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Sammendrag

This report reviews the geological mapping and exploration work that has been carried out in the area. A/S
Sydvaranger’s exploration manager Thor L.Sverdrup and the geologists @ivind Gvein and Kristen Mork,
have gone through the arciv at the Inspector of Mines for Western Norway in Bergen, where most of the
material concerning the mining operations and prospecting activities in the Knaben area is stored. Futher
we have studied the records which are filed at Norges geologiske undersgkelse (NGU) (The Geological
Survey og Norway) - NGU Bergarkivet - in Trondheim.

In the 1960s, two Norwegian mining companies - Folldal Verk A/S and Elkem-Spigerverket - carried out a
reletively extensive exploration program in this region. Folldal Verk's material is 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.
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molybdenite and the grey gneisses, which they regard as sedi-
mentary horizons, and hence consider the mineralization as besing
stratiform deposits. They believe that MoS, was .mobilized durlng
metamorphism and was partly deposited in low pressume zones 1n
the host rock, together with quartz/feldspar.

During the "molybdenum-boom" in 1916-1920, the area was intensel
explored by geologist from The Knaben M rs

| 1 a M N - = - = £ T x> 1wy 1 + T TR
local ple. More than 800 registrations of olybdenite were
Sarna 3 £ o »3 A mact A +ham of A anArmAma Ti11e ks Are
aone 1n thls perioda, most 0ol une Ol no economic aiue, Duv
can assume that most of the uncovered bedrock 1n the area was

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 the
deposits are too small to be considered as objects for renewed
mining.

Future prospecting has to be carried out on two scales :

u

a) The Knaben Area.

b) Regional prospécting.
Prof. Vokes, consultant for The Knaben Mines during the lafest

il

.

years of operation, has proposed a program for exploration
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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l Two main models have been proposed for the genesis of n-
ite in South-Western Norway :
I a) A magmatic mode
This hypothesis was first put forward by prof. Schetelig,
I and was later elucidated by Dr. A. Bugge (1963), both work-
ing as consultants for the Knaben Mines for many years
I An old gneiss. complex ("grey gneiss") was intruded by youngs
granite (red "porphyry granite'"), leaving fragments of the
I old gneisses as elongated inclusions in the magmatic rock.
Dikes of aplite and pegmatite, and eins are late st
l emanations from the granitic magma.
Molybdenite occur partly as impregnation in aplite/pegmatit
l but is mainly connected to the quartz veins, indicating that
it was concentrated in the late pneumatolytic =z s t =
l mal phase of the magmatic evolution.
I b) A model involving metamorphic mobilization of origina 1
sedimentary mineralization.
l This model has been advocated by prof. Urban (1 s o
the leader of Folldal Verk's prospecting team, and Pedersen,
l who was one of his students.
They emphazise that :
l a) molybdenite occur mainly within certain horizons of the
grey layered gneiss.
| l b) graphite in this rock type has been determined t o
sedimentary origin.
I ¢) Mo and other metals are generally enriched in the inorga-
nic part of sapropel sediments.
l On this basis they conclude that molybdenite is stratabound
and connected to certain horizons of metamorphically altered
I pelitic rocks. MOSE was mobilized during but
because of its relatively low mobility it stayed within 1its
l host rock, but was deposited together with mobilized quartz
and feldspar in zones of minimum pressure.
i
|




DESCRIPTION OF THE VARIOUS FIELDS IN THE KNABEN AREA.

Introduction.
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In this chapter we give a more detailed description of the

]
=
[
=)
(]
3
w
=

in which mining has taken place. A number of th
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were discovered during the "molybdenite boom"™ of 1916-1913. At
that time almost every farmer in this part of southern Norway

took part in molybdenite prospecting, and some 800 skjerp

(skjerp = prospecting pit, i.e. small excavations to examine th

mineralization a few feet below the surface) were regi
lo

and listed during that period. There are probably a
which have not been officially registered. Geologists from the
Geological Survey, who have tried to localize and describe th

old "skjerps" have told us that most of th

o
some blasting has been done almost everywhere, on indications
ch

of just a few grains of molybdenite. The anses of finding n
deposits on the surface seem therefore rather limited.

Geology of the Knaben Area.

The dominant rock type in this area is a red, relatively ma

w0
w0
1

but usually slightly foliated, granitic rock. Phenocrysts of
red microcline results in a porphyritic texture, hence the name

"porphyry granite" has been applied.

Within a 1-1,5 km wide, NS-extending belt, (The Knaben Minera-
lized Zone, se below) of this granite complex, there occur a

number of conformable zones or lenses of grey, generally fine-
grained gneissic rocks, alternating with the red, porphyritiec

granite, and parallell to the foliation of the granite, i.e.

. ‘ AT T . . -~ o~ O.-‘ ) e e =
NS to NNE-SSW, with dip 20-40"E. The grey gneiss contain bands
or elongated lense-shaped bodies of amfibolitic material (part

altered to biotite-rich rocks), and impregnations of sulphide

0]

are also often encountered as zones in the grey gneiss. By ox

C

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 been recorded, but generally they occur as
sills, i.e. conformable to the foliation of the rocks.

(D



As mentioned earlier, Bugge (1963) and Schetelig re

gard the
grey gneisses (with their amfibolites and fahlbands) as relic
of an o0ld gneiss complex, partly assimilated by younger granite.
The aplites and pegmatites - and also the quartz-veins (see

below) - are regarded as prieumatolitic and hydrothermal late

emanations from the granite.

Thc most important molybdenite deposits, as far as we know to
day, are located within NS-runﬁing zone
instance in the Knaberi Area, in th

e
west, and the Flottorp deposit to the east.

