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Field relations and geochemical evolution of the
Gothian rocks in the Kvams0Y area, southern Western
Gneiss Complex, Norway
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The igneous rocks of the Kvamsoy area in th e southern parts of th e Western Gneiss Complex (WGC) of Norway
comprise a wide variety of granit ic, syenit ic, granodiorit ic and gabbroic composit ions and formed in the interval
' 640 to 1622 Ma durin g the Goth ian orogeny.St rongly deformed gneissic equivalentsof the igneous rocks form th e
granod ioritic and gran it ic basement gneisses, which are the dominant lit hologies in th e Kvamsoy area as well as
elsewhere in the southe rn parts of the WGc. The gneisses show variable amounts of part ial melt ing dur ing the
Sveconorwegian migmatisat ion event dated at 965 ± ' 2 Ma.
Quartzites in the Kvamsey area represent remnants of a pre-Gothian basement th rough which the Gothian rocks
were emplaced. All th e Gothian igneous rocks are predomin antl y metaluminous, and th e granodiorit ic rocks have
calc-alkaline to high-K calc-alkaline composit ions, indicati ng that they had igneous sources. 5m-Nd and Rb-5r
isotope data indicate th at the sources for the rocks had either a substantial com ponent of j uveni le melts or a short
crustal residence t ime.The cont ribut ion of pre-Goth ian basement was probably minor.The granod iori tic rockswere
most likely generated by partial melti ng of underplated mantle-derived basalt ic rocks, while alkali-calcic granit ic
and syenit ic rocks may alternati vely have been generated by part ial meltin g of more evolved rockssuch astonalites.
The geochemistry of th e igneous rocks isconsistent wit h generat ion within a tectonic sett ing at an act ive continen
tal margin,or by remobil isat ion of young magmat ic rocksat a cont inental margin dur ing a collision or post-collision
setti ng.
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Introduction
The south ern parts of Scandinavia are composed of

Proterozo ic rocks which became increasingly younger to th e

southwest (Fig. 1).The Svecofennian Orogen (2000-1750 Ma)

in the east is bordered to the west by the Trans

Scandinavian Granite-Porphyry Belt (1780-1600 Ma)(also

called the Trans-Scandinavian Igneous Belt), and th e wes

tern- and southernmost part s of Scandinavia belong to th e

Southwest Scandinavian Orogen (1750-900 Ma)(Fig. 1).The

Western Gneiss Comp lex (WGC) forms the northwestern

parts of the Southwest Scandinavian Orogen (Fig. 1). The

Proterozoic rocks of th e WGC were formed during th e

Gothian (1750-1500 Ma) and Sveconorwegian (1250-900

Ma) orogenies,while the main Caledonian, Scandian oroge

ny (450-380 Ma) caused metamorphic and tectonic over

pr inting in large part s of th e complex (Gorbatschev 1985,

Kullerud et al. 1986).About 80 % of the rocks at the present

level of erosion in the southern part of th e WGC were gene

rated during the Gothian orogeny. The rocks show wide

compositional variation includ ing felsic, intermediate, mafic

and ultramafic plutonic rocks,and mino r amounts of various

supracrustal rocks (Kullerud et al. 1986, Austrheim & Mork

1988, Bryhni 1989, Skar 1998). These rocks were deformed

and migmatised at the end of the Goth ian orogeny
(Gorbatschev 1985).The Sveconorwegian orog eny genera-

ted the remaining 20 % of the rocks of the southern part of

th e WGc. The Sveconor wegian intrusion s range in size from

minor dykes to large, syn- to post-kinemat ic intr usions, and

the rock composit ions are mainly intermediate to felsic

(Kullerud et al. 1986, Skar 1998). During the Scandi an oroge

ny, the western and northwestern parts of the WGC were

st rong ly deformed and metamorphosed du ring th e collision

between Baltica and Laurentia, w hile in the eastern parts

only sporad ic shear zones were form ed (Milnes et al. 1997).

The WGC represents a major part of the Precambrian

crust in southern Norway (Fig. 1), and thi s study was carried

out in th e southeastern part of th e complex (Kvamsoy

area)(Figs.1 and 2), w here Caledonian overprinting is minor

(Milnes et al. 1988). In this contribution, th e field relations,

petrography and geochemistry of Gothian rocks in th e

Kvamsoy area wi ll be presented, and th e pet rog enesis and

the tectonic sett ing of th e rocks wi ll be discussed.

Regional geology
A compilation of age determinations of rocks from th e WGC

demonstrates that the complex has been affected by three

orogenies, the Gothian, Sveconorwegian and Caledonian

(Kullerud et al. 1986). The dominant Gothian rocks are or

thogneisses of dioritic to granitic compositions (KildaI 1969,

Lut ro & Tveten 1996). In the Nordfjord area (Fig. 1), Bryhni
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Fig. 1. Sample locat ion s for published U-Pb ages in the WGc. The data are prese nted in Table 1. Reference s to the map: Sigmond (1992).Tucker & Krogh
(1988). lnset ma p: Precambrian geo logy of th e Balt ic Shield. 1-6, Southwest Scandi navian Domain (1750-900 Ma); 1,WGC; 2, Rogaland -Vestagder sector;

3,Telemark sector; 4, Bamble secto r; 5, Kongsbe rg sector; 6, 0stfold secto r and coeval sectors in Sweden; 7,Trans-Scand inavian Gran ite-Porph yry Belt
(1780-1600 Ma); 8, Svecofennian Oro gen (2000-1750 Ma). After Gaal & Gorbat schev (1987), Gower et al. (1990) and Tucker et al. (1990).
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Fig.2.Geolog ical map of the Kvarnsey area.The locati on of th e map is marked in Fig. 1.

(1966) has demo nstrated that the composition of the or
thogneisses is predominantly granod ior it ic, and for the cen

t ral parts of the map area Bakke (1981) has subdivided the

gnei sses in th e Haukedalen area (Fig,1) int o granit ic and gra

nodi oriti c varieties. Similar gneiss lithologies are th e domi

nant rocks in the Kvarnsey area (Fig.2).and in the southern

most parts of the WGC, to the south of the Sognefjord

(Ragnhildstveit & Helliksen 1997). Rb-Sr and Srn-Nd ages
from the WGC suggest th at th e orthogneisses of the WGC

were formed in th e t ime period 1750-1600 Ma (Kullerud et
al. 1986), More precise U-Pb ages in northern parts of th e

WGC are in the interval fro m 1686 to 1647 Ma, whereas in

the southern parts of the WGC the U-Pb dates fall in the

range 1641-1631 Ma (Fig. 1, Table 1). Mafic rocks are com

mon in th e WGC,while ult ramafic rocks occur only in north

western areas (Kildal 1969, Lut ro & Tveten 1996), Field relati -

Tab le 1.U-Pb ages from th e Western Gneiss Complex, Nor way.

ons indicate that most of the mafic and ultramafic rocks are
of Goth ian age, th ough only few published age determina

ti ons support this sugg est ion (Kullerud et al. 1986),

Supracrustal rocks in th e southe rn part of the WGC are re

st ricted to minor quartzites, whereas in the cent ral and nor

th ern part s, kyanite- and/or sillimanite-bearing gne isses and

marbles are present (Bryhni 1989). Feldspathic quartzites,

mica schists, garnetiferous and micaceous gne isses, and
banded amphibolites have been interpreted as supracrustal

rocks (Bryhni 1989), but th is is difficult to demonstrate due

to the st rong tectonic overprint ing. Generally, the absolute
ages of th e supracrustal rocks are not well constrained, but

supracrustal rocks interfold ed wit h the Prot erozoic rocks

and affected by pre-Caledonian foliations are clearly of

Proterozoic age. To the south of the Sognefjord, quartzites

are intru ded by Sveconorwegian pluton s (Kildal 1969,

Rock Locality Method Minera ls Age (Ma) Reference:
1 Mig matite gneiss Tingvoll U-Pb Zircon Titanit e 1686 ±2 Tucker et al. (1990)
2 Migmati te gn eiss Breid alsvatn U-Pb Zirco n 1662 + 41/- 29 Tucker et al. (1990)
3 Granite gneiss 5agfjord U-Pb Zircon Titanite 1661 ±2 Tucker et al. (1990)
4 Mig matite gneiss Ast fjord U-Pb Zirco n Tit anite 1659 ±2 Tucker et al. (1987)
5 Gran it e gneiss Frei U-Pb Zirco n Tit anite 1658 ± 2 Tucker et al. (1990)
6 Leucogabbro gneiss Damvatn U-Pb Zircon 1657 + 5/ - 3 Tucker et al. (1990)
7 Gran it e gn eiss Ingdal U-Pb Zirco n Tit anite 1653 ± 2 Tucker & Krogh (1988)
8 Quartz d ior ite Askvo ll U-Pb Zircon 1641 ±2 5kar etal. (1994)
9 Gneiss and m igmati te Kvarnsoy U-Pb Zirco n 1631 (a) ± 9 Skar (1998)

10 5yen ite Flat raket U-Pb Zircon 1520 ±20 Lappin et al. (1979)
11 Granite gne iss Mo lde U-Pb Zircon 1508 (b) ± 10 Tucker et al. (1990)
12 Coroni t ic gabbro 5elsnes U-Pb Zirco n Baddeleyite 1462 ± 2 Tucker et al. (1990)

(a) One gnei ss and two migm atites yielded a com mo n upper intercept age.

(b) An upper inte rcept age produced by a con stru ct ion from 395 Ma through one d iscord ant zircon .

A Rb-Sr w hole-rock date of the rock has yiel ded an age of 1506 ± 22 Ma (Carswell &Harvey, 1985).
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Ragnhildstveit & Helliksen 1997).ln the northern parts of th e

WGC,it has been demons t rated th at supracrustal rocks also

occur as Caledonian thrust nappes fold ed into th e

Precambrian gneisses (KriII 1985, Robinson 1995).The t im ing

of Goth ian migmat isat ion and deformat ion events is not

well constrained in t he WGC, but it is regarded to be prior to

1500 Ma, when post-orog enic granit es, syeni tes and mafic

plutonic rocks int ruded th e oro gen (Gorbatschev 1985,Fig. 1

and Table 1).

The Late Svecono rwegian plutonic intrus ions in th e

southern part of the WGC are most ly composite, con sisting

of a minor com ponent of gabb ro and monzoni te, and a ma

jor com ponen t of po rphyr it ic quartz monzonite, quartz sye

nit e or granit e (Skar 1998). Dykes wi th similar compositions

are common, together wi t h pegm at it esand aplites.The ages

of th e dated Sveconorwegian int rusions rang e fro m about

1009 to 880 Ma; however, mo st ages are Rb-Sr w hole-rock

ages w it h large uncertainties (Kullerud et al. 1986, Skar

1998).

