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Nytteammendregogkonkluejon,

Betenkningvedr,gruvedrift.

Bakrrunnemateriale.

Grunnlageti betenkningener beeertpå dethovedmaterialedenvedlagteruferansellstenvisertil.

Sumwendrao konkluson.

Dut er primærtforetatten analyseav en prosjektertavbygningav detuvresinkrikemalmarealetparalleltmedbrytingav den nedrekobberrikemalmreservenned til25 % forbikjentakselengde.
er beregneten in Situ-malm-mengdepå: 1,44mill.tonnå 2,03% Cu

og 2,00 % Zn. Den førstebetenkningenmedavbygningbareav denkobber-rikereservenforutsatteen videremalmføringmotdypettilsvarende10 årsdrilt. I denneberegninggirsummenav ovennevntedisponiblein Situ-malmen driftstidpå 9-10år. Detteer grunnlagetfordennerupporten.I sensivitetsbetrektningenvisestilen bedringav driftsresullatetved enøkningav malmreservenei fortsettelsenav nedreberegnedearealtilbverendeen furlengetdriftstidpå 5 år. Detvisesher tilutførtegeofysiskemål-ingersompåviseren fortsettelseav en elektriskleder(malu)underdypedukjenteprofil. Detterepresentereren brytharmalmreservepå 2,04will.tonn,som er sammenlignbartmed 1. betenkningstonnasjerplussdetøvrebink-rikeparti.

I do økonomiskebetraktningeneer det forutsettprisog koetnadsnivåel.i1905-kroner.

Rodriftsekonomiskvilhellerikkedissealternativerforgruvedriftkunne
dekke de tutaleinvesteringer.Sammenliknetmed den førstebetenkningenfremkommerinternrenterpå henholdsvis5,85% og 9,9%. Detsisteer foralternativet14 års drift. Resultatmessigoppnåsingenbedringideton fåren forskyvningi produktfordelingenmed reduksjonav rågodsetsmidlerekobbergehaltmot en økt sinkgehalt.Dettefårinntektsmessighotydningi ogmad verdiforholdetmellomtonnkobberog tonnsinkgrovtsetter lik3:1.Den førserteoppfaringog ekstratilredningenav sinkmalmensffintøkteinvester-ingerbl.a.foroppredningsverket,økerkapitalbelastningenog dermeder med-virkendetilresultatet.

Mulmgeologisker det fortsettav atorinteresseå få en nærmeremalumnder-søkelseav Hersjeforekomsten.En oppdateringav de kobberrikepartienemedet positivttilskuddi metallføringenvilgi merkbarbadringi drifts-resultatene.Dettegjelderogsåen eventuellpåvisningav tilleggsreservermed en hedringav kapitalkostnadenepr. tonnsom rusultat.

Sumutgangspunktforen viderevurderingmå det tasbeslutningom forekomstenskalundersøkesvideremot dypet. Synkavuenkningog diamantboringervil kreveoffentligstøttepå 12,2mill,kroner,dersomingenannenfinansieringsformføreligger.En positivpåvisningav øktemalmreserveri henholdtilbeteek-ningenvilved ønskeom åpningfordriftkrevetilskuddpå ytterligere28,2mill,kronertilveganleggog 10,6mill,kronerforå oppnåpositivtdrifts-rusultal.

1 forholdtilden førstebetenkninger det nå med øktbemanningog en muligdrifIslidpå 10-15år muligheterforen størresysselsettingsgradsamlut
uotall åraverk.
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5.0 0rift6kostnader.

Ont t+1.;otoang6pookt i lidligere tinrognedeog vurderte kostnader
med tiilegg rnr ett Ors prIsstiwing og Innosstigning salt lik 6 %
for liegge(6e vodlegg 4).
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Inntekter:

2. år:







SInk 1 418 • 2 176,- kr. 3 085 568
Kobber 10 052




1 966,48 " 19 767,056





kr. 22 852 624

5. og 4. år:






Sink 3 148 • 2 176,- kr. 6 761 904
Kobber 12 540 • 1 966,48 " 24 659 659





kr. 31 421 563

5, år:







Sink 4 720 • 2 176,- kr. 10 270 720
Kobber 11 400 • 1 966,48 " 22 417 872





kr. 32 688 592

6. år:








Sink 3 889




2 176,- kr. 8 462 464
Kohber 10 488




1 966,48 " 20 624 442






kr. 29 086 906

8.0 Kapitalbehov.


Ut fra samme resonnement som i den første betenkning med 7 % år]igprisstigningog 12 % renterpå kapital.Viderevisttileventuellreduksjoner for henholdsvis 10 %, 20 % og 35 % tilskudd (se vedlegg 5og 6):

Fase 1- Undersøkelser: P1 - P4
0 - 10 % - 20 % - 35 %

	

Totalkostnad: 20 225 18 202 16 180 13 146

Fase 2 - Anleggsfase: P5 - P7
0 - 10 % - 20 % - 35 %

	

Totalkostnad: 45 155 40 640 36 124 29 351

Fase 3 - Oppfaring 1. år + investering utstyr: P8 - pl o
0 - 10 % - 20 % - 35 %

	

Totalkostnad: 40 554 36 499 32 443 26 360

Sum fase 1, 2 og 3:
0 - 10 % - 20 % - 35 %

	

Totalkostnad: 105 934 95 341 84 747 68 857

Ut fra lønnsomhetskalkylen må det etter ovenstående forutsetningeruten %-vis tilskudd tilføres kapital lik:

Kapitalbehov kr. 105 934 000
Dekningsbidrag " 58 289 000
fremmedkapital kr. 47 645 000

,

Se forøvrig beregning internrente - vedlegg 7 - som gir: 5,85% internrente.
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Drtte (ii en årlig inntektpå:

Drn nr i itu'rinntektblir kr. 281 000.
rhrr levetidrnknpilalisrrerdette: 9,1 mitl. kr.


I bnnholdIil vedleggi 8 vil dettr med ulike tilskuddsordningerqi
alternntiveårligedriftsresultnterfrn - 4 mill, kr. til + 3,4 mill.
kr. Dvs. rn bedring i forholdLii resultnletberegneteller rnaJ,rr,-

i pkt. 1.0 og driftsresultaLeme i pkt. 10.1.

