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Introduction 

The geology of the Sokli ca rbona t i t e 
complex in n o r t h e r n F in land has been 
b r ie f ly discussed by P a a r m a (1970), and V a r -
t ia inen and Woolley (1974). L a m p r o p h y r i c 
dykes occur both wi th in the complex and in 
the wal l - rock. Diamond dr i l l cores a re the 
m a i n source of observat ions owing to the 
absence of outcrops. 

The w id th of the dykes var ies f r o m a f e w 
mi l l imet res to some metres . T h e average 
th ickness of 246 dykes s tudied is 52 cent i -
met res . T h e leng th of the dykes could not 
be es t imated. In dri l l sections f r o m the 
ca rbona t i t e body, l amprophyr i c dykes con-
s t i tu te be tween 0.6 and 8.7 °/o by volume; 
cor responding f igures fo r the wal l - rock are 

1.1. to 5.8 % (Fig. 1). They commonly f o r m 
dyke s w a r m s (Fig. 2A), w i th dips r ang ing 
f r o m nea r hor izonta l to a lmost ver t ical . All 
observat ions indicate a r a n d o m p a t t e r n of 
intrusions, r a t h e r t h a n a r egu la r one as p ro -
posed by von E c k e r m a n n (1948, 1958) fo r t h e 
Alnö dykes. 

D y k e emplacement is obviously one of the 
la test events at Sokli. Wi th in the carbonat i te , 
dykes are ass imila ted and breccia ted by la te 
sövite; all dykes show veinle ts of calci te and 
dolomite. 

Petrography 

The Sokli dykes a re divided into f o u r 
pe t rograph ic groups (Table 1) w i th d i f f e r e n t 
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Fig. 1. Geological sketch map of the Sokli complex, showing the relative distribution of dyke rocks. 

Table 1. Characteristics of Sokli dykes. 

Type Colour Flow textures Chilled margins 

Porphyritic green, grayish common common 
and dark green 

Xenolithic gray, grayvish green common common 
Massive green, grayish green rare rare 
Micaceous green, reddish brown rare rare 

modes of occurrence. Micaceous dykes occur 
only w i th in t h e ca rbona t i t e p lug (Fig. 1), 
w h e r e mass ive dykes also a re abound; these 
two var ie t ies account f o r m o r e t h a n 50 °/o of 
the dykes w i th in t h e carbonat i te . Po rphy r i t i c 
and xenol i th ic dykes a re p r e d o m i n a n t in the 
wal l - rock (Fig. 1). 

Colour and t e x t u r e v a r y cons iderably 
wi th in one dyke, giving t h e rock a v e r y 
he te rogeneous appea rance (Fig. 2C). D y k e 
s w a r m s a re usua l ly m a d e u p of dykes of t h e 
same pe t rograph ic group . T h e minera logica l 
charac ter is t ics of t h e var ious g roups a re 
g iven in Table 2. 
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Fig. 2. A. Micaceous dyke swarm cutting sövite. DH 368/259.5. B. Xenolithic dyke with phoscorite and 
olivinite fragments, surrounded by calcite reaction rims. DH 366/59.5. C. Semi-banded structure in 

composite dyke. DH 366/89.0. 

Table 2. Mineralogical compositions of Sokli dykes (in vol.-%>). 

Sample —0001 —0003 —1 0004 —0005 —0007 —0002 Rm 852 

Phenocrysts 
Olivine, fresh 26.0 4.5 
Olivine, altered: 

serpentine 3.0 3.5 8.5 13.5 7.5 
bowlingite 0.5 8.5 6.0 
iddingsite 11.0 2.5 
carbonate 0.5 19.0 0.5 2.0 
phlogopite 0.5 2.5 0.5 0.5 
clinohumite 3.0 
opaques 0.5 1.0 0.5 0.5 

Phlogopite 0.5 13.0 2.0 3.5 
Richterite 1.5 1.0 
Calcite 2.0 
Opaques 4.5 9.5 
Xenoliths 23.0 

Matrix 
Phlogopite 16.0 21.0 13.0 22.0 15.0 27.0 68.2 
Calcite 20.0 21.0 24.5 27.0 15.5 24.0 21.3 
Serpentine 2.5 3.5 6.0 3.0 
Iddingsite 7.5 6.0 6.5 3.0 
Richterite 7.5 8.5 5.5 25.0 
Apatite 4.0 3.0 0.5 

10.5 Opaques 9.0 13.5 23.0 9.5 11.5 10.0 10.5 

Samples: —0001 
—0003 
—0004 
—0005 

porphyritic 
» 

» 

Samples: —0007 
—0002 
Rm 852 

xenolithic 
massive 
micaceous 
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Fig. 3. B. Porphyritic dyke, with olivine phenocrysts completely altered into serpentine, bowlingite and 
carbonate. DH 343/207.5 (Nr —0003). 
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Table 3. Microprobe analyses. 

