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(a) Uncorrected and (b)Corrected Waveforms, (c) Particle Motion, 
(d) Comparison of Methods, (e) Energy Maps, and (f) Final Stack 
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The Blanco Transform

 Lithospheric deformation.  
Strong agreement near the trans-
form with relative plate motion.  
Comparison of rupture locations 
and isotherms (pictured below) 
constrain the lithosphere to <22 
km but smallest dt values (dt=0.6 
s) require >50 km thick layer for 
4% anisotropy.

The Juan de Fuca Plate Interior 
    
Fast-axis orientations broadly follow APM.   
Splits ~40˚ from ridge perpendicular.
Observations are systematically o�set CW from APM.

Mendocino Triple Junction and  Gorda
 
Gorda interior and nearby Paci�c have coherent 
 orientations N109˚E. 
Signi�cantly di�erent from JdF APM. 
Observations �t JdF/Paci�c relative motion best.
<25 km from the MTJ displays large local variance.
   

Data & Quality

Analyzed SKS phases.
111 OBS and 5 TA stations.  
OBS recorded average of 4 usable measurements. 
Only 14 stations recording a single measurement.  
Backazimuthal distribution of events (pictured bottom right).  
Year 2 data recorded several exceptionally clear events. 

  

Quality control
  
Check that SC gives hyperbolic shape and   
 RC appears reasonable.  
Discard dt values below 0.5 s (unrealistic at   
 low frequencies) or above 3 s            
 (possible cycle skipping).  
EV and SC are compared.

Stacking  

Stacking procedure of Wolfe & Silver [5].  
Lowers error estimate and remove false    
 measurements.  

Veri�cation from land sites  

We use this method on 5 land stations. 
Verify that reliable splits can be made at   
 these frequencies.  
TA stations show excellent agreement with   
 previous studies.

The Cascadia Initiative dataset includes several tectonic regions: up-
welling beneath the Juan de Fuca (JdF) and Gorda ridges, the young 
and evolving oceanic lithosphere-asthenosphere system of the plate 
interior, the Blanco transform, Mendocino triple junction, and the Cas-
cadia subduction zone.  Models of upper mantle �ow are speci�c to 
tectonic environments and, since we are data limited, our single layer 
analysis will only record �rst order e�ects.  We choose to analyze our 
dataset in zoned subsets (pictured below).    

The Juan de Fuca plate interior

 Frozen anisotropy in the lithosphere from corner �ow at the JdF ridge.  Alignment 
with the spreading direction is not observe.  Splitting times ~1s require a layer too thick to be 
constrained by the young lithosphere. Possible to explain appernt splitting with two layers.

 Strain induced by JdF APM.  There is broad agreement between fast-axis orientation and 
APM.  Previous OBS studies have found similar observations (Paci�c/Nazca [6] and New Zealand 
[7].  However, observations are systematically o�set CW from plate motion.   
   

The Mendocino triple junction and southern Gorda

 Toroidal �ow.  One popular model to describe asthenospheric �ow near MTJ is to-
roidal �ow around the slab edge  due to rollback [8] & [9].  We reject this model based 
on the spacial pattern of splits and the absence of trench parallel orientations.

 Ambient mantle �ow.  Ambient �ow is W-E.  Deep secondary �ow may contribute 
to skew in the plate interior.

 Strain induced by APM.  Measurements in the southern Gorda do not correlate 
with APM.  Further, the coherent signal is not con�ned to the Gorda plate. 

The Blanco Transform 
 
<20 km from the transform orientations parallel relative   
 motion.
Amay from the transform, orientations rotate towards the  
 respective APM direction. 

The Cascadia Subduction Zone

North CSZ trench perpendicular. 
Rotation towards trench parallel in northern Oregon.
South CSZ returns trench perpendicular. 
Onshore dominantly trench perpendicular.

 Lithospheric signal due to corner �ow or crustal deformation.  Anisotropy aligned with 
the spreading direction are consistent with our results.  However, dt =1.2 s and 4% anisotropy re-
quires a 140 km layer, which is much larger than can be expected from corner �ow.  Faulting due to 
deformation is all NE-SW trending.

