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A/S SULFIDMALM
INTER-OFFICE MEMORANDUM

Date: llth January, 1973

To: Falconbridge Nikkelverk A/S

cc: A.M.Clarke/D.B. Sutherland,
D.R. Lochhead, F. Hansen,
F. Nixon

From:
J. B. Gammon

Subject

905-7, Birkeland Test Grid, Evje-Iveland area (Report n0. 204/72/7).

Please find attached Hansen's report on the use of various
geophysical methods on our "test grid" in the Evje-Iveland
area. He concludes that Slingram gives superiour results
to the Crone shootback system whereas the VLF equipment
also picks up tectonic zones in addition to the conductors
detected by the conventional EM equipment.

We hope to put a hole into this target early in 1973 using
our Winkie drill equipment.



INTRODUCTION.

The followingcases are from the Bekken area,which has
been chosen as a test area for the variousgeophysical
systemsthat Sulfidmalmhas at its disposal:

ABEM (slingram)variousfrequencies.
CRONE,horisontaland coaxialshootbackvarious

frequencies. Verticalloop, broadsidetecnique
and fixed transmitter.

GEONIC'sVLF and magneticshave been carriedout.

LOCATION.

The test site is locatedin Ivelandkommune,South Norway
and is the northernmostpart of the Orreknappengrid,
reportedon by F. Nixon (ReportNo. 142-71-7). The reader
is referredto Nixon'sreport for detailson the geology
and mineralizationin this area.

GEOPHYSICS.

All of the geophysicalmethodstested,indicatean anomaly
strikingWNW - ESE roughlyparallel to a strongEW tectonic
zone. The anomalyseems to be interruptedalong line 75 W
by somethingwhich could be a fault. The surveywas done
in two directions,perpendicularto each other.

No. 1. Directionof traverseN-S and normal to the geological
strike.

No. 2. Directionof traverseE-W and parallelto geological
strike.

Maps obtainedfrom No. 1 directiongive the best
resultsfor interpretation,becausethe traverses
are at an angle with the geologicalstrike.

Maps obtainedform No. 2 directionalso show the
clear anomalieshaving approximatelythe same strike
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and length. But these curvesare not so easy
to do interpretationon. This must be because
the directionof traverseis almostparallelto
the strikedirection.

MAGNETOMETERSURVEY.

InstrumentMc Phar M 700 fluxgatemagnetometermeasuring
the verticalintensityof the earth'smagneticfield.
Map no. 7/72/101.

Backgroundvalues are about 1000 - 2000 p. A magnetic
high appearsover the two PaascheskjerpS. (B),about
10000 p on one reading (450N/37,5W). This high seems to
coinsidewith the easternmostEM-conductor. The westerly
one does not show up too well on the magneticpicture.

In generalthe magneticpicture conformswith the strike
direction. Unfortunatelyit does not show the trend of
the EM-conductor.(A magneticanomalydoes not appeartoo
well on the Orreknappengrid magneticmap either,obs. grids
not 100% identicalin Orreknappenreport 142-71-7(Mapno.
07/72/7).

ELECTROMAGNETICMETHODS.

A) Low_freguancy_EM.

ABEM, slingram,two frequencies(440Hz and 1760 Hz),
in phase and out of phase, measuringthe secondary
field in percent of the primary field.

CRONE horizontalshootbackmethod tiltangle(in
phase only), three frequencies,390, 1830 and
5010 Hz.

A few selectedprofileshave also been surveyed
using the CRONE instrumentas a verticalloop,
broadsidetechniqueand fixed transmitterstation.

Coaxialshootbackwas also tested using the Crone
equipment.
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B) High_freguen2y_EM.

GEONICSVLF EM 16 using the stationsGBR (Rugby)
16,0 kHz, NAA (CutlerMaine) 17,8 kHz and UMS
(Moecow)17,1 kHz. The instrumentis measuringthe
secondaryfield verticalcomponent(tilt angle)
in phase and out of phase.

THE ABEM GUN (Slinram).

It is a moving source inductivemethod consistingof
transmitterand receiverlinked togetherwith a referance
ceble. A fixed referancevoltage is taken from the
transmitterand fed into the compensatorof the receiver,
throughthe referancecable. The voltagepicked up in the
receiveris decomposedinto two components,one in phase and
the other 900 (one quarterperiod)out of phase,with the
referancevoltage. The magneticleof each are deternined
by comparisonwith the referencevoltage.

The field operationof the slingramis that the transmitter
and receiverare held a fixed distanceapart and moved
togetherin the directionof their line. The reference
cable is also used to keep the distancebetweenthe coils
constant.

After having selectedthe transmitter- receiverdistance,
and the system placed on neutral ground,we calibratethe
compensatorto read 100% for the in phase componentand
0% for the out of phase component. This means that the
primary field has been compensated.

