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Introduction

The Lindvikskollen pegmatite, 2.5 km west of Kragers downtown, is part of the Kragerg pegmatite
field and belongs to the older pegmatite group (1090-1030 Ma) of the Sveconorwegian orogeny
(Rosing-Schow et al, 2021). It is one of the oldest pegmatite mines in the south Norway where mining
of K-feldspar started around 1890 (Friis, 1891). The pegmatite is the type locality of hellandite-(Y)
(Bragger 1903, 1906) and contains abundant black tourmaline with crystal sizes of up to 20 cm. Based
on the accessory mineralogy comprising ‘allanite’, euxenite-(Y), fergusonite-(Y), “aeschynite’, and
monazite-(Ce), the pegmatite is classified as niobium-yttrium-fluorine (NYF) type according to the
family classification by Cery (1991). The tourmaline enrichment, however, is not common for NYF
pegmatites and the source of B of the Lindvikskollen and other Kragers pegmatites is still debated.
This contribution is part of ongoing investigations of the Krageres pegmatites lead by the Norwegian
Center for Mineralogy of the Natural History Museum of Oslo aiming to better understand the
formation of the these pegmatites and their mineral paragenesis.

Mineralogy and zoning of the Lindvikskollen pegmatite

The Lindvikskollen pegmatite forms an irregular body, which is about 500 m long in E-W direction
and up to 200 m wide. Figure 1 shows the complex surface outline of the pegmatite body mapped
recently by De La Cruz (2021). The pegmatite intruded a massive metagabbro, which forms the
Storkollen-Lindvikskollen hill. The metagabbro was albitized to albitite at the W/NW contact of the
pegmatite prior to pegmatite melt emplacement. The major minerals are K-feldspar, plagioclase
(oligoclase), albite, quartz and biotite, The predominant accessory mineral is black tourmaline.
Additional accessory minerals beside the named ones are titanite, muscovite, ilmenite, rutile,
magnetite, ‘gadolinite’, fluorapatite, phenakite, bastnasite-(Ce}, caysichite-(Y)}, chernovite-(Y),
hingganite-(Y), kainosite-(Y}, thorite, zircon, and xenotime-(Y).

The pegmatite exhibits principally three mineralogical zones: megacrystic, relative equi-granular
pegmatitic granite considered in the following as wall zone. The wall zone contains multiple cores
(three cores were identified during fieldwork in 2020) formed predominantly of massive quartz, which
are several meters in size (Fig. 1). Up to 20 cam large tourmalines occur sparsely in the quartz cores.
The cores are surrounded by intermediate zones (also called blocky zones) consisting predominantly
of euhedral to sub-euhedral K-feldspar megacrysts of 0.2 to 2 m in size. In addition, the intermediate
Zones contain quartz, muscovite and tourmaline. Occasionally up to 2 m large biotite sheets are found
in the intermediate zone or in the wall zone close to the intermediate zone. In the intermediate zone
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surrounding the core in the East mine, up to 30 cm large crystals of allanite-{(Ce) and fergusonite-(Y)
were observed.
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Figure 1. Geological map of the Lindvikskollen area, west of Kragere. Modified from De La Cruz
(2021).

Chemistry of mica, feldspar and tourmaline

Electron probe micro analyses (EPMA) were performed on five mica samples originating from
different zones of the Lindvikskollen pegmatite. Dark micas from the wall and intermediate zones
have relative consistent compositions and are classified as magnesian siderophyllite (Fig. 2). The only
exception is the slightly higher Al content of the mica from the Fast mine compared to the micas from
the West mine (Table 1). White mica (sample 12062019), collected from the intermediate zone close
to the quartz core of the West mine (Fig. 1) has lithian muscovite composition. The Li content of mica
was calculated according to Tischendorf et al (2001), which might lead to an slight overestimation of
the Li content in white mica (Rosing-Schow er al, 2018). The chemistry of dark micas fall in the
range of other Sveconorwegian pegmatites from southern Norway. The white muscovite has, however,
a rather unique, chemically highly evolved composition.
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Figure 2. Classification diagram of mica after Tischendorf et al. (2001) illustrating compositions of
dark and white micas of the Lindvikskollen pegmatite. The grey fields represent mica compositions of
other Sveconorwegian pegmatites in southern Norway according to Rosing-Schow et al. (2018). mgli
= Mg - Li (atoms per formular unit); feal = Feé® + Mn + Ti - Al (atoms per formular unit),

