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„ject haoco-noennsi the exfstence cf severa:

	 gr-orp (PC5) gineralimatfons in :Lcr•erjianmoblolirtes, of a

tvt,e Id-evious_ IL-dodrugnted anywhere, i.e. stratfform platinum-

pal:gdf-m-gold miner, fn nftramafic cngglates fn cchiciftes.

bermrchd boodifcrd and hich fevef sulthride ginerallmations

have also been stud:ed. has been Xccumented that PGE-enrrcooent in the

ultramgffc hodles ncstg ohe portifcrm chromdtites is conffned to the


chnc-gitite bodfes. 5oth the podiform chromitite and Ni-Cu sulphide mdiren-

altnations are of such limted tonnage that they have no econcmic interest.

ThP stratifors. PGE -dberaltzatfons found so far, in the Leka and Lvngen

ophi7Ites are snbccargtnal hut are sufficiently rion and of sufficient

digehsiohs that they are cvmveiderecito fndicate a possible pctential for

mdberal:mations of economic interest in these comp:exes and in afi others

with clevefoped, laterally extensive sequences of olivine-rich


o'no.mlotss. This ooio-IunIon has relevance for prospecting in generaf for

PC5- 'mations, be partfc 1- ' ant the preseht

and sftnard were c
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Volume 2

Papers bublished/manuscripts in preparation

The following napers resulted from the .bilot project: page

Barnes, S.-J., Boyd, P., KorneLiussen, A., Nilsson, L.-P., Ofzen, 5
Pedersen, R.B. & Fobins, B. 1988: The use of mantie normalization and
metal ratios in discriminating between the effeczs of partial melting,
cryszal fractlonatLon and sulphide-segregatLon on olatinum-grour
elements, gold, nickel and copuer: examples from ::orway. 1n: Prichard,
H .M ., Pozzs, P.J., Bowles, J.F.W. & Cribb, S.J. (eds.) Geo-Piatinum 87,
EisevLer, London, 113-144.

Boyd, R., Barnes, S.-J. & Gronlie, A. 1988: Noble metal geochemistry of 22
some Ni-Cu deposizs in the Sveconorwegian and CaLedcnian OrOgens in
Norway. 1n: Prichard, H.M., Potts, P.J., Bowles, J.F.W. & Cribb, S.J.
(eds.) Geo-Platinum 87, Elsevier, Londcn, 145-158.

The foliowzng papers, published or Ln prepasazion, resuln fr /are
intimately related zo the tocics of the oxesenZ project (with reference to
the abpropriane chapzer in the main renorz):

2.2 Platinum-groun mineral inclusions in chromitite from zhe Osthammeren 31
uLtramafic tecnonite body; south central Norway by L.P.Niisson
summary versicr, in press in the journal MineraLogy & Petrology,
this, comp1ete version submitted to Norsk Geologisk 71dsskrift.

2.3 Inclusions of platinum group minerals (PGM), base-metal su1phides 93
(3MS) and sulpharsenide in chromitine and hcst rocks from the
ørnstolen ultramafic tectonite body, north central Norway by
L.P.Nilsson.

2.4 Hydrothermal gold-enriched Lron and iron-copper occurrences in the 122
Hatten ultramafic tectonite lens, Hattfjelidal by L.P.Nilsson.

2.5 Platinum group minerals (PGM), goLd and associated minerals in the 132
Raudberg field ultramafic tectonites, Vik, Socn cg Fjordane, western
Norway by S.Bakke, T.Boassen and L.P.NLIsson.

4.2 Piatinum groun eLement abundances in the ultramdfic rocks of zhe 157
Leka Ophiolite Complex, Norway - evidence for zhe presence of Pt-Pd-
enniched szrazabound horizons in an ophiclite by F.B.Pedersen and
G.M.Johannesen.

5. Plazinum-grour mdnerals in the LilLefjellklumnen nickel-copper 215
depcsin, Ncrd-Trcndelag,Norway by A.Gronlie, rublished in Norsk
Geo1ogisk Tidsskrift in 1988.



1. INTRODUCTION

Prc.e:t cnnoeot amd organizatitn

The current project was nreceded Lva ur lot project ertzttLed:

GeochemIstry of plattnum metals occs. and ores Ln Norway: PLIct Project


(Barnes et f):. i987). The oO:of nrcject rnvolved the analvsls cf 385

samples from a range of geologLca env r rcnmer.ts for platinum grcup elemencs

(PGE) and gold. The envtronments imcluded Nt-Ca deposits, of whbch two Ln

oceanic crustal rocks, chromdte depds:ts :n ophioldtdc rocks and chromite-

bearing rocks frnm ophLolites.

The mnst imucrtart conclusion reached daring the pi(Lot project was thor:

"Results from only one of the geocnpes sampLed, ephic1Ltes and reLated

rocks, gitte on Zndi.catton of pcssirle economic interest." The follwzUnq

recommn at fon further :znorkinthrs respect were made: "The scecific

zargets 1 cota:i so -e'defe fff further szudy are:

_zytne cumoza

chzvnit rearLnc harzburc: e fcrintng Lsolated ultra. s

:.e. Osthasnneren, Skamodaleh, Aartand and Crnstolen

- the potential for further Cn-Ni-PCB mineralizations of the Fncy

type in the Karmoy ophiclite.

s to re exambned :n the Teka nohin_L-

of the Os-ir-Po a:cr:chciemt gacohef

sche, ohe s'-e- recZdence cf the PGS

In the icoiateciharzburgite icciiom •- oritical queszion in an econet(ic

evaluat (on zill ho whether the PCS are ez (usiveLy linked to chromzite. All

the chretn 'LzatLons feund to date are very smaLL."

The presenz t oject was furoulated wrrn the aims of examtnin these

topLcs. IJ encempasses an evaluat(on Jd che processes leadinc t- PGE

essIchmen* both petroLogLcal and eccncmTo-geological conzexts.

