
A TOURMALINE-BEARING ECLOGITE 

FROM SUNNMORE, NORWAY 

DAVID C. SMITH 

Smith, D. C.: A tourmaline-bearing eclogite from Sunnmore, Norway. Norsk 
Geologisk Tidsskrift, Vol. 51, pp 141-147. Oslo 1971 

Tourmaline is present in an eclogite occurring in the Basal Gneiss Region of 
South-West Norway. It is deduced from the petrography and mineralogy 
of the eclogite that the tourmaline was probably an integral part of the 
rock, and hence was not formed by late-stage pneumatolytic alteration. The 
physical conditions of growth of the tourmaline are interpreted to be of 
higher grade than those represented by the amphibolite facies of meta
morphism, but probably below those of the anhydrous eclogite facies; 
conditions tentatively referred to as the 'hydrous eclogite facies'. 

David C. Smith, Department of Geology and Mineralogy, University of 
Aberdeen, Scotland. 

Introduction 
The rock (field specimen C137) contains the following mineral assemblage: 
gamet - clinopyroxene - orthopyroxene - clinoamphibole - biotite - tour
maline - rutile. It was found as a loose boulder of about 25 cm diameter, 

near Festoy on Vartdalsfjord, Sunnmore. This locality is approximately at 
the centre of the outcrop of the Basal Gneiss Region of South-West Norway. 
The author believes that this rock belongs to the suite of eclogite pods 
enclosed within the Basal Gneiss Region, since eclogites containing clino
amphibole and biotite commonly occur, and orthopyroxene-bearing types 
are frequently found. This is thought to be the only recorded tourmaline
bearing eclogite. 

Rock specimen 
The rock is essentially an equigranular assemblage of six ferromagnesian 
minerals accompanied by a few larger prisms of clinoamphibole. The 

proportions of minerals vary slightly in a rather indistinct manner, but no 
compositional banding or mineral orientation is evident. The specific 

gravity of the rock has been determined with a Walker Balance to be 3.23. 

The approximate modal proportion, hand-specimen colour and grain size 

of each mineral is presented below. 
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MINERAL 

Gamet 
Clinopyroxene 
Orthopyroxene 
Clinoamphibole 
Biotite 
Tourmaline 
Rutile 

Mineralogy 
Garnet 

MODE COLOUR 

20 pale pink 
20 bright green 
20 pale brown 
15 dark green 
12 shiny black 
12 black 

1 dark brown 

Refractive Index n = 1.755 ± 0.002 
Unit Cell a = 11.529 ± 0.003 

GRAIN SIZE 

0.5-2 mm 

0.5-2 mm 
0.5-2 mm 
0.5-30 mm 
0.5-2 mm 
0.5-1 mm 

0.05-0.1 mm 

A composition of 55% pyrope, 33% almandine, 12% grossular, is deduced 
from the data on gamet solid solutions given by Sriramadas (1957). 
10-12% grossular is in fact typical of orthopyroxene-bearing eclogites 
(Lappin 1962). 

Clinopyroxene 

The general optical properties are analogous to those of clinopyroxenes 
from Norwegian eclogites chemically analysed by Lappin (1962), and are 
consistent with this mineral being a member of the diopside-jadeite series. 
More precise optical properties have not been determined since they do not 
provide reliable information about composition. 

Orthopyroxene 

Refractive Index y = 1.680 ± 0.002 
This corresponds to 88 ± 1% ens ta tite, according to the gra ph provided 
by Deer et al. (1963). 

Clinoamphibole 

These grains are slightly pleochroic in shades of pale green. The composition 
of this mineral is probably rich in pargasite and tschermakite by analogy 
with clinoamphiboles described by Eskola (1921) and Lappin (1962), but 
this is by no means certain. However, it is quite different from the deep 
green homblende that is an important phase in altered eclogites. 

Biotite 

Refractive Index y = 1.607 ± 0.002 

This is strongly pleochroic from dark brown to pale brown to colourless. 

The low refractive index probably indicates a low iron content. 



Tourmaline 

A 
-
TOURMALINE-BEARING ECLOGITE FROM SUNNM6RE 143 

Refractive Indices w = 1.646 ± 0.002 
E = 1.620 ± 0.002 

Unit Cell a = 15.955 ± 0.004 
c = 7.216 ± 0.004 

Pleochroism is strong from dark green to almost colourless. 

The optical data suggests a substitution of about 0.6 ions of (Fe+2 + Fe+3 

+Mn) for Mg, oo the basis of 31 (0, OH, F) according to Deer et al. (1962), 
which corresponds to 20% schorl. The unit cell dimensions were de

termined with an X-ray diffractometer by comparing the (122), (603), (550) 
and (205) reflection peaks for tourmaline with the (111), (311) and (400) 
peaks of an intemal silicon standard. These results plot exactly on the 

dravite-schorl tie-line on a graph of cell dimensions a against c, using 

the cell constants for end members given by Epprecht (1953), and a com

position of approximately 87% dravite, 13% schorl is indicated. These 

interpreted compositions correlate quite well considering the precision of 

the determinative graphs, and t4e tourmaline may therefore be considered 

as a dravite with minor schorl substitution. 