9.7 iI ekt iv det

Del yr grunn ttl å minnr rm den hotydningnitid oppfølgingmrd strvnge

k nliirtnkrtterierhor for rn vellvkketgruvrproduksjon.Det PF nok h
prkr ph du nnmerkningersum ur gjort gråberginnblnndingoq

fanght. Videremå det setteshogn krov til en hog kapasiletsutnytleIse

liFUVPMååk1HPUIog med det vt gunntigproduktivitetsnivå.
\dderrMå PH leggevekt på h holdo god styringpå lonnsutviklingrnoq
budsjettrremrd et invt,men nødvendigårliq investeringsbehov.

In prnduktt\itetpå 6000 hrsverkglonnsom reduserestil 5000 årnvrrks-
tunn gir iIinte Pri kostuaek!;1 igningpå kr. 700 000 pr. år.

11..“,npnkisvil en reduksjonnv slilemnteriellog reagenseri opprrdnings-
\rt*nIpd kr. 2,- or. lonn gi kr. 500 000 besparelsepr. år. HYt Hynes

rn burde kunne uppnå grvInster.
hr yIrrtigere bedrinqav utvinningog konsentratgehalterglr positivt
tellendvunsultnler. 2 % okt utvinningi sinkkretsengir 50 tonn sink-




konnrntrnt= kr. 109 000 pr.

10.0Olumunninkbetrdkrning.


HYI[Pr ikke qr~drirt hnsnrtpå lilteggstonnasjenefrn den OVFP sinkrike
uninidoringenknn gi et bedriftsokonomiskpositivtresullat.*Knpitnl-
tustnndenetillngt7 % prisstigningog 12 % kapitalrenter,er grunnet
1 - rIt - ar kortereheregningstidikkrhlitt storre. Inventeringenr

ni imidIrrtidi kronerblitt storre p.g.n.6 % prisstigningon okninger
hndn i oppredningsverkog gruve. Det er benyttetpris-/kostnadsnivårt1985.

rnrringskostnådenepå 18,7mill. kronermå også anses å Være PrlIilleggs-rcfltnldi torholdtil den forstutfortr

HP(1(iPl prisnlvhph hennoldsvissink og kobber,vil en mrd lik-
\rudighetimuh"king av rdmnImensmrtnlIgrhnitrrfå storst innIrkls-
mnsnionsvingningerpå konhergehdtlensvnrinsjoner. Delln er Pfl

Mtålårååktil det svokere okuumUske resultot.et i dennr
hrIrnkningrn. Mrd de nå \..nlgtrprisru nq drn forstebelenkninl:; kunnyntrnl-




mengder vitIn rn nn oppnåddrn inntrktpå kr. 31 863 757. DetIr pr pri
Hug•inntektpå kr. 2 550 757 pr. år med utonngsgignMiddelinnlekt, illg.
‘rdInqg6.

filnærmet_er dette i storrelsesordenhvn en kunne oppnå med pris og/eller
gehultforhedringer i h.h. til pkt. 9.3 og 9.4.

Hmk : 5432 • 2176 = kr. 7 468 032
kohber: 11252• 1966,48= " 22 126 832

kr. 29 594 864



En finner ikke å ville gå lengre i en vurdering av disse variable
størrelsene da det i så fall blir antakelser.

10.1 Alternative driftsresultater.

Alt. 1 (1000 kr.)

med 20 % tilakudd:

Driftsinntekt, middel
Driftskostnader
Kapitalkostnad

Underskudd før skatt 0.1.

Alt. 2 (1000 kr.).

ttc,(
I U.U3

Jeng~i

	

kr. 29 313 195,42 kr./tonn
" 18 762 125,08 "
" 15 905 106,03 "

- kr. 5 354' - 35,69 kr./tonn
7.200 

2,/s4 - iY.74 -

Illskudd veganlegg 28.2 mill.kr.

Driftsinntekt
Driftskostnad
Kapitalkostnad

Underskudd før skatt o.l.

Alt. 3 (1000 kr.).

35 % tilskudd.

Driftsinntekt
Driftskostnad
Kapitalkostnad

Underskudd før skatt o.l.

Alt. 4 (1000 kr.)..

kr. 29 313
" 18 762
" 11 605


kr. 1 054 

IYu

195,42 kr./Ionn

	

125,08 "

	

77,37 "

7,03 kr./tonn

+ 17,-7/ -

kr. 29 313
" 18 762
" 12 923


kr. 2 372

g.2Y

195,42 kr./tonn

	

125,08 "

	

86,15 "

15,81 kr./Lonn

t 4,fa

10 % tilskudd og tilskudd veganlegg 28,2 mill. kr.

	

kr. 29 313 195,42 kritonn
" 18 762 125,08 "
" 9 618 64,12 "

kr. 933 6,22 kr./tonn

	

Y.(7; -
Ovenståendue alternativer bekrefter al det ved en gruvedrift er behov
for offentlig engasjeMent. Resultatet er i så måte lik den første
betenkning. De kommentarer sum ble gjort i denne vil derfor også
kunne anføres nå. Det henvises derfor til det som da ble skrevet.

Malm, 16. januar 1985.

/C-lefh‘q

S. Tessem.

Driftsinntekt
Driftskostnad
Kapitalkostnad

Overskudd før skatt o.l.



Vedlegq 8.


lilleggskostnader tillagt middel årukuulnad

for ulIøsing dyprmalm oq tilhorende drifturesuItater.

Forutsetter flyttet sik-sak ut i stden av malmlinjal med stigning 1:10 og
kurving til hvert tredje nivå. Iverrstag 1:7 til de øvrige nivåer.
Oppfaringen forutsettes drevet parallelt med brytingen som en del av års-
planene. øvriq oppfaring er medtatt kostnadsmessig:

lotal 3630 m å kr. 6360 kr. 23 086 800.
Over 14 år kr. 1 650 000 1r. år,

Irucktranuporl til styrtsjakl:

2 stk. 20 tonns trucker å 1,4 mill, kr. r 2,8 mill.kr.

Sum vil klaru tunnasjen.

Ilolue vedlegy 6 får en følgende saIgsinntekt ug driftskostnader: (korrigert
for økt inntekt, økl levetid og lilleggskostnader)

(1000kr.) Salgsinntekl Driftskostn,

kr.288
" 20

Iti 77 5.?9 ).

kr. 29 595
" 20 611
o 220
" 12 786

inkl.invest.

