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Abstract Precambrian tectonic processes are debated: what was the nature and scale of orogenic events
on the younger, hotter, and more ductile Earth? Northern Hudson Bay records the Paleoproterozoic collision
between the Western Churchill and Superior plates—the �1.8 Ga Trans-Hudson Orogeny (THO)—and is an
ideal locality to study Precambrian tectonic structure. Integrated field, geochronological, and thermobaro-
metric studies suggest that the THO was comparable to the present-day Himalayan-Karakoram-Tibet Oro-
gen (HKTO). However, detailed understanding of the deep crustal architecture of the THO, and how it
compares to that of the evolving HKTO, is lacking. The joint inversion of receiver functions and surface
wave data provides new Moho depth estimates and shear velocity models for the crust and uppermost
mantle of the THO. Most of the Archean crust is relatively thin (�39 km) and structurally simple, with a sharp
Moho; upper-crustal wave speed variations are attributed to postformation events. However, the Quebec-
Baffin segment of the THO has a deeper Moho (�45 km) and a more complex crustal structure. Observa-
tions show some similarity to recent models, computed using the same methods, of the HKTO crust. Based
on Moho character, present-day crustal thickness, and metamorphic grade, we support the view that south-
ern Baffin Island experienced thickening during the THO of a similar magnitude and width to present-day
Tibet. Fast seismic velocities at >10 km below southern Baffin Island may be the result of partial eclogitiza-
tion of the lower crust during the THO, as is currently thought to be happening in Tibet.

1. Introduction

1.1. Overview
The time period in Earth’s history during which modern-style plate tectonic processes took over from the
‘‘vertical’’ plume [e.g., B�edard, 2006] and crustal delamination [e.g., Zegers and van Keken, 2001] processes
that are often associated with the younger, hotter, more ductile Earth, is debated. Interpreting the Precam-
brian geological record in the context of processes occurring at present-day plate boundaries should there-
fore be carried out tentatively. Gathering structural information preserved in the plates deep beneath stable
Precambrian regions (shields) using seismology can play an important role in our endeavours to understand
the early Earth.

The geological record of northern Hudson Bay, Canada, spans >2 Ga of the Precambrian and is thus an ideal
study locale for ancient tectonic processes. The region comprises several Archean cratons that assembled
during a series of Paleoproterozoic collisions [e.g., Hoffman, 1988], culminating in the Trans-Hudson Orog-
eny (THO) �1.8 Ga ago. Since the THO, the region has not experienced any significant tectonic activity.
Much of our understanding of the THO comes from integrated field, geochronological and thermobaro-
metric studies [e.g., St-Onge et al., 2006; Corrigan et al., 2009] and potential field maps [e.g., Eaton and
Darbyshire, 2010]. On the strength of these data, St-Onge et al. [2006] proposed that the THO was an orogen
of similar scale and nature to the present-day Himalayan-Karakoram-Tibet Orogen (HKTO) of Asia. Recent
seismograph network deployments in the northern Hudson Bay region have provided fresh scope to ana-
lyze the THO [see e.g., Bastow et al., 2015, for a review] and resulting studies have provided further support
for earlier claims of similarities between the THO and HKTO [e.g., Thompson et al., 2010; Bastow et al., 2011;
Pawlak et al., 2011]. However, detailed absolute seismic wave speed constraints on the crustal and upper-
most mantle architecture of the THO, and how these compare to the evolving HKTO, are presently lacking.

Using data from broadband seismograph stations across Archean cratons and zones involved in the Paleo-
proterozoic THO, we obtain the shear velocity structure for the Hudson Bay region through the joint
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inversion of receiver function and surface wave data. This uses the same approach that Gilligan et al. [2015]
applied to data from the western Himalayas and Tibet, which allows us to make the first detailed seismolog-
ical comparison of the THO and the HKTO.

