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Summary
A magnetic survey has been carried out on the Nesodden quartz vein, Hordaland county
around 53 km south-east of Bergen. The purpose of the survey was to map the limits of
the quartz vein and to estimate a minimum depth extent of the vein. The assumption was
that the vein is more or less non-magnetic whereas the host gneiss rock carries some
magnetization.
The survey area is located on a rather steep hill-slope and some stations were not
possible ta access and some stations had to be moved sideways. A good coverage of the
quartz vein was still achieved. A total of 1502 survey stations were measured,
corresponding to approximately 7.35 line-km.
Magnetic variations in the survey area turned out to be quite weak. A negative magnetic
anomaly, corresponding to lower than normal magnetization, could still be recognized.
This magnetic anomaly is more or less at the same position as the previously mapped
quartz vein.
The magnetic data have been modelled with both prismatic bodies and with voxel based
inversion. Potential field data cannot be uniquely modelled and it is therefore not
possible to unambiguously estimate the depth extent of the quartz vein. However, if
realistic petrophysical parameters and geological structures are considered in the
modelling, it seems likely that the vein continues to at least an elevation of 100 to 150 m
above sea level. Such a level would be around 60 to 110 m below the present lowest
exposed elevation of the vein. There is nothing in the data that says that the vein cannot
continue even deeper.
The dip of the body is not well constrained from the magnetic data, but a steep dip
towards north-west fits the data well. This is also consistent with field observations.
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1

Background

1.1

Scope of study

A magnetometry survey has been carried out at the Nesodden quartz vein on behalf of
Nordic Mining. The measurements were carried out during the period 11/10 to 13/10
2012. The purpose of the study was to investigate if the quartz vein has magnetic
properties (presumably non-magnetic) that are in contrast to the Proterozoic host rocks.
In such a case it might be possible to map the vein by magnetic surveys and also to
verify if it has a depth extent that is significant enough for mining.
The acquired magnetic data have been modelled with prismatic bodies and with voxel
based inversion.

1.2

Disclaimer

The type of work conducted and presented in this report, is by nature strictly an
interpretation. There are always ambiguities in both quantitative and qualitative
geophysical interpretation. Also, the estimated petrophysical parameters of rock
volumes have no direct relation to the possible economic value of a mineralization.
Thus, any decision made based on the outcome of this work is solely on the client’s
responsibility.
It is incumbent upon the client to check and approve the data and results delivered and
as soon as possible notify GeoVista AB of any complaints or remarks.
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2

Survey

2.1

Location

The survey was carried out at the Nesodden quartz vein in Hordaland County in western
Norway (Figures 2-1 and 2-2).

Figure 2-1. Location of the survey area in western Norway (red symbol).

2.2

Topography, geology and magnetic properties

The survey area is located at a rather steep, north-west facing slope around 850 m from
the Kvinnherad fiord (Figure 2-2). A stream flows across the survey area and the vein is
exposed at a waterfall along this stream. The bedrock geology is marked as “granite to
granodiorite” in the 1:250000 geological map of NGU (Figure 2-3), but the host rock is
gneissic in nature according to the mapping presented by Drivenes and Kleppe (2011).
The vein has been mapped in detail by Drivenes and Kleppe (2011) and the ~50%
quartz border is shown in Figure 2-4. The magnetic susceptibility of the quartz vein can
safely be assumed to be very low. Little was known about the magnetic properties of the
gneissic host rock before the survey. Granite-gneisses commonly carry small amounts
of magnetite and dark minerals like e.g. biotite and hornblende are paramagnetic. It was
therefore reasonable to assume that the host rock is more magnetic than the quartz vein
and that the vein would show up in the magnetic data as a negative anomaly.
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Figure 2-2. Map of the surroundings to the survey area. The Nesodden quartz vein is
located in the central part of the map (red symbol), south-east of the Kvinnherad fiord
(Statens Kartverk, www.statkart.no).