No. 1 2 3 4 5 6 7 

SiO? 40.9 42.1 41.5 53.3 
TiOo 0.05 0.05 0.06 0.63 52.0 52.7 51.3 
ZrO? 0.05 0.05 0.05 — — — 

Nb>Or, 0.07 0.05 0.05 — — — 

AL,Oa 0.05 0.05 0.05 1.65 0.06 0.08 0.08 
CrsOs 0.05 0.05 0.05 — 0.02 0.01 0.07 
FeO (tot.) 8.5 8.0 5.4 2.6 38.3 35.0 40.5 
NiO 0.38 0.46 0.05 — — — 

MnO 0.10 0.11 0.85 0.11 3.74 3.97 4.45 
MgO 49.3 48.3 53.2 22.4 5.9 7.7 5.1 
CaO 0.19 0.13 0.13 8.4 — 

Na-'O 0.05 0.05 0.05 5.5 — 

K.,0 0.05 0.05 0.05 0.8 — — — 

Total ~ 99.74 99.45 101.48 95.39 100.42 99.46 101.50 

1. Olivine phenocryst, porphyritic dyke (—0001), DH 347/403.0 
2. Olivine, olivinite of Tulppio, trench 2 (980—2145) 
3. Olivine, phoscorite, DH 260/77.0 
4. Richterite phenocryst, porphyritic dyke (—0001), DH 347/403.0 
5. Ilmenite, average of 8, porphyritic dyke (—0001), DH 347/403.0 
6. Ilmenite, average of 8, porphyritic dyke (Rm 107), DH 2/192.2 
7. Ilmenite, average of 8, massive dyke (—0002), DH 343/145.7 

Olivine occurs as phenocrys ta l phase, 
const i tu t ing be tween '20 and 40 °/o by vo lume 
of the rock (Table 2). T h e size of the pheno-
crysts var ies f r o m 0.5 to 4 mm. The pheno-
crysts a re usual ly rounded (Fig. 3), r a re ly 
subhedra l . Euhed ra l gra ins a re ve ry excep-
tional. Secondary a l te ra t ion into a va r i e ty 
of minera l s is common (Table 1, Fig. 3B); 
f r e sh olivines occur only in porphyr i t i c and 
xenol i thic dykes (Fig. 3A). Al te ra t ion has 
been most in tense in micaceous dykes, which 
p rese rve only fa in t out l ines of the or iginal 
phenocrysts . 

The chemical composit ion of the olivines 
resembles t ha t of olivine f r o m the Tulppio 
u l t r amaf i c massif close to the complex (Table 
3). Both have h igher NiO, s l ight ly h ighe r FeO, 
and lower MnO contents t h a n olivine f r o m 
phoscor i te (Table 3). At present , t he n u m b e r 
of analyses is still insuf f ic ien t to al low a 
more detai led discussion. 

Phlogopite occurs as bo th phenocrys ta l 
phase (size 0.5—5 mm), and m a t r i x con-

s t i tuent . P leochroism is no rma l (Z = 
yel lowish or greenish brown, Y = X = pa le 
yel low to colourless). Phenocrys t s exhib i t 
s l ight composit ional zoning, and a re some-
t imes r immed by la te-s tage phlogopi te 
showing reverse pleochroism (X = b r igh t 
orange, Y = Z = pale yel low to colourless). 

Calcite if found as corroded s u b h e d r a l 
phenocrysts , or aggregat ions of two or m o r e 
grains. This migh t indicate t ha t calcite is not 
p r i m a r y magmat i c b u t a xenol i th ic con-
s t i tuen t der ived f r o m sövite. 

