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Compositional variation in columbite-group minerals
from different types of granitic pegmatites
of the Eréjirvi district, South Finland

Variace chemického sloZeni minerdhi columbitové skupiny
v riiznych typech granitickych pegmatitii oblasti Eréjirvi

sex

nim Finsku (Czech summary)

(8 text-figs, 4 tabs)
SEPPO 1. LAHTI
Geological Survey of Finland, P. O. Box 96, 02151 Espoo, Finland

Compositional variation of columbite-group minerals in different LCT-types of granitic pegmatites of the Erdjarvi district, Orivesi, South
Finland, was studied by 611 electron-microprobe analyses of 145 crystals that were collected from 30 beryl-columbite pegmatites, 15 beryl-
columbite-phosphate pegmatites and one complex pegmatite of the amblygonite subtype. Fe, Mn, Nb and Ta dominate the composition,
but the minerals may include some Ti (< 0.1 apfu) and Sn, W, and Sc (< 0.05 apfu each) as well. Progressive enrichment of Mn and Ta in
columbite-group minerals from the most primitive beryl-columbite pegmatites to the highly fractioned complex pegmatites is a significant
overall feature in the pegmatite sequence, although the increase in both Mn/(Mn+Fe) and Ta/(Ta+Nb) in the mineral is not proportional in
the different types of the dykes. The average values of Mn/(Mn+Fe) and Ta/(Ta+Nb) in the columbite-group minerals increase markedly
from beryl-columbite pegmatites (0.39 and 0.24, respectively) to beryl-columbite-phosphate pegmatites (0.47 and 0.48, respectively), and
the values are highest in the Viitaniemi amblygonite pegmatite (0.79 and 0.51, respectively).

In the beryl-columbite pegmatites, the variation in Mn/(Mn+Fe) of columbite-group minerals is extensive, but that of Ta/(Ta+Nb) limited.
Ferrocolumbite is most common and manganocolumbite is encountered in the more evolved dykes of this category. In the beryl-colum-
bite-phosphate pegmatites, which also contain triphylite-lithiophilite as a characteristic accessory mineral, Ta/(Ta+Nb) increases much
more than Mn/(Mn+Fe) during pegmatite evolution. Ferrocolumbite occurs in the marginal, ferrotantalite and minor manganocolumbite
in the central parts of the dykes. Concomitant increase in Mn/(Mn+Fe) and Ta/(Ta+Nb) with pegmatite evolution is characteristic of
columbite-group minerals from the complex pegmatites enriched in Li minerals such as elbaite, lepidolite, spodumene and amblygonite-
montebrasite. Manganocolumbite and manganotantalite are characteristic of this type of dykes, but their marginal zones may also contain
minor ferrocolumbite. The compositional trend of columbite-group minerals from the Viitaniemi pegmatite, a typical complex pegmatite
of the amblygonite subtype, extends from the ferrocolumbite field through the manganocolumbite field up toward the manganotantalite
comner of the columbite quadrilateral.

Key words: ferrocolumbite, ferrotantalite, manganocolumbite, manganotantalite, chemical composition, granitic pegmatite, granite, Pro-
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Introduction

A spectrum of various LCT-types of rare-element peg-
matites enriched in B, Be, Li, Rb, Cs, Nb, Ta, Sn and P
occurs in the Erdjirvi district, Orivesi, South Finland
(Lahti 1981, 1989). For this study a number of colum-
bite (Fe,Mn)(Nb),0, — tantalite (Fe,Mn)(Ta),0O, and oth-
er Nb-Ta mineral samples were collected from the peg-
matites and analysed using electron-microprobe methods.
Compositional variation in columbite-group minerals
between the various types of the pegmatites and between
the different parts of individual dykes is discussed.

The mineral samples were collected during petrolog-
ical mapping in nineteen seventies and eighties, and lat-
er during detailed pegmatite studies. Preliminary data on
composition and zoning of columbite-group minerals in
the pegmatites have been reported in earlier publications
by the author (Lahti 1981, 1984, 1986, 1987). For this
study all the analytical data on Erdjdrvi columbite-group
minerals were collected and a number of new Nb-Ta min-
eral samples were studied.

Small-scale mining has been carried out in the district
from the beginning of this century, but the quarries are

not operated nowadays. Altogether about 30 dykes, most
of them relatively small rare-element pegmatites, have
been mined mainly for feldspar, quartz, beryl and colum-
bite-group minerals.

Geology and distribution of the pegmatites

The Erdjédrvi district is situated in the eastern part of the
Early Proterozoic Tampere schist belt, South Finland
(Fig. 1). The rocks were metamorphosed in amphibolite-
facies conditions, and intruded by various plutonic rocks
during the Svecokarelian orogeny 1.80-1.90 Ga ago.
Field observations and radiometric dating indicate that
the rare-element pegmatites are Svecofennian late- or
postmetamorphic rocks (Lahti 1981).

The pegmatites occur as tabular dykes or lenses usu-
ally following the east-west-trending foliation of the
metamorphic host rocks. Most of the rare-element peg-
matites are associated with granite and pegmatitic gran-
ite intrusions located in the southern and western parts
of the research area. Broad pegmatite dykes and lenses
occur in the granite itself, but especially in the surround-
ing schists close to the contacts of the granitic stocks.



108

Journal of the Czech Geological Society 45/1-2(2000)

= —_—
O

7 N AN 2
'\, kuvasvuoml /<" =~

-\ GRANITE _ 7\*

Y -

3

X

7

SYRJANMAKI
*

3 km

2 / = /
A SKEP’FQL N}M;:{ /(i.lklm Tsi\/
& w

PEGMATITIC GRANITE

—

|
1

— T

y

*x -

HELSINKI

2. [x X

7. & 8.

1. [
6. 77

Fig. 1. Geological map of the Erdjérvi district showing distribution of the rare-element pegmatites. Explanations: 1 — granite, 2 — pegmatitic
granite, 3 — diorite and gabbro, 4 — tonalite and quartz diorite, 5 — mica schist, minor metavolcanics, 6 — beryl-columbite pegmatites, 7 — beryl-
columbite-phosphate pegmatites and complex pegmatites, 8 — quarry. Minor rare-element pegmatites around the Seppilidnranta and Keskimetsi

dyke swarms could not be marked in the map because of large number of the dykes.

Mineralogy and classification

Beryl, columbite-group minerals and cassiterite are char-
acteristic accessories, in addition to schorl, fluorapatite
and garnet, in most of the rare-element pegmatites in the
research area, but a number of the dykes contain vari-
ous Li silicates and Li phosphates as well. A list of the
typical accessory minerals discovered in the dykes stud-
ied in detail is given in Table 1. Detailed descriptions of
the Ppegmatite minerals are given by Volborth (1954),
Lahti (1981, 1986, 1987, 1988), Lahti et al. 1983, Lahti
— Saikkonen 1985 and Teertstra et al. (1993).

