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hytt sammendrag og konklusjon,
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Bakgrunnsmateriale,

irunnlaget 1 betenkningen er basert pA det hovedmateriale den vedlagte
referanselisten viger til,

patngndrag ag kanklusjon,

Det er primert foretatt en snalyse av en prosjektert avbygning ay det

uvie sinkrike malmarealet parallelt med bryting av den nedre kotiberrike
malmreserven ned Eil 25 % farbi kjent akaelengde.

et wr beregnek en in Situ-malm-mongde pd: 1,44 mill, tonn 4 2,03 %

wy 2,00 % 2n, Den forste betenkningen med avbygning bare av den kobler-
vike reserven forutsatte en videre malmforing mat dypet tilsvarende 1) frg
deitt, [ denne beregning qir summen av ovennevnte dispunible in Situ-male
en driftstid pd 9-10 dr. Dette er grunnlaget for denne rapporten,

I uensivitetsbetraktningen vises til en bedring av driftsresultatet ved o
wkning av molmreservene i fortsettelsen ov nedre beregnede oreal 1iluvarende
th forlenget driftstid pd 5 d4r, Det vises her til utfupte gueolygiske mil-
inger son paviser en fortsettelse av en elelkipisk Yeder (mulm)under dypest
ljente prafil., Dette representerer en brythar malmeeserve pd 2,046 will,
tonn, som er samnen!ignbart med 1, betenknings tonnasjer pluss det ovie oink-
rike purti,

I de ukonomiske betraktningene er det forutsatt pris og kostnadsnivdot i
1Y s-kroner., !

bedriftsokonomisk vil heller ikke disse alternativer far qruvedrifl lanne
deldee de totale investeringer. Senmenliknet med den furste hetenkningen

s frenkommer internrenter pd henholdsvis 5,85 % og 9,9 %. Det siste ec for
ulternativet 14 ars drift, Resultatnesaig appnds ingen bedring idet en Fip

en forskyvning i produkt fordelingen med reduksjon ay ragodsets midlere
kobLergehalt mot en okt ainkgehalt, Dette fir inntektsnessig betydning i 0y
ned verdiforholdet mellom tonn kobber urj tonn sink grovt sett er lik 3:1,

Den forserte oppfaring og ekstra tilredningen av sinkmalmcen saat okte invester-
tger bl.a, for oppredningsverliot, eker kapitalbelastningen og dermod er med-
virkende til resultatet.

Malmgeologisk er det fortsatt av stor inleresse & f& en nermere ma linundey -
sukelse av Hersjeforekomsten. En oppdatering av de koliberrike particne med
et positivt tilskudd i metallferingen vil gi merkbar bedring i driflse-
resultatene, Dette gjelder ogsd en evenlucll pavisning av tilleggureserver
med en bedring av kopitalkostnadene pr. Lonn som resultat,

wom utgangspunkt for en videre vurdering nd det tas beslutning om furekomsten
skl undersekes videre mol dypet. dynkavienkning og diananthoringer vil krove
offentlig stotte pd 12,2 mill. kroner, dersom ingen annen finanasieringsform
foreligger. En positiv pdvisning av okte malmreserver i henhold il bhatenk-
hingen vil ved enske om &pning for drift kreve tilskudd pd ytterligere 28,2
will, kroner til veganlegg og 10,6 will, kroner for & oppna positivt deifts-
taenultal,

I'tourhold til den forste betenkning er det nd med ekt bemanning og en uuliy
deirisbid pd 10-15 &r muligheter for en stoerre sysselgettingagrad 1 gsamlet,
antall draverk,



-1.1) Halmreserver oy gehalter,

Rapparlen tar utgangspunit i Lidligere kalkyler - senest kontroliorl
av D.Gvein dalert 26. oktober 1984,

Som A-malm {in Situ-heregnet) med fratrekk for gsvake hengpartier, eor
forotsatbt:

. Sinkrik evre parli:

Ca. 220 m akselenqde: 0.5 mill, tonn 4 0,97 % Cu, 3,99°% In
2. Dypere Cu-rik del fra® R W "

220 m til 25 % forbi ﬁwx.ﬂw alenthisy s

lkjont akselengde: 0,90 mill. tonn & 2,66 % Cu, 1,05 % Zn
Sim e FI0 o Qkﬂiuﬁﬁ‘« 1,44 mill. tonn 4 2,03 % Cu, 2,00 % Zn

L

I ivein's notal vises bl.a. Lil Henvisning Lil dypeste skjering eca. B4 m
langs aksen (sitai):

"Goofysiske mdlinger (CP oy SP) i dette borhullet (Logn 1976) konkluderer
med: "Savel CP- som SP-midlingone utferl i borhull synes 3 tyde pad at det
dypeste borhull (318) passerer relativt ner forcbi motmlinjalen. Benge
priensialer bolder seq mot dypet (ca. 100 my) 09 det er saledes intot
som Lyder pd at den elektriske leder (malmen) slutter i umiddelbar
reerhiet ay bhorhgll 318",

WSitat siott)

L fra tidiigere resonnement om 10 % tilblanding og 15 % malmtap (dy:

Sinkrik malm;

In Situ 240 000 tonn & 0,97 % Cu - 3,09 N In
- 1% % tap 459 000 " "0, - 3/ga o
+ 1% tilhianding 204 %00 "

Avienndet I 505 000 tonn 4 0,88 % Cu - Ji260% Zn

kobberrik malm:

tre Situ 200 000 tonn & 2,66 % Cu - 1,05 % 7n
- 1% % tap 765000 " " 2,66% " - i.n5 % "

P % tilblanding 841 500 v

Avrundist 842 D00 tonn & 2,42 % Cu - 0,95 % 7.
Samiet avbyggbar tennasje

ned til 25 % under k jent

aleuelengde: 1 347 Q00 tonn & 1,84 % Cu -~ 1,82 % Zn
Hndersokelse - driftsopplegg. ):(? e '(m%f

Delte er lagt opp etter de forutsetninger beskrevet i tidligere hetenkninger.
L talansert avbygging av béde sinkrik 0g kobberrik malmreserve betinger
forsect oppfaring av sinkmalmen. Det er lagt til grunn.

Lrendeiltaplan. :

Denne vurderingen bvager pd den tidligere tidsranme for synkanleqy
L1700 m) oo etterfalgende diamantboring.

Fromdriftsplanen og etterfolgende investeringsbehov og beregnirg av
drifiskostnader forutsetter oppfaring og tilredning av savel Cu- som
Zn~rike parlier. Det er her som i tilleggsvurderingen av 24,10.84 for-
ulsatt en sterk farsering for tidliost mullg & komme i produks jon,

o =T "= = — 4



Pet vises til vedlegg 1: Oppfarings- og avbygningsplan og teoning nr,
Vedlegg 2 tilsvarer vedlegg 8 i tidligere rapporl med tilleqgg 6 %.

