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The supracrustal sequence 01 the Rombak Basement Window, cons isting 01 volcanic rocks, peli
tic sediments , greywackes with minor amounts 01 carbonate rocks and quartz ites, was intruded
by mal ic dykes, malic to intermediate plutons and a variety 01 granitoid batholiths c. 1.6-1.7 Ga
ago. The region has experienced amphibolite-grade metamorphism, followed by retrogression to
greensch ist facies along Caledonian shear-zones.

On the basis of their petrographic ano geochem ical characteristics the volcanic rocks can be
divided into 3 suites: (1) high-Mg basalts : (2) malic to leisic voicanites with lair ly high potass ium
contents and with calc-alkaline affinities ; and (3) low-potass ium, calc-alkaline felsic volcanites.

Based on major element geochemis try the evolution of the potas sic voicani tes is interpre ted to
have been controneo , in the case 01 malic -intermediate varieties, by early fractionation of Fe,
Mg-rich minerals , and by plagioclase crystallisation for the lelsic varieties. Suites 2 and 3 are similar
to associated granites and granodiorites in their chemical composit ion.

It is concluded that the volcano-sedimentary and intrusive rocks were formed in an Lower Prate
rozoi c mature magmatic arc environment at the southern margin of a continent composed predomi 
nantly 01 Archaean tona litic granitoid rocks and Lower Proterozoic greenstone terranes .
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Introduction
The Rombak Basement Window is situated
near the southern margin of the Archaean
Domain (Pharaoh & Pearce 1984, Ohlander
et al. 1987) of the Baltic Shield (Fig. 1), The
window conta ins Lower Proterozoic suprac
rust al sequences consisting of turbidites and
mafic to felsic volcanites that have been in
truded by numerous, large, felsic to mafic plu
tons . The Proterozoic rocks of the window
are surrounded by the allochthonous Caledon i
an nappe comp lexes (Gustavson 1974 a & b,
Tull et al. 1985), and locally by a thin sequence
of autochthonous sediments belonging to the
Late Proterozoic to Cambrian Dividal Group
(Vogt 1942, Gustavson 1974 a, Birkeland 1976).

On a regional scale, the Archaean of the
Baltic Shield consists principally of felsic to
intermediate, partly tonalitic gneisses with
subordinate greenstone belts (Witschard 1984,
Gaal & Gorbatschev 1987, Ohlander et al.
1987), In the earliest Proterozoic (c. 2.4 Ga)

the Archaean craton was fragmented by epi
sodes of rift ing, and greenstone terranes for 
med by the submar ine erupt ion of large volu
mes of basaltic (and some komat iitic) magma
in these rift s (Gaal & Gorbatsc hev 1987). In
northern Sweden , supracrustal sequences
south of both the Lower Proterozoic greensto
ne terranes and the Archaean craton are domi
nated by volcanites that show a cont inuous
compositional range from maf ic to felsic ty
pes, and that have ages between 1.9 Ga and
1,8 Ga (Fritsch & Perdahl 1987).

The purpose of this paper is to describe the
geochem istry of volcanic rocks that are part
of the Lower Proterozoic supracrustal sequen 
ces exposed in the Rombak Window. The
compositional characteristics of the volcanites ,
and of spatially assoc iated plutonic rocks, are
then discussed in the context of an evolving
magmatic arc located above a subduction
zone that is postulated to have existed in the
region at some time between 1.9 and 1,7 Ga.
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Simplified from a tec onic map compiled
by the geological surveys of Finland . Norway
and Sweden. Nordkalott project 1986.

Fig. 1. Major geolog ical units of the northern part of the Baltic Shield in Norway. Sweden and Finland. Simplif ied from a
tectonic map compiled by the geolog ical surveys of Finland. Sweden and Norway. Nordka lott Project 1986.

Geologic setting of the Rombak
Basement Window

Age relations
At presen t, very few rocks in the Rombak
Window have been dated . Romer (this vol
ume) has obta ined an age of 2.3 Ga (Rb-Sr)

for a suite of high-Mg . low-K,O basalts in the
Ruvssot-Sjangeli area. The relationship betwe
en the Ruvssot-Sjangeli supracrustal belt and
the other belts in the western part of the win
dow is not clear because the two regions are
separated by a major , N-S-trending shear
zone that is well exposed at Muohtaguobla
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Fig. 2. Generalized geological map of the Aombak Window
based on Sawyer & Korne liussen (this volume). Locat ions
mentioned in the text: S - se roai. G - Gautelis, TB 
tonalitic basement, N - Norddal, SH - Stasjonsholmen , M
- Muohtaguobla, MTZ - Muotaguobla Tectonic Zone, AS
- Ruvssot-S jangeli. K - Klubbvatnet , R - Rombaksbotn,
C - Cainhavarre.

