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The topic of this paper is a tectonically bounded 
lens, consisting of gabbro cut by diabase and 
gabbroic dykes and by leucocratic veins, which is 
exposed on a shore section within the town of 
Narvik in North Norway. The section Iies in the 
upperrnost part of the Narvik Group of Gustav
son (1966, 1972) (Fig. 1), in an area last mapped 
by T. Vogt and his students, mainly in the 1930s  
(Vogt 1950). Gustavson (1966, 1969 and 1972) 
synthesized his own and Vogt's data from north 
of Ofotfjord with that of Foslie (1941, 1949) from 
south of the fjord and described the rocks of the 
Ofoten area as a sequence of nappes emplaced 
on a granitic Precambrian basement and refolded 
by a major upright fold, the Ofoten Synform, 
during the Caledonian orogeny. The Narvik 
Group of Gustavson (1966) consists of an upper 
portion, mainly of two-mica gneisses and a lower 
portion of gneisses with marble and amphibolite 
bands, while the overlying Salangen Group con
sists of marbles and mica schist with bands of 
iron forrnation and quartzite. The upper portion 
of the Narvik Group, above a unit of calcareous 
mica schist - called the Reppi Schist by Foslie 
(1941)- and the Salangen Group were thought 
by Gustavson (1972) to form a part of a single 
nappe. Gustavson (1972) considered the possibil
ity of a thrust boundary between the Salangen 
Group and the overlying Niingen Group, and 
this thrust was included on the 1:250000 map 
sheet, Narvik (Gustavson 1974). 

The boundary between the Narvik and Salan-

gen Groups is marked by a conglomerate hori
zon, the Elvenes Conglomerate, which consists 
mainly of matrix-supported cobbles of meta
trondhjemite, quartzite and dolomitic marble in 
a matrix of calcareous mica schist (Foslie 1941, 
Gustavson 1966); this unit is currently being 
studied by A. Andresen and J. TulL Locally it 
contains a basal mafic facies (Foslie 1941, Tull et 
aL in press) consisting of cobbles of greenstone, 
metagabbro and metatrondhjemite in a matrix of 
greenschist. Gustavson (1972) interpreted the 
conglomerate as a whole as signifying 'early 
epeirogenic movements' and the inversion of at 
!east the structurally lowermost part of the Salan
gen Group (because of the paucity of carbonate 
units in the upper part of the Narvik Group). 
Tull et aL (in press) conclude that the Elvenes 
Conglomerate represents a regional unconfor
mity and that it is right way up. Along the east
em limb of the Ofoten Synforrn south of Ofot
fjord, the conglomerate is underlain by a mafic 
unit described by Foslie (1941) as strongly de
forrned hornblende schist and amphibolite cut by 
trondhjemitic veins, some of which postdate the 
earliest deformation of the host rocks. 

One of the keys to improved understanding of 
the Norwegian Caledonides in recent years has 
been the recognition of obducted ophiolite as
semblages or parts thereof (Gale & Roberts 
1974, Prestvik 1974, Sturt & Thon 1978). In 
North Norway, Boyle (1980) has suggested an 
ophiolitic origin for the Sulitjelma gabbro and 
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Fig. l. Location map after Gustavson (1974). 

associated volcanic rocks, though certain aspects 
of this model have been questioned by Stephens 
et al. (in press). Mapping by the Geological Sur
vey of Norway (Boyd & Minsaas, in prep. ) sug
gests that the Lyngen mafic complex is an ob
ducted and disrupted ophiolite. Minsaas (1981) 
and Minsaas & Sturt (in press) have demonstrat
ed that the Lyngen ophiolite was obducted dur
ing the late Cambrian/early Ordovician Finnmar
kian orogeny. While ophiolitic assemblages have 
not been proven to exist between Lyngen and 
Sulitjelma (e.g. by the presence of diagnostic 
field relationships and the appropriate trace ele
ment geochemistry}, it is significant that Gustav
son (1969) conduded that the older (pre-meta
morphic) mafic and ultramafic rocks in the Ofo
ten and S. Troms area correspond in major ele
ment chemistry to the dassical ophiolites of the 
Alps and the Mediterranean area as described by 
Burri & Niggli (1945). 

This paper will consider a body of mafic rocks 
with field relationships typical of the lowermost 
part of a sheeted dyke complex. It contains rock 
types similar to those found as cobbles in the 
mafic facies of the Elvenes Conglomerate and 
Iies at a tectonic level which makes it, or equiv
alent bodies along strike, a possible source for 
these cobbles. 
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Field relationships 

The Lillevik dyke complex is exposed on a penin
sula immediately east of the bay, Lillevik, on the 
southern shore of Ofotfjord, within the town of 
Narvik (Figs. l & 2); The peninsula itself is 
unnamed on the l: 10 000 topographic map of the 
area. Exposures are few along the presumed in
land continuation of the dyke complex (an area 
which is also quite densely built up) and are 
totally lacking on certain parts of the coastal 
section to the east and west. The dyke complex 
forms a lens, possibly a megaboudin, within a 
sequence of sulphide- and graphite-bearing phyl
lites and phyllonites and highly deformed mafic 
rocks, some of which are recognizably similar to 
components in the dyke complex. These rocks, 
on both sides of the dyke complex, are affected 
by tight to isodinal folds, now in an upright 
position, and locally appear to have been affect
ed by a later phase of more open folding. West of 
the break in exposure in Lillevik there is a head
land (Fig. 2} consisting of metre-scale bands of 
feldspathic grit with centimetre- to decimetre
scale bands of chloritic schist. These rocks are 
deformed by upright open to dose folds which 
plunge gently northwards, and show no dear 
indication of earlier falding. The field relation
ships permit the condusion that the boundary 
between the grit and the underlying unit which 
contains the dyke complex is probably an uncon
formity. 

The Lillevik complex consists of a central body 
of layered horn blende gabbro cut by several gen
erations of mafic and ultramafic (hornblenditic) 
dykes and leucocratic veins, and with marginal 
zones in which the dykes are dominant and gab
bro is locally absent. Certain of the leucocratic 
veins postdate some of the mafic dykes. The 
mafic and ultramafic dykes cut the layering in the 
gabbro at a high angle. The field relationships 
are thus consistent with those dose to the transi
tion from the mafic cumulate zone to the sheeted 
dyke zone in a segment of an ophiolite (see 
Moores (1982) for a recent review of ophiolite 
stratigraphy). The field relationships of the com
plex will be described in terms of nine shear
bounded blocks (Fig. 2}, which are reasonably 
distinctive on the well-exposed coastal section. 

The dyke complex shows a crude zonation 
with a core, Blocks 2 to 6, in which gabbro/ 
metagabbro is dominant while the remaining 
blocks contain a higher proportion of mafic 
dykes, over 80% in Blocks 8 and 9. The degree 
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Fig. 2. Map of the Lillevik shore section, Narvik. 

of preservation of primary textures also follows a 
rough zonation; primary textures in the gabbroic 
rocks have been almost obliterated by the effects 
of deformation in the marginal blocks and are 
best preserved in Blocks 3 and 4. The presence of 
zones of pronounced shearing between the 
blocks suggests that they may represent different 
levels in the crustal segment, which limits any 
significance which might otherwise be placed on 
the zonal variation in the gabbro: dyke ratio. 