Of these, the "Knaben Mineraliz n W by far the most
productive, a zone extending ine 1n the north
via the central Knaben Mines, in the south, i.e
over a NS distance of more than
Description of the Knaben Mineralized Zone.
Quartz-veins and -lenses are very common in the Knaben Zone,
and occur both 1in the grey gneisses and in the red porphyr;
granite. They are generally concordant with the foliation of
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 11
they occur as shorter lenses which, as they die out laterall
re then followed by a new lense, often with a small drop/ris
in stratigraphic level (an en echelon arrangement The quart
is generally a brown "smoky" variety, rarely the white "milk
quartz.
The majority of Mosz-m'nera;i:ations 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-
T

shaped dikes, or as enveloping bands or veins around

?-ToS2 occur in the quartz mass, but are o
ser flakes along the boundaries of the qu
of impregnation a few c¢m into the surroun
reported.



Of major economic importance durin

ben II mine was a type of HCSD-i p

grey granitic rock. This rock type is apparently sin
the grey gneisses, but lack the characteristiec fah

1
amfibolites. Chemically it is also similar to the p

nite, but is somewhat enriched in SiOQ. This higher SiOE-
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-

41

shaped body, concordant with the surrounding porphyry
There is a transitional zo between the two rock types. MoS,

occur as impregnation in the grey rock and in the transition

lense ir of the Knaben II Mine is a pneumatoly-
tically altered (greisen alteration) porphyry granite, and hence
1s different from the fahlband- and amfibolite-containing gre
gneisses, which they, as mentioned, consider to be relicts of
0ld gneisses in younger granite.

Bugge (1963) classified the various MoS ,~mineralizations in the

Knaben Area according to the following types :
1= & J b

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

a
veins (cutting the gangfjell) are in parts molybden-

ite bearing. Large deposit at Knaben II.
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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 grey,

quartz-rich, Mosz—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 MoS.-
mineralized joints). n
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 termi-

nation downwards.

The other 2 drill holes were done to examine some smaller minersa-

lized zones 500 and 1200 m SW of the Kvina ore-body. Only traces

{1}
]

molybdenite were found.

No drilling has been carried out directly to the south of the
Kvina orebody, with the purpose to explore the deeper extensi
along the assumed axis of the pegmatite-quartz-lense

lthough 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 1f one more hole was to be drilled, we would suggest that this
should be the target

Other deposits in the Kvina Area.

7 5. &

Immediately north of Kvina are the following "skjerp" (skj

)]

.

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 9,5 m long adit.

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



iz
on

L S8

dominates the field. A 30 m wide, NS-ex ren ijing zone consists

finegrained silicified granite, which on both sides
coarsergrained, pale granite. With a gradual increase in red fe
spar, this rock in turn grade into a normal red granite.

“002 -mineralization mainly occur on quartz veins and- "blebs",
on narrow (1-2 cm) pegmatite lenses. Rich 3082 is alsoc found on
joints and narrow shear zones. The finegrained, silicified gran
also contain some disseminated Hosg, and a fine impregnation in
the pale granite has also been observed. (Reference : Neumann -
Adamson 1950. NGU Bergarkivet no. 1300).

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

The area of Grundevassknuten - Smalvann (147) - Tobias Mine (1
junsbedtskjerpene (148).

Ref. : A. Bugge. Report from 1937

The main rock at Grundevassknuten is the red porphyry granite.
MoS, 1n thils red granite 1s rare, but there are many exa ples ©
mineralizations on smaller shearzones o Joints lying adjacent

Smalvann relatively rich MoS
tz vein. 4 m of the hangingwall rock

t
0 £
It has a possible continuation towards so
o}
h

About the Tobias Mine it has only been mentioned that it was
mined in 1915.
From the Hunsbedt skjerp no records are avallable.

Knaben I (145).

History : Knaben I is the oldest mine in the Knaben district.

was tlaimed to the Ministry of Mines for the first time in 18

x) Figures in brackets refer to Map of Norwegian Mines and ore-

deposits by S. Foslie (1925).

uf
s mentioned. Because of its relatively rich mineralizati

it deserve some attention and should be given priori

—
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Small scale mining operations were performed during the peri

1885-1887 and 1894-1897. In 1904 the mine was sold to "The Black

well Development corp. Ltd, Liverpool" and regular mining starte

[
(@]
[N
wn

3]

in 1905. A concentrator was installed, and a concentrate of 70-8

MoS, was produced. In 1909 all operations were stopped.

In 1913 another british company,-Cammel, Laird & Co., Shief

reopened the mine and worked it until 1917.

In January 1918 the mine was bought by A/S Knaben Molybdangruber
who by then owned both Knaben I and Knaben II Mines. The riine wa
however, not in production until 1934. In addition to new ore,

some MoS, was produced by running the old waste through the con-

centrator. All activities ceased in 1939.

Ore production : Detailed figures for ore production for the v
o Fx

v
]

ct
(-
ct
e
7}
i
(1]
»
e
[
O
o
4]
(@]
C
b
84]
ct
f

ous mining periods are not available,

(&)
o]
Ly
J

bu
total of 80 000 tons of crude ore has been mined, yieldin
e

(@3]

570 tons of f-‘!oS2 (contained). For the years 1904-1909 the MoS ,
c

=

oncentrate was 70-80 %. For the period 1914-

s d o
| 2

MoS, occur on quartz-lenses which are concentrated in the border
zone between granite to the west and a 10 m wide amfibolite bod:
to the east. The amfibolite forms part of a "fahlband"-zone

wm

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 sect
there is a change towards a steeper dip in the lower levels of ti
mine.

MoS ., -00ft”1:1n~ quartz veins appear to be concentrated immediate
north of this bend, and die out to the north. They have been fol

lowed for approx. 100 m along the strike and 5 m west of the
m

amfibolite. Downwards they die out approx. 20 m below the surfac
Generally the quartz lenses are small (max. width : 10 m).

Some rich M082 occur as coatings on the actual amfibolite border
plane, and some uneconomic impregnaticn was also found in the gr

nite.

