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Intracrustal partial melting of garnet amphibolite from
southwestern Sweden - a possible analogue for TTG formation
YLVA MAGNELL

Magnell, Y., 2026: Intracrustal partial melting of garnet amphibolite from southwestern Sweden - a possible
analogue for TTG formation. Dissertations in Geology at Lund University, No. 736, 36 pp. 15 hp (15 ECTS cre-
dits).

Abstract: The Archean crust is the oldest preserved continental crust on Earth, and it is largely made up of the rock
suite tonalite-trondhjemite-granodiorite (TTG). Quartz and plagioclase are the dominating minerals of TTG rocks,
that are characterized by a high SiO,, Na,O, and a low K,O. TTG rarely form today which have led to an uncer-
tainty around their origin, but they are believed to be generated through partial melting of meta-basalts. A garnet
amphibolite containing quartz and plagioclase rich areas that are thought to be the result of partial melting, were
analyzed in this study to get a better understanding of TTG formation. The garnet amphibolite outcrop is located in
the Eastern Segment, which were affected by the Sveconorwegian orogeny through underthrusting. Analyses of the
quartz-plagioclase areas show a high SiO, (>70 wt. %), high Na,O (2.0-6.0 wt. %), and low K,0O (< 1.0 wt. %),
which are comparable with TTG composition. The amphibolite matrix is largely dominated by hornblende and pla-
gioclase, but finer grained clinopyroxene bearing areas are also observed. The distribution of the quartz-plagioclase
areas and variations in the matrix corroborates the assumption that the rock has been through partial melting. The
presence of garnet, absence of epidote and the clinopyroxene bearing areas in the matrix, indicates temperatures
above 850 °C and pressures over 10 kbar. Based on conditions that affected the area during the Sveconorwegian
orogeny, the results suggests that TTG-melts could be generated through intracrustal partial melting of garnet
amphibolite and without the need of an extensive subduction zone.
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wegian orogeny, Eastern Segment.
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Infrakrustal partiell uppsmaltning av granatamfibolit fran
sydvastra Sverige — en majlig analog for TTG formation
YLVA MAGNELL

Magnell, Y., 2026: Infrakrustal partiell uppsmailtning av granatamfibolit fran sydvéstra Sverige — en mojlig analog
for TTG formation. Examensarbeten i geologi vid Lunds universitet, Nr. 736, 36 sid. 15 hp.

Sammanfattning: Den arkeiska jordskorpan &r den dldsta bevarade kontinentala jordskorpan pa jorden och den
bestar till stor del av bergartssviten tonalit-trondhjemit-granodiorit (TTG). Kvarts och plagioklas &r de dominerande
mineralen i TTG bergarter, som karakteriseras av hog SiO,, Na,O och lag K,O. TTG bildas séllan idag vilket har
lett till en osdkerhet runt deras ursprung, men de tros vara bildade genom partiell uppsmaltning av meta-basalter. En
granatamfibolit innehallande kvarts och plagioklas rika omraden som formodas vara resultatet av partiell uppsmalt-
ning, analyserades i denna studie for att fa en béttre forstaelse av TTG bildning. Granatamfibolit hillen ar beldgen i
Ostra Segmentet som paverkades av den Svekonorvegiska orogensen genom underskjutning. Analyser av kvarts-
plagioklas omréden visar hog SiO, (>70 wt. %), hog Na,O (2.0-6.0 wt. %), och 1ldg K,O (<1.0 wt. %), vilka &r jam-
forbara med TTG sammanséttning. Amfibolit matrix dr dominerad av hornblédnde och plagioklas, men finkorniga
klinopyroxen biarande omraden observeras dven. Utbredningen av kvarts-plagioklas omradena och variationer i
matrix stirker antagandet att bergarten har genomgatt partiell uppsméltning. Férekomsten av granat, frinvaron av
epidot och klinopyroxen bdrande omraden i matrix, indikerar temperaturer éver 850 °C och tryck éver 10 kbar.
Baserat pa forhallanden som omradet utsattes for under den Svekonorvegiska orogenesen, foreslar resultatet att
TTG-sméltor kan bildas genom infrakrustal partiell uppsméltning av granatamfibolit utan att det behdvs en omfat-
tande subduktionszon.

Nyckelord: TTG, tonalit-trondhjemit-granodiorit, granatamfibolit, partiell uppsmaltning, geokemi, Svekonorve-
giska orogenesen, Ostra Segmentet.
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1 Introduction

The continental crust is the home of terrestrial habitats,
and its formation has an import role in the evolution of
the Earth. The oldest preserved continental crust found
on Earth today formed during the Archean eon (4.0-
2.5 Ga). This Archean crust is dominated by tonalite-
trondhjemite-granodiorite (TTG), which are rocks
composed of primarily quartz, oligoclase and biotite
and characterized by high percentages of silica (SiO,)
and sodium (Na), and low amounts of potassium (K)
(Moyen & Martin, 2012). This composition differs
markedly form the K-rich, often granitic, crust of the
Proterozoic and Phanerozoic (Moyen & Martin, 2012;
Pourteau et al., 2020). The origin of TTG-rocks
remains uncertain and how they formed in relation to
tectonic settings, source magma and melting processes
is still debated. There is general agreement that the
geochemical signatures of TTG rocks are best ex-
plained through partial melting of meta-basalts, which
is corroborated by melting experiments (Moyen &
Martin, 2012). Different tectonic settings have been
proposed for the formation of TTGs, such as subduct-
ion zones or intraplate environments.

This study is based on a garnet amphibolite from
Varberg, which is located within the high-grade gneiss
terrain of the Eastern Segment in southwestern Swe-
den (Bingen et al., 2021). The sampled rock appears to
have been through partial melting, and I explore the
extent to which this process is analogous to TTG-melt
formation. The purpose of this thesis is to study the
assumed partial melt and unmelted residue, with the
aim to increase the understanding of how TTG-melts
can form. The material is unique since the melt coex-
ists with the residual material. This would enable an
investigation of geological conditions and how they
affect element fractionation during melting. To answer
the purpose the following research questions will be
targeted:

Can the presence of quartz-plagioclase rich rock
patches be explained through partial melting of the
garnet amphibolite?

What do the petrography and geochemistry of the
melt and unmelted residue imply of the conditions
during melting?

Is the composition of the partial melt similar to
TTG-melts?

Under what conditions can TTG-melts form?

Petrographic and geochemical analyses of major ele-
ments was carried out to target these questions that
will be able to provide contributions in the constraint
of TTG-formation and give insight in the evolution of
the early continental crust.

2 Background

2.1 Crustal evolution

The Earth has cooled progressively since its formation
and this affects the characteristics of plate tectonics
through time, as a hotter mantle with a lower viscosity
and a higher melt production might limit plate

movements (Davies, 1992; van Hunen & van den
Berg, 2008). Rocks from the Archean eon (4.0-2.5 Ga)
has an important role in the study of the early evolut-
ion of the continental crust, as they make up the oldest
silicate crust that can be studied on Earth today (Frost
& Mueller, 2024). In the Archean, the temperature of
the Earth was higher which would have an effect on
crustal composition and thickness (Sizova et al.,
2015). The temperature of the early Archean upper
mantle is believed to have reached around 1600 °C
compared to the average present-day temperature of
1280-1400 °C (Sizova et al., 2015 and references the-
rein). During the Archean, the Earth also had a higher
production of radiogenic heat, considered to possibly
have been three times higher than the present (Davies,
1992). With regards to the progressive cooling of the
Earth, the higher temperature of the Archean mantle is
an important difference from modern conditions which
makes an understanding of the crustal formation in the
Archean more challenging (Sizova et al., 2015).

2.2 Tonalite-trondhjemite-granodiorite

rocks

The main rock assemblages that make up the Archean
cratons are grey gneisses and greenstone belts (Frost &
Mueller, 2024). The tonalite-trondhjemite-granodiorite
(TTG) suite is dominating the grey gneiss complexes
(Moyen, 2011). TTGs are not commonly formed today
and they therefore make up a key component for un-
derstanding the evolution of the Earth’s Archean conti-
nental crust (Moyen, 2011).

Quartz, oligoclase (plagioclase with An;p-Anso) and
biotite are the dominating minerals in TTGs (Moyen &
Martin, 2012). TTGs are characterized by high
amounts of SiO; (>64 wt.%) and Na,O (3.0-7.0 wt.%)
(Moyen & Martin, 2012). They have low amounts of
K0, in contrast to the more K-rich crustal granitoids
of the Proterozoic and Phanerozoic (Moyen & Martin,
2012; Pourteau et al., 2020; Fig. 1). TTGs are com-
monly depleted in ferromagnesian elements
(Zreomnotmgo < 4 wt. %), have low average Mg# ~
0.43 and a high alumina content (Al,O3 > 15 % at 70
% Si0O,) (Barker, 1979; Moyen & Martin, 2012).
Fractionated rare earth elements (REE) and depletion
of heavy rare earth elements (HREE) is typical for
TTGs (Moyen, 2011). Although these characteristics
are commonly used to define TTGs, differences in the
geochemistry are seen, which has led to various divis-
ions of the suite. There are three main groups that cor-
relate with different melting pressures (Moyen, 2011).
Al,Os3-, Na,O- and Sr-concentrations are elevated in
the high-pressure group, intermediate in the medium-
pressure group and lower in the low-pressure group
(Moyen, 2011). The high-pressure group also shows
lower concentrations of HREE, Nb and Ta, with the
low-pressure group showing the opposite trends
(Moyen, 2011).

Through geochemical analyses of TTGs and mel-
ting experiments, they appear to have been derived
from partial melting of meta-basalts (Barker et al.,
1981; Moyen & Martin, 2012; Zhang et al., 2013). The
geochemical character of TTGs have also been used to
define possible scenarios for their formation (Moyen
& Martin, 2012). Various melting experiments of
amphibolites with different starting mineralogy
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Fig. 1. CIPW-normative feldspar composition diagram of Archean TTGs (black dots) and Proterozoic granitoids (pink dots).
Plot of Archean TTGs is composed of 788 data samples and plot of Proterozoic granitoids is composed of 1962 data samples
(Data were downloaded from the GEOROC database (https://georoc.eu/) on 1-2 April 2026, using the following parameters:

Petrography And Samples = 2. Plutonic Rocks; and rock names: = trondhjemit(e/ic), = granodiorit(e/ic), = tonalit(e/ic)). Data

was later filtered on geological age into Archean and Proterozoic.

indicate the formation of TTGs at pressures above 15
kbar and 900°C to 1100 °C (Moyen & Stevens, 2006).
These conditions imply a geothermal gradient of ~20 °©
C/km, which is thought to be possible in a subduction
setting with higher heat than today (Moyen & Stevens,
2006). However, the generation of TTGs through mel-
ting of meta-basalts could occur in various tectonic
environments. Melting at the base of a hydrated thick
basaltic crust has also been argued to be a possible
setting for the formation of TTGs (Smithies, 2000;
Willbold et al., 2009; Zhang et al., 2013; Johnson et
al., 2017; Smit et al., 2024).

2.3 Regional geology
2.3.1 The Sveconorwegian orogeny

The southwestern margin of Fennoscandia is part of
the Sveconorwegian orogen (Bingen et al., 2008). The
continental crust formed through magmatism and
accretion in orogenies that extended between 1910 and
1380 Ma (Bingen et al., 2021). During the Sveconor-
wegian orogeny (1140 to 920 Ma) the crust was rewor-
ked by metamorphism, deformation and magmatism,
and most geodynamic models infer a collision between
two continental plates (Bingen et al., 2008). Shear
zones divide the Sveconorwegian belt into litho-
tectonic units which include the Eastern Segment, that
is interpreted to be parautochthonous, and the accreted
Telemarkia-, Bamble-, Kongsberg- and Idefjorden
terranes (Bingen et al., 2008; Fig. 2).

2.3.2 The Eastern Segment

The Eastern Segment is located furthest east in the
Sveconorwegian orogen and borders to the Fennoscan-
dia Foreland in the east and to the Mylonite Zone that
separates it from the Idefjorden Terrane in the west
(Fig. 2). The rocks of the Eastern Segment are domina-
ted by orthogneisses that crystallized during a period
between 1900 and 1660 Ma, but with a volume peak

1710-1660 Ma (Bingen et al., 2021). Crust in the
southern part of the Eastern Segment was reworked
during the Hallandian orogeny around 1465 to 1385
Ma (Bingen et al., 2021). The Eastern Segment was
affected by the Sveconorwegian orogeny from 1000
Ma, and between 1000 and 980 Ma the eastern part of
the collision zone experienced high grade metamorp-
hism through underthrusting (Bingen et al., 2021).
Eclogite facies has been recorded in the Eastern Seg-
ment, and dating of eclogite metamorphism has yiel-
ded the maximum age of 988 £ 7 Ma (Moller et al.,
2015). Exhumation of the Eastern Segment occurred
between 980 to 940 Ma and was followed by the col-
lapse of the orogenic plateau after 930 Ma (Bingen et
al., 2021). High grade metamorphism in the Eastern
Segment occurred at 980-970 Ma (Bingen et al., 2008;
Moller & Andersson, 2018). This event includes the
alteration of mafic rocks through recrystallization that
is associated with deformation and the presence of
hydrous fluids (Moller & Andersson, 2018). Mafic
rocks of the Eastern Segment include predominantly
amphibolite, mafic granulite, and rare eclogite (Moller
et al., 2015). Metamorphism of mafic rocks in the
southern part of the Eastern Segment occurred in
amphibolite to granulite facies at temperatures
between 680 to 800 °C and pressures of 0.85-1.17 GPa
(Wang & Lindh, 1996).

