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Major and trace element data are presented for 33 greenstones of Ordovician 
and Silurian age from Stord, west Norway. The Ordovician greenstones 
contain relatively high concentrations of incompatible trace elements, whereas 
the Silurian greenstones have extremely low abundances. This feature is 
thought to be due to generation by low and high degrees of partial melting, 
respectively. The Ordovician greenstones are variable in their chemistry, and 
may represent an intermediate to evolved island are. On the other hand, the 
Ordovician sequence could include slices of ocean floor/oceanic island basalt, 
in tectonic contact with island are rocks. 

It is tentatively suggested that the Silurian greenstone3, comparable to 
ocean floor tholeiites, have been generated in an actively evolving back-are 
basin. 
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The island of Stord, comprising part of the southwest Norwegian Caledo

nides, may geologically be divided into two parts: a northern acidicjbasic 

igneous complex of some 160 km2, and a southern NE-SW-trending sedi
mentaryf volcanic belt, about 80 km2 in area (Fig. 1). 

The northern igneous complex mainly consists of saussurite gabbro, sub
aerial acidic and basic lavas, and pyroclastics, intruded by granites (K vale 

1937). Priem & Torske (1973) reported a Rb-Sr age of 455 ± 5 m.y. from 
rhyolites within this complex. Kvale (1937) stated that the contact of this 

igneous complex with the southern sedimentary jvolcanic belt is tectonic, and 

Strand (1972) believed that it forms part of a Caledonian nappe emplaced 

from a provenance site to the northwest. 

The southern part of Stord is a metasedimentary sequence of phyllites, 

black shale, quartzites and limestone together with interbedded spilitic sub

marine metavolcanics (Kvale 1937) of supposed Arenig age (Kiær 1929, 

Vogt 1945, Skordal 1948, Strand 1960). Dewey (1969) regarded the vol

canics as part of an ophiolite belt. 

The youngest rocks on Stord (the Dyvikvågen Group), occurring to the 

north within the above mentioned sedimentary jvolcanic belt, have been 

shown to range from Ordovician to Silurian in age (Færseth & Ryan 1975). 
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Fig. 1. Simplified geological map of Stord after Kvale (1937) and Skordal (1948). 
Locations mentioned in the text are indicated. The figures in parentheses show the 
number of analysis. 

A basic volcanic formation in this group is overlying graptolite slates of 

Lower Llandovery age, which in turn rest upon fossiliferous Ashgillian lime

stone. This volcanic formation has a maximum thickness of 220 Jl', and pil

low structures prove the subaqueous origin of the lava flows. 
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In a preliminary plate tectonic reconstruction of the southem Norwegian 

Caledonides, Gale & Roberts (1972) assumed the Støren volcanics and other 

southem Norwegian equivalents, excluding the Stavenes Group (Skjerlie 

1969) of the western coast, to be of a calc-alkaline nature, and erupted in a 

back-are or Japan Sea type basin along the southeastem margin of the proto

Atlantic. Subsequently, on the basis of trace element data, Gale & Roberts 

(1974) reinterpret the greenstones of the Trondheim area as being pre

dominantly ocean floor type basalts with traces of island are low-K-tholeiites 

obducted during an early stage of the Middle Silurian orogeny onto an 

Eocambrian-Ordovician miogeosynclinal sedimentary succession mantling 

continental crust. 

The primary aim of this account is to present evidence for the tectonic 

environment of generation of the basic volcanics on Stord, and in particular 

to discuss their compositional variation with age. 

Selected samples have been analysed for major elements, and the following 

trace elements have been determined in every sample: Ti, Zr, Y, Nb, Sr, Rb, 

La, Ce, Nd. The elements La, Ce, Nd and Y (the latter proxying for Er) 

have been taken as representative members of the rare earth series, and 

although it is not possible on the basis of these four alone to detect details of 

the REE pattem, they nevertheless give valuable information about the 

primary character of the rocks. 

