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INTRODUCTION

The Vakkerlien deposit is a nickel-copper ore discovered and investigated by
Sulfidmalm in the period 1975 - 1978. The ore is associated with a gabbro
lens which lies in Caledonian (cambro-silurian schists). The deposit has a
very special form forming a ca. 1.3 km long rular or cigar shaped body

with a weak plunge to the south. At its northern extremity the ore subout
crops. The ore cross-section is small: width 25 - 40 m and thickness up to
T m.

The deposit has been subjected to a number of electrical surveys all of which
indicate that the ore is a good electrical conductor. V.L.F. surveys give good
indications.

The deposit has also been investigated by an extensive drilling program and
the ore cross—section is relatively well known along the entire body.

The continuation of the deposit towards the south is at the moment uncertain.
Increasing thicknesses of conductive overburden, increase in depth to top of
ore and tectonic disturbances have made investigations difficult.

It was realized that the body was well-suited to testing by down-hole V.L.F.
techniques, This geophysical method is at the moment being investigated by
BVLI (Mining Industry Research Division) of which Sulfidmalm is a member.
Sulfidmalm offered BVLI the opportunity to test the deposit and at the same
time we hoped to obtain some positive information concerning the southerly con-
tinuation of the deposit.

THE SURVEY

The survey was carried out in two periods, 21.-22, June and a period in
September. F. Hansen, Sulfidmalm, and @. Logn and S. Paulsen BVLI carried
out the work.

The deposit has mainly been drilled off with vertical drillholes in profiles
at right angles to the ore axis. The distance between profiles is usually
100 m. (See pl. 1), and distance between holes in the profiles is usually
10 m. (See pl. 2-14). The drillholes are not measured for deviation.

A number of holes were chosen for surveying — holes on either side of the
body were preferred. In addition some holes that intersected the ore were
also measured.

The sender stations used were NAA (17.8 kHz) and FUO (15.1 kHz). A total

of 33 holes were measured using the American station (NAA) and 6 holes using
the French station (FUO}.

Readings were taken for every 2.5 m. In certain holes it was experimented with
both 5 and 10 m intervals results, however, indicate that readings over 2.5 m
are necessary.

The V.L.F. probe measures the field component along the drillhole {VD)
relative to the maximum horizontal field component (llo) on the surface at the
hole collar. As all the holes, apart from one (DDH 6, pl. 3), are vertical,
we are in reslity measuring the relation between the vertical field at depth
D and the horizontal field Ho on the surface. The real and imaginary parts
of this complex relationship (in %) are determined at each measuring point
{pl. 2-14 where curves are shown for both real and imag. components).

The survey was carried out without any major problems.

e P -
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RESULTS

Measurements taken in the same hole with signals from both NAA and FUO show

that NAA gives the best results. This is in accordance with the station directions
(pl. 1), where we see that NAA wavelength has a much more optimal direction

than FUO. All conclusions are therefore based on the NAA results,

The results are presented in platas 2 - 14, The real component is drawn with
a continous line between points, the imaginary components value is given by a
cross and drawn by a discontinucus line.

It can be seen from all the sections that the ore gives anomalies {which reflect
as curve max. or min.) in drillholes which:

1) Intersect the ore flanks {east or west side).
2) Pass just outside the ore both on the east and west sides.

3) Pass up to a distance of 50 m from the ore. {Profil 650 S pl. 6).
In the same profile at a distance of 80 m from the ore a very weak curve
maximum is developed at the "right' depth but this cannot be said to be
indicative. It does seem, however, that for an ore type such as Vakkerlien
a possible "identification distance" of 50 m is possible st the present time.

The real and imaginary curves show some interesting features.

1) Maximum and/or minimum values correspond to a central line through
the deposit.

2) Meximum (+ve) for the real comp. is found on the western side of the ore
whereas the minimum (-ve) is found on the eastern side.

3) The opposite to 2) is the case for the imag. comp.

L) In the vicinity of the centre of the ore the curves change character and
a "8" shape (pl. 3 and 5) is developed instead of the usual "U" shape
developed on the flanks.

5) The measurements taken in the central parts of the body don't show a
marked low field within the ore which one would expect when this is a
good electrical conductor. However, in these holes both the real and
imag. component show a change in sign (+ve, ~ve), when the hole passes
the ore boundaries (hanging and foot walls).

