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SUMMAR Y.

	

1. The Area of Agreement is situated in the Precambrian of
South-West Norway, and covers an area of approximately 7000 k=-.
For the western part of the Area a geological map in scale
1:100 000 is available. For the eastern part a preldminary geo-
logical map in scale 1:250 000 has been worked out.

The Area consists of highly metamorphosed, folded gneisses
(para- and ortho-gneisses), and various intrusive rocks.

	

2. Molybdenite mineralization is associated with zones of socalled
"layered gneiss" which comprice the following three main rock
types :

grey gneiss, containing pyroxene/hornblende and biotite,
quartz-feldspar-gneiss,

amphibolite.

1oS2 appear to be especially connected to the grey gneiss type

(a). This rock type is often characterized by oxidation of

	

3. M0S2 -mineralization occur on secondary quartz- and quartz-feld-
spar-lenses and dikes in grey gneiss, along the border of uoune:

aplitic intrusions in grey sneiss (Knaben, Flottorp) and as
impregnation in grey gneiss and aplite.

At Knaben II, which is by far the largest Mo-deposit in the Area

- 8,6 mill. tons of ore with an average grade of 0,2 5 MoS, has
been mined here -the main mineralization types are :

as impregnation in a granittic gneiss "lense" (the "gangfjel_
lense" - the genesis of this rock type is a matter of discussiori
i.e. whether it is an intrusive body or a metasomatically alter-
ed gneiss),

as mineralization in a system of secondary quartz-veins in
grey gneiss below and adjacent to the "sangfjell" lense.

	

4. Prof. Schetelig and Dr. Bugge, who worked as consultant geolo-
gists for The Knaben Mining Company, advocated a magmatic theory
for the genesis of the ore :



MoS2-mineralization took place at a late stage pneumatolutic,

hydrothermalphase of a magmaticsequence, involving intrsion

of aplite/pegmatite and deposition of quartz-veins.

Geologist from Folldal Verk emphasize the association between

molybdenite and the grey gneisses, which they regard as sedi-

mentary horizons, and hence consider the mineralization as heing

stratiform deposits. They believe that MoS2 was mobilized during

metamorpnism and was partly deposited in low pressume zones in

the host rock, together with quartz/feldspar.

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

explored by geologist from The Knaben Mine, from prospectors

from other companies and also, and not least important, by

local people. More than 800 registrations of molybdenite were

done in this period, most of them of no economic value, but one

can assume that most of the uncovered bedrock in the area wacs

examined.

After 1965, a number of companies and institutions have been

engaged in exploration in the area (Folldal Verk A/S, Elken-

Spigerverket A/S, A/S Sydvaranger and The Geological Survey of

Norway, NGU), but no new deposit havebeen discovered. The chan-

ces of finding economic ore bodies at the surface in exposed

bedrock must therefore be characterized as rather limited.

In the Flottorp, Gursli, Sira and Ovedal areas, relatively small

scale mining operations were carried out during 1916-1920.

Recent investigations (by Folldal Verk) have indicated that thesG

deposits are too small to be considered as objects for renewed

mining.

6. Future prospecting has to be carried out on two scales :

The Knaben Area.

Regional pr:osPecting.

Prof. Vokes, consultant for The Knaben Mines during the latest

years of operation, has proposed a program for exploration in

The Knaben II mining area, which has to be discussed further.

Geochemical investigations appear to be the most suitable method

for regional prospecting.
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THE MOLYBDENITE PROVINCE OF SOUTH-WESTERU ECRWAY.

A compilation of available data concerning geological mappin

and Mo-exploration within the Area of Agreement.

INTRODUCTION.

This report reviews the geological mapping and exploration werk

that has been carried out in the area. A/S Sydvaranser's explo-

ration manager Thor L. Sverdrup and the geologists Civind Dvein

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

of Mines for Western Norway in Bergen, where most of the materia1

concerning the mining operations and prospectins activities in

the Knaben area is stored. Further we have studied the resords

which are filed at Norges Geologiske Undersøkelse (M.G.U.) (The

Geolosical Survey of Norway) - NOU Eergarkivet - in Trondheim.

In the 1960s, two Norwegian mining companies - Folidal Verk A/-

and Elkem-Spigerverket - carried ous a relatively extensiva

p1oration program in this resion. Folldal Verk's material iø

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

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

and a summary of the reports that was written. For a more jetaL_

study of this material, and for permission to use the results, the

companies will expect a certain compensation.

DEFINITION OF AGREEMENT AREA, TCPOGRAPHIC CONDITIONS AND

PROSPECTING/MINING RIGHTS.

2.1 Limitation of the Area.

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

map sheet MANDAL which is covered by the 1:50 000 sheets AMS 1312

I-IV, 1412 I-IV, 1311 I and parts of 1311 IV; 1411 I and 1411 IV,

corresponding to'an årea between longitude 6013' and 7°43%3nd

latitude 58°15' and 590N. (Fig. 1, and map enclosed as an appendix;

2.2 To o ra hic conditions.

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

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, In highe2
terrain, small bushes and large heather covered areas dominate
the vegetation.

During the warmest summer months, the average temperature
reaches 14-15°C. Average rainfall is 1-2 m pr. year (mainly in
the autumn).

The relatively few inhabitants mainly live in the valleys.

A topographic map (MANDAL, scale 1:250 000) is enclosed as an
appendix.

	

2.3 Pros ectin-/minine ri hts.

Every Norwegian citizen is in right to apply for claims (11-1
wegian : "muting") against the local Government Inspecteri
Mines. Claimableareminerals containing elements with sp.w.
(titanium is however claimable), other mineralsarethe land-
owner's. The "muting" is valid for 7 years after the new law of
1972. If economic ore is p:ov,sn in the 7-years time, the clai-
mer applies for "utmål" which has a 10 years validity.
older than the new law of 1972 is not limited in time, so far.

When The Knaben Mine was closed down in 1973 the company's
rights were transferred to the Government in accordance with

the law. A/S Sydvaranger has hired these rishts, 194 "mutings"
and 23 old "utmål". The "mutings" are not valid after April lst,
1981, but The Government make the condition that new rights
inside this spesific area shall be claimed in the name of The
Government.

	

3. GEOLOGY.

	

3.1 General.

The geological map, enclosed as appendix 1 shows a section of
the wp sfseetMANDAL (1:250 000). This is a preliminary, un-
published map compiled by geologist Dr. T. Falkum at the



Unive sity of Arhus, Denmark,.in cooperation with UGU.

Only the central and eastern part of this map is copied, since

the Western part, i.e. W of Sirdalsvannet (Lake Sirdal) has

been mapped and described by Hermanns & al. in NGU Publication

No. 318. This publication is also enclosed.

The entireAgreement is.situated within the Precambrian of South

Norway. To the SW it borders an.anorthosite complex, and to the

E occur the generally•quartzittic rocks of the Telemark Forma-

tion, which, with its associated sedimentary and volcanic sub-

units, are regarded as lying stratigraphically above the quartz-

feApar-rich gneiss complex of the Agreement Area.

3.2 Western part of the ArrreementArea.

The following abstract is quoted from Hermanns & al. (1975) :

"Charnockitic migmatites in low-pressure granulite facies grade

into amphibolite-facies mismatites towards the east. Recent

geochronological date suggest the existence of at least two

metamorphic/intrusive cycles, cne between 1500 and 1200 :1aand

the other between 1000 and 850 11a.In both cycles, a regional

high-temperature metamorphism at relatively shallow depth

appears to be associated with the intrusion of anorthosites,

monzonites or syenites, and of dolerites, all of alkali-basaltis

parentage. The isoclinal folding may belong to the first cycle;

most of the subsequent folding characterizing the present st:-,—

ture must have occurred between the two cycles. The pre-meta-

morphic stratigraphy of the magmatites is unknown, but the

lithologies should have included shales and some limestones ani

sandstones".

Concerning the structural seology he says :

"In the mapped area, at least four phases of folding are dis-

tinguishable. The oldest one is an isoclinal folding, probably

coeval with the migmatization.

