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History 

The Kaa t i a l a pegmat i te , located in the 
par i sh of Kuor t ane , W. F in land (Fig. 1) w a s 
f i r s t men t ioned by Ho lmberg (1857). T h e 
f i r s t detai led geological descr ipt ion w a s 
given by La i t aka r i (1914). 

The exploi ta t ion of the pegmat i t e s t a r t ed 
in 1942. Befo re t hen only qua r t z had been 
t empora r i ly qua r r i ed at t h e end of the last 
cen tury . However , the needs of the s teel-
mak ing i n d u s t r y du r ing the Second World 
War m a d e it feas ible to reopen the mine. 
Soon a f t e rwards , t h e product ion of fe ldspar 
fo r the domest ic ceramics i ndus t ry was also 
s ta r ted up. Qua r ry ing was ini t ia l ly directed 
at the qua r t z and fe ldspa r core of the deposit . 

W a r t i m e condit ions m e a n t t h a t t he re w a s 
an acute shor tage of all k inds of equipment . 
Both dr i l l ing and the sor t ing of b las ted rock 

w e r e done by hand . T h e sor ted produc ts 
w e r e car r ied on s t re tchers f r o m t h e bo t tom 
of the q u a r r y to stock piles a t the edge of the 
pit . 

When enough ma te r i a l had been produced, 
an appl icat ion was m a d e to the Minis t ry of 
T r a d e and Indus t ry fo r a special l icence to 
t r anspo r t t h e produc ts by t ruck to Ni in imaa 
r a i lway stat ion, 10 km to the west . 

T h e q u a r r y i n g was g r adua l l y modernized. 
In 1943, the s t re tchers w e r e replaced by a 
h a n d windlass . In 1945—1947 a s team winch, 
donkey p u m p s and a locomot ive-dr iven com-
pressor w e r e instal led. In 1950—1951 the 
s t eam engines w e r e replaced by electric 
motors, and in 1951 the f i r s t sor t ing p lan t 
w a s buil t . This consisted of a wooden silo 
f r o m which the rock r a n on to sor t ing tables 
a r r a n g e d radia l ly a r o u n d the silo. On the 
tables p u r e fe ldspar and qua r t z w e r e sor ted 
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Fig. 1. Location of the Kaatiala pegmatite. 

out f r o m the gangue . Rock f r a g m e n t s con-
sisting of severa l minera l s w e r e h a m m e r e d 
down in size un t i l monominera l i c fe ldspar 
or qua r t z was obta ined. 

T h e last vers ion of the sor t ing p lan t w a s 

bui l t in 1956 (Fig. 2). The rock w a s crushed 
by j a w c rusher u n d e r 75 m m and screened 
into th ree f rac t ions : 75—50 mm, 50—25 mm, 
and minus 25 mm. The minus 25 m m f rac t ion 
w e n t d i rec t ly to waste . The coarse f rac t ions 
proceeded to the sor t ing bel ts w h e r e t h e 
monominera l ic quar tz , f e ldspa r and o ther 
mine ra l p roduc t s w e r e p icked out and 
d ropped each into the i r own silo. 

With the modern iza t ion of the q u a r r y i n g 
and sort ing, however , it became increas ingly 
more d i f f icu l t to recover the va luab le mine -
rals. Qua r ry ing opera t ions had f i r s t cen te red 
on the core zone, wh ich consisted of huge 
qua r t z and potass ium fe ldspa r crystals . 
Sor t ing w a s easy and produced no was te at 
all. Over the years , however , i t became ne-
cessary to mine more and more he te rogeneous 
zones w i th small c rys ta l size and ever l a rge r 
amoun t s of t ou rma l ine and o ther impuri t ies . 

To obta in f i r s t class p roduc ts b u t w i th low 
recovery, all l umps conta in ing tou rma l ine or 
qua r t z had to be discarded, no m a t t e r how 
low t h e content of these minera l s was, or 
else a m o r e i m p u r e p roduc t w i t h h igher 
recovery had to be accepted. A compromise 
was reached and in addi t ion to t h e f i rs t -c lass 
l u m p product , a second-class p roduc t w i th 
some tou rma l ine and qua r t z inclusions was 
also accepted. This p roduc t w a s f u r t h e r 
mil led and c leaned by a h igh in tens i ty 
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Fig. 2. Flowsheet of the Kaatiala sorting plant. 
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Table 1. Production statistics of Kaatiala peg-
matite from 1942 to 1969. 

Quarried 
Pegmatite 
Gangue 

Produced 
Potassium feldspar 
Quartz 
Mica 
Beryl 
Columbite 
Löllingite 

Wasted 
0—25 mm fraction 
> 25 mm waste 

516.000 tons 
136.000 tons 

160.000 tons 
30.000 tons 

700 tons 
18 tons 
5 tons 
5 tons 

134.000 tons 
193.000 tons 

magnet ic separa tor in the Tapani la fe ldspar 
mil l nea r Helsinki . It also became exped ien t 
to mine the gangue on the hang ing wal l to an 
ever increasing ex ten t . 

In t h e f ina l opera t iona l years the ra t io of 

gangue to pegmat i t e exceeded 1. Mining b e -
came unpro f i t ab l e and in 1968 w a s s topped 
a l together . A total of 516 000 tons of p e g m a -
t i te and 136 000 tons of gangue h a d been 
mined. Stat is t ics of the product ion a re p r e -
sented in Table 1. 

