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The petrography of two differentiated gabbro sheets in the low-grade metamorph ic Karelian sup
racrustal sequences of the Altenes Teconic Window is descr ibed. The intrusions have generally
undergone extensive deuteric and low-grade metamorphic alteration. Detailed petrographic studies
established the primary parageneses and variation in the gabbro sheets and formed the basis for
an interpretation of the geochemical profiles. Both intrusions have a distinct mineralogical and
chemical variation suggesting that gabbro sheets in the window probably compr ise both sills and
slightly inclined intrusions. Magmatic rocks in the Altenes Window describe a definite tholeiitic
trend. Zr-FeO·/MgO and Zr-Y plots of the two studied intrusions suggest the existence of two
magmatic suites. The Trollvatn sill is interpreted as syngenetic with the mafic extrusive rocks while
the Sagelv intrusion probably intruded at a low angle in an early stage of the Svecokarelian oroge ny.
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Introduction
The Altenes Window (Fareth 1979) together
with the adjacent Alta-Kvrenangen and Reppar
fjord-Koma gfjord windows const itute the north
westernmost outcrop of Karelian supracrustal
lithologies within the Baltic Shield (Fig. 1a).
The supracrustal in the window are collective
ly termed the Raipas Supergroup (Pharaoh
et al. 1983), and the assumed age is Early
Proterozoic (Siedlecka et al. 1985). Rocks in
the western most window, the Alta-Kvrenangen
Window (Fig. 1a), have been correlated with
lithologies in the Kautoke ino Greenstone Belt.
The lithologies within the windows and within
the Kautokeino and Karasjok Greenstone Belts
(Fig. 1a) are thought to have been deposited
in heterogenous rift environments, subsequ
ently deformed during the Svecokarelian oro
geny (Often 1985, Olsen & Nilsen 1985, Sied
lecka et al. 1985). The object ive of this paper
is to present a petrographic and geochemical
description and interpretation of the gabbroic
intrusions occurring in the Altenes Window.
The paper is based on an M.Sc. study of the
Altenes Window undertaken in collaboration
with Lars M. Nielsen (M.Sc.) during the period
1983-1 986. The results of the study are pre
sented in two progress reports (Pratt & Niel
sen 1984 and 1985), two unpublished theses
(Nielsen 1986, Pratt 1986) and an unpublished
summary of these (Nielsen & Pratt 1986).

Geology
The first detailed investigation of the Altenes
Window (Fig. 1b) was carried out by Fareth
(1973, 1979) and Krog & Fareth (1975), who
considered the window as part of the Alta
Kvrenangen Window . In a later publication
Pharaoh et al. (1983) described the Altenes
area as a separate window and this interpreta
tion is adhered to here.

While a certa in similarity between the Alte
nes and Repparfjord-Komagfjord Windows is
observed with respect to tectonostratigraphy
and structural trend , this is not the case betwe
en the Altenes and Alta-Kvrenangen Windows
(Fig. 2a). There is a definite change in the trend
and pattern of magnetic anomalies betwee n
the two windows (Fig. 2b) which closely corre
sponds with the change in structural trend
(Fig. 2a). Especially conspicuous is the stro ng,
NW-SE trending anomaly from a gabbro intru
sion in the Altenes Window which continues
across the Altafjord (Fig. 2b). The implication
of this anomaly is that Altenes Window base
ment extends at least 10km to the southwest
beneath the fjord before it dips beneath the
Alta-Kvrenangen Window. The discordant ano
maly patte rn and thus the difference in structu
ral trend may therefo re be a result of thrusting
of Alta-Kvrenangen strata over the Altenes
Window sequence. A large-scale thrust ing
would also account for the significant differen-
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Fig. 1. (a) The Precamb rian basement of West and Centra l Finnmark. CC: Caledonian Cover; BB: Baltic Bothnian Megas he·
ar (Berthelsen & Marker 1986); KTG and KSG: Kautoke ino and Karasjok Greensto ne Belts ; KG: Karelian Gneiss ; GC: Granu
lite Complex ; PKB; Prekarelian Basement. Mod ified after Pharaoh et al. (1983).
(b) Simplified geolog ical map and prof ile of the Altenes Window. 1: Trollvatn sill; 2: Sagelv intrusion; 3: Altenes gabbro. 0 e
that the thicknesses of the ultramafic sills « 30m thick) are not drawn to scale. Mod ified after Fareth (1979).
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Fig. 2. (a) Simplified geological map of the Altenes (A in Fig. 2b) and Alta-Kvrenangen (AK in Fig. 2b) windows. Note the
marked differ ence in structura l trend between the two windows. Compiled from Fareth (1979) and Zwaan & Gautier (1980).
(b) Magnetic anomaly map of the same area as Fig. 2a. Note the strong anomaly from a magnetite-r ich intrusion in the
Altenes Window (A) which can be traced right across Altafjord . Compare with Fig. l a. Comp iled from Habrekke (1978) and
unpubl. magnetic anomaly maps (NGU) 1834 I, 1834 11 , 1835 Ill , 1934 IV and 1935 Ill.

ces in tectonostratigraphy. The trace of the
inferred tectonic contact between the two win
dows is shown in Fig. 2b.

