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1 INTRODUCTION

The Siilinjarvi ultramafic alkaline-carbonatite complex is situated some 20 km to the north of the
city of Kuopio in eastern Finland (Fig. 1). The entire complex, about 16 km long and up to 1.5
km wide, covers an area of 14.7 km?. The rocks of the complex comprise (from the oldest to the
youngest) glimmerite, syenite and carbonatite. The complex is intrusive into surrounding granite
gneiss which extends some 100 km to the north from Siilinjarvi (Kauko Puustinen, 1971).

This report deals with rare minerals occurrence and other accessory minerals in studied car-
bonatite and glimmerite rocks. We present petrographic and mineralogical data for the Siilinjarvi
alkaline-carbonatite and associated rocks, to study the nature, abundance, composition, grain-
size distribution, textural relationships and associations of REE-minerals with apatite, phlogopite
and carbonate minerals.
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Figure 1. Geological map of Siilinjarvi, after (Lukkarinen Heikki, 2008).
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2 ANALYTICAL TECHNIQUES

Three samples of Siilinjarvi alkaline-carbonatite were selected as best display based on varieties
of rocks in studied area. Three polished thin section were prepared for petrographical study and
for electron microprobe analyses. Electron microprobe analyses of minerals were performed by the
wavelength dispersive technique using a Cameca SX100 instrument at the Geological Survey of
Finland (GTK) in Espoo. All analyses were determined using an accelerating voltage of 15 kV.
Probe current and beam diameter used were 10-20 nA and 5-10 micrometers depending on the ana-
lyzed mineral. Natural minerals and metals were employed as standards. Analytical results were
corrected using the PAP on-line correction programmed (Pouchou & Pichoir, 1986).

3 PETROLOGY

The samples examined in the present work represent three varieties of rocks were selected from
The Siilinjarvi complex. These rocks including the silico-carbonatite (sample 1215414),
carbonatite-glimmerite (sample 1215415) and apatite-poor glimmerite rock (sample 1215416).

The Siilinjarvi carbonatitic rocks (sample 1215414), which are brecciaed, fine to coarse-grained,
brown-yellowish colour, and strongly enriched in calcite, dolomite and apatite. Phlogopite, ilmenite
and magnetite are also present (Fig. 2a, b). Apatite occurs as coarse grains (1-2mm), prisms and also
as irregular grains. In thin section it is colourless in (PPL) and gray to greenish yellow in (XPL).
Apatite contains inclusions of zircon and REE-minerals as monazite and pyrochlore (Fig. b)

The main constituents of carbonatite-poor glimmerite (sample 1215415) rocks are calcite,
phlogopite and dolomite, with apatite, strontianite, barite, zircon, ilmenite and magnetite as
minor constituents. This samples was represented a typical example of mixing between
carbonatite and glimmerite with large fractured crystals of apatite (Fig. 2c). Calcite has very high
birefringence, with rhombic cleavage visible in many samples and has maximum interference
colours of high order white. Twinning is visible in the grain at Figure (2d), in which all the other
grains exhibit high-order white interference colours. Phlogopite occurs as platelets (0.1-0.2 mm)
and larger anhedral grains, up to 0.2 mm (Fig 2c). They show very strong, distinctive red-brown
to pinkish yellow pleochroism, which may be attributed to high Fe** contents (Mitchell, 1985).
The reverse pleochroism of the anomalous phlogopite is due to Fe 3 + in tetrahedral sites of the
mica structure (Faye and Hogarth, 1969); in this case Al3 + has been partially or completely
replaced by the Fe 3+ ions. Skosyreva et al. (1988) has been mentions that this kind of
phlogopite occurs in most of alkaline carbonatite complexes.

Sample 1215416 was represented apatite-glimmerite rock composed mainly from brown
phlogopite and apatite is dominated. The studied glimmerite rocks are fine to medium grained and
foliated. The amount of phlogopite in the studied glimmerite sample typically more than 80 per cent
by volume and is associated with small amounts of apatite 15per cent by volume. The accessory
minerals include ilmenite, magnetite, calcite, dolomite and pyrochlore. Rutile and zircon occur in
trace amounts. Most phlogopite grains are coarse-grained with averages less than 2 mm in size,
rarely attains 3mm, occurs as thick plates or flake. The plcochroism is rather yellowish brown with
an optic angle less than 15 ~ and weak dispersion (Fig. 2e and f).
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Figure 2. Photomicrographs of studied samples with crossed polarizer. a) Heavily veined and fractured
gouge sample. b) Calcite vein in mudstone filled by coarse twinned calcite cement. c) Calcite vein/patch
within siltstone matrix. d) Calcite patches with intersecting deformation twins. g) Fibrous calcite crystals
are not twinned and not fractured indicating that healing processes outlasted the period of brittle fault-
ing. h) Calcite vein with only few twinned grains, dominantly by a twin set with straight and thin twin la-
mellae.
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4  MINERALOGY

