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Abstract

A three-dimensional shear velocity model for the crust and upper mantle beneath the central United States is presented by

inverting Rayleigh wave phase velocities from 20s to 100s periods. These phase velocities were determined using regional and

teleseismic earthquakes recorded by the Northern Embayment Lithospheric Experiment stations, the CERI New Madrid Seismic

Network, the Earthscope Transportable Array, and the Ozark Illinois INdiana Kentucky Flexible Array. A low Vs anomaly is

imaged in the mantle below the Reelfoot Rift, which is the uppermost portion of connected low-velocity zones dipping toward

the southwest below the rift and to the northwest below the Illinois Basin. According to the analysis in previous tomographic

studies using both Vp and Vs anomalies, the elevation of temperature and the enrichment of iron, water, and orthopyroxene

contents are required factors to explain the reduced seismic velocities. These low-velocity zones are produced by silica-rich fluids

rising from the stalled Farallon slab. Two weak zones characterized by low Vs are imaged below the Ste. Genevieve and the

Wabash Valley seismic zones. The low-velocity, weak areas may be responsible for stress concentration and thus the generation

of intraplate seismicity.
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Introduction

The supporting information provides details on (1) resolution tests for isotropic and anisotropic models from
Basu (2019); and (2) the shear velocity model obtained using the Chen et al. (2016) starting model and the
comparison of this result with that obtained with the Herrmann (2013) model.
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Text S1. Resolution tests for isotropic and anisotropic models

Two checkerboard test models (Basu, 2019) were inverted at each period with varying checkerboard sizes
of 1.0, 1.5, and 2.0. The first model (isotropic model) was perturbed by ±4% from the reference velocity
and no anisotropy variations. The second test model (anisotropic model) has no velocity perturbations but
contains anisotropy with a magnitude of 0.04 km/s in alternating NS-EW directions. The input a priori data
and model errors are the same as those used for the real data. Random noise with the same magnitude asσd

(data error at each period) was added to the synthetic models. The tradeoff between azimuthal anisotropy
and heterogeneity was minimal.

A final checkerboard resolution test was conducted with a checkerboard test model containing ±4% velocity
perturbations from the reference velocity and anisotropy with a magnitude of 0.04 km/s in alternating NS-
EW directions. Resolution at each period is dependent on the ray-path coverage. For periods of 20-60s, the
best resolution was obtained with a 1.5×1.5 checkerboard size, and 2.0×2.0 checkerboards give the best
solution for the higher periods of 75-100s. Figure S1 shows the inversion results for the simultaneous phase
velocity and anisotropy test model for all periods for the chosen checkerboard sizes. Once again, this result
indicates that the tradeoff between azimuthal anisotropy and phase velocity is minimal.

Text S2. Inverted Vs model using the Chen et al. (2016) starting
model

The output Vs model using the Chen et al. (2016) starting model is presented in Figure S2, as a comparison
to the result using the Herrmann (2013) model. Velocities in the lower crust (3.5 km/s to 5.1 km/s) vary
over a larger range than those determined using the Herrmann (2013) starting model, and the difference in
the upper limit is more significant than the difference in the lower limit. These results are close to the results
obtained by Chen et al. (2016) for the crustal velocity values. Velocities in the uppermost mantle (50-150 km
depths) vary between 4.29 km/s and 4.96 km/s, which is close to the result obtained using the Herrmann
(2013) model. The above comparison shows that in the resolved Vs model, velocities in the lower crust are
more sensitive to the starting model than velocities in the mantle.

The distributions of high- and low-velocity anomalies are consistent with the result obtained with the Herr-
mann (2013) model, although the magnitudes of low-velocity anomalies appear more significant in this model
than the results obtained with the Herrmann (2013) model. On the 24 km and 36 km slices, low-velocity
anomalies characterize the Ozark uplift (labeled J), the central Illinois Basin (labeled K), and the Rough
Creek Graben (labeled L). Since the magnitudes of these low-velocity anomalies are too prominent, they are
considered an artifact introduced by the starting model.

Hosted file

image2.emf available at https://authorea.com/users/111121/articles/608494-shear-velocity-

structure-beneath-the-central-united-states-from-the-inversion-of-rayleigh-wave-phase-

velocities

Figure S1. Resolution test results for the checkerboard synthetic model containing ±4% velocity perturbations
from the reference velocity and 0.4 km/s anisotropy in alternating NS-EW directions. The cell size is 1.5×1.5
for the period range 20-60s and 2.0×2.0 for longer periods. Inset numbers indicate periods of each map.
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Figure S2. Map view of the output Vs model using the starting model by Chen et al. (2016). Crustal
velocities and mantle velocities are presented with different color scales. Major geology features are labeled
with the same notations as those in Figure 7.

3



Confidential manuscript submitted to Journal of Geophysical Research Solid Earth 

 

Shear velocity structure beneath the central United States from the inversion of 1 

Rayleigh wave phase velocities 2 

 3 

Y. Geng1, U. Basu1, and C. A. Powell1  4 

1Center for Earthquake Research and Information, University of Memphis, Tennessee, USA. 5 

 6 

Corresponding author: Yu Geng (ygeng1@memphis.edu)  7 

 8 

Key Points: 9 

• We present a 3-D Vs model for the upper mantle in the central United States by inverting 10 

Rayleigh wave phase velocities. 11 

• A low Vs anomaly is imaged below the Reelfoot Rift, which is the uppermost portion of 12 

a prominent LVZ in previous tomographic studies. 13 

• Low Vs anomalies are found in the mantle below the Ste. Genevieve and Wabash Valley 14 

seismic zones. 15 
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Abstract 17 

A three-dimensional shear velocity model for the crust and upper mantle beneath the central 18 

United States is presented by inverting Rayleigh wave phase velocities from 20s to 100s periods. 19 

These phase velocities were determined using regional and teleseismic earthquakes recorded by 20 

the Northern Embayment Lithospheric Experiment stations, the CERI New Madrid Seismic 21 

Network, the Earthscope Transportable Array, and the Ozark Illinois INdiana Kentucky Flexible 22 

Array. A low Vs anomaly is imaged in the mantle below the Reelfoot Rift, which is the 23 

uppermost portion of connected low-velocity zones dipping toward the southwest below the rift 24 

and to the northwest below the Illinois Basin. According to the analysis in previous tomographic 25 

studies using both Vp and Vs anomalies, the elevation of temperature and the enrichment of iron, 26 

water, and orthopyroxene contents are required factors to explain the reduced seismic velocities. 27 

These low-velocity zones are produced by silica-rich fluids rising from the stalled Farallon slab. 28 

Two weak zones characterized by low Vs are imaged below the Ste. Genevieve and the Wabash 29 

