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We present heavy-mineral and garnet geochemical data of recent stream sediments and HP‒UHP bedrock from the Flatraket and Ulvesund
plutonic bodies and from the island of Runde, Western Gneiss Region, SW Norway, to test to what extent the heavy minerals and the garnet geo
chemistry in stream sediments reflect the geological situation in the source area. The heavy-mineral assemblages of the stream sediments contain
garnet, green calcic amphibole and epidote-group minerals, which reflect greenschist-facies and higher grade metamorphism in the source area.
The geochemical data of garnets point to high-grade metamorphic conditions. Overall, the heavy-mineral and garnet geochemical data reflect the
geological situation in the source area, which confirms the application and the importance of heavy minerals in sedimentary provenance analysis.
Geochemical data of heavy minerals usually show a wider distribution in the sediments than the data of heavy minerals measured in the bedrock.
However, our results demonstrate that this is not always the case. Some garnets measured in the bedrock, especially lower grade and ultrahighgrade metamorphic garnets, are only of secondary importance or they are lacking in the sediments. This probably results either from larger grain
sizes of garnets in some source rocks than in the studied grain-size window of the sediments, or because those garnets are diluted by a high input
of garnets from source rocks containing higher amounts of garnets.
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information about the tectonic and erosional history of the
source areas (e.g., Garzanti et al., 2009; von Eynatten et al., 2012).
However, numerous processes during the sedimentary cycle can
affect the detrital grain signature (e.g., Morton & Hallsworth,
1999). Therefore, it is important to learn more about these
processes and to find ways to minimise potential bias. In this study,

Introduction
Detrital heavy minerals from sediments provide insights into the
geology of the entire catchment area. Several techniques exist to
analyse different mineral grains and every single grain preserves
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we sampled three different small catchment areas in the Western
Gneiss Region in order to test if the heavy-mineral and garnet
geochemistry of the stream samples for the commonly used grainsize fraction of 63‒125 µm reflects the geological situation in the
source area. Some studies have shown that the use of a narrow
grain size can give misleading results, because through physical
processes detrital minerals are segregated according to their size,
density and shape (Morton & Hallsworth, 1999; Garzanti et al.,
2008, 2009, 2010), even within a single mineral group (Schuiling
et al., 1985; Andò, 2007; Garzanti et al., 2008). However, because
sampling and sample preparation can be very time consuming, we
wanted to test whether we are able to make inferences about the
geology of the source area when only one sample is available and
if only one grain-size fraction of the sample is considered. Garnet
is very useful in sedimentary provenance analysis, because it exists
in many different types of rock and its chemical composition can
be correlated with the conditions under which the source rocks
were formed (e.g., Andó et al., 2014; Krippner et al., 2014). With
increasing pressure and temperature conditions in the source
area, garnet shows progressive substitution from Mn2+ to Fe2+ and
Mg2+ (Miyashiro, 1953; Nandi, 1967; Deer et al., 1992; Andó et al.,
2014). Therefore, garnet has important provenance applications.
However, there exist some overlaps between different garnet
assemblages, which need to be considered carefully (see Krippner
et al., 2014).

