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This report dnecribes the resclts cf ceolOc±cal rnconna:ssnnsn

work carried out in 1983 in the middle- to upper Properozoic

Telemark supracr-stals.

Y'ninc has ta<en ciace in the Telemark district for at 1east

three centuries on numerous small but ri:h occurrences cf --

Ac, Aii, Bi, Mo, Pb and Zn. Most of the decosits mined were

ecicenetir vn'ns as fcr instance the Bleka cold vnin,

stratabound cre tyces have been known in the area for some

time. With the recent renewed interest in precious metals and

the larce nunrer cf "new" credominantiv velcanccenic hslk

tonnace coLd and si1ver cre tyces phat have heen defined

escecinlly in thn wessorn 't wss felt that a


reassessment of the crecicus metal pctential df TeLn_ar< was

worthhiLe.

The main aim of this summers work was accordincly tc caoher

enciich ceclocical data to be able to motivate an exp2loration

camoaicn in 1984. :his aim was achieved hy several methods.

r<ecional ceoLodical reconnaissance work was carried in


Telemark sicracrJstals and a litterat.ire study '_Indertaken in

ordc-r to dec'ne conpe=a1 depositicnal models cf the suira-

oristals end Cence at a later star:,e de:fneate prs teE


of precir'us metal mineralization whch s"--v hn exmected

occur. As an aid to this work, and with a view to test

precicus metal distribution in known mineralizaticn, a ndmher

of o1d mines were suoe 	 1a 	 1nvn - s's-- ed cind

limited prei'iods work in the aree and fron the 	

the ahandoned mines Ti Idnes, ,cv±n and

for cLose investication ans as pney ser::

•

•
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were arvest‘, c ry corec' ects P.Y. and HS.

Schcnwardt. Sarcl_nc cf low crede s1orife rCreraliTetacr c=

various types was carraed out dzrinc the recional reconnaie-

sance ard led to the dzscovery of hatherto unknown

Au-Ac-bearinc horizors.

Two areas of which one contairs the abandoned EleKa coLd ene

were selected to test the effectivenes cf exploraticr by

strear seCirenz saocloro ir this hich-aLtltcde, c-

terrain, and cne of the rz-es wi n strataboand ore yl..11dres)

was ccvered ry an IP/resistivity ard (;)roundrac. sircey

order tc deflne the geochysical response of this type of ore.

A total of 214 lithogeocherical sar.c'es ard 226 stre..n

sedirenz sarples were collected and s hi oped tO Yercurv

Ireland for aralvsis for Ac, Cc, Pr,

A total of 48 r.an-weeks were spert ro the arna, ine'cdarc the

worK cc 'rree ceoLocists PY5), cne enc'ndeer

(Elstad) ard four assistants (Elstad, Veisal, Norup, Thcrsen);

de-ez's arn civen in Acuerdax 1.

An estir,ate of the final tc• for 1963 tctaLs kr. TTC.220.-

portInc; deta Ls are clven in

This reccrt conta four rajor sectLcns. Toe firsz parz

descriPes the litholccies and stroCt_;:es

a scheme of develcpment is estarlished and conceptuaL

depositional rodeLs for zhe scpracrostals are prcrosei. The

second cart descriCes Krown anc rewly discovered

(": r'strict; A.

ard 7e)c- --pe rirere':-

- c

-

reco-meoda-arne =

scrrarv cf the current Noirsk

aiven ir Ampendax 2.

a Zrief E=a

th par_ constsz

work ar the aren. ru

ola ins in tnIs c tr'_ct is

•



• 2. mRLFvP'RK SUPERGROUP

The supracrustals of the Telemark SupergrolJp comprlse a

secuence of acid and basic volcanics, cuartzites, conclo-

merates, schists and subordinate marbles. Tn the cent-ral

of Telemark these supracrustals are uo to 7000 m thick and

occucv an area of approxinatelv 9000 km2 (Plates 1 and 2).

Sna11er areas occur in western Telemark, the Ecer=t1nd area

(Versteeve, 1975; Falkum, 1982), and the widesoread F=ordane

supracrusta1 complex to the north of Telemark may similarly

correlate with the Telemark Supergroup (Brvhnt and Grinstad,

1970). 1n eastern Norwav and in Sweden an area of aporoxi-

mal-elv 19 CCO km2 con=ists od the sub-Jctni=n Cala acid

corphvries and overlying Jotnian ciartzites. On the basis of

sinilaritv of lithologies and radionetric ace deterninat.:_cns

these rocks have been considered an equivalent to the Telemark

Sucercrouc (Pr'em et.al., 1969).

The Telemark and Dalane sucracrustals discordantLy overfle

older, in mcst cases Svecokareltan basenent gneisses and

cranites. However, this re1= 1-,flr=h1/2 i= b: no me=n= clear in

Telemark due to renobilization of the basement du

postdepositional Sveconorwecian orogenv. Fecent mapcinc in

western Telemark nevertheless indicates a true basemenz-cover

re1ationship (Sigmond, 1978) and a depositional contact has

been recorted bv Na-0-=tad et.al. (1973) from norznwest

Telemark. in Sweden the decosition of the palane coinplex

costdates defornation and micnatizaticn of the older basement

gneisses (Lundcvs*, 1 979).

Radiometric datincs of the TeLenark shcw the

influence of postdepositiona' metamcrphism and deformatIcn to

vari-TYJs  (975) ra-t-tz a

"isochrcn" on acid netavoicanics from the lowermost F<jukan

grouc indLcatinc an ace cf fornation cf approxim=zely

Prien et.al. (1972) uresents a number cf Rb-Sr ace d=tern

nazions on acid metavolcandes fron varLcus fornationa cf the

Telemark S,JC.er;r= and concludes that the ace of the

3124:



•
oldest supracrustals ecuals that of the Dala-norphiries 1n

easterh Norway as orevicuelv determihed hy Pr er et.a1.

(1969), 1.e. 1570 However, that part of the :a1ahe


complex which is exoosed in  1\:orwayhas beeh c;hTected

to weak Sveconorwecian metamorphism and deformaticn (Ccns,

1960) which may have caused some disturbance of the radio-

metric systems. In accordance with this Welin and Lundovie"

(1970) reports Rb-Sr datincs of undeformed Dala porphyries cr

1635 Mc, ecaivalent to 7ersteeve's (1975; datinc of the o1dest

Telemark supraor.Ista1s.

The vouncest formations of the Telemark Supercroup helonc co

the Bandak and Heddevatn Grouns, which may have formed ac late

as 1200-1000 Ma aco, i.e. durinc the initial staces of tne

Sveconorwegian oroceny (Sigmond, 1976; Oftedahl,

Bace'd'm dyKee cr-me catt».ac tre pa1a .cornhes

overlyinc Jotnian cdartzite have been dated at IIIC Ya and

thas provide an upoer possible ace for the formatiOn of a

mator part of this criartzite (12,ndovist, 1979).

The un,e„ ccc lir.iz of the TelemarK sucracrastals are

determined hv a ruroer of grah.'"e 'h.tr...c1onswhich chc./

radiometric ages of approximately 1100-80C Mc. (Killeen and

Heier, 1975).

The avs11aOle ace determ_natiohs ths inclica`e

aotivity in the Telemark and E.aTane recicns becan at antroxi-

matelv 1€51 Mc aco and that decosition or cuPdacr.m-a-c

have continued for more than 500 mi111cn years.

The Telemark ei:racd-er - • He div'ded 'nto fo,

units compr1sih cne cr more formally defired sdradrc

CrCis. From oldest to oancesd these are

Sicmond, 1972; Annim, 1950): the Rddkan Group; "'re

Crcan; the 2anda< r-rOjC (cW,1_,nt to the socalled te,


and their northerh continuazioh, dhe Numedal nr"-C

EjecrtevatnGrcc2.



• The Rjokan- and Se1ord Src=e ectan theHr larcesz

thicknesses of more than 1000 m and 4200 m resoective

centra' cart of Telemark (Fic. 1), and have been fcldef. an

ercded hefore the c'epositicn of the overlvinc strata:

leptites and the emiivalenz Nomedal Gr000 towarde the eaet

(mintmom thickness of 3000 m), the centra1 Bandak C:=

attains a thickness of at least 2200 m, and the ca.

thick western continuation of the Bandak Group, named the

22j,bergalsGrcup (Sicmond, 1978). The westermosz Hedde

Groop conformahly over'4ee cne B.:ibercAe r-rcom and ns a

maxmom thiCkr,ess Of at leasz 2200 m :Fic. 2).

2.1 ,TTT7AN cRC:=

As orinalIv defned in the S,.jokan-Gaostaarea the

dr000 comprtses twc formazions: the lower nredommnanz

volcanic formation and the predominant'v

Vemerk formation (pons 1960). :cns' (co.cit.) werk and later

invesztcaticns have shown that a n...mherof other rtck

correlate with zhe Pjokan crooc, coutorrinc 1n zne

Bronkeberc-Se_ -; :•Tissevatn-Fvresvazn-




Åmli: Sæsvatn-Validal.

The acid volcanics cf the Toddal formation ccnirr:seanse_

number of rock onits related to the formation cf exnlo

cenzers inclodina welded to"s, --cfc, laoiflt ttfirs,

acclomerates, ? lahars, introsive breccia cioes and

.nme-like intnostnns. A few on'ts, eece-

welded tfffs whirn mav me S'z.ende-poeized as

L-C.%?1:23i

•



HEDDEVATN
GROUP

n( 

BANDAK < >LEPTITES,
GROUP NUMEDAL

1 DISCORDANCE GROUP 


BLÅBERGÅS \ /---
GROUP \ SELJORD GROUP //

/

-‘ 1 /
I.

RJUFZ,(NGROUP

WEST EAST

Fir. 1. Schc?ratiestratir:ohv of the Tele:-.arkSurar-
grour

BASEMENT

•

•

V • CA a,17e55k forn

hima tor

	

rI 5, E.Im•RI

ma.9.aai

	

1 I ••••  ¥

tliaa• 5•.-vcr,

41•IOTOCiai0- NESFa•tf m 5 & 5 VAT

:

.E°.4	 ---‘.•••••••
"

.tlt aa.n't SL•Rtffili,,,L1
s ,•• ,..` y •5 7., oCc er I -1 IE, y.- 5 L •

I s•I • ^~ 1 1• ^•1.e.,

1•. •• • ., g
^ tan,` 10

.4.•••1 -1••, • , •,•,
-,•, .^./.,- -s..

s• •••••

• -1e.- • ayyr,

Fir. 2. Stratirrsrhy of the western part of thc Teleniork
Surergrour(Sirrona, 197^). Correorons to Flate 2.



The lavaflows are of green, crev, reddish, brown,

and white ccLour and varv in textsre between classy cr

aohanitic, caartz- and/or feldspar corchyr and

clowtanded (Fic. '). retaced paponc bv Wvckoff the

Tuddal area indicate that tyPtcal acid flows are a few ionc

and scpe hindred peters thick in accordance with their

oricinal hich-viscositv (rhvolitic) oroperties. Tevcri^i-

cation features soch as lithophysae are widespread, paces


copoletelv reolacinc the ortcinal volcanite (Fic. e

Tsffs and lapiLli tuffs exhibi varvinc dec_

forp the major part of the Taddal Ecrpattcn. They

generally of crey to redjish cciour and vary in:textr re

between aohanitic, dense tc cranular, waartz-feldsca_

porphyritic, and fineLy layered (Fics 5: 6). The tuffs

units of creat lateral extent and with thicknesses cf Pore

than 600 m as seen for instance along the southern slcpe cf

the R:skan Valley. Post-depositicnal defcrpatton and

pete=roh:_cp. wh'ch 'ncreaeee ncrth an,-;eact


Rjakan have transformed the tuffs tnto schistcse ap'

ca=i- teldspar - Pica schiscs.

Acgloperate be s are frecrent i

tsiff-units and shcw ac radations to the_Lacua.._ituffc.

accloPerates consLst of roanjed tc ancular oebbles and

of acid and locally basic voioanics In E tuffaceous

of cuartz, alkali feldspar and se-1-4ce A flow CcePc'o,

Don= (1960) i= oharaczerizec; by an excr=n=

of cortinc and pay represent a pudficw (Lahar).

Isctrobic and nonocanors rcck units

intras:va rh 	 ccronyrIee have ceen natec

araa. c:nsist of an crey patrly

lo ish feldspar chenccrys 7) .

ne ida1 =:== wvcçoif 19:4 hec •escr:Hed

cva -htch occur asonc a 2 k.p.Lcnc,

trendro zone. They shoW sharo, sicovert: cal contecte toe
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surrounding acid tuffs and flows and consist of rounded, 0.5

to 2 cm sized quartz "pebbles" and up to 2 cm sized feldsoar

grains in a finegrained, biotite-rich quartz-feldspar matrix.

A number of basic volcanite beds are interlayered with the

acid volcanics of the Tuddal formation, reflecting the bimodal

character of the Rjukan group. These basic intercalations have

previously been described as sills, of which some actually dc

occur in the Tuddal formation. However, this summers work has •

shown that the majority of the basic rocks represent tuffs,

agglomerate layers and basic flows, in places exhibiting

pillow structures (Fig. 8; 9). These volcanites are in every

respect similar to the overlying Vemork formation and clearly

reflect the initial staaes of basaltic volcanism.

The Vemork formation rests conformablv on the 'fluddalformat on

(Fig. 2, Plate 1). Its lower part consists of a more than

100 m thick basaltic agglomerate/conalomerate and tuff unit

which is well exposed in the western part of the Rjukan

Vallev. This is followed unwards by a monotonous sequence of

basic tuffs, massive and norphyritic flows and occasional

agglomerate beds. In general these rocks are confined to the

least deformed parts of the Telemark Supergroup and

accordingly appear as areenschists consisting of chlorite,

biotite, epidote, albite and calcite (ankerite). Minor

intercalations include pebbly arkoses, greywackes and shales

(biotite schists).

The Haalebu Metatuff described by Annis (1980) from the

Numedal recion situated to the north from Tinnsio (Plate 1),

occupies a stratigraphic position which is ecuivalent to the

Rjukan Group and is accordinalv correlated with this. The

Hagleby M=tatuff is mcre than 2000 m thick and occupv a wast

area. It is characterized bv its grey to pink colcur ar.c:a

massive to mottled anpearance du= to the nresence of lithic

siliceous fragments. The metatuff has been metamorphosed to a

clinozoisite-biotite-guartz-albte cchist, with f=rrohast-

ingite porphvroblasts making up about 10% of the rock.

2124C
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in the 3cinkeberd-Sel'ord district the Rjukan Group is

de7eloced more or less as in the northern areas, i.e. it is

dominated bv acid tuffs and flows. However, it contains mincr

intercalations of orthoquartzites, conclomerates, and hasic

flows and tuffs ;Plate 3. Recent investications in the recion

to the northeast of the Bandak granite (see Plate 3) have

shown that the area Brunkeberc - mvei-grendi - Årnotr= is a

part of the Rjukan Group and not, as hitherto assumed, the

Bandak Group (Nielsen, cers. comm.). This area hosts a numner

of important mineral deposits incl.idinc the Listol As-mine,

and consists cf interlavered acid quartz-feldspar corphyri

tuffs, and basic chlorite-amchibole schists cronabl'

representinc oasic tuffs.

=fl-racrustals are situated to the east cf lake

Nisser (Plate 1) and are known as the most hock for the

Softestad irot ore deposit. The supracr-='>'s i-

ambnibolite-facies crade me-=morc.cic  rn anH  a


secuence of basic and acid lavas, tuffs and acc'emerates, the

latter frecuently carryinc c-Jartzte fracment= Yv.itchel1,

1967). Characteristicallv the volcanics show evidence of

alternating acid and tasic extrusions with a predominance of

basic rocks. The volcanics have been intruded ny babbros which

have been altered to hyperites during the subsecuent

metamorphism. Althouch no direct correlation is cocs ble :t is

assamed by several authors (c.c. Plocuin, 1980) that the

Nissedal sioracrustals are eccivalent to the

Two small areas with supracrustals occurinr between 	

7-.recvetn cnd Nisser heve tentet been correLate th_

Grcun (";toit, 1972; F-ate '). =t Mom-e• or ohe

shore off lake Fyresvatn Stost (oo. cit) b'effned the

formation which predominantiv consists of biotite sch sts th

minor intercaLations of amcniColite, quartzite and co

- ceCrite o.neiss. This is cverLain tInconforcab

:oLcanic rscKs which correlate withthe..--2anda<



• therefore (in conjunct on witn the litnolocv) sucgest " =

above mentioned correlation between the Lintjorn format on and

the Rjukan croub.

To the scuth of lake Fvresvatn and N'sser small areas w th

hichlv deformed and metamorphosed acid and basic volcanics

occur. No direct correlation with central Telemark is

possible, but on the basis of similaries in litholocies,

petrochem stry and in cart structure, Ploctiin (19'8,0)ha=

siggested that these rocks may correlate with the PHukan group.

Metasoracrsta1 rocks beloncinc to the Breive croup (Sigmend,

1978) occur near lake Store Foresvatnet in the central part cf

mab sheet Sauda (Plate 2). They consist of amphibolites and

leptites representing basic volcanics, metaquartzites,

metaarkoses and/or acid metavolcanics, and thev show more

inzense foldinc than the overIvinc strata. A discordant

relationshin to the latter is nct possible to demonstrate

but a discordance is c:early

map (Sigmond, op.cit.). These features succest the correLaticn

with the R:u•an group which is snown in fl;. 2.

Relatively few chemical analvsis have been carried oit cn

rocks of thn Rjukan groun. The felsic Haoleov Tuff of the

Numedal recion is described as beinc of dacitic com=siti

(Annis, l93C), anj Moine and Ploquin (1972) and PloEJin

describe the rocks of th= Tt:ddaL form,-t'rn in ceneraL terms as

alkaline, siliceous and leucocratic with sodic rhyodacitic

and pctassic  ccmccsit'ons. mh= 9i02 content

cennral above with =cme anaL showinc more tnan

rocks witn Less tnah 71% ar= rare Tho


volosnios are Aen'eted 4n MEC and total Fe and the

ratio is ca. 2.25. A sodic trend is apparent

towards the southern region (Brunkeberg-Nisser).


(op.cit) t(rther charamterzec the basic lavas of tne

basaLts witn a cotassic -rend, some exhihi

toward_ ---boc't(cnc.



In su marv, the bimodal character of the Rjukan Grcup

volcanics; the wedge-shape of the deposits; and the evidence

of an underlving continental crust strongly sucgest that these

rocks were deposited in fault-controlled basins on the Saltic

shield formed in response to extensional tectonism. The tulk

of the acid volcanics have characteristics reminiscent of

ignimbrites and mav therefore have been related to the

formation of calderas. The subsecuent basaltic volcanism mav

have taken place as fissure eruptions in resDonse to continued

rifting or may have been related to shield voicances.

2.2 CLASTIC SEDIMENTATION: THE SELJORD GROUP

The rocks of the Seljord group consist predominantiv of very

Dure cuartzites with interca1ations of conglomerate and

various tvpes of schists. Thev OCCUDV large areas in central

and eastern Telemark and may be traced continuouslv to the

northerly NJmedal recion where cuartzites fcrm widescread

deposits (Plates I, 3 and 4). The groun attains ereatest


present thickness in the sliehtiv deformed Rjakan-Gaosta area

where a mininum thickness of 4 km has been estinared

(Oftedahl, 1981). Towards the west the thickness of the

aoartzites rapidly dimin±shes (Fig. 2). Thinninc a-Laysimilar ly

take place towards the east although the postdepositional

defornation obscores the relations in this rer2ion. Tcwards the

north a thickness of ca. 300C m has been estiated inthe

Numedal recion.

In the Rjukan area the base of the Seljord croub i= develoced

as a thick conglomerate containinc Debbles of guartzite, cf

the underIvino basic and acid volcanics cf the Rigkan

and of granitic gneisses which mav reoresent basement rocks.

This basai conglomerate is, however, not a onLversal featore

of the Seljord Grou. In the Seljord-Brunkeber; area very

thick and extensive cenclonerate herizons occur whach

orevioos1y have been inters,reted as a basal conelcnerate cf

the Seljord Group (Plate 1). The Debbles of these

conglomerates consist almost  ct 0-=-rtzite and cculd

thus net have been derived =ron other on»ts than the



•

•

•

•

Seljcrd Groub itself. These conc1omerates are thereror= not

basal conclomerates but they indicate pericds with erosen cf

already lithified sandstenes. In the Numodal rPcion Ahni

(1980) described the lower hcundarv of the cuartzites as =

zone of interfingerinc between the acid tuffs of thP Hanlenu

Member and the sandstones.

AhovP the hasal zonP follows the thick, relativelv homcc=nou=

c,lartzites that make ub the major part of the Seljord Grcup

and which tvpically consist of nearlv bure cuartz (up to 99%)

with s.lbordat= amou6ts or 	 ts'd -a-, =r.H.d--=and


mncnetite, the latter forminc rare heavy mineral seams. The

grdin size and sertinc cf the guartzites varies widely.

ceneral mediam to fine grained, relativelv well-scrted

cuartzites preecminate, although the rance of lithofacies

includes the following, characteristic tvpes: massive medium

grained quartzite; blanar-bedded fine te medium grained

crlartzite with cLay beds; blanar- and trouch cross-stratified

fine-, medium- and coarse zrained cbartzites with clay beds

cradinz inte, and containinc lenticular beds of poorly scrted,

in part brcs=-=6 -=6:c=d or boo6y 'scri7e6tally

conclorerates (bebble beds); and ribble hedded, fe

zrained zudrtzite with c1av laminae. Frosien channels cn all

scales are widespread (Fic. 10) and ripple marks of

oscillation - and current type are ubicuiteus. A larze =sher

of other tvpes of sedimentarv structures have been sumarized

by Sinch (1969): herrnchene cros-s- catien;


cross-stratification with overturned foreset laminatitn;

m=ca-ribc10 t=d4'nj.; ribb1=-1am»nation of various tybes;

lenticular - and bossibly flaser beddinc; wavv beddinc;

raindrob imprints; tieturhate structures; slumu struct,res;

m,:dcrac)‹s'Fic. 11); and ball- and cillow structares.

co1cur of the gbartzices is white to grevish. However,

whH'e cu=rtzite cr=d=s 'n th= hiohest bart cf the strat

into a hematite-stained, red o'uartzite. In manv ar=as a

tinbe s apparent in esoerv creyish cuartzites. Thi

cous=d ty a hizh content of bble cuartz zrains which had_ been

d=r'v=d crcm borphyr'r'- cr he Rjakan
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• The quartzites show in central Telemark a gradazion to various

types of schists and silica-rich rocks which have used as

marker beds and been namad the Svafjell-, Krakkset-,


Lauvhovd- and Bondal schists tv nons (Plates 3 and 4). Th=Ee

schists form up to 1 km thick beds and some of them may he

traced laterally over more than 25 km. :n the field

accear as distinctive, multico1o2red lavers in general

consisting of two lithofacies. The most widespread is a brown,

yellow and green calcarecus phyllite (F-c. 12) shcwing a

gradatien via calcareous cpiartz-bear'nc ohvllite to ce'-*

calcareous ctartzite and to quartzite. :nterlavered w:_th the

phyllites, and frequentiv occurinc at the base of these, are

ip to 2C m thick layers of laminated, red, creen, grey and

brown chert (Fig. 13). These massive, flint-like rocks exhibit

in places mudcracks and soft-sediment slomc - cr liwsefact'_on

structores (Fig. 14). Petrochemically the twc l't•-ofzr4“

tyces are characterized by a ve:y hich cotassium. content

(Ploc:oin 1980) orcbably caused by a 1=rce volcan c detrItis

component (Oftedahl, 1981).

The mlneralocical composition and tne textures of the ick

criartzites of the Sel]ord group show that they represenz very

mature sediments. The content of acid and basic vo1canic

pebbles in conolomerate beds and the in cart larce ccnter-

blJe cuartz grains in the c.:artzites inchcate that they to a

large extent were derived from the underlyinc volcanics cf the

Pjikan T•-roup.To date no convincinc ev'_dence has Ceen frnd

which proves a postulated major unconformitv at th= baSE of

the Seljord groJc (Dons, 19F3). In fact, the deri7ation of a

majcr cart of the criartzites frcm,the onder inc vc,1canics

contacta

claces, and 4-h==-Hdonc= rcc..ed by ;=^^4s

lateral interfincering and a gradation between the

and the acid volcanics suggest that the decosition cf

c:.-"14or-;Orc20 'n other c'ac=c w=0 contemnor=n=o-i= w'th the

R:ikan Groub. Thit is cortl: __Latej cccJrrence

11 :4C_
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of subordinate beds of greywacke, arkose and cuartzite

throughout the Rjukan Groun. Fowever, the majoritv of the

Seliord cuartzites were apnarentiv denosited later than the

nain stages of volcanisn althouph the calcareons =ch'ct=

(c1avey and silty sediments) with abundant volcanic detritps

mav renresent distal tuffaceous material and thus indica`e

recurrent volcanisn during the denosition of the clastic

sediments.

The widesoread occurrence throughout the cuartzite sec-Jence of

sedimentary feat..iresindicative of a shallow-water, tidal-flat

depositional environment succPst that the majoritv of the

Seljord Groun was denosited in slowly subsiding basins with a

more or less continueous, and amnle input of clastic naterial

(Singh, 1969). Although repudiated by Singh (op.cit.) the

localized presence of nebblebeds may represent deltalc pol--

bars or braided stream denosits possiblv indicatinp discha re

areas from a hinterland.

The fl.%'*,lense-shaned beds of calcareous lite and the

associated bedded chert reflect periods with sta;nation in tne

input offcoarse clastics and the in1`4a-or of chemlcal

(siliceous and calcareous) sedinentation. The fine-orained

volcanic detritus mav have been transoorted by streams or mav

have been deposited as a tcff. The chert beds show soTe

evidence of havinc been deposited as a gel Jnder verv shallow

water (mudcracks, licuefaction strJctures). Sinilar cherts

have been described from Lake Magadi in Kenva bv FriedmLan and

Sanders (1978). This lake is si.Irroundedby volcanic rocks and

the lake water is a scdi=-carbonate brine in which hydrccs

sodium silicate is nrecipitated annuallv and later converted

to bedded chert. Thee =eat.dre, ocrbHne°- with -ho ev4;.ence o=

terminated beds and the sedimentary strictures indicative of

sha'low water sucgest 1-ha`a s:Jbctan-ia oart off'he Se'Hc--;


:rcuo 1:av have been deocsited in snallow lakes or in1and b a,

as previc(islv s'.10Eestedav Wyckcff (1931) and Dons (196:: The


presence of localized flat nebble conclomerates in the Rcdberc

ciartzite cd the Nunedal Grnup (F10 s'

3124C



to the relatively stable conditions of deposition. These

intraformational conglomerates indicate periods of

lithification orior to renewed erosion and the formation of

the flat pebbles which occur in an orthocuartzitic matrix.

Finally, the raoid decrease in thickness towards the soithwest

and the concomitant increase in potassium content (Ploquin,

1980) in this direction suggest the presence of a palaeo-basin

border of considerable relief in this area.

2.3 CONTINUED SEDIMENTATION AND RENEWED VOLCANISM:

THE 3ANDAK GROUP; THE LEPTITES AND THE VEDALEN COYPLEN

Rock-units which overlie the Seljord crouo include the

widespread Bandak Group in the west and the socalled Leptites

and their northward continuation (the Vedalen complex) toward

the east (Dons 1960; Annis, 1980) (Fig. 4). Although no direct

correlation is possible between the eastern and the western

provinces, the rocks of the two areas are tentatively

correlated on the basis of straticraphic cosition and

lithology.

The Bandak Group occupies a large area from lake Mrsvatn in

the north to lake Straumsfjorden in the soutn and from lake

Bandak in the east to 1ake Skvvatnet in the wPst. (Plates 1

and 2). It comprises a series of basic and acid volcanics

inter1avered with clastic sediments and subordinate calcareois

sediments. Due to a larce number of mineral occurrences the

Bandak Group is one of the better known units in Telemar,:. A

detailed stratigraohy, established by Dons (1960) fn

croup in the area to the north of lake Randak ls gi.

and this has been expanded to include the northern and western

areas by Sigmond (1978; Fic. 2).

3124C
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8. Quartz schist with conclomerate.

	

7. Marble (locally develoned).

	

6. Green lava includinc one layer of sandstone
containing fossils (?).

	

5. Porphvry (acid lava) (mav be missing locallv).

	

4. creen lava with conc7omera4-e, 3-4 beds cf cl.artz:te
with conclomerate, irregular and locally develnped
lavers of quartz schists.
Cu-Ac-mineralization.

Possible unconformity.

	

3. Quartzite (with conglomerate) of varyinc thic•ness.

	

2. Pornhyrv (acid lava) of varvina thickness, lccaliv
missing.
Basal conglomerate and wiartzite, the thickne=s.
decreasing eastward to zero, where no. 3 forms the
base (?).

