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Abstract

The Nesodden study area is part of the complex Southwest Scandinavian Domain in the Baltic
Shield. To investigate its magmatic/metamorphic evolution, and to constrain magma sources,
482 in situ LA-MC-ICPMS U-Pb and Lu-Hf analyses were performed on zircon grains from
granitic to tonalitic gneisses, granitoids, and a granitic pegmatite. The U-Pb data yield ages at
1.54-1.53 Ga for foliated granites and granitic gneisses, and 1.50-1.49 Ga for a second group
of granitic and tonalitic rocks, whereas the pegmatite gave an age of 1.05 Ga. The present day
YoHt/"THE ratios mainly range from 0.28191 to 0.28207; however, a smaller group (mainly
zircons from the Sveconorwegian pegmatite) have higher '"°Hf/'""Hf ratios of 0.28208 and
0.2822. The time-corrected initial Hf isotopic composition of zircons in 6 analysed rocks has
a range of 5-6 g¢Hf-units, whereas zircons in the remaining 3 samples have a much larger
range of 9-11 e¢Hf-units. The ranges indicate that the magmas were heterogeneous, with
contributions from isotopically distinct sources, including depleted mantle (egr = ca. +10) and
Paleoproterozoic crustal rocks corresponding in age and composition to the granitoids of the
Transscandinavian Igneous Belt (TIB) which have ey = -1 to -2. Whole-rock Pb isotope
compositions of the samples were determined by solution MC-ICPMS analysis. The present
day 2°Pb/*”Pb, *’Pb/***Pb and ***Pb/**Pb ratios vary widely, from 17.282 to 29.586, from
15.487 to 16.414 and from 36.901 to 45.912, respectively. A three-stage model of Pb isotopic
evolution can reproduce the present-day compositions: (1) A mantle stage ending at ca. 2.1
Ga; (2) extraction and emplacement of the crustal precursor at ca. 1.5 Ga, and; (3) anatexis
and metamorphism at ca. 1.05 Ga. The data confirm previously inferred Mesoproterozoic
younging to the west in the south-western part of the Baltic Shield, and support a model of
westwards growth of the Shield along a long-lived active continental margin. The effect of
Sveconorwegian metamorphism is reflected in discordant U-Pb data from the gneisses, and
confirmed by Pb-Pb modelling. Influence of Permian magmatic activity in the Oslo Rift area
at ca. 290 Ma is also reflected in the U-Pb data. Three-stage Pb-Pb modelling agrees with the
crustal residence time obtained by the Hf analyses. Data from inherited zircons further
indicate that the crustal component detected in the rocks does not derive exclusively from TIB
equivalents, but also reflects some recycling of marginally older, calc-alkaline gneiss

complexes in the region.
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1 Introduction

1.1 Purpose of study
The Precambrian supracrustal gneisses and various granitic (sensu lato) gneisses that make up
the study area are situated at the eastern edge of the Phanerozoic Oslo Rift, forming part of
the Kongsberg-Marstrand block (Andersen 2005) in the Southwest Scandinavian Domain of
the Baltic Shield or Fennoscandia (SSD; Figure 1 and 2). The granitic gneisses are structural
markers that constrain the minimum age for the deposition of the supracrustal rocks in the
area, and the maximum age for regional deformation and metamorphism, ages that at present
are not well known. The three-fold purpose of this study is to:
a) characterise the age relations between the granitic gneisses by U-Pb in sifu zircon
dating
b) to find out if Paleoproterozoic rocks are present at depth by zircon Lu-Hf isotope
analysis and by Pb-Pb analyses on whole rock samples
c) to attempt to constrain the relationships, if any, between the Kongsberg-Marstrand
block granitic gneisses and other rock provinces that make up the south-western Baltic

Shield

1.2 Geological setting

The field area is situated on the western shore of the Nesodden Peninsula in the Oslo fjord, in
south-eastern Norway. The area extends from Spro southward to Fagerstrand and covers ca. 8
km? (Figure 3). Most of the area is suburban, but it also includes farmland, lakes and forests.
In the Pleistocene, glaciations eroded and sculpted the landscape, and today the topography is
gentle, stretching from sea-level up to ca. 200 m above sea level. However, the crystalline
basement exposed on Nesodden is bounded by steeply dipping Permocarboniferous faults; in
fact, the entire peninsula forms a horst surrounded by graben structures related to the
formation of the ca. 290 Ma Oslo rift (Sundvoll et al. 1990). Movements along the faults have
been estimated to up to 1000 metres (Swensson 1986). The western fault zone makes up the
western boundary of the field area. To the east and west of the Nesodden crystalline
basement, folded Cambro-Silurian sedimentary rocks have been preserved in the graben
structures and are exposed on the numerous islands in the fjord. To the north,
Permocarboniferous (typically alkaline) plutonic and volcanic rocks dominate. On Nesodden,
these are represented by numerous dolerite dykes that cross-cut all other structures. The

Precambrian bedrock has received less attention than the neighbouring Oslo rift rocks and
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fossiliferous Palaeozoic strata. Although the area was mapped in some detail by Brock (1927)
and Gleditsch (1952), the precise nature of the relations between the Precambrian rock types

remain uncertain, doubtlessly due to the mostly tectonic nature of the contacts.

2 Regional geology

2.1 Introduction

The Baltic Shield is situated in the northern part of the East European Craton and is one of the
best known Precambrian shields in the world (Figure 1). It extends across Norway, Sweden,
Finland and north-western Russia. The Baltic Shield grew by multiple subduction-related
magmatic events and accretion of micro-continents onto an Archaean core in the late
Archaean and the Proterozoic (Gadl and Gorbatschev 1987). The north-eastern parts of the
Baltic Shield represent the core of the craton; from here it gets progressively younger towards
the southwest. This geochronological zonation roughly corresponds to crustal growth during
the 3.1-2.9 Ga Saamian orogeny, the 2.9-2.6 Ga Lopian orogeny, the 2.0-1.75 Ga
Svecofennian orogeny and the 1.75-1.5 Ga Gothian orogeny (Gaal and Gorbatschev 1987).
Later events mainly led to reworking and fracturing of the existing basement, and include the
1.25-0.9 Ga Sveconorwegian orogeny and the 0.6-0.4 Caledonian orogeny along with rifting
and continental igneous activity (sometimes referred to as anororogenic) (Gadl and
Gorbatschev 1987). Hence, the Precambrian Baltic Shield is divided into three domains from
the northeast to the southwest, the Archaecan Domain, dominated by Saamian and Lopian
rocks, the Svecofennian Domain, and the Southwest Scandinavian Domain, which is the part

of the Baltic Shield that was reworked in Sveconorwegian time.
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Orogenies: NE l:] Oslo Rift and Phanerozioc platform sediments
Saamian l:l Caledonides
3100-2900 Ma
I:I Southwest Scandinavian Domain (SSD)
Lopian o
2900-2600 Ma - Transscandinavian Igneous Belt (TIB)
I:I Svecofennian Domain
gggng?ggi?\;a - Belomorian Province
I:l Kola Peninsula Province
Gothian ] Karelian Province and Greenstone belts (black
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v LGB Lappland Granulite Belt
?;gg?gng(;w“:agmn NSP Northern Svecofennian Province
SW CSP Central Svecofennian Province
Caledonian " .
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-

Volgo-Uralia

Baltic Shield

East European Craton

Figure 1. The Baltic Shield — major tectono-stratigraphic units. Modified after Gaal and Gorbatschev
(1987) and GeoGuide Online.

2.2 The Archaean Domain

The Archaean core of the Baltic Shield was formed between 3.51 and 2.5 Ga ago as a result of
multiple events of subduction, accretion, collisional events and mantle-plume activity
(Mutanen and Huhma 2003, Slabunov et al. 2006). It is divided into three crustal provinces
separated by Proterozoic thrust faults: the Karelian Province in the south, the Belomorian
Province in the central part and the Kola Peninsula Province in the northeast (Figure 1).

The oldest parts of the Archaecan Domain are found in the Karelian Province, which
includes the relatively poorly known 3.1-2.9 Ga Saamian rocks and the 2.9-2.6 Ga Lopian
rocks, along with rare occurrences of up to 3.5 Ga old rocks, including the oldest European
rock, the Siurua gneiss (Gadl and Gorbatschev 1987, Mutanen and Huhma 2003). These
typically tonalitic-trondhjemitic-granodioritic (TTG) gneisses represent the oldest preserved
continental crust in the Baltic Shield, providing information about the earliest evolution of the
crust (Gadl and Gorbatschev 1987 and references therein). Dating by U-Pb, Rb-Sr and Sm-Nd
methods, together with REE studies, show that the up to 3.1 Ga old Saamian plutonic rocks
consist of material that have a previous crustal residence time of 250 to 500 Ma (Jahn et al.
1984). The Lopian of the Karelian Province includes more than 20 major and several minor
komatiite bearing greenstone belts intruded by granites, and surrounded by Archaean TTG

gneisses (Gadl and Gorbatschev 1987). The Lopian rocks provide evidence for late Archaean

10
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plate tectonics, and most of the Archaean rocks were formed in this time period (Gaal and
Gorbatschev 1987).

The mainly 2.9-2.7 Ga Belomorian Province consists predominantly of medium- to
high-grade paragneisses (including f. ex. banded iron quartzites, metapelites and
amphibolites) related to subduction along the margin of the Karelian Protocraton (Bibikova et
al. 2001). The Karelian and the Belomorian Province are separated by a 30-50 km wide
“junction zone” marked by greenstone belts, interpreted to outline a Neoarchaean collisional
front (Bibikova et al. 2001 and references therein).

The Kola Peninsula Province consists mainly of metapelites and quartzites that were
deposited at ca. 2.9-2.7 Ga and later deformed, metamorphosed and affected by granitic
magmatism at ca. 2.7-2.6 Ga (Gadl and Gorbatschev 1987 and references therein). The Kola
Peninsula gneisses are poly-deformed and poly-metamorphic and the primary Neoarchaean
relationships between the different terranes are therefore only partly preserved (Bibikova et al.
2001 and references therein).

At the beginning of the Proterozoic, the development of several rift systems led to the
break-up of the Archaean protocraton, possibly as the result of mantle plume activity
(Bibikova et al. 2001 and references therein). The final break up of the Archaean craton
occurred at ca. 1.95 Ga ago and an ocean basin was formed (Nironen 1997). The break-up
was followed by the 1.95-1.80 Ga Lapland-Kola orogen, involving the reassembling of the
previously rifted fragments and leading to the formation of the Lapland Granulite Belt along
the collisional front (Bibikova et al. 2001 and references therein). In general, Proterozoic
reworking of the Archaean Domain was most intense in the Belomorian and the Kola
Province (both extensively reworked during the Lapland-Kola orogeny). In the Karelian
Province the reworking was less intense (Bibikova et al. 2001 and references therein)
although both rifting (Samsonov et al. 2005 and references therein) and granitoid and mafic
magmatism took place (Kédpyaho et al. 2006 and references therein). A second collisional
zone, the Svecofennian, is coeval with the Lapland-Kola collisional orogen and will be

discussed further in the following chapter.

2.3 The Svecofennian Domain

In the Paleoproterozoic, a passive continental margin developed along the western edge of the
Archaean craton. Metasediments originally deposited as turbidites and conglomerates indicate

a shelf, or near-shelf environment at the time of deposition (Nironen 1997). Also, some

11
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metaturbidites along the eastern part of the Svecofennian Province were deposited on an
unconformity, testifying to erosion prior to the sedimentation (Gadl and Gorbatschev 1987).
With the start of the Svecofennian orogen, large scale formation of juvenile continental crust
took place, focused primarily to a short period lasting from 1.93 to 1.87 Ga (Gaal and
Gorbatschev 1987). The large amounts of igneous rocks produced within a short time period
is particular to the Svecofennian, setting it distinctly apart from the Archaean and the
Phanerozoic.

The Svecofennian Domain is divided into three major provinces: the Northern, the
Central and the Southern Svecofennian Province. The Northern and the Southern Provinces
are volcanic belts dominated by mainly dacitic and rhyolitic calc-alkaline volcanic suites.
These two volcanic belts have many similarities, both of them are thought to be remnants of
island arcs, and both are underlain by thick basal greywackies that suggest a continental
margin environment (Gadl and Gorbatschev 1987 and references therein). Both the Northern
and Southern Provinces’ volcanic rocks were formed during a short time interval between
1.90-1.87 Ga ago (Gadl and Gorbatschev 1987 and references therein).

The two volcanic belts form a U-shaped arc that envelops the Central Province from the
north, east and south. The Central Province consists mainly of metagreywackies and
metapelites, originally deposited in a sedimentary basin often referred to as the Bothnian
basin (Lundquist 1979 and references therein). Most of the Svecofennian Domain is intruded
by granitoids, representing early-, late- and post-orogenic magmatism, making it difficult to
recognise the stratigraphic relationships in the Bothnian basin.

The early, I-type granitoid intrusions make up the bulk of the Svecofennian continental
crust. They form large plutonic complexes of differentiated suits of calcic and calc-alkaline
rocks, e.g., gabbros, diorites, granites, granodiorites and, most commonly, tonalities (Gadl and
Gorbatschev 1987 and references therein). The early Svecofennian plutonism took place
between 1.9-1.87 Ga ago and was followed by local magmatism until ca. 1.85 Ga ago (Huhma
1986, Gadl and Gorbatschev 1987 and references therein).

By 1.87 Ga most of the Svecofennian crust was consolidated enough to allow rifting of
the continental crust, associated with emplacement of dolorite dyke swarms (later
metamorphosed to amphibolites) between 1.87-1.83 Ga ago. The ca. 1.83-1.77 Ga late
granitoids are mainly granitic S-type rocks of crustal origin, undifferentiated and associated
with migmatites and pegmatites (Gaal and Gorbatschev 1987 and references therein).

The post-orogenic granite plutonism started with minor granite intrusions as early as

1.80 Ga ago (Patchett and Kouvo 1986, Gaal and Gorbatschev 1987 and references therein). It

12
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was followed by bimodal, intracratonic, gabbro/anorthosite/rapakivi granite magmatism 1.70-

1.54 Ga ago (Gaal and Gorbatschev 1987 and references therein).

2.4 The Transscandinavian Igneous Belt

From ca. 1.85 to 1.65 Ga the Svecofennian crust was intruded by voluminous granitic
batholiths and rhyolitic porphyries, forming the Transscandinavian Igneous Belt (TIB). It
stretches from the coast of central Norway to southeast Sweden, and locally crops out in
basement windows in the Caledonides (Andersen 2005 and references therein). The TIB is
ca. 1600 km long, up to 150 km wide and approximately north-south trending (Gaal and
Gorbatschev 1987, Andersen et al. 2002a).

The TIB rocks can be divided into three different generations. The ca. 1.85-1.83 Ga
TIB-0 rocks reperesent the earliest TIB magmatism. The second generation consist of the
1.81-1.76 Ga TIB-1 rocks, partly overlapping in age with the waning stage of late
Svecofennian magmatism. The third generation includes the 1.71-1.65 Ga TIB-2 and TIB-3
groups, where TIB-3 shows a temporal overlap with the beginning of the Gothian orogeny
(Andersson and Wikstrom 2004 and references therein). However, in contrast to the late
Svecofennian S-type magmatism and the generally tonalitic and calc-alkaline Gothian
magmatism (see below), the TIB rocks are typically I- and A-type (monzo-) granitoids,
frequently alkali-calcic (though some are calc-alkaline), and have a coarse grained texture
with K-feldspar megacrysts (Gorbatschev 2004 and references therein).

The TIB rocks generally have low initial ®’Sr/**Sr ratios, which together with Nd-
isotope studies suggest that the intrusives are derivatives of the mantle or of the lower crust
(Gaal and Gorbatschev 1987 and references therein). Different tectonic settings have been
proposed for the formation of the TIB, envisaging either crustal extension along the
Svecofennian margin, or an active continental margin, or post-extensional collapse following
over-thickening of the crust (Andersson et al. 2004 and references therein). However,
Andersson et al. (2004) argued that given the lack of evidence for either large scale extension
(e.g., extensional shear zones or dyke swarms), or medium- to high-pressure metamorphism
associated with collisional tectonics, and given the geochemical signatures of mafic TIB
rocks, a subduction setting along the Svecofennian margin is the more likely of the proposed
models.

The TIB magmatism was followed by extension related 1.65-1.51 Ga rapakivi granite

magmatism along pre-existing week zones in the crust (Nironen 1997).
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2.5 The Southwest Scandinavian Domain

At least three different nomenclature systems have been proposed for the internal division of
the Southwest Scandinavian Domain (SSD) (Andersen 2005). The tectonostratigraphic terrane
systems of Ahdll and Gower (1997) and Bingen et al. (2005) have been criticised by
(Andersen 2005) since the terraine status of several of the segments/sectors in the SSD
remains uncertain and/or debated. In the present study the segment/sector nomenclature of
Berthelsen (1980) and Gaal and Gorbatschev (1987) will be used.

The SSD extends across the western rim of the Baltic Shield (Figure 2). It consists
mainly of Gothian rocks (1.75-1.5 Ga) and re-worked TIB equivalents. The Gothian rocks
formed during mid-Proterozoic westwards growth of the craton, suggested to represent a 200-
250 Ma long period of Andean type subduction along the Baltic Shield (Andersen 2005 and
references therein). The Gothian crust is typically more felsic in the east, changing from
calcic/calc-alkaline in the west to more alkali-calcic/alkaline, roughly coeval rocks in the east.
Also, Gothian rocks of sedimentary origin were deposited in a shallow marine water
environment in the east, and in a deep marine water environment in the west (Gaal and
Gorbatschev 1987 and references therein).

The SSD was subsequently reworked during three major geological events; the
Hallandian (1.5-1.4 Ga), the Sveconorwegian (1.25-0.9 Ga) and the Caledonian (0.6-0.4 Ga)
orogenies. Although substantial volumes of granitic rocks were emplaced in the
Sveconorwegian, and the Caledonian nappes cover a considerable area, these are still minor
additions compared to the crustal material added during the Gothian orogeny (Gaal and
Gorbatschev 1987).

During the Sveconorwegian orogeny, the SSD was deformed, metamorphosed and
intruded by several generations of magmatic rocks (Bingen et al. 2005, Andersen et al. 2007b
and references therein). The influence of Sveconorwegian reworking decreases towards the
east, and ends with the Sveconorwegian Frontal Deformation Zone (SFDZ; Soderlund et al.
2002 and references therein) and the Protogine Zone (PZ; Gaél and Gorbatschev 1987). The
faulting along the Protogine Zone started shortly after the formation of the TIB and lasted
until the end of the Sveconorwegian orogeny ca. 0.9 Ga ago (Gadl and Gorbatschev 1987).

Other Sveconorwegian crustal scale shear zones, typically north-south trending, divides
the SSD into sectors (e.g., Stephens et al. 1996) that may have been displaced southwards
along the edge of the Baltic Shield during the orogeny (Haas et al. 1999, Bingen et al. 2001).
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Some of the major shear zones were reactivated in Phanerozoic time (Swensson 1986). Below

follows a brief description of the different sectors.
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Figure 2. Simplified geological map of the Southwest Scandinavian Domain (SSD), modified after
Andersen et al. 2007b. Regional units: RVA: Rogaland-Vest Agder sector, T: Telemark sector, B: Bamble
sector, K: Kongsberg sector, @A: Ostfold-Akershus sector, W: Western segment, E: Eastern segment,
TIB: Transscandinavian Igneous Belt. Shear zones: MANUS: Mandal-Ustaoset shear zone, PKS:
Porsgrunn-Kristiansand shear zone, OFS: Oslofjord shear zone, @MS: Orje Mylonite shear zone,
MMS/MZ: Mjgsa-Magnor shear zone/Mylonite Zone, PZ: Protogine Zone. RIC: Rogaland Igneous
Complex

2.6 The study area and surrounding parts of the SSD

The Rogaland-Vest Agder (RVA) sector makes up the south-western Precambrian continental
crust of Norway (Figure 2) and is bounded to the northwest by the present-day Caledonian
thrust front and to the east by the Mandal-Ustaoset shear zone (MANUS), which separates it
from the Telemark sector. The MANUS is a major crustal lineament that may be >1120 Ma
(Sigmond 1985). The RV A sector is mainly made up of tonalitic to granitic gneiss, but also

includes minor amounts of meta-sedimentary rocks. Several Sveconorwegian granitic
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intrusions have been recognized in southern Norway and one of them can be found in the
RVA sector, the ca. 1.05 Ga deformed granitic Feda suite, which is likely subduction related
(Bingen and Bremen 1998). The RV A sector also contains the large, ca. 930 Ma anorogenic
Rogaland Igneous Complex (or Egersund complex; Andersen et al. 2001a, 2002a and
references therein) in its south-western part, consisting of anorthosites and related
hypersthene bearing and mafic intrusions.

The neighbouring Telemark sector is separated from the Kongsberg sector in the east-
northeast by a Precambrian ductile shear zone often referred to as the Kongsberg-boundary or
the Kongsberg-Telemark boundary; to the east it also has a boundary to the late-Palaeozoic
Oslo Rift and to the southeast it is separated from the Bamble sector by the Porsgrunn-
Kristiansand shear zone (PKS). The PKS is a Precambrian ductile shear zone interpreted as a
major Sveconorwegian thrust (Mulch 2003). The Telemark sector contains low-grade (green-
schist to lower amphibolite facies) supracrustal rocks in the north (the Telemark
supracrustals), consisting partly of the ca. 1.5 Ga Rjukan group meta-rhyolites and meta-
basalts (Dahlgren et al. 1990). This bimodal sequence is believed to have been deposited
during Mesoproterozoic continental rifting that created extensional basins (Sigmond et al.
1997a, 1997b, Sigmond 1998). South of the Rjukan group a younger, ca. 1.15 Ga supracrustal
sequence crops out. This sequence contains quartzites, the Bandak and the Heddal groups,
which are mixed volcanic and sedimentary sequences (Andersen et al. 2002a). Further south,
granitic gneisses of uncertain origin and late Sveconorwegian granites are the characteristic
rock types (Andersen et al. 2001a). Andersen et al. (2007b) found that some of the gneisses
are early Sveconorwegian magmatic rocks.

The Bamble sector contains meta-sedimentary gneisses, quartzites and amphibolites that
were intruded by Sveconorwegian gabbros, granites and charnockites. Upper amphibolite to
granulite facies metamorphism was dated to ca. 1100 Ma (Kullerud and Dahlgren 1993).
There are also minor ca. 1.5 Ga granodioritic to tonalitic gneisses in the area, such as the 1.56
Ga Gjerstadvatn and 1.55 Ga Justgy tonalities, and the 1.52 Ga Jomas granodiorite (Andersen
et al. 2004a). The Bamble sector also includes the Tromgy gneiss complex, which is made up
of low-potassium calc-alkaline rocks and is recognised as an island arc fragment that formed
at ca. 1.2 Ga (Knudsen and Andersen 1999). Sveconorwegian granitic intrusions in this sector
are the 0.9 Ga Herefoss granite (Andersen 1997) on the boundary to the Telemark sector, and
to the east of the intrusion is the ca. 0.98 Ga Grimstad granite (Kullerud and Machado 1991).

The Kongsberg sector is separated from the Bamble sector by the south-western corner

of the Oslo Rift. In the southern part of the Kongsberg sector granodioritic and tonalitic
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gneisses are much more abundant than in the Bamble sector, including the 1.53 Ga Snarum
granodiorite (Andersen et al. 2004a and references therein). Poorly known meta- and ortho-
gneisses, possibly >1.6 Ga, are common in the north-eastern part of the sector (Nordgulen
1999). The Fla granite in the north-western part of the sector is a large Sveconorwegian (0.92
Ga) intrusion (Andersen et al. 2002b and references therein). The Kongsberg sector is
separated from the @stold-Akershus sector to the south-east by the Oslo Rift.

The @stold-Akershus sector (JA) is the northward continuation of the Western segment
of SW Sweden, and may be continous across the Oslo Rift with the Kongsberg-sector. The
Solgr complex (SC) is situated in the northern part of the @A sector and consists of 1.67 Ga
and older TIB equivalent potassic granites and supracrustal gneisses (Andersen et al. 2002a)
and younger mafic intrusions (Andersen 2005). The boundary between the SC and the
Romerike complex (RC) to the south is the Sveconorwegian Mj@gsa-Magnor shear zone
(MMS; Andersen 2005) which is known as the Mylonite Zone (MZ; Gadl and Gorbatschev
1987) on the Swedish side. The RC mainly contains mid-Proterozoic migmatitic gneisses,
possibly of supracrustal origin, which were later intruded by calc-alkaline granitoids
(Berthelsen et al. 1996). The RC is part of the Median segment. The southern boundary of the
RC is the @rje Mylonite Zone (@MS, Berthelsen et al. 1996), known as the Dalsland
Boundary Thrust in Sweden, which separates the RC from the @stfold complex (@C). The @C
consists mainly of meta-supracrustal gneisses, several generations of granitic to tonalitic
orthogneisses (Graversen 1984) and amphibolites, meta-rhyolites and meta-sedimentary
gneisses, which likely corresponds to the ca. 1.60-1.59 Ga supracrustals in the Stora Le-
Marstrand belt of south-western Sweden (e.g. Ahill and Connelly 2008). The @C is part of
the Western segment of SW Sweden (Soderlund et al. 1999 and references therein) and it
includes the Nesodden Peninsula in the west. At ca. 925 Ma the @C was intruded by the
@stfold-Bohus granite (Eliasson and Schoberg 1991).

The basement rocks of the @A sector mainly consists of 1.7-1.3 Ga old supracrustal
gneisses and granitic to tonalitic orthogneisses (Andersen et al. 2001a). Calc-alkaline gneisses
from Feiring, Se¢rmarka, Midtskog, Bjgrkelangen and Tistedalen have been dated by
Andersen et al. (2004a) to 1.57 Ga, 1.52 Ga, 1.57 Ga, 1.58 Ga and 1.6 Ga, respectively. The
@A sector includes the 1.6 Ga old Slemmestad meta-rhyolite, which is situated on the western

shore of the Oslo fjord (Andersen et al. 2004a).
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Figure 3. Simplified geological map of the Nesodden Peninsula with sample localities. Modified after
Naterstad et al. (1990).

The Western segment, or Idefjorden ‘terrane’ (Ahill and Connelly 2008 and references
therein), in south-western Sweden continues further to the east and south, containing mainly
deformed supracrustals and intrusive rocks such as the ca. 1.66 Ga meta-supracrustals and
granitic intrusions of the Horred formation, the 1.63-1.59 Ga Amaél formation comprising
volcanic, volcanoclastic and sedimentary rocks, and the 1.63-1.59 Goéteborg and 1.59-1.52
Hisingen granitoid intrusions (Ahill and Connelly 2008). The Hisingen suit consists of
intermediate granitoid intrusions characteristic of continental arc magmatism (Ahill and
Connelly 2008). The Western segment is separated from the Eastern segment by the Mylonite
Zone (Gadl and Gorbatschev 1987). The Eastern segment of the SSD is bounded by the TIB
to the east and by the SFDZ. The Eastern segment includes 1.70-1.66 Ga granitoid gneisses
that were intruded by 1.62-0.90 Ga rocks (Ahill and Connelly 2008 and references therein).

The eastern boundary of the Eastern segment includes the Protogine Zone of Gaal and
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Gorbaschev (1987) as well, which includes intrusions of syanites, granites and mafic dykes
(Gaal and Gorbatschev 1987).

Andersen et al. (2004a) concluded that the above described areas in southeast Norway
were part of a cordillera-type continental margin with characteristic intermediate to felsic
calc-alkaline magmatism and that the central parts of southern Norway were part of the Baltic
continental margin prior to 1.6 Ga, and possibly well before that. Calc-alkaline magmatism
was likely continuous from ca. 1.66 to 1.50 Ga along the south-western margin of the Baltic
Shield, and parts of magmatic island arcs are preserved as calc-alkaline gneisses. Rocks from
this age-interval, especially the last 100 Ma, can be found across southern Norway on both
sides of the Oslo rift and there are no particular age-differences or changes in geochemical
character between the different rocks, not even across major Precambrian shear zones in the
area. Zircon U-Pb and Lu-Hf isotope data indicates that sedimentary basins along the margin
of the Baltic Shield received the clastic input from young arc-related sources as well as from
older sources that originated within the Shield itself. The best candidate for the older source is

TIB related 1.8-1.7 Ga granites or other mafic rocks (Andersen et al. 2004a).

3 Analytical methods

3.1 Introduction

Isotopes of an element have identical chemical properties since they have the same number of
protons and electrons, but their masses differ (e.g. 2°U and ***U), as they have different
numbers of neutrons. Some isotopes are unstable, also called radionuclides, and will decay to
stable isotopes, or stable nuclides, by different modes of radioactive decay. The stable
nucleides formed are called (radiogenic) daughters, and the unstable nucleides are called
parents. Some radionuclides occur naturally since they have very slow decay rates, and have
not yet totally decayed to stable daughter isotopes, other, more short-lived radionuclides (e.g.,
18R n which has a half-life of 35 ms) exist because they are continuously produced as part of
decay chains of longer-lived isotopes. The rate of decay of an unstable nucleide is controlled
only by the instability of the radioactive nucleus, and will not change with time or with
changes in the environment. The parent and the daughter nucleides (and the intermediate
daughters of the decay chains as well) have different chemical and physical properties, and
will therefore respond differently to changes in their environment, e.g. melting, fluid activity
etc. This forms the basis of isotope geochemistry. By analysing the isotopic compositions of

single minerals or whole rock samples, it is possible to constrain the different processes that
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led to their formation, and, under some circumstances, to date these processes. In this chapter
the theoretical background for the geochemical analyses used in this study are described,

along with sample preparations, and analytical methods used.