1.2. Tectonic Background and Previous Geophysical Studies
The crust of the Rae, Hearne, and Superior cratons (Figure 1) mainly formed during the Archean [e.g., Hoff-
man, 1988], with the oldest rocks found in these regions being up to 3.9 Ga in age [e.g., Hartlaub et al.,
2004, 2005; van Breemen et al., 2007]. The Hudson Bay region also records evidence for the collisions
involved in the formation of Laurentia, including the Trans-Hudson Orogeny (THO) [Hoffman, 1988], the
best-preserved Paleoproterozoic orogenic belt on Earth.

The THO, which occurred 1.83–1.80 Ga ago [Corrigan et al., 2009], was part of a series of collisions between
Archean cratons, microcontinents, and island arc terranes in the early Paleoproterozoic. Earlier collisions
saw the accretion of smaller continental blocks onto the margin of the Rae craton. These include the Hearne
craton during the Snowbird Orogeny 1.91–1.89 Ga ago [Berman et al., 2007], and the Meta Incognita micro-
continent 1.883–1.865 Ga ago [St-Onge et al., 2006]. The Rae and Hearne cratons, the Chesterfield block, and
Meta Incognita together form the Western Churchill Plate [e.g., Hoffman, 1988]. The THO saw the collision
between the Western Churchill and Superior plates leading to the formation of an orogenic belt, the THO,
�3000 km long stretching across cratonic North America [Hoffman, 1988]. The THO has been described as a
double-indentor collision [e.g., Gibb, 1983]. The sinuous leading edge of the Superior plate results in a horse-
shoe shape to the orogen around Hudson Bay, with two promontories, the Quebec Promontory and the
Manitoba Promontory, forming the two indentors (Figure 1).

Geological and geophysical work in the Hudson Bay region over the last decade has greatly increased our
understanding of Precambrian processes [e.g., Darbyshire, 2003; Bastow et al., 2011, 2015; St-Onge et al.,
2006; Corrigan et al., 2009; Snyder et al., 2013, 2015; Pawlak et al., 2011, 2012; Thompson et al., 2010, 2011;
Eaton and Darbyshire, 2010; Darbyshire and Eaton, 2010; Darbyshire et al., 2013; Porritt et al., 2015]. In addi-
tion to addressing the timing of the onset of modern-day plate tectonics [St-Onge et al., 2006; Bastow et al.,
2011], these studies have suggested that the collision between the Western Churchill and Superior plates

Figure 1. Geology of the Hudson Bay region. THO: Trans-Hudson Orogen, FB: Foxe Basin, SI: Southampton Island, CI: Coats Island, MI: Man-
sell Island, STZ: Snowbird Tectonic Zone, CP: Churchill Plate, CB: Cumberland Batholith, UP: Ungava Peninsula, HS: Hudson Strait, ChB:
Chesterfield Block. Cyan and lime green triangles are seismograph station locations; green stations are those mentioned by name in the
text. Inset: the locations of earthquakes used to calculate receiver functions (red stars). The yellow box marks the study area.
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was more complex than a simple two-plate system: the presence of additional blocks, including the Sugluk
block, has been inferred to have been involved in the collision [e.g., Corrigan et al., 2009].

Thompson et al. [2010] calculated P receiver functions for broadband seismograph stations around Hudson
Bay, and used H-j stacking [Zhu and Kanamori, 2000] to estimate bulk crustal Vp/Vs ratio and Moho depth
variation across the region. They obtained Moho depths of between 34 and 43 km and, using their observa-
tions of age-dependent Vp/Vs ratios, concluded that the Hudson Bay region records the evolution of crustal
formation processes from nonplate tectonics in the Paleoarchean to Mesoarchean, to plate tectonics by the
Paleoproterozoic. Snyder et al. [2013, 2015] presented both radial and transverse receiver functions,
migrated through an assumed velocity to depth. Their Moho depths agreed well with those of Thompson
et al. [2010]. They argued, taken with other geophysical observations, including SKS splitting measurements,
that the data show the presence of dipping layers in the upper mantle.