A major deformation and migmatisation event in the

south ern part of the WGC is dated to 965 ± 12 Ma (U-Pb zir

con age) in the Kvarnsey area (Fig. 1) (Skar 1998).This defor

mation is interpreted to have been respons ibl e for the regio

nal, Late Sveco no rwegian foliat ion in the sout hern parts of

t he WGC,w hich can be followed to th e south of Sognefjord

(Ragnhil dstveit & Hell iksen 1997), and to the north in the

Haukedalen area (Bakke 1981). An eastern limit of the

Sveconorweg ian deformat ion and intrusions in the WGC

was sugg ested byTucker et al. (1990HFig. 1).Thus, to th e east

of thi s lim it, th e deformation of t he basement must have oc

curred during th e Got hian orogeny, or possibl y during th e

later Caledon ian orogenic event th at caused extens ive tec

tonic and metamor phic reworki ng of th e weste rn and

northwestern regio ns of the WGC (e.g., Milnes et al. 1997).

Geology of the rocks in the
Kvarnsey area
Introduction
In th e Kvarnsey area t he dominant rock types are gran it ic

and granodioriti c gneisses of Got hian age (Fig. 2).Both types

are hete rog eneou s rocks th at consist of an undeformed or

weakly deformed protolith ic part , a strongly deformed

gneissic part , and a mig mat ised part. This study has focused

on the protolith ic part s of t he gneisses, which crop out as

elon gated lenses wit hin th e gneissic rocks. Zircon fracti ons

of th ree ig neou s rocks from th e Kvarnsoy area yielded a

sing le d iscord ia line w it h an upper intercept age of 1631 ± 9

Ma, inte rpreted to represent the mag mat ic age of the rocks

(Skar 1998).The dated rocks comprise a gneiss sample of the

qua rtz syeni te at Leikanger (Fig. 1). a mi gm atite sample of

th e granodiorite at Sagenes, and a sample of leucosome of

gran itic gne iss at Malsnes (Fig. 2).The Sveconorwegian de

format ion and migmat isation event (965 ± 12 Ma, U-Pb zir

cons) has oblitera ted th e pr imar y contacts of th e Goth ian in

t rusion s, and resulted in concordant contacts between
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t hem; t hus, their relative ages are not possible to determ ine.

Two occurrences of quartzite form several, km- long layers in

th e granitic gneiss (Fig. 2).Minor amounts of mafic rocks oc

cur as synmagmatic enclave s and dykes in the felsic proto

liths of the gneisses. Large concordant len ses (up to 0.5 x 2

km) as well as minor lenses and layers of metagabbro occur

in both the gran it ic and the granodiorit ic gn eisses. In add i

t ion to the Goth ian rocks, Svecono rweg ian dykes (0.5-10 m

w ide) of grani tic , syenitic and monzonitic compositions are

common in the Kvarnsey area (Skar 1998).

Pre-Sveconorwegian rocks
Granodiorite
The granodioritic gneissesat Sagenes occur as (1) a fol iated,

homogeneous rock conta ining minor amounts of mafic len

ses,and (2) a banded, heterogeneous rock cons ist ing of al

tern at ing layers (1-100 cm thick and tens of metres long ) of

granodioritic and amphibolitic composit ion. The foliat ed,

homogeneous gneiss dominates, and it is usually strong ly

migmatised. The centra l part of the granodiorit ic gneiss at

Sagenes consists of the banded heterogeneous variety.The

granodiorite has a heterogranular texture, and consists of

plagioclase , microcline, amphibole, quartz and biotite .

Accessory minerals are ti tani te, apatite, opaques, zircon and

secondaryepidote.

The granodiorite at Malsnes is less deformed compa red

to that at Sagenes. It appears as a ho mogeneo us rock, or a

fol iated gne iss conta in ing minor amo unts of mafic rocks.

Mineralogically, it is sim ilar to the granod iorite at Sagenes,

but it con ta ins only minor amph ibole.

Granite and syenite
The lithology termed gran itic gneisses also includes compo

nents of syenitic gneisses, but they are not separated on the

map (Fig. 2). At Saurda l and Malsnes (Fig. 2). the granites are

orange, med ium grained and equ igra nu lar.The major con

stituents are microcl ine perthite,plag iocl ase,quartz and bio

t ite. Biotite defines a lineation, or in some places, a fol iat ion

in th e rocks. Accessory minerals are titanite, apatite, zircon

and opaque oxid es. Secondary garnet and epidote occur in

the granite at Malsnes.The gran ite at Saurdal conta ins mafi c

lenses of monzogabbro composit ion. The lenses are alte red

and cons ist of saussurit ic p lag ioc lase, amphibole and micro

c1ine, with minor amounts of biotite, apat ite, t itan ite, zircon

and opaques.The pink quartz syen ite at Leikanger (Fig. 1) is

mi nera log ically sim ilar to t he granite at Malsnes. but con

ta ins more microcline and less quartz. The granite at Linde

has a similar mineral assemblage as the others, but conta ins

secondary muscovite . It has a stronger foliation, wi th quartz

occurring as aggregates of recrysta ll ised subgrains.

At Malsnes, there is a lens of red to w hite, med ium-gra

ined and equigranular syenite that grades into monzonite .

The rock possesses a lineation defined by amphibole and

biot it e, but in the cent ral parts of the lens it lacks deforma

t ion structures. The syenite is composed of pe rt hitic micro-
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c1ine, plagioclase, quartz, amphibo le and biotite, and min or

amounts of apat ite, zircon, opaques, titanite and secondary

epidote. Min or enclaves of monzonite occur in th e cent ral
part of the body, and lobate contacts with the syenite sug

gest a syn-magmatic relationship.At Sa urdal,a ca.2 km-long

lens of quartz syenite occurs parallel with the fol iation of th e

graniti c gneiss.The mineral compos it ion is similar to that of

th e syenite, but it has higher contents of quartz and plagio
clase,thus grading int o quartz monzonite .The quartz syeni

te encloses retrograded mafic lenses of monzogabbro. At
Sele, the re is a mingled assemblage of quartz syenite, grani

te and monzogabbro.Both th e quartz syenite and the grani

te consist mainly of perthit ic microcline, plagioclase and

quartz. There is abundant biotite in the quartz syenite.

Accessory min erals are apati te, zircon and opaques.

Secondary minerals include garnet, t itanite and epidote.

Metagabbro
Lenses of metagabbro, 1-500 m wide and up to 2 km long,

are common in both the granit ic and the granodioritic
gneisses (Fig. 2).The metagabbros are medium- to coarse

grained, and the smallest lenses are commonly foli ated. In

the larger lenses, evidence of deformation is variable, and

dolerit ic texture is preserved in th e less deformed parts.The

undeformed part s conta in orthopyroxene, but secondary
amphibole and biotite, in places in symplect it ic intergrowth
with plagiocl ase, usually replace th e primary mafic minerals.

Plagioclase is commonly saussuritic, and accessory min erals
include ilmenite,magnetite,apatite,and secondary garnet in

some of the gabbr os.The gabbro at Sele is rich in oxides and

contains a 2-3 m-wid e zone of massive ilmenite-magnetite

min eralisation. The gabbro contai ns small enclaves (10-50

cm) of medium-grained gabbro wit h lobate margin s enclo

sed in a coarse-grained quartz gabbro, indicating mingling
between the different rock types.

At Sele, monzogabbroic rocks occurrin g as irregular len

ses and fragm ented dykes are associated with the granit es
and quartz syenites.The dykes of monzogabb ro contain per

thiti c microclin e, plagioclase, amphibo le and bioti te as th e

major minerals. Amph ibol e and biotite are secondary mine

rals suggest ing that the dykes are retrograded. Accessory
min erals are apatite, zircon and opaques.

At Sagenes, th e monzogabbroic rocks occur as concor

dant lenses in granodiorit ic gneiss. Monzogabbroic rocks at

Malsnesalso appear as lenseswi thin gneissic quartz syenite.

Quartzite
Two layers of quartz ite occur w ith concordant contacts to

the graniti c gneisses in the Kvarnsey area (Fig.2).The quart

zites are hom ogeneous, containing only small patches of

granitic rocks. They are coarse grained and recrystallised,
consist ing of more than 95% quartz.Oth er minerals are mi

nor muscovit e, microclin e, plagioclase, act inolite, opaques,

epidote and zircon. The foli ation in the adjacent gneisses is

interpreted to have been formed contemporaneously wi th

N G U- BUL L 437 , 2000 - PAG E 9

th e migmatisation event at 965 ± 12 Ma (Skar 1998). Five

sing le zircons fro m th e quartzite east of Kva rnsey (Fig. 2)

have yielded only Svecofennian Pb/Pb ages older than 1770
Ma (D.G.Gee, pers.cornrn. 1997).This wo uld imply that th e

quartzites represent remnants of a pre-Goth ian basement.

Sveconorwegian rocks
Sveconorweg ian dykes of granit ic, syenitic and monzonit ic

composit ion are commo n in th e Kvarnsoy area (Skar 1998).
The dykes are usually 0.5-10 m wide, but up to 300 m-wide

granit ic dykes occur to the north of the kvarnsoy area (Fig.

2). At Sele, comp osite dykes composed of mingled basic to

intermediate and acidic rocks are common. At Malsnes,

monzon iti c dykes dominate,but monzoniti c and granit ic dy

kes are observed thr oughout the Kva rnsey area; and only

some few examples are illu strated in Fig.2.Sveconorwegia n

pegm atites and aplites are comm on, and at many localit ies

th ey are closely associated with th e dykes (Skar 1998).

Geochemistry
Analytical techniques
All chemical analyses were perfo rmed at the Geological

Institute, University of Bergen.The major and trace elements

were analysed on glass beads and pressed powder pellets,

respect ively (Norrish & Hutt on 1969), using an automatic

XRF spect rometer. International standards wi th the recom
mended values of Govind araju (1984) were used for calib ra

tion. FeO was determined by titration with potassium di

chrom ate. REE analyses were done by INAA (inst rumental
neutr on act ivat ion analysis) using high-resolution planar

and coaxial germanium detectors afte r high -flu x irradiation

with thermal neutrons in th e Jeep 11 reacto r, Kje ller, Norway.

The analyses are presented in Tables 2 and 3.

