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Figure 4. Stacked shear wave splitting parameters from the stations in this study (purple bars) and from Darbyshire et al. (2015) (cyan bars). Red bars are null
measurements. APM: absolute plate motion from the HS3-Nuvel-1A model of Gripp & Gordon (2002) in the hotspot reference frame (black arrow) and the
NNR-MORVEL (no-net-rotation) model of DeMets et al. (2010) (green arrow). Inset map shows the location of earthquakes used, red stars are events where
null measurements were obtained and purple stars are events where split measurements were obtained.

topography. They argue in this region that the primary contribution
to anisotropy is from the lithosphere. In the region closest to our
study region, directly to the west and south, their results are more
complex. Averaged over a relatively large area, the average ¢ di-
rection is 77°, however there is significant variation over relatively
short distances, which they also argue suggests a lithospheric com-
ponent to the observed anisotropy. In neither of these two regions
do they observe a consistent alignment to APM.

Role of plate motion and mantle flow

Splitting measurements from southern New Brunswick and south-
ern Newfoundland show some agreement with the APM direc-
tion from the HS3-NUVEL 1A (hotspot) model (Gripp & Gordon
2002), however there is no consistent correlation with APM di-
rection across the whole region. Similarly, while the fast direction
observed in southern Nova Scotia and in the Bay of Fundy parallels
the NNR-MORVEL (no-net-rotation) model (DeMets et al. 2010)
there is again no consistent correlation throughout the Maritimes.
Furthermore, the North American Plate is moving relatively slowly
(17-22 mm yr~'), slower than the ~40 mm yr~! that Debayle &
Ricard (2013) suggest is the necessary plate velocity for basal drag
fabrics to develop based on their global comparison of APM and
anisotropic fast directions. Anisotropy resulting from APM is, there-
fore, unlikely to be the dominant cause of the observed anisotropy.

Darbyshire et al. (2015) compare splitting parameters to mantle
flow predictions of Forte ez al. (2015). In the model that best simu-

lates the lithospheric thickness in Appalachian Canada, radial flow
dominates over horizontal flow. This would result in null measure-
ments for the majority of seismic stations in this region: this clearly
is not the case for most stations. Taking into account our estimates
of anisotropic layer thickness and the lack of correlation of APM di-
rections and mantle flow models, a fossil lithospheric hypothesis for
Canadian Appalachian mantle anisotropy seems most appropriate.

Backazimuthal coverage of our splitting measurements is limited
to a relatively narrow range (Figs S1-S4). Studies with better back-
azimuthal representation are usually associated with stations that
operated for much longer than the 1-3 yr to which we have access
(e.g. Levin ef al. 2000). Although our interpretations are necessar-
ily limited to a single homogenous, horizontal layer of anisotropy,
we cannot preclude the possibility of dipping or multiple layers of
anisotropy, including an asthenospheric component (e.g. Silver &
Savage 1994; Levin et al. 2000).

Relationship with tectonic structures

Fast polarisation directions in the Canadian Appalachians are mostly
parallel or subparallel to geological trends from the Palaeozoic Ap-
palachian orogenies (Fig. 1). Variations, such as between those in
southern New Brunswick and those in Nova Scotia, and between
Prince Edward Island, New Brunswick and Newfoundland follow
variations in the strike of the boundaries between the different
tectonic zones. Agreement between Appalachian trends and fast
directions has also been documented elsewhere in the orogen by
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Long et al. (2015) and in earlier work by Barruol et al. (1997). Fur-
ther, previous SKS splitting studies from other old orogenic belts,
such as the Caledonian trends in the UK and Ireland (e.g. Helffrich
1995; Bastow et al. 2007) have also noted that olivine CPO tends to
parallel the strike of these belts. Much of the anisotropy we observe
is thus related to Appalachian tectonic deformation. Splitting delay
times of 8¢ > 1 s point towards plate-scale deformation, coherent in
the crust and lithospheric mantle.

