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Abstract

Chemical analyzes and observations gives new irgtam on the formation of the Sc-silicate
thortveitite in the Evje-lveland pegmatite field.cArrelation between a muscovite- or biotite
dominated pegmatite and the occurrence of thoitweitay indicate that temperature explain why
thortveitite is only found in biotite-rich pegmat#tin Evje-lveland. Biotite start to form at higher
temperatures than muscovite, the partitioning ob&ween muscovite and biotite (Yang and Rivers,
2000) and the crystallization temperature of pegmguartz in Evje-lveland (Muller et al., 2015).
Chemical analysis on garnets from pegmatites ie-#xgland indicate fractionation-trends in the
pegmatites. These trends covers the pegmatitesthemeast fractionated Steli, with a Mn/(Fe+Mn)-
ratio of 0.38, to the fractionated Rgykkvartsbruduegmatite with a Mn/(Fe+Mn)-ratio of 0.97.
Pegmatites usually become more fractionated asnmves away from the magmatic or thermal
surce (Cerny, 1991a). This is not the case fop#dgmatites in Evje-lveland, which show no regional
zoning when it comes to fractionation. Some ofgggmatites are primitive members of the
niobium-yttrium-fluorine (NYF)-family, while otherare characterized as mixed NYF and litium-
cesium-tanatlaum (LCT)-pegmatites in which of tkeptain a replacement zone with a LCT-
component (Mdller et al., 2015). The Mn/(Fe+Mn)oatlong with the Y and REE content, in the
core and rim of a garnet and comparison of averafjgse mentioned chemistry between several
garnets from different zones in a pegmatite, hilpdentifying the presence of a LCT-replacement
zone. A good example of the latter is the Solasnaeige, in which garnets from the wall zone have a
Mn/(Fe+Mn)-ratio of 0.6 and 0.9 and Y content d#3 and 0.07 apfu, while a garnet from the
replacement zone has a Mn/(Fe+Mn)-ratio of 0.98Mardntent of 0.0028 apfu. While the garnets
from the wall zone show a normal enrichment of IREES, the garnet from the replacement zone
show a drop in the HREE-enrichment. Garnets frdmeiopegmatites that have similar results as
those from Solas, can indicate the presence gflacement zone that is not yet excavated, such as

the Hovasen pegmatite at Eptevann.
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Introduction

Thortveitite, the first scandium-mineral ever kngwras first discovered in the Evje-Iveland
pegmatite field (Schetelig, 1911). As the reporedurrences of thortveitite in the pegmatites are
showing a scattered distribution, one would inggd8 the reason for this case. The term “scattered”
refers to the fact that thortveitite-bearing pedtaatare observed lying next to non-thortveitite-
bearing pegmatites and scattered throughout thegiite field. As of this, it is of interest to
investigate what the factors could be for the fdiomeof thortveitite in Evje-lveland. Thortveitite
crystals were sampled from different pegmatitem@hwith garnets and micas. By collecting and
investigate the chemistry in garnets from differemes in the pegmatites, a better understanding of
the evolution of the pegmatites in Evje-lveland barobtained. Methods involve major- and trace-
element analyses with Electron Microprobe (EMP) baasker Ablation-Inductive Coupled Plasma-
Mass Spectrometry (LA-ICP-MS), respectively. Theutes from the thortveitite and garnets

analyzes are compared with other analysis from Beja-lveland and other locations.

What defines a pegmatite is its texture, like tleeyvcoarse size (>2 cm) of crystals which is a
general attribute of many pegmatites and that #reyderived from a melt. Pegmatites can either
form from an aqueous melt solution that has beéferdntiated from a parental magma or from

partial melting of crustal material (Roedder, 19Bdndon, 2008).Other textures or mineral fabrics
e.g. the graphic granite, increase of crystal simeards the center or a spatial zonation of mineral
assemblages that are sharply bounded, can aldneaaztombination be evidence enough to identify
a pegmatite. As pegmatites reflect the compositbriheir derived source rock, they can have
granitic (most common), mafic, syenitic or carbaratomposition (London, 2008; Rainer et al.,

2012).

The fourth chapter of this thesis describes theegdmegional geology in Southern Norway,
followed by a more detailed geological descriptidithe Evje-lveland area. This chapter is
important to help the reader understand the gemdbgistory, which have contributed to the

observed features of today.

Methods of study, including fieldwork, sampling agebchemical analyses, will be presented in

chapter five. The new observations and data asepted in chapter six.
In chapter seven, the new results will be discussemipared with published results and interpreted.

The conclusion will be presented in chapter eight.



Regional geology

A major part of Southern Norway and South-Westemedn represents the Sveconorwegian
orogeny Error! Reference source not found.). Various authors have dated this event to hasteda
from about 1140 Ma to about 900 Ma (Bingen et 2008) or 1250-900 (Bingen et al., 2008;
Pedersen et al., 2009 and Nijland et al., 2014)g&n et al. (2008) divides the event into four pkas
containing both magmatic and metamorphic eventsAttendal phase (1140-1080 Ma), thégder
phase (1050-980 Ma), thé&alkenberg phase (980-970 Ma) and th®alane phase (970-900 Ma).
Several authors have divided the area into diftetectonometamorphic domains. Pedersen et al.
(2009) uses the term block, introduced by Ande(2605).

Two more recent events influencing the Sveconoraregirea are the Caledonian orogeny (500-405
Ma) and the younger Late Carboniferous to Earlygsic Oslo paleorift (310-241 Ma) (Ramberg et
al., 2007). However, these events did not affeetlithologies of the studiedrea of this thesis and
are therefore not described in this study. Theystauda is situated in the Telemark domain, which is
described in the following part. The geological éehrk domain is not confined to Telemark

County. The study area, Evje-lveland, is situatedust-Agder County.
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Figure 1: Geologic sketch over Southern Norway and South-Western Sweden with the blocks;
Hardangervidda-Rogaland (H-R), Telemark (T), Bamble-Lillesand (B-L), Trom@y, Kongsberg-
Marstrand (K-M) and Randsfjord-Lygneren (R-L). SNF= Sveconorwegian front, TIB= Transcandinavian
Igneous Belt, O= Oslo paleorift, MUL= Mandal-Ustaoset lineament, KBSZ =Kristiansand-Bagn Shear
Zone (Pedersen et al. 2009)



Area of the Telemark Domain

Several authors have described the area of Souttemmay. In the publication by Pedersen et al.
(2009), the Hardangervidda-Rogaland block and thlerfark block are separated by the Mandal-
Ustaoset lineament. (MUL ierror! Reference source not found.)Despite its name, recent studies by
Bingen et al. (2005) shows that the lineament atitgtches from Ustaoset in the north to about
southwest of southern Setesdal. Pedersen et d@)9)2€uggests that the lineament is a brittle
reactivation of an older shear zone. The bordené®t the Bamble and Telemark block is defined
by the Kristiansand-Porsgrunn Shear-Zone. This zvew first a thrusting of Bamble in NW-
direction, on top of Telemark. Bamble was later ddwown, as a result of normal faulting and
shearing in the same zone (Henderson and Ihlerd; 2@0Ich et al., 2005) Dating of muscovite
(Ar/Ar) suggest that this last movement in the slmme occurred between 891 and 880 Ma (Mulch
et al.,, 2005). The Rogaland anorthosite-mangehsermockite complex (AMC) was emplaced
between 930 and 920 Ma in the Hardangervidda-Radabock, during théalane phase (Bingen

et al., 2008).

Telemark sector

The study area is situated in the Telemark seatore specific in the Setesdalen area. The area
outside of Setesdalen hosts a large number of gealounits and history, but will not be further

described.



Geology in the Setesdalen area
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Figure 2: Geological map of the main lithological units in the Evje-lveland area (modified after
Pedersen and Konnerup-Madsen, 2000)

A large part of Setesdalen area is covered by vetand-Gautestad complex, which consists of
amphibole gneisses of originally ultramafic to mtediary composition and is generally considered
as the Iveland-Gautestad metagabbro (Barth, 19derBen and Konnerup-Madsen, 2000; Pedersen
et al.,, 2009). Dating of zircons (U/Pb) from thempex gave an intrusion age of 127913 Ma
(Pedersen and Konnerup-Madsen, 2000) and 128581dld271+11 Ma (Pedersen et al., 2009).

In the time right before the Sveconorwegian orogéing Setesdalen area underwent both deposition
of different sediments and volcanism (Pedersenkanmmherup-Madsen, 2000).

Syn- to late-Sveconorwegian magmatism

During the Sveconorwegian orogeny, the Setesdalea anderwent two larger magmatic events.
The Fennefoss and Grimsvatn augen gneisses, whigy tare deformed granodiorite and granite
respectively, were emplaced in the earliest magnetent occurring at ca. 1040-1020 Ma (Pedersen
and Konnerup-Madsen, 2000). These ages are conaisgowith the Sirdal magmatism described

by Coint et al. (2015), which also covers granitiegmatism west of the Mandal-Ustaoset zone



(Coint et al., 2015). Apart from the Fennefoss @rimsvatn gneisses, the Flat metadiorites were
emplaced at the end or shortly after emplacemefRenhefoss. Zircon dating (U/Pb) gave an age of
1031+2 Ma for Fennefoss and 1034+2 Ma for one efftat metadiorites, the Mykleds metadiorite
(Pedersen and Konnerup-Madsen, 2000; Snook, 20hé)Flat metadiorite complex is located E of
Evje and hosts the former Flat nickel mine (Bjokigkl947)

Sveconorwegian post-tectonic intrusions

The younger igneous event in Setesdalen is repgesbdyy plutons of monzonitic and granitic
composition with an approximate emplacement ag@86fto 950 Ma. The Hgvringsvatn complex,
situated immediately NE of the Evje-Iveland pegtedfield, consists of multiple ring-like intrusions

of granitic to monzodioritic composition. Differefacies of the granites have been recently dated by
Snook (2014) and given emplacement ages of 983+Aaa980+4 Ma. Pedersen and Konnerup-
Madsen (2000) proposehle possible presence of similar plutons in deptbed on the observation

of dykes and plugs, with similar composition astbenplexes, other places in the Setesdalen area. A
Bouguer anomaly map, however, show no signs of nlyidg rocks that have same density as the

rocks under the Hgvringsvatn granites (Snook, 2014)



Methods

Fieldwork and sampling
Fieldwork

The Granatgruva-pegmatite, at Ljoslandknipan ardrihin pegmatite in this study, was mapped in
more detail than the other visited pegmatites. gther pegmatites that were visited and where garnet
samples were obtained are the Heliodor- and Thitittbeuddet-pegmatite at Ljoslandknipan, the
Solas pegmatite, the Hovasen-pegmatite at Epteth@i§lobrekka- and Tuftane-pegmatite at

Frikstad and the Brattekleiv-pegmatite.
Sampling

Garnets from several zones of the main pegmatite wietained, although they all were brittle and
fell apart into small pieces. This is the resulthe# shock generated by explosives used during
mining-activity. Some of the garnets from othermpegtes were sampled from the collection of the
Natural History Museum. A white rim, between quanted microcline, was observed in the
intermediate zone at Granatgruva and a samplesoivis obtained (KG2-7). Muscovite and biotite
were collected from the different zones in the patiie. The quartz-core of the pegmatite had been
removed and no analyses of this are available hNdwveitites were found during the field work. The

thortveitite samples for analyzes are from the Ndtdistory Museum, UiO.
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Figure 3:Map showing the location of the collected garnet, thortveitite and biotite samples. “Thor.
loc.” refers to pegmatites where thortveitite has been found but are not included in the analyzes
(Map modified after NGU; data after www.mindat.org (2015))

Sample preparation
Samples for SEM, EMP and LA-ICP-MS were mountedponxy and polished. The mounting were

done at NHM by the students using Epofix resinidhatg of the samples containing the garnets and

thortveitites was undertaken by the Departmentedsgiences at UiO. The epoxies with the micas

were polished at the Natural History Museum witBugler MiniMet1000 Grinder-Polisher, with the
minimum size of 3u of the polishing material. Tkenaining polishing was done by hand at the

Department of Geosciences.

Thin-sections were prepared at the Department osGences at UiO.



Major-element analysis of minerals
Scanning electron microscope (SEM)

The micas, thortveitites and garnets were firstyaea in a Scanning Electron Microscope (SEM).
This was done in the SEM-model Hitachi S-3600N pped with an EDS detector at NHM. The
working pressure in the chamber was usually at 28Rabling semi-quantitative analyses of
uncoated samples with the EDS-detector, and thagebf 15-20 kV. The program used in this
analysis was Bruker Esprit 1.9. The SEM was useédetatify other minerals observed in the

thortveitite samples.
Electron microprobe (EMP)

The Cameca SX 100 electron microprobe at the Deyesutt of Geosciences, fitted with five
wavelength-dispersive spectrometers, was usedalyzmthe thortveitites, garnets and micas. While
the microprobe already had a standard programnalysis of the garnets and micas, a new program

was designed for the thortveitite analyzes.

Thortveitite

The “thortveitite-program” was made by first acguythe full wavelength dispersive spectrum
(WDS) on three thortveitite crystals. X-ray linesthe WDS-spectrum were used to identify major
and minor elements @ LB etc.). Background positions were established thighhelp of partial
WDS. Interference-free areas were searched fondreach peak in the spectrum, to put the
background positions. The matrix correction procedised was PAP (Pouchou and Pichoir, 1985)
which is implemented in the Cameca software. Tha d&rieved from the analyses were within a

standard deviation ofc3 but the results presented here are witlin 2

Calibration standards, along with respective Xinags and crystals that were used are: wollastonite
(Si Ka TAP, Ca Ku PET), synthetic MgO (Mg K TAP), Fe metal (Fe §LLIF), pyrophanite (Mn

Ka LLIF), synthetic orthophosphates of REE (D, IEr LB, Yb Lo and Lu L3 LLIF), Y (Y La

LTAP) and metallic Sc (Sc&KPET) (from the Smithsonian Institute (Jarosewict Boatner,

1980)), Monastery Mine Zircon (Zrd,LTAP) and metal Hf (Hf ku LLIF). Accelerating voltage and
beam current used on the thortveitite samples @@k® and 20nA respectively, with a beam size of
5um. Total counting time were 40s (2x10 for thelkgaound) for the elements Sc, Y, Mn, Fe and Si,

while 30s (2x15 for background) on other elements.

Points for analysis were chosen on the basis dhgdn the crystal. The zoning was observed in the

BSE-images provided by the microprobe and threetpgier different zone were usually set.



Biotite

WDS-analysis was used on four biotite samplesgtfi@m thortveitite-bearing pegmatites and one
from non-thortveitite-bearing pegmatites, to chéany Sc was present at all. The first analyzes
acquired the major elements of the biotites. Iin&s identified in a biotite during the second

analysis, the major elements for that biotite fiibie first analysis were used as matrix correction.

All data presented are corrected for a limit ofedébn of 60ppm. Total counting time was 2 min.
(2x30 for background) The X-ray line and crystatdiso identify Sc was Scdand LPET.

Accelerating voltage was set to 15kV, beam cumerd 50nA and the beam size was 5um.

Calibration standards used were: Wollastonite( @a{ Ka), pyrophanite(Mn Ig, Ti Ka) metallic
iron (Fe Ka) synthetic MgO( Mg k) synthetic AI203 (Al k) albite (Na k), orthoclase (K I§), Sc
orthophosphate ScPO4 (Sa){Jarosewich and Boatner, 1991)

Garnet

Calibration standards, along with respective Xinags and crystals used were: Wollastonite( @a K
Si Ka), pyrophanite(Mn K, Ti Ka) metallic iron (Fe k) synthetic MgO( Mg k) synthetic Al203
(Al Ka) albite (Na ki), orthoclase (K I€).

To analyze the garnets, a standard major elemegtamm for silicates was used.

Accelerating voltage was set to15kV, with a beamesut of 20nA. The peak-count time was 10s,
with a focused electron beam. All data presenteccarrected for limit of detection and the PAP

procedure of Pouchou and Pichoir (1985) was useché&drix correction.

Calculating end-members were done using a sprezet-siade by Locock (2008)

Trace-element analysis

Trace-element analyses were performed on the #ittés and garnet-samples using a Bruker
Auroroa Elite quadropole ICPMS with a CTAC LXS213aser microprobe, at the Department of
Geosciences at UiO. The wavelength of the laser2d@am. Helium was used as carrier gas. All
ICPMS data are corrected for limit of detection aedd-time overload. Si measurements from the
microprobe were used as internal standard whilésa BD0-glass, with certified reference initial for
range of elements at given concentrations, was aseth external standard. The data obtained from
the ICPMS have been processed for data reductitheitslitter 4.4.2 program (Griffin et al., 2008).

Error margins vary between 5 to 10 percent.



Thortveitite

For the thortveitite-analysis, the energy of treetavas usually at 30%, with a frequency of 10Hz,
energy of 0.65mJ and an energy fluence of 32%/knsome cases with too little ablation in the
beginning, the energy was set to 40% and then eetliac30% after 1-2 seconds. The ablation width

was set to 50um

Usually, three analyze-points were set per eack,Zollowing the same points used on the
microprobe. Since the LA-ICP-MS, unlike the micraipe, is not equipped with a BSE-detector, the
author had to navigate to the right spots/zonels thit help of printed BSE-images and regular

images of the crystals.
Garnets

The Laser ablation width was set to 50um. The gnefghe laser was on 40% when used on the
garnets and increased to 60% on the standard. drhbar of analyzing spots was usually 10 (5 on
core and rim) on the large crystals and 3-5 orsthaller crystals. Average measurements were
obtained on the smaller crystals. NIST SR 610 Wwasstandard glass used to correct for instrumental

drift after ca. 10 spots on the crystals.



Results

Granatgruva

Located at Ljoslandknipan, approximately 5km na#ist of Birketveit (58°29°57"" N 7°57°10"" E),
the municipally-center of lveland. This pegmatgealled Aril Omestads gruve by Corneliussen
(2015).

General features

The pegmatite is hosted by the Iveland-Gautestgahdmulite. Extensive mining activity of the
pegmatite has helped in giving information aboetfthld relationship of the pegmatite. Based on the
small patches of exposure of the border zone betwegacrystic K-feldspar and the amphibolite
under the tailing just up the small hill from thead (circle A in Figure 4), the approximate length

the pegmatite is ca. 20-30m. The height measuogd fhe standing ground and to the top of the
pegmatite is about 6m. From west to east, withditwof about 10m, the pegmatite appears to lack
symmetry as it is thinned out in the eastern Fdre pegmatite has a shallow dip towards the north-
east. When it comes to grain size, the Granatgoaegmatite has a regular concentric zoning of
texture as the grain size increases from the qates of the pegmatite and in towards the core. The
border zone, a zone with a thickness of a few petdrs and is fine-grained (ca. 2-5 mm) (London,
2008; Snook, 2014), was observed at two placdsimtitermost region of the wall zone. Because of
the small size of the border zone, compared teovidezone, and the limited exposure, this zone was
incorporated into the wall zone Enror! Reference source not found.. The wall zone was identified

by its coarser grain-size (1-2 cm) and graphic itgglhondon, 2008; Snook, 2014).

The zoning pattern, when it comes to compositismasiymmetric. This can be observed in the
intermediate zone, which is dominated almost cotapldy plagioclase in the eastern part of the
pegmatite while microcline dominates in the sameezievel in the western part (Figure 5). While

the overall crystal size in the plagioclase intatiate zone is less than 1m, but large enough to be
distinguished from the wall zone, the microclineeimediate zone contains crystals that exceeds 1m
in size. The wall in the innermost part of the min@s a mix of megacrystic plagioclase, microcline
and quartz crystals, adding a third intermediateezé\long the floor of the innermost wall, a zone
which is attributed to the plagioclase intermediaire can be observed. The core of the pegmatite
was not observed in its sequential position, algfipbased on the observation of large crystals of

guartz it is assumed that it was quartz-dominated.

Field observations in the surrounding area, whsobxtensively covered with vegetation, show no

trace of further exposure of the pegmatite thahénexcavated area. Also, a few meters behind the



studied pegmatite, is a new mine which was basediifferent pegmatite. This is based on the
report of Corneliussen (2015) on the Granatgruv@¥aite being a muscovite-dominated mine,

while the other is biotite-dominated.

N

<€=To main road

Figure 4: Map and picture of the Granatgruva pegmatite. Red-colored area is tailing from mining
activity while blue covered area show where the pegmatite is exposed. Circle A indicate the small
patch of megacrystic feldspar in contact with the amphibolite host rock (black). B is a second mine
located a few meters to the north. Arrow in the top picture indicates the viewing direction of the
bottom picture.



Figure 5:: Schematic sketch of the interpreted zoning of the Granatgruva pegmatite. 1: Wall zone, 2:
K-feldspar intermediate zone, 3: Albite intermediate zone, 4: Feldspar intermediate zone, 5: Core.
Note that the dark area is what is covered by tailings.

Pegmatite petrography

Quartz (Si02)
The quartz is either of a milky/transparent or syneriety.

The milky/transparent quartz is accompanied bythite plagioclase. This quartz varies from less
than 1cm to more than 1m towards the former cotbe@pegmatite. The crystals are anhedral

throughout the pegmatite.

The smoky variety is usually observed in conta¢thwbth albite and microcline. The size of the
quartz crystals varies from a few centimeters ttemsized crystals in the pegmatite. The smoky

quartz is observed to be anhedral throughout tgenpéte.



A white rim between microcline and smoky quartz whserved in the innermost part of the mine
and sampled for thin-section (KG2-7). The thin-setteveals that the white rim consists of a matrix

dominated by (an- and subhedral) plagioclase aadsjuvith a few K-feldspar crystalErtor!

Reference source not found.).

Figure 6:Picture and thin section(under cross-polarized light) of the white rim (green) between

quartz (blue) and microcline (red) in innermost part of the Granatgruva pegmatite. (Mc =Microcline,
Qtz= quartz)

Feldspars: K-feldspar, KAISi308; Plagioclase, (Na,Ca)AlSi308

K-feldspar dominates over plagioclase in the graghanite and in the wall zone in the western side
of the Mine.



Plagioclase occurs as anhedral in contact withtguahile it is an- to subhedral when in contact
with other feldspars in thin-section. Twinning hretplagioclase is polysynthetic and no zoning is

observed in cross-polarized light.

There are large crystals of both K-feldspar andipldase in the intermediate zones. K-feldspar

tends (0.5-1 m) to be larger than plagioclase $<f).

Mica: Muscovite, KAI2(AISi3010)(OH)2; Biotite, K(Mg,Fe)3(AlSI3010)(0OH)2
Some biotite is observed throughout the pegmatitetlis dominated by muscovite. Muscovite

occurs in the intermediate zone of the pegmatite. dlusters of muscovite are found in both K-
feldspar and plagioclase. Orientation of crystalses between clusters, but an orientation with the
(001) plane at right angles to the contact of thé i& dominant. Observation of fully evolved
crystals in the feldspars, indicate that the magstallized prior to the feldspars. Muscovite lsoa

found between plagioclase or microcline crystals.

Garnet: Spessartine-Almandine mix ((Mn3Al;)-(Fe3Alz)Siz01; (Spessartine rich)

Garnet occurs throughout the intermediate and zionb® pegmatite. A larger number of garnet
crystals are observed in the plagioclase, usuatipmpanied by muscovite, in the eastern part of the
mine. Clusters of sub- to euhedral garnets, lems thcm in size are observed in the plagioclase-
intermediate zone. The color of these crystaleepddark red. Larger sub- to euhedral garnet
crystals, more than 1 cm in size, are observeldrKtfeldspar intermediate zone. These crystals
have a lighter red color compared to the onesdrptagioclase-intermediate zone. There is a larger
distance between the single crystals (0.5->1m),pared to the ones in the plagioclase-intermediate

zone (<1 m).

Oxides
Magnetite, Fe2+Fe3+;04
Magnetite is found in the wall zone. The crystasyvfrom less than 5mm to about 1cm in size and

are anhedral.

Euxenite-(Y) / Polycrase-(Y), (Y, Ca, Ce, U, Th)(Ti, Ta, Nb).0¢
Small euxenite-(Y) or polycrase-(Y) crystals, ugdltam in size, occur mainly in the wall zone and

almost absent in the intermediate zones. The dsyata observed to be in the vicinity of magnetite
crystals. The form observed on the crystals isléatand euhedral. Despite the chemical difference
between the minerals it was not possible to fullgfem which of the two occurs in the mine. The
reason for this is that both are partly to fullytemaict, which makes EDS analyzes challenging and

even more so XRD.



Zone Wall zone |[Intermediate zone(s)| Core

Milky gtz
Smokyqtz @ }}-———t+———— ————
Albite

Microcline
Muscovite
Biotite —
Magnetite —
Eux-(Y)/Poly-(Y)— - - - - — -———
Garnet

Figure 7: Paragenetic sequence for the Granatgruva pegmatite



Chemical analysis
Biotites

Table 1: EMP-analysis of the collected biotites..

Thor.for.

2190Landas 7 Eptevann 26762Heia 22300Torvelona
n 1 1 1 1
Si02 34.54 35.41 35.16 35.55
Sc203 0.060(2)* 0.135(4)* 0.1162(9)* 0.159(3)*
Fe203** 23.34 22.15 23.36 22.78
FeO 3.93 - - 1.52
K20 9.47 9.63 9.61 9.71
Al20 16.11 16.49 15 15.77
TiO2 2.77 3.2 3.2 3.07
Na20 0.04 0.12 0.11 0.14
MnO 1.00 1.07 0.67 1.77
MgO 5.45 8.64 8.89 6.54
Ca0 - - - -
Total 96.71 96.84 96.11 97.00

Molecular proportions based on 12 oxygen

Si apfu 2.82 2.82 2.83 2.87
Sc 0.004 0.009 0.008 0.011
Fe3+** 1.43 1.32 141 1.38
Fe2+ 0.269 0.00 0.00 0.103
K 0.99 0.97 0.98 1.00
Al 1.55 1.54 1.42 1.50
Ti 0.17 0.19 0.19 0.18
Na 0.006 0.019 0.018 0.022
Mn 0.069 0.072 0.045 0.121
Mg 0.665 1.02 1.06 0.78
Ca 0.00 0.00 0.00 0.00
Total 7.973 7.96 7.961 7.967

*The SgO; content is the average of 3 analysis, while th&irmeorrection is based on one analysis

from each sample. **Calculating #ds based on Droop (1987)

The biotite sample22300Torvelong0.159 wt.% Sg0s), 22386 Thor.for., Eptevan{®.135 wt.%
S605) and26762Heia(0.1162 wt.% Sgs) have the highest Sc content, wHE90Landas (0.060

wt.% SgOs)) has the lowest Sc content.



Garnets

The garnets collected in field occurred eitherlasters, intergrowths with quartz and muscovite, or
as single and euhedral crystals.

The majority of the collected garnets have no \Vigwbservable compositional zoning. The few
garnets in which compositional zoning is observagehan oscillating zoning pattern, eKgs-
4GranatgruvaandMS-6Solasor patchy zoning , e.¢KT-1Thortveitittgruveand25370Kabuland
(Figure 8). The darker spots 25370Kabulandontain small inclusions of ilmenite.

KG-4Granatgruva

188

BSE 15KV

5422Frikstad I MS-6Solas

Figure 8: BSE-images of samples KG-4Granatgruva (top left), MS2-9Solas (top right), 25422Frikstad
(middle left), MS-6Solas (middle right), 25370Kabuland (bottom left) and KT-1Thortveitittgruva
(bottom right). Qz= quartz. Zrn = zircon. lIm= limenite



Major and minor element chemistry

The average wt.% oxide, apfu and end-member conmp@inethe garnets are presented in Table 2.

For all the analyzis spots, see Table 9, Appendix 3

Table 2: Average wt.% oxide and apfu of elements in the collected garnets.