555
611


4 ?

197,30kr./tonn

	

137,41 "

	

1,47 Il

	

85 24 "

Sum 14 år kr.414 330
Middel pr. år " 29 595

Driftsresultater(sompkt.10.1).

Alt.1 (1000kr.)m/ 20 % tilskudd:

Driftsinntekt, middel
Driftskostnader
Iilleggdiesellaster
Kapitalkostnader

Underskudd før skatt o.l. - kr. 4 022 - 26,82kritunn





€2) - Yg




Alt. 2 (1000 kr.), tilskudd vetanle ( 28 2 mill. kr.:




Driftsinntekt, middel kr. 29 595 197,30 kr./tonn
Driftskostnader " 20 611 137,41 "
Iillegg diesellaster




220 1,47 "
Kapitalkostnader " 9 330 62,20 "

Underskudd før skatt o.l. - kr. 566 - 3,78 kr./tonn




-2.(.1•1 + Alt‘
Alt. 3 (1000 kr.) tilskudd 35 O:





Driftsinntekt, middel kr. 29 595 197,30kritonn
Driftskostnader " 20 611 137,41 "
lillegg diesellaster




220 1,47 "
Kapitalkostnader " 10 389 69,26 "

Underskudd før skatt o.l. - kr. 1 625 - 10,84 kr./tonn

Alt. 4 (1000 kr..), 10 % tilskudd o
is"ti

tilskudd ve anle
4 1010-

28,2 mill.kr.:

Driftsinntekt, middel kr. 29 595 197,30kr./tonn
Driftskostnader " 20 611 137,41 "
lilleggdiesellaster




220 1,47 "
Kapitalkoutnader " 5 352 35,68 "

Overskudd før skatt o.l. k . 3 412 22,74 kr./tonn

C 6/-)i
ticiff.04,






vA.Q,

Mengde

rn

Tid
mnd. 1. år 2. år 3. år 4. år 5. år 6. år

, Vedlegg,1.




1. Servicearealn. 700 m m/str.




60 4







2. Kompr.stasjon --"-- "




10 1







3. Tv.slag til malmsj.




25 1 1-1






4. Siksak til n. 600 m 1:10 1 080 24






Gråberg - Vedl. 2 - 1. rapprn

5. Malmsjakt n. 600 - 700




115 6




i- 4




2 etapper

6. Vent.stigort




350 4




I--
i





7. Vent.anlegg




10 2







8. Feltort - malmsiksak




500 6






2 stuffer

9. Tverrslagtil m.sjakt




100 2




k- t 1--1





3 stk.

10. Tipporter




150 3




fr-44-4





3 stk.

11. Siksak n. 700 - 1020 2 240 48








12. Malmsjakt




370 5




i--1






13. Tv.slag til m.sjakt




370 5




r- i---1 1- 1 ;--1





14. Div. mindre serviceanlegg




x <





i--I





Strossing
15. Feltortermin.




250 5






b----I





16. Langh.boringfor prod.start 20 000





F---I






Fordelt 2 perioder
17. AvbygningCu-malm








) Strossebryting18. Avbygning Zn-malm








> - )






Vedlegu 2,


Maskin- og utstyrsinvestering.

2 stk. el.hydr. 2 boms rigg m/ dieseldr. H 125
(forhøyet pris jan. 85)

1 stk. Simba H 221

1 " Toro 350 D

1 " Toro 350 D

2 " landbrukstraktorer

1 " reserveskuff Toro 350 D

1 " hydr.maskin Cop 1238

2 " ladeapp. - Anolit

1 " 10 tonns traverskran

4 " tappeluker m/ arr. + tipp

2 " hovedven+ilatorer

1 " Airtemp. inkl. koplingsskap 1100 kW

6 " sekundærventilatorer

Elektr. anlegg, se egen liste

Brann + sikringsanlegg + beslysn. o.l.

Div. utstyr serviceverksted

2 stk. sentrifugal lensepumper 600 min. 1.

m/ 4" 30 kg ledning 1500 m

1 " 40 m3 ER 7 vannkjølt kompressor m/ etterkjøler
3 " luftklokker 2 m3 m/ vannutsk.
1 " minibuss -persontr.

Telfonanlegg + div.

Rørnett vann + luft 2500 m 1" + 1000 m 3" + 2"
m/armatur

Diverse gruveutst. m/ montasjer

Sum

Beløpet fordeles på:


 år kr. 11 336 000

 år kr. 2 250 000

kr. 5 000 000

" 1 060 uno

1 378 UHO

1 378 ono

318 000

53 000

180 000

159 00(1
11 106 000

127 000

212 000

11 106 000

318 000

848 000

85 000

53 cion

265 000

382 000

21 000

212 000

53 000

212 000

1 060 000

kr. 13 586 000
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1. dr flr 3. hr 4. {JF 5. Ur 6. [1F 7. hr 8 Jr 9. hr 10. hr

Middel

hr 


Gruynkuuthd:







OntLrinll 3 390 2 $79 2 505 2 40, 1 705 1 705 1 795 1 705 1 705




1 579 1 579 1 579 1 579 1 579 1 579 1 579 1 579 1 579




furlu 5 47? 7 47 7 3 472 3 477 3 472 5 472 % 472 3 47 2 3 472




Sum kiorær 8 441 7 450 7 356 7 5n1 5 756 6 756 6 756 6 756 6 756 7 178
LF./tunn

r-Hp, _uilt.1(utriNd:

79,19 49,53 49,04 5n.01 45,04 45,04 15,94 4'),04 45,04 47,78

MAnriull 1 678 2 78 2 378 2 578 2 578 2 579 2 578 2 378 2 578




rnurgi 793 : 2' 1 125 1 175 1 125 1 125 i 125 1 125 1 1 25




torin 2 %flP




2 308 2 -rne 2 i'US 2 511(1 2 508 2 5n8 2 599




4 7 /9




811 5 811 5 811 1, 811 5 511 5 811 5 81 ', L96





1 ,74 18,76 8,76 18,74 58,74 1.8.74 58,74 37,97

,u3t f r  t n1HY:








er
1 9J6

20)
70:, 1 7U3 2 70'.