Our study is an advancement of the previous work of Thompson et al. [2010] in two main respects. First, we
obtain a full shear velocity model, allowing for more detailed examination of the seismic structure of the
crust and uppermost mantle than was afforded by their bulk-crustal study, which was inherently limited
through the use of a H-j stacking approach. We present, for the first time, an absolute shear velocity model
for the crust in this region. Second, we use data from a larger number of stations (54 in this study, compared
to 35 in Thompson et al. [2010]), in particular those located in the Superior region.

2. Data and Methods

Our teleseismic data were recorded at 54 broadband seismograph stations (Figure 1) around Hudson Bay
from the POLARIS [Eaton et al., 2005], HuBLE-UK and CNSN networks. We calculated radial P receiver func-
tions using the iterative deconvolution method of Ligorr�ıa and Ammon [1999] with a Gaussian parameter of
1.6, corresponding to a maximum frequency of 0.77 Hz.

We used 3566 high-quality receiver functions, selected from an initial set of 13,559, in our analysis. Quality
control was performed on the receiver functions by comparing the original radial-component seismogram
to the convolution between the vertical-component seismogram and the estimated receiver function. A fit
of at least 70% was required to accept the receiver function for further analysis. Visual inspection of the
remaining receiver functions for a given station removed those that were noisy, oscillatory or anomalous
with respect to other receiver functions from a similar distance and backazimuth. For each station, all
receiver functions were stacked to produce a single station trace with reduced noise. The total number of
individual receiver functions (supporting information Table S1) at each station varied, dependent on how
long the station was deployed. Several stations (e.g., Figure 4) exhibit systematic variations in the receiver
functions with azimuth; we therefore also stacked receiver functions in narrow (<308) azimuthal bins to
allow for further, more detailed investigation.

Receiver functions are sensitive to velocity discontinuities in the crust and mantle (e.g., the Moho) but with
a strong trade-off between depth and Vp/Vs ratio and, consequently, depth and velocity [Ammon et al.,
1990]. Jointly inverting receiver functions with surface wave dispersion data helps to reduce nonuniqueness
because the dispersion data help to constrain absolute shear velocity at a site [€Ozalaybey et al., 1997].

We extracted 1-D fundamental mode Rayleigh wave group velocity dispersion curves from the GDM52
global compilation [Ekstrom, 2011] for each station location for a period range 25–250 s. This is the best
group velocity data set available for this region that includes periods sensitive to both the crust and upper
mantle, and includes data for the locations of all of the stations for which receiver functions are calculated.
More detailed regional surface wave studies [e.g., Darbyshire et al., 2013; Pawlak et al., 2011, 2012] do exist;
however, because of the distribution of seismograph stations, they are focused on Hudson Bay and do not
have coverage to the north. It should be noted that the period range 25–250 s only constrains velocities in
the lower crust and deeper: we are primarily using the surface wave data to ensure that the shear velocity
values are realistic for this region to overcome the Vp/Vs-depth trade-off inherent in receiver function data.

Dispersion curves and radial P receiver function stacks for each station were inverted for shear velocity
structure using joint96 [Herrmann, 2013], an iterative linearized least squares inversion method. We used a
starting model with a constant Vs 5 4.48 km/s (as per the upper mantle velocity in the ak135 model of
Kennett et al., [1995]) and Vp/Vs 5 1.79 to 100 km depth, parameterized into 2 km thick layers, overlying
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ak135 to 200 km depth. This is an approach used by previous studies using this method [e.g., Rai et al.,
2006; Acton et al., 2011; Gilligan et al., 2015].Perturbing the starting model by 60.2 km/s did not alter the
resulting crustal structure, nor did lowering Vp/Vs to match the study of Thompson et al. [2010]. We also
tested a significantly lower starting velocity of Vs 5 3.7 km/s, typical of crustal velocities in this region (sup-
porting information Figure S1). Using this starting model resulted in a velocity structure that was capable of
fitting the receiver function data well, but the surface wave data at longer periods poorly: velocities in the
upper mantle were too low, which could result in an underestimate of the absolute velocity change at the
Moho, and thus different conclusions being made about the character of the Moho. Consequently, we pre-
fer to use a starting model with higher velocities where the final model fits both the receiver function and
surface wave data. Our starting model contains no a priori information about crustal thickness, so all crustal
structure, such as the depth and velocity change at the Moho, is entirely data-driven. Inversions were run
until they converged upon the best fitting mode. This is defined as being when the misfit reduction is less
than 0.005%.