KB-1 25432 KTU-7 MS-9 25427 25370 25409
Heiliodorgruva Heia Tuftane | Solas Steli Kabuland Landas
n 6 6 4 4 6 7 6
Si0, wt% 36.3(6) 36.2(3) | 36.1(3) | 35.1(2) | 36.1(3) 36.0(4) 35.4(7)
Al,0; 19.9(1) 20.1(2) | 20.2(3) | 20.3(2) | 20.2(1) 20.2(5) 20.34(7)
FeO 15(2) 17(2) 17(2) | 0.6(4) 25(1) 19(2) 15(1)
Fe,0; 1.3(8) 1(1) 1.4(7) | 3.6(5) | 1.1(5) 1.3(6) 1.4(7)
MnO 25.5(9) 24(2) 22(1) | 40.0(3) | 15(1) 20(2) 24.6(9)
TiO, - - 0.08(2) | 0.04(1) | 0.04(3) - 0.05(4)
MgO 0.6(2) 0.75(8) | 0.90(4) - 0.51(6) 1.0(2) 0.35(7)
CaO 0.3(1) 0.4() 0.52(2) | 0.62(7) | 0.46(5) 0.49(6) 0.59(7)
Na,O - 0.02(2) <0.01 | <0.01 <0.01 <0.01 0.12(9)
K,0 - - - - <0.01 <0.01 -
Sc,0; - 0.03* 0.06* | <0.01* | 0.02%* 0.06* 0.01*
REE,O; - 0.13* 0.4* | 0.045* | 0.03* 0.3* 0.6*
V,05 <0.01* <0.01* <0.01* - <0.01* <0.01* <0.01*
Cr,03 - <0.01* <0.01* | <0.01* | <0.01* <0.01* <0.01*
Zn0O 0.02 0.012 <0.01* | 0.048* | 0.01* <0.01* 0.016
Y,03 - 0.25%* 0.4* | 0.052* | 0.09* 0.6* 1.1
TOTAL 100.1 100.9 100.7 | 100.3 100.2 100.3 100.3
Formula proportions based on 12 oxygen (apfu)
Si apfu 2.97 2.96 2.96 2.9 2.98 2.95 2.93
Al 0.03 0.04 0.04 0.1 0.02 0.05 0.07
IT 3.00 3.00 3 3 3 3 3
\% 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ti 0.01 0.01 0.00 0.00 0.00 0.01 0.00
Cr 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Al 1.90 1.90 0.01 0.00 0.00 0.01 0.00
Fe3+ 0.07 0.10 0.08 0.12 0.06 0.08 0.08
Fe2+ 0.02 0.00 0.00 0.00 0.00 0.00 0.00
iB 2.00 2.00 2.00 2.00 0.00 2.00 2.00
Y 0.02 0.01 0.00 0.00 0.00 0.03 0.00
REE 0.00 0.00 0.02 0.00 0.00 0.00 0.00
Fe2+ 1.0 1.16 1.1 0.05 1.76 1.3 1.07
Fe3+ 0.00 0.02 0.00 0.10 1.76 0.00 0.00




Sc 0.00 0.00 0.01 0.00 0.00 0.00 0.00
Mn 1.7 1.6 1.59 2.79 1.11 1.43 1.72
Mg 0.08 0.09 0.00 0.00 0.00 0.00 0.00
Ca 0.03 0.04 0.11 0.00 0.06 0.13 0.04
Na 0.01 0.00 0.05 0.06 0.04 0.04 0.05
K 0.00 0.00 0.01 0.00 0.00 0.01 0.02
IA 3.00 3.00 0.00 0.00 0.00 0.00 0.00
End-member component (%)
Yttrogarnet 0.00 0.4 0.82 0.1 0.18 1 1.86
Sc garnet 0.33 0.2 0.34 0.00 0.14 0.36 0.06
Spessartine 58 55 53.16 92.99 36.87 47.86 57.54
Pyrope 2 3 3.68 0.00 2.12 4.21 1.44
Almandine 33 35 38.04 0.6 57.83 42.6 35.12
Grossular 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Andradite 0.00 0.6 0.94 1.7 1.09 0.67 1.42
Skiagite 2 3 2.01 0.88 0.93 1.82 0.8
Table 2 cont.
Sample MS2-9 MSB-5 25444 KH-3 25447 28372 25375
P Solas Slobrekka Havarstad Hovasen Rkb. Mglland Ivedal
n 4 6 6 4 4 6 6
\SA:?/Z 35.2(4) | 34.8(1) 35(1) 35.4(3) | 34.7(1) | 35.9(3) 35.3(3)
(o)
Al,O3 19.9(2) 20.5(1) 19.9(7) 19.61(6) | 20.2(1) 19.9(2) 20.3(3)
FeO 12(1) 17.4(6) 19(2) 9.8(1) 0.9(7) 18(2) 16(2)
Fe,03 2(1) 1.0(6) - 2.9(2) 3.5(8) 1.7(6) 1.6(9)
MnO 28.1(4) 21.3(5) 20.6(6) 31.4(3) | 39.0(6) 21(2) 22(1)
TiO, 0.10(6) 0.05(2) 0.1(1) 0.13(3) | 0.06(1) 0.10(5) 0.05(4)
MgO 0.29(2) 0.77(4) 0.6(1) 0.18(5) - 0.8(1) 0.66(9)
Cao 0.26(4) 0.62(3) 0.4(2) 0.23(2) | 0.76(5) 0.5(1) 0.9(1)
Na,O 0.08(4) 0.12(4) - 0.02(2) - - 0.1(5)
K,O - - - - - - -
Sc,0; 0.011* 0.084* 0.13* <0.01* <0.01* 0.01* 0.08*
REE,O4 0.36* 1.41* 0.17* 0.05* 0.067* - 1.2*
V,05 <0.01* <0.01* <0.01* <0.01* - <0.01* -
Cr203 = = = - = = =
Zn0 0.028* <0.01* <0.01* 0.021* | 0.0261* 0.01* 0.012*
Y,0; 1.3* 1.5* 0.45* 0.041* 0.07* - 1.4*
TOTAL 100.1 99.7 99.1 99.7 99.1 99.5 100.2
Formula proportions based on 12 oxygen (apfu)
Si apfu 2.93 2.92 2.90 2.94 2.89 2.97 291
Al 0.07 0.08 0.10 0.06 0.11 0.03 0.09




IT 3.00 3.00 3.00 3.00 3.00 3.00 3.00
\ 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ti 0.00 0.01 0.00 0.01 0.00 0.01 0.00
Cr 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Al 1.91 1.87 191 1.89 1.88 191 1.90
Fe3+ 0.08 0.12 0.07 0.10 0.12 0.09 0.09
Fe2+ 0.01 0.01 0.02 0.00 0.00 0.00 0.01
IB 2.00 2.00 2.00 2.00 2.00 2.00 2.00
Y 0.06 0.08 0.08 0.03 0.00 0.01 0.06
REE 0.02 0.01 0.04 0.01 0.00 0.00 0.03
Fe2+ 1.07 0.85 1.20 1.35 0.06 1.31 1.12
Fe3+ 0.01 0.01 0.00 0.03 0.11 0.02 0.01
Sc 0.00 0.00 0.01 0.01 0.00 0.00 0.01
Mn 1.72 1.98 1.50 1.45 2.75 1.50 1.59
Mg 0.04 0.04 0.10 0.08 0.00 0.11 0.08
Ca 0.05 0.02 0.06 0.04 0.07 0.05 0.08
Na 0.02 0.01 0.02 0.02 0.00 0.01 0.02
K 0.00 0.00 0.00 0.00 0.00 0.00 0.00
ZA 3.00 3.00 3.00 3.00 3.00 3.00 3.00
End-member component (%)

Yttrogarnet| 2.41 2.74 0.85 0.08 0.15 0.19 1.98
Sc garnet 0.07 0.47 0.63 0.01 0.01 0.09 0.46
Spessartine | 65.96 50.22 48.39 73.78 91.77 49.97 53.06
Pyrope 1.22 3.21 2.51 0.76 0.00 3.53 2.75
Almandine | 24.08 40.35 43.16 18.42 2.01 41.67 37.57
Grossular 0.00 0.32 0.00 0.00 0.14 0.00 0.37
Andradite 0.36 0.96 0.23 0.28 1.93 1.27 1.8
Skiagite 4.44 0.27 1.9 4.38 0.13 1.96 0.15
Table 2 cont.
sample 25412 2537% 2;422 MB-3 _ 2;421 KHn-l KT-_l

Rkb. Frgysa | Frikstad |Brattekleiv| Frikstad | Hovasen | Thortveitittgruva
n 6 6 4 4 4 4 5
SiO, wt% 36.1(4) | 35.4(3) | 35.6(5) 35.6(1) 35.2(2) | 36.1(3) 36.3(3)
Al,O3 20.4(2) | 20.5(4) | 20.1(2) 20.2(1) 20.5(3) | 19.98(7) 19.9(2)
FeO 7(1) 1.7(6) 18.1(6) 21.0(9) 0.7(6) 12.9(2) 14.3(9)
Fe,03 1(1) 2.8(7) 2.0(3) 1.3(4) 3.2(6) 1.6(1) 1.8(4)
MnO 34.5(5) | 38.9(4) | 21.8(2) 19.4(8) 39.7(5) | 28.6(3) 25(1)
TiO, 0.01(1) | 0.04(1) | 0.05(1) 0.09(3) 0.05(1) | 0.14(8) 0.17(2)
MgO - - 0.8(6) 0.526(8) - 0.50(4) 1.08(9)
Cao 0.49(3) 0.7(1) 0.57(8) 0.5(1) 0.75(4) | 0.28(4) 0.8(3)
Na,0 0.08(7) | 0.04(3) | 0.05(1) 0.05(1) - 0.027(9) 0.06(4)




K,O 0.4 0.05 - - - - -
Sc,03 <0.01* <0.01* 0.06* 0.08* - 0.03* 0.2*
REE,O 0.06* 0.08* 0.4* 0.39* 0.6* 0.2* 0.4*
V,05 0 0 0| <0.01* 0 <0.01* <0.01*
Cr,03 0 0 0 0 0 0 0
Zn0O 0.047* 0.025%* 0.011* <0.01* 0.044 0.0131 <0.01*
Y,0; 0.31%* 0.12* 0.4* 0.45%* 0.101* 0.66* 0.6*
TOTAL 100.9 100.4 100.2 99.9 100.2 101 101
Formula proportions based on 12 oxygen (apfu)
Si apfu 2.96 291 2.93 2.95 2.90 2.96 2.95
Al 0.04 0.09 0.07 0.05 0.10 0.04 0.05
2T 3.00 3 3.00 3.00 3.00 3.00 3.00
Vv 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ti 0.00 0.00 0.00 0.01 0.00 0.01 0.01
Cr 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Al 1.93 1.91 1.87 1.92 1.89 1.88 1.86
Fe3+ 0.07 0.09 0.12 0.07 0.11 0.10 0.11
Fe2+ 0.00 0.00 0.00 0.00 0.00 0.01 0.02
B 2.00 2.00 2.00 2.00 2.00 2.00 2.00
Y 0.02 0.01 0.03 0.03 0.01 0.04 0.03
REE 0.00 0.00 0.02 0.01 0.00 0.01 0.01
Fe2+ 0.48 0.12 1.24 1.45 0.05 0.88 0.95
Fe3+ 0.04 0.08 0.01 0.01 0.10 0.00 0.00
Sc 0.00 0.00 0.01 0.01 0.00 0.00 0.02
Mn 2.39 2.71 1.53 1.37 2.77 1.98 1.76
Mg 0.00 0.00 0.10 0.06 0.00 0.06 0.13
Ca 0.04 0.07 0.05 0.05 0.07 0.02 0.07
Na 0.01 0.01 0.01 0.01 0.00 0.00 0.01
K 0.01 0.00 0.00 0.00 0.00 0.00 0.00
ZA 3.00 3.00 3.00 3.00 3.00 3.00 3.00
End-member component (%)

Yttrogarnet 0.55 0.23 0.84 0.88 0.19 0.58 0.29
Sc garnet 0.00 0.00 0.38 0.49 0.00 0.45 0.19
Spessartine 79.79 90.29 50.86 45.66 92.31 58.39 59.06
Pyrope 0.03 0.00 3.36 2.15 0.03 2.38 3.01
Almandine 15.77 4.07 39.93 47.74 1.79 33.61 32.56
Grossular 0.39 0.76 0.00 0.00 0.23 0.00 0.00
Andradite 1.00 1.43 1.14 0.83 1.72 0.12 0.53
Skiagite 0.23 0.00 1.73 0.73 0.01 2.95 2.90




Table 2 cont.

sample MS:G KG2-5 KG-4 22330
Solds | Granatgruva | Granatgruva | Torvelona
n 4 4 6 4
SiO, 35.7(4) 35.4(1) 36.1(8) 35.4(3)
Al,O; 19.9(3) 19.7(3) 20.1(1) 19.3(1)
FeO 16(1) 15(1) 17(1) 11.3(4)
Fe,0; 1(1) 2.10(6) 1.4(6) 2.5(8)
MnO 24.2(1) 25(1) 23.4(7) 28.4(2)
TiO, 0.07(3) 0.22(6) 0.16(8) 0.20(3)
MgO 0.59(9) 0.66(8) 0.81(2) 0.70(2)
Cao 0.32(2) 0.43(2) 0.5(1) 0.65(6)
Na,O - 0.10(9) - 0.07(2)
K,0 0.14 - 0.04 -
Sc,05 0.014* 0.11* 0.11* 0.19*
REE,O; 0.2* 0.3* 0.1* 0.4*
V,05 <0.01* <0.01* <0.01* <0.01*
Cr,03 <0.01* <0.01* <0.01* <0.01*
Zn0O 0.023* 0.016* <0.01* <0.01*
Y,03 0.5* 0.7* 0.2* 0.58*
TOTAL 99.6 99.8 100 99.6
Formula proportions based on 12 oxygen

Si apfu 2.96 2.93 2.96 2.94
Al 0.04 0.07 0.04 0.06
2T 3.00 3.00 3.00 3.00
\Y 0.00 0.00 0.00 0.00
Ti 0.00 0.01 0.01 0.01
Cr 0.00 0.00 0.00 0.00
Al 1.91 1.86 1.91 1.83
Fe3+ 0.09 0.12 0.08 0.15
Fe2+ 0.00 0.00 0.00 0.01
2B 2.00 2.00 2.00 2.00
Y 0.03 0.04 0.01 0.03
REE 0.01 0.01 0.00 0.01
Fe2+ 1.11 1.04 1.18 0.78
Fe3+ 0.02 0.01 0.01 0.00
Sc 0.00 0.01 0.01 0.02
Mn 1.70 1.75 1.63 1.99
Mg 0.07 0.08 0.10 0.09
Ca 0.03 0.04 0.05 0.06
Na 0.02 0.02 0.01 0.01
K 0.00 0.00 0.00 0.00




ZA 3.00 3.00 3.00 3.00
End-member component (%)
Yttrogarnet 0.64 0.58 0.16 0.42
Sc garnet 0.17 0.27 0.09 0.14
Spessartine 52.62 63.26 65.6 39.29
Pyrope 3.34 2.76 1.01 2.61
Almandine 38.48 29.05 28.51 54.44
Grossular 0.00 0.00 0.00 0.00
Andradite 0.75 1.19 14 0.97
Skiagite 2.86 1.27 0.94 1.06

“uxu

Values marked with “*“are obtained from LA-ICP-MS analysis.

Calculation of Fe*" is based on Droop (1987).

Fe-Mn
All of the collected garnets belong to the almareipessartine series with the latter being the most

abundant (Figure 9Error! Reference source not found. shows thaR5421Frikstad92.3%
spessartine, 1.7% almandine)S-9S0la£92.2% spessartine, 0% almandine) and
25447Rwaykvartsbruddé1.7 % spessartine, 2% almandine) are the gattmatsiave the highest
spessartine component. On the other side of the salution lies25427Stel{(57% almandine, 36%
spessartine), which is closest to the almandinenesahber MB-3Brattekleiv47% almandine, 45%

spessartine) is another sample closer to the almaticlin the spessartine end-member.
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Figure 9: Ternary plot between Mn, Ca and Fe in the collected garnets

Caand Mg

The pyrope and Ca-end-members (andradite and dg@ossamponents in the collected garnets are
minimal compared to the spessartine-almandine caems (Figure 10KTU-7Tuftanehas the
highest pyrope content (3.6% pyrope), howd<&rlThortveitittbruddets closest to the pyrope end-
member relative to the spessartine-almandine avsbgtar end-members. The sanb875Ivedal
has the highest grossular content, relative tather garnets, in a spessartine-almandine versus
pyrop and grossular plot.
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Figure 10: Ternary plot showing the distribution of the garnets between the spessartine-almandine,
grossular and pyrope end-members.

Trace element chemistry

Yttrium, scandium and REE
The garnets with the highest Y content si®B-5Slobrekk#1.50 w.t% ¥%03), MS2-9Solag1.3

wt.% Y,03), 25409Landag1.1 w.t% Y,03) and25375Ivedal1.1 wt.% Y,Os3), in whichMSB-
5Slobrekkahas the highest Y component (2.73% yttrogarnedpld 2). The Sc content is
considerably lower than Y in the garnets, wh€felThortveitittbrudde{0.20 wt.% SgO5),
22330Torvelong0.19 wt.% Sg0s) and25444Havarstad0.13 wt.% Sg0s) have the highest Sc
content.25444Havarstadhas the highest Sc-component (0.62% Sc garnet)gPab
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Figure 11:Map showing the distribution of Y in the collected garnets.
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Figure 12:Map showing the distribution of Sc ( wt.%) in the collected garnets.

The garnets with the highest Sc content (in wt.2é)feom within the Iveland-Gautestad complex

(Figure 12), which is also the case for the majority of tlaergets when it comes to Y. Garnets

collected from the areas of Ljosland, Ljoslandknipad Havarstad contains the highes Sc content.

Some of the garnets with the highest Y content,28875lvedalare from outside the Iveland-

Gautestad Complexigure 11)

Table 3: Table showing the Mn/(Fe+Mn), Sc and Y (apfu) from core to rim and average in the
garnets.

Mn/(Fe+Mn) Sc Y
Core 0.61 0.005 0.013
Rim 0.56 0.0024 0.015
25432Heia Avg. 0.59 0.003 0.014




Core 0.39 0.0036 0.0067
Rim 0.37 0.002 0.003
25427 Steli Avg. 0.38 0.002 0.005
Core 0.54 0.004 0.042
Rim 0.48 0.01 0.02
25370 Kabuland Avg. 0.51 0.007 0.03
Core 0.63 0.0012 0.089
Rim 0.6 0.001 0.03
25409 Landas Avg 0.63 0.0011 0.06
Core 0.54 0.0094 0.086
Rim 0.55 0.0094 0.082
MSB-5 Slobrekka Avg. 0.54 0.0094 0.084
Core 0.55 0.011 0.025
Rim 0.5 0.018 0.025
25444 Havardstad Avg. 0.52 0.014 0.025
Core 0.76 0.00 0.0024
Rim 0.76 0.00 0.002
KH-3 Hovasen Avg. 0.76 0.00 0.0022
Core 0.97 0.00 0.0047
25447 Rim 0.97 0.00 0.0041
Reykkvartsbruddet Avg. 0.97 0.00 0.0044
Core 0.83 0.00 0.018
25412 Rim 0.85 0.00 0.016
Reykkvartsbruddet Avg. 0.83 0.00 0.017
Core 0.96 0.00 0.0074
Rim 0.95 0.00 0.0062
25374 Frgysa Avg. 0.95 0.00 0.006
Core 0.56 0.0021 0.0097
Rim 0.5 0.00 0.00
28372 Mglland Avg. 0.51 0.001 0.00
Core 0.56 0.01043 0.053
Rim 0.6 0.00802 0.07
25375 lvedal Avg. 0.58 0.009 0.06
Core 0.58 0.005 0.026
Rim 0.59 0.0172 0.0076
KG-4 Granatgruva Avg. 0.57 0.013 0.01
22330 Torvelona Avg. 0.71 0.022 0.033
25422 Frikstad Avg. 0.55 0.007 0.025
MB-3 Brattekleiv Avg. 0.48 0.009 0.025
25421 Frikstad Avg. 0.98 0.00 0.0056
KH-1 Hovasen Avg. 0.69 0.003 0.036
KT-1 Thortveittbruddet |Avg. 0.64 0.021 0.03
MS-6 Solas Avg. 0.6 0.0016 0.031
MS2-9 Solas Avg. 0.69 0.0012 0.07
KG2-5 Granatgruva Avg. 0.62 0.012 0.04
KTU-7 Tuftane Avg. 0.57 0.006 0.02
MS-9 Solas Avg 0.98 0.00 0.0028
KB-1 Heliodorgruva Avg. 0.63 0.00 0.00




The change in Sc and Y content with the variatibklio/(Fe+Mn)-ratio is shown in Table 3. The
sample25370Kabulang25444Havarstac@ind25375Ilvedahave an inverse change in Sc when the
Mn/(Fe+Mn)-ratio changes from core to rigg432Heiaand28372MgllandKG-4Grantgruvaand
25427 Stelhave the same change in Sc content as the chatige Mn/(Fe+Mn)-ratio.

The sampledSB5Slobrekka antKG-4Granatgruvahave an inverse change in Y content when the
Mn/(Fe+Mn)-ratio changes from core to rig4270Ste)i25370Kabuland25404Landas
28372Mgllangd25375Ivedabnd25374Frgysdave the same change in Y content as the change in

the Mn/(Fe+Mn)-ratio from core to rim.

Two trends occur when it comes to REE enrichmeth®farnets. The first trend is an enrichment
of the HREESs, which is the normal situation in gasnwhile the other trend is a reduction or drop i
the enrichment of the HREEs (Figure 18H-3Hovaserhas a major drop in the enrichment of the

HREEs compared to the other garnets. Although allB&E-enrichment in garnets is normal, some

of the garnets have a drop in the Ce-enrichment.
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the collected garnets.
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Figure 14:The chondrite normalized REE plot of KG2-5 and the core and rim of KG-4 from
Granatgruva.

The two garnets from the Granatgruva pegmatitaa@eplottet in a separated chondritc plot as this
pegmatite was investigated further (Figure 14) hBbe core and rim iKG4 and the average of

KG2-5have a normal enrichment in the HREES, while tlieeedrop in the Ce-enrichmentKits-4.

Thortveitite

Occurrence of thortveitite in Evje-lveland

As the thortveitites are from the collection at NHile paragenesis of these samples is obtained by
the eventual associated hand specimens, combirnkdheireported minerals from the same
pegmatite. Most of the samples consisted onlysihgle or multiple crystals of thortveitite. Sample
22292 _2Tuftangvas accompanied by plagioclase that separatechiovbréitite crystals (Figure 18),
while 22239Ljoslandwvas in a matrix of microcline and mic2302Knapeiad grown along the
cleavage of a mica crystal. BSE-images (Figureré®als that zircon, muscovite, biotite, quartz and
a Y-rich mineral interpreted as allanite usualtg@npanies as fracture-fillings or overgrowthshie t

thortveitite samples.
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Figure 15: BSE-images of the samples 22286Tuftane (top left), 22330 _4-(top right), _1Torvelona
(middle left), 22238Tjomstgl (middle right), 22370Eptevann (bottom left) and 22273Hdvarstad
(bottom right). “Aln?” refers to the question if this is allanite. Zrn= zircon. Ms= muscovite. Cst=
cassiterite.

Backscatter of electron (BSE) images shows two rgeio@s of oscillatory zoning, in some of the
thortveitites, which have a different orientati@fative to each other. It is only sample
22302_1Knapethat show the zones from what probably is the ¢daek zone) and outwards in the
crystal (Figure 17). The samples with irregularingrpatterns, e.®22330_1Torvelonand

22273Havarstadlso have inclusions and fractures filled with airdError! Reference source not

found.)



Chemistry
The thortveitite group consist of several disilesa{sorosilicates) that have the general formula
M?3%,Si,O; where M= Sc, Y or Yb. The three end-members ofgtloeip are presented in Table 4.

Table 4: The three end-members of the thortveitite group. After Strunz and Nickel (2001)

Mineral Ideal formula
Thortveitite Sc,Si, 05
Keiviite-(Y) Y,Si,05
Keiviite-(Yb) Yb,Si,0-

Major element chemistry

The results of the EMP and LA-ICP-MS analysis aesented in Table 8, Appendix 2. Averages of
these analyses, for the different samples, arepted in Table 5. As the averages of the sampées ar
from the different zones, the standard deviatidange for some of the samples. Of the collected
samples, the highest &% content is found in the sampl28370Eptevanfd7 wt.% SgOs) and
22273Havarstad46 wt.% SgO;). The sample22292_ 1Tuftan€27 wt.% SgOz)and22286Tuftane
(27.1 wt.% SgO;) have the lowest Sc-content. The opposite goethél and REE content, where
22370Eptevani0.7 wt.% YOz and 1.3 wt.% REf;) and22273Havarstad1.7 wt.% Y0z and 2.3
wt.% REEQ;) have the lowest Y and REE content, wiZik292 1Tuftan€l5.2 wt.% %0z and 14
wt.% REEO; ) and22286Tuftan€13.84 wt.% ¥O; and 14 wt.% RE; ) have the highest Y and
REE content. The Zr{xontent varies from 1.7 wt.% Zp@or 22239Ljoslandto 3.9 wt.% ZrQin
22304EretveitThe only sample that exceeds 1wt.% MnQ2804Eretvei(1.1 wt.% MnO). All the
samples have less than 1.00 wt.% oxide when it sdm&gO, CaO and TiOThe Hf content varies
from 0.18 wt.% HfQin 22239Ljoslando 0.7 wt.% HfQ in 22304Eretveit



Table 5: Average wt.% oxide and apfu of the collected thortveitite samples. Values marked with "*"
are obtained from LA-ICP-MS analysis. For all the analyzes, see Table 8, Appendix 2

22302 | 22304 | 22370 (22273 22286 |22330| 22238 | 22239 (22292_|22292_
1 2

n 7 5 5 4 2 9 12 14 4 7
Si0, |42.3(4)]40.8(7)] 44(1) | 44.5( | 38.9(2) [ 43(1) | 44.1(5) | 43.7(7) | 38.4(5) | 38(1)
5,0, | 38(2) | 33(2) | 473) [ 46(3) | 27.12) | 41(5) | 44(2) | 45(2) | 27(1) | 29(3)
v,0; | 5(1) | 9.28) [0.72)[1.7(7)[13.842)] 42) | 2220 | 2(1) [15.2(8)] 13(2)
Fe,0, | 1.2(2) | 1.5(7) [1.2(6) [ 1.2(5) | 2.2(2) 127 | 125 | 1.23) | 1.12) | 1.1(5)
FeO | 0.4(2) - Joa)| - | o1 - | 0.6(s) - - -

Mno | 0.7(3) | 1.1(4) [ 0.4(4) [0.3(3) | 0.68(8) [ 0.8(7) | 0.6(4) | 0.09(6) | 0.4(1) | 0.4(2)
2r0, | 2.6(5) | 3.99) | 2(2) [2.28)] 2.93) | 2(2) | 2.8(9) | 1.7(2) | 2.102) | 2.1(8)
REE,0;| 5.6* | 6.9% | 1.3* [ 2.3* | 14.0* | 6* | 26* | 40* [ 140 | 13*

MgO | 0.05* | 0.17* | 0.09* - 0.12* | 0.05* [ 0.09* - 0.06* | 0.05*
CaO | 0.31* | 0.4* | 0.14*)0.11*| 0.31* [ O.1* 0.1* 0.1* 0.23* -
TiO, | 0.11* | 0.18* | 0.06* | 0.04* | 0.17* - 0.07* | 0.03* |0.072* | 0.7*

SrO <0.01* | <0.01* | <0.01 | <0.01 | <0.01 | <0.01| <0.01 <0.01 <0.01 | <0.01
HfO, 0.6* 0.7* 0.3* | 0.4%* 0.68* 0.5* 0.6* 0.18* 0.5* 0.5*

Ta,0s - 0.016* | <0.01 - <0.01 - <0.01 [ <0.01 [<0.01*|<0.01*
PbO | <0.01* | <0.01* | <0.01 - <0.01 - <0.01 - <0.01 -
ThO, |<0.01*| 0.02* | <0.01 | <0.01| 0.01* - <0.01 [ <0.01 [<0.01* -
Uo, - 0.03* - - <0.01 - 0.04* - <0.01* | <0.01*

Total [99.1(6)| 98(1) [99(1) | 100 |101.4(3)| 100(1 ] 99.6(9) [ 100.1(9 | 100(1) | 99(1)
Formula proportions based on 7 oxygen
Si 1.98 1.97 | 198 | 1.97 1.97 1.98 1.98 1.97 1.96 1.96
Sc 1.58 140 | 1.82 | 1.83 1.19 1.6 1.73 1.78 1.24 1.2
Y 0.14 0.23 | 0.012 | 0.03 0.37 0.11 | 0.047 0.06 0.41 0.37
Fe3+ 0.04 0.05 | 0.03 | 0.04 0.07 0.03 0.03 0.03 0.04 0.03
Fe2+ 0.00 0.00 | 0.00 | 0.00 0.00 0.00 | 0.00 0.00 0.00 0.00
Mn 0.02 0.04 | 0.00 | 0.00 0.02 0.00 | 0.02 0.00 0.01 0.00
Zr 0.05 0.09 | 0.05 | 0.04 0.06 0.04 | 0.05 0.032 | 0.047 | 0.04
REE 0.077 | 0.10 | 0.012 | 0.03 0.21 0.08 | 0.030 0.05 0.21 0.20
Mg 0.00 0.01 | 0.00 | 0.00 0.00 0.00 | 0.00 0.00 0.00 0.00
Ca 0.01 0.02 | 0.00 | 0.00 0.01 0.00 | 0.00 0.00 0.01 0.00
Ti 0.00 0.00 | 0.00 | 0.00 0.00 0.00 | 0.00 0.00 0.00 0.00
Sr 0.00 0.00 | 0.00 | 0.00 0.00 0.00 | 0.00 0.00 0.00 0.00
Hf 0.00 0.00 | 0.00 | 0.00 0.00 0.00 | 0.00 0.00 0.00 0.00
Ta 0.00 0.00 | 0.00 | 0.00 0.00 0.00 | 0.00 0.00 0.00 0.00
Pb 0.00 0.00 | 0.00 | 0.00 0.00 0.00 | 0.00 0.00 0.00 0.00
Th 0.00 0.00 | 0.00 | 0.00 0.00 0.00 | 0.00 0.00 0.00 0.00
U 0.00 0.00 | 0.00 | 0.00 0.00 0.00 | 0.00 0.00 0.00 0.00

Total 3.9 3.94 3.9 3.9 3.99 3.9 3.9 3.9 3.9 3.7
End-members %

Thor. 88 82 98.4 96 70.68 90 95.9 94 69 71

K-(Y) 8 13 0.9 2.2 21.9 6 2.8 3 23 21

K-(vb) | 2.7 31 | 06 [108] 732 | 29 1.1 1.9 7.3 7




Sum 100 100 100 100 100.0 100 100 100 100.0 100

22302 Knapen, Birkeland Avg. 22304 Eretveit Avg. 22370 Eptevann Avg. 22273 Havarstad22286

Tuftane, Frikstad Avg.22330 Torvelona, Ljosland Avg.22330 Torvelona, Ljosland Avg.Tuftane,
Frikstad Avg. 22238 Tjomstgl Avg. 22239 Ljosland Avg. 22239 Ljosland Avg. 22292 _1 Tuftane,
Frikstad Avg. 22292 2 Tuftane, Frikstad Avg.

Thortveitite
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22239 josland
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Figure 16: Ternary plot of Sc, Y and Yb distribution on average in the collected thortveitite samples.
Note that the plot, due to the high Sc-content in the samples, is over 60% Sc.

The collected samples are within the thortveitite-field, as the atomic Sc content in all is above 50%
(Figure 16 and Table 5)

The thortveitite samples are not compositional hgemous Kigure 15), where the darker the zoning,
the more Sc content there is. Yttrium and the HRtEBd to have an reveres trend, however, this is

not the case fa22370Eptevanwhere the Yb content is higher in the dark zorwompared to the
medium zoning.The sampl€2302_1Knaperwhich was cut perpendicular on its longest asis,



example of concentric oscillating zoning in whible Sc content decreases from dark, through

medium and to the pale zorféglire 17 andTable 6)

oo

500.pm BSE 20.kV

Figure 17: BSE-image of the thortveitite-sample 22302 _1Knapen, showing the different zoning
patterns that have been measured.