The Altenes Window consists largely of
non- to weakly metamorphosed , steep ly im
bricated sequences of clast ic sediments and
volcanites intruded by gabbroic and rarer ultra
mafic bodies of Svecokarelian age (Fareth
1979) (Fig. 1b). The clastic sediments are domi
nated by medium- to coarse -grained arkos ic
sandstones of fluvial orig in, with scattered
intercalations of fine-grained clastics and car
bonaceous shales of a probable lacustrine
origin, The mafic volcanic rocks consist large
ly of interlayered massive basalt , pillow lava
and tuft , Both sharp basalt/sandsto ne and
gradational contacts between tuft and immatu
re arkos ic sandstone occur, but the contacts
between sediments and volcan ites are general
ly obscured by thrusts . Primary features are
exceptionally well preserved, except in the

easternmost part of the window , and show a
younging direction towards ESE(Fareth 1979),

The easternmost part of the window (Fig.
1b) consists mainly of highly deformed and
greenschist-fac ies basalt and gabbro , here
referred to as 'greenstone', The Proterozoic
sediments and volcanites are discordantly
overlain by a 50-100 m thick sequence of
Vendian to Cambrian sediments of the Rafs
botn Formation (Fareth 1979), consisting of a
basal conglomerate followed by shale and
sandstone . The Rafsbotn Format ion is over rid
den by the Caledonian Kaiak Nappe Complex,

The Svecokarel ian deformation (c. 1800
1900 Ma ago, Pharaoh et al. 1983) of the
sedimentary and volcanic rocks west of the
greenstone area (Fig. 1b) has resulted in an
imbrication of these with a weste rly vergence.
Small-scale thrusts arid fold are also present.
The lateral extent of this imbricated sequence
(a minimum of 12 km perpendicular to strike)
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(b) Sagelv rnt rusro n

Fig. 3. Mineralogical composition and variation through the
Trollvatn (A) and Sagelv (b) intrusions. The intrusions are
divided into petrographic zones lA. B, C etc.), where the
compos ition (vol.%) show n within each of these represents
an average of 1·3 thin-sections.

uralite, chlorite, opaq ue minerals ::: orthopy
roxene ± augite, with apat ite, epidote, leucoxe
ne and serpentine. Petrograp hic stud ies have
identified augite, orthopyroxene, plagioclase,
opaque minerals and apat ite as primary pha
ses.

Augite is well preserved in the ultramafic
and gabbroic zones B and D (Fig. 3a). Ophitic
textur es are generally absent except in the
mafic gabbro zone C, where uralite replaces
ophitic augite. In the centrtal part of zone B
augite is subhedral, light brown and weak ly
pleochroic. In the gabbroic zone D, where the
augite is enclosed in poikilitic plagioclase, it
is much darker and more strongly pleochroic.
The observed colour change and increased
pleochro ism up throug h the sill is similar to
that in the Palisades sill studied by Walker
(1970), where this variation is ascribed to an
increasing Fe content. The grain-size of augite
varies from «0.5 to 1 mm.
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and the low metamorphic grade suggests a
foreland thrust-type imbrication at the margin
of a fold-belt. The folded greensto ne may re
present a more centra l part of the fold-be lt
faulted on to the imbricated sequence.

Strong Caledonian deformat ion with a move
ment direction from west to east, overpr ints
the Svecokarelian structures in the western
part of the window (Fareth 1979). This deform a
tion is largely character ized by a significant
compression, imbrication thrusting and a stee
pening of the dip of the volcanosed imentary
sequence. Late Caledon ian, low-amplitude and
long-wavelength f1exu res of the nappe thrust
planes and subsequent erosion of these have
resulted in the prese nt outcrop of the tectonic
window s in the region (Pharaoh et al. 1983).

Petrography
The Altenes Window is characterized by large
number of strike-parallel, mainly gabbroic intru
sions emplaced into both sediments and vol
canites, with thicknesses ranging from 1m to
2000 m, but generally in the range 150-400
m. The larger intrusions can be: followed 5-6
km along strike and have been described as
lenticular sheets by Fareth (1979). Two of the
se sheets, here informally named the Trollvatn
sill and the Sagelv intrusion, were chosen for
a detailed petrographic and geochemical stu
dy. The intrusions, which are 150-300 m thick,
appear not to have been affected by any signi
ficant deformation and were intruded into the
thick sedimentary sequence in the central
part of the window (Fig. 1b).

