Azimuthal anisotropy of Hudson Bay

Crustal anisotropy beneath Hudson Bay from ambient-noise
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ABSTRACT

Hudson Bay overlays complicated tectonic structures for which new insights have
only recently been emerging. Using azimuthal anisotropy (or HTI) results in conjunction
with isotropic group velocity maps, we focus our study on 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 ambient-noise interferometry, are input into
tomographic inversion for azimuthally anisotropic group-velocity maps, which reveal
structural fabric in the crust.

This work marks the first study where solely ambient seismic noise data have been
considered in azimuthal anisotropy work. As such, extensive parameter and resolution
testing is done to assess model feasibility. Results show mid-crustal anisotropy patterns
correlating well with regional geology, with a profound change along the suture between
the Churchill and Superior plates that collided ca. 1.8 Ga during the final stages of
assembly of Laurentia: the Trans Hudson Orogen. The lower crust/upper mantle results,
however, show a significant transition in anisotropic fast direction and a more
complicated anisotropic fabric, also with a profound change along the suture zone. The
data are also compared with regional crustal magnetics and show a significant similarity
at periods sampling the mid-crust, but not the lower crust.

INTRODUCTION

Hudson Bay is a shallow inland sea that overlies the Paleozoic Hudson Bay basin, an
intracratonic basin with stratigraphic record similar to the hydrocarbon-rich Williston,
Illinois and Michigan basins. The Precambrian basement underlying the Hudson Bay
basin was assembled by continental collisions culminating with the ca. 1.8 Ga Trans-
Hudson Orogen (THO; Eaton and Darbyshire 2010). Whether or not the THO and earlier
collisional events are preserved as fossil fabrics beneath the Bay remains unclear.
Loading by the Laurentide ice-sheet, and subsequent on-going glacial rebound may also
manifest as measurable seismic anisotropic fabrics beneath the Bay. To address these
issues, we investigate crustal anisotropy and seismic-velocity structure using ambient-
noise tomography (or seismic interferometry), using 21 months of continuous data
acquired at 37 broadband seismograph stations located around the periphery of Hudson
Bay (FIG 1a). This study builds on earlier work (Pawlak et al. 2011) in which the
isotropic seismic structure of the crust and upper mantle beneath Hudson Bay was
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imaged using the method of Bensen et al. (2007). Although ambient-noise tomography
has been widely used in recent years (e.g., Shapiro et al. 2005; Curtis et al., 2006; Yao et
al., 2006; Yang et al. 2007; Moschetti et al. 2007; Lin et al. 2007, 2010), our study is one
of the first to incorporate seismic anisotropy into the analysis.
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FIG 1. (a) Map of Hudson Bay showing all HuBLE stations used in this study. (b) Tectonic map of Hudson
Bay. Solid black lines are approximate locations of tectonic boundaries and the dashed black line represents
the suture zone. Abbreviations are as follows: THO, Trans-Hudson orogen; FB, Foxe basin; HSG, Hudson
Strait graben; HBB, Hudson Bay basin; NA, Nastapoka Arc; MRB, Moose River basin (after Eaton and
Darbyshire 2010).

Our investigation uses continuous recordings of ground motion from broadband
seismograph stations deployed as part of the Hudson Bay Lithospheric Experiment
(HuBLE), an international initiative with the broad aim of elucidating the lithospheric
architecture beneath the Bay. To date, HuBLE data have been used to study various
features and depth ranges, including receiver-function analysis of crustal structure
(Thompson et al 2010) and mantle transition zone thickness (Thompson et al 2011),
isotropic ambient-noise tomography to investigate basin structure (Pawlak et al., 2011),
SKS-splitting investigation of upper-mantle anisotropy (Bastow et al. 2011) and surface-
wave studies of the lithospheric keel (Darbyshire and Eaton 2010).