Geology and mineralogy 

The geology of Kaa t i a l a deposit , based 
ma in ly on the w o r k s of Tave la (1949), Vol-
bor th (1952), Neuvonen (1960), and on t h e 
au thor ' s o w n observat ions du r ing t h e q u a r -
ry ing period, is p resen ted in Fig. 3. T h e 
pegmat i t e lens dips about 15 degrees to NE 
th rough granodior i t ic coun t ry rock. T h e 
border zone closest to the foo twal l w a s 
charac ter ized by sodium fe ldspar , w h e r e a s 
the bo rde r zone on t h e hang ing wal l w a s an 
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Fig. 3. Geology of the Kaatiala feldspar quarry. SQ = smoky quartz. 
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aplit ic var ie ty of pegmat i te , wh ich a f t e r 2 to 
5 me t r e s g raded into m e d i u m - or coarse-
gra ined microc l ine-quar tz -muscovi te p e g m a -
ti te w i th black tourmal ine . On the sou th-
wes te rn side, nea res t to the cen t ra l ly located 
in t e rmed ia t e and core zones, t he r e was a 
nea r ly vert ical , roughly 5 m wide zone w i t h 
ve ry a b u n d a n t tourmal ine . The cent ra l pa r t s 
w e r e unde r l a in by muscovi te- r ich zones w i th 
beryl . Löllingite, co lumbi te and spodumene 
occurred ma in ly above the cen t ra l pa r t . 

The cen t ra l p a r t consisted of l a rge micro-
cline crys ta ls and discre te qua r t z cores, w i t h 
some rose qua r t z and smoke qua r t z crystals . 
Cavit ies w i th t r a n s p a r e n t g reen and red 
tourmal ines , wa te r - c l ea r bery ls and lepi-
doli te w e r e encounte red nea r the n a r r o w 
n o r t h w e s t e r n marg in . This same zone also 
conta ined spodumene, and the only cassi-
t e r i t e specimen found in the deposi t . 

Fe ldspars occurred in Kaa t i a l a as microcl ine 
wi th 15 to 22 mole-°/o albite, and as plagio-
clase w i t h 12 mole-°/o anor th i te . No t rans i -
t ional f o r m s in l a rge r quant i t i es w e r e met 
wi th . T h e two fe ldspa r var ie t ies d i f fe red 
conspicuously in appearence . The potass ium 
fe ldspa r crys ta ls w e r e g rey in colour w i th 
c lear lus t rous faces, whe rea s the sodium 
fe ldspar w a s wh i t e in colour w i th m a t and 
dul l surfaces . Thus, even h a n d sor t ing could 
produce re la t ive ly p u r e p roduc t s in t e r m s of 
the ra t io of potass ium to sodium. 

Chemical analyses 

The chemical composit ion of Kaa t i a l a peg-
mat i t e w a s inves t iga ted by supp lement ing the 
analyses m a d e du r ing the opera t iona l per iod 
w i th n e w mul t i - e l emen t analyses of the 
var ious minerals , of the r ep resen ta t ive b u l k 
samples, and of the coun t ry rock. 

Analyses of the ma in components for p u r e 
microcl ine and albi te specimens f r o m the 
opera t iona l period as wel l as pa r t i a l analyses 

Table 2. Composition of pure feldspar lumps. 

Microcline 1 Microcline 2 Oligoclase 
Chemical analyses* 

°/o %> %> 
Si02 65.31 63.73 64.79 
Ti02 0.00 0.00 0.00 
A1o03 18.81 18.99 21.80 
Fe203 0.04 0.07 0.11 
MnO 0.00 0.00 0.01 
MgO 0.03 0.01 0.02 
CaO 0.04 0.07 2.51 
LioO 0.02 0.02 0.02 
NaoO 2.46 1.70 9.66 
K-,0 12.99 14.02 0.69 
RbäO 0.12 0.33 0.00 
Cs>0 0.03 0.20 0.00 
P2O5 0.13 0.70 0.04 
H 2 O + 0.23 0.14 0.28 
HoO— 0.05 0.12 0.05 
Totals 100.26 100.10 99.98 

Norms15 

Q 0.7 0.0 0.5 
Or 76.2 83.8 3.9 
Ab 21.9 15.2 82.9 
An 0.2 0.4 11.9 
Totals 99.0 99.4 99.2 

a Analyst: P. Ojanperä, Geological Survey of 
Finland. 

b Method after Hutchison (1974). 

for f e ldspa r concent ra tes w i th n o r m values 
fo r quar tz , ortoclase, a lb i te and anor t i t e a re 
p resen ted in Tables 2 and 3. 

The minera l s selected fo r mul t i - e l emen t 
analysis w e r e typical p u r e specimens of the 
most common types. T h e bu lk samples w e r e 
t aken f r o m stock piles of the minus 25 m m 
frac t ion , obta ined by screening the c rushed 
pegmat i t e be fo re h a n d sort ing. I ts chemical 
composit ion closely approx ima tes the com-
posit ion of the who le pegmat i t e body. 

The f i r s t coun t ry rock sample w a s t a k e n 
f r o m the E side and the second f r o m N side 
of the pegmat i t e at a dis tance of 25 me t r e s 
f r o m the contact . 

T h e analyses w e r e p e r f o r m e d ma in ly w i t h 
an MS 702 double focusing spa rk source mass 
spec t romete r using electr ical detect ion. T h e 
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Table 3. Composition of Kaatiala feldspar concentrates. 

P a r t i a l c h e m i c a l a n a l y s e s (%> by weight)11 

K - f e l d s p a r N a - f e l d s p a r 

1953 1954 1959 1962 1963 1964 1965 1966 1967 1968 1958 1963 
Average Average 

K 2 0 10.75 10.81 
NaoO 2.59 2.74 
Ca6 0.26 0.22 
Fe203 0.07 0.12 

9.24 12.05 11.50 
2.52 3.10 3.10 
0.45 0.31 0.30 
0.06 0.05 0.10 

11.10 11.30 10.85 
2.85 2.60 3.20 
0.32 0.61 0.49 
0.07 0.08 0.07 

10.30 11.10 10.90 
3.11 3.22 2.90 
0.45 0.40 0.38 
0.05 0.04 0.06 

0.40 0.62 0.51 
8.73 8.34 8.54 
1.08 4.07 2.58 
0.05 0.11 0.08 

Or 63.70 64.06 
Ab 21.97 23.25 
An 1.29 1.09 
Q 13.04 11.60 

54.76 71.41 68.15 
21.38 26.30 26.30 

2.24 1.54 1.49 
21.62 0.75 4.06 

N o r m s 
65.78 66.96 64.30 
24.18 22.06 27.15 

1.59 3.03 2.44 
8.45 7.95 6.11 

61.04 65.78 64.59 
26.39 27.32 24.63 

2.24 1.99 1.89 
10.33 4.91 8.89 

2.37 3.67 3.02 
74.07 70.76 72.41 

5.37 20.24 12.81 
18.19 5.33 11.76 

a Each sample represents a carload (16.5 tons) milled and analysed at Tapanila feldspar mill. 

