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Abstract

Seismic waveform diffraction patterns reveal a 120 km thick slab-like anomaly with about 4% increases in both compressional
and shear wave speed, extending down to nearly 600 km between the Rio Grande Rift and the western Great Plains in the
southwestern United States. Monte Carlo simulations suggest that the most probable interpretation is a temperature anomaly of
about −400 K with additions of olivine (11%), orthopyroxene (12%) and losses of clinopyroxene (−14%), garnet (−9%) relative to
the adjoining mantle asthenosphere beneath the Rio Grande Rift. This sesimic anomaly, probably continental lithosphere, is cold
and is as depleted as the Archean continental lithosphere. It was likely formed in the Proterozoic age but destabilized during the
Cenozoic rifting of the Rio Grande Rift.
© 2007 Elsevier B.V. All rights reserved.
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1. Introduction: Craton stability and longevity

Primitive mantle is mainly composed of garnet peri-
dotites (N3 GPa), where sthe dominant mineral modes are
olivine (ol), orthopyroxene (opx), clinopyroxene (cpx)
and garnet (gt). During high degrees of partial-melting,
clinopyroxene and garnet are largely extracted into the
melt and the residue is left with more olivine and or-
thopyroxene (Walter, 1998; Matasukage et al., 2005).
Continental lithospheres are generally believed to form
under high degrees of melting of mantle at depths over
100 km. They are also depleted in iron but considered
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neutrally buoyant because compositional buoyancy is
compensated by density increase due to thermal contrac-
tion (Jordan, 1978, 1988; Poudjom Djomani et al., 2001).
Although the buoyancy does not guarantee the stability of
the cratonic lithospheres (Lenardic and Moresi, 1999;
Lenardic et al., 2003), many Archean cratons (N2.5 Gyr)
seem stable for billions of years probably because of their
high viscosity, strength and isolation from subduction
(Lenardic and Moresi, 1999; Lenardic et al., 2003).
Younger continental lithospheres surrounding these
ancient cratons, however, can undergo substantial distur-
bances. In many cases, lithospheric instability, delamina-
tion or detachment occurswhere there is a large contrast in
the lithospheric thickness, temperature or strength (Bird,
1979; King and Ristema, 2000; Pascal et al., 2002;
Pourhiet et al., 2006). To understand the longevity of the
Archean craton and underlying lithosphere, it is critical to

mailto:asong@ciw.edu
mailto:helm@gps.caltech.edu
http://dx.doi.org/10.1016/j.epsl.2007.07.052


176 T.-R.A. Song, D.V. Helmberger / Earth and Planetary Science Letters 262 (2007) 175–184
investigate how the surrounding lithospheres behave,
which can be revealed by detailed seismic modeling.

Recently, a PASSCAL experiment, the LA RISTRA
Transect, was installed to investigate mantle structures
crossing the Great Plains, the Rio Grande Rift and the
Colorado Plateau in the southwestern United States
(Fig. 1a). The Rio Grande Rift, one of the major con-
tinental rifts, has existed since the late Cenozoic and it
separates the Proterozoic continental lithospheres of the
Great Plains and the Colorado Plateau (Baldridge et al.,
1991). This dense array provides unprecedented oppor-
tunity to explore the underlying structure and answer
fundamental questions regarding to the longevity of the
continental lithosphere.

