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ABSTRACT

Investigation results discussed in the report are:

Detail magnetic and gamma-ray investigation within the
Westhagen and Melteig area.

Test investigation of the northern portion of the Fen
complex.

Background 


The Tuftehavna story points towards interesting occurence of
niobium and phosphate within søvitic domains. Concerning known
igneous phosphate deposits, the most prominent in commecial terms
on a world basis is represented by ijolite-urtite rocks which are
similar to the rocks occuring in the Melteig area. The lack of
bedrock exposures places geological methods at a disadvantage,
and therefore interactive use of geophysics was used to promote
the understanding of the geology.

Objectives 


The main objective in using geophysics has been to get infor-
mation on the occurence and the extent of søvitic and urtite-
ijolite structures below the overburden.

Give proposals for exploration drilling to follow-up known
findings as well as to get geological information in virgin
areas of the Fen complex.

Obtained Results

The area of the søvitic domain within Tuftehavna Westhagen area
may be in the order of 250,000 m2. That area is assumed to be
open towards east into the land of the Vipeto-group which is not
accessible for exploration.

The exploration drilling carried out during summer 1983 was based
on geophysics. Very good results were obtained. The finding
intersected by drillhole 13 is grading to 2% Nb205 and 15% 1)205.
Drilled thickness was 4 m.



n12 g Abstrant

Tanuary 1934

A potential søvitic area is aLso indicated within the Melte g
area. The melteinite itself is assumed to he more extentive
towards south-east compared tn the geologicaL results of F.F.
lmore. A variable radioantive annmaLy is deLineated in the


Tveithåven area which makes a perinheral part of the Pen complex.

The test investigatinns in the northern portion nf the ren
complex show that detail geophysics promote a hetter correlation
hetween the variahility of geology. The narrow hydro-søvite dike
as well as the intrusinn edge nf carhonatites are indicated hy
geophyslos.

rurthe- Investigations

The results of this renort aLnne lo not open the prespects of
finding the hig denosit. Mowever, on the hanis of the results we

propose to follow-up known findings, as welL as annmalies, to
promote the understanding of the occurrence of mineralizatinns as
welL as to improve understanding of the geoLnginal mndel nf the
Fen complex.

Priority should he given to folLnw UP the radinactive anomaly on
which drillhole 13 was directed. Tf positive resuLts are ohtained,
magnetic stracturen assnciated with the radioaetive annmaLy
should be drilLed. rurther drilLing shnuLl aLst) he eansidered in
the OLd Molla Church area,

It was a magnetin annmaly in Tuftehavna that gave rise to the
first drilling. t.VPrl if we so far have not detected any large

mineralisations, drilLing is recommendel in the Me1tei3 area to
check magnetic anomalies heth within the notential søvitic and
melteiaitic areg. =inally, exnLoratinn drilling shnaLl he cnn-




sidered to checg, a radInantive anomaLy in the Tveithåven area.

The aim of the Further prospecting should he to defane minimum
4-5 million tonnes of ore. The minimum nr• grade shomill he in
the order of 0.7% Nh2n5 and 79 p205

Current heneficiation technningy is such that igneons apatite
ores,of Inwer grade can he up-graded to yield marketable cnn-
centrates of high grade. On that basis the Tuftehavna nøvite is

a potential nhosphate resnurne.

The nravimetric annmaly may he the key to Finding a hig dePcsit
of hoth niobium and anatite. That anomaly can he exnLained by a

mass having a density similar to that of the lampranhyre.

I f
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Total mining, ore dressing and refinery costs will be in
the order of 150 NOK/tonne. The minimum ore value
required to think of a production should be in the order
of 240 NOK/tonne. A pay-back period of 10 years is
included in that figure.

A consequence of the above factors should be to define
minimum 4-5 million tonnes of ore in which the minimum
grade should be in the order of 0.8% Nb205 and 7% P205.

