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INTRODUCTION

This report presentsthe resultsof a V.L.F.EM survey,
ground magneticsurveyand follow up I.P. in the øksetjern
grid, CentralIveland,South Norway.

LOCATION

The øksetjerngrid is locatedin the centralpart of the
Evje-Ivelandarea, north west of the Kjettevannarea,
where Sulfidmalmhave carriedout drillingprogramsout-
lining nickel sulphidesin associationwith gabbroicand
ultrabasicrocks.

GEOLOGY


The geologyof the Evje-Ivelandarea has been described
by the writer in variousreportsto Sulfidmalm. In the
øksetjernarea the dominantrocks are gabbroand gabbroic
gneiss with amphibolitesand several small outcropsof
ultrabasicrocks. Severalstrong tectoniczones cut the
area. New investigationsin the Kjettevannarea suggest
that the main gabbrotype at Kjettevannis of a younger
age than those of the øksetjernarea, these belongingto
an older complexinto which the Kjettevanngabbrowas
intruded. The ultrabasicsof both areas are consideredto
be geneticallyassociatedwith the older complex.

In contrastto the Kjettevannarea no nickel depositswere
known in the øksetjernarea, and the geophysicalinvesti-
gationswere based on elephantcountrytheory.

CHOICE OF METHOD

The V.L.F. methodwas chosen for this initialreconnai-
ssance after orientationtestingof variousmineralized
propertiesin the Ivelandarea where both massivesulphides
and disseminatedsulphideshave been coveredby the
followingmethods.

ABEM gun.

Crone CEM unit.

McPhar I.P. frequencyeffect unit.

C) GeonicsV.L.F.EM16 unit.
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Of these methods only the V.L.F. and I.P. units proved
capableof locatingboth types of mineralizationpresent
in the area. As no I.P. unit was immediatelyavailable
the initialsurveywas carriedout using the V.L.F. (see
appendix1).

WORK CARRIEDOUT

An area of approximately4 km2 was coveredby the initial
V.L.F. and magneticsurveys. Profile separationwas 100 m
and observationswere made for every 25 m.

A GeonicsV.L.F.EM16 instrumentwas used.

As transmitterthe militaryradio transmitterat Rugby
England (code GBR) was used. Frequencyis 16.0 kH2 and
radiatedpower 500 kw.

For the magneticsurvey a McPhar M700 Fluxgatemagneto-
meter was used.

The V.L.F. and mag. surveyswere carriedout in winter
conditionsduring Februaryof 1972. The surveywas
hamperedby abnormalwinter conditionswhich resultedin
some of the lakes being free of ice.

As a followup to the V.L.F. survey a small scale I.P.
surveywas run using a McPhar P650 unit. The following
lineswere run.

300 N 680 W - 820 E

loo N 980 W - 440 W

0 120 W - 360E

200 S 1040 W - 500 W

300 S 360 W - 30 W.

The I.P. surveywas carriedout under summer conditions.

TREATMENTOF DATA

The magneticdata is presentedas an isoanomalymap. The
V.L.F. data is presentedon two map sheets,one showing
the in phase (real component)tilt angle profilesand the
other showingthe in phase data contouredafter the Frazer
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method. The I.P. profilesarea presentedas conventional
profiles showingresistivity,frequencyeffect and
resultingmetal factorsfor n - 1, 2, 3 and 4.

Before going on to treat the interpretationof the data
some backgroundinformationis given concerningthe V.L.F.
method.

The V.L.F. transmittingstationsoperatingfor communi-
cationswith submarineshave a verticalantenna. The
antenna currentis thus vertical,creatinga concentric
horizontalmagneticfield around them. When these magnetic
fields meet conductivebodies in the ground,there will be
secondaryfieldsradiatingfrom these bodies. The equip-
ment measuresthe verticalcomponentsof these secondaryfields.
The vertical componentsare expressedin percentages.