Varberg is located near the western margin of the
Eastern Segment, directly south of the border to the
Idefjorden terrane (Fig. 2). The Varberg area is prima-
rily composed of high-grade metamorphic gneissic
granitic rocks and charnockites (Johansson & Kulle-
rud, 1993). These rocks are accompanied by altered
mafic dykes and bodies, with mineral assemblages in
the amphibolite to granulite facies (Johansson & Kul-
lerud, 1993). Dating of a mafic granulite from the Var-
berg region has yielded the age of 881 + 4 Ma
(Johansson & Kullerud, 1993).
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Fig. 2. Regional division of the Sveconorwegian belt. The sample locality Varberg is marked out. Modified after Bingen et al.,

2021.

3 Samples and methods
3.1 Samples

Two samples from Getteron, west of Varberg, from
the collection at the Department of Earth and Environ-
mental Sciences at Lund University, were examined.
The samples represent a garnet amphibolite and a melt
accumulation vein in amphibolite, both collected as
loose boulders at the Sillhallsvik on Getteron in Var-
berg (Fig. 3). The samples were found in direct relat-
ion with an outcrop that expose garnet amphibolite of

(Sample locality (57°07 38" N 12°12 14" E)

@Vastra Getteron's naturreservat
b

N

Google Earth

Fig. 3. Map over Getterén and Varberg. Sample locality is marked out with coordinates. (Retrieved May 4, 2026 from Google

Earth Pro v7.3.7.).

similar composition and are assumed to be representa-
tive of the outcrop rocks and general processes that
affected the region.

3.2 Section preparation

Seven slabs of the rock samples, approximately 1-2 cm
in thickness, were sawed from the boulders. The slabs
were scanned on a flatbed scanner to document intern-
al textures and to select 45 x 25 mm areas based on
amount of melt concentrations (see Appendix I for

(o



placement). 45 x 25 mm sections were sawed out of
which the nine foremost were selected for polishing.
The polishing was carried out on a polishing disc in
six steps. A mixture of Silicon Carbide Powder, glyce-
rol and water were used for the first steps, starting with
220 grith followed by 1000 grith. The succeeding po-
lishing was carried on 9 pm, 6 pm, 3 um and 1 pm
polishing discs with diamond paste.

3.3 Scanning electron microscopy —
energy dispersive spectroscopy
(SEM-EDS)

The selected sections were carbon coated with a 12 nm

thick carbon layer using an Agar Auto Carbon Coater

to prevent charging during SEM work. Analyses of
four sections was done in a TESCAN Mira3 Field

Emission Scanning Electron Microscope at the Depart-

ment of Earth and Environmental Sciences at Lund

University. Three sections (2A (1/3), 3 (2/3) and 4

(3/5)) from the garnet amphibolite sample were ana-

lyzed. Section 2A (1/3) and 4 (3/5) were chosen since

they have larger domains composed of quartz and pla-
gioclase (qz-plag) that is assumed to be representative
of the qz-plag areas throughout the rock sample (these
domains are of interest since they are thought to

possibly be the result of partial melting). Section 3

(2/3) was chosen since it contained a domain where

the matrix exhibited a compositional variation. Section

T1 (1/2) was chosen to be representative for the larger

melt accumulation vein sample. The analyses were

done with the acceleration voltage at 15.00 kV and
beam intensity of 16.00 nA.

SEM uses an electron beam onto a sample, causing
interactions that are used to produce an image
(Korchinski et al., 2019). SEM coupled with
backscatter electron imaging (BSE) was used to visu-
alize the distribution of minerals. BSE implies elastic
interactions where some of the emitted electrons
backscatter from the surface of the sample (Korchinski
et al.,, 2019). The amount of backscattered electrons
will depend on the size of the nucleus, where an
increase in nucleus size increases the amount of
backscattered electrons. This produces an image with
lighter and darker fields representing different mine-
rals. Chemical analyses were done with an energy dis-
persive spectroscopy (EDS) that is mounted in the

=3

Fig. 4. Garnet amphibolite with a lineation defined by garnet and bands composed of quartz and plagioclase, at

Sillhallsvik on Getteron, Varberg.
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SEM. EDS detects elements by a measurement of X-
ray energy, produced by emitted electrons that trans-
mit energy causing electrons on the targeted area to
excite (Korchinski et al., 2019). Different elements
will require a specific energy that is dependent on the
electronic shells (K, L, M, etc.) (Korchinski et al.,
2019), and this enables the detection of the elements.

Quantitative chemical analyses were done using
Oxford Instrument’s software AZtec, with a combinat-
ion of mapping and point analyses. AZtec’s factory
standardisations database was used as standard for the
quantitative analyses. The analyses were not calibrated
against the cobalt standard that is normally used, due
to the thickness of the sections and placement of the
cobalt standard, which made the movement a high-risk
to damage the detector. All results were normalized to
100% and reported as oxides. Previous work with this
SEM setup indicates that molar proportions remain
correct even if the data is normalized, and therefore the
assumption is made that this is the case for these ana-
lyses too. Mapping was done to examine distribution
of elements and possible zonation. Point analyses
using the square function to mark out a 2000x2000 um
area was done to achieve an average “whole rock”
element composition. Multiple square analyses of the
gz-plag areas and matrix domains in the sections was
carried out. The amount of square analyses in the dif-
ferent sections and domains varied depending on the
size of the areas (see Appendix II & III for placement).
Single point analyses were done to determine inclus-
ions and mineral composition in the square areas. The
data was processed in excel and GCDKkit.

4 Results

4.1 Field observations
Variations in the garnet amphibolite outcrop at Sill-
hallsvik on Getterdn, Varberg were observed. On the
outer west edge of the outcrop, the amphibolite has a
lineation defined by garnet and bands composed of
quartz and plagioclase (Fig. 4). This area also held
larger accumulations of quartz and plagioclase compo-
sition (Fig. 5). Approximately 10 meters further east
into the bay the lineation became less pronounced,
with euhedral garnet porphyroblasts distributed rather
homogeneously in the matrix and smaller patches
composed of quartz and plagioclase (Fig. 6).

Ny A7




Fig. 6. Garnet amphibolite with patches of quartz and plagi-
oclase, at Sillhallsvik on Getterén, Varberg.
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Fig. 7. Scanned 45 x 25 mm sections (2A (1/3), 3 (2/3) and 4
(3/5)) of the garnet amphibolite sample.

4.2 Petrography
4.2.1 Garnet amphibolite (section 2A (1/3), 3 (2/3)
and 4 (3/5))

This sample contains an amphibole bearing matrix
with garnet porphyroblasts and light-colored areas of
quartz and plagioclase (Fig. 7).

2A (1/3)




The matrix is dominated by amphibole, with smaller
plagioclase crystals along grain boundaries. A textural
and compositional variation is however observed in
the matrix, with finer grained areas absent of
macroscopic amphibole and with crystals identified as
clinopyroxene. The fine-grained areas make up a large
part of the matrix in section 3 (2/3), but smaller
amounts of this texture can be observed in section 2
(1/3) and 4 (3/5) oriented near garnet porphyroblasts
and the domains of quartz and plagioclase (Fig. 7).
EDS-analyses of the finer grained area in section 3
(2/3) shows that it is composed of plagioclase, clin-
opyroxene and hornblende (Fig. 8). Inclusions in the
matrix are dominated by ilmenite and apatite, but
smaller amounts of pyrite, zircon and Fe-sulfides are
also present.

jimenite 2
- aﬁ’ il ot

A

500um

Fig. 8. SEM-images of compositional variation in the matrix
of section 3 (2/3). Upper image show the area with
macroscopic amphibole and plagioclase crystals. Lower
image show the finer grained area that are composed of clin-
opyroxene, plagioclase and hornblende. Abbreviations: hbl:
hornblende, plag: plagioclase, cpx: clinopyroxene, qz: quartz.
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The light-colored areas are dominated by quartz and
plagioclase and are mainly concentrated near garnet
porphyroblasts (Fig. 7). In section 2A (1/3) and 4 (3/5)
the domains have a similar size distribution between
quartz and plagioclase crystals (Fig. 9), whereas the
domain in section 3 (2/3) has larger quartz crystals that
enclose smaller quartz and plagioclase crystals of simi-
lar size. Mineral inclusions appear in these domains
and are dominated by ilmenite (Fig. 10). Inclusions of
Ti-oxides, titanite, hornblende, apatite, clinopyroxene
and zircon were also found (Fig. 11). A subarea in the
larger qz-plag domain of section 2A (1/3) showed a
plagioclase crystal that was partly enriched in
potassium (K) (Fig. 12).

Fig. 9. SEM-image of qz-plag area in section 4 (3/5) which
shows a similar crystal size between the minerals.
Abbrevations: plag: plagioclase, qz: quartz.

e o |
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Fig. 10. SEM-image of qz-plag area in section 2A (1/3) with
inclusions of ilmenite (white grains).



The garnet porphyroblasts make up around 25 volume
percent and range in size from a few millimeters up to
around 1 cm, with an average of approximately 5x5
mm (Fig. 7). In the polished sections, the garnet
porphyroblasts appear as larger euhedral crystals and
smaller unevenly shaped crystals. The garnet has in-
clusions of plagioclase, ilmenite and clinopyroxene
that often were observed intergrown together in a
symplectite texture (Fig. 13). Inclusions of quartz,

hornblende, and rare orthopyroxene and titanite are
also present.

L w——]

500pm

Fig. 11. SEM-images of qz-plag area with inclusions in
section 4 (3/5). Abbreviations: hbl: hornblende,
plag: plagioclase, cpx: clinopyroxene.

Fig. 13. SEM-images of garnet inclusions with clinopyrox-
S L ene, plagioclase and ilmenite intergrown together (section 3
Fig. 12. SEM-image to the left of K-rich area in a plagi- (2/3) and 4 (3/5)). Abbreviations: plag: plagioclase,
oclase crystal in qz-plag area of section 2A (1/3). Image to cpx: clinopyroxene, gt: garnet, qz: quartz.
the right shows elemental mapping of K in EDS-analysis of

the area, showing an enrichment in K.
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4.2.2 Melt accumulation vein (section T1 (1/2))

This sample is composed of a dark fine-grained matrix
that is cut by a light-colored area of quartz and plagi-
oclase crystals that is interpreted as a melt accumulat-
ion vein (Fig. 14). The matrix shows a compositional
variation with finer grained domains, areas with
macroscopic amphibole crystals and uneven sized gar-
net (Fig. 14 & 15). EDS-analyses of the finer grained
matrix shows that it is composed of clinopyroxene,
plagioclase and hornblende (Fig. 16).

Fig. 14. Melt accumulation vein sample, slab T1.

Fig. 15. Scanned 45 x 25 mm section T1 (1/2).
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Fig. 16. SEM-image of contact between the qz-plag domain
(darker area) and the fine-grained matrix (lighter area) in
section T1 (1/2). Abbreviations: plag: plagioclase,

hbl: hornblende, cpx: clinopyroxene.

A polished section of the melt accumulation vein T1
(1/2) is dominated by quartz and plagioclase (Fig. 15).
The plagioclase in this domain is larger and more
abundant in comparison with the quartz crystals (Fig.
17). In the plagioclase crystals there is observed a
white texture which were identified in EDS-analyzes
to be composed of K-feldspar and the barium (Ba) rich
K-feldspar hyalophane (Fig. 18). Accessory phases
were found throughout the vein and included K-
feldspar, calcite, iron oxides, inclusions high in cal-
cium and aluminum and rare pyroxenes.

— <ooum
500um

Fig. 17. SEM-image of the melt vein in section T1 (1/2)
which shows the larger plagioclase compared to quartz
crystals. Abbrevations: plag: plagioclase, qz: quartz.
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Fig. 18. SEM-images of the melt accumulation vein (section T1 (1/2)) that shows a white texture in the plagioclase crystals
(left). Image to the right shows a zoom in the area that through EDS-analyses were identified to be composed of K-feldspar.

Abbreviations: fsp: feldspar, plag: plagioclase.