Fig. 3. Volcanic and sedimentary units of the Serda len
Supracrustal Belt.

(Fig. 2). However, by analogy with volcanic
rocks of similar compos ition and textur e from
dated supracrustal sequences of northern
Sweden (Fritsch & Perdahl 1987, Widenfalk
et al. 1987), supracrustal belts west of the
Muohtaguobla Tectonic Zone probab ly have
ages between 1.91 and 1.88 Ga. All the suprac
rustal sequences of the Rombak Basement
Window have been extens ively intruded by
large plutons cons isting predom inant ly of gra
nite, but also including syenite, dior ite and
gabbro . Granites have been dated at 1.78 and
1.69 Ga (Rb-Sr) by Gunner (1981) and Heier
& Compston (1969), respectively.

Lithology
A distinct feature of the Rombak Window is
the pattern of N-S trending linear supracrustal
belts (fig. 2) preserved between extensive regi
ons of younger plutonic rocks (Vogt 1942,
Gustavson 1974a & b, Birkeland 1976, Robyn
et al. 1985, Korneliussen et al. 1986 a & b).
Small rafts and inclusions of the supracrustal
rocks are locally abundant in the plutons . All
of the supracrustal rocks and the Early Protero
zoic pluton ic rocks of the Rombak Basement
Window are metamorphosed at least under
PT-cond itions of the lower amphibolite facies.

The rocks within the window are variably
deformed and show a generally N-S-trending,
more-or-less vert ical fol iation. The contacts
between the supracrusta l belts and the sur
round ing gran ites are commonly sheared . Wit
hin the supracrustals, practically undeformed
volcan ic and sedimentary rocks with well 
preserved primary textures are common.

The rock types present, and their relative
proportions, vary cons iderably from one sup
racrustal belt to the next across the Rombak
Window . The Serda len Supracrustal Belt in the
southwestern part of the window (Fig. 2) is
composed mainly of predominantly porphyr itic,
mafic, intermediate and felsic volcanites. Seve
ral units of mafic/intermediate amygdaloidal
volcanites together with felsic volcanites have
been identified (Fig. 3); locally, thin units of
sediment separate distinct, mappable volcanic
units. Debris flows are interbedded with the
flows, particularly on the southern side of the
belt. Clast size in the debris flows varies from
under 1 dm to 0.5 m. and indicates a high
energy environment of deposition. The lower
most (eastern) telsic volcanite unit in the S0r-
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dalen Supracrustal Belt is K-feldspar-bearing
and closely resembles volcanites at Cain
havarre.

The Stasjonsholmen-Rombak Supracrustal
Belt conta ins a thick sequence of graded pe
lite-greywacke turb idites, with tuff itic layers in
places. Amygdaloidal lavas with associated
debris flows are developed at Klubbvatnet in
the central to northern part of the Stasjonshol
men-Rombak Supracrustal Belt (Robyn et al.
1985).

In the Muohtag uobla area mafic and interme
diate lavas (containing acicular plagioclase
phenocrysts), telsic tuff s, pelites and graphitic
schists, are complexly intermixed with cross
bedded quartz ites and conglomerates belong
ing to the Dividal Group . The comp lexity of
outcrop pattern in this area is of tecton ic ori
gin (Romer & Boundy 1988), since the region
probab ly represents a Caledonian imbrication
zone (terminology of Butler 1982) within the
Rombak Window.

In the eastern part of the window the Ruvs
sot-Sjangeli supracrustal sequence contains
mafic and ultramafic volcanites, fine-grained
biotite schists , greywackes and silicate-banded
carbonates (Romer 1988), and generally res
embles a greensto ne assoc iation. The maficl
ultramafic volcanic rocks occur as amphiboli
tes (locally pillowed) and serpentinites, some
of which contain up to 28% MgO.

At Gautelis (fig. 2) the supracrustal sequen
ce is dominated by a turb idite sequence, but
thin hor izons of tuff itic mafic and felsic vol
canites , cong lomerates and debris flow s are
locally developed (Skonseng 1985). Pebbles
in the scattered conglomeratic horizons con
sist of fine- to coarse-grained tonalite and
granodiorite that resemble a nearby body of
tonalite (called the Gautelis Tonalite Comp
lex). The status of this complex is important,
as it might represent older (perhaps Archae
an) basement. It is overlain by a basal cong lo
merate conta ining clasts derived from the tona
lite, and a dolomitic carbonate indicating plat
form sedimentat ion, followed by the turb idite
sequence.

