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- Recommendations for Diamond Drilling Based on the IP Results

at Brennvola/Langen. By E.J. Ballantyne, Jr.
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Summarv and :onclusions

Ther,ite rroject entered its drilling pase in

Altouether 2?87 m were drilled. of the drilling was con-




ducted on crid 5rennvola. Several other holes were drilled

on Erids Langen, and Atna. 1rosectinm was con-




ducted on urids that were established in 1985 and showed

anomalous values detected by the geochemical soil su.rveys.

1n addition to that stream sedii:entanomalies that were de-

tected hy the recional surveys in 19P2 and ':993were followed

up by rrospecting. The program was run by Folidal Verk AAS

in a joint venture with Amoco ::orwayOil Company.

The project area is located between the Folldal project area

and the border between :orway and Sweden, covering approx.

1750 st:km.The broject tarEet was sandstone-hosted fb, Zn,

Ag-mineralization which occurs in basal sandstones of Eo-

cambrian age. These sandstones, or sparagmites, extend through-

out :;orwayand Sweden along the eastern edge of the 0aledonian

mountain system. They host several lead deposits in Sweden,

including Laisvall and Vassbo. They occur near the contact

of the sraragmites with the Precambrian basement.

The diamond drilling in 1984 was based on detailed Eround

follow-up work that was conducted in 1983. On Erids 5rennvola

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 5ppm Ag and 5.20 m with

1.2% Pb and 5ppm 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 Nekkjolen, 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



in 1982 and 1983. This work was conducted on map sheets Stugu-

syd, Brekken, Tylldal, and Sollia. Neither these investigations

led to any discovery of economic mineralizations.

•

•



Introduction

The sparagmite nroject that was started 1982 entered its

drilling phase in 1984. The work in 1984 was based on detailed

grid follow-up work from 1983. ost of the drilling was con-

ducted at the Prennvola property. In a few areas follow-up

work was conducted based on the results of the regional stream

sediment surveys obtained in 1982 and 1983.

The project target was sandstone-hosted Pb, Zn, AE - minerali-

zation. Several mineralizations of this type are known in

this geological environment in ::orway,and several deposits,

one currently in production, are known in Sweden.

The work conducted in 1984 resulted in the discovery of a

sandstone-hosted Pb,(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. I.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.

Location and Access

The project area is centered at 62°15' lat. and 11000' 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 Röros in the northeastern part. The area is

crossed by numerous small, sometimes paved secondary roads.

The railway line Oslo-Rdros-Trondheim runs along the west and
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northwest sides of the area. The town of PZros is serviced

daily by »et fliGhts fron Cslo and Trondheim.

5. ::emionalCeology

he ocanlrian sandstones and quartzites, or sparaEnites,

stretch alonm the eastern border of the Caledonan nountain

system thromh ::orwayand 2,,,:eden(FiG. 2). They renresent

the initial detr±tal derosition in the early stanes of de-

yelopnent of the Caledonian geosyncline. The lead-zinc desosits,

of which the Laisvall deposit in Sweden is at rresent in pro-

duction occur as stratabound lenses within the sandstones

and quartzites, generally close to the contact with the Pre-

cambrian Lasement, and alonG the flank of Precambrian paleo-

highs in particular.

The Laisvall deposit is the larEest known of this type in

Scandinavia. The mineralization mainly consists of Ealena,

sphalerite, pyrite, fluorite, and barite. The deposit con-

tained 80 mm tons of ore with 4.3% Pb, 0.6 Zn and 9 g/t AE.

Another deposit, Vassbo, the production of which was finished

in 1982, had initial reserves of 3 mm tons of ore with 5.7/,Pb,
0.3 Zn, and 18 g/t Ag.

Hydrocarbbns have been noted in association with the sulfides

and are one of the factors pointing to the similarity of de-

position to oil field brines. It is assumed that the metal

bearing solutions were low sulfur oil field brines which moved

upslope from the Caledonian 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 fornation of con-

tinental arkoses. Ground water may then have carried the lead

into marine sandstones, where a 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 iarallel to the edge of the Oaledonian gountains. A

number of outcrobping •aleohighsthat are formed by granites

and porryritic rockn, are exposed (Fig. 3). Fron the SW to

the they are called the "ittna-":.-indow",the "Finstad-Window",


and the "Vigelen--indow". In between these windows there are

to be found several other outcrops of Precanbrian basenent.

ln many places the basegent is overlain by a thin layer of

conglonerates or tillites which represent the basal part of

the sparagmites. rhe sparagmites are mostly grey neta-arkoses

and are often interlayered with schists or black schists, and

sonetimes with ligentones, too. The augenEneiss that is believed

to be a mylonitized and recrystallized arkose, occurs close

to the thrust blane of the "Irondhein-anpe" that consists

mostly of metavolcanics and netasediments. All rocks were

subjected to regional netamorphism. A large part of the pro-

ject area is covered by moraine from the last Elaciation

period.

Previous known Pb, Zn - mineralizations can be found in two

places within the project area. One old snall Pb, Zn, Ag -

mine is located west of Tufsingdal, about 30 km southeast of

the town of Os, in the central part of the project area. The

mineralization is associated with black schists and quartzites

and consists of pyrite, pyrrhotite, galena, sphalerite, and

little 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 Cruvsjben-lake, about 10 km

northeast of the town of Brekken in the northeastern part of

the project area. Bere a trench was made that dates back to

1910. The mineralization consists of a silver-rich galena,

sphalerite, pyrite, pyrrhotite, and little chalcopyrite. The

essociated 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 sparaE-

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. Sherefore not all of the exposure of those sandstones

is in place and the contact with the Frecambrian 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 around naleohighs, that

means where the basal connlomerates or tillites are in con-

tact with the uranites. Foth the Laisvall and the Vassbo

deposits are descrihed as occurinE close to Precambrian paleo-

hiGhc. Seen from a more detailed roint of view they occur

in weak 1:asementdepressions.

a. iiistoryand Previons lOrploration

In the summer and fall of 1982 a regional stream sediment sur-

vey was carried out by Folldal Verk/Amoco J.V. Detailed follow-

up work was conducted on 22 different Erids 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 Cs, 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 sanpling, and partly a VLF-

survey. This mine was investigated earlier by A/S Sulfidmalm.

No information is available from this work.

Another Ib, Zn, Ag - mineralization is located at the north-

eastern shore of the GruvsjOen-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 1982/83 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



investicated by Folldal Verk/Amoco J.V. in 1983 by grid follow-

up work and four diamond drill holes.

Eost of the exploration for lead has apparently been concen-

trated along the south side of the project area, at the

erosional contact of the Eocambrian sparacmites and the under-

lying Precambrian basement. The Geolocical Survey of Norway

(NGU) has conducted most of the investiEations in this area

with a regional stream sediment proEram, follow-up soil

samplinc, geophysics, and drillinE between 1968and 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 Fecommendations for Future Work

5.1 Follow-up work and drillinE at the Erennvola 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 close 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 areas. 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 Precambrian granitic basement without hitting any galena



mineralization. Uithin the sedimentary sequence a narrow

Grawhitic horizon was detected in hole 84-LAU-2, which miGht

have caused the anonaly. In the overburden a layer of clay

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

On grid Frennvola four holes were drilled durinG sprins (to-

gether 432.55m). The first two holes were drilled on a wide

IU-anomaly on line 3600 3. Po reason for the anomaly was found.

Eoth holes were drilled down to the aranitic basement. After

that a hole was drilled on a geochemical anomaly at 21003-95

and one at the cut-off of the boulder train at 54PCS-134Uu.

Loth ho2es were neRative. The drillinG was finished then for

the sprinG and more work was blanned for the summer.

burinG winter/sprinG also scveral polished and thin sections

of the mineralized boulders were investiGated. A report by

O. Eakke 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 nalena than at Laisvall.

After the snow had Gone a quarterny geoloGist fro the University

of Oslo was hired in order to find out possible source areas

for the two boulder trains. Eis report is included in the

appendix. The conclusion is 1. that the source 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 lencth 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 5 km or more

towards SE, their oricin would lie within the National Park

or close to its border.

puring late June and early July the Brennvola grid was extended

by a few lines towards SE with subseguent soil sampling, pro-

specting, and geological mapping. No results of greater signi-

ficance were obtained.



During July an 1P survey was run, covering the area southeast

of the toulder train on grid Erennvola tetween its cut-off

and the rrotected area. Svery second Erid-line was surveyed

using dipol-dirol, with as50 n , and ns1-6. Several anomalies

were detected that warranted drilling.

Diamond drilling started during the middle of july and was

finished in the middle of Dovember. Shirteen holes sere

drilled (together 2016 rn).The most important IP-anomalies

were tested. It was found out that all the anonalies were

caused by Graphitic schists. Nany of the holes were drilled

down to the granitic basenent. However, disseminated galena

mineralization was intersected for the first time in drill

hole 84-P1-2 in a coarse rrained arkosite at a denth of in3 n

close to the border of the rrotected area. The nineralized

zone is stratigranhically located below two horizons of

Eraphitic 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 84-32V-14 with 5.2 m of 1.2 % Pb

and 5 ppm AE. 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 only 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 paleohighs, 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. Tberefore, the best notential for finding

further mineralination, hopefully with better grades, is in

the protected arca.

For next year's activities it is proposed to apply for a per-

mission to drill in the protected area. A short fence could be

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 Eational Park, following the low-structure. All holes,

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

at least 1500 m of diamond drilling will be necessary.

As the mineralized boulders on Erid Trennvola show partially

very good grades (some over 10 J.;Pb) it can be exnected that

I. 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 Eational 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 sone geochemical stream sediment anomalies

were investigated by prospecting in an area closeby. On the

road into this area some rusty boulders lying beside the road

were found. The boulders proved to contain finely disseminated

Ealena. Soon more boulders were found that were mineralized,

mostly dark quartzites 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. Yost of the area is covered by moraine

and only very few outcrops were found.



Within the grid area ::ediTer—ary rocks occur as conglor,erates,

cuartzites, and ar2.osites dirping Gently toi,=ds 3A as was

found out later by oricnted taken drill core sarrles. •he

rock u:.its are lytng on the southern flank of the irecnmbrian

Atna-tindow. Whether the rocks lie nutochthonous on the base-

ment or not could not be oroved.

3epional Feological .ar-ninFwas carr-led out arouna the Frid

in scale 1 : 50 U.00. It was found out that rineralized boulders

with [talena and srhalerite are spread over a larre area nround

the estalt:-;hed p:rid but tLey are concentrated within the crid

nrea. The and Zn-contents of the mineralized boulders were

mostly low, however, ouly rarely exeeding 1 ib (lable 1).

iable 1: Contents of Zu, Co , ib, and AG of nineralized boulders

in the Atna aren

Sa.:Tpleno. Cu Zn

ATE-1 76 475 2433




AT3-2 15 1118 2496




ATB-3 45 526 1010




ATB-4 61 4122 677




ATB-5 46 123 <120




ATR-6 28 159 1890




ATE-7 31 212 c120




ATB-9 32 3525 15024 6




ATB-11 16 361 354




ATE-12 16 1886 4146




ATB-13 16 1304 699




ATB-14 15 4214 114




ATB-15 15 366 255




ATB-16 44 5567 109 1




ATB-17 16 1311 116




ATE-18 16 2566 2132 1




ATB-19 16 59 452




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




ATB-39 65 297 15340 5




ATB-40 64 235 685o 3




ATB-41 78 514 23683 10




ATB-53 16 1500 410 0.5 < 2 ppb Au
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The sbme •uarterny geolorist wbo did some work at the Brennvola

H-operty v.ashired in order to find possible source areas of

the mineralized boulders. bis report is included in the appen-

dix. conclusion is that the Loulders, which are mostly very


angular, are of very local derivation.

itbin the grid area two major trends of geochemical anomalies

for lead were detected with values up to 1000 ppm Fb. Both

trends run parallel in direcdion.. Bigher Zn values could


be detecter further donhill. •n IP survey that crossed the

ceochenically anomalods zones was conducted alonn five grid

lines. Ceveral coincidences of IF/ceochem. anomalies were

found. <o outcrors with lowgrade disseTtinatedgalena minerali-

zation were found within the grid.

Diamond drilling was conducted in :ovember.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 calena were found in one of the holes within

the graphitic schists. The fifth hole (84-ALZA-5) was drilled

on a ceochemical Pb-anomaly that was located outside 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 conclomerates. 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 Erade was found, it


is rroaosed to finish the investiGations in the Atna area.

Table 2: Contents of Cu, Zn, 2b, AG, and Au in some selected


samples of the conElomerate at LedsaLeren




Zn Ph

Y.C. 20 280
340 14 78
900 1900 6000

6500 4c 64
110 370 4100

3800 26 110

sample no.

94-LriD-1

3.4-L.i;J-2

E4-LhD-'4
14-'bD-5
g4-LIC--6

Ag (npm) Au (ppb)

2 2
1.5 4
12 C
13 160
5.5 2
14 6

111 5.3 Follow-up work on other Erids established in 1933

TufsinGdal:

The TufsinGdal pronerty is located about 30 km southeast of

the town of Os (no.10 on the grid location map). In 1933 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

Eranitic paleohigh. The Erid 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 Fb 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 Erid 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



- 21 -

no further investigations were conducted on this grid.

>e ,dlen:

At the hekkjblen crm'erty (no. i2 on the Frid location map)

a large Frid was estahlished in 1983. It covers a sedinentary

sequence in the east and the Precambrian basenent of the Finstad-

bindow in th west. This .,:prkwas a result of the detection

of stream.sediment anomalies, rainly for Su. Jurin: the sumner

of 1933 two localities with Su-mineralizations •ere discovered

and several geocbemical soil anomalies for Cu in the area of

one of these occurences, an old trench that contained nassive

chalcopyrite.

?his area was covered by an L survey during su--er 1984 on

altogether 4 lines and on one line further towards south

where a low grade disseminated Cu-nineralization with bornite

was found On none of the lines surveyed a drill tareet could

be found. None of the few IP anomalies was coinciding with

any of the geochemical anomalies.

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 Erekken area in the

northern part of the project area (no. 2 on the Frid location

map). The grid was established in the sumner 1983 based on

the detection of Pb- and Zn-anomalies in strean sediments.

Some anomalies for Pb in soils were detected on lines Ohs and

150 h between 100 W and 200

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 Oruvsjden. 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:

Ehe Tvernlivola-grid is also located in the rekken area

(no. 1 on the Erid location map). The work that was conducted
at this nrorerty was bEesd on the detection of streac sedi-

ment anomalies. The geochemical soil survey of 1983 indicated

some slicht anomalies for Pb on lines 1050 N, 1200 N, and
1550 N, between 100 E and 600 R.

In the sumrer of 19?.4detailed nrosnectinicwas conducted in

this slight anomalous area. It was found out that aw:engneisses
dominate this nart of the Erid. No ore mineralization or craces
of Ealena could be found.

5.4 Follow-un work on sone stream sediment anomalies detected

in 1982 and 1993

During the summer 1924 sePeral geochemical anomalles that were
detected by the regional stream sediment surveys were folowed-
up by prospecting.

Anomaly just east of lake Rien:

In the northern bart of the project area a stream sediment
anomaly for Pb, Zn, and Ag was detected on map sheet Stugusj5

at 6 49630/6962600. It is located only a few hundred meters

away from the eastern shore of lake Rien.

Eelow (downstream) of the anomaly no outcrops are present.•	 Above it there occur several outcrops of augengneisses that


are overlain by snaragmites. The general strike direction

is E-W with a weak din towards N. Several boulders that are
mineralized with pyrite could be found. The reason for the
Pb, 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 52750/6960800 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-
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nized and small scale folded. An elevated content of pyrite
was found in the rocks aLove the anomaly. Thereason for the

Zn, and Ag values could not Le found.

Anomalies 1.25 and 3 km southwest of Volldalshbgda:

deveral anomalous sagries for ,„ Zn, and Ac were detected
in two parallel creeks southwest of Vo1ldalsh3gda on rsn sheet
Lrekken, very close to the dwedish horder. deveral outcrops

of saragmites were found at the northern one of the creeks
at Tuttj.drnane.The strike direction is in general NW-SE with
a gentle dip towards NE. deveral boulders of sparagmite with
a high pyrite content could be found. The reason for the ano-
ralies was not found.

