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1. Criteria used in assignment of quality to shear-
wave splitting measurements

For each measurement we assign a quality (“good”, “fair”
or “poor”) based on the following five criteria: existence of
one clear maximum, small size of the 95% confidence area,
linearity of the corrected particle motion, waveform similar-
ity of corrected wavelet, removal of energy on the component
perpendicular to the initial polarization, and agreement be-
tween the RC, SC and EV in splitting parameters. A quality
of “good” is assigned to measurements in which all criteria
are met, “fair” to measurements in which most criteria are
met, and “poor” to measurements in which only a few cri-
teria are met. Figure DR2A shows the quantity and quality
of measurements for each station we analyzed in Splitlab.
Figures DR3 through DR5 show examples of “good”, “fair”
and “poor” measurements, respectively.

2. Testing for a two-layer anisotropic model
We observe modest variation in splitting parameters with

back-azimuth in all our stations (Figures DR7 to DR55).
Systematic variations of the splitting parameters with back-
azimuth are diagnostic of complex anisotropy [Silver and
Savage, 1994], and it is possible to test the probability of a
two-layer model by inverting the splitting parameters [Silver
and Savage, 1994; Hartog and Schwartz , 2001], although the
inversion is highly non-unique [Hartog and Schwartz , 2001].

We perform a grid search on the range of possible values
of the two-layer model parameters: φupper, δtupper, φlower,
δtlower, and search for the model that minimizes the root-
mean-square of the residual between the data and the pre-
dicted data. The predicted data is calculated using the equa-
tions of Silver and Savage [1994]. Because we have a lim-
ited range of backazimuths (Fig. DR1) we group stations
based on the one-layer station-averaged fast polarizations
(see Main). Only good and fair quality measurements are
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used. Because we only have a few measurements at each
station, we resample the data with replacement (bootstrap-
ping) 100 times prior to the inversion, to provide better
constraints on the uncertainties. Since there is not a unique
two-layer model that fits observed splitting parameters [Har-
tog and Schwartz , 2001], we show the distribution of the 100
models (Fig. DR6).

Our results, hindered by the limited range of backaz-
imuths, show that a two-layer model is not statistically bet-
ter than for a one-layer model. In addition to Silver and
Savage [1994] and Hartog and Schwartz [2001], Özalaybey
and Savage [1994, 1995] and Bonnin et al. [2010] have all
successfully modeled two-layer anisotropy in Northern Cal-
ifornia, demonstrating the value of permanent stations to
capture earthquakes with a broad range of back-azimuths.
Similarly long-term recordings will be needed in southern-
most California to properly test for multi-layer anisotropy.
The dense network of broadband stations in southern Cali-
fornia has allowed fully 3D anisotropic inversions [Monteiller
and Chevrot , 2011; Lin et al., 2014], and further south Long
[2010] demonstrated the existence of vertical heterogeneity
of anisotropy in the Gulf of California region, using the data
of Obrebski et al. [2006]; van Benthem et al. [2008].

3. One-layer anisotropic model
We estimate the one-layer anisotropic model beneath each

station by calculating a weighted mean and standard devi-
ation (s.d.) for δt, and an axial weighted-mean and s.d. for
φ [Berens, 2009]. We weight the mean by the quality of the
measurements as follows: 1(good); 0.5(fair); 0.001(poor).

