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TO: Thor L. Sverdrup,Chairmanof K/S A/S Fenco.
FROM: C.W. Carstens
DATE: 20th of January1983

SUBJECT: COMMENTSON CRITICISMFROM R.B. ELLIS AND SOME EXPLORATIONS

EVALUATIONS

(Summaryon page 8 )

Basicallyit is positiveto get criticalfeed back on reports.
The commentsfrom geophysicistR.B. Ellis are rathercompre-
hensive and criticalboth with respectto the interpretation
and to the used techniques.Unfortunatelyhe has not thrown
much light on alternativeinterpretationand more usefulmeth-
ods, and in that way he does not attemp to improvethe explora-
tion.

I shall admit that some resultsmay not be documentedwell
enough and thereforecould lead to misunderstandments.How-
ever the majorityof his commentsare showingdisagreements
of principleswhich are assumedto be importantfor further
progress in exploration.

I have got supportfrom the SydvarangergeophysicistØ. Logn.
He has also thrown light upon geophysicalpossibilitieswhich
we have not been too concernedabout.

Getting to the point, I will try to describethe most important
discrepanciesand to improvemy arguments.

1. Mr. Ellis says,"Any statementregardingthe continuityof
the mineralizationsbetweeninterceptsin ajacentdrillholes
based on used geophysicaltechniquesare unfoundedbecause
of the lack of any depth informations."

Most of the drillingin Tufte havna has been done on the ba-
sis of the geophysicsand mineralizationshave been inter-
sected in the majorityof drillholes.

From a pure geophysicalpoint of view most of the shallow
mineralizationscan be tracedup to the surfaceby calcu-
latingand evaluationsof magneticfields from sipmlegeo-
metricmodels using measuredsuspectibilityinformations.
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Our previous detailmagneticisomap in Tufte are revealing
a banded contentof magnetitemore than diffusevariability
of that mineral.A generaltrend is an isomap indicating
a strikedirectionwhich is in accordancewith geological
structureinformations.When making connectionsin the third.
dimensionof zones of similarmagnetitecontentand simila-r
radiometricresponsewe get structuredirectionsdiping
steeply torwardswest which are in good agreementswith struc-
ture informationsfrom surfaceand the dip directionof geo-
logical zones from the drillholes.The above mentionedagree-
ments betweengeologicaland geophysicalstructureson cer-
tain areas must be a good indicationthat the used geophysi-
cal methodsare suitablein delineatinggeologicalstruc-
tures in 3 dimensions.

2 Mr. Ellis is worriedabout that a correlationof low magnetite
and high radiometricresponseis not unique to the mineralized
areas. He thinksthat is most importantfrom an exploration
standpoint.

I must of course agreewith Mr. Ellis that a correlationof
low magnetitelandhigh radiometricresponseis not unique to
the mineralizedzones.It shouldhoweverbe well known for
explorationiststhat the search for mineralizationsare by
its nature a fuctionof complexprobabilities,and consequent-
ly unique correlationsare seldom found.

Within a drilledthicknessof about 8 m the findingsof drill-
hole 1 and 3 are gradingto about 2,7% Nb2e1/4and 12% Nb205.
The mineralizationsare associatedwith lamprophyreand are
certainlyeconomicinteresting.Comparedwith other zones
the petrophysicalpatternof low magnetiteand high radio-
metric responseis most distinctwith respectto the econo-
mical findings.

My conclusionis that magneticand radiometricmethodsmust
be usefulmethods in delineatingstructureswhich may be fa-
vourablefor the occurceof an orebody.

3 Like other Union MineralexplorationistsMr. Ellis is espe-
cially scepticalto the usefulnessof radioactiveinvestiga-
tion methods.

The argumentagainstthe method is based on overburdeneffects
and influenceof groundwaterand overburdentransport.

With respectto furtherargumentsfavouringthe method I will
refer to the geophysicistØ. Logn who has recountouredthe
radiometricmap detailly.He gets radioactivehaloeffectsin
3 areas having am outlinkf flattenedelipseswhich reweal
a similarorientation.Ha oeffectsare also observedin drill-
holes where it seems to be a correlationwith low grade of

. / .
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Niobium mineralizations. The center of the above mentioned
haloellipses are situated on a line running from Tuftehavna
drilling area up to the old Holla Church area.

The old Holla Church area, giving the highest radloactive
respone, is situated outside the Søvite. Some geologists
have indicated that the Søvite should be given 1.priority
with respect to further exploration. On the basis of Logn's
radioactive haloeffects and the interesting results of drill-
hole 11 just outside the Søvite complex one reasonable work-
hypothesis is also to check radioactive areas outside the
Søvite.

Drilling to check magnetic low and radioactive structures
has already been proposed. It is assumed to be possible to
improve that drilling program on the basis of Logn's halo-
studies.

At last I will mention that the radiometric results played
a central role in finding the Niobec niobium mine in Canada.