The last finding intersected by drillhole 13 in Tuf-
tehavna represents an insitu value in the order of 600
NOK per tonne crude ore, and in that figure 50% recovery
of niobium has been included.

Current beneficiation technology is such that igneous
phosphate ores of extremely low grade can be treated
successfully, to yield marketable concentrates of high
grade. In Siilinjårvi in Finland a deposit grading
4.1% P205 is presently being exploited. Mining costs
are rather low due to open pit operations and high capa-
city. Ore reserves of this deposit are 400-500 million
tonnes.

A potential roast-leaching process of rare earth ele-
ments in Grubeåsen improves the economic potential in
the Fen complex.

Even if we so far have not detected any large minerali-
zations of niobium, the Fenco project is assumed to have
a better economic potential than it has ever had.

To check these possibilities exploration drilling must
be given a high priority.
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A resume and conclusion of the test investigations are

as follows:

The narrow Hydro-Søvite dike as well as the intru-

sion edge of carbonatites are reflected by the

detail geophysical investigations. Halo effects

are also a diagnostic feature.

Radioactive properties from bedrock exposures are

much influenced by "allochthonous" (marine shale)

overburden.

Within an overburden terrain, it is worth paying

attention to even very weak radioactive anomalies.

Due to the correlation between radioactivity and anoma-

lous grades of niobium apatite and rare earth elements,

it is recommended to study figures 9 and 10 further to

define the radioactive sources within the Tuftestollen

more precisely. Follow-up investigations should be con-

sidered to find the reasons for the radioactive peak

anomalies within the Tuftestollen area.

6. SOME ECONOMIC CONSIDERATIONS

The Tuftehavna story points towards lamprophyre occuring

within søvitic domains as being the most interesting

exploration target. If we assume that a potential ore

occurs as lamprophyre dikes, then the tonnage may be a

critical factor due to great variability in geology. The

minimum tonnage required to start a mining operation

should be in the order of 4-5 million tonnes. It is

assumed that it may be difficult to find that tonnage

within one single dike. More probably a potential

mining operation must be based on a certain number of

dike-like deposits.

Continuing to assume that a potential ore body will have

a certain relationship with lamprophyric rocks, then the

gravimetric anomaly may be the key to further explora-

tion. The gravimetric anomaly may be explained by a

cylindrical or cone-shaped mass having a density similar

to that of the lamprophyre.

To minimise the disturbances from a potential mine pro-

duction is it assumed that underground mining will be

most appropriate within the Fen area.
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Peferring to fignre R, tne present de"ail magnetic isn-
man reflects a structure direction whidh is in accnr-
dance with known geological structures. There are
somewhat higher magnetic values than the background
above and in the vidinity of the 0ydrg-Søvite dike. .<1",.AL
is more evident on the map is a correlation between tbe.
Hydro-S,.dvite dike and radioactivity. The gamma-ray ano-
maly is somewhat hroader than the dtke itself reveaLing
halo effects nf radioactive minerals in the country
rocks at each side of the dike. The overburden thidkness
above the Hydrg dike is assuned to vary between 0.5-3 m.

8amma-ray investigations within the Tuftestollen, and
both nagnetid and gamma-ray investigation on its surd
face, were carried out to check geophysidal resalts
against slmnre's detail geologic map of the adit.

Referring to Figura 9, the 8vdro-8øvite dike is exogsel
bv gamma-rav investigations within the adit as welL as
nn the snrface. Nnt so clearly this is alsn indicated by
the magnetic results. Also in this section we cdn

study the haln effect of the søvite dike. Concentrations
of radioactive minerals positioned up to 50 m outsile
the dike seem to have a certain relationshin with the
søvite dike. Tnwards scuth it seems to he a similar
effect concerning the distrihutinn nf magnetite.

The intrunive sçvite mass comes up 300 m from the
opening of. the Padinective annmalies within the

søvitic mass are very diagnostic, but unfortunateLy that
diagnosid cannot he made on the hasis of the surface
radinactivity due to screening effects from the overhur-
den. The magnetic trend on the surface does, to some
degree, refTect the cutting through of the søvite nass.

