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Rutile-bearingEclogitesin the Sunnord Region
ofWesternNorway

AREICORNELIUSSEN45‘.GLENYFOSLIE

Korneliussen, A. & Foslie, G. 1985: Rutile.bearing eclogites in the Sunnfjord region of Westem

Norway. Nor. geol. unders. 402, 65-71.

Rutile.bearing eclogites from the basal gneiss-complex of the Sunnfjord region in Sogn og Fjordane

fylke are potential titanium reserves, and have been the subject of prospecting activities during the

last decade.
The eelogites occur as lenses and pods in Precambrian gneisses and are believed to have been

formed by the recrystallization of basic igneous rocks during high-pressure Caledonian metarnor-

phism. They are composed principally of garnet, omphacitic clinopyroxene and barroisitic arn-

phibole. Rutile concentrations are generally in the range 1 to 4 wt.%, although higher 'concen-

trations occur Iocauy. About 90% of the thanium in the eclogites is contained in rutile. Some

large eclogite bodies are each estimated to contain at least 100 Mt. containing approximately 3%

rutile, which is presently uneconomic.

A. Korneliussen, Norges geologiske undersokelse, P.O. Box 3006, N-7001 Trondheim.

G. Foslie, Plan og Nningsaudelingen, Sor.Trondelag Fylkeskommune,Dronningensgs. 16,

N•7000 Trondheim.

Introduction

Most of the titanium in the crust of the earth
is contained within the major rock-forming
minerals biotite and hornblende, and in the
common accessory phases sphene, ilrnenite
and rutile. In all commercial deposits ti-
tanium occurs as oxides, mainly ilmenite or
rutile. They occur in association with an-
orthosites and alkaline complexes, as well as
in detrital sediments and laterites. Rurile
(TiO)) is a more attractive taw material for
titanium dioxide and titanium metal pro-
duction than the more common ilmenite
(FeTiO3). Consequently fairly low-grade ru-
tile deposits are potential economic sources
of titanium.

Titanium-bearing silicates, mainly sphene,
biotite and hornblende, have restricted stabil-
itity fields at higher metamorphic grades. The
silicates that form in their place contain much
smaller amounts of titanium than their pre-
cursors, and the excess titanium can form
oxides (Force 1976, Blake and Morgan 1976).

Rutile is the characteristic titanium mineral
in many eclogites. It crystallises from iron-




titanium oxides and titanium-bearing silicates
during the metamorphic recrystallization of
basic igneous rocks into edogite. Titanium-
rich basic rocks that have been transformed
into eclogite are, therefore, potential sources
of rutile, and have been the subject of pros-
pecting activities in the Sunnfjord region of
Western Norway.

The Sunnfjord eclogites were first de-
scribed by Kolderup (1928) to be fairly rich
in rutile. Based on Kolderups descriptions
H.-P. Geis (unpublished report, Elkem A/S)
located notable rutile concentrations within
the Naustdal eclogite body in 1969 and with-
in the Engebefjellet eclogite in 1970. The
investigation continued between 1978 and
1980 as a cooperative venture involving El-
kem A/S and the Norwegian geological sur-
vey (NGU). Deposits of commercial interest
were, however, not found (Korneliussen
1980, 1981, Foslie 1980). At the present
time 4-5% rutile is estimated as an economic
grade.

The purpose of this paper is to give a
general description of the Sunnfjord eclogites
and their significance as sources of rutile.
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Eclogitesin Western Norway

In Western Norwav eclogites occur as pods,

lenses and layers in ultramafic rocks in Pro-

terozoic gneisses and Early-Palaeozoic meta-

sediments (Bryhni et al. 1977, Griffin et al.

1984).
The genesis of the eclogites is controver-

sial: One view is that they represent alloch-

thonous mantle fragments that were rneta-

morphosed at very great depths (Eskola 1921,

O'Hara & Mercy 1963, Lappin & Smith

1978); The other that they were formed by

in situ rnetamorphism of basic igneous rocks

(Gjelsvik 1952, Bryhni et al. 1977, Krogh

1980 a and b, 1982, Griffin et al. 1985). A

third possibility is that edogitic rocks within

ultramafic bodies represent mantle fragments

while the eclogites within gneisses formed in

situ (Carswell 1974, Bryhni et al. 1977).

