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The UltralL.ow Velocity Zones

» 3:1 s-wave to p-wave
loss in velocity

o SR ) 0
| ¥ ULVZ detected
b | @ NoULVZ

x 10-40 km thick = R

x 1-2 orders of magnitude
less VISCOouS

x 10% more dense

x Dynamically coupled to
surrounding mantle

|[Garnero and McNarama 2008]



Experimental Moael

» Forcing terms P / \ "
. /Mam.e
x |mposed velocity field m ,
(flow within LLSVP) '\
x Modulating terms

x \/IScosity ratio varies
patches desire to
deform

x Patch interaction



Experimental Moael

» Forcing terms Va / 1 T .\\ "\
Mantle v\

» Buoyancy ant

x |mposed velocity field
(low within' LLSVP)

x Modulating terms

x \/IScosity ratio varies
patches desire to

deform What is the drainage

» Patch interaction rate of the ULV/"?



Governing Equation

x [he Stokes Boundary Integral Equation (BIE) for
multiple domains [Pozr|k|d|s 2001}

® [he Interfacial surface term: is buoyancy driven
Rp) (0 — Pp)grs X, = e
Uecbm Hom

x Non-dimensionalizion yields the viscosity ratio and
compositional Rayleigh number [Leal 2007]
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Governing Equation

x [he Stokes Boundary Integral Equation (BIE) for
multiple domains [Pozr|k|d|s 2001}

® [he Interfacial surface term: is buoyancy driven
7 (0) _ (Pm — pp)g; X e
Uebm, Hm
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Governing Equation

x [he Stokes Boundary Integral Equation (BIE) for
multiple domains [Pozr|k|d|s 2001}

Iiiiiiins PV
4 g e / wi(x) Lk (T, o)k () Ay ()
r
® [he Interfacial surface term is buoyancy driven

() — (om — Pp)gz? e e
Ue hm Hm

x Non-dimensionalizion yields the viscosity ratio and
compositional Rayleigh number [Leal 2007]




Governing Equation

x [he Stokes Boundary Integral Equation (BIE) for
multiple domains [Pozr|k|d|s 2001}

Iiiiiiins PV
4 g e / wi (@) Lk (2, o) g () Ay ()
r
® [he Interfacial surface term is buoyancy driven

() — (om — Pp)gz? A, = BRI,
Uehbm Hm

x Non-dimensionalizion yields the viscosity ratio and
compositional Rayleigh number [Leal 2007]




Numerical Method

x Collocation

x Cubic spline interpolation for
geometry

x (Gaussian guadrature or
RIM2D (singular) integration

» Generally dense and , /A/Q/I@\A\\
N/

asymmetric K )
y /A AN




Fast Multipole Method

x Approximate the integral over a boundary: element
x Move series expansions up and down a tree
x [ranslate
x Combine

® Distant interactions
represented by a series

Direct Method

x Nearby interactions are
computed directly

® [ree structure results in O(N log N) iterative method



Fast Multipole Method

Approximate the integral over a boundary element
Move series expansions up-and down a tree

x [ranslate

x Combine

Distant interactions _;<‘ '>\‘
represented by a series

Nearby interactions are = 2"
computed directly

Tree structure results in O(N log N) iterative method
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(5 Myrs)

ICS
“eft: High patch viscosity, [ow buoyancy force

ULVZ Dynam

Right: Low: patch viscosity, high buoyancy force




Patch Settling
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Patch Settling
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Upwell Dynamics (10 Myrs

Left: High:patch:viscosity
Right: Low: patch viscosity




Summary

x Numerically experimented via EMBEM the ULVZ patch
drainage in LLSVP for various densities and viscosities

x [nverse linear relationship between viscosity and
drainage rate

x | inear relationship between compositional Rayleigh
number and drainage rate

®x [nteraction of patches leads to asymmetric spreading

x Evidence of core deformation for ULVZ-like parameters
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Validity of Expansion

x Expansions are valid based on the Ly distance
between boundary elements and Greens functions

» Distance matrices cost O(N=) time and space o

compute
x=0.01010101110
» Approximate distances using

L1 norm to determine areas of

e QEO0A1° 101100

x A Morton number scheme Is used to greatly accelerate
the process [Warren 1993]
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Settling Interaction

x [wo ULVZ patches are placed above a core

® [he viscosity ratio and density: contrast of the
patches with respect to the mantle is varied

® [he viscosity ratio parameter ranges from 1e-2 1o 1

x [he density of the patches are varied 2-8% more
dense than the mantle

x Simulations are run for 5 million years
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RIsing Interaction

®x [WO patches are placed in an upswell imposed velocity
similar to a plume.

x [he viscosity ratio and density contrast of the
patches with respect to the mantle Is varieo

x [he viscosity ratio parameter ranges from 1e-2 to 1

x [he density of the patches is varied between 102%
and 110% of mantle density

x Simulations are run for 5 million years



RISing Analysis

® For low compositional Rayleigh-number; solution Is
dominated by the imposed velocity field

x For moderately size compositional Rayleigh numbers
the upswell is able to support some or all of the patch

x \With large compositional:Rayleigh numbers the density
contrast of the patch overcomes the imposed velocity

x or all compositional Rayleigh numbers low viscosity
ratios allows the patch to deform easily in the direction
of greatest velocity
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Patch Interaction

x \elocity Is able to uplift part
of the particles

x [N low velocity regions,
gravitational force
OVEIrcComes

® AS particles approach,
pressure builds and
velocities repel

x No spreading due to lack of
lower boundary
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Numerical model of core mantle boundary shows
deformation in areas of detected ULV/Zs.



