
1.  Introduction
Southern New England exhibits diverse geologic units and paleo-plate boundaries exposed at the surface, resulting 
from two past supercontinent cycles. Mesoproterozoic Grenville orogenesis created the Grenville orogenic belt 
and led to the assembly of the supercontinent Rodinia (Rivers, 1997; Tollo et al., 2004). Following the breakup of 
Rodinia, the margin of the Grenville belt formed the eastern edge of Laurentia (Figure 1a), which was affected by 
subsequent accretionary and collisional events during Paleozoic Appalachian orogenesis. Appalachian orogene-
sis involved various subduction events leading to the sequential accretion of several Gondwanan-derived terranes 
(Hatcher, 2010; Tollo et al., 2010). At the latitude of southern New England, these include the Moretown terrane 
accreted during the Ordovician Taconic orogeny, all or part of Ganderia accreted during the Silurian Salinic 
orogeny, and Avalonia accreted during the latest Silurian-Devonian Acadian orogeny (e.g., Hepburn et al., 2021; 
Kay et al., 2017; Macdonald et al., 2014; Rast et al., 1993). The subsequent Pennsylvanian-Permian Alleghenian 
orogeny featured the collision of composite Laurentia with Gondwana, leading to the assembly of the supercon-
tinent Pangea, which rifted apart during the Mesozoic (Frizon de Lamotte et al., 2015; Sacks & Secor, 1990). 
The Mesozoic rifting event opened the Hartford basin in the central part of southern New England (Hubert 
et al., 1992; Withjack & Schlische, 2005).

These past tectonic events not only shaped the bedrock geologic features exposed at the surface today, but also 
modified the structure deep in the crust and lithospheric mantle. The lithospheric expression of past tectonic 

Abstract  The crust and upper mantle beneath the New England Appalachians exhibit a large offset of the 
Moho across the boundary between Laurentia and accreted terranes and several dipping discontinuities, which 
reflect Paleozoic or younger tectonic movements. We apply scattered wavefield migration to the SEISConn 
array deployed across northern Connecticut and obtain insights not previously available from receiver function 
studies. We resolve a doubled Moho at a previously imaged Moho offset, which may reflect westward thrusting 
of rifted Grenville crust. The migration image suggests laterally variable velocity contrasts across the Moho, 
perhaps reflecting mafic underplating during continental rifting. A west-dipping feature in the lithospheric 
mantle is further constrained to have a slab-like geometry, representing a relict slab subducted during an 
Appalachian orogenic event. Localized low seismic velocities in the upper mantle beneath the eastern portion of 
the array may indicate that the Northern Appalachian Anomaly extends relatively far to the south.

Plain Language Summary  Tectonic processes in the geologic past, such as the formation and 
breakup of supercontinents, modified the deep structures of the crust and upper mantle beneath eastern North 
America. In this study, we use a seismic imaging technique based on scattered wavefield back-projection to 
investigate deep structures beneath southern New England. This imaging technique, which relies on seismic 
wave energy from distant earthquakes, is capable of resolving km-scale structures when applied to data from 
closely spaced seismometers (∼10 km station spacing). We image an abrupt, step-like change of the crustal 
thickness beneath southern New England; the details of this feature suggest a complicated tectonic history 
during the formation of the Appalachian Mountains. A west-dipping interface in the upper mantle suggests the 
presence of a relict slab beneath southern New England, associated with a past subduction event. A region of 
low seismic velocity in the upper mantle beneath southeastern New England may reflect past impingement of a 
mantle plume or modern upwelling of asthenospheric mantle.
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events can be studied using scattered wave imaging methods, including active source seismic refraction/reflection 
studies (e.g., Cook et al., 1981; Hughes & Luetgert, 1991), teleseismic Ps and Sp receiver functions (e.g., Hopper 
et al., 2017; Levin et al., 2017), and the scattered wavefield migration technique (e.g., Hopper et al., 2016). Recent 
continental-scale imaging beneath eastern North America using Ps receiver functions revealed that the Appala-
chian crust is generally thinner than the Laurentian crust and that there is a step-like change of Moho depth near 
the eastern edge of exposed Laurentian crust along portions of the margin (Li et al., 2018, 2020). More detailed 
investigations of Moho geometry across various terrane boundaries, and other small-scale lithospheric features 
that may reflect past tectonic processes, have recently been carried out in eastern North America using dense 
broadband seismic arrays (Levin et al., 2017; Long et al., 2019; Luo et al., 2021; Parker, et al., 2013).