The Trollvatn sill, intruded along sandstone
beds (Fig. 1b), has an average thickness of
150-175 m and can be followed 4-5 km along
strike. Aphanitic chilled marginal zones are
0.1-0.2 m thick and grade into fine-grained
gabbro . Sandstone is bleached and hornfelsed
up to 2-3 m from the contac t. Scattered and
partly assimilated sandsto ne xenoliths occur
up to a few metres below the upper contact.

The mineralogical variations and the sub
division of the sill are shown in Fig. 3a. Apart 
from the chilled marginal zones, there is a
lower ultramafic unit B follow ed by a mafic
gabbro zone C and a gabbro zone D. The
mineral assemblage consists of plagioclase,
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Orthopyroxene is abundant in the central
part of the ultramaf ic zone B, and a few scat
tered and small grains were observed in zone
D. In zone B it is a subhedra l and colour less
enstatite. In the gabbro zone D, grains are too
small for precise opt ical determination, but
judging by the dark colour they are possibly
a hypersthenic pyroxene. The grain-size varies
from <1mm in zone B to <0.5 mm i zone D.

Alteration of both ortho- and clinopyroxene
to actinol ite (Fig. 4), chlor ite and hornblende
has occurred throughout the sill. In the lower
part of the ultramafic zone B, rounded areas
(1cm across ) with more coarse-grained altera
tion products are characteristic, and could be
relics of a glomeroporphyritic texture. The
variation in the alterat ion products up through
the sill (Fig. 3a) is interpreted as the result
of both a quant itative and a qualitative variati
on in the primary paragenesis. Orthopyroxene
and low-Fe augite in the lower part of the sill
are altered to actinolite and chlorite , while
hornblende becomes increas ingly dominant in
the upper part of the sill due to an increase
of Fe in augite and a decrease in the orthopy
roxene content.

Plagioclase is abundant only in the leucogab
broic zone D. It has now nearly everywhere
undergone complete alteration to chessboard
albite (Moorhouse 1956), with an An content
of 10-15%, and more seldom to sericite. The
distr ibution of albite and sericite suggests an
increase in plagioclase content in the primary
paragenesis from <5% in zone B to c.55% in
zone D. Unaltered plagioclase in the leucogab
broic zone D has an An content of c. 30-35%
(optical).

Opaque minerals are dominated by the oxi
des ilmenite and titanomagnetite. Pyrite and
chalcopyr ite occur scattered in zones C and
D (<<1 %). The content of oxides nowhere ex
ceeds 1% (vol.) and is normally «1%, with the
highest concentration in zone D. Deuteric oxi
dation of primary oxides to rutile and hematite
is extensive . IImenite - the dominant primary
oxide - is without exception oxidized to ruti
le, and in zone D and the lower part of zone
B further to hematite. Oxidat ion of titanomag
netite to ilmenite and subsequently to rutile is
widespread in zones B, C and D, where it is
commonly complete ly replaced by ilmenite and
rutile. Following Haggerty (1976), this sug
gests re-equilibration at temperatures greater
than 500°C.
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Fig. 4. complete deuteric/low-g rade metamorphic alteration
of orthopyroxene and clinopyroxene to light actinolite . Plagi
oclase has been altered to chessboard albite (outlined).

Apatite occurs as scattered needles mainly
in the leucogabbroic zone D.

Olivine has not been identified in thin-sect ion
but small blebs of greenish serpent ine in the
lower part of zone B could be interpreted as
olivine pseudomo rphs .

The Sagelv intrusion, intruded into the same
sedimentary sequence as the Trollvatn sill
(Fig. 1b), has an average thickness of 300 m
and can be followed at least 5 km along stri
ke. Up-down relations in the field are readily
estab lished from the observed increase in
grain size from fine-grained melanocratic gab
bro at the base to pegmatitic 'pockets' to
wards the top. The aphanit ic gabbro chill zone
is well preserved and grades inwards into
more coarse-gra ined gabbro over a width of
0.3-0.5 m. Sandstone up to 3 m from the
contact is bleached, hornfelsed and in places
enriched in biotite . This kind of contact -meta
morphic alterat ion was only observed along
the contacts to larger gabbro intrusions.
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Fig. 5. Large. unaltered. ophitic, subhedral augite grain (5
mm across ), containing numerous plagioclase laths. and to
a lesser degree titanomagnetite (zone C).

The mineralogical variation throu gh the Sag
elv intrusion has led to a division into zones
A-G (Fig. 3b). Zones A and G are fine- to
medium-grained gabbro chill zones , whereas
zones B to E reflect increasing plagioclase
content towards zone E, which is more mafic
and similar to the lower zone B. The mineral
assemblage varies , but is dominated by plagi
oclase, uralite (s.I.), opaque minerals and chlo
rite ± augite ± quartz, with minor biot ite,
leucoxene, sericite and epidote . Althoug h alte
rat ion is extensive, scattered relics of primary
phases are present and most primary phases
a re pseudomorphed . Plag iocla se , au gite , opa
que minerals, hornblende and quartz have
been identified as the primary minerals.

