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The Precambrian basement of SW Norway con
sists of anorthositic masses, the lopolith of 
Bjerkreim-Sokndal and surrounding high-grade 
metamorphic migmatites. The migmatites con
tain intercalations of garnetiferous migmatites, 
augengneisses and rocks of the Faurefjell forma
tion (Hermans et al. 1975). The mineral relations 
in rocks of this formation, which is mainly 
composed of marbles and calc-silicate rocks, are 
the subject of this paper. 

In the eastern part of the area (Fig. l) 
metamorphism has reached amphibolite facies 
conditions. Towards the west the grade of 
metamorphism gradually changes into a granu
lite facies. The increasing grade is marked by the 
hypersthene-in isograd (Hermans et al. 1975), 
the osumilite-in isograd (Maijer et al. 1981) and a 
change in amphibole properties (Dekker 1978). 
Two-pyroxene and Fe-Ti oxide geothermometry 
on metabasites revealed temperatures of about 
800°C near Oltedal in the north increasing to 
l000°C near the lopolith (Jacques de Dixmude 
1978). Pyroxene crystallization temperatures of 
the upper quartz-monzonitic phase of the 
Bjerkreim-Sokndal lopolith are calculated at 
900°-l050°C (Rietmeijer 1979). 

Isotopic age determinations indicate ages of 
1500, 1200 and around 1000 Ma for the main 
metamorphic and/or magmatic events (Wielens 
et al. 1980). The M2 granulite facies metamorph
ism (Maijer et al. 1981) is dated at about 1050 Ma, 
the intrusion of the quartz-monzonitic phase of 

the lopolith at about 950 Ma (Wielens et al. 
1980). Retrogressive metamorphism down to the 
prehnite-pumpellyite facies is locally observed 
throughout the area. This metamorphism (M4) 
presumably has a Caledonian age as reflected by 
K-Ar and Rb-Sr ages of green biotite (400�50 
Ma, Verschure et al. 1979) and lower intercept 
ages of zircon U -Pb discordia plots (300-400 Ma, 
Wielens et al. 1980). 

The rock types in the Faurefjell formation are 
shown in schematic sections in Table l. Out
crops are found at locations A, B, C and D, at 
various distances from the intrusive complexes 
(Fig. 1). In most p1aces the rocks of the forma
tion form relatively thin layers or lenses within 
the migmatites. The rocks are well-banded and 
locally intensely folded. Generally the contacts 
with the migmatites are concordant, but dis
cordant contacts are present at location C. The 
thickness of the formation varies from lO to 50 
metres, except at location D, where the quartz
diopside gneisses inay reach a thickness of 200 
metres. This may be caused by intense folding or 
migration of quartz into fold hinges (Wegelin 
l979b). 

Forsterite marbles are the most characteristic 
part of the formation. The dark, weathered 
surfaces are very conspicuous. Diopside marbles 
are present in minor amounts at B and C. 
Diopside rocks in the marbles occur as con
cordant layers, as discordant veins and, at A, as 
rounded blocks of various sizes. Diopside rocks 
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also occur at contacts between marbles and 
silica-rich rocks. Thin alkalifeldspar-phlogopite 
rocks (only several centimetres thick) are in
terlayered in diopside rocks at A. Quartzites are 
associated with the marbles at locations A and 
B. They form thick, concordant layers or, as at 
B, discordant bodies. Diopside-alkalifeldspar 
rocks are found concordantly within the mar
bles. The quartz-alkalifeldspar rocks may con
tain bluish veins of pure alkalifeldspar, particu
larly at A. The quartz-diopside gneisses are 
finely Iaminated with thin quartz bands (several 
millimetres to centimetres thick). At D these 
gneisses form the main part of the formation. 
Thin layers of andradite-hedenbergite quartzite 
may be intercalated in the quartz-diopside gneis-
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Tonstad 

Fig. l. Geologi ca! sketch-map of 
SW Norway. Outcrops of the 
Faurefjell formation, at loca
tions A, B, C and D, are indi
cated in black. 

ses, whereas pure andradite-hedenbergite rocks 
are found at the contact between marble and a 
norite at location B. 

Petrography 

Nature and relative amounts of minerals in the 
main rock types of the Faurefjell formation are 
presented in Table 2. A petrographic description 
is given below. Termihology of textures is ac
cording to Moore (1970). 

