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INTRODUCTION

This report presents the results of a 6-month investigation
into the nature of the Vaddasgaisak metagabbro and associated
basic rocks. The main aim of the investigation was to deter-
mine whether the metagabbro is part of an ophiolite complex.
The work was carried out in three stages:

May-June 1982: Literature research; study of thin
sections from previous studies of the Vaddas area, collected
by T. Vogt and I. Lindahl; visits to ophiolite occurrences at
Løkken and Leka.

Late June-August 1982: Field work involving detailed
mapping of the Vaddasgaisak area, and collection of samples
for thin section and for chemical analysis.

Drafting and interpretation of mans, study of thin sections,
interpretation of whole-rock geochemical data, report writing.

The short duration of the project did not permit complete
investigation of all aspects of the rocks. Further work which
would be of value includes:

1. Additional detailed mapping of adjoining areas with
emphasis on: (a) delineating the boundaries of the gabbro (or
metagabbro) bodies,

delineating the extent of amphibolite zones and
interpreting their origin and relationship to the gabbros,

delineating the extent of the zone of
dykes/sills in the Oksfjord schists,

study of the boundary between the Loftani
Greenstones and the overlying Oxfjord Schists, to determine
whether this is conformable or a major thrust.

2. Detailed petrological study of the Vaddasgaisak meta-
gabbro, todebeminewhether there is a cyclic mineralogical vari-
ation. This study should include microprobe studies of the
minerals.
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3. Radiometric dating of the metagabbro. Unfortunetaly
all of the phases of the metagabbro contain very little of any
K-bearing phase. The most suitable rock for dating may be
the K-feldspar-biotite rich variety of granitic-pegmatitic rock,
which occurs in the margin of the metagabbro and in adjacent
metasediments. This variety probably formed by partial melting
of the metasediments, during emolacement of the gabbro.

"Map reference" (14.R.)or "Location" given in this report
is the same as UTM-coordinates on the AMS mao sheets.
Locations and samples marked BS are from the work in 1982,
while samoles and locations VR are from the work by Lindahl
(1974).
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GEOGRAPHY

The Vaddasgaisakis a large, flat tonped mountain located
near the village of Oksfjordhamn,mid-way between Tromsø and
Alta in north Norway. Access is by unsealed road up the valley
of Oksfjordalen,adjacent to the river known as Storelva.
The road leads to old buildings (associatedwith the Vaddas
mine), at the junctionof Storelva and Littlelva,at the foot of
Vaddasgaisak. Further slow access from here is possible by
four-wheeldrive vehicles,mainly southwardsun the valley of
Storelva,towards Rieppe. Mostly, however, access is only by
foot or by heliconter. The main access road at the base of
Vaddasgaisakreaches an altitude of little over 100 m above
sea level. The plateau level on ton of Vaddasgaisakis at about
1100 m, with small peaks rising to 1293 m. The plateau level
can be reachedby several routes, both on the eastern and
western sides. The north face is near-verticalat the top and
access to the plateauirom this side would be very difficult.

Field work in the area is hampered bv the climate and can
also be hazardous. There is extensive snow cover over the area
for many months of the year. The plateau level in particular,
may be well-exposedfor only a very brief period of the summer.
In the summer of 1982, a heavy snow-fallat plateau level
occurred in July, before all of the winter snow had melted.
It was not until mid-Augustthat the rocks at plateau level
became well-exposed. Fog and rain were frequent in the summer
of 1982, and hampered field work.

A special hazard in the area, is falling rocks and snow
avalanches. These were common in 1982, on the steep sides of
Vaddasgaisak,adjacent Kirkefjell (orGirkovarre)and Ruksis-
gaissa. The largest summer fall was from the northeastcorner
of Vaddasgaisak,some of the boulders coming right down into the
birch forest on the eastern side of the mountain (seePhoto
and one boulder continuinginto Storelva. Another hazard in the
area, is the steep slopes on which much of the geology is exposed.
Most exposuresof the amphibolitezone and gneissic zone at the
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Photo 1: Western part of the north face of Vaddasgaisak .

Lower half is southerly dipping Vaddas Group sediments and Lof tani

Greenstone. Upper half is mostly folded Ankerlia Metagreywacke and

basic dykes/sills
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Photo 2: Geological hazard at Vaddas. The boulders pictured rolled

approximately 800 m down from Vaddasgaisak into Storelvdalen during

the field work time

margins of the metagabbro, occur on the steeo eastern, northern

or western slooes of Vaddasgaisak.
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MAPPING

The first stage in the mapping programmeat Vaddas, was
to study severalprofiles across the strike of the rocks, at
various places around the Vaddasgaisak. Detailed notes were
made of all of the rock units observed,and the nature of previous
mapping by Lindahl (1974)was assessed. It was found that
Lindahl'smapping of the sedimentaryseries up to the lower
greenstone,was quite adequate for the purooses of the present
study, and only very limitedchanges are made to this oart of the
sequence. Consequentlymapping was concentratedon the areas of
greenstone,Oksfjord Schist and metagabbro.

During the early profiles,the nature of lithological
variation.within the rocks of interest,was assessed,and tenta-
tive interpretationsof the origin of various rocks was made.
At the end of this early work, a letter symbol code system
(see followingsub-section)was devised, for use in detailed
mapping of greenstones,Oksfjord Schist,metagabbro,and
associatedrocks. The ain of such a system, is to reduce the
time requiredto write field notes, to place as much information
as possibleon the face of the maos (i.e.fieldsheets),and to
systematizethe observations,while still retainingenough
flexibilityto allow for uncertaintyin identificationand
interpretationof the rocks.

The remainderof the mapping time consistedmostly of
profiles across accessibleoutcroppingrocks, using the code
system on plastic overlays over aerial photograohsenlarged
to a scale of approximately1:5 000. Spacing between profiles
was determinedby the regularity/irregularityof the rocks along
strike,by the availabilit of outcroo, and by access. Soacing
between profiles ranges from about 250 m to over 1 km. The
larger spacingspermit too much uncertaintybetween profiles.
A maximum spacingof 500 m would have been more desirable.

Some difficultieswere experiencedin use of the aerial
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photographs. On some of the photographsthe very steep mountain-
sides virtuallydisappear,while north faces in shadow tend to
appear almost completelyblack. Where photo overlapwas avail-
able in steep areas, the photo with greatest "stretch"of the
steep faces was used, providing the light conditionswere
satisfactory. Lack of contrast in the photos caused some
difficultiesin precise location. Poor contrast,combinedwith
angular distortion,led to specificproblems of location in the
profile along the base of the cliffs on the north side of
Njoamelvagge. Location of data along this profile is considered
unreliable.
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Letter S bol Code S stem

The followingletter symbol code system was used in mapping
the greenstones,Oksfjord Schists, metagabbroand related
rocks. The letter symbolswere used on the field sheets
(approx.1:5.000scale).

The code consistsof three parts:

1. A lower case letter f, m, c, v, or combinationof these,
denoting grainsize(inhand specimen).

f = fine = < 0,5 mm Note: these grainsizeterms
m = medium = 0,5-2 mm are applied to all of the rocks
c = coarse = 2-5 mm whether igneous,meta-igneous
v = very coarse = > 5 mm or metasedimentary

The grainsizeranges are the same as those used in the
GeologicalSurvey of New South Wales mapping project in
metamorphicrocks at Broken Hill, Australia.

2. An upper case letter,denoting the rock type.

P (from "pyroxene")= gabbro or metagabbro
A = amphibolite

F = felsic rock (mostlygranitic to pegmatiticmobile material)
D = basic dykes/sills

I = basic rock with igneous texture (mainlydykes)
G = greenstone (metamorphicallyaltered basic volcanic)
M = metasediment,generallyonly used for Oksfjord Schists

(finegrained, finely bedded grey and whitish psammite).
Other metasedimenttypes of schist, carbonate,are
generallywritten in full.

3. A lower case letter,or letters, following 2. These are
used to record the dominant tectural/structuralfeatures,
includinglayering, schistosity,gneissosity,and some
mineralogicalfeatures,as follows:
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p = polygonal/granoblastictexture

n = non-layeredon outcrop scale

w = weakly layered, and includeswell-developedbut diffuse

layering

1 = well-layeredon outcrop scale

g = gneissic

s = schistose,only recordedwhere the schistosityis a

prominentfeature of the rock

b = used with F, where the felsic rock enclosesblocks of

other lithologies

o = olivineprobably present (recognizedby yellow

colouringon the weathered surface of the rock)

h = pyroxene streaks (thoughtto be hyperst~ - common

in parts of the metagabbro

Also a few abbreviatedwords were used in the same way as

the above letters:

phen = phenocrystspresent

lath = interlockinglaths, usually of plagioclase,and

denoting an igneous origitt

felt = felted texture of interlockingneedle - like grains,

a typical low to medium grade metamorphictexture

in basic rocks

Examples:

mPpn - medium grained (0,5-2mm) gabbro or metagabbro

with equigranular/polygonalgrainshape and no

layering at outcrop scale

cPloh - coarse grained (2-5mm) gabbro or metagåbbro,

well-layered,and containingolivine, plus pyroxene

streeks

fGsphen-fine grained (< 0,5 mm) greenstonewith prominent

schistosity,and some relict phenocrysts

fM1	 - fine grained (< 0,5 mm) psammiticmetasediment,


well-layered

mAws - mGws - medium grained (0,5-2mm) rock with weakly

developed layering and prominant schistosity

- may be an amphiboliteor a greenstone.
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PREVIOUS WORK

The major previous reference for the Vaddas-Rieppe area

is an unpublished thesis by Lindahl (1974). This work included

detailed mapping, particularly of the metasediments, greenstones

and sulphide mineralization, and also investigation of the

nature of the mineralization, plus the results of a drilling

programme to establish tonnages and grades.

Earlier work was mostly unpublished reports concerned

with the mining at Vaddas and Riepoe, although Vogt (1927)

published a geological map and description of the area. The

earlier references include Barkey (1964), Bjørlykke (1956),

Bjørlykke and Farden (1956), Farden (1954, 1955), Lindahl (1969),

Louis (1907), Sjøgren (1907, 1913), Smith (1910), Vogt (1920),

and Vogt (1952). Further theses in nearby areas include Armitage

(1972), Kleine-Hering (1973), Minsaas (1981), Padget (1955),

Pearson (1970), Randall (1959), Strand (1971), Vokes (1957).

Most up-to-date regional mapoing is by Zwaan (1975) and

regional geology is described by Zwaan & Roberts (1978)-
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GENERAL GEOLOGY

Tectono-Stratira h

The VaddasgaisakMetagabbrois situatedwithin a sequenceof
Early Palaeozoicmetasedimentsand minor basic volcanics
(greenstones)describedby Lindahl (1974). The sequenceis
contained in the Vaddas Nappe which overlies the &rrovarri
Nappe. Both nappes are parts of the Kalak/ReisaNappe Complex
(Zwaanand Roberts 1978). The Vaddas Nappe forms the lowest
unit of the Reisa Nappe Complex, the nrrowarri forms the
highest unit in the Kalak Nappe Complex. The &rrovarri
Nappe containsprobable Eo-Cambrianmeta-arkoseof the NarojAkka
Group, and is thrust over allochthonousPrecambrianbasement.
This thrust is characterizedby a garnet-bearingblastomylonitic
augen gneiss. The NapojAkka Group outcrops extensivelyeast of
Storelva near Vaddasgaisak (Lindahl1974).

The Vaddas Nappe contains the Vaddas Group and Oksfjord Group.
The Vaddas Group is a sequenceof grey and yellow marbles, mica
schists, calc-micaschists,quartzites,graphiticphyllite,and
conglomerate. Bepositionalenvironmentis interpretedas
shallow marine to deltaic. The sequence appears to be inter-
nally conformable,both on a local scale (Lindahl1974, and my
own observations),and on a regional scale (K. B. Zwaan 1978,
and pers. comm. 1982). However regional correlationsof the
lower part of the sequencewith rocks containingCambrian
fossils on Sørøy to the north (Holland& Sturt 1970), and the
upper part of the sequencewith rocks containingLate Ordovician
corals near Guolasjav'rito the southwest,require an uncon-
formitywithin the sequence (correspondingwith the Einnmarkian
Orogeny). Two conglomeratesoccur in the upper part of the
sequence (Guolasjav'riFormation),and have been taken as a
convenientposition for an unconformity (Ramsayet.al 1981).
K. B. Zwaan has concludedthat the Vaddas Group is internally
conformableand that the major discontinuityis a thrust lying
at the base of the group. He has shown that the basal unit,
the Gæirajav'riMarble rests on successivelylower units as it
is followedto the southwest. The meta-arkoses,Precambrian
gneisses and even the blastomylonitethrust zone cut out
completelyto the southwest. The rocks beneath the Gairajav'ri
Marble display penetrativemylonitizationwith only weak
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recrystallization. All of the Vaddas Group is probably of

Late Ordovician-Silurian age. The Vaddas Group is well

exposed between Storelva and the steep upper part of Vaddas-
gaisak. It is also well developed further west in Kirkjefjell,
Heindalstind and adjacent mountains.

The Oksfjord Group overlies the Vaddas Group, within the Vaddas
Nappe. It contains psammitic and minor pelitic metasediments
and basic metavolcanics, and is intruded by the Vaddasgaisak
Metagabbro. In the Vaddas area the lower part of the Oksfjord
Group consists of the upper and lower units of Loftani Green-
stone separated by the Ak'kejav'ri Calc-Biotite Schist. The

Loftani Greenstone is overlain in part by the Gryta Amphibolite
and Vaddasgaisak Metagabbro, and in part by the Ankerlia
Metagreywacke. The Metagreywacke is a very thick unit essen-
tially consisting of finely bedded quartz-plagioclase-hornblende
-biotite-clinozoisite rocks, which may have contained a large
proportion of basic or intermediate volcanic detritus. These
rocks are well exposed in Grasdalen and occupy a large area to
the west.

Tectonic Histor

The major Palaeozoic tectonic events in this part of Norway,
were the Late Cambrian Finnmarkian Orogeny and the Silurian
Scandinavian Orogeny (Zwaan and Roberts 1978). These appear
to have had remarkably (perhaps even unbelievably) similar

effects. Both produced major nappe structures, both produced
medium pressure-temperature metamorphism up to staurolite-
kyanite grade, both appear to have had about three generations
of folding, and it is possible that syn-orogenic intrusion

of layered gabbros accompanied both events (i.e.theSeiland
province-Finnmarkian, and the Vaddasgaisak Metagabbro-
Scandinavian).



Structural St le

Although there are upright folds in the sequence,the dominant
structural style is flat-lyingfolds and extensiveboudinage.
Both foldingand boudinageoccur largely sub-parallelto
bedding and to the flat-lyingthrusts bounding the nappes.

Intrusives


Amphibolitesand gabbros are abundant in the region. Extensive
areas of gabbro and related plutonic rocks in the Seiland
Province to the north are regarded as syn- and post-Finnmarkian
intrusions (seeRobins and Gardner 1974 for summary). The long
zone of gabbros and ultrabasicrocks in the Lyngen Peninsula
to the east, is regarded as part ofanophiolite complexobducted
during the Finnmarkian (R. Boyd, pers.comm.1982, Minsaas
1981). These ophiolite rocks are unconformablyoverlainby
Late Ordovician- Early Silurian sediments.

In addition to the above-mentionedgabbros, there are small granitic
intrusions,includingthe RappesvarreGranite which intrudes the
SkardalenQuartzitejust north of Vaddas.

18
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THE VADDASGAISAKMETAGABBRO- GENERAL DESCRIPTION

In the present investigationthe Vaddasgaisakmetagabbro
was mapped as far south as the major eastsoutheasttrending
fault passing throughRiepnesjav'ri.Themetaga~ and related rocks
continue south of this fault (Zwaan1975). Another large meta-
gabbro body occurs in the mountains north of Oksfjordvatnet,
about 11 km north of Vaddas.

The Vaddasgaisakmetagabbrooccuplesalmost the entire Vaddas-
gaisak plateau and the top of adjacent Ruksisgaissa. The margins
of the mountain contain the marginal zones of the metagabbro,
underlainby Cu-Fe sulphidemineralizationand greenstones,which
overlie the metasedimentarysequence. The metagabbrooutcroos
over a strike length of about 6 km from the Rieppe fault to the
top of the north face of Vaddasgaisak,and over a width of about
5 km at the south end, narrowingto about 2 km at the north end.

As a result of detailedmapping, the metagabbrobody has
been sub-dividedinto several zones (seeman11.These can be broadly
grouped from east to west, as follows:

Amphibolitezone. Forms the easternmargin of the meta-
gabbro and appears to wrap around the northern end of the metagabbro.
It consistsof equigranularamphibolitewith polygonalgrain
shapes, plus abundant porphyriticamphibolite+ gneissic amohi-
bolite. Towards the south there appears to be some gradation to
non-layeredmedium grained metagabbro,and a unit of layeredmeta-
gabbro occurs within the amphibolitezone.

Zone of coarse to very coarse olivinemetagabbro. Apart
from the amphibolitezone, most of the eastern half of the meta-
gabbro consists of coarse and very coarse olivinemetagabbro.
At outcrop scale the rock is essentiallynon-layeredor weakly
layered,although some large-scalelayering is present. Within
the zone there are thin units of layeredmedium grained gabbro,
and this becomes more abundant southwards. Outcrop-scalelayering
is well-developedin the eastern part of the zone of coarse to
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very coarse metagabbro, but this is at least in part due to
intrusion of numerous finer grained dykes into the metagabbro,
more or less parallel to strike.

Zone of medium to coarse olivine metagabbro. Medium
and coarse grained, layered and non-layered olivine metagabbros
occupy the central-western part of the metagabbro body. They have
sharp boundaries against the very coarse metagabbro to the east,
buth rather diffuse boundaries against the olivine-poor meta-
gabbros to the west.

Zone of medium grained olivine-Door metagabbro.
This is the westernmost major zone of the metagabbro body. It is
mostly non-layered, but minor layered units have been mapped out.

Gneissic zone. Along the western margin of the metagabbro
body there is a thin zone (about 200-250 m) in which the rocks
have developed a gneissosity and in places exhibit broader
lithological layering and intense folding. It is difficult to
identify the original rock in places. The zone appears to contain
deformed and contact metamorphosed metasediments (Oksfjord Schists),
but may also contain deformed metagabbro.

The Vaddasgaisak metagabbro consists mostly of plagioclase,
clinopyroxene and orthopyroxene, but olivine, hornblende, opaque
oxides and green sninel are common minor constituents.
Hornblende is a major mineral in places, narticularly in the
amphibolite zone.

The term "metagabbro" is used because virtually all of the
rock exhibits typical metamorphic textures. Gneissosity,
schistosity, polygonal recrystallization and mechanical deforma-
tion of grains are common features, developed to various degrees.
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MINERALOGICAL VARIATION IN THE METAGABBRO

Variation in mineralogy and in composition of minerals from

bottom to top, is a common feature of layered gabbroic

intrusions (eg. Wager & Brown 1968). In the Vaddasgaisak

Metagabbro there is some variation, but not all is systematic.

The most important variation is in olivine content. The

layered and non-layered medium grained metagabbro units on

the western side of the Metagabbro, contain no olivine. The

mapped units in the central and eastern parts of the Meta-

gabbro (except for the amphibolite zone) contain minor olivine.

Some samples contain no olivine, but from 5 to 15% olivine is

common. One sample from a small lens of very rustyweathered

rock in the eastern part of the coarse to very coarse meta-

gabbro, contains approximately 50% olivine. The olivine

variation suggests that the Metagabbro is asymmetrical and

the eastern part is the original base.

There appears to be no systematic variation in the

percentage or composition of plagioclase. Plagioclase

compositions were determined by flag-stage microscopic

techniques which are not the most accurate. However there

appears to be a non-systematic variation in plagioclase

compositions. Plagioclase compositions are generally

between Anso and An00. A few samples have apparently more

sodic plagioclase, but this may be only a result of unsuit-

able grain variations in the thin sections. The most calsic

compositions (An70_001 were found in the amphibolite zone,

in the coarse to very coarse olivine metagabbro, in the

coarse to medium metagabbro, in the layered olivine meta-

gabbro and in the non-layered medium grained metagabfaro.

Similarly the most sodic plagioclase (less than An60) is

found in several mapped units. Average compositons for all

mapped units is from about Ans0 to about An70. The eastern

units (except the amphibolite zone) may be more calcic on

average than the western units.

Clinopyroxene is present in all samples of metagabbro.

Orthopyroxene was not identified in some samples, but there

was no consistent pattern.
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In a few places, narrow zones of metagabbro contain high

concentration of opaque minerals. These are non-magnetic

to weakly magnetic and resemble ilmenite. Sample 85-114

from the non-layered medium grained metagabbro unit contains

about 15% opaque minerals and 5% apatite. Both are relatively

coarse grained and appear to have been present before the

general recrystallization.
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THE AMPHIBOLITE ZONE

The amphibolitezone forms the easternmargin of the

Metagabbro,and appears to wrap around the northern margin

(thereare some physical difficultiesin examiningthe northern

margin of the Metagabbro). An apparent sharp upper contact

can be mapped against the coarse to very coarse metagabbro.

This is discussedbelox. The lower contact against the

Loftani Greenstoneis a highly schistosezone with diffuse

layering (seediscussion in section on "sulphidemineralization).

Most of the amphibolitezone consists of intermixedmedium

grained, equigranularamphibolitewith polygonal grain shapes,

apparentlyporphyriticamphibolite,and gneissic amphibolite,

with many apparentgradations. The porphyriticamphibolites

are probably amphibolite- altered basic dykes, similarin

origin to the dykes in the adjacent coarse to very coarse

metagabbro. The gneissic amphiboliteprobably developed

mostly from deformationof prophyriticamphibolite,but some

may representminor partial melting or metamorphicsegregation

developmentin the equigranularamphibolite.

Near Oaivoåokka there is an apparentlylenticularzone

of very well layered amphibolite. The layering and folding

of the layeringare similar in characterto that observed in

the layeredmedium grained metagabbro. The layered amphibolite

consists almost completelyof plagioclaseand hornblende (and

clinopyroxenein one sample),with no biotite and apparently

no quartz. It is interpretedas an amphibolite- altered

layeredmetagabbro,and not as a metasediment.

Althoughmost of the amphibolitezone is medium grained

in contrastwith the adjacent coarse to very coarse Meta-

gabbro, there is a transitionin places, with rocks which are

texturallya coarse metagabbro,but consist of hornblende

and plagioclase.

The amphibolitesare chemicallyvery similar to the

metagabbrosand greenstones. The equigranularamphibolite

is texturallysimilar to the medium grained non-layeredmeta-

gabbro, the layered amphiboliteis very similar to the layered

metagabbro,and some rock with coarse to very coarse meta-

gabbro texture is now amphibolite.
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Therefore the amphibolite zone is interpreted as a zone

containing various types of altered metagabbro, and probably

a large number of amphibolite - altered and deformed basic

dykes.

Table 1 : Estimated modal mineral content of rocks from the

amphibolite zone on the eastern margin of the Metagabbro

Sample Plag (An) Cpx Amp Cz Opaq Sph Ap Zirc

BS 10 40 (55) - 50 10 1 1 -




BS 36A 45 (60) - 55 - 3 x x




BS 36B 42 (55) - 55 - 3 - -




BS 78 50 (64) - 47 - 3 - -




BS 117 45 (72+) 23 30 - 2 - x .11••••

VR 258 40 (70) - 55 5 x - x




VR 260 55 (45) 15 25 - x - x  • 

D indicates possible dyke

Table 2 : Estimated modal mineral content of rocks from the

layered part of the amphibolite zone, near Oaivaokka

BS 58 60 (65) 15 20 5xxxx

BS 59 50 (80) - 50 x 1 x - -

BS 75 57 (28?) - 40 - 3 x

BS 75A 40 (38) x 55 - 1 4 x
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Photo 3: Porphyritic amphibolite grading into medium grained

granular amphibolite. The porphyritic amphibolite may have been

a dyke rock. The granular amphibolite was probably medium grained

gabbro. Location BS 65 (Map Reference 2280-4130)

•• •

3

0.5 mm

Photo 4: Typical polygonal texture from medium grained granular

plagioclase - hornblende - clinopyroxene amphi bolite. Crossed

polars. Location VR 260 (M.R. 2248-3850).
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Photo 5: Layered amphibolite disrupted by felsic mobile material.


Probably originally a layered gabbro. (East slope of Oaivo§okka)

Photo 6: Intense folding in layered amphibolite. Felsic material

mobilized into axial plane direction. Location BS 77 (M.R. 2290-3994)
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THE COARSE TO VERY COARSE OLIVINE METAGABBRO

Except for the amphibolitezone, most of the eastern
part of the VaddasgaisakMetagabbro consiets of coarse to
very coarse olivine metagabbro and coars• to medium olivine
metagabbro. Both types are mostly non-layeredto diffusely
låyered. The coarse to very coarse metagabbro grades into
the coarse to medium metagabbro. There is a main mass of
coarse to very coarse metagabbrowith a core of coarse to
medium metagabbro, and a narrow internal zone of layered
metagabbro. The layered zone is poorly exposed. In fact
there is much rubble covering outcrop on the Vaddasgaisak
plateau,So boundarieswithin the metagabbro can only be
inferred_in many places.