Valley seismic zones. The low-velocity, weak areas may be responsible for stress concentration 30 

and thus the generation of intraplate seismicity. 31 

Plain Language Summary 32 

We present a three-dimensional seismic velocity model for the northern Mississippi Embayment 33 

and southern Illinois Basin derived from seismic waves that travel along the surface of the earth. 34 

These surface waves consist of many wavelengths. Short wavelengths travel through shallow 35 

parts of the crust while long wavelengths penetrate deeper into the earth, allowing construction 36 

of a velocity model from the near surface to a depth of 150 km. Our study utilizes seismic 37 

tomography to map velocity anomalies, much like tomography is used to produce images of the 38 

human body. We find anomalously high velocities in the crust below the three active seismic 39 
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zones in the area, the New Madrid, Wabash Valley, and Ste. Genevieve seismic zones. 40 

Anomalously low velocities underlie the seismic zones at greater depths below the crust. The 41 

slow velocities imply that the rocks are weak, and their presence may be concentrating stress in 42 

the seismic zones. We find anomalously low velocities below the crust in the northern 43 

Mississippi Embayment that extend to the bottom of the model. This low-velocity region has 44 

been detected in previous studies and is attributed to the effects of fluids coming from a trapped 45 

slab fragment at depths below 400 km. 46 

 47 

1 Introduction 48 

The central United States (CUS) has several active intraplate seismic zones lying near to 49 

each other: the New Madrid Seismic Zone (NMSZ), the Ste. Genevieve Seismic Zone (SGSZ) 50 

and the Wabash Valley Seismic Zone (WVSZ) (Figure 1). The Reelfoot Rift hosts the NMSZ 51 

and is acting as a zone of weakness where intraplate deformation concentrates (e.g., Csontos et 52 

al., 2008; Tavakoli et al., 2010; Thomas & Powell, 2017). Three major magnitude earthquakes 53 

were produced in the NMSZ from 1811 to 1812 (Johnston & Schweig, 1996). To the north of the 54 

NMSZ, the SGSZ and the WVSZ possess the same potential for creating large earthquakes. Due 55 

to the slow deformation rates at intraplate fault zones, intraplate earthquakes occur at a lower 56 

frequency than interplate earthquakes. Several attempts have been made to explain the origin of 57 

the NMSZ, but why the zone exists remains enigmatic. Examples include stress transfer from a 58 

weak lower crustal zone embedded within the elastic lithosphere (Kenner & Segall, 2000), a high 59 

compressional stress level due to density changes across a lateral transition in the upper mantle 60 

(Thybo et al., 2000), and high differential stress produced by a mafic body located in the deep 61 

crust beneath the NMSZ (e.g., Grana & Richardson, 1996; Pollitz et al., 2001). Recent studies 62 
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attempted to link the occurrence of intraplate earthquakes to stress concentration in the upper 63 

crust produced by changes in lithospheric thickness and the presence of anomalously low 64 

velocity in the upper mantle (e.g., Biryol et al., 2016; Zhan et al., 2016). Biryol et al. (2016) 65 

hypothesized that tectonic inheritance involving a sharp change in lithosphere thickness as well 66 

upwelling asthenosphere might control the ongoing activity of the region. Zhan et al. (2016) 67 

found that low mantle velocities underneath the NMSZ play a pivotal role in increasing the 68 

differential stress in the layers above. Elevated stresses are enabled by the strong lower crust in 69 

this region, and subsequently, earthquakes are triggered by reactivated pre-existing faults within 70 

the base of ancient rifts. 71 

Shear wave velocities in the crust and upper mantle reflect changes in the thermal, 72 

mineralogical, and compositional properties of the lithosphere. The surface wave and shear wave 73 

velocity structure of the CUS is presented in many regional and global studies (e.g., Godey et al., 74 

2003; Van der Lee, 2002; Van Der Lee & Frederiksen, 2005; Van der Lee & Nolet, 1997). A 75 

strong velocity contrast between low velocities in the western North America and high velocities 76 

beneath the North American craton is a first order observation found in many studies (i.e., Godey 77 

et al., 2003; Porritt et al., 2014; Shen & Ritzwoller, 2016). An anomalously slow velocity area 78 

was imaged in the uppermost mantle underneath the Illinois Basin (Van der Lee, 2002; Van Der 79 

Lee & Frederiksen, 2005). The model was enhanced in the study by Bedle and van der Lee 80 

(2006) where it was suggested that this area may reflect the presence of oceanic crust or hydrous 81 

mantle associated with a fossilized flat slab. Shen et al. (2013) revealed the significance of 82 

Precambrian sutures in the tectonic evolution of the CUS from Rayleigh wave phase velocities 83 

across the Midcontinent Rift and surrounding regions. Recently, studies using the Northern 84 

Embayment Lithosphere Experiment (NELE), the Ozarks-Illinois-INdiana-Kentucky Flexible 85 
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Array (OIINK), and the EarthScope transportable array (TA) deployments revealed a low-86 

velocity zone (LVZ) in the upper mantle below the Mississippi Embayment (ME) (e.g., 87 

Nyamwandha et al., 2016; Pollitz & Mooney, 2014). The highest resolution image of the LVZ 88 

below the NMSZ is provided by Nyamwandha et al. (2016), which shows the LVZ dips to the 89 

southwest and extends to a depth of at least 250 km. Another two low-velocity anomalies at 90 

depths ~200 to 400 km below the Illinois Basin are imaged by Geng et al. (2020). The slow 91 

velocities form a northwest dipping zone and indicate the presence of a large igneous province. 92 

In addition, studies involving Pn velocities and uppermost mantle anisotropy in the 93 

central and eastern United States (CEUS) provided information about tectonic processes. Zhang 94 

et al. (2009) constructed a Pn tomographic model that revealed high-velocity anomalies in the 95 

uppermost mantle below the NMSZ and southern Illinois Basin. Inconsistency between Pn fast 96 

axes and SKS splitting orientations in the CEUS observed by Buehler and Shearer (2017) 97 

suggest significant vertical changes in anisotropy in the upper mantle. Using Pn arrivals recorded 98 

by TA stations, Basu and Powell (2019) found a correlation between Pn velocity variations and 99 