The southern section of the TuftestohLen, figure 10,
shows tn what legree the radioactivity is screened 'r on
the nverhurlen. flarameters from the overburden natura
and its thickness are availahle thr ugh ø. Angn's

geoelectrical investigations dating hack to 1953. The
overburlen thidkness varies between 2.5 m and 20 m. Tt

is reonlactive, and this indicates that the overhurden
materials are mixed un with marine shales. The example
shnws that such nverburden very mach screens the
radiodctivity. However, it is worth noticing that the
radioactive znnes located at 700 m and 841 m are aLso
refLected bv the surface radinactivity, showing weak
anomaLies 10-30 c/s above normal background radidtion.
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The radioactive anomalies in the snuth western
peripheral portions are rather weak. There is a int of
bedrock exposures in the area and an general the over-
burden is thin. On the hasis of radioactive investiga-
tions of bedrock exposures it is assumed that the
radioactivity represents normal background rddaation
from gneis and fenite.

4.3 Proposal for further inve iga t anns

Previnusly we have said that further exploration of
gamma-ray anomalies shouLd he given priority. Even if
those are situated in peripheral areas, one shnuLd pay
attention to such anomaLies. mjjs means that we dn nnt
have gond enough statistical data to suggest that
mineralazed lamprophyra has a typical occorrence in
szsvite. We therefore pronnse further examination of the
radinactive anomaly in the nnuth-western pnrtion.
yurther gamma-ray investagations on blocks should he
carried not. In additinn snme ligging as recommended to
Lonalities in which the radiatinn in highest. Expinra-
tian drilling should he censadered.

Tt must be in the interest of the Fen project to oramote
a better dnderstanding of the geoLogy in order to build
up a genlogical model on which logacal prnspecting phi-
Inschy can he utIlazed. Tn do so, more drilLing hds to
be done in areas where there is a lack of bedrock

t crops • rurthermore, tn obtain valuabie geoLogacaL

infnrmatinn drilling should, if possibLe, be carried nut
in Localities in which there are some chances of finding
econnmic minerals. In thdt way we wilL propose to (irect
twn driLLholes at magnetic anomalies withIn the
meLteagite and pntentiaL søvite ared 1see figure 5).

S. TEST LI:VESTIGATIOJ1 OF THE WORTSEV1: PORTION OF TSE Fr11
noMPIRW

On the basis of the previaus mdgnetan investigatinns cf
reuinnal character it was not pnssible to reconciLe
genphysical and geologicaL observatinns in the nnrthern
portion of the Fen compLex.

In 1153 a few days was sPent carrying out more detail
investagations in that ared. Roth magnetic and gamma-ray
investigations were carried nut. Thrcugh flImere's genLo-
gicai mapping in that area, it wds possibLe to make a
gnod check of the geophysical resuLts.
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A søvite exposure at the coordinate 140600N 50900W was
found by Carstens and Olmore in 1982 when carrying out
susceptibility investigations in the area. The outcrop
is situated in a creek in which the water content was
minimal due to a dry summer time period. The bedrock
exposure is located outside Olmore's map. Unfortunately
the finding deviates from Sæther's geological map indi-
cating that there is a melteigite outcrop in the same
locality. Maybe Sæther did not locate the søvite because
of too much water in the creek. Apart from this
discrepancy, our søvitic area is outlined within a
virginal area concerning bedrock exposures. The con-
tours of the søvitic area are based on susceptibility
investigations of the outcrop as well as statistical
parameters concerning the magnetic level.

The size of the potential søvitic area is approximately
50,000 m2. On the basis of the location, it should be
possible to view it as a possible prosperity of the Tuf-
tehavna søvite.

