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Abstract
The third isotope of the third most abundant element, 17O, records indispensible information on the origin and operation of Earth, the third planet.
The measured uniformity in fractionation of 16O, 17O, and 18O in rocks and
minerals over the whole of geologic time, from Hadean to Quaternary,
records the existence of a global magma ocean prior to the formation of
continents. New techniques of high-resolution mass spectroscopy and of
femtosecond X‑ray diffraction are leading toward a deep understanding
of the origin of kinetic isotope fractionation effects during metabolism. Analysis for the rare molecule
17 18
O O, distinguished by the substitution of two heavy isotopes, in combination with data on 18O18O,
provides an insight into the mechanism whereby plants produce oxygen. Given the skills of American
Mineralogist readers in three-dimensional visualization of complex crystalline and molecular structures
and the talents of biogeochemical colleagues in measuring isotope fractionation by organisms in nature,
there is every reason to expect extraordinary advances in understanding the cycling of life’s elements,
H, C, N, O, and S between the biosphere, atmosphere, hydrosphere, and lithosphere.
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Introduction

would like to celebrate the central significance of oxygen’s third
isotope in understanding Earth.
The third isotope of oxygen, 17O, is quite rare in rocks and
minerals, amounting to barely 0.04% of total oxygen with the
balance made up by 16O, 99.75% and 18O, 0.21%. The third
isotope of oxygen was ignored for decades by stable isotope
geochemists because it was thought to trail behind the more
abundant 18O with values of δ17O approximately half that of
measured δ18O owing to the dependence of isotopic fractionation
on mass differences. According to this view, nothing could be
learned from measuring 17O/16O that could not be discovered by
measuring the more abundant 18O/16O. There was little interest
in measuring 17O/16O until the discovery of non-mass-dependent
fractionations in meteorites (Clayton et al. 1973). Elements with
three or more stable isotopes, like oxygen’s 16O, 17O, and 18O,
afford deeper insights into Earth’s origin and evolution because
measurement of two, or more, isotope ratios of an element illuminates the contrasting controls of reaction-specific fractionation
vs. initial composition. Measuring multiple isotope ratios of a
multi-isotope element requires patience, care, and a rigorous
technique. The single-substituted isotopologue, 16O17O, is 10–4
less abundant than the predominant 16O16O yet measurements are
made routinely with a precision in δ17O of 0.1‰, or better. Measurement of 17O/16O and 18O/16O in minerals requires high massresolution ion microprobes or specialized mass spectrometers
with the use of hazardous chemicals such as fluorine in sample
preparation: little more than a dozen labs around the globe are
currently active in analysis. Despite these difficulties, the third
isotope is crucially decisive in geochemical, atmospheric, and
cosmochemical research.

Oxygen, the third most abundant element in the solar system, after hydrogen and helium, occupies most of the volume
of silicate and oxide minerals in Earth’s crust and mantle.
Investigations of the atomic structure of minerals published
in America Mineralogist use techniques of X‑ray diffraction
and transmission electron microscopy to locate the positions of
oxygen atoms in relation to other chemical elements composing a crystal. That oxygen dominates the volume in minerals is
obscured, however, by the conventional representation of atomic
structures by coordination polyhedra. Oxygen is consigned to
the corners of polyhedra enclosing silicon, aluminum, iron, and
other elements. The volume occupied by each oxygen atom in
relation to its nearest neighbors in a crystal structure is difficult
to visualize in the mind’s eye from textbook representations.
Oxygen is visible as “bumps” in electron density maps made
in the analysis of the atomic structure of minerals with X‑ray
diffraction, but, because of its lower capacity to scatter X‑rays,
oxygen does not appear to fill space to the same extent as implied
by its atomic radius in coordination polyhedra. Do mineralogical studies inadvertently downplay the importance of oxygen?
Has oxygen been relegated to a supporting role as a bit-player
merely serving to maintain electrical neutrality and minimize
mutual repulsion between cations in minerals? Acknowledging
decades of success by mineralogists in seeking to understand
atomic structures in minerals, is there more to be learned about
minerals’ formation processes from oxygen? In what follows, I
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