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PREFACE 

The 5th International Platinum symposium will be held in Otaniemi, Finland, on August 
1-3, 1989. The symposium is organized by IAGOD Commission on Ore Deposits in Mafic and 
Ultramafic Rocks and is sponsored by the Society of Economic Geologists, the Geological Sur-
vey of Finland and the Geological Society of Finland. 

Previous Platinum Symposia focused on ore deposits, geology, mineralogy and geo-
chemistry of the platinum-group elements (PGE). These subjects are still topical in 1989. 

Owing to centralized production and growth in demand for PGE in modern industrial 
applications, PGE have become strategic precious metals. Exploration for PGE has therefore 
increased in all parts of the world, and knowledge of their geology and geochemistry has grown 
along with the accumulation of accurate analytical data. More and more interest is being shown 
not only in deposits associated with fractionation of mafic magma but also in those in other en-
vironments such as ocean floor and other sedimentary strata. Hydrothermal and metamorphic 
mobility and accumulation of PGE are a subject of keen study and lively debate and new expe-
rimental data have now been reported on the hydrothermal origin of PGE deposits. 

Almost 90 papers were submitted to the 5th Platinum Symposium. This is far greater 
number than it would be possible to present orally during the Symposium. The organizers had a 
difficult task compiling the programme so that our large audience would be equally interested in 
the oral presentations and the poster display. The Geological Society of Finland kindly offered 
space in the Bulletin of the Society for publication and distribution of the latest data on PGE. 
Topical classification of the abstracts was made by the editor. I thank the personnel of the 
Department of Geology, University of Turku and Mrs. Soile Glumoff for preparing of the 
manuscripts ready for printing. 

Turku, June 1989 
Heikki Papunen 
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1. PGE IN LAYERED INTRUSIONS 

1.1 
VERTICAL AND LATERAL VARIATIONS IN THE PETROLOGY, 

STRUCTURE AND MINERAL CHEMISTRY OF CYCLIC UNIT 1 OF THE 
DARWENDALE SUBCHAMBER OF THE GREAT DYKE, AND THEIR 

BEARING ON PGE AND BASE METAL MINERALIZATION 

A.H. Wilson 
Department of Geology, University of Natal, Pietermaritzburg, RSA 

A.J. Naldrett 
Department of Geology, University of Toronto, Toronto, Canada 

The Great Dyke of Zimbabwe is a highly elongate intrusion with wall/floor rocks dipping at shallow 
angles towards a central dyke-like feeder and comprises two main magma chambers (North and South Chambers). 
Each of the magma chambers is divided into a number of subchambers on the basis of structural and lithological 
breaks along the length of the Dyke. Those in the North Chamber are (from north to south) the Musengezi, 
Darwendale and Sebakwe Subchambers. This study concerns the largest subchamber (Darwendale) which is 175 
km long and up to 10 km wide. The layered succession of the subchamber consists of a lower Ultramafic 
Sequens (2000 m thick) overlain by 1000 m of the Mafic Sequence. The Ultramafic Sequence is broadly .divided 
into the lower Dunite Succession and the upper Bronzitite Succession, the latter comprising cyclic units with a 
basal chromitite, overlain by dunite or harzburgite and passing upwards into bronzitite. Cyclic Unit 1 occurs at 
the top of the Ultramafic Sequence and represents the critical transition from olivine and bronzite cumulates 
through websterite into the overlying mafic rocks. 

Cyclic Unit 1 is divided vertically into six subunits ( la-l f) on the basis of lithologies and mineral 
compositions. In the axis of subchamber the base of Subunit la is marked by a narrow (<3 m thick) olivine 
bronzitite layer, and although this layer dies out towards the margins, the boundary between subunits remains 
identifiable by marked changes in grain-size and mineral compositions. The upper part of Subunit la is a 
websterite which imediately underlies the gabbronorites of the Mafic Sequence. PGE enriched sulfide 
mineralization is contained in Subunits la and lb. In Subunit lb the mineralization occurs as a broad (10-20 m 
wide) disseminated zone with less than 2% sulfide. This contrasts with the sulfide mineralization of Subunit la, 
located at or just below the base of the websterite layer, which is much narrower (1-2 m wide) but contains up to 
10% sulfide and is of potential economis importance. Cyclic Unit 1 as a whole becomes much thinner towards 
the margin and more orthocumulate in character. This lateral variation has a marked influence on the 
mineralization. Towards the margins of the subchamber the uppermost sulfide zone becomes highly compressed 
and strongly enriched (in the whole rock) in PGE and base metals over a shorter vertical iterval compared to the 
axis. Conversely there is a decrease in concentration of PGE's and base metals in sulfide in the whole rock 
towards the margin. The lateral variations in mineralization and layering characteristics are asymmetric across the 
geometric axis of the Darwendale Subchamber and, compared to the axis, the eastern side shows less extreme 
differences than the west side. 