analy t ica l p rocedure has been descr ibed by 
Nieminen and Yl i ruokanen (1974). I n addi -
t ion to the ra t ios peak he igh t /con ten t p p m in 
weight , which const i tu ted the basis fo r cal-
cula t ing the contents of cer ta in elements , 
some addi t ional values w e r e calculated w i t h 
the aid of a th i rd s tandard , a Limes tone ZG1-
K H (Flanagan 1973). The n e w ra t ios a re 
p resen ted in Table 4. 

Table 4. The ratios peak height/content ppm by 
weight in ZG1-KH 

Isotope 

33S + 0.4 
5 3 C r + + 0.14 
61Ni + 0.40 
6 2 N i + 1.15 
« 7 Z n + 0.82 
6 ? Z n + + 0.10 
7iGa+ 3.38 71Ga + + 0.15 
73Ge+ 0.63 
75AS + 4.42 
77Se + 27.4 
88Sr + 3.0 
9 2 Z r + 0.26 

! 2 l S b + 1.21 
123Sb + 1.35 
182W + 0.93 
184W + 1.08 
209ß i+ + 0.37 

Because the contents of l an thano ids and 
b a r i u m w e r e low, it was possible in this 
w o r k to use the fo l lowing isotopes: 67Zn, 71Ga, 
73Ge, and 75As fo r the calculat ions. F u r t h e r , 
t he s t anda rd Z G I - K H is also m o r e convenient 
fo r de te rmin ing the isotopes 33S, 61Ni, 62Ni, 
75As, 77Se, 88Sr, 92Zr, 114In, 123Sb, 183W, 184W, 
and 209Bi t h a n the s t anda rds USGS-G-1 and 
USGS-W-1. A A S replaced mass spect ro-
m e t r y (Bernas 1968) in those cases w h e r e high 
contents of alkal ies and be ry l l i um w e r e 
present . 

Three chemical analyses of be ry l have a l -
r e a d y been publ ished by E räme t sä et al. 
(1973). The n e w chemical analyses a re p r e -
sented in Tables 5a and 5b. 

Mineralogical and chemical balance 

With the aid of the product ion f igures 
(Table 1) and of the analyses, Tables 2, 3, 5a, 
and 5b an a t t e m p t was m a d e to calculate the 
tota l amoun t s of the var ious minera l s of the 
Kaa t ia la pegmat i te , Table 6. In calculations, 
the chemical composit ion of the bu lk sample 
of the minus 25 m m f rac t ion was t aken to 
r ep resen t the whole pegmat i t e body. The 
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Tab le 5 a. Mul t i e lement analyses of Kaa t i a l a minera l s and rocks. T h e con ten t s a r e given as p p m . 
— Not d e t e r m i n e d < below detec t ion l imi t 55' 

I 
Group 1 Group 2 Group 3 Group 4 

No. Sample Be B Li Na K Rb Cs Ca Sr Ba Cu Zn Ga Ge As Tl P b Y REE 

28 Microcl ine pe r th i t e 2 3 20 15000 91500 300 35 1500 50 120 1.0 25 15 1.0 1.0 2.2 100 < < 
2 Microcl ine pe r th i t e 3 5 50 17000 105000 800 20 2000 6 10 6 15 20 1.0 5 5 50 < < 

16 Na- r ich microc l ine 7 4.5 25 70000 56000 450 45 1800 20 50 22 20 12 4.7 1.7 3.8 90 < < 
33 Microcl ine, t ransp . — 7 700 4000 125000 2500 800 1300 5 40 7 20 20 10 30 20 30 < 4 
15 Black microc l ine 4 4 40 16000 95000 900 50 2000 12 60 30 30 25 4.6 410 7 450 1.2 14 

18 Oligoclase 1 0.8 2.1 98000 600 2 0.5 6700 45 < 1.9 55 30 4.0 1.8 < 11 < < 
20 G r e e n a lbi te 5 7 14 117000 7200 14 3.2 11000 20 6 2.1 4.8 30 3.4 60 0.2 40 18 11 

1 Quar tz , r egu la r 0.1 1.0 5 5 40 0.2 0.2 110 1.0 < 0.5 0.6 1.7 0.1 < < < < 
38 Rose q u a r t z 0.5 1.0 40 30 125 0.1 0.5 50 0.8 < 0.5 1.0 — 1.1 0.3 < < < < 
37 S m o k y qua r t z 0.4 1.0 35 15 130 0.1 — 60 0.5 < 1.0 2.5 0.4 3.0 0.5 < < < < 

6 Muscovi te 10 70 1500 5000 70000 1500 120 1000 < 1.5 5 30 65 5 10 5 5 1.2 < 
7 Li - r ich mica 50 70 7000 2000 49000 3000 2000 1000 11 — 3 50 100 10 1.5 15 < 6 < 
4 Tourma l ine , schorl. 2 28000 50 12000 1200 5 2 1000 2.5 < 3.3 700 130 3.4 65 < 7 3.7 < 

34 G r e e n t ou rma l ine 15 28000 800 21000 2300 25 120 1500 6 < 3.7 300 100 9 1.8 0.3 125 < < 
35 Red tou rma l ine 11 30000 1000 18000 140 1.2 8 1200 5 < 2.5 25 350 8 2.0 < 30 < < 
41 Apa t i t e 9 4.7 15 6200 4300 35 8 400000 85 1.5 350 50 35 8 30 < 9 12700 15500 