Organdza

Much of t. was carrz dujh ced_laboraticon oet-.-:eanoLe

GeologZca. Survey of Noirqay (NCT) and the GesTegicaL institute, bru. A,

University of Bergen (ULB). The pr()ject was Ied from NOT and carrLed ont

workers from NCS (8. Boyd and T.-P.N..ss) and Uira (8.-8. Pedersen and

C.M. Johannesen). The project has thas been able to benefit from the

consIderable exprtIse on ophlodites which has been butlt ur at ULB over

the last years. burLng zhe ..fetime cf thts project NGT has carried

-L work nn three coLentLfttfally re.ated but organZzationalLy unreLated

zrojects, on narts cf the lyncen onhZoitte (T.Grenne), 0n. PGX Ln heavv

mi(nerai onncentrates from. the Raddrerget talc decosLt, "flk, Sogn (S.Bakke,

7.Boassen, T.-P. NLIsson) and on the TL1Lefje11klumpen NL-Cu-PGS

mineraltzatZon Ln N-Trondelag (A.Cmmn.Le): these projects are also cove rel

in this report for the increase Zn sc.entific completeness which they

allow.
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The project has also involved collaboration with geoscientists from the
Geological Institute at the University of Trondheim (NTH); Dept. of Earth
Sciences, Open University, England; Sciences de la Terre, Universite du
Quebec, Canada; Dept. of Earth Sciences, Memorial University of

Newfoundland, Canada. Most of the analytical work for PGE and gold was
carried out by Sheen Analytical Services, Perth, Australia because methods
with the detection levels and precision required were/are not available on
a commercial basis, and probably not from research laboratories either, in
Europe. Further analytical work was carried out by Caleb Brett

Lahoratories, St.Helens, UK (Pt,Pd and Au analyses in the pilot project)
and by X-Ray Assay and Chemex Laboratories, Toronto, Canada (PGE and Au
analyses on Lillefjellklumpen). Control analyses were carried out at
Memorial University of Newfoundland.

Scope of the project

The project has, in its broadest sense, 1.e. including work not financed by
NTNF, encompassed studies of the following:

isolated ultramefic complexes and related chromitite
mineralizations, mainly in the Roros area and in Nordland

(Nilsson)
heavy-mineral fractions from the Raudberget talc deposit,Vik,

Sogn (Bakke, Boassen,Nilsson)

chromitites in dunite/pyroxenite lenses, dykes and veins in the
Leka onhiolite (Pedersen, Johannesen)

ultramafic cumulates and related chrcmite, sulphide and arsenide

enrichments in the Leka ophiolite (Pedersen, Johannesen)

a reconnaissance of several ultramafic nods and of ultramafic/mafic
cumulates in the Lyngen ophiolite (Grenne)

the Lillefjellklumpen Ni-Cu-PGE mineralization in the Gjersvik
island arc complex (Gronlie)
the PGE geochemistry of the volcanic suites in the Karmøy ophiolite
(Pedersen). The Fæøy Cu-Ni-PGE mineralization which is part of the
dyke complex in the Karmøy ophiolite was not studied because it is
currently the topic of a thesis being carried out at Memorial

University.

The location of the areas studied is shown on a tectonostratigraphic base
map (modified from Roberts & Gee 1985 and Furnes, Roberts, Sturt, Thon and
Gale 1980) in Fig.1 and their position in an idealized ophiclite pseudo-
stratigranhy in Fig.2. Fig. 2 also shows the position of certain types of
gold mineralization being considered in a parallel NTNE project led by
Professor F.M.Vokes, geologisk inst., NTH.

Almost all of fhe subprojects indicated above will result in manuscripts
for publication in scientific journals, some already have. The report has
therefor, in order not to delay this process, been compiled largely from
manuscripts in varying degrees of readiness for publication. The report
has been written in English for this reason, and in order to make the
report itself readily accessible to the international prospecting industry.
Volume 1 gives brief descriptions of the work carried out, with emphasis on
the conclusions reached: the comnlete papers/manuscripts are given in
Volume 2. For certain subprojects such manuscrints have not vet been
completed (Karmøy and Lyngen).



=flg.1: Tectonostratigraph:o map of the Scahdinavian Caleddnldes (Roberts
& Gee 1985), showirg major opholfte and ensimatac islard arc
complexes (modified from Furnes et al. 1980). Complexes/deposts
ir which noble metal concentrations have been studied are named.

SCANDINAVIANCALEDONIDES

TECTONOSTRATHRAPHY



Fig.2: Ophiolite pseudostratigraphy showing the generalized location of
noble metal mineralizations found in Norwegian complexes to date.



1.2 Background information on the clatinum metal geochemistry of ophiolltes

Untll zhe advent of the Inductivelv CounLed Plasma-Mass Spectrometer (:CP-

MS) in zhe Latter haLf of the 1980s the technoLc.gy for analysis of aLl zhe

PCE and ungd at, nr close to background levels fn the rccks of ophicilte

complexes uas notz readily available. Bhus Crocket (198:), in an exhaustZve

survey cf the IZterature tc thaz date, ccuLd present oniy very Limited data

cn the Os,Ru and Rh conzents of ohrofitte-free ultramafic rocks in

Ophiclites and nn data for the contents cf these elements in sulphide-free

mafic scoks in ophiolites. Barnes ez al. (1988) presented a summary of

analytical data nn the PGE-contenz of several suZtes of volcanic rocks,

showing zhaz zhe contents cf these elements was 0-"I nEly loosely

constrained in tois:Eites and ccean flocr basalts, both at the lower and

uncer ievels of zhe assumed range of ccncentraticsn.

data ava'lahle on zhe PGE and Au conteEts of chrtm, te-

cceanio crustaL envirchmeEts cA gSven cabLe Z.

Les
lates

CI.CCG
c.02 rLo17-ct033

2.96-6.7 2.2-7.29

02

zd

0.65-3.6

<0.1-5.29
0.17 11

17-28 0.2-29 0.52-2.2 30

	

0.33-1.8 35

6 2 2

Is

The churgZt which are assumed tc represenz tectonZzed mantle ha.e

PGE an Au cnnceEtratinns of zhe same order of magnitude as the mantle

valuen ' sh is as to be expected if they can be regarded ds undepleted,if

tectorlrzecimantle. Thu ultramafic and mafic cumuLates which are

spectf site-bearfng, are depieted zn Os and :r (and prcbably

alsn zhe PGE knocun as :PGE, can he

exp:a:ne frac tten of chrtmgze, e elemenis


are enr:zhed.

MORmip,saLts aren. characterrzed cv a higi aztc st RPCK (RhtPt-Pd., zo

IPGE unzch is again ts,stent wizh pricr remcvaZ of chromite. Regever

no=1 mcdels for thu formation of MORB indicate melfghg of the

mgntle ghich would suggest that al: sulphide would have melied, with all

the PPCE partition.ng into the sulphide. This uould givo d content of PPGE

tne to three nrders magnitude higher than that which is n('served (Barnes


et al. 16:5E). RcissZSCe explanations are (Barnes ez al.

reter.ti. (and PPG8. in the cant

8005 fren tne mantze fro. e:zed.
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rernoval of suLp des MOR3 hefote 1ts extruston (Ozamanske & !)fncre


1970).

The work done withtn thts prcject tends to confirm the feastbility of the

third expLanation.