Cumulus bronzite of Cyclic Unit 1 shows a relatively small but progressive decrease in En content 
upwards in the succession as a result of in situ crystallization and fractionation. Reversals in mineral 
compositions are attributed either to minor influxes of primary magma or overturns within the chamber. The 
olivine bronzitite at the base of Subunit la resulted from a larger influx of magma temporarily driving the 
system back into the olivine phase field. Pyroxene compositions in the upper bronzitites of Subunit la adopt a 
trend of markedly increasing iron content towards the base of the Mafic Sequence. The rapid transition from 
bronzite through augite cumulates to the first appearance of plagioclase on the liquidus, as well as the iron 
enrichment trend, are itcrpreted to result from mixing of a relatively primitive magma at the base of the chamber 
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with more evolved liquid derived from the roof. Erosional structures at the top of the websterite layer may be 
related to this mixing event which also induced precipitation of sulfides. 

These complex lateral relations reflect the strongly varying thermal conditions on the magma chamber 
due to its flared or trumpet shaped structure in transverse section. In this part of the succession effective heat loss 
would have taken place from the wall/floor as well as from the roof. Relatively small irregularities in the floor 
of the chamber may have had a marked local effect on the styles of crystallization, mineralization and layering 
characteristics. 

1.2 
DISTRIBUTION AND CONTROLS OF PLATINUM GROUP ELEMENT 

MINERALIZATION IN CYCLIC UNIT 1 OF THE GREAT DYKE, ZIMBABWE 

A.J. Naldrett 
Department of Geology, University of Toronto, Toronto, Canada 

A.H. Wilson 
Department of Geology, University of Natal, Pietermaritzburg, RSA 

The uppermost cyclic unit of the Great Dyke contain several zones of sulfide mineralization. Zone 1, the 
Main Sulfide Zone (MSZ), consists of multiple overlapping zones, occurs at the top of the main bronzitite layer 
and consists of disseminated pyrrhotite, chalcopyrite, pentlandite and pyrite, increasing from about 2 percent at 
the axis to 6 percent near the margin. Sulfide Zones 2 and 3 are more attenuated than Zone 1 and extend over up 
to 80 m, but they contain < 1 percent sulfide. 

Essential features of the mineralization include: 
1) Pt, Pd and Au in sulfide underlying each sulfide zone increase as the zone is approached. 
2) Pt, Pd and Au in sulfide drop sharply upwards into each sulfide zone, Pd more sharply than Pt, and 

both much more sharply than Au. 
3) Pd/(Pd+Pt) thus drops sharply just above the base of a zone and Au/(Au+Pt) increases across a zone. 
4) Cu in sulfides remains constant, thus Cu/(Cu+1000 x Pt) rises sharply to a value of 0.8-0.9 at the 

base of a zone. 
5) Pt and Pd in sulfides remain low in any given zone, but at the top of a zone both start increasing; 

Pd/(Pd+Pt) rises rapidly to about 0.6 and Cu/(Cu+1000 x Pt) declines gently to level out between 0.2 and 0.4. 
6) The base of each sulfide zone corresponds closely with a maximum in the Mg# of bronzite. 
The systematic upwards decrease in Pd, Pt and Au in the sulfides of a zone can be explained as the 

consequence the fractionation of liquid sulfide from volumes of magma, with the partition coefficients decreasing 
in this order. A very reasonable match is obtained between observations and the calculations for the trends of 
absolute metal concentrations in both sulfides and rocks and the trends of metal ratios by modeling the behaviour 
of Pd, Pt, Au and Cu for simple Rayleigh fractionation using partition coefficients of 10 4- 5, 10 4, 103-5 and 250 
respectively. It is suggested that normal crystallization resulted in sulfide saturation of the magma and thus the 
initiation of sulfide zones 2 and 3, that mixing with primitive magma caused the cessation of sulfide segregation 
in each case and the replenishment of the PGE. Sulfide zone 1 is thought to have been induced by the mixing 
between less and more fractionated resident magma, the latter coming from the flanks of the intrusion. 
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1.11 
PLATINUM MINERALIZATION IN THE MUNNI MUNNI LAYERED 

INTRUSION, PILBARA BLOCK, WESTERN AUSTRALIA. 

