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In the AE-bearing lead deposit of Korsnäs, apatite is the most common RE-
mineral, monazite is a widespread accessory and allanite is a rare constituent. 
The paper describes one type of each. Also, the physical properties and chemical 
composition of the minerals are presented. The chemical analyses contain 
determinations of the main components, trace elements and distribution of the 
rare earths. Light rare earths abound in each mineral, but slight differences can 
be observed in fractionation. 
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Introduction 

The Korsnäs lead deposit is situated in the 
western coastal area of Finland about 30 km 
south of Vaasa. The deposit, which has earlier 
been described e.g. by Nykänen (1960) and Tuo-
minen (1961), is a heterogeneous body in a 
strongly sheared zone containing pegmatitic 
and calcareous skarn host rocks. In addition to 
lead, an i?Z?-bearing apatite concentrate has also 
been produced at the mine. Korsnäs is famous 
for its rare minerals in crystal forms of which 
apophyllite (Sahama 1965), harmotome (Sahama 
and Lehtinen 1967) and baryte (Papunen 1968) 
have been described. Exploitation has brought 
to light that several of the minerals of the mine 

contain minor amounts of rare earths. This study 
describes the three principal RE minerals, apa-
tite, monazite and allanite. It is evident that, 
taking the deposit as a whole, some mineralogical 
variation exists among the mentioned minerals. 
The described samples are thus considered as 
single examples, not as representatives of the 
whole species. 

Apatite 

Apatite is one of the main minerals of the 
deposit. It occurs as different types in skarns and 
other calcareous host rocks. Idiomorphic crys-
tals have been encountered in several places. 
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However, unlike many other minerals, it only 
very seldom exists as crystal druses in cavities. 

The apatite of this study was collected from 
soft moulded skarn fragments in the limestone 
located on the +50 level (drift 4) of the mine. 
The skarn fragments were up to 1 m in size and 
were altered into chlorite-rich soft mould, which 
contained idiomorphic crystals as hard remnants 
in the lower parts of the fragments. In addition 
to fine-grained galena and pyrite the crystals 
were mainly apatite and monazite. 

The apatite shows typical hexagonal crystal 
forms with well developed hexagonal prisms, 
but the bipyramides or basal pinacoides can only 
be seen in exceptional cases. Instead, basal 
parting is extensive in most of the crystals. The 
surfaces are rough and full of small irregular or 
roundish pits. The lengths of the prisms col-
lected varied from 1 to 20 mm. The mineral is 
greenish-gray and turbid. Under a microscope 
it shows numerous minute inclusions which 
evidently cause the turbidity. Of the inclusion 
minerals, the galena and pyrite crystals are well-
identified as are also calcite and a serpentine-like 
sheet silicate. Most inclusions are, however, too 
small for identification. 

The refractive indices are: co = 1.639 and 
e = 1.634 + 0.001. The cell edges, which were 
determined by X-ray goniometer with quartz as 
the internal standard are: a0 = 6 .900 4- 0 .003Å 

and c0 = 6.900 ± 003; c : a = 0.734. 

Although the apatite was purified by a heavy 
liquid separation for the mineral analysis, the 
final fraction still contained foreign minerals. 
The chemical composition presented in Table 1 
reflects this low purity, because the S i0 2 , C0 2 , 
Pb and S figures are anomalously high. To 
evaluate the positions of the Si and C-atoms the 
formula was calculated on the basis of 10 Ca, RE 
and other replacing atoms (Deer et al. 1962). 
Since now the P-figure alone is close to 6 it 
seems that the C- and Si-atoms originate from 
the inclusion minerals. Of the trace elements, the 
atomic amounts of Pb and S are almost equal 
and also evidently originate from the inclusion 

galena. The almost equal figures for the F and 
OH groups in the formula indicate that the 
apatite is halfway between hydroxyl- and fluor-
apatites. 

TABLE 1 . 

Chemical composition of apatite. Analyzed by O. Lindsjö 

Main components Number of ions on the basis of 10 
(Ca, RE. .) 

AI2O3 . . . . 
MgO . . . . 
CaO 
SrO 
NaaO . . . . 
zrb,O3**) 

Si0 2 

co2 
H2O 
F .. . 

