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TELESEISMIC SHEAR-WAVE SPLITTING ANALYSIS 8	

Upon entering an anisotropic medium characterized by azimuthal anisotropy, upgoing radially-9	

polarized and planar SKS waves will split into two orthogonal components, one of which will 10	

travel along the fast axis of seismic propagation (with azimuth ), whereas the other component 11	

will travel along the perpendicular slow axis. Depending on the thickness of the medium and 12	

wave speed difference between the fast and slow axis of hexagonal symmetry, a delay time t 13	

will accumulate between the two polarized shear waves. The splitting process is thus completely 14	

characterized by the parameters  and t (Silver, 1996). Incidentally, shear waves initially 15	

travelling along one of the symmetry axes will not produce any observable splitting. These 16	

results are called "null" measurements and can further help to constrain the orientation . 17	

Anisotropy that varies with depth or described by a different class of symmetry (or hexagonal 18	

anisotropy with a dipping axis of symmetry) will give rise to more complicated patterns of 19	

splitting.  20	

We used 6 stations from the Transportable Array of USArray (TA), 5 stations from the 21	

Yukon-Northwest Seismograph Network (NY), and one station from the Polaris Network (PO) 22	
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(Table DR1). We selected waveforms for all magnitude M>6.0 events with signal-to-noise ratio 23	

greater than 4 dB in the epicentral distance range of 85-140° that occurred between April 2014 24	

and March 2016. Waveforms are rotated into a longitudinal-radial-tangential (LQT) coordinate 25	

system and filtered using a 0.05-0.15 Hz band-pass filter (Currie et al., 2004). Shear wave 26	

splitting analysis at each station was carried out using the SplitLab software (Wüstefeld et al., 27	

2008) and resulted in 61 successful (i.e. non-null, see below) splitting measurements from SKS 28	

phases (Tables DR1 and DR2). The number of estimates is low for recently installed stations of 29	

the TA network. SplitLab performs the splitting analysis based on two distinct methods. The 30	

energy minimization method (also called SC method) (Silver and Chan, 1991) seeks the splitting 31	

parameters  and t for which the energy of the transverse shear wave component is minimized 32	

after inverting the splitting process. In contrast, the rotation-correlation method (also called the 33	

RC method) rotates the seismogram of interest into a test coordinate frame and searches for the 34	

pair of splitting parameters that gives the maximum cross correlation between the transverse and 35	

radial SKS components (Wüstefeld et al., 2008). 36	

Results are first classified into nulls if they satisfy two criteria: 1) SNR of the tangential 37	

component of the SKS phase is below 3 dB, or 2) the difference in  obtained from the SC and 38	

RC methods is between 22 and 68 degrees (Wüstefeld and Bokelmann, 2007). Both nulls and 39	

non-nulls are then qualitatively evaluated in terms of "Good", "Fair" and "Poor" results based on 40	

the ratio of RC and SC delay times ( = tRC/tS) and the difference between RC and SC 41	

azimuths (max[|RC-SC|, |SC-RC|] (Wüstefeld and Bokelmann, 2007). For Nulls, these 42	

correspond to  < 0.2, 37° < < 53° for “Good” measurements;  < 0.3, 32° <  < 58° for 43	

“Fair”; and “Poor” otherwise. For non-Nulls, these correspond to 0.8 <  < 1.1, < 8° for 44	
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“Good” measurements; 0.7 <  < 1.2, < 15° for “Fair”; and “Poor” otherwise. Parameter 45	

uncertainty was estimated from the 95% confidence interval using an F-test (Walsh et al., 2013).  46	