Auguite is the only pyroxene identified in the
Sagelv intrusion. It is preserved in the gabbro
ic zones C and F (partly), and is light to dark
brown, weakly pleochro ic, subhedral and al
ways subophitic to ophitic (Fig. 5). The grain
size of augite varies between <0.5 and 5 mm,
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Fig. 6. Actinolite uralite pseudomorph afte r ophitic augite.
with intensely sericitized plagioclase laths (zone B).

the largest grains being concentrated in the
middle of the intrusion (zone C). Coarse-grai
ned but non-ophitic augite pseudomorphs are
restricted to the coarse-grained pegmat itic
zone E.

Alterat ion of ophitic augite to uralite (s.l.)
prevails throu ghou t the intrusion, also in the
chilled zones, and three different types of urali
tic alterat ion can be distinguished (Fig. 3b):

Textureless uralite is a colour less to weak
brown and pleochroic uralite completely lac
king internal texture, and occurs abundantly
in the chilled zones and is quite widespread
in the gabbro ic zone s B , C (low er p art) and F.

Actinolitic uralite is a colourless to weak
brown and actinolitic uralite with fibrous textu
re and a more marked pleochroism than the
textureless uralite. It is the dominant alteration
product in zone B and the lower part of zone
C (Fig. 6).

Hornblende uralite is a brown to red-brown,
strongly pleochroic hornb lende with well deve-
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loped cleavage. Scattered and strongly corro
ded remnants of augite have been observed
in the hornblende and zoned hornblende pseu
domorphs also occur . The occurrence of this
uralite type is restricted to the coarse-grained
and pegmatitic zones D and E. Some of this
hornb lende may be of a primary origin (see
below), due to some diff iculty in distinguishing
between primary and secondary hornblende
as a result of further alterat ion (oxidation) of
hornb lende to chlorite and magnetite, and an
assemblage of finegrained magnetite, chlorite,
biotite and quartz (zones D and E) (Fig. 7).
Best (1982) ascribes these assemblages to a
deuter ic phase pseudomorphed under oxidi
zing conditions. The observed distribution of
the different types of uralite is believed to
result from variations in the primary mineralog i
cal compositions of augite crystallized during
differentiation of the intrusion. The colour chan
ge, as in the Trollvatn sill, is suggested to
reflect an increasing content of Fe in the prima
ry augite.

Plagioclase is abundant in all zones and is
generally quite strong ly sericitised with the
except ion of the unaltered middle gabbroic
zone C, where an An-content of 35-40% has
been measured opt ically. Contents of plagioc
lase vary between cA5 and 55%, being most
abundant in the coarse-grained to pegmatitic
zone E. In this zone opt ical measurements
indicate an An content of 28-32%.

Opaque minerals are strongly dominated by
the oxides titanomagnetite and ilmenite, but
small amounts of pyrite, pyrrhotite and chat
copyrite are also seen. Opaques do not ex
ceed 1% (vol.), except in zones C and D with
c.10% and 4%, respectively. As in the Troll
vatn intrusion, ox ides in all zones have under
gone varying degrees of high-temperature re
equilibrat ion «500°C, Haggery 197-6) under
deuter ic oxidizing conditions. Increasing re
equilibrat ion of titanomagnetite is character i
zed by exsolution of ilmenite followed by oxida
tion of exsolved ilmenite to rutile and finally
hematite. Re-equilibrat ion of ilmenite is charac
terized by exsolut ion of rutile and subsequent
ly hematite. Oxidation increases away from the
centre of the intrusion and is most pronoun
ced in the pegmatitic zone E.

Hornblende is widespread in the upper part
of the intrusion, but is mainly related to deute
rlc (late post-magmatic) alterat ion of augite,
except in pegmatitic pockets in zone E where
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Fig. 7. Secondary hornblende (full line) in zone D further
altered to a fine-grained assemblage of magnetite + chtori
te + biotite + quartz (dashed line). Also present are quartz
grains (white areas) and slightly clouded plagioclase laths
(dotted line). Areas between those outlined cons ist largely
of chlorite.

large (up to 2cm long) subhedral crystals of
primary amphibole are quite abundant.

Quartz occurs in zones D and E, and is
largely of a secondary origin. Large (2-3 mm)
homogeneous quartz grains in pegmatitic poc
kets, however, are interpreted as primary in
contrast to the earlier mentioned disseminated
quartz (Fig. 7) which is clearly associated with
alteration of hornblende.