It shall be noted that we might producespuriousanomalies
on the in phase componentdue to changesin the coil
separation. The magneticfield varies inverselyas the
cube of the distancefrom the coils. (I.e. a 1% Change
in the transmitter- receiverdistancegives a spurious
anomalyof 3%). The elevationdifferencebetween
transmitterand receivercoils must also be recorded,so
that afterwardsa correctioncan be added to the in phase.
component. Neitherof these correctionsare needed for
the out of phase component,which is a purely secondary
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phenomenonrepresentingonly a time differencebetween
the primaryand resultantfields and is not dependant
upon the irregularitiesin the strengthof the primary
field.

Map not 7/72/102shows the imaginarycomponent,high frequency
contoured,with the directionof traverseperpendicular
to the conductor. The easternmostconductorshows up
very well on lines 25W and 50W. On line 25W it is
difficultto do an accurateinterpretation. The EM
anomaliessits on a very strong magneticanomaly,which
is interpretateas causingthe strongreversedanomaly
next to it (i.e.possiblymagnetic). The lop is at 420N
the magneticanomalyis 40 m furtherN. Conductormust be
very good and probablyshallow. Line 50W is much more
straightfo"1wardto interpretit gives a depth of about
8 m, dip 70S, lop at 450W, it is a good conductor. Line
75W does not show anythingon the imaginarycomponent. The
real componentgive possibleindicationsof two narrow
conductors. On line 100W the westernmostconductorappears.
On the real componentit stands out as two thin almost
verticalconductorsabout 60 m apart. The southernmost
is about 16 m deep and the northernmostabout 9 m deep.
This is also a good conductor. Map no. 7/72/103also
shows the imaginarycomponent,4Igh frequency,contoured,
but here the directionof traverseis almost parallelto the
conductor. But even here the conductorand the trend of it
shows very well. The two sectionsplottedhave not been
interpretedin detail.

CRONE HORISONTALSHOOTBACK.

In order to minish errors due to irregularterrain.
(a. elevationdifferencesbetween the transmitterand
receiver, b. misalignmentof the relativeorientationof
transmitterand receiver, c. variationin the separation
betweentransmitterand receiver.) Crone developeda new
ground electromagneticprospectingmethod. It is known as
the Crone ShootbackMethod. In this new system two
identicalcoils are used to transmitand/orreceive
alternately.

The field operationof the shootbaekmethod is that of a
moving source inductivesystem. Both ctbetransmitterand
receiverare moved and kept at constantseparation. At
every stationtwo measurementsare made. For the first,
the transmittercoil is held with the coil axis at an
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angle of 900 to the horizontal. The receivingcoil is
used to determinethe angle (ml) at which the field
tilts away from the vertical. The roles of the trans-
mitter and receiverare then interchanged,and another
tilt angle is measured (m2). The sum of these two
readingsis the resultanttilt angle and will

be the measureof the true anomalyat the midpoint
betweenthe two coils. (mR ml +0(2).

Map no. 7/72/104shows contoursof tilt angles,the
directionof traverseis perpendicularto the conductor.
In this case with an almostverticalconductorthe lop
is locatedunder the positives. The easternmostconductor
shows up very well on lines 25W and 50W. In general
the conducEoris about 15 m deep dippingsteeplyto the
S. (ca. 60 ). The trend is WNW-ESE. Line 75W is blank.
On line 100W again we pick up an anomaly,this is the
most western one. This conductoris interpretedas
beeing Rhallow,åbout 6 m deep, and being almostvertical
(ca. 80'N). Individualplots se map no. 7/72/105- 106 -
107. Map no. 7/72/108is also showingcontoursof tilt
angle data, but here the directionof traverseis almost
parallelto the conductor. The contoursstill show the
conductorand the trend of it. The sectionsare not so
easy to do interpretationon, and it is probablydue to
the directionof the survey.

CONDUCTIVITYINTERPRETATION.

By using two operatingfrequenciesCrone draws the
following unsubstantiatedand subjectiveconclusions
concerningthe conductivityof sourcesdetectedby the
system:

Ratio of:
o(max low freq.

conductivity

m(max high freq. interpretation

1.0 - 0.6 
 Massivesulphide.

0.8-0.4 
 Fracturefillingsulphides.

0.7 -0.2 
 Disseminatedsulphides,
carbonaceoussedimentsand
graphite.

0.3 - 0.1 
 Conductivesediments.
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In our case the ratioamax low/exmaxhigh is approximately
0.7. This could be interpretatedas a no. 1, 2 or 3 type
of conductor.(see table above).

VLF-EM (GeonicsEM 16).