3.2 Zircon

Zircon (ZrSiO4) is one of the most widely used minerals for U-Pb and Lu-Hf isotopic
measurements in geosciences. It is widespread in igneous, sedimentary and metamorphic
rocks, and can be a versatile indicator of the geological and petrological history of its host
rock. Since it is resistant to both physical weathering and chemical alteration, it can survive
several cycles of erosion and deposition. Furthermore, its ability to remain a closed system at
temperatures close to 900°C (i.e., its high blocking temperature; Ireland and Williams 2003),
makes it possible for the mineral to survive partial melting of its host rock and transportation
in a magma, or high grade metamorphism, and still preserve information of past geological
processes.

Zircon has a tendency to substitute zirconium (Zr) in its crystal structure with uranium
(U) and thorium (Th), which have similar ionic radii and the same ionic charge as Zr. During
crystallisation it can incorporate relatively large amounts of U and Th, which decay to lead
(Pb). While Pb does not fit in the crystal structure of zircon, and is thus not typically
incorporated in the crystal as it forms, the zircon will under most circumstances hold on to the
radiogenic lead formed in the zircon from the decay of U and Th. Thus, zircon has a U-Th-Pb
geochronometer that can be used for dating the geological processes that formed it. In general,
a mineral suited for U-Pb dating has to be a closed isotopic system, meaning no gain or loss of
U or Pb; it should contain a sufficient amount of U and Pb for the isotopic measurements and
it should not have initial lead in its crystal structure. Zircon more or less meets all three
criteria and is thus very well suited for U-Pb dating.

Zircon also has a tendency to substitute Zr with hafnium (Hf) in its crystal structure,
along with smaller amounts of lutetium (Lu). Since Lu decays to Hf, the initial daughter is
much more abundant than the parent, the opposite of the U-Th-Pb system. While this makes
the Lu-Hf system less than ideal for dating, it can give us valuable information on the
petrogenesis of the rock. The ratio of the two isotopes will essentially mirror that of the
magma from which the zircon formed, which in turn will reflect the nature of the magma

source, i.e. primitive (mantle) or evolved (crust).
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3.3 Theoretical background

3.3.1 The U-Th-Pb system

U and Th decay to stable isotopes of Pb. The three naturally occurring radioactive isotopes of
U are *U, *°U and ***U. Together with the naturally occurring long-lived radioactive ***Th
there are five other radioactive Th isotopes that are intermediate daughters in the decay series
of 238U, 25U and of **?Th. All three decay series are branched. The decay of 238U, 25U and
»2Th are summarized in the following equations, where Q represents the total decay energy

emitted during the decay:

U Pb+8*He+6 +Q (1)
PUSPb+7 'He+ 4 +Q (2)
PTh—*Pb+6*He + 45~ +Q 3)

Uranium and Th are incompatible elements, and are incorporated into the liquid phase during
partial melting of the mantle, making the silica rich continental crust enriched in U and Th
compared to rocks of the upper mantle. Granitic rocks, for instance, therefore have higher U
and Th contents than basaltic rocks. In granitic rocks the Th content is generally higher than
the U, possibly because U is a mobile element (soluble in water) under oxidizing conditions,
and so may have been removed from the system in aqueous solution as uranyl ions. U and Th
concentrations in common rock-forming silicate minerals are evenly low. These elements are
instead incorporated into U and/or Th bearing accessory minerals such as zircon, apatite,
monazite etc.

The U-Th-Pb system provides one of the most accurate and precise age determination

methods for terrestrial rocks. The equations for age determinations are:

206 py, 206 py, 23877 t

204 =1 208 T 5u ( A 1) “4)
Pb \™Pb)  ™Pb

27 pp 27 pp 23577 r

204 =| 204 + 204 (e22 - 1) (5)
Pb Pb)  ™Pb

208 py, 28 py, 320y r

204 =1 208 T 5u (eﬂ3 - 1) (6)
Pb \™Pb)  ™Pb
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where subscript i denotes initial values and A;, A, and A3 are the decay constants of 238U, 25y
and “’Th, respectively (Table 1). 8U2%Pb, 2U”"Pb and **Th/*™Pb are isotope ratios

calculated from the measured concentrations of U, Th and Pb values.

Table 1. Abundances, half-lives and decay constants of naturally occurring U and Th isotopes

Isotope Abundance Half-live Decay Constant
(%) (years) oh
238y 99.2743 4468 x 10°  1.55125x 107
2y 0.72 0.7038 x 10°  9.8485x 107"
2T 100 14.010x 10°  4.9475x 107"

Reference: (Steiger and Jéiger 1977)

Equations 4, 5 and 6 are written in terms of the atomic 206Pb/204Pb, 207pp2%Ph and 2*Pb/**Pb
ratios. Since the only stable non-radiogenic Pb isotope is “**Pb, its amount reflects the initial
lead present in the mineral. Using the isotope abundance of common lead, the U-Pb and Th-
Pb ages can be calculated by equations 4-6. To achieve concordant U-Pb and Th-Pb dates
(i.e., the different isotopic clocks gives the same ages) the samples must satisfy the
requirements for dating. The mineral must remain a closed system to U, Th, Pb and to all the
intermediate daughters; correct initial Pb isotope ratios must be used (normally approximated
by common lead); the decay constants for #3831, %50 and ***Th must be known; the U isotopic
composition is normal and has not been modified in any way, and all the analytical results are
accurate (no systematic errors). In reality, the closed system assumption is rarely satisfied
since U is a mobile element under oxidizing conditions, thus some U loss is common during
chemical weathering in addition to Pb loss. Also, the crystal structures of U-bearing minerals
are often damaged by radiation, which again can result in lead loss or the loss of intermediate
daughters in the decay chain. Thus, most U-Pb and Th-Pb dates are discordant.

In addition to zircon, which is the most commonly used mineral for U-Th-Pb dating, a
number of minerals incorporate U and/or Th in their crystal structures. Some of the most
commonly used for dating are titanite (sphene), monazite and badeleyite. These minerals are
present in different rock types, and also exhibit different blocking temperatures and form
during different conditions, extending the range of datable rocks and conditions/processes that

may be dated.
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3.3.2 The Lu-Hf system
Lutetium and Hf are lithophile elements and are mainly concentrated in silicate minerals.

"Lu and "°Lu. Hafnium has six naturally

Lutetium has two naturally occurring isotopes:
occurring isotopes, one of which is the radiogenic '°Hf, formed by decay of '"°Lu to '"°Hf by

B-emission. The decay of '"°Lu has a half-life of 35.7*10° years (Faure and Mensing 2005 and

references therein) and is summarized in equation 7, where v is the complementary

antineutrino and Q represents the total decay energy emitted during the decay:

S u—sOHf + B +v+0 7)

This part of the branched decay of '"°Lu is the basis for the Lu-Hf isochron dating method,
which is not in widespread use. The other part of the branched decay is the decay to 70yb by
electron capture, which only makes up 3 + 1% of all '"®Lu decay. The isotopic composition of
Hf can be used to investigate the origin of igneous rocks. Since Hf is more incompatible than
Lu in the presence of a melt phase, mantle melts, and therefore ultimately the continental
crust, has a lower Lu/Hf ratio than the residual, depleted mantle (DM).

Lutetium and Hf do not normally form their own minerals (Hafnon, (Hf, Zr)SiO4 is one
of the few) in geological environments, but are incorporated into other minerals. Lutetium is a
heavy rare earth element (HREE), and has a similar ionic radius to calcium (Ca) and will
therefore substitute for Ca in crystal structures. Hafnium has approximately the same ionic
radius as Zr, thus Hf is incorporated into Zr bearing minerals, e.g. zircon or badeleyite. The
average Hf concentration in zircon is as high as 15200 ppm. The Lu concentrations are also
typically elevated in zircons (in zircon typically 20-70 ppm), but the resulting Lu/Hf ratio in
zircon is generally very low (Faure and Mensing 2005). Given this, it is evident that the
isotopic composition of Hf in zircon changes very slowly with time.

In order to get information on the source-characteristics of granitic igneous rocks it is
useful to look at Hf isotope variations in zircon grains instead of whole rock samples. This is
because zircon, as a highly resistant mineral, typically preserves the isotopes better than the
whole rock. Secondly, the zircon acts as a time keeper in its own right, and a combination of
U-Pb dating and Lu-Hf analysis on the same grain (or parts thereof) will yield a superior time
resolution compared to whole rock data (and may in fact allow the geologist to investigate
earlier rock forming cycles by analysing inherited zircons). Variations in abundance of 7oyt

177

are expressed with respect to the naturally occurring stable "' "'Hf of constant absolute
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abundance. The initial '"°Hf/"""Hf ratios of single zircon grains record the composition of the
magma at the time of zircon crystallisation. Variations in Hf isotope composition during
magma evolution may be recorded in individual crystals in different growth zones, e.g., if
incomplete magma mixing took place (e.g. Griffin et al. 2002).

To estimate the original Lu/Hf ratio of the Earth, the Chondritic Uniform Reservoir
(CHUR) model is used. It is based on the composition of chondritic meteorites and the
assumption that these meteorites represent the total composition of the Earth, i.e., that Earth
was formed from the same source as the chondritic meteorites (DePaolo and Wasserburg
1976). There is also an underlying assumption that the isotopic evolution of Hf in the
undifferentiated Bulk Silicate Earth (BSE) and CHUR has been parallel through time.

The '"Hf/'""Hf ratio of a rock or mineral can be compared to that of the CHUR, as

expressed by the e-value that is defined by the following equation:

(mejo
177H
e"(Hf )= # ~1; 10* (8)

( 176Hfj
v Hf CHUR

where
(""°HE/ T THE )Ospl = '"H£/'"THf ratio of a rock or mineral at present (t = 0) (spl = sample)
("°HE/""HE) cqur = "°Hf/'"'Hf ratio of CHUR at present (t = 0), equal to 0.28286
(Faure and Mensing 2005)

Positive and negative e-values mean that the sample is enriched in, respectively depleted in
time-corrected '"°Hf/'""Hf compared to the chondritic reservoir. A positive e-value indicates
derivation from a magma source with higher Lu/Hf ratios than the CHUR and BSE, such a
magma source is the depleted mantle reservoir (since Lu is less incompatible than Hf in the
presence of silicate melts). Negative g-values, on the other hand, indicate a magma source
with lower Lu/Hf ratios over time than CHUR and BSE, such as crustal rocks. Mixing of
material from different reservoirs, such as depleted mantle and continental crust, yields rocks
with intermediate e-values.

Isotopic evolution of Hf in a sample can be examined by plotting the time-corrected

764/ 177Hf, i.e., the initial ratio (henceforth referred to as Hf;), of the sample against the time t
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(Ga) (207Pb/206Pb ages for zircons older then 600 Ma), which in the present study is
determined by U-Pb in sifu zircon dating (Figure 19). The graphs representing CHUR and
DM isotopic evolution are also shown in the plot, together with a reference line for the sample
that indicates its hypothetical isotopic evolution given a known Lu/Hf ratio. In the diagrams
Hf; ratios were chosen instead of egyr-values, because zircon defines an almost horizontal
growth curve in the Hf; vs. time diagram, whereas in a egr vs. time diagram it forms a steeply
dipping line, which is more difficoult to work with. For further explanation and Figures see

section 4.3.

3.3.3 The Pb-Pb system

Lead is a chalcophile element that behaves as a large-ion lithophile element (LILE) in silicate
systems. As described in section 3.3.1, the stable Pb isotopes occurring in nature are “°°Pb,
207ph and ZOSPb, which are the radiogenic daughters of 238U, 25U and 232Th, respectively,

along with the non-radiogenic isotope 204

Pb (that is generally regarded as stable because of its
long half-life). Lead tends to form its own minerals, such as galena or cerrusite, but it often
substitutes for potassium (K) in silicates such as K-feldspar, since they have similar ionic
radius. Thus, K-feldspar bearing rocks like granites and pegmatites often have considerable
amounts of Pb, which includes both radiogenic Pb and non-radiogenic Pb that was
incorporated into minerals when the rock was formed.

The three decay systems described in section 3.3.1 gives three potential isochron

systems as follows:

206Pb B 206Pb + 238U (6%38,« ~ 1) (9)
204 Pb 204Pb . 204Pb
207 Pb 207 Pb 235U .
= e | e e 1) (10)
Po | ™Pb) " ™pp
208 Pb 208 Pb 232Th .
P P | (11)
Pb \™Pb) " ™Pp

where subscript 0 denotes the initial isotopic ratio of Pb in a rock or mineral and A»3s, A235 and
A\23; are the decay constants of 238U, 25U and zTh, respectively (Table 1). However, because

of late U loss the data points in a simple U-Pb isochron diagram almost always plot above and
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to the left of the relevant isochron. Reformulating and dividing equations 9 and 10 give the

following equation:

(207Pb/204Pb _ (207Pb/204pb)0) ~ 1 ‘ ot
(™ b/ Pb — (™ Pb/™Pb),)  137.88 ™ —1

(12)

This equation defines a straight line in a **’Pb/***Pb vs. **Pb/**'Pb diagram that passes
through the point:  [(*°°Pb/***Pb),**"Pb/***Pb),] and has a slope of 1/137.88 [ - 1) /
% — 1) giving the basis for the lead-lead isochron method. The age of the isochron line
can be determined from its slope by a process of iteration.

The Pb-Pb isochron method was one of the first dating methods ever used, but is not a
much used dating method today. However, the Pb-Pb system is a powerful petrogenetic
tracer. When working with rocks with complex evolution histories Pb-Pb modelling has
proved to be a useful tool providing information about the source regions of the rock (Stacey
and Kramers 1975, Taylor et al. 1980, Andersen et al. 1994, Faure and Mensing 2005), and
can be used as a complementary method with other isotope systems like Lu-Hf.

The 2*U/**Pb ratio is denoted with the Greek letter u, giving the following relationship:
33Uy = u/137.88. The present day Pb isotopic composition in a mineral or rock reflects:
(1) its age, i.e. the time that has past since the last isotopic homogenization of Pb, (2) the
proportions of its U-, Th- and Pb-isotopes and (3) the history and composition of its source.
Assuming that Pb evolution started from the initial meteoritic lead composition determined by

Tatsumoto et al. (1973, Canyon Diablo troilite) at ty = 4.57 Ga (the age of the Earth) and has

evolved in a closed system until t;; the composition of this lead is given by:

24 pp, a, + 1, (ejmtn — ™! ) (13)
207Pb ,Ll ot At
wipp 0 (137.188 et —e) (14
208 py, t t
204Pb - CO + a)(eﬂzszo _eﬂzsz] ) (15)

where ap = 9.307, by = 10.294 and cy = 29.476 are the initial lead compositions. If the Pb
evolution were to continue from t; to t, in a second reservoir with a different p-value (u,) then

the lead isotope ratio is given by:

26



Age and origin of the Mesoproterozoic Nesodden

206 Pb

Dy e e e o) 0o

Similar equations can be written for the other two parent-daughter systems as well. It
describes the two-stage evolution of Pb, which is shown in Figure 4. Lead that evolved in a
reservoir with the same u; will plot on the same t; isochron and the position of the analysed
sample on this isochron depends on the value of u,. For each p-value a separate growth curve
can be constructed. Growth curves in a Pb-Pb isochron diagram are non-linear curves leading
from [(206Pb/204Pb)0, (207Pb/204Pb)0] (initial lead ratios) to points on the isochron line where
the samples plot. The initial Pb composition at t; is given by the intersection of the t; isochron
and the geochron at t;. The Pb isochron is defined by the isotope ratios of single-stage leads
that were separated from a U-Pb reservoir at a specific date, obtaining different pu-values at
separation. The geochron is an isochron defined by samples that separated from the
primordial reservoir at t = 0, i.e. lead samples that have resided in their reservoirs for 4.57 Ga,
or has been separated from their respective reservoirs just recently. A sample will plot on a
paleoisochron with an age of t; if its Pb composition has remained unchanged since t;, in
which case the position of t; will depend on the value of p,. This only occurs in U-free
systems such as K-feldspar formed at t;, which incorporates Pb and excludes U in its crystal

structure.
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Figure 4. Schematic figure illustrating two-stage model for isotopic Pb evolution. Modified after Simonsen
(1997 and references therein)

The Pb isotope system in rocks and minerals has typically evolved through multi-stage
processes, i.e. the Pb isotopic evolution has taken place in more than two reservoirs. This can
be accounted for by expanding equation 16 for additional stages with separate p-values, and
can be done for the other two parent-daughter systems as well. The most commonly used
model assumes three stages of successive U-Th-Pb evolution in three different reservoirs,
each characterised by a constant 2**U/***Pb ratio (i.e. u;, u» and p3) and 2*Th/***Pb ratio (i.e.
K1, K2 and k3) (Figure 5). The first stage of evolution corresponds to the time the Pb resided in
the mantle reservoir with a time integrated p;-value. Thus, t; reflects the date when the Pb
was separated from the mantle reservoir, i.e., the age of the continental protolith. The second
stage reflects the evolution of the protolith until t, representing the age of final isotopic
homogenization during magmatism or metamorphism. The third stage represents the
evolution until the present in a third reservoir. The p; is determined by the meteoritic Pb value
(Tatsumoto et al. 1973), and by constraining t; and t, using Lu-Hf and U-Pb data respectively,
the p,, U3 can be determined graphically from the PBI Excel program (Andersen 1998). The
Pb-Pb evolution model can be used as a sensitive indicator of multi-stage processes, visually
illustrating how a present day Pb composition of a suite of rock or mineral relates to a model

reservoir as a function of time.
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Figure 5. Schematic figure illustrating three-stage model for isotopic Pb evolution. Modified after
Simonsen (1997 and references therein)

3.4 Sample preparation
All analytical work, including sample preparation, chemistry and isotope measurements were
performed at the Department of Geosciences, University of Oslo, Norway.

Samples weighing 3-5 kg were washed in water, first with a steel brush, then in an
ultrasonic bath for 15 minutes and finally dried in an oven over night at 45°C. The samples
were then crushed to coarse grains (<lcm) in a jaw crusher, and sieved through a splitter. A
small amount was put aside for whole rock analyses. The remaining part was then crushed to
ca. 0.5 mm using a Retsch percussion mill crusher. Zircons were separated using a Wilfley-
table and heavy liquid (Sodium Heteropolytungstates p = 2.80 +/- 0.02 g/mL). Zircons for
analyses were hand-picked under a binocular microscope. About 80 to 110 zircon crystals
from each sample were mounted in epoxy and then polished to expose the mineral grains for
U-Pb and Hf analyses. These were then carbon coated and examined by backscatter electron
imaging (BSE). The zircons were finally polished with diamond abrasive powder to remove
the carbon coating and then washed in HNOjs in an ultrasonic bath for 15 minutes and finally

rinsed with MilliQ water. The analyses were performed on a NU Plasma HR multi collector
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ICPMS and a New Wave/Merchantek LUV-213 laser microprobe (LA-MC-ICPMS) at the
Department of Geosciences at the University of Oslo, Norway.

For Pb-Pb whole rock analyses: the parts preserved after the splitting procedure were
further pulverized to powder using a mill. After homogenization the samples were weighed
(Table 2 in Appendix) on an analytical balance type of scale. The samples were then
dissolved and by following the lead separation protocols (see Appendix) the desired elemental

fractions were collected for further LA-MC-ICPMS analyses.

3.5 LA-MC-ICPMS (Laser Ablation Multi-collector Inductively Coupled

Plasma Mass Spectrometry)
Inductively coupled plasma mass spectrometry (ICPMS) has become a widely used tool in
geochemistry over the past few decades, since it allows precise measurements of small
amounts of isotopes. Coupled with laser ablation (LA), it can be used to analyse parts of
minerals, giving the further advantages of high spatial resolution (the laser beam is typically a
few tens of micrometer wide), and it only uses a small amount of the sample, making further
analyses possible.

An ICPMS comprises a high-temperature inductively coupled plasma (ICP) source and
a mass spectrometer (MS). The MC-ICPMS is a high precision isotope ratio mass-
spectrometer where the ICPMS utilizes the ionizing capabilities of a plasma to generate ions.
The material to be analyzed is transported to the torch as an aerosol in an argon (Ar) or
helium (He), or mixed, gas flow. The aerosol can be generated in two ways: (1) By aspiring a
dilute solution through a nebulizer (applied in section 3.5.3), or (2) By ablating a solid sample
with a focussed laser beam (applied in section 3.5.1 and 3.5.2). Using He instead of Ar to
transport the sample minimizes ablated material deposition around the laser pit, which in turn
improves sample transport efficiency. It also yields a more stable signal and higher
reproducibility of the U-Pb fractionation. Almost anything will ionize in the plasma, thus the
load of ions generated are impure/mixed both in terms of mass and energy, although there are
typically few molecular ions compared to Secondary lonisation Mass Spectrometry (SIMS).
An electrostatic analyser (ESA) is needed to filter away the unwanted energies to make the
magnetic sector work as a mass analyser. The magnetic sector of the instrument separates the
ions that enter the MS by their mass-to-charge ratios, and after separation these are counted in
a suitable detector, Faraday cups or in ion counters. A detector counts the number of ions

striking it and then translates it into an electrical signal that can be measured and related to the
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number of atoms of the element by using calibration standards (Kosler and Sylvester 2003,
Wolf 2005). The MC-ICPMS at the Department of Geosciences (University of Oslo, Norway)
is a NU Plasma HR multi collector ICPMS or HR-ICPMS. This type of instrument was
specifically developed for high-precision isotope ratio analyses. With the multi-collector
system it is usually possible to determine the isotopes of a single element simultaneously,
increasing the precision of the measurements.

Compared to other techniques, like Isotope Dilution Thermal Ionisation Mass
Spectrometry (ID-TIMS) and SIMS, LA-MC-ICPMS has both distinct advantages and
drawbacks.

The LA-MC-ICPMS is gaining on both TIMS and SIMS by (1) low cost, (2) easier and
less time consuming sample preparation, (3) short analysis time and (4) high ionisation
efficiency, which is required e.g. for Hf and osmium (Os) analysis (Kinny et al. 1991).
Compared to TIMS the LA-MC-ICPMS has better spatial resolution and is less destructive of
the sample (in situ method), however, it does not achieve the high precision of the TIMS.
Compared to SIMS the LA-MC-ICPMS has lower precision, not as good spatial resolution
and is slightly more destructive of the sample. Given these trade-offs, a geologist should
thoroughly consider the problem he or she wants to address in relation to the strengths and

weaknesses of these methods.

3.5.1 U-Pb
The in situ LA-MC-ICPMS U-Pb analyses were performed on carefully chosen zircon grains.

For each sample ca. 20 to 40 zircons were analysed, giving a total of 260 analyses. The
ICPMS detector system is specifically constructed for U-Pb analysis, and can simultaneously
analyse 204pp, 2P and *°’Pb in secondary electron multiplier ion counters, along with 2y
and **U which are measured in Faraday cups. The 2y signal is typically too week to be
measured with high precision and *°U is therefore determined from the natural atomic ratio
of U/, ie., 137.88.

Each analysis starts with a 30 seconds on-mass background measurement (laser off),
followed by 60 seconds ablation of the sample. The instrument includes a microscope that
provides a visual image of the sample, which is necessary for in situ LAM-ICPMS work. The
laser used is a New Wave/Merchantek LUV-213 Nd:YAG solid state laser microprobe that
provides UV laser with 213 nm wave length. The laser conditions during ablation were: laser

beam diameter 40um, pulse frequency 10 Hz, and beam energy density < 0.1 J/m®. With
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constant ablation conditions, the U-Pb elemental fractionation and mass discrimination of the
Pb isotopes during ablation and in the plasma can be corrected for by using isotopically
homogenous reference zircons with known age (Jackson et al. 2004). These standards are
mounted on a separate epoxy disk and the U/Pb ratios are measured on the standards before
and after the analyses of the unknown samples. Three different types of standards were used

for U-Pb age determinations (Table 3).

Table 3. Standards used for U-Pb and Lu-Hf analyses

Present day Initial
Reference sample N b/ TTHE oL THE HETTHE PHETHE t(Ma)  (H''HR), References for U-Pb ages

91500 129 0.0120 0.0003  0.282301 1.46728 1061 0.282294  (e.g. Jackson et al. 2004)
28D 0.0043 0.00005 0.000080 0.00018 0.000079

Mud Tank 509 0.0015 0.00003 0.282509 146727 732 0.282509 (T. Andersen, pers. comm.)
28D 0.0010 0.00002 0.000050 0.00010 0.000050

Temora 2 172 0.0399 0.0011 0.282699 1.46727 418 0.282690 (e.g. Kamo et al. 2004)
28D 0.0281 0.0007 0.000065 0.00010 0.000063

GJ-1 115 0.0096 0.00028 0.282018 146727 608 0.282015 (e.g. Jackson et al. 2004)
28D 0.0024 0.00002 0.000062 0.00012 0.000062

A382 1876 £ 5 H. Huhma, pers. comm. to

(not used for Hf analyses) T. Andersen*

*This age is in agreement with the age obtained by Patchett & Kouvo (1998).

Analytical routines are described in detail in Andersen et al. (2004b) and Jackson et al.
(2004) and adapted for multi collector instrument as described by Andersen et al. (2007b) and
Rghr et al. (2008).

The laser ablation dating technique does not usually require large common lead
corrections; however, for some zircons a common lead correction is necessary. In most cases
where the LA-ICPMS method is applied, the common lead originates from the zircon itself,
and by using the right protocols it is possible to correct for the 2%%pp and *’Pb that forms part
of the common lead (Kosler and Sylvester 2003). When common lead is high, it should in
principle be possible to measure it and correct the radiogenic lead accordingly. However, the
%pp shares its mass and charge with ***Hg, a contaminant that likely stems from the argon
flow, and hence must be corrected for. The correction is done by the background measuring
routine described above. Standard measurements on three different standards were done at the
start and finish of every analytical session, and two different standards were analysed during

the sessions at one hour intervals. The standardisation procedure used in this study is

described in detail by Rghr et al. (2008).
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Data reductions were done using a spreadsheet written in Visual Basic for Microsoft
Excel®. This includes procedures for interactive selection of the acquisition range to be
integrated, and corrections for U-Pb fractionation and drift in the ion-counters. The standards
are used to calculate corrections for elemental fractionation of U and Pb during ablation and
in the plasma, mass-spectrometer mass bias and instrumental drift, extrapolating correction
factors between standard runs. The standard runs also allow the precision of the instrument
over time to be calculated. The precision is presently (> 3 years of data) less than or equal to
one per cent for 2*°Pb/**U and *"Pb/*”Pb ratios, and less than or equal to 1.4% for *’Pb/**°U

(20). Concordia ages and intercept ages were calculated using IsoplotEx 3.00 (Ludwig 2003).

3.5.2 Lu-Hf
The in situ LA-MC-ICPMS Lu-Hf analyses were performed on grains previously analysed for

U-Pb (sections 4.2). A total of 222 zircons were analysed, ca. 15 to 30 for each sample.
During the Lu-Hf analyses masses 172 to 180 were measured for each zircon in Faraday cup
collectors, using the U-Pb collector block described above. For each analysis the required
ablation time was longer then that of the U-Pb analyses in order to obtain an internal precision
of <0.000040 (25). Thus, after the on-mass 30 seconds background measurement the ablation
time generally lasted 120-150 seconds. Ablation conditions were: beam diameter 55 um in
aperture imaging mode, pulse frequency 5 Hz, and beam energy density ca. 1 J/m?.

The isotopic ratios were calculated from the raw data by using the Nu Plasma time-
resolved analysis software. The mass discrimination factor used for Hf was determined
assuming ' "’Hf/"""Hf = 0.7325 and the raw data were corrected for mass discrimination using
an exponential law. Correction for isobaric interferences on 6Hf, "Ly and '°Yb is
discussed by Rghr et al. (2008). The established correction procedure used shows a good
long-term stability, determined by data from reference zircons run as unknowns. Correlation
between the corrected "°Hf/"""Hf and '"®Yb/!"’Hf has not been found, which indicates that
systematic bias was not incurred by under- or over-correcting the interferences at oy b/ THE
< 0.1 (Rghr et al. 2008).