0 . 7 3 
0 . 1 3 
0 . 2 5 

46.6 
0 . 4 0 
0 . 5 6 
6.16 

3 7 . 7 
1 . 2 5 
1 . 7 4 
1 . 0 
1 . 8 

Fe . 
Al . 
Mg 
Ca . 
Sr .. 
Na . 
RE 
P . . 
Si . . 
C .. 
OH 
F .. 

O.ior 
0 . 0 2 8 
0.068 
9 . 1 5 0 
0 . 0 4 3 
0.20 1 
0 . 4 0 9 

5 . 
0 . 
0 

1 . 2 1 7 1 
1 . 0 3 6 J 

Theo-
retical 

formula 

10.00 10 

v. t y j y 
5 . 8 1 0 » 
0 . 2 2 7 } , 
0 . 4 3 2 J 

6 . 4 7 

2 . 2 5 

Total 98.33 

Trace elements 

BaO 
Cr202 

MnO 
CoO 
NiO 
CuO 
ZnO 
CdO 
SnO 
PbO 

u3o8 
S . . . 

0 . 0 1 5 
0 . 0 2 5 
0 . 0 1 3 
0 . 0 6 0 
0 . 0 0 3 
0 . 0 0 4 
0 . 0 0 4 
0. 0 2 7 
0. 006 
0 . 0 2 7 
1.2 
0. 0 1 8 
0. 0 6 1 
0 . 0 6 0 
0.28 

O 24.895 24.90 

Distribution of the rare earths 

SRE^Oz = 6.16 "wt % 

2 

2 4 

Total 1.803 

Sum of the 
1 0 0 . 1 3 3 

analysis 

Y2O3 . 
La 2 0 3 

Ce0 2 . 
i \ o „ 
Nd,0 , 

Gd 2 0 3 

Tb 4 0 7 

Dy2o3 
Ho 2 0 3 

Er 2 0 3 

Tm2Ö3 

Y b 2 0 3 

L U 2 0 3 

ThO, . 

2.9 
14.3 
40. o 

7 . 5 
2 4 . 5 

4.3 
0.96 
2.4 
0.21 
0 . 7 5 
0.12 
0.18 
0.020 
0 .081 

1 . 1 6 

Total 99.3 81 

» ) Fe ,O s = total Fe as Fe ,O s 

**) E R E Z 0 3 includes all the rare earths as wel l as Sc, Y and Th 

Monazite 

Monazite is a common accessory mineral of 
the deposit. It generally exists as very small 
crystals and becomes apparent only by mineral 
separation of the samples. 

The monazite described here was collected 
from the same soft skarn mould on the +50 m 
level of the mine as the apatites mentioned 
above. These monazite crystals ranged in size 
from 0.5 mm to 3 mm. They often had rough 
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surfaces, but, in addition, some well-formed 
crystals were also found. The crystals are 
elongated in the b-axis direction and usually 
slightly flattened parallel to (100). The follow-
ing crystal forms were recorded in well-formed 
crystals: (100) (101) (110) (010) and (101). 

The mineral is yellow-brown, and the grains 
are fresh and clear. The cleavages along (100) 
and (010) are only rarely to be seen in thin 
section suggesting that the mineral is not 
altered (Molloy 1959). The refractive indices 
presented in Table 3 were measured by an 
immersion method with high refractive liquids, 
2V by Mallard's method (Bloss 1961) and the 
specific gravity by a pycnometer with toluene as 
a reference liquid. The cell dimensions were 
determined from precession photographs. 

TABLE 2 . 