A}
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Ljosdal skjerp is the northern deposit in

MoS, occur in a 10-15 cm wide quartz vein on the boundary betwee

granitic gneiss and porphyry granite. The gneiss adjacent to the

quartz vein is impregnated.

An impregnation zone can be followed more or less continously tc

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, a:

At Jeld Mine

gneiss ba

ntaining quartz-
the

a number of parallell Hosg—c

worked width of

have been

1]

PR ~ 3 G ~ ThEys e mpnl el P~ . £ip 2| o
taining zone 1is 3,5 m. This system has been followed for 120 C
} 1 my 1 } -~ a ke T A P | ~ P =Y -~ s S -~
the north. The orebody has a horizontal area at the surface of

< 2 w
approx. 360 m“. This means

sinking of the mine.

'o the south the ore zone 1s cut by a diabase.
A m L o~ - o 91 1343 ~ Sy 4
At The Rubens Mine, which lies south of the ” L
ite content in the ore is somewhat lower than at Jeld. The mi
T erad = Ta A4 £e3 S . 3 A
1zed zone 1s difficult to follow on the surface, but there are
T mA M = ~1Y ~ rF e =1 2 4= PRy T -~ .
indications from the underground workings that 1 ontir ,
_F\
south. The ore zone dips 35-40"E. The mine is situated approx. 1
m - 4 ~ do de g gam o L] -~ = Py b o
m above the bottom of the Prnehommen valley.
T amm MA a adtn - 200 F and 10 210 the R
mmen Mine 1s situated approx. 200 m NE and 100 m be v € 1
1T e anA 33 ] O'_: my s yvim 1 a4 4 ~AF +lha aama oy
Mine, and dips 40°E. The mineralization is of the same type as a
- - 171411 . rtz ] o ss band I srder betweer 1
l.e. parallell quartz and gnelss bands on the border betwee 1
A B -
lying porphyry granite and granitic gneiss above. The largest
. 3 & a 15 'm = P I A P 2k £
quartz lense was approx. 15 long, and had a max. width © >
} ( Bkl ha a7 3 A+ - > -~ T+
The ore ceontaining zone has a total width of approx. 2,5 o LT 3
- 3 o = e o -~ ~ - 9
been followed. on the surface for 120 m, and show over the whole

distance relatively even and good mineralization (1,5-2 % MoS. has

been mentioned).

Reinshommen (140) and Roma (143)

References :

Schetelig
Vikgren
Blekum

1917
1918
1918
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History and production : In 1916 some development work
this deposit, and 8 tons of ore was transported to th
In 1917 a newly formed company =- Benkehei Grube A/S -
flotation plant. 1380 tons of ore was treated to a 60
centrate, containing 1560 kg of MoS,.

Pt
The concentrator was not in operation in 1918, but in
tons of ore was treated, yielding a 81,9 % MoS, concen
taining 6301 kg of ”:32. Mining ceased in August 1919.
In 1938 all the company's properties were taken over b
Molybdazngruber. Some diamond drilling was done in 1938
Geology : Mineralized quartz veins and disseminated M
adjacent gneiss can be followed from Knaben II for ¢

Mha Anra rdabal= at oo 1T0™R A A< o Z )
iNne ore zZone SUTI'lKeS N LY L Ia dlps OU L.
The amount of impregnation type ore in gneiss is les
174 P a p } 3 =1 S, H= G - o s
Knaben II, and although the mineralization in the qu
- ~ O I o ~ v ~ —~ ) 1 - v
quite rich, the average MoS.,-content of the crude or
c
=N N of
0,25-0,3%50 %.
lolybdenite on shear planes 1s however more common €
II. CaF, is often associated with molybdenite.
The average width of the ore zone was 2-3 m. In the
e L A e 34 o . | s | ~ oy 3
seems to wedge out downwards, but diamond drilling d
. ) - s I ooon 9] g MAaAQ
has revealed that mineralization (7 m of 0,184 % MoS
£ v 1r TR TP 3 o2,
profile 1, see accompanying sketch fig. 2 and fig.
- 3 i L= - L~
3 X oy " .~
below the surface. The connection from thils intersec

mine

o

ore zone above is not clear.

Diamond drilling results.

Profile 1 DDH 1 : Vertical hole.
fjell"

Assay result :

The red

on quartz veins and on

0
=2

(grey gneiss).
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Profile 1 DDH 2 : -60"E. Geology as in DDH 1.
Assay results : 0,242 % MoS, over 4,15 m
(0,184 % over 7,0 m).
Profile 2 DDH 1 : Vertical hole. Rocks as above, but less quartz
and pegmatite. More aplite.
Assay results : 0,096 % :';oS2 over 1,7 m.
Profile 4A DDH 3 : Assay results : 0,102 % MoS, over 3,65 m.
(not on sketch) 1,3 m'core loss, but drillers report that 0,4
of this zone contained "pure molybdenite".
Assay of drilling mud gave 62,0 % MoS, for thi
zone.
Profile 4A DDH 1 : Red granite is sterile. "Gangfjell" contain Mc
Assay results :
103,85-105,80 m 0.021 % MoS,
109,50-112,60 m : 0,100 2 "
112,60-115,75 m ),450 2 "
115575-119 ;05 m 0,025 2 "
135,45-1.38 ,65 m 2 0,265 & "
Profile 4A DDH 2 : Negative ? (no assay results recorded).
Knabedalsskjerpene in the Benkehei area is presumabl 1 direct
continuation of the quartz vein system from Knaben II
Benkeheiknuten is situated between Knabeelven (the Knaben Rive
and Benkeheia. A number of small MoS,-containing quartz veins are
cutting the granite.
Knaben I1 Mine.
As mentioned previously, this is by far the most important deposit
in the Knaben Mineralized Zone, and hence most of the geological
work has been concentrated on this deposit. Numerous 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 scope
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) about

/

the general geological conditions in the Knaben area is based on



. . - N i .
‘ I
1
. »- c S .
i 3 | e
C . : £, = |
+ + [ t { |
| } i ¢ Gy i
" . - o - M
. ¢ i
g i & 1 “
1 | 4 = - or{
. L T | (]
- W - . t tn 1
| o : s . q : n
y : 3 . ) > 18] o
. t | | ¢ i
i : ; \ ¢ .., ) O 4
o= } { o 3 () . —{
. I | ) J |
2 ! v o ‘ ) - { 4A. } %



(9]
(g

+rat+tine
LiadLlll

concen

a

Lo

[
N}
]

&
4
7}

ol
J';,.-.".‘

4
aLl

]
Y

o3

!