A considerable amount of data now sug-

gests that the gneisses of Western Norway

have been subjected to high-pressure tneta-

morphism, with increasing P and T towards

the coast (10 to 20 Kb and 500 to 800° C).

The metamorphism has been attributed to a

continent/continent collision in which the

leading edge of the Baltic shield underthrust

a N. American plate (Krogh 1977, Cuthbert

et al. 1983, Griffin et al. 1985). Infolded

Caledonian metasediments containing edo-

gites that are believed to have been formed

by in situ metamorphism (Krill 1980, 1985),

and Caledonian Stn-Nd ages for edogite min-

erals (approx, 425 Ma,, Griffin & Brueck-

ner 1980), indicate a Caledonian age for the

regional eclogite - facies rnetamorphism.

THE BASAL GNEISSES IN THE

SUNNFJORD REGION

The so-called '13asal gneisses' of the Sunn-

fjord region, Western Norway (Fig. 1), are

separated by Bryhni (1966) into a relatively

homogeneous cornplex (The Jostedal Com-

plex) and a heterogeneous complex (The

Fjordane Complex). The latter was sub-

divided by Skjerlie & Pringle (1978) into

the Holsen Gneiss complex, containing mainly

quartz-rich paragneisses and augen-gneisses,

and the overlying Vevring complex of various

gneisses, amphibolites, eclogites, anorthosites,

gabbros and ultramafic rocks.

Rb-Sr whole-rock isochrons for gneisses

from the Jostedal complex give ages from

1700 to 1800 Ma. (Skjerlie & Pringle 1978,

Brueckner 1972, while gneisses from the

Holsen Gneiss complex (Skjerlie & Pringle

1978) give a Rb-Sr whole-rock isochron age

of 1225 ± 100 Ma. (Brueckner 1972). These

authors also reported Rb-Sr biotite ages of

390 to 400 Ma. for the same gneisses. These

mineral ages result from recrystallization dur-

ing Caledonian tectonometamorphic events,

while the whole-rock ages are thought to

represent the time of igneous crystallisation

in the Proterozoic.

The Sunnfjordeclogites

The eclogites occur as pods, lenses and high-

straM zones in gneiss, mainly within the Vev-

ring complex, although eclogites also occur

within the Jostedal cornplex between Naust-

dal and Førde and near Gjølanger (Fig. 1).

Their size varies from a few dm2 to 3- 4 km2.

The eclogites are generally fine grained,

especially those in the Førdefjord area. They

tend to be amphibolitized in border zones and

along fractures and veins. Internal banding

is generally parallel to the fabric of the sur-

rounding gneiss. Eclogites in the north-eastern

part of the Førdefjord area have been de-

scribed by Binns (1967), Krogh (1980 b), and

Krogh & Brunfelt (1981). Kolderup & Ro-

senquist (1950) and Kolderup (1960) have de-

scribed eclogites from Gjolanger. In the same

area leucotroctolites and gabbros show the

arrested development of reaction coronas,

complete reaction having produced eclogites

(Cuthbert, in prep.).

MINERALOGY

Garnet, barroisitic amphibole, and omphacitic

clinopyroxene are the main minerals of the

eclogites. White mica (paragonite, phengite),

quartz, rutile, ilmenite, apatite and pyfite oc-

cur in minor amounts. Eclogites south of

Vilnesfjord (Dalsfjord) are zoisite- and kya-

nite-bearing.
During retrogression, omphacite is altered

to aggregates of diopsidic clinopyroxene and

plagioclase which, with more advanced retro-
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hg. Gencralised genlogical map of the Sunnnord region lbased on Sigmond KOdal 970).

gression, is replaced by hornblende. Barro-

isitic amphibole is altered to hornblende, and

rutile to ilmenite. Garnet is relatively stable

and is altered with intense retrogression to an

aggregate of hornblende + magnetite ± epi-

dote ± biotite. The latest event during retro-

gression is chloritization accompanied bv the

forrnation of magnetite. Eclogite minerals and

their alteration products have been described

in detail by Binns (1967) and Krogh (1980

for eclogites in the Naustdal—Forde area and

by Cuthbert (in prep.) for the eclogites at

Gjolanger.
Rutile occurs as anhedral grains varying

from 0.01 to 1.0 mm in diameter (Fig. 2 a).