The average composition of K-feldspar from Lindvikskollen is OrgsAbsAng (2 = 70) and of
plagioclase OriAbssoAnry (n = 20). K-feldspar samples, collected along traverses across the
pegmatite body, have relative consistent and overlapping compositions (Table 2, Fig. 3A). K-feldspars
of the East mine, however, have slightly lower Sr indicating a higher fractionation degree of the melt
in the eastern part of the pegmatite body. Compared to compositions of K-feldspars from other
pegmatite localities worldwide, the Lindvikskollen K-feldspars have the most primitive composition
(Fig. 3B). The Lindvikskollen plagioclases show distinct chemical variations related to the pegmatite
zoning: Plagioclase from the wall zone has oligoclase composition OriAbggAng; (12 = 10) while those
from the intermediate zone have more evolved Ca-rich albite composition OriAbgAny (n = 10). It is
noteworthy that plagioclase does not occur in the pegmatite cores.
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Table 1. Average compositions of micas from the Lindvikskollen pegmatite measured with FPMA. The
low totals of major elements are due to the non-measured H;O content of micas. n = number of
analyses, o = standard deviation.

Magnesian Magnesian Magnesian Magnesian Lithian

siderophyllite siderophyllite siderophyllite siderophyllite muscovite

06071911 12062011 12062005 12062002 12062019

East mine West mine West mine West mine West mine

Outer wall zone Outer wall zone Inner wall zone Intermediate zone Intermediate zone
n 10 o 10 o 10 o 10 o 10 o
Major elements (wt.%)
SiO, 36.14 0.37 35.81 0.15 36.23 017 36.27 0.24 45.25 0.32
TiO, 2.68 017 3.62 0.05 3.63 0.04 3.87 0.04 012 0.02
AlO4 15.75 0.30 13.95 0.09 13.70 0.10 13.84 0.14 3517 0.27
FeO 21.70 0.67 21.40 0.18 21.73 0.16 2190 0.21 1.94 0.10
MnO 0.02 0.02 0.55 0.05 0.65 0.03 0.36 0.03 0.01 0.01
MgO 8.48 0.30 8.45 0.10 9.01 0.09 8.63 0.16 0.18 0.05
Ca0 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.02 0.00 0.01
Liz0cai 0.79 0.11 0.69 0.04 0.81 0.05 0.82 0.07 3.42 0.09
Na,O 0.05 0.01 0.03 0.01 0.04 0.01 0.04 0.01 0.21 0.02
K0 9.64 0.20 9.57 0.06 9.75 0.07 9.82 0.10 11.23 0.12
Rb,O 0.14 0.02 0.07 0.02 0.09 0.03 0.07 0.02 0.04 0.03
F 043 0.07 0.58 0.04 0.79 0.10 0.78 0.11 0.05 0.03
O=F 0.18 0.03 0.24 0.02 0.33 0.04 0.33 0.05 0.02 0.01
Total 95.63 (.46 94.48 (.34 96.11 0.30 96.06 0.50 97.60 0.48
Atoms per formula unit
Si 5.517 0.015 5.546 0.018 5.508 0.019 5512 0.012 5.885 0.018
Al (V) 2.483 0.015 2.454 0.018 2.455 0.018 2.468 0.028 2.115 0.018
Z 8.000 0.000 8.000 0.000 7.963 0.018 7.980 0.025 8.000 0.000
Al (V1) 0.350 0.040 0.091 0.019 0.000 0.000 0.012 0.022 3.275 0.022
Fe(ll) 2.7 0.107 2.7 0.024 2.763 0.021 2.783 0.025 0.211 0.011
Li 0.482 0.061 0.430 0.025 0.497 0.029 0.502 0.040 1.787 0.040
Mn 0.003 0.003 0.073 0.006 0.084 0.004 0.046 0.004 0.001 0.002
Ti 0.308 0.022 0.422 0.005 0.415 0.004 0.442 0.005 0.012 0.002
Mg 1.928 0.057 1.952 0.017 2.042 0.021 1.955 0.029 0.035 0.010
Y 5.842 0.032 5.738 0.025 5.801 0.033 5.741 0.033 5.321 0.027
K 1.876 0.030 1.890 0.015 1.891 0.020 1.904 0.020 1.863 0.023
Na 0.014 0.004 0.010 0.003 0.013 0.004 0.012 0.003 0.052 0.006
Ca 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.003 0.000 0.001
Rb 0.014 0.002 0.007 0.002 0.008 0.003 0.006 0.002 0.003 0.002
X 1.904 0.030 1.907 0.014 1.912 0.020 1.923 0.019 1.919 0.021
OH 3.794 0.034 3717 0.019 3.623 0.047 3.626 0.052 3.979 0.014
F 0.206 0.034 0.283 0.019 0.377 0.047 0.374 0.052 0.021 0.014
Total 19.746 0.037 19.645 0.021 19.676 0.036 19.644 0.028 19.240 0.016
mgli 1.446 0.049 1.522 0.019 1.545 0.037 1.453 0.040 -1.752 0.040
feal 2.132 0.151 3.175 0.047 3.262 0.024 3.259 0.036 -3.051 0.030
Fe nr. 0.590 0.015 0.587 0.003 0.575 0.002 0.587 0.005 0.860 0.034
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Figure 3. A: Rb/Sr versus K/Rb of K-feldspar illustrating the chemical variability within the
Lindvikskollen pegmatite. B: Rubidium versus K/Rb of K-feldspar from the Lindvikskollen pegmatite
compared with K-feldspar composition from other pegmatite provinces around the world. Modified
from Larsen (2002). Element concentrations were measured by EPMA.
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Plagiociase Plagioclase K-feldspar K-feldspar K-feldspar K-feldspar K-feldspar K-feldspar K-feldspar