Younger folds with axes trending N og NW and axial planes dippi-

43-60° towards the east mainly define the structure of the mig-

matites. They are especially conspicuous along the NE boundary

of the intrusive massifs, where they have subhorizontal fold

axia and steep axial planes. Within the larger framework create.:



by these folds, smaller areas with NE-trending folds occun in

	

• the north of the mapped area. Some field observation suggest


that these are older than the NW-trending system. The founth anl

youngest phase is represented by flexures with eastward plungirJ2

axes and steep axial planes.

Numerous younger faults mainly with ENE and N trends occur in

the migmatites. Some of them appear to be the primary cause of

the large valleys intersecting the area. The fault zones are

usually marked by retrograde metamorphism, and in places also by

mylonites or tectonic breccias; displacements, however, are only

rarely observed".

	

3.3 Eastern part of the A reement Area.

As mentioned, the geological map of this eastern area (appe

) is a preliminary survey map, where only a few geologict

units are included.

For the central part cf the area, Leake (1973) (enkagel by

Folldal Verk A/S) has prepared a more detai1ed map, but hia

criptions are not available.

3.3.1 Quartz-feldspar-rich gneisses

(orange on the map) cover most of the ground. Leake has divi1ed

them into different varieties, but the impression is that they

represent only nuances within a relatively uniform rock complex.

The rocks are generally foliated, but in some narts only a

faint gneiss-texture is detectable.

The dominant rock type in the Knaben and Flottorp areas is a

socalled "porphyry granite", which belongs to this feldspar-

quartz-rich gneiss unit.

3.3.2 "Grey, layered gneiss with much basic material"

is of major importance as far as Mo-exploration is concerned.

Layers of such rocks are folded together with alternating zones

of quartz-feldspar-rich gneiss.

A Danish geologist, J.L. Pedersen, has in detail described the


rock of the Gursli and Sira mining areas for his Ph.D. Thesis.
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He found that the grey layeredgneiss unit ccmprise3 sub-units:

quartz-feldspar-gneiss,

hypersthenegneiss

amphibolite/pyribolite

The hypersthenegneiss often containsulphides(pyrite,pyrrhc-

tite, chalcopyriteand molybdenite),which are recognizedby

their brown, rusty weatheringproductson the surface.

For detailsabout the Gursli and Sira areas,we refer to chap-

ter 5.

For the Knaben area, a more detaileddescription,mainly baced

on reportsand publicationsby Scheteligand Bugge,will be

given later in this report (chapter4). In this area however,

occur zones of grey gneiss (withassociatedamphibolitesand

sulphide-containinsbands, i.e. "grey layeredsneiss")alte=t-

ing with a red "porphyrygranite",and nearly all molybdenitc:

depositsof importanceare connectedto these grey gneisses.

At Flottorp,SE of Knaben, and Ovedal,NE of Eirdalsvannet,

similarconditionsare found.

3.3.3 Augen-gneisses

occur both in the western and easternpart of the mapped area

(appendix1 ). Pedersenconsiderthe augen-gneissesin the S32--a

area as being intrusiverocks,which were emplacedat an eariu

stage of the geologicalevolution.

Falkumbelievesthat the augen-gneisses-zonesin the south-

easternpart of the mapped area are of the same type as at

dalsvannet, while the north-easternaugen-gneissespossiblyare

older.

3.3.4 Youngerintrusives.

To the SE, the'gneissesare intrudedby 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, accordingto Schetelig,Bugge

and others,played a significantrole in the genesisof Mo-ore

(see chapter3.4, 4.16).
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3.4 H othesisabout ore enesis.

Two main models have been proposedfor the genesisof molytden-

ite in South-WesternNorway :

A magmaticmodel.

This hypothesiswas first put forwardby prof. Schetelig,

and was later elucidatedby Dr. A. Bugge (1963),both work-

ing as consultantsfor the Knaben Mines for many years :

An old gneiss complex ("greygneiss")was intrudedby younger'

granite (red "porphyrygranite"),leavingfragmentsof the

old gneissesas elongatedinclusionsin the magmaticrock.

Dikes of aplite and pegmatite,andquartz veins are late stae

emanationsfrom the graniticmagma.

Molybdeniteoccur partly as impregnationin ap1ite/peg:natite,

but is mainly connectedto the quartz veins, indicatingthat

it was concentratedin the late pneumatolyticand hydrothe—

mal phase of the magmatic evolution.

A model involvingmetamorphicmobilizationof criginally

sedimentarymineralization.

This model has been advocatedby prof. Urban (1974),whc was

the leaderof FolldalVerk's prospectingteam, and Pedersen,

who was one of his students.

They emphazisethat :

molybdeniteoccur mainly within certainhorizonsof the

grey layeredgneiss.

graphitein this rock type has been determinedto be of

sedimentaryorigin.

Mo and other metals are generallyenrichedin the inorga-

nic part of sapropelsediments.

On this basis they concludethat molybdeniteis stratabouna

and connectedto certainhorizonsof metamorphicallyalterea

peliticrocks. MoS2 was mobilizedduringmetamorphism,but

becauseof its relativelylow mobility it stayedwithin its

host rock, but was depositedtogetherwith mobilizedquartz

and feldsparin zones of minimumpressure.
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4. DESCRIPTIONOF THE VARIOUS FIELDS IN THE KNABENAREA.

	

4.1 Introduction.

In this chapterwe give a more detaileddescriptionof the areas

in which mining has taken place. A number of the mineralizations

were discoveredduring the "molybdeniteboom" of 1916-1918.At

that time almost every farmer in this part of southernNorway

took part in molybdeniteprospecting,and some 800 skjerp

(skjerp= prospectingpit, i.e. small.excavationsto examinethe

mineralizationa few feet below the surface)were registered

and listedduring that period.There are probablya lot more

which have not been officiallyregistered.Geologistsfrom the

GeologicalSurvey,who have tried to localizeand describethese

old "skjerps"have told us that most of them are insignificant:

some blastinghas been done almosteverywhere,on indications

of just a few grains of molybdenite.The chansesof findingnew

depositson the surfaceseem thereforerather limited.

	

4.2 Geolo y of the Knaben Area.

The dominantrock type in this area is a red, relativelymassive,

but usuallyslightlyfoliated,graniticrock. Phenocrystsof

redmicroclineresultsin a porphyritictexture,hence the name

"porphyrygranite"has been applied.

Within a 1-1,5 km wide, NS-extendingbelt, (The Knaben Ainera-

lized Zone, se below) of this granite complex,there occur a

number of conformablezones or lenses of grey, generallyfine-

grainedgneissicrocks, alternatingwith the red, porphyritic

granite,and parallellto the foliationof the granite,i.e.

NS to NNE-SSW,with dip 20-400E.The grey gneiss containbands

or elongatedlense-shapedbodies of amfiboliticmaterial (parti,

alteredto biotite-richrocks),and impregnationsof sulphides

are also often encounteredas zones in the'greygneiss.By oxi-

dation of the .su1phides,the rock gets a characteristicrusty

appearenceon the surface.These sulphide-containingzones are

termed "fahlbands".

Apliticand pegmaticdikes are common in the area, and occur

both in the grey gneiss and in the porphyrygranite.Cross

cuttingdikes have been recorded,but generallythey occur as

sills, i.e. conformableto the foliationof the rocks.



As mentioned earlier, Bugge (1963) and Schetelig regard the
grey gneisses (with their amfibolites and fahlbands) as relicts
of an old gneiss complex, partly assimilated by younger granite.
The aplites and pegmatites - and also the quartz-veins (see
below) - are regarded as pneumatolitic and hydrothermal late
emanations from the granite.

Thc most important molybdenite deposits, as far as we know to-
day, are located within NS-running zones of grey gneiss, for
instance in the Knaben Area, in the Gursli - Sirdal Area to the
west, and the Flottorp deposit to the east.

Of these, the "Knaben Mineralized Zone" was by far the most
productive, a zone extending from the Kvina Mine in the north,
via the central Knaben Mines, to Litlådalen in the south, i.e.
over a NS distance of more than 10 km.

4.3 Descri tion of the Knaben Mineralized Zone.

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

The majority of M0S2-mineralizations in the Knaben Zone are
associated with such quartz-veins, and particularly when they
occur within the grey gneissic zones.

