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In a recent paper published in this journal, Loeschke & Schock ( 1980) have argued that rare earth data 
from the StØren greenstones of the Trondheim Region are indicative of island are magmatism. Further, 
they state that the major elements, as well as trace elements such as Ti, Zr and Y, published in a previous 
paper (Loeschke 1976a) also indicate the same environment. 
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W e find the interpretations of the geochemi
cal data presented in the two below-mentioned 
papers - Loeschke (1976a): Petrochemistry of 
eugeosynclinal magmatic rocks of the area 
around Trondheim (Central Norwegian Cal
edonides), and Loeschke & Schock (1980): Rare 
earth element contents of Norwegian green
stones and their geotectonic implications - un
convincing in favour of island are magmatism, 
and the geological reasoning misleading. Indeed, 
we will use the data by Loeschke (1976a) and 
Loeschke & Schock (1980) to argue that the 
StØren greenstones represent ocean floor 
magmatism, a conclusion that also seems to be 
well grounded on a local as well as regional 
geological basis. 

It should be noted, however, that some of the 
disparity would appear to have arisen from im
precise description of sample location in terms of 
the regional stratigraphy, and confusion with 
regard to definition of the 'StØren greenstones'. 
This we will come back to later. 

Geochemistry 
W e will first briefly discuss the geochemical data 
of the StØren greenstones as presented in the 
first paper by Loeschke (1976a). In the Si02-
Fe01/Mg0, Ti02-Fe01/Mg0 and Fe01-Fe01/ 
MgO diagrams the metabasalts all clearly define 
tholeiitic trends, and particularly in the Ti02-
Fe01/Mg0 diagram the data duster around the 
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trend line defined by abyssal tholeiites. Trace 
element ratios and abundances, as for example 
the Ti-Zr and Ti-Zr-Y relations, all show that the 
data fall mostly within the field of ocean-floor 
basalts with some transition into the within-plate 
field. This was also shown by Gale & Roberts 
(1974). 

At this stage of treatment of the geochemical 
data, Loeschke (1976a) concurs with the conclu
sions of Gale & Roberts (1974) that the Støren 
greenstones sensu stricto represent ocean-floor 
basalts, and writes as follows: 'In view of the 
chemical data I have at my disposal this seems to 
be a very attractive model. The older parts of the 
StØren pillow lavas would have originated along 
a mid-ocean ridge and would belong to the 
oceanic layer 2, whereas the gabbros would 
belong to the oceanic la y er 3'. On geological 
grounds, however, Loeschke (1976a) questions 
the greenstones as being of ocean-floor origin 
because of the apparent lack of ultramafites 
when compared with many ophiolite complexes, 
as for example the Troodos ophiolite in Cyprus 
(Moores & Vine 1971). Loeschke (1976a) writes 
further: 'Since pyroclastic rocks occur in the 
StØren greenstones especially in the upper parts 
. . .  , volcanoes must have reached the sea lev el 
indicating the presence of an island are . . .  ' and 
further: 'It may, however, be noted that we have 
practically no data of the initial submarine stage 
of immature island arcs . . .  , and that these sub
marine rocks of immature island arcs are ex
pected to be very similar to abyssal tholeiites . . .  



202 H. Furnes & D Roberts NORSK GEOLOGISK TIDSSKR!Ff 3 (1980) 

100 

,-oceanic alkali basalts 

301- 3 

Continental basalts 
410A-1 

ClJ 
- 407-4 
'-

"' 
c 411-2 
o 409-3 

� 
u 

" 
� 
u 

10 
o 

0::: 411-1 
of 

Tholeiitic basalt of 

La Ce Pr Nd Pm Sm Eu Gd lb Dy Ho Er Tm Yb Lu 
Fig. /. REE patterns of StØren greenstones (shaded area) compared with oceanic alkali basalt (filled squares) (Ka y & Gast 1973), 

continental basalts (open circles) (Helmke & Haskin 1973), tholeiitic basalts of mid-oceanic ridges (filled triangles) (Schilling 
1971), and island are tholeiites {open triangles) {Hawkesworth et al. 1977). All values are normalized to a chondritic average 

(Nakamura 1974, Masuda 1975). After Loeschke & Schock {1980). The numbered REE data are recent ridge basalts from the 
Atlantic Ocean, between Iceland and Azores (data from Wood et al. 1977). 