As demonstrated by Song and Helmberger (in press),
waveform distortion and amplitude systematics are very
useful in delineating and obtaining robust estimates of the
velocity gradient of the adjoining ‘slab-like’ fast anomaly
and mantle asthenosphere. The term ‘slab-like’ is intro-
duced primarily for the geometric reason where the fast
anomaly is dipping to the southeast and it is not yet clear
how far this anomaly extends laterally off the 1-D array.
Therefore, Song and Helmberger (2007) have assumed
that this ‘slab-like’ anomaly extends laterally off the 1-D
array over a length scale of the Fresnel zone of a 6 s S
Fig. 1. Seismic waveform diffraction pattern along the LA RISTRATransect.
crossing the edge of the Great Plains, the Rio Grande Rift and the Colorado Plate
in Song and Helmberger (in press)) showing waveform distortion across the tra
triangles in (a)). Severe waveform broadening is present at stations toward th
extending down to 600 km is displayed in (c). It was constructed by amplifying
data (Song and Helmberger, 2007, in press). The fast anomaly in the top 150 k
wave. They analyzed P and S waveforms of the same
event-receiver pairs and found R=δlnVs /δlnVp of about
1.25 using the amplitude pattern as a measure of the
goodness of fit between the data and synthetics. More-
over, they have attempted to use this R ratio to infer the
origin of the slab-like anomaly. They calculatedΔ(Vp/Vs)
based upon their preferred estimates ofΔVs/Vs and R ratio
and used the relationship between Vp/Vs and Mg# (Lee,
2003) to simultaneously determine the temperature
contrast ΔT and ΔMg# across the slab-like anomaly.
They foundΔTof about 310 K andΔMg# of about 3 and
suggested the slab-like anomaly is likely cold and
depleted.

However, such a R ratio seems a little too large to
explain the waveform broadening of the P waves.
Besides, it is not easy to fully characterize the depletion
of the slab-like anomaly by the Mg# alone while the
relationship between Vp/Vs and Mg# (Lee, 2003) might
not strictly hold at ambient mantle condition. Therefore,
we attempt to use the experimental results on the effect of
melt depletion to the density and velocity of fertile
peridotites (Schutt and Lesher, 2006) and simultaneously
consider changes in major minerals (olivine, orthopyr-
oxene, clinopyroxene, garnet) during partial melting. In
addition, we will use cross-correlation of waveforms
(a) Elevation map along with the LA RISTRATransect (open triangles)
au. (b) Deconvolved S waveform section (event 990915, see also Table 1
nsition between the western Great Plains and the Rio Grande Rift (solid
e NW such as NM12-NM18. The S velocity section A–A' of model A
existing tomographic model (Gao et al., 2004) and modeling S waveform
m beneath the western Great Plains is considered as the lithosphere.
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between the data and synthetics as a measure of the
goodness of fit, which is less affected by the site
response. Instead of trying to obtaining a single estimate
of temperature and compositional anomaly, we useMonte
Carlo simulation to look for all possible estimates. In
the following section, we will start by reviewing some
relevant observations recorded along the LA RISTRA
Transect, see Song and Helmberger (2007, in press) for
detailed modeling.

2. Tomography, amplitude and waveform distortion

One of the most commonly used techniques in
imaging the Earth's mantle is travel time tomography
(Masters et al., 2000; Gao et al., 2004). However, it is
usually necessary to damp and smooth these solutions,
which makes interpretations difficult because the
amplitude of velocity anomalies is less well constrained.
Seismic waveform diffraction, on the other hand, is very
useful in constraining the magnitude of seismic anomaly
and its sharpness (Song and Helmberger, in press). It is
generally associated with waveform distortions and
amplitude decays as the wavefield goes through a large
velocity contrast. We find systematic variations in wave-
form shapes and amplitudes recorded for events arriving
from South America regardless of their locations
and depths, but we do not observe such anomalous
waveforms in other azimuths (Song and Helmberger, in
press). Here we will explore waveform characteristics
Fig. 2. Comparison of the observed waveforms (left) with synthetics. Synthe
middle and right panels, respectively. Some amplitude and waveform broaden
not strong enough. Both data and synthetics are band-pass filtered with corne
correlation between data and synthetics.
associated with the rapid changing lithospheric structure
beneath the LA RISTRA Transect and make inferences
on the origin of the observed seismic anomaly using
Monte Carlo approaches. In general, our result is appli-
cable to data recorded for other events as well (Song and
Helmberger, in press).