 Broad shear zone due to Paci�c/JdF relative motion  (pictured bottom left).  Fast-axis 
orientations correlate well with Paci�c/JdF relative motion.  The Paci�c plate induces a N-S com-
pression in the southern Gorda and facilitates signi�cant deformation.  We suggest that the Gorda 
is a shear zone that accommodates strain induced by relative motion.  The upper mantle undergoes 
reorganization in conjunction with crustal deformation in this di�use plate boundary.

[1]  Nedimović, Mladen R., et al. "Faulting and hydration of the Juan de Fuca plate system." Earth and Planetary Science Letters 284.1 (2009): 94-102.
[2] Wüstefeld, Andreas, et al. "SplitLab: A shear-wave splitting environment in Matlab." Computers & Geosciences 34.5 (2008): 515-528.
[3] Restivo, Andrea, and George Hel�rich. "Teleseismic shear wave splitting measurements in noisyenvironments." Geophysical Journal International 137.3 (1999): 821-830.
[4] Vecsey, Luděk, Jaroslava Plomerová, and Vladislav Babuška. "Shear-wave splitting measurements—problems and solutions." Tectonophysics 462.1 (2008): 178-196.
[5] Wolfe, Cecily J., and Paul G. Silver. "Seismic anisotropy of oceanic upper mantle: Shear wave splitting methodologies and observations." Journal of Geophysical Research: Solid Earth (1978–2012) 
103.B1 (1998): 749-771.
[6] Wolfe, Cecily J., and Sean C. Solomon. "Shear-wave splitting and implications for mantle �ow beneath the MELT region of the East Paci�c Rise." Science 280.5367 (1998): 1230-1232.
[7] Zietlow, Daniel W., et al. "Upper mantle seismic anisotropy at a strike‐slip boundary: South Island, New Zealand." Journal of Geophysical Research: Solid Earth 119.2 (2014): 1020-1040.
[8] Zandt, G., and E. Humphreys. "Toroidal mantle �ow through the western US slab window." Geology 36.4 (2008): 295-298.
[9] Eakin, Caroline M., et al. "Seismic anisotropy beneath Cascadia and the Mendocino triple junction: Interaction of the subducting slab with mantle �ow." Earth and Planetary Science Letters 297.3 
(2010): 627-632.
[10] Furlong, Kevin P., et al. "The Mendocino crustal conveyor: making and breaking the California crust." International Geology Review 45.9 (2003): 767-779.
[11] Liu, Kaijian, et al. "Asthenospheric �ow and lithospheric evolution near the Mendocino Triple Junction." Earth and Planetary Science Letters 323 (2012): 60-71.
[12] Hammond, J. O. S., et al. "Interpreting spatial variations in anisotropy: insights into the Main Ethiopian Rift from SKS waveform modelling." Geophysical Journal International 181.3 (2010): 1701-1712.
[13] Braunmiller, Jochen, and John Nábělek. "Segmentation of the Blanco Transform Fault Zone from earthquake analysis: Complex tectonics of an oceanic transform fault." Journal of Geophysical 
Research: Solid Earth (1978–2012) 113.B7 (2008).

Method for OBS

We used SplitLab [2] to measure splitting  
 parameters.  
Due to high noise traditional methods    
 must be evaluated and modi�ed.  

Filtering

Filter set at 0.03-0.1 Hz initially.  
Filter is varied between 0.02-0.15 Hz. 
Check for stability and allow as much high  
 frequency data in as possible [3].  

Validity of 3 splitting methods
  
The Silver & Chan (SC), Rotation 
 Correlation (RC), and Eigenvalue (EV)  
 all react di�erently to high noise.  
RC has been found to perform poorly in  
 low SNR conditions [4].  
Only report SC method but still use RC   
 and EV for quality control.

 Entrained mantle �ow  (right).  
Agreement with APM suggest upper 
mantle entrainment beneath the 
plate and into the subduction zone.  
CW rotation of measurements sug-
gests secondary processes such as a 
lithospheric contribution or a deep 
secondary �ow.  A rotated secondary 
�ow may be consistent with recent 
plate motion changes and observa-
tions of skew at the Endeavour seg-
ment.  

 Asthenosperic deforma-
tion.  Strong agreement with 
relative plate motion.  Rapid 
changes in orientation are resolv-
able for anisotropic structure ex-
tending near the surface [13].  Re-
quires a low viscosity mantle for 
such restricted �ow.
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Numerical �ow modeling and consideration of �nite frequency e�ects will help con-
strain models.