The greenstones and the gabbros of the 
Trondheim Region may therefore also represent 
the initial submarine stage of an immature island 
are and not ocean floor basalts created in a 
mid-ocean ridge'. 

In their later paper, Loeschke & Schock 
(1980) refer to the earlier paper by Loeschke 
(1976a), now stating that the major elements as 
well as trace element (Ti, Zr, Y) relationships 
'reveal that the volcanic rocks of the Støren 
nappe were probably formed in an Ordovician 
island are'. On the basis of rare earth data of 18 
samples of the 'Støren greenstones', they tenta
tively conclude that the metabasalts are 'tran
sitional mid-oceanic ridge basalts and island are 
tholeiites on the one side and continental basalts 
and oceanic alkali basalts on the other side ... 

This field corresponds to the basalts of more 
evolved island arcs ... They further try to con
firm this conclusion by plotting the data in a 
LaN/YbN-YbN diagram. 

In the following we will first discuss the data 
given by Loeschke & Schock (1980). Fig. I 

shows the rare earth patterns of the Støren green
stones compared with those of other basalts 
(the figure used by Loeschke & Schock (1980) 
to reach their tentative conclusion about the 
transitional nature of the greenstones). Loeschke 
& Schock, when drawing this conclusion, dis
cussed the spread of the greenstone data but 
failed to take into consideration the spread of 
basalt data about the average values for the four 
basalt types. A number of recent summaries 

(e.g. Wood et al. 1979) show that the range for 
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Fig. 2. La"/Yb. - Yb. relations of StØren greenstones compared with island are basalts (J akes & White 1972) and tholeiitic basalts 
of mid-oceanic ridges (fiUed triangles) (SchiUing (1971). After Loeschke & Schock (1980). Additional data are: Crosses -
Mesozoic tholeiites from Atlantic Ocean (Bryan et al. 1977); dots - recent ridge basalts from the Atlantic Ocean, between Iceland 
and Azores (data from Wood et al. 1979). 

Mid-Ocean Ridge tholeiitic basalt is extremely 
broad and in fact completely covers the range of 
the Støren greenstones plotted here (we have 
added just 6 analyses from W ood et al. 1979 to 
demonstrate this). What is generally considered 
typical for the REE pattern of basalts of this type 
is, therefore, not the position of the curve on 
such a plot but the form of the curve (nearly 
horizontal with slight depletion at the La end) 
and in these terms the StØren greenstones have 
typical ocean floor character. On the LaN/YbN
YbN diagram (Fig. 2), Loeschke & Schock (1980) 
compared the StØren greenstones with some 
average data from island are and mid-oceanic 
ridge tholeiites and concluded, on this basis, that 
the former would be compatible with basalts 
transitional between those of immature and 
slightly more evolved island arcs. This diagram 
again takes no account of the spread in the 
tholeiitic basalts, so we have plotted some data 
from Mesozoic and recent basalts from the 

Atlantic Ocean, and it is quite evident from the 
distribution patterns that the Støren greenstones 
are showing a closer affinity to ocean-floor 
tholeiitic basalts than to the products of island 
arcs. 