Mineralized quartz-veins are also associated with aplite- and
pegmatite dikeS, either as lateral extensions of the lense-
shaped dikes, or as enveloping bands or veins around them.

M0S2 occur in the quartz mass, but are often enriched as coar-
ser flakes along the boundaries of the quartz-veins. Examples
of impregnation a few cm into the surrounding gneiss are also
reported.



Of major economic importance during the operation of the Kna-

ben II mine was a type of MoS2-impregnation in a finegrained,

grey granitic rock. This rock type is apparently similar to

the grey gneisses, but lack the characteristic fahlbands and

amfibolites. Chemically it is also similar to the porphyry gra-

nite, but is somewhat enriched in 3i02. This higher Si02-

content is manifested through a higher content of secondary

quartz, both as replacement.of the other rock-forming minerals,

and as lenses and veins. For this rock type the name "gangfjell"

("gangue rock") was originally applied. At Knaben II it crops

out as an approx. 700 m long and less than 100 m wide lense-

shaped body, concordant with the surrounding porphyry granite.

There is atransitionalzone between the two rock types. MoS2

occur as impregnation in the grey rock and in the transition

zone, and also on quartz veins and -lenses.

In the deeper parts of the Knaben II Mine this "gangfjell"-

lense grades into a grey gneiss, in which M0S2-mineralization

is connected primarily to quartz veins, and only to a minor

extent occur disseminated in the rock. Nevertheless, the term

"gangfjell" was also applied for this deeper grey gneiss, and

eventually it was used synonymously with "grey, finegrained

gneiss".

Bugge and Schetelig seem to favour the view that the "ganEfjell"-

lense in the upper part of the Knaben II Mine is a pneumatoly-

tically altered (greisenalteration) porphyry granite, and hence

is different from the fahlband- and amfibolite-containing grey

gneisses, which they, as mentioned, consider to be relicts of

old gneisses in younger granite.

Bugge (1963) classified the various MoS2-mineralizations in the

Knaben Area according to the following types :

Type I : Molybdenite in the oldest mineralized gneiss zones

(fahlband). Numerous, but small occurences in wide-

spread, narrow quartz veins.

Type II : Molybdenite as impregnations in "gangfjell" ("gangue-

rock") and in (associated) quartz veins. The aplite

veins (cutting the gangfjell) are in parts molybden-

ite bearing. Large deposit at Knaben II.



Type III : Molybdenitebearingquartz veins and -lenses,
A : as parallellveinsat "gangfjell"depositsof

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 strikeand dip direct-
ions.

Type IV : Molybdenitebearingquartz vein systems (in the
southernpart of the Knaben II field (Hommen).
 approachinga brecciastructureat depth.

One additionaltype should be mentioned :
Severalrecordshave been made of molybdenitemineralizations
on fractures,joints and narrow shear zones or -planes,both
in the grey gneiss and in the red porphyrygranite.This type
indicatethat M0S2 was formedat a late stage of the ceelogleal
evolution.

In the southernpart of the Knaben Area, the r:ap(appendix
show an EW-runningfeaturecalledHommenforkastnincen("The
Hommen Fault").South of this fault the rocks are dippinc70-8_
E, whereasthe dip north of this line is approximately300E.
No indicationof any horizontalmovementalong this suspected
fault has been recognized.The significanceof this fault,as
far as mineralizationis concerned,has not been clearlyestab-
lished.However,MoS2-mineralizationsare distinctlyweaker
south of this line than to the north.

A short descriptionof the variousdeposits/areasfrom the
KnabenMineralizedZone 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(see
map appendix2 ). Some less importantmineralizationswill also
be 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 constructionsand technical
installationswere completedin 1913.

Regularmining startedin 1915,and the mine was closedin
January 1919, due to a combinationof a workers strikeand a
governmentimposedexport ban.

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

2re production:The followingtable summarizes
figuresfor the variousmining periods:

Conc/gradeContainedOre

the available

Year TonnagetonMoS2




MoS2(100%) grade Reference

1904 1 t





J.Norman,1907
1905 2 t





1906 3 t





1907 21t





1908 1173 t





C.Bugge&al.






1921
1909 1000 t





1912 1004t





1913 1075 t4 t å 64%





1914


1915

85
3270 t 20.3 t 472.5

6750 i 22.5 t 4 72

%


%

14.7t

16.2 t

	

'0.45%

	

0.24%

ti


ti

1916

1917

18250 t 58.1 t 4 77


17710 t 50.6 t 4 77

%

%

	

44.7t

	

39.0t

0.245

0.22

11%
tt%

1918 12460 t34.6 t å 78 % 27.0t 0.217 %




62700 t190 t




141.6t
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Conc/grade Contained Ore
Year Tonnage ton % MoS2 MoS2(100%) grade Referene .

1925 12640 t 24 t £ 80.8% 19.5 t A.Bugge, 196:5_
I.Rosenquist,1953

1943 - 1944 : No production,test mining.

1952 73 t £ 87-

1955 94 % 65 t 0.27 % A.Mugås, 1955

Total 100 000t 287 t 226 t
(seebelow)

For the period 1952-1955the 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, yieldingapprox.290

tons of concentrate,with an averagegrade of 78-80 % :,1oS2(vary-

ing between72-94 %), correspondingto 225-230tons of 100 5 :1os2.

Ore grades varied from 0,45 to 0,22 % M0S2.

Geology : The Kvina Area forms the northernmostextensioncf the

socalledKnabenMineralizedIone. Appearentlythe amount cf iirey

sneiss inclusionsin the red perphyrygranitehas decreaseimar-

kedly in this area, as comparedto the areas furthersouth,indi-

cating a fundamentalchange in the geologicalconditions.

1o32-mineralizationis connectedto a pegmatitebody and is concen-

trated in a nearlypure quartz border zone towardthe surrounding

gneiss.

The pegmatite-quartzbody has a lense shape,and lies concordant

to the foliationof the porphyrygranite.Averasestrike :

dip : 30°SSE.The lense has a slightplunge (10°)to the south.

Maximumwidth is 16 m. It has been followedby mining for 240 m

along the axis. Maximumhorisontalextensionis approx. 80 m. It

outcropsto the north, and in the southernworkingsthe width of

the quartz vein is cnly 2 m.

The lense has a centralcore of pegmatite.Appearentlythis pegma-

tite is quartz-dominated,some workers have describedit as a

coarsegrainedquartzmass. This centralcore is virtuallybarren

of Mo32' Envelopingthe pegmatiteis a zone of MoS2-containing

dark, smoky quartz (max.width : 7 m). Apliticdykes cut this sys-

tem.



Most of the workings have'been done on the quartz zone, both to
the hanging wall and to the footwall of the pegmatite. In the
immediate vincinity of the quartz, the surrounding gneiss is a c.rey,

quartz-rich, MoS2-impregnated "gangfjell" variety, which has been
mined to a minor extent. This rock grade over a short distance

into almost barren red porphyry granite (except for some thin MoS2-
mineralized joints).

3 diamond drill holes have been drilled in this area. Hole no. 1 '
was drilled under the main part of the ore zone, and the object

was to examine the deeper extension of the ore-containing lense.
Only traces of MoS2 was found, showing that the lense has a terml-

nation downwards.

The other 2 drill holes were done to examine some smaller minera-
lized zones 500 and 1200 m SW of the Kvina ore-body. Only traces of

molybdenite were found.

No drilling has been carried out directly to the south of the
Kvina orebody, with the purpcse to explore the deeper extennion

along the assumed axis of the pegmatite-quartz-lense.

Although the conditions in the southern workings of the mine indi-

cate that the lense wedges out'here, there is a chance that a
pinch-and-swell model for the pegmatite-quartz-body may be actual.
So if one more hole was to be drilled, we would suggest that th.:_s

should be the target.

4.5 Other de osits in the Kvina Area.

Immediately north of Kvina are the following "skjerp" (skjerp =
prospecting pit, i.e. small sub-surface excavations, to examine
the mineralization a few feet down the dip) :

Aslak skjerp, Isac and Jacobs skjerp and the Begtefjell Mine. They
were worked during the period 1916-1918.

