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Summary and Conclusions

The sraragmite rroject entered its drilling phase in 1G%4,
Altogether 2987 m were drilled. Most of the drilling was con-
ducted on grid Brénnvola. Several other holes were drilled

on grids Langen, Tufsingdal, and Atna, Prospecting was con-
ducted on grids that were established in 1983 and showed
anomalous values detected by the geochemical soil surveys.

In addition to that stream sediment anomalies that were de-
tected by the regional surveys in 1982 and 1983 were followed
up by prospecting. The program was run by Folldal Verk A/S

in a joint venture with Amoco Norway Cil Company.

The rroject area is located between the Folldal project area
and the border bvetween Norway and Sweden, covering approx.

1750 sgkme The project target was sandstone-hosted Pb, Zn,
Ag-mineralization which occurs in basal sandstones of Eo-
cambrian age. These sandstones, or sparagmites, extend through-
out Norway and Sweden along the eastern edge of the Caledonian
mountain system. They host several lead deposits in Sweden,
including laisvall and Vassbo. They occur near the contact

of the sparagmites with the Precambrian basement,

The diamond drilling in 1984 was based on detailed ground
follow-up work that was conducted in 1983, On grids Brennvola
and Langen 20 holes were drilled, totalling 2645 m. A sandstone
hosted lead mineralization was intersected. The two best
sections were 7,20 m with 0,8% Pb and Sppm Ag and 5,20 m with
1.2% Pb and Sppm Ag. The two holes lie more than 100 m apart.

A paleogeographic map of the granitic basement was designed
that indicates a continuation of the mineralization into a
protected area., Further diamond drilling is recommended at

this property. The drilling on other grids did not result in

the discovery of any possible economic mineralization,

On grids Nekkjdlen, Littlefjellet, and Tverrlivola prospecting
was conducted that was based on geochemical soil anomalies
obtained by the follow-up surveys in 1982, No ore minerali-

zation was found.

Several geochemical stream sediment anomalies were investigated

that were still left to follow-up from the regional surveys
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in 1982 and 1983, This work was conducted on map sheets Stugu-
sjo, Brekken, Tylldal, and Jollia., Neither these investipations

led to any discovery of economie¢ mineralizations.



1. Introduction

The sparasmite project that was started in 1982 entered its
drilling phase in 1934, The work in 1954 was based on detailed
grid follow-up work from 1983, Most of the drilling was con-
ducted at the “rennvola property. In a few areas follow-up
work was conducted vased on the results of the regional stream

sediment surveys obtained in 1982 and 1983,

The project target was sandstone-hosted Pb, 7%n, Ag - minerali-
zation., Several mineralizations of this type are known in
this geological environment in Lorway, and several deposits,

one currently in production, are known in Sweden,

The work conducted in 1984 resulted in the discovery of a
sandstone-hosted Fb,{Ag) - mineralization at the Brennvola
property that warrants further diamond drilling in 1985. In

the Atna area interesting indications for this type of minerali-

zation were found, too.

The staff for 1984 was very limited, I1,Killi and his IP-crew
conducted the geophysics. Olav Bakke, geologist at Folldal

Verk, helped in the project since the beginning of 1984, es-
pecially with geological mapping in the Atna and Brennvola areas
and thedrilling during winter/spring at the langen and Brenn-
vola properties. A quarterny-geologist from the University of
Oslo was hired for a few days and one geology student from
Trondheim helped mapping and prospecting during some weeks

in the summer. All diamond drilling was done by Terranor A/S,

Trondheim,

2. Location and Access

The project area is centered at 62015' lat. and 11°00¢ long.

It is located between the Folldal project area and the border
between Norway and Sweden, approx. 250 km north of Oslo (Fig. 1).
The main service supply centers are Tynset in the north of the
central part and RSros in the northeastern part. The area is
crossed by numerous small, sometimes paved secondary roads.

The railway line Oslo-Roros-Trondheim runs along the west and



SFARAGMITE PROJECT J

Stavarnger

Kristiansand

DENMAR

NORWAY

SWEDEN

.
Ly
=
)
Q

>
W ¥ rkenes
~
FINLAND
.,.tg 7 HELSINKI

FOLLDAL VERK A/S-AMOCO NORWAY JV.

PROJECT LOCATION MAP
NORWAY

Date [ Drwg. by




-G -

northwest sides of the area. The town of Réros is serviced

daily by jet flights from Cslo and Trondheim,

3. Regional Geology

“re Jocambrian sandstones and gquartzites, or sparagmites,
stretch along the eastern torder of the Caledonian mountain
system through llorway and Sweden {(Fig, 2). They represent

the initial detrital deposition in the early stages of de-
velopment of the Caledonian geosyncline. The lead-zinc deposits,
of which the Laisvall deposit in Sweden is at present in pro-
duction occur as stratabound lenses within the sandstones

and quartzites, generally close to the contact with the FPre-
cambrian basement, and along the flank of Precanbrian paleo=-

highs in particular.

The Laisvall deposit is the largest known of this type in
Scandinavia, The mineralization mainly consists of galena,
sphalerite, pyrite, fluorite, and barite. The deposit con-
tained 80 mm tons of ore with 4,32% Pb, 0.6% Zn and 9 g/t Ag.
Another deposit, Vassbo, the production of which was finished
in 1982, had initial reserves of 3 mm tons of ore with 5.7% Fb,
Cu3% Zn, and 18 g/t Ag.

Hydrocarbons have been noted in association with the sulfides
and are one of the factors pointing to the similarity of de-
position to il field brines., It is assumed that the metal
bearing solutions were low sulfur oil field brines which moved
upslope from the Caledeonian geosyncline until they came in
contact with sulfur-rich solutions near the edge of the basin

and around Precambrian paleohighs.

In another genetic model for sandstone lead deposits it is
postulated that lead was released during weathering from the
underlying basement either directly or via formation of con-
tinental arkoses. Ground water may then have carried the lead
into marine sandstones, where & reducing environment caused

precipitation of galena,

The project area is situated in the southern part of the Eo-

cambrian sandstone belt and is stretching over a length of
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140 km parallel to the edge of the Caledonian mountains. A
number of outcropping paleohighs that are formed by granites
and porphyritic rocks, are exposed (Fig, 3), From the SW to

the I’s they are called the "Atna-Window", the "Finstad-window',
and the "Vigelen-'indow'". In between these windows there are

to be found several other outcrops of Precambrian basement,

In many places the tasement is overlain by a thin layer of
conglomerates or tillites which represent the basal part of

the sparagmites. The sparagmites are mostly grey meta-arkoses
and are often interlayered with schists or black schists, and
sometimes with limestones, too. The augengneiss that is btelieved
to be a mylonitized and recrystallized arkose, occurs close

to the thrust plane of the "Trondheim-Nanpe" that consists
mostly of metavolcanics and metasediments. All rocks were
subjected to regional metamorphism. A large part of the pro-
ject area is covered by moraine from the last glaciation

period.

Previous known Pb, Zn - mineralizations can be found in two
places within the project area, One old small Pb, Zn, Ag -
mine is located west of Tufsingdal, about 30 km southeast of
the town of Cs, in the central part of the project area. The
mineralization is associated with black schists and gquartzites
and consists of pyrite, pyrrnotite, galena, sphalerite, and
l1ittle chalcopyrite. The ore was mainly mined because of the
silver content in the galena., Data about the tonnage are not
available. Another Pb, Zn, Ag - mineralization is located at
the northeastern shore of the Gruvsjden-lake, about 10 km
northeast of the town of Brekken in the northeastern part of
the project area, Eere a trench was made that dates back to
1910, The mineralization consists of a silver-rich galena,
sphalerite, pyrite, pyrrhotite, and little chalcopyrite. The
associated rocks are light grey, quartzitic rocks and black
schists. A Cu(Ag)- mineralization can be found at Brydal,
southeast of Tynset, where a 70 m long zone within the sparag-
mites is covered by secondary copper minerals, Bornite, chal-
copyrite, pyrite, and little chalcocite can be observed

finely disseminated within the sandstones.

Much of the outcrop area of the sparagmites is associated with

thrusting and nappe structures, with movement from the north-
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west. Therefore not all of the exposure of those sandstones

is in place and the contact with the Precambrian basement is
often a thrust contact., If one of the above mentioned ore
genesis models is valid, then the best area for exploration
would be in autochthonous sediments argund paleohighs, that
means where the basal conglomerates or tillites are in con-
tact with the granites, Both the Laisvall and the Vassbo
deposits are described as occuring close to Precambrian paleo-
highs. Seen from a more detailed point of view they occcur

in weak bvasement depressions.

4, History and Frevious Zxploration

In the summer and fall of 1982 a regional stream sediment sur-
vey was carried out by Folldal Verk/Aimoco J.V, Detailed follow-
up work was conducted on 22 different grids as a result of

this survey in 1983, Very little information is available

about previous work in the project area.

One small Pb, Zn, Ag - mine is located west of Tufsingdal,
about 30 km southeast of the town of OUs, in the central part
of the project area. The mining activities date probably

back to the beginning of this century. In 1983 the area around
this old mine was covered by a grid as a part of this survey
with geological mapping, soil sampling, and partly a VLF=-
survey. This mine was investigated earlier by A/S Sulfidmalm.

No information is available from this work.

Another FPb, Zn, Ag - mineralization is located at the north-
eastern shore of the Gruvsjden-lake, about 10 km northeast of
the town of Brekken, in the northeastern part of the project
area, Here a trench was made in about 1910. A few tons of ore
were taken out and brought to Falun in Sweden where the ore
was processed., Folldal Verk/Amoco J,.V, investigated this pro=-
perty as a part of the sparagmite project in 1982/82 by de=-
tailed geological mapping, soil geochemistry, and VLF. Alto=-

gether 6 diamond drill holes were drilled in this area.

Another little trench can be found at a copper/silver minerali-

zation near Brydal, south of Tynset., This property was also
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investigated by Folldal Verk/Amoco J.V. in 1983 by grid follow=-

up work and four diamond drill holes.,

o5t of the exploration for lead has apparently been concen-
trated along the south side of the project area, at the
erosional contact of the Bocambrian sparagmites and the under-
lying Precambrian basement. The Geological Survey of Norway
(IGU) has conducted most of the investigations in this area
with a regional siream sediment program, follow-up soil
sampling, geophysics, and drilling between 1968 and the early
1970'ies. Several lead prospects were discovered as a result

of this work but none of sufficient grade for commercial use.

5. Activities 1984 with Recommendations for Future Work
5.1 Follow-up work and drilliing at the Brennvola property

The Brennvola property is located at the northern end of the
large lake Femund (grid location map no. 8). Grid Langen is
located closeby. The area is relatively difficult to access.
A tractor road, in bad condition, is the easiest access on
land, The closest road for public traffic is about 5 km
away. During the summer 1984 the area was mostly entered

by boat. The Brennvola grid is located c¢lose to the border
of the Femund National Park which is surrounded by a pro-

tected area, about 2 km wide,

During the summer 1983 two boulder trains, the boulders con-
taining disseminated galena mineralization, were discovered

in the area. This resulted in further investigations as soil
sampking, VLF, and geological mapping on grids Langen and
Brennvola. This work was followed by an IP survey in late fall
1983 that covered parts of the boulder trains and their cut-
off arese., The anomalies obtained by this survey were tested

by drilling during spring 1984,

On grid Langen three holes were drilled (total 196.30 m) on
line 350 E to test two seperate IP-anomalies that were detected
close to the boulder train. All holes were drilled down to

the Precambrien granitic basement without hitting any galena
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mineralization. Within the sedimentary sequence a narrow
graphitic horizon was detected in hole 84-LAN-2, which might
have caused the anomaly. In the overburden a layer of clay

was found that might have caused some uncontrolled IP-effects.

On grid Zrennvola four holes were drilled during spring (to-
gether 432,55 m)., The first two holes were drilled on a wide
IP~anomaly on line 3600 5, No reason for the anomaly was found.
Both holes were drilled down to the granitic basement, After
that a hole was drilled on a geochemical anomaly at 21005-950W
and one at the cut~off of the boulder train at 34805-1340W,
2oth holes were negative., The drilling was finished then for

the spring and more work was planned for the summer,

During winter/spring also several polished and thin sections
of the mineralized boulders were investigated. A report by
C. Bakke can be found in the appendix of this report. The
conclusion of this investigation is that the lead minerali-
zation is very similar to that at Laisvall. The rocks, how-
ever, have undergone a higher metamorphism which caused a

stronger remobilization of galena than at Laisvall.

After the snow had gone a gquarterny geologist fro the University
of Oslo was hired in order to find out possible source areas
for the two boulder trains., His report is included in the
appendix, The conclusion is 1. that the socurce of the minera=-
lized boulders lies SE of their cut-off points, and 2., that
the kind of glacial transportation of the boulders in both
the trains might have been different. The boulder train at
Langen was probably transported from relatively far {(more
than 5 km). The length of the transport of the mineralized
boulders on grid Brennvola is more unsure: 0,5-5 km or more
than 5 km., If the source of the boulders was S km or more
towards SE, their origin would lie within the National Fark

or close to its border.

During late June and early July the Brennvola grid was extended
by a few lines towards SE with subsequent soil sampling, pro-
specting, and geological mapping. No results of greater signi~-

ficance were obtained,
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During July an IF survey was run, covering the area southeast
of the boulder train on grid Brennvola tetween its cut~off
and the protected area, Every second grid-line was surveyed
using dipol-dipol, with a=50 m , and n=1-6. Several anomalies

were detected that warranted drilling.

Diamond drilling started during the middle of July and was
finished in the middle of Wovember., Thirteen holes were
drilled {together 2016 m). The most important IP-anomalies
were tested., It was found out that all the anomalies were
caused by graphitic schists. Many of the holes were drilled
down to the granitic basement. However, disseminated calena
mineralization was intersected for the first time in drill
hole 84-BRV-8 in a coarse grained arkosite at a depth of 113 n
close to the border of the protected area, The mineralized
zone 1is stratigraphically located below two horizons of
graphitic schists., Several other holes were drilled in this
area. The best sections with disseminated galena mineralization
were found in drill holes no., 84=-BRV-11 with 7.2 m of 0.8 % Pb,
and less than 5 ppm Ag, and 84-BRV-14 with 5.2 m of 1.2 % Pb
and 5 ppm Ag. Zn occurs only as traces. These holes lie

about 100 m apart (in strike direction), The zone is at least
150 m wide but the sections in the side zones are very narrow
(0,2-0.4 m). The mineralization is hosted orly within coarse
to medium grained arkosites probably due to the higher per-
meability in contrast to the overlying quartzites that are
much finer grained. The extension of this zone towards SE

could not be tested because of the protected area.

After most of the holes were drilled, a paleogeographic map
was designed showing the surface of the granitic basement.
The paleogeography can be important for the mineralization
control as most of the laisvall-type mineralizations are
situated at the flank of paleochighs, but in very particular
in minor "low'~-structures. The designed map showed that the
Brennvola grid covers for a large part a paleovalley between
two granitic paleohighs in the east and in the west. It shows
also that the discovered Pb-mineralization is located in the

lowest part of this depression and that this "low" continues
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towards the SE into the protected area, plunging still deeper
in this direction. Therefore, the best potential for finding
further mineralization, hopefully with better grades, is in

the protected area,

For next year's activities it is proposed to apply for a per-
mission te drill in the protected area. 4 short fence could bte
drilled on line 6300 5 crossing the axis of the indicated
paleolow. If the results should be positive the extension of
the mineralized zone must be tested further towards SE, towards
the National Fark, following the low-structure. All holes,

or most of them, should be driled to the basement. For this

at least 1500 m of diamond drilling will be necessary.

As the mineralized houlders on grid Brennvola show partially
very good grades (some over 10 % Pb) it can be expected that
1 the grades of the mineralization could get better towards
SE and 2, that the mineralization is coming to surface some-
where in this area. Therefore the chances for finding an ore-
body of reasonable grade and size within the protected area
must be seen as present. Of course the possibility exists

that this mineralization extends into the National Park.

5.2 Investigations at the Atna property

The Atna property is located in the southwestern part of the

project area not far from the main road Folldal-Atna.

In early summer some geochemical stream sediment anomalies
were investigated by prospecting in an area closeby. On the
road inteo this area some rusty boulders lying beside the road
were found. The boulders proved to contain finely disseminated
galena, Soon more boulders were found that were mineralized,
mostly dark guartzites that contained finely disseminated
galena and/or sphalerite, Often galena and sphalerite occured
on remobilized quartz veins. A grid was established in this area
and subsequent mapping, boulder tracing, a VLF survey, and
soil sampling were conducted, Altogether 610 B-horizon soil
samples were taken. Most of the area is covered by moraine

and only very few outcrops were found,
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Within the grid area sedimentary rocks occur as conglomerates,
quartzites, and arkosites divping gently towards 3W as was
found out later by oriented taken drill core samples. The
rock units are lying on the southern flank of the I'recambrian
Atna-'indow., Whether the rocks lie autochthonous on the base-

ment or not could not be proved.

Regional geological marping was carried out around the grid

in scale 1 : S0 CG00, It was found out that mineralized boulders
with galena and snthalerite are spread over a large area around
the estahliished grid but they are concentrated within the grid
area, The Pb- and Zn-contents of the mineralized boulders were

mostly low, however, only rarely exeeding 1 % it (Table 1).

Table 4: Contents of Cu, 2Zn, b, and Ag of nineralized boulders

in the Atna area

Sample no. Cu Zn Fo Ag (ppm)
ATR-1 76 475 2433
ATB=2 15 1118 2496
ATB-3 4s 526 1010
ATB-4 61 bq22 677
ATB-5 L6 123 <120
ATB-6 28 159 189¢C
ATB-7 31 212 <120
ATB-9 z2 3525 15024 6
ATB~91 16 2361 354
ATB-12 16 1886 L146
ATB-%3 16 1304 699
ATB-th4 15 L2k 114
ATB=-15 15 366 255
ATB=16 Ly 5567 109 1
ATB-17 16 1311 116
ATE-18 16 2566 2132 1
ATB=-19 16 59 Ls2
ATB=20 15 678 220
ATB=-21 15 1339 1306
ATB=22 16 213 340
ATB-23 15 776 978
ATB-24 32 361 230
ATB=~25 29 774 13302 15
ATB=36 119 149 <120
AT3-39 65 297 15340 5
ATB-40 64 235 6850 3
ATB=41 78 514 23683 10

ATB=53 16 1500 k10 0.5 <2 ppb Au
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The same quarterny geologist who did some work at the Brennvola
property was hired in order to find possible source areas of
the mineralized boulders, His report is included in the appen-
dix., Eis conclusion is that the boulders, which are mostly very

angular, are of very local derivation.

within the grid area two major trends of geochemical anomalies
for lead were detected with values up to 1000 ppm Pb, Zoth
trends run parallel in WW=-5Z direction.. Higher Zn values could
be detecter further downhill. A4n IF survey that crossed the
geochemically anomalous zones was conducted along five grid
lines, Several coincidences of IP/geocher. anomalies were
found. Two cutcrops with lowgrade disseminated galena minerali-

zation were found within the grid.

Diamond drilling was conducted in November. Five holes were
drilled (together 237 m). Four of the holes were drilled to
test the combined IP/geochem, anomalies at three different
sites (holes 84-ATNA-1 to 4). It was found out that the ano-
malies were caused by graphitic schists that were rich in lead.
Some grains of galena were found in one of the holes within
the graphitic schnists., The fifth hole (84-ATNA-5) was drilled
cn a geochemical Pb-anomaly that was located ocutside the two
main trends. This anomaly coincides with a VLF-anomaly. Close-
by an outcrop is located with a dark quartzite that contains
some finely disseminated galena. At this hole the reason for

the anomaly could not be found.

During the regional geological mapping around the grid area

a zone with chalcopyrite and galena disseminations with ele-
vated contents of Ag was found within conglomerates. This

zone is located at Ledsageren, Samples were taken where the ore-
minerals were best visible, Results from the assays can be seen
in Table 2., The length of this zone is about 1 km but not all

of the conglomerates were sampled yet.

The Atna area must be seen as an area that is highly anomalous
in heavy metals, especially in lead. However, not a single
sample that was found in the area (boulder or outcrop) was
or came close to ore grade, Since the drilling results were

negative, the grades at the Ledsageren mineralization low
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and scattered, and no boulder with ore grade was found, it

is nronosed to finish the investigations in the Atna area.

Table 2: Contents of Cu, Zn, Pb, Ag, and Au in some selected

samples of the conglomerate at Ledsageren

sample no. Cu In Pb Ag (ppm)  Au (ppbd)
8l ~LED w1 58C 20 280 2 2
84-LED-2 340 14 78 145 4
8h-LED-3 500 1900 6000 12 22
8L oLED-4 6500 40 n 13 160
LD =5 110 370 4100 Se5 2
8l ~LED-6 2800 26 110 14 6

Se3 Follow-up work on other grids established in 1983

Tufsingdal:

The Tufsingdal prorerty is located about 30 km southeast of
the town of Os (no.10 on the grid location map). In 1983 a
grid was established that covered an area around the old
Tufsingdal Pb,Ag-mine, This work was a result of stream sedi-
ment anomalies that were detected in this area in 1982, The
grid area covers sediments that lie on the flank of a small
granitic paleohigh. The grid follow-up work comprised soil

sampling, geological mapping, and for a part a VLF-survey.

On grid line 800 S two geochemical soil anomalies for Pb were
detected that coincide with VLF anomalies. Prospecting and de-
tailed mapping was conducted in this area and a narrow zone
with impregnations of pyrite, galena, and sphalerite was found.
in the striking continuation of the western of the two anoma-
lies. After that an IP survey was conducted on this line that
showed a very high anomaly at station 400 W that was with

high probability caused by graphite and a weak anomaly on

the flank of the strong one, The weak anomaly was centered

at station 650 W where also the western geochemical soil ano-
maly was located. A hole was drilled at grid coordinate

840 S-575 W towards this anomaly. The drill core contained

a thick series of graphite schists that contained some traces

of chalcopyrite and sphalerite. After this hole was drilled
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no further investigations were conducted on this grid.