Two elongate bodies of Coarse to very coarse metagabbro
occur west of the main mass and are eeparated from it by medium
grained well-layeredmetagabbro. These bodies have the
shapes of doubly-plungingfolds, bUt cOuld also be large
boudins.

In outcrop the very coarse metagabbro mostly shows a
gneissic texture, with large rotated crYstals or augen of
pyroxene in a matrix of lenticularlylayered plagioclaseand
mafic.Minerals- The plagioclase typically shows-asugary
texture of fine eubgraihswithin the plagiåclase lenses.
Where the gneissosity is not so-well deVeloped, there are
cOarse pseudo-grainsof plagloclasebetween the mafic grains.
In these areas-also,recrystallizationof plagioclase to fiber
grainedaggregates is obVious in hand specimen.'Some of.the
pyroxeneappears to have retained its coarse grainsize..
Other coarse mafic-peeudo-graineare aggregates of finer
grained.pyroxeneår pyroxene-oliyine. There is also a
siderableamount of fine grained plagioclase--minorpyroxene/
olivine aggregateS.

In hand specimen and thin section the very coarse meta-
gabbro has the texture of a-very cOarse rock which has been
strongly deformed and to various degrees finely recrystallized.

In places there.appear to be originally pegmatiticpatches
within coarse to very coarse metagabbro. These too have
suffered deformationand recrystallilation,and plagioclase
in Particular is finely recrystallized.



Table 3 : Estimated modal mineral content of samples from
the coarse to very coarse olivine metagabbro

Sample Plag (An) Cpx Opx Oliv Amp Cz Opag Sph

BS 11 55 (78)- 32




BS 39 60 (72+) 25




BS 40 55 (70+) 35 -

BS 60 40 (76) -




BS 68 45 (75) 33 -
BS 85A 50 (65) 30 -
BS 852 50 (68) 30 _

BS 116 40 (68+)I!50 ?
as 120 60 (55+) 23




BS 121 25 (55+)115 -

VR 107 70 (70)! 30 x
VR 108' 70 .(65) 30 x
VR 109 65 (55)' 30 -

VR 110 60 (70-75)20 5
VR 256 45 (70+).30 8
VR 259 60 (ss):35' i1e
VR 261. 40 (70): 5 ?
VE 262 .60 (50) 25 ¶10
VR 264 55 (55) 20 ,10

ea.

.me•

Spinel
-_ -

- 1 gr.
x ICarb 3, Ar;

tAp -.1
Ap -

10

	

10 3 -

	

7 3 -

50 10

20- x

 10 5

7 10

 5 5 -

10 -

	

50 9 -

50

a indicates possible dyke
* includes yeiiowish t greenish a/terationproducts of
plivine
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Photo 7: Typical gneissic texture in very coarse grained olivine

metagabbro. Pyroxene augen in a plagioclase rich matrix.

Location BS 140 (M.R. 2210-4205)

ekh?
C}r

Photo 8: Originally pegmatitic area in coarse to very coarse

olivine metagabbro. Location BS 68 (M.R. 2220-4120)
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Weakly developed lithologicallayering in the coarse
to very coarsemetagabbro is mostly parallel to the gneisso-
sity. However in a few places layeringand gneissosity
intersect at a small angle. In some of these occurrences,
the lithologicallayeringmay be due to dykes in the meta-
gabbro.

Folding of the gneissic layeringis fairly common. Many
of the folds are tight to isoclinalwith axial planes parallel
to the general trend of gneissosityand layering. Axial plane
structuresin the folds are generallyabsent or at least not
obvious (seephoto S).

Some small-scalefaultingwas observed in the coarse to
very coarse metagabbro,and some plastic deformationis
associatedwith the faulting (photo10) suggestingthe faul-
ting took place at relativelyhigh temperature.

Minor very plagioclaserich layers (anorthosite)occur
in the coarse to very coarse metagabbro. They are up to a
few metres thick and may continue for tens of metres, or
perhaps greater distances. In this project no attemptwas
made to follow anorthositebands for very far.

Zone of D kes

In the most easterly unit of coarse to very coarse meta-
gabbro there is a considerableamount of lithologicallayering.
Some of the layers are confidentlyidentifiedas dykes, with
chilled margins on both sides, and a coarser grained, por-
phyritic centre (photos15 to 18). In thin section the dykes
show a considerableamount of relict igneous texturej including
plagioclasephenocrystsand interlockingplagioclaselath
textures in the matrix. Extensivemetamorphicrecrystallization
of the matrix is also common.

In some outcrops the dykes show splits around screens
of metagabbro (photo18) and have irregularoff-shoots.-

In many outcrops however, the nature of the probable
dykes is not clear. Some do not show chilled margins, and are
deformed internallyto a gneissic texture. There is extensive
boudinageof probable dykes and coarse to very coarse meta-
gabbro, also obscuring the original relationships(photo17).
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The mineralogyof the dykes is the same as that of the

enclosing metagabbro. The chemistryis similar,but not the

same, as shown by samples BS-85A (dyke)and BS-85D (coarse

metagabbro adjacent to the dyke) - see appendix 3 and

photo 18. The dykeshavs a higher A1203 content, higher

Ti02 and a higher Fe0/Mg0 ratio.

THE COARSE TO MEDIUM GRAINED NON-LAYEREDOLIVINE METAGABBRO

Mapped units of coarse to medium grained non-layered

olivine metagabbrooccur in the eastern and central parts

of the VaddasgaisakMetagabbro. They are the least distinctive

sub-unitsof.the Metagabbro,grading into coarser grained and

finer grained non-layeredvarieties,and apparentlyinto

layeredvarieties. A diffuse, poorly defined layering is

common in the coarse to medium grained "non-layered"meta-

gabbro, and in places-pyroxenelenses and streaks are present.

These lenses and streaks are also common in other metagabbro

units and may represent boudinagedthin pyroxene cumulate

layers, although some are too sparsely distributedto have

been layers. See table 4 and 5 p. 38.
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Photo 9: Folded gneissosity in coarse to very coarse olivine meta-

gabbro. No obvious axial plane schistosity. Location BS 122

(M.R. 2230-4210)

Photo 10: Faulted felsic layer in coarse olivine metagabbro.

Metagabbro next to the fault shows plastic deformation.

Location BS 119 (M.R. 2160-4355)



Photo 11: Typical occurrence of pyroxene lenses in coarse olivine

metagabbro. Location BS 139 (M.R. 2115-4295)

Photo 12: Unusually well developed pyroxenite layers in coarse

olivine metagabbro. Location BS 116 (M.R. 2115-4295)
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Photo 13: Gneissic layering defined by mafic aggregates (mostly

clinopyroxene/olivine) alternating with plagioclase. Plane

polarized. Location VR 110 (M.R. 2135-4371)

Photo 14: Probable cumulate layering in coarse olivine meta-

gabbro (clinopyroxene - plagioclase - orthopyroxene - opaque).

Interstitial opaque minerals may represent intercumulate growth.

Note the oblique schistosity in the plagioclase rich layer.

Location VR 256 (M.R. 2162-4391)
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Photo 15: Irregular basic dykes (dark) in coarse to very coarse

olivine metagabbro (paler). Some chilled margins can be seen,

and inclusions of metagabbro. Location BS 123 (M.R. 2245-4200)

Photo 16: Basic dyke in coarse metagabbro. Dyke has chilled

margins and porphyritic centre. Near Gryta (M.R. 222432)
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Photo 17: Irregularly layered and boudinaged coarse to very

coarse metagabbro and medium to fine grained rocks which are

probably deformed dykes. Location BS 84 (M.R. 2210-3895)

Photo 18: Medium grained olivine bearing dyke rock intruding coarse

to very coarse olivine metagabbro, and apparently cutting the

gneissosity. Both dyke and host rock were analysed (BS 85A & BS 85D)

Location BS 85 (M.R. 2210-3900)



Photo 19: Coarse igneous texture in rock from the zone of dykes

in the coarse to very coarse metagabbro. The rock is probably from

a dyke. Shows substantial metamorphic alteration. Crossed polars.

Location VR 261 (M.R. 2205-3910)

Photo 20: Same rock as photo 19, plane polarized light. Shows

original igneous plagioclase - clinopyroxene texture, with dark

hornblende alteration around grain margins.

• - •
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Table 4 : Estimatedmodal mineral content of samples from

the coarse to medium grained non-layeredmetagabbro

Sample Plag (An) Cpx Opx Oliv Amp Opaq

BS 70 60 (75) 20




15 3 1

VR 257 65 (75+) 20 5 5 5




VR 263 65 (65) 20 5 8




VR 432 60 (70) 30




10




Table 5: Estimatedmodal mineral content of samples from

the mapped units of layered,medium grained olivine metagabbro

Sample

BS 44

Plag


55

(An)


(70)

Cpx

27

Opx OlivAmp

15

OpaqBiotAp

eiffi3

BS 49A 55 (45) 35




8 2




BS 495 50 (50) 30 10?1




10 1




BS 82 45 (54) 35 -I 5? 5 10

BS 87


BS 90

60


55

(82)


(62)

25

30? 10?

12 3


2 eM.4




BS 109 60 (36) 15 10 10 1 3 1




VR 259 60 (55) 35 10





VR 265




30




x .1 1 Qtz 60?
VR 266 55 (66) 35 10




5 5




VR 431 60 (65) 20




10




.1~1. Spinel

VR 438 45 (12)





5xQtz 40, Cz

VR 439 45 (75) 30 ? 15 3j 5x




55




30




3




55

VR 560? I 60 (70) 25




10






39

THE LAYERED,MEDIUM GRAINED OLIVINE METAGABBRO

These form some of the most spectularoutcrops in the
VaddasgaisakMetagabbro,with strongly contrastingyellow, grey
and white layers,which in places outline folds of very fluid
appearence.

The mapped units of layered olivine metagabbro,however,
also contain substantialamounts of non-layeredand poorly
layered metagabbro. The units of layeredmetagabbroshown on
the map should be consideredonly as zones in which there is
a large proportionof layeredmetagabbro. With this in mind,
it can be seen that the proportionof well-layeredmetagabbro
(olivinebearing and non-olivine)in the whole Vaddasgaisak
Metagabbrobody is much less than half.

The main types of layers in the well-layeredmedium
grained olivine metagabbroare:

white plagioclaserich layers

yellow - weathering layers containinga significant
amount of olivine (butprobably no more than 15%), with
plagioclaseand pyroxene

grey to brown-greypyroxene rich layers

dark brown, thin pyroxene layers and lenses.

Of these types only the last is commonlymonominerallic,
consistingof clinopyroxene(orthopyroxeneand olivine may
also occur as minor minerals). There are all gradationsin
compositionand colour between the white, yellow and grey
to brown-greylayers.

The scale of the layeringranges from 1 mm to several
centimetresin thickness. Layered sequencesare interrupted
in places by thick to thin intervalsof massive metagabbro
(photo22). Graded layering is poorly developed.but there
are many lenticularstructuresand low-angletruncations
which resemble sedimentarystructures.
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The layeringis interpretedas an igneouscumulate layering,

modified to some extent by deformation. It is similar to

rhythmic cumulate layeringdescribed from other layeredgabbros

(eg. Wager & Brown 1968, Munday 1970, Robins & Gardner 1974),
but is more stronglyand finely developed than in some other

layered gabbros.

There is much foldingof the layering,and irregularities

in the foldingsuggestiveof fluid behaviourare common

(photo24). Most of the folds show no axial plane structure.

At map reference200398 (Nordreisa1:50 000) there is a rela-

tively large open fold in a coarse grained,diffusely layered

phase of the layeredmetagabbro. The fold has the overall

shape of an asymmetricalantiform,with near-verticalaxial

plane, an axial plane schistosity (photo25), and a shallow

northerlyplgnge. The mapped units within the Metagabbrodo

not show any special relationshipto this fold, so it appears

to be not of major significance.
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Photo 21: Medium to coarse olivine metagabbro with well developed

cumulate layering, and scattered small pyroxene lenses. Location

BS 137 (M.R. 2078-4290)

-

Photo 22: Medium grained finely layered metagabbro with one thick

layer of olivine metagabbro. Such features are common near the

boundary of layered and non-layered zones. Location BS 138

(M.R. 2100-4305)
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Photo 23: Medium grained olivine metagabbro with very well-

developed cumulate layering showing some lenticularity.

Minor pyroxene streaks. Yellow, olivine bearing layers are

slightly coarser. Location BS 138 (M.R. 2100-4305)
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Photo 24: Layeredmedium grained metagabbro with intense folding

Axial planes parallel to layering, no obvious axial plane

schistosity. Location BS 91 (M.R. 2025-3980)

Photo 25: Folded layering in coarse olivine metagabbro, part of

a large upright fold with axial plane schistosity. Location BS 92

(M.R. 2002-3980)

__
•
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Photo 26: Folded, layered olivine metagabbro with extensive

mobilization of felsic components. Could be syn-magmatic or

tectonic. Location BS 104 (M.R. 2100-4128)

Photo 27: Folded olivine metagabbro showing mobilization of felsic

material. Location BS 104 (M.R. 2100-4128)
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Photo 28: Microtexture of a medium grained, layered olivine meta-

gabbro. Clinopyroxene and plagioclase form large, nearly polygonal

grains. Olivine grains are small, interstitial. Hornblende rims

opaque grains. No reaction between plagioclase and olivine. Plane

polarized. Location VR 439 (M.R. 2020-4010)

rn m

Photo 29: Partial recrystallization of coarse metamorphic texture

in metagabbro. This may be related to late-stage faulting.

Location VR 360 (M.R. 1965-3826) north of major east-west fault.
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THE LAYERED, MEDIUM GRAINED METAGABBRO WITH NO OLIVINE

This occurs only in the western part of the Metagabbro,
although the layered amphibolite near Oaiv(Ågokka on the eastern
side is similar in general character.

The layered metagabbro with no olivine is very similar to
the layered olivine metagabbro. Apart from the absence of
olivine there is little mineralogical difference. The olivine-
poor layered rocks were consistently mapped as medium grained
(apparent grainsize of 0,5-2 mm in hand specimen), while the
olivine-bearing layered rocks appeared to range from medium to
coarse (2-5 mm) grained. In thin section the apparent grainsize
ranges overlap, but the olivine poor rocks appear to have a more

restricted grainsize range. Grainsizes of the olivine poor rocks
range between about 0,2 & 0,6 mm, while those of the olivine
bearing rocks ranges from 0,2 to 2,5 mm, but is very variable.

Graded layering is relatively common in the layered olivine-
poor metagabbro, in the area near map reference 197427, and gives
some indication that west is up. This impression is supported
by indications from scattered graded layering observations
elsewhere.

Layering in the layered olivine-poor metagabbro is just
as well developed as in the olivine-bearing metagabbro. It is
defined by alternating whitish and grey or grey-brown layers.
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Table 6 : Estimatedmodal mineral content of samples from
the layered,medium grained metagabbrowith no olivine

Sample Plag (An) Cpx IOpx Amp Opaq Sph Biot 'Ap








1




BS 48 60 (65) 36 -




- 2 - 2 x




BS 112 20 (42?)25 ?




30 5 - -




Qtz
VR 105 70 (62) - 15 '10 5 x - ix




VR 428 60 (60) 38 ?




- 2 - -




Table 7 : Estimatedmodal mineral content of samples from
the non-layered,medium grainedmetagabbrowith no olivine

Sample Plag (An) Cpx Opx Amp Opaq Ap

-1 - 50 15 5

130 -
I

15 2 - Chl 3 D
115 5 i 30 5 xI

D indicatespossible dyke

Table 8: Estimatedmodal mineral content of samples from
the gneissic zone along the western margin of the Metagabbro

Sample Plag (An) Cpx Opx Amp Cz Opaq.Sph Biot Ap Zirc Qtz

BS 27 55 (46) 20?25 - x - 5? - ?-
BS 28 30 (50) 5 -! 25 - x ? 5 - -35
BS 45A 50 (50) 15 i
-1 25 7 3 _ _ _ __

BS111 40 (70) 8? 7? 13 - x - 12 x - 30
BS131 35 (35+)25-13 5




2




x I-

D indicatespossible dyke

BS 114 30 (40+)
BS 132 50 (80)
VR 441 40 (75)

D

20?
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Photo 30: Layered, medium grained metagabbro with no olivine;

showing typical very fluid folding with no axial plane schistosity.

Location BS 113 (M.R. 2080-4395)

THE NON-LAYERED MEDIUM GRAINED METAGABBRO

Most of the western part of the Vaddasgaisak Metagabbro

consists of medium grained non-layered to poorly layered meta-

gabbro containing no olivine. The grainsize was classified

as medium (0,5-2 mm) in the field, and probably averages less

than 1 mm. The rock is very fine grained for a gabbroic rock,

is essentially massive and featureless. It has a brown surface

colour from weathering of pyroxene, grading to grey where

honrblende becomes abundant.

In hand specimen the texture ranges from granular to

slightly gabbroic (with poorly developed intersecting laths).

Pegmatitic to granitic textured felsic material is common in

places within the non-layered medium grained metagabbro. It

commonly contains blocks of metagabbro.

48
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Photo 31: Poorly layered medium grained metagabbro. Massive

appearance and brownish weathered surface are typical of the

mapped units of "non-layered" medium grained metagabbro.

Location BS 136 (M.R. 2350-3457)
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THE GNEISSIC ZONE

On the western margin of the Metagabbro there is a zone
about 100-150m wider in which it is difficult toHdistinguish
metagabbro from metasediment. The rocks are variable in
character, are strongIy folded and contain gneissic, granitic
and pegmatitic felsic rocks (examplesof some features in
photo32 and 33).

Many'df the rocks are layered; the layering is similar
to that in the Ankerlia Metagreywackein some places and
similar to that in the layeredmetagabbro in others. The
rocks are generally fine to medium grained, with brown, grey
and whitish weathering colours,

In thin section, a mixture of mineralogicaltypes can
•be seen. Some samples are plagioclase- pyroxene hornblende
rich.like a metagabbro. Others contain quartz and biotite in
addition to plagioclase,pyroxene and amphibole, corresponding
more closely with Ankerlia Metagreywackecompositions.

The zone is called "gneissic"because of the comMon fine-
scale, folded layering and in partiCulår the thin lenticular
felsic laminae which resemble those forMed by metamorphic
processes in gneisses.

The.most likely interpretationof the zone is that it
contains both metagabbro and metasediment,both intenselY
folded, and is disrupted by felsic rock derived from local
partial melting of the metasediment (AnkerliaMetagreywacke).
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Photo 32: Tight folds with flat axial planes; minor mobilization
of felsic material into axial plane directions. Pyroxene bearing
rock, probably Ankerlia Metagreywacke, from gneissic zone.
Location BS 18 (M.R. 1895-4345)

Photo 33: Folded and

boudinaged gneiss with

felsic material containing

elongate fragments. From

gneissic zone. May be

deformed and partly melted

Ankerlia Metagreywacke.

Location BS 29

(M.R. 1955-4310)
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THE BASIC DYKES/SILLSIN THE ANKERLIA METAGREYWACKE

Ankerlia Metagreywackewas mapped along the western margin
of the VaddasgaisakMetagabbro,over an area about 5 km long,

and about 1 km wide (it extends much further than that). In

the mapped area the Ankerlia Metagreywackecontains a high

density of basic dykes/sills. The density of basic intrusives

is between about 10 & 50% of the rock volume, perhaps over 50%
in places. Most of the intrusionsare sub-parallelor parallel
to bedding and could be called sills. Some low to high-angle

discordancesare apparent,however, where exposure is good, and

here the intrusionscould be called dykes. Boudins of basic
rock within bedding are also common and are interpretedas

deformed sills/dykes.

The basic sills/dykesare basaltic in compositon. Mineralogy

and textures are igneouswith various degrees of metamorphic
recrystallizationand metamorphicmineral growth. The igneous
mineralogy appears to have been essentiallyplagioclase- clino-

pyroxene,with plagioclasecompositionsbetween about An54 &

An70. One sample (VR 538) contains olivine. Hornblendeis

the most abundantmetamorphicmineral, commonly appearingas

a partial replacementof clinopyroxene. Clinozoisite,sphene
and chlorite are minor alterationproducts.

Porphyritictextures are common, with plagioclasepheno-

crysts in a matrix of interlockingplagioclaselaths with inter-

stitial clinopyroxene. The original igneous textureshave been
modified to various degrees by metamorphicrecrystallization,
and in places deformationhas converted the rocks to basic

gneisses. In outcrop some of the basic dykes/sillsappear to
be completelyundeformed,while others are intenselydeformed.
It is temptingto suggest pre & post-deformationintrusion

events. However even the least deformed rocks show considerable
alterationof clinopyroxeneto metamorphichornblende. The

apparent differencesin deformationare probably results of
local differencesin behaviourof the rocks.

Intrusionof the dykes/sillsoccured before the last

episode of amphibolitegrade metamorphism,but it is difficult

to be more precise. One dyke (85-127,map reference 178403

Nordreisa 1:50 000) appears to cut through foldedmetasediment

(photo34), but it is possible that the fold formed later
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along the margin of the dyke. No examples of folded dykes

were observed,but boudinage is common.

It is difficult to interpretthe time relationshipbetween
the dykes/sillsand the Metagabbro. The dykes in the Meta-

gabbro have a similarmetamorphichistory and could have

formed at the same time as those in the Ankerlia Metagrey-

wacke.

Table 9: Estimatedmodal mineral content of metasediments

from Ankerlia Metagreywacke (see also Appendix 1, table 8)

Sample Plag (An) Cpx AmpCz
1

Opaq! Sph1Biot, ZircQtz.i Scapolite

BS 21 50 ' (64) - -120 ; x 1 10 - 20 -
BS 98E 30 (50) - 5120 ! 1 1 3 - '40




BS101 10 (6?) 15 71 - 1 10 x 50 7
BS 128 -




- 301 30 - 2 - _ ?




Table 10: Estimatedmodal mineral contents of dykes or sills

intruded into the Ankerlia Metagreywacke

Sample Plag (An) Cpx Oliv Amp Cz Opaq Sph BiottChl Ap Zirc

BS 341(50)-- 55

BS 2046 (65)-- i
50

BS 2542 (66)- i-'50
BS 98A50 (60) 35 !- '1

•

0
I

BS 98350 (54) 17 :- '3

•

0

BS 98D45 (44)--50

BS 12750 (72) 15- 32

VR 53860s lO15 10

Va 137 , 35 (50)x- 65

1-
12

21-

5

3

32

3


5
-!

WIEN

•••••

  • 
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Photo 34: Basic dyke cutting typical finely bedded, fine grained

Ankerlia Metagreywacke, at a high angle. Dyke appears to intersect

a fold, but the fold may have formed later. Location BS 127

(M.R. 1790-4030)

Photo 35: Dyke in dyke occurrence. The head of the hammer marks

the edge of the chilled margin of one dyke (or sill) intruding

another. Ankerlia Metagreywacke on the left. Location BS 125

(M.R. 1880-4215)
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Photo 36: Bedded Ankerlia Metagreywacke wrapping around amphibolite

boudins, probably derived from deformation of dykes/sills.

Location BS 106 (M.R. 1835-4795)

.• • Slj
•

Photo 37: Coarse igneoustexture in olivine dolerite intrusion in

Ankerlia Metagreywacke. This is coarser than most. Hornblende

alteration around grain boundaries. Location VR 538

(M.R. 1782-3973)
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THE FELSITES

The term "felsite" is used here only as a generalization

to cover the range of felsic igneous and meta-igneous rocks

associated with the Vaddasgaisak Metagabbro and the adjacent

Ankerlia Metagreywacke. The felsites range in character from

pegmatitic to granitic and gneissic. They range in mineralogy

from trondhjemite or oceanic plagiogranite to granite and

probably diorite.

In the main part of the Vaddasgaisak Metagabbro felsites

occur sporadically as pegmatites filling joints. The rocks

are generally quartz - feldspar - hornblende pegmatites, but

some biotite may be present.

Near the western and norther margins of the Metagabbro it

is common to find irregular granitic to pegmatitic felsite

bodies. These commonly form a breccia, incorporation blocks

of metagabbro. The felsites consists of quartz and feldspar

with various amounts of biotite and/or hornblende.

Felsites are also abundant in the gneissic zone on the

western margin of the Metagabbro. Many of these felsites

appear to have undergone the same deformation which affected

the other rocks in gneissic zone. The felsites show evidence

of folding and boudinage, and some have developed a biotite

schistosity. In the gneissic zone there are deformed breccias
with elongate fragments of country rock in deformed felsite.

The felsites in and near the Vaddasgaisak Metagabbro may

be of two separate types or may represent a continous range of
variation. The present study was not conclusive, but it

appears likely that there are two separate types: high-K and

low-K. The difference in potassium content is reflected in

mineralogy. The high-K type contains abundant K-feldspar

and biotite, while the low-K type contains little of these.