4.3 Mineral chemistry
4.3.1 Plagioclase

The feldspar composition was determined based on
amounts of K, Na and Ca, using calculated mean va-
lues of data from EDS-analyses in qz-plag areas and
matrix domains. The calculation was based on 67 point
analyses of plagioclase crystals in the qz-plag areas of
section 2A (1/3), 3 (2/3) and 4 (3/5), 39 point analyses
of plagioclase crystals in the qz-plag area of section T1
(1/2), 48 point analyses of plagioclase crystals in the

Or

@ Mean plag qz-plag area (T1)

@ Mean plag gz-plag area (2A, 3, 4)

© Mean plag hbl matrix (2A, 3, 4)
Mean plag px matrix (3)

(KAISI308)
0 R 100

hornblende (hbl) matrix of section 2A (1/3), 3 (2/3)
and 4 (3/5), and 8 point analyses of plagioclase crys-
tals in the pyroxene (px) bearing matrix of section 3
(2/3) (Appendix 1V, V & VI). The results show that
plagioclase in the qz-plag domains can be classified as
oligoclase (An;p-Angp), with the melt vein (section T1
(1/2)) showing a lower percentage of anorthite (Fig.
19). The plagioclase in the matrix shows a higher
anorthite percentage with an andesine composition
(Anzo-Ans) (Fig. 19).

Albite

ligocl :
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Fig. 19. Feldspar compositional ternary diagram of plagioclase in the qz-plag areas and matrix domains (hbl matrix and px

matrix). Calculated mean values of data from EDS-analyses.
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4.3.2 Amphibole

Mean values of amphibole composition in the matrix
were calculated from 16 point analyses in section 2A
(1/3), 9 in section 3 (2/3), 23 in section 4 (3/5) and 6
point analyses in section T1 (1/2) (Appendix VII).
Classification of the amphibole were based on element
chemistry and was done with calculations of the
amphibole data in probe-Amph (Tindle and Webb,
1994). The amphibole in the different sections show a
similar composition that is classified to belong in the
calcic amphibole group (Table 1). Amphibole compo-
sition based on EDS-analyses of 45 amphibole crystals
in the hbl matrix of sections 2A (1/3), 3 (2/3) and 4
(3/5), 3 in the px matrix of section 3 (2/3) and 6

analyses in the matrix of section T1 (1/2), were calcu-
lated in probe-Amph (Tindle and Webb, 1994)
(Appendix VIII). The calculation shows that the domi-
nating amphibole in the matrix of the garnet amphibo-
lite is classified as magnesio-hastingsite
(NaCay(Mg4Fe’)(SisAl,)055(OH),) (Fig. 20). Two of
three analyses in the px-bearing matrix in section 3
(2/3) showed a lower (Na + K)*, with amphibole clas-
sified as tschermakite (Cay(Mg;Al)(ALSicO2)(OH),)
(Fig. 21). The amphibole in the matrix surrounding the
melt accumulation vein were lower in A-site (Na+K)
and showed a lower Mg/(Mg+Fe*") ratio, with the do-
minating amphibole classified as ferro-tschermakite
(Caz(Fe +3A12)(Alzsi(,022)(OH)2) (Flg 21)

Table. 1. Mean values of amphibole composition in the different sections and calculated structural formulae and amphibole cal-
culation scheme in probe-Amph (Tindle and Webb, 1994). The calculations are based on point analyses of amphibole in SEM-

EDS that were normalized to a 100 %.

Mean section 2A (1/3) Mean section 3 (2/3) Mean section 4 (3/5) Mean section T1 (1/2)
Wt. % oxides
Si0, 42.51 43.07 42.79 42.18
TiO, 2.45 2.28 2.31 1.86
Al 04 12.71 12.26 12.57 12.23
FeO 17.25 17.63 17.65 20.94
MnO 0.06 0.07 0.04 0.18
MgO 10.22 10.11 10.04 8.17
CaO 11.28 11.11 11.17 11.32
Na,O 1.98 1.96 2.00 1.84
K,O 1.26 1.19 1.19 1.03
P,0s 0.01 0.00 0.02 0.04
Total 99.73 99.68 99.78 99.77
Atoms per formula unit
Si 6.205 6.281 6.241 6.242
Aliy 1.795 1.719 1.759 1.758
Al 0.392 0.389 0.403 0.375
Ti 0.268 0.250 0.253 0.207
Amphibole calculation scheme
(Ca +Na) (B) 2.000 2.000 2.000 2.000
Na (B) 0.236 0.265 0.255 0.205
(Nat+K) (A) 0.559 0.510 0.532 0.516
Mg/(Mg+Fe*") 0.587 0.583 0.580 0.482
Fe*'/(Fe**+Al,) | 0.579 0.597 0.586 0.637
Sum of S2 13.000 13.000 13.000 13.000
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Fig. 20. Amphibole classification diagram of calcic amphiboles with (Na + K)* > 0.5, Ti < 0.5 and Fe’™> Aly;. Calculations
were done in probe-Amph (Tindle and Webb, 1994) with data from EDS-analyses of 44 amphiboles in the hbl matrix of sections
2A (1/3),3 (2/3) and 4 (3/5), 1 in the px matrix of section 3 (2/3) and 2 analyses in the matrix of section T1 (1/2).
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Fig. 21. Amphibole classification diagram of calcic amphiboles with (Na + K)* < 0.5 and Ti < 0.5. Calculations were done in
probe-Amph (Tindle and Webb, 1994) with data from EDS-analyses of 1 amphibole in the hbl matrix of sections 2A (1/3), 3
(2/3) and 4 (3/5), 2 in the px matrix of section 3 (2/3) and 4 analyses in the matrix of section T1 (1/2).

4.3.3 Garnet proportions of the garnet species pyrope (prp)

: : . Mg;ALLSi30y,), spessartine  (sps) (Mn3Al,Si;04,),

Elemental mapping of garnet porphyroblasts in section (MgsALSi;01 X
2A (1/3) showed no distinct compositional zonation almandine (alm) (Fe3Al,8i;012), and grossular (grs)
(Fig. 22) (Ca3;ALLSi30yy), gave a composition of
Mean values of garnet composition were calculated Prpesss Spsisas AlMeis.ess Grsassass. The garnet
from 3 point analyses in section 2A (1/3), 4 in section porphyrqblasts showed a similar composition with the
3 (2/3), 4 in section 4 (3/5) and 3 point analyses in dominating garnet species as almandine followed by

section Tl (1/2) (Appendix IX). Calculated  grossular (Fig. 23).
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Fig. 22. Elemental mapping in EDS-analysis of garnet porphyroblasts in section 2A (1/3).
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Fig. 23. Garnet compositional ternary diagram of endmembers pyrope + spessartine, grossular and almandine. Dots represent
calculated mean values for garnet in the different sections of data from EDS-analyses.

4.4 Major element geochemistry

Variation diagrams were plotted using GCD-kit
(Janousek et al., 2006) with data collected from EDS
point- and area analyses of the qz-plag areas and
matrix (see Appendix II & III for placement). Dia-
grams with data from the qz-plag areas, matrix do-
mains and of the dominating minerals in the different
sections were plotted against major elements (Fig. 24,
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25, 26, Appendix X & XI). Mean values of the diffe-
rent domains were calculated for each section based on
analyses of 2000x2000 pum square areas. The calculat-
ion of mean qz-plag area composition was based on 8
areas in section 2A (1/3), 4 in section 3 (2/3), 7 in
section 4 (3/5) and 19 areas in section T1 (1/2)
(Appendix XII). The calculation of the mean hbl bea-
ring matrix was based on 8 areas in section 2A (1/3), 3



areas in section 3 (2/3) and 8 areas in section 4 (3/5).
The calculation of px bearing matrix was based on 4
areas in section 3 (2/3) (Appendix XIII). The diagrams
for the sections from the garnet amphibolite (2A (1/3),
3 (2/3) and 4 (3/5)), show similar major elements con-
centrations and a trend in the data of the qz-plag areas
that extends between plagioclase and quartz (Fig. 24 &
25). This trend is absent in the diagram of the melt
accumulation vein (section T1 (1/2)), where the data of
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the qz-plag areas show a higher Na,O and AL,O; that
plots near the plagioclase composition (Fig. 24 & 25).
By the diagrams it is also visible that the px bearing
matrix were analyzed in section 3 (2/3) alone and that
this section has a higher percentage of observed clin-
opyroxene. It is also possible to see that K-feldspar
only were observed in the melt accumulation vein
(section T1 (1/2)).
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Fig. 24. Harker diagram with SiO, plotted against Na,O of the qz-plag area, matrix domains and the dominating minerals for the
different sections. The mean values of the qz-plag areas and matrix domains are shown as larger dots. Plotted in GCDkit
(Janousek et al., 2006). Abbreviations: wr: whole rock, hbl: hornblende, px: pyroxene, gt: garnet, plag: plagioclase, qz: quartz,

cpx: clinopyroxene, kfsp: K-feldspar, ilm: ilmenite.
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Fig. 25. Harker diagram with SiO, plotted against Al,O; of the qz-plag area, matrix domains and the dominating minerals for the
different sections. The mean values of the qz-plag areas and matrix domains are shown as larger dots. Plotted in GCDkit
(Janousek et al., 2006). Abbreviations: wr: whole rock, hbl: hornblende, px: pyroxene, gt: garnet, plag: plagioclase, qz: quartz,
cpx: clinopyroxene, kfsp: K-feldspar, ilm: ilmenite.
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Fig. 26. Harker diagram with SiO, plotted against K,O of the qz-plag area, matrix domains and the dominating minerals for the
different sections. The mean values of the qz-plag areas and matrix domains are shown as larger dots. Plotted in GCDkit
(Janousek et al., 2006). Abbreviations: wr: whole rock, hbl: hornblende, px: pyroxene, gt: garnet, plag: plagioclase, qz: quartz,
cpx: clinopyroxene, kfsp: K-feldspar, ilm: ilmenite.
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5 Discussion

5.1 Quartz-plagioclase areas
5.1.1 Indications of partial melting

Tonalitic areas in a mafic rock can form through parti-
al melting, but the occurrence of quartz and plagi-
oclase rich domains surrounding garnet can also be
explained through element depletion as the garnet
crystals grow. In the sections from the garnet amphi-
bolite the qz-plag areas are often observed near garnet,
but they are also present in the matrix without contact
to the garnet porphyroblasts. Additionally, the qz-plag
areas near the garnet are commonly located along op-
posite sides of the garnet, in areas that appears to
follow stress shadows parallel with the general fabric
(Fig. 6 & 7). If the qz-plag areas were the result of
element depletion they would rather be growing
around the garnet (Winter, 2014). The distribution of
these domains might therefore indicate that the areas
are not generated through depletion from garnet
growth, but rather being the result of partial melting.
This interpretation is further strengthened by the in-
clusions of hornblende found in the qz-plag areas,
which would be unlikely to be present in depletion
rims as hornblende are composed of elements (Fe and
Mg) that are consumed to form garnet (Winter, 2014).
These observations corroborate the assumption that the
qz-plag rich domains in the garnet amphibolite is a
result of partial melting. However, one thing that
questions this is the very low concentration of K in
these areas (Fig. 26). This relates to that K is an
incompatible element and would therefore favorably
be enriched in the melt phase (Winter, 2014). So, alt-
hough many arguments suggest that partial melting has
occurred this must still be considered and would
require further studies to fully determine for certain.

5.1.2 Differences between the samples

The geochemical analyses of the qz-plag areas shows a
variation between the sections from the garnet amphi-
bolite (2A (1/3), 3 (2/3) and 4 (3/5)) and the melt
accumulation vein (T1 (1/2)). In the major element
diagrams with SiO, plotted against Na,O and Al,O4
(Fig. 24 & 25), the analyses of the qz-plag areas in
sections from the garnet amphibolite shows a linear
trend spanning between pure plagioclase and quartz
which indicates that the composition is dominated by
the mixture between these minerals. The variation
shown in the data are a result of the amount and size of
respective crystals in the different analyzed square
areas. A mixing trend is absent in the diagrams of
section T1 (1/2) from the melt accumulation vein,
where the qz-plag area have a Na,O and Al,O; con-
centration close to plagioclase (Fig. 24 & 25). This
difference is explained by the larger and more abun-
dant plagioclase compared to quartz crystals of the
melt vein (Fig. 17), which results in the higher percen-
tage of Na,O, AlL,O; and a lower amount of SiO, (Fig.
24 & 25).

The courser texture in section T1 (1/2) (compare
Fig. 9 & Fig. 17) could have several explanations such
as variations in time, crystallization pace or in the pre-
sence of fluids (Winter, 2014). A longer crystallization
time that would allow the crystals to grow larger could
arise if the melt accumulation vein was generated at a
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higher temperature (Winter, 2014), something that also
could lead to more extensive melting which would
explain the larger amount of melt. However the diffe-
rent samples were most likely exposed for the same
temperature as their different textures are observed in
close distance at the amphibolite outcrop, which most
probably were affected by similar conditions. The melt
vein would more likely be a sign of melt separation
from the matrix, caused by progressive melting gene-
rating the critical amount of melt needed for this to
occur. A difference in the degree of melting could ex-
plain the variations in the melt volume between the
samples, by melt segregation leading to the accumulat-
ion of a larger amount of melt. Accumulation of a lar-
ger amount of melt could then possibly result in a lo-
wer cooling rate that would have an effect on crys-
tallization and generate a coarser texture (Winter,
2014). Melting experiments of amphibolite has also
shown that as temperature exceeds 900 °C, the liquid
composition will decrease in SiO, and increase in
Al,O3 and Na,O (Wolf & Wyllie, 1994). As the melt
vein has a lower percentage of SiO, and higher Al,O;
and Na,O compared to the qz-plag areas in the garnet
amphibolite (Fig. 24 & 25), this might further indicate
progressive melting.

