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SUPPLEMENTAL MATERIAL

The analysis of P-SV converted phases presented in this paper was optimized to
identify shallow intracrustal discontinuities by including high-frequency energy in the receiver
function calculations and then separating the waveforms by backazimuth (e.g. Owens et al.,
1984). Receiver functions were generated by deconvolving the vertical- component from the
radial-component seismogram using the frequency-domain method (Langston, 1979). High
signal-to-noise events were chosen for the analysis, and the low pre-event noise in the receiver
functions indicates that the waveforms are not contaminated by processing artifacts. Different
low-pass Gaussian filters («=5.0 and 7.0, corresponding to maximum frequencies of ~2 Hz
and ~3 Hz, respectively) were applied to evaluate waveform variation with frequency content.
Gaussian values of 1.0-2.5 (yielding maximum frequencies of 0.1-1.0 Hz) are typically used in
broadband studies of the lower crust and uppermost mantle. Higher-frequency receiver
functions (a=7.0; up to 3 Hz) provide improved resolution at the expense of increased noise
levels (Cassidy, 1992). In our forward models, interface depths were determined using P-SV
delay times (Zhu and Kanamori, 2000), and the velocity models were based on P-SV
polarities, constraints from surface geology, seismic reflection profiling, and laboratory
measurements of shear-wave velocities (Vs). In the modeling, both VVp and Vs were allowed to
vary. For additional information on the geologic interpretation of reflection profiles from the
southern Appalachians, the reader is referred to Hatcher (1971), Coruh et al. (1987), Hatcher

(1987), Phinney and Roy-Chowdhury (1989), Hatcher (1991), and Hatcher (2001).



The receiver-function gathers and corresponding bootstrapped stacks are shown in
Figures DR1-DR7 and DR8-DR16, respectively. Bootstrap analysis was performed to evaluate
the robustness of the vertically stacked conversions (Figs. DR8-DR16; Efron and Tibshirani,
1991). Stacked traces were corrected for moveout using a ray parameter of 0.06 s/km. In this
study, the majority of earthquakes in the 30-95° epicentral range used for the analysis occurred
in South America and the northern Pacific region (Fig. DR17; Table DR1). The approximate
backazimuthal ranges used for the analysis were 150-180° and 275- 345° for South America and
the northern Pacific, respectively. Suitable events from other regions (e.g. Atlantic mid-ocean
ridge) were less numerous and generally yielded lower-quality receiver functions.

The analysis of high-frequency receiver functions separated by backazimuth is not
always ideal for imaging deeper discontinuities because waveforms can vary significantly in
regions characterized by lateral heterogeneity, dipping structure, or anisotropy (e.g. Levin and
Park, 1997). In this study, the weak Moho P-SV conversions for some backazimuths (e.g. D04-
NW; Fig. 3C) are attributed primarily to interference effects with unmodeled intracrustal
multiples (e.g. Beck and Zandt, 2002). Lateral heterogeneity within the crust could cause these
effects to vary with azimuth. Dipping structure or azimuthal anisotropy at the crust-mantle
boundary remain a possibility, but these effects are difficult to assess because of the limited
azimuthal event coverage for this region. Poor signal quality or a gradational Moho are also
alternative explanations, but the strong PpPs multiples from the Moho observed on both
backazimuths at some stations indicate that these causes are less likely.

In general, there is clear evidence for strong Moho conversions across the array when
all backazimuths are considered, and the reader is referred to Parker et al. (2013) for lower-

frequency (o= 2.5) receiver-function stacks including events from both the S and NW



backazimuths. These data show the strong amplitude and continuity of Moho P- SV
conversions across the crystalline southern Appalachians. Receiver functions showing strong
Moho P-SV conversions (o = 1.0 and 2.0) from the Blue Ridge and Inner Piedmont are also

presented in Baker and Hawman (2011).
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Figures DR1-DRY7.

Receiver-function gathers showing P-SV conversion picks (gray bands) used to
estimate depths shown in Figure 4. For each station, the Gaussian value (5.0 or 7.0) and
backazimuth (s: south, nw: northwest) are shown in parentheses. The water level parameter
used in the frequency-domain receiver function calculations (Langston, 1979) was 0.01.

Figure DR1.

Positive conversions from station D22 in the Valley & Ridge and stations D20 and

D21 in the Blue Ridge show a southeastward increase in Grenville basement depth from 3.8 to



6.4 km, in agreement with estimates determined from seismic reflection profiling in this
region (Hatcher et al., 2007). The upward decrease in shear-wave velocity beneath parts of the
Valley and Ridge and Blue Ridge is interpreted to result from the dominance of low-velocity
shale of the Rome Formation or Conasauga Group, rather than high-velocity quartzite or
dolomite, overlying Grenville basement (Hatcher et al., 2007). This observation implies that
receiver function conversion polarities may vary laterally depending on the lithology and
thickness of platform assemblages above the basement surface.

