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Development 
of a low-
viscosity 
channel:	  

(1) initial state 
of the wedge	  

(2) initial influx 
of fluids	  

advection leads 
to coherent layer 
of hydrated NAM	  

LVC is defined by 
the zone of 

water-weakening	  

(3) mature 
development of 

the wedge	  

Hebert	  et	  al.,	  2009	  



Mo$va$on:	  
• Poten(ally	  important	  dynamical	  implica(ons	  for	  deep	  (>	  200	  km)	  introduc(on	  of	  fluids	  
• Source	  of	  chemical	  enrichments	  
• Water	  addi(on	  can	  effect	  loca(ons	  of	  par(al	  mel(ng	  

Van	  der	  Lee	  et	  al.,	  2008	  
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Model	  Schema$c	  
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Using	  COMSOL	  Mul$physics®	  3.4	  in	  2-‐D:	  

! 

" #u = 0

$" # % "u+ "u( )T( )[ ] + & u # "( )u+"p = F

" # $k"T( ) = &CP u # "( )T

! 

Fy = g* "0 # Vfluid * " fluid( ) + 1#Vfluid( )* "solid( )[ ]



• Map	  P-‐T	  trajectories	  from	  model	  thermal	  result	  (assuming	  by	  200	  km	  
depth,	  lithospheric	  serpen(nite	  is	  sole	  water	  source)	  

2000

1000

0

de
pt

h 
(k

m
)

Temperature (˚C)

25 Ma, 10 cm/yr

3000200010000
horizontal distance (km)

0 1000 2000

Ohtani	  et	  al.,	  2004	  

Determining	  Dehydra$on	  Loca$ons	  within	  the	  Slab	  

• 6	  km	  of	  hydrated	  lithospheric	  serpen(nite	  beneath	  7	  km	  of	  dehydrated	  AOC	  

CMAS	  perido(te	  +	  2	  wt.	  %	  H2O	  



Determining	  Dehydra$on	  Loca$ons	  within	  the	  Slab	  

2000

1000

0

de
pt

h 
(k

m
)

Temperature (˚C)

25 Ma, 10 cm/yr

3000200010000
horizontal distance (km)

0 1000 2000

!"#$$%"#&'(!)*&

+#
,
-
#
")
.%
"#
&'
/0
*&

12&3
)4&52

&6,78"&

• Changing	  slab	  age	  leads	  to	  a	  changing	  thermal	  structure	  and	  therefore	  a	  change	  in	  dehydra(on	  loca(on	  
within	  the	  slab	  



Including	  Fluid	  Sources	  and	  Sinks	  into	  models	  

! 

" # $%NAM"cNAM( ) = R $usolid # "cNAM ,
0 = R $u fluid # "c fluid ,
R = (source + sink)

• U(lizing	  mul(ple	  COMSOL	  Mul(physics	  Applica(ons	  

Determining	  Fluid	  Velocity	  and	  Trajectory	  

! 

u fluid = usolid +
S
"
,

S= #$gk
µ fluid

,

k =
" 3d2

270
! 

"# = 2300kg $m3

% = 0.0005 & 0.01
d = 3&10mm
µ fluid = 0.001-10Pa $ s

Afer	  Cagnioncle	  et	  al.	  (2007),	  	  
Wark	  et	  al.	  (2003),	  and	  	  
Audetat	  and	  Keppler	  (2004)	  

Inves(gate	  a	  range	  of	  	  	  	  	  	  	  	  	  	  	  	  ~	  10-‐11	  to	  10-‐6	  m/s
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Water	  storage	  capacity	  

upper	  mantle	  

transi$on	  zone	  

lower	  mantle	  
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olivine,	  clinopyroxene	  
orthopyroxene,	  garnet	  

wadsleyite,	  ringwoodite	  

magnesiowüs(te,	  perovskite	  

Afer	  Hirschmann	  et	  al.	  (2005),	  we	  es(mate	  
the	  storage	  capacity	  of	  the	  upper	  mantle	  

based	  on:	  
• 	  the	  storage	  capacity	  of	  olivine	  	  

• Par((oning	  of	  H2O	  between	  olivine	  and	  
other	  mantle	  minerals	  

• Varia(on	  in	  modal	  mineralogy	  with	  depth	  

Bolfan-‐Casanova	  et	  al.	  (2002)	  

Murakami	  et	  al.	  (2002)	  
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Results:	  Free	  Water	  
(fluid	  velocity	  ~	  10-‐11	  m/s)	  

A.	   B.	  

• Dehydra(on	  results	  in	  a	  near-‐slab-‐parallel	  fluid	  trajectory	  
• Fluids	  are	  transported	  with	  the	  solid	  flow	  field	  
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A.	   B.	  