550
2 703

550
2 703

YA)

2 717
3( 1

7 703

5iJ
2 705

559




1 60 37L 370 570 57L 375i 570 579 r)70




9 “.(-,




-,.497 -3 423 1, -42 % 4 23 r.42' ', 423 ', 42 3 3 509
;Iml 15,7
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22,82 22.W.2 22.96
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Vedleqp6.


• •

Lønnsomhetskalkyle ekski. kap talkostnader.

Ar R.malm Zn-kons. Cu-kons. Sal sinnt. Driftskost.




Inv. Cash-flow

Nå dardi

til 2.år
Cash-Flow

Nåverdi
m/ 2 mill.


økt innteH

2. år 105 790 1 418 10 052 22 853 17 475




530 4 648 4 648 4 648

3. år 150 000 3 148 12 540 31 422 18 723




530 11 169 9 972 11 758

4. år 150 000 3 148 12 540 31 422 18 649




530 12 243 9 760 11 354

5. år 150 000 4 720 11 400 32 689 18 794




530 13 365 9 513 10 936

6. år 150 000 3 889 10 488 29 087 18 049




530 9 508 6 043 7 314

7. år 150 000 3 889 10 488 29 087 18 049




530 9 508 5 395 6 530

8. år 150 000 3 889 10 488 29 087 18 049




530 9 508 4 817 6 033

9. år 150 000 3 889 10 488 29 087 18 049




530 9 508 4 301 5 387

10. år 150 000 3 889 10 488 29 087 18 049




530 9 508 3 840 4 648

1 305 790 31 879 98 972 263 821 164 086 4 770 88 965




68 608

Middel 150 000 3 542 10 997 29 313 18 232




530 9 885





Sum nåverdi






58 289




Omregnet Cash-flow til nåverdi pr. 2 år gir For kapitaldekning kr. 58 289 000.
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9.5øktmalmreserve.

Dethenvisestilutførtegeofysiskemålingersom visertilen fort-settelseav denelektriskeledermotdypet.
En positivfortsettelseav malmføringenmotdypetunderberegnetmalmarealer derformulig.
Eksempelvisvilen videreføringmot dypetpå 150m meden vissreduksjonav malmbreddennedmotdypestepunktkunnegi med 2300tonn
pr. aksemeter: :
150 2300r. 345000tonn :;‘?g,,,..
- reduksjonnedredelca. 15 000 " iS -

330 000 tonn 


En slikøkningav malmreservenvilkunnegi en gevinstberegnetnedenforipkt.9.6-Endretproduksjonsopplegg.

9.6Endret rodsks'onsoleg .

Etter5 år vilen beregningsmessigetterde oppsattemalmreserveri pkt,1.0ha følgendegjenværendereserver:

Sinkmalm.

Iflg.pkt.1.0
Oppfaring,brudtca.

Rest

Kobbermalm.

Iflg.pkt.1.0
Oppfaringog produksjon
Rest

505000 tonnå 0,88% Cu - 3,26% Zn
114 000 " 	 (antattmiddelgehalt)
391 000 tonn å 0,88% Cu - 3,26% Zn

842 000tonnå 2,42% Cu - 0,95% Zn
440 000 " 	 (valgtmiddelgehalt)
402 000 lonn å 2,42% Cu - 0,95% Zn

Tilleggesmuligtonnasjei h.h.t.pkt.9.5øktmalmreserve,gjenstårfølgendereserver:

Sinkmalm 391000 ,:onnå 0,88% Cu - 3,26% ZnKobbermalm 732000 tonnå 2,42% Cu - 0,95% Zn

En tilpassetproduksjoni sammeforholdsommalmreservenevilgi:
Sinkmalm
Kohbermalm

Materialbalanse:

R.malmpågang
Cu-kons.

PågangZn
Zn-kons.

Av ang

/0

1,88
25

0,10

0,20

52

97

230 tonn
770 "

å 0,88% Cu - 3,26% Zn

" 2,42% Cu - 0,95% Zn

å 1,88% Cu - 1,75% Zn

Zn R.malm
tonn tonn

	

2 632 150000 95

	

107 10 740

	

2 525 139260
80

	

2 020 3 741

	

505 135519

150000 tonn

Cu

tonn

2 826

2 685

141
7

134

0

1,75

1,00

1,81
54



En finnerikkeå villegå lengrei en vurderingavdissevariablestørrelsenedadeti så fallblirantakelser.

10.1Alternativedriftsresultater.

Alt.1 (1000kr.)

med 20 % tilskudd:




Driftsinntekt,middel kr.29 313 195,42kr./tonnDriftskostnader " 18 232 121,54 "Kapitalkostnad " 15 905 10603 "
Underskuddførskatto.l. - kr. 4 824 - 32,15kr./tonn
Alt. 2 (1000 kr.). 





T1lskuddveganlegg28,2mill.kr.




Driftsinntekt kr. 29 313 195,42kr./tonnDriftskostnad " 18 232 121,54 "Kapitalkustnad " 11605 77,37 "
Underskuddforskatto.1. - kr.




524 - 3,49kr./tonn
Alt. 3 (1000 kr.).






35% tilskudd.





Driftsinntekt kr. 29 313 195,42kr./tonnDriftskostnad " 18 232 121,54 "Kapitalkostnad " 12 923 86,15 "
Underskuddførskatt0.1. - kr. 1 842 - 12,27kr./tonn
Alt. 4 (1000 kr.).






10% tilskuddog tilskuddveganlegg28,2mill.kr.

Driftsinntekt kr. 29 313 195,42kritonnDriftskostnad " 18 232 121,54 "Kapitalkostnad " 9 618 64,12 "
Overskuddførskatto.l. kr. 1 463 9,76kr./tonn
Ovenståendealternativerbekreflerat det veden gruvedrifter behovforoffentligengasjement.Resultateter i så måtelikden førstebetenkning.De kommentarersomble gjorti dennevilderforogsåkunneanføresnå. Det henviuesderfortildetsomda bleskrevet.

Malm,16.januar1985.

/

5. Tessem.



-

InntektifIg.beregningunder pkt. 7,0




kr. 29 086 906

Iflg.ovenstående:






Sink 3 741 • 2 176,- kr. 8 140 416




Kobber 10 740 1 966,48 r " 21 119 995 " 29 260 411

Diff.




kr.