Chemical composition of monazite. Analyzed by 
O. Lindsjö 

Main components Number of ions on the basis of 16 O 

Ca 
Theo-

CaO 0 . 6 3 Ca . 1 0 5 ' retical 
Fe203*) .. 0 . 3 3 Fe . 0 3 9 formula 

MgO . . . . 0 . 2 3 Mg . . . . . 0 5 3 

NaaO . . . . 0 . 2 4 . Na . 0 7 3 4 . 3 1 4 . 0 

AI2O3 . . . . 0.28 Al . 0 5 1 

PbO 0 . 2 7 Pb . 0 1 1 

ZRE2 O 3**) 6 9 . 8 8 RE . . . . 3 . 9 7 5 

P2O5 25.7 P 3 . 3 9 2 ^ 
3 . 8 0 4 . 0 

s i o 2 2 . 6 0 Si . 4 0 5 
3 . 8 0 4 . 0 

Total 100.16 

Trace elements 

Li 2 0 0 . 0 0 2 

K 2O O.oi 
SrO O.io 
BaO 0 . 0 5 2 

v 2 o 5 . . . . 0 . 0 3 2 

MnO . . . . 0 . 0 1 0 

NiO 0 . 0 0 6 

CuO 0 . 0 0 3 

ZnO 0 . 0 4 5 

CdO 0 . 0 0 1 

Sb 2 0 3 . . . . 0 . 0 4 3 

Bi2Os . . . . 0. 0 3 0 

u 3 o 8 . . . . 0 . 0 0 7 

Total 0 . 3 4 1 

Distribution of the rare-earths 

ZRE20.**) = 69 .88 Wt 
Sc 20 3 

Y,Oa 

Sum of the analysis: 
1 0 0 . 5 0 1 

Ce0 2 . 
P*<Ai 
Nd 2 0 3 

Sm 2 0 3 

EU203 

Gd 2 0 3 

Tb 4 0 7 

Dy 2 0 3 

Ho 20 3 

Er 2 0 3 

Tm 2 0 3 

Y b 2 0 3 

LU203 

ThOo . 

0.2 
26.6 
48 . 4 

5.6 
16 . 4 

1 . 7 
0 . 3 0 
0.62 
0.06 
0 . 0 9 1 
0.017 

0 . 0 0 3 

0.22 

% 

Total 100.211 
*) Fe sO, = total Fe as Fe,O s 

*) SRE2Os includes all the rare earths and Sc, Y and Th. 

TABLE 3 . 

Monazite, Korsnäs 

cell dimensions: monoclinic 
a ü = 6 . 4 7 5 Å ± 0 . 0 0 5 A 

b0 = 6 . 9 9 7 A 

C - 6 . 7 7 7 A 

ß = 76°40' 

axial ratio: a : b : c = 0 . 925 : 1 : 0 . 969 

refractive indices: 
a = 1 . 7 9 2 fi = 1 . 8 0 0 y = 1 . 8 4 0 ± 0. 0 0 3 
ZVy = 11° ± 0.5 

Density: D = 5.23 g/cm3 

optic orientation: 
all b optic axial plane is perpendicular to (010) 
ßA a = 7° 
yA c = 6° 

The chemical composition and the calculated 
formula (Table 2) indicate a slight excess of 
RE and replacing atoms and a deficiency of 
P + Si. Si seems to replace P in the monazite 
because the inclusion silicates are rare in the 
analyzed crystals. 

The amount of Th is low, 0 .15%, and the 
mineral thus belongs to the group of (almost) 
thorium-free monazites. The order of distribu-
tion of the rare earths is as follows: Ce > La > 
Nd > Pr > Sm, which according to Deer et al. 
(1962) holds true for most monazites. 

Allanite 

Occurrence 

During the exploration of the deposit a black 
mineral was found in drill core KR 214 on a 
deep level (358.1 m). On closer examination the 
mineral proved to be allanite. Later on, the 
same species was also met with occasionally 
among the carbonate minerals in some other 
localities of the deposit. The mineral described 
is from the forementioned drill core. 

The allanite-bearing rock is a skarn which 
also contains pale green diopside, tremolite and 
calcite as main minerals. Sphene is the most 
common of the accessories, quartz is rare as are 
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also sulfides, galena and pyrite, which occur as 
irregular specks in the calcite. About 50 vol 
percent of the sample is ailanite. It seems almost 
black with the naked eye and its lustre resembles 
that of the metallic oxides. It occurs as laths 
elongated in the direction of the b-axis and 
measures up to 25 mm in length and 1.5 mm in 
diameter. The ailanite prisms are intersected by 
diopside, tremolite and occasionally also by 
calcite grains. The crystal form of ailanite, 
mainly (101), is visible only in exceptional cases. 
The ailanite is pure without any pigmenting 
matter. The only inclusions are the rare small 
liquid-gas inclusions ranging in size from 1 to 
5 /u. 