A atlable data indicates that bontnttes have 005 concentrattons of the

same order of magnItude as MORB but that they are depleted :n Cu, An and

cosstbly to relattve to MORB (Barnes et al. 1988) which coutd indtcate a

prior metztng event (Hactyn et al. 1985 u„pothettcal prIcary magcas ct


bontnit1c character have heen considered as one of the two cagma types

tnvolved tn the fon=tton cf the Bushve tl1water layered tntrus cts


(Irvine & Sharce 1082)

1.3 Known p metal cineraltzattons in ophic tes

The ltterature cOntains dccumentat1on of several tyses ofSOM :in100

mineraltzation tn ophtottte complexes. bore are:

podtforc chrocitttes tn cancle harzhu gitse (many exacples)

strac1form chromitite 1n ultramafto onclatec (twc exfsrp:es)

strattferc sulnhlde tn ultramaftc c)1cutates (twn exampies)

- strattform sulphtde in caftc cuclates (one example)

hydrothernal sulphtde/arsenide mtneraltzattcns at v it)s le (several

examples)

masstve suLphtdes at t:5-er leve1s rn oeh:oirtes (severa examples).

fl

An:onr tne areas„ '.es hdve heen

ana1v5ed for 1808 sre sc- 8

Sematt Ophtoltte, Ccan CR:e 1982)

and Mors.occ. (Ttsc.her et a" a nuct of -:zes

. the Caledontan cronen s hee- a-s 5 fc-- 005: -hese c l :de -he Bav


nf Islands and Whtte Htlts rc:rrexesmnterfornLand (Rage 5 Talkt. tot

1984) and the Unst ophicttte cn Shetland (Gunn et al. 2985:8rEchard et al.

1886). :n almesz all cases these cbnera11zattons are enriched tn IPCs with

total P05 rarely exceedtn5 1 ppct in a study tnvolving 323 samples frcm

deposits in Caltfornia and Oregon 103 of the samples were fond to have

more than 0.13 ppm Ir, 11.32 ppm Ru, 0.026 ppm Rh, 0.064 ppm Ft and 0.01 ppm

Pd (Page et al. 1986): the rtchest indivtdual sample reported froc the same

study contained 2.93 ppm Ir, 4.93 ppm Ru, 0.004 ppm Rh, 1.18 ppm Pt and

0.005 ppm Pd. The Cliff ctneraltzat1ons on Unst are an exception tn

relation to all pcdtforc chrocitttes desnstbed sc far In the literature as

regards the1r absclute connentration of 508 ( to >70 pbct 500) and the


predcmtnance cf PRCE tn relattcn tts IPCIR (Pd/Is rat1os cf 1:-12 whtle

'n0=1' pcdtforc shroffitttea have Pdr ratics of 5.01-0-11.

Nufferous nabers have desor ohed the pCattn ar:vrr-ru... SOM i *
po d;0,-- o'-,.----»,-.,,,,,,-• 	 ( Chang et al. 19,J: t(1ki0u.L0 en al. 1984:
Legendre & (:..noe1956 Primnard et dt. 1986: Auge d): these
show that niost dennstts, the Cltff tv:e chvto- x are
Jorttnated by laurote (PuS :8CE all os a :8CÆ ar



Feo pers dive inforciaticn cn the econc.mic significance nr ot Ose of

tne PGE content of the chrcoitite deposits, schce 9f which reach a slne of

two nillion tons (Auge 1988). An excention is Page et al. (1986) who

conciode that the potential supply cf by-prodoct PGE from mUn:ng pod:form

chromite deposits is sma11: their estimate of the total wor1d resoorce of

Pt in podiform chremite deposits was roughly one-sixth of the quantity

imported annualli to the United States. World annual consomption of the

IPGE which are predominant in most podiform chromite deposits ls met by by-

product production from Pt-Pd and Ni-Co deposits and would probahly not

jostify any additional capacity even if the deposits had tonnages nf

sufficient grade to be cf thenretica: interest in relation tc the metal

prices. An exception again wonld be mineralizaticns of the C:iff type,

hecanse of the:r high content cf St and ?d, if these cculd re fnend with an

adeonate tonnane: indications are that the mine-8''  at'on8 fc Snst tse1f

are monh tn smal1 to be nf ecnnor-C9 interest in then(se1ves

Strat:for9 te in oltraciafi 1ates

The first exa9ple of th:s type (c)fmineralization to be descinhed is the

Anoje •f the Zambni:es Opbio:ite fn the Phiiippines (Ahrajane 8 Bacuta

1982: 58-)ota et al 1988). -he einera'izatz-n was ea-en ktiwn purely as a

stra-c=8-9, Ni-Co solphide mineralization with hy-prcdoct Pt (Eolin 1950o

Parangit 1975). Onforiunately hoth of the f')---mentioned referennes are

abstracts only. The mineralization is described as being a visible N.-Co

sulphige mineralimation assoclated with stratiform chromitite :n donite-

wehrlite co9elates. Its PGE content is given as 30-460 ppb 1r, 2311-1:09 ppb

Ru, 2.8-759 pph Ph, 2.5-5958 pph Pt and 2.3-8351 ppb ?d: no indication is

9Iven as to values which could be regarded as representative of the deposit

as a ohn:e bot It is indicated indfrectly that the deposit has considerable

dfmensin that potential econocil interest.

20E-enrich9ent :te been descr:h

3.5 Ga-ild 8I(i9stown:ophindite Comp:ex in _ Africa (de Wit

9Uneralizatinn is repni-ted to be enriched mm PPGE

extreciely ited extent (2C-3(1 cm think with a strike 1en8th o

0

:s of

Stratiform solphfde in ultramafic cumulates

Orberger et al. (1988: 1989) also descrihe PPGE enrichment associated wIth

Ni-Cu sulphides in the Acoje h:ock cf the Zambales ophiolfte: they descrihe

this mineralixation hooever as heing independent of any chremite

accum It is not ent1re:y clear ohether this is a separate

9inera that descrfhed h- 58---- et al. (1958). Afurther

exaole, in Onib-Pa9isana Snda 's
abstrant h - (1Matheis grades are
given.



Stratfform sulonode in maffc ououfates

The one deffnfte example 2nown to the autncrs fs in the Semaff drhfolfte

and was descrihed in a recent abstract by Lachfze et al. (1990). It cocurs

in gabhrcncrirfc cuslates and fncludes dfsseminated and massfve (30-40)

sulphides. An analysfs of "one cf the richest layers" gives <8ppb Os, <3pp°,

ir, 32 pp• Rs, 4 pph Rh, 33 ppb Pt, 130 ppb Pd and 150 ppb Au. This impiles

that the contant of RGE+Ad in total solphides is fairly 1ow; at four times

the absolute values ft wodid be 1.4 ppm.

Hydrotho roa de/arse se ofneralfzatfons at varfous feve1s

This group .62 several tvoes of trneralozaticn:

coholt-arse eraff a- parbbnate fenses fn serpentf: ed


harzburdfte fn ::ne Bou-Azzer Ophfolfte, Morocco (Ffscher er af. 195t

this oineraffzaff fs rich fn gofd (>10 ppm) and generaffy contaIns


< 100 pph PGE hut locally has values of Pt up to > 2 ppm.

