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The Meklevatnet granodiorite in the Gjersvik Nappe has yielded a U-Pb zircon age of 456 + 2 Ma
from three, concordant, multigrain fractions. This can also be regarded as a maximum age, Early
Middle Caradoc, for the oldest sediments in the unconformably overlying Limingen Group. Taken
in conjunction with isotopic data reported earlier, the zircon age for the Maklevatnet pluton indica-
tes that the magmatic activity represented in the Gjersvik Nappe extended over a period of 25 to

30 million years.
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Introduction

Of the several Koli Nappes in the Upper Alloch-
thon of the Caledonides in Nord-Trendelag,
Central Norway, the Gjersvik Nappe has the
most voluminous igneous component, compri-
sing a thick bimodal volcanic assemblage and
coeval to younger plutonic bodies (Halls et
al.1977, Lutro 1979, Reinsbakken 1980). Lying
unconformably upon the eroded magmatic
complex is a sequence of low-grade polymict
conglomerates, calcareous sandstones, phyll-
ites and thin volcanites, the Limingen Group,
of unknown but hitherto assumed Late Ordovi-
cian/Early Silurian age.

While the age of the sub-Limingen mag-
matic complex has generally been assumed
to be Early to Middle Ordovician (Gale & Rob-
erts 1974, Halls et al.1977), no isotopic dating
had been available until Kullerud et al. (1988)
produced a U-Pb zircon age of 483 + 4 Ma for
a foliated concordant trondhjemite body. In
this contribution we report a U-Pb zircon age
from one of the youngest but most extensive
plutons in this magmatic complex — the Mgkle-
vatnet granodiorite.

Geological setting

The Meklevatnet granodiorite is a dominating
element in the geology of the Grong region
(Roberts 1989) and conspicuous even at 1:1
million scale (Sigmond et al.1984). Covering
an area of close to 400 km? it is situated in
the southernmost part of the Gjersvik Nappe
where it has been variously described as trond-

hjemite, quartz diorite or granodiorite (Gale
1975, Halls et al. 1977, Kollung 1979) (Fig.1).
Gale (1975) referred to the body informally as
the Sanddgla trondhjemite. However, since the
valley Sanddela is located south of the ex-
posed southern limit of the pluton, we prefer
a more appropriate and acceptable geograph-
ic designation; and suggest the name Meokle-
vatnet. Also, it can be demonstrated that, in
the Moklevatnet area, the rock is a granodio-
rite rather than a trondhjemite (see below).
Field relationships of the plutonic members
of the igneous complex in this southern part
of the Gjersvik Nappe have been described
and discussed mainly by Gale (1975) and
Halls et al. (1977). Gabbros intrude the vol-
canites but these are in turn cut by, and enclo-
sed as xenoliths within the granodiorite, which
thus appears to be the youngest plutonic body
in this area. The gabbro and granodiorite are,
however, considered to be broadly cogenetic.
The ratio of rafts of gabbro, volcanites and
some schists to the enclosing granodiorite in
some areas is quite high, so much so that
Gale (1975) considered these localities to be
situated within the roof zone of the pluton.
The granodiorite displays a variable but local-
ly pervasive foliation which parallels the schis-
tosity in both the older volcanites and the
younger sediments. This is regarded as a
metamorphic fabric dating to the Late Silurian,
Scandian orogenesis. No older, pre-granodio-
rite, foliate structure has been recorded from
the rocks of the Gjersvik Nappe. The south-
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Fig.1. Simplified geological map of the southwestern part of the Gjersvik Nappe, showing the location (circled cross) of the
dated granodiorite sample near Meklevatnet. The granodiorite extends over a larger area further east where it is direct
contact with the overlying basal sediments of the Limingen Group (Gale 1975, Kollung 1979). In the inset map, GN = Gjer-
svik Nappe, HNC = Helgeland Nappe Complex and GOC = Grong-Olden Culmination.

ern boundary of the granodiorite north of
Sanddela (Fig.1), in contact with volcanic and
sedimentary rocks, is locally tectonised, in
places quite strongly, a feature arising from
competency contrasts between lithologies rath-
er than major thrust-faulting.

A previous attempt at dating the body, by
the Rb-Sr method, using 3 granodiorite sam-
ples together with one sample of assumed
cogenetic gabbro, produced an isochron age
of 433 = 10 Ma with an initial Sr ratio of
0.70427 (Raheim et al. 1979). This was interpre-
ted as probably representing a deformational
and low-grade metamorphic event; and, thus,
a minimum age for emplacement of the pluton.