Figure 2-3. Geological map of the surroundings to the survey area. The Nesodden vein
is located in the central part of the map (NGU 1:250000, www.ngu.no). The
surrounding rocks to the vein are marked as granite to granodiorite in this map.
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2.3

Navigation

Survey stations were located in the terrain with handheld GPS receivers with external
antennas. The absolute horizontal accuracy is estimated to around ±2 to 5 m. Relative
accuracy within the survey grid is however better. Coordinates are given in UTM zone
32N (WGS84).

2.4

Equipment

The survey was carried out with three GEM-systems GSM19 Overhauser
magnetometers, of which one was used a diurnal base.

2.5

Work plan and survey procedure

The survey was carried out in a regular grid with 20 m nominal line spacing and 5 m
nominal station spacing (see also under Non-conformities section below). The
coordinates for the local 0E/0N point was 335776E/ 6662044N (UTM zone 32
WGS84). The azimuth of the local coordinate system was 35°.
The diurnal base magnetometer was placed at 335972E /6662347N. All magnetic
anomalies are relative this base. No IGRF correction has been applied. The base
magnetometer readings were quite stable 11/10 and 12/10 with an average value of
50747.6 nT (standard deviation 10.2 nT). Variations were larger 13/10, but not so large
as to have caused quality problems with the acquired data.
The levels of the two rover magnetometers were checked against each other by repeated
readings at the base point. Level differences are expected to be below 1 nT based on the
test readings.
A total of 1502 stations were measured or approximately 7.35 line-km.

2.6

Non-conformities

The terrain around the quartz vein is quite steep and some locations were inaccessible
due to steep cliffs. Some stations were therefore moved sideways from their nominal
position and one area in the northern part of the area could not be covered (Figure 2-4).
Actual coordinates for the moved stations are given in the digital data. The deviations
from the nominal survey positions are not considered to have affected the final results in
any significant way.
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Figure 2-4. Survey lines (red) and mapped quartz vein, >50% quartz (Drivenes and
Kleppe 2011, black polygon). Topographic map (Statens Kartverk) in the background.

2.7

Results

The magnetic variations within the survey area were, with a few exceptions, quite weak.
The magnetic susceptibility of the host rock is obviously low, except for the
northernmost part of the area. Still, there is a linear magnetic minimum along the
mapped quartz vein. The magnetic level along this linear anomaly does however show a
trend. A linear trend was therefore subtracted from the data before map preparation and
modelling. The linear trend was set to 11 nT from 0N (local) to 260N. Such a trend can
e.g. be due to a deep magnetic source or a lithological contact outside the survey area.
The actual reason is however not important in this work. Both the original data and the
trend removed data are included in the digital delivery.
A contour map of the trend corrected data can be seen in Figure 2-5. The survey lines
are shown and labelled with their corresponding nominal local northing coordinate.
A few very distinct negative magnetic “bulls-eye” anomalies with a magnitude of
around minus 100 nT can be seen (e.g. along line 200). Such anomalies have been
checked against strong time variations in the base station readings but no correlation
was found. The negative anomalies can either be due to extreme topography at the
survey station (magnetic source above sensor) or reversed remanent magnetization. The
strong negative anomalies are considered to have nothing to do with the quartz vein.
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Figure 2-5. Contour map of linear trend levelled total magnetic field anomaly (nT). The
contour interval is 2 nT. Survey lines with nominal local northing coordinates are
overlain. Contour map of elevation (10 m contour interval) in the background.
The mapped 90% and 50% quartz borders are overlain on the magnetic map in Figure 26. The north-west border of the quartz vein corresponds well with the transition from
light blue to green colour in the magnetic contour map. The south-east border is less
obvious. Several magnetic lows are seen outside the mapped vein in this part. This is
further commented in section 4 of this report.