LU

r_l.,.mw

1

0961

1

SS

-108

Sy

1

oesi

700,tonn

GOO

500

400

300

200

100




23 =

+hae

or

(o=
\O
(@)

Y

Lo}

«

o]

o
(4]
2
e
O

0
(40}

3>
e

[}

S10]

od

o On

ot
oy

e

vilcT

-

o

LY

©

73]

g

)

e

rinnho

=]

ite dy

with apli

10-20 cm.

ed
to

ann

T Asarre

o

m

3
(o]
Q©
&|u
@
U ®)



4.16

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, 1

\O

73).

Risna Mines (136) - The Risnes Field.

ormations about this area are taken from a report written in

Inf
1918. This report also contain the results of some diamond drill-
in
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result was obtained in pit no.- -3, with== 0,385 % MoS, over
-
»D M.
1 1 J o vy = g T 7 =" e o ) ey i Yoaa § R R R
4 holes were diamond drilled underneath the ore zone, but they we

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

Hommenforkastningen (The Hommen Fault).
The EW-extending, nearly vertical Hommenforkastningen is marke
the map, appendix <« . As mentioned previously, there has bee!
some discussion as to the significance of this fault.
= - E -~ T 0 ~ 1A o TR - r\A—n'
According to Bugge (1963), the o0ld fahlband-con
displaced some 50 m along this line, whereas ¢
quartz vein "belts" do not seem to be affected. However, the
appear to be a ragdical change in the size of the ore zones at thi
3 } g | = ~ 7 amall a = ST Tan o]
point south of the line there are only small and widesprea
containing quartz veilns
o E a s Al 2 N ~ 1 £a d= i 2 AT o
A pegmatite lense, which lies 1in the actual fault zons, 1s N
: /e 3 i o~ Pa e TS & R Pl
mineralized, indicating that w0o2-30uta1ﬂ1ng solutions did fir
¥ o 1 £y - 2 o~ o
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 steeper dip to the south. This may indica

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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The top of this magmatic intrusive body reached a level corre-

i
(o)

e
sponding to somewhere between the 5th and 10th level of t!

Knaben II Mine. Extending out from this body are dikes an

of aplite and pegmatite. Variations in grain size are results

local variations in pressure, which a

1s
the rock complex. Late emanations of SiO, (and accompanying

crystallized on the cracks.

Hydrothermal solutions and gasses penetrated further into

red, granitic gneiss, causing a greissen alteration of th

whereby the feldspar was bleached, and quartz an

@)

3 4
3 ~
L

were dep

[43]

as disseminated grains throughout the rock

7]

o) d
forming the socalled "gangfjell".

In the southern and deeper parts of the Mine, towards the
Fault, there are an increasing amount of aplite/pegmatite
which in parts contain rich MoS ,-mineralization. The same
ture has been registered in deep drill holes. Bugge there
the posibility of a deep-seated "aplitic" massive, with p
eruptive brecciation, "gangfjell" formation and quartz-mo
deposition, in this area

Area south of Hommenforkastningen.

Bragold Mine (135) 1is located between XKnaben and Haland T
south of Bragtjern. The Nyvold Mine is included in this f

Wi Q = -~ s 3 1 ~ T o -~ - I AT+
1054 15 assoclated with quartz velns and lenses 1n red gr

m ] - | < . : T O LY 4 Q e, PN
The quart oaches a calcedony variety. Some MoS, alsc
n

O
as flat "cakes". CaF. has been observed.

The area has been divided in a northern and a southern fi
the north very little work has been done. In the southern
there are some prospecting pits. Data on the result of thi
are scarce, but appearently the mineralized gzone covers a
of 500-600 m. A maximum width of the mineralized zone of

has been mentioned. The zone comprise 3 Mosz—mineralized

A rough estimate of possible ore reserves gives
2
Southern field : length 600 m x width 4,5 m = 2700 m~
' 2
Northern field : 1 600 m x M 9 m = 5400 m“
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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.

essor M. Digre (Ross et al 19
5k

ine is composed o

¢ mierocline

% quartz

¢ plagioclase

6
3

o S 6 R o [ 5 |

9

biotite

|t
&9

muscovite

The tailings from the mine are not useable because of rust-con-
al-grains, but the report emphasize
that it could be possible to produce a total of 60 % K-feldspar
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MINES AND OREDEPOSITS OUTSIDE THE KNABEN AREA.

MoS,-mineralizations in the region is shown on map appendix 3.
Mine deposits are briefly mentioned in 5

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.

Geology.

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.



ursli and Sira area

Legende
1. Quartz-feldspar gneiss

2. Layered gneiss
':\ NN 3. Augengneiss
Ak SR 4L Anorthosite
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a) Quartz-feldspar-gneiss (v

b) Amphibolite/pyribolite.
¢) Hypersthene gneiss.

