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SUMMAR Y.

	

1. The Area of Agreementis situatedin the Precambrianof
South-WestNorway, and covers an area of approximately7000 km2.
For the western part of the Area a geologicalmap in scale
1:100 000 is available.For the easternpart a preliminarygeo-
logicalmap in scale 1:250 000 has been wilrkedout.

The Area consistsof highly metamorphosed,folded gneisses
(para-and ortho-gneisses),and various intrusiverocks.

	

2. Molybdenitemineralizationis associatedwith zones of socalled
"layeredgneiss" which compricethe followingthree main rock
types :

grey gneiss, containingpyroxene/hornblendeand biotite,
quartz-feldspar-gneiss,

amphibolite.

MoS2 appear to be especiallyconnectedto the grey gneiss type
(a).This rock type is often characterizedby oxidation of Fe-
sulphides.

	

3. MoS2-mineralizationoccur on secondaryquartz- and quartz-feld-
spar-lensesand dikes in grey gneiss, along the border of younze:
apliticintrusionsin grey gneiss (Knaben,Flottorp)and as
impregnationin grey gneiss and aplite.

At Knaben II, which is by far the largestMo-depositin the Area
- 8,6 mill. tons of ore with an average grade of 0,2 % Mo32 has
been mined here -the main mineralizationtypes are :

as impregnationin a granitticgneiss "lense" (the "gangfjell
lense"- the genesis of this rock type is a matter of discussion
i.e. whetherit is an intrusivebody or a metasomaticallyalter-
ed gneiss),

as mineralizationin a system of secondaryquartz-veinsin
grey gneiss below and adjacent to the "gangfjell"lense.

	

4. Prof. Scheteligand Dr. Bugge, who worked as consultantgeolo-
gists for The Knaben Mining Company, advocateda magmatic theory
for the genesis of the ore :



MoS2-mineralizationtook place at a late stage pneumatolytic/

hydrothermalphase of a magmatic sequence,involvingintrusion

of aplite/pegmatiteand depositionof quartz-veins.

Geologistfrom FolldalVerk emphasizethe associationbetween

molybdeniteand the grey gneisses,which they regard as sedi-

mentaryhorizons,and hence considerthe mineralizationas being

stratiformdeposits.They believe that MoS2 was mobilized during

metamorphismand was partly depositedin low pressume zones in

the host rock, togetherwith quartz/feldspar.

5 During the "molybdenum-boom"in 1916-1920,the area was intensely

exploredby geologistfrom The Knaben Mine, from prospectors

from other companiesand also, and not least important,by

local people.More than 800 registrationsof molybdenitewere

done in this period,most of them of no economicvalue, but one

can assume that most of the uncoveredbedrock in the area was

examined.

After 1965, a number of companiesand institutionshave been

engagedin explorationin the area (FolldalVerk A/S, Elken-

SpigerverketA/S, A/S Sydvarangerand The GeologicalSurvey of

Norway,NGU), but no new deposithave been discovered.The chan-

ces of findingeconomicore bodies at the surface in exposed

bedrockmust thereforebe characterizedas rather limited.

In the Flottorp,Gursli, Sira and Ovedal areas, relativelysnall

scale mining operationswere carried out during 1916-1920.

Recent investigations(by FolldalVerk) have indicatedthat these

deposits are too small to be consideredas objects for renewed

mining.

6. Future prospectinghas to be carried out on two scales :

The Knaben Area.

RegionalprosPecting.

Prof. Vokes, consultantfor The Knaben Mines during the latest

years of operation,has proposeda program for explorationin

The Knaben II mining area, which has to be discussedfurther.

Geochemicalinvestigationsappear to be the most suitabiemethod

for regionalprospecting.
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THE MOLYBDENITE PROVINCE OF SOUTH-WESTERN NORWAY.

A compilation of available data concerning geological mapping

and Mo-exploration within the Area of Agreement.

INTRODUCTION.

II;[

1.

This report reviews the geological mappingtand exploration work

that has been carried out in the area. A/S SydvaranEer's explc-

ration manager Thor L. Sverdrup and the geologists Civind Gvein

and Kristen Mørk, have gone through.the archiv at the Inspector

of :1inesfor Western Norway in Bergen, where most of the nateria1

0111. concerning the mining operations and prospectins activities in

which are filed at Norges Geologiske Undersøkelse (N.G.U.) (The
the Knaben area is stored. Further we have studied the records

ll

 

Geological Survey of Norway) - NGU Eergarkivet - in Trondheim.

III In the 1960s, two Norwegian mining ccmpanies - Folldal Verk A/S

- and Elkem-Spigerverket - carried out a relative:y extensive ex-

III ploration program in this region. Folldal Verk's material is

partly available at the Inspector of Mines, and we have from the

Ill company obtained a description of the area they have worked in,

and a summary of the reports that was written. For a more detai,_ed

III study of this material, and for cermission to use the results, the

companies will expect a certain compensation.

III,
2. DEFINITION OF AGREEMENT AREA, T0POGRA:PHICCOUDI:IWS AUD

FROSPECTING/MINING RIGHTS.
f.

lift2.1 Limitation of the Area.

hi
FW

The area of Agreement is restricted to that part of the 1:250 00•

map sheet MANDAL which is covered by the 1:50 000 sheets A:.:S1312

lg
I-IV, 1412 I-IV, 1311 I and parts of 1311 IV,'1411 I and 1411 IV,

corresponding to.an area between longitude 6013' and 7c43',3nd

111 latitude 58°15' and 59°N. (Fig. 1, and map enclosed as an appendi)

	

2.2 Topo ra hic conditions.

ti The area lies in rough, mountainous terrain, with NS-extending

nr valleys. General altitude of the mountain plateaus increase from
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south to north.

Morphologically it is a typical glacially eroded landscape.

Quartenary deposits are scarce and restricted to the valleys.

The timberline is approximately 600 m above sea level, 1n hic.,

terrain, small bushes and large heather covered areas dominate

the vegetation

During the warmest summer months, the average ter.perature

reaches l4-150C. Average rainfal is 1-2 m pr. year (mainly

the autumn).

The relatively few inhabitants mainly live in the valleys.

A toposraphic map (MANDAL, scale 1:250 000) is enciosed as an

appendix.

2.3 Prospecting/mining rights.

Every Norwegian citizen is in ri78(htto apply for :ains (i

wegian : "muting") ag-ainstthe local Government Inspector off

Mines. Claimableareminerals containing elements with sp.w.

(titanium is however claimable), other minerals arethe land-

owner's. The "muting" is valid for 7 years after the new law ef

1972. If eccnomic ore is p...ovenin the 7-years tine, the clare-

ner applies for "utmål" which nas a 10 years validity."Uts:l"

older than the new law of 1972 is not limited in tine, so

:hen The Knaben Mine was closed down in 1975 the c=pany's

rights were transferred to the Government in accordance wi-

the law. A/S Sydvaranger has hred these rights, 194 "nutinns

and 23 old "utmål". The "mutings" are not valid after

1981, but The Government make the condition that rights

inside this spesific area shall be claimed in the nane of The

Government.

	

3. GEOLOGY.

	

3.1 General.

The geological map, enclosed as aspendix I shows a section of

the ma.ps.-seetMANDAL (1:250 000). This is a preliminary, un-

published map compiled by geologist Dr. T. Falkun at the
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by these folds, smaller areas with NE-trendingfolds occur in
the north of the mapped area. Some field observationsuggest
that these are older than the NW-trendingsystem. The fourth and
youngestphase is representedby flexureswith eastwardplungin;
axes and steep axial planes.