Geological setting
The Scandinavian Caledonides were formed during the continental collision between Baltica and Laurentia under closure of the
Iapetus Ocean during the Silurian. The Western Gneiss Region
(WGR) is generally interpreted to represent the westward continuation of the Fennoscandian basement of Baltica (e.g., Roberts & Gee, 1985; Brueckner & van Roermund, 2004; Root et al.,
2005, Spengler et al., 2009). During the Scandian phase (435−390
Ma) of the Caledonian orogeny, the subduction of Baltica beneath
Laurentia produced high-pressure (HP) and ultrahigh-pressure
(UHP) rocks (Griffin & Brueckner, 1980, 1985; Gebauer et al.,
1985; Mørk & Mearns, 1986; Andersen et al., 1991; Krabbendam
et al., 2000; Terry & Robinson, 2004). The depth of subduction
increases towards the northwest (Fig. 1; Andersen et al., 1991;
Brueckner, 1998; Brueckner & van Roermund, 2004; Hacker et al.,
2010; Beyer et al., 2012). The WGR consists mainly of granodioritic to granitic orthogneisses and is considered to represent Baltican basement (Tucker et al., 1990). The gneisses are predominantly
of amphibolite-facies metamorphic grade (Bryhni & Andréasson,
1985; Krabbendam & Wain, 1997; Krabbendam et al., 2000), but in
some parts granulite-facies assemblages occur (Griffin et al., 1985;
Krabbendam et al., 2000). The orthogneisses are locally overlain by
pelitic paragneisses, but they are very scarce (Carswell & Cuthbert,
2003). Within the gneisses, eclogite lenses and pods occur but they
make up only 1 vol.% of the HP‒UHP terrane (Root et al., 2005).
Following the UHP event, rocks of the WGR underwent a strong
amphibolite-facies recrystallisation. Some of the eclogites survived
this overprint, but many of the UHP minerals were replaced by
amphibolite-facies minerals.

Sampling areas
Samples were collected from two drainage systems in the Nordfjord–Stadlandet area and from the island of Runde off the coast
southwest of Ålesund (Fig. 1). Sampling sites at or near the river
mouths were chosen in such a way that the stream samples have
not been affected by reworking and mixing with sediments from
coastal currents. In a glaciated terrain, pebbles collected from
streams can be exotic and need to be considered carefully. In western Norway, the till cover is only very thin and discontinuous
(Thoresen, 1990). Moreover, the composition of the till reflects the
local bedrock composition, because most of those deposits were
only transported over short distances (Tiberg, 1998). In this case,
an exotic input can be neglected.

Flatraket
The Flatraket body (Fig. 2) is located within the UHP domain
(Root et al., 2005) and the mixed HP‒UHP transition zone (Wain,
1997) and preserves pre-Caledonian igneous and granulite-facies
assemblages, which underwent little or no Caledonian deformation (Krabbendam et al., 2000). The main rock type of Flatraket
is a micaceous quartzo-feldspathic gneiss with megacrystic K-feldspar which, in its core, equilibrated under amphibolite-facies conditions (Krabbendam et al., 2000). This gneiss is surrounded by a
transition zone composed of felsic granulite gneisses. Within these
gneisses, layers and pods of dioritic, anorthositic and mafic composition are preserved. The eclogites make up c. 5% of the Flatraket area and are partially retrogressed to amphibolite-facies assemblages. The granulite is also strongly affected by amphibolite-facies
retrogression (Krabbendam & Wain, 1997; Wain et al., 2001).
The stream sample (AK–N13–1) was taken where the main river
enters the sea (Fig. 2). Additionally, some source rocks were taken
for comparison. Sample AK–N11 is a granulite of felsic composition with only a minor garnet content, sample AK–N16 is a mafic
eclogite with a high content of garnet and sample AK–N–12 is a
UHP eclogite of mafic composition with very high garnet content
taken in outcrop; samples AK–N13–2a, AK–N13–2b, AK–N13–2c
and AK–N13–2d are pebbles taken from the river bed. Pebbles
AK–N13–2a and AK–N13–2b are of mafic eclogitic composition
with a high garnet content, samples AK–N13–2c and AK–N13–2d
are felsic gneisses. In sample AK–N13–2c, garnets occur only in
traces and in sample AK–N13–2d even fewer garnet grains are
present. The geographic coordinates, compositions and garnet
contents of all samples are given in Table 1.

Ulvesund
The Ulvesund body is located in the HP‒UHP transition zone
(Wain, 1997) and is mainly composed of medium- and finegrained, garnetiferous felsic gneiss, which contains relics of metamorphic (granulite-, eclogite- and amphibolite-facies) assemblages.
Ultramafic pods have only a minor distribution in comparison with
the Flatraket body. Most mafic pods are small with well equilibrated
eclogite-facies assemblages (Krabbendam et al., 2000).
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Figure 1. Map of the Western Gneiss Region showing ultrahigh-pressure (UHP) domains and peak metamorphic temperature isolines (after
Root et al., 2005; Kylander-Clark et al., 2008; Wang et al., 2013). Boxes indicate locations of the study areas.