- GeoVista AB -- GVR12035 -

7

Figure 2-6. Contour map of total magnetic field anomaly (nT, 2 nT contour interval).
Mapped 50% quartz border (white polygon) and 90% quartz border (orange polygon).
Contour map of elevation (10 m contour interval) in the background.
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3

Modelling

3.1

Software

Profile based modelling with prismatic bodies has been carried out with Encom
ModelVision version 12. Voxel based inversion has been carried out with Mag3D from
UBC-GIF.

3.2

Uncertainties

Geophysical modelling will never result in unique models. There are a number of
uncertainties involved in the modelling of magnetic data:







3.3

Modelling of geophysical data is basically an ambiguous process. There are
always a large number of models that will fit the measured data within error
limits.
Magnetic measurements do not hold any explicit depth information. Any
magnetic anomaly can e.g. theoretically be explained by sources at the ground
surface. Realistic petrophysical parameters, geological context and geologically
reasonable geometry will however narrow down the ambiguity in modelling.
The modelling of data from Nesodden was not supported by any parameter data.
The used parameter values for different model bodies are therefore uncertain.
Full inverse 3D modelling of magnetic data is processor intensive. It is therefore
not practically possible to fully explore all possible parameter settings in the
software.
Modelling of geophysical anomalies will result in a geometrical model of
petrophysical parameters. It is not possible to transform e.g. magnetic
susceptibility to a percentage grade of an economic mineral (pure quartz in this
case), at least not without better knowledge about the mineralogy of both the
mineralized body and the host rock.

Prismatic bodies

A few selected profiles have been modelled with prism-shaped bodies (Figures 3-1 to
3-5). This modelling is basically 2-dimensional, i.e. the model bodies have constant
cross-sectional area perpendicular to the respective profile. A separate model has thus
been constructed for each profile. The modelling has focussed on the broad features of
magnetic variations along the profiles. Very local variations are of no real interest and
they have been ignored. The bodies that would correspond to the quartz vein (or
lithology with similar magnetic properties) are shown in blue colour and these bodies
have zero susceptibility or (in some case) very low susceptibility. Bodies with higher
magnetic susceptibility than the background value are shown in red. The magnetic
susceptibility for these bodies is still quite low. Short comments for each profile are
given below.
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3.3.1

Profile 100

A low-magnetic body has been modelled approximately between length coordinates 75
and 145 m (Figure 3-1). The first number fits fairly well with the mapped quartz vein
whereas the second number (the south-east boundary) is outside the quartz vein. The
low-magnetic structure is obviously a bit wider than the mapped vein at this position.
The reason is either very low-magnetic host rock at the south-eastern contact to the vein
or possibly that the vein is thicker than previously known.

Figure 3-1. Modelled section for profile 100 (cf. Figure 2-5). The blue body has zero
magnetic susceptibility. The mapped 50% quartz border for the vein is between length
coordinates 80 and 125 m along this section. Red bodies have magnetic susceptibility
values ranging from 0.00033 to 0.00089 SI units. Background (white) is at 0.00028 SI
units. Profile length coordinate 110 m is at 335923E/6662063N.
3.3.2

Profile 260

A low-magnetic body has been modelled between length coordinates 100 and 165 m
(figure 3-2). This is a bit wider than the mapped quartz vein at this position. A similar
pattern as for profile 100 above is therefore seen.
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Figure 3-2. Modelled section for profile 260 (cf. Figure 2-5). The blue body has zero
magnetic susceptibility. The mapped 50% quartz border for the vein is between length
coordinates 90 and 125 m along this section. Red bodies have magnetic susceptibility
values ranging from 0.00047 to 0.0011 SI units. Background (white) is at 0.00027 SI
units. Profile length coordinate 110 m is at 336015E/6662194N.
3.3.3

Profile 360

A low-magnetic body has been modelled between length coordinates 100 and 140 m
(Figure 3-3). This is in very good agreement with the mapped quartz vein. The dip of
the body is steep towards north-west, but even if such a dip is compatible with the data
it must be stated that it is not well constrained by the data.
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Figure 3-3. Modelled section for profile 360 (cf. Figure 2-5). The blue body has zero
magnetic susceptibility. The mapped 50% quartz border for the vein is between length
coordinates 100 and 146 m along this section. Red bodies have magnetic susceptibility
values ranging from 0.00027 to 0.00127 SI units. Background (white) is at 0.00017 SI
units. Profile length coordinate 110 m is at 336073E/6662276N.
3.3.4