Grain sizes from 0.1 to 0.2 mm are typical.
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reasons: (1) Intergrowths of the less-valuable

almznite will lower the purity, and according-

lv the value of the rutile concentrate that can

be produced, (2( An inerease in the ilmenite

content itt ecloite will lead to a correspon-
.

dingly smaller amount of titanturn available

to form rutile.

„or
a rant '

"4-

71.

Fig 2 a. Rutile 121and sdicate minerala

I.unt-garnet,.\ mph ampipbpie.

b Ruple •R taalt nut ul dutentte .11m
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Inclusions of rutile are partieulark common

in amphiboles and garnets. Ilnienite oceurs

intergrown with ruttie i.Fig. 2 c. and as re-

action rims around ruule in retrograded ecio-

gite 1Fig. 2 h. l.by amonnt at ilmenize is

relatively minor in unretrograded ex-

cept in sorne excentionally iron-rich eclogice

varieues where it becomes a signiucant com-

ponent.
Ilmenite is an important racter in the eco-

nomic evaluation ot edegite. for the following

THE FORMATION OF RUTILE

Field and rextura) evidence shows that con-

centrations of Ti02 in rhz eclogite proroliths

were ilmenite- and titano-magnetite-rich

bands and pods in modally layered gabbroic

and troctelitie intrusions. In non-coronitie,

foliated eclogites ilmenite is found as in-

clusions in the cores at garners, togyiher with

amphibole, epidote and magnetite. Outer zo-

nes of garnets contain inclusions ot ompha-

cite, barreisite and tutile, whieh are also

found in the matrix. Thus ilmenite in a pre-

existing amphibolite-facies assemblage is

tran&termed into rutile in eclogire. This has

heen well deseribed by Krotth 198{(1), 19s2i,

"Ilwo modes of rutile formation are ob-

served in corenitie metagabbres in the Gjol-

anger area S. Cuthbert. pers. commi: I 1)

Formation of garnet corenas around euhedral

grains of ilmenite and, or tirane-magnetite.

probabk by ryaction with pligieclase ar its

breakdown product zoisne, produces angular.

idiomorphie patelles of rutile mimicking il-

menite. within thy corenas. (21 11reakdewn

ot cumulus Ti-augire calhes exsolution Ot yerr;

fine, dusty ilmenite. As the pyrozene b:::-

Corrigs more omphacitic the ilmenite is trans-

formed into rutile. which settregates inte MV

hedral elots within aggregates of coarse om-

phacite.

SAMPLINt; ANI) ANALYSES

The purpose ot the sanlping has been to

estimate the ruttle content of the eclogity

hodies. Samples were ealleeted systematically

along proftles aerass well-exposed eclogites

and htss systematically in areas at peor ex-

posury. Samples were approximately I kg in

size fer XRF analysis. Dust samples have

also been drilled for 1-102 analysts tn the field

C
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NAUSTDAL
FUREVIKNIPA

ENGEBØFJELLET

FTg i Tiels disMbutions for Nausulal, Fureviknipa and Engebefjellet eclogites. The results are based on a combina-

tion of XRF analyses of dust and rock samples carried out in the field, and XRF laboratory analyses.

• with a portable XRF instrument. This instru-

ment has also been used directly on rocks and

provided semi-quantitative results. These re-

sults are included in Table 1 and Fig. 3 in ad-

dition to the laboratory analyses.

Lists of all analyses that have been used in

the preparation of the figures and tables can

be obtained from the authors on request.

Table 1 - Average TiOs contents (wt.%) of some

eclogite bodies
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Fig.4. (Na2O+K20) - Fe0(t) - Mg0 (wt.% oxides) diagram

showing the compositional variations within four major edo-

gite bodies.