We analyzed the microstructures and microchemical analysis of three samples obtained from
Siilinjarvi Complex. Most minerals were analyzed with spectrometers on Cameca SX100 electron
microprobe using the routine system for the mineralogical laboratory of GTK-Espoo.

Calcite and dolomite

Calcite is the most common carbonate mineral in Siilinjarvi carbonatitic rocks. Its proportion
may locally reach 35 vol. % of the rock in silico-carbonatite, and up to 50 and 85 vol. % in car-
bonatites. Calcite carbonatite appears to be the most common carbonatite present in the samples
examined and may contain accessory magnesium calcite (dolomite), strontianite and apatite
(Figure 2a, b).

The calcite from EMPA shows unperceived variation in terms of its Sr content (~1.4 wt. % SrO).
The Mg, Mn and Fe contents are very minor, and none of the respective oxides attain concentra-
tions above 0.3 wt. % (Table 1). Sr-enrichment is generally characteristic of primary calcite in
carbonatites worldwide; secondary or late-stage calcite invariably shows some depletion in Sr,
probably as result of re-equilibration and recrystallization of the calcite in presence of hydro-
thermal fluids. The liberated strontium from calcite has been recycled to form strontianite.

Major elements (Mg, Ca, Fe, Mn, and Sr) in the dolomite phase were quantified by electron
microprobe analysis (EMPA). Dolomite show homogeneous and limited composition and are, in
general, low in FeO content (between 2.4-2.9 wt %). The SrO and MnO proportions are
consistently low with an average of 0.5 wt% and 0.24 wt% respectively (Table 1).

Table 1. Representative composition of carbonate minerals from carbonatite - glimmerite rocks at Siilin-
jarvi Complex (wt %).

Sample 1215414 1215415 1215416

Mineral Calcite Dolomite Calcite Dolomite Dolomite
Si02 0.00 0.07 0.00 0.17 0.28 0.00 0.02 0.00 0.00 0.00
Al203 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00
Cr203 0.01 0.00 0.01 0.05 0.01 0.00 0.03 0.00 0.00 0.02
FeO 0.49 0.48 2.72 2.93 0.49 0.49 261 2.46 2.14 2.21
MnO 0.28 0.15 0.19 0.25 0.20 0.22 023 021 0.31 0.22
MgO 1.56 0.93 18.27  18.00 1.45 1.60 18.03 18.0 19.00 18.65
CaO 53.26 54.12 28.49 28.23  53.97 53.83 28.17 28.3 28.00 28.09
Na20 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
K20 0.00 0.00 0.01 0.00 0.01 0.00 0.01 0.02 0.00 0.02
SrO 1.41 1.21 0.62 0.42 1.45 1.40 0.62 0.57 0.41 0.45
BaO 0.00 0.00 0.00 0.00 0.04 0.02 0.00 0.00 0.00 0.00
NiO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.02 0.00
ZnO 0.00 0.12 0.13 0.03 0.10 0.14 0.13 0.19 0.15 0.11
S02 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.02 0.02
F 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Cl 0.01 0.02 0.01 0.00 0.02 0.00 0.01 0.00 0.01 0.00
CO2 42.98 42.90 4956 4991  41.99 42.28 50.14 50.3 49.92 50.22
Total 100 100 100 100 100 100 100 100 100 100
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Strontianite

Strontianite is also a carbonate mineral rich in Sr, occurring as nodules or platy crystals enclosed
in calcite and often connected with veins within the calcite (Fig. 3). The chemical composition of
strontianite from studied samples is characterized by noticeable variation in terms of its Ca con-
tent (1-7 wt% of CaO) and low content of other elements includes Ba, La, Ce and Nd (REE203

= 0. 25- 1. 5 wt. %) see (Table).

