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            Abstract
Archaean komatiites (ultramafic lavas) result from melting under extreme conditions of the Earth’s mantle. Their chemical compositions evoke very high eruption temperatures, up to 1,600 degrees Celsius, which suggests even higher temperatures in their mantle source1,2. This message is clouded, however, by uncertainty about the water content in komatiite magmas. One school of thought holds that komatiites were essentially dry and originated in mantle plumes3,4,5,6 while another argues that these magmas contained several per cent water, which drastically reduced their eruption temperature and links them to subduction processes7,8,9. Here we report measurements of the content of water and other volatile components, and of major and trace elements in melt inclusions in exceptionally magnesian olivine (up to 94.5 mole per cent forsterite). This information provides direct estimates of the composition and crystallization temperature of the parental melts of Archaean komatiites. We show that the parental melt for 2.7-billion-year-old komatiites from the Abitibi greenstone belt in Canada contained 30 per cent magnesium oxide and 0.6 per cent water by weight, and was depleted in highly incompatible elements. This melt began to crystallize at around 1,530 degrees Celsius at shallow depth and under reducing conditions, and it evolved via fractional crystallization of olivine, accompanied by minor crustal assimilation. As its major- and trace-element composition and low oxygen fugacities are inconsistent with a subduction setting, we propose that its high H2O/Ce ratio (over 6,000) resulted from entrainment into the komatiite source of hydrous material from the mantle transition zone10. These results confirm a plume origin for komatiites and high Archaean mantle temperatures, and evoke a hydrous reservoir in the deep mantle early in Earth’s history.
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                    Figure 1: Crystallization temperatures and H2O contents in melt versus olivine composition of Abitibi komatiites.[image: ]


Figure 2: Compositions and oxygen fugacity of komatiite melt and coexisting olivine.[image: ]


Figure 3: Incompatible element compositions of primary and evolved melts.[image: ]


Figure 4: Cartoon illustrating a hot Archaean plume passing through the mantle transition zone at 410–660 km depth.[image: ]
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        Editorial Summary
A watery origin for Archaean komatiites
Komatiites are a rare type of volcanic rock, formed uniquely during the Archaean. Their chemistry implies an origin from lava produced at extremely high temperatures, but uncertainty about the water content in komatiite magmas clouds the issue. Alexander Sobolev et al. present evidence that parental melt for 2.7-billion-year-old komatiites from the Abitibi belt, Canada, began to crystallize at high temperature, shallow depth and under reducing conditions. The major- and trace-element composition of the melt and its low oxygen fugacities are inconsistent with a subduction setting. Rather, the authors propose that the unusually high ratio of water to elements of similar compatibility was caused by entrainment into the komatiite source of hydrous material from the mantle transition zone. This points to a plume origin for komatiites, and high Archaean mantle temperatures — implying the presence of a hydrated mantle reservoir deep in the mantle early in the Earth's history.
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