Layering in the gabbros is of two types: (1) 
faint, wispy banding on a centimetre to deci
metre scale in medium-grained gabbro, the layer
ing caused by variations in the proportions of 
light and dark minerals (Blocks 5 and 6), and: (2) 
banding on a decimetre scale consisting of bands 
of harrisitic hornblende with grains up to 30 cm 
long, alternating with bands dominated by pla
gioclase (Block 3). In some blocks, primary tex
tures are preserved in the gabbros, but without 
any obvious form of layering on the scale of the 
exposures. The diversity of textures in the gab
bros, given the small area of the complex, is 
further evidence that the blocks have been trans
ported some distance from their original relative 
positions. 

The gabbro is commonly cut by two early gen
erations of diabase, and these by up to four 
generations of leucocratic vein. The dykes cut 
the layering in the gabbros at a high angle. Local-
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ly (Blocks 3 and 4) there are dykes of microgab
bro/gabbro and also dykes consisting almost en
tirely of amphibole as well as a later generation 
of diabases. The gabbro dykes cut all leucocratic 
veins in their immediate vicinity and therefore 
probably postdate the early diabase dykes. The 
later diabases postdate early deformation of their 
host rocks. The effects of deformation and the 
restricted occurrence of several of the types of 
dyke/vein create problems in unravelling a com
pletely reliable chronological sequence. 

Many of the rocks types and relationships de
scribed above resemble features found in the 
Visnes High Level Complex of the Karmøy 
ophiolite by Pedersen (1981). 

Petrography 

Gabbros. - Primary phases preseived in these 
rocks, mainly in Blocks 3, 4 and 5, include horn
blende, pleochroic in shades of blue-green to 
brown, and often containing minute opaque in
clusions, variably saussuritized plagioclase and 
apatite. As noted above, the hornblendes reach 
grain sizes of the order of 30 cm; plagioclase and 
apatite grains up to at least 4 mm long are pres
ent. Plagioclase is ubiquitous as an intercumulus 
phase and is common as a cumulus phase. Apa
tite is locally present as a cumulus phase. 
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The primary phases are commonly partially, 
and locally completely, pseudomorphed by sec
ondary minerals. Both colourless and pale blue
green to yellow-green secondary amphiboles (ac
tinolite) are present along with chlorite; in some 
rocks green biotite or tale may be present. Pla
gioclase is generally replaced by an irregular mo
saic of more sodic plagioclase, epidote and 
quartz. Sphene and white mica are also present 
locally. 

Gabbroic dykes. -These rocks have a mineral
ogy similar to the cumulates, but with some im
portant differences. Apatite and Fe-Ti oxides are 
more common, and certain rocks are rich in 
green biotite. Locally the primary hornblende 
shows a clearly bimodal grain-size distribution 
with grains of at least 4 x 4 mm

2 
cross-section in 

a matrix dominated by grains of l mm
2 

or less, 
suggesting that the magma was charged with rel
atively large crystals which had formed in a 
chamber at a lower level. 

Diabase dykes. - Generally both the primary 
texture and the mineralogy of these rocks have 
been destroyed by the effects of alteration and 
deformation. In sections from Block 2 primary 
hornblendes with dimensions up to l mm have 
been observed. Otherwise the dominant minerals 
are secondary -sodic plagioclase, epidote, blue
green to yellow-green actinolite and chlorite with 
lesser amounts of quartz, calcite, oxides and 
sphene. The grain size is commonly c. 0.2 mm. 
Porphyroblasts of chlorite, chlorite with laths of 
biotite, and pyrite with grain sizes up to 2 mm 
are present, overgrowing all other minerals. 

Leucocratic veins and dykes. - Primary grains of 
plagioclase, heavily saussuritized, are present 
with grain sizes up to several mm, but the sec
tions are dominated by a much finer granular 
mass of plagioclase with lesser amounts of quartz . 
and minor amounts of yellow epidote, green bia
tite, sphene and locally blue-green to yellow
green actinolite. 

General. -A range of alteration and other secon
dary effects is more or less ubiquitous in these 
rocks; these include saussuritization, chloritiza
tion and the presence of small veinlets of calcite 
and epidote. The mineralogy and textures 
strongly suggest a period of static replacement of 
the primary mineralogy under uppermost green
schist-facies conditions prior to deformation. A 
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later static metamorphic event was also at upper
most greenschist facies. 

Geochemistry and its implications 

Analytical methods. - Twenty-eight samples from 
the Lillevik Complex were analyzed for ten ma
jor oxides and nine trace elements using X-ray 
fluorescence methods as described by Faye & 
Ødegaard (1975); FeO was determined wet 
chemically (P.-R. Graff, Norges geologiske un
dersøkelse) and L.O.I. by heating for two hours 
at l100°C. Twenty-one samples were analyzed 
for seven rare-earth elements by neutron activa
tion analysis at the Institute for Energy Technol
ogy, Kjeller. 

Major elements. -The chemical data for diabase 
dykes, gabbros and gabbroic dykes and leucocra
tic veins are presented in Tables l, 2 and 3 along 
with the ranges in major oxide compositions and 
average trace element compositions in selected 
analyses of these rock types from a number of 
ophiolite complexes as given by Coleman (1977). 
The major oxide compositions of diabase dykes 
from Lillevik (Tab le l) fall alm ost completely 
within the range of compositions given by Cote
man (1977). For no oxide has more than one 
sample a composition outside this range and all 
analyses have FeO, Fe203, MnO, CaO, Na20 
and K20 contents within this range. The situa
tion is somewhat different for the gabbros and 
gabbroic dykes (Tables 2 and 3a). Several gabbro 
samples appear to have relatively high contents 
of Ti02, Na20, K20 and P205, while Ti02, K20 
and P205 are systematically high in the gabbroic 
dykes. The four analyses of leucocratic rocks 
(Tab le 3b) have systematically high Al203 and 
Na20 contents in relation to the range (of eight 
samples) given by Coleman (1977). This is due to 
a high content of sodic plagioclase. 

Malpas (1979) and Sinton (1980) describe al
bite-rich rocks, similar in major element chemis
try to the analyses in Table 3b, from the Bay of 
Islands ophiolite, Newfoundland and the Red 
Mountain ophiolite, New Zealand respectively. 
Malpas (1979) concludes that the trondhjemites 
of this type in the Bay of Islands complex are an 
integral part of the ophiolite differentiation suite, 
possibly modified by Na-metasomatism of the 
type suggested by Oftedahl (1959). Sinton (1980) 
believes Na-metasomatism has been decisive in 
forming the albitite dykes in the Red Mountain 
ophiolite. 
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TABLE l: Chemical analyses of Lillevik mafic dykes and the range of 20 major oxide analyses of diabases 

in sheeted dyke complexes as given by Coleman (1977). The average trace element contents of 

lavas and diabase dykes in ophiolites are also from Coleman (1977) 

2 4 6 8 9 lO 11 

Range of 20 dykes 

12 (Coleman, 1977) 