Alteration and primary paragenesis
The two intrusions descr ibed above are charac
terized by a preservation of primary textures,
sections with unaltered primary parageneses ,
marked variability of the secondary phases
(Fig. 8), and lack of deformat ion on the macros
copic and microscopic scales. These features
are hardly compat ible with a regional meta
morphic event (Best 1982), because the natu
re of the alteration (Fig. 8) clearly indicates a
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(b) Sagelv intrusion

. / Low-grade meta-
Primary phases Deuterlc morphic products

low P-T regime and a minimum degree of
stress involved dur ing metamorphism of the
intrusions. The interpretation of a low-P meta
morprirsm is consistent with the near absence
of deformation in the central part of the win
dow, other than imbrication and localized tecto 
nizat ion in the vicinity of faults and thrusts.
As regional metamorph ism appears to have
been neglible in this part of the window, the
variation and types of assemblages (Fig. 8)
may instead be explained by a combination
of deuteric (Iow-P/high-T) and low-grade meta
morphic (Iow-P and -T) alteration (burial meta
morphism). Most of the reactions described
in Fig. 8 can occur at both low- and high-T
conditions, e.g., uralitization, and no attempt
has been made to dist inguish between deute
ric and low-metamorphic alteration.

Recognizing the many different alteration
reactions (Fig. 8) is a precursor for identifying
the quantitative variation of the primary parage
neses in the two intrusions shown in Figs. 9a
and b. Using these diagram s and the geochemi
cal prof iles (see below) the two intrusions can
be divided into gabbro sub-types representing
different cumulate zones. The Tro llvatn sill can
be divided into a lower pyro xenite unit (P)
followed by a pyro xenite/melagabbro unit (MG)
with gradually increasing plagioclase content
upward s, and finally an upper gabb ro unit
(G). The Sagelv intrusion consists of a thick
lower gabbro unit (LG), an upper gabbro unit
(UG), and between these a heterogeneous
coarse-g rained/pegmatitic gabbro unit (CG).
Units in the SageIv intrusion are generally less
well def ined than those in the Trollvatn sill.
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Fig. 8. Summary of the deuteric and low -grade metamo rp
hic reaction s and resu lt ing prod ucts observed in the two
intrusions. Question-mar ks after serpe nt ine and olivine re
fer to wh ether serpentine is a res ult o f alteration of either
orth opyroxene or olivine.
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Fig . 9. Schema tic presentat ion of a proposed var iation in
the pr imary paragenesis in the Trollvatn (a) and Sage Iv (b)
intrusions pr ior to alte rat ion. Abbreviat ions for the subd ivisi
on into cumulate zones are shown at the left side of the
diagra ms ; P; pyroxenite ; MG: melagabbro; G: Gabb ro (Troll 
vatn sill); LG: Low er gabbro; CG: coarse-gra ined lpegmat itic
gabbro; UG: upper gabbro (Sagelv intrusion).
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Geochem ical profiles
The major trace element variations are display
ed as a function of distance from the base of
the intrusions (Figs. 10 and 11), and the chemi
cal analyses are given in Table 1. Trace ele
ment profiles (Figs. 11a-d) for each of the intru
sions are depicted in two graph s, the division
being based on the aff inity of elements for
either mafic and/or opaque minerals or telsic
minerals (Walker 1970, Bailey 1979). The sub
division of the intrusions from Fig. 9 is given
in both diagrams .

Major and trace elements were analyzed
by XRF at Norges Geologiske unoerseketse,
Trondheim, except for trace elements of chil
led margin samples which were analyzed by
XRF at the Institute of Petrology, Copen-
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Lo....er chi 11 pyroxeni te Melagabbro Gahbro Upper chill Lower chill~ Peg.Gabbro ~ Upper chi 11
(a) (b)

60631 60629 60628 60627 60626 55142 55108 55129 ~5104 55101

SiO~ 48.48 49.43 46.05 52.90 46,30 48.63 48.67 48.26 48.54 48.01

A1
20 3

9.67 5.07 8.48 15.03 11.41 12.71 14.48 15.93 13.18 13.04

FeD
.