After providing an overview of the isotropic ambient-noise tomography method, we
introduce an anisotropic tomography method that has been previously applied for the
inversion of teleseismic surface wave measurements and for array tomography using
earthquake signals (Lebedev and van der Hilst 2008; Deschamps et al., 2008; Darbyshire
and Lebedev, 2009). Following this, we present the results of anisotropic tomography
together with a detailed analysis of parameter selection for the inversion process. Finally,
we interpret the inferred anisotropic fabric by comparing our results with stress data,
plate-motion directions and regional total-field magnetic anomaly data. Our results
indicate that distinct mid-crustal anisotropic fabrics are juxtaposed across a lithospheric
suture within the THO.
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DATA AND PROCESSING METHODS

The data used for the present study were recorded with a sampling rate of 40 Hz over
21 months, from September 2006 to May 2008. Initial data-processing procedures follow
the method of Bensen et al. (2007). First, the continuous vertical-component recordings
were cut into individual one-day records and resampled to 1Hz. Next, daily trends, means
and instrument-response functions were removed. Earthquake signals and instrument
irregularities that could obstruct the signals of interest were suppressed using a one-bit
time-normalization procedure. Finally, spectral whitening and bandpass filtering between
0.005 Hz and 0.3 Hz (200 s to 3.33 s period) were applied. Initial data-processing
procedures are detailed further by Pawlak et al. (2011).
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FIG 2. Stacked cross-correlations versus interstation distance for 591 two-station paths (left). Both positive
and negative lags are shown. Examples of four 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.

After completion of initial processing, correlograms were computed for all possible
station pairs using available daily records. For each station pair, stacking of the daily
cross-correlated signals yields a band-limited estimate of the inter-station Green’s
function (Bensen et al. 2007) containing both causal and acausal components (FIG 2).
For the vertical-component data in this study, emergent signals are dominated by
fundamental-mode Rayleigh waves with periods of ~10-30 s that originate at coastal
areas around North America (Pawlak et al., 2011). Based on visual inspection of the
stacked correlograms (FIG 2), of 666 available station pairs, 591 were found to be usable.
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FIG 2 shows a representative example of a stacked correlogram showing both causal
and acausal components of the Green’s function. This example exhibits a pronounced
asymmetry in which one half of the Green’s function is characterized by a conspicuously
higher signal-to-noise ratio (SNR) than the other half. This asymmetry originates from an
inferred non-uniform distribution of coastal source locations (Pawlak et al., 2011). Since
this asymmetry characterizes most of our data, instead of the typical approach (e.g.
Bensen et al., 2007) of averaging both sides to obtain a one-sided empirical Green’s
function (EGF), here we select for further processing the side of the correlogram having
higher SNR (Pawlak et al. 2011).
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FIG 3. Example time-frequency plot and dispersion analysis. The color scale shows the amplitude
envelope, normalized for each period value. The solid white line represents the group-velocity dispersion
curve used as input for the inversion procedure. The dashed white line shows an approximate boundary
between periods at which group-velocities are sensitive primarily to the crust (left of the line) and primarily
to the mantle (right of the line).

The EGFs derived in this fashion were then used for estimating group velocities based
on time-frequency analysis (FIG 3). In our implementation of this procedure, the time-
frequency plot is constructed for a given central frequency by applying a narrow-band
filter to the EGF and then computing the amplitude envelope (Pawlak et al., 2011). Group
velocity is obtained as a function of period by tracking the maximum amplitude such that
a continuous dispersion curve is obtained. The shape of the dispersion curve is strongly
influenced by the thickness of the crust and shows a clear transition from low velocity in
the crust to high velocity in the underlying mantle (FIG 3). The group-velocity estimates
are used as the basis for tomographic inversions that solve for period-specific models of
the fundamental-mode Rayleigh-wave group velocity and azimuthal anisotropy beneath
Hudson Bay.
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FIG 4. (a) Path density diagram. (b) Map showing model-grid (red circles) and integration-grid (black
circles) knots.

INVERSION

We use a tomographic inversion scheme that has already been used—and tested
extensively—in analysis of interstation phase-velocity measurements made with
teleseismic surface waves (Deschamps et al., 2008; Darbyshire and Lebedev, 2009;
Endrun at el. 2011). We remark that, within the usable bandwidth of the data (generally
~10-35 s period for most EGFs in our dataset), the raypath coverage afforded by ambient-
noise measurements (FIG 4a) is well suited to anisotropic analysis because it contains
nearly the full range of two-station azimuths possible for any given station distribution.
The first step is to subtract the mean value of group velocity from all measurements, at
each period. For the ith station pair, this yields a residual inter-station average group
velocity, oU;(w) = AU;(w), where AU, is the measurement uncertainty (estimated here to
be 0.1 km/s). Working at Earth’s surface within a spherical co-ordinate system defined by
0, ¢ (FIG 4b), oU;(w) can be expressed in terms of the group-velocity model
perturbations 6U(m, 0, ¢) as

