
Seismological Research Letters Volume 81, Number 5 September/October 2010 689doi: 10.1785/gssrl.81.5.689

E

model update January 2010: upper mantle 
Heterogeneity beneath north america from 
traveltime tomography with global and 
usarray transportable array data
Scott Burdick, Robert D. van der Hilst, Frank L. Vernon, Vladik Martynov, Trilby Cox, Jennifer Eakins, Gulsum H. Karasu, Jonathan Tylell, Luciana Astiz, and Gary L. Pavlis

Scott Burdick,1 Robert D. van der Hilst,1 Frank L. Vernon,2 
Vladik Martynov,2 Trilby Cox,2 Jennifer Eakins,2 Gulsum H. Karasu,2 
Jonathan Tylell,2 Luciana Astiz,2 and Gary L. Pavlis3
 

 

Online	material:	Updated 3-D tomography model and plot-
ting script with examples

INTRODUCTION

The Transportable Array of USArray (http://www.iris.edu/
USArray/), the seismological component of EarthScope (http://
www.earthscope.org/), is producing an impressive database of 
seismological observations for use in exploring mantle structure 
beneath North America. By early 2010, USArrayTA had made 
its way into the Great Plains states, where the availability of 
seismic data was previously very sparse. In our previous papers 
(Burdick et	 al. 2008, 2009) we presented 3-D tomographic 
models of mantle P-wavespeed from global and USArrayTA 
traveltime data through November 2007 and December 2008, 
respectively. Here we present a model update using additional 
USArrayTA data through January 2010. The new community 
model, MITP_USA_2010JAN, is available as an electronic 
supplement to this article.

METHODOLOGY

The method for traveltime tomography used here is described 
in detail by Li et	al. (2008) and Burdick et	al. (2008). In short, 
we perform global inversions of P-wave travel time residu-
als using an adaptable grid with a minimum grid spacing of 

0.3° × 0.3° × 45 km near the surface. The spacing of the adapt-
able grid is adjusted based on adequate 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 (ANF; available online at http://anf.ucsd.
edu/). For the model update, we refine our grid in response 
to the addition of new USArrayTA traveltime residuals. The 
model values are reported as percentage P-wavespeed variation 
relative to reference model ak135 (Kennett	et	al.	1995). 

NEW DATA, MODEL UPDATE, AND CURRENT 
RESULTS

Compared to Burdick et	 al. (2009), the updated dataset 
includes ~280,000 new USArrayTA picks from ANF for a 
total of ~1,390,000 traveltime residuals. These include resid-
uals at 214 new USArrayTA stations (Figure 1) from almost 
1,500 teleseismic events between December 2008 and January 
2010. The new stations improve data coverage throughout the 
Great Plains and central Texas, areas that are poorly sampled by 
data in the EHB catalog. 

We have adapted the model grid (shown in Figure 2) 
to benefit from the denser sampling provided by the new 
USArrayTA data. Compared to the previous update in Burdick 
et	al. (2009) the most significant grid refinements concern 1) 
Eastern Montana and the western parts of the Dakotas, where 
data have continued to accumulate at existing stations, and 2) 
Central Texas and Oklahoma. Figure 3 demonstrates the abil-
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ity of our method to resolve features on the order of 3° by 3° 
with the current USArrayTA data plus the EHB catalog. 

Compared to the previous model, the addition of new 
data has had little—if any—effect on the shape and strength 
of the heterogeneity west of the Rocky Mountains, suggest-
ing that the model in this region is now robust at the scale 
of our inversion. East of the Rockies, however, the effects of 
improved resolution can be seen. In Figures 4 and 5, the broad 
fast regions beneath the center of the continent begin to have a 
greater level of heterogeneity than in previous models. The dis-
tinction between anomalies due to the craton and to remnants 
of the Farallon slab, in particular, has become better defined. 
Additionally, the fast anomalies at shallow depths beneath 
Texas and those beneath Nebraska starting at 400 km stand 
out in sharper relief compared to the adjacent regions. The cur-
rent model also shows a greater continuity between the deep, 
fast anomalies beneath the Plains states and anomalies due to 
slab structure in the west. 

