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Abstract
Triple stable oxygen isotopes ( O, O, O) are rapidly emerging as a tool to study hydrological processes
and past environmental change. However, a paucity of data, preponderance of single-location studies, and
lack of systematic sample collection limit observations of Δ O and our understanding of the mechanisms
that drive variation in this isotope system. To more completely characterize the variability of triple oxygen
isotopes in modern meteoric waters, we crowdsourced collection of a near-global sample set and analyzed
each water sample for δ O and δD. From this, we capture a representative distribution of water isotope
compositions from around the world and selected waters for Δ O analysis to include the largest possible
range of δ O and d-excess. In this way we are able to systematically observe and explain triple oxygen
isotope variability. Here we present δ O, d-excess, and Δ O of more than 100 rivers, streams, and lakes
from 12 geographic regions that span 6 continents and 17 Köppen climate classes. δ O ranges from ‒19.9
to 9.5‰, d-excess ranges from to ‒31.8 to 21.1‰, and Δ O ranges from ‒25 to 62 per meg, where Δ O is
defined using a reference slope of 0.528 and all isotope values are normalized to VSMOW-SLAP. Δ O data
are poorly described by a mean global value and show systematic variation. Unevaporated waters from the
mid and high latitudes have higher Δ O (~25 to 50 per meg) than unevaporated waters from the tropics (6 to
27 per meg). This suggests that, unlike the δ O-δD relationship, δ O and δ O may not fit a global
meteoric water line, or that there is a global line but its slope is less than the canonical value of 0.528. In all
12 regions, evaporation tends to increase δ O and decrease Δ O. We find that d-excess and Δ O are
positively correlated (Pearson’s r > 0.76) and that the slope between these two parameters is generally
independent of region. Finally, we use a Monte-Carlo approach to explore variability of δ O, d-excess, and
Δ O, as well as the relationships between these variables, and to identify the effects of climate (temperature
and relative humidity) on triple oxygen isotopes. Taken together, this work expands and explains new
measurements of meteoric Δ O and serves as a baseline for answering an array of hydrological and
paleoclimate questions.
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