The individual volcanic units within the tur
biditic pelites and greywackes in different parts
of th e window range in t h ickness from a few

centimetres to approximately 10 m, and are
in general tuffitic. In contrast, the thick vol
canite (up to 1 km) success ions are dominant
ly lava flows. This is clearly indicated by the
presence of amygdules in some cases (Klubb-
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vatnet and Serdalen), and of delicate needle
shaped plagioclase phenocrysts (Muohtaguob
la and Serdalen) in others. Flow structures
are preserved in some rhyolitic flows from the
Stasjonsholmen area. Our interpretation is
that the volcanites were erupted adjacent to
a deep basin that was periodically receiving
turbidite flows. Explosive volcanic eruptions
formed ash which spread out over a large
area. Where waterlain, the ash formed tuffitic
horizons intercalated with the turbidites. A
dominance of felsic over mafic volcanic pebb
les in the debris flows in Serdalen may indi
cate a larger volume of felsic volcanic materi
al near to the volcanic centres.

The oldest intrusive rocks known in the
Rombak Basement Window are those of the
medium- to coarse-grained Gautelis Tonalite
Complex. The Gautelis Tonalite Complex and
the over lying conglomerate, dolomitic car
bonate and turbidite sequence are intruded by
a swarm of mafic dykes. These are in turn
intruded by the numerous large plutons dated
at about 1.78 Ga (Rb/Sr) by Gunner (1981).
Minor mafic to felsic dykes cut the plutons
and are of unknown age, although Gunner
(1981) presents some evidence that they may
be 1.3 Ga old (Rb/Sr).

Metamorphism
The Rombak window, at least in its central,
western and southwestern parts , has been
metamorp hosed under amphibolite facies con
ditions (P 6kb, T 575°C; Sawyer 1986). Eviden
ce for this is the widely preserved prograde
mineral zonation patterns found in the interme
diate and mafic volcanites. The age of this
prograde metamorphism has not been clearly
estab lished, but is probably Lower Proterozo
ic. A greenschist-facies metamorphism has
overprinted the rock s of the window to varying
degrees ; in most places its effects are minor ,
or even absent. However, in the Muohtaguob
la area the greenschist-facies metamorphism
has virtually obliterated all evidence of the
earlier higher temperature event. The intensity
o f re t ro g re s s ion in the Muohta g uob la a rea is

spat ially related to the Caledonian defo rmat ion
that has imbricated Lower Proterozoic and
Dividal rocks (ct. Romer & Boundy 1988);
hence the greenschist-facies metamorphism
is likely to be of Caledonian age.
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Table 1 (b). Major and trace element abundances in
selected tetslc volcanic rocks.

MuOhUg. (SN) Ca1nhav. (SN) StasJonsh. iSH) Gautel1s (G)

Sample K301.3 K302.3 K2S'.3 KID'., KlOl.' K269.3 Kl01.5 Kl03.5

od • not detected; -. not determ1ned

Geochemistry
Representative major and trace element ana
lyses of extrusive and intrusive rocks from the
Rombak Basement Window are given in Table
1. The major oxides were determined by XRF
using fused glass beads. The trace elements
V to Nb were determined by XRF using pres
sed powder pellets. The rare earths (REE),
and Cs, Th, U, Ta and Hf were determined
by instrumental neutron activation analysis. A
complete list of all analysis is available from
A. Korneliussen on request. For the element
variation diagrams presented below, analyses
are recalculated to an anhydrous basis.

Alteration processes involving relatively
mobile elements such as Na20 and K20, can
not be excluded. Analyses of rocks from shear
zones in sardaten indicate some mobility of
certain elements, but this appears to be relati
vely minor (these results are not included in
this paper). There is a fairly good consistency
between plots presented below involving ele
ments which are generally accepted to be
among the least mobile, Le. Th, Hf, Ta, Nb,
Y, Zr, Ti and the REE. This indicates an insigni
ficant degree of element mobility during altera-
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Table t (a). Major and trace element abundances in Table 1 (c). Major and trace element abundances in
selected malic volcanic rocks. selected intrusive rocks.
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tion as far as these elements are concerned.
For the plots involving the more mobile ele
ments Na20 and K20 some scatter caused by
alteration is likely to occur, though it is as
sumed that the igneous trend in these plots
is real since the interpretation of the major
and trace element plots is relatively consistent.

