





dehydration reactions

X "'r.,_ . 20 entrainment

410
warmer colder warmer
MTZ MTZ MTZ
660
;.  MAR
)
trench
rollback
entrained HoO goes
410 e ipto wadsleyite
ste;‘:rped warmer
Lanpey 410 colder MTZ
660
- TR NG
660

SAmM ' MAR

seismically transparent 410 boundary

elevated HoO content in
growing lens

\'wet'/'dry' warmer
colder wadsleyite MTZ

MTZ boundary

iimenite?
stepped=—>" """~ TN~ Y~ cold 'halo’ from
660 past slab location

warmer
MTZ

660

rollback 7 ~— partial melt removes Fe and
enriches Mg in wedge
entrained wedge material
410 7= <=2 4« sweptinto TZ
warmer Stegped warmer
410 deep 410 MTZ
MTZ colder
MTZ
660
stepped—> """ """~ ¥~ cold 'halo’ from
660 past slab location

Fig. S18. Time progression of the formation of a H,O-rich lens under-plating the 410-km
discontinuity in cross-section view (Fig. 4). Continued trench migration contributes to
the evolution of a lens of wadsleyite with an elevated H,O content, the base of which is

detected in our study. (A) H,O is brought into the transition zone either by entrainment
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of hydrated upper mantle materials and/or transported within the slab. As the South
American continent moves westward due to trench rollback (B), the buoyant hydrated
wadsleyite collects at the top of the transition zone, elevating the 410-km discontinuity as
the hydrated lens forms. (C) Final lens geometry (Fig. 4). (D) A depressed 410-km
boundary due to Fe depletion in the olivine system. Fe-depleted regions are shown as
stippled green dots. Melting (red dots) in the wedge increases the Mg content of the
(Mg,Fe),Si10, residue from the expected Mgy to Mgy, o, (§20). These magnesium-
enriched wedge materials are entrained by viscous coupling of the slab with the overlying
mantle, and transported into the MTZ. A 3-4% increase in the Mg content of the olivine
results in an increased the depth of the 410-km discontinuity by 7-10 km, based upon the
compositional Clapeyron slopes shown in (24). In this model, multiple discontinuities
observed at 410-km depth, could be explained by localized thermally induced up-warping
of the 410-km within the cold subducting slab lying next to a deep 410-km boundary in
the Mg-rich mantle. The presence of a metastable wedge of olivine within the slab would
produce complex topography on the 410-km boundary, and may also be responsible for
the observation of multiple discontinuities. Hydrous melting at the 410-km discontinuity
may enhance the Fe-depletion; this would further increase the effective content of Mg in

the subducted materials entering the MTZ.
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