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Recent advances in theoretical and experimental aqueous geochemistry resulting in the Deep Earth Water 
(DEW) model now enable the calculation of equilibrium constants involving minerals and aqueous ions, 
metal complexes, and organics to 6.0 GPa and 1,200 °C26–33. In the present study, we model the dehydration of 
antigorite-bearing serpentinite to investigate its potential to liberate highly oxidizing �uids in subduction zones. 
�e model uses a conceptual scenario in which an initial �uid chemistry was set by reaction of water with an 
antigorite-bearing serpentinite at 630 °C before undergoing an increase of temperature to 660 °C at constant pres-
sure. �e initial model assemblage is composed of antigorite, olivine (XMg [Mg/(Fe �  Mg)] �  0.885), clinochlore, 
magnetite, and tremolite in agreement with �eld observations from Padron-Navarta et al.34. �is assemblage sets 
the initial fO2 which ranges from near QFM at 500 °C and 2.0 GPa to QFM �  4.2 at 650 °C and 2.0 GPa (Supp. Info 
Fig.�S1). At the lowest temperature in this range the fO2 near QFM is in agreement with recent work on natural 
samples24. However, at 630 °C the fO2 is several units above QFM just before the breakdown of antigorite. In this 
study, we explore the further dramatic fO2 changes on heating through the breakdown of antigorite.
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Figure�1 displays the evolution of the fO2, mineral assemblages, and �uid composition during antigorite break-
down at 2 GPa (modelling carried out at 4 GPa displays a similar evolution as presented in Supp. Info Fig.�S2). In 
agreement with natural21, 34 observations, the reaction progress leads to the successive growth of olivine, clino-
chlore, and orthopyroxene and the progressive decrease of the amount of magnetite (Fig.�1b,d). During the �rst 
part of the reaction path (log� �  � 4), the crystallization of olivine and chlorite is accompanied by a progressive 
increases of fO2 up to four log units above QFM oxygen bu�er (Fig.�1a). At these conditions, hematite becomes 
in equilibrium with magnetite and bu�ers the fO2. �e reaction progress is then accompanied with a progressive 
decrease of the amount of magnetite and the appearance of orthopyroxene (� /�  tremolite) in the rock (Fig.�1d). A 
second increase of fO2 appears later (log� � �1.4) and corresponds to the disappearance of magnetite (Fig.�1a,b).

Few variations in pH and the composition of the released �uids (Fig.�1c) are observed during the reaction 
progress. �e pH is alkaline and varies slightly around 5 (neutral pH is about 3.4 at these conditions; Supp. Info 
Fig.�S3), while the aqueous species are dominated by Na�

(aq), Cl� (aq) and Si(OH)4(aq) and SiO(OH)3�
(aq), with 

minor amounts of NaHCO3(aq), Al(OH)4
�

(aq), Ca(OH)�  (aq), Mg(OH)�  (aq), and FeCl2(aq). �e presence of equili-
brated hematite-magnetite assemblages in our models is compatible with recent observations in meta-peridotites 
from the Cerro Del Almirez massif21 or partly dehydrated serpentinites from Western Alps meta-ophiolites20. It 
therefore suggests that the dehydration of serpentinites in subduction zones can take place at high fO2, close to 

Figure 1. Predicted evolution of fO2, mineral reactants, aqueous phase composition, and mineral products 
during antigorite breakdown at 2 GPa in a sulfur-free model. (a) Evolution of temperature and fO2 in the system. 
QFM and magnetite-hematite bu�ers are reported in dashed lines. (b) Abundances of key minerals involved.
Hematite appears at the beginning of the reaction and remains stable until the disappearance of antigorite and 
magnetite. (c) Concentrations of major species in the aqueous �uid. (d) Minerals produced during antigorite 
breakdown. �e x axis represents the logarithm of the reaction progress variable �, which is equal to the number 
of moles of each reactant mineral destroyed during the reaction progress.
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assemblages equilibrated at high fO2. As a consequence, the fO2 of the slab is likely to be heterogeneous, re�ecting 
di�erent pre-subduction mineralogy. However, in highly serpentinized peridotites, regardless of the considered 
models, sulfur seems to be highly mobile in �uids during antigorite breakdown (Fig.�2b,c). Interestingly, although 
sul�de can bu�er the fO2 to relatively modest elevations above QFM, sulfate-bearing species (HSO4

�
(aq), SO4

2�
(aq), 

CaSO4 (aq), MgSO4 (aq)) always represent a signi�cant proportion of the sulfur-bearing phases carried by the �uid. 
�e migration of these �uids from the slab to the slab-mantle interface or mantle wedge can therefore enhance the 
oxidation of the mantle wedge Fe2�  to Fe3�  in response to the reduction of slab �uid SO4

2�  to S2� . Such processes 
may provide an oxidized mantle source region for primary arc magmas. In this way, the origin of the oxidized 
signature carried by �uids from the slab may be an inevitable consequence of the breakdown of antigorite during 
subduction.

Figure 2. Predicted evolution of fO2 and aqueous phase composition in the presence of pyrrhotite during 
antigorite breakdown at 2 GPa. (a) Evolution of fO2 for di�erent amounts of pyrrhotite (No pyrrhotite, 0.001, 
0.01 and 0.1 moles). (b,c) Number of moles of sulfur dissolved into the �uid per kg of water with the evolution 
of major aqueous sulfur species. In b and c, the amount of sulfur present in the initial assemblage varies from 
0.001 to 0.1 moles of pyrrhotite.