Cu-Ni-Co sufphide at the perfphery of podiform chromte bodies fn the

Othris Othioffte (Economou & Naldrett 1984): the analyses show values up

to 256 ppb 2t, 213 ppb Ru and 525 ppb Au. Pd is >10 ppb and the high

Pt/Pd ratic ccfncident wfth a hIgh ratio fs amcng thP factors


indicatfng a hydrotheroal origin. The mineralizatfcns are soall (the

chroffite deposits do rfor exceed 48,502 tons).

Cu-sufph:de :n fre fn shear zones fn the Trcodos and Teffca
-aa ,592e" ofneraffzatfons at Leka conrafn ur to

24,9 pr 15-39 but have Au vafues up to 4.2

Mass -des at higher feve s fn ophio-ites

Deposits of thfs type include the Lillefjeliklumpen deposit fn the Gjersvf

Island Arc Compfex (Grcnife 1938), the Fmoy deposit in the Karmoy Ophfolfte

(Bcyd et a:. 1988) and the Illinofs Rfver deposit in Oregon (Foose 1986).

All cf these are Cu-Nf sufphfde dephosffs wfth up to several ppm of hoth Pr

and Pd fn rassfve sufph;des thouo n° thev occur ar differfng p•sitions fn the
pseudcstrstfgraur Afver depfsf oaffc cuoulates, the Fazy

deposft as a lens fn a sheeted d-.-I-:e e 2fflefjeff2furpe
deposit f evef . Aff three are sosif.



PLAT= METALS 1; _SOOATES OITRAKAYIO E02:ES A7:2 POSIFORM OHROM5TITES

2.1 Summary

Samples of chrcmdtite mtneralizatfon and host rock from 39 Lsolated
ultramaftc complexes have been analyzed for PGE and Au (Tables 2-5). The
anomalous PGE vaLues fctdm: are confined co samples fr= the chromdte
mineralLzations che size of whtch fs such that they are flAlt of economtc

Lnterest even wfth the thecretLcal added valne of theLr PGE-content.

The majorfty of chromrtite denosfts sampled and ana1yzed for all PGE
would amnear cc have :eaklv ar, less commonly, strongly anomaLcus
concentratfons cf TPG5. A few have, ac Least lccally, ancmalcus

ccncentracions cf. PPG5: chese Lnclude che Osthammeren and Ornstclen
mfneralizatfcns which have been studfed fn detail. The richest singfe
analysis is frcm a sample of chromitite from the Osthammeren body in the
Rdros area: it contalns ppm total PCE, of whieh 9.3 ppm Pt. The average

of 12 sampfes from Osthammeren is 1.5 ppm total PGE which is also the
h:ghest average fdr any single field cf chremtitite denoslts.

The chromtotites are ases, cf cons.ferable mineralocfca_
Lnterest. Numercus nerals not previous1y renorced Ln

:hdrway have been founc: several cf these appear net tc have been recorded
elsewhere efther. The mineralocLcal studies aLle3: the divfsfcm offche PGM
tnto crtmarv macmatLe late magmatfc•hydromhermal mtnerafs and sectondary

hydrothermal mtnerals and Lncrease cur an :ledne of che decree of solLd
sclutLcn between the 3G5-su:pharsentdes.

2.2 Platinum-group inclusions in chromi t ite fram the Osthammeren
ultra=afic ceca scuth central Noo

Thls subcroject h - a stndv cf the PGE-cecc:
Osthammeren chrc.oot:te :'tneraltdat n and Lts hest serrentonate and a
detailed exanrnaoinncf tre platinun group mtnera:s: the Latter Ls the main
topfc of a brief paper is 1n press :Nilsson 19991, offwhfch a fuller
version, as submdtt atzcn fn Norsk Geodedisk Tfdsskrfft, is
included fn Vol. fftrue repert.

Twelve sampfes off r,'mrnrtlte frem. Ostnanmeren and ten of che host
serpentLnLte have heen analyzed for all the PCE and Au (Table 6), in

additfon to the initial analysis fcr Pt, Pd and An in the pilot project.
The average content ef PGE+Aa ln the serpentinIte samples was 39.6 ppb
whdle the chromttite saci:1ec averaued 1530 nth. This strend indfcation that
sfeyniffcant PGE enr:ehn3mt Ls cinflned tc ohe cnrem:t:te rules cut any
ecchomni_cnomenttal th:s mtneralLzat

The ccntents cf the OCE and Au fc thP cerpont1000e are wrtnrn, or
eicse to the randes reynrted fcr che contents ef these elements fn mantle
harzburgfte by Barnes et al. (1985) excenm for Au c:htch Ls 3.5 pph hfgher
at Osthammeren. The cuccJects offthe individual PCE. Lh the averace of the
results from Osthammeocn are simflar to thcse reported fmom several
chromitftes descrihed in the lLterature, e.g. Skyros (Economou 1956) and
Sarold's Grave, Cnst (Prtchard et al. 1956: Gunn 1959)(see Fig. 9 in the
naper in Vo1.2). The h:ndle sample containing 9.3 ppm Pt is atypical fn
relatton to the ca.inc
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Contentof platlnum-groupelements(PGE)and Au
comprising70 chromItitesamples(ref.Table

(sampleLPN78-139.

In ppb in 4 anomalouschromititesamplesfroma pilotstudy
). 1n additionanalysisof host serpentinItefromOsthammeren

Location SampleNo. Os Ir Ru Rh Pt Pd Au


 Osthammeren,
Reros dIstrict

LPN78-139 5.5 5.2 6.2 0.9 1.7 1.7 11.8


 LP32 174.2 674.4 841. 65.2 323.4 2.9 4.9

 LPN32-REP 166.3 659.2 835.8 64.9 316.1 3.0 5.2

 Skarnsdalen,Lesja LP43 37.2 47.8 128.1 21.7 265.3 157.0 56.2

 LP43-REP 36.1 46.7 120.2 20.6 252.6 149.7 52.8

 Aurtand, Lesja LP48 20.2 51.8 67.9 36.1 88.9 29.3 6.1




LP48-REP 20.5 50.4 64.3 34.1 83.5 27.6 8.4

 ørnstolen,Selsøy,Redey AK4 10.5 25.0 40.9 9.7 397.7 1621.0 832.4

Analyst: MemorialUnlversityof Newfoundland,St. John's,Newfoundland,Canada(ca.Dec. 1987?).
Method: Flre Assay and ICP-MassSpec'

Table 3
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The mineralogical studies have revealed the following two assemblages:

Os-,Ir-,Ru- and, to a lesser extent, Pt-bearing mfnerals in nrimary
magmatic, euhedral-subhedral, small (under 20 cfcrons) incfusfons in fresh
unaltered ohromfte. These consfst of mainly single-Phase fnclusfons of Os-
free faurite, Os-faurfte, oscfridium and a Pt-Sr-Os-Fe alLoy. A few of the
incltsfons are associated with small blebs of Ra-bearing hornblende cr
phlogopite, indfcating the presence of volatiles at an eariv stage in the
formation of the PGM.