| | Ki(0.9) sU(0,0.9) dp d0=5Uy(@) (1)
0 ¢

where o is angular frequency and K; defines a sensitivity function for the ith station pair.
Following Darbyshire and Lebedev (2009), the sensitivity function is defined here by
rays along inter-station great-circle paths. To account for the effects of weak Rayleigh-

wave anisotropy, the group-velocity perturbations 0U(®,0,¢) are parameterized using 5
unknowns (Smith and Dahlen, 1973):

oU(w) = 0U,5, (@) + A1 (@) cos(2Y) + A, sin(2'¥) + A3 (w)cos(4'¥) + 44 (w)sin(4Y) )

where dUj, is the isotropic group-velocity perturbation and ¥ denotes the wave-
propagation azimuth with respect to geographic north. Terms that depend on 2¥ and 4¥
in equation (2) account for azimuthal variations of group velocity that exhibit a
periodicity of w and n/2 radians, respectively.
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FIG 5. A selection of data taken from an area of dense path coverage at 20 s period. Solid black line
represents the L1 norm best fit for 2W variations; the dashed black line is the L1 norm best fit for 4¥
variation. The red line is theLL1 best fit to the data, and the sum of the 2¥ and 4V variations.

At this stage, we consider a number of simple scenarios to illustrate how 2¥ and 4%V
symmetry might relate to fracture systems and/or alignment of intrinsically anisotropic
minerals in the continental crust. In evaluating these scenarios, we invoke Neumann’s
principle (Winterstein 1990) to relate the symmetry properties of the medium to the
corresponding symmetry of wave propagation in the medium. For example, a single set
of vertical cracks or sheet-like intrusions (dykes) in an otherwise isotropic medium would
give rise to an azimuthally anisotropic system that exhibits 2'¥ symmetry for horizontally
propagating Rayleigh waves. Crampin (1987) has proposed a more general crustal model,
referred to as extensive dilatancy anisotropy, in which pore spaces deform in response to
the ambient stress field in a manner that would exhibit the same symmetry behavior as
this crack model. Similarly, a 90° periodicity in Rayleigh-wave group velocity implied
by the 4¥ symmetry can be produced by several geologic scenarios. For example, two
sets of mutually perpendicular vertical cracks would yield an orthorhombic anisotropic
system (Winterstein 1992) with 4% symmetry. A second possibility is a single set of
vertical cracks within a transversely isotropic medium, such as crustal rocks with a strong
crystallographic preferred orientation as described above.

Given the possible geologic scenarios commonly seen in the crust, our dataset was
analyzed to demonstrate whether there are 2¥ and/or 4V variations. A selection of data
taken from an area of dense path coverage at the 20s period is shown in FIG 5. An L1
norm was used to find a best fit to our data points. The solid black line represents the L1
norm best fit for 2¥ variations and the dashed black line in is the L1 norm best fit for 4¥
variation. The red line is L1 best fit to the data, and the sum of the 2¥ and 4¥ variations.
This dataset shows a clear dominance of the 2V signal; therefore from this point forward
we will be using the 2% anisotropy results for our interpretations.

The 5 model parameters in equation (2) are computed on a coarse (200 km) triangular
model grid (FIG 4b), where the knot-point locations are determined using the method of
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Wang and Dahlen (1995). Anisotropy is illustrated using vectors centered at knot points
and oriented in the fast-propagation directions, which naturally exhibit the basic =«
periodicity. The integration used to construct the Equation 1 is performed using a dense
(40 km), integration grid of knot points. For every integration knot, a hexagonal region
centered on the knot point is considered, whose vertices are made up of the six nearest
points. The integration weight is first calculated at each of the integration-grid knot points
located within one inter-knot distance from the interstation great-circle path and is
proportional to the area of the hexagon around it. The weights K for the model parameters
at model grid knots are then computed as integrals over the neighboring integration-grid
knots (Lebedev and van der Hilst, 2008).