'(a) 1215414 Skco—carbonatite

strontianite within calcite
-

A0, o

(c) 1215414 silico-carbonatite

!

strontianite

»

(b) 1215414 silico-carbonatite

multiple grains of
strontianite

50, pm

(d) 1215415 carbonatite-glimmerite

Rl

strontianite

Figure 3. Strontianite occurs as very fine grained clouds within calcite (diameter = 9 x 17 - 20 x 50 um).
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Table 2. Representative composition of strontianite from carbonatite - glimmerite rocks at Siilinjarvi
Complex (wt %).

Sample 1215414 1215415

Si02 0.1 0.0 0.0 0.1 0.1 0.0 0.1 0.0 0.1
MgO 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
CaO 7.0 1.9 6.2 2.0 1.1 1.6 1.2 5.3 2.4
Na20 0.0 0.0 0.0 0.1 0.1 0.1 0.1 0.1 0.1
K20 0.0 0.0 0.0 0.1 0.2 0.2 0.1 0.0 0.1
Sr0 50.7 54.9 51.1 54.9 56.7 53.8 55.6 52.5 55.6
BaO 0.0 0.0 0.1 0.1 0.0 0.0 0.3 0.1 0.0
Y203 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Ce203 0.2 0.4 0.2 0.8 1.0 0.9 0.7 0.4 0.8
Nd203 0.0 0.0 0.1 0.1 0.0 0.0 0.0 0.0 0.2
La203 0.0 0.0 0.0 0.2 0.3 0.3 0.2 0.1 0.1
SmO 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.1
Gd203 0.0 0.2 0.0 0.1 0.1 0.1 0.1 0.0 0.1
Dy203 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1
co2 41.8 42.3 42.2 41.0 40.1 42.3 41.6 41.3 40.0
Total 100 100 100 100 100 99 100 100 100

Barite

Barite is a ubiquitous late-stage mineral in carbonatites (e.g., Kapustin 1980). In Siilinjarvi car-
bonatitic rocks, this mineral occurs as scarce minute (<50 _m) inclusions in calcite, or as inter-
growths with strontianite. The barite is show only a small replacement of Ba by Sr (1-4 wt. % of
SrO) and Na (0.2- 0.3 wt. % of Na20) and low proportions of Ca (0.1-0.17 wt.% CaO) see (Ta-
ble 3). Late-stage and secondary barite is typically characterized by low Sr and Ca contents
(Wall & Mariano 1996, Zaitsev et al. 1998).

\

GT K GEOLOGIAN TUTKIMUSKESKUS + GEOLOGISKA FORSKNINGSCENTRALEN *« GEOLOGICAL SURVEY OF FINLAND



Ylatunnisteen tekstirivi 1 7
Ylatunnisteen tekstirivi 2

Table 3. Representative composition of barite from carbonatite - glimmerite rocks at Siilinjarvi Complex
(Wt %).

Sample 1215415 1215416

Sio2 0.00 0.00 0.05 0.18 0.21 0.07
TiO2 0.06 0.13 0.15 0.14 0.00 0.14
Al203 0.71 0.75 0.74 0.73 0.74 0.63
CaO 0.00 0.03 0.02 0.11 0.11 0.17
Na20 0.34 0.32 0.35 0.31 0.31 0.26
K20 0.00 0.00 0.00 0.00 0.01 0.00
Sro 1.7 1.0 1.6 3.9 4.0 3.7
BaO 63.43 63.98 62.69 59.75 60.28 60.6
NiO 0.05 0.00 0.00 0.01 0.00 0.00
Zno 0.00 0.03 0.00 0.20 0.16 0.08
Nb203 0.00 0.03 0.10 0.00 0.03 0.30
SO3 33.66 33.76 33.87 33.08 33.96 335
P205 0.00 0.00 0.00 0.00 0.06 0.03
F 0.02 0.02 0.02 0.02 0.01 0.00
Total 99.99 100.15 99.69 98.53 100.05 99.3

Apatite

Apatite in Siilinjarvi occurs mostly in carbonatite and glimmerite as rounded to irregular or form
perfect hexagonal prismatic crystals. Large and highly fractured apatite crystals (1-2 mm) have
been found within calcite or associated with phlogopite (Fig. 4) The apatite-(CaF) containing the
maximum F content allowable in the structure (2.3-3.5 wt. % F); compositions are typical of car-
bonatites, with strontium average content of 0.8 wt% SrO. The content of SiO2, TiO2, Al203
and MgO in apatite is very low (<0.1 wt%SiO2) or below the detection limit (Table 4).

