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ABSTRACT

What is done: Magneticsurveyson surface
Gamma ray Mm .
VLF-Resistivity ""
Gamma ray investigationson cores
Susceptibility"
Study of petrophysicalparameterson cores
Susceptibilityinvestigationsin the field

What have we learnt from the investiations:

Most findingsof Nb205 and P205 can be correlatedfrom borehole
to boreholeusing Magneticsusceptibilityand gamma ray dataes

50% of the drilledmineralizationsof Nb205 can be traced up to
surface,revealingmagneticlow or high and gamma ray anomalies.

By VLF the resistivitytechniquerødbergcan be differed from
søviteand Raudhaugitt. Fault zones and hematitedikes within
rødbergare also detectable.

The densitycontrastbetweensøviteand larnprophyris 0,3 gicm3.
(Thatcontrastindicatespossibilitiesto indicatelamprophyr
by gravitytechniques).

The magneticcontentof søviteis generallyhigher than sur-
roundingrock types. (søviteborderscan be inferedfrom
magneticinvestigations).

Obtainedresults:

Interestingmagneticlow and gamma ray anomalieswithin the• Tufte/Hollaarea.

An electricalconductivearea in betweenthe Tuftehavnadril-ling area and the main road to Skien/Ulefoss(mayrepresent
rødbergor thick scaleoverburden).

At Melteig a new søvitearea has been discoveredby checking
magneticanomalies.

Recommendationto followu Ex lorationtechniues.

In additionto alreadyused techniquesthe followingshould be tried:
Gravityinvestigations
Radon investigations
Directcurrent investigations
Seismicinvestigations

The objectiveby tryingother techniquesis to increasethe proba-bility to drill the most correctand most promisinganomalies.
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1. INTRODUCTION

Most of the investigations have been carried out within an area of
230.000 m2 (see fig. 15). The categories of work are as follows:

Total magnetic field investigations.

Gamna ray investigations on the surface.

VLF resistivity investigations.

Susceptibility and gamma ray investigations on all drillcores
from Tuftehavna.

Susceptibility investigations in the field.

Petrophysical studies on core materials from Tuftehavna.

C.W.Carstens, Elkem a/s, J.E.Wanvik, Elkem a/s, G.Kompen, A/S Syd-
varanger and different field assistents have been involved.

The investigations have been carried out step by step to see whether
such mineralizations as obtained by drillhole 1 could be followed
by magnetic and gamma ray investigations. Most of the drilling in
Tuftehavna were done to check the step by step anomalies, and bet-
ter results than expected were obtained.

The magnetic and gamma ray investigations were first carried out
using a rather detail grid of 12,5m x 5m. The profile space were
later increased to 25m. Susceptibility and gamma ray readings on
the drillcores were generally taken 4 times per meter.

Step by step investigations are rather time consuming. We did also
have some navigation problems and problems with the magnetometer,
and we felt "helpless" when a farmer plowed down our gridsystem before
it had been used.
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2. RESULTS

2.1. Presentationof the results.

The resultsfrom the magneticand gamma ray investigationsare
presentedas isomaps see fig. 1,2,12and 13. The apparentre-
sistivityfrom the VLF resistivitysurvey is alsopresented as an
isomap,see fig. 3. Fig. 11 representsa semi crossprofilebe-
tween Tuftehavnaand Grubeåsenon which significentresistivity,con-
trast between søviteand rødberg is indicated.

To make the susceptibilitydates from the drillcoreinvestigations
most applicablefor geologicalpurposes,the dataeshave been
transformedinto volumpercentmagnetite (mt.).Averagevalues of
percentmt. and the intensityof gamma radiationfrom the cores
are presentedas curves in the drillingprofiles,see fig. 4-9.

It was essentialto learn about the correspondencebetweengeo-
physicsand anomalegrades of niobiumand apatite. For that pur-
pose the anomalegrades of Nb205 and P205 was figuredout and plotted
into the drillingprofiles.

A fig. 10 is constructedto indicatetrue thickness,possible
lh extensionsand values of some of the drilledmineralizations.

Finallya map within Tufte have been made in which the søvite
border has been infered. Geophysicalstructureswhich should be
followedup are also indicated.See fig.15.

2.2. Structuralresults.

Both the isomagneticand the isogammamaps are revealingstructures
strikingin the S.SE. direction,see fig. 1, 2, 12 and 13.