At each of the 6 selected periods (10, 15, 20, 25, 30, 35 s), a sparse system of linear
equations was constructed using Equations 1 and 2 for all available paths. The resulting
system was then solved iteratively using LSQR (Paige and Saunders 1982), with
smoothing and gradient damping. Model smoothing is based on the difference between
the anomaly at a grid knot and the average over anomalies at this and all neighboring
knots. Gradient damping is another type of regularization that penalizes the difference
between anomalies at each pair of neighboring knot points. The smoothing and damping
parameters are assigned independently for dU;, and the 4 anisotropic parameters, and
their selection plays a critical role in the inversion.
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FIG 6. Trade-off curves for isotropic and anisotropic variations for various parameter choices. Data results
are shown for parameter choices indicated with the colored stars.

REGULARIZATION PARAMETERS

In this section we test smoothing and damping for both isotropic and anisotropic
model parameters. The aim of these tests is to evaluate the significance of parameter
coupling (“leakage”) in which heterogeneity and anisotropy may trade off with each other
in the solution. We begin by examining the effects of smoothing and damping parameters
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to explore their influence on the inversion results. These parameters are analyzed by
examining the trade-off between model variance and roughness, as shown in FIG 6. The
model roughness is the difference between an anomaly at a given grid knot and all
nearest-neighbors. FIG 6 shows trade-offs, one for the isotropic velocity and one for the
2Y¥ anisotropy, for 20s period. These results are similar for other periods. The black line
represents the case in which all parameters are equal and serves solely as a guide for the
trend in the curve.

The overall shape of the curve is used as an indication of the behavior of the
parameters and provides us with a range of parameter choices. It is desirable to minimize
both variance and model roughness simultaneously, since minimizing the variance results
in a better fit to the data while minimizing the roughness will reduce artifacts in the result
(Schwarzbach et al. 2005). Generally the ‘knee’, or the bend that minimizes both the
variance and the roughness of the trade-off curve, is thought to indicate the best range of
parameters and produce the best results for the data (e.g. Moorkamp et al. 2007).

The solutions for a selection of parameters, falling in the general ‘knee’ zone on both
trade-off curves, are shown as stars in FIG 6. The corresponding inversion results are
shown below the graphs. Using the Hudson Bay dataset, the parameter values considered
fall near the ‘knee’ zone on both trade-off curves. The isotropic velocity patterns are
consistent through all four parameter choices, and are consistent with results found by
Pawlak et al. (2011). Anisotropic results generally show the same pattern in all four
images. We do see that the red, blue and green star models contain anisotropy directions
that form a vortex pattern south of the Bay. This is most likely an artefact due to the
parameter choice resulting in higher anisotropic roughness. This artefact does not appear
in the yellow star model and thus we choose these parameters as the ‘best’. This set of
regularization parameters will be used from this point forward.

FIG 7. Results for checkerboard resolution tests, a) isotropic checkerboard model, b) isotropic
checkerboard reconstruction results for 20s period, c) isotropic checkerboard reconstruction results for 30s
periods. Isotropic velocities are well resolved, but with some anisotropy ‘leaking’ through, for example in
the northeast corner.
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RESOLUTION TESTING

In order to test the robustness of the isotropic and anisotropic results, two resolution
tests were performed. First, a purely isotropic “checkerboard” model was created (FIG
7a), consisting of alternating high-velocity and low-velocity regions. By forward
modeling and inversion of the resulting synthetic group velocities, the checkerboard
model was reconstructed using the same approach that was used to invert the
observations. FIG 7 b and ¢ shows these results for 20 s and 30 s periods, respectively.
An important element of this test is ‘leakage’ of the 2¥ anisotropy into the model. As
mentioned above, the model was purely isotropic, yet the results exhibit spurious
anisotropy directions as well. Although the anisotropy is small, it does contain possible
artifacts in regions of low path coverage. This can be seen, for example in the northeast
corner of both the 20s and 30s maps, where there are northwest-southeast trending
anisotropy directions.

To examine the robustness of the models and any possible artificial anisotropy in our
results, we performed a second resolution test. This test consists of a model created using
isotropic velocities found in our results and anisotropic directions rotated 90 degrees
(from a southwest-northeast direction to a northwest-southeast direction). The input
patterns were recovered accurately at both 20 s and 30 s periods (FIG 8).
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FIG 8. Inversion of anisotropy resolution reconstruction results for 20 s and 30 s periods. The model used
for the inversion is the results (shown in figure §) with the anisotropic fast direction rotated by 90 degrees.
This tests for artefacts in the anisotropic patterns due to the unevenness of the path coverage.