\
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Phlogopite

Apatite

1000 oy BSE 15 kW
Figure 4. Coarse apatite grains disseminated within phlogopite backgrounds
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Table 4. Representative composition of apatite from carbonatite - glimmerite rocks at Siilinjarvi Com-
plex (wt %).

Sample 1215414 1215415 1215416
Sio2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
TiO2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Al203 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
MgO 0.0 0.0 0.0 0.1 0.0 0.1 0.0 0.0 0.0
CaO 54.5 54,5 54,5 54.4 54.3 54.8 53.1 53.7 54.0
Na20 0.0 0.0 0.0 0.1 0.1 0.0 0.0 0.1 0.1
K20 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Sro 0.8 0.7 0.9 0.8 0.8 0.8 0.8 0.8 0.8
BaO 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
NiO 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Zno 0.0 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.1
Nb203 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
S0O3 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.0 0.0
P205 42.8 429 427 41.9 42.4 42,6 41.9 42,5 42.7
F 2.3 2.6 3.3 3.1 3.0 2.2 3.4 3.2 3.5
F=0 -1.0 -1.1 -1.4 -1.3 -1.3 -0.9 -1.4 -1.4 -1.5
Cl 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Cl=0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total 99.6 99.8 100.0 99.2 99.2 99.5 98.0 99.1 99.8
Pholgopite

The groundmass of glimmerite rock samples are composed mainly of phenocrysts apatite,
phlogopite, and accessory minerals includes amphibole, biotite, chlorite, dolomite, magnetite and
zircon. Phlogopite, occurs as tabular crystals and as lamellar or foliated aggregates or dissemi-
nated flakes (Fig. 4 same fig of apatite). Representative electron microprobe analyses of the
phlogopite are listed in Table (5). Phlogopite is characterized Phlogopite from studied samples is
relatively rich in iron (~9 wt. % Fe203). Content of Mg is stable within the range of 24.1-24.5
wt % MgO in all studied samples. Phlogopite grains exhibit a very low content of F and Ba. The
content of other elements in phlogopite includes TiO2 =0.12-0.27 wt. %, MnO = 0-0.04 and
Ca0=0.01-0.05.

\
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Table 5. Representative composition of phlogopite from carbonatite - glimmerite rocks at Siilinjarvi

Complex (wt %).

Sample 1215415 1215416

Si02 42.25 42.17 41.83 41.85 41.48 41.96
Tio2 0.12 0.10 0.13 0.16 0.27 0.18
Al203 9.42 9.52 9.43 9.23 9.06 9.22
Cr203 0.00 0.01 0.00 0.01 0.05 0.00
V203 0.00 0.00 0.03 0.00 0.00 0.01
FeO 8.62 8.63 8.55 9.06 9.06 8.91
MnO 0.03 0.04 0.00 0.03 0.00 0.00
MgO 24.09 24.36 24.07 24.52 23.77 24.22
CaO 0.03 0.01 0.02 0.05 0.01 0.04
Na20 0.00 0.00 0.00 0.00 0.00 0.00
K20 10.03 10.20 9.87 9.91 10.13 10.00
Sr0 0.00 0.00 0.00 0.00 0.00 0.00
BaO 0.00 0.00 0.00 0.00 0.00 0.00
NiO 0.00 0.00 0.00 0.00 0.00 0.00
ZnO 0.22 0.13 0.20 0.08 0.19 0.05
Nb203 0.00 0.00 0.00 0.00 0.00 0.00
S03 0.00 0.00 0.00 0.00 0.04 0.04
P205 0.06 0.02 0.00 0.00 0.00 0.00
F 0.00 0.00 0.00 0.00 0.00 0.00
Total 94.88 95.20 94.14 94.92 94.07 94.65

Monazite

10

Monazite as occurs as irregular grains and nodules (diameter = 10 x 10 - 12 x 50 pum) inclusions

in calcite and apatite or in contact of calcite and dolomite. It’s found also as filling the fractures
in phlogopite and apatite (Fig. 5). Based on the EMPA data (Table 6), the studied monazite is
strongly enriched in light REE (>67 wt %) as Ce (~38.8%), La (~20.4%), Nd (~7.5%) and Sm

(~0.35%)
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(a) 11215414 gr 1 _ (b) 11215414 gr 2
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Figure 5. Monazite (diameter = 10 x 10 - 12 x 50 um) occurs as inclusions in calcite and apatite or in
contact of calcite, phlogopite and dolomite.
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Table 6. Representative composition of monazite (Ce) from carbonatite - glimmerite rocks at Siilinjarvi
Complex (wt %).

