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This report presents results from a ground magnetic survey at the Saurdal eclogite at

Saurdalsvatnet, Gjglangen, Fjaler in Sogn og Fjordane. The report also presents results from
magnetic susceptibility measurements on drill-dust samples from the outcropping parts of the
eclogite. The measurements aid in mapping the eclogite‘s westward extension.

The Saurdalhaugen area appears with great variation in magnetic levels. One locality of similar
magnetic signature is detected further west. The magnetic susceptibility measurements indicate a
weak positive correlation between content of TiO,(total) and magnetic susceptibility. However,
magnetic highs are no guarantee to great content of TiO,(total). Furthermore, analyses indicates
that no magnetic level has great TiO,(rutile) content (i.e. > 3 %). In magnetic highs, however,
the majority of samples (63 %) have a content of TiO,(rutile) between 1.5-3 %. Hence, it seems
clear that magnetic highs can be of interest concerning high TiO,(rutile) content. The relative
content of TiO,(rutile) (i.e. % TiO,(rutile)/TiO,(total)) seems to be greatest in low magnetic
areas, which might be explained by alteration from medium magnetic ilmenite to low magnetic

rutile.
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1 INTRODUCTION

In connection with mapping of the Saurdal eclogite at Fjaler in Sogn og Fjordane, a
ground magnetic survey was carried out along some chosen profiles. In addition, magnetic
susceptibility was measured on 97 drill-dust samples from the area.

The Saurdal eclogite is a gabbroid intrusion with layers of magnetite (Fe,O,) and ilmenite
(FeTiO,) (Korneliussen 1994). It has been exposed to tectonic and metamorphic processes
in the form of eclogitization and subsequent retrogression. In the eclogitization process
ilmenite was altered to rutile (TiO,) and iron from the ilmenite went into garnet. The
subsequent retrogression of eclogite consists of 2 phases. During the first retrograde phase
eclogite is partly altered to amfibolite, while rutile is variably altered to ilmenite. In the
second phase, which is a chloritization of eclogite/amfibolite, one can get a 100 %
conversion of rutile into ilmenite, and also some growth of magnetite within clorite. After
these processes there might be some remainders of original magnetite- and ilmenite layers
preserved (cf. Korneliussen (1994) for a more detailed description).

Magnetic susceptibility for the mineral ilmenite varies from 0.3 to 4, with a mean of 2 SI-
units (Telford et al. 1978). Alteration into rutile would give lower susceptibility. Areas
with high TiO,(total)-content and low susceptibility should, on this theory, be of special
interest. Small quantities of magnetite, which has a susceptibility from 1 to 20 SI-units,
would interfere with this idea. The magnetic picture is consequently dependent on to what
extent the rock has been altered, and also depend on the content of original magnetite and
ilmenite. The purpose of this geophysical survey was primarily to see what magnetic
response the known part of the eclogite would give, and thereby mapping the eclogite’s
extension towards the west, where bedrock is unexposed.

2 MEASUREMENTS
2.1  Laboratory measurements.

The drill-dust samples were collected and their rock-type identified by Are Korneliussen
and Leif Furuhaug (NGU). Magnetic susceptibility measurements on the samples was
carried out at the petrophysical laboratories at NGU. The drill-dust is put into 100 ml
plastic sylinders. Because these are dust samples, the volume (100 ml) is greater than the
volume of a natural sample with equal weight. Increasing the volume in the formula of
apparent magnetic susceptibility will give lower susceptibility. Hence, the susceptibility of
the drill-dust samples, presented in this report, are too low relatively to the susceptibility
of natural samples. Still, the relative difference between the susceptibility values is correct.
The results from chemical analyses are taken from Korneliussen 1994,

2.2 Field measurements.
The profiles were marked out using compass and measuring tape. The lines were marked

every 25 m with sticks with a coordinate inscription. The distance between measuring
points were 12.5 m and 6.25 m. The magnetic survey was carried out using two Scintrex
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MP-3 proton magnetometers with an accuracy of + 0.1 nT. One of the magnetometers
served as base station for correction of diurnal variations. The magnetic conditions were
very stabile during the days of surveying. When measuring, the probe was placed c. 2 m
above the ground.

3 RESULTS AND COMMENTS
3.1 Laboratory measurements

The results from susceptibility measurements and chemical analyses are presented in
figures 1-5. The locations of drill-dust samples are shown in map no. 93.100-04.