The isomagneticmap from the investigationsin 1981 reveal a rather
uniformmagnetichigh within the Tuftehavnadrillingarea. The
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presentisomap based on much more detailedmeasurementsis
showingmuch more localvariability. It is reasonableto expect
that the presentmap is reflectingmuch variabilityof the geo-
logicalstructures.

With referenceto the drillingprofiles (fig.4-9), the so,called
structurelines (diplineø)are linesmaking connectionsbetween
zones of equal mt. content. The lines are generallydiping rather
steeplytorwardswest. It is assumedthat the linesare giving a
good informationabout the dip of the geologicalformations.•
Two possiblefaultzoneshave been indicatedby the VLF investi-
gations (see fig. 3). From a geophysicalpoint of view the thin
conductors,arenot too cleare and it may be possibleto separate,one
faultineinto more faults. The mineralizedlamprophyrewithin the
drillingarea is of intrusivecharacterand thereforemay be associ-
ated with later faultzones.

2.3. About the corresondencebetween eo h sics and the drilled
mineralizations.

Zone A. The most interestinggrades of Nb205 and P205 are bound to
the lamprophyrein drillhole1 and 2 (seefig. 6) 9 meters of drill-
hole 3 are showinga grade of 2,7% Nb205 and 12% P205. It is worth
noticingthat all of that zone is very low in mt. and the gamma
radiationshows a high.

Furtheron the mineralizedzone are clearlyindicatedon surface by
both magneticand gamma ray investigations.

, The thinnerzones in drill hole 7, 8 and 12 (seefig.7 and 8),are

also low in mt. and shows a highergamma radiationthan the en-

__ vironments,but the zone cannot be traced.upto-the,-surface.
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All the mineralizations are associated with lamprophyre and they
have geophysical similarities. On that bases it is reasonable to
make a connection of the zones (see fig. 10).

The mode of occurence of the zone based on drilling results is
.a wedging out just south of drillholes 1 and 3, but the .-
surface gamma anomaly may indicate a further extension towards
south. Concerning a continuity of the zone towards north the drill-
holes 9 and 10 abandoned as a duster. However, one of the radio-
active zones in the drillholes may show a correspondence to zone• A (see fig.10).

Zone B. Drillhole 11 reveals rather interesting mineralization
within a mixture of hollaite and søvite. 10 m of that hole which
is all that has been analyzed is showing 0,4%Nb205 and 7% P205.
From a geophysical point of view that zone is showing similari-
ties to zone A (see fig.4 and 10), and the low mt. content is re-
vealed by the magnetic isomap (see fig.2). The isolines
itselves indicate a rather limited extension of that zone. Study-
ing the magnetic results in more detail, there is a weak indi-
cation that the zone may extend more than indicated by the iso-
lines itself.

Zone C. Geologically the mineralized zone in drillholes 5 and 6
are bond to søvite. The mt. content of that zone is high (see
fig.5 and 10). Strange enough, the drilled mineralization is not
indicated by the surface magnetic measurements. However, the
magnetic isomap (see fig.2) does indicate mt. rich zone just south
of t. That zone is running about 100 m towards south and it is
worth noticing that it is partly corresponding to a radioactive
zone. There is a possibility that the mineralized zone to some degree
may correspond to thatmagnetic and radioactive zone.

Zone D. Similar to drillholes 5 and 6 the upper mineralization
in drillholes 3 and 4 are bond to søvite. Within a thickness of
3 m the value of the mineralization value is equal to thatof dri111ole11
(see fig. 6 and 10). The mineralizations are rich in mt. which
also is revealed by the magnetic isomap (see fig.2). With basis
on the magnetic results and the susceptibility investigations of
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drillhole12, the zonemay be tracedup to thatarillhole.

•

Zone E. The first 2 m of drillhole9 turnedout to contain
interestinggrades og apatitea zone which showsa low mt.content
and high gamma activity (seefig.9 and 10). Throughrather de-
tailedmagnetic investigationson the surfacein the drill hole
direction,we can indicatea possiblethidammsof the zone to be
in the order of 3,5m. The magnetic isomapis showingthat a
structurelow in mt. may tontinuetowardsW.N:W. ta a con- -
siderabledistance (seefig.2). We cannot look away from the pos-
sibilitythat the mineralizeszone may have a correspondenceto
that structure.

The geophysicalstudyof the mineralizationscan be summarizedup
as follows: About 50% of the drilledmineralizationscan be cor-
relatedto the surfacemagneticmeasurementsto same degree.
Within the drill holes 35% of the drilledmineralizedzones
correlategood with low mt. contentand high gamma activity.
About 40% correlateswith high mt.contentand medium to high
gamma activity.