All Sm-Nd and Rb-Sr analyses were carried out at the

University of Bergen. The isotop es were measured on a

Finnigan 262 mass-spectrometer. The chemical processing

was carried out in a clean-room environment with HEPA-fil
tered air supply and positi ve pressure, and th e reagents

were purified in two-bottleTeflon st ills.Sa mples were dissol

ved in a mixture of HF and HN03. Sr and Rb were separated

by specific extract ion chromatography using the method

described by Pin et al. (1994).Srwas loaded on a double fila

ment and analysed in static mode. Repeated measurement s

of the NBS 987 Sr standard have yielded an average of

0.710251 ± 19 (2a) (n = 27); the accepted value is 0.710240.
The REE were separated by specific ext ract ion chromato

graphy using the method described by Pin et al. (1994). Sm

and Nd were subsequent ly separated using a mod ified versi

on of th e method described by Richard et al. (1976).Sm and

Nd were loaded on a doubl e fil ament and analysed in static

mode .Nd isotopic ratioswere corrected for mass fracti onati
on using a 146Nd/'44Nd ratio of 0.721 9. Sm and Nd concent ra

tion s were determined using a mixed 15°Nd/ 149Sm spike.

Repeated measurement s of the J. M. Nd-standard yielded an

average 143Nd/ '44 Nd ratio of 0.511113 ± 15 (2a) (n = 62).
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Tab le 2. Major a nd t race element conce n t ra tions o f re p re sentat ive Goth ia n ro c ks fro m t he Kvamsoy a rea.

Major e le m e nt con centrat ion in w e ig h t p e rce n t ; LO I = Lo ss o n ign it ion; tr ace e le m en ts in p p m ; -- = not determined.

Sample Rock Local ity SiO, TiO, AI,O, Fe,O, FeO MnO MgO CaO Na,O K,O P,O, LOI Total

0 5-96-264 Monzo nite Malsnes 57.47 1.63 16.50 3.21 3.24 0.24 1.54 3.70 3.68 6.46 0.67 0.24 98.58

05 -96-2 22 5yenite Malsnes 60.17 1.10 17.94 2.19 2.02 0.14 1.22 2.40 4.58 6.34 0.38 0.47 98.95
05-96-33 5yenite Malsnes 60.27 0.83 18.48 1.72 2.45 0.14 1.27 2.64 4.18 6.43 0.41 0.58 99.40
05-96-34 5yenite Malsnes 60.27 0.82 18.40 1.79 2.20 0.13 1.24 2.99 4.68 5.56 0.31 0.49 98.88

05-96-265 5yenite Malsnes 60.95 1.30 17.45 1.57 3.06 0.13 1.21 1.91 4.78 6.42 0.46 0.25 99.49
05 -96-35 Syenite Malsnes 61.05 1.02 18.65 1.18 2.66 0.07 1.08 2.08 5.09 5.73 0.40 0.80 99.80
05-96-50 5yenite Malsnes 62.06 1.04 18.44 2.31 1.33 0.09 0.71 1.92 5.02 6.58 0.34 0.82 100.65

05 -96-45 5yenite Malsnes 62.37 0.83 18.32 1.46 2.12 0.09 0.82 2.16 4.90 5.87 0.31 0.42 99.66
05-95-183 5yenite Malsnes 62.43 0.85 18.59 1.61 1.96 0.11 0.91 2.20 5.12 5.54 0.31 0.74 100.35
0 5-96-49 5yenite Malsnes 62.59 0.88 18.65 0.79 2.20 0.Q7 0.95 2.33 5.53 5.11 0.31 0.95 100.37
05-96-47 5yenite Malsnes 62.72 0.90 18.32 1.21 2.38 0.11 0.91 2.14 5.14 5.32 0.31 0.74 100.19

05-96-46 5yenite Malsnes 62.73 0.83 18.98 0.87 2.66 0.09 0.85 2.09 5.09 6.05 0.30 0.48 101.01
05-95-188 5yenite Malsnes 62.85 1.15 17.44 1.03 3.28 0.12 0.95 1.91 4.97 6.07 0.45 0.30 100.51
05-96-48 5yenite Malsnes 62.85 0.98 17.80 1.84 1.91 0.11 0.99 2.14 4.75 5.69 0.34 0.92 100.32
05 -96-44 5yeni te Malsnes 62.94 0.84 18.75 0.98 2.48 0.08 0.82 2.10 5.14 5.91 0.31 0.48 100.83

05-96-51 5yen ite Malsnes 63.07 0.79 18.54 1.58 1.90 0.09 0.78 2.17 4.77 6.26 0.33 0.25 100.53

Sample Rock Local ity SiO, TiO, AI,O, Fe,O, FeO MnO MgO CaO Na,O K,O P,O, LOI Sum

05-95-135 Monzoga bbro 5au rda l 46.79 1.48 13.50 4.63 7.45 0.22 9.10 9.38 2.83 2.34 0.37 1.04 99.13

05-95-133b Monzogabbro 5aurdal 46.81 1.72 14.15 5.12 7.13 0.19 8.95 9.83 3.68 2.27 0.41 0.74 100.99

05-95-133a Monzogabbro 5aurdal 49.06 0.87 20.61 4.25 3.85 0.14 4.06 6.91 4.33 1.97 0.52 1.9S 98.52

05-96-215 Quartz syenite 5au rdal 60.67 1.07 17.26 2.30 2.74 0.18 1.82 3.52 4.42 4.72 0.46 0.55 99.7 1

05-96-217 Quartz syenite 5aurdal 62.33 1.05 16.45 2.33 2.30 0.12 1.59 3.02 3.99 5.23 0.47 0.50 99.38

05-96-218 Quartz syenite 5aurdal 62.46 1.03 16.79 1.89 2.56 0.13 1.54 2.84 4.17 5.61 0.42 0.53 99.97

05 -95-139 Quart z syenite 5au rdal 63.96 0.76 15.90 0.97 2.77 0.10 1.01 2.20 4.03 5.80 0.31 0.48 98.28

05-96-221 Qua rtz syenite 5aurda l 64.48 0.72 17.56 1.53 1.48 0.08 0.80 2.05 4.97 5.63 0.20 0.40 99.90
05-96-216 Qua rtz sye nite 5aurda l 64.62 0.89 16.24 1.70 2.41 0.12 1.42 2.49 4.61 5.51 0.36 0.77 101.14

05-95-138 Qua rtz syenite 5aur da l 65.46 0.64 16.25 0.83 2.27 0.08 0.86 1.95 3.66 5.66 0.25 0.79 98.70

05-95-137 Qua rtz syeni te 5aurdal 65.92 0.74 16.65 1.06 2.34 0.11 1.09 2.60 4.18 5.19 0.28 0.30 100.46

Samp le Rock Locality SiO, TiO, AI,O, Fe,O, FeO MnO MgO CaO Na,O K,O P,O , LOI Sum

05-96-42 Granite Malsnes 72.50 0.39 13.09 1.10 1.12 0.07 0.22 0.79 3.62 5.84 0.Q7 0.21 99.02

05-96-40 Granite Malsnes 72.69 0.36 13.35 1.22 0.94 0.06 0.27 0.80 4.13 5.27 0.05 0.22 99.35

05-96-38 Granite Malsnes 73.03 0.40 13.04 0.33 1.62 0.06 0.30 0.49 3.85 5.47 0.06 0.83 99.47

0 5-96-43 Granite Malsnes 73.17 0.40 12.79 1.20 0.97 0.Q7 0.25 0.80 3.52 5.65 0.07 0.24 99.14

05-95- 119 Grani te Malsnes 73.27 0.34 12.94 1.09 0.97 0.Q7 0.19 0.69 2.65 5.91 0.04 0.83 99.00

0 5-96-39 Granite Malsnes 73.51 0.34 12.80 0.52 1.48 0.06 0.24 0.48 3.70 5.40 0.06 0.71 99.30

05-96-41 Granite Malsnes 73.84 0.40 13.13 1.13 1.08 0.05 0.29 0.70 3.46 5.87 0.06 0.06 100.07

05-96-116 Granite Malsnes 74.89 0.42 12.71 1.32 0.97 0.08 0.24 0.80 3.48 S.53 0.06 0.06 100.56

Sa mple Rock Locali ty SiO, TiO, AI,O, Fe,O , FeO MnO Mg O CaO Na,O K,O P,O, LOI Sum

05 -96-54 Granodiorite Malsnes 64.46 0.51 16.59 2.39 1.33 0.07 1.72 3.86 4.54 2.97 0.24 1.05 99.73

05 -96-267 Grano dior ite Malsnes 64.73 0.38 18.34 1.45 1.15 0.07 0.81 2.50 6.39 3.92 0.13 0.55 100.42

05-96-266 Grano diorite Malsnes 67.66 0.26 16.47 0.86 1.01 0.05 0.77 2.35 5.82 2.89 0.14 0.57 98.85

05-95-153 Gran od io rite Malsnes 67.96 0.31 16.33 1.52 0.65 0.06 0.84 2.57 5.13 3.01 0.12 1.01 99.51

0 5-95-120 Granodio rite Malsnes 68.99 0.29 15.81 0.83 0.97 0.04 0.64 2.61 4.86 2.65 0.11 0.30 98.10

05-96-55 Granodio rite Malsnes 69.28 0.32 15.60 1.57 0.76 0.05 0.87 2.22 4.85 3.12 0.13 1.08 99.85

05-96-52 Granodiorite Malsnes 69.42 0.35 16.29 1.36 1.04 0.05 1.01 2.35 5.13 3.09 0.15 0.65 100.89

05-95-154 Granodiorite Malsnes 69.55 0.28 14.71 0.78 1.04 0.05 0.69 2.53 4.51 2.49 0.10 0.57 97.30

0S-95-155 Granodiori te Malsnes 69.64 0.27 14.90 1.05 0.68 0.05 0.63 2.52 4.18 2.84 0.11 0.73 97.60

05-96-53 Granodiorite Malsnes 70.01 0.27 15.61 1.01 0.65 0.04 0.56 1.93 4.40 4.8 1 0.09 0.78 100.16

05-95-156 Granodiorite Malsnes 71.20 0.24 15.41 0.94 0.76 0.04 0.61 1.87 4.13 3.21 0.08 0.78 99.27

Sa mpl e Rock Local ity SiO, TiO, AI,O, Fe,O, FeO MnO MgO CaO Na,O K,O P,O, LOI Sum

0 5-96-263 Monzog abbro 5agenes 46.36 2.45 16.84 3.85 8.56 0.18 6.86 7.68 3.21 2.13 0.51 0.60 99.23

05-96-261 Monzogabbro 5agenes 46.42 2.70 16.44 3.95 8.96 0.19 5.52 7.46 5.04 1.71 0.56 0.45 99.40

05-96-262 Monzoga bbro 5agenes 46.57 2.17 16.02 4.75 8.39 0.24 5.54 7.48 1.87 3.79 0.41 0.91 98.14

05-96-37 Granodiorite 5agenes 64.97 0.75 15.06 1.88 3.06 0.08 2.20 3.82 3.51 3.44 0.20 0.92 99.89

05-96-259 Granod iorite 5agenes 65.18 0.53 16.85 1.29 2.45 0.08 1.54 2.76 4.08 3.91 0.19 0.98 99.84

05-96-66 Granodiori te 5agenes 66.67 0.57 14.92 1.75 3.03 0.09 2.03 3.86 3.41 3.76 0.17 0.70 100.96

0S-96-36 Granodiorite 5agenes 66.94 0.61 14.85 2.36 2.02 0.07 1.84 3.51 3.57 3.51 0.17 0.70 100.15

05-96-67 Granodiorite 5agenes 66.97 0.63 14.99 1.23 3.06 0.07 1.79 3.62 3.61 3.52 0.17 0.48 100.14

0 5-94-72 Grano dio rite 5ag enes 69.53 0.40 14.14 1.61 1.76 0.05 0.90 2.00 4.56 3.04 0.11 0.71 98.8 1
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Table 2. (cont inued).