. .

At Aslak skjerp some 75 tons of mineralized rock has been mined out.

Isak and Jacobs skjerp is a 9,5m long adit.

Begtefjell mine is situated NW of Kvina, on the southern slope of
the hill Grudevassknuten,. hours walk from Kvina. Red granite

LI
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dominatesthe field.A 30 m wide, NS-extendingzone consistsof

finegrainedsilicifiedgranite,which on both sides grade into a

coarsergrained,pale granite.With a gradualincreasein red feld-

spar, this rock in turn grade into a normal red granite.

Mo32-mineralizationmainly occur on quartz veins and- "blebs",ana

on narrow (1-2 cm) pegmatitelenses.Rich MoS2 is also found on

joints and narrow shear zones.The finegrained,silicifiedgranite

also containsome disseminatedMoS2' and a fine impregnationin

the pale granitehas also been observed.(Reference: Neumann-

Adamson 1950. NGU Bergarkivetno. 1300).

Between the Kvina Mine and the KnabenI Mine are the Sandtjern

Mine (149 x) and the Sanne Mine (150).Small-scaletest miningwas

performedduring the period 1916-1917,but no geologicalrecords

exist from these places.

	

4.6 The area of Grundevassknuten- Smalvann (147)- TobiasMine (1/16)-

Hunsbedtskjeroene(148).

Ref. : A. Bugge. Report from 1937.

The main rock at Grundevassknutenis the red porphyrygranite.

MoS2 in this red graniteis rare, but there are many examplesof

mineralizationson smallershearzonesor joints lying adjacentto

quartz veins.

At Smalvannrelativelyrich M0S2 occur in a 1.5 m wide and 15 m

long quartz vein. 4 m of the hangingwallrock is well impregnated.

It has a possiblecontinuationtowardssouth. A smallerparallell

zone is mentioned.Because of its relativelyrich mineralizations,

this depositdeservesome attentionand shouldbe given priority

in any futureprospecting.

About the Tobias Mine it has only been mentionedthat it was exa-

mined in 1915.

From the Hunsbedtskjerp no recordsare available.


4.7 Knaben I (145).

History : Knaben I is the oldestmine in the Knaben district.It


was claimedto the Ministryof Mines for the first time in 1884.

x) Figuresin bracketsrefer to Map of NorwegianMines and ore-
depositsby S. Foslie (1925).
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Small scalemining operationswere performedduring the periods
1885-1887and 1894-1897.In 1904 the mine was sold to "The Black-
well Developmentcorp. Ltd, Liverpool"and regularmining started
in 1905. A concentratorwas installed,and a concentrateof 70- 80 C
MoS2 was produced.In 1909 all operationswere stopped.

In 1913 anotherbritish company,-Cammel,Laird & Co., Shieffield,-
reopenedthe mine and worked it until 1917.

In January 1918 the mine was boughtby A/S Knaben Molybdængruber,
who by then owned both Knaben I and Knaben II Mines. The mine was,
however,not in productionuntil 1934. In additionto new ore,
some MoS2 was producedby runningthe old waste throughthe con-
centrator.All activitiesceasedin 1939.

Ore production: Detailedfiguresfor ore productionfor the vari-
ous mining periodsare not available,but it is mentionedthat a
total of 80 000 tons of crude ore has been mined, yieldingapprox.
570 tons of MoS2 (contained).For the years 1904-1909the MoS2-
contentof the concentratewas 70-80 %. For the period 1914- 1917
the figures75-77 % has been mentioned.

M0S2 occur on quartz-lenseswhich are concentratedin the border
zone betweengranite to the weSt and a 10 m wide amfibolitebody
to the east. The amfiboliteforms part of a "fahlband"-zone.

At the surfacethe amfibolitedip approx. 30°E.The strike is NS
in the southernpart of the area and NE- SW in the north, i.e. the
amfiboliteboundaryform a flexureor a bend. Also in cross section
there is a changetowardsa steeperdip in the lower levelsof the
mine.

MoS2-containingquartz veins appear to be concentratedimmediately
north of this bend, and die out to the north.They have been fol-
lowed for approx.100 m along the strike and 25 m west of the
amfibolite.Downwardsthey die out approx. 20 m below the surface.
Generallythe quartz lensesare small (max.width : 10 m).

Some rich MoS2 occur as coatingson the actual amfiboliteborder
plane, and some uneconomicimpregnationwas also found in the gra-
nite.
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The ground underneaththe known ore lenseshas been exploredby
drifts and diamonddrilling,which showedthat the ore zone termi-
nates downwards.Some explorationwork has also been done on the
easternflank of the amfibolite,but no economicmineralization
was found.

	

4.8 Lille Knaben (142)and S illbrokskjerpene(144)

were mined in the period 1914-1917.•
At Lille KnabenMoS2-containingquartz veins are associatedwith
an aplite dike. The ore contained0,39 - 1,0 % MoS2.

At Spillbrokskjerpeneonly 5 m3 of rock has been mined. Quartz
dikes can be followedfor 500 m, but M0S2-mineralizationis irre-
gular along the vein, and much of the quartz is almost barren (Ref.:
Schetelig,1915).

	

4.9 The ørnehommenField (141).

Within this area - which is locatedbetweenthe Knaben II and Lille
Knaben Mines - are the Jelå - Rubens - and Hommen Mines and the
Ljoslandskjerp.

Schetelig(1915)believedthat this field had a relativelydeep ex-
tensiondownwards.We have not been able to find data (diamond
drillingetc.) which can verify this assumption.

Anders K. Olsen has given a descriptionof the field.Mo52 occur
mainly as impregnationin gneiss and quartz in a border zone be-
tween graniticgneiss and porohyriticgranite.Quartz veins paral-
lell to the strike containMoS2' and impregnationof the gneiss is
concentratednear the quartz veins.

Transversalquartz veins and the porphyrygraniteare virtually
barren of MoS2.

MoS2 occur abundantlyon narrow shear planes as flat "cakes"cover-•
ing a few m2, and a few cm thick.They are always concordant.Cross-
cuttingshear planes containno MoS2.

Chalcopyrite,pyrite and pyrrhotiteare associatedwith MoS2 in
places.Fluoriteis also present,and Olsen thereforeconcludethat
the mineralizationis formedpneumatolytically.
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• Ijosdal skjerp iS the northern.deposit in this area. Very rich
M0S2 occur in a 10-15 cm wide quartzvein on the boundary between

granitic gneiss and porphyry granite. The gneiss adjacent to 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 Mine a number of parallell Mo32-containing quartz- and
gneiss bands have been worked together. Total width of the orecon-
tainingzone is 3,5 m. This system has been followed for 120 m to
the north. The orebody has a horizontal area at the surface of
approx. 360 m2. This means a hypothetical 1000 tons of ore pr. m
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 somewhat lower than at Jelå. The :ninera:-
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 situated approx. 1C2.
m above the bottom of the ørnehommen valley.

Hommen Mine is situated approx. 200 m NE and 100 m below the Fubens
Mine, and dips 40°E. The mineralization is of the same type as

parallell quartz and gneiss bands on the border between under-
lying porphyry granite and granitic gneiss above. The largest
quartz lense was approx. 15 m long, and had a max. width of 0,5 m.
The ore containing zone has a total width of approx. 2,5 m. it has
been followed on the surface for 120 m, and show over the whole
distance relatively even and good mineralization
been mentioned).

(1,5-2 % MoS2 has

Reinshommen (140) and Roma (143) Mines.
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II

At Reinshommen some work was done in 1917, but it was not until

1937 that a more comprehensive investigation was performed, in the

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 ore"

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 done

on two quite small but relatively well mineralized quartz veins.

Some Mo32 also occur on and adjacent to joints in the red granit ,

associated with CaF2.

Fossgruven (the Foss Mine) is situated in the southern part of this

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, Ministry of Mines, Bergen.

A.Bugge 1937 Benkeheia

Kragh Wehn 1938

A.Bugge 1940 Knabendalsskjerpene

Adamson - Naumann 1950 NGU Bergarkivet. No. 3310

Report on diamond,drilling
(unknown author) No. 713 A

Geological report
(unknown author) Tt 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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History and production: In 1916 some developmentwork was done on
this deposit,and 8 tons of ore was transportedto the coast.