Hekkidlen:

At the Wekkjolen property (no. 18 on the grid location map)

a large rrid was established in 1983, It covers a sedimentary
sequence in the east and the Frecambrian basement of the Finstad-
“indow in th=z west. This work was a result of the detection

of stream.sediment anomalies, mainly for Cu. During the summer
of 1983 two localities with Cu-mineralizations were discovered
and several geochemical soil anomalies for Cu in the area of
one of these occurences, an o0ld trench that contained massive
chalcopyrite.

This area was covered by an II' survey during sumzer 1984 on
altogether 4 lines and on one line further towards south

where a low grade disseminated Cu-mineralization with bornite
was found On none of the lines surveyed a drill target could
be found, lone of the few IP anomalies was coinciding with

any of the geochemical ancmalies,

On the northern end of the grid a few weak Pb soil-anomalies
were detected in 1983, This area was prospected during the

summer of 1984 without that any mineralization could be found.

Littlefjellet:

The litlefjellet-grid is located in the Brekken area in the
northern part of the project area (no. 2 on the grid location
map). The grid was established in the summer 1983 based on
the detection of Pb- and Zn-anomalies in stream sediments,
Some anomalies for Pb in soils were detected on lines ONS and
150 1 between 100 W and 200 W,

During the summer of 1984 this area was investigated in detail
by prospecting. Small amounts of galena were found within fine-
grained quartzites in narrow cracks. The same feature had been
observed before in places on grid Gruvsjden. These occurences
of galena are undoubtfully of no economic importance. Apart
from galena, also chalcopyrite was observed in very small

amounts within the sediments.
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Tverrlivola:

The Tverrlivola-grid is alsoc located irn the Brekken arez

(no. 1 on the grid location mar). The work that was conducted
at this property was baesd on the detection of streas sedi-
ment anomalies. The geochemical soil survey of 1983 indicated
some slizht anomalies for b on lines 1050 N, 1200 K, ang

1350 N, between 100 E and 600 =,

In the summer of 1984 detailed prospecting was conducted in
this slight anomalous area. It was found out that augengneisses
dominate this part of the grid. Yo ore mineralization or :races

of galena could be found.

Se4 Follow-up work on some stream sediment anomalies detected
in 1982 and 1983

During the summer 1984 several geochemical anomalies that were
detected by the regional stream sediment surveys were folowed-

up by prospecting.

Anomaly just east of lake Rien:

In the northern part of the project area a stream sediment
anomaly for Pb, 2n, and Ag was detected on map sheet Stugusjd
at 6 49600/69 62600. It is located only a few hundred meters

away from the eastern shore of lake Rien.

Below (downstream) of the anomaly no outcrops are present,
Above it there occur several outcrops of augengneisses that
are overlain by sparagmites, The general strike direction

is E-W with a weak dip towards N. Several boulders that are
mineralized with pyrite could be found. The reason for the

Fb, Zn, and Ag anomalies is unknown, however.

Anomaly 3 km east of lake Rien:

Two samples with high contents of Pb, Zn, and Ag were found
on map sheet Brekken at 6 52750/69 60800 and 6 51 900/
69 60300,

Two types of sparagmite, a green and a dark grey one, occur
in the area These are overlain by augengneisses. The strike

and the dip angles are strongly varying. The rocks are tecto-



- 23 -

nized and small scale folded, An elevated content of pyrite
was found in the rocks above the anomaly, Thereason for the

Pb, Zn, and Ag values could not be found.

anomalies 1,25 and 3 km southwest of Volldalshdgda:

Several anomalous samples for Pb, Zn, and Ag were detected

in two parallel creeks southwest of Volldalsiuigda on map sheet
irekken, very close to the Swedish border., Several outcrops

of sparagmites were found at the northern one of the creeks

at Ruttjornane, The strike direction is in general NW~-SE with
a gentle dip towards NE. Several boulders of sparagmite with

a high pyrite content could be found., The reason for the ano-

malies was not found.

Anomaly 5 km northwest of Litlefjellet:

Very high anomalies for Zn (up to 2700 ppm) were detected in
a creek about 5 km northwest of Litlefjellet on map sheet
Erekken, The values for Zn are increasing streamupwards. The
highest value was found at the cut-off of the anomaly. The
creek is in general looking very rusty with obvious preci=-
pitated Fe~ and Mn-oxides and =-hydroxides. Several outcrops
of a greenish sparagmite could be observed. Just above the
cut-off of the anomaly a small side-creek is coming into the
main creek. Its source area can be found in a swamp that is
located about 200 m east of the main creek. Around this swamp
one can find several rolls of old reindeer fence that is in
process of wheathering since many years. The source of the high
Zn-anomalies might therefore be contamination. To make sure
that this was the reason for the anomaly the whole creek was
samrled again with stream sediments, This time the sediments
were sieved wet in the field., The grain size of the samples
obtained by this method is probably somewhat larger than this
obtained from bulk samples. The analytical results showed
that the Zn and Pb values were lower this time, but anoma-
lous, too, with the cut-off at the same sample site as observed
before. Fe and Mn showed very high values (up to 7.1 % acid
extractable Fe), This fact might be an additional factor for

the formation of the anomaly caused by the coprecipitation
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of Zn, Pb, and 4g with Fe- and lMn-oxides and -hydroxides. In
the outcrops arcund in the anomalous area no ore mineralization

was found.

anomaly 3 xm east of Langhta:

On map sheet Tylildal high anomalous values for Cu, Pb, Zn,

and Ag were detected in a stream about 3 km east of Langhda,
Follow-up prospecting of this anomaly showed that it is located
within the granitic basement of the Finstad-window. Some grains
of pyrite could be found some hundred meters above the anomaly.

Cther ore minerals could not be found.

Anomaly 1.75 km east of Klettseterklettan: (sheet Tylldal)

The anomalous area is totally covered by swamp. Only one
outcrop of sparagmite could be found closeby. No ore minerali-

zation could be observed,

Anomaly & km south of ilettseterklettan:

Anomalies for Pb, Zn, and Ag were found in a stream 4 km south
of Klettseterklettan on map sheet Tylldal. The stream drains

an area that is located close to the contact of the sparagmites
with the granitic basement of the Finstad-window. Cutcrops

of sparagmites could be found within the anomalous area but

no ore mineralization could be discovered, Several possible

sources of contamination as fences etc. are present in the area.

Anomaly 3.7 km southeast of Grghagda:

An anomaly for Pb and Zn was detected 3,7 km southeast of
Grghﬁgda on map sheet Sollia. Follow=-up prospecting showed
that the anomaly is located within the granites of the Atna-
window, A relatively high background of Pb within the granite
might cause this anomaly as no ore minerals could be found,.
Further prospecting in the area led to the discovery of some
PbS-mineralized boulders, leading to the investigations on

grid Atna,
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(. Land Status

All claims held will be dropped by the end of 1984 exept one
claim group that covers the PBrennvola occurence and its

possible extension towards southeast.
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e o0 2m. 0000000000000 S SN S— ! E
FMIN: Thin (less than 0,5 c¢m) lenses and bands with | |
] ] . |
disseminated pyrrhotite are found tkrcoughout, but | | ) I | ' k <
{ | | | {
—don't copnstitute more than 0,5 ¥ of the rock. Traced I ! ‘ |
— 1 | of pyrite sTe found st spme joints, e ! ! ' | i
13,12-16,39 Fine grained sparagmite. - ! i | !
This is e lighter grey section. The section starts —— 1 '
| with & 10 em thick layer of coarse grained pressed —
|
| | sequence (lensoid feldspar and gquartz gramsl)., | L 1 I
Finer greined towards end of section, but a medium i | |
| i | 1
grained seguence runs froz 13,63 to 14,91 =m. S I - I A G IOV N
i i i i I
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Fro— To

Cescomhgn

Lzsays

—_——— -

& B20VEe.

cearse crained (cenglemerate)

—r—

fine grained in

the lower . The rock

considerabtle pressed tegether. This is seen as con-~

| cordante lenses of possible recrystallised guartz.

The coarser grained seguenses at 17,26-17,70 , 19,134

19,45 , 22,82-22,82 apd £3,00-23,3% have up to 2 cm

long lenses of guartz, which glves it a augengneiss-

looking nabitus. Between these coarse grained layers

| there are layers of zedium grained (pature) sparaz=it

44k

iczer lenses of cuariz, The lower part of

the section is more fine greired and Lave core quarts

1

Small feoldings are seen frox 18,30 to 18,29 r, Tracesd

—

R i
of carbonate are found at small jointsg.

MIE: This section has Jjust traces of gore minerals, |

Thin joints filled with massive pyrit4 are found in

the upper parts. Disseminated py and Jo are common ai

[
the intervalls 28,80-29,20 and 32,10-32,22 (up to

2-32 % py_and_pol. [

S S —— 1 '
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n
i
i
i
ot
¥
€
e
I
wn
t3
Vi
e}

her in sericiie and e
_epar, and_have big detrital grains of guartz (which

ig pertly khreecistsd), Some paris of this sections |

bl

.

I
have probebly been conglezerates that have heen hrokd

down by tectonic influences.

This @ection has lighter units a% 71,47-71,8% gnd |

72,34-72,83, One layer of dark siltstone (same as

below, from 75,98 to 83,05)_5;e foundlfrom 71,885 to

72,34 m. From 70,40 to 70,60 m, there are some bands

which heve s _brown (rusty) surface,

i
|
L]
¥

MIN: Traces of py are found st joints

73,07

74,60

Conglomerate

The matrix of this grey-green conglomérate is a

homoczenuous, medium grained sparassmite. In thisg metrj

a few oblong pebbles (up to 5 cm long) of guartzite

are found. A darker siltrich layer are found at 7%, 34

~73,68 (same a&s below, at ?5,98—83,051.
|
|
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Ime~al

_Corglomerate

This 2s a light grey rock with lot of cuartz seggr,

| It is partly brecciated and partly banded. The

natrix is a clayrich sparagmite, and the detrital

£%,00

_materiale is oblong quartz grains. =

_Carbarmacicus silte=zcone

Wit a

'T‘\p.i_,g ig. = A m i :..a: .l-.: 7 1, P -.ca; - h e
-+ - to bhiack silictone with Paiw S

layers rich in carbonate. Minor content of graphite

2l

may be the reason for the black colour .

)

[

| _Mih: Traces of py and po, B

83,05 91,%4

__are common, specielly in tye first jo_l,m. While silicsd

Suartzite
Light grey. Up to 5 cm thick bands apd Jjoints with

a green, fine grained mineral (probably sericite)

filled Joints are common in the fjrsl two reters,

This rock has a loE_of bqus rich in open spaces
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1
Descriprion COH No E:_.‘“r_aq_r;‘q

Assays

“T =~ T & |

. wrickh could be good brainiraps for ore minerals.
Wit Traces of py are found at jeints and in scme of

the "ocen" spaces. lzrrer spols with traces of 2

silver eccloured ore mineral

found frem £7,30 to 20,00 n.

suartzitie spsrapmite ‘ — —

This is a light grey reck which have some detrital

guartz and feldepar grains, which are fleoating in ths

quartzite matrix. The_size of the detrital greinsg

range Iroz less ther 1 mm to more than 2 cm, &ni sre

cost commen from 92,90 to 94,10 m. The rock has a lof

of open spaces between the detritsl gfaips.

From 93,82 10 93,92 it is prebebly a fault. It could|

however be s elayrich layer thet easily fell) _spart,

|
because of the weak compaction of tlese sedimerts., |

1
|
KIK: Traces of py are found at joints, At 94,%0 it ig
!
|

Enarapaite '
e

This is & grey rock with a lot of oper spaces, which

& gilver coloured ore mineral, which probably is galdna.

probably can be explsined by the wesk compaction of

|
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interva

From 1 Te Sesenciion OO M Dimy —_— — - ——
| < beEv_n =Fa F e _‘! Te Cu | Mo | Po

these ed.ments. The crain size rance from fine to

coarse, and seems very little mature. Np mineralizaiilon,

96,70 99.50|Altered cranite (basement)

This is s coarse grained granite, whichn has partly

altered feldspar grains {green coloure?).

grains are up tc 3 em in diazeter. Zetween these therme

digzeter. Xo zineralization.

99,50 102,80 Granife

i The first part of this section is a méiiym_gggined__

1dark granite which has & lot of gquartz— and feléspar

|
seggregations, and is partly brecciated., Specislly

i section the rock has & lichter colour and is morTe

|
|
i
|
from 100,60 to 102,00. From 102,00 m towards end of | _j [
- |
|
|

| hozogenuous. Nc mineralization.

o

103,80 | 107,58 |Diabase dike

|
|
il
|

I
At 103,80 the granite is cut by a medium grained

i

diabass dike. The colour of this dike ig black and it

is very homogenuous, spart from at 104,50 where there

are clay intrution on a joint. Near tLis "intrution"
J .

| |
it is & lot of fractures in the diebas. The cike has

——

—1= — |

P some joints filled with carbonate. 107450: EOH.
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aGe 4
FOLLOAL VERK AIS
Do Ne Armom ta-'o'\-c; l Ciewnigmal S0y
3% NE-28 S [ = ] -l Beg i &;m s
Fropeny Lozie iy
— —r— 9: L o = ==t
Se-orn Dmgor cana i —— T ———
I ORELD R, GES0 W 415,20 7
Fipem Te Dascnziice - — :q_s.s:a_-} - - ————————
0 0 7,50 | fverpurden e - - 4. S b= [l == == ==
_2.80_103,00 | Sparammit ——— e — . — ——
— P E0-10,. 48 L Felivn greined and wizhk firgr pradopd | 0 ] 3 I " | S
| layers. This is fawvg‘iiqz grained, grey rock with somd
few pebbles of guartz (rarmging in size from 0,2-7 em). =~ |
- _lighter sections from 7,5C to 9,15 m and from 16,50 [ = =
| | I ;
1 to0 17,60 m. — — ___ il [ — ]
| Fl | 1
i KIK: Up to 1 em thick and 5 c¢m long lenses of pyrrhofite f ; '
e ——— S — — ———— e e i —_—
{ | l ' \
i . . . R 4 P | |
! {disseminated but rich, less than 1 %). CA = BO - 85 1 Iy ! f '
: T T B \ i
! 19,48-%%,50 : Fine grained sparagmite, | ' ‘ | |
= — —_— — e ———— S S T
’ . a - ) . | ‘ l
This is a light grey, fine grained ro-k. The last ll i ’ | |
7 o T -1 I = = ','_
i !
2 m of this section have some oblong petbles of guaryz. ‘ | | I ‘ |
I f | ‘ | '.
| Mik: Traces of pyrrhotite as small lenses, end traced | N | i i ]
| 1 oc pyrite on_joints, At 30,80 m it is a szall grain | B e I I i ! |
{ 1 1 i
| of a silvercoloured minerasl. With the help of e _ I : | E
=T — — — 1 i ) ‘ i
binocular it seems that this is hematite, f | ! l i l'
| | ] |
| 4 32,50-~103,00 : Joarse grained sparagcite. I ] [ 1 S S| L |
| i
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Bescrinion DOR wp =

IV 02-E

Fram

ASBays

n

Au

This is & light grey sparramite seguence which has

presseé conglomeratic sections at tha tep, and

gralually rets finer crained towardis end of seguernce

_forzlomeraie with eletgated gurrtz pebbles =t 33,50-

m35,§0 N ~4lﬁpjﬁ2}03 ) 55[22755i48' EarEfr from 7,00

tewards end of section. Jarker silirich layers

&

_end of section (frem 100,10 w). C4 = BO - ©0,

NMIN: From 37,58 to 43,70 and 52,10 to 56,20 very fin

o

I

dicesexinated

bemstite, Traces of very fine graired " pyrite are

greined silver coloured ore mineral, fhis is prehabl;

8-y
|

found trroughcut, Scome few bigser aspremates of py |

and po, up to 2 ocx wife, usu=lty din cpreectior wizh

the heoatite . -

) | 120,27

Cuartzite {light) |

| Very fine greined, pure, lipght grey cploured quartzif

| Thin sericite layers betwsen bedding layers. Thin

conglomerate horizon at 109,00-109,20 with angular

| gquartz pebbles. Strongly brecciated. ‘CA =

8¢ - 90

MIN: No.
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FOLLDAL VERK A'S FaGE 2
i LT T Assays
From | Te Bescrption DoM Mo, ——— _— S ——— e p— . -
| il Eav-gz—2u | Fem | o e | e [ z-
440,22 L 418,30 Zsscgent pranite | = = | - e ——
! 4 dark, very feldepatrick roeck. The grain size is_ [ A {— 1

about 0,5 cm. 4ltered dowa to 113,50 (groen feldspar

R oblorng. No mirerslization.
C

feldspar graing are

‘(Ji

| 1 7 a '
| I !
| I = ' '
| _ T |
. i !
f
i ) _ i o B \
| | |
: | = H o R I I |
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PaGE 1
FOLLDAL VEAK AiS
B e N A Do tipv s sumesg - e
TRV 02-ts o iwe | O Decer : z
Frorery Ange o _ | - e ————
aArennvola _ ———] P v i ——
Co-gez S = R —— IR =
na o~ o asn o "
£l =N ~ L
inter-a ARSETS
Fagm Tg ——— - . — e : =
= e | 1a [ . &= T 4 =
Q.00 3.00 Cversurden
2.00 26.0% | EZpasraszmiie o , — — . | = |
This is a light grey medium grained sectlon. Bedding| B -
e - 4 is cormon., There is a more siltrich section from 3.0 o | I (. I
|
- . . . \
— ! ~to.about 12.00 m where it gradualy is coing over to | i |
! | | i
the spararmite. Brown whethering on joints are ' { ;
1} I
usual in the first 10 m of this core. A%t about 10 m | ‘ ! |
g m e o — | ] — |
i 1
| there_are up to 1% py in a clayrich carbonacious ! | ,‘ ] |
| i ‘ }
| P :
L.} zone. MHore guartzitic secticns are found from 9.£0 o F =
| |
B to 90.00 & and from 4.10 m to 5.80 m, B | | i |
| ] *
_ | A new siltrich section is starting gradualy at about] I} l
) |
| 30.00 m, and continue to the end of this section. | |
=== : J— ;
This section which is slighktly carker ccnteins also i ‘ i
— t = i ;
!
some carbonate. CA: 70" to 90. | l
KIN: Traces of disseminated pyrite are found through g | [ |
(S SRR DS e A : - — |
- out, = .’ — = I 1 :
| 1 1 i
36.05 | 65,62 Cuartzite I |
| | ]
] Light grey very fine grained section. The section - : | | -
[ L it B i [
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FOLLDAL WERK A/§ =g €
| ASSay
Fram To Desctiztiom | B~ Ne TRV O2-8L4 . S e 1ot " S
. [ = W= Cu Me Pz | Zn Aw | Ag
| | {
i r of s_n;._'fi_s_:o_rﬁ- The B B ! ! . - P P
6 shararziie at
staris au S8.70 p.
—; e : = = — e e —
very preccliated, arnd iLie crachs are
¥Ih: Very rick ir pyrite (up to 5:) frem 37,55 to | A | o
- | 57,80 m, Traces of py in the cuartzite. E—— - —1 . . =
€3.62 [110.57 Sparectite
This is a mediux grained light grey section. Darker
l eleyrich section from about %4 = to B2 o with grad- i w | I
.. . ' t l
ual transitions. CA: BO-90% |
\ ' |
e == MIN: Ko visible mineralizstions, ! .1 |
110,52 E.0.H. -‘
Bl ! —
1
|
i =
o |
!
———— 1
|
|
— ! ~ — 1 |
| | R
i S [} . ,_ I { |
| L] - T - ‘  E—
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FagE %
FOLLDAL VERR 4'S
LT ~ T = | Diormeinra BanEh i
i = L qu Iiﬁ:‘_;-» T R N [ - N gk o 7!-_"" i
Arge L - - 1
a ag? 1% 04 By - — - — s _—
Twain | — 1 N . )
Qo 14 [ ¥racs
g I = o 1174 Fea Assart
o i v = — - — -— —— —_—
o ‘ o 3 Fig Te o Mo | Pe 1 2 | A Dk
.00 7.50 Uverburden |
750 94,73 Soparecmite
This is a zediup greired grey seciion with scne
B | darrer lsyers inbetween. —— 1
minerels are comzon. In places ‘*hel¢ are some moTe 1}
_ coarse creinel lgrers. Sedigenigry trepcie with | 00000 | i _
]
frarpzents of guarts, feldsper and cley mirerals are | |
- = e L ‘ ==
' fourd from 23,85 to 94.00 m.{This is possible a B | ' ‘
| | | i | o
| o | | ‘ ‘
| tilite layer). CA: BI-2C°. i | 1 | _l
1 I [
i KIK: Very seldom e few grains of galena, up to . | i
—_— — — =3 . S R— ] ! N
0,5 ¢» in size are found throughout the whole ‘
section. Such exotic accoranses ere visible for l | |
= | | | 1
exarple at: 20,70 m, 66,75 m, €7,40 m or at 77,13 m i | !
Traces of py at joints (very seldom). = i_ _____!r_
| |
94,73 | 98.25 Breccie with guartz fracments i ! i
—r | S . L . |
, . . : . . : i l | | i
Quartz-rich groundmass. The size of the quariz graifs l a \ ! .
Xt et = = 1 | :
. ‘ i
are usually smaller than C,S cz, but up tc 2 cm widf . 1 i
T — — = e o — I T T
| ] ) f
| grains are seen. Layers of sparagmite are found i i
—_—— ——— — e === = - == == - — s i —_———
L) I . ]




DIAMOND DRILL LOG

FOLLDAL WERK A(S5

o I=remal Assais
From Te Sescrighian Lor o =RV 404 — — - o = i ===
From = Ty N . Zn Au k3
b froy 95,48 wo 95.67 n o@nd from 97.30 e T7-65 4. _ | | | S S
FIR: o visi®le mineralizetion.
on, 25 (99,15 Sasement franite - - 1 I R S Y -
- Dark, very feldspar-rich roek. The grain size is | o | I I R .
e | about 0,5 ci. B e N —— A e | R[N T Pt —-1
i ] |
' MIW: No mineralizaticn. l } |
89,15 E.C.H.
| |
| | |
| | | | I {
- ! !
- 1 | .
| ' | |
| | | i
| |
|
| |
— |
|
|
|
[
| = { _
— T
' i
| 1 1
l | |
|
i ! ! l \
| | ! | | |
— —1 - — |
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middle grained arkose, contains often some clay material

PAGE |
FOLLDAL VERK A/S
DL~ ho 1 Az l Staned | Directicms! Suveys
Bh-84-3%W-5 - 12.07. 84 I oeem ] Aar T i Dezir Azim
Propey [ Angie ] & Fimished I L
Brenmvola 90 17.07.84 The drill $ite is loczied 710 m hbove sea level,
[ Deztn | Logges by \
4500 5-5%0 V s 139,30 m | M. Krause [ 1
Imerval Assays
Frem Te Bescripiion From To Cu I Mo P Zn A | Ag ‘
a = angle of bedding to core axis | [
0 6,50 | Overbuarden ] | !
boulders of light and dark coloured sparagmtes. | — ‘
6,50 9,40 | schist o — !
- L Dark grey-greenisch, fine grplined, woll bedded schist, SE— |
Contains some very thin (mm-thick) layers of black fine- S *
I
| grained material {gsphite). No visible ore mineralization.
. a = 45°-80° varying. N
G, 40 26,00 | quartzite
| Grey coloured, fine grained guartzite, containing numerous -
narrow quartz veins.
Mineralization: The rock contains py and po, predominantly
oy that is often bound to the cuartz veins. The content is
about 1 %, sometimes a little bit higher. a = about 800. ] | -
This rock type is going gradually over in
26.00 30,50 | sparagnite a

in parrow beds or in cracks, a = B0
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PAGE 2,

From

To

Desenplicn BEh-84-BRV-5

Interval

From To

Assays

fb

Ay

23,00

conglomarate

conglomerate, contairning well rounded milk . guartz m=bhles

_that are about 1 on in size. The matrix

18 predominant 1y

quartzaitic, davk crey coloured, but contains alse a little

clay material. No visible ore minerslization.

