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SUMMARY,

The Area of Agreement is situated in the Precamprian of ‘
South-West Norway, and covers an area of approximately 7000 kmz.
For the western part of the Area a geological map in scale
1:100 000 is available. For the eastern part a preliminary 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,

Molybdenite mineralization is associlated with zones of sozailed
"layered gneiss" which comprice the following three main rock
types

a) grey gneiss, containing pyroxene/hornblende and biotite,

b) quartz-feldspar-gneiss,

¢) amphibolite.

M082 appear to be especially ccnnected to the grey gneiss “vpe

(a). This rock type is often characterized by oxidaticn of Fe-
sulphides.

MOS2—mineralization ccecur on secondary quartz- and quartz-Teld-
spar-lenses and dikes in grey gneiss, along the border of vounge:r
aplitic intrusions in grey zneiss (Knaben, Flottorp) and as

impregnation in grey gneiss and aplite.

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

o
48]
e

b

- 8,6 mill. tons of ore with an average grade of 0,2 % oS

ra
b
4%}
[#7]

been mined here - the main mineralization types are

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

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

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
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MoSz-mineralization took place at a late stage pneumatolytinc,

hydrothermal phase of a magmatic sequence, involving intrusicn
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 beaing
stratiform deposits. They believe that Ef[oS2 was mobililized during
metamorphism and was partly deposited in low pressume zones 1in
the host rock, together with Quartz/feldspar.

During the "molybdenum=-boom" in 1916-1920, the area was intensely
explored by geologist from The Xnaben 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 econcmic value, but one
can assume that most of the uncovered bedrock in the area was
examined.

After 1965, a number of companies and institutions have been
engaged in exploration in the area {(Folldal Verk A/S, Elkem-
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 COvedal areas, relatively small
scale mining operations were carried out during 1916-1920.
Recent investigations (by Folldal Verk) have indicated that thes=z
deposits are too small to be considered as objects for renewed '
mining.

Future prospecting has to be carried out on two scales
a) The Knaben Area.
b) Regional prospecting.

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 prospectiﬁg.
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THE MOLYBDENITE PROVINCE OF SQUTH-WESTERI NORWAY.

A compilation of available data concerning geological maponing

and Mo-exploration within the Area of Agreement.

1. INTRODUCTION.

This report reviews the geoclogical nmapping and expleoration work
that has been carried out in the area. A4/S Sydvaranger's explo-

and Kristen Mgrk, have gone throush the archiv zt the Inspecter
of Mines for Western lorway in Bergen, where mcst of the materiz’

concerning the mining operations and prospecting activities in
the Knaben area is stored. Further we have studied the recom

[
Ul

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

Geological Survey of Norway) = NGU Eergarkivet - in Trondhelinm.

In the 1960s, two Norwegian mining ccmpanies - Folidal Verk A/7

and Elkem-Spigerverket - carried cut a relatively extensive ou-

ct

ploration program in this region. Folldal Verk's materis

=

partly avallable at tne Inspectcr of HMines, and we have from the
company obtained a descripticon of the area they have worked in,

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

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

i

l ration manager Thor L. Sverdrup and the geologists Civind Gvein

companies will expect a certzin compensation.

2. DEFINITION OF AGREEMENT AREA, TOPOGRAPHIC CONDITIONS AND
PROSPECTING/MINING RIGHTS.

2.1 Limitation of the Area,

The area of Agreement is restricted to that part of the 1:257 170
map sheet MANDAL which is covered by the 1:50 000 sheets AMS 131:z
I-Iv, 1412 I-IV, 1311 I and parts of 1311 IV, 1411 I and 1411 IV,
corresponding to an area between longitude 6°13' and 7°:3%and

l latitude 58015' and 59°N. (Fig. 1, and map enclcsed as an appendix:

2.2 Topographic 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.

dorphologically 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 higner

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

During the warmest summer months, the average temperature
reaches 14-15%. 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 Q00) is enclosed as an
appendix.

Prospecting/mining rights.

Zvery Norwegian citizen is in right to apply for claims (in lo--
wegian : "muting") against the local Government Irnspector o7
Mines. Claimable 2reminerals containing elements with sp.w. 5
(titanium is however claimable), other minerals are the land-
owner's. The "muting" is valid for 7 years after the new law of
1972. If economic ore is proven in the 7-years time, the clai-
mer applies for "utmdl" which has a 10 years validity. "Ugmil"

older than the new law of 1972 is not limited in time, so far.

dhen The Knaben Mine was closed down in 1973 the cempany's
rights were transferred to the Government in accordance with
the law. A/S Sydvaranger has hired these rights, 194 "mutings"
and 23 old "utm&l". 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
Governmsant.

GEOLOGY .

General.

The geological map, enclosed as appendix 1 shows a section of
the mop sceet MANDAL (1:250 000). This is a preliminary, un-
published map compiled by geologist Dr. T. Falkum at the
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University of Arhus, Denmark, in cooperation with NGU.

Only the central and eastern part of this map is copied, since
the Western part, 1.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 entire Agreement is situated within the Precambrian of Soutn
Norway. To the SW it borders an anorthesite complex, and to the
E occur the generaily'quartzittic rocks of the Telemark Forma-
tion, which, with its asscciated sedimentary and vclcanic sub-
units, are regarded as lying stratigraphically above the quartz-

fef%par—rich gnelss complex of the Agreement Lrea.

Western part of the Agreement Ares.

The following abstract is quoted from Hermanns & al. (1975) :
"Charnockitic migmatites in low-nressure granrulite facies grade
intc amphibolite-facies migmatites towards the east. Reecent
geochronslogical date suggest the existence of at least Lwo
metamorpghic/intrusive cycles, cne between 1500 and 1200 Mz znd
the otner between 1000 and B50 Ma. In both cycles, a reglcnal
high-temperature metamorphism at relatively shallow depth
appears %o be associated with the intrusion of anorthosites,

tia

1

a3
]

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

(=

parentage. The iscclinal folding may belong to the first cye
most of the subsequent folding characterizing the present st -
ture nmust have occurred between the two cycles. The pre-meta-
morphic stratigraphy of the magmatites is unknown, but the
lithelogies should have ircluded shales and some limestones and
sandstones".

Concerning the structural geology he says :

"In the mapped area, at least four phases of folding are dis-
tinguishable. The oldest one is an isoclinél folding, probably
coeval with the migmatization.

Younger folds with axes trending N og NW and axial planes dippir
40-60° towards the east mainly define the structure of the mig-
matites. They are especially conspicuocus along the NE boundary
of the intrusive massifs, where they have subhorizontal fold

axia and steep axial planes. Within the larger framework createac
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5.3

3.3.1

3.3.2

by these folds, smaller areas with NE-trending folds occcur in
the north of the mapped area. Some field observation sugmest
that these are older than the NW-trending system. The fourth an.i
youngest phase is represented by flexures with eastward plungirz
axes and steep axial planes.

Numerous younger faults mainly with ENE and N trends ococur in
the migmatites. Some of them appear to be the primary cause oF
the large valleys Intersecting the area. The fault zones are
usugally marked by retrograde metamorphism, and in places also by
mylonites or tectonic breccias; displacements, however, are only)

rarely observed".

