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Premise: Removal of lithospheric mantle or the presence of a fossil slab fragment are contrasting interpretations of magmatic and 

seismic observations in the Sierra Nevada/Central Valley region.

Results:  We use seismicity and harmonic receiver functions to image near-Moho structure. We find deep seismicity in a persistent band 

along the Central Sierra foothills extending to ~50 km depth, suggesting ongoing lithospheric deformation. In the southern Sierra, a 
sub-Moho shear layer of 10-25 km thickness is consistent with westward removal of lithosphere.

Hypotheses for sub-Sierra/Central Valley lithosphere
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1.  Lithospheric drip

Example station WOR (marked on map on right):
RF method to solve for first azimuthal harmonic (Schulte-Pelkum et al., 
2020): Azimuthally binned RFs (#events on right). a) radial, az. average on 
top; b) transverse, c) radial minus average; d) transverse shifted 90° to 
match c; e) c and d combined, first harmonic amplitude is blue/red trace on 
top, radial average in green/yellow for comparison.

Note the highest first azimuthal harmonic peak coinciding with the Moho, 
followed by a sub-Moho arrival with opposite polarity.
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2.  Slab fragment

San Andreas Fault

From Wang et al. (2013):
Stalled slab fragment

Also Dougherty et al. (2020),
Jiang et al. (2018) 

3. Slab + drip

From Bernardino et al. (2019):
Mixture of slab fragment and 
root foundering 

Harmonic receiver function analysis: sub-Sierran mantle shear layer
a b c d e Moho

Top of shear layer
Bottom of shear layer

Stations in the southern Sierra (maps 
on right) show a strong anisotropic 
conversion at the Moho and another 
with opposite polarity sense 10-25 
km below it in the mantle. The 
polarities are consistent with shear 
at the top of the mantle if the 
lithosphere below the shear layer 
were to be removed westward.

The arrival pair is not seen east of 
the Sierra or south of the Garlock 
fault.

V-shaped (dotted lines) seismicity cross sections may indicate a seismogenic crustal welt

Results: Structure of deep seismicity 
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Maps on the left show 
the Moho and 
sub-Moho anisotropic 
contrasts delineating a 
lithospheric mantle 
shear layer. Length is 
first harmonic signal 
amplitude, fill is depth, 
black arrow points to 
positive polarity 
maximum (downdip 
for upper interface, 
updip for lower 
interface), suggesting 
westward shear of the 
mantle relative to the 
crust.

Deep seismicity coincides with Moho welt.

Modified from Zandt et al. (2004) 

Our results suggest lithospheric removal 
to the W rather than SW.

Seismicity > 40 km depth

Stations with sub-Moho 
shear layer

Thickest sub-Moho shear layer

Southern Sierra: Prior removal of 
lithosphere with shear to W?

Central Sierra: Incipient lithospheric 
removal?

From Zandt et al. (2004):
Ongoing foundering of mafic Sierra 
Nevada batholith root to form 
high-velocity Isabella mantle anomaly

Also e.g. Ryan et al. (2020) 

Interpretation

WOR

mailto:verasp@colorado.edu
https://doi.org/10.1130/GES02093.1
https://doi.org/10.1016/j.epsl.2018.02.009
https://doi.org/10.1130/GES02058.1
https://doi.org/10.1029/2020JB019525
http://www.pnas.org/cgi/doi/10.1073/pnas.1214880110
http://www.pnas.org/cgi/doi/10.1073/pnas.1214880110
http://www.pnas.org/cgi/doi/10.1073/pnas.1214880110

