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Fig. S1. Epicentral distribution of the teleseismic events used in this study. The sizes of the circles respond to the magnitudes of the earthquake events, while the colors denote the focal depths of the events.   


[image: ]
Fig. S2. The influence of different bandpass filters (0.1~2 Hz, 0.5~2 Hz, 0.5~3 Hz, 0.5~5 Hz) on the radial (RAC, panel a) and vertical (ZAC, panel b) autocorrelograms for station GM01. 
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Fig. S3. Autocorrelograms of vertical (left panel for each station labeled with the same names) and radial (right panel) components before tf-PWS for 40 stations.
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Fig. S3 continued.
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Fig. S3 continued.
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Fig. S3 continued.
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Fig. S4 Receiver functions arranged by ray parameters and the corresponding H-Kappa stacking results. Station names are displayed near the bottom line of each table cell.
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Fig. S4 continued.
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Fig. S4 continued.
[image: ]Fig. S5. Synthetic stacked radial and vertical autocorrelograms for each station (no gridding is applied to this figure compared with the Fig. 5 in the main text). Panel (a). the synthetic vertical autocorrelograms, the yellow and blue crosses denote the arrivals of the observed first and second P wave reflection responses (corresponding to the yellow and blue circles shown in Fig. 5). Panel (b). the same with panel (a), but for the radial autocorrelograms.
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Fig. S6. Theoretical teleseismic waveforms in the vertical component (ZSEIS, left panel) and the radial component (RSEIS, right panel) generated using models that assume inclined basal structures with different dips (i.e. 5°, 10°, 15°, 20°, 25°, 30°). The phases associated with different back azimuths show clear variations in the amplitude value and the arrival time in both the radial and vertical waveforms. The variations become more remarkable as the dip increases. 
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Fig. S7. Vertical (left panel) and radial (right panel) autocorrelograms arranged by back azimuths. The autocorrelation reflections come from different back azimuths show clear variations in the amplitude value and the arrival time. This feature becomes more remarkable as the dip increases. 
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Fig. S8. 100 Autocorrelogram stacks obtained from the bootstrapping and the phase-weighted stacking techniques. the original 73 autocorrelograms from different back azimuths (from 5° to 360° with an increment of 5°), were randomly resampled in each of the 100 bootstrapping samplings. The PWS technique was then applied to the randomly selected 73 samples. In contrast to Fig. S7, it’s clear that the PWS technique suppressed the azimuthal variations of the autocorrelation reflections in both the vertical and radial components with different dip basal structure, thus obtaining a consistent autocorrelation reflection.
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Fig. S9. Arrival times of the vertical (left panel) and radial (right panel) autocorrelation reflection responses obtained from bootstrapping samplings (Fig. S8). The value of the autocorrelation reflections is (almostly) uniquely determined as the dips are less than 15°, while multi-values distribution of the autocorrelation reflections can be found as the dips exceed 20°.
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Fig. S10. Velocity models used for calculating theoretical PRFs and autocorrelograms (Rooney and others, 1987a; 1987b; Munson and Clifford, 1991). The six models can be grouped into different pairs to compare the capacity of the PRF and autocorrelation methods for retrieving ice properties under a variety of setups. Note that densities in two types of ice, two types of sediment, and half space are set 920 kg m-3, 2400 kg m-3, and 2770 kg m-3, respectively.
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Fig. S11. Effect of a sediment layer (model 5) on Vp/Vs estimates obtained from PRF and autocorrelation methods. Panel (b), (c) and (d) are the stacked autocorrelograms, PRF waveforms and the H-Kappa results for model 2, while the right panels are for model 5. This comparison illustrates the PRF method cannot clearly identify the ice-sediment interface. Note that H-Kappa result is obtained for model 5 as the H-Kappa method failed to obtain optimum estimates of ice thickness and  ratios using PRFs due to the interference of phases from the sediment-bedrock to those from the ice-sediment interface.
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Fig. S12. Effect of different sediment layers (models 3 and 4) on  estimates obtained from PRF and autocorrelation methods. Panel (b), (c) and (d) are the stacked autocorrelograms, PRF waveforms and the H-Kappa results for model 3, while the right panels are for model 4. Note that no convergent estimates of  ratios and thicknesses are obtained using the H-Kappa stacking technique for model 4 because the sediment-associated phases obscure the converted and multiple phases of ice. 
[image: ]
Fig. S13. Effect of different sediment layers (models 5 and 6) on  estimates obtained from PRF and autocorrelation methods. Panel (b), (c) and (d) are the stacked autocorrelograms, PRF waveforms for model 5, while the right panels are for model 6. Note that no convergent estimates of  ratios and thicknesses are obtained using the H-Kappa stacking technique because the sediment-associated phases obscure the converted and multiple phases of ice.
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Fig. S14. Arrival times of the vertical (left panel) and radial (right panel) autocorrelation reflection responses obtained from bootstrapping samplings (100 autocorrelograms (samples) generated using 100 teleseismic waveforms obtained from each model).  The value of the autocorrelation reflections is (almostly) uniquely determined except the radial component of model 5.