CONCLUSIONS

The updated version of the Massachusetts Institute of 
Technology (MIT) USArrayTA P model now incorporates 
close to 1,400,000 P-wave traveltime residuals from 2004 

through January 2010 for more than 900 USArrayTA station 
locations. The addition of over a year of new traveltime data 
has led to refinements in our tomography model, particu-
larly beneath the Great Plains states, Texas, and Oklahoma. 
Additional data coverage to the east of the Rocky Mountains 
reveals well defined boundaries between fast anomalies and 
surrounding structure, where previous models could only 
resolve large-scale fast regions. 

Our new model (MITP_USA_2010JAN) and simple 
scripts for making cross-sections is publicly available as an 
electronic supplement to this note and at http://web.mit.
edu/sburdick/www/esup10/. ANF phase data are available 
to 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 
at http://www.iris.edu/dms/products/. 
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 ▲ Figure 1. Map of stations in the western United States from which data is used in the inversion. Black dots represent stations con-
tributing to the EHB dataset—the worldwide station distribution can be found in Burdick et al. (2008) or Li et al. (2008). Dark triangles 
represent USArrayTA station locations from the previous model update for data between 2002 and December 2008 used in Burdick et 
al. 2009. Light triangles represent TA stations added to the dataset for the latest inversion. 
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JAN 2010 - Depth 200 km ±1.40%DEC 2008 - Depth 200 km ±1.40%
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 ▲ Figure 2. Refinements to the model grid. Map sections at 200 km and cross-sections through the irregular grids used in the tomo-
graphic inversion for the current and previous models. The images on the left show the grid from the December 2008 model update. 
The red arrow indicates the location of the cross-section. The images on the right show the grid for the current model. Grid spacing is 
representative of the adequate raypath density within each cell.

 ▲ Figure 3. Resolution tests using the current full dataset. The current model inversion shows the ability to resolve features on the 
scale of 3° by 3° beneath the current extent of the USArray Transportable Array. Tests were able to resolve most of the amplitude of 
the heterogeneity. Just to the east of the current extent of USArrayTA and beneath recently deployed portions, the shape of the het-
erogeneity can be seen, but lower amplitudes were recovered. 
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 ▲ Figure 4. Lateral variations in P wavespeed according to model MITP_USA_2010JAN for 100–600 km depth in the mantle beneath 
North America.

 ▲ Figure 5. Cross-sections through MITP_USA_2010JAN. Note that the eastern parts of the cross-sections remain poorly sampled by 
the current data. Future USArrayTA deployments will be pivotal in 1) establishing whether the smoothness is real or an artifact of cur-
rent sampling and 2) better resolving the structures associated with the craton and fragments of the Farallon slab in the transition zone.



Seismological Research Letters Volume 81, Number 5 September/October 2010 693

REFERENCES

Burdick, S., C. Li, V. Martynov, T. Cox, J. Eakins, T. Mulder, L. Astiz, 
F. L. Vernon, G. L. Pavlis, and R. D. van der Hilst (2008). Upper 
mantle heterogeneity beneath North America from travel time 
tomography with global and USArray Transportable Array data. 
Seismological	Research	Letters	79, 384–390.

Burdick, S., R. D. van der Hilst, F. L. Vernon, V. Martynov, T. Cox, J. 
Eakins, T. Mulder, L. Astiz, and G. L. Pavlis (2009). Model update 
December 2008: Upper mantle heterogeneity beneath North 
America from P-wave travel time tomography with global 
and USArray Transportable Array data. Seismological	Research	
Letters 80, 638–645.

Engdahl, E. R., R. D. van der Hilst, and R. Buland (1998). Global tele-
seismic earthquake relocation with improved travel times and 

procedures for depth determination. Bulletin	 of	 the	 Seismological	
Society	of	America 88, 722–743.

Kennett, B. L. N., E. R. Engdahl, and R. Buland (1995). Constraints on 
seismic velocity in the Earth from travel times. Geophysical	Journal	
International 122, 108–124.

Li, C., R. D. van der Hilst, E. R. Engdahl, and S. Burdick (2008). A new 
global model for 3-D variations of P-wave velocity in the Earth’s 
mantle.	Geochemistry	Geophysics	Geosystems 9, Q05018.

Massachusetts Institute of Technology
Department of Earth, Atmospheric, and Planetary Science

77 Massachusetts Avenue 54-510
Cambridge, Massachusetts 02139 U.S.A.

sburdick@mit.edu
(S. B.)