Sample Rock Loca lity SiO, TiO, AI,O, Fe203 FeO MnO MgO CaO Na,O K,O P,O, LOI Sum

05-94-187 Monzo-ga bbro Leikanger 48.75 1.50 15.08 5.28 9.58 0.25 6.08 8.11 3.22 1.56 0.44 0.53 100.38

05-96- 19 Qua rtz sye nite Leikanger 66.32 0.78 15.97 1.55 1.55 0.12 0.75 1.73 4.00 6.20 0.24 0.58 99.79

05-96-11 Quart z syeni te Leikanger 68.11 0.76 15.22 1.74 1.55 0.14 0.57 1.31 4.05 6.35 0.18 0.32 100.30

05-96-10 Qua rtz syenite Leikange r 68.27 0.78 14.91 1.76 1.58 0.14 0.54 1.33 3.89 6.23 0.18 0.44 100.05

05-96-13 Quartz syenite Leikanger 68.29 0.81 14.91 1.23 1.69 0.14 0.58 1.32 3.93 6.39 0.17 0.37 99.83

05-94-186 Quar tz syenite Leikanger 68.67 0.61 14.70 1.12 1.37 0.12 0.44 1.04 4.04 6.45 0.13 0.22 98.91

05-96-14 Qua rtz syenite Leikange r 69.4 1 0.70 14.54 1.62 1.37 0.09 0.53 1.58 3.23 6.86 0.16 0.33 100.42

05-96-12 Quartz syenite Leikanger 69.52 0.74 14.81 1.77 1.26 0.13 0.51 1.20 3.79 6.66 0.15 0.26 100.80

0 5-96-16 Qua rtz syenite Leikanger 70.41 0.43 14.60 1.56 1.69 0.04 0.65 0.73 4.28 4.79 0.13 0.69 100.00

05-96-189a Quartz syenite Leikanger 70.62 0.60 14.22 1.36 1.12 0.04 0.60 0.69 3.48 7.39 0.08 0.31 100.51

05-96-189b Quartz syeni te Leikanger 70.74 0.63 14.07 1.23 1.15 0.10 0.54 0.71 3.87 7.18 0.09 0.38 100.69

05-96-18 Quartz syenite Leikanger 70.97 0.66 14.14 1.61 1.08 0.12 0.39 0.88 3.97 6.10 0.12 0.31 100.35

05-96-17 Quartz syenite Leikanger 71.36 0.59 14.00 1.65 1.15 0.12 0.37 0.72 3.93 6.16 0.08 0.31 100.44

Sample Rock Loc ali ty SiO, TiO, AI,O, Fe,O, FeO MnO MgO CaO Na,O K,O P,O, LOI Sum

05-96-255 Monzo nite 5ele 47.95 0.78 18.70 3.43 5.29 0.19 4.85 8.03 3.99 4.00 0.55 1.15 98.91

05-96-254 Monzonite 5ele 49.35 0.84 18.98 4.05 5.26 0.23 3.53 6.15 4.63 3.59 0.51 0.89 98.01

0 5-96-239 Mon zon ite 5ele 50.14 1.52 17.92 3.75 4.90 0.22 3.42 7.31 4.32 3.02 1.62 0.86 99.00

0 5-96-256 Monzo nite 5ele 50.85 0.85 18.28 3.30 4.57 0.31 4.40 5.90 2.40 6.30 0.45 1.33 98.94
0 5-96-253 Monzo nite 5ele 52.24 1.45 15.42 4.44 5.58 0.28 3.25 5.39 4.96 3.91 1.18 0.46 98.56
05-96-227 5yenite 5ele 62.25 0.95 17.31 1.74 2.05 0.20 0.90 1.81 4.64 6.62 0.26 0.52 99.25

05-96-226 5yenite 5e le 63.66 0.87 16.87 1.70 1.76 0.16 0.91 1.83 4.52 7.04 0.23 0.48 100.03

05-95-198 5yenite 5e le 64.5 1 0.67 17.77 0.97 2.16 0.11 0.62 1.52 4.07 8.21 0.18 0.38 101.16

05-96-1 17 5yenite 5e le 64.60 0.88 17.38 1.35 2.05 0.17 0.75 1.50 4.74 6.61 0.25 0.50 100.78

05-96-228 5yenite 5e le 64.83 0.84 16.78 1.72 1.66 0.16 0.80 1.44 5.02 6.91 0.24 0.35 100.75

0 5-96-272 5ye nite 5e le 66.66 0.74 15.64 1.38 1.69 0.13 0.72 1.41 4.81 6.54 0.21 0.28 100.21

05-96-271 5yenite 5e le 67.34 0.75 15.37 1.41 1.51 0.10 0.74 1.47 4.34 6.07 0.18 0.35 99.63

05-96-274 Granite 5e le 76.51 0.10 11.50 0.76 0.40 0.02 0.11 0.29 3.55 5.38 0.03 0.13 98.78
05-96-229 Granite 5e le 77.08 0.07 12.25 0.28 0.39 0.01 0.29 0.62 3.64 5.29 0.04 0.28 100.24
0 5-96-225 Granite 5e le 77.59 0.10 12.26 0.31 0.40 0.02 0.14 0.48 4.33 5.04 0.01 0.25 100.93
0 5-96-231 Gran ite 5e le 77.96 0.10 12.26 0.48 0.32 0.01 0.23 0.22 4.17 5.14 0.02 0.25 101.16
05-96-273 Granite 5e le 77.96 0.13 11.43 0.61 0.47 0.03 0.18 0.34 3.22 5.64 0.02 0.20 100.23
05-96-230 Grani te 5ele 78.20 0.07 11.80 0.14 0.47 0.01 0.12 0.40 4.19 4.46 0.01 0.32 100.19
0 5-96-118 Granite 5ele 79.07 0.07 11.64 0.25 0.32 0.01 0.05 0.33 3.52 4.96 0.01 0.26 100.49

Sample Rock Locali ty SiO, TiO, AI,O, Fe,O, FeO MnO MgO CaO Na ,O K,O P,O, LOI Sum
0 5-96-206 Granit e Lindan e 75.88 0.18 13.16 0.69 0.50 0.04 0.23 0.68 4.20 4.93 0.04 0.37 100.90
05-96-201 Granite Lindane 75.96 0.16 12.59 1.14 0.68 0.04 0.11 0.42 3.92 5.48 0.03 0.25 100.78
0 5-96-198 Granite Lindan e 76.50 0.20 12.12 0.53 0.76 0.04 0.23 0.49 3.73 5.27 0.04 0.17 100.08
0 5-96-203 Granite Lindan e 76.90 0.22 12.20 0.97 0.50 0.05 0.25 0.58 3.51 5.21 0.03 0.44 100.86
05-96-199 Granite Lindan e 76.98 0.24 12.02 0.86 0.61 0.04 0.23 0.32 3.92 5.18 0.03 0.28 100.71

Sample Rock Locality SiO, TiO, AI,O, Fe,O, FeO MnO MgO CaO Na,O K,O P,O, LOI Sum
05-96-208 Metagabbro Lindane 44.96 1.83 12.97 6.95 10.33 0.30 8.85 9.13 1.86 0.46 1.01 0.42 99.07
05-95-196 Met agabbro Li ndane 45.26 1.91 13.60 14.50 2.83 0.25 6.97 9.11 2.36 0.59 0.98 0.72 99.08
05-96-205 Met agabb ro Lindan e 45.80 2.52 17.59 4.62 9.22 0.34 4.14 8.25 3.57 0.70 1.71 0.60 99.06
05-96-202 Metagabbro Li ndane 46.03 2.03 18.04 5.53 7.89 0.26 4.29 8.78 3.12 0.70 1.58 0.75 99.00
0 5-96-204 Metaga bbro Lindane 46.99 2.29 17.04 4.95 8.93 0.28 4.68 8.66 3.20 0.60 1.72 0.38 99.72
05-96-209 Metagabbro Lindan e 47.04 1.58 15.43 5.40 8.57 0.24 7.25 9.00 2.32 0.70 0.79 0.63 98.95
05-94-67 Metagabbro Lindan e 47.99 1.45 15.67 11.74 2.09 0.22 6.20 9.44 2.87 0.54 0.78 0.66 99.65
05-96-207 Metaga bbro Lindan e 48.66 1.46 19.76 4.18 5.87 0.20 3.74 9.11 3.48 1.04 1.14 0.90 99.54
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Table 2. (cont inued).