Anomaly 5 km northwest of Litlefjellet:

Very high anomalies for Zn (up to 2700 pom) were detected in
a creek about 5 km northwest of Litlefjellet on man sheet
Brekken. The values for Zn are increasing streamunwards. :he
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 En-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
sampled 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



of :n,i e, and Ag with Pe- and Pn-oxides and -hydroxides. In

the outcrops around in the abomalous area no ore mineraligation

was found.

Anomaly 3 kT east of Lanch:

On map sheet Tylldal hirh anomalods values for Su, iS, in,

and Ag were detected in a stream about 3 km east of Lan .ea.

Follow-up prospecting of this anomaly showed that it is located

within the granitic basenent of the Finstad-window. Some mrains

of pyrite could be found some hundred meters above the anonaly.

ether cre 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 sparagnite coul• Le found closeby. No ore minerali-

sation could be observed.

Anonaly 4 km south of plett:eter lettan:

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

an area that is located close to the contact of the sparagmites

with the Eranitic 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 GrghdEda:

An anomaly for Pb and Zn was detected 5.7 km southeast of

GrRhSgda 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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C. Land jtatus

All claims held will Le dropped by the end of 19S4 exert one

claim proun that covers the Prennvola occurence and its

possible extension towards southeast.

•

•



•

•
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Interval Assays

rmgcnrstion rrorrTC— To Cu Mo Po Zn i Au Ag I

1

Langen

n - 125

To

0 30,00 Overburden

From 5 to 18 z. mo...inewith b 	 -o 5m: b1oks

which often are anglar.

From 10 to 21.5 0 clay wath sone small stanes.

From 21.5 to 28.5 m moraine with small blocks.

30,00 34,00 Unsorted clavrich s aragmite. 	

The rock is grey and fine grained (possible re-

crystallized). "2dartzerichlensoid pebbles with

dark minerals between. The pebbles seens to be

pressed to ether and the matrix s8ueezed out to 


thin bands less than one mm. surround them. The

size of the pebbles rang from 1 to 3 tanin length.

Bands enriched in carbonate are found throuEhout.

Thin(less than 1 mm) 'oints filled with fine


grained massive py and po are found throughout< 0. *

At 33.40m it is a lenseof massivepo thatis

2,5 cm wide and 5 om lona.
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Imervai Assays

DDH No Lan 1/84
Frorn To Cu Mo Po Zn Au AgFrom To Desenprion

34.00 34.00 Sandstone


Ihe rock is coarse grained(0,5 to 2 ar,) and consist

of grey quartz crains floatin in a wMite matrix.

The uartz grains which seldom are seen in contact

with each otber are mostly well rour:ded,but angla

rainds are also found. The matrix is robable a

carbonate-bearingsericite. The rock is coarser

towards end of section. The section is cut by small

faultines(0 5 cm wide ) filled with clay minerals.

MIN: Thin less than I mm 'ointswith massive and

fine grained py are common.<0.5%

34.60 53.87 Grey quartzite

The rock is light grey and very fine grained that

are mostl not visible but at some laces some

i 1 from - m towards en

of section. Coarser grained bands of fttectonic"

sandstone same as abowe, are found t roughout. Tbes

bands are I to cm thick. Joints fi led with silic

k r d m'n a are f und from .20

i.



: at toints.

56.13 56.90 Cor,:-lorrerate

Grey cetrix with boulders of white nd black quart

DIAMOND DRILL LOG
, OLNDAL VEP1, Å. 5

NA Lan

to -sse.;'eare a tew

darker spots which are prohable caused by traces o,.

srsined ralena. Ge:efla is surely

lot of Joints cu:s k adt dbrees

effekt. 2he end of lass section and the

of this,  sbess influenced ty eb'onib

as ban±ed habbtas, wish laye= at silica.

ions. fhehe  loints are alwavs filled with fine

grained sulphides(probable mostly pY). The joints

are less than 1 mn wide. They could 'cause the IF—

A45



DIAMOND DRILL LOG
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From To Deunwion DDH No Lan 1/84 ~flai ASSayS

From To Cv Mo PO 211 Au AP

ite. The matrix is a medium grained parammite.
;

• z ebbles are ver well rojnded and the

diameter rang from 0.5 to 7-8 cm. :he contact with

the overlying quartzite is sharp and the contact to

the underl-ing sparagmite is not sharp.

MIN: No visible sul

56.90 58.95 Unsorted cla rich s ara taite.

This unit is very similar to the f'rst unit of

this drill hole. It is grey and the grain size

ran- from fine rained to lenses wi.dhclay, that a

more than 5 cm long. The material s ems to be pres d

considerable together. The upper paa-t(ca.1 m) is

more clay-rich than the lower. Spot of white

rounded 0 2 to 0 cm uartz rain , starts at

d nt'nues into the next section. A few

boulders of quartz(up to 2cm long), are found

throughout. At the end of this sect on there are

cla -rich 'oints(talc?)that are u to 0 5 cm wide.

: No ul hides are seen. Darker ots at 8.0


could however be caused by sulphide , but chemical

assaies are neaded to confirm it.
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FOLLDAL VERY O'S

	 are frund at ir

serprc. may be e e rrarn_

cause.i:ty a s=11 faultin,r.

Lan

Thic is n hcrt-VeOy 000rse rrah..e

rich e sine of ti.ofeldcpar rrnins runr

 fror to ci, a' he  ouurtzFrairnsrat.: f

5 e151:PZ. 9f t:,e,baset is alte1ou to a derth

of 47.50 m. ?his is seen by the ;:reee ca:our of

the mineral in tbe u=er parts. From

1

cclour of tbe is more pirPt tr

No suiphides are found.

e

9.25
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7he first 10 = of this section tay not be befrock,

but bic blocks of the overLurfen since the hcle

rerfz,fed ananese oxfdes, In fhe

parts (5 m) an conrse s

in the lower parts of the overburden.

10,115 27,00 Silistone (fnsorted  clayrich sfarass

cut thro consolidated naterials. However sin e

the core of these first  meters seems very uniform

and the layering are always 90 to C.A. as in tho

rest of the drillhole, this is probable hecirock.

cores froi 0 to 20 m are Pent n rIastisb

de‘Hded into units of one s.eter.

The rockis darkarey with liEhterbandsof_guartz.

Cmall disrordant joints ;up to 0,5 cm wide) with a
— r 1

mInfure of cuartf ana carbonate are founa fron
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To DFACTOIRo

PKevai

DDH No r,o,„ TO cu 1 mo P0I AC

27,80 27,91 Sandstone

The rock is coarse grained(0 5 to 2 m) and consist

of -rev uartz rainsfloatingin a titema`rix.

The quartz grains ;setichseldos are sieen in contaot

with eac5 .ther are nostiv well rounded but anrla

ntr are ct s

ae.onts of ovrite(nossible also arrnSite). ihe 


birrest of these, is 8 massive pyrite or.rn srace

fillinr- at 19,90 m. It is 0,5 ca,wide and rore than

10 cm lont. A lot of prinary depostt_onal structure

such as small foldinrs and "varv=in-L: . The rock

has probable a litle contents of crtite, which ar

surely identified at 15,90 m. Tore er with sone

ovrite the caphite of this s t

be the rearon for the IP effect.

MIN: Thin concordant joints of disseminated pyrite

are found throughont in addition to he open space

fillings. Together the do not const tute rtore than

of the rock. The last 4 m of this section is

more pyriterich than the rest.
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seens to fcllow colnts in mdc darker. :he contact

:he section is cut 3m two wMich are 	

‘th clay. :2ese are found fron 35,95 to 56,07

PAGE 3FOLIDAL VERK Ars

Assays

- T PE Erg Au Ag

Intecal
DDR NcLan

From Tc
ToFrom

Cu
Desoopt:on

e rener very IrreEular. The limniter on

EUTrhilif

inis mection consists of li7ht Frey fnd Jarker

lavers of 	 Ihe oo-tact defween these two

is ;rob.able oLerical. :he sec-jrins are fcund

at: 26,90-30,25 m, 50,87-30 m, 3',45-52,22 m and

45,07-47,60 m. A dark red mineral an found at 20,9 m.

This is  probable rustv quartz.

and fro:r.40,26 to 40,52 m. The joints are bmatM

concordant.

The ro2k has a lot of silica filled oints froi 3Z 0

to 2-7 ti--+-

and tbe darker cuartzdte at 43 ,07 n, :bere are a la

of bands a lirnt etreen oineral that probable

sericiie.
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FOLLOLL VERK A S

Traces of py snd po are founa at joints. 1,arke•

'rrrs in the lic okEite can Le ekuJkinei by

traces of fine raarearalcna.

rroi to 10 cz. The contact Wizh t'ke everlvinr

te a.

- well rou::dei an-1 e diar_e:er

The :-...a7rixis a c.carce

ar

No visible sulrhides.

'1,7052 70....uartzite

The first part(51,70 to 52,33 m) is elirhr w:rey

quartzite(same as abowe) and the last part of this

section is a dark quartsite. A bandea habitus is

found in the firss part, wita lavers of sericite

ar» silica. These ban±s are prcatle foraed by
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an

y Lasions vr, n pres

r Te Pt Zn AL

5:5,E0 59,92 3:ara=ite.

DIAMOND DRILL LOG

	- n. Å cc.arser rra:h-.0 e is fo.,nh

1„4,52 to 55,00 m.ihis nas a lar pebbles of c.2artz

and feldsDar, and looks like a troccia. Fyrite is

cc=on on t.c.intsin 1ns tr+c_a.

The rcck is Frey with white srots of we1

quartz grains. It is very homogeneous and the quart

Frains ranr from 0,2 to 0,5 cm in diameter. The

felds,,ar content increases towards end of secton,

are always altered(seen as a green colour).

Traces of py.

E'02 Ease:ent: Granite.

a hcccFeneaJs ver:: COarSe rraineO fe:dspar-

e. The gize of the felds: izrains
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From To Descripilon
DDHNO. Lan 2/84

from 0,2 to 3 cm, and the quartz gra'ns rang from

0,2 to 0,5 cm. The contact to the ov:erlying

sparagmite is hard to find and is only seen

PAGE

Imerval

From To Cu

Afisays

Po in Au Ag

because the size of the felds ar rains are bi er

and anglar in the granite.

MIN: No sulphides are found.

61.00 E.O.H.
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VER  A 5

minerals hetween. The petes seem to Le pressed tc-

cether and the ma,trix scueezed out to :Lin Lands

fless th.en 1 zn) sunr0oud_-1-1:ef..The £14e of tbe_ _ .

pebbles raniTe from I to 5 mm in lenr.th. Bands

enriched in carbonate are found tLrouEhout. CA

MIN: Traces of py at joints.

44,56 i 44,77 Sandstone

The rock is coarse rrained (0,5-2,0 mm)and consists

of Erey .quartz grains floatimr, in a white matrix. Th

cuartz _grains which seldom are seen in contact with

ach_o_then,are nostly well nounded, nof _anzu1an

ras p-e elqa feurod.-e zatnix is pro:,sbk,"-a-

carbonate-bearin: sericite.
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: Co v0Zr, Pc

44,72 c hark crey cua

- ery fne rra'ned.

(same as above).

c sanstcne

MIN: No.

52,15 ConFlpInerate

Crev_ma*rix with_boulde-s o+•wh'`e and black (-1.Pntdde-

The matrix is a  medium grained sparagnite. The ouart

	 pebbles are very well rounded,  and the dianeter ranc;_

from 0,5 to 7-8 cm. 7he contact wdth the overlying

quartzite is sharp, and the contact to the underlyin.

sparaEmite is not sharp.

MIN: No visible sul_phides.

57 15 59 40 Unsorted clavrich snarammite

_

40 64

This is a grey, fine grained sparagmi e, with lenses

and some pebbles of clay minerals(up

MIN: No

Coarse rained soararmite

quartzgrains.It is very homcgeneousand the

contact to the underlying basement is'sharp.

MIN: Ko visible sulphides.

o 5 cm wide).

-f
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Mo Pb Zn ALI Ag

64 66 0 Easement: Granite

grains. No alteration zone.

NIN: No visible sulphides.

66 0 E.O.H.

4.
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Depth

Stanec DeecnonaI suneys

2 0 84 DeP/h Ar'n. Doy Deplh I Arm Dip
Propeny

0>oro.

BRV-01-84


;zRzhEVOLA
FunsMW

900 29 03 84
LoggeC

107,60 mL 3600 S, 1650 E 0 Bakke

From TO Desc npi pon

0 6 00 Overburden

- 6 00 ! 6 -8 S ara mite

: M r i e

found at 10 17 m. A la er of black uartzite

InIenat ASSAYS

ossibl with minor ra hite is found from 0

MIN: Thin (less than 0,5 cm) lenses and bands with

disseminated rrhotite are found throu hout but

of the rock Trace

13 12-16,39 : Fine grained sparagmite.

This is a li hter re section. The section starts

ith a 0 cm thick la er of coarse rained ressed

Finer grained towards end of section, but a medium

rained seguence runa from 13,63 to 14,91 m.
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Same as above.


Imervar
DDH NO

BRV- - Frorn To 


Assays

Pt Zn Au I Ao

16,38-69,58 : Sparagmite (pressed section).

The Rrain size of this medium grey  rockrange from

r ined conglpmerate in the u er parts to

fine grained in the lower • The rock has been

considerable pressed togetber. This is seen as con- I F I[

i
cordante lenses of ossible recr stal ised uartz. I

I 1

	

i 1The coarser rained se uenses at 1 26-1 0 1 1

i I

	

-I I 1_

long lenses of quartz, which gives itia augengneiss-

looking habitus. Between these coarseIgrained layers

1
there are la ers of medium rained måture s ara i e

b'c f u rtz T r f


the section is more fine grained and ave more quart .

Small foldings are seen from 18,80 to 18,70 m. Trace

of carbonate are found at small 'oint .

MIN: Th's se'

Thin joints filled with massive pyrit are found in

the upper parts. Disseminated py and o are common a

the intervalls 28 80-2 20 and 2 10- 2 22 u to
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Lave ;rotatly been con=1=erates that have been brok n

down bv tectonio infLuences.

Recti.on bas  nrhr.er unit= at 71,42-71,H: and

72,34-7?,F3. Gne layer of dark eiltstnno (same as

below, from 75,98to 85,05) are found•from 71 , 85 to

72,54 m. From 70 40 to 70 60 m there are some bends 	 


wItichhave a brown (rusty) surface. t

Trarp_s_ r _jointa,

74,60 Com7lomerate

The matrix of this crev-greenconRlomerate is a

homor:enuous,medium greined aparaRmit. 1n this matr"x

a few oblong pebbles (up to 5 cm lorc, of ouartzite

73,07

are found. A darker siltrich layer are found at 75,3

-7_5,63 (same as below, at 75,95-5305 .
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From To Description
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MI1;:Apart from in the siltrich iayerÇ no sulphides

are found.

74,60 74,84 Carbonacious siltstone

Same as 75 98-8 05.


PAGE 4

Intenal Assays

Froen To C7—F—tio Pb Zn Au I Ag

41 Con omerate

th lot of uartz se r.

It is partly brecciated and partly banded. The

matrix is a clayrich sparagmite, and the detrital

materiale is oblon uartz rains. I

layers rich in carbonate. Minor contfIntof graphite

ma be the reason for the black coloIr .

83,0 91,84 Quartzite


Light grey. Up to 5 cm thick bands d joints with

a reen fine rained mineral ( roba 1 sericite)

mm n 11 in t e f.rst m Whi e silic -

This rock has a lot of bands rich in open spaces



DIAMOND DRILL LOG
FOLLDAL VERK A/S PAGE 5

imerval

DDN BRV-01-54 Forn To

AssayS
From To Descupoon

Gu Mo Pb Zn Au Ag

• n_cpuld he_good hrpiptrarg  fnr nrip_mjnprAlo 


MIN: Traces of py are found at joints and in some of

the "open" s aces. Darker spots with traces ofa

silver coloured ore mineral (possibl alena are

found from 87,30 to 90,00 m.