Table 6: Wt.% oxide and apfu based on seven oxygen in the zones in sample 22302 _1Knapen

Pale Medium Dark

n 1 1 1
Si02 42.08 42.52 42.56
Sc203 37.09 39.11 39.91
Y203 7.00 6.05 5.46
Fe203 1.03 1.25 1.23
FeO 0.63 0.36 0.32
MnO 0.89 0.72 0.58
Zr02 2.77 2.61 2.35
REE203 5.78* 5.94* 5.42%
MgO 0.06* 0.05* 0.04*
Ca0o 0.3* 0.31* 0.35%
TiO2 0.14* 0.1* 0.12*
SrO <0.01* <0.01* <0.01*
HfO2 0.82%* 0.64* 0.5%*
Ta205 0.02* <0.01* <0.07*
PbO <0.01* <0.01* <0.01*
ThO2 <0.01* <0.01* <0.01*
uo2 0.01* 0.01* 0.01*




98.627 99.684 98.863
Formula proportions based on 7 oxygen

Si 2 1.99 1.99
Sc 1.53 1.59 1.62
Y 0.17 0.15 0.13
Fe3+ 0.03 0.04 0.04
Fe2+ 0.02 0.01 0.01
Mn 0.03 0.02 0.02
Zr 0.06 0.05 0.05
REE 0.08 0.08 0.07
Mg 0.00 0.00 0.00
Ca 0.01 0.01 0.01
Ti 0.00 0.00 0.00
Sr 0.00 0.00 0.00
Hf 0.01 0.00 0.00
Ta 0 0 0
Pb 0 0 0
Th 0 0 0
u 0 0 0

3.91 3.91 3.92

Sample22238Tjomsteghnd22292Tuftanewhich have one of the highest and lowest Sc conte
respectively, were chosen as examples on theldiith of Sc, Y and Yb in the zoning-patterns
(Figure 18).



22238Tjomstol

Medium/ ! \ﬁark

22292_2Tuftane Pale2
22292 2Tuftane Palel
22292_2Tuftane Mediumi
22292_2Tuftane Medium?2
22292_2Tuftane Dark

2 0
o
]
v
30 - 0
A

9 40 60
Yb Y Yb Y

@ 22238Tjomstel Dark 1
Bl 22238Tjomstel Medium 1
¥ 22238Tjomstol Pale 1

ol --Ar &

Figure 18:Ternary plot showing zones of 22238Tjomstgl and 22292 2Tuftane. Due to the small
differences in Sc, Y and Yb between the zones in 22238Tjomst@l compared to 22292 2Tuftane, the
scales on the two plots are different. Pl=plagioclase.

The zones i22238Tjomstahre closer to each other in Sc, Y and Yb compasitmmpared to the
zones 022292 2Tuftane
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Figure 19:Relation between Sc and Y in the collected thortveitite samples
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Figure 20: Plot of Sc versus REE+ Y (apfu) in the collected thortveitites. Note the close to zero change
in Y+REE in 22238Tjomstgl and 22370 Eptevann.

There is a clear substitution between Y andrggtie 19). However, the plot does not indicate a 1:1
substitution. When combining Y with the REEs, thbstitution with Sc moves closer towards a 1:1

substitution Eigure 20).



Figure 20 shows that the REEs and Y decreases &téercreases in the samples. However, in
22238Tjomstgand22370Eptevanrthere is a minimal change in the already low ¥ REE content.
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Figure 21: Relation between Sc and other coupled elements (in apfu) that gives a total of 6+ in ionic
charge.
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Figure 22: Relation between the REEs+Y and elements that substitutes for Sc in Figure 21.

Combinations of several elements that give a totat charge of 6+ are showing a decreasing trend,

although variable (e.g. Sc versus Mg+Ti), whenSbeontent increases in the thortveititéigure



21). The same combinations have an increasing tmnesh the Y and REE content increaligure
22).
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Figure 23: Relation between REE+Y and Ca and Sc and Ca in the thortveitites.

There is an opposite trend when it comes to theddgent in the samples. Calcium has a positive

correlation to the change in Sc while an inversengle compared to REE+Y (Figure 23).

Trace-element chemistry
The chondrite normalized REE plot (Figure 24) shavesrong enrichment in HREE, which is
expected as substitution between Sc and the HREssEible due to similar ionic radii and ionic

charge.
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Figure 24:REE chondrite normalized plot for the thortveitite samples (McDonough and Sun, 1995)

Two trends in the chondritic plot can be obsen22239L josland22286Tuftanend22292Tuftane
(1 and 2) has the regular enrichment of HREESs. réhmining samples on the other hand, have a
lower enrichment in the HREESs. Here, the plot foemateau from Tb to Ho before it resumes

increasing from Er to Lu.
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Discussion

The pegmatites

The abundance of pegmatites in the amphibolitevjp-Eveland makes this one of Norway'’s largest
pegmatite fields and is part of the Setesdalen pétgrdistrict. Other large pegmatite fields in the
Sveconorwegian pegmatite province are e.g. theidobegmatite field in the Bamble district, which
is close to Evje-lveland, and the @stfold-Hallaedimatite district. The Evje-lveland pegmatite field
consists of over 400 pegmatites with a volume @frdy000m, confined in a ca. 30km long and
10km wide, N-S trending area (Muller et al., 2018)is area has been investigated by several
authors from the beginning of the 20th century apdo present. Although most of the pegmatites
are hosted by amphibolite, the surrounding gragrtieiss and augengneiss also hosts some
pegmatites. The pegmatites are classified, aftdleét al. (2012) and Muller et al. (2015), aserar
element REE and muscovite rare element REE classks classification scheme kigrny and

Ercit (2005) (Table 7) (Muller et al.,2012;Millerad.,2015). A U/Pb dating of one gadolinite gave
the age 910 + 14 Ma (Scherer et al., 2001) wiifleb”*®U dating of a monazite gave the age of
90619 Ma (Seydoux-Guillaume et al., 2012). Howebetth of these samples were from unspecified
pegmatites (Muller et al., 2015). Rb-Sr dating efeldspar in pegmatites in the northern part of
Evje-lveland gave an isochron age of 852+2 Ma (&ar2002). Snook (2014) argues that these ages
indicate that the pegmatites are too young to fierdntiates from the spatially close Hgvringsvatne
complex (Figure 25) which was first suggested bgrBkke (1937)
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Figure 25: Map of the Evje-lveland pegmatite field, with the Hgvringvatnet complex. (Modified after
Miiller et al., 2015)

Garnet-chemistry

Major elements

Ca and Mg

The low Ca and Mg contents of the collected garmeés<imum CaO (0.9wt.% CaO) measured in
25375lvedabnd maximum Mg (ca. 1wt.% MgO) measure@%370Kabulandcould have several
reasons. One of these reasons could be the presemoge Ca- and Mg-compatible minerals.
Plagioclase, which is Ca-bearing, is one of thetrdominant minerals in the pegmatites, while Mg-
bearing micas also occur in large amounts in tlgenaites. The variable decrease or increase, which
is low (~0.1wt.% or lower for MgO and CaO), for hd¥lg and Ca from core to rim of the garnets,
could also be controlled by the presence or abseilglg- or Ca- bearing minerals. This is
consistent with the work with composition of gasby Chernoff and Carlson (1997). In their work,
they added the compositional control factor by cstédg minerals to the work of Cerny et al. (1985),



who had stated that the melt composition was thjemeantrolling factor of the composition of
magmatic garnets (Muller et al., 2012). (Milleaet2012) noted that there was a lower Ca content

in the Evje-lveland pegmatites compared to thedflpegmatites.

Fe-Mn

The domination of the spessartine over the almancomponent in the analyzed garnets in this
study (Figure 9) is consistent with the findinga\iiller et al. (2012) and shows a typical garnet
chemistry in pegmatites (London, 2008; Miller et 2012)

The generally large Mn/ (Fe+Mn)-ratio in the cotkmt garnets can be explained by the presence of
other Fe-bearing minerals that can have formedrbef® garnets and depleted the melt in Fe.
However, this does not explain the decrease iMimEe-ratio from core to rim in some of the
garnets. In the case of the garnets with a deciedda/Fe-ratio, e@5444Havarstacnd
25409Landasthe small decrease could be the result of thenéeMn composition of the melt. As

the Mn content of the melt is depleted, more Feadsrporated into the garnet, which agrees with the
fact that Mn is more easily incorporated into tlaengt than Fe (Feenstra and Engi, 1998). The
increasing Mn/(Fe+Mn)-ratio from core to rim in eMSB-5Slobrekkand25375Ilvedakould be
explained by the presence of Fe-bearing mineraddidvininerals, e.g. columbite, magnetite and
biotite that could be more Fe-compatible than gacwuld be formed at the same time as the
garnets, leading to the decrease of Fe from catteetom (Mdller et al., 2012). However, Miiller et
al. (2012) noted that despite the presence of Bedmeminerals, the decrease in Fe from core to rim
in their garnet sample was low. This could indidhtet one or more other factors, alone or in

combination with Fe-bearing minerals being presemjrol the change in the Mn/(Fe+Mn)-ratio.

The samples with the lowest Fe conté&mn§-9Solds25447Rgykvartsbruddet5421Frikstag
25374Frgysand25412Rgykvartsbrudden which the latter has the highest Fe contentt(%o
FeO) of the mentioned samples, could all be frasteavelandite zone or similar replacement unit.
MS-9Solasvas certainly collected from a cleavelandite zaeeording to Muiller et al. (2012), the
melt that formed the replacement zone at SolasaHaad Fe content. This could indicate, if
accepting this idea, a systematic trend in Evjéalve in which garnets with a low Fe content are
from a replacement zone e.g. cleavelandite. Bpfalig this theory, a low Fe content in garnets
could also help to indicate if whether a pegmdtée experienced replacement, even when the
replacement is not directly expos@8412Raykvartsbruddedhich has a higher Fe content than
25447Rgykvartsbruddeatould be from a position closer to the border betw#ne replacement unit
and the unaltered part of the pegmatite, thanatterl However, since these samples, exivkpt
9Solas are from the collection at NHM and was not accamied by other minerals, this theory

cannot be completely verified.



Based on the values for the Mn/(Fe+Mg) ratio of tbellected garnets, the Solds- and
Roykkvartsruddet pegmatite, along with the pegmstiwhere sample25374Frgysa and
25421Frikstadare from, are the most fractionated of the investig pegmatites. This is consistent
with the work on an increasing Mn/(Fe+Mg)-ratio idgr fractionation of a melt, done by Miller and
Stoddard (1981)

The Mn/(Fe+Mn) ratio of the collected garnets, loage Miller et al. (2012) also indicates the same
fractionation trend as the Mn/(Fe+Mg)-ratio, bute tess fractionated pegmatites are more
distinguishable. Steli is the least fractionatedmatite of the less fractionated pegmatites. Téis i
also consistent with Mdller et al. (2012), who aleention the Li gruve pegmatites as the relative
least fractionated. The remaining primitive pegtestiall have different ratios, but these are
negligible. By the ratios of Mn/(Fe+Mg) and Mn/(Rén), three "fractionation" groups could be
observed; fractionated (Solds, Regykkvartsbruddetysa and®5421Frikstad, less fractionated (e.g.
Mglland and Heia, Ljosland) and least fractionafBteli, Tveit) Error! Reference source not
found.). The majority of the least fractionated pegmatii@ave a distribution from east to west in the
pegmatite field. This could indicate that theserpattes lies within a zone confined to a regional
zoning pattern that are formed from an igneoushermal heat source. This regional zoning could
have an increasing fractionation trend towards rbeth or south. However, this "pattern” of
distribution is disrupted by the fact that somehs less fractionated pegmatites are from areds tha
are close to fractionated pegmatites, e.§5370Kabuland (less fractionated) and
25447Rgykkvrartsbruddet, Birkelaffdactionated) Kigure 26 and Figure 3)
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Figure 26: The Mn/(Fe+Mn) ratio in the collected garnets and the interpreted fractionation division.



Trace elements

Yttrium, scandium and REE

The majority of the collected garnets show a trehdre the Y content changes with changes in the
Mn core to rim composition, which is consistenthwite findings of Jaffe (1951) and Geller and
Miller (1959) (

and Figure 2frror! Reference source not found.). Yttrium can enter garnets through the coupled
substitution Y(REEF*+AI** = Mr**+Si** (Jaffe, 1951; Geller and Miller, 1959) to presethe
charge balance. One example of thig5875Ilvedalwhich has a Mn/(Fe+Mn) ratio increase from
0.56 to 0.6 while the Y content increases from 8.1ab0.07 apfu from core to rinThe same goes
25409Landaswhich has a decrease in Y content from 0.089a8 Apfu while the Mn/(Fe+Mn)-

ratio decreases from 0.63 to 0.60.
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Figure 27: Plot showing a positive correlation between Y (apfu) and the Mn/(Fe+Mn)-ratio.

However, samples like elSB-5Slobrekkand25432Heia do not indicate a trend where Y follows
Mn (Table 3 andFigure 28). A decrease in Y whike bMn/(Fe+Mn)-ratio increases, elSB-
5Slobrekkacan be explained by the coexistence of Y beariimgerals, e.g. xenotime (Pyle and
Spear, 1999). Both xenotime and gadolinite have fmend at Slobrekkanivw.mindat.org, 2016a)

Another reason could be the fact that the growtd oithe garnet increased exceeded the diffusion

rate of Y, as suggested by Muller et al. (2012).



In 25432Heiathe increase in Y while the Mn/(Fe+Mn)-ratio deases can be explained by the
relation between the crystal growth rate of thengaand the diffusion rate along its surface. ¢f th
growth rate exceeds the diffusion rate and the @tilolp element Mn is depleted in the crystal-
forming melt, Y and the REESs that have been comatd in boundary layer around the crystal are
much more easily incorporated. The occurrence ciflaory zoning is usually the result of this
situation (Allegre et al. 1981; Mller et al. 2012)
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Figure 28: Plot showing an inverse change, or no change, in Y (apfu) compared to the Mn/(Fe+Mn)-
ratio change.

The majority of the garnets have a change in tta# REE that follows the changes of Y content
from core to rim. This is observed in the enrichtra&fithe HREES, which increases or decreases
with Y. The differences from core to rim are smialmost of the garnets, howe@8372Mglland
which has a decrease from 0.097 to 0 apfu Y isoal gxample of this trend (Figure 29).
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Figure 29: Chondrite normalized REE pattern for the core and rim in 28372Mglland.

In a wider view, when looking at the Y and REE-@ntof two garnets with different Mn/(Fe+Mn)
ratios from the same pegmatite, the Y-content aR&HE-enrichment are also inverse to the change
in the Mn/(Fe+Mn)-ratio. One example this trend barobserved in the garnets from the Hovasen
pegmatite at EptevanKH-3Hovasershows a more fractionated trend (Mn/(Fe+Mn) = PtAén
KH-1HovasenMn/(Fe+Mn) =0.69). The Y content KH-3 is 0.002 apfu aniH-1 has a Y content
of 0.036 apfu. While the REE curve fi§H-3 shows a drop of the HREESs of both core and Kk,

1 has a flattening curve of the HREE. The lower Yteahand the drop in the HREESs could suggest
thatKH-3, which was collected a regular wall zone, wasaséd closer to a replacement zone than
KH-1. This theory is consistent with the work of Muligral. (2012) on the same pegmatite, who

suggests the presence of a replacement zone thabhheen excavated.

The chemistry of the garnets from the Roykkvartddet pegmatite at Birkeland follows the same
theory. Both of the garnet samples from the Rgykkbauddet show a fractionated, high
Mn/(Fe+Mn) ratio. The high Mn/(Fe+Mn)-ratio and lewY content in25447Rgykkvartsbruddet
(ratio= 0.97, 0.0044 apfu Y) compared2®412Rgykkvartsbrudd@tatio= 0.97, 0.017 apfu Y), along
with a flattening 254129 and a drop 245447 in the enrichment of the HREESs, could suggest tha
25477was situated deeper into a replacement zone2b4h2 This drop of Y-content between two
garnets where the Mn content is stable could béasgd by the occurrence of Y-bearing minerals
between them. However, the transition from a Y-mcélt to the Y-poor LCT fluid that formed the

replacement zone can also be an explanation.



The three garnet samples from Sol84$-6SolasMS2-9Solasand MS-9Solascould reflect an
internal fractionation of the pegmatitélS-6Solasvas collected from the graphic granite with a Y
content of 0.031 apfu and Mn/(Fe+Mn)-ratio of 0.8052-9Solaswas collected from the "buffer
zone" between the cleavlandite zone and the watlezavith a higher Y (0.07 apfu) and
Mn/(Fe+Mn)-ratio (0.69) content thanS-6SolasMS-9Solason the other hand was collected from
the cleavelandite zone of the pegmatite and haswa Y content 0.0028 apfu and a high

Mn/(Fe+Mn)-ratio (0.98) compared to the two otharrgpts.

The trend of a low Y content in garnets from trestdractionated (Steli) and more fractionated
(25374Frgysand25421Frikstagl pegmatites compared to the less fractionated pétgs (Figure
30), was also reported by Smeds (1994) on the Negfatites in Falun. Pegmatites derived from
aluminous sources tend to host garnets as an acgessieral. The LCT-family of RE pegmatites,
along with the common and less evolved pegmatitdsiwor S-type granitic magmas as sources,
usually hosts peraluminous minerals and therefie@egarnets. The opposite is usually the case for
pegmatites of the NYF-family and their source, A#tes, since they are usually metaluminous
(London, 2008). However, according to Smeds (19§&nets in peraluminous NYF pegmatites are
unusually enriched in Y. This theory is based anwlorks of Jaffe (1951) and Geller and Miller
(1959), who shows that Y is compatible in garnetndon, 2008). This is consistent with Frigstad
(1999) on the pegmatite-forming melt being perahous. The low Y content in the garnets with a
fractionated chemistry could be explained by thresence of Y-bearing minerals, or the fact that the
environment these garnets are situated in, thacepient zones, are generated by an Y-poor fluid
(Smeds, 1994; Muller et al., 2012).
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Figure 30: Distribution of Y (apfu) in garnets with least-, less- and fractionated chemistry.

The change of the Sc content in the garnets ddofiotv, either with an inverse of positive change,
the Mn/(Fe+Mn)-ratio to the same degree as thenitert (

). In 25432Heia 28372Mglland and 25427Steli the Sc content decreases with decreasing
Mn/(Fe+Mn)-ratio from core to rim. However, the &ntent only increases with an increase in the
Mn/(Mn+Fe)-ratio in KG-4Granatgruvafrom core (0.58 and 0.005 apfu Sc) to rim (0.5% an
0.017apfu Sc). As the garnets with the highest Maw{Mn)-ratio, KH-3Hovasen,25374Frgysa
25412-and25447Rgykvartsbruddehas low or no Sc content, this could indicatd tha melt fluid
forming these garnets was depleted in Bee distribution of Sc in garnets when it comegatal
Mn/(Fe+Mn)-ratio follows the same distribution asiW which the majority of the garnets with the

less fractionated chemistry host more Sc thandhst land fractionated garnefiggre 31).



025
000
00f
00150
0015

A 001l
00T
000
0015
000

Least
fractionated

° ]
Less fractionated

0 O

() v
A

22330 Torvelona
25370 K3buland

25374 Froys3

25375 Ivedal

25409 Landds

25412 Rayklkvartsbruddet
25421 Frikstad

25422 Frikstad

25427 Steli

25432 Heia

25444 Hivardstad
25447 Royklvartsbruddet
28372 Mglland

KB-1 Heliodorgruva
KG-4 Granatgruva
KG2-5 Granatgruva
KH-1 Hov8sen

KH-3 Hov3sen

KT-1 Thortveittbruddet
KTU-7 Tuftane

MB-3 Brattekleiv

MS-6 Solds

MS-9 Solds

MS2-9 Solds

MSB-5 Slobrekka

Fractionated

d44HHHey HOoroé4drNooeioo«ri

VWV

040 045 050 055 060 065 0.70 0.75 0.80 0.85 0.90 0.95 1.00

Mn/(Fe+Mn)

Figure 31: Distribution of Sc (apfu) in the garnets with least-, less- and fractionated chemistry.



According to Klein and Dutrow (2007), the B site garnets is occupied by trivalent ions in six-
coordination. This puts &cin the B site (Table 2). As Sc enters the gartratire by substitution,
it would be interesting to investigate if this ig bimple or coupled substitution. The other two

trivalent ions in the B site, which Sc could hav&iraple substitution with are Rland F&".
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Figure 32: Relation between Sc and Fe3+ and Al, which all enters the B site of the garnet and have
an ionic charge of 3+

Figure 32 indicate that simple substitution betwSenand Al and Sc and ¥ds not the case here,
except for22330Torvelonsdbetween Sc and Ee In the sample€5375Ivedal Al is increasing with
Sc, which may indicate that they both are on ode sif a coupled substitution. Goldschmidt and
Peters (1931) and later Shama (1936) suggestedstffamay enter garnets by the substitution of
F&* or M¢?* based on the similarities in their size. While®gs only situated in the A site, Eean
occupy both A and B. In the A site, Kgand F&" are 8-coordinated and have a size of 0.89 A and
0.92A respectively, while Bein the B site hase a size of 0.780A (Shannon, RN and Dutrow,
2007). Scandium has a size of 0.870A in 8-cooritinaand 0.745A in 6-coordination (Shannon,
1976). As of this, Sc is 2.2% smaller than’Mand 5.4% smaller than ¥én 8-coordination, which
indicate a possible substitution according to Kieii Dutrow (2007). Between Sc and ‘Fia the B



site, there is a possible substitution as Sc i&o4sfnaller than FE2 However, since there is a
difference in ionic charge, a coupled substitufimrolving S¢* and F&"or Mg®* must occur. As Al
could follow Sc (Figure 32), Al could substitute f6i** in the B site or 3f in the T site. Also, F&
could substitute for 1 in the B site due to similarities in size (0.6@5 Ti**, which is 6.2% smaller
than F&". Combinations of two trivalent ions versus oneatént and one ion with 4+ in charge will

give coupled substitutions where the total chafge+ds preserved.
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Figure 33: Relation between Sc+Al and Ti+Fe2+, Sc+Al and Si+Fe2+, Sc+Fe3+ and Ti+Fe2+, and
Sc+Fe3+ and Ti+Mg. The total ionic charge of 6+ is preserved in all cases.

Figure 33 indicate some trends where Sc and Altiutes for Ti and Fé or Si and Fg&, e.g.
25427Steli and 25412Rgykkvartsbruddethe latter garnet sample can also show a treretev8c
and F&" substitutes for Ti and Fehowever no trend where Sc and”Fsubstitutes for Ti and Mg.
The absence of a substituting trend between MgSmdould be explained by the low Mg versus
F&* ratio in the garnets. According to Jaffe (195X),t&nds to substitute for Eavhen the garnets
are low in Mg. Since there is no clear substitutiieend involving Sc, this could suggest that other

factors play a part in the incorporation of Sc amrgets.

The Ce-anomaly in some of the garnets, 25¢22FrigstacdandMSB-5Slobrekkacould be explained
by a low Ce-content of the pegmatite-forming meltlee presence of Ce-bearing minerals such as



allanite-(Ce). The same drop in Ce can be obsernvte chondritic plots from both the Evje-Iveland
and Froland pegmatites in Muller et al (2012).

Petrogenesis of the pegmatites

The chemistry of the investigated garnets (Mn/(Fey¥tio, Y-content and REE-plots) suggests
that some of the pegmatites are more chemicalliveddhan others, however the regional
distribution of the least-, less- and fractiongbedmatites do not confine to the regional zoning
pattern from a source. This is consistent with jmes research done on the pegmatites in Evje-
Iveland by Frigstad (1968), Muller et al. (2012@eBnook (2014). A regional zoning pattern of
pegmatites from a parental pluton, or thermal ssunould show an increase in chemical complexity
in the pegmatites further away from the source fomm 2014) Kigure 34).
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Figure 34: Regional zoning of pegmatites from their cogenetic intrusion.(Modified by Axel Miiller
after Cerny 1991):

In the extensive work done on the Evje-lveland patifes, Snook (2014) proposed partial melting of
the country rocks to be source of the pegmatiterfiog melts. The mechanism that created the
Rogaland Igneous Province, underplating, crustajues or a combination of the two, is both close
in age and geographically to have partial meltedctiustal rocks in Evje-lveland (Snook, 2014).
This theory has later been widely accepted dubddack of evidence of other possible pegmatite-
forming mechanisms and as the Iveland Wall (Fig&eindicates partial melting of the crustal rocks
with resulting pegmatite-forming melts.



Figure 35: The Iveland Wall (Lund, 2016)

The low Y and HREE content and high Mn/(Fe+Mn)aati the garnets from replacement zones in
the pegmatites suggests that the parental fluid¥v@epleted and having a LCT- component instead
of a NYF- component based on the works of Mullealg2012) and Baldwin and von Knorring
(1983). As garnets from outside the replacemeng nomhis study (e.g. Solas) are Y- and HREE-
enriched (NYF), suggests that these pegmatitea ar of the NYF- and LCT-families. This is
consistent with Muller et al. (2015). The majortpafrthe pegmatite can have been formed by a melt

with the NYF-component while the final stage resdlin a fluid enriched in the LCT-component.
Granatgruva

Texture and formation

Based on the macroscopic texture of the pegmé#tigeGranatgruva pegmatite appears to be of the
simple zoned type according to the scheme of iatematomy in pegmatites by Cameron et al.
(1949) (London, 2014) The pegmatite has severazwith different dominant geochemistry and
size of crystals, however no late stage metasomggtlacement unit is observed.

The outer zones in the Granatgruva pegmatite, dheéel zone and the wall zone, is dominated by
graphic granite. Graphic granite is a texture téritwined crystals of quartz and feldspar, which
resembles the ancient Egyptian cuneiform scriptil&®\ltondon (2005) and London and Morgan
(2012) stated that graphic granite is formed duraypd liquidus undercooling, Martin and DeVito (



2005) suggested that this is not necessary anagesghat graphic granite can also form as a result
of anatexis. In the case of rapid liquidus undelingpthe texture forms as a result of slow rates o
elemental diffusion from a flux-bearing medium whitas been substantially undercooled. In the
case of anatexis, rapid nucleation and growth @fgtlaphic texture may have been initiated by
degassing of the pegmatite-forming melt (Martin &a¥ito, 2005).

The coarser grain size (up to over 1m) and morednal crystals in the inner zones in the
Granatgruva compared to that of the wall zone cbelthe result of a process called constitutional
zone refining (CZR). This process, where a laydmpfid accompanies the crystallization along the
border of the crystal growth front, was arguedawolr of by London (1992, 1999 and 2005) for the
formation of large well-developed crystals (Bestel al., 2011). The liquid hosts a fluxing of
components, which prevents impurities of incompatddements in the forming crysi&kror!
Reference source not found.). As the liquid has a low viscosity and is flux-etedl, this lead to

more rapid diffusion, which in turn enhances ther@ase of grain size (London and Morgan, 2012).

(+)
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Figure 36:Schematic figure showing the growth of a crystal with (3) and without (1 and 2) CZR.
Green= incompatible elements, brown= fluxing and incompatible component. (London and Morgan,
2012).

Two of the three observed intermediate zones, thgiglase and the microcline, appear to be in the

same sequential position of the pegmatite. Thi®isuncommon in pegmatites, as London (2008)



states that intermediate zones do not need torbmsirical distributed or continuous throughout the
pegmatite (London, 2008). London (2008) also ndtasmore developed zones are usually in the
thicker part of a pegmatite. This can be obsermdtie Granatgruva pegmatite. The plagioclase-
intermediate zone, in what appear to be a thinadr(pastern part of the pegmatite) has a smaller
grain size and less anhedral crystals than the o#lte In the western and thicker part of the
pegmatite, the microcline phase dominates thermgdrate zone. The third intermediate zone, with
its mix of large (>1m) and well-developed plag#se and microcline crystals, lies in the thickest

part of the pegmatite.

The BSE imaging oKG-4 (Figure 8) show an oscillatory zoning patternhaligh not as good as in
MS-6SolasOscillatory zoning of garnet is usually attribdite hydrothermal garnet from open-
system environments according to Jamtveit et %1 %nd Miller et al. (2012). In this scenario,
the garnet will get a new rim enriched in compatiblements (Mn, Fe) each time the crystal-forming
melt is supplemented by pulses of new melt befarecorporates less compatible elements. Mller
et al. (2012) noted the same oscillating zoning garnet from the Slobrekka pegmatite, but did not
find any evidence this being an open-system. Tlaig be the same case for the Granatgruva
pegmatite (find evidence) or for the other pegraatfor that matter. The analyse@-4indicate

that the Mn, Fe and Al content have a negligiblengfe throughout the garnet. In the case of the
Slobrekka garnet investigated by Miiller et al. @01hey suggested, based on the works of Allegre
et al. (1981), that the oscillatory zoning was suheof self-organized diffusion controlled crystal
growth (Muller et al., 2012). The growth of the gatris controlled by the relation between the
growth rate of the garnet and the diffusion rat&of Fe, Al and Si, where the diffusion rate is the
dominant factor. As the reaction zone between ahgstd melt is enriched in these elements, the
growth rate increases. When the growth rate ineeasough to deplete the reaction zone for major
elements, it will exceed the diffusion rate whiahturn will slow down the growth rate. Yttrium and
the HREEsS, that also have been concentrated iretition zone, are also more easily incorporated
in the garnet when it has a high growth rate. Regoof the major elements in the reaction zone
will help to resume the growth rate (Mdiller et @012). The sampl€G-4 is from the microcline
intermediate zone, whil€G2-5is from the plagioclase intermediate zone andnoasscillatory
zoning. This could indicate a difference in gamewth or that the melt forming the plagioclase

zone was so enriched in Mn, Fe, Al and Si thagtioevth rate did not exceed the diffusion rate.

The white rim observed in the innermost part ofrihiee is interpreted as an infill between the large
quartz and microcline crystals. Fluids, with a loentent of nucleation-inhibiting fluxes, had
probably went through this space and fractureeemticrocline and formed a matrix of plagioclase-

dominated feldspar and quartz.



Classification

Comparison of the Mn/(Fe+Mn)-ratio in the collectgatnets, 0.55 faKG-4 and 0.6 foKG2-5, in
Grantgruva with the other pegmatites in this stsaggest that the Granatgruva pegmatite belongs to
the less fractionated pegmatites in Evje-lvelatiglite 26). Based on the relative Mn versus Fe+Mn
components of the Grantgruva pegmatite and ther&tkb and Hovasen pegmatites in this study and
the work by Muller et al. (2012) on the latter tvtloe data could suggest that the Granatgruva
pegmatite is equally fractionated as these twoeBas the observation of replacement zones being
absent, and that both of the garnets, from theigdéase and microcline intermediate zones, have an
enrichment of the HREESigure 14), results in the interpretation of the Granatgrpggmatite being
one of the regular NYF-pegmatites in Evje-lvelalki@4 has an average Y content of 0.23 wt.%

Y,0; and a increase of 0.008 to 0.026 apfu Y from tomm, whileKG2-5has an average Y

content of 0.74wt.% YOs;. As no REE-bearing minerals, except a few euxepjeor polycrase-(Y)
crystals, have been found in the Granatgruvacihigd indicate that the pegmatite is a primitive

REL REE euxenite type. However, it is more likedybie of the Abyssal HREE class and subclass of
the Cerny and Ercit (2005) classification schemab(& 7)

Table 7: Classification scheme for pegmatites by Cerny and Ercit (2005).

