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SUMMARY.

The gold-bismuth bearing Bleka-type veins of the Bleka Fold
area (170 km?) of central Telemark have been investigated

in detail. The investigation was concentrated partly in the
Bleka Mine area and in the Espelid area 2-3 km north of Bleka
where the hitherto largest vein swarm of the area was found
and mapped at scale 1:1000. Apart from this, . reconnaissance
investigations of other known vein occurrences include Ny-
staul, Barstad, Blengsdalen and Gjuv.

The results of this investigation strongly indicate that

all of the known occurrences including the newly discove-

red Espelid vein swarm have a common ore genesis and a con-
ceptual model for the veins is proposed. This concludes

that the 40°-90° striking gold-bismuth bearing quartz-tour-
maline-carbonate veins were emplaced in their amphibolite
host rock along ENE-WSW dextral shear faults resulting from
ESE-WNW max compression during N-S to NNE-SSW folding in

the Sveconorwegian orogenic period. Major ore lenses seem

to be located in areas where max tension and dilation occurs
e.g. merging en echelon vein segments. Pronounced hydrother-
mal alteration envelopes characterize the mineralization and
also, together with the mineral assembly of the veins, indi-
cate the high temperature nature of the veins. In summary,
the location of the Bleka-type veins is a result of regional
tectonics combined with favorable host rock lithology where-
as the high temperature nature and to some degree the mineral
assembly is controlled by the intrusion of underlying granite.
Due to the high-grade nature of the known ore lenses (25 ppm Au
and 0.5 % Bi) and due to the significant size of the Espelid
vein swarm as compared with that of Bleka the economic poten-
tial is considered good here. Furthermore, a bismuth (local-
ly gold) halo is observed in the northern end of the vein
swarm probably indicative of deeper-lying gold-bismuth mine-
ralization. In conclusion the Espelid vein swarm is considered
a prime drilling target for a small to medium sized gold-bis-

muth deposit.
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RECOMMENDATIONS.

Prime importance - the Espelid vein swarm.

1) It is recommended to carry out drilling on the Espelid vein
swarm. It is suggested that gold-bismuth mineralization is
located 200-300 m below the present surface and this should
be tested in a first step by drilling of two or three holes
totalling in the order of 500-1000 m from one drill location
provisionally situated in the northern part of the vein swarm
just south of Nystaul (see enclosed Map 3). The exact posi-
tion of this locality and the details of this drilling pro-
gramme would benefit from the following additional investi-

gations:

a) analysis of all remaining chip samples from the area
for bismuth in order to get a more precise outline

of Bi-halos.

b) fluid-inclusion studies on quartz-(tourmaline)-(car-
bonate) which could indicate whether the Espelid veins
are located at a 200-300 m higher level than the known
gold-bearing veins of the Bleka Fold area as suggested

by present day position.

c) a detailed microscopic investigation of the gold and
bismuth minerals and their paragenetic position in
the different occurrences might also help in the in-

terpretation of relative levels.

d) local trenching partly along and partly across the
veins in the more promissing areas to identify areas
of max dilation e.g. merging between en echelon vein

segments.
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Secondary importance - Bleka-Blengsdalen-Gjuv.

2)

3)

4)

Further detailed geological investigations around Blengs-
dalen and Gjuv are recommended in order to be able to ma-

ke a better estimate of the economic potential of these.

On a long-term basis it is suggested to investigate further
the merge zone at the bleka Mine possibly by drilling. In
this context the area NE of Sverveli should also be inves- .

tigated.

The SW and NE continuation of the recognized gold-anoma-
lous belt (outlined from stream-sediment survey) stretching
from Espelid-Bleka-Blengsdalen to NE of Gjuv should be

tested by supplementary stream-sediment sampling.



N

Lo

TABLE OF CONTENTS.

SUMMARY - e e e i
RECOMMENDATIONS —--—m—emmme e e e e m e ii
1. INTRODUCTION - s — e — 1
2. GEOLOGICAL SETTING ————————-—m———————m— e —— e —————— 3
3. RESULTS - e e 6
3.1. Lineament analysis of the Bleka Fold area -—--—--—--- 6
3.2. The Bleka Mine area ---—-———=—=————————————————————— 8
3.3. The Espelid area —--————=——=—————————————————————— 27
3.4. Investigations of other known vein occurrences -- 35

3.5. Reconnaissance for Au-bearing veins in unknown

Areas —————— e 39
4. DISCUSSION OF RESULTS —cm——mmm e e 40
REFERENCES = oo e e e e e 47
APPENDIX I - ROCK SAMPLE DESCRIFTION LIST —-==—-—————————— 49
APPENDIX II- ANALYSIS RESULTS LITHOSAMPLES —-=-——————————— 60
ENCLOSED:

MAP 1 - Structural interpretation of the Bleka Fold area -
Telemark. Based on air photo mosaic.

MAP 2 - The Bleka Vein - Telemark.

MAP 3 - The Espelid Vein Swar:.

SEPARATE EXHIBIT MAP:

SAMPLE MAP 1 - Svartdal.
SAMPLE MAP 2 - Ambjerndalen.
SAMPLE MAP 3 - Nutheim.
SAMPLE MAP 4 - Staldalen.
SAMPLE MAP 5 - Barstadhovi.
SAMPLE MAP 6 - Hovdejord.
SAMPLE MAP 7 - Svinom.
SAMPLE MAP 8 - Bisminuten.
SAMPLE MAP 9 - Hjartdal.

SAMPLE MAP 10 - Gvammen.
SAMPLE MAP 11 - Kivikdalen.
SAMPLE MAP 12 - "Flatdal".



m.\ b )

1. INTRODUCTION.

The investigated area covers approximately 170 km? of the Bleka
Fold in central Telemark, Norway (Fig.l).

The main aim of the project was to carry out detailed investi-
gations on gold-bismuth mineralized veins in order to propose
a mineralization model for the area.

The work was carried out during a seven-week period from late
May untill early July. It comprises a photogeological inter-
pretation (lineament analysis + limited photogeologicl map-
ping) of the entire area as well as five weeks of detailed
field work in selected areas.

The field work comprises:

1) Detailed mapping and sampling of the Bleka Mine area
(0.5 km?). This includes both surface and subsurface
investigations.

2) Detailed mapping and sampling of the Espelid area.

3) Investigations of other known vein occurrences.

4) Reconnaissance for gold-bearing veins in unknown areas.

Due to the finding of a previously unrecognized vein swarm in
the Espelid area approximately half of the time was spent on
detailed investigations in this area.

The field work was coordinated with stream-sediment sampling
for gold in central Telemark conducted by B. Sieborg.

A total of 203 litho-samples (Appendix I) comprising 145 chip
samples (1-10 kg according to vein thickness) and 58 grab samp-
les (0.2-2 kg) were collected. Of these 193 have been analyzed
for gold and 57 for one or more associated elements (Bi-Ag-Cu-
Pb) (Appendix II).

Finally, two polished sections (one rock chip and one pan con-
centrate of ore) have been investigated ore microscopically.
We acknowledge the fruitfull discussions in the field with
P.A.Lindberg, F.D.Pedersen, L.Rasmussen, B.Sieborg and T.vVral-

stad.
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2. GEOLOGICAL SETTING.

In a reqional context the Bleka Fold area of central Telemark

belongs to the Southern Precambrian Province of Norway.This
province is bounded by the coast of Southern Norway to the
south, by the Cambro-Silurian of the Oslo Region to the east
and by overlying Cambrian autochton or Caledonian thrust nap-
pes to the north and northwest. Traditionally, the province
has been subdivided into : the Egersund Anorthosite Province
of Rogaland in the extreme southwest, the southern basement
gneisses with post-tectonic granites, the Kongsberg-Bamble
Complex along the eastern margin and the Telemark Supracrustal
Suite of the central area.

In a semi-regional context the geology of central Telemark is

dominated by the Proterozoic supracrustals of the Telemark Su-
pergroup which comprise an up to 7 km thick sequence of felsic
and mafic volcanics, quartzites, conglomerates, schists and
subordinate marbles. The supracrustals of the Telemark Super-
group have been divided into four groups : the Rjukan Group,
the Seljord Group, the Bandak Group and the Heddevatn Group.
The Rjukan Group (predominantly felsic and mafic volcanics -
up to 1000 m thick) and the Seljord Group (predominantly quart-
zites, conglomerates and schists - up to 4000 m thick) have
been folded and eroded before the deposition of the overlying
Bandak Group (dominated by a mixed sequence of felsic and ma-
fic volcanics and clastic sediments with subordinate calcare-
ous sediments - up to 2200 m). The western continuation of the
Bandak Group called the Bldbergas Group is conformably over-
lain by the Heddevatn Group (predominantly andesitic flows -
up to 3200 m) which comprises the youngest deposits of the
area.

Fig.2 shows a schematic representation of the stratigraphy

of the Telemark Supergroup.

The last registered major geological event was the intrusion
of a suite of postkinematic granitics during the period 1100-
850 ma. In the central Telemark area the granites are of calc-

alkaline affinity.
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Fig.2. Schematic representation of the stratigra-
phy of the Telemark Supergroup. From Pe-
dersen (1984).

A tentative scheme of the tectonic development of the central

Telemark area has been proposed by Pedersen (1984):

~ 800 ma. 8) Drag folding by late faults
7) Doming around granite diapirs
6) Folding around N-S axes
5)‘Granitization

non-linear 4) Deposition of the Bandak and Heddevatn
time scale Groups

3) Uplift and erosion
2) Folding around E-W to ENE-WSW axes

1) Deposition of the Rjukan and Seljord
~ 1650 ma. Groups

The summary description of the regional to semi-regional geo-
logical setting as outlined above is mainly based on a recent
comprehensive study by Pedersen (1984) who has interpreted

the geology and proposed some conceptual models for the South-

ern Precambrian Province.
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In a local context the geology of the investigated area of the

Bleka Fold is dominated by a prominent NNE-SSW trending anti-
clinal fold structure which in the core towards NNE exposes
felsic volcanics of the Tuddal Formation (Rjukan Group) and
at the flanks exposes quartzites and conglomerates of the Sel-
jord Quartzite (Seljord Group), schists of the Bondal Schist
(Seljord Group and calcareous schists of the Lauvhovd Schist
(Seljord Group) .Furthermore, the rocks of the Rjukan and Sel-
‘jord Groups have been intruded by thick mafic sills and dykes
which have been folded as well. Finally, minor granite intru-
sions occur in the area. A geological sketch map of the area
is shown in Fig.3.

A detailed description of the geology of the Bleka Fold area
is given by Svinndal (1952).

Seljord quartzite
[HII] Lauvhovd schist
Bondal schist
Tuddal Fm.

./ Espelid. A'

'Barstad;' . T

Fig.3. Geological sketch map of the Bleka Fold
area. Map mainly bases on Neumann and Dons’
map at scale 1:100,000 and on Svinndal
(1952).



3. RESULTS.

The investigations performed comprise in addition to a photo-
geological interpretation detailed field work in selected
areas as well as reconnaissance exploration throughout the
Bleka Fold area. The work was initially concentrated on in-
vestigations in the Bleka Mine area in order to achieve a
better understanding of the gold-bismuth bearing vein system,
but was later concentrated in the Espelid area due to the
finding of a significant vein swarm. The work is described
in the following order:

1) Lineament analysis of the Bleka Fold area.

2) The Bleka Mine area.

3) The Espelid area.

4) Investigations of other known vein occurrences.

5) Reconnaissance for Au-bearing veins in unknown

areas.

3.1. Lineament analysis of the Bleka Fold area.

Prior to field work a photogeological interpretation of the
area was carried out. The basis of this interpretation is a
series of air photos at scale 1:30,000 from Norsk Luftfoto og
Fjernmdling I/S (H76 1642 - Lines A-F).

A photomosaic was constructed and two types of lineaments -
major distinct lineaments and unspecified lineaments - were
interpreted. Furthermore, a few circular features were out-
lined. In addition to the lineament/circular feature interpre-
tation the amphibolite sills and dykes, which host the Au-Bi
veins, were provisionally outlined. This was possible in par-
ticular in the western part of the area where a lithologically
based vegetation difference is pronounced.

The lineament interpretation is biased in the way that more
subtle lineaments have been included from amphibolitic areas.
This is due to a hope that even the most insignificant linea-
ment could be a guide to 2 vein system.

The result of the interpretation is shown in the enclosed

Map 1 (scale~1:20,000) and in Fig.4 (scale~1:80,000).
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Tt is seen that the major distinct lineaments are represented

by three main directions:

a) appr. NW-SE
b) appr. NE-SW
c) appr. N-S




Including all interpreted lineaments the two directions -
NW-SE and NE-SW are the dominating ones with minor directions
NNW—SSE, NNE-SSW, E-W and N-S. This is in accordance with
mapped faults of the Telemark area (Sigmond et al., 1984) whe-
re in particular the NW-SE faults are prominent structural
features. Movement along the three prominent directions seems
to be sinistral for the NW-SE and N-S faults and dextral for
the NE-SW faults. The N-S faults are clearly the oldest fea-
tures as they are cut by both the NW-SE and the NE-SW fractu-
res. The NW-SE/NE-SW faults could be interpreted as a conju-
gate fracture system resulting from E-W compression contempo-
raneous with the N-S folding of the central Telemark area. If
this is to hold true it means that the level in the crust in
which the fracturing/shearing is observed was located some-
where close to the boundary zone between the ductile and the
brittle regime since the angle between the two fracture di-
rections in the plane of max stress is 60°-90° (Ramsay, 1980).
This means that the gold-bismuth bearing Bleka-type veins
which strike 40°-90° could be related to dextral shear faults
associated with E-W to ESE-WNW compression. In fact, as will
be demonstrated later this is the actual case.

