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Figure 1. Stable continental regions (SCRs: light grey). We consider seven large SCRs in this study: North America, South America, Eurasia (subdivided
into Europe, west of 20◦E, and Russia, east of 20◦E), Africa (including the Arabian peninsula), India, China (consisting of three separate SCRs) and Australia.
Antarctica is not included.

is located within the Reelfoot rift, a Palaeozoic rift that experienced
an episode of magmatic reactivation in the Cretaceous (Hamilton
& Zoback 1982; Hildenbrand et al. 1982). The region seems to
be the perfect example of intraplate seismicity associated with an
ancient rift, a correlation that has been found on a global scale in
several studies (Sbar & Sykes 1973; Sykes 1978; Hinze et al. 1988;
Johnston & Kanter 1990; Johnston et al. 1994; Gangopadhyay &
Talwani 2003).

Models that have been suggested to explain the occurrence of
seismicity within continental interiors include localized stress con-
centration around weakened intrusions (Campbell 1978), intersect-
ing faults (Talwani 1988, 1999) and ductile shear zones in the lower
crust (Zoback 1983). Fluids still present in the lower crust of ancient
rift zones (Vinnik 1989), a weak zone in the lower crust (Kenner &
Segall 2000), and stress perturbation resulting from buried rift pil-
lows (Zoback & Richardson 1996) have also been suggested. Liu &
Zoback (1997) proposed the hypothesis that seismicity is related to
elevated temperatures at depth. In their model, plate-driving forces
are largely supported by the (seismogenic) upper crust; the lower
crust is weakened as a result of higher temperatures and the cumu-
lative strength of the lithosphere is reduced. Long (1988) suggested
that intraplate seismicity is a transient phenomenon arising from a
perturbation in crustal strength as a result of a disturbance in the
hydraulic or thermal properties of the lower crust. Other models
call for a perturbation of the regional stress field by forces associ-
ated with lithospheric flexure after deglaciation (Stein et al. 1979;
Quinlan 1984; Grollimund & Zoback 2001), gravitational forces at
structural boundaries (Goodacre & Hasegawa 1980; Chandrasekhar
& Mishra 2002) or sediment loading (Talwani & Rajendran 1991).

Many of the models for SCR seismicity listed above require fea-
tures that are often found in ancient rifts: numerous large faults and
intrusions, an anomalous crustal structure compared with the sur-
rounding crust, rift pillows, and possibly remnant fluids. Thus, the
spatial correlation of some earthquakes with ancient rifts might be
explained by the presence of these features. However, SCR seismic-
ity is not unique to rift zones. Most of the models proposed have
been based on case studies and have not been evaluated on a global
scale. In fact, the NMSZ has been the area of study for the majority
of the proposed models.

In this paper, we present an updated earthquake catalogue for
SCRs that is available on the Internet. The previous global study
of intraplate seismicity was the Johnston et al. (1994) EPRI study,
which includes events up to 1990. Earthquake activity over the last
13 yr therefore could not have been taken into account, a relatively
long period if you consider that high-quality worldwide seismic
monitoring only began in 1964, and that it is only from this year
onwards that most M ≥ 4.5 events have well constrained locations,
magnitudes and focal mechanisms. This updated earthquake cata-
logue, together with the recent publication of a catalogue of Rifts of
the World (Şengör & Natal’in 2001), provides an excellent oppor-
tunity to re-evaluate the correlation of earthquake activity and rifts
on a global scale.

Fig. 1 shows the seven SCRs that are considered: North America,
South America, Africa (including the Arabian peninsula), India,
Eurasia, China (which consists of three smaller SCRs) and Australia.
The Eurasian SCR has been subdivided into two regions. The region
west of 20◦E will be referred to as Europe, whereas the region east
of 20◦E will be referred to as Russia (Fig. 1). The one large SCR that
is not considered is Antarctica, as a result of a relative lack of both
seismic monitoring and geological data. The interested reader is
referred to Reading (2002) for a discussion of Antarctic seismicity.

Regions of continental crust that do not satisfy the criteria to be
included as SCRs (active continental regions, ACRs) include the
East African rift system, the Andes, North America west of the
Rocky mountains, central Southeast Asia including the Himalayas,
and the Mediterranean, which includes young orogenies such as the
Alps. These regions are often referred to as diffuse plate boundaries
(Gordon 1998) and they will not be considered in this study. Our
boundaries of the SCRs are polygons extracted from the original
boundaries on the EPRI maps (Johnston et al. 1994). For consistency
with that earlier study, we have not redefined SCR boundaries.