123,50

T S——

speragnite

Monotorrus series of dark grey colowured arkose. The rocks

are sometines well bedded, sometimes not at all. Gocasionally

|
|
,
i e B e ST FONS NN
1

occur well rounded guartz pebbles, some mm in size.

e

Mineralization: The rock type contains py + pc with pre-

dorimntly py. The content 1s probably 1 # sulphides.

Especially in the upper part the sparagmite is very fine

grained in places. The poresity is changing gradually

Narrow quartz-veins are not uncomman. a = 80%-90°.

133,55

139,30

Granite

Ty

Coarse grained granite. The upper part until about 138,00

s whezrheored Feldsparsare altered to epidote and the

structure of the rock is Ssrpeoes frecriation in the

first 2- 3 meters is common.

139,30 e.o.h

=Tk 4t
.
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FOLLDAL ¥YERK A/S

CC* ho | Azmth ' Srantec I Direc*ional surveys
Bh-84-5R.-6 X 17.07.84 ST | ok Dezin | szm | D
Propety | Angle . Firisheg —[ g A 1Y AR T T e o EY !
Brenrvola 20 24.07.84 - L - - I
Ce-ore | Decin | Logged by i | 1
3525 s/675 M 138.3¢m Y fzause - - — 1
From To Description — 7Iﬂ"rva‘ = Assaye
Frem | To o | Ms | e | 2zn [ au [ ag
& = angle of bedding to core adis | | i !
1 5.50 | Overburden I R l ' , i
5,50 | 19,15 | schists | | ' ! :
| ; [ i l }
srey coloured quartzitic schists with muoures layers of | { | !
: ]
clay-material, sometime the clay beds zre very dark and ! i I | F i
‘ |
seaem to contain wvery narrow grafitic lawyers. Very little | I l
pyrite is vis.ble on cracks a = 70-80° [ |
E T
19,15 35,50 quartzite |
dark arey coloured, very fine grained guartzite that contains ! i_
nETerous narrow quartz veins. <Contains very little pyrite |
on cracks and finely disseminated ¢< 1 %. This quartzite
; 1
s 1 is going gradually over into:
35,50 48,90 sparagmite
grey coloured, feldspathic sandstone containing narrow guartz
veing, contains §lso occasjonally narrow layers of clay-
material or small guartz-pebbles. At about 36 - 40 m red
hematite on cracks and disseminzted. a = 80°
p
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-

FOLLDAL VEAK A/S PAGE <
E T Be. Tnte~val Assays
om o SCHATION i | L. s —
@ §4-BRV-6 From | To Cu Mo Po zn au Ag |
48, 90 51, &0 conglomerate | |
. — I . B l I } J
contains rounded and subr ounded guartz pebbles, mostly 1 [ l 1 | |
— e = i | - : .
! [ |
1 i
- oM in size, the mairix  3s dark grey - dark green, nostly | . | ! i ]
] I3 .
i Juarizitlc Dot contalns alsc some clav-raterial: rio , _E
1 —
d ]
1 Misible mireralizarjon. !
|
51,60 138, 304 sparagnite

roek tipe as U5 S0 - 48 90 but Comtatins some gaartzisic

sections throughout the whole length, hematite 1s quite

common on fractures, occasionally PYTite and pyrrhotite

are visible {py > po), co~tent ; much less than 1 §;

a congloeratic section is at 81,80 - 82,60, at around

133,50 numnerous layers of clay-material; at 135 m narrow

breccia.-zone, a varies 70° - 90°,

138 90 & o h

ha DR
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FOLLDAL VERK A/S

o No | Azimuth | Sianed | Directicna survers
Bh-84-BRV-7 -4 26.07.84 Death [ fam | Die Depth
Progeny I Angle | - Finshed ! the drill kite 1s located 715 .mlabove ses
T~ Bremnvola 90 02.08.84 | {
[ | Depin | Logges by 1 {
4800 5/500 V 168 00 = M. Krause
Irena! Assays
From ] To Description Frgm .—Tc Cu Mo ] Pt ‘ Zn
| a = angle of beddirg 1o coze =iis | |
0 | 10,00 | Overburden | i
t =1 — - )
i , !
| i i
= 1 .
i | |
10,00 i1.70 Grecn:ish schists ) ) ) i
1 .. | Greenish schists, well bedded, fine grained reock tyme, | !
— { contalning severals bapds of ankerite hiat are paralle] the - = = e
e bedding: & de vaesina bedupes gn-gn® 00
11,70 66,00 Graphite schists. o —

Graphite schist that in parts is very rich in graphite,

contains numerous lenses of pyrite and pvrrhotite. In some

prts the content of graghire 18 very low and only pressnt

as strifls in a schistose rock type as at 12,30 - 12,80 or

14,30 - 16,05. a = 80° throughout the whole section. At the

base the graphitic schists are ooing gratusily (ver inte - il

sparagnite. Here the rock is schistose with a very few stripms

of grephitic material, This rock type corrpeperdle with the

slightly graphitic schists at the top of the drill holes

5 and 6.
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FAGE

3
-

From

To

Oescrplion D=8 =B

Irtenai

From

To

Cu

eo |

Assays

In

66, 00

163,00

Spearafrate

‘s':/‘:'\~1-'f grj-w,.-_-i grey CH‘Q g = ] 3~—Br¢w¢£ oot \_-;::- w,_]]

o m o

beddod, conteins numerous narrow guartz veins that

contlalns somet1lnvs pyrite and nmyrrhotite.

Pyrite can

alsc be found d:ssenunaied within the sparagnite and

is sometimes up to 1 % in volume. The sparagnite contains

often levers of clay-rich material, is sometimes very

guartzitic, and in a section very coarse grained. Betwsen

114 ard 113 m one can cbserve some coarse conglomératic

lavers -

Ad” P = 4
o Ly pEd B, L (W SRy, FErs i

m["}"

Mdrnthedi orow Te

T ———

1EL o _.__’_.—.[4.

—

— ke

S .
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PRGE |
FOLLDAL VERK A/S
S Cipm Ne "-| A2 mgin | | Staneg Directiona’ Scrveys
BH-84-BFV-8 | -4 07.08.84 T Dem~ | azm 1 Dic Deptr Azim | Dip
Proges Argie | Finishec The drill g:te is locatec 695 - dbhove sea idvel
- Brennvola - 90° | i0.0ess P Hiia £ . -
Ceord ! Degtn [ Leggea oy i I 1 ]
5400 /525 V 128,80 m M. Frause T [
From | To Desceiption eewy Assays
I Frgm To Cu | Mo Pe | Zn | A A |
! a= angle of bedding to core axis ; ‘
_6 | .00 Overborden ]
2,00 | 33,35 | Graphitic schists. | l
| | | |
| Fire grained, schistose rock type with numerous lavers of | {
r— —1 -1 - - o - I —= T —— 7 i i ¥
] !
c_r:aﬁri;tic xe‘.e.\.'j_,a_}.. Contains sometimes pyrite and pyrrhotite : | I |
I |
(€ 1 %). Contains often schlieren of malk-guartz. ! l ‘ ‘
— N e O —
i a=  710-80° i [
!
33,15 50,30 Sparagrite |
o Mediun grained, grey coloured arkosite, contzins of fen narrow |
|
| qguartz-veins, not very well bedded, upper 5 m of this |
section exists of guartzite, sparagmite contains a little 1
bit visible pyrite. ]
50, 30 58,75 Graphitic schists.
Schistose, fine grained rock, quartzitic, ccntains numerous
lavers of graphitic and clay-rich material. a = 75-80°
| N
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Interval Assays

From Te Descriplion .
s 84-z7v-8 Frem | To £u e Po o |

58,55 128.80 Sparagrite. i i

RSP SRV S

Grey coloused, medium to cogrse crzined arrosile, 1n Some

sections very fime grained and guarizitie, but in general

more coarse graired as in the drill heles before. a =

|

89—900, somet imee sect jons with 2 goarse conglomeraice that

ccreists of up to 4 en large, clongated mulk quartz pebbles

and a dark guartzitic matrix . These sections are at:

109,40 - 110,35, 115,80 - 116,00 and 117,15 - 117,25, the |

it ErAarsrrFnitea (e gatdirs ==:ua:j.ally_cgal_‘.s_<ijzained bc_]g’ |
= T *

110,315. ContairE ca. 1 % py-

Mineralization: 122,70 - llB,OS:ﬂSandstune type”PbS (ca.

J1%#). In this section the content of pyrite is about 5 %.

128,80 e.0.h.

R EE



DIAMOND DRILL LOG

PAGE |
FOLLDAL VER® A/S
DOH No Bximyth { Sianed ] Directigral surveys
—_ 0 e Ik - u
Oh-§4-52V-9 G4.08.84. Desim ] o o Gegin | AZM Dip
Propetty | Argle | Finshed | E v 605 o ewe sem bove |
BRENIVOLA 0" 25 .08 84 ] ] j
Cr-prg 1 Deoth Logged by | ' | ! |
—————— RghE-eAW /= 1M, IR [ M. Krause T 'i - | |
Inervai Assays
From To Descriguon - ——
From To Cu Mo Pb Zn Ay AQ |
2 = angle of bedding to core ’
0 ] 6,50 | Overburden — J — == = =
| |
6,50 10,35 Graphitic schists. | !
Duertzit ic shists, verv fice grained, contalin neoerous ‘ !

lavers of graphitic meter.gl, som:limes with swell amunis

of pygite 2avd pyrrhotite . _a_-_gp"_.

10,25 | 67,43 | Sparagnite.

_— — —— w i — - S l— i - ol -

|
Grey coloured quartzitic to feldrpathic quartzive, mostly |

cuartzite, but more typical arkosite at 35 - 58 m

__contains often narrow white quartz-veins and layers of clay-

material. Contains < 1 % pyrite finely disseminated and

on crack& a = 80°,

67,40 105,40 Quartzite.

Lightcoloured, almost white, very fine grained guartzite,

vary pure; contains sometimes cracks that are filled by

chlorite, no visible bedding
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PAGE 2

Doscription
DPH=-E84=BRV-9.

Cu

Srarsooite.

Relatively ccarse grained, light crey colowed arkosive,

coniains < 1 4 disseminated pyrite and very little pyrrho-

Lite, contains a conglougmaEtic section at 106,35 - 106,50

N S

with milk-guartz pebkles,  ca TOQ. At 155,05 m a very

few grains of PbS could be observed.

158,20

171,40

Granite.

ihe vpoer 1 m consists of 3 breceia zone with granite

fragents (1 an in 5128, Pule wveathotinge ?). The

granite is altered (wheathered) to a depth eof about 168,00

m. Feldsparrare altered to epidote, giving the granite

a greenish colour. At 168,00 m the granite is getting

£fresh . Tt consist of eoarse grains of quartz and white

feldspar with a little biotite.

171 40

pah

Y]
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PAGE 7
FOLLDAL VEAK AIS
T2 ho [ Aemain S1ated | Duect ona sarveys
E4-2EV-10 - Z7.8.84 Deotn I A Dip Dezin ] Azim |
Propenty | angie i Firignec [ The £rill edte 3 scal 20%e anmotis sen leta
—_—— —Trennvolsa e | 900 f——————— 30.8.8% - site i locats -v7—;——'='9'9'r""3
Co-ord L . j Destn | o ‘ Loggec by | .. L | i U . N I |
— 54008-FZoV[—— 05,530 [ Krause | !
i Interval A‘SBYH _
0 ™ Des:ikeer “For | T G T W | e 1T = | &~ T & T
| s R
0 5.D0 Cverburden | | |
b Bl B M A B | I : |
2.00 1 12,40 Quartzite | | | ;
) = e :
very fine grained, grey coloured, guartz rich rock ‘ | }
t=pe—Cfonteinsofteroitenmar s schiteren—thet— T T
. . . |
are up to 5 cm thick, Beside this often layers of | ! | \
¢lay rich material can be observed. In these
. il - 1 sectiong often p_gz:::' te gnd _'-._J:;.-“rhn“'i*'g epn he bt S e —
served., a=80° I
12.40 | 28.00 Graphitic schists
T Derk grey coloured, guartzitic schists, that contaif 1 ] L .
— nymeraus narrol stripes of graphitic materisd, ) 1 1 N - ! —

a=80°

28.00 | 58.00| guartzite

srey coloured, very fime grained, quartz rich rock
tzpe. Contairs often narrow veinsg of milk-guartz : S
and layers of clay rich material. At about 41-i44m
The TOCE 15 Very Tith In CIey mETEriEY, greecign— | B

coloured, and contains some pyrite (less 1 %)

58.0C 1 95.5%0 Speregmite

Grey coloured arkosite. More feldspathic and
coarser graired—thanrthe quartezitesbot—inrwome
shorter sections quite quartzitic, too. a=70-80°.
Contains numerous narrow veins of milk-guartz. At

E7 S0mEE 20 conslozsratia

oy Thomd s oesop oo
oo —eorr— O OO ES

quartz pebbles that are up to 1 cr in gize. Froz '
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FAGE

- e inte~al Assayvs
. N L . y —
From To Oescription SL-2RV=10 e = Co Mc Po n l Ay ! AG l
— E
78.50-26.00 the sparaszite is guite cosrce grained, o = l_
kighly feléspathie, and contains sozetimes petltles E
- St ey i
.50 e.0.h, l i i
i !
|
—_ - 1 = S

DR SITRE
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FOLLDAL VERK AIS

PAGE 1

DDH No. Azimyth Saned _ D:rec'l'lo_na‘ SUMVeYs
Bh=2uV=11] - 30.8.84 Depth | Az Dip Depth Azim Dlo
Propety Angle | o Finlghed | lne €rill site fslincatad LA7z siove ssa-lawel
Zrennvela 20 11.9.54 j| [ R S AT, =
Coora e T Logges oy | aem ——
540055 50U 12€.-0z -
Iagnal Assdys
From To Degonipt@n af'c* -|- 1;;—— . Mo ! Fr T zn ] Ao | ag I
| T
¢ |10.00 Cverburden )
10.00 | 25.50 | Quartzite o [
light green-grey coloured guartzite, fine grained,
= well bedded, confains come narrow beds of clay |
material with greenisgh colour, very few guartz i R S— - . i ;
pebbles: elongated, up to ‘lcm in size, at 16.80~ E | :
O Ghsohtetose and TEDE goTy COLUER,; EET R B 1 "
25450 | 47,20 | Grantitie Seviats i
dark schists that often contaln zm-cm-thick striges A
okl L9 -
of graphitic materisl, a=75", contains soumetimes
—de 1 suapba—pgeilievren, fromebout 356,00 the rraphite
content is very high, here often visible pyrite
and pyrrhotite
—H 0TS0 T SoETtEite i g
— TR -Eret -ooivuredy fine Spained quertaite; conveins T
very little feldspar and nurerous narrow quartz |
‘__ veins |
—SE 5005001 S-ephitic Schists 1T
A8 25.50=47.30 . . | .
65.00 |{100.80 | Juartzite ]
very fine grained, in genersl dark grey coloured,
but sometices almost wkite and very pure {(at 73.50-
£2.50 and AT, N-RO,F0Y. in pleces nagrrow veins ol :
l | \.




DIAMOND DRILL LOG

FOLLDAL YERK A/S

. - Irte~al Assays i
Fom To Descriplicn RL_EAV-11 T T = Ve ™ [ Zn_l T
1 1
| zilk-guariz, some tnin sections are weakly greenish _J | |
X due tO a Lighel clay content, wraces of pyrite and i
. prrrhntite [(€9%), wesk hedding gmn be seer with o |
a=?O-EO°, conelenerstic sections at 100.05-100.20
I ANA TDL.SSSTOUL S0 with nilk-guarla pecrvlIes —- —F— 1 -
y ':_:_ e = ‘.‘:.-:..-_——-:tA S - —_— i —
2 3 . . < 120.00 n20.65; M 162450 4
{ mediun to coarse grained, light grey coloured, more | | __&1ﬂ‘ | = ;5 ~ 2
T . ey P . = Z0.85 il ol ie By &1
fine grained and guartzitic in tke upper section = ' £
L i . . 2 121.80 nzz. a5 =7 | 2420 =a
Wt ESTEI NI, SeITaCINE Brate BLo [~ T = O A AR S ¥ i S = T 5 W
. : P2 de2.15 h2z2.7511 ey £,
content down the hole but still guartzitic and clsy o ':5 13 167431 36
Tieh sections in between, weakly bedded, a=80°, ol Rz thh TEDP T
Aontaine rurersane roavraw veing af mi Tk svarts and ,!_25'75 ‘24'50 1_6_ J— 9&58 58
e . 124,30 h25.45]16 10 4
seldon epidote, at 121.60-121.85 conglomeratic 3 5-45 7 3
AT b = B o el T
SEC Y100 With HilA-CualiZ peob.es, 8% 190.Up celcice o o AL Ea
—— N e - (12a.50 p27.80]15 10 ] z2) |
| crystals, up to Zcx in size [fracture filline), — - LEL
sulfide content (prrite and pyrrhetite) about 2%, 115,60 M22.80] : C.¢4% Fo
= o o e = . E0=

. . L
Sttt C IO [ mITT EaTIOT g

PbS-mineralization: Disseminated FbS, concentrated

along bedding planes, in bands and "veins” cutting‘

acrass hedding, et 4490 £0-920 .60, 422 4202 20 S| ]| I—
‘ L

423.75-124,3%0, 125.45-126,80, about 2% PbS. .

AT T25..3-125.08 Pos content about &-#, traces of
PbS at 112.10, content of pwyrite and pyrrhotite

slightly higher outside the PbS-nmineralized zone.

156.40 e.o.h.

weTe by AT




DIAMOND DRILL LOG

PaGeE 1
FOLLDAL VERK A/S
CCH No | Az muth Started | - Directiana! surveys
Fu—ziU-nz | - 12.59,84 | Dern 1 £2/m | Dig Deoth [ Az I Dug
Propeny | argie 5 Finisned | The @rill site ig locaied] £%4m alove sea letvel
Frennvela b T 22.%.54 —
Ce-gre Degtn { __.-_ii_}‘_-“f oy | —— | ) "I ———
SE503-4504 178,602 O.Zakke |
Imesval Assays )
From Ta Descripiion — = e e P Zn v o -| ag
0 | 10.00 | Cverburden i S = J l
{ ‘ | | -
40.00| 10.55 | Sparssmite | ‘
? Greenish barded fine grained rock without any sul- | : i :
| — *igoe. ! ‘ | l |
40 _;E’_l‘;‘__ -5 :“V‘\‘n?":"ﬂ_'!-i.l:;;. po o b 2 ke _ _____1__ ! —— -
B | | with & dark green colour. Some piyrmatic sergrecatioks - A ‘
of quartz and caleite., Chlerite richest part from |
e L i - g e T ) .,-lr.‘\a.f\-a.-._;:v%‘ BEEET B | I T
gations with some szall grains of pyrite. Traces ‘ ]
of pyrite throughou: the whole section. C.A.25-30°. |
TE. el S7-65 | Sceplitic LCCEisSE — n 1 Tl T
Sene—ss—aboave-hut—garkeroausasd—by—preaphite—contents ]
Traces of pyrite and pyrrhetite. i
57.65 82.50 | Suartzite |
Dark grey. The section starts with a 25 cm thick
sandgtana 152&1‘1—-“?:.'% bands af F:l"l‘.—"-‘lﬁzi"ﬂ flege thabt
1%) lighter sections at 74.40-77.80, 79.30-80.30,
and 81.85-82.40. Iraces of pyrite on joints.
——E2:50 65750 T S=magtone =
Feldgtathic, with 2 gectiorn of conzlocexate from E 1 1
8%.55 to R3.70 (pebbles up to “1em). The sandstone
has & calcareous matrix. Iraces of py and po.C.A.:
85-a0°, _
85.90| 92.75 | Juartzite — }l
.
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FOLLDAL VERK AJS PAGE =
T e Inie~a’ Assays
F H Bl_oFul40 — i e
ol ¢ ezpHen Camk S From Te ce | Mme 6 | 2zn | Ax F Y
lipgks grer {ummature). Froz stary of sectlon to 1 |
- - about 5¢,G0 it is wore sanéy. B =] ] 1 B ‘
CrA  poe TETrEEL v — = | w2 _’ ‘l
A gvls  moma palosrEnils tpooos of i ] -
b
. = " |
frgetures. The first part (o %€.20J .Ler | i
—_— —— - . — —
TIETCAT &S0 IT0G TUJZ tO end d secLioh. - l i
102,80 448,20 Jysriside B
light grey, conglomerztic section from 10%.20 to
about 111.00 )
TTE.od B« Cparanmite T T EE
— Fpay. Pk =5 . I - - L
section from 165.95-166.20. Traces of pyrite and
== PyrrLotite &t joints. === 1T
TEE TSSO STErtTite — —
light grey, with s lot of green bands af spidarte, 4
pyrite on Jjoints
170,42 171,55 Conglomerstic graphitic sparermite
T77.55 176,45 | Quartzite o T
WL T S — - -
IIgat = ’ 2 ELBT E MR i
176,459 178,60 Granite. - .
coarse grained, light coloured
178,60 e.o0.h.