5102 

TJ02 

Al203 

Fe2o3 

FeO 

Mn O 

Mg O 

49.02 48.44 46.27 44.64 67.68 45.90 47.74 45.72 46.05 46.07 46.62 46.74 

1.25 1.22 1.35 1.72 1.40 1.11 1.09 1.41 1.37 3.10 1.56 1.78 

14.53 14.34 15.12 12.69 14.23 13.92 14.38 15.18 15.34 15.64 13.92 14.53 

4.99 4.74 4.49 5.19 5.46 3.71 4.27 5.50 6.13 3.95 4.37 3.86 

45.40 - 58.31 

0.30 - l. 79 

13.35 - 18.50 

0.80 - 8.23 

4.90- 11.80 

0.02 - 0.33 

2.50 - 10.42 

4.50 - 14.80 

1.55- 4.90 

0.09 - 1.67 

6.58 6.91 

0.20 0.19 

7.94 7.92 

5.66 7.58 

0.18 0.22 

7.72 11.61 

6.46 

0.27 

6.80 

7.17 

0.17 

7.84 

6.64 

0.18 

7.96 

6.34 

0.18 

7.94 

5.51 

0.17 

8.06 

8.42 

0.18 

6.34 

8.66 

0.22 

7.15 

9.84 

0.21 

7.52 

CaO 12.55 11.96 12.79 13.39 11.09 11.68 11.66 12.98 14.07 9.67 12.07 11.95 

3.70 2.50 2.00 

0.17 0.11 0.15 

1.18 0.52 0.49 

Na2o 1.90 3.10 2.60 1.60 3.30 3.10 3.30 2.30 2.10 

K20 0.43 0.22 0.21 0.39 0.33 0.15 0.18 0.29 0.25 

L.O.I. 0.88 1.53 0.95 0.75 0.77 2.66 1.75 0.58 1.01 

Total 100.21 100.67 97.46 100.19 97.92 97.50 99.24 98.54 100.18 98.85 97.77 99.17 

Zr 

Sr 

Rb 

C u 

Ni 

Cr 

Ba 

Co 

La 

Ce 

Sm 

Eu 

Tb 

Yb 

L u 

91 63 100 

35 30 34 

867 554 1500 

<5 <5 <5 

48 57 41 

64 61 83 

209 260 224 

156 31 35 

45 39 43 

18.7 6.2 6.7 

44 10 18 

4.1 2.9 4.3 

1.16 0.90 1.29 

0.92 0.64 0.89 

2.3 3.0 3.5 

0.50 0.45 0.48 

76 104 62 62 

28 38 26 26 

789 1200 428 426 

6 >5 <5 <5 

39 24 93 65 

113 55 65 67 

281 145 250 255 

118 110 18 13 

54 34 35 45 

21.4 9.7 2.8 2.0 

67 26 12 10 

8.0 4.4 2.5 2.4 

2.22 1.19 0.80 0.69 

0.93 1.11 0.70 0.62 

2.9 4.8 3.8 1.6 

0.38 0.74 0.43 0.45 

The discrepancies in chemistry for the gabbros 
and gabbroic dyke rocks are probably not entire
ly due to variations in the proportions of major 
primary phases. Anomalously high K20 contents 
are not systematically matched by high Na20 
contents and are, in any case, too high in several 
samples to be explained solely by a high plagio
clase content. The preservation of primary mag
matic textures in a number of samples, despite 

75 

134 

1200 

<5 

48 

78 

215 

90 

29 

4. 3 

JO 

3. 7 

0.94 

0.91 

3.5 

0.55 

86 

34 

1900 

<5 

64 

79 

212 

95 

28 

11.5 

26 

4.2 

l. 31 

0.79 

3.6 

o. 59 

215 

29 

234 

<5 

<5 

71 

65 

24 

46 

23.2 

32 

7.0 

2.16 

1.08 

2. 7 

0.32 

77 

39 

115 

<5 

19 

42 

117 

24 

46 

1.9 

3 

3.6 

1.09 

0.90 

4.4 

0.60 

82 

42 

210 

<5 

151 

41 

111 

34 

42 

3.2 

6 

3. 7 

1.04 

0.96 

3.6 

0.68 

Ave rage in l a vas 

and dykes 

(Coleman, 1977) 

51 

219 

5 

45 

215 

199 

20 

63 

2.8 

5. 74 

l. 96 

0.75 

0.47 

2.17 

o. 312 

the replacement of the primary mineralogy by 
greenschist facies assemblages, is compatible 
with sub-sea-floor hydrothermal metamorphism 
of the type described by Gass & Smewing (1973) 
and Spooner & Fyfe (1973). K20 is among the 
oxides which show a systematic increase in 
ocean-floor basalts altered by sea water at low 
temperatures (Ridley et al. 1974, Hart et al. 
1974). Stephens (1980), among others, has sum-
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TABLE 2: Chemical analyses of Lillevik gabbros and the range of 20 major oxide analyses of 

cumulates in ophiolite complexes as given by Coleman ( 1977). Average trace element 

data are also from Coleman (1977) 

Range of 20 

13 14 15 16 17 18 19 (Coleman, 1977) 

Si02 51.95 46.30 50.53 42.74 45.27 51.11 47.50 37.90 - 55.00 

Ti02 0.37 1.39 0.48 3.52 2.00 0.49 1.60 0.03 - 1.40 

Al203 15.34 15.70 16.28 13.07 14.40 22.90 15.49 1.50 - 27.20 

Fe2o3 3.13 6.42 3.96 6.85 5.61 3.78 4.25 0.23 - 6,80 

FeO 3.91 4.95 2.74 11.95 9.43 1.36 7.02 1.74- 7.90 

Mn O 0.13 0.18 0.14 0.23 0.22 0.08 0.17 0.04 - 0.18 

Mg O 9.15 6.99 7.17 6.44 7.24 1.83 6.51 3.00 - 42.80 

Ca O 10.40 15.33 12.42 11.76 11.61 11.13 13.25 1.80 - 17.48 

Na20 3.80 1.50 3.40 l. 70 2.60 2.60 2.50 0.10 - 2.50 

K20 0.11 0.30 0.53 0.26 0.23 0.03 0.11 0.02 - 0.23 

P205 0.04 0.04 0.04 0.25 0.16 0.05 0.07 0.01 - 0.20 

L. O. I. 0.79 0.65 1.36 0.44 0.53 1.89 0.52 

Total 99.12 99.75 99.05 99.21 99.30 99.95 98.99 

Average in gabbro 

(Coleman, 1977) 

Zr 21 22 28 68 101 48 Bl 15 

y 8 16 16 31 46 15 43 

Sr 1100 1200 1400 342 423 434 199 116 

Rb <5 <5 9 <5 <5 <5 <5 

C u 12 40 20 132 5 <5 186 35 

Ni 143 70 Bl 37 46 28 58 640 

Cr 629 92 284 <5 75 67 89 623 

Ba 40 35 314 37 35 30 22 2 

Co 39 42 24 57 54 41 8 86 

Average in upper 

level gabbro 

(Coleman, 1977) 

La 2.9 4.4 1.5 2.1 0.443 

Ce 9 9 6 7 1.680 

Sm 1.6 4.6 1.5 3.7 0.644 

Eu 0.65 1.34 1.08 1.03 0.323 

Tb 0.37 1.18 0.91 0.34 

Yb 1.8 4.9 1.6 4.1 0.740 

L u 0.34 0.84 0.22 0.59 0.126 
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TASLE 3: Al Chemical analyses of gabbroic dykes from L1llevik and the range of 20 major oxide analyses of cumulates 

in ophiol1tes (Coleman, 19771. 

Si02 
Tf02 

Al203 
re2o3 
FeO 

MnO 

Mg O 

CaO 

Na2o 

K20 

P205 
L. O.l. 