The solidfmelt partition coefficients of these elements in likely parent 

materials under high pressure conditions are poorly known. Their abun

dances and ratios have nevertheless proved very useful in classifying basalts 

according to tectonic environment of generation (Pearce & Cann 1971, 

1973, Herrmann & Wedepohl 1970, Herrmann et al. 1974). Further, since 

the concentrations of the above mentioned elements ( except Sr and Rb) are 

very little affected by hydrothermal alteration and low grade metamorphism 

(Frey et al. 1968, Philpotts et al. 1969, Cann 1970, Herrmann et al. 1974), 
they have proved applicable in the recognition of the primary character of 
old greenstone sequences (Pearce & Cann 1971, 1973, Bickle & Nisbet 1972, 
Wilkinson & Cann 1974, Herrmann & Wedepohl 1970, Herrmann et al. 
1974). 

Various combinations of trace elements (Ti-Zr-Y, Ti-Zr (Pearce & Cann 
1971, 1973) and La-Ce-Nd-Y), and major element geochemistry have been 

studied for 8 sets of greenstone samples collected from the three areas of 

basaltic volcanics on Stord (Fig. 1). These include: 

10 greenstones from the igneous complex to the north (Ordovician) 

11 greenstones from the sedimentaryfvolcanic belt to the south (Ordovi

cian) 

12 greenstones from the Dyvikvågen area (Silurian) 

The samples from the Dyvikvågen area and eastem area of the igneous 

complex (Tjømadalen and SØrliknatten) exhibit primary igneous textures, 

while in the other samples such textures have been completely obliterated. 



160 H. FURNES & R. B. FÆRSETH 

Geochemistry 
Analytical methods 

All elements have been determined by X-ray fluorescence analysis using a 

Philips PW 1410 spectrometer, and pressed powder pellets. The USGS stan

dards DTS-1, PCC-1, W-1, BCR-1, AGV-1, GSP-1 and G-2, with re

commended values of Flanagan (1973) were used for calibration. A com

puter program was used for the major elements to make !east squares fit 

calibration <_:urves and interelement mass absorption corrections (Holland & 
Brindle 1966). For the elements Zr, Y, Sr and Rb, the Compton scattering 

technique developed by Reynolds (1963, 1967) was used. Ti, Nb, La, Ce 

and Nd were determined individually by using the USGS standards and rocks 

(K-229, VE-67, N-30, N-4) analysed by mass-spectrometric isotope dilu

tion techniques (in the Department of Geology and Mineralogy, Oxford) for 

calibration (O'Nions & Clarke 1972, O'Nions et al. 1973, O'Nions & Grøn

vold 1973). The USGS standard DTS-1, containing negligible amounts of 

most trace elements, was used to determine background curvature. Such a 

correction is quite significant, especially in the case of Iow concentrations 

of Ce and Nd. 

Recommended and obtained XRF values for the three USGS standards 

PCC-1, W-1 and AGV-1, completely covering the range of the major ele

ments of the samples, and also appropriate for the trace elements, are Iisted 

in Table 1. 

Major elements 
Only a few selected specimens from the principal sampling areas have been 

Table 1. Recommended and obtained XRF values of USGS standards. 

PCC-1 PCC-1 W-1 W-1 AGV-1 AGV-1 
This Recom. This Recom. This Recom. 

work value work value work value 

Si02 41.89 41.90 52.31 52.64 59.70 59.00 
Alz03 0.63 0.74 14.89 15.00 16.12 17.25 
Ti02 n.d. O.G15 1.06 1.07 1.04 1.04 
Fe203 8.52 8.35 11.16 11.09 7.06 6.76 
Mn O 0.11 0.12 0.17 0.17 0.10 0.10 
MgO 43.26 43.18 6.37 6.62 1.53 1.53 
Ca O 0.38 0.51 10.46 10.96 5.23 4.90 
Na20 n.d. 0.006 2.39 2.15 4.01 4.26 
K20 n.d. 0.004 0.64 0.64 2.97 2.89 
P205 n.d. 0.002 0.15 0.14 0.47 0.49 

Zr 85 95 229 245 
y 19 20 18 18 
Nb 8.8 9.5 16 15 
Sr 200 185 573 655 
Rb 22 23 72 72 
La 8.7 9.8 37 35 
Ce 26 23 63 63 
Nd 16 15 34 39 
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analysed for major elements. With the exception of the sample from western 

Jektevik (ST-1-74), which is andesitic in composition, they all have basaltic 

compositions. Although hydrothermal alteration and low grade metamor

phism may significantly change the major element composition and thus 

make any firm conclusions dubious, it nevertheless from major element data 

alone (Table 2) seems justifiable to distinguish between the greenstones from 

the various areas. 