Forsterite marbles have a grain size of l to 3 mm 
and a granoblastic inequigranular texture. Forst
erite (2 V- 90°) has curved boundaries. Locally 



NORSK GEOLOGISK TIDSSKR!Ff l (1981) Mineral relations in siliceous dolomites 37 

Table l. Schematic sections of the Faurefjell formation at locations A, B, C and D. 

Location A 

thickness 30 m1) 

country rock 

Q-Di gneiss3) 

quartzite 
Di rock 

Fo marble 
Q-Kfsp/Di -Kfsp 
and Di rock 

Q-Kfsp rock 

Di rock 

Fo marble and 
Di rock 

Di rock 

nor i te 

quartzite 

country rock 

Location a2) 
30-50 m 

country rock 

Q-Di gneiss 

Di rock 

Fo marble and 
Di rock 

Di rock 
Q-Kfsp rock 

. Di -Kfsp rock 
Di rock 

Fo marble, 
Di marble and 
Di rock 

norite and 
And-Hed 
rock 

quartzite 

country rock 

Location C 

10 m 

country rock 

Di rock and 
Di -Kfsp rock 

Di marble and 
Di rock 

Fo marble 

Di marble 

Di-Kfsp rock 

Di marble and 
Fo marble 

Di rock and 
Q-Kfsp rock 

country rock 

Location O 

40-200 m 

country rock 

Q-Di gneiss 
with small 
intercalations 
of Di rock, 
quartzite, 
And-Hed 
quartzite and 
(in the east) 
Fo marbie 

country rock 

Rock nomenclature mainly after Hermans et al. (1975). l) Westward the formation 
becomes thicker and grades into the Q-Di gneisses of location D. 2) Compilation 
of several exposures at location B. 3) Abbreviations used in this table and 
elsewhere: Fo=forsterite, Di=diopside, Phl=phlogopite, Sp=spinel, Cc=calcite, 
Do=dolomite, Tr=tremol i te, Q=quartz, Kfsp=alkal ifeldspar, An=anorthite, And= 
andradite, Hed=hedenbergite, Scap=scapolite. 
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A164 Fo marble 

BE024 Fo marbl e A 

C273 Fo marble oe 

C372 Fo marble 

C383 Fo marble 

HS208 Fo marble o oe 

HA103 Fo marble oe 

Q075 Fo marble 01) 
X 

Q138 Fo marble oe 

Q201 Fo marble 

C235 Di marble 

C339 Di marble ae 

BL064 Tr marble (x) 

C095 Di rock 

(165 Di rock 

C232 Di rock 

C295 Di rock o 

(382 Di rock 

Q119 Tr rock (a) 

C4D7 Kfsp-Ph 1 rock A o 

CD22 Di -Kfsp rock 

c 164 Di-Kfsp rock 

C271 Di-Kfsp rock 

BL04D Q-Kfsp rock o 

HA431 Q-Kfsp rock A (a) 

WA041 Q-Di gnei ss 

WA062 Q-D i gnei ss X 
h 

WA156 Q-Di gnei ss 

WA157 Q-Di gneiss 

WA179 Q-Di gnei ss 

WA180 And-Hed quartzite h 
X 

WA183 Hed-Scap quartzi te h o 

Q225 And-Hed rock X 
h 

Wi thin each rock type samples are listed alphabetically. Note: 

assemblage. Minerals are: x: major; o: mi nor; a: accessory; r: 

retrogressive; ( ): total ly or for the greater part decomposed; 
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1) diopside only as rim around forsterite. 
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serpentinization has occurred. Calcite is the pre
dominant carbonate phase. Some dolomite is 
present in most samples at locations B and C, 

both as primary dolomite and as an exsolution 
product from calcite. This exsolved dolomite 
occurs as orientated, tablet-like crystals and as 
symplectitic intergrowth (cf. Legrand 1976). 
Colourless to light-brown phlogopite is generally 
present in the forsterite marbles. Most crystals 
are slightly bent and occasionally kinked. Colour
less diopside ( + 2 V= 60°) is observed in most 
samples, but only in minor amounts. Most 
diopside crystals are subhedral but in some 
samples diopside rims around forsterite are 
found. These rims may be connected with each 
other to form one large poikiloblastic crystal. 
Subhedral spinel, restricted to some samples at 
A and B, has a very pale-green to green colour. 
Clinohumite, apparently replacing forsterite, has 
yellow pleochroic colours and it often shows 
twin lamellae. 