Extrusive rocks
Major elements: A plot of (Na20 + K20) versus
Si02 (Fig. 4) for the volcanites of the Rombak
supracrustal belts shows that the 2.3 Ga Ruvs
sot-Sjangeli volcanites are more mafic and
contain less alkalis than volcanites from west
of the Muohtaguobla Tectonic Zone. Three
of the Ruvssot-Sjangeli samples clearly repre-

* Ruvssot-Sjangeli
o Gautelis
+ Serdalen (mafic-interm.l
x Serdalen (f elsicl
• Stasjonsholmen
• Rombaken
... Muohtaguobla
• Cainhavarre

sent liquid compositions (2 samples with >28%
MgO are probably cumulates) and are subalka
line. In contrast, the mafic and intermediate
volcanites from the serdaren, Muohtaguobla
and Rombak areas plot across the boundary
between the alkaline and subalkaline fields.
For rocks with >66 % Si02 the (Na20 + KP)
versus Si02 plot is not a useful means of dis
tinguishing between alkaline and subalkaline
series. However, Fig. 4 shows that the vol
canites from west of the Muohtaguobla Tecto
nic Zone, Le. the Serdalen mafic-intermediate
and felsic volcanites and the Stasjonsholmen,
Cainhavarre and Muohtaguobla felsic volcani
tes in the Norddal area, form a continuous
range in Si02 contents from 50 to 78 %, with
a preponderance of andesitic compositions.

The Na20 versus K20 plot (Fig. 5) illustrates
three important compositional differences with
in the Rombak volcanites: (a) The Ruvssot
Sjangeli extrusives are K20-deficient and have
variable, but low, Na20 contents; (b) the Gaute
lis felsic volcanites from within the Gautelis
Tonalite Complex have a higher Na20/K20 rati
os than the other volcanites from west of the
Muohtaguobla Tectonic Zone; and (c) within
the Sordalen, Stasjonsholmen, MuohtaguobJa
and Rombak volcanites the mafic members
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have higher Na20/K20 ratios than the associa
ted felsic volcanites.

On the basis of Figs. 4 and 5 the volcanites
of the Rombak Window supracrustal sequen
ces are divided into three principal types: (1)
The RS (Ruvssot-Sjangeli)-type; low-K20 mafic
to ultramafic subalkaline extrusives from the
2.3 Ga supracrustal belt in the Ruvssot-Sjange
li area. (2) The G (Gautelis)-type; low-K20, high
Na20 rhyodacitic to rhyolitic volcanites within
the Gautelis Tonalite Complex. (3) The SN
(Serdal-Norodalj-type: a suite of mafic to fel
sic, generally K20-rich extrusives that are cha
racteristic of the Serdalen-Norddalen area, but
occur widely in the supracrustal belts west
of the Muohtaguobla Tectonic Zone.

The three types of volcanites are shown on
a (Na20+K20)-FeOtot-MgO plot (Fig. 6). Some
of the SN-type volcanites were clearly classi
fied as alkaline on Fig. 4, and Fig. 6 confirms
that the SN volcanltes cannot be part of a
tholeiitic trend, but belong to either the alkali
ne suite or the calc-alkaline suite defined by
Irvine & Baragar (1971). Thus, on the basis
of major elements alone the largest group of
volcanic rocks in the Rombak Window (the
SN-type) cannot be classified with certainty,
but the predominance of andesitic compo
sitions favours a calc-alkaline affinity. In con
trast, the G-type rocks (three samples) are
classified directly as belonging to the calc
alkaline suite and the RS-rocks as tholeiitic
(see below), though the mafic member of the
RS-type plot near to the tholeiitic/calc-alkaline
boundary.

FeOtot

D. SN-type volcanites

* RS-type votcamtes

o Gr-type votcanites

+ Hafic to felsic intrusions

• Gautetis tonalite

MgO

Fig. 6. The Rombak Window suite of volcanic and intrusive
rocks plotted in an AFM diagram.
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Trace elements: Chondrite-normalised REE
patterns for the Rombak volcanites are shown
in Fig. 7. All the samples, except those from
the ultramafic rocks of the RS group (Fig.
7a), have similar REE patterns that are en
riched in the light rare earths (LREE), but
have essentially unfractionated heavy rare
earths (HREE). The mafic RS-type volcanite
(Fig. 7a) differs somewhat from either the SN
or the G-type volcanites (compare Figs. 7a,
b, and c) in its lower La/SmN ratio. Neverthe
less, the LREE-enriched patterns of the SN-,
G- and mafic RS-type volcanites resembles
the REE patterns of calc-alkaline mafic and
andesitic magmas (e.g. McBirney et al. 1987,
Meen & Eggler 1987, Gill 1981), but contrasts
with the smooth REE patterns characteristic
of alkali basalts and andesites (e.g. Eiche et
al. 1987, Lanphere & Frey 1987, Frey 1981,
Gill 1981). Thus, the REE patterns suggest
that the Rombak mafic to felsic volcanites
belong to the calc-alkaline suite.