The Trollebøelva stream sample (AK–N8–1) was taken near
the river mouth (Fig. 3). Additionally, some country rocks were
collected from this area for comparison. Sample AK–N9–1 is a
garnet-rich felsic granulite taken in outcrop; sample AK–N8–2 is a
pebble of mafic eclogitic composition, also rich in garnets, collected
from the river bed. The geographic coordinates, compositions and
garnet contents of all samples are given in Table 1.

Runde
The island of Runde is located within a UHP domain, which is
interpreted to be allochthonous relative to the WGR basement
(Root et al., 2005; Beyer et al., 2012). The main rock type of the
island of Runde is quartzo-feldspathic gneiss. The allochthonous
cover units include different types of rock such as quartzites, mar-
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Figure 2. Map showing sample localities and the surrounding geology of the Flatraket area (compiled from Krabbendam et al., 2000; Carswell
et al., 2003). Abbreviation: UHP – ultrahigh-pressure.

bles, calc-silicate gneisses, kyanite schists, augen gneisses, amphibolite and garnet-free peridotite, as well as eclogites, which makes
this area more heterogeneous than the other two catchment areas
(Root et al., 2005; Beyer et al., 2012).
The sample AK–N37 was taken from the beach on the southern
side of the island (Fig. 4). Also, two bedrock samples were collected

for comparison with the beach sample. Sample AK–N38 is a
garnet-rich mafic eclogite and sample AK–N39–1 is a relatively
garnet-rich, intermediate garnetiferous gneiss taken in outcrop.
The geographic coordinates, compositions and garnet contents of
all samples are given in Table 1.
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Table 1. Sample location data (WGS 84) of all samples (stream sediments and hardrocks), composition of hardrocks and garnet content.
Sample

Type

Locality

Northing

Easting

Composition

AK–N8–1

stream

Ulvesund body

61°56.565'

5°08.809'

mafic

AK–N8–2

pebble (eclogite)

Ulvesund body

61°56.565'

5°08.809'

mafic

+

AK–N9–1

granulite

Ulvesund body

61°56.257'

5°08.565'

felsic

+

AK–N11

granulite

E of Flatraket

61°58.703'

5°14.716'

felsic

o

AK–N12

eclogite (UHP)

Flatraket harbour

61°58.710'

5°14.063'

mafic

++

AK–N13–1

stream

Flatraket

61°58.554'

5°13.845'

AK–N13–2a

pebble (eclogite)

Flatraket

61°58.554'

5°13.845'

mafic

+

AK–N13–2b

pebble (eclogite)

Flatraket

61°58.554'

5°13.845'

mafic

+

AK–N13–2c

pebble (gneiss)

Flatraket

61°58.554'

5°13.845'

felsic

-

AK–N13–2d

pebble (gneiss)

Flatraket

61°58.554'

5°13.845'

felsic

o

AK–N16

eclogite

Flatraket

61°57.281'

5°12.562'

mafic

+

AK–N37

beach

Runde

62°23.341'

5°38.252'

AK–N38

eclogite

Runde

62°24.212'

5°39.230'

mafic

+

garnet gneiss

Runde

62°24.012'

5°39.459'

intermediate

o

AK–N39–1

Garnet content

++ – very high, + – high, o – medium, - – less.
Abbreviation: UHP – ultrahigh-pressure.
5°12’E

5°09’E

Ulvesund
Sørpollen
598 m

61°57’N

Stream
sample
AK-N8-1

400
lva

bøe

pebble
AK-N8-2
granulite
AK-N9-1

lle
Tro

652 m
watershed
490 m

Deknepollen
200

0

500 m

KEY
Micaceous quartzo-feldspathic gneiss,
with minor quartzite, amphibolite,
anorthosite

Granulite (partly retrogressed)

Granitic augen gneiss

Ultramafic rocks

Eclogite

Figure 3. Map showing sample localities and the surrounding geology of the Ulvesund area (modified from Krabbendam et al., 2000).
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Figure 4. Map showing sample localities and the surrounding geology. Modified from a NGU map of Runde island (1:50,000) prepared by
the NGU map generator (http://geo.ngu.no/kart/berggrunn/). The eclogite localities are also indicated (Root et al., 2005; Spencer et al., 2013;
Bradley R. Hacker, pers. comm., 2014; own field observations). Abbreviations: HP – high-pressure, UHP – ultrahigh-pressure.