Eastern part of the Agreement Area.

As mentioned, the geological map of this eastern area (zppendlx
1l ) is a preliminary survey map, where only a few geolomien]
units are included.

For the central part cf the area, Leake (1973, (engzs
Folldal Verk A/S) has prepared a more detalled map, but nhis Has-
criptions are not available.

Juartz-feldspar-rich gneisses _
{(orange on the map) cover most of the ground. Leake nas diviied
them into different varieties, but the impression i1s that they
represent only nuances within a relatively uniform rock complen.
The rocks are generally fcliated, but in some parts only a

faint gneiss-texture 1s detectable.

The dominant rock fypne in the Knaben and Flottorp areas is a
socalled "porphyry granite", which belongs to this feldspar-
gquartz-rich gneiss unit.

"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 gfey layered gneiss unit ccmprise 7 sub-units:

1) quartz-feldspar-gneiss,
2) hypersthene gneiss
3) amphibolite/pyribolite

The hypersthene gneiss often contain sulphides (pyrite, pyrrhc-
tite, chalcopyrite and molybdenite), which are recognized by
their brown, rusty weathering products on the surface.

For details about the Gursli and Sira areas, we refer to chap-
ter 5.

For the Knaben area, a more detailed description, mainly basex
on reports and publications by Schetelig and Bugge, will be
given later in this report (chapter 4). In this area nowever,
occur zones of grey gneiss (with associated arphibolites and
sulphide-containing bands, i.e. "grey layered gneiss™) alternat-
ing with a red "porphyry granite", and nearly all molybdenite
deposits of importance are connected to these grey gneisses,

At Fiottorp, SE of Knaben, and Ovedal, JE of Zirdalsvannet,
similar conditions are found.

Augen-gneisses

occur both in the western and eastern part of the mapped arc:
(appendix 1 ). Pedersen consider the augen-gneisses in the Sira
area as being intrusive rocks, which were emplaced at an eari:r
stage of the geclogical evolution.

Falkum believes that the augen-gneisses-zones in the south-
eastern part of the mapped area are of the same type as at Sir-
dalsvannet, while the north-eastern augen-gneisses possibly are
older.

Younger intrusives.
To the SE, the gneisses are intruded by anorthosites. To the eas-
and south-east, there are a number of intrusive granites -
quartz-monzonites. At Knaben and Flottorp there occur a number
of "aplitice" intrusions, which, according to Schetelig, Bugge
and others, played a significant role in the genesis of Mo-ore
(see chapter 3.4, 4.16).



3.4

Hypothesis about ore genesis.

Two main models have been proposed for the genesis of molytden-

ite in South-Western Norway

a)

b)

A magmatic model.

This hypothesis was first put forward by prof. Schetellisg,
and was later elucidated by Dr. A. Bugge (1963), both work-
ing as consultants for the Knaben Mines for many years

An old gneiss complex ("grey gneiss") was intruded by younger
granite (red "porphyry granite"), leaving fragments of the
0ld gneisses as elongated inclusions in the magmatic rock.
Dikes of aplite and pegmatite,and quartz veins are late staze
emanations from the granitic magma.

Molybdenite occur partly as impregnation in aplite/pegnmatits,
but is mainly connected to the quartz veins, indicating thes
it was concentrated in the late prneumatolytic and hydrother-

mal phase of the magmatic evolution.

A model involving metamorphic mobilization of criginally

sedimentary mineralization.

(i

This model has been advocated by prof. Urgan (1974), whc wz
the leader of Folldal Verk's prospecting team, and Pedersen,
who was one of his students.

They emphazise that

a) molybdenite occur mainly within certain horizons of the
grey layered gneiss.

b} graphite in this rock type has been determined to be of
sedimentary origin.

¢) Mo and other metals are generally enriched in the incrgz-
nic part of sapropel sediments.

On this basis they conclude that molybdenite is stratabound
and connected to certain horizons of metamorphically altered
pelitic rocks. MoS2 was mobilized during metamorphism, but

because of its relatively low mobility it stayed within its
host rock, but was deposited together with mobilized quartz

and feldspar in zones of minimum pressure.
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DESCRIPTION OF THE VARIOUS FIELDS IN THE KNABEH AREA.

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 scuthern Norway
took part in molybdenite prospecting, and some 800 skjerp
(skjerﬁ = 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 régistered. Geclogists from the
Geological Survey, who have ftried to localize and describe these
old "skjerps" have told us that most of them are 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.

Geology of the Knaben Area.

The dominant rock type in this area is a red, relatively massive.
but usually slightly foliated, granitic rock. Phenocerysts of
red microcline results in a porphyritic texture, hence the nane
"porphyry granite'" has been applied.

Within a 1-1,5 km wide, NS-extending belt, (The Knaben ilinera-
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 red, 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 (parti:
altered to biotite-rich rocks), and impregnations of sulphides
are also often encountered as zones in the' grey gneiss. By oxi-
dation of the sulphides, 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 beén recorded, but generally they occur as
$ills, i.e. conformable to the foliation of the rocks.



As mentioned earlier, Bugge (1963) and Schetelig regard the
grey gneisses (with their amfibolites and fahlbands) as relicts
of an 0ld 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.

The 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 Litlddalen in the south, i.e.
over a NS distance of more than 10 km.

Description of the Knaben Mineralized Zone.

Juartz-veins and -lenses are very common in the ¥naben Zone,

and occur both in the grey gneisses and in the red porphyry
granite. They are generally concordant with tne foliation of tne
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 MoS2-mineralizations in the Knaben Zone are
assoclated with such quartz-veins, and particularly when they
oceur 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.

M082 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 inte the surrounding gneiss are also
reported. ' |
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Of major economic .importance during the operation of the Xna-
ben IT mine was a type of M082~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 Si02. 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 1t 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 a transiticnal zone between the two rock types. M082
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 "gangfjeli"-
lense grades into a grey gneiss, in which Mosg-mineralization
is connected primarily to guartz 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 "gangfjell"-
lense in the upper part of the Knaben II Mine is a pneumatoly-
tically altered (greisen alteration) 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 MoS,-mineralizations in the
Knaben Area according to the following types

Type 1 ! 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.
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Type III : Molybdenitebearing quartz veins and -lenses,

A : as parallell veins at "gangfjell" deposits of
type II,

B : enveloping a pegmatite lense (¥Xvina),

C : as large veins and lenseé of the type found at
Knaben I. In parts rich veins, but the deposits
have little extension in strike and dip direct-
ions.

Type IV : Molybdenitebearing quartz vein systems {(in the
southern part of the Knaben II field (Hommen).
....... . approaching a breccia structure at depth.

Cne additional type should be mentioned

Several records have been made of molybdenite mineralizations
on fractures, joints and narrow shear zones or -planes, both
in the grey gneiss and in the red porphyry granite. This tyne

JURC .
Sria

indicate that M082 was formed at a late stage of the zeslczl
evolution.