6) This change in sign is not observed in holes that intersect the flanks
of the ore

On the whole the real and imaginery anomalies are of the same order of megnitude
and show clear maximums and minimums on the ore bodies' eastern and western
flanks. There are, however, exceptions, as the following table shows:
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PROFILE REAL ANOMALY IMAGINARY ANOMALY
WESTERN EASTERN WESTERN EASTERN
FLANX FLANK . FLANK FLANK
250 S - max = + 75% - min = - 66
350 8 - max = +112% - max/min = 0%
450 S - mex = +122% - min = -1107
550 S - max = +100% - max/min = 0%
650 8 min = -110% max = +160% max = +122% min = -122%
750 8 min = - 82% - max = + 84% -
850 S - max = +123% - min = -125%
950 S min = - 85% max = +136% max = + 150 min = -152%
1050 S min = -135% max = +125% max = + 55% min = - 50%
1150 8 min = -140% max = +150% mex = + 10% min = -120%
1250 S min = -132% - min = - 13% -
1300 S min = - 80% ? min = - 55% ?
1400 S min = - 43% - min = - 15% -

-~ no measurements

7 uncertain where hole has intersected ore body

A very characteristic feature is apparent from the table:

A) On the western flank of the ore body the real component shows a negative
minimum, where the value is dependent on the distance between the ore and
the drilihole. The average minimum for 8 holes is - 101%.

B) The real component shows a corresponding positive maximum on the eastern
.flank. The average max for 9 holes is + 1229.

The real component in the drill-holes lying on the flanks of the ore body

seem to indicate a "one way" current concentration which flows near to the

central portions of the ore cross—section, as indicated by pl. 15 where one

has displayed a circular field from a straight current concentration. As

mentioned previously, in the vertical drill-holes we are measuring the vertical

component of the field strength and it should be noted that above and below

the central parts of the ore there are no vertical components (see pl. 15)

The secondary electromagietic field around the ore body is therefore not a
result of induction by the primary E.M. field in the ore. Induetion in the
ore body would have resulted in opposite directed current-concentrations
over the east and western ore margins, however, in the ca. 50 m wide ore bedy
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the two opposite current concentrations lie quite close to each other and
the corresponding circular E.M. fields from the currents will to a certain
extent cancel each other out, especially near the surface, where the depth
to ore is generally the same as the ore width.

It seems most probable that it is the V.L.F. waves' electrical field that
indirectly causes the strong secondary fields around the ore body. If we
assume that:

A) The VLF wave to a certain extent is horizontally polarised when it pene-
trates the ground (i.e. the electric field has an horizontal component ),
and that

B) the ore-body acts as a receiver antenna for the polarized wave,

then alternating current (voltage) will be developed in the antenna i.e. the
ore-body. As the antenna has good electrical connection with earth at the
sub-outcrop of the ore-body, it is possible that the ore-body can behave as
a quarter wave-length antenna and that alternating current will arise in the
ore~body which in turn causes a cirecular secondary E.M. field around the ore.

There are two factors that are important for the amplitude of the currents in the
"ore antenna'.

A) The length of the ore-body. The known length of the ore-body is ca. 1/10
of the wave length of NAA which is ca. 17 km.

B) Good electrical connection to "earth"., Swampy conditions at the ore sub-
outcrop should give good contact.

It is probable that secondary V.L.F. fields around electrical conductors are
caused by a combination of a voltage generated by

a) the electriecal field and

b) the magnetic field which effect is the more dominant will depend on the
physical conditions (ore plate, ore dip, strike, wave direction etc.).

The amaginary component (see table) shows mainly a similar picture as the real com-

ponent (between 650 S and 1150 S) however, with opposite sign i.e. positive maximun

on the western flank and negative minimum on the eastern flank. To the north

and south of this "central ore portion' there is a deviation from the normal

picture.

A} Between 250 S and 650 S there are twe holes on the esastern flank (in profile
305 5 and 550 8) which don't show a clear maximum/minimum in the imaginary
component when passing the ore.

B) South of 1150 S the imeginary components maximum on the western flank is
replaced by a weaker minimum.

In case A) increases in ore thicknesses have been registered in the mentioned
profiles and in case B) Lhe southern area, various irregulaerities in the ore
distribution have been noted. Whether these irregularities can cause the noted
variation in the imaginary component is not clear, but it is regarded as an
important observation.
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CONCLUSTONS

A)

B)

GENERAL

The down-hole V.L.F. measurements in vertical holes at Vakkerlien have shown
good results. The equipment works well and is relatively easy to operate.
Clear anomalies are recorded on the flanks of the ore body and the results
indicate to which side of the hole the ore body lies. Results from profile
650 S seems to indicate that the ore can be indicated with relative certainty
at a distance of 50 m., Results can also indicate if holes are drilled

deep enough.

P.E.M. ANOMALY

Results of a pulse E.M. survey carried out in 1977 indicated a possible
parallel conductor to the east of the Vakkerlien body. This "anomaly' was
tested by three drill holes which proved negative. These holes on 650 S have
been surveyed with down-hole V.L.F. and the results concur with the drilling
and indicate no new lateral orebody.

