e m i 
i n t r u s i o n h o s t s l a rge c h r o m i u m ores , w h e r e -
as t h e c h r o m i t i t e h o r i z o n s at T o r n i o a n d 
P e n i k a t a r e n a r r o w . In c o m p o s i t i o n t h e 
c h r o m i t e s of T o r n i o r e s e m b l e t h e c h r o m i t e s 
of t h e c h r o m i t i t e l aye r s a b o v e t h e K e m i 
c h r o m i u m ore a n d t h e P e n i k a t c h r o m i t e s . 
T h e c h r o m i t e s of t h e c h r o m i t i t e layers at 
T o r n i o a n d P e n i k a t a r e r i ch in Fe a n d poor 
in Mg, a n d t he i r Cr /Fe ra t io is low. In add i -
t ion to c h r o m i t e o c c u r r e n c e s , l aye red in t ru -
s ions of t h i s t y p e m a y also c o n t a i n P G E , 
Ni, V, Cu, Co a n d A u m i n e r a l i s a t i o n s a n d o re 
depos i t s , a s do, for e x a m p l e , t h e i n t r u s i o n s 
of B u s h v e l d , S t i l lwa te r a n d Grea t Dyke . 
T h e s e m i n e r a l i s a t i o n s also d e s e r v e d u e 
c o n s i d e r a t i o n in t h e f o l l o w - u p s t u d i e s on t h e 
P e r ä p o h j a l ayered i n t ru s ions . 
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