Another potential søvite dike structure has been indi-
cated on the basis of a magnetic anomaly in the northern
portion. See figure 5. According to Sæther's map and
observations during the geophysical field investigation
there are not any signs of bedrock exposures in the
area. sasically there are alternative rock units that
may explain the anomaly. In that district melteigite and
søvite should be alternatives. Melteigite primarily does
not occur as dikes. To throw light upon the possibili-
ty we have chosen to call it a potential søvitic struc-
ture.

4.2 Discussions of the radioactive anomalies

The radioactive anomalies are concentrated to the more
peripheral parts of the area (see figures 3 and 5). On
the basis of our field investigations we have the
impression that the bedrock exposures are generally
covered by thick overburden in the central part. We
assume the overburden thickness to be 5-6 m at each side
of the creek in which the søvite bedrock was found. It
is assumed that signals from the radioactive bedrock
sources to a large degree are screened by overburden
material.

Referring to figures 3 and 5 there is a radioactive ano-
maly in the Tveihåven area situated in the north western
portion. According to Sæther's geological map, that
area is dominated by fenitic breccias. We have, however,
investigated rock exposures and blocks without finding
the radioactive source. The question of the radioactive
source can therefore at present not be answered.
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A rather narrow band of the Tuftehavna søvitic structure

is assumed to be reflected by a magnetic high in the

most north eastern portion of the map. That structure

stops gradually towards the south. However, the struc-

ture may be open towards the east.

Moving further towards south (see figure 3), the magne-

tic structure changes from a low to a higher area. Using

the 500 gamma-ray isoline as a borderline between high

and low areas, the area can be divided into 3 magnetic

high areas. The two most prominent magnetic high areas

in the southern portion have semi-elliptical structure

which is assumed to reflect the penetration of Fen rocks

through precambrian structures.

Mr. Olmore had earlier focused on magnetic high areas as

being potential exploration targets for an apatite Fe-Ti

body of similar nature to that in Kodalen. In addition

it may represent a potential for nefelin rocks. He has

done detail geological mapping in the area. The bedrock

outcrops are clearly defined and that makes a good basis

for our intepretations.

It can be concluded that the melteigite is among the

most magnetic rock units in that area. The magnetic pro-

perties are variable, but it is assumed that the

melteigite reflect much of the magnetic anomalies.

Because of the possibilities that the melteigite may

represent a potential host rock for apatite and nefelin,

we have tried to outline a potential melteigite area.

See figure 5.

Compared to Olmore's geological map which was much drawn

on the basis of erosional features and soil charac-

teristics, our melteigite area is more extentive towards

north-west. There is a rather good correspondance

towards east-south-east. In the southern portion there

are some discrepancies between geological bedrock expo-

sures and the mean statistical magnetic properties of

the melteigite. The reason is the variability of the

magnetic property, and in that portion we have drawn the

borders on the basis of the mapped outcrops.

Referring to figure 5 we have taken the liberty of deli-

neating a potential søvitic area. This has been done to

throw light on this possibility, and the basis for doing

so is discussed in the following.
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Due to nverburden we cannot sn far comment much on the
single and small ancmaLy at the western portinn of the
map at 1.793 N. It is found within a rather magnetio low
area and is therefore assumed not te renresent minerali-
zatinns within søvitic dosains. Powever, we cannnt
excLude the possibility that it may represent minera-
lized Lamprophyre or perhans Srn mineralizations sutsido
the søvite cnmplex.

The WaJk annmaly close to the hasis line at 2.100 N is
Located within a smalL creek in which there ars hoLlaite
hsdrsck expssures. The annmaLv fades out at each side nf
the c roe':.That annmaly ornbably represents backgrsund
radiatinn frsm hollaite.

The north western portinn of the map also reveals weak
radinactive ancmalies. In that area there are hedrock
exposures and the overhurlen thickness is generalLy
smaLL. The annmalies are assamed to reflect hackground
radiatinn frnm fenite and gneis.