The basic volcanics vary in appearance from massive

amphibolites renresenting flows to finelv laminated chlorite

schist which probablv are metamornhosed tuffs. mhe flows

include finegrained, anhvric, hornblende/antinolite and/or

nlagioclase-porphvritic types, locally with zones

characterized bv amvcdules of calcite, cuartz, zeolite and

enidote. EDi.jote and wJartz frecoently form semimassive

"nodules" un to some m in size. In the least deformed areas,

as for instance at the disused Dalane Cu-Ag mines,

flow-structures are present and the tops and bottoms of

individual flows (which varv in thickness between a few m and

a few tens of T) are characterized bv scoria beds (Fic. 16).

The hichlv ocrous scoria has been infilled ou-ple


forminc a structure which has been misinterereted bv Cons

(1960) as oillow lava. fact, no structures sugcestinc


extensive denosition of the lavas under water have been

observed in the Bandak Groun. Petrmchemicallv the baz,.'c avas

of this groun are characterized bv rocuin (1980) es basa,tc.

(cod'c) 1--endz ec.fleriav end


the scuth, and Sicmond (1978) characterizes the rocks as

sodi.sT;-d=inaced, ,flLcal:<aLine- cc alkalice Casalcs

tran.sitional ic cherristry Cecween thcleiites a:cdalkali

Casalcs.

•
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The basic lavas are interbedded with acid vcicanic cnits,

of wh'cn have neen named thP rfte- and Dalen nochyri

19601 (Plate These rocks are massive, isotrcoic tofaint'v


flow fcLiated and consist of a finecrained matrix of ccartz,

sericite and feldsoar with nhenocrysts of white alkali

feldspar and idicmiorphic to subrounded, frecuently b1ie Priartz

grains (Fig. 17). Petrochemically these porphyries are

potassic, sunalkaline metarhyclites and rhyodacites (sicmond,

1978) and they represent lavaflows andicr icnimicrites.

Tlastic sediments are intercalated with the vc1canics

throuchcut the stratigraohic secpence. The most comm -

encocnte:ed types are licht crey to wnize c-a-tz-ser)--)-e

schists interdicitating with 11ght grey to grev and creen

impere (arkcsic) ciartz,nes. The cuartz-se ec.-)s`s are


fine-grained and finely laminated and seidom show any

sedimentarv structures apart from bedding, and as suoges:ed by

Sicmond (1975) these rocks mav recresent acid tuffs. The

arkosic quartzites show nradiations from Licht crey

finely bedded cnartz-feldsoar rocks (Fic. 18) to 771.E.CIIJT

grained  cOnOc.°("'0: (h:.-1°)qc=rtc, csbor

varyinz amo.ints :cents of  anc basic

volcanics and frecuen exhinitinc -hrough cross beddinc

erosion channels (Fic . The finecrained tvoes show


gradations tc oelizic sch»sts wh»ch h=ce chemic..=

sicilar to the schists of the Sei:ord crocp

1980). The coarser crained varieties show nradations

to, and are internedded with matrix sucported conc107.a..e

beds comtosed of nebbles cf wiarzzite, and basic and -44

voicanics occurring in an arkosic crcundmass (Fiz. .


consnicccus, mediim zrained arkose which is very

exhibits an irrecular bandinc combosed of e

alternatinz with cu.---rtz-rich'enses Sto. 2L). This "

contains a considerabLe amccnt cf ovroclasttc material

ners. comm.) =:-dthe e-'4ote-r'ch Lenser mrc

ref)ect a bre=k-down off,:Hac»oclase._ _
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Metagreywacke and phyllite occur in subordinate nunts in a

few localities in the western cart of Telemark (Plate 2;, and

strongly localized, m-thick beds of calcite marble are pesent

at several stratigrachic levels in the Bandak Grouc

1960; Sigmond, 1978).

The eastern lithofacies consists of the socailed "recti'es" in

the soith (Plate 1) and their cossible ncrthern continatLon

named the Vedalen compLex in the N=edaL region.

The Lectites comprise a secuence of cuartz-sericite schists

(probably acid tuffs), acid metaagglomerates, basic tuffs,

metaarkose and metaconglomerate. The southern, central

Notodden-Fo11s*Hjartsjåvatnet region (Plate 1) is pre-

dominantiv characterized bv metaarkose with epidote lenses

(Fic. 21) which shows cradiations to, and interdicitate with

polvmict conclomerates with an arkcsic matrix (Fic.22). Along

the ruddal road, this arkose accarentiv grades into the

underlvinc Seljord quartzites. 1n the east (from Notodden

Follsjå) acid crystal tuffs and acid acelomerates (Fie. 23)

alternate with basic tuffs, and alonc lake Tinnsje in the

northern region a gradation is seen from a white

quartz-sericite schists (stratigraphically beloneino to the

leptites) to the cuartzites of the Seljord Group. This

quartz-sericite schist is finely laminated and contain epidote

lenses and mm-thick cenformatle caLcite lenses. Locall it

shows cradations to, and interdigitates with chv  (t'e.


24), and cross-beddine and rare erosion channels nave been

observed. The basic lavas have a chemistrv ccmcarable to the

greenstones of the Eandak Grouc, and the acid vcicanics have a

rhyodacitic to rhvolitic composition (Plocuin, 1950).

The Vedalen complex of the Numedal Group comprise a m=e than

3003 m thick sec.lence of ereenstone and greenschist with

subordinate metat.uff- and chyllite lavers (Annis, The

31242
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greenstones exnizim szruct:Jres (Fic. and :flidcracks

occ:Jr in nearby tuff lavers at an accroximatelv eamMvalent

straticraphic level. The creenstones represent lavaflows with

a modified  cremistry, i.e. LarceLy

ccmcarable to the creenstones of the Bandak Orcup. The atid

metatuff layers are un to 100 m thick and 3 km lonc anc appear

as flowbanded dense, purcle rocks. Annis (1980) intercreted


these rocks as welded ash-flow tuffs of rhvolitic to dacMtic

composition. Ihe chemistrv of the Vedalen tuffs and the Ofte

com-chyrv C3ucce, 1931 ehows soce sr 4 larit'ee, elths.mch the


Vedalen tuffs are chamt—e_Mted ny larce variations in

composition.

Sicrond (1978) succests that the rocks of the Randak Grodip

were deposited in a s3owlv sCsidinc Sasin with Mncreasinc

influx of clastic material towards the east. :n the west the

basis lavas were debosited on land while the billow strdctdres

and Tcdracks present in the Ncmedal recion de=nstrace

deposition dnder shallow water. As in the case of the F....1kan

Grcup volcanics, the Simodal character of the volcanics and

the larce amd.,mnt cf arkosic sediments in the Bandak

uct-es` that r:ft-cece-e-ed -ertor:c basins co-t-c—ed tne

decosition of theee recks.

5A5:2 SILL5 AND s?LSOR: GRO."PS

A laroe nucicer of basic sills, dykes and small intrm:sions

occcr in the Rj.ikan and Seljord Groces. 7he sills, which 07

far are the most widescread, are cc to 6E0 m thick Cons,

1950.1 and represent in places a considerable addition cf basic

baoba tc the nbst rocks (Fio. :65. Ine basic rcc.cs vary in

corposition Setween cabbro, cabtro, cabbrs-anorth-='te

':ftedarl, ard hornbLende-peridocite and

exhir tic-, si:bc-chttic- and c_;b:ilate textsres, adc-

in oener:1 tnev snow deforretion and retamorch

by havinc -Ren er-'-'kol“.es and horr.-


.3:endltes. The Sasic rocks are evervwhere charactermzed

to a few percent cisserinated soohides (rair:y cyrite,•
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• pyrrhotite and chalcopyrite). Assimilation of silica-rich

countrv rocks has in many places led to an increasing

cuartz-content towards the contacts of the intrusive bod-

while in-part assimilation of larce xenoliths of cuartzite

have led to the formation of scectacular features such as the

well known orbicular cuartz diorite in the Bleka sill (Bcce,

1931).

Petrochemicallv the basic sills are comoarable to similar

rocks of the Bandak Group, although some sills show a stronc

potassic trend which mav be due to contamination (Plocuin,

1980).

2.5 A CHANGE IN VOLCANISM: THE HETTEVATN GROUP

The thick metaandPsites of the Heddevatn Group (Plate 2)

conformablv overlie the western continuation of the 2andak

Grcup (i.e. the Blåbergås Group) (Sigmond, 1978) and reflects

an important change from basaltic to andesitic-rhyodacitic

volcanism (Figs. 1 and 2). These volcanics are finegrained,

evenly layered crev rocks composed of ciartz (15-30%)

plagioclase (20-50%), biotite (8-30%) and apatite (1-3%).

Sigmond (op.cit.) intercrets the rocks as metamorphosed tuffs

and ignimbrites with sutalkaline and calc-alkaline chemical

characteristics.

Thin basalt flows, m-thick beds of rhvolitic, rhyodacitic,

and dacitic leptite, and metasandstone are intercalated with

the metaandesites. The basalts are porphyritic and amvcdaloid

and are chemicaliv somewhat different from the basaLts of the

underlvino Blåbercås Group. The metasandstones are derived

from the andesites and show evidence of short transport.

Volcanic conclomerates form up to 300 m thick intercalations

and mav reorcnt ag;lomerates, comconents of ignimbrites or

lahars.
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111 2.6 POSTE:NEATTC GRANTTT:

A suite of postkinematic, Sveconorwegian intrusives was

emclaced in gouthern Norway in the ceriod 1100-8=C Ma (Er.'kum

and Petersen, 1982). These rocks incicde the stroncly cotassic

Egersund anorthosite-charnockite suite, and a large volcme of

granite of calc-alkaline affinity which forms batholiths as

we11 as small diacirs (Falkum and Petersen, on.cit.). Scme of

the smaller intrusions are associated with, and were cossibly

controlled bv intense fracturing of the host rock, as for

instance the Venås granite situated in the socthern end cf

Tinnsjø (Plate 1).

	

2.7 TECTON:CS :CTAYLOP.E.E:S'!..

In his intercretation of the structural evolution of the

Telemark supracrustals Dons (1960) advocates a model based on

the presence of ancular cnconformities between the three

straticrachic crouns demonstrating that the grouns are

separated bv ceriods of foldLnc and erosicn. ThLs modeL thss

indirectly imc1ies that lower groucs shold show evidence of a

larger number cf deformation ceriods or more intense

deformation than upper croucs but this is not the case. the


contrary, as stated by Dons (1972) the deformational pattern

in the Pjukan Group may be exclained by two periods of

the 	 in the Se14.ord Gro.:c bv twc or thre


deformation phases, and the fold pattern in the Bandak :r

by two, three or four phases of deformation. Dons (00.cit.)

explains this as a resclt of a "plissement de cocvertcre" off

the Bandak Grouc together wit• cravitative folding arocnd tne

cranitic domes.

The ex:E:e7".c=or non-existence of _(nconform:tles in

Telemark sccracrcstal sec-_:enceis one of the keys to the

unr a yefl:no 0.5 the strcctural e7c1ition of these rocks.

Earlier in this repert it was demonstrated that, atho on

an(jular unconformities exist locally betweer the Rj.:kan and

Seljord Groums these same rock units show a ;radational



• relationship in other areas. It thus seems likely that clast c

sedimentation began contemporaneouslv with the deposition of

these early volcanics and that it cradually took over as the

volcanic actvitv faded. Tn the present contexl- the costiIate

of the existence of a universal unconformity between the

Rjukan and Seljord Groups is therefore rejected.

The presence of an unconformitv between the Bandak Group and

the Seljord-Rjukan Groups seems on the other hand well

established. In the area to the north of lake Bandak tne

flat-lying lower boundary of the Bandak Group rests on the

steeply dipoing contact between the Rjukan-Seljord Groups. The

base of the Bandak Group is developed as a conglomerate with

pebbles of the underlying, eroded units (Dahlgren, pers.

comc.). It is also evident that the lower Groubs have been

folded around east-west trendinc axes prior to erosion and

deposition of the Bandak Group. (Fic. 27)

BANDAK GRO:P

-- `BASAL CONGLOMZR:CE


 SELJORD GROUP

Fig. 27

(:ahlgren, pers. comm.)

An unconformity has been observed at this stratigraonl- lavn l

elsewhere in Telemark. In the western recion Sicmond (L978

noted that the rocks of the Breive Group, which proba'-'-

correlate with the Rjukan Grol;p, are more intensve1v foded

than the overlying units of the Bandak Group and that a

discordance between the two gro.lcs aopears in the ceo

mao (Plate 2). Tn the ).'ssedal area :,fitchen (1967)

demonstrated the oresence of an unconformity between a e•
3124C



• supracrustal unit, which he correlated with the Rjukan Group,

and overIvinc amPhibclites of the Landak Group. Finaliv, in

the Nimedal recion Annis (1980) has shown the pre=ence cf an

inconformity netween the 7edalen Comp1ex (corresponds to the

Bandak Groun) and the underlying Rødberg Quartzite which

correlates with the Seljord Group. The presence of an

importanz unoonformity netween the Bandak Groap and the

Rjukan-Seljord Groups thus seems well established.

Another important point is -of course- the r=ber, and

	 de of foid nhases nresent. The stvle of defcrmaz cn on


Telemark succests that several episodes of folding are present

and that local deviations in the recional stress pattern

greatly modified and comPlicated the gross-sca1e structures.

However, for the puroose of this report oniv the major phases

of deformation will be considered.

As shown previously (Fic. 27), an early fold c hase

east-northeasz trendinc fold axes is nresent in the

Rjukan-Seljord Groups in the area to the nortn of Lake Bandak.

The discordantiv overlyinc Bandak Group shows evidence cf

later foldinc aroJnd a fan of fold axes with trends varyinc

from east-norzheasz in the south to nortn-sc2.th in the

northwest (Plate 3).

Evi•ence or an earlv fo d 4= :-==er- on zn=

w0=-40-n 3r=ive Groan (Sicmond, 197E) (Fir... and in th


Numedal recion where Annis (1980) descrited early east-wec-

trendinc folds in the 10wer two straticraphic '.2rocns

Coorrespondinc tc the Seljord and R'ikan Grcuns:, which

Predates beth the unconformitv at the base of the 7eda1en

Complex (3andak Groun) and a later isoclina1 folding with

north-soith trending fold axes and subvertical axia

Th's 'ate =c1d n'a=e 	 xt=nsie areas in this

northoriv r=cicn. 7n th= Nisseda' supracristals

•
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correlate with the Rjukan Group) Mitchell (1967) described an

earlv pericd of foldinc croducinc fo";ds with east-north000t

oriented axial clane strikes, followed by a second fold chase

with more northerly oriented axial plane strikes that refolded

the early folds to produce a series of basin and dome

structures. This second phase of deformation was accomcanied

by extensive cranitization.

Modification of creviously established folding patterns was

introduced by the intrusion of diaciric Sveconorwegian

postkinematic granites which in most instances caused

substantial doming of the surrounding supracrustals. Late

north-south tronding regional block-faulting caused drac '-

the metasediments and disclaced at the same time the

costkinematic aranites.

In general terms the metamorphic arade within the sucra-

crustals increase fron north to south (Stout, 1974). Low crade

• mafic and felsic volcanics interbedded with arkosic sandstones

of the Bandak Group are in ecidote-amchibolite facies in the

lake Bandak area whereas further south in the Fvresvatn area

the same secience has clearly recrystallized in the sillima-

nite zone. The metamorchic grade continues to increase

southward to hornblende - aranulite facios and further to

granu1ite facies in the Bamble recion. Concomitant with the

southerly increase in metanochic crade, granitic cheisses and

granites of crobable anatectic origin become volumetricallv

more abundant relative to metasediments (Stcut, co.cit.).

It has nct been cossible to determine the timinc of netanor-

chism in relation to the two main fol•ing ecisodes from the

avai1able data. However, the increasing metamorphic crade

towards the south in litholocies beloncing to the Bandak Grouc

indicates that anv earlv netamorchic nineral assenh1ace0 in

the ?jkon-ejord Gr•ucs rocryotanized durna ohe oorohd

phase of folding.



The field evidence thus suggest that the following tentative

and probably somewhat oversimplified scheme of the teczonic

develonment of the supracrustals may be established:

Youngest:

ca. 800 Ma.

Dragfolding bv late faults

Doming around granite diapirs

Folding around N-S axes in the north and

around ENE-SSW axes in the south;

granitization

Deposition of the Bandak, BI‘L;bercs,

Leptite, Numedal and Heddevatn Groccs

UNCONFORITY

Oldest: Folding around E-W to ENE-SSW axes

ca. 1650 Ma. Deposition of the Rjukan- and Seljord Groups

Pertinent features of this scheme are shown in Fig. 28 which

is based on the latest Geological Survey map of Norway at the

scale of 1:1.000.000. Two structural sections from Oftedal

(1981) of this area are shown in Fic. 29.

The rift-related start of deposition of the RjJkan-Seljord

Groups at aPproximatelv 1640 Ma aco and the credominant

east-northeast trending fold axes of the s.,:bsecilentearlv

folding chase make it hichly likely that this early foldi-

should be seen in the lighz of the intense deformation which

took clace in the Samble district at ca. 1540 Ma 'Oftedahl,


1981: Starmer, 1978). The Bamble deformation was accompanied

by amphibolite - to cranulite facies metamorphism and produced

folds with a Predominant NE-SW and NW-SE axial trend in the

early phases. This was followed bv a flattening due to

compression at right ancles to the NE-SW trending fcids

croducinc the prominent NE-SW grair cf this recien _"•E‘zarmer,

1978). Folds with a pa- ' trend can be traced norznwards


across a lar,e cs..ent done and into the P'ukan- and Seljord

suoracrustals. The stvle cf foldinc and the asv--etr4 of zhe

folds in the southern part of section A-A' in Fiz. 29 s.icoesz
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that the deformation of the supracrusta's was caused by

aravity slidinc of the cover rocks off the risinc

granite-gneiss dome in the scuth. Along the front of the zone

of strongest deformation (between Gausta and Hjartdal( local

overthrustinc with a northerly direction took place while

open-style folding with NE-SW tr2nding axial p1anes afrected

the suoracrustals as far north as into the Numedal recion. mhe

basement dome in the south may reoresent a olastically

deformed former fault block (horst) or it may be an intrision

of batholitic dimensions. The thinning of both the R'ulkah- and

Seljord Groubs along the eastern marcin of this dome may

indicate that the dome alreadv at the time of deposition cf

the cover rocks represented an area of considerable relief.

Fo11owing this early deformation the Telemark area underwent

renewed denidation and probably resedimentation of a'reer'y

lithified cuartzites (Fia. 15). This period may haye soanned

the time interval from ca. 1450 Ma to ca. 1200 Ma. Penewed

rift-ceneratedbimodal magmatism initiated at ca. 120 Ma led

to the depcsiticn of the Bandak Grouo. The numeroJs mafic

dykes and silis occurrinc in the Rjukan and Seljord croubs

(but not in the Bandak Grcub' show chemical characteristic

reminiscent of the mafic lavas of the RanA=k Groun (Mc(ne =nd

Ploquin, 1972) and mav reoresent the feeders to this surficiaL

volcanic activitv. Toward the west this bimodal volcanism was

followed by the deposition of ‘he th'ck andesitic v0Lcanics of

the Heddevatn Group. The subsecuent Sveconorwecian oroceny

from ca. 1100-950 Ma probably led to the development of a

cordilleran-tvte orogenic belt with an acproximately east-west

directed axis of maximum comoression (Falkum and Rece--en,

1980). The Telemark suoracrustals were folded into a series of

N-S trendinc, upricht, oben - to isoclinal mecascobic fc1ds

the northern recions whOLe refoldinc cf the earlier forT7e.::

east-west trendoha folds in central and southern Te1emar.:

cauced comtlicated Terre =te, rene.,(ed


folding was asseciated wth the in(-rus(on of ete-

postkinematic cranites. These small cranite c•no1as are

believed to represen: doabirs rooted on a c:anitic
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batholitic dimensions at depth as succested bv the size of the

granitic bodies in the deeclv eroded western part of the

Telemark district (Fic. 28). The intrusion of the sraller

granites caused corsiderable dorinc of the s'..loracnIstalE.The

large aranite masses exposed in the basement dome in the soith

sucaest a deep level cf erosion and may thus indicate that

renewed doming of this area took place in association with the

intrusion of the cranites. This mav in turn have initiated the

formation of late (? gravitv induced) east-west trendina folds '

which Dahlgren (pers.comm.) has macced in the Bandak

Apart from the intrus on of cranites the late- to Dcstorcce

Sveconorwecian period was characterized by recionall block-

Early ifaulting along NNE-SSW trending faultplanes

caused larce blocks in the east to drce down in relation to a

western block. The most prominent of these megafractJres are

now seen as important boundarv faults of the melemark

supracrustals (Fic.28), secaratinc these from the western,

credoninantiv cneissic block, and the eastern, downfaulted

Kongsberc reccon. P. relatively weakly developed set cf failts

trendino accroximac-')' ray be contercoraneos with the


earlv NNE-SSW fault-s. Late, ancroximatelv NE-5)..;trendinc

norral failts disciace the early formed fract.:res (crelim

NCU aeological rap of Norwav, 1:1.000.000) and caused the

downdropping of the BarbLe recion in relzc'on to Telerark

(Fig.28). The widespread cataclastic breccias and the

deposition of large rasses ofi hvdrotherral cuartz, flior

and minor base metal sulchides and rancanese oxides alonc the

fau:tulenes indicate thst th»=. cc-..»tinc1-ockpi=c= '-

the waninc stages of cranitic ragmatisr. mhis tirinc of events

	

	 been s.Lacested for the '.).ensgranite which mcv


have intrided alonc pre-existinc NNE -SSW and YW-.::=trenjin:2

fa.:Lts.
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2.8 THE REGIONAL SETTING: CONCEPTUAL MODELS

The Svecokarelian orogenv, as defined bv Welin (1974),

comprises an early stace of sedimentation and volcanic

activity some 2100-1950 Ma ago, followed by the main orogPnic

phase of deformation, metamorphism, migmatization and

formation of granites at 1950-1750 Ma and a post-orogenic

supracrustal stage of acidic volcanism, granitic magmatism and

sedimentation between 1750 and 1553 Ma ago (Versteeve, 1975).

The main phase of the Sveconorwegian orogeny, which in

Scandinavia is restricted to SW Sweden and southern Norwav, is

in general considered to have taken place between ca. 1200 Ma

and 850 Ma (cf. Falkum and Petersen, 1980). The intervening,

post-Svecokarelian period from 1700 to 1200 Ma is termed the

Gothian time period (Lundegardh, 1971). This period is

characterized by events which suggest that the southern part

of the Baltic shield underwent extensional tectonism first as

a result of crustal relaxation in the wake of the

Svecokarelian orogeny and later as a precursory event to the

opening of a proto-Iabetus ocean. For the following, the

reader is referred to Plate 5.

In SW Sweden the late- to postkinematic period of the

Svecokarelian orogeny is characterized by the intrusion of

vast volumes of I-type granitoids around 1700-1650 Ma (Wilson,

1980); these intrusives form a continuous, up to 200 km broad

belt from the Dalarne area in the north to the Baltic coast in

southern Sweden and include the Ratan, Småland and Åmål

granitoids (Wilson, 1980). Concurrent with this intrusive

activitv southern Norwav underwent dc,formationand

metamorphism during the socalled Kongsberg metamorohism which

began at ca. 1650 Ma (Oftedahl, 1981).

These events may have been re1ated to a late phase cf the

Svecokarelian orogenv which is considered to have been caused

by the northeastward directed subduction of an oceanic plate

beneath the Baltic shie1d. However, Wilson (1980; 1932)

succests that the intrusion of the cranitoids reflects the
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establishment around 1700 Ma of a new subduction zone with an

easterly dip and a related Andinotype orogeny. This zone would

be situated in the Dalarne-Karlshamn area, i.e. to the west of

the main Svecokarelian trench. The Precambrian rocks to the

west of the Kongsberg-Bamble region form the basement of the

Telemark supracrustals and are probably of Svecokarelian age,

i.e. ca. 2000 Ma old (Falkum, 1982). The age of the geosyn-

clinal Kongsberg-Bamble-østfold secuence is uncertain but the

rocks are older than 1500-1580 Ma which is the age of the

overprinting metamorphic event (Oftedahl, 1981). Assuminc an

age of 1800-1650 Ma for this sequence it would be vounger than

the two adjoining, Svecokarelian blocks to the east and the

west and could therefore represent the oceanic basinal

seguence formed in a Wilson cycle which in its late stages

caused the formation of an eastward directed subduction zone

and an Andinotype orogenv. Another possibility, suggested by

Berthelsen (1980), implies the collision between the Sveco-

karelian continental block in the east and a number of

microcontinents from the west due to eastward directed

subduction of the oceanic carrier plate.

The overall compressional tectonics of the orogenic events

were followed shortly afterwards by a major tensional phase.

The earliest recorded event at approximately 1650-1550 Ma is

the extrusion of the alkaline, bimcdal continental Pjukan

Group of Telemark and the time- and chemically eguivalent Dala

porphyries and associated subalkaline, continental Småland

granites. The effusives were related to, and deposited in

fault controlled basins. This rift-episode is further

reflected in SW Sweden bv the extensive Värmland hyperite dyke

swarm, a number of E-W dolerite dykPs situated to the east of

Vänern, and at least three alkaline intrusions with ages of

1580 to 1540 Ma. (Wilson, 1982). Wilson (op.cit.) notes that

the basic dykes form a three-armed system, and he sucgests

that this mav be related to incipient rifting away of

Sweden from the Baltic shield and the possible formation cf an

aulacogen defined by the E-W dolerite dvkes. Contemporaneous

events in Norwav include the prolonged effects of the
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Kongsberc metamorphism. At ca. 1540 Ma the Bamble region and

possibly the Telemark area underwent intense plcc

deformation related to what has been interpreted as a major

richt-lateral linear deformation belt (Falkum and Petersen,

1980). When viewed as a whole these events mav suggest that

the southern Baltic shield during this time period underwent

incipient colvconization and clastic deformation related to

lateral crustal block movements under a regime characterized

by high heat flow. More recent plate tectonic analogies to the '

tectono-magmatic setting of the Rjukan Group and the Dalane

porchvries would acccrdinclv include: back-arc extensional

cratonic basins; tri1ete rift systems or failed rift arms;

anlacogens; and collision-related rifts. Of these the back-arc

extensional cratonic basin model, especially tycified by the

Basin and Range province of the western United States, seems

to have manv features in common with the settinc of the

Gothian suoracrustals. The normal faultinc and the related

bimodal basalt-rhyolite volcanism of the Basin and Rance

province developed in the late Cenozoic and was probablv

caused by the arrival at the subduction zene in the eariv

Miocene of an oceanic ridge system trending oblicue to the

trench, with conseauent initiation of the San Andreas

transform fault and develooment of an excandinc triancular

area beneath which ocean floor subduction had ceased. This

area included by Quaternary time the Colorado Plateau and

Basin and Range Province (Mitchell and Garscn, 1951). tho!


it is difficult to apply anv model of this sort direetly on

the Gothian supracrustals, the movement along the Bamble

lineament has been comcared to transform faultin); (Petersen,

cers. comm.) and the normal faultinc and related Cimodal

volcanism of the Telemark area did take clace subsecuent to

the main orogenic events of the area. Another possible

depositional environment would be a failed rift arm

of a type similar to the Oslo Graben, but the rift-events in

the present case seem to be so c1oselv related to the waninc

stages o= mc Sverokare'-i=- orocenv tha- they =hculd be =een

in the licht of this event.
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The relatively limited effect of a metamorp_c event,

extrusion cf ca:c alkaline volcanics and the intr.Jsich of the

Barlh,c oranite may reflect a co,lis:pn-event in SCJ_.

Sweden ca. 1400 Mc aco (Wi:son, 19182H Small, contem=raneods

granite bodies in the Bamble district mav possib1v have formed

as late anatexites related to the forecoinc metamorphi=m and

deformation.