In the southern part of the Knaben Area, the map (appeniix =
show an EW-running feature called Hommenforkastningen ("The
Hommen Fault"). South of this fault the rocks are dipping 70-32°
E, whereas the dip north of this line is approximately 39%=

Ho indication of any horizontal movement alongs this suspected
fault has been recognized. The significance o2 this fault, as
far as mineralization is concerned, has not been clearly estab-
lished. However, Mosg-mineralizations are distinctly weaker
south of this line than to the north.

A short description of the various deposits/arcas from the
Knaben Mineralized Zone will be given in the following order
(from north to south)

Kvina Mine - Knaben I - Bergtjern N - Bergtjern - Lille Knaben -
Reinshommen - @rnehommen - Roma - Vannmagasin - Benkeheiknuten -
Benkehel Mine - Knaben II - Risna - (Svoen - Beritshei - Hommen-
Pyevann - Tor HAlands) Area - Sjerlevann and Litl&dalen {see

map appendix 2 ). Some less important mineralizations will alsc
be mentioned.
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Kvina Mine.

Location : The mine is located approx. 1.5 km NNE of the Xnaben
I Mine, north of lake Smalvanr, 85C m above sea level, in
mountainous terrain.

Small mining operations (test mining) were performe:
during the years 1904 - 1909, and some 30 tons of ore of un-
xnown grade were excavated. A company was formed in 1911, and
workings to expose the ore, road constructions and technical
installations were completed in 1913.

Regular mining started in 1915, and the mine was closed in
January 1919, due to a combination of a workers strike and a
government imposed export ban.

Attempts to reopen the mine were made during three later pe-
ricds : in 1925, in 1943-4L and in 1952-55. The ore grade was
nearly constant during all these operations (see below;, but
all attempts failed to make an economic propositicn of the
rroject.

Cre production : The follcwinzg table summarizes the availab

figures for the various mining periods

Conc/grade Contalned Ore

Year Tonnage ton % M082 3082(100%) grade Reference

1904 1t J.Norman, 1907

1905 2 t

1906 3t

1907 4 ¢

1908 1173 ¢ C.Bugge & al.
19721

1909 1000 ¢t

1912 1004 t

1913 1075 t 4 t & gu Z

1914 3270 t 20.3 t 532.5 % 14.7 ¢t 0.45 9 "

1915 6750 t 22.5 t 4 72 % 16.2 t 0.24 ¢ o

1916 18250 t 58.1 t § 77 % Wy.7 t  0.245 9 "

1917 17710 t 50.6 t 4 77 % 39.0 t 0.22 % "

1918 12460 t 34.6 t 4 78 % 27.0 t 0,217 %

62700 t 190 t 141.6 ¢



b

Conc/grade Contained Ore .
Year Tonnage ton % E-'loS2 MoSe(looﬂ) grade Refererce

1925 12640 ¢ 24 t & 80.82 19.5 ¢ A.Buzge, 1663 .
I.Rosenquist,1953

1943 - 1944 : No production, test mining.

1952 73 ¢t & 87~ ‘

A . A .Mugé 55
1955 94 65 t 0.27 % A.Mugés, 1955
Total 1Q0 000t 287 t 226 t

{see below)

For the period 1952-1555 the total production, based on the figures
above, should be approx. 24 700 tons of mined ore.

Conclusion : During the various mining cperations, a total in
the order of 100 000 tons of ore was mined, yielding apprcx. 2990
tons of concentrate, with an average grade of 78-80 % IvIoS2
ing between 72-94 %), corresponding to 225-230 tons of 100 7 MoSz.
Ore grades varied from 0,45 to 0,22 % MoS, .

(vary-

Geology : The Kvina Area forms the northernmost extension ¢f the
socalled Knaben Mineralized Zcne. Appearently the amount ci jrey
Zneiss inclusions in the red pcrpnyry granite has decreasel mar-
¥edly in this area, as compared to the areas further south, indi-

cating a fundamental change in the geological conditions.

Hosg—mineralization is connected to a pegmatite vody and is concern-
trated in a nearly pure quartz border gzone toward the surrcunding
zneiss.

The pegmatite-quartz body has a lense shape, and lies concordant
to the foliation of the porphyry granite. Average strike : 1229,
dip : 309SSE. The lense has a slight plunge (10°) to the south.
Maximum width is 16 m. It has been followed by mining for 240 m
along the axis. Maximum horisontal extension is approx. 80 m. It
outcrops to the north, and in the southern workings the width of
the quartz vein is -only 2 m.

The lense has a central core of pegmatite. Appearently thils pegma-
tite is quartz-dominated, some workers have described it as a
coarsegrained quartz mass. This central core i1s virtually barren
of MoS2. Enveloping the pegmatite is a zone of Mos2-containing
dark, smoky quartz (max. width : 7 m). Aplitic dykes cut this sys-
tem.
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Most of the workings have'béen done.on the quartz zone, both to

the hanging wall and to the footwall of the pegnatite. In the
immediate vincinity of the quartz, the surrounding gneiss is z gray,
quartz-rich, MOSQ-impregnated "sangfjell" 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 Mosg-
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 oré-containing lense.
Only traces of T-’IoS2 was found, showing that the lense has a termi-
nation downwards.

The otnher 2 drill holes were done to examine some smaller ninera-

lized zones 500 and 1200 m SW of the Kvina ore-body. Only traces c?
molybdenite were found.

No drilling has been carried out directly to the south of the
Kvina orebody, with the purpcse to explors the deeper extension
aiong the assumed axis of the pegmatite-guartz-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 this
should be the target.

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

Begtéfjell mine 1s situated NW of Xvina, on the southern slope of
the hill Grudevassknuten,. i} hours walk from Kvina. Red granite
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dominates the field. A 30 m wide, NS-extending zone consists of
finegrained silicified granite, which on both sides grade into a
coarsergrained, pale granite. With a gradual increase in red feld-
spar, this rock in turn grade into a normal red granite.

MoS
on narrow (1-2 cm) pegmatite lenses. Rich M082 is also found on

2-mineralization mainly occur on quartz veins and- "blebs", and

joints and narrow shear zones., The finegrained, silicified granite
also coﬁtain some disseminated MoSz, and a fine impreghationlin
the pale granite has also been observed. (Reference : Neumann -
Adamson 1950. :NGU Bergarkivet no. 1300)}.

Between the Kvina Mine and the Knaben I Mine are the Sandtjern
Mine (149 %) and the Sanne Mine (150). Small-scale test mining was
performed during the period 1916-1917, but no geological records
exist from these places.

The area of Grundevassknuten - Smalvann (147) ~ Tobias Mine (1L6) -

Hunsbedtskjerpene (148).

Ref. : A. Bugge. Report from 1§3%7.

The main rock at Grundevassknuten is the red porphyry granite.
M082 in this red granite is rare, but there are many examples of
mineralizations on smaller shearzones or joints lying adjacent to
quartz veins.

At Smalvann relatively rich MoS2 occur in a 1.5 m wide and 15 m
long quartz vein. 4 m of the hangingwall rock is well impregnated.
It has a possible continuation towards south. A smaller parallell
zone is mentioned. Because of its relatively rich mineralizations,
this deposit deserve some attention and should be given priority
in any future prospecting.

About the Tobias Mine it has only been mentioned that it was exa-
mined in 1915.

From the Hunsbedt skjerp no records are available.