Columbite-group minerals usually form 0.5 to 5 cm-
long platy or columnar prismatic crystals or crystal ag-
gregates. Larger crystals weighing 0.x to a few kilograms
are rare. The colour, of the mineral is black, but the vari-
eties rich in Ta and Mn may be brown, resembling cas-
siterite, wodginite and ferrotapiolite, which also occur
sporadically in the pegmatites.

The Eridjarvi rare-element pegmatites are distinctly
zoned. The dykes are composed of a fine-grained bor-
der zone abutting the wall rock, a wall zone (or zones)

and an intermediate zone, which is composed of a very
coarse-grained pegmatite and occupies the central parts
of the dykes (see Lahti 1981). Large lenticular or irreg-
ular quartz cores surrounded by blocky crystals of mi-
crocline-perthite are characteristic of the cores of the
dykes. Beryl, Nb-Ta minerals, Li minerals and other rare
minerals are concentrated in the intermediate zone; they
are enriched in the albite-rich units between the blocky
microcline crystals and in the branching intraformation-
al dykes commonly characterised by platy or saccharoi-
dal albite.

In total about 70 rare-element pegmatites are known
in the research area. Following the generally accepted
classification by Cerny (1990, 1991, 1992), the pegma-
tites are beryl-columbite, beryl-columbite-phosphate and
complex pegmatites enriched in Li minerals. About 50
of the rare-element pegmatites are various beryl-colum-
bite pegmatites, subtypes of the beryl type. Beryl-colum-
bite pegmatites are less evolved and contain beryl and
columbite as typical accessories with fluorapatite and
garnet. Schorl is also common and is usually the main
accessory mineral in the dykes.
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Triphylite-lithiophilite is characteristic of the beryl-
columbite-phosphate pegmatites in addition to the above-
mentioned minerals. The author has discovered a total of
20 triphylite-lithiophilite-bearing pegmatites in the district
and seven of them contain, in addition, variable amounts
of other Li minerals such as lepidolite, elbaitic tourmaline,
spodumene and amblygonite-montebrasite. Most of these
pegmatites can be regarded as varieties of beryl-columbite-

Table 1. Characteristic accessory minerals in the Viitaniemi am-
blygonite pegmatite, in the beryl-columbite-phosphate pegmatites
(Hannula, Keskimetsi, Seppilinranta) and in the beryl-columbite peg-
matites (Erdipyhd, Juurakko, Niemeld).

centrations in the pegmatites. Both of them were discov-
ered in seven beryl-columbite-phosphate pegmatites.
Spodumene occurs in five dykes, but it is exceptionally
enriched in only a single dyke. Three phosphate-rich
Li pegmatites contain, in addition to triphylite-lithiophi-
lite and fluorapatite, variable amounts of amblygonite-
montebrasite. The mineral forms large crystals in the
Seppildnranta dyke east of Lake Erdjdrvi, but it is excep-
tionally enriched in the Viitaniemi pegmatite one kilo-
metre north of the above-mentioned dyke. The Viitani-
emi pegmatite has all the typical features of the complex
pegmatites, and it is classified as a member of the am-
blygonite subtype.

Hydrous Fe, Mn-phosphates| © ° . )

phosphate pegmatites rather than separate members of the
complex pegmatite group, because triphylite-lithiophilite
is the predominant Li mineral in them.
Triphylite-lithiophilite occurs in the pegmatites as nod-
ules and crystal accumulations measuring from a few
centimetres up to a few decimetres. The mineral is often
replaced by alluaudite-varulite, ferrisicklerite-sicklerite
and heterosite-purpurite. In addition, numerous hydrous
Fe-Mn phosphates occur as alteration products of triph-
ylite-lithiophilite. Preliminary chemical analyses indicate
that triphylite is characteristic of the poorly-fractionated
beryl-columbite-phosphate pegmatites and the Mn-end
member lithiophilite is found in the more-fractionated
pegmatites with amblygonite and various Li silicates.
In addition to triphylite-lithiophilite, green or red el-
baitic tourmaline and lepidolite indicate increased Li con-
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Mineral e 2 N was determined in samples from 46 rare-element pegma-
Ferrocolumbite : i I S MR IR G M tite dykes. This study is based on 611 chemical analyses
:Ia“gam:l‘fl“mb“e M S N N N N0 of 145 crystals (Table 2). In addition, the composition
CHOtantate of the other Nb-Ta minerals such as ferrotapiolite, man-
Manganotantalite . . < 3 .. o - -
Ferrotapiolite " . ganotapiolite, wodginite, ixiolite, microlite, niobian and
Microlite-pyrochlore . PN B B R tantalian rutile, were determined from a few selected peg-
Wodginite . matites studied in detail. The data used for this study
Ixiolite o | . o | e come from 30 beryl-columbite pegmatites, 15 beryl-
Niobian-tantalian rutile .
Cassiterite . . . . . . N
Beryl . o . N . o o Table 2. Sampling and analytical statistics.
Bertrandit . . | .
S:hofln = " " N ; N N N P ) Number of | Number of | Number of
- egmatite type dykes crystals analyses

Elbaite . . 5
Lepidolite ° ° Beryl-columbite peg-
Topaz . . . matites, narrow dykes 16 18 113
Almandine- spessartine o . . ° . (width <5m)
Zircon . . . . . .
Apatite . . . . . . o Beryl-columbite peg-
Triphylite o o . N matites, broad dykes 14 70 223
Lithiophilite . . (width>5m)
Sicklerife-ferrisicl.(lerite . . . . Beryl-columbite-phos-
Heterosite-purpurite M : ° phate pegmatites, nar- 6 26 85
Varulite-alluaudite o . . o row dykes (width <5m)

Beryl-columbite-phos-
phate pegmatites, broad 9 17 123
dykes (width>5m)

Amblygonite pegmatite
(Viitaniemi)

Total 49 145 611

columbite-phosphate-pegmatites including amblygonite-,
spodumene- and lepidolite-bearing varieties, and from the
Viitaniemi amblygonite pegmatite (Tables 2 and 3).
Polished thin sections were made from the samples of
columbite-group minerals and studied first in reflected
light. X-ray powder-diffraction methods were used in
mineral identification. The analytical points were marked
on the photographs taken from the surface of the sections.
The main elements Fe, Mn, Ta and Nb as well as the
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minor elements Ti, W, Sn, Sc, Mg and Ca were analysed
at the Geological Survey of Finland. Backscattered elec-
tron images and X-ray composition images were taken
first to record zoning and heterogeneity of most speci-
mens before the quantitative analysis.