Figure 1 shows content of Fe,O, in magnetite and ilmenite versus magnetic susceptibility.
The figures 2-4 show content of TiO,(total), TiO,(rutile) and TiO,(ilmenite) respectively
plotted versus magnetic susceptibility. In figure 5 content of TiO,(rutile) on TiO,(total) is
plotted versus magnetic susceptibility.

Looking at the correlations, one has to take into consideration a variable contribution from
magnetite. Figure 1 shows a nearly linear positive correlation between content of Fe,O; (in
magnetite and ilmenite) and magnetic susceptibility. Fig. 2 indicates a positive correlation
between TiO,(total) and magnetic susceptibility. Hence, the laboratory measurements
indicate that magnetometry is a method that can be of some help in finding areas with
high content of TiO,(total). Fig. 4 shows a certain positive correlation between
TiO,(ilmenite) and magnetic susceptibility. Because of the content of ilmenite (FeTiO,),
rutile ores should give increased magnetic field relatively to the surrounding rocks. The
measurements on drill-dust samples from the location show no correlation between content
of TiO,(rutile) and magnetic susceptibility (Fig. 3). In this case it can be concluded that
areas with high content of TiO,(rutile), will probably not appear as magnetic lows, as
expected. One condition, for this to happen, is that the initial material is homogeneous and
also that no other magnetic minerals are involved. Figure 5 indicates a negative correlation
between content of TiO,(rutile) on content of TiO,(total) and magnetic susceptibility. This
might be explained by alteration of medium magnetic ilmenite to low magnetic rutile.

3.2 Field measurements

Results from total magnetic field surveying are shown in maps no. 93.100-02 and -03.
Based on these maps a magnetic interpretation map was made (map no. 93.100-04). This
map shows the investigated area devided into low (< 49800 nT), medium (49800 nT-
51200 nT) and high (> 51200 nT) magnetic levels. The map shows that Sgrdalshaugen
appears with great variation in magnetic level. Both in the southern part and northern part
of Sgrdalshaugen the survey was impeded by very rough terrain. The profiles 4600 X,
4700 X and 4800 X should be extended northwards, but this was not possible.
Nevertheless, the present results indicate that the magnetic high south of the
Sgrdalshaugen make a turn on its western side, and continues north of the Sgrdalshaugen.
A similar complex magnetic pattern with magnetic highs (> 51200 nT) and lows (< 49800
nT) is seen west of Saurdal between the profiles 3300 X and 4100 X. The anomalies are
delimited by the line 4900 Y in the south and the line 5600 Y in the north. These
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anomalies probably indicate an eclogite of Saurdal type. Apart from these two strictly
delimited anomaly areas, the magnetic values lie around 50500 nT. Any eclogite of
Saurdal type may probably be found by studying areas with this kind of regional anomaly
pattern.

The drill-dust samples, taken along the profiles crossing the location, are, as mentioned,
analysed on the content of TiO,(total), TiO,(rutile) and TiO,(ilmenite). Based on the
location of the samples within the investigated area, one has tried to give a detailed
picture in the figures 2-4. The tables 1-3 show a general view of how analyses (values) are
distributed on magnetic levels. Dealing with these values, one has to be aware of that the
analyses represents values from the upper 20 cm of the rock, while magnetic values are
influenced by a much greater volum of the rock. One must also take into consideration
some uncertainty when drawing the locations of the samples on the map. Hence, the tables
must be regarded as a broad general view.

Table 1. TiO,(total)-analyses on drill-dust samples distributed on magnetic levels.

TiO, (total)
Magnetic level
3-5% >5%
High 344 % 312 % 344 % 100 %
(> 51200 nT) 11 10 11 32
Intermediate 40 % 40 % 20 % 100 %
(49800-51200 nT) 20 20 10 50
Low 60 % 33.5 % 6.7 % 100 %
(< 49800 nT ) 9 5 1 15

As can be seen from table 1, the samples are not evenly distributed within the three
magnetic levels. There are only 15 samples within the magnetic lows (< 49800 nT).
Looking at all samples, the susceptibility measurements indicate that there is a weak
positive correlation between content of TiO,(total) and magnetic susceptibility (Fig.2).
Table 1 shows the same trend, but it also shows that magnetic highs are no guarantee to
great content of TiO,(total). Samples collected within the magnetic highs are evenly
distributed on the three groups of TiO,(total). In areas with intermediate total magnetic
field, there are a majority of samples (40 %) with a content of 3-5 % TiO,(total) and
samples containing less than 3 % TiO,(total) (also 40 %). Within magnetic low areas,
there are a majority of samples (60 %) containing less than 3 % TiO,(total).