06071910 06071807 06071902 06071904 06071806 06071909 12062010 12062006 12062001
East mine East mine East mine East mine East mine East mine West mine West mine West mine
Intermediate Intermediate Intermediate
Wall zone zone Core zone Core zone zone Wall zone wall zone zone Core zone
n 10 a 10 e} 10 g 10 a 10 g 10 g 10 g 10 o 10 [od

Si0,  66.20 0.16 67.08 0.30 64.98 0.33 64.87 0.26 64.83 0.12 65.09 0.19 64.72 0.26 64.72 0.11 64.52 0.39
AkbOs  21.00 0.17 20.20 0.13 17.94 0.20 17.92 0.11 17.84 0.10 17.93 0.07 17.77 0.12 17.92 0.13 17.86 0.18
FeO 0.06 0.03 0.05 0.02 0.04 0.02 0.04 0.03 0.02 0.02 0.03 0.02 0.03 0.02 0.05 0.02 Q.04 0.02
Ca0 2.35 0.05 1.60 0.12 0.02 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Na:0 10.57 0.07 10.94 0.12 0.48 0.07 0.59 0.09 0.52 0.04 0.68 0.14 0.51 0.07 0.70 0.11 0.52 0.10
K20 011 0.03 0.12 0.03 16.42 0.26 16.25 0.10 16.34 0.08 16.14 0.15 16.44 c.12 16.05 0.18 16.29 0.15

BaO <0.01 - <0.01 - <0.01 - <0.01 - <0.01 - 0.01 0.02 <0.01 - 0.08 0.03 0.05 0.04
S0 0.05 0.02 0.04 0.02 0.08 0.03 0.04 0.03 0.06 0.03 0.04 0.03 0.06 0.02 0.06 0.01 0.08 0.03
Rb,0 <0.01 - <0.01 - Q.04 0.03 0.05 0.04 0.04 0.02 0.02 0.02 0.03 0.04 <0.01 - 0.02 0.02
Total  100.34 0.25 100.02 0.38 99.97 0.25 99.76 0.34 99.66 0.15 99.95 0.13 99.58 0.26 99.58 0.20 99.37 0.51
An 10.9 0.2 7.4 0.6 0.1 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Ab 88.5 0.2 91.9 0.8 4.2 07 5.2 0.8 4.7 03 6.0 1.2 4.5 0.6 6.2 1.0 46 08
Or 0.6 0.1 Q.8 0.2 95.7 0.8 94.8 0.8 95.3 0.3 94.0 1.2 95.5 0.6 93.8 1.0 95.4 0.9