2 T H E E A RT H Q UA K E DATA B A S E

The earthquake catalogue compiled for this study is available online
http://earthquake.usgs.gov/scitech/scr catalogue.html.
It contains crustal (maximum depth ≤ 45 km) events with moment
magnitudes M ≥ 4.5 within SCRs. We chose not to restrict the
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Figure 2. (Continued.)

determine the exact location and extent of a rift. The Exxon Pro-
duction Research Company (1985) map (18 sheets, each approxi-
mately 66 × 83 cm) is an unusually large-scale (1:10 000 000) map
with a highly detailed tectonic interpretation. The inland bound-
aries of the extended margin regions were set at the most inland
normal faulting identified at the edge of the continents. In regions
where these could not be identified, the inland boundaries were
based on interpolation, sudden transition on land from basement

Figure 2. (Continued.)

outcrop to sediment cover, gradients of sediment thickness, or the
proximity of the boundary between SCR and oceanic crust. Inte-
rior rifts and their bounding faults were usually easily identified on
the Exxon tectonic maps (Exxon Production Research Company
1985). However, for some rifts in the Şengör & Natal’in (2001) cat-
alogue, it was difficult to establish the exact extent, or even identify
the rift at all on the Exxon Production Research Company (1985)
maps.

C© 2005 RAS, GJI, 161, 707–721
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Table 3. Subsets of the compiled earth-
quake catalogue that are considered
complete.

Period Magnitudes

1900–2002 M ≥ 7.0
1964–2002 M ≥ 5.0

their catalogues to be complete for SCRs for magnitudes M ≥ 5.0
from 1964 onwards (with the exceptions of South America, which is
complete for M ≥ 5.5 between 1964 and 1968 and for M ≥ 5.0 from
1968, and Indochina, which is complete for M ≥ 5.0 only since 1980,
as a result of the Vietnam war). Both catalogues are also considered
complete for M ≥ 7.0 from 1900 onwards (Triep & Sykes 1996). We
adopt these threshold magnitudes for completeness in the updated
catalogue (Table 3), while bearing in mind that there is always the
possibility that some events have been missed. Engdahl & Villaseñor
(2002) discuss the issue of seismic catalogue completeness.

11 per cent of the events included in the catalogue are thought to
be of non-tectonic origin (i.e. either reservoir triggered or mining
induced). This estimate is based on information in the Johnston et al.
(1994) EPRI earthquake data sheets and/or on the locations of known
sites of mining and estimated hypocentre depth. These non-tectonic
events were excluded from further statistical analysis. Because we
may not be aware of all active mines and hypocentral depths may be
erroneous, the process of excluding non-tectonic events is subject
to error.

In order to have a sufficiently large data set, we did not re-
strict the study to the complete subsets of the earthquake catalogue
(Table 3). Magnitudes and locations of historic events, however, are
often poorly determined. In addition, the time span over which events
have been recorded varies greatly between and in some cases even
within the different SCRs. The latter poses a problem with search-
ing for spatial patterns in earthquake distribution, because these
patterns may in fact reflect a difference in the time span of earth-
quake documentation and not in true seismic activity. In the analysis
that follows, we have therefore separately considered: (i) the entire
earthquake data set; (ii) only instrumentally recorded events; and
(iii) events from the complete catalogue (Table 3). The earthquakes
for the various SCRs are presented in Fig. 2.

3 E A RT H Q UA K E S A N D R I F T E D C RU S T

As noted above, many authors have emphasized the correlation of
SCR earthquakes with palaeorifts. Here, we re-evaluate this corre-
lation using our updated catalogue. We use the definition of rifts
given by Şengör & Natal’in (2001) in their compilation of rifts of
the world: ‘Rifts are elongate troughs, under or near which the entire
thickness of the lithosphere has been reduced in extension during
their formation’. Taphrogens consist of a linked system of individual
rifts and grabens. Interior rifts are sometimes referred to as failed
rifts, as stretching did not lead to seafloor spreading and therefore
they are still surrounded by continental crust. Rifted continental
margins are the regions of extended crust that form the transition
from continental to oceanic crust. They are formed when extension
leads to seafloor spreading.