In 1917 a newly formed company- BenkeheiGrube A/S - built a
flotationplant. 1380 tons of ore was treatedto a 60 % MoS2 con-
centrate,containing1560 kg of Mo32.

The concentratorwas not in operationin 1918, but in 1919 4200
tons of ore was treated,yieldinga 81,9 % M032 concentrate,con-
taining6301 kg of MoS2. Mining ceasedin August 1919.

In 1938 all the company'spropertieswere taken over by A/S Knaben
Molybdængruber.Some diamonddrillingwas done in 1938 (seebelow).

Geology : Mineralizedquartz veins and disseminatedMoS2 in the
adjacentgneiss can be followedfrom Knaben II for 240 m.

Bugge (1963)believedthat the Benkeheideposit lie approx.100 m
east of the Knaben II ore zone,while other workersseem to think
that there is a direct continuationbetween the two deposits.

The ore zone strikesN 19°E and dips 30°E.

The amount of impregnationtype ore in gneiss is less than at
Knaben II, and althoughthe mineralizationin the quartz veins was
quite rich, the averageMo32-contentof the crude ore reachedonly
0,25-0,30%.

Molybdeniteon shear planes is howevermore commonthan at Knaben
II. CaF2 is often associatedwith molybdenite.

The averagewidth of the ore zone was 2-3 m. In the mining area it
seems to wedge out downwards,but diamond drillingdone in 1938
has revealedthat mineralization(7 m of 0,154 % M032 in DDH no. 2
profile 1, see accompanyingsketch fig. 2 and fig. 3) occur 150 m
below the surface.The connectionfrom this intersectionto the
mined ore zone above is not clear.

Diamonddrillin results.

Profile1 DDH 1 : Vertical hole. The red graniteis barren.MoS-
on quartz veins and on pegmatitesin "gang-
fjell" (greygneiss).

Assay result : 0,173 % MoS2 over 4,15 m.
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P;ofile 1 DDH 2 : -60°E. Geologyas in DDH 1. '
Assay results : 0,242 % MoS2 over 4,15m
(0,184% over 7,0 m).

Profile 2 DDH 1 : Verticalhole. Rocks as above,but less quartz

and pegmatite.More aplite.
Assay results : 0,096 % MoS2 over 1,7 m.

Profile 4A DDH 3 : Assay results : 0,102 % M0S2 over 3,65m.
(not on sketch) 1,3 m core loss, but drillersreport that 0,1.

of this zone contained"puremolybdenite".
Assay of drillingmud gave 62,0 % Mo32 for this
zone.

Profile 4A DDH 1 : Red graniteis sterile."Gangfjell"contain
Assay results :

103,85-105,80m : 0.021 % M032
109,50-112,60m : 0,100 % "
112,60-115,75m : 0,450 % "
115,75-119,05m : 0,025 % "
135,45-138,65m : 0,265 % "

Profile 4A DEN-12 : Negative? (no assay resultsrecorded).

Knabedalsskjeroenein the Benkeheiarea is presumablya dlrect
continuationof the quartz vein system from Knaben II.

Benkeheiknutenis situatedbetweenKnabeelven(the Knaben Fiver)
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 importantdepocit
in the KnabenMineralizedZone, and hence most of the geological
work has been concentratedon this deposit.Numerousreports,
notes and even Universitythesishave been written,and hundreds
(thousands?) of maps and sketchesare stored in the variousfiles
we have had accessto.

It is an insuperabletask, and, as we regard it, beyond the scope
of this report,to present a detailedsurvey 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
the generalgeologicalconditionsin the Knaben area is based on
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our knowledgefrom the Knaben II Mine.

A few facts and figuresfrom the historyof the mine will, howevel-,
be submitted(withreferenceto A.Bugge,1963) :

History : During the first years of operationsin the Knaben
field, the Knaben II was given littleattentionsince the ninera1i-
zationat the surfacewas mainly of the finegrainedimpregnation
in gneiss type, and hence not'suitablefor concentrationby hand

picking.

It was not until the flotationprocesswas introducedthat this
ore type became important,and the owners of the Old KnabenMine
(KnabenI) - CammelLaird & 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 propertywas transferredto the newly rerced

A/S KnabenMolybdængruber.Since 1918 this companycperatedthe
mine until it closeddown in 1972 (exceptfor a shut down rrcn

May, 1919 to July 1923). In 1930 a swedishcompany,Axel Johnson,
Stockholm,became a majorityshare holder.

Crude ore productionwas in 1927 : 54.900tons, in 1928 : 69.029

tons and in 1933 : 164.200tons. A concentratecontaining30
was produced.In 1934 the concentratorwas damagedby fire, and a

new plant was completedin 1935, with a capacityof 300.000tons
of crude ore pr. year, giving a concentrateof 94-97 % M0S2.

During these years the mining was done in the upper levelscf the
socalled"gangfjell"lense (i.e.disseminatedMo32 in grey, gra-
nitic gneiss),and the averageore grade was 0,306-0,345% MoS2.
But during the 1930s the ore became gradually'poorer(in 1939 it
was 0,183 % MoS2.

Extensiveinvestigationsby diamonddrillingwas carriedout, 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'plant w'asdamaged by bombing, but the Germans con-
structed a concentrating plant Underground and continued mining
the upper (and relatively low grade by that time) "gangfjell"
lense. In 1944 the MoS2-content of the ore.was down to 0,137 5
(average 0,152 % for the period 1940-1945). Highest yearly product-
ion was 360.000 tons, despite the fact that the Germans increased
the workihg force from 400 to 1000 men.

After the war a totally new plan for the whole mining operation
had to be worked out. The concentrator was again moved out and
rebuilt on the surface, and development work was carried out in the
deeper quartz vein deposit. It was not until 1951 that ore pro-
duction again reached 100.000 tons. After that it steadily increas-
ed and was in 1960 : 207.000 tons, giving 410 tons of MoS2 (see

fig. 4).
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Production of molybdenite from Knaben II - mine.
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Effectiveaverageore grade for 1947was as low as 0,147 % 1oS2,

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

the following4 years (1957-1960),i.e. at a time when the whole

mine and plant was developedaccordingto the new plans, the effec-

tive grade increasedto 0,19 % Mo52. For the lastyears of oper-

ation, an averagegrade of 0,22 % was obtained.

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

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

KnabenII,until 1973.

Ore reserves.

Vokes (1969)did a calculationof ore reservesfor the Knaben II

Mine, which resultedin the followingtonnages :

Probableore : 5,7 mill. tons å 0,15 % MoS2

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

Possibleore : 7 TI

4.13 3eritshei - Svoen Field.

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

Knaben II. A number of widespreadMoS2-mineralizationsfollowNS-

extendinghills of red granite..The northernpart of the field

lies km W of the southernend of Store Knabetjern.A numbor

prospectingpits have been excavatedalong this approx.1.5 km long

zone.

Lenses of grey granite ("gangfjell")is surroundedby red granite.

Apliticdykes,which cut throughthe area, are 1oS2-containing.

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

part of the field there occur some MoS2 on quartz veins.

The field as a whole gives a negativeimpression.

In the Etestøl- Svoen - Moserinnhommenarea MoS2 is also associat-

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

to 10-20 cm. Som diamonddrillinghas been done in the Bjørvann-

Svoen area (1938-1940),but no valuablemineralizationwas detecte-
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Beritsheiwas claimedin 1971. Some diamonddrillingwas done,
but these data are not available.

(Ref. : A.Bugge,1938 and 1940.
Report from the Inspectorof Mines, 1973).

	

4.14 Risna Mines (136)- The Risnes Field.

Informationsabout this area are taken from a reportwritten in
1918. This report also containthe resultsof some diamonddrill-
ing.

Prospectingpits have been excavated,and in some of these "rela-
tivelygood" ore on quartz veins in "gangfjell"was observed.The
best resultwas obtainedin pit no. 3, witht: 0,385 % MoS2 over
4,5 m.

4 holes were diamonddrilled underneaththe ore zone, but they we-

re negative,showingthat the ore zone dies out downwards.