Secondary PGM occurring as anhedral-subhedral, texturally complex grains
or grain-aggregates up to 70 cfcrons across and always found in cracks in
chrocitbe, usually in association with ferrite-chromite, a hydrothercal
alteration nroduct of chromite. These contain up zo efght PGM plus Nf-
suluhide and Rf-arsenide. The phases faund fnclude Os-free Laurfte, Os-
laurfte, erlfchcanfte, :r-rfch erlfchcanfte, native Os, fridcscfne,
osarsIte, hol''-gwc-f)n)te, Rh-rfch nfazarsite, Ru-rfc

platarsite, sperrylite, (:r,Rh)SbS, :rSbS, Pd-antfmcnide (probably
stibiopalladinite), (Ir,Pz,Pb)S2 (possibly a new cineral) and the
associated phases, pentlandfte, heazfewoodite and niccolite.

2.3 2nolusfons of aiatinum orcue m onerals (PGM), base-cetal sulahides
(EMS) and sulaharsenode hcst rocks froc the

Ornstofen ultramaffc teczonfte bcdy, north central Rorway

Five chromitite sacples froc the Ornstolen ultramaffc body were analyzed
for Pt, Pd and Au fn the pflot oroject (Table 2). Three samples contained
100-200 npb Pt-Pd+Au while one contained 299 ppb Pt, 1391 ppb Pd and 718
ppb Au, values later confirced by reanafysis az MemcrIal University.

The subproject reperted here has incfuded further whole-rock anaiyses of
PGE and Au contents and a cfneralogical study. Both are reperted in full In
a draft canuscrfpt incLuded fn Vol. 2 cf this report.

A further nfne samples were analyzed fn the ccurse of this project, four
chromftite sacples and ffve sacples of the host metaperidotite (see paper
in Vol.2). The host rocks contain a prograde metamorphic assemblage
consisting mainly cf olfvfne, enstatfte and tremclite, the only pricary
phase being chrocite. The metaperidctftes proved to have low contents of
the IPGE, with an :r content under haff the estfmated mantle average
(Barnes et al. 1955), while Pt-, Pd- and Au-values, whf2e szill low (all
singfe values <121 ppb) are signfficantly hOgher than the values reported
for cantle harzburgite by Barnes et al.(L585), by a factor cf two for Pt
and Pd, and a factor cf four for Au. Rcne cf the chrcmftfte samples yielded
values comnarable tc the richest sacfcle anafvzed fn the pffot project, the
highest values found befng 383.5 ppb total PGEHAu, cf which 160 ppb Pt. The
average of the five chromftite samples is 223.2 ppb total PGE+Au. The
strong enrichcent in Pt, Pd and Au found in one sample analyzed during the
pilot project must be very local. The restriction of the anomalous values
to the ohromftfte precludes any econccic potentfal fn the area.

A few snall PGM rn ans have neen founc fn chrocfne grains fn the

20



chrcml. te samTbes: the POM fciund are laurite, Os-laurite an arsite. The

occurrenae (f an arsenic-boaring pbase in what. aopears Or he an inclusion

in chrcobte is unusual (they are common in later-fcrmed hydrothermal

assemblages). A Pg-Bi-hearing phase thas found in a sample of

m.etaperidst)te. Details of the base oetal sulphides and sulpharsenides

found are Cjvern in the complete report in Vol. 2.
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Low ahundanc

Ce) , olc) ar.d associateu sg_nera1s fn the

tectonffes, Sogn cg gestern

ts• s several ultramafic lenses

3 sq.kmo: they are concentrLcaLLb, oned from
pent inite and then scapstone on thoir margins. The

aluated as a source of talc. The soapstone contains

a and because of the ease with which these could be
alc v and chemistry has been studied despite their

Seventeen _es have been analyzed for all the PGE and
gold. The resuLts sho erratic reak enrichment in several cf the elements


(see paper in Vcl. 2 for complete analytical data). The richest single

sample centains 46 pph Os, 13 pph :r, 173 ppb Ru, 41 ppb Rh, 7 ppb Pt, 17

ppb Pd ang Au. The highest sinale values for Pt, Pd and Au are found
in a s - and 16 pph respectively. SamTbes of concenthate



orepared by relatively sizople oetheads give enrichment of at least ah order

of magnitude, the richer of twc concentrates giving 2.33 pum PCSAu, of

which 350 ppb Pt, 530 ppb Pd and 340 prb Au.

Because at zhe sparsLtv cf tre cre oinerals, ard at the lle mezal-

bearing phases withLn these, mOneralsfpLcaL szudLec have rear carrLed


out un conaenzrazes and therefare do nez LncLude anv conaLderatfon cf

zexturaL relazionchLps between cre mineraLs and silicate matrix. The

predominant ore mLnerals, Ln addizaLon tc chromZte, are heazIewoodite and

cobaltite in the mietadunite, gersdcrffite, heazIewoodite, cobaltite and

pentlandite in the cerpentinite and pentlandite in the scapstone,

OndicatOns decreas:ng Ar and Ni and Zncreasing S contents from the cores of

the SedLes cutwards. Most_ cf zhe PCX fousd, excert for Lrarsize, are allovc

a` Pt • - .er PGE. One PGE -te henerize, has been fflund and

so ts af inerals are camoor.
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MSTALS IN POPIFORM CHROMPT-TE 	 DPNITE/PYROXENITE

LENSES2PYKES/VEINS IN MANTLE HARZBURGITE IN THE LEKA OPHIOLITE

The mineralizatgons considered in the above chapter occur in gsolated

ultramafic lenses most of whgch are thouaht to have originated in sub-

oceanic mantle or lo•ermost oceanic crustal rocks (g.e. ultramafic

cumubates gf they can be gdentgfied). By their nature gt gs not bossbbbe to

reconstruct thei.Y cecgcogcal envircnment and thegr decree of agteratgon

jrnetamorphism often makes it dgfficult t9 determane bbnebr orgegnag

character. The presence of a complete cphgclgte stratgarabby wgth excellent

exposure permits a much better understandgng of the nature and orbggn of

the mineragIcatIons on Leka.

The = -he Leka Ophi. e Compgex (TOC) consgsts of

mantbe harchuragbe h a olear tectongo fahrgc and contagnIna tabular


dungte hcci:es and dykes and vegns of dungte and pyroxengbe. The batter

contagn, gn many cases, a central ccbge, generally of dgssemanated chrem e,

bat lecally wgth massgve chromitite zobtes :0-20 cc thick. These

mgneralgzatIons do net have dimensions whgch givG them any dgrect economgc

signbficance but they are Important for an cnderstanding of the processes

conbroggIng ' • d:sbrgbutgon of the PGE gn bhe c:mplex.