However none of the more pronounced interpreted lineaments
(40°-90°) within amphibolitic terrain which were investiga-
ted in the field could be directly related to vein systems.
This is probably mainly due to the very low overall exposure
( 5%), but could as well be due to lack of relation as im-
plied by the known and newly discovered veins which do not
show up as lineaments on air photos.

In summary, it can be concluded that there is no direct rela-
tionship between interpreted lineaments and observed vein sy-
stems. However, the lineament analysis is a powerful means of
unraveling the structural evolution of the area and as such

an indirect guide to vein mineralization.

3.2. The Bleka Mine area.

The Bleka Mine area as defined by this investigation is out-
lined in the enclosed Map 2. It covers an area of approxi-
matelt % km? and includes the 1100 m known strike length

of the Bleka Main Vein System as well as associated veins.
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The area has been covered by both surface and subsurface in-
vestigations as outlined below.

The history of the mine and the previous work carried out is
reported by Vogt (1886, 1888), Kostke (1902), Wielgolaski
(1918), Bugge (1935), Horvarth (1943), Hake (1943a, 1943Db),
Lauer (1943), Svinndal (1952) and Pedersen (1984).The work by
Vogt and by Kostke is by far the most comprehensive and in
particular the early work of Vogt gives and exellent descrip-
tion of the geology of the mineralized veins. A summary of

the most important reported results is presented in Table 1.

The surface investigations carried out include mapping and

detailed sampling of the Bleka Main Vein System along the
known 1100 m strike length as well as mapping and detailed
chip sampling of associated veins. The main results of this
are presented in the enclosed Map 2. The area has been map-
ped at a scale of 1:1000 basecd on enlargement of 1:5000 maps
from Qkonomisk Kartverk. As the overall exposure of the am-
phibolite is as low as 5-10% probably only a small portion
of the existing veins and veirlets have been located in the
area (Vogt (1888) notes that appr. 20 veins were known in
the Bleka area). The trace of the Bleka Main Vein is only
mappable due to old trenching of the vein. Most of the other
veins indicated on the map were also located due to trenching
and blasting. As it is seen in Map 2 the Bleka Main Vein is
only exposed in a few localities (less than 10) otherwise co-
vered by filled-in material along the old trench or not ex-
posed. The vein is estimated to exhibit an average surface
thickness in the range of 20-25 cm over a total length of
more than one km. From the map it is obvious that a major
shift in orientation occurs along a 300 m long part cen-
tered around the old workings. This is probably due to the
convergence of two en echelon fractures. This point is fur-
ther elaborated in section 4. The mean orientation of the
vein is 71°/73°N (43 measurements) which is in accordance
with earlier results. Macroscopically, the main vein is a
quartz-tourmaline-ankerite vein with minor calcite, dolo-
mite, epidote, muscovite and chlorite. The ore minerals

which in general constitute around 1%, but occasionally up
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YEARS

ACTIVITIES

IMPORTANT NOTES AND RESULTS

REFERENCES

1880-1900

Mining

Small scale mining by Compagnie Francaise des Mines
de Bamble. No detailed report exists on the results
of the mining activity.

Excellent geological description of the veins.

Dons (1963)

Vogt (1886,1888)

1900-1935

Sporadic geologi-
cal investigations
and feasibility
studies.

Geology: The Bleka Main Vein is an irregular vein,
which has been followed along 1100 m’s length.The
average thickness - 35 cm and the average orien-
tation 74°/70°N. The vein often exhibits a banded
structure with tourmaline towards the margins and
carbonates in the centre. Late often cross-cut-
ting quartz veinlets carry bismuthinite and vi-
sible gold. There is clearly an intimate relation-
ship between bismuth and gold.

Mine data: In 1901 a total of 701 m of drifts ex-
isted. An estimate of the vein tonnage above mine
level 525 amount to appr. 50,000 t. A very tho-
rough sampling programme carried out in the mine
in 1901 totalling appr. 1800 kg of vein material
an split into several representative samples to-
talling 150-200 kg yields an average grade of the
undiluted vein of 25 ppm Au, 43 ppm Ag, 0.8% Bi
(a more realistic value according to the analysis
results is 0.3-0.4% - see Kostke) and 1l.4% Cu.
This average estimate is calculated on a tonnage
of 16,000 t of ore. Older analyses (1880-1890)
show the high grade nature of the vein as selec-
ted samples yield values in the range 50-700 ppm
Au (one sample - 5.3x! - possibly a sort of con-
centrate) and 100-2000 ppm Ag.

Kostke (1902)

A feasibility study in 1918 does not include any
important new information.

Wielgolaski (1918)

In a publication by Bugge an assay of a 12 kg
sample shows 14.5 ppm Au, 30 ppim Ag, 0.42% Bi
0.23x Pb and 275 ppin Cu. Bugge suggests that ga-
lenobismuthite is the main bismuth mineral of
the ore.

Bugge (1935)

1935-1939

Mining.

Mining was carried out by A/S Bleka Gruber. No
reports exist on this activity. According to Hal-
vor Johnsen Svartdal (personal communication,
1984) 40 t of ore concentrate (from jigging) we-
re send to Germany during this periocd. A shaft
was made 70 m down from from mine level 525
(drift F of Kostke (1902)) and three lower le-
vels were investigated. According to Halvor John-
sen Svartdal very low gold values were encoun-
tered.

Dons (1963)

1940-present

Feasibility
studies and
geologjcal
investigations

During the Second World War the Germans showed
renewed interest in the Bi-potential of the Ble-
ka Mine. A report by Horvarth includes a very
optimintlce oro eatimnte of 60,000 t with a gro-
de of 0.7% Bi, 0.6% Cu, 11 ppm Au and 40 ppm Ag.
Two reports by Lauer and Hake downgrades this
estimate drastically. Lauers geological inves-
tigations of the underground workings conclude
the following: the gold-bismuth mineralized
lenses (mainly the thicker parts of the veins)
within the Bleka Main Vein in general have a
strike length of 20-50 m with thin barren parts
inbetween. They are mainly composed of tourma-‘*
line and ankerite with only minor amounts of
quartz. From the description it seems as 1f the-
re is a distinct zonation with predominantly
quartz in the lower and western parts of the mi-
ne and predominantly tourmaline-ankerite in the
upper and eastern parts. The major stoped-out
lens of level 560-580 (drift B and A) and the
stoped-out lens of level 525 (drift F) are not
interconnected and thus represent individual
lenses. The inner part of the four major drifts
(A-B-C-F) are all very low grade with respect to
gold and bismuth.

Of the 615 m drift which could be investigated,
120 m were stoped out (the main ore lenses), 307
m were unmineralized (mainly developed as a very
thin veinlet or as a fault plane) and 190 m re-
presented a true, but thin vein without any vi-
sible gold and bismuth mineralization. This last
part representing approximately 200 m of weakly
mineralized vein was thoroughly sampled and
split into 37 representative samples (each repre-
senting from 3-10 m strike of vein). A total of
2.5 t of vein material was sampled. The samples
were crushed and split into 2-3 kg samples which
were analyzed at Kongsberg Silvermines for Au, Bi
and Cu. The average grade of this left-over part
of the vein system is 1 ppm Au, 400 ppm Bi and
0.25% Cu. The individual analyses and a sketch of
the mine with indicated sample points are shown
by Pedersen (1984 Fig.58). .

On the basis of this discouraging result no further
recommendations are made for the Bleka Mine by the
Germans.

Horvarth (1943)

Lauer (1943)
Hake (1943)

The work by Svinndal adds no new information on the
Bleka Mine, but mentions that pure tourmaline vein-
lets are found in the area.

Svinndal (1952)

Pedersen visited the mine on a reconnaissance basis
and stresses the potential of the mineralizationn
because of the steep dip of both the veins and the
anphibolite. Furthermore, prominent stream-sediment
anomalies of gold were outlined in the Bleka Fold
area.

Pedersen (1984)

Table 1.

Summary of the history of the Bleka

Mine.
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to several per cent, comprise chalcopyrite and pyrite with
subordinate bismuthinite, Bi-sulfosalts, gold, galena and
scheelite. The economically interesting minerals gold, bis-
muthinite and Bi—sulfosalts are in particular concentrated
in the eastern part of the vein, but the Bi-minerals are al-
so quite widespread in the Sverveli area in the westernmost
part (Map 2). Visible gold was only observed in two samples
(2110061 and 2110062) both originating in the central mine
area around drifts 560 and 580 (B + A according to Kostke
(1902)). The gold grains observed are up to 1 mm in the
greatest dimension and occur partly in late quartz veinlets
and partly intergrown with tourmalin-quartz, in both cases
associated with bismuthinite. Galena was only observed in the
Sverveli area where it occurs in both the main vein and in
adjoining feather veins. The Sverveli area is situated at

a level approximately 100 m higher than the main ore lenses
of the vein system and thus could represent a lower tempe-
rature ore assembly.

Pronounced hydrothermal alteration is associated with the
veins. This alteration has been thoroughly investigated by
Vogt (1888) who describes it as a zone of appr. 0.5 m’s thick-
ness on either side of the veins. Mineralogically, the am-
phibolite host rock increases its muscovite and calcite con-
tent towards the vein, whereas the hornblende and feldspar
content decreases. This results in an overall bleaching of
the rock towards the vein. Eventually, the altered amphibo-
lite is transformed into a quartz-muscovit-calcite rock.
Furthermore, development of idiomorphic pyrite cubes and
magnitite octahedrons as well as occasional tourmalinization
and ankeritization is a characteristic feature. Minor chal-
copyrite impregnation is locally developed. This progressive
hydrothermal alteration process is almost identical with
alteration phenomena described by Robert and Brown (1984)
who investigated gold-bearing guartz-tourmaline veins at the
Sigma Mine in Canada. Figs. 5-7 exemplify the progressive
alteration observed at the Sigma Mine. The processes observed
are virtually identical to those identified at Bleka. How-
ever, an important difference séems to be the distribution
of gold within the altered zones. At Sigma, gold enrichment
is associated with intense carbonatization in the zone of

visible alteration. At Bleka this has not yet been observed,
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UNALTERED ROCK

Fig.5. Schematic representation of distri-
bution of cryptic and visible alte-
ration zones around veins and strin-
gers at the Sigma Mine. Visible al-
teration may be absent and grade la-
terally to asymmetrical or to symme-
trical alteration envelopes. From

Robert and Brown (1984).
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Fig.6. Idealized semiquantitative distribu-
tion of minerals involved in cryptic

alteration. From Robert and Brown (1984).
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Fig.7. Idealized semiquantitative distribu-
tion of minerals involved in visible
alteration superimposed on cryptic
alteration. From Robert and Brown
(1984).

although several samples of the alteration zones have been
analyzed for gold. Fig.8 shows visible alteration around a
small Bleka-type vein.

The macroscopic appearance of the exposed main vein is shown
in Figs.9-12.

The other veins found in the Bleka Mine area are probably
all associated with the fracture system of the Bleka Main
Vein. Most of these veins occur within a short lateral dis-
tance (<100 m) from the main vein and are relatively thin
(2-20 cm). In only one of the veins visibly Bi-mineraliza-
tion was observed (sample 2110046 - Map 2) whereas the

rest mainly represent quartz-tourmaline veins with minor

pyrite and chalcopyrite.



Fig.8. Visible alteration (bleaching) around
a small Bleka-type vein. Locality clo- -
se to sample 2110046 (Map 2).

Fig.9. Outcropping 10-20 cm thick Bleka Main
Vein at the entrance to mine level 530.
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Fig.1l0. Outcropping 20-30 cm thick Bleka Main
Vein close to the shaft level 595.
Contains locally abundant Bi-Au mine-

ralization.

Fig.ll. 30 cm thick Bleka Main Vein at the

entrance to mine level 560. Mainly

composed of ankerite and tourmaline.
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Fig.12. 10 cm thick vein of the Bleka Main

Vein System close to mine entrance

550. Swelling of the vein due to dex-

tral shear movement is evident.

The subsurface investigations carried out include inspec-

tion of approximately 300 m of accessible drifts and samp-
ling of selected vein sections. Only mine levels 610, 560,
550 and 525 were accessible for inspection. The results of
the inspection are in good agreement with those of Kostke
(1902) and Lauer (1943) (see Table 1). As could be expoun-
ded from Lauers descriptions there is a distinct zonation
with predominantly quartz in the lower and western parts
of the mine and predominantly tourmaline-ankerite in the
upper and eastern parts. Figs.13-15 exemplify this.

In the upper mine levels the vein often exhibits a banded
appearance with tourmaline rimming ankerite (Fig.l15).

No visible gold mineralization and only very minor visible
bismuth mineralization was observed in the mine. However,
the stoped areas were not accessible thus only the poor-
ly deleloped and weakly mineralized vein sections could

be investigated.
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Fig.13. One metre thick quartz-tourmaline
vein from stoped area of level 525
(drift F). Note internal Riedel shear

.-ﬂl

A planes with tourmaline and sulphides.
‘ The shear planes are a result of dex-
! tral shear movement and the seeming
‘. sinistral appearance is because the

photo is taken of a roof exposure.

Fig.l4. 30-50 cm thick tourmaline-ankerite

vein with with late quartz veinlets.
From the upper mine level 610 (drift O



Fig.l5. Quartz-ankerite-tourmaline vein
from mine level 560 (drift B).

Note rimming tourmaline around

ankerite veinlets.