The catalogue of Rifts of the World (Şengör & Natal’in 2001) is
the most complete global listing of rifts and contains information on
the location, size, orientation and age of a rift, as well as its place-
ment among Şengör’s (1995) hierarchical classification of geometry
and dynamics. It was used in combination with the Exxon Tectonic
Map of the World (Exxon Production Research Company 1985) to

Figure 2. Earthquakes in the updated global database for the different stable
continental regions (SCRs). Earthquakes with instrumentally determined
location and magnitude are denoted by dark grey circles, historical events
by light grey circles. (a) North America, (b) South America, (c) Europe,
(d) Russia, India and China, (e) Africa, (f) Australia. Stars indicate M = 8
events. In b–e, crosses are smaller (4.5–5.0) events.
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and epicentral distances of >80!, and stacking over a wide
range of distances and depths. At HRV we can use an even
more conservative depth cutoff of 150 km by virtue of the
larger volume of data recorded at the station. In addition, we
do not use data from epicentral distances <55! since these
events are incident to the discontinuity at angles beyond the
critical angle for Sp transmission. After picking identifiable
S phases, our deconvolved, migrated waveforms contain 56
events at HRV and 28 events at LMN (Figures 3c and 3d).

The standard deviation error bars (grey lines in Figure 3) on
our deconvolved waveforms are calculated with bootstrap
tests in which a random 20% of the events in the bin are
randomly replaced by another random 20%, and the decon-
volved, migrated waveforms are recalculated 100 times.

2.2. Imaging

[12] To image the discontinuities responsible for the Sp
and Ps converted phases, the data is first transformed into its
P and SV components using a free-surface transfer matrix.

Figure 2. Three-dimensional view of the lithosphere-asthenosphere boundary and surface topography.
Red box in the inset map highlights the location of the study region within North America. Shading on
the top surface indicates topography. Yellow arrow points in the direction of absolute plate motion; plate
velocity is 2.5 cm/yr. Red inverted triangles denote station locations. The lower surface represents the
location of the base of the lithosphere interpolated from migrated Ps waveforms and our new migrated Sp
waveforms recorded at stations HRV and LMN (blue circles mark conversion points). The Sp HRV data
from northern back azimuths and the Ps from LBNH (grey circles mark conversion points) are not used to
calculate the interpolated surface because of a discrepancy in the depth to which the phase migrates (see
section 6.2). This surface ranges from 89 km (orange) to 105 km (pink) depth. Each color band covers
2 km in depth. Black lines connect Ps piercing points to the station at which the conversion is observed.
Grey lines connect Sp piercing points to the station where the conversion is observed. All depths are
calculated assuming Vp/Vs = 1.8 in subcrustal mantle.
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belts (Fig. 1) that decrease in age from 3100 Ma in the
north to ~2650Ma in the south (Krogh andDavis, 1971;
Corfu and Davis, 1992). The belts are considered to
have arisen from accretion of volcanic arcs, developed
over north-dipping subduction zones, whichwere thrust
obliquely against a pre-existing protocraton (Langford
and Morin, 1976; Hoffman, 1989) now represented by
the Middle Archean North Caribou terrane (Thurston et
al., 1991). The North Caribou terrane comprises
predominantly tonalitic gneiss, but its southern region,
the Berens River complex, is heavily intruded by Late
Archean granitic plutons and is considered to be a relict
Andean-style margin (Corfu and Stone, 1998). The Late
Archean Uchi granite–greenstone belt lies to the south
of the Berens River complex (Stott and Corfu, 1991).
The English River metasedimentary belt lies to the
south of the Uchi belt, and is believed to have formed
during and after the main phase of shortening, perhaps
in a foredeep setting (Corfu et al., 1995). Thrusting in
this area is believed to have been related primarily to the
collision of the more southerly Middle Archean
Winnipeg River tonalitic gneiss terrane with the North
Caribou terrane. The Red Lake greenstone belt, which is
one of a number of arcuate greenstone belts found
throughout the Uchi granite–greenstone belt, contains
basaltic and komatiitic lavas with ages of 2940 to ~2925
Ma, younger (2750 to ~2730 Ma) bimodal rhyolite–
andesite volcanics, and b2717 to 2700 Ma metasedi-
ments (Corfu and Wallace, 1986; Sanborn-Barrie et al.,

2001a). Although there is evidence of an earlier phase of
deformation in these greenstone rocks, deformation
around 2718 Ma ago is interpreted to be related to the
collision between the two Middle Archean gneiss
terranes.