:nroo ite-ffree ha _g_te dungte an xengbe

have geen anolvoed f r agg the PGE,-Ag 2 agg _gelded low values <SO ppb

total PGE+Au, ctoot'ananle gn general nth the mantle averace cbven by Barnes

et al. :1=b261, exceet for a sIgght posg ve Pc ancmaly whgch oculd pcssibly

be an anaivt Ical artg Sgxteen ohroc e-he sampbes were analyzed:

they revealed ntle conoennrataon bevels ute tc 5510 P.Ph, cf
which Pd. Gcmparg, n Cr analvses ehcws a

strong scsgtgve cagge' betwee- G-= togs.' b07bAu-content and

PPGE±:PGE tme Pt. Ir rabgc (see Egcs. 6 andtintb.e fcil

manuscrIgg TnG enrgcnec have PGE contents atypical an

relatgcn bb mbst low chromgtites fcg which PGE-daba is avablable in

thegr enrgc PGE: the distrihution nattern oc the 20-5,resembbes

that foondat the olaff ganeralgzatgon on Cnst -lbost an crder of

magngtuge g ncentratgon ,Egg. 2).
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Fig.3: A) Chondrite-normalized PGE patterrs of chromitites in dunitic
bocflesin mantle harzburgite in the Leka ophiolite.
C•mparison of these with corresobhding data from Unst (Pricoard
et al. 1985) and Bay of Islabd (Falkington & Watkinson 1936).
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4. PLATINUM METALS IN ULTRAMAFIC CUMULATES

4.1 Summary

The platinum metal geochemistry of parts of the sequences of ultramafic
cumulates in the Leka and Lyngen ophiolites has been examined. In the case
of Leka this study had the advantage of building on a very detailed
knowledge of the field geology, mineralogy and petrology of the rocks: the
work done on Lyngen must be regarded as a reconnaissance. That stratiform
enrichments of Pt,Pd and Au, albeit at subeconomic levels, were found in
both complexes after examination of relatively limited parts of them, would
seem to indicate a potential for richer mineralizations in both areas and a
clear potenfial for PGE-mineralizations in ultramafic cumulates in
ophiolites in general. The paner ln Vol. 2 concludes with a model for the
formation of the type cf PGE-enrichment found on Leka and gives criteria
which should be useful in a search for further mineralizations of this
type, either in the LOC or other ophiolites. These criteria include
association with reversals in the trend of cryptic variation in olivine
composition, the actual composition of the cumulus clivines and a
stratigraphic position above chromite-bearing horizons.

The stratiform mineralizations found on Leka are:
Os-Ir-Ru-enriched chromitite with up to 500 ppb PGE+Au
Pt-enriched olivine adcumulate with up to 1 ppm PGE+Au over 0.5 m
Pd-enriched olivine adcumulate with up to 1 npm PGE+Au over 0.5 m and
up to 3 pnm in hand samples.

The mineralizations have been followed over a strike length of 1500m and
have a nrobable total szrike length of about 3000m. Hand samnles from
mineralized horizons outside zhe area studied in detail have a0so proved to
be enriched in Pz, Pd and Au.

The mineralLzations found in bhe Lynsen complex would annear to be of a
slightly dbfferent type, occurring higher up in the cumuLate stratigraphy,
in association with Cu-dominated sulphLdes and without anv, even indirect
association with chromitite enrichmqnts. They do not apnear to have the
same stratigraphic regularity as the mineralizations found on Leka. The
highest concentration found was 551 ppb, of which 150 ppb Pt, 240 ppb Pd
and 150 ppb Au.

4.2 Platinum metal abundances in the ulzramafic cumulates of t e Leka
ophiolite

The examination of part of the sequence of ultramafic cumnlates in the LOC
represents the largest single subprojecb reported here. It has built on the
work of H. Furnes and R.S.Pedersen and zheir colleagues at the University
of Bergen (see paner in Vol. 2 for reference 0isb) but has involved
considerable additicnal hand sampling, zhe drilling cf over 20 shallow
drill holes (down zo a maximnm depth of 30 m), the analysis of several
hundred samples for bhe PGE and Au, of a lesser number for other elements
and a mineralogical szudy of the PGE-enriched horizons which is still in
progress.

Analysis of hand samples collected at intervals of a few metres proved
the existence of relatively weak enrichments of the IPGE (of the order of a
few hundred ppb) in association with the most prominent chromitite horizon
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in the seguence (Fig. 4), and with a chromite-bearing horizon at the base

of a cyclic unit 100 m higher up in the stratigraphy (R6). The hand samples

also indicated the existence of three hortzons enriched in the PPGE, of

which two contained >1000 ppb Pt+Pd. One of these was found immediately

above the main chrcmitite while the two others were found at the bases of

higher cyclic units.

In order to obtain complete intersections of the enriched horizons a

number of drillholes (max. depth 30 m) were drilled in three profiles, the

profiles having sezaraticns of 700 and 802 m (Fig. 5). Analvsis cf zhe

drilicore (0.5 m lengths) confirmed the exiszence of the PPGE-enrichmenz

just above the main chrcmitite (Figs. 4,5), showing that it consisted of

two horizons, and showed the presence cf PPGE-enriched horizons associated

with the bases of the cyclic units immediately below (R2) and immediately

dbove (R4) the main chrcmitite (itself characterized as R3). The enrichment

associated with R6 was aiso found but the core samples had a maximgm

content of PGE-Au cf 222 cpb, suggeszing zhat the hand sampie from this

horizon, which contaIned over 2.2 ccm was collected from the richest parz

of the horizon. The enrichment found to be associated with R5 from the

analysis of the hand samples was not intersected by any of the drillholes.

The richest driliboole intersection is in drillhole 87A1, acrcss the

lowermost enrichmant ahove the main chromizite (R3) i2 profIle B (Flos.

4,5). It contaIns 0.5 m Jf more with I099 ccb PGE-Au, of which :40 ppb Pz,

780 ppb Pc) and :70 ppb Au, and averages 609 ppb PGF-Au over 1.5 m of core.

The last 0.5 m of drillhole 8881 (Fig. 5) contains 966.5 ppb PGE+Au,

associated with the enrichment at R4, and averages 680 ppb PGEJ-Au over the

last 1.5 m of the hole: we 10 not know the average cemposition at this

iocality because the hcIe szops in zhe middle of zhe mineralized none. Bci

8862 inzersected zhe PPCF, enrichmant abcve R2, which gave 82: ppb PGE-Au,

of which 390 opb Au, oven 0.5 m: the follcwing seven samples reoresenzihg

3.5 m of core averaged over 370 ppb Au buz showed only very weak enrichmant

of Pt and Pd: this Au enfichment is thought to be hydrothermal.

