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ABSTRACT!

The Hudson Bay basin is the least studied of the four major 

Phanerozoic intracratonic basins in North America, which include the 
hydrocarbon-rich Williston, Illinois and Michigan basins. Using 
azimuthal anisotropy results in conjunction with isotropic group 
velocity maps from previous work, we can further focus our study on 
determining the formation and regional crustal structure beneath 

Hudson Bay. Twenty-one months of continuous ambient-noise 
recordings have been acquired from 37 broadband seismograph 
stations that encircle Hudson Bay. These stations are part of the 
Hudson Bay Lithospheric Experiment (HuBLE), an international 
project that is currently operating more than 40 broadband 

seismograph stations around the periphery of Hudson Bay. The inter-
station group-velocity dispersion curves found from noise-generated 
seismic-interferometry studies, also know as ambient-noise 
tomography, are input into a tomographic inversion procedure 
producing images of crustal azimuthal anisotropy. This study marks 

the first where ambient seismic-noise data have been considered in 
azimuthal anisotropy work. !

FIG. 1. Map of Hudson Bay 

showing all HuBLE stations 

using in this study. Black 
lines represent 

approximate location of 

tectonic boundaries (after 

Eaton and Darbyshire 

2010). !
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FIG. 3. Tomographic maps for periods 20s and 30s. Isotropic velocities show in 

red (lower velocity) and blue (higher velocity). The upper panels correspond with 

2" anisotropy directions, shown with the black lines. The lower panels show 4" 
anisotropy with black crosses and green lines show inter-station paths for the 

given period. !
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FIG. 4. Checkerboard reconstruction results for 

periods 20s and 30s (upper panel). Anisotropy 

resolution reconstruction results for periods 10s, 20s 
and 30s. To test for artifacts in the anisotropy results, 

the reconstruction results from FIG 4 have been used, 

but the anisotropy results have been rotated by 90 

degrees. !
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PROCESSING METHOD!

RESULTS!
Preliminary results for 20s (left) 

and 30s (right) period are shown in 

FIG. 3. The 20s period is mainly 
sensitive to mid-crustal depths (~ 
10-25 km), while 30s is sensitive to 
the lower crust (~ 20-35 km). We 
see lower velocities within the 

center of Hudson Bay, and higher 
velocities corresponding to the 
Archean Superior craton.!

The 2" anisotropy direction vary 
significantly between the 20s and 

30s periods. The 20s period map is 
predominantly trending in a 
southwest-northeast direction, 
while the 30s period map has an 
almost north-south fabric. Results 

show weak correlation with regional 
tectonics. Note the 4" signal is 
solely being used for testing 
robustness of the isotropic and 2" 
results.!
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CONCLUSIONS!

•#   Results show weak correlation with regional tectonics. !

•#  Our results have been compared with principle crustal 

stress data and plate motion directions (FIG 5). Crustal 
stress data is limited in this region and plate motion 
directions are inconsistent with our results.!

•# Other sources of stress perturbation may be required to 
explain our results, perhaps related to glacial isostatic 

adjustment.!

RESOLUTION TESTING!

Two resolution tests have been 

done, results shown in FIG. 4. The 
first is an isotropic $checkerboard% 
test, which checks for $leakage% 
artifacts in 2" anisotropy and 
isotropic patterns. The second 

test, rotates 2" results by 90 
degrees and is used to check for 
artifacts in 2" anisotropy due to 
path coverage. Results for both 
tests are robust.!

FIG. 5. World Stress Map (modified from Heidback et al. 2008) and plate motion direction 

map of Canada (inset) calculated using MORVEL 2010 (DeMets et al. 2010). Note the 

strong correlation between plate motion direction and axis of maximum compressive stress 
in Western Canada. !
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FIG. 2. (a) Stacked cross-

correlations versus interstation 

distance for 591 two-station 
paths (left). Both positive 

(causal) and negative (acausal) 

lags are shown. Examples of 

five cross-correlations (upper 

right) illustrates asymmetry of 
correlograms with respect to 

signal-to-noise ratio (SNR), 

typical of this dataset. 

Corresponding paths are shown 

in the lower right. (b) Example 
time-frequency plot and 

dispersion analysis. The colour 

scale shows the amplitude 

envelope, normalised for each 

period value. The while line 
represents the group-velocity 

dispersion curve used as input 

for the inversion procedure. !

Ambient-noise processing procedure follows the step described by 
Bensen et al. (2007).!

DATA!

The data consists of three-component measurements of ground 
motion with a sampling rate of 40 samples per second. The dataset 

comprises 21 months of continuous data, starting from September 2006 
and ending May 2008.!

Tomographic inversion procedure follows the approach described by Darbyshire and Lebedev 
(2009). Using polar co-ordinates defined by &, !, the inversion problem is described by:!

1. Single station 

data prep 

•# Remove instrument 

response, mean, trend. 

•# bandpass filter 

•# cut to length of one-

day 

•# temporal 

normalisation 

•# spectral whitening 

2. Cross-

correlation and 

stacking 

•# Cross-correlations 

between all possible 

station pairs (FIG 2a) 

•# Stack to desired 

number of days 

3. Dispersion 

Measurements 

•# Find empirical 

Green’s function (EGF) 

by picking signal 

(causal or acausal) 

with greatest SNR  

•# Filter (EGF) into small 

frequency bands 

•# Track amplitude 

envelope (FIG 2b) 

K
i
(!,",#)$U(!,",#)d#d" = $U

i
(!) ± %U

i
(!)

#

&
"

&

!U(") = !U
iso
(") + A1(")cos(2#) + A2(")sin(2#)+ A3(")cos(4#)+ A4 (")sin(4#)

(a) 
(b) 

where 'U((,&,)) is the group-velocity perturbation at (&,)) and frequency (, 'Ui(() and *Ui(() 
are the measured inter-station group-velocity anomaly and measurement error, respectively. Ki 
defines the sensitivity kernel for the ith station pair. !

For weakly anisotropic media, the Rayleigh velocity can be described as the sum of isotropic 
and anisotropic terms:!

where the $2"% and $4"% terms account for the +- and +/2-periodic variations, respectively, of 
velocity with wave-propagation azimuth ".!

INVERSION!