A recent Ps receiver function study using data from the Seismic Experiment for Imaging Structure Beneath 
Connecticut (SEISConn) array confirmed a drastic ∼15 km offset in Moho depth near the surface boundary 
between Laurentia and accreted terranes, which was not compensated by surface topography, as well as several 
dipping discontinuities in the crust and lithospheric mantle (Luo et al., 2021). These features likely have impor-
tant tectonic implications, but the receiver function technique has some significant limitations due to its assump-
tion of a 1-D horizontally layered model, which means that dipping interfaces and diffractions from finer scale 
features are not resolved properly (Rondenay, 2009). Here, we present new images produced by back-propagating 
scattered wavefields recorded at SEISConn stations to depth (Bostock et al., 2001). These new images provide 
additional constraints on the geometry of the Moho and upper mantle structure beneath southern New England. 
The goal of this study is to use our new scattered wavefield images to build on previous insights based on receiver 
function analysis and shed new light on the complex tectonic history of the region.

2.  Data and Methods
The SEISConn array (Figure 1a) consisted of 15 broadband seismometers deployed in northern Connecticut and 
Rhode Island between 2015 and 2019 (Long & Aragon, 2020). The linear array had an aperture of ∼150 km 
with ∼11 km station spacing. The array traversed several major tectonic boundaries, including the eastern edge 
of Laurentia, the borders of the Hartford rift basin, and the western edge of Avalonia (Figure 1a). The dense 
station spacing of the SEISConn array supports the application of the scattered wavefield migration technique, 
which is a multichannel inversion method that requires densely sampled data to avoid spatial aliasing (Rondenay 
et al., 2005).

The imaging workflow extracts scattered wavefields recorded at each station, and backpropagates these wavefields 
to potential point scatterers in the subsurface by stacking them along diffraction hyperbolae, ultimately resolving 
the material property perturbations at each point scatterer (P wave velocity 𝐴𝐴

𝜹𝜹𝜹𝜹

𝜶𝜶
 , S wave velocity 𝐴𝐴

𝜹𝜹𝜹𝜹

𝜷𝜷
 , and density 

𝐴𝐴
𝜹𝜹𝜹𝜹

𝝆𝝆
 ) (Bostock et  al., 2001; Bostock & Rondenay, 1999). Dependence of scattered wavefields on each material 

property perturbation varies with scattering modes, and phases that are first reflected at the free surface and then 
backscattered at the point scatterer (PPp, PPs, PSp, PSsv, PSsh), are included in the migration, in addition to the 
forward-scattered Ps phase. In practice, for some key modes the density perturbation 𝐴𝐴

𝜹𝜹𝜹𝜹

𝝆𝝆
 has too small an effect 

to be reliably resolved, and the S-wave velocity perturbation 𝐴𝐴
𝜹𝜹𝜹𝜹

𝜷𝜷
 is typically best resolved and most interpretable 

(Chen et al., 2013; Mann et al., 2019; Pearce et al., 2012). Additional details of the imaging approach and event 
selection are discussed in Text S1 and S2 in Supporting Information S1.

3.  Results
Our migration results for S-wave velocity perturbations using 56 selected events (Figure 1b) are shown in Figure 2. 
Figure 2a plots the migration using only forward-scattered Ps phase; Figure 2b stacks backscattered phases (PPs, 
PSp, PSsv, PSsh; migration images for each individual backscattered phase are shown in Figure S1 in Supporting 
Information S1); Figure 2c combines forward-scattered and backscattered phases to construct a composite migra-
tion image; Figure 2d shows the uncertainty in the composite migration image derived from a bootstrap sampling 
approach, described below. We use a higher frequency cutoff for the forward-scattered Ps phase than for backs-
cattered phases, because the forward-scattered phase has lower spatial resolution than backscattered phases at 
the same frequency (Bostock, 1999). The migration image displays the perturbations from background reference 
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model at each imaging point. In our plotting scheme, lighter shading on the migration image corresponds to 
velocities that are faster than the background model, and darker shading corresponds to slower velocities. A rapid 
increase of seismic velocities with depth, then, will manifest as a drastic change from darker to lighter shading.