Structurally, the vein is complex. It pinches and swells o-
ver short distances and locally disappears laterally into

a 5-10 cm mylonitic fault plane with abundant chlorite and
calcite. The shear movement associated with the vein emplace-
ment is clearly dextral (Figs.l16-17) and a detailed study of
the geometry of the feather joints demonstrates that shear
faulting took place within the brittle-ductile shear regime
(Fig.17).



Fig.l6. Major system of pinnate calcite veinlets associated

with the Bleka Main Vein. The measured strike of the
Bleka vein is 50° and the strike of the joints is
85° - indicative of dextral shear. From mine level
560 (drift B). Photo from roof exposure.

Minor system of calcite veinlets associated with
the Bleka Main Vein. Exemplifies dextral shear
within a brittle-ductile shear regime. The seeming
sinistral appearance is because the photo is taken

of a roof exposure. From mine level 560 (drift B).
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Ore microscopy. Only two polished sections have been prepared

and investigated. Prior to the field work a section was pre-
pared from litho-sample 020107A (Pedersen, 1984) with a gold
content of 72.7 ppm (average of four analyses). The primary
ore minerals identified include chalcopyrite and bismuthinite
(both intergrown with cpy and as isolated grains) and sub-
ordinate pyrite, sphalerite, rutile and native gold. Only two
small (lo-20 u) grains of gold were found isolated in micro-
fractures in quartz. The observed amount of gold only corre-
sponds to a gold content of 1-2 ppm and clearly illustrates
the nugget effect of the Bleka vein mineralization even on

a small scale.

A polished section of a highgraded pan concentrate of crushed
ore from the jigging table of the old milling plant has also
been prepared. The ore minerals identified include the major
constituents native gold, bismuthinite and native bismuth and
subordinate chalcopyrite, pyrite, Bi-sulfosalts (cosalite?,
aikinite?, galenobismuthite?, emplectite?), maldonite?, bor-
nite and galena? (probably galena with a high Bi-Ag content) .
In addition, a UV-light examination showed a high content of
scheelite.

Native gold occurs mostly as anhedral grains and aggregates
(Figs.18-19), but subhedral and euhedral crystals occur as
well (Figs.20-23). The observed grain size (of single grains
or aggregates) varies considerably from <10 p up to 2.5 mm.
The luminous golden yellow colour of the gold also varies
considerably (Figs.18, 19 and 27) indicative of a great va-
riation in the silver content. A few more reddish gold grains
could be indicative for a high bismuth content. Gold is ob-
served intergrown with native bismuth (Figs.20-23), with bis-
muthinite and or Bi-sulfosalts (Figs.24-26), with chalcopy-
rite (Fig.26), with maldonite? (Fig.21l), with Bi-bearing ga-
lena? and with tourmaline (Fig.27). A genetically very inter-
estigggzs the common coarse myrmekitic intergrowth between
gold and bismuth (Figs.20-21). The probable occurrence of.
maldonite (Au,Bi) associated with the myrmekitic intergrowth
is limited to a narrow margin within the high temperature
range (Ramdohr, 1980). This texture is observed at the clas-
sical occurrence of maldonite (Maldon Mine, Australia) which

is a very high temperature gold-quartz vein.



Fig.1l8. Photomicrograph showing anhedral gold grains.
Varying Ag-content is reflected by the colour

differences. 0il immersion. Bar scale 0.1 mm.

Fig.19. Photomicrograph showing anhedral-subhedral gold
grains. Varying Ag-content is reflected by the
colour differences. Native bismuth and bismuthi-
nite occur as well. Oil immersion. Bar scale 0.1

mm.
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Fig.20. Photomicrograph showing myrmekitic intergrowth
between native gold and native bismuth. 0Oil im-

mersion. Largest dimension of grain - 0.3 mm.

Fig.2l. Photomicrograph showing myrmekitic intergrowth
between native gold, native bismuth and maldo-
nite? (bluish). 0il immersion. Largest dimen-

sion of grain - 0.2 mm.
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Fig.22. Photomicrograph showing aggregate with euhedral
gold dodecahedron and native bismuth crystal
with "feathers". 0Oil immersion. Largest dimen-

sion of gold crystal - 0.1 mm.

Fig.23. Enlargement of part of Fig.22. Euhedral gold
dodecahedron with trapped bismuth droplets.
0il immersion. Largest dimension of gold cry-
stal - 0.1 mm.
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Fig.24. Photomicrograph showing intergrown gold and
bismuthinite. 0il immersion. Size of gold

grain 0.2-0.5 mm.

Fig.25. Photomicrograph showing intergrown gold, bis-
muthinite and Bi-sulfosalts. 0il immersion.

Size of gold grain 0.1-0.5 mm.



-25-

Fig.26. Photomicrograph showing intergrown gold, bis-
muthinite and chalcopyrite. Oil immersion.

Size of gold grain 0.2:0.5 mm.

Fig.27. Photomicrograph showing gold with inclusions of
tourmaline. Note varying Ag-content of the two
major gold grains. Oil immersion. Size of major

gold grain 0.2°0.4 mm.
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The occurrence of native bismuth and maldonite (?) and the -
intimate myrmekitic intergrowth with gold has not been re-

ported elsewhere. However, the intimate relationship between
gold and bismuth minerals reported as early as 1886 is fur-

ther supported by this preliminary microscopic investigation.

Analysis results.

In summary, the old analyses indicate the following undi-

luted grades:

High grade ore lenses ( - 10,000 t) :
Au - 25 ppm
Ag - 43 ppm
Bi - 0.4 %
Cu - 1.4 %
Low grade vein mineralization ( - 15000 t) :
Au - 1l ppm
Ag - -
Bi - 400 ppm

Cu - 0.25 %

Geochemically, this means that the Bleka Vein is a bismuth-
gold vein as indicated by the following enrichment factors

for the high-grade lenses:

Enrichment factor Element
500,000 Bi
10,000 Au
500 Ag-Cu
10-100 W-Pb-Zn

The analysis results of grab and chip samples from both
surface and subsurface investigations are presented in
Appendix II and the gold analyses are plotted in the enclo-
sed Map 2. Analysis of selected samples from the Bleka Main
Vein confirms the mapping results. Only samples from the
central mine area have high gold contents (up to 94 ppm)
whereas samples from outside this area only show gold values
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in the range of < 20 ppb to 1.7 ppm. Besides gold, interes-
ting Ag-values are encountered in sample 2110061 (> 250 ppm)
of the mine area, but in particular the western (and higher)
area around Sverveli exhibits interesting silver values

(100- > 250 ppm). Silver is clearly associated with high

lead and bismuth values and is probably contained within
galena (in particular in the Sverveli area) and in Bi-sulfo-
salts (e.g. sample 2110001).

In general, bismuth seems to be a much more efficient element
in delineating mineralized vein systems than gold. Most of
the veins analyzed for both gold and bismuth in the Bleka area
show distinct bismuth enrichment (10-100 ppm) without any
detectable gold ( < 10-20 ppb). This means that the bismuth
halo within the vein system is much more pronounced and ex-
tensive than that of gold. Thus, Bleka-type veins of the fold
area should preferably be analyzed for both gold and bismuth
and any encountered bismuth anomalies without gold would pro-

bably be indicative for a close gold-bismuth mineralization.

3.3. The Espelid area.

The Espelid area is outlined in Fig.l and in the enclosed
Map 3. It covers an area of approximately 3/4 km? from the
Espelid Farm in the NW to just north of Livsengasen in the
SE and is situated from 2-3} km NNW of the Bleka Mine. Geo-
logically, the setting is similar to that of the Bleka area
exept for one important difference - the Bleka area is situ-
ated close to the axis of the fold whereas the Espelid area
is located at the western limb of the fold. This means that
the 40°-90° striking veins of the area are virtually perpen-
dicular to the strike of the amphibolite sill (Fig.28). Fur-
thermore, the thickness of the sill is only half of that ob-
served in the Bleka area where it reaches a max thickness a-
round 1000 m. This may partly be a result of primary vari-
ation in thickness and partly a result of boudinage which may
also have effected the degree of dilation in the Espelid
area (Fig.28). However, the steep dip of both the veins and
the amphibolite sill makes room for a significant tonnage at
depth.
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The area was investigated on a reconnaissance basis partly
due to an old (1880) Cu-bearing quartz vein occurrence (Es-
pelid) and partly due to stream sediment anomalies of Au-Bi-
Pb-Zn-Co reported by Pedersen (1984).

The o0ld trenching which seemed to have been left untouched
for a great many years occurs approximately 500 m SE of the
Espelid Farm and only 25 m N of the Nystaul saeter cottage.
The occurrence is exemplified by samples 2110033-36 on the
enclosed Map 3. The Espelid veins seem to be part of a major
vein swarm identified during reconnaissance exploration of
the area. Due to this encouraging find the area was mapped
at scale 1:1000 (based on enlargement of 1:5000 maps from
@konomisk Kartverk) and the results of this are presented

in the enclosed Map 3. As it is seen in Fig.28 and in Map 3
an area of 1000°500 = % km? contains in the order of 10 veins
with locally more than % m’s thickness (max observed thick-
ness = 2 m - Fig.29), 20 veins with a max thickness of 10-50
cm and a greater number of veins with max thickness of 1-10
cm. The veins are assumed to have a strike length of 400-500
m which is the approximate thickness of the sill. One of the
major veins (samples 2110116-133, Map.-3 - Fig.30) could be
followed more or less continuously over 250 m laterally and
75 m vertically with an average thickness of 75 cm. Due to
the very low exposure (~ 5%) of the amphibolite the estimated
amount of veins and the length of these is very uncertain,
but it is assumed that additional medium sized veins occur
in the area. In general, the size of the hydrothermal vein
system indicates an overall dilation much greater than obser-
ved elsewhere in the Bleka Fold area.

The veins are very similar to those of the Bleka mine area.
The average orientation of the veins is 68°/78°N (average of
141 measurements - standard deviation of strike = 15°) with
most of the veins striking 40°-90°. The veins consist predo-
minantly of gquartz and tourmaline with varying amounts of
ankerite-sericite-pyrite and locally chalcopyrite (Figs.31-
32). In general, the overall sulphide content is lower than
in the Bleka Main Vein. Pronounced hydrothermal alteration
similar to that described from Bleka is ubiquitous.
Characteristically, evidence of dextral shear movements are
found throughout the vein swarm. As seen in Fig.34 much of
the observed shear movement is lateral due to the frequent
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Quartz-tourmaline vein -
\\ observed . inferred. Max. thickness » 0.5m

- \ -
- — \ - —n 10-50 cm
- L \

.t

. . . \
~ \\ Lineament interpreted from air photo
- g \ .

Quartzite Quartzite

Fig.28. Simplified sketch of the Espelid vein swarm.

occurrence of horizontal slickensides. The dextral nature of
the shear movement is seen as widespread feather or pinnate
veins (Figs.35-37).

Due to the great similarity with the veins of the Bleka Mine
area a detailed chip sampling programme was carried out cove-
ring almost all outcrops of veins with a thickness greater
than five cm. The locations of the sampled outcrops are all
shown on Map 3. More than 110 chip samples (1-10 kg according
to vein thickness) and supplementary grab samples were col-

lected. All of these samples have been analyzed for gold and
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Fig.29. Up to 2 m thick
quartz-tourmali-
ne vein of the
Espelid Vein
Swarm. Sample
2110231 - Map 3

Fig.30. 1% m thick quartz-
tourmaline vein
of the Espelid
Vein Swarm. Sam-
ple 2110121 -
Map 3.



i \‘ Fig.31l. Close-up of 30 cm thick guartz-tourmaline vein
' with abundant pyrite. From the Espelid Vein Swarm.
I Sample 2110105 - Map 3.

Fig.32. Close-up of a
10 cm thick quartz
tourmaline-ankeri-
te vein with py-
rite-chalcopyrite
and probably Bi-
sulfosalts. From
the Espelid Vein
Swarm. Samples
2110141 and
2110201-202.
Note wrong sam-

ple number.




Fig.33. Thin tourmaline vein in amphibolite in the
northern part of the Espelid Vein Swarm where

these are quite widespread.

Fig.34. %¥ m thick quartz-tourmaline vein with pronounced
horizontal slickensides. From the southern part
of the Espelid Vein Swarm. Sample 2110220 - Map 3.



Fig.35.

Fig.36.
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10 cm thick quartz-
tourmaline vein
with adjoining
feather veins in-
dicative of dex-
tral shear. From
the Nystaul occur-
rence. Sample
2110038 - Map 3.

80 cm thick quartz
tourmaline vein
with feather veins
indicative of dex-
tral shear. From
the Espelid Vein
Swarm. Sample
2110228 - Map 3.
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Fig.37. 25 cm thick quartz-tourmaline vein with feather
veins indicative of dextral shear. From the Es-
pelid Vein Swarm. Samples 2110237-238 - Map 3.

approximately 20 samples for the additional elements Bi-Ag-

Cu-Pb.
The analyvsis results indicate that a Au-Bi anomalous area

covering %-% = 1/4 km? occurs around Nystaul-Reiustaulhaugen
(Map 3). Although the values are low compared with the con-
tents of the Bleka Main Vein a distinct enrichment in both
gold (20-210 ppb) and bismuth (2-144 ppm) is observed. Sam-
ples from outside this area are low in both elements. Also
lead seems to be relatively enriched, whereas copper does

not show any particular enrichment in this area.
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Or the basis of these results it is suggested that the gold-
bismuth enrichment represents a halo-phenomena to a deeper-
lying gold-bismuth mineralization. The low Au-Bi contents
observed in the SE part of the vein swarm do not necessarily
imply barren vein mineralization, but could as well be a re-

sult of even deeper Au-Bi mineralization.

3.4, Investigations of other known vein occurrences.

Berstad.