This is a light grey rock which have ome detrital

uartz and felds ar rains which areifloatin in th

u z' e e

range from less than 1 mm to more tha 2 cm, and are

most common from 92,90 to 94,10 m. Th rock has a lo

of o en s aces between the detrital ains.

because of the weak compaction of the e sediments.

MIN: Traces of are found at oints At 94 90 it i


' ver colour ore m'ner

This is a grey rock with a lot of ope spaces which


robabl can be e lained b the weak com action of



DIAMOND DRILL LOG
FOLLPAL vERK ArS

IntrvalTo Descbm,on
HN°BRV-01-84 Fmm To

these rediments. The grain size rance 1fromfine to
1

coarse and seems ver/ little mature. mineralizat'on&__

6 Cj 0 Altered ranite b en
1

This is a coarse grained granite, which has partly

altered feldspar grains (green coloured). The feldsp

grains are up to 3 cm in diameter. Between these the

are rounded uartz ra"ns t t are u

1diameter. No mineralization.

99,501 103,80 Granite 1

The first art of this section is a meldium rained

dark ranite which has a lot of uart -

seggregations,and is partly brecciat4d. Specially

from 100,60 to 102,00. Prom 102,00 m owards end of

section the rock has a li ter colour d is more

hom enu us. No mineralization.

103,80 107,58 Diabase dike


At 103,80 the granite is cut by a med grained

diabas dike. The colour of this dike • black and it

is ver omo enuous a art from t er

are clay intrution on a joint. Near t is "intrution"

it is a lot of fractures in the diabas. The dike has  

somejoints filjadwithcembonate.1.07,50:EPH.

From

PAGE 6

Cu

Assays

Pb in Au Ag



DIAMOND DRILL LOG
PAGE

TOLIDAL VERK A/S

D D H No A2,17" S:anet Dp.ectonaistreys
7

- De0.1, ti D. r:,e,In I Arm D•P

	

Propen7 Ansge 7m.s.NW

	

BRLV0LA 90.

	

CO-Ord. lOnttl 1 LOggeol [

	

L 3600 S, 1450 W 115,30 m

	

From To Descnotion

04 04 84
' 0 Bakke
M Krause

Intepa: Assays

Cu Mo Pt : Zn Au Ag

Overburden

7,50 1103,

layers. This is a medium grained, grey rock with som

few ebbles of uartz (ran in in size from 0 2-1 cm .

o 1 m and from 16 0

MIN: Up to 1 cm thick and 5 cm long lenses of pyrrho ite

disseminated but rich less than 1 %). CA 80 — 85

19,48-55,50 : Fine grained sparagmite.

This is a light grey, fine grained rock. Tne last

2 m of this section have some oblong pebbles of quar z.

MIN: Traces of rrhotite as small lenses and trace

At 0 80 m it is a small rain

of a silvercolouredmineral. With the help of a

binocularit seemsthatthisishematite.

: Coarse rained s ara ite.



DIAMOND DRILL LOG

end of s4.ction(frorn101,10 CA = E0 -

From 37,58 to 45,70 and 52,10 Po 56 , 20 very fin

r_rainedsilver colcured ore zineral. .Thisis prob3,

disseiinaPed
ces of very fine :raine-J.‘ 'e are

a-' po u- +0 %

Ver/ fine_graineda_pure,liabtspey ciplourediluartzie.

Ttin sericite_laveretwee, te"rr kaymrs flir

conslonerate hcrizon at anr_ralar

103,00 110,27 cuartzite (lirht

quartz pebbles. Stronrly breociate.a. CA =

EIN: 1Zo.
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From To DescriptIon

Mifilteranite

Interval Assays
t DDVI No
i BRY-02-84 From To Cm Mo sio 1 Zn Av ag

j I

yeæ&_fwldnprinnirk nnrk  Wye

about 0,5 cm. Altered down to 113,50 ( reen feldspar


rains • In the u er arts the felds ar rains are

ob on N 'ner liz

115,30 E 0 H



6E.C:

Light grey very fine grained sect.on. The sectlon

Out.

4- e

DIAMOND DRILL LOG

- 7rairr-d

ts COW:=. :here is a more siltrich sect.Gn frcx:

to ahout 1 0' m where it [ratalY iS J'cinrSvor to

the s.._.ara:-:jte.Prown vLeflerinr on cants are

usual in tbe first 10 m of this core. At about 10 m

there are uo to It py in a clavrich carhonacious

- r-e H-Lre sect.cna are SnuLd. .Cren

to o.3C m and from 4.10 m to 5.50 m.

A new siltrich  section is startin:-.gradualy at ahout

30•00 s, and continue te the end of this section.

:his secticn which is s1int1r darker chntains also

sone carbonate. CA: 70.te 9Z:

Traces of disseminated pyrite are found thro



From To Gescriptron

DIAMONDDRILLLOG
EOLLDAL VERK A/S

rnen'a
ooHevSRV 03-84

pram i'TC

PAGE 2

Assays

Pb Zo Au Ag

cm thick la er of sandstone. The

quartzite is Gradualy changing to sparagmite at

about 57.00 m. A new quartzite starts at 59.70m.

This section is very brecciated, and the cracks are

filled with clay materials.

MIN: Ver rich in rite (u to 5%) from 57 55 to

m Traces of in the uartzite.

65.62 110.52 Sparagmite


Dhis is a medium grained light grey Jection. Darker

clayrich section from about 74 m to De m with grad-

ual transitions.CA: 807-90:

110.52 E.O.H.



DIAMOND DRILL LOG
PAGE

FOLLDAL VERK AtS

CLD R tew A: .t.vill 5,dined C.JeCtional SW'WyS	, 107 04 84
BRV 04-64 nepo, i— tuirn 0,G Decrn I ..,2,,, Dir

eopern
: Anple Firusned I 1 

Brennvola - 900 '13 04 84 ----

Co-ora. Depth Logged Dy

Werval Assays
From To DescnO: ,CF,

Frum r—To Cu I M0T Pb Zr. Au AC

0.00 7.50 Overburden I 1

17.30 94.73 Smaragmite


This is a medium grained grey section with some

1
darker layers inbetween. Beddings caused by clay 1

1 minerals are common. In laces there are some more

'n d a er S dimenta breccie 'th

fragments of quarts, feldspar and clay minerals are

found from 93,85to 94.00m.(Thisis possible a

tilite la er • CA: 8CL90'.

MIN: Very seldom a few grains of galena, up to

0,3 cm in size are found throughout the whole

section. Such exotic accoranses are visible for

example at: 20.70 m, 66,75m, 67,40 m or at 77,13 m

t v e d m

94.73 98.25 Breccie with uartz fra ents

Quartz—richgroundmass.Thesizeof thequartzgrais

are usuall smaller than 0 cm but u to 2 cm wid

grains are seen. Layers of sparagmite are found



DIAMOND DRILL LOG
FIRLDALVEFWAIS PAGE 2

From To Descriplion DDFI PJo. BEV 04-
IntermI Assays

From To Cu MO Pb V. Au A9

	

4 .6 m and fro.t 7. 0 to 97.85 m.

MIN: No visible mineralization.

Basement ranite

	

Dark ve feldspar-richrock. The rain size is

about 0 cm.

MIN: No mineralization.

98.25
i199.15

99.15 E.O.H.
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FO__DA, VERKArS

OAGE

	 •

I i
s500 S-590 v )29, -

From To Descripaos

a = angle ef !Kdding to con dxi s

6,50 Overnarten

boriders of Itaht and dark
_

9,49 schtst

Iceda' Assays

From To Mo 1 Pb Zn

2600

9,40 26.00 cgaartzite

Grey coloured, fine gratned gnartztte, containing nunnrous

narrow oanartz veins.

Kineralizationt  The rcck contains py and po, preiontnantly

that :s often bound to the cuartz veins. The content as

about 1 seri,t t'Ves a little tat hnther. a = abcut 80°.


rnis rcxk type is actng cdadually over in

30,50 sparag:6:ae

in n-nr • 5-Us or in or cks



PAGE

DIAIVIONDDRILL LOG
FOLLOAL VERK AIS

To
Descrip:,:n

Iterval

From

From To
Ossays

Cu MO PO j Zo I Au -r I ---

grained if plares. Tne pereetty is siscmo'm graioi

133 551 139,30

Narrow quartz-veims are not uncomman. a 80 0 0-9 0.

Grancte

Coarse ained oancte The upper part until about 138,00

altered to e idote and thc

first 2- 3 meters is common.

139 30 e.osit

-:jcs

ar ato'ut 1 tr

clav materCal.

0 smararote 


Mayo"orrus aaries of dark oray cclo"maZ arkos5 iNy socks

are zimetCzes veil Sedded semetizes nct at all (59o-asis'a

occtr roorkted moartz peltiGes, somc mr Oo stze.

E.sreciallv ir the rozer -art the srarammffe ts very 5One

Maneralcza'cors ihe rock tyix- cormaara

domtnamtly my. Tbe corMezt cs prst,atly 1 t Oss
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FO_LOAL VER, AiS

6"; t

Pt

vem3 ranrenccrafOric lagers

c.:le on crar a = 70-800

cr aec Ite

dar% dr6v ccioured, very frne grarnedadartzroe that crottatn

rrjn-t-ra'.1.5harrow onartz veons. Contadns verd:1.ttle pdnutc

on cracks and finely disseminated 44 1 %. ThOs cuamtzite

ls ootng graduallyover into:

cd.aracnite

grey colonred, feldspathic sandstone contatning narrow quartz

conU113.51so occasionall narrow la ers of clay-

material or scellquartz- bbles. At about 36 - 40 m red

eminted. 00

1915, 35,50

35,50 48,90



DIAMOND DRILL LOG
FOLL D41. VEQN AIS

sent.:c^_s throzzhozz the whole 39-ortn, 1rrati-c os

cnorcr cr, fracnores, oo:azozzally py-z_to and cyr-rnriote

rzzinle (po• po9, • nont h-ss thar 


'LGE

Assayo

o 1 PO -nZn I AJ i Ag r
I

- 7 r
I ii

From Ces.tr,;:icn
,84-H.PV-6

å conz1, ziotts sezrzcz o• ,59 - ao azzond

133,50 nrerous layers of clay-noo.yria1; ar 135 narzow

broonia -zone, a varies 700 - 900,



Tc

fl

15 00 11,70

DIAMOND DRILL LOG
FO,LDA VERK A S

D•ec' va

r: D5r-

L r';:tt ;C

PAGE I

Cinctrsh srhists, well bedded fine staire'd rrek tvre

-nr;owls tands Of_arlker-Ote Slat 	 sjod.

11,70 66,00 GfaVcte arnists.

Gralbele schist that in parts is very rish grarhate,

contarns nom2rrus lenses of pvrite and pwrrhrtite. In sogre  

OLIO 1nm, and  ohly  101515rnt 
_U-Slie

as striÅs in a schistose rock tvre as at 12 30 - 12 50  or

14,30 - 16,05. a 80° thsoughout the wc.15 section. At the

base the epanhitts schtsts -e dr'nd —'''• rer -


sraPadr,tte. Here the rock is sphrstrse w:th a verv few strt.

Of -d-214:1'r datn--1 c'55 r r

slightly T-aphittc schtsts at the top of the dfill hcles

5 and 6.



DIAMOND DRILL LOG
F3:I.G.LV55K AlS TACE

Asx”,

1-.—AzT 1 AQ-

1

1

ToFrcel

SCCC

ajart t c, 2.2t: n a sertion very coarsc

114  add 115 r11 Cil, C'ar; abserve sannv cedase carcilcrr.ercd



DIAMOND DRILL LOG
PAGE

roLIDAL VERY R,5

quartz-verns, not 0try br61ed, upper 5 m of tbis

section exrsts of quarizite, sparapwnte contarns a little

eys

a 70-800

33,35 i 50,30

dratned, pfey oc:oured arko

Schistose, fine  grainedrock, quartwitio, contains nuferous

1 ers of graphiticand clay-richwaterial. å 75-80° 


bit visible rriflte.

50,30 58,75 Graphitio schi.sts.



DIAMOND DRILL LOG
FOLLGAL VERK

C.

To Seszrir.l.on

I r .E a

ccSs c,f Is. 4 cT: large, c.:cn2ated

a nI, :

1:K1,40 - 110,35, 115,83 - 114,00.80.8 117,15 -

110,35. Cc”itajns en. i I py.

Mineralization: 112,70 - 113,05('Sandstone ylx.” 0115 (ca.

). In Itils s...ctlor( thc content of pyrite lscitaut 5 7.

128,80 e.o.h.

°<GE

Assa•,s

Mc I Pl) i Zn i Au I Aen-



DIAMOND DRILL LOG
PLGE

ROLLDAL VERK AiS

D: - ,v2 sia-ec

4^;

51

To

ancle of 1yeid5na tere

0 6 50 0..erhurcien

of ti;_&_gJ  oNanhca e 	 a = 86°.

10, 5 6 , 40 Spara  56  

Grey cIora -k.d aaLia ltic to fc155.1rartic quar5airc, nec: Tv

s -,ens

- T

Assays

CL T Zn

nuartzite, hot mere t‘traal arkos:5e at 55 - 58 m

contaens ofter narrow wnitc c5ar5z-v010s anr 1ayers of cay-

rr6erral. Cor5arns < 1 pifrite fanely d:escr  nated aad

on arankS a 80 0 . I
67,40 105.40 51,5ar5zetc.

cerv rarc5 con1aens sanetines cracks that are f Illed ty

beddin

I



DIAMOND DRILL LOG
FOILDAt VERK AIS DAGE

guanzte is alu nel (otuel red) to a deuth of aleed JEÆOO

m. Feldtpatoare dltered opidote, givina the uranite.

a greenish colour. At 168,00 m the crantte is ct t ina

lt conrist of c2arsc, grains of Jaartz ary: wh:te

feldssar wIth a Jittle teat



DIAMOND DRILL LOG

inanmtLl c4te ts IpPat...4

PLGE

To

very fine rrained, g:ay coloured, quartz rich rock

Stor-ul-s ,Stat  s-11...eran

are up to 5 cm thick. Seside this ofzen layers of

c'ay rich zaterial can he observed. 1n these

=pc+:flrs altan pyrite_and-r,,n= ra^

served. a=80°

12.40 28.00 Gra hitic schists

Dark grey coloured, quartzitic schists, that contai

v us  errnQ at-ipes_of  graphitic ,a'arlalw


a=80°

58.00 Stuartzite


,rey cosourec, very fzne grazne , quartz rzcn rock

tvre. Contadns often n=rrow vein= of .7.1.1k2suart2

and layers of clay rich zaterial. At about 41-443

Clay -c-es1a1,-graetsso

coloured, and contains sone pyrite (less 1 %)

28.00

58.00 95.50 Spararmite

Grey coloured arkosite. More feldspathic and
. „ . .

.„

shorter sections quite cuartzitic, too. a=70-800.


Contains nunerous narrow veins of nilk-quartz. At
_ _ •


quartz pebbles that are up to I c- jr.s'z=



DIAMOND DRILL LOG
FOLLOAL VERK AIS

FACIE 2

To

[- hly fe1a5ra1fc,E

. e.o.n.