I lilredning og eppfaringsplanen er det Iagt vekt pa a komme hielig

thn 1 en produksjonsfase mod begynnende avbygning av den Cu-rike
mialmen,  Samtidig forutseites en forsering av tilredning av den 7n-
ke, ovre malmregserven., Avbygningen skjer ovenfra og ned med forutsalt
valgt %-vis andel fea 7Zn- og Cu-rike partier etter radende prisbilde
tar de oktuelle metaller,

Ut fra ovensldende resonnement fas felgende tabell for tilredning,
uppfaring, prodoks jonsbering og tonnas jefordeling fra ma lmoppfaring

oy avbvgningstonnasje. Det er benyttet de samne effekttall og spesifikke
enheter som 1 den forste capporten. Videre fremgar det at produks jong-
fasen begynner 2, ar:

Oppfaring {meter) Produks jons- Produks jon (tonn)
Malmort  Sum boring fra Sum

lilredn, oppf.  appf. bormeter oppl._ Avbygn. Lonnasie
1. &g 210 910
2. ar 2 350 <100 2 450 10000 6> 790 40 000 1095 790
. ar 200 200 1 160 16 000 32 680 117 320 150 000
4. d&r 740 300 1040 16 060 36 980 113 0200 150 00O
5. ar 880 300 1 140 18 000 42 000 108 000 150 00D
H.oar 330 350 22 500 14 190 135 810 150 000
7-9 a1 1 310
Sum eppfaring: 7 990

Fremtidig, mulig oppfaring m/ bl.a. Forlengelse av spiralort ved pivis-
ning av dypeceliggende maln ep jkke innreqgnet,

Den heregnede malmreserve tilsvarer 9 Acs deiftstid med arsproduks jon
Lik 150 000 tonn, Dypereliggende malm i t.h.t. pkt.9.5 pker level iden.

Tonnas jer oy meballfangst,

tLter planlagt oppfaring vil en kunne anta folgende tonnasjer ng
gehalter: (Justert 1 h.h.t. vurdering 24.10.1984.)

Tann Tonn Tann % % Tann [ o

griberg oppfaring  avbygn. Zn Cu Zn Cu
. ar 30 500 St G S
2. ar 38 700 6% 791 40 000 1,00 2,50 « 1 058 2 645 Wi
3. ar 9 400 32 680 117 320 1,50 2,20 2 250 3 300 B ma
&. -4 2 600 36 980 113 020 i,°0 2,20 2 250 3300 ilda,f
2 R 9 100 42 000 1085 000 2,20 2,00 5 300 3 0an
6. ar osy. 14 190 135 810 1,82 1,84 2 730 2 761}

De valgte gehalter er omt rentlige, belinget av dels oppfaring i et
sirlcrike nalmomradet og avbygningstonnasje 1 "kobbermalimen'.

som tidligere nevnt vil en fra 5. Ar bedre kunne kalkulere ensket gehalt -
miks 1 oragods ut fra de foreliggende metallpriser, 1 Labelien er for 6. ar
innsatt middelgehalter ay avbyggbar maimreserve.



.0 Investeringer og ekstraordinzre utyifter farsert oppfaring.

4.0

iUy

Maskine og utstyr (kfr, vedlegg 2} kr. 13 586 000

Upprednng:

Bppst illing i 1. belenkning ke. 5 000 aod
Ny mollemator 90 kY " 200 000
Hrukt sekonder Grondahlmolie 6'x6' ! 200 000

Dividel cellevolum for floLas jon.

Som alternat iy velges 4 stk,

doble Alker FHO2/2; )
4 sk, cellekasser co. ke, 28% Go0"
inn- o utlopskagser v 25 00

Konsentrat renner Y 80 GO0
B stk. motorer m/utstye" 130 Qop 1 (090 000
Lametla klaretank = 150 000
Nytt kongentratlager sink, plast . 150 000
On~Stream analyseutstyr "1 500 000 " 4 290 00

kr. 21 876 000

) Prisens er kun antrent { L1gex,

Uppredningsverkels kapasilet og utslyr er vordert av v.1ng. H,Cye
thatat av 07.01.8%). Dot pekes onud pé positive erfaringer med | AROX
Cilterpresse wed halvering av fuletighet. Denne er ikke medtatt .

Ma vurderes etler eventuell driftserfuring.

Avliy, micdlere oppfaring lor arstonnws jen 150 000 tonn er bheregnet 1]
35w, For & kemme horlig i nedvendig posisjon for avbygning er for-
ulsatt folgende "overepplaring og tilredning":

.dc . 910 mas 07'5:{ ca. ke, 4 616 000
280 1715 0 4 sen ) N 7834 000
3, B 365 " "5 802 "2 17 g
4. ar 305" "5 96&( W 1 819 000
5. Ar 45 " " 5 204 "W 2 316 000

ca, kr. 18 702 0N

Middel pris for alle typer orter i angjeldende drc. Hag pris
skyldes spiralortens andel. Kostnadene er medtatt i de bereanede
driftskostnader - gse vedlegg 3 oy 4.

Bemann ineg.

Glova:

e o e

Macides oppstilling, nelto 22 mann
"1llegg for ekt oppfaring, middel T
Il legy for spredning 2 omrdder 2 "
Mot Lo 25 mann
Fraver S

Brutto 28 mann



Basert pd o.ing. H.Ese's oppstilling:

Drift (2x3)

6 personer
Heparat.erer & i
Smorer + div. 1 '
fiektriker 1 ”
[ aborant 1 "
Reng jaring 1 H
Drifishas 1 "
Tekniker 1 i
Hrutto ) 16 personer
F ravar 2 "
Netto 14 personer

1} Innkalkulert at en i praksis md kunne greie seg med max § person
til rengjering,

Driftskostnader.

Det tas utgangspunkt i tidligere beregnede og vurderte kostnader
med tillegy for ett ars prisstigning og lennsstigning satt lik 6 %
for begge (se vedlegg 4},

Middelkost nadene blire:

Gruvekastnad kr, 47,78 pr. tonn
Uppredningskost nad " 37,97 " "
Transportkostnad X! " 22,06 ", "
Administrasjon og fellesutgifter " 13,73 " "
Sum kostnader kr.121,54 pr. tonn

x) Transportkostnad for konsentrater er medtatt i produktprisberegningen.

ﬂptorlnlhalanse.

Ut fra tabellen i pkt. 2.1 fremkommer med H.fse's prosessresultater
Folgende materialbalanse.

Cu Zn R.maln

v % Lann % tonn tonn Ut v,
R.malm pdgang 2,50 2 645 1,00 1 058 10% 790 95
Cu-kons. 25 2 513 1,00 101 10 052
Pagang Zn 0,14 132 1,00 957 95 738 a0
In-kang., 0,20 2 94 766 1 418
Avgnng _ 30 g 191 94 320

5. og 4. &r:

R.malm pagang 2,20 3 300 1,50 2 250 150 000 95
Ciu-kons., 25 3135 1,00 125 12 540
Pagang Zr 0,12 165 1,54 2 125 137 460 80
In=kons. 0,20 6 54 1.700 3 148

Avyang 159 425 134 312




7.0

Cu n R.malm
5. dr: % tann - tonn ton ULy,
R.malm pagang 2,00 3 000 2,20 3 300 150000 49
Cu-kons. 25 2 850 1,00 114 1400 2 .,
Pagang Zn a,11 150 2,29 3 186 138 600 40
In-kops . 1,20 2 L 2549 & 720 == NS
Avgang 141 637 1545 840
0, v osv.:
Romaln péoang 1,84 2 760 1,82 2750 1504 000 g
Pu-lons, 25 2622 1,00 105 10408 :
Pagang In 0,10 138 1,88 2 625 159 512 B0
lo=kony, 0,20 8 S4 2 10 5 6oy
Avgang 130 529 35 425

Produktpriser og inntekter,

Uaarbeldingspriser for kobberkongent rat

o T T i s — e = = = = ey = .