The felsites may have formed in two ways. The low-K

felsite have compositions suitable for late-stage differentiates

of the very K-poor Metagabbro. This seems a likely origin for
them, but it is difficult to explain how such differentiates

could have remained in liquid form until crystallization,

recrystallization and folding of the gabbroic parent was

completed, and planar joints formed. For this to have happened
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the deformation of the gabbro would have had to have taken

place at temperatures above the melting point of the low-K
felsites.

The high-K felsites have compositions closer to minimum
granitic melts, and could have formed by partial melting of

the Ankerlia Metagreywacke. Winkler (1974) describes anatectic
reactions in occuring in rocks containing biotite but no K-

feldspar. From Winkler's experimental work it could be inferred
that suitable melts should form from Ankerlia Metagreywacke at
700-7500C at 2 kb water pressure, perhaps around 7000C if water
pressure was 4-6 kb.

Table 11: Estimated modal mineral content of samples of

felsic mobile material (granitic to pegmatitic rocks)

SampleQtz Plag K-fels Amp Cpx Biot1Musc Opaq Sph Cz ZirciChl

BS 45 30 30? 30? ,7 1 MIM 1 1 - x-

BS 51 40 54




2 -




x x 2 2 x1

BS 98C35 35 1i20 110





x - -I

Table 12: Estimated modal mineral content of samples of

Loftani Greenstone (see also Appendix 1, tables 9 & •O)

Sample Plag (An) Amp Cz Opaq Sphi Chl Carb

BS 13 45 (38) 40 .10 1 2 1 1 2
I I 1BS 74 35 (60) 145 I20 ! x x

1
- - , Upper greenstone

BS 83 45 (45)
1
48 ; 2 ! 3 2 -

BS 62 40 (36) I50 8 ; 1 1 - x
Lower greenstone85 72 27 (42) !55 15 . 1 2
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Photo 38: Rolf Nordheim studying a felsite breccia. Felsite is

a granitic rock containing hornblende and biotite. The felsite is

intruding non-layered medium grained metagabbro near the western

margin . Blocks are metagabbro. Location - east of Grasdalen

(n.R.195423).
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FELSITES AND DYKES IN MOSKODALEN

During the Vaddas field work, some trips were made to Moskodalen,
a smaller valley joining the major valley of Reisadalen. In Moskodalen,
loose boulders of felsite breccia containing blocks of basic rock
were examined, and a dyke complex in the north wall was sampled and
photographed.

At about map reference 135-325 (Reisadalen 1:50 000) there are
numerous boulders of felsite breccia on the valley floor. One is
shown in photo 39. Included in the breccia are angular blocks of
basic rocks of various types. Many have a doleritic texture with
intersecting plagioclase crystals, closely resembling textures of
some of the dykes/sills in the Ankerlia Metagreywacke at Vaddas.
In some places the doleritic blocks show partial reaction rims with
felsite matrix.

Other blocks appear to have block-in-block textures (photo 39).
In these only the innermost zone has a doleritic texture. The other
zones are more or less equigranular amphibolites. These blocks could
be fragments of a metagabbro breccia, incorporated into the felsite
breccia. However metagabbro breccia was not seen outside of the
felsite breccia, so it is more likely that the equigranular amphbolite
represents a product of reaction between dolerite and felsite.

Several blocks of coarsely porphyritic dolerite were also seen
in the felsite. These are probably also dyke rocks.

A small number of the fragments are layered metasediments, most
probably Ankerlia Metagreywacke.

Some adjacent blocks can be seen to have fitted together,
but others are different from their neighbours. The Tiroportionog
matrix to blocks is very variable.

In the north wall of Moskodalen at about map reference
131-333 (Reisadalen 1:50 000) some apparent dykes intersecting felsite
were noticed by K.B. Zwaan. These features were confirmed by obser-
vation from a helicopter, and were checked on foot by myself and
Rolf Nordheim. Doleritic dykes have intruded both Ankerlia Metagrey-
wacke and an irregular felsite mass within Metagreywacke. Many dykes
are parallel to each other, but some dykes intersect other dykes
(photo41). Thereare samecamplicaljensinthe relationshipbetween dykes
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and felsite. One dyke grades from basic rock at the top to

felsic rock at the base (photo 42). Another basic dyke is

cut by a thin felsic dyke.

Five samples, BS 98A-E, were taken for thin section and

for chemical analyses (see appendix 2 & appendix 3). The

felsite is of the high-K type, probably derived from partial

melting of metasediments. The dykes are similar to dykes in

the Vaddas area, but higher in K20, perhaps indicating some

contamination of the dykes by the felsite.

Geolo ical Relationshi s in Moskodalen

The outcrop in the north wall shows that the felsite

intrudes the Ankerlia Metagreywacke, and that basic dykes

intrude both. There is minor intrusion of felsite after

the dykes.

The boulders in the floor of the valley show that felsite

magma has enclosed blocks of basic rock whose textures

suggest they were dykes.

The most reasonable conclusion is that the basic dykes

and felsites were emplaced at about the same time, with dykes

intruding felsites in some places, and felsites intruding and

brecciating dykes in other places. If the felsite formed by

anatexis as a result of the gabbro intruding, then the dykes

were probably emplaced at about the same time as the gabbro.

If this is correct it is a little strange that the dykes

and the felsite show very little deformation while the Vaddas-

gaisak Metagabbro is intensely deformed internally.
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Photo 39: Amphibole-bearing felsite containing blocks of more

basic rocks. Apparent block-in-block textures may be due to reaction

of felsic and mafic combonents. Loose boulder, Moskodalen.

4

2

Lfr

Gabbroic rock with large mafic crystals - igneous texture

Amphibolite or dolerite - granular texture

Leucocratic amphibolite - granular texture

Amphibolite-bearing felsite with minor biotite-bearing

pegmatite

4
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Photo 40: Part of north wall of Moskodalen, taken from helicopter.

Field of view about 100-200 m wide. Part of the dyke complex in

the Ankerlia Metagreywacke. Pale area is felsite intruded by basic

dykes, dark area is Metagreywacke intruded by basic dykes.

Location BS 98 (M.R. 132-333 Reisadalen 1:50 000)
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Photo 41: Two basic dykes cutting another basic dyke, in a felsite

host rock. Both sets of dykes have substantial hornblende alteration

of the pyroxene. Samples analysed:

BS 98A - from margin of thick, later dyke

BS 98B - from earlier dyke

BS 980 - from felsite host

Location BS 98, north wall of Moskodalen (M.R. 132-333 Reisadalen

1:50 000)

Thickest dyke is 2-3 m thick



64

Photo 42: Unusual dyke, about 3 m thick, grading from basic at the

top to felsic at the base. Underlain by another basic dyke. Wit

felsite host. Location BS 98. north wall of Moskodalen

(M.R. 132-333 Reisadalen 1:50 000)



THE LOFTANI GREENSTONE_

Lindahl (1974)mapped two greenStone units along the eastern
side and folded around the north side of Vaddasgalsak. The two
units were shown merging into one to the west, and the lower unit
becomes very narrow and pinches out to the south.

The greenstoneunits are composed entirely of metabasic rocks,
which occur in various forms.. Some of the greenstone is massive
to weakly schistose. Much of this is massive fine to medium grained
metabasalt containing scattered plagioclasephenocrysts. Some rare
well-developedpillow structureswere observed in this type in the
north face of Vaddasgaisak (see photo 43). More commonly there is
a fracture pattern which resembles pillow structures (photo44).
These could be pillow structures,but the "pillows"show no concentric
zoning, so it is possible that the feature is just a fracture pattern
developed in a non-pillowedlava flow.

Some massive greenstones are coarser grained, with a matted
texture of interlockingplagioclase and hornb;ende. The horhblende
is metamorphic,but the plagioclase is at least in part relict
igneous. Some of these rocks may have been basalts with a higher
proportionof crystals than the rocks described above.

Schistose greenstone is also common, with all gradations from
massive greenstone to fine grained schist.

There are also some medium grained sub-equigranularrocks
without a strong schistosityand without phenocrysts. These may
have been non-porphyriticbasalts or tuffs.

The upper section of the upper Loftani Greenstone is a
schistose rock with apparent diffuse lithologicallayering.
It is difficult to distinguish between this and.the schistosemargin -
of the overlying amphibolite zone (seephoto 45 and further
discussion in the sulphide Mineralizationsection).

The greenstonesare essentiallyhornblende - plagioclaserocks,
commonly containing 5-15% clinozoisite,and minor sphene and opaque
minerals. Quartz and/or chlorite are abundant in some specimens
and minor carbonateoccurs in a few samples.
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Microtexturesinclude the folloWino:

altered basalts or gabbroic - interlockingplagioclase
phenocrystswith interstitialrandomly oriented, matted
amphiboleandfiner plagioclase and clinozoisite (e.g. samples
VR 339, VR 309, VR 164),

relict porphyrftictexture - with individualdeformed
plagioclase phenocrysts in a schistosemetamorphicmatrix of
amphibole,plagioclase,clinozoisite± quartz (e.g. VR 334,
VR 127),

completelymetamorphic - sub-equigranularamphibole
plagioclase ± clinozoisite,quartz etc, with or without a
strong preferred orientationof grains (e.g.VR 63, VR 603).

In all three textural types the metamorphicminerals
indicate amphibolite facies metamorphism. Plagioclaseand
hornblendeWere formed at the highest metamorphic grade.
Clinozoisiteand sphene may have been formed at the highest
grade, or later; the textures are not conclusive. Metamorphic
plagioclase appears to'range in compositionfrom An35 to An68.

The relict igneoua plagioclasehas compositionsof^.about
An55 to An65, indicatingthat the original rocks were basaltic
in composition. The.microtexturesand outcrop characteristics
suggestthatmost of the greenstonewas originallybasaltic
lava; at.least some was pillow lava. A small proportionmay
have been basic tuff. Some of the greenstonesoriginally had
a high proportion of crystals. It is possible that these
were dykes or sills, but more field study would be necesSary
before reaching any conclusion.
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Photo 43: One of the few good examples of pillow structures in

the Loftani Greenstone at Vaddas. Location BS 135 (M.R. 2065-4500)

Phozo 44: A more typical example of possible pillows in Loftani

Greenstone. There are no zoning textures, only fracture patterns

resembling pillows. Location - Frokosthaugen (M.R. 235-422)
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Photo 45: Schistose, somewhat layered rock from the schistose

zone at the top of the Loftani Greenstone. The rock has greenstone

mineralogy, and could be sheared metabasalt, sheared amphibolite,

or schistose basic tuff.

Located near OaivoS"åokka (approximately M.R. 233-392)
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Photo 46: Relict, aligned plagioclase phenocrysts in a recrystallized

matrix. Upper Loftani Greenstone. Crossed polars. Location VR 334

(M.R. 2260-3720)

— j,„11,t‘

•K.

Tse

I m m

Photo 47: Relict plagioclase phenocryst in a very schistose matrix.

Upper Loftani Greenstone. Crossed polars. Location VR 127

(M.R. 2115-3240)
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Photo 48: Relict igneous texture of interlocking plagioclase

laths in a matrix rich in large ragged metamorphic hornblende.

Crossed polars. Upper Loftani Greenstone, south of mapped area.

Location VR 309 (M.R. 2300-3640)
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Photo 49: Sub-equigranular metamorphic texture in upper Loftani

Greenstone (hornblende - plagioclase). Crossed polars. Location

VR 603, west of mapped area (M.R. 1280-4425)
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THE METASEDIMENTARYSEQUENCE

Differenceswith Lindahl's 1974 Mao in

Lindahl (1974)mapped the metasedimentarysequenceunderlying
the greenstones,in great detail (1:5.000scale). My field observa-
tions, though sparse in this part of the sequence,are almost in
complete agreementwith Lindahl. My observationssuggestthat
Lindahl'smapping is not quite as completealong the north side of
Vaddasgaisakas it is on the east side. The quartzite-pebble
conglomerateimmediatelyabove the Vaddas Quartzite,extends further
east than shown by Lindahl, and may even occur in very sheared
form, near Frokosthaugen. The intervalbetween the major carbonate
and the lower greenstonecontains greenstoneand minor quartzitic
metasediments. The metasedimentintervalbetween the two greenstones
is definitelynot continuousand mav oinch out somewherein the
east side or centre of the north face. Further south, near the
Rieme Fault, Lindahl'sVaddas auartzite is a mixture of carbonate
and auartzite,with carboniteoredominating. It is emphasizedthat
this is only local, and that in most places the Vaddas Quartzite
is almost entirely quartzite.

General characterof the se uence

The lowest metasedimentaryunit in the mapoed area is a late
Precambrian (Eocambrianarkosic facies in Norway and Sweden, which
is interpretedas terrestrial (fluvial)sedimentderived fram
erosion of Precambrianbasement.

The intervalbetween the meta-arkoseand the Loftani Green-
stones is occupied by about 600-900metres of calc-mtcaschist,
mica schist, quartzite,carbonate,conglomerateand graphitic
phyllite. This representsa shale - sandstone-

Note: This sectionwas written before formal stratigraphic
names were proposed after discussionwith I.Lindahland K.B. Zwaan.
See table 13 for correlationof the informalunits with pronosed
formal names.
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limestone - minor conglomerate sequence, a typical shallow

marine to fluvialassemblage. Bedding in these rocks is largely

destroyed by deformation, including boudinage, near parallel

to bedding. The calc-mica schists and mica schists show some

near-planar bedding, but bedding is mostly destroyed in these

rocks. The lower quartzite ("Rustkvartsit" of Lindahl, 1974)

Table.13: Correlationof proposed formal stratigraphic units

(Zwaan, in preparation) and rock units mapped byLihdahl (1974)

Pro osed Formal Names

Ankerlia Metagreywacke

Vaddasgaisak Metagabbro

Gryta Amphibolite

Loftani Greenstone

Rock Units of Lindahl (1974)

Oksfjord Schist Ba 29

Gabbro Gneiss Ba 28


1 Olivine Gabbro Ba 27

Contact Zone (part) Ba 25

Loftani Greenstone Ba 21 & 24

Ak'kejat Calc-Biotite Schist Brown mica schist Ba 23

Guolasjav'ri Formation Pale, impure, conglomeratic marble

and calcareous mica schist Ba 16,

17, 18, 19, 20

Skardalen Quartzite Member ;Vaddas Quartzite Ba 15

Oksfjorddalen Schist Member ;Mica schists with grey, clean marble

beds Ba 10, 11, 12, 14

Rieppesjåkka Quartzite Member Rusty quartzite and graphitic

phyllite Ba 9

Gæirajav'riMarble GæirajaVri Marble Ba 6, 7

Napojåkka Group ILilleelv Group Ba 1, 3, 4, 5
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occurs as thin (up to 1 m thick) layers and lenses,alter-

nating with graphitic schist. Many of the quartzitelenses

are channel-shaped,but they may well be boudins. The Vaddas
Quartzite is mostly massive,with no definite bedding planes.
Both the lower, grey marble intervals,and the upper, yellow-

brown marble units, are finely laminated,with planar to
lenticularlamination,probably representingbedding. The

lowest conglomerateinterval immediatelyoverlies the Vaddas
Quartzite (exceptfor a thin shaly interval in places), and

consists of quartzitepebbles and cobbles in a micaceous

matrix (photo50). The proportionof clasts is greater than that
of matrix, and the clasts are in contact. Bedding is present

on a broad scale, and in places there is an upward decrease in

pebble size. Other conglomeratesoccur in or adjacent to the

yellow-browncarbonate,higher in the sequence. There are very

differentconglomerates,with clasts of quartzite,carbonateand
mica schist in a carbonatematrix (plloto51). There is a large

proportionof matrix, commonlywith fine bedding, and the clasts

are not generally in contact with one another.

The metasedimentary(brownschist) intervalbetween the

upper and lower Loftani greenstonesis not greatlydifferent

in compositionfrom the underlyingcalc-mica schists. In places
it is well-bedded,with thin to thicker (1-10cm) shaly and

lesser sandy beds. Bedding is planar to lenticularand some
graded bedding may be present.

The Oksfjord Schists (Oksfjordskifer)overlyingthe green-
stones contrast greatly with the other metasediments. The

Oksfjord Schists in the area studied,are intermediateto basic
in composition,containinga substantialproportionof'plagioclase,
hornblendeand clinozoisite.They are well-bedded,fine grained

psammiticrocks, with thin to thicker (lessthan 1 cm to about

10 cm), mostly planar beds. Bedding is defined by strong

contrastsin proportionsof minerals. In the area studied the

rocks are generally finely banded grey and white, with some

brownish colour. No definite graded bedding was observed.

glsewhereinthe district the Oksfjord schistsare generally
planar bedded, non-gradedrocks, but some intervalsof graded
beddingdo occur. The thick, relativelymonotonoussandy

sequenceof Oksfjord Schists (andalso perhaps the similar



74

Photo 50: Stretched quartzite pebbles in micaceous matrix;

clast-supported conglomerate. Grasdalen Conglomerate Member,


overlies Skardalen Quartzite Member. Location approx. M.R. 195452
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Photo 51: Scattered quartzite pebbles and poorly defined carbonate
clasts in a carbonate matrix; polymictic matrix-supported conglomerate
Location 2384_22.

Photo 52: Finely bedded marble, typical of the non-conglomeratic
marble unit. Jiek'kejåkka Marble Member. Location Frokosthaugen

(M.R. 241-424)

-

41-

•- 



76

Photo 53: Typically finely bedded Ankerlia Metagreywacke with

possible low angle cross-beds. Location BS 126 (M.R. 1790-4069)

1" -tdre idk"

0.5 rrrn
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Photo 54: Schistose texture in Ankerlia Metagreywacke. Normally

the texture is more equigranular. Analysed sample, location

VR 128 (M.R. 2095-3245) .Crossed polars.
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Ankerlia Schists and Kåfjord Schists),with planar - non

graded and minor graded bedding is best explainedeither

as:

a thick sequenceof air-fall andesitictuff with

minor turbiditereworking,or

a thick turbiditesequencederived at least in

part from a volcanic source area, and largelyreworked by
contour currents to produce contouritesediments.

Com osition of the Metasediments

Following is a descriptionand discussionof the meta-

sedimentsbased on restudy of thin sectionsfrom samples

collected by Th. Vogt and I. Lindahl (seealso appendix 1).

Lindahl (1974)labelledhis mapped rock units Ba 1 -

Ba 30, and grouped these into 8 litho-stratigraphicunits

(Table1.3, Lindahl, 1974). The lowest litho-stratigraphic

group, he termed the Lillelv Group, and the uppermostgroup,
the Oksfjord Group. The other 6 litho-stratigraphicunits

were placed in the Vaddas Group. These names are not formally
nublished except for the simplifieddivision by Vogt (1927).

In the followingdesctriptions,Lindahl'sgrouping is

adopted, for convenience.

1. NapojåkkaGroup = LilleelvGroup - Snaragmitemica schists
("VaddasSchists")and Pale Sparagmite

This litho-stratigraphicunit comprisesrock units Ba 1,

Ba 3, Ba 4, Ba 5.

Ba 1 is distinctive. All of the thin sectionsare quartz-

feldspar rich psammites. Feldspar is generallymore abundant
than quartz, and both plagioclaseand K-feldsparare present.

Muscovite and biotite are minor minerals, each ranging up to

10%. Minor amounts of garnet, epidote and opaque-minerals

are present in many samples.

The mineralogyis similar to a granitic rock, so the

rocks may well be arkoses. More of the other rock units at

Vaddas is similar.
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Ba 3 Ba 4, Ba 5. There is little differencein mineral Dercentages
in these three rock units. The graphite-micaschist unit (Ba 4) is
probably only a more graphite rich variationof the "VaddasSchist"
(Ba 3 and 5). Samples from Ba 5 tend to containgreater percentages
of mica than Ba 3. Most samples from Ba 3, Ba 4 and Ba 5 can be
described as mica schistsor mica-garnet schists. They are mostly
peliticx (mica> quartz + feldspar)or psammopelitic(quartz+
feldspar> mica), with only three psammites (quartz+ feldspar >>
mica).

The psammites of Ba 3 and Ba 4 (therewere none sampled from
Ba 5) are quartz rich, with minor plagioclase,and apparentlycontain
no K-feldspar. This may indicatea different source of detritus
than that for Ba 1.

The metasedimentsof Ba 3, Ba 4 and Ba 5 vontain no amphibole
and little or no carbonate,in contrastwith overlyingschist units.
There is therefore,a significantchange to more calcic sedimentation,
at the top of Ba 5.

Gæira'av'riMarble

This unit comprises rock units Ba 6 and Ba 7.

Ba 7 - all samples are relativelyDure marble, with very minor
quartz,muscovite and some with minor zoisite.

Ba 6 - nearly all samples are essentiallyquartz - amphibole -
biotite - carbonaterocks, perhaps originallyimpure dolomitic
marble.

RieppesjåkkaQuartziteMember = Rusty Quartzite.andGraphitic
Ph llite

This is a single rock unit Ba 9.

Ba 9 - Most samplesare quartzitewith minor albite, and very minor
mica. One sample is a carbonate- mica - quartz - amphibole rock.
Another is a chlorite rich schist,and one other is a muscovite -
biotite - garnet rich schist with an estimated10% of opaque grains.
Minor cubic opaques are common in many samples,and Dyrite was
observed in the field.

xThe terms "pelitic","DsammoDelitic","psammitic"are used in the
same way as Stevens et al (1980).
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The compositionindicatesthat the rock may have originally
been an acidic tuff (or reworked tuffaceousmaterial),either
sodic in original composition,or altered to a sodic composition.
The rock could also have been a quartz sandstonewith minor detrital
albite (no obvious source)or with albite, or calcite as a
cementingmaterial.

There are no thin sectionsof the graphiticphyllite,but in
the field this is a fine grained dark-greyto black rock, and is
different from all other micaceous rocks in the sequence.

4. OksfjorddalenSchist Member = Mica Schistwith Grey, Clean,
Marble beds

This litho-stratigraphicunit comprisesrock units Ba 10,
Ba 11, Ba 12, Ba 14.

Ba 12 - relativelypure marble, almost identicalin compositionto
Ba 7, except that minor zoisitecrystals are present in some
samplesof Ba 12.

Ba 10 - all four samples are pelitic quartz muscovite - biotite
- garnet schists. Three also contains staurolitecrystals. The
amphibolemay have derived from an original carbonatecomponent,
or less likely, from basic-volcanicdetritus.

Ba 11 and Ba 14 - Both are essentiallyquartz - muscovite - biotite -
garnet schists. Individualsamples contain amphibole,chlorite,
plagioclaseor epidote/clinozoisite.Ba 11 and Ba 14 are similar
in compositionto Ba 3, 4 and 5, the 'VaddasSchist" (Lilleelv
Group by Vogt (1927))and are the only schistswhich contain a
very low percentage of calcium minerals.

5. Skardalen uartziteMember = Vaddas Quartzite

This is a single rock unit Ba 15.

Ba 15 - There is no obvious difference,except that opaque minerals
are more common in Ba 9, between this unit and the Rusty Quartzite
(Ba 9). Ba 15 consists of quartz,minor albite, and very minor
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muscovite and/or biotite. One sample is carbonaterich, and

one is muscovite rich.

Guolasjav'riFormation = Pale, Impure,ConglomeraticMarble

and CalcareousMica Schist

This comprisesrock units Ba 16, Ba 17, Ba 18, Ba 19,

Ba 20.

Ba 16 Ba 17 Ba 19 - are mostly carbonate- quartz - muscovite

rocks, ranging from almost pure marble, to quartzitecontaining

minor plagioclaseand carbonate. Rocks with nearly equal amounts

of quartz and carbonate,plus lessermuscoviteare very common.

This contrastswith the lower marble units (Ba 7 and Ba 12).

Some samples from Ba 19 are from conglomeratepebbles.

Three pebbleS are quartzitewith minor albite, as in rock units

Ba 9 and Ba 15, and one pebble is nearly Dure marble. The

pebbles are from within the Vaddas Group.

Ba 18 and Ba 20 - are essentiallypsammopeliticto Delitic quartz

- muscovite - biotite - schists containingminor carbonateand/or

other calciumminerals (amphibole,eDidote/clinozoisite).Garnet

is a common minor mineral in both units, very minor plagioclase

occurs in some samplesof Ba 18, and minor plagioclaseis present

in two of the three Ba 20 samples.

Sample VR 488 from Ba 20 containsminor kyanite and

staurolite (no other samples contain kyanite).

The relativelyconsistentminor carbonatecomponent in Ba 18

and Ba 20 distinguishesthem from stratigraphically•ower pelitic/

psammopeliticschists (exceptBa 6).

Loftani Greenstoneand Ak'kejav'riCalc-BiotiteSchist (Brown

mica Schist)

This unit comprisesrock units Ba 21, Ba 23, Ba 24. Ba 21

and Ba 24 are respectively,the lower and umer greenstoneunit,

discussed elsewherein this report.

Ba 23 - most samples are quartz - biotite - carbonate schists.

Other calciumminerals (amphibole,eDidote/clinozoisite,calcic

plagioclase)occur in some samples,white garnet and chlorite
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are less common minor components. Minor muscovite is Dresent in

many of the samples,but is less abundant than in Ba 18.