Joint inversions require choices of the relative weights attributed to each data type. In joint96, the relative
weights for the receiver function and surface wave data are given by the p value, where the smaller the
number, the greater the contribution from receiver functions. A p value of 0 means the inversion only
includes receiver function data; a p value of 1 only includes surface wave data. We seek the model that has
the maximum contribution from receiver functions but that maintains a good fit to the surface wave data,
because the receiver functions have the greatest sensitivity to discontinuities such as the Moho. We tested
p values of 0.5, 0.1, 0.05, 0.01, 0.001, and 0, and found that a value of 0.01 results in a good fit to both the
receiver function and surface wave data. This small p value means that surface wave data have a small con-
tribution to the final model in the inversion, and similar models result from inversions with no contributions
from surface wave data. However, the inclusion of surface wave data allows us to directly constrain shear
velocities in the lowermost crust and uppermost mantle. This then allows us to determine which, of a range
of models that fit the receiver function data, best represents the Earth structure in this region, in particular
the most appropriate upper mantle velocities and thus the velocity change at the Moho.

Receiver functions were also calculated for a Gaussian parameter of 2.5 and used in a joint inversion with
surface wave data. Using these higher-frequency receiver functions was found to have no discernable
impact on the results of the joint inversion; therefore, we describe only results where a Gaussian parameter
of 1.6 was used in order to allow direct comparison with the results of Gilligan et al. [2015] from West Tibet.

3. Results

We obtain 1-D profiles of shear velocity versus depth at each station. These 1-D profiles are used to investi-
gate variations in shear velocity throughout the region and to determine Moho depth and character. They
are also combined into 2-D shear velocity cross sections to further investigate differences in crustal architec-
ture between areas around Hudson Bay.

3.1. Shear Wave Velocity Structure
We group the velocity models into seven regions, (i) Rae, (ii) Hearne and Chesterfield, (iii) Northern Hudson
Bay Islands, (iv) Superior, (v) Northeast Baffin Island, (vi) Southern Baffin Island, and (vii) Ungava, based on
geographical location and previously documented lithospheric subdivisions (Figure 2). In the Rae domain,
individual station velocity models are very similar to one another at most depths. In the uppermost crust,
shear velocities are 3.3–3.6 km/s to �7 km depth, then 3.6–3.7 km/s to �30 km depth. Velocities then
increase to �4.5 km/s between 30 and 38 km depth, at the seismological Moho.

The velocity structures obtained for stations in the Hearne and Chesterfield regions are similar and share
many characteristics with the Rae domain (Figure 2). Uppermost crustal velocities, however, with the excep-
tion of station ARVN (Figure 1), are higher in the Hearne and Chesterfield (�3.7 km/s) than in the Rae
(�3.4 km/s). Velocity structures for stations in the Superior craton are also similar to the Rae domain, but
uppermost mantle velocities are higher.

Lower-crustal structure beneath the Northern Hudson Bay Islands is generally uniform between stations,
and similar to that of the Rae and Hearne domains (Figure 2). The upper-crustal velocity structure (<20 km
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depth) is, however, more complex and variable. There is a wider range in velocities between stations (�3.0–
3.6 km/s) than in other regions.