Table 2, Average compositions of plagioclase and K-feldspar from the Lindvikskollen pegmatite measured with EPMA (wt.%). n = number of analyses, 0 =
standard deviation.
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The major and minor element compositions of tourmalines were determined by EPMA. Average
concentrations are given in Table 3. The contents of LizO, B:Os, and H20 were calculated using an
Excel calculation spreadsheet. In this approach, B:Os and H;O were obtained assuming fixed B at 3
atoms per formula unit {(apfu) and OH + F at 4 apfu. Lithium was calculated using the method of
Burns et al. (1994). The Lindvikskollen tourmalines belong to the alkali-tourmaline group based on
the dominant occupancy of the X-site and classify as schorl, with Mg/(Mg+Fe) values between 0.22
and 0.49 (Fig. 4). The tourmalines from the wall, intermediate and cores zones of the Lindvikskollen
pegmatite have consistent Mg- and Fe-rich compositions. This finding contrasts studies from other
tourmaline-hearing pegmatites worldwide, which show commonly a great variation of tourmaline
chemistries with in pegmatite bodies {e.g. Simmons ef al. 2005; Falster et al. 2018).

Table 3. Average compositions of tourmaline of the Lindvikskolien pegmatite measured with EPMA.
From De La Cruz (2021). n = number of analyses, 0 = standard deviation.

Schorl Schorl Schorl

Wall zone Intermediate zone Core zone
n 26 o} 97 o] 74 o]
Major elements (wt.%)
Si0; 34.97 0.37 35.21 0.30 3517 0.29
AlzOz 25.06 0.61 25.31 1.16 24.19 0.59
TiO, 1.22 0.21 1.19 0.36 1.31 0.14
FeO 17.27 1.22 16.24 1.23 16.28 0.87
MgO 4.95 0.99 5.36 0.79 591 0.72
MnO 0.16 0.03 0.18 0.06 0.19 0.04
NazO 2.21 0.18 2.15 0.11 1.98 0.12
B0 carc 10.04 - 10.11 - 10.06 -
Ca0 1.01 0.36 1.15 0.24 1.49 0.26
LizOcarc 0.23 - 0.24 - 0.29
Hz0caic 3.38 - 3.36 - 3.36 -
KO 0.10 0.02 0.08 0.01 0.08 0.0
F 0.18 0.10 0.27 0.10 0.24 0.09
Total 100.49 - 100.75 - 100.43
Formula proportions in atoms per formula unit
Si 6.06 - 6.05 - 6.08
Al 5.11 - 5.13 - 4.92
Ti 0.16 - 0.15 - 017
Fe? 2.50 - 2.34 - 2.35
Mg 1.22 - 1.37 - 1.52
Mn 0.02 - 0.03 - 0.03
Na 0.74 - 0.1 - 0.66
B 3.00 - 3.00 - 3.00
Ca 0.19 - 0.21 - 0.28
Li 0.16 - 017 - 0.20
OH 3.90 - 3.85 - 3.87
K 0.02 - 0.02 - 0.02
F 0.10 - 0.15 - 013
XAl -0.62 - -0.62 - -0.77
Xvac 0.05 - 0.06 - 0.04
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Figure 4. A: Chemistry of Lindvikskollen tourmalines from the different pegmatite zones plotted in
the classification diagram by Henry et al. (2011) using the occupancy of the X-site. B: Mg/(Mg+Fe) vs
Xvac/(Xvac+Na) classification diagram according to Henry et al. (2011). All Lindvikskollen

tourmalines plot in the schorl field. Xvac = X-site vacancy.

Summary

New mapping of the Lindvikskollen pegmatite revealed a complex shape and zoning of the intrusive
body. The pegmatite exhibits three mineralogical zones: wall, intermediate and core zones. The
pegmatite has multiple quartz cores surrounded by megacrystic intermediate zones and coarse- to very
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coarse-grained wall zones. The chemistry of dark mica and feldspar documents a very primitive
granitic composition of the Lindvikskollen pegmatite. In fact, the pegmatite represents one of the most
primitive granitic pegmatites worldwide. The primitive chemistry seems to be in contrast of the
elevated B content of the melt documented by the common occurrence of black tourmaline across the
entire pegmatite body. Boron enrichments are typical for fractionated granite melts and lithium-
cesium-tantalum (LCT) enriched pegmatites. It is suggested that the melt source rock must have been
relative rich in B. The relative consistent chemistry of K-feldspar, plagioclase and tourmaline record
relative limited pegmatite-internal melt fractionation. Common tourmaline in the wall, intermediate
and core zone document that there was sufficient Fe in the melt to crystallize schorl until the final
stage of pegmatite crystallization.
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