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Evidence for Hadean mantle depletion from 3.7-3.8 Ga metabasalts from Isua, SW-Greenland
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The occurrence of Hadean zircons has provided strong evidence for the presence of stable continental crust at this early
time in Earth’s history (e.g. Harrison et al., 2005). The existence of such crust requires some kind of concomitant
mantle differentiation and depletion. However, due to the lack of Hadean mafic rocks, very little is known about the
evolution of the Earth’s upper mantle during its first few hundred Myrs..
Here we report Hf isotope and high-precision high-field-strength-element (Zr, Hf, Nb, Ta) data for mafic rocks from the
ca. 3.71->3.81 Ga old Garbenschiefer unit of the Isua supracrustal belt (ISB). These rocks constitute the oldest known
preserved record of mafic crustal material on Earth, thus potentially preserving evidence for a possible record of mantle
depletion in the Hadean to early Archean. The Garbenschiefer metabasalts also constitute the oldest subduction related
rocks on Earth (Polat et al., 2002). They have been metamorphosed under amphibolite facies conditions.
Initial εHf values (at 3.75 Ga) for the boninite-like metabasalts from the Garbenschiefer unit range from +3.8 to +7.9.
The samples display176Lu/177Hf values as high as 0.085, indicating extremely depleted mantle sources that underwent
previous melt extraction in the garnet-stability field. The elevatedεHf values are clearly of primary origin, as the initial
εHf andγOs (Frei et al., 2004) correlate with major and trace elements. Hence, these data provide the first firm evidence
for the development of a Hadean depleted mantle reservoir that persisted into the Archean. The volume of this depleted
reservoir was probably small, as other mafic units of the ISB do not originate from such a depleted reservoir (Polat et
al., 2003).
All mafic samples from the Garbenschiefer unit follow AFC curves, suggesting assimilation of up to 30 % enriched
crustal material, possibly marine sediments or igneous rocks with TTG-like composition.
References
Frei R, Polat A, Meibom A (2004) The Hadean upper mantle conundrum: Evidence for source depletion and enrichment
from Sm-Nd, Re-Os, and Pb isotopic compositions in 3.71 Gy boninite-like metabasalts from the Isua Supracrustal Belt,
Greenland. GCA 68, 1645-1660.
Harrison M, Blichert-Toft J, M̈uller W, Albar̀ede F (2005) Heterogeneous Hadean Hafnium: Evidence of Continental
Crust at 4.4 to 4.5 Ga. Science 312, 1947-1950.
Polat A, Hofmann AW, Rosing MT (2002) Boninite-like volcanic rocks in the 3.7–3.8 Ga Isua greenstone belt, West
Greenland: geochemical evidence for intra-oceanic subduction zone processes in the early Earth. Chem. Geol. 184,
231-254.
Polat A, Hofmann AW, M̈unker C, Regelous M, Appel PWU Contrasting geochemical patterns in the 3.7–3.8 Ga pillow
basalt cores and rims, Isua greenstone belt, Southwest Greenland: Implications for postmagmatic alteration processes
(2003). GCA 67, 441-457.



Abs. No. 381
Meeting: DMG 2008
submitted by: Hoffmann, J örg Elis
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