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Introduction

This supporting information consolidates equations, detailed assumptions and results,

and additional figures for calculating the seismic signature of a fossil subduction interface

shear zone. Texts S1 and S2 contain equations for empircal and theoretical calculations

for seismic velocities in fractured isotropic and anisotropic media. We used the MATLAB

Seismic Anisotropy Toolbox (MSAT) to calculate the effect of mineral anisotropy and

briefly discuss how we merged fracture and mineral anisotropy calculations in MSAT.
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Tables S1 to S5 contain values calculated as described in the main text and further

detailed in Texts S1 and S2.

Text S1. Assumptions and calculations for fractured isotropic media. Table S4 lists frac-

ture characteristics measured for the CMS averaged across outcrop- and/or thin section-

scale. Aspect ratio (α) and the crack density parameter (ε) were calculated as:

α =
aperture

length
(1)

ε =
3φ

4πα
(2)

Where φ is the porosity and the geometrical factor in the crack density parameter comes

from the assumption of elliptical cracks.

We used the fracture characteristics in one empirical (Peacock et al., 2011) and two the-

oretical (O’Connell & Budiansky, 1974; Hudson, 1981) solutions for seismic wave velocities

in fractured media, where Peacock et al. (2011)’s equation is:

VP
VS

= 0.036φ2 + 0.0178φ+ 1.79 (3)

Calculation of velocities for saturated elliptical cracks follows O’Connell and Budiansky

(1974)’s equations (13) and (A3). Because of dependence of their T parameter on both

aspect ratio (α) and effective Poisson’s ratio (ν̄), we assumed an aspect ratio given in

Table S4, solved for a range of effective Poisson’s ratios, and selected the effective Poisson’s

ratio that corresponded to our calculated crack density parameters. Seismic velocities are

calculated from the effective E and G of the fractured matrix with the following equations:
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Ē

E
= 1 − 16

45

(
1 − ν̄2

)
Tε (4)

Ḡ

G
= 1 − 8

15
(1 − ν̄)Tε (5)

ε =
45

8

(ν̄ − ν)

(1 − ν̄2) (1 − 2ν)T
(6)

Where E and G are the Young’s and shear moduli of the matrix, respectively, and are

output by the Abers and Hacker (2016) MATLAB toolbox, and Ē and Ḡ are the effective

moduli of the fractured media. ν is the Poisson’s ratio of the matrix (from Abers &

Hacker, 2016) and ν̄ is the effective Poisson’s ratio of the fractured media. ε is the crack

density parameter. T is defined as follows:

T (α, ν̄) = k2A

[
1

(k2 − ν̄)A+ ν̄α2B
+

1

(k2 − ν̄α2)A+ ν̄α2B

]
(7)

where:

k =
(
1 − α2

)1/2
(8)

A =
∫ π/2

0

(
1 − k2 sin2 θ

)1/2
dθ (9)
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B =
∫ π/2

0

(
1 − k2 sin2 θ

)−1/2
dθ (10)

We calculated seismic velocities using the effective Poisson’s ratio, Young’s modulus,

and density.

Vp =

√√√√Ē

ρ̄

(1 − ν̄)

(1 − 2ν̄) (1 + ν̄)
(11)

Vs =

√√√√Ē

ρ̄

1

2(1 + ν̄)
(12)

For oriented fractures (Fig. S2) using the Hudson (1981) derivation, we used built-in

MSAT functions. We derived an effective isotropic stiffness tensor from the individual

lithologies to form the matrix and calculated water seismic velocities at CMS P-T condi-

tions using Burnham, Holloway, and Davis (1969) thermodynamic properties.

Vp =

√√√√Kwater + 4
3
G

ρwater
(13)

Kwater = 1/κ (14)

Gwater = 0 (15)

ρwater = V −1 (16)
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V =

(
δG

δP

)
T,n

(17)

κ = −V −1

(
δ2G

δP 2

)
T,n

= −V −1

(
δV

δP

)
T,n

(18)

where Kwater and ρwater are the bulk modulus (Pa) and density of water (kg/m3), V is

the specific volume of water (m3/kg), G is the Gibb’s Free Energy of water, and P is the

pressure (Pa). All values are calculated at 450 ◦C and 1 GPa. Fracture fill characteristics

are: VP = 2.22 km/s, VS = 0 km/s, ρ = 1030 kg/m3.

