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INTRODUCTION


The Vakkerliendepositis a nickel-copperore discoveredand investigatedby
Sulfidmalmin the period1975 - 1978. The ore is associatedwith a gabbro
lens which lies in Caledonian(cambro-silurianschists). The deposithas a
very specialform forminga ca. 1.3 km long rular or cigar shapedbody
with a weak plunge to the south. At its northernextremitythe ore subout
crops. The ore cross-sectionis small:width 25 - 40 m and thicknessup to

7m.

The deposithas been subjectedto a numberof electricalsurveysall of which
indicatethat the ore is a good electricalconductor. V.L.F. surveysgive good
indications.

The deposithas also been investigatedby an extensivedrillingprogram and
the ore cross-sectionis relativelywell known alongthe entirebody.

The continuationof the deposittowardsthe south is at the momentuncertain.
Increasingthicknessesof conductiveoverburden,increasein depthto top of
ore and tectonicdisturbanceshave made investigationsdifficult.

It was realizedthat the body was well-suitedto testingby down-holeV.L.F.
techniques. This geophysicalmethod is at the momentbeing investigatedby
BVLI (MiningIndustryResearchDivision)of which Sulfidnalmis a member.
SulfidmalmofferedBVLI the opportunityto test the depositand at the same
time we hoped to obtainsome positiveinformationconcerningthe southerlycon-
tinuationof the deposit.

THE SURVEY

The surveywas carriedout in two periods,21.-22.June and a period in
September. F. Hansen,Sulfidmalm,and ø. Logn and S. PaulsenBVLI carried
out the work.

The deposithas mainlybeen drilledoff with verticaldrillholesin profiles
at right anglesto the ore axis. The distancebetweenprofilesis usually
100 m. (See pl. 1), and distancebetweenholes in the profilesis usually
10 m. (Seepl. 2-14). The drillholesare not measuredfor deviation.

A numberof holes were chosen for surveying- holes on eitherside of the
body were preferred. In additionsome holes that intersectedthe ore were
also measured.

The sender stationsused were NAA (17.8kHz) and FUO (15.1kHz). A total
of 33 holeswere measuredusing the Americanstation (NAA)and 6 holes using
the French station (FUO).
Readingswere taken for every 2.5 m. In certainholes it was experimentedwith
both 5 and 10 m intervalsresults,however,indicatethat readingsover 2.5 m
are necessary.

The V.L.F.probe measuresthe fieldcomponentalong the drillhole(VD)
relativeto the maximumhorizontalfield component(Ho) on the surfaceat the
hole collar. As all the holes, apart from one (DDH 6, pl. 3), are vertical,
we are in realitymeasuringthe relationbetweenthe verticalfield at depth
D and the horizontalfieldHo on the surface. The real and imaginaryparts
of this complexrelationship(in %) are determinedat each measuringpoint
(pl. 2-14 where curvesnre shown for both real and imag. components).
The surveywas carriedout without any major problems.
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RESULTS

Measurementstaken in the same hole with signalsfromboth NAA and FUO show
that NAA gives the best results. This is in accordancewith the stationdirections
(pl. 1), where we see that NAA wavelengthhas a much more optimaldirection
than FUO. All conclusionsare thereforebased on the NAA results.

The resultsare presentedin plates2 - 14. The real componentis drawnwith
a continousline betweenpoints,the imaginarycomponentsvalue is givenby a
cross and drawn by a discontinuousline.

It can be seen from all the sectionsthat the ore gives anomalies(whichreflect
as curvemax. or min.) in drillholeswhich:

Intersectthe ore flanks (eastor west side).

Pass just outsidethe ore both on the east and west sides.

Pass up to a distanceof 50 m from the ore. (Profil650 S pl. 6).
In the same profileat a distanceof 80 m from the ore a very weak curve
maximumis developedat the "right"depthbut this cannotbe said to be
indicative. It does seem,however,that for an ore type such as Vakkerlien
a possible"identificationdistance"of 50 m is possibleat the presenttime.

The real and imaginarycurvesshow some interestingfeatures.

Maximum and/orminimumvaluescorrespondto a centralline through
the deposit.

Maximum (+ve) for the real comp. is found on the western side of the ore
whereasthe minimum (-ve)is found on the easternside.

The oppositeto 2) is the case for the imag. comp.

In the vicinityof the centreof the ore the curveschangecharacterand
a "S" shape (pl. 3 and 5) is developedinsteadof the usual "U" shape
developedon the flanks.

The measurementstaken in the centralparts of the body don't show a
marked low fieldwithinthe ore which one would expectwhen this is a
good electricalconductor. However,in these holesboth the real and
imag. componentshow a changein sign (+ve,-ve),when the hole passes
the ore boundaries(hangingand foot walls).

This change in sign is not observedin holes that intersectthe flanks
of the ore

On the whole the real and imaginaryanomaliesare of the same order of magnitude
and show clearmaximms and minimumson the ore bodies'easternand western
flanks. There are, however,exceptions,as the followingtable shows:
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PROFILE
REAL ANOMALY

WESTERN EASTERN
FLANK FLANK .