We first show an example of a S waveform section
recorded by the LA RISTRA Transect across the tran-
sition region between the Rio Grande Rift and the
western Great Plains (Fig. 1a). We use the simplest
wavelet from NM07 to remove the earthquake source
effect. Array stations to the SE display nearly identical
wavelets while S waveforms recorded at stations to the
NWare distorted with smaller amplitudes (Fig. 1b). Note
these diffraction phenomena are prominent at stations
close to the fast-to-slow velocity boundary, where the
slab-like anomaly is about 120 km wide and extends
down to a depth of nearly 600 km (Fig. 1c).

Furthermore, these stations are situated directly
above the slab-like anomaly suggesting that wave prop-
agational effects are controlling the waveform shapes.
Finite-difference synthetics (Vidale et al., 1985; Helm-
berger and Vidale, 1988) generated by propagating
through the regional travel-time tomographic model
(Gao et al., 2004) do not produce enough waveform
distortions (Fig. 2). A new model A is constructed by
amplifying the regional tomographic model so that it
can explain travel time delays, amplitude decays and
waveform distortions for records arriving from South
tics computed with model A and tomography model are shown in the
ing are present in the synthetics computed with tomographic model, but
rs at 0.01 Hz and 0.2 Hz. X indicates the average coefficient of cross-
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Fig. 3. Sensitivity of P waveform distortion to the scaling R=δlnVs /
δlnVp. Synthetics are computed using R of 2, 1.5, 1.25 and 1,
respectively. When R is about 1.5–2.0, there is no noticeable
waveform distortions. P Waveform at NM14 is better explained with
R as low as 1. X indicates the average coefficient of cross-correlation
between data and synthetics.
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America events Song and Helmberger (in press). The
geometry of the slab-like anomaly with a magnified
velocity contrast across the fast-to-slow boundary is
able to substantially distort the wavefronts and broaden
the pulse widths. To characterize the origin of the
anomalous structure, we further examine the P wave-
form section with identical source-receiver pairs.

They show almost exactly the same diffraction pattern
as observed in the S waveform section (Figs. 3 and 4).
Furthermore, the P waveform distortion is as profound as
the S waveform, which indicates that the magnitudes of
the Pwave and Swave anomalies are similar. The scaling
between the S wave and P wave anomaly R=δlnVs /
δlnVp has been discussed frequently to infer the origin of
seismic anomalies (Masters et al., 2000; Karato and
Karki, 2001).

Normally, R is about 1.5−2.0 in the upper mantle
when temperature is the dominant factor (Goes et al.,
2000; Cammarano et al., 2003) since the shear modulus
is much more affected by the temperature than the bulk
modulus. Therefore, we will scale the S wave anomaly to
P wave anomaly using a suite of scaling factors R and
test if temperature alone can explain the observations.
However, synthetics computed from P velocity models
using R of 1.5−2.0 do not produce the observed P
waveform distortions since the P wave velocity contrast
appears too small (Fig. 3). It appears that the additional P
waveform modeling proves invaluable in constraining
the physical property of the observed seismic anomaly
(Anderson and Bass, 1984).

To explain the P waveform section, it is important to
consider compositional effects on seismic velocity. In
particular, the effect of melt-depletion on seismic velocity
has been recognized for mantle lithospheres, especially
beneath ancient continents (Jordan, 1978). The most
recognized relationship is between Mg#(Mg/Mg+Fe)
and S wave velocity, where higher Mg# corresponds to
increasing seismic velocity because of iron loss during
mantle melting (Jordan, 1978; Lee, 2003). However, the
relationship between Mg# and P wave velocity is less
obvious (Lee, 2003). Recent melt experiments on fertile
lherzolites provide a more detailed analysis on how melt-
depletion effects seismic velocity (Schutt and Lesher,
2006). In particular, they obtain dependences of seismic
velocity on mineral modes such as olivine, clinopyroxene
and garnet at high pressures of 4–7 GPa (Schutt and
Lesher, 2006). However, to account for processes other
than partial melting, it is important to take orthopyroxene
into account when characterizing continental peridotites
(Boyd, 1989; Matasukage et al., 2005).