About one half of the analyses — the oldest determi-
nations — were done with a Jeol Superprobe 733 elec-
tron microprobe using an accelerating potential of about
15 kV, specimen current 100 nA and beam diameter
1-15 pum. The standards were: manganocolumbite (for
Mn, Fe, Nb, Ta and W), ilmenite (Ti), cassiterite (Sn),
antimony (Sb) and wollastonite (Ca). The second half of
the chemical analyses performed more recently were
done with a Cameca SX 50 electron microprobe using
metal standards. Normally three points of each crystal
were analysed and 3-7 additional points from the inho-
mogeneous crystals.

Results of the chemical analyses are presented as val-
ues of atomic ratios of the main elements in the colum-
bite quadrilateral. The composition of columbite-group
minerals from the narrow (width 0.5-5.0 m) and broad
(width > 5 m) beryl-columbite pegmatites, beryl-colum-
bite-phosphate pegmatites and from the Viitaniemi am-
blygonite pegmatite are shown separately in Figs 2, 4
and 6.

Detailed studies were carried out in three selected
beryl-columbite pegmatites, (Erdpyhd, Niemeld and
Juurakko), in three beryl-columbite-phosphate pegmatites
(Seppéldnranta, Keskimetsd and Hannula) and in the Vi-
itaniemi complex pegmatite. The composition of 10—
20 crystals from different parts of each dyke was analy-
sed. The compositions and the fractionation trends of
columbite-group minerals for these seven pegmatites are
presented in Figs 3, 5, 6 and 8. Representative analyti-
cal data of the columbite-group minerals from the peg-
matites studied in detail are given in Table 3.

Most of the crystals of the columbite-group minerals
display only minute compositional zoning characterized
by substitution of Nb by Ta and Fe by Mn. The new
chemical data confirm the earlier observations by the
author (Lahti 1987). Larger compositional variations,
oscillatory zoning or more complex zoning textures
occur locally in crystals from narrow beryl-columbite and
beryl-columbite-phosphate pegmatites. The chemical data
of the zoned crystals seem to plot within the general com-
position trend of the mineral in the parent pegmatite
dykes.

Columbite-group minerals in the beryl-columbite
pegmatites

The beryl-columbite pegmatites are mineralogically and
geochemically the most primitive rare-element pegma-
tites in the district. Columbite-group minerals from the
beryl-columbite pegmatites are characterised by Fe>Mn
and Nb>Ta. The compositions are concentrated in the
ferrocolumbite and manganocolumbite quadrants of the
columbite quadrilateral (Fig. 2).
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Fig. 2. Compositional variation of columbite-group minerals (at. ra-
tios) in beryl-columbite pegmatites. Spots — samples from thinner
dykes, triangles — samples from broader dykes.

The average of Ta/(Ta+Nb) is very low, only 0.23, and
it is almost the same in the narrow and broad dykes (Ta-
ble 4). Almost all of the compositions analysed from the
narrow dykes plot in the ferrocolumbite field, but the
data from the broad dykes are distributed in both ferro-
columbite and manganocolumbite fields. The average
Mn/(Mn+Fe) is only 0.31 in the narrow dykes, but much
higher, 0.47, in the broad dykes (Table 4).

Columbite-group minerals in selected individual dykes

Compositional variation of columbite-group minerals in
three selected beryl-columbite pegmatite dykes (Niemeli,
Juurakko and Eridpyhi) was studied in detail. The Juurak-
ko and Erdpyhd pegmatites are located close to the con-
tact of the Kuivasvuori granite intrusion in the western
part of the research area. Both occurrences seem to be
lens-like bodies, although their exact dimensions and
shape are unknown. The Niemeld pegmatite dyke is sev-
eral hundred metres long, located in mica schists far away
from granites in the eastern part of the district (Fig. 1).

Although the pegmatites are mineralogically quite sim-
ilar, the internal structures in the Juurakko and Niemel4
dykes are much more complex than in the Erdpyhé peg-
matite. All the dykes are relatively broad (maximum
width >10 m) and well-zoned. Large, lenticular or round
quartz cores surrounded by blocky crystals of microcline-
perthite are characteristic of the central parts of the
dykes.

In the Juurakko and Niemeld dykes, irregular units of
albite-rich pegmatite occur between the microcline crys-
tals close to the quartz cores. Different kinds of intrafor-
mational dykes composed of variable amounts of micro-
cline, albite, quartz and muscovite are characteristic of
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Table 3. Representative analytical data (wt. %; the cations on the basis of 6 oxygen/formula unit) from the columbite-group minerals of the
Erdjdrvi district. Samples 1-12 from beryl-columbite pegmatites (1, 6, 7, 8 from Eriipyh4; 2, 5, 9, 11, 12 from Juurakko; 3, 4, 10 from
Niemeld), samples 13~24 from beryl-columbite-phosphate pegmatites (13, 14, 16, 23 from Hannula; 17, 18, 22 from Keskimetsd; 15, 19, 20,
21, 24 from Seppildnranta), samples 25-36 from the Viitaniemi amblygonite pegmatite. Electron microprobe analyses done at the Geological
Survey of Finland.

1 2 3 4 5 6 7 8 9 10 11 12
WO, 1.09 091 066 058 094 070 106 099 099 0.64 092 042
Ta, O, 879 10.17 1096 1193 11.74 1220 1695 21.87 21.87 2632 3630 41.06
Nb,O, 6724 6735 67.65 66.61 6547 65.80 61.73 57.06 57.06 51.33 40.81 37.59
TiO, 072 065 045 042 086 080 046 125 125 025 149 219
SnO, 005 0.10 007 004 004 020 003 017 017 0.11 039 045
Sc,0, 0.19 023 0.6 0.11 043 - 021 017 017 053 028 053
FeO 12.36  11.52 12.38 11.10 13.05 1590 743 1389 1389 799 036 13.52
MnO 825 803 824 903 718 500 1251 534 534 1082 17.60 3.91
Total 98.71 98.96 100.63 99.82 99.79 100.60 100.38 100.86 100.86 98.02 98.23 99.83
\d 002 001 o001 001 001 001 002 002 0.02 0.01 002 001
Ta 0.14 016 017 019 019 019 028 036 036 046 066 0.75
Nb 1.80 18 179 178 175 175 168 157 157 149 123 1.13
Ti 003 003 002 002 004 004 002 006 006 001 0.07 o0.11
Sn 000 000 0.00 000 0.0 000 000 000 0.00 0.00 001 001
Sc 001 001 001 001 002 000 001 0015 001 0.03 0.02 003
Fe?* 061 057 060 055 064 078 037 071 071 043 0.02 075
Mn 041 040 041 045 036 025 064 028 028 0.59 1.00 0.22

