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Summary:

In previous investigations of rutile-bearing eclogites in western Norway, only minor attention was given
to the Outer Sognefjord (incl. Gulen) region, even though it was well known that rutile-bearing eclogites
occur in the region. The purpose of the present investigation is to evaluate the rutile potential of this
region, based on previous investigation and some additional field work.

In general, mafic rocks in the eastern parts of the region, particularly on the south side of Sognefjord,
have experienced very incomplete eclogitisation, commonly in distinct association with shear zones. In
such cases, only a portion (20 to 60% or so) of the titanium in the rock will occur as rutile, at least if one
considers deposits of significant size. In the western part of the region eclogitisation of mafic rocks
seems to have been relatively complete, although in most examples observed in the field, eclogites have
been significantly retrograded to amphibolite. In the amphibolitised eclogites, rutile is partly or fully
altered to ilmenite and in some cases also to titanite.

The TiO>-content in the mafic rocks (metagabbro, eclogite, amphibolite) found in the area is generally 2-
3 % TiO; although 3-4 % TiO, does occur within eclogites such as Veten at Byrknesgy, Hellebgheia near
Lavik, and Slengesol, Nordal and Kjelbju in the Dalsfjell area.

The present observations do not give any reason for optimism regarding rutile deposits of great economic
interest.

Keywords:

Mineral resource Titanium Rutile

Eclogite




CONTENTS

1. INTRODUCTION 4
2. ECLOGITES ON THE NORTHERN SIDE OF SOGNEFJORD .... 4
3. ECLOGITES ON THE SOUTHERN SIDE OF SOGNEFJORD..... . 10
4. ECLOGITES ONISLANDS IN THE GULEN AREA 10
5. ECLOGITES IN THE DALSFIJELL AREA .....ccocviecsseiscranses 16
6. CONCLUSIONS 16
7. REFERENCES..... tesstesessreesenesssentssensessantsssstessnsssssnressssnns 17
Fig. 1: Location map, Outer Sognefjord - Gulen region. ..............c.coeuvveveeeeireniecrnneenennneen. 4
Fig. 2: Overview maps of the Outer Sognefjord region including Gulen. ...............cccceevvuvrvceiiranccn. 6
Fig. 3: Microphotographs of sample 394.01 from the Helleboheia eclogite, Lavik.................c........... 7
Fig. 4: Microphotographs of sample 394.02 from the Helleboheia eclogite, Lavik............................. 8
Fig. 5: Microphotographs of sample 394.03 from the Helleboheia eclogite, Lavik...................c......... 9
Fig. 6: Field photographs of eclogite formed in shear zones at the southern shores of the Sognefjord.

.................................................................................................................................................. 11
Fig. 7: Geological map of the Veten eclogite, BYrknesoy areq...............ccoceeeevevceveererioeereneeeeenannnes 12
Fig. 8: Field photographs, BYFRNESOY.............cccouveeeeeieiecieeie e e eeseseetnnaneeesaeeeaae s s sasenaneeeseanesaens 13

Fig. 9: Microphotographs of reference sample K340A4.00 from the Veten eclogite at Byrknesoy....... 14
Fig. 10: Microphotographs of reference sample K340B.00 from the Veten eclogite at Byrknesoy. .... 15

Fig. 11: Field photographs, Dalsffell Qreq...............c.cccoueicvieiiuieeiireeesiieeesciveesssseesesssesssessssseenanes 18
Fig. 12: Microphotographs of sample K334A.00 from Slengesol, Dalsfiell area.............................. 19
Fig. 13: Microphotographs of sample K334B.00 from Slengesol, Dalsfjell area.............................. 20
Fig. 14: Microphotographs of sample K334C.00 from Slengesol, Dalsfiell area.............................. 21
Fig. 15: Microphotographs of sample K335.00 from Kjelbju, Dalsfiell area.. ................ooceeneuun...... 22






data are available to quantify this. The rutile grain size is “acceptable”, i.e. distinctly larger
than at the Engebgfjellet eclogite (see Korneliussen et al. 1999). The field impression in 1995
was that the deposit is probably too small to be of economic interest, considering that the
TiO, grade is in the range 2-4 %, but there might be an ore potential at depth.

Microphotographs of thin sections of 3 samples from the Hellebgheia eclogite are shown in
Figures 3, 4 and 5. All these samples are distinctly retrograded. The omphacitic clinopyroxene
is significantly altered to fine-grained aggregates of plagioclase and amphibole, and a large
proportion of the rutile is altered to ilmenite in all three samples, now seen as ilmenite
intergrown with rutile. In sample 394.02 titanite has been formed at the rim of some large
rutile/ilmenite grains.

The overall impression is that less than 50% of the titanium in the eclogite occurs as rutile.

Consequently, the rutile content in this eclogite is approximately 2% or lower, and further
investigations in this area are not recommended.

Table 1: X-Met analyses, Hellebgheia eclogite, Lavik.