The Ordovician greenstones from the northern igneous complex (Fig. 1) 

are significantly higher in Si02 than those from the southern belt, and lower 

in MgO and CaO contents. Fractionation of clinopyroxene seems most plau

sible, since this mineral will extract both Ca and Mg from the melt. P�5 is 

consistently higher in the Ordovician than in the Silurian greenstones. Since 

P205 does not show any particular trend with fractionation of alkali basalts 

(Kesson 1973), and furthermore since the phosphorus content has been 

shown to increase with depth of partial melting (Chasen & Vogel 1974), this 

is suggestive that the Ordovician greenstones were generated under higher 

pressure than those of Silurian age. The same conclusion may be drawn from 

the � and Rb contents (Tables 2 and 3). 

Trace elements 

ORDOVICIAN GREENSTONES 

Northern area. - The samples from the four collecting areas (Fig. 1) are 

closely related in their trace element geochemistry (Table 3), and a single 

magmatic origin is therefore likely for this northern metabasaltic sequence. 

On the Ti-Zr-Y discrimination diagram (Fig. 2) these greenstones p lot in 

the field defined as 'within-plate' or hot-spot basalts (Pearce & Cann 1973), 

and their high Ti- and Zr-contents (Fig. 3) confirm such a classification. The 

Table 2. Major element analyses of Ordovician and Silurian greenstones from Stord. 

ORDOVICIAN SILURIAN 
Northem area Southern area 

Lunde- Jektevik Jektevik Dyvik-
stol (W-part) (E-part) vågen 

Si02 51.51 52.48 48.01 56.26 42.99 47.48 45.63 
Al20a 13.24 12.94 11.64 16.11 13.55 13.04 13.72 
Ti� 2.73 2.59 2.85 0.96 2.42 1.48 1.52 
F�Oa 14.23 13.85 14.24 8.53 14.60 12.66 12.36 
Mn O 0.19 0.20 0.19 0.10 0.19 0.20 0.18 
Mg O 4.34 4.96 7.14 5.90 10.15 8.28 10.12 
Ca O 6.87 7.03 8.43 2.98 8.74 10.19 10.28 
Na20 2.93 2.28 3.57 1.59 2.43 3.58 2.92 
Kjl() 2.21 1.32 0.65 3.20 0.55 n.d. n.d. 
P205 0.33 0.31 0.39 0.16 0.31 0.11 0.12 
Hjl() 1.14 1.85 2.35 3.71 2.97 2.65 2.60 
co2 0.30 0.25 0.35 0.50 1.10 0.35 0.55 

Total Fe as F�Oa 
n.d. = not detected 
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Table 3. Trace element contents (ppm) in Ordovician and Silurian greenstones from Stord. 

No. of 
Area speci- Ti Zr y Nb Sr Rb La 

mens 

Ordovician, Mean 13672 220 35 15 288 79 37 
northern area 10 S.D. 2266 35 4 2 39 22 8 

Min. 10783 179 28 11 251 51 27 
Max. 16722 268 41 19 351 131 55 

Ordovician, Mean 19023 236 35 27 583 19 26 
southern area, S.D. 2350 37 5 6 291 15 8 
Lundes tØ l 4 Min. 16505 205 30 20 337 0.7 18 

Max. 21240 287 42 35 1004 37 37 

Ordovician, 
southern area, 
J ektevik/Sagvåg 
(W-part) 2 
ST-1-74 6078 190 22 21 134 106 36 
ST-32-74 7738 208 26 20 50 142 45 

Ordovician, Mean 11417 140 25 19 315 25 12 
southern area, S.D. 1978 39 4 4 81 19 5 
J ektevik/Sagvåg Min. 9443 105 19 12 188 6.8 6.9 
(E-part) 5 Max. 14523 203 28 25 466 51 19 