Sam ple Rock Locali ty V Cr Co Ni Cu Zn Rb Sr Y Zr Nb Ba La Ce Nd

0S-96-264 Mo nzonite Malsnes 95 5 10 6 4 103 76 370 69 301 18 2764 49 72 57

0 5-96-222 5yenite Malsnes 58 5 6 5 8 68 107 382 31 87 11 3756 28 28 28

0 5-96-33 5yenite Malsnes 58 8 7 5 10 73 101 413 25 60 7 4451 30 23 26

05-96-34 5yeni te Malsnes 56 16 7 6 9 66 63 277 19 44 7 4963 13 6 15

05-96-265 5yeni te Mlllsnes 54 5 6 6 3 63 57 163 25 49 7 1275 23 38 22

0 5-96-35 5yenite Malsnes 68 7 6 5 10 60 65 392 21 71 8 4043 22 25 27

0 5-96-50 5yenite Malsnes 57 3 5 5 4 39 68 316 20 74 8 4903 26 23 23

0 5-96-45 5yenite Malsnes 50 8 5 6 5 48 57 389 19 76 7 4393 35 37 31

0 5-95-183 5yenite Malsnes 56 3 6 6 7 57 60 440 20 122 7 4475 14 16 20

0 5-96-49 5yeni te Malsnes 58 5 5 7 60 50 376 19 74 8 3642 26 26 26

05-96-47 5yenite Malsnes 55 4 5 5 7 55 54 406 27 62 11 4023 22 26 28

05-96-46 5yenit e Malsnes 56 10 5 5 6 49 66 375 18 66 8 4413 19 14 18

0 5-95-188 5yenite Malsnes 58 3 6 6 14 59 92 144 26 56 9 1766 19 32 25

0 5-96-48 5yenite Matsnes 58 3 6 5 10 60 60 387 20 79 8 4243 20 20 23

0 5-96-44 5yenit e Mlllsnes 55 3 5 5 5 51 78 375 18 58 8 4116 14 12 18

0 5-96-51 5yenite Malsnes 47 3 5 5 7 41 81 345 21 59 8 4507 22 14 19

Sam pl e Roc k Locali t y V Cr Co Ni Cu Zn Rb Sr Y Zr Nb Ba La Ce Nd

0 5-95-135 Monzogabbro 5aurdal 284 445 42 172 9 120 103 657 23 94 9 545 18 32 20

05 -95-133b Mo nzogab bro 5aurdal 292 373 42 151 11 111 82 549 23 93 8 621 19 31 24

05-95-133a Monzogabbro 5aurdal 117 4 25 9 18 128 64 1132 25 105 6 791 12 43 28

0 5-96-215 Quartz syenit e 5aurd al 96 10 7 5 104 137 707 40 367 26 1797 125 145 53

0 5-96-217 Quartz syenite 5aurd al 86 7 6 19 90 130 703 30 319 20 2313 117 139 55

05- 96-218 Quartz syenite 5aurdal 85 3 7 6 7 93 150 716 22 355 22 2344 136 124 42

05 -95-139 Quartz syenite 5aurdal 73 5 6 6 7 62 153 677 24 315 23 2513 29 107 46

05 -96-221 Quartz syenit e 5aurd al 46 5 4 6 6 64 101 445 24 375 9 2613 35 45 23

0 5-96-216 Quartz syenite 5aurd al 79 7 7 5 5 84 140 657 25 299 16 2164 106 109 38

0 5-95-138 Quart z syenite 5aurdal 63 10 5 6 23 60 138 666 19 286 14 2646 19 77 36

05 -95-137 Quartz syenite 5aurda l 62 3 6 6 4 60 123 731 22 257 18 2477 79 89 42

Sample Rock Locality V Cr Co Ni Cu Zn Rb Sr Y Zr Nb Ba La Ce Nd

05-96-42 Granit e Malsnes 15 4 5 5 67 153 77 67 314 22 541 81 96 55

0 5-96-40 Granite Malsnes 16 7 5 9 37 121 88 66 329 27 561 75 105 55

0 5-96-38 Granit e Malsnes 17 6 4 5 5 52 151 87 63 331 23 607 76 109 55

0 5-96-43 Grani te Malsnes 14 10 2 5 6 64 153 74 68 314 24 563 86 117 55

0 5-95-1 19 Granit e Malsnes 16 10 2 5 5 36 121 195 62 323 22 713 83 159 77

05 -96-39 Grani te Malsnes 16 4 4 5 5 38 134 92 51 280 20 572 96 128 55

0 5-96-41 Granite Malsnes 16 4 5 4 47 127 187 65 290 26 832 62 93 47

05-96-116 Granit e Malsnes 15 4 5 65 150 71 60 328 22 666 74 106 49

Sample Rock Locali ty V Cr Co Ni Cu Zn Rb Sr Y Zr Nb Ba La Ce Nd

05- 96-54 Granodiorite Malsnes 76 16 9 13 19 81 88 1284 16 156 10 1577 26 44 25

0 5-96-267 Granod ior ite Malsnes 36 5 5 7 4 48 61 99 15 139 6 1367 17 28 19

05 -96-266 Grano dior ite Malsnes 34 8 4 7 13 45 43 1050 9 97 4 1537 7 19 11

05 -95-153 Granodiorite Malsnes 42 11 4 7 9 56 70 1031 11 122 9 1368 18 49 24

0 5-95-120 Granodiorite Malsnes 37 7 3 7 5 49 60 1207 5 127 6 1279 18 36 18

05-96-55 Granodiorite Malsnes 43 13 3 7 36 43 80 980 7 127 5 1775 33 35 22

05-96-52 Grano diorite Malsnes 44 9 4 7 6 61 74 1165 7 157 7 1513 29 49 25

0 5-95-154 Granodiorite Malsnes 36 9 3 7 7 50 53 1060 13 126 7 986 11 28 16

05 -95-155 Granod iorite Malsnes 38 6 4 7 5 50 56 1115 7 110 6 1277 13 22 12

05 -96-53 Granodio rite Malsnes 31 6 6 5 35 90 1027 7 110 5 2624 24 10 15

05-95-156 Granodio rit e Malsnes 29 8 3 7 6 49 72 882 10 107 7 1289 20 27 14

Samp le Rock Locali t y V Cr Co Ni Cu Zn Rb Sr Y Zr Nb Ba La Ce Nd

05- 96-263 Monzogabbro 5agenes 243 38 36 82 34 104 47 707 29 114 8 599 18 19 17

0 5-96-261 Monzogabbro 5age nes 254 37 36 61 27 118 45 713 34 117 9 639 17 32 24

05-96-262 Monzogabbro 5agen es 259 104 33 59 90 142 204 359 39 128 7 392 20 23 17

05-96-37 Grano diorite 5agenes 91 43 13 21 16 77 121 418 34 199 14 795 36 58 34

05-96-259 Granod iori te 5age nes 48 10 7 8 6 83 132 391 15 190 15 800 12 41 19

05- 96-66 Granod ior ite 5age nes 81 38 12 16 14 66 119 371 33 181 13 756 27 43 27

0 5-96-36 Granodiorite 5agene s 77 31 11 16 16 64 120 382 26 169 12 846 29 44 27

0 5-96-67 Granod io rite 5agen es 76 33 11 17 14 62 121 381 22 180 10 737 39 65 33

0 5-94-72 Granodi orite 5agenes 37 18 6 8 12 38 88 453 20 160 7 866 30 70 25
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Table 2. (cont inued).

Sample Rock Localit y V Cr Co Ni Cu Zn Rb Sr Y Zr Nb Ba La Ce Nd

05-94-187 Monzogabbro Leikanger 225 34 40 67 40 132 60 503 44 99 6 764 19 35 25

05-96-19 Quartz syenite Leikanger 34 4 4 5 7 113 246 208 62 447 32 2036 118 152 69

05-96-11 Quartz syenite Leikanger 34 3 5 3 109 166 135 83 632 48 1273 154 216 96

0 5-96-10 Quartz syenite Leikanger 34 3 3 5 4 107 159 138 87 639 52 1293 146 202 94

05 -96-13 Quartz syenite Leikanger 33 3 5 4 106 166 133 95 689 51 1266 182 267 103

05-94-186 Quartz syenite Leikanger 22 7 1 5 4 88 181 132 69 498 42 1072 98 229 111

05-96-14 Quartz syenite Leikanger 40 3 5 3 47 174 317 121 526 60 2057 132 174 84

0 5-96-12 Quartz syeni te Leikanger 26 3 5 3 109 185 120 83 598 47 1171 164 214 90

05 -96-16 Quartz syenite Leikanger 25 4 5 15 88 137 228 33 501 14 2119 408 573 200

05 -96-189a Quartz syenite Leikanger 20 4 2 6 4 57 191 101 96 554 55 670 161 233 102

05 -96-189b Quartz syenite Leikange r 22 4 6 6 97 186 66 88 555 39 514 160 234 96