3.4 Praposa I for curther invPsttgatir)n

So far annmainus grades nf ninbium and apatite have heen
fnund within søvite dominated rscks. On that basis it is
reasnnabLe to focus on nur potential søvite area within
tho Tuftehavna-Westhagen ard, which is apornximateiy
2.-,n,gon m2• Sn far Wa have liscovered interesting fin-
dings. There is hariLy enough space to find a large

mineralized zone, but reasonahle ohances may exist tn
detect a rich deposit nf melium sire.

ie think prisrity shnall be given to follnw uo the
nishiam and apatite findings nbtained by drillhole 13.
These findings should have a relatinnship with the
radinactive annmaly at the surface. If positive results
are ohtained by further IrilLing nf the anomaly, we pro-
pose to check magnetic structures which are assumed to
have a relatinnship with radinactive Findings. Peferring
tn figure 14, such znnes are indloated by dotted Lines.

	

4. PESPlMS 705 MEJTEI4

	

4.1 Interpretatinns/discussions nf magnetie results

Moving rult nf the Tuftshavna area into the MeLteig area
we get a change from magnetio high to magnetic low (see
fignres 2 and 3). On the basis nf the magnetic prnper-
ties of rsck, the magnetic Low areas are assumed to
refLent fenite and hoLlaite. Nccording to Sæther's
geninginal map there are very few bedrock outernps in
that area.
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The Tuftehavna story stated by drilling a magnetic ano-

maly, and the story points towards søvitic domains beang

dasseminated by magnetite. ror exploratinn parposes in


more vargan areas we pronose to focus on magnetac annma-

lies. Magnetic structures which seem to be related to


already known findings may add useful information con-

cerning the strike directions to which further draLling

should he concentrated. Pecommendations on follnw-up


expLoration are discussed in chapter 3.4.

3.3 antercretation and discussann, of gamma-ray resdlts

The gamma-ray technigue has turned out to he dpnlicable

within the Tuftehavna erea. 10riLLhole 13 was dralLed to

check a radioactive anomaLy and the following resdlts

wer• ohtained: 4 m 2% Nhy)r, and 14% P205. Peferring to

Figure 5, the genphysical resdlts show that there seems

to he a relatinnship between the surface amsanaly and the

driLied mineralizatinns Lomated rOS m below the sdrface.

2eferring to Carsten's geophysical report 1022, nropo-

saLs had been given to dralL that anomaly. Later Lnqn

improved the arguments to draLL the same anomaly.

N new radioactive annmaLy has heen discovered south of

the Tdftehavna drilLing area. The anomaly is sithated an

e Creek Valley (BekkedaL) at 1.350 L1. The isnlines have

heen connected to the radinactive anomaly within the

Tuftehavn. It is worth noticang that this relationship

may he wrang, because of higher background radiatinn

`room bedrock exposures within the Creek Valley. Niter-




natively the anomaly may have a relationship with the

rtdinactive and anomalons linbilm/apatite findings

obtained by dralLhnle 13.

The driLlhole 14 within the OLc1 Hnlla Chnrch area was

also made to check a radinactive anomaly. Nnalyses of

the drilLaanres have sn far showed submarginal uranium

mineraLizatinns and interesting 2r0-mineralizations.

Peferring to the drilLhnle section figure 7, the minera-

Lfzetinns have a relationship with weak downhnle gamma-

ray anomaLies. rrom a geophysical point of view, it also

seems possible that the z(~5', may be associated with

smaLL maximum anomalies at the surface. The additiconaL

aamma-ray investigations this year show the radioactive

anomaly at the Old HoLLa Church area to be more exten-

sive towdrds west-north-west.

Pven if the Tuftehavna story points towards the

existence nf anomalous grales nE mineralizatinn within

søvitic domains, the possibiLity of the existence of

lamprophyre dikes outside the søvitic domains shpuld not

be negLected.
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An aLternative interpretatinn is made on the basis of
meag values of magnetic properties from the known
sAvitic area in the Tuftehavna. Peferring to chapter 2
svite should be gore magnetic, but the variances of the
measarements are, however, signLficant. Ey using these

data cnmbined with driLLing results the potential
søvItic area is reduced. The results are presented in
figure 4.