Moho depth variations in the southern Illinois Basin as well as a curious circular anisotropy 100 

pattern centered on the NMSZ. The SKS splitting study by Nyamwandha and Powell (2016) for 101 

the CUS indicated consistency between the direction of absolute plate motion (APM) and upper 102 

mantle anisotropy except in the Mississippi Embayment; within the Embayment, large and 103 

systematic deviations from the APM directions were attributed to relic lithospheric fabrics 104 

formed during past tectonic events. 105 

In this paper, we investigate shear velocity structure for the CUS by inverting Rayleigh 106 

wave phase velocities obtained by Basu (2019). The combined dataset from the NELE stations, 107 

the OIINK array, and the TA provide a high-resolution image. The study aims to provide insight 108 
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into the connections between the Reelfoot Rift and the Illinois Basin. The study will also reveal 109 

any relationship between mantle structure and the intraplate seismicity. We are motivated by 110 

these outstanding questions in the CUS continental tectonics: (1) How could the structures below 111 

the Illinois Basin be related to structures below the northern Reelfoot Rift? Are the two regions 112 

distinctly different? (2) What are the possible contributions of mantle velocity structures to the 113 

seismic zones? 114 

2 Tectonic setting 115 

2.1 The North American Craton 116 

The CUS is located within the North American craton – a large and coherent portion of 117 

the North American continental crust that has maintained long-term stability (Whitmeyer & 118 

Karlstrom, 2007). The craton consists of the Archean Canadian Shield and the cratonic platform, 119 

where the Precambrian basement complex is overlain by minimally deformed sedimentary strata 120 

(Yang et al., 2017). The basement below our study area is part of the extensive Proterozoic 121 

Granite-Rhyolite province. The Grenville Front, formed by the assembly of the supercontinent 122 

Rodinia in the late Mesoproterozoic, is typically considered as the southeastern margin of the 123 

North American midcontinent. The geological background of intraplate seismic zones is closely 124 

related to the evolution of the North American continent, in that the Reelfoot Rift and the Rough 125 

Creek Graben were formed during the breakup of Rodinia in the Late Proterozoic and Early 126 

Cambrian (Figure 1). The assembly of supercontinent Pangea created a compressional 127 

environment, in which intracratonic rifts were reactivated during the late Paleozoic (e.g., 128 

Thomas, 2014). 129 
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 130 

Figure 1. 348 NELE, CERI, OIINK, and TA stations utilized in the Basu (2019) study to obtain 131 

Rayleigh wave phase velocities. SS, the Sparta Shelf; OD, the Ozark Dome; ND, the Nashville 132 

Dome; OAT, the Oklahoma-Alabama Transform; OR, the Ouachita Rift; NMSZ, the New 133 

Madrid Seismic Zone; SGSZ, the Ste. Genevieve Seismic Zone; WVSZ, the Wabash Valley 134 

Seismic Zone. A dashed line in dark red represents the Nd line. Fault traces and fold systems are 135 

delineated with green solid lines and white solid lines, respectively. Boundaries of the Illinois 136 

Basin, the Mississippi Embayment, and the Reelfoot Rift are marked with dashed lines in blue, 137 

black, and purple, respectively. Grid nodes used to present the phase velocity maps by Basu 138 

(2019) are denoted with empty dots. 139 

 140 
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2.2 Intraplate seismic zones 141 

The Wabash Valley fault zone is composed of faults trending southwest-northeast. The 142 

faults originate near the junction of the Rough Creek and Cottage Grove faults (Brazitis & 143 

Conder, 2016) and trend parallel to the portion of the Wabash River between Illinois and Indiana 144 

(Cox & Van Arsdale, 2002). The northern WVSZ is connected with the La Salle anticlinal belt – 145 

an anticline that is geologically complex and consists of reverse faults (McBride, 1997) (white 146 

lines in Figure 1). 147 

The earliest documented faulting in the Wabash Valley fault zone occurred in the 148 

Cambrian. Major faulting ended after the Pennsylvanian, and minor faulting possibly continued 149 

into the Pleistocene (Fraser et al., 1997) with most of the faults characterized as high-angle 150 

normal faults (Bristol & Treworgy, 1979). Paleoseismic data indicate that several events greater 151 

than magnitude 6.0 occurred in the last few thousand years (Obermeier, 1998). The WVSZ is 152 

still seismically active; there have been three earthquakes of magnitude 5.0 or higher in the last 153 

50 years. 154 

The SGSZ lies to the northeast of the Ozark Dome and along the western edge of the 155 

Illinois Basin. It is associated with Ste. Genevieve fault zone (Marshak & Paulsen, 1996; Yang et 156 

al., 2014) and has a connection with the reactivation of the Reelfoot Rift (Yang et al., 2014). The 157 

fault zone consists of NW-SE trending faults parallel to the Mississippi River and is the 158 

boundary between the Illinois Basin and the Ozark Dome (Marshak et al., 2017). The earliest 159 

faulting occurred in the Middle Devonian. The current seismic activity in the SGSZ is dominated 160 

by strike-slip mechanisms under horizontal compressive stresses (Yang et al., 2014). 161 



Confidential manuscript submitted to Journal of Geophysical Research Solid Earth 

 

2.3 The Illinois Basin 162 

Intracratonic basins are sedimentary basins within the stable and cratonic interiors of 163 

continents. The Illinois Basin and the Michigan Basin in the North America are examples of such 164 

basins. The Nd line (Figure 1) goes through the northern part of the Illinois Basin and splits older 165 

crust in the NW from younger crust in the SE (Bickford et al., 2015). 166 

Usually, the Illinois Basin is interpreted as a rift basin formed in the late Proterozoic 167 

(Braile et al., 1986; Keller et al., 1983), concurrent with the breakup of Rodinia. The oval shape 168 

of the basin can be attributed to an extension in the Early Permian due to the breaking of 169 

Pangaea; the uplift of the Pascola Arch at the southern edge of the basin was created in the same 170 

process (McKeown et al., 1990). Nevertheless, evidence from sequence stratigraphy (e.g., Pratt 171 

et al., 1992) and reflection profiles (e.g., McBride and Kolata, 1999) indicate that the Reelfoot 172 

Rift is not the initial mechanism that formed the Illinois Basin. Localized subsidence and 173 

volcanic accumulation before the deposition of Cambrian layers suggest that the Illinois Basin 174 

had been operating as a sedimentary basin (McBride and Kolata, 1999). McBride et al. (2003) 175 

proposed a two-episode mechanism that formed the Illinois Basin: firstly, a Proterozoic basin 176 

overlies a rhyolitic caldera complex; and secondly, the deposition center shifted southward 177 

during the Reelfoot Rift extension. 178 

More recently, a receiver function study (Yang et al., 2017) found a thick crust below the 179 

central and southern portion of the basin; the crust below the Sparta Shelf is ~15 km thicker than 180 

that below the Ozark Dome. The crustal thickness variation occurred prior to the formation of the 181 

Illinois Basin, elaborated with several hypothesis (delamination, underthrusting, and magmatic 182 

underplating) by Yang et al. (2017). 183 
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3 Preparation 184 

3.1 Data and method 185 

This study is based on the Rayleigh wave phase velocity maps at eight periods between 186 