V.L.F. EM dip angle data often yields complexpatternsthat
require considerablestudy for a proper interpretation,the
relativelyhigh transmittedfrequencyof about 20,000Hz
can result in a large geologicalnoise component. In order
to case interpretationa methodhas been developedby
Frazer whereby somewhatnoisy,noncontourabledip angle
data is transformedinto less noisy contourabledata.
Without going into the theoreticalbasis for this procedure,
the filteredoutput or contourablequantitysimply consists
of the sum of the observationsat two consecutivedata
stationssubtractedfrom the sum at the next two consecutive
data stations. Normallynegative values are not contoured
since being causedby dip angle flanks they do not aid
interpretation,but confusethe picture. V.L.F.EM
contoureddata generallypeaks very close to the top of a
conductor.

INTERPRETATION

In interpretationthe followingpoints shouldbe borne in
mind.

In conductivegroundthe depth of explorationis severely
limited.

Anomaliestend to be generatedby conductivitychangesin
the overburden,or at the overburden,bedrock interface.

Becauseof the relativelyhigh frequency,poor conductors
such as shearedcontacts,breccia zones,narrow faults,
alterationzones and porous flow tops normallyproduce
V.L.F. anomalies.
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4) Since the frequencyis high, the responsefactorof
many geologicalconductorsis above the range where
appreciablequadrature(out of phase) effectsare
generated. Phase-shiftsare more usuallyassociated
with the effectsof conductiveground on the primary
and secondarysignals. Quadraturemeasurementscannot
often be used to assistin discriminatingbetween
geologicalconductorsof higher and lower conductivities.

From the contouredin phase maps two main anomalyzones are
apparent. A westerlyanomalyzone and a centralanomaly
zone. An offsettof the westerly zone runs from 400 W on
600 N to 250 W on 800 N.

The westerlyanomalyzone extends from 700 W on 600 N to
900 W on 900 S. The anomalyforks off two minor offsets,
one at 750 W/300 N trendingNNW and one at 950 W/300 S
trendingSSW. The strongestpart of the anomalyruns from
650 W1500 N to 800 W/300 S with a peak between 250 N and
450 N.

The strongestpart of the anomalyis associatedwith a
magnetichigh - 2000- 4000e and the generaltrend of the
anomalyfollowsthe magnetictrend.

From a study of the structuralgeologyof the area and
arial photographsin scale 1:5,000it is obviousthat this
anomalyin its entiretyfollowsdefinatetectonicfeatures
(faults),even the two offshootanomaliesfollowingfault
traces.

This anomaly zone was subsequentlycoveredby three I.P.
profiles. Line 300 N, 100 N and 200 S. As can be seen from
the enclosedprofilesthere is an I.P. responseon each line
correspondingto the positionof the V.L.F. anomalies.

On line 300 N the I.P. survey unfortunatelyonly startedto
come into the anomalyzone before the profilehad to be
stoppedbecause of a lake. However cominginto the V.L.F.
anomalythere is a marked decrease in resistivity,an
equallymarked rise in frequencyeffect and a resultingmetal
factorvalue ranging from 13 to 26. As we know the V.L.F.
anomalylies togetherwith a fault zone and the I.P. anomaly
can be interpretedas an accumulationof clay like minerals
in the fault zone or as a reflectionof oxide or sulphide
mineralizationin associationwith the fault.
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The I.P. profileon line 100 N reflectsa small resistivity
decreaseover the V.L.F. anomaly,there is no definate
frequencyeffectresponse.

On line 200 S the strongestpart of the V.L.F. anomalyis
narrow. The I.P. profileis somewhatcomplicated,but
again shows a somewhat"trouser"type lower resistivity
zone, but with a decreasein frequencyeffect.

Along this fault zone ultrabasicrocks have been mapped,
althoughno sulphideshave been noted. It is concluded
that the westerlyV.L.F. anomaly zone is causedby a
major fault system,along the line of which small bodies of
ultrabasicrock have been intruded. The strongestpart
of the anomalybetween 250 and 450 N may representan
accumulationof sulphidesin such an ultrabasicbody.
From the shape of the individualprofilesthe "conductor"
seems to be fairly steep dippingand of moderatedepth
25 - 75 m.