In general, the felsic rocks have higher total
REE contents than the more mafic rocks. The
change in REE abundance is accompanied by
a change in the Eu anomaly present, as is
demonstrated by the telsic members of the
SN-type volcanites (Fig. 7b). The samples with
the highest total REE contents have large
negative Eu anomalies, whereas the samples
with low total REE contents have positive Eu
anomalies. This feature is here ascribed to
low-pressure tractionation of feldspar (probab
ly plagioclase) in the parental magma.

The REE pattern for the ultramafic extru
sives of the RS-type (Iowermost curve on Fig.
7a) is LREE-depleted, and ranges from 1 to
4 times chondritic values. This type of pattern
is interpreted as indicating that these rocks
were derived from a LREE-depleted mantle.
The REE pattern and low Zr content of these
ultramafic rocks resembles Type I (also known
as aluminium undepleted) komatiites (Sun &
Nesbitt 1978, Jahn et al. 1982), but because
the Ruvssot-Sjangeli samples are Ti-depleted
they also have some affinities with boninitic
magmas. Boninite series volcanites, however,
range from 52 to 68 % Si02 (Bloomer & Haw
kins 1987).

In order to examine the compositional variati
ons of a number of trace elements simultane
ously, normalised element plots ('spider
grams') are used (Fig. 8). In Fig. 8 the trace
elements with a strong affinity for the silicate
melt - the hygromagmatophile elements (HYG)
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1000',.--------------------, of Frey & Gordon (1974) - are arranged in
order of increasing D values (mineral/liquid
partition coefficients) for partial melting under
mantle conditions of low PH20 and Po2. The
abundance of HYG-elements in the Rombak
samples is then normalised to the values found
in primordial mantle (Le. undepleted mantle)
using the mantle values of Wood (1979). Com
pared to anororogenic basalts (Wood 1979)
the Rombak basaltic andesites (represented
by the average Rombak Window basaltic ande
site - ARA) are characteristically enriched in
the more HYG-elements and display a distinct
negative Ta-Nb anomaly (Fig. 8a). Thus, it is
inferred that the Rombak Window basaltic
andesites are not of a anorogenic type. In
contrast, when compared to orogenic (or sub
duction-related) andesites (Fig. 8b) a strong
similarity in HYG-element contents is obser
ved, suggesting a similar origin. The relative
enrichment of the large ionic Iithopile (L1L)
elements such as Cs, Rb, K and Ba in sub
duction-related rocks is considered to be the
result of the dehydration, or incipient melting,
of subducted lithosphere enriching the overly
ing mantle wedge (Hanson 1977, Best 1975,
Hawkesworth et al. 1977). The depletion of
Ta, Nb and Ti in the subduction-related igne
ous rocks is attributed to the retention of a
Ta-Nb-rich refractory titanium oxide phase at
high PH20 and P02 conditions in the overlying
mantle wedge (Best 1975, Hawkesworth et
al. 1977, Sun 1979).
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Fig. 8. The composition of some Rombak Window rocks
normalised to the primordial mantle. The elements have
been arranged after the scheme of Wood (1979) in the
order of increasing calculated bulk partition coefficient for
mantle mineralogies, Le. the more 'incompatible' elements
to the left in the diagram,
(a) Comparison of average Rombak Basement Window
basaltic andesite (ARA) with selected mafic lavas from
anorogenic tectonic environments. ARA is the average of
the six mafic-intermediate units M1 to M6 from the serdat
profile (Fig. 3). SEA - a basanite from Victoria, SE Austra
lia; AZ - Azores basalt; ISL - an Icelandic basalt. MORB
- normal mid ocean ridge basalt. Dataafter Wood et al. 1979.
(b) Rombak Window andesite (ARA) compared to orogenic
andesites (52-56 % SiO,). The apparent similarity sug
gests that the Rombak Window andesites are of orogenic
type, i.e. subduction-related. RP - K-rich Series of Vol
canic Roman Province. Mediterranean; M - Mediterranean
(excluded K-rich Series of Roman Province): WSA - Wes
tern (Andean) South America: NWP - North-Western Paci
fic. Andesite data after Ewart (1982).
(c) Comparison of Rombak Window mafic dykes and minor
malic plutons represented by the average of 6 analysed
samples from sercat, Gautelis and Stasjonsholmen (ARBI:
see REE-plotsof the individual samples in Fig.7d)and ARA.