In Fig. 3 we have normalized mean values of 
the data given by Loeschke (l976a) and 
Loeschke & Schock (1980) against an average 
value of ocean-floor basalts (Gale & Pearce, 
1980), and for comparison indicated the fields 
occupied by within-plate basalts and calc-alkali 
and low-K tholeiites of island arcs. From this 
diagram it is clear that the average Støren green
stone of Loeschke & Schock is more similar to 
ocean-floor basalts than to any of the other 
mentioned types. It should be noted, however, 
that the overall trend of the data shows some 
similarity with that of within-plate tholeiites, a 
feature which is also evident from the Ti-Zr and 
Ti-Zr-Y relationships shown by Gale & Roberts 
(1974) and Loeschke (l976a). 
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Fig. 3. Average StØren greenstone normalized against representative values of ocean-floor tholeiites. Data from the Støren 
greenstones: Rb, Sr, Y and Zr: average of 29 samples (Loeschke 1976a), Ti, K and P: average of 35 samples (Loeschke 1976a), 
La, Sm, Lu, Se, Hf: average of 18 samples (Loeschke & Schock 1980) and Th: average of 15 samples (Loeschke & Schock 1980). 
Data from ocean-floor basalts, within-plate basalts and calc·alkaline/low-K tholeiites of island arcs, from Gale & Pearce (1980). 
The average values of ocean-floor basalts are (in ppm}: Cs (O.l), Rb (2), K ,O (0.15%), Ba(20), Sr(120), Th(0.15), U(O. l), La(3), 
Sm(3.3), Y(30), Lu(0.55), Sc(40), Co(50), Cr(250), Hf(2.4), Zr(90), Ti(9000), Nb(4), Ta(0.18), P ,05(0.12%). 

Preliminary results from ongoing geochemical 
work by one of the authors (D.R.) aiming at 
detecting possible time-stratigraphic differences 
within the StØren Group greenstones sensu 
stricto are, in fact, indicating that the uppermost 
(youngest) lavas show tendencies towards 
within-plate character whereas the bulk of the se 
greenstones are ocean-floor thoeliites. 

Thus, on a geochemical basis alone, we will 
strongly stress the similarity of the StØren green
stones to ocean-floor basalts rather than istand 
are basalts at an y stage of their evolution. 

Geological relationships 
Turning to the geological relationships, Loeschke 
(1976a) appealed to aspects of these relation
ships in casting doubt on the ocean-tloor origin 
of the tholeiites, stressing the scarcity of ultra
mafites. However, bearing in mind the alloch
thonous nature of the Støren greenstones, we 

regard this negative evidence as a weak argu
ment. Since the ultramafites in the lower part 
of an ophiolite sequence are the least coher
ent of the various units, it is to be expected that 
they will become detached from the rest of the 
sequence during thrusting and obduction. It may 
also be unjustified to compare the stratigraphy of 
the Støren Group, or probably any of the dis
membered greenstone sequences within the 
Norwegian Caledonides, to that of the Troodos 
ophiolite of Cyprus, as done by Loeschke 
(l976a), as the latter represents one of the best 
preserved ophiolite assemblages in the world. 
Nevertheless, in the Vassfjell area, barely 10 km 
along the strike from the locality where 14 of 
Loeschke & Schock's (1980) 18 REE-analysed 
samples were collected, mapping by Grenne 
(1979, 1980) has revealed a sequence of gabbros, 
100% sheeted dyke complex and pillow lavas 
(ocean tloor tholeiite geochemistry - trace ele
ment and REE), strongly indicative of the 
pseudostratigraphy of the upper part of an oph-
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iolite fragment (Grenne et al. 1979). The pre
sence of the sheeted dyke complex would be 
difficult to reconcile with the suggestion of an 
island are origin for this sequence. 