Renewed ccntinental riftina of the southern Ba1tic shield in

the period 1380-1200 Ma is succested bv the extrusion of the
bimodal Bandak Group, by the intrusion of the Tuna, Sarna and

Åsbv dolerite dvkes in Sweden and bv the r=ercus and to some

extent larce hyperite intrusicns in Bam:ble, Bcncsberc and

østfold. Starmer (1978) points out that the Bamble hyperites

represent a major addition of basic macma to the crJst at the

start of the Eveconcrwecian orogeny and that thev were

emPlaced by permissive injection dnder anorccenic conditions.

mni= contnental r1 	 eve---P1Iv cd1mihated nt ca. E0


aco in the openinc of an ocean even earlier than the TaPetus,

the rotation of the Scandinavian block relative to the

Canadian Plock and finally the development of thP Sveco-

ncrwegian orOgeny which peaked at ca. 1050 Mc (Patchett and
Ev1-nd, 1977). This orozer.v nfiffletd n r.ajor part of so._:th-

western Scandinavia inchldinc the Telemark s2pracrustals and

the western part of the Dalane complex. The Te0emark rPclon

was metamorphosed and deformed, and at a late orocenic stace

an important suite of post-crocenic cranites, mainlv formed bv

anatexis of the basemeni-, forced thei8 wey thrOuch th.=

supracristals (Billen and Beier, 1975. Slicht'y Parl'er the

large Epersdnd anorthcsite compLex intr..1ded,Pro.-ebly in the
core zone of the orogenic bP0t (VerstePve, 1975; Falkum

Q:
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11, cross scale tectenac settinc of th_ Bandak r000 ahd the

•

straticraphically ecuivalent leptites, tiedalen CcmoLex and

SlZberds Group must be interpreted in the licht of the

evidence of the widespread extensional tectonism at 1380-1200

In his recional ceochemical studv of the supracrustal

'itho'ocies of the Te'emark-amble recion Piocuin no"ed


chemical similarities between the tasic lavas of _he Sanda.:

Group and the Samble hvberites and succested that these ocald

be petrocenetically relabed. Althouch this is difficult tc

demonstrate the intrusion of larce volumes of basic macrna

associated with extensional tectonics could have prod'iced a

heatinc event which caused partial meltinc of the crust co

produce potassic, subalkaline rhyolites and rhyodacites and at

the same time cive rise to extrusion of alkaline to

subalkaline basalts, both of which characterize the bimcdal

R=ndak Grouo (Suneson and L.,:cchitta,1982).

From the central area and toward e southwest the overa''

lichology of the Bandak Grouc oradoallo chandes to beco-ce

dominated tv arkose and drevwacke (S'cnond, 1978) and in the

coastal area of SW Norwav metasandstone is the onlv Bandak

Gr•up lithology cresent (Falkm, 1982). Evidence of a cericd

with worlA wode oontinental r'ctind 'n che 72,2'riCH

has been noted tv Sawkins (1976) and Windley (1977H

	

y=s  associated with the aocon_at:on


thick sequences of continentally derived clastic

some cases associated with dolomitized carbonates. The

secuences tend to be thick but localized in occurrence and tc

contain evi•ence of contembcranecus basaltic rooks, td adal

tasalt-rhyoldte suites and alkaidne conolees (Sawkins

op.cdt.). Alchodh slidhcly older than the Bandak

1300-1500 Y:aJotnian continental sandstones and ›Jyebasalc of

the :-.,:aLarneCcmclex dn SW Sweden (Plates fi, andsonola

Jotntan cahdstones =nd shales in t'dn'an,4(12,00-140 .'.•=7

19=1;:'sdmd eppear td belond to thd= rifft

eddscde. off these clastic sechlences were dem--'"ez

a...lacodens .e. t'e '-''ed arm in trildte continencal riffos


cf which the two arms develod-ed into a spreadinc•
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most instances later into a converging continental margin and

a subsequent orogeny. The setting of the Bandak Group is

clearly on the continental side of the Grenville orogeny of SW

Norway as suggested by Falkum and Petersen (1980) and as

indicated by the thick arc-related andesitic volcanics of the

Heddevatn Group which overlie the Bandak Group in the west.

The Bandak Group may therefore represent a continental

sequence deposited in a failed riftarm in a former trilete

continental rift system.
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• 3. MINERALIZATION OF THE TELEMARK DISTRICT

	

3.1 INTRODUCTION

Mininc for copper, silver, cold, lead, zinc, bismuth, arsenic,

molvbdenum, mancanese and fluorite has been carried out

intermittenly in the Telemark district since the 16th centurv,

with the last mine closing around 1945. With onlv a few

exceptions these metals were mined from epicenetic vein

denosits of small to modest size and the majoritv of these

would be considered to be without anv nresent dav economic

value.

In general terms exploration in Telemark has by tradition been

focfleed on these ubiciatous enicenetic v=ins (c.f. Dons, 1963).

However, stratabound mineralization has been known for some

time at the Dalane Cu-Ag mine (5',1cco,1932; Neumenn, 1944),

fahlband-11ke decceits are men8on=d bv Done (1963) and

Nordrum/van der Wel (1981), and latelv Creelman (1982) drew

attention to the stratabound volcanocenic nature of the

mineralization at the Guldnes Cu (-Ac) mine which hitherto had

been recarded as a slichtiv atvpical vein-tyne denosit

1963). In conjunction with the widespread occurrence of

bimodal volcanics in the area these indicazions of an

earlv-formed suite of mineralization renresented a weichty

argument in favor cf a reaeteeem=-z of the minera1izazion

potential cf the Telemark district. Part of this snmmers wor<

was therefore concentrated on the gatnering of evidence of

new, nrimarilv stra*abo=d- end stonkwork tvoes of

mineralization, and some time was soent on reassessinc the

notential of v= m= mHneral1zet'fln.

•
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3.2 STRATABOUND MINERALIZATION

Mineralization of this type has been found in all of the major

stratigraphic units although the Seljord Group seems somewhat

underrepresented. This is primarily due to the fact that the

type of mineralization in question is related to volcanogenic

processes which are subordinate in the quartzitic lithologies

of the Seljord Group. Table 1 summarizes the occurences

included under this heading and it comprises both newly

discovered mineralization as well as reinterpreted, previously

known mineralization. With the exception of the Tinnsje

occurrence, the locality included in each of the groups

represents an abandoned mine.
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RJUKAN GROUP

1. Cu-Fe-As-Ag +Au mineralization in acid volcanics.

2. Mineralization in predominantly basic volcanics.

Cu-Fe-Ag + Au; Tinnsjø.

Cu-Fe-Ag-Au; Graver.

Cu-Fe; Johnsli.

Pb-Zn-Fe-Cu-Ag-Au; Skolterberg.

As-Cu-Fe-Ag-Au-Pb-Zn; Listøl

Fe-P; Søftestad

SELJORD GROUP

3. Cu-Fe-Ag in acid volcanics; Guldnes

4. Heavy mineral seams.

BANDAK GROUP

5. Mineralization in basic volcanics.

Cu-Ag; Dalane.

Cu-Fe-Ag; Hovin.

Zn-Cu; Sauda.

Cu-Fe(-Ag)(-Ni-Co); basic sills in Rjukan-

Seljord Groups.

6. Mineralization related to acid volcanism?

a. Mn; Bransnuten.

Table 1. Stratabound mineralization in the Telemark

suprecrustals.

•

•
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3.2.1 The PHukan Croun

The distribution of the Cu-Fe-As-AceAJ mineralizaticn

discovered in acid volcanic2 cf the Rjukan Groub (Tab'e

is shown in Fig. 20. Chis minera'izaticn consi=t= in cenera1

of disseminated and/or fracture-tound (stockwork-tybe

sulphides which in places are associated with hydrozhera:ly

introduced cluartz, biotite and macnetite. The host rock is

rhvolitic to rhyodacitic tuff, welded tuffs cr lava flows.

Details of the Lndivid...1a1localities as shcvn Fiz. 20 are


as foLlcws:

022306B: Rusty, finelv laminated tuff with mincr

micro-fracture bound pyrite, pvrrhotite, chalcoovrite and

possiblv arsenopyrite.

022206: :cartc-feldsoar oorohyritic rhycLit= porbnyry with

m»nor arsenobyrite occurinc as disseminations and alcn.::the

"order oc h'ch - 7 wiartz-feLdsbar-bio-',-=  v='-=

Samples from water-tunnel dump.

042306: D=rk coloured maos've rhvoli-e lava, non-oorbhy-'-'-

or with a few minute bhenocrysts of feldspar. Flow strotires

are commorly seer, lithophysae in a few p1aces. :his Jr.it iS

microbrecciated and ceme-ted

and byrit-e.

0E2304: R_:zty, 2 m thicK tsff»schist hcrizcn ih tuff se"Jenc=.

Ca--'0= "'==.0-'nate a-d POSELO-'---


=r=ehopyr't=.

012906: Mlisdov'te-cuartz-czrnet-bictite schist, orcrabl,

representing metamorphozed acid volcanite. Carries finelv

disseminated pyrite.

phe cnoryst= an' 1-2 d'=--minzted 


chalcopyrite.
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022906: Hichlv deformed and metamornhosed acid velcanite wi


eloncate cuartz - and feldsnar pornhyroclasts. CarrLes mincr

disseminated nyrite.

	

032906: Deformed and recrystallized acid (rhvo'it4c) ',•=va?

with disseminated pyrrhotite and pvrite. Samnles from drift.

	

012508: Ctuartz-sericite schist with ciartz

porphyroblasts/-clasts and disseminated pvrite. Samples from

water-tunnel dumn.

023008: 4-5 m thick, rusty outcron of an acid volcanite cr

cuartzite occurrinc in a secuence of redbrown acid, hich-crade

metamernhic tuffs. CarriPs dicsemin=d, Up to 1 vo.1%

chalconvrite and pvrite.

Analogous, but somewhat stronce- rinczzztion has .-P0-

encountered in both ends of a 4 km lonc and ca. 300 m thick

rhyolitic tuff-unit occurring in the vicinitv cf the Tuddal

Højfjellshotel (Fig. 31). In the north-eastern end (locality 1

and 2) pyrrhotite occurs as finelv disseminated "dustn-sized

crains and as local, cm-sized semimassive rounded accrecates

in a 10 m wide rusty zone in the tuff. Local zones with up to

10% nvrrnotite were traced over ca. 175 m alonc strike

occurinc in chPrt/jasbe,r-like, sericitized aphanitic siiiceous

rocks. In the southern end of the t._Iffunit disseminated and

microfracture-tound, extremely finegrained nyrite,

chalcopvrite and arsencnyrite occur in dense siliceous lavers

of the tuff (Locality 3, Fic.21 and F'0. 22).Thi=

mineralization is situatod some 10 to 25 m to the east from a

100-150 m wide recional, quartz-cemented north-south trending

fracture zone. In the arPa of the tuff-hosted mineralization

this breccia has been intruded bv un to 1 m 1-hick fra=c 'yke=

and an PnicPnPtic Cu-Fe-As mineralization is associated with

onP of these dykes. This mineralization ccnsists zf a cm


thick, irrecu1ar vein composPd of c-Jartz, fichsite, ch_rcrite,

carbonate, arsenopvrite, pyrrhotite, pyrite and pyrrhctrte.
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is exposed over 10-23 m alonc the contact of the

north-sc...thstrikinc sitvertikal dyke thinnino toward the

north and disabpear1n0 below cover toward the south. The bas c

dyke is altered to an assemblace of biotite, chlorite and

ankette alono the mineralized zone. Although the tuiff-hosted

mineralization may owe its orioin to the hvdrothermal

solutions which gave rise to this epigenetic vein, it ls

likewise possible that the metals of the vein were mob111zed

from a preexisting fumarole-related, stratabound

mineralization. The latter interpretation is to some extent

s.Jbstantiated by the trace element content of the tu55-nosted

mineralization (3, Fic. 21) which is overall identical te the

similar mineralization fJrther to the north (I and 2, Fio.

21). The epicenetIc (2A, Fic. 31) vein shows w1th the

exception of AJ and Ni, an overall enrichment of the elements

which occur in the stratabound mineralization. It 1s noted

that at this preliminary stage of the investioaticn of the

Telertark area no attempt was made to trace the strata5ound

mineralization between the ncuthern and southern areas.

e and volcanic hosted mineralizat'ona- have been :nic sanclei

and the an tical res.lits are shown in Fin

2--727,==;277306L ret'_:rted

cold, and two of these are not insignificant, showinc values

off 0.4 and 0.t.ppm Silver is present in 7 sampl wIth a


value of 3.9 ppm as the highest (032206A); arsenic occurs in

all samt:lea w'th a h4ohest value of 22E bem (022306b croj7.a'b:Y

reflectinc the occurrence of arsenoovrite.

•

I. ceneral terms the trace-element content of moat

ambles are r:art:7 combarable with similar data summa

zytiba YtE52l,and :1l,dreth 1979 =cr acit'ash-fal: and

o.::510w cheets which ref1ect compcsit10nal zoned rt-

maroma em .aced d cbllapse cf ma5or ra'eraa '- tne

and Pange brov nce of the ',:esternT.S.A.

Easir.



Au Cu Pb Zn Ni Co Ac As Ei
cob com DWn DDM orrr ttit rom DP!"r pPr

15 1.8 29 38 3 0.3 0.31 15 no 2.2
25 3.0 24 100 3 1.0 0.17 1.0

7.8 17 150 data 5.4
7.0 50 182 o.

Trace element contents of acid volcanics, Basin and
Rance crovince.

The ash flow tu Ls which form early in the caldera cycle are

highlv enriched in lithophile elements such as Be, Cs, Li, Hg,

Mo, Sb, Sn, Th, U and W and are depleted in Ac, Au, As and Cu.

These depleted elements mav be introduced later in the caldera

cvele by resurcent latite- and wuartz latite domes and these

mav in turn generate hydrothermal cells which mobilize metals

from both the ash flow sheets and the latite dcmes and therebv

form various tyces of mineral decosits (Rvtuba, 1981).

Althouch the data from melemark and the Easin and Rance

province are probably not directiv comoarable, a cursory

clance at the metal valies shows that the Telemark acid

volcanItes are enriched in Cu, (Ni, Co), As and Ac as compared

to the Basin and Range volcenics. Two samples (0322C6A;

022306A) are greatly enriched in cold, while two samples

(032906; 032206A) show enrichment in Pb and Zn relative to the

Basin and Rance samples. An interestinc censecuence of tnese

considerations could therecore te that the metal-enr'che' tu ffff

horizons of the Rjukan area recresent a1-e-ed,


originallv corous beds receivinc their load of metals (and

silica?) from hvdrothermal solutions circulatinc in, and

altering Au - Ag - As - Cu-bearinc caldera-related

As mentioned in a orevous semtion, the oart cf the Rju.kan

Gro.up in ctesticn exhibits a number of features which are

reminiscent of a caldera cricin and samcle= 032306, 0514:6

cossibly 032906 ar= macrnscoo1ca'y cuite simi'ar to mny

caldera-related subvolcanic intrusions of the Permian C.slc

craben.

3138C



However, whatever the oricin of the metals the gold values of

the mineralized tiff in the s2.id6alarea (0.4 and 0.6 opm Ac)

are considered to be so significant thet th0v wai—

investication.

Sulphide mineralizaticn with minor precious metals is

relatively widesuread in basic volcanic litholocies beloncinc

to the Pjgksn Groub Yrehle 1,2). One are= to rhe north drom

lake Bandak is characterized by a number of small, abandoned

mines oeionging t• this grocb, aniin the northern end cf iake

Tinnsj:d a thick basic pyroclastic cnit has been found tc

contein widemreed Cv - Fe - Ag Ag mineralizaticn.

The Tinnsjc mineralizaLion is oresent alonc toe western and

the eastern shore oir the 'ake (Fic. ThP _ost. rock


nredominantly tasio --"0 with sgbordinate intercalations

scc:omeratec, ''ows and 'nc=1 c ow-iike strcctgres.


seggence several areas have been encogntered consist

discordant td semic-oncordant schlieren, veins and jot

thick boudins comoosed of masses of epidote, qvartz,

macnetite, calcite, and fcchsite.

Thir,ecjiete seems ts have formed contemporaneocsi

as a r,esult of the 'nrrodccoion offlarce emonts

the form of veins, cm-sized acgregate:,

irrecclar masses; the introdgced minerals clear sicns cf

deformation. A number of the epi•ote-rich, and esp.ec

orgartz-rich zones shcw an associated disseminated

mineralization consistino of one or mcre of the minersis

F:yrite, byrr gte g_ilch...1c..orrii.The la_ier


:nreativev larte amcunts icp to 1-2 voi=H and it 's ob

that the chalcoovrite was introdcced, end is ''mYted

abpearance to areas with :n.:rodvced cusrtn. -he 's.rg

brJartz-epidote todies occgrs at 00cag- Fic.

sketch of this mineralization is shown in Fic. 4. 1-he

sglohides are associated th one or more concorger, 0e
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massive ciartz-epidote and inter._( nasic 2JEE2

and accicmerates, formInc bodies cf 'itn;no E-7 m in thic;iness

and with a tonal lencth in excess of 130 m. This zone is

onaranteristicallv associated with the annea— if

acclomerates and possible pillow structures in an othe ise

tiffaceois litholocv. The cuartz-rich bodies contains on 20 E

vol% disseminated nvrite, pvrrhotite and chalccpyrite (Fic.

and deformed solnnide strincers 0000r in schisnose

acclomerates teneath the quartz-enidone-silphide lenses Fi

2E; 3e).Sirroondinc this system is a halo of disseminane•

nyrite and chalcopvrite. Sbsec.Fient to their formation tne

solphide-carrving svstems have been deformed and Met2:72:phese2:

and a number of "sweat-out" type cuart: veins and irrecolan

bodies have formed (Fic. 37).Some of these veins carry nioh

chalcopyrite and some precious metal mineralizat C'ther

nc=--cere'-io evn-ts inolude "e ir'r- ; fl- rc ='''=

nrobably rela'ed (-0the deno=inion of thn F(=n(4a,( the

intrision of cran:nc zCe dyke= anH

orJartz-ankeri-e- c hine-tornite 'et= relene tne

cranitic dykes.

Several modes of oricin cf the cuartz-eo'done related

mineralization is possible, inclidinc exhe'e-'ve-,

metamorohocenic-, end creni-e-re'e'ed prcce==0=. -he

discordant, and at nhe same time conoordant nan:re off

mineralized nodies; the introduction cf larce massez cf g

and colnhide=; the mornholocv of n'ne solonide -'ner=
	

;


the associon of the sulnhidn-bearinc ncrinons w:th

acclomeranes and possiole nilLow strscturn=; and n.

depositional deformation point in the nresent aithors coinion

toward an exhalative, nrotably .e

minera aticn.

ccnteni_ oL ?nd the nrcb

Cold-contents cf on

•
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"stratabound samcles" while silver is present in amounts of ur

to 5.4 rom in 7 out of 11 samples. It is noted that there is a

tendencv for high silver values to be related to "high" ccocer

contents. One samcle (no. 5) returned hich1v anomalous )=,:-and

W-values; these are presently being rerun. The samoles of the

epicenetic veins are characterized bv more cold and silver

values at a generallv higher level than the stratabound

mineralization. One saTcle (3A) which in the firot '-aton

returned 6 pom Au was later resampled; as shown, the second

batch returned considerable lower values and the hich

copper-value of sample 3A (4.1%) is considered the cause of

the first, hich Au-value. Overall, the metal content of the

ecigenetic veins is in accordance with a mobilization from t-ne

stratabound mineralization. If representative, the metal

values of the latter mineralization indicate that this tyce

will crobablv not be a profitable exploration ---7=-

itself. However, the indications of sporadic, interestinc

Au-values in vein-tvoe mineralization that was probab

mobilized from the svngenntic cuartz-sulchide hor'zo-= - 


that the latter mav constitite a octential souroe bef fc:

ecigenetio mineralization.

Basic voloanics (?1emicrk Formation) of the Rj.ikan Grouo 's the

host for a larce number of ecigenetic vein decosits and some

stratabchinO mineralization of Cu-Fe, Pb-Zn and As (-A7-Ag)

situated immediatelv to the norl-h from lake Bandak (r'c.38).

Recentiv some of the small stratabound sulphide CepOsits were

reinvesticatnd bv Nilsen (1983) and interorøcH a= C=4.c off

sedimentary origin. However, as 1t wiii be snown in the

followinc, m.ost of the stratabound mineralization in tne area

is probably cf exhalative, volcanocenic oric

of the existinc litteraturn flon=, 1961; Nil=en, 983) =nd

personal ccunication with Nilsen (1981), four exs=lsE off

jhe  tyce of sulonade =c7.-mu=ton wer= ohg=en


serve as examples: the Skolterberc pb—Lin m:_ne; the Graver

Cu-rn mfne; 'he L1=7z A0-(Ac-Ai m'ne; ^.r.d

Ou(-Fe) decosit (Fig. fE).
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Tha Skolterberc Pb-Zn mine ocours in the northeastern end of

an intermittently mineralized horizon which mav be traced for

at least 1 kr toward the soithwest (Fig. 38). Apparently the

metal content chanaes fror Pb-Zn to Cu in this d'reg-4or, ar"

Ph-Zn vein-tyce decosits (with sone s.-11bhide"ircrecration" in

the host rock, Dons, 1963) occur alonc apbroximately the sare

lithological horizon further toward the southwest. Accordinc

to the geclogical mapsheet 1:100.000, Kviteseid (Plata 3), the

same lithological horizon mav fold toward the south cr=

Skolterberg and possibly constitJte the host rock fcr the

Craver Cc-Fe decosit and at least two other Cu-showincs in

between the two. As shown in Fia. 38 some cf these showincs

have bean c'aired ov ASPRO. The Skolterberg deccsit coccrs

a thick sequence of basic tuffs with s..lbor•inateecg'orprztas

which have been metamorphosed to more or less massive to

finelv 1arinated hornblerde-biotite-sericite-chlorite-

albite-carbonate schists. Immediately above the Skolterherc

mina is a mora rnan 25 m thick cong1omerate lave_

cf white or.:artzite.Tha "r»ra" cohz'sts o' a zra'1 c'

(4x3x2 m) and possibly a rore than 10 r deep,

zhaft, and iz dava'cced in ah up to 2 m thick sclphide

impregnated, silicified zone in the basic tuffs. mhe sulrhides

include galena, sphalerite, chalcopyrite and byrite and occ..irs

as mm- to cm-szad 	 alonc the haddinc blzhez •' a


finel: _aminated wiartz-biottte rock. The ccartz-rch zon

ur to 6 r chick and shoWs gradational houndaries tc

enclosinc tasic ihdicatinc that it cric»nated

silicification of the tuffs. VLF-measarerents carr'a' c

the area Cv the NGU (Sincsaas, 1979) scgcest that the

zulon,de-baar'n- horizon rav he traced over mora than

alonc stri'ke. Three to four other, screwhat stroncer aromalies

within the 16-.7)7r x 570 rlarre investtaatec) area re in

,:nexclained althocch Rihczazs (cc.nt» zuccpcg, chat

represent salbnide richer bortions o: a miheralization.

zhould hg-nota', howavar, thzt '1..F-rezsurarzhtz zre c


best method tc use on this type of disseminated mireraltratich.

•



The mineralized litholocies show sions of deformatior and late

culoh'Ae-rch csartz-veins cross cdt the dissemanated

mineralizaalon. The stratahound natdre of the latter, in

coniunction with the associaaed silisification and its overaLl

sinilaritvwitn the Gidnes CJ-Fe-Ac mineralizataon (see

helow) sLIccest that it may represent an exhalatice and

subsurface volcanogenic hvdrothermal mineralization.

The metal contena of t-e ore is shown Celow.

Aj CU Pb n Ni Co Ac As
Sample no. bpb bpm PPm PPm PPm ppm DPm PPm nnM

01:607
0,2667A
0126078

215 8580 1480
235 5460 12200
255 18500 2262

249 54

270 LO

60 19.6 85
49 16.3 8
30 25.6 183

Metal content of samples from the Skslterberc mine. 5=m.r.'e011607
represents a oh'D samt'e 2; P‘s-1S rich nre 'rcm the min.-0d-
. and B represent tvcceL nre tvree.

Gold values seem to be relatively constant at ca. 0.3

whale sjiver shews an amerage value cf ca. 20 pcm. An

interesting featdre fs that dcld and silmer acrarently marfen

indecendentiv n= tne Cu- and Pb-content recn-ectIve

ThP Gr,=ver 'S satuated ifo th,= SOLI'S cr27- s's

Skolterherd mine (Fic. 3). It corsisas of a small water

f±11,:, 02=n 7:)H' with a size of 10x8 m and a depth cf 1 m to

mnre than 4 m. The mfne is dey in m2neralfzed rac:


tiffs and Iaoili t_Iffs. The naneralized horizon

th'ck =t the mHne oceninc =nd as cnorav confcrmabLe

•

•
fering in the b. cLastics. It consists of an intens2meL

sflicified zone w2 n anundant maonetite and lese=r =mcint cf

chalcopvrite, cornite and minor ovrite. 20cally a

bar=genec:= r
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is developed. A smaller, but quite similar mineralization was

found in a nearby road section exhibiting a sequence of basic

tuffs and coarser pyroclastics. In this section meter-thick,

intensively silicified agglomerate/lapilli tuff horizon occur

with abundant associated maanetite and minor chalcopyrite and

bornite (Figs 39 and 40). On the basis of their ceneral

appearance, their close similarity with the Guldnes Cu-Fe-Ag




ore and the signs of post-depositional deformation these

mineralizations are interpreted as beino of volcanic

exhalative tyoe.

The metal contents of selected, representat've samcles from




the Graver mine dump are shown below.







Au Cu Pb Zn Ni Co Ag As S4




Sample no. ppb




PPm PPm PPm PPm P.Pm pcm cpm ppr

022607 I 100 1,69 64 745 187 155 115,9 -1 3 -1

022607 II 125 1,65 38 213 52 119 104,4 -1 4 -1
022607 III 75 2,16 29 79 32 103 103,9 -1 5 -1
022607 IV 50 2,36 53 3058 38 86 71,3 -1 6 -1
022607 V 75 0,89 12 138 38 1 33 42,2 -1 12 -'
022607 VI 20 0,67 33 305 32 139 58,5 -1 6 -1
022607 VII 100 0,75 17 110 30 96 47,5 3 6 -1
022607 VIII 175 1,07 27 157 36 143 68,0 3 6 -1

Metal content of ore samples (hand specimens) from the Graver m-r
dump.

A characteristic feature is the relativelv high Cu-concent

which is more or less comparable to the Cu-content cf the

Guldnes mine (see below). Gold is present in amounts of to


ca. 0.2 ppm while the average silver value for the 8 samcies

is 76 ppm, acain comparable to the ore of the Guldnes mine.
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The Listel As-Cu-Fe-Ac(-Au) mine is situated 3 km to the

northwest from the Graver mine, inside the ASPRO claim area

(Fic.38). C.n the basis of the ''-terature survey this rine

selected before the field season as a possit9e examcle of a

scralled Haile-tvme fJmarcle-related arsenic-gold

mineralization (Scence et.al., 1980; Worthington et.al. 198C).

The Listøl mine was accordinclv investicated and sampled in

some detail with the view that it should serve as a possible

model for this tvpe of mineralization. However, as it i11 be


shown, ‘ne extrerely complicated deformation of the Listo: ore

body makes anv cenetic interpretation difficilt.

The Listøl mineralization occirs in a thick secuence cf Ftt- a

Gra o ohlcrIte =chdst= t? basic tu`fs), amphibolites (?f:ows

and quartz-sericite-ricrocline 'cneiss' (?acid —)cf=). Ohe ore

bodv is hcsted in chlorite (-biotite) corphvrcblastic bdsic

schists, which on either side cf the mineralized horizon crade

into a rock comnosed of.hornblerde needles occurrinc in a

matrix Of blue-crey ciacioclase and c..lartz

(tectoncHstraticraphv is discernible in the mine area, d

schematicallv shcwn in Fic. A and Fic. 41. From tha lower


(north) nart of the sequence a bounde-v is cb=erved b.etween a

chlorite porphvroblastic basic schist to a licht grev rock

brimarily comcosed cf g..Jartzand sericite and with varvinc

amounts of biotite, hornblende, tourmaline, carnet and

fachsite. This :tcht crey, ma==ive to fc1iated

rock hosts disseminations, schlieren and massive pods cf

arsenopyrite mineralization with minor chalccpyrite and

subordinate ovrite, and it constituted the mr=in o= mdc


minP. In ceneral this ore zone is con-c-dant t• "e fcliation

in the enclosirc chlcrite schists altheach it shOW2 snarc 35,

wel as cradational boundaries. It mav rep-e=e-- a-

'nten=vely hvdrc'hermallv altered zone and it can be traced

frcm tne westernmost surface cutcroc about halfway

mine.

3'38C
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Above this light grev, silicified zone which varies

thickness between 0,3 m and ca. 3 m follows an up to 1 m thick

layer of chlorite-biotite schists. This is in turn cverlain by

a 5 CT. to 2 m (?) thick sulchide bearing quartz-rich layer

which may be traced throuch the mine. The rock resembles a

massive, cherty, finecrained "cuartzite" carryinc minor

sericite, bictite and disseminated chalcopyrite, pyrite,

pyrrhotite and arsenonvrite. In contrast to the above

mentioned arsenopvrite - dominated licht grey siliceous rock,

the "cuartzitic" laver is dominated by chalcocyrite, which

also occurs as small massive schlieren in the hanging wall

chlorite schist.