L TR




DIAMOND DRILL LOG

FOLLDAL VERK A'S

PAGE

0w No | bz Staned = = Dv_@g:lgft':-ltﬂ_
I T i - ] DO - 05,0 B Seatn | mm | De Deger Anm D:
Procery hngle i 4 Fladgrec | as The Avil) gite ia locsted|uLfr atevs ses level =
Brennvela 20 s ‘» = ‘
Co-ord [ Depth | Logged by T
S4005-3804 [ 4E5.80m [ {;_-ﬁ:gev — —
. e Interval AgSays
crpuon — i ’ -
o © - From o Cu Mo Po | zn | Au | Ag
| | i ‘l
¢! 5.00| CverburZen | | | I : |
: = — p— 1 : —
5.00 30,40 Luertzite L \ . ‘ l ‘
- i _— R i ’ A . |
'l light green coloured, [ire grainel quaritzite, very i | 7 |
i pure—tn—soms-sectionsy Conteins nunerows IEeTS tvf-*——'i— 1— i : :
! green coloured elay material, a=90", conglomeratic ! | W | | | I
| sec<ion at 35,70-32,40 that coniaizns up to Z2cm W‘ | l { ' l l
H {
. darrs alpnosted suartz oehbhles } —] ! ! ! =
39.40 42.50 | Graphitic schists E | ] | T
| quartzitic, schistose rock type that contains I |
| 3 - - M . 1
1 BuUESRSEE BenrNy St PIves—ef grephitie wateriely—— — : ——
l sometimes carbonaceous layers, a=80—90°,
42,50 59.20 | Quartzite [
light to daTrk green coloured, in parts very pure
Qusm-.zém—ﬁmmg, ~hatween — —e —_
52 and 55z several very narrow bands with graphitic
T meterial, at 52.00-52.20 breccia with up to 4cm | =
JE'EE fy\i-—‘u--i-s nd‘ n-i]'h_n--E-n:- :_Ei-p:': C:“’ﬂ:‘ﬂ.ﬂ nL... -
coarse grained pyrite
50.20| 81.70 Graphitic schists
graphitic schistose rock type thet is in parts very [rich =
in gzrashite, often visisble pyrite snd prrrhotite,
o
e=80
81.70(101.00 | Quartzite

grey coloured, very line grained quartzite, a:goﬂ;
is going graduslly over inte:
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FOLLDAL VERK A/S PAGE .
: T De intenal Assays B
om o scription s —— = A —
i B4-ERT=13 From To Cu Mc Pb zn | oA | A I
i ] |
101.00 171.%0 Sparaczite ; |
- - ——— —— .
meciun : t conains i E ;
FrTwE =3 e 1 % | |
415.00 (with & very few grains of gzalena), aalecaracuf ! ‘ [ {
section at 122.20-%22.50, & wore euarizitic section [ [ | | I
Sypmee ATA DN _AFTZ AN (Aol oed Yo angmrodisat | .
. - . . y i = | |
Miréralizetion: abgut 2% of galenk at 1+¢.20-1+%.20, | |
ALOUL L.~ Ol CELlend 8L ACc+Ho="Gls iy =5 - | -
the gparacrmite is getting gradually more fine pgrainef
> = T
towards the lower part of the section.
174.90 182,60 | Suertzite i B
T [ I1EnT ErTy Coloorod yuorrTite, TortEinmm rErern ol [ i
epidote rich material, traces of galere, towards | !
lower part of the sectlion more coarse grainec again, |
8.6l “1T85.6U ~ltered uranite
F, P : 4 ¥ 4 e oo e o P
e g ErairedErentte{errabaloup o Sos S slee s
feldsrars partiaslly altered to erpidote
185%.6d 185.80 Granite
185.80 e.o.h. :

A TN R
i .
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PAGE ]

Azimuth I Sianeg

T4

Z.10. 84

Directic-a' sarveys

Oip

Deprh Aim

T

Dz

TFimsnec |

Amgle |

1

3

Al @
Ny - L

SO o
e I

Logges by !

Sesth |

nrause

ajopve sesa

level

From

Description

Cverburden

Quartzite

light grey-greenish coloured, fine grained

guartzite

LIZETOUS QETK ToloTrEd

“WEil oesdEd Wit
layers, 2=90°%, at 11.20-%3.20 very clay

gliEy TLER

Bk
R e

shaley

section

L

AN
.
A
o

4 inTerits cuerisitic meliste wiwi

STapnifc mbcnists

S ee RS TS S s TR

of graphitic material, in other parts wore schistose

end richer in graphite, sozetimes visible pyrite

5nd_npyrrhatite that accur together with guepriza

schlieren

T B | So.00

wudartzitie

darie—prey coitured—fine grained quertzivte; gets—ver;
pure and white coloured at aroucd 39m, a=90°

55,00

63.95

Craphitiec Schists

véry quartzitic rock ?}pé that conteins stripes of

sraphitic watsrial =

Cuartzite

light to middle grey coloured, very fine grained

quartzite, a= 90”, contains often epidoté rich clay

™A

lazers, conslomevatic sections gt 7

“I0LT9 80 and

B2.65-63.90 that contain milk quartz pebbles up to

~Z¢cm 1in sizé, close to the conglomerates the quartzif

i 34 . - .
18 melium 0 cosrse srained and contsine come
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: Irienval Assavs
From To Oescaption S aBaV-"14 - - - =
? . Frem I To 1 Cu Wc Py In

Au

feldspar, here an70

L= KL Aol il o P

Sparagcite |

dark grey coloured, mediur to coarse grained ar=esity,

containg weyglly diszexinated merite €10 , very coarde

i

crained at the top down to 4017.30, the lower 4 of

g e I
i TEZE SeCribpN BFF LoLe_CnE.SvE CIMTELTS Up o e ] 1 ] l

’
| Large pehbles, sometizes some eplicte rich zat

Eee
contert of pyrite absui 1, a=%%", 119.85-1192.%C:
5

- k= S et it e R S I PR C RS N S T o = ————

guartz pebbles within sparagtite matrix, at the

base cf the sequence: about 1m of lignt ecloured,

hreccinted guapssita, 420,30-19%4,80;: Yaver af 1ight

grey quartzite, 120.30 1121.30] 16

=

TiNerA IO TIUN: UISSeniNAated galonl Gt o v Teo. 20 4 Te a [1ecs oW 17

in average about 2%, within this sectior zones with [122,.30 n2%.30| 16
stronger and weaker impregnation, the content of 12 o n24.30) z2

el b T oW e el PEID o i e S el

= k:| -

oY i T R e e — T s 2

usual 25,

ﬁ?D.O# 172.50] Altered Granite B.2m: 1.2%

| =

the section starts at the top with an about 2Ccm |

thick, wvery fins orgined  favlk wiplett salsiised

rock type (paleosol ?), the granite is strongly
a1Téred, relatively Tiné grained ana green coloured
becase the feldspars are sltered to epidote

172.%¢ 175.80| Granite

mediun grained, white coloured, granitic rock type

&

T e
TS o0 U0,

Tk 4
.
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PAGE 4

DT~ No I Azimuth | T stares T Directiona surveys i
——— gE.-ERV-AS [T . - 16,100,584 Dip Death Azim D
P-coety | Angle ] Finished | ceted T0%m zrave ges lavel
Srennvola 900 25,50, 8% o | o
Co-org | Sth | toggec by __‘l ) \ |
525053754 485 .50 nrguce
Assl-s
Ry L Te aiint Mo | Fo n | Au ] FYI
0 5,40  Cverburden . [ ] ;
5.40 26.60| Quartziste ' ; | i
! . — e T — ————
i i light green-grey coloured, fine grained rock tyce, £ } | 3
‘ |
— entaina—afien mpesan alagomian Jgeese sapusins The 1 <
rreenish colour of the rock, a=52° | ! I | {
26.60| 38.50| Graphitic schists |
guartzitic, fine grained rock type that conitains I |
| |
= peng giringg of owaohitis material, well badded ! - i
A0
&=50 i
O| 486,70 guartzite
| _ — | _ — = =
| as S.40-2¢.60
—E IO T 7o CrEpmitiT SoniEtE T S H A
CtEpicsl-srsphitic—eshis 1z piek dn graphiie,] —
contains numercus quartsz schlleren, pyrite and
_ pyrrhotite lenses, &=80~30% - | T
-0 SR B0 g.z.n_:._;tz | E——
grag coloured, fine grairzed rock type coniairs -
ST = |
numerous narrow veins of milk-quartz, in some sectiols
TIgat grey coloured ani very pure quartzite, goes ]
gradually over into sparacsmite at about S92m. )
92,00 | 179.4C Speragmite i
mediur to coarse geained arxosite, contains usually
IyTite 0L pyIrraocite (1% , orten con..alm_ng narrow|
clay-rich lsvers, conglomeratic section st 157,30- | A =
o
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PAGE

FOLLDAL VERK A{S e
T Be r interval Agzays
Fi scription LoBRV-= e = S = o ==~
rom o np 34-BRV-15 o To cu | M | ®p Zn Au Ag
|
| : —T —
i
|
| i
T T I ErEy COIUCTTR, Very fine gEraimes, wivho LU ETouy i s 1 —
clegy layers, in parts quite strongly brecciated B (11 | o |
181.29 182.50| Wheathered Granite | | | |
1 [
— - —a " iy 1 il T
upper 1m strongly altered, fine grained, greenish | 1 |
coiour—teritoteIoweT parss Iessaitered e T m— g
199.?4 225,400 Eranite . ’ '
! coarse grained granite, consisting of quartz, plagio- |.
clase, k-feldspar,biotite.
AnE Lo PN
oG ev
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Description

Po

Cverturden

Cravhisic schigts

These rocks are relatively rich in graphite. They

o T P 12 ames R Ty 55 T e T
aprtgs s & gahlia b saugpia gma s oho o -

S

thet are in places extrexly strongly folded. Th

schistosity of the rocks is well developped.
The recke sentain in weny plages pyrite and prrr—

hotite that often occur in association with the

Vi

A
L}
my

%
1

_7he rocks are grey coloured and very fine gr

SCHITENEN.

T
= A

They contain numerous layers of dark grey coloured

TETEriEY thet Ty The preiw pize of olays w= o900

Pyrite is often visible on cracks.

33.25

50.80

Graphitic schigts

These rocks are very similar to these at 8.50-33.25

—tut-ere In-places richerin prephite and-carbernste -

Pyrite occurs sometimes with pyrrhotite as stripes,

a=90%, The content of graphite is getting very much

lower in +he lowar metepe of the gection Deona +ha

50.80

64.20C

rocks are rich in dark grey coloured c¢lay material.

Quartzite

The rocks are dark grey coloured, very fine grained|

Gwd anmtedir moamomecie sommaw vaing af o edil guarte. |

In parts the quartzite is light coloured. At 58.60-
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cernerzl middle grey coloured. Llso this rock iype

is relatively rich in hematite in the urper rpart
c

S J—— i_.-

= N oS o 15

milk guartz pebbles can be found at 72.50-73.30,

_ A fLy e e e W o S#C—+. av Wi+

Sometimes narrow Sections Witk Up 10 U.oW THIGK
layerz of zre; coloured guasrtzites c:n be observed,

At 128.00-131.30 the rocks are strongly folded and

N m

CECLATITLY BLlrtodthe. - GooiUds S—oll “W-0n LT Saas o

guartz veins and cley bands are well visible. The

saze feature is in places visible between 140 and
:‘-:E ""._l' & ?EE‘.E e a_n.‘ﬁ ;.Fz'._: i;l:il:,i..ll .-‘FE 111-.,.\,15 ,._.‘,,,i.:,a

disseminated pyrite {1%.

Mineralization: liisseminated galena (acout sm, can
be ghserved et 142,30 - 412,05, £bgve and below

this zone (0.5 m) some grains of PbS can be observed

SCIE pTELATE Tl ¢ 8T8 WETE 32850 _0UOd 8T [S/7/eowe

Ahc T

Ty o vy e e 3 _—
.

same rock type as 50.80-54,20 but without elevated

content of hematite

148. 30

149,80

Wheathered Granite

by the alteration of the feldspars.

GTEEN CTOIOUIEd IroTE o pe. 108 gIEen UUiUulm IE Taumed]

143.8(

153.20

Granite

Unaltered coarse grained granite

Yy

By v T

AT b A
b
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Intgrval Assays
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Zr Au ! Ag

8] 2.40 | Cverturden !

Phe roek is comparison teo ihe sparzzmite in the |
i s

former drill holes zuch core coarse grained ani in

- B e R SRS

]

1
| ] |
c,upn | 428 50 Srevracrite | ! !
R ——— - G 1 I
1

|

;

grey coloured arkesite that is in general net well I
Dedded, Frrite and core TEPely pyTriotite are visiblé !
— 1| throughout trevhole seciien. They pgour nredamina-+l4 | i

on cracks but can also be found dissezinated. The | |
“COTTEHT ol pyriteé Aanda pyITaO0tiue 1S5 1in seaeral Lelow I l

_1%. The rock is generelly rediun te cosrse grsined.
At 23-25m it is slightly conglozerstic. At 50.00-

5050t v fine greined, graTtTitiv, Eod YighT Erer =3
coloured. Here it contalns several greenish clay |

1ayera.'a 50u Ancther very cearse graine d section l
—can-be found ad £0-56m, Feveral-dask grey esolpoured | — a - T
clay layers could be observed at 77.60-77.80. A

cearse conglomerate with elongated quartz pebbles,
up to fcm in mize was fourd at 440 00-49492.50m, Tha | 1
grain size of the sparagzite decreases below this
conglomerate., Fobo mineralizationl was NOt ouserved.

Rusetaite |
-135.00 143065 | Quartaite —_— — |

Light grey coloured, fine erained guartzite that

conteing a little pyrite on cracks. The lower -10cm
Ere Urercriated,
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EarX grey-vicletl COLOUred pa.EtSoil. [48 LIEnité = T T
I
i+apj® 48 sl-nast unaltered, I i i }
—_ ) |
141.30 e.o0.h. | |
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Graphitic schists

This is a dark grey to black strata, with white
strongly felded Thin (@ostly Teew Than O.gcn wide)
tands of calcite and quartz. In addition to this

tke strata is cut by some caleite/quartz veins eof

vl ] -

|

=

Ly Fiena £a4
[RoTa e g S i< T Sk 8 M =i gamarte e e Toa—arets

PR
BT 0=V

aartz

rnds of pyrrhotite (also in caleite/c
1%. T“rzces of chalcopyrite in contact

e g’

with tha novmhatita

11.99)

Juarizite

b
|

.

This sectieon staris with & grey cuartzite changes

W |

I

Eracduz.ly L010 @ Dore {€lAdSpal-rich TOCK (&InDSE,.
The lacst TaY* of the saction is & line grained

arkose. Min: Traces of pyrite and pyrrootite on

JG1intE

GBS HriEC- E0hi8E -

Same as_above (7,20-0.80) but without guartz{calcitJ

veins and with traces of chalcopyrite on small

UL BT SPUCEE

Quprptzita

This section is characterized by a medium grey

odour. There are however some lighter layers from

s

ettt TE 55 aEmd Srom 2500

wassive layer fror 20,30 to 23.80. The feldspar/

toEsrs e = derk T
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: quaryz ratvic varies guite = lot. trere is
- " me¢re feldsper in the .ast part of ThiE sectocd. S |
: charnzse of +the palour n trds posk tene fe mwmamanla - !
! mostly caused by the change of grazhite content. i j
i TTTITECES Ul IyTITE et oyTrimthie ot N —— 4
i ca 35° ' l !
27.90| BE.30 Graphite scrists i
This is a dark grey to black strata with white
- stromniy-Soided thintends {teatiedenatios © 0. —_
wide) of calcite &nd guartz, The strata is cut by
goie Quartz/calcite veins that are up to 1508 wide, T
The craphife ss-+ant vaning guite 5 lot srd g _ 1
getting higher from the top towards a maxinur at B1.F
B, The Jast 7m 0F Tils sSection areé Lo: 50 Ticx In ‘ =
cravhite., NMin: 1-3% pyrrhetite as bends (up to cm
wide, massive) and spots more et the top than at +thd
treof—tiissreiion, Srecteefsrnelesrite g un de - !
2cm large spots in the quartz/calcite veins. Traces
of galena &s & few snall greins in the gqutz/calc. -
vaing, Tracee of chaleazgritie in eantact with oowe ]
hotite and as separate grains in the quartz/calcite
Velns. .TACes oI pyrite od JO1ntS &80g 1O CAViL1ies. =
c.e, 8t 40z-45° and at 80z=80°
86.30] 91.85 Juartzite
Medium grained gquartzite. The first part of the
TeTtivo Im eItpbtIy dsrker—thamr the rest—=ot—the———
contact with the overlying strate isdifuse. The las4
part of the section is strongly banded and looks
like g zrllonitewith greex NeIZ-frheSrained
material . Min: Traces of pyrite on joints, c.a. 90°
91.85 1 95.15 Congplemerate

R TR
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] green coloured rock with well rgunded T I
= : E B e B = = =
! to Sem large). % is a I
e e - -_ I T[
93.45 S£.90 = i !
3 i |
This is a darX grey arkose which is getiing coarser | !
Gownwarlis. ke grain size is less tkan 1zz at the | I
toarm zvrd meave +ther See ot +ha tznea Trwooriom herdg ) = —
of siltstone zzxe the rock lock like a conglomerate
FIRT <races ol pyriue Ci JOointis N I 1
08,20/ 105.50 Basemert Granite e 5 ]
This is a light grey ceoarse grained granite. Down
to 107.00 o the feldspar grzins are altered re~
gultinge in s grase palour, g .
105.50 e.o.h.
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1 cleainn T “Santec ] ” Ditectiora Sumveys
— gh-aTth—i | - 3. 14 .8y Deph I P Dip Degtn
Angie I Fur shed | !
itna a0° ———————— %, 1780 ‘ 1 ] — 1
Dezth i LogGeT by | ] . !
H71W=-3500 Ei,25m O.8axxe |
intenva’ Assays
Ta Deserplon —— 1 To e | ™o P } n

‘ Light grey coleour with sections rich in red feldsparl \

gown TO &CpriX. 45 e L€ TOCK 15 LECiUl TO COarse |
grained and it is mwostly schistose. c.a. 70-EQ" in

the first 30m. The rock is not very compact end in

—pleces there aPe open Spaoes eapeaielivdnguerte— | - - ———-——od . =

veins and the upper part of the core. Some parts of

the section are rich in menganese and probably also

same dvar-awifdass Sue s the red-hrown colpur Aown |

to approx. 45mn, one especially rich zone frox 14,85

To T7.£2, very few ol up to JFcm large petbles of ] T

quartzite, Jasper, and red feldspar sre found through-

out the section, a carbonacecus schist that is rieh

rredark Erewruiverri-wimerat (possinTy aup ooy -
is found at 26,40-26,50C and 28.50-28.70. A few up t4

10cm wide quartz seggregations are found throughout

L)

1 ¥ = &< e M b 4 = et s B PO
g whsle o ot 7 m&—_&-&—r.ﬂ‘_ - -Fcedved -1 -1
grained from apprex. 44m. Traces of chalecopyrite

and galena are found inm quartz wveing frox 4%5.50 to
47.80. c.a. at 4%z is 85-90°, A lsver of Zraghitis?

schist is found frem 53.10 to 53.17.

b .
= e B Y
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Po

Ay

AG

of this tillite ig a coarse

-

_—

The

S E ey

rix

HELS.
=

cortent of red feldsoar arzose there

are a few nostly well Tounced QUaTtz peboies (up to
7 F 2

N
Sex lengland sons omgl) lyevad fragments of slag.