Richterite occurs as colourless phenocrys ts , 
0.5 to 1.5 m m long, wh ich a re o f t en ragged 
and replaced b y calcite. Chemical analysis 
(Table 3) yields the fol lowing f o r m u l a : 
(Na.91K14) (Na. 6 1C a i . 2 9Fe 1 0) (Mg4.78Mn.01Fe.21) 
(Si7.62Al.2gTi.07) 0,ä(OH)o, w i th A = 1.05, X = 
= 2.00, Y = 5.00, Z = 7.97. 

X - r a y powder d i f f rac t ion of sample —0002 
(Table 2) p roved the mine ra l to be r ichter i te , 
wi th the fo l lowing s t rongest ref lec t ions (Å): 
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8.35 (100), 3.131 (80), 3.270 (60), 2.810 (40), 
4.80 (30). 

Magnetite phenocrys t s a re rounded , and 
measu re up to 15 m m in d iameter . 

Xenoliths a re rounded to subrounded (Fig. 
2B), measu r ing 1 to 5 cm across. Xenol i th ic 
dykes wi th in the ca rbona t i t e contain 
f r a g m e n t s of phoscorite, sövite and olivinite; 
those f r o m the wal l - rock main ly sövite and 
feni te . A more detai led s tudy of t h e xenol i ths 
is lacking. 

The matrix genera l ly const i tu tes 60 to 
75 % by vo lume of the dykes; fo r mass ive 
and micaceous dykes u p to 100 °/o. I ts p r i n -
cipal const i tuents a re f a i r ly s imi lar fo r all 
pe t rograph ic g roups (Table 2). The ave rage 
g ra in size of m a t r i x minera l s is below 0.1 
m m . 

The sequence of crystal l izat ion is opaques 
— phlogopi te and calcite — r ichter i te . F low 
t ex tu re s of the rocks are out l ined by p re -
f e r r ed or ienta t ion of phlogopi te and r ich-
ter i te . 

Calcite is f o u n d in anhed ra l gra ins ; r ich-
te r i te is commonly euhedra l . Opaques occur 
as small gra ins : d isseminated magne t i t e m a y 
except ional ly comprise more t h a n 50 % of 
the ma t r ix . 

llmenite occurs in minor amoun t s only; it 
is most common in porphyr i t i c and some 
micaceous dykes. The chemical composit ion 
of i lmeni te is charac ter ized by fa i r ly h igh 
contents of MnO and mode ra t e contents of 
MgO (Table 3). Compared wi th i lmeni tes f r o m 
re la ted rocks, the Sokli i lmeni tes const i tu te a 
g roup of the i r own (Fig. 4). I lmeni tes f r o m 
kimber l i tes a re charac ter ized by low MnO 
contents and h igh MgO contents . T h e l i t e ra -
t u r e gives only two analyses of i lmeni tes 
devia t ing f r o m this p a t t e r n : a h igh MnO — 
low MgO i lmeni te f r o m Monas te ry Mine 
(Mitchell et al. 1973), and an i lmeni te f r o m 
P r e m i e r Mine (Frick 1970), which is ve ry 
s imilar in composit ion to the Sokli i lmeni tes 
(Fig. 4). An i lmeni te f r o m alnöi te at Alnö 

FeO(tot.) 
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Fig. 4. Composition of Sokli ilmenites (dots), 
compared with ilmenites from Fen (crosses), Alnö 
(filled circle) and kimberlites (open circles, and 

beyond dashed line). 

(von E c k e r m a n n 1974) is ve ry s imilar to 
k imber l i t e i lmenites; i lmeni tes f r o m d a m k j e r -
ni tes at Fen (Gr i f f in and Taylor 1975) have 
ve ry low MgO contents , s imilar to the Monas-
te ry Mine sample (Fig. 4). 

I lmeni tes f r o m kimberl i tes , alnöites and 
re la ted rocks can thus be divided into t h r ee 
g roups (Fig. 4): 

1) low manganese : most k imberl i tes , a l -
nöi te (Alnö) 

2) high manganese , low magnes ium: d a m -
k j e r n i t e (Fen), Monas te ry Mine 

3) h igh manganese , modera t e magnes ium: 
Sokli dykes, P r e m i e r Mine 

More da ta a re needed for a detai led dis-
cussion of the possible pe t rogenet ic impl ica-
tions of this pa t t e rn . A more shal low, low-
pressu re origin of the h igh -manganese i lmen-
ites seems plausible. 