Intrusive rocks
Some workers (e.g. McCarthy & Groves 1979,
Tindle & Pearce 1981) have pointed out that
many granitic plutons are predominantly accu
mulations of crystals, and do not necessarily
represent melt compositions; thus comparison
with volcanic rocks is not straightforward. For
the purposes of this study our primary point
in documenting the compositional characteris
tics of the Rombak Window plutonics is to
show their close compositional similarity with
the SN-volcanites.
Major elements: On the (Na20+K20)-FeOl0l
MgO plot (Fig. 6) the intrusive rocks generally
plot along a calc-alkaline trend similar to the
SN-type volcanites. Many mafic dykes and
minor mafic plutons are, however, iron en
riched compared with the mafic SN-type vol
canites, and they plot on the tholeiite side of
the tholeiitic-/calc-alkaline boundary. A corre-
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sponding phosphorus and titanium enrichment
tor these rocks (ARBI) is shown in Fig. 8c.

Trace elements: Figs. 7 d-t show the chondri
te-normalized REE patterns ot mafic dykes
and minor plutons and felsic plutonic rocks
from the Rombak Window. The Rombak Win
dow intrusive rocks have REE patterns of simi
lar shape, specifically LREE-enriched and with
out significant fractionation of the HREE. The
REE patterns therefore resemble those of the
calk-alkaline rocks in the area. In general, the
Rombak intrusive rocks have REE pattern of
similar shape and level as the SN-type vol
canites which they intrude.

On the mantle-normalised hygromagmato
phile element diagram, Fig. 8c, the Rombak
Window mafic dykes and minor plutons are
enriched in the L1L elements in a manner simi
lar to the SN-type extrusive rocks. Further
more, they also have prominent negative Ta
Nb and Ti anomalies, indicative of subduction
related magmas.

Discussion
Several Lower Proterozoic volcanic terranes
in North America and on the Baltic Shield bear
a striking resemblance to modern arc systems
in lithological and geochemical characteristics
(Condie 1987, Vivallo & Claesson 1987, among
others). A common problem is the bimodality
in the volcanic successions, with a rarity of
andesites; in proper arcs the volcanic suites
show a continuous evolution from mafic to
felsic including large volumes of andesite. A
bimodality, however, can be explained by a
ritting of the volcanic arc (Condie 1987, Vival
10& Claesson 1987) and is not at all contradic
tory to a hypothesis that modern-style plate
tectonics were active in the Lower Proterozo
ic. It is particularly interesting to observe that
a convincing ophlcllte complex has been desc
ribed from northeast Finland (Kontinen 1987).
giving the best evidence so far that modern
plate-tectonic processes were active in the
Lower Proterozoic. Thus, an interpretation of
the rocks in the Rombak Window in the con
text of modern plate tectonics is relevant.

On the basis of major and trace elements
and REE data the ultramafic rocks of the
Ruvssot-Sjangeli area are shown to be compa
rable to komatiites, and the SN·, G- and ma
fie RS-type volcanites all belong to the catc
alkaline suite. Potassic andesite is the most
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Fig. 9. Mafic and felsic volcanic and intrusive rocks plotted
in the Th-Hf-Ta discrimination diagram after Wood et a!.
(1979) and Wood (1980). Field A - N-type MORB; field B
- E-type MORB; field C - within-plate basatts: field 0 
magma series at destructive plate margins.

common rock type within the most extensive
volcanites: the SN-type. Various discrimination
diagrams have been proposed to classify the
tectonic settings of volcanic and plutonic rocks
by means of their geochemistry, and these
have been applied to the Rombak Window
volcanites. The Th-Hf-Ta concentrations of
mafic to felsic volcanic and intrusive rocks
from the Rombak Window are plotted in the
diagram (Fig. 9) of Wood et al. (1979), which
has the advantage of being able to distinguish
the tectonic settings of both mafic and felsic
magma types. The Rombak igenous rocks
plot well within the field D in Fig. 9, which is
the field for magma suites formed along de
structive plate margins, Le. subduction-related
magmas. On the TiO, versus Zr plot of Pearce
et al. (1981) the indicated tectonic setting of
the Rombak volcanites and intrusives with
SiO, contents <56 % is transitional from 'arc'
to 'within-plate' (Fig. 10); the MORB possibility
is excluded for lithological reasons. The same
transitional character is shown on the Rb ver
sus (Y+Nb) plot (Fig. 11) for the SN-type vol
canites and the Rombak granites. However,
the Rb-poor Gautelis Tonalite Complex and
G-type volcanites plot well within the 'volcanic
arc' field.