The decay constant (A) of 178 i used in all calculations was set to 1.867 x 107! a’!
(Soderlund et al. 2004) that is consistent with the results obtained by Scherer et al. (2001). To
calculate the epp-values present-day chondritic 6/ ""Hf = 0.282802 and "°Lu/!"’Hf =
0.0337 were used (Bouvier et al. 2007) and an adaption of the DM model of Griffin et al.
(2000) has been adopted, with a (‘"°Hf/'""Hf)py of 0.28325 (eys = +16) similar to that of
average MORB in the time duration of 4.56 Ga from a chondritic initial Hf at 1761w/ 177HfDM =
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0.0384 (Rghr et al. 2008). The resulting mantle evolution line is indistinguishable from the
frme = 0.16 (i.e. "°Lu/""Hf = 0.038) curve of Vervoort and Blichert-Toft (1999).

Standard zircons mounted on a separate epoxy disk were run as unknowns at frequent
intervals. These reference zircons are listed in Table 3. Data obtained from these standards
over a two-year period show excellent accuracy and external reproducibility of +0.000050
(20) for Mud Tank zircon, which is low in REEs, and somewhat higher standard deviation
+0.000065 (20) for Temora-2 zircon, which has higher and more variable Yb/Hf (Rghr et al.
2008).

3.5.3 Pb-Pb
The Pb-Pb whole-rock analyses were performed on the 9 rocks dated by in situ U-Pb analyses

and further examined by Lu-Hf analyses in this study on the same LA-MC-ICPMS
instrument.

Following separation of Pb from other elements using an anion exchange column
(section 3.4 and Appendix) the solutions were spiked with a thallium (T1) solution (2% HNO3
solution containing 10ppb T1) with 205T1/2T] ratio, which is used for mass-fractionation
corrections (Chernyshev et al. 2007). The sample solutions were then aspirated at
approximately 100uL/min through a desolvation nebulizer (DSN100) into the inductively
coupled plasma source. To be able to use the SRM 981 Pb standard (25ppb Pb and 10ppb TI)
a long term calibration is required that is obtained by adjusting the values of the 205712971 to
acceptable ratios. The adjusted value is then used to correct for mass discrimination in the
analysed unknowns by using an exponential law. The choice of Tl for mass discrimination
correction is determined by the fact that Pb does not have stable isotopes that can be applied
for correction, and even though Tl does not reproduce Pb fractionation exactly, the ratio is
relatively constant. Mass 202 (for **’Hg) has to be measured in order to correct for mass

interference between “**Pb and ***Hg.

4 Results

4.1 Samples and sample localities

The samples studied were collected during the summer and fall of 2006. The sample localities
are shown in Figure 3. Nine samples were used for U-Pb in situ zircon dating, Lu-Hf isotopic
analysis and Pb-Pb whole rock isotopic determinations. Below, a brief description of the

sample localities and the petrography of the sampled rocks are presented, along with a
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description of zircons in the samples. In general, all the samples were quite rich in zircons,
which typically had inclusions of mainly apatite and/or sphene and were yellow or brownish
to transparent. Zircons in metamorphic rocks and in granites tend to have complex internal
structures that reflect inheritance, recrystallisation and zircon growth. Selected zircons from
the samples were imaged in BSE, and some representative images are presented below. The
images were used to select the precise locations of in situ LA-ICP-MS analyses to determine

separate ages for cores and overgrowths.

4.1.1 Granitic gneiss: sample 105-23-10

This rock is a medium to fine grained, massive, pink granitic gneiss collected in a road-cut
several tens of meters from pegmatites, amphibolites, quartz veins and fault- and shear-zones
that locally cross-cut the rock. Small, folded pegmatites cross-cut the 340/70 NE gneissic
fabric of the host rock. No neosomes were observed in this road-cut. The main rock-forming
minerals are quartz and (perthitic) K-feldspar, along with some (saussuritised) plagioclase,
biotite and hornblende. There are a large number of opaque minerals, zircons, apatite, chlorite
and secondary carbonate minerals present in the rock. Some myrmekite was observed. The
biotite is dark, showing strong pleochroism and some places it is altered to chlorite. Zircons
typically occur in the biotite and/or chlorite as inclusions surrounded by pleochroic haloes.
Most of the zircon crystals are 60-150 um in size and contain inclusions of apatites, K-
feldspars and micas. Most of the crystals are subhedral or sub-rounded. The majority of the

grains show regular zoning in BSE, or faint, broad zoning, but some are homogenous (Figure

Figure 6. Zircon crystals in BSE from granitic gneiss (105-23-10)

4.1.2 Alkali feldspar granite: sample 106-23-10

This rock is a strongly penetratively deformed, medium to fine grained pink alkali feldspar
granite from Spro. It has large K-feldspar phenocrysts surrounded by fine grained mineral
assemblies showing mylonite like texture. The main rock-forming minerals are quartz and K-

feldspar, with minor plagioclase (<10% of the total feldspar content), biotite and some
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hornblende. Other minerals in minor and accessory amounts are chlorite (forming as a result
of biotite alteration), muscovite, apatite, opaque minerals and zircons. The relict large feldspar
grains are mainly K-feldspars, but a few large plagioclase grains, surrounded by corona-like
sericite alterations, are present as well. Minor myrmekite is observed. Quartz is fine grained
and forms ribbon texture in the rock. Most zircon grains (Figure 7) are subhedral and vary in

size from 50 to 100 um. In BSE the zircons area typically homogenous or faintly zoned, many

of them are altered, and many contain apatite inclusions.

Figure 7. Zircon crystals in BSE from alkali feldspar granite (106-23-10)

4.1.3 Pegmatite: sample 102-23-10

The sample represents a pegmatite in the tonalitic gneiss described below. The pegmatites are
both parallel and oblique to the gneissic fabric and do not share the fabric of the host rock,
indicating that the pegmatites post-date the gneissic fabric. Attempts were also made to
analyse zircons from a large pegmatite from Spro for comparison. However, zircons are rare
in this particular pegmatite. One large grain was provided by the Natural History Museum,
University of Oslo, wich was hihgly metamict and had large amounts of common lead,
making it impossible to analyse.

The sampled pegmatite from the tonalite gneiss is medium to coarse grained and has
partly sharp, and partly diffuse boundaries to its host rock. The main rock-forming minerals
are microcline, quartz, plagioclase, and minor biotite and hornblende. Accessory minerals are
euhedrale sphene, zircons and apatite, but clinozoisite is also present. The quartz grains have
undulatory extinction. Some sericitisation of feldspars occur, along with local chlorite
alteration of the bitote, and myrmekite is common. Zircon zonation is visible in plane
polarized light. Most of the zircons are homogenous in BSE (Figure 8) and are ca. 60-100 um
long. In BSE, only a few grains have faint zoning, many shows extensive alteration and have

inclusions of apatite and other dark minerals.
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4.1.4 Coarse grained granite: sample EPB-06-05

This rock is an undeformed coarse-grained granite collected in the Spro area. The main rock-
forming minerals are quartz, K-feldspar and plagioclase together with biotite that is somewhat
altered to chlorite. Accessory minerals are zircon, apatite, sphene and some opaque minerals.
Zircons are typically subhedral or sub-rounded, 50-100 pm in size and contain inclusions of
apatites and feldspars. Many of them are homogenous or show only faint, broad zoning in
BSE, but grains with oscillatory zoning characteristic of magmatic zircon also occurs along

with core and rim relations (Figure 9).

Figure 9. Zircon crystals in BSE from coarse grained granite (EPB-06-05)

4.1.5 Garnet-biotite gneiss: sample 103-23-10

This sample is a medium to coarse grained garnet-biotite gneiss of granitic composition
collected from a road-cut. The 190/80 W gneissic fabric is mainly defined by biotite. The
gneiss is cross-cut by an amphibolite dyke more or less parallel to the gneissic fabric. The
gneiss contains some felsic pockets interpreted as neosomes. Rock-forming minerals are K-
feldspar, quartz, plagioclase, biotite and garnet, with the K-feldspars (mainly microcline with
micro-perthites in a few grains) and the typically poikiloblastic garnets being noticeably
larger than the other minerals. Some plagioclase is altered to sericite, and intergrowth with
quartz, myrmekite, also occurs (a common feature of gneisses and granites). Sphene and
epidote are also present in the rock. Zircon is abundant in the rock and many of them occur as
inclusions in biotite surrounded by pleochroic haloes. Most zircon grains are subhedral, with a

few rounded grains. The subhedral grains are mostly long prismatic and ca. 100-150 pm in
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size. Some crystals are altered and have inclusions, whereas others are faintly zoned or have

chaotic inner patterns suggesting recrystallisation and alteration, but most of them are

homogenous (Figure 10).

Figure 10. Zircon crystals in BSE from garnet-biotite gneiss (103-23-10)

4.1.6 Augen gneiss: sample 112-23-10

This sample is a red augen gneiss with medium to coarse grained feldspars augens, collected
on the eastern part of Nesodden in the Torget area (also known as Torvet), which is outside of
the main study area (Figure 3). The main rock-forming minerals are K-feldspar, quartz,
plagioclase and biotite. Other accessory minerals are zircons, sphene, apatite, opaque minerals
and epidote or clinosoisite along with a secondary carbonate mineral. The K-feldspars is
locally microperthitic, and the plagioclase in the rock is altered to saussurite, and myrmekite
is also present. The quartz grains have undulatory extinction and the biotites are strongly
altered to chlorite. Zircons and sphene are euhedral to subhedral, whereas apatite is subhedral
or even anhedral. Zircon grains from the sample are typically ca. 60-100 um, with long-
prismatic habit, and exhibit a faint zoning in BSE (Figure 11). Inclusions are common, and

some grains are altered.
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Figure 11. Zircon crystals in BSE from augen gneiss (112-23-10)

4.1.7 Fine grained granite: sample EPB-06-04

This rock is a fine grained granitic rock from the Spro area, adjacent to sample 106-23-10. At
this outcrop the rocks are generally deformed and cross-cut by amphibolites that were
subsequently deformed as well. It is difficult to make sense of all the deformed dykes, host-
rocks and mylonites in the outcrop. The main rock-forming minerals in the sample are quartz,
K-feldspar, plagioclase and biotite. Accessory minerals are zircon, apatite and sphene, and a
small amount of garnet is also present. The biotite is strongly altered to chlorite. The zircon
crystals in this sample are mostly homogenous, only a small number shows faint zoning in
BSE (Figure 12). Several of the zircons are altered, and some are sub-rounded. Subhedral
grains are typically long-prismatic and are ca. 100 and 200 um long, i.e., somewhat larger

than zircons from the other samples.

Figure 12. Zircon crystals in BSE from fine-grained granite (EPB-06-04)

4.1.8 Red granite: sample EPB-06-06
This fine grained, red granitic rock was also collected in the Spro area. The main rock-

forming minerals are quartz, K-feldspar, plagioclase and biotite. The biotite is commonly
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altered to chlorite. There is a fair amount of opaque minerals in the rock and other accessory
minerals include zircon and apatite. The zircon crystals are at 40-100 pm in size somewhat
smaller than those found in most of the studied samples. The majority of the zircons are sub-
rounded and contain inclusions of e.g. apatite. They are either homogenous, or show faint
zoning in BSE, however, a few crystals are subhedral to euhedral and show oscillatory zoning

(Figure 13).

Figure 13. Zircon crystals in BSE from red granite (EPB-06-06)

4.1.9 Tonalitic gneiss: sample 101-23-10

This medium to fine grained greyish tonalitic gneiss was sampled in a road-cut at the
southernmost edge of the field area. The 300/63 NE gneissic fabric is defined by biotite.
Several small pegmatites intrude the tonalitic gneiss, exhibiting both sharp and diffuse
boundaries to the host rock. Felsic neosomes and quartz veins are also observed in the gneiss.
The neosomes indicate minor anatexis. The main rock-forming minerals in the heterogranular
gneiss are plagioclase, quartz, biotite and hornblende, but some microcline can be found as
well. Accessory minerals are zircon, apatite and sphene. The presence of clinozoisite, partially
sericitised plagioclase and chloritized biotite indicate retrograde metamorphism. Intergrowth
in plagioclase with quartz in a form of myrmekites can be seen in a few places. The quartz
grain boundaries are typically embayed and the grains show undulatory extinction. Zircon
inclusions in biotites surrounded by pleochroic haloes are common. Many of the zircons show
zoning and they occur as inclusions in hornblende as well. Most of the zircon grains from this
sample are subhedral, have numerous inclusions of apatites and about half of the studied
grains are homogenous in BSE, or show faint and broad zoning, whereas the other half show
regular oscillatory growth zoning, typically associated with magmatic zircon (Figure 14).

Some crystals are sub-rounded, 50-150 um in size, with no visible xenocrystic cores.
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Figure 14. Zircon crystals in BSE from tonalitic gneiss (101-23-10)

4.2 U-Pb
4.2.1 Granitic gneiss: sample 105-23-10

Thirty-six zircons were analysed for U-Pb. Of these, 21 analyses containing high amounts of
common lead (**'Pb/**Pb < 2000) were excluded (Table 4 in Appendix). Eight of the
remaining zircons give a Concordia age of 1536 £ 5 Ma (MSWD = 0.083) (Figure 15a-1I). A
regression line calculated for all 15 zircons gives an upper intercept at 1515 + 380 Ma and an
unconstrained lower intercept at 1476 + 510 Ma (MSWD = 0.58) (Figure 15a-I). Anchoring
the lower intercept to 1100 + 10 Ma yields a regression line with an upper intercept at 1518 +
32 Ma (MSWD = 0.89) that overlaps the 1536 + 5 Ma Concordia age. The preferred
interpretation is that the Concordia age of 1536 + 5 Ma dates crystallisation of the granite, and

that the remaining analyses reflect Sveconorwegian metamorphism at around 1100 Ma.

4.2.2 Alkali feldspar granite: sample 106-23-10

Of 29 zircons 2 were excluded due to low error correlations (p = -0.018 and p = 0.293) (Table
4 in Appendix). The 27 remaining grains define a regression line with unconstrained
intercepts at -270 £ 720 Ma and 1541 + 7 Ma (MSWD = 0.51) (Figure 15b-I). A Concordia
age calculated from 25 analyses yield an age of 1542 £ 5 Ma (MSWD = 1.7) (Figure 15b-II).
To calculate the Concordia age, one discordant (-11.2%) analysis was excluded, along with
the analysis with the highest *’Pb/*°U and ***Pb/**®U ages, which represents a zircon that in
BSE images seems to have both a core and several inclusions and cracks. A regression line
including all 27 zircons with a forced lower intercept at 0 = 10 Ma, yield an upper intercept of
1541 £7 Ma (MSWD = 0.51) that is in good agreement with the Concordia age. The 1542 + 5

Ma Concordia age is interpreted as the crystallisation age of the rock.

4.2.3 Pegmatite: sample 102-23-10
Of 35 analysed zircons 2 were discarded due to high common lead content (***Pb/*’Pb <

2000) (Table 4 in Appendix). The remaining 33 grains form a regression line (model-2 fit)
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with lower and upper intercepts at 1034 + 40 Ma and 1522 + 46 Ma (MSWD = 7.9),
respectively (Figure xc-I). The zircons form two distinct populations. The younger one
contains a total of 17 analyses (white ellipses in Figure 15¢c-I). A Concordia age calculated
from 14 of these analyses yield an age of 1051 £ 5 Ma (MSWD = 0.66) (Figure 15c-1I). The 3
zircons excluded from the Concordia age calculation had the lowest *’Pb/2*°Pb ages and two
of them were highly discordant, -15.6% and 5.9%. The 1051 + 5 Ma Concordia age is
interpreted as the emplacement age of the pegmatite.

The older group consists of 5 analyses (grey ellipses in Figure 15c-I). These have
distinctly higher **’Pb/*°U and *Pb/**®U ages than the other analyses from the sample, and
give a Concordia age of 1531 £ 16 Ma (MSWD = 0.63). The remaining 11 analyses (yellow
ellipses in Figure 15c-I) plot on a line towards the 1051 + 5 Ma Concordia age. Anchoring all
16 points to the young Concordia age of 1051 = 5 gives an upper intercept at 1553 + 46 Ma
(MSWD = 1.8) that overlaps with the Concordia age of the older group.

The 1531 + 16 Ma Concordia age is interpreted to date the age of inherited zircons in
the pegmatite (Figure 15c-1II), and likely represents the magmatic age of its protolith. The 11
grains that plot in-between this age and the Sveconorwegian age of the pegmatite are
interpreted to represent either mixing of the two age components, or Sveconorwegian lead

loss in inherited zircons.

4.2.4 Coarse-grained granite: sample EPB-06-05

Of 41 zircons analysed 9 were discarded because of high contents of common lead
(®Pb/*"*Pb < 2000) or too low error correlation (p = 0.248) (Table 4 in Appendix). The
remaining 32 grains form a large cluster of concordant to slightly discordant analyses that
appear to belong to two different age groups. The first group consists of 26 zircons that for the
most part overlap the Concordia curve, along with a few discordant grains (white and yellow
ellipses in Figure 15d-I). Of these, 21 zircons are concordant at 1537 + 3 Ma (MSWD =
0.103) (Figure 15d-II). Together with 5 discordant zircons they define a lead loss line from an
upper intercept of 1533 £ 5 Ma to an unconstrained lower intercept at 273 +200/-210 Ma
(MSWD = 1.5). The upper intercept is equal to the Concordia age. Forcing the lower intercept
through 290 + 20 Ma, the estimated age of Permian magmatic and tectonic activity in the Oslo
Rift (Sundvoll et al. 1990), produces an upper intercept age of 1532 + 8.0 Ma with a slightly
lower MSWD of 1.3. The 1537 + 3 Ma Concordia age is interpreted as the emplacement age
of the EPB-06-05 granite, and the discordance likely reflects Permian lead loss.
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The second, older group consists of 5 analyses with slightly lower internal precision
than the other analyses (grey ellipses in Figure 15d-I). Together they define a regression line
with an upper intercept at 1595 +45/-30 Ma and a lower intercept at 547 +280/-260 Ma
(MSWD = 1.8). Of the 5 analyses 4 yield a regression line with upper and lower intercepts of
1595 +36/-26 and 349 +310/-380 Ma (MSWD = 0.40) respectively; when anchored to 290
+20/-20 Ma the upper intercept age changes to 1591 +20/-19 Ma (MSWD = 0.31) (Figure
15d-I). The excluded point plots between the lead loss trajectories of the 1591 Ma and the
1537 Ma ages, and is interpreted to represent mixing of two different age domains in the
zircon. The preferred interpretation is that this older age represents inherited zircons, affected
by Permian lead loss. The oldest known event of Gothian calc-alkaline magmatism in the
Norwegian part of the Kongsberg-Marstrand block is represented by a metarhyolite from

Slemmestad, which has been dated to 1615 = 31 Ma (Andersen et al. 2004a).

4.2.5 Garnet-biotite gneiss: Sample 103-23-10

Eighteen of 23 analysed zircons from the garnet-biotite gneiss give a Concordia age of 1492 +
9 Ma (MSWD = 0.17) (Figure 15e-II). The remaining 5 analyses were discarded due to high
common lead content (206Pb/204Pb < 2000; Table 4 in Appendix). The 1492 + 9 Ma Concordia
age is interpreted as the crystallisation age of the garnet-biotite gneiss, but minor

Sveconorwegian lead loss may lead to a slight underestimation of the real age of the gneiss.

4.2.6 Augen gneiss: sample 112-23-10

Of 22 zircon analyses 2 were discarded because of high common lead content (**°Pb/***Pb <
2000) (Table 4 in Appendix). A Concordia age calculated from the remaining 20 data points
give an age of 1504 + 7 Ma (MSWD = 0.67) (Figure 15f-II). The same analyses define a
poorly constrained regression line with an upper intercept at 1496 + 50 Ma (MSWD = 0.12)
that overlaps with the Concordia age (Figure 15f-1), and a lower intercept at 1133 + 670 Ma.
A constrained lower intercept at 1100 £ 10 Ma results in a regression line with an upper
intercept at 1497 + 39 Ma (MSWD = 0.117), which is in good agreement with the calculated
Concordia age of 1504 £ 7 Ma. As with the previous sample, the coincidence of the lower
intercept with the Sveconorwegian event is suggestive of minor lead loss at this time. The
preferred interpretation is that the crystallisation age of the Torget augen gneiss is 1504 + 7
Ma. If, on the other hand, the data reflect minor Sveconorwegian lead loss, the maximum age

of the gneiss is constrained by the 1497 + 39 Ma age.
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4.2.7 Fine grained granite: sample EPB-06-04

A total of 26 zircons were analysed, of which 3 were discarded because of high common lead
content (206Pb/204Pb < 2000) and 2 due to low error correlations (p = 0.045 and p = -0.019)
(Table 4 in Appendix). A further 8 zircons, 2 with the highest **’Pb/**°Pb ages and 6 with the
lowest “’Pb/*’°Pb ages were excluded for the Concordia age calculations. A group of 13
zircons give a Concordia age of 1503 +7 Ma (MSWD = 1.5) (Figure 15g-1I).

A regression line calculated for all zircons, a total of 21 grains that for the most part
overlap the Concordia curve, gives an upper intercept at 1468 £ 61 Ma and a unconstrained
lower intercept at 1219 + 440 Ma (MSWD = 0.120) (Figure 15g-I). Forcing the lower
intercept through 1100 +10 Ma yields an upper intercept at 1474 + 34 Ma (MSWD = 0.13)
that overlaps with the Concordia age of 1503 + 7 Ma. The preferred interpretation is that the
Concordia age gives the best estimate for the emplacement age of the rock, whereas the
unconstrained and constrained lower intercepts resulting in an overlapping age with the 1503

+ 7 Ma Concordia age reflect Sveconorwegian lead loss.

4.2.8 Red granite: sample EPB-06-06

Of 29 zircons analysed 17 were discarded due to high common lead content (®°Pb/**Pb <
2000), and 1 because of low error correlations (p = -0.078) (Table 4 in Appendix). The
remaining 11 zircons have **°Pb/**'Pb in the range 2305 and 8032, and were corrected for
common lead using Stacey-Kramers model for common lead composition at 1.5 Ga, i.e.,
200pp204pp = 18.7, 2’Pb/*™Pb = 15.628 and **Pb/**'Pb = 38.63 (Stacey and Kramers 1975).
These zircons define a regression line with an upper intercept at 1494 +21/-18 Ma and an
unconstrained lower intercept at 494 +110/-110 Ma (MSWD = 0.36) (Figure 15h-I). The
upper intercept overlaps with a Concordia age of 1493 + 11 Ma (MSWD = 0.096) (Figure
15h-1II) calculated for the 6 analyses with the highest 207pp/2%py ages. The 1493 + 11 Ma
Concordia age is interpreted as the best estimate for the emplacement of the fine grained N-
Spro granite. The imprecise, unconstrained lower intercept overlaps with the age of the

Caledonian orogeny.

4.2.9 Tonalitic gneiss: sample 101-23-10

Of 19 zircons 10 give a Concordia age at 1495 + 5 Ma (MSWD = 1.11) (Figure 15i-1I).
Reference lines drawn between 1495 and O and between 1495 and 1100 (Figure 15i-1) show
possible lead loss lines for the sample. The preferred interpretation is that the 1495 £ 5 Ma

Concordia age is the crystallisation age of the tonalitic gneiss. The remaining analyses are
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interpreted to reflect a combination of Sveconorwegian influence and resent lead loss.
Inherited zircons from a Sveconorwegian pegmatite hosted by the tonalitic gneiss (102-23-10;
Figure 15c-1I) gave an age of 1531 + 36 Ma, overlapping with the 1495 + 5 Ma age of the
tonalitic gneiss. The data is thus compatible with a local origin of the pegmatite. The slightly
younger age of the tonalitic gneiss may reflect the effect of unresolved Sveconorwegian lead

loss and/or zircon growth.
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The LA-MC-ICPMS Lu-Hf isotope data were collected from 220 zircons that were previously

dated by in situ U-Pb analyses, and 2 grains not analysed for U-Pb (sample 105-23-10,
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number 11 and 17). The analytical data are listed in Table 5 (Appendix), including
176 £/ 177Hf, 76 w1t and '°Yb/'’Hf for individual analyses, and time-corrected
6Hf/'THS ratios (i.e., the ratio recalculated from the measured Lu in the zircon and its U-Pb
age).

Zircons typically have Lu/Hf ratios between 0.0016 and 0.034 (Faure and Mensing
2005), as do the studied samples where the ratios range from 0.00038 to 0.00582 (Table 5 in
Appendix). Within this span, 5 zircons from samples EPB-06-05 and EPB-06-06 exhibit the
highest Lu/Hf ratios, followed by a small group of zircons with Lu/Hf ratios from 0.002 to
0.0027. The zircons from the Sveconorwegian pegmatite (102-23-10) have the lowest Lu/Hf
ratios, ranging from 0.00038 to 0.00109, which points to a highly evolved (crustal) source.

The data are illustrated in '"°Lu/'""Hf vs. "°Hf/'"Hf diagrams where each analysis is
represented by an error box showing the internal analytical uncertainty (+1c) (Figure 16a-i).
Reference isochrons plotted in the diagrams show the expected trend of '"°Hf/'""Hf from in
situ radiogenic accumulation since the crystallization age. To create the reference lines the U-
Pb age of the samples and a convenient °Hf/""THf initial ratio were used together with the
decay constant of Lu (i.e. A=0.0186). Analyses plotting above or below the main trend of the
data as visualized by the reference lines suggest more juvenile and evolved (crust)
components, respectively. The main group of zircons, representing the 1500-1540 Ma rocks,
including inherited zircons from the Sveconorwegian pegmatite, have oHE/HE from
0.28191 to 0.28207. The Sveconorwegian zircons from the pegmatite, and a few older zircons
(that likely have Sveconorwegian overgrowths), have higher '"°Hf/'’"Hf ratios, ranging from

0.28208 to 0.2822, compatible with two different zircon populations in the studied rocks.
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Figure 16a-i. Lutetium-hafnium correlation diagrams showing the present-day variations in "*Hf/"""Hf vs.
L u/"""Hf. The error boxes show the analytical uncertainties. a) 105-23-10, granitic gneiss b) 106-23-10,
alkali feldspar granite c) 102-23-10, pegmatite d) EPB-06-05, coarse-grained granite e) 103-23-10, garnet-
biotite gneiss f) 112-23-10, augen gneiss g) EPB-06-04, fine-grained granite h) EPB-06-06, red granite i)
101-23-10, tonalitic gneiss.

It is useful to illustrate the total variation of the time-corrected initial '"°Hf/'’’Hf ratios
(Hf}) in an accumulated probability plot with histogram plot (Figure 17). The main peak in the
plot, with Hf; ranging from 0.28185 to 0.28205, mainly represents zircons from the ca. 1500-
1540 Ma rocks. The second, smaller peak from 0.28205 to 0.28218 mainly contains zircons
from the Sveconorwegian pegmatite. A few analyses from the pegmatite plot within the larger
peak, and correspond to older, inherited zircons. Also, a few analyses from the older rocks
plot within the smaller peak, likely representing secondary Sveconorwegian zircon growth on

Mesoproterozoic zircons.
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Figure 17: Accumulated probability plot with histogram plot for all analysed zircons. In the diagram, the
histogram for time-corrected initial SHE/THE ratios (Hf) is enclosed within a Gaussian curve that
includes the errors for each measurement.
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Another useful way to evaluate the data is to plot it in a linear probability diagram with
a regression line. In Figure 18, most of the data (plotted with 1o error bars) conform to a
normal distribution along a linear trend, illustrating the similarities in initial Hf between the
ca. 1500-1540 Ma zircons from the different rock types. These roughly coeval rocks are from
a relatively small geographical area and may thus be related, and/or reflect similar settings of
formation. The outliers towards higher initial Hf ratios correspond to Sveconorwegian zircons
and overgrowths (105-23-10:07, 10, 31, 72 (11 and 17), EPB-06-04:24, 26, 62, 75 and EPB-
06-06:51). In the plot, three grains plot towards significantly lower initial Hf ratios (EPB-06-
05:01, 36, and EPB-06-06:41). These zircons have *Pb/***Pb ratios <2100 (Table 4 in
Appendix), but do not have older U-Pb ages than the Concordia ages of their respective host
rocks. The data can reflect inherited older zircons, and/or a more evolved (crustal) source.

Probability plots created for each sample separately show similar patterns (Appendix).
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Figure 18: Linear probability plot showing all zircon analyses with 1c error bars. If the data represent a
suite that conforms to a normal distribution, the data points will define a (regression) line. Three zircons
at the lower end and 27 at the upper end of the probability limit deviate from the normal trend. These
outliers are crossed over, illustrating that they are not included when calculating the regression line.
Analyses in the upper end of the probability limit represent samples EPB-06-04 and 105-23-10 with 4 and
6 zircons, respectively, whereas sample EPB-06-06 has one zircon at each end of the probability limit. The
two other analyses at the lower end of the probability limit are from sample EPB-06-05. However, most of
the zircons (16 st) deviating from the normal trend are from the pegmatite (102-23-10), and represent
Sveconorwegian zircon growth, as opposed to the Mesoproterozoic zircons that form the normal trend.
The remaining zircons above the trend line are similarly interpreted to represent Sveconorwegian zircon
and variable contributions of the older component, compatible with rim and core relations.

The Hf isotope data for 222 zircons, arranged by age and rock type, are plotted in Hf; vs.
age (**’Pb/**°Pb) diagrams in Figure 19a-b, along with published data from the Southwest
Scandinavian Domain (Andersen et al. 2002a, Andersen et al. 2004a, Andersen et al. 2006).