Features shown in the migration results align with those resolved in previous receiver function results (Luo 
et al., 2021), and provide additional detailed information on their geometries. The Moho discontinuity is visi-
ble in all migration images as a transition from a dark layer to a light layer beneath; this transition is marked 
with a yellow dashed line in our annotated images (Figure 3). We observe a relatively deep Moho beneath the 
western portion of the array (∼50 km). To the east, the Moho abruptly shallows from ∼50 to ∼35 km between 
stations CS03 and CS04. This Moho depth change appears to be very sharp and step-like, rather than gradual 
and slope-like. Furthermore, the deeper and shallower Moho appears to overlap, producing a “doubled Moho” 
geometry in the vicinity of the offset, which was hinted at in previous receiver function images (Luo et al., 2021); 
a similar Moho geometry has recently been revealed just to the north beneath western Massachusetts (Masis Arce 
et al., 2022). The migration technique avoids the effect of horizontal averaging in receiver function images, and 
more convincingly resolves the extent of the shallower and deeper Moho interfaces. Furthermore, this region of 
the image shows low bootstrap uncertainties (Figure 2d), suggesting that this feature is statistically robust. To 
the east of the offset, the Moho shallows slightly in the central portion of the array, beneath the Hartford Rift 
Basin, and then gradually deepens toward the eastern end of the array. We note that a restriction of the migration 
technique is that it suffers from spatial aliasing at depths shallower than twice the station spacing (Rondenay 
et al., 2005). Given our ∼11 km station spacing, we do not interpret structures within the crust in this study, 
although previous receiver function imaging (Luo et al., 2021) has shed light on intracrustal structures beneath 
SEISConn. One other downside of including multiple phases is the leakage of one phase into another, producing 
ghost artifacts, as illustrated in Figure S2 in Supporting Information S1.

The absolute velocity perturbation amplitudes suggested by the migration images are not exact, because of the 
poorly resolved density perturbation 𝐴𝐴

𝜹𝜹𝜹𝜹

𝝆𝝆
 and necessary simplifications due to imperfect data coverage (Rondenay 

et al., 2001; Shragge et al., 2001). However, relative amplitudes in a single migration image are meaningful and 
interpretable (Hopper et  al., 2016). We can therefore estimate the relative magnitude of the velocity contrast 
across the Moho discontinuity (by calculating the difference between the minimum and maximum S-velocity 
perturbations above and below the hypothesized Moho) and characterize how it varies along the profile. A plot 
of estimated shear velocity contrast across the Moho along the array, computed at different frequencies and with 
errors estimated from bootstrap resampling, is shown in Figure 4. We find that the Moho velocity contrast is 

Figure 1.  Maps of stations (a) and events (b) used in this study. (a) Red triangles denote SEISConn stations. The black dashed line A-A’ is the projected profile line. 
Colored lines show the surface boundaries of the eastern edge of Laurentia (blue), the Mesozoic Hartford rift basin (yellow), and the western edge of Avalonia (red). 
U.S. state names are shown with abbreviations (CT, Connecticut; MA, Massachusetts; NY, New York; RI, Rhode Island). (b) Red triangle represents the center of the 
SEISConn array. Red stars denote earthquakes used to construct migration images, within the epicentral distance limits of 30° and 90° (black dashed circles). Blue 
filled stars mark the three events used to construct Figure S5a in Supporting Information S1.
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larger beneath the eastern portion of the array than beneath the western and central portions. Although the magni-
tude of velocity contrast variations changes with varying frequency, the observation of larger velocity contrast 
beneath the eastern portion holds across all frequency bands tested.

In the upper mantle, we observe a continuous west-dipping feature that cuts across the entire profile; a similar 
feature was identified in the receiver function study and interpreted as a relict slab (Luo et al., 2021). The migra-
tion image using forward-scattered Ps phase (Figure 2a) clearly shows the slab-like geometry of this feature. 
Migration images using backscattered phases (Figures 2b and 2c) likely resolve the top and bottom interfaces of 
this feature separately. The bottom interface, potentially the Moho of the relict slab, is marked as the blue dashed 
line in Figure 3 from ∼60 km depth near the eastern end of the profile to ∼90 km near the western end. The 
appearance of this feature in PPp phase (Figure S1a in Supporting Information S1) further confirms the robust-
ness of this feature. Beneath this west-dipping feature, we also observe a prominent low-velocity feature, limited 
in extent to the eastern portion of the array, at 60–80 km depth. This localized low-velocity feature, annotated 
with the red dashed line in Figure 3b, is hinted at only by backscattered phases, so it may be bounded by rela-
tively smooth velocity gradients instead of sharp velocity contrasts. Interestingly, we observe some dependence 
on frequency for the identified mantle features. In Ps migration images with varied frequencies (Figure S3 in 
Supporting Information S1), the west-dipping feature is better resolved at higher frequencies, which is consistent 
with the presence of a nearby interface with opposite velocity contrast, such that destructive interference hides 
this feature at lower frequencies. In composite migration images with varied frequencies (Figure S4 in Supporting 

