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Data Availability

All the SKS and SKKS (“XKS”) shear wave splitting measurements are from Liu et
al. (2014), and Yang et al. (2016, 2017), which were measured based on the transverse
energy minimization method (Silver and Chan, 1991). Only the well-defined
measurements (Quality A or B) were utilized in the study. To ensure the reliability of the
individual splitting measurements, every measurement used in the study was manually
checked, during which the time window for measuring the shear wave splitting
parameters are slightly adjusted if necessary to only include the XKS energy.

Estimation of the depth of the “residual” anisotropy layer

Due to the steep incidence angle of the XKS phases used in shear wave splitting
analyses, the resulting splitting measurements have low vertical resolution. To estimate
the depth of the “residual” anisotropy that accounts for the difference between the
discrepant SKS and SKKS splitting measurements, we applied a slightly modified
version of the approach based on the spatial coherency of the splitting parameters (Liu
and Gao, 2011). The optimal depth maximizes the spatial consistency of the splitting
measurements.

The procedure searches for the optimal anisotropy depth by computing a consistency
factor. For each candidate depth, which ranges from 500 to 2800 km with an interval of
50 km, the consistency factor at this depth, Fis, is calculated using

Fo = N (6t;—5t,)2
6t — N(N-1)

1 M;
ati = EZ]-_H (Stij:

where



and N is the number of the discrepant SKS/SKKS measurements in the area outlined by
the dashed yellow line in Figure 1, M; is the number of measurements for the circular bin
i centered at the midpoint of the i-t/ discrepant pair of the SKS-SKKS splitting
measurement. The diameter of the bins is estimated by 8§5+0.2D, km (Liu and Gao,
2011), where Dy is the candidate anisotropy depth. The estimation for the diameter is
computed with a period of 8 s, which is the dominant period for most SKS/SKKS waves
(Favier and Chevrot, 2003). 8t; is the average splitting time over all the measurements in
block i, and Jt, represents the average of all 5t; measurements in the bin. To normalize
the resulting consistency factor, all the values are divided by 0.2, which represents the
possible maximum consistency factor and is slightly smaller than the d¢ average of the
“residual” anisotropy. The optimal anisotropy depth corresponds to the largest
consistency factor.

A bootstrap resampling method (Efron and Tibshirani, 1986; Liu and Gao, 2006)
was applied to compute the mean and standard deviation of the optimal anisotropy depth
with 50 iterations. For each bootstrap step, 63%, which is calculated by 1-1/e, of the
discrepant SKS/SKKS measurements are chosen. Approximately 60% of the chosen ones
are then duplicated so that the sum of the new set of the discrepant pairs remains the same
as the total number of the original set. The new set of discrepant pairs is then utilized to
obtain a consistency factor for each candidate depth. For each iteration, there is an
optimal depth value (Dg;) that corresponds to the largest consistency factor. The resultant
optimal anisotropy depth (Dg,) is obtained by averaging the optimal depths for all the
bootstrap steps, and the standard deviation (o) is estimated using

1 i —_—
o= [AE5. )~ Da®

where K is the number of bootstrap steps, D é't is the resulting optimal depth from j-th
bootstrap step.

Estimate of net buoyancy of the subducted slab

The density of the mantle is determined by the composition, the in-situ pressure and
temperature. For a given pressure P, the lithospheric mantle density can be expressed as a
function of the bulk modulus K7 that is calculated as (Bai et al., 2014; Tan et al., 2018)

Ky = 127.97 — 0.0232(T — 300)

where 7 is the in-situ temperature. The density change (4,0r) for a specific pressure is

estimated by

App = po[P — Pol/Kr



where Py represents the standard atmospheric pressure in gigapascal and p is the mantle
density at normal pressure and temperature conditions, which is set as 3300 kg/m?.

The thermal effect of bridgmanite on density can be estimated using equations of
state for (Mg, Fe)SiO;3 perovskite, which is obtained at lower mantle temperature and
pressure conditions (Fiquet et al., 2000). At a given temperature 7, the density change (40

r) can be expressed as (Bina, 2003)

Apr = p,[(dp/dT)(T — T;)]
where pr and 7 are the reference density and temperature, respectively. dp/dT denotes

the temperature dependence of density, and is estimated as about -0.18%/100 K (Fiquet et
al., 2000; Bina, 2003).