Petrography 

The gamet, clinopyroxene and tourmaline grains are generally equant in 

shape whereas the orthopyroxene, clinoamphibole and biotite are generally 

somewhat elongated although none of the minerals display a good crystal 

outline. All of the different mineral species are found in contact with all 

others, so that no two mineral species are mutually incompatible. 

The large prisms of clinoamphibole enclose a few small grains of pyroxene 

and gamet, although the smaller grains do not. This may indicate that the 
large clinoamphibole grains have grown at the expense of some constituents 
in the pyroxene and gamet, but if so, then the reaction has not proceeded 
to completion. 

Some individual grains of clinopyroxene and clinoamphibole display 
minute lamellae of unknown composition aligned along cleavage planes. 
It is not certain whether these represent an exsolution or alteration 
phenomenon. 

Incipient alteration of the rock is indicated by some small patches of a 

fine-grained dark symplectite which are found at the edges of a few clinopy

roxenes, garnets and clinoamphiboles. This is a common feature of altered 

eclogites where the symplectite, which is frequently accompanied by deep 

green homblende, is interpreted as a breakdown reaction between clinopy

roxene and garnet. This alteration is often localised at grain boundaries 

along planes of weakness, and it is believed to represent the anset of amphi

bolite facies conditions of metamorphism (Eskola (1921), Alderman (1936), 
Lappin (1966), Bryhni (1966)). 
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Apart from the suspected growth of clinoamphibole at the expense of 
garnet and clinopyroxene, no idiomorphic or idioblastic order of crystallisa
tion can be ascertained. 

Discussion 
Apart from orthopyroxene, olivine, quartz and kyanite which can occur with 
clinopyroxene and gamet in unaltered eclogites in the Norwegian suite of 
eclogites enclosed as pods in the gneiss, several other minerals, all hydrous, 
are known to occur. 

Eskola (1921) described amphibole-eclogites containing coarse long prisms 
of pale green amphibole known as smaragdite and 'in such rocks there is 
nowhere an y proof of posterior alteration of the pyroxenes in to amphibole'. 
Eskola regarded the amphiboles as 'not belonging to the eclogite facies' and 
assigned them to a 'later stage of the magma tie crystallisation', since he con
sidered the eclogites to be of igneous origin. Conceming biotite and quartz, 
Eskola wrote - 'It may be that they are truly congenetic . . .  with the py
roxene and gamet'. 

Lappin (1962) discussed the origin of amphiboles in Norwegian eclogites, 
and although casting same doubts on a primary origin, he considered that 
'like zoisite, these Norwegian amphibol6s crystallised at an intermediate pre
amphibolitisation stage'. From their studies of eclogites in the gneisses of 
Nordfjord, Bryhni et al. (1968) deduced that 'white phengitic mica, amphi
bole and zoisite are probably primary as well as secondary constituents'. 
Binns (1967) described a barroisite-bearing eclogite from Naustdal in which 
the amphibole 'has every appearance of a primary constituent of the rock', 
and he also mentions rare eclogites containing paragonite and epidote-clino
zoisite which are 'thought to be related to the primary phase of eclogite for
mation rather than the later alteration'. 

In the author's studies of eclogites occurring in the gneiss in the Selje and 
Vartdalsfjord areas, the following minerals have been found in apparently 
unaltered eclogites: - clinoamphibole, biotite, white rnica, zoisite and car
bonate (including an entirely rnagnesium-iron variety). Tourmaline is now 
added to this list. 

The literature contains very little data on the stability of tourmaline, and 
none as far as the author is aware, upon its high pressure stability. Tourma
line is a relatively dense mineral and this is likely to aid its stability under 
high pressure conditions encountered during the formation of an eclogite 
paragenesis. 

Local pneurnatolytic alteration and tourmalinisation is most unlikely as 
the origin of the tourmaline in the eclogite described here, since an influx of 
a boron-bearing aqueous phase at pegrnatitic or granitic conditions of low 
to medium ternperatures and pressures would alrnost certainly cause the 
total breakdown of coexisting gamet and clinopyroxene to form syrnplectites 
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and secondary hornblende. Moreover tourmaline has not been seen within 

the pegmatitic and quartz-rich veins or knots often found adjacent to, and 

between, eclogite pods even though some authors (Bryhni et al. 1970) con
sider these materials to be related to the processes of eclogite formation 

andfor to the development of early poikiloblastic amphibole. Apart from a 

few highly metamorphosed basic dykes and several late stage pegmatites, no 
igneous intrusions have been found in the author's field area in the Basal 
Gneiss Region. Tourmaline has been found at only two localities, in both 
cases in small pegmatites. 