S:Lbeecuent to the formation cf the sulphide zones, thi area

was folded on a mesoscooic scale around axes which trend

approximately 120700.. (ric. 42, The fo'd sovle


is ceen tc ticht, w"-h. axial 2lanes tren'ng

SL:bseccent jcintinc and minor failtinc took clace alonc

90770.-trendinc surfaces transectinc the folds. Eater bleck-

faulting with downthrow toward the west cocurred alond a set

cf normal faults trending 00/65.-90sE (Fis. 42, C). Durinc one

or more of these deformation chases the sulohide bearing

horizons were boudinaged and offset and quartz and sulchides

were mobilized into numero.Js irrec.ilar fractires esce-',-cn

the cresent so.Lthern sde 0: thc ore 'ayrs. The OrP ocdv

seems to thin out toward rhe wect ,nd an attemot has been made

to follow it toward the east by trencninc. Accroximate' 15 m

of the westernmost mine coening a narrow sllicified zone

occurs with minor quartz stringers and s-Jiphides. This may te

traced over ca. 30 m and seems to die cut in bo,thdLrecticns.

Approximately 200 m alonc strike to the east is another, less

intense bleach-zone in the basic tuffs CJC thc snnwc, cn

minor nyrite mineralization.

The intense pozt-cre deformatLon makes Lt difficc

interpret the crigin of the orebodv. The sulphide zores ccild

recresent an exnalat ce system in which the licht grey,

silicified and arsenoeyrite-rich zcne ccnst.tita-; a feeder

•
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channel to an overlyinc stratab=d chalcopvrite minerali-

zation. The zones could on the other hand

reflrecent two senarate or related enicenettc vein ,tv,-ctem=

associated with for instance the Bandak cranite occurrinc

immediatelv to the south (Fic. 38). Further investications is

needed befcre any definite conc12sions can be drawn; hcwever,

the ore shows an in part remarkable similaritv to tne

previously described stratabound ores, and it is accordingly

tentativelv internreted as a representative of an exhalative

(- fumarcle?) cre type.

Samples (hand specimens) of chalconvrite- and arsenonvri-e

dominated ore were collected on the mine dumps and analysed;

the results are snown in Fig. 41. With the exception of one

sample (3) all the samples returned detectable cold in amonnts

of up to ca. 4.5 npm. Silver, which mainly occurs as a member

of the tetra.,edrite series is present in amcunts of up to

55 opm, with an averace of 32 pnm for the six samnles. :‘:assive

arsenonyrite ore contains 25-30% As and un tc 3.6% Ci, while

chalconyrite-d:minated ore contains 1-2% Ci and subordinate

As. These results are in accordance with the nroducton

ficures ototed by Bucce et.al. (19221. Durinc the neriod

1895-1910 ca. 400 tonnes of cre with 25-30% As were nroduced.

Pure arsencinvrite frcm the cre contained 2.5 npm A.•.:and CT nr-

Ac.

In order to investicate possibie precio.,:smetal zoninc srour.d

the cre zones a numner o= chin samnles ere collected 1n the

lowermos: mLne addit wn.ich trends at a rld,ht anclk= ti the cre

body (Fics.41.; and 43). Three chip samples were =.Jrthermore

co'lected in the western-, the centr&-, ard tne e=stern nart

o5 the stones in order to 'nvestiote the nrecicls metal

content of tre thhn or-= horiz", :=Ft these ere‘-.=.

results are shown in F. 43. Anart from one samnLe

addit (numher two frcm the sou_n) only the 3 samples of ore

from tne stcnes retirned n nifioar.: quantities of meta"...The

•

•
3'35C
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anomaloJs addit-sample contains fracture Coond, rammze-:

sj.1:7)hid‘'swhich exclains the analytical vaLies. Cverall, the

resolts indicate that no major undetected precious metal

mineralization exists outside of the main ore zones.

The Johnsli skjerp is situated ca. 1 km ESE from the List01

mine and OCCurs, according to Nielsen (per. COTT7., 19E21 at a

stratigraphic level whHch is ecuva'anr to this. mne

mineralization consists of chalcopyrite impregnation

Eiartz-rich chlorite-Ciotite schist horizon occurrinc in 3

thick seqience of chlorite schists. The thickness of the

minar,11/2ed zona ie lese than 1 m and it may te treced over

15-20 mialOng strike. The oartz in this zone is in cart

finec:ra ned and resembles the light crev silicieous zona 1n

the Eistrl mine. An analysis of a coccer-rich chic sarple from

the domc at Johnsli returned the following:

Sample no.
Au 0-1 Pb 7n Ni Co Ac
rcb DDT" Cr'm CDM etr opm com crcm

Joh 1 75 3,94 402 7440 170 30 97,2

Althouch somewhat lowar in cod th= chem's__ ef s s cle

resemtles the copper-dor.i.nated samolas trom Th‘'

Johnsli mineralization mav represent an exhalative horizon

simi1ar to 	 or it may ba a mat-amorchic "sweat-cst"


product.

mhe Clidnas Cu-Fa-A0 mina 1s e'-ua'ad in a oredonin

vocanic pile at lake .9.:n2barm.s7stnet.Stratizrach.ca_

volcanics form a part of the Seljorj. Group as shown

Plate 2. sect

detosItion of the clasn:  of this Src:c

taken cLace concomitant with weak volcanic activity rela
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the late stages of the development of the overall underlying

Rjukan Group. The Guldnes mine area is furthermore transected

by basic dykes which may relate to the deposition of the

Bandak Group, and the deposition of the Guldnes minerali-

zation is therefore probably related to late-stage Rjukan

Group volcanic activity. This mineralization, which is a good

example of a volcanogenic, fumarole-related exhalative

sulphide deposit has been investigated by P.M. Ihlen and his

report is included below.

•

•
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SA_MMENDRAG.

Rapoorten gir en beskrivelse av geologien rundt Sundsbarmvann med

hovedvekt på Cu-mineraliseringene rundt Guldnes gruver. Minerali-

seringene er knvttet til en 150 m bred sekvens av felsiske yulka-

nitter i de stratigrafisk øvre deler av Seljordrupoens kvartsftter.

Denne vulkanittformasjon som hittil har vart ukjent består vesent-

lig av finkornete tuffer og i mindre grad av grovere pyroklastisk

materiale. Synvulkanske mineraliseringer opotrer rundt magnetitt-

førende breksjerør i sekvensen. Nær toppen av breksjene som sann-

synligvis er dannet i forbindelse med fumarole-aktivitet over sub-

vulkanske plutoner er vulkanittene sterkt serisitt-omvandlet og

impregnert med ovritt og kopperkis. Utenfor den omvandlingsnaloen

er sulfidinnholdet lavt og består vesentlig av kooperkis. Denne

lavgehaltige mineralisering som er anslått å føre 0,1 - 0,2 % Cu

har hittil blitt fulgt langs strøket over en lengde av 400 m.

Sonens bredde er ca. 100 m. I tillegg til disse mineraliseringer

er breksjene ofte gjennomsatt av et nettverk av sene kvartsårer

som lokalt fører rike ansamlinger av kooperkis og bornitt. Denne

malmtype som Guldnes gruver ble drevet på ble sannsynligvis dannet

ved mobilisering av metallene i de syn-vulkane mineraliseringer

under den regionale deformasjon og metamorfose.

•

•
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INNLEDNING.

Under en kort befaring av Bob Creelnan og Peter M. Ihlen, son-
meren 1983 (Creelman, 1982) ble det oåvist at Guldnes Cu-forekonst
sannsynligvis representerer en mineralisering knyttet til brek-
sjerør i en sekvens av felsiske vulkanitter. Forekomsten er tid-
ligere beskrevet av Dons (1963) som en epigenetisk kvarts-breksje

41,
gang.

De nye opplysninger som fremkom ved befarincene av Guldnes Cu-gruve
og tildels Listølli As-gruve ga støtet til at en rekke av de kjente
Cu-gangforekomster i Telenark kunne retolkes som syn-vulkanske
mineraliseringer. Dette i mctsetning til tidligere antagelser at
gancforekomstene representerer metamorft nobilisert materiale fra
de omgivende suprakrustaler. Denne revurdering av forekomstene
førte til at Frank Pedersen foreslo en feltaksjon i Telemark etter
Cu-Ag-Au-forekomster (Pedersen 1983 a,b).

Geologiske undersøkelser av Guldnes Cu-forekonst som liccer på
SV-siden av Sundsbarmvannet i Seljord kommune ble utført av under-
tegnede i tidsrommet 18.-30.7.83. Hovedformålene med feltaksjon
ble av Pedersen (1983a) definert som følgende:

Fastlegge hvilken type malm Guldnes mineraliseringene represen-
terer. Et viktig spørsmål i denne forbindelse er relasjonen mel-
lom mineralisering oa deformasjon.

Fastlegge de laterale og vertikale omdannelsesmønstre omkring
mineraliseringene herunder forsøke å innolassere f.eks. kaolin
forekonsten ved Kalkjuvet og mangan forekomsten ved Koddedal.

Fastlegge betydningen av, og eventuelt arten av strukturell
kontroll på mineraliseringene. Her kan det være tale om både en
pre- og post-deformasjoninetarnorfstrukturell kontroll.

• 4) Prøveta mineraliseringene og omdannelsene med henblikk på base-
metall og edelmetall aralyser samt eventuelt sporelerent analvser til
hjelp i definisonen av ondannelsesmønstre og nulige "guides to ore".
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REGIONAL GEOLOGI.

Guldnes Cu-fcrekomst opptrer innenfor Seljordgrubnens bergarter

(Dons, 1960, Dons & Jorde, 1978) (Fig. 1) som donineres av feltspat-

førende kvartsitter og ortokvartsitter. Disse kvartsitter son er

metamorfosert under grønnskifer facies varierer i farge fra mørk

gråblå til lvs grå. Lokalt opptrer også rødfargede kvartsitter

bl.a. ved Grønlifjell seter og Stav seter (Fig. 2). Strukturelt


har kvartsittene et massivt til båndet eller tykkbenket utseende.

Den vanligste tvpe består av plan-parallelle lag, dm til flere

meter tykke, med intern finlaminering. De enkelte lag er ofte ad-

11.skilt ved en tynn (1-10 cm) sone av fyllittisk skifer eller kvarts-

serisitt skifer. Nær det stratigrafiske nivå for Guldnes vulka-

nittene er ofte bølgeslagsmerker med assymetrisk snitt utviklet

langs kontakten av de fyllittiske innlagringer. De enkelte kvart-

sittlag viser lokalt krysskikting i tillegg til sedimentære struk-

turer som antvder slumping og dannelse av erosjonskanaler.

De massive kvartsitter som bl.a. har stor utbredelse ved Grønli-

fjell seter har nærmest et glassaktic utseende og nancler klart

definerbare sedimentære strukturer.

Innenfor Seljordgruppens kvartsitter finnes jet også flere skifer


enheter (Fig.1) som av Dons og Jorde betegnes som kalkskifre. En


eller flere av disse enheter ble påvist av Creelman (1982) og re-

1111gional befaring rundt Sundsbarmvann av undertegnede i sömmer har

vist at disse har stor utbredelse (Fig.2). De representerer sann-

synligvis en sydlig fortsettelse av skifersonen som kiler ut i

Ånotsdalen (Fig. 1).

Rundt—Sundsbarmvann er de såkalte kalkskifre utviklet som en båndet

mørk gråblå siltaktig bergart (Fig.3). Bergartens båndete utseende

skyldes dm tykke soner av en lys kalkrik (epidot-førende) kvartsitt

som danner planparallelle innlagringer mellom massive_lag av gråblå

ziltstein. Sistnevnte viser ofte en intern finlaminert tekstur på

rn-skala.

I de stratigrafiske øvre deler av siltstein-formasjonen, nord for

Stli, (UTM 664019) finnes det på grensen av kvartsitt innlacrincene

bølgeslagsmerker og polygonale sandfylte sprekker.

(Fig.4). Sistnevnte struktur kan tolkes som tørkesprekker.
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Fig. 3.

Kvartsitt-bårdet silrstcHr.. Sy2kr. utviklet

leddrett på lagene. 464919.

-t.

rakker" og OC)1 E. S 'aCS:re r r.er

kvartsittbår3 (lys) og

kerea:ter

(r-rk).•
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I områder hvor siltsteinen er relativt ste.rkt deformert får den

et skifrig eller nærmest fyllittisk utseende. I de skifrige

partier er ofte kvartsittlagene brudt opp og fragmentene orien-

tert parallelt med den penetrative foliasjon i form av utdratte

linser. Dette har medført at det ofte kan være vanskelig å på-

vise den primære lagning i skifrene på disse steder.

Siltsteinsformasjonen like nord for Sali (UTM 673216) med sine

karakteristiske lyse kvartsitt bånd kan også sees ved lav vann-

stand (Befaring av Creelman & Ihlen, 1982) på øya (UTM 680015) mel-

lom Mannerosfjorden og Sælifjorden. På grunnlag av bergartenes

strøkretning i området mellom Sali og Culdnes er det sannsvnlig

at ihvertfall siltsteinsformasjonen ved Sæli opptrer i samme

stratigrafiske nivå som vulkanittene på Guldneshalvøya.

Meta-doleritter og meta-gabbroer som fører hornblende som

dominerende mafisk mineral er vanlig innenfor kvartsittene.

Disse eruptiver som danner gjennomsettende ganger og konkori

dante plateformete legemer (sills) har i store deler bevart

sin primære struktur. I områder hvor gangene antas å følge

større forkastningsstrukturer er de ofte sterkt omvandlet til

amfibol, biotitt- og kloritt-førende bergarter. Denne omvand-

ling er tildels knyttet til kvarts-åre breksjer.

CULDNESHALVØYAS GEOLOGI.

Culdneshalvøyas berggrunn utgjøres av en ca. 150 m bred sekvens av

pyroklastiske vulkanitter som er innlagret i Seljord-kvartsitten

(Fig,„.2). Bergartenes primære lagning stryker NNV-SSØ med 50-100g

fall mot vest. De felsiske vulkanitter gjennomsettes på den syd-

lige del av halvøya av tre separate breksjerør eller "stringer"

soner (Kart 1). Guldnes gruver ble tidligere drevet på Cu-minera-

liseringer i kanten av disse breksjer. I tillegg er vulkanittene

og breksjene også gjennomsatt av sene meta-doleritt ganger.

Beskrivelsen av de litologiske enheter på Guldneshalvøya som føl-

ger under er vesentlig basert på detaljerte undersøkelser i gruve-

orådet eller innenfor Kart 1. Kart 2 viser lokalitetene for

fotografiene i raoporten og spesielle blotninger nevnt i teksten

(Lok. A,B etc.).
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Kvartsitter:

Kvartsittene på Guldnes er relativt homogene og består av dm til

flere neter tykke benker som er adskilt av 1-5 cm mektige soner av

fyllittisk skifer. Kvartsitten er niddelskornet og de enkelte

benker er relativt massive me3 hare en svakt etviklet intern lami-

nering.

Ligg-grensen til vulkanitt formasjonen er utviklet som en mørk grå

tll svart kvartsitt (Kart 1). Denne mørke kvartsitt danner både

meter tykke massive lag i veksellagring med lys kvartsitt eller

fremstår scm en finlaminert bergart med svarte og hvite planparal-

lelle bånd (1-10 nm tykke). Opptreden av finkornete svarte slirer

kvartsitten kan antyde at kvartsittens mørke farge skyldes til-

blanding av finkornet felsisk aske. Slirene representerer sannsyn-

ligvis ikke pelitter da en vil forvente at disse ville være rekry-

stallisert til en fyllittisk bergart.

Grensesonen mot kvartsittene i heng av vulkanift-sekvensen u*ajøres

av skifrige kvartsitter og kvarts-serisitt skifre son viser grad-

vis overcang til båje de overliagende kvartsitter og unjerliggende

skifrige vulkanitter.

Rød laminert teff:

Penne enhet son opptrer som en linseformet kropp i ligg av vulka-

nitt-formasjonen (Kart 1) kjennetegnes ved sin rosa eller rødlige

forvitringshud. Bergarten viser, som regel, en finbåndet eller

laminert struktur. På friskt brudd består bergarten av vekslende

finkornete bånd som viser farger i nyanser av rødt og grått.

ankelte tykkere lag (0,1-0,5 m) i enheten kan være bvgget opp av

avl'ar,Igelinser som bergartens laminering bøyer rundt. Denne tek-

\
stur gir inntrykk av at ihvertfall deler av denne enhet utgjøres

av sveise tuffer.

Den rødlige tuff enhet synes å ha en gradvis og innfingrende

kontakt mot de overliggende grå båndete tuffer. Ligg-grensen mot

kvartsittene synes å være relativt skarp.

•

•
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Grå båndet tuff:

Denne båndete grå tuff er den dominerende bergartstype innenfor

Guldnes vulkanitt formasjon. Den består av en finkornet mørk grå

bergart med planparallelle innlagringer av en lys grå nærrest

kvartsittisk bergart. Mektigheten og tettheten av disse innlag-

ringer varierer sterkt. Derfor veksler de grå tuffer mellom se-

kvenser med bånding utviklet på dn skala til 10 meter tykke lag

adskilt av tynne "kvartsittiske" bånd.

De mørke grå lagene er ofte skifrige og har et skittent grått ut-

seende på forvitret overflate. Bergartens overflate kjennetegnes

cgså ofte ved tilsteleværelsen av mm-store forvitringshuller som

skyldes disseminerte korn/aggregater av brunlige til grå karbonater

(Ankeritt-Fe-dolomitt).

De lyse innlagringer er ofte mer grovkornete og viser en massiv

til laminert struktur. Enkelte lag viser også en antydning til

lentikulær struktur som lokalt på fuktige flater gir tilkjenne at

bergarten kan være bygget obp av utdratte fragmenter. I dagbrudd

II ble det dessuten funnet en blokk av et av de massive lag som

Inneholdt en oval konsentrisk båndet konkresjon. Denne konkresjon

kan representere et geysir "egg" (F. Pedersen, pers.meddel.).

De grå båndete bergarter fører også meter tykke lag (Lok.A,

kart 2) bestående av linseformete fragmenter i en finlaminert ma-

triks som også inneholder små inneslutninger. Lamineringen bøver

rundt de enkelte fragmenter. Denne struktur synes sterkt å antvde

at lagene reoresenterer sveise tuffer. Lag av typen som vist i

fig. 5 har også relativt stor utbredelse og opptrer både med grå-

og fragmenter. Laget på fig. 5 representerer sannsyn-




Ilgvis en lateral utfingring av den røde laminerte tuff. Slike

leg med grove fragmenter utgjør også den dominerende del av en

rød tuff sekvens som er blottet på den østlige bredd av den nord-

ligste del av Guldneshalvøya.

•

Ved lokalitet B finnes rødlig, "chert"-lignende lag i tuff-enheten

pq ved C en horisont med litofyser eller chert-konkresjoner (geysir-

• egg?) utviklet (Fig.6).
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Rundt det trignometriske punkt (Lok.D) finnes et område hvor den

mørk grå tuff har et massivt utseende (Kart 1). Bergartens fcr-

vitrete overflate er mer knudret enn vanlig og har dessuten en

mer brunlig farge. Den knudrete overflate skyldes tilstedeværelsen

av noen cm-tykke og dm-lange inneslutninger av en lys finkornet

bergart. Disse inneslutninger kan enten representere fragmentering

av opprinnelige tynne sammenhengende lag ved syngenetisk slumping

eller ved senere deformasjon eller litofyser i en lava/pyroklastisk

strøm.

Like syd for dagbrudd II (Kart 1) er det en rekke blotninger som

antyder at den røde ignimbrittiske enhet lateralt innfingrer med

de grå båndete tuffer (Lok. A,C,E og F). I dette området øker

mengden av rødlige tuff-lag i tillegg til at lys grå eller rød-

lige grå horisonter med disseminerte biotitt/kloritt korn begynner

å opptre.

Ianimbritt:

Denne bergart er betegnet ignimbritt fordi den teksturelt klart

adskiller seg fra de røde laminerte tuffer. Bergart,on har en

rød farge på forvitret overflate, mens den på frisk brudd vari-

crer fra rødlig grå til grå. Den er massiv og viser often en flam-

aeaktig struktur, noe som skyldes flatklemte linsefcrmete bergarts-

fragmenter i en laminert finkornet og grålig mellomrasse (Fig. 7).

Horisonter dominerte av slirer som opptrer i en kloritE/biotitt rik

grunnmasse er også vanlig.

Bergartens fiamé lignende struktur antyder at tuff-enheten repre-

senterer en sur sveise tuff eller ignir.britt strøm.

relsiske intrusicver:

Di ganglignende felsisk intrusiv finnes på nordsiden av det trigono-

metriske punkt ved Guldnes. Gangen er 5-6 m bred og har et steilt

fell mot NNV. Gang-grensen som er blottet ved lokalitet Ger

utviklet som en relativt finkornet breksje med flytebånding utvik-

let. Denne breksjering i tillegg til den brå overgang mellom røde

låninerte tuffer i syd og grå båndete tuffer i nord antyder at

gangen kan være- intrudert langs en forkastning.

•
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likancbercarten har en rød forvdt_ -shud, ren fremstår r)å frdskt

brudd scm en grå, finkornet og massiv bergart. Store deler av

gangen er gjennomsatt av et uregelmessig nett av kvartslrer (Fig.8)

eller et sett av parallelle årer (Fig. 9). -I disse områder med


kvarts-gjennomvevning viser lokalt bergarten en flekkvis kvarts-

serisitt omvandling og får dessuten ofte et skifring utseende.

Den hydrotermale omvandlinc synes knyttet til utviklingcn av den

østlige breksje sone som gancen cradvis glir over i.

Lignende massive intrusiv-bergarter med kvartsårer fdnnes dessuten

ved lokalitet H og I. Dessuten sees en grå massiv bergart i den

nardøstlige vecc av dacbrødd II og like under kontakten av brek-

sjen.

reksier: 


Det har hittil blitt påvist tre breksje-sentre (Kart I). Eroks
har relativt skarp kontakt mot de omliggende vulkanitter som i car-

tier er kvarts-serisitt omvandlet. Det nordlige breksje-senter

som er best blottet har en utstrekning på 90x25 m. De andre sentrene

har en rinimumsstørrelse på ca. 45 x 20m.

de minst defornerte partier består breksjene av cm- til dm-store

fragmenter som er fullstendig s11“-ist eller serdsdtt orvandlete.

(Fic.10,11 og 12.) Fragrene opptrer i en grunnmasse av fin-




kornet kvarts (Fig. 10), K-feltspat+ragnetitt (Fic.11,12 og 13)

eller kvarts+ragnetitt son utgjøx mindre enn ca. 20 % av breksjen.

4.

)‹.3gnetitt+K-feltsnat førende grunnmasse er spesielt utbredt i den

Ostlige breksje-sone mens den nordlige vesentlig fører en magnetitt+

kvarts-K-feltspat paragenese. I den østlige breksje-sone opptrer

dessuten røde fragmenter 13) som sannsynligvis heller reure-




senterer uomvandlete ignimbritter, eller felsiske intrusiver enn en

gjennomgripende K-feltspat omvandling.

Selv om bergarten i partier klart kan erkjennes som en breksje så

lerden i de fleste områder utviklet som en kvarts-serisitt skifer.

I denne skifer som ofte er gjennomvevet av kvarts-fylte tensjons-

sprekker gir bare de avlange nett av magnetitt-årer tilkjenne berg-

artens breksjerte natur (Fig. 12)i.

Reglonalt synes breksje-kroppenes utgående å ha et mer nordlic

strøk enn lagnincen i de orkrincliggende vulkanitter. Det tre-

diensjonale bilde som frerkor vod studier av dacbrudd I, II

01 III antyder at breksjene reoresenterer et rørformet legeme med

ovalt tverrsnitt og med lengste akse stucende 700 mot N eller NNCJ.
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Fig. 11.

Breksie med serisitt-omvandlete fragmenter

matriks av magnetitt+K-feltsaat. Nordlige

breksjesone.
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Svakt deformert breksje som består av kvarts-serisitt• frormenter i en ragnn-i+t+E-,:cltson+ ratriks. Breksjcn

også gjennomsatt av en tensjonssarekk fylt mod kvarts.



Meta-doleritter:

Områdets bergarter og breksjer er gjennoMsatt av mørke meta-

doleritt ganger (Fig. 14,15). Hornblende er det dominerende

mafiske mineral i gangene som også fører feltsbat og hulrom

fylt med karbonat. Gangene er relativt massive, finkornete til

middelskornete, og varierer i mineralsammensetning mellom horn-

blende-dioritter og hornblenditter. Disse sammensetningsmessige

ytterpunkter finnes bare utviklet innenfor det store meta-doleritt

massivet nord for huset på Guldnes.

Gangene er steiltstående og har et relativt rettlinjet forløp. De

fremherskende gangretninger er VNV-Ø50, VSV-0NØ og SSV-NNO.

Enkelte av gangene (Dagbrudd I og II) har mindre fororeninger som

vist på Kart 1. Et typisk trekk ved gangenes opptreden er også at

bergartene på begge sider er forkastet med et horisontalt sprang

på noen meter. Siden gangene i liten grad virker tektonisert er

det sannsynlig at gangenes uregelmessige forløp (Dagbrudd II) og

forgreningenes strøkretning skyldes fremherskende sprekkeretninger

og forkastninger fremfor regional deformasjon.

Deformasion: 


Vulkanitt formasjonen på Guldnes som har et steilt fall mot vest

er generelt bare svakt tektonisert. Bergartenes strøk, NNV-SS0,

er relativt ensartet på hele Guldneshalvøya med unntak av dens syd-

lige ende hvor en mindre fleksur er utviklet.

Selv om de fleste bergarter er svakt skifrige så er det bare i

områdene rundt og i breksjesonene at forskifring og dannelse av

foliasjonsplan er fremherskende. Dette gjelder spesielt de biotitt-

kloritt førende og serisitt-omvandlete litologier. Denne noe sterk-

ere deformasjons-påvirkning står sannsynligvis i forbindelse med der

tektoniske bevegelse eller rotasjon av breksje-sonene under den

regionale foldning. Breksjene har oppført seg som stive legemer i

en mer plastisk masse (vulkanittene). De tektoniske bevegelser

førte også til at det i de kompetente bergarter, breksjer, meta-

doleritter og felsiske intrusiver ble utviklet sub-horisontale

tensjons-sprekker som senere ble fylt med kvarts og/eller Cu-

sulfider (Fig. 9 og 16).

•
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•

	 cang (tusj-streket) som g".ennom ___e_ ...eta-

vulkanitter og breksjPr. Broksin til høvre er ferkastet
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Fig. 14.
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hre:csjesone. Den vortikale meta-doleritt cang (stiolet)
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Forkastningene som synes å predatere meta-dolerittene synes i

liten grad å ha blitt modifisert under foldningen siden intrusiv

kontaktene (med unntak av den felsiske gang) i liten grad er tek-

tonisert.

MINERALISERINGSP.

Guldnes forekomsten fører to typer mineraliseringer som henholdsvis

kan klassifiseres som vulkanogen og metamorfogen.

•

Vulkanogene mineraliseringer:

Denne mineraliserino.stype som hittil har vært uaåaktet av geologer

består av en lav-gehaltig disseminasjon av kopaeFkis og pc:ritt

vulkanittene.

Mineraliseringen er sterkest utviklet langs sydenden av den nord-

lige og sydlige breksje-sone. I disse partier er breksjene omg±tt

av en halo med kvarts-serisitt omvandling. En omtrentlig begrens-

ning av denne omvandlingstype er gitt på Kart 3.

Spesielt de mørk grå lagene i de båndete tuffene er hydrotermalt

påvirket.

Sulfid-mineraliseringene i vulkanittene nær breksjeko _ar,ten kan

inndeles i følgende hovedtyper:

Tynne år,er og disseminerte korn og aggregater av sulfider som

opptrer i de lyse innlagringer i den grå båndete tuff-. Finnes i

dagbrudd I og II. Kopperkis >> pyritt i mengde.

Finkornet disseminasjon av sulfider i kvarts-rik serisitt skifer.

Dagbrudd II og I. Kopperkis > pyritt.

Alternerende striper eller bånd (1-10 mm tykke) av koaperkis eller

pyritt som opptrer i kvarts-rik serisitt skifer. Dagbrudd II.

Kopperkis pyritt.

Sulfid disseminasjon i en fettaktig serisitt+(talk+Mg-kloritt?)

skifer. Dagbrudd I og II. Pyritt >> kopperkis. Denne sulfid-

skifer opptrer som linsefornete kropper med en mektighet på flere

meter og med en utstrekninc på ca. 10 meter. På overflaten frerstår

dP som rust-fargete horisonter (Fig. 17 og 18).

Selvom enkelte tynne sulfidskifer horisonter (skjenatisk angitt på


kart 1 og 3) finr.es et stykke utenfor breksje-sonene så forandrer

•



• trytrirtr- _
s •:;
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'15

Fig. 17.

Soner mea rustskifer i den svdlige ende av Dagbrudd :I.

Kontakten til breks:en er angitt med en svart

•

 ••

Fig. 18.