Class Subclass Type Subtype Family

Abyssal

Muscovite

Muscovite-
rare element

Rare element

Miarolitic




Li beryl-topaz LCT
spodumene
petalite
lepidolite

Thortveitite

Zoning

In the samples with a low Sc content (8292 2Tuftang there is a larger difference in the Sc
versus Y versus Yb content between the zones, aetipa the samples with a high Sc content (e.g.
22238Tjomstgl(Figure 18). This could be explained by the Sc compositiothefmelt and the
boundary layer around the forming crystal. EAR38Tjomstglthe boundary layer could have got a
more rapid supplement of Sc, explaining the thiturgaof the zones, in which the Sc content was not
severely depleted before new material was added?Z292 2Tuftanethere could have been a
longer duration between the additions to the bopnkdger or the melt was already low in Sc
content. However, the patchy zoning2@292 2Tuftaneould also indicate other factors controlling
the diffusion and crystal growth of the crystal eTdbserved zoning can also be explained by in
which angel the crystal was cut, which is mostliikbe case foR2286TuftanéFigure 15). The
sample22292_1Tuftaneould indicate that fractures can be the reasbmbeatchy zoning (Figure
37).



22292 1Tuftane
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Figure 37:BSE-image of sample 22292 1Tuftane.

This elongated (ca. 1 cm long and <1 mm wide) crystal was cut perpendicular on its longest axis. A
very weak oscillatory zoning pattern can be observed from the medium zone towards the top-right
corner. To the left in the figure (red square), a part of the medium zone could have been displaced
by a fracture after crystallization, in which a new and more Sc-poor material has refilled the gap.
However, the angle of the gap and displacement of the medium zoning are not of the same degree.
Alternatively, this could be part of a sector zoning, which unfortunately is not fully exposed as this is
only a fragment.

Another example, in which fractures with fluids have contributed to the zoning pattern, is the
sample22273HavarstaqFigure 15). In the middle of this sample, bengaghright “Ms”, a “flow-

pattern” of dark, medium and pale zoning can beonlesl following the fractures. However, a

relation between the fractures and the zoning daomoonfirmed.

Some of the samples have a darker zoning pattéttmogcillatory zoning inside, which is

surrounded by patchy zoning. One example on thdeaobserved i82330TorvelongError!



Reference source not found.).

22330Torvelona
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Figure 38: BSE-image of another part of 22330Torvelona.

This pattern can be the result of a Sc-rich meit kiave filled the gap between two thortveitite

crystals (top right and bottom left in yellow sqgelar

The darker zone surrounding what is interpretdaketallanite (semi-quantitative analyzes gave Y,
Fe, Ca, Sc and Al content in decreasing order), imdigate that an iron-rich fluid have filled a
fracture in the thortveitite and incorporated Y @ndbably REE from the host mineral.

Substitution
All of the collected thortveitites, both from sampb sample and in the zoning in each sample,

indicate that Y increases when Sc decres&esr{ Reference source not found.). Several factors

apply when determining a substitution of elementsiinerals (Klein and Dutrow, 2007). A
substitution between $cand Y** is possible due to equal ionic charge and sintidarin size. Both

Sc* and Y¥** are six-coordinated in the thortveitite structwwjch give them a size of 0.745A and
0.900A respectively according to Shannon (1976 J4me goes for the substitution between Sc and
the REEsKrror! Reference source not found.). The chondrite normalized REE ploEsror!

Reference source not found.) show enrichment in the HREES, especially in Y8 hn, in the

collected thortveitites. This is expected dueh@dimilarities in size and charge between Sc laad t



HREEs (Moriyasu and Nishikawa, 1991; Foord etl#93). Ytterbium and lutetium (Yband L4
have a size of 0.868A and 0.861A respectively atingrto Shannon (1976), which gives a smaller
difference in size between them and Sc comparé&a tand Y. This indicates that Sc is more likely to
form a solid solution with Yb (e.g. kieviite-(Ybdr Lu than Y (kieviite-(Y)). However, the

availability of the substituting elements playsimportant role, in which the average amount of Y in
the crust (33 ppm) is much higher than that of 34 ppm) and Lu (0.5 ppm) and the other HREEs
that have an ionic size closer to Sc than Y (K&id Dutrow, 2007). One should note that Ohashi et
al (2007) have proven a solid-solution betwees850; and LySi,O; at 1550°C. The two trends, in
which some of the samples are having a lower eméctt rate of Th, Dy and Ho (higher
MREE/HREE- and LREE/HREE- rati6igure 24) compared to the other samples, can be explained
by the temperature and pressure during crystdtizatAs one moves from right to left in the
chondritic plot, the size of the elements increasesulting in an increasing limitation of subdiibn

with Sc. However, when the temperature increabes;rystal structure expands and an incorporation
of elements with a larger size is more possibleigher pressure has the opposite effect, however in
combination with temperature, the temperature-fastdominant (Klein and Dutrow, 2007). While
the enrichment of the HREEs 22239Ljoslandand the samples from Tuftane could be only size-
dependent, the temperature wi22238Tjomstgl22273Havarstad22302Knapen22304Eretveit
22370Eptevanand22330Torvelonavas formed, could have only been high enoughampte the
incorporation of Lu, Yb and possibly Er of the HRERto the thortveitite. Another reason for these
two trends can also be the presence or absendbasfREE-bearing minerals that incorporates Tb,

Dy and Ho much more easily than thortveitite.

The Zr, F&*, Mg, Mn, Ti and Hf contents have also an invefsange compared to the change of Sc
in the thortveitite samples. However, as these efgshave an different ionic charge thaf §&r*,
Fe*, Mg?*, Mn?*, Ti**, Hf*"), coupled substitution is are more likely to be tause. The relation
between Sc and combinations of these elementgitteats balanced charge of 6+, indicate that
substitution between Sc and the combinations a&septt (Figure 21). While Y and the REEs
decrease with increasing Sc in most of the samfflese is a minimal change 22238Tjomstghnd
22370Eptevanicircle inError! Reference source not found.). The total REE+Y in these samples
could have met a larger competition from especislity “+Ti** and Fé'+ Zr**, and other
combinations when it comes to substitution of Sclgs inError! Reference source not found.).

The relation between the REEs and Y and the prewioentioned combinations (Figure 22) indicates
that these substitutions only applies for Sc artdvnand the REEs. One reason for that Y and the
REEs still dominate i22238Tjomstgand22370Eptevancould be the occurrence of minerals that
much easily incorporates the elements in the coatioins (eg. micas for Mgand iimenite for F&

and Tf"). The differences in the amount of the mentionétkenals between pegmatites could explain

the variable coupled substitutions between the ssnpurther emphasizing that the coupled



substitutions are more controlled by what is atddavhen thortveitite than being essential for the

stability of the thortveitite structure.

When plotting Sc versus Ca, no apparent correlasishown when all the analysis-points are plotted
(except to some degree, a positive correlatio8304Eretveiaind22292_2Tuftane This could be
explained by the difference in charge between tifea®d C&', but no obvious substitution trends
were found between Sc and Ca in combination withadrthe 4+ elements (Fff Ti*" and zf*), in
which Ca played a part. “Obvious” refers to thahaligh eg. Ca+Zr decreases with increasing Sc, it
is suspected that Zr is the controlling factor h&tee size of Ca in six-coordination is 1.00A
according to Shannon (1976), which puts it cloeesize to Y and the other REEs. When plotting
Y+REE versus Ca in combination with elements tingga balanced charge of 6+, there is
indication on a substitution trenErfor! Reference source not found.). The best correlation here can
be observed i22304Eretveitnd22292 2Tuftanewhere Ca increases with Sc, but substitutes for
Y+REE in combination with Hf and Ti (circles Brror! Reference source not found.). For
22304Eretvejtthe one outlier in the plots is excluded in #ase. For the remaining samples where
there are no trends between Ca and Sc or Ca ané"\RHE#is could be explained by the presence of

plagioclase that is a major controlling factor @ i@ a melt.

From our data it is clear that all analyzed samateghortveitite, but with a large keiveiite-(Y)
component and to a smaller degree also keiveiity-(Yhe analyzed samples contained minor
amounts of elements such as Ca, Mg, and Zr, whitelm dorm coupled substitutions with trivalent
cations (e.g. Zf+Mg** = 2S¢") However, the coupled substitutions are not timeestor those
involving Sc and those with Y, indicating that #iee of the cations plays an important role and

changes the substitution mechanism throughouhtbréveitite-keiviite-(Y) solid-solution.

Formation of thortveitite
Several authors have investigated the formatighartveitite, both in Norway and abroad (e.g.

Oftedal, 1943; Foord et al., 1993). Foord et 89@Q), who investigated the thortveitites foundtia t
Crystal Mountain fluorite complex in North Americgayggested that the thortveitites found in the
metagabbro host-rock was formed as a result ok&eegling the solid solution limit of the
amphiboles. This is based on the behavior of $eahs, in which Sc is usually incorporated into
mafic minerals such as the amphibole-, pyroxend-taatite groups (Norman and Haskin, 1967;
Foord et al., 1993, Klein and Dutrow, 2007). Howeteis does not explain the occurrence of
thortveitite or other Sc-bearing minerals in grignegmatites, unless they are derived from a &c-ri
granitic system where a late stage formation ohpdes may become enriched in Sc ( Foord et al.,
1993).



Several authors have studied the correlation betweeSc content in a pegmatite and the
occurrence of thortveitite. This has been donertajyaing the Sc content in minerals from
thortveitite-bearing pegmatites and compared thelt®with the same minerals from non-
thortveitite-bearing pegmatites. Oftedal (1943) sugad Sc content in biotites, where the four
biotites from thortveitite-bearing pegmatites hatheen 500 and 1000ppm Sc while the biotites
from non-thortveitite-bearing pegmatites had I&ss1t100 ppm Sc. Neumann (1961) reached similar
results on other minerals from thortveitite-bearémgl non-thortveitite-bearing pegmatites and so
does the current study concerning biotites andegar©onsequently, pegmatites containing
thortveitite have elevated Sc contents not onlyesged in the presence of thortveitite, but also by

higher levels of Sc in the associated minerals.

Some of the collected garnets that are from thenpéites or areas where thortveitite has been found,
KT-1Thortveitittbruddef2005 ppm Sc)22330Torvelong1995 ppm Sc)25444Havarstad1347

ppm Sc)25375lvedal831ppm Sc)25370Kabuland695ppm Sc) an@5422 Frikstad523ppm Sc)
also have an elevated Sc content. These sampbeg, &ith the relative low Sc content in the garnets
from non-thortveitite-bearing pegmatites, €§427Stel(267ppm Sc)25409Landag102ppm Sc)
and28372Mglland183ppm Sc), could indicate that the melts formnihngthortveitite-bearing

pegmatites had a higher Sc content compared tahwhveitite-bearing pegmatite-forming melts.

The high Sc-content in the pegmatites, as propbgédsioldschmidt (1934), could have been
extracted by the granitic magma forming the pegestfrom the surrounding amphibolite. The
Iveland-Gautestad metagabbro can be a suitableesthait was enriched in Sc due to its overall
mafic composition. However, Goldschmidt (1934) cblahve based his theory on the granitic
magma being differentiates of a plutonic sourctherathan a result of anatexis, which is wider
accepted today (Mdller et al., 2015). How the &uatent was transported from the remaining mafic
part to the resulting granitic melts during partialting still opposes a question. In the casédef t
plutonic-differentiate model, Oftedal (1943) suggeshat if amphiboles in the contact between the
host rock and pegmatite melt were altered to lei@tita high temperature, only a part of the Sc
content from the amphiboles was able to enter itbtitds. The remaining free Sc content entered the
pegmatite melt and was either incorporated intaasformed at lower temperature or formed Sc-
minerals (Oftedal, 1943). A transporting mechanisnfc in the anatexis-model could be the
presence of fluorine. The work done by Gramenitskig Shchekina (2001) on the behavior of Sc in
fluorine-bearing melts indicates that Sc would eatinter the fluoride phase, due to higher affitoty
F, than the aluminousilicate phase of a melt. By, tBramenitskiy and Shchekina (2001) argued that
the segregation of salt melts from a granitic magonang its differentiation is the only explanation

to the enrichment of Sc in pegmatites. If we igribieefact that Gramenitskiy and Shchekina (2001)
based their findings on magmatic differential, fine could still have been the transporting agént o

scandium in the form of aqueous complexes, e£pd® (M = Na, Na+K or Na+K+Li), in the



pegmatites in Evje-lveland. If fluorine complexes/é transported scandium into the pegmatites
where a reaction with other minerals had releasedt, there should be F-bearing or F enriched
minerals in these pegmatites. Even though the pegsare of NYF-character, they are poor in F
(Mdiller et al., 2015). However, biotite (K(Mg,F#(AISizO.0)(OH,F),) is a very common mineral in
most of the pegmatites and other F-bearing mindkadastnasite-(Ce) (Ce(G)P, fluorite (Cak)
and/or topaz (A(SiO,)(F,OH), have been found at Slobrekka, one of the thortediearing
pegmatites (www.mindat.org, 2016a). Since topaiss reported from Solas (www.mindat.org,
2016b), where the collected garnets have a lowoSteat (the highest being MS-6Solasvith 148
ppm) and other non-thortveitite-bearing pegmatites presence of F to transport Sc cannot alone

explain the occurrence of thortveitite.

However, there are anomalies in the correlatiowbeh Sc enrichment and the occurrence of
thortveitite. One example of a pegmatite with a@vated Sc content in the garnets but where no
thortveitite has been found is Granatgruva at bjodknipan. Here, the two collected garn€®4
andKG2-5have elevated Sc content (1181 ppm and 1169 pprhjdothortveitite has been found.
Another example is the garnet samp874FrgysaThis garnet is from an area where thortveitite
(Pegmatite locality 19 in www..org (2016c¢)) hasmézund, but it has a low scandium content (2
ppm). There could be several reasons for these @iesnOne reason could be that thortveitites or
other Sc-bearing minerals have formed prior to glaisnet and incorporated most of the Sc. The
possibility remains that thortveitite may have fedrin this pegmatite, although it has never been

found (or sampled) there.

In the case 025374Frgysafractionation of the pegmatite melt could be isason for low Sc
content. This sample has a Mn/(Fe+Mn)-ratio of @/8ich is relative high compared to other
samples. Other garnet samples with high Mn/(Fe+hitip, eg.25447Raykvartsbruddéd.97) and
MS-9S0l4%0.98), show a fractionated trend and have a lowd®tent (12 ppm i25447and 1 ppm

in MS-9Solak MS-9Solasvas collected from a cleavelandite zone, whichdaudicate that the

melt forming the replacement unit was depleteccamgium. However, bothlS-6SolagndMS2-
9Solas from the graphic granite and the reaction zonhefcleavelandite zone respectively, have a
low Sc conten{148 ppm and 117 ppm respectively). This coulddat# that the melt forming this
pegmatite had too low scandium content for thotiteeio form. Miller et al. (2012) on the other
hand, report of a drop in Sc content from core 719Bm) to rim (169 ppm) in their garnet from
Solas. The difference between the samples irsthidy and the large drop in Sc from core to rim in
Muller et al. (2012), may indicate that other Sesloeg minerals have formed during and after the
crystallization of the latter garnet. Also, thelhi§c content in the core of the garnet in Millealet
(2012) could indicate that the melt that formed $ioéds pegmatite was depleted in Sc. The garnet
sample from the cleavelandite zone at Solas andttier samples that have a high Mn/(Fe+Mn)-
ratio, eg.25421Frikstag25447Rgykkvartsbruddand24374Frgysaall have low scandium content.



Also, the garnet sampkb427Stelhave a low Sc content (266 ppm). The low Sc cdrntethese
samples could indicate that only the pegmatitesételess fractionated hosts thortveitite. Howgever
according to www.mindat.org (2016c), both the ooenice of thortveitite and the amazonite variety
of microcline at the Landsverk 3 pegmatite, coulggest that thortveitite can occur in more
fractionated pegmatites with replacement zonesotifar example indicating that Sc content in
garnets alone cannot be used as an indicator di/#ditite being present is Slobrekka. The garnet
from Slobrekka in this studySB-5Slobrekkahas a Sc content of 848 ppm, while the garnet in
Muller (2012) from the same pegmatite has a Scertninder 40 ppm.

The high Sc content in the garnet from Thortvditiitidet (2005 ppm), along wiG-4 andKG2-5
(1181 ppm and 1169 ppm) from Granatgruva, coulteeisuggest that the crustal rocks in the area of
Ljoslandknipan were rich in Sc before pegmatiterfation, or that the pegmatites here originate

from a scandium rich parental source. The latteohis more plausible based on Snook (2014),

who suggested that the pegmatites have been trd@d@avay from their source.

Oftedal (1943) may have been on to something wieendrked with the enrichment of Sc in biotite
as the temperature decreases. Oftedal (1943) #leeonith the substitution of the Fe-content of the
micas, especially biotite, to be the reason fa #mnrichment. However, as the iron in biotite is
divalent, this substitution must be coupled to rfaamthe charge balance. A general equation for the

coupled substitution between®5and Fé' is:
S€++ X3+ — Fé++z4+
where X can be an additional Sc.

Simple substitution is easier to accomplish thanpted substitution and one of the elements of
which Sé" are commonly substituted with is Al The other element is Fe(Raade et al., 2002).
Muscovite (KAL(Si:A)O1o(OH,F)) has three times more Al than biotite (K(Md.Fe
)3AISiz010(0OH,F),) in its formula. This could indicate that althoublotite can pick up much Sc,
muscovite can pick up even more. The works of Yand Rivers (2000) on partitioning of trace
elements between coexisting biotite and muscouitepart this theory. By following Bowen's
reaction series, muscovite will start to crystallet lower temperature then biotite. By followirng t
work of Corneliussen (2016), most of the thortteibearing pegmatites, if not all, are dominated by
biotite while some of the non-thortveitite bearipggmatites are dominated by muscovite or are
classified as cleavelandite pegmatites. The workedby Mdller et al. (2015) on Ti-in quartz
geothermobarometry in the Evje-lveland and Frolaegimatite field, indicate that the crystallization
temperature for quartz in the intermediate zoneth@fpegmatites ranged from 442° to 731°C. This
could indicate, that the variable degree in tempeean the pegmatite&rror! Reference source not

found.), could explain the occurrence of biotite- or mmste dominated pegmatites. The



thortveitite-bearing pegmatites could have reachbdjher temperature, promoting crystallization of
biotite, than the non-thortveitite-bearing pegnestitwhere crystallization of muscovite was
promoted. However, as the temperatures in the pégsare based on quartz, which crystallize at
lower temperatures than muscovite and biotite, th&s/ cause a problem with the theory. It is
uncertain if the pegmatite-forming melts reacheghteénough temperatures in which the difference
in temperature between biotite- and muscovite datesh pegmatites was large enough to only
promote one of the micas. Other factors may alsty @ part when it comes to promote the
crystallization of biotite or muscovite. If the tperature is the major determining factor on the
crystallization of biotite or muscovite, which fher controls the formation of thortveitite, thisutah
explain the lack of thortveitite in the Granatgrysagmatite at Ljoslandknipan€&rfor! Reference
source not found.). Here there is a thin “sliver” of a colder isobar which the Granatgruva
pegmatite could be located, while the Thortveitisgymatite could be located at the warmer isobar.
Some of the thortveitite-bearing pegmatites that lacated in the same or colder isobar than the
Granatgruva pegmatite may have not been includatderworks of Miller et al. (2015) and could

have had a higherystallization temperature.

A higher biotite content relative to the muscowtetent, which may be controlled by temperature,

could be the reason for the formation of thortieiin a pegmatite.
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Figure 39: Map showing the distribution of some thortveitite-bearing (blue) and non-thortveitite-
bearing (black) pegmatites. (Modified after Miiller et al., 2015)



Conclusion
The different Mn/(Fe+Mn)-ratios in garnets, bothvibmen core and rim and from crystal to crystal,

can be used to identify an eventual internal and/gional chemical fractionation pattern.
Combination of analyzing the Mn/(Fe+Mn)-ratio ancld REE content in garnets from a
pegmatite, may help to indicate if a replacementizs present but not excavated. However, it is

important to collect garnets from several zonethefpegmatites to get a precise result.

The formation of thortveitite in Evje-lveland coubé dependent on the temperature in the pegmatite-
forming melt from a possible Sc-rich source, waghlénough to promote crystallization of biotite

over muscovite, in which more available Sc coulgtesent to form thortveitite.

Future work

It could be of interest to investigate the Sc conie biotites and muscovites from thortveitite-
bearing and non-thortveitite-bearing pegmatiteBvje-lveland, to see if the muscovites are richer i
Sc than the biotites and if there is a trend betvtbertveitite-bearing and non-thortveititebearing

pegmatites.
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Appendix 2: Thortveitite

Table 8: Wt.% oxide and apfu for each analysis-spot in the collected thortveitites.

22292 2Tuftane

Pale 1 Sone2 Mediuml |Medium2 |Dark
29/1. 24 /1. |30/1. 25/1. |26/1. 27/1. 28/1.

Si02 38.34 38.13 39.01 38.29 38.51 39.17 40
Sc203 26.83 27.7| 27.74 28.16 29.62 30.95| 32.37
Y203 15.79 14.74| 14.38 14.42 13.98 12.72 11.54
Fe203 0.76 1.27 1.12 1.44 1.24 1.28 0.72
FeO 0.31 - 0.29 - - - -
MnO 0.48 0.53 0.61 0.51 0.4 0.39 0.2
Zr02 2.16 2.42 2.65 2.31 2.07 2.02 1.22
REE203 15.03 12.71 13.74 12.19 12.22 12.35 13.65
MgO 0.03 0.06 0.03 0.07 0.07 0.07 0.08
Cao 0.11 1.31 0.34 0.46 0.27 0.56 0.36
TiO2 0.03 0.08 0.04 0.12 0.1 0.11 0.06
SrO <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
HfO2 0.38 0.6 0.39 0.53 0.5 0.66 0.7
Ta205 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
PbO 0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
ThO2 0.03 0.01| <0.01 0.01 0.01 <0.01 0.01
uo2 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Total 100.32 99.62 | 100.41 98.56 99.05 100.35| 100.98
Apfu

Si 1.98 1.94 1.98 1.96 1.96 1.95 1.98
Sc 1.2 1.23 1.23 1.26 1.31 1.34 1.4
Y 0.43 0.40 0.38 0.39 0.37 0.33 0.30
Fe3+ 0.02 0.04 0.04 0.05 0.04 0.04 0.02
Fe2+ 0.01 0.00 0.01 0.00 0.00 0.00 0.00
Mn 0.02 0.02 0.02 0.02 0.01 0.01 0.00
Zr 0.05 0.06 0.06 0.05 0.05 0.04 0.02
Mg 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ca 0.00 0.07 0.01 0.02 0.01 0.03 0.01
Ti 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Sr 0.00 0.00 0.00 0.00 0.00 0.00 0.00
La 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ce 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Pr 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Nd 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Sm 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Eu 0.00 0.00 0.00 0.00 0.00 0.00 0.00




Gd 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Tb 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Dy 0.01 0.01 0.00 0.01 0.01 0.01 0.01
Ho 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Er 0.02 0.02 0.01 0.01 0.02 0.01 0.02
Tm 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Yb 0.15 0.11 0.13 0.11 0.11 0.11 0.12
Lu 0.03 0.02 0.03 0.02 0.02 0.02 0.02
Hf 0.00 0.00 0.00 0.00 0.00 0.00 0.01
Ta 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Pb 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Th 0.00 0.00 0.00 0.00 0.00 0.00 0.00
u 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Total 3.92 3.92 3.9 3.9 3.91 3.89 391
%
Thortveitite 67.32 70.36| 69.99 71.18 72.68 74.81| 76.46
Kieviite-(Y) 24.19 22.86| 22.16 22.26 20.95 18.77| 16.65
Kieviite-(Yb) 8.47 6.76 7.84 6.55 6.36 6.4 6.87
Total 99.98 99.98| 99.99 99.99 99.99 99.98| 99.98
22292 1Tuftane 22286Tuftane

22/1. 23/1. 21/1. 20/1. 17/1. 20/1.
Si02 38.16 38.17 38.72 38.77 39.01 38.9
Sc203 26.85 27.33 28.81 28.95 27.31 27.04
Y203 15.77 15.46 14.95 14.64 13.85 13.83
Fe203 1.03 1.2 1.09 1.29 2.27 2.07
FeO 0.1 - - - 0.08 0.21
MnO 0.46 0.5 0.36 0.41 0.64 0.72
Zr02 2.2 2.28 1.94 2.11 2.82 3.14
REE203 14.33 14.08 14.46 13.2 14.22 13.96
MgO 0.07 0.07 0.06 0.06 0.12 0.13
Cao 0.21 0.25 0.26 0.21 0.32 0.31
TiO2 0.07 0.07 0.07 0.08 0.17 0.18
SrO <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
HfO2 0.64 0.63 0.55 0.52 0.7 0.67
Ta205 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
PbO <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
ThO2 0.01 0.01 0.01 0.01 0.01 0.01
uo2 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Total 99.98 100.13 101.35 100.32| 101.59| 101.23
Apfu
Si 1.97 1.96 1.96 1.97 1.97 1.97
Sc 1.21 1.22 1.27 1.28 1.2 1.19




Y 0.43 0.42 0.4 0.39 0.37 0.37
Fe3+ 0.04 0.04 0.04 0.04 0.08 0.07
Fe2+ 0.00 0.00 0.00 0.00 0.00 0.00
Mn 0.02 0.02 0.01 0.01 0.02 0.03
Zr 0.05 0.05 0.04 0.05 0.06 0.07
Mg 0.00 0.00 0.00 0.00 0.00 0.00
Ca 0.01 0.01 0.01 0.01 0.01 0.01
Ti 0.00 0.00 0.00 0.00 0.00 0.00
Sr 0.00 0.00 0.00 0.00 0.00 0.00
La 0.00 0.00 0.00 0.00 0.00 0.00
Ce 0.00 0.00 0.00 0.00 0.00 0.00
Pr 0.00 0.00 0.00 0.00 0.00 0.00
Nd 0.00 0.00 0.00 0.00 0.00 0.00
Sm 0.00 0.00 0.00 0.00 0.00 0.00
Eu 0.00 0.00 0.00 0.00 0.00 0.00
Gd 0.00 0.00 0.00 0.00 0.00 0.00
Tb 0.00 0.00 0.00 0.00 0.00 0.00
Dy 0.01 0.01 0.01 0.01 0.01 0.01
Ho 0.00 0.00 0.00 0.00 0.00 0.00
Er 0.02 0.02 0.02 0.02 0.02 0.02
Tm 0.00 0.00 0.00 0.00 0.00 0.00
Yb 0.13 0.13 0.13 0.12 0.12 0.12
Lu 0.02 0.02 0.02 0.02 0.02 0.02
Hf 0.00 0.00 0.00 0.00 0.01 0.00
Ta 0.00 0.00 0.00 0.00 0.00 0.00
Pb 0.00 0.00 0.00 0.00 0.00 0.00
Th 0.00 0.00 0.00 0.00 0.00 0.00
U 0.00 0.00 0.00 0.00 0.00 0.00
Total 3.91 3.9 3.91 3.92 3.89 3.88
%
Thortveitite 67.96 68.75 70.27 71.15 70.72 70.64
Kieviite-(Y) 24.37 23.75 22.27 21.98 21.9 22.06
Kieviite-(Yb) 7.65 7.49 7.45 6.86 7.36 7.29

99.98 99.99 99.99 99.99 99.98 99.99

22239Ljosland
Pale 1 Pale 2
10/1. 16/1. 6/1. 11/1. 9/1. 17/1.

Si02 43.26 43.24 43.68 43.58 43.8 43.27
Sc203 43.75 44.24 44.27 44.54 44.92 44.94
Y203 3.49 3.62 3.39 3.99 3.45 3.39
Fe203 1.23 1.44 0.88 1.11 1.1 1.5
FeO 0.31 0.15 0.58 0.24 0.26 -
MnO 0.12 0.09 0.08 0.1 0.07 0.12
Zr02 1.85 1.89 1.86 1.8 1.79 1.82




REE203 4.56 4.73 4.17 4.18 4.36 4.68
MgO 0.05 0.04 0.03 0.02 0.04 0.04
Cao 0.19 0.13 0.15 0.16 0.17 0.12
TiO2 0.05 0.05 0.04 0.04 0.05 0.05
SrO <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
HfO2 0.21 0.21 0.19 0.22 0.20 0.21
Ta205 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
PbO <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
ThO2 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
uo2 0.01 0.01 0.01 <0.01 0.01 0.01
Total 99.15 99.91 99.4 100.03 100.29 100.22
Apfu

Si 1.98 1.97 1.99 1.97 1.98 1.96
Sc 1.74 1.75 1.75 1.76 1.76 1.77
Y 0.08 0.08 0.08 0.09 0.08 0.08
Fe3+ 0.04 0.04 0.03 0.03 0.03 0.05
Fe2+ 0.01 0.00 0.02 0.00 0.01 0.00
Mn 0.00 0.00 0.00 0.00 0.00 0.00
Zr 0.04 0.04 0.04 0.03 0.03 0.04
Mg 0.00 0.00 0.00 0.00 0.00 0.00
Ca 0.00 0.00 0.00 0.00 0.00 0.00
Ti 0.00 0.00 0.00 0.00 0.00 0.00
Sr 0.00 0.00 0.00 0.00 0.00 0.00
La 0.00 0.00 0.00 0.00 0.00 0.00
Ce 0.00 0.00 0.00 0.00 0.00 0.00
Pr 0.00 0.00 0.00 0.00 0.00 0.00
Nd 0.00 0.00 0.00 0.00 0.00 0.00
Sm 0.00 0.00 0.00 0.00 0.00 0.00
Eu 0.00 0.00 0.00 0.00 0.00 0.00
Gd 0.00 0.00 0.00 0.00 0.00 0.00
Tb 0.00 0.00 0.00 0.00 0.00 0.00
Dy 0.00 0.00 0.00 0.00 0.00 0.00
Ho 0.00 0.00 0.00 0.00 0.00 0.00
Er 0.00 0.00 0.00 0.00 0.00 0.00
Tm 0.00 0.00 0.00 0.00 0.00 0.00
Yb 0.04 0.04 0.03 0.03 0.03 0.04
Lu 0.01 0.01 0.01 0.01 0.01 0.01
Hf 0.00 0.00 0.00 0.00 0.00 0.00
Ta 0.00 0.00 0.00 0.00 0.00 0.00
Pb 0.00 0.00 0.00 0.00 0.00 0.00
Th 0.00 0.00 0.00 0.00 0.00 0.00
u 0.00 0.00 0.00 0.00 0.00 0.00
Total 3.94 3.93 3.95 3.92 3.93 3.95

%




Thortveitite 93.2 93.05 93.58 92.93 93.5 93.44

Kieviite-(Y) 4.54 4.65 4.38 5.08 4.39 4.3

Kieviite-(Yb) 2.24 2.29 2.02 1.97 2.09 2.24

22239Ljosland
Medium 1 Medium?2 Dark
13/1. 14/1. 8/1. 18/1. 12/.1 19/1. 15/1. 7/1.