Ba 23 is very similar to Ba 18 and Ba 20, but the samples

contain significantlyless muscovite than Ba 18. Ba 23 probably

representsa continuationof a similar type of sedimentationas

in Ba 18 and Ba 20. The lower muscovite contentmay reflect a

reduction in depositionof potassium-richclay. Perhaps the eruption

of basalts (nowgreenstone)cut off the sourceof clay, or the

basaltic rocks contributedsome potassium-poordetritus to the

sediment.

8. Ankerlia Metagreywacke (OksfjordSchists)and Vaddasgaisak

Meta abbro

This unit comprises Ba 25, Ba 27, Ba 28 and Ba 29.

Rock units Ba 25, 27 and 28 are essentiallybasic igneousrocks,

and are discussedelsewhere in this report.

Ba 29 in the Oksfjord Schists,which are mostly quartz

- pLagioclase- amphibole - biotite - clinozoisiterocks.

The proportionsof the minerals are variable. This rock unit

is not like any of the underlyingmetasediments.

The minerals quartz and biotite are normal products of

metamorphismof sedimentderived from a cratonic source.

However the combinationof amphiboleand calcic plagioclase

and epidote/clinozoisite,may representmetamorDhicproducts

of detritus from a basic igneous source. Such a sourcemay

be the underlyinggabbros, amphibolitesand LoftaniGreenstones

or Derhaps a more distant greenstoneterrain.

The Pattern of Sedimentation

From the foregoingdescriDtionsand from Lindahl'sfacies

correlations (plans1.12 and 1.13, Lindahl 1974), some observations

and comments can be made.

The LilleelvGroup rocks were calcium-poorand carbonate-poor

detrital sediments,in contrastwith the calcium and carbonate-rich,

overlyingVaddas Group. There is some similaritybetween the schists

(Ba 3, 4, 5) in the uoper part of the LilleelvGroup and two of the
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schist units (Ba 11 and 14) in the Vaddas Group, but this may not

be significant.

The sparagmite unit (Ba 1) of the Lilleelv Group is

unlike any other rock unit in the area. The schists (Ba 3,

4, 5) of the Lilleelv Group may represent a shaly facies

associated with the arkosic sparagmite facies, or may be

unrelated.

The Vaddas Group metasediments define a carbonite

shale facies withquartz (-minor albite) sand lenses. There

is no major change in the composition of the carbonate/shale

rocks, within the Vaddas Group, although above the Vaddas

Quartzite (Ba 15), the carbonates and shales tend to be less

pure (more mixed). The conglomerates in Ba 19 are discon-

tineous and contain fragments from within the Vaddas Group.

The rounded quartzite pebbles, angular carbonate and shaly

clasts, and bedded carbonate matrix, suggest a complex

depositional Process involving components from different

sources. The quartzite pebbles could have been carried by

floodwater from a nearby land area into a lagoon or shallow

marine environment, where carbonate was being deposited. The

floodwaters may have locally ripped up semi-consolidated

mudstone and limestone and redeposited all the coarse clastic

components together with locally derived carbonate sand.

The quartzite-pebble conglomerate (with micaceous matrix)

closely overlying the Vaddas Quartzite, has the character of a

normal fluvial conglomerate, and indicates at least local

subaerial erosion of the Vaddas Quartzite.

The albite-bearing quartzite units (Vaddas Quartzite

Ba 15 and Rusty Quartzite Ba 9) are unrelated in composition,

to the carbonate/shale rocks of the Vaddas Group. The lenticular

shapes of these quartzite units, the presence of crossbeds

(Lindahl, pers. comm. 1982), and the nearly pure quartz (-minor

feldspar) composition, suggests that they were deposited in

channels, from traction currents. If the quartzites are

interbedded with the carbonate/shale sequence, and not

tectonically emplaced, the environment may be interpreted as

a shallow carbonate shelf, with sandy channels bringing

detritus from the mainland or from an island.
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As discussedearlier the Oksfjord Schist may be airfall

tuffs partly reworkedby turbiditycurrents,or turbidites

largely reworked by contour currents,to produce contourites.

Inte reted SedimentationHistor

In summary, if the stratigraphicsequence observed

does not contain major tectonicbreaks, it may have been

formed in the followingmanner:

Continentalarkosic sedimentation,derivedform

erosion of Precambriangneisses.

Shallow carbonate/shalesedimentationin a shelf-

style environment,with channels carryingquartz (-minor

plagioclase)sand from nearby land area.

Uplift of and partial erosion of consolidated

Vaddas Quartzite,leading to depositionof fluvialquartzite

conglomerate.

Slow subsidence,leading to renewed carbonate/shale

depositionwith local transportof quartzitepebbles and shale

clasts into the carbonate-formingenvironment,perhaps

explainedby floods carryingquartzite pebblesandripped-up

shale clasts into a lagoonalor shallow-marineenvironment.

Extrusionof pillow-basalts,minor pyritic sulphide

mineralization. Abundant copper in the pyriticmineralization

may indicate deeper water environment.

Depositionof Oksfjord Schists as contouritesand

turbidites,downslope from basaltic-volcanism,or deposition

as airfall tuffs.

The time of formationand emplacementof the Vaddasgaisak

Gabbro and the RappesvarreGranite Gneiss are here considered

to be unknown.
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THE SULPHIDE MINERALIZATION

The mineralization was studied in considerable detail by
Lindahl (1974). The following information is taken directly
from the summary in Lindahl's thesis.
From Lindahl (1974)

The sulphide deposits in the Vaddas-Rieppe area occur in
four different stratigraphic positions, each ore horizon
occupying a fairly narrow thickness or a single horizon. Lowest
in the stratigraphy a single deposit (Nedre Nomilolgi) occurs in
brown mica schist just above the lower Loftani Greenstone unit.
The next horizon contains a single deposit, Rieppe, where the
ore occurs in the lowest part of the upper Loftani Greenstone
(basaltic lava)unit. On the top of the upper Loftani Greenstone
unit occurs an extensive mineralized horizon, the Vaddas horizon,
which can be followed for 35 kilometres along the strike.
Massive sulphides are not present along the whole strike length
but occur in separate bodies which are linked together by
impregnation or thin sulphide bands (rusty horizon). The Vaddas

, horizon contains the main mineralization in the area. The Birta-
varre mineralized zone in the Oksfjord schist Group (= Ankerlia
Schist) contains a few massive sulphide bodies in this area - Indre
Gressdal, Røieldal, Høgfjellvatn and Moskodal. The Stoll I and
øvre Lankavarre deposits may belong to the Birtavarre zone but
they are different in mineralogical features and occur in the
metamorphic aureole around the Vaddasgaissa gabbro.

The ore deposit in Vaddas-Rieppe area are pyrrhotitic with
varying amounts of pyrite. The deposits in the Birtavarre zone
contain pyrrhotite as the only primary iron sulphiae, and no
primary pyrite. In the Vaddas horizon the sulphide:silicate
ratio in the ores is about 50:50, and therefore the gangue
minerals are important for the mineralogy of the ores. The base
metals in the deposits occur in chalcopyrite (Cu) and sphalerite
(Zn).

Oxidation of the ores in the area after the last glaciation
has been very minor, and most of the preglacial gossan has been
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removed by ice action. In depressions in the terrain and high
in the steep mountain sides, however, preglacial oxidation of
the ores to a depth of 3 metres is found. Below that level
protore is found under a few dm thick cementation zone.

The mineralogy of the ore has been studied in thin and
polished sections. Analyses have been made of mineral concentrate
and of minerals in Dolished sections by microprobe, and the
sulphide and oxide mineralogy of the ores has been determined.

The iron content (weight %) in sphalerite (131 Doint
analyses) is normally between 7 and 9% in most of the ores except
the Indre Gressdal deposit where the sphalerite has an iron
content of nearly 11 % as an average. There is also a variation
in the iron distribution within individual sphalerite grains.
The cadmium content in sphalerite varies from 0.1 - 1.3%:-
The manganese content in sphalerite is very low in all deposits
except Nedre Nomilolgi, a deposit in mica schist. Point analyses
on pyrite have shown up to 1.75% Co, but with great variation.
The pyrites normally show zoning of cobalt with the highest
content towards the crystal faces, but picture is very complex.
In pyrrhotite the cobalt content is higher than the nickel content.

Haemoilmenite is a characteristic intergrowth occurring in
the ores in the Vaddas horizon, and additionally magnetite is
present. The haemoilmenite has a haematite dominated core,
surrounded by a rim of pure ilmenite, but sometimes with very
small patches of haematite also in the rim. This rim is thick
where the intergrowth has a grain boundary against oxides and
sulphides, but is missing or very thin where the intergrowth is
in contact with silicates. The haemoilmenite intergrowths

occur only in the ore horizon; In the wall rock the titanilim
minerals are rutile and sphene.

Native Bi is found where small amounts of galena are present,
Hedleyite (Bi14Te6) is another rare mineral in the galena para-
genesis, and is here found for the first time in Norway.
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The silicateminerals in the ore are mainly plagioclaseand
hornblende. In varying amount anthophyllite,staurolite,spinel
and talc (typicalfor Rieppe) are found. The iron content in
the ores is extreme for a silicate rock, and the silicatemineralogy
indicatesthat the ores also have a high magnesiumcontent.

The deposits are mainly of Cu-Zn, but in Rieppe Zn dominatesand
it is a Zn-Cu ore. There is a change in the Zn-contentalong
the strike in the Vaddas horizon from Doaresgaissato Nedre Lanka-
varre, where the Zn content increasesto the south, from 0.1% to
about 1%. The copper content in the Vaddas horizon varies between
1 and 2% on average. In the Rieppe deposit the zinc content in the
ore is 2% as an average in ore reserve estimatesand additionally
there is about 0.5% Cu. The lead content in the ores is very
small.

The base metal content varies a lot within the ores, both
copper and zinc. Systematicvariationsfrom foot wall to hanging
wall are not observed for either the Rieppe deposit or the deposits
in the Vaddas horizon. However, in Rieppe the upper ore body
have a higher zinc content than the lower one.

Histogramsof copper for ores with less than 15% S, 15-25% S,
and more than 25% S for the Vaddas deposit show an increasing
sulphur content. The distributionof copper is a symmetricwith
a peak at about 1% Cu and an arithmeticmean at about 1.5% Cu.

The Co/Ni ratio in the ores of the Vaddas horizon is most
commonly between 5 and 10, similar to that in metamorphicmassive
sulphide deposits from other parts of the world. The metamorphism
has redistributedthe cobalt and the nyrites have a far higher
cobalt content than the pyrrhotitein the ore. The cadmium content
in sphaleriteincreaseswith decreasingzinc content in the ore
but the total cadmiummetal content in the ores increaseswith
increasingzinc. Preciousmetal contents in the ores based on
the analyses of chalcopyriteflotationconcentratesare

The texturesof the ores show that the deposits are meta-
morphosed,and the silicatemineralogy in the ore and sediments
in the area make it clear that the ores have taken part in the
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same grade of metamorphismas the rocks. Idiomorphicminerals
such as pyrite, arsenopyrite,and magnetiteare poikilitic,while
minerals such as sphalerite,chalcopyrite,and pyrrhotiteshow
a typicalmetamorphictexture. During the metamorphismlocal
mobilizationhas taken place and mineral phases such as chalco-
pyrite and galena have migrated to strain shadows.

The ore deposits have been stronglytectonizedbefore or
during metamorphism. The ores are "durchbewegt"whereby frag-
ments from the wall rock have been involvedand where rounded
wall rock and quartz fragments lie enclosed in the sulphide
matrix.

A genetic model is proposed for the ores in the Vaddas-
Rieppe area. The conclusionis that the ore is premetamorphic
and pretectonic. The metamorphismand the tectonicmovements
in the ore have destroyedall primary textures. The stratigraphic
position and the surroundingrock types indicatethat the ores are
volcanogenicand of the same age as the host rock. In other
words, they are consideredto be syngeneticvolcanogenicsulphide
deposits,emplaced on top of a submarineeruptionof basaltic lava,
with base metals of magmatic origin. Deposits such as Nedre
Nomilolgiand the deposits in the Birtavarrezone are widespred
in sediments,but appear to have associationwith volcanic rocks.

Comments from this stud

The only comments resulting from the recent mapping, relate
to the host rocks for some of the mineralizationand to the
continuityof mineralization.

The major Vaddas level of mineralizationis well-represented
along the eastern side of Vaddasgaisak. Lindahl (1974)states
that it occurs "on the top of the upper Loftani Greenstone"and
on his detailedmaps shows the mineralizationas just within
the greenstoneunit. In the oresent study, only the lower section
of this upper greenstonewas found to be definitemetavolcanics.
The upper section,containingthe Vaddas mineralizationis a
non-porphyriticbasic rock, often with weak or diffuse layering,
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and generallyschistose,becoming very folded and schistose

towards the upper contact with the amphibolitezone. There

are severalpossibleorigins for this zone:

highly shearedmetabasalt

folded and shearedmetabasaltictuff

folded and sheared amphibolite,part of the

overlyingamphiboliteunit, probably originating

as part of the gabbro.

There generallydoes not appear to be a distinctupward

gradation from porphyriticmetabasalt to layered and schistose

rock, so explanation1. above, is not favoured. Further work

would be necessaryto choose between 2 & 3, and such a choice

would not be easy to prove.

The main comment on continuityof mineralization,relates

to the north face of Vaddasgaisak. Lindahl (1974)showed a zone

of sulphidesextendingcontinuouslyeastwardsacross the north

face, from the outcrops above Stoll G (mainVaddas mine). My

limitedobservationson the north face, suggest that there is

not a continuouszone, and the structuralinterpretationfor the

western side of the north face also predicts some irregularity.In

one profile near the western end, fairlymassive, but thin sulphide

mineralizationwas observed in amphibolite (locationBS 54), both

overlain and underlainby metasedimentsof the AnkerliaMetagreywacke

(Somerocks directly below may be schistosegreenstone). This is

in Lindahl'sinferredVaddas position.

Interpretationof the origin of the mineralizationcan be

affected by interpretationof the host rocks. If some of the host

rocks are amphibolitederived from intrusivegabbro, then the

mineralizationwas either: 1. derived from the gabbro, or formed

later, 2. remobilizedinto the amphibolitefrom its original

position in or adjacent to the greenstones.

The regionalcorrelationof mineralizationand greenstone,

even where the gabbro is not present, supports Lindahl'sconclusion

that the mineralizationis volcanogenicand related to the

greenstones.
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STRUCTURE


The Vaddas Grou and Loftani Greenstone

The major structureof this sedimentary/volcanicsequence

is simple. The rocks define a large, open fold (figure2) with

its hinge at the northeastcorner of Vaddasgaisak. There is

approximatelya 900 change in strike around this hinge. One

limb strikes east and dips south at 300 to 450, the other strikes

south and dips east at 40 to 550. The dips tend to be less on

both limbs, away from Vaddasgaisak. The axial plane of the fold

should strike southeastwardsand the axis should also plunge

southeastwards.

In detail there is more complexity. Small recumbentfolds,

boudins of amphibolite,and intense schistositywere observed

in the metasediments. Such features are common resultsof

nappe development. The units below the SkardalenQuartzite

show a particularlyintense schistositydevelopmentand abundant

boudinage structures. The schistosityis mostly defined by fine

mica and was probably developed at lower grade than the amphibolite

facies maximum experiencedby the sequence. It is probably a

retrogradeschistosity. The schistosityis particularlyintense

and fine grained in the graphitic phyllitesof the Rieppesjåkka

QuartziteMember.

Zwaan (pers.comm.1982) has proposed a major thrust at the

base of the Vaddas Group. The zone of intense retrograde

schistosityalmost directly overlies the suggestedthrust.

Youn in Directionsin the Vaddas Grou

It is of great importancetoknow whether the Loftani Green-

stone is right-way-up,or overturned. If it were overturned,

then there would be an ophiolite sequence of metagabbro- amphi-

bolite - greenstone- sediments.

Both from regional geology and from local observationthe

greenstone/sedimentcontact seems to be conformableand not

thrust.

Evidence for the younging directionwithin the Vaddas Group

underlyingthe Greenstoneis not great. On a regional scale

there is no evidence to suggest overturning (K. B. Zwaan,pers.



cm

Figure 2 : Sketch map of Vaddasgaisakshowing

some struktural features.
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Photo 55: Amphibolite boudin in finely bedded marble.

Guolasjay'ri Formation. Boudinaged amphibolitesare common

structural features in the Vaddas Group. Location approx.

M.R. 244-407
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comm. 1982). At the Vaddas there is some indicationfrom the
conglomerates. The RassavaggeConglomerateMember and Frokost-
haugen ConglomerateMarble Member both overlie the Skardalen
Quartzite Member, and both contain detrital pebbles of identical
quartzite (evencontainingminor albite as does the quartzite).
The conglomeratedo not contain clasts from the overlyingLoftani
Greenstone. In addition the Grasdalen ConglomerateMember
shows upward-finingof pebble sizes, in places. The Vaddas
Group is probably not overturned,nor is the LoftaniGreenstone.

The Na o'åkka Grou

The trend of bedding in the Napojåkka Group is parallel to
that in the Vaddas Group. Small folds in the NapojåkkaGroup
were not studied in this project.

Most of the Napojåkka Group is quartz - feldsparrich
LoddevaggeMeta-Arkosewhich does not show deformationeffects
very well. However the overlying LuovosskaideMeta-Arkoseis
more micaceous and strongly schistose. This unit should directly
underlie the thrust discussed above (Zwaan,pers. comm.).

The proposed thrust is overlain by 80-150m of very schistose
Vaddas Group and underlain by a thinner schistosesectionof
Napojåkka Group. This could be taken as supportingevidence for
the thrust, but could also be explainedby competencydifferences,
with micaceous intervals sandwichedbetweenmore competentupper
Vaddas Group rocks and thich LoddevaggeMeta-Arkose.

The Vaddas aisak Meta abbro - Ma'or Structure

The eastern and northern boundariesof the Metagabbroare
concordantwith the trends in the underlyingsedimentary/
volcanic sequence. The major fold in the underlyingsequence
has affected the northeast part of the Metagabbro,but seems
to die out inside the Metagabbro.

The western boundary of the Metagabbrois quite discordant,
meeting the Loftani Greenstone at a high angle.

Internally,the Metagabbro is not symmetrical. Although
the main zone of coarse to very coarse metagabbroresemblesthe
core of a large fold, the rocks on either side do not correlate.
It is more likely that the apparent closure at the north end of
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the coarse to very coarse metagabbro,representa pinching-

out. Similarly the northern terminationof the whole Meta-

gabbro resembles the pinched-outend of the Metagabbro,have

the appearancein the field of shallowly- plunging synforms.

However they could also be boudins.

The Vaddas aisak Meta abbro - Minor Structures

Within the Metagabbro,intense foldingon outcrop scale

is very common (see photos in earlier section of this report).

Most of the folding is flat, more or less recumbent,with

axial planes parallel to the main trends of layering. Very

few of the folds have an axial plane schistosity,and very

fluid disharmonicbehaviourof folded layering is common. In

places felsic material disrupts the layering. This felsic

material is very similar to felsic layers in the metagabbroand

probably originatedas such layers.

The nature of the folding suggestsvery plastic behaviour,

which would not be expected in a relativelydry gabbroic rock

under amphiboliteor lower temperatureconditions. Assuming that

there is no major internal fold in the Metagabbro,then the body

as a whole is only slightly bent, and squeezedout at the northern

end. The intenseminor folding is thereforenot consistentwith

the relativelyundeformedouter shape of the body.

Much of the minor folding in the Metagabbrowould have taken

place before the rock was completelycrystallized. At this stage

it could still behave in a very plastic manner. If the gabbro

was intrudedduring deformation,then tectonicmovements during

crystallizationcould easily have disrupted the cumulate layering

and remobilizedsome of the remaining liquid. No axial plane

schistositywould be expected in the folds.

WastEwnContact of the Meta abbro

The westernmostpart of the Metagabbro is mostly medium

grained, non-layeredmetagabbro, showing little evidence of

internal structure. However near map reference 193-424 there is

some sharp variation in dip of the minor layering,indicating

a similar style of folding to that in the adjacentAnkerlia

Metagreywacke.
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The gneissic zone along the margin of the Metagabbroshows
intense folding (seephotos in earlier section),apparently
associatedwith metamorphicsegregationand partial melting.
This zone may representa zone of compressionrelated to
intrusionof the gabbro, or perhaps a zone of relative
movement along the margin of the gabbro.

Further south (M.R. 181402), just outside the Metagabbro
there is mylonizationof the Ankerlia Metagreywacke,parallel
to the Metagabbro. Here also there is a sharp change in trend
within the Metagreywacke,with trends very discordantto the
Metagabbro,becoming abruptly concordantnear the gneissic
zone.

The western contact of the Metagabbro is essentiallyan
intrusivecontact, possiblymodified by later deformation
(seealso earlier descriptionof gneissic zone, and later
section of metamorphism).

EasternMar in of the Meta abbro

The eastern margin of the Metagabbro iw a schistosezone
between the amphibolitezone of the Metagabbroand the upper
Loftani Greenstone. There are no apparentcontactmetamorphic
effects in the Greenstone.

Metamorphicgrade of the schistose zone is not known,
although the rocks are mostly dark greenish like the Loftani
Greenstone. It is suspectedthat the zone was developed at
amphibolitegrade and is not a low grade schist zone.

The eastern contatctof the metagabbrocould be a tectonic
contactwith the Metagabbrothrust over the GreenstOne.
However, if this is correct, the thrust should continue
along strike at the top of the Greenstone. The transition
from Greenstoneto Ankerlia Metagreywacke,south and west
of the Metagabbro,does not have the characterof a thrust.

The eastern contact of the metagabbromay be a deformed
intrusivecontact against amphibolitegrade greenstones. The
greenstoneshows no obvious contact effects because it is
refractoryin composition,because it lay beneath the gabbro
(thereforereceiving less heat than the rocks above the
upper contact), and perhaps because the eastern(lower)part
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of the Metagabbrodispersed its heat into circulationfluids,

related to amphibolealterationof the Metagabbro.

Northern Mar in of the Meta abbro

The northern margin is essentiallysimilar to the eastern

margin. However there are some complicationswhere the

Metagabbro diverges from the Greenstone. From nearby Rappes-

varre mountain, there appear to be irregularitiesin structure

in this area, perhaps recumbent folds (photo1, figure 2).

The topographyof the critical areas make them particularly

difficult to examine on the ground, but limited inspection

showed strong divergencesin trend within the Ankerlia

Metagreywacke,as comparedwith the very even trend in the

Vaddas Group.

Structure of the Ankerlia Meta re acke

No marker beds were found in the Metagreywacke,and only

a limited part of-the unit was mapped. Hence little can be

said about the major structurewithin the Metagreywacke.

A major fold shown by both Vogt (1927)and Lindahl (1974)

in Grasdalen, is confirmedby variation in bedding trends.

However the variation is not simple, and furtherwork would

be needed to fully understandthe structure. At M.R. 183-424

the major fold changes the general dip from very shallow on

the west limb, to near-verticalon the east limb. My obser-

vations indicate that there are earlier very tight folds,

refolded by the major fold.

In much of the area between Graselva and the Metagabbro

there are open folds with a shallow-dippinglimb and a near-

vertical limb.

The folds west of Graselva are mostly more open, although

some of the early tight folds are present. The tighter folding

near the Metagabbromay be the result of its intrusion,or

perhaps formed during later deformation,as the incompetent

sediments buckled around the more competentMetagabbro.
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Many of the dykes/sillsin the Ankerlia Metagreywacke

show little sign of deformation (especiallysouth of Gras-
dalen). In other places (bothsides of Grasdalen),the

intrusivesoccur largely as boudins. This could be inter-
preted as more than one generationof intrusion,or as

different amounts of strain in different parts of the area.
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METAMORPHIC GRADE OF THE METASEDIMENTARY- METAVOLCANIC

SEQUENCE

The metasedimentsand metavolcanicshave undergonemedium
grade metamorphism (amphibolitefacies). Most of the textures
observed in thin sectionare metamorphicin origin. Rare

detrital grain shapesmay remain in the AnkerliaMetagrey-

wacke, and pebbles can be seen in thin sections from the

FrokosthaugenConglomeraticMarble Member. Many of the

metamorphic texture are not equilibriumtexture. In many

rocks there is evidenceof deformationof coarse grains and

recrystallizationto finer grains. Some of the rocks show

evidence of mylonitic deformationafter the highest grade of
metamorphism.

Evidence for the highest grade of metamorphismundergone

by each rock group is summarizedbelow:

Napo'åkka Grou : Amphibole and garnet are present,

and plagioclasecompositionsrange up to An40. The rocks

were probably metamorphosedto amphibolitefacies.