The Pt-Pd-enricheg horzons have a PGE-zeochemLszry sImil r to that

found in stratiform PGE mineraiizati=s such as the Rerenskv and Johns-

Ranville reefs, found in large layered intrusions in crazons, though az

somewhat lower absolute concentratiOns (Fig. 6). Further features in common

with these mineralizatichs are very limited thickness, large lateral extent

and a close relationship to the bases of cgclic units, i.e. pointing to a

genetic link with influx I fresh sagma pulses and oxing of zhese with the

magma resident in the chamier. The leka mIneralizations contrast with those

mantioned above in that zhey cccur much deeper in the cumglate

stratigraphy, in association with olLvine adcumglates, while the well-known

reefs occur after the crystallization of cumglus plagioclase ccmcances. The

variations in compoaitich of the mineralizations on Leka indicate that the

Pt-enriched horizons ocour just below those that are enriched in Pd and

that the formar are well-deveicpad close zo the presumad mazma feeder while

the reverse is the case for the Pd-enrichel ho.rizonR.
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Fig. 5: Relative positions of drillcores through PGE+Au mineralizations in
the ultramafic cumulates at Leka wi_th data on IPGE- and PPGE+Au
contents.
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The occurrence of the PPGE enrichments ts related to the mixing of a
primitive magma fn equittbrium with otivine of composition Fo93-92 with a
slightly more evolved magma (in equi1ibrium with Fo90-85): mixing of the
two magmas faci1itated the preciptation of both chromite and sulphides
/arsenides, a model which builds on the worb of Irvine (1977), Campbell et
al. (1983) and Naldrett & von Gruenewaldt (1989). Nd-isotope studies of the
PGE-enriched cumulates show thaz thep crystalltzed from a magma with
MORB/2AT affinity: catcafation of its probable original PGE content
s---es-0 z`a- 't 5t-1^ ze of rn-oh'- the =a-e trder as thaz of the
boninittc parental magmas postulated for the Bushveld and Stillwater
intrusions (2avfes & Tredoux 1985: Zientek et al. 1986).

The mode1 should enable the prediction of which type of cyclic unit fn
the ultramafic cumulates of ophiolites should be favourable for the
occurrence of PPGE-enrtched horizons: it is probable that further horizons
of this type can be found in the Leka ophiclite. It is regarded as highly
orobab1e that many such hortzhns wift be found in cohicitte complexes with
well-develcoed sequences of ultramaftc cumatates, narbtcutarly when the PGE
deochemistry of the narts cf cpctto untts tmmedtatety above the chr -e

hcrizcAs or the bases of cpctic un'ts tn generat, whether marked by
chromite enrichment or nct, are studied. Amang the comfftexes tn which the
oreconcittons for mineratizattons of this tpoe would seem to be present are
the Semall ophiolite fn Oman (Lippard et al. 1986), the Bay of Islands
ophioltte tn Newfoundland (Dunsworth et al. 1986) and, of less well-known
examptes, the Pozanti-Karsanti ophiolite in Turkey (Rahgoshay et al. 1987),
which ts reported as containing chromite-bearing olivine cumalates over a 2
km thickness wtth sever,' d---htck "rom'z't ncrizons fer everp metre.

4.3 Ptattnum 2tat attund. es amAftut cumatates "ht.

offhfolite

A reconnaissance of ultramafic bodles in the m.ore accessible parts of the
Lyngen ophiolite was carried out'in 1987-82 as a collaborative project
between Norges geologiske undersckelse and Troms fylkeskommune. The Lvngen
ophiclite is by far the larcest in Norway, with a tota1 strike length of
over 80 km, but it is atso disrupted and strongly deformed and has an
Incomplete strattgraphy. Mantte harzhurgtte and ultramafic cumatates are
oresent, but as tectstr'n=''y ehp:aced pcds cf which the tarcest, at Russetv
tn the northernmost nart cf the 1pngen pentnsuta, is about 6 km lcng. The
ophictite is dettmited tc the west Up a tectontcally dtsturbed ercstonal
anconformity which ts overlatt) Up a sedimentary sequence which contatns å
series of serpentinite tenses at a speciftc leve1 just over 1 km above the
unconformity.

133 samples from uttramAfic hod'es on each side of Kjosen, east of
Russelv (Fig. 7) and from the serpenttnite tenses in the sedtmentary
seguence overtytng the sphtottte were anatyced for PGEf-Au. The 9
serpentinite samptes gave ut'firt'y -='-e=, <36 opb totat PGE-Au. 73

sambles from metadunftfc budtes, pt./nahl, trigt_ally cumalates, at Ejosen
ytelded values predominantty <50 pph PGE-Au, with a maxfmam of 106.5 ppb
PGE+Au, of which 83 ppb Pt. The weak enrtchment found in these rocks is
consistently cf Pt. 51 samples of metamorphosed olivine- and ottvine-
clinortyroxene cumulates from the Russe1v ultramafic body gave more positIve
results: these rocks locally contatn vistble chalcopyrite-pyrrhottte



ELg. 7: Geology of the i gen idenLnsuLa ased on Boyd & Minsaas 1953 a,b)

dLssedlnation, altered tc bornite and dLgenLte: there Ls a pcsitie
correLation between nob:e metal content and scLphide content. The ridhest
samples contain over 100 ppb each of Rt, Pd and Au, with a maximum of 550
ppb PGE+Au. The samples from Russelv have higher Au/Pt and Pd/Pt ratios
than those from the Kjosen area. The absolute grades are similar to those
reported from a mineralLzation in mafic cumulates in the Semail oph clite
by LachLze et al. (1990) but the latter has a much higher modal % of
sulphLdes which indicates that the Lyngen mLneralization in which the
actual volume of sulphLdes is cnly a few percent at mcc.st,would have a much
higher grade of noble metals on 100% sulchide, a frequently gcoted
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parameter (e.g. Naldreft 1981).

The discovery of noble metal enrichments after such a limited

reconnaissance of a small part of the complex indicates that a potent al

for finding further horizons of this type, possibly at highen levels mn the

stratigraphy Ms present and fhat fhe possibility of fMnding nicher

ccncenfraficos canocf be rmled omf.
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5. PLATINUM METALS IN HIGHER LEVEL MINERALIZATIONS

All the Norwegian ophiolite complexes which have been studied
petrologically in any detail have been shown to contain components formed
in island arc environments, and are regarded as supra-subduction ophiolites
(Pedersen et al. 1988). If the definition of ophiolite is broadened to
include predominantly island arc-derived copmlexes, with lesser components
formed at ridges, then we have two high level PGE-bearing mineralizations
in ophiolites in Norway, the Fæcy deposit in the Karmoy ophiolite, and the
Lillefjellklumpen deposit in the Gjersvik island arc complex. Both are
deposits of massive Ni-Cu sulnhides with associated PGE and small amounts
of Au. For both depcsits the samples analyzed average 1.8 ppm Pt: the
values from Fæoy for Pd average 4.76 ppm while the corresponding average
for Lillefjellklumpen is 3.07 ppm. Gold contents average 101 and 219 ppb
respectively. The Lillefjellklumpen mineralization is tiny and that at
Fæoy, small - its probable original tonnage was of the order of 40,000
tons: no further deposits of this type have been found in Norway and
deposits with similar characteristics in ophiolites in other parts of the
world also seem to be of very limited size: there would not seem to be a
potential for deposits of this type with economically interesting
dimensions but should this conclusion prove to be wrong, grades of Pt and
Pd of the leve1 found in the two deposits in Norway would make deoosits of
even a modest size economicallv attractive.