Methods
Recent fluviatile deposits near or directly at the river mouth were
sampled. In addition, bedrock samples were collected since they
represent the source for the detrital material. Bedrock samples
were taken in outcrop and pebbles were collected directly from the
river bed.
Stream sediments were wet-sieved using a sieving machine. After
drying, the 63‒125 µm size fractions were treated with acetic acid
to remove the carbonate component if present. The heavy mineral
fractions were separated using sodium metatungstate with a density
of 2.85 g/mL. The heavy mineral residues were mounted on microscope slides (Mange & Maurer, 1992) using MeltmountTM with a
refraction of 1.66 and identified under the polarising microscope,
with the relative abundances determined by grain counting. For that,
the microscope slide was moved along linear traverses and all grains
between two parallel lines were counted (i.e., ribbon counting;

Mange & Maurer, 1992). Two-hundred and fifty translucent minerals were point counted. Data of all heavy m
 inerals including opaque
minerals, micas and unknowns are given as supplementary data (see
Supplementary Table S1) and in a second table only groups of transparent minerals are given (see Supplementary Table S2).
Garnet selection from the stream sediments was achieved by
handpicking under a binocular microscope. We randomly selected
garnet grains of all sizes and morphological types and set them
in synthetic mounts. From the bedrock samples polished thin-
sections were prepared. Bedrock and stream samples were analysed
with a JEOL JXA 8900 RL electron microprobe (EMP) equipped
with five wavelength dispersive spectrometers at the University
of Göttingen (Department of Geochemistry, Geoscience Center).
Before analysis, all samples were coated with carbon to ensure
conductivity. Conditions included an accelerating voltage of 15 kV
and a beam current of 20 nA. The counting times were 15 seconds
for Si, Mg, Ca, Fe and Al, and 30 seconds for Ti, Cr and Mn. Matrix
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Table 2. Operating conditions of the electron microprobe for garnet analyses. Count time on the peak (in s), Bckg time counting time on background
position (in s), DL detection limit (in ppm).
Spectrometer
Element (Line)
Count time

1 TAP

1 TAP

2 TAP

3 PETJ

4 PETJ

4 PETJ

5 LIFH

5 LIFH

Si (Kα)

Al (Kα)

Mg (Kα)

Ca (Kα)

Ti (Kα)

Cr (Kα)

Mn (Kα)

Fe (Kα)

15

15

15

30

30

30

15

15

Bckg time

5

5

5

5

15

15

15

5

Standard

Garnet,
natural

Garnet,
natural

MgO,
synthetic

CaSiO3,
natural

TiO2,
synthetic

Cr2O3,
synthetic

Rhodonite,
natural

Fe2O3,
synthetic

160

138

104

138

113

135

117

216

DL

correction was performed using ZAF corrections. We prefe
r
entially analysed garnet rims and cores. Measurement conditions
are also given in Table 2. The full database including lithology and
metamorphic grade is presented in Supplementary Table S3.

Results
Heavy mineral analysis
Opaque minerals and micas are not considered in the diagram
(Fig. 5) to illustrate the total concentration of transparent heavy
minerals (HM).
Flatraket. The dominant heavy minerals are green calcic amphibole which represents 36% and epidote-group minerals (epidote,
zoisite) which represent 39% of the heavy-mineral spectrum.