Sample 394,01 Sample 394,04  Sample 394,05 Sample 394,02 Sample 394,03
T102 Fe203 TIOZ Fe203 T102 F6203 TIOZ Fe203 T]Oz Fezo3

6.4 17.5 29 15.6 2.1 13.7 2.2 14.1 2.0 14.7
24 13.5 24 14.6 29 154 2.0 153 23 14.1
29 15.9 2.5 14.2 24 13.8 59 16.7 3.2 14.0
43 18.9 22 13.6 2.8 12.7 3.1 14.7 2.0 13.7
7.6 19.3 29 15.6 32 17.1 33 15.7 2.0 14.4

5.7 16.7 1.8 12.5 3.0 16.5 038 9.9
29 15.0 1.1 13.8
4.7 19.8 43 15.2
8.9 18.2 39 19.4

1.6 13.7

Avg: 5] 17.2 2.5 14.5 2.7 14.5 3.3 15.5 2.3 14.3
















3. ECLOGITES ON THE SOUTHERN SIDE OF SOGNEFJORD

Relatively large amounts of mafic rock occur east and southeast of Brekke, on the eastern side
of Risnefjorden. In some places these rocks are garnet-bearing, but no relics of eclogite have
been found (Korneliussen 1989).

Mafic rocks west of Brekke are eclogitised in small shear zones. Fig 6 (1) shows a
gabbroic boudin surrounded by a banded gneiss with eclogitic mafic layers. The eclogite is
believed to have been formed by the deformation of the gabbro, i.e. eclogitisation was
triggered by the deformation. Fig. 6 (2) is a close-up photo of this gneiss, while Fig.6 (3)
shows a thin eclogite zone formed along a small shear zone in gabbro. In these cases
eclogitisation has been incomplete. This phenomena is well described from the Holsngy area
near Bergen by Austrheim and others (see references in Korneliussen et al.1999). However,
the corresponding eclogite deposit sizes are very small.

No indications of significant eclogites have been observed in the Brekke-Risnefjorden
area, and continued investigations are not recommended.

4. ECLOGITES ON ISLANDS IN THE GULEN AREA

Numerous small amphibolitic to eclogitic lenses occur within the granitoid gneisses between
Dalsfjell in the east and Byrknesgy in the west. The occurrence of these rocks is well
delineated on the Byrknesgy geological map (Fig. 7). Characteristically the mafic rocks are
amphibolitic (garnet amphibolites), occasionally with distinct relicts of omphacite as
symplectitic plagioclase-amhibole.

The Veten eclogite (Fig. 7, 8, 9 and 10) is the only significant deposit in the area. It is an
East-West trending lens, approximately 1 km long and 300-400 meters at its widest point,
disappearing above the erosion plane in the east, and probably continuing at depth in its
western continuation. It is significantly retrograded (amphibolitised) and some of the rutile is
altered to ilmenite and occasionally also to titanite.

TiO; contents are in the range 2-3 wt.%, locally up to approximately 4 wt.% TiO, based on
field X-Met analyses done in 1995 by the NGU-DuPont project. This information was not
reported since that project shortly afterwards focused 100% on the Engebgfjellet deposit at
Ferdefjord.

Microphotographs of 2 thin-sections are shown in Figures 9 and 10. Both are of distinctly
retrograded eclogite with significant alteration of omphacite to fine-grained aggregates of
plagioclase and amphibole. The rutile is partly altered to ilmenite, now seen as rutile/ilmenite
intergrowths.

All in all, the rutile portion of the total titanium in the rock is estimated to 60-80 %, and the
average rutile content is roughly estimated to 2 %.

The Veten eclogite is the largest eclogite known in the Sognefjord-Gulen region. With an
estimated average thickness of 100 m, a length of 1000 m, an average width of 300 m and a
density of 3.2 t/m’; its tonnage is roughly 100 million tons.

It is unlikely that the Veten eclogite is sufficiently rutile-rich enough to be of economic
interest. However, further investigations should be carried out to define roughly the
beneficiation characteristics before any decision is taken concerning additional field
investigations.
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S. ECLOGITES IN THE DALSFJELL AREA

The Dalsfjell area (Fig. 11) was the subject of a preliminary investigation by NGU in 1988
(Korneliussen 1989) and was regarded to be of minor interest for rutile, due to relatively low
grades, incomplete eclogitisation and small deposit size, at least when compared with
eclogites in the Fordefjord area. The Dalsfjell area is characterised by a relatively large
gabbroic massif (see the map labelled (3) in Fig. 2 and Fig. 11) with an overall content of 1-3
% TiO,, locally reaching 3-4 %. The dominant titanium-bearing mineral is ilmenite. Dm-thick
semi-massive to massive apatite-rich magmatic (cumulate) layers of Fe-Ti oxides
(titanomagnetite and ilmenite) are found a few places in the Slengesol area.

In general, eclogitisation is incomplete, and distinctly associated with shear zones.
Relatively continuous areas of eclogite over a few hundred meters are found only at
Slengesol, Norddal and Kjelbju (Fig. 2) with roughly 3 % TiO, in average, of which 50-80 %
is as rutile. The rutile in the Dalsfjell eclogites is particularly fine-grained and probably even
more fine-grained than the eclogites at Fordefjord.