1010/D0fJELL

TEIGESÅTA

SONDAL
+ •intv11041•A

4
, ++4

6

wt.
7.Ti02

0

TITANIUM IN MINERALS

The average titanium contents of the silicate

minerals garnet, clinopyroxene (omphacite),

primary amphibole (barroisite) and white

mica (paragonite, phengite), based on elec-

tron microprobe analyses, is 0.07%, 0.06%,

0.27% and 0.51% respectively (Fig. 6). Con-

sidering that garnet, clinopyroxene, prirnary

amphibole and white mica constitute 30, 15,

40 and 5 wt.% of the rock respectively, the

contribution from these minerals is 0.16%

Ti02 ((0.07 X 30 + 0.06 X 15 + 0.27 X 40 +

0.51 x 5)/100 = 0.164). For the purpose of

rutile exploration this value can be assumed

to be constant; the excess titanium in the

rock forms oxides.

2

20 30

wt %FeOt

Fig.5. TiO2 vs. Fe0(t) for eclogites.

0
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The average composition of rotile based on

electron microprohe analyses from several ee-

logite localities 2j, is 99.09(7 TiO:

0.37[7: 17e:0; and 0.5478 V:TT (correeted for

interierence from titaniumi. No signifieant

amount uf other elements was deteeted. Re-

lationships between nutile composition,degree

of eelogite alteration, locality, and rock com-

position, have not been observed. Ilmenite,

whieh eontains 52.7(7 stoiehiometric Ti0:,

has not been analysed.

lable 2 -Electrou nut rupruhe anals sesof nuilemgelu-
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RUTIIÆ GONTRIBETION TO

TOTAL TITANIGM

Tha titanium that is not contained in the sUn

cates forms rutile and ilmenite. For most

eclogites the ilmenite content varies from 5

to about 1561 of the total oxides, with 107

as an estimated averaRe >1,100)/tilm


rutile = 10). Consequentiv, for an eelogite

with 4 wt.ni; TiO: of whieh 0.16 wt.'"b T*):

is eontained in the silicates and 3.84 wtOlt as

oxides, rutile contributes 3.65 wt.(t TiO:

and ilmenite 0.19 wt.cli: TiO:.

GRADES AND

RESERVES

Rutile is irregulzrly distributed on a cm to

din scale, but is fairly evenly distributed on a

11.2m to 100 m scale, usually in grades of

1 to inb rutile and 3 to 4(t in rutile-rieh

parts of eclogites bodies. On a meter scale

the rutile Rrade mav reach 4 to 5cle Rutile

tends to be enriched in garnet-rich hands and

aggregates,
As shown in Table 1 the average TiO:

contents of the eclogite bodies, hased on sur-

face sampling. range from 1.30 to 3.96

TiO, The Engebofiellet. Furevikzipa. Nanst-

dal and Solvik eclogites elcarly have the

hiRhest TiOi-grades, in the range

is of relatively limited siae, while the

others contain at least 106 Nlt. of eclogite

eikh. Estimating that 90'1_ at the titanium

oceurs as rutile. gives average grades oi 2

3.0 and 3j7 rutile for Engehofiellet. Naust-

dal and Futeviknina respectivelv, Thus the

amounts of mmdc eontained in these eeloglie

are considerable.
There is a possibility of significant deposits

with more than 3.5077 rutile in parts of the

larger eclogites, especialk within the Engebo-

fiellet. Naustdal and Fureviknipa bodies, Dril-

ling would be necessary to give a Inore exact

picture of the mineralization. The possibility

deposit which in gNde and siae is 202111-

parable to the Pian Paludo eelogite in North-

ern Italy. which contains 150 Mt. of ore with

4.5E7 rutile (Nlancini et al. 1979, seems,

however, unlikely. The Pian Paludo deposit

is subeconone at present.
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Conclusion
Rutile grades within the Sunnfjord eclogites

are generally in the range 1- 4%. An average

value of about 3% rutile is estimated for a

few large bodies containing at least 100 Mt.

of eclogite. It seems likely that concentrations

containing on average 3.5% rutile or more

for several Mt. of ore might exist within the

Engebofjellet, Naustdal, Fureviknipa and Sol-

vik eclogite bodies. Confirmation of this,

however, would involve extensive drilling. In

addition, a detailed economic evaluation must

be based on extensive benefication tests that

include floatation. At the present state of

knowledge the economic significance of the

rutile-bearing eclogites in the Sunnfjord re-

gion i uncertain.
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