	

4.15 Hommenforkastningen(TheHommen Fault).

The EW-extending,nearly verticalHommenforkastningenis riarked
the map, appendix 2 . As mentionedpreviously,there has been
some discussionas to the significanceof this fault.

Accordingto Bugge (1963),the old fahlband-containinggneissesa-re
displacedsome 50 m along this line,whereas the ore-containin
quartz vein "belts"do not seem to be affected.However, there
appear to be a radicalchange in the size of the ore zones at this
point : south of the line there are only sMall and widespread:oS.-
containingquartz veins.

A pegmatitelense,which lies in the actual fault zone, is Mo52-
mineralized,indicatingthat Mo32-containingsolutionsdid find
their way up throughthe fault itself.

Whereas the strikeof the rocks are the same on both sides of the

fault,there is a marked change in the dip : fron 300E north of
the line, to much steeperdip to the south. This may indicate

that some kind of rotationalmovementhas occurred.

4.16 Summar on the geologicalconditionsof the KnabenMineralized

Zone betweenHommenforkastninen and Beritshei.

Within this sectionoccur the most significantdepositsin the

area, and all known types of mineralizationsare representedhere.
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In reports from 1955 and 1963 Bugge summarizes his knowledge

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 finegrained, massive

feldspar-quartz rock, but was later also used for coarsegrained

varieties. Common to the various types are their unoriented, non-

foliated dike- or vein-type nature, and they are therefore re-

garded as younger intrusives in the surrounding sneisses.

At lower levels of the Knaben II Mine, the number and size of such

dykes increase, and they seem to converge towards a coarsegrained

intrusive body, with both aplitic and pesmatitic yarieties. In

some parts the aplitic dikes form eruptive breccias.

Quartz veins occur in the aplites as narrow, semi-parallell strin-

gers, but where the aplitic bodies wedge out, they concentrate

and form more massive quartz dikes, which ccntinue alons the

strike of the gneisses. Alons the edges the aplite bodies are eftby

enveloped by a quartz "sheet". It is often difficult to define the

exact boundary between quartz and pegmatite/aplite. The amount of

feldspar crystals increase grådually to form a transitional border

zone.

In some places there are transversal pegmatite dikes cuttins the

quartz veins, indicating that pegmatite deposition also took place

after the quartz formation.

MoS2 occur as impregnation in aplite/pegmatite, but is signifi-

cantly more associated with the quartz-phase. Although the NoS2-

containing quartz veins are widespread and occur all along the

Knaben Mineralized Zone, it is only within the 1,5 km section be-

tween Hommenforkastningen to the south and Benkehei to the north,

that really significant molybdenite deposits.are found.
• • .

Bugge explains this by assuming that within this section, geolo-

gical conditions were such that deepseated magmas were able to

penetrate towards the present surface, and that this magmatism -

with deposition of aplitic/pegmatitic dykes and quartz veins - was

responsible for the cbncentration of Mo32.
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The top of this magMatic intrusivebody reacheda level corre-
spondi.ngto somewherebetweenthe 5th and 10th level of the
Knaben II Mine. Extendingout frcm this body are dikes and veins
of aplite and pegmatite.Variationsin grain size are resultsof
local variationsin pressure,which also causeda crackingof
the rock complex.Late emanationsof Si02 (and accompanyingMo32)
crystallizedon the cracks.

Hydrothermalsolutionsand gasses penetratedfurtherinto the
red, graniticgneiss, causinga greissenalterationof this rock,
whereby the feldsparwas bleached,and quartz and molybdenite
were depositedas disseminatedgrains throughoutthe rock, thus
formingthe socalled"gangfjell".

In the southernand deeper parts of the Mine, towardsthe Hommen
Fault, there are an increasingamountof aplite/pegmatitedikes,
which in parts containrich MoS2-mineralization.The same fea-
ture has been registeredin deep drill holes. Bugge thereforesee
the posibilityof a deep-seated"aplitic"massive,with possible
eruptivebrecciation,"gangfjell"formationand quartz-molybdeni
deposition,in this area.

4.17 Area south of Hommenforkastningen.

BragoldMine (135)is locatedbetweenKnaben and Håland farms,

south of Bragtjern.The Nyvold Mine is includedin this field.

MoS2 is associatedwith quartz veins and lensesin red granite.
The quartz approachesa calcedonyvariety.Some MoS2 also occur
on shear planes as flat "cakes".CaF, has been observed.

The area has been divided in a northernand a southernfield. In
the north very littlework has been done. In the southernfield
there are someprospectingpits.Data on the resultof this work
are scarce,but appearentlythe mineralizedzone covers a length
of 500-600m. A.maximumwidth of the mineralizedzone of 3,5 m
has been mentioned.The zone comprise3 Mo82-mineralizedbands.

A rough estimateof possibleore reservesgives :

Southernfield : length600 m x width 4,5 m = 2700 m2
Northernfield : " 600 m x " 9 m = 5400 m2


Total = 8100m2
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With an average specific weight for the ore of 2,7, a hypotheti-
cal 22.000 tons pr. m vertical sinking should be obtained.

(Ref. : NGU Bergarkivet No. 3311 (unknown author)).

	

4.18 ø vann - Sk'erlevann - Tor Hålands Field.

Generally, Mo52-mineralization in this south-western part of the
Knaben area is associated with irregular aplitic dikes, as a fine
impregnation (Bugge, 1963). Some small "gangfjell" lenses, which
also contain a little MoS2 indicate initial pneumatolyses.

Diamond drilling has revealed that the mineralized "gangfjell"
zones are small and of low grade. Impregnation in aplite is part-
ly richer, but the dikes are too narrow to be of any practical
interest.

The prospecting work done in this field therefore show that the
area has a low potensial, and no further work is recommended by
Bugge (1963).

	

4.19 Litlådalen.

5 holes have been drilled. Dominant rock type is red granite with
narrow zones of "gangfjell", which in parts is weakly mineralized.
Blekum (1937) characterizes this field as uninteresting.

	

4.20 Bjørnehommen.

Dominant rock type is again red granite, with some amfibolite,
pegmatite and "gangfjell". "Gangfjell" contains a little :1052,
but diamond drilling (2 holes) does not indicate any significant
deposit.

	

4.21 Investi ations for other valuable elements and minerals in the
Knaben Ore.

In a note by Christensen (1956, NGU Bergarkivet no. 3973)mention
is made of a study done on the possible presence of Rh in the
Knaben ore. The conclusion was that the Rh-content of MoS2-con-
centrate was very low, based on an investigation done at the
University in Oslo (Dons, 1968).
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Siggerud (1955)and Sverdrupet 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-feldsparand uartz.

Pursuantto a report from professorM. Digre (Rossét 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 useablebecauseof rust-con-
taminationon the singlemineral-grains,but the reportemphasize
that it could be possibleto producea total of 60 % K-feldspar,
plagioclaseand quartz concentrate.The investigationsare however
never broughtso far that the Fe-contentin mineral-concentrates
are determined.

	

5. MINES AND OREDEPOSITSOUTSIDETHE KNABEN AREA.

MoS2-mineralizationsin the regionis shown on map appendix3.
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 FolldalVerk A/S
explorationin the region.

Geology.

Intrusiveanorthositesoccur to the SW and as.two small intrusions
in the Gursliore•field.The rest of the area is comprisedof
various concordantgneissesas 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.
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Quartz-feldspar-gneiss (very similar to the quartz-feldspar-

gneiss outside "the layered gneiss").

Amphibolite/pyribolite.

Hypersthene gneiss.

Table 1 : Mineral composition of the Gursli - Sira rocks :
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spar gneiss 15-20 40-45 30-40 1-2

IlAmphibolite/ 50-60 20- 30 5-10 10-15 5-10
pyribolite 35-60

IHypersthene 10-60 10-75 15-60 5-20
5-10 0-15 2-4 0-2(b)


gneiss

Augen gneiss 15-40 30-55 15-25 0-7 +-2 0-8 +-2 acc.

An intrusive anorthosite-body in hypersthene gneiss contain
MoS2.