Pe`orring to M. Qvale's geolngical report dated
11.12.m2, a geological map has been prepared bv himsolf
and S.M. Olmore within the Tuftehavna complex. The
authnrs have closed the søvite structure towarls east
and snuth. an basis n" the magnetic results we think
there should be oponings Ln the søvite structure in
these directions. In thn Tuftehavna area nur interpreta-
tinrs correspond not too badLy with Sæther's genInginal
map. Sæther did take magnetic results into con-
siderations when drawing his map and on the basis of the
Limited magnetic results to which he had access, we
think he has done a gond job.

nur interpretations in the •Id MolLa church area are
hosed nn geoph7sics and cn geologival resuIts from
IriLlhnIc 14. MnfortunateLy a comniied versInn of

Mvalc's ond Olmore's genLnginal mapping in that area
not avoiLable.

PenpLe who happen to study more than the summary of this
report, may think that nur indicated potential con-
tinuating nf the Mydrn søvite dike mast be most opti-
miatic. See `igure 4. Te have done this to throw Light

upng one possibility. Peferring to the doninating faalt
ig the north western nortinn nf Sæther's geolngical man
there should be a possibiLity that the nffset søvite
diko may occur where we have drawn it and where there is
a magnetic high. According to Sæther's map, there are
outurnes in that area which can support, or discount,
our interpretatinns.

Maving nutlined potentiaL areas for søvitic domains we
sholL discuss magnetic ,liagnoses in more detail. The

TufFehavna storv points tnwarls søvitic rock being rich
in magnetite as the host rock for lamprophyre. The most

typicaL diagnostic featurc of lamprophyre was a lack of
magnetite. Jess typicaL was some magnetite ig the
lamprophyre. Our investigatioh grid is basically too

rAugh tn get magnetic refLections of thin dikes of
lamprophyre. Even if tho grid had been reduced to haLf
it wouLl have been difficult•
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An interesting fact is that there seems to be a rela-
tionship between radioactivity and the occurence of
niobium, apatite and rare earths elements.

The applicability of gamma-ray investigations is very
dependent on the overburden thickness and its nature.
This will be discussed later on.

3. RESULTS FROM TUFTEHAVNA - WESTHAGEN AREA

3.1 Magnetic structure descri tions

The majority of the magnetic structures in the central
part of the map are dominated by structures in which the
magnetic isolines make a semieliptical geometry. We can
classify them as being of the semi-two-dimensional type.
Those structures make a contrast to the more one-dimen-
sional line-structures which are more dominating towards
the west at the border of the complex.

The semi-two-dimensional structures are generally magne-
tic highs, exposing a structure direction towards north-
north-west.

A characteristic feature is that the magnetic high forms
an east-west wall towards south where it is stopped by a
magnetic low. Towards north-north-west the magnetic high
is more irregular and it partly fingers out.

3.2 Inter retation and discussions of ma netic results

The semi-two-dimensional structures are assumed to
reflect the cutting through of the Fen carbonatite
complex, while the more one-dimensional structures
reflect a transition zone and originally pre-cambrian
structures.

The abrupt changes concerning the magnetic high struc-
tures toward south should reflect changes of the geology
due to different magnetic properties of rocks.

On the basis of known søvite geology in Tuftehavna it is
reasonable that the magnetic high should reflect bedrock
exposures which are dominated by søvite. Based on the
average magnetic properties of søvite from different

localities in Fen, we can say that the area within the
500 gamma-ray isoline may represent a certain possibi-
lity for the occurence of søvitic rocks. Interpreta-
tions do not fit too well with vertical projections of
drillhole geology up to the surface.
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The magnetic properties of søvite/raudhaugite,


melteigite and rødbergite are so similar that it is

difficult to differentiate those rock units from

each other on the basis of magnetic properties.