20 sec and 100 sec from Basu (2019), as summarized in Table 1. Azimuthal anisotropy was 187 

determined simultaneously with isotropic phase velocities using the method by Yao et al. (2010) 188 

– a technique based on the regionalization method of Montagner (1986) and the generalized 189 

inversion scheme of Tarantola and Valette (1982). Some resolution tests were conducted to 190 

validate the reliability of the models, as presented in Supporting Information Text S1. The 191 

tradeoff between azimuthal anisotropy and heterogeneity was minimal and azimuthal anisotropy 192 

was not considered in this study. 193 

 194 

Table 1. Rayleigh wave phase velocities between 20 sec and 100 sec measured by combining 195 

data from all the grid nodesa. 196 

Period [s] Nobs 𝐶0̅̅ ̅ [km/s] 𝜎𝑑 [km/s] 

20 6540 3.61 0.064 

30 9640 3.85 0.056 

40 10569 3.99 0.055 

50 10442 4.06 0.067 

60 10358 4.10 0.068 

75 9593 4.14 0.084 

90 8489 4.16 0.094 

100 7877 4.19 0.100 

 197 

aNote: Nobs – data count; 𝐶0 – averaged phase velocity; 𝜎𝑑 – standard deviation. 198 

 199 



Confidential manuscript submitted to Journal of Geophysical Research Solid Earth 

 

The study area covers the northern Mississippi Embayment and the southern Illinois 200 

Basin (Figure 1) and is parameterized into 49 grid nodes in longitude and 29 grid nodes in 201 

latitude spaced at 0.25°. To determine the most detailed phase velocity of the region to date, the 202 

Basu (2019) study used the combined dataset recorded by 119 TA stations, 84 NELE stations, 15 203 

CERI permanent network stations, and 130 OIINK stations over a five-year period (2011-2015). 204 

The dataset consists of 104 regional and teleseismic events (Figure 2) with magnitudes ≥5.0 and 205 

epicentral distances 5°-120° (measured from the center of the northern ME). A two-station 206 

method (Satô, 1958) was applied to calculate fundamental mode Rayleigh wave phase velocities 207 

for two-station pairs. The grid nodes extend beyond the area covered by the selected stations to 208 

absorb travel time anomalies outside of the array area. 209 
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 210 

Figure 2. The azimuthal distribution and ray paths of 104 regional and teleseismic events with 211 

magnitudes ≥5.0 and epicentral distances 5°-120° (measured from the center of the northern 212 

Mississippi Embayment), from Basu (2019). They were selected over a period of five years 213 

(from 2011 to 2015). 214 

 215 

The NELE stations were deployed in two time periods from September 2011 to October 216 

2013 and from July 2013 to June 2015. The average spacing of the NELE stations is ~20 km 217 

(Nyamwandha et al., 2016). The OIINK Array, spaced at ~25 km, was divided into three 218 
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deployment phases that migrated from west to east. They were operated in July 2011 to June 219 

2012 in the first phase, from June 2012 to the late 2013 in the second phase, and from August 220 

2013 to October 2015 in the final phase (Chen et al., 2016). Compared to previous studies that 221 

used only TA stations, the availability of NELE and OIINK stations will provide a higher 222 

resolution image based on surface waves for the uppermost mantle below the CUS. 223 

The averaged phase velocities over the study area vary between 3.61 km/s at 20 sec and 224 

4.19 km/s at 100 sec, comparable to the values obtained in previous studies involving the CUS 225 

(Chen et al., 2016; Shen et al., 2013). The phase velocities increase with periods up to 50 sec, 226 

after which the slope of the curve becomes gentle (Figure 3), indicating that velocities with 227 

periods greater than 50 sec are less sensitive to structures in the crust than the mantle (Shen & 228 

Ritzwoller, 2016). A dispersion curve is obtained at each grid node by extracting Rayleigh wave 229 

phase velocities at all the periods. The dispersion curve was inverted for a 1-D shear velocity 230 

(Vs) profile using the method developed by Herrmann (2013). The weight of each layer in the 231 

velocity model is set such that velocities in the upper 50 km are allowed to change more than 232 

velocities for deep structures during the inversion. Finally, the 1-D Vs profiles at all grid nodes 233 

were joined to create the resultant 3-D shear velocity images. 234 

 235 
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Figure 3. Averaged dispersion curve of Rayleigh wave phase velocities measured by combining 236 

data from all the grid nodes. The lengths of the blue bars are proportional to the magnitudes of 237 

standard errors. 238 

 239 

3.2 Starting model 240 

Two different 1-D Vs starting models are investigated. The first starting model was 241 

created by Herrmann (2013) and is a modification of the ak135-F velocity model (Kennett et al., 242 

1995; Montagner & Kennett, 1996). Velocities in the upper 50 km of the ak135-F model were 243 

replaced with the velocity at 50 km, which yielded a constant velocity in the upper 50 km. This 244 

technique helps avoid sharp velocity discontinuities that would persist through the inversion and 245 

reduces the occurrences of low-velocity layers due to artifacts. The second starting model was 246 

used by Chen et al. (2016). This model uses the crustal velocities measured by Catchings (1999) 247 

and the mantle velocities of IASP91 (Kennett & Engdahl, 1991). To test the sensitivity of the 248 

resultant 1-D Vs profiles on the starting model, the two 1-D starting models were varied by ±0.2 249 

km/s. When crustal velocities were perturbed, mantle velocities were fixed, and conversely, 250 

crustal velocities were fixed when mantle velocities were perturbed. The above modifications 251 

yield ten different starting models shown in Figure 4. 252 
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 253 

Figure 4. Starting models used to test the stability of shear velocity inversion: (a), the Herrmann 254 

(2013) model with variations of crustal or mantle velocities of ±0.2 km/s; (b), the Chen et al. 255 

(2016) model with variations of crustal or mantle velocities of ±0.2 km/s. 256 

 257 

The influence of the starting model is demonstrated by showing the results at several 258 

locations. The first location, (38.25°N, 90.50°W), is in the SGSZ (Figure 5). For both the 259 

Herrmann (2013) and Chen et al. (2016) models, variations of either crustal velocities or mantle 260 

velocities in the starting model exert a more significant impact on crustal velocities than mantle 261 

velocities in the resultant Vs profiles (Figure 5b and 5c) (i.e., crustal velocities are more sensitive 262 

to the starting model than mantle velocities). The impact is most evident at depths of 25-40 km. 263 
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At depths 4-40 km, the velocities resolved using the Chen et al. (2016) model are larger than the 264 

velocities resolved using the Herrmann (2013) model, and the opposite is true in the upper 4 km. 265 