2.4. Economicconsiderationsof the drilledmineralizations.

4111 It is beyond the scope of the geophycists work to start eco-
nomic evaluations. That is not done either,but it is always
a supportfor the geophysiciststo have a feelingof the economical
potentialsof the area he is workingwithin.

The mineralizationson fig.10are referringto a true thicknes
on the basis of drilledthicknessand the geophysicaldip struc-
tures. For undergroundmining purposesan estimateof some of the
mineralizationvalues have been indicatedwithin a thicknessof
3m. Ore grade of the mineralizationsis limitedto zone A (see

fig.10)but unfortunatelythe mass is rather limited. The mass
of proved and possiblemineralizationsis in the order of 15000 t
and 35000 t respectively.
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The grades of the other mineralizationsare consideredto be of
sub marginalto marginalcharacter. The upperpart of drillhole
10 may representone of the most interestingapatitemineralizations.
As previouslymentionedthat zone may have a consiberableextension.

The mineralizedzoneswithin Tuftehavnadrillingarea may repre-
sent valuableadditionaltonnageat ore if high grade deposits of
great tonnageare found not too far away. Furtherdrilling to
exploreyithefindingsshould not be given specialhigh priority.

2.5. Anomaliesin Tufte.

In the followingdescussionof magneticand radioactivestructures
on which further investigationsshouldbe done, it is recommended
for the reader to look at fig.12using fig.13and 14 as over-
lays.

In order to throw light on interestinggeophysicalstructuresa
preliminarydrillingproposalhas been indicated(seefig.14).
Lookingback at the isomagneticstructureswithin the Tufte-
havna drillingarea (seefig.12),we can see a variablemagnetic
low structurerunningthroughthe magnetichigh. The most inte-
restingdrillingresultshave been obtainedwithin that variable
magneticlow structure. That magneticlow structureis continuing
towardsN.N.W. out of the drillingarea. The structuregets

more open,but it.shouldbe followedup.

Towardwest there is anothermagneticlow structurerunning
throughthe investigatedarea. That low structurecorresponds
to some degree with gamna ray anomalies.
In the followingmore focus will be given to thatstructure:
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East of the Old Holla church ruins (N.W.partof the maps) there
are zones of ratherdiffusemagnetichighs and lows. (Themost
geologicallysignificantanomalieson a given map may be the
subtleanomalies). It is worth noticingthat the anomalies
correspondwith the highestgamma activitywhich so far have been
registratedin the Tufte area. Tere are a lot of outcrops in
the area. The procedureto followup explorationmust in that way
dependon resultsfrom detail geologicalmappingand sampling.
A drillholenumer 1 is, however,indicated(fig.14)to focus on
the structures.

Drillholenumber 2 (fig.14)is throwinglightupon a dominant
magneticlow structure. It is so low that one could suspect the
anomalyto reveal basic silicaterocks. However,we have regi-
strateda søviteoutcropin the middle of the magneticlow.
Accordingto susceptibilityinvestigationson that outcropthe mt.
contentis almost zero.

Drillholes3 and 4 are plottedto draw attentionto a magnetic low
structurewhich correspondswith a magnetichigh.N.W. of the
structuresthere is a magnetighigh, which also shouldbe focused
on. During the field surveywe registratedone søviteoutcrop and
one hollaticoutcrop in the area where we measuredthe highest
radioactivity. However,the outcropwas not radioactiveat all,
so that the reason for the gamma ray anomalyslxmldbefoundwithin
a cinaewitha diametmrof ~Iximately 20m.

Finallydrillholes5 and 6 are put on the map to focus on a magnetic
low correspondingto a gamma ray anomaly. The structuresare situ-
ated in between2 smallmagnetichighs.
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2.6. Rødber anomal .

Accordingto the VLF-resistivityisomap(fig.3)thereis an
electricallow resistivityarea in betweenthe drilling
area and the main road to Skien/Ulefoss.

The semi cross profilefig.11 shows clearlythat the low re-
sistivityvalues can be comparedto valuesobtainedin the rødberg
in Gruveåsen.