S J. Barnes, J.R. Mclntyre, B.W. Nisbet and C.R. Williams 
Hunter Resources Ltd., Perth, Western Australia 

The 2.8 Ga Munni Munni Complex occupies an elliptical 9 by 25 km area, the southern half of which is 
covered unconformably by a 2.7 Ga volcanic sequence. The Complex consists of a lower 1850 m thick 
Ultramafic Series (UMS) and an upper Gabbroic Series (GS) at least 3000 m thick, and is in the form of an 
elongate funnel. The UMS is made up of macrorythmic cycles of dunite, wehrlite and clinopyroxenite, while the 
GS shows an uninterrupted fractionation trend from pigeonite gabbros through pigeonite - magnetite gabbros to 
granophyres. The base of the GS is very sharp, and marked by simultaneous appearance of cumulus plagioclase 
and pigeonite. At the top of the UMS is a distinctive 30 m layer of porphyritic orthocumulate websterite, which 
continues up the side walls as a marginal zone in contact with progressively more fractionated gabbros. A 
pyroxenite dyke intersects the sloping floor of the intrusion at a level close to the top of the UMS, and appears 
to have fed the websterite layer and the GS. 

Cu-rich magmatic sulphides are weakly disseminated throughout the websterite, increasing in abundance 
to 1-3% in a semi-continuous layer a few metres below the gabbro. This layer extends over 8.2 km, averages 2.5 
m in thickness, and has an average grade of 2.9 g/t Pt+Pd+Au, 0.2% Ni and 0.3% Cu with local higher grade 
zones. Peak PGE grades show very sharp upper cut-offs, and are commonly offset by about 1 m below the peak 
Cu and Ni grades, a feature common to the main PGE horizon of the Great Dyke which also shares a very similar 
stratigraphic position. PGE grades become lower and more widely dispersed further away from the intrusion 
walls. PGE-enriched sulphides also occur close to the websterite-gabbro contact where the websterite occupies a 
marginal position on the side wall. 

Microprobe data on cumulus pyroxenes indicate that the websterite crystallized from a mixture of a 
relatively Mg and Cr rich "M" magma, parental to the Ultramafic Series, and an Fe-rich, strongly Cr-depleted 
gabbroic "G" magma. Pyroxenes from the PGE horizon are very low in Cr, suggesting that they crystallized 
from a "G"-rich hybrid. 

The websterite formed as a result of an influx of dense "G" magma which ponded on the floor of the 
chamber. Crystallization of websterite occurred where the interface between the lower dense hybrid liquid layer and 
the upper, hotter "M" magma abutted the sloping floor and walls of the intrusion. As influx continued the level 
of the interface rose, and the websterite layer transgressed progressively up the wall. The upper few metres of the 
websterite, including the PGE-rich sulphides, accumulated during a period of quiescence at the end of the influx 
phase. Subsequent closed system crystallization produced the Gabbroic Series. 