 266 

Figure 5. Impact of the starting model on the resultant Vs profile at (38.25°N, 90.50°W): (a) the 267 

dispersion curve used to invert for Vs structure; (b) velocities resolved using the Herrmann 268 

(2013) model with variations of crustal or mantle velocities; (c) velocities resolved using the 269 

Chen et al. (2016) model with variations of crustal or mantle velocities. 270 

 271 

Vs profiles for a location in the WVSZ (38.25°N, 88.00°W) are shown in Figure 6. 272 

Similar to the observations for the SGSZ, velocity variations in the starting model exert a more 273 

significant impact on crustal velocities than mantle velocities in the resultant Vs profiles (Figure 274 

6b and Figure 6c). The most significant impact appears at depths of 20-40 km. A low-velocity 275 
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zone below the WVSZ is present at depths of 20-50 km. Although velocities resolved with the 276 

Herrmann (2013) model are lower than velocities resolved with the Chen et al. (2016) model 277 

within these depths, the two starting models produce consistent upper and lower bounds for the 278 

low-velocity zone. The above tests indicate that the starting model has little impact on the 279 

resolved mantle structures. We selected the Herrmann (2013) model to obtain the Vs images in 280 

this study. A more extensive discussion for selecting this model is presented in Supporting 281 

Information Text S2. 282 

 283 

Figure 6. Impact of the starting model on the resultant Vs profile at (38.25°N, 88.00°W): (a) the 284 

dispersion curve used to invert for Vs structure; (b) velocities resolved using the Herrmann 285 
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(2013) model with variations of crustal or mantle velocities; (c) velocities resolved using the 286 

Chen et al. (2016) model with variations of crustal or mantle velocities. 287 

 288 

4 Results 289 

4.1 Phase velocity maps 290 

Isotropic phase velocity maps are presented in Figure 7. At periods of 20-30s, Rayleigh 291 

wave phase velocities agree with previous work for the mid and lower crust by Chen et al. 292 

(2016). At 20s in both studies, a broad area of high velocities (labeled A) is present underneath 293 

most of the upper ME and below the Ozark uplift (Figure 7a). Unlike the Chen et al. (2016) 294 

results, the high velocities in our solution extend below the WVSZ. A pronounced low-velocity 295 

region (labeled B) is present in western Arkansas near the southern edge of our map. The Chen et 296 

al. (2016) map only extends over a small portion of the velocity low, but the same feature was 297 

identified by Liang and Langston (2009) at the same period in an analysis of Rayleigh wave 298 

group velocities. The low velocities coincide with the intersection of the Oklahoma-Alabama 299 

transform fault and the Ouachita Rift (OAT-OR). This is the location of a very negative Bouguer 300 

gravity anomaly, suggesting the presence of deeply buried, sedimentary rocks (Kruger & Keller, 301 

1986; Thomas, 2014). At a period of 30s (Figure 7b), the Reelfoot Rift is flanked to the 302 

northwest (NW) and southeast (SE) by regions of high phase velocities (labeled C). 303 

The phase velocity maps at 40s and longer periods are most sensitive to structure in the 304 

upper mantle (Shen & Ritzwoller, 2016). At a period of 50s (Figure 7d), several slow regions 305 

characterize the Reelfoot Rift (labeled D), and the Illinois Basin is surrounded by high velocities 306 

(labeled E). The same pattern of high and low velocities is present in the 60s period map (Figure 307 
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7e). High velocities along the SW edge of the Illinois Basin persist in the 75, 90, and 100s phase 308 

velocity maps. Several slow (labeled F) and fast (labeled G) areas within the interior of the 309 

Illinois Basin are identified in the 75, 90 and 100s period maps. A slow region (labeled H) is 310 

present at a location corresponding to the southernmost Illinois Basin and the western end of the 311 

Rough Creek Graben at 75-100s periods. 312 

The average to low velocity pattern below the Reelfoot Rift and high velocities to the 313 

NW and SE of the rift persists at periods of 40s to 100s. The same high- and low-velocity pattern 314 

for the Reelfoot Rift is found in the 40s and higher phase velocity maps determined by Chen et 315 

al. (2016). Low velocities are present in our phase velocity maps below a latitude of 35°N at 40-316 

100s periods. These low velocities are south of the phase velocity maps determined by Chen et 317 

al. (2016). 318 
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 319 

Figure 7. Isotropic phase velocity maps from simultaneous inversion for 20-100s periods. Fault 320 

traces and fold systems are delineated with solid green lines and solid gray lines, respectively. 321 

The Ozark Dome and the Nashville Dome are delineated with an orange circle and a dark red 322 

circle, respectively. A purple dashed line marks the boundary of the Reelfoot Rift. The 323 
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boundaries of the Illinois Basin and the Mississippi Embayment are delineated with a blue 324 

dashed line and a black dashed line, respectively. 325 

 326 

4.2 Shear velocity inversion 327 

The Vs images obtained using the Herrmann (2013) starting model are presented in 328 

Figure 8. Cross-section views are presented in three profiles (AA’, BB’, and CC’) perpendicular 329 

to two profiles (DD’ and EE’) crossing the intraplate seismic zones (Figure 9). As a comparison, 330 

our results using the Chen et al. (2016) starting model are presented in Figure S2. There are only 331 

minor differences between the two solutions. 332 

Velocities in the lower crust vary between 3.6 km/s and 4.7 km/s. High velocities in the 333 

24 km slice make a three-arm pattern similar to the pattern found by Liang and Langston (2009) 334 

at 24 km based on ambient noise tomography. The only difference in the patterns is that high 335 

velocities do not extend as far NW along the margin of the Illinois Basin in our study. Our 336 

velocity high and low pattern at 36 km cannot be directly compared to the results obtained by 337 

Liang and Langston (2009) because a comparable depth slice is not presented. Our solution at 36 338 

km appears to be a better-resolved version of the velocity pattern at 43 km in the Liang and 339 

Langston (2009) study. There is general agreement between our results and the shear wave 340 

velocity model determined by Chen et al. (2016) at 24 km and a stronger agreement at 36 km. In 341 

our study and the two previous studies, high-velocity anomalies are present in the lower crust 342 

below western Tennessee and along the southwest boundary of the Illinois Basin. These velocity 343 

anomalies are labeled I in Figure 8. Low velocities are present below the Ozark uplift and the 344 

Illinois Basin in our study (labeled J and K) and also in the studies by Liang and Langston (2009) 345 
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and Chen et al. (2016). Low velocities are found below the Rough Creek Graben in our results 346 