ZnT
f
~
|
l

These clay fragzents are mostly not more %han den

THNICK 8nd -cZ IOnhg. w0 ULil LOTiZons Tich 1n

found at EB.20-E.50

.ts are

pebbles ané clay fragser
-

ani 9.25-9.55, withir these horizons there are soxe

‘e . -
Vil wIle TITIETELLITE

s o »a
ourrteas oo

red and grey towrds almost white. The white ard red

_brownish ones are mostly harded. C

layers are almost Lomogenous whereas the grey and

variea from

90° to approx. 20°. The average strike direction,

TEEIUTER AT Orienteted core at 4 diiferent places

is 1728 with the dip towards west. One carbonaceous |

layer is found at 27.00-27.10 and it is very sicilax

to-—these—Found in-hote S4—ATit—t 4 few pebbles of

quartz and jasper (up to Scm long) are found through-

out the whole section. Lo visible ore mineralization
40. 50 a.a0.h
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Description

i .Frgrr

Interva

]

Qverturden {slacial drift)

.50,

Lark Sparagmite (graphitic)

4

This is a medium grained dark arxose, relatively ri

—fImgrapgaite. It IS

section., In the last 2m there are up to 2% caleite.

+, One 0.3cz thick lerse of alzcst massive

TOTS Erarsrte tuvares ed oL

+ Bpnlm end R, 203m, Topass el ponite spe found L

i

-

| of &h

ry

H

o

[+

%

Q
e

alerite is founé at 13.10z. 4 few small

b T e

i
1
{0
-
5]
4]

~nlan »

13.45| 21.40

Grackitic tillite?

|
|

[

-

|
|
|

| —

T

—ta

| Y

The matrix of this tillite is a coarse grained arko

E

5]

Th. pebbles consist of rounded guartz (up to 10cm

rat haly metes snd +he laagt peter of

Tr-r"'l._ T

this section is especially rich in graphite, but

glso 1n teiween theseé LLICE layers thel'e are
smaller leavers (2-20cm thick) of graphitic schist.

One grey layer with little grephite and guertz

yg,..,-th'ﬂ"'i'ﬂ' 'fmh‘:_ﬁ_.‘eeﬂ'aﬁfi'hf—v [1 S ey
1% pyrite in this seetion, Kost of it is dissexinat

.
v

ad

in the graphitic layers but pyrite is_;isé found

o alzoest o o lre thiv Tamcos aw hordo dhod ome aae
=S = $a

o

to 1cm thick, Some small grains of galens are found

“in & quartz/feidspar/calcite segeregation at 1360

and 20.60.
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layered and banded nelius w2 fine grained speragnit | | | | l
THr colour vEriEy very Sueh frow TroandTn TR 1 - ; i 1
upper part tkrough red and grey towards sliest while | ) |
“he white and red layers are alnost honmogencus, | |
= bar iamm- N e S Ty i !
Wi e TSt =t FCy LEe—a s e T s g ey iy ———
. . o - | | ’
C.h. varies from 80" to aprrox. 707, The |
- Everage stTike cirection, —easurei Bb orientes core | == =
a% three di“Terent rlaceg, is E ¥ith the div B
towards 3W. Cartornaceous layers are found at 17.20- |
e e BNl L ST A IEw Tty o TEInITE =T 1 —p— 1
!
found througnout the whole section. Yo visible ore N ]
zineralization. !
Ei S »m = — .
Sy eyt

ae Tk AT
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Sh=A L A-S - P L ISR De-th X —ryr 1 e Dok o b
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Co-o2 i Desth i Logped by { | |
750W-5503 20.%0z .+ DX i |
Interva Lesays
From T Dessr ptign —— /| . N
rem ° ol Figm ‘F T . | M | e 2n Au ag |
& 7.22 | Cvervurien (slgcial drift) o -
7.25% 12.30 Dark zra_hitiec spararzite |
Fi - _ : . :
This 1s & cediuc grained arkose with zuch graphite. i
T | THETE ETF 0D 0 E poTiveE &5 viTteerimasTed grains — m
o whickz sozetimes ere &rriched in em taick banés. |
Traces of gelernz are found at several placesitroughd [
eut-Fee-whale peetion, Theppek (6 oonsloneratia-to— :
. . \ I
wards end of section. C.A. 80—90° \ |
12.50 | 20.90 | 4uartzitic sanéstone | ? J
This is & light grey medium grained sandstone. &
e naw FREREiTie AonEloneratio sectiten ie found st
12.75-12.%20. Below tlLis there are a 20cm thick
layer vich in carbotate. Apert from this the rock | T
| ip yery beomogenous snd no ore pineralizstion is 0 | ==8
seen. C.A. 80—900.
20.90 €.0.h. T
]
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(0] £.00 Cverturden = 41 | L1 l
j R . n s . i | |
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T_'fTﬁﬁi OV S EIEESLwE :
Tnis is & medium grained grey arkose interbedded

with some darxer ané firer sections. A few frag-

found throughcut. There are guite & few rust filled

nEenL%E B(‘ Gp L TN ',;Ef" 389: QJ-&.E"*F.Q“'.”G motersdisl io

open spece joints especially from about 18m to =z£m.

The darker slmost guertzitic sectiscs are found
rom 11.10-13,40 &nd from 15.40-1£.50. C.A. at 12m

+EproIt S0=70 . One OTLENTEN TEREN COTE SENPTE
showed a dip of 35° towards the south(1655), That

mearns that the sirike directiem is ahout €5%. ho

- s o o
Sasireesare—ound

40.50 e.o.h.
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MICROSOUGPICAL OV ERVIEW QF TEE FlINEIALIZED BOULD¥ERI S HE

BRENRVOLA AREA, ANL COMPARISON WITH DHE LALAVALL=TYD

MINERAALTSATION,

In the 1987 field season it was discoverad hish Frade=-
mineralized boulders in the Langen-Hrennvela area of the
sparagmite project (N-82-5). These houlders were analyzed
for zink, lead, copper and silver. Only leuxd and silver
showed anomal values. The lead values ranged from 1 to
"%,0 2 and the gilver values ranred [rou 0,10 to 1,55 oz/tonn.
Both thinn sections and polished secliions were made Zor
some of the boulders.

1n hand specimens the tyue of wineralization found in :
boulders seems very similar to that of the Laisvall-type.
valena, tocether with pyrite, can be lound disseminated
throuwsnout the whole sparasumibte, following beddin: planeqd,
or partly diso as "spothy walena' (KUAUSE 1984),

In both the Laisvall deposite and the Breannvola rineralized
boulders, the aineralization seeus dependent on the porosit

of the hoste rocks. In the laisvall-type, the norosisy

-

available is alwavs sufficient for economic mineralization,
bacause the hoste roel is & sands one whiech have well rmounded
erains. Tne mineralization appears as sediment tocether with

barite and carbonate in the sandstore (fig 1),

Fig 9.

-Quarta

bof-——Caleite

P , = Lesd/iine wineralization

Barite

The Erennvola/lLangen mineralization is situated in a arkose
that is 1nfluenced by tectonic activity. This means “hat the
porosity is nof oblained hy the primary rounding of the rains.
but of secundary perosity made by tie tectonie activity. in
thinn sections such mineralizations are observed in small

e

fau 1 ings, bebtween cruched feldsyar orainsg asnd in "law pressure

3
s

areas" near bir quariz grains. A lot of indications of tec-oric



no

et

T
]

activity are observed from microscopic Lo macroscopic scal
Macroscopic graphite horizons indicate tectonie activity. Meso-
scopic such indications are found as small faultinges and
handing of tne rocks. Microscopic "evidences" of suclh features
are found as microfaultings of feldspar grains, grarulsvion
of quarty grains, stronsly undulatin quartz, cval guartz and
feldspar grains and small minzeralized faulbings which are
alinost parallel %o each other.

Mineralogical the host rocks of Srennvola/lLangen mineral-
ization 15 quite different from the Laisvall deposite., The
rein minerals of thne Brennvola/Lan;en hoste rock arec: 50-40 o
quartz, 10-30 4 sericite and %-30 o {eldspar (mostly wicrodline)
Althouwrh ne Tfluorite or carvonate minevals are found in the
microscopue, these minevals are detected in hand speciuens, out
both as winor contents of tue vedrock. At Laisvall these
minerals are common together with barite. The mineralery of
the host rocks seems to be of l18ss iaportanse than the porosity.
Thereifcore at this stace of the investigations litle attention

is made on the mineralosy of ‘he hoste rock.
The ore mineralory is more interesting since one distinct

difference from the Laisvall-t;pe of depositie is observed. At
Brenavolaslancen nineralization the zine valucs are very luw,
where as in laisvall sphalerite is one of Lthe main ore uwinerals

(I'ne averape .n grade is 0,44 © at Laisvall deposite).
«hetner the probable ore at bBrennvola/lLanger la sconomic or
not, is probably s much dependent of high A grade aa ol hipn
b grade, cncouraging Ag values cof up to 1,5% oz/uon (55 g/ton)

is reported {rom assayes of the boulders from Brennvola. The
silver of the Brennvola/Lancen wineralization appears most
probably as 4 content of the salena, since no other =ilver
bearing minerals are obseved and the Fb-Ag ratio are constant
fere all asssyed Loulders. The othner main ore mineral is pyrite,
which appears in a clearly different way than galena. Pyrite
is found as dissesinabted euhedral grains in all the investi-
zated thinn and polished sections. In some of them pyrite is
enriched in selected bands. It is important to be aware of
this difference in behavior op pyrite and galena. In factu it
may turn out tu be no correlation of the mineralization of
thesc ninerals.

ne oL the polished sections from Breanvela (B.¥.0. 3),
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which is taken from a rusty zone of the bedrock, shows only
pyrite mineralization. Juch mineralizations are found in a lot
of boulders and outcrops in the whole grid.

The texture and mineralogzy of the Brennvola boulders and the
Langen boulders seems very similar. The quartz content of the
Langen host rock is though slightly higher than in the Brenn-
vola boulders, but this does most probably have litle or no
influence on the mineralization.

When taking the other known Norweegian sandstone hosted Lead-
deposits (Osen and Snertingdal) into account, the similarity to
the Brennvola mineralization seems good both in mineralogy and
in depositional environment. See table 1,

TABLZE 1: B
]Eren:vola Laisvall Osen <rertingdall Vassbo
Norge 3verige horre lorre 2verize
Size(million metric tons) ? 80 0,1 1.0 5
Pb-grade(%) 4,6' 3,5 3,0 15 5,5
Zn-grade (%) TRACES! O, 4 0,2 0,02 0,6
Ag-grade{ppm) 15,6 . 2,0 ? ? 18,0
© Pb/Pb+2Zn 108,00" | 0,89 0,94 0,99 c,90
Ag/Fo (ppm/%) 3,47 2,6 ? ? 343
DEPOSITIONAL ENVIRGNMENT:
Along precanbrian windows ¥
Along the marginal area of
the L.Caubrian epicontinentall X X % X
In autochthonous sediments e X X (X X
Host &rock .
Arkose Sandstone Sandstone Sandstone |3andstone
eters above basement 40-60 @ |28-74 m 3-10 m ? 10-35
Caped by shallow marin sed. X" X X X X
Restricted to paleolows (X)|l X ? ? X
Vertical zonation (Cu:Zn:Pb) X X (X X
Remobilization during tecto-
nism into cracks end joints X X X X ?
weathered basement x" X X 7 {X)
Sialic basement X I X X
Depth from surface 110=15C o™ 50-160 m 0-75 m 7 10-2C m
HOST ROCK MINIRALOGY L 1
Juartsz 50~-E80% 83.0% X X X
Feldspar 2=30% 1.0% ? ? ?
Sericite 10-30% ? ? ? ?
Calcite TRACES 1.3% ? ? X
Fluorite TRACES 0.6% ? ? ?
Barite - 1.4% 7 ? X
Phyllosilicates 10-30% 10.0% ? ? ?
Galena D-8% T7% X X X
Sphalerite ?RACBS 0,70 X X X
Pyrite 0-15% 0,2% ? ? ?
Tiog-minerals TRACES O, 4% ? ? mj B

'Average of the assayedwssai&;féj'
"Data from the mineraslization disscovered in 1984,
?Data not available.
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Together eight thinn sections and eipght polished sections
were made from thne wminerslized boulders at Brennvola and
cune thinn section and one polished section were made from the
wineralized boulders at Langen. In acdition to these one tnirn
and one polished section were mude from a pyrite wineralised
outcrop at breanvola. Some orief notes from the microsecopie
investigations follows:

CHINN SECTIONS:
BaVes. 1

02% Luartz

-

200 Sericite

10% Mierocline + Flagioclase

&x Opage minerals

No cheuwical asgsays are run for this bouldear,
Lexture: The thinn section shows big(up to 4 mm) well rounded
quartz grains lloatinz in a sround mass of small recrystallized
quartz grains, sericite and opaqe uminerals. Hicreocline and
Flagioclase appear both as groundmass and as separate fraruents.

F

WUARTZ : Uhe minerel appears in a bimodal way, as bir(upr to 4

mm) well rounded grains ard az apall less ‘han 3,05 mm) ro-
erystallized grains in the jround :in3s. The big grains do

always appear separated from eaech cther. At the brim of the
big orains there are often faund rugred zrains of swaller and
partly recrystallized grains. At least a part of the small
quartz grains are formed by totaly smashing of bigger sraina.
The quartz is strongly undulating,

GERICLITE: Appears tnroughout the whole pround wass, but ave
more abundant in some parts compared with quartz.

MICROCLINE: Appears as well rounded grains with dianeter up to
Oy3% mm.

PLAGICGCLASE: The mineral is not surely identified, because it
in these very bad thinn sections easily is misinterpreted by
microcline with weaxly developed pericline twinnings.

OPAQE MINLRALS: Appear as fillings between quartz and feldscar
#raeins. It seems that opage minerals are less common in parts
of the section whieh is rich in sericite.



BaV.5. 2
/842 Juartsz
154 Seriecite
2% Micreocline
1% Unidentified phase
S Onaqge minerals
No cheunical assays are run for this boulder.
WA F

MUitl: The thinn section shows big cblenig quartz grains

TEX
floating in a ground mass of small partly recrystallized
quartz grains, sericite and opage winerals.

QUARTZ : Appears as bic(up to 4 mu) oblony eorains and as small
cataclastic prains{less thann 0,05 m.). Correspondine: ha LV. 14
but with not so good rou.ding of the =zrainas.

SERICTITE: Appear as pround mass and are enriched in some

selectied bands throurh the section. Jome small grains of li-~ht

mica(probably muscovite) can ho geparated from the asericite.
URTDENIIRLIED PHASE: Small(less than 2,1 mm) greins of an usknown

ullase are observed.
B.V.5. 3
505 Juartz
10% dicrocline
rlaiioclase
3CL Sericite
1CY Cpaqe minerals
ho chemical assays are run for this rock sample. This samnpla

is taken from an outcrop of a pyrite disseninated zone in the

v

eagte:n part ¢f rid Brennvola.
fexture: similar bto BVS 1, but with slishtly smaller pgrain
size of the bipgr-est ouartz grains(up to 0.2 ma in diameter),
WUARTZ: Apoear in a bimedal way, as dig(up to 0.2 mm) well
rounded rrains and as smaller{less than 0,0% mm) mylonitic

ageresata. The internal grain boundary of the smaller grainc

seers casual,. tz A cataclastic wasaic
Yiosaic texture texture, which is commen

in the matrix of the

sparagmnite.
MICROCLINE/VLAGIUCLASE: Appear in the same way as *he obipf guartz
Frains, bul they are not so well rounded. Most of the feldspar
18 provably miecroeline.

SERICIWE: Appear in the matriv in this seection.
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OPARE MINERALG: Buhedral pyrite grains are seen spread out
in the waole section. The grain size raupz from 0,05 to 0,2 mm

Some subhedral grains appear in

¢t

ne same way as pyrite, these
may partly be apcregates of galena. 1n one corner of the section
it Is found a reu nineral which appear to replace otner mineruls
That wineral may be gothite. The pyrite grains in this areu
have a red surface due to oxidation.
LeVaelia 4

60e Juartz

5% Microcline

10% Sericite

15% Opage wminerals

The chemical assays of this boulder shewed: Cu: nil,
Zn: nil, Ag: 0,3%9 oz/ton, Pb: 4,004,
Texture: This section shows a banded texture. Gowe bLands ars
heavily minecalized, some are enrieched in microcline and otner
vands consists of intergranular fine errained(less than 0,020 mm)
quartz. selween tnose bands, there sre oblong biglup to O am
graine of quarce wihich often have inclutions of smaller QqUATTZ
grains,

N

JUARTL: lhe umiveral appear in a bimodal way as bielup to o @ J

cbleng mrains and as recryctallized smuller grains wilh & .
intergranular texture. The texture shows that the orircinal
Sandstone has been exposed for stress. The originaly rounded
and big grains have been pressed towetlier and also heen
exposed for loungitudal forches. In addition to this, they huve
been more or less cruched. The band:d texture is probably also
due te this external stress.

It is not understood whether this cruching(possibly together
with chemical influence) have been completed and than been
tarcuan a new growth of quartz, or if the big quartz grains are
reanants from the original sand grains., The very strong undu-—
lating quartz, imply that the nineral have been exposed for
stress. cSome of the bigzer grains(probably all) are for sure
rezpants rrom oriwginal sand grains. S3ee fipg 2.

™ -~ < I
1T e

——— 4
Bie quartz grai

Uruched quarts
arains
Mieroecliue

—— sericite
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MICRCCLINE: The mineral appear consentrated in some bLands as
up to 1 mm big cruched and rounded grains. Microfaultinges with
intrution of small quartz grains and sericite are common. In
spite of this, the minnral shows no sign of alterations. rlagio~
clase may also be present.
SERICI T'iw: Appear as long bands on joints between the big guartsa
Frains.,
CPAQLE MINERAlLLY: lMost of these wminerals are found on a 0,5 om
thick band and constitute up to 50% of this band. i‘he prain
size rang from 0,071 to 0,1 mm. The biggest grains shows eu-
edral cubs(pyrite) and the smaller are more irrepular. In spite

of heavery mineralization it 1s s5till clearly disseninated.
I'nis band riek in opaqe minerals is probably caused by a
tectorile remobilizatlion and enrichment, because the wallrock
is allmost free of opaqe minerals. Rust is common in conecti
with conceordant joints. In hand specimen this is seen as a
redish ecolour of the mirerals.
B.Vebe 5

Y00 Quartz

12% sericite

30% Feldspar(Microcline)

8t Upage minerals

The chemical assays of this boulder chowed: Cu: nil,
én: nil, Ag: 0,70 oz/ton, Pb: 1,24,
Texture: This thinn section shows big porphyroclasts of reld-
spar and quartz floating in a matrix of serisite and cruched
and recrystallizad guartz. Disseminated porphyrcblasts of
cpaqe minerals are found throughout.
WUARTS: Appear as partly rounded and partly chlong grains
L

b |

1t are up to 2 ma long, and as smwall intergranular grains

{less then 0,02 mm} which makes remnants of uvisger grains.
Paralell to concordant joints there are masses of small inter.
granular grains within the bLigger. Joints which are normal to
the layering, have less such cruched materials.

SERICITE: This mineral appear as ground mass, and is enriczhed
in some smaller parts.

FICROCLINE: This mineral appear as often rounded porphnyroslasts
with a prain size rvanging from €,2 to 1 mmn. Peldspar witho

1

twinninms appear as oblong ¢ uched prains (partly sericite-



€
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altered along joints). See fig 3.

CPAQE MINERALS: These minerals are found dissewinated througzhou
the whole section, both as euhedrale porvhyrecolasts{pyrite) and

e
as joint-fillings(matrix for quartz and feldspar). Rusty

sulphides appear in some smaller parts of the gsection. At these
parts it seems that the opaqe winerals have had an increase i
voiume. See iz 4,
Fig 3.
dagial fracturing
arcund pyrite grains
\A—‘-
due to the ecrowih of
the pyrice,
s Joints uartz Fyrite Felaspar
Fig 4.
Vierofaulting in
Plagioclase with
sericite ateration
alond joints.
T
[ N
Plagioclaze Lericite Joinis

604 uartz
204 Yicrocline + Feldspar(Ortoclase)
15% Sericite
>5 Cpage minerals
No chemical assays are run for (his boulder.
2

l><
,cQ

ure: his section shows a foliated texture with oblong

quartz -“rains i1n a matrix of rsranular small guartz grains and
serici ‘e bipgest grains are up to 2 mm lon:,

{UARTE: Apvear in the same way as in BV3., 4,
MICROCLINE: The sineral appears as well rounded porphyroclasts

which are up to C,5 mn. feldspar(without twinnings) appear as

yblone chruched rains(partly with sericitealteration alons
joints).

ek ICTUE: sppear as groundmass toretier with graanular quart.
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throughout tlie whole section.
OPAGE HIRZAALS: Appear mostly an(joint fillings) sroundmass
ior quartz and felaspar, but some eunedrale pyrite grains are
Tound tihro phout the whole ssetion. One band 41th cruched
microcline is obzerved(see fig &)
Fig 5.

Mineralized

microeline band.

At this band it seemws that the cruching of microeline wrains

have given rise to an "ore brain"{ Ihe obtained oore space are
filled with ore minerals). Note that the cruched microcline

.

have ot & far

1]

bigger grain size than the ecruched(recrystall-
ized) quartz graius. This may mean that the feldspar make
better “"ore brains” than the quartz(ie get a bigger vore space).
BoVei3. 7

604 ‘uartz

16% Microcline

20, Sericite

40 Upaqe minerals

‘he chemical assays of this boulder showed: Cu: nil,
api traces, Ag: 0,17 oz/ton, I'b: 1,004,
“he descrivtion of this thinn section is the sane as ftor 3¢ B,
but with more eruching(less porphyroclasts) and more separation
of sericite and granular quartz. The srain size of the bigiest
quartz rraing are up to 4 mm,. Fratty examples of gpranulsy
cruching of quartz are fouad in this section. Jee fig 6.
Fig 6.

Fracturing of a quartsz

porphiyroclast granular quart:

2mnm Sericite

Quartz porohyrc
clast.

The ore minerals are enriched in areas of much noere space.



B.V.8.
S5Ch uartz
ZUs Mierocline + Ffeldspar

20

Li Upage minerals

aeriecits

\ . ~

lic chemical assays are run for this boulder.