The NW-SE fast direction at station MANY in the Bay of Fundy
is at a high angle to the trend of Appalachian structures. The Bay
of Fundy underwent rifting in a NW-SE direction during the Mid-
Triassic to Early Jurassic (e.g. Withjack er al. 1995); extensional
deformation may thus have overprinted older Appalachian trends.
In magma-rich rifts, fast directions are typically rift-parallel (e.g.
Kendall et al. 2006), but in magma-poor rifts such as the Rhine
Graben (Vinnik ef al. 1992) and the Baikal rift (Gao et al. 1997),
they tend to be rift-perpendicular. This is due to the lattice-preferred
orientation of lithospheric mantle olivine crystals induced by plate
stretching (Nicolas & Christensen 1987). Withjack e al. (1995)
suggest the Fundy Basin experienced compression in a NW-SE
direction from the Early Jurassic to Early Cretaceous. Unlike the
earlier rifting, this does not seem to have influenced the lithospheric
mantle.

The fast direction for MANY is slightly oblique (~25°) to the
Bay of Fundy palaeo opening direction. Obliquity between the strike
of normal fault networks and opening directions is not uncommon
during the development of continental breakup, however. For ex-
ample, Corti (2008) observes a ~20° obliquity in the tectonically
active Ethiopian rift. Our observations are thus consistent with the
hypothesis that, in the Bay of Fundy, Mesozoic plate-scale exten-
sional tectonics overprinted older Appalachian fossil lithospheric
anisotropic fabrics.

The fast direction at ALLY on the Atlantic coast of southern
Nova Scotia is similar to MANY, but ~30° different to HAL, also
located on Nova Scotia’s Atlantic coast. The observations at ALLY
may, like MANY, be the result of Mesozoic rifting. Although we
cannot constrain them, along-axis variations in the strength of the
continental lithosphere may explain our observations: weaker litho-
sphere to the south where the Bay of Fundy formed; stronger litho-
sphere to the north. Offshore-rifted margin structure lends some
support to this hypothesis: seaward dipping reflector sequences are
prevalent along the margin in the south, but missing further north-
east (Keen & Potter 1995). Funck et al. (2004) argue that the Nova
Scotian margin becomes increasingly non-volcanic to the north-
east, also implying a change in extensional processes along strike.
Regardless of the governing factor, we conclude that Mesozoic ex-
tensional deformation of the lithosphere in the Canadian Maritimes
was plate scale but localised in nature.

CONCLUSIONS

SKS splitting measurements are made at 19 broad-band seismic
stations in the Canadian Appalachians. Improved station numbers
and density compared to previous studies in this region means we
are better able to constrain spatial and temporal variations in litho-
spheric deformation. The length scale of variations (~100 km),
average 8¢ of 1.2 s and the lack of correlation with APM direc-
tions and asthenospheric flow models suggests that frozen-in litho-
spheric fabrics dominate the anisotropy in the region. There is good
agreement between the fast polarisation directions at most stations
and surface geological trends related to the Appalachian orogenies.
Palacozoic accretionary collisions thus likely deformed the crust
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and the mantle lithosphere coherently. Later Mesozoic rifting had
minimal impact on the Canadian Appalachians outside of the Bay
of Fundy and southern Nova Scotia. In these areas, fast directions
do not follow Appalachian trends, but are subparallel to the direc-
tion of rifting in the Mesozoic. This suggests that Mesozoic rifting
affected the entire lithosphere beneath the Bay of Fundy, not just
the crust, but its influence was confined to this relatively small area.
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SUPPORTING INFORMATION

Additional Supporting Information may be found in the online ver-
sion of this paper:

Figures S1-S4. The backazimuthal dependence of ¢ and §¢ across
the network as recorded in Table S1 (split measurements, purple
squares) for stations with more than one pair of splitting parame-
ters. Solid vertical lines show the backazimuths of earthquakes that
yielded null measurements (Table S2).

Figure S5. Individual shear wave splitting parameters for stations in
the Canadian Appalachians. Purple headed arrows are high-quality
split measurements (Table S1), red crosses are null measurements
(Table S2). APM: absolute plate motion from the HS3-Nuvel-1A
model of Gripp & Gordon (2002) in the hotspot reference frame
(black arrow) and the NNR-MORVEL (no-net-rotation) model of
DeMets et al. (2010) (green arrow). Inset map: earthquake locations;
red stars: earthquakes for which null measurements were obtained
and purple stars: earthquakes for which splitting parameters were
obtained successfully.

Table S1. Split measurements.

Table S2. Null measurements.
(http://gji.oxfordjournals.org/lookup/suppl/doi: 10.1093/gji/
ggw207/-/DC1).
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