The inclusions in the qz-plag domains also varied
between the garnet amphibolite and the melt accumu-
lation vein sample. The qz-plag areas of the garnet
amphibolite are dominated by Ti-bearing inclusions
(ilmenite, titanite, and Ti-oxides) which were lacking
in the melt vein. If Ti was incorporated in the liquid
early, in concentrations that would cause the crys-
tallization of Ti-bearing minerals, this could possibly
indicate that melt segregation has occurred with earlier
formed liquid of the melt accumulation vein. However,
further studies and analyses of trace elements would
be required to fully determine if melt has left the sy-
stem.

K-feldspar was frequently observed as a white tex-
ture in the plagioclase crystals of the melt domain in
section T1 (1/2) and a closer zoom on the K-feldspar
shows a vague orientation of the crystals that could
possibly be described as lamellae caused by exsolution
(Fig. 18). The K enriched area of a plagioclase crystal
observed in the qz-plag area of section 2A (1/3) shows
a similar texture but more homogeneous, with no clear
orientation (Fig. 12). This could indicate a faster coo-
ling without the time to develop an exsolution lamellae
texture (Winter, 2014). A difference in cooling rate
has an effect on crystallization and the observations
indicating a possible slower cooling of the melt vein
would generate a coarser texture (Winter, 2014).

Despite the suggestion that various degrees of mel-
ting could be the cause of the difference in grain size
between the samples, the plagioclase crystals in the
melt accumulation vein are more Na rich than the gar-
net amphibolite sample which stands in contrast to
more extensive melting that would lead to a higher Ca
content (Winter, 2014). The higher pressure that the
area was affected by during the orogeny could explain
a lower Ca, as experiments has shown an enrichment
in Na for high-pressure melts (Moyen & Stevens,
2006; Moyen, 2011). Although this can’t explain the
difference between the samples, where a progressive
melting generating the melt vein would naturally lead



to a higher Ca compared to the qz-plag areas, which is
not the case. It should also be noted that the size vari-
ation between the plagioclase and quartz crystals in the
melt vein possibly could be the result of the orientation
in which the sample was cut — cutting along the plagi-
oclase crystals and across the quartz crystals making
them appear smaller. The two-dimensional sampling
area would then not be representative of the vein vo-
lume mode. These arguments therefore limit the inter-
pretation if the variations between the samples could
have been caused by a difference in the degree of mel-
ting.

5.1.3 Field observations

Domains of quartz and plagioclase occurred in the
garnet amphibolite outcrop as smaller patches, bands
and larger accumulations (Fig. 4, 5 & 6). These obser-
vations of a difference in volume of the qz-plag areas,
might strengthen that the melt vein and qz-plag areas
in the garnet amphibolite sample are related and gene-
rated through the same process. This would then ex-
clude that the melt vein is composed of melting
material with a different origin that had migrated in
and intruded the outcrop. The differences in volume of
the qz-plag areas could relate to a variation in the de-
gree of melting as discussed above to be a possible
explanation to the coarser texture of the melt vein.
Although why the degree of melting would vary over
the outcrop is debatable. It could possibly relate to
deformation, as observations showed that areas of the
outcrop seemed to have experienced a higher strain,
where garnet was oriented in lineation (Fig. 4 & 5).
The larger melt accumulations and veins appears to be
concentrated to these possibly more deformed areas,
while more isolated pockets of melt instead seem to
occur in less deformed areas of the garnet amphibolite
(Fig. 4, 5 & 6). A higher grade of deformation could
potentially lower the amount of melt needed for melt
segregation by strain causing melt pockets to connect.
Although it should be noted that a more extensive
study of the outcrop and the possibility of a variation
in deformation is needed.

5.2 Amphibolite matrix

5.2.1 Indications of partial melting

A difference between the samples is visible in the
matrix, where the finer grained matrix is more abun-
dant in the melt accumulation vein sample compared
to the areas with larger hornblende crystals which do-
minates the matrix in the garnet amphibolite (Fig. 7,
14 & 15). The finer grained pyroxene bearing areas
were only analyzed in section 3 (2/3) where it made up
a large concentration of the matrix, which in the other
sections were dominated by larger hornblende and
plagioclase crystals. But areas that shows a similar
textural character as these finer-grained areas, with
low macroscopic hornblende crystals, can be observed
in smaller amounts in the other sections, especially in
section 2A (1/3) where it is clearly distributed near the
qz-plag areas and garnet (Fig. 7). The matrix in the
melt vein sample is dominated by this finer grained
texture without macroscopic hornblende (Fig. 14 &
15), and EDS-analyses in an area of the matrix in
section T1 (1/2) shows the presence of clinopyroxene
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(Fig. 16). This would imply a similar composition as
the pyroxene bearing matrix in section 3 (2/3), but
further examination of the matrix in section T1 (1/2)
are required to give a more careful comparison, as
only a few analyses were carried out due to the section
being largely covered by the melt vein. These obser-
vations could be indicative of partial melting in the
rock, as dehydration-melting of amphibolite causes
hornblende to break down to clinopyroxene with the
release of water that initiate the formation of granitoid
liquids (Wolf & Wyllie, 1991; Zhang et al., 2013).
This could explain why the areas of the matrix close to
the qz-plag domains are depleted of large hornblende
crystals and clinopyroxene is present. It would also
explain why the matrix surrounding the melt accumu-
lation shows this character to a larger extent, as the
larger amount of melt would require a more extensive
dehydration of hornblende. The wvariations in the
matrix can give indications of the temperature and
pressure during melting, as melting experiments at 10
kbar have shown that breakdown of hornblende and
the formation of clinopyroxene and liquid starts at 850
°C (Wolf & Wyllie, 1991). As temperature increases
the amount of clinopyroxene and liquid increases and
hornblende decreases (Wolf & Wyllie, 1991). The
breakdown of hornblende through dehydration melting
can also cause garnet to form along with the clin-
opyroxene (Wolf & Wyllie, 1994; Zhang et al., 2013),
and this might be indicated by the inclusions in the
garnet. The inclusions were often observed as a
symplectite texture of plagioclase, clinopyroxene and
vermicular ilmenite crystals intergrown together. The
plagioclase and clinopyroxene are probably remnants
of the matrix that were enclosed as the garnet grew
and the absence of hornblende could indicate that the
garnet formed with the breakdown of hornblende. In-
clusions of quartz were also found in the garnet which
might imply that they grew as the rock underwent
partial melting, as quartz was absent in the dominating
amphibolite matrix.

5.2.2 Implications on conditions

Experimental work shows that the appearance of gar-
net and clinopyroxene with the breakdown of horn-
blende, occur at temperatures over 850 °C at a press-
sure of 10 kbar (Wolf & Wyllie, 1994). Further indi-
cations of temperature and pressure (P-T) conditions
can be given by observations in the amphibolite
matrix. The presence of garnet and absence of epidote
indicates a high pressure above 10 kbar and tempera-
ture over 800 °C (Lopez & Castro, 2001). The lack of
zonation in garnet could also be explained by a high
temperature (>650 °C) with a more effective volume
diffusion that would cause any early zoning to be eli-
minated (Yardley, 1989). However, it should be noted
that only two garnets were analyzed in one of the sect-
ions through elemental mapping and further analyzes
are required for a more careful interpretation of zonat-
ion. Ti-buffering minerals (ilmenite, rutile or titanite),
were present in the matrix and the amphibole compo-
sition with a Ti-content over 0.2 atom per formula unit
(Table 1) indicate crystallization temperatures that
might exceed 800 °C (Bartoli et al., 2024). Al-content
in amphibole is largely temperature dependent and can
only give an indicative estimate of pressure, but the



AI™ in the amphibole might suggest a hornblende
crystallization pressure of around 7 kbar at a tempera-
ture of 700 °C (Blundy & Holland, 1990). These esti-
mates can provide a tentative indication that the rock
was affected by P-T conditions in the supersolidus
regime (Lopez & Castro, 2001), but a more careful P-
T analysis is beyond the scope of this study.

5.3 Comparison to TTG
5.3.1 Mineralogy

TTG rocks are believed to have been derived through
partial melting of meta-basalts but there still is an
uncertainty in the understanding of their origin. The
mineralogy of the melt domains in the garnet amphi-
bolite, composed of quartz and plagioclase, is compa-
rable to TTG composition. Biotite is a common mine-
ral in TTG rocks and its absence in the qz-plag areas
could relate to the low concentration of K,0, MgO and
FeO in the rock. By plotting the mean composition of
the qz-plag areas against average TTGs in a normative
feldspar diagram, the melt domains in the garnet
amphibolite (section 2A (1/3), 3 (2/3) and 4 (3/5)) are
tonalitic while the melt accumulation vein represented
by section T1 (1/2) is more trondhjemitic (Fig. 27).
The diagram also highlights the very low K,O-content
of the qz-plag areas compared to TTGs, shown by the
lack of orthoclase (KAISi;Og). The plagioclase compo-
sition of the qz-plag areas that were classified as
oligoclase (Fig. 19), is however comparable to TTG,
as it is the dominating plagioclase found in these
rocks.
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5.3.2 Major element composition

The major element trend of the qz-plag areas with a
high SiO, and Na,O, and low K,O is characteristic for
TTG, but some divergence in concentrations can be
observed (Fig. 28). The qz-plag areas in the garnet
amphibolite shows a higher SiO, of ~ 75-80 wt. %
compared to average TTG where the amount lays
around 65-70 wt. %. Section T1 (1/2) has a lower SiO,
concentration of ~ 60-65 wt. %, which can be assumed
to be caused by the larger and more abundant plagi-
oclase crystals of the melt vein. If it is assumed that
the melt accumulation vein was generated through
more extensive melting than the melt domains of the
garnet amphibolite, the variation in SiO, could be ar-
gued to be related to the degree of melting. The larger
more abundant plagioclase crystals in section T1 (1/2)
are also the cause of its high Na,O and Al,O; that de-
viates from average TTG composition (Fig. 28). In
contrast are the Na,O and Al,O5 concentrations of the
qz-plag areas in the garnet amphibolite comparable to
concentrations in TTG. The K,O of the qz-plag areas
is very low (<1.0 wt. %) and deviates from average
TTG (Fig. 28). K is an incompatible element that
would likely partition into the melt phase and the lack
of this element in the qz-plag areas could imply a resi-
dual mineral that retains K. As K,O is almost as low
(=1 wt. %) in the matrix (Fig. 26), it might also be
explained by the lack of this element in the source
rock. This could indicate that the variation in K from
TTG composition is related to the source composition

Or

Fig. 27. Feldspar composition triangle (O’Connor 1965) of TTG and data from EDS-analyses of the qz-plag areas plotted in
GCDkit (Janousek et al., 2006). The mean values of the qz-plag domains are shown as larger dots. TTG data is composed of 172
trondhjemite samples, 304 tonalite samples and 277 granodiorite samples (Data were downloaded from the GEOROC database
(https://georoc.eu/) on 1-2 April 2026, using the following parameters: geological setting = Archean Cratons). The data were
normalized using CIPW calculation in GCDkit. Abbreviations: TTG: trondhjemite tonalite granodiorite, qz: quartz;

plag: plagioclase; wr: whole rock; Ab: albite, An: anorthite, Or: orthoclase.
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rather than being caused by different melting proces-
ses. The lower K,O together with the absence of bio-
tite in the garnet amphibolite could then possibly
imply that TTG-melts are derived from a source rock
with higher K-content.

5.3.3 Formation processes

The qz-plag areas in the garnet amphibolite exhibit the
main characteristic of TTGs with a mineralogy of
quartz and oligoclase, and a geochemical signature
high in SiO, (> 70 wt. %) and Na,O (2.0-6.0 wt. %),
and low in K,O (<1.0 wt. %). Although on the fringe,
with the high SiO, and low K,O, the qz-plag areas in
the garnet amphibolite sample still plot within the Ar-
chean TTG population (Fig. 28), which could suggest
that they are derived through similar processes. The
garnet amphibolite outcrop is located in the Eastern
Segment, which were affected by the Sveconorwegian
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orogeny through underthrusting and orogenic crustal
thickening (Bingen et al., 2021). With regard to the
tectonic setting and conditions present in the generat-
ion of the garnet amphibolite, this suggest that the
formation of TTG-melts can be achieved through
intracrustal melting without the need of an extensive
subduction zone or possibly subduction setting at all. It
is also necessary to consider the higher geothermal
gradient in the Archean that could have an effect on
where melting occurs and possibly also the extent of
melting, depending on tectonic setting (Martin, 1986;
Frost & Mueller, 2024). Variations in conditions, with
a higher temperature at a lower pressure, could also
initiate partial melting of amphibolite at a lower tem-
perature (Lopez & Castro, 2001). These factors could
then potentially be an explanation for the differences
between the qz-plag areas and TTG, but would require
further studies to interpret more carefully.