Tynne "soner :teA
meta_vulkanitt iand

kontakten av den
breksiesone (lvst parti).Meta-

doleritten tå fig. 14
Pr streket opp som referanse.
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tabell 1 forts.

	

liKall X 31 Cp.-br. aggregater i kvarts-breksje.

	

X 32 Mørk grå massiv tuff med cp. og py.aggre.-diss.

	

X 33 Kvartsitt med cp. diss.

	

X 34 Mørk grå massiv tuff med cp.aggr. - diss.
35 n “

-ghall 36 Cp.-br. aggr. i kvarts-breksje

X Angir prøver som oppbevares ved Geologisk Institutt, NTH

•

•



FG( FCK kLJ R N61 ." r

R uon kocr+s Et

vRT5TT 2.steL, t-e.r

R P LAMINERT JuPF

RÅ ÅNE) h-1,45.1\) TYE

,RLs

ic9-LS S f\Thc. / r. •._ rc„

. ,
2  

S-7-RcK/F,4LL(tnce,‘, 11,E R

1 / ( c r
.2 1-1  •• cLI A EJcPc.

BEERCIATS(iRrril\!EE

CRSK. giiSI Ort.: r ,

DEVCP::



KART

GEOLOGISK 14A P.—f° OVER

GULDNESCRuvER.

1 m
foco

1--,
I - ,

‘\ i „ \ .‘
/ ,

q2 ..‘"•\

\ -- ---\\-\

:

\

	

 _ , 1 \ )1-\- \

\ ‘ —— . ‘• \,

1

1/
\

• `.--
—

\ \
_1\-- .-t

\\: k k‘ •
.\\ -..._,../.-

\ , «Ciet.-"k;'-'VIl>--.." '‘‘ 111()\ .1•Ii.Y\at;Å:ili\Ij.-17 \k'',... ../ '

7)

'. go •

- 7//:



KAR-1113.
ART sor-1 V tsER IzotZDELIN5GEN AV

13Rifk5JER I<•iJ ) SERISITT- 01-1\i/4t•IDLIK)Cm

RVST" SKIPER F---7:1 0 C1 KvArcT541-ZerT FELSISK

II.JTROSI  , —•— freiz,KAsTN KIC1.

lOrn
o00

SONE NED

ifINIGEHALTI koPPERK 15

PISSEM MASJoN.

•• ••

t  
I ,N

•• 

••• • •

/



• • •
vKART 3

VART SbN) VisER LÖ kIAL ITETER

OC.1 F01.3CIRfIn Loç/\LITEY( GII1T

R P FN
H : t000 .

\Fl

15

Ft(1.5

1(1.1;jt

>-111

1---14•13i-V-L

-



L o KA L E--"rs kA.RT RR

NIe ktcE-T G  - % 3 cr'1. Jj t

rcr

2,6,94#1-3

ct.

2-1
./

1 n7.0

22 1(

13

12.

Il

N
fl

J--

544,

ti 3



•

- 51 -

The geochemical assays of the samples collected at Guldnes

(see Ihlen, Table 1 and Kart

Au Cu Pb Zn
Sample no. PPb PPm PPm PPm

4) are shown in below.

Ni Co Ag As
PPm PPm PPm PPm

Bi
PPm PPm

G 1-83 20 1781 5 43 27 37 6,4 8 4 -1

G 2 20 3505 2 23 8 10 4,0 1 -1 -1

G 3 -20 280 11 63 23 12 -0,1 1 -1 -1

G 4 -20 942 8 22 11 16 8,5 5 2 -1

G 5 -20 1075 27 63 22 9 1,4 71 3 -1

G 6 -20 45 8 43 12 29 -0,1 4 1 -1

G 7 -20 3847 12 43 33 13 1,5 2 -1 -1

G 8 -20 2888 10 53 22 24 2,6 1 -1 -1

G 9 -20 497 8 37 22 20 -0,1 2 -1 -1

G 10 -20 254 12 6 2 13 1,5 2 1 -1

G 11 -20 481 9 17 14 5 0,5 1 -1 -1

G 12 -20 1517 11 39 21 25 1,2 4 -1 -1

G 13 -20 520 8 44 24 13 0,2 2 -1 -1

G 15 445 13500 7 3 10 13 50,5 -1 -1 -1

G 16 125 8290 5 4 3 4 20,5 -1 -1 -1

G 17 75 11500 2 4 72 5 8,5 -1 -1 -1

G 18 -20 2769 3 13 15 30 6,4 2 -1 -1

G 19 75 2920 5 25 14 151 49,1 2 -1 -1

G 20 -20 209 14 46 37 67 0,9 9 1 -1


G 21 350 41300 15 19 66 229 145,2 1 1 -1

G 23 20 3455 4 9 4 5 0,9 1 -1 -1

G 24 -20 5990 13 39 41 48 0,8 12 2 -1

G 25 125 34500 7 9 .2 10 18,5 1 1 -1

G 27 305 32400 15 7 2 6 53,8 1 1 -1

G 28 50 5600 4 18 15 21 1,9 5 -1 -1

G 29 50 7040 4 16 17 112 2,8 17 -1 -1

G 30 20 4140 24 159 21 50 31,9 3 4 -1

G 31 20 5780 15 46 33 35 3,7 3 -1 -1

G 32 -20 3823 9 50 30 56 1,6 2 -1 -1

G 35 -20 3207 15 41 25 41 0,8 9 -1 -1

G 36 360 64000 17 14 12 6 295,9 -1 1 -1

•
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These figures demonstrate that the Guldnes mineralization is

dominated bv Du, Aa and ve (not shown). The mean conper content

of the samples is 0,68% and the mean silver content is ca.

15 ppm. Gold occurs sporadically in amounts of up to 0,5 ppm

and it is exclusively tied up with high copner values. However,

the figures include samnles of ore as well as of the low crade

halo surrounding the high grade ore. When isolated, the cre

samples (numbers 1, 2, 4, 15, 16, 17, 18, 19, 21, 24, 25, 27,

28, 29, 30, 31, 36) return considerablv higher grades,

averaginc 1,45% Cu, 41,7 opm Ac and 0,01 ppm Au, and the

potential of the Guldnes mineralization is thus clearlv

dePendent upon the amount of hiah crade ore nresent in the

area. An indication of this mav be obtained via the preliminary

geophysical survey which has been carried out over a part of

the Guldnes area (Elstad, 1983, Appendix 3). This survey

includes cround mag. and IP/resistivitv measurements and shows

that high grade solphide mineralization is characterized by,

and mav be detected by the presence of hich IP valoes, while

the maanetite-bearing feeder channels stand out as areas with

hich susceptibility. One anomalv with an area of approximatelv

125 m x 400 m occurs alonq strike toward the northwest from the

northernmost of the two larce open pits (Ihien, 1983, kart 1)

and is characterized by high susceptibilitv and high IP values.

It is situated in an area covered by drift, and blast-tyPe

samples are needed in order to exPlain the anomalv.

In summary, this croup of mineralization, incLudinc Tinn c,

Skolterberg, Graver, Listøl, Johnsli, Guldnes and others, are

re1`ed to siliceous, protably fumarelic emanatons which tock

place in predcminantly basic volcanic piles with sotordinate

acid volcanic intercalations. The mineralizations are dflminaed

bv copner and silver, other elements beina sotordinate. -

shows that anoroximatelv 75% of the total numter of cconer

analvsis of this groun fall below 1% Cu and that the remain inn

25% show an even stread op to ca. 4% CO. Pt is ct'te

•

3138C
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insignificant in that 95% of the analysis fall below 0,2% Pb,

and 95% of the Zn analysis fall below 0,3% Zn. The presence of

Pb and Zn may nevertheless be significant because these

elements mav be helnful in establishing zoning patterns. The

mineralization at Guldnes suggest that a "normal" zoning

pattern has been established in this particular area with Cj

having been denosited close to the feeder channel. The Pb-Zn

mineralization at Skolterberg mav thus reflect a peripheral

("distal") position in an exhalative system and it is

interesting to note that the Pb-Zn-bearing nart of the

Skolterberg mineralization apparently grade into a copper-

bearing (?proximal) mineralization toward the west (Fig. 38).

The available data are too scarce to allow any oredictions of

how precious metals would be distributed in possibly zoned

sulphide systems. Silver (Fig.45) shows a fairly wide scatter

in values, 95% of the analysis being below ca. 125 ppm, while

95% of the gold values fall below ca. 0,3 ppm. A positive

coefficient of correlation between 0.8 and 0.9 exists between

copper and silver, while gold apparently shows no correlation

with other elements. This mav be reflected in the plot of Au

versus Ag shown in Fig. 46 which indicates that the large

fluctuation in copper values in for example Guldnes and Listøl

is reflected in a similar distribution of silver values. These

considerations may thus reflect - if the presented analysis are

renresentative of wider areas of Telemark - that precious

metals in this type of mineralization is dominated by silver

and that this predominantly is tied up with the occurrence of

copper.

Finallv the Softestad Fe-P deposit should be mentioned because

it occurs in rocks belonoing to the Rjukan Group. This deposit

was not visited during this summers field work, and the

following account has been borrowed from Sugge (1978).
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Softestad iron mine on the eastern side of Lake Nisser

(Plate 1) is a small maanetite-hematite depcsit averaalhc 55

Fe and 1-1.5% P. The orebodv is 450 m iona and 1 -3 m w'de. It

is tabular in form with a 40. easterly dip and a north-south

strike paraliel to the foliation of the surroundina rocks. It

consists in the northern bart of two carallel lensPa.

Magnetite and hematite are generally bresent in about ecrua1

amcunrs, bLIt the hematite conrent is localiv as low as 1=. The

apatite is a fluoraparite with a small percenrace ci vttrium.

rrhe cang(ie minerals are fe'dspar, ambb»bc'e (macne=Hc-

hastircsite), clinobvroxene, ctartz and calcite. Pecerves are

of the order cf 500.000 tonnes at 55% Fe and 1.7% P.

Production was 35.000-50.000 tcnnes per year. 7he crebody is

cut bv aranite pecmatites of two generations and alsc by

camptonite dykes and a few calcite-chlorite-filled fissures.

The Prec.--.mbr. an Softectad anels=, whi ch the dezcs:t :s

situated, is a crJartz-hornblende-tiotite gneiss of andesitic

and dacitic composition. There are several poihts of resem-

Les- weeh "e  debcs'' and -he 'arger


Gållivarre apatite-magnetite ore decosit in  Sweden.

The mode of formation is considered to be macmatic.

Mininc operal-icns took bitce be'ween 1920 and 1965 and ted

after a rai1road was bci1t fron Arendal to 4- he south side of

Lake Nisser.

Sanda 7rcub

As shown in Table 1 stratabound miheralization cccurrinc in

t-hP Eand(=k Groun ccrc:ise the -0-. = Cu, Ac, Fe, :h ahd n.

The mairr'tv cc ocrurr=ncec ar= hcsted cy bredcmLhr, as:c


volcanics, while one, the Brananiten deposit, may cc relate

to acid volcanism.



- 55 -

The Dalane Cu-A mines have been known for a long time as

important occurrences of native copper and silver. The

mineralized zone occurs near Landsverk (north of lake Bandak,

Plate 3) and was claimed by ASPRO in 1977. As the mine

workings presently are almost inaccessible only a short visit

was paid to the area by the present author. The following

description is from Dons (1963). In summary the mineralization

consists of impregnations of native Cu and Ag occurring in .


sandstone along the contact to an overlying basic volcanic

flow. The ore may be interpreted as having formed either

during the diagenesis of the sandstones by metal-carrying

groundwater, or during the regional metamorphism by fluids

leaching metals from the basic volcanics and depositing them

in their native form in the porous, underlying sandstone. The

economic potential of this very rich, but apparantly sporadic

type of mineralization is very difficult to ascertain, but it

should be pointed out that the claims of ASPRO will expire in

1984 unless this company files an application for "utmål"
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I lIerparkiver op, •flergverkstaristikken• dessuren en mengde opplys-

niorer

I ok.; 212i, Ved 3 kornbinere opplysninger fra flere eldre katt og rappor-
ter, ved 3 snakke nied folk Prr stelcr. særlig Svcinung Dalen, r) 231 gannool,
er oppn:uld følgende rekkefølge av navn regnet fra vest root fist idet ruan fstlger den
konr.,[:[, sorn ftfrer getliv,ent kohlwr solv:

d'hhherk 12711, thwhieret gruhe vi'd 111) \i'tiveien ejeo
nont Dalane 127a, Kluppe•hflen (28r, (-here.) illerl• •128•1, tri,7
jerp ((;,,rnle Dii eaul,e) 422c, ,filiesriKerr grehe 1281), Sheeihregg
nerxdal grehe ,1?”1), Cfrirenuren griebe 429,1„Ifen 3.1-ierp •1501), k grehe •11•11a,
Se•irlen alje,p 40r, Slardalf•thren lhierh 4 “hl, Ihjerp jl 50e. Sisrocvnte sted
ligr.er I Soll 111 OSt for Irovedvcien gjennont Dalanc. Alle nevnte grubet op, kjurp
rjelder gedigent kobber sOlv, nrens le folgende (1311), 13La, er anlagr

koldwrkisfOrende kvartsganget.

Golehl rpene 4311) ligger, a. I00 to nord for Gjeitruncn, antakelig pl grensen

et lokalt r.,rønnstensfelt innen kvattsitren. I lei[1:ar Arehe (Ileiskarbakken • Ovre 1)als
grulw) lig , ;,, r Hill ni, nord for Aspesrigen. finriert ligger I111(/ runord
for Aspesrigen og er oeCt kalt I aliruircri datIgniirell eller I hsv. hur chhiehet

Kalvgjuverl .153 liggcr i iherdeneir utd vamme navn ‘urnililelhart syd

for skon rt i l)alane.

oppeave fra Østlandske Bergdisoikt av Wr.11Intr Clirktiarna INIinukornpani
opirentlitililt frftrende arivis"ger: inntrong nr. 480 (w, •IS I p3 g3rden I andsvtrks grunn,

Innining nr, 182 pri LICS[den njlens inttur, ritirruii' 130 gJirden Nordre Dillens

gronn, rnurning 3./0 p3 pirden Landsverks glimtiri , Aspestigen skjerp, øvre Cdoe skjerp,

skietp, (1 ;re /3"tretin akier/i ji3 piirden Daler's 0/7e I d•••1•1 erk
ilievli• I Ihn•:iiiv" k"blwrgruhr, Spendivegg sOlv. op, kobbergrube, <;;eirenirren
sdiv- kolibergrube, fluvesrad sOlv- og kohlwrginhe, kjersrol skierp i  3 sisndre Dalens
grunn,p3 lijoreflaten• Åskleivherger Ilusrigen timuren
grulw, Asen rnirke. De 5 sisre opprinnelig Illiiret ereer Skte khr. Videre hat

Garrdr Dals r;rnhe, I leiskarbakkens grube, anvisning 100 ni syil for lalviret
nilonme nr. •/9 mellom I Ovnetsirmen riir VarpArene. I lieree -1Iovestok ermalk

har Peder Obeo, 0. Sindine. oe 0. Sinestad opprertholdt anvisninger fra IV 0p,1
krin•Jemyr jerh Itp.thij•  nnIttilen jerp,

ovenfor anfOrte 1111111/11er 48(), osv. er Inturringsrunnincr og har intur 3
gjory rued den scrie anvendt i sin publikasjon av 1925. Stedenc for slike
ourtninger cr vartskelige 3 finne, idet de kurt Irar nurruner, ioret navn. Iluk  el5is
skjetp kjente oran ikke til ved besøk Dalen Prld. I leller ikke krenre inart der

til den noyaktige belirgenhet av Kringlernyr skjerp tur ItyrterjOnnsoden skierp 1)c nr3

ligge Ireir shiligst i felter i turrliewn av Nlystaul Togrkjosi NIruning rlisvnert-
sl3tren Vargaran) ligger nwr lauvnerr grubc. I nultusanilinren ved t;eologisk

innes rn mykke merker, •Gedigent koldier, Kringlernyr skjerp i I flivntad Pedir

Olsen, ly KrOpr av 1< Stenvig.•

IXi inan ved grubeclri(ren i 1)alanefehen hide Ilar arbeilet p3 forekoruster rurd
gedigent kobber solv orr forekornsrer nred kobberkis, blir I'! hele hellandlet under (tt.

Mith kol,bur erdieror sOlv. Knhheret foo ligrvr surn srui kurn,
plan r, rraler takker, vanligvis under I nun tykke illiden 2 < m 1.1nee Dec skil

va-fu funnet Iingertykke takker. Solver danner urreeluressigr plarer i knblwrinassen eller

ikre, overnatc. Anslagsvis cr srivrnenglen 1 Pf. av koblwitnengden tldre opp
yaw r Valdeler lorliolder intllorn 11,2,1 og 6 rr,. I polerslip Sits hvorleles kobber
orndurrer yllinmerkorn. 35I(11111:11in inrildrIrr at koldwr synes nI en viss prad 3 leiIIII1

Lint k`lit‘kinn,-"es 141s, ,ed av dr,se i uprn finnes sont ovi-rrrtkk p3 koh
ben r sorn selvsrenclige rod eller surte korn i bergarren. Spor av gull ‘kal I inru-s
i cnillene sorn det vaskeriet (fra Speolivegrr, II

Greirouren, Kicrstoli sees spor kohlwrkis  )g, sekund.rre kollwrrnineraler, sLer
mniiik" groloPrr har ved geigerteller p3vist ar ur linnes

eller frere tadi(viktive inineralct l'orelr+I  ire undererikelser tYler ar lit er kdis"'"u "n"vniadifi-1 tyrryarninnt ) an.dyse nr1Ort II laho

DALANE.-ANFIKLINALEN

Raq GrØnnsten, lava, tuft

E -1 Skifriq sandsten, kvart5ill


Kntialnrnernt

[ Kvartsporfyr, welded tuff ?

-

- 4e°

171.1. The 1>alahe an/hIme Rth •(•reenahhi • . Porr- Quarrz po, Phin,
hi:11•1 ellh lhaded. h•hiame 1.1edrh•ne. Elnp. i hegIntnerate. ,Sfuee hl the

ohl•••• and arlher are /rnhcared

rarorit thost Ir/6I selve den rualmfOrenle lwrgart skal Ira gitt uvardig lidyt
vanallinin innhold. I kovedgjuvet skierp skal dut vaie lunnet kohlierglans.

I Lnet,,,rt og leishar Ri; (•• %kjerpene er det dert helt vanlive paragenesc Kobber-
kis oi: iernglans. I I Iciskar er der dessuren observert snia nragottnt-okraelere 111unn.

I
rifulwItIreri Dalarre, i s}dostre llankr i indre del av

antrklinal Itvis loldningsaksc faller ntor svdvest, adir, nu•r jo l< nger nr)or sydv  st marr
kornint r II  or Iroved  cien yientreni Dalane skra.rer antiklinaluu er aksflryllingen i.,

n b<st:Ir av (.11 k•3111i. rnellont opprrnuelre l,usisk lava
Polynnkre konr.lonreran r forekonnuer or,s3. Gedigent kohlwr solv I nures stilt rinpieg-
naspni i en leugde av ta kur 1.1111!% kontaktflan n saulsren ilvir i•r-• •
11.•:•.:•-•11••b,p,pke Ularen liar srolk <,0 6') ”ir il lit 5 5 hlsn linp1r1:0.1

I 1,111dstelleil lcd«' urvikhr som rykkberiker nrorktgr3 k‘.tussktler ell, r
151'/I• nor IrIrspar kalksparlroldre, kvatemti 1,1! trore, no, din iii denne I okalr kan
impregnasionssonen varr r/1.3:Idte sledir bare ricien inn I inalnrhaugen ved  enn

funnet srkker rrke pi kalkspat, unneholdende panskr sni3 er1,51 1/1! tr.idur av kollwr



essly. I kvartsitten finnes ofte kohbertrådene omgitt av finkornet kalkspat. Når man slår


opp den kobberholdige bergarten hender der ofte at stykker man får slått løs ikke

faller ned, men blir hengende og dingle i kobhertrådene. Impregnasjonen i den over.

liggende lava (grønnstenen) er ubetydelig hvis den i det hele tatt finnes. Noen malm-




førende kvartsgang som ellers er så alminnelig, finnes altså ikke ber.
I flere eldre publikasjoner gjengis profiler over malmforekommene som viser at

malmføringen er knyttet til flere grenseflater av samme type sorn hcskrevet ovenfor.

Dette cr ikke riktig, og misforståelsen er sikkert fremkommet ved at man i tidligete
dager ikke hadde er geologisk kart over området, hvorved man kom i skade for å kom.
binere profilene galt. I en av grubene har Vogt (1888) observert et system av kvarts-

ganger med fall 40 - 60° mot NØ som skjærer loddreu over grensen som fører de

gedigne metaller. C. fiugge, som arbeidet i disse traktene bl. a. 1922, 23, 29, påpeker

ganske riktig i sin avhandling av 1931 at det finnes en kalkspathreksje (grønnstens
bruddstykker kitter sammen med rød kalkspar) langs med og nær den malmførende

kontakt. Den nye kartlegging har vist at slike breksjer neppe cr bundet til noc besterm
stratigrafisk lag. Andre steder hvor de er funnet er det ingen spesiell malmdannelse.

Ved grute er det kalkspatførende kvartsgang på 12-50 on mektighet med

retning østoonløst og med en lengde av minst 250 m. Den ligger i grønnsten. Berg-

hallen utenfor mollen er meget mor og kan inneholde ca. 1000 tonn.
laaguengangen er 45-100 tnekrig og inneholder Isinnen kvarts også noe kalk-

spat ved siden av malm-mineralene. Dens reming er nær øst-vest og den er fulgt i en

lengde av mere enn 250 m.
Angående nudige rydninger av malmdannelsen henvises til p. 74.

tilført arbeide — historisk orertikt.
Gamle folk hat kunnet fortelle om to menn, oppsitteren på Tveir, Olaf Grå, og

eiewn av Dalen gård, som ca. 1660 i stillbet hemet fram sølv og kobber fra noen
gamle gruber. Anrakelig var dette i Spendivegg hvor der enda skal kunne sees spor

etier brenning.
Da arbeido ble tatt opp i større målestokk euer 1883, i en periode med utpreget

skjetrefeber, ble det hogget en 4 m bred gate i skogen fra et sted Gullkopp vest for
Dalaåi til Huvestads uunark. Denne basislinje, hvis retning er ta. østnordøst, skal være
snorrett. Den blit av folk i dag omtalt som barshna•. Om navnet skriver seg fra •snau,

bar• eller •basis• eller personnavnet •Balio vites ikke. Langs linjen ble det slått ned
bolter med fitkantet tvertsnitt (sidelengde ra. 11/2 on). De srikker 1(1-20 cm opp over
fjellet. En av disse står mellom Spendivegg og Bergdal, en annen over Gjeitnuten. Den
uthuggete gate er tså grodd igjen.

Den kontakt mellom skifrig sandsten (kvartsirt) og grønnsten (amfibolirt) som er

folgt ved gruhedrift gjennom tidene, finnes i en syd-sydvest vendt dalside med
sumbratte sider. Ilaugjover gruber ligger nede i dalen, mens Spendivegg ligger 150 m

over dalbunnen, Gjeitnuten ca. 300 m og Kjerstøl ca 350 to over dalbunnen. Iløsten
1883 eller våren 1884 fant prof. J. 11. L. Voge og Aslak Dalen gedigent kobber, vism-

nok i et gammelt skjerp (fra Grå's iid?). I løpet av sommeren og høsten 1884 ble det
suskeider første sons malm til analyser, således 7 tonn (av 192 ni" berg) fra Haugjuvet,
7 tonn fra Spendivegg og 8 tonn fra Gjeimmen. Malmen holdt 5-10 96 Cu, og
0,1-0,7 177, Ag med særlig sølvrikdom i Ilaugiuver.

Det fortelles at det var en engelskmann (?) Thaulow som drev grubene i 1884 og

at ban solgte dem i 1885 til det franske selskap •Compagnie Francaise des Mines de

Banil•le• (som også (irev Illeka gullgruhe i Svandal og apatittgruher i Bamble). Dette
selskap foretok en uhoydelig formsksdrift, første året med dirlig resultat således: Gjeir-

losten I 3 m ort og 16 m synk (508 dagsverk), gedigent sølv eller kobber ikke funnet i

ort, men kobberglans på slepper Ved Haugjuver tapre man malmen, men fant den igjen

ved iltift i felt. I Spendivegg forsvant malmen på en sleppe. Kffisspassier badde (midt.
sornmer 18)15) 15 cusanvisninger hvorav 7 med gedigne nwraller, resten 2M`d 511Ifidiske

ertser på kvartsganger. Foruten de alleretle navngitte arbeidsmeder, viser rapporter av
1885 at man også arbeidet i Askleivberget, Aspestigen (strosse gedigent kobber og

sølv i er knippe av kvarts og kalkspat), Kjerstaul, Bergdal skjerp foppfaret Il m lengde,

25n)

Eig. 4. Nedre Spendivegg grube. Man har så nøyaktig som mulig fulgt grensen mellom

de kvartsrike sedimentene (skyggelagt) og •amlibolitt•. (Kart etter stiger P. Dahl).


Lower Søendivegg rnine. The border berween quartz.rirh sediments (shaded) and

•amølfibolite• har been followed as rlosely as porrible.

dyp, sølv skal være funnet), I leiskar (kobberkis og hornir i kvarts oppdaget 1883),
Landsverk skjerp (kobbererts på slepper mellom hornhlendeskifer og kvartsskifer). Det

frein,:år altså at det ble drevet både på gedigne metaller og på andre kobbermalmer.
Arene 1886-87-88 gikk med liten drift, 200-300 m" hvert år, og bare spor av

gedigent kobber og sølv. f 1889 ble Ileiskar undersøkt ved stoll 52 meter. Noen nevne-
verdig produksjon var det ikke her, men i Spendivegg ble det i kvartsidagets heng inn-

drevet stoll 38 rn, hvor man i (le siste 5 m fant er erisparti 2,5 m høyt, 0.1-0,9 m

tykt, som ga 3800 kg. malm med milvholdig ri,edigent kobber av 4 %. Stollen ble
forlenger 22 m i 1891) hvor man undertiden fant de gedigne meoller. Strossing vest for
Spendivegg ble foretatt 1889 og 1890. Spentlivegg-stollen ble forlenget 37 m i 1891
med sporadiske funn av gedigne tneraller, og ytterligere 30 m i 1892 med nærmest jcvn

fsning av gedigent kobber og av og til gedigent sølv. Man påbegynte sistnevnte år us
tverrslag fra denne stoll. Samme år ble det ferdig ct geologisk kart 1:5000 over feltet.
Mcns det franske selskap på denne tid holdt 17 anvisninger under frist, hadde hr. A.
Beck, London, 40 mutete anvisninger av kobber og sølv, hvorav Løvnetgangen ble opp-
daget og avdekket 1891. Ifølge bergmester DahlEs utsagn skal det her være en meget
lovende kobberkisgang. Beck drev i et par år i 1.øvner (og muligens'Ileiskar).

I 1895 ble del foroatt forstiksdrifr ved det franske selskaps grobe Kjerstøl (gedigent

kobber), og ved skjerpene Asen og Snørten. Spendivegg-stollen ble fortsatt 15 m med
gedigent sølv og kobber, og tverrslaget mot nord fra stoll ble fortsatt Mot nord.
grensen, altså ut inot det som kanskje kan antas å være en anormal kontakt, hvor det
ble funnet endel kis. En ny moll (nedre Spendivegg), 27 m under og sydvest for den

tidligere Orf) 10(1 ni lange) stoll i Spendivegg, ble påbegynt. Ved å føre denne inn 60 111

mot nord ville man nå kontakten tned gedigent kobber og sølv. I 1894 var man nådd
23 m inn. Era den opprinnelige øvre smIl var det da også drevet tre oppsynker langs
kontaktrn, stadig med sølv og kobberføring. Ved Kjerstøl og Snørten var kontakten
bloulagt i en lengde av 230 m, og tildels avstrosset uten nevneverdige funn. Til berg-
lnytning var deue år rnedgått 879 dagsverk. I et skeidehus ved munningen av Spendi-
vegg-stollen ble i oktober av 10 mann behandlet 76 tonn. (Skeidehuset er senere flyttet
lenger opp i Dalane og er nå ungslomslokale).

1895 gikk med i alt 380 dagsverk uten særlig malm i Spendivegg.stollen og dens

3 oppsynker og er tverrslag. Den nye og lavereliggende stoll nidde i deue år som plan-
lagr kontakten hvosfra man forrsatte driften med en feltort mot vest og en mot øst,
stailig med funn av gedigent sølv ng kobber (feltorten mot vest er i dag 128 m, og den
mor sist 107,5 in). En treshe stoll også med nordlig rerning ble påbegynt og 80 m lavere
(1111 dC11 lørste (øverste). Den vil nå den malmførentle kontakt etter 145 m inndrift.
Det ble mutet på Ileiskarbekken grobe og et sted 100 m syd for Løvnergangen.