Oescopacn
Tc

e  is e C

0:ie-lies

1



DIAMOND DRILL LOG
FAGE

FOLt DA VERK AIS

ID P No
j

e

å

10.00 25.50 uartiite 


light green-grey coloured quertzite, fihe grained,

wC-11aeaced, contalns sor,enarrow heds of clay

ge±erial with =reen'_shcciouri very few

les: eloncated, up tD CD ir4size, at

t__, aHri°

dark schists that often 2ontain ==-o k stripes

of graphitic material, a=750, contains swnetimes

ætz achfleen, aLodt-,eves-thej.,,dphiLe 


content is very high, here often visible pyrite

end pyrrhotite

yrct c2lcure3, fine -etrec"*“1--,ee-n1=e=-
very little feldspar and nunerous narrow ggertz

veens

65.00 100.80 nuartzite

very fine dralned,in generaldark grey coloured,

but SOZe..e aflost white ar:dvery pure (et 79.52-



DIAMOND DRILL LOG

Jasss:sSen

FOLLDAL VERK A/S

To I
PAGE

Assa

-7c Cu SA: Pb Ln 1—Aa Ac 7-7

irzzes cf

cenmloreratic sertdons at

anc wz,z rmIt.-quartz-l_Ternes

,rartzdtic dn unaer
7

content d(r.::,the hole but stiil quartzffic and c:ay

rich sections in between, weakly bedded,
123.Y5 1 2A.C- 11.


1,C4.30 i0
selt:or;er,taste, at s21.63-121.t5 conzloaaratte 


seoaton waan ilsr.-civartz eoaes, tamc:_ze




catesaa:s ua tc 2cr in size rfra2:ure

- Ifide content (pyrite and pyrrhotdte) adout

,

•

/

9,4 5P 5P

----

snt_;_Jr

.cd 


127 ::"4 tracl


 -
nrace

PbS-mineralization: Sisseminated PbS, concentrateZ

along bedding planes, in bands and "veins" cutting

e n

125.75-124.30, 125.45-126.80, about 2 PbS.

-DJ co-ent amz— traces of


PbS at 1-2.10 content of -yrite and ttrrhotite

slizZtly higher outside tbe 2b3-zineralized zone.

155.40 e.o.h.



DIAMOND DRILL LOG
PAGE

FOLLDAL VERK A/5

Fri—A To

Asse.s

Cu Pr Zr Au Ao '

I
10.00 Cverbu:der  

=.=

with a dark creen  colour. dorne ptyatic  serrTrera


of eartz and calcite. Chlorite richest part from

	 St— T7e—

ra:±:ns Wilb sor,e saall crains Of Traces

of pyrite thr.nu.-hcuathe wbole :7e07ir'"'

Jra-,TE-flic 


bLave bb-t-4-e-r-kerc.i 4.2t	 a„.1.1t-et-cd‹..rt,ttrt.

Traces of pyrite and pyrrhotite.

57.€5 62.50 .::uartzite






Lark grey. The section starts

--- -ith -

with a 25 ca thick

(1csa t,-an

79.50-E0.30,




1) lighter sections at 74.40-77.80,




and 81.55-82.40. 2races of

, ne-

pyrite on joints.

• ::F•

to lcm).




r




85.55 to P3.70 (pebbles up The sandstone

as a ca careousaatrax.Traces of py and po.C.A.:
°

55.931 92 . 75 -nantdite



DIAMOND DRILL LOG
FOtLOAU VERK ÅTS

PAGE

Assays

c JMzi Pb Ln A, T

- is L.nre randv.

TO DEtsc':;:cn-rn

lirht prey, conglo:Ler,tic section from 109.23 to

about 111.00

e


r:Intivy ._en= 	

section fros lraces of pyr:Lte and

pyrrbotite at joints.

f 	

pyrite on joints

	

170.42 171.55 Conglozeratic ;ra-hitic soararg.ite

	

171. 7 1/6.4 ,.,uartzi,,e


rrarite_

coarse grained, light coloured

178.60 e.o.b.



DIAMOND DRILL LOG
FOL"..DO. VER., A

OCE

hhhh:

To

Sert

uF:rteite

jocueO o,

TiescroT'0"
Inlerval

Fo T To Cu Jr

AssuiT

PC 1 Zo

linnt ceen cn:oured, quartsite, very

en ncloured clay nanerial, en-OY, CiTJ:i0O0:J:Tie

section at tban conta:_ns up to

39.40 42.0 GranhIni: sctists

quartzitc, schistose rock typ. t.at contains

--nt±orcun-!eaterentis0-ri,oels-e-!=eetr-e-14::.tieteeneeei-el.,

sosetimes carbonaceous layers, a,n0-90°,

42.50, 59.20 (.,Luartzite

light to dark green coloured, in parts very pure

2o=t:.:40n
52 and 55m several very nare:.ow with oraphitic


naterial, at 52.00-52720 trencia with up to 401

I- f----

coarse grained pyrite

59.20 81.70 Grarbitic schists

gra.)-itic sc_istose rock type thst is in parts very -ich

in zra-hite. often visisble perite and ryrrLne:„1.-

aa0c)

81.70 101.00 :,Huartzite


grey co oure-, very ine grainen quartzite, aa9j°,

is goino rradnally aver in- :



DIAMOND DRILL LOG
FDtLDA'. VERK ALS

e;:ldote ric naterial, traces of ra:ena, towards

171.91 1t)2.60 ..dartzdte

Descip•Jon
Fro, To

se n at

Y.lnera:,zation: a'ncut 2

anont c- at

the s:ara=ite ds ,,ettind rraduullv nore flne

towards the lower part of the section.

wricare

PACE

Assays

PO Zn

lewer part of the seotdon nore ccarse nrainea aradn,

__terec.,nan:te

fel.ds-tars7,artia1ly altered to apddote

155.60 Grandte

185.80 e.o.h.



DIAMOND DRILL LOG
FOLLDAL VERSSAlS

Sied

:

EL i! 1,---et

PAGE

Assa.s' To Des

Tc

6•00 Overburden

19.50 I,uartzite


iizbt :rey-:reenish coloured, fine grened quartzite
•-utet-1-.wr1± n,.

section

0

ta 0 0

	 Z0ttt St tt5 . 


of graphitic zaterial, in other parts more schistose
and ricner in graphite, sozetizes visible pyrite

schlieren

uartzgte

_ --e-o1 ,-f' ,

pure and white coloured at around 59m, a=90°

55.00 63.95 Granhitic Schists
_

very quartzitic rock type that contains stripes of
uctarial

67.•95 94, P fluartzite
.1_

light to middie grey coloured, very fine grained
quartzite, a= 90-, contains often epidote rich clay
1 - t r =",

52.65-E.3.90 that contain mtlk quartz pebbles up to
cm in sise, c ose to the conglomerates the quartzi e

is medium nArtp nr-

4- ; e



D!AMOND DRILL LOG
cOLLDAU vERK A

Cesc-,pcn

fe.Csior,

dark ,:rey celcocred, to ccacce

oreclneo ac the toi down to

o_ne szeecl:es z.ze

PACE

To Cu

Assa.3

M:

scatent of ,

to - 


cuartz :zeObies within sparaTecte zatrix, az the

base of the sequence: abzut in of light ccloured,

rerr ctpd cpar, te '120 2,n.-11  ;,.') •

erey quartzite, 120.30 21.50 16

ci-nrcnem: ocsseftonac,ec gaiena

in a Oerare about 	 withie this sectic. zones  with 122.50 F-.23.52 16

stronger an± weaker increonation, the content of 123.52 2-o.

usnal

i7C.0 172.50 A:tered ,,ranize 


zhe section szarts az the top with an abe

rock type (paleosol ?), the granite is strongly

a ere , relaclve y nne granne ano o;reen coloured

becase the feldsnars are altered to e-cidote

172.5 175.80 Granite 


nedium grained, white coloured, grar tic rock type

E.329
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ES 5.0-26.60
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contains nunerous quartz schlieren, pyrite and

pyrrhotite lenses, a=80-90

z z
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lignz grey co.,ourec ana very pure quartzite, goes

-raduall over into s arap.uite at about 2m.

92.00 179.40 Sparaqmite 


nediur_to coarsegrainedarkosite,containsusually

ana pyrrnotnte i , oiten contannInzr narrow

clay-ricb la-zers conwloneratic secton a 1=7 zfl- .



DIAMOND DRILL LOG
FOLLDAL VERK A,S RAGE

lea

Frorn To
Froen To DescriptiOn

Assay5

1

F ;

at and

caarCziCe 


cliy aaycrs, in parts ouite strcnrly  brecciated

181.2 1C2.50 Wheat1-.eredGranite

upper la scronEly altered, fine rrac ed, creenish

1^2 ifla Ssr

coarse rrained Eranite, consstinw of quartz, placio

clase, :.-feldspar,flotite.



DIAMOND DR1LLLOG
FO.LDAL lERK

PAGE C

-

To o-

that are in places extreF_Iy siron:ly folded. The

n:stos,,ty of the rocks is well develtpped.
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hotite that often occur in as.'=ocdationwith the

Cic EehtEtS

se rocks are relatively rdch fn Tranhfte. dey

22.00

fle rncks are Frev co2oured and very fine pnradned.

They contain numerous layers of dark grey coloured

1 in-the siaiu of

Pyrite is often visible on cracks.

33.25 50.80 Gra hitic schists

These rocks are very similar to these at 8.50-53.25


ite end . .


Pyrite occurs sometimes with pyrrhotite as stripes.

a..90 , The content of graphite is getting very much
6

rocks are rich in dark grey coloured clay material.

50.80 64.20 Quartzite


The rocksare dark greycoloured,very fine grained

In parts the quartzite is light coloured. At 88.60—

I
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renerel sIdlle rrey coloured. Also enis rock eyse

is relae.ively rich in henatite in ene b-r inerpArt

-444,4@-45.50).  '

nifl quartz pebbles can be found at 72.50-75.50.

Soneebses naerdw secebons wben up 8o o.en rbbcK

, aver=  of rres coloured cuarezites crn be observed.

At 12E.90-I51.50 the recks are stronnly folded and

quartz veens and clay bands are well visbble. Tne

sase feature is in places visible beeween 140 and

I E. mhc r c8 ti 


disseminated pyrite (1%.

Mbherallzatbon: ..d.ssenbnatenga ena Laoout can

	

b4 -v II - I npbvnRaeio


this zone (0.5 m) sone grains of PbS can be obser

same rock t e as 50.80-54.20 but without elevated

content of hematite

	

148.5 149.80 Wheathered Granite

by the alteration of the feldspars.


149.8 155.20 Granite 


Unalneredcoarsegrainedgranite
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car fou-d =evgral dark g_cy eedeeeed

clay layers could be observed at 77.60-77.50. f.

coarse con....lomeratewith elongated quartz pebbles,
UD tO 20m.in gine was tonta at lan nn-112.r=t1n.The  

grain size of the sparagmite decreases below this
contnmerate. minera-MazIon was not osserd.

:;-artaitfl

Linht re coloured fine rain :g

contains a little pyrite on cracks. The lower 10cm

are uiecctate.
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MIOROSCOPICALOVERVIEW OF THE MINERALIZED BOULDERS IN THE
BRENNVOLAAREA, AND COMPARISONWITH THE LAISVALL-TYPE
MINERALIZATION.

In the 1983 field season it was discoveredhigh grade-
mineralizedboulders in the Langen-Brennvolaarea of the
sparagmiteproject (N-82-5).These boulders were analyzed
for zink, lead, copper and silver. Only lead and silver
showed anomal values. The lead values ranged from 1 to
13,6 % and the silver values ranged from 0,10 to 1,55 oz/tonn.
Both thinn sections and polished sections were made for
some of the boulders.
In hand specimens the type of mineralizationfound in the

boulders seems very similar to that of the Laisvall-type.
Galena, tosether with pyrite, can be found disseminated
throughoutthe whole sparagmite,following bedding planes,
or partly also as "spothy galena"(KRAUSE1984).
In both the Laisvall deposite and the Brennvola mineralized

boulders, the mineralizationseems dependent on the porosity
of the hosze rocks. In the Laisvall-type,the porosity
available is always sufficientfor economic mineralization,
because the hoste rock is a sandsuonewhich have well rounded
grains. The mineralizationappears as sediment together with
barite and carbonate in the sandstone (fig 1).

Fig 1.
,
t.ce, Quartz

Calcite

Lead/Zinc mineralization
Barite

The Brennvola/Langenmineralizationis situated in a arkose
that is influencedby tectonic activity. This means that the
porosity is not obtained by the primary rounding of the grains,
but of secundaryporosity made by the tectonic activity. In
thinn sections such mineralizationsare observed in small
faultings,between cruched feldspar grains and in "law pressure
areas" near bip quartz grains. A lot of indicationsof tecohic
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activity are observed from microscopicto macroscopic scale.
Macroscopicgraphite horizons indicate tectonic activity. Meso-
scopic such indicationsare found as small faultings and
banding of the rocks. Microscopic"evidences"of such features
are found as microfaultingsof feldspar grains, granulation
of quartz grains, strongly undulatin quartz, oval quartz and
feldspar grains and small mineralized faultings which are
almost parallel to each other.

Mineralogicalthe host rocks of Brennvola/Langenmineral-
ization is quite different from the Laisvall deposite. The
main minerals of the Brennvola/Langenhoste rock are: 50-80
quartz, 10-30 17,.;sericite and 5-50 k feldspar (mostly microdline)
Although no fluorite or carbonate minerals are found in the
microscope,these mineials are detected in hand specimens, but
both as minor contents of the bedrock. At Laisvall these
minerals are common together with barite. The mineralogy of
the host rocks seems to be ofless importansethan the porosity.
Therefore at this stage of the investigationslitle attention
is made on the mineralory of hoste rock.
The ore mineralory is more interestingsince one distinct

difference from the Laisvall-typeof deposite is observed. At
Brennvola/Langenmineralizationthe zinc values are very law,
where as in Laisvall sphaleriteis one of the wain ore minerals
(The averar:e n grade is 0,44 at Laisvall deposiue).
dhether the probable ore at Brennvola/Langenis economic or

not, is probably as much dependent of high Ag grade as of hirh
Pb grade. E:ncouragingAg values of up to 1,55 oz/ton (55 g/ton)
is reported from assayes of the boulders from Brennvola. The
silver of the Brennvola/Langenmineralizationappears most
probably as a content of the galenal since no other silver
bearing minerals are obseved and the Pb-Ag ratio are constant
fore all assayed boulders. The other main ore mineral is pyrite,
which appears in a clearly different way than galena. Pyrite
is found as disseminatedeuhedral grains in all the investi-
gated 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 fact it
may turn out to be no correlationof the mineralization of
thesc minerals.

One of the polished sections from Brennvola (B.V.S. 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 mineralogy of the Brennvola boulders and the
Lang-enboulders seems very similar. quartz content of the
Langen host rock is slightly higher than in the Brenn-
vola boulders, but this does most probably have litle or no
influence on the mineralization.

.;ihentaking 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.

TABLE 1:

Size(million metric tons)
Pb-gradeU4)

ån-grade(d)

Ag-grade(ppm)

18b/Pb.2n

Zrennvola
Norge

?

4,6

TRAd'å2'

15,6'

10d,00'

Laisvall
Sverige

80

3,5

0,44

9,0

0,89

Osen
Norce

0,1

5,0

0,2

7

0,94

.3nertingda
Norre

1.0

1,5

0,02

?

0,99

,assto
'verize

5

5,5

0,6

16,3

0,23
Ag/Pb (ppm/%) 5,4' 2,6 7 9. 3,3
L.EPOSIIIONALENVIR•NMENT:






Alono zrecanbrian ‘.tildows X





Along the marginal area of
the L.Canbrian epicontinenta




X X X Xin autochthonous sediments
X" X X (X) XHost rock






Arkose Sandstone Sandstone åandstone Sandstone
Meters above basement 40-60 m" 28-74 m 5-10 m ? 10-5h m
Caped by shallow marin sed. X" X X X X
Restricted to paleolows (X)11 X 7 ? X
Vertical zonation (Ou:åri:Pb)




X X (X) X
Remobilizationduring tecto-
nism into cracks and joints X X X X 9

Weatnered basement X" X X ? (X)
Sialic basenent X X X X X
Depth from surface 110-150 m" 50-160 m 0-75 m ? 10-20 m

HOST 8003 MINTFALOGY






.,U.lartz 50-80 85.0d X X X
Feldspar 2-50% 1.0




7




Sericite

Calcite
10-50Z
ThfrCE3

8.
1.3 7

?


?

,


X
Fluorite 73A033 0.6




? ?
Barite





? X
Fhyllosilicates 10-504) 110: ?