Numerousyounger faults mainly with ENE and N trends occur in
the migmatites.Some of them appear to be the primary cause of
the large valleys intersectingthe area. The fault zones are
usuallymarked by retrogrademetamorphism,and in places also ty
mylonitesor tectonicbreccias;displacements,however, are only
rarelyobserved".

3.3 Eastern art of the A reement Area.

As mentioned,the geologicalmap of this eastern area (appendix
) is a preliminarysurvey map, where only a few geological

units are included.

For the centralpart of the area, Leake (1973) (engagedby
FolldalVerk A/S) has prepared a more detailedmap, but his des-
criptionsare not available.

3.3.1 Quartz-feldspar-richgneisses
(orangeon the map) cover most of the ground. Leake has divided
them into differentvarieties,but the impressionis that they
representonly nuanceswithin a relativelyuniform rock complex.
The rocks are generally foliated,but in some parts only a
faintgneiss-textureis detectable.

The dominant rock type in the Knaben and Flottorp areas is a
socalled"porphyrygranite",which belongs to this feldspar-
quartz-richgneiss unit.

3.3.2 "Grey, layeredgneiss with much basic material"
is of major importanceas far as Mo-explorationis concerned.
Layers of such rocks are folded togetherwith alternatingzones
of quartz-feldspar-richgneiss.

A Danish geologist,J.L. Pedersen,has in detail describedthe
rock of the Gursli and Sira mining areas for his Ph.D. Thesis.
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He found that the grey layeredgneiss unit comprise 3 sub-units:
quartz-feldspar-gneiss,
hypersthenegneiss
amphibolite/pyribolite

The hypersthenegneiss often contain sulphides (pyrite,pyrrho-
tite, chalcopyriteand molybdenite),which are recognizedby
their brown, rusty weatheringproducts on the surface.

For detailsabout the Gursli•and Sira areas, we refer to chap-
ter 5.

For the Knaben area, a more detailed description,mainly based
on reportsand publicationsby Scheteligand Bugge, will be
given later in this report (chapter4). In this area however,
occur zones of grey gneiss (with associatedamphibolitesand
sulphide-containingbands, i.e. "grey layeredgneiss")alternat-
ing with a red "porphyrygranite", and nearly all molybdenite
depositsof importanceare connectedto these grey gneisses.

At Flottorp-,SE of Knaben, and Ovedal, NE of Sirdalsvannet,
similarconditionsare found.

3.3.3 Augen-gneisses
occur both in the western and eastern part of the mapped area
(appendix1 ). Pedersen considerthe augen-gneissesin the Sira
area as being intrusiverocks, which were emplacedat an early
stage of the geologicalevolution.

Falkumbelieves that the augen-gneisses-zonesin the south-
easternpart of the mapped area are of the same type as at Sir-
dalsvannet,while the north-easternaugen-gneissespossibly are
older.

3.3.4 Youngerintrusives.
To the SE, the'gneissesare intruded by anorthosites.To the eas-
and south-east,there are a number of intrusivegranites -
quartz-monzonites.At Knaben and Flottorp there occur a number
of "aplitic"intrusions,which, according to Schetelig,Bugge
and others,played a significantrole in the genesis of Mo-ore
(see chapter 3.4, 4.16).
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4. DESCRIPTION OF THE VARIOUS FIELDS IN THE KNABEN AREA.

	

4.1 Introduction.

In this chapter we give a more detailed description of the areas
in which mining has taken place. A number of the mineralizations
were discovered during the "molybdenite boom" of 1916-1918. At
that time almost every farmer in this part of southern Norway
took part in molybdenite prospecting, and some 800 skjerp
(skjerp = prospecting pit, i.e. small,excavations to examine the
mineralization a few feet below the surface) were registered
and listed during that period. There are probably a lot more
which have not been officially registered. Geologists from the
Geological Survey, who have tried to localize and describe these
old "skjerps" have told us that most of them ane insignificant :
some blasting has been done almost everywhere, on indications
of just a few grains of molybdenite. The chanses of finding new
deposits on the surface seem therefore rather limited.

4.2 Geology of the Knaben Area.

The dominant rock type in this area is a red, relatively massive,
but usually slightly foliated, granitic rock. Phenocrysts of
redmicroclineresults in a porphyritic texture, hence the name
"porphyry granite" has been applied.

Within a 1-1,5 km wide, NS-extending belt, (The Knaben Minera-
lized Zone, se below) of this granite complex, there occur a
number of conformable zones or lenses of grey, generally fine-
grained gneissic rocks, alternating with the ned, porphyritic
granite, and parallell to the foliation of the granite, i.e.
NS to NNE-SSW, with dip 20-40°E. The grey gneiss contain bands
or elongated lense-shaped bodies of amfibolitic material (part1y
altered to biotite-rich rocks), and impregnations of sulphides
are also often encountered as zones in the.grey gneiss. By oxi-
dation of the 'sU1Phides,the rock gets a characteristic rusty
appearence on the surface. These sulphide-containing zones are
termed "fahlbands".

Aplitic and pegmatic dikes are common in the area, and occur
both in the grey gneiss and in the porphyry granite. Cross
cutting dikes have been recorded, but generally they occur as
sills, i.e. conformable to the foliation of the rocks.



As mentionedearlier,Bugge (1963)and Scheteligregard the
grey gneisses (with their amfibolitesand fahlbands)as relicts
of an old gneiss complex,partly assimilatedby younger granite.
The aplitesand pegmatites- and also the quartz-veins(see
below)- are regarded as pneumatoliticand hydrothermallate
emanationsfrom the granite.

Thc most importantmolybdenitedeposits,as far as we know to-
day, are locatedwithin NS-runningzones 6f grey gneiss, for
instancein the Knaben Area, in the Gursli - Sirdal Area to the
west, and the Flottorp depositto the east.

Of these, the "KnabenMineralizedZone" was by far the most
productive,a zone extendingfrom the Kvina in the north,
via the centralKnaben Mines, to Litlådalenin the south, i.e.
over a NS distanceof more than 10 km.

4.3 Descriptionof the Knaben MineralizedZone.

Quartz-veinsand -lenses are very common in the Knaben Zone,
and occur both in the grey gneisses and in the red porphyry
granite.They are generally concordantwith the foliationof the
rocks,range in width from a few cm to a few tens of cms, and
can be followedalong the strike for up to 1 km. But generally
they occur as shorter lenseswhich, as they die out laterally,
are then followedby a new lense, often with a small drop/rise
in stratigraphiclevel (an en echelon arrangement).The quartz
is generallya brown "smoky"variety, rarely the white "milky"
quartz.

The majorityof MoS2-mineralizationsin the Knaben Zone are
associatedwith such quartz-veins,and particularlywhen they
occur within the grey gneissic zones.

Mineralizedquartz-veinsare also associatedwith aplite- and
pegmatitedikeS,*eitheras lateral extensionsof the lense-
shapeddikes, or as envelopingbands or veins around them.

MoS2 occur in the quartz mass, but are often enriched as coar-
ser flakesalong the boundariesof the quartz-veins.Examples
of impregnationa few cm into the surroundinggneiss are also
reported.
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Type III : Molybdenitebearingquartz veins and -lenses,
A : as parallell veins at "gangfjell"deposits of

type II,
B : envelopinga pegmatitelense (Kvina),
C : as large veins and lenses of the type found at

Knaben I. In parts rich veins, but the deposits
have little extensionin strike and dip direct-
ions.