At this stage it is worth drawing attention to 
the fact that the majority of greenstone samples 
analysed by Loeschke (l976a, b) and Loeschke 
& Schock (1980) are from the Bymark green
stones (Carstens 1919), and not the StØren 
Group greenstones sensu stricto. Even though 
these Bymark greenstones are generally consi
dered as time-equivalents of the Støren (e. g. 
Wolff 1976), this correlation is not established 
beyond doubt. Tracing the Bymark greenstones 
southwestwards they pass into the HØlonda area 
where the character of the Hovin Group rocks, 
which include andesites and rhyolites, denote an 
are/back are situation (Gale & Robert 1974, 
Bruton & Bockelie 1980, Ryan et al. 1980); and 
then into the LØkken greenstones, which are 
principally of ocean-floor tholeiitic character 
(Grenne et al. 1979). Loeschke (l976a) is there
fore correct in assuming that the bulk of the 
Ordovician rocks of the StØren Nappe - but not 
the StØren greenstone sensu stricto - are of are 
affinity. Within this back-are basinal environ
ment there are also tholeiitic greenstone units 
with ocean floor chemistry which appear to 
denote marginal basin accretion, e.g. the Jons
vatn and Forbordfjell greenstones (T. Grenne, 
pers. comm. 1980). 

The magmatic rocks of the district south of 
Trondheim have thus originated in diverse 
palaeotectonic settings. The oldest tholeiitic 
metabasalts, the StØren greenstones sensu 
stricto, represent a slice of a fragmented ophio1-
ite. Although the precise age of the StØren unit is 
unknown, its volcanism most probably com
menced well down in the Cambrian (Roberts & 

Gale 1978), and a minimum age is inferred from 
the contact relationships to the overlying Lower 
Hovin Group metasediments. The StØren green
stones were mild1y deformed and metamor
phosed during eastward obduction in the pre
Middle Arenig time (Furnes et al. 1979) and then 
partly eroded to provide ophiolite detritus for the 
transgressive, basal Lower Hovin conglomer
ates which in turn are succeeded by fossiliferous 
Middle Arenigian and younger sediments. Lo
cally, limes tones may have directly overlain the 
StØren Group. In this context, the position of the 
V assfjell ophiolite is interesting, yet conjectural, 
in relation to the bulk of the By mark greenstone 
unit, and its extension into the LØkken area. 
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Quite conceivably, the Bymark may represent a 
composite and complex greenstone unit with 
hitherto undetected intraformational tectonic 
contacts. 

Finally, it may be noted that the geochemical 
characteristics and geological relationships of 
the Støren greenstone are repeated in several 
greenstone/ gabbro± ultramafic complexes in the 
Norwegian Caledonides from KarmØy (south) to 
Helgeland (north) and also possibly in Lyngen 
(B.A. Sturt pers. comm. 1979). All of these are 
considered to represent fragments of dis
membered ophiolites (Furnes et al. 1979). As to 
the presence of island are volcanism in the 
Norwegian Caledonides, there is ample evidence 
of such activity (Furnes et al. 1979). Are 
magmatism is represented in the pre-obduction 
stage, in co-occurrence with ocean floor vol
canism, in the FundsjØ Group of the eastern 
Trondheim Region (T. Grenne, pers. comm. 
1979). Of the post-obduction Ordovician se
quences the most evolved, mature are disco
vered to date is that on SmØla where a typical 
calc-alkaline assemblage of basalts, andesites, 
dacites, and rhyolites of Arenig-Llanvirn age is 
represented accompanied by slightly later dior
ites and granodiorites (Roberts 1980). 

Summary 
The geochemical data presented by Loeschke 
(l976a) and Loeschke & Schock (1980) do not 
support the theory that the samp1es they have 
analysed are products of island are magmatism, 
but provide instead quite strong evidence in 
favour of an ocean floor origin. 

A number of different greenstones, quite likely 
of different origin, occur in the Støren Nappe. In 
using the name 'StØren greenstone' for samples 
from Bymark greenstone unit, Loeschke & 

Schock are confusing the discussion since the 
correlation of these two bodies is by no means 
certain. 

The present authors would agree that many 
rocks of the StØren Nappe show island affinities, 
but would insist that the Støren greenstones 
sensu stricto are of typical ocean floor character. 
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