Diopside marbles have a grain size of about l 

mm and a granoblastic equigranular texture. 
Poikiloblastic diopside crystals occur up to sev
eral centimetres. Diopside marbles contain less 
calcite than the forsterite marbles. Exsolved 
dolomite is omnipresent, primary dolomite is 
very rare. In many samples the parallel arrange
ment of abundant phlogopite defines a good 
foliation. 

Diopside rocks have a grain size of l to 2 mm, 
although larger crystals occur. The texture is 
equigranular and tends to be polygonal. Phlogo
pite can be abundant, it generally has a more 
brownish colour than in the marbles. Spinel and 
forsterite are some of the additional con
stituents. 

Alkalifeldspar-phlogopite rocks have a grain size 
of l to 2 mm. Orthoclase is the main al
kalifeldspar, sanidine may occur. The brown 
phlogopite flakes define a good foliation. Green 
spinel forms small euhedral crystals. 

Diopside-alkalifeldspar rocks have a grain size 
of 0.5 to l mm. Diopside and alkalifeldspar, 
forming an equigranular polygonal texture, are 
present in approximately equal amounts. Lo
cally diopside forms large poikiloblastic crystals. 
Generally orthoclase (- 2 V- 60°) and sanidine 
(- 2 V- 20°) occur at location A and orthoclase 
and microcline ( - 2V- 80°) at B and C. Sphene, 
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forming anhedral crystals, is a minor but 
characteristic constituent. 

Quartzites are usually coarse grained (grain size 
larger than 5 mm). The grain boundaries are 
irregular, most grains show undulatory extinc
tion. Diopside and calcite may occur in minor 
amounts. 

Quartz-alkalifeldspar rocks have an equigranular 
interlobate texture. The grain size is less than l 

mm. Alkalifeldspar variation is the same as in 
the diopside-alkalifeldspar rocks. Diopside may 
occur. Small needles of magnesioriebeckite are 
observed at A. 

Quartz-diopside/hedenbergite gneisses have a 
grain size of 2 to 5 mm. Quartz is mainly 
concentrated in small seams (several millimetres 
to centimetres thick) and it is commonly as
sociated with colourless to green clinopyroxene, 
plagioclase (up to 85% An) and alkalifeldspar 
(orthoclase and microcline). Calcite and 
brownish phlogopite may be present in minor 
amounts. Retrogressive metamorphism is wide
spread. 

Andradite-hedenbergite quartzites and rocks 
have a grain size of 2 to 5 mm. Green 
hedenbergite forms subhedral crystals whereas 
the brown andradite grains are anhedral and 
poikiloblastic. In the quartzites almost pure 
anorthite, partly replaced by scapolite, may be 
present. Especially in the andradite
hedenbergite rocks sphene may be abundant. 

Evidence of some slight retrogressive 
metamorphism can be found in all these rock 
types. The occurrence of the minerals serpentine 
(formed from forsterite and occasionally from 
diopside), clinohumite (from forsterite?) and 
scapolite (from plagioclase) has already been 
mentioned. Furthermore tremolite and chlorite 
may partly or wholly replace diopside and 
phlogopite respectively. Epidote, zoisite and 
colourless mica are frequently observed as al
teration products of plagioclase. Pumpellyite is 
present in some quartz-diopside gneisses. Ex
tensive retrogressive metamorphism has been 
especially observed in some exposures at loca
tion B. Strong alteration has resulted in the 
occurrence of serpentine-, tremolite- and talc
rich rocks. The exposures are situated next to a 
small fault and a large discordant quartzite body. 
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Fig. 2. Phase relations in the subsystem Ca0-Mg0-
Si0,-C02-H20. Shaded areas indicate stable mineral assemb

lages. 

The quartzite contains only H20-rich fluid inclu
sions, in contrast to most other quartzite bands 
and veins in the Faurefjell formation, where 
mainly C02-rich inclusions are found 
(Swanenberg 1980). 