Table 1 : Mineral composition
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a) n intrusive anorthosite-body in hypersthene gneis ontai
b) Pyrite dominates. In addition
pyrrhotite, cubanite, mackinaw te.
Hypersthene gneiss appear to be of special significance for D-
prospecting, and such rocks occur both in the Gursli mining area
and as part of the layered gneiss zones in auger iss in t
Sira area.
Hypersthene gneiss is characterized by its brown, rusty spots afte
oxidized pyrite. Typical is also accompanying veins and lenses ©
mobilized quartz-feldspar, which contain sulphides. They h 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

the width of the hypersthene

gcneiss horizons

St
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In the. mine occur an intrusive b

(o N
(1))
T 0O
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zontal area of 25 x 10 m, the

anorthosite body,

PAY

£ mineralized.

in an estimation of

1 ~x £ - - ~ ] ~ ta £
the orebody of 520 m™ over a length of a f
4 ~ s T ~ - amna ] - -~ o = -
that this results in too smzll tonnages to
reaf .

The Sira area.

Konstalli Mines (fig. 5
scale test mining in 1917-1919. A total of
FOS¢ was excavated.

100 m wide consisting of

zone,
and biotite-hornblende-gneiss

- Bringedal. On 10-20 cm wide

biotite-hornblende-gneiss oc
3

associated with pyrite.

The Flottorp area.

This area (fig. 7) is situated SE of Knabe
Verk's prospecting
the report has not been accessible to us.
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Fig. 29. Borprofil 7, 60 m nord for profil 5.

Dismond drill section 7, 60 m north of section 5.
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Fig. 28. Borprofil § ved Ovre Flottorp Grube.
Diamond drill section 5 at Qure Flottorp mine.
Fig. 8.
D e IS 1 s £ & b5 A Blotean ot e
Diamond drill sections at Pvre Flottorp (after
A. Bugge 1963). show- MoS.,-content in percen
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At Flottorp MOSE-mineralizatioa was detected in 1910. In

concentrator was installed and some 37 tons of 70 % conc
was produced until 1919 when the work was closed down.

In 1941-42 a quite extensive prospecting was carried out

some 1600 m was diamond drilled. The ore is irregulary (f
and the quantities small, and the conclusion of the work

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

phyry granite is the dominant rock type. NS-extending zon
migmatitic gneiss with layers of amphibolite and mica-gnei
(i.e. "grey layered gneiss") alternative with the granite

Flottorp there are three main gneiss zones, but in additi

number of gneisses patches occur.

widespread ¢

N .
e man
1T llalll

zones have an extension of approx. 10 km, of whi

northernmost 5 km form the actual Flottorp field. A numbe

"skjerps" are found all along these

I1"‘

I-_oS2 occur as thin lakes" in quartz veins, and as impre
in discordant, narrow dikes of aplite and pegmatite. Diss
?082 in gneiss has also been described. The porphyry gran
virtually barren of HOSE.

The Ovedal Field.

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

Some comments have been made by A.Bugge (1963) and Urban

Molybdenite occur in an approx. 1 km long an
n

but the main portion is concentrated al

A couple of adits were mined in 1918, and 50

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 str

for his Ph.D. Thesis (unpublished). His work was based on the
precence of a small scheelite deposit at @rsdalen (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 economic,

but they are of interest gentically. They are all connected

(4]

amphibolitic rocks. Meta-sedimentary amphibolites contain th
largest concentrations of scheelite, and are evidently strata-
bound. Meta-volcanic amphibolites contain less scheelite, but
are in a couple of places distinctly layered. Scheelite minera-
lization occur widespread over the whole area. The genesis is
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,

09

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 MoS2—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-

[N

logical education, but especially trained and very skilled m
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 Mo-
mineralizations have been detected, which have one thing in

common : they are all small.

Nern—
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M082 is concentrated along certain zones, which are lyin

concordant to the general strike in the area. Boulders and mine

D

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 re
;‘-IOS2 have also been done in mountainous terrain, sho

prospecting activities have also been carried out here. Our

boulder tracing in the mountainou
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Considering that M082 i

s
conclude that the reason why MoS. mainly occur in topographic

depressions (valleys) is, that this is where most of the rocks
occur which are more easily subjected to weathering and erosion,
i.e. more so than the barren quartz-feldspar-rich gneisse
which build up the higher hills and mountains.

It is therefore our opinion that all MoS,-mineralizatioc of a
certain size are already known. To localize socalled " >
ore bodies™ will demand more scientific prospecting methods,
and also detailed geological mapping and stream sediment =
13 meeM

ling".

NGU's prospectling in the area.

In 1978 NGU carried out a program to examine the scheelit s -
posite at Prsdalen, located in NW at map appendix 1 ., &

work was also done in the central part of the region to locat
0old molybdenite skjerps. A report from this work will ©
presented in the spring of 1979, but we have been verbally 1in-
formed that this work will be of little importance for Mo-

“iil s Vi LbLQlivT -

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

o

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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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 detec
ed, but southern extension of this body has never been properl
examined (i.e. along the axis of the lense). A possible pitch-
and swell-model should be tested with a few drill holes in thi
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 ted 20.
June 1972) presented some recommendations for further I t
The main problem at that time was according to | 5y ©
oS ,-content was too low to enable a e operatl
Based on some deep drill holes it was estimated that t I
reserves contained an average of 0,15 % MoS,.
The number of drillholes are probably too few for a reasona
accurate estimation of grades and tonnages. There are indica-
tions that the average grade might be somewhat higher, ut
generally there is no reason to believe that grades are m €
higher at depth than what have been encountered in ine .