From Table 1 and Figs. 5 and 7 it can be
seen that many of the SN-type volcanites are
high-K calc-alkaline andesites. Recently, Gill
(1981) and Meen (1987) have discussed the



NGU·BULL.415,1989 Thegeochemistry ofLower Proterozic rocks 17

originating beneath the thickest crust. Thus,
the SN-type volcanic rocks of the Rombak
Window could represent magmas extruded
through a thick crust, and on the log (CaOI
(Na,O + K,O)) versus SiO, diagram of Brown
(1982) they do indeed plot on the «increasing
arc maturity»side of normal calc-alkaline ande
sites.

A major problem in the interpretation of the
earliest Proterozoic evolution of this region is
the paucity of precise age-determinations. The
conglomerate which overlies the Gautelis To
nalite Complex (with the G-type volcanites) is
itself overlain by a dolomitic carbonate that is
in turn overlain by the greywacke sequence.
The nature of the carbonate-greywacke con
tact is not yet known. The Gautelis Tonalite
complex represents the local basement and
could be of either Archaean or Lower Protero
zoic age. In either case the conglomerate indi
cates an erosional period that was followed
by platform carbonate sedimentation. The
Gautelis greywacke-tuffite sequence indicates
the later formation of sedimentary basins that
received sediment derived in part from calc
alkaline volcanic rocks (SN-type). The tectonic
setting of 'the sedimentary basin was near to
either a volcanic island or a magmatic arc si
ted on continental crust, since thick piles of
volcanic rocks indicate a position proximal to
the volcanic centres; a more dtstal position for
the greywackes and pelites is indicated by the
thin interbedded tufts.

Sawyer & Korneliussen (this volume) have
shown that the tectonic setting in which the
greywackes (turbidites) formed can be inferred
from their composition by determining the
possible source-rock types. The turbidites from
Rombaksbotn and Gautelis formed in an ac
tive marginal basin setting adjacent to a matu
re volcanic arc that was, in the case of Gaute
lis, probably located on a tonalitic crust of
Lower Proterozoic or Archaean age. An Ande
an-type setting is proposed. From a considera
tion of the geochemistry of the SN-type vol
canites it is possible to elaborate on the histo
ry of that magmatic arc.

The high MgO content in some of the SN
type volcanites indicates that the parental
magma originated by the partial melting of a
mantle source. As indicated by the REE pat
terns (Fig. 7b) of the felsic SN-volcanites, frac
tional crystallization has been a major factor
in the evolution of the calc-alkaline volcanites.
A negative Ta-Nb anomaly (Fig. 8b) and the
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origin of such rocks and noted that they often
have a definite spatial and temporal associati
on with low-K calc-alkaline andesites and high
potassium andesites of alkaline affinity (shos
honites). Meen (1987) has proposed that the
observed transition from low-K calc-alkaline
to high-K calc-alkaline to shoshonitic andesites
away from the trench is related to the depth
at which fractional crystallization takes place
in a magmatic arc: the more potassic rocks
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Fig. 12. Plot of log (CaO/(Na,O+K,O)) against SiO, for vol
canic and intrusive rocks in the Rombak Window (RS-type
excluded). The trends for volcanic suites from modern
magmatic arcs and the field indicating the range for nor
mal calc-alkaline andesites are from Brown (1982). T-SS 
Tonga-S.Sandwich; NZ - New Zealand; NG - New Guinea.

enrichment of the L1L-elements in the basaltic
andesites indicates a subduction-related mag
ma origin. Thus three stages are envisioned:
(1) The parental magma may have originated
in the mantle wedge above the related sub
duction zone, followed by (2) crystal fractiona
tion by Fe-Mg silicates to generate fractiona
ted, gradually more siliceous, intermediate
magmas; and finally (3) a late stage of magma
evolution in which the felsic magmas were
formed, and which was, to a large extent,
controlled by the fractional crystallization of
plagiocfase, presumably at shallow crustal lev
els. During this process significant interaction
with crustal rocks is likely to have occurred.
In modern geological settings magmatic rocks
similar to those of the Rombak Window potas
sic calc-alkaline suite are believed to have
originated beneath a thickened crust. Thick
ening may result from magma injection into,
or magma extrusion onto the crust; in either
case potassic cale-alkaline volcanites repre
sent a late-stage mature or 'continentised'
stage of magmatic arc development (Fig. 12).
Since no rocks with distinct alkaline REE pat
tern were found ;n the Rombak Window there
is no reason to suppose that the magmatic
arc reached the stage of rifting.