(labeled L) and those of Liang and Langston (2009). 347 

 348 

Figure 8. Horizontal slices of the 3-D Vs model created by joining all the 1-D profiles. Crustal 349 

velocities and mantle velocities are presented using different color scales. Major geology 350 

features are labeled with the same notations as those in Figure 7. 351 

 352 
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Velocities in the uppermost mantle (50~150 km depths) vary between 4.28 km/s and 4.92 353 

km/s, which is relatively larger than the ranges of mantle velocities in the NA07 model by Bedle 354 

and Van Der Lee (2009) and in the shear velocity model by Chen et al. (2016). Reduced 355 

velocities in the mantle (labeled O) found in previous studies (e.g., Bedle and van der Lee, 2006; 356 

Pollitz and Mooney, 2014; Chen et al., 2016; Nyamwandha et al., 2016) are present in cross-357 

section slices AA’, BB’, DD’, and EE’, and on the 80 km and 120 km slices of the map views. In 358 

the Nyamwandha et al. (2016) study, this anomaly is located at 80-160 km depth, and the Vs 359 

anomaly magnitude is −3% to −5% with respect to the IASP91 reference model. Chen et al. 360 

(2016) determined the velocity reduction as about 7% compared to velocities outside of the 361 

Reelfoot Rift; that is, the Vs anomaly below the rift is about 3.33% lower than the starting 362 

model. In our model, the magnitude of this anomaly is ~3.8%. The upper bound of this low-363 

velocity area is at ~50 km depth, which agrees with the Nyamwandha et al. (2016) study. 364 

Reduced resolution near the bottom of the model makes it difficult to tell the dipping direction of 365 

anomaly O, but on cross-section DD’, the feature seems dipping towards southwest and connects 366 

with another larger low-velocity anomaly (labeled P) located at 150 km and deeper. 367 
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 368 

Figure 9. Vertical slices of the 3-D Vs model. The 4.2 km/s velocity contour is used to represent 369 

the Moho. Notations for major geology features: BA, the Blytheville Arch; OD, the Ozark 370 

Dome; SS, the Sparta Shelf; PA, the Pascola Arch; App, the Appalachian Basin; NMSZ, the 371 

New Madrid Seismic Zone; SGSZ, the Ste. Genevieve Seismic Zone; WVSZ, the Wabash Valley 372 

Seismic Zone. On the map view, the blue circle and the red circle mark the boundaries of the 373 

Sparta Shelf and the Ozark Dome, respectively; dashed rectangles mark the locations of 374 

intraplate seismic zones; fault zones are delineated with thick, orange lines. 375 

 376 

We used the 4.2 km/s velocity contour (solid white lines in Figure 9) to represent the 377 

depth to Moho on each cross-section plot. Based on a comparison with the receiver function 378 

study by Yang et al. (2017), the contour is near the bottom of the crust in all cross-sections, and 379 

the value is close to the Vs value at the bottom of the crust in the AK-135 model (Kennett et al., 380 
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1995; Montagner & Kennett, 1996). The majority of the Illinois Basin is dominated by a deep 381 

Moho with depths ~45 km, which is shown in cross-section DD’ between 37°N and 39.5°N. A 382 

deepening of the Moho is observed near the eastern-most end (86°W) of cross-section BB’. The 383 

depression is possibly an effect of isostasy due to the elevated topography of the Appalachian 384 

thrust sheets and the presence of the Appalachian Basin. In the Yang et al. (2017) study, the 385 

Moho in the same location is slightly deeper than 50 km. 386 

One of the most distinct features in the Yang et al. (2017) study is an abrupt transition of 387 

Moho depth from 45 km to ~60 km across the boundary between the Ozark Dome and the Sparta 388 

Shelf in the Illinois Basin. In our model, no significant variation of Moho depth between 37°N 389 

and 39°N is observed in cross-section EE’ that goes through the NE edge of the Ozark Dome and 390 

the western edge of the Sparta Shelf (SS in Figure 9). We observe an elevation of the Moho (~40 391 

km deep) below the Ozark Dome in cross-section CC’. Although the value is greater than the 392 

average depth of the Moho in continental North America (36.1 km), the Moho below the Ozark 393 

Dome is a localized feature and is surrounded by a deeper Moho at its flanks. To the southwest 394 

of the Sparta Shelf, the Pascola Arch is characterized by an elevated Moho surface with ~36.5 395 

km depth, as indicated in cross-section EE’. In cross-section AA’, the Blytheville Arch is 396 

characterized by a relatively shallow Moho with ~41 km depth. 397 

 398 

5 Discussion 399 

Our results reveal many features that agree with previous studies by Chen et al. (2016), 400 

Nyamwandha et al. (2016), and Geng et al. (2020). For example, an area dominated by low 401 

crustal Vs (labeled J in the map view in Figure 8) is present in southern Missouri and northern 402 
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Arkansas. The feature is more prominent in this study compared to that in Geng et al. (2020). 403 

This low-velocity anomaly coincides with a Bouguer gravity low that is interpreted as the 404 

Missouri batholith in Hildenbrand and Hendricks (1995). Another prominent low Vs anomaly is 405 

present on the Arkansas-Oklahoma border (labeled M in the 20 km slice of the map view). This 406 

low Vs area corresponds to the Arkoma Basin and is also imaged in the Geng et al. (2020) study. 407 

A prominent low-velocity region (labeled N in the map view) is present in Alabama and middle 408 

Tennessee, which agrees with Geng et al. (2020). Biryol et al. (2016) hypothesized that this area 409 

is underlain by thinned lithosphere. The lithospheric foundering might have caused heating and 410 

chemical differentiation, which explains the generation of silica-rich magmas and thus the 411 

observed low velocity. Low velocities at 60-150 km (labeled O) below the Mississippi 412 

Embayment with high velocities above (labeled I in the map view) agree with previous mantle 413 

velocity studies (Geng et al., 2020; Nyamwandha et al., 2016), and are similar to velocity 414 

anomalies below the North China Craton (Santosh et al., 2010; Tian & Zhao, 2011). Two slow 415 

anomalous regions in the uppermost mantle are present below the WVSZ and the SGSZ (labeled 416 

Q and R in cross-sections DD’ and EE’), which are also present in the study by Geng et al. 417 

(2020). 418 

Our study differs from the shear velocity model by Chen et al. (2016) in that low crustal 419 

Vs is imaged below the southern Illinois Basin (labeled L in the 24 km and 36 km slices of the 420 

map view); in the study by Chen et al. (2016), this area is characterized by high crustal Vs. The 421 

high crustal velocities are interpreted as mafic intrusions related to Paleozoic rift development; 422 

mafic materials extracted from the mantle may have entered the lower crust and increased the 423 

density and seismic velocity (Braile et al., 1986; Keller et al., 1983; Mooney et al., 1983). The 424 

presence of low crustal velocities below the southern Illinois Basin in our model contradicts the 425 