Galena 0-5:6 1.7d X X X
Sphalerite TR.ACES 0,7x X X X
Fyrite 0-15d. 0,2b ? ? ?
7i0 -nifle-a's PRACZS 0,4d




?

'Average of the assayed boulders.

"Data from the mineralizatiundisscovered in 1984.
?Data not available.
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Together eight thinn sections and eight polished sections
were made from the mineralizedboulders at Brennvola and
one thinn section and one polished section were made from the
mineralized boulders at Langen. In addition to these one thinn
and one polished section were made from a pyrite mineralized
outcrop at Brennvola.Some brief notes from the microscopic
investigationsfollows:
THINN SECTIONS:

B.V.S. 1


62% Quartz

20% Sericite
10% Microcline + Plagioclase
8% Opaqe minerals

No chemical assays are run for this boulder.
Texture: The thinn section shows big(up to 4 mm) well rounded_ _ -
quartz grains floating in a ground mass of small recrystallized
quartz grains, sericite and opaqe minerals. Microcline and
Plagioclase appear both as groundmassand as separate franments.
QUARTZ: .2hemineral appears in a bimodal way, as big(up to 4
mm) well rounded grains and as small(less than 0,0r,mm) r.7-
nrystall4zed tp:ain3in thu :fl33.The big grains do

always appear separated from each other. At the brim of the
big grains there are often faund rugged grains of smaller and
partly recrystallizedgrains. At least a part of uhe small
quartz grains are formed by totaly smashing of bigger grains.
The quartz is strongly undulating.
SERICITE: Appears throughout the whole ground mass, but are
more abundant in some parts compared with quartz.
MICROCLINE:Appears as well rounded grains with diameter up to
0,3 mm.

PLAGIGCLASE:The mineral is not surely identified,because it
in these very bad thinn sections easily is misinterpreted by
microcline with weakly developed pericline twinnings.
OPAQE MINERALS: Appear as fillings between quartz and feldspar
grains. It seems that opaqe minerals are less common in parts
of the section which is rich in sericite.



B.V.S.2
78'/OQuartz

1555Sericite
24 Microcline

11)Unidentifiedphase

5% Opaqe minerals
No chenical assays are run for this boulder.

TEXTURE: The thinn section shows big oblong quartz grains_ _ _
floating in a ground mass of small partly recrystallized
quartz grains, sericite and opaqe minerals.
QUARTZ: Appears as big(up to 4 mm) ohlong grains and as small
cataclasticgrains(less thann 0,05 mi“).Corresponding to BV3 1,
but with not so good rounding of the grains.
SERICITE: Appear as wround mass and are enriched in some
selected bands throull tae section. Some small grains of lint
mica(probablymuscovite) can be separated from the sericite.
UNIDE1, 2IFIEDPdASE: Small(less than 0,1 mm) grains of an unknown
phase are observed.
B.V.S.3


50A,'Quartz
10% Microcline

Plagioclase
30;JSericite

10, Opaqe minerals
No chemical assays are run for this rock sample. This sample

is taken from an outcrop of a pyrite disseminatedzone in the
easte-rnpart of grid Brennvola.
Texture: Similar to BV3 1, but with slightly smaller grain_ _ _ _
size of the biggest quartz grains(up to 0.2 mm in diameter).
..QUARTZ:Appear in a bimodal way, as big(up to 0.2 mm) well
rounded Lrains and as smaller(lessthan 0,05 mm) mylonitic
aggregats.The internal grain boundary of the smaller grains
seems casual. tz A cataclasticmosaic
Mosaic texture texture, which is common

in the matrix of the
sparagmite.

MICROCLINE/PLAGIOCLASE:Appear in the same way as the big quartz
Frains, but they are not so well rounded. Most of the feldspar
is prohably microcline.
SERICITE: Appear in the matrix in this section.
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OPARE MINEIALU: 'Athedralpyrite grains are seen spread out
in the wdole section. The grain size rang from 0,05 to 0,2 mm.
Some subhedral grains appear in the same way as pyrite, these
may partly be agf.;regatesof galena. In one corner of the section
it is found a red uineral which appear to replace other minerals
That mineral may be gothite. The pyrite grains in this area
have a red surface due to oxidation.
B.V.S. 4

60% Quartz

15% Microcline

10% Sericite

15% Opaqe minerals
The chemical assays of this boulder showed: Cu: nil,

Zn: nil, Ag: 0139 oz/ton, Pb: 4,06%.
Texture: This section shows a banded texture. Some bands are_ _ _
heavily mineralized,some are enriched in microcline and otner
bands consists of intergranularfine grained(lessthan 0,02 mm)
quartz. Setween these bands, there are oblong big(up to 5 mm,
grains of quartz which often have inclutionsof smaller quartz
grains.
QUART.L: :dheral appear in a bimodal way as big(up to 2
oblong graind and as recrystallizedsmaller grains with as
intergranulartexture. The texture shows that the original
sandstone has been exposed for stress. The originaly rounded
and big grains have been pressed together and also been
exposed for longitudalforches. In addition to this, they nave
been more or less cruched. The bandod texture is probably also
due to this external stress.
It is not understoodwhether this cruching(possiblytogether

with chemical influence)have been completed and than been
througn a new growth of quartz, or if the big quartz grains are
remnants from the original sand grains. The very strong undu—
lating quartz, imoly that the mineral have been exposed for
stress. Some of the bigger grains(probablyall) are for sure
remaants from original sand grains. See fig 2.

2 mmFig 2.

Big quartz grai

Cruched quartz
grains
Microcline
Sericite
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MICROCLINE:The mineral appear consentratedin some bands as
up to 1 mm big cruched and rounded grains. Microfaultings with
intrutionof small quartz grains and sericite are common. In
spite of this, the mineral shows no sign of alterations. Plagio-
clase may also be present.

SERICITE: Appear as long bands on joints between the big quartz
grains.

OPAQE MINERALS: Nost of these minerals are found on a 0,5 cm
thick band and constituteup to 50% of this band. The grain
size rang from 0,01 to 0,1 mm. The biggest grains shows eu-
hedral cubs(pyrite)and the smaller are more irregular. In spite
of heavey mineralizationit is still clearly disseminated.
This band rich in opaqe minerals is probably caused by a
tectonic remobilizationand enrichment,because the wallrock
is allmost free of opaqe minerals. Rust is common in conection
with concordant joints. In hand specimen this is seen as a
redish colour of the minerals.
B.V.S. 5


50% Quartz

12% Sericite

30% Feldspar(Microcline)

8% Opaqe minerals
The chemical assays of this boulder showed: Cu: nil,

Zn: nil, Ag: 0,10 oz/ton, Pb: 1,24%.

Texture: This thinn section shows big porphyroclasts of feld-
spar and quartz floating in a matrix of serisite and cruched
and recrystallizedquartz. Disseminatedporphyroblasts of
opaqe minerals are found throughout.
 IJARTS:Appear as partly rounded and partly oblong grains
that are up to 2 mm long, and as small intergranulargrains
(less than 0,02 mm) which makes remnants of bigger grains.
Paralell to concordant joints there are masses of small inter.
granular grains within the bigger. Joints which are normal to
the layering,have less such cruched materials.
SERICITE: This mineral appear as ground mass, and is enriched
in some smaller parts.
MICROCLINE:This mineral appear as often rounded porphyroclasts
with a grain size ranging from 0,2 to 1 mm. Feldspar without

twinnings appear as oblong c uched grains (partly sericite-
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B.V.S. 8


50,6 1.1artz
2026Microcline+ Feldspar
205 Sericite

Opaqe minerals
No chemical assays are run for this boulder.

The descriptionof this section is the same as for BV3.7. The
mine2alizationappear at joints and espessialyat joints in
the feldspar grains.
B.V.S. 9


65% Quartz
10% Microcline + Feldspar
30% Sericite

5% Opaqe minerals
The chemical assays of this boulder showed: Cu: nil,

Zn: traces, Ag: 0,30 oz/ton, Pb: 3,796
The descriptionof this thinn section is the same as for BVS. 7,
apart from that there are less porphyroclastsand they are
seldom more tilan0,5 mm long. The ore minerals are mostly
consentratedin a 3 mm thick band of fine cruched quartz.
FOLISHED SECTIONS:

( 100% means all the opaqe minerals in the section.)
B.V.S. 1


95% Galena
5% Pyrite

Aksess Sphalerite
Aksess Chalcopyrite?
GALENA: The mineral appear as separated anhedrale grains, and
as joint-fillins. The grain size vary from less than 0,01 mm
up to 1 1112.

PYRITE: The mineral appear as euhedrale to subhedrale grains
with grain size ranging from 0,02 to 0,2 mm.
SPHALERITE:The minera appears as small rounded inclusions in
the galena. The grain size is between 0,01 and 0,05 mm. The
mineral is isotropic and inner reflectionsare not visible.
CALCOPYRITE:The identificationis very unsertant, but calco-
pyrite may be present.



B.V.S.2

97% Galena
3% Pyrite

Descriptionsame as BVS. 1.
B.V.S.3


100% Pyrite

+ One rusty band with iron hydroxides.
PYRITE: The mineral appear as euhedrale to subhedrale grains
spread arund in the whole section.
B.V.S.4


90% Pyrite
10% Iron hydroxides or galena

Descriptionsame as 31/8.3.The iron hydroxidesmay be Gothite,
but is hard to identify because of the very bad polished sectio
4,06% Pb does however indicate that it is galena.
B.V.S.5


20$ Galena
80Y6Pyrite

Aksess Sphalerite?
This section shows "pore space fillings of galena", which are
up to 2 mm wilde. Pyrite appear as euhedrale to subhedrale
grains randomly disstribuatedthroughoutthe whole section.
The grain size is up to 0,4 mm. Sphalerite?appear as small
incusions in the pyrite. The mineral has grey colour and is
darker than galena. It is isotropic or allnlostisotropic, and
has no inner reflections.
B.V.S.6

60% Galena

20% Pyrite
20% Iron hydroxides

Aksess Sphalerite
Galena appear in the sa.aeway as in BVS. 5. Pyrite appear as
subhedraleto anhedrale grains spread around in the whole
section. In most cases the grains are partly replaced by iron-
hydroxides(probablygothite). Relictstructuresfrom pyrite are
sometimes seen in the gothite. The gothite is anisotropic,
reflectansesame as sphalerite,grey and relieff same as pyrite.
Sphalerite?appear in the same way as in BVS.5.
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B.V.S. 7


85% Galena
8% Hematite?
5% Iron hydroxides
2% Pyrrhotite

Galena appears as in BVS: 5.Than there are probably at least
tree facies of ironoxides.One of them is probably hematite,
and another is gothite. Replacement structuresare common. In
addition to these, there are probably a few grains of iron
sulphides(Pyrrhitite).
B.V.S. 8 


83% Galena
15% Iron hydroxides
2% Sphalerite

Galena appear as small(0,05mm) "porespace-fillings".Iron
hydroxidesare seen as "cloude" in joints and in some places
it seems partly to replace Galena. Sphalerite is found as one
0,01 mm oblong grain.
B.V.S. 9


50% Pyrite
50% Galena

+ Iron hydroxides
No espessialcomments on this polished section.

CONCLUDINGREMARCS:
The preparationof both the thinn and the polished sections

are very bad. With better sections we would probably have got
much more informationout of this investigation.

April 1984
Siv. ing. 0.Bakke
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1n the 10:14fiuld season it was disreovered mindralized
houlders in an area approx. 10 km. 6.,Tof Atna stntion in the

stflraymUe broject.;12-5). yrter this discoverv a rollow-uo
trid was estahlirned, an1 a retiozal hlodU to ptber wdth


;yeolosichlnnodinr was enretie.out in the surrounedn- area.
•his survey revenled a lot of wenk mdheralized bodlders and

a few weakly mineralized outcrops. home of these houlders and

rock samples from the outcerops,were analyzed foi•pink, lead,
co:ter and silyer and sone for teold.rne bdst inelyddual yaluds

of these elements was rezpectiv1y:0,56PJ,2,2 , 15 pbm


and 160 ppb.

fomether 12 thinn and 12 polished sectionu hnve heen

them from mineralized boulders and 3 from an outcrop of a Ou-fb
mineralized contlomerate at Ledsayeren, about 2 km south of thn
prid.

The rock type of all the boulders belonr to the Vahssads form-
ation. Rourhly estinated rock compositions from the microssooical
investietion are plotted in fim 1. next side. They show that the
mean coe2bositiohof the boulders is a subarkose or a feldsoatio
ouartrite, and that the Ledsaperen nine2alization is situated

in a more feldspatic and clayrich rock-tyde. 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 disseminatee
often spotty matrix materiall and as remobilizated mineralization

on quartz veins. In both cases the mineralihation appear mainly
in a dark feldspatic rock, althoumh it has also been observed

in an almost white and pure quartzite(sample no 42). The micro-
scopic investiraton has reveaded a very simael mineralogy. The
major ore mineral of the disseminated type is ralena and the

remobilizated type contain often either ralena or sphalerite.
fyrite do always accompany the ore mineralizations.
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Leirfraksjon
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Stein
75 75
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Vakke

15

Feltspat

Ar kose

25 .2 10 15

24
Rb Arenitt

Subarkose
tEKvar ts

eller  Kvarts-sandstein
feltspatisk sandstein

Fig.i. Klassifikasjon av epiklastiske sedimenter.
Modifisert etter Pettijohn (1961).

Boulders from Atna with sample number
Rock samples from Ledsageren with sample number

The investiRations of the thinn sections showed that most of th 

rock have a quite unmature habitus with clasts that,are only

partly rounded, has a high feldspar content(as microcline) and

has a considerable content of clay minerals. This support the

Fenetic model, which was put forward by J.P.Nystuen in 1982,

that Vardal member of the Vangsås formation was deposited near

the margin of a tectonically active basin. Nystuen has Eiven a
comprehensive outline of the basin's evolution. This evolution

is illustrated by concezstualmodels in Fig. ?-39.

For further studies on this subject, I recommend the paper of
J.P.ystuen:"Late Proterozoic Basin Evolution on the Balto-

scandian Carton: the Hedemark Groub, Southern Norway':N.G.U.
No 372.



LATE PROTEROZOIC BASIN EVOLUTION
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Fig 32. Model of rhe Hedrnark Group basin in thc time pr or to the Varanger Ice Age and the
deposition of the Biri Forrnarion Br = Bronum turbidire basin, Re Rendalen braided plain, Li

= Ltlesieberget alluvial fans, Ar = Arna castal and shalow-marine sands, b basaIts of IocaJ extent
associared with fissure eruprions The evolution of rhe cenrral northern and nonheastern parr of the
basin is shown in the simplified conceptual diagrams in Figures 33-39. In rhese diagrarns lateral
facies variations are strongly condensed and the vertical sale is much esaggerated.
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Fsg 33. Sedimenration of the Rendalen and Brerrurn Formations, east to the righr, west to the left.
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Braided plain

-r

Fissure volcanoes

Atna Ouartzite Shallow sea

Basalt flow & coastal plain _

Interfingering',
Rendalen &
Brottum FormationsNi

Hypothetical feeder dyke

Fig. 34. Local basalt eruptions and deposition of the Atna Quartzite in the northern central part of
che basin.

Biri Frn, limestone& dolomitic limestone

Fig. 35. Early deposirional phase of the Sin Forrnation. This area, and those shown in the following
figures, is thought to be lotated south of the volcanic area in Fig. 34.

Håkenstad cgl Osdalen COnglornerate

Irnsdalen Conglomerate

Fig. 36. Deposition of che Osdalen and Irnsdalen Conglornerace and sedimentarion of the Bjørånes
Shale Mernber (131n Fm) In the secondary 'Ovre Rendal' basin. Intermirtent influx of coarse-clastic
sand and gravel into the secondary basin has given rise to turbidite sandstones and the local
Håkenstad conglomerace.

Tidal flat

Carbonate flat

Stagnant depression

Biri Fm, tidal channel
black breccia

Ernerged, eroded area Alluvial gravel fan

'Øvre Rendal basin" Subrnarine fan

Bjørånes
Shale Mb
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Ftg. 37. Depusicion of che McieIv Tilltre during che Varanger Ice Age. The hter shown a
recreating phase wich sedimeroafion of glaciomarine rnud above basal till.