Traditionally, the relationship between Mg# and S
wave velocity is used to infer how much the mantle
lithosphere is depleted (Jordan, 1978; Lee, 2003) along
with temperature anomaly. In this report, we intend to
fully characterize the effect of mantle melting on seismic
velocity considering changes in mineral phases and
predict other quantities such as changes in density and
Mg#. Specifically, we develop a simplified model that
mimics model A and produces the same waveform
distortions and amplitude decays as observed in the data
(Song and Helmberger, in press). The average S wave
anomaly of the slab-like anomaly is about 4±0.25%with
uncertainties related to the dip angle of the anomaly.
Besides, we allow seismic esitmated R ranging from 1.0−
1.1, which accounts for possible noise in the data and the
deconvolution process. These observationswill be used in
the following section to constrain the average temperature
and compositional anomaly corresponding to the dipping
structure.

3. Monte Carlo simulation

To explore possible changes in mineral modes, we
perform Monte Carlo simulations to estimate velocity
anomalies including parameters such as variations in
temperature (ΔT) and mineral modes of olivine (Δol),
orthopyroxene (Δopx), clinopyroxene (Δcpx) and garnet
(Δgt) crossing the slab-like anomaly and the adjoining

http://dx.doi.org/doi:10.1111/j.1365-.2007.03508.x
http://dx.doi.org/doi:10.1111/j.1365-.2007.03508.x


Table 1
Velocity and density dependence on temperature and composition
(Matasukage et al., 2005; Schutt and Lesher, 2006) at 7 GPa

dlnVs / dM dlnVp / dM dlnρ / dM

Temperature (K) −0.00124 −0.00124/R αΔT
Olivine (ol)(%)

(Schutt and Lesher, 2006)
−0.015 0.016 −0.015

Orthopyroxene (opx) (%)
(Matasukage et al., 2005)

−0.046 −0.059 −0.008

Clinopyroxene (cpx) (%)
(Schutt and Lesher, 2006)

−0.008 −0.062 −0.016

Garnet (gt) (%)
(Schutt and Lesher, 2006)

0.073 0.084 0.084

α is coefficient of thermal expansion 3×105 K−1 and ΔT is temperature
anomaly. R is dlnVs /dlnVp estimated for temperature. The number
within the parentheses gives the reference. The derivatives dlnVs /dM,
dlnVp /dM and dlnρ /dM indicate the dependence of S velocity, P
velocity and density on M, where M is temperature, olivine, ortho-
pyroxene, clinopyroxene or garnet.

Fig. 4. Modeling of P waveform data. P waveforms are shown on the left panel with earthquake source effect removed using the simplest wavelet
recorded at NM07. Synthetics computed considering temperature and melt-depletion induced compositional changes (R=1) are shown in the middle,
while synthetics calculated considering only temperature (R=1.5) are not capable of explaining observations (right panel). X indicates the average
coefficient of cross-correlation between data and synthetics. Both data and synthetics are band-pass filtered with corners at 0.01 Hz and 0.2 Hz.
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mantle asthenosphere. The Monte Carlo simulation com-
putes seismic anomaly for a given temperature anomaly
(ΔT) and compositional variations in olivine (ol), ortho-
pyroxene (opx), clinopyroxene (cpx) and garnet (gt). The
computed velocity anomaly (P or S) can be expressed as
ΔV /V|cal=ΔV /V|T+ΔV /V|com, where ΔV /V|T=dlnV /
dT×ΔT; ΔV /V|com=Σi=1

4 dlnV / dMi×ΔMi, where
M1,2,3,4 are olivine, orthopyroxene, clinopyroxene and
garnet, respectively. Velocity derivatives of temperature
and mineral modes are listed in Table 1.