Microphotographs of 3 thin sections of samples from Slengesol are shown in Fig. 12, 13
and 14. Fig. 12 is of a metagabbro which has not reached the stage of eclogite. The stable Ti-
oxide in this rock is ilmenite with hematite exsolutions, rimmed by titanite. Fig. 13 is of
another metagabbro with magnetite, ilmenite and hematite. Fig. 14 is of eclogite that has
experienced significant retrograde alteration in which omphacite is altered to fine-grained
aggregates of plagioclase and amphibole (the dark areas in photo (1)), and rutile is partly
altered to ilmenite, now present as rutile/ilmenite intergrowths (Fig. 14 (3)). The sample from
Kjelbju is less retrograded, although a distinct portion of the titanium occurs as ilmenite.

Further investigations are not recommended due to the combination of relatively low TiO,-
content, relatively small deposits due to incomplete eclogitisation of the gabbro, and
retrograde alteration of eclogite. Due to these circumstances the rutile content would probably
be too low (2 % rutile or so) to justify any further investigations.

6. CONCLUSIONS

The following three circumstances are relatively unfavourable regarding the possibilities for
economic rutile deposits: (1) Incomplete eclogitisation of gabbroic rocks, primarily in the
eastern and south-eastern parts of the region, causing the overall portion of titanium as rutile
in these variably retrograded rocks to be low. (2) In the western parts of the region eclogites
tend to be severe amphibolitised, leading to distinct alteration of rutile to ilmenite and
occasionally also to titanite. (3) The overall titanium grade in the larger eclogite bodies tend
to be in the range 2-3 %, which is probably too low when considering that a distinct, but
variable portion of the titanium is as ilmenite.

With the exception of the Hellebgheia eclogite on the northern side of Sognefjord, for
which a gravity investigation should be considered, no further investigations are
recommended for the Outer Sognefjord — Gulen region.
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Table 2: XRF-analyses of metagabbroic and eclogitic rocks from the Dalsfjell area (after Korneliussen 1989).

Sample % Fe,03 % TiO, % P,05 Comments Sample % Fe,05 % TiO, % P,05 Comments
4A 15.12 3.50  3.11 Metagabbro Dl 16.53 2.59 0.45 Eclogite
D10 1232 2.48  2.22 Garnetamphibolite D11 1463 3.00 2.64 Eclogite
D14 18.60 3.77  3.64 Metagabbro D13 1296 2.68 231 Eclogite
D15 1420 2.73 1.30  Amphibolite D16 14.88 3.25  2.59 Eclogite
D17 2273 3.83  6.19 Metagabbro D24 1623 3.40 2.81 Eclogite
D18 14.65 298  2.35 Garnetamphibolite/Eclogite D25 16.09 3.26  2.26 Eclogite
D19 17.11 3.36  2.44 Garmetamphibolite/Eclogite D26 13.57 2.80 2.25 Eclogite
D2 10.14 2.09 1.52 Amphibolite D28 17.37 2.82  0.55 Eclogite
D20 18.78 3.35  2.76 Garnetamphibolite/Eclogite D29 1723 269 0.53 Eclogite
D21 992 216 1.75 Metagabbro D30A 17.75 294  0.62 Eclogite
D22 23.09 490 2.47 Gametamphibolite/Eclogite D32 1443 3.61 0.36 Eclogite
D30B 1035 2.41 1.72 Metagabbro D3B 1697 3.18  3.26 Eclogite
D31 9.04 2.18 1.67 Metagabbro D43A 18.77 3.62 1.05 Eclogite
D33 3.70 0.60 0.14 Metagabbro D43B 24.73 4.75 0.41 Eclogite
D34A 1149 240  2.23 Metagabbro D46 12.66 2.66 1.94 Eclogite
D34B 1729 2.65 238 Metagabbro D47 17.47 3.16  3.03 Eclogite
D35 14.58 2.85 1.58 Amphibolite D48 1676 2.79  0.54 Eclogite
D36 12.81 2.05 0.90 Amphibolite D49 1690 2.76  0.62 Eclogite
D37 1.18 0.18 0.05 Granitic Gneiss D5 1638 2.89 2.11 Eclogite
D38A 11.70 241 1.50 Metagabbro

D38B 1343 212 1.14 Garnetamphibolite

D39 15.18 3.03 1.57 Metagabbro

D3A 1322 3.30 1.30 Metagabbro

D40 15.61 3.24  1.43 Metagabbro

D42 2329 447 035 Amphibolite

D44A 13.18 2.72  3.02 Metagabbro

D44B 2770 458  6.44 Metagabbro

D44C 14.03 2.59  3.41 Metagabbro

D45 31.06 6.09 2.66 Metagabbro

D4B 1820 429  3.71 Garnet amphibolite

D8 1143 2.57 1.95 Metagabbro/Amphibolite

D9 12.21 2.53 2.08 Garnetamphibolite
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