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Jenner et al. (2013) report the occurrence of, what they interpret as, Earth’s oldest ocean
island basalts (OIBs) on the island of Innersuartuut, southwest Greenland. However, this
interpretation hinges critically on the incompatible trace element contents of the presented rocks.
Compared to Phanerozoic OIBs, the data of Jenner et al. exhibit lower Nb/La and Gd/Yb ratios,
have negative Zr-Hf anomalies and very low U and Th abundances. Thus, the highly
incompatible trace elements are depleted relative to Hawaiian OIB and the compositions are
completely different from HIMU-, EM1- and EM2-type OIB (see Hofmann, 2003).

Although they briefly mention that the rocks where exposed to granulite facies
metamorphic conditions and associated in situ partial melting, they do not consider the

possibility that the low Th and U contents could have been caused by melt extraction during peak
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metamorphism. Rocks in the study area are known to be significantly disturbed, both structurally
and chemically, due to multiple high-grade metamorphic events (Nutman and Friend, 2007).
Surprisingly, Jenner et al. reject post-magmatic disturbance arguing that “the major- and trace-
element compositions for the majority of samples from Innersuartuut presented show coherent
trends” (p. 327). However, small-scale partial melting during granulite facies conditions would
also produce coherent melt depletion trends without significantly affecting compatible and
moderately incompatible trace element abundances.

The main difference between their presented geochemical data and Isua basalts, with
which they compare their data, is the significant depletion in Th and U. However, these two
highly incompatible elements will readily partition into a melt or high-temperature supercritical
liquid even at small melting degrees. Furthermore, the selective depletion of Zr-Hf relative to
Sm-Gd and enrichment of Nb-Ta relative to La would be expected in an amphibole-bearing
residue according to the modeling of Foley et al. (2002), in agreement with granulite facies melt
depletion. Positive anomalies of Zr-Hf combined with elevated Th-U have in fact been observed
in felsic aplites derived by partial melting of Mesoarchaean supracrustal rocks in southwest
Greenland (Szilas et al. 2012). Therefore, we argue that partial melting at granulite facies
conditions of Isua-type basalts can be expected to produce residues with the same trace element
patterns as those observed for the Innersuartuut rocks.

Indeed, mafic granulites from the well-preserved Mesozoic Kohistan island-arc complex
(Garrido et al., 2006) show the very same Th- and U-depleted trace element patterns, as
presented by Jenner et al. Garrido et al. (2006) concluded that this depletion was due to partial
melting of the lower crustal lithologies. Furthermore, a recent study of Mesoarchaean mafic

granulites from southeast Greenland (Bagas et al., 2013) shows remarkably similar major and
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trace element characteristics, as those presented by Jenner et al. Several of those granulites have
the same type of Th- and U-depleted trace element patterns, whereas others display patterns
similar to Isua-type basalts interpreted by Jenner et al., 2009, to be analogues of Phanerozoic
island arc tholeiites (IAT). Although not part of the conclusion of Bagas et al. (2013), we would
argue that the rocks with variable Th and U contents in southeast Greenland originate from
protoliths similar to the Isua basalts, but underwent variable degrees of partial melting during
high-grade metamorphism, rather than originating from contrasting geodynamic settings within
the same region. Similar mafic pods are also found in the Mesoarchaean Lewisian granulite
complex, NW Scotland, which show evidence for significant rare earth element mobility, as well
as depletion of Th and U during a high-grade partial melting event (Weaver and Tarney, 1981;
Rollinson and Gravestock, 2012).

Given the regional evidence for partial melting around Innersuartuut, and the fact that Th
and U are known to be mobilized in mafic rocks at similar metamorphic conditions, we suggest
that a more reasonable interpretation of the rocks on Innersuartuut would be that they represent
reprocessed lower crustal equivalents of Isua-type IAT and not OIB as claimed by Jenner et al.
REFERENCES CITED
Bagas, L., Neeraa, T., Kolb, J., Reno, B.L., and Fiorentini, M.L., 2013, Partial melting of the

Archaean Thrym Complex of southeastern Greenland: Lithos, v. 160-161, p. 164-182.
Foley, S., Tiepolo, M., and Vannucci, R., 2002, Growth of early continental crust controlled by
melting of amphibolite in subduction zones: Nature, v. 417, p. 837-840.
Garrido, C.J., Bodinier, J.-L., Burg, J.-P., Zeilinger, G., Hussain, S.S., Dawood, H., Chaudhry,
M.N., and Gervilla, F., 2006, Petrogenesis of mafic garnet granulite in the lower crust of the

Kohistan paleo-arc complex (northern Pakistan): Implications for intra-crustal



69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

differentiation of island arcs and generation of continental crust: Journal of Petrology, v. 47,
p. 1873-1914.

Hofmann, A.W., 2003, Sampling mantle heterogeneity through oceanic basalts: Isotopes and
trace elements, in Carlson, R.W., ed., Treatise on Geochemistry, Volume 2: The Mantle and
Core: Elsevier, p. 61-101.

Jenner, F.E., Bennett, V.C., Yaxley, G., Friend, C.R.L., and Nebel, O., 2013, Eoarchean within-
plate basalts from southwest Greenland: Geology, v. 41, p. 327-330, d0i:10.1130/G33787.1.

Nutman, A.P., and Friend, C.R.L., 2007, Adjacent terranes with ca. 2715 and 2650 Ma high-
pressure metamorphic assemblages in the Nuuk region of the North Atlantic Craton,
southern West Greenland: Complexities of Neoarchaean collisional orogeny: Precambrian
Research, v. 155, p. 159-203.

Rollinson, H., and Gravestock, P., 2012, The trace element geochemistry of clinopyroxenes from
pyroxenites in the Lewisian of NW Scotland: Insights into light rare earth element mobility
during granulite facies metamorphism: Contributions to Mineralogy and Petrology, v. 163,
p. 319-335.

Szilas, K., Hoffmann, J.E., Scherstén, A., Rosing, M.T., Kokfelt, T.F., Windley, B.F., van
Hinsberg, V.J., Ne&raa, T., Keulen, N., Frei, R., and Mlnker, C., 2012. Complex calc-
alkaline volcanism recorded in Mesoarchaean supracrustal belts north of Frederikshab
Isblink, southern West Greenland: implications for subduction zone processes in the early
Earth: Precambrian Research, v. 208-211, p. 90-123.

Weaver, B.L., and Tarney, J., 1981, Lewisian gneiss geochemistry and Archaean crustal

development models: Earth and Planetary Science Letters, v. 55, p. 171-180.



