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Role of water in subduction zone magmatism
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Arc magmas are hydrous reflecting water from the subducted oceanic plate and subsequent hydrous
melting of the mantle. Both water and water-mobile elements are rich in the arc magmas which exert
formation of the arc’s crust thus the Earth’s continent. Arc magmatism is a complex process
occurring in such the dynamic system with the enigmatic water-bearing chemical reactions. This
presentation aims to describe the processes of arc magma genesis based on chemical mass balance
between the magmas and their source materials. The petrology/geochemistry-based mass balance model
uses elemental-isotopic compositions and explores intensive-extensive parameters which control the
chemistries. The determined parameters are then used to constrain the genetic conditions of the arc
magmas and the dynamics of both the liquids and solids. The examinations focus on the contrasting
NE and SW Japan arcs where the globally coldest and the hottest endmember subductions are taking
place.

F—O—F 1 BIHAHFE. K. VIV
Keywords: Subduction zone, Water, Magma

©2016. Japan Geoscience Union. A1l Right Reserved. - 5CG19-02 -



5CG19-02

BB ERNAES 20165 XS

Arc volcanism

a Plate bencing and rehydration Back arc basin
0 ¥ — —0
T : . &y
—T_- i B - - :____ = "_ '::
—e F -u...:“ ~ 2 - 1
50+ By luxed mantle-. . ..~ 800 =
~ 207 600" - LT Wedge mantle | oa
E1m_ - "“—-\.\_\_\_\_ _ E
'._‘ — _‘___,__,-"""-42
.4 o &
_ : -5
150 Arc Basalt Simulator ver.4 \\\
model schematics e N N 6
Water 2 3 4 S Melt coarescence and eruption
SED ., 'y
ACC * Mantle process Mantle convection
LBAS Decoupling : Liquid fluxed melting 2
o Slab coupling .E'E
UGAB* (=] E Zone refining i‘ E
LGAB » " N ~ MwP metasomatism
Source materials ) Q o
Re-hydration Prograde metamorphism |-£ @
Shallow dehydration Chromatographic reaction| g &
(No) dehydration 8E
i Dehydration-reaction ceanic MOHO— |9
Slab prograde metamorphic process Dehydration/melting-reaction vy -
hE 3 Igneous Oceanic Crust (IOC) Sediment (SED) Depleted Mantle (DM: SIbP/MwP)
- ll' i III |l
= 5.0
&
E4 0
£
@ 3.0 | Am
g Hydrous
a 204 rmaﬁﬂg
- meltingy
Gar
200 400 600 800 1000 200 400 600 800 1000 200 400 600 800 1000
Temperature ("C) Temperature (°C) Temperature (°C)
— Water saturated solidus ---—- Dehydration solidus —— Water saturated solidus  Phl: Phlogopite,

Phen: Phengite, Am: Amphibole, Chl: Chlorite, Zo: Zoisite, Law: Lawsonite, Chr: Chrysotile, Ant: Antigorite
Gar: Gamet, Plag: Plagioclase P-T path: — MwP— SED— AOC— | BAS

— UGAB—LGAB

Fig. 4.4.1 Schematic cross section of a subduction zone and the Arc Basalt Simulator ver 4 model
desm‘iptic-tréépanel a). Phase relations and maximum bound water in 1gneous oceanic crust, sediment,

and deple

peridotite (panel b), modified from Kimura et al. (2012). Acronyms of the slab layers are

MwP: mantle wedge peridotite, SED: sediment, AOC: altered oceanic crust, LBAS: lower basalt,
DIKE: dike, UGAB: upper gabbro, LGAB: lower gabbro, and SIbP: slab peridotite.
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