25

15
1
L4

10
|
L]

40 50 60 70 80 920 100

Si0,

10

40 50 60 70 80 90 100

Sio,

Fig. 28. Harker diagrams of TTG and data from EDS- analyses of the qz-plag areas plotted in GCDkit (Janousek et al., 2006).
The mean values of the qz-plag domains are shown as larger dots. TTG data is composed of 172 trondhjemite samples, 304
tonalite samples and 277 granodiorite samples (Data were downloaded from the GEOROC database (https://georoc.eu/) on 1-2
April 2026, using the following parameters: geological setting = Archean Cratons). Abbreviations: TTG: trondhjemite tonalite

granodiorite, qz: quartz; plag: plagioclase; wr: whole rock.
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6 Suggestions for further
studies

. Further geochemical analyses with improved
major elements data but also of trace elements
(both SEM and drilled microsamples of melt
areas) would enable a more detailed understan-
ding of the melting processes. Laser Ablation
ICP-MS analyses of trace elements in the qz-
plag areas and matrix domains would enable a
more extensive comparison to TTG and could
give a deeper insight into the conditions during
melting.

. A more extensive P-T analysis would enable
better estimates on conditions during melting
that can help in the constraints of TTG format-
ion.

° Further examination of the melt accumulation
vein by analyses of the melt mineralogy in
more dimensions and additional studies of the
composition in the surrounding matrix. This
would enable a more careful interpretation of
the difference between the two samples and
related conditions, which in turn can be used to
better understand the formation of TTG.

. Dating of zircons in the garnet amphibolite
would confirm the assumed intrusion and meta-
morphic age of the rock.

7 Conclusions

. Observations of the quartz and plagioclase
areas are compatible with an origin through
partial melting of the garnet amphibolite, as the
distribution of the domains in the rock and the
inclusions of hornblende crystals indicates that
they are not formed through element depletion
during garnet growth. The variation in the
matrix with finer-grained clinopyroxene bea-
ring areas, is also interpreted to be the result of
dehydration melting, where hornblende breaks
down to clinopyroxene with the release of
water that initiate liquids to form.

. The variation showed by the sections of the
garnet amphibolite sample (2A (1/3), 3 (2/3)
and 4 (3/5)) and the melt accumulation vein
sample (T1 (1/2)), is interpreted to represent
various degrees of melting that could generate
the larger accumulation of melt and coarser
texture of the melt vein.

. The presence of garnet, absence of epidote, Ti-
content in amphibole and the clinopyroxene
bearing areas of the matrix, suggests temperatu-
res above 850 °C and pressures over 10 kbar,
indicating conditions in the supersolidus re-
gime.

. The quartz and plagioclase mineral assemblage
and high SiO, (> 70 wt. %), high Na,0 (2.0-6.0
wt. %), and low K,O (<1.0 wt. %) of the melt
domains confirms that they correspond to
K-poor tonalite and that they are comparable to
TTG.

25

. The area with the garnet amphibolite outcrop
was affected by orogenic crustal thickening
during the Sveconorwegian orogeny, and based
on this the results imply that TTG-melts can
form through intracrustal partial melting of
garnet amphibolite, under conditions that
doesn’t require an extensive subduction zone.
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Appendix 1. Selected sections on slabs from the garnet amphibolite sample (24, 3 and 4) and from the melt accumulation vein
sample (T1).
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Appendix II. Overview of qz-plag areas in sections of the garnet amphibolite sample and distribution of analyzed 2000x2000 pum
areas.

2A (1/3)

SEM HV: 15.0 kV WD: 14.27 mm MIRA3 TESCA SEM HV: 15.0 kV WD: 15.00 mm MIRA3 TESCAN
View field: 10.2 mm Det: BSE View field: 10.8 mm Det: BSE
SEM MAG: 27 x Date(m/dly): 03/27/26 Lund University_Geology SEM MAG: 26 x Date(m/dly): 04/01/26 Lund University_Geology

4 (3/5)

SEM HV: 15.0 kV WD: 15.00 mm MIRA3 TESCAN

View field: 10.8 mm Det: BSE 2mm
SEM MAG: 26 x  Date(m/dly): 03/31/26 Lund University_Geology
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Appendix III. Overview of matrix domains in sections of the garnet amphibolite sample and distribution of analyzed 2000x2000
um areas.

2A (1/3)

/

SEM HV: 15.0 kV WD: 14.27 mm MIRA3 TESCANSEM HV: 15.0 kV WD: 14.27 mm MIRA3 TESCAN

View field: 10.2 mm Det: BSE 2mm lew field: 10.2 mm Det: BSE 2mm
SEM MAG: 27 X Date(midly): 03/27/26 Lund University_Geology SEM MAG: 27 x| Date(midly): 03/27/26 Lund University_Geology
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. . View field: 10.8 mm Det: BSE 2mm
SEM MAG: 26 x Date(m/dly): 04/01/26 Lund University_Geology SEM MAG: 26 x | Date(m/dly): 04/01/26 Lund University_Geology
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m -—th 3
SEM HV: 15.0 kV WD: 14.99 mm MIRA3 TESCA

View field: 10.8 mm Det: BSE
SEM MAG: 26 x Date(m/dly): 04/08/26 Lund University_Geology
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Appendix V. EDS-analyzed plagioclase in the qz-plag areas of the garnet amphibolite sample (section 24 (1/3), 3 (2/3) and 4
(3/5)).

plag qz-plag area
Section 24 (1/3) 2A (1/3) 2A (1/3) 2A (1/3) 2A (1/3) 2A (1/3) 2A (1/3) 2A (1/3) 2A (1/3) 2A (1/3) 2A (1/3) 2A (1/3) 2A (1/3) 2A (1/3) 2A (1/3) 2A (1/3) 2A (1/3) 2A (1/3)

Na20 796 7.87 784 781 797 7.69 7.88 79 777 7.75 7.81 7.69 7.85 7.75 7.82 791 781 77
Mgo 0.03 0.1 004 0.04 0.05  0.04 0.03 0.07  0.07 0.05 0.04 0.09 0.26 0.05 0.05 0.06 0.01 0.04
Al203 2422 2442 2439 2448 244 245 2443 2421 2453 24.44 2445 2472 241 2469 2477 2446 2473 2493
§i02 61.59 615 6162 6117 6143 61.07 61.3 6154 6121 6129 6125 6089 6135 60.85 60.92 61.1 6094 604
P205 0 0 0 0 0.03 0 0 0 0.07 0 0 0.02 0 0.01 0 0.03 0 0
S 0 0 0 0 0.02 0 0.01 0.04 0 0.05 0.06 0.04 0 0.03 0.04 0  0.04 0
K20 05 055 053 057 05 054 0.61 0.52  0.56 0.53 0.54 0.44 0.42 0.38 0.39 0.54 042 048
Ca0 5.54 541 542 566 5.54 5.8 5.5 5.56 5.6 574 5.68 5.95 5.45 6.04 5.92 569 586 6.16
Tio2 0.03  0.05 0.04 0 0.01  0.04 0 0.02 0 0.01 0.09 0 0 0.08 0 0.01 0.01 0.08
V205 0 0 0 0.05 0 0 0.05 0 0.02 0.03 0.01 0.04 0.05 0 0.01 0.04 0.03 0
Cr203 0 0 0.04  0.09 0 0.05 0 0 0.03 0 0 0.06 0.09 0 0.02 0 0 0.04
MnO 0 0 0 0 0 0.01 0 0.1 0 0.01 0 0 0 0.05 0 0 0 0
FeO 011 o011 007 011 0.06 0.18 0.12 0.05 0.14 0.06 0.06 0.06 0.41 0.06 0.05 015 0.15 0.1
Zr02 0 0 0 0 0 0.08 0.07 0 0 0.04 0 0 0 0 0.04 0 0 0.08
Total 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100

plag qz-plag area
Section 3(2/3) 3(2/3) 3(2/3) 3(2/3) 3(2/3) 3(2/3) 3(2/3) 3(2/3) 3(2/3) 3(2/3) 3(2/3) 3(2/3) 3(2/3) 3(2/3) 3(2/3) 4(3/5) 4(3/5) 4(3/5)

Na20 8.38 7.65 776 7.85 757 781 7.62 7.6 7.79 7.55 8.58 8.29 7.69 7.71 7.56 813 822 8.02
Mgo 0.13 0.06 0.05 0.05 0.05  0.06 0.03 0.06 0.05 0.1 0.1 0.05 0.05 0.04 0.02 0.05 0.08 0.07
AL203 23.58 25.09 2483 24.81 2515 2481 2519 2505 2472 2505 24.95 2493 25 25.02 2517 2484 2436 24.85
Si02 62.33 60.29 60.77 60.8 60.18 6069 60.37 60.34 60.85 60.4 60.6 60.78 60.37 6031 60.34 60.81 614 60.89
P205 0 0 0 0.01 0 0 0.04 0 0 0 0.06 0.01 0 0 0.02 0 0 0
S 0.01 0 0.09 007 0 0 0 0 0.01 0.03 0.05 0 0.05 0 0 003 0.01 0.03
K20 0.51 0.46 045 048 043 043 0.41 0.42 0.5 0.47 0.44 0.45 0.46 0.45 0.48 047 047 043
Ca0 474  6.24 595 581 6.41 592 6.19 6.36 5.86 6.24 5.1 5.34 6.24 6.31 6.38 557 522 559
Tio2 0.08 0 0 007 0 007 0.06 0.01 0.07 0.04 0.01 0.05 0 0 0 0.01 0 0.02
V205 0.05 0 0.05 0 0.07 0.04 0 0 0.06 0.06 0.03 0 0.06 0.03 0.03 0 0 0.02
Cr203 0 0 0.02 0 0 0 0 0.08 0 0 0 0.02 0 0 0 0.01  0.09 0
MnO 0 0 0 0 0.04 0.03 0 0.01 0 0 0.04 0 0.02 0.03 0 0.01 0 0.02
FeO 0.11 02 0.03 0.06 01 005 0.06 0.08 0.08 0.06 0.04 0.05 0.01 0.11 0 009 0.12 0.06
Zr02 0.08 0.02 0 0 0 0.1 0.04 0 0 0 0 0.03 0.08 0 0 0 0.01 0
Total 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100

plag qz-plag area
Section 4(3/5) 4(3/5) 4(3/5) 4(3/5) 4(3/5) 4(3/5) 4(3/5) 4(3/5) 4(3/5) 4(3/5) 4(3/5) 4(3/5) 4(3/5) 4(3/5) 4(3/5) 4(3/5) 4(3/5) 4(3/5)

Na20 8.15 8.06 78 775 7.98 5.89 8.34 8.07 781 7.97 7.42 7.85 7.68 7.88 8.12 759 774 7.93
Mgo 0.04 0.03 0.06 017 0.02 0.05 0.02 0.03  0.07 0.06 0.07 0.06 0.02 0.03 0.08 089 005 0.05
Al203 2474 2507 2468 2458 2455 2468 2505 2464 248 2428 2499 2459 2471 2459 241 2397 2514 2474
Si02 60.7 60.57 61.07 61.02 61.26 60.67 60.6 61.15 60.79 6153 6042 6119 6094 6094 6182 6057 6046 61.01
P205 0.01 0 0 0 0.03 0.05 0 0.05 0 0.01 0 0.01 0 0 0.01 0 0 0
S 0.02 0.03 0.01 0 0 0 0.04 0 0 0 0 0 0 0 0.02 0 0.02 0
K20 048 041 041 044 0.46 0.57 0.39 0.46 0.4 0.53 0.93 0.47 0.45 0.48 0.55 041 043 042
Cao 573 564 581 581 5.65 7.92 5.35 55 595 5.4 5.85 5.69 5.93 5.75 5.12 566 586 573
Tio2 0 0 0 0.04 0.02 0.05 0.08 0.03 0 0.04 0.21 0.06 0 0 0 0  0.04 0
V205 0 0.01 0.02 0 0 0 0.04 0 0 0 0 0.01 0 0.09 0 0 002 003
Cr203 0 0.02 0 0 0 0 0 0.01 0 0 0 0 0 0.1 0.04 0.03 0 0.03
MnO 0 0.02 0 0 0 0.03 0 0.02  0.09 0.02 0.02 0 0.06 0.01 0 0 003 001
FeO 013 013 0.15 0.19 0.03 0.08 0.09 0.05  0.07 0.16 0.1 0.07 0.15 0.01 0.13 088 0.16 0.01
Zr02 0 0 0 0 0 0 0 0 0 0 0 0 0.06 0.13 0 0 004 003
Total 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100

plag qz-plag area
Section 4(3/5) 4(3/5) 4(3/5) 4(3/5) 4(3/5) 4(3/5) 4(3/5) 4(3/5) 4(3/5) 4(3/5) 4(3/5) 4(3/5) 4(3/5)

