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                    Abstract

Based on mineral assemblage, we distinguish four ultramafic rock types at Isua: (1) Peridotite (olivine + chlorite + tremolite ± cummingtonite/anthophyllite + Cr-magnetite ± magnesite ± dolomite ± biotite, or olivine + orthopyroxene + Al,Cr-spinelsol;ferritchromite + tremolite + chlorite); (2) Chlorite Schist (olivine + chlorite + tremolite + cummingtonite + Cr-magnetite);(3) Talc-Magnesite Schist (talc + magnesite ± antigorite + magnetite); and (4) Serpentinite (antigonte + magnetite ± talc ± magnesite).
Orthopyroxene-free peridotites occur throughout the Isua belt and record a two-stage metamorphic history: prograd metamorphism up to ∼600°C (at high XCO2), similar to temperature conditions inferred from pelitic and iron-formation assemblages; and retrograde metamorphism to talc-magnesite schist or serpentinite near ∼450°C at lower values of XCO2
Orthopyroxene-bearing peridotites are found at only one locality, as a lens within aluminous ‘garbenschiefer’ amphibolite. These rocks appear to record a three-stage history: prograde meta morphism in excess of ∼650°C, dunng which orthopyroxene and spinel formed; re-equilibration at about 560°C concomitant with growth of retrograde chlorite; and further retrogression to a talc magnesite assemblage. The earliest (‘higher temperature’) event preserved in these peridotites is not recognized in other Isua rock types.
Based on chemical composition, we distinguish three classes of peridotites: (1) Group A, which has Ni>Cr, low Al2O3 (∼3–5 wt. %), Si02/(FeO+MgO)>0·4, and smoothly fractionated REE ranging from ∼1–20 × chondrites with LaN/YbN∼5 and small negative Eu-anomalies; (2) Group B, which has Ni>Cr, lower Al2O3 (∼1 wt. %), Si02/(FeO+MgO)<0·4, and kinked REE patterns at ∼l–3× having flat light REE, fractionated heavy REE and small negative Eu-anomalies; and (3) Group G (the garbenschiefer-hosted orthopyroxene-bearing type), which has Cr>Ni, relatively high Al2O3-contents (∼6–8 wt. %) and low REE abundances (∼0·2–1 ×), with light REE ≤ heavy REE and pronounced negative Eu-anomalies.
REE patterns for Group B peridotites resemble those of some Archaean komatiites, whereas REE patterns for Group A are like those reported for metasomatized mantle ultramafic nodules. Moreover, among A and B samples, those with highest Si02/FmO also have highest concentrations of light REE, Zr, Hf, U, Th, etc. Mixing between olivine and a siliceous ‘component’ rich in incompatible trace elements can account for these variations. Such features do not appear related to late alteration of the Isua rocks but could represent metasomatic element redistribution during pre-metamorphic serpentinization/carbonation. Our preferred interpretation is that the Group A and B peridotites are metaserpentinites derived from olivine-rich cumulate igneous rocks, possibly of komatiitic affinity. Group G peridotites most likely represent metamorphosed olivine - orthopyroxene - Cr-spinel cumulates from the parent magma of the associated ‘garbenschiefer’ amphibolite. None of the Isua ultramafic rocks represent unmodified samples of early Archaean mantle.
These contrasting metamorphic histories and origins for the ultramafic rocks are problematic. What appear to be conflicting petrological observations can be reconciled if the orthopyroxene-bearing peridotites were emplaced into the Isua section subsequent to the ‘higher temperature event’, or evidence for this ‘higher temperature event’ was completely obliterated from all other Isua rock types. Alternatively, our findings may simply record real regional variations in original grade of metamorphism. In either case, our results provide additional indications of the complex polymetamorphic evolution of the Isua belt.
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