The location of the Barstad occurrence is shown in Fig.l.
More precisely the old drift is located 150 m NW of the
farm Barstad evre close to the stream at 550 masl (samp-
les 2110010-12 - Sample Map 5). The entrance to the drift
is seen in Fig 38.

Fig.38. Entrance to the 15 m drift at the Barstad

occurrence.
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The geological setting is similar to that of Bleka and Es-
pelid.

The drift was investigated all along the 15 m length. The
vein which is oriented 90°/60°N is locally up to 60 cm thick,
but the average is much lower. It consist of quartz, tourma-
line (locally very rich with up to 2 cm long crystals) and
ankerite with subordinate pyrite, chalcopyrite and possibly
bismuthinite. According to Kostke (1902) later quartz vein-
lets with bismuthinite and visible gold was observed during
drifting. This was not observed neither in the tunnel nor in
mineralized vein samples of the old dump. At the end of the
drift the vein is displaced by a 145" fault.

Two chip samples and one grab sample were collected at the
occurrence. Analyses show gold (up to 30 ppb) and bismuth

(up to 12 ppm) enrichment.

Blengsdalen.

The location of the Blengsdalen occurrence is shown in Fig.l.
More precisely two different veins (150 m apart) have been
trenched and blasted over a composite length of 50-100 m.

The southern vein is located close to the Blengsdalen farm

and is exposed in the small road between the lower -and the

upper buildings whereas the northern vein is located 150 m

NNW of the main building. According to Vogt (1888) the occur-
rence was discovered in 1884 and tested in 1896.

The geological setting is slightly different from the Bleka
area. The amphibolite sill hosting the veins (the Kasin am-
phibolite according to Svinndal,1952) is only 100-200 m thick
and has intruded the Lauvhovd limey quartz schists, whereas
the Bleka amphibolite has intruded the quartzites. However, the
Kasin amphibolite host is just a higher level sill of the Bleka
amphibolite (Fig.3).

The northern vein has been trenched and blasted over a length

of 50-60 m. Only very limited exposure is seen. The vein is
oriented 70°/subvertical S and consists of quartz and ankerite
with minor tourmaline, chalcopyrite, pyrite and bismuthinite.
Pronounced hydrothermal wall rock alteration occurs. The vein
probably pinches and swells over short distances and at the
southern end a width of one metre was measured. One bulk chip
sample of both visibly mineralized and unmineralized chips



£

o

37~

was collected from the old dump. Further, two mineralized grab
samples were collected. The analysis results indicate surpri-
singly high gold contents. The two grab samples have gold va-
lues of 103 ppm and 1.8 ppm respectively whereas the bulk chip
sample shows 0.31 ppm Au, 84 ppm Bi, 0.28% Cu and 3 ppm Ag.

The southern vein has been blasted at several locations over

a length of 50-75 m. The vein is very irregular and has an
average orientation of 70°/ subvertical. In the road cut the
vein has a thickness of 20 cm and consists of quartz, tourma-
line and ankerite with pyrite, chalcopyrite and bismuthinite
(or Bi-sulfosalts). The wall rock alteration is very pronoun-
ced with extensive brecciation and bleaching as well as pyrite
and chalcopyrite impregnation. A chip sample of the vein ex-
hibits raised values of gold (60 ppb) and bismuth (5 ppm). A
chip sample of the hydrothermally altered zone also shows rai-

sed values of gold (30 ppb) ané bismuth (30 ppm).

The area just west of Blengsdalen was also investigated on a
reconnaissance basis. The area mainly consists of quartzitic
and arkosic rocks, but an amphibolite dyke or sill has intru-
ded the sediments. A minor area with widespread quartz-tour-
maline-ankerite-pyrite veinlets was located (samples 2110073-
74 - Sample Map 2). Analysis of these showed no gold enrich-
ment. 200 m NE of this area abundant boulders of quartz-tour-
maline veins (2-5 cm) were located (sample 2110075 - Sample
Map 2). Analysis of these shows a content of 0.1 ppm Au, 7 ppm
Bi, 3 ppm Ag and 620 ppm Cu.

Giuv.

The location of the Gjuv Mine (occurrence) is shown in Fig.l.
More precisely the old drift is located 100 m SE of the farm
nedre Gjuv (sample 2110003 - Szmple Map 10). According to

Dons (1963), the occurrence was found before 1862. It has been
described by Bagstevold (1918), Busvold (1919), Dokken (1943)
and Pedersen (1984). In summary, the old workings (Fig.39) con-
sist of an open pit with a lower 50 m long drift. The quartz-
tourmaline-calcite veins have reported orientations of 0°-20°/
subvertical, 135°/weakly NE dip and 90°/30°-40°N which seems
to reflect a complex vein pattern. The N-S veins seem to be
the Thickest ( > 1 m) whereas the NW-SE veins (up to four pa-
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Fig.39. The mine dump and old workings of Gjuv.

rallel veins (~30 cm) over a width of 15 m) seem to be thin-
ner. The ore minerals are mainly bismuthinite and associated
Bi-sulfosalts (cosalite, galenobismuthite etc.) and subordi-
nate chalcopyrite, pyrite and gold. Pronounced hydrothermal
wall rock alteration of the amphibolite similar to that of
Bleka occurs.

The grade of the ore lenses seems to be 1-2% Bi, 5-10 ppm Au
and minor Pb-Cu-Ag-Te. All of the mined vein ore has been
thoroughly hand sorted and a total of 5-10 t of concentrated
ore have been produced. This should amount to 300-500 kg of
bismuth.

The veins all occur in a 100 m thick amphibolite (the Kasin
amphibolite) occurring parallel to and at a level above the
Bleka amphibolite. It is possible that the complex vein pat-
tern is a result of the position close to a major fault.

The old workings are now more or less inaccessible, thus on-

ly a single grab sample from the mine dump was collected.

It contains 0.16% Bi and 19 ppb Au.
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3.5. Reconnaissance for Au-bearing veins in unknown areas.

Reconnaissance exploration for Bleka-type veins was also
carried out in the Bleka amphibolite outside areas with
known vein mineralization. The reconnaissance was mainly
concentrated in areas with stream-sediment anomalies or in
important lineament areas. A more or less continous area of

the Bleka amphibolite stretching from Skjesvatn in the NW to

Hjartdal in the SE was traversed. In addition to the known vein

occurrences, Bleka-type quartz-tourmaline veins were found in
the area between Barstad and Bleka (Steinsruddalen - samples
2110083-85 - Sample Map 5), NE of Bleka (Ormemyre - sample

2110088 - Sample Map 6), in the area between Sverveli and Hjart-

dal (Molledammen - sample 2110226 - Sample Map 2 and Vreste-
bakken - sample 2110225 - Sample Map 6), in the Hjartdal area
and in the Blengsdalen area west of the known occurrences. On-
ly the veins of Ormemyre and Steinsruddalen are of important
size. At Steinsruddalen a 20 cm thick quartz-tourmaline vein
(55°/70°N) composed of quartz, very abundant tourmaline minor
ankerite, pyrite and chalcopyrite is located. Very pronounced
brecciation with quartz fragments in a tourmaline matrix as
well as very strong hydrothermal wall rock alteration is ob-
served.

Only the veins west of Blengsdalen are enriched in gold (0.1
ppm) .

Apart from samples of Bleka-type veins, sampling of a major
altered mylonite zone in the Bleka amphibolite at Brekka ytre
in Ambjerndalen was performed. The mylonite zone which is 50-
100 m wide and of unknown strike length exhibits pronounced
epidotization, chloritization, calcite vening and pyrite im-
pregnation. Bulk chip samples show low to raised gold con-
tents (up to 29 ppb).

Reconnaissance for gold mineralization was also carried out

in areas of acid volcanics and metasediments. No interesting

alteration or mineralization was observed in the acid volca-
nics and no Bleka-type veins were seen in the metasediments.
However, several quartz veins were chip sampled. Only one of

the veins has gold values above the detection limit of 20 ppb.
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This vein which has a gold content of 0.35 ppm is a 40 cm thick
quartz vein with minor hematite. It occurs in quartzite and
could be followed over more than 25 m (both ends open). It

is located at Kisastul north of Hjartdal (sample 2110017 -
Sample Map 8).

4, DISCUSSION OF RESULTS.

The gold-bismuth veins of the Bleka Fold area occur geological-
ly in a setting similar to known gold producing areas of the
world. Some of the gold mines (e.g. the Sigma Mine) of the

val d’Or district, Abitibi Greenstone Belt of Canada are good
examples as they are very similar to the Bleka-type veins.

The results of this investigation strongly indicate that all

of the known occurrences of the Bleka Fold area (Bleka,Barstad,
Nystaul, Blengsdalen and Gjuv) and the newly discovered Espelid
vein swarm have a common ore genesis.

On the basis of the results from detailed investigations of the

Bleka Mine area and the Espelid area a conceptual model for the

Bleka-type veins of the Bleka Fold area is proposed (Fig.40).
During the Sweconorwegian orogeny, which was the last to affect
the rocks of the Telemark area, the host rocks of the veins were
tectonically deformed and metamorphosed to the amphibolite fa-
cies whereas the mineralized veins have not been subject to
pervasive postore deformation and metamorphism. Thus, the veins
were emplaced late in the geological history of the region.

As seen in Fig.40A the late folding around N-S to NNE-SSW axes
in the area is a result of E-W to ESE-WNW max compression.
Assuming a level of the crust located somewhere close to the
boundary zone between the ductile and the brittle regime (brit-
tle-ductile regime) which is indicated by mapped tectonic
structures (e.g.Fig.l7) and by the metamorphic grade, a con-
jugate fracture system with an angle of 60°-90° would develop.
Actually, the lineament analysis shows a set of prominent

~ NE-SW and ~ NW-SE fractures to be present. The observed mo-
vement along the two prominent directions are also in agree-
ment with the teoretical movements resulting from ESE-WNW com-

pression. The NW-SE sinistral faults are the better developed
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of the two con:iugate fault directions in the central Telemark
area and thus have taken up most of the shear movement. How-
ever, as seen in Fig.40B gold-bismuth bearing quartz-tourma-
line-carbonate veins have been emplaced along the 65°-striking
dextral shear zones (faults) where these intersect the mafic
sills and dykes of the area. Bleka-type veins have not been
located outside the amphibolites.
The individual dextral shear zones may be developed as shown
in Fig.40B consisting of merging vein segments (fracture seg-
ments). From an economic point of view these areas of merging
are very attractive because max tension and dilation occurs
in these zones. A very strong support for this is seen in the
enclosed Map 2 which shows the Bleka Main Vein System. It is
evident that t-e major ore lenses occur in an area of merging
between two en echelon veins. No significant gold-bismuth mi-
neralization is observed outside this 300-75 m? surface area.
Assuming a dep:th of 150 m this implies that individual rock
volumes potential for hosting high grade ore lenses are es-
timated to be in the order of 10 mill. t. Surface investiga-
tions indicate dilation in these zones in the order of 1-2%.
In a more deta:led scale (Fig.40C) the veins may exhibit pro-
nounced pinch znd swell structures and very characteristic
feather fractures arranged parallel to max compression (1007)
and perpendicular to max tension (Figs.35-37) . These phenome-
na are a resul:t of a slightly irregular fault plane and a shear
movement in the brittle-ductile regime. As indicated, the shear
movement is clearly dextral.
On a very deta:led scale (Fig.40D) it can be observed how in-
ternal Riedel shear planes often expressed as tourmaline-
sulphide veinlets occur in the main quartz vein (Fig.13) . Teo-
retically, a set of late tension gashes should be developed.
From the old reports of Kostke (1902) and Lauer (1943) it can
be concluded that their observations on late cross-cutting
quartz veins with visible gold and Bi-minerals can be related
to these tensicn gashes. Other evidense of this is observed
locally as oper space filling of quartz crystass.
Pronounced hydrothermal alteration envelopes (Fig.40D) are de-
veloped througrnout the area. Mineralogically, the amphibolite
host rock incrsases its muscovite and calcite content towards

the vein, whersas the hornblende and feldspar content decreases.
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This results in an overall bleaching of the rock towards the
vein and eventually, the altered amphibolite is transformed
into a quartz-muscovite-calcite rock (Figs.5-8). This is in-
dicative of percolating hydrothermal solutions causing the
precipitation of the Au-Bi bearing quartz-tourmaline-carbona-
te veins in areas of max dilation. The mineral assembly of

the veins: guartz-tourmaline-ankerite and subordinate calcite-
dolomite-muscovite-epidote-chlorite-chalcopyrite-pyrite-bis-
muthinite-Bi-sulfosalts (cosalite?, galenobismuthite?, aiki-
nite?, emplectite?)-native bismuth-native gold-maldonite?-
bornite-galena-scheelite is indicative of a high temperature
hydrothermal mineralization. In particular the symplectic
intergrowths of gold and bismuth and the occurrence of mal-
donite indicate this. Zoning is observed both laterally and
vertically. The lateral zoning is characterized by enrichment
of tourmaline, carbonates and gold-bismuth minerals in the
zones of merging (Fig.40B) and predominantly quartz with sub-
ordinate tourmaline and pyrite in veins outside these areas of
max dilation. Vertical zoning is probably observed as intro-
duction of galena at higher levels (Sverveli). The present
relative levels of the known occurrences are so that the Espe-
1id vein swarm occurs appr. 200 m above Bleka and Barstad and
300 m above Gjuv and Blengsdalen. As the veins were emplaced
during the last period of major tectonic movements and assu-
ming no later tilting there is reason to believe that the Es-
pelid vein swarm contains Au-Bi mineralization at depth. This
is further supported by the local enrichment of both elements
which is interpreted as a halo phenomena.