Receiver functions for stations CTSN and CRLN (Figure 3), located in the Northern Hudson Bay Islands
region, show backazimuthal variation. In the case of CTSN, receiver functions from earthquakes with backa-
zimuths to the south west have a large, positive amplitude P-to-S conversion at �4 s, likely from the Moho.
Those from the northwest have two lower amplitude, positive arrivals at 4.5 and 6.5 s, with the largest-
amplitude arrival being a negative phase at �8.5 s (Figure 3). As a result of this difference in receiver func-
tions, velocity models from the joint inversion of stacked receiver functions from these two backazimuthal
ranges are different. Forward modeling (Figure 4) demonstrates that velocity discontinuities in the upper
crust and multiples from these discontinuities can explain the variations observed in the receiver functions.
In the case of the receiver functions for station CTSN, from the NW the positive arrival at 4.5 s arises from
the velocity increase associated with the Moho at �38 km depth. The later positive (6.5 s) and negative
arrivals (8.5 s) result from the multiples from a velocity increase in the upper crust at �18 km depth
(Figure 4). The azimuthal variation in the receiver functions may be due to the difference in the geology
between the north and the south of the island: in the northern part, Precambrian basement rocks are
exposed, while in the south, Phanerozoic sedimentary rocks are found at the surface.

On the northeastern edge of Baffin Island, three of the stations have low velocities in the upper 15 km of
the crust: �3 km/s at the surface, increasing to �3.5 km/s by 15 km depth. For these stations, and station
PINU, velocities increase to �3.5–3.6 km/s by 25 km depth, then to �4.5 km/s by a depth of �35 km, a shal-
lower depth than seen elsewhere.
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Southern Baffin Island exhibits relatively high upper-crustal velocities, increasing to �3.7 km/s at 10 km
depth and to �4.2 km/s at 42 km depth, then to �4.5 km/s at 46 km depth. Seismic crustal structure at sta-
tions on the Ungava peninsula shows a velocity increase from �3.3 km/s in the uppermost crust to �3.7–
3.8 km/s at 5 km depth. There is then a gradual increase in velocity with depth to �4.5 km/s at �49 km
depth. No abrupt change in velocity, representing the seismological Moho, is observed in the models for
the Ungava peninsula.

3.2. Moho Depth and Character
Moho depth (Table 1, supporting information Table S1, and Figure 5) is picked from the 1-D shear velocity
models (Figure 2) at the base of the steepest positive velocity gradient where Vs >4 km/s.

Throughout most of the Rae, Hearne and Chesterfield, Superior, and Northern Hudson Bay Islands, Moho
depths are broadly similar (�34–42 km). On Baffin Island, the crust is thinner (�35 km) in the northeast
than in the south, where the Moho depth reaches �45 km.

Throughout most of the Archean regions, and on NE Baffin Island, the Moho is sharp, with the transition
from crustal (�3.8 km/s) to mantle (�4.5 km/s) velocities occurring over a �2–5 km depth range. Accord-
ingly, Moho P-to-S conversions are impulsive, large-amplitude arrivals in the receiver functions.

The Moho is more diffuse on southern Baffin Island (Figure 6a, Profile A1–A2). In the 1-D velocity profiles
(Figure 2), where the gradient is steepest, there is a smaller velocity change than is seen in other regions:
from �4.2 to 4.5 km/s. The diffuse Moho on southern Baffin Island is also reflected in the P receiver func-
tions, with the P-to-S conversion from the Moho being of lower amplitude.

Crustal thickness on the Ungava peninsula is difficult to determine from the velocity models since the 3.8–
4.5 km/s transition is not abrupt. This is supported by the lower amplitude of the P-to-S conversions likely
from the Moho in the receiver functions at stations. However, the depths at which velocities increase to
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mantle velocities similar to those observed elsewhere in the Hudson Bay region are deeper than seen else-
where in the other six areas (�49 km).