Table S1 Comparison of the theoretical and the observed arrival times obtained from models shown in Fig. S10
	
	Model1
	Model2
	Model3
	Model4
	Model5
	Model6

	aTheoretical 
	1.55
	1.55
	1.55
	1.55
	1.55
	1.55

	bTheoretical 
	/
	/
	2.35
	2.19
	2.35
	2.19

	cObserved  
	1.40
	1.40
	2.32
	1.46
	2.35
	1.50

	dTheoretical 
	2.94
	3.45
	2.94
	2.94
	3.45
	3.45


	eTheoretical 
	/
	/
	4.46
	4.16
	5.10
	4.71

	fObserved  
	2.83
	3.40
	4.73
	2.77
	5.26
	3.38


a,d, b,e, here  is defined as , c,fvalues are obtained using bootstrapping technique shown in Fig. S14

Table S2. Ice thickness estimates obtained from the three different methods and the associated relative error (RE) to the Bedmap2 ice thickness
	Station
	Bedmap2
(km)
	REa
	PRFb
(km)
	RE
	HVSRc
(km)
	RE
	ZAC
(km)
	RE

	N124
	2.42
	3.43%
	2.16
	10.78%
	2.57
	6.07%
	2.33±0.16
	3.84%

	N132
	3.24
	6.18%
	3.09
	4.48%
	3.07
	5.19%
	3.18±0.17
	1.61%

	N140
	2.79
	2.97%
	2.17
	22.22%
	2.69
	3.62%
	2.23±0.11
	19.96%

	N148
	2.90
	6.89%
	3.00
	3.31%
	3.20
	10.19%
	3.04±0.16
	4.68%

	N156
	2.55
	7.83%
	2.28
	10.69%
	2.48
	2.90%
	2.33±0.20
	8.81%

	N165
	2.81
	5.30%
	2.52
	10.38%
	2.95
	4.80%
	2.52±0.16
	10.46%

	N173
	2.38
	6.27%
	2.55
	7.37%
	2.54
	7.07%
	2.42±0.16
	2.02%

	N182
	2.42
	6.17%
	2.52
	4.35%
	2.54
	5.05%
	2.57±0.20
	6.21%

	N190
	3.01
	4.99%
	3.14
	4.49%
	3.15
	4.79%
	3.14±0.21

	4.33%

	N198
	3.32
	4.52%
	2.67
	19.60%
	3.30
	0.57%
	2.66±0.16
	19.90%

	N206
	2.96
	6.77%
	2.25
	23.86%
	2.61
	11.68%
	2.33±0.16
	21.22%

	N215
	3.48
	5.75%
	2.79
	19.76%
	3.12
	10.21%
	2.80±0.16

	19.38%

	GM01
	3.10
	4.84%
	2.95
	4.78%
	3.12
	0.55%
	2.95±0.16

	4.94%

	GM02
	2.81
	2.96%
	2.90
	3.35%
	2.94
	4.78%
	2.90±0.16
0.
	3.28%

	GM03
	2.52
	5.95%
	3.08
	22.17%
	2.88
	14.08%
	2.90±0.20

	14.95%

	GM04
	2.80
	7.14%
	2.96
	5.64%
	3.08
	9.81%
	3.14±0.16
	11.88%

	GM05
	3.47
	5.77%
	2.57
	25.83%
	3.17
	8.51%
	2.71±0.16
	21.85%

	GM06
	3.47
	5.76%
	2.88
	17.10%
	3.10
	10.91%
	2.95±0.16
	15.23%

	GM07
	3.03
	2.74%
	3.08
	1.55%
	3.08
	1.45%
	2.85±0.16
	6.03%

	P061
	3.16
	6.34%
	2.92
	7.51%
	3.18
	0.57%
	2.85±0.16
	9.72%

	P071
	2.30
	6.49%
	2.14
	6.79%
	2.18
	5.10%
	2.09±0.15
	8.97%

	P080
	2.47
	6.04%
	2.36
	4.30%
	2.52
	2.03%
	2.42±0.16
	1.74%

	P090
	2.34
	6.36%
	/
	/
	2.09
	10.59%
	2.42±0.16
	3.46%

	P116
	2.00
	7.45%
	1.78
	11.00%
	1.93
	3.55%
	2.00±0.15
	0.25%

	P124
	1.54
	9.66%
	1.53
	0.78%
	1.47
	4.93%
	1.52±0.15
	1.43%

	BENN
	1.56