Here, zoisite is the most dominant mineral. Garnet, pyroxene,
apatite and stable minerals (zircon, tourmaline and rutile) occur in
minor percentages. Olivine, titanite and kyanite occur only in low
percentages and are therefore grouped as ‘others’ (Fig. 5).
Ulvesund. The dominant heavy mineral is garnet, which represents 73% of the heavy-mineral spectrum. Green calcic amphibole, epidote-group minerals and apatite occur in relatively high
percentages. Pyroxene and stable minerals (zircon, tourmaline and
rutile) occur only in minor percentages. Kyanite occurs only in
very low percentages and is therefore grouped as ‘others’ (Fig. 5).
Runde. The dominant heavy minerals are garnet, which represents 30%, and green calcic amphibole, which represents 45% of
the heavy-mineral spectrum. Epidote-group minerals, pyroxene,
apatite and stable minerals (zircon, tourmaline and rutile) occur in
minor percentages. Olivine, titanite and kyanite occur only in low
percentages and are therefore grouped as ‘others’ (Fig. 5).

Figure 5. Figure showing the heavy-mineral assemblages of the samples from the three catchment areas. Epidote-group: epidote, zoisite; stable
minerals: zircon, rutile, tourmaline; others: titanite, kyanite, olivine.
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Garnet geochemistry
The composition of garnets is illustrated in the ternary classifi
cation diagram of Mange & Morton (2007) using almandine +
spessartine, pyrope and grossular as poles, and the discrimination
fields A, B, Bi, Ci, Cii and D (Fig. 6). This diagram has been applied
widely in a number of garnet provenance studies (e.g., Morton et
al., 2004, 2005, 2011; Whitham et al., 2004; Mange & Morton, 2007;
Meinhold et al., 2010).
Flatraket. Garnets of sample AK–N13–2a overlap three compositional fields (A, Ci and Cii) but most of them are type A garnets
(Fig. 6A). Most of the garnets from sample AK–N12 are type Cii
garnets, some of them also plot in field Ci. Garnets of samples
AK–N13–2b, AK–N13–2d and AK–N11 plot in field Ci. Garnets
of sample AK–N16 plot in field Ci and field B. Garnets of sample AK–N13–2c are type B garnets. Most of the garnets from the
stream sediment are type Ci garnets (83%). Some of the garnets
also plot in fields A (9%), B (5%), Bi (2%) and Cii (1%).
Ulvesund. Garnets of samples AK–N8–2 and AK–N9–1 are both
type Ci garnets (Fig. 6B). Nearly all of the garnets from the stream
sediment are type Ci garnets (95%). A few garnets also plot in
fields A (1%), Bi (1%) and Bi (3%).

Runde. Garnets of sample AK–N39–1 plot in fields Bi and A (Fig.
6C). Garnets of sample AK–N38 plot in field Ci. Nearly all of the
garnets from the stream sediment are type Ci garnets (85%). A few
garnets also plot in fields A (8%) and B (7%).

Discussion
Overall, the heavy-mineral association and garnet geochemical data reflect the geological setting of the study area, but some
garnets measured in the basement rocks are lacking in the sediments. Detrital heavy minerals commonly reflect very well the
situation in the source area. Geochemical data of heavy minerals
often show a wider distribution in the sediments than the data of
heavy minerals measured in the bedrock, because it was not always
possible to sample all outcrop rocks due to difficult conditions in
the source area. Our results reveal that this is not always the case.
The detrital garnets from all three study areas in western Norway
reflect high-pressure conditions in the source area since almost all
the garnets plot in field Ci, the field for higher-grade metamorphic garnets. A few detrital garnets point to UHP conditions in the
source area.