Our Moho depths agree well with those of Thompson et al. [2010] and Darbyshire [2003]. Where we have
used stations not examined in previous studies, there is good consistency between neighboring stations.
We do not find evidence in either the individual receiver functions or the shear velocity modeling for a lay-
ered Moho beneath some stations in the Rae and Chesterfield block as suggested by Snyder et al. [2015]. It
is, however, possible that the frequency content of the receiver functions that we use prevents us from
being able to resolve such layering.

4. Discussion

4.1. Archean Domains
Whether or not there is a large increase in shear velocities over a small depth range (<5 km) at the Moho
can help to provide insight into processes of crustal formation and evolution. In general, the Archean
regions (Rae, Hearne and Chesterfield, Northern Hudson Bay Islands, and Superior) have a relatively flat,
sharp Moho at �38–40 km depth. They have a simple crustal velocity structure: a small, gradual increase in
velocities in the crust followed by a large increase of �0.7 km/s at the Moho. This increase is even larger in
the Superior, where the uppermost mantle is faster than elsewhere.

The similarity of Moho depth and seis-
mic crustal and uppermost mantle
structure across the Archean domains
of northern Hudson Bay, across regions
spanning over a thousand kilometers,
implies that the processes that formed
and subsequently shaped them may
have been similar. Further, our results
for Archean Canada are similar to
those obtained via similar techniques
for Africa and Arabia [e.g., Kgaswane
et al., 2009; Tugume et al., 2013]. This
supports proposals that crustal forma-
tion processes were similar throughout
the Archean [e.g., Tugume et al., 2013].

Elevated lower-crustal temperatures
(>6508C at the Moho; e.g., Flament
et al. [2011]) in the Archean may have
facilitated lower-crustal flow, leading
to relatively uniform Moho depths, and
prevented crustal thickening [e.g., Rey
and Houseman, 2006]. Alternatively,
Thompson et al. [2010] explained their
H-j stacking-derived observations of a
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Figure 5. Moho depth variation around Hudson Bay and surroundings. Moho
depths are picked from the 1D shear velocity models, obtained from the joint
inversion of P receiver functions and surface wave dispersion curves, at the base
of the steepest positive velocity gradient where Vs >4 km/s.

Table 1. Moho Depth and Character for Each of the Regions Shown in Figure 2a

Region Number of Stations Moho Depth Range (km) Average Moho Depth (km) Moho Character

Rae 15 36–42 39 Sharp
Islands 9 34–38 37 Sharp
Hearne and Chesterfield 7 36–42 39 Sharp
Superior 7 38–44 41 Sharp
NE Baffin 4 34–36 35 Sharp
Southern Baffin 7 44–50 45 Diffuse
Ungava 4 44–50 49 Diffuse

aResults for individual stations are shown in supporting information Table S2.
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sharp, flat Moho in the same region through the removal of restite by lower-crustal delamination following
the formation of Tonalite-Trondhjemite-Granodiorite suites during the Archean. Petrological studies also
support this hypothesis. Abbott et al. [2013], for example, suggest that the dense, garnet-rich, Archean lower
crust readily delaminated because the lithospheric mantle was hotter and more ductile. This would produce
a sharp, flat Moho and a more felsic crust. Accordingly, the shear velocities we obtain for the Archean cra-
tons are characteristically felsic (3.6–3.7 km/s) [Christensen, 1996].

Elevated upper-crustal shear velocities in the Hearne domain, compared to the neighboring Rae, correlate
with the presence of Archean greenstone belts (Figure 1). The crustal structure across the Snowbird Tectonic
Zone (Figure 1), where the Rae and Hearne cratons sutured, is otherwise remarkably uniform. Thompson et al.
[2010] found differences in the bulk crustal properties between the Rae and the Hearne, noting higher Vp/Vs
in the Hearne than the Rae, which they suggested may reflect differences in how the crust was formed. Jones
et al. [2002] also noted a difference between these two regions from magnetotelluric, SKS splitting, and
receiver function results. However, we do not observe any notable differences in lower-crustal structure
between the Rae, and Hearne and Chesterfield blocks (supporting information Figure S2). It may be that the
H-j results of Thompson et al. [2010], which only reflect bulk crustal structure, are strongly influenced by the
relatively high velocities (�3.7 km/s) we observe in the uppermost crust of the Hearne and Chesterfield.