• Dehydra(on	  results	  in	  rapid,	  nearly	  ver(cal	  fluid	  migra(on	  
• Secondary	  dehydra(on	  occurs	  at	  the	  base	  of	  the	  transi(on	  zone,	  resul(ng	  in	  addi(onal	  fluid	  
sources,	  similar	  to	  Davies	  and	  Stevenson	  (1992)	  concept	  
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Results:	  Free	  Water	  
(fluid	  velocity	  ~	  10-‐6	  m/s)	  



Results:	  Held	  Water	  
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A.	   B.	  
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• Fluid	  migra(ng	  up	  into	  the	  wedge	  is	  taken	  up	  by	  
nominally-‐anhydrous	  minerals,	  and	  then	  advected	  with	  
the	  solid	  flow	  field	  

• Upward	  percola$on	  of	  fluid	  expelled	  from	  the	  slab	  as	  well	  as	  adjacent	  down-‐dragged	  mantle	  entering	  the	  lower	  mantle	  
act	  to	  hydrate	  the	  transi$on	  zone	  local	  to	  the	  subduc$ng	  slab	  



Results:	  Held	  Water	  

A.	   B.	  

• Evaluate:	  high	  or	  low	  storage	  capacity	  es$mate	  for	  water	  in	  lower	  mantle	  NAM	  

• Fluid	  migra(ng	  up	  into	  the	  wedge	  is	  taken	  up	  by	  
nominally-‐anhydrous	  minerals,	  and	  then	  advected	  with	  
the	  solid	  flow	  field	  
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Results:	  Viscosity	  

A.	   B.	  

• Water	  held	  in	  NAM	  may	  strongly	  influence	  the	  viscosity	  
structure-‐leading	  to	  overall	  changes	  in	  the	  flow	  structure	  
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Results:	  Viscosity	  

A.	   B.	  

• Water	  held	  in	  NAM	  may	  strongly	  influence	  the	  viscosity	  
structure-‐leading	  to	  overall	  changes	  in	  the	  flow	  structure	  
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Results:	  Ver$cal	  velocity	  

A.	   B.	  

• Enhanced	  upwelling	  is	  observed	  when	  composi(onal	  dependence	  in	  viscosity	  
and	  buoyancy	  is	  taken	  into	  considera(on	  
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410	  km	  

660	  km	  

For	  lower	  es$mates	  of	  fluid	  velocity,	  independent	  of	  lower	  mantle	  
storage	  capacity,	  there	  is	  the	  poten$al	  for	  significant	  amounts	  of	  water	  
to	  reach	  great	  depths	  in	  a	  rela$vely	  thin	  fluid	  envelope	  immediately	  

adjacent	  to	  the	  slab.	  



410	  km	  

660	  km	  

With	  a	  higher	  es$mate	  of	  lower	  mantle	  water	  storage	  capacity,	  and	  
high	  fluid	  velocity	  es$mates,	  there	  is	  no	  secondary	  dehydra$on	  at	  the	  
base	  of	  the	  transi$on	  zone,	  leading	  to	  the	  poten$al	  for	  significant	  

amounts	  of	  water	  to	  reach	  great	  depths	  stored	  in	  NAM.	  



For	  the	  lower	  es$mate	  of	  water	  storage	  capacity	  and	  high	  fluid	  velocity	  
es$mates,	  a	  balance	  between	  fluid	  advec$on	  and	  release	  allows	  for	  the	  

development	  of	  a	  local	  hydrated	  transi$on	  zone,	  leading	  to	  elevated	  water	  
contents	  in	  NAM	  immediately	  above	  the	  transi$on	  zone	  on	  the	  order	  of	  

~500	  ppm-‐perhaps	  allowing	  for	  the	  development	  of	  a	  par$al	  mel$ng	  layer	  
at	  400	  km	  depth	  

660	  km	  

• High	  fluid	  veloci(es	  ~1000×solid	  flow	  velocity	  
• Downwelling	  mantle	  flow	  field	  
• Low	  es(mate	  for	  lower	  mantle	  water	  storage	  capacity	  

410	  km	  



Conclusions	  

• We	  evaluated	  deep	  slab	  dehydra(on	  and	  the	  development	  
of	  a	  hydrated	  region,	  which	  changes	  geometry	  based	  on	  

subduc(on	  parameters,	  fluid	  velocity	  es(mates,	  and	  lower	  
mantle	  water	  storage	  capacity	  es(mates	  

• We	  evaluated	  the	  modifica(on	  of	  the	  velocity	  field	  using	  a	  
composi(onal	  dependence	  within	  the	  viscosity	  formula(on	  

and	  composi(onal	  buoyancy	  

• A	  “wet”	  transi(on	  zone	  may	  be	  ini(ated	  near	  a	  subduc(on	  
zone	  if	  lower	  es(mates	  for	  water	  storage	  capacity	  in	  the	  

lower	  mantle	  and	  rapid	  fluid	  veloci(es	  are	  correct	  



Applica$ons	  for	  GeoPRISMS:	  

• How	  does	  vola(le	  release	  from	  the	  slab	  influence	  mantle	  
dynamics?	  

• How	  are	  vola(les	  and	  fluids	  stored,	  transferred,	  and	  
released	  through	  the	  subduc(on	  system?	  

• What	  are	  the	  fluxes	  of	  vola(les	  delivered	  to	  the	  mantle	  
from	  the	  subduc(ng	  slab?	  

ü We	  have	  the	  numerical	  tools	  to	  provide	  a	  context	  for	  
interdisciplinary	  studies	  

ü The	  scope	  of	  GeoPRISMS	  should	  be	  expansive	  enough	  to	  
include	  (and	  to	  encourage)	  links	  between	  communi(es	  
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Determining	  Dehydra$on	  Loca$ons	  within	  the	  Slab	  
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Water	  storage	  capacity	  
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