Petrography and geochemistry

The granodiorite at the sampled locality, ¢.500
m southeast of the lake Megklevatnet (UTM
8765/5390, map-sheet 1823 IV Grong) is med-
ium grained (2-5 mm), weakly foliated and pin-
kish-grey to greenish-grey in colour. It is gene-
rally equigranular, although some feldspars
reach up to 8 mm in size. Plagioclase (oligocla-
se,c.An,), quartz and K-feldspar are the major
minerals, the plagioclase showing moderately
advanced saussuritisation. Accessory phases

Table 1. Major elements (wt.%), some trace elements (ppm,
except Sr and Ba in wt.%) and CIPW norms for the grano-
diorite sample from near Meoklevatnet.

sio, ALO,  TiO, FeO Fe,0, MgO
6484  17.01 36 57 242 89
Ca0 Na,0 K0 MnO P,0,
373 509 281 .08 14
Nb  Zr Y Sr RbV Ba

7 138 16 14 77 48 12

q or ab an di hy mt hm il ap
16.2 166 431 153 12 17 11 17 7 3

are epidote, hornblende, biotite, zircon, sphe-
ne, apatite, chlorite and opaques. The green
coloration stems from epidotisation, noted first
by Gale (1975).

A c.1 kg specimen taken from the c.50 kg
of sample material collected from the Moklevat-
net locality has been analysed for major and
trace elements. The sample was broken into
small pieces before crushing, to ensure that
there were no xenoliths present. Of the major
elements, the high Al,O, and Na,0, and low
MgO (Table 1) stand out in relation to values
for average granodiorites (Hatch et al.1951).
Another characteristic is that of high contents
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Fig. 2. Normative An-Ab-Or diagram showing the composi-
tion of the Meklevatnet granodiorite from the sample loca-
lity. Diagram from Barker (1979).

of Sr and Ba, which is a feature common to
a number of calc-alkaline plutons elsewhere
in the Norwegian Caledonides (Nordgulen et
al. 1988). On a plot of normative Or, Ab and
An (modified by Barker (1979) from O'Connor
(1965)), the Moklevatnet pluton falls in the
granodiorite field (Fig. 2); this is a trait con-
firmed by other diagrams. On a normative
quartz-orthoclase-albite diagram, not shown
here, the sample falls close to the calc-alka-
line trend line.

Analytical methods and results

Mineral separation was performed using con-
ventional magnetic- and density-separation
procedures. Zircon fractions were prepared
by hand-picking generally clear, crack-free
grains, and abrading them after the method
of Krogh (1982) to increase the degree of
concordancy. Zircon dissolution, spiking with
an enriched **Pb-**U tracer solution, and sepa-
ration of U and Pb for mass spectrometric
analysis followed the method of Krogh (1973).
The isotopes of U and Pb were purified, elu-

Table 2. U-Pb zircon data.
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ted and loaded together on a Re filament with
Si-gel and H,PO, and measured in a VG 354
mass spectrometer in the temperature range
1500° - 1630°C with each run lasting approxi-
mately 2 hours.

Zircon analyses were corrected for U blanks
of 1-2 pg and Pb blanks of 10 pg or less; any
remaining common-Pb was assumed to have
the isotopic composition given by the model
of Stacey & Kramers (1975) at the measured
age of the rock. Total common-Pb abundan-
ces range between 10.5 and 13.1 pg and
measured **Pb/*Pb ratios range between
30,914 and 12,960 (Table 2), indicating that
the uncertainty in the initial common-Pb compo-
sition has a negligible effect upon the age
calculation.

Further details regarding the chemical, mass
spectrometric and data reduction procedures
are summarised in Tucker et al. (1991). Decay
constants and isotope abundance ratios are
those of Jaffey et al. {1971), recommended
by the International Union of Geological Scien-
ces (IUGS) ( Steiger & Jager 1977). Cited
ages are the average *’Pb/™Pb ages and,
because all analyses are concordant, the un-
certainty of the age was obtained by estima-
ting that position of concordia which is overlap-
ped significantly by the error ellipses (Fig.3,
calculated after the method of Ludwig 1980).
Age errors are given at the 95% confidence
level.