However, the difference in geographic distributions

of special rock units, makes it possible to foresee

a certain relationship between magnetic anomalies

and the rock units.

The above mentioned rock units can clearly be dif-




ferentiated from hollaite, fenite and gneis in

which there is a lack of magnetite.

2.2 Radioactive roperties

In the Vipeto, Rullekolen and Grubeåsen area thorium

seems to be the predominant source of radioactivity.

(Wiik-report 1982, Hultin report 1982). Uranium seems

to be the main source in Tufehavna (Qvale-report 1982).

The radioactive properties of some rock units have been

studied on the basis of the following materials:

Gamma-ray investigations on drillcores in Tuf-

tehavna (Carstens 1982).

Gamma-ray investigations in Tuftestollen (Carstens

1983).

Gamma-ray investigations in Grubeåsen (Hultin 1982).

Investigation of outcrops (Carstens 1982-83).

Referring to figures 9 and 10, studying the gamma-ray

within the Tuftestollen, the following radioactive pro-

perties can be indicated: the søvite and raudhaugite

have similar properties, and these rock units are about

twice as radioactive as hollaite, fenite and gneis.

The radioactive properties are compiled in the following

table:

Rock units Radioactivity

Gneis, fenite 1

hollaite, melteigite

Søvite, raudhaugite 2

Lamprophyre 4

Rødbergite 20
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Concerning the whole Fen complex the tentative statisti-
cal results are as follows:

Rock unit Number of Mean value Standard
readings gamma deviation

Søvite 71 610 280
Raudhaugite 52 613 893
Rødbergite 45 550 482
Hollaite 22 280 90
Damtjernite 20 570 474
Melteigite 25 590 350
Fenite/gneis 30 290 150

The new results do not differ very much from the pre-
vious results. From the standard deviation figures, we
can see that the magnetic values generally vary very
much within the same rock unit. Especially raudhaugite
and søvite showed a considerable variance which must be
related to lumps of magnetite.

Concerning the søvite and raudhaugite there are also

geographical differences of the magnetic properties.

Referring to the Tuftestollen profiles figures 9 and 10,
the magnetic properties of søvite and raudhaugite in the
northern portion of the Fen complex are as follows:

Mean value Standard deviation

Raudhaugite 260 Gamma 120
Søvite 160 125

The reason for having much lower magnetic properties in
this portion may be due to fenitization.

In contrast the magnetic values in the Tuftehavna area
are higher, and the variability is more prominent.

Mean value Standard deviation

Søvitic rocks 890 Gamma 430

On basis of the susceptibility examination of drillcores
in that area, the average magnetic content of søvitic
rocks is 1.1% magnetite, and that figure corresponds
well with the obtained magnetic readings.

The consequences of the magnetic properties are as
follows:
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Figures 4 and 5 present the results from our qualitative

interpretation.

The interpretation maps show the interpreted extention

of rock units which are assumed to be most favourable

for the occurrence of niobium, apatite and perhaps

nefelin-rocks. Proposals for further examinations are

also given in the maps.

Figures 6 and 7 present sections of drillholes 13 and

14. Results from geophysical investigations on

drillcores, as well as on the surface, are plotted into

the sections.

The results from the test investigations in the northern

portion of the Fen complex are presented in figures 8, 9
and 10.

Figure 8 presents a magnetic and gamma-ray isomap while

figures 9 and 10 present geological/geophysical sections

of the northern and southern part of Tuftestollen.

2. GEOPHYSICAL PARAMETERS OF SOME ROCK UNITS

2.1 Magnetic ro erties of rocks

In connection with the regional magnetic investigations

which were carried out in 1980, a rough qualitative eva-

luation of magnetic properties of rocks was done.

Sæther's geological map was compared to the magnetic map.

Referring to the geophysical report 1980 by C.W.