40 Beryl , r egu la r 42000 3 1400 17000 1200 180 2300 500 < < < 100 35 1.0 < < < < < 
39 Beryl , he l iodor 41000 9 1500 9100 600 180 2900 150 < < < 180 30 3.0 < < < < < 
50 Beryl , vorobyevi te 39000 1 2400 6800 400 90 34500 85 2 1 < 11 60 2.0 5 1.0 1.0 < < 
11 Columbi te 3 3 12 300 500 1.0 0.8 20000 20 35 200 100 10 15 30 0.9 550 1000 430 

12 Löl l ingi te — — 7 250 250 8 5 230 5 < 8 1.3 1 3.2 700000 1.0 20 < < 
10 Cassi ter i te 20 5 120 150 2500 20 11 500 1.7 75 1.5 15 10 3.0 3.0 12 25 13 140 

8 S p o d u m e n e 3.0 30 16000 1600 2000 15 7 300 13 — 10 3 30 10 12 < < < < 
23 Pegmat i t e 6 1200 150 35000 45000 300 30 3700 30 30 10 30 25 2.5 30 1.5 30 5 14 
26 Coun t ry rock 2 3 30 25000 37500 130 4.0 20500 280 240 30 30 25 3.0 3 1.0 25 35 240 

G r a n i t e average 5 15 30 27700 33400 145 5 15800 285 600 10 40 20 1.5 1.5 1.0 30 40 184 



Table 5 b. Mul t i e l ement analyses of Kaa t ia la m i n e r a l s and rocks. T h e contents a re given as ppm. 

— Not de te rmined < below detec t ion l imit 

Group 5 G r o u p 6 Group 7 

No. Sample F P S Cl Sc V Cr Mn Fe Co Ni Ti Zr N b Sn Ta Th U 

28 Microl ine pe r th i t e 
2 Microcline pe r th i t e 

16 Na- r ich microc l ine 
33 Microcline, t rans . 
15 Black microcl ine 

215 
40 
50 

1900 
450 

200 
175 
350 
125 
500 

16 
15 
21 
75 

480 

18 
55 
60 
20 
60 

16 
15 
23 

5 
12 

5.3 
4 

48 
4 
7 

49 
85 
50 
55 
50 

19 
30 
31 
15 
65 

340 
500 
200 
800 

4700 

0.1 
0.5 
0.4 
0.6 
1.0 

45 
42 
23 

125 
37 

27 
60 
33 
20 
32 

< < 
1.8 
5.6 
12 

1.1 
0.2 
20 
10 

4.5 

3.4 
24 

7.3 
6.5 
7.3 

0.4 
< 
< 
5 

1.3 

< < < < 
7 

< < < 
7 

18 O 
18 Oligoclase 
20 Green a lbi te 

110 
50 

250 
250 

13 
150 

20 
23 

10 
76 

1.5 
1.4 

17 
30 

4.6 
65 

430 
2300 

0.1 
0.4 

21 
13 

17 
18 

< 5.8 1.3 
1.9 3.0 

2.1 
< 

< 45 < 20 rt-& 

1 Quar tz , r egu la r 
38 Rose qua r t z 
37 Smoky quar tz 

17 
9 

15 

14 
18 
12 

15 
12 
15 

11 
7.5 
5.6 

1.7 
5 

5.7 

0 2 
0.4 
0.4 

40 
52 
59 

1.6 
5.4 
6.0 

280 
590 

1250 

0.1 
0.1 
0.2 

1.4 
9.2 
15 

17 

58 

< < < 
1.5 
< 
< 

0.6 4.2 
< 
< 

5 
25 
< 

< 
0.7 
< 

QTQ rt> O O 

6 Muscovi te 
7 Li - r ich mica 

8500 
22500 

40 
55 

30 
650 

35 
90 

50 
75 

3.7 
6.7 

20 
35 

550 
95 

2150 
1250 

1.8 
1.2 

14 
2.3 

1000 
820 

6.2 
3.3 

150 
250 

160 
220 

30 
70 

< < 1.1 
< 

(T) 
B 

4 Tourmal ine , schorl . 
34 Green t ou rma l ine 
35 Red tou rma l ine 

3900 
25000 

7500 

40 
26 
67 

45 
41 
24 

42 
16 
20 

13 
2 
1 

37 
13 

8 

69 
64 
61 

2500 
5000 
3600 

58700 
32000 

4600 

0.2 
10 

8 

60 
80 
50 

620 
100 
400 

10 
10 
15 

40 
40 

4.9 

19 
120 
100 

1.4 
5.3 
75 

1.8 
< 

5.9 

1.4 
< 
< 

t-f-

O Ms 
41 Apat i te 12500 — 55 36 — 3.7 7.5 6200 1260 < 2500 100 20 — 11 — 49 12 W » 0) C-t-

E' 
oT 

40 Beryl , r egu la r 
39 Beryl , he l iodor 
50 Beryl , vorobyevi te 

42 
7 

15 
1.2 
110 

34 
16 

14 
14 

4 
12 
25 

1.5 

1 

86 
160 
85 

30 
160 
50 

1800 
800 
660 

— 

2 
< 
6 

25 
40 
25 

-

47 2 
2 

45 
— — -

W » 0) C-t-
E' 
oT 

11 Columbi te 90 18 175 52 420 0.7 1.1 47000 150000 9 75 16700 500000 1700 41000 24 1300 •Ö m 
12 Löll ingite 150 7.5 5000 15 0.2 1.2 1.6 10 200000 4.6 42 30 1.8 4.6 42 70 < < TO 
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Table 6. Bulk composition of the Kaatiala pegmatite. 