Three multigrain fractions of coarse (>200
um) short-prismatic zircon were selected for
isotopic analysis, including tips broken from
prismatic grains, middle parts of prismatic
grains, and whoie short-prismatic grains. The-
se parts were selected and analysed separate-
ly to test for the presence or absence of in-
herited zircon which is known to be a com-
mon component in short-prismatic zircon popu-
lations. No inheritance (or secondary Pb-loss)
is indicated by the results, however, as all

Fraction wt. u Pb Pb  Th/U 206Pb/ 206Pb/ 207Pb/ 207Pb/ 207Pb/
comm. rad. 204Pp 238y 235y 206Pb 206Pb

(ng) (ppm)  (pPg)  (PPm) (Ma)

1 + 100,t-p,A 118 378 11.9 29.7 .58 17,157 .07335+28 0.5678+23 .05614+8 457.9
2 - 200,s-p,A 100 371 13.1 29.3 .61 12,960 .07326+30 0.5663+25 .05607+9 4549
3 + 100,mp,A 254 281 10.5 221 .60 30,914 .07311+26 0.5656+21 .05611+8 456.7

The zircons are clear, transparent grains, from least paramagnetic fractions of Frantz separates, free of cracks and inclusi-
ons unless otherwise specified. +100 = >150 um, -200 = <75 pm; s-p = short-prismatic (length to width <3), mp = middle
parts of prismatic (length to width >3) grains; t-p = tips from prismatic grains; A - abraded.
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Fig.3. U-Pb concordia diagram of zircon analyses (1, 2,

3,Table 2) from the Meoklevatnet granodiorite.

three analyses are concordant (Fig.3) indicating
an emplacement age of the granodiorite of
456 + 2 Ma.

Discussion

The age of 456 + 2 Ma for the Moklevatnet
granodiorite complements the reported U-Pb
zircon date of 483 + 4 Ma from an albite trond-
hjemite in the northern part of the Gjersvik
Nappe (Kullerud et al.1988). The 483 Ma trond-
hjemite is located in the stratigraphically lower
part of the magmatic assemblage (Lutro 1979).
Field relationships show that the Meklevatnet
granodiorite is the youngest major pluton wit-
hin this nappe, and that in these southern
areas we are close to the roof of the intrusion
(Gale 1975). Moreover, Gale (1975), has descri-
bed an erosional and weathering surface of
the granodiorite in one area where the con-
tact with the basal conglomerate of the Limin-
gen Group is marked by «a few metres of a
clastic 'trondhjemitic sediment‘ which..... cont-
ains abundant clastic feldspar and quartz». In
other areas the basal part of the conglomer-
ate consists largely of angular blocks of grano-
diorite.

Accepting that we have dated perhaps the
youngest major member of the thick volcano-
plutonic complex, then the evolution of this
ensimatic arc- and rift-related assemblage
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(Gale & Roberts 1974, Halls et al. 1977, Reins-
bakken 1980), tending towards calc-alkaline
compositions higher up, has extended over a
period of 25 to 30 million years, from c.
Middle Arenig to Early Middle Caradoc (Tuc-
ker et al. 1990). Such a time span is compara-
ble to that of island arc/basin systems in the
western Pacific Ocean (Crawford et al. 1981).

The 456 + 2 Ma age for the granodiorite

can also be regarded as a maximum age for
the sediments of the Limingen Group. The
duration of the hiatus between magmatism and
uplift, erosion and sedimentation is impossible
to determine; yet one may infer this to have
been comparatively short. Accepting a Middle
Caradoc or younger age for the Limingen
Group sediments makes them time equiva-
lents of the uppermost parts of the Lower
Hovin and succeeding Upper Hovin Groups
of the western Trondheim region (Roberts
1975, Halls et al. 1977). The basal conglomera-
te of the Limingen Group may thus occupy a
comparable stratigraphic position to that of the
Stokkvola Conglomerate. Higher parts of the
Kjelhaugen Group in the Merdker Nappe of
eastern Trendelag (Wolff 1979) may be chro-
nostratigraphic equivalents of the Limingen
Group. Another unit of likely similar age is the
Blasjo Phyllite in the Stikke Nappe in lower
parts of the Middle Koli (Claesson et al. 1988).

Although no regional metamorphic event has
been reported from the Gjersvik Nappe prior
to Limingen Group deposition, Halls et al.
(1977) have described features which they
ascribe to pervasive sea-floor metamorphism.
The penetrative foliation in the granodiorite
and coplanar schistosity in the Limingen meta-
sediments, on the other hand, are considered
to date to the Scandian orogenesis.

