














5 HuBLE Publications

A number of publications have resulted from the HuBLE experiment to date. These include:

e An SKS shear wave splitting study of seismic anisotropy (Bastow et al., 2011) published in
Geology showed that modern-day-style plate tectonics was likely operating in the Hudson Bay
region during the Paleoproterozoic. The lobate shape of the Superior-Plate indentor is clearly
preserved as a strong fossil lithospheric fabric (Figure 4). Lithospheric trends as old as Archean
in age are also preserved within the study area. This work confirmed earlier assertions based
on field geology that the Trans Hudson Orogen was similar in scale and nature to the ongoing
Tibetan-Karakorem-Himalayan orogen of Asia (St-Onge et al., 2006).

e A receiver function study of crustal structure (Thompson et al., 2010) was published in Earth and
Planetary Science Letters. This work was a research highlight in the September 2010 volume of
Nature Geoscience. This research indicated that crustal formation of the Canadian Shield likely
evolved from one characterised by a hot ductile regime during the Paleoarchean, to one more
closely resembling modern-day-style plate tectonics by the Paleoproterozoic (Figure 4b).

e A study of ambient noise tomography (Pawlak et al., 2010) in Geophysical Journal International
was essential in gathering information about crustal structure beneath Hudson Bay. This work
showed that ~3 km of crustal thinning likely contributed to the development of the basin. There
was, however, no evidence for eclogitization of a remnant crustal root that might have also
contributed to the Bay’s development.

6 Conclusions and Outlook for HuBLE

To date, we have used data from the HuBLE network to place fundamental new constraints on the
crust and upper-mantle seismic structure of the northern Hudson Bay region. In addition to the afore-
mentioned published manuscripts, we are continuing to work on projects using seismic tomography and
receiver function analysis of the deeper mantle seismic structure of the Bay region. The tomographic
study is enabling us to explore the differences between Archean and Proterozoic mantle (Bastow et al.,
in prep, 2011). The receiver function study (Thompson et al., in review 2011) has enabled us to measure
the thickness of the mantle transition, which in turn will be used to place constraints on the thermal
structure of the mantle beneath the keel.

In collaboration with workers at the University of Calgary we are carrying out analysis of local seismicity
in the northern Hudson Bay region. The causes of this intra-plate seismicity remain poorly constrained,
yet the 1989/12/25 M+6.3 Ungava earthquake stands out as one of the largest historical intra-plate
earthquakes ever recorded, and is unique in the Canadian shield as having produced a surface fault
rupture (Bent, 1994). By computing focal mechanisms for earthquakes in the northern Bay region we
will discriminate between glacial-rebound and long-range tectonic causes for regional seismicity.

The HuBLE seismograph network will continue to operate until late summer 2011, following a two-
year extension of the equipment loan, awarded in 2009. Funding for this work is being provided by
the Canadian Geological Survey and significant financial and logistical support is coming from mining
companies operating in the region (e.g., Baffinland mines, Peregrine). The Canadian Government’s
$100M Geo-mapping for Energy and Minerals Project (GEM) also provides significant cause for op-
timism that our research program in Canada can continue beyond the scope of the original project
proposal.
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Figure 4: Results and conclusions to date. (a) Shear wave splitting results from HuBLE-UK and
neighbouring POLARIS stations in northern Hudson Bay. Inset: backazimuth and distance distribution
of earthquakes used in the study. The concentric circles on the plot indicate 30° intervals from the
centre of the network at -75°E, 63°N. APM, Absolute Plate Motion from the HS3-Nuvel-1A model
(Gripp and Gordon, 2002) in both the hotspot reference frame (red arrow) and the no-net rotation
reference frame (black arrow). After Bastow et al. (2011). (b) Schematic illustrations of proposed
crustal processes occurring during (a) the Paleo- to Mesoarchean (e.g., Rae domain), and (b) the
Paleoproterozoic (THO). Earlier in Earth history, thermally weakened crust was unable to act as
internally rigid blocks or attain significant lateral changes in crustal thickness, leading to a flat Moho.
In the Paleoproterozoic cooler and stronger crust could support tectonic thickening, as is observed

today in regions such as the Himalaya. After Thompson et al. (2010).
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