Vaddas Grou : Stauroliteis present in the Oksfjord-
dalen Schist Member and the Guolasjav'riFormation;sample

VR-488 from the Guolasjav'riFormation (mapreference

151 459,Nordreisa1:50 000) contains both stauroliteand

kyanite. Sample VR 488 was from 5 km west of the Vaddas-

gaisak Metagabbro, so the kyanite is not likely to be

related to intrusionsof the Metagabbro. Calcic plagioclase
occurs in several units within the Vaddas Group. Maximum

compositionsare as follows: Gæirajav>riMarble - An66,

Jiek'kejåkkaMarble Member - An36, FrokosthaugenConglomeratic

Marble Member - An55, undifferentiatedGuolasjav'riFormation
- An50. These compositionsindicate that the whole of the

Vaddas Group has undergoneamphibolitefaciesmetamorphism.

The differencesin plagioclasecompositionbetween different
units within the Vaddas Group is probably related to rock

composition,not to metamorphicgrade. Amphibole is present

in several Vaddas Group rock units, includingthe lowest and
highest units. The amphibole largely occurs as coarse horn-

blende crystals, also indicatingamphibolitefacies.
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Muscovite is present in many of the rocks, and was apparently

stable in the presenceof quartz and plagioclase. This indi-
cates an upper limit of about 650-6800Con metamorphic

temperatur (Winkler1976, p 82-87). Similarlyhornblende

was stable in the presence of quartz, and no orthopyroxeneis
present. This indicatesthat the rocks did not reach granulite

grade. Co-existingstauroliteand kyanite, indicateminimum
temperaturof about 5500C and minimum pressure of about 5 kb
(Winkler1976, p 77, p 84).

It is concludedthat the Vaddas Group was metamorphosedto
relativelyhigh pressure amphibolitefacies,with pressure

greater than 5 kb, and temperaturebetween 5500C and 650-6800C.

3. Oksf'ord Grou : The rocks of the Oksfjord Group appear

to have been metamorphosedto amphibolitefacies,as have

those of the Vaddas Group.

The Loftani Greenstonecontains plagioclasewith compositions

ranging to An7o (at least some of the calcic plagioclaseappears
to be metamorphic),and abundant hornblende,typicalamphibolite

facies minerals. Clinozoisiteand sphene are also abundant.
The assemblagecalcic plagioclaseand clinozoisitemay indicate
that metamorphicconditionsimposed an upper limit on

anorthitecontent of plagioclase. Alternatively,the clino-

zoisitemay be retrograde. The total absenceof pyroxene
implies that high temperaturebreakdown of hornblendedid not

occur. There is no obvious contact metamorphiceffect on the
Loftani Greenstone.

The Ak'kejav'ri calc-BiotiteSchist consists of quartz +

biotite + carbonatewith sporadichornblende,clinozOisite,

muscovite and plagioclase. The mineralogy is consistentwith
amphibolitefacies.

The Ankerlia Metagreywackeis variable in mineralogyand

perhaps in metamorphicgrade. Most samples contain quartz +

plagioclase (up to An64) + hornblende + biotite. Clinozoisite
and sphene are also common. All of these minerals are con-

sistentwith amphibolitefacies. However in two unlocated

samples (Va 164 & Va 166) and in sample BS 101 (mapreference
1835 4215), 600 m west of the Metagabbro,clinopyroxeneis

present, and there is little or no clinozoisite. Also, within
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the gneissic zone next to the Metagabbro,samplesBS 28

and BS 111 contain clinopyroxenewith no clinozoisite,and

appear to be metamorphosedAnkerlia Metagreywacke. Sample

BS 111 also containsorthopyroxene. It is possible that

pyroxene was produced at the expense of clinozoisiteand

hornblende, near the Metagabbro. Scapoliteis also a

common mineral near the Metagabbro (eg.sample BS 101).

Within the gneissic zone and within the western margin

of the Metagabbro,pegmatiticto graniticquartzo-feld-

spathic segregations (felsites)containingbiotitewith or

without hornblende,are common. Some of these are also

K-feldsparrich and as discussed elsewherein this report,

are most orobably productsof partial melting of the

Ankerlia Metagreywacke,during emplacementof the Metagabbro.

This also indicatesa locally higher temperaturenear the

Metagabbro (at least on the western margin).
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METAMORPHISM OF THE INTRUSIVE ROCKS

Intrusive rocks in the mapped area, are the Vaddasgaisak

Metagabbro, the basic dykes/sills in the Ankerlia Metagrey-
wacke, and the basic dykes and amphibolite lenses in the
Vaddas and Napojåkka Groups. The Metagabbro appears to

have a comples metamorphic history, while that of the dykes
and amphibolite lenses appears to be simpler.

Am hibolite Lenses and D kes in the Vaddas and Na o'åkka

Groups


The amphibolite lenses and dykes in the Vaddas and

Napojåkka Groups were not studied in detail in the present
project. However samples collected by Vogt (see appendix 1,
this report) show that some dykes from the Napojåkka Group
retain an igneous mineralogy of pyroxene - olivine - plagio-
clase while others, and basic intrusives from the Vaddas
Group are hornblende - plagioclase (± clinozoisite) rocks
with no pyroxene or olivine. Garnet is present in some
specimens. Most of the rocks have amphibolite facies
mineral assemblages, compatible with the host rocks. The
dykes with igneous mineralogy may be either post-metamorphic

rocks or perhaps pre-metamorphic rocks with meta-stable
igneous minerals.

Basic D kes/Sills in the Ankerlia Meta re acke

•

The basic dykes and sills in the Ankerlia Metagreywacke

mostly retain an igneous texture, with various proportions

of plagioclase phenocrysts, and a matrix of interlocking
plagioclase with interstitial clinopyroxene. Metamorphic

effects range from minor hornblende alteration of the
clinopyroxene, to total replacement of clinopyroxene by

hornblende, minor alteration of plagioclase to clinozoisite,
and alteration of titanium oxides to sphene. In some places
close to the Vaddasgaisak Metagabbro, the dykes/sills are

deformed and gneissic. Plagioclase compositions range up
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to An70, but much of the plagioclaseis relict igneous.
Metamorphicallyrecrystallizedplagioclaseranges up to

at least An50. The assemblage:plagioclase+ hornblende

+ sphene (2 clinozoisite)indicatesamphibolitefacies,

as in the Ankerlia Metagreywacke.

Metamor hism of the Vaddas aisak Meta abbro

In consideringmetamorphiceffects in the Metagabbro,

there are three groups of rocks: 1. the hornblende- poor

metagabbros, 2. the amphibolitezone on the easternmargin,

and 3. the dykes within the coarse to very coarse metagabbro

near the eastern margin.

1. Most of the Metagabbrobody consists of non-layered

and layeredhornblende- poor metagabbro. The rocks are

named "metagabbro"because they show tectonic struxtures

such as gneissosity,schistosityand folded layering,in

outcrop, and in thin section show abundant evidenceof

polygonal recrystallization. Some samples are polygonal

aggregatesof minerals with no apparentmonominerallic

aggregates. The texture of these rocks could also be

explained as an igneous accumulatetexture (seeVernon 1970).
However other samples, particularlythose from the coarse

and very coarse grained metagabbros,show monominerallic

aggregatesof polygonalgrains, undoubtedlyresulting from

recrystallizationof the originally large grains.

The texture evidence indicatesthat the metagabbrOs

have been deformed and recrystallizedin the solid state

The minerals which took part in this recrystallization

were plagioclase,clinopyroxene,orthopyroxeneand olivine.

All appear to have been in equilibrium. In most places where

olivine and plagioclaseare in contact there is no reaction

corona, as is commonly developed during cooling of gabbros

at moderate and high pressures (Gardner& Robins 1974,

Nesbitt et al 1970, Esbensen 1978, Griffin & Heier 1973,

Sapountzis1975). The presence of only rare reaction
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coronas may indicate that total pressures after intrusion
of the gabbro, approwhedthe level of plagioclase- olivine
stability (about 6-8 kb between 600 and 1 3000C).

Hornblendeoccupiessome complete polygonalgrain shapes,
but largely occurs as a product of partial alterationof
pyroxene grains. It is also common as a reaction rim around
opaque minerals. Hornblendeappears to have been formed
later than the general polygonal recrystallizationof the
gabbro.

It is suggestedthat the gabbro was intruded,crystallized,
then underwent recrystallization,above the stability limit
of hornblende. Hornblendeprobably formed as an alteration
product at lower temperature.

The alternativeinterpretationis that the recrystallization
occured under dry, lower temperatureconditions,with horn-
blende forming later as water entered the metagabbro.

Reasons for my preferancefor the former interpretation
are:

The polygonizationof the metagabbro is extremelywell
developed. In may experiencesuch well developed texture
are rarely achieved at amphibolitefacies (itmay be noted
however that there are also well developedpolygonal texture
in some hornblende- plagioclaserocks in the amphibolite
zone of the metagabbro).

It is very unlikely that the gabbroicmagma was completely
dry or that the crystallizedgabbro was completelydry (see
e.g. Wager & Brown 1968). If hornblendewas not present
during recrystallizationof the gabbro, it is most probable
that recrystallizationtook place at a temperatureabove the
stability limit of hornblende.

In many places the gneissosityin the metagabbro is
isoclinallyfolded without apparent developmentof an
axial plane foliation. This suggests very plastic behaviour,
probably requiringvery high temperaturein an almost
anhydrous gabbroic rock. Much of the foldingof the cummulate
layeringalso suggestsvery plastic behaviour.
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Some time after the high temperaturerecrystallization,
minor hornblende formed in the metagabbro,by replacement
of pyroxenesand by growth around opaque grains. Total or
almost total pseudomorphousreplacementpyroxene by horn-
blende also took place within a few centimetresofmanyjoints
in the metagabbro.

Later mylonitic deformationappears to have had little
mineralogicaleffect on the metagabbro.

The amphibolite zone on the eastern margin of the meta-
gabbro has an amphibolitefacies mineralogycharacterizedby
hornblendeand plagioclase (An38- Ango) and opaque minerals.
Minor clinozoisiteand sphene probably represent lower grade
alteration. Most of the zone texturallyresemble the medium
grained non-layeredmetagabbro. One area near Oaivog6okka
closely resemble the medium grained, layeredmetagabbro.
A little of the coarse to very coarse metagabbronext to the
amphibolitezone is also completelyaltered to amphibolite,
but still preserves the coarse metagabbrotexture. Some
porphyritictextured rocks within the amphibolitezone were
probably basic dykes.

The amphibolitezone was developed by deformationand
alterationof part of the gabbro and dykes which intruded
it. It is difficultto be sure whether the gabbro first
recrystallizedto metagabbro,then was altered to amphibolite,
or whether amphibolitealterationand recrystallization
occured at the same time. The latter is favouredbecause the
hornblendeoccurs as single polygonalgrains rather than
the more irregularforms typical of alteration (suchas the
irregularpartial replacementsof pyroxene seen in the dykes/
sills in Ankerlia Metagreywacke).

The dykes within the coarse to very coarse metagabbro
show partial recrystallizationand contain various percentages
of hornblende. Sample BS-68 contains about 20% hornblende
and the hornblendeforms polygonalgrains in apparent equili-
brium with clinopyroxeneand plagioclase (An75). It appears
that hornblendewas stable when recrystallizationoccured.
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It was suggestedabove that the host metagabbrorecrystallized
at a temperatureabove the stabilitylimit of hornblende. It
follows from this that the dykes have intruded after the major
recrystallizationof the metagabbro. This may be why igneous
textures are better preserved in the dykes than in the meta-
gabbro.

Relationshi between Metamor hism and Deformationof the
Metagabbro


The metagabbrohas been deformed and recrystallized.
Recrystallizationis not a necessaryconsequenceof cooling
of a gabbro, thereforeanother cause should be sought.
Deformationof a rock involvesthe additionof mechanical
energy and often produces recrystallization. Hence it
seems reasonableto correlatethe recrystallizationof the
metagabbrowith foldingand gneissosityformation. The
temperaturessuggestedfor recrystallizationin the meta-
gabbro are higher than the metamorphictemperaturesof the
enclosing sedimentary/volcanicsequence. This is best

explainedby recrystallizationof the gabbro before it had
cooled to the same temperatureas the enclosingrocks.

In determiningthe metamorphicand deformationhistory
of the metagabbro,many factorsmust be considered:

The relationshipbetween recrystallizationand formation
of hornblendein the metagabbro, in the marginal amphibolite
zone and in the dykes in the metagabbro.

•
The developmentof gneissosityin the metagabbro,more

or less recumbent insoclinalfoldingof the gneissosity,
without formationof axial plane schistosity.

Intense recumbentfolding of the cumulate layering.

Disruptionof folded cumulate layeringby felsic vein

like material resemblingthe felsic layers, in the layered
part of the marginal amphibolitezone.
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Boudinageof and formationof gneissosityin the dykes
in the metagabbroand in the amphibolitezone.

The formationof potassic biotite - hornblendegranitic
rocks in and near the gneissic zone on the western margin of
the metagabbro.

Formationof a biotite schistosityin the potassic
granite rock.

The presence of potassium - poor hornblendegranophyre
in major planar joints within the metagabbro. The composition
of the rocks suggeststhey represent final stage differen-
tiates of the gabbro, or perhaps partial melts of the gabbro.
They have crystallizedin joints which postdate all folding
of the metagabbro. Some are mylonitized.

The metagabbroand associatedrocks show local mechanical
deformationand very local mylonitization.

Two possible explanationsof the observed featuresare
presented in tables 14 and 15.
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Table 14: Metamor hic and DeformationHistor of Vaddas-
aisak Meta abbro - Most Favoured Inter retation

Intrusionof basalticmagma, some crystallizingas well
layeredcumulate gabbro, other sectionscrystallizingas
non-layeredand poorly layered gabbro. Contact metamorphism
of Ankerlia Metagreywacke,some partial melting producing
biotite- hornblendegranitic magma, some of which
intrudedthe margin of the gabbro.

Deformationof the gabbro: formationof a gneissosity,
extensiverecrystallizationof most of the gabbro at
high temperature,low to moderate pressure, recrystallization
of the lower margin of the gabbro at lower temperatureand
with higher water content,producing amphibolite. Extensive
foldingof cumulate layeringmay have occured at this stage.
May have been minor melting in the amphibolitezone, to
produce felsic veins cutting folded layering.

Intrusionand crystallizationof basic dykes in the meta-
gabbro and in the amphibolitezone.

Deformation:foldingof the gneissosityin the metagabbro,
perhaps further recrystallizationand minor hornblende
alteration;incompleterecrystallizationof the dykes,
includingboudinageand formationof a gneissosityin
some dykes.

Large - scale joints formed in the metagabbroand pegma-
titic hornblendegranophyrecrystallizedin some joints.
Water from crystallizationof the granophyresproduced
strong hornblendealterationof the metagabbronext to
the joints.

Lower temperaturedeformationproduced local mylonitization
in and adjacent to the metagabbro, and in the late stage
granophyres.
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Table 15: Metamor hic and DeformationHistor of Vaddas-

aisak Meta abbro - AlternativeInter retation

Intrusionof basalticmagma, crystallizationof gabbro.

Contactmetamorphismand partial melting of Ankerlia

Metagreywacke.

Intrusionof basic dykes into the gabbro.

Deformationof the gabbro and dykes. Gneissositydeveloped

very well in the gabbro, less well developedin dykes.

Boudinageof dykes, foldingof cumulate layeringin gabbro,

recrystallizationof gabbro, but only partial recrystal-

lizationof dykes. Extensive formationof hornblendein

amphibolitezone and in dykes, but less in metagabbro,as

a result of differencesin water content. Minor partial

melting in amphibolitezone, producing felsic veins cutting

folded layering.

Folding of gneissic layering in metagabbro,possibly

resulting from continuationof the same deformation.

Large-scalejoints in the metagabbro,pegmatitichornblende

granophyreetc as in table 14.

Low temperaturemylonitic deformation.
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RELATIONSHIPS BETWEEN THE METAGABBRO AND THE ENCLOSING ROCKS

The gneissic zone along the western margin of the Meta-

gabbro appears to contain contact metamorphosed and partially

melted Ankerlia Metagreywacke and some finely recrystallized

metagabbro. Small amounts of potassic granitic rock within

the adjacent Metagabbro are best explained as partial melts

of the relatively potassic Ankerlia Metagreywacke. These

features indicate that the Metagabbro developed more or less

in site from an intruded magma.

Relatively intense folding within the gneissic zone may

indicate some movement of the Metagabbro relative to the

Ankerlia Metagreywacke, or may have resulted from competency

contrasts during deformation of both rocks. The folding

appears to have boudinaged some of the probably anatectic

granitic segregations.

Apart from the apparent mixture of metagabbro and meta-

sediment in the gneissic zone, no xenoliths of country rock

were observed in the Metagabbro.

The contact between the amphibolite zone of the Meta-

gabbro and the Loftani Greenstone, along the eastern and

northern margins, is a zone of strong schistosity. There

are no obvious contact metamorphic effects on the Loftani

Greenstone. Both the Greenstone and the amphibolite become

more schistose as the contact is approached, and become very

similar in appearance. The contact appears to be a zone of

relative movement, but it seems unlikely to be a major

thrust, because the contact between Loftani Greenstone and

Ankerlia Metagreywacke does not appear to be a thrust
(west and south of the Metagabbro), and no thrust has been

identified on a regional scale in this position (K. B. Zwaan,

pers.comm. 1982).

Can the deformations of the Metagabbro be correlated with

the deformations of the country rocks? This question cannot

be answered with confidence without detailed structural

analysis, which is not available. However some general

similarities were noticed. In the Metagabbro most folds
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are relativelyflat-lyingwith axial planes parallel to
layering. In the metasediments,schistosity,foldingand
boudinage are mostly oriented parallel to bedding. In both
the Metagabbroand metasedimentsthere are some more open
folds with axial planes non-parallelto layering.
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CHEMISTRY

Whole rock analyseswere made on 48 specimensfrom
Vaddas, Rieppe and Moskodalen. Results are presented in
appendix 3. The samples are from various parts of the Meta-
gabbro, includingthe amphibolitezone and dykes within the
Metagabbro,from both the upper and lower Loftani Greenstone,
from the felsic intrusives,from the Ankerlia Metagreywacke
and dykes/sillsin the Metagreywacke. There are also
2 analysesof arkose from the LoddevaggeMeta-Arkoseand one
analysis of SkardalenQuartzite.

The major elements and most trace elementswere analysed
at NGU using XRF methods. The rare earth elementswere
analysed at Sentralinstituttfor IndustriellForskning (sI in
Oslo).

Samplinq

Because of the very limited time for this project the
samplingwas carried out before the mapping was completed
and many of the sampleswere not checked in thin section
before analysis. A few samples show mylonitization(description,
appendix 2). One group of samples (withVR-numbers)was
selected from rock samples collectedby Lindahl in the early
1970s. The VR-sampleswere of various sizes, but generally
smaller than the other (BS) samples. The BS-sampleswere
generallyabout 11-2 kg in weight, with most weathered joints
etc, trimmed off.

Diagrams


A number of chemicalvariation diagrams are presented.
Some are standarddiscriminantdiagrams designed to show
whether the rocks are ocean floor, island arc etc. Others
are simple plots of minor elements against Si02.

The object of the project was to determinewhether the
VaddasgaisakMetagabbro is an ophiolite (orophiolite
fragment)or not. Thereforedata from known ophiolites
is presented for comparison. The diagrams show data from
Coleman (1977):analysesof basalts, dykes, cumulate gabbros
and felsites from known ophiolites. (Note:cumulate and non-
cumulate ultramaficdata is not included.)
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The rocks of the Lyngen Peninsula are thought to be
ophiolite (R. Boyd, pers.comm. 1982). Data from Lyngen
gabbros, two amphibolites (thought to be metabasalt, R. Boyd,
pers.comm. 1982), and some felsites are presented for
comparison with Vaddas. The analyses are from Munday (1970)
and Minsaas (1981).

The Seiland igneous province has a whole range of non-
ophiolite gabbroic rocks, some of which are syn-tectonic.
It is possible that the Vaddasgaisak Metagabbro was also a
syn-tectonic, non-ophiolite gabbro. Therefore data from the tIplelitic
Hasvik(~0 is presentedforoamxtrison(1tbins& Garodner1974).

The diagrams are not all presented in an ideal manner,
but time did not permit improvements. The Vaddas data is
not presented on a volatile-free basis, therefore there are
some minor problems in comparison with other data. Volatiles
comprise less than 0,5% of most gabbro analyses and less than
2% of the greenstones and dykes. Volatile-free calculations
would not change most of the other elements very much. Si02
would be most affected, with an increase of about 1% Si02 in
the greenstones.

Mi ashiro Dia rams

Diagrams showing Fe0 (totalt Fe)/Mg0 plotted against
Ti02, Fe0 (total Fe), and Si02 were used by Miyashiro (1975)
to distinguish between basalts formed in various tectonic
environments. The Vaddas data shows very definite abyssal
tholeiite trends on Fe0/Mg0 vs Fe0 and Fe0/Mg0 vs Ti02
diagrams. There is no obvious trend on the Fe0/Mg0 vs 5i02
diagram, although there is a spread from tholeiitic to calc-
alkaline. One exeption is the "sediment" data. The
"sediments" plotted are Ankerlia Metagreywacke, and they
plot in the calc-alkaline or island arc fields. The
mineralogy of these rocks indicates a more or less inter-
mediate igneous composition similar to andesite. The
possibility that they represent detritus derived from
andesitic island arc volcanism should be further investi-
gated (see also data in Armitage 1976).
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The "ophiolite"data shows a spread from island arc
(lineM) to abyssal tholeiite (lineA) on the Fe0/Mg0 vs
T102 and Fe0 diagrams,and a spread from tholeiiticto
calc-alkalineon Fe0/Mg0vs Si02. In the data used there
appears to be a definite island arc component.

The Lyngen data show a trend parallel to the abyssal
tholeiiteline on Fe0/Mg0 vs Fe0, but more Mg0 rich. Most
of the data is from gabbros, however, and the diagrams are
designed for basalts. Neverthelessthe Lyngen gabbros differ
a little from Vaddas gabbro and from Coleman'sophiolite
gabbros.

On the Fe0/Mg0 vs TiO2 diagram the Lyngen gabbros
define a low TiO2 trend similar to the calc-alkalinetrend
(lineAm), which is also apparent in some of the ophiolite
data. The amphibolites (metabasalts)from Lyngen in contrast
containmore than 2,5% Ti02 and do not plot on the diagram.

In summary, the Vaddas basic rocks resembleabyssal
tholeiites (oceanfloor basalts). The "ophiolites"spread
from abyssal tholeiitesto island arcs. The Lyngen gabbros
follow low Ti02, low Fe0/Mg0 trends, not the same as Vaddas
and not particularlygood ophiolite trends. The Hasvik data
show no clear trend.

Na20 + 1(20against Si02

TheVaddas basic rocks are clearly sub-alkaline,with
gabbros, dykes and greenstonesgrouping very closely.

The ophiolitedata spreadsmuch more. The cumulate
gabbros are lower in Na20 and 1(20than the Vaddas g'abbroicrocks.
Many of the ophiolitedykes and greenstonesare higher in
Na20 and 1(20than the Vaddas dykes and greenstones,and
spread well into the alkaline field.

The Lyngen gabbros are sub-alkalineand closer to
ophiolite gabbros.The amphibolites (meta-basalts)are
alkaline.

The Hasvik gabbros are mostly sub-alkaline,but there
is no clear trend.
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AFM Dia rams

The Vaddas basic rocks group very tightly and define
a linear trend from Mg0 rich to Fe0 rich. The trend is just
within the tholeiiticfield of Irvine and Baragar (1971),
and is within the ophiolite field. The Vaddas felsitedata
cluster towards the Na20 and K20 corner, and are not con-
tinuouswith the trend defined by the basic rocks.

The ophiolitedata defines a wide, more or less con-
tinuousbelt very close to Irvine and Baragar's line
separtingtholeiiticand calc-alkaline. There is a con-
tinuous line from cumulategabbro to felsite. The cumulate
gabbros are separate from the greenstones/dykesunlike the
Vaddas data, and are less alkaline than the Vaddas gabbroic rocks.

The Lyngen basic rocks define a more tholeiitictrend
than most of the ophiolitedata. The felsitesare more
magnesian than the ophiolite felsites. The Lyngen gabbros
define a much greater spread of Fe0 and Mg0 than the Vaddas
data.

The Hasvik gabbros define a broad tholeiitictrend, more
alkalinethan Lyngen, but similar to ophiolites.

Ti - Y - Zr Dia ram

Only the Vaddas data has Y values. The Vaddas data is
locatedmostly in field B of Pearce & Cann (1973),but there
is overlap into fields A and C. The diagram indicatesthat
the rocks are not within-platebasalts, are mostly likely
ocean floor basalts, but could also be islandsarc tholeiites
or calc-alkaline.

The gabbros show only a little differencefrom dykes and
greenstones.



Ti - Zr Dia ram

Almost all the Vaddas greenstoneand dyke data plot in
the ocean floor basalt field of Pearce & Cann (1973). The
gabbros follow the same trend, but with generallylower
Ti & Zr.

The Lyngen gabbros are similar to some Vaddas gabbro
data. This part of the diagram is for low-K tholeiites,
but the fields are designed for basalts, not gabbros.