The Ruvssot turbidites are more mafic than
those from Gautelis or Rombaksbotn, and
appear to contain neither continent-derived,

nor fractionated volcanic material; thus, Saw
yer & Korneliussen (this volume) proposed an
intraoceanic setting. Furthermore, they were
able to determine that the Ruvssot turbidites
contain material that could have been derived
from RS-type volcanites. The komatiitic affinity
of the ultramafic members of the AS-type
volcanites and their associated low-K mafie
calc-atkaune pillow basalts that show only slight
LREE-enrichment is consistent with a primi
tive, intra-oceanic island arc setting for the
volcanic rocks of eastern Rombak Basement
Window.

Thus, the eastern part of the Rombak Base
ment Window contains the remnants of the
early stages of an intra-oceanic arc voleanism
which occurred at about 2.3 Ga. In contrast,
the western part of the window contains the
remains of a younger, but pre-1.78 Ga, ma
ture volcanic arc located on continental crust
perhaps of Archaean, but probably of Protero
zoic age. The present close spatial relation
ship of these two terranes may be due to eit
her Lower Proterozoic collision, or crustal
shortening of the Lower Proterozoic crust
during the Caldonian orogeny.

It is interesting to note that in northern
Sweden, the supracrustal rocks south of the
Archaean Domain (Fig. 1) are dominated by a
continuous series of mafic to telsic voleanites
of continental affinity (Fritsch & Perdahl 1987).
Their age is 1.9 Ga based on U-Pb dating of
zircons (Ski6ld 1988). In the Skellefte district
(300 km south of Kiruna) this province gives
way southwards to a somewhat older, predomi
nantly felsic volcanic province of marine affini
ty (Claesson 1985, Wilson et al. 1987). It has
been suggested that the Skellefte province
could be related to the northward-directed
subduction of oceanic crust under a Lower
Proterozoic continent (e.g. Hietanen 1975,
Wilson et al. 1987), and that the continental
province north of the Skellefte district repre
sents a continent-based magmatic arc which
developed after the marine magmatic arc (Wie
denfalk et al. 1987).

In contrast to the Skellefte calc-alkaline!
tholeiitic volcanic suite which shows a bimoda
lity with a scarity of andesitic rocks (Vivallo
1987), the dominant type of volcanic rock in
the Rombak Window (the SN-type) shows a
continuous evolution from calc-alkaline basalt
to rhyolite with a large proportion of andesite.
The bimodal character of the Skellefte vol
canic suite led Vivallo (1987) to suggest that
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the Skellefte volcanic arc was dominated by
extensional forces during long periods, probab
ly producing incipient rifting. There is no rea
son to suppose that the Rombak Window
magmatic arc reached the stage of rifting. It
is possible to make a tentative correlation
that could be tested by precise age determina
tions, that the Gautelis Tonalite Complex in
the Rombak Basement Window is equivalent
to the Jorn tonalitic complex (Claesson 1985)
and its associated felsic volcanic rocks in the
Skellefte district of Sweden. The younger grey
wacke-volcanite sequence (SN-type) may then
have formed in the Rombak equivalent of the
continent-based magmatic arc of northern
Sweden. If such a correlation is correct, then
the Gautelis Tonalite Complex has an age of
approximately 1.9 Ga, and the greywackes
and calc-alkaline SN-type potassic volcanism
are somewhat younger.

Conclusions
The 2.3 Ga Ruvssot-Sjangeli intra-oceanic
volcanic arc rocks and associated turbidite
sequence are the oldest rocks found in the
eastern part of the Rombak Window, whereas
in the south rocks of the Gautelis Tonalite
Complex (unknown age) are the oldest. The
Gautelis Tonalite Complex is overlain by a
basal conglomerate and a sequence of dolomi
tic carbonates indicating platform sedimentati
on. After carbonate deposition a sequence of
turbidites and potassic arc-related volcanites
(the SN-type) developed, presumably at about
1.9 Ga. The composition of these calc-alkaline
volcanic rocks ranges from that of basalt to
rhyollte, but is predominantly andesitic, and is
consistent with the arc being of a mature,
continentised-type resting upon tonalitic conti
nental crust. At present it is not known whet
her the Ruvssot-Sjangeli and Gautelis rocks
formed a continuous basement to the car
bonates, or whether the sequence was assem
bled during a Lower Proterozoic collision event
prior to 1.9 Ga.

The similarities in major element and trace
element composition between the potassic
arc-related volcanites and the 1.78 Ga intru
sive rocks (Figs. 6, 7, 8 & 12) indicate a rela
ted source. Thus, the abundant plutonic rocks
in the Rombak Window could, perhaps, repre
sent a later and deeper stage of mantle activi
ty as the volcanic arc thickened.
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