The description ¢f this seciicn is the same as for BVS.”. The
.

)

(=2

mineralization appeer at joints znd esves sialy et joincts
the feldspar grains.
B.V.3. G
&5% Juartz
104 Microcline + leldscar
304 Seriecite
5% Cpage minerals
he chemical assays of this Loulder showed: Cu: aill,
4n: traces, Am: 0,320 oz/ton, Pb: 3,7G5%
The description of fhis thinn section is the sane as for V.
apart freom that there are less porphyroclasts and they arse
seldom wore tlian 0,5 mm long. The ore minerals are mostly
censentrated in a 3 mm thick band of fine eruched quarta.

L L1 TN,
IL e w2 I1E M JA TR R VLT M

{ 10U% means &ll the opase minerals in the sectiomn.)
G ,Lj,r) Gal
5% Pyrit

Aksess Sp
Aksess Chalceopyrite?

GALLNA: The wineral appear as separated anhedrale pgrains, and

as joint-fillines. Jhe grain size vary from less than 0,01 mn

uiy to 1 nim.

PY«ITe: he mineral sppear as euhedrale to subhedrale -raing

with grain size ranzing frem 0,02 to 0,2 mu.

SPHALERITL: The minera appears as small rounded inelusions in

the alena. The grain size is between 0,01 and ©,05% mm. The

mineral is isciropic and inner reflections are not visible.

CALOCEYRITZ: The identification is very unsertant, bhut caleo-

pyrite may oe present.

L |

¢

]



97% Galena
%% Pyrite
Description same as BVS. 1,
B2.V.8. 3
100% Pyrite
+ Orne rusty band with iron hydroxides.
PYRTITE: The mineral appear as euhedrale to subhedrale greains
spread arund in the whole section.
BoVeS. 4
90% Fyrite
107 Iron hydroxides or ralensa
Deseription same as BVZ.3, The iron hydroxides may be Gothite,
but is hard to identify because of the vaery bad polished sectio
4,00: FPb does however indicate that it is galena,
B.V.5. 5

200 Galena
E0% Pyrite

o

AKsess sphalerite?

Inls section shows "pore space fillings of galena", whicihr are
up to ¢ mm wilde. “yrite appear as euhedrale to subhedrale
grains randomly disstribuated throughout the whole section.

'he grain size is up to 0,4 mu. Spnalerite? appear as smal

incusions in the pyrite. The wineral has grey colour and is
darker thon pzlena. It is isotrowie or alluost isotropic, and
has no inner reflections.
B.V.3. &

cCU L Galena

200 Fyrite

20k Iron hydroxides

Aksess Sphalerite

Galeng appear in the sane way as in BVS. 5. Pyrite appear as
subnedrale to anhedrale grains spread arcund in the whole
section. In nost cases the grains are pairtly replaced oLy iron-
hydroxides(provably gothite). Relictsiructures ‘rom pyrite are
sowetimes seen in the gothite. The gzothite 1s anisotropic,
reflectanse same as sphalerite, pgrey and relieff came as pyrice.

sphaierite? appear in the sane way as in BVS.5,
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854 Galena

8% Hematite?

S lron hydroxides
245 Pyrrhotite
Galena appears as in BVS: 2« Than there are proovably at least
tree facies of ironcxides. Une of them is probably hematite,
and another is .othite. Replacement structures are comnon. In
addition to these, there are probably a few mrains of iren
qulphldes(lyrrnl ite),

PV.5. 8

82% Calena
155 Iron hydroxides
24 Sphalerite

Galena apvear as small{0,05 mm) "porespace~fillings"”. lron
hydroxides are seen as "cloude" in Joints and in some piaces
it seems partly to replace galena. Sphalerite is found as ocne
0,07 mm oblong erairn.

B, V.. 2

50+ Pyrite
904 Galena
+ Iron hydroxides

No espessial ccomments on this polished section.

CONCLUDING REMARCS:

e preparation of both the thinn and the polished sectio s
are very bad. Jith Letter sections we would prohably have wot
muen more information out of this investigation.

April 1984
Siv. ing. O.Bakke



FAGRUsGUITCAL OVERVI Wy OF BINndALI =0 BOULDERD AND CUTCRGES

b

1
IN THE ATHRA ARIA

In the 1S84 field season 1t was discscovered mineralized
boulders in an area approx. 10 km. & of Atna station in the
spararzite projeet{l~52-5), .ifter this discovery a follow-up
crid was establighed, and a regionzal block survey to-evher with
reological mappine was carried out in the surroundin~ area,

This survey revealed a lot of wezkly mineralized boulders and

a few weakly mineralized outerops. Some of these bLoulders and
rock samples from the outcrops, were analyzed for zink, lead,
copper and silver and some for gcld. The best individual vslues
of these elements was respectivly:0,56un, 2,375, 0,052, 15 ppm
and 160 ppb.

Together 12 thinn and 12 polished sections have been made. 9 of
then from mineralized boulders and 3 from an outerop of a Cu-Pb
mineralized conglomerate at lLedsaceren, about 2 km south of the
Frid,

The rock type of all the boulders belong to the Vangsiis form-
ation. Rourhly estimated rock compositions from the microscopical
investigation are plotted in fieg 1. next side. They show that the
mean composition of the boulders is a subarkose or a feldspaiic
quarctzite, and that the ledsapgeren mineralization is situated
in a more feldspatic and clayrich rock-type. The composition of
boulder no. 2 and 4, are not representative of the mineralized
boulders, because similar mineralized boulders are not found
anywhere else in the area,

The mineralization appear in two different ways: as disseminatec
often spotty matrix material, and as remobilizated mineralization
on quartz veins. In both cases the mineralization appear mainly
in a dark feldspatic rock, although it has also been observed
in an almost white and pure quartzite(sample no 42). The micro-
secopic investigmaton has revealed a very simpel mineralogy. The
major ore mineral of the disseminated type is galena and the
remobilizated type <contain often either galena or sphalerite.
Yyrite do always accompany the ore mineralizations.
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Fig. 1. Klassifikasjon av epiklastiske sedimenter.

Modifisert etter Pettijochn (1961).

* Boulders from Atna with sample number
Roek samples from Ledsageren with sample number

The investigations of the thinn sections showed that most of the
rock have a quite unmature habitus with clasts thaf are only
partly rounded, has a high feldspar content(as microcline) and
has & considerable content of clay minerals. This support the
genetic model, which was put forward by J.F.Nystuen in 1982,
that Vardal member of the Vangséds formation was deposited near
the margin of a tectonically active basin. Nystuen has given a
comprehensive outline of the basin's evolution. This evolution
is illustrated by conceptual models in Fig. % -39,

For further studies on this subject, I recommend the paper of
J.P.Nystuen:"Late Proterozcic Basin Evolution on the Balto-
scandian Carton: the Hedemark Group, Southern Norway" N.G.U.

No 372.



...Z)_

LATE PROTEROZOIC BASIN EVOLUTION

N
[
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LA SALITIRN

Fig. 32. Model of the Hedmark Group basin in the time prior to the Varanger Ice Age and the
deposition of the Biri Formacion. Br = Brertum turbidite basin, Re = Rendalen braided plain, Li
= Liclesjpberget alluvial fans, At = Acna coastal and shallow-marine sands, b = basales of local excent
associated with fissure eruptions. The evolution of the central northern and northeastern part of the
basin is shown in the simplified conceptual diagrams in Figures 33~39. In these diagrams lateral
facies variarions are strongly condensed and che vertical scale is much exaggerated,

Fan deltas “Alluvial fan

Braided plain

. Slope
Submarine

turbiditite fans |

L B B B B R I B 4

Y EE YN N

Crystalline
basement

Litlesjeberget Cgl

Rendalen Fm: fluvial sandstones
& conglomerates

Brettum Fm: B
turbidite .andstones

Zone of rapid subsidence

Fig. 33. Sedimentation of the Rendalen and Brecrum Formations, east to the right, west to the lef.
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Fig. 34. Local basalt eruptions and deposition of the Atna Quartzite in the northeen cencral part of
the basin.
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Biri Fm: tida! channel
breccia

Biri Fm. limestone & dolomitic limestone

Fig. 35. Early depositional phase of the Biri Formation. This area, and those shown in the following
figures, is thought to be located south of the volcanic area in Fig. 34.

Emerged, eroded area Alluvial gravel fan

“@vre Rendal basin” Submarine fan
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Hakenstad cgl

Imsdalen Conglomerate

Fig. 36. Deposition of the Osdalen and Imsdalen Conglomerate and sedimentarion of the Bjgrines
Shale Member (Biri Fm) in the secondary "@vre Rendal’ basin, Intermitrent influx of coarse-clascic

sand and gravel into the secondary basin has given rise ro turbidite sandscones and the local
Hikenstad conglomerate.
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Grounded ice sheet

Floating ice berg
|

Moelv Tillite :
glaciomarine
mudstone facies

Mcelv Tillite: basal till facies

Fig. 37. Deposition of the Moelv Tillite during the Varanger Ice Age. The ice sheec is shown in a
retreating phase with sedimenration of glaciomarine mud above basal ill.

Temporary local marginal basin
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~black shale &
turbidite sandstones

Ekre Shale:
prodelta

mudstone Vardal Mb:

debris-flow & proximal
Vardal Mb: braided stream sandstones braided stream deposits

Fig. 38. Progradation of deltas and braided plains during deposition of the Ekre Shale and the Vardal
Sandstone Member (Vangsds Formartion). Marginal facies in the east consisc of subaqueous gravity
flow deposits and black shale, overlain by alluvial fan sediments.

Ott-shore sand bar Storm surge or tidal channel

Ringsaker Quartzite Mb

N !
PO I SRR S R Y

K

Fig. 39. Peposition of the Ringsaker Quartzite Member (upper member of the Vangsds Formation)
in Early Cambrian rime. The quartz sand was also deposited on to the denuded crystalline basement
to the east, far beyond the old cectonic basin margins.
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Since the mineralorv of the host rocks seems Lo haove linmited
influence on the wineralization litle attention is nade on it.
Cne importante fact however, ig that the ore uinerals seems to
nave a spatial relation to crushed feldspar praing, and toat it
is almost abundant in rocks with @ clayrich matriw. rthis indicate
that the porosity of the rock is one of the nmest 1 pertante
factor in the distribution of the ore .i:ersls, The primary
porosity between the cdetrial rraing is mainly occupled with elay
minerals but the post devositional porosity obtained by the
crushing of feldstar prains are available for deposition ol ore
winerals. When the guartz grains are exposed for stress, they
seems to form granular smaller grains with very litle nore space
between the individual grains. Ore minerals are also in sone
sections snatial related to open space fissurs,

The secondary quartz veins wilth remobillized ore minerals are
sometimnes associated by carbonale.

The mean grades of the 29 assayed boulders are: Cu: 32,5 ppm
with Qn 32,71, Zm: 1309 ppm with W 1452,43 and 'b: 3790 ppm
with Qn ©149,90. Boulders with the highest Zn or t'b values were
assayed for Ag which ran: from 1 to 15 ppm. The Pb/ag, <n/Ag and
Po+én/Ag ratios are all varying very much, This may partly be
caused by inaccurate Ag values and partly because we have assayed
to few of the boulders for Ag.

The samples from the Ledsageren mineralization iz collocted
from different parts of the mineralization which makes it
difficult and very speculativ to pick out any trends.

Some brief notes from the microscopical investipation follows:

Section no: 84-ATE-4
%5% Microcline + (Aksess)Plagioclase
55% Quatz
8% Sericite
2% Opage minerals 1% 3phalerite
1% Pyrite
The chemical assays of this rock-sample showed: Cu &1ppm,
Zn 4122ppm and Pb 6©77ppm.
TEXTURE: This rock shows a matrix beared coarse grained arkose
with partly rounded porphyroclasts.
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wuartz: The mineral appear in a binodal way, both as porphyro-
clasts and as crushed rranular matrix material. The rrains are
partly rounded, and t..c size rang from 0,2 to © nmu. Jomnetines
the porphyroclasts have inclusions of small granular quartz
crains which fellow Jjoints. The quartz in tne matrix material
is very fine grained(less than 0,01 mu).

Ficrocline: The mineral appear as porphyroclasts in the saze way

as the quartz, but often wore cracked. The c¢racked feldspar
crains are often excellent ore brines., !iiecroecline may alsc be

present in the matrix material, but are not detectuable with
rdinary microscop.

Jlagioclase: The mineral is only detected as one €, mm bis

porphyroclast. It is often hard to distinpuish it Irom micrecline,
which makes the guantitative meassurements unrelicble.

Sericite: The miuveral is mostly restricted to joints where it
appear to/ether with very fine rrained quartz.

ryrite: The mineral apper as up to 0,4 mm big subhedrale to an-
hedrale erains which are very contaminated by transparante
minerals. iost commonly it appear as very small(0,01 mm) irrerula:r
shaped grains. Birds eyes textures are comzon.

Sphalerite: The mineral appear as randonly distribuated irrerular

shaped srains throughout the whole section. The grain size are
commonly about 0,1 mnm.

Section no: 84-ATB-O
677% Quartz
29% Microcline
1% Sericite
3% Opaqe minerals 1% Pyrite
1% Sphalerite
1% Galena
The chemical assays of this rock-sample showed: Cu 3*2ppm,
Zn 3525ppm, Pb 15024ppm and Ag Gppm.
TEXTURE: This is a medium grained homogeneous arkose with partly
rounded grains. It has a bimodal habitus, with porphyroclasts
(up to 0,5 mm) floating in a matrix of granular fine grained
quartz{approx. 0,05 mm),
Juartz: The mineral appear as porphyroclasts and as granular
matrix material,



Microecline: The mineral appear in the saine way as the quartz

perphyroclasts. The miieral is sometines partly altered
Sericite: A few Tlakes are observed in the matrix.

Fyrite: The mineral appear as euhearale to subhedrzle ~rains
which usuzlly are about 0,1 mm big. In some places the grains

seems crushed. see fir 2.

Fig. 2,
Galena EE‘H‘S;{y K\Transparante minerals
bphalerite
slyrite
Sphalerite: This nineral appear as anhedrale ‘rainz, vhich are

from 0,01 to C,7 mm big. The border against host rocks are
usually concave. The minersl dominate ir other parts of the
section than galena, but in spite of this they are seen in
contact with each other in a few places.

Galena: The mineral appear in tne same way as spnalerite, but
usually separated from it.

Section no: 84-ATB-2
61 Quartz
18% Sericite
13% Microcline
2% Plagioclase
37 Carbonate
1% Clorite
Aksess Biotite?
3% Opaqge minerals 1% Pyrite
1% Galena
1% Sphalerite
The chemical assays of this rock-sample showed: Cu 15ppm,
Zn 1118ppm and Pb 24%6ppm.
Texture: This section shows a banded texture. The bands consists
of crushed granular small quartz grains, sericite, bands of
bigger cracked feldspar grains and bands enriched in carbonate.
Quatz: The mineral appear in a bimodal way, as small granular
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crushed rrains and as bigrmer cracked grains. Both the big(up to
2mm) and the small(up to 0,1 mm) are stroncly undulating.
sericite: Appear as bands through the whole section. Iae aineral
is often folded ¢nd in some places kink bands are developed,

spessially in"law pressure areas''see fig 3,

Fig 3.

"Kink bands"

wuartz lMicrocline Flagioclase Sericite

lMicrocline: The mineral appear as porphyroclasts throushout tneo
whole section, but are enriched in selected bands. The crain

size rang from 0,2 to 2 mm. Bigger gralns are always cracked.
Plagioclase: The mineral appear as lists which cut into big
quartz and microcline grains, and as individual porphyroclasts.
The grain size rang from 0,1 to 0,5 mm. In some places the

twinnings are curved. Bee fig 4,
Fig 4.

Quartz

Sericite Plagioclase Microcline Carbonate
Carbonete: The minerals appear as matrix in selected bands.

Clorite: This mineral is observed in only one place in this
thinn section. It appear as a big (up to 1mm) clast with
individual grains(lists), which are up to 0,5 mm long. The
mineral has 1.,order interferenscolours, but near the grain-
bondaries they are often anomale.
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siotitce: Identification of this mineral is very unrelyable, but
some small prains(up to C,02 mm) of a li~ht rreen mineral with
a weax pleokroisme iay be bictite,

FPyrite: The mineral appear as euhedrale to anhedrale grains in
selected bands. The grain size rans from 0,01 to 0,4 mm.
Galena: Yhe mineral appear as irregular shaped rrains which are
un to 1mm bigx

Spherite: The mineral appear in one band, in the same way as
zalena, and often in convex contact with esalena.

section no: 84-ATB-1¢
&34 uarts
10/ Microcline
4.~ Crthoclase
1.2 Plagioclase
Aksess Zircon
Aksess Sericite
2% Opage minerals 1% Sphalerite
1% Pyrite
TEXTURE: This is a medium grained homogeneous arkose, with partly
rounded grains. It has a bimadal habitus, with porphyroclasts
(up to 0,5 mm) floating in a matrix of granular fine ~rained
guartz. The roclk is cut by secondary veins of quartz and ortho-
clase.,
Quartz: The mineral appear as porphyroclasts, matrix material
and as vein fillings.
Microcline: The mineral appear as porphvroclasts.

Plagioclase: This mineral is found in the same way as microcline

Orthoclase: The mineral appear as anhedrale 0,5 mm big grains
together with quartz in veins. It has no twinnings and is often
partly altered. The identification is uncertain,

Zircon: A few rounded(0,05 to 0,2 mm) grains of zircon are found
throughout the whole section,

Sericite: A few small flakes are observed.

Sphalerite: Appear as randomly disstribuated anhedrale grains,

which are up to 0,1 mm big. It is also observed as inclusions in
pyrite.
Pyrite: Appear as euhedrale to subhedrale grains which are from
0,01 to 0,2 mm big. In some places it is crushed. See fig 2,

The cheurical assays of this rock-sample showed: Cu 44ppm,
Zn 55G7ppm, Pb 10%ppm and Ag 1ppm.
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Section no:84-ATB-1%a
77, Juartz
20,0 Microcline
1,4 Flagioclase
Aksess Sericite
2. Cpage minerals 1,, Sphalerite
15 Pyrite
~ksess Galcna
The chenical assays of this rock-sanple showed: Cu 16ppn,
4n 25G6ppa, r£b 2132ppm and Ag ‘ppm.
TEALTURZ: This 1s a quartz-rich arkose very similar to 84-175-9
and 84-Al15~16. The matrix beared porphyroclasts are just partly
rounded.,
. Quartz: The mineral appear as porphyroclasts which are up to
2 nm big. In addition it is the main matrix minersl, where it
is found as granular crushed srall(0,01 mm) grains.

Microcline: The mineral is found as irregular shaped norphyro-
clasts, which are up to 2 mm big. Some of the grains are partly
altered and some of them have poorly or not developed microcline
twinninps. This ray mean that some of the grains which are
interpreted as microcline actually are Crthoclase,

Plagioclase: This mineral appear in the same way as .icrocline.

cericite: A few grains of fine grained light mica are founé
throughout.

Sphalerite: This mineral appear as anhedrale grains throughout
the whole section. The grain size are up to 0,1 mm.

. Pyrite: This mineral appear as subhedrale to euhedrale frains
which usually are less than 0,02 mm, but grains up to 0,2 mm is
is found in some places.

Galena: The mineral is just observed in two anhedrale 0,1 mm
long grains.

Section no: 84-ATB-18b
81% Quartz
10% Microcline
5% Sericite
2% Plagioclase
Aksess Zircon
2% Opage minerals 1% Sphalerite
1% Pyrite
Aksess Galena

For chemical assays, see 84-ATB=18a.



TEXTURE: ™his thinn section shows a bimodal habitus with pophyro-
clasts of «quartz, microcline and plagiocclase(up to U,5 m.: big)
which are partly rounded, floatings in a matrix ol crushea quarta,
microcline and sericite.

yuarzz: The mineral appear as purtly rounded porphyroclasts and
as granular ecround mass, with clast size up to C,2 mz. The

quartsz is stron:rly undulatini-.

[licrceline: The mineral aprear as irresular shanec porpnyroclasts,

In some prains the microciine twinnin s are not developec.

This
means that scme of the zrains may be orthoclase, .one of tlhe
rrains arc partly altered.

Placioclase: The mineral appear in the same way as microcline.

sericite: Appear as metrix material. In addition some bigrer
flakes of ligth mica(up to 0,5 mm) are observed,

Zircon: There are found a few rrains of well rounded(0,1 mm big)
zircon in this section.

Opace minerals: The opage mine:rals ap ear in the same way as in

section no. 84=-ATB="8a.

Section no: B84~ATB=25
6875 wuartz
25/ Microcline
3,. Sericite
2% Plagioclase
Aksess Calsite
Aksess Zircon
% Opaqe minerals 1% Pyrite
tksess Sphalerite
Aksess Galena
The chemical assays of this rock-sample showed: Cu 29ppmn,
Zn 774ppm, Pb 13302ppn and Ag 15 ppm,
TEATURL: This rock show a biuodal texture, with big(up to 2 mm)
clasts fleoating in & matrix of sericite and crushed granular
quartz.
Quartz: The mineral appear both as porphyroclasts and as granular
matrix material.

Microcline: The mineral appear as porpiayroclasts which are often

cracked,
Sericite: Fine grained ligth mica are found as a part of the
matrix.

Plagioclase: The mineral appear in the same way as microcline.

The An-content is law, corresponding to an oligoclase.



Calsite: The mineral aras detected at a few nlaces, but may
constitute a consideranle part of the matriy gz fine ~rained
material(submicroscopic).

sircon: 4 few ;rains of well rounded grains of zircon are Tound.
they are up to 0,2 mm big.

tyrite: The mineral apyear as up to 0,3 ma bip subhedrzle rrains

il

rancdonly disstribuated cthroughecut the whole sectioen.