173 505

En økningav malmreservenemot dypet forutsattmiddelkohbermalmgehalt
bedrer inntektssidenmed 6 %. Kapitalinnsatsenvil for mertonnasjen(kritonn)
bli mindreenn den beregnedeinvesteringfor malmreserveneetter pkt. 1.0.

Fase3 if1g.pkt.8.0 kreverkr. 40 554 000 uten tilskudd. Her repreuen-
lerernou. 8 og 9 i vedlegg5 kr. 21 876 000 (gruve-og oppredninguutulyr),
en ulgiftsom alt er dekketog kan sløyfespå tilleggstonnasjen,hvilketbedreiresultatetmed:
21 876 000 


330 000 z kr. 5 359 376. A :0) 3 C‘.),_, 9116(V.":7/1 347 000

9.7 Effektivitet. 


Det er grunn til å minne om den betydningnitid oppfølgingmed strenge
kvalilelskrilerierhar for en vellykketgruveproduksjon.Det er nok å
peke på de anmerkningersom er gjort m.h.t.gråberginnblandingog molm-
fangst. Videremå det setteshøge krav til en høq kapasitetsutnyttelse
av.gruvemaskineriog med del et gunsligproduktiviletsnivå.
Videremå en legge vekt på å holde god styringpå lønnsutviklingenog
budsjetteremed et lavt,men nødvendigårlig investeringsbehov.

in produktivitetpå 6000 årsverkstonnuom reduserestil 5000 årsverks-
tonn gir alene en kostnadsstigningpå kr. 700 000 pr. år.

Eksempelvisvil en reduksjonav slitemuteriellog reagenseri opprednings-
verketpå kr. 2,- pr. tonn gi kr. 500 000 hespareluepr. år. Her synes
det som en burde kunne oppnå gevinster.
En ytterligerebedringav utvinningog konsentratgehaltergir positivt
tellenderesultater. 2 økt utvinningi sinkkretsengir 50 tonn sink-
konsentrat kr. 109 000 pr. år.

10.0 økonomiskbetraktnin.

Heller ikkegruvedriftbasertpå tilleggstonnasjenefra den ovre sinkrike
malmføringenkan gi et bedriftsøkonomiskpositivtresultat. Kapital-
kostnadenetillagt7 % prissligningog 12 % kapitalrenter,er grunnet
ett - 1 - år kortereberegningslidikke blitt større. Investeringene
er imidlertidi kronerblitt størrep.g.a.6 % priustigningog økninger
både i oppredningsverkog gruve.Det er benyttetpris-/kostnadsnivåel1985.

Forseringskostnadenepå 18,7 mill, kronermå også anses å være en
tilleggskostnadi forholdtil den forslutførteberegning.

Med det valgleprisnivåpå henholdsvissink og kobber,vil en med lik-
verdigheving/senkingav råmalmensmetallgehalterfå storst inntekts-
messige svingningerpå kobbergehaltensvariasjoner. Dette er en ikke
ovesentligmedårsaktil det svakereøkonomiskeresultateti denne
betenkningen. Med de nå valgtepriser og den forstebetenkningskonsentrat-
mengderville en ha oppnådden inntektpå kr. 31 863 757. Detle er en
merinntektpå kr. 2 550 757 pr. år med utgongspunkti middelinntektiflg.
vedlegg6.

Tilnærmeter dette i storreluesordenhvo en kunne oppnåmed pris og/eller
gehaltforbedringeri h,h. til nkt ug 9.4.
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THE JOMA SULPHIDE ORE BODY


NORD-TRØNDELAG, NORWAY

REPORT TO N.T.N.F. ON PROJECT MB 10.15042

MAY 1986

OUTLINE OF THE PROJECT

The project had as its aims an analysis of the structural

setting, stratigra[Shy, petrography, mineralogy and chemistry of

the Joma sulphide deposit and its surroundings.

The project is being reported on in two parts, Part I, a study

of the structures by N.E. Odling and part II a study of strati-

graphy, petrography, mineralogy and geochemistry, by A. Reins-

bakken.

The project was funded jointly by Norges teknisk-naturviten-

skapelige forskningsråd (NTNF) and Grong Gruber A/S and adminis-

tered financially by SINTEF (B) Trondheim. Reinsbakken was engag-

ed as project participant from May lst 1984 to June lst 1986,

while Odling participated in the project while in possession of an

NTNF Post-doctoral fellowship ducing the period June lst 1984 to

June 1st 1986.

The structural analysis by Odling was based on structural

mapping at the scale of 1:5,000 of an area of approximately 12
2

ikm , nvolving the measurement of minor structures and mapping

of lithological types in the greenstones. Finite strain was ana-

lysed for ten specimens of variolite bearing, pillowed metabasalt

from the outer greenstone. The structure of the ore deposit was

studied by underground mapping and minor structure measurement,

concentrated in the newer, deeper parts of the mine. A total of

12 weeks were spent on surface mapping and 12 weeks on underground

mapping from June to September in 1984 and 1985.
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The stratigraphical, petrographical, mineralogical and geo-

chemical study of the ore horizon by Reinsbakken involved the con-

struction of 28 vertical and 5 planar sections of the ore body,

extending those of Olsen (1984) to greater depth, and reclassify-

ing the sulphide and country rock lithologies. To this end a num-

ber of the levels in the mine were mapped in detail during a total

of six months spent at Joma. Fifteen deep drill holes from the

surface to the ore horizon and six underground drill holes were

logged and sampled for a total of 460 chemical analyses to study

the hydrothermal alteration associated with the sulphide deposit.

In addition. 72 samples of sulphide ore were analysed for base and

trace metal content.

SUMMARY OF THE STRUCTURE OF THE JOMA AREA AND SULPHIDE DEPOSIT

Four phases of deformation have been identified in the Joma

area. The main deformation phase, to which the generally flatly-

ing penetrative schistosity and northwest trending, mineral linea-

tion belongs, is D2. This phase is associated with the main nappe

emplacement event and the formation of minor thrusts that form the

lower contacts of the inner, middle and probably also the outer,

greenstone units. F2 folds are occasionally seen to fold an 51

schistosity and Fl folds to which F2 folds are coaxial. Thus, Dl

deformation is interpreted as an early stage of D2 deformation.