Figure DR2.

For station D19, positive and negative conversions in receiver functions from the
northwest and south backazimuths, respectively, are consistent with the presence of a high-
velocity layer at 4.2-7.6 km depth beneath the Blue Ridge. Negative conversions are generated
at the base of the high-velocity layer, and positive conversions are generated at the top. For
station D18, the negative conversion at 5.9 km corresponding with the base of the high-velocity
layer is evident, though the top of the layer is not imaged.

Figure DR3.

Positive conversions in receiver functions from stations along the Brevard zone (D17
and W31.5) and northwestern flank of the Inner Piedmont (D14 and W31) are indicative of an
upward decrease in velocity marking the top of the high-Vs meta- sedimentary layer at 5-7 km
depth, consistent with the interpretation that passive margin rocks dominated by dolostone and
quartzite extend slightly southeast of the Brevard zone.

Figure DRA4.



For station Z52A in the Inner Piedmont, positive and negative conversions in receiver
functions from the northwestern and southern backazimuths, respectively, are indicative of a
low-velocity zone at 6-10 km depth. Positive conversions are generated at the base of the low-
velocity zone, and negative conversions are generated at the top. At station Y52A on the
northwestern flank of the Inner Piedmont, the negative conversion at 10.2-km depth is
interpreted to mark the base of the high-Vs platform sequence.

Figure DR5.

Positive conversions from stations across the Inner Piedmont corresponding with
depths of 8.5-13.1 km are consistent with depths to Grenville basement determined from
seismic reflection profiling (Hatcher et al., 2007).

Figure DR6.

Negative conversions in receiver functions across the Carolina terrane indicate an
upward increase in velocity at depths of 5.9-12.7 km. For stations D03-D05, the conversions
are interpreted to mark the base of high-Vs Carolina terrane arc rocks.

Earlier negative conversions from stations D05-D07 and Z53A are interpreted to mark velocity
discontinuities associated with Alleghanian thrust sheet imbrication.

Figure DR7.

Positive conversions in receiver functions from stations D03 and D08 in the Carolina

terrane are indicative of an upward decrease in velocity at depths of 4.7-5.1 km, reflecting the



complex internal structure of the Alleghanian thrust sheet.

Figures DR8-DR16.

Bootstrapped receiver-function stacks. In each figure, the mean stacked trace is shown
with 2-sigma error bounds to demonstrate the robustness of the intracrustal P-SV conversions
(arrows) used to estimate conversion depths in Fig. 4 (Figs. DR8-DR14) and Fig. 3 (Figs.
DR15-DR16). For each set of stacked traces, the corresponding event backazimuth, Gaussian
value, and number of the receiver functions included in the stack (N) are shown. The

bootstrapping analysis is based on the method of Efron and Tibshirani (1991).

Figures DR8-DR14.

Bootstrapped receiver-function stacks for gathers shown in Figs. DR1-DR7.

Figures DR15-DR16.

Bootstrapped receiver-function stacks for stations D04 and W33 shown in Fig. 3.

Figure DR17.

Distribution of events used in the calculation of receiver functions.



Table DR1

Events used in the calculation of receiver functions for each station.



Table DR1: Events used in the calculation of receiver functions for each station

Event (yr/julian day/hr/min)|Latitude Longitude |Station

2011.152.12.55 -37.57 -73.69 dl7

2011.171.16.36 -21.68 -68.19 d08, d17

2011.175.03.09 51.98 -171.82 d05, d14, w30

2011.216.13.51 48.77 154.84 d05, d14, w30

2011.227.02.53 -1.81 -76.90 dl7

2011.236.17.46 -7.65 -74.51 d08, d17

2011.245.10.55 52.10 -171.72 d05, d14, w29, w30

2011.245.13.47 -28.39 -63.06 d08, d17

2011.252.19.41 49.39 -127.06 d05, d14, w29, w30

2011.279.11.12 -24.13 -64.30 d08

2011.301.18.54 -14.44 -75.99 d08, d17

2012.030.05.11 -14.16 -75.62 d08, d17

2012.074.09.08 40.89 144.94 di4, w30

2012.085.22.37 -35.18 -71.79 d08, d17

2012.108.03.50 -32.63 -71.37 d08, d17, y52a, z52a, z53a

2012.135.10.00 -17.70 -69.57 d03, d08, d17, d18, d19, d22, y52a, z52a, z53a

2012.156.00.45 5.30 -82.58 d22

2012.171.15.56 53.36 171.59 z52a

2012.176.03.15 57.61 163.20 d03

2012.184.23.31 -14.41 -75.59 d22

2012.190.11.33 45.48 151.32 d03

2012.215.09.38 -8.41 -74.26 d03, d08, d17, d18, d19, d22, y52a, z52a, z53a

2012.223.18.37 52.63 -167.42 d03, z52a

2012.227.02.59 49.80 145.06 d03, do4, d05, d06, d07, d12, d14, d19, d20, d21
w29, w30, w31, w31.5, z52a