Mineral relations 
Most primary Mg-Fe minerals in rocks of the 
Faurefjell formation have a Mg-rich composi
tion, which is reflected in their optical properties 
and demonstrated by microprobe analyses (Ta
ble 4). Therefore the mineral relations can be 
described in the system Ca0-Mg0-K20-Al203-
SiOrCOrH20, if the Na-content of the feldspars 
is also neglected. In most thin sections of the 
rocks, equilibrium between the mineral phases 
can be assumed on textural grounds. The occur
rence of diopside rims around forsterite and of 
replacement textures of minerals such as tremo
lite or clinohumite point to non-equilibrium con
ditions. 

As a first approximation the subsystem CaO
Mg0-Si02-COrH20 will be discussed. The as
semblages in the subsystem are listed in Table 
3A and the phase relations are illustrated by Fig. 
2. The four-mineral assemblage Fo-Di-Cc-Do 
represents the isobaric univariant assemblage of 
reaction (14): l Di+ 3Do= 2Fo+4Cc+ 2 C02• 
The presence of this assemblage and of the 
assemblage Fo-Cc-Do point to T -Xco2 condi
tions on respectively above reaction (14) for the 
locations B and C (see Fig. 3). At A the presence 
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Fig. 3. Isobaric T-XC02 diagram for the system CaO-MgO
SiO,-CO,-H,O at Pr= 5 kb. Small triangles indicate possible 

stable mineral assemblages. Reactions (13) and (14) are given 

in the text. (7): l Tr + 3 Cc = l Do + 4 Di + l CO, + l 
H,O. (Il): l Tr + Il Do = 8 Fo + 13 Cc + 9 co. + l H,O. 
(After Winkler 1979). 

of the assemblage Fo-Di-Cc, coupled with the 
absence of dolomite and of primary tremolite, 
indicates metamorphic conditions only on the 
high-temperature side of the reactions (14) and 
(13): 3 Tr+ 5Cc= 11 Di+ 2Fo+ 5C02+ 3 H20. 
The assemblage Di-Cc-Do, only found at C, 
could represent conditions of the low-tempera
ture side of reaction (14). Both forsterite and 
dolomite are found to be incompatible with 
quartz in all the rocks of the Faurefjell forma
tion. The assemblage Di-Q-Cc is not indicative 
for the P-T-Xco2 range involved. Some rocks 
only consist of the assemblages Di-Cc or Di-Q or 
even only of Di. Regarding the widespread oc
currence it is rather unlikely that these rocks 
have been isochemically formed from very spe
cia! bulk compositions. Therefore the assemb
lages suggest an origin by metasomatic proces
ses (Thompson 1959). Indeed, such nearly
monomineralic rocks are frequently observed in 
reaction zone sequences between carbonate
bearing and quartz-bearing rocks (e.g. Vidale 
1969, Glassley 1975). In samples where diopside 
forms rims around forsterite, the minerals forst-
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erite, diopside and calcite do not reflect an 
equilibrium assemblage. Here diopside forma
tion might be explained by the reversed reaction 
(14): 2 Fo + 4 Cc + 2 C02 = l Di+ 3 Do. Dolomite 
production, however, is not observed near the 
diopside rims. Another explanation is that forst
erite and calcite reacted with a later influx of 
Si02 to form diopside, according to the reaction: 
l Fo + 2 Cc + 3 Si02 = 2 Di+ 2 C02 (Weeks 1956). 

The observed textures, such as the connected 
diopside rims, seem to favour the possibility of a 
metasomatic activity. 

The assemblages with phlogopite, spinel, al
kalifeldspar and anorthite are described in the 
system Ca0-Mg0-K20-Al203-Si02-C02-H20 
(Fig. 4). The main assemblages are listed in 
Table 3B. The low silica, low potassium assem
blages of marbles and diopside rocks all plot in 
the projected triangle diopside-dolomite-spinel. 
The five-mineral assemblage Fo-Di-Phl-Sp-Cc is 
a low-variance assemblage possibly related to 
the reaction 6 Phi + 7 Cc = 7 Di + 4 Fo + 3 
Sp + 7 C02 + 3 H20 + 3 K20. This reaction 
has been proposed by Glassley (1975), taking 
K20 as a mobile component in the vapor phase. 
Other low-variance assemblages can be derived 
from assemblages in the subsystem Ca0-Mg0-
Si02-C02-H20 by adding phlogopite or spinel. 
Formation of high-variance assemblages, such 
as Di-Phi, Di-Phl-Cc and Di-Phl-Sp could have 
resulted from metasomatism. 