100*Mn/(Mn-+Fe) 40.34 41.38 40.27 45.17 3578 24.16 63.04 28.03 28.03 57.83 98.02 22.65
100*Ta/(Ta+Nb) 729 833 888 973 9.74 10.03 14.18 18.74 18.74 23.57 34.86 39.65

13 14 15 16 17 18 19 20 21 22 23 24

WO, 095 012 112 018 020 0.0 011 006 026 030 0.30 -

Ta,O 10.81 15.73 18.51 23.26 30.10 32.00 3140 4501 51.79 51.30 58.10 63.10
Nb,O, 66.11 62.80 57.91 56.52 5190 51.00 4835 3597 30.07 28.70 2240 20.90
TiO, 037 055 165 062 080 070 064 0.18 042 030 040 040
SnO, 001 015 015 o0.01 060 040 011 016 026 0.10 0.10 0.10
Sc,0, 029 029 035 029 - - 029 023 037 - - -

FeO 11.78 890 14.86 874 920 890 849 1221 11.02 1090 850 11.60
MnO 846 10.62 4.88 1028 7.90 820 10.02 586 612 820 10.60 4.80
Total 98.78 99.17 99.59 99.90 100.70 101.30 99.41 99.72 100.33 99.80 100.40 100.90
W 001 000 002 000 000 000 000 0.00 000 0.01 0.1 0.00
Ta 0.18 026 031 039 052 055 055 084 099 099 116 1.27
Nb 1.78 171 159 158 148 145 141 112 096 093 074 0.70
Ti 002 002 0.08 003 004 003 003 001 002 0.02 0.02 0.02
Sn 000 000 000 000 002 001 000 000 001 000 0.00 0.00
Sc 002 002 002 002 000 000 002 0.01 002 000 0.00 0.00
Fe?* 059 045 075 045 048 047 046 070 065 0.65 052 0.72
Mn 043 054 025 054 042 044 055 034 037 050 066 030

100*Mn/(Mn+Fe) 42.11 5472 2496 5436 4652 48.27 5445 3271 36.00 43.24 55.81 29.53
100*Ta/(Ta+Nb) 895 13.09 16.13 19.84 2586 27.40 28.09 42.95 50.88 51.81 60.94 64.49

25 26 27 28 29 30 31 32 33 34 35 36
WO, 066 050 051 000 029 003 035 003 029 0.10. - -
Ta,O, 19.76 2130 21.99 31.56 41.72 47.83 47.88 59.30 61.29 64.98 69.80 69.80

Nb,O, 59.23 56.90 56.55 49.00 38.15 33.94 31.50 23.18 19.30 16.85 16.40 14.70
TiO, 046 050 039 023 025 026 052 028 072 0.08 020 020
SnO, 0.10 020 0.09 006 006 014 032 0.17 023 021 040 050
Sc,0, 0.16 017 021 024 032 027 032 040 032 - -

FeO 9.58 10.00 395 566 3.00 299 211 147 162 079 0.80 1.00
MnO 10.64 910 16.51 1336 1572 1543 1624 1561 14,68 16.11 13.10 13.00
Total 100.60 98.60 100.19 100.17 99.43 100.95 99.21 100.43 98.82 99.44 100.70 99.50
\i 001 001 001 000 001 000 001 000 001 0.00 0.00 0.00
Ta 033 036 037 055 077 089 092 118 126 135 145 148
Nb 1.62 161 157 142 117 105 100 077 066 058 0.57 052
Ti 002 002 002 001 001 001 003 0.02 0.04 0.00 001 001
Sn 000 000 000 000 000 000 001 000 001 0.01 0.01 002
Sc 001 000 001 001 001 002 002 002 0.03 0.02 0.00 0.00
Fe?* 049 052 020 030 o017 017 012 009 010 005 005 0.07
Mn 055 048 086 072 091 09 097 097 094 1.05 085 0.86

100*Mn/(Mn+Fe) 5294 4796 80.89 70.51 84.14 83.94 88.63 91.49 90.17 9538 9431 92.94
100*Ta/(Ta+Nb) 16.71 1838 1896 27.92 39.68 4588 47.76 60.61 65.64 69.88 71.91 74.07
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Table 4. Variation in average Mn/(Mn+Fe) and Ta/(Ta+Nb) (at.),
and the limits of average Mn/(Mn+Fe) and Ta/(Ta+Nb) in the colum-
bite-tantalite.

Pegmatite Range of | Average of | Range of | Average of
type Mn/(Mn+Fe) [ Mn/(Mn+Fe)| Ta/(Ta+Nb) | Ta/(Ta+Nb)

Beryl-columbite
pegmatites, narrow
dykes (width <5m)

0.13-0.72 0.31 0.07-0.66 0.24

Beryl-columbite
pegmatites, broad
dykes (width >5m)

0.16-0.99 0.47 0.07-0.60 0.21

Beryl-columbite

Pegmatites (all) 0.39 0.23

Beryl-columbite-
phosphate pegma-
tites, narrow dykes
(width <5m)

0.22-0.92 0.47 0.09-0.96 048

Beryl-columbite-
phosphate pegma-
tites, broad dykes
(width >5m)

0.13-0.94 0.37 0.13-0.82 0.50

Beryl-columbite-
phosphate pegma- 0.42 0.49
tites (all)

Amblygonite peg-

matite (Viitanie- | 0.17-0.96 0.79 0.12-0.96 0.51

mi)

the central parts of the dykes, but they may also cut the
wall and border zones of the dykes. The blocky feldspar
crystals in the intermediate zone of the pegmatites are
often cut by narrow dykes and cross-cutting veinlets com-
posed mainly of saccharoidal and platy albite.

Small crystals of ferrocolumbite and beryl were ob-
served in the wall zones and sporadically in the border
zones of the dykes. Beryl, manganocolumbite, cassiter-
ite, fluorapatite and zircon are common in the interme-
diate zone, but they are concentrated in the albite units
and albite-rich dykes crystallized after the consolidation
of the bulk of the pegmatite dyke. Columbite-group min-
erals are the predominant Nb-Ta minerals in the pegma-
tites, but a few crystals of ixiolite also were encountered
in the Niemeld pegmatite. The sample studied in detail
is partly surrounded and replaced by microlite-pyro-
chlore.