Profile 460

Two low-magnetic bodies have been modelled for profile 460 (Figure 3-4). The left
(north-western) body is between length coordinates 100 to 145 m, which is in very good
agreement with the mapped quartz vein. It is separated by a thin more magnetic body to
a second low-magnetic body between 150 and 170 m. The nature of this second body is
not known. It might be a very low-magnetic part of the host gneiss, or it might be
unmapped vein quartz.
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Figure 3-4. Modelled section for profile 460 (cf. Figure 2-5). The left blue body has a
magnetic susceptibility of 0.0001 SI and the right blue body has zero susceptibility. The
mapped 50% quartz border for the vein is between length coordinates 107 and 145 m
along this section. Red bodies have magnetic susceptibility values ranging from 0.0005
to 0.00125 SI units. Background (white) is at 0.00035 SI units. Profile length coordinate
110 m is at 336130E/6662358N.
3.3.5

Profile 520

Two low-magnetic bodies have been modelled for profile 520 (Figure 3-5) in a similar
manner as for profile 460 above. The left (north-western) body is between length
coordinates 120 to 135 m, which is in reasonable agreement with the mapped quartz
vein. It is separated by a thin more magnetic body to a second low-magnetic body
between 140 and 175 m
3.3.6

Estimated depth extent

The down-dip extent of the low-magnetic bodies in Figures 3-1 to 3-5 goes to 0 m asl.
The depth extent can however be reduced without significantly changing the fit to the
data. However, the fit becomes rather poor when the depth extent is reduced to around
80 to 100 m below ground surface. It is theoretically possible to construct a model with
a low-magnetic body corresponding to the quartz vein with even smaller down-dip
extent, but the geometry of the body would be a bit peculiar and such a solution does
not seem plausible.
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Figure 3-5. Modelled section for profile 520 (cf. Figure 2-5). The left blue body has
zero magnetic susceptibility and the right blue body 0.000155 to 0.000395 SI (divided
into two parts). The mapped 50% quartz border for the vein is between length
coordinates 109 and 129 m along this section. Red bodies have magnetic susceptibility
values ranging from 0.000545 to 0.000895 SI units. Background (white) is at 0.000495
SI units. Profile length coordinate 110 m is at 336164E/6662407N.

3.4

Voxel based inversion

A voxel model represents the subsurface with rectangular blocks where physical
parameters are constant within each cell. The parameter values (magnetic susceptibility
in this case) are then iteratively adjusted until the calculated model response fits the
measured data within a specified error tolerance. An elevation model is applied so that
blocks above the terrain surface are defined as inactive. The process is basically
underdetermined since the number of model parameters (active blocks) is greater than
the number of data. Smoothness constraints are therefore applied to the solution, i.e. the
parameter value is forced to vary gently from one model block to the next. No sharp
boundaries are therefore seen in the solution.
The voxel model that was used for the Nesodden data had blocks with a size of 5x5x5 m
under the survey area. Gradually larger blocks were used for padding outwards and
towards depth. Different error limits and base values for the magnetic field were tested
and also different inversion parameter settings for the software. The modelling was not
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altogether successful, most likely due to the very weak magnetic variations in the survey
area. However, reasonable results were seen for the central-southern part of the
investigated area (Figure 3-6).

