
GENERAL COMMENTARY
published: 09 December 2015
doi: 10.3389/feart.2015.00080

Frontiers in Earth Science | www.frontiersin.org 1 December 2015 | Volume 3 | Article 80

Edited by:

Eric Font,

University of Lisbon, Portugal

Reviewed by:

Nicholas L. Swanson-Hysell,

University of California, Berkeley, USA

Juan Cruz Larrasoaña,

Instituto Geológico y Minero de

España, Spain

*Correspondence:

Anne Nédélec

anne.nedelec@get.obs-mip.fr

Specialty section:

This article was submitted to

Geomagnetism and Paleomagnetism,

a section of the journal

Frontiers in Earth Science

Received: 09 October 2015

Accepted: 23 November 2015

Published: 09 December 2015

Citation:

Nédélec A and Borisova AY (2015)

Commentary: Is the Neoproterozoic

oxygen burst a supercontinent

legacy? Front. Earth Sci. 3:80.

doi: 10.3389/feart.2015.00080

Commentary: Is the Neoproterozoic
oxygen burst a supercontinent
legacy?

Anne Nédélec 1* and Anastassia Y. Borisova 1, 2

1Géosciences Environnement Toulouse, Université de Toulouse, Observatoire Midi-Pyrénées, Toulouse, France, 2Geological

Department, Lomonosov Moscow State University, Moscow, Russia

Keywords: magnetite, hematite, exsolution, granite, neoproterozoic oxidation event

A commentary on

Is the Neoproterozoic oxygen burst a supercontinent legacy?

by Macouin, M., Roques, D., Rousse, S., Ganne, J., Denèle, Y., and Trindade, R. I. F. (2015). Front.
Earth Sci. 3:44. doi: 10.3389/feart.2015.00044

The oxygen content of the atmosphere is thought to have increased in two steps: the
Paleoproterozoic Great Oxidation Event and the Neoproterozoic Oxidation Event. The younger
event is still a matter of debate (Och and Shields-Zhou, 2012). Macouin et al. (2015) suggest that
it may have been triggered by volcanic degassing from unusually oxidized magmas occurring
in a subduction ring surrounding the Rodinia supercontinent. Evidence for subduction-related
oxidized magmas is supported by the study of 780 Ma biotite and pink granites of high K-calc-
alkaline affinities and associated gabbros from Socotra Island (Denèle et al., 2012). Magnetite and
subordinate hematite are revealed bymagnetic properties, reflected-light microscopy, and scanning
electron microscopy. Macouin et al. (2015) suggest that hematite is a primary phase witnessing a
very high oxygen fugacity at magmatic conditions.

In igneous rocks, Ti-rich titanohematite (ilmenite) is a primary phase, whereas stoichiometric
hematite represents a common secondary mineral due to post-magmatic alteration processes.
Indeed, hematite was uniquely found to be a liquidus phase in an experimental peralkaline residua
Na2O - Al2O3 - Fe2O3 - SiO2 system (Edgar, 1974), but the investigated system had no ferrous
(Fe2+) iron, hence it has no terrestrial equivalent in common tectonic settings.

The microphotographs of iron oxides presented as evidences of primary hematite by Macouin
et al. (2015) in their Figures 6, 7 show subhedral magnetite crystals with typical subsolidus
exsolution features such as fine trellis-lamellae of ilmenite and minor hematite parallel to (111)
planes, or larger (sandwich) ilmenite lamellae in only one (111) plane. The petrographic nature
(biotite granite, pink granite, or gabbro) of the relevant samples is not provided. Macouin et al.
(2015) infer that some primary magnetite grains were fractured and subsequently filled by ilmenite
(see caption of their Figure 7). We argue that sandwich ilmenite lamellae in Fe-Ti oxide grains
do not arise from a reaction with biotite, unlike the small ilmenite needles at the contact between
magnetite and biotite (Figure 7d of Macouin et al., 2015).

Indeed, primary igneous magnetite is generally titanomagnetite containing a percentage of
ulvöspinel (Fe2TiO4) in solution. During slow cooling, subsolidus oxidative exsolution takes place
from ∼650◦C to 450◦C yielding ilmenite + magnetite (Figure 1A). Temperature and oxidation
conditions control the exsolved phase proportions, hence the width of ilmenite lamellae. This
is the common interpretation of Fe-Ti oxide intergrowths supported by experimental evidence
(Buddington and Lindslay, 1964). Haggerty (1976) defined a seven-fold classification of the
titanomagnetite oxidation stages from C1 (homogeneous titanomagnetite) to C7 (abundant
pseudobrookite and hematite). It is worth noting that Macouin et al. (2015) argue that the biotite
granites reached C4 oxidation stage superimposed on previously formed C2 and C3 stages, thus