The intraformational dykes observed in the Niemeld
and Juurakko pegmatites crystallized at various stages of
the consolidation of the main dyke. In the Juurakko peg-
matite topaz (or mica pseudomorphs after topaz), beryl,
cassiterite and manganocolumbite are characteristic of the
albite-rich dykes that cut the intermediate zone, but the
minerals also occur in the albite-dominated parts of the
intermediate zone. Inclusions of niobian and tantalian
rutile, uranian pyrochlore-microlite, monazite and
hafnian zircon were observed in the Juurakko mangano-
columbite. Locally, crystallization continued in the peg-

matites down to very low temperatures as indicated by
diverse mica pseudomorphs, hydrothermal 16llingite+
sphalerite+pyrite fracture fillings, and crystalbearing cav-
ities that are common especially in the Juurakko pegma-
tite (Lahti 1988, 1989).

In the Eréipyhd pegmatite the intraformational dykes,
irregular bodies and branching veins of platy albite are
virtually absent. Only a few narrow veinlets composed
of saccharoidal albite with accessory cassiterite, zircon,
uranothorite and almandine-spessartine were observed.
The marginal parts of the dyke, the border and wall zones
are exceptionally enriched in iron-rich minerals such as
biotite, schorl and minor garnet.

Thin platy crystals of ferrocolumbite were discovered
in the wall zone of the pegmatite, but larger crystals or
crystal accumulations are characteristic of the intermedi-
ate zone with beryl, fluorapatite, cassiterite and uranian
pyrochlore. Microscopic studies indicate that pyrochlore-
microlite may replace marginal parts of the columbite crys-
tals, and small inclusions of columbite-group minerals with
high Ta also occur as inclusions in pyrochlore samples.

Increase in Mn from the contact to the inner parts of
the dykes is characteristic of columbite-group minerals.
The compositional fields of columbite in the three peg-
matites differ from each other, but all the analytical points
are located in the ferro- and manganocolumbite quadrants
(Figs 3 and 8). The range of Mn/(Mn+Fe) is extensive
in the samples of the columbite-group minerals from the
Niemeld and Juurakko pegmatites, but limited in the
poorly fractionated Erdpyhi dyke. In contrast, variation
in Ta/(Ta+Nb) is limited in all three pegmatites.

The compositional trend of columbite in the Erépyhd
pegmatite is short, subhorizontal and restricted to the fer-
rocolumbite field (Fig. 3A). In the Niemeléd pegmatite and
especially in the Juurakko dyke the trendline is long,
stretching from the ferrocolumbite field throughout the
whole manganocolumbite field (Fig. 3B and C). The
compositional trend of columbite-group minerals from
these two dykes shows two branches toward the tanta-
lite field, indicating that the Nb/Ta fractionation was lo-
cally more intense (Fig. 3B and C).

Columbite-group minerals in the beryl-columbite-
phosphate pegmatites

The beryl-columbite-phosphate pegmatites are more
evolved than the beryl-columbite pegmatites. Composi-
tions of the columbite-group minerals are scattered
around the centre of the quadrilateral (Fig. 4). Average
Ta/(Ta+Nb) is 0.49 and that of Mn/(Mn+Fe) is 0.42 (Ta-
ble 4). Slightly over a half of the compositions of colum-
bite-group minerals are in the ferrotantalite-manganotan-
talite field.

Ferrocolumbite and manganocolumbite are character-
istic of the poorly evolved dykes, manganotantalite and
especially ferrotantalite in the more evolved dykes. Al-
most all columbite-group minerals with Ta>Nb and
Mn>Fe come from the amblygonite-, lepidolite- and spo-
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dumene-bearing varieties of the beryl-columbite-phos-
phate pegmatites. Ferrotantalite rich in Fe is typical of
the Li mineral-bearing pegmatites that occur close to the
contacts of the granites.

It is surprising that the compositional variation in
columbite-group minerals between narrow and broad
dykes is not so distinct as in the beryl-columbite pegma-
tites (see Table 4). The average Mn/(Mn+Fe) for the nar-
row dykes (0.47) is even a little higher than that in the
broad dykes (0.37), but the average Ta/(Ta+Nb) does not
show large variation.

Columbite-group minerals in selected individual dykes

Compositional variation of columbite-group minerals in
three beryl-columbite-phosphate pegmatites (Hannula,
Keskimetséd and Seppéldnranta) was studied in detail. The
Hannula pegmatite belongs to a small dyke swarm, which
is situated in mica-schists far from granite outcrops in
the northern part of the research area. The pegmatite oc-
curs as a three-metre-thick sheet-like dyke that follows
the foliation of the mica-schist wall rock. The Seppilén-
ranta and the Keskimetsd dykes are in the mica-schist
close to the contact of the eastern end of the Syrjanméki
pegmatitic granite intrusion. Both pegmatites form irreg-
ular, locally swelling dykes (3—-10 m wide) that are ori-
ented normal to the contact of the granite intrusion and
cut foliation of the schists at steep angles.

The pegmatites are well zoned. The grain size of the
minerals increases from the border zone toward the cen-
tral parts of the dykes. Large, lenticular or roundish
quartz cores are surrounded by coarse, blocky crystals
of feldspar, characteristic of the intermediate zone of the
dykes. Sporadic beryl, fluorapatite and ferrocolumbite
occur in the marginal parts, in the border and wall zone
with feldspars, quartz, muscovite and schorl. Beryl,
columbite-group minerals, triphylite-lithiophilite and oth-
er accessory minerals such as fluorapatite and zircon are
in the albite-dominated units of the intermediate zone or
in the intraformational dykes and veinlets characterised
by platy or saccharoidal albite.

The Hannula and Keskimetsd dykes are mineralogi-
cally and structurally similar, whereas the Seppildnran-
ta pegmatite is richer in rare-element minerals such as
Li phosphates and Li silicates, and its internal structures
are also more complicated. The zoned structure of the
Seppiildnranta dyke is often destroyed by strong albiti-
zation. Large units composed of platy albite, quartz,
muscovite, triphylite, montebrasite, lepidolite, coloured
elbaitic tourmaline, ferrotantalite, cassiterite and monte-
brasite occur in the central parts of the dyke.

Albite-rich dykes and veinlets rich in Li minerals lo-
cally replace the marginal zones and reach the contact
of the pegmatite. Because triphylite dominates in the
dyke, the Seppilinranta pegmatite is classified as a mem-
ber of the beryl-columbite-phosphate subtype, although
large crystals of amblygonite with lepidolite and elbait-
ic tourmaline are also locally common.
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Fig. 3. Compositional trends for the columbite-group minerals from
beryl-columbite-pegmatites. Samples from A) Erépyhd, B) Niemeld,
C) Juurakko pegmatites. Marks in figures: B — samples from margin-
al parts of the dykes, C — samples from central parts of the dykes,
I - columbite inclusions in microlite, IXI — ixiolite (triangles).