" . s -

wbilgle.ive: The mineral appear as randomly dis tribuasted

irre-ular shaped prains throuchout the whole section., ihe
slze 1s commonly abhout C,1 mnm.

Galena: 4 few ©rains are detected. hey appear in the sane way
as sphalerite.

seculon no: B4-ATB-41

75% wuartez

104 Iierocline

10,5 Sericite

1. FPlarrioclase
iksess sircon
4,, Cpage minerals 3. Galena
1. Sphalerite
Aksess I'yrite

The chemical assays of this roeck-sample showed: Cu 78ppm,
4n 514ppm, Pb 25083%ppm and Ag 10ppm.
TeXTUAL: This rock has a layered habitus. One layer has clasts
which are from 0,1 to 2 mam bir, floating in e matrix of crushed
quartz and sericite. Another layer consists of smaller porphyro-
clasts commonly about 0,2 mm big, floatins in a matrix of mainly
sericite. Some layers carry very litle sericite, and they are
the richest mineralized layers(maybe up to 107 Pb).
Juarts: The mineral appear as porphyroclasts with a bis rang in
grain size(from 0,2 to 2 mm). The clasts are often well rounded.
Microcline: The mineral apnear as porphyroclasts in the same

way as quartz.

Plagioclase: The mineral appear in the same way as microcline.

sericite: Sericite is most common in the finest grained layers,
but are found throughout.

Zircon: A few small(0,1 mm) rounded grains are observed.,
Galena: The mineral appear as anhedrale grains which often have
concave borders against host rock minerals. The grain size rang
from very small(submicroscopic) to 2 mm.

Sphalerite: Appear in the same way as galena.
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Iyrite: The mineral is feound as a few euhedrale small(0,05% )
(trains,

section no: H4=AT5=42

8% Juarta

S mlcrcecline
2.5 Sericite
1 Calsite

1% Flacioclase
Aksess Clorite
37 Opage minerals 2,0 Galena
1,6 Pyrite
Akgess Sphalerite
This rock-sample is not analysed.
TLXTURLE: This is a medium grained(up to 1 mn) feldspatic ouartzitc
It has & bimodal habitus, with well rourded quartz and feldspar
clasts floating in a matrix of crushed cranular quartz. The
preparation of this thinn section is very bad
wuartz: The mineral appear both as well rounded porphyroclasts,
and as granular ground mass{0,1 mm).

iiicrocline: The mineral appear as well rounded porphyroclasts.

Sericite: The mineral is found as a part of the matrix materizl.
Placgioclase: The mineral appear in the same way as microcline.

Calsite: The identification is very uncertain, because at least
a part of it may be contamination of a liquid below the cover-
glas.

Clorite: One agrrigate of clorite is found.

Galena: The mineral appear as anhedrale grains, usually with a
concave border to the host rock minerals. The grain size rang
from submicroscopic to 0,2 mm,

Pyrite: The mineral appear as euhedrale to subhedrale grains
which are up to 0,2 mm big. In the microscop it does not seem
to be any spatial conection between pyrite and galena, but in
hand specimens pyrite and galena to-ether gives it a spotty
habitus.

Sphalerite: The mineral appear in the same way as galena.




LEDSAGEREN:
Section no: E4-Lri-4

45, uartz

30, Microcline

20 Lirht mica (Jericite)

2. itlaizioclase
%2 Upaqe minerals 3. Chalcouyrite
Aksess Galena
Aksess .Jphalerite

The chemical assays of this rocx-sample chowed: Cu 5300 ppm,
n 40 ppmy b O4 ppm, Ag 13 ppm and Au 160 ppb.
JeallUie: This thinn section chows a matrix beared arkose. The
matrix consists of crushed granular quartz grains, and the
porphyroclasts consists of quartvz, microcline and plarioclase.
The rock is not very mature, since there are a lot of feldspar
in it, and since the porphyroclasts are just partly rounded.
Quartz: The mineral appear both as partly rounded porphyroclasts
and as crushed granular matrix. The grainsize of tie porphyro-
clasts rang from 0,2 to O, mm and the prainsize of the matrix
quartz is commonly about 0,02 mz. The mineral is strongly
undulatine,

liicrocline: whis mineral appear topether with quartz as por-

phyroclasts and approx. with the same grain size. The mineral is
not observed as a component of the matrix.

Tigth mica(Sericite): The mineral appear as matrix material

which almost always separate the porphyroclasts., Near big porphyrc
clasts and joints it is often folded. Some lists of lipth mica
(Muscovite) are also found as porphyroclasts. These lists are
probably products of totally altered plagioclase.

Flagioclase: The mineral appear in the same way as microcline,

The An-content is probably law, corresponding to an oligoclase,

Chalcopyrite: The mineral appear as irregular randomly dis-
tribuated grains.

Galena: The mineral appear in an intimate intersrowth with
sphalerite.

Sphalerite: Appear in the same way as galena.




section no: &4-LED-%
43, LJuartz
24 Miecrocline
40, Hericite
Alsess sircon

» Upage minerals 1. Chalcopyrite

Lo

1. Galena
1.5 Sphalerite
ihe cheuicel assays of this rocx-sauple showed: Cu 200 ppm,

sn 1900 ppm, Pb 6000 ppm, Ag 12 ppm and Au legs than 2 ppb.
TealURE: T™hlis section shows a disvincet banded rock-type. Une
part of the section consists of oblon - quart: and microcline
greins floating in a matrix of pranular gquarts and sericite.
The other part consists of a finegrained foliated roek without
porphyroclaster,
quartz: The mineral appear as odlonz(up to 1 mu long) rrains
and as granular fine prained(0,05 mm) matrix in the coarse
grained part, and as more irrepular shaped rrains in the fine-
grained part. The biggest grains of the fine grained part, are
not wore than 0,1 mm,

hicrocline: The mineral appear together with quartz as porphyro-

clasts in the coarse grained parlt. One distinct difference in
habitus between these two minerals, is that the microcline seems
to be cracked and partly separated which gives them an irregular
shape, on the other hand,the quartz always seems to have an
oblong shave without cracks. This difference in behaviour when
they are exposed for stress, has probably an important influence

on the distribution of the ore minerals. See fig 5.
Fig 5.

\\\‘Sericite

Microcline Opaqe minerals

At fipg 5. we see that the opage minerals seems to have an
affinity to microcline which are probably caused by the "space"
available and obtained by the cracking of the grains. Microeline
is also a common constitute of the fine grained part of the
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section where it appear in the same way as guartz.

sericite: The mineral is most coumor in the fine praired part
of the section. A few grains of listh mica(up to 0,1 mm) are
also found in t:.e coarse grainred nart of the section.

Jircon: Une 0,05 mm bis rounded grain is ocuserved,

Chalcooyrite: The mineral appear as randomly distribusted

irrerular shaped prains enriched in one part of the section.,
Galena: The mineral aprear in an intimate intergrowth with
sphalerite.

Sphalerite: /Appear in the same way as galena.

section no: 84-LLD=-5
47,5 yuartz
40 Figrocline + Albite
20,5 Calcite
1< Ligth mica(sericite
Aksess Flagioclase
2,; Opage minerals 2» Galena
Aksess Sphalerite
Aksess Chalcopyrite
The chemical assays of this rock-sample showed: Cu 410 ppm,
sn 370 ppm, Pb 4100 ppm, Ag 5,5 ppm and Au 2ppb.
TEXTURE: This section shows irregular shaped porphyroclasts of
guartz and microcline floating in & matrix of crushed quartz
and microcline, calcite and sericite.
Quartz: The mineral appear in a bimodal way, both as irregular
shaped porphyroclasts(up to 2 mm) and as matrix material(less
than 0,05 mm). The mineral is strongly undulating.
Microcline: The mineral appear as porphyroclasts in the same

way as quartz, but are some places cracked. The opage minerals
seems to have an affinity to the cracked feldspar grains. This
is probably caused by the "open space" available. The mineral
has in some places a spotty habitus, which may be caused by a
content of albite(spotty pertite). Weak alteration of the
mineral is commnon,

Plagioclase: The mineral appear in the same way as microcline.
Ligth mica: Some grains of sericite are found throughout the

whole section, and the grain size are up to 1 mm,

Calcite: The mineral constitute the main matrix material. In
addition it appear as bigger grains or aggrigates of rrains
which are up to 2 mm,
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Galena: The mineral is enriched in one small part of the
section where it appear as the main matrix wmineral.

Jphalerite: Traces of sphalerite are found throuj;hout the whole

secticn,

Chalcopyrite: The mineral is found as oue irrepular shaped
small rain(0,2 mm).

Decemnper 1954
sive ing. O.Bakke
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SPARAGMITE PROJECT N-82-5
Grids Brennvola / Langen

En kvarteergeologisk vurde ring

cand.real. Tom E. Henriksen



INNLEDNING

Etter avtale med geolog Krause ved Folldal Verk A/S ble det primo
juni 1984 utfgrt kvartergeologisk registreringsarbeid i omrddet nord
for Femunden, Sgr- Trgndelag fylke,.

Oppdraget ble formidlet av Geografisk Institutt, UiO, v/prof.Sollid og
rapporten utarbeidet ved instituttets laboratorium for fjernanalyse og
temakartlegging.

Arbeidet besto i synfaring av lgsmassedekket og de glasialgeologiske
formelementene innen deler av karthbladet RPA, NGO’ s serie M711:
1719 1,1:50 000, Etter flyfototolkning ble det framstilt en kartskisse
(1:25 000) over det undersgkte omréddet mellom Femundsdsen og
Brennuola. Detaljstudier av morenematerialet ble gjort for & finne
transportretning og4engde av blokker med blyglansmineralisering

i to distinkt adskilte blokktog i omradet.

Blokktogene var registrert av Folldal Verk A/S og hver blokk inntegnet
pd et kart (1:5000) med to grid: BRENNVOLA (BRV) og LANGEN (LA).
Stedsreferanser vil heretter eneten bli gitt i gridkoordinater eller i

UTM koordinater.Retninger angies i 400°, korrigert for missvisning.

Det foreligger en generell kvartergeologisk beskrivelse av omrddet
ved en upublisert hovedfagsoppgave av Dagfinn Tregmborg:'Isavsmelt-

ingen i omriddet rundt nordenden av Femunden'' (1963).
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KORT OM ISSKILLET OG ISAVSMELTINGEN

Etter Weichseltidens siste maksimum ( 18 000 BP) smeltet den over
kilometertykke innlandsisen for det meste vertikalt ned i de sentrale
delene av S¢r-Norge (Mannerfelt 1945). Den lokale topografien hadde
liten styring p4 isbevegelsen,det var breoverflatens helning, og dermed
isskillets posisjon som bestemte strgmningsmgnsteret. Etter hvert

som istykkelsen avtok ble terrengstyringen stgrre, meni omradet rundt
Fermunden er relieffet for lite til 3 ha pdvirket isbevegelsen fer i den
aller siste avsmeltingsfasen.I denne fasen var isen s& tynn og akkumula-
sjonen av sng pd brekulen s& liten at bevegelsen narmest var opphgrt,

i alle fall i de basale delene.De siste isrestene forsvant antagelig fra

de hpyereliggende bekkenene (Femunden-bassenget) for ca 8500 dr siden.

Den vertikale nedsmeltingen fgrte ogsd til at ende-, side- og midtmorener
ikke gjenfinnes i dette omrddet, unntatt der hvor et fjellmassiv har stdtt
direkte i veien for isbeve gelsen {(Rendalsplen), eller i hgytliggende om-
rd3der med botnbreaktivitet {Rondane).De typiske glasiologiske form-
elementene fraiskulminasjonsonen og utover er: ROGENMORENER -
DRUMLINER-FLUTING, se figur 1 og 2 (Sugden & John 1976, Aario 1977,

O

o O

o O

OO0 Cos=" > < —
Hummocky active=-ice assemblage Drumlin assembicge | Flating assemblage
Fig.1 A transitional series of active-ice assemblages: the fluting assemblage, the drumlin assemblage, and

the hummocky assemblage, Flow was from left to right. Spiral flow predominates in the formation
of flutings and linear drumlins, whereas up and down movement predominates in the formation of
the hummocky member. Between the end members combinations of these {low patterns occuf.

Fra Aario 1977
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I tillegg kommer glasifluviale formelement som dreneringsspor
(spylerenner, spylefelt, breelvlgp) og, gjerne litt mer distalt, akku-
mulasjoner {esker, kame).Denne fordelingen er serlig klar innen
kartbladet RPA (1719 I) hvor typiske rogenmorener i omridet ved
Styggsjsane (UK 526167) taper seg mot nordvest i mer drumlinoide
former og fluting. Mer distalt finnes de store eskersystemene Ferags-
ryggen og Hiddalseskeren.

Isbevegelsen i omrddet ved nordenden av Femunden er tidligere kart-
lagt av Holmsen (1915,1935) og Trgmborg (1963). Dolomittisk kalk-
stein fra nedre Roastens elveos (UK 482159) er blitt fgrt ca S5km NV-
over til Granbekkhggda (UK 453185), Samtidig viser blokker fra trond-
hjemsfeltet (gabbroer, trondhjemitt) at isbevegelsen minst en gang har
veert motsatt av hva den var under istidens siste maksimumsfase. Det
er antdtt at for hver nedising vandret isskillet fra vannskillet i nord og

sgrover som vist pd figur 3 (Sollid & Kristiansen 1983).

TASKILLET UMDER EN TIOLIG
FASE AY SISTE NEDISING

DET SISTE AKTIVE
ISSKILLET

DET LOKALE I3SKILLE
UNDER NHUNATAK FASEM

~O080

FORTSETTELSE USIKKER

mma  HOVEDYANMSKILLE

”"'wﬂ o | H

1 ilﬁ il

< Jhl‘

Modifisart sller
Secensan A 197

Fig 3:Flytting av isskillet under siste istid.
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P& svensk side bgyde isskillet av nordover iangs glintranden og

ble forskjgvet gstover under istidens maksimum for si 3§ trekke

seg tilbake mot glintranden under avsmeltingsfasen (Lundqvist 1969).

Skuringsstriper er vanskelig & observere innen sparagmittomridet,
bergartene forvitrer lett.I de f3 tilfeller hvor skuring er observert,
gjenfinnes bare | generasjon striper, og de fglger strukturretningen

i fjellet. Skuringsobservasjoner ved blotningén pd stien over Femunds-
dsen (PQ 492273) er ganske sikker og representerer antagelig siste
isbevegelse i og med at den sammenfaller helt med flutingen i omré&det.
Alle (5 stk) skuringsfelter pd lokaliteten og flutingen pd Femunds&sens

sgrogstside viser en isbevegelsesretning pd 145° (NV).



KORT BESKRIVELSE TIL KVART£RGEOLOGISK SKISSE
(1 :25 000) OVER OMRADE T FEMUNDSASEN-BRENNVOLA.

Kartleggingsmetodikk

Stereofotoanalyse (Interpretoskop, Zeiss Jena, 15x forstgrrelse) pd
luftfotografier i milestokk ca 1:36 000 (Widerge 650,1963) ble ut-
fgrt forst etter avsluttet feltarbeid. Inndelingen av jordartene etter
genesis er gjort ved visuell bedgmmelse i felt og ved flybildetolkning,
Prgver av jordartene (P I -P X} for d understgtte kartleggingen er
analysert etter metoder beskrevet i Selmer-Olsen (1954}, og resultat-
ene foreligger som vedlegg. Skissen og de formelementene som er
beskrevet pd denne, fglger tilneermet NGU’'s standard for kvartzer -
geologiske kart,Det henvises til NGU 347: Per Holmsen (1979}:

"Grunnlag i kvartaergeologi'', for definisjon av begrepsapparatet.

Beskrivelse

Dalstrgket mellom Femundsdsen og Brennvola i N-enden av Fermnunden
har ett rolig relieff med for det meste tykt morenedekke ( > 5m) som
enkelte steder er samlet i store rygger og hauger av uklar opprinnelse.
I omridet ved Neset (PQ 502248) skyldes haugene i stor grad raviner-
ing i seerlig tykt bunnmorene dekke.Utgravingen i morenen har trolig
skjedd i en sen fase av isavsmeltingen hvor den isrelaterte dreneringen
synes & ha gitt fra Syndervika (PQ 489235) nordgstover mot 1. Langtja.
(PQ 5002653) og senere rett gstover til Nordvika (PQ 515245).Drenerings-
sporene gjenfinnes i dag som store breelvligp med serlig blokkrik bunn
og som store raviner ut mot Nordvika.

Stgrstedelen av Femundsisens s¢rgstside er dekket av meget tykk bunn-
morene unntatt opp mot selve toppomrddet hvor det er flere blotninger.
Morenen virker ubergrt og har kraftig fluting pd overflaten (1-!50) .
Tykkelsen pd lgsmassene her er uvanlig til norsk hoyfjell d veere (30 m
i borhull) ,og et kompakt bldleirelag midt i moreneprofilet kan tenkes

3 representere en interstadial (-glasial ?) (Lundqvist 1981).



P4 gstsiden av Nordvika og Langtjgnna (PQ 488289) er morenedekket
tilsynelatende tynnere med flere blotninger.Et borhull i Brennvola-
gridet viser ogsd bare 7 m med lgsmasse.Forklaringen pd denne for-
skjellen kan ligge i at det p4 Femundsdsen-siden oppsto en slags''pd-
smgringseffekt'' mot det oppragende hggdepartiet 783m (PQ 285276)
fordi isbevegelsen her ble bremset. Mens nede i daldraget,dvs p&
Brennvolasiden, gikk gjennomstrgmningen av isen friere og dermed
ble det ikke avsatt tilsvarende morenemektigheter her.Dette er antagelig
ogsad forklaringen pd forskjellen i formelementer pd de to sidene av
aksen Nordvika-Langtjgnna, Pd vestsiden er det ubergrt, tykt morene-
dekke eller ravinering i dette,og pd #dstsiden finnes hauger og rygger

med saerlig blokkrik morene av rogentype eller med drumlinoid form.

Helt i nordenden av Femunden , Kalven (PQ 506257), ligger en morene-
rygg som er beskrevet uten noen genetiske implikasjoner av Trgmborg
(1963, s.55).Ryggen ma ansees & veere av rogentypen. At den stdr alene
og ikke'i et felt av lignende morenerygger, skyldes antagelig at den ligger
i ytterkant av rogenomrddet som strekker seg SQ-over,inn mot iskulm-
inasjonsomrddet, til Rogen (Sverige). Formelementene synes 3 skifte
etter plassering i forhold til iskulminasjonssonen (Sugden & John 1976,
Aario 1977).Det er mulig at den nordre delen av Femunden 18 slik i
forhold til brekulminasjonssonen ndr bunnmoreneformene ble dannet

at overgangen til drumlinoide former skjedde her.Ryggen med de min-
eraliserte blokkene som strekker seg fra PQ 518265 til PQ 507276, antaes
4 veere en slik drumlinoid form hvor de mange smiryggene som utgjgr
hele haugkomplekset, sammenfaller godt med brebevegelsen ( 145%),

I myra ¢st for ryggen (PQ 518267) ligger et godt eksempel pd en ''crag

& tail'', ogs3 den i brebevegelsesretningen.

Haugen rett nord for gdrden Nordvika (PQ 513249) og flere hauger ost
for denne (PQ 530253 , PQ 533248), kan veere overgangsformer mellom
rogen-og drumlinmorener.Det kan heller ikke utelukkes at noen av dem

er erosjonsrester tilsvarende det som finnes pd Neset.



@stsiden av Langtjern er dominert av glasifluvialt materiale og av den
tilhgrende esker(kalt Feragsryggen av Trgmborg,1963).Eskeren er
tydelig subglasial i det enorme blokker av ablasjonsmorene nocen steder
(ved trig.pkt. 677m, PQ 503278) dekker ryggen.Det er ikke mulig & spore
eskeren sgr for Rundtjern (PQ 504274),0g det er sannsynlig at drenerings-
sporene som finnes sgr for 1. Langtja.,bdde pd Femundsas-siden og p&
Brennvolasiden, har samlet seg i en akkumulerendes esker.Det er,som
Tremborg( 1963) pdpeker, antagelig ikke mulig & finne eskeren ute i
Nordvika da moreneryggen ved Kalven, som er dannet fgrst, ville ha
virket som en demning.

Vest for ryggen med de mineraliserte blokker ligger det i ca 680 m

hgyde ett glasifluvialt terrassenivd som ogsad gjen finnes sgr for girden
Nordvika, ved hggde 699m (PQ 529243).Store, kantete blokker i den
glasifh:wiale grusen kan tyde pd at det ikke er rene kame-avsetninger,men
at terrassene har en subglasial opprinnelse, antagelig danneti en sen

f2se av avsmeltingen.
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BLOKKTOG LANGEN

Blokktoget med 17 mineraliserte blokker ligger i sin helhet innen et
typisk bunnmorene-landskap og togets lengderetning (14?’) sammen-

faller godt med pivist isbevegelse i omrddet (145°).De mineraliserte
sparagmittblokkene er store (-9 m3),kantrundet til rundet.Flere av

dem er knust (skifrig) og delene flyttet fra hverandre,noe som utelukker
postglasial frostaktivitet. Ingen viser skuringsstriper, men noen fd har
cresentiske brudd.En steintelling ,S ¥ (LA 350 E/100 S) skiller seg klart
fra tilsvarende tellinger i Brennvola-gridet (se figur 4).Innslaget av merk
grd finkornet kvartsitt, hvit (melke-)kvarts og den r¢de/rosa-sparagmitten
er her stgrre enn lenger @gst hvor den lyse sparagmitten og den grove
kvartssandsteinen dominerer.Den store overdekningen uten blotninger

gjgr det ikke mulig & fastsld om morenen bestdr av overveiende lokale
bergartsfragmenter, men den varierte sammensetningen og store tykkelsen
tilsier en morene hvor en vesentlig del (40-60%) er langtransportert,

dvs ~5km (Boulton 1971, Sugden & John 1978)}.De mineraliserte blokkenes
plassering nede i en 30 m tykk morene, tydelig kantrundet og knust,
indikerer at disse tilhgrer den langtransporterte del av morenen. Bare

de nederste 5-10 meterne av bunnmorenen pd sgrgstsiden av Femunds-
2sen vil kunne veere av lokal opprinnelse { <« lkm transportlengde).