Silurian, Mean 9119 89 30 4.9 148 2.4 
Dyvikvågen 12 S.D. 1229 19 4 0.8 52 2 

Min. 7456 45 21 3.5 59 0.6 
Max. 11471 118 38 6.1 225 6 

YjNb ratios range from 1.8 to 3.4, averaging 2.4, suggesting a transitional 
character (Pearce & Cann 1973). However, the REE distribution pattern of 

the greenstones (Fig. 4A), and their relatively high abundances of light rare 

earth elements are comparable to those of alkali basalts (Schilling & Win

chester 1969, Jakes & Gill 1970, Hughes & Brown 1972, Kay & Gast 1973, 
Herrmann et al. 1974). 

The southern belt. - The greenstones within this narrow sedimentaryjvolcanic 

belt are, in contrast with those of the northern area, very variable in their 

trace element geochemistry. This is clearly illustrated in both the Ti-Zr and 

Ti-Zr-Y discrimination patterns (Figs. 2, 3), and also the REE distribution 

pattern (Fig. 4B), and genetically different greenstones may possibly be 

represented in this rock sequence. 

The four samples from Lundestøl (Fig. 1) are very homogeneous, and 

their trace element abundances (Table 3) are similar to those for the green

stones from the northern area. On the discrimination diagrams (Figs. 2, 3) 

they occupy an equivalent position, i.e. in the 'within-plate' basalt field. 

However, this does not necessarily mean that they are genetically related, as 

both continental and ocean island basalts are indistinguishable with respect 

to these elements (Pearce & Cann 1973). 

0.5 
l 

1.7 

Ce 

59 
11 
32 
71 

55 
14 
43 
73 

69 
80 

35 
6 

27 
43 

16 
3 

10 
19 

Nd 

34 
7 

18 
40 

34 
9 

27 
46 

35 
41 

20 
3 

15 
24 

12 
2 

8.2 
14 



TRACE ELEMENT DATA FROM PALAEOZOIC GREENSTONE 163 

Ti/100 

c 

o Jektevik�Sagvåg ( E -part) l 

181 Lundestol Ordovician 

• Northern area 

e:. DyvikvS.gen, Silurian 

Zr�--------------------------------------------�·y3 

Fig. 2. Discrimination diagram using Ti, Zr and Y (after Pearce & Cann 1973) applied 

to the greenstones on Stord. Fields A + B: low-potassium tholeiites; field B: ocean
floor basalts; fields C + B: calc-alkali basalts; field D: 'within-plate' basalts. 

Samples from Jektevik and Sagvåg (Fig. l) indicate different greenstone 

types in the western- and eastem parts of the belt, and both types are prob
ably of a different nature than those from Lundestøl. The greenstones from 

the western part are of andesitic composition (Table 2), and their REE 

abundances (Table 3, Fig. 4B) are compatible with such a rock type. 

The greenstones from the eastern part of the belt have similar trace ele

ment abundances (Table 3). They show, however, discrepancies in classifica

tion on the basis of the discriminators used in this paper. On the Ti-Zr dia

gram (Fig. 3) they plot within, or close to the field of ocean floor basalts. 

They are, however, relatively low in Y, and hence on the Ti-Zr-Y diagram 

they plot in the field of 'within plate' basalts (Fig. 2). The REE pattem (Fig. 

4B) shows, by comparison to recent basalt sequences, a similar trend to that 

of Hawaiian tholeiites (Schilling & Winchester 1969, Kay & Gast 1973). 