I 4. Mr. Ellis thinks my recommentation for further geophysical
investigations are very comprehensive, and it is unclear
to him how additional surveys will increase the probability
of locating mineralizations.

By further exploration we should be concerned with the
probability of finding economic mineralization by drilling
a minimum of wild cats holes. The geologists should try to
gain a more thourough understanding of mineral genesis to
define models at which exploration efforts can be targeted.
Due to the great lack of outcrops such modeling may be
difficult and therefore further geophysical explorations
should be given priority.

If we accept a work hypothesis of focusing on structures
revealing low magnetic and high radiometric response a great
deal of such structures will probably not represent inte-
resting mineralizations. By using additional geophysical
tecjniques it should be possible to classify the structures
mentioned above and select the most promising ones as drilling
targets.

GRAVITY INVESTIGATIONS

Density investigations are åade on 6 lamprophyre and 23 Søvite
samples and the results are respectively 3,14 g/cm3and 2,84
g/cm3.

The lamprophyre is heavier than the Søvite having a density
contrast of 0,3 g/cm3, and the consequence is that gravi-
metric investigations should be considered to delineate
lamprophyres.

Beeing influenced by geophysicist Ø. Logn I have focused
more on the considerable gravity anomaly of the Fen-complex.
May be the gravimetric anomaly explains why the geologists
have located a very minimum of lamprophyre outcrops. The
average density of known rock types cannot explain the anoma-
ly. Compared with the surrounding gneiss the density contrast
of lamprophyre is about twice that of known carbonatite
mnekg.
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The gravemitricanomalymay be explainedby a heavy pipe
like or cone-shapedmass having a densityequivalentto
that of the lamprophyre.The thinnerthe carbonatite-over-
burden is assumedto be better is the fit betweencalcula-
ted and measuresanomaly. (Ramberg1972).

Even if the densityof rocks like domkjernite,vipetoite
and Melteigittare ratherclose to that of lamprophyre.The .
gravimetricanomalyopens interestingperspectivesof loca-
ting a ratherbig mass of lamprophyre,which may occur at
some depth.

Ramberg'sinvestigationsare of a more regionalcharacter,
and the levelcorrectionsare not too exactlybeeing ba-
sed on maps. To define a drillingtarget the resolution
should be improved.Consequentlymore gravityinvestiga-
tions shouldbe followedup.

Electric- electromagneticsoundings

Prior to furthergravimetricinvestigationselectricsoun-
dings shouldbe carriedout to delineatethe soil overbur-
den thicknesswhich is of importanceto interpretategravi-
ty anomaliesand also radiometricanomalies.As mentioned
in the geophysicalreport Logn has carriedout electricsoun-
dings in 1954 in the NorthernTufte area, and good results
were obtainedto delineatethe overburdenthickness.

Due to overburdensoil it is difficultto map tectonical
structures.It is assumedthat it is importantto know such
structuresto build up geologicalmodels at which exploration
effortscan be focusedon. Electricsoundingsor alternati-
vely VLF soundingsshouldbe useful in delineatingfaultzo-
nes.

Concerningthe alreadydone VLF Investigationsit is under-
standablethat Mr. Ellis had problemsin seeingthe fault:
zones on the basis of the materialspresentedin the geo-
physicalreport.The reportpresentsthe VLF-resistivity
results,while the interpretationsof the faultzonesare
mostly based on the dip angle investigations.Unfortunately
the dip angle resultsare not presentedin the report.

Seismics

Mr. Ellis says that seismicsare not suited for vertical
contactgeology.I will not stressthat method and give
it any high priority,but we have got a report on the sub-
ject " Geologicalinterpretationof seismicsoundingsat
the Sokli CarbonatiteComplex,NorthernFinland ", and
that report is showingthat good resultsare obtainedby
seismicsoundingson the groundas well as drillhole-seis-
mic soundings.
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I 5. Mr. Ellis is quite correct when he is assuming that my
economical considerations are premature.

The acoustic properties of rocks is prinsipally a result
of density contrasts and consequently the method may be
applicabel both to delineate the extensions of the Søvite
towards the depth and to indicate potentials of lamprophyre
within the Søvite.

Feeling that it must be useful and valuable for exploratio-
nists to have an idea of what grades and tonnages is re-
quired to start mining in Fen. I will try to give a rough
evaluation of that subject. The objective is also to get
feed back from Union that already are involved in mining.
of niobium.

Some information of known deposites is listed up:

Deposite reserves grade recovery grade tons of
mill. tons Nb205 concentr. concentrate

Nb205 /year

Araxa
(Brazil) 4602,5 - 3%706024.500

40 0,7%

0,45%

0,3%

fliobec
(Canada)

OKA
(Canada-closed)24

Søve
(Norway-closed)

65 - 70 60 2.800

55

70% of the world's niobium reserves are located in Brazil
where Araxa is the biggest mine. That mine is producing at
a very high mining cut off grade amounting to 2,5% Nb205,
and it has pressed down the niobium prices.