Si02 43.88| 43.92 43.99| 43.56 44.1 43.83 44.23 44.57
Sc203 45.61| 45.92 45.61| 46.18 46.41 47.33 47.59 48.37
Y203 2.94 2.72 3.52 3.05 3.07 1.44 1.34 1.89
Fe203 1.2 1.04 1.15 1.24 1.18 1.4 1.2 0.86
FeO 0.11 0.19 0.15 - - - 0.07 -
MnO 0.15 0.14 0.1 0.09 0.08 0.11 0.11 0.02
Zr02 1.72 1.8 1.61 1.67 1.63 1.69 1.74 1.49
REE203 4.22 3.66 3.85 3.52 3.46 3.56 3.77 35
MgO 0.05 0.01 0.02 0.02 0.01 0.01 0.01 0.02
Ca0o 0.13 0.17 0.13 0.28 0.17 0.33 0.11 0.35
TiO2 0.05 0.03 0.04 0.02 0.03 0.03 0.03 0.02
SrO <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
HfO2 0.19 0.18 0.2 0.15 0.17 0.18 0.18 0.15
Ta205 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
PbO <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
ThO2 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
uo2 0.01| <0.01 <0.01| <0.01 <0.01 <0.01 <0.01 <0.01
Total 100.3| 99.85| 100.44| 99.85| 100.38 99.97| 100.45| 101.31
Apfu

Si 1.97 1.97 1.97 1.96 1.97 1.96 1.97 1.96
Sc 1.79 1.8 1.78 1.81 1.81 1.84 1.84 1.85
Y 0.07 0.06 0.08 0.07 0.07 0.03 0.03 0.04
Fe3+ 0.04 0.03 0.03 0.04 0.03 0.04 0.04 0.02
Fe2+ 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Mn 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Zr 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03
Mg 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ca 0.00 0.00 0.00 0.01 0.00 0.01 0.00 0.01
Ti 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Sr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
La 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ce 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Pr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Nd 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Sm 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Eu 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Gd 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00




Tb 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Dy 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ho 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Er 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Tm 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Yb 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03
Lu 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Hf 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ta 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Pb 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Th 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
U 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Total 3.94 3.92 3.92 3.95 3.94 3.94 3.94 3.94
%
Thortveitite 94.27| 94.83 93.78 94.5 94.57 96.53 96.57 96.09
Kieviite-(Y) 3.71 3.43 4.42 3.81 3.82 1.8 1.66 2.3
Kieviite-(Yb) 2 1.72 1.78 1.67 1.59 1.66 1.76 1.59
22238Tjomstgl

Palel Pale 2 Medium 1

23/1. | 9/1. 16/1. 8/1. 11/1.
Sio2 43.76 43.57 43.83 44 44.31
Sc203 41.92 42.7 42.54 44.49 44.35
Y203 2.3 2.15 2.33 2.1 2.18
Fe203 1.03 1.5 1.02 1.33 0.96
FeO 1.13 0.65 1.05 0.47 0.76
MnO 1.07 0.95 0.95 0.62 0.59
Zr02 3.71 3.55 3.48 2.7 2.65
REE203 2.71 2.8 2.33 2.66 2.64
MgO 0.15 0.09 0.1 0.08 0.07
Cao 0.11 0.21 0.15 0.20 0.21
TiO2 0.1 0.07 0.07 0.07 0.08
SrO <0.01 <0.01 <0.01 <0.01 <0.01
HfO2 1.36 0.64 0.88 0.50 0.38
Ta205 <0.01 <0.01 <0.01 <0.01 <0.01
PbO <0.01 <0.01 <0.01 <0.01 <0.01
ThO2 <0.01 <0.01 <0.01 <0.01 <0.01
uo2 0.06 0.04 0.05 0.04 0.03
Total 99.51 99 98.86 99.34 99.28
apfu
Si 1.99 1.98 1.99 1.98 2.00
Sc 1.66 1.69 1.69 1.75 1.74
Y 0.05 0.05 0.05 0.05 0.05




Fe3+ 0.03 0.05 0.03 0.04 0.03
Fe2+ 0.04 0.02 0.04 0.01 0.02
Mn 0.04 0.03 0.03 0.02 0.02
Zr 0.08 0.07 0.07 0.05 0.05
Mg 0.01 0.00 0.00 0.00 0.00
Ca 0.00 0.01 0.00 0.01 0.01
Ti 0.00 0.00 0.00 0.00 0.00
Sr 0.00 0.00 0.00 0.00 0.00
La 0.00 0.00 0.00 0.00 0.00
Ce 0.00 0.00 0.00 0.00 0.00
Pr 0.00 0.00 0.00 0.00 0.00
Nd 0.00 0.00 0.00 0.00 0.00
Sm 0.00 0.00 0.00 0.00 0.00
Eu 0.00 0.00 0.00 0.00 0.00
Gd 0.00 0.00 0.00 0.00 0.00
Tb 0.00 0.00 0.00 0.00 0.00
Dy 0.00 0.00 0.00 0.00 0.00
Ho 0.00 0.00 0.00 0.00 0.00
Er 0.00 0.00 0.00 0.00 0.00
Tm 0.00 0.00 0.00 0.00 0.00
Yb 0.02 0.02 0.01 0.02 0.02
Lu 0.00 0.00 0.00 0.00 0.00
Hf 0.01 0.00 0.01 0.00 0.00
Ta 0.00 0.00 0.00 0.00 0.00
Pb 0.00 0.00 0.00 0.00 0.00
Th 0.00 0.00 0.00 0.00 0.00
u 0.00 0.00 0.00 0.00 0.00
Total 3.93 3.92 3.92 3.93 3.94
Thortveitite 95.56 95.73 95.71 96.01 95.91
Kieviite-(Y) 3.2 2.95 3.2 2.77 2.87
Kieviite-(Yb) 1.23 1.31 1.07 1.2 1.2
22238Tjomstgl
Medium 2 Dark
15/1. 22/1. 12/1. 14/1. 21/1. 7/1. 10/1.
Si02 44.23 44.4 4417 44.34 44.59 44.44 44.09
Sc203 44.74 44.76 44.68 45.3 45.2 45.69 45.72
Y203 2.00 2.08 2.16 1.88 2.11 2.10 2.17
Fe203 1.10 0.84 1.27 1.13 0.76 1.12 1.76
FeO 0.62 0.85 0.47 0.55 0.84 0.45 0.04
MnO 0.60 0.56 0.54 0.52 0.46 0.39 0.41
Zr02 2.68 2.6 2.69 2.58 2.46 2.32 2.21




REE203 2.5 2.75 2.63 2.38 2.96 2.64 2.47
MgO 0.10 0.09 0.08 0.10 0.11 0.08 0.06
Cao 0.19 0.10 0.28 0.19 0.09 0.2 0.24
TiO2 0.08 0.07 0.08 0.07 0.08 0.07 0.07
SrO <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
HfO2 0.78 0.70 0.55 0.77 0.86 0.56 0.32
Ta205 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
PbO <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
ThO2 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
uo2 0.05 0.04 0.04 0.05 0.04 0.04 0.03
Total 99.74 99.94 99.71 99.94 100.65 100.19 99.66
Apfu

Si 1.99 1.99 1.98 1.98 1.99 1.98 1.97
Sc 1.75 1.75 1.75 1.76 1.76 1.77 1.78
Y 0.04 0.04 0.05 0.04 0.05 0.05 0.05
Fe3+ 0.03 0.02 0.04 0.03 0.02 0.03 0.05
Fe2+ 0.02 0.03 0.01 0.02 0.03 0.01 0.00
Mn 0.02 0.02 0.02 0.02 0.01 0.01 0.01
Zr 0.05 0.05 0.05 0.05 0.05 0.05 0.04
Mg 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ca 0.00 0.00 0.01 0.00 0.00 0.00 0.01
Ti 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Sr 0.00 0.00 0.00 0.00 0.00 0.00 0.00
La 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ce 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Pr 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Nd 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Sm 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Eu 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Gd 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Tb 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Dy 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ho 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Er 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Tm 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Yb 0.02 0.02 0.02 0.01 0.02 0.02 0.02
Lu 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Hf 0.01 0.00 0.00 0.00 0.01 0.00 0.00
Ta 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Pb 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Th 0.00 0.00 0.00 0.00 0.00 0.00 0.00
u 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Total 3.93 3.92 3.93 3.91 3.94 3.92 3.93

End-members %




Thortveitite 96.25 96.05 95.97 96.49 95.97 96.12 96.1
Kieviite-(Y) 2.63 2.73 2.83 2.45 2.74 2.7 2.79
Kieviite-(Yb) 1.11 1.21 1.18 1.05 1.27 1.16 1.1
22330Torvelona
Palel |Pale2 |Pale3 |Medium1 Medium 2 Dark Solid
30/1. 3/1. |25/1. |29/1. 26/1. 1/1. 24/1. 6/1. 4/1.

Si02 41.54| 42.72| 42.61 42.95| 43.33| 4293 43.87| 43.33| 43.78
Sc203 35.27| 38.41| 38.95 40.86| 41.68| 42.29 43.51| 43.96| 45.43
Y203 6.87| 6.19 6.35 4.62 4.04 5.67 4.00 3.48 3.16
Fe203 2.02| 0.75 1.03 1.09 1.00 0.79 1.23 1.31 1.14
FeO 0.12| 0.61 0.37 0.17 0.29 - 0.27 - -
MnO 1.59| 1.17 1.00 0.84 0.83 0.35 0.52 0.56 0.4
Zr02 3.58| 2.77 2.56 2.24 2.08 1.48 1.75 1.89 1.7
REE203 9.05| 5.24 6.12 6.49 6.24 5.78 5.00 5.4 5.39
MgO 0.09| 0.05 0.04 0.02 0.05 0.06 0.03 0.06 0.08
Cao -1 0.16 0.11 0.19 0.19 0.16 0.09 0.14 0.17
TiO2 0.08| 0.06 0.06 0.04 0.43 0.07 0.05 0.08 0.07
SrO <0.01| <0.01| <0.01 <0.01 <0.01| <0.01 <0.01| <0.01| <0.01
HfO2 0.61| 0.48 0.49 0.44 0.58 0.56 0.34 0.64 0.51
Ta205 0.01| <0.01| <0.01 <0.01 0.04 0.01 <0.01 0.01 0.01
PbO 0.02| <0.01| <0.01 <0.01 0.04| <0.01 <0.01| <0.01| <0.01
ThO2 0.04| <0.01| <0.01 <0.01 <0.01| <0.01 <0.01| <0.01| <0.01
uo2 0.01| <0.01| <0.01 <0.01 <0.01| <0.01 <0.01| <0.01| <0.01
Total 100.97| 98.7| 99.76 100.01| 100.88 | 100.22| 100.72| 100.94| 101.91
Apfu

Si 1.98| 2.01 1.99 1.99 1.98 1.98 1.99 1.96 1.96
Sc 146| 1.57 1.58 1.65 1.66 1.69 1.72 1.73 1.77
Y 0.17| 0.15 0.15 0.11 0.09 0.13 0.09 0.08 0.07
Fe3+ 0.07| 0.02 0.03 0.03 0.03 0.02 0.03 0.04 0.03
Fe2+ 0.00| 0.02 0.01 0.00 0.01 0.00 0.01 0.00 0.00
Mn 0.06| 0.04 0.03 0.03 0.03 0.01 0.02 0.02 0.01
Zr 0.08| 0.06 0.05 0.05 0.04 0.03 0.03 0.04 0.03
Mg 0.00| o0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ca 0.00| 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ti 0.00| 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00
Sr 0.00| 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
La 0.00| 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ce 0.00| o0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Pr 0.00| 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Nd 0.00| 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Sm 0.00| o0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Eu 0.00| 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00




Gd 0.00| 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Tb 0.00| 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Dy 0.01| 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ho 0.00| 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Er 0.01| 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Tm 0.00| 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Yb 0.06| 0.04 0.05 0.06 0.05 0.05 0.04 0.04 0.04
Lu 0.01| o0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Hf 0.00| 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ta 0.00| 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Pb 0.00| 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Th 0.00| 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
u 0.00| 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Total 391 3.92 3.9 3.93 3.91 3.92 3.94 3.92 3.92
End-members
Thortveitite 86.06| 88.53| 88.12 90.39| 91.43| 89.92 92.36| 92.96| 93.47
Kieviite-(Y) 10.24| 8.72 8.78 6.25 5.42 7.36 5.18 4.49 3.98
Kieviite-(Yb) 3.68| 2.74 3.09 3.35 3.14 2.71 2.44 2.54 2.53
22302Knapen
Pale Medium Dark
38/1. 34/1. 33/1. 37/1. 32/1. 31/1. 36/1.

Sio2 42.08 | 42.13 42.52 42.22 42.5 42.56 42.77
Sc203 37.09 | 37.07 39.11 39.25 39.42 39.91 40.2
Y203 7.00 6.20 6.05 5.94 5.69 5.46 5.34
Fe203 1.03 1.43 1.25 1.20 1.17 1.23 1.50
FeO 0.63 0.48 0.36 0.28 0.52 0.32 0.25
MnO 0.89 1.12 0.72 0.63 0.65 0.58 0.64
Zr02 2.77 3.29 2.61 2.49 2.51 2.35 2.48
REE203 5.78 5.86 5.83 5.94 5.59 5.42 5.39
MgO 0.06 0.07 0.05 0.05 0.05 0.04 0.05
Cao 0.30 0.37 0.31 0.31 0.24 0.35 0.31
TiO2 0.14 0.12 0.10 0.10 0.12 0.12 0.11
SrO <0.01 | <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
HfO2 0.82 0.92 0.64 0.64 0.54 0.50 0.46
Ta205 0.02 0.01 <0.01 <0.01 <0.01 <0.01 <0.01
PbO <0.01 | <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
ThO2 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
uo2 0.01 0.01 0.01 0.01 <0.01 0.01 <0.01
Total 98.7 | 99.14 99.64 99.13 99.08 98.91 99.58
apfu

Si 2 1.99 1.99 1.98 1.99 1.99 1.98
Sc 1.53 1.52 1.59 1.60 1.61 1.62 1.62




Y 0.17 0.15 0.15 0.14 0.14 0.13 0.13
Fe3+ 0.03 0.05 0.04 0.04 0.04 0.04 0.05
Fe2+ 0.02 0.01 0.01 0.01 0.02 0.01 0.00
Mn 0.03 0.04 0.02 0.02 0.02 0.02 0.02
Zr 0.06 0.07 0.05 0.05 0.05 0.05 0.05
Mg 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ca 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Ti 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Sr 0.00 0.00 0.00 0.00 0.00 0.00 0.00
La 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ce 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Pr 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Nd 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Sm 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Eu 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Gd 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Tb 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Dy 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ho 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Er 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Tm 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Yb 0.04 0.04 0.04 0.05 0.04 0.04 0.04
Lu 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Hf 0.01 0.01 0.00 0.00 0.00 0.00 0.00
Ta 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Pb 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Th 0.00 0.00 0.00 0.00 0.00 0.00 0.00
u 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Total 3.91 3.9 3.91 3.91 3.93 3.92 3.91
End-members
Thortveitite 87.18 | 88.11 88.85 88.95 89.4 89.89 90.05
Kieviite-(Y) 10.05 9.01 8.39 8.22 7.88 7.52 7.31
Kieviite-(Yb) 2.75 2.86 2.74 2.81 2.71 2.57 2.62
22370Eptevann 22273Havarstad
Pale Medium | Dark |Pale |Medium Dark
34/1 32/1. |35/1. |33/1. 31/1. |37/1. |38/1. 40/1. |39/1.
Si02 44.51| 44.49| 44.47 44.81| 45.97| 44.41 44.74| 45.32 45.31
Sc203 46.21| 45.92| 46.23 48.04| 50.76| 45.07 48.17| 48.74 48.89
Y203 0.82 0.84| 0.77 0.51 0.66 1.8 1.67 1.24 0.88
Fe203 1.35 1.38| 1.49 1.28 0.56| 1.56 0.97 0.91 0.85
FeO 0.53 0.56| 0.53 0.29 0.12| 0.19 0.16 - 0.33
MnO 0.6 0.66| 0.64 0.41 0.09| 0.56 0.14 0.23 0.24
Zr02 2.8 2.93| 2.83 2.33 1.47| 272 1.68 1.78 1.96




REE203 1.47 1.27| 1.30 1.07 141 2.31 2.42 2.21 2.1
MgO 0.12 0.14| 0.13 0.09 0.01| 0.32 0.06 0.05 0.05
Cao 0.14 0.15| 0.07 0.14 0.21| 0.13 0.09 0.14 0.10
TiO2 0.08 0.07| 0.09 0.06 0.01| 0.06 0.02 0.02 0.01
SrO <0.01| <0.01]| <0.01 <0.01| <0.01| <0.01 <0.01| <0.01 <0.01
HfO2 0.49 0.49| 0.48 0.36 0.12| 0.56 0.35 0.56 0.46
Ta205 <0.01 <0.01]| <0.01 <0.01| <0.01| o0.01 <0.01| <0.01 <0.01
PbO <0.01| <0.01]| <0.01 <0.01| <0.01| o0.03 <0.01| <0.01 <0.01
ThO2 <0.01| <0.01]| <0.01 <0.01| <0.01| <0.01 <0.01| <0.01 <0.01
uo2 0.06 0.05| 0.05 0.03| <0.01 0.03 <0.01| <0.01 <0.01
Total 99.26| 99.04| 99.17 99.5| 101.45| 99.83| 100.53| 101.28 101.24
Apfu

Si 1.98 1.98| 1.98 1.98 1.98| 1.98 1.97 1.98 1.98
Sc 1.79 1.78| 1.79 1.85 191 1.75 1.85 1.85 1.86
Y 0.01 0.02| 0.01 0.01 0.01| 0.04 0.03 0.02 0.02
Fe3+ 0.04 0.04| 0.05 0.04 0.01| 0.05 0.03 0.03 0.02
Fe2+ 0.02 0.02| 0.02 0.01 0.00| 0.00 0.00 0.00 0.01
Mn 0.02 0.02| 0.02 0.01 0.00| 0.02 0.00 0.00 0.00
Zr 0.06 0.06| 0.06 0.05 0.03| 0.05 0.03 0.03 0.04
Mg 0.00 0.00| 0.00 0.00 0.00| 0.02 0.00 0.00 0.00
Ca 0.00 0.00| 0.00 0.00 0.00| 0.00 0.00 0.00 0.00
Ti 0.00 0.00| 0.00 0.00 0.00| 0.00 0.00 0.00 0.00
Sr 0.00 0.00| 0.00 0.00 0.00| 0.00 0.00 0.00 0.00
La 0.00 0.00| 0.00 0.00 0.00| 0.00 0.00 0.00 0.00
Ce 0.00 0.00| 0.00 0.00 0.00| 0.00 0.00 0.00 0.00
Pr 0.00 0.00| 0.00 0.00 0.00| 0.00 0.00 0.00 0.00
Nd 0.00 0.00| 0.00 0.00 0.00| 0.00 0.00 0.00 0.00
Sm 0.00 0.00| 0.00 0.00 0.00| 0.00 0.00 0.00 0.00
Eu 0.00 0.00| 0.00 0.00 0.00| 0.00 0.00 0.00 0.00
Gd 0.00 0.00| 0.00 0.00 0.00| 0.00 0.00 0.00 0.00
Tb 0.00 0.00| 0.00 0.00 0.00| 0.00 0.00 0.00 0.00
Dy 0.00 0.00| 0.00 0.00 0.00| 0.00 0.00 0.00 0.00
Ho 0.00 0.00| 0.00 0.00 0.00| 0.00 0.00 0.00 0.00
Er 0.00 0.00| 0.00 0.00 0.00| 0.00 0.00 0.00 0.00
Tm 0.00 0.00| 0.00 0.00 0.00| 0.00 0.00 0.00 0.00
Yb 0.01 0.01| 0.01 0.00 0.01| 0.01 0.02 0.01 0.01
Lu 0.00 0.00| 0.00 0.00 0.00| 0.00 0.00 0.00 0.00
Hf 0.00 0.00| 0.00 0.00 0.00| 0.00 0.00 0.00 0.00
Ta 0.00 0.00| 0.00 0.00 0.00| 0.00 0.00 0.00 0.00
Pb 0.00 0.00| 0.00 0.00 0.00| 0.00 0.00 0.00 0.00
Th 0.00 0.00| 0.00 0.00 0.00| 0.00 0.00 0.00 0.00
U 0.00 0.00| 0.00 0.00 0.00| 0.00 0.00 0.00 0.00
Total 3.93 3.93| 394 3.95 3.95| 3.92 3.93 3.92 3.94

End-members %

Thortveitite | 98.23| 98.29] 98.39| 98.86| 98.56| 96.54| 96.85| 97.47| 97.93




Kieviite-(Y) 1.07 1.10| 1.00 0.64 0.78| 2.36 2.05 1.51 1.08
Kieviite-(Yb) 0.68 0.6 0.6 0.49 0.64| 1.09 1.08 1.01 0.98
22304Eretveit
Pale Medium Dark
3/1. 2/1. 4/1. 5/1. 1/1.

Si02 40.26 40.51 41.27 40.99 41.09
Sc203 314 32.58 33.45 33.19 35.51
Y203 9.52 9.43 9.12 9.17 8.29
Fe203 0.99 1.74 1.32 1.98 1.92
FeO 0.92 0.33 0.54 - -
MnO 1.38 1.18 1.14 1.15 0.76
Zr02 4.62 4.02 3.92 3.99 3.1
REE203 7.24 7.57 6.36 6.93 6.89
MgO 0.17 0.17 0.15 0.2 0.17
Cao 0.26 0.35 0.47 0.62 0.59
TiO2 0.18 0.19 0.19 0.16 0.18
SrO <0.01 <0.01 <0.01 <0.01 <0.01
HfO2 0.80 0.77 0.56 0.80 0.73
Ta205 0.02 0.02 0.01 0.01 0.02
PbO <0.01 <0.01 <0.01 <0.01 <0.01
ThO2 0.03 0.03 0.02 0.01 0.03
uo2 0.03 0.03 0.03 0.03 0.03
Total 97.9 99.00 98.63 99.31 99.37
apfu

Si 1.99 1.97 1.99 1.98 1.96
Sc 1.35 1.38 1.41 1.39 1.48
Y 0.25 0.24 0.23 0.23 0.21
Fe3+ 0.03 0.06 0.04 0.07 0.06
Fe2+ 0.03 0.01 0.02 0.00 0.00
Mn 0.05 0.04 0.04 0.04 0.03
Zr 0.11 0.09 0.09 0.09 0.07
Mg 0.01 0.01 0.01 0.01 0.01
Ca 0.01 0.01 0.02 0.03 0.03
Ti 0.00 0.00 0.00 0.00 0.00
Sr 0.00 0.00 0.00 0.00 0.00
La 0.00 0.00 0.00 0.00 0.00
Ce 0.00 0.00 0.00 0.00 0.00
Pr 0.00 0.00 0.00 0.00 0.00
Nd 0.00 0.00 0.00 0.00 0.00
Sm 0.00 0.00 0.00 0.00 0.00
Eu 0.00 0.00 0.00 0.00 0.00
Gd 0.00 0.00 0.00 0.00 0.00




Tb 0.00 0.00 0.00 0.00 0.00
Dy 0.01 0.01 0.00 0.01 0.01
Ho 0.00 0.00 0.00 0.00 0.00
Er 0.01 0.01 0.00 0.01 0.01
™m 0.00 0.00 0.00 0.00 0.00
Yb 0.05 0.05 0.05 0.05 0.05
Lu 0.01 0.01 0.01 0.01 0.01
Hf 0.01 0.01 0.00 0.01 0.01
Ta 0.00 0.00 0.00 0.00 0.00
Pb 0.00 0.00 0.00 0.00 0.00
Th 0.00 0.00 0.00 0.00 0.00
u 0.00 0.00 0.00 0.00 0.00
Total 3.92 3.9 3.91 3.93 3.94
End-members %
Thortveitite 81.59 82.03 83.16 82.75 84.91
Kieviite-(Y) 15.1 14.5 13.84 13.96 12.1
Kieviite-(Yb) 3.29 3.45 2.98 3.27 2.97







Trace elements ppm

22292 2Tuftane 22292 1Tuftane 22286Tuftane
Pale 1 Pale 2 Medium1 Medium?2 Dark
29/1. |24/1. |30/1. |25/1. |26/1. 27/1. 28/1. |22/1. 23/1. 21/1. 20/1. 17/1. 20/1.
Mg25 194 420 195 440 431 438 508 462 453 410 403 749 789
Cad3 831 9432 2456 3299 1941 4059 | 2604 1544 1843 1887 1501 2288 2226
Ti49 232 510 264 754 642 671 384 427 451 471 529 1024 1118
Sr88 34 28 29 24 25 26 28 29 29 30 26 26 26
Lal139 46 18 6 13 11 15 19 19 19 18 13 26 27
Cel40 379 340 107 244 222 266 337 326 324 312 262 370 395
Pr141 111 143 48 121 108 118 145 142 142 137 122 160 167
Nd143 788 1165 421 995 946 920 1155 1160 1149 1131 1037 1402 1436
Sm147 743 1166 558 1134 1070 991 1176 1245 1214 1227 1169 1657 1674
Eul51 6 5 5 4 4 4 5 4 4 4 5 4 4
Gd157 1234 1803 1096 1791 1768 1602 1870 2058 1988 2047 1919 2878 2872
Tb159 472 626 443 616 608 571 650 713 685 716 662 919 908
Dy163 5416 6512 5157 6326 6248 5958 | 6651 7318 7101 7379 6797 8869 8780
Hol165 1749 1937 1660 1843 1825 1799 1985 2155 2100 2162 1988 2500 2439
Er166 11770| 11102| 10868 | 10672 10931 10701 | 11928 12943 12663 13117 11834 14172 13860
Tm169 4989 4322 | 4631 4036 4111 4201| 4550 4920 4774 4902 4425 4920 4799
Yb173 84772 | 66864 | 78013| 65085 65068 66488 | 73047 75912 74801 76714 70089 71388 70047
Lul75 19370| 15444| 17598| 13990 14245 14712 | 16173 16780 16514 16973 15400 15416 14966
Hf179 3248 5111 3335 4546 4303 5602 | 5983 5480 5416 4721 4420 6001 5691
Ta181 3 10 2 12 11 13 10 7 7 7 10 25 32
Pb208 115 16 9 19 14 15 14 14 13 16 17 13 12
Th232 271 107 52 126 114 87 109 105 106 114 118 96 107
U238 56 67 47 70 70 67 68 66 66 71 71 47 55




22239Ljosland

Pale 1 Pale 2 Medium 1 Medium?2 Dark
10/1. 16/1. 6/1. 11/1. 9/1. 17/1. 13/1. 14/1. 8/1. 18/1. 12/.1 19/1. 15/1. 7/1.
Mg25 318 265 222 139 270 264 302 98 128 143 116 108 92 140
Cad3 1377 952 1107 1164 1242 874 933 1260 984 2005 1284 2386 814| 2538
Ti49 332 325 280 269 306 318 307 201 256 176 198 197 226 168
Sr88 10 10 9 9 9 10 9 8 8 7 7 7 8 8
Lal39 2 2 1 1 1 2 2 <1 1 1 <1 <1 3 2
Cel40 33 27 17 23 25 26 21 11 15 10 11 11 10 9
Pri4l 13 11 7 10 10 11 8 5 8 5 6 5 5 5
Nd143 116 101 70 100 93 100 75 55 79 46 64 56 48 52
Sm147 124 118 90 150 107 116 96 95 133 69 109 93 78 85
Eul51 1 1 <1 <1 <1 1 <1 <1 <1 <1 <1 <1 <1 <1
Gd157 234 239 204 304 219 236 222 227 299 174 248 218 192 206
Tbh159 87 90 80 104 83 89 88 85 105 73 88 81 79 79
Dy163 1048 1104 995 1143 1022 1093 1098 990 1144 917 979 925 960 908
Hol165 390 404 373 390 382 399 407 341 383 324 331 319 338 311
Erl66 2824 2961 2658 2678 2741 2924 2876 2354 2552 2240 2207 2188 2373 | 2113
Tm169 1313 1368 1208 1180 1260 1361 1241 1047 1103 1035 984 1013 1082 982
Yb173 26497 27411 24097 23786 25297 27105| 24325| 20986| 21799| 20525| 19656 20432 21778 | 20204
Lul75 7366 7716 6806 6888 7086 7676 6617 5956 6237 5552 5725 5960 6188 | 5814
Hf179 1847 1862 1628 1876 1737 1849 1651 1568 1701 1344 1522 1569 1590| 1286
Tal81 17 14 7 14 12 14 9 5 5 7 4 7 14 4
Pb208 28 32 17 8 23 32 22 8 20 24 6 7 34 45
Th232 46 48 26 28 36 48 27 18 23 20 19 19 20 11
U238 133 133 102 43 117 131 121 45 32 65 27 33 54 29




22238Tjomstg!