- are . :
As far as tonnages Concerned the informations we have to
not indicate that the ore-containing zone wedges out at pt
In other words : Ore reserves might be large, but the grade 1
probavly not significantly higher than what has veen attai:ed
during the mining operations.
How, then, would it be possible to obtain richer ore in The
Knaben II Mine ? Vokes suggests the following alternatives :
A. By selective mining within the Knaben mineralized quartz-

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

B

By detection

of mineralizations with higher average

than the known reserves are based on.
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It is difficult to correlate these

two "gangfjell" zones wi
constructing some rather spectacular fold-structures.
The deeper "gangfjell" zone has to some extent been investi
by adits and diamond drilling, but the informations are not
enough to acertain wether this really is a new "gangfjell"
Anyway, prof. Vokes regard this as the only target which ma
precent a large tonnage deposit of the "gangfjell" ore type
Vokes would prefer to drill a few short holes from the surf
which would hopefully prove the existence of a new "gangfje
lense. If the results are positive, they should be followe
deeper holes to examine the continuation of the possible or
To what extent prof. Vokes proposed program - 3G e, bas
the impressions we are left with, accept as sensible and we
founded - was actually carried out during the latest stage
the operation of the mine, is presently not kn . If it wa
followed up, we would like to do a mor thorough1: 1 of €
particular area and discuss it in more detail with prof. Vc
before working out a detailed diamond drilling program
Prospecting outside the Knaben Zone.
The following factors have to be considered in a regional e
nation program.

[

2

3.

4.

5.

nt occur

Molybdenite-enric

chme
guantities of secondary quartz.

Mafic rocks within grey, layered

i
oxides. Grey layered gneiss also cont

a
This will have ‘an effect on geofysical measurements (IP

ocne i

Dr. Falkum points out (pers. comm.) that molyb

occur in the eastern part of th

According to the map, appendix
concentrated in a NS-extending
the area.

, Mmolybdenite

elt in the cen
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Since the molybdenite in general is associated with the same rock
t‘ t "l e A o d Ba / i=-0vides carnnhs Tra]l mascoiimamar-o
ypes as the sulphides and Fe/Tl-oxlides, geophysical measurements
- & >3 = B S, M < P - 3 - ~ ey A ol vt T S
over such zones will still be of value, in that they might outline
the limifts of possible host rocks.
The whole area has been covered by aeromagnetic measurements by
NOT 1 < = e il — N ~ £ o P - =
NGU). The results may indicate the location of the mafic ic
2
containing units within the grey layered gneiss. A closer st of
~ e ~ 3 = .r a7l o~ - 1 ~ o > = —~ e +hooo
the aeromagnet maps (and possibly also the raw data from these
o 3 o - >~ 4+
measurements) should therefore be carried out.
Generally, the IP-method is regarded as best suited
impregnation type of mineralizations. The method is
= 3
consuming and expensive and therefore not very attractive in a re
onal prospecting phase.
For detail work, i.e. after restricted have been establi
this method will possibly be of help. Such measurements will, how-
ever, be complicated by the presence of other conductive mineral
than MoS MTha ""“ﬁf“-'-lﬂ'q ﬁ‘ou"-i +herefore he ‘-.:.r:?‘e% on known denosits
Lilcall VO 4. 11l LT LIIUU ol LU LIICTLCLOLC UC LEo bl VIl AWIlOWI] “ S MUVD L L
to get an 1dea of to what extent such factors will effect the re-
~ T4 =
oUllo.
The VLF-method was developed after mining at Knaben was ended. I
has, to our knowledge, never been tried in this area, and it might
therefore be an idea to run a few test profiles across known ore
bodies, with va s types of mineralizations.
Geochemistry.
Q o 33 ~ Svrier 9 o —— o - 1 el
Stream sediment sampling is a commonly used method in regional

prospecting in Norway,
S

i
thi

attacting field. According to standard procedure,
the streams are sampled every 250 m, and the samples are sieved ir
wet condition with a—lBO/ﬁb screen.

We suggest that the samples should be analysed for Mo, W, Cu and B

(barite has been detected in similar geological environment at

)

Lindesnes, on the southern coast, i.e. outside the Agreement Area
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Adamson, 0.]. & Neumann, H. 1950 a-: Motland forekomst. Foslie [I

121. NGU. Ba.nr. 1305, 1 s.

Adamson, 0.J. & Neumann, H. 1950b: Bektefjell skjerp., NGU.,
1300, 1 s,

Adamson, 0. ], & Neumann, H,.

Ba.nr,

1950c: Sondre Bektefjell skjerp.
NGU. Ba.nr. 1301, ‘1" s,

Bergmann, E.G. udatert: Knaben molybdeenfelter. NGU. Ba.nr.221, 4 s.

Baldé, R. 1969: Report about the summerwork 1969 at the Knaben

molybdenum mine. Arkiv Vestl. Bergm.embede. 10 s.

Bjdrlykke, H. 1963: Befaring av Amlandsfeltene i Kvinesdal. NGU.

Ba.nr. 3263, 2 s.
Blekum, S. 1918:

Befaring Reinshommen. NGU. Ba.nr. 2939, | s,
Blekum, S,

1923: Bemerkninger om molybdenindustrien, Tidsskr. f.
Kjemi og Bergv. Nr. 7.

Blekum, S, 1926: Til Styret for A/S Knaben Molybdangruber. Arkiv

Vestl. bergm. embede, 5 s.

Borchert, H. 1960: Geosynklinale Lagerstatten, was dazu gehgrt,

sowie deren Beziehungen zu Geotektonik und Magmatismus.
Freiberger Forsch. -H, C-79, 7-61.

Borchert, H. 1961: Zusammenhange zwischen Lagerstattenbildung,

Magmatismus und Geotektonik. Geol. Rundsch. 50, 13]1-165,

Bugge, A. 1935 a: Beskrivelse til det geologiske kart over Knaben I

grube. NGU. Ba.nr. 4533, 5 s.

Bugge, A. 1935 b: Knabeheias molybdenglansforekomster. Arkiv

Vestl. bergm. embede, 4 s.

Bugge, A, 1936: Geologiske undersgkelser ved Knaben gruber sommeren

1936. NGU. Ba.nr, 4534, 7 s,

Bugge, A, 1937 a: Befaringsrapport. Knabeheiene. A rkiv Vestl. bergm,

embede, 8 s,

Bugge, A. 1937 b: Diamantboring i Reinshommen sommeren 1936.
Arkiv Vestl, bergm. embede, 2 s.