Seismic line 2B was shot as part of the second, and
final, phase of seismic reflection acquisition of the
LITHOPROBE Western Superior transect. Line 2B is
located in the westernmost part of the Superior
Province where linear belt-like structures are better
developed than in any other Archean craton. The
survey objectives were to define the subsurface
geometry of the various granite–greenstone and gneiss
belts, and to determine if the belts formed as a result of
accretionary plate tectonic processes. Unlike the first
seismic survey of the Western Superior transect, which
was shot 250 km to the east and documents primarily
shortening-related structures (White et al., 2003), line
2B provides the first clear seismic evidence of crustal-
scale extension in the Superior Province.

2. Seismic reflection profile

Line 2B extends from the interior of the North
Caribou terrane, across the Berens River complex, the
Uchi granite–greenstone belt, and the English River
metasedimentary gneiss belt, and terminates just inside
theWinnipegRiver plutonic gneiss terrane (Fig. 1). The

Fig. 1. Geological map of the Superior Province. The location of this study across the Uchi granite–greenstone belt, which is one of a number of

alternating gneiss and granite–greenstone belts, is shown by the black rectangle.
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Fig. 2. (a) Segment migration of line 2B at true-scale (1:1). The migration employed a linear migration velocity function that increased from 6000

m s!1 at the surface to 6500 m s!1 at 12 s, remaining constant thereafter. (b) Interpretation of line 2B displayed at true-scale (1:1). Line 2B extends

from the interior of the North Caribou terrane, across the Berens River complex, the Red Lake greenstone belt of the Uchi belt, the English River

metasedimentary gneiss belt, and terminates just inside the Winnipeg River plutonic gneiss terrane. Black lines are superimposed on the migrated

seismic section to indicate discontinuities in reflective units and the limits of some reflection packages. Dashed black lines indicate less certain

interpretation. These identifications were made from seismic sections displayed at a variety of gains and from both wave-equation migrations and

segment migrations that do not contain wave-equation migration artefacts. For example, although shear zone E3 is not prominent in this figure, its

location can be inferred from a high gain segment migration. E1, E2 , E3, and E4—extensional shear zones (broad light grey line); T1—thrust

ramp (broad dark grey line); T2—weak reflection that may indicate locate of thrusting into uppermost mantle; SLFZ—Sidney Lake fault zone;

RLGB—Red Lake greenstone belt. (c) Schematic interpretation of inferred terrane boundaries based on the reflections interpreted in b. Both the

Uchi belt and Berens River complex contain rocks of North Caribou affinity. The location at depth of the contact between rocks of the Winnipeg

River terrane and the North Caribou terrane is not precisely known, as indicated by the question marks, but probably occurs beneath the northern

edge of the English River metasedimentary belt. English River metasedimentary rocks overlie shear zone E3, but their thickness is not known.
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blance value is 6250 m s!1, and shear zone E1 is
estimated to have a southeasterly dip of 18F38 and a
strike of 057F38 near SP 3250 from the semblance
values calculated at this velocity (Fig. 4). No exten-
sional faults or shear zones that have this strike have
been mapped at the surface. However, shear zone E1
projects updip to the approximate location of the
boundary between the greenstones of the Uchi belt
and the granitic intrusive rocks of the Berens River
complex, and this contact strikes approximately paral-
lel to the azimuth calculated above. Exposure in the
boundary region is very poor, which may explain the
lack of recognized extensional features at the surface.

We interpret a second south-dipping normal shear
zone, E2, at the top of the reflective mid-crust of the
Berens River complex from deflection of the same
reflection package discussed above, although the
deflected reflections are less evident due to their
lower amplitude. We interpret a north-dipping shear
zone, E3, below the English River metasedimentary

belt from the upward truncation of discontinuous
reflection fabrics in the mid-upper crust. A weak,
discontinuous reflection along this boundary is
oblique to most of the overlying fragmentary reflec-
tions; however, we are unable to infer any sense of
motion for this shear zone. The Sidney Lake fault
zone (SLFZ in Fig. 2b), one splay of which is
characterized by dextral motion, marks the northern
limit of the English River belt, and we tentatively
interpret a strike-slip flower structure of uncertain
depth at this position in the seismic section, where an
unreflective zone exists in the middle and upper crust.