Palel Pale 2 Medium 1 Medium 2 Dark
23/1. 9/1. 16/1. 8/1. 11/1. 15/1. 22/1. 12/1. 14/1. 21/1. 7/1. 10/1
Mg25 953 546 620 506 448 603 572 518 510 408 611 664
Ca43 854 1558 1119 1496 1525 1379 755 2026 1491 1719 1420 653
Ti49 631 456 478 443 500 480 471 506 441 420 455 520
Sr88 5 5 4 5 5 4 5 5 5 5 4 6
Lal39 2 1 1 1 <1 1 1 1 1 <1 1 1
Cel40 38 26 26 23 12 25 25 20 24 9 22 32
Pri41 18 13 13 11 8 12 13 11 12 6 11 16
Nd143 187 149 134 131 96 138 146 125 134 77 126 175
Sm147 537 452 406 403 355 433 460 406 419 304 410 522
Eul51 1 <1 1 <1 <1 1 <1 <1 <1 <1 <1 <1
Gd157 921 796 706 726 691 759 822 744 744 619 712 910
Tb159 301 269 239 246 243 256 276 255 250 222 242 300
Dy163 2193 2027 1792 1874 1870 1886 2042 1908 1900 1710 1791 2254
Ho165 417 395 346 369 368 357 392 369 364 333 338 436
Erl66 1907 1901 1634 1795 1790 1704 1879 1774 1762 1621 1601 2083
Tm169 764 783 671 750 749 692 774 743 751 706 665 843
Yb173 13561 14747 12009 14050 14030 13020 14187 13810 13921 13243 12401 15109
Lul75 2935 3052 2502 2967 2938 2698 3132 2903 2903 2827 2578 3318
Hf179 11577 5449 7466 4304 3298 6614 6010 4746 4801 2790 6570 7302
Tal81 77 31 42 28 28 37 31 28 25 23 35 41
Pb208 78 62 66 89 50 71 61 56 59 45 73 62
Th232 59 52 44 46 35 55 54 45 48 29 52 59
U238 553 403 446 405 335 482 434 373 397 300 499 436




22330Torvelona
Pale 1 Pale 2 Pale 3 Medium 1 Medium 2 Dark Solid
30/1. 3/1. 25/1. 29/1. 26/1. 1/1. 24/1. 6/1. 4/1.
Mg25 554 333 296 154 314 412 223 413 482
Ca43 17689 1208 810 1396 1363 1208 683 1039 1268
Ti49 529 381 360 251 2591 432 331 520 426
Sr88 25 11 13 15 24 12 12 11 12
Lal139 71 5 2 <1 29 4 1 3 3
Celd0 566 57 36 5 138 59 14 61 45
Pr141 206 24 19 2 25 30 7 29 21
Nd143 1772 229 195 27 164 295 78 287 205
Sm147 3430 539 505 137 282 704 236 661 473
Eul51 12 1 1 <1 2 1 <1 1 1
Gd157 5040 825 872 394 509 1102 458 981 730
Tb159 1275 250 286 189 202 333 166 298 237
Dy163 8732 2053 2472 2039 2028 2649 1545 2381 1998
Ho165 1692 476 609 570 555 602 409 536 477
Er166 7167 2737 3501 3664 3496 3348 2572 3037 2854
Tm169 2403 1367 1672 1836 1714 1550 1304 1420 1397
Yb173 37895 29847 34330 38019 35952 32017 28958 30146 30963
Lul?75 8932 7597 9194 10149 9693 8057 8194 7534 7943
Hf179 5229 4150 4230 3810 4942 4793 2948 5506 4378
Ta181 91 75 45 18 381 88 32 118 87
Pb208 190 25 26 12 460 20 41 11 16
Th232 364 43 35 6 53 56 13 55 38
U238 99 43 32 8 36 57 15 49 44
22304Eretveit 22302Knapen
Pale Medium Dark Pale Medium Dark
3/1. 2/1. 4/1. 5/1. 1/1. 38/1. 34/1. 33/1. 37/1. 32/1. 31/1. 36/1.
Mg25 1080 1058 960 1255 1057 412 426 335 334 324 298 323




Cad3 1864 2560 3419 4479 4222 2203 2648 2263 1732 - 2543 2246
Ti49 1137 1181 1169 1000 1105 892 740 655 771 945 769 675
Sr88 13 13 12 12 12 12 12 12 11 11 11 11
Lal39 16 13 9 10 13 5 5 3 2 3 3 2
Cel40 212 185 127 140 182 87 97 75 47 70 62 40
Pri41 101 88 62 65 87 49 53 40 27 39 34 22
Nd143 1084 964 661 694 920 560 594 473 337 462 403 270
Sm147 2016 1906 1324 1390 1724 1325 1328 1116 851 1070 966 701
Eul51 3 2 2 4 3 1 <1 <1 <1 <1 <1 <1
Gd157 3366 3235 2333 2432 2949 2060 1998 1791 1483 1692 1607 1276
Th159 926 928 693 728 832 564 550 503 437 481 457 393
Dy163 7087 7052 5462 5914 6488 3954 3847 3701 3339 3496 3296 3017
Hol65 1501 1481 1182 1277 1359 754 732 738 675 681 655 625
Erl66 6595 6776 5523 5998 6199 3662 3645 3705 3502 3470 3369 3298
Tm169 2268 2322 1983 2118 2098 1583 1587 1618 1528 1474 1447 1483
Yb173 31796 34421 30174 32989 31276 29469 30287 31219 30046 28867 28721 29447
Lul7s 6461 6916 6163 6978 6201 6614 6649 7095 6759 6523 6503 6685
Hf179 6845 6578 4757 6820 6220 7002 7816 5497 4646 4539 4264 3973
Tal81 225 202 144 150 210 168 122 68 65 76 65 50
Pb208 70 63 53 51 68 24 14 15 13 19 16 12
Th232 274 270 181 166 276 37 37 38 27 45 41 22
U238 352 309 269 272 323 113 88 95 86 117 101 78
22370Eptevann 22273Havarstad
Pale Medium Dark Pale Medium Dark
34/1 32/1. 35/1. 33/1. 31/1. 37/1. 38/1. 40/1. 39/1.
Mg25 765 850 808 571 89 1945 369 344 337




Ca43 1062 1115 556 1058 1517 972 667 1065 741
Ti49 482 433 562 378 89 381 147 175 87
Sr88 3 2 3 2 3 6 5 5 5
Lal139 <1 <1 <1 <1 <1 6 <1 <1 -
Celdo 3 2 2 1 14 4 3

Pr141 1 1 1 <1 5 2 2

Nd143 20 17 20 12 4 52 35 28 17
Sm147 101 88 99 65 23 189 133 113 75
Eul51 1 1 1 1 3 1 4 1 2
Gd157 263 231 253 175 84 404 331 263 189
Tb159 121 107 114 84 41 157 130 109 86
Dy163 1007 890 933 717 454 1310 1215 1006 851
Hol65 189 165 172 135 121 278 296 237 207
Erl66 928 795 847 668 765 1515 1639 1371 1246
Tm169 418 351 358 302 383 664 709 631 597
Yb173 8144 7050 7157 5988 8387 12784 13576 12701 12322
Lul?75 1759 1509 1511 1298 2111 2922 3227 2981 2908
Hf179 4194 4236 4096 3109 1083 4831 3025 4784 3926
Tal81 56 49 55 30 3 88 13 15 4
Pb208 77 71 84 49 5 307 24 13 4
Th232 68 64 55 37 1 22 4 8 1
U238 546 516 495 349 22 300 69 75 30




Appendix 3: Garnets

Table 9: Wt.% oxide, apfu and percent end-member component for each of the analyzis-spots in the
collected garnets. Vanadium and chromium are located in the trace-element section

KB-1 Heliodorgruva

Sample KB-1-1 KB-1-2 KB-1-3 KB-1-4 KB-1-5 KB-:
Si0, wt% 36.50 36.54 36.84 36.14 36.10 35.
Al,0; 19.93 20.00 20.11 19.97 20.05 19.
FeO 17.17 16.25 17.56 14.86 15.11 14,
Fe,0; 0.92 1.70 0.72 1.39 1.36 1.6
MnO 24.89 25.73 24.88 25.95 25.74 25.
TiO, 0.04 0.06 0.06 0.22 0.25 0.2
MgO 0.52 0.48 0.58 0.77 0.77 0.7
Ca0 0.31 0.31 0.26 0.42 0.41 0.4
Na,0 - 0.04 - 0.08 0.07 0.C
K,O - - - - - -
5¢,0; 0.32 0.34 0.35 0.02 0.02 0.C
ZnO 0.01 0.01 0.01 0.03 0.03 0.C
Y,0, 0.78 0.79 0.81 0.01 0.05 0.C
REE,0; 0.33 0.32 0.34 0.01 0.02 0.C
TOTAL 101.70 102.57 102.52 99.88 99.98 99..
Si apfu 2.98 2.96 2.98 2.98 2.97 2.0
Al 0.02 0.04 0.02 0.02 0.03 0.C
5T 3.00 3.00 3.00 3.00 3.00 3.
v 0.00 0.00 0.00 0.00 0.00 0.C
Ti 0.00 0.00 0.00 0.01 0.02 0.
Cr 0.00 0.00 0.00 0.00 0.00 0.C
Al 1.90 1.87 1.90 1.92 1.92 1.0
Fe3+ 0.06 0.10 0.04 0.07 0.06 0.0
Fe2+ 0.04 0.03 0.05 0.00 0.00 0.0
5B 2.00 2.00 2.00 2.00 2.00 2.
Y 0.03 0.03 0.03 0.00 0.00 0.
REE 0.01 0.01 0.01 0.00 0.00 0.C
Fe2+ 1.13 1.07 1.14 1.02 1.04 1.0
Fe3+ 0.00 0.00 0.00 0.02 0.02 0.0
Sc 0.02 0.02 0.02 0.00 0.00 0.
Mn 1.72 1.77 1.71 1.81 1.80 1.8
Mg 0.06 0.06 0.07 0.09 0.09 0.C




Ca 0.03 0.03 0.02 0.04 0.04 0.04
Na 0.00 0.01 0.00 0.01 0.01 0.01
K 0.00 0.00 0.00 0.00 0.00 0.0C
A 3.00 3.00 3.01 3.00 3.00 3.0C
Mn/Fe2+Mn 0.59 0.62 0.59 0.64 0.63 0.64
Yttrogarnet % 0.62 1.13 0.53 0.02 0.07 0.0€
Sc garnet 0.68 0.71 0.36 0.06 0.07 0.07
Spessartine 57.39 58.9 56.9 60.37 59.86 60.4
Pyrope 2.09 1.94 2.34 3.14 3.16 3.15
Almandine 34.92 31.71 35.41 324 32.85 31.3
Grossular 0 0 0 0 0 0

Andradite 0 0 0 0.49 0.35 0.51
Skiagite 2.83 5.03 2.2 1.74 1.84 2.4¢8

Table 9 continued.
25432 Heia, Ljosland

Sample 25432-1 25432-2 25432-3 25432-4 25432-5 25437
SiO, wt% 36.41 36.18 36.25 36.44 35.92 36.3
Al,O; 20.17 19.98 20.06 20.32 20.11 20.1
FeO 16.16 15.67 15.98 18.53 17.76 18.2
Fe,0; 1.65 2.33 1.34 1.37 2.71 1.5C
MnO 25.15 25.42 25.36 22.79 22.91 22.9
TiO, 0.17 0.22 0.17 0.04 0.06 0.0¢
MgO 0.74 0.72 0.69 0.77 0.80 0.81
Cao 0.54 0.51 0.43 0.36 0.36 0.34
Na,O 0.01 0.02 0.01 0.04 0.03 0.03
K;0 - - - - - -

Sc,03 0.07 0.09 0.06 0.03 0.03 0.04
Zn0 0.02 0.01 0.02 0.01 0.02 0.02
Y,0; 0.27 0.36 0.29 0.33 0.33 0.3¢
REE,O3 0.09 0.13 0.10 0.21 0.20 0.21
TOTAL 101.46 101.65 100.76 101.27 101.23 101.C
Si apfu 2.96 2.95 2.97 2.97 2.94 2.97
Al 0.04 0.05 0.03 0.03 0.06 0.03
T 3.00 3.00 3.00 3.00 3.00 3.0(
Vv 0.00 0.00 0.00 0.00 0.00 0.0C
Ti 0.01 0.01 0.01 0.00 0.00 0.0cC
Cr 0.00 0.00 0.00 0.00 0.00 0.0cC




Al 1.90 1.86 1.91 1.92 1.87 1.¢
Fe3+ 0.09 0.12 0.08 0.07 0.12 0.(
Fe2+ 0.00 0.00 0.00 0.00 0.00 0.(
2B 2.00 2.00 2.00 2.00 2.00 2.(
Y 0.01 0.02 0.01 0.01 0.01 0.(
REE 0.00 0.00 0.00 0.01 0.00 0.(
Fe2+ 1.10 1.07 1.10 1.26 1.21 1.7
Fe3+ 0.01 0.02 0.00 0.01 0.04 0.(
Sc 0.01 0.01 0.00 0.00 0.00 0.(
Mn 1.73 1.75 1.76 1.57 1.59 1.0
Mg 0.09 0.09 0.08 0.09 0.10 0.1
Ca 0.05 0.04 0.04 0.03 0.03 0.(
Na 0.00 0.00 0.00 0.01 0.01 0.(
K 0.00 0.00 0.00 0.00 0.00 0.(
A 3.00 3.00 3.00 3.00 3.00 3.(
Mn/Fe2+Mn 0.61 0.62 0.62 0.55 0.57 0.t
Yttrogarnet % 0.39 0.52 0.42 0.48 0.47 0.t
Sc garnet 0.26 0.31 0.23 0.12 0.12 0.1
Spessartine 57.79 58.45 58.69 52.49 52.9 52.
Pyrope 3.01 291 2.8 3.11 3.26 3.
Almandine 33.73 31.34 33.55 40.24 37.18 38.
Grossular 0 0 0 0 0 0
Andradite 0.76 0.5 0.51 0.77 0.76 0.€
Skiagite 2.94 4.24 2.98 1.91 3.3 2.7

Table 9 continued

KTU-7 Tuftane, Frikstad MS-9 Solas

Sample KTU-7-1 | KTU-7-2 | KTU-7-3 | KTU-7-4 | MS-9-1 | MS-9-2 | MS-9-3 | MS-9-4

Si0, wt% 35.99 36.45 36 36.13 35.32 35.15 35.22 34.93

Al,O; 20.05 20.51 20.14 20.23 20.33 20.49 20.23 20.45

FeO 17.98 19.14 16.33 16.73 0.95 0.69 0.62 0.31

Fe,0; 1.73 0.91 1.8 1.34 3.29 3.66 3.72 4.01

MnO 22.53 21.69 23.87 23.85 39.78 40.07 40.09 40.19

TiO, 0.11 0.02 0.09 0.1 0.04 0.04 0.05 0.06

MgO 0.9 0.93 0.91 0.87 - - - -

CaO 0.52 0.55 0.51 0.52 0.68 0.59 0.64 0.6

Na,O 0.02 0.04 0.08 0.05 0.03 - 0.02 -

K,O - - - - - - - -

Sc,05 0.08 0.09 0.12 0.09 0 - - -




REE,O3 0.7 0.72 0.29 0.5 0.05 0.05 0.05 0.05
Zn0 0.01 0.01 0.01 0.01 0.06 0.06 0.06 0.06
Y,03 0.72 0.74 0.32 0.49 0.06 0.06 0.07 0.07
TOTAL 101.35 101.8 100.47 100.9 100.56 | 100.85 | 100.76 | 100.73
Si apfu 2.95 2.96 2.96 2.96 291 2.89 2.90 2.88
Al 0.05 0.04 0.04 0.04 0.09 0.11 0.10 0.12
XT 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00
\Y 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ti 0.01 0.00 0.01 0.01 0.00 0.00 0.00 0.00
Cr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Al 1.88 1.93 1.90 1.91 1.89 1.88 1.86 1.87
Fe3+ 0.11 0.05 0.09 0.08 0.11 0.12 0.13 0.13
Fe2+ 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.00
IB 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00
Y 0.03 0.03 0.01 0.02 0.00 0.00 0.00 0.00
REE 0.02 0.02 0.01 0.01 0.00 0.00 0.00 0.00
Fe2+ 1.23 1.28 1.12 1.15 0.07 0.05 0.04 0.02
Fe3+ 0.00 0.01 0.02 0.00 0.09 0.10 0.10 0.12
Sc 0.01 0.01 0.01 0.01 0.00 0.00 0.00 0.00
Mn 1.56 1.49 1.66 1.65 2.78 2.79 2.80 2.81
Mg 0.11 0.11 0.11 0.11 0.00 0.00 0.00 0.00
Ca 0.05 0.05 0.04 0.05 0.06 0.05 0.06 0.05
Na 0.00 0.01 0.01 0.01 0.00 0.00 0.00 0.00
K 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
IA 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00
Mn/Fe2+Mn 0.56 0.53 0.60 0.59 0.98 0.98 0.98 0.99
Yttrogarnet

% 1.05 1.04 0.46 0.72 0.09 0.09 0.1 0.1
Sc garnet 0.3 0.31 0.45 0.31 0 0 0 0
Spessartine 52.17 49.88 55.36 55.24 92.55 93.05 93.18 93.18
Pyrope 3.68 3.76 3.73 3.54 0 0 0 0
Almandine 37.64 42.22 35.84 36.47 1.66 0.74 0 0
Grossular 0 0 0 0 0 0 0 0
Andradite 0.86 1.25 0.76 0.9 1.86 1.6 1.75 1.58
Skiagite 3.49 1.22 1.55 1.79 0.53 0.85 1.42 0.71
Table 9 cont.

25427 Steli, Tveit
Sample 25427-1 | 25427-2 | 25427-3 | 25427-4 | 25427-5 | 25427-6
SiO, wt% 36.41 36.03 35.92 36.29 36.12 35.9




Al,O3 20.31 20.16 20.36 20.1 20.18 20.26
FeO 25.45 25.14 24.83 26.27 26.04 25.8
Fe,0; 0.7 1.15 1.47 1.07 1.15 1.48
MnO 16.34 16.3 16.48 15.27 15.36 15.34
TiO, 0.05 0.03 0.02 0.07 0.06 0.04
MgO 0.49 0.49 0.49 0.56 0.56 0.51
Cao 0.51 0.48 0.47 0.47 0.43 0.44
Na,O 0.02 - - 0.01 0.02 0.03
K;0 - - - 0.03 - 0.01
Sc,04 0.05 0.05 0.05 0.03 0.03 0.03
Zn0 0.01 0.01 0.01 0.01 0.01 0.01
Y,03 0.15 0.15 0.16 0.06 0.1 0.12
REE,03 0.05 0.05 0.05 0.03 0.04 0.05
TOTAL 100.52 | 100.05 | 100.31 | 100.27 100.1 100.03
Si apfu 2.99 2.98 2.96 2.99 2.98 2.96
Al 0.01 0.02 0.04 0.01 0.02 0.04
T 3.00 3.00 3.00 3.00 3.00 3.00
Vv 0.00 0.00 0.00 0.00 0.00 0.00
Ti 0.00 0.00 0.00 0.00 0.00 0.00
Cr 0.00 0.00 0.00 0.00 0.00 0.00
Al 1.95 1.94 1.94 1.94 1.94 1.94
Fe3+ 0.04 0.06 0.06 0.06 0.06 0.06
Fe2+ 0.00 0.00 0.00 0.00 0.00 0.00
B 2.00 2.00 2.00 2.00 2.00 2.00
Y 0.01 0.01 0.01 0.00 0.00 0.01
REE 0.00 0.00 0.00 0.00 0.00 0.00
Fe2+ 1.75 1.74 1.71 1.81 1.79 1.78
Fe3+ 0.00 0.01 0.03 0.01 0.01 0.03
Sc 0.00 0.00 0.00 0.00 0.00 0.00
Mn 1.14 1.14 1.15 1.06 1.07 1.07
Mg 0.06 0.06 0.06 0.07 0.07 0.06
Ca 0.04 0.04 0.04 0.04 0.04 0.04
Na 0.00 0.00 0.00 0.00 0.00 0.01
K 0.00 0.00 0.00 0.00 0.00 0.00
A 3.00 3.00 3.00 3.00 3.00 3.00
Mn/(Fe2+Mn) 0.39 0.40 0.40 0.37 0.37 0.38
Yttrogarnet % 0.21 0.23 0.24 0.08 0.14 0.17
Sc garnet 0.18 0.18 0.19 0.11 0.1 0.1
Spessartine 37.88 37.99 38.32 35.5 35.76 35.77
Pyrope 2.01 2.03 2 2.28 2.31 2.09




Almandine 57.55 56.59 56.17 59.1 58.76 58.78
Grossular 0 0 0 0 0 0
Andradite 1.16 1.15 1.14 1.05 0.97 1.07
Skiagite 0.68 1.2 0.77 1.21 1.09 0.6
Table 9 cont.
25370 Kabuland
Sample 25370-1 | 25370-2 | 25370-3 | 25370-4 | 25370-5 | 25370-6 | 25370-7
Sio, wt% 35.88 36.07 35.6 36.09 35.97 36.05 36.35
Al, O3 20.36 20.04 20.22 20.51 20.53 20.25 19.69
FeO 18.51 18.36 17.86 20.72 20.65 20.95 194
Fe,0; 1.3 1.4 2.05 1.4 1.05 1.2 1.19
MnO 21.58 21.95 21.84 19.35 19.26 19 21.53
TiO, 0.1 0.07 0.11 0.02 0.06 0.05 0.21
MgO 0.92 0.92 0.92 1.19 1.14 1.19 0.95
CaO 0.46 0.49 0.45 0.51 0.52 0.49 0.55
Na,O 0.09 0.07 0.11 0.02 0.05 0.05 0.01
K,O - - - - - - 0.01
Sc,03 0.06 0.07 0.06 0.15 0.14 0.16 0.07
Zn0 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Y,05 0.88 1.05 0.99 0.53 0.32 0.65 1.04
REE,O; 0.44 0.48 0.47 0.33 0.19 0.39 0.48
TOTAL 100.59 100.99 100.69 100.83 99.88 100.44 101.5
Si apfu 2.95 2.96 2.93 2.95 2.96 2.96 2.97
Al 0.05 0.04 0.07 0.05 0.04 0.04 0.03
T 3.00 3.00 3.00 3.00 3.00 3.00 3.00
\Y 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ti 0.01 0.00 0.01 0.00 0.00 0.00 0.01
Cr 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Al 1.92 1.90 1.89 1.92 1.95 1.92 1.87
Fe3+ 0.07 0.09 0.10 0.07 0.05 0.08 0.07
Fe2+ 0.00 0.01 0.00 0.00 0.00 0.00 0.05
B 2.00 2.00 2.00 2.00 2.00 2.00 2.00
Y 0.04 0.05 0.04 0.02 0.01 0.03 0.05
REE 0.01 0.01 0.01 0.01 0.00 0.01 0.01
Fe2+ 1.27 1.25 1.23 1.42 1.42 1.44 1.28
Fe3+ 0.01 0.00 0.02 0.01 0.02 0.00 0.00
Sc 0.00 0.00 0.00 0.01 0.01 0.01 0.00
Mn 1.50 1.53 1.52 1.34 1.34 1.32 1.49
Mg 0.11 0.11 0.11 0.15 0.14 0.15 0.12




Ca 0.04 0.04 0.04 0.04 0.05 0.04 0.05

Na 0.01 0.01 0.02 0.00 0.01 0.01 0.00

K 0.00 0.00 0.00 0.00 0.00 0.00 0.00

A 3.00 3.00 3.00 3.00 3.00 3.00 3.00

Mn/Fe2+Mn 0.54 0.55 0.55 0.49 0.49 0.48 0.53

Yttrogarnet

% 1.29 1.26 1.45 0.77 0.46 0.94 0.8

Sc garnet 0.23 0.24 0.22 0.54 0.48 0.59 0.24

Spessartine 50.12 50.9 50.78 44.67 44.75 44.07 49.76

Pyrope 3.74 3.75 3.76 4.85 4.66 4.86 3.88

Almandine 41.13 39.18 38.74 46.11 47.37 46.32 39.36

Grossular 0 0 0 0 0 0 0

Andradite 0.8 0.96 0.76 0.86 0.59 0.68 0.06

Skiagite 1.32 2.79 2.27 1.11 0 1.67 3.6
25409 Landas

Sample 25409-1 | 25409-2 | 25409-3 | 25409-4 | 25409-5 | 25409-6

SiO, wt% 35.85 35.89 35.67 34.95 35.34 35.14

Al,Os 20.38 20.27 20.39 20.35 20.34 20.32

FeO 15.97 16.46 16.59 14.38 15.41 14.72

Fe,0s 1.68 1.11 1.56 2.02 0.85 1.7

MnO 25 24.55 23.67 25.11 24.51 24.88

TiO, 0.05 0.03 0.02 0.07 0.07 0.09

MgO 0.3 0.31 0.35 0.35 0.38 0.41

Cao 0.64 0.64 0.6 0.58 0.56 0.54

Na,O 0.06 0.06 0.15 0.15 0.15 0.16

K;0 - - - - - -

Sc,04 0.01 0.02 0.02 0.02 0.02 0.02

Zn0 0.02 0.02 0.02 0.02 0.02 0.02

Y,03 0.62 0.78 0.91 1.94 2.01 2.12

REE,O3 0.3 0.51 0.43 1.15 1.19 1.2

TOTAL 100.9 100.65 | 100.37 | 101.08 | 100.84 | 101.32

Si apfu 2.95 2.96 2.95 2.89 2.93 2.90

Al 0.05 0.04 0.05 0.11 0.07 0.10

T 3.00 3.00 3.00 3.00 3.00 3.00

Vv 0.00 0.00 0.00 0.00 0.00 0.00

Ti 0.00 0.00 0.00 0.00 0.00 0.01

Cr 0.00 0.00 0.00 0.00 0.00 0.00

Al 1.92 1.93 1.93 1.88 1.91 1.88

Fe3+ 0.08 0.07 0.07 0.12 0.05 0.10




Fe2+ 0.00 0.00 0.00 0.00 0.03 0.01
B 2.00 2.00 2.00 2.00 2.00 2.00
Y 0.03 0.03 0.04 0.09 0.09 0.09
REE 0.01 0.01 0.01 0.03 0.03 0.03
Fe2+ 1.10 1.14 1.15 1.00 1.04 1.00
Fe3+ 0.03 0.00 0.03 0.01 0.00 0.01
Sc 0.00 0.00 0.00 0.00 0.00 0.00
Mn 1.74 1.71 1.66 1.76 1.72 1.74
Mg 0.04 0.04 0.04 0.04 0.05 0.05
Ca 0.06 0.06 0.05 0.05 0.05 0.05
Na 0.01 0.01 0.02 0.02 0.02 0.03
K 0.00 0.00 0.00 0.00 0.00 0.00
A 3.00 3.00 3.00 3.00 3.00 3.00
Mn/(Fe2+Mn) 0.61 0.60 0.59 0.64 0.62 0.63
Yttrogarnet % 0.91 1.14 1.33 2.86 2.03 2.86
Sc garnet 0.05 0.06 0.06 0.06 0.06 0.07
Spessartine 58.03 57.23 55.25 58.9 57.56 58.24
Pyrope 1.22 1.28 1.45 1.44 1.57 1.7
Almandine 35.98 37.18 38.24 31.67 35.44 32.22
Grossular 0 0 0 0 0 0
Andradite 1.68 1.71 1.16 1.43 1.11 1.45
Skiagite 0.62 0.71 0 1.64 0 1.8
MS2-9 Solas 25422 Frikstad

MS2-9- | MS2-9- | MS2-9- | MS2-9- | 25422- | 25422- | 25422- | 25422-
Sample 1 2 3 4 1 2 3 4
Sio, wt% 35.48 35.18 34.87 35.36 36.15 35.61 35.45 35.5
Al,O4 20.11 20.1 19.77 19.98 20.27 20.28 20.25 19.94
FeO 12.95 11.95 11.74 12.88 18.62 18.29 17.74 17.91
Fe,0; 1.67 2.6 2.63 1.38 1.81 2.16 2.2 2.16
MnO 28.08 28.44 28.34 27.86 22.05 21.74 21.8 21.85
TiO, 0.11 0.1 0.11 0.12 0.05 0.04 0.06 0.06
MgO 0.28 0.29 0.31 0.3 0.8 0.78 0.86 0.83
Cao 0.25 0.24 0.29 0.29 0.53 0.55 0.65 0.57
Na,O 0.06 0.12 0.09 0.08 0.05 0.05 0.06 0.06
K,0 - - - - 0 - - -
Sc,03 0.01 0.01 0.02 0.02 0.07 0.06 0.14 0.15
Zn0 0.04 0.03 0.04 0.03 0.02 0.02 0.01 0.01
Y,04 1.64 1.63 1.91 1.86 0.52 0.55 0.52 0.69
REE,O; 0.38 0.39 0.47 0.45 0.44 0.45 0.57 0.79
TOTAL 101.08 | 101.09 | 100.59 | 100.61 | 101.38 | 100.58 | 100.32 | 100.52




Si apfu 2.93 2.90 2.90 2.93 2.95 2.93 2.92 2.93
Al 0.07 0.10 0.10 0.07 0.05 0.07 0.08 0.07
T 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00
Vv 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ti 0.01 0.01 0.01 0.01 0.00 0.00 0.00 0.00
Cr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Al 1.88 1.86 1.84 1.89 1.90 1.90 1.89 1.87
Fe3+ 0.10 0.13 0.16 0.09 0.10 0.10 0.10 0.12
Fe2+ 0.01 0.00 0.00 0.02 0.00 0.00 0.00 0.00
2B 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00
Y 0.07 0.07 0.08 0.08 0.02 0.02 0.02 0.03
REE 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.02
Fe2+ 0.89 0.83 0.82 0.88 1.27 1.26 1.22 1.24
Fe3+ 0.00 0.03 0.01 0.00 0.02 0.04 0.03 0.01
Sc 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.01
Mn 1.96 1.99 2.00 1.96 1.52 1.52 1.52 1.53
Mg 0.03 0.04 0.04 0.04 0.10 0.10 0.11 0.10
Ca 0.02 0.02 0.03 0.03 0.05 0.05 0.06 0.05
Na 0.01 0.02 0.01 0.01 0.01 0.01 0.01 0.01
K 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
A 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00
Mn/(Fe2+Mn 0.69 0.71 0.71 0.69 0.55 0.55 0.55 0.55
Yttrogarnet % 2.31 2.4 2.82 2.12 0.76 0.8 0.76 1.02
Sc garnet 0.05 0.05 0.08 0.08 0.25 0.22 0.52 0.54
Spessartine 65.5 66.35 66.65 65.34 50.89 50.59 50.86 51.09
Pyrope 1.16 1.2 1.28 1.25 3.25 3.19 3.55 3.43
Almandine 25.49 23.35 21.55 25.91 40.46 40.66 39.88 38.72
Grossular 0 0 0 0 0 0 0 0
Andradite 0.58 0.36 0.45 0.03 1.13 1.29 1.18 0.94
Skiagite 4.35 4.17 5.73 3.49 1.97 1.36 0.98 2.62
MSB-5 Slobrekka