In the high-silica, high-potassium part of the 
rock system, assemblages with quartz, al
kalifeldspar and anorthite occur. One of the main 
assemblages is Di-Q-Kfsp-An, with some addi-

tional phlogopite or calcite in a few samples. 
Common assemblages are Di-Q-Kfsp, Di-Kfsp 
(occasionally with some calcite) and Q-Kfsp. 
Although interpretation of the se assemblages, in 
terms of reactions or P-T estimates, is more 
difficult than in the 'marble' system, 
metasomatism might have been an important 
process in the formation of, at !east, the high
variance assemblages. The individual minerals 
quartz, alkalifeldspar and anorthite are found to 
be mutually incompatible with forsterite, spinel 
and dolomite. The only exception is the pair 
spinel-alkalifeldspar in the scarcely occurring 
assemblage Phl-Sp-Kfsp. 

Mineral chemistry 
As an illustration of the mineral chemistry some 
electron microprobe analyses of the minerals 
forsterite, clinopyroxene, phlogopite, spinel, 
garnet, scapolite, calcite and dolomite are given 
in Table 4. 

Forsterite. - It has a XM8-ratio of 0.92 to 0.95 
(X Mg= Mg(atoms)/(Mg +Fe+ Mn) (atoms)). The 
MnO and CaO contents of forsterite are rela
tively high, up to 0.7 and 1.4 wt% respectively. 
Preliminary data show low Ca contents in forst
erite cores and high (twice as much) in rims. 

Clinopyroxene. -In the marbles X Mg of diopside 
varies from 0.94 to 0.98. Wt% Al203 is 0.2 to 3.2. 
The highest Al contents occur in spinel-beapng 
marbles. Preliminary data seem to point to Al-
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Table 3. Mineral assemblages. 

Assemblage Rock type Loe. Abundance 

Fo-Di-Cc-Do marble B,C common 

Fo-Cc-Do marble B,C scarce 

Fo-O i -C c marb le A common 

Di-Cc-Do rna rb le c rare 

Di-Q-Cc Q-Di gnei ss D scarce 

Di-Cc marble A,B,C common 
Di rock 

Di -Q Q-Di gneiss A,B,D common 
quartzite 

Di Di rock A,B,C,D common 

Is: system CaD-MgO-K20-Al2o3-sio2-co2-H2o l 1) 

low-silica/low-potassium 

Assemblage Rock type Loe. Abundance 

Fo-Di-Phl-Sp-Cc marble A common 

Fo-Di-Phl-Cc-Do marble B,C common 

Fo-Di-Sp-Cc-Do marble B rare 

Fo-O i -Ph 1-Cc marble A common 

Fo-Sp-Cc-Do marble B rare 

rich cores and Al-poor rims of the subhedral 
diopside crystals. Diopside rims (around forster
ite) generally have a low Al content. In the 
diopside rocks XMg is 0.88 to 0.91. Wt% Al203 
varies between 1.8 and 5.2. Fe-richer 
clinopyroxenes occur in quartz-diopside gneis
ses and in andradite-hedenbergite bearing rocks. 
In reality 'hedenbergite' has a composition of 
salite to ferrosalite. The XMg can be as low as 
0.30. (Pure hedenbergite has been observed in an 
isolated occurrence of andradite-hedenbergite 
rock north of Tonstad (Wegelin 1979a)). In the 
clinopyroxenes Ti02 may be present to a max
imum of 0.50 wt% (in a diopside rock). Gener
ally Ti shows a positive correlation with Al 
(Al:Ti is about 15:1). MnO is present up to 0.70 
wt% (in an andradite-hedenbergite rock). 
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Fo-Phl-Cc-Do marble B,C scarce 

Di-Phl-Sp o i rock B scarce 

Di-Phl-Cc marble B,C common 
o i rock 

Di-Phl o i rock A,B,C common 

hi�h-sil ica/high-potassium 

Assemblage Rock type Loe. Abundance 

Di-Phl-Q-Kfsp-An Q-Di gneiss o rare 

Di-Q-Kfsp-An-Cc Q-Di gneiss o scarce 

Di-Q-Kfsp-An Q-Di gneiss A,B,D common 

Di-Q-Kfsp Q-Di gneiss A,B,C,D common 
Q-Kfsp rock 

Di -Kfsp-Cc Di-Kfsp A,C scarce 
rock 

Phl-Sp-Kfsp Kfsp-Ph l A scarce 
rock 

Q-Kfsp Q-Kfsp rock A,B,C common 

Di-Kfsp Di-Kfsp A,B,C common 
rock 

1) Only main assemblages in this system are 

mentioned. 

