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Probing sub-slab anisotropy beneath Central America and

Abstract

A number of conceptual models have been proposed to explain
trench parallel shear wave splitting observations beneath
subducting slabs. Recently, Lynner and Long (2014) tested several
of these conceptual models against a quasi-global source-side
shear wave splitting dataset and found that a model in which sub-
slab dynamics varies with the age of the down-going plate best
matches the observations. A major limitation of that study, however,
was the employment of very simplified geodynamics; especially in
cases that invoke 3-dimensional return flow, where highly complex
flow patterns are expected near and around slab edges. Here, we
examine sub-slab shear wave splitting patterns from geodynamic
models aimed at mimicking real world subduction beneath Central
American and Tonga; which exhibit entrained and 3D return flow
patterns, respectively. Using a variety of olivine LPO and other
anisotropic fabrics, we compare shear wave splitting from these
models against actual source-side measurements in order to better
Lundserstand sub-slab deformation.
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Global Source-Side Patterns
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Schematic view of the fast directions of source-side shear wave
splitting for all of the regions used in Lynner and Long (2014). The
highlighted color represents the most commonly observed fast
directions. The background is color coded to the age of the
oceanic lithosphere from Miiller et al. [2008b]. A general
correlation is apparent between trench parallel fast directions and
older subducting lithosphere, while plate motion parallel fast
Uirec!ions correlate with younger plate ages. J
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Olivine LPO Fabrics

500 T T T T T T
P | D-
o \D type
400 |- - B-type 1
(010){001]
€ 00} 8 ¢ N red
£ \ C-type
0 N A
g \ PREN (100)po01] , ,
200 | N 1
@ g AN A
A A
\ E-type N
100 Adype ¢ (©0N[100] ]
(010)[100] \
\
\
0 L " n " L L
0 200 400 600 800 1000 1200 1400

Water content (ppm H/Si)

Olivine LPO fabric development as a function of water content and

LStress. From Karato et al., 2008

DEGREES FROM TRENCH NORMAL

Mapping Anisotropic Fabrics onto Finite Strain Ellipses

DEGREES FROM TRENCH NORMAL

FSEs from the Paczkowski et al. [2014b] models for Central America (left) and Tonga (right). The color and orientation of each FSE denotes
the orientation of the maximum strain direction from a trench normal direction. Rays (red lines) are plotted from their source (circles) to the
wmom of the model upper mantle. Circle colors correspond to specific rays.
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Figure from Paczkowski et al. [2014b]. (a) Side-view schematic
diagram of the basic model setup. (b) Perspective view of the model
geometry. (c) Finite strain ellipsoids and streamlines (black lines) for
a fully decoupled model representing the Tonga subduction zone.
w) Same as (c) but for the Alaska subduction zone.

Sub-Slab Anisotropy
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Conceptual diagrams of the A) 3D-return flow model of Long and Silver
(2008), B) the strong radial anisotropy model of Song and Kawakatsu
(2012), and C) the age-dependent model of Lynner and Long (2014).

Splitting from Different
Anisotropic Fabrics
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Las each gives different splitting results for the same ray.

Splitting predictions as a function of takeoff angle and azimuth for 5
different anisotropic fabrics. The orientation and length of the bars
correspond to fast direction and delay time. The distance from the
center of the plot corresponds to the takeoff angle of the ray, while
azimuth corresponds to event-to-station azimuth. All 5 are oriented
such that the direction of deformation is in the X-direction with a dip
of 45°. We will test all 5 fabrics when examining sub-slab anisotropy
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Splitting Observations

Source-side splitting measurements from Tonga (left) and Central
America (right). The orientation and length of the bars correspond to
fast direction and delay time, respectively. Circles are plotted at event
location, and circle color denotes each individual ray.
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Strong Radial

Splitting results from all 5 anisotropic fabrics for the Tonga (left) and
Central American (right) models plotted as a function of initial
polarization. Colored circles denote predicted splitting at the
observed initial polarization of each ray. The color of each circle
corresponds to the colors in previous figures. Gray lines show
predicted splitting of each ray across all initial polarizations. A fast
u)lining direction of 0° is a perfectly trench parallel orientation.
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Best Fitting Fabrics
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Central America Rays
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Tonga Rays

Deviations between predicted fast splitting direction of all 5 fabric
types and the observed source-side splitting color-coded by ray, for
Tonga (right) and Central America (left). Open symbols denote the

average regional deviation associated with each fabric type.
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