Era driften i 1896 rapportrres at den tredje Spendivegg-stollen cr drever inn 50 m.
I 1897, 1898 og 1899 var virksomheren minimal og langrfra lovende, ng februar 1900



• • •
Idg thirwn latt et berriter ar selskaper noster renen rd drd t ved joritlisk

forsørnmeIse.

I 11/07 drev thristiarda Minekompani avilyt.trinitt  atheitler, aviirossi~r i dagen 3ed
(Ijennuten og i den ene av Spendivegg stolIene. Det Ide utsurmet 58 torm malm med

8 e; gedigenr kobher ot: I —2 kg. stiv pr. toon.

Onikring 1910 --I1 skal cii grotelskruann ve,1 navn Valley ha drever her. Ilan bodde
pi swdr tta i 2 3r og drev antakelig 111, a. I øvnerr.

Den newe rapport er fra I91(t. lit anner fransk se)skap som hadde kittpt tore•
konmene begyme da provedrift leder av irutenitir A. Ilenni Sinn, Paris (opprinnelig
sveitwO, pi 6 kobber sølv groher i Dalane. Forown ing. Sinn arbridet her tots) I inge-
niør,I issistetit, I bokholder og kasserer, I stiger, 11111111 i gruhrne og I itlaien.

Dut hle arheider i Spendivertrt grohe lorter, synker, oppsynker slroswrI,
2 sudler i I laugjover grohe (orro, sroller, synker, oppsynker og strosser), Kjørsijt1 grribe

(synker, oppsynker oR strosser), Løvnert gpilw torrer, stoller og wnRsco, Gjennown
gmbe thrudd i dagen, tlrift i synk og strossert og Ileiskar grobe Isynk). linder arbeider
i Iteilf311W11 skal rman ha jPort en feil slik at man kom -8 ni jr til siden for den
malmlørentle sonen

Til 53/11111(11 ble der urfordret av godwne 2 780 tonn hsorav 1 Ur 1 umn herg,art var
malmholdig. 1 alt il e li-i derte 3r toført 55r) daysvok IMdel av arbeider tunlarret
cwsa oppfdrulse av hus 1,3 uig. Sinns lwrsunlige eirmlorn •Aalwinn, .31e,les vSninttslins,

brakke. minettaffind, s"ne milet“: for rualmens oppreammt. 001 sism('vnte tipplyses ar
dut ikke var t irt l izrnonwtr 3rep: oteaug 1)er er resume V111-1- durre opprednIngsverk
elIer vaskeri som finnes mellom veien ort elyRn med Ilauglossen. larws berme si,fer
av vrien som ltster hir inn linter det ftem,leles hauger av malin fiti 815•1111kUy.y„ I

jover, (jjeirnmen ng Kjersoul. Antakelig var det i denne rid (ler ble hyrtrer en kontor-
hygning elIer bitulti , r13 kalt • Frankriket, oppe meIlom I)alen itirdene I3er egentlige
navn er Haten. Tanhane I ra Gjeitnor og fra bit ned antakelig Ityrtgrt

ridligere ria. In07?). I januar 1017 ble prøvedrilten nedlata Or, l'f Ikkt> tau opp
iMen Wle11. lønnontheren av formiditt mulig drift regnrt man den .gang. i 13 ii Iwyrep

orn, vol oppredonts. av vaskr 111;11111. Det franske selskap kunne ikke errokonone før
phkrebene. s3 forekornstene falt tilhake til de norske eirre, vesendig herritwentor Olaf
Dalen og ( hristiania Ishnekompani. Aaheim 1de solgr nI Th(m)11135W11, Kyiresei(1, sørn

senere har soIRt det til A fljøttiflawn

I3et bar vært en kke hrfaringer o ,i der finnes forskjelhrte rapporto og vorderin-
ger Ilnder forste vertlenskrirt var det 13 kittpt alle rettHheter sanil 1100 nRil
skon og dyrket mark for 600.000 kroner. Fr seb.kap, A/S Kviteserd Kohbergruher,
ilatila konsesjonsandragunde Rang Av en rentahrhurskalkyle urfort etter 103{, frarn-

ar der er urfort analyser ved I leidenreit is lahoratornon og fhwtsjonslorsøk ved
t‘lan forsrir at ingenipr Sinn har noe utstyr sorn vil konne anvemles, ort at

han beringer seg Itiaksjer i ci evertmelt nytt selskap. Prifren skulle forega i itruhene, utg

berghallene skulle ogsi urnyues. Advokar oR senere sakftsrer Ilab IJar hart

endtI rerrightmi her ftsr ( Intstiania Minekompani igjen overtok dem.

I 1917 fortiok Grolysisk Malmlering, Trundheim, med 10 111/111I i Ia. ? mineder

grofysiske m3linger for KongsberR Sølvverk i antiklinalen«unbtlyning i ornr3der syd-
vesr for en linje Stortg laugjover gruhe. Som geologøk grunnlag ble anvundt Nett-
rnanns kart I : 25.0110 Ved de avslottende itRalinger fikk de et nytt grologisk kart

I 81100, opptatt av suger 12 Kong‘gaard.

r‘131Inger Mort p3 srufler rylet at man under ideelle forhohl Lonne p3vise kon-
rakum kv.nrsin 01: grønnuen ved elt ktriske porensialw3Imger Mahmroller

avvek le.dronuRt fra bergarlene forøvin: Derte skYldes antakt Int dcr forhohl
ai kobbetH3dene er korte ort usammenhowendr. ntrekle p,ivisoing, av inaImen ved

ulektri.kr elIer elektromagortiske m3linger synces derfor umulig, og 111311111“111- i felt
ga ogs3 resoPiner 13e in.mnoiske el.;ellska  er kunne ImIdlentid (KVaINSIWIls

35 III ", )'ionnwen ", det 51511' hoye tall sky1,1,, vel ternsdam

eller rnatmetirtl. Ved dmaljmilinger I ikk man frem pent av amiklmalens fortn.
ltt rekke nye penkrer lde murrt, og itiati 11:11,C1 5 ra opp ny drift her ort strlitt i der

eamle tRur3,1er. NIalmen skidle eveurnelt euer en enkel skeiling tratitportetes ril kottrts-

ht tu Stilvverk. tku ridspunkt roda ikke yar nedlagt Plangn ikke Rjrnoomfdrt

00



- 59 -

The Hovin Cu-A -Fe de osit occurs on the eastern shore of lake

Tinnsjø where this makes a bend from N-S to NW-SE (Plate 1).

This and other similar deposits were investigated this summer

by Schønwandt, and his report is included below.

The Sauda Zn-Cu mines occur at the head of Saudafjorden in the

western part of mapsheet Sauda (Plate 2). The deposits were

not investigated by the present author as they are positioned .

outside this summers main working area. However, they

represent an interesting case of a stratabound Cu-Zn

mineralization which may be syngenetic volcanogenic and/or

diagenetic in nature. The following account is from Nordrum

and van der Weel (1981). The deposits contain tin-bearing

minerals which may indicate some acid volcanogenic

affiliation, arsenopyrite and løllingite are present, and the

mineralized zone may be in the order of 2 to 3 km long.

According to Nordrum et.al. (op.cit.) the deposits have not

been investigated recent times, and the above mentioned

features make them a worthwhile reconnaissance target for 1984.

3138C
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RESUMS.

Tidligere rapporter over Hovin Kobberverk betragtede

mineraliseringen som epigenetisk og antog implicit

at amfiboliten virkede som en art 'kemisk falde'.

Trods denne genetiske tolkning formodedes mineralise-

ringen at have en planar struktur parallelt med

amfiboliten.Boringer og stoll-arbejder blev foretaget

ud fra denne model. Alle hidtidige undersøgelser

konkluderede at mineraliseringen ikke var drivvardig.

Denne undersøgelse peger på, at mineraliserings-

billedet er mere kompliseret og at det skal op-

deles i en syngenetisk og en epigenetisk del.

Den syngenetiske mi---alisering sidder i en magne-

tit-diorit, og de»:erprimært størrelsen og strukturen

af magnetit-diorite-.,der er afgørende for malm-

potentialet i Hovin Kobberverk. Magnetit-dioriten

menes at være et liniært legeme af cylindrisk

karakter.

Endelig konklusion samt anbefalinger afventer nogle

laboratorie undersøgelser.

•

•



I=EDNING.

I forbindelse med Norsk Hydro Telemark projekt 1983 skulle

Hovin Kobberverk besøges, og der skulle foretages undersocel-

ser i et sådant omfang, at malmens relation til den omgivne

geoloci i store træk blev fastlagt.

Beliggenhed. Hovin Kobberverk ligger på østsiden af Tinnsjoen

på jord tilhorende Sigurd Vasstveit på gårdene Nordre og

Sondre Vasstveit. Man kommer lettest frem til Hovin Kobber-

verks grundstolle ved fra Pigsveg 37 at tage bygdevegen

ttl Hovin Brygge. Omkring 300 m før bryggen går der en bomveg4)

af mod øst. Bomvegen folges ca. 1 km hvor den passerer tæt

forbi ruinerne af vaskeriet, der ligger umiddelbart syd for

vejen.

Hovin Kobberverk består af et dagbrud (Storekaas) samt en

skakt med tilhørende stoller i 3 niveauer, her kaldet Store-

kaas Grube. Desuden en række skjerp og yderlicere 4 stoller

fordelt over en nord-syd strekning på ca. 1 km mellem Tinn-

sjøen og gården Søndre Vasstveit (kort 1).

Edfort kortlæcning. Der er foretaget kortlægninc i 1:500 (kort 2)

med tilhørende proveindsamling omkring Storekaas dagbrud

dekkende en nord-syd strekning på ca. 400 m og dermed om-

fattende hovedparten af de bedst mineraliserede ski:eruog

stoller der udgor Hovin Kobberverk. ::.ortlagnincener baseret

på en basis-1inie med enkelte tværlinier. Dette net er

blevet udlagt med målebånd og kompas.

•

+) Nødle til bomvecen kan lånes hc,sSigurd Vasstveit.

•
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• 7.

TABEL 1.

NGU BORINGER VED HOVIN KOBBERVERK, 1940.

Nr.+) Ler.NGDE GENNEMSNITLIG Cu-INDHOLD BEDST MINERALIS—u_++)
I AMFIBOLITEN. -% - DEL AF KERNEN.

01. 1. 58,7 m 0,2% 10 m med 0,34% Cu
61,0 m 0,13% 14 m med 0,55% Cu
86,0 m 0,04% Ingen mineraliserede


partier.

+) For lokalisering se fig. 1

++) Ikke korrigeret for eventuel skæv skæring af minera1iseringen.
Mineraliseringens strukturelle forhold er ikke kendt.

•
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9.

TABEL 2.

NGU BORINGER VED HOVIN.KOBBERVERK, 1963.

+)
Nr. LmNGDE GENNEMSNITLIG Cu-INDHOLD

I AMFIBOLITEN.

40 m 0,1%

60 m 0,27%

64 m 0,18%

69 m 0,03%

82 m 0,01%

++)BEDST MINERALISEREDE
DEL AF KERNEN.

. 0,2% Cu over 16 m

1,02% Cu over 10 m

0,45% Cu over 13 m

0,22% Cu over 6 m

Ingen mineraliserede
partier.


 139 m 0,14%




0,36% Cu over 11 m.

+) For lokalisering se fig. 1




++) Da mineraliseringens strukturelle relation til amfiboliten
ikke er kendt, kan der ikke foretages korrektioner for
skav skæring af mineraliseringen.

•

•
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malmzone amfiboliten, også optreder mineralisering
i en vest for liggende amfibolit kaldet imprægnations-
zone amfiboliten.

Desuden peger rapporten på den mulighed, at mineraliseringen
eventuelt kunne vare knyttet til et NW-Se)gående sprek-
kesystem, der i så fald kan opfattes som sekunder sprek-
ker til et N-S-gående hovedsprekkesystem.

Endvidere gives der iBergstøl'S rapporter følgende
supplerende oplysningerne om mineral—paragenesen i mine-
raliseringen: At.digenit og covellin også optreder i
paragenesen og at folgende mineraler findes i accesso-
riske mengder gedigent kobber, wittichenit, betekhtinit
samt stromeyrit.

Sammendrag. Summeres den geologiSke viden om Hovin Kob-
berverk forud for denne undersøgelse bliver det, at mine-
raliseringen er epigenetisk og at amfiboliten har vir-
ket som en art 'kemisk falde' for de hydrotermale op-
løsninger. De hydrotermale opløsninger har muligvis

anvendt 2. ordens sprekker til et N-S-gående hoved-
sprakke svstem. Mineraliseringens paragenese, der tid-
ligere blev anset for at være supergen, menes i de senere
rapporter at have en klar hypogen karakter.
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16.

mafit indslagene i de melanokratiske zoner har en

mægtighed på 1 til 1/2 m. Nafit båndene er kun kendt

fra dagbruddets vestlige del og er iovrigt mineraliseret

med kvarts-biotit-chlacocit-bornit slirer op til flere

cm lange.

Den sidste af bjergarterne i bjergartskomplekset

er ikke blottet i selve dagbruddet, men findes umid-

delbart nordøst for Storekaas dagbrud (kort 2). Feld-

spat_porfyren består af 5-10 vol% feldspat fenno-

kryster med en diameter på 1-2 mm. Fennokrysterne

er hvide og.ligger i en tat grå matrix.

Selv om relationen mellen magnetit-dioriten, feldspat

porfyren og mafiten ikke er kendt, så er det på grund af

disse tre bjergarters nære rumlige kontakt naturligt i

første omgang at betragte dem som et bjergartskompleks.

Håndstyksmassig kan magnetit-dioriten og feldspat por-

fyren glimrende være nart beslægtede bjergarter, med

feldspat-porfyren som en vulkansk reprasentant og

magnetit- dioriten afspejlende et mere plutont miljø.

Nafitens relation til de to andre bjergarter er

straks mere spekulativ, og bor egentlig afvente en

narmere 1aboratorie undersøgelse. Koblingen kan

eventuelt være at mafiten reprasenterer en submarin

exhalit til duoen feldspat-porfvr/ magnetit-diorit.
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De afvigende strukturer i dagbruddet er formodentlig
,dannet som en kombination af en prækinematisk litho-
logisk tværstruktur (amfibolit/magnetit-diorit) og en
isoklinafoldning med eventuelt tilhørende aksialplans
shear.

Den kraftige deformation gør det vanskeligt på basis
af denne undersogelse at få rede på en række af de
primærer strukturer og bjergartsmæssige relationer, og
dermed også på de deformerede bjergarters strukturer.
Det ser dog ud til, at magnetit-dioriten oprindelig
har været et tværsgående strukturelement i eller til
malmzone-amfiboliten, og at dette element efter de-
formationen muligvis optræder som en liniation på
amfibolitens hængside.

De foretagne boringer (fig. 1) og stoller (kort 3)
giver rigeligt plads til et sådant legeme. De forezagne
boringer og stoll-arbejder er klart gået ud fra det
synspunkt, at mineraliseringen skUlle opfattes som
et planart fænomen i lighed med amfiboliten, og place-
ringen af boringerne har primært været foretgaet med
henblik på at teste dette.
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• 24.

overvejende har malmzone-amfiboliten som sidesten, kun i

meget beskedent omfang optrader de i kvartsiten.

I Tabel 4 er kemiske analyser af håndstykker (1-2 kg)

fra Storekaas Grube sammenstillet. håndstykkerne er

karakteriseret ved vartsbjergart, mineraliseri'ngs-

type og mineraliseringsparagenese. I fig. 4 er analy-

serne fra Tabel 4 plottet i et log-log diagram.

Af fig. 4 fremgår, at der er en rimelig liniar kor-

relation mellem log Cu% og log Ag ppm for de mine-

raliseringer, der har en sulfid-paragenese bestående af

chalcocit og bornit. Fcr sulfid-paragenesen bornit-

kobberkis er der også en antydning af en liniar

korrelation, derimod ser der ikke ud til at være

nogen korrelation mellem Cu og Ag i kobberkis

paragenesen.

Fig. 4 viser også, at kobberkis-bornit paragenesen

gennemsnitlig er fattigere på Aczend chalcocit-bor-

nit paragenesen. Talmassigt ligger Ag-indholdet i

chalcocit-bornit og kobberkis parageneserne på hen-

holdsvis ca. 54 ppm og ca. 31 ppm per 1% Cu.
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LENGDEPROFIL GENNEM HOVIN KOBSERVERK VISENDE
.HOVEDTREKKENE I Cu -FORDELINGEN

STOREKAAS
0

274 m
283 m

245  m

100 M

•



29.

Med andre ord magnetit-dioriten snitter nord-syd-

planet i en ellipse hvir stor og lille-akse er henholds-

vis 40 m og 15 m. De foretagne boringer og sto11-arbej-

der giver desværre ingen muligheder for at vurdere

den videre størrelse og orientering af magnetit-dioriten.

Mest sandsynlig forekommer et rørformigt legeme

i malmzone-amfibolitens hængside, men størrelsen på

dette legeme er meget usikker.

De to anomaliområder nord for Storekaas Dagbrud

(kort 4) kan efter ovenstående model tolkes som en

metamorf genereret mobiliserings aureole omkring en

dybere liggende magnetit-diorit. Holder modellen

giver det en ikke uvæsentlig forogelse af potentialet.

EFTERSKRIFT.

Den opstillede model bygger udelukkende på felt-

arbejde, modellen vil blive komplimenteret med labo-

ratorieundersøgelser i første række i form af mikro-

skopering. Det vil derfor være hensigtsmæssigt, at

vente med konklusioner og anbefalinger til disse

undersøgelser er foretaget.

•
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GEOLOGI -RORT OVER DEN SYDLIGE

DEL AF HOVIN KOBBERVERK

------------
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PLAN OVER STOREKAAS GRUBE
HOVIN KOBBERVERK, TELEMARK
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Sauda sinkaruver er cie enes:e sinkforkomszer av betvelnina innen kartblade:.

Suboarallelle, sinkforende soner opptrer i suprakrustalberetarter (hovedsakelie

metavulkanitter), som antaoelig tilltorer Telemarksuiten (Sigmond 1978). Nær

forekomstene opotrer det en giennomsettende granitt. Granittiske ganzer opp-

trer i suprakrustalene.

De sinkforende sonene de fleste rapoorter ka!: ganeter) kan ofte folues

flere hundre meter i strokretningen. De er i store trelck parallterie både rned

skifrigheten i bergartene og en Etaarkert sprekkererning i'Signiond 1978 I folue

Hornemann (1918) loper enkelte av sonene sammen i dvper. Hornemann på-

peker dessuten at de: er en sonertne med benblIkk på metallforinu.

Sonene er kvarts- oet ktorirtrike. og inneholder mande steder oranat ogt grov-

kornet arraftboi.De er enkehe szeder ttydelig brekstert. og i tilknytntna tilittrek-

sierte finnes vant.tovis kalkspat ou

Sinkblende er der vanligste ertsmineral, men det finnes Også kobberkts. mater-

netkis, blyalans, arsenkts, svovelkis, loilingtiett, cgbanizz. mackinawitt, molvbden-

glans og madnetitt. Ez tinn-mineral (trolig tinnkis) er funnet i små mengder

i en av forekomstene.

De: er tkke utfort grundige undersdkelser av stnkforekomseene. og forekoms-

tene har vært u:satt for metamorfose. Dette ajor det vanskelia a tolke fore-

kornstenes onnri-velige dannelsesmate. De: har hydrotermat aktivize:.

men derte kan ha sammenbene: med den meaamorfe ovirticninuen. Orn me:ail-

anrikningen har sar —enhend med den nalkanske akvitvt:et oa sedimentære

avseming som fan: sted da sprakrustalbergar:ene ble dannet eller utetukkende

skyldes senere hvearc:ermal akt.tvize: er derfor gstitker:

Beliggerket: Sauda kommune i Roaaland. Kartblad Sauda (1314 III). Felre:

omfatter itere forekomster, blant annet Hetabakken. S:orltdai, Birketand, Hol-

men, Breidkvam oa Lezdene. For kdorbbnater, se den enkelte forekomst oe

fia. 11.

M.i.vertelert Sinkbtiende e- de- vt:trittiete er:sva  etta'

Geologi: Sinkmineratene firtnes fiere draz som svnes å foitze laar;fluen ut

onakrtnaliggende suprakrustaiberaar:er. Suorakrustalberaartene t'Yr-orer Tete-

marksutren, Der oppirer en prekambrtsk aranitz nær forekornsten. Granttten

ejennomsetter suprakrustalberittar:ene og er om lag 900 mtilioner år eammel.

Litteratur: Reusch I 1556, 1913!, Helland ',1886, 1901), Hoimsen i18,86), Vog:

(1886at. Strom 1858), Hoenemann (1918). \VanEten (1976), Berg (1977),

Akrieseiskaper Sauciefaldene. Sauda .pers. medd. 1977), F. Nikon lpers. medd.

19771, van der .dagbok 1977, 1978 Sigmond :1975), Nordrumdaebok

1975,1 NGLt berzarkty rapp. 52 tusioner:L

3138C
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Fig. 11. Sauda kan-
skissen viser beliggenheren av
gruveSpnineer og registreringer.
a - Heia6-akken (218a), b -
Storlidal (2186), c-h Birke-
land (216a). i - Holmen (216bi.
j-m Breidkvam (216c), n -
Legdene (216d), p - Skardioss-

hei r‘blv) (217).
The Sauda zint mines, mab
with derazis o. tbe posztionot
the mines and sbowings. a -
Heiabakken. b - 5toriida:, s-b
- Birkeland, i - Hoimen, -
Beeidkvam, n - Legdene, p -
Skard/ossbei (Pb).

>,

Cf,

3

II 2 13 a Heiabakken

Koordinater: 582/163 (k), fi2. 11, punkt a).

Mineraler: Sinkblende, svovelkis, magnetkis, kobberkts, blyzians, kvarts, alkali-
feltspat, plagioklas, tremolirr, sericitt, flogopitt, epidot og kloritt.

Geologi: I en av dagstrossene opptrer sinkblende som impregnasjon i den ovre
del av en klorimsktfer. Kisen 000trer i tilknyrnina ril en kvartsåre. Den samlede
mekritther av skifer, erts og kvartsåre er emkring 0.7 merer. Ertssonen er opp-
til 0.2 meter bred. I hengen oppmer granirt oa i liggen en kvartsitt. Losblokk-
mareriale fra synkene viser at det har foregatt breksering. Mdiemmassen i
breksjen utzjores av kalkspat.

Bernerkning: Det er drevet ut to synker og to daostrosser.

II 218 b Storlidal

Koord ina:er: 5851159, (fig. 11, punkr b).

Minerater: Svovellcas og sinkblencle.

Geologi: Mineraliserin2en oppEre: i en 10-20 meter bred og 100-200 meter
lang rustsone.

II 216 a Birkeland

KoordMaier: Birkelandsfeltet omfatter en rekke gmvetnnslag Felters yczer-
punkt.er gis ved grunnstollens ånning nær dalbunnen 585/154 ki og Dabils
gruve 583/151 11 (punkt og fig. 12).

Mineraler: Sinkbiende. kobberkis, magnetkis, cubanitt, svovelkis, blyglans.
molybdenglans, arsenkis. lolllngirr. rnagnetitt. ktorim, aktinolitr, kvarts, stilbirt
og kalkspar.

G ealogi: I hovedrzekk kan felter deles opp i rre paralielie ertsdra2 som fo:ger

3 1 3 8C
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Fie. 12. Birkeland gruver i Sauda sinkfeit :216a). A —kartskisse, B —profilskissen. C —

plan over szoll II og III og sni:t over synkene og strossene rnellorn stoll II og III. Erter

Bryn (1917).
The Birkeiand zinc m:nes (a part oi Che SaUtia zInc map, B - proide. C - map

of adit II and 111 and sec:on of :be sin7rs and flopes be:ween ada II and Il. After

Bryn (1917).

C vcste •
Stor,,,cri B D
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390
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en nordvestlig reming og har et steilt fail mot nordost. Fra osr mot vest oor-

trer Gdbertgangen. Hovedgangen 02 Vestgangen. Hovedgangen og Vestgangen

loper sammen. Gangene har utkdineer og forgreninger. Mektigheten er opptil

3 meter. Gilberreangen er bygget opp av et sett med parallelle drae.

Ertsdragene har både overeangsmessige og skarpe grenser mot sidesteMen

(felsiske suprakrustalbergarter). Sinkblendeinnholdet er hovest i den midtre del

av gangene, mens mengden av kobbberkis, svovelkis og magne:kis er storst

mot sidene. Klortn, kvarts oe aktinolitt 000rrer som gangmineraler. Langs ens-

sonenes flanker opptrer stedvis kvartsbånd som forer kobberkis oe sinkblende.

Ertssonene er ofte omeitz av en granatrik hornbiende-kvarts-biotin-kloritt-

sone, som oeså opptrer i deres forlengelse. Sonen forer endel kobberkis. sink-

blende oe svoveikis som impregnasjon.

En storre porfyrgranitt opptrer like ost for forekornsten. Enkelte av granitt-

pegmatitteaneene i områder forer små mengder av sinkblende, kobberkis og

molybdenelans. Noen av pegmatittene er sonerte og har en kvartskjerne. Gra-

nittaolittårer ejennomsener ertssonene.

Hovedforekornsten (Birkeland, ble funnet av husmannen Gregortus

Birkeland i 1881 oe drift ble igangsatt sa-me år. Den forste riden ble gruven

drevet av «Saude Grubecomoani”. men i 1857 ble forekornsten kiopt ay et

engelsk firma som kalte see «The Nonvenan Zinc Co. Ltd.)). Fra 1588-1592

var mellom 50 og 100 mann svsselsatt. Det ble bygger et vaskert (18581 02 et

kontorbygg ved Gjuvastol. I 1892 overzok en av selskapets aksjonærer (C. D.

Gilbert) eruvene. Gruvene ble nedlagt i slutten av 1899.

I 1905 ble det gitt konsesjon til Atheiv Marnus Co.. London, men eruven

kom antageiie ikke drift I 1911 bie eruvene lenset og undersokt. Elektre-

kiemisk A,'S kjoote gruvene i 1915 oe foretok orovednf: fram tO 1919.

Gruven ble bygget ut med fiere sto::er 02 synker : se fie. 12). I siden 1581

dl 1895 ble det utdrever 24 000 m' bere, hvorira det ble urvunnet 12 000 tonn

sinkmalm med e: ejennomsniniig innhoid på 32.5e3 Zn, vel 1c-f: Ca, 1203 Fe,

23-cro5 og spor av bly og kadmium.

II 216 b Holmen

Koordinater: 586/145 k) og 586 )143 (k 1. punkt i).

Mineraier: Sinkblende svovelkis. kobberkts cubasitt, rnaenetkis, blygians og

molybdenglans.

Geologi: Ensmineralene opptrer i kloritt-kvartsbånd oe i feisiske suprakrustal-

bergarter av usikker opprinnelse

Det har ikke funne: sted noen omfattende drift i cene feltet kun

to synker er drever. Hopkins og Holmen

II 216 c Breidkvarn

Ved Breidkvam er de: -‘-st fem synker. Fe:;e: vtterpur.kter kan

antageligvis angis ved 593/141 - 597/138 tki ifig, 11, punkr rti).

3138C
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Mineraler:Sinkblende, blyglans, kobberkis, svovelkis, arsenkis, cubanitt og

mackinawitt.

Geologi:Somved Holmefi.

Bemerkninger:Ved 593/140er det tre synker.Omtrent 400 tonn sinkmalmer

drevet ut. Et tinnholdig mineral (trolig tinnkis) er påvist.

II 216d Legdene

Koordinater:594/131 (fig. 11, punkt n).

Mineraler:Sinkblende,blyglans, kobberkis, svovelkis,molybdenglansog flus-

spat.

Geologi:Somved Holmen.

Bemerkning:Det er drevet en liten dagstrosseog en synk.

3138C
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Basic sills occurring in the Rjokan- and Seljord Cr000s are

frecuently mineralized with magnetite, ilmenite, chalccpyrite,

pyrite, pyrrhotite and oossibly minor Ni-Co arsenides as

suggested by the not infrequent occurrence of erythrine on

weathered surfaces of these rocks. The sulohides in ceneral

form interstitial anhedral grains and rare globules and are

believed to represent orthomagmatic immiscibilitv Dro,jj=5. A

sample of a sulohide-bearing sill from the Tinnsdo region

returned the following analysis:

Aj Cu Pb Zn Ni Cc Ag As Ri
Sample no. pob DOM pom PPm PPm Pr PDm PPm PPT. PPT.