Figure 2.  Scattered wavefield migration images of S-wave velocity perturbations 𝐴𝐴

(

𝜹𝜹𝜹𝜹

𝜷𝜷

)

 constructed using different phases. Lighter regions have positive velocity 
perturbations and darker regions have negative velocity perturbations. The horizontal line visible in each image at 35 km depth is an artifact from the 1-D background 
velocity model (see Text S1 in Supporting Information S1). (a) Migration image generated using forward-scattered Ps phase, band-pass filtered between 0.2 and 
2.0 Hz. (b) Migration image generated using backscattered phases (PPs, PSp, PSsv, PSsh), band-pass filtered between 0.03 and 1.0 Hz. (c) Composite migration image 
generated using both forward-scattered and backscattered phases, band-pass filtered between 0.03 and 1.0 Hz. (d) Uncertainty in the composite migration image derived 
from the bootstrap resampling. Lighter regions have smaller uncertainty and darker regions have larger uncertainty.
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Figure 3.  (a) Annotated version of Figure 2a, the migration image made with only Ps phase band-passed filtered between 0.2 and 2.0 Hz. Markers denote 
corresponding features observed in single-station stacked receiver functions band-passed between 0.2 and 2.0 Hz (Luo et al., 2021). (b) Annotated version of Figure 2c, 
the composite migration image made with all available phases, band-passed filtered between 0.03 and 1.0 Hz. (c) Schematic diagram showing one possible model to 
explain observed features. Solid black lines are hypothesized crustal boundaries, not constrained by the migration. NAA—Northern Appalachian Anomaly. Plotting 
conventions for migration results are as in Figure 2. Colored dashed lines highlight the Moho discontinuity (yellow), a west-dipping elongate feature in the mantle 
lithosphere (blue), and a strong low-velocity anomaly beneath the eastern portion of the array (red).
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Information S1), the localized low-velocity anomaly beneath the eastern portion of the array seems to be more 
prominent at lower frequencies and suppressed at higher frequencies.

To test the robustness of our images and confirm that the features we interpret are not skewed or dominated by 
a particular collection of events, we generated a suite of migration images with different event combinations. 
We performed a migration using only three representative events from different backazimuths (Figure 1b); the 
resulting image (Figure S5a in Supporting Information S1) faithfully recovers the major features identified using 
the full set of events, though unsurprisingly it has more prominent ripple-like artifacts due to the small amount 
of data used. We also conducted a bootstrap resampling test to evaluate the stability of the migration results. We 
randomly resampled the event list and then performed migrations using 1000 such resampled event sets. Each 
of the three major features identified in the original image are preserved in the bootstrap average images (Figure 
S5b in Supporting Information S1), so they are likely to be stable features. One caveat gleaned from the bootstrap 
resampling tests is that although the uncertainty (Figure 2d) is generally low and mostly uniform throughout the 
model space, it is somewhat higher beneath the eastern portion of the array, near where we observe the localized 
low-velocity feature. Therefore, we must exercise some caution in interpreting this feature.

4.  Discussion
4.1.  Crustal Structure

A crustal thickness difference between Laurentia and the Appalachian accreted terranes has been observed 
in several large-scale seismic studies in the central and northern Appalachians (e.g., Li et  al.,  2018; Shen & 
Ritzwoller, 2016). Distinct Moho offsets or steps have also been suggested in other tectonic settings, such as the 
Northern US Cordillera (DiCaprio et al., 2020), the Tibetan Plateau (Zhu & Helmberger, 1998), and New Zealand 
(Salmon et al., 2011), and attributed to various causes. A natural explanation for the observed Moho offset is that 
it results from the Paleozoic juxtaposition of crustal blocks (Laurentian Grenville crust to the west and Appala-
chian crust to the east) with preexisting crustal thickness differences. However, Li et al. (2020) showed that the 
Moho depth transition from Laurentia to Appalachians is considerably sharper beneath southern New England 
and the central Appalachians than elsewhere along the margin. Indeed, the distinct Moho depth offset resolved 