05 -96-18 Quartz syenite Leikanger 26 5 7 97 165 70 82 623 46 683 176 245 97

0 5-96-17 Quartz syenite Leikanger 23 5 7 107 160 53 79 586 41 409 137 199 83

Sample Rock Locali ty V Cr Co Ni Cu Zn Rb Sr y Zr Nb Ba La Ce Nd

05 -96-255 Mo nzonite 5ele 171 29 29 28 8 135 116 1406 19 124 7 1270 37 32 28

05-96-254 Monzon ite 5ele 150 9 23 10 12 130 134 1371 19 115 6 1361 19 29 18

05 -96-239 Monzon ite 5ele 169 6 24 13 5 166 128 843 54 315 21 1988 57 94 48

05 -96-256 Monzonite 5ele 141 31 19 26 5 183 178 280 39 220 11 1077 65 72 38

05 -96-253 Monzonite 5ele 196 6 20 15 30 177 104 638 55 296 16 1921 48 86 50

0 5-96-227 5yenite 5ele 50 5 6 6 113 121 198 61 646 29 1591 167 243 107

05 -96-226 5yenite 5ele 44 5 5 13 117 130 358 55 549 29 1742 163 198 93

0 5-95-198 5yenite 5ele 46 14 5 11 18 55 112 335 27 281 15 1399 46 64 39

0 5-96-117 5yenite 5ele 47 4 5 6 88 120 185 55 560 24 1567 190 304 144

05 -96-228 5yenite 5ele 43 4 5 4 98 122 214 52 511 24 1667 157 205 97

0 5-96-272 5yenite 5ele 34 2 3 5 4 92 104 150 62 486 26 1164 87 140 72

05-96-271 5yenite 5ele 41 4 3 7 9 70 94 209 54 488 25 1376 104 160 72

05-96-274 Grani te 5ele 7 7 5 4 6 75 107 2 102 3 916 9 20 6

05 -96-229 Granite 5ele 5 3 5 5 11 87 209 6 28 3 1126 5

05-96-225 Granite 5ele 4 5 4 3 11 127 102 3 35 2 331 10 15 3

05-96-231 Granite 5ele 5 6 4 6 8 93 111 2 39 3 623 7

05 -96-273 Granite 5ele 5 7 5 6 8 82 66 13 49 6 477 18 31 13

0 5-96-230 Granite 5ele 4 5 4 9 5 71 143 22 782

05 -96-118 Granite 5ele 4 9 4 5 3 74 123 3 54 774 7 6 2

Sample Rock Local ity V Cr Co Ni Cu Zn Rb Sr y Zr Nb Ba La Ce Nd

0 5-96-206 Granite Lindane 7 8 5 9 33 101 150 20 157 6 575 23 38 22

05 -96-201 Grani te Lindane 3 3 5 10 23 134 66 12 240 3 289 29 52 26

0 5-96-198 Granite Lind ane 8 5 5 6 27 129 51 28 109 11 423 23 43 22

0 5-96-203 Granit e Lindane 7 5 5 4 34 129 64 33 148 12 380 32 52 29

0 5-96-199 Granit e Lindane 10 10 5 6 25 114 54 28 174 10 435 30 54 31

Sample Rock Loca lity V Cr Co Ni Cu Zn Rb Sr y Zr Nb Ba La Ce Nd

05 -96-208 Metagabbr o Lindane 274 32 50 94 92 216 4 524 48 60 7 355 23 51 26

0 5-95-196 Metagabbr o Lindane 360 60 49 95 104 184 7 584 43 62 7 404 21 41 27

05 -96-205 Metagabb ro Lindane 204 5 35 13 105 264 5 851 101 66 15 1126 48 93 72

0 5-96-202 Metagabb ro Lindane 223 18 39 18 66 214 8 894 66 89 11 795 37 80 50
05-96-204 Metaga bbro Lindane 240 16 41 36 135 248 3 784 82 79 14 793 54 98 59
0 5-96-209 Metaga bb ro Lindane 251 52 45 77 92 174 17 655 37 52 7 428 13 42 29
05 -94-67 Metaga bb ro Linda ne 221 52 47 67 63 151 6 660 31 51 7 481 20 43 30
05-96-207 Metaga bb ro Lindane 178 12 33 14 26 161 27 939 41 51 6 617 8 43 32



NG U -BULL 4 3 7 , 2 0 00 - PA GE 14 0 YVINDSKAR

Table 3. Rar e-ear th elemen t co nc entrat ions o f re p re sentat ive Go th ian ro cks fr o m the Kvamsoy area .Concent ration in in ppm ; -- = not determined.

Sample Rock Local it y La Ce Nd Sm Eu Gd Tb Ho Tm Yb Lu Se Ht Ta Th U

05 -96-45 5yenite M~l snes 35.0 37.0 31.0 10.9 3.7 4.9 1.1 2.3 12.5 2.4 0.5 0.8 1.2

0 5-95-119 Granite M~lsnes 83.0 159.0 77.0 13.7 1.7 9.5 1.7 7.8 12.0 1.8 17.4 1.6

05- 95-120 Granod iori te M~lsnes 17.6 36.0 17.9 0.9 2.8 0.2 0.4 2.3 4.7 0.1 4.0 1.3

0 5-95-154 Granod iori te M~lsnes 11.1 27.5 15.7 2.6 0.7 1.7 0.3 0.9 0.2 3.5 3.8 0.2 2.3 1.0

0 5-95-153 Granodio rite M~lsnes 17.5 49.0 23.7 3.4 1.1 4.0 0.7 1.7 0.3 5.3 4.2 0.3 4.7 0.9

0 5-94-72 Granod iorite 5agenes 30.0 70.0 24.4 4.5 1.3 1.8 0.3 6.8 4.8 0.6 21.2

05 -96-36 Granodiorite 5agenes 28.5 44.0 26.9 5.4 0.9 0.4 3.1 0.6 8.4 5.2 2.3 1.7

0 5-94-186 Quart z syenite Leikanger 98.0 229.0 111.0 18.7 3.4 3.2 10.3 1.7 8.0 15.6 2.1 6.4 2.3

0 5-96-118 Granite 5ele 7.4 5.9 1.6 0.6 0.8 0.2 -- 0.04 0.7 3.1 0.01 1.3

0 5-96-117 Quartz syenite 5ele 190.0 304.0 144.0 19.9 3.7 13.8 2.8 6.3 1.0 14.4 13.9 1.8 1.7

Major and trace element data
The samples selected for geochemical analyses are from lo

calities in the Kvarnsey area (Fig. 2). and from one locality at

Leikang er (Fig. 1). where the proto liths are best preserved.

The original extent of th e intrus ions in t he Kvarnsey area is

difficul t to evaluate, because t he deformation has over prin

ted their contact relationships.Thus, the analysed samples of

the protoliths may not represent all the litholog ical variati 

on s of the orig inal intrusions. However, a wide spectrum of

both acidic and basic igneous rocks are present. According

to the classification of Debon & Le Fort (1982), the rocks defi 

ne essent ially four major gro ups, i.e., (1) gabbro, quartz gab

bro and mo nzoga bbro, (2) granodiorite, (3) granite and (4)

syenite (Fig. 3a).

In the log (CaO/Na20 + K20 ) vs. 5i02 diagram of Peacock

(1931). the granodioritic rocks are calc-alkaline (Fig. 3c).

Further, according to the classification of Peccerillo & Taylor

(1976), t hey belong to both the medium- and the high-K

calc-alkaline series, wi t h K20 ranging from 2.5 to 4.8 % (Fig.

4).The grano diori tic rocks from 5agenes are metaluminous,

w hile the group fro m Malsnes has A/ CNK ratios equal to 1.0,

and thus straddle t he per-/metaluminous boundary (Fig.

3b).All t he other igneous rocks (t he gran ites, qua rtz syenites,

syenites, monzogabbros and gabbros) are alkalic-calcic (Fig.

3c).The individual protoliths in t he Malsnes area are mo stly

metalum inous, but some samples are sligh tly peraluminous,

w hile the protol ith s from 5ele and Leikang er are dom inantly

meta luminous (Fig.3b).

The individual rock assem blages have small ranges in si

lica contents (Fig. 4). In spite of th is, the rocks define rath er

smooth t rend s, but w ith var iab le element conc ent rat ions fo r

the ind ividual protol iths (Fig.4).With increasing 5i02 , all the

acidic rocks show a decrea se in t heir con tents ofTi02 , A120 3 ,

Fe203
t

, MgO, P20S,CaO, and V.There is also a general decrease

in the concen trat ion of Ba w it h increasi ng 5i0 2 , w hile th e

quartz syenite at 5aurdal shows an increase.With respect to

Na20 and K20, there is an inc rease in the conc entrations fo r

th e mafic rock s and a decrease for the more acidic variet ies.

Na20 shows an increase for rocks conta ining up to ca. 62%

5i02 , and a decrease to wards mo re silica-r ich values.The K20

content of th e calc-alkaline granodiori tes is markedly lower

th an th at of th e other rocks (Fig. 4). The qua rtz syen ite at

5aurd al and Leikang er displays increa sing K20 concent rat i

ons wi t h increasing 5i02 , w hile the oppos ite is the case for all

other acid ic rocks.

The abundances of Zr, Rb, Nb, Nd and Y define distinct

groups for some of the rocks (Fig. 4). For exam ple, the syeni

t ic rocks exh ib it highly variab le valu es of Zr (45-120 ppm at

Mal snes, 260-370 pp m at 5aurdal, 500-650 ppm at 5ele)(Fig.

4). Another character isti c feature of the syen ite at Malsnes is

the very high concent rat ion of Ba, 3600-5000 ppm for most

of th e rocks and 2800 ppm for a monzon it ic enclave. At the

western marg in of the syenite, near the con tact to the gra

nodiori te, two samp les have lower Ba concent rat ions (1300

and 1800 pp rn), suggest ing chemical inte ract ion between

th e syenite and the granodiorite at th e margin (Fig. 4). The

granod iorites at Malsnes conta in hig h 5r concent rat ions

(900-1200 ppm ), 2-3 t imes hig her than th e granod ior ites at

5agenes (370-450 pp m).

Eleven samp les have been analysed for rare earth ele

ments (REE) (Table 3). Three samples of th e granod iorites

from Malsnes show LREE enri chment, wi th La/ Lu rat ios of 6

27 and no Eu anomalies (Fig. 5a). Two granodiorites from

5agenes show a pattern similar to the most REE-enriched

granodiorites at Malsnes.All the granod iorites characterist i

cally define a U-shaped pattern wi t h relat ive deplet io n of

MREEs.The granite sample at Mal snes and th e quartz syeni te

at Leikanger (0 5-95-119 and 05-94-1 86) have significan t ly

higher REE concent rati ons th an the granod ior ites,La/ Lu rati 

os of 5-6, and pronounced nega tive Eu anoma lies (Fig. 5a).

The quartz syenite from 5ele (0 5-96-117) displays a patt ern

enr iched in LREE, similar to the granite from Malsnes and

quartz syenite from Leikang er,bu t it hasa slight ly higher REE

concentrat ion and a higher La/ Lu ratio (20) (Fig. 5a and b).

The syenite from Malsnes (0 5-96-45) has abo ut the same

REE patte rn as the granodiorites from 5agenes, but it con

tains significantly highe r conten ts of Nd, 5m and Eu (Fig. 5a

and b).The granite from 5ele (0 5-96-118). w hich is associa

ted wi th t he quartz syenite (0 5-96-117), has a very different

REE pattern compared to the lat ter (Fig. 5b).The granite has

th e lowest REE con centra t ion of all t he analysed Gothian

rocks (La/ Lu rat io 19), and it shows a marked posit ive Eu ano

maly.
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The granodio rites have been plotted in primit ive mant

le-normalised spider diagrams (Fig. 6a). Those at Malsnes

and Sagenes show weakly decreasing ratios towards th e

right in th e diagrams, and negati ve anomalies for Th, U, Nb,

Ta and Ti (Fig. 6a).The main difference between th em is th e

posit ive Sr anomaly for th e granodio rites at Malsnes, and

th eir patte rns are very similar to a gab bro at Saurdal (0 S-94

176),w hich occurs within th e granod iorite at Malsnes (Figs.2

and 6a). The granite at Malsnes and th e quartz syenites at

Leikanger and Sele have high er ratios th an th e granodiori

tes,and negat ive anomalies for U, Nb,Ta,Tl, Sr and P(Fig.6b).

The syenite at Malsnes and granite at Sele show a simi lar

general decrease to ward s the right of th e diag ram, and also

negat ive anomalies for Th, U, Ta and Nb. However, some

ano malies are specific to th ese rocks (Fig.6c).The syenite at

Malsnes thus shows a pronoun ced negati ve anoma ly for Ce

and positive anomalies for Pand Sm, and th e granite at Sele

exhib its positive anomalies fo r Hf and Zr.