The green reference lines show the evolution of the Hf isotopic ratio in the depleted mantle
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with time (Griffin et al. 2000), and the blue reference lines represent the evolution of the ratio
in CHUR (Bouvier et al. 2007). The red reference lines illustrate the path the Hf isotopic ratio
would have evolved in the rock from which the analysed zircons formed, at a specific
76Lu/"""Hf ratio. Since zircons have very low Lu/Hf ratios, extrapolating a reference line
from a zircon to the DM growth curve using the zircons Lu/Hf ratio yields a nearly horizontal
line, giving a minimum age for the crustal residence time of the Hf in the zircon, i.e., the
zircon model-age (tpm;) (Andersen et al. 2002a). However, since the crystallization ages of
the zircons are known it is possible to get a more realistic model age for the host rock of the
zircons, by forcing a growth curve through the zircon initial ratio with Lu/Hf ratio
corresponding to the whole rock. When whole-rock concentration data are not available, as is
the case for this study, a e u/""HE = 0.01 for granites and 76 u/""THf = 0.015 for an average
crustal reservoir (Griffin et al. 2002, Andersen et al. 2002a) may be used. The obtained
model-age (whole-rock model age, tpmw) represents the time when the Hf in the zircon last
was in isotopic equilibrium with the global depleted mantle reservoir (Andersen et al. 2002a).

The zircons in most samples have a range of Hfj ratios well outside the analytical
uncertainties (£1.5-2 g-units). Such ranges in eyf values are quite common in granites (Griffin
et al. 2002, Andersen et al. 2002a) and suggest that the magma was heterogeneous with
contributions from isotopically distinct sources. If magma homogenization is slower than
crystallization of the zircons, different parts of the crystals may sample different domains of
the heterogeneous magma. Samples 101-23-10, 103-23-10, 106-23-10, 112-23-10 and EPB-
06-04 all have a moderate range of 5-6 ey¢ units, and all plot above CHUR. Samples 105-23-
10, EPB-06-05 and EPB-06-06 have much larger ranges in egy, from 9 to 11 units, suggesting
mixing of different magma sources. Some of the analyses plot on the DM reference line,
indicating a juvenile component. The EPB-06-06 sample, along with samples 102-23-10, 103-
23-10 and EPB-06-05 contain zircons that plot on the CHUR line, suggesting a less depleted
average source, or mixing of DM and crustally derived components.

Sveconorwegian zircons from the pegmatite show a moderate eyr range from -2 to 4,
compatible with a crustal source (e.g., anatexis of the host rock). The inherited zircons in the
pegmatite plot above CHUR, and in one case on the DM line, suggesting juvenile crust

formation from a depleted mantle source, and also show a moderate ey range of 6.
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Figure 19a, b. Time-corrected initial '"*Hf/"”"Hf ratio vs. time (Ga) diagrams illustrating the initial Hf
isotopic composition of zircons at the time of crystallization. The Hf isotope data from Table 5 were
recalculated to crystallization ages using data from Table 4 (Appendix). Reference data: DM from Griffin
et al. (2000); CHUR from Bouvier et al. (2007); ranges of Hf isotopic composition for 1.5-1.6 Ga calc-
alkaline gneisses and related rocks and of TIB and TIB equivalent rocks from Andersen et al. 2002a,

2004a, 2006 and unpublished data from T. Andersen.

4.4 Pb-Pb and multi-stage U-Th-modelling

Isotopic Pb compositions from 9 whole-rock samples are listed in Table 6 (Appendix). The
present day 200pp204pp, 207ph/2%Ph and ***Pb/***Pb ratios vary widely, from 17.282 to 29.586,
from 15.487 to 16.414 and from 36.901 to 45.912, respectively. The Pb data do not yield

isochrons, but form a rough linear array when plotted in a ***Pb/***Pb vs. 2’Pb/***Pb diagram,
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except for one sample (112-23-10) that plots under the array. In a 200pp2%4pp vs. 2**Pb/2*Pb
diagram the data scatter somewhat, yielding two linear arrays near each other, again with the
exception of 112-23-10. This indicates that the lead was isotopically heterogeneous at the
time of crystallization. The considerably larger scatter in the data in the 2*°Pb/**'Pb vs.
208pp/2%ph diagram implies widely variable Th/U ratios. Sample 112-23-10 plots well below
the two arrays in the diagram, indicating a significant disturbance of the system (possible U
mobility) that occurred after emplacement of the rock. The Pb isotope composition of 112-23-
10 is compatible with that of the Sveconorwegian pegmatite (102-23-10) and its host rock
(101-23-10).

A three-stage model of the Pb isotopic evolution (Andersen 1998 and references therein)
was applied using the PBI-Excel program (Andersen 1998) to better understand the geological
environments where the Pb has evolved in the past and to get an indication of possible magma
sources (Figure 20, 21). In the three-stage model, the first-stage is constrained by the age of
the earth (tp = 4.57 Ga, Faure and Mensing 2005 and references therein) and by the time of
separation (t; = 2.1 Ga) from the first reservoir, i.e. the protolith age, which is estimated from
the Lu-Hf protolith ages (section 4.3). During the first-stage, the Pb evolved in a depleted
mantle environment characterized by a p;-value of 7.9 and by a k; = 4 from initial meteoric
Pb composition (Tatsumoto et al. 1973). The second-stage is constrained by t; and t,, where
the latter is the emplacement age of the rocks (t; = 1.53 Ga). The Pb in the samples evolved in
different reservoirs during the second-stage, with p,-values ranging from 10 to 16 and a «»-
value of 4. A different t, age was used to constrain the second-stage for sample 112-23-10,
since it can only be made to fit the model isochron using a Sveconorwegian age. Thus, t, was
set to 1050 Ma, the best estimate for the age of metamorphism of the rock (see section 4.2),
and which is also the age of the pegmatite (102-23-10) and metamorphism of its host rock
(101-23-10). All these three samples plot on a line (Figure 20, 21). This indicates a reservoir
with a pp-value of 13 and k, = 4. The final stage represents the time from the last
homogenization of Pb until present. The Pb in the different samples evolved in different
reservoirs with ps-values ranging from 33 to 70 and «s-values ranging from 2.5 to 4. For
sample 112-23-10 the third-stage represents a reservoir characterized by a ps-value of 70 and

a k3-value of 0.5.
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Figure 20. °Pb/***Pb vs. 2’Pb/***Pb diagram illustrating the three-stage model evolution applied to all
samples. The black and blue lines illustrate the three-stage evolution of 8 of the 9 analysed samples
(n=7.9, t;=2.1 Ga, p, varying between 10 and 16 and t,=1.53 Ga). The black and green lines illustrate the
three-stage evolution of the ninth sample (112-23-10: augen gneiss; p;=7.9, t;=2.1 Ga, p,=13 and t,=1.05
Ga).
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Figure 21. 2*Pb/*"Pb vs. *®*Pb/***Pb diagram illustrating the three-stage model for thorogenic Pb.
Symbols as in Figure 20, see text in section 4.4 for detailed description.

5 Discussion

5.1 The age of magmatism and metamorphism on the Nesodden Peninsula

The Nesodden Peninsula consists of various ortho- and paragneisses along with granites,
amphibolites and diabase dykes. The rocks testify to a complex geological evolution, which

until now has been poorly constrained. The U-Pb ages obtained in this study confirm
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Mesoproterozoic magmatism in the area, yielding emplacement ages at 1.54-1.53 Ga for
foliated granites and granitic gneisses (Figure 15a-d), and slightly younger emplacement ages
at 1.50-1.49 Ga for a second group of granitic and tonalitic rocks (Figure 15e-i). Sparse
inherited zircons in the coarse grained 1.54 Ga granite (EPB-06-05) yield an age of 1591
+20/-19 Ma. The remaining Mesoproterozoic rocks do not contain inherited zircons,
suggesting either predominantly juvenile magma sources, or a paucity of zircon in the
hypothetical crustal component, or zircon dissolution in the magmas. The youngest age was
obtained for a 1050 Ma granitic pegmatite. Inherited zircons in the pegmatite yield a
Concordia age of 1531 + 16 Ma. This age is slightly older than that of the 1.49 Ga host rock,
but is similar to that of older gneisses and granites in the area, and is consistent with anatexis
of these rocks as the magma source. This interpretation is further supported by Hf data from
the inherited zircons in the pegmatite (see below), which show a time-corrected range that
match that of several of the sampled rocks in the area, but seems less compatible with the
more evolved Hf; ratio of the host rock. It is interesting to note that the granitic gneiss (105-
23-10) adjacent to the host rock tonalite gneiss not only provides the closest match in terms of
geography, age and Hf isotope ratios, but also shows the most pronounced Sveconorwegian
zircon growth (as determined from the Hf signature, see section 5.3). Neosomes suggestive of
anatexis are locally present in most gneisses in the area, including the tonalitic host rock, but
are absent from the exposed granitic gneiss suggested as the source of the pegmatite. All the
same, anatexis of the granitic gneiss is suggested as a likely source of the pegmatite. The
dated pegmatite is one of several in the exposed host rock; the pegmatites are either parallel to
the gneissic fabric of the host rock, or cross cut it at a high angle. Though the pegmatites
locally are folded, they do not share the gneissic fabric themselves, hence they constrain the
age of the gneissic fabric and the folding to pre- and post 1050 Ma, respectively.

The partly discordant U-Pb data from the Mesoproterozoic rocks have lower intercepts
in the Sveconorwegian, Permian and recent sectors of the Concordia curve, suggesting Pb-
loss and/or zircon growth at these times. The ca. 1100 Ma intercepts correlate to the
regionally important Sveconorwegian orogeny, and local anatexis and pegmatite emplacement
in the area (this study). The Permian intercept correlates to magmatic activity in the Oslo Rift
area at ca. 290 Ma (Sundvoll et al. 1990). In contrast, zircons from the garnet-biotite gneiss do
not seem to be affected by the geological events in the area following emplacement at 1492

Ma.
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5.2 Magma sources

The creation of the Earth’s crust is an ongoing process that started with the formation of the
planet (Condie 2005). Over time, the felsic components that make up the crust have been
extracted from the mantle, and today melting of the mantle and re-melting of the crust
represents the two end-member sources of magmas. Studies of Lu/Hf and '"°Hf/'""Hf ratios
allow the identification of juvenile (mantle) and/or evolved (crust) components in a rock, the
constraining of possible crustal sources, and gauging of the model age, i.e., the time when the
initial extraction from the DM of the evolved component took place.

The Hf; of zircons from the 1.54-1.53 Ga and 1.50-1.49 Ga rocks in this study reflect
heterogeneous magmas at the time of zircon crystallisation. Generation of this wide range of
Hf; ratios from a single source is unlikely: the high Hf; ratios (0.2819 to 0.2821 at 1.54-1.49
Ga) points to a source with a DM composition, the lower end of the Hf; ratios, on the other
hand, suggest an older crustal component with a higher Lu/Hf ratio. Hence, contributions
from two or more sources with different Hf isotopic composition are inferred, compatible
with a mix of mantle derived material extracted at 1.55-1.5 Ga (particularly EPB-06-06, EPB-
06-04 and 105-23-10), and re-melting of older crust (all samples). Possible sources for the
crustal component (-s) can be evaluated by comparing to published and unpublished data from
south-eastern Norway and south-western Sweden (Figure 19b). The lower end of the Hf;
range (+6 to -2 eyr assuming average crustal Lu/Hf) crosses into the field of 1.85-1.65 Ga TIB
rocks at 1.54-1.49 Ga (Andersen et al. 2006); thus, rocks of TIB ages and compositions are a
pssible source of the crustal component. The Hf; ranges in the analysed samples also overlap
with the 1.60-1.54 Ga calc-alkaline gneiss complexes in the @stfold-Akershus sector east of
the Nesodden Peninsula, including the Feiring, S¢rmarka, Midtskog, Bjgrkelangen and
Tistedal gneiss complexes (Andersen et al. 2004a). Inherited zircons in the coarse grained
granite (EPB-06-05) are ca. 1.59 Ga old and have intermediate Hf; (< 0.2821, egr = +5 to +8).
This suggests that part of the crustal component of the rocks in the study area derives from
recycling of these or similar gneiss complexes. Rocks of similar ages and Hf; characteristics
are also present across the Oslo fjord in the Kongsberg sector, i.e., the Slemmestad
metarhyolite and the Snarum calc-alkaline gneisses, and slightly further away to the south
west, the Justgy tonalities, the Jomas granodiorite and the Gjerstadvatn tonalite in the Bamble
sector (Andersen et al. 2002a, Andersen et al. 2004a).

The Sveconorwegian zircons in the pegmatite exhibits a moderate eyr range (-2 to +4)

and plot on the CHUR line, partly overlapping with the Hf; of the Mesoproterozoic rocks in
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the study, including the tonalitic host rock (Figure 19a). However, the inherited zircons in the
Sveconorwegian pegmatite are 1.53 Ga and testify to a juvenile component that is absent from
the Hfj range of the tonalite, but match that of the neighbouring 1.54 granitic gneiss (105-23-
10). Thus, the most likely candidate for the inherited zircons is the granitic gneiss and/or
rocks of similar age and composition in the vicinity.

The model ages (tpmw) for the evolved component of the studied 1.54-1.49 Ga rocks are
estimated for Lu/Hf ratios of 0.015 and 0.010, corresponding to average crust and average
granite compositions, respectively. The projected Hf isotopic evolution for both Lu/Hf ratios
overlap the field of the TIB Hfj, as noted above, and intersect with the DM yielding crustal
residence ages of Hf in the zircons at up to 2.4 Ga (Lu/Hf = 0.015) and 2.2 Ga (Lu/Hf =
0.010), respectively. A conservative estimate of the minimum crustal residence time,
excluding three points with negative eyf from two rocks and gracing the most evolved
components of the bulk of the data in the diagram (Figure 19), yields an age of ca. 2.1 Ga
(Lu/Hf = 0.015), matching models of crustal formation in central Sweden at 2.1-2.0 Ga (e.g.,
Anderson et al., 2006 and references therein).

The evolution of the crustal component can be further constrained by examining the
isotopic composition of Pb, and in addition, the application of a second isotopic system makes
the constraints more robust (e.g., Andersen et al. 1994). A three-stage growth model applied
to the studied rocks (see section 4.4.) with the protolith age (t;) set to 2.1 Ga fits well with the
obtained Pb data. Following separation from the DM reservoir the Pb evolved in different
environments until 1.54-1.49 Ga (t;), and in the case of the pegmatite and the augen gneiss
(112-23-10), until ca. 1.05 Ga. These reservoirs were characterized by intermediate 28U/2%ph
ratios (up-values) ranging from 10 to 16 and S2Th/**Pb ratios (i-value) of ca. 4, supporting
the presence of both a mantle derived and crust derived components. The U-Pb data dates
emplacement of the augen gneiss (112-23-10) at 1.50 Ga, and minor Pb-loss (or less likely,
zircon growth) indicates metamorphism at ca. 1.1 Ga. In the *°Pb/*™Pb vs. **’Pb/**'Pb
diagram t; has to be constrained to the Sveconorwegian (here 1.05 Ga, i.e., the age of local
pegmatites and anatexis) in order to obtain a meaningful p,-value for the rock. The Pb data
thus supports the metamorphic age, and also indicates that the Pb composition of the rock was
considerably reset at this time. Resetting probably took place through homogenization of Pb
between feldspars and other minerals, whereas zircons, which are typically very resistant to
metamorphism, were only slightly disturbed, and still provide mostly concordant U-Pb data

from the time of emplacement of the gneiss.
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For the remaining samples the whole rock Pb isotope data are consistent with the U-Pb
and Lu-Hf data. Thus, the Pb data confirm the crustal residence and emplacement ages
derived from the U-Pb and Hf data, and the mixing of DM and crustal components as the

magma Sources.

5.3 Regional implications

Evidence of calc-alkaline magmatism in the SSD from ca. 1.66 to 1.50 Ga suggest an active
continental margin with a long lived subduction zone, representing the westwards growth of
the Baltic Shield (Brewer et al. 1998, Nordgulen 1999, Andersen et al. 2001b). Previous
studies of the calc-alkaline rocks that formed throughout this period indicate an immature to
moderately mature volcanic arc setting at a continental margin (Brewer et al. 1998, Andersen
et al. 2001b). Isotopic studies further indicate that 1.9-1.7 Ga rocks of a more evolved
character (possibly TIB related) are present at depth on both sides of the Permian Oslo Rift
(Andersen and Knudsen 2000, Andersen et al. 2001a, Andersen et al. 2002a). However,
southern Norway and south-western Sweden are divided into different sectors by
Sveconorwegian crustal scale shear zones (Andersen et al. 2005 and references therein),
suggested to juxtapose different parts of the Baltic Shield due to predominantly sinistral
movements along the faults (Park et al. 1991).

The Nesodden Peninsula is part of the @stfold-Akershus sector (western-most parts of
the Western Segment), where convergent-margin magmatism has been dated to 1.55-152 Ga
(Hisingen; Ahill and Connelly 2008). It was also suggested by Ahill and Connelly (2008),
and Andersen et al. (2004), that post-1.52 Ga subduction-related magmatism could be
expected, since rocks with appropriate tectonic affinity and ages (i.e., 1.52-1.49 Ga) occur in
the Rogaland-Vest Agder, Suldal, Hardangervidda and Telemark sectors (‘“Telemarkia
terrane” of Bingen et al. 2005) to the west of the @stfold-Akershus sector, suggesting the
continuation of the subduction (although these parts of southern Norway might have been
situated further north at the time). Geochemistry from similar gneisses east and west of the
Nesodden Peninsula (Andersen et al. 2002a, Andersen et al. 2004a, Ahill and Connelly 2008)
suggests that the studied rocks are calc-alkaline, which fits well with a subduction zone
setting.

The 1.54-1.49 Ga emplacement ages of the rocks in this study fall within the last stages
of 1.75 — 1.5 Ga Gothian magmatism-metamorphism in the SSD (Gadl and Gorbatschev
1987), and the 1.53-1.54 Ga rocks are coeval with the last stage of the 1.55-152 Ga Hisingen
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magmatism (Ahill and Connelly 2008). The younger group of rocks in this study, dated to
1.5-1.49 Ga, confirms the conjecture of Ahill and Connelly (2008) and Andersen et al.
(2004), by documenting magmatism of this age in the @stfold-Akershus sector.

During the 1.2 - 0.9 Ga Sveconorwegian (Starmer 1990) the SSD was extensively
deformed, metamorphosed and intruded by several generations of magmatic rocks. A number
of different tectonic settings have been documented during the Sveconorwegian, including ca.
1.13 Ga terrane accretion in the south (the Bamble sector; Kullerud and Dahlgren 1993;
Knudsen and Andersen 1999), extension and bimodal magmatism at 1.16-1.12 Ga (Telemark;
Andersen et al. 2007b), subduction and emplacement of the 1.05 Ga Feda suite (Rogaland-
Vest Agder; Bingen and van Breemen 1998), continent-continent (?) collision and crustal
thickening illustrated by 0.97 Ga eclogite formation (south-western Sweden; Moller 1998),
and ca. 0.96-0.93 Ga orogenic collapse (Rogaland — Vest Agder; Bingen et al. 2006). During
this time, Andersen et al. (2007b) recognises 5 different generations of Sveconorwegian
granites in south-western Norway.

Sveconorwegian metamorphism, anatexis and pegmatite emplacement at ca. 1.05 Ga in
the gneisses on the Nesodden Peninsula documented in this study thus forms part of the
complex tectonometamorphic evolution of the Sveconorwegian in south Norway. The
anatexis may be the result of a rise in temperature related to the introduction of an external
heat source, e.g., underplating and mafic magmatism (Andersen et al. 2007a), or reflect
decompression due to extension related tectonics, e.g., back-arc basin extension or, perhaps
less likely at this time, orogenic collapse. The complex regional geological evolution is
perhaps mirrored in the complex local geology of the Spro area where four of the samples in
this study were collected. Here, amphibolite dykes in the Spro granite (106) are deformed
along with the host rock by steep mylonitic shear zones. It is tempting to speculate that the
shearing is related to the crustal scale shear zones that transect south-western Norway
(Swensson 1986). Furthermore, these shear zones are locally dated to 1.05-1.035 Ga (Mandal-
Ustaoset shear zone; Bingen and van Breemen, 1998), and are thus coeval with anatexis in the
Spro area. Alternatively, the amphibolites that occur throughout the field area may be
Sveconorwegian, and related to a heat influx that triggered anatexis in the local gneisses at
1.05 Ga. These questions were not part of the scope of this thesis, but present a few of many

possible follow up studies in this intriguing geological area at the door step of Oslo.
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6 Conclusions

Nine felsic lithologies on the Nesodden Peninsula were dated by U-Pb in situ zircon dating,
yielding emplacement ages at 1.54-1.53 Ga for foliated granites and granitic gneisses, and at
1.50-1.49 Ga for a second group of granitic and tonalitic rocks. Time-corrected Hf isotopic
ratios obtained for dated zircons in the rocks indicate contributions from both a ca. 1.5 Ga
juvenile component and from an older, crustal component. Model-ages at ca. 2.1 Ga from
magmatic zircons point to TIB rocks as a likely source of the crustal component, supporting
previous suggestions that TIB related rocks are present at a lower crustal level in the region.
Three-stage Pb-Pb modelling confirms the crustal residence time obtained by the Hf analyses,
and contributions from different sources to the isotopic make-up of the protoliths. Inherited
zircons in coarse grained granite further indicate that part of the crustal component detected in
the rocks in the study area derives from recycling of marginally older, calc-alkaline gneiss
complexes in the region. The data presented in this study confirm previously inferred
Mesoproterozoic younging to the west in the @stfold-Akershus sector, and are proposed to
support westwards growth of the Baltic Shield along a long lived active continental margin.

A folded granitic pegmatite in a tonalitic gneiss yielded an age of 1.05 Ga, constraining
folding and the age of the gneissic fabric to post- and pre-1.05 Ga, respectively. Inherited
zircons in the pegmatite, its association with neosomes in the field, and Hf data indicate that
the pegmatite reflects anatexis of the felsic gneisses on the western side of the Nesodden
Peninsula at ca. 1.05 Ga. The effect of Sveconorwegian metamorphism is also reflected in
discordant U-Pb data from the gneisses, and confirmed by Pb-Pb modelling. Permian lower
intercepts correlates to magmatic activity in the Oslo Rift area at ca. 290 Ma, and are
proposed to reflect heating associated with emplacement of numerous diabase dykes in the

Nesodden rocks.
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8 Appendix
8.1 Weighing in for Pb-Pb analyses

Table 2. Weights of samples for Pb-Pb analyses, target mass is 0.0500g

Sample 101-23-10 102-23-10 103-23-10 105-23-10  106-23-10  112-23-10
Mass (g) 0.0500 0.0493 0.0498 0.0505 0.0476 0.0509

Sample EPB-06-04  EPB-06-05 EPB-06-06 BLANK-Pb* BCRI-Pb

Mass (g) 0.0495 0.0521 0.0499 0.01999 0.0494
*For the blank 20ul ***Pb spike dilute 0.005198umol/g (***Pb (1.06ppm)) = 0.0199¢g has been used.

8.2 Lead separation procedure
The lead separation procedure for whole-rock lead isotope analysis was done using an anion

exchange column to separate Pb from other elements:

e Solution preparation

1. Dissolve sample in 2ml concentrated HF + 1ml concentrated HNO; in Teflon
bombs in oven at 80 °C in a time duration of 48 hours.
2. Dry down the samples to hard evaporation cakes on a hot plate (bombs placed

minimum 4 cm from each other to prevent cross contamination).
3. Add enough 6N HCI to each sample to dissolve the solid and then repeat step 2.
4. Re-dissolve in 0.8N HBr and repeat step 2.
5 Finally re-dissolve the samples in less than 1ml 0.8N HBr.

e Preparation of disposable columns
1. Wash each column with full reservoir MQ water followed by a full reservoir 6N HCI:
repeat procedure once.
Fill up each column with MQ water.
Add <0.2 ml pre-cleaned AG1-X8 resin drop-wise to each column.
Let the resin settle.
Wash the resin through with 2 ml MQ water.
Wash again with 2 ml 6N HCI and repeat step 5.
Finally add 1 ml 0.8N HBr to each column.

ok wd

¢ Chemistry
1. Load samples (one in each column).
2. Add 15 drops of 0.8N HBr to each.
3. Repeat step 2.
4. Collect Pb fraction in bomb! Add 2ml 0.5N HNOs.
5. Collect Pb fraction! Add 1ml 0.5N HNO:s.
6. Evaporate each sample in bomb on hot plate.
7. Add 2-3 drops of 0.8N HBr to every sample and repeat step 6.
8. Re-dissolve the evaporation cakes in <1ml 0.8N HBr.
9. Regeneration of the columns. Add 2ml MQ water to each column.
10. Wash with 1ml 6N HCl.
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Wash with Iml MQ water.

Repeat step 11.

Add 1ml 0.8N HBr to each column.
Load the samples.

Add 15 drops of 0.8N HBr to each sample.
Repeat step 15.
Collect Pb fraction in bomb! Add 2ml 0.5N HNOs.
Collect Pb fraction! Add 1ml 0.5N HNOs.