SILURIAN GREENSTONES 

All the samples from this small area of Silurian greenstones (Fig. l, Dyvik

vågen) show very little variation in their trace element geochemistry, and 

except for La, which have extremely low concentrations, they show great 
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Fig. 3. Discrimination diagram using Ti and Zr (after Pearce & Cann 1973) applied to 
the greenstones on Stord. Fields A + B: low-potassium tholeiites; fields C + B: calc
alkali basalts; fields D + B: ocean-floor basalts. 

similarities to ocean floor basalts (Tab le 4). On both the Ti-Zr-Y and Ti-Zr 

diagrams (Figs. 2, 3) the plots cluster in the middle of the ocean floor basalt 

field. The high Y fNb ra ti os ( averaging 6.2) strongly suggest tholeiitic affinities 

for these greenstones. The REE distribution pattem (Fig. 4C) is very flat 
indicating a 'primitive' nature of these rocks relative to the Ordovician green

stones. Flat REE distribution pattems, parallel but enriched relatively to 

those of chondrite, is a characteristic feature of ocean floor basalts (Schilling 

1969, Gast 1970, Herrmann et al. 1974). The same pattem has also been 

shown in the tholeiitic basalts of island arcs (Jakes & Gill 1970, Ewart et al. 

1974), or even significantly lower (Ewart & Bryant 1972). Island are tholeiites 

are, however, lower in Ti, Zr and Y than typical ocean floor basalts (Pearce 

& Cann 1973, Ewart et al. 1974). 

Fig. 4. Chondrite-normalised rare-earth distributions in greenstones from Stord (chon
drite data from Frey et al. 1968). 

A. Mean of Ordovician greenstones from the northern igneous area. 
B. Ordovician greenstones from the southern sedimentary/volcanic belt. Note the 

variability in pattern of the greenstones from this belt. 
C. Mean of Silurian greenstones from Dyvikvågen, Stord. All the samples fall in the 

area between the dashed lines. (La has not been plotted as the analytical error is very 
large due to the low concentration, in many cases below the detection line.) 

D. Ocean-floor tholeiites (between stippled lines); island are tholeiites (between solid 
lines); calc-alkaline, shoshonitic and alkaline rocks of island arcs (between dashed 
lines). Taken from Jakes & Gill (1970). 
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Table 4. Enrichment factors (greenstone/ocean floor basalt) for incompatible elements 
in the Silurian greenstones from Stord relative to ocean floor basalts. 

Ti Zr y Nb Sr Rb La Ce Nd 

1.11 0.97 1.00 0.97 1.13 0.94 0.10 1.09 0.97 

Data source3: Ti, Zr, Y, Nb, Sr (Pearce & Cann 1973), Rb, La, Ce, Nd (Kay et al. 1970). 

Discussion 

Gale & Roberts (1972) and Ramsay (1973) suggested the development of a 

back-are basin during Lower Ordovician time with an island are to the west, 

to explain the apparent spatia! petrochemical character of the greenstones 

of west Norway. A calc-alkaline nature to the east and tholeiites to the west 
was thought to characterize the greenstone sequences. In their revised version 

(Gale & Roberts 1974) they state: 'preliminary analytical data from the is

lands of BØmlo and Stord show that the basic volcanics there are a mixture 
of hot-spot, ocean floor and island are tholeiites.' 

The complexities of island-are evolution have been comprehensively 

reviewed by Mitchell & Reading (1971), and more recently by Mitchell & 

Bell (1973). From the time-space relationship in island are petrogenesis, it is 

evident that tholeiitic-, calc-alkali- and alkali-basalt may all be generated and 

erupted in such a tectonic environment (Gill 1970, Jakes & Gill 1970, Ewart 

et al. 1973, Nicholls & Ringwood 1973, Tanaka & Sugisaki 1973, Miyashiro 

1974). 

The history of the Ordovician greenstones on Stord may be interpreted as 
follows: 

They could have been generated in an island are environment at a rela

tively evolved stage of the are. The REE distribution patterns (Fig. 4A, B) 

could have been produced either by: variable fractional crystallization of 
parental magmas, or different degrees of partial melting. 

Both mechanisms could, however, independently produce the same REE 

distribution pattern (Schilling 1969, O'Nions & Grønvold 1973). Extensive 

fractionation to produce the high concentrations of light rare earth elements 

is unlikely, at least for the greenstones from the southern area on Stord, 

since this would be reflected in the major element geochemistry, and partic

ularly in lower MgO-contents than observed (Table 2). The greenstones from 

the northern area are more likely to have been considerably modified by 

fractionation, as their MgO-contents are fairly low (Table 2), and the light 

rare earth contents very high. 