Hvis leirlaget i borhullet pd Langen-gridet er av interstadial -glasial)
alder, vil den gvre moreneseksjonen ikke ha innslag av lokale bergarts-

fragmenter, se figur 5.
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Det ansees som mest sannsynlig at morenematerialet pd S@-siden av
Fermnundsisen,i alle fall de gvre deler,bestdr av materiale plukket og
abradert fra de konvekse omrddene som begynner ved Granbekkhggda
(UK 453184)-Skarpdsen(UK482199)-Gridvola(UK 506222). Inn mot isskillet
vil isens avtagende eroderende evne sette en sydgrense for material-
transport i bunnmorenen et stykke inn i Sverige.Spesielt gjelder dette
for de gvre deler av bunnmorenen som antagelig er avsatt under fasen

med det siste aktive isskillet trukket langt mot syd, se fig. 3.

I Langen-gridet forekommer de mineraliserte blokkene med en klar
begynnelse og slutt i ett bloktog som er ca 1300m langt og dessuten
meget smalt (100m).I tillegg er blokkene store, hvilket ogsd indikerer
kort transportlengde (Sugden & John 1976). Underspkelser av Haldorsen
(1977) viser at blokkfraksjonen i bunnmorene fgres langt ( S5km) fra
et kildeomride uten vesentlig utynning.Dvs at hvis blokkene er lang-
transporterte ville det veere ventelig 3 finne ett vesentlig lenget blokk-
tog med stgrre bredde, gjerne vifteformet og ogsd med mindre blokker
(20 cm). Disse forhold peker mot en kort transport av de mineraliserte
blokkene i Langen-gridet {Minell 1978, Stewart & van Hees 1981).
Forklaringen pi at blokktoget ser ut til & veere bdde lang-og korttrans-
portert, til fordel for teorien om lang transportavstand, kan veere at de
mindre blokkene (20 cm) ikke er funnet,og at disse er spredt utover et
stgrre omrade.Dessuten kan de mineraliserte blokkene som er funnet
veere fragmenter av noen f& stgrre vandreblokker som er blitt knust
under en sen fase av isavsmeltingen og dermed spredt lite utover.
Mineraliserte blokker som ligger med noen fd meters mellomrom, og

som tydelig har veert én stgrre blokk, understptter dette.



12

BLOKKTOG BRENNVOLA

Toget med mineraliserte blokker ligger pd proksimalsiden av en stor
rygg av uklar opprinnelse. Ogsd her har blokktoget, som er 1300m langt
og 100 m bredt, en klart definert begynnelse og slutt. Men lengdeorient-
eringen (157°) er mer nordlig enn for blokktoget i Langen-gridet og
sammenfaller ikke s& godt med den generelle isbevegelsesretningen(145°).
Blokkene er store (1/4-5 m3),kante te og ofte knust. Deres posisjon i
forhold til den omtalte ryggen er usikker, men det synes klart at i alle
fall noen av blokkene hgrer til (ligger oppe pd ) ryggen.

I felt kan ryggen umiddelbart se ut som en ablasjonsmoreneform i og
med det uryddige omrisset og de store kantete blokkene.En naturlig
genetisk klassifisering av formen ville veere sprekkefylling i en stag-
nerende is. Ved flybildetolkning viser ryggen et helt annet utseende.
Dens lengderetning (157°) er fortsatt litt pd skrd i forhold til siste is-
bevegelsesretning (145°), men superponert pd dette ligger 3-4 mindre
rygger med en klar retningsorientering pd 145° [Disse er tegnet inn
med stiplet strek pd kartskisser). Det antaes derfor som sannsynlig at
ryggen er av subglasial opprinnelse og kan defineres som en drumlin-

oid form dannet av en aktiv is i bunnmorenemateriale.

To retningsorienterings-analyser ,etter Hay & Rahmann(1974) og
Briggs (1979), fra toppen av ryggen (S I og SIli figur 4) gav ingen
signifikante resultantvektorer, Glasifluvial aktivitet pd ryggen etter
dannelsen ( P I¥ = "lakustrint' materiale utvasket fra ryggen) eller
postglasiale utglidninger kan veere drsaken til at steinene ikke viser
forventet orientering parallelt isbevegelsesretningen. En steinorient-

ering fra stgrre dyp i ryggen ma til for 3 avgjgre dette.

Steintellinger fra toppeén av ryggen S I (BRV 3500 S/ 1500 W) SII (BRV
25508/1650W), blandt de mineraliserte blokkene proksimalt for rvggen
S III (BRV 25505/1350W) og fra neermeste cksponerte bunnmorene S IY
(BRV 2550S/1300W) er heller ikke entydige. Provene langs stasjon BRV
25508 viser alle noenlunde likt innhold av grov kvartssandstein = 40-
50 %, mens deti S 1= 80% ogiS X = 15 %,Dette kan tyde pd at

materialet bide pd toppen, ved foten av ryggen og i neermeste bunn-
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morene ¢r av samme opprinnelse. At S 1 skiller seg ut i forhold til
S II antyder videre at materialet ikke er avsatt ved en isbevegelse

pd 157°%, se figur 6.

ST SO 7 ISORUEGELSE A
T st
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Det er ikke mulig pd bakgrunn av steintellingen & si noe om trans-
portlengden av de mineraliserte blokkene, til det er berggrunnsgeo-
logien i omrédet for oppstykket og lite kjent. Drumlinformer og
rogenmorener og deres overgangsformer dannes i bunnmorene av
lokal karakter (Lundqvist 1969, Aario 1977). Undersgkelser av
Joergensen (1977) viser at norske bunnmorener for det meste bestldr
av korttransportert materiale,etter ca 3km er fremmede bergarts-
fragmenter nede i 40 % .,En vanlig norsk bunnmorene (dvs ca Sm
tykk, blokkrik og med lite silt/leir) vil ha en gjennomsnittlig tran-
sportlengde pd ca Skm.

De mineraliserte blokkene i Brennvola-gridet antaes & veere en

del av den lokale bunnmorenen. ,og den kantete formen pd blokkene
antyder kort transportavstand. Med et morenedekke pd ca Tm og med
den kantrundingen blokkene har, er det sannsynlig at de er transport-
ert minst 500m (Minell 1978). Neermeste konvekse omrade mot is-
bevegelsen er hgydedraget (732m) vest for Abbortja {PQ 533238).
Omr&det Skarpdsen (UK 483199)-Grivola (UK 506222) kan ogsd veere

kildeomr3ide, dette gir en transportavstand pd ca 9 km.
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Det er ogsd mulig at blokkene kan tilhgre den langtransporterte delen
av bunnmorenen, men knust wved avsetningen og virker dermed mer
korttransportert, Blokkene kan ogsg ha veert transportert et langt stykke
englasialt og dermed beholdt sin kantethet hvis kildeomridet ligger

hpyere enn omgivelsene,

Som for blokktoget i Langen-gridet er utbredelsen av de mineraliserte
blokkene uventet, spesielt ndr man antar at de er flyttet minst 500m av
isen. For det fgrste er alle blokkene relativt store og opptrer i et meget
smalt bind med en klar avslutning etter ca 1300m.For det andre ligger
blokktoget her i en vinkel p& ca 12° i forhold til den antatt siste is-
bevegelsesretningen. Noen fullgod forklaring pd disse problem er ikke
funnet.,

Vinkelforskjellen blokktoget har med siste isbevegelsen, kan skyldes

at hovedryggen ble avsatt under en tidliger fase av nedisningen hvor
breskillet 14 neermere {(over midtre deler av Femunden, se fig. 3) noe
som gav en mer nordlig { 157°%) isstrgmsretning. Det finnes ingen spor
etter denne fasen i skuringsstriper. Senere,ndr iskulminasjonssonen
trakk seg s¢r og gstover, ble isens bevegelsesretning mer vestlig (145°)
og de mindre ryggene pd toppen av hovedryggen ble utformet.Den
sterkt begrensede utbredelsen av mineraliserte blokker kan skyldes,
som for Langen blokktoget, at blokkene er deler fra noen f3 nedknuste
kjempeblokker,

En annen mulig forklaring pd de mineraliserte blokkenes utbredelses-
mgnster kan ligge i deres relative vektoverskudd i forhold til andre
umineraliserte blokker av samme stgrrelse,og at begge blokktogene
ligger i en sone 1vor terrenget gdr over fra & ha veert fallende med

isoverflaten til flat- eller motbakketopografi.
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KONKLUSJON

Blokktog Langen: Kan med stor grad av sikkerhet antaes § veere

langtransportert ( =5km).Kildeomrddet vil sannsynligvis ikke ligge
nsermere enn linjen Skarpdsen (UK 483199)-Grdvola (UK 506222) -
Skebrofjelltangen (UK 547203). Det er ikke utenkelig at blokkene stammer
fra kjente forekomster av blyglansmineralisering i sparagmitt pa

svensk side av riksgrensen.

Blokktog Brennvola : Formelementer og tolkning av morenedekkets

transportavstand er her usikker.Hvis ablasjonsmorene utelukkes,
vil blokkene ligge i korttransportert bunnmorene, Hvis de mineral-
iserte blokkene tilhgrer bunnmorenen, er de korttransportert, og
kildeomridet vil sannsynligvis ligge i en avstand pd 0,5-5,0 km.
De konvikse omrider som kan tenkes som kildeomrdde er hgyden
vest for Abbortja.(PQ 533258) eller hgydepartiet Skarpdsen-
Grivola-Skebrofjelltangen.

Hvis de to blokktogene 1ar felles kildeomrade, er blokkene antagelig
langtransporterte ( > 5km), og blokkene i Brennvola-gridet md ha

veert transportert englasialt eller blitt knust under avsetningen.
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Sedimentanalyse

Prevenr.: ? -.\Z Innsamlingsdato: ?I(, 19 2Y
Lokalitetsbeskriveise : BRV 3480 S /1510 W Dyp i m: 0.5
Formbeskrivelse: TERRASHE Hydrometeranalyse
Materialtype |  GLASIFLUVIUM Innveid materialmengde : g
Eruksjon Gram e ria Aviesn. " corr. oL
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BEMERKNINGER ANGAENDE MINERALISERTE BLOKKER
I SOLLIA, ATNADALEN.,

De mineraliserte blokkene i Sollia ligger i en vanlig bunnmorene

av " pdsmering /le -typen "' , som finnes i alle vire stgrre daler

som gidr pd tvers av isbevegelsesretningen. Disse morenene er typisk
sveert korttransporterte, men har som oftest innslag av langtransport-
ert materiale med en glasifluvial forhistorie. Sammensetningen av
morenen kan derfor veere wvariert. Morenene er tykkere mot bunnen

av dalen og kan her ofte veere sammensatt av flere generasjoner
avsetninger etter som isen beveget seg gjennom eller pd tvers av
dalenl(-se Bergersen & Garnes 1977 som fglger vedlagt),

At Sollia ligger s& & si rett under den antatt siste aktive iskulminasjonen

gigr bildet meget komplisert.

Det ble ikke funnet skjeeringer av en slik dybde at flere generasjoners
morener kunne skilles ut.I det stgrste snittet som ble funnet (lite
sandtak langs ny tgmmervei NP 885534, ge figur) var morenen
tydelig fluvialt behandlet, se prgvene A~ A III. Ved steintelling

kunne det ikke finnes variasjoner i dypet ved grustaket, eller noen
forskjell til morenen pd sgrsiden av dalen (NP 878512).

Steintellingen viste innslag av bide trondhjemfeltets bergarter

(godt rundet gabbro og trondhjemitt fra nord), grunnfjellsgranitter

fra atnavinduet og rgde sparagmitter fra gst.Det er sannsynelig

at siste nedising begynte med en dalbrefase som utlgpere fra Rondane,
senerc en isbevegelse fra nord ndr brekulen 1% over vannskillet ,

og ventelig ingen beveéelse i bunnmorenematerialet nir iskulminasjonen
hadde vandret sgrover til Atnaomr&det. Mesteparten av morenemat-
erialet er ventelig avsatt i perioden med isbevegelse fra nord,

noe som gav en "pdsmgring / le-effekt" i Sollia.

De mineraliserte blokkene var alle sterkt kantet og s& lokale ut. P&
lokalitet 84-ATB 19 (NP 892527) virket det som om mineraliseringen
var i blotningen. Langs veien ved NP 876525 var blotningen i veigrgfta
meget lik de mineraliserte blokkene 84-ATB 22,23,24,25 samme sted.



Blokkene 84- ATB 8,10 (NP 874525) ligger tydelig i frostsortert

materiale som antagelin har kommet opp fra bunnmorenen under.

Det kan ikke antydes noe kildeomr&de for de mineraliscrte blokkene.
Varierende isretninger og utrasninger av morenemateriale i dal-
sidene umuliggjaér dette. Men det ser ut til at de er korttransportert

og ligner sveert pd bergarten som flere steder er blottet i Sollia.

Lykke til

Tom E Henriksen
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Provenr.. A L Innsamlingsdato : A 19 84
Lokalitetsbeskrivetse : ATNA , TYW MD?EUEDtm‘(E Dyp i m: 05
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Formbeskrivelse : GXRUSTAK Hydrometeranatyse
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Sedimentcnalyse
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Matericitype : MonEwWE Innveid matericimengde : 9
Fraksjon Gram e | Avlesn.
ot o Tid .05 A Karr,
> 32 | 37 s
b> T 60
> 8 " . 105 u
> 4 u {1 {00.0 4 min
> 2« [ 1| 9.3 15
> 1+ | y3| 934 0
> 05 54 | 484 0
> 0.25 nooy. 849 9.7 L timer
> 0125 6251 q¢.1 T
> 0063 N2 85.3
< 0063 120.6 | 20.9 -
’rogningtr 1 Md: 0.0 mm so: .38 Sk :

Mineralgrupper :

Merknader :

Blindern ' Ll !/ A 197y

Sign. 7 u

KK-78



Prevenr.: A m

UNIVERSITETET

Lokatitetsbeskrivelse : ATWNA

i OSLO

Geografisik institutt

Sedimentanaiyse

Innsamlingsdato: I /6 19%Y

Dyp i m: R0

Hydrometeranalyse

Innveid materialmengde : g

_ Avlesn.
()
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Amoco Metals Company

000 Saathe Yahomte Steow
Post Qlicn Hox 53,0494
Fravea oo w! Coniardtdo 80155
Jas dag SO0y

March 2, 1984

Mr. A. W. Jackson

Amoco Norway 0i1 Company
Mining Division

c/o Folidal Verk
Lilleakerveien 2

1324 Lysaker

Postboks 308

0slo, Norway

Dear Alvin:

This is a draft copy of my report on the IP results at Sparagmite.
I'm off to Mexico for two weeks and will tidy up the report when

I get back. I don't expect any major changes in my recommendations
regarding drilling and additional IP lines. But, I would like to
make some comments on future surveys.

This should hold you for the time being.

Best regards,

o/ Hotlandz e, /Z?/

E. J. Ballantyne, Jr.
Chief Geophysicist

EJB/ce




by Tuas

In November 1983, the Folldal Verk A/S-Amoco Norway J.V. sent
several resistivity-induced polarization profiles from the
Sparagmite project area to Englewood. Eight of the profiles were
obtained with SGU equipment and four with an Elliot receiver and
a Crone 250W transmitter. The profiles were taken from two

grids: Langen and Brennvola. The lines are tabulated below.
GRID LINE STATIONS EQUIPMENT
Langen 350E 6505- 200N Elliot-Crone
350E 5505- 150N SGU
100E 5505- 350N SGU
100w 5005- 500N Elliot-Crone
100w 450S- 600N SGU
300w 5005- 600N Elliot-Crone
Brennvola 31508 750W-2200W SGU
34508 1000wW- SQOE S5GU
36008 1900W- 950W Elliot-Crone
. 37508 2750W-2200W SGU
40508 2750W-2200W SGU
43508 2750W-2150W SGU

(No data from 1050W to 1350W)

In all cases, the dipole length was 50m. The data taken with the
SGU equipment expanded to an n of 3 and self- potential data were

included. Data taken with the Elliot-Crone equipment expanded to
an n of 6.

LANGEN GRID

Line 350E (Both Systems)

These data indicate two strongly anomalous zones.

The southern anomaly starts near 5008 and is still anomalous at
the end of the line to the south indicating a width of at least
150m. It is shallow, less than 50m (the dipole spacing), and has
an intrinsic resistivity of 2000 m and a chargeability greater
than 50 mv-sec/V. A drill hole is warranted. A vertical hole

sited at 550S should adequately determine the source of the
anocmaly.

The northern anomaly begins near 755 and extends northward past
the end of the line. It also appears shallow with similar
resistivities and even higher chargeabilities than the southern
anomaly. Although the data are limited for a complete
interpretation, it is possible that the anomaly is confined to
south of 50N, There appears to be a rock change of higher
resistivity north of 100N. These two phenomenon may be a
coincident, the mineralized zone being less resistive than the
unmineralized rocks. A vertical hole sited at 255 is
recommended,




@

This is one of two lines surveyed with bLoth systems. While the
resistivity data compare well, any resemblence between the two
sets of chargeability data is purely coincidental. Since the
Crone transmitter is much more powerful, the data using the
Eiliot-Crone system must be favored.

Line 100E (5GU)

These data indicate anomalous layer over the lenght of the line
with the most anomalous region from 2005 extending to the south
past the end of the line. However, based on the comparative
results on Line 350E and 100W, no drilling is recommended based
on the SGU data.

Line 100W (Both)

The data in the scuthern half of the line, taken with the Elliot-
Crone eguipment are extremely noisy but indications are that the
area is of little interest. However, an excellent anomaly is in
the northern half, beginning at 250N and extending northward past
the end of the line. The source of the anomaly appears to be
approximately 50 meters deep. There are indications that the

chargeability source is a layer with a finite thickness of 100 to
200 meters. —

The anomaly is an excellent drill target. A drill hole located
in the vicinity of 350N is recommended.

In contrast to the data taken with the Elliot-Crone equipment,
the data from the SGU survey shows an anomalous layer at a depth
of 50 meters over the length of the line. (The depth is
determined from the resistivity data which are consistent with
the Elliot-Crone resistivity data.) The most anomalous region is
at 508, which is a non-anomalous region as interpreted from the
Elliot-Crone data. 1In the area of the anomaly described in the

first paragraph, the SGU data are even less ancmalous than on the
rest of the line.

There is little doubt in the mind of this interpreter that the
anomaly outlined by the Elliot-Crone survey, described in the
first paragraph, is a valid anomaly and worthy of drilling. The
lack of confirmation of the anomaly by the SGU equipment lead one
to question all the data obtained by that equipment.

Nevertheless, the fact that the most anomalous area of the SGU
survey coincides with a group of lead mineralized boulders could,
in itself, warrant a hole. 1If one is sited in the vicinity, it
should be placed at 50S.

Line 300W (Elliot-Crone)

The noise level is moderatly high along this line. One anomaly
appears on the line between stations 508 and 0. The depth to the




. surrounding bedrock is 50m or less. The narrow width of the

anomaly does not make it as an attractive drilling target as some
of the other anomalies, but its proximity to the lead boulders
increases it attractiveness.

BRENNVOLA GRID

Line 31505 (SGU)

A strong anomaly appears at 200W. There 1s an associated VLF
anomaly. It is likely to be narrow but since it occurs at the
end of the line it is difficult to be sure., It has a similar
response to graphite.

A second IP and resistivity anomaly occurs on the extreme eastern
end of the line at approximately 800W. Again, it is impossible
to interpret due to a lack of data, but it is in the vicinity of
a graphite band which is the likely source.

No drilling is recommended on this line.

Line 3450S (SGU)

A narrow resistivity, IP, and strong SP anomaly is located at
600W. This coincides with a mapped graphite zone. No other
anomalies of interest are noted.

No drilling is recommended on this line.

Line 37508 (SGU)

A small resistivity and IP anomaly is noted at 2450W. Due to the
limited amount of data, drilling is not recommended at this

time. However, additional resistivity and IP with the Elliot-
Crone equipment would resolve the validity of the anomaly.

Additional resistivity and IP work is recommended.

Line 36005 (Elliot-Crone)

The data on this line are extremely noisy, and IP readings were
not obtained over much of the line. Nevertheless between 1200W
and 1650W, IP readings, where they were obtained, are quite
high., They are high on the n=1 dipole separation indicating a
very shallow source. Drilling is warranted.

A vertical hole spotted between 1400W and 1500W is recommended.

Line 4050S (SGU)

An anomaly is present on the eastern end of the line but due to
the lack of data, not much can be said. Impressions are that the
anomaly is less than 50m at 2450W. Overburden appears to be
deepening to the west.




Drilling is not recommended at this time but additional work with
the Elliot-Crone equipment is warranted.

Line 4530W (SGU)

There is an obvious resistivity anomaly at 2400W with a not so
obvious IP anomaly associated with it. The depth is interpreted
to be slightly greater than 50 meters. There is the potential
for a very high associated chargeability anomaly. Although
drilling is not recommended due to inadequate data, there 1is
enough encouragement to do additional IP work with the Elliot-
Crone equipment.

Summary of Recommended Drill Hole Sites

(Priorities are l=best and 3=least}

Langen Grid

LINE STATION PRIORITY
350E 5508 1
350E 258 1
100w 350N 1
100w 508 3
300w 255%* 3
Brennvola Grid
36008 1450W 1

*Could be an angle hole

Summary of Recommended IP Lines (with Elliot-Crone Equipment)

Brennvola Grid

Line 37508
Line 40508
Line 4530W