8.3 Single sample linear probability plots

Data that form a linear array in a Hf; probability plot likely belong to a suite of zircons formed

from a source (or mix of sources) with a distinct Hf; ratio. Data that plot under the lower

probability limit indicate the presence a more evolved component (crust), whereas data that

plot above the upper probability limit suggest a more juvenile component. These may for

example represent inheritance or secondary zircon growth.
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Figure 22a-i. Linear probability plots showing zircon analyses for each sample with 16 error bars.
a) Granitic gneiss, 105-23-10. Outliers in this plot are also outliers in Figure 17. b) Alkali feldspar granite,
106-23-10. Three analyses plot below the lower probability limit and were thus excluded from the
regression. These are not outliers in Figure 17. ¢) Pegmatite, 102-23-10. Three analyses plot below the
lower probability limit and are excluded from the regression. Two of these analyses are also outliers in
Figure 17. The third poinjt to an older component, however, the U-Pb analysis of the zircon grain was
poor due to high common Pb. d) Coarse-grained granite, EPB-06-05. Nine grains plot below the lower
probability limit and are excluded from the regression. Two of these are outliers in Figure 17. e¢) Garnet-
biotite gneiss, 103-23-10. One analysis plot below the lower probability limit, but is not an outlier in
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Figure 17. f) Augen gneiss, 112-23-10. The data define a regression line, no outliers. g) Fine-grained
granite, EPB-06-04. Nine analyses plot above the upper probability limit and were excluded from the
regression. Four of these are outliers in Figure 17. h) Red granite, EPB-06-06. One analysis plot above the
upper probability limit and one plot below the lower limit, both are thus excluded from the regression.
However, the zircon at the lower end plots almost on the regression line. The two grains are outliers in
Figure 17. i) Tonalitic gneiss, 101-23-10. All data plot on a regression line, no outliers.
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8.4 LA-MC-ICPMS U-Pb data

0c 96¥%1 oL 1251 L 1261 ¥'G-
8L 8151 6 1¥SL L 8951l 10
sl 0SS1 6 8rS1 9 L¥S1 10
gL 9661 6 6¥G1 9 EPSlL 80
6L PGS 1L 6 8¥G1L L A7%°1% 60
8l 8¥S1L 6 Sl L 87%°1% €0
8L 25°1% 6 £¢Sl i oFG 1L A
8l css1 6 9vGl v (o))" 470
8l £8F1L 6 G0G1L L 8EGL Ly
6L 7861 6 €961 Z 8EGL £E
Sl A r4% 6 BGEL 7 LESL 90¢
6l LS L 6 B6ESL 2 9€G1 0
8l €51 6 LEG1 L ceSt 90
8L 9€G1 6 LESE L LEGL 1’0
sl 76¥1L 6 6051 L LESL 8¢
8l 515218 6 GLGL L Gesl A%
6l €ESL 6 6251 4 or4°] 80
£l clol 6 €Ll 8 68rlL 8Fe-
Ll gerl 8 6ERL L oSl vl
=] €cel 6 el L L2E1L 6'e-
€C Gocl L 68cl €l LEEL G'G-
€2 eS| L ¥eGL i PESL
0g BESL cl LEGL €l LESGE 80
6l [8]¢]°4" cl o8yl i 8051 ve
cc L¥SE LL orSL 6 (0174511 ’
£C ceSE % LESE (012 LESL
|4 G¥G1L 0] £¥G1L L EPGL
Ll 9erl oL Zevl L ecrl 10
8L GGG 6 0§51 8 SPGL L0
8l L¥SL 6 £rsl & 6esSL 0
A #ESL 6 8EG1L 8 GGl 80
6L 8EG1L 6 9eG1L 8 GEGL 1’0
FA 0€S1L 6 1251 9 £2S1 '
Ll 9151 6 geslt ya A2c1% ¢
v 9151 6 9611 (o1} GivL LT
Sl Ll 8 Elvl 8 154" €0
st Dmmw__n_mmcw st Dmmm__n_mnew St n_mmcw_ﬁ&:_m Aa\ov [euay
saby aauepiodsig

960
6.0
160
280
680
940
080
690
160
980
960
6.0
¢60
G8'0
060
760
680
S60
¢80
760
#6°0

680
980
8.0
680
¢80
790
080
640
640
8.0
780
980
480
080
450

ouy

€8€000 GLLOZO bPSYO'0 POL6Y'E 8E0000  8LL60°0
YGE00'0  LGLIZ0 ZPOYO'0 €//8S€ 9E0000  LO9BO0
798000 6LLIZ'0 SROPO0 BSE6S'E  FE000'0 965600
JGE00'0  €/20 SL0¥00 FYBBSE FE0000  £/S600
99€00'0 89Z/20 9ZLYO0 E£LLBSE 9L0000  G9SB00
§GE00'0 LFL/Z0  9BBE00 8BV.SE 90000  L9SBO0
/PE00'0  L0PSE0  PBSE00 SZB.PE  9E0000  L9SBO0
/GE000 ZTLZ/Z0 €0FO0  S6LBSE 8E0000  L9S60°0
ZFE00'0 898520 £ZAEO0 GIEOFE ©EO000  SS600
Z/E00°0 GG8/Z'0 98IFO0 GUE99E GEOOO'D 6FSE00
§/Z000 G¥blZ0 BEEO0 GBZIBZ 9E0000  G¥SB0°0
6900’0 1BBSZ0  EZOVO'0  LOZSG'E 9L000'0  BESB00
Z9S00'0 B£0/Z°0 E€LLPO0 LZSKGE 980000 ZZSB00
BYE00'0 80BYZ'0 8YBE00 69BLSE SEO000  ELSBO0
IPE00'0 2090 LBEOD  SELEF'E GE0000  LLSBO0
ZS£00°0 SPPOZ'0  B0OLPO0  GE8PY'E  SE000'0  FEVEO0
J9E00'0 §S89Z°0 LZOFO0 Z8BOSE GEOODO  9/¥600
982000 LO0/L'0  B89ZO0 LBELL'Z BE0000  LOSBO0
£2€00'0 988Y20 WLPED0 E£VIZL'E  €S0000  LLLBOO
Z0€000 98/Z20 [8EE00 86.FLZT SGE0000 672800
¥r00'0  G891Z'0 ¥Z6¥00 TLIGSZ 90000 995800
SPOO'D  OE8OZ'0  LE0000 BYOES'E  €L0000 625600
9BE00'0 €9BSZ0  BZPSO0 PSEPSE 990000  GLSBO0
GOE00'0 2ZYSZ0 996Y0'0 SSG/6ZE€ €.0000 L6E600
Zhv00'0 600/2°0 GSBYO0 LOZSS'E 50000 855600
SPFO0'0  6LBST0  E96Y00 SYILS'E SS0000  9LSB0°0
LZF00'0  9/0/2°0 2ESF00  §/Z.S€  £S0000 L5600
ZE00'0  [9/¥Z0 ¥/6E00 ZBYSO'E €50000 986800
VIC00'0  ¥LZ/20 ¥ELYO0 ZLZ09E€  ¥000'0  G8SBO0
£5€00°0 9LL/Z0 GLBED0 £689SE€ ZE0000  /SS60°0
LPE00'0 /8920 GBED0  LBBYSE Er0000 985600
€8E000 L¥B9Z0 900¥0'0 £88ESE ZFO00'D 9ES60°0
VrE00'D TBL9C0  IBE00  ¥IBYE  E€E0000 E6¥B00
¥E00'0 GLG9Z'0 S9BE00 ©BEBFE YEODDD  #9560°0
9ZE0D'0  €L89T0 PBREO0 £ZPOE'E ZS000'0  8ETB00
J0€000 G/pPZ0  LZZEOD0 SOOZO'E 6E0000  LGB8O0
8 —. :mmw_.n_&mcw w_. Dmmw_.n_mmcm % P n_&mowmn_mncm
soney

€961
S99
6091
Ll
9Lyl
G66
€861
6€01
GEOL
cect
socl
zesl
0LS1
121l
80%1
8¢l
oLLL
1001
AR

126
06€l

7902
jeieTatd
9L9e
c6ec
c6ey
0Lt
906¢€
861l
¥See
6902
cl0g
0862
1802
2274
2062

ﬁ_mwew_ﬁ mmo I4

10-306'£L

10-309+

L0-308'%
10-306+

(%)ddq,

Sov
L9l
S'6¢
9ty
8'6¢
g8'lc
L'G¢
681
161
L9
668
Zor
gee
£ve
€/€
S'/e
Sve
6'%S
Lie
1'9¢
ces

o
Ay
7’89
6°¢S

16
G'le

/8
¢oL
c6¢e
8ve
9'€s
799
24
¥'09
G'0§

n_&mam

re
c6
041
144
691
el
[A]"
801
6L1
06
S19
vee
€61
961
vee
8l¢c
[AV4
L6v
961
L8l
v.i€

8€cC
ATA
Ley
10€
Gcs
vie
€rs
oy
891
€0¢
ole
vee
8G¢
06€
vee

n
wdd

Ly-G0l
81-501
0t-S01
€¢-501
Ze-s0l
0¢-501
¥¥-G0L
8¢-501
[A 1]
Ge-601
90-601
Z.-901
L€-G01L
€0-601
#5-501
£0-501
69-501
80-501
95-601
£€8-501
98-501

peaj uowwod ybiH
sa|dwes papnjox3

66-G01
9/-G01
£9-601
1G-G0L
29501
8G6-G01
z0-501
L-G01
€€-G01
2€-G01
8-G01L
60-501
01-501
10-601
1G6-G01
ssieul onueln

sisfjeuy

a|dwes

Elep uodiiz qd-n SWOI-OW-¥1 ¥ 2lqel

74



oic Nesodden

<

in of the Mesoproteroz

ig

ge and or

fe

A

Ll 0€SL L GeSL 14" ¥al o
8l gecrl el G8vl gl g8/Gl A
6l LLGL Zl 9.6l ¢l L1151 1°0-
oc 8651 9l G8Gl Zl GGl gl
Gl [4°141% cl [4°141% ¢l L9G1 90
ve GGGl 9l 255l [ €661 ’
6l 2561 2l 0G61 Gl 0GGl
T4 BG5S 9l 1GGL Ll LSl 90
8l 8¥Sl cl CiZ €l L¥S1 Lo-
8l 8¥GlL cl Si1% el oGl '
0€ 8¥GL 61l GvGlL Gl GGl
8l 241" Ll evsl el €¥Sl L0
0c Zrsl Zl L¥GL 4" LGl '
ve i Gl 44" 0l 0¥S1 €0
6C 8€GL 0c FAN )" 4" ovsSlL ¥ 0-
2é ¥oGL 8l 08GL rl 8EGL Gl
ve LGl 9l 8¢G1L Ll 8€eG| .
8l B6eSL Zl LESL €l LESL
0C 8¢Gl 2l 9¢Gl gl LEG1 10"
e 9961 Sl LGSl L 9€G1 61
14 GaGlL Ll 2215 el 9€G1l "
0c 8¢Gl vl GESL Zl 9eGl L 0-
6l LEGL Zl 9eGL Zl 9€G1 10~
0C 9¢Gl ¢l 251" [ GEGl 10"
8l leSl cl 6ecSl cl PESL 10
44 [4°11% Gl 4215 cl LEGL £l
6¢ 8¥SGl 0¢ 8¢GlL Ll 6251 ¢l
T4 L¥GL 9l £eGL ¢l 6251 S0
6¢C LPGL \Z cest €l g4y l
Sb Ngl9d,;  Sb Nggldd,  Sb o Adgld,y, (%) 1eua)
saby 20uep.o9siqg

c00-

6.0
980
6€0
SG°0
060
9.0
Y90
S¥'0
4970
260
0S50
¥6°0
€0
/90
620
S9°0
LG0
160
880
G680
S8°0
Zso
880
0
060
990
¥8°0
€e0

ouy

€€e000 184920 /LB0SO0 €veSe ¥L0000 645600
9G€000 €0.¥Cc0 88€S00 99rble'€ 980000 95/600
6.€000 <¢c¢llg0 8¢LS0°0 8vecL'e 690000 15600
816000 9c¢l8Cc0 869/00 8999.°C ¥90000 6600
¢8€00'0 80V.C'0 ¢89S0°0 96859'€ 990000 104600
8¥000 ¥8¢/¢0 88000 /LI€L9E +90000 929600
LZe000 ¢e¢lg0 8¥9S0°0 <¢l09c G/0000 609600
€0S000 16€lC0 8¢c/00 +0809°C 190000 65600
LGe00'0 S€l/C0 ¥6LSO0 LpSBSE /90000 S6S60°0
€9€000 6€L.C0 <CPESO0 LOPBS'E 990000 ¢6S960°0
€65000 ¢2vl/c0 G/€800 86/G€ 8/0000 88S600
¢Ge000 €60/C0 H#PLGO'0 GS89S'E 690000 815600
¢0¥00'0 £20/C0 6S¥SO0 P029S'€ G/0000 19960°0
99¥00'0 P¥0LLZ0 964900 /8¥9S'C ¢S0000 655600
296000 9€69Cc°0 ¥9/800  Z¥SE L/000°0 195600
LEG00'0 9S¥/C0 /96/00 €CE09€ +/0000 LSS600
v/¥000 €100 1L/6900 €Z/pS'C 8S0000 <¢SS600
66¢00°0 866920 9GeS0°0 ¢cObrkS'E 990000 L¥S60°0
¢6c00'0 6€69C0 8¥SS0°0 €56€S'C 690000 9¥S60°0
/9000 68v.c0 <¢S/900 1LB909'C 690000 L¥S60°0
€L6000 88¢/c0 8S¥/00 /89.G°€ 890000 8ES600
L0000 €¥69C0 69L90°0 ¢ebSese PO0000 85600
G/€00'0 G€69C°0 ¢€SPSO0 Gk8eS'€ P90000 £¥S60°0
L0000 S069C°0 606500 LS0€S'€ 190000 ¥ES600
86000 €€/92°0 GBLSO0 GZ80S'€ P9000'0 <CESBO0
¥¥000 Gcclc0 185900  ¥9G€ 190000 9LS60°0
186000 Lvl/C0 LZ0600 9S6¥SE LS0000 905600
#0S00°0 L0020 60€Z00 [f2i2S'€ /90000 905600
85000 966920 851600 90lesc 0000 8¥60°0
St Neezl9dyy; o Negzl9d 1z s Odgo/9d
soljey

000c L

€veEle
6L
0zcoge
G8v9l
2049
9209
(10} 40)%
6EC6
¥86€€
116G
¥¥08
00¢6
Ge06
volLEL
¥GE8
80L.
0816
9/¢9
¥188
9eey
£ee8
S90S
66201
G166
S8yl
Loey
80.L¥
¥6.S

Qn_gw_ﬁ&wom

(%) Ay

€8y
9€e
€¥9
8y
9ty
T4
L'le
€'le
[AVA>
€6€
8'0v
G'6¢
244
6'6¢
104
6'6¢
8'Ls
€8y
Ly
6¢
Sov
Sy
9'6¢
L'vL
L'LE
6tV
6'€C
(A

Qmwom

6.1

69¢
el
ove
19¢
£ve
€L
0clL
vl
[4%4
g€ve
0cc
0ce
gec
10¢
A4
881l
€L
c9¢
Gee
€gl
c9c
(3°14
och
16¢€
cLl
9ec
LEL
89¢

¢c-901L
oLy Mo
a|dwes papnjax3

1G-901
S-901L
2/-90L
12/-901
¢5-901
18-901
¥0-201
80-901
0L-90}
6¥-901
G/-90L
L¥-901L
£€-901
08-90}
1/-901
99-901
8¢-901
09-901
Gg-90}
¢9-001
€9-901
c€-901L
ch-90L
0€-901}
6G-901
8/-90L
89-901
9/-90}

aj1ue.b sedspay ieyy

n
wdd

sisf|euy

a|dweg

75



oic Nesodden

<

in of the Mesoproteroz

ig

ge and or

fe

A

gL 6GSL L €661 6 PGl Ll
¢l oLvl 6 O 2 cecl vl
Gl 99GL oL 8GGL 6 9¥GlL 9l
al 9€slL 0l 8€GL 8 8€C1L !
Gl #GS1 o] [44°1% 8 ycsl £c
vl 60vL 0oL 12512" 6 0¢s1L z'8-
Gl Gcsl Ll 6LGL 8 8061 el
vl v6¥L oL 8611 Z L0GL v0-
vl yxad" 0l elei N bl Gevl G-
vl [Sr4 4" 6 fAci4% 8 G8¥l Iy
vl o9cklL L vl 6 Q9¥ 1L e-
GlL Glil 8 9lklL 6 9l¥l ’
clL 98¢l 6 vLEL 6 Lo L 1'9-
cl GBZl 8 BLEL ol 1GEL G-
€l G6cl 6 FOcl A gLEl 6L~
Ll LLLL 8 6Ll g8 glcl 8¢~
oL GGlLL VA 9/LL 6 glel ¥'G-
L 8G1L1L 8 691 ol 1611 le-
0ol G/0l 6 G/l0L Ll G0l .
oL 0801 8 1201 A €01 90
oL ¢/0L 8 120L 8 6901 ¢0
ol /901 6 2901 8 260l Gl
6 6%01 74 8¥0lL ol 8¥01L ’
6 GGol 8 2S01L g /0L 90
6 /0L 8 90l Zz /¥0lL 1°0-
0l 1G0L 8 6%01 8 S0l 90
6 col VA 00l 9 8¢01L €0
8 LE€0L VA 9¢€0L i 9¢€01L ’
8 GOl / ool 8 ceol L7l
6 o0l 8 L¥#0L VA ceol el
L csolL 6 £rol vl LE0L 6L
6 SOl 8 o0l 8 0c€0olL gl
8 9/8 vz 8L6 6 #col 9'GlL-
8 ¢cOl A 2oL il Lcol ’
8 166 L v.6 6 8¢6 6'G
Sb Nuglddyy, Sb Meglid,y,  Sb Gdgg,ldd,,, (%) 188U2D
saby 85UepI03sIq

[#40]
040

090
Y90
¥.0
280
S0
€0
980
290
S9°0
0s'0

S.0
/80
[#A]
8¥ 0
6%'0
680
160
€80
0.0
640
9S50
8¥ 0
€50
¥¥0
€40
S50
830
2¢so
S¢o
890
840
¥8°0
090

ouy

G0€00°0 ¥SE/Z0  90S00  L6PLOE 6VOD0D  LESBO0
¥2000 9SPPZ0 9EE00  60S86'C E€E0000 68800
962000 v6P.Z0 LOPYOO EPBEYE S0000  LBSBOO
€LE000 /06920 PLOVOD bLIPSE PPODOD 65600
962000 292/20 ¥L¥rO0 +0L9S°C LPODOD 62¥60°0
192000 SZvbZ0 BLEVOD 90S8L'E  9¥0000  9¥600
662000 /69920 TOLY00 vZZ9¥'E $0000  LOVBO'O
¥8Z00'0 80920 PZEYO0 8SL/ZE'C GEODO'D 99€60°0
792000 v//bZ0 9¥OYO'0 LBB8L'E SE0000  SESB00
892000 Z8¥Z'0  LGEEO'0 €908L'€ 2ZrODOD /82600
992000 8S/bZ0 962¥00 ZEBEL'E 9Y0D0D S6LBOO
782000 9ESKYZ0  PYEEOD BEEEO'E ¥YODOD  ¥S680°0
GZZ00'0 980220 V¥BEEO0 8L.¥9C $0000  20.80°0
1GZ000 9bZZZ0 €0£0°0 9PS99Z PPOOO'D  $8980°0
L£Z000 €52220 LS0S00 TTELOZ 2S0000  ZLG80'0
/61000 920020 9LPZ00 ZSEEZC GEODOD 60800
€81000 SL96L'0 G/LZ00 /9Z8L'Z ¥0000  €080°0
ZhZ00'0 9/96L°0 1SSZO0 60€9L'T 6E0000 926/0°0
781000 €5L8L°0 6BSCO0 €LESYL €r0000 92500
¥8L000 €€28L°0 G¥ZZ00 Z¥688’L 8Z0D00 LLG/00
81000 ©B08L'0 962200 66698'L LEODO'D Z20S.0°0
881000 /66/L°0 986700 L6WPEL €£000°0 8EVLOOD
951000 ZT/9/L°0 6¥8LO0  /Z80%'L LE0000 SCHLO0
ZLL000 Y/./L0 902200 Z/9L8L €E0000 22hli00
/91000 £€9/1°0 ¥0LZOO 88L08°L /Z0ODOD 6L¥0°0
¥ZL00°0 9LZ/L°0 602200 LOBO®'L ZE0000 ZLP00
191000 6VSLL'0 2/6LO0 GES8LL ¥ZODOD  L8ELO0
¥GL00'0 vbb/L'0 868L0°0 88E€LLL /ZODOD  8E.0°0
¥SL000 96G/L°0 820200 6098.°L €0000 /€00
691000 Zl9/L°'0 680200 GS/8.°L 8ZODOD L9£/0°0
102000 SZ//L'0 SOPZ00 v6Z6LL $S0000 LOSLO0
/1000 G09ZL°0 19LZ0D 90¥8L'L €0000  8SEL00
861000 €SS¥L'0 6ZZL00 /69Kl  GE0D0D LEEL0°0
€51000 TZLZL'O 2IQLO0 ZOESLL SZODOD STELO00
¥GL000 /1990 6£8L00 6S609L €0000  SEO0L00
St Dmmm_ﬁmmom Sl Dnmtn&hcm Sl n&mcm\nmsm
soney

oLsL
¥8vL

99€¢e
oveel
0..€
2c9sel
cecoel
996€ L
9662}
989¢
¥rl9
L0.€L

€60¢€
G656
286¢ch
6¥¥Se
€651
£€85
(YA 4
0849
€68¢
6¥eLL
08.¢
1128
(oA 24
vicy
¥60c¢
G0.E
029c )
9l6e
G961
120G
8869
0060}
¥62E

Gdyz/9dgp;

10-308°L

10-30€°€

10-306°¢

CAL T

FAA
196G

8¢
A4
L'¥9
€L
LG9
£'69
8'/8
Svy
Sy
L'1S

9¢€L
L'6G
6'¥S
[V
6ty
09
L¢s
v.iE
6'¢6
LSy
89.
L'€9
LG8
¥'€9
196
L9G
vebl
6'v.
RV
€9/
62
A
L6

nmmam

o€l ¥9-c0l
112 [rardo)
pes| uowwod yBiH
sa|dwes papn|ox3

€Gl 6G-¢0L
061 9¢-c0lL
¥8¢ 69-20L
e e9e-c0l
/8¢ ve-c0lL
gle 0g€-20L
ek GE-20L
6lL¢c Le-2¢0L
80¢ 20-¢0L
¥9¢ 8Z-c0l
SU0DIIZ JBP|0

¥8€ 0G-20L
LLe 1220l
86¢ Le-2ol
8EY 8¢-20lL
1.2 9G-20L
8¢ 8t-¢0lL
8¢ £€G-201L
Sve q9¢-c0l
869 L¥-20l
¥6¢ 6¢-20L
ces 0c¢-¢0lL
SLy 10-20L
09S 8G-20L
154 GG-20l
[4°1°] 90-¢0lL
98¢ 8L-20lL
o/ Fe Berde)| &
L6¥ 60-20L
LcS ¥#0-20L
00s 0L-colL
/€9 220l
2L9 vl-20L
6€9 6L-20L
suoaliz Bunop
opjewbhayq

n siskjeuy

wdd a|dweg

76



oic Nesodden

<

in of the Mesoproteroz

ig

ge and or

fe

A

8'le-

9'0v-
€8
A
l'¢ce-
v
¥'G-
6'¢

gL
L9

z-
6L-
8'¢Cl-
€l
L'l
S'L-
LL-
€0
¥0-
¥0-
Ll
90
¥'8-
80
L
6¢C

€l

(%) 1enuag

€C gecl Ll [4°1°1" 4% 8981
cl erel 6 1261 el GB.LL
ol LeoL 8 YAZA" el FAZ1%
14 LLGL Ll 0.G1 [y 09l
vl 89¢lL 6 vivl cl 78rl
7l 9LLlL 6 €821 el LivL
€l LEPL g 0sPl 4% 891
Sl arelL 0s 0/zl 16 Liel
Sl 60€L 514 €62l 2L Ggocl
Ll Gosl ol 0SG1 Ll Lol
0¢ [474°1" Ll €961 [y L8GL
14 8%l 9l B82S el 78S1
9l 286l ol 2861 el €861
9l 2esl Ll 421" el 8GG1L
Ll 6c¢sl Ll L¥GL el 9651
0¢ LS€EL Gl 234" el 661
4" LeGL g LEGL 24 8rS1L
(04 7961 Ll 2SG1 [ Gl
7l €esl 6 451" Ll 12218
cl GeslL 8 €EGL ¥c [474°1"
oc 4418 Ll PGl Ll LPGL
Pl GEGL 6 8€Gl [ L¥SL
Sl €eGlL 6 9€GL b BEGL
€l 67GL 8 SrGl 6l LEGL
9l ErGl ol LPGL 45 9eGlL
Pl 0€GlL 6 €eGl b 9€G1L
€l oeyl 6 19%1 [ 9eG1L
0c G¥GlL gl BEGI el €EGL
7l FA4]" 6 LGl Ll [43°7%
7l 8961 8 €661 Ll 0esL
7l PESL 6 €eGl [y 0€SL
7l 441" 6 LESL 0l 9¢S1
€l 6¥GlL V LPGL [rd Gzl
4" 0¢slL L [44°]" 0¢ 441"
Z [44°]" Ll €esl Sl 6LGL
Ll ¥0G1L 6 L1GL [iré 6LGL
4" g¢eGlL g LEGL 4 LLGL
4" oovlL 6 i44" (44 9LG1L
Sl 6671 6 9061 Ll €lGlL
0c 8hvl cl vivL [#44 [41°1"
¢l 9lLGL 8 451" 0¢ €061
Sbo Mgplddyy, S Nglddy  Sb o Adgyfddy,
saby

20uepIoasiq

clo-
SL0
690
850
9.0
280
L0
98°0
60

=rA]
980
880
9/'0
890
€L0
060
890
¥6°0
180
€60
9/'0
080
980
060
¥8°0
680
€60
€60
€60
¥8°0
FA]
960
€0
160
160
60
4240}
¥6°0
8/'0
S6°0
¥6°0

oyy

/€000 69620 9¥6L00 €0€L9E ¢60000 LewllO
€e000  Zleco  ///£00 /Z/6¥'€ 80000 L/6OLO
G/1000 8vell'0 695200 9lvivc L0000 ¢ClOL'0
€6¥00°0 €99Z2°0 68900 LIp69'E €90000 880010
662000 6¥9€2°0 90PE0'0 POGZO'E +9000°0 282600
G9¢00'0 110020 9¢c00 L06ES'C L90000 612600
L9¢000 86¥C0 89¥E00 €c€liL'E 90000  £0CBOO
982000 9celc0 68LLL0 LS¥ev ¢ L¥000 181800
282000 2SZZ'0 806GL'0 ¢82.G'C 9GE00'0 €8280°0
¢re00’0 /8¢9c’0  L9PO'0  /2l09'c €9000°0 826600
Y000  G20LC’0 991900 9L199'C 890000 908600
/6000 6¥652°0 <6900 680S'C 690000 88/600
€¢e000 918420 €69¥00 €L1S.¢€ /0000 8600
¢¢c000 €€89¢0 <celv00 LL/9GC +90000 €99600
€€€000 99/9¢0 6Y0°0  ¥209S't 890000 €¥960°0
68€00°0 €epeC’0 88090°0 96£0L'€ €20000 809600
¥#c000 L€/9¢0 ©9S€00 98evSc #¢€L000 9600
§6€000 S9¥/Cc0 L/Z0GOO /BGE9'E 8S0000 89600
€8200°0 9¥992°0 GS6£0'0 89025'¢c 680000 89600
¢rec000 1699C°0 €.9€00 €4/¢9¢ €CL000 <¢LS600
€0¥00'0 /2040 €80G00 L8ELG'E 8G000'0 995600
682000 1268920 9L6EO'0 69/FG'C <€9000°0 L9960°0
/6¢000 6€89C¢°0 <2lv00 G65/€5¢ 90000  ¥5S600
GG¢000 ¢GLLC0 GZveo'0 9.085¢ LOLOOO G¥S600
£1€00°0 8¥0.2°0 €200 €109G°c €90000 6£560°0
G/¢000 98/9¢0 [26EO0 649¢5°¢€ 950000 <¢vS600
862000 /v9¥T'0 9P9E0'0 9E0PZT'E LG000'0 8E€S60°0
G6€000 ¥80.C°0 L/ZLG00 9PCSG€ 990000 GES600
€/2000 SLL/Z0 GZ8E00 P#SE9G'E 9G0000 8LSBOO
182000 6€G/C°0 /p8e0'0 9€Gl9'c 950000 L1S60°0
69¢00'0 8989¢°0 /[98E0'0 L9C9'€t 950000 809600
182000 920420 668E00 GSZYS'€ GS0000 ¢26¥60°0
6¥¢c000 /9L/2°0 1SEE00 GP09S'E LLLOOO /8¥60°0
¥€¢000 €899¢°0 vri€O0 [Lellvre 901000 Liv600
9¢5000 /¢99¢'0 6EVL00 €¥08¥'e 60000 9S¥600
LPE00'0 8929C°0 806€0°0 lglZ¥'e 60L00°0 SS¥60°0
6£C000 S69C0 €5€€00 60ZLSC 60LO00 Sk¥B00
€2000 ¥9crc’0 6¢9€00 ¢€€l9l'c €LL000 BEYBO0
€6¢000 /Zl9Z0 198€0'0 <ZpSOv'e 650000 +Z¥600
£6€000 68L9¢0 9.6¥00 6SLice ¢CLL00O0 ZL¥600
PPc00'0 LLS9C'0 €62E00 PpreEere L0LO00 <L€600
= Mgzl 9dggy st Neerl9d gz st Gdyge/0d, g
soljey

¥0S
789
€28
SOl
6YS
vel
809
Ll
vLL

7A%4
8¥19C
B.€€
rLaG1
[Aelng
cley
€18c
€e8el
2669¢
6£0vC
£0SS
G/ELL
06181
96¥9
PS98.L
8€.6
Cig44"
8€8E8
Sov6
92€Ees
2981
Levll
G9601L
61001
S¥e9
8¥e9
[AA]"
88l
YE9C
8¥GS
LLLS
65161

GdpoelAdgrz

00+309¢
00+304°L
00+30€¢C
00+30€6
10+300°}

(%) adyq;

G'LG
L 8%

8'8¢
G'qS
G'Le
€9
G€9
a4

6¢
689
.68
1'€9
109
G6¢C
7’19
G0L
8Ly
[T
L'9L
G'6C
8'Fc
4
9¢cs
L'lT
819
[
8¢
¥'69
9'LS
GGG
9¢L
€8¢
6.9
L0€
66
1'¥8
9'9¢
9'9¢
[AAS]
L'y

n&mom

€61
29¢
118
11%4
g8¢
81
LGE
€O
€0¢

S61
¥8¢
0L9
¥8¢
0.¢
€81
ora4
¥6€
£0€
6.1
Y44
€61
9G1
LCL
¥8¢
74
6C¢<
96¥
691
194
15
[4°15
Sov
€61
cce
(1] %4
14
1S¥
X44
£ve
cle
oLy

6.-50-9d3
£0-60-9d3
G0-60-9d3
G5-90-9d3
L€-50-9d3
¥5-60-9d3
9¢€-G0-9d3
60-G0-8d3
€¥-60-9d3
pea| uowwod yBiy
sajdwes papn|ox3

02-60-9d3
vi-60-dd3
¢P-G0-9d43
£€6-60-dd3
16-60-943
§1-60-9d3
¥1-60-dd3
85-G0-9d43
9¢-G0-9d43
G€-60-dd3
89-60-9d43
y€-60-dd3
25-60-9d3
2¢€-50-943
29-90-9d43
0t-60-9d3
£1-60-9d43
€£€-60-a8d3
06-60-9d43
2¢0-50-9d43
8¢-60-9d3
80-90-9d43
10-60-9d3
¢/-60-9d3
1 /-60-9d43
2¢1-G0-9d3
¥/-60-dd3
€/-60-9d43
18-G0-9d3
90-60-9d3
¥9-60-9d3
9/-60-9d3

a)luesh pauieib-asieon

n
wdd

sisfjeuy

a|dweg

77



oic Nesodden

<

Age and origin of the Mesoproteroz

6¢ 8061 6l 2061 €C 8061 20
Ge VA4 4" 4 (#2445 144 8051 Sy
[45 GEGL 6L 8LGL [44 9611 8¢
9c 6051 21 6671 [44 141" 6l
o¢ ogrl Le 214" 9¢ L8rl €0
15 6061 4 2061 €c £0G1)
6¢ 8061 6l 9061 [44 L0G1L
LE 916l 0c 6051 €¢ 7051 90
°1% 8/¥L 4 88¥L 14 c0st L1
o¢ G061 4 20G1 149 0061 c0
9¢ oSt [44 66v1 144 66¥1 '
9¢ L0SL [#4 6671 14 6671
9¢ 6671 (44 16¥L 144 86¥1 L0
L€ LEGL (014 GLsl €c 96¥1 &4
2% g6vl 014 €6yl [44 9611 ¥ 0-
LE 66l 0c S6¥L e Sevl ’
Gg (0)A 4" Le 8/vl 44 €61l 8'L-
e 514" 0¢ 06¥L (44 06¥L ’
e 68l 8l 98¥lL (44 98¥L
62 ={0j] 6l 96v| ¥4 14°14% 9l
9c 8.vL Ll Llyl £€C LlvL '
L€ 212" (014 08¥lL €e (WA 4" 60
Z L9v1 Ll Sovl 74 Sorl ’
St Dmmm\QmN=N St Dmﬁ‘ﬁmhow St Qn_maNBn_...am ?\L [enusg
saby 23UBpPI0ISI

