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Appendices:

The magnetic survey shows in the Bruvann area that
all rocks of the area are very weakly magnetized
but mineralized parts have higher magnetic
susceptibilities than the waste rocks. This
coincides well with petrophysical determinations
carried out from some rock samples. Massive ore is
also clearly conductive. The host rocks densities
are close 3 g/cm3 and increase according to
mineralizations.

Because the magnetic interpretation shows some ore
potential areas the work could be continued
directly by a few prospecting drill holes. A weak
conductor supports the interest of the magnetized
area no. 6, too. In the western part where the E-W
structures are turning to the south the magnetic
survey could be improved by E-W trending profiles.
If drilling gives positive results geophysics is
recommended to continue by the ground and drill
hole EM soundings.

Report: Interpretation of the magnetic and EM
surveys at Réna (Arneshesten), Norway, 1993,

List of determined petrophysical parameters of
Bruvann deposit, 1993.
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1. Introduction

This report describes the geophysical surveys carried out in
the Rdna area during the spring 1993 and the interpretations
of the measured data.

The surveys were planned in cooperation by Aimo Hattula /
Outokumpu Finnmines Oy and T. Ahokas / GX Consulting. The
supervision during the fieldwork as well as the magnetic

interpretations were done by T. Ahokas.

The plans of the surveys based on the earlier geophysical data
and all the available geological information.

The main purpose of these measurements was to solve the
possibilities to find some more ore inside or around the known
deposit.

2. Fieldwork

Systematic magnetic and horizontal loop EM surveys (Slingram)
were carried out in the area of about 3.2 km2. Unfortunately
it was not possible to measure the NE part of the planned area
because of very steep mountainside and there exists also the
dump heap of the mine.

There exist many disturbing sources (iron scrap, etc.) in the
area disturbing especially the magnetic data. Those disturbing
anomalies are often quite local but their intensities are much
higher than the intensities of the anomalies caused by rocks.
These "extra" anomalies are mostly very sharp and they can
also be negative or positive compared to the base level of the
magnetic field in the area.

In the horizontal loop EM survey three different frequencies
110 Hz, 1760 Hz and 7040 Hz were used and the coil separation
was 100 m.

The distance between measured points was 10 m in the magnetic
survey and 20 m in the EM survey. The line separation was 100
m in both measurements.

In addition to the systematic survey also one long magnetic
profile {(NNE - SSE) was measured to find out the base level of
the magnetic field. Orientating by a map was used to locate
the profile but it was also bound to the grid of the
systematic survey.
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The surveys were carried out by a contractor Suomen Malmi Oy
during April 1993.

The location map is shown in the figure 1, the magnetic map in
the figure 2 and the EM maps in the figures 8a - 10b.

Interpretations

3.1 EM (Horizontal loop, Slingram) interpretations

The EM survey showed a conductive schist zone to the south of
the known mafic intrusion. To the north of that, near the
boundary of the intrusion there exists another, clearly weaker

anomaly. It could be caused by a mineralized part of the
intrusion.

There exists also a good conductor near the northern boundary
of the intrusion but the interpretation in that area is not
very reliable due to too few measured values (the measurements
were limited by the dump heap).

In the western part of the area there are many nearly N - S
trending conductors causing positive anomalies instead of
"normal" negative anomalies. This is due to the direction of
the measurements.

The EM interpretations are done by Aimo Hattula and the
results are shown in the figure 3.

3.2 Magnetic interpretations

According to the magnetic interpretations there exist only
weakly magnetized rocks in the area. Anyhow of these rocks the
intrusion and most obviously the mineralized parts of it have
the highest susceptibilities.

Because the magnetic anomalies are quite weak and there exist
all over the area some small variations in the magnetic data
(probably due to heterogenously magnetized intrusion) it is
not possible to make very exact interpretations. Many
disturbing sources in the mine area caused also some troubles
in the interpretations (anomalies caused clearly by
civilization were ignored). In the interpretations discussed
in this report it is anyhow tried to determine the boundaries
of the intrusion and especially to detect ore potential areas
inside the intrusion or near it.
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In addition to the measured (N - S direction) profiles also
many perpendicular profiles picked up from the measured data
were interpreted to create a magnetic interpretation map shown
in the figure 4. Also those areas, where quite highly
magnetized rocks exist are drawn in this figure. These areas
are ore potential. Some of the interpreted profiles are shown
in the figures 5a - 6d. Here I would like to point out that in
the interpretation profiles the interpreted bodies inside the
intrusion are not necessarily separate rock types (and they
don't have very sharp boundaries) but they represent mainly
the variation of the susceptibility values.

According to the long magnetic profile shown in the figure 7
there exist only very weak anomalies outside the
systematically measured area and there are no areal changes in
the magnetic base level to take into account in the
interpretations.

In the next chapters there are more detailed comments on some

parts of the measured area given. These subareas are numbered

from 1 to 8 in the magnetic interpretation map in the figqure 4
and in the interpretation profiles in the figures 5a - 6d.

In the interpretation map in the figure 4 it is possible to
see an anomaly like a tongue pointing to the south in the
southwestern corner of the intrusion but unfortunately it is
possible to detect it only in the data of one profile (profile
2000E) . According to the interpretations this anomaly (number
1 in the figures 4, 5 and 6a) is caused either by a schist
around the intrusion or by a part of the intrusion itself. EM
survey, carried out earlier, detected at the same site a deep
seated conductor so that there could exist a mineralization.
In the interpretations in the figures 5a and 6a there are only
very rough approximations of the dimensions of that anomalous
body shown (about 150 m thick and over 300 m long, almost N -
S trending). To get more reliable interpretations I recommend
that there should be more magnetic profiles (W - E direction)
measured in this limited area.

