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Online material: P-wave tomography model for the United 
States; scripts for plotting cross-sections. 

INTRODUCTION

In 2011, the Transportable Array of USArray (http://www.iris.
edu/USArray/), the seismological component of EarthScope 
(http://www.earthscope.org/), continued to extend east of 
the Rocky Mountains and the Great Plains and into the 
Midwest and Gulf Coast regions where not many routinely 
processed data were available for previous regional- or global-
scale traveltime inversions. In previous papers (Burdick et al. 
2008, 2009, 2010) we presented 3-D tomographic models 
of mantle P-wavespeed from global and USArrayTA trav-
eltime data through November 2007, December 2008, and 
January 2010, respectively. Here we present a model update 
using USArrayTA data through March 2011. The new model, 
MITP_USA_2011MAR, is available as an electronic supple-
ment. Interpretation of the 3-D tomographic images is beyond 
the scope of this brief research note.

METHODOLOGY

The method for traveltime tomography used here is described 
in previous papers (Li et al. 2008; Burdick et al. 2008), but 
for the sake of completeness we include a brief summary. We 
perform global (linearized) inversions of P-wave traveltime 
residuals using an adaptable grid with a minimum grid spac-
ing of 0.3° × 0.3° × 45 km. The spacing of the adaptable grid is 
adjusted based on raypath coverage in each mantle volume. The 
data included in the inversion consist of ~10 million P-wave 
residuals from the International Seismological Centre and the 
National Earthquake Information Center processed using the 
algorithms developed by Engdahl et al. (1998)—henceforth 

referred as the EHB catalog—and the database of USArrayTA 
P-wave residuals picked by the Array Network Facility (avail-
able online at ANF site). For each model update we refine the 
grid in response to the addition of new USArrayTA traveltime 
residuals. The tomographic inversion is linearized using the 
1-D reference model ak135 (Kennett et al. 1995); that is, ray 
paths are calculated in ak135 and the wavespeed variations 
represented in model MITP_USA_2011MAR are relative 
to the average wavespeed at a given depth according to ak135 
(Kennett et al. 1995). 

WHAT IS NEW?

Compared to the last update, the March 2011 update of the 
USArrayTA dataset includes ~260,000 P-wave traveltime 
residuals from around 3,500 teleseismic events mostly occur-
ring between January 2010 and March 2011 and which 
were recorded at 261 new USArrayTA stations (Figure 1). 
Some events occurring before 2010 that had not been previ-
ously reviewed have also been added to the dataset. The total 
number of USArrayTA picks used in our tomography is now 
~1,650,000. The advancing Transportable Array continues 
to improve data coverage in areas poorly sampled in the EHB 
catalog as it extends past the Great Plains states and into the 
Midwest and Gulf Coast regions. New stations also include 
those installed in Cascadia in 2010.

We adapted the model grid (shown in Figure 2) to the 
denser sampling provided by the new data. The most signifi-
cant grid refinements (compared to the 2010 inversions) con-
cern (1) the shallow mantle beneath the eastern part of the 
Great Plains (due to continued data accumulation at stations 
installed before our 2010 update) and east Texas and Arkansas 
(due to data from new seismograph locations) and (2) the man-
tle transition zone beneath the Plains and the western parts 



24 Seismological Research Letters Volume 83, Number 1 January/February 2012

−130 −125 −120 −115 −110 −105 −100 −95 −90 −85 −80
25

30

35

40

45

50

New stations in MAR 2011
Stations in previous models
EHB Stations

JAN 2010 - Depth 200 km ±1.40%

  1000 km( ±1.0%)   1000 km( ±1.0%) 

MAR 2011 - Depth 200 km ±1.40%

 ▲ Figure 1. Geographical distribution of seismograph stations in the western United States from which data are used in the latest 
model update (MITP_USA_2011MAR). Black dots represent stations contributing to the EHB dataset; the worldwide station distribu-
tion is depicted in Burdick et al. (2008) or Li et al. (2008). Black triangles represent USArrayTA station locations from the previous model 
update for data through January 2010 (Burdick et al. 2010). White triangles represent the new TA stations from which data were not 
yet available in previous updates. 