The following prices are indicated:

Pyroclore concentrate from Canada 7 $ / kg Nb205
Columbitt Zif US Hafen 6,5$ / kg Nb205

The value of ta-rich columbitt concentrate is about twice the
value of pyroclore concentrate. Minerals belonging to the
columbitt group are identified within the lamprophyre but it
is uncertainwhat kind of concentrate that may be produced
from a mine±alized Fen-lamprophyre.
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It is worth to notice that the distance from Fen to Norsk
Hydro's fertilizer-factory is not more than about 30 km.
Today Hydro is paying about NOK 500/ ton for phosphate-
concentrate. Consequently Apatite may be a valuable by
product in Fen. Based on what Hydro is paying for the Kola-
apatite their own apatite deposite (Kodalen) is very closed
to be mineable. The grade in Kodalen is about 8,1% P205.
According to Hydro the minimum production grade by open
pit mining should be about 10% P205 to start apatite.

In Fen area it is assumed to be important that a potential
futute mining-operation must be carried out by a minimum
of disturbance by landowners and the population. Ithat
way an underground mining operation will probably be best
suited.

The production capacity must depend on accessible tonnage
and themazket situation. Even if we are far from having
delineated any ore-body, we do have results that indicate
that one may be found. 4 - 5 millions tons may be a rea-
sonable figure. Today the market situation is not too good
and to be somewhat moderate I think a production rate amoun-
ting to 200.000 - 300.000 tons of crude ore may be realistic.

In the following I have tried to indicate minimums of ore
values required at different pay back times.

ore production min. ore value min. ore value
5 years pay back 10 years pay back

200.000 t NOK 300 / ton NOK 190 / ton

300.000 t NOK 260 / " NOK 160 / "

With respect to 5 years pay back times the depreciations,
interests charge and profits are amounting to about 55%
of the minimum ore value. Mining and oredressing costs
are amounting to 25% and 12% respectively .

To indicate the value of insitu mineralizations recoveries
must be indicated. To be careful 50% are indicated for ma-
king a niobium concentrate and 80% for concentrating apatite.
Truck transport for apatite concentrate to Hydro is estima-
ted to be about NOK 1/ km.

1% Nb205 NOK 240/ton

1% P205 niNOK 10/ "

/ •
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If my figures are correct the grade requiked to think mining
must be in the order of 0,8% Nb205 and 6% P205.

Finally the values of some findings from Fen are indicated:

	

Drillhole thickness %Nb205 .%P205 "Value"
NOR/ton

2,7 .12 780

1,4 14,5 240

12 3,5 0,4 10,5 190

11 6 0,5 8,9 210

Especially the lamprophyre structure (drillhole 1,3,7,8,12)
are showing grades which should be "mineable". Rather inte-
resting grades do also occur within the Søvite and in the
Raudhaugite (drillhole 11).

Unfortunately the extensions of the mineralized zones are
too small and we have not found any big "elephant" yet.
However more drilling in the dtpth direction should be
considered.

From a geophysical point of view especially the considerable
gravimetric Fen-anomaly opens interesting perspectives
of finding a big lamprophyre mass.

To produce 200.000 - 300.000 tons crude ore per year it
is assumed that we must have a minimum ore tonnage of 4-5
millions of tons. The geophysical grid system and the space
of drilling must depend on the geometric form of that hypo-
thetic ore. "

_

If we assume that an orebody may occur as a mass beeingcylinder formed, then I think a grid system of 25m x 5-10m
may be appropriate concerning detail magnetic, radiometric
and gravity investigations in certain areas.

•/•
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SUMMARY

My reply and comments to the criticiam of Mr. Lilis certain-
ly got more extensive than I originally had ment to do. How-
ever, it has been written in a period where it is uncertain
whether it will be any progress in the Fenco-Work, and I
therefore felt a need for argueing for a continuation of
that work.

Unfortunately I cannot see that Mr. Ellis has made attempt
to give alternative interpretation and to propose alterna- -
tives of methods that might improve explorations in Fen.
Being somewhat influenced by geophysicist Ø.Logn a summary
is made:

Disameing with Mr. Ellis I think we have to accept that
it is an interesting correction of petrophysical para-
meters and mineralisations of niobium and apatite. Con-
sequently it is worth to check up radiometric haloeffects
both within and outside the Søvite. Magnetic and radiomet-
ric detail investigation should be followed up systemati-
cally.

The lamprophyre in which the most interesting grades occur
is the heaviest rock type so far located in Fen area. The
considerable gravimetric anomaly in Fen may be explained
by masses having the density to that of the lamprophyre.
consequently more detailed gravimetric investigations
should be followed up to improve the target at which
drilling should be done.

VLF and electric soundings have turned out to be use-
ful tools in delineating faultzones and the thickness
of overburden materials. Such investigations should be
followed up.

Even if the market situation (niobium) is somewhat difficult
it can be good prospecting philosophy to strive to remain
the exploration. The economic climate changes rapidely. Any
prunning of the exploration budget at an early stage of a
project may have serious impact on overall costs when the
climate improves.


