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And	  a	  comparison	  with	  similar	  USArray	  based	  models	  and	  tools	  for	  visualizing	  in	  a	  
common	  medium	  
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Model	  setup	  
•  P	  travel>me	  residuals	  
–  Includes	  P,	  pP,	  Pn,	  PP-‐P,	  and	  PKP	  (and	  likely	  other	  
branches	  of	  P)	  	  

– Delay	  >mes	  from:	  
•  Interna>onal	  Seismological	  Centre	  (ISC)	  
•  Na>onal	  Earthquake	  Informa>on	  Center	  (NEIC)	  	  
•  Array	  Network	  Facility	  (ANF)	  

•  USArray	  focused,	  but	  delays	  are	  global	  
–  10	  Million	  total	  residuals.	  ~1.6M	  are	  USArray	  
–  Reduces	  uncertainty	  due	  to	  out-‐of-‐model	  structure	  

•  Grid	  is	  adap>ve	  to	  data	  coverage	  
– Minimum	  of	  0.3˚	  x	  0.3˚	  x	  45km	  
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Mesh	  comparison	  









Tomographic	  Model	  Comparison	  

•  h`p://www.iris.edu/dms/products/emc/	  
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INTRODUCTION
New western United States seismic images 

enabled by EarthScope’s USArray provide 
for the fi rst time high-resolution information 
on upper mantle structure over a large area of 
continent. In this paper we discuss the Pacifi c 
Northwest portion of our recent tomographic 
models (Schmandt and Humphreys, 2010a) to 
focus on a prominent but previously unresolved 
“curtain” of high-velocity mantle extending 
vertically from beneath central Idaho to near 
the eastern edge of the Cascades in northern 
Washington and extending down to depths of 
230–600 km (Figs. 1 and 2). The only plausible 
explanation for this large volume of high-veloc-
ity mantle is recently subducted ocean litho-
sphere. We address here the seismic, tectonic, 
and magmatic evidence that this structure is 
subducted Farallon slab abandoned in the upper 
mantle during the ca. 55 Ma accretion of Silet-
zia, which we defi ne as the fragment of Farallon 
lithosphere that fi lled the Columbia Embayment 
in the Eocene. We then consider the seismic and 
geodynamic plausibility that ocean lithosphere 
subducted in the early Cenozoic did not lose 
its seismic contrast or sink into the Earth. We 
then discuss the implications of this structure for 
early Cenozoic tectonic evolution of the western 
United States.

PACIFIC NORTHWEST TOMOGRAPHY
We created high-resolution P-wave (VP) and 

S-wave (VS) images of the upper mantle beneath 

the western United States by inverting 248,000 
P and 84,000 S relative traveltime residuals of 
teleseismic earthquakes observed by USAr-
ray and more than 1700 additional stations 
(Schmandt and Humphreys, 2010a). The inver-
sion uses recent advances in western U.S. crust 
models (Yang et al., 2008; Gilbert and Flesch, 
2009) to better isolate the mantle component of 
residual times and three-dimensional frequency-
dependent sensitivity kernels to map residuals 
(measured in multiple frequency bands) into 
velocity structure. Horizontal node spacing is 
40 km within the footprint of the USArray, and 
vertical node spacing increases gradually with 

depth from 30 km at 60–90 km depth, to 65 km 
at >820 km depth. The method was described 
in detail in Schmandt and Humphreys (2010b). 
Resolution tests demonstrate excellent recovery 
of structures with length scales !70 km, with 
typical peak amplitude recovery of 70%–80% 
for VP and 60%–70% for VS (Fig. DR1 in the 
GSA Data Repository1). VP resolution is slightly 
better than VS resolution in the Pacifi c North-
west as a result of 150 additional short-period 
stations (Fig. 1), a greater number of high-
quality teleseismic P arrivals, and shorter wave-
length sampling of teleseismic P arrivals.

Figures 1 and 2 show three distinctive high-
velocity structures beneath the Pacifi c North-
west. A prominent, relatively small and approx-
imately elliptical body is imaged below the 
source area of the Columbia River fl ood basalts 
in northeast Oregon (Fig. DR2). This structure 
may owe its creation to basalt depletion or 
lithospheric delamination (Hales et al., 2005). 
A second high-velocity feature is the slab-
like structure beneath the Cascade Arc, which 
must be the steeply dipping subducted Juan de 
Fuca slab. The subject of this paper is the high-
velocity curtain extending vertically from the 
base of North America lithosphere to depths 
of ~230 km beneath eastern Washington and 
450–600 km beneath northern Idaho and west-
ernmost Montana (Figs. 1 and 2). Several recent 
tomography studies using USArray data found a 
large volume of vertically elongated high-veloc-
ity mantle in this region (e.g., Roth et al., 2008; 
Sigloch et al., 2008; Burdick et al., 2009; Tian 
et al., 2009; Xue and Allen, 2010), although not 
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ABSTRACT
Teleseismic tomography images a large high-velocity “curtain” extending vertically beneath 

the ca. 50 Ma Challis magmatic trend to maximum depths of 230–600 km. We interpret this 
structure as subducted Farallon ocean lithosphere that stalled with the ca. 55 Ma accretion of 
the Siletzia microplate to North America within the Columbia Embayment, and we consider 
the regional tectonic implications. The abrupt switch ca. 53 Ma from Laramide thrusting and 
magmatic quiescence to extension and vigorous magmatism in the northwestern United States 
is evidence for foundering of the fl at-subducting Farallon slab. To account for the imaged 
curtain, foundering apparently occurred by rollback after Siletzia accretion terminated sub-
duction within the Columbia Embayment. The magnitude of the high seismic velocity curtain 
is approximately that expected for 20–50 m.y. old ocean lithosphere that stalled in the upper 
mantle ca. 50 Ma. We suggest that the stalled slab became nearly neutrally buoyant as a result 
of removal of its basaltic crust, the melting of which likely contributed to the short-lived vigor 
of Challis magmatism. After Siletzia accretion, normal dip Cascadia subduction initiated west 
of Siletzia, evidenced by arc volcanism in Oregon and Washington beginning ca. 45–40 Ma, 
while continued quiescence of the Sierra Nevada arc suggests persistence of fl at subduction to 
the south. Kinematically, this requires a tear in the subducted Farallon slab near the latitude 
of southern Oregon. We propose that north to south propagation of this torn slab edge propa-
gated the ignimbrite fl are-up across what now is the northern Basin and Range and ended the 
Laramide orogeny.
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Figure 1. A: Regional topography and stations used in our study. Blue indicates stations 
used for P and S data; red indicates short-period stations used only for P data. Backarc 
area underlain by Siletzia is well approximated by low-lying Columbia basin (see Fig. 2). 
B: P-wave velocity variations. C: S-wave velocity variations. 
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