Sample 1215415 1215415

Sio2 0.07 0.18 0.05 0.08 0.41 0.05 0.22 0.24 0.15
TiO2 0.01 0.02 0.09 0.00 0.00 0.03 0.01 0.00 0.00
Al203 0.00 0.02 0.00 0.00 0.00 0.01 0.00 0.00 0.06
FeO 0.02 0.05 0.04 0.07 0.03 0.22 0.13 0.17 0.00
MnO 0.03 0.01 0.09 0.07 0.02 0.01 0.06 0.01 0.06
MgO 0.02 0.02 0.00 0.00 0.00 0.00 0.02 0.00 0.00
CaO 1.35 131 1.35 1.26 1.13 0.03 0.04 0.03 0.05
K20 0.00 0.00 0.00 0.00 0.01 0.04 0.02 0.04 0.00
SrO 0.00 0.00 0.00 0.00 0.00 0.05 0.00 0.00 0.02
BaO 0.05 0.00 0.00 0.00 0.00 0.05 0.05 0.08 0.00
Cs20 0.47 0.51 0.59 0.64 0.48 0.48 0.55 0.51 0.53
P205 29.71 29.45 296 2951 28.70  29.37 29.16 29.53  29.52
uo2 0.00 0.01 0.00 0.00 0.05 0.00 0.09 0.26 0.12
ThO2 0.00 0.04 0.02 0.00 2.15 0.04 0.00 0.00 0.11
WQO3 0.15 0.00 0.02 0.28 0.00 0.22 0.00 0.54 0.08
Y203 0.10 0.00 0.00 0.00 0.06 0.06 0.09 0.07 0.00
Ce203 38.82 38.42 38.3 38.92 35.90 40.20 39.92 39.66 39.34
Nd203 6.64 6.56 6.31 7.30 6.04 8.87 9.12 8.89 8.22
La203 21.81 21.37 224 2139 22.84  18.08 18.01 17.85 19.76
SmO 0.16 0.19 0.30 0.21 0.05 0.48 0.66 0.53 0.49
Gd203 0.00 0.00 0.00 0.00 0.13 0.10 0.20 0.21 0.11
Dy203 0.00 0.00 0.00 0.00 0.03 0.00 0.00 0.00 0.05
F 0.64 0.68 0.64 0.70 0.48 0.65 0.64 0.69 0.72
Cl 0.02 0.05 0.01 0.00 0.01 0.02 0.04 0.01 0.01
Total 99.86 98.79 99.6 100.25 98,57 98.87 98.76 99.15 99.13

Niobium-bearing minerals

Members of the pyrochlore mineral group are the most important Nb mineral, and their concentrates
are produced mainly in carbonatites. The chemical composition of the group is widely variable, with

a general formula X2Y206 (O, OH, F), where X=Ca, Na, Ba, Sr, Pb, U, Th, Mn, REE, Fe, Sn, B,
Sb; Y= Nb. Pyroclore mineral is fine-grained (less than 1 mm in size) and euhedral -subhedral,

forming neat octahedrons. The crystals are generally unzoned but commonly altered. The alteration

patterns are complex, producing several generations of replacements. Niobium-bearing minerals
have been found in two studied samples (11215415 and 11215416) from Siilinjarvi carbonatitic

glimmerite rocks as several minerals includes pyrochlore, barytolamprophyllite

Ba2Na3(Fe,Ti)3(Si207)2(0,0H,F)4 and nioboaeschynite-(Ce), Ce(NbTi)O(6). Pyrochlore
minerals are euhedral, forming sharp octahedrons and usually fine grain size has 50-200 um in

diameter (Fig. 6a, b). These minerals occur scattered among the carbonatite and glimmerite rocks,
but in all the cases associated with phlogopite and dolomite (Fig. 6c).