We adopt velocity derivatives of four major mineral
modes such as olivine, orthopyroxene, clinopyroxene
and garnet based upon latest results from melting experi-
ments and mineral physics data at 7 GPa (Table 1)
(Matasukage et al., 2005; Schutt and Lesher, 2006). We
correct for anelastic effects (Goes et al., 2000; Karato and
Karki, 2001) on seismic velocity from temperature using
Qs of 300 (Gudmunsson et al., 1994), which is ap-
propriate for a fast continental lithosphere sampled by
seismic waves at periods of 0.1–0.3 Hz. We allow a very
small R of 1.25 for temperature induced velocity anom-
aly and give a conservative estimate of compositional
effects. Note the temperature effect on the velocity de-
rivative due to anelastic relaxation is likely overesti-
mated (Matas and Bukowinksi, 2007) and we possibly
underestimate the temperature anomaly.

Using a larger R from thermal anomaly would slightly
modify our results on changes in mineral modes and
temperature, but it does not change general estimates of
increase in olivine and orthopyroxene and decrease in
clinopyroxene and garnet. The temperature anomaly is
apparently not much effected by the choice of R since it
depends primarily on the amplitude of S velocity
anomaly. We produce similar result when implementing
mineral physics data at lower pressure (4.5–6 GPa).
Monte Carlo calculations are performed with tempera-
ture anomaly in the range of −520–0 K and changes
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in olivine, orthopyroxene, clinopyroxene and garnet of
±24%, respectively.

Only a subset of these simulations can explain the P
and S waveform data simultaneously. In addition, it must
also satisfy volumetric constraint Δol+Δopx+Δcpx+
Δgt≡0 as well as partial-melting constraint where Δol
andΔopx go together as doΔcpx andΔgt (Walter, 1998;
Lee, 2003; Matasukage et al., 2005; Schutt and Lesher,
2006). To analyze the subset of simulations that explain
the P and S waveform data, we apply random sampling
on the subset to simultaneously obtain the most probable
estimate for each parameter. In each estimate of the
model parameters such as temperature anomaly and
compositional anomaly, we randomly select half of the
models that explain seismic observation and then cal-
Fig. 5. Histograms of estimates on temperature anomaly and compositional chan
Changes in Mg# are predicted according to density–Mg# relationship (Schut
variations included in the Monte Carlo calculation.
culate the mean for each model parameter. We will
present results based upon 4000 random samplings and
the estimated temperature and compositional anomaly
are very stable once the number of random sampling
exceeds 500. To calculate density variation due to ther-
mal contraction, we use coefficient of thermal coefficient
α of 3×10−5 K−1.This α appears smaller than recent
estimates on mantle peridotites (Lee, 2003; Schutt and
Lesher, 2006). Therefore, we will have a lower estimate
of the net buoyancy. A higher α of 3.5–4×10−5 K−1 can
only strengthen our conclusion.

The total number of simulations is about 107 while
only a restricted set (∼103) is able to explain the data.
With additional compositional effects, we are able to
reproduce observed P waveform distortion that is not
ges in olivine (ol), orthopyroxene (opx), clinopyroxene (cpx), garnet (gt).
t and Lesher, 2006). The numbers within the brackets are the range of
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able to be explained with temperature alone (Fig. 4). The
most probable interpretation for the slab-like anomaly
is a temperature decrease of about −420±30 K with
additions of olivine (11±5%), orthopyroxene (12±5%)
and losses of clinopyroxene (−14±3%), garnet (−9±4%)
in comparison to the adjoining mantle asthenosphere
beneath the Rio Grande Rift (Fig. 5).