{ki'r. beregning i rapport om Killingdal av navember 1984)

Sme | tekost nad Sv., kr. 504,80

Raffineringskos!nad " " 272,58

Sv. kr. 781,
Dette er for 21 % hetalbart kobber, Med 24 % betalbart kphberinntals
farutsettes dette 4 bli:
2
Gv.kr. 781,38 - i%' = Sv. ke, 69%,71

# kurg 102 )
Frakt Dr»os—lr.hvim-Hunsker

ki, 497, 36
IRRVINT

ke, #72,38

Forutsatt lik ovenfarnevnte rapport av november 1964

omeltefrodrag, frakt, losseutg, og assuranse kr. 1 386,- levert Odda.

PBriser; P Lt L
Lo-pris = kr. 11,90 pr. ka. La-arim = VLA 900
Sinkpris= USD 950. ICain VA < IG5
Kurs USD= kr, 8,50.

Sink konsentratpris: ke. 2 176,- 2 104

Cu kansentratpris:

1000 kg & (25 -~ 1) % =

240 kg betalbart 8 11,90 - 0,6 % ki, 2 838,86 I.7a) 2K

Trekie inkl. frakt J 872,38 ¥7 .13
ke. 1.966,48 2 228 0




Inntekier:

2. &r
Sink 1418 . 2 176, - kr. 3 085 548
Kobher 10 D52 . 1 966,48 Al 19 767,056

kr., 22 BS52 624

3. 0g 4, ap:

Sink 3148 - 2 176, - kr. 6 761 94

Kobiher 12 540 - 1 966,48 o 24 659 659
kr. 31 421 563

5. ar:

Sink 4 720 . 2 176,- ke. 10 270 720

Kobber 11 400 . 1 366,48 '} 22 417 872
kr. 32 6BH 592

6. ar:

Sink 3 889 . 2 176, - kr., 8 462 464

Kohber 10 488 - 1 966,48 " 20 624 442

kr. 29 086 906

Kapitalbehov.,

Ut fra samme resonnement som i den forste betenkning med 7 % arliq
prisstigning og 12 % renter pa lapital., Videre visl ti1] eventuel |
veduks joner far henholdsvis 10 %, 20 % og 35 % tilskudd (se vediegg S
oy &)

tase 1- Undersekelser: Pq - Py
0 -10% -20% - 35%

Totatkastnad: 20 225 18 202 16 180 13 146

Fase 2 - Anleggsfase: Pg - P37
0 -10% -20% - 35%

Totalkostnad: 45 155 40 640 36 124 29 351

Fase 3 - Oppfaring 1. &r + investering utstyr: Pg - P1g
D - 1% - 20 % - 35 %

Totalkostnad: 40 554 36 499 32 443 26 360

Sum fase 1, 2 og 3:
0 - 10 % - 20 % - 35 %
Totalkostnad: 105 934 99 341 B4 747 68 857

Ut fra lennsomhetskalkylen mi det etter ovenstéende Forutsetninger
uten T-vis tilskudd tilfares kepital 1ik:

Kapitalbehov kr. 105 934 000
Dekningsbidrag ] 58 289 000
Fremmedkapital kr. 47 645 D00

Se forovrig beregning internrente - vedlegg 7 - som gir: 5,89 % inlernrente,
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9.0

9.1

9.2

9.3

9.4

Sensivitetsvurdering.

folgende faktorer vil kunne ha betydning for resultatet. Dot medtas
tkike eventuelle ekninger 1 investeringsbehov og forseringskostrader:

1. Selvinntekt,

2. Okt Zn-gehalt rdquds.

5. Gkt Cu-gehalt régods.

4, Okte produktpriger,

r. Ukt malureserve,

6. Endret produks)yensoppleqo.
7. Lffektivitet,

aalvgehalt,

Réimaluens selvgehalt er lav i relasjon til f.eks. Killingdal.

Det kan derfor ikke regnes som gikkert at det selv med f.ekg. S0 %
utvinning vil resultere 1 betalbpret salvinnhald,

fiidlertid vil en som 1 foreige roppoct konone medta en vigs belalba
mengde,, fLoeks, s

leoretisk 4 gr. pr. tonn
= 150 000 - 4 = 600 %g/ar
20 % utvinning 300 kg/ar

i.eks, 1/10 av megden hetalbar:
30 - 2000 kr/tonn = a0 000 e, far

Lnntekl fra eventuelt betalbart selv har felgelig liten innflytelse,

Mt sinkgehall.

Micddel akning: 0,2 % Zn
Tilsvarende: 446 tonn konsentral 4 ke, 2 176, - p, 970 49

Uikt kobuergehalt.

Midde! ekning: 0,2 % Cu.

Tilavarendes 1140 tonn konsentrat & ke, 1 966,48 kr, 2 241 787

i ————

kte produktpriser.

Sinkpris USD 1100 = kr. 2 %60,-.

USD 1100 pris: 3 889 . 2 560
USD 950 pris: 3 889 . 2 176

ke, 9 9% 840

Y8 462 4ol

ke, 1493 3765

Kobberpris = kr. 13,00 pr, kag.

240 kg 4 13,00 - 0,6 % = kr. 3 101,28
- trekk - 872,38

kr. 2 228,90

Feig ke, 13,00: 10 488 « 2 228,90
Pris ke, 11,90: 10 488 . 1 966,48

ke. 23 376703
o 20 624 442

m n

ke, 2 792 261

Froinnd ektsakning pd 2 mil), kroner vil eke intecnrenten ti} 7,20 %.

Se okt naverdi Cash-flow - vedlegq 6.

y =
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7.5

V.6

Ukt malmreserve.

Dot henvases til ulforte geofysigke malinger som viser L0l en fort-
settelse av don elektrigke leder mot dypet .

Lo positiv fortseticjge ay malofaringen mob dypet under beregnet
malwareai er derfor muiig.

I den 1. betenkningen ble det gom ut gangspunkt for 10 ars drift fopat-
satt at en ved malnundersoke lsene Fikk en vkning av malmreservene fra
0,9 mill. toon tal 1,5 mill. tonn., Tor en sammen] rgning med denne

I. heregoingen vil et nalurlig allernat iv viere 8 faceln en b1 lsvarende
katkyle,

Den tatale malmreserve o Situ vil da bijs

i. Sinkrik avre parti,

cay 220 m akselengde: 0,54 mili. tonn 4 0,97 % Cu ag 3,59 % 7n
2. Dypere Cu-rik del fpa

220 m niva : 1,50 " OMTRE6E T e i
Sum ;| 2,04 mill., tonn 4 2,21 % Cuy og 1,72 % /n

Londret produks jonseppleyg.

Eiter 9. ar vil en beregningsmessig eller ovennevnte in Situ malmreserver
1opkt. 9.5 ha folgende gjenvarende, brytbare reserver:

Sitikmalms

[Flg. pkt. 1.0 505 000 tonn & 0,08 % Cu - 3,26 % /n
Uppfaring, bryling 114 000 v {antatt middelgehnil )

591 000 Lonn & 0,88 % Cu - 3,26 % 71

Kobberma lms:

Flg. pkt. 9.9 + Lap oy
Uilblanding T 402 500 tonn 4 2,42 % Cu - 0,95 % /n
Uppfaring, bryl ing 440 ¢on o (valgt middelgehalt )

262 500 tonn & 2,42 % Cu - 0,9% % /n

Prinermel representerer g jenvaerende tonnas je 9 aes deift.  Sink- 811
lkabbeemalm fordeles 1 henhold til delte med arliy ramalmsproduks jon
som felger:

Srokmaim 43 444 tonn a 0,88 % Cu - 3,26 % In
hohbermalm 106 556 " "Zg2 " 95T #

150 000 tonn & 1,97 % Cu - 1,62 % /n

Materialbalanse:

(3 In it.malm
. b tonin b1 tanmn kons, tonn Utv,
R.malm pagang 1,97 2 961 1,67 2 429 150 000 95
Cu-kans, 25 2 813 1,00 113 11 2%2
Pégang Zn 0,11 148 i,67 2 316 138 748 80
Ju-kons, 0,2 7 54 1 853 3 432 ]

Avgang 141 463 135 316




-
[sL]]

Dette gir en arlig inntekl |

Sink 3432 « 2176 ki. 7 468 032 ‘
Kaobber: 11252 + 1966,48 = i 22 126 B32 {3l IR S (5 D N

kr. 29 594 Bgy AT

Dencavlige merinntekt blic ke, 281 000. T 352
Over levet iden kapitaliserer dette: 9,1 mill. kr,

[ henhold il vedlegg © 8 vil dette med ulike tilskuddsordninger qi
alternalive arlige driftsresultater fra - &4 mill. kr. ti] + 3,6 mill,
kr.o Dvs. en bedring 1 forhold i) resultaolet beregnet etter malm-
resecvene | opkt. 1,0 og driflsresultatene 1 pkt. 10,1,

9.7 Uti'ektivitet .

Det er gruan til & minne om den belydning nitid oppfalging med st eenge
kvaliletskoiterier har for en vellykkot gruveproduks jon.  Det er nok 4
peke pa de anmerkninger som er gJort. m.tt. graberginnblanding ug malm-
fanyst,  Videre md det seltes hoge krav L1l en hag kapasitetsutnytieise
av gruvemaskineel og med det el gunstig produktivitetsniva.

Videre md e legge vekt pa & holde god styring pad lennsutviklingen og
buds jetlere med et lavt, men nadvendiy arlig investeringsbehov,

bieprodulet tvitet pd 6000 draverkst onns om reduseres Ll 5000 arsverks-
bonec e alene en kostoadsst igning pd ke, 700 000 pr. Aar.

Eksomperivig vil en veduksjon av slitemateriell 0g reagenser i opprednings-
verket pa ke, 2,- pr. Lonn gl kr. 500 000 besparelse pr. ar. ter HBYNes
deel som en burde kunne oppnd gevinster,

frv viteriigere bedring av utvinning og konsentratgehalter gir positivt
tellende resultater. 2 % okt utvinning i sinkkretsen gir 50 tonn sinke-
konsentrat = ke, 109 000 pr. Ar.

10,0 Bkanomisk belraktning.,

Heller gkke gruvedrift basert pa Litlegystonnas jene fra den aver sinkrike
malmforingen kan gi et bedriftusekonomisk positivt resultat.® Kapital-
kositnadene tillagt 7 % prisstigning 0g 12 % kapitalrenter, er grunnet

I - ett - ar korteve heregningst id ikke blitt sterre. Investeringene

er amidlectid 1 kroner blitt stecre p.g.a. % prisstigning og okninger
bade 1 eppredningsverk oy gruve, Det er benyttet pris-/keostnadsnivael 1985,

Forseringskostnadene pd 18,7 mill. kroner ma 0gsd anses 4 vare en tilleggs-
kostnad + forhold til den ierst utforte beregning.,

Med det volgte prisnivad pd benholdsvis sink ag kabber, vil en med 11k-
voerdig hevaing/Zsenking av rama lnens metallgehalter fa starst innfelts-
messige svingninger pa kobbergehn [ eng variasjoner.  Delte er en ikke
uvesent Tig medarsak til det svakere wkonomiske resultatel i dennn
betenknngen. Med de nd valgle priser ag den forste belenknings konseot ral -
rengder ville en ha oppnadd en innt ekl pa ke, 31 863 757, Dette er on
mevinntekl pa ke, 2 550 757 pr. ar med utqnnqsémhaf<ﬁoﬁﬁddellnniukt itlg.
vedlngg 6,

lilnerwet er dette i sterrelsesorder: hva en kunne oppna med pris og/elier
gehaitforbedringer & h.h. til pkt. 9.3 oqg 9.4,

. ] - | -
- N | 4 1 A T S s A L 14
% ¥ La 12 e of N — W P % L WHLY y ol -



10.1

tn finner ikke & ville g4 lengre i en vurdering av disse variable
storrelsene da det 1 sa fall blir antakelser.

Alternative driftsresultater. ,’L:~f Pt G Soawis]d P

Alt. 1 11000 ke.) | 4 MEaE R YR

med 20 % briskudds i3y

Driftsinntekt, middel ke, 29 313 19%,42 ki, /tonn

Dt Ftskastnader LU 18 742 125, 0H L

Kapitaikostnad " 1% 90% 16,05 B

Underskudd Tor skatt o, l, - kr. 9 354° - 39,69 kr. /Lonn

1 FT.2%90

Alt. 2 (1000 kr.). - 25k ~ 1%.%

Pilskudd veqanlegg 28,2 mill, ke,

Drattginnt ekt ki, 29 3513 199,42 k. lonn

Driftukostnad o 18 762 125,08 r

Kapitalkostnad 'l 11 605 717,37 1

Underskudd far skatt o.l, - kro 1 0% - 7,05 kr./tann

ALt. 31000 ke.). S T e L

35 % tilskudd.

Driftsinntekt kr. 29 313 195,42 kr. /Lonn

Driftskostnad " 18 762 125,08 e

Kapiltalkastnad [’ 12 923 86,15 |

Underskudd fur skatt o, 1, s I - 15,81 kel Loon

L i )/ M i i Wi =

ALL: 4 (1000 kr.).” | ‘

10 % tilskudd o9 tilskudd veganleqqy 28,2 will. ko,

Driftsinntekt ke, 29 5153 195,42 ki, /tonn

Driftskostnad . 762 125,08 "

Kapilalkoslnad 2 I 64,12 ¥

Overskudd for skatt o.l. kr, 9353 6,22 kr./tonn
i 7 27F 4y

for offentlig engasjement. Resultatet er 1 sd mate lik den farste
betenkning. De kommentacer som ble gjort i denne vil derfor DU
kune anfores na. Det henvises derfor til det som da ble skreyet ,

|

20 |

Uvenstaendse alternativer bekrefter at det ved en gruvedrifl er behov
Malm, 16. januar 1985,

— —

PR /el
5. Tessem,



Vedivgg 4.

P egyuskost nader Cetagt o mddie b aeskost o
For ut Tosingg dypemactm o b Tharende denFbgreso Hate,

A = N S S SN S S AN A M S R SR SR AW v e e

Forutsetter Flyttet sik-sak ol 1 siden av malnbiogal med stignong 1010 ag
urving L1l byert tredje nivd,  lvecestag 1:7 ti] de ovvrige nivaer,
Hpptarimgen torulget tes deevet pacollell med beyl ingeon gsom en
planene,  Uve oy opptaring er medtalt kostnasdanogssig;

6i61) = 25 086 8O,
| &%) !l[!ll_m'. ar,

del oy odru-

Tatal
Hyeer

650 m 4 kr.

14 ar

ke,
Er.

Frvickt rangponrt

2 atlk.