Beneath the English River metasedimentary belt,
there is a depression in the top of the reflective lower
crust, and the Moho rises, indicating that the lower
crust has been thinned. Lower crustal reflections
appear to be truncated at a shallowly north-dipping
boundary (E4 in Fig. 2), which becomes parallel to the
Moho between SP 6400 and SP 7200, and may extend
into the uppermost mantle. We interpret E4 to be an

Fig. 3. (a) Line migration at true-scale (1:1) showing extensional shear zone that marks the boundary between the Berens River plutonic

complex and the Uchi granite–greenstone belt. (b) Interpretation of main reflections superimposed on migrated image. North-dipping reflection

packages are truncated to the south by a broad zone of south-dipping reflections. The north-dipping reflections (black lines) roll over, and merge

into the deepest of the south-dipping reflections (grey line E1). We interpret the deflection of these north-dipping reflections, which is most

noticeable beneath SP 3250 at 1.4 s, as footwall deformation created by movement along a shear zone that corresponds to the E1 reflection

package.
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[Hatcher 1989], and divergent boundaries, such as the
Midcontinental rift system (MCR) [Hinze et al., 1997],
the Reelfoot rift [Ervin and McGinnis, 1975], and the
Ouachita triple junction.
[5] Extensive geophysical investigations have been con-

ducted in ENA. Many of the results were summarized by
Pakiser and Mooney [1989], among which most relevant to
this study are the gravity and aeromagnetic interpretation
[Kane and Godson, 1989; Jachens et al., 1989] and seismic
reflection and refraction experiments [Mooney et al., 1983;
Catchings, 1999; Phinney and Roy-Chowdhury, 1989].
Extensive reflection profiles were done by the Consortium
for Continental Reflection Profiling (COCORP) [Phinney
and Roy-Chowdhury, 1989]; however, these seismic data
sets are very sparse in a regional scale. Seismic waves from
NMSZ earthquakes and other seismicity in ENA have also
been analyzed to investigate subsurface structure [Herrmann,
1973; Mitchell and Herrmann, 1979; Langston, 2003;
Vlahovic et al., 2000; Vlahovic and Powell, 2001; van der
Lee and Nolet, 1997; Godey et al., 2003; Gaherty, 2004].
Because of the absence and uneven distribution of large
earthquakes, and limited station distribution, however, all of
above seismic studies yielded structure either in small
regions with high resolution or over large regions with
limited resolution. A large-scale picture of seismic velocity
structure with a resolution less than 200–300 km has not yet
been obtained. In this study, we invert the surface waves
extracted from ambient noise to develop a 3-D crustal model

for ENA and interpret it together with known geophysical
and geological data sets.

2. Data Sets and Preprocessing

[6] Vertical component ambient noise recorded by four
major seismic networks (Figure 1) in February, March,
April, and June 2006 are analyzed in this study. These
broad band stations include local seismic networks at the
New Madrid seismic zone (NMSZ) (11 stations) and eastern
Tennessee seismic zone (ETSZ) (10 stations), a regional
seismic network (10 stations), and 24 seismometers of the
U.S. National Seismic Network. As discussed in paper 1, a
better approximation of the Green’s function (GFs) may be
achieved by applying cross correlation to narrow band
signals. In this study, we analyzed four period bands: 2–
8, 7.5–12.5, 10 –20, and 18–30 s. After removing instru-
ment responses and filtering, waveforms are converted to
1-bit amplitude (replacing positive and negative amplitudes
with 1 and !1, respectively) time series before cross
correlation [Larose et al., 2004]. The cross correlation is
done by multiplying the Fourier spectrum of one trace with
the conjugate of the Fourier spectrum of another trace. The
inverse Fourier transform of the spectrum product yields the
cross-correlation function (CCF). The cross correlations are
done for 24-h long time windows. Zeros are assigned to the
time points where data are missing. CCFs with clear surface
waves appearing around the predicted travel times are