http://www.frontiersin.org/Earth_Science
http://www.frontiersin.org/Earth_Science/editorialboard
http://www.frontiersin.org/Earth_Science/editorialboard
http://www.frontiersin.org/Earth_Science/editorialboard
http://www.frontiersin.org/Earth_Science/editorialboard
http://dx.doi.org/10.3389/feart.2015.00080
http://crossmark.crossref.org/dialog/?doi=10.3389/feart.2015.00080&domain=pdf&date_stamp=2015-12-09
http://www.frontiersin.org/Earth_Science
http://www.frontiersin.org
http://www.frontiersin.org/Earth_Science/archive
https://creativecommons.org/licenses/by/4.0/
mailto:anne.nedelec@get.obs-mip.fr
http://dx.doi.org/10.3389/feart.2015.00080
http://journal.frontiersin.org/article/10.3389/feart.2015.00080/full
http://loop.frontiersin.org/people/282823/overview
http://loop.frontiersin.org/people/290396/overview
http://dx.doi.org/10.3389/feart.2015.00044


Nédélec and Borisova Commentary: The Neoprotezoic Oxygen Burst

FIGURE 1 | (A) Solid solution series of Fe-Ti oxides; arrows indicate the subsolidus evolution of a magmatic titanomagnetite. (B) (fO2, T) diagram showing the usual

conditions of I-type granitic magmas and related porphyry Cu-Au deposits with respect to the FMQ (fayalite-magnetite-quartz) and H-M (hematite-magnetite) buffers,

modified after Richards (2015).

suggesting a secondary evolution of the Fe-Ti oxides. The C4
stage would imply that the ilmenite lamellae were subsequently
altered, a point that is not supported by the observation as stated
by the authors themselves. Therefore, we claim that the presented
samples mainly correspond to the C2-C3 oxidation stages, a
common situation in granitic rocks.

Besides, natural magnetite may also contain a small excess
of Fe2O3 due to the presence of cationic vacancies within
the octahedral site (O’Reilly, 1984), that will yield maghemite
(γFe2O3) lamellae, thereafter inverting to hematite. Indeed,
minor hematite lamellae in magnetite crystals are commonly
regarded as the result of late oxidation (e.g., Broska and Petrik,
2011).

The oxygen fugacity (fO2) of a granitic magma is related
to its source material (Ishihara, 1977). I-type granites, the
most common granites in subduction-related settings, are
relatively oxidized and generally contain magnetite (Nédélec and
Bouchez, 2015). Nevertheless, the mineral assemblage alone is
not sufficient to determine oxidizing or reducing conditions.
Values of fO2 and temperature must be considered together with
respect to the usual redox buffers (e.g., FMQ: fayalite-magnetite-
quartz). Arc magmas are characterized by oxidizing conditions
slightly above the FMQ buffer (Figure 1B), typically at 1FMQ
∼ +2 i.e., 2 log units above the FMQ buffer (Gaillard et al., 2015).

During magmatic and post-magmatic cooling, fO2 decreases
together with T, following the lines of the usual mineral buffers.
A hydrothermal fluid phase, either of magmatic or external
(non-magmatic) origin, is able to modify fO2 through the
dissociation of H2O (H2O = H2 + ½O2) as indicated by the
equation:

fO2 = (fH2O/fH2 · K
P,T)2 (1)

where K is the equilibrium thermodynamic constant.
However, the increase of fO2 related to fluid degassing

remains small in oxidized magmas, typically less than 1 log unit

(Gaillard et al., 2001). Impact of a late external fluid may trigger
more oxidizing conditions during subsolidus cooling, up to the
magnetite-hematite buffer as shown by some ore deposits (Zhang
et al., 2013). Nevertheless, most porphyry deposits related to arc
magmas contain magnetite (Richards, 2015).

Formation of secondary hematite by hydrothermal alteration
has been extensively studied and monitored by magnetic
properties in some granites (Meller et al., 2014; Nédélec et al.,
2015). None of these observations are related to unusually
oxidized magmas. Secondary hematite in alkali feldspar grains is
well known to be responsible for the pink to red color of A-type
granites. For instance, SEM images of the Tana A-type granite
in Corsica reveal that tiny hematite grains crystallized in vugs
in the alkali feldspar grains, thus being related to water-rock
interactions (Nédélec et al., 2015). Red rhyolites from the ∼760
MaMalani igneous suite of India also contain secondary hematite
disseminated throughout the rocks (Torsvik et al., 2001), because
these rhyolites suffered extensive hydrothermal alteration. Such a
pronounced oxidation is not uncommon in rhyolites that usually
suffered more hydrothermal alteration, than their deeper granitic
equivalents.

It is worth noting that Macouin et al. (2015) did not
explore the existence of primary hematite as idiomorphic
inclusions in silicate minerals in their studied rocks. As
Macouin et al. (2015) do not show any evidence of primary
magmatic hematite crystals in the Socotra granites, we
conclude that the presented magnetite-hematite assemblage
is secondary. Therefore, the hypothesis of a contribution of
these magmas to the Neoproterozoic Oxidation Event through
unusually oxidizing degassing must be regarded with extreme
caution.
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