RESULTS

Results of the inversion using our preferred parameters are shown in FIG 9. As a
rough guideline, the period value in s can be viewed as a proxy for approximate depth of
sensitivity in km (Lin et al 2007). Thus, results for 20 s period is representative of mid-
crustal velocity structure, whereas results for 30 s is representative of the lower crust. Red
denotes lower isotropic velocities and blue denote higher isotropic velocities with respect
to the regional average for the given period. Through most of the crust there is a
relatively low velocity region within the center of Hudson Bay, as compared with the
higher velocities that form a horseshoe shaped region that coincides with the Archean
Superior craton (FIG 1b). This regional pattern of isotropic velocity variations is
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generally consistent with isotropic tomography results found by Pawlak et al. 2011,
which are based on a different tomographic reconstruction method.

Black bars in FIG 9 show the 2 anisotropy fast directions. A predominant southwest-
northeast fast direction characterizes the mid-crust (10 s — 20 s period maps), defining an
anisotropic fabric that corresponds well with the surface tectonics of the region. Namely,
where we observe the horseshoe-shaped Superior craton (“double indentor”, Gibb 1983)
as defined by relatively fast isotropic velocities, we see the anisotropic fast directions
deviate from the dominant northeast-southwest direction to wrap around in accordance
with the ‘horseshoe’ shaped pattern. This feature is most prominent in the 20 s period
map. At 25 s period there is a significant transition in anisotropic fast direction to an
almost north-south pattern. This pattern persists for longer periods (30 s period), although
it is locally rotated (approximately 90 degrees) in the central region in the vicinitiy of the
Nastapoka arc (FIG 1b).
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FIG 9. Inversion results for periods 20 s and 30 s. Through most of the crust there is a low relative velocity
region within the center of Hudson Bay, as compared with the higher velocities that form a horseshoe
shaped region that coincides with the Archean Superior craton (Figure 1b). Anisotropic fast directions are
predominantly southwest-northeast in the mid-crust (20 s). There is a significant transition in the lower
crust (30 s). Throughout the crust there is a difference in anisotropic fabric on either side of the inferred
THO suture zone (FIG1Db).

DISSCUSION

Crustal anisotropy studies have previously used shear-wave splitting and/or surface-
wave tomography methods. As noted above, various explanations for observed crustal
anisotropy have been suggested. Proposed models for anisotropy include alignment of
microcracks (Crampin et al. 1984; Kaneshima et al. 1988), preferred mineral alignment
(Christensen and Mooney 1995), fossil anisotropy due to the last tectonic event
(Wiistefeld et al. 2010; Bastow et al. 2011), plate motion (Bokelmann and Wiistefeld
2009), stress direction (Crampin 1984) and fabrics defined by geologic structures (Lin et
al. 2011). In this section, we explore some of these models to help us determine the origin
of the anisotropic fabric in our data.

Crustal Stresses
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Seismic anisotropy in the crust could be affected by stress direction as a result of
preferred opening of microcracks (Crampin 1984). Crustal stress can be approximated
from absolute plate motion (APM) directions (Wu 1996) but the direction of plate motion
in the study area varies dramatically depending on the reference frame used (e.g. Bastow
et al. 2011, FIG 1), making continent-scale conclusions difficult to draw. In any case, the
anisotropic fast directions constrained in this study vary over length scales too short to be
explained by the APM hypothesis. If the anisotropic fabric is indeed related to crustal
stress, a more localized mechanism, such as glacial isostatic adjustment, must be a factor
in this area (Steffen et al., 2011).

Stress-field directions have changed in the last 9000 years due to glacial rebound
stress following the last ice age (Wu 1996). However, the principal horizontal stresses at
9 ka and at the present projected from rebound stress including tectonic and overburden
stresses, are very similar in the Hudson Bay region (Wu 1997). Within the Bay these
directions are NE-SW, similar to the dominant direction found in both our mid-crustal
(20s period) and lower crustal (30s period) maps.

More recent studies analyzed moment tensor inversion from local earthquakes to infer
the inherent stress field (Steffen et al. 2011). Using data from five earthquakes in
northern Hudson Bay Steffan et al., (2011) show NNE-SSW directed maximum
horizontal stress direction. Although this study is slightly north of our study area, it is
generally consistent with our principal anisotropic fast directions.