Total 

Zr 

Sr 

Rb 

C u 

Nf 

Cr 

Ba 

Co 

La 

Ce 

Sm 

Eu 

Tb 

Yb 

L u 

Bl Chemical analyses of leucocratic dykes and veins from L1llevik and the range of 8 major oxide analyses 

of leucocratic rocks in ophiol1tes (Coleman, 19771. Average trace element data in both are from 

Coleman (1977) 

20 21 22 

48.11 43.29 42.59 

1.15 1.57 1.65 

18.58 9.44 10.04 

4.46 5.23 6.08 

23 24 

38.00 41.34 

2.26 1.62 

8.27 14.63 

8.62 6.30 

4.16 8.15 8.16 9.30 4.95 

0.15 0.21 0.19 0.18 0.19 

4.53 11.91 11.60 10.26 8.68 

9.60 14.49 14.99 15.33 15.95 

4.40 

l. 79 

o. 93 

0.96 

l. 70 

0.37 

0.96 

1.60 

1.50 

0.38 

1.67 

l. 25 

1.50 1.60 

0.30 0.86 

1.42 2.07 

2.13 0.81 

98.76 98.92 100.10 97.57 99.00 

160 

29 

2800 

31 

79 

19 

5 

1200 

24 

79 

215 

16.0 

3.67 

1.67 

2.00 

0.35 

274 

26 

912 

<5 

35 

76 

454 

99 

32 

A 

311 

32 

939 

<5 

86 

71 

371 

141 

47 

146 299 

26 33 

566 2500 

<5 10 

115 56 

44 29 

115 <5 

49 393 

38 29 

52 130 

121 293 

15.5 26.9 

3.49 5.93 

1.55 3.10 

1.50 2.00 
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Fig. 3. Total alkali-silica discriminant diagram (Irvine & Bar
ager 1971) showing the Lillevik diabases. 

marized evidence showing that at high er tempera
tures and deeper levels in the oceanic crust, spili
tization may lead to depletion in K20. McCul
loch et al. (1981) demonstrate that potassium is 
depleted in the layered sequence of the Samail 
ophiolite, but is enriched at upper levels, i.e. the 
higher level intrusives (induding gabbros), dyke 
complex and pillow basalts and attribute this re
distribution to the action of seawater. Gregory & 
Taylor (1981) demonstrate, using oxygen-isotope 
data, that sea-water hydrothermal systems ex
tend to depths of at least 5 km adjacent to mid
ocean ridge magma chambers. It is therefore 
probable that some of the oxides showing 
anomalous contents in the Lillevik rocks have 
been mobilized during sea-water hydrothermal 
metamorphism, even though the rocks are from 
the base of a sheeted dyke zone, i.e. a depth of 
probably not more than two to three kilometres. 
Possible effects on trace element content are dis
cussed in a later section. 

On Fig. 3 analyses of Lillevik diabase are plot
ted on the alkali-silica discriminant diagram of 
Irvine & Barager (1971), showing the subalkaline 
nature of most of these rocks. Possible enrich
ment in alkalies due to sea-floor metamorphic 
effects, as discussed above, merely emphasizes 
this condusion. Miyashiro (1975) demonstrated 
the u se of plots of various oxides against the ratio 
of total iron as FeO (FeO+) to MgO as a 
discriminant of tholeiitic as opposed to calc-alka
line volcanics and to distinguish abyssal from 
island-are tholeiites. Figs. 4a & b show plots of 
Lillevik diabases on two diagrams of this type 
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and demonstrate the dearly tholeiitic nature of 
these rocks and their dose correspondence to the 
trend lines for abyssal tholeiites; two samples are 
displaced towards the Kilauea trend which repre
sents ocean-island tholeiites. 

Trace elements. -More or less pervasive chloriti
zation, saussuritization and epidotization of the 
Lillevik rocks place constraints on the range of 
trace elements which can be regarded as immo
bile. Melson et al. (1968) and Condie et al. 
(1977), among others, have noted that a consid
erable increase in Sr accompanies epidotization, 
while the alkalies in general and also the light 
rare-earth elements (LREE) have been shown to 
be mobile during sea-floor alteration and low 
grade metamorphic processes by a number of 
studies (e.g. Hart 1969, Philpotts et al. 1970, 
Wood et al. 1976). Menzies et al. (1979) suggest 
that the mobility of the LREE is specifically 
related to sea-water-rock interaction at low tem
peratures and that the REE are immobile during 
metamorphic processes at higher temperatures 
(150-350°C) in the absence of sea water. Aver
age Sr contents in the main rock types present at 
Lillevik exceed averages for similar rocks given 
by Coleman (1977) by factors between 5 and 15. 
Ludden & Thompson (1978) demonstrate that 
submarine weathering may lead to an enrichment 
of LREE though with the development of a neg
ative Ce anomal y. 

Fig. 5 shows the Lillevik diabase analyses plot
ted on a TI-Zr-Y discriminant diagram, the ele
ments involved being among those least affected 
by alteration and metamorphic processes (Pearce 
& Cann 1973, Hart et al. 1974). Ten of the 
twelve analyses plot within or dose to the field of 
ocean-floor basalts (OFB), while one analysis 
plots in the field of within-plate basalts and one 
in the field of low-potassium tholeiites (in addi
tion to the one dose to the OFB field) (the same 
analyses, nos. 4 and 10, plotted apart from the 
main group on Figs. 4a and b). Fig. 6 shows the 
same data plotted on the Ti02-Zr diagram of 
Pearce (1980) on which all the analyses plot with
in, or dose to the field of mid-ocean ridge ba
salts. The average of thirteen ocean-island tho
leiites from Mauna Loa (Leeman et al. 1980) is 
plotted on both Figs 5 and 6 as a reference point. 

REE data from Lillevik are shown in Fig. 7, 
normalized to the average chondrite levels given 
by Osborn et al. (1974) and with the field of Mid
Atlantic Ridge (MAR) basalts (Coleman 1977) 
and the average of ten Kilauea oceanic tholeiites 
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b 

2 3 4 Feo•tMgO 2 3 4 FeO•/MgO 
Fig. 4a & b. Feo+ v. FeO+/MgO and Ti02 v. FeO+!MgO discriminant diagrams (Miyashiro, 1975) showing the Lillevik diabases. 
CA and TH are the fields of calcalkaline and tholeiitic basalts, respectively. A. K and M are the trends for abyssal tholeiites, 
Kilauean (ocean island) tholeiities and Macaulay (island are) tholeiites, respectively. 

(Leeman et aL 1980) as reference points. The 
REE analyses have been grouped and plotted 
according to their patterns. 