Bugge, A. 1937 ¢: Uttalelse om de felter som er hdndgitt A/S Knaben

Molybdeengruber. Arkiv Vestl. bergm. embede, 5 s,

Bugge, A. 1938a: Undersgkelsesarbeidet ved Knaben gruber. Arkiv

Vestl. bergm. embede, 2 s.

Bugge, A. 1938 b: Undersgkelsearbeidet ved Knaben grubefelt sommeren

1938. Arkiv Vestl, bergm. embede, 5 s,
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Bugge, A. 1938 c: P.M. til A/S Knabens styre, Arkiv Vestl. bergm.
embede, 2 s, '

Bugge, A. 1940 a: Malmfgrende ganger utenfor Knaben II grubefelt.
Arkiv. Vestl. bergm. embede, 4 s, ;

Bugge, A. 1940b: P.M. Vedrgrende undersgkelsesarbeidet pd Knabenheia
sommeren 1940. Arkiv Vcstl.- bergm. embede, 3 s,

Bugge, A. 1940 ¢: Resultater av den geologiske grubekartlegning sommeren
1940. Arkiv Vestl, bergm. embede, 7 s,

Bugge, A. 1940d: Beskrivelse til de geologiske karter over Knaben
gruber. Arkiv Vestl. bergm.embede, 23 s,

Bugge, A. 1941 a: Rapport til direktgr S, Th,Sverre. Arkiv Vestl.
bergm. embede, 4 s,

Bugge, A. 1941b: Rapport til direktgr S. Th.Sverre. Arkiv Vestl.
bergm. embede, 3 s,

Bugge, A. 1942: Beskrivelse av de geologiske karter (Komplettering
juli - august 1942)., Arkiv Vestl. bergm. embede, 6 s,

Bugge, A. 1943: Rapport til direktgr S. Th.Sverre. Arkiv Vestl. bergm.
embede, 4 s, '

Bugge, A. 1945a: Uttalelse om vorledes man ved fremtidig drift ved Knaben
Il grube kan levere rdmalm med minst 0,2 % MoSZ (effektiv).
Arkiv Vestl. bergm. embede, 4 s,

Bugge, A. 1945b: Sannsynlig malmfgring i de foresldtte strosser. Arkiv
Vestl. bergm. embede, 2 s, ’

Bugge, A. 1947: Knaben Il grube. Arkiv Vestl. bergm.embede, 24 s.

Bugge, A. 1948a: Rapport fra befaring ved Knaben II grube 27, 1. 1948,
NGU. Ba.nr. 4535, 8 s.

Bugge, A. 1948b: Rapport fra befaring ved Knaben II grube 31. 3. 1948,
Arkiv Vestl, bergm, embede, 1 s.

Bugge, A. 1948c: Rapport fra befaring ved Knaben II grube 19.7. 1948,

Bugge, A. 1948d: P.M. Knaben Il grube. Arkiv Vestl. bergm.

embede, 2 s,
Arkiv Vestl. bergm. embede, 3 s,

Bugge, A. 1949a: Diabasgang i Hommenforkastningen. Arkiv Vestl,
bergm. embede, 2 s.

Bugge, A. 1949b: Uttalelse i anledning ingenigr Allan Nordstréms 1>, M.
av 30/8-49. "Betraffande undersdkningsarbeten i Knaben',
NGU. Ba.nr. 4536, 9 s.

Bugge, A. 1949c: Malmletingsarbeidet ved Knaben molybdengruber.
Arkiv Vestl. bergm. embede, 10 s.

Bugge, A. 1950a: Kvina grube. NGU. Ba.nr. 1291, 9 s.
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Bugge,

Bugge,

Bugge,

buggc,

Bugge,

Bugge,

A. 1950b: P.M. Vedrorende dagbruddriften ved den sydlige del
av vaskeriomrddet. Arkiv Vestl, bergm. embede, 2 s,

A, 1953: Rapport fra befaring ved Dagbrudd Syd, Knaben grube,
25. og 26. oktober 1953. NGU. Ba.nr. 3424, 3 s.

A. 1955: Geologisk oversikt.-over molybdenforekomsten Knaben 11
.- Hommen. April 1955: NGU. Ba.nr. 4537, 11 s.

A, 1956: Rapport fra bela ring ved Knaben II gruve juli 1956.
Arkiv ‘\.'t-sll.bcrgm.umbvdv, 4 s,

A, 1957. Rapport fra befaring ved Dagbruddet ved Knaben 1!
grube. Arkiv Vestl. bergm.embede, 2 s.

A. 1958: Malmletingen ved Knaben gruber. Arkiv Vestl. berpm.
embede, 2 s,

A, 1960a: Knaben molybdenum mine. NGU 212, m, 42-48.

A, 1960b: Malmletingen ved Knaben I. NGU. Ba.nr. 4538, 3 s.

A. 1963: Norges molybdenforekomster, NGU 217, 134 s,

A. udatert: Knaben grubefelt, NGU. Ba.nr. 613, 3 s,

A. & Blekum, S. 1937: Uttalelse om de felter som er handgitt
A/S Knaben Molybdangruber. Arkiv Vestl. bergm. embede, 2 s,

A. & Blekum, S. 1938: P.M. Underspgkelsesarbeider i Knaben
grubers konsesjonsfelt. Arkiv Vestl. bergm. enbede, 3 s.

A, Stenberg, K. & Blekum, S. 1939a: P.M. Vedrpgrende under -
spkelsesarbeide ved Knaben sommeren 1939. Arkiv Vestl,
bergm. embede, 2 s,

A, Slenberg, K. & Blekum, S. 1939b: P.M. vedrprende utfgrte
undersgkelser i Litliddalen og Hommenfeltet sommeren 1939 j
henhold til styrets beslutning av 19/5 d.s. Arkiv Vestl. bergm,
embede, 7 s.