The crustal stress directions support the anisotropic fast directions seen in our data, but
have longer wavelength. This alignment with crustal stresses is apparent mainly in the
upper to mid crust. This could mean that the aligned microcracks or single direction
foliation is dominant in the background but a smaller wavelength feature appears near the
centre of the bay at the suture zone. Perhaps the deformation that occurred at the time of
collision is creating these shorter wavelength features.

Magnetic Data

Magnetic data have been used in recent years in relation to seismic anisotropy
(Bokelmann and Wiistefeld 2009; Wiistefeld et al. 2010). Due to the limiting temperature
for ferromagnetic behavior and the depth decay (1/r’), magnetic data is well suited for
studies of the uppermost lithospheric fabrics (Bokelmann and Wiistefeld 2009). Previous
studies found a relation between seismic anisotropy in the mantle from shear wave
splitting results compared with crustal magnetics. This relation is consistent with
vertically coherent deformation, in which the crust and mantle deform as a unit (Silver
and Chan 1988). Since ambient-noise studies are confined to the crust and uppermost
mantle, comparing crustal magnetic features is appropriate.

Magnetic data are available from the Geological Survey of Canada (FIG 10; GSC
2010). This assemblage of aeromagnetic and marine data is presented on a 400 m grid.
Comparing the magnetic data and the 20 s period anisotropic results, there is a very
similar pattern in the center of the Bay, showing a possible effect from the tectonic
boundaries. This indicates that the crust at these depths is likely to have retained an
anisotropic structure that dates back to the time of crustal formation in the Archean. The
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30 s period anisotropy, however, appears to have little correlation to the magnetic data,
suggesting there is little-to-no vertically coherent deformation between the crust and
upper mantle or within the crust as was suggested by Bokelmann and Wustefeld (2009),
or perhaps a disconnect in the lower crust only. This would be similar to the strong depth
dependence of deformation patterns and anisotropy seen in some of the regions
deforming today (e.g., Endrun et al., 2011).

While the anisotropic signature of the brittle shallow crust may have retained an
anisotropic signature since formation in the Archean, the ductile lower crust/upper mantle
anisotropic observations appear more sensitive to major mountain building events such as
the THO, as is observed in the SKS studies of mantle anisotropy. One big similarity
between all the datasets is that there does appear to be a significant change in anisotropic
direction on either side of the suture zone (shown with the red arrows on the magnetic
data, FIG 10). This change suggests a possible frozen anisotropic fabric before the
collision between the Superior Craton and the Churchill Province. This also suggests
little to no deformation since the collision.

-500 0 500 1000 1500

FIG 10. Shaded relied image of regional total-field magnetic anomaly data (left). An enlargement of
Hudson Bay highlights the magnetic response along the suture zone, indicated by the red arrows.

CONCLUSIONS

This study is one of the first to use ambient-noise data has been used to investigate
crustal anisotropy. The inversion method uses smoothing and damping parameters to
regularize the solution; however, due to the significantly increased number of model
parameter relative to the isotropic case, considerable attention has been given to
investigating whether “leakage” occurs between the isotropic and anisotropic parameters
in the inversion. Isotropic velocity patterns found in this study are consistent with results
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found by Pawlak et al. (2011). Based on analysis of the raw data, 4¥ anisotropy appears
to be negligible for the periods of main interest, allowing us to focus on 2% results. This
is consistent with certain forms of anisotropy, such as azimuthal anisotropy in hexagonal
symmetry systems caused by a single set of aligned cracks, or metamorphic fabrics
associated with LPO of certain minerals.

The 20 s result generally follows the regional stress field found in the area from
rebound stress, although there are smaller wavelength features in the anisotropy data than
in the known crustal stress distributions. The smaller wavelength features align well with
magnetic fabric and show a change across an inferred suture zone that runs through the
centre of the Bay. This may suggest that the background of this region is dominated by
aligned cracks or single direction foliation in both the Superior and Churchill domains
but that the deformation due to collision at the suture zone is dominating the centre of the
Bay.

In the 30 s result, representative of the lower crust, we observe a significant change in
anisotropic pattern. Although some studies have shown vertically coherent deformation
between the mid-crust and upper mantle; our observations suggest independent
deformation in the lower crust, possibly due to channel flow, after the original
deformation. This idea would support a ‘jelly sandwich’ rheologic model in the Hudson
Bay region. We also see a significant difference in anisotropy on either side of the suture
at all periods, suggesting that the deformation recorded by anisotropy within the crust of
the Superior Craton is likely to be pre-collisional.
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