The net buoyancy of the subducted slab can be estimated by considering the
combined effect of metastable olivine at uppermost lower mantle pressures and the
ambient transformed bridgmanite with negative temperature anomalies.

Arguments against a D” origin of the observed differential anisotropy based on the
width of the anomalous zone

At 845 km depth, the distance between the ray-piercing points of the discrepant
SKS/SKKS phases ranges from ~120 to ~170 km, depending on the epicentral distance
between the event and the station. This distance is comparable to the radius of the first
Fresnel zone for a SKS/SKKS wave (e.g., ~130 km for a dominant period of 8 s; Favier
and Chevrot, 2003) and explains why the discrepant splitting times can be observed in a
zone above the edge of the anisotropy layer. For a raypath arriving from the direction
normal to the strike of a sharp western edge of the anomalous zone, the width of the zone
where the discrepant splitting times are observed is approximately the same as the
distance between the SKS and SKKS ray piercing points at this depth (Figure DR6). The
actual width could be greater than the distance between the piercing points if the
boundary is a gradual rather than a sharp one. The observed width of the anomalous zone
is about ~200 km (Figure 1), which is comparable to the actual distance between the ray
piercing points at the depth of 845 km. In contrast, if we assume that the anomaly is
located in the D” layer (~2700 km), the distance between the ray-piercing points of the
SKS and SKKS phases is greater than 600 km, which would produce a zone of discrepant
SKS/SKKS splitting times that is several times wider than what is observed.
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Figures and Tables

Table S1. SKS and SKKS shear wave splitting anisotropy measurements from same event-station
pairs inside the anomalous zone (the arc shaped area outlined by the yellow dashed line in Fig. 1).
The fields of the table include:

Sta: Station name

Ev: Event name

St lat: Station latitude (°)

St lon: Station longitude (°)

Phig: Fast orientation of SKS (measured clockwise from the north) (°)
Phi_SDgs: Standard deviation of the fast orientation of SKS

Dtys: Splitting time of SKS (s)

Dt SDg: Standard deviation of the splitting time of SKS

Phigxs: Fast orientation of SKKS (measured clockwise from the north) (°)
Phi_SDgus: Standard deviation of the fast orientation of SKKS

Dtgs: Splitting time of SKKS (s)

Dt SDgs: Standard deviation of the splitting time of SKKS

Ev_lat: Event latitude (°)

Ev_lon: Event longitude (°)

Ev_dep: Event depth (km)

Epi: Epicentral distance (°)

BAZ: Back azimuth (°)

Sta Ev St lat St lon Phiu. Phi SDy. Dtu. Dt SD4. Phig. Phi SDu. Dtuw. Dt SDu Ev_ lat Ev_lon BAZ