114 Journal of the Czech Geological Society 45/1-2(2000)
100 100
[ ® TAP A
80 A08e o 80 |
A A S
;2 [ ‘OA .ﬂ*. c %
£ 60 | B t 6ot
« 0® =
E ° aae A9 M %’
= | “ =
= £a I £ 40
% 40 A o o
§ “AA" o o s ° =
4 o® Lo & 20 }
20 } A - o
A (YN ‘.
¢ o
. 0 A A 2 e 2 A 2 2 2
0 L 0 20 40 60 80 100
0 20 40 60 30 100 100*Mn/(Mn+Fe)
100*Mn/(Mn+Fe) 100
Fig. 4. Compositional variation of columbite-group minerals in ber- B
yl-columbite-phosphate pegmatites. Spots — samples from thinner
dykes, triangles — samples from broader dykes. 80
~~
Ferrotantalite is a characteristic mineral in the central % 60
parts and ferrocolumbite in the marginal parts of the &
Keskimetsd and Seppélinranta dykes. Both Fe-dominant 3
and Mn-dominant members of columbite and tantalite oc- [_;‘ 40
cur in the Hannula pegmatite. In addition to columbite- S i
group minerals, a few crystals of ixiolite and tapiolite —
were encountered in the Keskimetsi and Seppiilinranta 20
dykes. Microlite-pyrochlore occurs as small inclusions in
some columbite-tantantalite samples from the Seppilédn- o
ranta dyke. Cassiterite is also locally rich in Ta (several 0 20 40 60 80 100
wt. % Ta,0,). %
The chemical analyses confirm that Ta/(Ta+Nb) in the 100*Mn/(Mn+Fe)
columbite-group minerals from all three pegmatites 100
shows strong increase from the contact to the more frac- C
tionated central parts of the dykes (Fig. 5A—C). The com-
80 §

positional variation of Ta/(Ta+Nb) in the columbite-group
minerals from the Hannula, Keskimets& and Seppildn-
ranta pegmatites is extensive, from the columbite field
far into the tantalite field. In contrast, variation in Mn/
(Mn+Fe) is limited in all dykes and the compositional
trends differ markedly from those recorded for the ber-
yl-columbite pegmatites (cf. Figs 3 and 5S).

In the Seppélédnranta and Hannula dykes, the compo-
sitional trends of columbite-group minerals are narrow
and subvertical, and they are inclined toward the man-
ganotantalite corner (Fig. 5). Simultaneous with the in-
crease in Ta/(Ta+Nb), the compositional trend of the
Keskimetsi columbite-group minerals shows an excep-
tional decrease in Mn/(Mn+Fe) and the trend is negative.
The number of crystals studied is, however, limited, and
additional analyses are required to test this observation.

In the Keskimetsd and Seppidldnranta pegmatites,
Mn/(Mn+Fe) and Ta/(Ta+Nb) in the tantalite samples
richest in Ta, in the ixiolite and wodginite samples are
nearly the same, and their points plot close to each oth-
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Fig. 5. Compositional trends of columbite-group minerals from the
beryl-columbite-phosphate pegmatites. Samples are taken fom A) Sep-
pildnranta, B) Hannula and C) Keskimets#d pegmatites. Marks in fig-
ures: B — samples from border and wall zones, C — samples from cen-
tral parts of the dykes, IXI - ixiolite (triangle), TAP — tapiolite
(diamond), WOD wodginite (half-filled dots).
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er in the diagram (Fig. 5). Microlite-pyrochlore inclu-
sions in the Seppélidnranta columbite-group minerals
have minor Fe, but Mn is almost absent so the composi-
tion of the mineral is far from the compositional trend
of columbite-group minerals.

Columbite-group minerals in the Viitaniemi
amblygonite pegmatite

The compositional variation of columbite-group miner-
als is most extensive in the most fractionated beryl-
columbite-phosphate pegmatites enriched in Li silicates
and Li phosphates, and in the complex pegmatites. The
composition of columbite-group minerals from the Viit-
aniemi pegmatite that is a typical complex pegmatite of
the amblygonite subtype, was studied in detail. The min-
erals of the pegmatite have been described earlier by
Volborth (1954), Lahti (1981), Pajunen — Lahti (1984)
and Teertstra et al. (1993).

The Viitaniemi pegmatite dyke is situated in the east-
ern part of the research area. The pegmatite occurs as
a subhorizontal dyke in mica schist far from the granite
intrusions. Two outcrops of the pegmatite are exposed,
separated by about 150 m. Diamond drilling indicates
that the dyke thins and thickens locally between these
outcrops (quarries), the maximum thickness being 10 m.

The zoned structure of the dyke is locally destroyed
by large albite-rich units, intraformational dykes and
veinlets that may reach from the central to marginal parts
of the pegmatite. Large, roundish quartz cores are sur-
rounded by microcline-perthite crystals that may be sev-
eral metres long, characteristic of the intermediate zone.

Tiny platy crystals of ferrocolumbite were discovered
in the marginal parts of the dyke, in border and wall zone
with beryl, tourmaline and fluorapatite, but the mineral
mainly occurs in intermediate zone, in the albite-rich
units, dykes and veinlets with various Li silicates, Li
phosphates, beryl and Be phosphates. Green elbaitic tour-
maline, lepidolite, topaz, triplite, pollucite, zircon and
blue Mn-rich apatite are also common minerals in the
central parts of the dyke. Locally large accumulations of
amblygonite-montebrasite are characteristic and the as-
sociated minerals include topaz, lepidolite, beryl, man-
ganotantalite, lithiophilite, eosphorite, hurlbutite,
véyrynenite and other beryllium phosphates. So far, near-
ly 100 different mineral species have been identified in
the pegmatite (Lahti 1981).

The most common Nb-Ta minerals in the pegmatite
are columbite-group minerals. A few crystals or crystal
aggregates of wodginite and uranian microlite were also
encountered, associated with amblygonite and other Li
minerals. Ferrotapiolite has been identified only once.
The cassiterite samples are locally very rich in Ta (up to
10 wt. % Ta,0,).

Columbite-group minerals from the Viitaniemi pegma-
tite display very extensive Fe/Mn and Nb/Ta fractionation
(Table 3 and 4, Fig. 6). The ranges of Ta/(Ta+Nb) and
Mn/(Mn+Fe) in columbite-group minerals are large

(0.17-0.96 and 0.12-0.96, respectively) and the averag-
es of Ta/(Ta+Nb) and Mn/(Mn+Fe) very high (0.51 and
0.79, respectively; see Table 3 and 4). Ferrocolumbite is
rare and occurs mainly as minute crystals in the margin-
al zones, but in the central parts of the dyke the mineral
is rich in Ta and Mn so that most of the specimens taken
from the intermediate zone, albite-rich units and intrafor-
mational dykes plot in the manganotantalite field. The
curved compositional trend of columbite-group minerals
is stretched from the ferrocolumbite field through the
manganocolumbite field up to the manganotantalite cor-
ner (Figs 6 and 8). The plots of wodginite are close to
the end of the fractionation trend of columbite-group
minerals in the composition diagram.