Fold vergences and the outcrop pattern of pillow lavas indicate

the presence of a major F2 fold in the middle greenstone with the

Joma sulphide deposit located in the overturned limb. The fold

and the ore horizon are both cut at depth by the thrust at the

base of the middle greenstone.

The D2 structures are refolded by a northeast trending major

F3 fold, the Joma synform. F3 fold axial planes and associated

crenulation cleavage dip moderately to steeply northwest and fold

hinges plunge gently northeast or southwest. Zones of L3 linea-

tion plunge, trending obliquely across the greenstone units, imply

a pre-D3 variation in the 52 schistosity surface interpreted as a

'ramp and flat' structure associated with the thrust at the base

of the middle greenstone.



From the folded L2 lineation patterns, finite strains and the dis-
tribution and orientation of D3 deformation, D3 and D2 deforma-
tions are sub-coaxial and dominantly simple shear. D3 deformation

is therefore interpreted as a late stage in the nappe emplacement

event.

D4, the latest phase of deformation, is confined to minor

structures adjacent to the upper thrust boundary with the overly-
ing Gjersvik nappe. D4 structures show an antithetic relationship

to D3 structures such that as D3 deformation decreases intensity,
D4 structures become dominant. These structures are thought to

form as a result of compression caused by the formation of the
Joma synform.

All deformation phases identified in the Joma area are present

in the Joma massive sulphide deposit. D2 structures, with which
the penetrative schistosity in the greenstones and textural layer-

ing in the sulphides is associated, show a variation in style cor-

responding to a composition change across the ore body. In the

east, •where the sulphides are chalcopyrite and pyrrhotite rich and

contain intercalated silicate layers, isoclinal F2 folds with am-

plitudes of 100 to 300 m are developed. The folds show thickened

hinges in which the silicate layers have suffered intense folding
and disruption, and thinned limbs along which thrusting has led to

the emplacement of thin slivers of sulphide into the greenstone

country rocks. In the eastern section of the ore body the sul-

phides are massive and pyrite-sphalerite dominated. Here intense

thrusting has led to the development of numerous tectonic lenses

within which slides are marked by thin, laterally persistent,

silicate and carbonate layers. The tips of thrust lenses pass

westwards into the hinges of F2 folds. Due to abundant thrusting,

the majority of sulphide-greenstone contacts are now tectonic and
a phase of thrusting, pre-dating D2, correlated with Dl, is indi-

cated by the folding of such tectonic contacts in F2 fold hinges.
D2 deformation increases markedly with depth as the ore horizon

approaches the lower thrust contact of the middle greenstone. The
obliquity of the 52 schistosity to the sulphide-greenstone con-

tacts implies a southeasterly directed sense of movement on the
majority of the thrust contacts.
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D2 structures are refolded during D3 and F3 folding is most

intense in the western section of the ore body. As in the country

rocks, F3 folds are discontinuous and occur in lens-shaped zones

of intense folding. Within the sulphides, reactivation of the D2

thrust planes during D3 has caused a flattening of the F3 axial

planes and rotation of F3 fold hinges towards the D2 thrust planes

and the L2 lineation direction, respectively. Abundant D3 frac-

tures and veins in the adjacent greenstones form two sets, the

first subparallel to the F3 axial and the second, subparallel to

conjugate shears to the D2 thrust planes. They indicate tensional

stresses in the greenstones during D3 deformation, thought to be

caused by the competency contrast between greenstone and sulphide.

THE EFFECTS OF DEFORMATION ON THE ORE THICKNESS

The results of two phases of deformation on the Joma ore body

has been to greatly modify the original tabular form of the ore

horizon and intense early (D1-D2) deformation has resulted in dra-

matic changes in thickness over short distances. Tectonic thick-

ening has occurred in the hinge zones of F2 folds and, to a lesser

extent, F3 folds, in the western section of the ore body. Verti-

cal thickening occurs in the steep limbs of F3 folds due to change

in attitude of the ore horizon. Thinning of the ore horizon oc-

curs in the limbs, especially short limbs, of F2 folds in the

western section, and at the edges of thrust lenses, in the eastern

section of the ore body.

The structural styles of the two fold phases can be used as a

guide to changes in oce thickness and to locate zones of thick

ore. In the eastern section of the ore body, massive pyrite-

sphalerite sulphides have developed thrust lenses whose edges

trend northwest parallel to the L2 lineation. They tend to be

arranged en echelon so that, traversing the ore body in a souther-

ly direction, successive lenses occur at increasingly greater

depths to the southwest i.e., in a direction perpendicular to the

trend ot thrust lenses. In the western section of the ore body,

chalcopyrite-pyrrhotite ores with intercalated silicate horizons,

have led to the development of large scale F2 folds.
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Their thickened hinges form rod-shaped zones trending parallel to

the L2 lineation and plunging gently northwest or southwest.

Zones of exaggerated ore thickness in steepened F3 limbs trend

perpendicular to F2 hinges, plunging gently northwest. Where

these two hinge trends intersect, pod-like areas of greatest ore

thickness occur. Since F3 folding is confined to the western sec-

tion, these pods occur in this part of the ore body.

THE CONTINUATION OF THE GREENSTONE UNITS IN THE LEIPIKVATTNET


NAPPE AND FURTHER ORE OCCURRENCES

The structural analysis of the Joma area has shown that the repe-

tition ot the three greenstone units is tectonic and that the Joma

massive sulphide deposit is cut by a thrust located at the base of

the middle greenstone. The L2 mineral lineations approximate the

shear direction and the relationship between 52 schistosity in the

greenstones and the tectonic sulphide-greenstone contacts indi-

cates that the middle greenstone has been translated in a south-

easterly direction. The remainder of the Joma deposit should

therefore be situated within the Leipikvattnet nappe to the west

of the presently known ore body. To investigate the continuation

of the three greenstone horizons beyond the presently mapped area,

their outcrop has been traced on the 1:50,000 maps of the Hudd-

ingsvatnet and Røyrvik areas.