237Axx_TA EQ113480504 32.00 -95.81  35.00 4.00 1.55 0.20  42.00 15.50 1.15 0.38 —7.5610  146.8040 278. 3644
240Axx_TA EQ122391505 32.04 -93.76  67.00 7.00 1.20 0.20  73.00 13.00 0.80 0.25 2.1900  126.8370 303. 6482
244Axx_TA EQ113480504 32.04 -90.69  81.00 4.50 1.35 0.30  71.00 19.50 0.65 0.25 —7.5610  146. 8040 281.5106
344Axx_TA EQ113480504 31.45 -90.73  55.00 4.50 1.25 0.13  62.00 14.50 0.65 0.22 —7.5610  146.8040 281.1325
345Axx_TA EQ113480504 31.31 -90.03  66.00 5.50 1.55 0.20  69.00 19.50 1.05 0. 40 —7.5610  146. 8040 281. 4831
441Bxx_N4 EQ141800556 30.75 -93.19  66.00 3.50 1.90 0.22  69.00 4.50 1.80 0.20 24.4010  142.5910 309. 1848
445Axx_TA EQ113480504 30.73 -90.34 66.00 17.00 1.45 0.43  75.00 13.50 0.90 0.30 —7.5610  146.8040 280. 9366
446Axx_TA EQ113480504 30.79 -89.36  67.00 7.50 1.30 0.28 77.00 10.00 1.15 0.33 —7.5610  146. 8040 281.5770
537Axx_TA EQ110182023 30.08 -96.32  68.00 1.50 2.10 0.10  60.00 7.50 2.00 0.35 28. 7770 63.9510 19. 7098
635Axx_TA EQ110182023 29.39 -97.77 67.00 4.00 2.20 0.22  68.00 1.50 2.00 0.07 28. 7770 63.9510 18.4571
636Axx_TA EQ113120259 29.48 -97.06  66.00 2.00 1.85 0.25  81.00 13.50 1.35 0.35 27.3240  125.6210 319. 9831
738Axx_TA EQ110182023 28.84 -95.65 61.00 7.00 1.50 0.30  69.00 7.50 1.55 0.25 28.7770 63.9510 20. 5776
834Axx_TA EQ110182023 28.13 -98.55  55.00 2.00 1.95 0.13  61.00 4.00 1.75 0.20 28. 7770 63.9510 17.9327
C34Axx_TA EQ113480504 47.65 -94.91  44.00 2.50 1.05 0.10 61.00 14.00 0.55 0.17 —7.5600  146. 8000 286. 4534
C35Axx_TA EQ110182023 47.70 -93.98  68.00 6.00 0. 0.07  68.00 7.00 1.10 0.17 28. 7800 63. 9500 19. 6567
C37Axx_TA EQ110182023 47.73 -92.19  73.00 2.50 1.25 0.10  66.00  10.50 1.15 0.25 28. 7800 63. 9500 68.00 100. 8727 21,1971
D33Axx_TA EQ110182023 47.14 -95.84  41.00 1.00 1.35 0.08  49.00 5.50 1.30 0.23 28. 7800 63. 9500 68.00 102.2613 18. 0796
D33Axx_TA EQ112100742 47.14 -95.84  42.00 7.00 0.95 0.20  28.00 15.50 0.45 0.22  -23.7800  179.7600  523.00 103.4131  249.6012
D33Axx_TA EQ113480504 47.14 -95.84  31.00 4.00 1.45 0.30 34.00 13.00 1.05 0.35 =7.5600  146.8000  140.00 113.9884  285.4721
D34Axx_TA EQ113480504 47.09 -95.20  35.00 4.00 1.45 0.30  50.00 12.50 0.65 0.15 7.5600  146.8000  140.00 114.4227  285.9712
D35Axx TA EQ112100742 47.08 -94.05 16.00  10.00 0.85 0.15  34.00 12.50 0.45 0.10 -23.7800 179.7600  523.00 104.5431  250.7914
D37Axx_TA EQ112100742 47.16 -92.43 4.00 8.50 0.95 0.25  38.00 16.00 0.50 0.23  -23.7800 179.7600  523.00 105.6169  251.9000
E34Axx_TA EQ112481755 46.51 -95.17  34.00 9.50 0.75 0.18  52.00 8.50 0.95 0.20 2.9600 97. 8900 91.00 129.4061  343.0180
E38Axx_TA EQ113480504 46.61 -91.55  69.00 9.00 0.85 0.12  45.00 9.00 0.70 0.18 7.5600  146.8000  140.00 116.9568  288.7655
F40Axx_TA EQ120331334 45.92 -90.12  58.00 5.50 1.35 0.22  36.00 16.00 0.80 0.28 -17.8300  167.1300 23.00 111.3871  266. 1873
FFTLxx_NM EQ151160709 38.38 -88.39  54.00 6.00 0.80 0.10  68.00 6.50 0.90 0.17 217. 7880 86. 0350 24.80 113.9709 5. 4050
FVMxxx NM EQ122010736 37.98 -90.43  83.00 4.50 1.25 0.20 78.00 12.00 1.00 0.28 37.2480 71.3750 98.40 103. 2802 14. 8338
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Table S2. Same as Table DR1 but for the SKS and SKKS pairs outside the anomalous zone.