Minor Element Data-Vaddas

Minor element data from Vaddas is plotted against SiO2
on severaldiagrams. Also plotted is Coleman's (1977)
average value for ophiolite gabbros (pointG) and ophiolite
dykes and pillow lavas (pointB). It should be noted that
the Vaddas data is not volatile-free, and would shift by
up to 1% more SiO2 if recalculatedon a volatile-freebasis.
This does not significantlyaffect the conclusions.

In comparisonwith the ophioliteaverage values,

the Vaddas rocks are very low in Ni and Co,

theVaddasgreenstones/dykesare low in V,

the Vaddas Cr and Sr values are approximatelynormal
for ophiolites,

the Vaddas Ba is a little high, with a few very high
values,

the Vaddas Cu is higher than average for ophioiites,

the Zr values range from averageophiolite,to four
times as high as ophiolites. The gabbros are closer to
average ophiolite than the greenstones/dykes.

It is noticeablethat on most of the diagrams the
Vaddas data define a single group or a single trend, as in
the discriminantdiagrams.

114
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Minor Element Data - L n en

Much of the Lyngen data is similar to that from Vaddas,
although the Lyngen data is less homogeneous than Vaddas.
Lyngen shows similar deviations from Coleman's average

ophiolite values, as Vaddas: - low to very low Ni and Co,
slightly low Cr, high Ba & Cu, and some high Zr values
(only the amphibolites, ie metabasalts).

Summar of Chemical Data

Fe0/Mg0 vs Fe0, and Fe0/Mg0 vs Ti02 diagrams indicate

that the Vaddas basic rocks have ocean floor basalts chemistry.

The Na20 + K20 vs 5102 diagram indicates the Vaddas

basic rocks are sub-alkaline.

On'the AFM diagram the Vaddas basic rocks are

tholeiitic.

On the Ti - Y - Zr diagram the Vaddas rocks plot

mostly in the ocean floor field.

The Vaddas greenstones and dykes plot in the ocean
floor field on the Ti vs Zr diagram.

The ophiolite data do not show such clear oceanic

basalt trends, but show some island arc and calc-alkaline
trends in addition to oceanic basalt trends.

The Lyngen data plot differently from Vaddas on the
discrimination diagrams, and show different trends from much
of the ophiolite data.

The Vaddas data cluster much more closely than the

ophiolite, Lyngen or Hasvik data. At Vaddas there is little
difference between gabbros, dykes and greenstones, although
the most basic end of the group tends to be gabbro. The

ophiolite data shows a clear difference between gabbro and

basaltic rocks on some diagrams. The Lyngen gabbro is clearly
different from the Lyngen amphibolites.

In minor elements, Vaddas and Lyngen are both
lower in Ni & Co than average ophiolites. The V values in
Vaddas greenstones/dykes are low, and Cr is slightly low in
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Lyngen and perhaps Vaddas. Sr is similar in Vaddas, Lyngen
and ophiolites. Ba and Cu are high in Vaddas and Lyngen.
Some Vaddas rocks and the Lyngen amphibolitesare high to
very high in Zr comparedwith average ophiolites.

Conclusionsfrom Chemical Data

The discriminantdiagrams show that the Vaddas rocks
have the chemistryof ocean floor tholeiites. The Vaddas
basic rocks occupy part of a larger field shown by ophiolites,
on diagrams involvingFe0, Mg0, Ti02, 5102, Na20, 1(20,and
could be ophiolitic.

However, there are some differencesbetween the Vaddas
rocks and Coleman's (1977)selectedophioliteanalyses. The
lower Ni, Co and V, and higher Ba and Zr at Vaddas may
indicate a more highly differentiated(olivinedepleted)

magma than is normal for ophiolites,or perhaps a deeper
source of the basaltic magma. However these minor element
values are the same as those in the Lyngen gabbro, which is
consideredto be an ophiolite.

The Vaddas data tend to group much more tightly than
the ophiolitedata, with less differencebetween gabbro and
basaltic dyke/greenstone. In the ophiolite system there

appears to be either separatemagmas forming the gabbros
and basalts, or a well-developedand systematicfractionation
system leading to distinct differencesbetween gabbro and
basalt.

At Vaddas the gabbro, amphibolite,dykes and greenstone
have formed from one type of magma. The magma may have been
fractionatedbefore any of the Vaddas rocks crystallized.
Further fractionationprobablyoccured during crystallization,

leading to progressiveincrease in such componentsas Fe0/Mg0,
Ti02 and Zr, both within the gabbro and within the basaltic
rocks. However, there is considerableoverlap in composition
of gabbro and basalt.

Despite the later age of the dykes, they are chemically

indistinguishablefrom the greenstones.
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The gabbros, dykes and greenstones either formed
from the same magma (implying the gabbro and dykes were
not formed later than the greenstone), or from exactly
the same type of magma. The gabbros and dykes were un-
doubtedly formed in the same tectonic conditions as the
greenstones.

The Ankerlia Metagreywacke shows some island arc
characteristics and should be further investigated.
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EVIDENCE FOR AND AGAINST AN OPHIOLITE ENVIRONMENT

According to the most generally accepted definition (from

GSA Penrose Conference, reported in Coleman 1977), an ophiolite

is a distinctive assemblage of mafic to ultramafic rocks. In

a completely developed ophiolite the rock types occur in the

following sequence, from the bottom to the top:

Ultramafic complex usually with a metamorphic tectonic
fabric

Gabbroic complex usually with cumulus textures, and
commonly containing cumulus ultramafics

Mafic sheeted dyke complex

Mafic volcanic complex, commonly pillowed

Other rock types commonly associated (table 16) are:

deep-ocean sediments (ribbon chert, shale, minor limestone),

podiform chomite, sodic felsic intrusive and extrusive rocks,
and copper-bearing pyrite deposits.

The ophiolite association is inferred to represent

ancient oceanic crust and upper mantle, obducted onto adjacent

continental rocks. During the process of obduction it is very

common for ophiolites to become fragmented, various parts
being thrust gainst non-ophiolite-rocks.

At Vaddas there is not a complete ophiolite sequence. The

question is whether any of the rocks there were once part of

an ophiolite. If not, what was their environment of formation?
For simplicity the evidence for and against an ophiolite origin
is discussed below in point form.

1. Some possible components of an ophiolite arb present

(see table 16), but not all of them have the normal features.

Ultramafic rocks and podiform chromite are missing.

Cumulate and non-cumulate gabbros are present.

Some felsic rocks present may be oceanic plagio-

granites, others are definitely not.

There are basic dykes and sills in the gabbro and in
the Ankerlia Metagreywacke. Ideally in an ophiolite the

dykes should be in gabbro and greenstone and there should be

a sheeted dyke complex with virtually 100% dykes. The dyke
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Table 16: Components of an Ideal Ophiolite Sequence

Deep-ocean sediments2 Pyritic copper

Pillow basalt2
deposits2

Sheeted dyke complex2
Minor oceanic

plagiogranites1
Cumulate and non cumulate gabbros1

t Minor podiform

tchromite bodies
Tectonized hon-cumulate ultramafic rocks,

Note 1: present at Vaddas

Note 2: somethingsimilarpresent at Vaddas

Cumulate ultramafic rocks
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density only reachesabout 50% at Vaddas, although there

is a possibilitvthat it was greater in the amphibolitezone.

There are pillow basalts at Vaddas, in the Loftani

Greenstone,but well-developedpillows are rare. Mostly there

are only fracturepatternswhich may be Dillows structure.

with no obvious rim zonation. It seems likely that the basalts

whichnow appear as Loftani Greenstone,were not deposited at

oceanic depths.

Typical blaqk shale-chertdeep-watersedimentsare

not present. Only the Ankerlia Metagreywackecould represent

a deep-watersediment. If this takes the place of normal

ophiolite sedimentsthe ophiolite would have to have developed

near a source of sandy sediment with a possiblevolcanic

component,e.g. near an island arc.

Pyritic mineralizationcontainingminor copper, is

commonlydeveloped in the pillow basalt zone of ophiolites.

In the Vaddas area there is extensivepyrrhotiterich copper

mineralizationat the top of the greenstonesand in the

Ankerlia Metagreywacke. The abundance of pyrrhotiteinstead

of pyrite might not be significant.

Although not part of an ophiolite,it seems to be

very common (particularlyin Norway) to find coarse sediments,

includingconglomerateand breccia unconformablyoverlying

an ophiolite. This is the result of erosionwhich follows

obduction. At Vaddas there is no such unconformity,nor is

there a conglomeratecontainingophiolitedebris.

The geologicalrelationshipsof the possible ophiolite

componentsat Vaddas make an ophiolite interpretationdifficult.

It is tempting to suggest that the observed sequenceof:

greenstone- amphibolite- gabbro, representsan overturned

gabbro - dyke - basalt section of an ophiolite. However at

Vaddas there is no indicationthat these rocks are over-

turned. The Vaddas Group below the greenstonesappears to

be right-way-up, and the greenstonesappear to conformably

overlie this sequence. The contact between the Loftani

Greenstoneand underlyingVaddas Group does not appear to be

a thrust. The Loftani Greenstonewas probably extruded

over shallow-waterVaddas Group sediments.(Lindahl1974).
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Itegablxmo is thougdlt tohaveteen intrudedmre or less insituasa

magma,alt/xxigh there is extensive shearing of the contact with
the Loftani Greenstone. The contact with the Ankerlia Meta -
greywacke shows intense folding, but metamorphic and melting
effects indicate that it is essentially an intrusive contact.

There is no regional evidence for thrust emplacement of
the greenstones or gabbro.

The extent of the dyke/sill complex in the Ankerlia
Metagreywacke has not yet been mapped on a regional scale.
Its shape and extent, and relationship with other dyke swarms
and amphibolites in the region may provide information on the
relationship of the Ankerlia Metagreywacke to the Metagabbro
and to the underlying sequence.

The.Vaddasgaisak Metagabbro is onlyoneof a number
of gabbroic bodies in the area. Other gabbros nearby appear
to be intruded at various stratigraphic positions, mostly
higher in the Ankerlia Metagreywacke (K. B. Zwaan 1975 &
pers.comm. 1982). They are considered intrusive and not
thrust into place.

Chemically the Vaddasgaisak Metagabbro, the Loftani
Greenstone and the dykes have many characteristics of ocean-
floor tholeiites. They correspond broadly with the compo-
sitions of some oohiolite basalts and dykes, and with the most
basaltic (i.e. least basic) part of the ophiolite gabbros.
There is less difference between the composition of the gabbros
and the basaltic rocks (dykes, greenstones) at Vaddas, than
there is in typicai ophiolites. The Vaddas rocks may have
formed from simple oceanic tholeiite magmas intruding con-
tinental shelf and island arc sediments, and not as part of
an ophiolite sequence, or real oceanic crust.
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APPENDIX 1: Mineralogyof Samples Collectedby Vogt (1927)

and Lindahl (1974)

The estimatedpercentagesof minerals in thin sections

of samples collectedby Vogt (1927)and Lindahl (1974)from

the Vaddas areaare presentedin the followingtables. The

samples are grouped accordingto the mapped rock unit from

which they came. The names and numbers used for the rock

units are taken from Lindahl (1974)..Lindahl decided in

which of the rock units Vogt's samples were located. The

rock units are grouped into similar lithologicaltypes so

that comparisonscan be made.

The percentagesof minerals were mostly estimatedby

Lindahl,with only minor modificationsby myself. The estimates

are only approximate. I have checked the mineralogiesof

Lindahl's samles (VR-numbers),but only a few of Vogt's samples

(Va-numbers). Most of the plagioclasecompositionswere deter-

mined by me, using standardflatstage optical methods. Con-

sequentlyaccuracy is limited.

List of Abbreviationsused:

Qtz - quartz

K-spar - K-feldspar

Plag - plagioclase

(An)- Anorthite content of

plagioclase

Opx - orthopyroxene

Oliv - olivine

Amp, Amph - amphibole

Carb - carbonate

Gar - garnet

Ep - epidote

Cz - clinozoisite

Zo - zoisite

Musc - muscovite

Biot - biotite

Chlor - chlorite

Cpx - clinopyroxene

Opaq - opaque minerals

Sph - sphene (titanite)

Zir - zircon

Ap - apatite

Rut - rutile

Tour - tourmaline

Staur - staurolite

Ky - kyanite

* for correlationof Lindahl's (1974)informal stratigranhicnames

with proposed formal names, see table 13, in text p. 72.
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låble1: Estimatedmodalndneralcontentof themetasedimentsfp3n

theSPARAG4ITEANDSFARAGMITICSCHISTrockunit(Ba1),LilleelvGroup.*

Sample Qta.K-spar.plag(An).114.5cBiot Gar Ep/cz Opaq Zirc Other

Va 155 20 60-70 - - x - - x Amphibole

Va 156 30




x x -




-

Va 157 65




_ _ x x -

Va 158 25




65




x - x _ _
Vå 159 45






Va193 35




45




15 x x - - -

Va 210 30 30




15 15 x x _ _

VR 134 40 48




10 2 - x x x koatite
VR 137 40 35




3 7 -! 5 - x -

VR 467 45 45




5x -1 2 - x -

VR 549 30 70 (40) x




x - x Apatite
VR 598 40 20 20(25?)10





Sphene

516-1195

* (=NapojåkkaGroup.SamplesareframIaddevaggeMata-Arkcse).
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Table2: Estimatedmcdalmineralcontentof Inetasedimentsfranthe twa

quartziteunits,VaddasGroup

Sample

RUSTYQUARTZITE(Ba9)

(=RieppesjåkkaQuartziteMember)

etzK-sparPlag (An)friusc,BiotChlorEp/czCarbOpagiSPhZirOther

Vå 145 15




- 30 - - 45




Amp. 10

Vå 211 70




5x - 10 x - x Amp. 5

VR 156 45




530




x x Zo.15

VR 157 75




10(5)5 5




3 x




x

VR 416 30 - -25 25




10




Gar. 10

VR 458 80




12(5)3 3




X X X

VR 535 85




12(0-5)2





X X -

VR 591 80




20(5) -




X X X

516-1205 75




202




x x x





VAECASQUARTZITE(Ba15)







(=SkardalenQuartziteMember)






VR 159 10 - 15(0-2)8 x 60 x




x




VR 401 85 x 10(0-5)12 x




x x x




VR 402 80 - 18   ••-(0-5)x- •••




 ••





VR 412(a)35 - x60 '-




X X X




VR 461 95 - -5- X




X




VR 534 80 x 15(0-5)3- X X X X




Va 161 45 20 20x7 X




1«' X




Va 191 55 - 40 -x- X
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Tåble3: Estimatedmodalmineraloontentof the schistoserodkunitsin

the LilleelvGtoup

VACOASSCHIST(Ba3)

LuovosskaideMeta-Arkose)

Sample Qtz Plag (An) MUsc Biot Gar Ep/cz Opaq





!




Vå 151 30 ?




40 x 20: -1 i x

VR 113 15 7




x x 75 -! x
(7115)






VR 113 75 x




25




(7168)






VR 133 45 15 (-) 15 15 x. x




VR 136 30 x




30 x 30 x




VR 597 60 20 (15-20 5 15 x x




Sph Zir TouriCther

...

Carb.

Carb,Ap

Carb.

GRAPHITE-MICASCHIST(Ba4)

(=LuovosskaideMeta-Arkose)

VR 132 35 15 (38?) 35 10 x x

VR 596 50 20 (5?)

-

15 3 x x x Chlor,Ap

VADOASSCHIST(Ba5)

(=LuovosskaideMeta-Arkose)

Va 162

Va 195

VR 158

VR 414

VR 581

VR 600

VR604

40

30

35

30

60

-

315

50

10


15

x


x


30 -


5 (12?)

  •• •

20


45


50

25


20

35

20

15

15

30

10

20

20

10

x

20

10

5

	

10x
1x

xHc


xx

	

xx

	

--

	

xx

I x

Amph 40
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Table4: Estimatedmcdalmineralcontentof the calcian-pyrinicaschist

unitsof theVaddasGroup

MICASCHIST(Ba11)


(=CksfjorddalenSchistMeMber)

Sample

Va 212I

VR 154

VR 254

VR 403

VR 419

VR 459

Qtz

-

30

45

40

65

35

30

Plag (An) Musc Biot Chlor Gar Opaq SphfZirc Itur Other

- - 40 5 5 I 10 -5
1
x

- 10 25 8 x x - x Amp 15,Ep,

I ICarb8

	

15 (sodic) - 20 1 8 5 x - x x Ap

? 35 20 5 x x xx

10? 10 15 x - x 1 x x x

	

30 30 -5 x ' - x

GARNET- MLICASCHIST(Ba14)

(=OksfjorddalenSchistMember)

VR 555 40


VR 587 40

VR 593 35

	

40 10 x 5 x

x - 10 35 1 x 5

i I

	

, 35 15 - , 5 x

Ep 10,Arrp,
Carb

Staur5
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Table 5:!Estimatedinadalnineraloontentcf ndca schistunitswithabundant

calciumminerals(calc- micaschists),VåddasGroup

AMPHIECLE- CALC- MICASCHIST (Ba6)


Gælrajanr'ri.Marble)

Sample ,QtzPlag (An) MUscBiotChlorGarAmp Ep/czZo Carb

- 30 x -

30 - - 130 - i- 5 x - x
: I 1

20 2 - 20 I x 15 - ix x x

35 1 7 - 20 - :- 5 - x x - Ap

35
1 I

2 - 15 x ix 15 x x x -

20 ! x - 145 - ix 20 x x x -

25 1 5 - 125 - .5 15 x x x -

GARNET- MICASCHIST(Ba10)

(=OksfjorddalenSchistMember)

Va 153

VR 119

VR 123

VR 450

VR 452

VR 599

x

30

35

30

30

10

x?

5(55+)x

x (35t -

x

(66+)!

516-120220

-

OpaqSph ZircTourCther

VR 118 25

VR 124 35

VR 553 30

VR 585 35

1-




40 10 x

x




35 10 x
1






40 15




1 30 20 x

MICA SCHIST(Ba18)

(GuolasjavariFormation)

Va 147


Va 152

45

1x

! x -

x

40

x




VR 60 185




7 7




VR 160 :30




25 30




VR 359 135




20 25




1

VR 365 :20




50 15




VR 409 .40





20 1




1






VR 411 ,60




1025





1






VR 462 .65




x15




VR 495 !20




4515




VR 500 '60




x x20




VR 532 40 ; X x35




5 10 x !-

5 2 1-

5 - 1


5 10





X 'X X




- 10 x


x


x

-


-


-

x


x


x




4




x




1




-




1-




x - x




25 x 1





- x x - x




15 x


x x x




x 15 x x




7




15





x - x Staur5

x Ap?

Rut?

x Rut?

x Staur

Ap

Ap?

Ap?

7Te
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Table5 (continued)

Sample,

VR 448


VR488


VR 490

Qtz Plag (A/1)

4510(50)

25-

355(32?)

MICASCHIST(Ba20)

Guolasjav'riFormation)

MusciBiotChlor!GarjAmp.Eplcz,Zo

	

-25

	

2015-,20

	

x45-5

-

i
x I-

x


-

CarbOpaq.Sph:Zirc;Tour


15X_Xx

xxxx
I

	

55-xI -

Cther

Ky 10
Staur1




MICASCHIST(Browl.)(Ba23)





(=HAk'kejav'riCalc-BlotiteSchist)





Va 15070




10 X - 5 x -




VR 150 x




x25 18 x - x

VR 21 40




x25x20- 15 x - x

VR 3' 45




-10--1525 x - x

VR 2360




58 x 25 x x x

VR 125.60 x (43+) -15 x - 12 - x x

VR 14825




-5010-10 x -




VR 25160 x




1020___ x xx




VR 252;60




-x12-10x15 x x x

VR 528,60




15208 x x x

VR 557!45 x (67?) 520x10-15 x x x
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Mable6: Estimaredmcdalmineraloontentof sapplesframimpurecartonate
units,VaddasGroup

mARBLE/cArc-scargr/cm.c-bacAscHisr (Ba16)

(=Guolasjay'riForination)
;Sampl -QtrPlag (An)MUscBiotChlorEp/czCar Opal,SphZirc,TburOther

.1~

Va 142 15 x 8
VR 457 10 20 x
VR 521 40 x 20
VR 533 30. 5 (36+)20

75 x

x 65 5

x 40 x

x 40 x

  

PALEMARBLEUNTT 17)
Guolasjay'riFormation)

VR 116,10 x

VR 588 80. 5

115 10 - x 60

105   ••

PALEMARBLEUNIT(Ba19)* denotespebblefromconglomerate
Guolasjay'r1Formation)

Va 160 65

Vå 190120

Va 209 £35

Va 214:20

516-1194)5

VR 165,40

VR 188;80

VR 407i 5

VR 408112

VR 46 70

(7767Qj5o
VR 463 25(7768)
VR 498 5


VR 506 2
VR 524 70(7774)

75
VR 52

(7773)50

5 (sodic)

10 (55)

5 (sodic?)

10

2

3

25 (0-2)

x (sodic)

25 (0-2)


20 (0-2)

x 25x

-10510 30x-

xx- 8x x
-15 ;x 20 5 x

 • x 93




x
MOD8 50 xx -

4 12 -x x
X 90 xx -

575 x

x

x


x
••••1040 xx x

5




70 xx x
8   •  • 85x?
x xx 97




- XXX




X -xx




95xx-

x50-

I Rut?


Zo?

 •••
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Table7: Estimatedmodalmineralcontentof samplesframnearlypuremarble

units,VaddasGroup




GREYMARBLE(Ba7)


(=Gmirajav'riMarble)




SampaeQtz Plag (An)Mtsc Biot Chlor Zo;Carb Opaq Sph iCther

VR117 10 2 (35+)4 4 - -80 - x. Amp,Zirc

VR1551 2




2 - _ 95 x




VR 1621


VR 415i

2

2




2 -


-

_


_

_95

_95
x

2i i
-


-
VR 548 7





- x _90 x




VR 583





2 - - -90 x -

GREYMARBLE(Ba12)

(=CksfjorddalenSchistMember)

VR 112 3




5 90x




1






VR255; 5 !




5 80x




EP
VR 469! 5




I x 90 x




VR 592: 7




3 - 90
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Table8. Estimatedmodalmineralcontentof samplesfrantheOksfjordSchist

OKSFJORDSCHIST(Ba29)


(=AnkerliaMetagreywacke)

SampleICItzPlag (An) Biot ChIor Amp Ep/cå CarbktoaqSph Zirc Other

Vå 164

Vå 166


Va 165

30 35 (62) 5




20




x x x
35 15 (60?)






40 20 (40) 10! -




15xxxxxCpx




50 20 (45?) 10




15 5 - x x• x

60 5 




5 x - x




25 25 ' 40




- - x x x

35 15




25




10 10 - x - x

65 x





25 10 x x x -

50 x (sodic) 40 x x - - x x x

65 x 
 25 x 5 - 5 x x x

5 85 (55)




x x - x 8 -

Vå 167

Vå 188

Vå 189

Va 192

516-1339

VR 426

VR 541

VR 542

Ap

Gar8

Note1

Note1: VR 542contains skeletalpoikiloblastsof scaoolite

Note2: MinorK-feldsparmaybepresentina fewsamples,butnonewaspositively

identified

Table9: Estimatedmodalmineraloontentof a sampleof


RAPPESVARREGNEISSICGRANITE(Ba30)

SampleQtz K-felsiPlag (Pxt)IMusc

VR 278 2545 ' 15(0-2)10

Chlor.Opag,SphiZirc



Table 9:

APPENDIX1

Estimatedmodalrnineralccntentof samples fran the

p. 11




LOWERGREENSTONE(Ba21)




(=lowerLoftaniGreenstone)




Sample Qtz;Plaq(An)Chl

l

AmpEp/cz j CarbOpaq Sph Other

Vå 15 ?30x 6025x x




Va 25 -25- 5515-x x




VR 161 35(65)60xxx x




VR 250 -35(50)55081x 1




VR 491 ?25(50)-70xsx x




VR 510 x30?(36)4520-x x




VR 525 -25(50)x65xxx x




VR 530 ?25(sodic)x70- x. x x




Table10: Estimatedmodalmineralcontentof samplesframthe





UPPERGREMSTONE(Ba24)


(=upperDaftanlGreenstone)






Va19 - 15




- 70




10 - x x




Va 22 - 10




75




15 - - x




Va 37 x 15




- 65




15 x - x




Vå 44 - 15 
 - 70
I

15 - - -




Vå 46 - 20




5 65




5 - x x




Vå 89 - 15




70




15 - x x




Vå 113




20 
 - 70




5 x x x




Va 134 - 20 (40) - 60




15 - - -




Vå 144 35




- -




- - - -




Gar5,Mica50

Va 176




35 (40) - 45




20 - x ._ ,




Va 177




25 (40) - 60




12 - x x




516-1208- 30 (40) - 65




- - 5 -




VR 63; ? 25 (35)




65 f - - x x




Biot

VR 127' ? 20 (50?) x 70




5 x - x




VR164




40 (60) x 50




x - x x
i




VR 303




20 (35?)45 5




- - x -




Gar25

VR 309A x 35




50 5




- - x x




VR.309B/C




30 (65)




60




x, x x x




VR 329


VR 334

x •ffiN,

30 (54) 5

80


60




15

-

-


-

x


3

x


x






Table10: (JPPERGREENSTME (Ba24)- continued)

QtzPlaq(An)iChllAmg iBp/cz
I
1i

	

-25(55)-i10

	

!60

	

30104015

	

-18(55)-6515

	

-25(48?)1065

	

x30(60)2530-jx

	

x25(70?)-6510

20?2G?(45)-60-

	

1020(68)-655

;Carb


x


x


-

-
t

-! 1

-

-

APPENDIX1

OpaqSgh

-5

sx

-2

8-

--

xx

p. 12

;Other

;
1

1

t
!