 ▲ Figure 2. Illustration of grid refinement. Map views at 200 km depth and mantle cross-sections illustrating the grids used for the 
parameterization of the 2010 and 2011 models (on the right and left, respectively). The red arrow indicates the location of the cross-
section. Grid spacing is representative of the adequate raypath density within each cell. 
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of the Midwest and the Gulf states. To obtain a qualitative 
measure of resolution by the data used we conducted a series of 
so-called checkerboard resolution tests. Figure 3 suggests that 
beneath the USArrayTA footprint the data generally resolve 
model features of the order of 3° by 3° (~300 km by 300 km), 
but resolution is better in several well sampled regions.

Figures 4 and 5 depict mantle heterogeneity according to 
the latest model update. Beneath the western United States 
(including the Rocky Mountains) the addition of a year’s worth 
of new data has not had a great effect on the tomographic image 

of upper mantle heterogeneity, but the additional ray paths have 
refined certain features at transition zone depths and below. 
The Farallon slab, for instance, appears narrower beneath the 
western United States than in previously published versions of 
our model. Beneath the Great Plains and beyond, the new data 
improve constraints on mantle heterogeneity at all depths. At 
the eastern edge of the Great Plains the data are now resolving 
the base of the zone of fast velocities beneath the craton, and 
they have begun to distinguish between cratonic lithosphere 
and the presumed remnants of slabs of subducted lithosphere. 

Depth 100 km ±1.20% Depth 200 km ±1.20%

Depth 300 km ±1.00% Depth 400 km ±1.00%

Depth 500 km ±1.00% Depth 600 km ±1.00%

 ▲ Figure 3. Checkerboard resolution using the current full dataset. With the current parameterization, the data used in the March 2011 
model update resolve structural features on a lateral scale of 3° by 3° (that is, around 300 x 300 km) beneath the current footprint of 
the USArray Transportable Array. 
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With these new data it now also becomes apparent that the 
smooth structure on the scale of 5 degrees in the west of the 
Rocky Mountains seen in previous models is not just a result 
of difference in data coverage, but indeed is a robust feature of 
the region.

CONCLUDING REMARKS

In this brief research note we present the latest MIT 
USArrayTA P model: MITP_USA_2011MAR. This model 
includes more than 1,650,000 P-wave traveltime residuals 
(from 2004 through March 2011) obtained from nearly 1,200 
USArrayTA seismograph sites. A year’s worth of new travel-

time data has improved the resolution of the model, particu-
larly in the Great Plains and the eastern parts of the Midwest 
and Gulf states from which few global data were available pre-
viously. Beneath the central continent, the data now resolve the 
subducted slab from the base of the cratonic root.

Model MITP_USA_2011MAR and scripts for making 
horizontal and vertical cross-sections through it are available 
as an electronic supplement to this research note. ANF phase 
data are also available to the community as CSS monthly files 
at http://anf.ucsd.edu/tools/events/download.php or at the 
Incorporated Research Institutions for Seismology (IRIS) 
Data Management Center thorough its Product section at 
http://www.iris.edu/dms/products/. 

Depth 100 km ±1.00% Depth 200 km ±1.00%

Depth 300 km ±1.00% Depth 400 km ±1.00%

Depth 500 km ±1.00% Depth 600 km ±1.00%

 ▲ Figure 4. Lateral variations in P wavespeed according to model MITP_USA_2011MAR at 100, 200, 300, 400, 500, and 600 km depth 
in the mantle beneath North America.
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 ▲ Figure 5. Cross-sections through MITP_USA_2011MAR. Note that the eastern parts of the cross-sections remain poorly sampled 
by the current data. Notable in this model is (1) refinement of high velocity anomaly related to the continental root beneath the Great 
Plains and (2) better resolution between the root and fragments of the Farallon slab in the transition zone.
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