IMAGINARYANOMALY
WESTERN EASTERN
FLANK FLANK

250 S

350 S

450 S

550 S

650 S

750 S

850S

950 S

1050S

1150 S

1250 $


1300 S


1400 S

min = -110%


min = - 82%

min = - 85%


min = -135%


min = -140%

min = -132%

min

min = - 43%

max = + 75%

max = +112%

max = +122%

max =

max =

max = +123%

max = +136%

max = +125%

max =

max = +122%


max = + 84%

max = + 15%


max = + 55%


max = + 10%

min = - 13%


min = - 55%


min = - 15%

min = - 66%

max/min= 0%

min = -110%

max/min= 0%

min= -122%

min= -125%

min= -152%

min = - 50%

min = -120%

- no measurements

? uncertainwhere hole has intersectedore body

A very characteristicfeatureis apparentfrom the table:

On the western flank of the ore body the real componentshows a negaSive
minimum,where the value is dependenton the distancebetweenthe ore and
the drillhole. The averageminimum for 8 holes is - 101%.

The real componentshowsa correspondingpositivemaximumon the eastern
•flank. The averagemax for 9 holes is + 122%.

The real componentin the drill-holeslying on the flanksof the ore body
seem to indicatea "oneway"currentconcentrationwhich flows near to the
centralportionsof the ore cross-section,as indicatedby pl. 15 where one
has displayeda circularfield from a straightcurrentconcentration.As
mentionedpreviously,in the verticaldrill-holeswe are measuringthe vertical
componentof the fieldstrengthand it shouldbe notedthat above and below
the centralparts of the ore there are no verticalcomponents(see pl. 15)

Tbe secondaryelectromagileticfieldaroundthe ore body is thereforenot a
resultof inductionby the primaryE.M. field in the ore. Inductionin the
ore bodywould have resultedin oppositedirectedcurrent-concentrations
over the east and westernore margins,however,in the ca. 50 m wide ore body
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the two oppositecurrentconcentrationslie quite closeto each other and
the correspondingcircularE.M. fields from the currentswill to a certain
extent canceleach other out, especiallynear the surface,where the depth
to ore is generallythe same as the ore width.

It seemsmost probablethat it is the V.L.F. waves' electricalfieldthat
indirectlycausesthe strongsecondaryfieldsaroundthe ore body. If we
assume that:

The VLF wave to a certainextentis horizontallypolarisedwhen it pene-
trates the ground (i.e.the electricfieldhas an horizontalcomponent),
and that

the ore-bodyacts as a receiverantenna for the polarizedwave,

then alternatingcurrent(voltage)will be developedin the antennai.e. the
ore-body. As the antennahas good electricalconnectionwith earthat the
sub-outcropof the ore-body,it is possiblethat the ore-bodycan behave as
a quarterwave-lengthantennaand that alternatingcurrentwill arise in the
ore-bodywhich in turn causesa circularsecondaryE.M. fieldaroundthe ore.

There are two factorsthat are importantfor the amplitudeof the currentsin the
ore antenna".

The lengthof the ore-body. The known lengthof the ore-bodyis ca. 1/10
of the wave lengthof NAA which is ca. 17 km.

Good electricalconnectionto "earth". Swampyconditionsat the ore sub-
outcropshouldgive good contact.

It is probablethat secondaryV.L.F. fieldsaroundelectricalconductorsare
causedby a combinationof a voltagegeneratedby

the electricalfieldand

the magneticfieldwhich effect is the more dominantwill dependon the
physicalconditions(oreplate, ore dip, strike,wave directionetc.).

The imaginarycomponent(seetable) showsmainly a similarpictureas the real com-
ponent (between650 S and 1150 S) however,with oppositesign i.e. positivemaximun
on the western flank and negativeminimum on the easternflank. To the north
and south of this "centralore portion"there is a deviationfrom the normal
picture.

Between250 S and 650 S there are two holes on the easternflank (inprofile
305 S and 550 S) which don't show a clearmaximum/minimumin the imaginary

domponentwhen passingthe ore.

South of 1150 S the imaginarycomponentsmaximumon the westernflank is
replacedby a weakerminimum.

In case A) increasesin ore thicknesseshave been registeredin the mentioned
profilesand in case B) Lhe southernarea, variousirregularitiesin the ore
distributionhave been noted. Whetherthese irregularitiescan causethe noted
variationin the imaginarycomponentis not clear,but it is regardedas an
importantobservation.

5
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CONCLUSIONS


A) GENERAL


The down-holeV.L.F.measurementsin verticalholes at Vakkerlienhave shown
good results. The equipmentworks well and is relativelyeasy to operate.
Clearanomaliesare recordedon the flanksof the ore body and the results
indicateto which side of the hole the ore body lies. Results from profile
650 S seemsto indicatethat the ore can be indicatedwith relativecertainty
at a distanceof 50 m. Resultscan also indicateif holes are drilled
deep enough.

P.E.M.ANOMALY

Resultsof a pulse E.M. surveycarriedout in 1977 indicateda possible
parallelconductorto the east of the Vakkerlienbody. This "anomaly"was
testedby three drillholes which proved negative. These holes on 650 S have
been surveyedwith down-holeV.L.F. and the resultsconcur with the drilling
and indicateno new lateralorebody.