Figure 4.  Estimates of the relative S-wave velocity contrast (unitless) across the Moho discontinuity. The black solid line and 
shaded region show the result and uncertainty estimate from bootstrap resampling. Colored dashed lines show results from 
individual migration images based on the same set of 56 events but with different frequency contents, as shown by the legend.
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in this study was not found in a similar migration study for the southern Appalachians (Hopper et al., 2016). 
It is plausible, then, that the Moho offset may have been affected by other factors. For example, Hillenbrand 
et al. (2021) argued that orogenic collapse at ca. 330 Ma to 300 Ma of their proposed Acadian orogenic plateau 
resulted in an over-thinned crust in southern New England, which could contribute to the Moho offset. Luo 
et al. (2021) discussed another potential model for the Moho offset across the edge of Laurentia, which invoked 
underthrusting of the Laurentian crust to the east beneath accreted terranes.

The composite migration image (Figure 3b) shows that the Moho transition beneath CS03 and CS04 is not just 
a simple “step,” but reflects at least 20 km overlap between deeper and shallower Moho. The surface bound-
ary between Laurentia and accreted Appalachian terranes is located near station CS05 (Figure  1a), but our 
imaging suggests that the shallower Moho extends ∼20 km to the west of this surface boundary. Therefore, the 
observed offset in Moho depth may plausibly reflect the boundary between two Laurentian Grenville crustal 
blocks instead of the boundary between Grenville and accreted Appalachian crust. During the Taconic orogeny, 
the rifted margin  of Laurentia was partially subducted beneath the Gondwanan-derived Moretown terrane in an 
east-dipping subduction zone (Macdonald et al., 2014). The external basement massifs in western New England 
are composed of Grenville crust overlain by Neoproterozoic rift clastic rocks, which likely formed during the 
rifting of Rodinia (e.g., Stanley & Ratcliffe, 1985). The Neoproterozoic normal faults may have been reactivated 
during the Taconic orogeny when the massifs were thrust westward. Therefore, one explanation for the location 
of the Moho offset and the doubled Moho near the offset is that rifted Grenville crust in the east was thrust 
over Grenville crust toward the west along preexisting rift faults (Figure 3c). Further crustal shortening during 
the Acadian orogeny, along with orogenic collapse of the Acadian plateau and crustal thinning proposed by 
Hillenbrand et al. (2021), may have augmented the sharp nature of the Moho step.

To the east of the Moho offset, the Moho depth varies smoothly, but there is significant variability in the inferred 
relative shear velocity contrast across with Moho, with a marked increase in Moho velocity contrast near the 
eastern end of the array (Figure  4). The relatively smaller Moho velocity contrast beneath the western and 
central portions of the array may imply relatively higher-velocity lower crust. Beneath the western portion of 
the array, the Laurentian crust of Grenville origin may have been thickened by mafic magmatic underplating 
during the Proterozoic (Durrheim & Mooney, 1994; Petrescu et al., 2016; Yang & Gao, 2018), yielding a rela-
tively high-velocity lower crust and thus a smaller than typical Moho velocity contrast. Beneath the Hartford Rift 
Basin in the central portion of the array, a previous ambient noise tomography study (Gao et al., 2020) identified 
unusually high-velocity lower crust, suggesting that it may have been caused by mafic magmatic underplating 
associated with the Central Atlantic Magmatic Province event during the breakup of Pangea (McHone, 1996; 
Withjack et al., 2012). Our finding of a relatively small velocity contrast across the Moho beneath Laurentia and 
the Hartford Basin supports these interpretations.