13.37 10.23 15.27 8.79 13.56 14.03 12.89 13.94 14.43 14.32

Ti0
2

1.58 0.90 1.69 1. 72 1.84 0.77 0.70 0.92 0.79 0.84

"gO 9.27 13.87 10.18 3.64 7.94 7.01 6.13 3.98 6.66 6.25

CaD 11.61 .16.38 12.77 9.00 10.32 11.55 11.16 9.43 11.12 10.93

NazO 2.0 0.6 1.3 5.2 2.3 0.6 1.9 2.· 1.6 1.7

K
20

0.84 0.30 0.38 0.51 0.80 0.16 0.75 1.14 0.66 0.26

MoO 0.15 0.17 0.19 0.07 0.14 0.20 0.21 0.21 0.23 0.18

P
20 5

0.12 0.05 0.08 0.26 0.15 0.06 0.05 0.08 0.06 0.07

Lal 1.07 1.10 1.24 1.23 1.08 2.54 1.57 1.32 1.07 2.02

Nb 8 5 6 12 11 1 5 5 6 3
Zr 85 59 85 20. 124 41 45 49 52 .3
Y 19 n 15 32 23 25 zc 24 27 26
Sr 246 115 256 316 281 153 150 125 96 224
Rb 33 12 13 12 31 2 22 39 20 4
Zn 71 62 67 23 62 87 83 86 94 83
Cu 177 153 399 8 44 108 147 164 169 116
Ni 234 393 283 31 184 95 75 41 77 7:'·
Cr 701 1000 307 5 329 157 67 5 88 si
V 316 248 452 238 337 337 325 337 341 317
8a 176 60 81 145 143 17 144 173 107 74
Pb 6 <10 <10 < 10 3 1 < 10 < 10 <10 3
Co 57 63 70 60 57 62 50 51 52 51
La 7 11 4 2
Ce 22 30 2 2
Th 1 1 <1 1

Table 1. Selected geochemical compositions from the cumulate zones and chilled marginal zones in (a) the Trollvatn sill (60631
- 60626) and (b) the sagelv intrusion (55142 - 55101). Note that Na,O values are given with only one decimal accuracy.

hagen. Both intrusions are affected by pro
nounced alteration, enhancing the possibility
of mobilization. Following, e.g., Davies et al.
(1978)and Condie (1981), moderately to strong
ly mobile elements up to greenschist-facies
metamorphism include: Mg, Ni, Cu, Zn and
Na, K, Ca, Rb, sr, Ba, respectively. To determi
ne possible anomalous distributions of these
elements through the intrusions two factors
appear important. First. some control on the
variation of the elements is given by the reaso
nably well established quantitative variation
of the primary parageneses. Second, the
strong indication that alteration of the intrusi
ons is a result of deuteric and burial metamorp
hic alteration in the central part of the Altenes
Window suggests that the chemical variation
may be interpreted in terms of the primary
paragenetic variation. Strongly mobile ele
ments such as Sr and Ba,however. still show
some degree of mobilization as described
below.

Major elements
MgO and CaO (Fig. 10) in the plagioclase
depleted Trollvatn sill primarily reflect the accu
mulation of pyroxene (Fig. 10a). In the SageIv
intrusion (Fig. 10b) a slight decrease in the
MgO content from both the lower and the
upper chilled margins towards the CG-unit is
in accordance with the slight decrease in
pyroxene, while the CaO content largely ref
lects variation in the An-component in plagioc
lase. The AI203, Na20 and K20 variation (Fig.
10) primarily reflects the variation in plagiocla
se, which again is most prominent in the Troll
vatn sill. Although the upward increase in plagi
oclase content in the SageIv intrusion is small
(5-10% vol.), this can still be discerned in the
variation diagram (Fig. 10b). Na20 and K20

reflect the albite and orthoclase components
in plagioclase, and the maxima in both intrusi
ons is in the relatively felsic units. Total FeO
(FeO·) shows only minor variations in the Troll
vatn sill. Most marked is the decrease in the
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Fig. 10. Major elements (wt.%) plotted as a function of distance from the base of the Trollvatn (a) and SagelY (b) intrusions.

G-unit. In the Sagelv intrusion (Fig. 10b) the
variation is far more pronounced, with a signi
ficant increase in the middle to upper part of
the LG-unit (Fig. 9b), reflecting the accumulati
on of F~-Ti oxides, followed by a rapid decrea
se in the CG-unit. TiO: follows FeO' in both
intrusions indicating that most of the TiO: is
bound in Fe-Ti oxides.

Trace elements
The trace element variations conform with the.
major element and petrographic observations.
In the Trollvatn sill a strong enrichment in Cr
(Fig. 11a) in the lower part correlates with the
pyroxenite, and the lack of a similar FeO'
enrichment suggests that Cr is present mainly
in clinopyroxene as opposed to chromite.
This is substantiated by the decrease in V
which generally strongly partitions into FeTi
oxides. The variation of Ni is interpreted as
largely reflecting the variation of pyroxene,
as neither olivine nor pentlandite has been

observed. Accessory serpentine (altered olivi
ne) in the pyroxenite probably contains some
Ni, but this is negligble relative to the Ni con
tained in the abundant pyroxene.

Cu is concentrated in the MG-unit in the
form of oxides and sulphides, closely following
the trend of V. Co and Zn show no variation
in the pyroxenite and melagabbro, and this
agrees with the petrographic observations of
an overall low Fe-Ti-oxide concentration. A
decrease in all these elements in the G-unit
reflects dilution due to increased plagioclase
content.