Pyrite dominates. In addition : molybdenite, chalcopyrite,
pyrrhotite, cubanite, mackinawite, pentlandite and sphalerite.

Hypersthene gneiss appear to be of special significance for Mo-

prospecting, and such rocks occur both in the Gursli mining area

and as part of the layered gneiss zones in augen gneiss in the

Sira area.

Hypersthene gneiss is characterized by its brown, rusty spots after

oxidized pyrite. Typical is also accompanying veins and lenses of

mobilized quartz-feldspar, which contain sulphides. They have in

places been mined for molybdenite.

The general orientation of such lenses rarely deviate more than

10-200 from the foliation of the gneisses.
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There appear to be a correlation between the size of the lenses and

the width of the hypersthene gneiss horizons (max. width 20-30 m).
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Ore de osits and minin o erations.
5.1.1 Gursliarea.

The map fig. 6 shows the locationof the variousmines in the
Gursliarea, with the main mines lying north of the westernpart
of Gullvann.

The depositswere mined during the years 1915-1919.A total of
38.000tons of crude ore, with an averagegrade of 0,17 % MoS2
was taken out.

On the map are also marked the areas which will be shortlyde-
scribedbelow :

The Moi Field south of Gullvann.

The largestconcentrationof molybdeniteoccur in the widest/
thickestpart of an approx. 2 km long hypersthenegneisshorlzon.
MoS2 occur on joints and narrow quartz-feldsparveins in the
gneiss.

Mlssesk'erene (areaB).

Molybdeniteis concentrated,togetherwith pyrite,in a number
of separatedquartz-feldsparLlenses,which mainly occur in an
open fold/flexure-structurein the western hypersthenegneiss
zone. The lensesare up to 2 m long and 3 m wide, and may con-
tain 20-30 % sulphides.

SkålandMine (area C).

Unimportantmineralizationson joints and small quartzveins.

GursliMine (areaA).

The gneissesare folden in a relativelylarge,overturnedsynforn,
and the largestMo-depositsoccur in hypersthenegneisseson the
easternflank of this fold.

Mining took place at various levelsin the nearly verticalhost
rock, and Pedersenemphazisethat the entiremine is locatedin
hypersthenegneiss.
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In the.mine occur an intrusivebody of anorthosite,with a hori-
zontalarea 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 have
been mentionedin old reports.

Anotheranorthositebody, 30-40m W of the hypersthenegneissis
not mineralized.

GenerallyMoS2 is associatedwith quartz-feldspar-biotitelenses,
which are discordant(10-20°)to the foliationof the gneiss.
The main lensehas a horizontallengthof 100 m. Max. width is
10 m, wedgingout to a couple of m at the edges.Verticaldepth
is estimatedto at least 100 m. It followsthe foldingof the
gneisses.

Pedersen,in an estimationof ore reserves,indicatean area of
the orebodyof 520 m2 over a lengthof a few 100 m, and conclude
that this resultsin too small tonnagesto be of economicinte-
rest.

5.1.2 The Sira area.

Sandsmork and KonstalliMines (fig.5 ) were examinedby small
scale test mining in 1917-1919.A total of 600 tons of 0,15 %
MoS2 was excavated.

At both localities,MoS2 occur on joints and quartz lenseswithir
a relativelynarrow (4-5m) migmatiticzone in augen gneiss.

An approx.100 m wide zone, consistingof quartz-feldspar-gneiss,
amphiboliteand biotite-hornblende-gneissruns throughRannestac 
- Einarvatn - Bringedal. On 10-20 cm wide quartzveins and on
joints in the biotite-hornblende-gneissoccur a littleMoS2,
associatedwith pyrite.

5.2 The Flottor area.

This area (fig.7) is situatedSE of Knaben.A member of Folldal
Verk's prospectinggroup has mapped and describedthe area, but
the report has not been accessibleto us.

A short descriptionis given by A. Bugge (1963)and by H. Bjør-
lykke in reportsfrom 1942.
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At FlottorpMoS2-mineralizationwas detectedin 1910. In 1911 a

concentrator was installedand some 37 tons of 70 % concentrate

was produceduntil 1919 when the work was closeddown.

In 1941-42a quite extensiveprospectingwas carriedout and

some 1600 m was diamonddrilled.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 privatepersons.

Geolo in the Flottorparea.

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 widespreadgneissespatchesoccur.

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

northernmost5 km form the actual Flottorpfield.A number of

"skjerps"are found all along these zones.

M0S2 occur as thin "flakes"in quartz veins, and as impregnation
in discordant,narrow dikes of aplite and pegmatite.Disseminated
Mo32 in gneiss has also been described.The porphyrygranite is
virtuallybarren of MoS2.

5.3 The OvedalField.

The area is situatedat the NE side of Sirdalsvannet.This area
is also mapped by FolldalVerk'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 coupleof adits were mined in 1918, and 50 tons of ore was
excavated.
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5.4 Heav mineralcontentof stream sedimentsin the re ion.

In connectionwith FolldalVerk's prospectingprogram,H.

Stendalexaminedthe heavy mineralcontentof stream sediments

for his Ph.D. Thesis (unpublished).His work was based on the

precenceof a small scheelitedepositat 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 irrecular,but

have a generalNS-extensionon both sides of Sirdalsvannet.

9 scheelitemineralizationswere detected.None were econonic,

but they are of interestgentically.They are all connectedto

amphiboliticrocks. Meta-sedimentaryamphibolitescontainthe

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 heavymineral concentratescontained70-80 % magneticmate-

rial, small amountsof pyrite and a few grainsof metallicCu,

Ag and Bi.

W-anomaliesare widespreadthroughoutthe whole AgreementArea

(see fig. 9), both in areas with known molybdenitedepositsand

also outside,i.e. in areas where no Mo32-mineralizationhas

been detected.

	

5.5 Pros ectin done b A/S S dvaran er in the re ion.

Former A/S Sydvarangergeologist,N.B. Hollander,and 5 of the

company'sgeologicalassistants(personell.with no formalgeo-

logicaleducation,but eapeciallytrainedand very skilledminer-

logists)did bouldertracingand skjerp-registrationsin the

area during a shorterperiod in 1971 (fig. 10).

Hollanderconcludes: "By bouldertracing,a number of new Mo-

mineralizationshave been detected,which have one thing in

common : they are all small.
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MoS2 is 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
M0S2 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 Mo82 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 whicharemnre easily subjected to weathering and erosion,
i.e. more so than the barren quartz-feldspar-rich gneisses
which build up the higher hills and mountains.

It is therefore our opinion that all Mo32-mineralizations of a
certain size are already known. To localize socalled "hidden

ore bodies" will demand more scientific prospecting methods,
and also detailed geological mapping and stream sediment samp-
ling".

	

5.6 NGU's prospecting in 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 occurring mineral in the eastern part of the
mapped area. He therefore suggest that this region should be
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g'ivenlow priority in any further expidration'work.

Falkum also points out that molybdenite mineralizations are

associated with inlayers or remnants of 3rey gneiss in pink

quartz-feldspar-gneisses (orange on map 1) which cover lare

parts of the mapped area. Such remnants of grey gneiss are

numerous and widespread throughout the pink quartz-feldspar-

gneisses, but most of them are too small to appear on a

1:250 000 map.

	

6. IDEAS ABOUT PROSPECTING.

Nearly all the workers who have been engaged in exploration for

molybdenite in the Agreement Area have opinions on how and

where to prospect for new deposits.

In this chapter we will try to summarize the various ideas and

also give one own comments :

	

6.1 The Knaben Zone.

Prof. Schetelig, dr. A. Bugge and prof. F. Vokes have wer1:3,1

as consultant geologists for The Knaben MininG Company, and

their reports and comments were the basis for our work in con-

piling this present report. For the most recent period, Bugge's

and Vokes' comments are of major value, and also Trygve EriksTin,

geologist for the swedish owners, The Johnson Company, have

given valuable contributions.

Concerning further exploration work, both Bugge and Erikson re-

sard the area between Kvina and Knaben as the most fav=able.

We have had some difficulties in obtaining a clear side of what

has exactly been done in this part of the field.