A. et al. 1940: P,M.Undersgkelsene pd Knabeheia (Gruppemoute),
Arkiv Vestl. bergm. embede, 5 s,

C. 1907: Lidt om molybden og molybdenforekomster i Norge.
Tidsskr. f.Kjemi, Farmaci og Terapi Nr. 16,

C.,Riiber, C. & Smith, H.H. 1919a: Roma gruber. NGU,
Ba.nr. 2352, 3 s,

C., Riiber, C. & Smith, H.H. 1919b: Vuaardals molybdangrube,
NGU. Ba.nr..4087, 3 s.

C.,Riiber, C. & Smith, H.H.1919¢c: Knaben I gruber. NGU.

Ba,nr. 4117, 5 s

Bugge, C., Riiber, C. & Smith, H.H. 1919d: Knaben II grube. NGU.

Ba.nr. 4118. 9 s
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Bugge, C.,Riiber, C. & Smith, H.H. 1919e: Ornehomnien molybdan-
gruber. NGU. Ba.nr. 3307, 5 s.

Boe, A.B. 1948: P.M. Om Hommenfeltets undersgkelse 2. september 1945,
Arkiv Vestl. bergm. embede, 3 s.

Boe, A.B. 1950: R:upport om diarnantboring i Knaben II Grube {ra
oktober 1948 til april 1950. Arkiv Vestl. bergm. embede, 4 s.

Boe, A.B. 1953; Rapport over diamantboring i Hommenfeltet i 1951 og
1952. Arkiv Vestl. bergm. embede, 1 s,

Carstens, C.W. 1940: Rapport iiber Musternahme im Amlandstunnel.
NGU. Ba.nr., 3343, 5 s.

Christensen, Aa. 1958: Vedrgrende rehnium i Knabenmalmen. NGU. Ba.
By - 39¥3;, 1 s

Christensen, Aa. 1959: Forslag til undersgkelse av malmsonen i
narheten av Knaben | grube og mellem Knaben Il og Knaben I.
Arkiv Vestl. bergm. embede, 4 s,

Christensen, Aa. 196l: Anspkning om leie av statens bergrettigheter
ved Kvina gruber. NGU. Ba.nr. 3349, 12 s,

Christensen, Aa. ca. 1970: Historikk. A/S Knaben molybdengruver.
Arkiv Vestl. bergm. embede, 101 s,

Collini, B. 1971: Mineralogisk undersd8kning av malmférande granit och
flotationsavifall frin A /S Knaben molybdengruber. Arkiv Vestl.
bergm. embede, 5 s,

Dons, J.A. 1968: Korreksjon av data, rhenium i molybdenglans.
Geologisk Museum, Interne notater, side 29,

Eikeland, D. 1946: Rapport over det i tiden 1/9-44 til 1/5-45 utfgrte
arbeid ved Kvina Gruber. Arkiv Vestl. bergm. embede, 6 s.

Elveswter, ? 1918: Roma grubers molybdanfelt p§ Knabenheien.
Geologisk oversikt. NGU. Ba.nr. 3356, 2 s.

Eriksson, T. 1960: Preliminir geologisk rapport dver undersdknings-
arbeten vid Knaben. NGU. BRa.nr. 4540, 8 s.

Eriksson, T. 1962: Understkningar féranledda av molybdenglansanledning
i Heegebostadstunnelen pd Sorlangsbanen. Arkiv Vestl. bergm.
embede, b s.

Eriksson, T. 1964: Fé&rslag till unde: sbkningsborningar inom Kvina -
Knaben [I-omrddet. Arkiv Vestl. bergm.embede, 2 s.

Falkenberg, O. 1915: Om molybdenmalmer. Deres forekomst, oppbered-

ning, anvendelse etc. Tidsskr. f. Kemi, Farmaci og Terapi.

Nr. 1 - 4.



Falkenberg, O. 1917: Om molybdenglans. Tidsskr. f. Kemi, Farmaci og
Terapi, Nr. lob.

Falkenberg, O. 1920: Norske molybdengruber, Tidsskr. f. Bergv. Nr. 10,

Falkenberg, O. 1936: Knabeheiens molybdenfelter., Tidsskr. . Kjemi
og Bergv. Nr. 3 og 4. -

Falkenberg, O. udatert: Forslag til A/S Kvina Grubers ny Aktieemission.
NGU. Ba.nr. 543, 7 s.

Falkum, T. 1973: Oversigt over Prackambrium indenfor korthlad Mandal
(1:250 000) i Sydnorge. D.G.F. Arskrift, 62-65.

Foslie, S. 1925: Syd-Norges gruber og skjerp. NGU 126,

Fredheim, P.H. 197]1: En undersgkelse av molybdenglansfdoringen ved
Knaben Gruber. Det store eksamensarbeidet, NTH, 74 s.

Geis, H.-P. 1966: Molybdenundersgkelser pi Sgrlandet og i Telemark som-
meren 1966.Rapport til Elkem-Spigerverket og A/S Hafslund. 86 s.

Geofiroy, J. de 1949: Geological study about the Knaben - Molybdaen
district (Vestagder) Norway. Arkiv Vestl. bergm.embede. 45 s,

Gustavsen, B. 1973: Rapport over geologiske arbeider som er utfort
i Knabeheiene og i Knaben II gruver. Arkiv Vestl. bergm. embede,
%555

Helfrich, H. & Lo&fberg, L. 1971:. Utldtande 6ver helikopterburna magnetiska
matningar dver Knaben, Vest-Agder fylke, Norge. Terratest
AB. 3 s.

Henriksen, G. et al. 1916: Aktieindbydelse., A/S Roma Gruber. NGU.
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