The six diabase analyses shown on Fig. 7a 
share a convex-upward pattern similar to that for 
MAR basalts, but with the superposition of a 
negative Eu anomaly in all six, a negative Ce 
anomaly in four and a negative Yb anomaly in 
two analyses. Three analyses of gabbros are also 
plotted on Fig. 7a; one is slightly enriched in 
REE relative to the diabases and has negative 
anomalies for both Ce and Eu. The other two are 
relatively depleted in REE and have positive Eu 
anomalies, a pattern typical of plagioclase
bearing cumulates in ophiolites. The negative Eu 
anomaly in the dyke analyses suggests that they 
represent magma from which plagioclase has al
ready been removed, while the negative Ce 
anomaly in several analyses may be due to the 

action of sea water (Ludden & Thompson 1978). 
Given these provisos it can be said that these six 
analyses show a dose correspondence to the pat
tern for MAR basalts and provide further evi
dence that the Lillevik rocks probably formed at 
an oceanic or marginal basin spreading axis, the 
pattern corresponds to that of N-type basalts in 
the terminology of Sun et aL (1979). Similar 
patterns have been found in metabasalts from 
the Minor Bergen Are and in certain metabasalts 
from the Skålvær ophiolite fragment by Furnes et 
al. (1982). The REE-enriched pattern of gabbro, 
sample 17, indicates sta tie crystallization of a 
liquid similar in composition to the diabase 
dykes. The pronounced negative Eu anomali es in 
Fig. 7a imply that the diabases were emplaced 
after fractionation of plagioclase from a more 
primitive basaltic magma in a shallow-level 
magma chamber. The generally flat patterns for 
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Ti/100 

Fig. 5. TI-Zr-Y discriminant diagram (Pear.ce & Cann 1973) showing the Lillevik diabases. Star= averagc of 13 ocean island 
tholeiites from Mauna Loa (Leeman et al. 1980). 

MREE and HREE in Fig. 7a imply a relatively 
flat pattem for other fractionating phases, for 
elements from Sm to Lu, i.e. possibly olivine or 
clinopyroxene. 

Both of the diabase analyses which have 
anomalous positions on Figs. 4 and 5 have been 
analyzed for REE and plotted on Fig. 7c. These 
rocks are fine-grained mafic dykes which cut all 
other adjacent rock-types and post-date early 
deformation in the complex. Also shown on Fig. 
7c are REE data from two leucocratic and three 
gabbroic dykes. One of the latter, in Block 4, 
clearly post-dates all other rocks in the block. 
This group of analyses is distinguished by its 
enrichment in LREE and MREE and slight de
pletion in HREE relative to MAR-basalts. The 

diabase analyses in particular have a regular pat
tem. The subparallelism of the REE pattems 
shown by these five analyses clearly suggests that 
the rocks are comagmatic and the nature of the 
pattem indicates that they have a different origin 
from the N-type diabases shown in Fig. 7a. 
LREE enrichment of the order shown in Fig. 7c 
has been demonstrated from several volcanic en
vironments, e.g.: 

a) Calc-alkaline rocks of island arcs (Jakes & Gill 
1970); other trace and major element data show, 
however, that none of the Lillevik dia bases are of 
calcalkaline affinity (Figs. 4 & 5). 
b) Sheeted dykes in the Sarmiento marginal ba
sin ophiolite in southem Chile (Saunders et al. 
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Fig. 6. TiOrZr discriminant diagram (Pearce 1980) showing the Lillevik diabases. Star= average ocean-island tholeiite from 
Mauna Loa (Leeman et al. 1980). 

1979). The Sarmiento dykes, however, have a 
considerably lower LREE/HREE ratio than the 
analyses in Fig. 7c. 
c) Alkali-rich basalts (Kay & Gast 1973). The 
relatively high P205 and Ti02 contents of analy
ses 4 and 10 also indicate an alkaline affinity 
(Bass et al. 1973). None of the diabase analyses, 
however, is Ne normative (assuming that a pro
portion of the L. O.l. is C02). 
d) Continental within-plate tholeiites (Frey et al. 
1978, Thompson et al. 1980, among others). As 
pointed out by Frey et al. (1978) tholeiites from 
continents and from ocean islands have similar 
REE pattems, these being quite distinct from the 
pattem typical of MORB-type tholeiites. If it can 
be accepted, based on field relationships and the 
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geochemical data shown in Figs. 4, 5, 6 and 7a, 
that the bulk of the Lillevik diabases are of 
MORB type, then it is unlikely that the later 
diabases could be continental tholeiites. The se
quence in the Lillevik rocks, in which N-type 
tholeiites intrude gabbros and are themselves cut 
by LREE-enriched tholeiites, is the reverse of 
that seen on Skye in the Tertiary Hebridean 
Province (Thompson et al. 1980, Brown 1982, 
Thompson 1982). 
e) Ocean-island tholeiites (Leeman et al. 1980, 
among others). Fig. 7c shows a clear similarity 
both in REE pattem and concentration between 
diabase analyses 4 and 10 and the average of 
REE analyses of tholeiites from Kilauea (Lee
man et al. 1980). 
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As indicated by several authors, e.g. Menzies 
et al. (1980}, REE patterns do not provide an 
unambiguous indicator of tectonic setting. In 
Norway, rocks with a REE pattern similar to that 
of the diabases in Fig. 7c have been described 
from Leka (Storøy Formation) by Prestvik & 
Roaldset (1978}, from Karmøy (Vikingstad 
Greenstone) by Sturt et al. (1980) and from the 
Skålvær ophiolite fragment by Furnes et al. 
(1982}, leading Sturt et al. (in press) to the con
clusion that ocean-istand type volcanism is a not 
uncommon feature in certain Norwegian ophio
lites. By analogy with this conclusion, and taking 
account of the geochemical and other arguments 
given above, alternative ( e) would seem to be the 
most probable explanation for the LREE-en
riched diabases at Lillevik. They are equivalent 
to the P-type basalts of Sun et al. (1979). 

The leucocratic and gabbroic dykes which ap
pear to be comagmatic with dykes 4 and 10, and 
related to ocean-istand magmatism (Fig. 7c), 
show a fan-shaped REE pattern with strong en
richment of LREE in relation to the presumed 
parent and a similar, or slightly depleted leve! of 
HREE. This pattern and the negative Eu anom
aly would be consistent with derivatiori of these 
rocks as differentiates from a diabase with the 
REE pattern of analyses 4 and 10, from which 
hornblende (low LREE/HREE K0 ratio, moder
ate negative Eu anomaly (Hanson 1980}} and 
plagioclase (strong positive Eu anomaly} had al
ready accumulated. A further complicating fac
tor is the presence of apatite (moderate negative 
Eu anomaly) in the gabbroic dykes. Unfortu
nately REE data are not available for compari
son from the sodic trondhjemites, similar in ma
jor-element chemistry to analyses 25 to 28, which 
have been described by Malpas (1979) and Sin
ton (1980). 

Four diabases from Lillevik (analyses l, 3, 5 
and 9) show REE patterns transitional between 
those demonstrated in Figs. 7a and c: these are 
plotted on Fig. 7b. They are enriched in La and 
Ce, but have concentrations for other REE with
in or dose to the field of MAR basalts and not 
dissimilar to the range shown in Fig. 7a. It is 
possible that sea-water alteration (Ludden & 
Thompson 1978} and epidotization (Condie et al. 
1977) acting on LREE-depleted diabases could 
produce this pattern. This would, however, re
quire considerable enrichment in La and Ce, 
without the development of a negative Ce anom
aly in any of the four rocks analyzed and appar
ently without sirnilar effects on nearby diabase 
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dykes of similar age and provenance. Alterna
tively, and more probably, these rocks could re
present a transitional type (T type of Sun et al. 
1979) analogous to those being erupted in the 
FAMOUS area on the Mid-Atlantic Ridge 
(Wood et al. 1979). 