Knaben I (1u45).

History : Knaben I is the oldest mine in the Knaben district. It
was claimed to the Ministry of Mines for the first time in 1884,

x) Figures in brackets refer to Map of Norwegian Mines and ore-
deposits by S. Foslie (1925). '
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Small scale mining operations were performed during the periods
1885-1887 and 1894-1897. In 1904 the mine was sold to "The Black-
well Development corp. Ltd, Liverpool" and regular mining started
in 1905. A concentrator was installed, and a concentrate of 70-80 ¢
M082 was produced. In 1909 all operations were stopped.

In 1913 another british company,-Cammel, Laird & Co., Shieffield,
reopened the mine and worked it until 1917.

In January 1918 the mine was bought by A/S Knaber Molybdazngruber,
who by then owned both Knaben I and Knaben II Mines. The mine was,
however, not in production until 1934. In addition to new ore,
some MoS2 was produced by running the old waste through the con-
centrator. All activities ceased in 1939.

Ore production : Detailed figures for ore production {or the vari-
ous mining periods are not available, but it is mentioned that a

total of 80 000 tons of crude ore has been mined, yielding approx.
570 tons of M052 {(contained). For the years 1904-1909 the MoS2-
content of the concentrate was 70-80 %. For the period 1915-1917

the figures 75-77 % has been mentioned.

MOS2 cccur on quartz-lenses which are concentrated in the border
zone between granite to the west and a 10 m wide amfibolite body
to the east. The amfibolite forms part of a "fahlband"-zone.

At the surface the amfibolite dip approx. 30°E. The strike is NS
in the southern part of the area and NE-SW in the north, i.e. the
amfibolite boundary form a flexure or a bend. Also in cross section

there 1s a change towards a steeper dip in the lower levels of the
mine,

MoS2-containing quartz veins appear to be concentrated immediately
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. Downwards they die out approx. 20 m below the surface.
Generally the quartz ienses are small (max. width : 10 m).

Some rich M082 occur as coatings on the actual amfibolite border
plane, and some uneconomic impregnation was also found in the gra-
nite.
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The ground underneath the known ore lenses has been explored by
drifts and diamond drilling, which showed that the ore zone termi-
nates downwards. Some exploration work has alsc been done on the

eastern flank of the amfibolite, but no economic mineralization
was found.

Lille Knaben (142) and Spillbrokskjerpene (144)

were mined in the period 1914-1917.

At Lille Knaben Mosz-containing quartz veins are ‘associated with
an aplite dike. The ore contained 0,3%9 - 1,0 % MoSz.
At Spillbrokskjerpene only 5 rn3 of rock has been mined. Quartz

dikes can be followed for 500 m, but MoSz—mineralization is irre-
gular along the vein, and much of the quartz is almost barren (Ref.:
Schetelig, 1915).

The @rnehommen Field (141).

Within this area - which is located between the Knaben II and Lille
Knaben Mines - are the Jeld - Rubens - and Hommen Mines and the
Ljosland skjerp.

Schetelig (1915) believed that tnis field had a relatively deep ex-
tension downwards. We have not been able to find data (diamond
drilling etec.) which can verify this assumption.

Anders K. Olsen has given a description of the fielgd. MOS2 occur
mainly as impregnation in gneiss and quartz in a border zone be-
tween granitic gneiss and porphyritic granite. Quartz veins paral-
lell to the strike contain MoSz, and impregnation of the gneiss is
concentrated near the quartz veins.

Transversal quartz veins and the porphyry granite are virtually

barren of MOSE.

M052 occur abundaqtly'on narrow shear planes és flat "cakes" cover-
ing a few m2, and a few cm thick. They are always concordant . Cross-
cutting shear planes contain no Mosg.
Chalcopyrite, pyrite and pyrrhotite are associated with MoS, in
places. Fluorite is also present, and Olsen therefore conclude that
the mineralization is formed pneumatolytically.
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- Ljosdal skjerp is the northern. deposit in this area. Very rich

MoS, occur in a 10-15 em wide quartz vein on the boundary betwesn
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 Jeld 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 Jeld Mine a number of parallell MOS2-Cbntaining quartz- and
gneiss bands have been worked together. Total width of the orecon-
taining zone is 3,5 m. This system has been followed for 120 m %o
the north. The orebody has a horizontal area at the surface of
approx. 360 m2. This means & hypothetical 1000 tons of ore pr. n
sinking of the mine,.

To tne south the ore zone is cut by a diabase,

At The Pubens Mine, which lies south of the diabase, the molybdien-
ite content in the ore is somewhat lower than at Jeld. The minrseral-
ized zcone 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 25-40°E. The mine is situated approx. 13C

m above the bottom of the (rnehommen valley.

Hommen Mine is situated approx. 200 m NE and 100 m below the Pubens
Mine, and dips 40°E. The mineralization is of the same tyoe as abov
i.e. 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 cover the whole
distance relatively even and good mineralization (1,5-2 % .‘"IoS2 nas
been mentioned).

Reinshommen (140) and Roma (143) Mines.

References

Schetelig 1917 NGU Bergarkivet no. 2949
Vikgren 1918 " " " 2938
Blekum 1918 oo " " 2939
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C.Bugge & Rieber, 1919 NGU Bergarkivet no. 2352
Smith 1934
A.Bugge 1937 Ministry of Mines, Bergen
Brun " " 1"t "
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 the -
form of diamond drilling and small scale surfaée 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 littis
interest.

The Roma Mine is situated between Knabetjern and ZBergetjerr (tjern

= small lake). Relatively extensive underground workings were done
on two gquite small but relatively well mineralized quartz veins.

ct

Some MoS. also occur on and adjacent tc Jjecints in the red grani
2

)

associated witn CaF,.

Fossgruven {the Foss Mine) is situated in the socuthern mart of this

field. No records are avallable.

Benkehela (139).

From this area, which also comprise the Benkehelknuten dep:csit, we
have a number of reports

Report from the Inspector of Mines, Ministry of Iines, Bergen.

A .Bugge 1937 Benkeheila "
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) " No. 3671

Location : The Bernkehei 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 development work was done o=n
this deposit, and 8 tons of ore was transported to the coast.

In 1917 a newly formed company - Benkehel Grube A/S - built a
flotation plant. 1380 tons of ore was treated to a 60 % MoS, con-
centrate, containing 1560 kg of MOSE.

The concentrator was not in operation in 1918, but in 1919 %4200
tons of ore was treated, yielding a 81,9 % MOS2 concentrate, con-
taining 6301 kg of MoS2. Mining ceased in August 1916G.

In 1938 all the company's properties were taken over by A/S EKnaben
Molybdengruber. Some diamond drilling was done in 1938 (see below).

Geology : Mineralized quartz veins and disseminated M082 in the
adjacent gneiss can be followed from Knaben II for 240 m.

Bugge (1963) believed that the Benkehei deposit lie approx. 100 o

‘east of the Knaben II ore zone, while other workers seem to think

that there is a direct continuation between the two deposits.

. . O -, o)
The ore zone strikes I 19°E and dips 30

%31

The amount of impregnation type ore in gneiss is less than at
Knaben II, and although the mineralization in the quartz veins was
quite rich, the average MoSz-content of the crude ore reached cocniv
0,25-0,30 %.