Specimen B34, which was collected from Flåskjaerdalen, has the refractive 
indices oo = 1.651 ± 0.002 (very dark green) and c = 1.630 ± 0.002 
(brown), which correspond to about 35% of the schorl structural unit. It 

has the unit cell constants a= 15.960 ± 0.004 and c= 7.197 ± 0.004 

which plot near to the dravite schorl tie-line at about 28 % schorl. 
Specimen B167 which was collected from the south shore of orstafjord 

has the refractive indices oo = 1.649 ± 0.002 (dark green) and c = 1.622 

± 0.002 (pale brown) which correspond to about 25% of the schorl struc
tural unit. The unit cell constants are a= 15.942 ± 0.004 and c= 7.175 

± 0.004. These values plot near the centre of the dravite-schorl-elbaite 
triangle and hence the composition of this tourmaline remains in doubt. 

Thus the tourmalines from pegmatites differ from the tourmaline in the 
eclogite in their physical properties and in their apparently greater schorl 
con tent. 

In the rock specimen described here, there is no evidence that tourmaline 
or biotite formed at the expense of any other mineral. They appear to have 
grown in equilibrium with the garnet and two pyroxenes, although these 

latter minerals may have been formed earlier as an anhydrous eclogite 
assemblage and then later recrystallised to accommodate the new hydrous 

phases. The large clinoamphibole prisms could have existed in equilibrium 
with garnet and pyroxene, since, if the rock entered new conditions where 

garnet-clinopyroxene-orthopyroxene-clinoamphibole is a stable assemblage, 
then the clinoamphibole would have grown at the expense of garnet and 
pyroxene, but only until a new equilibrium was established. 

In general the growth of hydrous minerals in equilibrium with anhydrous 
eclogite minerals requires that four conditions must be fulfilled. 

Firstly there must be sufficient time available for their formation. 

Secondly, the physical conditions, particularly pressure, must be suitable 

for each mineral to be structurally stable (or metastable) in its own right. 

Thirdly, there are chemical conditions. Thus water, potassium and boron 

must be available, either as an interstitial fluid phase present during the 

formation of the anhydrous eclogite paragenesis, or as a later migrating fluid. 
A further limitation to the development of hydrous minerals is provided by 

the evidence that different combinations of hydrous and anhydrous minerals 

are characterised by slightly different bulk chemical compositions. For 
example, in the author's rocks, white mica and zoisite are restricted to eclo-
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gites containing high proportions of aluminium, calcium and silicon, whereas 

a greater magnesium content favours the presence of biotite. 

Fourthly, the Phase Rule should be upheld. In this context, the three con

stituents OH, K and B could be considered as independent components, and 

as such they could allow the growth of the three new phases clinoamphibole, 

biotite and tourmaline. 

All of these conditions may have been satisfied in the history of the tour

maline eclogite, and this is taken with the textural and other evidence 

described previously, to support the interpretation that the assemblage gamet

clinopyroxene-orthopyroxene-clinoamphibole-biotite-tourmaline-rutile repre

sents a high grade pre-amphibolite facies mineral paragenesis. 

Some eclogites consist only of anhydrous eclogite minerals with hom

blende-plagioclase symplectites, and hence appear to have passed from an 

anhydrous eclogite facies to the amphibolite facies without the growth of any 

of the hydrous minerals mentioned above. If this absence of hydrous minerals 

has a physical cause only, then an 'anhydrous eclogite facies' can be postu

lated under which conditions only anhydrous minerals can be stable, and 

also a 'hydrous eclogite facies' where hydrous minerals can be stable in addi

tion. If the absence of hydrous minerals has a purely chemical cause, then 

in rocks containing OH, K and B, it should be possible for hydrous minerals 

to form under all pressures and temperatures of the eclogite facies, and 

hence the anhydrous eclogite facies is just a particular case of the general 

facies. 

A similar subdivision into anhydrous and hydrous subfacies has been 

suggested by de Waard (1965) for the largely anhydrous granulite facies. 

Here the presence or absence of hydrous minerals is thought to be related 
to the independent variation of total and water pressures. Such conditions, 

particularly where water pressures are less than total pressures, may, in fact, 

be important in the genesis of eclogites (Bryhni et al. 1970). 
Clearly the problems of the anhydrous and hydrous eclogite facies, and 

the genesis of eclogites cannot be resolved without a great deal of further 

work, but meanwhile the author prefers to use the name 'hydrous eclogite 

facies' to describe the physicochemical conditions where hydrous minerals 

can coexist in apparent equilibrium with minerals characteristic of an an

hydrous eclogite. 
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