90
890
LG0
S¥0
290

G9°0
¥80
€90
090
6.0
8.0
8.0
190
€0
€90
090
080
€90
€L0
6¥7°0
90
290
£20

oy

G9G00'0 6S€9C¢0 /2800  viLiv'e QLLOOO 20¥600
¢/9000 #9620 €16800 8619C¢ /L2000 LOY6OO
€2900'0 8889¢0 L€€80'0 608SPE 9LLOOO LPEBOO
816000 18€9¢0 L¥P9L00 €94/€€ GLLOOO €8¢600
/69000 1€6GC0 €<¢0600 PSOLe'E 8cL00O0 992600
189000 €/€920 9LI600 LIELYE ¢L000  G6EBOQ
¥9G000 6¥£9C0 6¥L80°0 €/80F'C LLLOOO <Z6€600
/19000 90580 189800 /G8L¥'E <£ClO0O0  8E600
189000 S/4/620 6¥#680°0 €€0ce€ 9Cl00'0 69¢600
71000 L629C°0 ¥PE60'0 6S06€C G2L000 192600
L1000 €€29C0 Pe600 9¢8/€€ ¢€Cl00'0  LSe60°0
90000 <¢c¢coc0 S69600 GA/.€€  PZLOO0 SSE600
L1000 8l9¢0 tce600 G869E€ ¢LO0OO 15600
Gl9000 66/9¢0 <¢C9800 Il6ivPE /[LLOOO <CPE6OO
866000 GS09C¢0 ¥eS800 ¢€e6ve'c 80LOOO LPEBOO
¢09000 69L9¢0 98€800 LlI09EE 8LLOOQ LEEBOO
689000 ¢c¢9SC0 €96800 688c'ct <¢Cl000 #ee600
LPO00'0 L0920 LPG80°0 6¢8ce’€ <¢LL00'0 Zles00
9€6000 6469¢0 €8+200 <¢90CE€€ LLLOOO 882600
995000 88¢9¢’0 €.0800 €8p9€C GOLOOO 82600
86¥00°0 £9/5C°0 6G€/00 GSL8ZEC ¢€LL000 9¥2600
865000 €68GC¢0 L1980'0 €996C€ ¢€LL000 /22600
ZLG000 1SSS¢0 9LLZ00 80cect [L0LOOO 881600
&t Nggz/9daqe 5t Negzl9d st Olgqz/9d 0
sohey

(0495
808
?9S1
¢ag8l
Sell

£89¢€
€68¢
8YEee
SSve
1216
79202
Svce
68881
yolE
LECEB8Y
6¥799
1696
2218S
Yov8
oty
seey
ggve
£G8Y

Qn_qam_ﬁmmcm

(%) Adgy,

L
L9l
29l
Ggee
9¢t

80¢
g9'l¢
6¢€l
GGl
L'Le
6ve
vl
€9
69¢€
29¢
YAV XA
Lvy
9¢ce
LG
€ee
9vS
¢ce
v or

Qmmcm

69
901
¥6
v6L
98

g8l
9l
8

96

oel
€lLe
7A

L6¢
474
alLe
Sal
08¢
8E1L
6E€
S61
Gece
cel
444

9€-€01L
6¥-€01
0c-€0l
0G-€01
€7-€01L

pea| uowwod ybiy
sa|dwes papn|ax3

£e-€0L
vr-€0l
L0-€01
G¥-€01L
8¢-€0l
£0-€0L
91-€01L
90-€01L
rE-€01L
6¢-€0l
60-€01
rL-€0L
61-€01L
L€-€01
9r-€0l
-0l
L¥-€0l
/E-€01

ssiaub ajoIq-jouien

n
wdd

sisheuy

a|dweg

78



oic Nesodden

<

Age and origin of the Mesoproteroz

9l 1251 Ll vesi 6 0LGl 8l
Sl 0esl L 8LGlL 8 L6¥l 97¢
0¢ 6ESGI 0¢ L¥Gl €c LG L
Sl 696G Ol 896G Z 0rsl CC
9l £esl Ll 8¢S 6 61G1 [
Gl LLGL (1] 9161 9 [45°)" 70
Gl 6061 oL 0LGl . 0LGL ’
A% GeGlL 1c LSl g£e c0s1 4
214 L%l gl 00S1L 8¢ LOSL c0-
Sl S0G1L Ll €0G) 8 6611 G0
LZ 0zgslL gl 0LGt 144 174514" 1C
€e 88vl [44 L6771 ve 6%l ’
8¢ 8¥GL (44 9¢SlL e 06¥%1 L'y
e £8vl |4 /8% €c /8L L0
L€ 6061 A4 L0GL T4 o8kl Z
43 98l 1z /8¥%L [14 o8yl ¢0
e 8yl 8l fore] 4 €c 414" A
9¢ 0¢sl (4 9061 ve L8vL ce
9 96¥1 8l [05374" €c 6.1 £l
L 9061 Ll vevl 4 LLvL {584
e (074741 [ 12°12" G¢ 691 6'L-
€€ ele 0z o[14* 44 6St1 ’
Sb Nglddy; St Negldd,,  Sb o Adgyldd,y, (%) 1e3u23
saby 20ueplo9siq

S¥'0
G9'0

090
090
990
980
120
G.0
980
€90
450
£9°0
€80
0.0
[4 4]
190
9r0
840
8%'0
090
880
160

oyy

L1000 858920 w¥6¥0'0 9898F'€ S0000 L#60°0
L0€000 /649270 <clo¥0'0 9zisP'e 6£0000 LPEBOO
/65000 /S692¢°0 164800 #L19G€ GLLOOO 956070
L0€00°0 ¥9SLZ°0 <¢es¥0'0  /[8/€9'€ LE£0000 2956070
¢ce00'0  €9892°0 L1G0°0 88059t Lr000'0 ZS¥P60°0
162000 ¥E€G92’0 80e¥0'0 Li6PPE L0000 1EP600
€6¢000 €/€920 /8PYO0 ¥BECKE 6E0000 8OVE00
219000 699¢0 8LLBOO #rOSFE /LLLOOO 89e60°0
6€S000 ¥l920 198/00 ZL08E'E 8ELOOO0 99e60°0
€6¢000 ¥0e9C’0 LIS¥0'0 68S6E'€ #0000  2Se60°0
1¢500°0 9859920 ¢©8./00 ¢€8€ZF'e 9LL000 82e600
rS900°0 696920 L6v60°0 €Zlke’e 6LL000 SGLEBO0
¢v/000 6€LLE0 ¢€29600 ¢€r¥6rE 8LLOOO LLEBOD
€9900'0 6985¢°0 66800  /SZE'e 6LLO00 86¢60°0
612000 8€9C¢'0 9€960°0 8€/8E€ /LZL0O'0 1626070
6L9000 Le6SCc’0 128800 /L2glgee <CLLOOO 62600
¢es00’0 898920 80400 S60EE ZLLOOO L2600
214000 6859¢°0 <¢2C0600 €LSOrE €2L000 99¢60°0
L0G000 <¢ll9Z’'0 €es/00 eGl€e€  LLOOO  65¢60°0
6LS000 ¢lege’d Lerl00 8r9GEE SO0LO0O0  GPeB00
G9000 G¢0Sc'0 //8800 9088lL'E ¢CLOO0 80C600
929000 ¢8egc’0 ¥6E80°0 6L0LEE <CLLO0O0 1916070
st Nge/9dyy; st Neer/9d g st Gdgog/9d
soliey

9881
990¢

LBeC
ceve
19gC
Seov
6CLE
98¢
0sle
epece
g0l8
12074
0969
gcle
rLoe
990§
06.¢
£.0¢g
59/
LLLG
evels
008¢

n&gwﬁmwcm

L0-30L%

(%) Udgq;

cle
0)4

L0
9'9F
£'€C
601
[Arad
8¢
6'vC
1'6¢
8'¢ce
98
vy'6C
(A4
¢'le
(oA
V'L
€8l
ey
Lee
L0vl
901

Qmwcm

BLL Gl-cLi
8L 6.-cll
pea| uowwod ybiy
sajdwes papn|ax3

cee ve-cl L
€0¢ 89-¢l |
col 192l
9Ly AN
L6l 19-¢lL
a9l vyl
144 ee-cll
oLl Go9-¢l L
/81 ceclh
LS leelhl
vil Lr-cll
ecl rS-cl L
LEL LG-¢l L
€0l [ AN
0] Ge-cll
LLL 95-¢l L
8¢ le-ell
06l 0c-¢cl i
668 0s-¢cL L
8G9 Li-¢l L

ssiaull uabny
n sisfjeuy
wdd a|dweg

79



oic Nesodden

<

in of the Mesoproteroz

ig

ge and or

fe

A

(01 crsl 0¢ Y413 7l 0lS1L tC
Sl 0Lsl oL 6051 i’ 8051 L0
(4 0€GL €l L1GL 9l GOS| 9l
1574 €051 vl 0061 €l L0GL '
(4 86%L 14 9671 cl 96¥ 1
6l €esl gl Zest Gl [43°1"
Ll €16l 45 ZLGlL 9l 451"
|4 €051 vl L0SL cl LOS1
4 P0S1L L L0GL cl LOS1
9L 0061 oL 00G1L 9l 0051 L0
6l 10SL gl 00S1L vl 0051 10
0C LLGL €l S0GL bl 66¥1 L0
Ll 00s1 Ll 00G1L 7l 66%1 ’
6l 00GL 4" 86t €l 86v1
[44 9061 L 00S1 ¢l S6¥lL 90
8l 1¢S5t L 0LGL Sl 145143 4
e 9061 L 861 Sl 45143 80
LZ LESL Ll [45°1% gl 0]6)74" 6¢
12 ¥esl vl 680G Ll felei g L2
6l /161 cl 70G| €l 88v1 c
L 18¥%L 14 12514" cl 14145 '
9l 9/¥L ol 8.yl Ll 6.¥1 10~
Ll 6%l LL 8Lkl Sl 2 VA4% L0
12 Lyl 8l 214" vl €ovL grLs
0c i1 4% el 194" 7l 9svl 1°0-
6l £6¢el ¢l LBEL €l L0vL gkr
Sb Myyl9dy,  Sb Nopldd,e  SE o OdgglAd g (%) 1enuad
saby 29uepioasiqg

€0
500
c00-
€80
90

090
LG50
S.0
¢/0
6¥0
690
290
z80
990
090
090
890
€L0
S0
850
190
680
LL°0
LS50
980
180

oyy

265000 G20/20 ZL880'0 Z2Z00G6'€ 2/0000 /OVBO0
¥6Z00'0 88E9Z0 /SPPO'O V8BLYE ¥/0000 ZOVEQ0
LP00'0 /8920 968500 €/95F'€ LBOOO'0  98€60°0
LPY00'0 G9Z9Z'0 80900 LLEGE'E /90000 Z9E60°0
GLY00'D 99L9Z°0 8E090°0 EEPOS'E €90000  ¥EBOO
78S00'0 1G89Z°0 GBBSO'D 8EGLG'E 9.0000  ZS60°0
€C000 €G¥9Z'0 PLSO'0 GRLEF'E 80000  8L¥600
LLP00'0 #SZ9Z0 L0BSO'0 BEPIE'E 90000 F9E60°0
€EV00'0 ¥/Z9T0 ©I9L900 ¥/S8E'E 190000  99E60°0
6LE000 66L9Z0 ZOLPO'0 B6ZYEE 9L0000 BSE60°0
6.£00°0 SLZ9Z0 €LSS0°0 GLISE'E €/0000 8SE600
6C000 80P9Z'0 $SSSO'0 9ZLOP'E 8S0000 GSE60°0
pEEO0'0 68L9Z0 6BLBYO'O ZLBLE'E €/0000 9SE600
€/€000 902920 <T9ES0°0 /8S/E€ /90000 ZSE600
9zZv00'0 2gegz0 00900 /ZL8E'E 190000 9EE600
ZGE000 919920 €6¥00 B9ECFE #0000 LEEGOD
9L¥00'0 GZEYZ0 298500 9OrZ.E€ ¥.0000 8LEGOD
225000 LL8YZ0 LE€/00 PLEEF'E 290000  LEBOO
90v00'0 ¥999Z°0 9/850°0 vZELF'E 1LBO00'0  ZOS60°0
¥OE00'0 LEG92°0 €CESO0 BL8BEE 290000 E0E600
gLy00'0 /PBSZT0 68.50°0 LZELE'E T90000 1L8Z6Q0
60€00°0 9€/6Z°0 ZOVPO'0 €£2S82°€ 280000 SSZ60°0
9ze00'0  28.GZ0 ZEBYO'D PLBEZ'E ©L0000 2SZ600
[ZS000 €FOSZTO L1GL00 90P9L'E 690000 LLLBOO
Z8S00'0 6ZESTO PPESO'D ZL06L'E TL0000 FPLEOO
pOS00'0  LLIPZO 990500 bO6S6'Z 190000  SLBRO0
Sl Dmmmﬁmmom Sl Dmmwﬁnn_mam Sl nn_mow‘ﬁn_ham
soljey

8LLL
0gvL
25€9
v6S1
6611

vLSse
9lce
Geoe
0819¢
yEc0€
[4:14%
€0601
12¥9
60LC
15921
188¢
9/G165
1088
174°14
0c6v
9959
LLY9
0889
8666
0coy
6961

nn_gw‘ﬁn_mam

[AV4
9¢
8'0¢
80L
S0k

801
€6l
Sl
09
09

£9+0-8d4d3
¥¢-¥0-9d3
8¢-0-9d3
¢y0-8d43
6¢-0-9d3

oyy mo. ‘peaj uowwod ybHiy

6'l€
8'0¢
961
L'e
209
90L
L'1E
LA
V€L
Ll
8Ll
Syl
88l
6
66l
gce
Lee
€e
SLL
10-300F L'ekl
6'6E

(hPady,  ady,

8Ll
Lcl
2"
8LL
19€
29
941
1ze
S.
96
€0l
18
<ol
€8
06
S8l
6EL
8cl
Ly
958
(444

sa|dwes papn|ax3

8l-¥0-9d3
€l-¥0-9d3
€6-+0-9d3
£v-¥0-9d43
L /-¥0-9d3
96-0-9d43
1¢-¥0-9d43
G/-+0-ad3
€0-0-9d43
€9-v0-9d43
£€-v0-9d43
9¢€-+0-9d44
L€-¥0-8d3
€8-¥0-dd3
80-¥0-dd3
19-+0-8d3
¢9-¥0-dd3
¥S-+0-8d3
¢8-¥0-dd3
9¢-¥0-dd3
6¥-0-9d3

ajiue.b pauresb-ou4

n
wdd

sisfeuy

ajdwesg

80



oic Nesodden

<

f the Mesoproteroz

ino

ig

ge and or

fe

A

el 06¥L 6 €0SL o4 6161 6'L-
el 0061 6 10SL € 16l 8'0-
€l 98yl 8 8671 0c LLGL L'}~
€l 90§51 8 90SL [44 €051 S0
€l eyl 8 961 ¥4 16¥1 '
cl [4314% 8 1% e 671
1% 45143 8 1514% 144 eyl
1% L8¥L 8 18¥L 144 5145 8°0-
€l 0671 8 [414% %4 154% L0
L 19v1 L 8Lyl zc 06vL G'l-
43 88¥L 8 06¥L cc 6871 :
cl L8yl 8 a8yl (4 18v1L €0
€l vevlL 8 061 [44 o8yl 'L
4% S6eL 8 [0 54% 0c 08yl €9
145 8G¥L 6 19¥1L (44 9/¥L 'L
€l 6.¥L 6 (Y243 (44 9G¥ L 4
L veel v [414 0c jele) 4% 1’6~
€ 6971 8 orl €C 12141 o
14 Sivl 6 18 4% (44 Levi €0
6L yeeL [44 8691 0¢ €6LC 9'Er-
[44 €Sl 1% 6871 14 gloc 8'9p-
Sh 60LL el yA24% 1 2¢S6LL ot~
(44 88¢l (44 i1 40 9C oLLL €2¢s
0z  ecel Sl 0Ll Ll 1691 L've-
€C 6S¥L 8L 8€SL 8l 6791 6°7¢ClL-
[44 gevl 9l €St cl 9v9l cyl-
vZ S8yl 9l 1GGL L 191 90L-
(74 69¢L 9l L0vL el S29l e
44 oevlL Sl 80SL €l 8191 6°¢ClL-
€C er44" 9l S0SL ol 8191 €elL-
9¢ G6SL A% €091 L 0l9l 6°0-
9l 0SLL €l 6LEL L 8091 Lie-
YA 6LLL €l 06¢clL €l 88G1L cee
[44 99¢L Sl 12°14% L 9851 y'GL-
€C S8¢elL 9l Sl L 0961 ycL-
[44 el Sl [444% L Svsl 9vlL-
8L €86 Sh 09LL 1 LLGL 8'/¢-
6L [4%°1% 145 9lSL el 9161
6L L6l el 15144 L y6¥L
0¢ ccsh 0¢ [4%°1% ¢l £6vl &4
1% a8yl €l 18¥L Sl 18¥L :
YA [eVA4" cl 08¥lL cl 08yl
8C  8l¥l 6l Lyl L LSYL 61
6¢ SovL 0¢ er44% Sl B 4% ce-
L €0el 8 09¢lL 14 [3°14% €lL-
9z  80¢l 8l 29¢L Zl 14441 Z0L-
€l L62L (o] erel €l 8cvl 90L-
0¢ ocLL 9l 60¢L €l 69¢L L'6L-
st DmMN\nn_SN Sk DmmNBn_SN 2k nn_mQNBn_Sm Ao\..v [eaUe9
saby 29UEpI0ISIq

6.0
880
€L°0
G6°0
180
260

oy

1GC00'0 ¢L09C0 +8€00 clsee'e <cl000  ¢S¥600
€9200'0 902920 66.€0°0 €8ZL¥'E 8LLOOO 82¥60°0
8yC000 ¥E€6SC0 €eve0’0 Glele'e 80L000 ZL¥6OO
8yC00'0 ¢Te9c0 S9¥e0'0  /80v'c LLLOOO €£€600
/2000 80920 /8¥€0'0 L.G9€°€ LLLOOO €¥EBO0
LP2000 PE09C'0 S95€0°0 €2Sse’e 8LLO00  €€600
8€¢000 ¢r09C0 €09€0°0 €99€'c  LLIOOO 6C€60°0
¢€c000 1Z8Sc0 ¢vSe0'0 veyece'e €¢l000  S2es00
92000 800920 80¥E0'0 9S/¥e'€ €LL000 8LEBOO
602000 /LSSSC0 €00 8€G8C’¢ ¢Ll000 80€600
¢pc00'0 G96SC0 82Cee0'0 clleee  LLOOO  80€60°0
€2000 28SC0 8Epe0'0 €9GL€’c 9LL000 862600
6G200'0 680920 L09€0'0 86.€€'€ ¥LLOOO €9260°0
2¢€c000 69L¥C0 L¥CE0'0  L9060°€ <¢0LO0O0 €9260°0
89¢00°0 G/€5¢0 <6600 <¢cs6ec’e LLLOOO €¥C600
292000 164520 €€9¢0'0 ¢9/62'€ €LL000 €¥L600
112000 886220 28200 /¥006'C 1000 171600
8rc00'0 G899C0 LIS€00 18¢C’e <¢Ll000 SEL6O00
¢9¢000 /€S¥C0 9/€00 Lvev0'e SOLOOO 826800
19€000 1862C0 €Crll'0 /89cE¥ 8¥2000 PClELO
L0¥00'0 ¥8S6L°0 <LS.00 /evee'e 1000 IZ43Y]
6/¢000 €//8L°0 S€6¥00 €/9.C¢ L0000 9LL0LO
Z¢l¥00'0 GZleZ0 S2Z680°0 €0LBL'E LSLO00  9/¥0L°0
¢Le000 9//¢c0 12900 68€SC’E ¥90000 69€0L0
€6¥000 ¢6€SC0  ¥8L00 <cl8yS'e €0L000 SELOLO
8¢¥000 8¢€6¥C0 P¥E€LZ00 8908¥'€ L0000 clolo
99¥000 16G2°0 9200 92909'€C 90000  1L600L0
69€000 ¥S/L20 8SL90°0 +/866°C 890000 ¥000L0
€0¥000 G¥8¥C0 69¥900 69.l¥'€ 10000 L6600
LP¥000 9¥.PC0 ¥€/90°0 <26LOYF'E 90000 16600
916000 //08C0 906.00 vi8yg'e 90000 926600
96¢000 ¢cS6L'0  ¥8Y0'0  G0S99'C $90000 <¢L6600
/1€000 6968L°0 <2E€9Y0'0 €€L9S'C 890000 18600
Ll¥000 G6S€C0 S0C90'0 12/8L°€ ¢90000 664600
Ly00'0 96€C°0  G¥90°0  €LZ6L'C 850000 199600
8l¥000 L¥le€c’0 8¢l90'0 608S0°€ 850000 S8S9600
9¢e000 G9Y9L'0 SPSPYO'0  89€€EL'C 190000 9L¥BO0
9/€000 9¢€¥9C’'0 ¥€090'0 €l6vy'E€ L90000  ¥¥60°0
6/€000 9209¢0 S99%0°0 Z/pSE'E€ 90000  1€€600
69000 GC99C'0 L£980°0 6CE¥'E 890000 LLe600
¥P€000 ¥06SC'0 GZ€G0°0 /[Z9ce'€ 9/0000 S6¢60°0
€€00'0 9€/62°0 L/0S0°0 8cv6C’€ 650000 92600
1GG0O'0 89620 86/.00 1G85C°€ /S0000 8¥L600
€96000 69¢¥C0 L0LBO'O 16LL0'E €L0000 ¢CLBOO
602000 60¥2C0 S8L€0°0 99GL8'C L0000 1Zl600
26¥00'0 96¥2C’0 18900 ¥8E€C8'C /S0000 /80600
8€¢000 G9lcc0 6€9€0°0 62¢cSL'Cc $90000 L0600
¥/€00°0 8968L°0 SE€E€S0'0 688CC 90000  ¥/800
st Nge/9dgge sk Noge/9d g st Gdgge/9d 7
soney

€29

nm«ﬁ\n&mﬁ

10-301°C

10-306°¢
L0-30¢°L
10-30L¢C
10-30v'€
10-30L°¢
10-300°G
10-30L'S
10-306'¥
10-308°G
10-30L'¥
10-302'9

(%)°adgy,

299 0.¢ 8¢c-101
9. 902 /e-101
685 6¢¢ 80-101
669 19¢ SL-10L
108 Lvv 2c-loL
G09 &€¢€ €e-10L
¢'l,L 66¢€ LL-10L
YAVAARN®*]" 8¢-10L
8¢L 0Ly vZ-10L
9¢€9 69¢ S0-101
€69 €€¢€ yL-10L
GGS ClE ze-10L
GC9 6&¥e 0¢-101
€6y 89¢C ye-10L
Sv6 9eS 62101
v €eC ge-1oL
€89 0¥ oL-10L
vay LSC 0c-10t
€9y §/T ZL-1oL

sstaub aijeuoy
€80l 856 ¥2-90-ad3
20. 0gL €€-90-9d3
126 €00L 92¢-90-ad3
676 298 1/9-90-8d3
601 086 ¥¥-90-8d43
€Ll 668 89-90-9d3
¥'88 GZ/L 6¥-90-9d43
8601 298 6G6-90-ad3
6'16 98 8v-90-8d3
8.6 861 2¢-90-9d3
¥'L0L 0¥8 €/-90-ad3
€e  L¥e 05-90-9d3
L'16 LG6 £1-90-ad3
G'88 86 12-90-9d3
v, Sv9 6/-90-9d3
126 68L 1/-90-8d3
6'v9 £/S 08-90-9d3
89/ 096 8¢-90-a9d3

oyy Moj ‘pes| uowwod ybiy
sa|dwes papnjox3

¥'88 /L. 1 1-90-9d3
9'G0L 998 1€-90-ad3
Zv8 669 G€-90-ad3
866 8¢8 6€-90-9d3
66 028 21-90-ad3
99 €8¥ 91-90-8d3
1’901 /6L 02-90-ad3
L'¥6 506 €¥-90-8d3
2v6 G628 16-90-ad3
.9 59 L¥-90-ad3
96 S00L 81-90-ad3
ayuelb pay