To the south of the Joma area, the Leipikvattnet nappe forms a

steeply dipping belt trending north-northeast. The inner green-

stone outcrops in a thin strip adjacent to the main thrust with

the overlying Gjersvik nappe. Thin graphitic phyllite layers

within the greenstone probably represent the location of minor

thrusts connecting with the lower contact of the inner greenstone

lens in the Joma area. The outcrops of the middle and outer

greenstone units thin southwards and can be traced for approxi-

mately 10 and 7 km respectively. Both units show folding on their

structurally upper contacts and all three greenstone units show

smooth unfolded lower contacts. Since these are known to be the

location of thrusts in the cases of the inner and middle green-

stone units, it is thus likely that the lower contact of the outer

greenstone is also tectonic.
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As the lower thrust contacts are unfolded, the folding of the

upper contacts is coeval with thrusting and therefore D2 in age.

In the extreme south, the rocks between the three greenstone

units are composed of thin intercalated layers of graphitic phyl-

lite, quartzitic phyllite and greenstone. This interlayering is

probably due to attenuated isoclinal F2 folding and small scale

thrusting. The layering trend can be used to trace the southern

continuation of the thrusts at the bases of the middle and outer

greenstone units, showing that they gradually converge with the

main thrust at the base of the Gjersvik nappe.

To the west, the Leipikvattnet nappe trends generall eastwest

and is folded by an open F3 antiform trending northeast and plung-

ing gently southwest. As in the area to the south of Joma, the

inner greenstone forms an almost continuous, thin strip of out-

crop, adjacent to the main thrust contact with the Gjersvik nap-

pe. The outcrop of the outer greenstone can be followed, progres-

sively thinning westwards. The middle greenstone, in contrast,

passes westwards into a series of thin, en echelon lenses trending

obliquely to the inner greenstone and major thrust. It is pro-

bable that these lenses are tectonic in character and they are

interpreted as a series of imbricate minor thrusts underlying the

inner greenstone. West of Gåsvannet, the middle greenstone is

again represented by a single thin greenstone layer.

Several occurrences of sulphide impregnation associated with

carbonate horizons and one occurrence of massive sulphide, are

known at Borvasselv, in the imbricated greenstone layers to the

east of Gåsvannet. The sulphides are associated with lithologies

similar to those found in the Joma massive sulphide deposit (car-

bonate and chlorite schist). They also lie to the west of the

main deposit, the predicted direction for the location of the mis-

sing portion of the sulphide body, and are separated from the main

deposit by a series of thrusts. They therefore represent the best

candidate for the section of the Joma massive sulphide deposit

which was separated from the main body by thrusting at the base of

the middle greenstone.
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LiTHOLOGY OF THE WALL ROCKS

The hosting greenstones of the Røyrvik Group metavolcanites

show a variety of textures and structures. Although these rocks

have undergone a strong pervasive metamorphic recrystallisation

and penetrative foliation, remnants of pillows, pillow-breccias

and hyaloclastites occur, indicating deposition in a submarine en-

vironment. A detailed investigation of the three greenstone units

of the area indicates that the lower and middle greenstones (Or-

klumpen and Joma, respectively) originally belonged to the same

volcanite complex, which has been repeated by isoclinal folding

and thEusting.

The Jona deposit itself occurs within the middle greenstone,

at the interface between two local volcanite units. The older,

pre-ore volcanites, in the structural hangingwall, comprise a se-

quence of massive flows and high level intrusions (Group A), en-

veloped in a pillow lava and pillow-breccia sequence (Group B).

The younger volcanites (in the structural footwall) consist of a

thinner pillow lava and pillow breccia unit (Group C1) which

grades, both stratigraphically upwards and laterally into a se-

quence of well-layered to laminated volcaniclastic rocks (Group

C2). The layered pyroclastic rocks contain minor layers of grey

and dark grey graphitic phyllites and carbonates, grading upwards

into layered quartz rich rocks and graphitic phyllites ('ribbon

cherts').

The greenstones show a metabasaltic (spilitic) composition

with mixed MORB-WPB affinities. A significant difference between

the pre- and post-ore lavas is, however, apparent. For example,

the post-ore lavas show distinctly lower contents of T102 and Zr

at similar Cr contents relative to the pre-ore lavas. Thus the

former show a N-MORB and the latter an E-MORB or WPB affinity.

The Røyrvik Group metavolcanites appear to have formed in an

oceanic, near continent, probably off-axis setting.
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The re-ore metavolcanites in the vicinity of the ore horizon

are uniform, moderate to pale green coloured and schistose. They

have, however, undergone extensive chemical and mineralogical

changes due to the intense, pervasive, hydrothermal alteration.

Original volcanic textures and structures have been partially or

completely destroyed during extensive albitization, chloritiza-

tion, sericitization and sulphidization. Chemical changes have


involved a dramatic decrease in both Ca, Mg and to a lesser extent

K, a considerable increase in Fe, Na, S and minor increases in

Al.

A detailed study of the mineralogical and chemical variations

in the host rocks at Joma has distinguished six lithologies within

the pre-ore volcanites. They show zonal patterns in both their

mineral and elemental distributions which are typical of intense

hydrotheEmal alteration patterns found within 'feeder zones' form-

ing the rootzone to volcanogenic massive sulphide deposits. The

pre-ore host-rock lithologies are, in order of increasing degree

of alteration, B1 to 86' In addition the individual units may

be divided into subunits (e.g. B6a-d)'

B1 - Undifferentiated massive and pillowed greenstones.

B2 - Albite-bearing sericite schists.

83 - Albite-bearing chlorite schists.

84 - Chlorite-actinolite schists.

85 - Albitites.

86 - Chlorite schists.

Marginally to the ore body and stratigraphically upwards in the

original sulphide-silicate pile, the chlorite schists become more

Mg rich and distinctly pyrite- and carbonate-bearing in the form

of disseminations and individual layers. This is enriched in Zn

and contrasts with the Cu enriched chlorite schist stratigraphi-

cally below.
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Compared to the host metabasalts, both the albitite and

chlorite schist show significant chemical variations. Mg has ap-

parently been depleted from the albitite while the chlorite schist

shows a significant enrichment in this element. Na is enriched in

the albitite and depleted in the chlorite schists; Ca is depleted

and Fe is enriched in both these units. These significant chemi-

cal variations can be interpreted as indicating a hydrothermal

alteration origin for the albitite and the deposition of the chlo-

rite schist, in part, as Fe-Mg-Cu rich syn-depositional layers of

tuffaceous (?) bottom mud. The Ca leached from the lavas below

could have been held in solution and later deposited as extensive,

concordant carbonate layers within the Zn rich pyritic ore in the

upper parts of the sulphide stratigraphy.