Figure 1. Geological elements of eastern North America. The light gray, dark gray, black and magenta
lines are the locations of the vertical profiles, the major rift zones, the state boundaries and the major
faults, respectively. The dots and pluses are seismicity with magnitude larger than 3 and stations,
respectively. NMSZ, New Madrid seismic zone; WVSZ, Wabash Valley seismic zone; ETSZ, eastern
Tennessee seismic zone; OOSZ, Ouachita Orogen seismic zone; OA, Oklahoma Aulacogen; AFB,
Appalachian foreland basin; CA, Cincinnati Arch; ND, Nashville dome; OTJ, Ouachita triple junction;
BWB, Black Warrior basin; IB, Illinois basin; MB, Michigan basin; RCG, Rough Creek graben; OM,
Ouachita Mountain.
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Figure 8. Vertical profile along (a) latitude 37!N and (b) latitude 44!N and (c) longitude 93!W and
(d) longitude 84.5!W. Refer to Figure 1 for locations of these profiles. Abbreviations are RR, Reelfoot
rift; AM, Appalachian Mountains; AFB, Appalachian foreland basin; OTJ, Ouachita triple junction;
MCR, Midcontinent rift; AP, Appalachian Plateau; CA, Cincinnati Arch.
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Reelfoot rift (black) and the Appalachian Mountains (light
gray), respectively. The best fitting 1-D models for the two
dispersion curves are shown in Figure 6b. Interestingly,
compared to the Reelfoot rift, the Appalachian Mountains
have higher velocity at depth shallower than 10 km while
lower velocity at depth deeper than 10 km. The input and
inverted dispersion curves for the Appalachian Mountains
show greater variance. It may suggest our model parame-
terization is too simplified to model these more complex
features noted in the input dispersion curve.

4.3. Three-Dimensional Crust Model

[31] After finding a 1-D model for all cells, we are able to
obtain 2-D parameter maps for different depths as shown in
Figure 7. Figures 7a and 7b show the thickness and velocity
of the sediment layer. Figures 7c to 7h show velocity at
depths of 5, 7.5, 10, 15, 25, and 43 km, respectively.
4.3.1. Sediment Thickness
[32] Sediment thickness (Figure 7a) varies significantly

from 0 to 5 km. The sedimentary layer is as thick as 2.5–
5 km in the Reelfoot rift (western Mississippi Embay-
ment), the foreland basin of the Ouachita Orogen and the
Appalachian Mountains as well as the Black Warrior basin.
It is as thin as a few tens of meters along the Appalachian

Mountains and the Ozark uplift. The Illinois basin at the
Illinois and Indiana border has an average thickness of
2.0 km. These findings are generally consistent with
Collinson et al. [1988]. The rest of the region has a
thickness between 0 and 1.5 km. The major sediment basins
found in this study are generally consistent with the
CRUST2.0 model [Laske and Masters, 1997; Bassin et
al., 2000]. We want to point out that though, due to the
model constraint in the inversion, in some places where the
real thickness is larger than 5 km, the thickness found in this
study is underestimated.
4.3.2. Velocity Maps
[33] The average velocity of the sedimentary layer

(Figure 7b) is about 2.0 km/s. We found the sediment in
the New Madrid and Wabash Valley seismic zones, Reelfoot
rift, Appalachian Mountains, and Gulf Coastal Plain has
relatively low velocity.
[34] The velocity map at 5 km (Figure 7c) shows promi-

nent high velocities along the entire Appalachian Mountains,
Ozark uplift, Nashville dome and Cincinnati Arch while
dominantly low velocities are observed in the Appalachian
foreland basins, the Reelfoot rift and the Ouachita Orogen
foreland basin at the Texas and Oklahoma border. Velocity
at 7.5 km (Figure 7d) shows similar large-scale features as

Figure 5. Dispersion maps for periods of (a) 5, (b) 10, (c) 20, and (d) 30 s. The magenta, black, and
blue lines are major faults, state boundaries, and major rift zones, respectively. Abbreviations are the
same as in Figure 1. The white dots show seismicity with magnitude larger than 3.
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Figure 1.  The station locations of the Florida-to-Edmonton 
(FLED) broadband seismic array.

Figure 2.  Image of the Moho beneath the FLED array from Ps phases (red 
or positive arrivals).  Waveforms at each station were corrected with an in-
verse free surface transform, simultaneously deconvolved, and migrated to 
depth in 1D using a uniform velocity model.  True crustal thicknesses (not 
shown) were modeled allowing for lateral variations in crustal velocities.
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