Variations in minor elements

In addition to the main components, Fe, Mn, Ta and Nb,
the concentrations of Ti, W, Sn, Sc, Ca and Mg were
analysed from most of the samples, and the concentra-
tions of the elements between the different pegmatite
dykes were compared. The analytical results indicate that
the columbite-group minerals studied usually contain
Ti < 0.1 apfu (atoms per formula unit), W, Sn and Sc <
0.05 apfu and traces of Ca and Mg.

The analytical data indicate the columbite-group min-
erals from the more fractionated beryl-columbite-phos-
phate pegmatites and from the Viitaniemi amblygonite
pegmatite always contain slightly higher concentrations
of Sn than the columbite samples than the less evolved
beryl-columbite pegmatites. By contrast, the highest con-
centrations of W and Ti were analysed from the samples
of the beryl-columbite pegmatites and narrow beryl-
columbite-phosphate pegmatites, but the average compo-
sition does not show systematic variation between the
different pegmatite categories.
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Fig. 6. Composition of columbite-group minerals in the Viitaniemi
pegmatite. B — samples from marginal parts of the dyke, C — samples
from central parts of the dyke, WOD — wodginite (half-filled circles).
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Discussion

The compositional variation in columbite-group miner-
als and the observations concerning the evolution of the
Nb-Ta minerals in the pegmatites of the research area
agree well with the descriptions from other pegmatite
provinces containing similar LCT pegmatites, although
each pegmatite population has a particular geochemical
signature of its own (cf. Cerny et al. 1985; Cerny et al.
1985; Cerny — Ercit 1986, Cerny — Ercit 1989; Cerny
1989, 1990, 1992). Concomitant increase in Mn/(Mn+Fe)
and Ta/(Ta+Nb) of columbite-group minerals is charac-
teristic of the pegmatite sequence of the district (Table 4;
see also Fig. 7). The averages of Mn/(Mn+Fe) and Ta/
(Ta+Nb) in columbite-group minerals are low in beryl-
columbite pegmatites (0.39 and 0.23, respectively), but
higher in beryl-columbite-phosphate pegmatites (0.42
and 0.49, respectively) and especially in the Viitaniemi
amblygonite pegmatite (0.79 and 0.51, respectively).

The increase in Mn/(Mn+Fe) and Ta/(Ta+Nb) in colum-
bite-group minerals is not, however, proportional and the
compositional trends of the minerals between various peg-
matite types are different (cf. Cerny 1985). The factors that
control the composition of columbite-group minerals vary
from one pegmatite to another as shown by the regional
geological studies (Cerny 1990, Cerny et al. 1985, Cerny
et al. 1986, Spilde — Shearer 1992, Ercit 1994, Nov4k et al.
1994, Novédk — Povondra 1995, Mulja et al. 1996, Novik
— Divi§ 1996, Lumpkin 1998, Novik — Cerny 1998, Raim-
bault 1998, Uher et al. 1998, Tindle — Breaks 1998).

Cerny (1989, 1992, Cerny et al. 1986; see also Novik
— Cerny 1998) has suggested that the presence of F in
the melt and the resultant formation of Ta- and Mn-flu-
oride complexes would increase fractionation of Mn and
Ta from Fe and Nb in the pegmatite melt. Later, Mulja
et al. (1996) proposed (quoting experimental results of
Linnen — Keppler 1996) that the general increase in Mn/
(Mn+Fe) and Ta/(Ta+Nb) of columbite-group minerals in
the progressively crystallizing pegmatite magmas may be
due to the relative solubility of the two end-members fer-
rocolumbite and manganotantalite. Ferrocolumbite is less
soluble and crystallized first, thereby enriching the re-
sidual liquid in Mn and Ta and causing later crystalliza-
tion of manganotantalite (see Linnen 1998).

The increase in both Mn/(Mn+Fe) and Ta/(Ta+Nb) of
columbite-group minerals is generally largest in the most
evolved complex pegmatites. The fractionation trend of
columbite-group minerals from the Viitaniemi amblygo-
nite pegmatite area is also a long curved line that stretch-
es from the ferrocolumbite field through manganocolum-
bite field far upwards into the manganotantalite field
(Figs 6 and 8). Mn/(Mn+Fe) and Ta/(Ta+Nb) are in-
creased also in other Nb-Ta minerals structurally related
to columbite-group minerals, such as ixiolite and
wodginite, and their compositions are close to the end
of the fractionation trends of columbite-group minerals
(Figs 5 and 6). Similar fractionation trends are reported
for the most-evolved complex pegmatites in the litera-

ture (Cerny 1990, Cerny — Ercit 1985, Cerny et al. 1985,
Spilde — Shearer 1992, Mulja et al. 1996).

In the beryl-columbite pegmatites of the research area,
the range of Mn/(Mn+Fe) in columbite-group minerals
is large, but that of Ta/(Ta+Nb) slight. The minerals show
Nb>Ta and Fe>Mn, and a major part of the compositions
plot in the ferrocolumbite field (Figs 3 and 8). The frac-
tionation trends are subhorizontal, slightly rising lines
from the ferrocolumbite to the manganocolumbite fields.
In the poorly-developed dykes, the range of Mn/(Mn+Fe)
is limited and the fractionation trends shorter than those
of the more evolved dykes (Figs 3 and 5). The composi-
tional trends may show branches toward the tantalite
field, indicating that locally in the dykes the Nb/Ta frac-
tionation was more intensive (Fig. 3).

Fe-rich minerals, which are more characteristic of the
beryl pegmatites than of their complex counterparts,
strongly control the Mn/(Mn+Fe) of columbite-group
minerals. The mineral is always exceptionally enriched
in Fe, if the dykes or the zones of the dykes contain abun-
dant biotite, garnet, schorl or triphylite with Fe>>Mn.
Ferrotantalite and ferrocolumbite samples exceptionally
enriched in Fe were discovered in the beryl pegmatites
that occur within the Syrjanmiki pegmatitic granite and
close to its contacts. The composition of tantalite sam-
ples from some of these pegmatites is quite close to the
compositional field of the tetragonal polymorph ferrota-
piolite-manganotapiolite (see Figs 4 and 7).