The low concentration of large-ion lithophile
(L1L) (Rb, Sr and Ba) and high field strength
(HFS) elements (Zr and Y) in the lower part
of the Trollvatn sill also reflects the strong
accumulation in this part of the sill. Their
marked enrichment in the G-unit is consistent
with this unit representing the last crystallizing
zone. Note that the chilled zone compositions
are very similar if not identical. Similar trace
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d) intrusions. Note that Cr in (a) and V in (c) are plotted as a half of their real values.

element patterns are observed in the SageIv
intrusion although they are not as prominent
as in the Trollvatn sill. A Cr enrichment in the
lowest part of the intrusion (Fig. 11c) may
reflect a primary pyroxene cumulation. Strong
enrichment in Cu and V parallels the increased
FeD' and reflects the high Fe-Ti oxide and
sulphide concentration in the upper part of the
LG-unit. Increases in Ni, Co and Zn in the
same zone are also referred to the Fe-Ti oxi
de and sulphide enrichment.

The UG-unit is similar to the lower part of
the LG-unit, agreeing with a suggested crystal-

Iization from top and bottom towards the
CG-unit. In this unit the above-mentioned ele
ments show a decrease which, as was the
case in the Trollvatn sill, reflects dilution due
to increased plagioclase content. The anoma
lous values (high and low) of Cu in the upper
and lower parts of the SageIv intrusion (Fig.
11c) suggest that not all Cu was bound in
sulphides and could have been mobilized
when liberated from Fe-oxides during both
high- and low-T reequilibration/oxidation. The
variation of the L1L elements (Fig. 11d) may
be readily interpreted in terms of the petrograp-
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hie variations and record the slight plagioclase
enrichment up through the intrusion. Again the
chilled zones have very similar compositions
with the exception of Cu and Sr.

ny. If this is indeed the case, then it is likely
that the two intrusions represent different
magmatic suites. This possibility is discussed
below.

y'-----------------...Jt.c

A Altenes basalt
.. Basalt in Altenes gabbro
o Trollvatn sill (oc chill)
• Sage lv intr. (.e chill)
• Uttramaftc siff
e Altenes gabbro

T

y=y + Zr (ppm)

T=TiO,Xl00 (wt.%)

C=Cr (ppm)

Magmatic affinity and geochemi
cal discrimination
The Trollvatn sill together with the Sagelv intru
sion and magmatic rocks in the Altenes Win
dow define a tholelitlc trend in the YTC-dia
gram (Fig. 12), which clearly separates them
from the calc-alkaline trend. The diagram also
demonstrates the range in composition from
normal tholeiites to Mg-tholeiites. Examples
to the geochemical composition of the other
magmatic rock-types in the Window are given
in Table 2. For a description of these intrusive
and extrusive rocks the reader is referred to
Fareth (1979).

A more rigorous discrimination between
various tholeiite-types is given by the AI,O,
versus FeO'/(FeO' + MgO) discriminant dia
gram (Fig. 13). Based on Fig. 13 it is reasonab
le to define the Trollvatn sill as a Mg-tholeiite
as opposed to the SageIv intrusion which large
ly plots in the Fe-tholeiite field. A sample of
the rare ultramafic sills(?) in the window clear
ly plots in the peridotite field While the Altenes
gabbro - a multiple gabbro intrusion series in
a basalt sequence - shows a compositional
range from Mg-tholeiite to Fe-tholeiite. The

Fig. 12. YTC-diagram of Davies et al. (1978) showing the
tholeiitic trend of basalts and gabbros within the Altenes
Window. Modified after Nielsen (1986). See also Table 2.

Comparison between the Trollvatn and
SageIv intrusions
Field observations, quantitative variations of
the primary parageneses and chemistry de
monstrate significant differences between the
Trollvatn and Sagelv intrusions. Field observati
ons made on the Trollvatn intrusion show in
the area studied (Fig. 1b) that contacts and
layering are parallel to bedding suggesting
intrusion as a sill. The trends of especially
MgO, CaO, AI,O, and Cr reflect the mineralogi
cal compositional change from pyroxenite to
gabbra, and indicate strong accumulation and
fractionation. The FeO'J(FeO' + MgO) ratio
of the chills is rather low (0.6). Both Cr and
Ni are high in the chills as compared with the
chills of the Sagelv intrusion, a factor of 5 and
2, respectively (see Table 1), and point to the
more primitive composition of the Trollvatn
melt. The variation of the major and trace ele
ments and the occurrence of the coarse gab
bra zone immediately below the upper chilled
margin, shows that the sill crystallized from
base to top.