Type IV : Molybdenitebearingquartz vein systems (in the
southernpart of the Knaben II field (Hommen).
 approaching& breccia structureat depth.

One additionaltype should be mentioned :
Severalrecordshave been made of molybdenitemineralizationson fractures,joints and narrow shear zones or -planes, both 1in the grey gneiss and in the red porphyrygranite. This typeindicatethat MoS2 was formed at a late stage of the geoloGicalevolution.

In the southernpart of the Knaben Area, the map (appendix 2 ;show an EW-runningfeature called Hommenforkastningen("TheHommenFault").South of this fault the rocks are dipping 70-8CcE, whereasthe dip north of this line is approximately30°E.No indicationof any horizontalmovement along this suspectedfaulthas been recognized.The significanceof this fault, asfar as mineralizationis concerned,has not been clearly estab-lished.However, MoS2-mineralizationsare distinctlyweakersouth of this line than to the north.

A short descriptionof the various deposits/areasfrom theKnabenMineralizedZone will be given in the followingorder(fromnorth to south) :

Kvina Mine - Knaben I - BergtjernN - Bergtjern- Lille Knaben -Reinshommen- ørnehommen- Roma - Vannmagasin- Benkeheiknuten-BenkeheiMine - Knaben II - Risna - (Svoen - Beritshei- Hommen-øyevann- Tor Hålands) Area - Sjerlevannand Litlådalen (seemap appendix2 ). Some less importantmineralizationswill alsobe mentioned.



4.4 Kvina Mine.

Location : The mine is locatedapprox. 1.5 km NNE of the Knaben
I Mine, north of lake Smalvann,850 m above sea level, in
mountainousterrain.

History : Small mining operations(testmining) were performed
during the years 1904 - 1909, and some 30 tons of ore of un-
known grade were excavated.A companywas forMed in 1911, and
workingsto expose the ore, road construc'tionsand technical
installationswere completedin 1913.

Regularmining startedin 1915, and the mine was closed in
January 1919, due to a combinationof a workers strike and a
governmentimposedexport ban.

Attemptsto reopen the mine were made during three later pe-
riods : in 1925, in 1943-44and in 1952-55.The ore grade was
nearly constantduring all these operations (see below), but
all attemptsfailed to make an economic propositionof the
project.

Ore production: The followingtable summarizesthe available
figuresfor the variousmining periods :

Conc/grade Contained OreYear Tonnage ton % MoS2 MoS2(100%) grade Reference
1904 1 t




1905 2 t




1906 3 t




1907 4 t




1908 1173 t




1909 1000 t




1912 1004 t




1913 1075 t 4 t å 64 %





85
1914 3270 t 20.3 t 672.5
1915 6750 t 22.5 t å 72
1916 18250 t 58.1 t å 77

. 1917 17710 t 50.6 t å 77
1918 12460 t 34.6 t å 78




62700 t .190 t

J.Norman,1907

C Bugge & al.
1921

	

14.7 t

16.2 t

 44.7
t

39.0 t

27.0 t

.0.45

0.24

0.245

0.22

0.217

%

%

%

%

%

II

11

IT

11

141.6 t

%

'att

2,9

'88.

8-8
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Conc/grade Contained OreYear Tonnage ton % 11032 Mo32(100%) grade Reference

1925 12640 t 24 t g 80.8% 19.5 t A.Bugge, 1963
I.Rosenquist,1953

1943 - 1944 : No production,test mining.
1952 73 t g 87-
1955 94 % 65 t 0.27 % A.Mugås, 1955

Total 100 000t 287 t 226 t
(seebelow)

For the period 1952-1955 the total production,based on the figures
above,shouldbe approx. 24 700 tons of mined ore.

Conclusion: During the variousmining operations,a total in
the order of 100 000 tons of ore was mined, yielding approx. 290
tons of concentrate,with an averagegrade of 78-80 % M0S2 (vary-
ing between72-94 %), correspondingto 225-230 tons of 100 % MoS2.
Ore grades varied from 0,45 to 0,22 % Mo32.

Geology : The Kvina Area forms the northernmostextension of the
socalledKnabenMineralizedZone. Appearentlythe amount of grey
gneiss inclusionsin the red porphyrygranite has decreasedmar-
kedly in this area, as comparedto the areas furthersouth, indi-
catinga fundamentalchange in the geologicalconditions.

YloS2-minera1izationis connectedto a pegmatitebody and is concen-
tratedin a nearly pure quartz border zone toward the surroundinE
gneiss.

The pegmatite-quartzbody has a lense shape, and lies concordant
to the foliationof the porphyry granite. Average strike : 1J22°E,
dip : 30033E.The lense has a slight plunge (10°) to the south.
Maximumwidth is 16 m. It has been followedby mining for 240 m
along the axis. Maximum horisontalextensionis approx. 80 m. It
outcropsto the north, and in the southernworkings the width of
the quartz vein 1.3-only2 m.

The lense has a central core of pegmatite.Appearentlythis pegma-
tite is quartz-dominated,some workers have describedit as a
coarsegrainedquartz mass. This central core is virtuallybarren
of Mo32. Envelopingthe pegmatiteis a zone of MoS2-containing
dark, smoky quartz (max. width : 7 m). Aplitic dykes cut this sys-
tem.
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dominatesthe field.A 30 m wide, NS-extendingzone consistsof
fineerainedsilicifiedgranite,which on both sides grade into a
coarzergrained,pale granite.With a gradual increasein red feld-
spar, this rock in turn grade into a normal red granite.

M032-mineralizationmainly occur on quartz veins and- "blebs",and

1 on narrow (1-2 cm) pegmatite lenses. Rich MoS2 is also found on
joints and narrow shear zones. The finegrained,silicifiedgranite

1
also containsome disseminatedMoS2' and a fine impregnationin

'
the pale granitehas also been observed. (Reference: Neumann -
Adamson 1950. NGU Bergarkivetno. 1300).

1 Between the Kvina Mine and the Knaben I Mine are the Sandtjern

1 Mine (149 x) and the Sanne Mine (150). Small-scaletest mining was
performed during the period 1916-1917,but no geologicalrecords

1" exist from these places.

4.6 The area of Grundevassknuten- Smalvann (147) - Tobias Mine (146) -
Hunsbedtskjernene

Ref. A. Bugge. Report from 1937.
The zain rock at Grundevassknutenis the red porphyrygranite.
MoS, in this red granite is rare, but there are many examplesof
mineralizationson smaller sheårzonesor joints lying adjacentto
quarz: veins.

At S=alvann relativelyrich M0S2 occur in a 1.5 m wide and 15 m
long klartzvein. 4 m of the hangingwallrock is well impregnated.
It has a possiblecontinuationtowards south. A smallerparallell
zone mentioned.Because of its relativelyrich mineralizations,
this .:;:epositdeservesome attentionand should be given priority
in an,yfutureprospecting.

Abouz the Tobias Mine it has only been mentionedthat'itwas exa-
minec in 1915.

From -7.-heHunsbedt skjerp no records are available.