The high temperature nature of the veins is probably due to
underlying granite(s) which is exposed locally (Fjellstadfjell
Granite N of Gjuv and a small granite plug SW of Bleka).

Thus, the location of the Bleka-type veins is a result of re-
gional tectonics combined with favorable host rock lithology
(amphibolite) whereas the high temperature nature and to some
degree the mineral assembly is controlled by underlying in-

trusions.
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Impact on further exploration.

On a local scale the establishment of the conceptual model
implies that zones of merging or other areas of max dilation
are the main targets for gold-bismuth exploration. In the Ble-
ka area one such zone (300-75 m? surface area) has already
been outlined. The area just north of Sverveli could also re-
present the one end of such a zone, but this would have to be
investigated in more detail. In the Espelid area which exhi-
bits a large overall dilation the low exposure (5%) impedes
detailed investigations. However, two areas ( A - around sam-
ples 2110091-93, 95-98 and 100-115 and B - around samples
2110231-244 - Map 3) might represent zones of merging frac-
ture segments.

Another impact on further exploration is the rekognized Bi-

halo. This means that future samples should be analyzed for

‘both gold and bismuth.

On a larger scale it should also be noted that the Bleka-type
veins seem to have a low, but widespread scheelite content.
This seems to hold true for many gold-quartz veins in green-
stones (e.g. Sigma Mine, Canada and Zdelfors, Sweden). The
occurrence of scheelite in particular in pan concentrates
from areas of volcanic rocks should be checked for gold-
quartz veins. This is as relevant for other areas in Norway
as for the Telemark area.

Another point of interest is the result of the 1984 stream
sediment sampling programme in central Telemark. In an area
covering appr. 600 km?, 85% of the significant gold anomalies
( > 50 ppb) occur within a belt covering only 15% of the area.
This belt which seems to be 5-10 km wide and has a strike si-
milar to that of the Bleka veins runs from the Espelid-Bleka-
Blengsdalen area in the SW to beyond Gjuv in the NE. The sig-
nificance of this anomalous belt is uncertain, however, on a
very large scale it could be postulated (mainly from inter-
pretation of the 1:1,000,000 geological map) that a major
fracture zone stretches all across the Southern Precambrian
Province from the Stavanger area over Bykle-Dalen-Bleka-Kongs-
berg to the Oslo Rift and acted as a major channelway for hy-
drothermal solutions. However, this postulate is by no means

supported by further investigations.
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Economic potential.

The inferred reserves and metal productions from both the

Bleka and the Gjuv Mines are small. The inferred original ore
reserve of the Bleka Mine amounts to 50,000 t of vein material
with a grade of 5 ppm gold or a diluted ore reserve of 250,000
t with 1 ppm gold. This includes a high grade part of~ 10,000 t
with 25 ppm, 15,000 t with 1 ppm and 25,000 t with appr. 0.1
ppm. Metal production includes 125 kg Au, 225 kg Ag, 20 t Bi

and 70 t Cu from the early production period before year 1900

and 40 kg Au, 80 kg Ag, 6 t Bi and 10 t Cu from the 1935-39
production period.
Total metal production from~ 7000 t of vein material:

Au - 165 kg
Ag - 300 kg
Bi - 25 t
Cu - 80t

The figures for the Gjuv Mine are much more speculative, but
only amount to 0.3-0.5 t of bismuth produced.

However, the actual economic potential is considered much

better for the following reasons:

a) the Bleka—type veins are kown to contain ore lenses
with very attractive grades - 25 ppm Au, 0.5% Bi,
45 ppm Ag and 1.5% Cu.

b) known ore lenses occur in areas of merging between
en echelon veins where max dilation occurred. The
bulk volume of such zones is estimated
to be in the order of 3-5 mill m® = 10-15 mill t and
no drilling has been performed.

c) the located Espelid vein swarm represents a much lar-
ger hydrothermal system than the Bleka Main Vein Sy-
stem and exhibits a high overall dilation. 5-10 of
the mapped veins exhibit average thicknesses of up to
three times larger than the Bleka Vein. Assuming a
similar grade the expected size of potential indivi-
dual ore lenses of the Espelid vein swarm would be
50,000-100,000 t.
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bismuth and gold enrichment is observed locally with-
in the Espelid vein swarm. This is believed to repre-
sent a halo phenomena from deeper-lying mineraliza-
tion.

assuming the observed high grade and minable widths
for the ore lenses an ore reserve of only 150,000~
200,000 t would be sufficient for a profitable small
scale mining project (total revenue - 300-400 mill
1984-NoK) .
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ROCK SAMPLE DESCRIPTION LIST :

2110001

2110002

2110003

2110004

2110005

2110006

2110007

2110008

2110009

2110010

2110011

2110012

2110013

2110014

2110015

2110016

2110017

2110018

2110019

Hydrothermally altered amphibolite with coarse-grained calcite/
ankerite veinlets with bismuthinite,chalcopyrite and pyrite.
From Bleka main vein at Sverveli.

Quartz vein with abundant chalcopyrite and minor pyrite and
bismuthinite.Chlorite bearing.From upper Bleka mine dump.

Quartz vein with pyrite and bismuthinite.Slickensides.
From main mine dump at Gjuv.

Quartz-ankerite vein with chalcopyrite,pyrite and bismuthinite.
Chip sample from mine dump at Blengsdalen occurrence.

Quartz vein with chalcopyrite and minor pyrite and bismuthinite.
From mine dump at Blengsdalen occurrence.

Quartz-ankerite vein with chaleopyrite,pyrite and bismuthinite.
From mine dump at Blengsdalen occurrence.

Quartz-ankerite-tourmaline vein with pyrite-chalcopyrite-bismuthi-

nite.Rich ore from dump at Bleka.

Quartz-ankerite vein with pyrite-chalcopyrite-bismuthinite.
Rich ore from dump at Bleka.

Quartz-carbonate vein with pyrite-chalcopyrite-bismuthinite?
Rich ore from dump at Bleka.

Quartz-tourmaline—ankerite vein with minor pyrite-chalcopyrite.
Chip sample of mineralized vein material from main dump at
Barstad occurrence.

Quartz-tourmaline—ankerite vein with pyrite and minor chalcopyrite
and bismuthinite? From main dump at Barstad occurrence.

Quartz-tourmaline—ankerite vein with minor pyrite.Chip sample of
60 cm vein in the Barstad tumnel.

Tourmaline-ankerite-quartz vein with abundant chalcopyrite.
From mine level 610 at Bleka.

Quartz-carbonate-tourmaline vein with chalcopyrite-bismuthinite
veinlets.Rich outcropping ore from shaft level 595 at Bleka.

Caleareous schist with pyrite pseudomorphoses.From Kivikdalen.
Fine-grained amphibolite with quartz veinlets.From Qygdrden area.
Quartz vein with minor hematite? From Kdsastul.

Quartz-tourmaline vein with minor pyrite.From Espelid area.

Hydrothermally altered amphibolite with pyrite and magnetite.
Chip sample from Espelid area.
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2110020 - Qucrtz vein with minor pyrite.Chip sample from Espelid area.

2110021 - Quartz—tourmaline—ankerite vein with minor pyrite and chalcopyrite.
Chiz sample from Espelid area.

2110022 - Hycrothermally altered amphibolite with pyrite and magnetite.
Chio sample from Espelid area.

2110023 - Qucrtz—tourmaline vein with abundant pyrite and minor chalcopyrite.
Saole from vein in Espelid area.

2110024 - Quertz-tourmaline vein with pyrite.Chip sample from Espelid area.

2110025 - Quertz-tourmaline-pyrite vein with tourmalinitized wall rock (am-
phidolite).From Espelid area.

2110026 - Quortz—tourmaline-pyrite-wollastonite? veins.Chip sample of four
miv.or veins in Espelid area.

2110027 - Hycrothermally altered wall-rock amphibolite with pyrite-magnetite
towrmaline—apatite.Chip sample from Espelid area.

2110028 - Qucrtz-wollastonite vein.From Espelid area.
2110029 - Tcurmaline-quartz vein with pyrite.From Espelid area.

2110030 - Qucrtz—tourmaline—ankerite vein with minor pyrite.Chip sample from
Eerz2lid area.

2110031 - Hycrothermally altered wall-rock amphibolite with pyrite.Chip sample
frcm Espelid area.

2110032 - Silicified breccia with quartz and chlorite veinlets.Chip sample
frcm Nystaul area.

2110033 = Quzrtz—tourmaline-ankerite vein with pyrite.Chip sample from
Nyszaul occurrence.

2110034 - Hycrothermally altered wall-rock amphibolite with pyrite.Chip
saole from Nystaul occurrence.

2110035 - Qucrtz—tourmaline-ankerite vein with pyrite and euhedral magnetite
oczahedrons.Chip sample from Nystaul occurrence.

2110036 - Hycrothermally altered wall-rock amphibolite with pyrite.Chip
sacole from Nystaul occurrence.

2110037 - Qucrtz-hematite-sericite vein.From Nystaul area.

2110038 - Quartz—tourmaline—ankerite vein with minor pyrite.Chip sample
frcm Nystaul occurrence.

2110039 - Cccrse—grained hormblenditic amphibolite with disseminated pyrite.
Frcm Espelid-Nystaul area.

2110040 - Arzaibolite with disseminated pyrite.From Espelid-Nystaul area.



2110041

2110042

2110043

2110044

2110046

2110046

2110047

2110048

2110049

2110060

2110061

2110052

21100568

2110064

2110066

2110056

2110067 -

2110058

21100569

2110060

2110061
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Ampiibolite with disseminated pyrite.From Espelid-Nystaul area.

Ampribolite with disseminated pyrite and magnetite.From Espelid
arec.

Altered amphibolite with caleite-pyrite-chalcopyrite veinlet.
Freor: Jaugstel area.

Quar=z vein with abundant chalcopyrite.Chip sample from
Hauzsiel area.

Tourmaline-quartz—-ankerite vein with chdZCOpyrite and pyrite.
Chiz sample from Haugstel area.

Quar=z vein with abundant chalcopyrite and minor bismuthinite.
Chir sample from Bleka area.

Chlcrite-caleite mylonite.From level 610 of Bleka mine.
Chlcrite-caleite mylonite.From level 610 of Bleka mine.
Chicrite—caleite mylonite.From level 610 of Bleka mine.
Chlcrite—caleite mylonite.From level 610 of Bleka mine.
Chlcrite-caleite mylonite.From level 610 of Bleka mine.
Chilcrite-caleite mylonite.From level 610 of Bleka mine.

Ankeite—tourmaline vein with minor pyrite and chalcopyrite.
Frem level 610 of Bleka mine.

Quar=z vein with minor tourmaline-ankerite-pyrite.Chip sample
fror: level 550 of Bleka mine.

Quar=z vein with minor tourmaline-ankerite-pyrite-chalcopyrite.
Chir sample from level 550 of Bleka mine.

Quar-z-tourmaline-ankerite vein with pyrite and chalcopyrite.
Chiz sample from level 525 of Bleka mine.

Quar=z-tourmaline-ankerite vein.From Bleka area.

Quar=z-tourmaline—ankerite vein with pyrite,chalcopyrite and
bisruthinite.Chip sample from Blengsdalen area.

Hydrothermally altered wall-rock amphibolite with abundant
pyrize and chalecopyrite.Chip sample from Blengsdalen area.

Quar=z-tourmaline-ankerite vein with chalcopyrite and bismuthinite.

Frc~ Bleka main vein.

Ankerite-tourmaline vein with late quartz veinlets with abundant
bie—ithinite and chalcopyrite.One grain of native gold (1*1 mm)
was sbserved in the quartz.From Bleka mine dump level 560.



2110062

2110063
2110064
2110065
2110066
2110067

2110068

2110069

2110070
2110071

2110072

2110073

2110074

2110075

2110076

2110077

2110078

2110079

2110080

2110081
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Quartz-tourmaline vein with abundant chalcopyrite and visible
gold.Three to four grains of gold were observed (max 1 mm).
From Bleka mine dump level 585.

Quartz vein with minor tourmaline and pyrite.Chip sample from
Bleka area.

Quartz—tourmaline vein with minor pyrite.Chip sample from Bleka
area.

Quartz-tourmaline vein with minor pyrite.Chip sample from Bleka
area. '

Quartz-tourmaline—ankerite vein with minor pyrite and chalcopyrite.
Chip sample from Bleka area.

Hydrothermally altered wall-rock amphibolite with pyrite and
chalcopyrite.Chip sample from Bleka area.

Quartz-pyrite-tourmaline vein.From Bleka area.

Quartz vein with abundant chalcopyrite and minor pyrite and
bismuthinite.From bleka area.

Quartz-tourmaline vein.Chip sample from Bleka area.
Quartz vein with minor feldspar.Chip sample from Bleka area.

Quartz-tourmaline vein with minor pyrite.Chip sample from Bleka
area.

Tourmaline-quartz—carbonate-pyrite veinlets.Bulk chip sample
from Blengsdalen area.

Amphibolite with coarse-grained tourmaline veinlets.From Blengs-
dalen area.

Quartz-tourmaline vein with pyrite and chalcopyrite.From Blengs-—
dalen area.

Quartz-pyrite vein in quartzitic host rocks.From Nutheim area.
Quartz-ankerite vein with abundant chalcopyrite-pyrite and
minor galena and bismuthinite.Chip sample from dump at Sverveli
oceurrence.

Hydrothermally altered wall-rock amphibolite with pyrite and
minor chalcopyrite.Chip sample from Sverveli area.

Quartz-ankerite vein with pyrite—chalcopyrite and bismuthinite.
From main vein at Svervelz.