Chemical composition 

Six whole- rock analyses of Sokli dykes a re 
given in Table 4. T h e Sokli dykes show 
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Table 4. Chemical analyses of Sokli dykes. 

Sample —0001 —0003 —0004 —0005 —0007 —0002 

SiO„ 27.0 21.8 28.7 27.1 19.1 30.2 
Ti02 2.3 3.5 3.6 2.9 2.9 2.1 
A I 2 O 3 2.0 2.4 4.1 1.9 2.2 3.9 
FegC>3 8.2 7.0 11.8 7.4 20.5 8.2 
FeO 6.7 7.4 6.5 6.0 11.1 6.2 
MnO 0.37 0.29 0.27 0.26 0.52 0.37 
MgO 20.7 17.6 16.6 20.3 17.0 18.4 
CaO 13.2 13.8 15.4 11.1 10.5 12.7 
Na20 1.2 1.2 0.4 1.1 0.7 2.9 
K 2 O 2.2 3.6 2.5 1.5 2.3 2.0 
H 20 + 105 2.7 1.9 2.4 3.9 1.8 2.3 
H 2 0 — 1 0 5 0.5 0.5 0.7 1.2 0.4 0.3 
P2O5 2.5 1.06 0.99 0.18 2.5 0.80 
C02 9.5 17.6 4.6 14.5 8.4 9.6 
F 0.55 0.58 0.32 0.27 0.49 0.47 
S 0.66 0.12 0 . 1 1 0.13 0.18 0.09 
BaO 0.10 0.08 0.16 0.08 0.14 0.16 
Sum 100.38 100.43 99.15 99.82 100.73 100.69 
— 0 = F , S 0.40 0.27 0.16 0.15 0.26 0.22 
Total 99.98 100.16 98.99 99.67 100.47 100.47 

Molec. norm. 
Or 10.93 9.82 — 8.99 1.14 6.98 
Ab — — — 1.44 — — 

An — — 2.04 — — — 

Lc — 2.58 11.77 — 8.49 3.76 
Ne — — 1.86 — — 4.82 
Ac 8.96 8.95 — 7.04 5.20 13.70 
Ks 0.58 2.27 — — 0.44 — 

Di — — 15.61 — — — 

Hy 0.74 — — 18.48 — — 

Ol 35.12 21.06 24.36 14.58 25.35 34.88 
Cs — — 5.56 — — — 

Mt 7.41 5.67 11.17 7.35 27.02 4.98 
Hm — — 4.28 — — — 

II 4.37 6.65 6.94 5.58 5.49 3.97 
Ap 5.93 2.51 2.38 0.43 5.90 1.89 
Fr 0.67 1 . 0 0 0.48 0.53 0.55 0.81 
Pr 1.24 0.22 0.21 0.25 0.33 0.17 
Cc 16.91 20.93 10.63 19.03 12.21 19.76 
Mg 3.98 16.11 — 12.13 5.75 1.67 

Analyses by the Geological Survey of Sweden 

higher contents of TiO,, FeO (total), MnO, 
N a 2 0 and C0 2 , b u t lower contents of Si0 2 , 
MgO and H 2 0 + t han do average k imber l i tes 
(Dawson 1967). They d i f f e r f r o m the d a m -
k j e rn i t e s at Fen (Gri f f in and Taylor 1975) by 
h igher contents of FeO (total), MgO and C0 2 , 
and lower contents of S i0 2 , T i 0 2 and A1203. 
The Sokli dykes have h igher contents of FeO 
(total), MnO, N a 2 0 and C0 2 , and lower con-

ten ts of AI0O3 and CaO t h a n the alnöites and 
k imber l i tes f r o m Alnö (von Ecke rmann , u n -
publ ished data). 

The contents of selected t race e lements a r e 
given in Table 5. T h e da ta a re consis tent 
w i th those r epo r t ed for k imber l i tes (Dawson 
1967, Mitchell and B r u n f e l t 1975, Fesq et al. 
1975, Kab le et al. 1975) and Alnö dykes (un-
publ ished data). The r a r e - e a r t h p a t t e r n s f o r 
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Fig. 5. Rare-earth patterns of Sokli rocks. Crosses sample —0001, inclined crosses: sample —0003, 
circles: sample —0007, squares: sövite, Sokli (Koljonen and Rosenberg, 1978), diamonds: kimberlite, 

Wesselton (Mitchell and Brunfelt, 1975), shade: alnöites, Alnö complex (unpubl.data). 