Physical properties 

In thin section the mineral is pleochroic with 
a = light brown ß = brown, y = greenish brown 
and the absorption a < ß < y. The extinction 
is not even and the extinction angle varies 
slightly in different parts of the same grain as 
does also the birefricence. The refration indices 
measured by the immersion method proved to 
be: 

a — 1 . 7 3 8 ß — 1 . 7 4 4 y = 1 . 7 5 3 ± 0 . 0 0 1 

and the birefricence y — a =0.015. The birefri-
cence was also measured by a Berek compensator 
from a thin section (0.11 mm thick) before and 
after the heat treatment. After heating for 6 
hours at 750°C, the birefricence increased about 
10 % (12 % was the mean of three determina-
tions). The brown color of the mineral also 
deepened evidently due to the oxidation of the 
iron, but it seems that the heating also caused 
perfection of the lattice and increased the 
birefricence. Thed ensity, measured by a pycno-
meter, was 3.69 g/cm3 before and 3.82 g/cm3 

after the heat treatment. 
The lattice parameters were measured by a 

Weissenberg single crystal method using a 
calibrated copper wire as standard. The para-
meters as well as the d-vaiues of unheated 

T A B L E 4 . 

Crystal data of Korsnäs ailanite 

Cel l d imens ions (unseated) : 

a0 = 1 0 . 1 4 5 ± 0 . 0 0 5 Å 

B0 = 5 . 7 0 ± 0 . 0 1 A 

monoc l in ic 

B = 1 1 4 ° 3 6 ' 

V„ 4 6 9 . 8 A 3 

C0 — 8 . 9 3 6 ± 0 . 0 0 5 Å a : b : c = 1 . 7 8 0 : 1 : 1 . 5 6 8 

(/-values (Wide angle diffraction goniometer, chart speed 
%°/min, Fe-rad, Si internal standard) 

unheated sample 

III- d 

3 0 

3 0 

100 
80 

5 0 

3 0 

3 0 

3 0 

10 

10 

3 . 5 2 

3 . 2 5 

2 . 9 3 

2 . 8 6 2 

2 . 7 1 5 

2 . 6 3 

2 . 4 4 0 

2 . 4 1 5 

2 . 186 

1 . 8 9 2 

heated 6h 

Uh 

+ 800° C 

3 0 

20 
100 
20 
20 
80 
5 0 

10 
10 
10 
10 

5 

3 . 5 0 

3 . 2 3 

2 . 9 2 5 

2 . 8 4 5 

2.81 
2 . 6 9 

2 . 6 1 4 

2 . 4 0 5 

2 . 1 4 0 

2 . 1 3 3 

1 . 8 8 6 

1 . 6 4 8 

samples are presented in Table 4. Heating 
brought about a slight reduction in the lattice 
dimensions, which agrees with the observation 
of increasing density. Thus, it seems that, 
although the mineral is metamictic, it is only 
faintly so, because the transformations of the 
physical constants during heating are slight. 

Chemical composition 

The chemical composition of ailanite is 
presented in Table 5. The mineral was separated 
by a Clerici solution with the result that the 
foreign minerals in the analyzed sample did not 
exceed 0.3 volume percent. According to 
Hasegava (1960), the formula of ailanite in 
generalized form is: 

(Ca2_nCen)2 (Fe+2 Fe+Jn) (Fe+3 A1 2_J 2 Si301 2 

(OH) 

The oxidation state of iron was not determined 
for the ailanite described here, so that the m and 
n values of the forementioned formula cannot be 



Apatite, monazite and allanite; three rare earth minerals from Korsnäs, Finland 127 

TADLE 5 . 

Main components 

wt % 

S i o 2 . . . . 34.9 
T i 0 2 0 . 1 7 

Fe 2 0 3 *) . . 9.6 
AI2O3 . . . . 18.0 
Cr 2 0 3 . . . . 0 . 8 9 
CaO 12.6 
SrO 0 . 8 7 

MgO . . . . 2.0 
MnO . . . . 0.26 
LREX 0 3 * * ) 19.20 
H2O 1 . 6 5 

Total 100.14 

*) Fc jO, = total Fe a 

Chemical composition of allanite. Analyzed by O. Lindsjö 

Number of ions on the basis of 13 (O, OH) 
Theo-
retical 

formula 

Si . . . 3 . 0 8 6 3 . 0 9 3 . 0 

Fe . . . . 0 . 6 3 9 "I I 
AI . . . . 1 . 8 7 6 1 I 2 . 0 0 2 . 0 
Cr . . . . 0 . 0 5 7 J 1 
Mg . . . 0 . 2 6 4 ] I 
Ti . . . . O.ou 1 0 . 8 5 1 . 0 
Fe . . . . . . . ( 0 . 5 2 ) J f 
Ca . . . . 1 . 1 9 4 ] I 
Sr . . . . 0 . 0 4 5 1 