Sta Ev St_lat St lon Phiw Phi SDu Dtu. Dt SDu. Phiww Phi SDawe Dtuw Dt SDw. Ev_ lat Ev_lon Ev_dep Epi BAZ

150Axx_TA EQ131340032 32.61 -86.02 72.00 5.50 1.25 0.18  69.00 4.50 1.20 0.18 18.7280  145.2870  602.30 109.1993  308. 4404
152Axx_TA EQ131340032 32.67 -84.72  70.00 7.00 0.80 0.17  63.00 12.00 0.70 0.17 18.7280  145.2870  602.30 110.0151  309. 4003
233Axx_TA EQ112001935 32.02 -98.90  53.00 4.00 1. 00 0.10  61.00 8.00 1.25 0.28 40. 0800 71.4100 20.00 107.7021 7.7912
234Axx_TA EQ112001935 32.00 -98.14 35.00 12.50 0.65 0.22  50.00 7.00 1.10 0.17 40. 0800 71. 4100 20.00 107.6309 8. 3966
335Axx_TA EQ112001935 31.28 -97.43  38.00  10.00 1.30 0.37  41.00 10.00 1. 60 0.33 40. 0810 71.4100 20.00 108.2479 8.9961
336Axx_TA EQ113480504 31.39 -96.84  40.00 4. 50 1. 10 0.15  43.00 4.00 1. 20 0.12 -7.5610  146.8040  140.90 116.3692  277.4611
349Axx_TA EQ131340032 31.35 -87.19  86.00 6. 50 1.10 0.17 103.00 3.50 1. 30 0.17 18.7280  145.2870  602.30 109.1851  307. 2660
355Axx_TA EQI31312046 31.34 -82.85  28.00 6. 50 0.95 0.12  23.00 12.00 0.85 0.20 -17.9540 -175.0990  212.20 100.9841  255.6791
355Axx_TA EQ131431719 31.34 -82.85 17.00 8.00 1.15 0.23 18.00 16.00 0.50 0.20 -23.0250 -177.1090  171.40 105.0600  252.0652
435Bxx_TA EQ112001935 30.78 -97.58  41.00 7.50 1.65 0.35 59.00 2.50 1. 80 0.13 40. 0800 71.4100 20.00 108.7613 8.9027
435Bxx_TA EQ113450954 30.78 -97.58  32.00 9.50 0.80 0.20 36.00 17.00 0.90 0.35 -56.0090 -28.1840 116.00 104.5488  147.1027
435Bxx TA EQ113480504 30.78 -97.58 25.00 19.50  0.80  0.35 33.00 7.00 1.15  0.20 -7.5610 146.8040  140.90 115.8144  276.7470
448Axx_TA EQ120010527 30.93 -87.86 91.00  13.00 1.05 0.28 100.00  10.00 1.15 0.22 31.4560  138.0720  365.30 104.1916  320. 7009
449Axx_TA EQ131431719 30.76 -87.22 113.00 12.00 0.45 0.15 122.00 10.00 0. 60 0.15 -23.0250 -177.1090  171.40 101.3256  249.9794
451Axx_N4 EQ151501123 30.62 -85.75  68.00 7.00 1.10 0.23  66.00 10.50 1.35 0.50 27.8410  140.4880  664.00 107.0111  318.0245
451Axx_N4 EQ151741218 30.62 -85.75 67.00  16.00 1.20 0.57 85.00 16.00 0.95 0.33 27.6690  139.7930  455.90 107.5408  318.3993
733Axx_TA EQ102042251 28.72 -99.29  64.00 3.00 1.20 0.10 -85.00 6.00 0.70 0.10 6.4900  123.4700 585.00 125.9529  303. 5506
733Axx_TA EQ102100731 28.72 -99.29  61.00 5.00 1.20 0.17 -81.00 12.00 0.75 0.23 6.5300  123.2500 627.00 126.0869  303.7697
833Axx_TA EQ102042251 28.32 -99.39  66.00 5.00 1.25 0.18  80.00 7.00 1. 00 0.15 6.4900  123.4700 585.00 126.0988  303.2259
833Axx_TA EQ122391505 28.32 -99.39  78.00 8.50 1.55 0.30 57.00 13.50 1.15 0.40 2.1900  126.8370 91.10 126.2682  296. 4969
833Axx_TA EQ131340032 28.32 -99.39  68.00 3.50 1. 00 0.10 72.00 11.00 1. 00 0.30 18.7280  145.2870  602.30 101.9326  298. 8886
A29Axx_TA EQ092771058 48.92 -99.23  66.00 9.50 0.60 0.17  70.00 3.50 1.55 0.15 6.7400  123.3800  620.00 113.2364 312.9673