Main components Tourmaline and 
of bulk sample3 micas deductedb Calculated mode 

°/o by weight »/o by weight f o r b u l k s a m P l e ° 

Si02 71.41 73.71 Quartz 21.2 
A I 2 O 3 15.41 14.68 Microcline 35.6 
Fe203 0.81 0.17 Albite 32.5 
MgO 0.28 0.09 Micas 6.0 
CaO 0.52 0.52 Tourmaline 4.0 
NasO 4.60 4.91 Others 0.7 
K , 0 5.40 5.33 —TTTT 
Rest 1.24 1 0 0 0 

Trace elements forming Disperced in the Modal composition 
own specific mineral other minerals0 of specific 

minerals 
ppm ®/o 0/0 

Be 6 40 Beryl 0.01 
B 1200 0.5 Tourmaline 4.0 
P 250 50 Apatite 0.06 
As 30 5 Löllingite 0.004 
Nb 35 30 Columbite 0.005 

a Analyst: v. Weymarn, P-O, Partek Oy. 
b Approximative chemical analyses for micas and tourmaline in weight per cent: SiOo 62 and 42, 

A I 2 O 3 20 and 25, Fe203 1 and 15, MgO 2 and 2, CaO 0.5 and 0.5, Na20 1 and 3, "and KoO 10 
and 0. 

c Quartz = Si02, Microcline Or80 Ab20, Albite Ab94 An6, Micas: approx. 75 per cent muscovite + 25 per 
cent lithia mica. 

d Estimates base on the mode of the main minerals and their typical analyses. 

amoun t s of micas w e r e obta ined f r o m the 
f lo ta t ion tests, and the amoun t of tou rmal ine 
f r o m the boron content (1200 ppm) of the 
bu lk sample. Oxides bound in micas and 
tou rma l ine w e r e deducted f r o m the bu lk 
chemical analysis, and the amoun t s of o ther 
minera l s w e r e ca lcula ted f r o m the residual . 
Owing to the va ry ing chemical composit ions 
of both tou rmal ine and micas, the deduct ion 
was based on app rox ima te chemical analyses. 

The con ten t of micas (6 wt-°/o) corresponds 
well to the values of zoned pegmati tes , e.g. 
the Hugo pegmat i te , Keystone, USA, whose 
weighted mica content is also 6 per cent 
(Norton et al., 1962). In unzoned pegmat i tes , 
on the o ther hand, the mica content is most ly 
below 4 per cent (Norton 1970). 

Like the pe rcen tage of tourmal ine , the pe r -
centages of beryl , apat i te , löl l ingite and co-
lumbi t e were calculated f r o m the contents of 
Be, P, As, and Nb in the bu lk sample . 

Tin and l i th ium a re dispersed to such a 
high degree, especially in micas, t ha t it was 
not possible w i th the aid of t race e lement 
analyses to calculate the amoun t s of their 
minera l s proper , cassi ter i te and spodumene. 
According to minera logica l observat ions 
made du r ing the opera t iona l period, the i r 
quant i t i es a re w i thou t s ignif icance and have 
no in f luence on chemical balance. 

Table 7 gives the tota l chemical and mine-
ralogical ba lance of the whole Kaa t i a l a peg-
mati te , es t imated on the basis of the amounts 
of minera l s and the i r chemical analyses. For 
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Tab le 7. T h e chemica l a n d mine ra log lca l ba l ance of t h e K a a t i a l a p e g m a t i t e 