4.2.  Upper Mantle Structure

The slab-like shape of the west-dipping feature in the upper mantle is much better resolved in the Ps migration 
image (Figure 3a) than in our previous receiver function-based images (Luo et al., 2021). Our new images lend 
support to our prior interpretation (Luo et al., 2021) that this feature corresponds to a relict slab from a previous 
subduction episode of which the shallow segment is lodged in the highly viscous lithospheric mantle, while its 
deeper segment has broken off and sunk into the deeper mantle. This feature is obscured at lower frequencies 
(Figure S3 in Supporting Information S1), suggesting destructive interference by another nearby interface, which 
is probably the top of the subducted oceanic crust, hinted at in the composite migration image (Figure  3b). 
Given the spatial resolution of about half the incident wavelength (Bostock, 1999), the emergence of this feature 
between the 0.5 Hz cutoff image and the 1.0 Hz cutoff image (Figure S3 in Supporting Information S1) suggests 
a distance of 4–8 km (assuming 𝐴𝐴 𝐴𝐴𝑝𝑝 ∼ 8 km/s ) between two interfaces, a reasonable thickness for oceanic crust. 
This feature is shallowly dipping (about 11° dip angle), possibly reflecting a relict slab resulting from nearly 
flat-slab subduction event during the Acadian orogeny, as previously suggested (Bagherpur Mojaver et al., 2021; 
Murphy & Keppie, 2005). However, the inferred relict slab projects well east of the Avalon-Ganderia suture zone 
at the surface, which is located near station CS14 of the SEISConn array (Figure 1a). One possible interpretation 
is that the shallow part of the Avalon suture was displaced westward during late- or post-Acadian crustal thick-
ening (Hillenbrand & Williams, 2021) or later collisional events. The relict slab may record the Late Devonian 
“Neoacadian” orogeny, but the nature of this event is unclear at the latitude of southern New England (e.g., 
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Kuiper et al., 2017; van Staal et al., 2009). It is also possible that this relict feature resulted from the Alleghe-
nian orogeny, which led to the closure of the Rheic Ocean and the formation of Pangea. However, it is unclear 
whether the subduction polarity during the Alleghenian closure of the Rheic Ocean was west-dipping (e.g., 
Domeier & Torsvik, 2014). Despite these uncertainties, our new migration imaging results provide support for a 
west-dipping remnant slab beneath southern New England, providing valuable information for any future models 
for the tectonic evolution of this region.

The localized low-velocity feature beneath the eastern portion of the array is less prominent in images made with 
higher-frequency data (Figure S4 in Supporting Information S1), in contrast to the west-dipping remnant slab 
feature. We infer, therefore, that this feature likely represents a regional upper mantle velocity anomaly bounded 
by a relatively smooth velocity gradient, such that high-frequency waves are not scattered at its top boundary. 
We propose that it may be associated with the Northern Appalachian Anomaly (NAA), a prominent low-velocity 
anomaly centered beneath central New England that has been imaged in previous seismic tomography studies 
(e.g., Levin et al., 1995; Porter et al., 2016). The NAA has been interpreted as a relict feature from the passage 
of the Great Meter hotspot roughly 110 Ma (Eaton & Frederiksen, 2007; Li et al., 2003), as a modern feature 
that reflects ongoing asthenospheric upwelling (Levin et al., 2018; Menke et al., 2016), or a combination of both 
(Tao et al., 2020). The localized low-velocity region resolved in our migration images suggests that the NAA may 
extend as far south as northern Connecticut and Rhode Island beneath the eastern end of the SEISConn array. 
This hypothesis is also supported by the small SKS splitting delay times observed at eastern SEISConn stations 
(Lopes et al., 2020), which may reflect asthenospheric upwelling associated with the NAA.

5.  Summary and Outlook
The scattered wavefield migration technique applied to SEISConn data images a doubled Moho near the edge 
of Laurentia that may have resulted from thrusting of rifted Grenville crust during the Taconic and/or Acadian 
orogenies. The clearly imaged west-dipping feature in the mantle provides additional support to the hypothesis 
that a Paleozoic subduction event resulted in a relict slab beneath southern New England. Our results suggest 
that the NAA in the upper mantle may extend as far south as northern Connecticut. We have shown that scattered 
wavefield migration imaging can provide an excellent complement to receiver function imaging for dense array 
data sets. Ongoing work on imaging lithospheric structure beneath southern New England, including its seismic 
anisotropy, using a suite of methods with different strengths and limitations, is providing a comprehensive picture 
of the structure and evolution of this tectonically complex region.

Data Availability Statement
Data used in this study (https://doi.org/10.7914/SN/XP_2015) are archived at the Incorporated Research Insti-
tutions for Seismology (IRIS) Data Management Center (DMC) and are publicly available at http://service.iris.
edu/fdsnws/dataselect/1/.
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