1 000 

the Sokli dykes (Fig. 5) a re l inear fo r por -
phyr i t ic dykes; a xenol i th ic dyke shows a 
s l ight Eu anomaly . La /Yb rat ios r ange f r o m 
66 to 141, indicat ing a fa i r ly h igh degree of 
d i f fe ren t ia t ion , if pa ren ta l m a g m a s of basa l -
tic or lherzoli t ic composit ions a re assumed. 

K / R b rat ios a re in the r ange 235—431, 
ave rage 308, which is h igher t h a n fo r alnöites 
and k imber l i tes (Kresten 1977), b u t w i th in 

the r ange repor ted for d a m k j e r n i t e s f r o m F e n 
(Gri f f in and Taylor 1975). 

In s u m m a r y , it can be s ta ted tha t the Sokli 
dykes rep resen t ca rbona ted a lka l ine l ampro -
phyres wi th a f f in i t ies to both alnöites and 
kimberl i tes . The calculated no rma t ive com-
positions (Table 4) indicate a possible dolo-
mitic composit ion of the ca rbona te phase. 
T h e r m a l analyses car r ied out on the samples 
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Table 5. Selected trace elements in Sokli dykes (ppm) 

Sample —0001 —0-003 —0004 —0005 —0007 —0002 

Zn 165 130 165 110 300 165 
Rb 36 100 75 38 50 43 
Sr 1300 900 1200 520 930 1100 
Nb 95 150 60 15 45 40 
Zr 275 345 150 130 650 300 
Cu 125 100 150 75 130 75 
Ni 400 350 300 700 < 100 370 
La 197 93 87 
Ce 334 150 126 
Sm 25.5 14.4 12.4 
Eu 6.4 3.5 2.9 
Tb 2.1 
Yb 1.4 1.4 0.96 
Lu 0.45 0.37 0.18 
Sc 35 21 18 
Th 27 37 14 
U 10 8 6 

Sr: atomic absorption, Th. Berg (Geological Survey of Sweden); Rb, Nb, Zr, Ni: X-ray fluorescence, 
Y. Kafkas; Cu: spectrophotometry, P. Kresten; REE, Sc, Th, U: instrum. neutron activation, P. Kresten. 

did not conf i rm the presence of dolomite 
o the r t h a n in ve ry smal l amoun t s in samples 
—0003 and —0005. 

Discussion 

The minera logical composit ions of the Sokli 
dykes compare well wi th those r epor ted for 
k imber l i tes . Amphibole , however , seems to 
be ve ry r a r e in k imber l i tes . Possibly t r e -
molit ic amphibo le has been repor ted f r o m 
two occurrences in S o u t h e r n Af r i ca (Lipe-
laneng, Nixon and Kres t en 1973, Monas te ry 
Mine, Whitelock 1973), and one in Green land 
(Emeleus and A n d r e w s 1975). Act inol i te has 
been repor ted as inclusions in d iamond 
(Prinz et al. 1975), potassic r i ch te r i t e f r o m 
nodules in k imber l i t e (Er lank and F inger 
1970) and a possible k imber l i te f r o m B a r k l y 
West, Sou th Af r i ca (Er lank 1973). 

Nevertheless , the absence of severa l m in -
era ls considered to be »critical» for k imbe r -
lite, such as (chrome) pyrope, ch rome diop-
side and d iamond, as wel l as the complete 
lack of u l t r amaf i c nodules in the ma te r i a l 
examined do not allow the t e r m »kimberl i te» 
to be used for the Sokli dykes. On the o ther 
hand , the Sokli dykes do not f i t t he p resen t 
def in i t ion of the t e rm »alnöite» (von Ecker -
m a n 1948); they do not conta in meli l i te, and 
diopsidic or salitic pyroxene , which is com-
mon in alnöites. 

I t seems l ikely tha t the Sokli dykes der ive 
f r o m kimber l i t ic magma , f r o m which some 
mate r i a l (u l t ramaf ic nodules) had segrega ted 
and some (h igh-pressure minerals) had been 
re -equ i l ib ra ted in a c rus ta l m a g m a pool. 
Crus ta l con tamina t ion and in terac t ion wi th 
ca rbona t i t e m a g m a mus t h a v e p layed a key 
role in the pet rogenesis of the Sokli dykes. 
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