The low resistivityarea may representrødbergor rather thick
shaleoverburden. In 1952 - 1953 geophysicistØ.Logn,A/S Syd-
varangercarriedout electricalsoundingsto investigatethe thick-
ness of the overburdenwithin the southernpart of Tufte. One ofone
his profilescoincidewith/VIF stationindicatingan overburden
thicknessof 11 m with resistivity90 ohm m. To find out whether the
low resistivityarea representsrødbergor shale overburdensome
direct currentresistivityinvestigationsshouldbe done.

2.7. Resultsfrom Susce tibilit field investiations.

By checkinga magneticanomalyat Melteigarea (ananomalywhich
in accordanceto Sæthersgeologicalmap dwuldreveal damtjernite)

411 a new søvitearea was found. On the basis of previousmagnetic in-




vestigationsa potentialsøvite area of 190.000m2 is indicated
(seefig.15 area 5). Nowadayshavinga situationwhere landowners
use all legalmeans to preventFenco from exploringtheir land, it
shouldbe of importanceto find new areas of søvite.

3. EVALUATIONSOF SOME GEOPHYSICALTECHNIQUES

3.1. Generalconsiderations.

It does not exist any geophysicalmethod which directlyrespond
to ores of niobiumand apatite.

So far we have learntthat magneticand gamma ray investigations
are •useful tools in delineatingstructuresthat may be favour-
able for the occurenceof ore. Based on such investigationtechniques
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the number of structuresthat shouldbe investigatedwill be
very large. In order to minimize the numbersof structuresand
to increasethe probabilityto find the most promisingones, we
must be willing to experimentwith othergeophysicaltools. In
this context it must of course be underlinedthat the usefulness
of geophysicswill alwaysdepend on frequentfeedbackfrom the
geologists.

Similarto the Fen area the carbonitecomplexat Sokli (in eastern
Finish Lappland)is coveredby much overburden. The thickness
of the glacialmaterialsof Sokli variesbetween0,5m to 60 m.

That carbonitewas discoveredby airbornegeophysicalsurveys.
It is known that all the carbonitemassivehave been studied
systematicallyby ground geophysicsincludingmagnetic,radio-
metric,gravimetricelectromagnetic,electricandreflection
seismicmethods. Since the area is studiedsystematicallyit is
reasonableto expect that reasonablegood resultsare obtained.

3.2. Radon investiations.

Unlikeconventionalgamma ray scintillometry,it offers the
opportunetyto see in the third dimmensiondue to themobility
of radon gass. The NorwegianGeologicalsurvey (NGU)has good
experiencesafter having used the method for some years. We
have learnt that the gamma ray method often misses radioactive
zones below overburden. Such zones are of considerableimportance
for explorationpurposes,andwe shouldtry the radon method to in-

crease the probabilityin detectingthem.

3.3. Resistivit investiation techniues.

We have learnt that the VLF resistivitymethod respondto the
resistivitycontrastbetweenrødbergand søvite. The method
can also delineatefault zones and hematitedikes. Due to the
high frequencythe depth of penetrationis limited. Thick shale
overburdenwill probablyscreen.
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The most sensitivemethod to map resistivitycontrastis the direct
currentresistivitymethods.The objectiveby tryingthe method
in Fen is as follows:

Try to differ rocks as søviteraudhaugite,hollaite,fenite
and lamprophyre. We cannot expect fantasticresults,but
the method shouldbe tried.

Delineetethe resistivityand thicknessof the overburden
at some representativeplaces. Havingmore of such data
we will know more about the possibilltiesto indicate
faultsand rødbergusing the cheeperVLF resistivitymethod.

3.4. Gravit investiations.

Accordingto density investigationsbyN.G.U.andH.Qvale,the
densitycontrast betweensøviteand laniprophyreis about
0,3 g/cm3. Some tentativemodel experimentshave been carried
out to learnwhat the size of a lamprophyrebody must be to make
the gravitymethod applicable. Assuminga lampro,phyresheet
being 100 m long which is croppingout below an overburdenthickness
of 2 m, then the thicknessmust be in the order of 30-40m to get
significantgravityanomalies.

The conclusionmust be that the gravitymethod representsan
attractivemethod for localizingratherbig(mineralized)lamprophyres.

3.5. Seismic investiations.

At the carbonatitecompIexat Sokli in easternFinish Lappland
good resultsare obtainedby reflectionseismictechniques. Due
to differentacousticpropertiesof the rocks they have managed
to deliniatethe structuresof the carbonatiteplug down to about
5 km. Unfortunately,little is publishedabout the investi-
gations.