A29Axx_TA EQ102042251 48.92 -99.23  72.00 8.50 0.45 0.12  63.00 1.50 1. 50 0.13 6.5000 123.4800 578.00 113.3963  312.7464
A29Axx TA EQ110182023 48.92 -99.23  42.00 3.00 1.15 0.13  53.00 8.00 0.95 0.17 28. 7800 63. 9500 68.00 101.2021 15. 0077
A29Axx_TA EQ111130416 48.92 -99.23  51.00 3.00 1.30 0.13  56.00 3.50 1. 20 0.12  -10.3800  161.2000 79.00 104.0303  270.2870
A30Axx_TA EQ102042251 48.94 -98.30  75.00 7.00 0.80 0.15 79.00 2.50 1.45 0.10 6.4970  123.4800 578.00 113.8324  313.6339
A30Axx TA EQ110182023 48.94 -98.30 69.00  10.50 0.70 0.12 69.00 12.00 0. 65 0.15 28. 7800 63. 9500 68.00 101.0198 15. 8219
A31Axx_TA EQ110182023 48.93 -97.19  76.00 2.00 1.30 0.07  72.00 3.00 1. 60 0.15 28. 7800 63. 9500 68.00 100. 8239 16. 7924
A32Axx_TA EQ110182023 48.92 -96.49  68.00 2.00 1.50 0.07  70.00 3.00 1. 60 0.12 28. 7800 63. 9500 68.00 100.6977 17. 4030
A33Axx_TA EQ110182023 48.94 -95.39  76.00 3.00 1.50 0.12  64.00 3.00 1. 50 0. 10 28. 7800 63. 9500 68.00 100. 4559 18. 3577
A33Axx_TA EQ122071120 48.94 -95.39  65.00 5.00 1.70 0.22 72.00 13.00 1.25 0.43 -9.6900  159. 7300 20.00 107.0172  274.8045
A33Axx_TA EQ122391505 48.94 -95.39  67.00 3.00 1.40 0.13  77.00 6. 50 1.80 0.35 2.2000  126.8300 91.00 117.3403  310.8931
AAMxxx_US EQ050360334 42.30 -83.66  75.00 6.50 0.85 0.15  62.00 6.00 0.80 0.17 16.0110  145.8670  142.70 106.2182  310. 3686
ABTXxx_TA EQ113480504 32.62 -99.64  83.00 9.00 0.90 0.28  30.00 3.00 1. 50 0.20 =7.5610  146.8040  140.90 113.8596  276.4199
ACSOxx_US EQ021812129 40.23 -82.98  47.00 9.50 0.75 0.18 14.00 14.50 0. 65 0.22  -22.2010  179.2500  620.40 109.7315  257.2951
ACSOxx_US EQ022311101 40.23 -82.98 25.00  13.00 0.65 0.17 8.00 11.50 0.90 0.38 -21.6960 -179.5130  580.00 108.5093  256. 9999
ACSOxx_US EQ032060937 40.23 -82.98  49.00 5.50 1. 60 0.38  47.00 6.00 1.55 0.35 -1.5280  149.6940 24.00 118.7568  294.9401
ACSOxx_US EQ151160709 40.23 -82.98 42.00  10.00 1.00 0.25 61.00 9.50 1. 05 0.22 27.7880 86. 0350 24.80 111.5624 10. 4586
AGMNxx_US EQ110182023 48.30 -95.86  64.00 6. 00 0.90 0.10  61.00 5.00 1.45 0.20 28. 7800 63. 9500 68.00 101.1618 17. 9876
AGMNxx_US EQ112100742 48.30 -95.86  41.00 5.00 0.95 0.12  23.00 19.00 0.45 0.43  -23.7840  179.7600  523.00 103.8055  249.8483
AGMNxx_US EQ122071120 48.30 -95.86  40.00  10.50 1.15 0.28 37.00 14.00 0.70 0.23 -9.6940  159. 7270 20.00 106.7618  274.2511
AGMNxx _US EQ131881835 48.30 -95.86  44.00 7.00 1.05 0.22  42.00 8.50 0.70 0.15 -3.9230  153.9200 386.20 106.3102  282.7194
ALLYxx_LD EQ062192218 41.65 -80.14  53.00 2.00 0.90 0.05 62.00 6. 50 1.00 0.18 -15.7980  167.7890  150.00 116.7585  272.3581
ALLYxx_LD EQ072892105 41.65 -80.14  53.00 6. 00 1.05 0.22  25.00 19.50 0.50 0.30 -25.7750  179.5300  509.30 114.0480  256.2496
ALLYxx LD EQ140640956 41.65 -80.14  40.00 5.00 0.90 0.10 45.00 15.00 0.70 0.20 -14.7380  169.8230 638.00 114.5705 271.8915