1.4 
THE GEOLOGY AND PGE MINERALIZATION OF THE WONDINONG 

SEQUENCE, WINDIMURRA COMPLEX, WESTERN AUSTRALIA 

R.J. Perring 

Pancontinental Mining Limited, Perth, Western Australia 

J.H. Vogt 
Consultant Geologist to Degussa AG, Frankfurt, FA. Germany 

The Windimurra Complex is a large (80 x 30 km) layered mafic igneous intrusion, 2800 m.y. in age, 
which lies 500 km northeast of Perth in the Yilgarn craton of Western Australia. The lower section of the 
stratigraphy is exposed in the Wondinong area in the northwestern part of the Complex. The Wondinong 
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sequence, which is approximately 5000 m thick, has been subdivided based on the cumulate sequence and whole-
rock mg value (atomic % 100 x Mg/Mg+Fet), into five principal divisions: Gabbronorite, Anorthosite I, Norite, 
Anorthosite II, and Troctolite series. Two zones of platinum-group element (PGE) mineralization have been 
located within the 1200 m thick Norite series. Zone A mineralization ranges up to 2 m in thickness, and is 
associated with massive and disseminated chromite at the base of a 5 m thick dunite layer. Lenses of chromitite 
up to 0.3 m thick within this zone host erratic high-grade mineralization which has assayed up to 8.2 ppm PGE. 
The chromitite contains the platinum group minerals sperrylite, cooperite, and a range of Pt-Pd-Os-Ir-Rh 
species. Zone B mineralization lies 50 m stratigraphically above zone A mineralization, and is associated with 
disseminated sulphide (0.5%) within a 0.8 m thick layer of pegmatoidal leucocratic norite. This zone has assayed 
up to 1.7 ppm PGE. PGE concentration is interpreted to have resulted from the interaction of a new pulse of 
PGE-enriched sulphur-undersaturated magma with a more fractionated sulphur-saturated resident magma. 

1.5 
PLATINUM-GROUP ELEMENT MINERALIZATION IN THE LONGWOOD 

IGNEOUS COMPLEX, NEW ZEALAND 

A. Cowden, P. Nicholson and P. Waterman 
Sigma Resources, Box 29-090, Auckland, New Zealand 

R. Ruddock 

University of Auckland, Geology Dept., Private Bag, Auckland, New Zealand 

A. R. Reay 
University of Otago, Geology Dept. Box 56, Dunedin, New Zealand 

The Longwood Igneous Complex is situated at the southern tip of the South Island of New Zealand. The 
Complex is some 32 km long and up to 12 km wide and is part of a more extensive north-trending belt of 
Permian volcanic, volcaniclastic and intrusive rocks. 

Although the Complex is poorly exposed, four main rock associations can be recognised: 
(i) Pahia Layered Series - an extensive gabbro sequence exhibiting the characteristic features of layered 

intrusions. 
(ii) Marginal Diorite Series - a complex series of massive and xenolithic diorite/monzo-diorite rocks 

related to the layered series. 
(iii) Pourakino Granodiorite - a large sodic granodiorite stock. 
(iv) Granitoids - a number of small granite intrusions. 
A two year exploration programme located significant platinum-in-drainage anomalies and went on to 

define a 10 km x 1 km source area of largely plagioclase-rich olivine-bearing cumulates within the layered series. 
Platinum-group element mineralisation in float rocks and significant platinum-in-soil anomalies have been 
found within this zone. Lithologies exposed near the mineralisation-in-float rocks are similar in modal 
composition and mineral chemistry to the anorthosite-troctolite-olivine gabbro associations within the Banded 
Series of the Stillwater Complex. The mineralised rocks are leucocratic plagioclase-olivine adcumulates with 
minor clinopyroxene oikocrysts and sparse (<0.5%) sulphides. Sulphides are pyrrhotite, chalcopyrite, pyrite and 
secondary copper sulphides. Cooperite, sperrylite, osmiridium, isoferroplatinum and plat- and palladoarsenide 
grains have been found in alluvial deposits derived from the complex. The normalised precious metal content of 
the mineralised rocks is similar to known economic mineralisation [(Pt + Pd)/S x 10 3 = 70-100] and highlights 
the potential for a large stratiform platinum-group element deposit in the Complex. 
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1.11 
6 THE PLATINUM MINERAL POTENTIAL OF THE DUFEK COMPLEX, 

ANTARCTICA 

F.J Kruger 

BPI (Geophysics), University of the Witwatersrand, Wits 2050, RSA. 

M J. De Wit Department of Geology, University of Cape Town, Rondebosch 7700, RSA. 

The Dufek (greater than 50 000 km?) and Bushveld (65 000 km?) Complexes are the two largest layered 
intrusions on the Earth by an order of magnitude. A comparison of the tectonic setting, geology and petrology of 
these two mega-intrusions indicates a number of significant similarities and differences. 