\

GTK

GEOLOGIAN TUTKIMUSKESKUS + GEOLOGISKA FORSKNINGSCENTRALEN *« GEOLOGICAL SURVEY OF FINLAND



Ylatunnisteen tekstirivi 1
Ylatunnisteen tekstirivi 2

The chemical composition of the pyrochlore from Siilinjarvi carbonatitic glimmerite rocks is en-
riched in Nb (77% Nb205) and Ca (15% CaO) and low content of Ti (2% TiO2), Ta (1.1% Ta205,
F (0.1% F) and RE203 (<3%) see Table (7). Pyrochlore was produced several minerals during the
late stage of replacement and weathering processes such as nioboaeschynite-(Ce) and barytolam-
prophyllite. Pyrochlore crystals becomes restitic during the replacement processes lead to the deple-
tion of Nb (47% Nb205), Ca (5.5% Ca0) and enrichment of Ti (13% TiO2) and RE203 (25%) to
from nioboaeschynite-(Ce) (Table 7). On the other hand, some late generations of pyrochlore during
the weathering processes are enriched in Ba (8% BaO), Sr (5% SrO), U (3% UQO2), F (1% F) and

Ta (17% Ta205) to form barytolamprophyllite (Table 7).

(a) 11215415 gr_1

phlog

&

pyrochlore (Nb-min) within
phologpite

50 pm

(c) 11215416 gr_2

pyrochlore within
phlogopite

50 ym

(b) 11215416 gr_1

A

pyrochlore within phlogopite
flakes

(d) 11215414 gr_4

/

strontianite as inclusion
within calcite

Figure 6. Nb-mineral grains (max.40 x 100 pum) occurred between phlogopite flakes.
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Table 7. Representative composition of Niobium-bearing minerals from carbonatite - glimmerite rocks at
Siilinjarvi Complex (wt %).

Sample 1215415 1215416

Mineral Pyrochlore ‘ Nioboaeschynite-(Ce) barytolamprophyllite

Si02 0.00 0.00 0.00 0.00 0.00 0.00 n.d. n.d. n.d. n.d.
Tio2 1.63 1.99 13.22 12.80 1269 1276 3.86 3.78 3.88 418
Al203 0.00 0.00 0.00 0.00 0.00 0.00 0.04 0.00 0.03 0.01
FeO 013 0.12 0.94 137 0.98 1.09 3.72 8.08 3.65 3.87
MnO 0.00 0.06 0.10 0.05 0.07 0.07 0.00 0.00 0.06 0.03
MgO 0.00 0.03 011 0.00 0.01 0.00 0.22 0.17 0.09 0.19
Ca0 15.09 15.02 5.91 513 5.68 555 5.82 5.78 5.68 6.33
Na20 0.12 0.08 0.00 0.00 0.00 0.00 0.61 0.46 0.68 0.49
K20 0.00 0.00 0.02 0.01 0.00 0.01 0.61 0.53 0.66 051
Sro 0.01 0.06 0.07 0.10 0.04 0.03 5.17 417 4.92 458
BaO 0.00 0.00 0.00 0.00 0.03 0.00 7.53 9.19 6.83 7.05
Cs20 0.04 0.03 018 0.19 0.19 0.18 0.09 0.00 0.00 0.03
P205 0.00 0.00 0.00 0.00 0.00 0.00 0.03 017 0.08 011
uo2 0.00 0.00 0.00 0.00 0.00 0.00 317 222 3.00 271
Tho2 0.00 0.01 0.00 0.00 0.00 0.00 018 011 0.14 0.21
Nb205 77.14 76.33 47.19 46.45 4774 4824 3185 26.85 30.02 29.23
Ta205 1.09 117 1.68 217 1.84 213 18.42 15.57 18.34 18.91
Y203 011 0.19 0.10 0.19 011 013 0.00 0.00 0.00 0.00
Ce203 1.44 1.45 11.90 12.00 1191 1176 0.47 0.50 0.70 0.60
Nd203 1.66 1.76 9.66 10.17 9.32 9.73 0.00 0.00 0.00 0.00
La203 0.09 0.10 1.27 1.39 1.53 1.39 0.08 0.01 0.06 0.01
Smo 015 0.40 151 148 1.54 143 0.00 0.00 0.00 0.09
Gd203 0.30 0.53 0.66 0.89 0.67 0.66 0.00 0.02 0.00 0.14
Dy203 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
F 0.19 0.09 031 0.10 0.18 0.23 0.84 0.80 1.03 0.83
Total 99.41 99.35 94.97 94.59 9515 9556 82.46 83.54 79.55 79.93
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