The Lifiefjeliklumoen deposit is located in the Gjersvik island arc
complex, north-east of Grong in N-Trondelag (see paper by Gronlie in
Vol.2). The host complex is intercreted as an ensimatic is1and arc, the
mineralization itself being associated with a small gabbroic intrusion at
the base of the volcanic level of the comclex. The mineraiization consists
of massive sulphide, dominated by pyrrhotite, pyrite, pent1andite and
chalcooyrite, with an average grade of 3.6% Ni and 1.2% Cu (Gronlie 1988).
The averages of eight samples analyzed for all the PGE+Au are 139 ppb Os,
170 ppb Ir, 189 ppb Ru, 214 ppb Rh., 1799 ppb Pt, 3068 ppb Pd and 219 ppb
Au. These values compare closely with thcse for typical mineralizations at
Sudbury (Naldrett 1981). The PGE are hosted in merenskyite, sperrylite,
moncheite and temagamite, the mineralization being very unusual in having
merenskyite as the dominant nlatinum group mineral.

Detailed study of the Fæøy deonsit has noz been given high priority
because it has been the topic of an M.Sc. thesis being carried out by a
student from Memorial University, Newfoundland: unfortunately the
completion of this project has been delayed. The mineralization is a
massive su1phide deposit located in the dyke complex of the Karmoy
ophiolite. It outcrops at sea-level and most of the workings from mining
activity early in this century and late in the last are under water. It is
a Cu-Ni deposit but with highly variable Cu/(Cu+Ni) ratios, varying from
0.3 to 0.75. The average of six samnles analyzed for PGE+Au is 234 ppb Os,
195 ppb Ir, 219 ppb Ru, 244 ppb Rh, 1794 ppb Pt, 4760 pnb Pd and 101 opb
Au.
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6. PLATINUM METAL GEOCHEMISTRY OF SUCCESSIVE MAGMA TYPES IN THE KARMØY

OPHIOLITE

The upper levels of the Karmoy ophiolite inolude volcanic rocks of several

different types - mfd-ocean ridge basalts (MORE), island arc tholefites

(IAT), bonfnites, calcalkaline and alkaline basalts. Investigazfon of the

PGE geochemistry of these rocks allows the foliowing conclusfons to be

drawn:

I) The boninftes and calcalkal ne basalts have higher PGE-contents than the

other serfes.

The boninites show a bfmodal distribution of PGE abundance. The PGE-

enriched boninfzes have chondrfte-normalfzed PGE patterns similar to

those found in boninites in modern island arcs, while the PGE-depleted

boninites have patterns resembling those in the other series (MORE, IAT,

alkaline).

The bimodal dist fbution of PGE abundance in the bonfnites is probably

related zo sulohor saturation and enrichment of PGE in the suinhides,

the Fæcy mineraffzation probably being a product of this process.

The considerable variations in ENd ratio in the boninftes fridicate that

the magma did not differentiate in a large steady-state magma chamber,

as did the MORB/IAT series. It would thus seem to be unlikelv that large

layered intrusfons of boninitic narentage and containing 2--a—iform PGE

enrichments wiff be found in the Karmoy or other cphfolite comolexes.

The apparent difference in PGE-content between MORB/IAT magmas and the

PGE-enriched bonfnites is also ascribed to later sulphur saturation in

the latter.

Rock complexes wfth boninitfc parental magmas in ophfolites shculd not

be regarded as narticularly favourable for PGE-enrfchmont fn relation

to others with MORB/IAT parental mogmas.
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7. CONCLUSIONS

The most important finding within the prcject is the discovery and

documentatton of stratiform PPGE mineralizations in ultramafic cumulates in

the Leka ophiolite and of indications of similar mineralizations at a

stratigraphically higher level in the Lyngen ophiolite. The Leka

mineralizations are of a type the existence of which in ophiolites has not

heen (well) documented before and which has several characteristics in

common with stratiform PGE enrichments in large layered intrustons. Though

subeconomic, the mtneraltzations indicate a oossible potential for horizons

with higher PGE-contents in the two ophiclites examined and a clear

potential for PPGE mineralizattons in ophiolites with well-developed

sequences of ultramaftc cumulates in general. The model developed for the

mineralizations in the Leka ophiolite (see paper in Vol.2) gives criteria

which should assist in the selection of ophiolite complexes with PGE-

potential and the location of targets within them.

SampLes from numerous podtform chromdctte mineralizaftons have been

analyzed and several of the deposics have been studied in detail. Several

deposits, tncluding those on Leka, have froved tc be enriched in PPGE,

unlike most of the examples described in the literature which are enriched

in IPGE. The PGE enrichment is confined to chromite-bearing rocks and, at

least on Leka, shows a postive correlation with Cr-content: the small size

of the chromitite mineralizations precludes any economic potenttal in the

Norwegian examples. The largest exampLes described in the literature are

also relatively small (<5 million tons) which suggests that only the very

largest podiform chromitites could he inceresting targets for PGE-

exploitation and then only if they wore enriched in PPGE.

The PGE-enriched massive Cu-Ni sulphide and hydrothermal Cu-sulphide

mineralizations examined are also too small to have economic importance.

Studies of the isotope- and PGE-geochemistry cf the differenc volcanic

suites in the Karmuy oohtolite and of the cumulates in the Leka oFhiolite

suggest that rock suites with boninttic parentage shouLd not be regarded as

particularly favourabte for PGE-enrtchmenc in relation to suites with

parental magmas of MORB/IAT affinity.

The project has demonstrated that the availability of new analytical

technology (ICP-MS) which allows the raptd analysis of all the PGE at a

reasonable cost, can lead to the discovery cf new mineralizations and

potentially to new mineralizattons of economic significance. It shows

further the advantages which a well-deyeloped, well-exposed ophiolite

complex has as a natural laboratory for che study of the processes

controlling PGE-enrichment (as opposed to.many layered intrusions in

cratons) in that potential magma source rocks, feeder channels and the end

products of the magmatic evolution can he sampled as well as the immediate

host rocks and the mineralizations thembeives.
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