CONTINUATION OF THE OREBODY TO THE SOUTH

During the 1975 drilling of the Vakkerlien deposit the ore body was "lost"
in the south mainly due to lack of surface geophysical response. C.P.
measurements indicated an electrical bresk in this region, and drill logs
indicated the presence of a late acid intrusive invading the gabbro from
the west. These facts coupled with a believe that the ore might be offsett
led to sporadic and widely spaced drilling in the scuth to try and pick

up the extention of the gabbro. No new mineralization was discovered.

A reappraisal of the original data and the results of some subsequent work
have thrown new light on the problem and the most relevant question inthe
continued exploration of the Vakkerlien ore body is whether the ore body

A)

B)

Thins and wedges out around profile 1400 S or

The ore body is cut and/or faulted in the area 13p0 s— 1400 S, but continues
south beyond this break.

The down—hole V.L.F. survey dces not give a clear answer to this question.
However, a number of factors would seem to suggest that the ore body does
continue,

1)

2)

In the region 1150 - 1200 S the ore body is Bt its greatest width (indeed
down hole V.L.F. in DDH L8 msy suggest that the ore extends even further
east than was previously known). If we regard Vakkerlien as the boudinaged -
body that it seems to be, then statistically one would expect a considerable
southerly extention before thinning out takes place.

Surface geophysics (V.L.F. and TURAM) although heavily masked by increasing
thicknesses of conductive overburden and increasing depth to the ore body,
do give anomalous results. Detailed V.L.F. measurements carried out in
1978 give similar anomalies on profiles 1300 S - 1350 S and 1400 S. Turam
measurements indicate a continous but weak anomaly to 1700 § - picking up
again on 1850 S and continuing off grid at 2400 §.
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3) Gabbro with weak mineralization is in fact intersected on profile 1400 S
in holes 42 and k1.

4) In DDH 94 on 1850 S a one meter intersection {106 - 107 m) of marginal gabbro
with schist inclusions has been identified., Very minor sulphides are present.

5) Drill hole logging and surface geology in the critical area indicate that
a later acid intusive strikes in from the west and cuts the gabbro (DDH 92
is drilled entirely in this rock type).

Looking only at the down-hole V,L.F. results the following comments can be
made:

A) DDH 92 (profile 1350 S) gives a clear indication of a western flank
anomaly.

B) DDH L2 gives a western flank indication.

C) DDH 4l gives a very weak and dubious imag. comp. snomaly? at ca. 120 m.
If this anomaly is a reality then the responsible conductor is at a good dis-
tance from DDH L4, probably in the 100 m range.

In pl. 14 the ore cross-sections in profiles 1150 S, 1250 S and 1300 S have
been projected on to 1400 S. It can be seen that DDH 41 and 42 have been
drilled a relatively short distance under the ore level in profile 1300 §
and that the intersections obtained in holes k1l and 42 maybe "inclusions of
gabbro" in acid intrusive and do not represent the main body.

There are no clear indications in DDH L1 but this might only mean that the
fields above a possible ore position &s indicated in pl. 1k are horizontal
in this hole. (compare pl. 15).

The highly uncertain indication in DDH 4l fits in well with the postulated ore
position.

As mentioned previously these results give no clear indications of whether the
ore thins out or is cut off and continues.Both explanations are geophysically
acceptable.

The indications in holes 42 and 48 may indicate that the body has been moved
eastwards and the geophycisist has postulated a simple lateral faulting as
shown in pl. 16.

However based on a combination of all the available dats as presented above,

it seems more probable that the model presented in pl. 17 is the more plausible.
- the ore being cut by a later acid intusive and continuing south beyond

the break. This picture also satisfies the down hole V.L.F. data.

RECOMMENDATTIONS

It would seem that there is a reasonable chance that the Vakkerlien ore-body
continues south of line 1300 S. To test this it is recommended that holes

48, 42 and 41 be deepened and surveyed with down-hole V.L.F, If ore is
intersected a desicion can then be taken on the form of a further drilling plan.
Hole 94 should also be opened and surveyed with down-hole V.L.F. Results of this
survey will indicate if drilling is necessary. Once ore has been intersected
C.P, will become a usefull tool. :
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A future application that may be possible if we regard the orebody as an "antenna"
is that by measuring the voltage distribution within this "antenna-like ore-
body" we may be able to predict roughly the length of the orebody relative

to the transmitters wavelength. (i.e. if the Vakkerlien body has one or two
times the known length or whether the known length constitutes most of the

ore body). This intriging idea is being looked into at the moment.
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PREPARING PROBE FOR DOWN HOLE VLF SURVEY
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