It is noteworthy that a substantial proportion of the
columbite group mineral compositions from the beryl-
columbite-phosphate pegmatites shown in Fig. 4 violates
the empirical two-phase field as defined by Cerny et al.
(1992; see also Cerny — Ercit 1989 and Wise — Cerny
1996): most of the compositions which fall into the fer-
rotantalite-ferrotapiolite quadrangle of the columbite quad-
rilateral must be metastable survivors, which should be
replaced under equilibrium conditions by ferrotantalite-
ferrotapiolite pairs. It is significant in this respect that the
so far unique occurrence of manganotapiolite, considered
by Cerny — Ercit (1985, 1989) metastable, also comes
from a member of the examined pegmatite population, the
Tiainen dyke (Lahti et al. 1983). The extent and abundance
of the metastable compositions recorded here for the
Erdjdrvi district are so far quite exceptional on global
scale.

The fractionation trends of columbite-group minerals
in the more evolved beryl-columbite-phosphate pegma-
tites differ from those of the beryl-columbite pegmatites.
The increase in Ta/(Ta+Nb) of columbite-group miner-
als is always much greater than that of Mn/(Mn+Fe), and
the fractionation trends rise steeply upward from the
columbite fields far into the tantalite fields (Figs 5 and 8).
Mn/(Mn+Fe) may be nearly stable during crystallization
of an individual pegmatite, but the value varies between
the different dykes.

Similar steep fractionation trends seem to be charac-
teristic especially in the beryl pegmatites (see €. g. Cerny
1989, 1992, and Abella et al. 1995). According to Mulja
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Fig. 7. Chemical compositions of columbite-group minerals (dots, tri-
angles and squares) and its tetragonal analog tapiolite (diamonds) from
the pegmatites of the Erijirvi district plotted on the columbite quad-
rilateral. Dots — columbite-group minerals from the beryl-columbite
pegmatites; triangles — columbite-group minerals from the beryl-
columbite-phosphate’ pegmatites; squares — columbite-group minerals
from the Viitaniemi amblygonite pegmatite. The average composition
of columbite-group minerals from the beryl-columbite pegmatites is
indicated by star-A, from beryl-columbite-phosphate pegmatites by
star-B and from the Viitaniemi amblygonite pegmatite by star-C. The
solid line separates the observed compositions of ferrotapiolite-man-
ganotapiolite and ferrotantalite-manganotantalite. The dashed curves
mark the empirical two-phase field boundaries separating co-existing
ferrotapiolite and ferro- to manganotantalite (from Cerny et al. 1992).

et al. (1996), the increase in Ta/(Ta+Nb) of columbite-
group minerals at a constant Mn/(Mn+Fe) in the beryl
and spodumene pegmatites of the Lacorne pegmatite
suite, Quebec, Canada, may be caused by simultaneous
crystallization of columbite-group minerals and garnet,
which is considered to buffer Fe and Mn activities dur-
ing all stages of evolution of pegmatite magma.

In the beryl-columbite-phosphate pegmatites of the
Erdjdrvi district, crystallization of the Fe-Mn phosphate
triphylite-lithiophilite may have buffered the Fe and Mn
activities of the pegmatite melt, and consequently con-
trolled Mn/(Mn+Fe) of columbite-group minerals during
crystallization of the dykes. Triphylite-lithiophilite, which
is commonly the only Fe-Mn mineral associated with
columbite-group minerals in the central parts of the
dykes, is more abundant than columbite-group minerals
and crystallized simultaneously with it.
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Variace chemického sloZenf miner4l columbitové skupiny v riiznych typech granitickych pegmatiti oblasti

Eréjarvi v jiznim Finsku

Variace v chemickém slozen{ miner4l columbitové skupiny v LCT granitickych pegmatitech oblasti Erdjarvi (Orivesi v jiznfm Finsku) byly studovény
s pomoc{ 611 analyz 140 krystali elektronovou mikrosondou. Vzorky byly odebrédny ze 30 beryl-columbitovych, 15 beryl-columbit-fosfitovych
pegmatitd a jednoho komplexntho pegmatitu amblygonitového subtypu. Slozen{ studovanych minerdld je definovéno obsahy Fe, Mn, Nb a Ta, ale
podru?né obsahy Ti (0,1 apfu) a Sn, W a Sc (0,05 apfu jednotlivé) jsou &asté. Vyvoj celé pegmatitové populace je vyznamné charakterizovén progresivnim
obohacenfm minerald columbitové skupiny Mn a Ta, od nejprimitivnéjifch beryl-columbitovych pegmatitd aZ po vysoce frakcionované komplexnf
téleso (amblygonitovy pegmatit), i kdyZ vzrist hodnot Mn/(Mn+Fe) a Ta/(Ta+Nb) nenf v riznych pegmatitovych kategorifch soub&Zny. Primémné
hodnoty Mn/(Mn+Fe) a Ta/(Ta+Nb) columbitovych minerdld vyrazné rostou od beryl-columbitovych pegmatitdi (0,39 a 0,24) k télestm beryl-columbit-
fosfdtové kategorie (0,47 a 0,48), a kulminuj{ v amblygonitovém pegmatitu Viitaniemi (0,79 a 0,51).

V beryl-columbitovych pegmatitech je variace Mn/(Mn+Fe) v minerglech columbitové skupiny vyrazn4, ale kolisdn{ hodnot Ta/(Ta+Nb) jen omezené.
Ferrocolumbit je nejéast&j§f, ale manganocolumbit se také vyskytuje ve vice frakcionovanych Zildch tohoto subtypu. V pegmatitech beryl-columbit-
fosfatového subtypu, které obsahujf trifylin-lithiofylit jako charakteristickou akcesorii, hodnoty Ta/(Ta+Nb) vzristajf béhem vyvoje pegmatitu mnohem
rychleji nez Mn/(Mn+Fe). Ferrocolumbit se vyskytuje v okrajovych Edstech %il, zatfmco ferrotantalit a manganotantalit zaujfmajf stfednf casti
pegmatitovych tEles. Soub&zny vzriist hodnot Mn/(Mn+Fe) a Ta/(Ta+Nb) charakterizuje vyvoj komplexnich pegmatiti obohacenych Li minerdly —
elbaitem, lepidolitem, spodumenem a amblygonitem. Manganocolumbit a manganotantalit jsou typické v téchto Zildch, i kdyZ endokontaktni z6ny
mohou obsahovat podfadny ferrocolumbit. Trend chemického vyvoje v pegmatitu Viitaniemi, typického komplexntho t&lesa amblygonitového subtypu,
probih4 z ferrocolumbitového kvadrantu pfes manganocolumbit aZ k manganotantalitovému extrému columbitového kvadrilateralu.