4.7 Knabe:::I (145).

Histcry :.KnabenI is the oldest mine in the Knaben district.It
was cr:Laimedto the Ministryof Mines for the first time in 1884.

x) Fi_zuresin bracketsrefer to Map of NorwegianMines and ore-
de-positsby S. Foslie (1925).
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The grounj underneath the known ore lenses has been explorej by

drifts ard diamond drilling, which shvwed that the ere sene trJrz.1-

nates downwards. Some exploration work has also been jone onthe

eastern flank of the amribolite, but no economic seireralisatie:

was found.

Ti_110Kn,bo 142) a Tene (1l

were mined in the pe:riej1914-1917.

.:Knaben:toS2-contairLi quartz veins'are a eciotei with' 

anaslite j±ke. The cre contaiLed (2),-±.9- 1,J

At :Jp-Illtroskj:erzeneonely5 m- o? 2pck -as beenoza2zs
djkes can be followed for 500 m, but :loS2-mine2a2izationis il'r

gs:ar alonr,the vein, a cr the quairtzis
Schete, 1915).

The

With'n this area - which is located between the

- are the Jelift-nununs - and Hsrizon

At

Sonetel (1915) bellevej that had a
tersion dcwrwards. We have not beer able tc r::nd

dr1)1ns: etc.) which can verdfy this ass=ption.

Cisen has elven a hsjrjpYcn cf ti

r:ai nly as :mprez.nationin 6-neissand quartz in a

tween ;-7.aniticL-neissand porp r,ranite.
1011 to the strike contain hoS9

, and imprenation
concentrated near the qJartz

Transu(s?s_ gzartz ve1ns

,r-en of

:032 oocur abundantly on narrow shear planes as f:at "cakes"

ing a few m2, and a few cm thick. They are always coneeraht. «Ho
cuttin rJlanescontain no YoS2

Chaleopyrite, pyrite and purrhotite are associated with YnS tn

places. Fluorite is also present, and Olsen therefore cunclude that

the mineralization is formed preumatolytically.
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Ljosdal skjerp iS the northern deposit in this area. Very rich
MoS2 occur in a 10-15 cm wide quartz vein on the boundary between
granitic gneiss and porphyry granite. The gneiss adjacent ts the
quartz vein is impregnated.

An impregnation zone can be followed more or less continously to
the Jelå Mine, 380 m to the south. Here the zone is cut by a dia-
base dike, but reappear on the southern side of the diabase, and
can be followed further to the Rubens Mine.,

At Jelå Aine a number of parallell MoS2-containing quartz- and
gneiss bands have been worked together. Total width of the orecen-
taining zone is 3,5 m. This system has been followed for 120 m to
the north. The orebody has a horizontal area at the suPface of
approx. 360 m2. This means a nypothetical 1000 tons of ore
sinking of the mine.

To the south the ore zone is cut by a diabase.

At The Rubens Mine, which lies south of the diabase, the molybden-
ite content in the ore is sonewhat lower than at Jelå. The minePa1m
ized zone is difficult to follow on the surface, but there are
indications from the underground workings that it continues to the
south. The ore zone dips 35-400E. The mine is sitwated approx. 2E9
m above the bottom of the ørnehommen valley.

Hom-en Mine is situated approx. 200 m NE and 100 m below the F:_:".ne
2ine, and dips 40°E. The nineralization is cr the same type s a1.y.
i.e. parallell quartz and Gneiss bands on the tcrer between uhder-
lying porphyry granite and granitic gneiss above. The largest
quartz lense was approx. 15 m long, and had a r:ax.width of 0,5 m.
The ore containing zone has a total width of approx. 2,5 m. It bas
been followed on the surface for 120 m, and show over the whole
distance relatively even and good mineralization (1,5-2 7,YoS2 has

Reinshommen (140) and Roma (143) Mines.

been mentioned).

References :

Schetelig 1917

VikøPen 1918

Blekum 1918

no. 2940

" 2938

" 2939

NGU Bergarkivet
II
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References :

C.Bugge & Rieber, 1919 NGU Bergarkivet no. 2352
Smith 1934

A.Bugge 1937 Ministry of Mines, Bergen
Brun u u tt ti

Christensen 1961 NGU Bergarkiver no. 3349

At Reinshommen some work was done in 1917, but it was not until
1937 that a more comprehensive investigation was performed, in thet
form of diamond drilling and small scale surface mining in the
southern parts of the field. No economic mineralization was regis-
trated.

To the north little work has been done, but a 2-3 m of "good one"
was discovered in a few prospecting trenches. Despite this, the
field has been regarded (without any explanation) as being of little
interest.

The Roma Mine is situated between Knabetjern and Bergetjern (tjern
= small lake). Relatively extensive underground workings were dcne
on two quite small but relatively well mineralized quartz veins.
Some MoS2 also occur on and adjacent to joints in the red granite,
associated with CaF2'

Fossgruven (the Foss Mine) is situated in the southern part of
field. No records are available.

4.11 Benkeheia (139).

From this area, which also comprise the Benkeheiknuten deposit, we
have a number of reports :
Report from the Inspector of Mines, Ainistry of Bergen.
A.Bugge 1937 Benkeheia
Kragh Wehn 1938 il

A.Bugge 1940 Knabendalsskjerpene
Adamson - Naumann 1950 NGU Bergarkivet. No. 3310
Report on diamond.drilling
(unknown author) No. 713 A
Geological report
(unknown author) No. 3671

Location : The Benkehei Deposit forms the northern extension of the
Knaben II Mine, and extends northwards to the Roma Mine.
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-60°E. Geologyas in DDH 1. '
Assay results : 0,242 % M0S2 over 4,15 m
(0,184% over 7,0 m).
Verticalhole. Rocks as above, but less quartz
and pegmatite.More aplite.
Assay results : 0,096 % MoS2 over 1,7 m.
Assay results : 0,102 % Mo32 over 3,65 m.

(not on sketch) 1,3 m core loss, but drillers report that 0,4 n
of this zone contained"pure molybdenite".
Assay of drillingmud gave 62,0 % MoS2 for this

Profile 1 DDH 2 :

Profile2 DDH 1 :

Profile 4A DDH 3 :

Profile 4A DDH 1

Profile4A DDH 2

zone.

: Red granite is sterile."Gangfjell"containMoS2.
Assay results :




103,85-105,80m : 0.021 % MoS2




109,50-112,60m : 0,100 % "




112,60-115,75m : 0,450 % "




115,75-119,05m : 0,025 % "




135,45-138,65m : 0,265 % "
: Negative ? (no assay results recorded).

Knabedalsskjerpenein the Benkeheiarea is presunablya direct
continuationof the quartz vein system from Knaben II.

Benkeheiknutenis situatedbetween Knabeelven (the Knaben River)
and Benkeheia.A number of small MoS2-containingquartz veins are
cuttingthe granite.

4.12 Knaben II Mine.

As mentionedpreviously,this is by far the most importantdeposit
in the Knaben MineralizedZone, and hence most of the geological
work has been concentratedon this deposit.Numerous reports,
notes and even Universitythesis have been written, and hundreds
(thousands?) of maps and sketchesare stored in the various files
we have had access to.

. • .

It is an insuperabletask, and, as we regard it, beyond the scope
of this report, to present a detailed survey of all this material,
and we thereforetake the libertyto just refer to all these re-
cords,which are availablefor any future study.

However,everythingthat has been said previously (and later) about j
the general geologicalconditionsin the Knaben area is based on [
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our knowledgefrom the Knaben II Mine.