The greenstones which show affinities with 'within-plate' basalts, and lie in 

the southern sedimentary fvolcanic belt possibly with ocean floor basalts, 

could be totally unrelated to the island are environment and represent oce

anic-crust tectonically juxtaposed with island are calc-alkali basalts. Traces 

of the latter may be present in the southern sedimentary fvolcanic belt. Such 
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a conclusion agrees with the most recent proposals for emplacement of the 

greenstone sequences in the Trondheim area (Gale & Roberts 1974). 

The Silurian greenstone sequence with its low abundances of incompatible 

elements is very similar to average ocean floor tholeiitic basalts (Table 4), 

generally assumed to have been produced by high degrees of partial melting 

of upper mantle material at low pressure. One plausible explanation for this 

'primitive' greenstone sequence could be generation in a back-are basin 

(Karig 1970, 1971, 1972, Matsuda & Uyeda 1970, Packham & Falvey 1971) 

at a relatively late stage. 

Other less probable explanations include obducted ocean floor originally 

generated at a spreading plate margin of the proto-Atlantic, or early stage 

island are tholeiite. The latter could easily be reconciled with field evidence 

if are reversal in the back are region took place, and 'primitive' basalts of the 

early stages of a new are were superimposed upon the older, more evolved 

island are volcanics. 

Conclusion 

On the basis of both major and trace element geochemistry it is clear that the 

Ordovician and Silurian greenstone sequences of Stord are distinctly differ

ent, and that the latter represents a more 'primitive' basalt than the former. 

The Ordovician greenstones of the northem igneous area are very homo

geneous, whereas those of the southem sedimentary fvolcanic belt show large, 

and possible systematic intemal variations. On the basis of geochemical data 

presented, the interpretations can be summarized as follows: The Ordovician 

greenstones, characterized by high contents of 'incompatible' elements, re

present basalts produced by a low degree of partial melting under high pres

sures. These could have been formed in an island are environment at some 
evolved stage of the are. Altematively, they could have been formed as 
ocean floorfisland basalts and later brought into contact with island are 

andesites as a result of tectonic activity. 

The Silurian greenstone sequence, characterized by a low content of 'in
compatible' elements, is in many respects very similar to ocean floor tho

leiites. Formation in an evolved back-are region, possibly related to are 

reversal is proposed. 

More data from other greenstone sequences of equivalent age in SW Nor

way, and also a hetter knowledge of the regional tectonics should eventually 

establish whether or not the proposed models for the genesis of the green

stones on Stord are correct. 

Acknowledgements. - The authors are much indebted to Dr. J. D. Bell and Dr. B. 
Robins for comments on the manuscript. The illustrations were kindly prepared by 
E. Irgens and M. Adachi. 

September 1974 



168 H. FURNES & R. B. FÆRSETH 

REFERENCES 

Bickle, M. J. & Nisbet, E. 1972: The oceanic affinities of some alpine mafic rocks 
based on their Ti-Zr-Y contents. J. Geo/. Soc. 128, 267-271. 

Cann, J. R. 1970: Rb, Sr, Y, Zr and Nb in some ocean floor basaltic rocks. Earth 
Planet. Sei. Lett. 10, 7-11. 

Chazen, S. I. & Vogel, T. A. 1974: Distribution of Ti and P in oceanic basalts as a test 
of origin. Contr. Mineral. and Petro/. 43, 307-316. 

Dewey, F. J. 1969: Evolution of the Appalachian!Caledonian Orogen. Nature 222, 124-
129. 

Ewart, A. & Bryant, W. B. 1972: Petrography and geochemistry of the igneous rocks 
from Eua, Tongan Islands. Geo/. Soc. Am. Bull. 83, 3281-3298. 

Ewart, A., Bryant, W. B. & Gill, J. B. 1973: Mineralogy and geochemistry of the 
younger volcanic islands of Tonga, S. W. Pacific. J. Petro/. 14, 429-465. 