The granitic and syenit ic rocks are plott ed in th e

Rb/ Y+Nb discrim ination diagram from Pearce et al. (1984)

(Fig. 7). The granod ior ites, togeth er wit h the quartz syenite

from Saurdal, the syenite f rom Malsnes and the granit es from

Linde and Sele,plot in the fie ld of volcanic arc granites (VAG).

The quartz syenite at Sele,and the granites from Saurdal and

Leikanger plo t in the field of wit hin-plate granites (WPG).
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Sm-Nd and Rb-Sr isotope data
Sm-Nd and Rb-Sr isotope analysis of 11 wh ole-rock samples

from the Kvamsoy area are presented in Table 4 and Fig. 8.
Initi al ENd values are all posit ive in the range 1.2-3.9, and initi 
al Es, values are between -93 and +49 (Sri = 0.69607

0,7060 02) (Table 4, Fig. 8). The Nd model age (TOM) is assu

med to reflect th e average tim e dur ing wh ich th e material of

a rock sample has been resident in the continental crust, i.e.,

the mantle separation age. However, the mo del age is large

ly dependent on which mantle evolutionary curve that is

used. By using th e curve of DePaolo (198 1), the Gothian rock

samples from th e Kvamsoy area have TOMages from 1654 to

1837 Ma with an average of 1.76 Ga (Fig. 2, Table 4). The

mant le evolutionary curve of Mearns (1986) gives lower TOM

ages wi th an average of 1640 Ma,sim ilar to the U-Pb age.The
emplacement ages of the oldest rocks in the WGC are abou t

1750 Ma, obta ined by Rb-Sr who le-rock isochrons (Kullerud

et al.1986),wh ile the olde st precise U-Pb zircon age fro m th e
WGC is 1686 ± 2 Ma (Tucker et al. 1990).This ind icates tha t

TOMages from the Kvamsoy area are not very differe nt from

the dated rocks of the WGc. The agreement between TOM

ages fro m the Kvamsoy area and the dated rocks of th e WGC

suggest that th ese TOMages date the t ime of sign ificant crus

tal formation in the WGc.

Discussion
Tectonic setting
The quartzites in the Kva msoy area are im portant when try

ing to establish a tecton ic sett ing of the Goth ian rocks.The

occurrence of only Svecofennian zircons older than 1770 Ma

in a quar tzite suggests it may represent a metased iment

th at has been deposited prior to the Gothian orogeny. The
presence of a Svecofennian quar tzi te would imply that the

Gothian rocks were int ruded into a crust situated relative ly

close to exposed Svecofenn ian rocks. Pre-Gothian rocks

(> 1750 Ma) are not documented from the area of the WGC

covered by Fig. 1.However, in the Rogaland-Vestagder sector
(Fig. 1, inset map), a 1.65 Ga gran ite contains Archaean zir

cons (Birkeland et al. 199 7), suggesti ng th at pre-Gothian

crust is represented in the Southwest Scand inavian Domain.

In southern Scandinavia, the Svecofennian rocks are expo

sed east of the Trans-Scandinavian Granite-Porphy ry Belt

(Fig. 1, inset map).

The Sm-Nd and Rb-Sr isotope data of the Gothian igne

ous rocks place some constrain ts on thei r sources. Posit ive

ini tial ENd values mainly in the range 2-4 (Fig. 8) suggest eit
her a large input of j uveni le mantle-derived melts at the

time that the igneous rocks were formed, or a short crustaI

residence time for the source rocks.This is supported by the

negat ive and low ini tial Es, values of the rocks (Fig.8).Posit ive

init ial Es, values of some samples are most like ly due to later

mobili ty of the Rb-Sr system during the Sveconorweg ian or
Caledonian orogenies. The felsic and intermediate rocks

have some common general character istics: they are gene

rally metaluminous, cale-alkalin e to alkali-calcic (Fig. 3b,c),
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red with a gabbro at saurdal. (b) Granites and quartz syenites from
Leikanger. Malsnes and sele. (cl Syenite from Malsnes and granite from
sele.
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Table 4. Rb-Sr and Sm- Nd isot op ic re lat io ns for the rocks from th e Kva rnse y area ,WGc.

Rb' Sr' 8' Rb 8 7Sr 8 7Sr Srn' Nd' 147S m 14'Nd 143Nd TDM
d TSCANe

Samp le Type Locality (ppm)(ppm) 66Srb 865rob ±b 87Sr eS rr
e (ppm)(ppm) 144Ndb 144Ndob ±b 144Ndrc eNd' (Ma) (MA)

05-94-186 Qu artz syenite Leikanger 175 136 3.7581 0.69607 ± 13 0.73578 -92.5 18.2 107.7 0.10196 0.511686 ±5 0.51108 1.2 1851 1731
05-95-119 Granite Malsnes 122 179 1.9791 0.70076 ± 183 0.72168 -25.7 13.5 76.9 0.10653 0.51 1804 ±6 0.5111 8 2.6 1761 1643
0S-95-120 Granodiorite Ma lsnes 57 11 19 0.1474 0.70282 ± 18 0.70438 3.6 2.4 16.9 0.08555 0.51 1643 ±8 0.51114 3.9 1665 1569
05·95-154 Granodiorite Malsnes 50 971 0.1479 0.70263 ± 12 0.70420 1.0 2.3 13.4 0.10525 0.511765 ± 7 0.51114 2.1 1795 1676
05-95-1 96 Metagabbro Sele 9 551 0.0490 0.70286 ± 13 0.70338 4.2 7.1 33.5 0.12830 0.512034 ±7 0.511 28 2.5 1798 1652
05-96-36 Granodiorite Sagenes 129 372 1.0080 069922 ± 10 0.70987 -47.6 5.7 29.5 0.11657 0.511 915 ±7 0.51123 2.7 1768 1640
05-96-37 Granodiorite Sagenes 124 393 0.9128 0.70019 ± 12 0.70984 -33.8 8.3 42.9 0.11662 0.511922 ± 7 0.51123 2.8 1758 1630
05-96-38 Granite Malsnes 142 85 4.8950 0.70500 ± 15 0.75673 34.6 13.0 70.4 0.11187 0.511848 ±7 0.5111 9 2.4 1787 1662
05-96-45 Syenite Malsnes 55 359 0.4117 0.70197 ± 30 0.70633 -8.4 7.9 44.5 0.1 0781 0.511874 ±8 0.51124 3.7 1681 1567

a) Rb, Sr, Sm an d Nd concent rat ions we re det ermine d by isoto pic dilution tech niq ue s.
b) All rat ios re lative to 86Sr/88Sr =0.1194 and 144Nd/ 146Nd =0.72 19. Erro r is g iven as 2 sta nda rd deviat ion s of t he mean in t he last digits fo r each mass

spec t rorn ete r run .
c) Epsilon Sr a nd Nd, 87Sr/86Sr and '4JNd/'44Nd values for T are ca lculate d by usin g th e following chon d ritic uniform reser vo ir rat ios. UR: 87Rb/86SrUR =

0.082 7;875r/86Sru, at 0 =0.7045 (De Pao lo & Wasse rburg 1976);CHUR:147Sm/144 NdcHu, =0.1967; 143 Nd/' 44NdcHu,at 0 =0.512638 (Wasse rburg et a I.1 981).
d ) Nd model ages (TOM) are re lat ive to th e depl et ed mantl e reser vo ir (DM) of DePaolo (198 1).
e) Nd model ages (TSCANare relative to the de plet ed mantl e evo lut ion of Mea rns e t a l.(1986) .

Petrogenesis and source rocks
Granodiorites
The granodi orites have been studied at Sagenes and

Malsnes. Comparing th eir major and trace elements, it is

seen th at th e granodiorite at Malsnes has higher concentra

tions of AI20J , Na20, Sr and Ba than the granodi orites at
Sagenes in the west (Fig.4), suggest ing that the two studied

granodiorites were not comagmatic. The genera l geoch e
mistry of the granodiorites places some constrain ts on the

petrogenesis of the rocks.The granodiorites have U-shaped

REE patterns, typical for calc-alkalin e magm as from which

amphibole has fractionated (Schnetzler & Philpotts 1970).

Their high LREE/HREE ratio s and lack of negative Eu anoma

ly (Fig.Sa) are consistent with generat ion from a mafic sour

ce cont aining garnet and minor plag ioclase (Henderson
1984). Low Rb/Sr ratios (Fig. 4) and lack of negative Eu ano

malies (Fig. Sa) suggest that plagioclase was not a major
fractionating phase in the formation of th e rocks.These fea

tures argue against the possibility that the granod iorites for

med by crystal fractio nation from a basaltic magm a.With in

creasing Si0 2 cont ents of th e granodiorites, there is a decre

ase in HREE (Fig. Sa), indicative of a garnet-bearing residual

phase.Thus, the granodiorites could represent melts de rived

from a garnet-bearing source rock of basaltic or more evo l

ved composition .The high Sr concentrations of the granodi 
ori tes (Fig.4 ) are also consistent with a mafic source, because

plagiocl ase most likely is a residual phase dur ing parti al mel

t ing in th e crust,and thu s retaining Sr in the source (Halliday
et al. 1985).

If th e source is composed of a mafic rock in a subduct ion

zone environment, it may represent either 1) the subducting

oceanic crust or 2) the lower continental crust.

(1) Melting of basaltic rocks in the subduct ing oceanic crust

has been suggested for dacit es contain ing high Sr and

low HREE (e.g.Defant et al. 1991).Most authors, how ever,

100010 100

Y + Nb ppm
1

1000 -.:-----------~----.

conta in biotite ± hornblende as the dominant mafic mine

rals and have negativ e anomalies for Taand Nb (Fig.6).This is

characteristic for rocks form ed from subduction -related

magm a generated in mat ure conti nental arcs (Brown et al.

1984).This interpretation is supported by the discrim ination

diagram of Pearceet al. (1984) in which the majority of the

rocks show volcan ic arc signatu res,whi le some show within
plate characteristics (Fig. 7). Taken together, the combined

dat a for the igneous rocks suggest their generation in an ac
tive continental margi n. Alternatively, the data are consis

tent w ith a collision or post-colli sion setting du ring a subse

quent orogenic period, by remobilisation of young magma

tic source rocks generated at an act ive continental margin .

Fig. 7. Got hian rocks fro m the Kvarnsoy area . Chemica l discriminat ion
diag ram from Pearce et al. (1984). Syn-COLG = syn-co llision g ranites,
WPG =within plate gra nites, VAG =volca nic a rc g ranites , ORG =ocean

ridge g ranites .All data symbols a re as in Fig. 3.
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Fig. 8. Epsilon Sri - Epsilon Ndi for th e Gothian rocks in the Kvamsoy
area.All data symbols are as in Fig. 3.