Biot

!
Samplei

V4 3391

VR 344;

VR 346;

VR 352

VR 381

VR 406

VR 424

vR 603
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Table11: Estimatedmodalndneralcontentof samplesframthe

"caynkcrMEIAMORPHIC"SERIES(Ba25)

(unostly=GrytaAnphiholite)

SampleGtz Plag V1/211)IBio Amp EP/az




OpaqISphZir

Vå 14






Va16x 45 (60)




50




Va 18 I






Vå1801,I_

50 (55)




50




Va34i40 50




8 x




Va36 15




70




Va42 45 (55) 2 40 10 I 3




Va 91 60 (65)




35




 • 

Vå 106







I  Va130- 60





25





Va107- 40 (50) ._ 60 -




x--
Va 110- 25




10 60 5




xxx

Va 11130 60




x 10 -




-x-
Va 135- 40




- 45 x




x5-

Va 136- 45




- 50 5




xxx
Vå 202 30




- 65 5




xx-
VR 11435 15 (45?) 5 20 15




-xx
VR 12030? 10?




25 20? 10




-5x
VR 12810? 20




- 60 2




-8-
(6126)







VR12830? 311?(35?) - 30




2
(6127)







VR258- 40 (70)




55 5




x--
VR 260 55 (45) - 25 -




x--
VR 276- 20 (50) - 60 15




x5-
VR 318? 60 (45) - 25 -




xxx
516-1215x 65




- 30 5




x-
-

f
45 (60) - 50 5




x--
516-1322x 33




__ 25 20




x-x
516-1325{- 80




2 15 -




x3x

- 20




5 60 8




x5x

5 Chl5

-




- Ohl

- Pyx5
-

x

Cpx5

- Musc

-

x

x Cpx15

-

•2p Other

- I zois lo
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Tåble12: Estimatedmodalmineralcontentof samplesframthe

GABBROGNEISS(Ba27)

(=part VåddasgaisakMMtagabbro)

Oliv

SamplePlag (An)Biot CpxOpx AmpSp/cz Opag

Va 545




15 15(?) 5 -

Va 750




15 15(?) 15






Va 100/

Va 8 60




- 25 5 ;8




Vå 9 65




20 12




3

Va 1735 (50)




15 40




Va 2055 (43)




15 30




Va 871





50Va 29




10 40




Va 7840




308 20- x

Vå 8350




453 20- 3

Va 845




-- 30- -

Va 8850




153 30- x

Va 9898




-- 1x x

Va 9925




80x x

Va 12338




60- 2

Va 10150




3010 5- 5

Va 10450




305 8- 5

Va 10545




- 20 - 35- -

Va 11240




- 20 - 35- -

Vå 12450




35 5 5- 5

Va 13350




- 30 - 15 -

Va 16850 5 20- -t5




Va 16970 115 15?




Va 182 50




- 30 - 10 5

Vå 183 60




- 25i10




Vå 184 65




10 10i 15




Vå 204 65




- 15 - 20




Vå 205 50




30 - 20 -




Vå 206 45




- 30 - 20 5

VR 10570 (62)




15 10 5

VR 108 (65)






VR 1073 70 (70)




30





VR 109 I65 (55)




30





5

Gar 65

Carb

Qtz 20

r5

1

Sph Ap Other

x
•ffi.
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Table12: GABBROGNEISS(Ba27)- Continued

IPlag(Ari)BiotCpx ,OpxAmp Ep/cz OpaqSample

VR 256 45 (70+) -t30(8 81 - x

VR 257 65 (75)
_120!5 5 - x

VR 261 40 (70) -1- 5 - 50 2 x




1




VR 262 60 (50) -25 10




- 5

VR 265 x




- 30 - x   •.-




VR 273 60 (66) - 20 - 10 - s

VR 275 45 (45) 5 30 - 15' 5 -

VR 428 60 (60) - - 38-




- 2

VR 438 45 (12) x .. ... - x 5

VR 441 40 (76) -15 5 30 - 5

Sphi Ap Cther

I
- I - Oliv5

Oliv5


Carb3

etz60?

Chl5

Chl

.1 1.

•  

Ctz40,Musc
••••• x



Table13:Estimated

APPENDIX

modalmbleralcontentof samplesfranthe

OLIVINEGABBRO(Ba28)

p. 16





partVaddasgaisakMetagabbro)




Sample Plag (A11) Jcpxf Opx i OlivAmp opag spin4




Ap I Other

Vå 1 65




11581012
t

••••




-I




Va 2 65




1531017




-I




Va 3






Va 96

Va 122

65 (78-68)205.10'xx -
i




Vå 4 50




201558x




Vå 6 45




2510108x x





Va 80 60-




2032104 -




-




Va 86 65




10-1510x -




-




Va 92 70




105552 x





Va 97 40
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APPENDIX2 p.1

APPENDIX2 Descriptionof samplescollectedin this study

BS-2 Hornblende-BiotiteAlteredGabbro

Hand-specimen:Basalticrock with a large proportionof square phe-
nocrystsfrom loase block in Moscodalen.

Thin section: Very large, highly twinned plagioclasecrystals,
interlocking. Also some large clinophyroscenecrystalsalteringto
hornblende,plus one large olivine crystal heavily alteredta opaques
along fractures. Coarse hornblendeand biotite plus minor sphene
present. There is no fine matrix. Plagioclaseshows alteration.

Inter retation: The rock is an altered gabbro retainingits igneous
texture and much igneousmineralogy. It may have been part of a large
gabbro body or a slow-coolingdyke.

BS-3 PorphyriticBasic Dyke with Recr stallizedMatrix

Hand-specimen:Deformed fine grained basic rock with scattered
feldsparphenocrysts.

Thin section:Zoned and largely sericitizedplagioclasephenocrysts
in a metamorphictexturedmatrix of fine grained, sub-poligonal
plagioclase,hornblendeand minor sphene. One large apatitegrain in
an aggregateof pTagioclasegrains.

Inter retation: Dyke rock containingrelict plagioclasephenocrysts,
but with matrix entirely recrystallizedto an amphibolitefacies
assemblageand texture.
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BS-10 A hibole-clinozoisiteAltered Am hibolite

Hand-specimen: Partly amphibolizedpyroscenemeta-gabaro- medium
grained, non-layered.

Thin section: Hornblende- plagioclaseamphibolitewith much ver-
micular clinozoisite,minor colourlessamphiboleand very minor opagne
and sphene. The colournessamphiboleis associatedwith clinazoisite.

Inter retation: Hornblende- plagioclaseamphibolitewith near-
equilibriesmtexture,showinglater partial alterationto pale amphi-
bole - clinozoisite- sphene. Brownish surfacecolouringof rock is
due to clinozoisiteand pale amphibole,not pyroxene.

BS-11 MechanicallyDeformedOlivine Meta abbro

Hand-specimen: Coarse olivinemetagabaro,non-layered.

Thin section: Desequilibriumtexturewith relativelycoarse,equigra-
nular plagioclaseand clinopyroxene,some deformed,finer grained oli-
vine, clinopyroxene,plagioclaseand hornblende,formingrims of par-
tial rims around the coarser grains, and interstitialaggregats.

Inter retation: Appears to be a high grade metamorphictexture,par-
tially mechanicallydeformed,with little chemicalalterationof the
minerals involved.

BS-13 GneissicMetabasalt(Greenstone)

Hand-specimen: Gneissicamphibolltewith layeringand parallel
schistosity.

Thin section: Rock has an Igneous texture - interlockingplagioclase
and pale amphibole. Abundantclinozoisiteand minor sphene and
opaques present.
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Inter retation: Plagioclasemay be relict igneous. Amphibole,clino-

zoisite sphene are metamorphic. Texture indicatesthe rock was
completelycrystalline,possiblea dyke, but more likely greenstone.

BS-20 MetamorhicallyRecrystallizedPor h ritic BasalticDyke

Hand-specimen: Recrystallizedporphyriticbasalt, probablya dyke
rock, within metasediments.

Thin section: Relict plagioclasephenocrystswith recrystallized
margins, in a matrix of relativelyfine grained opaque grains and
sphene. Appears to be two colours of sphene - orange-brownand

colourless,the colouredone may be another mineral, some amphiboleis
very poikiloblastic.

Inter retation: Basalticdyke rock heavily alteredby metamorphism
(amphibolitegrade).

BS-21 Metasediment(AnkerliaMeta reywache)

Hand-specimen: Bedded metasediment(OksfjordSchists).

Thin section: Fine grained rock with strong schistosity. Consistsof
plagioclaseand probablequartzwith abundantbiotite and clino-

zoisite. Very minor opaques and sphene form alterationof opaque.

Inter retation: Fine sandy metasedimentpossiblywith a basic igneous
component,metamorphosedto probableamphibolitegrade.

BS-25 Partly recrystallizedPorph ritic Basalt (D ke?)

Hand-specimen: Igneoustexturedrock, thin plagioclasephenocryststo
1 cm, in a matrix with fine, interlockinglaths.
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Thin section: Phenocrystsof plagloclaseand interlockingmatrix laths of pla-
gioclaseand amphibole- relict igneous texture. Much recrystallizationof
amphiboleand some plagloclase.

Inter retation: Probabledyke rock partly recrystallizedunder metamorphic
condition.

BS-27 Meta abbro or Metasedimentfrom GneissicZone

Hand-specimen: Rock with brown surfaceweatheringsuggestingpyroxene,but
fresh surface appears amphibolerich, perhapswith an igneoustexture.

Thin section: Relativelyfine grained metamorphicrock with irregular
grainshapeand grainsize. Consistsof plagioclase(much untwinned),dark
greenish amphibole (some poikiloblastic),clinopyroxene,and minor biotite.
Much of the clinopyroxeneis poikiloblastic- may be metamorphicin origin.
Very minor fibrousmineral - resemblesfibrolite.

BS-28 Metasediment(AnkerliaMeta re acke)

Hand-specimen: Outcrop of brown rock with subtle to well-definedlayering-
could be layeredcumulatemetagabbro,or possiblylayeredmetasediment.

Thin section: Mineralspresent - abundantplagioclase,quartz,hornblende,cli-
nopyroxene,biotite. Clinopyroxeneis mostly poikiloblastic. Equigranular
metamorphictexture in plagioclaseand quartz,but morphic minerals are less
regular,especiallybiotite.

Inter retation: Appears to be a metasediment(AnkerliaMetagreywacke)which has
been metamorphosedto a grade where the assemblagequartz+ plagioclase+
hornblende+ clinopyroxene+ biotite is stable.

BS-36A GranularAm hibolite

Hand-specimen: Massive,medium grained,equigranularamphibolite.
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Thin section: Polygonalto slightlyelongateplagioclaseand hornblendewith

minor finer opaques. Weak preferredgrain orientation. Very minor zerion.

Inter retation: Equilibriumtexture in a high grade metamorphicamphibolite.

BS-36B GranluarAm hibolite

Hand-specimen:Massive,medium grained,granularamphibolite.

Thin section: Polygonal,lesser elongate,hornblendeand pla-

gloclasewith scatteredfine opaque.

Inter retation: Equilibriumtexture in a high grade metamorphicamphibolite.

BS-39 OlivineMeta abbro

Hand-specimen:Coarse grained olivinemeta-gabbro.

Thin section:Polygonalto sub-polygonalplagioclaserich meta-gabbro,with

abundantclinopyroxeneand olivine and possibleminor orthopyroxene. Clino-

pyroxeneoccurs as grains of similar size to plagioclaseand as grain aggrega-

tes. Olivine grains are generallysmall. Minor opaque and minor hornblende.

Plagloclaseand olivine are in contactwith no corona texture.

Inter retation: High temperaturerecrystallizationof an olivinegabbro to pro-

duce olivinemetagabbro. One zone of later mechanicaldeformation. Only very

minor hornblendealteration.

BS-40 GneissicOlivineMeta abbro

Hand-specimen:Massive olivine meta-gabbro,coarse grained.

Thin section:Gneissictexture defined by lenticularaggregatesof mafic

minerals- clinopyroxeneplus minor olivine and hornblende. Some apparent
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elongationand deformationof plagioclasegrains, and some recrystallizationto
sub-grainaggregates. Olivine forms small grains and aggregatesof small
grains. A few shapes resembleigneous laths, but generallythe mafic aggregates
and plagioclaseaggregateshave no particularshape.

Inter retation: Gneissicolivinemeta-gabbro. Lenticularmineralaggregates
may have developedfrom deformationand recrystallizationof originalcoarse
igneousgrains.

BS-44 La ered Felsic OlivineMeta abbro

Hand-specimen:Layered felsic pyroxenemetagabbro.

Thin section: Plagioclase- clinopyroxene- olivinemetagabbro,with
minor opaque minerals. Layeringis mainly definedby variationsin
proportionof clinopyroxene. Clinopyroxeneis finely twinned. Tex-
ture inequigranular- many small olivine grains,many plagioclase
grains show curved twins or extra sets of twins.

Inter retation: Felsic plagioclase- clinopyroxene- olivinemeta-
gabbro,with high grade metamorphictexture modifiedby later mechani-
cal deformation.

BS-44 La ered Felsic OlivineMeta abbro

Hand-specimen:Fine to medium grained felsic rock from interlayered
and boudinagedfelsic and mafic zone.

Thin section: Fine grained,mylonitictexture (ribbonquartz and fine
recrystallization)in rock consistingof quartz,K-feldspar
(microcline)(not stainedcheck against analysis),minor blue-green

hornblende,very minor opaqueswith sphene rims. Much fine sericitic
alterationof untwinnedfeldspar. Also substantialamount of altered
clinopyroxene- larger grains than the hornblende.
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Inter retation: Mylonitizedand metamorphicallyaltered pyroxene
granite.

BS-45A HornblendeAlteredMicrodoleriteD ke

Hand-specimen: Granularamphibolitewhich is interlayeredwith felsic
rock, in boudinagestructures.

Thin section: Rock has an igneoustexture, very much resemblingthat
in dyke rock BS-988, from Moscodalen. Interlockingplagioclaselaths,
showingmuch recrystallization.Between plagioclaselaths there are
slightlysmall sub-equantclinopyroxenegrains,with very much altera-
tion to hornblendeand fine opaque grains, some sericitizationof
plagioclase.

Inter retation: Probablya micro-doleritedyke rock partly alteredby
amphibolitefaciesmetamorphism,and partly recrystallized.

BS-48 Layered Biotite-Bearin Felsic Metagabbro

Hand-specimen: Felsic metagabbro.

Thin section: Felsic rock with some very thin mafic layers. Felsic
partis sub-polygonalplagioclasegrains with smallerpolygonalclino-
pyroxene,minor opaques,and very minor biotite. One layer is relati-
vely rich (about 10%) in biotite. Mafic layers are pyroxenerich,
with a little biotite and opaques. Most of the pyroxenein the rock
is clinopyroxene,a little is orthopyroxene.

Inter retation: Felsic recrystallizedmetagabbrowith minor thin
pyroxenerich Tayers. Containsminor biotite,probablyof igneous

origin.
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BS-49A Fine Meta abbro

Hand-specimen: Apparentlyintrusivemedium-finegrainedmetagabbro,
adjacementto medium to coarse metagabbro. The rock has a polygonal
grain texture.

Thin section: Very well developedpolygonal,equigranularmetamorphic
texture, relativelyfine grained. Main mineralsare plagioclaseand
clinopyroxene. Minor hornblendeis presentas an alterationproduct
of clinopyroxene,and small opaque grains are relativelyabundant.

Inter retation: The rock appears to be just a finer grainedmeta-
gabbro. Either it is not a dyke rock, or the originaltextureshave

BS-498 RecrystallizedGabbro

Hand-specimen: Coarsemeta-gabbrowith schistosity,truncatedb
finer meta-gabbro(BS-49A).

Thin section: Plagioclase- clinopyroxenemeta-gabbrowith minor
hornblendeand opaque minerals. Rock characterizedby aggregatesof
clinopyroxenesub-grainsand plagioclasesub-grains. Some aggregates
have lath-likeshapes,probably representingigneouscrystal shapes.

Inter retation: Fine grained metagabbradevelopedfrom polygonal
recrystallizationof coarser grained igneous-texturedgabbro.
Gneissosityformed by rotationand recrystallizationof coarse igneous
grains.

BS-5I Recrystallizedand Altered HornblendeGranodiorite

Hand-specimen: (nearHøgfjellvatnetmine) Felsic rock formingthe
matrix of an intrusivebreccia - mostly fine grained feldspar,minor
mafic minerals.
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Thin section: Quartz - feldsparrock with minor sphene,clinozoisite,
blue-greenhornblende,chloriteand very minor zircon. Quartz is
recrystallizedto sub-grains. Feldspar is very altered (sericitic).
Feldspar is plagioclase,some untwinned. One largemafic aggregate
(1 x 1,5 mm) consistsof sphene,opaque with sphenerim, hornblende,
interlayeredbiotite/muscovite,sub-radialchlorite,minor quartz,and
possibleclinozoisite. This may be an altered basic rock fragment. A
large feldspar- hornblendeaggregatemay also be a rock fragment.

Inter retation: Partly recrystallized,altered and weatheredgranitic
rock, with small basic rock fragments.

BS-52 Carbonite- K-Felds ar Bearin Quartzite

Hand-specimen: Pale rock, metasedimentary,either feldsparrich or
carbonaterich.

Thin section: Quartzitewith polygonalto elongatequartz grains,
minor carbonate,muscovite,scatteredopaques (probablypyrite)and
many small grains of untwinnedK-feldsparbetween the quartz grains.

Inter retation: Carbonate- K-feldsparbearing quartziteoriginally
either a sand or a cherty chemicalsediment.

BS-58 Layered HornblendeMeta abbro

Hand-specimen: Layered gabbro.oramphibolite,medium grained,.appears
to have cumulatelayeringand perhaps gneissiclayering.

Thin section: Relativelyfine grained rock consistingmainly of pla-
gioclase,amphiboleand clinopyroxene. Has a fine-scalegneissic
layeringand a coarser mineralogicallayeringwhich may be original
igneouscumulate layering.

Abundantvermicularintergrowthson the margin of plagloclasegrains
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and as separategrains - mostly clinozoisite.

Cumulate layeringis now definedby variationin the ratio of pla-
gloclase to mafic minerals,and by abundanceof opaqueminerals.
Types of layers:

Plag - minor hb - minor cpx

Hb - cpx - minor plag

Hb - cpx - plag

Plag - minor hb

Plag - minor cpx - minor hb - minor opaques

Hb - plag - minor cpx - minor opaques

Inter retation: Layered plagioclase- clinopyroxenemetagabbrowith
metamorphicgneissosityand partialconversionof pyroxeneto
amphibole.

BS-59 Recr stallizedHornblendeGabbro

Hand-specimen: Igneoustexturedrock with interlockingplagioclase
laths 2-4 mm long, in a dark matrix (lathsabout equal in volum to
matrix). May be a dyke intrudingthe metagabbro.

Thin section: Coarse, interlockingplagioclaselaths with intersti-
tial, fairly coarse, equigranularamphibolegrains and minor opaque
minerals. Minor growth of fine amphibolein plagioclase.

Inter retation: Gabbroictexture;probablya gabbro in which original
pyroxenehas been altered to amphiboleunder medium or high grade
metamorphicconditions. (May be originalamphibole,recrystallized.)
Probablynot a dyke.



APPENDIX 2 D. 11

BS-60 Am hibole - ClinozoisiteAltered Meta abbro

Hand-specimen: Coarse gabhrowith no obvious olivine,and non-
layered. Coarse schistositypresent. Could be amphiboleand feldspar
rock.

Thin section: Plagioclase- amphibole - clinozoisiterock. Schisto-
sity defined by preferredorientationof lath - like plagioclase
grains. Areas of pale amphibolewithin darker greenishamphibole,may
indicateprogressivereplacementof an earliermineral. Some ver-
micular clinozoisiterims on plagioclase.

Inter retation: Vrobablyamphibole- clinozoisitealteredand deformed
metagabbro.

85-62 Metabasal (LowerGreenstone)

Hand-specimen: Coarse greenstonewith felted texture - probablymeta-
morphic (LowerGreenstone).

Thin section: Interlockingelongateplagioclaseand hornblende,with
some areas of fine recrystallization.Sphene is a commonminor
mineral and lesser opaquesare present.

Inter retation: Metabasaltwith amphibolitefaciesmetamorphictex-
ture, perhaps reflectingan originalinterlockinglath - like igneous
texture.

85-68 Recr stallizedPor h ritic Basic Dyke

Hand-specimen: Dyke - like rock. medium to fine grained. Forms
boudin - like lens in very coarse olivine metagabbro.
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Thin section: Scatteredplagioclasephenocrystsin a fine grained
matrix of polygonalto sub-polygonalplagioclase,clinopyroxene,
hornblendeand minor opaque grains. Hornblendeappearsto be in
equilibriumwith other minerals. Minor opaquesexsolutionin clino-
pyroxene. Some plagioclasegrains crowdedwith clinozoisite
inclusions.

Inter retation: Dyke rock with matrix recrystallizedunder amphibo-
lite facies conditions.

65-70 Olivine Meta abbro

Hand-specimen: Medium grained olivine gabbro, not layered.

Thin section: Some large plagloclaseaggregatesand a few large
grains of plagioclase,plus smalleraggregatesof clinopyroxene- oli-
vine and single grains of plag, cpx, olivine. Olivinecommonlyfine
grained and interstitial. Hornblendeand opaques very minor.

Inter retation: Olivine metagabbro.

85-72 Coarse Metabasalt (LowerGreenstone)

Hand-specimen: Lower Greenstone- coarse, felted texture.

Thin section: Coarse, ragged to fibrouspale amphibole,some lath-
like plagioclase,abundantclinozoisite,minor sphene.

Inter retation: Texture dominatedby metamorphicamphiboleand clino-
zoisite growth, but may be some relict igneousplagioclaselaths. May
have been a finely crystallinebasalt.
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BS-74 Por hyritic,Fine GrainedMetabasalt(Up er Greenstone)

Hand-specimen: Upper Greenstone,fine to medium grained,with pla-
gioclasephenocrysts,somewhatschistose.

Thin section: Well developedschistositydefinedby fine matrix.
Plagioclasephenocrysts,extensivelyaltered to clinozoisite,and
rotated into schistosity. Matrix is fine pale hornblende,pla-
gioclase,clinozoisiteand minor sphene.

Interpretation: Porphyriticbasalt metamorphosedto lower amphibolite
facies and deformedto produce strong schistosity.

BS-75 Felsic Am hibolite

Hand-specimen: Grey layer from grey and brown layeredcumulate
gabbro.

Thin section: Relativelyfine grained rock-consistingof polygonal
plagioclasegrains and smallerless regularamphibolegrains,the
whole rock dustedwith very fine opaque grains.

Inter retation: Totally recrystallizedmetagabbro,probablywith
amphibolederived from completealterationof pyroxene.

BS-75A Amphibolite


Hand-specimen: Brown layer from layered grey and brown metagabbro.

Thin section: Relativelyfine grained rock with subpoligonalto
elongategrains, defininga well-developedschistosity. Mineralsare
hornblende,plagioclaseand abundant,minor finer grained sphene.
Much yellow stainingof grain margins.
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Inter retation: Totally amphibolealtered and recrystallizedmeta-
gabbro, or perhaps recrystallizedplagioclase- amphibolemetagabbro.
The abundantsphene tends to indicatethat the presentmineralogyis
metamorphic.

BS-78 Recr stallizedPor h ritic Basic D ke

Hand-specimen: Dyke with feldsparphenocrysts,intrudesmedium to
coarse Ryroxenegabbro.

Thin section: Stronglyzoned plagioclasephenocrystswith Qmall

hornblendeinclusions,and some mechanicaldeformation,in a matrix of
sub-polygonalto elongatehornblende,plagioclaseand minor fine opa-
ques. Strong preferredorientation.

Inter retation: Dyke rock with relict plagioclasephenocrystsand
matrix recrystallizedunder amphibolitefacies conditions.

BS-82 GneissicOlivine Meta abbrowith MetallicMineral

Hand-specimen: Rusty coarse olivine gabbro,may contain a high pro-
portion of an opaque metallicmineral.