MSB-5- | MSB-5- | MSB-5- | MSB-5- | MSB-5- | MSB-5-
Sample 1 2 3 4 5 6
Si0, wt% 35.03 34.84 34.91 34.91 34.84 34.82
Al,O3 20.47 20.54 20.62 20.59 20.63 20.58
FeO 17.46 16.89 17.31 17.61 17.57 17.86
Fe,03 1.17 1.59 1.11 0.77 1.28 0.58
MnO 21.46 21.69 21.36 21.15 21.32 20.86
TiO, 0.04 0.04 0.06 0.05 0.06 0.08
MgO 0.78 0.81 0.77 0.73 0.77 0.78




Cao 0.64 0.63 0.61 0.63 0.65 0.6
Na,O 0.11 0.13 0.15 0.14 0.08 0.12
K;0 - - - - - -
Sc,03 0.13 0.13 0.13 0.13 0.13 0.14
Zn0 0.01 0.01 0.01 0.01 0.01 0.01
Y,03 1.91 1.81 1.9 1.97 1.96 1.92
REE,03 1.67 1.6 1.67 1.58 1.57 1.6
TOTAL 100.9 100.7 100.61 | 100.27 | 100.87 99.95
Si apfu 2.90 2.89 2.90 291 2.89 291
Al 0.10 0.11 0.10 0.09 0.11 0.09
XT 3.00 3.00 3.00 3.00 3.00 3.00
\Y 0.00 0.00 0.00 0.00 0.00 0.00
Ti 0.00 0.00 0.00 0.00 0.00 0.01
Cr 0.00 0.00 0.00 0.00 0.00 0.00
Al 1.90 1.90 1.92 1.93 1.90 1.93
Fe3+ 0.07 0.10 0.07 0.05 0.08 0.03
Fe2+ 0.03 0.00 0.01 0.02 0.01 0.03
2B 2.00 2.00 2.00 2.00 2.00 2.00
Y 0.08 0.08 0.08 0.09 0.09 0.09
REE 0.04 0.04 0.04 0.04 0.04 0.04
Fe2+ 1.18 1.17 1.19 1.21 1.21 1.22
Fe3+ 0.00 0.00 0.00 0.00 0.00 0.01
Sc 0.01 0.01 0.01 0.01 0.01 0.01
Mn 1.51 1.52 1.50 1.49 1.50 1.47
Mg 0.10 0.10 0.10 0.09 0.10 0.10
Ca 0.06 0.06 0.05 0.06 0.06 0.05
Na 0.02 0.02 0.02 0.02 0.01 0.02
K 0.00 0.00 0.00 0.00 0.00 0.00
A 3.00 3.00 3.00 3.01 3.01 3.01
Mn/Fe2+Mn 0.55 0.56 0.55 0.55 0.55 0.54
Yttrogarnet

% 2.75 2.67 2.81 2.65 2.9 2.64
Sc garnet 0.47 0.49 0.46 0.47 0.46 0.49
Spessartine 50.47 51.04 50.31 49.95 50.13 49.4
Pyrope 3.25 3.34 3.21 3.02 3.19 3.25
Almandine 39.87 39.02 40.26 41.07 40.07 41.78
Grossular 0 0 0.42 0.8 0 0.71
Andradite 1.37 1.27 0.76 0.57 1.26 0.51
Skiagite 0.66 0.23 0 0 0.72 0




KH-3 Hovasen, Eptevann

Sample KH-3-1 KH-3-2 KH-3-3 KH-3-4
SiO, wt% 35.56 35.63 35.27 35.27
Al,0O3 19.56 19.61 19.65 19.61
FeO 10.02 9.84 9.78 9.77
Fe,03 2.85 2.81 2.97 3.12
MnO 31.45 31.8 31.39 31.26
TiO, 0.15 0.1 0.15 0.12
MgO 0.18 0.14 0.22 0.2
Cao 0.24 0.25 0.23 0.23
Na,0 0.03 0.02 0.01 0.04
K;0 - - - -
Sc,0; 0 0 0 0
ZnO 0.02 0.03 0.03 0.03
Y,0; 0.05 0.04 0.06 0.05
REE,O; 0.05 0.04 0.06 0.06
TOTAL 100.17 100.32 99.81 99.77
Si apfu 2.95 2.95 2.93 2.93
Al 0.05 0.05 0.07 0.07
IT 3.00 3.00 3.00 3.00
\Y 0.00 0.00 0.00 0.00
Ti 0.01 0.01 0.01 0.01
Cr 0.00 0.00 0.00 0.00
Al 1.86 1.86 1.86 1.86
Fe3+ 0.13 0.13 0.13 0.14
Fe2+ 0.00 0.00 0.00 0.00
IB 2.00 2.00 2.00 2.00
Y 0.00 0.00 0.00 0.00
REE 0.00 0.00 0.00 0.00
Fe2+ 0.69 0.68 0.68 0.68
Fe3+ 0.05 0.04 0.06 0.06
Sc 0.00 0.00 0.00 0.00
Mn 2.21 2.23 2.21 2.20
Mg 0.02 0.02 0.03 0.03
Ca 0.02 0.02 0.02 0.02
Na 0.00 0.00 0.00 0.01
K 0.00 0.00 0.00 0.00
ZA 3.00 3.00 3.00 3.00
Mn/(Fe2+Mn) 0.76 0.77 0.76 0.76
Yttrogarnet % 0.08 0.06 0.08 0.08




Sc garnet 0.01 0 0.01 0
Spessartine 73.62 74.32 73.72 73.45
Pyrope 0.73 0.58 0.9 0.84
Almandine 18.54 18.22 18.33 18.59
Grossular 0 0 0 0
Andradite 0.24 0.4 0.2 0.29
Skiagite 4.62 4.48 4.35 4.08

25444 Havarstad
Sample 25444-1 | 25444-2 | 25444-3 | 25444-4 | 25444-5 | 25444-6
SiO, wt% 34.91 34.78 35.96 35.76 36.07 35.78
Al,O; 19.67 19.24 20.12 20.05 20.29 20.34
FeO 18.57 17.09 20 20.42 20.58 20.34
Fe,0; 2.74 3.76 1.18 1.17 1.21 1.46
MnO 21.01 20.97 20.88 20.47 20.38 20.27
TiO, 0.09 0.22 0.16 0.1 0.08 0.09
MgO 0.59 0.5 0.66 0.63 0.63 0.64
Cao 0.49 0.62 0.48 0.32 0.33 0.3
Na,O 0.07 0.25 0.05 0.04 0.1 0.07
K;O - 0.2 - - - 0.05
Sc,03 0.15 0.16 0.17 0.23 0.23 0.3
REE,O3 0.16 0.21 0.23 0.22 0.17 0.22
Zn0 0.01 0.01 0.01 0.01 0.01 0.01
Y,0; 0.48 0.58 0.63 0.62 0.54 0.6
TOTAL 98.97 98.61 100.55 | 100.04 | 100.63 | 100.48
Si apfu 2.92 2.92 2.96 2.96 2.96 2.94
Al 0.08 0.08 0.04 0.04 0.04 0.06
IT 3.00 3.00 3.00 3.00 3.00 3.00
Vv 0.00 0.00 0.00 0.00 0.00 0.00
Ti 0.01 0.01 0.01 0.01 0.01 0.01
Cr 0.00 0.00 0.00 0.00 0.00 0.00
Al 1.86 1.83 1.91 1.91 1.92 1.92
Fe3+ 0.13 0.16 0.07 0.07 0.07 0.08
Fe2+ 0.00 0.00 0.01 0.01 0.00 0.00
IB 2.00 2.00 2.00 2.00 2.00 2.00
Y 0.02 0.03 0.03 0.03 0.02 0.03
REE 0.00 0.01 0.01 0.01 0.00 0.01
Fe2+ 1.30 1.20 1.36 1.40 1.41 1.40
Fe3+ 0.04 0.08 0.00 0.00 0.01 0.01
Sc 0.01 0.01 0.01 0.02 0.02 0.02
Mn 1.49 1.49 1.46 1.43 1.42 1.41




Mg 0.07 0.06 0.08 0.08 0.08 0.08

Ca 0.04 0.06 0.04 0.03 0.03 0.03

Na 0.01 0.04 0.01 0.01 0.02 0.01

K 0.00 0.02 0.00 0.00 0.00 0.00

A 3.00 3.00 3.00 3.00 3.00 3.00

Mn/Fe2+Mn 0.53 0.55 0.51 0.50 0.50 0.50

Yttrogarnet

% 0.71 0.87 0.92 0.92 0.78 0.88

Sc garnet 0.56 0.58 0.62 0.65 0.72 0.63

Spessartine 49.7 49.93 48.53 47.81 47.23 47.12

Pyrope 2.45 2.11 2.7 2.61 2.56 2.63

Almandine 40.47 39.35 43.44 44.45 45.79 45.48

Grossular 0 0 0 0 0 0

Andradite 0.57 0.57 0.23 0 0 0

Skiagite 2.9 0.83 2.44 2.66 1.33 1.24
25447 Rgykkvartsbruddet, Birkeland

Sample 25447-1 | 25447-2 | 25447-3 | 25447-4

Si0, wt% 34.69 34.79 34.74 34.65

Al, O3 20.28 20.15 20.29 20.41

FeO 0.78 091 1.47 0.51

Fe,03 3.65 3.35 2.94 4.18

MnO 39.08 39.04 38.58 39.47

TiO, 0.08 0.06 0.06 0.07

MgO - - - -0.03

Ca0 0.79 0.79 0.77 0.73

Na,0 0.03 0.04 0.01 0.01

K,0 - - - -

Sc,04 0 0 0 0

Zn0 0.03 0.03 0.03 0.03

Y,04 0.11 0.11 0.09 0.1

REE,O; 0.08 0.09 0.07 0.07

TOTAL 99.6 99.35 99.05 100.21

Si apfu 2.89 2.90 2.90 2.87

Al 0.11 0.10 0.10 0.13

T 3.00 3.00 3.00 3.00

\Y 0.00 0.00 0.00 0.00

Ti 0.00 0.00 0.00 0.00

Cr 0.00 0.00 0.00 0.00

Al 1.88 1.88 1.90 1.86




Fe3+ 0.12 0.11 0.09 0.13
Fe2+ 0.00 0.00 0.00 0.00
IB 2.00 2.00 2.00 2.00
Y 0.00 0.00 0.00 0.00
REE 0.00 0.00 0.00 0.00
Fe2+ 0.05 0.06 0.10 0.04
Fe3+ 0.11 0.10 0.09 0.12
Sc 0.00 0.00 0.00 0.00
Mn 2.75 2.76 2.73 2.77
Mg 0.00 0.00 0.00 0.00
Ca 0.07 0.07 0.07 0.06
Na 0.01 0.01 0.00 0.00
K 0.00 0.00 0.00 0.00
ZA 3.00 3.00 3.00 3.00
Mn/Fe2+Mn 0.98 0.98 0.96 0.99
Yttrogarnet
% 0.16 0.16 0.14 0.14
Sc garnet 0.01 0.01 0.01 0.01
Spessartine 91.83 91.93 91.05 92.28
Pyrope 0 0 0 0
Almandine 1.81 2.12 3.43 0.67
Grossular 0 0 0.55 0
Andradite 2.05 2.16 1.58 1.91
Skiagite 0 0.01 0 0.5

28372 Mglland
Sample 28372-1 | 28372-2 | 28372-3 | 28372-4 | 28372-5 | 28372-6
SiO, wt% 36.24 35.75 35.98 35.84 36.08 35.76
Al,O3 20.06 20 20.12 19.82 19.92 19.69
FeO 20.34 19.68 20.07 17.77 18.23 17.68
Fe,0; 1.41 2.28 1.76 1.9 1.31 1.8
MnO 20.15 20.31 20.19 22.65 22.57 22.72
TiO, 0.09 0.08 0.1 0.1 0.15 0.13
MgO 0.92 0.97 0.97 0.75 0.78 0.79
Cao 0.71 0.62 0.63 0.5 0.52 0.48
Na,O 0.03 0.01 0.01 0.06 0.03 0.04
K;0 - - - - - -
Sc,03 0.04 0.01 0.02 0.03 0.03 0.03
Zn0 0.01 0.01 0.01 0.01 0.01 0.01
Y,0; 0.02 0.03 0.08 0.23 0.23 0.21
REE,03 0.01 0.01 0.03 0.08 0.08 0.08




TOTAL 100.02 99.78 99.98 99.74 99.94 99.42
Si apfu 2.98 2.95 2.96 2.97 2.98 2.97
Al 0.02 0.05 0.04 0.03 0.02 0.03
T 3.00 3.00 3.00 3.00 3.00 3.00
\Y 0.00 0.00 0.00 0.00 0.00 0.00
Ti 0.01 0.00 0.01 0.01 0.01 0.01
Cr 0.00 0.00 0.00 0.00 0.00 0.00
Al 1.92 1.90 1.91 1.90 1.91 1.90
Fe3+ 0.07 0.10 0.08 0.09 0.08 0.10
Fe2+ 0.00 0.00 0.00 0.00 0.00 0.00
B 2.00 2.00 2.00 2.00 2.00 2.00
Y 0.00 0.00 0.00 0.01 0.01 0.01
REE 0.00 0.00 0.00 0.00 0.00 0.00
Fe2+ 1.40 1.36 1.38 1.23 1.26 1.23
Fe3+ 0.02 0.04 0.03 0.02 0.01 0.02
Sc 0.00 0.00 0.00 0.00 0.00 0.00
Mn 1.40 1.42 1.41 1.59 1.58 1.60
Mg 0.11 0.12 0.12 0.09 0.10 0.10
Ca 0.06 0.06 0.06 0.04 0.05 0.04
Na 0.00 0.00 0.00 0.01 0.01 0.01
K 0.00 0.00 0.00 0.00 0.00 0.00
A 3.00 3.00 3.00 3.00 3.00 3.00
Mn/Fe2+Mn 0.50 0.51 0.51 0.56 0.56 0.57
Yttrogarnet
% 0.02 0.04 0.11 0.34 0.34 0.3
Sc garnet 0.13 0.04 0.06 0.11 0.1 0.12
Spessartine 46.77 47.32 46.93 52.93 52.6 53.25
Pyrope 3.77 3.96 3.97 3.07 3.18 3.24
Almandine 45.55 43.51 44.68 38.64 39.63 38.02
Grossular 0 0 0 0 0 0
Andradite 1.66 1.55 1.5 1.06 0.94 0.89
Skiagite 1.05 1.78 1.38 2.36 2.3 2.9
25375 lvedal
Sample 25375-1 | 25375-2 | 25375-3 | 25375-4 | 25375-5 | 25375-6
SiO, wt% 35.61 35.47 35.27 35.07 35.08 35.35
Al,Os 20.42 20.59 20.58 20.12 20.32 20.21
FeO 17.47 17.2 17.21 14.89 15.3 15.95
Fe,0; 1.3 1.67 1.6 2.36 1.88 0.84
MnO 22.01 22.35 22.12 23.45 23.19 22.96




TiO, 0.03 0.05 0.03 0.07 0.1 0.07
MgO 0.65 0.64 0.59 0.72 0.71 0.71
Cao 0.86 0.88 0.89 1.04 1.03 1.02
Na,O 0.13 0.08 0.09 0.14 0.15 0.12
K;0 - - - - - -
Sc,03 0.14 0.14 0.15 0.1 0.11 0.12
Zn0 0.02 0.02 0.02 0.01 0.01 0.01
Y,0; 1.23 1.21 1.2 1.63 1.63 1.57
REE,O3 0.93 0.93 0.93 1.49 1.51 1.44
TOTAL 100.79 | 101.24 | 100.67 | 101.13 | 101.02 | 100.38
Si apfu 2.93 291 291 2.90 2.90 2.93
Al 0.07 0.09 0.09 0.10 0.10 0.07
T 3.00 3.00 3.00 3.00 3.00 3.00
Vv 0.00 0.00 0.00 0.00 0.00 0.00
Ti 0.00 0.00 0.00 0.00 0.01 0.00
Cr 0.00 0.00 0.00 0.00 0.00 0.00
Al 1.92 1.90 1.91 1.86 1.88 1.91
Fe3+ 0.08 0.09 0.08 0.14 0.12 0.05
Fe2+ 0.00 0.00 0.00 0.00 0.00 0.03
IB 2.00 2.00 2.00 2.00 2.00 2.00
Y 0.05 0.05 0.05 0.07 0.07 0.07
REE 0.02 0.02 0.02 0.04 0.04 0.04
Fe2+ 1.20 1.18 1.19 1.03 1.06 1.08
Fe3+ 0.00 0.01 0.01 0.01 0.00 0.00
Sc 0.01 0.01 0.01 0.01 0.01 0.01
Mn 1.54 1.55 1.55 1.64 1.62 1.61
Mg 0.08 0.08 0.07 0.09 0.09 0.09
Ca 0.08 0.08 0.08 0.09 0.09 0.09
Na 0.02 0.01 0.01 0.02 0.02 0.02
K 0.00 0.00 0.00 0.00 0.00 0.00
ZA 3.00 3.00 3.00 3.00 3.00 3.01
Mn/Fe2+Mn 0.56 0.57 0.57 0.61 0.61 0.59
Yttrogarnet

% 1.8 1.76 1.76 2.4 2.4 1.78
Sc garnet 0.51 0.52 0.54 0.38 0.41 0.42
Spessartine 51.33 51.96 51.7 54.97 54.36 54.04
Pyrope 2.65 2.61 241 2.99 2.92 2.94
Almandine 40.22 39.47 39.71 33.65 35.34 37
Grossular 0.5 0.12 0.75 0 0 0.87
Andradite 1.43 1.78 1.22 2.5 2.34 1.52
Skiagite 0 0 0 0.82 0.06 0




25412 Rpykkvartsbruddet, Birkeland

Sample 25412-1 | 25412-2 | 25412-3 | 25412-4 | 25412-5 | 25412-6
Si0, wt% 36.15 | 36.08 | 3656 | 3635 | 362 | 3581
Al,0; 20.47 | 205 203 | 2056 | 2044 | 20.67
FeO 7.18 5.8 7.91 7.23 7.54 6.38
Fe,0; 1.58 3.12 0.86 1.59 1.1 2.47
MnO 3432 | 3421 | 3446 | 3494 | 3429 | 34.92
TiO, 0.01 0.01 0.04 0.02 0.01 0.03
MgO 0.02 0.01 0 0.01 - 0.01
Ca0 0.51 0.46 0.49 0.49 0.49 0.51
Na,O 0.12 0.15 0.06 0.04 0.08 0.08
K,O - 0.44 - - - -

5¢,05 0 0 0 0 0 0

ZnO 0.06 0.06 0.06 0.06 0.06 0.06
Y,0; 0.37 0.41 0.35 0.46 0.41 0.42
REE,0; 0.06 0.07 0.06 0.08 0.07 0.07
TOTAL 100.86 | 101.33 | 101.15 | 101.82 | 100.69 | 101.43
Si apfu 2.96 2.94 2.99 2.96 2.97 2.92
Al 0.04 0.06 0.01 0.04 0.03 0.08
5T 3.00 3.00 3.00 3.00 3.00 3.00
Vv 0.00 0.00 0.00 0.00 0.00 0.00
Ti 0.00 0.00 0.00 0.00 0.00 0.00
cr 0.00 0.00 0.00 0.00 0.00 0.00
Al 1.94 1.91 1.95 1.93 1.95 1.91
Fe3+ 0.06 0.08 0.05 0.07 0.05 0.08
Fe2+ 0.00 0.00 0.00 0.00 0.00 0.00
5B 2.00 2.00 2.00 2.00 2.00 2.00
Y 0.02 0.02 0.02 0.02 0.02 0.02
REE 0.00 0.00 0.00 0.00 0.00 0.00
Fe2+ 0.49 0.40 0.54 0.49 0.52 0.44
Fe3+ 0.04 0.11 0.00 0.03 0.02 0.07
Sc 0.00 0.00 0.00 0.00 0.00 0.00
Mn 2.38 2.36 2.39 2.41 2.39 2.42
Mg 0.00 0.00 0.00 0.00 0.00 0.00
Ca 0.05 0.04 0.04 0.04 0.04 0.04
Na 0.02 0.02 0.01 0.01 0.01 0.01
K 0.00 0.05 0.00 0.00 0.00 0.00
SA 3.00 3.00 3.00 3.00 3.00 3.00
Mn/Fe2+Mn | 0.83 0.86 0.82 0.83 0.82 0.85




Yttrogarnet

% 0.54 0.59 0.29 0.66 0.6 0.6
Sc garnet 0 0 0 0 0 0
Spessartine 79.47 79.3 79.6 80.29 79.54 80.56
Pyrope 0.07 0.02 0.01 0.02 0 0.03
Almandine 16.41 13.28 17.51 15.57 17.28 14.54
Grossular 0.67 1.3 0 0 0.28 0.08
Andradite 0.81 0 1.38 1.36 1.12 1.33
Skiagite 0 0 0.55 0.83 0 0
25374 Frgysa
Sample 25374-1 | 25374-2 | 25374-3 | 25374-4 | 25374-5 | 25374-6
SiO, wt% 35.38 35.41 35.48 35.64 35.79 35.26
Al,O3 20.58 20.61 20.81 20.66 20.63 20.15
FeO 1.58 2.13 1.41 2.04 2.17 1.35
Fe,0; 3.03 2.48 3.22 2.51 2.54 3.34
MnO 39.06 38.48 39.25 38.85 39.11 38.89
TiO, 0.04 0.05 0.06 0.03 0.04 0.04
MgO - - - - - -
Cao 0.84 0.89 0.8 0.75 0.7 0.78
Na,O 0.02 0.03 0.06 0.06 0.03 0.06
K;0 - - - - - 0.05
Sc,03 0 0 0 0 0 0
Zn0 0.03 0.03 0.03 0.03 0.03 0.03
Y,0; 0.16 0.17 0.17 0.14 0.15 0.14
REE,03 0.11 0.12 0.12 0.08 0.1 0.08
TOTAL 100.82 | 100.37 | 101.37 | 100.79 101.3 100.15
Si apfu 291 2.92 2.90 2.92 2.92 2.92
Al 0.09 0.08 0.10 0.08 0.08 0.08
XT 3.00 3.00 3.00 3.00 3.00 3.00
\Y 0.00 0.00 0.00 0.00 0.00 0.00
Ti 0.00 0.00 0.00 0.00 0.00 0.00
Cr 0.00 0.00 0.00 0.00 0.00 0.00
Al 1.90 1.92 1.90 1.92 1.91 1.88
Fe3+ 0.10 0.08 0.09 0.08 0.09 0.12
Fe2+ 0.00 0.00 0.00 0.00 0.00 0.00
2B 2.00 2.00 2.00 2.00 2.00 2.00
Y 0.01 0.01 0.01 0.01 0.01 0.01
REE 0.00 0.00 0.00 0.00 0.00 0.00
Fe2+ 0.11 0.15 0.10 0.14 0.15 0.09




Fe3+ 0.09 0.08 0.10 0.08 0.07 0.09
Sc 0.00 0.00 0.00 0.00 0.00 0.00
Mn 2.72 2.69 2.72 2.70 2.71 2.72
Mg 0.00 0.00 0.00 0.00 0.00 0.00
Ca 0.07 0.08 0.07 0.07 0.06 0.07
Na 0.00 0.00 0.01 0.01 0.00 0.01
K 0.00 0.00 0.00 0.00 0.00 0.00
A 3.00 3.00 3.00 3.00 3.00 3.00
Mn/Fe2+Mn 0.96 0.95 0.97 0.95 0.95 0.97
Yttrogarnet
% 0.24 0.25 0.25 0.21 0.22 0.2
Sc garnet 0 0 0 0 0 0
Spessartine 90.59 89.53 90.5 90.01 90.25 90.88
Pyrope 0 0 0 0 0.02 0
Almandine 3.61 4.9 3.21 4.67 4.94 3.11
Grossular 0.54 1.36 1.15 1.22 0.21 0.06
Andradite 1.79 1.09 1 0.89 1.7 2.13
Skiagite 0 0 0 0 0 0

MB-3 Brattekleiv 22330 Torvelona
Sample MB-3-1 | MB-3-2 | MB-3-3 | MB-3-4 | 22330-1 | 22330-2 | 22330-3 | 22330-4
SiO, wt% 35.68 35.62 35.75 35.66 35.72 35.52 35.24 35.38
Al,O3 20.36 20.22 20.3 20.37 19.35 19.42 19.2 19.29
FeO 20.74 20.42 21.25 21.72 11.66 11.56 11.11 11.17
Fe,0; 1.17 1.65 1.17 1.23 1.96 2.25 2.97 2.86
MnO 19.79 20.01 19.49 18.97 28.27 28.37 28.37 28.62
TiO, 0.14 0.12 0.08 0.09 0.19 0.2 0.21 0.23
MgO 0.51 0.52 0.52 0.53 0.71 0.7 0.72 0.69
Cao 0.62 0.65 0.47 0.51 0.69 0.6 0.67 0.67
Na,O 0.07 0.06 0.07 0.05 0.09 0.08 0.08 0.06
K;0 - - - - - - - -
Sc,04 0.16 0.18 0.11 0.11 0.32 0.31 0.3 0.29
Zn0 0.01 0.01 0.01 0.01 0.01 0.02 0.01 0.01
Y,03 0.65 0.64 0.54 0.57 0.78 0.76 0.73 0.73
REE,03 0.5 0.48 0.46 0.5 0.47 0.45 0.43 0.45
TOTAL 100.38 | 100.56 | 100.21 100.32 100.24 | 100.24 | 100.03 100.45
Si apfu 2.94 2.94 2.95 2.95 2.96 2.94 2.93 2.93
Al 0.06 0.06 0.05 0.05 0.04 0.06 0.07 0.07
T 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00
\Y 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00




Ti 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Cr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Al 1.92 1.90 1.93 1.93 1.84 1.84 1.81 1.81
Fe3+ 0.07 0.09 0.06 0.07 0.12 0.14 0.18 0.17
Fe2+ 0.00 0.00 0.00 0.00 0.02 0.01 0.00 0.00
’B 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00
Y 0.03 0.03 0.02 0.03 0.03 0.03 0.03 0.03
REE 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Fe2+ 1.43 1.41 1.47 1.50 0.79 0.79 0.77 0.77
Fe3+ 0.01 0.01 0.01 0.01 0.00 0.00 0.01 0.00
Sc 0.01 0.01 0.01 0.01 0.02 0.02 0.02 0.02
Mn 1.38 1.40 1.36 1.33 1.98 1.99 2.00 2.01
Mg 0.06 0.06 0.06 0.07 0.09 0.09 0.09 0.09
Ca 0.05 0.06 0.04 0.04 0.06 0.05 0.06 0.06
Na 0.01 0.01 0.01 0.01 0.02 0.01 0.01 0.01
K 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
A 3.00 3.00 3.00 3.00 3.01 3.00 3.00 3.00
Mn/Fe2+Mn 0.49 0.50 0.48 0.47 0.71 0.71 0.72 0.72
Yttrogarnet
% 0.95 0.94 0.79 0.84 0.08 0.14 0.17 1.29
Sc garnet 0.57 0.63 0.39 0.38 0.11 0.1 0.1 0.23
Spessartine 46.17 46.64 45.52 44.29 35.5 35.76 35.77 50.12
Pyrope 2.1 2.14 2.16 2.19 2.28 2.31 2.09 3.74
Almandine 47.37 45.71 48.41 49.45 59.1 58.76 58.78 41.13
Grossular 0 0 0 0 0 0 0 0
Andradite 0.83 0.89 0.76 0.82 1.05 0.97 1.07 0.8
Skiagite 0.41 1.29 0.6 0.63 1.21 1.09 0.6 1.32
25421 Frikstad KH-1 Hovasen, Eptevann
Sample 25421-1 | 25421-2 | 25421-3 | 25421-4 | KH-1-1 KH-1-2 KH-1-3 KH-1-4
SiO, wt% 35.25 35.13 35.11 35.39 36.14 35.92 36.32 36.11
Al, O3 20.45 20.73 20.61 20.4 19.98 19.93 20.02 20.03
FeO 1.12 0.41 0.53 1.07 13.06 12.94 13.02 12.8
Fe,0; 3.1 3.53 3.66 2.86 1.76 1.56 1.63 1.61
MnO 39.31 40 39.87 39.7 28.54 28.42 28.77 28.78
TiO, 0.06 0.05 0.05 0.04 0.18 0.21 0.11 0.1
MgO 0.01 - 0.01 0 0.52 0.52 0.5 0.47
Cao 0.75 0.79 0.74 0.73 0.27 0.31 0.26 0.28
Na,O 0.05 0.02 0.02 0.01 0.03 0.02 0.03 0.03
K,0 0 - - - - - - -
Sc,04 0 - - - 0.04 0.05 0.06 0.06




Zn0O 0.06 0.06 0.06 0.06 0.02 0.02 0.02 0.02
Y,0; 0.14 0.13 0.13 0.12 0.77 0.81 0.9 0.92
REE,0; 0.07 0.07 0.07 0.07 0.19 0.19 0.22 0.22
TOTAL 100.37 | 100.87 | 100.86 | 100.47 | 101.49 100.9 101.85 | 101.42
Si apfu 291 2.88 2.88 2.92 2.96 2.95 2.96 2.96
Al 0.09 0.12 0.12 0.08 0.04 0.05 0.04 0.04
:T 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00
\'% 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ti 0.00 0.00 0.00 0.00 0.01 0.01 0.01 0.01
Cr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Al 1.90 1.89 1.88 1.90 1.88 1.88 1.88 1.89
Fe3+ 0.10 0.11 0.12 0.10 0.11 0.10 0.10 0.10
Fe2+ 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.01
2B 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00
Y 0.01 0.01 0.01 0.01 0.03 0.04 0.04 0.04
REE 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.01
Fe2+ 0.08 0.03 0.04 0.07 0.89 0.89 0.88 0.87
Fe3+ 0.09 0.11 0.11 0.08 0.00 -0.01 0.00 0.00
Sc 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Mn 2.75 2.78 2.77 2.77 1.98 1.98 1.99 1.99
Mg 0.00 0.00 0.00 0.00 0.06 0.06 0.06 0.06
Ca 0.07 0.07 0.07 0.06 0.02 0.03 0.02 0.02
Na 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00
K 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
ZA 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00
Mn/Fe2+Mn 0.97 0.99 0.99 0.97 0.69 0.69 0.69 0.69