Temporary local marginal basin

	

"
Alluvial fan

-- ..--c-=:7--- ^
Prograding fluvial plain

Moelv Tillite: basal till facies

Ekre Shale
prodelta
mudstone

black shale &
turbidite sandstones

Vardal Mb

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

Fig. 38. Progradation of deltas and braided plains during deposition of rhe Ekre Shale and the Vardal
Sandstone Member (Vangs33 Formation). MarginaJ facies in the east consist of subaqueous graviry
flow deposits and black shale, overlain by alluvial fan sedirnenrs.

Off -shore sand bar Storm surge or trdal channel

tig. jy peposmon of che Ringsaker Quarczite Member (upper member of the Vangs3s Formation)
in Early Cambrian cime. The quartz sand was also deposiced on to the denuded cryscalline basement
tu the easc, far beyond rhe old ceetonic basin margins.

Ringsaker Ouartzite Mb



Sitc% inehelo:y of tnc host rocks seems to ha,rbdttlited

influence oo the :JiLnecalicatin litlo attention ts mnde on it.

Clueitocortnntefnct anwever, in thet the ore ninerais seems to

have a abofial belJtHon to cru:C.nUfel%scar hntna, nng t ot

is almost abundant in racku wtta a cla:rich metrix. aht.4tneicate

that ho orosity of the rock is one of the mrst i eortante

factor in the diotribution of ten ore Jhe prtniary


rorosity Tetween the Cetrial :rainc is mainly occu•ted vitt cley

minerels but Lna st ..-:(oebittonal:.020P± o:t:nlnt.1 by the

chnshinr of felds ar aee available for de:ositton on cre


fineheLs. 'hon the quartz rrains are exposed for stress, they

see:nsto form rranuler smaller orains with vcry litle core abnce

tetween fhe individuad rrains. Cre minerals arY.also Hn same

sections soatial releted to open space fissurs.

secendary quartc veins with rodobilized ore minerals are

sometimea associated by carronae.

The bean rrades of the 29 assayed bouldera are: Cu: 59,5 pgm

with ..1152,71, n11:1509 ppm with .,111452,43 and bb: 5790 ppm

with ..pri6149,90. Boulders with the hirnest Zn or rb values were

assayed for Ag which rang from 1 to 15 ppm. The Pb/Ag, ain/Agand

Lb+o:n/Arratios are all varyin 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 Lednageren mineralisation i3 colic-4

from different parts of the mineralization which makes it,

difficult and very speculativ to pick out any trends.

Some brief notes from the microscopical investiratiol, follows:

Section no: 84-ATB-4

55:JNicrocline (Aksess)Plagdoclase

552,%Quatz

8% Sericite

Opaqe minerals 1% Sphalerite

1% Pyrite

The chemical assays of this rock-sample showed: Cu Glppm,

Zn 4122ppm and Fb 677ppm.

TEKTUPE: This rock shows a matrix beared coarse grained arkose

with partly rounded porphyroclasts.



	 2he miner:1 appeaP in a binodal way, toth as por ,yro-

clasts anI us cruoheJ ,-ranularmatrix in::are

artiy rounned, and t.e sise runr from 0,S to . t)emetimes


the porphyroclasts have inclusions of small aranular ouarta

prainr which folJow joints. ire quartz in the matrix materlal

is very fine rrained(less than 0,01 cmJ).

icrochne: mineral appear as porphyroclarts in the same way

as the cuartp, but often more cracked. The cruckeh felds=

rrainr are often excellert ore brines. nicroolhie .ilyulso he

present in the matrix material, hut are not nutec Pie with

oriOnary microscop.

laniociase  ?he mineral is only detected as ene hip-

morphyroclast. It is often hard to distitruiph it _nom ri.icrooline,

which makes the auantitative meassurements uhreiiable.

Sericite: The L.it(ralis mostly restricted to it


aprear to.tther with very fine r-raineequartz.

Pyrite: Ihe mineral apper as 112 to 0,4 mm bip subhrdrale to an-

hedrale esrainswhich are very contaminated hy transnarune

minerals. ;:,ostcommonly it appear as very rmall(0,01 	 irneo-ulul


shaped rrains. Eirds eyes textures are co--on.

dchalerite: The mineral appear as rundomly distribuut irrep:ular

shaped rrains throu:nout the whole section. The p-rainsine are

commonly about 0,1 mm.

Section no: 84-ATH-9

67 Quartz

295 Nicrocline

1. Sericite

5/1Opaqe minerals 123Pyrite

1't;Sphalerite

1:3Galena

The chemical assays of this rock-sample showed: Cu 52ppm,

Ln 35?5ppm, Pb 15024ppm and AF Gppm.

TEXTURE: This is a medium rrained homoreneous arkose with partly

rounded Frains. It has a bimodal habitus, with porphyroclasts

(up to 0,5 mm) floatinr in a matrix of Franular fine Frained

quartz(approx. 0,05 mm).

Suartz: The mineral aprear as porphyroclasts and as Franular

matrix material.



:ticrooldhc:Therrinoai appear en thc oame way as the ou z

perehyroe:aets. 2hemi es,ilis sometee= partly hltcred

Jeriotte: A few flakes are cosehyed in the hatrix.

yritc: fhe mineral apcear as emheerale to suhhoeflie -raehs

which usuhlly are ahout U, mm bir. ln oome p'aces the chuhhh

seems ornshod. )ee fi- 2.

ig. 2.

•
Galena 2ranararante iniherals

0phalerite

:yrete
eit

Spha.lerite:hhis mineral anpear as ofltedfale raehf, which are

from 0,01 to 0,1 mm bia. fhe Ocrier aeaihst host rocho arp

usually ccheave. :he iiheral domenate other narts of the

section than ralena, but in shite of this they are secn in

contact with each other in a few placcs.

Galena: The mineral apocar in the sEie way as sphalerite, Dat

usually separated from it.

Section no: 3i+-A2B-2

6.17:Quartz

18:5Sericite

13,5 Fiicrocline

2)iBlaFioclase

Carbonate

15 Clorite

Aksess Biotite?

35 Opaqe minerals i hyrite

15 Galena

1n Sphalerite

The chemical assays of this rock-sample showed: Cu 15ppm,

n 1118ppm and Pb 2496ppm.

Texture: This section shows a banded texture. The bands consists

of crushed Franular small quartz grains, sericite, bands of

biFer cracked feldspar grains and bands enriched in carbonate.

Quatz: The mineral appear in a bimodal way, as small granular



crushed rrains and as bigmer cracked grains. Both the big(up to
2mm) and the small(un to 0,1 mm) are stronTly undulating.

Sericite: Appear as banjs through the whole section. jne dineral
is often folded bnd in some places kink hands are developed,
spessiallyin"law pressdre areas"see fig 3.

Fig 3.

"Kink bands"
• a

'

Q uartz nicrocline flagioclase Sericite

nicrocline:The mineral appear as porphyroclaststhroumhout the
whole section, but are enriched in selected bands. The rrain
size rang from 0,2 to 2 mm. Birger grains are always cracked.
Plagioclase:The mineral appear as lists which cut into big
quartz and microclinegrains, and as individualporphyroclasts.
The grain size rang from 0,1 to 0,5 mm. In some places the
twinningsare curved. See fig 4.
Fig 4.

Quartz

Sericite lagioclaseMicroclineCarbonate
Carbonate: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 lmm) clast with
individualgrains(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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3ietjt, : jrtjfjçi on of trjs nineral is very anre1yam1t

sone 5dri:11rrains(ua to 0,02 mim)of a ldeht eireenmineral with
a weak aleokro(mrremay be biptite.

reyritc:Ihe mincral appear as eunedrale to anhedrale rrains in
selected bands. The rrain size ran» from 0,01 to 0,4 mm.
daleha: co mineral appear as irretular shaped grains which are
ar to lmm bir

Srherite: 2ne mineral sapear in one band, in tne came as
galena, and often in convex contact wth meleha.

jectien no:

ei3e,.uartz

10,Qkicrocline

6rthoclase

idarioclase

Aksess zircon

Aksess Zericite

2Z Opaqe minerals 1% Sphalerite

1:jibrrite

TEXTURL: This is a medium Frained homogeneous arkose, with sartly
rounded rrains. It has a bimadal habitds, with porphyroclasts
(up to 0,5 mm) floatine is a matrix cf Granuinr Trft_. ined

quartz. The roct.is cut by secondary veins of quartz and ortho-
ciase.

Quartz: The mineral appear az 2orphyroc1asts, matrix material
and as vein fillings.

I4icrocline:The mineral appear as porphyroclasts.
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 twinninrs and is often
partly altered. The identification is uncertain.
Zircon: A few rounded(0,05 to 0,2 mm) Frains of zircon are found
throurhout the whole section.

Sericite: A few small flakes are observed.

Sphalerite: Appear as randomly disstribuated anhedrale Frains,
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 chemical assays of this rock-samrle showed: Cu 44ppm,
Zn 55C7ppm, Eb 109ppm and Ar lppm.



71- .uartz

007 Hjeroollne

flagioclase

Aksosn 0ericite

2. Csace minerals 2flhalerite

rt.ti„c

Aksess Galona

Ihe cheical assays of this rock-samplo snowed: Cu 10upm,
Ln 25ISppm, Ph 21052epmand ga lppm.

IPXidh: This is a nuartz-rdch arkese very similar to
and 6-4-A2d-16. c matrix beared porphyroclasts are »ust part]y
rouhded.

Quartz: .ne minoral appear as porphyroc]asts which are up to
2 mm big. In addition it is the main matrix minoral, where it
is found as granular drushed small(0,01 -m) grains.

d'hemineral is found an irreTular shaeed ::orphyro-
clasts, which are up to 2 mm bir. Some of the erains are nartly
altered and some of them have poorly or n t de\telopedmicrooline
twinnings. Ihis may mean that some of the grains which are
interpreted as microcline actually are Crthoclase.
Plagloclase: This mineral appear in the same way as 2icrocline.
Sericite: A few grains of fine grained light mica aro found
throurhout.

8phalerite: This mineral appear as anhedrale hrains throurhout
the whole section. The grain size are up to 0,1 mm.
PYrite: This mineral appear as suhhedrale to euhedrale Trains
which usually are less than 0,02 mm, but fgrainsuu to 0,2 mm is
is found in some places.

Galena: The mineral is just obsorved in two anhedrale 0,1 mm
lonr yrains.

Section no: 84-ATE-18b

Slo Quartz

10;

5;,jSericite

2;j Flagioclase

Aksess Lircon

2.,1;Opaqe minerals 1% Sphalerite

Pyrite

Aksess Galena

For chemical assays, see 84-ATE-15a.



Tn=z: ' thinn section show::a biodal habitus with pophyro-

clastm of cunrlp, microcline and plaricelase(up to . hir)


whicb are partly rounded, flontins in a matrix ol crusheo duartz,

microcline and sericite.

suartz: sae dineral appear as ,ar y rounded uorshyroclasts anO

as sraulhr ,-rounsm.ass,wiSh elnot size Irsto Dhe

onarts in ntnon undulatino.

Tierocline: The mineral apsear an irre,dllar;h::o:raca: ts

in sode rnnins the microclins tyhh:sinn a2c not Tesslose

means that sede of the s:rains an be orthoc:ase. •ohe of abe

rrains ar parfly alSered.

Plasioclass: The minerel a Jeam in the same way a hicsocne.

;crisite 	 55eU as entrix daterial. :n addition sone bi.s:rer


flaZos of lirtt niea(up to 0,5 mm) are obscr7cd.

Siircon:'2hereare found a few T3jfl5of well rounaed(0,1 mm bis)

zircon in this section.

Onade minerels: ihe opage niine:slsan car in sho seme way as in

section no. 84-ATE-15a.

Section no: O4-A215-25

suartz

25: Hicrocline

3,iSericite

Plarioclase

Aksess Calsite

Aksess Zircon

Opaqe minerals i Pyrite

Aksess Sphalerite

Aksess Galena

The chemical assays of this rock-sample showed: Cu 29ppm,

Zn 774ppm, Pb 15502ppm and AF 15 ppm.

i'EXTURZ:This rock show a bi.odal texture, with bict(upto 2 dd)

clasts floatinr in a matrix of sericite and crushed Franular

quartz.

Uuartz: Phe mineral aucear both a5 porphyroclasts and as mranular

matrix material.

licrocline: The mineral appear as porpnyroclasts which are often

cracked.

Sericite: Fine rrained 1ith mica are found as a part of the

matrix.

Plarioclase: The mineral ai)pearin the same way as microcline.

The An-content is law, correspondinF to an oliFoclase.



as sphalerite.

;ecuion no;

y[1-2;uarts

ticrocline

10 Sericite

JlaHAdclase

Aksess

4, epace sinecals 5_ dalena

8rphalerite

Aksess jyrite

The chemical assays of this rock—sample showed: Cu 78ppm,
Ln 514ppm, 2b 283pom and AE lOppm.
IL:(Tin-L2:This rock has a layered habitus. Che layer has clasts
which are from 0,1 to 2 mm bi , floatinr in a matrix of crushed

11 quartz and sericite. Another layer consists of smaller porphyro—




clasts commonly about 012 mm bir, floatinr in a matrix of mainly
sericite. jome layers carry very litle sericite, and they are
the richest mineralized layerc(maybe up to 102 Pb).
•»artr: TAe mineral appear as porphyroclbsts with a bip ranm in
Erain size(from 012 to 2 mm). The clasts are often well rounded.

17nemineral ap:ear as porphyroclasts in tAe same
way as quartz.

flacioclase: 2he minecal appear in the same way as microcline.
jericite: jericite is most com:•onin t'e finest rrained layers,
but are found throurhout.

.lircon:A few small(0,1 mm) rounded rrains are observed.
Galena: The minecal appear as anhedrale rrains which often have
concave borders arainst host rock minerals. The rrain sise ranE
from very small(submicroscopic) to 2 mm.
Ophalerite: Appear in the same way as p:alena.

;.

of •elTinodndeJ,Tr-sinzst s18con a.e found.

is c=to

dalena: A few r inp a
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Tyrite: Tne i:inorrfli found -s a few euhedrai:osgall(0,05

rrains.

deetion no: -

•uartz

Microclins

2. bericite

lb dolsito

klatioclase

Aksess Clorite

3: Cuce gine:uls 25 jalena

1 lyrite

Aksess Sphalerite

This rock-sage10 is not analysed.

TPX2UdP: Chis is a gedium grained(up to 1 ma) feldssatic suartzidc

it has a bimodal habitus, with well rounded egartz and feldsbor
clasts floating in a matrix of crusned aranular ouartz. The

preparation of this thinn Gection is very kad

HLuartz:The mineral appear both as well rounded porphyroclants,
and as granular ground mass(0,1 mm).

kicrocline: The mincral appear as well rounded porshyroclasts.
Sericite: The mineral is found as a part of tbe matrix material.
Plarioclase: The mineral appear in the came way as microcline.
Calsite: The identification is very uncertain, because at least
a sart of it may be contamination of a liquid below the cover-
Flas.

Clorite: One agErigate of clorite is found.

Galena: The mineral appear as anhedrale grains, usually with a
concave border to the host rock minerals. The grain size ranr
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 Ealena, but in
hand specimens pyrite and galena toaether rives it a spotty

habitus.

Sphalerite: The mineral appear in the sa:ueway as Ealena.
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LE,0aA(gnaHN:

SectiLteno:

4r, a:arta,

ioroclillezfl

0a9 Tight Eica ( ;Ericite)

2. claaTcclase

anade ginerals 5 OhaJzotyrite

dess ealena

Aksess •pnalerito

The cnemical assays or this rock-shgele shosed: du au0 ppm,
Zn 40 spm, b 94 ppm, kr 15 epm and Au 1C:0peb.

Inis thinn sectioh sCows a matrix beared arko o. lhe
ratrix consists of crushed mranular quartz rrains, and tbo

dporphyroclasts consists o2 cuarts, microcline and oc lase.