This scenario differs somewhat from that in
the adjacent Helgeland Nappe Complex (HNC),
above and to the west of the Gjersvik Nappe.
This exotic terrane has a history of igneous
activity ranging from Late Cambrian to Early
Silurian time, and includes a significant tecto-
nothermal event, with thrusting, in the Ordovi-
cian (Nissen 1986, Nordgulen & Schouenborg
1990, @.Nordgulen pers.comm.1990) in addi-
tion to the later Scandian deformation and
metamorphism. In the HNC the Heilhornet Plu-
ton has yielded a U-Pb zircon age of 444
+11 Ma (Nordgulen & Schouenborg 1990)
which thus overlaps, within error, with the age
of the Moklevatnet granodiorite. The initial Sr
ratio of the Heilhornet granite (c.0.7070), how-
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ever, is somewhat higher than that of the
Moklevatnet body (0.70427; or 0.70414 minus
the one gabbro sample). All in all, the geologi-
cal development and structural histories of the
Helgeland and Gjersvik Nappes indicate that
these tectonic units represent disparate terr-
anes.

Conclusions
The Moklevatnet pluton in the southern and
tectonostratigraphically highest part of the
Gjersvik Nappe is a granodiorite with a calc-
alkaline signature. Three fractions of zircon
chosen for U-Pb dating gave concordant analy-
ses that indicate a crystallisation age of the
granodiorite of 456 = 2 Ma; i.e., Early-Middle
Caradoc. This can be regarded as a maximum
age for the oldest sediments of the uncon-
formably overlying Limingen Group.
Magmatic activity in the Gjersvik Nappe
covered a time span of some 25 to 30 million
years. Unlike the situation in the suprajacent
HNC, no evidence has been reported in the
Gjersvik Nappe of any significant tectonother-
mal activity in the Ordovician. These two juxta-
posed nappes would thus represent disparate
terranes, with different histories of geological
and tectonometamorphic development, brought
together during Scandian continent-continent
collision.

Acknowledgements

We would like to thank @ystein Nordgulen, Mike Stephens
and Brian Sturt for their helpful comments on an early
version of the manuscript.

U-Pb zircon age, Meklevatnet granodiorite 37

References

Barker, F. 1979: Trondhjemite: definition, environment and
hypotheses of origin. In Barker, F. (ed.) Trondhjemites,
dacites and related rocks. Elsevier Sci. Publ. Co. Ams-
terdam, 1-12.

Claesson, S., Stephens, M.B. & Klingspor, |. 1988: U-Pb
zircon dating of felsic intrusions, Middle Koli Nappes,
central Scandinavian Caledonides. Nor. Geol. Tidsskr.
67. 89-97.

Crawford, A. J., Beccaluva, L. & Serri, G. 1981: Tectonomag-
matic evolution of the West Philippine-Mariana region
and the origin of boninites. Earth Planet. Sci. Lett. 54,
346-356.

Gale, G.H. 1975: Geology and sulphide mineralization in the
Sanddela-Gaizervann area, Trendelag. Nor. geol. un-
ders. Unpubl. Report 1293, 65 pp.

Gale, G.H. & Roberts,D. 1974: Trace element geochemistry
of Norwegian Lower Palaeozoic basic volcanics and its
tectonic implications. Earth Planet. Sci. Lett. 22, 380-390.

Halls, C., Reinsbakken, A., Ferriday, |., Haugen, A. & Ran-
kin, A. 1977: Geological setting of the Skorovas orebo-
dy within the allochthonous volcanic stratigraphy of the
Gjersvik nappe, Central Norway. Inst. Min. Metall. &
Geol. Soc. London, Special Paper 7, 128-151.

Hatch, F.H., Wells, A.K. & Wells, M.K. 1951: The petrology
of the igneous rocks. Thomas Murby & Co., London,
469 pp.

Jaffey, A.H., Flynn, K.F., Glendenin,|.E., Bentiey, W.C. &
Essling, A.M. 1971: Precision measurements of half-
lives and specific activities of **U and *'U. Physical
Rev. Sec. C: Nuclear Physics 4, 1889-1906.

Kollung, S. 1979: Stratigraphy and major structures of the
Grong District, Nord-Trendelag. Nor. geol. unders.354,
151.