It would thus appear that, in spite of the limit
ed section available for examination and the lack 
of an ophiolite pseudostratigraphy, there are suf
ficiently strong arguments for concluding that the 
Lillevik lens probably represents a small frag
ment of an ophiolite complex. This being the 
case, the REE data (Fig. 7) permit the sugges
tion that it represents part of an older, N-type, or 
MORB-type segment of oceanic or ocean-basin 
crust, on which, possibly via transitional types, 
P-type or ocean-istand volcanism has been super
imposed. 

The strong indications of an ophiolitic affinity 
in the Lillevik rocks may well also imply that 
similar, but more high! y deformed and altered 
rocks at the same tectonic leve! (immediately 
beneath the Elvenes Conglomerate) on the east 
limb of the Ofoten Synform near Ballangen (Fos
lie 1941) (Fig. l} have a similar affinity. It is very 
probable that the mafic facies of the Elvenes 
Conglomerate was derived from these rocks. 

Regional tectonic implications 
Recent overviews of the geochemistry and/or tec
tonic implications of Norwegian ophiolite frag
ments and related volcanic units include those by 
Furnes et al. (1980, 1982, in press), Gale & 
Pearce (1982) Roberts et al. (in press) and Sturt 
et al. (in press). These papers demonstrate that 
obduction of ophiolites on to the Baltic Shield 
was an important aspect of the Finnmarkian oro
geny, this event probably having been completed 
by Middle Ordovician times. Sturt et al. (in 
press) indicate that late ocean-island volcanism 
was a locally developed but significant feature of 
the pre-Finnmarkian ophiolite complexes which 
they believe represent oceanic or marginal-basin 
crustal segments. Ben-Avraham et al. (1982} sug
gest that the presence of ocean-istand volcanic 
rocks in obducted ophiolites is not coincidental 
and propose that the presence of plateaux/rises 
related to ocean-istand volcanism may be a factor 
in promoting obduction, rather than subduction, 
of these rocks. 

One of the pre-Finnmarkian ophiolites is the 
Lyngen ophiolite. Minsaas (1981} and Minsaas & 
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Sturt (in press) describe sediments (Balsfjord 
Group) immediately and unconformably overly
ing the Lyngen ophiolite and including basal con
glomerates partly derived from the ophiolite. 
The uppermost part of this sequence can be di
rectly correlated along strike with one of the 
lower units of the Sagelvvatn Group of 
Bjørlykke & Olaussen (1981), the Kjoselv For
mation. This is overlain by carbonates bearing an 
U. Llandovery fauna, thus implying a late Ordo
vician age for the sediments overlying the Lyn
gen ophiolite (Minsaas & Sturt, in press). The 
Sagelvvatn Group is underlain by a highly tec
tonized southerly continuation of the Lyngen 
ophiolite (Fareth 1981). The Balsfjord Group of 
Minsaas & Sturt (in press) and the, at !east part
ly, equivalent Sagelvvatn Group of Bjørlykke & 
Olaussen (1981) have been metamorphosed in 
greenschist facies conditions and are overlain by 
rocks of higher metamorphic grade. 

The sequence in the Ofoten area thus has simi
larities with that in the Sagelvvatn-Lyngen area. 
Both areas show clear evidence of the obduc
tion, internal deformation and subsequent ero
sion of ophiolite sequences, or parts thereof, to 
produce conglomerates in which ophiolite-de
rived cobbles are prominent, but which are suc
ceded by sequences including conglomerates 
with a high proportion of quartzite and/or dolo
mite cobbles. The areas are further linked by 
preliminary results from mapping north of Ofot
fjord (present author) which suggests that the 
Narvik Group near Bjerkvik is overlain by tec
tonized ophiolite fragments and those again by a 
low grade metasedimentary sequence, similar to 
the Sagelvvatn Group. The low grade sequence 
has a tectonic contact against the overlying Bø 
Quartzite (Fig. 1). There would appear to be 
sufficient grounds for suggesting that the Lyngen 
ophiolite and the Lillevik ophiolite fragment Iie 
at the same tectonostratigraphic leve!. lmplicit in 
this correlation is the conclusion that the rocks 
immediately overlying these ophiolite fragments 
(e.g. at !east up to the leve! of the Bø Quartzite 
in the Bjerkvik section) have undergone only the 
Middle-Upper Silurian Scandinavian (Scandian) 
orogeny, while the underlying Narvik Group was 
probably deformed in both Finnmarkian and 
Scandinavian orogenies. 

Correlation southwards in Norway and into 
Sweden is more difficult. Foslie (1942) and Kull
ing (1982) describe an ultramafic body which 
straddles the international border 7 km north of 
the lake Vastenjaure (in Sweden) and Iies at the 
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top of the Narvik Group section as exposed in 
that area (there is evidence that units are excised 
from the top of the Narvik Group to the south, 
west and north of its maximum development 
south of Ofotfjord). The body consists of a basal 
unit of serpentinized peridotite overlain by horn
blende gabbro. Kulling (1982) describes con
glomerate underlying the peridotitic unit on the 
Swedish side of the border as consisting of 
rounded cobbles of microline granite and white 
quartzite and angular cobbles of basic to hornb
lenditic igneous rocks in a matrix of hornblende
mica-schist. This conglomerate thus has some 
features in common with the Elvenes conglomer
ate and may Iie at the same tectonostratigraphic 
leve!, if it is accepted that the upper boundary of 
the Narvik Group is an angular unconformity, as 
suggested by Tull et al. (in press). That the con
glomerate underlies the mafic/ultramafic body, 
which may have been the source of some of its 
cobbles, may be due to folding on a local or 
regional scale or to schuppen tectonics. 

Correlation further southwards to the Sulit
jelma area is fraught with problems, but it would 
seem probable that the Sulitjelma ophiolite of 
Boyle (1980) Iies at a different tectonostratigra
phic leve! from the ophiolite fragments in the 
Ballangen-Narvik-Bjerkvik area in that it is im
mediately underlain by strata including lime
stones with a Middle Ordovician fauna (several 
references summarized by Kulling (1982). This is 
compatible which the classification of the Sulit
jelma complex as one of several younger, post
Finnmarkian ophiolites (Furnes et al. in press). 
More generally it would seem that ophiolite frag
ments may be present at several tectonostratigra
phic levels in this part of the Caledonides. The 
boundary between the Salangen Group and the 
overlying Niingen Group (Gustavson 1974), for 
example, is marked by the presence of a number 
of mafic and ultramafic bodies, possibly of 
ophiolitic origin. Further work is required in or
der to test the validity of this suggestion and, on 
a broader scale, to assess the implications of the 
identification of ophiolite fragments for models 
of the development of this segment of the Cale
donides. 

Acknowledgements. -The writer wishes to thank Arild Andre
sen, Harald Furnes, Magm: Gustavson, Kip Hodges, Ole Lutro 
and David Roberts for their comments on a first draft of this 
manuscript, Brian Sturt and an anonymous reviewer for helpful 
criticism at a later stage, Bina Øydegård and Lars Holiløkk for 
preparation of the figures and Ingrid Venås for typing the 
manuscript. The work reported has been financed by the Geo
logical Survey of Norway. 

Manuscript received January 1983 



NORSK GEOLOGISK TIDSSKRIFT l (1983) 

References 
Bass, M. N., Moberly, R. , Rhodes, M. J., Shih, C. & Church, 

S. E. 1973: Volcanic rocks cored in the Central Pacific, Leg 
17, Deep Sea Drilling Project. Initial Reports of the Deep Sea 
Drilling Project 17, 429-503. 