Lo! styrtsjokt:

20 tonng trocker & 1,4 aall, ke, = 2,8 L], kr,

S v D K rare bonnas jen,

holge vedlegg 6 tar en folgende solagsonbekt og dierflukost naders Ckoprrgert
For okt nntekt, okl tevebird og Uil Teggukost nader)

1000 ki) Salgsiontekt Deaflskostn, ikl anvest
Sun 14 ar ki, 414 5350 ki, 288 %%%
Midde !l pr. ée " 29 9% " 200 A1

Dearturesultater (som pkt, 10,17,

ALt. 1 01000 ke m/ 200 % tilukudds It. 77577
Draftsinnt ekt , midde! ke, 29 595 197,30 e, tonn
Dt tskostnader " 20 61 137,41 "
Tilleagg diesel laster I 220 1,47 u
Hapitalkostnader " 12 786 #9,24 "
Undecskudd tee skatt o, - kr. 4 022 - 26,82 kv, Mann

— 527 = i g

Alt, 2 (000 kr. ), tlgkadd veganlegg 28,2 il ke,
Deaftginntekt , middel ke, 29 599 197,500 kr. /tonn
Driftuskostnoder i 200 611 157,41 "
Il legy diese! laster " 221 1,47 "
Fapitalkostnader - 9 550 G2, ) " -
hderskadd Per skatt o, 1, - kr, h6h = 5,78 ke /tonn

= 4 [ ti. i i

Att, 3 01000 ke.), biluskudd 35 %:
Driftsinntekt, middel ki, 29 HUb 197,30 kr./tonn
Oriftukastnader "0 61 137,41 "
Tillegy diesellagter " 220 1,47 "
Kapitalkostnader " 10 589 69,26 "
Underskadd far skatt o.!. - kr. 1 62% - 10,84 ke, tonn

Alt.

4 (1000 kr.. ), 10 % tiiskudd ag tilskedd vegoanlegg 28,2

| £y

Ly

mr L e,

Driftuinntekt, mddel
Detiskostnader

b leyyg diesel laster
Kapi talkost nader

far

Dverskudd skatt o,l1.

ke, 29 595
. 20 611
" 22“
" by 352

ke 3 412

1

197, 50 ler, Mtonn
187,41 "
1,4"? (1]
15,68 If
22,74 kr./tonn




Vadle, ¢ {

Vedlegg. 1.

T Meﬂqdc— I lid i r . .
@ mod. | 1. ar | 2. 3c} 3. &r 4. &c i 5. ar | 6. ar —

1. Secviceareal n. 700 m m/str. | 60 E 4 —

2. Kompr.stasjon --"—_- v 10 1 —

3. Tv.slag ti! malms]. 25 1 =

4. Siksak til n. 600 m 1:10 1 080 24 —t Graberg - Vedl. 2 - 1. rappe
5. Malmsjakt n. 600 - 700 115 6 — +—] | 2 etapper

6. Vent.stigort 350 4 by

7. Vent.anleqg 10 2 -

8. Feltort - malmsiksak 508 6 | — 2 stuffer

9. Tvereslag til m.sjakt 100 2 bty o 3 stk

143, Tipporter 150 3 4 3 stk

11. Siksak n. 700 - 1020 2 240 48 + — —

12. Malmsjalt 370 5 e
13. Tv.slag til m.sjakt 370 5 — = Pt
4. Div. mindre serviceanleys X < — — = Strossing
15. Feltorter min, 250 5 —
16. Langh.boring far prod.start 20 oco f— bl Fordelt 2 perioder

17. Avbygning Cu-malim b7 ) Skrossebryting

18. Avbygning Zn-malm | i —2 . )



6.
17.

4,
19.
20,
21,
22,

23.

2 stk. el.hydr. 2 boms rigg m/ dieseldr, || 125
(fForhoyet pris jan, 8%)

1 stk. Simba H 221

1" Taro 350 D

P Taro 350 D

2 " landbrukst raktorer

1" reserveskuff Taro 350 D

T " hydr.maskin Cop 1238

2 ladeapp., - Anolit

T " 10 tonns traverskran

4 " tappeluker m/ arr. -+ tipp
2 " hovedventilatorer

T " Alirtemp. inkl, koplingsskap 1100 kW

6 " sekundzrvenl i tat arer

Elektr, anlegy, se egen ligte

Brann + sikringsanleqn + heslysn, o.l,

Div. utstyr serviceverksted

2 stk, sentrifugal Tensepumper 600 win, 1.
m/ 4" 30 kg ledning 1500 m

" 40 mj ER T vannk jolt kompressor m/ etterkjoler

3" luftklokker ~ 2 rn3 m/ vannut sk,

T " winibuss -persantr,

lelfonanlegg + div.

Rornett vann + luft 2500 m 1" + 1000 m 3 4 2w
m/armatur

Diverse gruveutst, m/ mont as jer

Suin

Beleopet fordeles pa:

1. ar kr. 11 336 000
2. 4r kr. 2 250 000

1t

Vediegy 2.

S
]

1
1

0o
Oall
$74
374
iy

53
186
1549
e
127

1006,

265
382
21
212
%3

212

(10
Ui
K1
(in
i
oo
L)
i
L)

LI

2o

1
L
QIR[N

A

LI

Ly
[Ith)
(O
L
D)

Qo

1 060 DG

kr.

154

S84 000




Driftskostnader.

Yedlegy 3.

9 produks jonsar o
1000 kr, 2. ac (3. &r |4, v |5, &r [6. &r |7. A 8. &c |9, ar (10, ar
Louvas
Hupfaring 2499 1 122 1 061 1 203 537 337 357 337 337
Langhullsharing 88 140 140 158 197 197 197 1497 197
Lasting til gileo -
u. . 280 398 394 598 390 | 596 08 $9H 39y
Sprengstaf f-prad, 117 343 330 315 397 397 397 595 397
Andre kostnader 576 376 376 376 376 376 576 36 374
Sum materell 3390 2 3791 2 305 2 450 1 705] 1 705) 1 708 1 s 9 7009
El.kraft 8 77% 000
kW 4 ke, 0,18
(hoynet 0,03%) 15790 1579 1 579 1 579 1 579, 1 %79] 1 8791 i 79 | 579
Lonn 3472) 3 4727 3 4721 5 472] 3 472| 3 472 3 472| ¢t o472 s 472
Suue Gruya B4410 74300 7 356 7 501 6 75| 6 796 6 7901 o Tha ! 6 75¢
Uppredning:
(Vvalgt H.tse's
tall)
Knuser 106 150 150 150 150 150 150 i) 150
Maling (niddel
9,44 T 0420 1 4787 14781 1 4781 1 478 1 478| 1 478 1 48| 1 474
Reagenger 212 500 300 300 300 500 500 o) s
Pumper 212 300 300 300 300 300 300 Y 0
Diverse 106 150 150 150 150 150 i 50) 150 151
Sumn materiell 16781 2 378) 2 378 2 378, 2 378! 2 370 2 31| 2 3w 2 570
Lnergiutg. 793 11250 1 125 1 125 112501 125! 1 125 1 1250 1 12%
Lann 25680 2 3080 2 308 2 308] 2 308! 2 s08) 2 sou| 2 w2
Sum Uppredning & 7790 5 B S BT 5 811 S HIL S 6111 %yl & gn 5 1
Administrasjon:
Lornn {uendret
antall) TSA3 1 5451 1 5431 1 SA3] 1 5430 1 9431 1 45| 1S4 bovas
tellesutg, 516 516 516 516 516 516 216 Y16 Y16
bum driftsutg,
eks. fremmedytel-
ser ay invester-
1nger 15 279115 300115 226 (15 371(14 626 114 62614 626 114 676 |14 6426




Vedl ae
‘l' 'I' , Yedleag.4. .