Carstens, the results were:

Raughaugite : 500-700 Gamma

Rødberg : 600-700 "

Søvite : 300-500 "

Damtjernite : 400-500 "

Basic Silicate rocks 100-300 "

These results have been further checked. In addition to

Sæther's geological map, S.D. Olmore's geological map of

the Melteig area and Tuftestollen, have been compared to

obtained magnetic results. To eliminate errors from

geological interpretations, we have evaluated known

bedrock exposures against magnetic results.
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The ohjective of using geophysics is set up as folinws:

The main objective of the aeophysical investiga-

tions has been to indicate what rock units and

structures are exposed below the overburien. Spe-

cial attention has heen paid thu søvite, raudhaugite

and melteigite - rock units which are assumed to he
favourable for the occurrence of economic minerali-

zations.

2) Give inputs where to drill to ohtain geological

information and information of potential economic

mineralizations.

3 ) Give incuts iow foliow-uo exploration on aLready

):nown findt ngs.

4) Surther tests of the applicahil.

1.3 Presentation of the results

y of geophysics.

Figure 1 shows the :irH?d Ln which the investigations were

concentrated.

flriginalLy magnetic ani gdmma-rav results were dr-Iwn in


the scale 1:1000. Sowever, that scale has been changel

to 1:2500 for presentation in this report. 111ythat


redhiction the resolution has been somewhat reduced, but

the original maos are dvaiiable on special reguest.

Magnetic and radloactive results are presented on the

same map sheets.

The foLlow-up magnetic and gamma-rav investigations

resdlts in Tuftehavna and 1;:esthagen area have heen com-

piLed with results from previous investigations. Figures

1 and 2 present those results, while figure 3 presents

the results from the Maiteig area,

nn the basis of cetriphysical examinations ot some ruck

units we suggest (as i first rule of thumb) that magne-

tic structures higher than 500 gamma represent a certain

potential for søvite, raudhaugite and melteigite. In
order to focus on such structures we have drawn the 500

gamma iscucontour Lino thicker than the others.

The magnetic isocontour Lines are assumed to refLect

variances in geologic structures. Magnetic structures

higher than 350 gamma have heen symbolised by 0-0.

Structures between 500 and 750 gamma-ray are symholized
by h-h. Structures below 300 gamma are in the same way


symbolized by L-L.
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1. INTRODUCTION

1.1 What has been done

The author has spent about 8.5 weeks in the field, of

which 5 weeks were used for magnetic and gamma-ray

investigations comprising:

Follow-up investigation within Tuftehavna area.

Detail investigations between Tuftehavna and
Westhagen.

Detail investigations between Tuftehavna and
Melteig area.

Test investigation of the northern position of the

Fen complex.

Investigations of susceptibility and gammaradiation
on drillcores.

A grid of 50x10 m has been utilized. The author carried

out the field measurements.

G. Kompen Aspro A/S was responsible for the navigations.

In difficult terrain a third person assisted in sticking
of the lines.

A 3.5 weeks period was spent on VLF-resistivity, spon-

taneous potential investigations and on supervision of

gravimetric investigations. Results from those investi-
gations will be reported by geophysicist ø. Logn, Aspro

A/S.

1.2 Objective

It is assumed that some work remains to be done before

the the Fen complex geology is understood well enough to
build up a geological model as a good basis for prac-
tical exploration work. The reason is lack of infor-
mation within areas which are not accessible. Further

there is a lack of bedrock exposures due to widespread
occurrence of overburden.
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The results of the research work concerning a roast-leaching pro-

cess to extract rare earths elements (REE) from rødbergite is

opening interesting perspectives.

Even if we so far have not detected any big deposit of niobium

the Feco project is more interesting than it has ever been. To

explore the possibilities of the Fen complex major parts of the

future exploration budgets should be spent on exploration

drilling.

Future demand for niobium is expected to be rather good.

Phosphate deposits of igneous origin also represent a significant

and growing source of supply.