Ben-Avraham, Z. , Nur, A. & Jones, D. 1982: The emplace
ment of ophiolites by collision. J. Geophys. Res. 87, 3861-
3867. 

Binns, R. E. & Matthews, D. W. 1981: Stratigraphy and 
structure of the Ordovician-Silurian Balsfjord Supergroup, 
Troms, North Norway. Nor. geo/. unders. 365, 39-54. 

Bjørlykke, A. & Olaussen, S. 1981: Silurian sediments, volcan
ics and mineral deposits in the Sagelvvatn area, Troms, 
North Norway. Nor. geo/. unders. 365, 1-38. 

Boyle, A. P. 1980: The Sulitjelma amphibolites, Norway: part 
of a lower Palæozoic ophiolite complex? Proc. lnt. Ophio/ite 
Symp. Cyprus, 1979, 567-575. 

Brown, G. M. 1982: Introduction to Part 7: An appraisal of the 
igneous history. In Sutherland, D. S. (ed.), Igneous Rocks of 
the British Isles. John Wiley & Sons, Inc. , New York. 

Burri, C. & Niggli, P. 1945: Die jungen Eruptivgesteine des 
mediterranen Orogens. Komm. Verlag von Guggenbuhl & 
Huber, Schweizer Spiegel Verlag, Zurich, 623 pp. 

Coleman, R. G. 1977: Ophiolites, Springer-Verlag, Berlin, 229 
pp. 

Condie, K. C., Viljoen, M. J. & Kable, E. J. D. 1977: Effects 
of alteration on element distributions in Archaean tholeiites 
from the Barberton Greenstone Belt, South Africa. Contrib. 
Mineral. Petro/. 64, 75-89. 

Fareth, E. 1981: Berggrunnsgeologisk kart Tromsø, M 
1: 250000. Preliminary edition. Nor. geo/. unders. 

Faye, G. C. & Ødegaard, M. 1975: Determination of major 
and trace elements in rocks employing optical emission spec
troscopy and X-ray fluorescence. Nor. geo/. unders. 322, 35-
54. 

Foslie, S. 1941: Tysfjords geologi. Nor. geo/. unders. 149, 298 

PP· 
Foslie, S. 1942: Hellemobotn og Linnajavrre. Nor. geo/. 

unders. 174, 129 pp. 
Foslie, S. 1949: Håfjellsmulden i Ofoten of dens sedimentære 

jernmangan-mahner. Søndre Ofotens malmforekomster Il. 
Nor. geo/. unders. 174, 129 pp. 

Frey, F. A., Green, D. H. & Roy, S. D. 1978: Integrated 
models of basalt petrogenesis: a study of quartz tholeiites to 
olivine melilites from South Eastern Australia utilizing geo
chemical and experimental petrological data. J. Petro/. I9, 
463-513. 

Furnes, H., Roberts, D. , Sturt, B. A. , Thon, A. & Gale, G. 
H. 1980: Ophiolite fragments in the Scandinavian Caledon
ides. Proc. Int. Ophio/ite Symp. Cyprus, 1979, 582--{j()(). 

Furnes, H., Thon, A., Nordås, J. & Garmann, L. B. 1982: 
Geochemistry of Caledonian metabasalts from some Norwe
gian ophiolite fragments. Contrib. Mineral. Petro/. 79, 295-
307. 

Furnes, H., Ryan, P. D. , Grenne, T. , Roberts, D. , Stur!, B. 
A. & Prestvik, T. in press: Geological and geochemical 
classification of the ophiolitic fragments in the Scandinavian 
Caledonides. Uppsala Ca/edonide Symposium 1981. 

Gale, G. H. & Pearce, J. A. 1982: Geochemical patterns in 
Norwegian greenstones. Can. J. Earth Sei. 19, 385-397. 

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

Gass, l. G. & Smewing, J. D. 1973: Intrusion, extrusion and 
metamorphism in constructive margins: evidence from the 
Troodos Massif, Cyprus. Nature 242, 26-29. 

53 

Gregory, R. T. & Taylor, H. P. 1981: An oxygen isotope 
profile in a section of Cretaceous oceanic crust, Samail 
Ophiolite, Oman: Evidence for 180 buffering of the ocean 
by deep (5 km) seawater-hydrotherrnal circulation at mid
oceanic ridges. J. Geophys. Res. 86, 84, 2737-2755. 

Gustavson, M. 1966: The Caledonian mountain chain of the 
southern Troms and Ofoten areas, Part l. Basement rocks 
and Caledonian metasediments. Nor. geo/. unders. 239, 162 
pp. 

Gustavson, M. 1969: The Caledonian mountain chain of the 
southern Troms and Ofoten areas, Part Il. Caledonian rocks 
of igneous origin. Nor. geo/. unders. 26I, 110 pp. 

Gustavson, M. 1972: The Caledonian mountain chain of the 
southern Troms and Ofoten areas, Part Ill. Structures and 
structural history. Nor. geo/. unders. 283, 56 pp. 

Gustavson, M. 1974: Berggrunnsgeologisk kart Narvik, M 
1: 250000. Nor. geo/. unders. 

Hanson, G. N. 1980: Rare-earth elements in petrogenetic stud
ies of igneous systems. In Donath, F. A. , Stehli, F. G. & 
Wetherill, G. W. (eds.), Ann. Rev. Earth Planet Sei. 8, 371-
406. 

Hart, S. R. , 1%9: K, Rb, Cs contents and K/Rb, K/Cs ratios of 
fresh and altered submarine basalts. Earth Planet Sei. Lett. 6, 
205-303. 

Hart, S. R. , Erlank, A. J. & Kable, E. J. D. 1974: Sea floor 
alteration: some chemical and Sr isotope effects. Contrib. 
Mineral. Petro/. 44, 219-230. 

lrvine, T. N. & Barager, W. R. A. 1971: A guide to the 
chemical classification of common volcanic rocks. Can. J. 
Earth Sei. 8, 523-548. 

Jakes, P. & Gill, J. 1970: Rare earth elements and the island 
are tholeiite series. Earth Planet. Sei. Lett. 9, 17-28. 

Kulling, O. 1982: Oversikt over siidra Norrbottensfjallens ka
ledonberggrund. Sver. geo/. unders. Ba 26, 295 pp. 

Leeman, W. P., Budahn, J. R. , Gerlach, D. C. , Smith, D. R. 
& Powell, B. N. 1980: Origin of Hawaiian tholeiites: trace 
element constraints. Am. J. Sei. 280-A, 794-819. 

Ludden, J. N. & Thompson, G. 1978: Behaviour of rare earth 
elements during submarine weathering of tholeiitic basalts. 
Nature 274, 147-149. 

Malpas, J., 1979: Two contrasting trondhjemite associations 
from transported ophiolites in western Newfoundland: initial 
report. In Barker, F. (ed.), Trondhjemites, dacites and re/at
ed rocks, Elsevier, Amsterdam, 465-488. 

McCulloch, M. T., Gregory, R. T., Wasserburg, G. J. & 
Taylor, H. P. 1981: Sm-Nd, Rb-Sr and 180/160 isotopic 
systematics in an oceanic crustal section: evidence from the 
Samail Ophiolite. J. Geophys. Res. 86, 84, 2721-2736. 