Quartz vein with abundant pyrite and galena.From Sverveli area.

Quartz-ankerite vein with chalcopyrite,pyrite and galena.From
Sverveli area.



2110082

2110083

2110084

2110085

2110086

2110087

2110088

2110089

2110080

2110091

2110092

2110093

2110094

2110095

2110096

21100897

2110098

2110099

2110100

2110101
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- Quartz-tourmaline vein with chalcopyrite,galena and bismuthinite?

Chip sample from Sverveli area.

Quartz-tourmaline vein with minor ankerite and pyrite.Chip sample
from Steinsruddalen area.

Tourmaline-quartz—-ankerite vein with minor pyrite and chalco-
pyrite.Chip sample from Steinsruddalen area.

Hydrothermally altered wall-rock amphibolite with sericite.
Extremely bleached.Chip sample from Steinsruddalen area.

Quartz-tourmaline vein with minor pyrite.Chip sample from
Livsengdsen area.

Quartz-tourmaline vein with minor pyrite.Chip sample from Livseng-—
dasen area.

Brecciated quartz vein with minor tourmaline.Chip sample from
Ormemyre area.

Chlorite schist with ankerite and chalcopyrite-pyrite veinlets.
From Blengsdalen area.

Quartz vein with pyrite.In amphibolite sill.From north of
Seljord along E76.

Quartz-tourmaline—-ankerite vein with abundant pyrite and minor
chalcopyrite.Chip sample from Retustaulhaugen area.

Tourmaline-quartz vein with pyrite.Fine tourmaline-quartz banding.
Chip sample from Reiustaulhaugen area.

Quartz-tourmaline vein with abundant pyrite.Chip sample from
Reiustaulhaugen area.

Quartz-tourmaline vein with abundant pyrite.Chip sample from
Retustaulhaugen area.

Quartz vein with minor tourmaline and pyrite.Chip sample from
Reiustaulhaugen area.

Quartz vein with minor tourmaline and pyrite.Chip sample from
Reiustaulhaugen area.

Quartz vein with minor tourmaline and pyrite.Chip sample from
Retustaulhaugen area.

Quartz-tourmaline vein with minor pyrite.Chip sample from
Reiustaulhaugen area.

Quartz-tourmaline-pyrite vein.From Reiustaulhaugen area.

Quartz vein with minor tourmaline and pyrite.Chip sample from
Reiustaulhaugen area.

- Hydrothermally altered wall-rock amphibolite with abundant

pyrite.Chip sample from Reiustaulhaugen area.
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2110102 - Quartz yein with minor tourmaline and pyrite.Chip sample from

2110103

2110104

2110106

2110106

2110107

2110108

2110109

2110110

2110111

2110112

2110113

2110114

2110115

2110116

2110117

2110118

2110119

2110120

Retustaulhaugen arza.

Quartz vein with minor tourmaline and pyrite.Chip sample from
Reiustaulhaugen arza.

Quartz-tourmaline vein with minor pyrite.Chip sample from
Reiustaulhaugen area.

Quartz-tourmaline vein with minor pyrite.Chip sample from
Reiustaulhaugen area.

Quartz vein with minor tourmaline and pyrite.Chip sample from
Retustaulhaugen crea.

Quartz vein with minor tourmaline and pyrite.Chip sample from
Retustaulhaugen crea.

Quartz vein with minor pyrite.Chip sample from Reiustaulhaugen
area.

Quartz-tourmaline-pyrite vein.Chip sample from Reiustaulhaugen
area.

Quartz vein with minor pyrite.Chip sample from Reiustaulhaugen
area.

Quartz vein with minor tourmaline and pyrite.Chip sample from
Retustaulhaugen crza.

Quartz vein with minor tourmaline and pyrite.Chip sample from
Retustaulhaugen crea.

Quartz vein with minor tourmaline and pyrite.Chip sample from
Reiustaulhaugen area.

Hydrothermally alzered wall-rock amphibolite with abundant
pyrite.Chip sampiz from Reiustaulhaugen area.

Quartz vein with minor tourmaline and pyrite.Chip sample from
Retustaulhaugen crea.

Quartz-tourmaline vein with minor pyrite.Chip sample from
Reiustaulhaugen crea.

Quartz-tourmaline vein with minor pyrite.Chip sample from
Retustaulhaugen crea.

Quartz-tourmaline vein with minor pyrite.Chip sample from
Retustaulhaugen area.

Quartz-tourmaline vein with minor pyrite.Chip sample from
Retustaulhaugen area.

Quartz-tourmaline vein with minor pyrite.Chip sample from
Retustaulhaugen crea.
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2110121

2110122

2110123

2110124

2110125

2110126

2110127

2110128

2110129

2110130

2110131

2110132

2110133

2110134

2110135

2110136

2110137

2110138

2110139
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Quartz-tourmaline vein with minor pyrite.Chip sample from
Reiustaulhaugen area.

Quartz-tourmaline vein with minor pyrite.Chip sample from
Retustaulhaugen area.

Quartz-tourmaline vein with minor pyrite.Chip sample from
Retustaulhaugen area.

Hydrothermally altered wall-rock amphibolite with abundant
pyrite.Chip sample from Reiustaulhaugen area.

Quartz-tourmaline vein with minor pyrite.Chip sample from
Retustaulhaugen area.

Quartz-tourmaline vein with minor pyrite.Chip sample from
Reiustaulhaugen area.

Quartz-tourmaline vein with minor pyrite.Chip sample from
Retustaulhaugen area. '

Quartz-tourmaline vein with minor pyrite.Chip sample from
Retiustaulhaugen area.

Quartz-tourmaline vein with minor pyrite.Chip sample from
Retustaulhaugen area.

Quartz-tourmaline vein with minor pyrite.Chip sample from
Retustaulhaugen area.

Quartz-tourmaline vein with minor pyrite.Chip sample from
Retustaulhaugen area.

Quartz-tourmaline vein with minor pyrite.Chip sample from
Retustaulhaugen area.

Quartz vein with minor tourmaline and pyrite.Chip sample from
Retiustaulhaugen area.

Quartz-tourmaline vein with minor pyrite.Chip sample from
Reiustaulhaugen area.

Quartz-tourmaline vein with minor pyrite.Chip sample from
Retustaulhaugen area.

Quartz-tourmaline vein with minor pyrite.Chip sample from
Retustaulhaugen area.

Quartz-tourmaline vein with minor pyrite.Chip sample from
Bplskveven area.

Hydrothermally altered wall-rock amphibolite with abundant
pyrite.Chip sample from Bglskveven area.

Quartz vein.Chip sample from Bglskveven area.
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2110140

2110141

2110142

2110143

2110144

2110146

2110146

2110147

2110148

Juartz vein.Chip sample
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from Bglskveven area.

Juartz-tourmaline-pyrite vein with minor chalcopyrite.
Chip sample from Reiustaulhaugen area.

Juartz—tourmaline—pyrite vein with minor chalcopyrite.
Chip sample from Reiustaulhaugen area.

Juartz—tourmaline—pyrite vein.Chip sample from Reiustaulhaugen

areaq.

Juartz vein.Chip sample

Juartz-tourmaline vein with pyrite-chalcopyrite and bismuthinite?

from Nystaul area.

From Retustaulhaugen area.

Mylonitized amphibolite

ritization. Pyritiferous.

Mylonitized amphibolite
ritization. Pyritiferous
3rekka Ytre along E76.

Mylonitized amphibolite
ritization. Pyritiferous
3rekka Ytre along E76.

with pronounced epidotization and chlo-
Chip sample from Brekka Ytre along E76.

with pronounced epidotization and chlo-

and caleite bearing.Chip sample from

with pronounced epidotization and chlo-
and caleite bearing.Chip sample from
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2110201 - Quartz-tourmaline—ankerite vein with minor pyrite.From Nystaul

2110202

2110203

2110204

21102056

2110206

2110207

2110208

2110209

2110210

2110211

2110212

2110213

2110214

2110816

2110216

2110217

2110218

2110219

2110220

2110221

2110222

2110223

areaq.

Quartz-tourmaline-ankerite vein with minor pyrite.Chip sample
from Nystaul area.

Quartz-tourmaline—ankerite vein with minor pyrite.From Nystaul
area.

Quartz-tourmaline—ankerite vein with pyrite and chalcopyrite.
Chip sample from Nystaul area.

Quartz-tourmaline vein.Chip sample from Nystaul area.
Quartz-tourmaline vein with pyrite.Chip sample from Nystaul area.

Hydrothermally altered wall-rock amphibolite with pyrite and
magnetite.Chip sample from Nystaul area.

Quartz-tourmaline vein with pyrite.Chip sample from Nystaul area.

Hydrothermally altered wall-rock amphibolite with pyrite and
magnetite.Chip sample from Nystaul area.

Quartz-tourmaline—ankerite vein with pyrite.From Reiustaulhaugen
area.

Quartz-tourmaline—ankerite vein with pyrite.Chip sample from
Retustaulhaugen area.

Quartz-tourmaline vein with pyrite and mica.From Reiustaulhaugen
area.

Quartz vein.From Bglskveven area.

Quartz vein with minor tourmaline-ankerite-muscovite and pyrite.
From Bglskveven area. ‘

Quartz-tourmaline vein.Chip sample from Bglskveven area.

Quartz vein with minor tourmaline.Chip sample from Bglskveven
area.

Hydrothermally altered wall-rock amphibolite with pyrite and
magnetite.Extremely bleached.Chip sample from Bglskveven area.

Quartz-tourmaline vein.Chip sample from Bglskveven area.

Quartz vein with minor tourmaline.Chip sample from Bglskveven
area.

Quartz vein with slickensides.From Bplskveven area.

Hydrothermally altered wall-rock amphibolite with slickensides.
From Bglskveven area.

- Quartz-tourmaline vein with pyrite and chalcopyrite.Boulder

from Livsengdsen area.

- Quartz veinlets.Chip sample from Langedal area.
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2110224

2110225

2110226

2110227

2110228

2110229

2110230

2110231

2110232

2110233

2110234

2110235

2110236

2110237

2110238

2110239

2110240

2110241

2110242

2110243

2110244

2110245

-58-

Quartz-sericite-chlorite-pyrite vein.From Skvevsvatn area.
Quartz-tourmaline vein.Chip sample from Vrestebakken area.

Quartz-tourmaline vein with minor pyrite.Chip sample from
Mglledammen area.

Quartz vein with minor tourmalineChipssample from-Bodskveven
area. .

Hydrothermally altered wall-rock amphibolite with abundant
pyrite.Chip sample from Bglskveven area.

Quartz-tourmaline vein with minor pyrite.Chip sample from
Bplskveven area.

Hydrothermally altered wall-rock amphibolite with abundant
pyrite.Chip sample from Bolskveven area.

Quartz vein with minor ankerite.Chip sample from Bplskveven
area.

Quartz vein with minor tourmaline and sericite.Chip sample
from Bglskveven area.

Quartz-tourmaline vein.Chip sample from Bglskveven area.

Hydrothermally altered wall-rock amphibolite with abundant
pyrite.Chip sample from Bglskveven area.

Hydrothermally altered wall-rock amphibolite with abundant
pyrite.Chip sample from Bglskveven area.

Quartz vein with minor sericite and ankerite.Chip sample
from Bglskveven area. '

Hydrothermally altered wall-rock amphibolite with abundant
pyrite.Chip sample from Bplskveven area.

Quartz vein with minor tourmaline,sericite and ankerite.
Chip sample from Bplskveven area.

Quartz vein.Chip sample from Bplskveven area.

Quartz-tourmaline—-sericite vein.Chip sample from Belskveven
area.

Quartz-tourmaline-pyrite vein.Chip sample from Bglskveven area.
Quartz vein.Chip sample from Bglskveven area.

Quartz vein with minor ankerite.Chip sample from Bglskveven
area.

Quartz vein with minor ankerite.Chip sample from Bplskveven
area.

Quartz vein with minor sericite.Chip sample from Belskveven
area.
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2110246

2110247

2110248

2110249

2110250

2110851

2110852

2110253

2110264

2110255

-59.-

Quartz vein with minor sericite,chlorite and pyrite.Chip sample
from Bglskveven area.

Hydrothermally altered wall rock amphibolite with abundant
pyrite.Chip sample from Belskveven area.

Quartz vein with minor tourmaline.Chip sample from Bglskveven
area.

Quartz vein with minor ankerite and sericite.Chip sample from
Bgplskveven area.

Quartz—tourmaline-pyrite vein.Chip sample from Bplskveven area.

Hydrothermally altered wall-rock amphibolite with abundant pyrite.
Chip sample from Bglskveven area.

Quartz vein with minor tourmaline and sericite.Chip sample from
Bplskveven area.

Quartz-tourmaline vein with minor pyrite.Chip sample from
Bplskveven area.

Quartz vein with tourmaline and pyrite.Chip sample from Bgl-
skveven area.

Hydrothermally altered wall-rock amphibolite with abundant
pyrite.Chip sample from Bglskveven area.
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APPENDIX II :

ANALYSIS RESULTS - LITHOSAMPLES.

