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Cascadia § beyond!
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Temporal evolution of fluid-driven processes along convergent margins:

Insights from petrologic and time dependent thermal models



Fluids & Subduction

How are fluid driven processes affected by
subduction zone thermal evolution?

Over what timescales?

Inherent vs. Imposed thermal variations



Slab Dehydration Parameterization
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Depth (km)

Time Invariant Example

Slab geometry & convergence rate are fixed

Model run until steady state thermal structure is
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convergence at trench (cm/yr)
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Dynamic Example

Spontaneous, buoyancy driven subduction model
(Holt & Condit, 2021), using ASPECT*

Half space cooled slab & upper plate:
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Changing Dehydration Structure
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Kinematic - Dynamic model comparison

50
< 40
504 =]
] 30
=
5 20
3
€ 10
100- 0 Thermal evolution within a single
< model overlaps the global range of
f modern day dehydration patterns
a
()
(]
150-
200
0 20 ' 30 ' 40

van Keken et al. (2011; 2018) Slab H,0 loss (Tg/Myr/m)



Dehydration Timeseries

Thermal evolution leads to dramatic variations in dehydration
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Implications for Dynamic Processes
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Forearc Mantle Wedge Hydration

H20 flux (kg/yr/m)
time = 5.6 Myr 10|00 ZOIOO

251 -

50 - TN E

75 T \‘\\

100 1

=
N
ol

=
un
o

175

2001

B
2254 0 2 4 6

bound H:0 (wt. %)
No vertical exaggeration




Forearc Mantle Wedge Hydration
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Dehydration during thermal evolution
may account for discrepancies
between models and observation
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Imposed Thermal Variations



Imposed Thermal Variations
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Imposed Plate Younging

Dynamic model with imposed initial plate age variation
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Imposed Plate Younging
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Imposed Plate Younging

Plate younging induces “bottom-up” heating:
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Imposed Plate Younging
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Time Dependence of Hydration State



Heterogenous Hydration
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Cascadia - Myr Variations
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Consideration of temporal variation in slab dehydration is important along
the Cascadia margin
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The assumption of steady state . . . ?
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Take Aways

Slab dehydration is variable over a range of timescales, and can be attributed to:

Inherent thermal evolution: due to a subduction zones lifecycle
Imposed thermal variation: due to pulsed changes in geodynamic variables
Hydration variability: time-dependent changes or heterogenous hydration

Time dependence should be considered for problems that integrate geologic
processes over pertinent timescales, e.g.:

Wedge hydration
Rheologic/kinematic evolution®*
Arc magma genesis

*See Ryan Stoner’s Poster this afternoon!
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