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©® why v.v,?

Using two modes of seismic velocities can help alleviate non-uniqueness in seismic interpretation!

Effect of lithology on seismic properties —
overlapping of velocities from different lithologies if

using a single mode of seismic wave
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Effect of cracks on seismic properties — tradeoff

between porosity and crack geometry
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a R2T data & » Wave mode conversion occurs across basement.
conve I'ted phases » Forcrustal and mantle phases, P and PSS are used in the
tomography, whereas PPS and PSP are excluded due to the
redundance of information.
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© R2T data &

converted phases
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Downgoing to and returning from crust, Moho and mantle as P or S waves
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) Joint V, & Vg tomography

L3 (trench-parallel): Vp

» Forward modeling: direct modeling of all 5 . s
mode conversions through arbitrary % g :
interfaces by extending the shortest path g )
method (Van Avendonk et al., 2004). 1:_ -40 ( 20 0 ) @ @ 100 120 0 10 180 200 220 200 260 280 30 0 340 30
L3 (trench-parallel): V
» In this case, it allows ray tracing E e = s
through sediment as P and S waves in [ e
downgoing and upgoing branches. §12_
» Inversion: 16- Fep— e ey

» Simultaneous inversion of V., Vg and
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» Optional regularization constraints on
Vp and Vg structure coupling, such as
damping and smoothing on Vp/Vg

variations and cross-gradient coupling
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» Vg structure in sediment and upper plate is g = ’ 2
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) Results: average model & depth dependence

Depth (km below basement)

» Most Vp/Vs values are within 1.7 and 1.82.
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» No significant serpentinization is required.

» Most variations can be explained by porosity variations.
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) Results: crustal
hydration along L3

» Assumptions for the porosity calculation

» No considerations of alteration products or
structurally bound water.

» Assuming only seawater-filled cracks, which can be
represented by a single value of effective pore
aspect ratio.

» Within the reasonable range of aspect ratio
and low porosities:

1. Thin cracks
cause increased
Vp/Vg ratios.

2. Thick cracks may
cause decreased
Vp/Vg ratios.
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» Crustal porosity is low: 0.2-2% in upper crust and <0.2% in
lower crust.

,———

Depth (km) VE

» Both V; and V/Vg values suggest the absence of
serpentinization in mantle.
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» Localized hydration anomalies are related to propagator
wakes.
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» Dry Juan de Fuca plate as indicated in earlier study using
P-wave tomography results (Canales et al., 2017).
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) Results: evolution from | —————
ridge to trench along L1 | | Sy

» Alarge propagator wake caused localized hydration 1
anomaly in both crust and uppermost mantle. §

» At >100 km away from the deformation front, aging of
oceanic crust dominates:
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» Velocities increase with age in upper crust

Depth (km) VE:

» Vp/Vg and porosity decrease with age

» Suggest filling of cracks by hydrothermal deposits.

» With 100 km from the deformation front, bend faulting may §
dominate: E
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» Localized mantle serpentinization. 21 L1: porosity in crust ‘ o1
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a Results: anisotropy at intersection of L1 & L3

» Upper crustal anisotropy is consistent with the

effect of ridge-parallel fractures.
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@ Results: anisotropy at intersection of L1 & L3

> Upper mantle Vp is faster along L1 by ~4%, » Pn wave anisotropy (Canales et al., 2017)
consistent with Pn wave analysis.
» Upper mantle Vg is less constrained by our model. ooy £ sl s
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a Results: anisotropy at intersection of L1 & L3

» S wave anisotropy in upper 20 km of lithosphere

> Upper mantle Vp is faster along L1 by ~4%,
PP P g Y ° from surface wave tomography (Liu et al., 2014)

consistent with Pn wave analysis.
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Q Results: anisotropy at intersection of L1 & L3

> Different faster direction across the proto-
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» PSDM image and interpretations (Han et al., 2017)
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G Summary

» We extended a tomography code for joint Vp and Vg tomography, which can model arbitrary mode conversions

and simultaneously invert for velocity and depth model parameters.
» Juan de Fuca plate is dry!

» Aging of oceanic crust dominates at >100 km away from the deformation front, causing increase in velocities
and decrease in porosities and Vp/Vg ratios with age, which are the effect of crack filling by hydrothermal

deposits.

» Within 100 km from the deformation front, bend faulting dominates, causing decrease in velocities and increase

in porosities, but further decreasing Vp/Vg ratios, which may indicate crack opening under tensional stress.
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Q Advantage of modeling arbitrary mode conversions
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