4. Caption for Figures DR3 through DR5
Figures DR3 through DR5 show examples of “good”

“fair” and “poor” SWS measurements, respectively.
Top left: Radial (blue dashed) and transverse (red solid)
components at the same vertical scale. Gray area: chosen
window.
Top center: Summary of results as numerical values.
Top right: Polar diagram on which the fast polarization
direction is plotted with the actual backazimuth and incli-
nation.
Middle horizontal panel: Set of diagrams obtained by
using the rotation-correlation (RC) method. From left to
right: a, Fast (blue dashed) and slow (red solid) split com-
ponents corrected from the delay time. b, Radial (blue) and
transverse (red) components corrected from the anisotropy.
This allows to see if the signal on the transverse compo-
nent has been almost entirely removed after correction for
the best φ and δt pair. c, Particle-motion diagram, before
(blue) and after (red) the anisotropy correction. In case of
a good measurement, the elliptical particle motion is essen-
tially linear after the anisotropy (φ and δt) correction. d,
Map of the correlation coefficients showing the quality of
the correlation between the fast and slow split waves for φ
varying from -90 to 90◦ and for δt varying from 0 to 4 s.
Innermost contour shows 95% confidence interval.
Bottom horizontal panel: Set of diagrams obtained by
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using the minimum energy method [Silver and Chan, 1991].
From left to right: a, b and c, as for RC method. The par-
ticle motion diagram, before (in blue) and after (in red) the
anisotropy correction. d, Map of the energy on transverse
components.

5. Caption for Figure DR6
An example for the results of our two-layer inversion.

In this example, we use our westernmost stations that ex-
hibit a 079◦ average fast-direction and a 0.8 s mean delay
time. a: Fast directions vs. backazimuth. Measurements
(cross) colored by quality (magenta: good, green: fair). Blue
dashed line: Best fit model. black line: one-layer average
divided to two equal layers. c–i: Projections of the four-
dimensional two-layer model parameter space onto seven
different planes for the 100 models (cross), colored by the
misfit. Blue square: best fit model (smallest misfit). Black
circle: One-layer model.

6. Caption for Figures DR7 through DR55
SWS measurements for each station we analyzed. a: Fast

polarization directions shown as thin black vectors with cir-
cles colored by quality (red for good, blue for fair, and green
for poor) on a unit circle. Dashed magenta line (’AW’ in
legend): Quality-weighted axial mean calculated for all the
measurements. Thick double-sided vectors: Axial mean cal-
culated for each category of quality, colored respectively.
Length of double-sided vectors proportional to the circu-
lar spread of the data. The closer it is to one, the more
concentrated the data sample is around the mean direction.
b: as in (a), but categorized by method instead of quality.
RC stands for Rotation Correlation (red), SC for Silver and
Chan (Energy Minimization, blue), and EV for Eigenvalue
(green) [Wüstefeld et al., 2008]. c: Fast polarization direc-
tion vs. backazimuth, colored by quality, as in (a). d: Delay
time vs. backazimuth, colored by quality, as in (a).

7. Caption for Data Set DR1
Text file with statistics for each station we analyzed. The

first 46 stations are part of our bbSSIP array. The 4 remain-
ing stations, are those analyzed to test the method we used
against results from a different method. The count of good,
fair and poor events, are shown in columns 2–4, respectively.
The weighted axial-mean and weighted standard deviation
of the fast polarization directions and weighted mean and
weighted standard deviation of the delay times are shown in
columns 5–8, respectively. Please note that results from our
stations A07 and A07A, and similarly for stations A26 and
A26A, were combined. Also, stations A17 and B03 did not
produce any reliable measurements.

8. Caption for Data Set DR2
Text file with all our splitting measurements. The year,

day-of-year, phase, backazimuth, and inclination of the
earthquake are shown in columns 2 through 6. The low
and high frequency cut offs are shown in columns 7 and 8,
respectively. The fast polarization direction and time delay
for each method are shown in columns 9 through 14. The
final column shows our assigned quality.
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Figure DR1: Map of earthquakes (red circles) that yielded at least one SKS splitting measurement. Most earthquakes
originate in the west and southwest Pacific. Yellow star: approximate center of our bbSSIP array.
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Figure DR2: A: Number of SWS measurements at each station, colored by quality (“good”: blue; “fair”: yellow; “poor”:
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inferred shear zones. ⊗ and �: block motions into and out of the page, size crudely scaled to velocity with respect to EF.
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  Event: 30-Aug-2011 (242) 06:57   -6.36N 126.75E  467km  Mw=6.9
       Station: A03   Backazimuth: 279.2”   Distance: 115.66”
init.Pol.:  100.1”  Filter: 0.010Hz - 0.15Hz    SNR

