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AbsTrACT

The oxygen-isotope composition of the Earth’s upper mantle is an important reference for un-
derstanding mantle and crust geochemical cycles. Olivine is the most commonly used mineral for 
determining the influence of crustal processes on the oxygen-isotope ratio (δ18O) of primitive rocks, 
however it is an uncommon mineral in continental crust and readily alters at or near Earth’s surface. 
Here we report the first measurements of oxygen-isotope ratios in zircon from oceanic crust exposed at 
a mid-ocean ridge. Measurements of δ18O and trace elements were made by ion microprobe on zircon 
in polished rock chips of gabbro and veins in serpentinized peridotite drilled from the Mid-Atlantic 
Ridge. The zircon grains contain both oscillatory and sector growth zoning, features characteristic 
of magmatic zircon. Values of δ18O (zircon) = 5.3 ± 0.8‰ (2 st. dev., n = 68) for the population are 
consistent with the interpretation that these grains are igneous in origin and formed in high-temperature 
isotopic equilibrium with mantle oxygen. The δ18O values demonstrate that zircon in oceanic crust 
preserves primitive δ18O in spite of sub-solidus alteration of the whole rock. The fact that the primi-
tive δ18O (zircon) values fall in a narrow range (5.3 ± 0.8‰) strengthens the use of oxygen isotopes 
in zircon as a tracer to identify processes of exchange in a wide range of modern and ancient crustal 
environments, including subducted oceanic crust (eclogite), and also in the oldest known pieces of 
Earth, >3900 million-year-old detrital zircon grains from Western Australia.
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inTroduCTion

Geochemical interactions between the crust and mantle at 
mid-ocean ridges and subduction zones influence global chemi-
cal cycling. New, predominantly mafic crust is intermittently 
generated at ocean spreading centers from sub-axial intrusions 
of basaltic magma beneath ridges. In this environment, both 
low- and high-temperature fluids commonly alter the primary 
oxygen-isotope ratio (δ18O) of newly formed rocks, a process 
that imparts “crustal” (i.e., non-mantle) δ18O values to newly 
formed oceanic crust, and buffers the δ18O of seawater in the 
process (Muehlenbachs and Clayton 1976; Gregory and Taylor 
1981; Muehlenbachs 1986; Jean-Baptiste et al. 1997). Given the 
susceptibility to alteration, the study of magmatic oxygen-isotope 
ratio in oceanic crust thus requires the existence of a mineral that 
will reliably preserve magmatic compositions. Whereas olivine 
is typically the mineral of choice for detecting contributions of 
crust-derived oxygen in primitive low-SiO2 rocks (Mattey et 
al. 1994; Eiler et al. 1996; Eiler 2001), the use of olivine as an 
oxygen-isotope monitor is somewhat limited, as it is uncommon 
in evolved rocks and readily alters at or near the Earth’s surface. 
In contrast, zircon is a common mineral in felsic rocks and is 
increasingly being recognized in mafic rocks. In addition, it is 
highly resistant to erosion and can provide a reliable record of 
the primary δ18O composition of melts with complicated histories 

(Valley et al. 2005). Furthermore, zircon grains carry a range of 
other geochemical information that can be combined with δ18O 
to determine the genesis of parent rocks (Hoskin and Schaltegger 
2003; Valley 2003).

The use of δ18O (zircon) to detect the effects of crustal 
processes affecting magma compositions requires knowledge 
of the δ18O value of zircon in equilibrium with mantle oxygen. 
The mantle-equilibrated value for δ18O (zircon) of 5.3 ± 0.6‰ 
(2 standard deviations, st. dev.) is thus far only known from 
measurements of xenocrystic zircon entrained in kimberlite 
(Valley et al. 1998; Page et al. 2007). Here, we report oxygen-
isotope measurements by ion microprobe of zircon in igneous 
rocks from modern oceanic crust.

Mid-ATlAnTiC ridge geology

The Mid-Atlantic Ridge is a slow spreading center, with a 
full spreading rate of ~25 mm/year (Shipboard Scientific Party 
1995a). The structure of oceanic crust along the Mid-Atlantic 
Ridge is highly variable, and shows significant differences in 
both thickness and composition compared to the classic view of 
layered oceanic crust, which features horizontal contacts between 
the overlying sediments, extrusive basalts, sheeted dikes, layered 
and isotropic gabbros, and underlying ultramafic rocks (Snow 
1995; Karson 1998). The presence of serpentinized ultramafic 
rocks in early dredge hauls was one of the first indications that 
anomalous crustal sections that expose underlying upper mantle 
rocks occur along the Mid-Atlantic Ridge (e.g., Prinz et al. * E-mail: aaron.cavosie@upr.edu