Udyy; n sishjeuy

wdd ajdweg

81



oic Nesodden

<

f the Mesoproteroz

ino

Age and orig

8.5 LA-MC-ICPMS Hf zircon data

1671 OPPSor6L0°0 LLL  LOVBEVYPYO'L BIEVLO¥C'S g0-3y'e €LE1L2618C°0 vS'L 200070 £€5PE05S0°0 9.00000 6€1L951L00°0 LLO0O0O0O'0 ¢CEBI6BLBC0  9EGL 98-901
Ll +oL126100 891 L¥0C296E0'L (4% 2511 TA 4 WA o) =) 6906861820 6L €6000°0 9589500 S+00000 9/ELSLO00 9100000 985¥€028C°0 9€GL £8-601
Gl 8€8/¥€C00  L9L 62L96L9%¥C' L 680¢.18E6°L G0-38'¢ 96£/6618¢°0 vS L /90000 FEEB89E00 8¥0000°0 8Lclcloo0 6100000 G¥8EE0C8C0 96l 9/-G0L
€9l 969090.10°0 €S} .628SL+06°0 €99S6005°'LL S0-39¢ 98/.60282°0 vS'L 1000 2ee0len’o 90-3.8 11G58000°0 €10000°0 @8e6¥EZLC8T0 9€Sl 2.-501
el 8099962¥0°0 99'L S6¥YB906SC'C 12928¢€081°8 G0-39'9 1 22¥00282°0 vS'L 9000°0 8861200 B6€0000°0 L¥#/6€L00°0 £€0000°0 6£C9¥028C°0 96l 69-GOL
28l 8¥2996€E0°0 ¢} LBP.LE608L'L €41986€€L°9 G60-38'S GOrE961820 vl 92000 v¥2/890°0 €10000 £6022200°0 6200000 /LPc0c0c@C0 9€SlL £9-G01
Gl 6£021L6020°0 L9} TPESBLYPSLL'L L2612.668°L G0-39'C €1€966182°0 vSL 1000 66.88€0°0 9.00000 6.€.2100°0 8100000 ¥I9PE0CBT 0 9ES) 86-901
26'L ¢88¢091¢00 8.'L G/£1868.9'| 26688280  S0-32'S ¢¥691618¢°0 vS'L +100°0 8r¥¥950°0 8200000 9€6L9L00°0 9200000 +£959618¢°0 96l ¥S-G01
L6 812189200 18} SI8clevivL PR TAR YA AV =1 4 GCiye8l8co va' L 2000°0 966..50°0 6900000 ¢L¥.9100°0 ¢c00000 |grbb6L8C 0 9EGL 16-G01
LLL ¢L26/F810°0 891 20£1G98.86°0 2G8G.L1EES L G0-3¢ 865861820 vS'L 2000 ¥8118€0°0 9¢0000'0 +005560000 S100000 L¥102820 9¢S1 8r-G01
88| ¥€1G6L620°0 G4} ¢SSLL/9LSL ¢6686¢6.L°S SO0-3F'v G69E61L82°0 Gl L1000 1682080°0 12000000 898¢6L00°0 ¢c00000 ¢£¥6¥661L8C°0 96l Ly-G0L
LLL G691€LL20°0 89'L 9¥ELPLCSEL 6GGvcc88y’L S0-32+v  8L.LpB618C0 vl 610000 G00c2Le00 8100000 ¢S504000°0 1200000 ¢£660028¢°0 9¢SL G0
06’} GLE809GC0°0 L4} LEQBOL09E’L €2L8e0lee’'s S0-3TH 259¢26182°0 b 4% ¥.000°0 6€.66%0°0 1900000 6+ESSL00°0 120000°0 €9€0.6182°0 9€GL Zr-S01
881 L¥8ler/1L00 941 S605/22260 ¢/18/9/89'G G0-dJ8'¢ £86€€6182°0 vS'L 60000 G1L8EFS00 €€00000 ¢€¥#6S¥LO00  +LOO000 998//6182°0 9€Sl L¥#-G0L
g8l SpZ8klelo’0 ¥vL'L 861+0CECLO ¥01.L0GELZ9 G0-3¢ 6+0561.8C°0 i 1S00°0 €EPBSL0°0 910000 L0€6L200°0 SLO000'0 €€P9L028C°0 9€Sl 0S50l
8L GBEZICECO'0 €41 89806C6.L | 8L0v.¥SEE'9  S0-3T'S 9€2256182°0 148 /9000°0 6LLELP00 L€0000'0 868.96000°'0 9200000 +€L861820 9¢sS1 2¢-G01
£8°L €¢969/020°0 ¢4V LE€/99%80L°L 9120159859 G0-3¥'e LEBS61L8C0 Sl £000°0 L1098E0°0 9¥00000 8LSZLLO00 21000000 9v9¥66182°0 9€SlL GE-GO0L
€8l 86£65L1¢0°0 2L L 9Sv0oeLLel'L 9¥8€049¢6'9 S0-3C'¢ +29/.66182°0 Sl +1000°0 €2096€00 90-35'9 16420L00°0 9100000 ¢£5886182°0 9¢S1L £e-601
vo'L Lo¥08L¥20'0 09l ¥.986¥.L9T' L 9208¥8€9.L°6  G0-38'C 6£88+0282°0 vS'L £5000°0 92210s0'0 8€0000°0 /89¥FL0O0'0 6100000 +rEC60C8C0 9ES) 1€-G01L
g8l 91¥92etr2c00 €41 8SES6LC0L | reBreLe 9 S0-3I¥ 866161820 vS'L 1000 PATANAZVNI] GS00000 ¢88LLL0O00 200000 G¢cee6l8c'0 9SGl 0e-S01
g8l 88.25¥6L0°0 €41 L¥0CZ96E0' | 6881¥6.61°9 S0-3TE 19€8¥6182°0 vS'L €2000°0 G9195€0°0 G¥0000°0 89¥8L1L00°0 9100000 €86E€8618C°0 9EGL 82901
98’ 912068000 +.'L 180LGS8Y9'L 2€.9¢/8910'9 G0-3S 6G62ev61820 vS'L 180000 v..6¢¥00 6600000 <¢/£6LL00°0 G200000 <¢GL6/6L8C0 9gSl 22501
£8°1 G0L899SL00 ¢4}V <¢6eechhIr8 0 120€/¥02C9'9 G0-38'¢ 1920961820 Sl ¢c00°0 88881700 6900000 ¢0LELLO00 100000 G/c¥6618C°0 9ESGl 9¢-G01
el ¥1L619L0#0°0 991 2061212012 60¢ze.S262'8 S0-32'9 28€.00282°0 vS'L 1000 1216500 900000 €€26S1L00°0 LE0000°0 1926502820 9¢Sl €¢-501
Gl 82COLELZO0 L9L E€ZL0LVL¥Y' L 28V 1EBTER’L S0-32% 8¥2/66182°0 vG'L 9L00°0 GLL16¥0°0 €20000°'0 62.€2L00°0 120000'0 2S¥kre0c8C'0 9EGL 02-G01L
291 1629686€0°0 291 +68SELTLLC 29066906 G0-39 ¥.262028¢2°0 Sl 160000 L00¥8E€0°0 90-3¢'9 2E€0LL6000°0 €0000°0 8999602820 9€GL 21-G01
9l L2.91/8620°0 6S ) 6S.E6C18S°| 990.6/896'6 S0-39F €19¥50282°0 vS'L £€9000°0 GZ955¥0°0 200000 16G00L00°0  €200000 6S98¥8028C°0 9€Sl L1-G01
08'L 6868666L00 0L} 9/86969+0'L GereeLocl L S0-3¢ 9ver.L61L82°0 vS'L 8000°0 6219900 90-3¢'8 £€0€05L00°0  SL00000 +S6102820 9es1 91-501
LE° L 6S1L9S¥S0°0 €L P0SL0S068°C G99G.061 ¥ g0-32'8 L1LG€.1282°0 ve'l LS000°0 L0290€0°0 90-3¢'6 Ly0L64000°0 L¥O0000 PPSL6LC8C0 9SGl L 1-G01)
191 ¥6622k220’0 8S'L G888FI61L°L oveEPOP.LL'0L  SO-3P'E 16€090282°0 ¥S'L £000°0 1516200 90-31°. 098080000 LL0OOOO'Q LL.bBOCBCO 9EGL 01-G01
GGl £806566¥0°0 ¥S'I 1298165092 L22G€CLe L) G0-3¥ L 696802820 G L 960000 £9¥91L90°0 90-3.'6 G29.v100°0 /€0000°0 ¢£v0PELZBZ0 9SGl 20-G01
€8l €88¥c6¥1L0°0 241 92695296L°0 828¥26¥£9'9  S0-3rC ¥.9096182°0 Sl S+000°0 LePBSE0 0 9200000 /2€Z01L00°0 <CLOO0O'0 9r6e66L8¢0 9€GL 10-G01
mw._mtm U.F.Emgmu

3 yuIojold ot "% o Ors 0z (H, (eoh o} W,y Ay, o} T o} My, (EWRBy sisheuy
(S1L0°0) 4H,,,/N T, a|dweg

SuodJiz uo ejep JH-n7 SINAIIFON-VT'S Slqel

82



zoic Nesodden

<

Age and origin of the Mesoprotero

€8l €289€L01L0°0 241 6858199¥S'0  LO69PSELS'9 G0-38L')  LPTE9618C0 €51 S1L00°0 00900 00000 6¢601000 90-36'8 $66182°0 0€S L 6S-201
(YA 68¥L./8110°0 9¥'L GPOZSLIPO'0  9S€08020F'C G0-388'L  S¥P6SLZ8T0 S0t 250000 8¥66120'0  Z10000'0 9492190000 90-3¥'6 ¢llegeo LGOL 86-201
[4: 0 LTPEYBYCO'0 €51 CCBSPO6CEL  96E60€CC90  SO-38E vE60Le8Z0 S0'L 160000 §18420°0 ¢10000°0 €¢S1£90000 6L00000  €21eBZ0 1501 95-201
0L’} €6¥eeesl00 9¥'L  POPSI88€8'0  99E6LPGSST  S0-39'C  €L4/€91282°0 S0’} #0000 6£02920'0  ZS00000  1A0¥8000°0  €10000°0 1812820 LGOL §6-201
YL 9bEGG8600'0 8Pl  GSS9/8PPS'0  G9929¢8l6°L  G0-399'L  L6/S¥1LE8C0 S0') S¥000°0 9896¥10°0 £€00000 L6+¥000'0 90-3€'8 §51282°0 LGOL €6-201
FA LE/62€€€00 06'} L0E¥9ZI9OL'L  888TOS8E'CL §0-3S 8109212820 €51 ¥5000°0 £8106€0°0 90-3¢'9 L£€6000'0  §Z0O0000  ¥Sl28e0 0est 8¢-2ol
¥6'L GG59990¢0'0 191 96l2€e80l’'L  16LES90LF'L- SO0-3C'€ 6610502820 S0'L 1/000°0 90169€0'0 8100000 +15.160000 9L00000 6902820 LGOL le-eol
LU} 2CLLG9800°0 0§l G66lLevor'0  LS60FLG6Z'L  SO-3¥E'L  228¢LT8T0 S0t 650000 6829¥20°0 90-3¥'L 6621ZL000°0 90-3L'9 £71282°0 LGOL 0z-zol
181 ¥2c69¢GL1L0'0 9S'L [€62.€4190 ¥9€L0488€°0- G0-39L°L  €1280¢820 §0'L £€000°0 G1¢/6100 90-36'+  G908¢9000'0  90-38'8 §6028¢°0 LGOL 61-2ol
§e'l 60619¥800°0 %Sl 299¥6F09¥'0  €LP0E0LClL’'0 GO-3¥E'L 6605602820 S0t §€000°0 8080€10°0 100000  28958E000°0  90-3L'9 €01282°0 LGOL 8l-2ol
18’1 82981100 €S'1 9008691€9'0  GBEEEL9690 SO-38'L  6EELLLEBCO S0'L 1¥000°0 £18€8¢0°0 90-3¥'+  €/0€18000'0 6000000 8212820 LGOL ¥l-col
€Ll G8.062CL0°0 L¥'l OPSPiPPO9'0  GOLBEVELE’L G0-3¥6'L  PSELPLESTO S0t #0000 ¥S¥610°0 9100000 SPEBOS000'0  90-3L'6 6512820 LGOL cl-eol
89’1 ¢eEr8BBELO'0 ¥l 1906/66¥L'0  61096€948'C G0-d¢'C  G282.Le8E0 §0') 690000 ¥Zeryvbe0'0 1200000 LELL69000'0  LLOOOO'0  /BLE8C'0 LGOL 0l-col
LU ¥LL009LL0O0 0S'} 6Z8ceEek90  L0LGL0S.€) G0-386'L ¥LPOELZETO S0t ¢l00'0 81,9200  1¥0000'0 98800000  90-36'6 S¥1282'0 LGOL 60-201
L) 986¢/8¢10°0 8%l 1¥29c6LPL0  698FEC9C8L  GO-3¢¢  LOCEYLE8CO S0') 1000 £€668¢¢€0'0  ¢c00000 €64618000°0 1100000 9l¢8e'0 LGOI 90-¢0l
08’} 968¢2e0L0'0 291 981506950  88L090¥8°0 S0-32L't  L6ESLLZ8TO0 S0t ¥1.00°0 #G59120'0 8200000 8129950000 90-39'8 1212820 LGOL ¥0-20l
8l 8G8GPGEL00 <¢L') ¢e6eskScL 0 9l€0v0€e’9 S0-3e¢  S6€GG618C°0 €5') ¢l00'0 96¥1¥0°0 9200000 €€82860000 1100000  S86182°0 0€s| ¢0-eol
81 Go¥6.9600°0 991  L1€Z8SSTS0  609¥SvebZ’0- G0-3¥SL  S¥8P8028Co S0’} 2000’0 85125200  ¥10000'0 €96L¥9000°0 90-3L°L 8602820 LG0L _.o‘w.o_‘
a)ljewibad

80'¢ ¥GLLGGGL0°0 88'L 60S.¢8G98'0  €¥8bc0C8’l  S0-3gc $2Leesl8co 6¥') €¢00°0 9¥6€280°0 €10000 116962000 9100000 ¢L..26182°0 ¢€6¥L 6.-90-8d3
S6°) L2SS12610°0 84'L 2Z90LlOovO'L  1GP0CEE60'Y  SO-3C'€  8¥691618C°0 6¥'1 91000 22691900  9¥00000 948161000 910000°0 <POEL6I8T'O €6F1  €-90-9d3
10'e €865leve0'0 €8'L 162e0evL ) POLPPECO6'E  S0-AF  SC6¥88L8C0 6¥') ¢L00'0 0€6.90°0 200000  ¥65G.£2000 200000 +8EPGELBC'0  €6FL  89-90-8d3
€0'e POELELBZ0'0 ¥8'L  GOLLPBS6Y L 19G2086S9'C GO-38'v  £8€9/8182°0 6¥'1 11000 G0€2890°0 10000 92/82Z00'0  $Z0000'0 6VEZEY618Z'0 €6¥L  L9-90-8d3
€L 16G¥82S0°0 P9l ©pOCES00SL'C  28.l866SPLL G0-38L  Z1.61028C°0 6¥') 0000 €£0L2L0°0 90-39'8  18¥b9L00'0  6€00000 L6..90¢82°0 €6FL  S§5-90-8d3
4 ¥900G€210°'0 LGl €6v¥E8CE88'0  LEL/9GEL°LL  GO-39'E 6269112820 6¥'1 2r00°0 6068.80°0 610000 6£€.9200'0 800000 6.0961282°0 ¢€6¥L 1G-90-8d3
L0¢ 866<0681L0°0 98} <OPS66.50'L  10898G9€0'¢ SO-38'¢ 288581820 6¥'1 L€00°0 6.0€090°0 710000 210981000 6100000 66l€L6182°0 ¢€6FL 05-90-8d3
88l GLEB6ZO9L0'0 GL'L 6061286980  /9/889002°G GO-3Z'€  G86.¥6182°0 6¥'1 2200'0 GGS0€60°0 €1000°0  9€9¥¥Z00'0 9100000 2Z0G610282°0 €6¥L 8+ 90-8d3
£6') €6¥E8BEL00 8L') L9SBLES9L0  66869LEcEv SO-I8C  €LCECEL8CO 6¥') 41000 §600990°0 110000  <¢r0€LCO0'0  FLOODO'0 #SSS861L8C0 €6Vl ¥P-90-8d3
90'¢ 9€6/€€/20'0 /8L 8L16/0€9¥'L  928E/922T'C  G0-3G ¥90¥98182°0 6¥'1 2200°0 ¥16G60°0 610000  26216Z00'0 SZ0000'0 LZe6¥6182°0 €6¥L E¢90-8d3
le'e 181109100 S6'} 88KEZELOB'0  SE¥G9GECZ’0- SO0-32'e  LS1G6.18C0 6¥'1 61000 12159500 110000  88¥6.L00°0 9100000 6¢9.¥818C°0 €6Vl  1¥-90-8d3
¥6°1 9169662200 84'L 6Z1L90€5S0Z')  Z8LBEEPSL'y GO-38'E  66¥816182°0 6¥'1 2l00'0 #665€50'0 6900000 26S2/1L00°'0 6100000 GS6896182°0 €6¥L 6£-90-8d3
66} 60€.99810°0 18') 9bc0O6EC66'0  SCllo0geee SO0-I2'e  810L6818¢°0 6¥'1 ¥100°0 €./0¥90°'0 6900000 580812000 9L0000'0 €..096182°0 €6kl S€-90-8d3
06} G9892¢ce0'0 GL'L 6¥S089LLL'L  GEZCOSSLE6F  S0-39C GBBE6LBZO 6¥'1 50000 £268€50°'0 1500000 LE9¥8LO0'0  8L0000'0 GC6E66L8Z0 €61  1€-90-8d3
¥0'c €L162L£100 S98') 68LPIPSEL0  999/6S60S'C¢ SO-3F'c  Gleiglezo 6¥'1 €100°0 Gc8c/90'0 9500000 66£9L200°0 <€LOO0O'0 <2LbSE6I8C0 €6FL  82-90-8d3
1671 960952100 947V I18¥LL/626'0 908802699'F  GO-3E 800€€6182°0 6¥'1 12000 661¥790°'0  §900000 Z¥LLLZ000 GlO00O'0 €€.¥661820 €6¥L +2-90-89d3
66} 65586¢9100 <¢8'1 G0L./66188°0  /8SPOSPBC'E  S0-3E 186€6818¢°0 6¥'1 91000 12€£090'0 8800000  Z€602000  Sl0000'0 GISS6L8C0  €6¥L  ¢¢-90-8d3
ooe 6¥FL0ECL00 28'L 68E¥09/2.0  LS986¥92L'€ S0-39C  $ES68818C0 6¥'1 61000 8¥92890'0  ¥#60000'0 98£82200°0 €100000 10£956182°0 €6+¥L 02-90-9d3
£6'} chPoLELO0 8171  69G6SEESL0  €lekBLlcey  S0-3E G€¢618C°0 6¥'1 15000 2550010 S§10000  818L1€000 SLO000'0 LS9rl0C8Z'0 €6Vl  L1-90-Bd3
1671 G2/969110°0 9L} 2Eceeesryr90 100609049+ SO-3FC  LPOELEL8C0 6¥'1 §200°0 6090500 8600000 809191000 <LO0D0'0 620861820 €6¥L 91-90-8d3
98’1 2e6S64120°0 €41 6SSCe60SL'L  Slekl0L9S'S  S0-39'C 80€8S618¢0 6¥'1 280000 €¥¢8eS0°'0 1900000 9lP€E8LO00 8L0000'0 8¢6L10Z82°0 €6Vl  €1-90-8d3
€8l 809.¥€CC00 0L} 6¥60SS6LLL  ZP696FL0L'9  SO-IF'E  6ESELELSTO 6¥'1 £€000°0 65¥2¥0°0 €100000  ¥¥SCLO00  ZLO0DO'O  L20L0OE8E0  €6¥lL  L1-90-8d3
8Ll €69/ZL1€00 89l /60¢v0Ll9'L  PEEOL£998'9 SO0-32S  PZ6v661820 6¥'L 62000 180¥L20°0 110000  2S€9¥200°0 9200000 €£¥6990Z8Z'0  €6¥L mo.@owmn_m_
ajjueif pay

abe yyjo0.4 oz "o oz (s e (PUH,  BHy,, (eoh ol Wy g, ot M,y ol I, iHg, (EAREy PR
(S1LO°0} 4H M, ajdweg

83



zoic Nesodden

<

Age and origin of the Mesoprotero

Z6'k 96£Z€800'0 9L}  8L9£88¥SY'0  SOGLOEEZFY G0-38F'L  LLEGT6LETO 6¥'1 LL00'0  96L¥GFO'0  PEO000'0 E€FZE60000 90-IFL  8S6LET0  Z6bL Z6-€01
z8'L 68182v220'0 0L 8€l98b/8L'L  6B84GLLPSL'9  SO-IF'E  69L8/6L8T0 6Vl ¥9000'0  8226/500  90-32'6  ¥SZ60L00°0  £L00000 102820 Z6rL 0S-€0}
z8'L 1518051100 0L} 8128198090  PEEO006S0'9 G0O-328'L  TLPSL6L8Z0 6%l 190000  b€.5ZS0°0 8100000  90LBELOOO  90-3L'6  9L0Z8ZO TG 6F-€0L
S8l 62068/20'0 L'l 6/Z16/Z8Y' L  29286E¥BY'S  S0-IV  SL6VIELBZO 6Vl 1000 Zv/8950'0  8£0000'0 €2r0ZL00'0 2200000 Z8z'0 Z6rL Lb-€0L
SLL Z000/ZLLO0 99V €¥LL0S66S0  8ES9ZZPSTL G0-IK6'L  $GL60028T0 6%l €L00°0  8LE9EY0'0  €£O000'0 290LPLO0'0  90-3L'6 7502820  Z6PL 9b-c0l
AN LPLBLESLO0 68'L  Z08.568°0  LE908EELL’L  G0-39'Z  ZOLYEBLSTO 6¥'L S000°0 Zr80P¥0'0  ZY0000'0  ZL6ZLLOO'0  €L0O0000 6981820  Z6¥L Sb-e0l
61 L0¥ZE9L0'0  89'L  GOEBTLFI8'0  TETEBOSS9  S0-I9T  GEEBS6LETO 6%l €L00°0 61899900 8200000 ZLZZELOO'O  €LO000'0  820TBTO  26YL rr-e0l
88l 812./8TL0°0 €L 6£.ZL690L0  T6ETL6ZBL'S SO-IF'T 80561820 6¥'L 91000  S20SLP0'0  Z0000'0  80ZE0LOO'0  ZLOOOO'O 1861820 26Vl Zv-eol
06'L ¥6BZELFLO0 ¥LL  €85969Z08°0  vILZBY9S8F  S0-39C  6SLPBLBTO B¥1 860000  9SS6E¥0°0 8500000 ¥¥60O0LOO'O  €L00000  LL6L8ZO  Z6YL LE-E0L
06’k 6FLEESEL00 S4°)  600LS0LEL'0  8TL96L6TLF SO-I2C  ¥IL0BEGL8TO 6¥'L 8/000°0  ZOVBYYO'0 200000 29260000  LLDODO'0  S96182°0 26Vl 9e-€0}
€8l LOLEZLELOO 0L} PSELOEE0L0  GLLBE9BS6'S  G0-IT  TLYTL6L8TO B¥1 1ZO000  GLOESEO'0  90-31'E€  ZYLPBSO000 100000 661820 Z6hL rE-€0}
08'L LLPPZELLO0 89'L  ZSPOLL090  SOPSPB00S'9 G0-388')L  €26.86187°0 6¥'L 61000  9106/90'0 6200000 S6E0ZLO0'0  90-I¥'6  €20282°0 26Vl £e-e0l
681 GOESSLO0  PL L  ZGOSIBEES0  B6BESPIG Y  G0-39T  BTZEVBLETO B¥1 61000 99810500  ¥00000 #/88L60000 €L00000  L6L8TO Z6hL LE-E0L
€8l 7//6980100 0L’} /8KOBYZ6S'0  B8GEBSPOE6'S GO-388'L  6¥8L.6L8Z0 6¥'L ZLO0'0  80/¥ZE0'0 900000 §862Z90000  90-3I¥'6 661820 z6rL 62-€0}
98'L 9597186000 ZL'} 86.G0ZEG0  186FL986F'S GO-I89'L  TBIBS618Z0 B¥1 GL000  [0ZPSPO'O  LEOOOO'O LLOGYSO00'0  90-3¥'e  G86LBTO  ZT6YL 8Z-€0}
¥8'L Ze8LYEYLO0 L) 196¥ZBS6L0  BZLOBEEBL'S G0-IF'T  S0/L9618Z°0 6¥'L GL00'0  /96¥E90'0 /200000 SPLLZLOO'0 ZLO0DO'0  €00282°0  26¥l 61-€0}
8Ll 9689891100 L9} 866906290  60618¥.ZL9  S0-32 LEFE6182°0 6¥1 €60000  60€8ZS0°0  6£00000 906L0LO00  LOODOO  $Z0Z8ZO  Z6¥L 9L-€0}k
81 1890/6000 2.} 1€/0bZSES0  8P8KL/BSE'S G0-329'L 9975661820 6¥'L GL00'0  /92ZLP0'0  $ZO000'0 8PZ6.00000 90-3L'8  6.61820  26¥L rl-€0b
88'L 9062588000 €471 G9099L¥8¥0  GELZPLBB0'S GO-I8GL  €LL8YELET 0 6¥1 190000 LZB68E00  ZE0D000 8LZPS80000 90-36°L  €L61820  T6YL 60-€01
€6') ¥S0PFPB0LO'0  LZ'L  LEECOFLBS0  LPTBEESZZTF G0-I9LL  €88ET6L8T0 6¥'L ¥6000°0  960S9€0'0 9100000 S8F06O0000 90-388  +¥F6LBZO0  26FI £0-€0}
161 6ET6SLZLO0 6271 TSL08PLGO0  8GZ899/69€  SO-36'L  8Z680618Z0 6¥1 G8000'0  956G¥P0'0  LLODOO'O +98¥680000 90-356  GE6L8Z0  T6YL 90-€01
18'L 1862162100 €41 BEI9E9899°0  2SBLEBGZE'S G0-I96°L  SGTAYSEL8T0 6% 1/000°0  6090.K0'0  €L0000'0 9626260000 90-38'6 7861820  Z6¥L 1L0-e0}
mm.._mc_m ajljoiq-jauies)

g8l 7586862000 €41 6SOFIZOTFO  €90FLO808'S GO-IBGL  ZSS618Z0 151 990000  9€9L¥S0°0  Z90000°0 966.ZLO00  90-36°L  €6618Z0  POSL €LZLL
661 6L¥6FLOPO'0 18l BSSLBLOSL'T  SOFKEEZISE G0-32'9  80B068L8T0 151 ZL000'0  €06890°0  LZODOD'0 £ZEGZLOO'0  LEOOODO'O  626L8T0  +OSL 89-Z1L1
6L 8689/86L0°0 691 G9G9G9e¥0'L  LEO9BIOLE'9  GO-IE  SGPEBEL8T0 151 2100°0  €€6.1L20°0  LO0000  6/90¥L00'0  SLOOO0'0  S20ZT8TO  ¥OSL G9ZLL
z8'L GEGBEFSLO'0 0Ll /[ZBLLEEBB'0  PTSLGBBLE'9  G0-38'C  682LL6LSTO [ #0000 69.96€00  90-36'F  $E069.0000 ©LO0D0'0  ¥66LBZ0  OSL 19-ZLL
88'L BZYZSEPTO0 GL'L  B89BGTBGRT L LJEOEBYSE'S  GO-I8E  €T6LYELETO 151 72000 80SE890°0 8200000 2ZEZELOO'O 6100000  186L8Z'0  ¥OSL ySZLL
SLL 1800LPFEO'D 99'L 2256.2228 L  LOPLZLOGL  G0-3TS  ¥09r00Z8ZT0 1SL #0000 £2£50°0 1100000 92620L00°0 9200000  GEOZ8Z0  POSL 1S-ZLL
¥e'L 8950100  TLL  PESSIE9S0  99LEPELBE'S S0-3T9L 800961820 g1 ¥S0000  ¥6960YO'0  90-39'S 8186080000 90-31'8  ¥B6I8ZO  FOSI 0S-ZHH
181 1¥990/GL0°0 €L 90ZEELOE8'0  GO6886FZ9'G  GO-IF'E  €¥00S6L8Z°0 1S'L 1000 Z0S€990'0  L0000'0  ZGZLZLOO'0  ZLOOOO'O 9861820  +OSL L2l
g6l 7809Z6€Z0°0 84} 896SZ868T L  LLPIGIESTY G0-I8C  S8ELIBLBTO 151 950000  /9¥T/E0'0  8T0000°0 <ZTOBLEL000°0 6100000  €E618Z0  ¥OSI yrZhl
8Ll GGGGEL0'0 89} 9PEOE0ZZL0  €298Y6Y60'L G0-32C  G9PL66L8Z0 1S'L 61000 15€660'0 8200000 GSSELLOO'0  LLOOOO'0  §20282°0  +OSL £e-zll
9Ll 9/6¥0€0€0°0 L9}  8TELLPLYL  ¥BSB90ZOEL  SO-3TS  LOEL6618Z0 151 7L0000  SI16122000 110000 ¥BSPFLO00 9200000  #0Z8T0 ¥0S1 SZTZHE
181 19286000 €L GG900£86L'Z  228SSBEPS'S  G0-32'9  6GL.F6L8Z0 1S'L 120000  #LELEOD £0-31'6  8€66¥S0000 L€00000  +¥961L82°0  +OSL 1z-zLL
861 LE9¥IT9200 08} 69IFZSIIF L 952680069'€  SO-IF 6155681820 g1 €/0000  £S€//20°0  90-38'€  SSE06¥000°0 200000 161820 70S1 0Z-ZhH
¥8'l 8bGGEZ0LO'0 LAV GOSZ9LLPSO  LEP/OP/60'9 G0-399°L  LGEE96L8T0 1S'L ¥6000'0  €660L50'0 200000 6¥L/0L000  90-3€'8¢  G66L820  +OSL 20-ZLL
ssioufi uabiny

abe yijo.d oz " oz (s oz Sr._._tzt._@: (eoh ol *_._53?.5 o) FI:L:._@: ol FIE.E._@: (eneby MY
(S10°0) #H,,, /M, ajdwes

84



zoic Nesodden

<

Age and origin of the Mesoprotero

6L GLSEPSLZO0 8Ll LGZ.Z0ELL’)  GZ68/8ESTF  G0-38'E  90.LFLELBZ O 051 1000 L0v¥0°0 #80000'0 816911000 6100000 6¥6182°0 €06l 1e-¥0-9d3
G6'L 2942890100 6.4} 6£2916985°0  L/S0Z8Z60'+ G0-396°L  L910L618Z0 05’1 260000 L8¥SZP0'0  Z2S0000°0 GS180L00°0 90-38'6 Zr618z°0 €051 LZ2-¥#0-9d3
191 ¥06.889L00 191 ¥6168/8/8'0 661L989£88'8 §0-39¢ L£15+028¢0 0s'L 1000 £€e9r80°0 1200000 S692/1000 €10000°0 9602820 €051  9¢-¥0-9d3
6%’ ¥28501810°0 09} €vPOSCIPE'0  PBTZOSSOL'LL S0-3¢ 889r2Z1282°0 0s’L 41000 #052550°0 6500000  ZbELSL00°0  SL0000°0 1212820 €05}  vZ-¥0-ad3
68°L 6621805100 S4'L 8/9/£9808°0  LSE6CLESL'S SO0-3r'e  9P0OPEL8C O 0s'L 120000 £9€950°0 €€0000'0 654811000 2100000 §.6182°0 €051  8l-¥0-9d3
8L 8E¥SP09L0'0 LLL  2ZT/668.SG8°0  86881E£0S0°9 S0-39C  8TEG961L8C0 05°L 11000 9606¥¥0°0 L€0000°0  109.0L00°0 €10000°0 1661820 €051 €1-¥0-8d3
vl 6128910100 G9'} PESLSZ/PS0  §55029829°L G0-398°L  #0860028Z°0 051 L1000 6¥.¥S0°0 #G0000'0  18S61100°0 90-3€'6 S¥0282°0 €05}  80-#0-ad3
1671 LEPEEBELO0 9Ll LBBELKLSLO LS0ChL9LF  S0-3¥'T 8916261820 0s'L L1000 2S00 8¥0000'0 SSELOLO0O0 2100000 6561820 €051  €0-¥0-9d3
ayiuesh pauesb-auly