A few factsand figures from the history of the mine will, however,
be submitted(with referenceto A.Bugge, 1963) :

History : During the first years of operationsin the Knaben
field, the Knaben II was given little attentionsince the minerali-
zationat the surfacewas mainly of the finegrainedimpregnation
in gneiss type, and hence not'suitablefor concentrationby hand
picking.

It was not until the flotationprocess was introducedthat tnis
ore type became important,and the owners of the Old Knaben Pine
(KnabenI) - Cammel Laird & Co. -
Shieffield- installeda flotationplant and startedprocessing
the ore in 1916.

Developmentmining in 1916 and 1917 had proven 1.170.000tons of
0,5 % MoSn.

In January1918 the property was transferredto the newly forced
A/S KnabenMolybdængruber.Since 1918 this companyoperated the
mine until it closed down in 1972 (exceptfor a shut down frorn
May, 1919 to July 1923). In 1930 a swedish company,Axel Johnson,
Stockholm,became a majority share holder.

Crude ore productionwas in 1927 : 54.900 tons, in 1928 : 69.000
tons and in 1933 : 164.200 tons. A concentratecontaining80
was produced.In 1934 the concentratorwas damagedby fire, and a
new plant was completedin 1935, with a capacityof 300.000 tons
of crude ore pr. year, giving a concentrateof 94-97 % Mo52.

During these years the mining was done in the upper levels cf the
socalled"gangfjell"lense (i.e.disseminatedMo52 in grey, gra-
nitic gneiss),and the average ore grade was 0,306-0,345% MoS2.
But during the 1930s the ore became gradually'poorer(in 1939 it
was 0,183 % MoS2:

Extensiveinvestigationsby diamond drillingwas carried out, and
it became evidentthat the "gangfjell"lense died out at depth.
But it also revealedthat the deeper lying quartz vein type of
mineralizationwas of economicgrade.
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In 1943 the'plantwås damagedby bombing, but the Germans con-
structeda concentratingplant Undergroundand continuedmining
the upper (andrelativelylow grade by that time) "gangfjell"
lense. In 1944 the Mo32-contentof the ore-was down to 0,137 %
(average0,152 % for the period 1940-1945).Highest yearly product-
ion was 360.000tons, despite the fact that the Germansincreased
the workifigforce from 400 to 1000 men.

After the war a totallynew plan for the whole mining operation
had to be worked out. The concentratorwas again moved out and
rebuilton the surface,and developmentwork was carriedout in the
deeper quartz vein deposit.It was not until 1951 that ore pro-
ductionagain reached 100.000tons.-Afterthat it steadilyincreas-
ed and was in 1960 : 207.000tons, giving 410 tons of Mo32 (see
fig. 4).

700 tonn

600
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400

300
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100

0
0 in 0 o 1.0 0 toOl (71) W) it)

Fig.
Productionof molybdenitefrom Knaben II - mine.

0
to
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Effective average.ore grade for 1947 was as low as 0,147 % MoS2,."

but this was improved to 0,161 % for the period 1950-1956. During

the following 4 years (1957-1960), i.e. at a time when the whole

mine and plant was developed according to the new plans, the effec

tive grade increased to 0,19 % MoS2. For the last years of oper-

ation, an average grade of 0,22 % was obtained.

Altogether, a total of 8,6 million tons of crude ore with an ave-

rage content of 0,21 % MoS2 has been mined from the start of the

Knaben II, until 1973.

Ore reserves.

Vokes (1969) did a calculation of ore reserves for the Knaben II '

Mine, which resulted in the following tonnages :

Probable ore : 5,7 mill. tons 5 0,15 % M0S2

(In 1973 : 5,0 " " " " " " Rcss & al.)

Possible ore : 7 tt

4.13 Beritshei - Svoen Field.

Svoenfeltet (the Svoen field) is situated approx. 1,5 km W of

Knaben II. A number of widespread MoS2-mineralizations follow NS-

extending hills of red granitel The northern part of the field

lies km W of the southern end of Store Knabetjern. A number of

prospecting pits have been excavated alons this approx. 1.5 kn lcni

zone.

Lenses of grey granite ("gangfjell") is surrounded by red granite.

Aplitic dykes, which cut through the area, are :oS2-containing.

MoS2 in the red granite is only rarely observed. In the southern

part of the field there occur some 11052on quartz veins.

The field as'a whole gives a nesative impression.

In the Etestøl - Svoen - Moserinnhommen area M032 is also associat

ed with aplite dykes.in red granite. They vary in width from 1 cm

to 10-20 cm. Som diamond drilling has been done in the Bjørvann -

Svoen area (1938-1940), but no valuable mineralization was detecte,



Beritshei was claimed in 1971. Some diamond drilLing was done,

but these data are not available.

(Ref. : A.Bugge, 1938 and 1940.

Report from the Inspector of ;ft,ines,1973).

4.14 Risna Aines (136) - The Risnes Field.

Informations about this area are taken from a report written in

1918. This report also contain the results of scme diamond jrill-

ing.

Prospecting pits have been excavated, and in some of these "rela-

tively good" ore on quartz veins in "gangfjell" was observed. The

best result was obtained in pit no. 3, with=";.%0,385 % 1oS2 cyer
4,5 m.

4 holes were diamond drilled underneath the ore zone, but theu we-

re negative, showing that the ore zone dies out downwards.

Hommerforkastningen (The Hommen Fault).

The EW-extending, nearly vertical HommenforkastnIngen is marked

the map, appendix 2 . As mentioned previously, there has teer

some discussion as to the significance of this fault.

According to Bugge (1963), the old fahlband-containing gneisses a

displaced some 50 m along this line, whereas the ore-containing

quartz vein "belts" do not seem to be affected. Hcwever, there

appear to be a radical change in the size of the ore zones at thls :

point : south of the line there are only sMa11 and widespread :t:_-

containing quartz veins.

A pegmatite lense, which lies in the actual fault zone, is 4
nineralized, indicating that Ac32-containing sclations dij fird

•heirway up.through the fault itself.

Whereas the strike of the rocks are the same on both sides of the
fault, there is a marked change in the dip : from 30°E north cf

the line, to much steeper dip to the south. This may indicate

that some kind of rotational movement has occurred.

4.16 Summary on the geological conditions of the Knaben Wlineralized

Zone between Hommenforkastningen and Beritshei.

Within this section occur the most significant deposits in the

area, and all known types of mineralizations are represented here.
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In reports from 1955and 1963 Busse summarizes his knowledre
about this field, and on this basis he presents a hypothesis for
the ore genesis.

Bugge pays much attention to the rock type commonly described as
"aplite". The tenn was initially applied to a finesrained, massive
feldspar-quartz rock, but was later also used fcr ccarsesrained
varieties. Conmon to the various types are their uncriehted,
foliated dike- or vein-type nature, and they are therefore re-
garded as younger intrusives in the surrounding neisses.

At lower levels of the Knaben II fline,the numberand size of such
d/kes increase, and they seem to converge t•wards a ocarsegrained
intrusive body, with both aplitic and pegmatitis varieties.
some parts the aplitic dikes form eruptive breccias.

Quartz veins occur in the aplites as narrow, seni-parallell stri-- '
gers, but where the aplitic bodies wedge out, they cencentrate
and form mcre massive quartz dikes, which centinue aichs tho

strike of the sneisses. Along the edges the aplite bcdies are
enveloped by a quartz "sheet". It is often diffisuit to define
exact bcundary between quartz and negmatite/aplite. The amcunt cf
feldspar crystals increase Eradually to form a trahsitional border
zone.

