Goldschmidt 2022 Abstract

https://doi.org/10.46427/go1d2022.12178 FIGURE 1 volcanics VOLGANGS MANTLE ROGKS
Py o U
H e S N
% . ,"% \’J\ L4 ‘,’ ) ):7
= ( AT )
3 . & o2\ ? ST
Oxygen Fugacity Across Tectonic 558, - “/é‘“,x A ,
. Q"ég‘gﬂ o Ridge (XANES) ® ArC(XANES) aof (xANES
Settings SEEE L e o
3258 T
B ]
T5%85 Manne Rocks sf Plume
ELIZABETH COTTRELLl, SUZANNE K BIRNERZ, Eggg - = 1
S \ -al
MARYJO BROUNCE?®, FRED A DAVIS* LAURA E Beos %\ 1
£5
BEE: ‘ . i
WATERS® AND KATHERINE KELLEY® 2318 t../ o :
National Museum of Natural History, Smithsonian Institution . ?.’Sffe . ;rc " 0g (02), aGFM log (/02), AGFM
’B
erea College
3900 University Drive
. . . FIGURE 2.
4Umver51ty of Minnesota, Duluth e . s : " aofaCONS
5 . . .. 0 " = ridge, arc and plume sszn?;s us;né m?éfél?.en
New Mexico Institute of Mining and Technology N equillbrium model D-Compress of Burgisser et
6 . . 500 al. (2015). The OIB and arc scenarios were
University of Rhode Island i Gomonaials 1o impoctof il o on
. . § 1000 dsga:silgg lr:'ajeclcryl‘lrcra‘nge‘ tsal;rstipplsd{ and
. = ray fields show melt inclusion ent ment (or
Presenting Author: CottrellE@si.edu reromate] pachres for D1 v, WORE
T e
- ith the tectc tting-S ific mi
Petrologists have developed and applied oxybarometers for 2000 | - Eﬁ&t&:&%&%ﬁ%@%ﬁ’:ﬁg%é
more than half a century. With time, activity models that yield - Bvorathousand pemhas o ofoc onhe

. . trajectories shown); OIB at QFM+1.4 and 2115
fO2 from mineral, melt, and vapor compositions have evolved, Reproduced from Cotirll o al, (2022) “Oxygen Fugacity  bar Wit 1.5 wi% HO, 1710 ppm Coz, and 2430

) ; Across Toctoric Settings,” in Magma Redox Geochemistry. 9M Si Arc at QFM»1.5 and 2380 bar with 4.5
and new analytical methods have opened new sample categories R Moreti 8 DR Newlloeds. Setae e s m T Too0 pem S Ful
to oxybarometric interrogation. We compiled published
compositional data [1,2] from lithologies that constrain fO2
(n=860 volcanic rocks and n=326 mantle lithologies) from
ridges, back-arcs, forearcs, arcs, and plumes (Fig. 1). We re-
calculated fO2 for each dataset, applying a consistent set of
modern activity models. We also compiled trace element
concentrations (e.g., vanadium) as additional fO2-proxies for
comparison. Volcanic and mantle rocks from the same tectonic
setting yield similar fO2s, but mantle lithologies record larger
ranges in fO2 than volcanic rocks. The fO2s recorded by
multiple Fe-based oxybarometers and vanadium partitioning vary
as a function of tectonic setting, with fO2 recorded at ridges <
back-arcs < arcs (Fig. 1). The fO2s recorded by plume lithologies
are broadly similar to ridges, but require nuance in their
interpretation. Likewise, effects of subsolidus metamorphism on
fO2s recorded by mantle lithologies remain poorly understood.
The Earthchem Library [2] therefore provides a useful
compendium, but we advise caution in the interpretation of the
data. Crystal fractionation has a small effect on the fO2s of
residual basaltic liquids, no discernible effect in more evolved
compositions, and arc rhyolites record similar fO2s to arc basalts.
The effect of degassing depends on tectonic setting, which
governs the final pressure at which magmas erupt, the identity
and concentration of dissolved volatiles, and the initial fO2 of
undegassed magmas. Empirically-based degassing models
suggest that the effect of degassing is negligible at ridges, may
cause oxidation or reduction of ~0.25 log units at arcs, and
universally reduces plume melts by >1 log unit (Fig 2). The
effects of crystallization and degassing on fO2 are smaller than
the differences between tectonic settings; we infer that upper
mantle fO2 varies as a function of tectonic setting.
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