CONTINUATIONOF THE OREBODYTO THE SOUTH

Duringthe 1975 drillingof the Vakkerliendepositthe ore body was "lost"
in the southmainlydue to lack of surfacegeophysicalresponse. C.P.
measurementsindicatedan electricalbreak in this region,and drilllogs
indicatedthe presenceof a late acid intrusiveinvadingthe gabbro from
the west. These facts coupledwith a believethat the ore mightbe offsett
led to sporadicand widely spaceddrillingin the southto try and pick
up the extentionof the gabbro. No new mineralizationwas discovered.

A reappraisalof the originaldata and the resultsof some subsequentwork
have thrownnew light on the problemand the most relevantquestionin the
continuedexplorationof the Vakkerlienore body is whetherthe ore body

Thins and wedges out aroundprofile1400 S or

The ore body is cut and/orfaultedin the area 1300 S- 1400 S, but continues
southbeyond this break.

The down-holeV.L.F. surveydoes not give a clear answerto this question.
However,a number of factorswould seem to suggestthat the ore body does
continue.

In the region1150 - 1200 S the ore body is ht its greatestwidth (indeed
down hole V.L.F. in DDH 48 may suggestthat the ore extendseven fUrther
east than was previouslyknown). If we regardVakkerlienas the boudinaged•
Sody that it seemsto be, then statisticallyone would expecta considerable
southerlyextentionbeforethinningout takes place.

Surfacegeophysics(V.L.F.and TURAM)although heavilymaskedby increasing
thicknessesof conductiveoverburdenand increasingdepth to the ore body,
do give anomalousresults. DetailedV.L.F.measurementscarriedout in
1978 give similaranomalieson profiles1300 S - 1350 S and 1400 S. TUram
measurementsindicatea continousbut weak anomalyto 1700 S - pickingup
again on 1850 S and continuingoff grid at 2400 S.

6
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Gabbrowith weak mineralizationis in fact intersectedon profile1400 S
in holes 42 and 41.

In DDH 94 on 1850 S a one meter intersection(106 - 107 m) of marginalgabbro
with schist inclusionshas been identified. Very minor sulphidesare present.

Drill hole loggingand surfacegeologyin the criticalarea indicatethat
a later acid intusivestrikesin from the west and cuts the gabbro (DDH92
is drilledentirelyin this rock type).

Lookingonly at the down-holeV.L.F. resultsthe followingcommentscan be
made:

DDH 92 (profile1350 S) gives a clear indicationof a westernflank
anomaly.

DDH 42 gives a western flankindication.

DDH 44gives a very weak and dubious imag. comp. anomaly?at ca. 120 m.
If this anomalyis a realitythen the responsibleconductoris at a good dis-
tance from DDH 44,probablyin the 100 m range.

In pl. 14 the ore cross-sectionsin profiles1150 S, 1250 S and 1300 S have
been projectedon to 1400 S. It can be seen that DDH 41 and 42 have been
drilleda relativelyshortdistanceunder the ore level in profile1300 S
and that the intersectionsobtainedin holes 41 and 42 maybe "inclusionsof
gabbro"in acid intrusiveand do not representthe main body.

There are no clear indicationsin DDH 41 but this might only mean that the
fieldsabove a possibleore positionas indicatedin pl. 14 are horizontal
in this hole. (comparepl. 15).

The highlyuncertainindicationin DDH 44fits in well with the postulatedore
position.

As mentionedpreviouslythese resultsgive no clear indicationsof whetherthe
ore thins out or is cut off and continues.Bothexplanationsare geophysically
acceptable.

The indicationsin holes 42 and 48may indicatethat the body has been moved
eastwardsand the geophycisisthas postulateda simplelateralfaultingas
shown in pl. 16.

Howeverbased on a combinationof all the availabledata as presentedabove,
it seemsmore probablethat the model presentedin pl. 17 is the more plausible
- the ore being cut by a later acid intusiveand continuingsouthbeyond
the break. This picturealso satisfiesthe down hole V.L.F. data.

RECOMMENDATIONS

It would seem that there is a reasonablechancethat the Vakkerlienore-body
continuessouth of line 1300 S. To test this it is recommendedthat holes
48,42 and 41 be deepened and surveyedwith down-holeV.L.F. If ore is
intersecteda desicioncan then be taken on the form of a furtherdrillingplan.
Hole 94 shouldalso be opened and surveyedwith down-holeV.L.F. Resultsof this
surveywill indicateif drillingis necessary. Once ore has been intersected
C.P. will become a usefulltool.
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A futureapplicationthatmaybe possibleif we regardthe orebodyas an "antenna"
is thatby measuringthevoltagedistributionwithinthis"antenna-Iikeore-
body"we maybe ableto predictroughlythe lengthof the orebodyrelative
to thetransmitterswavelength.(i.e.if theVakkerlienbodyhasoneor two
timestheknownlengthor whethertheknownlengthconstitutesmostof the
orebody). Thisintrigingideaisbeinglookedintoat themoment.
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