[lolybdenite on shear planes is however more comnnon thag at Krnaben
II. CaF2 is often associated with molybdenite.

The average width of the ore zone was 2-3 m. In the mining arez it
seems to wedge out downwards, but diamond drilling done in 1938
has revealed that mineralization (7 m of 0,184 % MoS, in DDH no. 2
profile 1, see accompanying sketch fig. 2 and fig. %) occur 150 n
below the surface. The connection from this intersection to the

mined ore zone above is not clear.

Diamond drilling results.

~Profile 1 DDH 1 : Vertical hole. The red granite is barren. MoS .

on quartz veins and on pegmatites in "gang-
fjell" (grey gneiss).
Assay result : 0,173 % M082 over 1,15 m.
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Profile 1 DDH 2 : -60°E. Geology as in DDH 1. - |
. Assay results : 0,242 9 M082 over H,lB‘m

(0,184 % over 7,0 m).

Profile 2 DDH 1 : Vertical hole. Rocks as zbove, but less quartz
and pegmatite. More aplite.
Assay results : 0,096 % M052 over 1,7 nm.

Profile 4A DDH 3 : Assay results : 0,102 % oS, over 3,65 m.

(not on sketch) 1,3 m core loss, but drillers report that 2,% =

of this zone contained "pure molybdenite™,

Assay of drilling mud gave 62,0 % MoS, for this

2
zone.

Profile 4A DDE 1 : Red granite is sterile. "Gangljell" contain I

(3
L

vy

Assay results

103%,85-105,80 m 0.021 % oS,
109,50-112,60 m 0,100 & "
112,60-115,75 m 0,450 g ™
115,75-119,05 m 0,025 3 "
135,45-138,65 m 0,265 4 "

Profile 4A DDH 2 : Negative ? (no assay results reccrded).

dnabedalsskierpene in the Benkehei area 1is presumably a direct

continuation of the quartz vein system from Knaben II.

Benkeheiknuten is situated between Knabeelven {the Knaben River)
and Benkehela. A number of small Mosg-containing quartz velns are
cutting the granite.

Knaben II Mine.

As mentioned previously, this is by far the most important de

3

posic
in the Knaben Mineralized Zone, and hence most of the geological
work has been concentrated on this deposit. Numercus reports,
notes and even University thesis have been written, and hundreds

(thousands ?) of maps and sketches are stored in the various files
we have had access to.

It is an insuperable task, and, as we regard it, beyond the sccpe
of this report, to present a detailed survey of all this material,
and we therefore take the liberty to just refer to all these re-
cords, which are available for any future study.

However, everything that has been said previously (and later) abou:
the general geological conditions in the Knaben area is based on




our knowledge from the Knaben II Mine.

A few facts and figures from the history of the mine will, howaver,
be submitted (with reference to A.Bugge, 1963)

History puring the first years of operations in the Knaben
field, the Knaben II was given little attention since the mirg¢rali-
zation at the surface was mainly of the finegrained impregnation
in gneiss typé, and hence not suitable for concentration by hangd

picking.

It was not until the flotation process was introduced that this

ore type became important, and the owners of the 0ld Knaben Mine
(Knaben I} - Cammel Laird & Co. -

Shieffield - installed a flotation plant and started processing

the ore in 1916,

Development mining in 1916 and 1917 had proven 1.170.000 tons of
0,5 % MOSZ.

In January 1918 the property was transferred to the newly ‘ormed
A/S Knaben olybdengruber. Since 1918 this company cperatel the
mine until it closed down in 1972 (except for a shut down from
May, 1919 to July 1923). In 1930 a swedish company, Axel Johnson,
Stockholm, became a majority share holder.

Crude ore production was in 1927
tons and in 1933

54.900 tons, in 1928
164.200 tons. A concentrate containing
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was produced. In 1934 the concentrator was damaged by fire, and a
new plant was completed in 1935, with a capacity of 3%00.000 tons

of crude ore pr. year, giving a concentrate of g4-97 % Mosg.

During these years the mining was done in the upper levels ci the

socalled "gangfjell" lense (i.e. disseminated M082 in grey, gra-
nitic gneiss), and the average ore grade was 0,306-0,345 % MoS 5.
But during the 1930s the ore became gradually poorer (in 1939 it

was 0,183 % MoSeﬁ

Extensive investigations by diamond drilling was carried out, and
it became evident that the "gangfjell" lense died out at depth.
But it also revealed that the deeper lying quartz vein type of
mineralization was of economic grade.
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In 1943 the plant was damaged by bombing, but the Germans con-

structed a c¢encentrating plant underground and continued mihing

the upper (and relatively lcw grade by that time) "gangfjell"
lense. In 1944 the MoSz-content of the ore was dcwn tec 0,137 %
(average 0,152 % for the pericd 1940-1945). Highest yearly producs-
ion was 360.000 tons, despite the fact that the Germans increased
the working force from 4CO0 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.C0C tons. After that it steadily increzs-
ed and was in 1960 : 207.00C tons, giving 410 tons of MOS2 (see
fig. 4).

700,tonn

600

500

400 ] .

300

200 r-“” -

100

L
I

1 1 1 1
) © 0 [
m - T in

25 .—'—LLL

1920}

30k
. 55k
1960~

Fig. 4.

Production of molybdenite from Xnaben II - mire.
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Effective average ore grade for 1947 was as low as 0,147 % Hose,
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 % MOSE. 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 % M082 has been mined from the start cof the
Knaben II, until 1975,

Ore reserves.

Vokes (1969) did a calculation of ore reserves for the Xnaben II
Mine, wnhich resulted in the following tonnages

Probable ore : 5,7 mill. tons 4 0,15 % MoS.,

(In 1973 : 5,0 " moo® momom Ross & al.)
Possible ore : 7 " "

Beritshei - Svoen Field.

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

Knaven II. A number of widespread MoS,-mineralizations follow NS-

, 2
extending hills of red granite. The northern part of the field

lies 3} km W of the southern end of Store Knabetjern. A number cf
prospecting pits have been excavated along this approx. 1.5 km lonz

zone.

Lenses of grey granite ("gangfjell") is surrocunded by red granite,
Aplitic dykes, which cut through the area, are Hosg—containing.
M082 in the red granite is only rarely observed. In the souther:
part of the field there occur some M082 on quartz veins.

The field as a whole gives a negative impressicn.

In the Etestgl - Svoen - Moserinnhommen area MoS2 is also asscciat-
ed with aplite dykes.in red granite. They vary in width from 1 cm
to 10-20 em. Som diamond drilling has been done in the Bjgrvann -
Svoen area (1938-1940), but no valuable mineralization was detected.
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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 Mines, 1973).

Risna Mines (136) - The Risnes Field.

Informations about this area are taken from a report written in
1918. This report also contain the results of some diamond drill-
ing.

Prospecting pits have been excavated, and in scme of these "rela-
tively good" ore on gquartz veins in "gangfjell" was observed. The
best result was obtained in pit no. 3, with== 0,385 % Mos2 over
4,5 m.

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

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

Hommenforkastningen (The Hommen Fault).