4 »
Sammenstilling driftskestnader inkl. fremmedoielser (190485 Lroner).
——————————————————————————————————————————————————————————————————————— a .
Middel
1. ar 2. ar 3. ar 4. &r 5. ar 6. ar 7. ar B. ar 9. A&r 10. &r ar
Gruvekostnads:
Materiell 3 390 2 379 2 305 2 405 1 705 1 70% 1 705 1 705 1 705
Ernergi 1 579 1579 1 579 1 579 1 579 1 579 1 579 1 579 1 579
Lonn 3 472 3 472 3 472 3 472 3 472 3 472 3 472 3472 3 472
Suni kroner B 441 7 430 7 356 7 501 6 756 6 756 6 756 6 756 6 756 7 178
Kr./tonn 79,79 49,53 49,04 50,01 45,04 45,04 45,04 45,04 45,04 47,78
Dphpredninoskestnad:
Materiell 1 678 2 378 2 378 2 378 2 37¢ 2 37 2 378 2 378 Z2 378
Energi 793 1 125 1 125 1125 1125 1 125 1 125 1 12% 1 125
Lenn 2 308 Z 30p 2 308 2 308 2 308 2 308 2 308 2 308 2 308
Sum kroner 4 779 5 81 = 811 5 811 5 81 5 811 2 BN S BN 5 811 5 696
Kr./tonn 45,17 38.74 38.74 38.74 38,74 38.74 38,74 38,74 38.74 37,97
Transpori, fremmedytelse:
R.malm 1 206 2 703 Z 703 2 703 2 703 2 703 2 703 2 703 2 703
Produkter 230 350 250 350 350 350 350 350 320
Vegvedi . hold 260 370 370 370 370 370 370 370 370
Sum kroner 2 396 3 423 3 423 3 423 3 423 3 423 3 423 3 423 3 423 3 309
¥r./tonn 15,97 22,82 22,82 22,82 22,82 22,82 22.82 22,82 22,82 22,06
~dministras jon:
Lonn 1 543 1 543 T 043 1 543 T 543 T 543 1 543 1 2432 1 543
Fellesutqg. 516 S1e 215 216 21 916 514 216 916
Sum felles 2 059 2 059 2 055 2 05% 2.059 2 059 2 059 2 059 2 (59 2 059
Kr./tonn 13,73 73,73 13,7 13,73 TR 2 15. 73 13,73 13,73 .13 13,73
Tetalt, krooser 17 675 8 723 1B 54t 18 794 18 D49 18 049 8 049 i (49 18 049 1B 232
kr./tonn 154,66 124.82 124,33 125,20 120. 33 120,33 120,33 1201, 33 120.33 127.5%4



Vedleay 5.

Kapilulbehovy

’ Jr Lilleag prisstioning 7 % p.a. oy renter 12 % p.u,

Vet 6 % 1 grunnlag |[~2. ac | =1, ar| + 1, &r| 2. ar | 3, i 7 % 1% + 12 %

P.1 Synk 1700 6 360 2 440 O 594 M4 637 -
- 1% 5 725 2 200 8 639 I3 1869
- 20 % 5 090 1 950 1679 1 766

.2 Niabor 5000 n 2 0l Z 301 5 2F3
S V- i 1 810 2 071 2 910
- 2008 I AL 14 2 586

P, 3 Undersok. art 410 6,4 699
- W% 370 442 545
- 208 330 575 527

o4 Hraft - 200 1 00 1 DHI 170
- 1% 910 G074 bS5
- 20 % 810 ol 1 S&1

.5 Veganieqgq 10 60071 17 600 53 696 44 1199
- 1% 9 544 | 15 840 26 9 6lie
- 2N 8 480 | 14 080 26 9%7 35 2746

EJ-._E)_HI‘LI'\‘\U[‘ eloe, 1610 194 246
- 10 % 145 176 22
- 2% 130 197 197

P2 V.V,S. 530 I AR 14
- % 480 SH4 733
- 20 % 425 919 651

P.8 Uppredn, 8 290 1158 12 739
- 11 % 7 460 9 140 1 465
- 20 % 6 630 th 124 100 197

P9 Lruveut st, i1 336 2 250 lo B34 20 §it
- 10 % 10 200 2 025% 5 152 by G50
- 20 % Y 170 1 800 13 464 16 574

.10 lilredn. 1.ar 4 616 | | 5 655 7 0us
- 10 % 4 150 S 090 a4
- 20 % 700 4 524 5 674

Polt Oppfaring ag

eviig tilredning

medtatt 3 drift-

kastinad (se

vedlegy 3 og 4)

(7 886) (17 7001((%2 102) | (2 949}

Sume PL1=P, 10 7 370 159 460 | 42 532 2 250 HI) 636 1Y @44

PP Py i (7 099V (15 937 )(a6 BRT) | (2 654) ( 3y Fed)

- 10 % 6 635 15 920 | 36 27% | 2 025 12 5772 95 341

(6 313)]014 162041 693) (% 359)
-2 % 5 900 | 12 370 | 34 035 1800 64 909 | 84 747
- 35 % : | 68 857

lallene 1 parentes tillagt 7 % &clig stigning,

p . ——2
=l # bam ol -

Pty |



'VPiiin-y; 6.

Sum naverdi

Omregnet Casb-ilow til ndverdi pr.

2 ar qir for kapitaldekning kr. 58 289 000.

_cansonhelskaikyle ekukl ks piltatkedinader. ! e
Niverdl Maverdi

tit 2.ar m/ 2 mill

Ar R.malm In-kans. Cu-kons. Salagsinnt. Jriftske Inv. Cash-Flow Caush-Flow okt 1nnte
2. ar 105 790 1 418 10 052 22 853 17 A735 530 4 648 4 648 4 648
3. ar 150 000 3 148 12 %40 31 422 18 723 530 1169 9 972 11 758
4. ar 150 000 3 148 12 540 31 422 18 649 530 12 243 9 760 11 354
$. ar 150 000 4 720 11 400 32 £89 18 794 530 13 365 9 513 10 936
6. ar 150 000 3 889 10 4£8 29 187 18 049 530 9 508 6 043 7 314
7. ar 150 000 5 889 10 488 29 087 18 049 530 9508 5 395 6 530
8. ar 150 000 3 889 10 488 29087 18 049 530 9 508 4 817 6 033
9. ar 150 000 3 889 id 429 29 087 18 (49 550 9 508 4 30 5 387
10. ar 150 000N 3 889 10 488 29 087 i3 049 530 9 508 3 84D 4 648
1 305 790 31 879 98 972 263 821 164 084 4 770 88 945 68 608

Middel 150 000 3 542 10 997 29 313 18 232 530 9 885 o
58 289



\_l_‘ﬁln 1) :'.

Sk jema for beregning av intern rente,

——— - —— e e e T e e mn e A e e ——

T &
Diskontert Diskontert Diskontert Diskontert
St remning med 10 % med 200 % med 30 % ned 40
Av | | faktor | Belep |taktor Gelep | Faktor | Lelop faktor ) Belop
& o 6 313 11,3310 | 8 405 | 1,7280 2,1970 2, 7440
-2 14162 | 1 2100 | 17 136 | 1, 4400 1,610 1, Y90
-1 41693 11,1000 | 45 862 | 1,2000 1, 3000 [BRHOIY
0 2 359 | 1,0000 | 2 359 | 1, 0000 71,0000 oo |
- 64 527 - 73 760 |
= = —_— e
I 4 648 10,9091 | 4 225 |0,8333 0,7692 0,7144%
2 11169 | 0,8264 | 9 250 | 0,6944 0,%917 0,910
5 12 245 10,7515 | 9198 | (5,9787 0,455%2 th, Sua4
4 135 365 | 0,6830 | 9128 | 0,46823 a, 3501 {1,260 4
Y 9508 | 14,6209 S 904 | 0,4019 0,269% U, Th5e
O 9508 | 0,545 5 367 | 0,349 0,2072 0, 142y
! 2508 | 0,932 | 4 880 | 0,2791 {0, 1594 0,449
¢ 9 508 | 0,4665| 4 435 |0,2526 0,1226 0,86/t
G 9508 | 0,4241 | 4 032 | 0,1938 0,09453 (0,014 34
10 0, 3855 0,161 0,0725 (1,1 346
Hl , 3505 1, 1346 0,05%5%8 0,207
12 0,3186 0,1122 0,0429 Hoiza
13 0,2897 0,00%5 U, 0350 U,0126
14 01,2653 0,0779 0,0254 (0, 00198
I 0,2394 0,649 00,0145 L, Elte g
3 00,2176 0,0%41 0,015 BV
17 0,1978 U,04%] TNTNRYS NNBIVES
i 0,1799 0,376 U, 0ugy 0,025
19 0,1635 0,051 0,068 00,0017
21 U, 1486 1,020 0,052 o [ 0,002 ) R
B8 965 56 399 N _
Naverdi: 24 438 - 17 361 - 1 .