Na20 7.83 8.25 8.04 7.88 8.04 7.84 8 7.98 7.87 7.89 7.03 7.87 77
Mgo 0.03 0.06 0.07  0.03 0.09 0.2 0.05 0.05 0.07 0.06 0.11 0.05 0.03
Al203 2484 25.04 2512 2469 245 2496 2525 2515 2539 251 2495 2515 25.07
Si02 60.74 60.72 60.48 61.02 60.84 6039 60.33 60.56 60.17 60.75 60.78 60.27 60.58
P205 0 0 0.04 0 0 0 0.04 0 0 0.02 0 0 0
S 0 0 0.03 0.01 0.01 0.03 0 0 0 0.04 0.14 0 0.01
K20 0.48 0.4 04 045 04 043 0.34 0.36 0.38 0.46 0.44 0.39 0.38
Ca0 5.93 5.36 5.68 5.72 594 584 5.84 5.76 5.94 5.58 6.4 5.95 5.96
Tio2 0.01 0 0.02 0.04 0 0.01 0 0.01 0.04 0.04 0.01 0 0.02
V205 0.03 0 0 0 0.04  0.05 0.05 0.03 0 0 0 0.08 0.07
Cr203 0 0 0 0 0.05 0 0 0 0 0 0.03 0.05 0
MnO 0.04  0.02 0.04 0 0.02 0 0.05 0 0 0.01 0 0.02 0
FeO 0.02 0.04 0.08 0.05 0.03 0.15 0.05 009 0.16 0.05 0.12 0.05 0.07
Zr02 0.06 0.11 0 0.11 0.04 0.1 0 0 0 0 0 0.12 0.11
Total 100 100 100 100 100 100 100 100 100 100 100 100 100
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Appendix V. EDS-analyzed plagioclase in the melt accumulation vein sample (section T1 (1/2)).

plag qz-plag area
Section  T1(1/2) TA(1/2) T1(1/2) T1(1/2) T1(1/2) T1(1/2) T1(1/2) TA(1/2) T1(1/2) TA(1/2) T1(1/2) T1(1/2) T1(1/2) Ti(1/2) T1(1/2) T1(1/2) T1(1/2) T1(1/2) TA(1/2 TA(1/2]

Na20 8.51 8.31 8.52 8.58 8.31 8.33 8.31 8.21 8.37 8.55 10.07 8.4 8.44 8.46 8.3 8.22 8.57 8.49 833 843
Mgo 0.08 0.05 0.05 0.06 0.03 0.06 0.07 0.07 0.04 0.07 0.09 0.04 0.04 0.07 0.06 0.03 0.04 0.06 0.05 0
Al1203 23.72 23.98 2352 23.64 2419 23.98 2395 2425 23.88 23.73 2224 23.98 23.86 23.95 24.07 2422 23.77 23.86 24.28 239
Si02 62.43 62.18 62.68 62.5 61.8 61.89 6191 6166 6212 6213 6535 61.81 6224 6217 6199 6175 6235 6227 61.68 62.22
P205 0 0 0 0 0 0 0 0 0 0.02 0 0.04 0 0 0 0.02 0 0 0 0
S 0.02 0 0.04 0 0.04 0 0 0 0 0.03 0 0.03 0 0 0.05 0 0.01 0 0 0.04
K20 0.37 0.4 0.6 0.33 0.34 0.38 0.37 0.32 0.49 0.37 0.96 0.4 0.37 0.28 0.43 0.4 0.39 0.3 0.33 0.33
Ca0 4.67 4.99 4.45 4.72 5.11 5.09 5.15 5.3 4.88 4.77 1.19 5.01 4.89 4.94 4.94 5.22 4.65 481 516 4.96
Tio2 0.06 0 0.03 0 0 0.03 0.05 0.01 0.02 0.02 0 0.07 0 0.01 0.03 0 0 0 0 0
V205 0 0 0 0 0 0.02 0 0 0.04 0.05 0 0 0.04 0.01 0.03 0 0.01 0.04 0.06 0.04
Cr203 0 0 0 0 0 0 0 0 0 0.03 0 0.01 0 0 0.01 0.03 0.02 0.03 0 0
MnO 0 0 0.02 0.04 0.04 0 0 0 0 0.04 0 0.02 0 0 0 0 0.06 0 0.03 0
FeO 0.13 0.08 0.09 0.12 0.1 0.17 0.18 0.14 0.18 0.16 0.09 0.2 0.04 0.09 0.1 0.11 0 0.14 0.05 0.08
2ro2 0.01 0 0.01 0 0.03 0.05 0 0.03 0 0.03 0.02 0 0.07 0 0 0 0.14 0 0.03 0
Total 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100

plag qz-plag area
Section  T1(1/2) TA(1/2) TA(1/2) T1(1/2) TA(1/2) T1(1/2) TA(1/2) T1(1/2) TL(1/2) TA(1/2) TA(1/2) T1(1/2) T1(1/2) TA(1/2) T1(1/2) T1(1/2) T1(1/2) T1(1/2) T1(1/2)

Na20 9.18 8.21 8.16 7.73 8.87 8.47 8.38 8.43 8.34 8.32 8.48 8.45 4.86 8.41 8.33 6.06 8.44 8.45 7.21
Mgo 0.07 0.04 0.05 0.02 0.06 0.07 0.06 0.03 1.2 0.05 0.02 0.04 0.14 0.05 0.05 0.08 0.06 0.07 0.09
Al203 23.61 24.04 24.33 23.94 23.36 24.61 23.82 23.81 23.15 23.98 2382 2397 29.71 23.62 23.86 28.04 23.98 24.07 23.69
Si02 63.99 6196 61.52 62.46 63.06 62.82 6222 6257 6159 62.12 62.3 62.15 58.3 62.31 62.36 59.62 61.95 61.89 59.83
P205 0.01 0 0.02 0.02 0 0 0 0.02 0.03 0.04 0 0.02 0.01 0 0 0 0 0 0
S 0 0.03 0 0.04 0 0.03 0 0.03 0 0 0.07 0.01 0 0.01 0.05 0.01 0 0 0
K20 1.85 0.35 0.27 0.37 0.31 2.33 0.43 0.35 0.44 0.4 0.38 0.34 5.49 0.41 0.35 4.83 0.25 0.35 0.21
Ca0 1.12 5.22 5.43 5.36 4.26 1.15 4.81 4.72 4.26 4.92 4.74 4.84 0.93 4.88 4.93 0.89 4.98 5.03 8.85
Tio2 0 0 0.06 0 0 0.05 0.02 0.05 0 0.03 0.02 0.04 0.01 0 0.05 0.08 0.05 0.03 0.04
V205 0 0.02 0 0.03 0 0.1 0 0 0 0 0.05 0 0 0.07 0.02 0 0.07 0.02 0
Cr203 0 0 0.02 0.01 0 0.01 0.13 0 0.04 0 0 0 0 0 0 0 0 0.06 0.01
MnO 0.01 0.03 0 0.02 0 0.11 0 0 0.05 0 0 0.04 0 0.02 0 0.03 0.02 0 0
FeO 0.16 0.08 0.12 0 0.07 0.24 0.06 0 0.89 0.13 0.11 0.07 0.5 0.21 0 0.29 0.09 0.03 0.08
Zr02 0 0 0.02 0 0.02 0 0.07 0 0 0 0 0.04 0.04 0 0 0.06 0.1 0.01 0
Total 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100

Appendix VI. EDS-analyzed plagioclase in the amphibolite matrix of the garnet amphibolite sample (section 24 (1/3), 3 (2/3)
and 4 (3/5)).

plag hbl matrix

Section 2A(1/3) 2A(1/3) 2A(1/3) 2A(1/3) 2A(1/3) 2A(1/3) 2A (1/3) 2A(1/3) 2A(1/3) 2A(1/3) 2A(1/3) 2A (1/3) 2A (1/3) 2A(1/3) 2A(1/3) 2A(1/3) 2A(1/3) 2A(1/3) 2A(1/3)
Na20 7.01 7.06 6.9 6.99 6.9 7.28 7.17 7.19 7.34 728 751 7.38 717 7.41 7.31 7.55 7.19 7.42 7.62
Mgo 0.04 0.04 0.06 0.09  0.02 0.06 0.06 0.09 0.05 0.06 0.06 0.05 0.06 0.07 0.04 0.15 0.07 0.09 0.09
Al203 2598 2598 2598 26.06 26.19 2571 2589 2591 2554 2563 25.21 2545 2577 2547 2553 25.07 25.65 25.16 24.96
Sio2 59.14 59.18 59.29 5896 58.72 59.59 59.16 59.18 59.69 59.67 60 5996 59.45 59.95 59.91 60.16 59.93 60.28 60.7
P205 0.03 0 0.01 0 0.05 0.05 0 0 0 0.01 0 0 0 0 0.01 0.07 0.02 0.01 0.08
S 0.01 0.03 0 0 0 0 0.02 0.04 0.07 0.02 0 0.02 0 0 0 0.01 0 0 0.01
K20 0.26 0.24 0.23 0.27 0.3 0.27 0.2 0.18 0.28 026  0.25 0.26 0.34 0.29 0.28 0.27 0.25 0.4 0.24
Ca0 7.32 7.38 7.33 743  7.66 6.94 7.27 7.17 6.78 694  6.65 6.74 7.09 6.66 6.77 6.37 6.85 6.53 6.23
Tio2 0.04 0.03 0.04 0.04 0 0 0 0.04 0.03 0 0 0.05 0 0.02 0.01 0.02 0 0 0.03
V205 0.04 0 0 0 0 0.03 0 0 0 0 0.06 0 0 0 0 1] 0.04 0.01 0
Cr203 0.01 0 0.04 0 0.05 0 0.1 0.07 0 0.03 0 0 0 0 0 1] 0.01 0.06 0
Mno 0.03 0.02 0 0.05  0.02 0.06 0 0 0 0 0 0 0 0.02 0 0.02 0 0.03 0
FeQ 0.1 0.04 0.1 0.04  0.09 0.02 0.12 0.08 0.22 009 0.17 0.02 0.07 0.11 0.14 0.28 0 0 0.04
Zro2 0 0.01 0 0.07 0 0 0 0.05 0 0 0.09 0.07 0.04 0 0 0.03 0 0 0
Total 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
plag hbl matrix

Section 3(2/3) 3(2/3) 3(2/3) 3(2/3) 3(2/3) 3(2/3) 3(2/3) 3(2/3) 4(3/5) 4(3/5) 4(3/5) 4(3/5) 4(3/5) 4(3/5) 4(3/5) 4(3/5) 4(3/5) 4(3/5) 4(3/5)
Na20 7.38 7.14 7.21 7.18 7.39 7.28 7.48 7.74 7.51 7.55 7.41 7.72 7.34 7.27 7.43 7.18 7.21 7.24 7.13
Mgo 0.05 0.19 0.08 0.07 0.04 0.04 0.06 0.05 0.06 0.08 0.06 0.08 0.05 0.08 0.03 0.03 0.08 0.08 0.04
Al203 2577 26.02 2592 2611 2576 26.04 256 255 25,63 25.31 25.56 252 2581 2571 2552 26.07 25.95 25.82 26.08
Si02 59.19 58.08 58.87 586 59.32 5898 5967 59.72 59.8 59.99 59.63 60.27 59.25 59.58 59.67 58.86 59.21 59.29 59.01
P205 0.02 0.04 0 0.03 0.03 0 0 0.01 0.01 0.05 0 0 0 0 0.02 0 0 0.06 0
S 0 0 0.04 0.09 0.01 0.04 0.01 0.04 0 0.01 0.07 0.02 0.12 0.05 0 0.09 0 0 0.02
K20 0.22 0.65 0.38 0.2 0.26 0.25 0.17 0.25 0.34 0.35 0.32 0.31 0.34 0.35 0.33 0.17 0.23 0.24 0.13
Cca0o 7.03 6.37 7.15 7.38 6.98 7.08 6.77 6.48 6.52 6.37 6.71 6.13 6.88 6.85 6.76 7.26 7.08 7.1 7.4
Ti02 0.03 0 0.07 0 0.03 0.06 0.03 0 0.04 0.03 0.01 0.02 0.04 0 0.01 0 0 0.03 0
V205 0 0 0.04 0.05 0.06 0 0.03 0.03 0.01 0.06 0 0.06 0 0.04 0 0.07 0.07 0 0.01
Cr203 0.06 0 0 0 0.03 0.01 0.02 0.05 0 0 0.02 0 0 0 0 0.03 0 0 0
MnO 0.01 0.08 0.02 0.06 0 0.01 0 0.03 0 0.04 0.06 0 0.02 0 0 0 0 0.01 0.03
FeO 0.23 1.43 0.22 0.24 0.1 0.22 0.14 0.1 0.08 0.15 0.12 0.14 0.15 0.06 0.21 0.23 0.15 0.12 0.16
Zr02 0 0 0 0 0 0 0 0 0 0 0.02 0.04 0 0 0.01 0 0.01 0 0
Total 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
plag hbl matrix plag px matrix