Mine ra l 
P e r c e n t of to ta l 
Quan t i t y , t ons 

K -
f e l d s p a r 

36 
180 000 

N a -
f e l d s p a r 

33 
165 000 

Q u a r t z 
21 

105 000 

Mica 
6 

30 000 

T o u r -
m a l i n e 

4 
20 000 

A p a t i t e 
0.06 
300 

Bery l 
0.01 
50 

Co lum- ' 
b i te I 

0.005 j 
25 1 

I « m ; 
' ^ m g i t e 
i <,l 0.004 
i-i 20 

P e g -
ma t i t e 

100 
500 000 

p p m 
B e t ons 

2.0 
0.36 

1.0 
0.17 

0.3 
0.03 

10—50 
0.3—1.5 

2.0 
0.04 

9 36 000 
1.8 — 

— 6 
3 

R p p m 
tons 

5 
0.9 

0.7 
0.12 

3 
0.3 

70 
2.1 

30 000 
600 

5 3 3 — 1 200 
600 

Li p p m 
J j l tons 

50 
9.0 

2 
0.3 

5 
0.5 

1500—7000 
45—210 

50 
1 

15 1400 
0.1 

12 7 150 
75 

R b 
p p m 
tons 

300—800 
54—144 

2 
0.3 

0.2 
0.02 

1500—3000 
45—90 

5 
0.1 

35 180 
0.01 

1 8 300 
150 

Cs PPm 
tons 

20—35 
3.6—6.3 

0.5 
0.1 

0.2 120—2200 
3.6—66 

2 
0.1 

7.5 2300 
0.1 

0.8 5 30 
15 

Ca p p m 
tons 

1500—2000 
270—360 

6700 
1140 

110 
11 

1000 
30 

950 
19 

400000 
120 

500 20000 
0.5 

230 3700 
1850 

S r p p m 
tons 

9—50 
1.6—9 

45 
7.4 

1 
0.1 

11 
0.1 

2.5 85 
— 

20 5 30 
15 

B a 
p p m 
tons 

10—20 
1.8—21.6 — 

— 1.5 — 15 
— 

35 
— 

30 
15 

G a p p m 
t o n s 

15—20 
2.7—3.6 

25 
4.1 — 

65—100 
2—3 

130 
2.6 

35 35 10 1 25 
12.5 

Ge p p m 
tons 

1 
0.18 

4 
0.66 

1.7 
0.17 

5—10 
0.15—0.30 

3.4 
0.06 

8 1 15 3.2 2.5 
1.3 

As p p m 
tons 

1.0 
0.18 

1.8 
0.29 

0.1 
0.10 

10—15 
0.30—0.45 

65 
1.3 

30 — 30 700000 
14 

30 
15 

Tl p p m 
tons 

2.2—5 
0.40—0.90 

— — 5—15 
0.15—0.45 — — 

— 0.9 1 1.5 
0.75 

P b p p m 
t o n s 

50—100 
9—18 

11 
1.8 

6 
0.18 

7 
0.14 

9 
— 

550 
0.03 

20 30 
15 

F p p m 
tons 

40—215 
7.2—38.7 

110 
18.0 

17 
1.7 

8500—22500 
255—675 

3900 
68 

12500 
3.8 

42 90 150 1000 
500 

P p p m 
tons 

175—200 
31.5—36.0 

250 
41.3 

14 
1.4 

40—55 
1.2—1.7 

40 
0.8 

180000 
54.0 

15 18 7.5 250 
125 

N b p p m 
tons 

0.2—1.1 
0.04—0.2 

1.3 
0.2 

1.5 
0.15 

150—250 
4.5—7.5 

4.0 
0.1 

4.7 500000 
12.5 

4.6 35 
17.5 

Sn p p m 
tons 

2.4—3.4 
0.4—0.6 — 

0.6 
0.1 

160—220 
4.8—6.6 

19 
0.3 

11 2 1700 42 12 
6 

T a PPm 
tons 

0.4 
0.07 

2.1 
0.35 

4.2 
0.42 

30—70 
0.9—2.1 

1.4 — 
— 

41000 
1.03 

6.7 4.3 
2.15 

T h p p m 
tons 

0—7 
0—1.26 

0 - 4 5 
0—7.4 

— 
— 

1.8 
0.03 

49 
0.01 — 

24 — 3.2 
1.60 

U 
p p m 
tons 

0—18 
0—3.2 

0—20 
0—3.3 

— 17—2.8 
0.03—0.08 

1.4 
0.02 

12 — 1300 
0.03 

3.3 
1.65 

REE p p m 
t o n s 

0—14 
0—2.52 

0—11 
0—1.85 

— — 15500 
4.65 

— 430 
0.01 

— 13 
6.50 

convenience, the tota l amoun t of the quar r i ed 
pegmat i t e is rounded f r o m 516 000 to 
500 000 tons. 

Discussion 

The ana ly t ica l da ta a re p resen ted in the 
m a n n e r proposed by Taylor (1965), this be ing 

a convenient w a y of a r r ang ing t race e l emen t 
da t a fo r m a n y elements . This a r r a n g e m e n t 
is based la rge ly on geochemical association. 

Wi th in each g roup of e lements of s imi lar 
geochemical behaviour , the a r r a n g e m e n t is 
not in the order of decreas ing rad ius as 
Taylor has advised b u t in the order of a tomic 
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numbers . The values for the g ran i t e ave rage 
proposed by Tay lor (1964) a re used fo r com-
par ison. The en r i chmen t fac tor is t h e ra t io 
of the content of any e lement in the p e g m a -
t i te body to t ha t of the g ran i t e average. The 
concent ra t ion coeff ic ients fo r an e lement 
w e r e calculated according to the equa t ion 

,1Q°, w h e r e k is the amoun t of the e lement k + p 
in its minera l s p rope r and p is the amoun t of 
the d isseminated e lement in the pegmat i t e 
except in its own minera l s (Beus 1966). 

The small cations Be and B. 
Table 5a, group 1 

The be ry l l i um en r i chmen t f ac to r is only 1.2. 
Despi te the low be ry l l ium content , be ry l was 
fo rmed , a l though its abundance is only 0.01 
% . T h e coeff ic ient of be ry l l i um concent ra t ion 
is 60 °/o. The h ighes t contents of d isseminated 
be ry l l i um are in l i th ium-r ich mica, 50 p p m 
and in coloured tourmal ines , 11—15 ppm. The 
re la t ive ly h igh degree of d isseminat ion is 
typical of grani t ic pegmat i t es conta in ing r a r e 
me ta l s and small amoun t s of be ry l l ium (Beus 
1966). 

T h e en r i chmen t fac to r fo r boron in the 
Kaa t i a l a pegmat i t e is 80. This is the h ighes t 
en r i chmen t f ac to r of any e lement in t h e 
pegmat i t e de t e rmined in th is work . T h e 
coun t ry rock, on the o ther hand , shows a 
nega t ive boron anomaly , i.e. only 6 ppm. The 
g ran i t e ave rage for boron is 15 ppm. 

Boron is concen t ra ted in tourmal ine , t h e 
coeff ic ient of concent ra t ion exeeding 99 per 
cent. The content of boron in all the o the r 
minera l s except micas is r e m a r k a b l y low, 
t h a t is, be low 10 ppm. 

According to Of teda l (1964), pegmat i t e 
mine ra l s conta ining r a r e ea r ths a re o f t en 
re la t ive ly r ich in boron, up to several t en th s 
of a pe r cent; never theless , co lumbi te and 
apat i te , t he only r a r e ea r th e lement carr iers , 
conta in only 4.7 and 3.0 p p m B, respect ively. 

The mobi le complexes, in which f o r m boron 
is t ranspor ted , a re p robab ly boron t r iha l ides 
or even CsBFj as proposed by S tavorov et al. 
(1962). The re la t ive ly high content of f luor ine 
and cesium in t h e pegmat i t e cor robora tes th is 
theory. 

B r ä u e r (1970), too, points to the m a r k e d 
in f luence of f luor ine on the fo rma t ion of 
tourmal ine . He suggests t h a t the BF4" com-
plex gets concent ra ted into the last g ran i t i c 
mel ts and forms, du r ing the progress of 
au tometasomat i sm, independen t t ou rma l ine 
crystals . 

The large cations including alkalies Li, Na, 
K, Rb, and Cs and alkaline earths Ca, Sr and 
Ba. Table 5 a, group 2 

All these e lements , except Li, occur in 
eight to twe lvefo ld coordinat ion w i th oxygen 
in silicates. L i th ium genera l ly occurs in s ix-
fo ld coordinat ion, i somorphous ly replac ing 
Mg, F e 2 + and Al. They all f o r m dominan t ly 
ionic bonds. 

The alkal ies a re all enr iched in the peg-
ma t i t e body compared wi th t h e g r an i t e 
average. The en r i chmen t fac to r fo r l i th ium 
is 5.0, fo r sodium 1.2, fo r po tass ium 1.3, fo r 
r u b i d i u m 2.1 and fo r cesium 6.0. 