,ne rock is not very gature, sinee there are a lst of foldschr
in it, ahd since the porphroclasts arc just nartly rsumTed.
Tuartz: The mineral appear both as partly rouhded corshyroclasts
and as crushei granular matrix. lhe rrainsize of fn eorphyro-
clasts rans fros:0,2 to 0 , 2mm and the rrainsize of the matrix
quartz is cogtonly about 0,0 	 . 2he nine a1 is strohtly

undu1atinr.

Eicrociine: This uineral appear together with quartz as por-
phyroclasts and approx. with the same rrain sine. The nineral is
not observed as a couponent ol the matrix.
Tdgth mica Sericite): The mineral appear as matrix material
which almost always separate the porphyroclasts. hear bir porphyrc
clasts and joints it is often folded. jome lists of ligth mica
(Nuscovite) are also found as porphyroclasts. These lists are
probably products of totally altered plarioclase.
Tiagioclase: The mineral appear in the same way as microcline.
The An-content is probably law, correspondinE to an oligoclase.
Chalcopyrite: The mineral appear as irreGular randomly dis-
tribuated grains.

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

Sphalerite: Appear in the same way as galena.



jection no: E2t-LEn-3,

43, ,uartz

:•icrocline

5c Aericite

:::Kness-ircon

Aooce jhalech ite

Galena

dohmleri e

Lhe oosays of this rock-saLdle shce::cd:jd 9O0 ppL,
Ln 19A:1)ppm, Pb 6000 ppm, Ars12 ppm and Au leso than 2 ppb.
J.OA11jAYlads section shous a dio;.inctbanded rock-type. Gne
part of the section consists of ohlon Quartz,asd Eicroclino
ralns floatin in a matrix of ranular ouart and sericile.

c:ner part consiod of a fineoraiLe' fo.inLOS rock .liMhout
porHyroolaster.

.dartz: lhe pear ao ol lon:(uc to lont;)

and as eranular fine orincd(0,0) Em) matrix in the coarde
rrained part, and as more irrerular shaped -nains in the fine-
srainei nart. 1-hebirgest Erains of the fine o'raineJnart, ase
not uore than 0,1 mm.

icrocline: The mineral anpear torether with quartz as porphyro-
clasts in the coarse prained part. One distinct difference in
habitus between these two minerals, is that the microcline seems
to be cracked and partly separated which givos them an irrerular
shane, on the other hand,the quartz alwayz seems to have an
oblonr shape 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 fir 5.
Fig 5.

//
L„uartz

v 1,5590

4tr.2-es Sericite

Microcline Opaqe minerals

At fir 5. we see that the opaqe minerals seems to have an
affinity to microcline which are probably caused by the "space"
available and obtainea by the crackinr of the urains. Micuocline
is also a common constitute of the fine grained part of the



section where it achear in ths ;ame way as quartz.
:nrcite:Lhc ral is most c=on in the ne radr.
of the sestidn. A feu •saiha o: ion ticaup to C,1 dc) a-c
also found in tdc coarse nrainea nart of the section.
,ircon: Une 0 (Y,mc:hd- rouhded Tain is oaerveG.
Chalco:yrate: _d mineral apuear as rando:ilydistrihuated
irrertlar shapcu rrains enrichei in one part of thd scctian.
Galena: ihe n:ineoalappear in an intimate interflrowthwith
sohalerdte.

Sonalerite:
 Appear in the same wa7 as c:adena.

jection no:

7. »artz

50* Yiicrocline+ Ubite

20d Calcite

1.3Lirth cica(Gercite

“csess Miarioclase

Opaqe mine2als Galena

Aksess Sphalerte

Aksess Chalcopyrite

The cheical assays of this rock-sample showed: Cu 110 Ppm,
Zn 370 ppm, Eb 4100 ppm, AF: ),(5ppm and Au 2ppb.

TEXTURE: This section shows irrepailarshaped porphyroolasts of
quartz and microcline floatihp;in a matrix of crushed auartz
and microcline calcite and sericite.
cuartz: The mineral appear in a bimodal way, both as irregular
shaped porphyroclasts(up to 2 mm) and as matrix material(less
than 0105 mm). The nineral is stronrly undulatinr:.
Vicrocline: The nineral appear as porphyroclasts in the same
way as quartz, but are some places cracked. The opaqe ninerals
seems to have an affinity to the cracked feldspar rrains. 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(snotty pertite). Weak alteration of the
mineral is common.

Plai_oclase: The nineral appear in the same way as microcline.
Lirth nica: Some nrains of sericite are found throuFhout the
whole section, and the nrain size are up to I 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 mineral.
Sphalerite:Traces of sphaleriteare found throuLhoutthe whole
section.

Chalcopyrite:The mineral is found as one irrerular shaped
small mm).

Decemper 1984

Siv. ing. O.Bakke

•

•
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INNLEDNING

Etter avtale med geolog Krause ved Folldal Verk A/S ble det primo

juni 1984 utført kvartærgeologisk registreringsarbeid i området nord

for Femunden, Sør- Trøndelag fylke.

Oppdraget ble formidlet av Geografisk Institutt,WO, v/prof.Sollid og

rapporten utarbeidet ved instituttets laboratorium for fjernanalyse og

temakartlegging.

Arbeidet besto i synfaring av løsmassedekket og de glasialgeologiske

formelementene innen deler av kartbladet ROA,NGO' s serie M711:

1719 I,1:50 000.Etter flyfototolkning ble det framstilt en kartskisse

(1:25 000) over det undersøkte området mellom Femundsåsen og

Brennuola.Detaljstudier av morenematerialet ble gjort for å finne

transportretning og-l-engde av blokker med blyglansmineralisering

i to distinkt adskilte blokktog i området.

Blokktogene var registrert av Folldal Verk A/S og hver blokk inntegnet

på et kart (i: 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 kvartærgeologisk beskrivelse av området

ved en upublisert hovedfagsoppgave av Dagfinn Trømborg:"Isavsrnelt-

ingen i området rundt nordenden av Femunden" (1963).

•



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 Sør-Norge (Mannerfelt 1945). Den lokale topografien hadde

liten styring på isbevegelsen,det var breoverflatens helning, og dermed

isskillets posisjon som bestemte strømningsmønsteret.Etter hvert

som istykkelsen avtok ble te rrengstyringen større, men i området rundt

Femunden er relieffet for lite til å ha påvirket isbevegelsen før i den

aller siste avsmeltingsfasen.I denne fasen var isen så tynn og akkumul a-

sjonen av snø på brekulen så liten at bevegelsen nærmest var opphørt,

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

hoyereliggende bekkenene (Femunden-bassenget) for ca 8500 år siden.

Den vertikale nedsmeltingen førte også til at ende-, side- og midtrnorener

ikke gjenfinnes i dette område t, unntatt der hvor e t fje llmassiv har stått

direkte i veien for isbeve gelsen (Rendalsolen), eller i høytliggende om-

råde r med botnbreaktivitet (Rondane).De typiske glasiologiske form-

lementene f ra iskulminasionsonen og utover er: ROGENMORENER-

DRUMLINER-FLUTING, se figur 1 og 2 (Sugden 8/ John 1976,Aario 1977,
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Hum-nocky czt:ve-,ce 2ssemb'.cger

A transitional series of actkehee assemblages: the fluting assemblage, tho drumlin assomblage, and

thc hummocky assemblage. 110w was from left to right. Spiral flow prodominates in the formation

of flutings and linear drumlins, skhereas up and dossn mosement prodorninates in the formation of

tho hummocky membed Betsseen the end memhers cornhinanons ol these f!ow patterns 0 :cur.

Fig.1

Fra Aario 1977
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I tillegg kommer glasifluviale formelement som dreneringsspor

(spylerenner, spylefelt, breelvløp) og, gjerne litt mer distalt, akku -

mulasjoner (esker,kame).Denne fordelingen er særlig klar innen

kartbladet RØA (1 719 I) hvor typiske rogenmorener i området ved

Styggsjøane (UK 526167) taper seg mot nordvest i mer drumlinoide

former og fluting. Mer distalt finnes de store eskersystemene Ferags-

ryggen og Hådalseskeren.

Isbevegelsen i området ved nordenden av Femunden er tid1igere kart-

lagt av Holmsen (191 5,1935) og Trømborg (1963).Dolomittisk kalk-

stein fra nedre Roastens elveos (UK 4821 59) er blitt ført ca 5km NV-

over til Granbekkhøgda (UK 453185).Samtidig viser blokker fra trond-

hjemsfeltet (gabbroer,trondhjemitt) at isbevegelsen minst en gang har

vært motsatt av hva den var under istidens siste maksimumsfase. Det

er antatt at for hver nedising vandret isskillet fra vannskillet i nord og

sørover som vist på figur 3 (Sollid & Kristiansen 1983).

ISSIKILLET UNDER EN TIDLIGF
•SE AV SISTE NEDISING

DET SISTE AKTIVE
rinlj ISSKILLET

DET LOKALE ISSKILLE


 UNDER NUN•TAK FASEN

? FORTSETTELSE USIIIRER

MOVEDVANNSKILLE

1111km

1111.1111w1 •Ilor


Sinn•An,R 197,

Fig 3:Flytting av issk llet under siste istid.
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På svensk side bøyde isskillet av nordover langs glintranden og

ble forskjøvet østover under istidens maksimum for så å trekke

seg tilbake mot glintranden under avsmeltingsfasen (Lundqvist 1969).

Skuringsstriper er vanskelig å observere innen sparagmittområdet,

bergartene forvitrer lett.I de få tilfeller hvor skuring er observert,

gjenfinnes bare 1 generasjon striper,og de følger strukturretningen

i fjellet.Skuringsobservasjoner ved blotningen på stien over Fernunds-

åsen (PQ 492273) er ganske sikker og representerer antagelig siste

isbevegelse i og med at den sammenfaller helt med flutingen i området.

Alle (5 stk) skuringsfelter på lokaliteten og flutingen på Femundsåsens

sørøstside viser en isbevegelsesretning på 145°(NV).

•

•



KORT BESKRIVELSE TIL KVARTÆRGEOLOGISK SKISSE

(1 : 25 000) OVER OMRÅDET FEMUNDSÅ.SEN-BRENNVOLA.

Kartleggingsmetodikk

Stereofotoanalyse (Interpretoskop, Zeiss Jena,15x forstørrelse) på

luftfotografier i målestokk ca 1:36 000 (Widercse 650,1963) ble ut-

ført først etter avsluttet feltarbeid.Inndelingen av jordartene etter

genesis er gjort ved visuell bedømmelse i felt og ved flybildetolkning,

Prøver av jordartene (P I -P 21) for å understøtte kartleggingen er

analysert etter metoder beskrevet i Selmer-Olsen (1954), og resultat-

ene foreligger som vedlegg.Skissen og de formelementene som er

beskrevet på denne, følger tilnærmet NGU' s standard for kvartær-

geologiske kart.Det henvises til NGU 347: Per Holmsen (1979):

"Grunnlag i kvartærgeologi", for definisjon av begrepsapparatet.

Beskrivelse 


Da1strøket mellom Femundsåsen og Brennvola i N-enden av Femunden

har ett rolig relieff med for det meste tykt morenedekke ( 5m) som


enke1te steder er samlet i store rygger og hauger av uklar opprinnelse.

I området ved Neset (PQ 502248) sky1des haugene i stor grad raviner-

ing i særlig tykt bunnmorene dekke. Utgravingen i morenen har trolig

skjedd i en sen fase av isavsmeltingen Invor den isrelaterte dreneringen

synes å ha gått fra Syndervika (PQ 489235) nordøstover mot 1. Langtja.

(PQ 500265) og senere rett østover til Nordvika (PQ 515245).Drenerings-

sporene gjenfinnes i dag som store breelvløp med særlig blokkrik bunn

og som store raviner ut mot Nordvika.

Størstedelen av Femundsåsens sørøstside er dekket av meget tykk bunn-

morene unntatt opp mot selve toppomradet hvor det er flere blotninger.

Morenen virker uberørt og har kraftig fluting på overilaten (I450).

Tykkelsen på løsmassene her er uvanlig til norsk hoyfjell å være (30 m

i borhuln , og et kompakt blåleirelag midt i moreneprofilet kan tenkes

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



På Østsiden av Nordvika og Langtjønna (PQ 488289) er morenedekket

tilsynelatende tynnere med flere blotninger.Et borhull i Brennvola-

gridet viser også bare 7 m med losmasse.Forklaringen på denne for-

skjellen kan ligge i at det på Femundsåsen-siden oppsto en slags"på-

smøringseffekt" mot det oppragende hogdepartiet 783m (PQ 285276)

fordi isbevegelsen her ble bremset. Mens nede i daldraget,dvs på

Brennvolasiden, gikk gjennomstromningen av isen friere og dermed

ble det ikke avsatt tilsvarende morenemektigheter her.Dette er antagelig

også forklaringen på forskjellen i forrnelementer på de to sidene av

aksen Nordvika-Langtjønna.På vestsiden er det uberørt,tykt morene-

dekke eller ravinering i dette,og på østsiden finnes hauger og rygger

med særlig blokkrik rnorene 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 Trømborg

(1963, s.55).Ryggen må ansees å være av rogentypen.At den står alene

og ikke i et felt av lignende morenerygger, skyldes antagelig at den ligger

i ytterkant av rogenområdet som strekker seg Sø-over, inn mot iskulm-

inasjonsområdet, til Rogen (Sverige).Formelementene synes å skifte

etter plassering i forhold til iskulminasjonssonen (Sugden Rz John 1976,

Aario 1977).Det er mulig at den nordre delen av Femunden lå slik i

forhold til brekulminasjonssonen når 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

å være en slik drumlinoid form hvor de mange småryggene som utgjor

hele haugkomplekset, sammenfaller godt med brebevegelsen ( 1450 ).

I myra ost for ryggen (PQ 518267) ligger et godt eksempel på en "crag

tail", også den i brebevegelsesretningen.

Haugen rett nord for gården Nordvika (PQ 513249) og flere hauger ,sst

for denne (PQ 530253 ,PQ 533248), kan være overgangsformer mellom

rogen-og drumlinmorener.Det kan heller ikke utelukkes at noen av dem

er erosjonsrester tilsvarende det som finnes på Noset,
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Østsiden av Langtjern er dominert av glasifluvialt materiale og av den

tilhørende esker(kalt Feragsryggen av Trømborg,1963).Eskeren er

tydelig subglasial i det enorme blokker av ablasjonsmorene noen steder

(ved trig.pkt. 677m, PQ 503278) dekker ryggen.Det er ikke mulig å spore

eskeren sør for Rundtjern (PQ 504274), og det er sannsynlig at drenerings-

sporene som finnes sør for 1. Langtja. , både på Fernundsas-siden og på

Brennvolasiden, har samlet seg i en akkumulerendes esker.Det er,som

Trømborg( 1963) påpeker, antagelig ikke mulig å finne eskeren ute i

Nordvika da moreneryggen ved Kalven, som er •dannet først, ville ha

virket som en demning.

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

høyde ett glasifluvialt terrassenivå som også gjenfinnes sør for gården

Nordvika,ved høgde 699m (PQ 529243).Store,kantete blokker i den

glasifliiviale grusen kan tyde på at det ikke er rene kame-avsetninger,men

at terrassene har en subglasial opprinnelse, antagelig dannet i en sen


f?se 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 (147°) sammen-

faller godt med påvist isbevegelse i omrJdet (145°).De mineraliserte

sparagmittblokkene er store 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 få har

cresentiske brudd.En steinte1ling , S (LA 350 E/100 S) skiller seg klart


fra tilsvarende tellinger i Brennvola-gridet (se figur 4). Innslaget av mørk

grå finkornet kvartsitt,hvit (melke-)kvarts og den røde/rosa-sparagmitten

er her større enn lenger øst hvor den lyse sparagmitten og den grove

kvartsandsteinen dominErer.Den store overdekningen uten blotninger

gjør det ikke mulig å fastslå om morenen består av overveiende lokale

bergartsfragmenter, men den varierte sarnmensetningen 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 tilhører den langtransporterte del av morenen.Bare

de nederste 5-10 meterne av bunnmorenen på sørøstsiden av Femunds-

åsen vil kunne være av lokal opprinnelse ( G 1km transportlengde).

