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One of the key features of Earth's
surface geology is the near constancy
of continental freeboard through
geologic time (Wise 1974).

This reflects a steady budget of surface
H,O relative to H,O stored in the mantle.

-Interesting considering that the H,O in the
oceans could be a modest fraction of the
total terrestrial H,O budget (0.25 to 4 x the
oceans in mantle).

- However, rate of subduction of H,O is
sufficient to desiccate the oceans in 1-2
Ga (lto et al. 1983).

SO: fluxes of H,O into the deep mantle
must be closely in balance with degassing
at ridges and regassing at subduction
zones (McGovern & Schubert 1989, Riupke
et al. 2004).
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Typical High Temp (920°C) volcanic gas from
arc volcano (mol %)

we can analyze:
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In Arcs fluids come from the slab
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Aqueous Fluids

from Slab in ARCS
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Sediment lithology:
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Carbon imbalance at arcs

Arc
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2.36

Hilton, Fischer, Marty (2002)



Water imbalance at arcs: out flux >> in flux
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More recent estimate of water flux from arcs
using H,0O/S0, ratio of high temperature
fumaroles of individual arcs gives

Arc water out flux of 2-4 x 1013 mol/yr.

About 1 x10'“mol/yr is subducted globally

and 2-7 1013 mol/yr is available for arc magma
generation

Fischer, Geo Chem. J. 2008
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Melt inclusions: pre-eruptive melt volatile
contents

Allow for assessment of pre-eruptive melt composition since they are
assumed to be less susceptible to degassing and contamination

Olivine-hosted melt inclusions in recently-erupted tephras from Marianas
Arc Volcanoes

Shaw et al., 2008
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Melt inclusions: Marianas Arc

e = mr mr omr omr oEr o Er omE omm O R OEE N BN ED D BN B B B R O RS S S S R SR SR B R SR S e e e e e e e e e e mm mm mm o

seawater

arc fumaroles <
& 0O

MORB 1 Asuncion
@ Agrigan
Koolau ¢ Pagan

O Alamagan
A Guguan
A Sarigan

O Anatahan

0 1 2 3 4 ) €

H,0 (wt %)
Shaw, Hauiri, Fischer et al. EPSL 2008



H isotope cycle through subduction zones

subducting slab 6D = -50%e

\

MANTLE 8D = -80%o

dehydrating fluids
(92% of slab water)
oD = -34%o

dehydrated slab
(8% of slab water)
oD = -234%o

Shaw, Hauiri, Fischer et al. EPSL 2008
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Towards a better understanding of the deep water cycle:

Oa
Mid-ocean ridge flux 10’s a

100’s a

?
>10 Ma * >10 Ma ?

Total water in mantle: \

0.25 to 4 times that in ocean
re-gassing of mantle