Confidential manuscript submitted to Journal of Geophysical Research Solid Earth 

 

interpretation by Chen et al. (2016), and thus does not support the idea that the southern Illinois 426 

Basin has a rift origin. While a lot of evidence (e.g., Braile et al., 1986; Kolata and Nelson, 1991, 427 

1997; Marshak and Paulsen, 1996) indicates that rifting influenced the Phanerozoic evolution of 428 

the Illinois Basin, rifting may not be the initial mechanism that formed the basin (Bedle & van 429 

der Lee, 2006). 430 

5.1 Rayleigh wave phase velocities 431 

The Rayleigh wave phase velocity images obtained in our study agree in general with the 432 

previous study by Chen et al. (2016). Fundamental mode Rayleigh wave phase velocity maps 433 

were determined using TA and OIINK stations in the Chen et al. (2016) study. The station 434 

density in the center of our study area is improved compared to the station density in Chen et al. 435 

(2016), and our study area is extended southward to 35°N because we include NELE stations. As 436 

a consequence, our phase velocity maps revealed some features that are not found in the Chen et 437 

al. (2016) study. For example, although high velocities underneath the upper ME (labeled A in 438 

Figure 7) at the 20s period are found in both studies, these velocities also extend to the WVSZ 439 

and the SGSZ in our model. We also observed features that extend anomalies imaged by Chen et 440 

al. (2016) south of 35°N. These include a prominent low-velocity region corresponding to the 441 

OAT-OR (labeled B) at 20 to 30s periods and low velocities in the southern ME (labeled D) in 442 

the 50, 60, and 75s period maps. 443 

Several features in our phase velocity maps are consistent through multiple periods. The 444 

RR is characterized by average to low velocities (labeled D) and is flanked by high-velocity 445 

regions. This pattern is apparent not only at 30s, but also at 40-100s periods. The presence of low 446 

velocities is associated with the tectonic history of the RR, which involves the intrusive activity 447 

related to the passage of the Bermuda hotspot in the Cretaceous (Cox & Van Arsdale, 1997), and 448 
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the thinning of the lithosphere during the early Cambrian rifting of supercontinent Rodina (Cox 449 

& Van Arsdale, 2002). Slow velocities in the upper mantle are also attributed to the presence of a 450 

subducted slab, as discussed below. The flanking high-velocity regions on both sides of the RR 451 

are interpreted as either intact or foundering pieces of the old continental lithosphere (Biryol et 452 

al., 2016; Nyamwandha et al., 2016). Another feature consistent throughout multiple periods is 453 

the high velocities below the Illinois Basin (labeled G) and the surrounding low velocities 454 

(labeled F and H). This high and low velocity pattern is apparent at 90 and 100s periods and is 455 

also suggested in the 75s phase velocity map. 456 

The low phase velocities associated with the OAT-OR coincide with the location of the 457 

Arkoma Basin that formed by crustal loading during the Ouachita orogeny (Thomas, 1991). The 458 

origin requires variations in the flexural rigidity of the crust and cannot be explained by basin fill 459 

alone. As a result of the transition from the rift to the transform fault, thicker crust with lower 460 

flexural rigidity occurs in the eastern portion of the basin and thinner crust with higher rigidity 461 

occurs in the western portion of the basin (Harry & Mickus, 1998). The gravity anomaly is partly 462 

due to the presence of thick syn-rift sediment accumulated at the OAT-OR intersection (Kruger 463 

& Keller, 1986), which is commonly found along transform boundaries (e.g., Thomas, 2014). 464 

The presence of low phase velocities at periods 20-30s in our study supports the concept that 465 

basement structure is a contributing factor to the observed gravity anomaly. 466 

5.2 Implications for the origin of the Illinois Basin 467 

Theories regarding the origin of the Illinois Basin remain controversial. Chen et al. 468 

(2016) find high Vs in the mid and lower crust below the southernmost part of the basin and 469 

support the idea that basin formation is tied to formation of the Reelfoot Rift. McBride et al. 470 

(2003) propose that the presence of a collapsed Proterozoic rhyolitic caldera complex or rift 471 
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below the central Illinois Basin is related to the formation of the Granite-Rhyolite basement and 472 

early formation of the basin. This would suggest that the Basin is considerably older than the 473 

Late Cambrian Reelfoot Rift. We observe low crustal Vs in the central part of the Illinois Basin 474 

(labeled K in the 24 km and 36 km slices of the map view Figure 8), which agrees with the Chen 475 

et al. (2016) study. The lack of high Vs at mid-crustal depths was used by Chen et al. (2016) to 476 

argue against the caldera/rift interpretation because a large mafic underplated layer is not present, 477 

as is the case for some ~1.4 Ga granites in the southwest U.S. (Snelson et al., 2005). McBride et 478 

al. (2003) suggest that the igneous activity did not involve the lower crust or mantle and thus, a 479 

mafic layer did not form. Our results tend to favor an origin for the Illinois Basin that is not 480 

directly associated with the same rifting event that formed the Reelfoot Rift. Unlike the study by 481 

Chen et al. (2016), we do not find high Vs in the depth range 24 to 36 km in the southern portion 482 

of the basin. We suggest that alternate explanations for formation of the basin, such as tectonic 483 

events associated with formation of the Granite-Rhyolite Provence, be considered in future 484 

studies. 485 

5.3 LVZs below the mid-continent of North America 486 

The presence of two anomalously slow regions extending from ~200 to 400 km forming a 487 

northwest dipping low-velocity zone (LVZ) below the Illinois Basin were detected in a recent 488 

study by Geng et al. (2020).  Synthetic models indicate that the LVZ is connected to the low-489 

velocity anomaly below the Reelfoot Rift imaged in previous studies (e.g., Bedle & van der Lee, 490 

2006; Chen et al., 2016; Nyamwandha et al., 2016; Pollitz & Mooney, 2014).  Anomaly O in our 491 

Vs model (Figures 8 and 9) is the upper portion of the LVZs observed in Nyamwandha et al. 492 

(2016) and Geng et al. (2020). The anomalously slow regions in the mantle underneath the 493 

Mississippi Embayment and the Illinois Basin are produced by fluids rising from a stalled slab 494 
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(Sigloch, 2011; Sigloch et al., 2008), according to the analysis in these previous studies. 495 

Calculations show that the saturation of water, temperature elevation, and the enrichment of 496 

orthopyroxene (opx) and iron content are required to explain the reduced seismic velocities in the 497 

mantle (Geng et al., 2020; Saxena, 2020; Saxena et al., 2017). Metasomatism of mantle rocks 498 

due to the ascending silica-rich fluids from the transition zone is the likely source of the opx 499 

enrichment. Silica from subducted ocean crust and sediment is transported into the overlying 500 

mantle during the dehydration process (Kusky et al., 2014; Wagner et al., 2008). The LVZs are 501 

closely related to the presence of the Hess plateau conjugate, a thick portion of the Farallon plate 502 

that is located below the CUS at transition zone depths (Liu et al., 2008; 2010). Our results 503 

suggest that the LVZ extends to near Moho depths below the Reelfoot Rift (Figure 9) and the 504 