Figure 6. Figure showing the composition of garnets in the ternary classification diagram of Mange & Morton (2007) with almandine +
spessartine, grossular and pyrope as poles. (A) Composition of detrital garnets from the stream sediment and the basement rock samples from
Flatraket. (B) Composition of detrital garnets from the stream sediment and bedrock samples from the Ulvesund body. (C) Composition of
detrital garnets from the stream sediment and basement rock samples from the island of Runde. Type A – mainly from high-grade granulitefacies metasedimentary rocks or charnockites and intermediate felsic igneous rocks, Type B – amphibolite-facies metasedimentary rocks, Type
Bi – intermediate to felsic igneous rocks, Type Ci – mainly from high-grade mafic rocks, Type Cii – ultramafic rocks with high Mg (pyroxenites
and peridotites), Type D – metasomatic rocks, very low-grade metamafic rocks and ultrahigh–temperature, metamorphosed, calc-silicate
granulites. Abbreviations: Alm – almandine, Sps – spessartine, Grs – grossular, Prp – pyrope, UHP – ultrahigh-pressure.
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The heavy-mineral assemblages from Flatraket, Ulvesund and
Runde are comparable with garnet, green calcic amphibole and
epidote-group minerals being the dominant heavy minerals,
which reflect greenschist-facies and higher-grade metamorphism
in the source area. The dominant heavy minerals in the stream
sample from Flatraket are green calcic amphibole and epidotegroup minerals (almost 70% of the HM spectrum), which reflect
the amphibolite-facies assemblages of the surrounding gneisses
(Supplement
ary Table S4; Krabbendam et al., 2000). Garnet
and pyroxene can be linked to the granulite- and eclogite-facies
gneisses and mafic layers and pods (Supplementary Table S4),
which occur widespread within the gneisses. The geochemical data
show that the eclogites and granulites are the main sources of the
detrital garnets. The garnets of the amphibolite-facies gneisses are
not well represented in the stream sediment, probably because the
gneisses only locally contain garnet grains. None of the garnets
of the stream sediment sample from Flatraket overlap with the
garnets from the gneiss pebble (sample AK–N13–2c). This possibly results from the coarser grain sizes of garnets in this sample.
The garnet grains of sample AK–N13–2c are generally coarser
than 500 µm (Supplementary Table S5). Also, the gneiss contains
very few garnet grains. Only a few detrital garnet grains show an
overlap with garnets of the eclogite pebble (sample AK–N13–2a)
and of the UHP eclogite (sample AK–N12). This is probably due to
the original coarser size distribution in these source rocks.
The dominant heavy mineral of the sample from the Ulvesund
body is garnet, which makes up more than 60% of the entire
heavy-mineral spectra. Most of the Ulvesund body comprises
medium- and fine-grained, garnetiferous felsic gneiss with dominantly amphibolite-facies assemblages, which represent remnants
of granulite-facies assemblages. The geochemical data of the detrital garnets reflect higher-grade metamorphic conditions, because
almost all of the detrital garnets plot in field Ci. In many samples
a slight decrease of MgO from core to rim is visible, which shows
that the garnets were affected by retrogression, but this is only
marginally significant. Also, garnets measured in the bedrock show
higher-grade metamorphic conditions. In summary, the heavymineral spectrum and the geochemical data from the stream sample of the Ulvesund body show a high overlap with garnets from
the granulite (sample AK–N9–1), which is the main rock type
exposed in the source area. Additionally, the granulite carries large
amounts of garnets. Overall, the granulite is the main source of the
detrital garnets.
The heavy-mineral spectrum of Runde is dominated by garnet and
green calcic amphibole. The allochthonous cover units underwent
high-pressure amphibolite-facies and a low-pressure granulitefacies overprint (Root et al., 2005). The geochemical data of the
detrital garnets show that the garnets are derived mainly from
high-grade metamorphic rocks, since they mostly overlap with
garnets measured in the eclogite. Some of the detrital garnets are
derived from lower-grade metamorphic rocks such as amphibolite-facies metasedimentary rocks and can probably be linked
to the allochthonous cover units. There are also two type Cii garnets, which point to UHP conditions in the source area. This fits
with the results of Root et al. (2004) who identified relict coesite
(a UHP indicator mineral) in the cores of garnets from an eclogite collected from Runde. None of the garnets of the stream sediment sample from Runde overlap with the garnets of the garnet
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gneiss (sample AK–N39–1). This possibly results from the original
coarser grain sizes of garnets in this sample (Supplementary Table
S5).