Phlogopite. -X Mg varies from 0.94 to 0.97 in the 
marbles and from 0.91 to 0.93 in the diopside 
rocks. Phlogopite inclusions in diopside grains 
tend to have lower X Mg values than other phlogo
pites. Phlogopite, mainly in· barite-bearing mar
bles, may contain several percent ofBaO. The F 
content varies from 0.2 to 3.3 wt%. 

Spinel. - This is relatively rich in Fe compared 
with other minerals in the marbles. A nearly 
colourless spinel in marble has a X Mg of 0.90. 

Garnet.- This is a solid solution mainly between 
andradite and grossular. Molar ratios of andra
dite/grossular vary between about 55/34 and 
75/21. Pyrope and spessartine components may 
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Table 4. Microprobe analyses. 

min. : Fo Fo 

sample: BE024 Q133 
loe. : A 
wt% 

Fo 

C273 
Di Di 

BE024 Q138 
A 

o; 
C165 

Sp 

BE024 
A 

s;o
2 

41.3 41.o 42.5 52.6 55.0 50.7 0.76 

r;o2 b.d. b.d. b.d. 0.18 o.o4 o.50 b.d. 

A12o
3 

n.a. 0.03 b.d. 3.21 0.21 5.19 69.7 

FeO 4.15 4.55 7.08 0.94 0.66 3.16 4.38 

MnO 0.61 0.47 0.63 0.21 0.18 0.22 0.31 

MgO 52.7 53.0 50.5 17.9 18.0 14.6 23.7 

Ca O o. 75 0.17 0.08 25.8 25.2 25.5 0.84 

Total 99.51 99.22 100.79 100.84 99.29 99.87 99.69 

XMg 0.952 0.949 0.921 0.965 0.974 0.885 0.900 

min. Cc 
sample: A164 
loe. : A 

wt% 

0.25 

C c 

C235 

0.21 

Cc3) Cc 
HS208 Q138 

0.31 o. ID 1. 42 

Do5) 

Q138 

1.02 

Do 
4) 

Q138 

1.07 

Mnto3 0.65 0.43 0.45 0.40 0.73 0.53 0.50 

Mgt03 4.05 3.19 9.16 6.65 39.9 43.6 41.5 

Cato3 95.8 95.6 90.7 93.1 59.0 55.4 56.4 

Total 100.75 99.43 100.62 100.25 101.05 100.55 99.47 

XMg 0.858 0.873 0.942 0.948 0.960 0.975 0.973 

amount to l or 2 mol% each, almandine may be 
present up to 7 mol%. 

Scapolite. - This is a very meionite-rich variety. 
Me% is 85 to 87 which is about the maximum 
amount possible. 

Calcite. - The MgC03 content in calcite varies 
from 2.5 to a maximum of approximately 11 wt% 
(microprobe and XRD analyses (Teske 1977)). 
XM& is about 0.80 in the lowest Mg-calcites and 
0.95 in the highest. The MnC03 content is gener
ally higher than the FeC03 content. Maxima are 
0.8 and 0.5 wt% respectively. 

Dolomite. - The CaC03 content in dolomite 
varies from 55 to 59 wt%. Exsolved dolomite 
with a high Ca content occurs in high Mg
calcites, dolomite with a lower Ca con tent in low 
Mg-calcites. Primary dolomite seems to have 
incorporated less Ca than exsolved dolomite. 
XM& in both types of dolomite is approximately 
0.97. Wt% FeC03 and MnC03 have maxima of 
1.6 and 0.7 respectively. 
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min. Phi Phi 

samp1e: BE024 Q138 
loe. : A 

wt% 

Ph1 

C165 
Hed 

Q225 
And Scap 

WA180 WA180 

s;o
2 

36.9 41.1 39.5 47.1 40.2 47.1 

no2 0.79 0.51 0.63 0.28 0.86 n.a. 

