Large Lithospheric Seismic Velocity Variations Across the Northern Canadian Cordillera Imaged
by Ambient Noise Tomography.
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Global-scale seismic velocity models of the Northern Canadian Cordillera show high velocities to
the east of the Cordilleran deformation front and low velocities to the west. This velocity
contrast is consistent with other geophysical observables, such as regional seismological
studies, that indicate a weak and thin lithosphere to the west that transitions quickly to a
strong and thick craton-like lithosphere at the deformation front. We present new results
using data collected by the Mackenzie Mountains EarthScope Project, which included an ~875
km-long line of 40 broadband seismographs across the Cordillera and into the craton extending
from roughly Skagway, Alaska to Great Bear Lake, Northwest Territories. The 3-year overlap of
this deployment with other broadband seismic stations in the region, most notably the
EarthScope Transportable Array and the Yukon Northwest Seismic Network, allows for detailed
3-D Rayleigh wave ambient noise imaging of the upper lithosphere. Results show large
velocity variations west of the deformation front. Notably, we image a 5% Vs low that extends
from the upper crust to the asthenospheric mantle. This plume-like structure, and associated
weakening, may be a primary cause for the ongoing uplift of the Mackenzie Mountains at their
unusually eastward location. We also image a low velocity feature in the lower crust extending
to the west of the deformation front, which may facilitate eastward crustal translation along a
large-scale (~800 km) decollement system driven by the Yakutat indentor consistent with the
orogenic float hypothesis of Mazzotti and Hyndman (2002). We also note strong lithosphere-
scale lateral heterogeneity suggesting that 3-D effects are important in focusing deformation in
the Mackenzie Mountain area.
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a-f) S-wave velocity under the Mackenzie Mountains and surroundings.