The Sage/v intrusion, while having intruded
parallel to bedding, exibits a much less well
defined layering than the Trollvatn sill. Also,
only two cumulate zones are discerned: a
gabbro and a coarse-grained gabbro zone.
The slight differentiation can partly be seen as
a result of the more evolved nature of the
initial melt (chill zones, Table 1b), best illustra
ted by the higher FeO'J(FeO' + MgO) ratio
of 0.7 and lower MgO of c.7%. Mineralogical
Iy, this is illustrated by the occurrence of relati
vely Fe-rich ophitic augite containing andesine
plagioclase in the cumulate gabbro zones, and
primary amphibole and quartz in pegmatitic
pockets.

Differentiation from an evolved melt, howe
ver, cannot alone explain the poorly defined
cumulate units and the general heterogeneous
nature of the intrusion. Some other factor
appears necessary. A possible solution to this
enigma is that the Sagelv intrusion intruded at
a slight angle to bedding. As the intrusion is
now parallel to bedding it would probably
have intruded when the sediments were im
bricated, i.e. during the Svecokarelian oroge-
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Fig. 14. Cumulate and chill samples from the Trollvatn and
SageIv intrusions plotted in the (a) Zr vs. FeO"MgO dia
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Table 2. Selected geochemical analyses of various intrusive
and extrusive rocks in the Altenes Window. All samples
except No. 60634 (analyzed by XRF at NGU, Trondheim)
were analyzed by XRF at the Geological Institute, Copen
hagen.
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Altenes basalt are relatively Mg-rich bordering
the normal tholeiitic field.

The differences between the Trollvatn and
Sagelv instrusions discussed earlier, in terms
of composition, fractionation and type of intru-

slon (sill/slightly inclined intrusion), suggest
that the two intrusions may represent different
magmatic types. Although Fig. 13 defines the
Trollvatn sill as a Mg-tholeiite and the SageIv
intrusion as a Fe-tholeiite, it does not exclude
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Fig. 13. Data from the Altenes Window plotted in the AI,O, versus FeO"(FeO' + MgO) discriminant diagram. Full lines are
dividing lines after Viljoen et al. (1981). The dashed line is the dividing line used by Arndt et al. (1977). All data are calculated on
a water-free basis.
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a co-magmatic relationship between them. To
resolve this question, data from the two intrusi
ons have been plotted in the Zr vs. FeO'/MgO
and V vs. Zr diagrams (Fig. 14a and b). Also
shown are three samples of the Altenes basalt.

The trends of the two intrusions, defined
by plots of the HFS element Zr against the
FeO'/MgO fractionation index (Fig. 14a), desc
ribe fractional crystallization of two different
magmas. For the intrusions to have crystalli
zed from the same magma would require simi
lar ratios or that the more evolved SageIv intru
sion plotted on the continuation of the Troll
vatn sill trend. Similar conclusions may be
drawn from the V/Zr diagramn (Fig. 14b) whe
re the significantly different V/Zr ratios of the
intrusions can only be explained by crystallisa
tion from different magma types.

It is interesting to note that the Altenes
basalt ratios are similar to those of the Troll
vatn sill while they show no apparent relation
to the SageIv intrusion. An intriguing interpreta
tion of this relationship is that the Trollvatn sill
is syngenetic with the extrusion of basalts
while the SageIv intrusion is probably related
to a later magmatic phase. Taking into conside
ration that the Sagelv intrusion has intruded
parallel to bedding, as mentioned earlier, it
would be logical to set the time of intrusion
to an early stage of the Svecokarelian im
brication of the Altenes Window volcanosedi
mentary sequence. Thus, the Sagelv intrusion
and others of the same type in the Altenes
Window may be comparable to the gabbro
intrusions in the Komagfjord Window, where
Pharaoh et al. (1983) also suggest intrusion
during an early stage of the Svecokarelian
orogeny.

Summary of conclusions
1) Two representative gabbro sheets studied

in the Altenes Window show significant diffe
rences with respect to petrography, geoche
mical composition and differentiation. These
differences are thought to result from the
Trollvatn intrusion intruding as a sill while
the SageIv intrusion intruded at a slight
angle to bedding. The pronounced alteration
is related to deuteric alteration and burial
metamorphism. Despite the alteration, pet
rographic studies allow the quantification
of primary parageneses, a premise for the
interpretation of the geochemical profiles.

NGU - BULL. 414, 1989

2) Magmatic rocks in the Altenes Window
define a clear tholeiitic affinity. Intrusive and
extrusive rocks range from ultramafic/Mg
tholeiitic to evolved tholeiitic. Zr vs. FeO'1
MgO and V vs. Zr discrimination diagrams
show that the Trollvatn and Sagelv intrusi
ons crystallized from different magmas. It
is suggested that the Trollvatn sill is synge
netic with the Altenes basatts while the
Sagelv intrusion intruded during an early
stage of the Svecokarelian orogeny.
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