The ElW-extending, nearly vertical Hommenforkastningen is markei o=
the map, appendix 2 . As mentioned previously, there has teen
some discussion as to the significance of this fault.

According to Bugge (1963), the old fahlband-containing gneisses ars
displaced some 50 m along this line, whereas the cre-containinz
quartz vein "belts" do not seem to be affected. However, there
appear to be a radical change in the size of the ore zones at this
point : south of the line there are only small and widespread Hod -
containing quartz veins.

A pegmatite lense, which lies in the actual fault zone, 1is NOSE-
mineraliged, indicating that MoSz-containing solutions did find
their way 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 of
the line, to much stéeper dip to the south. This may indicate
that some kind of rotational movement has occurred.

Summary on the geological conditions of the Knaben Mineralized

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 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 term was initially applied to & 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 gneisses.

At lower levels of the Knaben II Mine, the number and size cf such
dykes increase, and they seem to converge towards a coarsegrainred
intrusive body, with both aplitic and pegmatitic varieties. In

some parts the aplitic dikes form eruptive breccilas.

Quartz veins occur in the aplites as narrow, semi-parallell strin-
Zers, but where the aplitic boedies wedge out, they concentrate

and form more massive quartz dikes, which ccntinue zlong the

enveloped by a quartz "sheet". It is often difficult to define the
exact boundary between quartz anc pegmatite/aplite. The ancunt of
feldspar crystals increase gradually to form a transitional bhorder
zone,

In some places there are transversal pegmatite dikes cutting the
gquartz veins, indicating that pegmatite deposition alsc took piace
after the quartz formation.

MoS2 occur as impregnation in aplite/pegmatite, but is signifi-
cantly more associated with the quartz-phase. Although the Mo3,-
containing quartz veins are widespread and occur ail along theh
Knaben Mineralized Zone, it is only within the 1,5 km section be-
tween Hommenforkastningen to the south and Benkehei ¢o the north,

that really significant molybdenite deposits'are found.
. . . \

Bugge explains this by assuming that within this section, zeolo-
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 concentration of MoS,.
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The top of this magﬁatic intrusive body reached a level corre-
sponding to somewhere between the 5th and 10th level of the
Knaben II Mine. Extending out frcm this body are dikes and veins
of aplite and pegmatite. Variations in grain size are results o2
local variations in pressure, which also caused a cracking of

the rock complex. Late emanations of SiO2 (and accompanying Mosg)
crystallized on the cracks.

Hydrothermal solutions and gasses penetrated further intc the
red, granitic gneiss, causing a greissen alteration of this rock,
whereby the feldspar was bleached, and quartz and nmolybdenite
were deposited as disseminated grains throughout the rock, thus
forming the socalled "gangfjell™.

In the southern and deeper parts of the Mine, towards the Hommen
Fault, there are an increasing amount of aplite/pegmatite dikes,
which in parts contain rich MoSe-mineralization. The same fea-
ture has been registered in deep drill holes. Bugge therefore s==
the posibility of a deep-seated "aplitic" massive, with possible
eruptive brecciation, "gangfjell" formation and quartz-molybdenics
depositicn, in this area.

Area south of Hommenforkastningen.

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

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

MoS2 is associated with quartz veins and lenses in red granite.
The quartz approaches a calcedony variety. Some M032 also occur

on shear planes as flat "cakes". CaF2 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 some prospecting pits. Data on the result of this work
are scarce, but appearently the mineralized zone covers a length
of 500-600 m. A maximum width of the mineralized zone of 3,5 m
has been mentioned. The zone comprise 3 Mosg—mineralized bands.

A rough estimate of possible ore reserves gives

Southern field : length 600 m x width 4,5 m = 2700 rn2
Northern field : "  600mx " G m = 5400 m°
Total = 8100 m°
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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)).

@yvann - Skjerlevann - Tor Hilands Field.

Generally, MoSz—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 MOSE, indicate initial pneumatolyses.

Diamond drilling has revealed that the mineralized "gangfje1l”
zones are small and of low grade. Impregnation in aplite 1s 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),

Litladalen.

5 noles 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.

Bjgrnehommen,

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

Investigations for other valuable elements and minerals in the

Knaben Ore.

In a note by Chqistensen (195%, NGU Bergarkibet 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 Mosg—con—
centrate was very low, based on an investigation done at the

University in Oslo (Dons, 1968).
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Siggerud (1955) and Sverdrup et al' (1967) state that uraninite
has been identified in the tailings from the Knaben concentrator,
but no attempts, as far as we know, have been made to determine
the quantity of this mineral.

- K-feldspar and quartz.

Pursuant to a report from professor M. Digre (Ross et al 1973)
the vaist from Thé Knaben II Mine is composed of
65 % microcline
30

quartz
plagioclase
biotite

muscovite

SR OBR W Wl

The tailings from the mine are not useable because of rust-con-
tamination on the singie mineral-grains, but the report emphasize
that it could be possible to produce a total of 60 % X-feldspar,
plagioclase and quartz concentrate. The investigations are however
never brought so far that the Fe-content in mineral-concentrates
are determined.

MINES AND OREDEPOSITS QUTSIDE THE KNABEN AREA.

Mosz-mineralizations in the region is shown on map appendix 3.
Mine deposits are briefly mentioned in the following.

Gursli and Sira areas.

These areas (located on map appendix 1) have been mapped (fig. 5)
and described by Pedersen (1975) as a part of Folldal Verk A/S
exploration in the region.

Geologz.

Intrusive anorthosites occur to the SW and as two small intrusions
in the Gursli ore field. The rest of the area is comprised of
various concordant gneisses as shown on the map. The mineral com-
position of the gneisses is shown in table 1.

The interesting rock from our point of view is termed "layered
gneiss". This is subdivided according to the following rock types.
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a) Quartz-feldspar-gneiss (very similar to the quartz-feldspar-
gneiss outside "the layered gneiss").

b) Amphibolite/pyribolite.

¢) Hypersthene gneiss.

Table 1 : Mineral composition of the Gursli - Sira rocks

Plagioclase/
Antiperthite
K-feldspar/
Perthite
Quartz
Hypersthene
Diopside
Biotite
Hornblende
Garnet
Fe/Ti-oxides
Sulphides
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10-60 10=-75 15-60 5-=20 5-10 0-15 2-4 (0-2(b})
15-40 30-55 15-25 0-7 +=2 0-8 +=2 acc.

a) An intrusive anorthosite-body in hypersthene gneiss contain

MOSZ.

b) 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
10-20° from the foliation of the gneisses.

There appear to be a correlation between the size of the lenses anc
the width of the hypersthene gneiss horizons (max. width 20-30 m).
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Fig. 6. Gursli molybdenitef‘ield. ‘Gursli mine (A}, Mysse-skjerps (B),
Sk&land mine (C) and Moi mine (D).
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Ore deposits and mining operations.

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 westerr par-s
of Gullvann.

The deposits were mined during the years 1915-1919., A total of
38.000 tons of crude ore, with an average grade of 0,17 % Mos.2
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 horizcr.
M082 ocecur on joints and narrow quartz-feldspar veins in the
grieiss.

Mysseskjerpene (area B).