Figure 3-6. Vertical section through voxel inversion model at line 200 (Figure 2-5).
Blue colour corresponds to low magnetic susceptibility. See text for explanations.
A reference magnetic susceptibility value is specified for the inversion algorithm. Cell
blocks that are completely unconstrained by the available data will get this value (or
close to) in the final model. The reference value corresponds to red colour in Figure 3-6
and it is a bit higher than the magnetic susceptibility that has been assigned to cell
blocks at the survey area.
Volumes with a magnetic susceptibility below around 0.0005 SI are shown with bluish
colours in Figure 3-6. Three blue volumes are marked in the figure. The left shallow
volume is just at the border of the area that actually is covered by magnetic data. This
volume is thus not really constrained by data and is an artefact from the inversion and
should be disregarded. The shallow blue volume in the central part corresponds in
position to the mapped quartz vein. It shows continuity to an elevation of around 100 to
150 m asl and this can be regarded as a reasonable estimate of the minimum depth
extent of the low-magnetic structure corresponding to the vein. The inversion algorithm
indicates a steep dip towards north-west for the vein. The inversion algorithm has also
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assigned low magnetic susceptibility to a deep-seated volume in the down-dip
continuation of the inferred “vein”. This can be regarded as a speculative but still
possible continuation of the low-magnetic structure towards depth. Such a continuation
is however poorly constrained by the magnetic data.
It should be pointed out that voxel based inversion, in the manner that is has been
carried out in this work not involves any human intervention during the modelling
process. The process can therefore be regarded as un-biased or “objective” and not
influenced by foregone conclusion on the operators behalf.
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Qualitative interpretation

The major linear low-magnetic structure that can be seen in Figure 2-5 corresponds well
with the mapped quartz vein, even if especially the south-east border is a bit fuzzy in the
magnetic pattern. What can be noted in the map is that the magnetic minimum
corresponding to the vein is most pronounced between survey profiles 200 and 540.
This is also the part of the exposed vein that is at lowest elevation. This magnetic
pattern indicates that that there is no reason to assume that the exposed vein is just a
shallow feature at the lowest exposed elevations due to a deep erosional cut. Contrary,
the pattern suggests a significant depth extent in the central part since no magnetic
material underneath seem to influence the negative magnetic anomaly.
There are a number of other negative magnetic anomalies beside the main linear trend.
Some of these can probably be ruled out as possibly being caused by vein quartz, based
on the anomaly shape and context. However, some negative anomalies are elongated in
shape and almost look like off-shoots to the main quartz vein. Such anomalies are
marked with red dashed polygons in Figure 4-1. The character and context of these
negative magnetic anomalies does of course not necessarily mean that they correspond
to vein quartz. It is quite possible that some parts of the surrounding gneiss have low
magnetic susceptibility similar to the quartz vein. Follow-up work in the field is
however motivated and the magnetic susceptibility should be measured on outcrops in
these areas.
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Figure 4-1. Contour map of total magnetic field anomaly (nT, 2 nT contour interval).
Mapped 50% quartz border (white polygon). Magnetic lows that possibly can be due to
parallel veins or off-shoots are marked with dashed red polygons.

- GeoVista AB -- GVR12035 -

18

5

Conclusions and recommendations

Even though magnetic measurements carry no explicit depth information it can be
inferred from this study that the mapped quartz vein at Nesodden is not just a shallow
feature. The depth extent of the vein is estimated to at least around 100 to 150 m above
sea level in the central part of the area. Such an estimate should however be confirmed
by e.g. drilling before any mining is planned. There is nothing in the data that says that
the depth extent cannot be even larger.
A few low-magnetic areas to the south-east of the mapped quartz vein are seen in the
data. It is of course possible that these low-magnetic areas correspond to unusually lowmagnetic gneissic rock. There is however also a possibility that off-shoots to the vein or
parallel veins exist towards south-east. These low-magnetic areas should be checked in
the field.
Future field work in the area should include measurements of magnetic susceptibility on
outcrops. Such measurements would enable comparisons between field observations
and the magnetic models. Field susceptimeters are not expensive and they are quick and
easy to operate.
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6

Data delivery

The magnetometry data from the presented survey are delivered with this report in
ASCII text format and as instrument dump files (ASCII). The magnetic contour map
(Figure 2-5) is delivered in GeoTIFF format.
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