The centralanomalyzone runs roughly from 250 E/900 N to
150 W/1000 S. Two small offshootanomaliestrend SW and
NE of the strongestpart of the main anomalywhich is
between 100 S and 400 S. A strong portion also exists
between 100 S and 400 S, and these two strongportions
appear to be slightlyoffsett,possiblyby the strongEW
running fault shown on the map.

Again this anomalyzone is associatedwith tectoniczones
but of a much weaker nature than those in the westerly
anomaly.

This centralanomalyexept for the northernpart (northof 0)
runs obliqueto the generalmagnetictrend and does not
seem to have any definatemagneticassociations.

Three I.P. profiles cross the zone, i.e. 300 N 0, 300 S.

On line 300 N the I.P. profile shows a slightdecreasein
resistivitybetween 100 and 200 E (althoughthe resistivity
is still fairlyhigh). There is also a marked decrease
in frequencyeffect.

On line 0, both the main zone and the small offshootat
150 E show up as weak resistivitylows.

Line 300 S also shows low resistivityand low frequencyeffect.
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The generalarea of the major parts of the anomalyare
poorly exposedand coveredby swampy ground,howeverone
outcropof ultrabasichas been faund between 50 S/300E
and 100 N/300 E and there is a correspondingV.L.F. anomaly
and weak I.P. response. The ultrabasicwas eniirely
barren.

Again it is concludedthat the anomalyreflectsstructural
trends and contrastsbetweenultrabasic/gabbro,amphi-
bolite contacts. The I.P. profilesgive no cause to suspect
any interestingmineralization.

A geochemicalsoil surveywas carriedout on 5 profiles
across the westerlyanomaly. Becauseof lack of funds not
all of these sampleshave been assayedand the results
when availablewill be presentedas an appendixto this
report.

CONCLUSIONSAND RECOMMENDATIONS

V.L.F.EM surveyhas outlinedtwo main anomalyzones
togetherwith minor zones that are not regardedas signi-
ficant.

Both main zones co-incidewith tectoniczoneswhere ultra-
basic are known to be in association.

No sulphideshave been found in associationwith the
anomalies.

It is suggestedthat the main anomalyzones reflect
faults and the strongerportionsof the anoamliesmay
representsulphideaccumulationeither in or near fault
zones or in ultrabasicrocks associatedwith the fault
zones.

None of the anomaliesare consideredto be of prime
economicinterestand no furtherwork is recommendedat
present.

If planned investigationsof the Kjettevanndeposit lead
to a workingmine the better parts of these anomalies
should be testedwith conventionalEM.
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Appendix 1.


Map no. Ø9 shows the results of a V.L.F.test profil over
a known conductorat Kjettevann,which gave a good I.P.
response. The source consistsof partly massive,but
mainly disseminatedsulphidesassociatedwith an ultrabasic.

The same profilewas also surveyedwith

ABEM 60 m cable, 1760 Hz, 30 m stationswith no response.

CRONE horizontalshootback,100 m coil seperation,
5010 Hz, 25 m stationswith no response.

CRONE co-axialshootback,100 m coil seperation,5010 Hz,
25 m stationsno response.
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A/S SULFIDMALM
INTER-OFFICE MEMORANDUM

Date: 13th November, 1972

To: Falconbridge Nikkelverk A/S

cc: A.M. Clarke, D. R. Lochhead,
F. Nixon

from: J. B. Gammon

Subjea:

905-7, økset'ern area, Iveland Norway.

Please find attached Nixon's report on geophysics in the
øksetjern area at Evje-Iveland. Enclosed maps ø/ and 03,
clearly show the use of Fraser contouring of V.L.F.
data. Although targets have been outlined by this work,
further testing will await an economic appraisal of
the region as a whole.

BESV, ARK.

1111/1, 72

:Fons:NiuTv.
EL LYSEAVD. I

I R. SM. AVD.

STA. AVD.
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