Færseth, R. B. & Ryan, P. D. 1975: The geology of the Dyvikvågen Group, Stord, 
Western Norway and its bearing on the lithostratigraphic correlation of polymict 
conglomerates. Nor. Geo/. Unders. 319. 

Flanagan, F. 1973: 1972-values for international geochemical reference standards. 
Geochim. Cosmochim. Acta, 37, 1189-1200. 

Frey, F., Haskin, M. A., Poetz, J. A. & Haskin, L. A. 1968: Rare earth abundances 
in some basic rocks. J. Geophys. Res. 73, 6085-6098. 

Gale, G. H. & Roberts, D. 1972: Palaeogeographical implications of greenstone petro
chemistry in the southem Norwegian Caledonides. Nature Phys. Sei. 238, 6Q--61. 

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

Gast, P. W. 1968: Trace element fractionation and the origin of tholeiitic and alkaline 
magma types. Geochim. Cosmochim. Acta 32, 1057-1086. 

Gill, J. B. 1970: Geochemistry of Viti Levu, Fiji, and its evolution as an island a'rc. 
Contr. Mineral. Petro/. 27, 179-203. 

Herrmann, A. G. & Wedepohl, K. H. 1970: Untersuchungen an spilitischen Gesteinen 
der variskischen Geosyncline in Nordwestdeutschland. Contr. Mineral. Petro/. 29, 
255-274. 

Herrmann, A. G., Potts, M. J. & Knake, D. 1974: Geochemistry of rare earth elements 
in spilites from oceanic and continental crust. Contr. Mineral. Petro/. 44, 1-16. 

Holland, J. G. & Brindle, D. W. 1966: A self-consistent mass absorption correction 
for silicate analysis by X-ray fluorescence. Spectrochim. Acta, 22, 2083-2093. 

Hughes, D. J. & Brown, G. C. 1972: Basalts from Madeira: A petrochemical contri
bution to the genesis of oceanic alkali rock series. Contr. Mineral. Petro/. 37, 91-109. 

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

Karig, D. E. 1971: Ridges and basins of the Tonga-Kermadec island are system. J. 
Geophys. Res. 75, 239-254. 

Karig, D. E. 1971: Structural history of the Mariana island system. Geo/. Soc. Am. 
Bull. 82, 323-344. 

Karig, D. E. 1972: Remnant arcs. Geo/. Soc. Am. Bull. 83, 1057-1068. 
Kay, R., Hubbard, N. J. & Gast, P. W. 1970: Chemical characteristics and origin of 

oceanic ridge volcanic rocks. J. Geophys. Res. 75, 227-256. 
Kay, R. & Gast, P. W. 1973: The rare earth and the origin of alkali-rich basalts. J. 

Geo l. 81, 653-682. 
Kesson, S. E. 1973: The primary geochemistry of the Monaro alkaline volcanics, south

eastern Australia - evidence for upper mantle heterogeneity. Contr. Mineral. Petro/. 
42, 93-108. 

Kiær, J. 1929: Den fossilførende ordovisiske-siluriske lagrekke på Stord. Bergens Mus. 
Arbok. 11, 8-75. 

Kvale, A. 1937: Et kaledonisk intrusiv- og effusivfelt på Stord. Bergens Mus. Arbok, 
Naturvidens. rekke, Nr. l, 138 pp. 

Matsuda, T. & Uyeda, S. 1970: On the Pacific-type orogeny and its model-extension 
of the paired beits concept and possible origin of marginal seas. Tectonophysics 11, 
5-27. 



TRACE ELEMENT DATA FROM PALAEOZOIC GREENSTONE 169 

Mitchell, A. H. & Reading, H. G. 1971: Evolution of island arcs. J. Geol. 79, 253-284. 
Mitchell, A. H. & Bell, J. D. 1973: Island-are evolution and related mineral deposits. 

J. Geol. 81, 381-405. 
Miyashiro, A. 1974: Volcanic rock series in island arcs and active continental margins. 

Am. J. Sei. 274, 321-355. 
Nicholls, l. A. & Ringwood, A. E. 1973: Effect of water on olivine stability in tholeiites 

and the production of silica-saturated magmas in the island-are environment. J. Geol. 
81, 285-300. 