Section 4(3/5) 4(3/5) 4(3/5) 4(3/5) 4(3/5) 4(3/5) 4(3/5) 4(3/5) 4(3/5) 4(3/5) Section 3(2/3) 3(2/3) 3(2/3) 3(2/3) 3(2/3) 3(2/3) 3(2/3) 3(2/3)

Na20 7.48 7.43 7.26 7.16 7.35 7.21 7.28 7.21 7.37 7.38 Na20 7.96 7.88 7.68 7.73 7.73 7.74 7.69 7.73

Mgo 0.05 0.08 0.09 0.07 0.05 0.06 0.08 0.07 0.03 0.06 Mgo 0.05 0.06 0.01 0.06 0 0.02 0.02 0.01

A203 25.67 2569 25.68 26.06 25.55 25.83 25.86 25.91 2558 25.64 Al203 2477 2493 2521 25.06 25.15 25 25.07 25.09

Sio2 59.55 59.31 59.53 58.98 59.69 59.17 59.35 59.28 59.84 59.39 Si02 60.85 6041 60.11 6046 60.12 60.45 60.22 60.5

P205 0 0 0.02 0 0.04 0.02 0.06 0 0 0 P205 0.04 0.04 0 0.02 0 0 0 0

S 0 001 002 0 0 0 0 0.06 0 001S 0 001 0 0 0 0 005 0

K20 0.29 0.33 0.28 0.25 0.3 0.28 0.25 0.22 0.31 0.25 K20 0.27 0.3 0.35 0.39 0.36 0.49 0.43 0.4

Ca0 6.77 6.98 6.9 7.24 6.78 7.29 7.02 7.07 6.72 6.87 Ca0 5.97 6.18 6.37 6.16 6.43 6.16 6.27 6.16

Tio2 0 0 0.02 [ 0.1 0.07 0 0 0.02 0.08 Ti02 0.02 0.02 0.02 0 0.01 0 0 0

V205 0 0 0 0 0 0 0 0.02 0 0 V205 0 0 0.01 0.01 0 0 0 0

Cr203 0.01 0.07 0.01 0.02 0 0 0 0.02 0.06 0 Cr203 0 0.01 0.06 0 0 0 0 0.05

MnO 0.05 0.02 0 0.04 0 0 0 0.01 0 0.05 MnO 0.01 0 0 0.02 0 0.03 0.02 0

FeO 0.13 0.06 0.2 0.15 0.05 0.08 0.1 0.12 0.05 0.28 FeO 0.06 0.15 0.12 0.09 0.2 0.09 0.18 0.07

Zro2 0 0.03 0 0.01 0.1 0 0 0.01 0.03 0 Zro2 0 0 0.07 0 0 0.02 0.04 0

Total 100 100 100 100 100 100 100 100 100 100 Total 100 100 100 100 100 100 100 100



Appendix VII. EDS-analyzed amphibole in the amphibolite matrix of the garnet amphibolite and melt accumulation vein sample
(section 24 (1/3), 3 (2/3), 4 (3/5) and Tl (1/2)).

hbl

Sample 2A(1/3) 2A(1/3) 2A(1/3) 2A(1/3) 2A(1/3) 2A(1/3) 2A (1/3) 2A (1/3) 2A(1/3) 2A(1/3) 2A (1/3) 2A (1/3) 2A(1/3) 2A (1/3) 2A(1/3) 2A(1/3) 3(2/3) 3(2/3)
Na20 2 1.94 1.96 194 1.99 194 2.04 2.09 1.88 1.97 2 1.99 2.05 1.95 1.96 2 207 211
Mgo 10.15 10.12 10.32 1021 9.98 99 10.01 9.88 10.31 10.25 10.37 10.56 10.35 10.42 10.43 102 10.45 10.18
Al203 12.88 1283 1258 13.06 1267 13.02 1292 1299 12.69 1271 1262 123 1261 12.36 1246 1271 12.91 12.89
Sio2 4228 4244 4259 4251 4247 42.24 42.1 4196 42.69 4258 4273 4299 4248 4266 42.84 4258 4291 426
P205 0 0 0.02 0 0 0 0.06 0 0.03  0.02 0 0 0 0 0 0 0 0
S 0 0 0.07 0 0.03  0.08 0.05 0.02 0.03  0.05 0.05 0 0.03 0.09 0.08 0.06 0.04 0.02
K20 1.26 1.29 1.25 125 127 127 134 131 124 124 12 1.19 13 1.24 1.23 125 123 122
Ca0 1135 1133 1122 1128 11.28 113 1131 1139 1134 1136 111 1122 1134 1131 1124 1114 10.93 11.12
Tio2 2.36 244 2.39 21 251 255 2.65 2.44 242 238 2.32 2.46 2,62 2.69 2.34 245 213 23
V205 0.17 0.2 0.1 0.14 02 0.08 0.18 0.22 013 0.8 0.18 0.08 0.1 0.18 0.13 018 012 0.18
Cr203 0 0 0.08 0 0 0.08 0.07 0.11 0 001 0.05 0 0.01 0 0.07 0 0.09 0
MnO 0.03 0.15 0.08 0.11 0.06 0.03 0.07 0 0.07 0.06 0.04 0.05 0.08 0.1 0 0.1 0.07 0.05
FeO 175 172 1734 1732 1751 1736 17.18 174 1717 1719 17.34 1706 1696 16.91 1724 1729 17.05 17.35
r02 0.01 0.06 0 0.08 0.04 0.2 0.02 0.18 0 0 0.01 0.09 0.06 0.1 0 0.05 0 0
Total 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
hbl

Sample 3(2/3) 3(2/3) 3(2/3) 3(2/3) 3(2/3) 3(2/3) 3(2/3) 4(3/5) 4(3/5) 4(3/5) 4(3/5) 4(3/5) 4(3/5) 4(3/5) 4(3/5) 4(3/5) 4(3/5) 4(3/5)
Na20 1.97 2.03 178 2.04 1.99 1.86 1.77 1.91 1.88 1.88 1.97 197 1.96 2.04 2.13 2.09 2 204
Mgo 10.17 10.22 10.72 10.25 9.64 9.5 9.83 10.09 9.96 10.35 101 9.98 10 10.02 10.01 9.93 10.04 992
Al203 1264 1269 1181 1236 11.89 12 1119 1211 1192 1164 1247 1229 1241 1288 1271 129 1294 1281
Si02 4281 42.84 4398 42.83 4274 4327 43.69 42.88 432 437 4315 4321 43.02 422 42.6 4239 4267 42.53
P205 0 0 0 0 0 0 0 0 0.02 0 0 0 0.09 0 0.03 0 013 0.04
S 0.09 0.01 0.03 0.06 0.08 0 0.11 0.12 0.07  0.06 0 0.01 0.03 0.09 0 0.01  0.07 0
K20 122 1.27 113 1.13 1.19 121 112 12 1.18 114 1.18 122 1.19 122 1.18 119 118 1.23
Ca0 111 1105 1134 1103 1114 11.07 1118 1129 1122 1131 11.09 11.18 111 1114 1107 11.05 1114 11.08
Tio2 237 2.56 217 2.43 228 2.21 21 2.03 224 243 211 2.33 2.36 224 241 245 215 235
V205 0.21 0.1 0.16 0.15 0.3 0.31 0.35 0.13 0.12 0.06 0.12 0.19 0.13 0.17 0.1 025 016 0.15
Cr203 0.01 0.11 0.02 0.06 0.02 0.05 0 0 0 0 0.02 0 0 0.03 0.1 0.06  0.03 0
MnO 0.09 0.13 0.12 0.04 0 0.04 0.1 0.08 0.01 0.01 0.07 0.02 0.05 0 0.09 0 0.2 0.09
FeO 1731 1697 1668 17.63 1864 1849 1852 18.09 18.18 1741 17.71 176 1765 17.98 1756 17.61 17.46 17.76
Zr02 0 0.02 0.07 0 0.08 0 0.03 0.08 0 0 0.01 0 0 0 0 0.06 0 0
Total 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
hbl

Sample 4(3/5) 4(3/5) 4(3/5) 4(3/5) 4(3/5) 4(3/5) 4(3/5) 4(3/5) 4(3/5) 4(3/5) 4(3/5) 4(3/5) T1(1/2) T1(1/2) T1(1/2) T1(1/2) T1(1/2) T1(1/2)
Na20 2.02 2.05 1.99 2.02 199 211 1.95 1.87 204 204 2.03 1.96 2.05 2 1.64 2 159 175
Mgo 9.9 1017 9.98 9.92 1026 9.96 10.09 10.31 10 10.06 9.91 9.98 8.15 7.89 8.27 8.24 7.92 856
Al203 12.87 1271 13.02 12.83 1269 12,58 12,62 1241 1268 12.68 1273 1231 1136 1152 11.84 13.69 12.02 12.93
Si02 42.39 4255 4265 4268 4276 4279 4283 4335 4254 4245 4251 43.03 4297 43.1 425 4142 4099 4211
P205 0.02 0.04 0.02 0.04 0 0 0 0.02 0.03 0 0 0.01 0 0 0.05 0.04 0 012
S 0.1 0.03 0 0.08 0 0.06 0.01 0 0.02  0.07 0 0.02 0.02 0.05 0.02 0.05 0.05 0.1
K20 1.23 1.18 1.19 121 118 119 1.19 121 118 119 121 1.19 0.82 0.79 114 114 115 112
Ca0 1112 1116 1116 111 1113 1115 1134 1127 1126 1116 1112 1117 1103 1107 11.34 11.3 12.04 11.13
Tio2 2.53 24 2.23 2.34 238 241 242 211 229 231 2.31 219 2.08 2.06 1.46 1.87 193 174
V205 0.15 0.07 0.12 0.11 023 021 0.1 0.17 019 013 0.18 0.11 0.21 0.21 0.13 0.07 01 011
Cr203 0 0.08 0 0.08 0 003 0 0.06 0 0.02 0.03 0 0 0.07 0 0 0 0.06
MnO 0 0.02 0.04 0 0.04 0.1 0.09 0.05 0 009 0 0.06 0.1 0.17 0.11 0.19 0.3 0.2
FeO 1766 1754 1761 1757 1722 1739 1734 1717 1778 17.78 1798 1797 2112 21.06 2148 20 21.89 20.08
Zro2 0.02 0 0 0 0.11  0.01 0.02 0.01 0 0 0 0 0.09 0 0.01 0 0.02 0
Total 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100

Appendix VIII. Amphibole calculation scheme calculated in probe-Amph (Tindle and Webb, 1994), based on data in appendix
VIL

Amphibole calculation scheme - hbl matrix section 2A (1/3), 3 (2/3), 4 (3/5)

Sample no hbll hbl2 hbl3 hbl4 hbl5 hblé hbl7 hbl8 hbl9 hbl10 hbl1l hbl12 hbl13 hbl14 hbl15 hbl16 hbl17 hbl18 hbl19 hbl20 hbl21 hbl22 hbl23
Amphibole group Ca Ca Ca Ca Ca Ca Ca Ca Ca Ca Ca Ca Ca Ca Ca Ca Ca Ca Ca Ca Ca Ca Ca
(Ca+Na) (B) 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
Na (B) 0.224 0.227 0.249 024 0.232 0.229 0.225 0.207 0.230 0.223 0.270 0.252 0.225 0.230 0.247 0.260 0.303 0.265 0.267 0.277 0.237 0.280 0.231
(Na+K) (A) 0.577 0.563 0.537 0.54 0.57 0.558 0.605 0.634 0.531 0.565 0.516 0.530 0.597 0.553 0.535 0.538 0.506 0.558 0.516 0.531 0.473 0.505 0.534
Mg/(Mg+Fe2) 0.584 0.582 0.598 0.6 0.57 057 0.57 0.560 0.593 0.585 0.606 0.604 0.585 0.591 0.599 0.592 0.619 0.590 0.591 0.591 0.604 0.598 0.581
Fe3/(Fe3+Alvi) 0.591 0.56 0.625 0.59 0.557 0.54 0.534 0.514 0.584 0.563 0.632 0.613 0.556 0.582 0.609 0.597 0.615 0.581 0.587 0.564 0.555 0.648 0.638
Sum of S2 13 13 13 13 13 13 13 13 13 13 13 13 13 13 13 13 13 13 13 13 13 13 13
Amphibole calculation scheme - hbl matrix section 2A (1/3), 3 (2/3), 4 (3/5)