ORE TYPES AT JOMA

The following ore minerals have been recognized in Joma.

Major minerals; pyrite, pyrrhotite, chalcopyrite, sphalerite and

magnetite. Minor and trace minerals; cubanite, tetrahedrite, mac-

kinawite, vallerite, galena, arsenopyrite, cobaltite, ilmenite,

rutile, native Au, electrum and amalgam.

The ore at Joma has been subdivided into four main massive,

and two disseminated, ore types, based on the textural, mineralo-

gical and chemical characteristics. The four major ore types are:

Type I: Fine grained grained to flinty pyritic ore. Con-

tents of both Cu and Zn are moderate.

Type II: Fine to medium grained pyrite-pyrrhotite-chalco-

pyrite ore.

Carries layers of disseminated amphibole and of am-

phibole schist, chlorite schist, magnetite ore and

dark, recrystallised chert. Usually Cu rich.

Type III: Chalcopyrite-pyrrhotite breccia ore.

Typically carries fragments (clasts) of chlorite

schist, carbonate, magnetite ore and fine grained

pyrite ore (Type I). Durchbewegt. Cu rich.
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Type IV: Medium to coarse grained pyritic ore.

Contains carbonate and chlorite as both matrix and

as individual layers. Generally rich in Zn and de-

void of Cu.

The two main disseminated ore-types are 1) dark, Fe rich chlo-

rite schists containing disseminations and layers rich in chalco-

pyrite and pyrrhotite, 2) pale albite-white mica schists, rich in

pyrite-quartz-calcite veins and disseminations, often rich in Zn

and minor Pb.

Cu, Zn and specific gravity analyses of the massive ores have

boen shown to be valuable in distinguishing the above mentioned

types. When these analyses are plotted in a triangular diagram as

Cu sample Zn sample d s ecific ravit sam le
,

Cu average' Zn average
an specific gravity average

the data points of the different ore types define distinct areas

or clusters . The Cu-rich ore facies (ore types II and III) are

confined to the western and southern parts of the ore zone and the

thicker Zn-bearing pyritic ore facies (type IV) to the northeast

and eastern parts.

The fine grained, flinty, pyritic ore facies (type I) appears

roughly to separate the two main ore facies, the Cu- and the Zn

rich ores.

Concerning the genesis of the chalcopyrite-pyrrhotite breccia

ore, Olsen (1980) suggested the presence of a primary FeS phase

which originally was, or has since recrystallized to, pyrrhotite.

The competency contrasts between the silicate- and the sulphide-

layering and the presence of large quantities of both chalcopyrite

and pyrrhotite in these layers has probably been the governing

factor in the formation of these tectonic breccia ores. Pyrrho-

tite and chalcopyrite, and for that matter also sphalerite, are

minerals which. due to their internal structures (lattice planes

along which gliding can occur), are readily mobilized and redis-

tributed by tectonic shearing movements associated with the

'durchbewegung' phenomena.



Chalcopyrite, pyrrhotite, quartz-calcite and to lesser degrees

sphalerite, chlorite, albitite and epidote are also typically

mobilized along D3 'piercement' structures and late cross-cutt-

ing fracture fillings, adjacent to the Cu rich massive sulphide

ores at Joma.

ORIGINAL STRATIGRAPHY

A palinspastic reconstruction based on the distribution of ore

types and mineralization in relation to host rock lithologies and

hydcothermal alteration, including the recognition of a 'feeder

zone', has led to the establishment of the following succession

surcounding the oce body:

Top 1) Pale, epidote- and calcite-bearing post-ore greenstones

and minor magnetite-bearing, dark recrystallized chert and

limestone.

2) Massive, generally pyritic ore with interlayers and lenses

of limestone and chlorite schist. The following ore types

can be recognized, probably in a vertical sequence (top to

bottom);

medium to coarse grained pyritic ore (Type IV),

fine grained to flinty pyritic ore (Type I),

fine to medium grained, Cu rich pyrite-pyrrhotite


chalcopyrite ore (Type II).

Cu rich, pyrrhotite-chalcopyrite breccia ore (Type III).

Dark, Fe chlorite schists (B6) rich in disseminations

and layers of chalcopyrite-pyrrhotite.

Feeder zone lithologies (B1-B5, see p. 8).

Base 6) Moderate green, chloritic greenstones with epidote knots


and pyrrhotite disseminations; minor pyrite veining.
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FORMAT1ON OF THE ORE BODY

Considerable evidence has accumulated to indicate that all the

lithologies described above, except for some of the chalcopyrite-

pyrrhotite breccia ores, were formed prior to D1-D2 and are,

therefore, probably syn-depositional in origin. The sequence of

events appears to have been:

Formation of a feeder-zone with associated hydrothermal

alteration phenomena, including depletion of Mg and Ca and

formation of pyrite-bearing albitites and pale albite-white

mica-chlorite-actinolite schists. The feeder-zone forms the


roots to the massive ores and the channels through which the

metal-bearing fluids have ascended on their way to the sea

floor.

Deposition of chemical sediments (tuffaceous muds?) immediate-

ly overlying and adjacent to the feeder zone.

Deposition of massive Fe-sulphides at the sea water-pillow

lava interface immediately above and adjacent to the feeder

zone. The sulphide ores grade from an early Cu rich layer,


represented by the present layered Cu rich sulphide-, sili-

cate- and magnetite rich ore, into a more Zn rich and Cu poor,

pyritic top layer. The occurrence of carbonate and chlorite


schist layecs within the upper levels of the massive pyritic

ore shows that the deposition of sulphides was not continuous.

Relative positions and bulk chemistries of these layers were

maintained during the subsequent deformation and metamorphism

except for the tectonic origin of the chalcopyrite-pyrrhotite

breccia ores and minor chalcopyrite-pyrchotite concentrations

in later veins and fracture filled mobilizations.

UNIT-NTH, Trondheim, 30.5.86

F.M. VOKES

For Styringsgruppen