Thin section: Aggregatesof plagioclaseand of mafic mineralsdefine
a strong preferredorientation(- genissosity). Grainshapeswithin
the aggregatesare polygonalto sub-polygonal. Major mafic mineral
is clinophyroxene,with minor opaque minerals,olivine and horqblende.
The opaque mineral forms patches,mostly associatedwith mafic

minerals. It has similar grainsizeand grainshapeto the mafic

minerals,and appears to have been recrystallizedin the same manner.
Boundariesbetween opaque grains and grains of plagioclaseand clino-
pyroxeneare characterizedcoronas of a nearlycolourlessmineral,
probablypale amphibole.



APPENDIK2 p. 15

Inter retation: Totally recrystallizedolivinemeta-gabbrocontaining
a high percentageof a metallicmineral. The rock preservesoriginal
coarser grain texturesand gneissicstructure.

BS-83 SchistoseMetabasalt(Up er Greenstone)

Hand-specimen: Upper Greenstone- fine to medium grained greenstone
with felted igneousor metamorphictexture.

Thin section: Stronglyschistoserock with preferredorientationof
abundantlath like plagioclaseand relativelylong amphibolegrains.
Some plagioclasegrains appear to be small relict phenocrysts- partly
altered and deformed. Also much fine grained recrystallizedpla-
gloclase. Abundantminor opaque minerals and scatteredsphene.

Inter retation: Meta-basaltshowing amphibolitefacies metamorphic
effects and strong deformationeffects.

BS-85A RecrystallizedOlivineGabbro Dyke

Hand-specimen: From centre of dyke of medium grained olivine gabbro
intrusiveinto coarse meta-gabbro,with much relict igneous texture,
and recrystallizationof igneousgrains to metamorphicaggregates. Pla-
gioclase - clinopyroxene- minor olivine - minor opaques. Opaques
mostly rimmed by hornblende;opaque alterationalong fracturesin oli-
vine, minor fine opaques in chleripyroxenecleavages. Abundantpale
blue-greenamphibolealterationalong and near a planar fracture
through the rock. Some plagioclasemay be relict igneous- many bent
crystals,and a couple of possiblephenocrysts. Minor yellow serpen-
tine(?) after olivine.

Inter retation: Probablya dyke rock, partly recrystalli7ed,but dif-
ficult to distinguishfrom meta-gabbrosin the main intrusion. Oli-
vine meta-gabbro.
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BS-85B Recr stallizedPor h ritic Basic Dyke (withOlivine)

Hand-specimen: Margin of øyke intrudingcoarse to very coarse olivine
gabbro.

Thin section: A few large and smallerplagioclasephenocrystsin a
recrystallizedmatrix of plagloclase,clinopyroxene,hornblende,
altered olivine and minor opaque. Olivine is altered to yellowish,
fine serpentine(?)or chlorite(?). Hornblendeis probablyin
equilibriumwith plagioclaseand clinopyroxene.

Inter retation: Porpyriticmicrodoleritedyke, largely recrystallized
under amphibolitefacies conditions.

BS-85C RecrystallizedProphyriticBasic Dyke (withOlivine)

Hand-specimen: As for BS-853.

Thin section: Plagioclasephenocrystsand recrystallizedphenocrysts
in a matrix of sub-polygonalfine grained plagioclase,clinopyroxene,
hornblendeand opaqueswith minor aggregatesof chlorite,possibly
replacingolivine.

Inter retation: As for BS-858.

BS-87 OlivineMeta abbro

Hand-specimen: Coarse olivine,metagabbro- very yellow weathered
surface,indicatingrelativelyhigh olivine content.

Thin section: Large mafic aggregates(mostlyclinopyroxene)in a
matrix of plagioclasewith minor olivine. All is recrystallizedto
polygonalor sub-polygonalaggregates. Minor hornblendealteration.
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Inter retation: Olivine metagabbrowith recrystallized,metamorphic
texture.

BS-88 Sli htl Altered OlivineMeta abbro

Hand-specimen: Very coarse olivinegabbro showingoriginalgrainage
and texture;all plagioclasefinely recrystallized.

Thin section: Coarse monominerallicaggregates(to 7 mm or more) of
clinopyroxenein a matrix of recrystallizedplagioclaseand olivine.
Minor hornblendealterationof pyroxene. Minor orange-brownchloritic
alterationof olivine - with developmentof fine opaquesalong frac-
tures and rims.

Strange greenishexsolution(?)and ensolutionof opaque rhombs in
clinopyroxene. Fibrous chloriteoccupieswhole grain positionswithin
some clinopyroxeneaggregates.

Rare reactioncoronas of clinopyroxene(?)betweenolivine and pla-
gioclase.

Olivine aggregatesincludegrains of plagioclase- igneousolivinemay
have been interstitial,or at last poikilitic.

Inter retation: Recrystallizedvery coarse olivine metagabbrowith
minor hornblende- chlorite alteration.

85-90 Metagabbro


Hand-specimen: Medium grainedolivine metagabbro,layered.

Thin section: Polygonal,equigranularplagioclaseand clinopyroxene,
with fine opaque grains and possiblysome orthopyroxene. No olivine.
Minor hornblendeincludingrims around some opaquegrains.

Inter retation: Plagioclase- clinopyroxenemetagabbro,
recrystallized. No olivine,not layeredon this sectionscale.
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BS-98A Hornblende- AlteredBasalticD ke

Hand-specimen: From near the margin of the later two basalticdykes,
intrudingfelsite,Moskodalen.

Thin section: A few small plagioclasephenocrystsin a matrix of
interlockingplagioclaselaths,with interstitialslightlysmaller
clinopyroxenegrains and opaques. Moderate amount of hornblendeand
opaque alterationof clinopyroxene.

Inter retation: Partly alteredmicro-doleritedyke rock.

BS-988 HornblendeAltered MicrodoleriteDyke

Hand-specimen: Byke rock with a basaltic texture - earlier of two
intersectingdykes within a felsite host (Moskodalen).

Thin section: Essentiallyigneous texture,with interlockingpla-
gioclaselaths and interstitialmafic minerals. The mafic minerals
appear to be complex intergrowthsof hornblendeand clinopyroxene,
perhaps partial replacementsof clinopyroxeneby hornblende. Some of
the mafic intergrowthsappear to be graphic. Some of the plagioclase
is dusted by fine needle-shapedinclusions.

Inter retation: A micro-doleritedyke rock, possiblypartly altered
during metamorphism.

BS-98C Gra hic Texture Hornblende- Biotite Micro ranodiorite

Hand-specimen: Felsic intrusiverock, host to basic dykes.

Thin section: Mostly graphic intergrowthsof plagioclaseand quartz,
with minor microcline,some perthitic. Minor blue-greenhornblende,
very minor opaqueswith sphene alteration. Very minor biotite. Much



APPENDIX2 p. 19

fine alterationof plagioclase. Some compositionalvariationin pla-

gioclase,indicatedby alterationdensity.

Inter retation: Graphic-textured,micro-granodioritecontaining

hornblendeand minor biotite,partly altered.

BS-98D Clinozoisite- HornblendeAltered Por h ritic Basic Dyke

Hand-specimen: (Moskodalen) Basalticdyke from within Ankerlia

Metagreywacke.

Thin section: Altered igneoustexture. A few plagioclasephenocrysts

in a matrix of interlockingplagioclaselaths and pale amphiboleof

similar grainsize. Plagioclaseheavily alteredto clinozoisiteand

sericite. Margins of plagioclaselaths modifiedby amphibolegrowth.

Sphene rims on opaque grains.

Inter retation: Microdoleritedyke alteredby lower amphibolite

facies or greenschistfaciesmetamorphism.

BS-98E Metasediment(AnkerliaMeta reywacke)

Hand-specimen: Pale, fine grained sandy or siltymetasediment,host

for basic dyke, BS-98D.

Thin section: Inequigranularrock with relativelycoarse quartz (some

strained,recrystallized),some plagioclaseof similarsize, and finer

clinozoisite,hornblende,minor biotite,opaque (and sphene

alteration).

Inter retation: Metasedimentwith possiblerelict detritalnla-

gioclaseand quartz grains.
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BS-101 Sca olite-bearin Metasediment(AnkerliaMeta reywacke)

Hand-specimen: Cream-whiteporphyroblastsin biotite rich metasedi-
ment. Could be epidotegroup mineral or scapolite.

Thin section: Small poikiloblastshave followingproperties:low

relief, refractiveindex similarto quartz, one good clearage,extinc-

tion angle about 140, colourless,birefringenceabout 0,020. Mineral
is not epidote group, probablyscapolite.

Other minerals;plagioclase,quartz(?),biotite,clinoRyroxene,

hornblende,sphene,zircon.

Inter retation: Metasediment,metamorphosedto approximatelyupper
amphibolitefacies, perhapsaffectedby contactmetamorphism.

85-109 Layered OlivineMeta abbro

Hand-specimen: Medium grainedmeta-gabbro,probablycontainsolivine.

Thin section: Grades layeringwith oblique gneissosity. Grading

defined by grainsizeof mafic grains and percentageof mafic grains.

Minor plagioclaserich layer with biotite at base of one graded layer.
Mineralogy:plagioclase,clinopyroxene,orthopyroxene,minor opaques,

hornblende,biotite,opatite,possiblyolivine.

Hornblenderims around opaques are common.

Inter retation: Metagabbroshowingcumulategraded layeringand

imposedgneissosity. Biotitemay have been an igneousmineral.

85-111 Metasediment(AnkerliaMetagreywache)from GneissicZone

Hand-specimen: Intenselyfoldedgneissic rock; looks like a biotite

bearingmetasediment,but could be altered gabbro.
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Thin section: Biotite rich rock, probablymetasediment. Layered to

lenticularrock, mafic rich and mafic poor areas.

Minerals:relativelycoarse plagioclase,aggregatesof plagioclase,

lesser quartz (generallyfiner),coarse clinopyroxene(some

poikiloblastic),possibleminor orthopyroxene,minor hornblende.

Inter retation: Metasedimentmetamorphosedto probableupper amphibo-

lite facies.

BS-112 M lonitizedMeta abbro

Hand-specimen:Medium grainedmeta-gabbro,folded in ontcrop. NW

margin of gabbro bogy.

Thin section:Partly mylonizedrock consistingof hornblende,clino-

pyroxenepartly altered to hornblende,plagioclase,quartz.

Inter retation: Probablya deformedmeta-gabbro,but the high quartz

content is strange (under this is untwinnedplagioclase).

BS-114 Meta abbro rich in Hornblende,0 a ue MineralA atite

Hand-specimen:Meta-gabbrowith concentrationof a metallicmineral

(weaklymagnetic).

Thinsection: Hornblenderich rock with large opaque grains and large

apatite grains (bothopaque and apatite abundant). Aggregatesof

recrystallizedplagioclase,some crowdedwith inclusions.

Inter retation: Meta-gabbrorich in an opaquemineral and apatite,

and heavily altered to blue-greenhornblende.
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BS-116 Clino roxene rich Layers in Olivine Meta abbro

Hand-specimen: Very pyroxenerich layers in coarse olivine

meta-gabbro.

Thin section: Pyroxenerich layer is mostly clinopyroxene(somewith

green sRinel?exsolution),may be minor orthopyroxene. Rock is pla-

gioclase,clinopyroxene,olivine,minor chlorite/opaqueaggregates

after olivine(?);orthopyroxene(?).

Inter retation: CumulateRyroxenelayers in olivinemeta-gabbro.

BS-117 HornblendeMeta abbro

Hand-specimen: Massive to gneissicmedium grainedamphibolite.

Thin section: Plagioclase- hornblende- clinopyroxenerock with

minor opaques and apatite. Plagioclaseforms aggregates,may be after

originalcoarser grains. Texture is subpolygonalto irregular.

Inter retation: Metagabbropartly altered to amphibolite.

BS-120 Partly RecrystallizedVery Coarse OlivineMeta abbro

Hand-specimen: Very coarsemeta-gabbro,non-layered.

Thin section: Very large clinopyroxeneswith exsolvedorthopyroxene

and green spinel. Minor hornblendeand opaquewithin the clino-

pyroxene. Originalvery coarse plagioclaseis recrystallizedto

aggregatesof coarsø, polygonalplagioclase. Some plagioclaseaggre-

gates outline probableigneouscrystal shapes. Some moderatelycoarse

hornblendeand opaques. A few grains (olivine?)replacedby yellow

serpentine(?). Minor graphic intergrowthof clinopyroxeneand opaque

mineral.
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Inter retation: Very coarse olivinegabbro, partly recrystallizedto

coarse olivinemeta-gabbro. Minor later alteration.

BS-121 Recr stallizedTroctoliteor Olivine Meta abbro

Hand-specimen: Very rusty meta-gabbro,coarse grained,non layered.

Thin section: Olivine rich rock (ca. 50%). Olivine- plagioclase-

clinopyroxene- hornblende- opaque. Plagioclaseoccurs as elongate
aggregates,defining a gneissiclayering.

Inter retation: Olivine rich meta-gabbro.

BS-127 Hornblende- Altered DoleriticDyke

Hand-specimen: Thick dyke transgressingsedimentsat a high angle.

Thin section: A few plagioclasephenocrystsin a matrix of fairly
coarse interlockingplagioclaselaths and clinopyroxeneheavily

altered to hornblende. Minor opaques.

Inter retation: Doleritec(ykewith pyroxeneheavilyaltered to
hornblende.

BS-128 MylonitizedBasic Rock (Metasediment?)

Hand-specimen: Cherty rock from zone of sulphiteminerali7ation.

Thin section: Very fine grained,inequigranularrock with strongly
planar fabric.

Minerals:plagioclase,quartz(?),clinozoisite,amphibole,sphene.
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Inter retation: Mylonitizedmetasedimentor dyke rock.

BS-129 Hornblende- AlteredGabbro (Dyke?)

Hand-specimen: Gabbroicplagioclase- hornblenderock,may be a dyke.

Thin section: Igneoustexture,dominatedby coarse, interlockingpla-

gioclase. Lesser clinopyroxene,with hornblendealteration,plus

hornblendegrains and opaqueswith thich hornblenderims. Exsolution

of some opaques and some green spinel(?)from clinopyroxene.

Inter retation: Partly hornblende- altered gabbro. May be a dyke

rock.

BS-131 Quartz bearingMeta abbro

Hand-specimen: Yellowishfine grained rock, either metasedimentor

meta-gabbro.

Thin section: No biotite. Plagioclase,possiblyquartz,clino-

pyroxene,minor sphene,hornblende,clinozoisite.

Inter retation: Probablya meta-gabbro.

BS-132 Partly Recrystallizedand Altered Olivine Gabbro

Hand-specimen: Coarse to medium gabbro with lath texture.

Thin section: Much lath-shapedplagioclaseand aggregatesof pla-

gioclase (grainsin aggregatesare polygonal);well developedgrains

of clinopyroxene,hornblende,minor opaques. Minor yellow serpentine(?)

after olivine(?). Some very good polygonalclinopyroxeneaggregates.
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Hornblendegenerallyseparategrains, in equilibriumwith

clinopyroxene.

Inter retation: Gabbro partly recrystallizedto a plagioclase- cli-

nopyroxene- hornblenderock. Olivinemay have been stable at the

time of recrystallizationand was altered later.
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APPENDIX 3: Chemical Anal ses

Following are chemical analyses carried out as part

of the current project. Analyses of Loftani Greenstone
presented by Lindahl (1974) were also used in the diagrams
in the chemistry section of this report.

Analyses were carried out by XRF methods at NGU, except
for rare earths which were determined by neutron activation,
at Sentralinstitutt for Industriell Forskning.

Lower limits of detection were:

Si02 A1203 Ti02 Mg0 Ca0 Na20 K20 Mn0 P202

.01% .01 .01 .01 .01 .1 .01 .01 .01

Nb Zr Y Sp Rb Zn Cu Ni Cr V

5 ppm 5 5 5 5 5 5 5 5 5

Ba U Th Pb Co

10 ppm 10 tQ 10 5
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SO1 A2z

b Zr y
Fe,03 Ti 02

SrR b Zn

P130 CoO
Cu Ni Cr

Nalts
VBa

KO
U

MnPlOs
n Pb Co
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48.6515.61 11.031.50 7.1910.52 2.30 .40 .17 .20
•




912741- 171994 7039 274 28322 0 00 45
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913712 2441716 555 14129 0 390 6
25-36A A 49.68 14.79 11.901.A2 7.0910.41 2.90 .05 .22 .17




6 13742 156J103 4634 1C9 33111 G 00 33
E5-368 A 49.6114.86 12.221.44 7.73 10.64 2.60 .04 .24 .14




61C835 1610117 16732302 23917 0 00 43
E5-39 C 4.2219.07 6.70.19 11.9312.37 2.40 .07 .09 .03




r146 162037 58 258 608 6513 C 09 40
E5-41 C 49.2817.74 5.62.27 10.6113.15 1.60 .06 .13 .02




C251? 134033 81185512 10210 0 G0 33 r
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VF-110 M 43.2319.65 7.25.43 10.8712.11 2.30 .06 .11 .74




0197 157046 60152419 9510 0 0 0 41E
VR-178A $61.2914.38 6.452.s6 4.527.91 3.70 .09 .03 .18s-




1315735 325J34 066 147 12448 G 110 17
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03614 13t043 71137354 13920 C 03 39#
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011123
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0 130297
9.409.90

22316
2.60

G
.13

00
.14
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.02k
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571)< 152076 SF 56 234 31216 0 u3 <9
VR-43g8 V 5(.3715.42 11.221.5d 5.'+711.68 3.00 .11 .21 .27
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VR-538 ( 49.0615.18 7.)71.14 5.9511.48 2.60 .09 .13 .13t




C7125 1,1 n 66 57 149 252 17115 0 00 3Cqj
E5-56 s A7.vr13.19 6.4d.79 3.657.20 2.40 1.56 .07 .15k




12197 1444535 J56151 111369 0 13J 173.2
rs-cg C 4r.7214.<1 1..17 7.7,13.15 1.50 .14 .15





G727'; 1:.1J50 3c7/6542 25759 0 0J 45
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RARE EARTH ANALYSES

Resultater (ppm)-

LaCe Sm IEu Tb Yb Lu

BS 20 7,8 20 4,2 1,7 1,0 3,4 0,56

35 82 190 3,4 0,93 0,32 0,98 0,16

36 6,5. 18 4,1 1,6 1,2 3,6 0,61

39 0,90 3,0 0,41 0,44 0,16 0,44 0,056

44 8,7 14 4,2 1,5 0,85 4,1 0,60

48 21,3 44 4,9 1,5 0,73 2,4 0,42

49A 3,0 10,3 2,8 1,1 0,64 2,2 0,38

49B 8,9 23 4,6 1,6 0,98 4,7 0,63

60 3,2 9,8 2,5 1,0 0,56 3,0 0,45

70 1,2 4,7 0,82 0,57 0,19 1,1 0,18

73 7,6 20 3,5 1,3 0,91 2,9 0,45

78 5,3 13,2 3,1 1,2 0,76 3,1 0,41

83 9,7 22 5,6 1,9 1,3 4,9 0,74

85A 2,1 6,5 2,5 1,1 0,64 2,6 0,38

85D 2,4 8,3 2,1 0,94 0,50 2,1 0,38
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I Anal sed Sam les

Code
BS 20 Basic dyke in metasediments D

I 21 Metasediment (AnkerliaMetagreywacke) S
35 Quartz - feldspar- hornblende- biotite

granophyre (felsite) F
36A Equigranularamphibolite A
368 Equigranularamphibolite A
39 Coarse olivinemetagabbro C

I

40 Gneissicolivine metagabbro C
44 Felsic olivinemetagabbro




L

45 Mylonitizedand altered pyroxene granite (felsite)F

i 45A Basic dyke in felsite D

48 Felsic metagabbro,minor biotite L

I 49A Fine metagabbro M
498 Coarse to medium metagabbrorecrystallized M

I 51 Granitic rock, recrystallized,altered (felsite) F

56 Metasediment (AnkerliaMetagreywacke) S

i
59 Hornblendegabbro dyke D

60 Altered coarse metagabbro,non-layered A

1

62 Lower Greenstone (metabasalt)

64 Upper Greenstone (dark,medium grained schist,

G

layered) G

I 68 Basic dyke from coarse olivine metagabbro D
70 Medium olivine metagabbro,non-layered M

I 72 Lower Greenstone- amphibole- plag - clinozoisiteG
73 Lower Greenstone- fine, porphyritic G

I 74 Upper Greenstone- porphyriticmetabasalt G
78 Basic dyke in medium to coarse metagabbro . D

I

83 Upper Greenstone,schistose G
85A Centre of basic dyke intrudingcoarse to very




coarse olivine metagabbro D

85D Coarse metagabbro,non-layered C
98A Basic dyke intrudingfelsite D

98B Basic dyke intruding felsite D
98C Felsic intrusive F
98D Basic dyke intrudingmetasediments D
98E Metasediment (AnkerliaMetagreywacke) S
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Code

VR 108 Gneissicmetagabbro,some mechanicaldeformation C
109 Metagabbro,minor alteration
110 Layered olivinemetagabbro,minor alteration
128A Finely layered amphiboliteschist
1288 Very finely layered amphiboliteschist
134 Meta-arkose

164 Upper Greenstone (amphibolite- plagioclase-
opaque)

256 Coarse metagabbro

258 Coarse amphibolite,minor alteration
259 Gneissic olivine metagabbro
264 Medium olivine metagabbro
401 SkardalenQuartzite
4398 Olivine gabbro

538 Olivine gabbro,minor alteration,intrudes
metasediments

549 Meta-arkose
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APPENDIX 4: Sam le Locations

Locations are listed for samples, photos etc from the present

study (BS numbers) and some of the samples from Lindahl's

(1974) study (VR numbers, and 516-, 555-numbers). The

locations were transfered from field maps based on aerial

photographs, to an enlarged topographic map. Accuracy of

location is very variable.

The map references refer to the Nordreisa and Reisadalen

1: 50 000 maps

Location

(1734 IV and 1734

MaReference

III).

Location MaReference

BS2 132-326 BS 62 2360-4045

3 194-446 64 2315-4060

10 2230-4315 65 2280-4130
11 2160-4330 68 2220-4120

13 2195-4450 70 2160-4110

18 1895-4345 72 2350-3990
20 1890-4350 73 2343-4040
21 1882-4360 74 2330-3994
25 1917-4310 75 2350-3982
27 1935-4310 77 2290-3994
28 1945-4310 78 2275-3994
29 1955-4310 82 2200-3962

35 1964-4265 83 2340-3880
36 2310-4220 84 2210-3895

39 2160-4330 85 2210-3900
40 2175-4330 87 2165-3935
44 2130-4320 88 2136-3950
45 1817-3936 90 2048-2936
48 1940-3970 91 2025-3980
49 1940-4050 92 2002-3980
51 191-327 98 132-333
52 2030-4495 101 1835-4215
56 2030-4480 104 2100-4218
58 2300-3890 106 1835-4795
59 227-388 109 2015-4253
60 2240-3880 111 2015-4400



Location MaReference Location
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MaReference

BS112 2060-4440 VR 136 2350-3457

113 2080-4395 137 2355-3546

114 2080-4305 154 2409-4283

116 2115-4295 155 2460-4183

117 2225-4360 156 2456-4185

119 2160-4355 157 2459-4188

120 2205-4240 158 2448-4140

121 2210-4220 159 2415-4216

122 2230-4210 160 2395-4218

123 2245-4200 162 2329-4535

125 1880-4215 167 2286-4355

126 1790-4060 188 2365-3905

127 1790-4030 250 2176-4484

128 1810-4010 251 2196-4466

129 1820-4010 252 2379-3745

131 1820-4005 255 2412-3808

132 1870-4072 256 2162-4391

133 2090-4500 257 2177-4319

134 2065-4495 258 2212-4333

135 2065-4500 259 2159-3883

136 1948-4218 260 2248-3850

137 2078-4290 261 2205-3910

138 2100-4305 262 2173-3922

139 2115-4295 263 2130-3960

140 2210-4205 264 2105-4048




265 2066-4072

VR1 I
2380-3810

266 2063-4085

2




303 2277-3678

23 2340-3990 309 2300-3640

60 2312-4422 334 2260-3720

105 I 2065-4375
359 1596-4521

106j




401 2225-4522

107 2112-4370 402 2363-4342

108 2122-4361 403 1875-4582

109 2122-4359 406 1900-4423

110 2135-4371 407 1872-4488

112 2332-3720 408 1873-4481

127 2115-3240 411 1870-4516

128 2095-3245 414 2442-3960
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Location Ma Reference

VR 415 2438-3980

416 2435-3978

424 1639-4442

428 1996-4296

431 2091-4315

432 2162-4271

438 1985-4075

439 2020-4010

441 1890-4064

467 2450-3843

469 2413-3773

488 1510-4590

521 238,8-3972

525 2370-3917

528 2363-3887

530 2290-3723

533 2316-3735

534 2328-3732

538 1782-3973

548 2430-3760

553 2321-3535

554 2319-3532

555 2320-3526

557 2313-3529

560 1965-3826

603 1280-4425

516-1194 2320-3708

1195 2362-3730

1205 2135-3775

1208 2268-3672

1215 2216-3603

1339 1825-4245

555- 55 2359-3917
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