062406 -5 85 87 188 242 61 0,7 68

The Bransnoten Mn deposi,- occurs 1/2th= vicHn

Bransnuten, scime 10 km to the west from lak= Evrteyatn

(Plate 2. 'nis deposit orobablv represents a yolcanogenic

fumarole- or exha:ite tvpe manganese mineralizaticn or a

diag=netic dementation prodoct (Westerveld, 196T1. :t was

briefly investigated and samoled bv the present 2jthot teo,Ltise

it shows some similaritv with the socalled Water10o-tybe bulk

tonnage silver deposits of the western mhe Waterloo


deposit is the size of a small corohyry copper and ron oradez

of approximately 100 ppm silver finely disseminated and

"encapsuled" in silica throughout the basal oorticn of a

lakebed seguence. An important feature of this deocsit 1s t

cresence of scm=tme., a.---ndant cxide stainino


(Wayscn, 1977). =are- a-cour-= of t-neBransnuten

(Westerweld, 1960; Nordrim et.al., 1981) mentions nc ana

fcr silver cr gold, and the dencsit was therefore samt1ed. 7he

2138C
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following account of the geolocv of the Bransniten

mineralization is fror.Nordrum et.al. (1981) and includes a

description of the Hovden Mn-decosit which may rerrPcent a

feeder (stockwork) system to a stratabound manoanese

mineralization of the Bransnuten tvpe; the Hovden deposit is

situated near lake Hartevatnet, scme 20 km WNW from >lt.

Bransnuten (Plate 2), and it was not sampled this summer.

1 466 BRANDSNUTEN

Beliggenbet: Tokke kommune i Telemark. Kartblad Sæsvam (1414 II), 244/

96S (k) og 245/969 (k).

Braor.g.r. jakonsn:. ban. , mangane:agdet, mangano-
fyllitt, johannsenitt, rhodokrositt, pyrofanitt, hematitt, flusspat, svovelkis,

tefroitt, långbanitt og gedigent kobber.

Geologi: Manganen er vesentlig bundet i silikater og oksvder. Manganmjnera-

lene opptrer i bånd og linser i fiere nivåer i metasandszeinen parallelt med lag-

ningen (fig. 6 og 7). Linsene er usammenhengende 02 som regel små (noen få
centimeter brede og en eller flere meter lange, den storste linsen var omkring

1,5 meter bred og 15-20 meter lang). Manganrnineraliseringen kan folges om-

kring 2 kilometer i strokretningen. Linsene er som regel sonert oppbygret red

en sentralsone bestående av manganoksyder og mangansillkater omgitt av en

mancanoksvdfri randsone. hvor kvarts og feltspat i tiltakende grad opptrer

sammen med mangansilikatmineraler. Randsonen bar varierende bredde.

Historikk: Forekomsten ble funnet for 1845 og muter i 1849 av Knut P. Blom

(Lårdal), landhandler Wohl og lensmann Chr. Biom (begge Kviresetd). Den ble

forsoksdrevet av tyskere rundt 1903 og uncler-sokt av er nederiandsk firma i

1952 og 1953.

Litteratur: Scheerer (1845b), Mutingsbrey (22.09.18.49, Poulsen (1940,

1956), Westerveld (1961), van der Wel (1974a, b, c og 1979'o).

Brandsnuten mangan forekornst er den storste av de tre rnanganforekomstene

innen kartbladet. Både Brandsnuten- og, Hovden manganforekomst opp:rer i

suprakrustalbergarter tilherende Telemarksuiten (van der Wel under forbe-

redelse mens forekomsten i Lysenuter opptrer i dekkebergarter.

Forholdene ved Brandsnuten tvder på at mangan opprinnelig ble utfelt som

(oksy)hydroksyder. Utfellingen foregikk samtidig eller umiddelbart etter avset-

ningen av kvarts-fe!tspatsand. Manganinnholdet i metasandsteinen omkring

hovedforekomscen ved Brandsnuten oker noe langs et tverrprofil fra cst mot

vest over forekomsten. Innenfor noen desimeters avstand fra selve hoyedHsen

oker tnanganinnholdet i metesandsreinen meget raskt. Det er mulig at utielnin-

gene må sees i sammenheng mcd annosfærens utvikling. På et tidspunkt da

kvarts-feltspatsanden ble avsatt (minimum 1100 millioner år sident var oksy-

geninnholdet i atmosfæren antagelig bare 3075 av natidens innhold (Jacobsen

1975). Den gradvise oppbyggingen av dette trykket kan ha fort til overskridel-

sen av en terskel for kjemisk urfelling av mangan, slik at Mn2+ ble oksydert til

Mn4+ (eventuelt også Mn3-). Alger og bakterier kan dessuten ha medvirket til

At cksvdasjon,.n av M124- fant sted (Cloud 1965), men dette forhold er ikke

helt klarlagt (Berger 1968). En annen mulighet er at manganet ble tilfort av

3 1 2 ac vulkanske losninger eller lutet ut av basaltiske lavaer (som ennå linnes som

amfibolitter og som tolkes som omvandlete basalter). Kvartsbåndene som opp-

•



trer parallelt med manganlinsene (fig, 7), kan tolkes som «chers» dannet som
utfelling fra kiselsyre-rike vulkanske losninger. Under den videre geologiske ut-
viklineen, har forekomsten vært metamorfosert, delvis opnknust og påvirket
av hydrotermale losninger. Forekomstens mineralsamrnensetning tyder på ar
det ikke ble oppnådd kjemisk likevekt under disse prosessene. Eksempler på
dette er at det finnes både långbanitt oz braunitt og at manganoksvdfasene er
skilt fra kvarts og fel(spa( ved randsoner bas:aende av rhoduni:r ea:ciTe:
(van der Wel 1974a).

— 67 —

Fig. 6. Granar Imananrik andradMi i bånd og en linse med rhodonitt, spessartin og

braunitt rnetasandsrein. Linscn har et sort belegg på overdaten. Belegget skyldes oksyda-




sj mangandlIkatene. Den sorte linsen er omkhng 2 crn bred. Brandsraten 777angart-
f Cre.C:0173:

Bsrds of ntangarese-rich andredste and c lens with rhodo.nhc, spessartine and braunitc in
metasandstore. The lens appears Hack due to oxIdation of the manganese mmerals. The
black lerse is about 2 cm in undtle. Mi, Brandsnuten manganese deposit.
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Flg. 7. Banding i en av sonene ved Brardsnuten manganiorekonest 1 — og 7 —metasand-
stein, 2 —metasandstdn med granat (mangannk andradm) i årer, 3 —rhodonitt med spes-
sarrin cg braunitt i linser i rnetasandstein. 4 — og 6 —kvartsbånd, 5 —rhodonitt mcd granat
(spessartin) og braunitt, uregelmessig sarnmenvokset, 8 —porfyrisk granittåre (etter van
der Wel 1974a).
Banding trithin the margarese rore at M1, Brandsnuten marganese deposii. 1 — and 7 —
ntetasaristane, 2 —mangancse-rtch andradite in reins in metasandstone, 4 — and 6 — quarts
lenses. 5 —manganese-rich lens tat:8 rhodonite, spessarhne and braunite, and 8 — ttein tvith
porphyrthc granite (alter ran der Wel 1974a).
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II 455 HOVDEN

Beliggenket: Bykle kommune i Aust-Agder. Kartblad Breive (1414 III), 053/

042 (k) og 058/056.

Mineraler: Braunitt, rhodonitt og spessartin.

Geologi: Manganoksyder og -silikater opptrer i tynne årer (2 til 15 centimeter

brede) i en kvartsrik rnetasandstein. Arene krvsser hverandre og skjærer bån-

dingen i bergarten. Metasandsteinen er enkelte steder piernontittrik. Analyser

viser et varierende manganinnhold opptil 28(.6 on e: jerninnES.d opptil

Bernerkning: Byklehei har også vært brukt som navn på forekomsten.

Litteratur: NGU-bergarkiv, Poulsen (1940, 1949, 1956), C. Bugge (dagbok

1941), van der (dagbok 1977).

•

•

Hoz de,:ut er ikke inngående undersokt. il\langanmj.ftera-

lene Iblant annet rhodonitt og braunitt) opptrer i kryssende årer. Piernor.j—

finnes dessuten i små mengder i enkelte lag i er hoyere stratigratisk rdvå i den

omgivende metasandsteinen. Det kan ikke urelukkes at det finnes bånd  til-

svarende de man har ved Brandsnuten manganforekomst, men disse ble ikke

påvist. Forekomstens opptreden i suprakrustaibergarter av samme alder som de

ved Brandsnuten manganforekomst kan imidjertid tvde på ar den kan ha vært

dannet på samme tid og ved tilsvarende prosesser. Kryssende årer med rnangan-

rnineraler kan da tolkes som rester etter tilfarselskanaler, og de piemonizt-

forende lag kan tolkes som et resultat av variasjoner i tilforselen av mangan.

Lysenuten mangantorekoms: opptrer i dekkebergarter. Wad myrmangan;

som opptrer i forekomsten, er dannet ved en anrikning av mangan ved over-

flatevirriny og utfelling ved oksydasjon. Nærmere detaljer om forekomster

er igke kH:nt.

•
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Assay values of manganese ores from the Brandnuten veins.

Sample Fe /4.1in Cul) Al

c;so




Si02

I 1.79 47.15 0.29 2.50 + 0.04 14.93

:I 4.38 55.61 0.10 0.54 - 0.05 10.48

III 2.86 18.51 + 3.16 + 0.12 50.38

IV 2.64 33.96 0.01 3.49 + 0.12 32.86

V 1.72 4.10 0.04 5.00 - 0.18 68.02

VI 4.59 48.03 0.04 3.80 - 0.18 17.22

VII 2.28 49.48 0.07 2.32 - 0.09 15.23

I) pb and Zn are absent - absent + trace.

1. Snnpletaken from the old excavation, maM vein.

Richest ore from a spor 1 rn S of a small tributary of Botne brook, test cxcava-

tion 1953, main vein.

Average of a few tons of poor ore from a spot 40 m N of the small tributary

of Botne brook on the NE. slape of Mc. Brandnucen, tesz excavation 1953.

main vein.

The samc from a spot some T m higher in the main vcin zone.

roor are from the cont.nuation of the na.0 vein N cf the Potrie

Rich ore from the conzinuation of the main vein N of the Botne valley.

Sample taken from the parallel vein at 60 rn E cf the old excavation.

Judging from the mineralogical cornpositicn of the ore, more detailed analyses

would certainly also have detected the presence of small guantitics of Ca, K, Na, F,

and CO2.

Older analysis of the Bransnuten deposit (Westerveld, 1960)

above, while analysis of samples from this summers

given below.




are shown




work are




Au
Sample no. PPb

010807 A -5
010807 B -5
010807 C -5

Cu Pb Zn Ni Co Ag AS Bi

PPm PPm PPm PPm PPm PPm PPm PPm PPm

1554 157 328 12 97 10 112
159 10 34 10 1 -0.1 189
169 18 126 13 18 -0,1 359

25 2
2 1
3 -2

Sample 010807 A is a chipsample of massive ore corresponding

to sample I above. Sample 010807 B is a chipsample from the

same locality and consists of low grade Mn ore ("host rock").

Sample 010807 C is a chipsample of rich ore from the lower

excavation, corresponding to sample II above

3138C



•

- €9 -

The analvsLs show that the silver content of the Bransncten

deposit is neglicable. However, silver is present in cne

sample, and the Hovden deposit should therefore be sambjed as

it may represent a more oroximal pcsition in an exhalatice

system which could exhibit precious metal zoninc.

In sumnary, stratabound mineralization of the centraL part of

*he Bandak Group, i.e. east of the larce N-S trendinc bc.sndary

fault, is characterized bv various types of Cu-(Fe)-Ac

depcsits with a clear affiliation to basic, alkaline

volcanics. The deposits show a rance from minor, orthomacmatic

inmiscibilitv products in intrusive feeder rocks (silis to

the basic volcanics, throuch the Hovin-tvpe volcanogenic or

assimilation-tvpe Cu-Ac deposit, to the diacenetic or meta-

morphic, near surface mineralization of the Dalane mines. Gold

is oresent in very small am.ounts, and `he economic octentia:

of this crocc cf m_neraL..zation is tie- with the Du-

contents.

As shown previcuslv an important facies chance towards more

calc-alkaline lithclocies takes olace westward from the N-S

toundary fault and this change may be reflected in the maneral

occurrences: The Dn-dominated, stratacound Sauda m±neraii-

zation and the Hcvden and Mt. Bransnten Mn-deposits. However,

more informaticn frcm these occurrences is needed before any

cem be -;rawm about `he crecoie metal pctent

this cart of Telemark.

•

•
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1. Pe matitic- neumatol tic veins.

Li - Sn - Mo - REE (Nissedal).

Mo - Bi - Cu (Klovereid, Nisseda1).

Cu - Ag - Mo (Moberg, Mosnap).

2. Pneumatol tic-h drothermal veins.

Mo - Cu (Dalen, Listulli).

Au - Bi - Fe - Ag - Cu - Pb - Se - W

(Bleka, Gjuv, Gausta, Viken)

3. H drothermal veins.

Cu - Ag (-Au)

F

(Morgedal, Heddalsvatnet,

Duses, Brennbekk); Locally

U-bearing: Lauvåsen).

(Haukås)

Types 1 - 3a in general contains minor Ag, Au, Co, Ni, W

and Bi, and tourmaline is abundant in type 2.

Table 2 Epigenetic vein-type mineralization

The description of the veins, the associated alteration

and the genetic understanding of individual deposits have

only improved fractionally since Vogt gave his classic

paper on "Den Thelemark - Sæterdal'ske ertsformation" in

1886 and 1888. Later contributions have offered more

detail on individual deposits but the descriotion and

classification of the veins by Vogt is still very useful,

perhaps even more so because Vogt at his time had access

to mines and parts of mines which now are inaccessible.

In the following a brief description of the various vein

types is given, exemplified predominantly by localities

visited during this summer.

FDP831212te/rje
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SKETCHMAPAND SECTIuNSOF THE BLEKA GOLuMINE
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An undergrccnd visiz th's sunner

obvaously is decosited alcnc a najcr arregular

fauaz-szructure, wh4ch exoaa»ns the cinch-out zhe


lower cart of the deepest shaft where the '-weefault

blocks would be in close ccntacz. 1n other areas the

fault blocks have been separated due to curves in the

faultplane and a hvdrothernal vein up to 2,5 = in wadtn

has been deposited. ith thHes-in mind, a glance at the


naps and sections or F'g.57 reveee the le-:0

=cr crrAsccvere= nineraaazation Eleka area. The

ve'ns wh'ch at the present surface are thin or 	

nav at deoth expand into pockets of rich ore such


as was maned az Eleka. Iz as ecually acoarent that thaz

•

cert of the

been teszed

denord  g has bee- ce-r"ed

octer.4-'aLvclume c= the 3Ce'ke ve'n wh'ch he=

Finaily no search has been nade =cr _arge-tonnace

dassemanated - or stockwork-tyce naneralazazion outsade

the veins. On the other hand, if the mcrfologv of the

Elaka vstn sA tt occurs Ln tne p.Lns Ls

nth gold ore in znis ,:arzacular area, then a scp.ewhat

ra:s-,ve econcpLc aspect wcu^ be the size offthe cre

backets. No production ftcures are avallable for ELGka,

but the ore pocket investigated :»th unde rground

neasures 200 p x 100 rox 2,5 p.x s densito off 3,0,

tc 225.000 tonnes cf "ore". Tne sLze cf the stcbed area

ardicaree zt-a- the acr-e' 4ze o' the cocke- wa= s---e-.

-aee ----'-=' ===---- wcu therefore be the

spacing and of ccurse the sLze cf tnese pockets.

The r=eraLocp cf the =s,.sa veLn chances aLcn

the

•

	

carts a baracenesLs occurs,

1 e,

	

b'sputhHnite, Isnchts=thinLte, cia-istnaitte,

scheslite and eppLektite (SvLnndaL, 1952). 70=aLine

ahundantin the quartc-ankerite ganc.ie,



•

•

1n the uoper oart of the surface exocsure a mbre

paragenesds is observed consdstdn; of .-cyr,(-=and

cha'ccovrdte dr.a cuar-f-ankerdte-chlordte aancue,
---  devcdd cf tcurmaidne. Nc macrcs-- -


change in alteraticn was cbserved, the amohLboldte bedna

a'tered '-oa oreissen-tvoe rock tc a wdd-dh cf c,5 m -

on edther side cf the vein. The apparent change dn vedn

mineralogv may be dmoortant in the localization of other

ore pockets as dt has been shown from several other

similar deoosts chat oo'd and Ht= assoc=ced mdner='=. On

mog- instanoes orec'o-cate at a gtoff'c 'evel

	 determined by the 'eve2 cf bo:1 in off2_,

drothermal fluid.

Ana2vsds of the ore mLned dn 1892, cuoted by 2cns (1962)

shcwed the following: Au: 24,45 com: Ag: 25,18 oo,:

EL: 0,753%, while an analysds from 1901 returned:

Au: 24,51 pom.: Ag: 43,22 ocm: EL: 0,788. Aca=ysis cf


sambles collected dn the drifts and stcpes by the germans

dn 1943 are shown dn F4g.58. It g notewnrchv '-h='-cn


three sasbles (14,22 and 22)

interesting Au-contents. Samcles collected thfs summer

were c=ken =rom exocsuros of the gola veLn at the surface

and underground and as ohicsamcles of the altered wall

rcok co Hnoes c' up 4-c 2 m rrom '-heve4n. The latter

were cellected Ln order tb detec =. 'ow arade


mdneralizatdon cutside of the veLn. As shown _

nlv two sambles (920137 A and 5) frcm the vedn near the

mai : shaft return detec-=ble gcld. E=m2e A isr'ch

ohdde cre, and --- pa =-a retorned a= sn:wn


52 and 9E tbm reso=ctiveLy. The s=m= two samples hdve

orincdple that gold c9011ows bOsmuth (Oons, 1963).

dd rock ds virtua unmineraldced exceot fcr it:

grade and c r ddssemdnatdcn.

•



MINE SECTIONAND LITHOGEOCHEMICALSAMPLEPOINTS,
THE BLEKA GOLDMINE
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Older reperts menticn that several other, similar veins

occur between Bleka and Gjuv and as shown in the index

map bv Vcgt (188S) (Fdd.57) mineralized veins alsc ccour

to the ncrthwoa"r2m tho t-oka aroa.

1n summarv, the notential for ddsccvering new gcld

mineralization in the Bleka area ds ccnsidered hdz

However, more information is needed in order tc make us

able to evaluate the economic aspects, and further field

work 'a a(coor='nglv r000nmond0d (see later).

t.2iththe Baer,_ veins ao a -o=orenoo it was 	 'ni zeff

early durdng the field season nna- bas'o aLlis snd dvk

occurring dn the Rjukan- and Seljord Grcuns has s '  

potential for acting as a tran ('blottang paPer') for

metals tn hvdrothermal cells esnabaished around the Late

fl-c major, ieecl

penetrating --- 


A number of samples woro acroroino : cca'oc2o= =r0m

altered basdo intrusves borderdnz maor

order nc (-est thoir pc-o-n4=1 =c-

tho aroa dmme=ia th2 Wi-""s,t fron the Bleka celne a

nne Bleka

Svartdal bionite grandte plug (Fiz.59). Samples cf

pYri-'yo= a-d grossen-altere- bolite (B, C, D)

returned :alues and cne

saler value of f,7 ppc denecne

the presehce offgalena. C-o c=

(dm-thick) .sh F?) (Fip.E7) was alss

.umber of 0pher sac s are shown

cuartzatas. The 21=.1-1€2eer.

aatered to an assec.ba

and mincr zuarn7. Ddssecinane

7:]: "Te



AULT AND FRACT URLOCONTROLLED MINER•IZATION •
ALONG WESTERN BORDER OF THE BLEKA AMPHIBOLITE

7
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4-10cm 71/2/ck- 92 Vel» cuirn 7Q/entzand pyn
(11/2 rnefror iti1t ,

1vo/R5Sui)

Nectedm- to caorse grairiel 'a enp17:bol. t'et

e imm frynie veln/efs, co. 20

SE of A-10(2‘t

ynic antenle- 72 c/c/3- »7


breccAgred arry6/6o1/7<e cdon9
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associated chalcopvrite are ubicutons, in places

constituting up to 5 vol% o= the altered recks.

sills are transacted and surrcunded by up to 50 m.wide

aureoles with guartz-ankerite veLnlets carrying minor

cyrite, chalcocyrite and calena, and it is

interpret the minerais of these veLniets as being ralata=

to the breakdown of the bas'c 541's in tha presence of

siliceous hydrothermal fluids. The analysis of

chipsancles of these altered dvkes returned detectab:e,

low grade gold in 3 samcles (Fig.60) and silver in

anounts of up to 8 pcm in 9 Gut of the 16 samples.

Arsenic was detected in most samcles; one samcla wsr,

486 ppm. As contains elevated Co-values and nav thus

reflect the cresence of Ni-Co assen4des. Elavased

bismuth-values occur in five samples but show no direct

corr&aton with gold. For ccmcar4sen one analvsis of an

'unaltered' (metamorphosed) basic sill =rsirmnnsjeen 's

shswn.

it is apparent that the hvdrothernaiiy 	 as d basic

rscks have been somewhat enriched in Au, Cu, 7n, Ac and

Bi, and deplezed in Pb, NL, Co, As and W. Altho uc

figures are crobablv not recresentative, Lt is

HntarastHnc to note that the 'enrIched' alamanss are

ecuivalent to the metals occurrinc in

veins. However, the almered sills, which C32-2.7,


with the Bleka vein wall-rock, de not seem te centain

interesting precious netal  asd no =ussher

action is recocumended at csasant.

3.3.3 Hydret..ermal veins

3.3.3.1 Cu - Ac - (-Au)

This class cf vain tvpa da-ss'es is srasocHnsnt

Telemark and more zhan 110 veins w:th coccer


known. The cecosizs

1.e. less than os. 1 m w'da (=st frecuentiv less mnan

8,5 m) ane ur to a few mens of memers

_

FL-1-73121.1m2re
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mineralLzation consists of chalconvrite, bornLte,

chalcocite and hematte, magnetize or pyrLte; minor

-9-ases include arsenonyrite, galena, snhalerize and Au.

Wall rock alteraticn Ls negligable, in most cases

consisting cf cm-wide sericite-rich, 	 zones or


zones rch in chicrite. Host rocks are dominated by

basic vcicanics although acid volcanics and quartzites

occur. One verv imnortant feature of these deposits is

that they almost exclusivelv occur in Bandak Group

lithcloes (see later). A few denosits were visited and

sampled in or-Rer to test their precious matal content

(Fig.61). Duses and norgedal are typical nepresentatives

of this group and are clearly dcminated by Cu and A.

Lauvåsen and Brennebekk ccntain anomalous U-ocntents, but

are otherwise similar tc tl-Ymfirt Imenticned. The small

occurrences at Heddalsvatnet were visited bv H.K.

SchOnwandt (see Annendix 4) because thev were known tc

contain anomalcus gcld values (Nordrum, pers.corbm.).

Chipsamnles =rom twc o= the (m:nes' returnecl ce. 4 r,cm

and 184 and 254 ppm Ag resnectively at Cu-contents cf

2,6% and 3,5%. A further clearly ancmalous feature when

compared to the other occurrencas is the As-ccntents cf

850 and 706 m-m (all samnles ere chnsamnles of rich

ore). Further detaLls on thesa denos(tr= ane given in

Vogt (1886, 1888), Dons (1963), Annis (1952) and

SchOnwandt (Appendix 4).

As a whole the kncwn dezos,ts of this class are all

small, the Au ccntent Ls low (a few te-.s e= nnb) and the

silver content mcderate (a few tens cf pnm), hence no

further follow-un Ls reccflmended. The Heddalsvaznet

denos(ts seem tc ne anomalous 'n ths

occur imed  above the basertent and
zeL-

tn fcr instance the mcre attractLve groun cf

newmatitic-nne=az0 Cu-Ag Yeinz insteed of the Icwer

temnere.zur ma9

•
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3.3.3.2 	. Lucr'

A num_ber cf flucritP  ve:ns occur in

Telemark, show'ng clear a=fir»tHes to th= lat=- and

p,c,=•tkn=rat,c,cranites on the cne nand and

baRe-mal-bearing veins on the cther. A number of these

deposits were described by Pedersen and Dannow (1972)

including the Haukås- and Tveiten-Barskor veins.

Fluorite is an important constituent cf th= e=ra-

described pegmatitic-pneuratclytic 1c - - Cu v.eHr.,


che Ban^ak gran»te, and it cccurs as a urimarr chase in

the Bes===H=il aran'te. Th= nearbv Dyrtevann-fault,

which reuresents a segment cf the larg= w=stern hound ar

fault cf the Telemark suuracrustals, is mineralized wtth.

- 	 • spnaerit= a=70-= and


=nd =icnc the extrem-e southern part cf this fault the

	 - chalocpyr4te - d'oen'te - bornite -

wittichenite - chalcccite - hesci .e occ.Ir


granite pegmatites (:ordr, l991).

3.3.4. onaanotc tim.e

nhe d.-scrHut'-n of th= .-u»cnot:c minora"zatcn

presented in the orevious sections indicates that the

metalliferous, hvdrcthermal veins shculd be cons—t_e-

products of essentialiv one major croc--ss in thc,

develonment cf the Telemark area, nalv the actcin o'

hydrethermal cells se4- ut by a hoatina event urcduced by

tne intrusion cE late kinem.atc cran'tes and = ccnc=ent

anataxis cf the base:T.ent.

th= ry=- asscc:ations =nd t-n=cbsr7=-'

natit:

uneumtclyzicto mc hydromherra: ve:ns.

;-ranite 50=a:J= _

as

1333), .Tons (:963), Hasan

:,:ordru:het.al. (1931).

	 sted by 7cct (1E3

	 L-973) and



The metals cocurr'ng in t-2 veins m=y or,ddnate =rem th=

basement, frocr the supracrustals, cr bcfh, and clues to

the carentage cf drd'v'Ac=1 elements are orovdded by

plcts cf the edements adadnst matcr lithclogdz units.

Figure 62 shows a olot cf all known epigenetic copper

(-silver) cocurrenoes in the Telemark district against

the cccurrence of Bandak Croup and eduivalent

lithologies. It is amparent that a verv strong

correlaticn exists between these two, althcugh somb cf

the cooner veins olot outs'de of the major areas ccvered

-lrs,-

o= these mens are seen to oczur dn the basic -kes and

s,is 'ntruAinc th= underlving un'ts and cone'de,red tc re

feeders to the basdz vc,men'os c= th= BandakGrou.

The basdc mo'canics of t

Cu-Ag mdrere''s=tdor ard a ==w

basic rcsks shcw ohe rresence cf traze amcints c= these

df ds accc suggestei tham a major rart off

ocorer and sdlver oc--- rg 2r t'e epdgenetic vedns dn

Todoms=rk was cv hydroohermai leachino offthe


svngenetic mineralization and basdc vcicandcs of the

Bandak Grouo. As suggested orevdcusly the 3anda..-cC:rcuo

and edudvadent stratigracnic units were deposited in

conr»nental ,rft-settdng remindscent of an aulazomen,

somb 1200 - 1000 ma adc. It ds narci dvs'nc'dence th=t


simdiar rift-related binodal volzandc suttes =nd

	

,ro •ri rcm.add the

ma:or dcntinents, and that wdesoreao. svnceneo:o Cu-Ad

	

	 'r b=sdc zodca cs and C' (-Cc) cres in

Sawkins, d9T6; Winad

As in Telemar:c m o_ these OrSS are

• enmdronmbnt.

•

•



•
BANDAK GROUP
SUPRACRUSTALS

.

•

	

o %. ••

	

II :: •
••• •r: •: g •

•• •• • ••

•• il i: • I

e.

/
EPIGENETIC
Cu-MINERA-
LIZATION

o

o

I

0 50KM

FIG .62



(1)
1.1:

5i
''')

it
(0

t
:

,11
crl

„c:
:3

11

ii
 

;
)

::
Y

1
4

)
(1)

11i
0

I(I
15

(
:

4)
to

t
)

0/
I

t
1

:
i

1-41
(0

(I)
l

:
(I)

11
I

(")
0

(1)
:

.1
0

(2)
(

)
1

i

(I)
[

:
./4:

10
(II

1,-;
4

)
't1

(
4

S 
ri,

til

i
ty

til
1/i

(i
r:

I
:

01
l

:
(1)

.",(
II

i
01

(»
•

1
,

1
(t1

(I)
-,-I

(t1
5

:
(11

'4-)
(»

(1)
0

1

C
)

0
(1)

•
1

0,
t

:
li,

(11
4

I
t

:
0)

I
)

W
W

t
1

t.:',
U

)
in

01
.,

I
t

:
1

:
t

:

41)
1{

C
)

:1
(()

l
:

(1)
li

(1)
()

(1,1

I
,--1

:',•1
3

(4)
("1:)

't)
01

01
S

t
4.1

tll
•

1
(

:

cr)
,Q

U
)

•
1

•
1

4.1
0)

0.)
(1)

4-1
til

t:
)1")

•
I

---1
•

-1
:3

:
-

)1
01

.4)
1)

ilf
(()

(f)
43

(41
(

14
:::.