Interarente: %,89 4



9.% Bkt malmreserve,

Det henvises til utferte geofysiske malinger som viser il en fort-
settelse av den elektriske leder mot dypet.

En positiv fortsettelse ay malmforingen mot dypet under heregnel
malmareal er derfor mulig,

Lisenmpelvis vil en videreforing mot dypel pa 150 m med en vius

reduks jon ay nalobredden ned mot dypeste punkt kunne gi med 2300 tonn

pr. aksencter: /2L o

150 - 2300 = 345 000 tonn C T8 Ges Taas

- reduks jon nedre del ca. 5000 m =
330 000 tonn I3

En slik ekning av malmreserven vil kunne gi en gevinst beregnel ncdenfor i
plt.2.6- Lndret produks jonsoppleqq.

9.6 Endret brodsks jonsappleqg.

Ctter 5 , 4r vi! en beregningsmessio etter de oppsatte malmreserver
1 pkl. 1.0 ha folgende gjenverende reserver:

Sinkmalm.

[flg. pkt, 1.0 50% 000 tonn 4 0,88 % Cu - 3,26 % In
Oppfaring, brudt ea. 114 0oo o (antatt middelygehalt )
Reot 391 000 tonn 4 0,88 % Cu - 3,26 % 7y

Kobbermalm,

Iflg., pkt. 1.0 642 000 tonn & 2,42 % Cu - 0,95 % /1
Oppfaring vg produksjon 440 pop o {valgt middelqehalt)
Rest 402 000 tonn 8 2,42 % Cu - 0,95 % Zn

lillegyges mulig tonnasje i h.h.t. pkt.9.%ekt malureserve, gjeastar
folgende reserver:

Sinkmalm 391 000 conn & 0,88 % Cu - 3,26 % 70
Kobbermalm 132 000 tonn & 2,42 % Cu - 0,95 % 7n

En tilpasset produksjon i samie torhold som malmreservene vil gis

Sinkmalm 52 230 tonn & 0,88 % €u - 3,26 % In
Kabbermalm g1 770 ¢ "2,42 % Cu - 0,95 % Zn

150 000 tonn & 1,88 % Cu - 1,75 % 7n

Materialbalanse:

Cu n R.,malm

% tonn fa tonn tonn Utv,
R.malm péagang 1,88 2 826 1,75 2 632 150 (00 95
Cu-kons, 25 2 685 1,00 107 10 740 ¢
Pagang Zn 0,10 141 1,81 2 525 139 260 40
/n-kons, 0,20 7 54 2 020 5741
Avagann 134 505 135 %19

~



1.1

i)

En finner ikke & ville 04 lengre i en vurdering av disse variahle
storrelsene da det i s3 tall blip antakelser.

Alternat IVl; driftsresultater,

Alt, 1 (1000 kr.)

- — -

med 20 %t lukadd:

Drifteinntekt, middel kr, 29 313 195,42 kr./tann
Driftskost nader " 18 232 121,54 "

Kapilalkostnad " 5 905 106,03 v -
Uoiderskadd for skatt o, 1. - k., 4 824 - 32,15 kr./lnng

T e . ———

T lskudd vegan Legr 28,2 mill, kp,

Derftsinntekt ki, 29 313 195,42 kr./toon
Deirt skostnad v 16 232 121,54 "

Mo tatkost nad " 11605 77,37 v
Underakadd for gkatt o.1, - ke, 524 - _"},ne kr.ijnnn

5 % Uilakadd,

Bttt sinnt gkt K. 29 313 195,42 ke, /tann
Driftakost nad " 18 232 121,54 "

Rapiba liconl nad y 12 923 86,15 v
Underskudd for skatt g.1, - ke, 1 H42 - 12,27 ke, Stonn

AlLb, 4 o0mn kr. ),

A =

10 % tilskudd og tilskudd veganlemy 28,2 mill, kp,

Driftsinntekt lkkr, 29 315 195,42 kr./tonn
Driftskostnad " Iy 252 121,54 f
Kapitalkostnad " 9614 _64,12 " _

Overskudd for skatt o.]. ke ! 463 _ 9,74 kr./tann
Uvengtdende aolternat iver bekrelMoer at det ved en gruvedritt or behov
for of fentliy engasjenent. Hesoltat o er 1 sd mate lik den farste
betenkning. De kommentarer som ble gjort i denne vil derfor Ot
kunne anfares nd.  Det henvigey dertor til det som du bie skrevet,

Maluy, Ta. Januar 1985,

—
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Inntekt iflg. beregning under plkt. 7,0 ke, 29 086 904
1y, avenstaende:
Sink 3741 « 2176,- = kr., 8140 416
Kabber 10 7400 - 1 966,48 = 21 119 99% " 29 260 41
DT, ke, 173 505

En okning av malmreservene mot dypet forutsatt widde lkobbermaimgehalt
bedier inntekissiden med 6 %. Kapitalinosatsen vil for mertonnns jendke ., A ann)
bl mindre enn den beregnede investering fop malmeeservene of | op pikt . 1L,

Fase 3 iflg.pkt. 8.0 krever kr. 40 554 000 uten tilskudd. Her CeIrenen -
Lerer nos, 8 ag 9 1 vedlegg 5 ke, 21 476 100 varuve= oy oppredningsat styr,
en wlgilht som alt er dekket oy kan s)oyfey pd tillegostonnasjen, hviliel bLedpe
resultal el med: ’
21 874 U - -

21 876 U0 = U aig, AN - & Oy 2
3000 53¢ 000 = ke, 5 349 374, S AT S

v,7 lf?P&tl»l'PL.

Det er grann til § minne om den betydning nitid oppfalging med st rege
kvaltletskriterier har for en ovel Lykket gruveproduks jon,  Del er ook G
peke pa de anmerkninger som er gjort moh.t, graberginnblanding og witine
fangst. Videre mda det settes hege krav til en hag kapasiteltuutngt el se
v grovenaskiners eg med det et gunst i produkt ivitetsova,

Videre ma en legge vekt pd & holde god styring pa lannsut vl Trgen o
budujet tere med el lavt, men nadvendig arlig investeringsbieloy,

Eropradokt ivitet pd 6000 dvsverkstonn som ceduseres Lil SU00 G uve Pl -
Lot gie alene en kostnadsstigning pd kp. 700 000 nr., ar.

tksempelvis vil en reduksion av slitemoteriell 09 reagenser o ooppredo ong-
verkel, pa ke. 2,- pr. tonn gi ke, 500 000 besparelse pr. fr. Her syies
det som en burde kunne oppnd geving! op.