SAMPLE Au Bi Ag Cu Pb Zn As
NO. PPB PPM PPM PPM PPM PPM PPM
2110001 73 6000 >250 240 - - _
2110002 - - - - - - _
2110003 19 1600 1 - - - _
2110004 310 84 3 2760 - - _

2110005 103000 - - - - - -
2110006 1800 - - - - - -

2110007 5100 600 - - - - -
2110008 1350 2700 - - - - -
2110009 300 1000 - - - - -
2110010 <20 12 <1 412 - - -
2110011 30 12 - - - - -
2110012 <20 .3 <1 25 - - -
2110013 240 - - - - - -
2110014 1600 2300 22 >10000 680 - -
2110015 29 - - - - 106 3
2110016 20 - - - - - -
2110017 350 3 - - - - -
2110018 <10 - - - - - -
2110019 <10 - - - - - -
2110020 <10 - - - - - -
2110021 <20 .2 <1 140 - - -
2110022 <20 - - - - - -
2110023 15 <l 1 320 14 - -
2110024 <10 - - - - - -
2110025 - - - - - - -
2110026 <20 - - - - - -
2110027 <20 - - - - - -
2110028 - - - - - - -
2110029 - - - - - - -

2110030 <20 - - - - - -
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SAMPLE
NO.

2110031
2110032
2110033
2110034
2110035
2110036
2110037
2110038
2110039
2110040
2110041
2110042
2110043
2110044
2110045
2110046
2110047
2110048
2110049
2110050
2110051
2110052
2110053
2110054
2110055
2110056
2110057
2110058
2110059
2110060
2110061
2110062
2110063
2110064
2110065

Au
PPB

<10
<10
<20
<20
<20
<20
<10

37

<10
140
160
530
<10
<10
<10
<20
60
<10
40
<10
<10
2500
<20
60
30
1680
68000
94000
<20
<20
<20

Bi
PPM

80
100
600

78
15

>1000

30
72
>1000
>1000

Ag
PPM

>250

Cu
PPM

40

60

>10000
680
9200

1050
23
40

175

62
81
135
6900
5300

Pb
PPM

20

30

72
80
236

12

66
>10000
>10000

—61-
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SAMPLE
NO.

2110066
2110067
2110068
2110069
2110070
2110071
2110072
2110073
2110074
2110075
2110076
2110077
2110078
2110079
2110080
2110081
2110082
2110083
2110084
2110085
2110086
2110087
2110088
2110089
2110090
2110091
2110092
2110093
2110094
2110095
2110096
2110097
2110098
2110099
2110100

Au
PPB

<20
<20

70
770
<20
<20
<20
<10

100
<20
115
<20
280

80
<10
300
<20
<20
<20
<20
<20
<20
<20

87

29
<20
<20
<20
<20
<20
<20
<20

38
<20

Bi
PPM

52

260
244

126

>1000
244
22
292

Ag
PPM

19
43

73

89
162
12
221

Cu
PPM

800

1930
>10000

620

3790

5000

118

2660
5200

2300

78

Pb
PPM

66

270
282

36

910
>10000
>10000

502
>10000

36

12

62—
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SAMPLE
NO.

2110101
2110102
2110103
2110104
2110105
2110106
2110107
2110108
2110109
2110110
2110111
2110112
2110113
2110114
2110115
2110116
2110117
2110118
2110119
2110120
2110121
2110122
2110123
2110124
2110125
2110126
2110127
2110128
2110129
2110130
2110131
2110132
2110133
2110134
2110135

Au
PPB

<20
<20
<20
<20
<20
<20
<20
<20
<20
<20
<20
<20
<20
<20
<20
<20
<20
<20
<20
<20
<20
<20
<20
<20
<20
<20
<20
<20
<20
<20
<20
<20
<20
<20
<20

Bi Ag

PPM PPM
2 <1l
1 <1

Cu
PPM

Pb
PPM

—63_
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SAMPLE
NO.

2110136
2110137
2110138
2110139
2110140
2110141
2110142
2110143
2110144
2110145
2110146
2110147
2110148

2110201
2110202
2110203
2110204
2110205
2110206
2110207
2110208
2110209
2110210
2110211
2110212
2110213
2110214
2110215
2110216
2110217
2110218
2110219
2110220

Au
PPB

<20
<20
<20
<20
<20
28
28
<20
84
<20
<20
<20
29

<10

90
210

80

55
<10
<10
<10

50
<10
<10
<10

15

15
<10
<10
<10
<10
<10
<10

Bi
PPM

Ag
PPM

<1l
<1

<1l
<1

<1

Cu
PPM

58
18

242

Pb
PPM

-64-
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SAMPLE
NO.

2110221
2110222
2110223
2110224
2110225
2110226
2110227
2110228
2110229
2110230
2110231
2110232
2110233
2110234
2110235
2110236
2110237
2110238
2110239
2110240
2110241
2110242
2110243
2110244
2110245
2110246
2110247
2110248
2110249
2110250
2110251
2110252
2110253
2110254
2110255

Au
PPB

<10

20
<20
<32
<20
<20
<20
<20
<20
<20
<20
<20
<20
<20
<20
<20
<20
<20
<20

28
<20
<20
<20
<20
<20
<20
<20
<20
<20
<20
<20
<20
<20
<20

Bi

PPM

Ag
PPM

<1

<1l

Cu
PPM

490

45

25

Pb
PPM

—-65-
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Indeledning.

Pa basis af feltarbejde og pafolpenude mikroskopering
(schonwandt, 1983% & schenwnasdt, 1984) blev det be-
sluttet 4t foretage en mindre feltaktion i 1984 ued
henblik pa at etablere et lithogeokemisk kort over
amfiboliten (malmzone-amfiboliten i tidligere rap-
porter) ved Hovin Kobberverk.

Idéen med at foretage den lithopeokemiske kortleg-
ning var primert:

i) At forsege at verificere det pa gamle analyser eta-
blercde Cu-anomalimenster i amfiboliten (kort 4 i 3ch-
enwandt, 1983%).

ii) at sndersoege om amfiboliten ved Hovin Koboerverk var
anormal i metal-indhol¢ set 1 fornold til de omkring-
ligpende amfiboliter.

I anden rekke at fa bfagt klurhed over féldépaf;pbr—
fyrens relation til amfipboliten, idet mikroskope-
ringen navde sandsynliggjort, at denne bjergart ikke
havde det i feltrapporten (3chenwnadt, 1983) foresl:ede
slegtskab til amfiboliten.

Geologisk kortlegning.

Den detailjerede kortlizgning har vist, at de tidligere

%2 smfibolitem omkring ‘Jovin Xovververk (walmzone-amfi-
boliten(zstligst), Havestolle-amfiboliten og impragnations-—
amfiboliten(vestligst)) udgor én op samme amfibolit

(fig. 1). Amfiboliten, der 1li;zer i en kvartsit sekvens,

er isoklinalt foldet og har form som en zik-zak fold.

A1le milte smifolder h:r et N-J3-g.ende sksiulplan,

aer helder stejlti mod st (ca. H5O) 0y en mod nord

dykxende (ci. 30°%) rolueakse. P basis af smifoldernec

e oman formode, 1t zik-=z4k foldon vest:r of en ostlig

o n ovesthiy antiform oo en el lemlig onde synforun.

vfivolit o variorer 1oor oce oo lo=T5 m og o il

Che DU me wmbggnin cen 3oden wstlioe og vestlige anti-
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form lizzer nenholdsvis 1100 m oy 800 m 1 stirogretning
fri Finnsjeen (fig. 1).

Lithologisk er der en variuation i zmfiboliten. Den
sstlige flanke af zik-zak folden bestar helt over-
vejende af en amfipol-porfyroblustisk amfibolit med
varierende konkordante zoner af biotit-ferende amfi-
bolit. Der er bade skurp og glicende kontakt mellem
disse to bjergarter.

I den nordlige trediedel af den wstlige flanke glider
amfiboliten Jjevnt over i en melanokratisk biotit-gneis.
Biotit-genisen har konkordante zoner af varierende
bredde af a.fibolit og/eller porfyroblastisk amfibolit.

Den. resterende del af zik-aak folden dousincres af

den melanokratiske biotit-gneis, der doy stedvis bliver
mindre mclunokratisk. I den sydligste del af zik—zak
foldens vestflanke bliver amfiboliten igen den dowmine-
rende bjergarte.

Den eneste bjergart inden [or amfiboliten, der Xlart
skiller sig ud er dioriten i dagbrudaet Storekaas'
@stlige del. Dioriten ferer, som tidligere omtalt (Schon-
wandt, 1983 %1984), dissemineret chilcocit oy pornit.
i1 trods for at diori.en forcer disseminers=de sulfider
svarende til cu. 19 Cu og cax. 100 ppm Ag, s& er den-

ne bjergurt ikke vlevet betragtet som melm, ds brydning
f4ndt stea 1 arhundredets begyndelsoe, idet bDjergar. ~

i det store og hele er blevet laudt tilbuge i dugbruddet.

Dioriten skennes at have udjjort et ellipseformet ureal
med en storakse pa ca. 20 m og en lilleakse pa

ci. 7-8 m. otorsksen i cellipsen stryger nesten N-o

oy or saledes konform med amfibolit me Dioriten er i
kontiktzonen Uil =mfivoliton <xr.ftig on-aret og

for ner et gneis-cotish wiseenn o Jetio nedfarer, at |
sor or o slidenas overgans me b lowm doen Sneds=n bl e
dioric o den o ghoearo s ool e eIl s oo zonoast

Sl o Jdasorasets stoglhoe v e e boerrenset yoorligsere



informuation om relitioncn mellem umfiboliten og dioriten.

2n fornyet undersopelse af de to feldspat-porfyr loka-
liteter i det stwrkt overdekkede owrade nord for d.z-
bruddet har sandsynliggjort,at det drejer sig om
lusblokke.

Sammenfattenae kan man herefter om geologien ved Hovin
Kobberverk sige, at mineraliseringen er knyttet til

en amfibolit, der ligser i en kvartsit sekvens. Amfi-
boliten er foldet og har et vertikult N-3-gdende aksiul-
plan. Baseret pa smifolder antagzes det, 1t foldeusksen
dykker ca. 500 mod nord. Folden har zik-zak form og
bestir af en e¢stlig og vestlig intiform med en mel-
lemliggende synform. Kinewmatisk reprascentercer defor-
sationen en shear-foldning. Den lithologiske variation
inden for amfiboliten, represcenteret ved bjergarter

fra porfyroblastisk amfibolit til melanokratisk biotit-
gneis, reprazscnterer formodentlig mere et resultat af
deformation oy .etumorfose end en oprindelig litholoyisk
variution i zmfibolitone.

Dioriten i Jtorckuaas dugbrud skiller sig ua Ifra de

andre pjergarter i amfivolitkoniplekset ved bl. u. struk-
turelt ikkce at viers konform med wnfibolifien i nesoskla,
hvori=od den i hindstyxksskala er gonform med amfiboliten

pt grund af kontukt-zonens stwric shear deformation.

Tithogeokenl .

Der blev indsamlet 27 chip sanples rimelis J vnt for-
31t over Jon zik-suk folacde wafivolite ' rvepunkiorne
eT narkerctl mea en prik opa fige <y men reprtisentierer,

i den udstrskoing blotad o sogreen tillod el tver-
profil f afibolitens T w110 cudn samplos or epl o=

e Liske alaorddiooria e o foRvarts=in:dein ror

unag ete frovesterrrelsen verierer st sfenglg

Safibolitt ne oroda o og el ler wlotnlags e g e Clie

1 L1l ) e s ltove=rartoe s SR nalt Voo U ron en Lo -

(SR

afcelings stona o procoourse o tilnopresver of prov I
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er blevet anlysercet for Cu og Ag (tubel 1).

Pig. 5 oviser Cu-anslyserns plottet pu sandsynlipgheds-

papir. den beskedne provomengde taget 1. betrastning,

st kan plottet tolkes som repr:senterende to lognormile

fordelingere. ber er her valge at lade de to bojninger

i kurveforlebet ved 80 og 1400 ppm Cu reproscntere
iienholdsvis terskelveraien for amfibolitens normale
Cu-indhold og den nedre grense for hvad der kan
betr:gtes som diorit-mineruliseringzen og dens umid-
delvuire micer:liserings-aurcole. Vierdierne mellem

U oy 14C0 ppm reprsenterer 1 opedere forstuna den

mineraliserings-aureole, der ligger omkring dioriten.

Verdierne pa 30 og 1400 ppm svarer til -ienholdvis
700 0oy 9uo fraktilen. Jen fundne baggrundsvirdi for
Ccu i1 amfiboliten svarer til nivesuet i tilsvarende

bjergarter andre staaer.

Chip saumple analysen af dioriten ( sterre end 14 Cu og
35 ppm \g) svarer til hvad man kunne forvente pa
basigs 3f tidligere an:lyser af godt mineraliserede
enkelt prever. Vigtigt i denne soamenhiong  or ogsh
4t anadlysercsultatet besr fior den tidligere pi-
pesede korrelation mellemn Cu= op Ag=indholdet 1
chilcocitl-bornit pir.genesen (Schenwandt, 1955).
Tl 1
I'Tuve nr. ppil Cu PPl Al Prove nre. npi Cu ppm Ag
~11lo9'70 [s16Y¢) 1 11lo9Y/1 27 1
<1105/’ lo.000 & 2110575 Jloso &
21105/ 40 1 N110575 1.25 1
1lo57 5o 1 1109 SO 1
1lo45'/8 1 1 . 11o057/9 40 1
11050 83) 1 11o.-1 = 1
Tlos Lo 1 Flossn 5 1
110 | 1 11 S50 4
1109 . " 1 1oy 510 4
11050 1 ol O 1
~11lo50 5 1 C1lon ] a4y 1
21lohws 4y 1 C110% 0% 4o 1
211lo9ws ST 1 SLTlon L 1
211059 P 1
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“n:lysorosaltterne or plotiot peoxort (i1 2. ortos
viser forociin on af proverns over 1400 ppi vu (svoeronde
£i1 mere —-nd 9UJS Traktilen) o wallom 140G o5 8o ppm

Cu (svarend: til 90 =70, it loen) samt oarever sied

et Cu—inchold under 80 ppm (svarndo til wmfibolitons
b.aprundsverdi). Griensedr-sinlngen pe:llem dos forskol-

lige Cu-intervaller er fundet ved 1inivﬂ1nterpolation.