Appalachian Basin. 505 

5.4 Implications for the origin of intraplate seismicity 506 

Correlations between the locations of low mantle velocities and intraplate seismic zones 507 

indicate that seismic velocities in the mantle contribute to the occurrence of intraplate 508 

earthquakes. The two low Vs anomalies in the upper mantle located below the WVSZ and the 509 

SGSZ (labeled Q and R in cross-sections DD’ and EE’, Figure 9) are probably weak zones with 510 

low shear strength embedded in a stronger lithosphere (Chen et al., 2014; Nyamwandha et al., 511 

2016). Zhan et al. (2016) showed, using geodynamic modeling, that tectonic stresses concentrate 512 

in weak zones and will transfer to existing faults in the upper crust. The presence of these weak 513 

zones may play an essential role in the stress concentration of the intraplate seismic zones in the 514 

CEUS. 515 
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6 Conclusions 516 

We developed a shear wave velocity model for the crust and upper mantle beneath the 517 

northern Mississippi Embayment and southern Illinois Basin by inverting the Rayleigh wave 518 

phase velocity data from Basu (2019). The low Vs zone detected in the mantle below the 519 

Reelfoot Rift is the upper portion of the LVZs imaged in Nyamwandha et al. (2016) and Geng et 520 

al. (2020). According to the analyses presented in these previous studies, the low velocities are 521 

produced by silica-rich fluids ascending from a trapped portion of the Farallon slab. Low crustal 522 

Vs is found in the central Illinois Basin, supporting the presence of a Proterozoic caldera related 523 

to the formation of the Granite-Rhyolite basement (McBride et al., 2013). Our model differs 524 

from the Chen et al. (2016) study in that the southern Illinois Basin is characterized by low Vs in 525 

the lower crust rather than high Vs, which does not support the concept that this portion of the 526 

Illinois Basin has a rift origin. Low-velocity zones below the WVSZ and the SGSZ suggest a 527 

connection between seismic velocities in the mantle and the occurrence of intraplate earthquakes. 528 

These low-velocity zones are regions with low shear strength and may be responsible for stress 529 

concentrations in the WVSZ and the SGSZ. 530 
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 735 

Figure 1. 348 NELE, CERI, OIINK, and TA stations utilized in the Basu (2019) study to obtain 736 

Rayleigh wave phase velocities. SS, the Sparta Shelf; OD, the Ozark Dome; ND, the Nashville 737 

Dome; OAT, the Oklahoma-Alabama Transform; OR, the Ouachita Rift; NMSZ, the New 738 

Madrid Seismic Zone; SGSZ, the Ste. Genevieve Seismic Zone; WVSZ, the Wabash Valley 739 

Seismic Zone. A dashed line in dark red represents the Nd line. Fault traces and fold systems are 740 

delineated with green solid lines and white solid lines, respectively. Boundaries of the Illinois 741 

Basin, the Mississippi Embayment, and the Reelfoot Rift are marked with dashed lines in blue, 742 
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black, and purple, respectively. Grid nodes used to present the phase velocity maps by Basu 743 

(2019) are denoted with empty dots. 744 

 745 

Figure 2. The azimuthal distribution and ray paths of 104 regional and teleseismic events with 746 

magnitudes ≥5.0 and epicentral distances 5°-120° (measured from the center of the northern 747 

Mississippi Embayment), from Basu (2019). They were selected over a period of five years 748 

(from 2011 to 2015). 749 

 750 

Figure 3. Averaged dispersion curve of Rayleigh wave phase velocities measured by combining 751 

data from all the grid nodes. The lengths of the blue bars are proportional to the magnitudes of 752 

standard errors. 753 

 754 

Figure 4. Starting models used to test the stability of shear velocity inversion: (a), the Herrmann 755 

(2013) model with variations of crustal or mantle velocities of ±0.2 km/s; (b), the Chen et al. 756 

(2016) model with variations of crustal or mantle velocities of ±0.2 km/s. 757 

 758 

Figure 5. Impact of the starting model on the resultant Vs profile at (38.25°N, 90.50°W): (a) the 759 

dispersion curve used to invert for Vs structure; (b) velocities resolved using the Herrmann 760 

(2013) model with variations of crustal or mantle velocities; (c) velocities resolved using the 761 

Chen et al. (2016) model with variations of crustal or mantle velocities. 762 

 763 
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Figure 6. Impact of the starting model on the resultant Vs profile at (38.25°N, 88.00°W): (a) the 764 

dispersion curve used to invert for Vs structure; (b) velocities resolved using the Herrmann 765 

(2013) model with variations of crustal or mantle velocities; (c) velocities resolved using the 766 

Chen et al. (2016) model with variations of crustal or mantle velocities. 767 

 768 

Figure 7. Isotropic phase velocity maps from simultaneous inversion for 20-100s periods. Fault 769 

traces and fold systems are delineated with solid green lines and solid gray lines, respectively. 770 

The Ozark Dome and the Nashville Dome are delineated with an orange circle and a dark red 771 

circle, respectively. A purple dashed line marks the boundary of the Reelfoot Rift. The 772 

boundaries of the Illinois Basin and the Mississippi Embayment are delineated with a blue 773 

dashed line and a black dashed line, respectively. 774 

 775 

Figure 8. Horizontal slices of the 3-D Vs model created by joining all the 1-D profiles. Crustal 776 

velocities and mantle velocities are presented using different color scales. Major geology 777 

features are labeled with the same notations as those in Figure 7. 778 

 779 

Figure 9. Vertical slices of the 3-D Vs model. The 4.2 km/s velocity contour is used to represent 780 

the Moho. Notations for major geology features: BA, the Blytheville Arch; OD, the Ozark 781 

Dome; SS, the Sparta Shelf; PA, the Pascola Arch; App, the Appalachian Mountains; NMSZ, the 782 

New Madrid Seismic Zone; SGSZ, the Ste. Genevieve Seismic Zone; WVSZ, the Wabash Valley 783 

Seismic Zone. On the map view, the blue circle and the red circle mark the boundaries of the 784 
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Sparta Shelf and the Ozark Dome, respectively; dashed rectangles mark the locations of 785 

intraplate seismic zones; fault zones are delineated with thick, orange lines. 786 

 787 

Table 1. Rayleigh wave phase velocities between 20 sec and 100 sec measured by combining 788 

data from all the grid nodes. 789 

 790 
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