The ore potential area marked by number 2 in the figure 4 is
that part of the intrusion, where the so-called "West ore" is
situated deeper ending at the western edge of the intrusion.
This western end of the intrusion seems to be very steep. The
detected anomalous body number 2 causes the strongest anomaly
near the profile 2300E (see the figure 5d) meaning that the
centre of the upper surface of this body must be near this
profile. This ore lens is situated so deep that it is not
possible to interpret its dimensions very exactly but anyhow
there is one possible interpretation of it shown in the figure
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5d showing also how small the anomaly caused by a deep seated
magnetized body really is.

The anomalous area to the NW of the intrusion (number 3 in the
figure 4) could mean that the intrusion and the ore potential
part of it are dipping to the NW but it is also possible that
the anomalies there are caused by pyrrhotite bearing schists
around the intrusion.

In the data of the profile 2300E (figure 5d) there is a sharp
anomaly at the northern edge of the intrusion and near it
there exists also an anomaly in the EM results. It is possible
that there exist some disturbing sources on the ground but
there may also exist a narrow ore lens near the ground
surface. This anomaly is number 4 in the figure 4. On the same
profile there is also another narrow anomaly near the southern
boundary of the intrusion (number 5 in the figure 4) and
according to the EM interpretation it seems to be a medium
good conductor.

It would be possible (and partly it is possible) by magnetic
interpretations to determine the extent of the so-called "East
ore" to the east of the fault (cutting the intrusion into two
pieces) because this ore lens is very near the ground surface
but unfortunately the measurements are insufficient in that
area and already part of the ore is mined off. Anyhow this ore
lens is roughly drawn (according to the magnetic data
available) in the interpretation map in the figure 4.

Between the profiles 2500E and 2900E the southern boundary of
the intrusion is anomalous (number 6 in the figure 4). Partly
in the same area there exists a gquite weak EM anomaly. This
may mean that this part of the intrusion is mineralized.

The anomalous area number 7 in the figure 4 seems to consist
of small pieces but it is quite distinguishable (see the
interpretation profile 3100E in the figure 5j). This anomaly
may continue to the east, outside the measured area.

In addition to the anomalous parts described above there exist
some signs of possibilities to have mineralizations in the NE
corner of the intrusion (number 8 in the figure 4) but there
is not data enough for interpretations.

The schists in the western and NW part of the measured area
include also some parts with stronger anomalies but I think
that they hardly are ore potential.
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4. Conclusions and recommendations

In spite of some small limits caused by the topography and the
mine area it was possible to get very good information of the
geological structures and the possibilities to have more ore
in the area by the magnetic and EM surveys.

According to the EM measurements there exist very few
conductors in the area and of the detected anomalies the
strongest ones are caused by earlier known schists.

By magnetic survey it was possible to determine the boundaries
of the intrusion qguite exactly although it is very weakly
magnetized. It also seems to be so that the mineralized parts
of the intrusion have higher susceptibility values than the
other parts. This is confirmed by some determinations of the
petrophysical properties of rock samples. So in the
interpretations it is mainly paid attention to the variation
of the susceptibility values inside the intrusion (showing the
mineralized parts of the intrusion) and to the possibilities
to have ore deposits nearby. By this kind of interpretations
some ore potential areas discussed above are detected (see the
subareas numbered from 1 to 8 in the figure 4).

Although it is difficult to prioritize the interpreted ore
potential areas the western and SW parts near the southern
boundary of the intrusion are perhaps the most interesting
ones (numbers 1, 5 and 6 in the figure 4). The possible
mineralizations in the NW part of the intrusion are quite deep
so that there must be used some other geophysical methods to
solve this problem (for instance EM=-37 or Gefinex 400).

There exist many interesting ancmalies near the eastern edge
of the measured area but unfortunately it was not possible to
get data enough of that area due to very steep and slippery
mountainside.

As the follow up work before drilling there should be some EM
surveys using equipments with better depth penetration carried
out both on the ground surface and in the drill holes,
especially in the northern or NW part of the area, where the
possible mineralizations can be deeper. I also recommend that
there should be some W - E trending magnetic profiles measured
to the SW of the intrusion around the anomaly number 1 in the
figure 4. Also by gravity survey it would be possible to
separate mafic rocks from the other rock types but the survey
must be more detailed than done by NGU earlier in this area.
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O outokumpu mining
R FANNMINES
Aimo Hattula 2.8.1993

PETROPHYSICAL DETERMINTIONS BRUVANN DEPOSIT IN RANA AREA, NORWAY

1993
SAMPLE SUSC. DENSITY RESISTIVITY
Hole depth legend SI/10E-5 g/cm3 ohm-m
B173 12.60 perid./good diss. 247 3.58 1.0E-03
B183 33.10 perid./med. diss. 120 3.38 2.0E-01
- B183 39.35 perid./garnet 128 3.35 2.0E-02
. B183 41.20 pyroxenite 103 3.20 3.0E+05
B183 44.80 gneiss 231 3.04 1.0E+05
B184 2.40 perid./med. diss. 266 3.34 4.0E+05
B184 8.00 gneiss/garnet 188 3.05 6.0E+04
B184 9.90 hbl gneiss 197 2.97 3.0E+05
B184 25.80 green pyroxenite 206 3.18 3.0E+05
Massive ore 474 4.63 1.0E-03
Leopard ore 723 3.70 1.0E-03
Norit, coarse 185 2.95 1.0E+06
B1g2 0.90 214 3.29 1.0E+06
B192 23.00 746 3.37 1.0E+01
B192 26.50 223 3.15 6.05+05
B1S2 27.70 163 2.96 8.0E+05
B192 32.80 146 3.04 6.0E+05
B192 375.00 20 2.81 1.0E+06
Bl92 385.00 144 2.95 3.0E+05
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