2 . 0 Mn . . . 0 . 0 2 0 I 
2 . 0 

RE ... 0 . 6 2 2 J 

H . . . . . . . . 0 . 9 7 4 0 . 9 7 1 . 0 

**) includes all the rare earths and Sc, Y and Th 

Trace elements (wt % ) Distribution of the rare earths 

N a 2 0 . . . . . . 0.036 s r e 2 o 3 = 19.20 Wt % 
K , 0 . . . . . . . 0.004 Sc 2 0 3 0.00 5 
BaO . . . . . . . 0.007 Y2O3 O.io 
v 2 o 5 . . . . . . 0.11 L a 2 0 3 31.7 
CoO . . . 0 . 0 0 4 Ce0 2 4 9 . 4 
NiO . . . 0.008 Pr6Ou 4.5 
CuO . . . 0. 0 0 4 Nd2Oa 12.4 
ZnO . . . 0 . 0 6 7 S m 2 0 3 0.83 
CdO . . . 0 . 0 0 0 7 E u 2 0 3 0.16 
PbO . . . . . . . 0 . 0 2 0 Gd 2 0 3 0.28 
Sb2Os . . . . . . 0. 0 3 2 T b 4 0 7 0 . 0 3 1 
Bi 2 0 3 . . . . . . 0 . 0 1 5 D y 2 0 3 0 . 0 3 7 
u 3 o 8 . . . . .. O.ooi H o 2 0 3 0 . 0 0 9 
p 2 o 5 . . . . . . . 0 . 0 0 4 E r 2 0 3 — 

Co 2 . . . 0 . 1 0 T m 2 0 3 — 

F . . . 0.026 Y b 2 0 3 0 . 0 0 7 
S . . . 0. 09 LU 20 3 — 

ThOa 0.28 

Total 0.52 87 

Sum of the analysis: 100.6687 

Total 99.7 39 

directly determined. They can be calculated, 
however, from the number of Al and RE-ions 
presented in Table 5. The amount of AI + Cr 
gives a value of 0.13 for m and that of RE atoms 
gives 0.62 for n. The number of atoms on the 
basis of 13 (O, OH) agrees very well with the 
formula of Hasegava (1960). The magnesium-
content of the Korsnäs allanite is considerably 
higher than that reported e.g. by Deer et al. (1962) 
for allanites in general. However, Geijer (1927) 
reports a magnesium orthite from Norberg, 
Sweden, which contains up to 14.5 % MgO. The 
Korsnäs allanite seems to be a member of an 
allanite to magnesian allanite series. It is also 
possible that this solid solution is complete as 
proposed by Winchell and Winchell (1959). 

Distribution of the rare earths 

The abundances of the different rare earths are 
presented in Tables 1, 2 and 5. During the 
analytical procedure the rare earth group was 
separated and the different elements were 

4 8 90 1 — 7 2 

determined from the RE precipitate by atomic 
absorption spectroscopy with the exception of 
Ce and Th, which were determined photo-
metrically. The abundances are presented as 
weight percentages from the sum of the whole 
precipitate (Kinnunen and Lindsjö 1967). 

Fig. 1, which depicts the abundances of the 
elements, indicates that the Oddo-Harkins rule 
holds true for each sample. The light rare earths 
abound in all of the minerals. Slight differences 
exist, however, in fractionation. The relative 
abundances presented in Fig. 2 show that the 
apatite contains a slight excess of heavy rare 
earths in respect to monazite and especially to 
allanite. The fractionation may be dependent on 
the prevailing P—T conditions during crystalli-
zation, but the determination of the relations 
needs further analytical and synthetic studies. 
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FIG. 1. Distribution of rare earths between the ailanite, monazite and apatite of Korsnäs. The total sum of 
Ä ß 2 0 3 has been calculated as 100 %. 
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FIG. 2. The relative abundances of different rare earth elements in the monazite and ailanite in respect to apatite. 
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