Krogh, T.E. 1973: A low contamination method for hydrother-
mal decomposition of zircon and extraction of U and
Pb for isotopic age determinations. Geochim. Cosmo-
chim. Acta 46, 485-494.

Krogh, T.E. 1982: Improved accuracy of U-Pb zircon ages
by creation of more concordant systems using an air
abrasion technique. Geochim. Cosmochim. Acta 46,
637-649.

Kullerud, K., Stephens, M.B. & Claesson, S. 1988: Age
constraints on exotic arc-basin complexes and tectonic
implications, central Scandinavian Caledonides. (Exten-
ded abstract) Geol. Féren. Stockh. Forh. 110, 402-403.

Ludwig, K.R. 1980: Calculation of uncertainties of U-Pb
isotopic data. Earth Planet. Sci. Lett. 46, 212-220.

Lutro, O. 1979: The geology of the Gjersvik area, Nord-
Trendelag, Central Norway. Nor. geol. unders. 354,
53-100.

Nissen, A.L. 1986: Rb-Sr age determination of intrusive
rocks in the southeastern part of the Bindal Massif,
Nord-Trendelag, Norway. Nor. geol. unders. Bull. 406,
83-92.

Nordgulen, @. & Schouenborg, B. 1990: The Caledonian
Heilhornet Pluton, north-central Norway: geological set-
ting, radiometric age and implications for the Scandinavi-
an Caledonides. J. Geol. Soc. London 147, 439-450.

Nordgulen, @., Andersen, T.B. & Gautneb, H. 1988: Granito-
ids in composite batholiths in the Norwegian Caledoni-
des, a review. (Abstract) Geol. Assoc. Canada- Min.
Assoc. Canada, Ann. Meeting. Progr. with Abstracts,
St John's, Newfoundland, May 1988, A91.

O'Connor, J.T. 1965: A classification for quartz-rich igneous
rocks based on feldspar ratios. U.S. Geol. Survey Prof.
Paper 525-B, 79-84.



38 David Roberts & Robert D. Tucker

Reinsbakken, A. 1980: geology of the Skorovass Mine: a
volcanogenic massive sulphide deposit in the Central
Norwegian Caledonides. Nor. geol. unders. 360,
123-154.

Roberts, D. 1975: The Stokkvola conglomerate - a revised
stratigraphical position. Nor. Geol. Tidsskr. 55,361-371.

Roberts, D. 1989: Tectonostratigraphy within the area of
1:250,000 map-sheet ‘Grong’, Nord-Trendelag, Central
Norway. (Extended abstract) Geol. Féren. Stockh. Forh.
111, 404-407.

R&heim, A., Gale, G.H. & Roberts,D. 1979: Rb,Sr ages of
basement gneisses and supracrustal rocks of the Grong
area, Nord-Trendelag, Norway. Nor. geol. unders. 354,
131-142.

Sigmond, E.M.O., Gustavson,M. & Roberts,D. 1984: Berg-
grunnskart over Norge M - 1:1 million. Nor. geol. unders.

Stacey,J.S. & Kramers,J.D. 1975: Approximation of terrestri-
al lead isotope evolution by a two-stage model. Earth
Planet. Sci. Lett. 26, 207-221.

NGU - BULL. 421, 1991

Steiger, R.H. & Jéager,E. 1977: Subcommission on geochro-
nology: convention on the use of decay constants in
geo- and cosmochronology. Earth Planet. Sci. Lett. 36,
359-362.

Tucker, R.D., Krogh, T.E., Ross, R.J.Jr. & Williams,S.H.
1990: Time-scale calibration by high-precision U-Pb zir-
con dating of interstratified volcanic ashes in the Ordovi-
cian and Lower Silurian stratotypes of Britain. Earth
Planet. Sci. Lett. 100, 51-58.

Tucker, R.D., Krogh,T.E. & R&heim,A. 1991: Proterozoic
evolution and age-province boundaries in the central
part of the Western Gneiss Region, Norway. Results
of U-Pb dating of accessory minerals from Trondheims-
fjord to Geiranger. In Gower, C.F., Rivers,T. & Ryan,B.
(eds.) Mid-Proterozoic Laurentia-Baltica. Geol. Assoc.
Canada Spec. Paper 38, 149-173.

Wolff, F.C. 1979: Beskrivelse til de berggrunnsgeologiske
kartbladene Trondheim og Ostersund 1:250,000. Nor.
geol. unders. 353, 77 pp.

Manuscript received April 1991, final typescript accepted June 1991