En ytterligere bedring av utvinning 0g konsentratgehalter giv posi Lyt
tellende resultater. 2 % okt utvinning 1 sinkkeetsen (i S0 toon G-
konsentrat = kr. 109 000 nr. &r.

10.0 Pkonomisk betraktning,

Heller ikke gruvedrift basert pé tilleggstonnas jene Fra den ovee sinkrike
malufocingen kan gi et bedriftsokonomisk positivt resultal . Kapital-
kostnadene Lillagt 7 % prisstigniog og 12 % kapitalrenter, er grunnot

ett - 1 - ér kortere beregningstio ikke blitt starre. nvester tngeie

er mmidlertid & kroner hlitt storre Pg.a. 6 % priyst igoing og eknilnger
bade i oppredningsverk g grave, Det er henyttet pris-/kostnadsiivael 1985,

Farseringskostnadene pa 18,7 mill. kroner mé OgLA anses i vere e
Ltilleggukostnad 1 forhold Lil den Forst ot torte becegning.,

Med det valgle prisnivd pd henholdsvis sink og kobber, vil en med 1ik-
verdig heving/senking av rémalmens netallgehalter f& starsh inntekt o-
messige svingninger pa kobhergehallens varlas juner, Detie er on ihkle
uvesent Llg medarsak ti! det svakere okonomiske resultatet i denne
betenkeingen,  Med de nd valgte priser og den forgte betoenknings kongeot rat -
mengder vitle on ha oppnddd en inntekt pd ke, 31T 863 757, Delle cr en
merianteit pd ke, 2 550 757 pr. A0 oned dtgoangspunikt 1 omidde) sntekt 1,

vid e 6,

libngrmet er dette i storrelsesorden hva en kunne GARDNE med pris aofel lar
dqehalt forbedringer 1 o b, ¢ Yng 9.4,
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THE JOMA SULPHIDE ORE BODY
NORD-TR@NDELAG, 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, stratigraphy. petreography, 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. 0Odling and part II a study of strati-
graphy. petrography, mineralogy and geochemistry, by A. Reins-
bakken.

The project was funded Jjointly by Norges teknisk-naturviten-
skapelige forskningsrdd (NTNF) and Grong Gruber A/S and adminis-
tered financially by SINTEF (B) Trondheim. Reinsbakken was engag-
ed as project participant from May 1lst 1984 to June 1lst 1986,
while Odling participated in the project while in possession of an
NTNF Post-doctoral fellowship during the period June 1st 1984 to
June 1lst 1986.

The structural analysis by 0dling was based on structural
mapping at the scale of 1:5,000 of an area of approximately 12
kmz, involving 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 Sl
schistosity and Fl1 folds to which F2 folds are coaxial. Thus, D1
deformation is 1interpreted as an early stage of D2 deformation.
Fold verqgences and the outcrop pattern of pillow lavas indicate
the presence of a major F2 fold in the middle greenstone with the
Joma sulphide deposit 1located 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 S2 schistosity surface interpreted as a
‘ramp and flat' structure associated with the thrust at the base
of the middle greenstone.
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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, 1is 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, 1isoclinal 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 1intense
thrusting has led to the development of numerocus tectonic 1lenses
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 D1, 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
obligquity of the S2 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 1limbs, especially short 1limbs, 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 ore 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 of 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 1lineation 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 of the three grecenstone units is tectonic and that the Joma
massive sulphide deposit 1s cut by a thrust located at the base of
the middle greenstone. The L2 mineral lineations approximate the
shear direction and the relationship between S2 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 Reyrvik 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 mniddle 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 DZ 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 1lenses are tectonic in character and they are
interpreted as a series of imbricate minor thrusts underlylng the
inner greenstone. West of Gasvannet, the middle greenstone 1is
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 Gasvannet. 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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LTTHOLOGY OF THE WALL ROCKS

The hosting dgreenstones of the Rgyrvik 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 1isoclinal folding
and thrusting.

The Joma deposit itself occurs within the middle greenstone,
at the interface between two local volcanite units. The older,
pre-ore veolcanites, 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 Cl) which
grades, both stratigraphically upwards and laterally into a se-
quence of well-layered to laminated volcaniclastic rocks (Group
Cz). 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 1is, however, apparent. For example,
the post-ore lavas show distinctly lower contents of TiO2 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 Reyrvik Group metavolcanites appear to have formed 1in an

oceanic, near continent, probably off-axis setting.
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The pre-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 wmineralogical
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
hydrothermal 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, Bl to B6’ In addition the individual units may

be divided into subunits (e.g. B ).

6a-d
- Undifferentiated massive and pillowed greenstones.
- Albite-bearing sericite schists.

- Albite-bearing chlorite schists.

- Chlorite-actinolite schists.

- Albitites.

- Chlorite schists.

v ow w0 ow
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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 1in 2Zn
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 1s encriched in
the albitite and depleted in the chlorite schists; Ca is depleted
and Fe 1s 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, 1ilmenite,

rutile, native Au, electrum and amalganm.

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 1: Fine grained grained to flinty pyritic ore. Con-

tents of both Cu and Zn are moderate.

Type 11: 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 I111: Chalcopyrite-pyrrhotite breccia ore.
Typically carries fragments (clasts) of <chlorite
schist, carbonate, magnetite ore and fine grained
pyrite ore (Type 1). Durchbewegt. Cu rich.



-10-

Type 1V: 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, 2Zn and specific gravity analyses of the massive ores have
haoen shown to be valuable in distinguishing the above mentioned
types. When these analyses are plotted in a triangular diagram as

Cu sample Zn_sample
Cu average' 2Zn average

specific gravity sample
specific gravity average

, and

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 1internal structures (lattice planes
along which gliding can occur), are readily mobilized and redis-
tributed by tectonic shearing movements associated with the
'durchbewegung' phenomena.
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Chalcopyrite, pyrrhotite, quartz-calcite and to lesser degrces
sphalerite, chlorite, albitite and epidote are also typically

mobilized along D '‘piercement' structures and late cross-cutt-

3
ing fracture fillings, adjacent to the Cu rich massive sulphide

ores at Joma.

ORIGINAL STRATIGRAPHY

A palinspastic reconstruction based on the distributicn of ore
types and mineralization in relation to host rock lithologies and
hydrothermal alteration, 1including the recognition of a 'feeder
zone', has led to the establishment of the following succession
surrounding the ore body:

Tep 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);

a) medium to coarse grained pyritic ore (Type IV),

b) fine grained to flinty pyritic ore (Type 1),

c¢) fine to medium grained, Cu rich pyrite-pyrrhotite
chalcopyrite ore (Type II).

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

4) Dark, Fe chlorite schists (86) rich 1in disseminations
and layers of chalcopyrite-pyrrhotite.

5) Feeder zone lithologies (Bl-B see p. 8).

5 r

Base 6) Moderate green, chloritic greenstones with epidote knots
and pyrrhotite disseminations; minor pyrite veining.
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FORMATION 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 Dl—D2 and are,
therefore, probably syn-depositional in origin. The sequence of

events appears to have been:

1) 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 wday to the sea
floor.

2) Deposition of chemical sediments (tuffaceous muds?) immediate-

ly overlying and adjacent to the feeder zone.

3) 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 layers within the upper levels of the massive pyritic

ore shows that the deposition of sulphides was not continuous.

4) 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-pyrrhotite concentrations
in later veins and fracture filled mobilizations.

UNIT-NTH, Trondheim, 30.5.86

F.M. VOKES
For Styringsgruppen