2012.270.23.39 51.61 -178.31 d03, d04, d05, d06, d07, d12, d14, d19, d20, d21
w29, w30, w31, w31.5, z52a

2012.274.16.31 1.92 -76.36 d03, d17, d18, d19, d22, y52a, z52a, z53a

2012.302.03.04 52.79 -132.10 d03, do4, d05, d06, d12, d14, d19, d20, d21
w29, w30, w31.5

2012.321.18.12 49.28 155.43 d03, d04, d05, d07, d19, d20, d21, w31




Table DR1 (continued)

Event (yr/julian day/hr/min)|Latitude Longitude |Station
2013.005.08.58 55.39 -134.65 d03, d04, do5, d12, d14, d19, d20, d21

w29, w30, w31.5, z52a
2013.030.20.15 -28.09 -70.65 d03, d17, d18, d19, d22, y52a, z52a, z53a
2013.040.14.16 1.14 -77.39 d03, d17, d18, d19, d22, y52a, z52a, z53a
2013.045.13.13 67.63 142.51 d03, d04, do5, d07, d12, d14, d20, d21

w29, w30, w31, w31.5, z52a
2013.059.14.05 50.95 157.28 d03, d04, d05, d07, d12, d19, d20, d21
2013.109.03.05 46.22 150.79 d03, d04, d06, d07, d12, d14, d21, w29, w31, z52a
2013.139.18.44 52.34 160.07 d03, d04, d07, z52a
2013.144.05.44 54.89 153.22 d03, d04, d06, d07, d12, d14, d20, d21, w29, w31, z52a
2013.144.14.56 52.24 151.44 di2, di4, d20
2013.198.02.37 -15.66 -71.74 d03, d17, d18, d19, d22, w54a, x54a
2013.224.09.49 -5.40 -81.93 d03, d17, d18, d19, d22, wh4a, x54a, y52a, z52a, z53a
2013.225.15.43 5.77 -78.20 d22
2013.235.08.34 -22.27 -68.59 z52a
2013.242.16.25 51.61 -175.36 d03, d04, do6, d07, d12, d14, d19, d20, d21

w29, w31, w31.5, z52a
2013.246.20.19 51.24 -130.40 d20
2013.247.02.32 51.59 -174.73 d03, d04, d07, d14, d19, d20, d21, w31.5, z52a
2013.258.16.21 51.58 -174.72 d03, d04, d06, d07, d12, d14, d19, d21, w31, w31.5, z52a
2013.268.16.42 -15.85 -74.56 d03, d17, d18, d19, d22, z52a, w54a, x54a, y52a, z53a
2013.274.03.38 53.20 152.79 d03, d04, d07, d12, d14, d19, d20, d21, w31, w31.5, z52a
2013.304.23.03 -30.29 -71.52 d22, z52a, w54a, x54a, y52a, z53a
2013.316.07.03 54.69 162.30 w31
2014.069.05.18 40.83 -125.13 w29
2013.074.23.51 -5.57 -80.97 d22, y52a
2013.075.21.16 -19.98 -70.70 d22, wh4a, y52a, x54a
2014.081.12.59 -19.76 -70.87 d22, w54a, x54a
2014.082.18.20 -19.69 -70.85 d22
2014.091.23.46 -19.61 -70.77 d22, w54a, x54a




Table DR1 (continued)

Event (yr/julian day/hr/min)|Latitude Longitude |Station
2014.093.01.58 -20.31 -70.58 d22
2014.093.02.43 -20.57 -70.49 d22, wh4a, x54a
2014.094.01.37 -20.64 -70.65 d22
2014.114.03.10 49.64 -127.73 w29
2014.130.14.16 60.00 -152.13 w31
2014.235.22.32 -32.70 -71.44 wb4a, y52a, x54a
2014.236.23.21 -14.60 -73.57 wb54a, y52a, x54a




Figure DR1
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Figure DR3

Inner Piedmont
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Figure DR5

Inner Piedmont
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Figure DR6

Carolina terrane
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Figure DRY7

Carolina terrane
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Fig. DR8
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Fig. DR10
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Fig. DR12
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