Meolybdenite is concentrated, together with pyrite, in a number
of separated quartz-feldspar-lenses, which mainly occur in an

open fold/flexure-structure in the western hypersthene gneiss

zone. The lenses are up to 2 m long and 3 m wide, and may con-
tain 20-30 % sulphides.

Skdland Mine (area C).

Unimportant mineralizations on joints and small quartz veins.

Gursli Mine (area A).

The gneisses are folden in a relatively large, overturned synform.

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 located 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 % MoS. have

2
been mentioned in old reports.

Another anorthosite body, 30-40 m W of the hypersthene gneiss is
not mineralized.

Generally MoS2 is associated with quartz—feldspar—biotite 1enses,
which are discordant (10-20°) to the foliation of the gneiss.

The main lense has a horizontal length of 100 m. Max. width is

10 m, wedging out to a couple of m at the edges. Vertical depth
is estimated to at least 100 m. It follows the folding of the
gneisses.

Pedersen, in an estimation of ore reserves, indicate an area of

the orebody of 520 m2 over a length of a few 100 m, and conclude
that this results in too small tonnages to be of economic inte-

rest.

The Sira area.

Sandsmork and Konstalli Mines (fig. 5 ) were examined by small
scale test mining in 1917-1919. A total of 600 tons of 0,15 %
M052 was excavated.

At both localities, M082 ocecur on joints and quartz lenses within
a relatively narrow (k-5 m) migmatitic zone in zugen gnreiss.

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 on

joints in the biotite-hornblende-gneiss occur a little MoS
associated with pyrite.

2’

The Flottorp area.

This area (fig. 7) is situated SE of Knaben. A member of Folldal
Verk's prospecting group has mapped and described the area, but
the report has not been accessible to us.

A short description is given by A. Bugge (1963) and by H. Bjgr-
lykke in reports from 1942.
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At Flottorp MoSa-mineralization was detected in 1910. In 1811 a
concentrator was installed and some 37 tons of 70 % concentrate
was produced until 1919 when the work was closed down.

In 1941-42 a quite extensive prospecting was carried out and
some 1600 m was diamond drilled. The ore is irregulary (fig. 2)
and the quantities small, and the conclusion of the work was

that the field was not econimic.
The mining rights in the area are held by private persons.

Geology in the Flottorp area.

The area is geologically similar to the Knaben area : Red por-
phyry granite is the dominant rock type. NS-extending zones of
migmatitic gheiss with layers of amphibolite and mica-gneiss
(i.e. "grey layered gneiss") alternative with the granite. At
Flottorp there are three main gneiss zones, but in addition a

number of widespread gneisses patches occur.

The main zones have an extension of approx. 10 km, of which the
northernmost 5 km form the actual Flottorp field. A number of
"skjerps" are found all along these zones.

MoS2 oceur 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

virtually barren of MOS2.

The Ovedal Field.

The area is situated at the NE side of Sirdalsvannet. This aresa
is also mapped by Folldal Verk's prospecting group, but the re-
port has not been accessible.

Some comments have been made by A.Bugge (1%63) and Urban (1972).

Molybdenite occur in an approx. 1 km long and 300 m wide zone,
but the main portion is concentrated along 300 m of this belt.

A couple of adits were mined in 1918, and 50 tons of ore was
excavated.
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Heavy mineral content of stream sediments in the region.

In connection with Folldal Verk's prospecting program, H.
Stendal examined the heavy mineral content of stream sediments
for his Ph.D. Thesis (unpublished). His work was based on the
precence of a small scheelite deposit at Prsdalen (NW on map
fig. 9). This is a stratabound mineralization, occurring in am-
phibolite, partly associated with molybdenite. Heavy minerals
from more that 600 sediment samples have been washed out. Sten-
dal concludes '

"The distribution of the scheelite anomalies are irregular, but
have a general NS-extension on both sides of Sirdalsvannet.

9 scheelite mineralizations were detected. None were econonic,
but they are of interest gentically. They are all connected to
amphibolitic rocks. Meta-sedimentary amphibolites contain the
largest concentrations of scheelite, and are evidently strata-
bound. Meta-volcanic amphibolites contain less scheelite, but
are in a couple of places distinectly layered. Scheelite minera-
lization occur widespread over the whole area. The genesis 1is

interpreted as being submarine volcano-sedimentary”.

The heavy mineral concentrates contained 70-80 % magnetic mate-
rial, small amounts of pyrite and a few grains of metallic Cu,
Ag and Bi.

W-anomalies are widespread throughout the whole Agreement Area
(see fig. 9), both in areas with known molybdenite deposits and
also outside, i.e. in areas where no MoSa-mineralization has
been detected.

Prospecting done by A/S Sydvaranger in the region.

Former A/S Sydvaranger geologist, N.B. Hollander, and 5 of the
company's geological assistants (personell.with no formal geo-

logical education, but especially trained and very skilled miner-

logists) did boulder tracing and skjerp-registrations in the
area during a shorter period in 1971 (fig. 10).

Hollander concludes : "By boulder tracing, a number of new lMo-
mineralizations have been detected, which have one thing in
common : they are all small.
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MdSé is.cohcentrafed alceng 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
M082 have also been done in mountainous terrain, showing that
prospecting activities have also been carried out here. Qur

boulder tracing-in the mountainous areas was also negative.

Considering that Mosz'is associated with grey.gneiss, ore may
conclude that the reason why MoS2 mainly occur in topographic
depressions (valieys)} is, that this is where most of the rocks
occur which gre more easily subjected to weathering and erosion,
i.e. more so than the barren guartz-feldspar-rich gneisses

which build up the higher hills and mountains.

It is therefore our opinion that all MoSz—minePalizations of a
certain size are already known. To localize socalled "nhidden
ore bodies" will demand more scientific prospecting methods,
and also detailed geological mapping and stream sediment samn-
ling".

NGU's prospecting in the area.

In 1978 HNGU carried out a program to examine the scheelite de-
posite at @Prsdalen, located in NW at map appendix 1 . Some

work was also done in the central part of the region to lccate
o0ld molypdenite 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 lo-

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.

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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given low priority in any further exploration work.

Falkumralso points out that molybdenite mineralizations are
associated with inlayers or remnants of ~=rey gneiss in pink
quartz-feldspar-gneisses (orange on map 1 ) which cover large
parts of tne mapped area. Such remnants of grey gneiss are
numerous and widespread throughout the pink quartz-feldspar-
gneisses, but most of them are too smail to appear on a
1:250 000 map. ' '

IDEAS ABQUT PROSPECTING.

Nearly all the workers who have been engaged in exploraticn fcr
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

The Xnaben Zone.

Prof. Schetelig, dr. A. Bugge and prof. F. Vokes have worlad

as consultant geoclogists for The XKnaben Mining Company, and
their reports and comments were the basis for our work in com-
piling this present report. For the most recent periocd, Buzge's
and Vokes' comments are of major value, and also Trygve Erikson,
geologist for the swedish owners, The Jonnson Company, have
given valuable contributions.

-

Concerning further exploration work, both Bugge and Erikson re-
ur

gard the area between Xvina and Xnaben as the most favourable.
We have had some difficulties in obtaining a clear side of what

has exactly been done in this part of the f{ield.