Detailed results in Table S5.

Text S2. Assumptions and calculations for fractured anisotropic media. To calculate

the cumulative effect of fractures and anisotropic lithologies in MSAT, we decomposed

the bulk stiffness tensor (calculated using MSAT and assumed mineral orientations, see

Fig. S1) into isotropic and anisotropic components using the following steps and built-in

MSAT functions:

1. Rotated anisotropic stiffness tensor to optimal orientation

2. Decomposed anisotropic stiffness tensor (Cijkl) into Ciso + Chex + Ctet + Cort + Cmon

+ Ctri

3. Rotated Ciso and Caniso back into primary orientation, where Caniso = Chex + Ctet +

Cort + Cmon + Ctri

We applied the Hudson (1981) formulation in MSAT to Ciso (required by MSAT calcu-

lations) and then summed Ciso + frac and Caniso.
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Figure S1. Assumed orientations for seismically anisotropic minerals that show evidence

of crystallographic preferred orientations.

Graphitic Mica Schist

Figure S2. Assumed fracture orientations.
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Figure S3. Comparison of Vp/Vs and Vs measured in modern subduction zones (Toya

et al. (2017)1, Tsuji et al. (2008)2, Kodaira et al. (2004)3, Hansen et al. (2012)4, Kato

et al. (2010)5, Matsubara et al. (2009)6, Delph et al. (2018)7, Calkins et al. (2011)8,

Fukao et al. (1983)9, Audet and Schaeffer (2018)10, Kato et al. (2014)11, Kim et al.

(2010)12, Kim et al. (2014)13, Audet et al. (2009)14, Audet and Bürgmann (2014)15, Audet

and Schwartz (2013)16, Peacock et al. (2011)17) and calculated from the CMS assuming

isotropic, anisotropic, fractured isotropic, and fractured anisotropic lithologies. All cita-

tions marked with an asterisk (*) are plotted with Vs values constrained by other studies

for the same margin. Where Vs values are not available for a given margin, Vp/Vs is

plotted as a color block.
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Table S1. Volume fractions of minerals in individual CMS lithologies estimated as

areal proportions assuming no significant anisotropy in the third dimension.

Lithology Quartz White Mica Epidote Glaucophane Antigorite

Schist 0.3 0.7 - - -

Mafic Blueschist 0.05 0.05 0.30 0.60 -

Serpentinized Ultramafic - - - - 1

Table S2. Volume fractions of lithologies in the CMS estimated from structural

thicknesses and assuming no significant anisotropy in the second or third dimensions.

Schist Mafic Blueschist Serpentinized Ultramafic

0.94 0.06 -

Table S3. Seismic velocities calculated at a range of P-T conditions using the Abers

and Hacker (2016) MATLAB toolbox and assuming isotropic lithologies.

P-T VP VS VP/VS

273.15 K, 101.3 kPa 6.22 3.80 1.64

0.8-1.0 GPa, 350-450 °C 6.18 - 6.20 3.74 - 3.76 1.64 - 1.65
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Table S4. Porosities, aspect ratios, and crack density parameters measured for the

schist.

Porosity Aspect Ratio Crack Density Parameter

%, φ α ε

10 ± 1 0.15 0.16

Table S5. Seismic velocities for different assumptions of shear zone anisotropy. Values

for all calculations using MSAT are foliation-perpedicular.

Case VP VS1 VS2 VS
avg VP/VS Method

(km/s) (km/s) (km/s) (km/s)

Anisotropic 5.15 3.02 2.94 2.99 1.73 MSAT

Fractured isotropic - - - - 5.16 Peacock et al. (2011)

Fractured isotropic 6.15 - - 3.57 1.71 O’Connell and Budiansky (1974)

Fractured isotropic 6.79 3.92 3.33 3.63 1.87 Hudson (1981), MSAT

Fractured anisotropic 5.14 3.09 2.06 2.58 2.00 Hudson (1981), MSAT

April 12, 2021, 6:04pm