If all micas a re r ega rded as L i -bea r ing 
minerals , the coeff ic ient of l i th ium concen t ra -
tion is 82. The p roper Li -minera l , spodumene , 
is so rare , t ha t its Li -content is w i thou t s igni-
f icance in this calculat ion. Except in Li -
specific minerals , t he Li -conten t var ies as 
fol lows: Vorobyevi te (Cs-rich beryl) contains 
2400 p p m l i thium, o ther be ry l var ie t ies 1500 
—1400 ppm, coloured tou rmal ine 800—1000 
ppm, black tou rma l ine 50 ppm, rose and 
smoky qua r t z 35—40 ppm, no rma l qua r t z 5 
ppm, K- fe ldspa r s f r o m 20 p p m to 700 p p m in 
the last crysta l l iza t ion f o r m s and N a -
fe ldspars f r o m 2.1 p p m to 14 ppm. 

Sodium and po tass ium do not show any 
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m a r k e d t endency to en r i chmen t except in 
the i r mine ra l s proper , Na- and K- fe ldspa r s 
and micas. Normal qua r t z conta ined about 5 
p p m Na and 40 p p m K. The tenors in the 
coloured var ie t ies w e r e sl ightly h igher . 

Tourmal ines a re all re la t ive ly poor in K, 
f r o m 140 p p m to 2300 ppm, b u t r icher in Na, 
12 000—21 000 ppm. No big d i f fe rences w e r e 
observed in the K + Na contents be tween 
coloured and black tourmal ines . S p o d u m e n e 
is re la t ive ly poor in bo th Na, 1600 p p m and 
K, 2000 ppm. 

The en r i chmen t fac to r fo r Rb, 2.1, is too 
low, especially r ega rd ing the m a r k e d abun-
dance of K in pegmat i te , to f o r m its own 
minera l s ; i t is, the re fore , complete ly dis-
persed in K- fe ld spa r and micas (Povaren-
n y k h 1972). All the o ther minera l s a re ve ry 
poor in Rb, most ly be low 25 ppm, except 
bery ls w i th 90—180 ppm. 

The cesium content of the whole pegmat i t e 
is 30 ppm. I t has been concent ra ted in the 
cesium bery l vorobyevi te , wh ich conta ined 
34 500 p p m Cs. 

L i th ium-r i ch mica is ano ther mine ra l w i th 
high cesium content , 2000 ppm. The t enor of 
cesium in muscovi te is m u c h lower, only 120 
ppm. L ike rubid ium, the bu lk of the ces ium 
is dispersed in K- fe ldspar , wh ich no rma l ly 
contains 20—50 ppm Cs. Never theless , the 
t r a n s p a r e n t K- fe ldspa r va r i e ty f o u n d in the 
cavi ty represen t ing the last s tage of crys ta l l i -
zat ion conta ined as much as 800 p p m Cs and 
2500 p p m Rb. Lappa la inen and Neuvonen 
(1968) found at Kaa t ia la a specimen of K -
fe ldspa r which conta ined 490 p p m Cs and 
9400 p p m Rb. 

Unl ike the alkalies, t he a lkal ine ea r ths 
show a clear def iciency compared wi th the 
g ran i t e average, calcium 0.23, s t ron t ium 0.11 
and b a r i u m 0.05. Calc ium occurs in its own 
minerals , plagioclase and apat i te . These 
minera l s also conta in most of the dispersed 
s t ron t ium. Bar ium, on the o ther hand , is 
dispersed into K-fe ldspar , t he highest conten t 

be ing 120 p p m in t h e ea r ly crysta l l izat ion 
forms. 

The chalcophile elements Cu, Zn, Ga, Ge, As, 
TI, and Pb. Table 5 a group 3 

Copper is concent ra ted into apa t i t e and 
columbite , and zinc and ga l l ium into 
tourmal ines . G e r m a n i u m is a lmost ub iqu i -
tous in all minerals , and shows a low degree 
of concent ra t ion in micas, columbi te and las t -
s tage K- fe ldspa r . 

T h e contents of Cu, Zn, Ga and Ge are 
a lmost ident ica l wi th the average gran i t i c 
values of these elements . The en r i chmen t 
fac to r of arsenic compared wi th the g r an i t e 
average is 20. I t f o rms its own minera l , löl-
lingite, wh ich conta ins nea r ly 95 pe r cent 
of the tota l arsenic. 

Tha l l ium is ma in ly concent ra ted into las t -
s tage K- fe ld spa r and l i thia mica, w h e r e a s 
lead is most a b u n d a n t in ea r ly s tage K- f e ld -
spar , co lumbi te and green tourmal ine . 

The rare earth elements La-Lu and Y. Table 
5c, group 4 

The r a r e ea r th e lements in Kaa t ia la 
pegmat i t e show the highest contents in apa -
tite, which assays 15500 p p m lan thanoids and 
12700 p p m Y. Columbi te is ano the r con-
cen t ra to r of r a r e ea r ths a l though the a b u n -
dances in it a re c lear ly lower, only 430 p p m 
lan thano ids and 1000 p p m Y. Together these 
minera l s contain about 70 per cent of the 
r a r e ea r th e lements in the whole pegmat i te . 
The r emain ing 30 per cent a re to be found in 
fe ldspars . 

The m e a n content of l an thano ids in t h e 
Kaa t i a l a pegmat i t e is 14 p p m and t h a t of 
y t t r i u m 5 ppm. These contents a re much 
lower, only 7.5 and 12.5 pe r cent, respective, 
of those of the same e lements in the ave rage 
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Fig. 4. Distribution patterns of the lanthanoids 
in Kaatiala apatite (1), columbite (2) and the total 

pegmatite (3) normalized against chondrite. 

grani te , which a re 184 p p m fo r l an thano ids 
and 40 p p m fo r y t t r i u m (Taylor 1968). 

The d is t r ibut ion p a t t e r n s of the l an thanoids 
in Kaa t i a l a apat i te , columbite, and the whole 
pegmat i t e normal ized agains t chondri te , 
(Nance et al. 1976) a re shown in Fig. 4. 
Typical of all a re t h e pronounced deficiency 
of eu rop ium and neodymium, and the 
e levated va lue of dyspros ium. Columbi te also 
shows an e levated va lue for y t t e rb ium, which 
is consistent w i th its h igh y t t r i u m content . 