We show that temperature is indeed the most domi-
nant factor in producing the seismic anomaly, but the
right balance among different mineral phases is critical
in explaining the P and Swaveform data simultaneously
(Fig. 6). Increasing olivine and orthopyroxne effective-
ly drops both P and S velocity while decreasing cli-
nopyroxene and garnet slightly increases the P velocity
but decreases the S velocity. This general trend of
variations in these mineral modes is very consistent
Fig. 6. Histogram of estimates on velocity anomalies due to temperature and c
temperature, olivine (ol), orthopyroxene (opx), clinopyroxene (cpx) and garn
temperature, olivine (ol), orthopyroxene (opx), clinopyroxene (cpx) and garn
with xenolith estimates (Griffin et al., 1999; Poudjom
Djomani et al., 2001; Lee, 2003; Griffin et al., 2004;
O'Reilly and Griffin, 2006) and early mineralogical
models of the upper mantle beneath the shield
(Anderson and Bass, 1984). The composition of the
slab appears to be that expected for a depleted con-
tinental lithosphere assuming the mantle asthenosphere
adjoining the slab-like anomaly is fertile and composed of
primitive peridotites (Table 2). We predict density
anomaly Δρcom /ρ of about −0.7±0.4% accociated with
our estimates of compositional anomaly which corre-
sponds to an iron loss of about 3.2±1.9% (equivalent to
increasing Mg#) (Fig. 5) (Schutt and Lesher, 2006). This
estimate of iron loss due to partial melting of garnet
peridotites might depend on pressure while variations in
these mineral phases are more robustly estimated (Fig. 7).
omposition. The left panel shows the estimated P wave anomaly due to
et (gt) and the right panel shows the estimated S wave anomaly due to
et (gt).



Table 2
Summary of seismological, petrological and geodynamic estimates of physical quantities related to continental lithospheres

ol/opx/cpx/gt Δρcom /ρ
(%)

Mg# ΔT
(K)

δlnρ /δlnVs

Primitive mantle (Poudjom Djomani et al., 2001) 57/13/12/18 0 89.3
Proterozoic xenoliths (Poudjom Djomani et al., 2001) +13/+4/−6/−11 −0.3 +1.3
Archean xenoliths (Poudjom Djomani et al., 2001) +12/+12/−10/−14 −0.8 +3.4
This study +11/+12/−14/−9 −0.7 +3.2±1.9 −420±30 0.1±0.1
Geodynamic (Forte and Perry, 2000; Perry et al., 2003) 1–2 −400 0–0.1

Primitive mantle is considered as the reference and all other estimates are shown as relative perturbations.
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We find the estimated temperature contrast ΔT of about
400 K is a bit larger than that estimated by Song and
Helmberger (2007) (∼310 K), while the estimate of
ΔMg# is similar (∼3).
Fig. 7. Histograms of estimates on temperature anomaly and compositiona
garnet (gt). Changes in Mg# are predicted according to density–Mg# relation
with half of the samples randomly chosen each time. Compositional effect on
Lesher, 2006). The small variation in Mg# is inferred based upon a much stro
Lesher, 2006).
4. Implications

We have shown that the dipping seismic anomaly
constrained by waveform diffraction phenomena is much
l changes in olivine (ol), orthopyroxene (opx), clinopyroxene (cpx),
ship (Schutt and Lesher, 2006). 4000 random samplings are performed
velocity and density is considered using estimates at 4 GPa (Schutt and
nger effect of iron loss on density during melting at 4 GPa (Schutt and
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stronger than that shown in the tomographic model. More
importantly, the relative amplitude between the S velocity
anomaly and P velocity anomaly (or the scaling factor R)
is better constrained, which justifies our inferences.
Although the depleted lithosphere by itself is composi-
tionally buoyant in comparison to the adjoining mantle
asthenosphere, the temperature contrast reaches about
−400 K and the net density contrast Δρ /ρ is 0.5±0.4%.
The density-to-shear velocity scaling δlnρ /δlnVs is found
to be around 0.1±0.1, which is not inconsistent with
geodynamic estimate δlnρ /δlnVs of about 0.05 (Table 2)
(Shapiro et al., 1999; Forte and Perry, 2000; Perry et al.,
2003). Most strikingly, current estimated variations in the
mineral modes such as olivine, orthopyroxene, clinopyr-
oxene and garnet are more consistent with that estimated
for the Archean xenoliths than that estimated for the
Proterozoic xenoliths (Table 2). This strongly suggests
that the observed cold, depleted lithosphere of the
Proterozoic age (Griffin et al., 2004; O'Reilly and Griffin,
2006) can become unstable even if it is as depleted as the
Archean lithosphere.