An example result of parameter estimation for a single event recorded at station EPYK is 47	

shown in Figure DR1. Figure DR2 shows the compilation of "good" and "fair", non-null results 48	

for station EPYK, sorted by back-azimuth of incoming SKS waves. These results show tightly 49	

clustered estimates of both  and t, and we interpret these in terms of a single layer with 50	

horizontal anisotropy. We note, however, that the event distribution is not uniform in back-51	

azimuth, and the single-layer assumption may not hold in reality. We then separately perform a 52	

vector average of all "good" and "fair" non-null results (weighting the estimates equally) for both 53	

the SC and RC techniques, and obtain final estimates by vector averaging the results of both 54	

techniques into a single estimate of  and t for each station (Table DR1), further preventing us 55	

from considering more complex (i.e., multi-layered or dipping) anisotropy models. We also 56	

ignore covariance and our error estimates are likely lower bounds. Figure DR3A shows all ‘fair’ 57	

and ‘good’ measurements at each station.  58	

Null estimates can also provide qualitative information on the robustness of the splitting 59	

parameters. Null measurements occur because: 1) there is no detectable anisotropy beneath the 60	

station; or 2) the incoming SKS wave propagates along either the slow or fast axis of anisotropy. 61	

We plot the back-azimuth of all “good” null measurements as rose diagrams in Figure DR3B, 62	

along with the estimated splitting parameters (reproduced from Figure 1B). Each set of 63	

measurements is binned in 10° back-azimuth and the length of the bars is proportional to the 64	

percent number of measurements in each bin. These results show that the dominant back-65	

azimuths of “null” measurements are aligned with either the fast axis or perpendicular to it, thus 66	

qualitatively confirming that the splitting measurements are robust. 67	
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NOTES 68	

The SplitLab software used in this study was translated from Matlab® to Python and thoroughly 69	

tested against published results. The Python software makes extensive use of the ObsPy module 70	

developed by Beyreuther et al. (2010), and is available upon request. 71	
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 89	

Figure DR1. Example result of a single-event estimate of SKS splitting obtained at station 90	

EPYK. The text describes the earthquake parameters and best-fit estimates for both the RC and 91	

SC techniques, as well as the quality factor. The top left panel shows the longitudinal (Q, blue) 92	

and tangential (T, red) seismograms for a hand picked window around the predicted SKS phase 93	

arrival. The bottom two rows of panels show inversion results for the RC (middle row) and SC 94	

(bottom row) techniques. For each technique, the first two panels represent the fast (blue) and 95	

slow (red) components and the longitudinal (blue) and tangential (red) components after 96	

removing the effect of splitting. Horizontal axis is time in seconds. The last two panels show the 97	

initial (blue) and corrected (red) particle motion in the horizontal plane, and the misfit contours 98	

(low misfit in blue, high misfit in red), shown either as a map of the correlation coefficient 99	

between the corrected fast and slow components (RC) or the energy of the tangential component 100	

after correction. The magenta contours show the 95% confidence interval. 101	
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 102	

Figure DR2. Compilation of SKS splitting results for all “Good” and “Fair” non-nulls for station 103	

EPYK. A: Azimuth of fast shear-wave propagation; B: Delay time between fast and slow shear 104	

waves. Blue and Green symbols represent results obtained from the RC and SC techniques, 105	

respectively. The blue and green shaded areas show the standard deviation of each quantity 106	

around the mean value (solid lines) obtained from a vector average of individual measurements. 107	

C: Representation of the estimated azimuths and delay times as a polar plot with delay time 108	

increasing radially from the origin, which emphasizes the clustering of splitting parameters. 109	

  110	
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 111	

Figure DR3. A. Map of SKS splitting results for all “fair” and “good” non-nulls shown as purple 112	

and orange bars, respectively. Except for station NOWN that displays variable fast axis 113	

directions perhaps indicative of multi-layered anisotropy, all stations show a tight distribution 114	

around the average parameters shown in red. Station EPYK is highlighted in blue. B. Map of null 115	

measurements for all “good” nulls plotted as rose diagrams (black bars) of back-azimuths of 116	

incoming SKS waves. The bars represent the percent number of events per 10° back-azimuth bin. 117	

Estimated SKS splits appear in red (reproduced from Figure 1B) in both A and B. 118	
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