In sone places there are transversal peznatite dikes cuttihz
quartz veins, indicating that pezmatite depositioh alsc tsck
after the quartz formation.

os2 ossur as impresnation in aplite/pesmatite, but is signif
cantly more associated with the quartz-ohase. Althouzh the
containing quartz veins are widespread and occur all alonz the
Knaben :."LineralizedZone, it is only within the 1,5 km sectisn be-
tween Hommenforkastningen to the south and Benkehei to the north,
that really siEnificant molybdenite deposits are found.. .

Buge explains this by assumins that within this section, g _ -
gical conditions were such that deepseated masmas were able te
penetrate towards the present surface, and that this magnatism -
with deposition of aplitic/pesmatitic dykes and quartz veins - was
responsible for the ceneentration of
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The top of this magmatic intrusive body reached a level corre-

sponding to somewhere between the 5th and 10th level of the

Knaben II Mine. Extending out from this body are dikes and veins

of aplite and pegmatite. Variations in grain size are results of

local variations in pressure, which also caused a cracking of

the rock complex. Late emanations of Si02 (and accompanyinG M6S2)

crystallized on the cracks.

Hydrothermal solutions and gasses penetrated further into the

red, granitic gneiss, causing a greissen a16eration of this rock,

whereby the feldspar was bleached, and quartz and molybdenite

were deposited as disseminated grains throughout the rock, thus

forming the socalled "gangfjell".

In the southern and deeper parts of the Mine, towards the Hcmmen

Fault, there are an increasing amount of aplite/pegmatite dikes,

which in parts contain rich MoS2-mineralization. The same fea-

ture has been registered in deep drill holes. Bugge therefore see

the posibility of a deep-seated "aplitic" massive, with possible

eruptive brecciation, "gangfjell" formation and quartz-molybdenite

deposition, in this area.

4.17 Area south of Hommenforkastnin en.

Bragold Mine (135) is located between Knaben and Håland farms,

south of Bragtjern. The Nyvold Mine is included in this field.

i.
MoS2 is associated with quartz veins and lenses in red granite.

The quartz approaches a calcedony variety. Some Mo52 also occur

on shear planes as flat "cakes". CaF, has been observed.

The area has been divided in a northern and a southern field. In

the north very little work has been done. In the southern field

there are someprospectingpits. Data on the result of this work

are scarce, but appearently the mineralized zone covers a lensth

of 500-600 m. Apaximum width of the mineralized zone of 3,5 m

has been mentioned. The zone comprise 3 Mo52-mineralized bands.

A rough estimate of possible ore reserves gives :




Southern field : length 600 m x width 4,5 m = 2700 m2

Northern field : " 600 m x " 9 m = 5400 m2




Total = 8100 m2
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Siggerud (1955)and Sverdrup et al (1967)state that uraninite 
has been identifiedin the tailingsfrom the Knaben concentrator,
but no attempts,as far as we know, have been made to determine
the quantityof this mineral.

K-feldsar and quartz.

Pursuantto a report from professorM. Digre (Ross ét al 1973)
the vaist from The Knaben II Mine is composedof

65 % microcline
30 % quartz

2 % plagioclase
2 % biotite
1 % muscovite

The tailingsfrom the mine are not useable because of rust-con-
taminationon the single mineral-grains,but the report emphasize
that it could be possible to produce a total of 60 % K-feldspar,
plagioclaseand quartz concentrate.The investigationsare however
never broughtso far that the Fe-contentin mineral-concentrates
are determined.

	

3. MINES AND OREDEPOSITSOUTSIDE THE KNABEN AREA.

MoS2-mineralizationsin the region is shown on map appendix 3.
Mine depositsare brieflymentionedin the following.

	

5.1 Gursli and Sira areas.

These areas (locatedon map appendix1) have been mapped (fig. 5)
and describedby Pedersen (1975)as a part of Folldal Verk A/S
explorationin the region.

Geology.

Intrusiveanorthositesoccur to the SW and as.two small intrusions
in the Gursli ore,field. The rest of the area is comprisedof
variousconcordantgneisses as shown on the map. The mineral com-
positionof the gneissesis shown in table 1.

The interestingrock from our point of view is termed "layered
gneiss".This is subdividedaccordingto the followingrock types.

il
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Quartz-feldspar-gneiss(very similar to the quartz-feldspar-
gneiss outside "the layeredgneiss").

Amphibolite/pyribolite.
Hypersthenegneiss.

Table 1 : Mineralcompositionof the Gursli - Sira rocks :

Anorthosite

Quartz-feld
<spegneiss

4aphibolite/
pyribolite

:Hypersthene
Igneiss

"---

4-)
m

ri
m n4_)
o
o o

a
u
m 4.)c

go-95
25-40

a)c
0

	

4 w

	

-1- ril
N N .1-1

43 m

	

w w.
(j a 0

	

>) -.-1
a Z 0

0-4 0-8 0-1

20- 30

4-) .-1 4-)
.ø-1 n o
4-) c c
o

o mm x o

	

15-20 40-45 30-40

50-6o
35-6o

	

10-60 10-75 15-60 5-20

Augen gneiss 15-40 30-55 15-25 0-7

1-2

5-10 10-15 5-10

5-10 0-15 2-4 0-2(b)

+-2 0-8 +-2 acc.

An intrusiveanorthosite-bodyin hypersthenegneiss contain
MoS2.
Pyrite dominates.In addition : molybdenite,chalcopyrite,
pyrrhotite,cubanite,mackinawite,pentlanditeand sphalerite.

Hypersthenegneiss appear to be of special significancefor Mo-
prospecting,and such rocks occur both in the Gursli mining area
and as part of the layeredgneiss zones in aagen gneiss in the
Sira area.

Hypersthenegneiss is characterizedby its brown, rusty spots after
oxidizedpyrite.Typical is also accompanyingveins and lenses of
mobilizedquartz-feldspar,which contain sulphides.They have in
places been mined for molybdenite.

The general orientationof such lenses rarely deviatemore than
10-20°from the foliationof the gneisses.

There appear to be a correlationbetween the size of the lenses and
the width of the hypersthenegneiss horizons (max. width 20-30 m).
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Ore åe osits and minin operations.

5.1.1 Gursli area.

The map fig. 6 shows the location of the various mines in the
Gursli area, with the main mines lying north of the western part
of Gullvann.

The deposits were mined during the years 1918-1919. A total cf
38.000 tons of crude ore, with an average grade of 0,17 % MoS2
was taken out.

On the map are also marked the areas which will be shortly de-
scribed below :

The Moi Field, south of Gullvann.

The largest concentration of molybdenite occur in the widest/
thickest part of an approx. 2 km long hypersthene gneiss horizon
N032 occur on joints and narrow quartz-feldspar veins in the
gneiss.

Mysseskjerpene (area B).

Molybdenite is concentrated, together with pyrite, in a number
of separated quartz-feldsparjlenses, which mainly occur in an
open fold/flexure-structure in the western hypersthene Eneiss
zone. The lenses are up to 2 m long and m wije, and may con-



tain 20-30 % sulphides.

Skåland Nine (area C).

Unimportant mineralizations on joints and small quartz veins.

Gursli (area A).

The gneisses are folden in a relatively large, overturned synforr
and the largest Mo-deposits occur in hypersthene gneisses on the
eastern flank of this fold.