O'Nions, R. K. & Clarke, D. B. 1972: Comparative trace element geochemistry of 
Tertiary basalts from Baffin Bay. Earth Planet. Sei. Lett. 15, 436-446. 

O'Nions, R. K. & Grønvold, K. 1973: Petrogenic relationships of acid and basic rocks 
in lceland in late and postglacial volcanics. Earth Planet. Sei. Lett. 19, 397-409. 

O'Nions, R. K., Pankhurst, R. J., Fridleifsson, l. B. & Jacobsson, S. P. 1973: Strontium 
isotopes and rare earth elements in basalts from the Heimaey and Surtsey volcanic 
eruptions. Nature 243, 213-214. 

Packham, G. H. & Falvey, D. A. 1971: An hypothesis for the formation of marginal 
seas in the western Pacific. Tectonophysics 11, 79-109. 

Pearce, J. A. & Cann, J. R. 1971: Ophiolite origin investigated by discriminant analysis 
using Ti, Zr and Y. Earth Planet. Sei. Lett. 12, 339-349. 

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

Philpotts, J. A., Schnetzler, C. C. & Hart, S. R. 1960: Submarine basalts: Some K, 
Rb, Sr, Ba, rare-earth, H20 and C02 data bearing on their alteration, modification 
by plagioclase, and possible source materials. Earth Planet. Sei. Lett. 7, 293-299. 

Priem, H. N. A. & Torske, T. 1973: Rb-Sr isochron of Caledonian acid volcanics from 
Stord, Western Norway. Nor. Geol. Unders. 300, 83-84. 

Ramsay, D. M. 1973: Possible existence of a stillborn marginal ocean in the Cale
donian orogenic belt of north-west Norway. Nature Phys. Sei. 245, 107-108. 

Reynolds, R. C. Jr. 1963: Matrix corrections in trace element analysis by X-ray 
fluorescence: Estimation of the mass adsorption coefficient by Compton scattering. 
Am. Miner. XLV/Il, 1133-1143. 

Reynolds, R. C. Jr. 1967: Estimation of mass adsorption coefficient by Compton scat
tering: improvements and extension of the method. Am. Miner. Lll, 1493-1502. 

Schilling, J.-G. 1969: Red Sea floor origin: rare earth evidence. Science 154, 1405-1415. 
Schilling, J.-G. & Winchester, J. W. 1969: Rare earth contribution to the origin of 

Hawaiian lavas. Contr. Miner. Petro/. 23, 27-37. 
Skjerlie, F. J. 1969: The pre-Devonian rocks in the Askvoll-Gaular area and adjacent 

districts, western Norway. Nor. Geol. Unders. 258, 325-359. 
Skordal, A. J. 1948: Vulkanitter og sedimenter på sørøstre del av Stord. Univ. Bergen 

Årbok, Naturvidensk. rekke, Nr. 2, 58 pp. 
Strand, T. 1960: Cambro-Silurian deposits outside the Oslo region, pp. 170-284 in 

Holtedahl, O. (ed.) Geology of Norway, Nor. Geol. Unders. 208, 540 pp. 
Strand, T. 1972: The Norwegian Caledonides, VI: areas with Cambro-Silurian deposits 

along the west coast of south Norway, pp. 67-71 in Kulling, O. & Strand, T.: 
Scandinavian Caledonides, Interscience Publishers. 

Sugisaki, R. 1972: Tectonic aspects of andesite line. Nature Phys. Sei. 240, 109-111. 
Tanaka, T. & Sugisaki, R. 1973: Successive eruption of alkaline and tholeiite magmas 

in a Japanese Palaeozoic geosynclinal basalt body with special reference to rare 
earth element features. J. Petro/. 14, 489-507. 

Vogt, T. 1945: The geology of the Hølonda-Horg district, a type area in the Trond
heim region. Nor. Geol. Tidsskr. 25, 449-528. 

Wilkinson, J. M. & Cann, J. R. 1974: Trace elements and tectonic relationships of 
basaltic rocks in the Ballantrae igneous complex, Ayrshire. Geol. Mag. 111, 35-41. 