The anions of F, P, S and CI. Table 5 b, 
group 5 

Kaat i a l a pegmat i t e averages 1000 p p m 
f luor ine . Most of the f luor ine , about 80 °/o, is 
found in micas. In these minera l s f luor ine ion 

subs t i tu tes fo r hydroxy l . The conten t of 
f luor ine is lowest in all var ie t ies of quar tz , 
9—17 ppm; in o ther mine ra l s it is as fol lows: 
7—42 p p m in beryls , 40—1900 p p m in K -
fe ldspar , 50—110 p p m in Na- fe ldspar , 3900— 
25000 p p m in tou rmal ines and 12500 p p m in 
apat i te . 

The average con ten t of phosphorus in the 
pegmat i t e is 250 ppm, which is about one 
th i rd of t h a t of t h e average gran i te . Neve r -
theless, despi te this low value, smal l amoun t s 
of apa t i t e have fo rmed , most ly on t h e bo rde r 
zone. Apa t i t e conta ins about 50 pe r cent of 
the tota l phosphorus . The r ema in ing 50 per 
cent is ma in ly in N a - and K-fe ldspars . 

The average content of su lphu r in the 
whole pegmat i t e is only 30 ppm, which is 
one n i n t h of the g ran i t e average. In addi t ion 
to löllingite, only l i th ium-r ich mica, biot i te 
and columbi te concent ra te su lphu r to some 
degree. 

In spite of re la t ive ly high f l u o r i n e tenor , 
the Kaa t i a l a pegmat i t e is poor in chlorine. 
T h e average content is 30 ppm, wh ich is only 
one s ixth of t ha t in the average grani te . 
Chlor ine exhibi ts a lmost cons tant abundances 
in all minerals , r ang ing f r o m 5.6—60 p p m in 
qua r t z and fe ldspars to 90 p p m in l i th ium-r ich 
mica. Even in apa t i t e the chlor ine conten t is 
as low as 36 ppm. 

The trivalent and divalent cations Sc, V, Cr, 
Mn, Fe, Co and Ni. Table 5 b, group 6 

Scand ium is an ub iqui tous e l emen t in all 
the Kaa t ia la minerals . The only s igni f icant 
scand ium carr ier , however , is columbite, 
which conta ins 420 p p m scandium. Haapa la 
et. al. (1967) have found tha t a va r i e ty of 
columbi te of Haapa luoma pegmat i te , about 16 
km southwes t of Kaat ia la , conta ined 0.90 per 
cent Sc2O s . 

Owing to the small amoun t of columbi te 
and its low scand ium content , t he overa l l 
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scand ium tenor in Kaa t i a l a pegmat i t e is 4 
ppm, which is s l ight ly less t h a n in the 
average grani te , 6 ppm. 

Vanad in ium is concent ra ted into black tou r -
mal ine. I ts m e a n content is 10 per cent of the 
g ran i t e average . 

Ch romium is a d isperse e lement w i t h o u t 
any s ignif icant accumula t ion tendency. I ts 
en r i chmen t fac tor is 4 in the whole pegmat i te . 

Manganese shows the h ighes t concent ra t ion 
in columbite , i ron in löll ingite and columbite , 
cobalt and nickel in cassi teri te . The m a n g a -
nese and i ron contents a re dis t inct ly lower 
and the abundances of cobalt and nickel 
h igher t h a n those of the g ran i t e averages . 

I t is of g r ea t prac t ica l impor tance tha t 
all these e lements occur in negligible amoun t s 
in fe ldspars and quar tz . They all h a v e a 
colouring e f fec t on sil icate melts ; thus, 
e levated abundances of these e lements a re 
h a r m f u l in ceramic r a w mater ia ls . 

The large highly charged cations with 
valencies 4, 5 or 6 including Ti, Zr, Nb, Sn, 
Ta, Th and U. Table 5 b, group 7 

These e lements do not read i ly en te r 
common rock- fo rming mine ra l s owing to 
va lency diff icul t ies . They the re fo re occur in 
the last hyd rous f lu ids t ha t m ig ra t e t h rough 
the f r ac tu re s f o r m e d a f t e r consolidation of 

the ma in pegmat i t e body. Albite , micas, 
spodumene, cassiteri te, coloured tourmal ines , 
co lumbi te and löl l ingite crystal l ize f r o m these 
f lu ids d i rec t ly or t h r o u g h h y d r o t h e r m a l 
processes. Thus, these minera l s a re the m a i n 
ca r r i e r s of e lements of this subgroup . 

Columbi te and micas conta in over 95 pe r 
cent of the to ta l of n iob ium and t an t a lum. 
Cassi ter i te is the ma in concent ra tor of t in 
and zirconium, a l though the bu lk of the t in 
is f o u n d in micas. Löl l ingi te is the only 
concen t ra to r of arsenic and columbi te t h a t 
of t i t an ium. 

The z i rconium content in the pegma t i t e is 
f a r below, and the niobium, t in and t a n t a l u m 
contents d is t inct ly h igher t h a n in the ave rage 
grani te . 

The mean contents of t h o r i u m and u r a n i u m 
are also be low the g ran i t e average. T h o r i u m 
is concent ra ted in apat i te , and u r a n i u m in 
columbite . T h e bu lk of the t ho r ium and 
u r a n i u m are, however , in f e ldspars of t h e 
f r a c t u r e and rep lacement zones. U r a n i u m -
rich black microcl ine conta ined 18 p p m U and 
7 p p m Th, and green a lbi te 20 p p m U and 
45 p p m Th. These mine ra l s exhib i t b lack 
submicroscopic powder in the i r micro-
f rac tu res . According to Leonova et al. (1958), 
u r a n i u m occurs in qua r t z and f e ldspa r s as 
discrete submicroscopic u r a n i u m minera l s or 
as sca t te red u r a n i u m molecules, wh ich a re 
absorbed by crys ta l p lanes or de fo rmed 
crys ta l latt ices. 
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