Al2o
3 

18.0 14.2 16.5 3.59 7.36 27.3 

FeO 1.52 1.22 3.78 19.8 17.21) b.d. 

MnD 0.06 0.03 0.08 0.62 0.24 n.a. 

MgO 26.1 26.3 25.2 5. 78 0.35 n.a. 

CaO 

BaO 3. 79 

b.d. 

0.53 b.d. 23.3 

0.18 n.a. n.a. 

0.21 0.16 n.a. 

9.41 10.3 10.5 

0.53 1.22 n.a. n.a. 

Tota1
2) 96.88 95.29 96.35 100.47 

0.967 0.974 0.921 0.335 

32.9 20.6 

n.a. n.a. 

n.a. 1.16 

1. l o 

99.11 97.26 

All analyses by P. Sauter, except for Hed., And. and Scap.: 

analyst A. Wegelin. b.d.: below detection limit. n.a,: not 

analysed. x/'19
•Mg{atoms)/(Mg+Fe+11n)(atoms). All iren as FeO, 

.except for 1): all iron as Fe
2

o
3

. 2) if F is analysed, totals 

corrected for oxygen equivalency of fluorine. 3) scan over 

calcite with fine-grained do\omite exsolution. 4) exsolved. 

S) primary. 

Discussion and conclusions 

The sequence of the minerals with a decreasing 
XM8, Do- Di- Phi> Fo > Cc- Sp, is similar to 
that found by Glassley (1975) and Rice (l977a, 
1977b). In Fig. 5 the XMg of forsterite is plotted 
against the XMg of diopside and phlogopite. Val
ues of each location fall approximately on one 
K0-line. This suggests a local attainment of 
equilibrium for the Mg, Fe and Mn distribution 
between the three phases. K0-values for location 
A are higher than for the other locations. This 
could be the result of higher metamorphic tem
peratures in the southern part of the area near 
the intrusive complexes. Application of calcite
dolomite geothermometry has revealed tempera
tures of about 670°C for location C, 740°C for B 
and 600°C for A. These results, especially the 
temperature for A, are not in close agreement 
with other independently determined tempera
ture estimates (e.g. Jacques de Dixmude 1978, 
Maijer et al. 1981). This is due to I) the 
absence of dolomite at location A, resulting in a 
Mg content in the calcite not being determined 
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Fig. 5. K0..,.-plot for the minerals forsterite, diopside and 
phlogopite from locations A, B and C. Averages of X..,.-values 
are used for each mineral. Solid lines indicate maximum (near 
line for K0= l) and minimum K0-values. 
Ko= X�(l - X�n) l x�n(l- X�). 

by the calcite-dolomite solvus, and 2) the dolo
mite exsolution in calcite at B and C, causing the 
formation of a lower Mg-calcite than the original 
unexsolved Mg-calcite. Therefore the tempera
tures must be considered as minimum values. 
The highest minimum temperature at a given 
location can be derived from the highest 
Mg content found in calcite. Calculation has 
been done with the formula given by Rice 
( l977a), based on the experimental data of Graf 
& Goldsmith (1955) and Goldsmith & Newton 
( l%9): log X��c03= -1690/rK+0.795. Both 
the FeC03 and MnC03 content are low in the 
analysed calcites and they will not have large 
effects on the calculated temperatures (Bickle & 
Powell 1977). 

Total pressures in the region near the lopolith 
are estimated at 3-6 kb (Hermans et al. 1976). At 
a pressure of 5 kb p hase relations in the marbles 
indicate temperatures of about 670°C and higher 
(especially at A) at moderate to high Xco2 ratios 
(Fig. 3), assuming that (14) is the most determin
ing reaction for the mineral assemblages in the 
marbles. Indeed relatively high Xco2 ratios are 
found in fluid inclusions in quartz pods and veins 
enclosed in the marbles (Swanenberg 1980). 

All the se factors, element distribution, calcite
dolomite geothermometry (only regarding B and 
C) and phase relations suggest a temperature 
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gradient from low temperatures at location C to 
high temperatures at A, possibly reflecting the 
M2 phase of metamorphism (Maier et al. 1981) . 
From phase relations it is also concluded that 
metasomatism has played a certain rote in 
establishing the mineral assemblages. This is 
supported by field observtions such as the 
occurrence of diopside rocks between mar
bles and silica-rich rocks. 
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