The Dufek Complex (DC) intruded the edge of a transtensional intra-continental rift which developed 
during the initial break-up of Gondwana. There is increasing evidence that the Bushveld Complex (BC) was 
intruded in a similar tectonic setting. The ca 7-9 km thick DC compares well to the eastern BC. DC equivalents 
of the lower Main Zone (gabbro-noritic rocks) and Upper Zone (ferro gabbro-noritic rocks) of the BC are exposed 
in the Dufek Massif and Forrestal ranges which are separated by an unexposed 3 km thick succession which is 
equivalent to the Main Zone of the BC. Geophysics indicates that a further 1.8 to 3.5 km of unexposed Lower 
and Critical Zone type rocks occur below the Dufek massif section. The DC succession contains mineralogical 
and geochemical reversals similar to those of the BC. This strongly suggests that the chambers of both 
complexes were periodically replenished with fresh magma. These replenishments may have resulted in a 
Merensky type PGE deposit. 

Both the Bushveld and Dufek magmas were derived from a relatively enriched source as indicated by the 
relatively high initial Sr-isotope ratios of both intrusions and their parental magmas. Comparison of the 
chemistry of the layered rocks, and possible parental magmas, indicates that the DC magmas were more CaO rich 
than those of the BC, and always had augite as a liquidus phase. Consequently thick chromitite layers which are 
prominent in the BC are inferred to be absent in the DC. Chromitite hosted PGE deposits such as the UG2 are 
therefore unlikely to occur in the DC. 

On the basis of stratigraphic, geochemical and petrological similarities and differences we believe that 
there is a better than even chance of a sulfide based Merensky type PGE deposit in the Dufek Complex, the main 
detracting factor being our inferred lack of chromite in the succession. 

1.7 
THE ROLE OF SULPHUR CONTAMINATION IN MAGMATIC CU-NI-PGE 
MINERALIZATION IN THE CRYSTAL LAKE INTRUSION, THUNDER BAY 

AREA, ONTARIO 

O. Roger Eckstrand 
Geological Survey of Canada, Ottawa, Canada 

Ersen H. Cogulu 
Minerco, Ottawa, Canada 

The Crystal Lake gabbroic intrusion (1.1 Ga) is a small, unmetamorphosed, canoe-shaped layered 
intrusion of continental flood basalt affinity that is related to the Duluth Complex, and contains two distinct 
types of magmatic Cu-Ni-PGE mineralization. 

Disseminated interstitial sulphides (pyrrhotite > chalcopyrite + pentlandite) are most abundant in the 
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Lower Unlayered Zone (LUZ, 60-90 m thick), a medium-grained to pegmatitic xenolith-rich plagioclaselolivine 
orthocumulate immediately above the basal contact zone. This mineralization constitutes the low grade Great 
Lakes Nickel deposit (40 Mt, 0.40% Cu, 0.20% Ni). Total Platinum Group Elements (PGE) in 100% sulphide = 
29 ppm, and the PGE profile has a moderate positive slope, Pt/Ir = 40 (Naldrett, 1981). Most of the PGE and 
base metals correlate well with each other, but only Co correlates with S. Sulphur isotope and Se/S ratios 
correspond closely to those of the underlying Aphebian pyritic shales. 

Sparse disseminated sulphides (mainly chalcopyrite and cubanite) in the overlying Cyclic Zone (CZ, about 
40 m thick) are associated with thin (1 to 10 cm) chrome spinel-rich horizons in olivine gabbro and troctolite 
layers having ad-, meso-, and orthocumulate textures. Total PGE in 100% sulphide are higher (133 ppm), and the 
slope of the PGE profile is shallower (Pt/Ir = 11), compared to those of the LUZ. Cu, Ni and Pd correlate with 
S, while Os, Ir and Ru correlate with Cr. Sulphur isotope and Se/S ratios approximate mantle values, in sharp 
distinction to those of the LUZ. 

These contrasting characteristics are largely explained by derivation of the S in sulphides of the LUZ 
through assimilation of pyritic shale in the mafic magma, whereas S in the CZ may be mainly of mantle origin. 

1.8 

PLATINUM METALS IN THE PROCESSES OF MAGMATIC SULFIDE ORE 
FORMATION: A REVIEW WITH SPECIAL REFERENCE TO THE ORIGIN OF 

SULFIDE-POOR DEPOSITS 

V.V. Distler 
Institute of Geology of Ore Deposits, Petrography, Mineralogy and Geochemistry, USSR. Academy of 