€0'¢ S91L€L06000 S§8'L LOLE9CKLS'0  9FL¥680EC'E G0-386'L 951981820 751 41000 £555+0°0 880000°0 ¥6EFELOO0 90-36'6 €0618¢'0 ersi 18-901
8L 900¥620L0°0 2.1 LS6¥P9995°0  G€9/P0BSL9 S0-ITT 6980961820 ¥S'L 12000 £6EPLP00 10000 PE9EL000 110000°0 200Z8Z°0 441" 08-901
16°L 98G€/FPLLO0 ZL'L  Z1.PB80E9'0  91S/2910€'S G0-32°¢  €086l618C0 ¥S'L 41000 68081L¥0°0 00000 #00L100°0 1 10000°0 £66182°0 ebsl 8/-901
00'¢ 166520100 €8} L¥Z9IBLL9S 0 G685/8v.°C  G0-386'L 8¥09.81820 &1L 860000 629¥9¥0°0  £90000°0 CE¥ZELOOO 90-36'6 9161820 ZrsL £L1-901
1871 #98F€19000 2L  9LEBO0ECE'0  bEBB09G68'9 GO0-I¥E'L  LLIFI6BLBZO ¥SL #2000 96.6¥90°0 500000 8L¥ESLOOO 90-32'9 1102820 sl 92-901
891 G96962L0°0 €91 /1864..G990 ¥8S¥8SELL'6  G0-39C  £12.202820 G 85000 1691800 210000 LSGLEL00°0  €10000°0 G80282°0 Zbsl §2-901
vl 200590100 /491  §9962+E90 8¢/990/90'8 S0-3¢6°'L S€L/6618C0 751 41000 L¢S€850°0 22000000 9/005100°0 90-39'6 €¥028¢0 evsi 12-901
8’} #16919610°0 2.1 <2Eecesbzes’0  Z2991/8G1L9 S0-IP'T  ZS96561820 8’1 120000 co¥b9€0'0 6000000 S9€€Z8000°0 <Z10000°0 9861820 Zhsl 89-901
€8°1L 6456590100 €41 €58990695°0 681124699 §0-34'L Lr16561820 751 80000 £8010¥0°0 9100000 69/6860000 90-35'8 6861820 ersL 99-901
16°L 96//56LL0°0 L.V 68P0L8LE9°0  /2G8./91E°S G0-I¥8'L  £T0OZHLB8C O Y61 S+000°0 ¥868£0°0 90-31°2L  1L1LS0T600000 90-3T°6 8r6182°0 Zrsi £9-901
181 60€ZFOEL00 G2'L  $0L19622L°0  L9E¥.FLO0'9 GO-ITC  £2G6E6LEZ 0 PG L1000 ¢¢6LL50°0 LZ0000°0  ZLLvkLOO'O  LLODOOO £€86182°0 sl 29-901
8’1 €606ELLLO0 €41 PELBL098S0  8EPTI98CS'9 GO0-J9L'L  LLEVSEL8TO 7571 1000 ¥LELEQ00  8L0000'0 85851000 90-38'8 200z8z°0 ZrsL 09-901
06’ CPIGESO0L00 ZL'L  ¥PGSE0LL50  989.¢LSOF'S S0-3¢ ¢Lee61820 Y51 gL000 €€295¥0°0  ¢900000 S¥69LL00°0 100000 8561820 sl 65-901
181 1126616000 L'} LZLI6BESY'0  2GS6LPIC6'9  G0-39FL  bPPSO618Z0 G 1000 GBSPGS0'0 9L0000°0  €90L¥L00°0 90-3€°L 8002820 Zhsl GG-901
§8'L 669920100 ¥.'L  ¥19680LS5°0  <CS¥99€8¢'9 G0-386'L v.v/PELBCO ¥S5'L L2000 £8€5850°0 8900000 806051000 90-36'6 £6618¢°0 ersi 15-901
981 #0S608Z10°0 §.°'L SE8E00L.9°0 LLELEGES0'9 S0-386°L 196061820 Y51 11000 §/02250°0  ¢L0000'0  ¥O¥Y6ZL00°0 90-36'6 861820 441" 6%-901
181 8860606000 4L 18L¥LL8FO 8L12L0rl0°L S0-329'L S§S0896182°0 ¥S'1L €L00°0 950€SS0°0 L¥0000'0 +2.SELO0O 90-31'8 6002820 [d 413 L¥-901
AV 4 S06¥ESLO0 b8l 95E1909¢8°'0 986C18CES'E S0-IFC  £966981820 &1L 410000 9€9¢6¢00  ¢L0000'0 Z/POELO00O0 100000 Z68182°0 ZrsL S¥-901
9.l ¥2S2ESCI00 89l  6021/6999°0  Z8S¥L098L°L S0-3¢ 12086861820 Y51 99000°0 ZLiy0r00 200000  96££0L00°0 100000 1202820 sl 901
9Ll ¥LEPSEB000 89l 6GL.96.6F°0 ¥PG60S€9°L  G0-395°L 6811661820 G £S000°0 8L2Li¥0’0 9200000 90.8L100°0 90-38°L 4202820 Zbsl L€-901
98'L ¥6¥L054100 ¥.'L 89€8l9LE6'0  ¥/C8¥P666L'9 S0-38'¢  SLLSPELBCO 751 ¢L00'0 L/6¢87¥0°0 62000000 S68LL00°0  +10000°0 1861820 ersi 2e-901
LL) S¥e6E8FI00 691  1Z2B8CSTLL0  GBVZI8S09°L  SO-IY'T  8TLFB618T 0 81 12000 19512800  Z€0000°0  1OLEOZO0'0 2100000 902820 Zhsl 0€-901
L) 9.08F0CL00 §9'L 88980£L£9°0 £96¢e0¥S'8  S0-3¢'¢C 901102820 781 890000 48904900  Z90000°0 #S889L00°0  L1L0OOOO €90¢8¢°0 ersi 8¢-901
8.1 LOLEEOZLO0 69°L LOEBLS8E9'0  P/SGL662S°L G0-326°L 652861820 Y61 L1000 62866¥0°0 200000  £/€21100°0 90-39'6 8102820 ZrsL 22901
L) 2810068000 69l LS8619€.P'0  6SSL0LSPO’L  GO-39'L  GEBSGBELBCO ¥SL €¢00'0 96€6190°0  ¥PO000'0  $EOSLO0'0 8000000 €€0282°0 sl 01-901
g8’l 66.8¥SL0°0  v.L'L  S0.8L.128°0 18¥286162'9 G0-3F'C 1859k6182°0 ¥G'1 15000°0 102.€50°'0  ¥1L0000°0  60¥LLOO'0  ZL0000'0 186182°0 Zbsl 80-901
€8l Z8¥0908L00 ¢4’} <¢29lE€0€66'0 §901.5869'9 G0-I8'C 591656180 P51 91000 LPeSPS0°0  6L0000°0  6SE€SEL000  #10000°0 ¢8¢’0 sl ¥0-901
apuelb iedspjay neyy

ederaiciad 2T " 9 (s 9z SE._E.E._? eoh ol Hy, 8Ag, ol My, ol H,, iH, (ew)eby ntheuy
(S10°0) 3H,,, /M7, sjdweg

85



zoic Nesodden

<

Age and origin of the Mesoprotero

1871 L¥G6680L0°0 €21 191v2098G°0  8ST666609'L S0-32C 6ELLG6L8Z0 651 SL00°0 €£88€90°'0 8800000 €1€991000 1100000 €0028¢2'0 L6SL  Zb-50-9d3
88’L 949616€L0°0 94°L  L99€0¥LSL0 199¥59€6L°G  S0-38'C  #9£0€6182°0 SS'L 8L00°0 88111900 110000 €18€8L000 ¥10000°0 9861820 LESL  1¥-50-9d3
S8°1L G/68S/1L00 ¥l 8921668€9'0 $S56/9856€'9 G0-IZC  E€ELLP6L8Z0 SS'L 1000 £1685#0°0 9900000 8411000 1 10000°0 £€8618¢20 L€G6L  0¥-50-9d43
181 €99G6/9€10°0 9Ll 18€cC6S50L'0  F06SE00E0'9 S0-3C'C  SC04E6182°0 SS'L 1000 £¥ccl o $£0000°0 €9.45¢200°0 1 10000°0 §1028¢20 Le61  L€-50-9d3
8e'¢ £8699/020'0 SL'¢ <¢£9/5beZe’L  98¢98510S'2- S0-IC'S €£9969182°0 SS'L #9000 6¥.ccc’0 620000 869¢8500'0 9200000 €4818¢0 LEGL  9€-50-9d3
20'¢C €E€8/9¥11L0°0 68’} SPECTCIPO'0  8L.01828S°€ S0-3FT £089818¢2°0 SS'L 91000 ¥¥92190°0 8600000 99¢89100°0 <L0000°0 6161820 LEG1  §€-50-dd3
68°1 GE€0E€80LL0'0 9L’} 6S9€9¢/8S°0  S002POPLL'G  GO-38'L  8EL8E6L8Z0 gs'l 1000 GE€GP990°0 #¢0000°0 Z2SLSL00°0 6000000 ¥.618¢°0 LEGL  $E€-50-9d3
¥0'C 8€2018¥L0'0 L8} <ZSOLPPLPS'0  8TLPSO68L'C GO-3IF'EC 2669581820 SS'L 2¢e00’0 92121800 210000 689¥¢200'0  £10000°0 G2618¢2°0 LEGL  £€€-50-9d3
S0'C Ge2e60r0e0'0 £8'L  2L6CSLLLYL  6L6LEOPSE'C GO0-38'F  €GE0G8L8Z°0 SS'L SL00'0 LL61¥S0'0  €¥00000 €2/091L00°0 #20000°0 6681820 LEGL  ¢€-50-9d3
08l L192/810°0 0L} 86S161866°0  $S299v¥9C’L S0-32°¢€  L08LL6LS8ZO SS'L 81000 98¥590°0 ¥90000'0 8009¥L00°0  910000°0 9102820 LEGL  82-50-9d3
98’1 1£5109¢¢00 S2°'L  9SELLLv0E L 18CLbL8CL9 S0-3F 9086¢£618¢°0 o'l ¢Loo’o ¢¥£6990°0 10000 $064100°0 ¢0000°0 ¥6618¢0 Le51L  9¢-50-9d43
68°L LEE18CSL0'0 LL') €69251928°0 8LEELIBLO9S S0-38'C (A2 T4 A T Al SS'L €e00°0 611G¥90°0 800000 L82.FL00°0  +10000°0 161820 LEGL  02-50-9d3
90'¢ £92295¢€1L0°0 /8L 8989¢/8¥/°0  S6668¥.68'C S0-39¢C 9/8+818¢°0 gs'l L1000 218065500 1800000 §20951000 €10000°0 96818¢0 LeSL £1-S0-8d3
06°L c0EPSESLO0  LL'L  2SOLPPLPE0 15262609°'S G0-3ar'e L1626182°0 SS'L LE00'0 950€80°0 210000 9¢6€r200'0  £10000°0 6661820 LEGL  91-50-9d3
61 8161852200 08'L 88ELLO96L'L  £90S€0€S8'+ S0-39¢ 198€06182°0 g’ §200°0 €606¥90°0 8£00000 8E€FESL00°0 8100000 S618¢°0 LeSL §1-S0-9d43
18} €¥94L2Pc0'0 8L} TLP86609C | 920¥8069°9 G0-38'y  €pTSC618C0 65} 000 8Ll¢rl 0 20000 ¥..87€00°0  $20000°0 #£028¢2°0 1651 v1-50-dd3
[A1lr4 6995691100 S8'L €.69186¥90 SrPLEL8ECSE  S0-IFC 8£998182°0 gs'| ¥#£000°0 S¥96¥90°0  ¥600000 6S#08L00°0 100000 1261820 LeSL  80-S0-943
0T 2198199100 68l G.0889068'0 FEOSLEGLLC S0-3¢ v.E¥8LBZ0 GS'L €¥00°0 zeesllo 1800000 €¥0Ck200'0  S10000°0 2161820 L€G6L  /0-50-9d3
18°1 9£8€951200 <Lt  vrLBLEOPL'L  688L8FLSO'L S0-3 9085961820 gs'l €000 LELBYLO0 €10000 100222000 €0000°0 £€028¢0 LeSL  §0-S0-943
181 ¥#908€0L0°0 G2Z'L GEEVPB089S'0  LGG9E0S66'S GO0-3Z'C  6BE09E6LEBZO GS'L 6L00°0 S¥lbZ30'0 6600000 €6188L00°0 1100000 £€66182°0 L€GL  20-50-9d3
¥e'e L€Z0SLEZ0'0 LO'C <€LELBEQOC'L  £9960.60C°'0- S0-38'c  60ZL9LL8C0 gs'l 21000 ¥810L°0 6900000 S129FE00'0 61000070 9981820 LeSL  10-50-843
ajiuelb paujeih-asieos

vLL 1910844100 991 €¥POSELPE'0  E£0G6LEEBS L S0-3¢ 6088002820 05'L 80000 ¢816¢90'0 659000000 6ES€SL00°0 SL0000°0 ¥6028¢°0 €06l  €8-¥0-9d3
¥8°1 9646989100 L2} £.6S08E06'0 9€l/pPlE€C0'9 G0-I8'C  €£95¥96182°0 0s'L SL00'0 L06¥SP0'0  €£00000 909€L100°0  +10000°0 8661820 €05}  ¢8-#0-ad3a
69°L L¥609£0L00 €91 98P0LEL9S0  2€CL0S9€ES'8 G0-I¥8'L  L0ELSE0C8Z0 05'L £4000°0 €0L¥ES0°0 L#0000°0 2#985100°0 90-3¢'6 28028¢°0 €061  §.-¥0-9d3
681 Z¢t9896020°0 GZ'L  6980¢¢ZLL 2996vEBLL'S  S0-32'€  9906£6182°0 0s')L G8000°0 v¥9.1€0°0 90-3¥'9 2621120000 9100000 961820 €081 1.-+0-9d3
88l ¥eSL6v¥9L0°0 FPL'L  9PEEBLEB8'0  ¢S886949€°G  S0-38'C ¢609¥6182°0 0S'L 12000 LEYOPY00 §0000°0 908111000 #10000°0 6461820 €081 £9¥0-9d3
181 S.€9¥P600°0 ¥2Z'L  SGLO06LLLG0  §9/8G/8lv'G  G0-399'L LESLPELEZO 0s')L 21000 LEL//P0°0  LE0000°0  GLEOLLOOO 90-3€'8 861820 €051 £€9-+0-a43
09°L 9ekrlcel0’0 LS’ ¥648LPE0L0  LLLLEVLIE'6 S0-3CC  €E€L¥L0C8CO 0s'L 6600070 ¥299r€0'0  L£0000°0 6€£8<L6000°0 1100000 1012820 €081 29-¥0-9d3
681 LZELIOELO'0 ¥#L') €908S5L969'0  L0L9692EL'S S0-3¢ LY6E6LBE0 0s'L €5000°0 S9P60€0°0 90-35'9 89¥S59.0000  L0O00O0 2961820 €05} 19-+0-9d43
SL'L GES¥I8L00 991 ZPEELOS896°0  9€G2E9L6¥ L S0-38'C  €11900282°0 0s'L 11000 69¥02€0°0 ¢10000°0 809410000 100000 6202820 €081  95-¥0-9d3
98’1 SOLIPB00'0 €L} 98VIPPSPP'O  9L60S9¢8S'G S0-ICE'L  GLZS6L8E0 05'L 840000 98185500 1100000 661ELO00 90-39'9 16618¢°0 €08l ¥S5-¥0-9d3
28’1 L19G0€rL0'0 0L} 82SESS€S/.'0 6899826829 S0-3C'C 2902.6182°0 0s'L L1000 G€20090°0  €10000°0 6806€L00°0  L1L000O0O €10282°0 €081  €5-¥0-9d3
6’1 €E6¥SL0C0°0 L'} LPOLELBI0'L  6L66SELLLY  GO-ICC  LBSLE6L8Z0 0s'L 100’0 9G.€190°0 ¢€00000 Z90##L0O0'0 9100000 161820 €0GL  6¥¥0-9d3
06°L 900G.PSLO'0 GL') €028¢bCZ80  961¥9GLE0’'S SO0-3IF'T 299€6182°0 0s'L 20000 99v¥8¥0°0  ¥10000°0 L¥EL100°0 ¢10000°0 161820 €05l  €¥¥0-9d3
181 $¥8026¥L0'0 691 9£80/€464°0  L00S6CESS'9  S0-3IFC €056.6182°0 0s'L L1000 LPE9Er0'0 9200000 22001000  €L0000°0 60028¢'0 €0SL  Z¥¥0-9d43
181 €6800L€L0'0 €L} 2PLLOSSOL'0  #69LCPCSS’'S S0-3CC  86CLS6L8Z0 0s'L 6L00°0 962/.¥0°0  9€0000'0 €LE¥OL0O00  L1000O°0 2861820 €05l  6€-¥0-9d3
16'L G0€6025L0°0 921  +EL0EBYER'0  LLBYC9EEBL'Y S0-3¢ 5166¢618¢°0 0s'L 21000 20806500 110000 694991000 §10000°0 6/618¢0 €051  8¢-#0-9d43
1671 1G0S0S1L20°0 9LV SO0LZLi6SkL'L  €lvbeib88'F  S0-3F'E 28¥2e61L8T0 0s'L §GL00°0 L2.v8¥0°0 6200000 912211000  £10000°0 1961820 €081 9e-¥0-9d3
9’1 6SLYP0CLO0 £9'L 88E6S0ZF90  8L06L965¢°L G0-386'L 90+66618€°0 0s'L §S000°0 €8€6050'0 6200000 6ELFLLO00 90-36'6 £€028¢0 €051 €€-+#0-9d43
(panunuoa) ajiuelb paujeiB-aul4

908 tichoud oL *a e (¥ oz :E._EE._E_ (eoh o1 4H,, kA, o) H Mgy, =l 4H,, iHg, (ewjeby BMieuy
(s100) #H,,, /M, ajdweg

86



zoic Nesodden

<

Age and origin of the Mesoprotero

Apnys juasaid ayj woly sabe qd-N SWdDI-DW-Y1 saby

86°1 120L1600°0 08l LcEe0s8.6% 0 LSSyrP6PO'e  G0-329'L  2.6006182°0 05’1 91000 96€18¥0'0  LE00000 S6SCLLO0°0 90-31'8 ¥E6182°0 S6¥1 8.-101
L) ¥6195¢L10°0 991 +081598809°0 Z610285€l'L G0-388'L LlLE66618C0 05’1 91000 ¢l0/520'0 8200000 1cco080000 90-3¥'6 2102820 S6¥1 vL-10L
[40% 6€06122200 ALl 98Scbee6l'L 69099605+ S0-I8'C  S609¢618C0 051 €000 ¥996890'0 G/00000 SB80€SL000 6100000 LLB1L8Z0 15142 ¢.-L0lL
88’1 Lge8¥lie0’0 ¥L'L  €84€SLSELL §6S089.SC'S  S0-IFE €6C9F618T0 05’1 86000°0 G89¢5€00  #E0000°0 €05016000°0 Z10000°0 £4618¢2°0 S6¥1 85-101L
A% 8186826100 0.l 8SZLELOPO’'L  €82ChCELT’9 SO0-IFE L6¥.6182°0 0S'L GE00'0 LEL2¥0°0 £/0000'0 S09.56000°0 £10000°0 £00282°0 S6vL ¥S-L0L
¥6°1 SOrE9L0L00 441  LL¥PP669SS0  655€0¢c62'+ S0-3F9'L  S8061618¢C°0 05’1 cLo00 €642€0°0 ¢l0000'0 98¢S180000 90-3C'8 £¥6182°0 S6¥L €5-101
18'1 6241€8410°0 €L <TLESPL9S6'0  89P00SS8Y'S GO-I8'C  2L.2S618¢0 0s'L 1000 8690¥€0'0 8100000 Gl6E6.L000°0 +10000°0 9.6182°0 S6¥L 5101
cl'l £660¥6€20°0 ¥9'L <€lElgleleL  PLLB899.PE'L S0-38'C  S6022028C0 0s’L €000 €0¢8650'0  S900000 9929¥L00°0 6100000 5902820 S6¥ 1 6101
961 2669611100 641 GSZ09S¥PZ90  PLLOV6YSGB'E G0-ITZ  €9.906182°0 05’1 2000 €6186€0'0 G/00000 66860L000 1100000 6E£6182°0 S6¥L St-1L0L
1671 8L10620€0°0 08l €PPCSLCEIL  €690968¥.L'¢C §0-35 9..€0618¢€°0 05°1L 82000 €60€¥0°0 8900000 292€LL00'0  S€0000°0 LE6182°0 S6¥1 S¥-L0L
4% 682vEPEIO0 04l G/8G6LEEL'0  2/9988v02'9 G0-39Z  +¥86Z.61820 0s'L €L000 L22Z¥Pb00 1600000 600€E€L00'0  £10000°0 zl0z8e’0 S6¥L €v-10L
861 €E0P¥E8L00 08l 60408¥586°0 LG/1819°¢ §0-3¢ 1600061820 05’1 680000 8.661¥0'0 8€00000 800611000 SLO0000 SE€6182°0 S6¥1 0¥-LOL
88’1 Z0P6ZPSL00 ¥L'L €.286/+28°0  bPEPEELOZS G0-39Z  ZL¥Ir618Z0 0s'L 1000 1291900 /PO0OOO'0  Z8LSFLO00 €10000°0 6861820 S6¥L 8e-10lL
08’1 L€/68C5100 691 €.2864¥280 8¥LCi8809'9 G0-49C B89EP86L8T 0 05°1L 690000 £€6599200 Z#00000 1L06Z06000°0 €10000°0 1102820 S6¥ 1 L€-10L
681 LECE0SLI00 GL')L ¢2SP6LS099'0 221185290 S0-38°'2  ¥6.L0¥6182°0 0s'L G9000 €88¢5500 910000 204051000 +10000°0 G86182°0 S6¥1 Se-101
<8l 890¥9.510°0 0.} T.8869.¥8°0 €G6¥892E€'9 G0-49C  G859.618C0 05°L €1000 465¢8€0'0 9200000  S006000°0  €10000°0 £0028¢°0 S6¥1 ¥e-1L0L
€6°1L ¥8.0¥¥020°'0 £l PS6060860°L  8.26.bP8E'Y G0-I2'c  G89LE6LBT0 0s'L ZL00'0 vr6e6200 8100000 €20920000 9100000 ¥r6182°0 S6F1 €e-101
16°1 9eer0lelo’0 SZ'L  9€85LLP99°0  918G9¥1l8.LF G0-32’C  €/8EZE6LBTO 05°L 82000 490€6€0'0 9500000 608260000 1100000 961820 S6¥L ¢e-10L
96°1L Gesols410'0 641  L00L008¥6°0  PI8SHLIOOYV S0-3€ £8801618¢°0 0s'L 86000°0 625500 9500000 Z1Z6L100°0 S10000°0 9¥6182°0 S6¥1 0e-10L
861 €6¥GE€9610°0 08'L /SBEELBI90'L  <C20l8iCl9'e SO-IF'E  6E6668L8C0 05°L 21000 S¥LGEE0'0 9900000 662601000 Z1L0000°0 ce6l8e’ o S6¥1 62 10L
LU ¥2E€919610°0 291 9.88.k2S0°L 10890€480°L SO-3F'E 81661820 0s'L 12000 9000L¥0'0  +Z00000 828611000 AL0O00O'0 ££0282°0 S6F1 8¢-10L
¥8'1 648195€20°0 L'l 6E9LLCI9TL 10990/€58'G  G0-39'€  880€9618C°0 05°L 99000°0 S¥08.20°0 90-38°/  G¢8819000°0 8100000 £86182°0 S6¥1 ¢z 10l
S6'L 90¥169520°'0 8Z'L 89E68008¢'L  6106129.0F GO0-3'¢  B866ZL6LEBC0O 0s'L 80000 G62ZEP0'0  €5S00000 F¥L6SLLO00 1200000 L¥61820 S6F1 8L-10L
FAV 4 £/08¥¥020°0 €81 G.0082860°'L  C6S0GEETE'T  SO-IFE 1150881820 0s’L ¥200°0 60G¥650'0  ZS00000 6¥8¢FLO00  A1L0000'0 £€26182°0 S6¥1 SL-10L
18°1 GLLBELELO0 €41 682£59.G0L°0 6SE999¥8E'S  G0-3ACC 186¥6182°0 0s'L #1000 8£0Z5¥0'0  9€00000 2S€9L100°0  L1L0O0OO'0 ¥86182°0 S6F1 oL-LoL
6’1 L62PE0SI0'0 9L T8L04¥9L8°0 96.2EVI' ¥ G0-39C  8.68z618T0 05’1 86000°0 1891/€0°0 1500000 /Z¥ECOLO0O0  €10000°0 6561820 S6¥1 80-10L
ssteub onyeuoy

16'L 80¥SZLSL00 84'L LS90LPSL80  90C886¥LE'S G0-38'C  89S816L8C0 G§8'L 000 82661400 €800000 S¥P98L000 +10000°0 G.6182°0 L€S51  18-60-9d3
68°1L 8/9l6¥L00 /ALl T8ELOLEBL'0  9€5980¥CZ9S G0-39C  6ESSZ6L8TO G661 SG200°0 S.¥L0L0 §90000'0 S0.zZ¥Z00'0  €10000°0 6661820 L€S1  6.-50-8d43
6’} €6SE¥2L000 641 L2A29699LF 0 €891L19EL'S  S0-3r8’L  LEBLLIBLBCO g6'1L 2co00 9£96£500 LL0000  #ZLBSLO00 90-32'6 961820 L€§51 9.-50-943
1671 L1€916010°0 AL} 699€92.85°0 102/899¥¥'S  S0-38'} 8850261820 SS°1 ¥6000°0 S¥99€0°0 ¥200000 9€.1.6000°0 60000070 S6182°0 €51 ¢/-50-ad3
1871 9v¥9.L€10°0 941 G£080€62L0  SOL90CK00'9 SO-IF'E€  LBE9EBLBCO Gg6'1L L€000 LELLL80'0  ZS00000 152461000 2100000 9661820 L€51  89-50-9d3
L1671 1.¥686800°0 28}  €Z5.LL06F°0 692Z60616€Yy S0-3v.l'L 8980681820 §S°1L 2000 97899900 6500000 2Z¥SSLL00°0 90-3.'8 ¥r6182°0 L€SL  €9°50-ad3
18'1 9r0r88rL00 LZ'L  808L/€0080 €290.¢/60°L S0-38'¢  960.9618C°0 GS'L 61000 £55¥550°0 600000 199151000 +10000°0 €1028¢°0 /€51 8§-50-9d3
08’1 ¥E602CSI00 LLL 19045086.4°0  2020€SSce’L S0-3ve 1204618270 g9l 81000 ¥895/90'0  S200000 2519910000 21000070 1202820 L€S1  §5-50-dd3
€6'1L 68005000 08'L +6€0690/L£0 8/L2895/6F S0-38°C  LLEL06L8C0 GS6°L 28000 16226600 60000 959952000 +10000°0 861820 L€S51  #5-50-9d3
1671 €6S6¥I¥I00 8.1 €150¥6CSL°0 €2cSl0€82'S S0-aF'e  9.65161820 §S°1L 90000 86/€/900 9¥00000 929891000 Z10000°0 1961820 L€S1L  €5-50-8d3
18'1 192€18L1L0°0 LL'L  LES9CE9E90  vS¥I6E¥SOL  G0-3F'E 8885961820 GS6'L €9000 €65¢¥80°0 L0000 /8€68100°0 €10000°0 €e0esen L€S51L  1§-60-9d3
61 ¥£59598020°0 08} ¢8990€cll'L  S.2h/S9.8'F S0-38'C  ¥CSk0618C0 §S°1 1000 §$629120°0 110000  9€29¢c00'0 6100000 €.6182°0 L€S1  0§-50-9d3
6L ¥8/68¥LL00 08l 9¥.E2E€L90 66¥06608.'S GO-3F6'L 6096681L8C0 651 11000 +¥2681900 ¥E00000 ZSECFKLO00 90-3/'6 ¥r61L82°0 1651  ¥¥-50-9d3
(panupuoa) ajue.f paureiB-asieo)

abe yiojoid oz " oz (s Oz :E._EE._? (eoh ol t._h:_n;wt Ol F_._E___d._m: ol *_._EE._@: (enjaby neipwy
(SL0°0}4H,, /N7, ajdweg

87



Age and origin of the Mesoproterozoic Nesodden

8.6 Whole-rock Pb isotope data

Table 6. Whole-rock Pb isotope data

Sample *®Pb/**Pb  *’Pb/**Pb  **Pb/***Pb
101-23-10 18.9257 15.6124 39.2967
102-23-10 17.2819 15.4873 36.9009
103-23-10 19.7573 15.7149 39.3976
105-23-10 19.3578 15.6769 39.2795
106-23-10 25.3106 16.2181 42.7189
112-23-10 29.5864 16.414 38.615
EPB-06-04  20.3783 15.7737 40.4107
EPB-06-05  24.2591 16.0743 42.4075
EPB-06-06  25.4773 16.2192 45.9115
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