ALLYxx LD EQ152932152 41.65 -80.14  47.00 7.50 0.90 0.15  50.00 6. 00 0.90 0.10 -14.8600 167.3010 135.00 116.5352  273.4999
B29Axx_TA EQ110182023 48.46 -99.35 54.00 1. 50 1.25 0.05  50.00 6.50 1.20 0.22 28. 7800 63. 9500 68.00 101.6674 14. 9263
B29Axx_TA EQ111130416 48.46 -99.35  29.00 7.50 1. 00 0.25 28.00 2.50 0.80 0.10 -10.3800  161.2000 79.00 103.9523  270.0824
B30Axx TA EQ110182023 48.45 -98.33  68.00 3.00 1.20 0.07  69.00 5.50 1.15 0.15 28. 7800 63. 9500 68.00 101.4971 15. 8222
B32Axx_TA EQ110182023 48.40 -96.54  64.00 2.50 1.35 0.08  62.00 2.00 1. 60 0.10 28. 7800 63. 9500 68.00 101.2043 17. 3896
B32Axx_TA EQ112462255 48.40 -96.54  30.00 3.50 1.05 0.10  32.00 14.00 1.05 0.32  -20.6700 169.7200 185.00 107.5982  258.6057
B32Axx TA EQ113480504 48.40 -96.54  41.00 3.50 1.35 0.15 40.00 15.00 0.95 0.33 -7.5600  146.8000  140.00 113.1974  285.4311
B33Axx_TA EQ110182023 48.27 -95.59  50.00 7.00 0.80 0.15 61.00 11.00 0.75 0.15 28. 7800 63. 9500 68.00 101.1343 18. 2242
B34Axx_TA EQ110182023 48.49 -94.65 71.00 4.50 1.25 0.15 72.00 4.00 1. 40 0.15 28. 7800 63. 9500 68.00 100. 7255 19. 0259
B34Axx_TA EQ113480504 48.49 -94.65  75.00 7.50 0.95 0.15  79.00 7.00 0.95 0.23 =7.5600  146.8000  140.00 114.3804  287.0345
B34Axx_TA EQ121880228 48.49 -94.65  43.00 6. 50 1.00 0.10  53.00 8.50 1.20 0.25 -14.6600 167.3400  160.00 106.1106  266.0243
B35Axx_TA EQ110182023 48.36 -93.73  73.00 1. 50 1.40 0.05 67.00 2.00 1. 40 0.10 28. 7800 63. 9500 68.00 100. 6444 19. 8294
BELLxx_XB EQ961610112 48.10 -78.94 113.00 12.50 0.95 0.30  90.00 9.50 1.05 0.20 17.4440  145.4580  149.00 103.6558  316. 5839
BRALxx _US EQ072711338 31.17 -87.05 82.00 4.50 1.45 0.15  93.00 5.50 1.45 0.22 22.0130  142.6680  260.00 108.8052  311.5963
BRALxx _US EQ092211055 31.17 -87.05 91.00 5.00 1.10 0.12  93.00 10.00 1. 00 0.20 33.1670  137.9440  292.00 103.1788  322.4778
C32Axx_TA EQ120331334 47.83 -96.53  30.00  14.00 1.15 0.32  14.00 4.50 1.30 0.23 -17.8300  167.1300 23.00 107.2027  262. 3397
C32Axx_TA EQ121750434 47.83 -96.53  47.00 7.00 1.15 0.28 49.00 4.00 1.25 0.23 3.0090 97. 8960 95.00 127.8173  341.6430
C38Axx_TA EQ110182023 47.72 -91.27 66.00  13.00 0.65 0.15 51.00 14.50 1. 05 0. 40 28. 7800 63. 9500 68.00 100.6534 21. 9862
CAROxx_XB EQ961610112 47.92 -78.98 108.00 8.00 0.95 0.20  96.00 6. 50 1. 20 0.17 17.4440  145.4580  149.00 103.7681  316.5193
CCMxxx_TU EQ052881551 38.06 -91.24 12.00 12.00 0.45 0.15  28.00 8.00 0.90 0.18 25.3100  123.3500  192.00 109.0962  327.0604
CCMxxx_IU EQ932190000 38.06 -91.24  25.00 7.00 0.50 0.10  31.00 5.50 0.85 0.17 26.5800  125.6100  155.00 107.0038  325.8331
D30Axx_TA EQ110182023 47.11 -98.76  55.00 3.50 0.85 0.08 63.00 10.50 0.85 0.22 28. 7800 63. 9500 68.00 102. 8664 15. 5226
D31Axx_TA EQ110182023 47.05 -97.72  45.00 2.50 0.95 0.10  49.00 8.00 0.70 0.13 28. 7800 63. 9500 68.00 102.7284 16. 4408