Sciences, Moscow, USSR 

Magmatic sulfide platinum-copper-nickel deposits are subdivided into two ore groups, one including 
sulfide-rich deposits, the other - sulfide-poor or low-sulfide deposits. The behaviour of platinum metals in the 
processes of ore formation in these deposits may be considered on the basis of an equilibrium distribution of 
platinum metals in a pseudo-ternary system including a silicate melt, an immiscible sulfide liquid and the 
coexisting fluid. In evolving ultramafic-mafic magmas the highest solubility of platinum metals is achieved 
under high parameters in an immiscible sulfide liquid proportionally to the value of the chemical affinity of each 
platinum metal to sulphur. Maximum solubility is achieved for ruthenium, osmium, iridium and rhodium, 
minimum - for platinum. The study of abyssal xenolites of kimberlites showed that considerable solubility of 
platinum in sulfide melt occurs at mantle parameters. Sulfide liquid crystallization in a magmatic chamber leads 
to the formation of solid solutions of platinum metals, primarily in monosulfide solid solutions and later in 
products of their solid phase transformations in a subsolidus. Solid solutions of platinum metals in sulfides are 
the dominant type of their state in non-metamorphosed deposits. The composition, the conditions of the 
evolution of the sulfide liquid and coexisting fluid phase as well as the disturbance of the equilibrium between 
them in the region of the sulfides subliquidus determine the species variety and the sequence of palladium and 
platinum mineral deposition. Replacement of binary and ternary alloys by intermetallids, arsenides and sulfides of 
palladium and platinum, as well as the emergence of minerals of other platinum metals depends on the evolution 
of parageneses of magmatic sulfides. 

It is shown that sulfide-poor (low-sulfide) deposits of platinum metals which until recently have been 
restricted to the respective horizons in Bushveld and Stillwater complexes, commonly occur in ultramafic-mafic 
massifs varying in composition and structure. The composition and inner structure of low-sulfide platinum-
bearing horizons depend on penological peculiarities of intrusives. The formation of low-sulfide deposits is 
associated with the process of the interchamber differentiation of the magmatic system and with the redistribution 
of platinum metals into a fluid coexisting with the melt. 
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1.11 
MINERALOGIC AND ISOTOPIC STUDIES OF PLATINUM-GROUP 
ELEMENT MINERALIZATION AT THE BABBITT Cu-Ni DEPOSIT, 

DULUTH COMPLEX, MINNESOTA 

E.M. Ripley 
Dept. of Geology, Indiana University, Bloomington, IN 47405, USA 

The Babbitt Cu-Ni deposit consists of disseminated and massive sulfide mineralization located within 
troctolitic and gabbroic rocks of the Duluth Complex, and locally within pelitic hornfels of the underlying 
Virginia Formation. At least four periods of sulfide mineralization have been identified, based on spatial, 
textural, mineralogic, and isotopic characteristics. Platinum-group element abundances in basal zone 
mineralization range as follows (ppb): Os, 3-32; Ir, 0.6-29.9; Ru, 4-101; Rh, 1-101; Re, 2-220, Pt, 3-3000; 
Pd, 19-1100. Ir, Os, Ru, Rh, and Re show strong interelement correlations, and a moderate correlation with S (r 
= 0.7). This group has behaved as relatively immobile elements, and their distribution is related to primary 
magmatic processes. Pt and Pd, however, show very different behaviour, exhibiting poor correlations with each 
other, as well as other PGE, Cu, Ni, and S. Both Pt and Pd have been remobilized during hydrothermal 
alteration. 

A PGE-enriched zone at Babbitt has been detected that is spatially removed from the area of highest grade 
Cu-Ni ore. The enriched zone is characterized by the presence of abundant bomite, an increased proportion of 
chalcopyrite, Zn-bearing hercynitic spinel, and anomalously low and variable 5 3 4 S values (-1.4 - 7.9 %c) relative 
to the higher grade Cu-Ni ore. Synchroton X-ray fluorescence microprobe analyses reveal ppm (16-132) 
quantities of Pd in cubanite, chalcopyrite, and maucherite (NiAs2) from high bulk Pd samples, and Pd-enrichment 
in mackinawite produced during hydrothermal alteration. Sperrylite has been the only Pt-bearing mineral 
identified thus far. An 0.1 to 0.2 mm cubic grain of sperrylite is capable of supplying all the Pt contained in 
most fire assay samples. However, Pt values do not correlate strongly with As (2 - 134 ppm), which also occurs 
in maucherite and niccolite, and as a trace constituent in several sulfide minerals. Although biotite and apatite 
throughout the basal zone at Babbitt are relatively Cl-rich (0.1 - 0.7 and 0.9 - 1.3 wt.%, respectively), no direct 
relationship between PGE-enrichment and Cl-rich minerals has been established. Fe-rich chloritic material that 
occurs as veinlets in sulfide-bearing samples contains in excess of 0.4 wt.% CI, and attests to the Cl-rich nature 
of late stage fluids. Data are most consistent with a model whereby the PGE-enriched zone represents a distinct 
intrusive phase in the basal portion of the Duluth Complex, but that Pd and Pt have been selectively mobilized 
during late-stage hydrothermal alteration. 