Initiated by Bugge a diamond drilling program was conducted on
a "gangfjell" zone west of Xnaben I. Cnly short holes were
drilled, but impregnations identical to what occur on the sur-
face was found. Good mineralization occur only over } m, over z

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

Bugge however regard this type of mineralization as being so in-
teresting that he recommends deeper drilling on this zone.
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Further north 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 pronerly
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 more careful inspection.

The Knaben II Mine.

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

June 1972) presented some recommendations for further exploratiocn.

The main problem at that time was according to Vokes, that ths
EOSE—content was too low to enable a profitable coperation.
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 tco few for a reasconably
accurate estimatfion of grades and tonnages. There are indica-
tions that the average grade mighf be somewhat higher, but
generally there is no reason to believe that grades are markeal:
higher at depth than what have been encountered in the wmine.

As far as tonnagegr%oncerned the 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 highei- than what has vteen attaiined

during the mining operations.

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

Knaben II Mine ? Vokes suggests the fellowing alternatives

A. By selective mining within the Xnaben mineralized quartz~

velin zone in the southern and deeper parts of the mine.

B. By detection of mineralizations with higher average grade

than the known reserves are based on.
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Selective mining.

The irregular and erratic distribution of M082 in the quartz-
vein ore has made it difficult to discover any form of
pattern or trend in MoS2 distripbution within the ore limits.
By careful and detailed mapping and sampling it might be
possible to separate out blocks or areas with higher MbSé-
grades. Diamond drilling 1s unsuitable for this purpose.

Such investigation program would require that the mine was
accessible at all levels, and it is our opinion that to clear

the mine for such a purpose is not feasible at this stage.

Detection of higher grade minerslizations.

Considering the various known types of mineralization in The

¥naben II Aine, it is only one whicn fullfill the require-

ments, namely the socalled "gangfjell" type of mineralizaztior

[N
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which occur in the upper parts of the mine. Here a few milii:r

tons of this cre type has been mined, which partly containe.

well apove 0,32 % MOS2.

So what we have to search for is a large new deposit of the
"gangfjell" type !

Despite its vital importance for the mining at Xnaben II, ths
"rangfjell" lense is not well defined in all dimentions., It
is commonly described as a lense which wedges out at depth
(at approx. Xth level) and t¢ the north along the strike
(confirmed by surface observations).

One of the problems, as stated previously, is to define the
relationship between the "gangfjell" lense and the mineraliz-
ed quartz-vein-containing grey gneiss in the deeper and
southern parts of the mine. '

Maps and profiles presented by Mr. Gustavsen (mine geologist:
seem to indicate a continous transition between the two types
of mineralizations. They alsoc give reason to suspect that

‘there is a possible "gangfjell" structure at depth, lying en

echelon above {(to the hanging wall) of the "gangfjell" lense
mined in the open pit.
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It is difficult to correlate these two "gangfjell" zones withous
constructing some rather spectacular fold-structures.

The deeper "gangfjell™ zone has to some extent been investisated
by adits and diamond driliing, but the informations are not gocs
enough to acertain wether this really is a new "gangfjell" bvody.

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 holés 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 body.

To what extent prof. Vokes prcposed program - which we, based cn
the impressions we are left with, accept as sensible and well
founded - was actually carried out during the latest stage cf
the operation of the mine, is presently not known. If it was not
followed up, we would like to do a more thorcughreview of this
particular area and discuss it in more detall with prof. Vckes,

before working out a detailed diamond érilling program.

[90]

1)

Prospecting ocutside the Knaben Zone.

The following factors have to be considered in a regional expe-
nation program.

1. Molybdenite is associated with grey, layered gneiss which
often are rust-stained as a result of oxidation of Fe-sui-

phides. (M082 may also occur outside sulphide-rich zones).

2. Molybdenite-enrichment occur in areas which contain large
quantities of secondary quartz.

3. Mafic rocks within grey, layered gneiss contain 5-10 § Fe-71
oxides. Grey layered gneiss also contain sulphide-rich bands.
This will have ‘an effect on geofysical measurements (IP,VLF).

4. Dr. Falkum points out (pers. comm.) that molybdenite rarely
occur in the eastern part of the Agreement Area.

5. 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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6. The Elkem/Spigerverket Company has systematically investi-
gated old prospectingpits in the area. They have no plans
for further work, which indicate that the results of their
work was negative.

7. 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

Geology.

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

It is our opinion that to start a new detailed geological map-
ping program, before sensible targets can be pointed out as 2
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 Iimpor-
tance, and for this purpose it is advisable that one geologist
gets the opportunity to study in some detail fhe various mine-

ralization types occurring in the Agreement Area,.

Geophysics.

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

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

2. The types of mineralization we are dealing with, and espe-
cially the impreghation'type, are probably poor electromag-
netic/electric conductors.
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Since thé molybdenite in general is associated with the same rock

—types as the sulphides and Fe/Ti-oxides, geophysical measurements
over such zones will still be of value, in that they might outline
the limits of possible host rocks.

The whole area has been covered by aeromagnetic measurements (by
NGU). The results may indicate the location of the mafic, magnetic-
containing units within the grey layered gneiss. A closer study of
the aeromagneticfmaps (and possibly also the raw data from these
measurements) should therefore be carried out.

Generally, the IP-method is regarded as best suited for picking up
impregnation type of mineralizations. The method is, however, time
consuming and expensive and therefore not very attractive in a regi-
onal prospecting phase.

For detail work, i.e. after restricted targets have been established.
this method will possibly be of help. Such measurements will, how-
ever, be complicated by the presence of other conductive minerals
than MoSz. The method should therefore be tested on known deposits,
to get an idea of to what extent such factors will effect the re-
sults.

The VLF-method was developed after mining at Knaben was ended. It
nas, to our knowledge, never been tried in this area, and it might
therefore be an idea to run a few test profiles across ¥nown cre

bodies, with various types of mineralizations.

Geochemistry.

Stream sediment sampling is a comm>nly used method in regional
prospecting in Norway, and we feel that this is a sensible way cf
attacting this field. According to Norweglan standard procedure,
the streams are sampled every 250 m, and the samples are sieved in
wet condition with a—lBO/%b screen.

We suggest that the samples should be analysed for Mo, W, Cu and Ba
{(barite has been detected in a similar geological environment at
Lindesnes, on the southern coast, i.e. outside the Agreement Area).
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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 prospecting work.

1. Additional informations concerning the geological map should
be collected from dr. Falkum, Arhus.

2. Some geological mapping over known deposits should be carried
out, in order to obtain more experience concerning genetic
interpretations.

3. Interpretation of the aeromagnetic maps will be discussed with
director Alstad, NGU's Geophysical Division.

4., VLF test profiles should be run across known deposits.

5. Stream sediment sampling in one or two areas between Sirdals-
vannet and Lygnevannet (map. appendix 1), and in an area nortn
of Kvina, should be carried out. Assay for Mo, W, Cu and Ba is

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

6. This last winter, local inhabitants have informed A/S Sydva-
ranger geologists about the existence of a number of possibly

new Mo-mineralizations. These should be surveyed.
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