Af det litholosiske kort fromg:r, at dor ind n for
2ik-zak foldens ostlise £1:mxe [inoes to snormale oin-
riader i) et mod syd omsring Storekaus digbrad og i1) ou
mod nord omkring Tave stollen. Sosse anon:llomrider

er bys et op af flerce uanoriile prover og 1 orone Lil-

f£51de er anom diomrd ct zonert opbysset mea de hejoste

w (27
vordier i1 aen contrde del f aaoasliene for det O -
1igze po- - Tioaridean vodkon corde U en ydre
surcole sig ogst over po.oden catlloge antifers vest-

)

1i; 1 .nxee.

Dol lithogeokealske rort (£i7.2) verificercde do2 to

Mo liomrder omkring storck s o fave stollen, sou
vir blovet ctioleret pr buwsis of omle maiyaere oer=
inou kunne det tredie anow:liowr-a- (S0 fige 41 chen=
wandt, 10470 ikke bokreliton. Dot TLLo ok ninge

kort, visor osgsh, ol oandiloolic o iomld=sadk Tolaens
cstidiope f1oenke (Liadiocre Teprortoers Wil o= tiool i)

(e

ik o anoprmel i Cu=saanolo ol ol Ll -

bolitoen 1 Jen ovrel po deb o wlik=sk fOla ne Hindvidoero

L o lio.r derne osbroeor o veliefinere e partieon

iviien for en i Cu-—indaolo ievreist normad  cafioolit.

ot 1 Lo ook ske DIT o oesnyrer v SARISTRNES o%.
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it cns:leocit=boralt {indes dissominoret 1 dioriuen og
cmotisk

Sineraliseringsaureole hvis varagencse cndre sizg med

atl denne miineralisering er ouwglvel al’ en epig
st anden fro Jdiorid ten. dermest dioritoen bostar
parigenesen af bpornit-chslcocit, dermest komier en
zone med bornit-xobberkis oy yderst en ren kobberkis
parigenesc. cilneralisoringerne er nesten hundrede

orocent knytiet til -mfibolilt komplekset.

Jer m:n pi wnoaalimensteret owmxring Storekaas (fip. 2)
st viser det, 2t snowmalien er trukket ud 1 sydlig

retning. Denne skeevhed kan have mange rsaser, som f.eks.

1) it den epigenctiske mineraliseringsimareole ikke
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Dol skal ner inssky ies, b oo sanle analysoer £y

stoller o tverslyy (fig. 201 sehenwniadt,194%) viser
hejere verdier, =nd de Jder or fundet ved denoe under-
sepelsae. vetio henger formodentliy sammen mad, at
episenctiske drer bevidst er undglet i denne under-
sopelse. un kan derfor ikke oruge de gpamle snalyser
til st komplimentere denne undersegelses aureole-
menster wed. Imidlertid ma sa stor. verdier,som det
sydligste tverslag i nivemu (274 m viscr,enten hen-
fuores til Jdioriten ¢ller til en usidvanlip stor kon-
centration af epis-netiske arcr.

Diskussion.

Yed de oplysninger el pitonuverende tidspunkt er
tiloengeliy oo or det muligt, at dioriten hur det
mod syd dykkende forleb som or indikeret med A

p Tipg. 4. =t sncunt forleb af dioriten vil 1 meget
hoj grad glve en tiliredsstillende forklaring pi det
fundne aurcolemenster, n:r man tager topogsrafien og
prvapunktorne i vetrsgtning.

et kan imidlortic i<«<e wdelukses at dioriten har
det med B indikerede forlob. @t sidant forlwb, med
stejlt dyx wmoo nord, vil imidlertis ikxe umiadelvart
kunne forklare areol cweosteret  wden sombiod s at
ceonter on reltiv o stor priser skevied 1odette
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£linke. der or intet der bLyder ph, st dette dkke skul-

1 woroe Lilfieldot. Denne speciolle position kun wwmld-

delvirt forkl.ros pi idet wmindste to wider:

i. PDioriten, der som tidliger: omtalt petrografisk
or no.rt besliegtet med amfiboliten, kun viere ot
differventiat T wnfivoliten efter dens enplucering.
Dette vil, amfibolitens stoerrelse taget 1 betragt-
ning,r sulterer i em meget beskeden storrelse af
dioriten.

ii. Dioriten represcenterer en sclvstendig intrusion,

men fro det samme magmakamuer. Denne mulighed vil

S
kunne give en betragtelig sterrelse pn dioriten.

Sterrels.n phoden lithoguokemjukn aurcole tyder pd,

4t dioriien har/eller har huaft en betragtelip sterrelsc,
hvorfor det T mest sunosynliyg at dioritoen repr:s-nterer
on1 sclvstiendig intrusion. S '
Forlebet f denne intrusion set i lyset afl aurcole-
mensteret, kan enten vere et relativt fladt dyk mod syd
eller nord.sr dykket forlevet moed nord, si mt hoved=-
parten «f dioriten vare bort-eroderci. Jar dykket veret
mod syd, st har dioriten formodentliy et forleb ner

det, der or indikeret med A pno 1. 4.
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Jet kan Jderiaod anbefales

4t Toretage en kortliegning og preoveindsumling af niveasu
274 m. Adging til niweauet vil formodentlig sunne sxe
sennem skakten 1 JStorckaas dagbrud. liveau 274 m liggser
Ci. 54 m under dajsbrudsniveauct.

at det overvejes hvilke geofysiske metoder, der bedst
vil kunne afslore om diori.en har det med A indikerede
forleb i fig. 4.

at okonomiske overslag foretuges pa basis af en malm-
vioerdi pi 19 Cu og 90 ppm Ag med henblik pit at fa en
minimums sturrelse pi malmen. Dette tal bor indgd i

de geofysiske overvejelser.

Hir prospekteringsafdelin jens medarb:jdere huar foretaset
de eolysiske og wkonomiske overvejelser vil aet vere
nensigtsmessigt at der 1 Tfxllesskub udiarbejdes et notat

vedrosrenoe disse overvejelser.

~eflerencer.
Schanwandt, 19833 : Feltrapport over ilovin nopbververk,
Telenark. Intern Hydro iRuppe.

schsnwandt, 1984 : Notat vedrurend. mikroskopering al tynd-
slib og polerprover fra Hovin Wobboer-

verk, Telemurk. Intern'uydro Rippe
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Nuten Cu-Bi skijerp.

Beliggenhed.

Nuten Cu-Bi skjerp ligger ca. 500 m S@ for Neshaug gdrd ved Hjartsja
pa kartblad Flatdal (1614 III) i 1l:50000, UTM-koordinater (8635,0725).
Yderligere 500 m S@ for Nuten er registreret et skjerp (Bergstul), som
har veret skjerpet pd Cu. Bergstul skjerp blev ikke lokaliseret, men
ved lokaliteten UTM (8665, 0725)(se kort) blev observeret en minerali-
seret kvartsdre med orienteringen N 500/850, som blev forkastet af en
mineraliseret sprzkke med orienteringen N 15°/15°. Denne lokalitet for-
modes at zkvivalere Bergstul efter de beskrivelser der foreld. Nuten
skjerp nds ved at dreje til venstre ad vejen ved savverket ca. 200 m
gst for Hjartsjd gard i den estlige ende af Hjartsjld. Derefter fortszt-
tes 200 m ad vejen til den deler sig. Ad den vej der gdr til hejre fort-
szttes 1350 m til vejen i 350 moh deler sig : I T-krydsets SV-lige hjor-
ne findes skjerpet, som mdler 2x3 m i overfladen og 1-1% m i dybden.

Geologisk teskrivelse,

Nuten Cu-Bi skjerp sidder i en 0,5-3,5 m tyk kvartsgang 350 moh i
et topografisk markeret skar med samme orientering som kvartsgangen :
N 82° (se kort). Omrddet bestadr geologisk af metasedimentzre bjergarter
tilherende Rjukan og Seljord gruppen (skillelinien mellem de to grupper
formodes at ligge indeniof de samme horisonter som kvartsgangen er af-
sat i). Stratigrafisk nedefra og op er der i omrddet ferst afsat ( se
kort og skitse) en rhyolitisk bjergart derpd er afsat o,1-1 m tyk ba-

salt. Denne er overlejret af 1-2 m tyk rhyolit, hvorpd er afsat en ny

PROFIL OVER NUTEN STRUKTUREN

Rhyolitt
Amfibolitt
[ Kvartsitt
Granitt
moh Kvartsgang
W 400+ ? Nuten Cu-skjerp
3751
350-
3251
3004
275J
0 . )
S » N

basaltisk lava, denne er i toppen brecciert af en ca. 0,5 m tyk rhyolit
som i kontakten til de basaltiske xenolither fir et storkornet amfibo-
litisk udseende, idet rhyoliten assimilerer basaltisk materiale. Denne



extrusive lagpakke formodes at tilhere Rjukan gruppen og er overlejret
af en tzt grd massiv kvartsit tilhorende Seljord gruppen. Lagpakken
stryger N 50°-60° og hzlder 40°-35° mod nord. Den rhyolitiske bjergart
afviger lokalt fra denne orientering, pd grund af dens fluktuerende
flydebanding ( muligheden af at bjergarten ogsd er smdfoldet kan ikke
afvises ).

Denne metasedimentareblagpakke er forst intruderet af en granitisk
bjergart, som indenfor det undersegte omrdde er set med bade vandrette
og lodrette kontakter til de omgivende bjergarter. Denne mellemkornede
red/grenplettede granit formodes derfor at udgere toppen af et grani-
tisk legeme. Op gennem disse bjergarter er intruderet en 0,5-3,5 m tyk
kvartsgang som stryger N 82° og stér subvertikalt. Kontakten til de
omgivende bjergarter er ikke skarpt diskordant, men nzrmest migmatitisk
af udseende. De omgivende bjergarter er sterkt omdannede og shearede
i kontakten til kvartsgangen. Sdlede optrzder granitén som gren augen-
gnejs (2110313) med chlorit langs shearflader i en 1-2 m tyk zone nzr
kvartsgangen, bjergarten er desuden silicificeret i kontakten (ov,1-0,5 x
til kvartsgangen. Den rhyolitiske bjergart er i lighed med graniten
shearet og silicificeret i en zone nzr kvartsgangen. Langs shear- og
sprekkeflader er afsat chlorit og af og til ses ogs& chalcopyrit.

Mineralisering.

I forbindelse med kvartsgangen ses i omrddet malmmineralerne pyrit,
chalcopyrit og galena (bismuthholdig? Se 2110334). Chalcopyrit og pyrit
er set sammen med chlorit som sprzkkebelzg badde i den shearede graniﬁ
(se 2110310) og i den shearede rhyolit. Men langt den overvejende del
ef mineraliseringer findes i kvartsgangen. Arsagen til de rige pyrit-
og chalcopyrit partier i kvartsgangen skal muligvis seges i den svage
diskordans mellem kvartsdren og de amfibolitiske lag , hvorved der over
en strzkning pé over 200 m sker en kraftig assimilering af basaltisk
materiale., Dette medferer kraftig chloritisering samt pegmatitisk ud-
vikling af det assimilerede materiale, ligesom dette fmnomen ogsi kan
ses langs kontakten mellem kvartsgangen og graniten. Samtidig sker en
koncentrering af iszr pyrit og chalcopyrit og muligvis ogs& galena
(bismuthholdig?). Kvartsgangen sensu stricto optrzder derimod altid med
melkehvid kvarts og smd miarolitiske hulrum med pyrit.

Udfert arbejde.

Der er i omrddet omkring Nuten udfert geologisk kortlzgning (se kort)
samt indsamlet 9 lithoprever deraf 5 chipsamples af bade kvartsgangen
og sidestensomdannelser. I omrddet ved Bergstul er indsamlet 2 minerali-
serede lithoprever, Ved Nuten er desuden indsamlet 2 geokemiske prever
fra bzkke, som dranerer kvartsgangen i hele dens lazngde. De 2 prever
udgeres af et bzkkesediment og en vaskepreve.
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EXHIBIT MAP

SAMPLE

SAMPLE

SAMPLE

SAMPLE

SAMPLE

SAMPLE

SAMPLE

SAMPLE

SAMPLE

SAMPLE

SAMPLE

SAMPLE

MAP 1
MAP 2
MAP 3
MAP 4
MAP 5
MAP 6
MAP 7
MAP 8
MAP 9
MAP 10
MAP 11
MAP 12

CONTENTS:

- Svartdal BP037-5-1.
Samples represented - 2110043-46, 60.
- Ambjerndalen BP037-5-2.
Samples represented - 2110001-2, 4-9, 13-14,
47-59, 61-75, 77-82, 89, 146-148, 226.
- Nutheim BP037-5-3.
Samples represented - 2110076.
- Staldalen BP038-5-1.
Samples represented - 2110223.
- Barstadhovi BP038-5-3.
Samples represented - 2110010-12, 18-42, 83-87,
91-145, 201-222,227-255.
- Hovdejord BP038-5-4.
Samples represented - 2110088, 225.

' - Svinom BP039-5-3.

Samples repreéehted - 2110224.
-~ Bisminuten BQ038-5-1.

Samples represented - 2110017.
- Hjartdal BQO038-5-3.

Samples represented - 2110016.
- Gvammen BQO038-5-4.

Samples represented - 2110003.
- Kivikdalen BQ039-5-3.

Samples represented - 2110015.
- "Flatdal"

Samples represented - 2110090.