Generally speaking, susceptibility measurements indicated no correlation between content
of TiO,(rutile) and magnetic susceptibility (Fig.3). Hence, it is not possible to say for sure
that rutile-rich zones will appear as magnetic lows on the interpretation map. Table 2
confirms this statement. The majority (67 %) of the samples within magnetic lows contain
less than 1.5 % TiO,(rutile). Within intermediate magnetic areas, 58 % of the samples
contain less than 1.5 % TiO,(rutile), while 63 % of the samples within magnetic highs
have a TiO,(rutile) content between 1.5 % and 3 %. This shows that most samples within



low and intermediate magnetic levels, have low TiO,(rutile) content, while most samples
within magnetic highs have intermediate TiO,(rutile) content. Even though the relative
growth of rutile (% TiO,(rutile) / % TiO,(total)) was greatest within magnetic lows, it
looks like the content of TiO,(rutile) is positive correlated with magnetic highs. This has
to be associated with a low starting content of TiO,(total) (cf. table 1). No magnetic level
suggests itself as rich on TiO,(rutile) (i.e. > 3 %), but most samples within magnetic highs

have a content of TiO,(rutile) between 1.5 % and 3 %.

Table 2.
levels.

TiO,(rutile)-analyses on drill-dust samples distributed on magnetic

TiO, in Rutile

Magnetic level | - 159, | 153% | >3% 2
High 281% | 625% | 94% | 100 %

(> 51200 nT) 9 20 3 32
Intermediate 58 % 28 % 14 % 100 %

(49800-51200 nT) 29 14 7 50
Low 666% | 267% | 67% | 100 %

( < 49800 nT ) 10 4 1 15

Table 3.
levels.

TiO,(Ilmenite)-analyses on drill-dust samples distributed on magnetic

TiO, in Ilmenite

Magnetic level

<3% | 35% | >5% )X
High 50 % 34.4 % 15.6 % 100 %

(> 51200 nT) 16 11 5 32
Intermediate 68 % 18 % 14 % 100 %

(49800-51200 nT) 34 9 7 50
Low 86.6 % 6.7 % 6.7 % 100 %

(< 49800 nT ) 13 1 1 15

Table 3 indicates a positive correlation between TiO,(ilmenite) and magnetic level.




CONCLUSION

The magnetic survey shows that Sgrdalshaugen is characterized by a complex magnetic
pattern of alternating magnetic highs and lows. An area with similar variations between
magnetic highs and lows, is detected to the west of Saurdal. This anomaly may indicate an
eclogite of Saurdal type. Other eclogites of Saurdal type can probably be found by
studying areas with this kind of anomaly pattern.

Laboratory measurements on drill-dust samples from the eclogite, show weak positive
correlation between content of TiO,(total) and magnetic susceptibility. The same effect can
be seen when plotting TiO,(total) as a function of measured magnetic level. However,
magnetic highs are no guarantee to great content of TiO,(total).

The ratio of % TiO,(rutile) to % TiO,(total)) is greatest within magnetic lows, which
might be explained by alteration from medium magnetic ilmenite to low magnetic rutile.
Still, content of TiO,(rutile) is poor within magnetic lows because content of TiO,(total) is
low.

Laboratory analyses indicate poor correlation between content of TiO,(rutile) and magnetic
susceptibility. However, plotting TiO,(rutile) versus measured magnetic levels shows that
greatest content of TiO,(rutile) is connected to magnetic highs. This has to be assosiated
with high content of TiO,(total).

Hence, it seems clear that magnetic highs can be of interest concerning high TiO,(rutile)
content. The ratio of TiO,(rutile) to TiO,(total)) being greatest within magnetic lows,
indicates that any magnetic low that may have high TiO,(total) content, could be of
interest as well.
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Figure 1. Drill=dust samples, Saurdal
% Fe203(magnetite+ilmenite) vs. Magnetic susceptibility
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Figure 2.

Drill—dust samples, Saurdal
% TiO2(total) vs. Magnetic susceptibility
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Figure 3. Drill=dust samples, Saurdal
% Rutile vs. Magnetic susceptibility
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Figure 4.

% Ti02(llmenite)

Drill—dust samples, Saurdal
% Ti02(llmenite) vs. Magnetic susceptibility

Magnetic susceptibility
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Rel® Rutile

Figure 5.
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