Granites and syenites
The major element concen trations of the various graniti c

and syenit ic rocks are rather similar, but large differences

exist for trace elements such as Zr, Rb, Nb, Nd and Y (Fig. 4).
The differences in trace element contents may be due to gen

eration from different sources, variab le degrees of part ial

melt ing, fract ional crystallisation, magma mixing and crustaI

contamination (Wilson 1989). Given the limited data sets

from th is reconnaissance study, only possible relatio nships

between the rocks and candid ates for their sources will be

discussed.

suggest that the contribution from the subduc ted oce

anic crust is in the form of hydrous fluids and partial

melts that mig rate upwards into the asthenospheric

mantle wedge,a nd ini tiate parental melting of the asthe
nospheric mant le or the subcont inental lit hosphere
above the subduct ion zone (Wilson 1989).

(2) Melting of young basaltic rocks in the lower crust has
been suggested for the generat ion of several of the

magma tic arcs of western South America, e.g., the Lima

Segment of the Coastal Batholith of Peru (Pitcher 1993).

There, basalt ic magma, derived from the mant le above

the subduct ion zone, underplated the crust,and a part ial

remel t ing of these basalts generated tonalit ic and gra

nod iorit ic magma (Pitcher 1993).

A similar mod el may apply to the weakly fracti onated,Sr-rich
granod iorit ic rocks.Thus, remelting of basaltic rocks conta

ini ng garnet in the lower crust may explain the generation

of the granodiorites.

At Malsnes the syenite defines a concordant boundary

to the adjacent granodi orite.However, the concentrations of

K20, CaO, Sr and Ba reveal tha t these two rock suites are not

comagma tic (Fig. 4). Due to the high conten ts of Zr, Nb, Nd
and Y for the gran ite at Malsnes , any genet ic relat ionship

wi th the adjacent grano diori te is excluded (Fig. 4).
The high concentr ations of Sr and Zr of the qua rtz sye

nite at Saurdal preclude a genetic relat ionship with any of

the oth er stud ied rock suites (Fig. 4). In the western part of

the Kvamsoy area,at Sele, the min gling between the grani

tes, quartz syeni t es and mafic dykes shows that these

rocks were emplaced at the same time. However, the lack of

interm ediate rock compos it ions does not favou r a common

parent al magma (Fig. 4). More likely, the granite, quartz sye
nite and mafic dykes at Sele had their own parental magma

derived from different magm a sources. The gra nites at

Linde and Sele are quartz-rich granites wi th elemen t con

cent rat ions that could be related to each oth er, but their

highly different Rb/ Sr ratios suggest that they are not eo

magmatic (Fig.4).

Several factors are important when considering sources

for the granites and syenites.The metalum inous to weakly

peralum inou s character of the rocks is consistent wi th reac
tions involving amphibole-induced dehydrat ion melting
(Pati no Douce et al. 1990).The granites and syenites are K

rich, suggestin g a K-rich source without bioti te in the resi

due,or alternatively a minor melt fract ion from a mafic sour

ce (Conrad et al. 1988). Experimental work has shown that

metalum inous high-K type rocks can be derived as partial
melts of mafic to intermediate,transitional to high-K cale-al

kaline, meta-igneous rocks (Roberts & Clemens 1993).Sr-rich

melts usually imply melting at high pressure in the lower
crust where plagioclase stability is suppressed (Pat ino

Douce & Beard 1996).
The qua rtz syenites at Leikanger (Fig. 1),and Sele (Fig.

2), and the granite at Malsnes display a deplet ion of HREE

and negativ e Eu anomalies (Figs. 5a,b). These features are

consistent with garnet and plagioclase in the melt ing resi

due or as fract ionating phases. Likewise, th eir high Rb/Sr ra

t ios indicate that they represent the most fract ionated of all
of the studied rocks (Fig.4).The posit ive Eu anoma ly of one

sample of the syenite at Malsnes (0 S-96-45) may be a result

of plagioclase accum ulation, or from removal of hornblende
(Henderson 1984).The granite at Sele contains the low est

REE concentrat ionsof the studied rocks in the Kvamsoy area,

and it displaysa positive Euanomaly (Fig.5b).The Eu anoma

ly could represent accumulated feldspar, or alternatively it

cou ld represent crystallisation of hornblende (Henderson
1984).

Granites and syenites generated in both arc-type and

with in-plate settings may have been generated by two con

t rasting processes: 1) Different iat ion by fracti onal crystallisa
t ion fro m mafic, mantle-derive d melts, or 2) partial melt ing

of rocks in the cont inental crust.
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(1) Due to the lack of intermediate rocks between th e grani

tes and syenites, and th e associated gabbroic rocks, it is

not likely that they had parental magmas in common

with those of th e studied gabbroic rocks. Likewi se, the

large differences in concentrations of elements like K,O,

Zr, Nb, Nd and Y between th e granites, syenites and th e

granodi orites also suggest th at they are unlikely to have

had commo n parental magmas.It implies th at if the gra

nites and syenites were form ed by fract ion al crystallisa

tion of a parental magm a, this mu st have been from

other magma s than those th at generated th e gabbroic

or gran odi oritic rocks in th e Kvarnsey area.

(2) Parti al melting of mafic or intermediate rocks in the crust

will form melts of variable compositions dep ending on

th e nature of th e source rock and the P-T cond it ion s.

Subsequent differentiat ion of th e melts,magm a mixing

and contamination will lead to rocks showing a w ide

range of compositions. In th e Cordill eran plutonic rocks

in Peru, th e evolved rocks such as granite s and syenites

are interpreted to be related to crystal fractionation of

tonalitic and granodioritic melts, derived from melting of

basaltic rocks generated from mantle-derived melts th at

underplated the continental crust (Atherton 1990).Such

a process could have generated the granites and syeni

tes in th e Kvamsoy area. Alt ernatively, they could have

formed by melting of previou sly emplaced tonalites, as

suggested by Weaver et al. (1990) for the granodioritic

series of the Patagoni an batholith in southern Chile.

From th e data available it is difficult to distinguish between

the se two alternat ives for the granites and syenites in th e

Kvarnsoy area. Partial melting of basaltic or tonalitic rocks

previously emplaced in the crust may represent the most li

kely alternat ive. Large differences in trace element concen

trations probably represent several episodes of magm a ge

nesis, and/or variabl e involvement of contrasting sources

during generation of the melts.

Correlation between the WGC and southwestern
Sweden
Early in th e Goth ian orogeny (1.69-1.65 Ga), calc-alkaline ju

venile crust was developed in weste rn areas of southern

Sweden, contemporaneous wit h alkali-calcic magmatism in

th e Trans-Scandinavian Granite-Porphyry Belt to the east,

con sistent w it h an eastwa rd subduction zone (Ahii ll &

Gower 1997).To the west, renewed calc-alkaline magmatism

occurred between 1.62 and 1.59 Ga, and was foll owed by

late-orogenic granites and mafic-felsic intrusions at 1.56

1.55 Ga (Ahii ll & Gower 1997). A direct correlation between

the Goth ian magmatism of the WGC and southern Sweden

is difficult because of the sparse geochemical data for th e

dated rocks in the WGc. Coeval w it h th e 1.69-1.65 Ga cale-al

kaline magm atism in Sweden, granitic intrusions were em

placed into the northern part s of the WGC (Table 1, Fig. 1).

These intrusions are interpreted to be equivalent to those of

th e Trans-Scandinavian Granite-Porphyry Belt in Sweden

NGU - BULL 437, 2 0 0 0 - PA GE 2 1

(Tucker et al. 1990); however, no geochemical data are pu

blished on the se rocks.The 1631 ± 9 Ma calc-alkaline rocks

presented in this paper and th e 1641 ± 2 Ma calc-alkaline

rocks in th e Askvoll area (Fig. 1)(Skar et al. 1994) apparent ly

repre sent an episode of calc-alkalin e magm ati sm th at is not

record ed in southern Sweden. However, th e 1.64-1.62 Ga

ages of th e magmatism in th e Sognefjo rd area overlaps in

time with th e 1.62 Ga magm ati sm in southern Sweden

(Ahii ll & Gower 1997). Only three U-Pb zircon dates have

been publi shed on th e post-Gothian and pre-Sveco

nor wegi an rocks from th e WGC(Table 1).These ages,of 1520

± 20 Ma, 1508 ± 10 Ma and 1462 ± 2 Ma, correlate we ll wit h

dist inct episodes of ano rogenic post-Gothian and pre

Sveconorwegian magm atism in th e Southwest Scandi

navian Dom ain (Fig. 1) between 1.50 and 1.20 Ga (Ahii ll &

Connelly 1998).

Summary and conclusions
A w ide variety of rocks have been studied in th e Kvamsoy

area, repre senting a portion of th e southern part of th e WGC

in Norway.The granitic, syenit ic, granodioritic and gabb roic

rocks represent protoliths to th e gneisses and Sveco

norwegian gnei ss-migmatites that form the majority of th e

rocks in the Kvamsoy area, as we ll as oth er areas in th e

southern part s of th e WGc. The main conclusions of th is

study are:

The Gothian rocks in th e Kvarnsey area are interp reted to

have been formed in th e interval 1.64-1.62 Ga, based on

the available U-Pb isochron ages and Nd model ages.

Quartzites in the Kvarnsey area are inter preted to repre

sent remn ant s of a pre-Gothian basement th at were in

truded by th e Gothian plutons.

Srn-Nd and Rb-Sr isotope data indicate th at th e source

rocks had a short residual time in th e crust, or there were

only minor contributions from th e pre-Gothian base

ment rocks.

The granodioritic, granitic and syeniti c rocks are medi 

um-grained, biotite- and amphibole-bearing and pred o

min antly metaluminous.

The gran od ioritic rocks are calc-alkaline to high-K calc

alkaline, and show 'vo lcanic-arc' signatures.The granitic

and syenit ic rocks are alkali -calcic and plot in th e fieldsof

both 'volcanic-arc' and 'w ithin-plate' in geoc hemical

discrimination diagram s,

The data are consistent wit h a tectonic sett ing at an

active cont inenta l margin, or with remobilisation of

young magmatic rocks generated in such a sett ing, in a

colli sion or post-collision scenario.

The granodioritic rocks were most likely generated by

partial melting of und erplated, mantle-derived, basaltic

rocks, w hile the granitic and syenit ic rocks can alte rna

tively have been generated by melting of more evo lved

tonalitic rocks.
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