Melson, W. G., Thompson, G. & Van Andel, T. H. 1968: 
Volcanism and metamorphism in the Mid-Atlantic Ridge. J. 
Geophys. Res. 73, 5925-5941. 

Menzies, M. , Blanchard, D. & Xenophontos, C. 1980: 'Genesis 
of the Smartville arc-ophiolite, Sierra Nevada foothills, Cali
fornia. Am J. Sei. 280-A, 329-344. 

Menzies, M. , Seyfried, W. & Blanchard, D. 1979: Experimen
tal evidence of rare earth element immobility in greenstones. 
Nature 282, 398-399. 

Minsaas, O. 1981: Lyngenhalvøyas geologi, med spesiell vekt 
på den sedimentologiske utvikling av de ordovisisk-siluriske 
klastiske sekvenser som overligger Lyngen gabbrokompleks. 
Unpubl. cand. real. thesis, Univ. of Bergen, 295 pp. 

Minsaas, O. & Sturt, B. A. in press: The Ordovician clastic 
sequence immediately overlying the Lyngen gabbro complex 
and its environmental significance. Uppsala Ca/edonide Sym
posium 1981. 

Miyashiro, A. 1975: Classification, characteristics and origin of 
ophiolites. J. Geo/. 83, 249-281. 



54 

Moores, E. M. 1982: Origin and emplacement of ophiolites. 
Rev. Geophys. Space Phys. 20, 735-7(/J. 

Oftedahl, C, 1959: Om vulkanittene i den kaledonske fjell
kjede i Norge. Nor. geo/. unders. 39, 263-265. 

Osborn, T. W. , Warren, R. G., Smith, R. H. Wakita, H., 
Zellmer, D. L. & Schmitt, R. A. 1974: Elementa! composi
tion of individual chondrules from carbonaceous chondrites, 
including Allende. Geochim. Cosmochim. Acta 38, 1359-
1378. 

Pearce, J. A. 1980: Geochemical evidence for the genesis and 
eruptive setting of Javas from Tethyan ophiolites. Proc. Int. 
Ophiolite Symp. Cyprus, 1979, 261-272. 

Pearce, J. A. & Cann, J. R. 1973: Tectonic setting of basic 
volcanic rocks determined using trace element analyses. 
Earth Planet. Sei. Lett. 19, 290-300. 

Pearce, J. A. & Flower, M. F. J. 1977: The relative importance 
of petrogenetic variables in magma genesis at accreting plate 
margins: a preliminary investigation. J. Geo/. Soc. 134, 103-
127. 

Pedersen, R. B. 1982: The Karmøy Ophiolite p/utonic suite. 
Unpubl. cand. real. thesis, Univ. of Bergen. 

Philpotts, J. A., Schnetzler, C. C. & Hart, S. R. 1970: Subma
rine basalts: Some K, Rb, Sr, Ba and rare-earth data bearing 
on their alteration, modification by plagioclase and possible 
source materials. Earth Planet. Sei. Lett. 7, 293-299. 

Prestvik, T. 1974: Supracrustal rocks of Leka, Nord-Trønde
lag. Nor. geo/. unders. 3II, 65-87. 

Prestvik, T. & Roaldset, E. 1978: Rare earth element abun
dance in Caledonian metavolcanics from the istand of Leka, 
Norway. Geochem. J. 12, 89-100. 

Ridley, W. I., Rhodes, J. M., Reid, A.M. , Jakes, P. , Shih, C. 
& Bass, M. N. 1974: Basalts from Leg 6 of the D.S.D.P. J. 
Petro/. 15, 140--159. 

Roberts, D., Sturt, B. A. & Furnes, H. in press: Volcanite 
assemblages and environments in the Scandinavian Caledon
ides and the sequential development history of the mountain 
belt. Uppsala Caledonide Symposium 1981. 

Saunders, A. D., Tarney, J., Stern, C. R. & Dalziel, I. W. D. 
1979: Geochemistry of Mesozoic marginal basin floor ig
neous rocks from southern Chile. Bull. Geo/. Soc. Am. 90, 
237-258. 

Sinton, J. M. 1980: Petrology and evolution of the Red Moun
tain ophiolite complex, New Zealand. Am. J. Sei. 280-A, 
296-328. 

Spooner, E. T. C. & Fyfe, W. S. 1973: Sub-seafloor metamor
phism, heat and mass transfer. Contrib. Mineral. Petro/. 42, 
287-304. 

NORSK GEOLOGISK TIDSSKRIFT l (1983) 

Stephens, M. B. 1980: Spilitization, element release and for
mation of massive sulphides in the Stekenjokk volcanites, 
Central Swedish Caledonides. In Vokes, F.M. & Reinsbak
ken, A. (eds.), Stratabound sulphides in the Caledonian
Appalachian orogen. Nor. geo/. unders. 360, 159-194. 

Stephens, M. B. , Gustavson, M. , Ramberg, I. B. & Zachris
son, E., in press: The Caledonides of central-north Scandi
navia - a tectonostratigraphic review. Uppsala Caledonide 
Symposium 198I. 

Stur!, B. A., Roberts, D. & Furnes., H. 1982: A conspectus of 
Scandinavian Caledonian ophiolites. In Ophiolites and oce
anic lithosphere. Geo/. Soc. London (abstract). 

Sturt, B. A. & Thon, A. 1978: An ophiolite complex of prob
able early Caledonian age discovered on Karmøy. Nature 
275, 385-390. 

Stur!, B. A., Thon, A. & Furnes, H. 1980: The geology and 
preliminary geochemistry of the Karmøy ophiolite, S.W. 
Norway. Proc. Int. Ophiolite Symposium Cyprus, I979, 538-
544. 

Sun, S. S. , Nesbitt, R. W. & Sharaskin, A. Y. 1979: Geo
chemical characteristics of mid-ocean ridge basalts. Earth 
Planet. Sei. Lett. 44, 119-138. 

Thompson, R. N. 1982: Geochemistry and magma genesis. In 
Sutherland, D. S. (ed.), Igneous Rocks of the British Isles. 
John Wiley & Sons, Inc. , New York. 

Thompson, R. N., Gibson, I. L. , Marriner, G. F. , Mattey, D. 
P. & Morrison, M. A. 1980: Trace-element evidence of 
multistage mantle fusion and polybaric fractional crystalliza
tion in the Palaeocene Javas of Skye, NW Scotland. J. Petro/. 
21, 265-294. 

Tull, J. F. , Bartley, J. M. , Hodges, K. V., Andresen, A. , 
Steltenpohl, M. G. & White, J. M. in press: Overview of the 
tectonic evolution of the Caledonides in the Ofoten region 
(68°-69•), North Norway. Uppsala Caledonide Symposium 
1981. 

Vogt, T. 1950: Berggrunnsgeologisk kart Narvik, M 1:100000. 
Nor. geo/. unders. 

Wood, D.A., Gibson I. L. & Thompson, R. N. 1976: Elemen
ta! mobility during zeolite facies metamorphism of the Terti
ary basalts of eastern Iceland. Contrib. Mineral. Petro/. 55, 
241-254. 

Wood, D. A., Joron, J.-L. & Treuil, M. 1979: A re-appraisal 
of the use of trace elements to classify and discriminate 
between magma series erupted in different tectonic settings. 
Earth Planet. Sei. Lett. 45, 326-336. 