D31Axx_TA EQ113480504 47.05 -97.72  36.00 2.00 1. 10 0.12  38.00 7.50 0.95 0.20 ~7.5600  146.8000  140.00 112.7688  283.9207
D31Axx_TA EQ120331334 47.05 -97.72  27.00 7.00 0.85 0.12 37.00 13.00 0.75 0.18 -17.8300 167.1300 23.00 106.2919  261. 2680
DESTxx_XB EQ961610112 48.46 -78.99  98.00  17.00 0.55 0.20 80.00 13.50 0.90 0.25 17.4440  145.4580  149.00 103.3711  316. 6004
DWDANx_SP EQ021812129 34.74 -82.83 44.00 10.50 0.50 0.12  59.00 16.50 0.55 0.22  -22.2010  179.2500  620.40 108.5588  255.5255
DWPFxx_IU EQ072711338 28.11 -81.43  76.00 3.00 1.15 0.10  75.00 4.00 1.45 0.18 22.0130  142.6680  260.00 114.4576  314.8123
DWPFxx_IU EQ110182023 28.11 -81.43  91.00 2.50 1.15 0.10  83.00 8.00 1. 10 0.20 28.7770 63.9510 68.00 114.4369 33.2162
E29Axx_TA EQ111130416 46.57 -99.64  28.00 4.00 1.30 0.15 21.00 4.00 1. 60 0.28 -10.3800  161.2000 79.00 103.7472  269. 4031
E31Axx TA EQ113480504 46.56 -97.89 43.00  4.00  0.80  0.10 47.00 16.00  0.60  0.20  -7.5600  146.8000  140.00 112.7719  283.5857
E42Axx_TA EQ131312046 46.43 -87.91  55.00 9.50 0.70 0.20 17.00 16.50 0.55 0.20 -17.9540 -175.0990  212.20 100.8936  255.5143
E43Axx_TA EQ113480504 46.38 -87.00  46.00 8.50 1.35 0.32  40.00 3.00 1.80 0.30 -7.5610  146.8040  140.90 119.9771  292.5363
E44Axx TA EQ131881835 46.62 -85.92  51.00 5.50 0.90 0.15 45.00 10.00 0.80 0.23 -3.9230  153.9200  386.20 113.2495  290. 1377
E45Axx_TA EQ113480504 46.36 -85.18 61.00 6. 50 0.90 0.12 49.00 11.00 1. 05 0.30 -7.5610  146.8040  140.90 121.1422 294.1334
E45Axx_TA EQ122391505 46.36 -85.18  71.00 3.50 1.25 0.17 90.00 17.00 0.55 0.28 2.1900  126.8370 91.10 124.0144  320.2716
E46Axx_TA EQ131881835 46.37 -84.31  62.00 6.00 0.80 0.12  45.00 15.50 0. 60 0.22 -3.9230  153.9200 386.20 114.3782  291.3725
ERPAxx_US EQ062192218 42.12 -79.99  54.00 3.50 0.85 0.08 68.00 11.50 1.05 0.40 -15.7980  167.7890  150.00 116.8497  272.6974
ERPAxx_US EQ140640956 42.12 -79.99  53.00 18.50 1. 10 0.50 61.00 17.50 1. 00 0.43 -14.7380  169.8230 638.00 114.6656  272.2082
EYMNxx US EQ021161606 47.95 -91.50  55.00 2.50 1.25 0.15  53.00 3.50 1.15 0.17 13.0900  144. 6200 85.00 101.4515  304.3769
EYMNxx_US EQ031462313 47.95 -91.50  67.00 3.50 0.70 0.12  62.00 1.00 1. 60 0.12 6.7600 123.7100 565.00 117.3179  319.8720
EYMNxx _US EQ032060937 47.95 -91.50  54.00 6. 00 1.45 0.25 52.00 3.00 1.45 0.12 -1.5300  149.6900 24.00 110.0894  291. 1468
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Figure S1: An azimuthal equidistant projection map centered at the study area, showing
the distribution of earthquakes used in this study. The numbers (in degree) represent the
distance from the center of the study area (black triangle). Red stars show the earthquakes
that resulted in at least one pair of SKS/SKKS shear wave splitting measurements, with