The VLF transmittingstationsoperatingfor communication
with submarineshave a verticalantenna. The antenna
currentis thus vertical,creatinga concentrichorizontal
magneticfield aroundthem. When these magneticfields
meet conductivebodies in the ground these will be secondary
fields radiatingfrom these bodies. The equipmentmeasures
the verticalin phase componentsof these secandaryfields
(tangentof the tilt angle of the polarizationellipsoid).
By means of electromicdevices in the instrumentwe can
also read the out of phase component.

Map no. 7/72/109shows the tilt angle in phase and out of
phase plotted.assections. The stationis Moscow,and
the surveyingdirectionis perpendicularto the strike.
Taking the inflectionpointe from these sectionsand
plottingthem as conductorson a separatemap no. 7/72/110,
we get a clearerpicture. The strong conductorI interpretate
as being the easternmostEM conductor,the moderateone the
westernmostEM conductor. The weak conductorjoiningthe
strong conductormust be the BirkelandstreamE-W strong
tectoniczone. (see Geologyby F.N.) Map no. 7/72/111is
the FRASER computeddata from map no. 7/721109. It seems
to agree with the above mantionedinterpretation.

Map no. 7/72/112shows the whole test grid. Two VLF
stationsare plotted as sections (CutlerMaineiRugby).
Surveyingdirectionis perpendicularto strike. The
anomalypicturehere also confirmsthat there are to
EM-conductorsplus the anomaly causedby the tectoniczone.

Map no. 2/72/113- 114 - 116 - 116 are VLF surveywith the
traversesalmostparallelto strike. They do not present
a very clear picture,due to the directionof the traverses.
This just confirmathat the survey line shouldperpendiculate
to strike direction.

..17



-7-

Map no. 7/72/117is equivalentto map no. 7/72/112,but
just showingthe one station (GBR) in the most important
part of the grid. The readingswere also taken on another
day by anotheroperator. The tilt angle picture is pretty
much the same, but for one reading on line 25W/425Nin
phase (real). This could be a "false"reading. Map no.
7/72/118is the FRASERcomputeddata from map no. 7/72/117.
The easternmostconductoris here set off to the S on line
25W. This is due to the "false"readingmentionedabove.

VERTICALLOOP BROADSIDETECHNI UE.

The Broadsideor parallelline procedurehas been developed
to providerepid coverageof an area with short range
portabledip angle systems. The transmitterand receiver
are advancedsimultaneouslyalong two of the grid lines.
The coil separationwas 50 m and the frequencia1830 Hz.
Inetrument: CRONE ShootbadkEM. Four lines surveyed,
0, 25W, 50W and 75W. The maine anömalyzone is clearly
indicated(see map no. 7/72/119).

VERTICALLOOP "FIXEDTRANSMITTER"STATION (Conet.se .).

In this method a series of lines are surveyedfrom a fixed
transmitterlocation. The transMittingcoil is orientedto
successivereceiverpositionsto eliminatethe effectsof
topographicchanges. In this case the coil separationwas
kept constantat 100 m. Transmitterpositionwas in the
center of the grid at 425N. The transmitterwas moved up
simultaneouslywith the receiver. Instrmnentwas CRONE
shootbadkEM frequency1830 Hz. Six lines surveyed:
0, 25W, 50W, 75W, 100W and 125W. The eastenunostanomaly
zone shows up very well on line 0.25W and 50W. (Seemap
no. 7/72/120).

CRONE COAXIALSHOOTBACK(Ma no. 7/72/121).

This method is identicalto the horizontalshootbackmethod,
but for the positionof the Tx coil (Tx verticalinstead
of horizontal). Two lineswere surveyed:25W and 50 W.
Sectionsvery similarto those obtainedwith horizontal
shootbadk,but for amplitude. Individualinterpretation
(CSB/HSB1830 Hz) gives similarresults. ( See map no.
7/72/122,7/72/123).
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CONCLUSIONS.

All the variousgeophysicalsystemstested outlinedthe
main conductorwith satisfaction. This conductorhas a
strike length of approx.100 m and trend WNW/ESE.

Low frequencyE.M. seems to pick up the main conductive
zone anly,where as high frequencyE.M. also respondsto
the major tectoniczones.

The Crone instrumentshows one conductivesource in all
methodsused, on some profileshigh frequencyABEM indicates
that the main conductivezone is composedof 2 or more
narrow parallelconductorsfairly closelyspaced. In this
respect the ABEM gun seems to be superiorto the CRONE in
that it is more sensitiveto closelyepaced,similar
conductivesources.

IP (frequensytype of IP/resistivity)have not been tested
on this grid. This is an anothertool which the SulfidmaLm
staff is familiarwith. Hopefullywe will have the dhance
anothertime to test it out here and compare.

I look forwardto seeing this target testedwith the
Winkie drill.
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