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Introduction 

Mid-oceanic ridge basalts (MORBs) are depleted in incompatible elements, reflecting the extraction of continental and oceanic crust from the depleted mantle over geological time. New studies have revealed that ridge segments far from mantle plumes erupt chemically enriched basalts more frequently than previously thought [1]. Two major non-plume related explanations of the ubiquitous enrichment in MORBs are that such basalts are generated by the melting of entrained recycled crust (pyroxenite) beneath ridges, or by the melting of refertilized peridotites formed earlier by infiltration of melts derived from subducted crust. These two hypotheses have very different consequences for the Ge/Si ratio of MORBs [2]. Here, we demonstrate from precise new elemental measurements that depleted MORBs (D-MORB) have systematically higher Ge/Si than enriched MORBs (E-MORB), and discuss the implications of these findings.
Experimental


In this study, we analyzed 319 MORB glasses from the Mid-Atlantic Ridge (MAR) and the Mid-Cayman Rise (MCR) by laser ablation inductively coupled plasma mass spectrometry (LA-ICP-MS) for major and trace elements, including Ge and Si measured on the same spot [2]. Precisely determining Ge in MORBs by LA-ICP-MS is challenging because MORBs are low in Ge (~1.6 ppm) and the Ge isotopes have molecular isobaric interferences principally from the plasma. We used the largest laser spot size (150 µm) and a high laser repetition rate (50 Hz) to yield blank corrections < 5% on the Ge peak with precision of ~±1% on the Ge abundance. Repeated measurements of VG 2 and three USGS glasses during the course of analyses yielded a long-term precision of ± 3% on the Ge/Si ratio [2]
Results and Discussion
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We have produced the first precise, multi-element dataset on MORB compositions that includes Ge. The Ge/Si ratio of MORBs that are more enriched than D-MORBs are successively lower, with E-MORBs having the lowest Ge/Si ratios (Fig. 1). This feature cannot be explained by models that require peridotite alone, but requires the presence of a source low in olivine, normally the most abundant mineral in the upper mantle, such as garnet-pyroxene sources formed by the subduction of ancient oceanic crust (Fig. 1). These models produce melts that are systematically lower in Ge relative to Si. The role of such sources has been postulated for enriched MORBs for isotopic reasons, but cannot be distinguished chemically from fluids that metasomatize peridotite sources. 
Conclusions

The ability of Ge to strongly discriminate olivine from garnets and pyroxenes provides an essential tool with which to test hypothesis of MORB enrichment. The new data indicate the presence of a few percent pyroxenite in the sources of MORB, with values of 10-20% in the sources of the most enriched MORBs (E-MORBs) [2].
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Fig.1 Germanium vs. silica plot, showing lines of constant Ge/Si ratio (gray). MORBs are color-coded as D-MORB – black, N-MORB – blue, E-MORB – red. Model pyroxenite melts are shown as purple, gray and green curves. 