Due to differentdensity contrastsbetweengneis, søviteand
lamprophyr,it is reasonablethat the accousticrock properties
are differentin Fen too. If the reflectioncoefficientsare large
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eroughtodelineatesøviteand potentiallamprophyreboundaries
will have to be investigated.

Such investigationscan be done withinone week, and the price
will be about 150 000 N.kr. The NorwegianCompanyGeoteam
has good referencesfrom seismicsoundingsin crystalinerocks
at LøkkenVerk A/S and A/S SulitjelmaGruber.

Furtherstudiesof the seismicresultsat Sokli is recommended
before trying the method at Ulefoss. However,the seismicmethod

• 	 must be condiseredas a method which can open interestingper-




spectives.

4. SUMMARY- FOLLOW UP INVESTIGATIONS

4.1. A ro osal to uide to furtherex loration:

Magneticand gamma ray investigationsshouldbe carriedout
systematically.A proposalto grid systemis 25 m x 5 m,
which must depend on feed back from geologists.

Also VLF resistivityinvestigationsshouldcontinue.Suscepti-
bility and gamma ray investigationson drill core have turned out
to be valuableand such investigationsshouldalso continue.

within søviteareas focus shouldbe made on magneticlow structures.
Such structuresare of specialinterestwhen they correspondwith
gamma ray anomalies. VLF resistivityanomaliesmay reveal zones
of rødberg,shale overburdenor faults.

By magnetic and gamma ray investigationswe will obviouslyget a
lot of anomalieson which a furtherselectionshouldbe done.

To save drillingcosts one shouldincreasethe probabilityof
findingthe most promisinganomalies. That may probablybe
done by tryingother geophysicaltechniques.
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radon investigations

gravity investigations

direct current resistivity investigations

seismic soundings.

At the Sokli carbonatite the techniques a,b,crdareused systemati-
cally. By using the reflection seismic method the structure of
the carbonatite has been indicated down to about 5 km. That method
should open interesting perspectives in Feen too.

4.2. Ex loration ob'ects.

Within the limited area of Tufte, we have already obtained inte-

resting findings and we have deliniated geophysical structures on
which more focus should be made.

So far priority should be given to exploration within potensial
søviteareas. Unfortunately, the interesting Vipeto area is not

accessible. Therefore, we for the time being must concentrate
exploration to land belonging to "Fenco sympatic" landowners.

On the basis of previous regional magnetic investigations such areas
have been indicated (see fig.15). The.size of such areas (area 3, 4

411, and 5) are about 900.000 m2.

According to S.P.Olmore the areas 6 and 7 may represent potensials
for nepheline and apatite. Especially within area 6 there are

significant structures of magnetic highs, which are not explained by
Mr. Olmore's detailed mapping due to lack of outcrops. Mr. 01-
more has focused on the magnetic anomalies and indicated that they

may represent a possible apatite resource. Another theoretical
possibility is nepheline being associated with magnetite. The

nepheline at Stjernøy is mixed up with 2% magnetite in average.

The anomalies at Melteig seem to reveal about 1,7% magnetite. It
is worth to pay attention to Mr. Olmore's proposal saying it may be
worth to check the magnetic anomaly by drilling.
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4.3. Field work - timescedule.

At the end of this chapter it followsa timesceduleincluding
differentwork categories.

The geophysicistplan to take part in most of the fieldwork
within a periodeof 4-5 months. Furtheron 4-5 months should be
used to studiesof differenttechniquesand to make interpre-
tationsand reports.

Detailmagnetic,gamma ray, VLF-R and susceptibilityinvestigations
we can do ourselves. Direct currentresistivityinvestigations
shouldbe consideredto be done by a contractor,becausewe do
not have modern equipments. Gravity,radon and seismicinvesti-
gationsshould be done by contractors.

From May until Octoberwe have indeedlearntthat it is difficult
to carry out geophysicalfieldworkin the Fen area. The most
suitabletime is probablyduring late Fall until Christmas.
For that reason field investigationshave to startas soon as
possible. In order to carry out an intensivefieldwork campaign
before Christmasthere will be a need for 2-3 assistants.



A PROPOSALTO TIMESCEDULE

Nov. Dec. Jan. Febr. March April May June July Aug. Sept. Oct.

Categoryof
work

Set up of
grides

Mag.,gammaand

susceptibility

investigations

Resistivity
investigations
(VLF+ DCM)

Radon investi-
gations

Gravity investi-
gations

Seismic soundings

Experimentsstudies.
Interpretationre-
ports
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