the size being proportional to the number of pairs from the events.
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Station: 733A(28.72N°, -99.29W°), BAZ=303.55°, Dist=125.94°

Event(6.497N°,123.48E°), Origin time:Jul 23 2012 22:21:6.8, Depth=578.0 km
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Figure S2: Examples of SKS (left column) and SKKS (right) shear wave splitting
measurements from the same event-station pair. The plots from the top to the bottom
represent the original and corrected radial and transverse components, fast and slow shear
waveforms before and after advancing the slow component by the optimal splitting time,
and particle motion patterns before and after correcting the original radial and transverse
components, respectively. The optimal pair of splitting parameters corresponds to the pair

that can best remove the energy on the corrected transverse component, as indicated by
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Figure S3: Distributions in epicentral distance and back azimuth of the discrepant and
non-discrepant SKS/SKKS splitting time measurements. (A) Predicted arrival times of
SKS (red), SKKS (blue), PPPP (black), pPPPP (dark gray), and sPPPP (light gray) for an
event with a focal depth of 100 km calculated using Taup (Crotwell et al., 1999) for the
IASP91 Earth model (Kennett and Engdahl, 1991). Dashed lines represent the upper and
lower limits for the events used in the study. (B) Distribution in epicentral distance with
the discrepant and non-discrepant measurements shown in orange and gray, respectively.

(C) Same as (B) but for the back azimuthal distribution.
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Figure S4: Histograms showing the distribution of (A) back-azimuths and (B) epicentral

distances for the discrepant (yellow) and non-discrepant (gray) event-station pairs.
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Figure S5: Illustration of the estimation for the anisotropy depth. (A) The consistency
factor (red triangles) plotted against the assumed depths of anisotropy. The length of the
vertical bars indicates the standard deviations. The optimal anisotropy depth corresponds
to the depth of the largest value of the consistency factor. (B) The orange and gray dots
represent the midpoint of the ray-piercing points of the discrepant and non-discrepant
SKS and SKKS phases at 850 km, respectively. (C) Same as (B) but for ray-piercing
point depth at 2600 km.
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Figure S6: A schematic diagram showing that the width of the discrepant region at
surface approximately equals to the distance between the ray-piercing points at a given
depth. d: the distance between the ray-piercing point locations of a pair of SKS/SKKS
phases at a certain depth. Ry: the radius of the Fresnel zone of a SKS/SKKS phase at this
depth. The two reversed triangles at the surface indicate the left and right range of the
zone in which discrepant SKS/SKKS pairs are observed. Neither SKS nor SKKS
recorded at stations located to the left of the left-most station samples the anisotropic
layer, and thus the two phases have comparable splitting times. In contrast, both SKS and
SKKS recorded by stations located to the right of the right-most station sample the
anisotropic layer, leading to slightly greater but also non-discrepant splitting times. For
stations between these two stations, only the SKS phase samples the anisotropic layer,

leading to greater SKS splitting times.
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