Mining took place at various levels in the nearly vertical host
rock, and Pedersen emphazise that the entire mine is locatej in
hypersthene gneiss.

•
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In the.mine occur an intrusive body of anorthosite, with a hori-zontal area of 25 x 10 m, the depth is about 25 m. The anortho-site is sulphide-impregnated, and grades of 0,4-0,6 % MoS2 havebeen mentioned in old reports.

Another anorthosite body, 30-40 m W of the hypersthene gneiss isnot mineralized.

Generally MoS2 is associated with quartz-feldspar-biotite lenses,which are discordant (10-200) to the foliation of the gneiss.The main lense has a horizontal length of 100 m. Max. width is10 m, wedging out to a couple of m at the edges. Vertical depthis estimated to at least 100 m. It follows the folding of thegneisses.

Pedersen, in an estimation of ore reserves, indicate an area ofthe orebody of 520 m2 over a length of a few 100 m, and concludethat this results in too small tonnages to be of economic inte-rest.

5,1.2 The Sira area.

Sandsmorkand Konstalli Mines (fig. 5 ) were examined by smallscale test mining in 1917-1919. A total of 600 tons of 0,15 %M082 was excavated.

At both localities, MoS2 occur on joints and quartz lenses withina relatively narrow (4-5 m) migmatitic zone in augen gneiss.

An approx. 100 m wide zone, consisting of quartz-feldspar-gneiss,amphibolite and biotite-hornblende-gneiss runs through Rannestad - Einarvatn- Bringedal.On 10-20 cm wide quartz veins and onjoints in the biotite-hornblende-gneiss occur a little Mo52,associated with pyrite.

5.2 The Flottorp area.
This area (fig. 7) is situated SE of Knaben. A member of FolldalVerk's prospecting group has mapped and described the area, butthe report has not been accessible to us.

A short description is given by A. Bugge (1963) and by H. Bjør-lykke in reports from 1942.
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At FlottorpMoS2-mineralizationwas detected in 1910. In 1911 a

concentrator was installedand some 37 tons of 70 % concentrate

was produceduntil 1919 when the work was closed down.

In 1941-42a quite extensiveprospectingwas carriedout and

some 1600 m was diamond drilled.The ore is irregulary(fig. 8)

and the quantitiessmall, and the conclusionof the work was

that the fieldwas not econimic.

The mining rights in the area are held by private persons.

Geolo in the Flottorp area.

The area is geologicallysimilarto the Knaben area : Red por-

phyry graniteis the dominantrock type. NS-extendingzones of

migmatiticgneiss with layers of amphiboliteand mica-gneiss

(i.e. "grey layeredgneiss") alternativewith the granite.At

Flottorpthere are three main gneiss zones, but in additiona

numberof widespreadgneissespatches occur.

The main zones have an extensionof approx. 10 km, of which the

northernmost5 km form the actual Flottorp field. A number of

"skjerps"are found all along these zones.

MoS2 occur as thin "flakes"in quartz veins, and as impregnation

in discordant,narrow dikes of aplite and pegmatite.Disseminated

MoS2 in gneiss has also been described.The porphyry granite is

virtuallybarren of MoS2.

5.3 The Ovedal Field.

The area is situatedat the NE side of Sirdalsvannet.This area

is also mapped by Folldal Verk's prospectinggroup, but the re-

port has not been accessible.

Some commentshave been made by A.Bugge (1963)and Urban (1972).

Molybdeniteoccur in an approx.1 km long and 300 m wide zone,

but the main portion is concentratedalong 300 m of this belt.

A couple of adits were mined in 1918, and 50 tons of ore was

excavated.
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5.4 Heav mineralcontent of stream sediments in the re ion.

In connectionwith FolldalVerk's prospectingprogram,H.
Stendal examinedthe heavy mineral content of stream sediments
for his Ph.D. Thesis (unpublished).His work was based on the
precenceof a small scheelitedeposit at ørsdalen (NW on map
fig. 9). This is a strataboundmineralization,occurringin am-
phibolite,partly associatedwith molybdenite.Heavy minerals
from more that 600 sedimentsampleshave been washed out. Sten-
dal concludes:

"The distributionof the scheeliteanomaliesare irregular,but
have a generalNS-extensionon both sides of Sirdalsvannet.

9 scheelitemineralizationswere detected. None were economic,
but they are of interestgentically.They are all connectedto
amphiboliticrocks. Meta-sedimentaryamphibolitescontain the
largestconcentrationsof scheelite,and are evidentlystrata-
bound. Meta-volcanicamphibolitescontain less scheelite,but
are in a coupleof places distinctlylayered.Scheeliteminera-
lizationoccur widespreadover the whole area. The genesis is
interpretedas being submarinevolcano-sedimentary".

The heavy mineral concentratescontained70-80 % magnetic mate-
rial, small amountsof pyrite and a few grains of metallic Cu,
Ag and Bi.

W-anomaliesare widespreadthroughoutthe whole AgreementArea
(see fig. 9), both in areas with known molybdenitedeposits and
also outside,i.e. in areas where no MoS2-mineralizationhas
been detected.

	

5.5 Prospectin done b A/S Sydvarangerin the re ion.

Former A/S Sydvarangergeologist,N.B. Hollander,and 5 of the
company'sgeologicalassistants(personell.withno formal geo-
logicaleducation,but especiallytrained and very skilledminer-1
logists)did boulder tracing and skjerp-registrationsin the
area during a shorterperiod in 1971 (fig. 10).

Hollanderconcludes: "By boulder tracing, a number of new Mo-
mineralizationshave been detected,which have one thing in
common : they are all'small.
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Mo3.2is concentrated along certain zones, which are lying
concordant to the general strike in the area. Boulders and mine-
ralized zones are mainly found along the slopes and in the
bottom of valleys. This may indicate that prospectors have
concentrated their search in such areas, but registrations of
M032 have also been done in mountainous terrain, showing that
prospecting activities have also been carried out here. Our
boulder tracing in the mountainous areas was also negative.

Considering that Mo32 is associated with grey gneiss, one may
conclude that the reason why Mo32 mainly occur in topographic
depressions (valleys) is, that this is where most of the rocks
occur whicharemore easily subjected to weathering and erosicn,
i.e. more so than the barren quartz-feldspar-rich gneiszes
which build up the higher hills and mountains.

It is therefore our opinion that all M0S2-mineralizations of a
certain size are already known. To localize socalled "hidden
ore bodies" will demand more scientific prospecting methods,
and also detailed geological mapoing and stream sediment samp-
ling".

	

5.6 NGU's prospectinerin the area.

In 1978 NGU carried out a program to examine the scheelite de-
posite at ørsdalen, located in NW at map appendix 1 . Some
work was also done in the central part of the region to locate
old molybdenite skjerps. A report from this work will be
presented in the spring of 1979, but we have been verbally in-
formed that this work will be of little importance for no-
exploration in the area.

Since A/S Sydvaranger has obtained a lease on all the Govern-
ment's mining rights, NGU has announced that they will not do
any further prospecting in the area.

'

	

5.7 Comments by Dr. T. Falkum (personal communications).

Dr. T. Falkum, University of Arhus, who is responsible for the
geological map submitted as appendix 1, emphasize that molybde-
nite is a rarely occurrins mineral in the eastern part of the
mapped area. He therefore susgest that this region should be
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Furthernorth in The .Smalvann area, the situation is similar.

A relatively rich mineralization in the southern part of the

field should be diamond drilled.