Yttrogarnet

% 0.2 0.18 0.19 0.18 0.62 1.13 0.53 0.02

Sc garnet 0 0 0 0 0.68 0.71 0.36 0.06

Spessartine 91.58 92.74 92.52 92.41 57.39 58.9 56.9 60.37

Pyrope 0.06 0 0.03 0.02 2.09 1.94 2.34 3.14

Almandine 2.58 0.93 1.22 2.42 34.92 31.71 35.41 324

Grossular 0 0.76 0.16 0 0 0 0 0

Andradite 1.6 1.39 1.87 2.02 0 0 0 0.49

Skiagite 0 0 0 0.05 2.83 5.03 2.2 1.74
KT-1 Thortveitittgruva

Sample KT-1-1 KT-1-2 KT-1-3 KT-1-4 KT-1-5

Si0o, wt% 36.58 36.42 36.21 36.03 36.41

Al,O3 19.92 19.82 20.06 19.88 20.21

FeO 14.95 14.47 14.7 13.69 13.8

Fe,03 1.94 2.06 1.42 1.72 1.88

MnO 25.23 25.35 25.05 26.17 26.54

TiO, 0.15 0.19 0.18 0.19 0.17

MgO 1.1 1.13 1.13 1.01 1.03

Cao 0.95 1.11 0.74 0.72 0.73

Na,0 0.05 0.04 0.1 0.08 0.05

K,O - - 0 - 0

Sc,0; 0.36 0.35 0.35 0.29 0.18

Zn0 0.01 0.01 0.01 0.01 0.01

Y,0; 0.92 1.02 0.97 0.76 0.24

REE,O; 0.6 0.64 0.62 0.48 0.07

TOTAL 102.75 | 102.61 | 101.56 | 101.03 | 101.34

Si apfu 2.95 2.94 2.95 2.95 2.96

Al 0.05 0.06 0.05 0.05 0.04

IT 3.00 3.00 3.00 3.00 3.00

\Y 0.00 0.00 0.00 0.00 0.00

Ti 0.01 0.01 0.01 0.01 0.01

Cr 0.00 0.00 0.00 0.00 0.00

Al 1.84 1.83 1.87 1.87 1.89

Fe3+ 0.12 0.13 0.09 0.11 0.10

Fe2+ 0.03 0.03 0.03 0.01 0.00

B 2.00 2.00 2.00 2.00 2.00

Y 0.04 0.04 0.04 0.03 0.01

REE 0.01 0.02 0.02 0.01 0.00

Fe2+ 0.98 0.95 0.97 0.93 0.94




Fe3+ 0.00 0.00 0.00 0.00 0.02
Sc 0.03 0.02 0.03 0.02 0.01
Mn 1.72 1.73 1.73 1.81 1.83
Mg 0.13 0.14 0.14 0.12 0.13
Ca 0.08 0.10 0.06 0.06 0.06
Na 0.01 0.01 0.02 0.01 0.01
K 0.00 0.00 0.00 0.00 0.00
A 3.00 3.00 3.00 3.00 3.00
Mn/Fe2+Mn 0.63 0.64 0.63 0.66 0.66
Yttrogarnet
% 0.07 0.06 0.39 0.52 0.42
Sc garnet 0.07 0.07 0.26 0.31 0.23
Spessartine 59.86 60.49 57.79 58.45 58.69
Pyrope 3.16 3.15 3.01 291 2.8
Almandine 32.85 31.33 33.73 31.34 33.55
Grossular 0 0 0 0 0
Andradite 0.35 0.51 0.76 0.5 0.51
Skiagite 1.84 2.48 2.94 4.24 2.98

MS-6 Solas KG2-5 Granatgruva, Knipan
Sample MS-6-1 | MS-6-2 | MS-6-3 | MS-6-4 | KG2-5-1 | KG2-5-2 | KG2-5-3 | KG2-5-4
SiO, wt% 35.96 35.77 35.68 35.38 35.54 35.46 35.42 35.35
Al,O3 20.23 19.9 19.98 19.81 19.77 19.48 19.92 19.97
FeO 16.69 16.55 16.16 14.97 15.68 15.49 14.4 14.48
Fe,0; 1.18 1.32 1.62 3.01 2.06 2.1 2.15 2.11
MnO 24.04 24.08 24.7 24.07 24.68 24.32 25.6 25.44
TiO, 0.04 0.08 0.07 0.09 0.17 0.25 0.22 0.25
MgO 0.62 0.61 0.52 0.65 0.68 0.59 0.71 0.66
Cao 0.34 0.31 0.32 0.34 0.41 0.45 0.43 0.45
Na,O 0.1 0.09 0.05 0.22 0.05 0.19 0.09 0.11
K;0 - - - 0.14 - - - -
Sc,04 0.02 0.03 0.02 0.03 0.12 0.12 0.25 0.23
Zn0 0.03 0.03 0.03 0.03 0.02 0.02 0.02 0.02
Y,03 0.67 0.57 0.81 0.84 0.82 0.77 1.12 1.07
REE,03 0.25 0.16 0.42 0.48 0.28 0.3 0.6 0.5
TOTAL 100.17 99.5 100.38 | 100.06 100.3 99.56 100.93 100.64
Si apfu 2.97 2.97 2.95 2.93 2.94 2.95 2.92 2.92
Al 0.03 0.03 0.05 0.07 0.06 0.05 0.08 0.08
T 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00
\Y 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00




Ti 0.00 0.01 0.00 0.01 0.01 0.02 0.01 0.02

Cr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Al 1.93 1.92 1.90 1.87 1.87 1.86 1.85 1.86

Fe3+ 0.06 0.07 0.10 0.13 0.12 0.12 0.13 0.12

Fe2+ 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2B 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00

Y 0.03 0.03 0.04 0.04 0.04 0.03 0.05 0.05

REE 0.01 0.00 0.01 0.01 0.01 0.01 0.02 0.01

Fe2+ 1.15 1.15 1.12 1.04 1.09 1.08 0.99 1.00

Fe3+ 0.01 0.01 0.00 0.06 0.01 0.01 0.00 0.01

Sc 0.00 0.00 0.00 0.00 0.01 0.01 0.02 0.02

Mn 1.68 1.69 1.73 1.69 1.73 1.72 1.79 1.78

Mg 0.08 0.08 0.06 0.08 0.08 0.07 0.09 0.08

Ca 0.03 0.03 0.03 0.03 0.04 0.04 0.04 0.04

Na 0.02 0.02 0.01 0.04 0.01 0.03 0.01 0.02

K 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.00

A 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00

Mn/Fe2+Mn 0.59 0.60 0.61 0.62 0.61 0.61 0.64 0.64

Yttrogarnet

% 0.48 0.47 0.56 1.05 1.04 0.46 0.72 0.09

Sc garnet 0.12 0.12 0.13 0.3 0.31 0.45 0.31 0

Spessartine 52.49 52.9 52.93 52.17 49.88 55.36 55.24 92.55

Pyrope 3.11 3.26 33 3.68 3.76 3.73 3.54 0

Almandine 40.24 37.18 38.87 37.64 42.22 35.84 36.47 1.66

Grossular 0 0 0 0 0 0 0 0

Andradite 0.77 0.76 0.62 0.86 1.25 0.76 0.9 1.86

Skiagite 1.91 33 2.72 3.49 1.22 1.55 1.79 0.53
KG-4 Granatgruva, Knipan

Sample KG-4-1 | KG-4-2 | KG-4-3 | KG-4-4 | KG-4-5 | KG-4-6

SiO, wt% 36.29 36.12 36.66 35.32 36.27 36.53

Al,O; 20.21 20.12 20.03 20.01 20.28 20.15

FeO 17.53 17.35 17.93 16.47 17.77 16.64

Fe,0; 1.93 1.62 0.84 1.57 1.47 1.32

MnO 23.42 23.44 23.24 23.24 23.17 24.28

TiO, 0.15 0.22 0.09 0.17 0.2 0.14

MgO 0.81 0.8 0.82 0.82 0.84 0.82

Ca0o 0.56 0.57 0.69 0.55 0.51 0.45

Na,O 0.02 0.03 0.02 0.05 0.04 0.1

K;0 - - - - - 0.04

Sc,03 0.16 0.26 0.22 0.07 0.22 0.24

Zn0 0.01 0.01 0.01 0.01 0.01 0.01




Y,03 0.26 0.15 0.21 0.59 0.21 0.18
REE,O3 0.19 0.08 0.11 0.26 0.13 0.09
TOTAL 101.56 | 100.78 | 100.87 99.13 101.11 100.99
Si apfu 2.95 2.96 2.99 2.94 2.96 2.98
Al 0.05 0.04 0.01 0.06 0.04 0.02
T 3.00 3.00 3.00 3.00 3.00 3.00
Vv 0.00 0.00 0.00 0.00 0.00 0.00
Ti 0.01 0.01 0.01 0.01 0.01 0.01
Cr 0.00 0.00 0.00 0.00 0.00 0.00
Al 1.89 1.90 1.92 1.91 1.91 1.91
Fe3+ 0.10 0.09 0.05 0.08 0.08 0.08
Fe2+ 0.00 0.00 0.02 0.00 0.00 0.00
B 2.00 2.00 2.00 2.00 2.00 2.00
Y 0.01 0.01 0.01 0.03 0.01 0.01
REE 0.00 0.00 0.00 0.01 0.00 0.00
Fe2+ 1.19 1.19 1.20 1.15 1.21 1.13
Fe3+ 0.02 0.01 0.00 0.02 0.01 0.00
Sc 0.01 0.02 0.02 0.01 0.02 0.02
Mn 1.61 1.62 1.61 1.64 1.60 1.68
Mg 0.10 0.10 0.10 0.10 0.10 0.10
Ca 0.05 0.05 0.06 0.05 0.04 0.04
Na 0.00 0.00 0.00 0.01 0.01 0.02
K 0.00 0.00 0.00 0.00 0.00 0.00
A 3.00 3.00 3.00 3.00 3.00 3.00
Mn/Fe2+Mn 0.58 0.58 0.57 0.59 0.57 0.60
Yttrogarnet

% 0.09 0.1 0.1 0.21 0.23 0.24
Sc garnet 0 0 0 0.18 0.18 0.19
Spessartine 93.05 93.18 93.18 37.88 37.99 38.32
Pyrope 0 0 0 2.01 2.03 2
Almandine 0.74 0 0 57.55 56.59 56.17
Grossular 0 0 0 0 0 0
Andradite 1.6 1.75 1.58 1.16 1.15 1.14
Skiagite 0.85 1.42 0.71 0.68 1.2 0.77







Trace elements

KB-1 Heliodorgruva

25432 Heia, Ljosland

Sample KB-1-1 KB-1-2 KB-1-3 KB-1-4 KB-1-5 KB-1-6 | 25432-1 | 25432-2 | 25432-3 | 25432-4 | 25432-5 | 25432-6
Sc45

ppm 2055 2209 2265 104 132 133 565 414 429 225 217 234
V51 10 10 11 4 5 4 14 12 12 6 6 6
Cr53 7 - - 5 - 5 - - - - - -
Zn66 80 93 80 263 243 245 115 128 122 116 135 139
Y89 6110 6191 6342 96 389 318 2859 2288 1955 2636 2559 3042
Lal139 - - - - - - - - - - - -
Celdo 0.1 0.1 0.1 - 0.2 - 0.1 0.1 0.1 - - -
Pr141 0.1 0.1 0.1 0.03 0.03 - 0.1 0.2 0.2 - - -
Nd143 4 4 4 1 1 1 5 7 7 - 0.8 0.4
Sm147 29 29 28 23 25 24 44 58 60 6 9 9
Eul51 - - - - - - - - - - - -
Gd157 118 119 112 69 90 84 144 169 165 51 62 64
Tb159 44 a4 43 9 17 14 40 39 38 20 22 23
Dy163 383 379 386 13 a4 37 266 220 209 190 198 216
Hol65 78 78 81 1 3 3 42 31 27 48 46 50
Erl66 335 329 344 1 7 6 137 90 71 235 218 236
Tm169 107 103 110 0.1 1 1 33 20 15 77 68 75
Yb173 1506 1454 1557 1 11 9 345 209 139 1022 887 973
Lul?75 305 288 311 0.1 1 1 54 30 19 234 202 214




MS-9 Solas

KTU-7 Tuftane, Frikstad

Sample MS-9-1 | MS-9-2 | MS-9-3 | MS-9-4 | KTU-7-1 | KTU-7-2 | KTU-7-3 | KTU-7-4
Sc45

ppm 3 - 1 - 553 562 814 569
V51 0.2 - - - 7 7 14 5
Cr53 - - - - - 7 12 -
Zn66 478 476 501 468 77 87 72 72
Y89 499 500 531 560 5700 5866 2484 3876
Lal139 - - - - - 0.1 - -
Cel40 0.04 0.05 0.1 0.1 - 0.1 - -
Pri41 0.1 0.05 0.1 0.05 - 0.1 - -
Nd143 2 2 2 2 1 1 0.2 1
Sm147 32 32 33 33 10 11 3 6
Eul51 - - - - 0.1 0.04 - -
Gd157 113 113 118 116 67 70 23 46
Tb159 49 49 51 52 31 32 12 21
Dy163 219 216 226 231 369 385 159 270
Ho165 9 9 10 10 118 124 54 90
Erl66 9 9 9 10 696 723 323 540
Tm169 1 1 1 1 246 254 108 182
Yb173 11 11 11 10 3670 3781 1516 2601
Lul75 2 2 2 1 909 938 370 666




25427 Steli, Tveit

25370 Kabuland

Sample | 25427-1 | 25427-2 | 25427-3 | 25427-4 | 25427-5 | 25427-6 | 25370-1 | 25370-2 | 25370-3 | 25370-4 | 25370-5 | 25370-6 | 25370-7
Sc45

ppm 182 176 230 333 336 340 433 402 404 886 1079 1092 469
V51 4 4 5 5 5 5 1 1 1 6 9 10 1
Cr53 - - 9 - - - - - - - - - -
Zn66 111 113 112 98 97 100 70 74 71 64 64 64 74
Y89 763 932 504 1218 1295 1049 8268 7783 7671 2498 5111 4088 8720
La139 - - - - - - - - - - - - -
Celdo - - 0.05 0.1 - 0.1 0.1 0.2 - - - - 0.04
Pr141 0.1 0.1 - 0.1 0.1 0.1 0.1 0.1 0.1 - - 0.1 0.1
Nd143 3 3 2 3 4 3 2 2 2 0.3 1 1 3
Sm147 28 29 31 31 30 31 28 22 26 3 8 6 30
Eul51 - - - - - - 0.1 - - - - - 0.1
Gd157 83 90 91 97 102 96 183 159 170 28 64 50 200
Tb159 20 22 19 29 31 27 71 64 66 14 31 24 78
Dy163 111 129 86 168 177 150 722 663 672 185 390 314 787
Hol65 14 17 9 19 20 16 189 183 177 61 125 105 205
Erl66 32 43 20 42 43 33 788 786 745 307 619 540 843
Tm169 5 7 3 7 7 5 178 180 171 78 161 144 188
Yb173 35 54 26 51 52 37 1687 1703 1643 838 1726 1589 1763
Lul?75 4 6 3 5 5 3 305 316 294 157 315 313 316




25409 Landas MS2-9 Solas
Sample | 25409-1 | 25409-2 | 25409-3 | 25409-4 | 25409-5 | 25409-6 | MS2-9-1 | MS2-9-2 | MS2-9-3 | MS2-9-4
Sc45
ppm 88 100 107 108 112 118 86 93 141 149
V51 5 6 4 0.3 - - 2 2 2 2
Cr53 - - - - - - - - 6 -
Zn66 187 176 179 154 156 160 294 281 284 279
Y89 4912 6151 7158 15300 15817 16685 12966 12924 15027 14619
La139 - - - - - - - - - -
Cel40 - - - - 0.04 - 0.1 0.1 0.1 0.1
Pri41 - - - - 0.1 0.04 0.1 0.1 0.2 0.1
Nd143 1 0.4 1 1 1 1 5 5 7 5
Sm147 6 6 7 13 12 14 47 46 58 46
Eu151 - - 0.1 - - - 0.03 - - -
Gd157 55 55 65 120 124 128 283 276 332 292
Tb159 28 29 35 68 71 73 117 116 136 125
Dy163 352 420 489 1010 1060 1078 1064 1059 1247 1186
Hol65 115 158 169 358 375 381 201 203 240 233
Er166 537 853 805 1870 | 1951 | 1968 | 590 601 727 708
Tm169 129 226 189 502 518 527 108 111 136 131
Yb173 1241 2327 1731 5239 5444 5449 846 884 1097 1047
Lul75 196 417 248 867 879 874 100 104 130 123

25422 Frikstad

25444 Havardstad




Sample | 25422-1 | 25422-2 | 25422-3 | 25422-4 | 25444-1 | 25444-2 | 25444-3 | 25444-4 | 25444-5 | 25444-6
Sc45
ppm 295 474 734 944 1005 1033 1133 1479 1479 1952
V51 1 2 7 12 80 48 67 44 44 47
Cr53 - - 10 - - - - - - -
Zn66 144 142 95 91 83 76 83 77 81 77
Y89 5866 3661 4060 4092 3772 4583 4979 4917 4219 4740
Lal39 - - - - - - - - - 0.2
Cel40 - - 0.03 - 0.1 - 0.1 - - -
Pr141 - - - 0.04 0.1 0.1 0.1 - - -
Nd143 1 0.4 0.4 1 3 3 2 2 2 2
Sm147 8 5 5 5 33 30 29 21 20 22
Eul51 - - - - - - - - - -
Gd157 79 45 46 46 176 168 165 127 117 124
Th159 38 22 23 24 61 62 65 53 48 52
Dy163 496 302 329 327 441 497 539 470 403 438
Hol65 165 108 124 126 66 86 96 93 72 77
Erl66 832 574 718 739 192 281 309 325 232 264
Tm169 225 158 211 226 40 60 68 71 51 68
Yb173 2450 1801 2580 2813 361 560 636 679 498 747
Lul75 455 366 586 671 48 81 91 98 69 112
MSB-5 Slobrekka KH-3 Hovasen, Eftevann
Sample | MSB-5-1 | MSB-5-2 | MSB-5-3 | MSB-5-4 | MSB-5-5 | MSB-5-6 KH-3-1 | KH-3-2 | KH-3-3 | KH-3-4




Sc45
ppm 845 874 831 833 830 883 12 14 10 9
V51 5 5 5 4 4 4 2 2 2 2
Cr53 10 - 20 - - - 7 - 9 -
Zn66 84 80 82 85 83 86 238 192 216 231
Y89 15053 14227 14935 15490 15464 15134 375 403 430 448
La139 - - - - - - - 0.1 - -
Celdo - - - - - - 0.3 0.5 0.2 0.2
Pr141 - - - 0.1 - - 0.4 0.4 0.2 0.2
Nd143 1 1 1 1 1 1 10 9 7 7
Sm147 11 10 10 9 10 10 103 94 91 96
Eul51 - - - - - - - - - -
Gd157 115 109 113 113 116 113 231 217 254 267
Tb159 67 63 67 65 68 65 35 34 40 42
Dy163 1089 1015 1098 1069 1061 1045 68 72 80 83
Hol65 457 431 466 447 445 434 2 3 2 2
Erl66 2685 2534 2722 2599 2573 2556 2 5 2 2
Tm169 715 686 717 683 678 685 0.2 1 0.2 0.2
Yb173 7897 7647 7840 7369 7395 7572 2 14 2 2
Lul?75 1629 1565 1584 1469 1457 1519 0.3 3 0.2 0.2
25447 Reykkvartsbruddet, Birkeland 28372 Mglland
Sample | 25447-1 | 25447-2 | 25447-3 | 25447-4 | 28372-1 | 28372-2 | 28372-3 | 28372-4 | 28372-5 | 28372-6
Sc45
ppm 15 11 11 13 239 68 112 191 190 208




V51 0.6 0.8 0.8 0.7 4 4 5 7 7 7
Cr53 13 - - - - - - - - -
Zn66 262 267 259 260 114 105 103 97 97 97
Y89 819 837 725 731 121 198 596 1821 1803 1628
Lal139 0.1 - - - - - - - - -
Cel40 0.1 0.1 0.05 0.1 - - 0.1 - - 0.04
Pri41 0.1 0.1 0.1 0.1 - - 0.1 0.1 0.1 0.1
Nd143 2 2 2 2 1 1 2 3 2 3
Sm147 12 12 12 11 7 18 24 26 25 26
Eul51 - - - 0.1 - - - 0.1 0.1 -
Gd157 38 38 33 34 12 38 75 94 93 92
Tb159 28 28 25 26 2 6 16 26 26 25
Dy163 303 310 273 283 12 24 72 169 166 155
Ho165 47 48 42 42 2 3 8 27 26 24
Erl66 124 127 109 109 6 8 22 89 86 79
Tm169 20 21 17 17 2 2 5 22 21 19
Yb173 128 132 107 106 33 26 54 243 237 214
Lul75 13 13 10 11 8 6 10 42 41 37
25375 Ivedal 25412 Reykkvartsbruddet, Birkeland
Sample | 25375-1 | 25375-2 | 25375-3 | 25375-4 | 25375-5 | 25375-6 | 25412-1 | 25412-2 | 25412-3 | 25412-4 | 25412-5 | 25412-6
Sc45
ppm 916 944 984 740 756 755 2 2 2 3 2 2
V51 9 9 9 12 12 13 - - - - - -




Cr53

Zn66 140 136 136 117 116 117 476 485 486 450 489 472
Y89 9653 9493 9460 12854 12350 13699 2947 3216 2767 3584 3252 3281
Lal39 - - - - - - 0.1 - - - - -
Cel40 - - - - - - - 0.02 - 0.1 0.03 -
Pri41 - - - - - - 0.03 - - 0.05 - -
Nd143 0.4 0.3 0.4 0.5 1 1 1 1 1 1 1 1
Sm147 4 4 5 7 7 8 19 20 19 18 16 17
Eul51 - - - - - - - - - - - -
Gd157 55 57 57 92 87 99 137 150 139 139 117 121
Tbh159 36 36 37 57 54 60 53 58 53 56 48 49
Dy163 604 607 616 929 886 967 276 301 267 332 303 299
Hol65 254 257 260 394 378 414 19 21 17 30 28 27
Erl66 1496 1495 1496 2340 2233 2464 26 27 22 48 46 47
Tm169 409 407 407 654 622 681 3 4 3 6 6 6
Yb173 4455 4451 4414 7247 6895 7592 27 25 20 39 36 44
Lul75 856 849 842 1503 1438 1579 4 3 3 4 4 6
25374 Freysa MB-3 Brattekleiv
Sample | 25374-1 | 25374-2 | 25374-3 | 25374-4 | 25374-5 | 25374-6 | MB-3-1 | MB-3-2 | MB-3-3 | MB-3-4
Sc45
ppm 2 2 2 4 2 4 1107 876 926 700
V51 - - - - - 0.2 10 10 10 13

Cr53




Zn66 258 250 252 262 263 260 74 71 80 78
Y89 1294 1373 1348 1114 1194 1089 5362 4784 4612 4225
Lal139 - - - - - - - - - -
Cel40 0.04 0.1 0.05 0.03 0.1 0.04 0.03 0.04 - 0.1
Pri41 0.1 0.1 0.1 0.1 0.05 0.1 0.04 0.04 0.03 0.03
Nd143 1 2 2 1 1 1 2 1 1 0.8
Sm147 11 12 11 9 10 8 11 10 9 7
Eul51 0.04 0.04 0.05 0.04 0.03 0.04 0.1 - - -
Gd157 36 39 38 32 34 30 61 55 53 46
Tb159 28 30 30 25 27 24 30 27 26 23
Dy163 353 376 368 301 331 286 356 317 315 288
Ho165 63 68 68 48 56 47 108 95 92 89
Erl66 193 209 208 129 162 128 585 524 486 498
Tm169 36 40 40 21 29 22 197 179 161 171
Yb173 245 271 271 131 187 137 2676 2455 2153 2385
Lul75 21 24 24 11 16 12 560 518 440 523
22330 Torvelona 25421 Frikstad KH-1 Hovasen, Eftevann
Sample | 22330-1 | 22330-2 | 22330-3 | 22330-4 | 25421-1 | 25421-2 | 25421-3 | 25421-4 | KH-1-1 | KH-1-2 | KH-1-3 | KH-1-4
Sc45
ppm 2090 2020 1949 1922 2 - 3 - 279 323 385 405
V51 8 8 8 8 - - - - 2 2 3 3
Cr53 7 - - - 7 - 7 - - - 13 -
Zn66 86 137 79 79 444 428 446 456 155 121 124 128




Y89 6104 5999 5747 5719 1000 1002 1038 1016 6029 6355 7053 7233
Lal139 - 0.5 - - - - - - - - 0.1 0.2
Cel40 0.03 2 0.05 0.03 0.03 0.04 0.05 0.1 0.1 0.2 0.4 0.6
Pri41 0.1 0.4 0.1 0.1 0.1 0.1 0.1 0.1 0.2 0.2 0.3 0.3
Nd143 2 4 2 2 2 2 2 2 4 5 5 5
Sm147 18 20 17 17 33 29 34 35 40 43 46 43
Eul51 0.04 0.1 0.1 - - 0.02 - - - - - -
Gd157 66 69 62 63 127 112 132 131 184 200 212 208
Tb159 25 25 24 24 56 50 58 57 68 73 77 79
Dy163 243 240 229 231 291 267 300 294 499 527 583 593
Ho165 61 60 58 59 17 17 17 17 73 76 86 87
Erl66 340 325 312 326 19 21 20 19 202 209 245 249
Tm169 142 135 128 136 2 3 2 2 44 45 54 54
Yb173 2600 2479 2317 2490 15 22 17 15 445 448 546 552
Lul75 668 630 582 642 2 3 2 2 57 56 70 70
KT-1 Thortveittgruva MS-6 Solas KG2-5 Granatgruva, Knipan
Sample KT-1-1 KT-1-2 KT-1-3 KT-1-4 KT-1-5 MS-6-1 | MS-6-2 | MS-6-3 | MS-6-4 | KG2-5-1 | KG2-5-2 | KG2-5-3 | KG2-5-4
Sc45
ppm 2353 2279 2316 1920 1159 123 166 141 165 755 797 1629 1497
V51 58 57 57 41 9 3 4 4 5 7 7 3 5
Cr53 - - - - - - - 7 - 11 - 6 -
Zn66 46 46 46 50 48 243 221 242 242 188 195 154 129
Y89 7232 8059 7646 5973 1927 5247 4484 6374 6622 6461 6051 8815 8452




Lal39 - - - - - 0.2 - - - 0.1 - 0.1 -

Cel40 - 0.05 0.02 0.1 0.1 0.2 0.1 - - 0.1 0.1 0.2 0.2

Pri41 0.1 0.1 0.1 0.04 0.04 0.1 0.04 0.02 - 0.1 0.1 0.2 0.3

Nd143 2 3 2 1 2 1 1 1 1 4 4 6 7

Sm147 20 23 21 17 23 12 12 9 9 32 29 34 38

Eul51 0.04 0.1 0.1 0.1 0.1 0.1 0.03 0.1 0.1 0.03 0.05 0.05 0.04

Gd157 94 107 101 96 82 107 103 85 80 133 112 139 153

Tb159 39 44 42 38 23 45 40 40 38 47 40 51 54

Dy163 402 455 428 355 151 456 346 462 465 398 348 496 497

Ho165 103 118 110 85 22 110 67 137 149 79 73 122 114

Erl66 548 620 584 432 73 418 227 657 739 314 311 593 520

Tm169 203 221 212 156 18 89 49 167 194 90 98 201 170

Yb173 3142 3309 3226 2456 211 801 465 1755 2098 1141 1346 2943 2359

Lul75 732 742 737 576 34 127 79 353 438 220 277 662 510
KG-4 Granatgruva, Knipan

Sample KG-4-1 | KG-4-2 | KG-4-3 | KG-4-4 | KG-4-5 | KG-4-6

Sc45

ppm 461 1058 1716 1445 1069 1342

V51 10 5 5 5 7 2

Cr53 - - 7 - 2 -

Zn66 88 50 109 96 82 80

Y89 4628 2062 1151 1616 2591 2303

Lal139 - - - 0.1 - -




Cel40 0.1 - - 0.2 0.02 0.2
Pri41 0.1 - 0.1 0.1 0.1 0.2
Nd143 3 1 2 2 2 5

Sm147 33 6 14 14 18 30
Eul51 0.04 - 0.06 0.07 0.03 0.2
Gd157 143 30 35 42 69 81
Tb159 48 12 10 14 23 22
Dyl163 388 133 86 119 201 163
Ho165 77 36 19 27 44 33
Erl66 304 193 90 119 194 143
Tm169 84 67 28 37 59 45
Yb173 1006 994 351 475 777 595
Lul75 186 224 69 91 158 120




Micas

2190Landas 7 22300Torvelona
1 2 3 4 1 2 3 4

Si02 34.54 35.55

Sc203 0.056(9)* 0.05| 0.06| 0.06 |0.153(9)* 0.16 0.15 | 0.15
Fe203 23.34 22.78

FeO 3.93 1.52

MgO 5.45 6.54

K20 9.47 9.71

Al20 16.11 15.77

Na20 0.04 0.14

Cao - -

TiO2 2.77 3.07

MnO 1.00 1.77

Total 96.65 95.239

Molecular proportions based on 12 oxygen

Si apfu 2.82 2.87

Sc 0.00 0.011

Fe3+ 1.43 1.38

Fe2+ 0.26 0.103

Mg 0.66 0.78

K 0.99 1.00

Al 1.55 1.50

Na 0.00 0.022

Ca 0.00 0

Ti 0.17 0.18

Mn 0.06 0.121

Total 7.94 7.967




Thor.for Eptevann 26762Heia
1 2 3 4 1 2 3 4

Si02 35.41 35.16
Sc203 0.135(4)* | 0.132367 | 0.138042 | 0.136968 | 0.1162(9)* | 0.0762 | 0.0755 | 0.0756
Fe203 22.15 23.36
FeO - -
MgO 8.64 8.89
K20 9.63 9.61
Al20 16.49 15
Na20 0.12 0.11
Cao - -
TiO2 3.2 3.2
MnO 1.07 0.67
Total 96.845 96.1162

Molecular proportions based on 12 oxygen
Si apfu 2.82 2.83
Sc 0.009 0.008
Fe3+ 1.32 1.41
Fe2+ 0 0
Mg 1.02 1.06
K 0.97 0.98
Al 1.54 1.42
Na 0.019 0.018
Ca 0 0
Ti 0.19 0.19
Mn 0.072 0.045
Total 7.96 7.961

*Sc203 in point 1 is the average of Sc203 of point 2,3 and 4




: Thin-sections

Appendix 4

Figure 40: KG2-2
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Figure 41: KG2-5
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Figure 42: KG2-7