SC
:26.2

Rotation Correlation:   38<  56° <  75     0.4<0.6s<0.8

      Minimum Energy:   66<  77° <  84     0.7<0.9s<1.2

          Eigenvalue:   66<  81° < -92     0.6<1.0s<1.5

             Quality: good     IsNull: No     Phase: SKS
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Figure DR3: Example of a “good” measurement. See detailed caption in the beginning of this document.
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  Event: 18-Jan-2011 (018) 20:23   28.68N  63.99E  80km  Mw=7.2
       Station: A14   Backazimuth: 359.9”   Distance: 118.94”
init.Pol.:  171.6”  Filter: 0.010Hz - 1.00Hz    SNR

SC
:11.3

Rotation Correlation:  -88< -46° < -18     0.2<0.7s<1.7

      Minimum Energy:  -27< -18° < -17     1.2<1.6s<2.0

          Eigenvalue:  -37< -26° < -25     0.9<1.2s<1.5

             Quality: fair     IsNull: No     Phase: SKS
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Figure DR4: Example of a “fair” measurement. See detailed caption in the beginning of this document.
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  Event: 10-Feb-2011 (041) 14:41    4.05N 123.03E  531km  Mw=6.5
       Station: A18   Backazimuth: 291.5”   Distance: 113.34”
init.Pol.:  140.2”  Filter: 0.010Hz - 1.00Hz    SNR

SC
: 5.0

Rotation Correlation:   10<  23° <  44     1.2<1.5s<1.8

      Minimum Energy:  -11<   4° <  11     0.6<1.1s<1.6

          Eigenvalue:   13<  24° <  37     1.3<1.5s<1.7

             Quality: poor     IsNull: No     Phase: SKS
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Figure DR5: Example of a “poor” measurement. See detailed caption in the beginning of this document.
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Figure DR6: Example for the results of our two-layer inversion. In this example, we show our westernmost stations that
exhibit a 79◦ average fast-direction and a 0.8 s mean delay time. See detailed caption in the beginning of this document.
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Table DR1: Mean splitting parameters for geographic domains defined in Figure 2.

N φm δtm Station Names

PRB 17 79 ± 14 0.8 ± 0.15 A01-A13, M01, M02, CBX, NE71

ST 23 124 ± 19 1.0 ± 0.25 A14-A16, A18-A27, A29, A30, A32, B01, B02, C02, M03,
RXH, DRE, NE70

ETR 11 117 ± 5 0.9 ± 0.14 A33-A36, A38-A40, N01, S01, GLA, 112A

BRP 6 76 ± 10 1.0 ± 0.33 BLY, Y12C, P36, 113A, Z13A, Y13A

N: Number of stations. φm: Axial-mean of fast polarization. δtm: Mean delay time. PRB: Peninsular Ranges Batholith;
ST: Salton Trough; ETR: Eastern Transverse Ranges; BRP: southern Basin-&-Range Province.

Table DR2: Comparison with previous splitting measurements.

Station This Study Previous WorkMonteiller and Chevrot [2011]

RXH φ̄ = 111 ± 57 ; δ̄t = 0.72 ± 0.20 φ̄ = 101 ; δ̄t = 1.18

DRE φ̄ = 87 ± 26 ; δ̄t = 0.94 ± 0.23 φ̄ = 103 ; δ̄t = 0.55

DVT φ̄ = 57 ± 65 ; δ̄t = 0.78 ± 0.60 φ̄ = 43 ; δ̄t = 0.39

ERR φ̄ = 83 ± 45 ; δ̄t = 0.74 ± 0.17 φ̄ = 76 ; δ̄t = 1.16

φ̄: Axial-mean of fast polarization. δ̄t: Mean delay time.