At Kvina only one quartz-pegmatite lense has so far been detect-

ed, but southern extension of this body has never been properly

examined (i.e. along the axis of the lense). A possible pitch-

and swell-model should be tested with a few drill holes in this

southern part of the field.

For the northern part of The Bragold area there is very little

information available, and this field micht therefore deserve

a morecareful inspection.

The Knaben II Mine.

Just before the mine closed down, prof. Vokes (Note dated 20.

June 1972) presented somerec=endations for further explcratith.

2.-nemain problem at that time was according to Vokes, that the

2-content was too low to enable a profitable Doeration.
Based on some deep drill holes it was estimated that the cre

reserves contained an averase of 0,15 % MoS2.

The number of drillholes are probably too few for a reasonabl;

accurate estimation of grades and tonnages. There are indica-

tions that the average grade might be somewhat hirher, but

senerally there is no reason to believe that crades are rr.arke:17

higher at depth than what have been encountered in the mine.
areAs far as tonnages concerned tne informatiohs we have today dc

not indicate that the ore-containing zone wedges out at depth.

In other words : Ore reserves might be large, but the 6rade is

probably not significantly higher than what has been attai-ed

during the mining operations.

How, then, woUld it be possible to obtain richer ore in The

Knaben II Mine ? Vokes suggests the following alternatives :

By selective mining within the Knaben mineralized quartz-

• vein zone in the southern and deeper parts of the mine.

By detection of mineralizations with higher average grade

than the known reserves are based on.
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Selectiveminin .

The irregularand erraticdistributionof Mo32 in the quartz-
vein ore has made it difficultto discover any form of

pattern or trend in MoS2 distributionwithin the ore limits.
By carefuland detailedmapping and sampling it might be

possibleto separateout blocks or areas with higher MoS2-
grades.Diamonddrilling is unsuitablefor this purpose.

Such investigationprogramwould require that the mine was
accessibleat all levels,and it is our opinion that to clear
the mine for•sucha purpose is not feasible at this stage.

Detectionof higher grade mineralizations.

Consideringthe variousknown types of mineralizationin The
Knaben II Mine, it is only one which fullfill the require-
ments, namely the socalled"gangfjell"type of mineralization,
which occur in the upper parts of the mine. Here a few millio/
tons of this ore type has been mined, which partly contained
well above 0,3 % Mo32.

So what we have to search.foris a large new deposit of the
"gangfjell"type

Despite its vital importancefor the mining at Knaben II, the
"gangfjell"lense is not well defined in all dimentions.It
is commonlydescribedas a lense which wedges out at depth
(at approx.Xth level) and to the north along the strike

(confirmedby surface observations).

One of the problems,as stated previously,is to define the
relationshipbetween the "gangfjell"lense and the mineraliz-
ed quartz-vein-containinggrey gneiss insthe deeper and

southernparts of the mine.

Maps and profilespresentedby Mr. Gustavsen (mine geologist)
seem to indicatea continoustransitionbetween the two types
of mineralizations.They also give reason to elasp~thalt

possible "154gEfie1lstratiareat depth, lying en
echelon above (to the hanging wall) of the "gangfjell"lense
mined in the open pit.
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The Elkem/Spigerverket Company has systematically investi-
gated oldprospectingpits in the area. They have no plans
for further work, which indicate that the results of their
work was negative.

Referring to the rather extensive prospecting work that has
been carried out, one can conclude that the chance of finj-
ing new economic mineralizations in aincovered areas, is
rather limited.

Based on the factors listed above, we have the following
comments regarding prospecting methods :

A. Geology.


The general geological features are well documented. Additional
detailed information may be obtained by visiting Dr. Falkum in
Arhus, Denmark, to discuss and study the field maps which his
1:250 000 map is based on.

It is our opinion that to start a new detailed geological map-
ping program, before sensible targets can be pointed out as a
result of other methods (geochemistry/geophysics), is not ad-
visable.

A better understanding of the genetic problems involved in the
interpretation of these actual typesof deposits, is of impor-
tance, and for this purpose it is advisable that one geologist
gets the opportunity to study in some detail ,thevaricus mine-
ralization types occurring in the Agreement Area.

B. Geophysics.

The use of electromagnetic/electric geophysical methods will
probably be complicated by 2 main factors :• . .

The effect of Fe-sulphides and Fe/Ti-oxides will be consi-
derable, and probably over-shadow the effect of MoS2-
mineralizations.

The types of mineralization we are dealing with, and espe-
cially the impresnation'type, are probably poor electromag-
netic/electric conductors.
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Since the molybdenitein general is associatedwith the same rock

- types as the sulphidesand Fe/Ti-oxides,geophysicalmeasurements

over such zoneswill still be of value, in that they might outline

the limitsof possiblehost rocks.

The whole area has been coveredby aeromagneticmeasurements(by

NGU). The resultsmay indicate the locationof the mafic, magnetic-

containingunits within the grey layered gneiss.A closer study of

the aeromagneticmaps (and possiblyals'othe paw data from these

measurements)should thereforebe carried out.

Generally,the IP-methodis regarded as best suited for picking up

impregnationtype of mineralizations..The method is, however,time

consumingand expensiveand thereforenot very attractivein a regi-

onal prospectingphase.

For detailwork, i.e. after restrictedtargets have been establishe..

this methodwill possibly be of help. Such measurementswill, hob-

ever, be complicatedby the presence of other conductiveminerals

than M0S2. The method should thereforebe tested on known deposits,

to get an idea of to what extent such factorswill effect the re-

sults.

The VLF-methodwas developedafter mining at Knaben was ended. It

• has, to our knowledge,never been tried in this area, and it might

thereforebe an idea to run a few test profilesacross known ore

bodies,with varioustypes of mineralizations.

Geochemistry.

Stream sedimentsampling is a commdnlyused method in regional

prospectingin Norway, and we feel that this is a sensibleway of

attactingthis field. Accordingto Norwegianstandardprocedure,

the streamsare sampledevery 250 m, and the samplesare sieved in

wet conditionwith a-l80/4 screen.

We suggestthat the samples should be analysedfor Mo, W, Cu and Ba

(baritehas been detected in a similar geologicalenvironmentat

Lindesnes,on the southern coast, i.e. outside the AgreementArea).

••-•••••,



Sydvarangerhas obtainedsome experiencein assayingwatersamples
for fluor.The idea is that fluoritein many instancesmay act as
a "guide-to-ore".Besides, fluoritemay itself be an economicpro-
position.Watersamplesshould thereforebe collectedtogetherwith
the streamsedimentsamples.

Recommodationsfor recTionalrospectin work.

Additionalinformationsconcerningthe geologicalmap should
be collectedfrom dr..Falkum,Arhus.

Some geologicalmapping over known deposits should be carried
out, in order to obtainmore experienceconcerninggenetic
interpretations.

Interpretationof the aeromagneticmaps will be discussedwith
directorAlstad,NGU's GeophysicalDivision.

VLF test profiles should be run across known deposits.

Stream sedimentsamplingin one or two areas between Sirdals-
vannet and Lygnevannet(map. appendix 1), and in an area north
of Kvina, should be carriedout. Assay for Mo, W, Cu and Ba is
recommended.Fluor-assaysan watersamplesshould also be done.

This last winter, local inhabitantshave informedA/S Sydva-
rangergeologistsabout the existenceof a number of possibly
new Mo-mineralizations.These should be surveyed.
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