Initiated by Bugge a diamond drilling program was conducted on

a "gangfjell" zone west of Knaben I. Only short holes were

drilled, but impregnations identical to what occur on the sur-

face was found. Good mineralization occur only over 1 m, over a

wider zone the grades were reported to be only 0,01-0,03 % M0S2.

Bugge however regard this type of mineralization as being so in-

teresting that he recommends deeper drilling on this zone.



-36-

Furthernorthin 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 might therefore deserve

a morecareful inspection.

The Knaben II Mine.

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

June 1972) presentedsomerecommendations for further exploraticn.

The main problem at that time was according to Vokes, that the

".(:)S2-contentwas too low to enable a profitable operation.

Based on some deep drill holes it was estimated that the cre

reserves contained an average of 0,15 % MoS2.

The number of drillholes are probably too few for a reasonably

accurate estimation of grades and tonnages. There are indica-

tions that the average grade might be somewhat higher, but

generally there is no reason to believe that grades are markedly

higher at depth than what have been encountered in the mine.

As far as tonnagenoncerned tne informations 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 grade is

probably not significantly higher than what has been attained

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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Selectivemining.

The irregularand erratic distributionof MoS2 in the quartz-

vein ore has made it difficultto discoverany form of

pattern or trend in MoS2 distributionwithin the ore limits.

By carefuland detailedmappingand samplingit 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 opinionthat to clear

the mine for•sucha purposeis not feasibleat this stage.

Detectionof higher rade mineralizations.

Consideringthe variousknown types of mineralizationin The

Knaben II Aine, it is only one which fullfillthe require-

ments, nanely the socalled "gangfjell"type of mineralizati

which occur in the upper parts of the mine. Here a few rillict

tons of this ore type has been mined, which partly coutaihe:i

well above 0,3 % 21032.

So what we have to search for is a large new depositof the

"gangfjell"type !

Despiteits vital importancefor the mining at Knaben II, the

"gangfjell"lense is not well definedin all dimentions.It

is commonlydescribedas a lense which wedges out at depth

(at approx.Xth level) and to the north along the strike

(confirmedby surfaceobservations).

One of the problems,as statedpreviously,is to define the

relationshipbetween the "gangfjell"lense and the mineraliz-

ed quartz-vein-containinggrey gneiss in the deeper and

southernparts of the mine.

Maps and profilespresentedby Mr. Gustavsen(minegeologist)

seem to indicatea continoustransitionbetweenthe two types

of mineralizations.They also give reason to suspectthat

.there is a possible "gangfjell"structureat depth, lying en

echelonabove (to the hangingwall) of the "gangfjell"lense

mined in the open pit.
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It is difficult to correlate these two "gangfjell" zones without

constructing some rather spectacular fold-structures.

The deeper "gangfjell" zone has to some extent been investiated


by adits and diamond drilling, but the informations are not gcc::


enough to acertain wether this really is a new "gangfjell" bcdy.

Anyway, prof. Vokes regard this as the only target which may re-

precent a large tonnage deposit of the "gangfjell" ore type.

Vokes would prefer to drill a few short holes from the surface

which would hopefully prove the existence of a new "gangfjell"

lense. If the results are positive, they should be followed by

deeper holes to examine the continuation of the possible ore bo

To what extent prof. Vokes proposed program - which we, based cn

the impressions we are left with, accept as sensible and well

founded - was actually carried out during the latest stase cr

the operation of the mine, is presently not known. If it was nct

followed up, we would like to do a more thoroughreview cf this

particular area and discuss it in more detail w::thprcf. 7ckes,

before working out a detailed diamond drilling program.

6.2 Prosoectin outside the Knaben Zone.

The following factors have to be considered in a resiona1 expe-

nation program.

Molybdenite is associated with Grey, layered gneiss which

often are rust-stained as a result of oxidation of Fe-sul-

phides. (Mo32 may also occur outside sulphide-rich zones).

Molybdenite-enrichment occur in areas which contain large

quantities of secondary quartz.

Mafic rocks within grey, layered gneiss contain 5-10 % Fe-T1-

oxides. Grey layered gneiss also contaih sulphide-rich bands.

This will haVe'an effect on geofysical measurements (IP,VLF).

Dr. Falkum points out (pers. comm.) that molybdenite rarely

occur in the eastern part of the Agreement Area.

According to the map, appendix 3, molybdenite appear to be

concentrated in a NS-extending belt in the central part of

the area.
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The Elkem/Spigerverket Company has systematically investi-

gated oldprospectingpits in the area. They have no plans

for further work, whicn indicate that the results of tneir

work was negative.

Referring to the rather extensive prospecting work that has

been carried out, one can conclude that the chance of find-

ing new economic mineralizations in uncovered 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 he various 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 M052-

mineralizations.

The types of mineralization we are dealing with, and espe-

cially the impregnation type, are probably poor electromag-

netic/electric conductors.
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Since the molybdenitein generalis 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 indicatethe locationof the mafic, magnetic-
containingunits within the grey layeredgneiss.A closerstudy of
the aeromagneticmaps (andpossiblyalsb the raw data from these
measurements)should thereforebe carriedout.

Generally,the IP-methodis regardedas best suited for pickingup
impregnationtype of mineralizations..The method is, however,time
consumingand expensiveand thereforenot very attractivein a regi-
onal prospectingphase.

For detailwork, i.e. after restrictedtargetshave been establishe
this methodwill possiblybe of help. Such measurementswill, how-
ever, be complicatedby the presenceof other conductiveminerals
than The method should thereforebe testedon 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 cre
bodies,with varioustypes of mineralizations.

Geochemistr.

Stream sedimentsamplingis a commjnlyused 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-180/4 screen.

- • •
We suggestthat the samplesshouldbe analysedfor Mo, W, Cu and Ba
(baritehas been detectedin a similargeologicalenvironmentat
Lindesnes,on the southerncoast, i.e. outsidethe AgreementArea).
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Sydvaranger has obtained some experience in assaying watersamples

for fluor. The idea is that fluorite in many instances may act as

a "guide-to-ore". Besides, fluorite may itself be an economic pro-

position. Watersamples should therefore be collected together with

the streamsediment samples.

Recommodations for regional rospectin work.

Additional informations concerning the geological map should

be collected from dr. Falkum, Arhus.

Some geological mapping over known deposits should be carried

out, in order to obtain more experience concerning genetic

interpretations.

Interpretation of the aeromagnetic maps will be discussed with

director Alstad, NGU's Geophysical Division.

VLF test profiles should be run across known deposits.

Stream sediment sampling in one or two areas between Sirdals-

vannet and Lygnevannet (map. appendix 1), and in an area north

of Kvina, should be carried out. Assay for Mo, W, Cu and Ba is

recommended. Fluor-assays on watersamples should also be done.

This last winter, local inhabitants have informed A/S Sydva-

ranger geologists about the existence of a number of possibly

new No-mineralizations. These should be surveyed.
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Vokes, F.M. 1969a: Malmsitua sjonen ved Knaben II gruben. Arkiv

Vestl. bergm. embede, 11 s.

Vokes, F.M. 1969b: 'Videre prospektering ved Knaben II grube. Arkiv

Vestl. bergm. embede, 4 s.

Vokes, F.M. 1970 a: Prospekteringsarbeide ved Knaben II gruve.

Arkiv Vestl. bergm. embede, 4 s.

Vokes, F.M.1970b: Besøk ved Knaben II grube 20/7 til 24/7 1970.

Resymd og konklusjone r. Arkiv Vestl. bergm. embede. 8 S.

111
II
I1
II
II
II

II



4.1

Vokes, F.M. k972: Notater angående prospektering ved Knaben II.
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Åsberg. S. 1963: Geologisk kartering vid Kvina grube, Knaben, 4-20. juni

1963: Arkiv Vestl. bergm. embede, 2 s.

Åsberg. S. 1964: Rapport till geologisk karta i två delar øver Kvina -

Knaben II. Arkiv Vestl. bergrn. embede, 2 s.

Usignert 1952: Notes concerning the geology of Kvina molybdenite mine

in Fjotland. NGU. Ba.nr. 2603, 13 s.

Usignert/udatert: Bænkehei gruber. NGU. Ba.nr. 3310, 7 s,
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