1.10 
PLATINUM GROUP ELEMENTS IN ANORTHOSITIC ROCKS OF THE 

DULUTH COMPLEX, MINNESOTA, USA 

B. Saini-Eidukat and P. Weiblen 
Dept. of Geologi and Geophysics, University of Minnesota, USA; 

M. Glascock 
Reactor Research Facility, University of Missouri, USA; 

G. Bitsianes 
Dept. Civil and Mineral Engineering, University of Minnesota, USA 

Platinum group element (PGE) concentrations of whole-rock, plagioclase, and interstitial mafic mineral 
fractions of minor sulfide-bearing anorthositic series rocks from the Duluth Complex, Minnesota, U.S.A., are 
being determined using the nickel sulfide fire assay/neutron activation method. Pd/Ir ratios of two anorthositic 
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samples are lower than those found in the J-M Reef and in fractionated, sulfide-bearing troctolitic rocks of the 
Duluth Complex (Minnamax); but are greater than the Pd/Ir ratios of the UG-2, the Merensky Reef, Talnakh and 
less-fractionated, spinel-bearing gabbroic rocks in the Duluth Complex (Duval) (Figs. 1 and 2). 

Duluth Complex anorthositic rocks are a product of fractionation of chrome spinel, olivine, plagioclase, 
and clinopyroxene from tholeiitic magmas at pressures of 8-10 kb (Miller, 1986). Naldrelt and Barnes (1986) 
have suggested that sufficient Ir may partition into chromite and olivine to affect Pd/Ir ratios of basaltic melts in 
which olivine fractionation occurs (Fig. 2). If this model is correct, then the limited data on Duluth Complex 
rocks can be interpreted as follows: 1) the Duval sample, a chrome-spinel, ilmenite, plagioclase and high-Mg 
olivine cululate with low Pd/Ir ratios, could represent the segregated portion of a primitive magma; 2) 
anorthositic gabbro BL-27 could be a plagioclase crystal mush which trapped moderately fractionated melt; 3) the 
Minnamax sample could be a product of more extensive chrome-spinel and olivine fractionation. The ore grade 
concentrations of platinum group elements in the Duval sample would require invoking the mixing model of 
Campbell et al. (1983). 

1000 

100 

Figure 1. Pd/Ir Ratios for Duluth, Bushveld, 
and Stillwater Complexes, and Talknakh. 
BL - Duluth Complex anorthositic rocks; 
Duval and Minnamax - Duluth Complex 
troctolitic rocks. 
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Figure 2. Pd/Ir vs. Mole % Fa in Duluth 
Complex Troctolitic and Anorthositic Rocks. 
Line represents modelling of fractional 
crystallization of basaltic composition, 
using distribution coefficient D (mafic 
silicate/silicate melt) = 10 (from Naldrett and 
Barnes 1986). If Fa and Pd/Ir increase with 
fractionation, then anorthositic rocks appear to 
have undergone intermediate amounts of 
fractionation, or have trapped intercumulus 
liquid of intermediate composition. 

REFERENCES: Campbell, I.H., Naldrett, A J., and Barnes, S J., 1983, A model for the origin 
of the platinum-rich sulfide horizons in the Bushveld and Stillwater Complexes, J. Petrol., v. 24, pp. 133-165. 

Miller, J£>., Jr., 1986, The Geology and Petrology of Anorthositic Rocks in the Duluth Complex, 
Snowbank Lake Quadrangle, Northeastern Minnesota, Ph.D., Univ. Minnesota, 525 pp. 

Naldrett, A J. and Barnes, S J., 1986, The behavior of platinum group elements during fractional 
crystallization and partial melting with special reference to the composition of magmatic sulfide ores, Fortschr. 
Mineral., v. 64, pp. 113-133. 
















































































