4)
l)

•
4

/1
))

i
{

:
{

:
It:

rti
I

)
•

I
::

I
4

44
tfl

',
1

01
141

(14
t

I
(I)

,

i
t.),

(1).
I

I
1)

ri
l/I

[
:

(1)
t

I
I

:

()
I

:r:
n,

,(I
(f)

.0
111

0
0,

111
411

I
tt,

()
(1)

t1-:,
.

ff
3

(1
(1

(
)

(1)
(4

n,
(

 

)
1

0
.

in
(I)

t
:

'Z
i

(11
0

(0
0

'C
i

t:
•

1
t:

1)
(()

.1":
0

(1)
•-I

(1)
(1)

---•
(/)

(1
())

(1
(11

•

0)
(fl

t
:

(1)
1)

.1
Ill

::_i
(f)

(/
.t

:
t

I
,

1
(l

t
:

t:
(1)

:1
4

4
C

)
:_l

1)'
0

(1)

rj
.»I

rt5
(

:
....

(
)

(11
.f:

1";
'41

(()
14

1)
(-4

.C
:

ti,
t:

•1
e)

t:
u)

t
:

1f)
11

(„)
:

0
4)

4:
0

(1

(t1
(I4

(4;
11)

;_J
2,

-,1
tp

ti
111

4--)
•

I
II

.
I

4
(r)

.
I

I1
I

'Z
i

(f)
,-1

0,
   

o
o

,
-I

(11
(-:

41
(n

,1
1

tt)
4)

,I)
..1)

•
1

()
•

4
,c)

4-4
(l

1I
1

Q
,

C
)

(-4
---

,-1
G

)
(f)

(f)
rl

•- 
I

)
(1)

0/1
(1)

(11
.

I

1
1)

•
1

(1)
('4

(1)
t

:
1)

(:)
(11

0
)(

i
()

i),
i

•
I

.,I
('l

4
)

>
1

.e:
.t

:
41

(
)

l
/

IC
411

nJ
4.)

ir,
E

:,
',1

4
1

,I
:

(
)

I.;
.-1

(:),
14

.).:
(-:

)
I

(1)
(-4

.12
(I)

t
I

C
)

4)
4,1

41
'1

0
0

41
L.

4)
41

(1)
0

()
1-)

C
.1

)
i

44

(I)
13

.C
.

0
0

..,
4

C
11

(1)
nt

t
:

4
)

0
0

•
t

.t
:

us
1-)

4
)

(11
0

(1)
,

I
(-1

1.1
•

4
0

:-)
t

'
.11

::,
11

$4
43

F
:

:
-

1-1
'(1

(1)
nt

C
1)

,
i

t))
:.1

/
I

0

It
•

I
't

1
(.1)

444
4:

-1-4
:::

(1)
4

4
4

l
r

I
.(fl

(f)
1-1

nl
Q

)
(1)

I
",.1

;)
(1)

0
.1:

I)
13

I.:
.C

.
Z

1)
rt1

4)
(I)

(1":
:.,

11
:

0
()

n1
F

:
rt

t
t

(11
411

4-4
1,

.0
0,

L),
—

t
(11

,
)

;.:
ttt

.4:
44

t
.

4
)

0
t

:

,1)
C

)
1)

(1)
-

t
:

:11
:1

Ill
(4)

I
111

.4
1

(C
,

fli
0

II/
•

1
Y

i
(f)

1)
(1)

•
.C

:
1._/

o,
(I

,
 

c:
•,--1

44
,t

I
(1)

(11
:

/1
1)1

e
1

I
)

t:
-0

r-I
,

I

1)
r1

1)
(

)
•

1
,-

1
,0

(11
01

,
1

t),
(

)
(

/
 

1)
,

:)
(:

:•
1

Y
I

,
1

(1)
(I)

(".
(I)

0,/
I

c0
.a

(1)
(1,)

t
1

(1,
0

.(..
.V

.
.C

.,
I

)
i

I
(

i
er,

...
kil

fl
I,1

r
1

lil
444

(1)
)

i
II

C
:

t)
el

,
'

»1
(1)

I
)

(
)

el
41

43
U

I
(41

(1)
(11

,-
I

r41
(1

.
I

I
)

(3
(r)

()
,

I
(1)

(4)
(1)

()
,1:

l),
.r.

1)
41

«I
•

(
,

4
y

)
),

(0
.0

-I
1)

•
I

4)
1

41
1--,

0
(4

c:
:)

4)
44

44
.,--1

I:1
:

'tt
ni

tt)
t

)
)1

—
1

(li
(1)

)1,)
'(1

I.',
ID

.-I
01

41
.I.4

•
4

i
:

u)
, 

III
0

.1:
41

t
I

11
II

r,
0

C
)

4(1

(1)
0/

(1)
,I)

41
e1

/
1

1))
C

1
t

:
in

(1,
tp

04
n0

1

.4.
(1)

.C
:

.1:
(

)
C

:
-•

1
R

t
:

4)
(1)

il)
•

I
fj

(1
.4:

0

4
1

li,
1)

es
o

o
o

,  
:

 „1
ni

(i
1.1

II,
n,

u)
 -u

o
 

)


44•4
-

4n
41

n,

D
;

rp
0

;•:,
)),

)1
•

1
'

/

,
1

t
;

,t;
t

:
tt;

:1
t

1
(,)

I
,

1
)

,
1

I)
111

t
:

t
1

U
I

I
i

,
.

I

	

0
0

41
,

1
0

51
01

0,
(14

tli
r

I
1)

I.
(4

44)
(1)

41)
(

'1
())

(,)
'1

I
,

'
'

.
(1

	

11
I,

S
.

,
i

5,i
(

•.
4)

0
.

(I:
111

())

	

1,
•

1
I

)
41

t
1

4
,

,
I

t
:

	

11)
1:1:1

.
-1

11
:

,t)
n1

ni
);

«I
,

I
'

1
0

I
)

.
I

i
I

.

	

e)
I

•
i

,
i

41
(1)

4),
01

1.
(I)

1:
01

I
)

(
:

I
:

(1)
41

(1

	

(4)
(

)
(I)

,
1

I
I

I
.

(
:

Q
)

t
I,

(
)

i
,

111
1

'11

	

tl)
/

:
41

((1
())

(11
(1)

1)
./

:
1

01
1

I
1)1

t
:

441
I

(()
•

1
:

)
(4)

I
(I)

1
:

,i
•

4
1

11

	

Y
1

-5
•

1
I

)
,(I

(
)

0
II

1
:

1
()

111
0

44)
:

I
t

),

	

:1
(

)
01

rl;
—

4,1
4

.
41

r
I

,
4)

	

()
C

I
(1

(
•/

:.:
(

-
(41

y
)

t
»

11
1

(//
(

:
(1)

(i,
0

	

(
)

11
4,

I
,

,,)
(,)

4)
t

:
111

S
:

t)
t),

(-
,

1
u,

4,

	

()
1,

4:
•

I
,

/
i,,

t
1

1
.

0
l

:



el
•(1,

41
r,1

(4
r)

(i
1)

l.
0)

	

4)
1)

t
).

i
.

-
(1)

.V
.

.4
,

I
u,

0
ej

,I)
(1)

	

t
1

41
U

l
I

:
«

1
(

)
()/

et)
I

)
I:

el
tn

0
/

t
I

	

0
I

1
,

1
1,,

f
)

,
I1

1-:
()

(1)
(

1
.1

	

I
]

0
0

_
I

,
5.;

(()
(1

0
0

1
(.".

	

C
.

C
1

0
'(i

()
 

(1)
ri

Y
(

r.)
14:

:
•

1-I
.1

	

t)
).

5-1
)

I
"I

u)
:/

ni
(

:
it

‘
4

	

4
)

(1)
n1

41)
el:

'Il
4)

l').
1:

1.)

11
44

I
'

t;
0

r
.

•11
.

	

i.
i

0
I-I

l'i
(

•
,'",,

11:
1

'1
II,

l
:

:.
t,1

t:
n"

-1
.

)
I

:
'r

:
1

i
(

:



,
)

0/
0

(,
rl

,
I

41")
4)

I
:

•
I

.1
:

'
0

,
i

1:

/),
.1

4)
0

S
..I

fl
...:

(1
1

I
.1

((
,,,

11.

'01
0.

.1
n)

;
:

c,
;

,
n,

4;
r,t

	

,-1
)

4
,)

L".
4

'
0

'
1

i
:

"0
I

i
:

,
;

'

	

41
"1.1

((t
I

)
q)

.1)
•:::

n1
•

I
(

)
.

f
1

,
1

t
:

4
I

	

111
t

:
4

)
(.:

I
)

44
r)

,
I

11
ej

(
/

t)
51

0
)11

	

I
)

)
(/)

(I)
(11

f
I

(»
(

4
tfl

1:
D

i
1()

(
4

4
.

q)

	

;)
I

,
•

I
nt

C
:

:-,
0

"1
111

(1)
•

1
t

;
01

l
:

	

141
(fl

t
I

(1)
t

1
,

1
0

10
(

)
(".

41
.t

:
1

)
(1

rt
0

u)
0

i
[11

'11
.41

)n
:0

«1
Ill

(11
)

.
1)

:
)

(
)

	

[
:

f)}
fil

0
,t

:
:1

111
el

•
1

I
)

1(
01

0
I

)
41/

(11
(1

.4]
0

.
I

,()
0

I:
)14

5
:

Y
i

:-.:
141

:1
01

	

»1
(1)

10,
(

4
t)

't
1

(')
(1)

()1
,

I
Il

I
(

/
,

1

	

(4)
1)

4)
(4)

Il
..,

1
1

(1/
;

,
n

i
0

',
,

i
',

n
1

•
I

()
et

(f)
,t

:
,

I
,

I
.1

(),
1

).
((1,/

4)
E

•
01

44
(

)
(1

h
t)I

	

)41
1

4
l:

14
111

,
14

1.).
•

I

(1)
(1)

,
1

l
:

I:
:

(:
11

I
i

'
1

(
(1)

(4)
I

)

	

.0
V

.
C

.
12

0
(.}

0
W

4
)

(1
0

'
.

i
II',

(
i

I
:

	

1)
ni

4
/

0
'

3
.1

i
1

,
I

.t,  
1 41

0
4.1

4:
01

41

(51
1•1

(/'
4

)
•

1
0

14
(1)

(
.

•1,1
(

)

11
,

(11
n1

'(i
nI

fl:
"I

-
i

(1)•I
:

•
)

•
I

C
,)

.1
ri

S
I

,
1

.
I

II
t

:
0

--
(()

(
)

	

(f)
t

:
.t

:
.t

:
11

1
0

411
(4/

(
)

:
•

11
(

I,
0)

S
i

I)
-1

	

C
.

13
•

I
)

14
()

,),
0

fl
rl

0
'1

(11
4.:,

n
t:

	

.4
r)

41
114

0)
:(.1

I
un

t
i

'41
t:

4)
I

-I
11,

	

111
C

:
•

1)
1:

t
1

ttl
t:

:
i

(f.,
:1

11
)1

11
I:

	

:->
41

,
1

41
111

rli
(

)
r1

114
.1

(t
,

„
t

')
-1

.
:

I,
(1)

(r5

:



\\ -
\`

BOUNDARY
FAULT

TELEMARK
SUPRACRUSTALS

/ " .

•

BASEMENT
0

GRANITE-

ait
/3Z7




e•





Er.

I ••••••




••• / -




'•




/.. 


,.,
/-/ -




%., ,', 4 t




0

, .. / /

..:, ,

, -•••••

c?'

EPIGENETIC VEINS:
Li, Sn,Mo,REE
Mo(-Bi)
Cu-Mo(-Bi )
Bi-Au

,• '

50KM
vi6 .43



-92-

coverned by a sror'rdc zone re=---,-,g a certain,

critdcal ddstance cc rhs :r.obiTizondb=s0:r.snt=nd dt=

assccdated ==s0c4ntion 'n thsss


veins nrobably represent a c=plex indxture derived fror

the base:uant, the ardd (-basdc) volcancs oc the Rjuka

Grcup and the basic volcandos of the Eandak Grour. Ot ca

in thds cuntext interesting to note that the Bleka area

is underlain by a thdok secuence of Rjukan Group acdd

voicandos whdch hosts the newl, ddsccvered s--=-=bourd

Au-Co-Pb-Zn-Ag mineraldzation. A direcr ccnsecoence cd-

thsse ra=loct,rns 4s that the nrsssntly :nost prrc»sdnc

tarcet area wdrh,r. the Te.1e7=:( surracrustals for

vein-type gcld exploratdcn would be the 10 to 30 kn wdde

and 100 krn long northern border zone of the basen,ent

where crhasds s.rouir' -7=r0H cr structur

=rs=s withcn rhe 	 volcandcs which have been shown to

reoresent a prdrne trap for the gcld-bearing ilucis.

Othsr n cone should be soudjnr-

ospcd= oe western nart o= rhs Grrup =


bcuniary fault shruld be ks,nt cc ncnd =s ot ssorTs te

exh'Ut -.nostc= r's ==r-rss c= r's c.c,'-c=rryng ronfl.

F:nallv at shou'd bs ecirhasizei th=r ths surrcu niinc

EvecoKarelian and/or Gothian base7nent renresents a

uctentdad area -

currencv std;ating thds base=ent

TH-0-='zation tc the east cf the OsIc fHord, Arcc has

been actdve dn the BaT.ble re.gdor t"'s sur-er, and 	 


Verk has dnvestdE

rsg4rr.
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STANDARD

TSPB '

TSPB 2


TSPB 3


TSPB 4

LPSP 1

TTDS 2

LPPB 3

LPPB 4

Gold standards and

a.s. TSPB 3 and 4

Al7gator Ridge.

BP NORGE


Au

+ 0,465 ccm_
+ 5,00 ---:.t.,-,

+ 0,93 ppm_
+ 0,2325 pem_

< 10 ppb

0

< 10 pob

< 10 roub

blanks supplied by BP

are CAN:eET standards,

LITPB 2 is glass sand.

XERCURY

Au

	

0,210 pum

6,270 ppm


1,090 ppm


0,210 pum

< 20 pub

< 20 pub

< 20 pub

< 20 pub

Norge Ninerals

TSPB 2 Hs 'rcm

The rosuits c' thP ssmp"ng sre given in Plates 6 to 21.

Inmervals cffthe matal distributions were chosen in a

subjPotive manner on the bas-Ls ofi histograms. For the

Svartdal-Rjukan area Ag, W and Ni are not shcwn as these

elements retcrned no signifiloant assavs or assays a

detectton limit. ThP sam0 applies to Au, Ag and Ni ficr

the Aslestad arPs.

THE SVARTD -RJUKAN APIA

Five samples tn thes area repurned detecpable gold. Twc

samules are fron the stream dralning the Bleka area whtla

two samulas situated ilsmodistPly to thP NNW 'rom snes

draen an area o' mhe Bleka smnhCbolt- wher= wP knew

small geld-bearing euarte-pourmaline vetns occur

(Fig.57). The Blaka area is furpharmore scpewnat

ancpalccs tn As, Ei, Co, In, Pr snm rm. Ons s4mH_sr

acmccsipe anomaly (Au, As, In, Pb, Cc) cccurs pc the

scuth firom lake Breidvatn and warrants '01,0w-uu. Tp is

a m=jor 	

amphibclite (compare wtph Plata 3), =

septing simalar tc Sleka.



An iscLated Bi (Cu, Zn) anomaly sztuated .20zhe eaoz =rcn

Bloka (Plate B) must sim"-- y by checked due tc the

Bleka deocsiz.

n 'hr an-nalous aroas which shculd be ohecked are

characterized bv Zsolated high As assavs or composZte

anomalies of As and one or more of tho metalo Cu, Pb, Zn

and Co. Esoecially the following anonalous geological

units stand out (combare with Plates 3 and 4): Basic

sills occurring in acid volcanics and cuartzites to the

north and east from Bleka; the contact zone of the

Fjellstadfjell granite (SE from Breidvatnet); the layer

o= Bondal schis` intruded bv basic sills occurring

innediatelv to the south fron Breidvatn; and acid

volcanics in the eastern end of lake Bonsvatnet (between

lakes Heddersvatnez and Vindsjaen scuth of Rjukan). The

lazter anomalv tay ro=10-'- '-he presence of the go

ehown an =erples cc':ecre=

stroama dra,n'nc 70ne =urther tc tho 000t aro


ancralous an Pb, Zn anC Cu.

in surrary, strear seC:re-ts --"er-e= 	 t'e Svartoal-

Rjuken area oLcsely reflect,atac- a-C

c l'cht other ereas w'th a sara:ar ratal dostributi on

pettern •hach ere to re =oLowd ut in LE,B4.

CKE ASLESCAC ASEA

This area 'tcludfla a- >lcOnrc, onao,

Grusen ez.c. (see Ccl- one aree nth c'c--=---n-

anoonalaes wa= fcunC, o:curr:ng alono what

T'neerent hc=t'nE th Cu-Ag Cepc='t.

'rcr thos Lanearent return anoraLous Cu-, Pr

,anf ve'-e= an cresence cf Yosnao-

However, the .osna.oCepc=at wcz.,cre---e= 	 ccniunotaon

wath the ;onCa: 7erk durino Live -- -'-As Dordrum et.aC.,

•
whaoh raans that ore =ror thas csat =st haVe

been OransperteC r :losnao to _LrdaL

F:)P83- 
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The easiest route would be at winter across the lake

north of Mosnap, following the anomalous stream

northwards. This could explain the two very significant

anomalous samples, although they will have to be checked

in the field.

The Grusen deposit stands out as a weak Pb-Zn anomaly

(sample 238) and the locality of sample 224 should be

checked for similar mineralization due to the Pb-Zn

anomaly in this area.

FDP831216te
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I. Stream sediment sampling is a suitable regional

exploration tool; a preliminary survey has shown the

presence of significant anomalies in the area

surrounding Bleka, and two areas in the Rjukan Group

stand out including the newly discovered gold-bearing

acid tuff at Tuddal. However, some work is required

with the fine tuning of this method.
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111 6. RRCO=RYRA::C.Ncr,

Based cn the occurr=nce c= iflw ar.=ee

-"- at Bonsvatn,

bac:. -cu-d v=--Gs fl= e As in acid

volcanics oe tne same general area and se--e-ed

stream sedement anomalies on Au and As (Cu, Pb, In),

it is rocommended that the precious metal pctenzial

of the acid and basic volcanecs cf the Rjukan C-ouc

is testeA in 1984. Ths shculd be done by gecicgic=

mapping and l'thccerchem»c=1

centered upon the Au-bearing tuffs at Bonsvatnet and

aided bv a Landsat imagerv and an aircert structural

interpretation of a wider area in order to deleneate

highly fractured areas. The extent of this mapoing

and samLpling programme shou1d be determined bv the

geologecal and geochemical results, necessitatinc a

cvuick resbonso from the analvtical lab. Eurther, a

stream sediment survev is reccmmended. mh,s shoul-; be

divided into twc parts: a detailed survev in the area

Preidva-not- Tudda: - T'nnsjc - R'ukan ‘-,nd

survey in the Rjukan Croun volcanics zo the nor

from Rjukan.

gh Au-values reborte-' fr-m the R:ok= veon,tho

e number of ,_d-bearIng) veens in this area,

the fc=hie hosz rock/structuraC trac situation,

and zhe chance c= Aefnenc buk  

	 complex areas mczevate

further work ar=nd Bleha. Thes shocid fokus en

detaeled nanninc a cf a majer part ti

aorcnoto - ani c-cund e-te-- '--ao io

struct.^-e- a - 	

some ro ru o- t'e -rner="-=' ve'rs a-d

alteratlen zones ani a mincr

infl'udnc deec cverburden sanniono



• magnetometrv and IP/resistivity measurements should

be guided bv the geological field work. The tenure

situation is shown in Abbendix 2 and to some extent

in Fig. 57. ASPRO holds 6 claims (from 1982) in the

Bleka mine area. NHhas a 16-block claim over the

same area and its surroundings, an 8 block claim to

the northwest from, this and a 16 block claim cver

Gjuv. It is felt that at bresent there is no reason

to contact ASPRO with a view t0 establish a joint

venture; )1\THholds most of the ground and Bleka itself

need not turn out to be the most promising tarcet.

A small follow-ub crogrampie is suggested for the

Moberg-, and Nosnao area=. At ,Mosnan the local4tes

of the stream sediment anomalies must be examHned by

a geologist. At Moberc an IP/resistivity survev

covering both the :.:obergand the Grusen veins is

recommended and further ceological reconnaissance in

the area to the west of the line: .loberc - Aslestad

shculd be undertaken as it contans numerous =mall

granite bodies and dykes. Contact should be

maintained with Asheim at PF who registers a11 r,-

mines in this area on a hobbv basis.

The geochysical ancmalies at Guldnes should be

exblained; this is best done bv blast-sambr Some- .

geolocical follow-ub alonc the mineralized horizon

should be undertaken.

The follow-ub on the Rcvin debosit shou'd orocee^

according to the guidelines set uu by Schonwandt

(rebort not available at the time Of writinc).

Purther samb_ cec_ccical renonnaH==ance '=

recommenAeA the following areas:

a. The Cu-Bi -Au) veins and

imprecnations.

mhe Skc'terherc-Gramer lithologicai t.

FRP331216te
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The Kcvden ::n-detcsit
The Sauda Zn-Cu mine

G. in the case cf a sherta,7,eof funds cr manccwer


items A, B and D should be given priority.

Osio d67t - ,t 98y

fid~ci-i/
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APPENDIX 1


ESTIMATE OF THE TOTAL 1983 BUDGET FOR THE TELEMARK PROJECT (20913):

N.kr.

External ex enses:

Mercury, geochem. analysis
Shipping and preparation of samples
Car hire
Claims
Equipment, unspecified

Field work:


F. Pedersen, 9 weeks, inclusive of transport
H.K. Schønwandt, 4 weeks
P.M. Ihlen, 2 weeks
H. Elstad, 5 weeks
R. Elstad, 6 weeks
T. Vejsal, 4 weeks
K. Norup, 9 days, inclusive of transport

Thomsen, 9 days, inclusive of transport

Lab.work, PF:

Asheim, Larsen, Jacobsen:

Hours, HK:


To Dec. 1, 1983:
F. Pedersen
H. Elstad
T. Vrålstad
P.A. Lindberg

Parr

To Jan. 1, 1984:
F. Pedersen
H. Elstad

Total N.kr.

61 000,-
5 000,-
6 400,-

30 000,-
10 000,-

45 000,-
25 100,-
20 000,-
25 000,-
9 000,-
14 000,-
6 000,-
6 500,-

16 000,-

256 200,-
130 200,-
16 320,-
3 200,-
2 800,-

5 600,-
7 000,-

700 320,-

•
3316C
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OVERSIGTOVER ICRSK HYDRC MUTIEGER I TELEMARK

BLOK ANTAI NUTET MÆRKET

1983

FRIST




1. Vestfjord 16 9.83 nej




2. Tinn 17 4.83 nej 1.8.84




3. Bonsvatn 8 6.83 nej




4. Kvammen 16 2.83 nej 1.8.84




5. Bleka 8 12.82 ja




5. Åkre 8 2.83 nej 1.8.84




5. Svartdal 8 2.83 nej 1.8.84

9 6. Sundsbarm 8 12.82 ja





 Sundsbarm 2 8.83 nej





 Iistøl 8 12.82 ja





 Slystøl 56 9.83 nej




8. Mosna 29 9.83 ne'




TOTALT 184

•

•
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TE 71.:

Gec: kk I ianetiske måli er

TP-RP-ni-=-Hnser

3a::sr::nnenfcr målår.senevar å tndersdke -en mineraliserte sone nvor
sruve idsgor. THkod=n v=r d<=,it av int-ress= å se hvor anvendbar-:

de for=k•=12'=-=m,0tod=rer å denne fcrekomst-type.

Det frerkom tyde1ie og "cC2r0=ncrer med m2.5.og ?. Het
undersekte området ser forekornstenut tål å være for liten til å ha
koncr*sk ånterosse. Yen det er dkke klarlagt noen bes-rensntngå
strekretninsen.
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INNHOLDSFORTEGNELSE

Innledning

Målemetoder- utstyr

Målingenesutførelse

Resultater

Konklusjon

Anbefalingtil videre arbeid

side 1

1

3

3

5

5

BILAGSOVERSIKT

Bilag ol: Oversiktskart M 1:5o.000

o2: Isolinjekartmagn. totalfelt M 1:l000

• o3: isolinjekartFE-% M 1:l000

•
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MaT,..mål4ngene

Målingene ble utført med protonmagnetometerav t7oe Sointrex MP 2,

som måler det magnetiske totalfeltmed en nøyaktizhet på 1 gamma-

Ett basispunktble målt 3 ganger daglig. Dette viste en daglig varia-




sjon minth'eenn 2o gamma, noe man ikka fant grunn til å korrigere for.

$1, Instrumenteneble hver dag etter endt måling testet med en magneto-

metertesterav S.Paulsen type. Evt. tekniske feil ved instrumentet

vil avsløres med denne test.

VLF-målingene

Det ble benyttet et instrumentav S.Paulsen type.

Det ble gjort dip-vinkelmflingerpå reltet fra den amer±kanske sender

NAA, som sender på 17.3 kHz.

For at det skal fremkommeanomaliermed VLF er man avhengg av en

viss ledningsevneog en strøkutstrekningmot senderen på minst 2oo m.

•



Med utsansspu.2 ds.punkt lake ved sruve ble det stukket
on be.tHsl:ni=0 retning

=n st»kke fer bv=- Tac.m. Uc f,-r=dern= b'- 'T=tstukket trofiler rte
ovstand 40 n.

Stiknins av basislinjen foregakk re_ eaktetrebtael,kcapass cs
St'knnsen av prefdlene ble zjerd aed koapass

Basisl'nj= o= 2 os 3.

Hele balvbya ble rdåltatedneg. Omre!detbst for l000 V ble rålt aed
VTF, etEomr,!-(^=tbst for 132o N7 ble a=at med TP-R?.

„_= =„- orre,,b_ .. vedkom-
m-nd= bl= den ene av etrba&ektrod=n- senket n=d cå unnen av Sunds-
baravann.

El‘ekbrcdeneapLaeserins :reasår ossa av bilag 2 es 3.

fikk en fornbadsv's lav str»ast:rk- på
aen Het v4ste se å være tnstrekke- „„

- b.cA 

en kerce a7scand aeTlca

•

strbaeaekdredene sea ble benyttet;ba do aeteri.

Over abbt,le oar=Her ba de aas• •s IF, aåad aellea fl

prefilavstartdender ble 2o aeter.

ene var a tavstande le-2t,a

instrua=nc=ne fumgerte c=”÷nektotter =n nbe uheldig start
utstyret.

7 forbr.d=s0 rn=d -sterdns av act—eren som Folldal Uerk hadde
fått utfOrt for en tid tilbake, var det zleat å lçse ecp en kort-
slutnns, ev forsterkeren. l'ettemedforte en bass forsankelse,
prcsraaaet act ses K=t7n:=j=nroafsrt

IFAFEF

te tadsrda.

VIF-ae Eene dtakbare ansaaller, sea nelle-
ventet denn= atneralaseranss,„ derfor
4 alle f =det steddenne aet

Faade _

av aål

skrives den akt

klare c= nerte ansaaller. EF-delen
derta- ansaaaler sta

lle aLneralls ler else
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K3NKTI:S=

Såde 1-15og rsag.synes Eodt eEnet for karsleEEinE av denne type

forekomster. Kombinasjon av de so met0dar synes ndvendE, da det

ekke er de samme mineralisarint-stysersom E2r anflma'ierved de

forskjellige metoder.

:asneti,t3er et mineral som norma-Ltstr en v'ss TF-effekt, 3E

jetta tilit med sonske sm= 75-2nom2''ar, turde Ts2nforvente et

bjHr2g fra dette mineral hvis det forekommer desseminert.

:(2nkan derfor konk'sHere me' =t maeneti ten =orakormer i en form

som ikke Eer anledninz oolari s n ,

Tnnenfor dat m=te omr=• ser forei.omstanut til å vPorefor liten

til = ha noen Pkon3m:sk enceresse, men m2n skal :kke se bort fra

at det kan finnes leknende meneraL:serdnEstyper lanzs det samme

::oenbegrensning av anomanene e strSkretninEen er ikke klarlaEt

med denne undersdkeLsen.

111Yv'a foresmas-tysen anses fsr lovende, tSr det vurderes en geofysi

..m.jersOkaloameT:nel'kunter 37E'ren stSrre de: 2v cmrådes så tidlig

som mflis e sesensen, slik au en' kan e

samme

SEFAL

anbefa:es en

esen,

bakzrunnsbd_39.

ma:

åfl et noe -.terre—Cere

st4krinE=nattet

•
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