Sample no hbl24 hbl25 hbl26 hbl27 hbl28 hbl29 hbl30 hbl31 hbl32 hbl33 hbl34 hbl35 hbl36 hbl37 hbl38 hbl39 hbl40 hbl4l hbl42 hbl43 hbl44 hblda5
Amphibole group Ca Ca Ca Ca Ca Ca Ca Ca Ca Ca Ca Ca Ca Ca Ca Ca Ca Ca Ca Ca Ca Ca
(Ca+Na) (B) 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
Na (B) 0.244 0.235 0.272 0.252 0.265 0.258 0.271 0.271 0.259 0.268 0.260 0.258 0.260 0.265 0.263 0.254 0.228 0.244 0.238 0.255 0.261 0.255
(Na+K) (A) 0.508 0.508 0.503 0.533 0.510 0.547 0.551 0.543 0.526 0.538 0.542 0.540 0.523 0.532 0.520 0.566 0.545 0.508 0.562 0.543 0.538 0.521
Mg/(Mg+Fe2) 0.568 0.576 0.587 0.565 0.576 0.590 0.581 0.579 0.586 0.580 0.574 0.590 0.584 0.575 0.595 0.568 0.575 0.589 0.574 0.587 0.577 0.575
Fe3/(Fe3+Alvi) 0.611 0.561 0.598 0.531 0.576 0.644 0.591 0.586 0.569 0.597 0.578 0.614 0.575 0.560 0.588 0.531 0.542 0.551 0.584 0.628 0.611 0.600
Sum of §2 13 13 13 13 13 13 13 13 13 13 13 13 13 13 13 13 13 13 13 13 13 13
Amphibole calculation scheme - px matrix section 3 (2/3) Amphibole calculation scheme - matrix section T1 (1/2)

Sample no hbll1 hbl2 hbl3 Sample no hbll1 hbl2 hbl3 hbl4 hbl5 hblé

Amphibole group Ca Ca Ca Amphibole group Ca Ca Ca Ca Ca Ca

(Ca+Na) (B) 2 2 2 (Ca+Na) (B) 2 2 2 2 2 2

Na (B) 0.246 0.263 0.244 Na (B) 0.251 0.244 0.204 0.214 0.072 0.247

(Na+K) (A) 0.545 0.491 0.468 (Na+K) (A) 0.493 0.479 0.481 0.572 0.608 0.462

Mg/(Mg+Fe2) 0.551 0.545 0.558 Mg/(Mg+Fe2) 0.471 0.455 0.491 0.496 0.459 0.525

Fe3/(Fe3+Alvi) 0.625 0.568 0.628 Fe3/(Fe3+Alvi) 0.633 0.572 0.690 0.562 0.730 0.642

Sum of S2 13 13 13 Sum of §2 13 13 13 13 13 13
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Appendix IX. EDS-analyzed garnet in the garnet amphibolite and melt accumulation vein sample (section 24 (1/3), 3 (2/3), 4
(3/5) and Tl (1/2)).

Section

Na20
Mgo
Al203
Si02
P205
S

K20
Ca0
Tio2
V205
Cr203
MnO
FeO
Zro2
Total

2A (1/3) 2A(1/3) 2A(1/3) 3(2/3) 3(2/3) 3(2/3) 3(2/3) 4(3/5) 4(3/5) 4(3/5) 4(3/5) T1(1/2) T1(1/2) T1(1/2)

0.01 0.06 0.02
23 224 323
21.04 2123 20.32
37.24 37.32 3759
0.02 0 0.01
0 0 0.03
0.02 0.01 0.01
10.17 10.3 12.93
0.06 0.07 1.83
0.14 0.06 0.07
0.03 0 0
3.01 256 033
2595 26.16 2361
0 0 0
100 100 100

0.02
244
21.51
37.91
0.1
0.03
0.03
11
0.09
0.04
0.01
0.99
25.82
0.01
100

0
3.42
21.67
38.25
0
0.02
0
9.46
0.08
0
0.02
1.56
25.54
0

100

0.06
3.25
21.63
37.84
0.02
0
0.02
8.7
0.12
0.07
0.06
1.66
26.58
0

100

0 0.04
3.56 4.16
2154 215
38.44 38.35
0 0.02
0.05 0
0.01 0.03
11.65 9.42
0 0.07
0.08 0.01
0 0.07
031 0.34
24.36 25.98
0 0

100 100

0.05
3.58
21.12
38.04
0.03
0
0.05
12.15
0.23
0.04
0
0.29
24.38
0.02
100

0.02
2.87
216
38.51
0

0
0.03
12.43
0.11
0.01
0.03
0.61
23.74
0.03
100

0.05
2.67
21.69
38.3
0.14
0

0
11.97
0.06
0.07
0
0.91
24.13
0

100

0.01
3.4
21.36
38.11
0

0
0.01
11.06
0.08
0.04
0.03
0.68
25.22
0

100

0
3.24
21.04
37.81
0.05
0.02
0
10.88
0.04
0.09
0.02
0.59
26.17
0.04
100

0.02
3.25
21.17
37.98
0.01
0
0.01
9.83
0.05
0.08
0.01
1.08
26.47
0.04
100

Appendix X. Harker diagram with SiO; plotted against CaO, of the qz-plag area, matrix domains and the dominating minerals
for the different sections. The mean values of the qz-plag areas and matrix domains are shown as larger dots. Plotted in GCDkit
(Janousek et al., 2006). Abbreviations: wr: whole rock, hbl: hornblende, px: pyroxene, gt: garnet, plag: plagioclase, qz: quartz,
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Appendix X1. Harker diagram with SiO; plotted against TiO,, of the qz-plag area, matrix domains and the dominating minerals
for the different sections. The mean values of the qz-plag areas and matrix domains are shown as larger dots. Plotted in GCDkit
(Janousek et al., 2006). Abbreviations: wr: whole rock, hbl: hornblende, px: pyroxene, gt: garnet, plag: plagioclase, qz: quartz,

cpx: clinopyroxene, kfsp: K-feldspar, ilm: ilmenite.
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Appendix XII. EDS-analyses of 2000x2000 um areas in the qz-plag areas of the garnet amphibolite and melt accumulation vein
sample (section 24 (1/3), 3 (2/3), 4 (3/5) and T1 (1/2)).

qz-plag area wr

Section  2A(1/3) 2A(1/3) 2A (1/3] 2A (1/3] 2A (1/3) 2A (1/3) 2A (1/3] 2A (1/3) 3(2/3) 3(2/3) 3(2/3) 3(2/3) 4 (3/5) 4(3/5) 4(3/5) 4(3/5) 4 (3/5) 4(3/5) 4(3/5)
Na20 409 461 298 432 408 387 400 492 376 3.56 4.82 480 372 400 382 330 517 587 456
Mgo 01 012 004 005 006 014 009 006 007 016 008 010 009 012 006 0.10 024 011 0.13
AL203 1278 1474 923 1349 1284 1229 1251 1564 1145 11.37 14.90 1506 11.53 1265 11.92 10.06 1626 18.79 14.19
Si02 79.26 7625 8394 7831 788 80.06 79.96 75.03 80.59 81.00 75.89 75.66 81.48 79.39 80.71 83.45 72.94 70.01 77.19
P205 0.03 0 o1 0 007 000 000 000 000 002 003 009 000 001 001 000 0.05 0 0.02
s 0 0 0 007 005 005 002 002 004 000 000 002 006 000 0.03 006 005 0.04 0
K20 038 038 026 042 035 031 036 044 023 026 033 035 026 030 026 022 035 041 039
ca0 3.07 363 225 31 313 303 293 363 289 296 360 3.63 258 3.07 297 252 433 449 327
Tio2 0.01 0 053 0 025 000 001 000 049 0.05 000 000 0.00 017 000 0.05 0.01 0 01
V205 0 003 0 0 003 000 003 000 001 000 001 001 000 003 000 0.00 0 001 003
Cr203 0 0 001 0 003 000 000 004 000 000 001 001 000 0.00 000 003 0.01 0 0
MnO 0.02 0 0 0.06 0 001 000 000 001 000 004 000 000 001 000 000 0.07 0.05 0.01
FeO 024 024 067 017 031 025 041 021 042 063 029 027 022 024 021 021 052 017 0.11
2r02 0 0 0 0 0 000 000 000 003 000 000 000 005 000 002 0.00 0 0.06 0
Total 1000 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
qz-plag area wr

Section  T1(1/2) T1(1/2) T4 (1/2) T1(1/2) T1(1/2) T1(1/2) T1(1/2) T1(1/2) T1(1/2 T1(1/2 T1 (1/2 T4 (/2 T4 (1/2 T4 (1/2 T1 (1/2 TA (1/2 T4 (1/2 T1 (1/2 T1 (1/2
Na20 8.08  7.85 8 81 82 799 8 795 806 798 7.82 797 822 809 839 816 828 887 7.92
Mgo 013 048 009 01 006 01 009 01 008 008 008 013 011 014 015 006 006 014 0.16
AL203 231 2275 2345 2324 2358 234 2312 2261 2311 229 2242 2337 23.69 22.44 2308 23.32 23.18 22.86 22.1
sio2 62.96 63.75 62.66 62.88 6255 6271 63.34 64.12 63.35 63.47 64.28 62.89 62.31 63.86 63.09 62.98 63.08 63.34 64.53
P205 0.05 0 0 0.03 0 001 0 0 0 0 0 0 0 001 0 0 0 0 0
s 0 001 0.02 0 001 0 0 0 0 004 0.04 0 002 0.04 0 0 0.02 0 01
K20 061 063 054 061 056 064 08 095 061 068 086 064 055 0.83 099 076 084 093 088
ca0 466 455 496 473 485 486 437 389 459 462 42 477 479 435 38 445 431 349 3.89
Ti02 0.07 0 003 007 004 0 005 012 0.06 0 001 003 001 004 007 0.05 0 0 0.2
V205 0 0 0 0.01 0 006 0.01 0 0 001 002 004 0.5 0 0 0 004 008 0
Cr203 0.01 0 0 001 002 005 0 0 0 0 0 0 003 001 001 003 0 0 007
Mno 0.05 0 005 008 004 0 0 004 001 003 001 0 0 0 0 0 0 0 0
FeO 025 029 015 01 009 015 022 016 013 02 023 017 024 018 042 014 0.19 028 033
2102 0.03 0 004 005 0 004 0 007 0 0 0 0 0 001 0 0.04 0 0 0
Total 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
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Appendix XIII. EDS-analyses of 2000x2000 um areas in the amphibolite matrix of the garnet amphibolite sample (section 24
(1/3), 3 (2/3) and 4 (3/5)).

hblmatrixwr

Section  2A(1/3) 2A(1/3) 2A(1/3) 2A(1/3) 2A (1/3) 2A(1/3) 2A(1/3) 2A (1/3) 3(2/3) 3(2/3) 3(2/3) 4(3/5) 4(3/5) 4(3/5) 4 (3/5) 4(3/5) 4(3/5) 4(3/5) 4(3/5)
Na20 354 265 298 338 203 337 274 359 234 291 238 38 317 229 241 392 409 421 192
Mgo 589 857 801 757 833 75 841 713 888 845 927 669 753 938 883 647 62 595 921
Al203 1559 1404 1493 1581 149 1585 1417 1593 12.85 14.34 1221 16.26 1493 13.17 13.17 1673 17.19 174 11.58
si02 42.95 4324 4429 4577 4503 461 4348 4586 40.82 4443 4184 47.88 4471 4268 41.85 47.06 47.24 4813 40.61
P205 023 036 061 003 002 02 007 01 018 014 002 006 048 017 037 028 085 009 027
s 54 074 009 021 01 044 194 007 253 004 028 005 017 038 031 024 034 006 0.14
K20 077 111 111 107 111 099 109 092 111 102 103 092 1.02 11 109 088 087 076 105
ca0 874 1072 10.89 103 1056 10.14 1031 977 10.08 1041 984 957 10.38 10.9 1056 996 993 9.06 10.11
Tio2 236 247 205 214 204 166 198 284 347 272 454 174 257 253 364 188 159 216 544
V205 013 009 011 011 008 014 016 009 006 013 021 01 011 016 014 003 001 015 024
Cr203 0 004 0 0 003 001 001 005 002 003 006 0 0 0 0 01 008 0 0
MnO 0 006 0 0 004 005 002 0 0.06 0 011 0.04 0 0 008 001 002 01 005
FeO 1437 1583 14.88 1378 1477 1349 1556 1357 17.59 1536 1821 12.87 14.82 17.24 17.46 1234 1158 1191 19.39
2r02 003 009 0.04 0 005 006 007 007 0 0 001 0 0 0 008 003 002 001 0
Total 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
pxmatrixwr

Section  3(2/3) 3(2/3) 3(2/3) 3(2/3)

Na20 222 193 184 25

Mg0 853 938 807 7.96

AL203 732 775 791 81

sio2 4733 4847 5469 547

P205 094 012 011 0

s 019 0.08 026 014

K20 018 037 036 019

Ca0 158 1532 1377 15.15

Tio2 411 243 073 089

V205 018 013 013  0.04

Cr203 0 013 0 0

MnO 006 014 001 012

FeO 1305 1375 1201 10.12

Zr02 0.09 0 001 009

Total 00 100 100 100
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