	12.82%
	1.30
	16.67%
	1.73
	10.96%
	1.52±0.15
	2.56%

	BYRD
	2.16
	3.84%
	2.05
	5.09%
	2.33
	7.87%
	2.09±0.15
	3.24%

	ST01
	3.02
	9.78%
	2.75
	8.82%
	2.95
	2.09%
	2.80±0.16
	7.06%

	ST02
	2.12
	9.42%
	2.18
	2.68%
	2.43
	14.46%
	2.38±0.20
	11.87%

	ST03
	1.93
	4.30%
	1.82
	5.70%
	1.96
	1.35%
	1.85±0.15
	3.99%

	ST04
	3.14
	6.37%
	3.58
	14.09%
	/
	/
	3.33±0.18
	5.96%

	ST06
	2.66
	3.12%
	3.04
	14.33%
	/
	/
	2.76±0.20
	3.61%

	ST07
	2.49
	6.03%
	/
	/
	[bookmark: _GoBack]/
	/
	2.38±0.16
	4.58%

	ST08
	2.18
	9.18%
	2.26
	3.76%
	2.50
	14.60%
	2.38±0.16
	9.04%

	ST09
	2.32
	43.16%
	2.91
	25.59%
	2.66
	14.76%
	2.90±0.20
	25.08%

	ST10
	1.23
	23.93%
	1.81
	46.80%
	1.51
	22.55%
	1.66±0.15
	34.87%

	ST12
	1.89
	15.60%
	/
	/
	2.15
	13.86%
	1.85±0.24
	2.01%

	ST13
	1.94
	51.52%
	2.15
	10.77%
	2.23
	14.63%
	2.28±0.15
	17.47%

	ST14
	1.54
	64.85%
	1.28
	16.99%
	1.44
	6.55%
	1.52±0.190
	1.43%

	UPTW
	2.67
	3.11%
	3.21
	20.22%
	/
	/
	2.71±0.16
	1.42%

	WAIS
	3.37
	2.46%
	3.05
	9.44%
	3.71
	10.04%
	3.18±0.21
	5.49%


aRelative errors of the uncertainty of the Bedmap2 dataset to the ice thickness itself (Fretwell and others, 2013). The PRF estimates refer to Yan and others (2017), and the HVSR estimates refer to Yan and others (2018).
References:
Chaput J and 5 others (2014) The crustal thickness of West Antarctica. J. Geophys. Res.: Solid Earth, 119(1), 378–395.
Fretwell P and 59 others (2013) Bedmap2: improved ice bed, surface and thickness datasets for Antarctica. Cryosphere, 7(1), 375-393. doi:10.5194/tc-7-375-2013
Munson and Clifford G (1991) The crustal structure beneath ice stream C and Ridge BC, West Antarctica from seismic refraction and gravity measurements. University of Wisconsin-Madison.
Rooney ST and 3 others (1987a) Till beneath ice stream B: 2. Structure and continuity. J. Geophy. Res.: Solid Earth, 92(B9), 8913–8920.
Rooney ST, Blankenship DD, and Bentley CR (1987b) Seismic refraction measurements of crustal structure in West Antarctica. Gondwana six: structure, tectonics, and geophysics, 40, 1–7.
Yan P and 5 others (2017) Antarctic ice sheet thickness derived from teleseismic receiver functions. Chinese J. Geophys. Ch, 60(10), 3780-3792.
Yan P and 5 others (2018) Antarctic ice sheet thickness estimation using the horizontal-to-vertical spectral ratio method with single-station seismic ambient noise. Cryosphere, 12(2), 795.
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