Hvis leirlaget i borhullet på Langen-gridet er av interstadial -glasial)

a1der, vil den øvre moreneseksjonen ikke ha innslag av lokale bergarts -

fragmenter, se figur 5.

NV

FE muivosi.,5,eiu

S
s t44P2.PASEai

8011-kut.k.

LE1,24-64

Fi g 5

I

Movzt--"J&rviA TiOu6P1-6.

STAOI EuPt
9€}2.10DE
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Det ansees som mest sannsynlig at morenematerialet på SØ-siden av

Femundsåsen,i alle fall de øvre deler,består av materiale plukket og

abradert fra de konvekse områdene som begynner ved GranbekkhQigda

(UK 453184)-Skarpåsen(UK482199)-Gråvola(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 øvre 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 også indikerer

kort transportlengde (Sugden R.EJohn 1976).Undersokelser av Haldorsen

(1977) yiser at blokkfraksjonen i bunnmorene føres langt ( fra

et kildeområde uten vesentlig uttynning. Dvs at hvis blokkene er lang-

transporterte ville det være ventelig å finne ett vesentlig lenget blokk-

tog med større bredde, gjErne vifteformet og også 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 på at blokktoget ser ut til å være både lang-og korttrans-

portert, til fordel for teorien om lang transportaystand,kan være at de

mindre blokkene (20 cm) ikke Er funnet,og at disse er spredt utover et

større område.Dessuten kan de mineraliserte blokkene som er funnet

være fragmenter av noen få større vandreblokker som er blitt knust

• under e n sen fase av iSavsmt ltingen og dermed spredt lite utover. .


Mineraliserte blokker som ligger med noen få meters mellomrorn, og

som tvdelig har vært 6n stdrre blokk, understøtter dette.
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BLOICKTOG BRENNVOLA

Toget med mineraliserte blokker ligger på proksimalsiden av en stor

rygg av uklar opprinnelse.Også her har blokktoget,som er 1300m langt

og 100 m bredt, en klart definert begynnelse og slutt.Men lengdeorient-

eringen (1570) er mer nordlig enn for blokktoget i Langen-gridet og

sarnmenfaller ikke så godt med den generelle isbevegelsesretningen(145°).

Blokkem er store (1/4-5 m3), kantE te og ofte knust.Deres posisjon i

forhold til den omtalte ryggen E r usikker,men det synes klart at i alle

fall noen av blokkene hører til (ligger oppe på ) ryggen.

I felt kan ryggen umiddelbart SE Ilt som en ablasjonsmoreneform i og .

med det uryddige omrisset og de store kantete blokkene.En naturlig

genetisk klassifisering av formen ville være sprekkefylling i en stag-

ne r e nde is. Ved flybildetolkning viser ryggen et helt annet utseende.

Dens lengderetning (157°) er fortsatt litt på skrå i forhold til siste is-

bevegelsesretning (145°), men superponert på dette ligger 3-4 mindre

rygger med en klar retningsorientering på 145° .(Disse er tegnet inn

med stiplet strek på kartskissen).Det antaes derfor som sannsynlig at

ryggen er av subglasial opprinnelse og kan defineres som en drumlin-

oid form danne t av en aktiv is i bunnmorenemateriale.

To retningsorienterings-analyser , etter Hay & Rahmann(1974) og

Briggs (1979), fra toppen av ryggen (S I og S II i figur gav ingen


signifikante re sultantvektorer. Glasifluvial aktivitet på rvggen etter

danne Ise n ( P 13" = "lakustrint" materiale utvasket fra ryggen) eller

postglasialE utglidninger kan være årsaken til at steinEne ikke viser

forventet orientering parallelt isbevegelsesretningen.En steinorient-

ering fra storre dyp i ryggen må til for å avgjøre dette.

Steintellingt r fra topp€n av ryggn S I (BRV 3500 S/ 1500 W) SII (BRV

2550S/1650W), blandt de mineraliserte blokkene proksimalt for ryggen

S III (BR V 25505/1350W) og fra nærmeste eksponerte bunnmorene 5,717,

(BRV 25505/1300W) er heller ikke entydige. Provene langs stasjon BRV

2550S viser alle noenlunde likt innhold av grov kvartssandstein = 40-

50 %,mens det S I r= 80% og i S 15 50.Dette kan tvde på at


materialet både på toppen, ved foten av ryggen og i nærmeste bunn-
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morene er av samm( opprinnelse.At S I skiller seg ut i forhold til

S II antyder videre at materialet ikke er avsatt ved en isbevegelse

på 1570, se figur 6.

sI Isuucc,cusEA:

I sm
• sz

hz1Sle

Fig 6

SI = SZ
SIL sta sa

istuvE.6ei..s€:
SI SU
SLE Sca SIT

Det er ikke mulig på bakgrunn av steintellingen å si noe om trans -

portlengden av de mineraliserte blokkene, til det er berggrunnsgeo-

logien i området for oppstykket og lite kjent.Drumlinformer og

rogenmorener og deres overgangsformer dannes i bunnmorene av

lokal karakter (Lundqvist 1969,Aario 1977). Undersøkelser av

Jorgensen (1977) viser at norske bunnmorener for det meste består

av korttransportert materiale,etter ca 3km er fremmede bergarts-

fragmenter nede i 40 %.En vanlig norsk bunnmorene (dvs ca 5m

tykk, blokkrik og med lite siltheir) vil ha en gjennomsnittlig tran-

sportlengde på ca 5km.

De minEraliserte blokkene i Brennvola-gridet antaes å være en

del av den lokale bunnmorenen. , og den kantete formen på blokkene

antyder kort transportavstand. Med et morenedekke på. ca 7m og med

den kantrundingen blokkene har, er det sannsynlig at de er transport-

ert minst 500m (Minell 1278).Nærmeste konvekse område mot is-

beve gelscn er hsiydedrage t (732m) vest for AbbortjaIPQ 533258).

Området SkarpåsEn (UK 483199)-Gråvola (UK 506222) kan også vært

kildeområde, dett( gir en transportavstand på ca 9 km.
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Det er også mulig at blokkene kan tilhøre den langtransporterte delen

av bunnmorenen,men knust ved avsetningen og virker dermed mer

korttransportert. Blokkene kan også ha vært transportert et langt stykke

englasialt og dermed beholdt sin kantethet hvis kildeområdet ligger

høyere enn omgivelsene.

Som for b1okktoget i Langen-gridet er utbredelsen av de mineraliserte

blokkene uventet, spesielt når man antar at de er Elyttet minst 500m av

isen.For det første er alle blokkene relativt store og opptrer i et meget

sma1t bånd med en klar avslutning etter ca 1300m.For det andre ligger

blokktoget her i en vinke1 på ca 12° i forhold til den antatt siste is-

bevegelsesretningen.Noen fullgod forklaring på 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 lå nærmere (over midtre deler av Femunden, se fig. 3) noe

som gav en Trie r nordlig ( 157°) isstrømsretning.Det finnes ingen spor

etter denne fasen i skuringsstriper.Senere,når. iskulminasjonssonen

trakk seg sør og østover,ble isens bevegelsesretning mer vestlig (145°)

og de mindre ryggene på toppen av hovedryggen ble utformet.Den

sterkt begrensede utbredelsen av mineraliserte blokker kan skyldes,

som for Langen blokktoget,at blokkene er deler fra noen få nedknuste

kjempeblokker.

En annen mulig forklaring på de mineraliserte blokkenes utbredelses-

monste r kan ligge i deres relative w ktoverskudd i forhold til andre

umineralis rte blokker av samme størrelse,og at begge blokktogene

ligger i en sone twor terrenget går over fra å ha vært Eallende med

isoverflaten til flat- eller motbakketopografi.
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KONKLUSJON

Blokktog LangEn: Kan med stor grad av sikkerhet antaes å være

langtransportert ( .5krn).Kildeområdet vil sannsynligvis ikke ligge

nærmere Enn linjen Skarpåsen (UK 483199)-Gråvola (UK 506222) -

Skebrofjelltangen (UK 547203).Det er ikke utenkelig at blokkene stammer

fra kjente forekomster av blyglansmineralisering i sparagmitt på

svensk side av riksgrensen.

Blokktog Brennvola  : Formelernenter og tolkning av morenedekkets

transportavstand er her usikker.Hvis ablasjonsmorene utelukkes,

• vil blokkene ligge i korttransportert bunnrnorene.Hvis de rnineral-




iserte ,blokkene tilhører bunnmorenen, er de korttransportert,og

kildeområdet vil sannsynligvis ligge i en avstand på 0, 5-5,0 km.

De konvekse områder som kan tEnkes som kildeområde er høyden

vest for Abbortja.(PQ 5332 58) eller høydepartiet Skarpåsen-

Gråvola-Skebrofjelltangen.

Hvis de to blokktogene har fElles kildeområde, er blokkene antagelig

langtransporterte ( S 5km), og blokkene i Brennvola-gridet må ha

vært transporte rt englasialt eller blitt knust under avse tningen.

•
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BEMERKNINGER ANGÅENDE MINERALISERTE BLOKKER
I SOLLIA,ATNADALEN.

De mincraliserte blokkene i Sollia ligger i en vanlig bunnmorene
av " påsmøring -typen " , som finnes i alle våre større daler
som går på tvers av isbevegelsesretningen.Disse morenEne er typisk
svært korttransporterte,men har som oftest innslag av langtransport-
ert materiale med en glasifluvial forhistorie.Samrnensetningen av
morenen kan derfor være variert. Morenene er tykkere mot bunnen
av dalen og kan her ofte være sammensatt av flere gcnerasjoner
avsetninger etter som isen beveget seg gjennom eller på tvers av
dalen(se Bergersen RcGarnes 1977 som følger vedlagt).
At Sollia ligger så å si rett under den antatt siste aktive iskulminasjonen
gjør bildet meget komplisert.

Det ble ikke funnet skjæringer av en slik dybde at flere generasjoners
morener kunne skilles ut.I det største snittet som ble funnet (lite
sandtak langs ny tørnmervei NP 885534, se figur) var rnorenen
tydelig fluvialt behandlet, se prøvene A A III. Ved steintelling
kunne det ikke finnes variasjoner i dypet ved grustaket, eller noen
forskjell til morenen på sørsiden av dalen (NP 878512).
Steintellingen viste innslag av både trondhjemfeltets bergarter
(godt rundet gabbro og trondhjemitt fra nord), grunnfjellsgranitter
fra atnavinduet og røde sparagmitter fra øst.Det er sannsynelig
at siste nedising begynte med en dalbrefase som utløpere fra Rondane,
senere en isbevegelse fraanord når brekulen lå over vannskillet ,
og ventelig ingen bevegelse i bunnmorenematerialet når iskulminasjonen
hadde vandret sørover til Atnaområdet.Mesteparten av morenemat-

rialet er ventelig avsatt i perioden med isbevegelse fra nord,

noe som gav en "påsmøring le-effekt" i Sollia.

De mineraliserte blokkene var alle sterkt kantet og så lokale ut.På
lokalitet 84-ATB 19 (NP 892527) virket det som om mineraliseringen
var i blotningen.Langs veien ved NP 876525 var blotningen i veigrøfta

g e t 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 kildeområde for de mineraliserte blokkene.

Variere nde isretninger og utrasninger av morenemateriale i dal-

sidem umuliggjør dette. Men det ser ut til at de er korttransportert

og ligne r svært på bergarten som fle re steder er blottet i Sollia.
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UNIVERSITETE OSLO
Geograhsk institutt

Sedimentenalyse
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UNIVERSH ETET I IDSL:I


Geogrefisk ns titutt

Sediment c nclyse

9

Prevenr 1-•

Lokalitetsbeskrivelse : ATIJA

Formbeskriv se: 6/2.,t411)M,

Materialtype
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Dyp i m 2.0
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UNVERSU1 ET OSLO

Geogratisk institutt

Sediment cnoiyse
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(ANIOC Amoco Metals Company

2;),),)s„,IF, StrPH

3137u 5,),U

March 2, 1984

Mr. A. W. Jackson
Amoco Norway Oil Company
Mining Division
c/o FolldalVerk
Lilleakerveien2
1324 Lysaker
Postboks308
Oslo, Norway

Dear Alvin:

This is a draft copy of my reporton the IP resultsat Sparagmite.

I'm off to Mexico for two weeks and will tidy up the reportwhen
I get back. I don't expectany major changes in my recommendations
regardingdrillingand additionalIP lines. But,Iwould like to
make some commentson futuresurveys.

This should hold you for the time being.

Best regards,

C-7.V//ial-LaAt%Le.)44,

E. J. Ballantyne,Jr.
Chief Geophysicist

EJB/ce



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

Brennvola

350E
350E
100E
100W
100W
300W

6505- 200N
5505- 150N
5503- 350N
5005- 500N
4503- 600N
5005- 600N

Elliot-Crone

SGU

SGU
Elliot-Crone
SGU
Elliot-Crone

31505 750W-2200W SGU
34505 1000W- 50E SGU
36003 1900W- 950W Elliot-Crone
37505 2750W-2200W SGU
40505 2750W-2200W SGU
43503 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 S stems)

These data indicate two strongly anomalous zones.

The southern anomaly starts near 5003 and is still anomalous at

1,
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 5503 should adequately determine the source of the
anomaly.

The northern anomaly begins near 753 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 253 is
recommended.



This is one of two lincs surveyed with bolh 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
Elliot-Crone system must be favored.

Line 100E (SGU)

These data indicate anomalous layer over the lenght of the line
with the most anomalous region from 200S 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 southern half of the line, taken with the Elliot-
Crone equipment are extremely noisy but indications are that the

,11 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. (Thedepth is
determinedfrom the resistivitydata which are consistentwith
the Elliot-Croneresistivitydata.) The most anomalousregion is
at 50S, which is a non-anomalousregion as interpretedfrom the
Elliot-Cronedata. In the area of the anomalydescribed in the
first paragraph,the SGU data are even less anomalousthan on the
rest of the line.

 
There is little doubt in the mind of this interpreterthat the
anomalyoutlined by the Elliot-Cronesurvey,described in the
first paragraph,is a valid anomaly and worthy of drilling. The
lack of confirmationof the anomaly by the SGU equipmentlead one
to question all the data obtainedby that equipment.

Nevertheless,the fact that the most anomalousarea of the SGU
survey coincideswith a group of lead mineralizedboulders could,
in itself,warrant a hole. If one is sited in the vicinity, it
should be placed at 50S.

Line 300W (Elliot-Crone)

The noise level is moderatlyhigh along this line. One anomaly
appearson the line between stations50S 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 31503 SGU

A strong anomaly appears at 200W. There is 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 34503 (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 37503 (SGU

A small resistivity and IP anomaly is noted at 2450W. Due to the
limited amount of data, drilling is not recommendedat this
time. However, additionalresistivityand IP with the Elliot-
Crone equipmentwould resolve the validityof the anomaly.

Additionalresistivityand IP work is recommended.

(4, Line 36005 (Elliot-Crone)

The data on this line are extremelynoisy, and IP readingswere
not obtained over much of the line. Neverthelessbetween 1200W
and 1650W, IP readings,where they were obtained,are quite
high. They are high on the n=1 dipole separationindicatinga
very shallow source. Drilling is warranted.

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

Line 40503 SGU

An anomaly is present on the eastern end of the line but due to
the lack of data, not much can be said. Impressionsare 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 is

enough encouragement to do additional IP work with the Elliot-
Crone equipment.

Summar of Recommended Drill Hole Sites
(Priorities are 1=best and 3=least)

Langen Grid


LINE STATION PRIORITY


350E 5505 1
350E 25S 1
100W 350N 1
100W 50S 3
300W 255* 3

Brennvola Grid

36005 1450W 1

*Could be an angle hole

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

Brennvola Grid

Line 37505
Line 40505
Line 4530W