Our result is different from geodynamic modeling of
long wavelength geoid, gravity and dynamic topography
(Shapiro et al., 1999; Forte and Perry, 2000; Perry et al.,
2003) where they conclude that large-scale cratons are in
principle stable. While geochemical evidence has shown
that the strength of the lithosphere is not directly related
to its age but the degree of its depletion (Lee et al., 2001),
our result suggests that lateral variations in temperature
and buoyancy play an more important role. Lateral
variation in lithospheric thickness can facilitate rifting
(Pascal et al., 2002) and observed foundering of the
continental lithosphere. While temperature contrast
across the Rio Grande Rift and the western Great Plains
is large, lithosphere removal might occur through de-
lamination (Bird, 1979; Pourhiet et al., 2006), which can
Fig. 8. Inference based on amplified model A and tomographic model. Left p
tomographic model (green circle), respectively. The contours show the scali
fraction estimated from Fe loss (Schutt and Lesher, 2006) is shown on the
lithospheric thickness beneath the western Great Plains is about 300 km as i
would predict a lithospheric thickness of about 150 km, which is similar to
facilitate small scale convection (King and Ristema,
2000) or detachment of the depleted continental litho-
sphere. Further detail analysis on the elevation and his-
tory of vertical motions across the Colorado Plateau, the
Rio Grande Rift and the western Great Plains is essential
to examine the interaction between the Rio Grande Rift
and the adjacent continental lithospheres.

We note the importance of using waveform and am-
plitude in constraining the magnitude of the velocity
structure and drawing geophysical and geodynamic in-
ferences. For instance, if S velocity anomaly of the
dipping structure is only half of our estimate, as implied
in the tomography model, we could expect a substantial
underestimate of its temperature anomaly. Furthermore,
the lack of P wave velocity anomaly in the tomographic
model (Gao et al., 2004) can leads to the conclusion that
temperature alone is able to explain the seismic anomaly.
According to our estimate of iron loss (Schutt and
Lesher, 2006), we can infer the degree of melting asso-
ciated with this dipping anomaly of about 30±20%, If
the melt fraction of 30% is responsible for producing the
crust (∼40–50 km) (Wilson et al., 2005) in the western
Great Plains, it suggests that the lithosphere could reach
depths of 150±20 km (Fig. 8), which is comparable with
seismic constraints (Fig. 1c) (Gao et al., 2004). This
result suggests that the recycling of the crust that might
occur in the Archean craton (Rudnick, 1995; Schutt and
Lesher, 2006) is likely not crucial to the Proterozoic crust
of the western Great Plains. However, a damped velocity
model might suggest amuch lower degree ofmelting and
the inference can become completely different (Fig. 8).
As USArray and PASSCAL data become available and
dense stations provide better spatial sampling, the use of
waveform phenomena and amplitude systematics can
then be routinely performed to better characterize
seismic anomalies imaged by tomography and further
anel shows the inferred Fe loss based upon model A (red square) and
ng between density and shear velocity, δlnρ /δlnVs. The basaltic melt
right panel. Assuming the crust is made of these basaltic melts, the
nferred from the Fe loss (1.5%) estimated from tomography. Model A
the seismic estimate.
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improve the resolution of seismological findings and
make self-consistent geophysical/geodynamic inferences.
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