The heavy-mineral assemblages are similar in Flatraket, Ulvesund
and Runde, and vary only in proportions, probably depending on
the distribution of their source rocks in the catchment area. The
garnet compositions of all samples point to higher-grade metamorphic conditions since most of the garnets plot in field Ci with
minor type Cii, type A, type B and type Bi garnets. UHP pressure
conditions are only indicated in the stream sample of Flatraket and
the beach sample of Runde. From both locations, eclogites containing relict coesite inclusions in garnets are known, which points
to UHP conditions in each of these areas. UHP conditions are
not evident in the garnets of rocks from the Ulvesund body. This
is consistent with the lack of evidence for UHP eclogites in this
area. Because the UHP eclogites of Flatraket and Runde are rather
exceptional, garnets from these rocks, if any, occur only rarely in
the sediment. Another possible factor is the original coarser grainsize distribution in some rocks. For example, most of the garnets of
the UHP eclogite sampled in Flatraket (AK–N12) are coarser than
500 µm. Nonetheless, very few detrital garnets point to a derivation
from these UHP rocks.
The Trollebøelva stream drains the granulite of the Ulvesund body
(Fig. 3), which explains the high input of garnet grains, which in
turn reflects the high-pressure conditions in this area. Type B garnets are most evident in the sample from Runde. This is not surprising because garnet is common in the metasedimentary units of
the allochthonous cover units in contrast to the amphibolite-facies
gneisses of the basement. Therefore, the content of lower-grade
metamorphic garnet is higher on the island of Runde in contrast
to the other two study areas. In the samples of Flatraket and Ulvesund, the input of lower-grade metamorphic garnet may be diluted
by the high input of higher-grade metamorphic garnet, because
the content of garnet is higher in the rocks with granulite- and
eclogite-facies assemblages. Also possible is the grain-size inheritance from source to sediment, as some samples of the amphibolite-facies gneisses have large garnet grains (>125 µm in size) and
are therefore not evident in the analysed grain-size fraction from
63 to125 µm (Supplementary Table S5).
The three catchment areas form part of the N4 area in Morton et
al. (2004), who studied garnet from river sediments from different
parts of western Norway. In the study of Morton et al. (2004), 54%
of the garnets plot in field C. Our data yield far more type C garnets (c. 80–95% of the data plot in field C). This suggests that our
samples are completely influenced by the input from the crystal
line basement. Samples of the N4 area of Morton et al. (2004)
also contain some type B garnets, which are almost lacking in our
samples. This is probably due to the fact that some of the sample
localities of Morton et al. (2004) are within areas with Caledonian
cover units, which are more heterogeneous than the crystalline
basement.
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Conclusions
The heavy-mineral and garnet geochemical data very well reflect
the geological situation in all three study areas. The dominant rock
type in the areas is a layered micaceous quartzo-feldspathic gneiss.
The gneisses show amphibolite-facies assemblages of green calcic amphibole ± epidote-group and ± garnet (Krabbendam et al.,
2000), which is evident in the heavy-mineral spectra. In the three
study areas, most of the garnets are derived from higher-grade
metamorphic rocks such as eclogites and granulites, because these
rocks have a high content of garnet in contrast to the amphibolite-facies gneisses which mainly contain green calcic amphibole,
epidote-group minerals and only locally garnets. This is most
clearly seen in the sample from the Ulvesund body where the
stream drains the granulite, which carries huge amounts of garnet grains. However, some detrital garnets cannot be linked to the
garnets analysed in the bedrock, especially garnets derived from
amphibolite-facies gneisses. On the one hand, this may be due to
dilution by a strong influx of garnets from higher-grade metamorphic rocks, but, on the other hand this may result from the original
coarser grain size of garnets in the host rocks. Even though UHP
eclogites are only very rarely exposed in the study area, they are
obvious in the detrital garnets of Flatraket and Runde. Thus, with
only little effort (one sample per stream) it is possible to obtain
a relatively clear picture about the study area. However, to maximise the amount of provenance information, a larger number of
samples from a variety of locations should be used, as well as a
wider grain-size range (see Krippner et al., 2015). Nevertheless, our
results underline the applicability of heavy minerals and the power
of garnet geochemistry in sedimentary provenance analysis.
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