The uniform lower-crustal seismic structure throughout these regions suggests that evidence of deforma-
tion during the Snowbird Orogeny [Berman et al., 2007] (e.g., crustal thickening, eclogitization of the lower
crust) is not preserved. This may indicate that deformation did not affect the entirety of the crust, or that
the Moho and lower-crustal velocity structure have been ‘‘reset’’ at some point since 1.91 Ga ago. The
lower-crustal velocity structure may have potentially been reset due to the delamination of the lower crust
as a result of eclogitization.

Figure 6. (a) Shear velocity cross section along the line A1–A2 (628N, 838W to 678N, 658W) from the joint inversion of P receiver functions and group velocity dispersion curves. The green
triangles show the locations of stations. Gray regions are where there are gaps in station coverage. (a) Shear velocity cross section along the line C1-C2 (28.28N, 76.78E to 32.78N, 83.28E),
shown in the inset map, modified from Gilligan et al. [2015]. The green triangles show the locations of stations. Gray regions are where there are gaps in station coverage. The lower crust
beneath Tibet, which we consider comparable to the crust beneath southern Baffin Island, is highlighted, other regions are shaded.
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4.2. Trans-Hudson Orogen
The thickened crust and diffuse Moho on southern Baffin Island extends at least as far north as central Baffin
Island to the Foxe Fold Belt (station B2NU). The seismic velocity structure here is distinct from surrounding
regions in the Rae and Northern Hudson Bay Islands, where the crust is thinner and the Moho has a sharper
velocity gradient: at the Moho velocities increase from 3.8 to 4.5 km/s over a smaller depth range than the
change from the 4.2 to 4.5 km/s transition beneath southern Baffin. From geological observations, this area
is known to have to have been deformed during the THO �1.8 Ga ago [e.g., Corrigan et al., 2001; St-Onge
et al., 2007], and has not experienced any orogenic activity since. The crustal thickening and diffuse Moho
we observe are therefore likely to have resulted from processes occurring during the Trans-Hudson Orogen.

The seismic velocity structure and thinner crust beneath the Northern Hudson Bay Islands is very similar to
that seen in the Rae, Hearne and Chesterfield, and Superior. This suggests that the crust here either did not
experience deformation of the same style as on Southern Baffin Island during the THO, despite records of
P-T conditions of 6.4–7.7 kbar and 630–7908C, 1.84–1.81 Ga ago on Southampton Island [Berman et al.,
2011], or that the Moho has been reset at some point since the THO. The Moho may have been reset due to
delamination following eclogitization of the lower crust, although Corrigan et al. [2009] suggest that the
THO in the northern Hudson Bay region lacks the structural characteristics associated with orogenic
collapse.

This difference in styles of deformation may be a result of differences in lithospheric thickness. Intriguingly,
the thickest lithosphere (�280 km) beneath the Hudson Bay region is found beneath the Northern Hudson
Bay Islands, thinning to �180km beneath the Hudson Strait [Darbyshire et al., 2013]. Darbyshire et al. [2013]
attributed the thinner lithosphere to Paleozoic extension. Alternatively, it may be that the relative difference
in lithospheric thickness we observe today (thick beneath the islands, thinner beneath southern Baffin
Island) is a long-lived feature and that thicker pre-THO lithosphere prevented deformation in these regions,
and focused deformation on the southern Baffin Island region.

Shear velocity structures beneath the Ungava peninsula are unique within our study area: the crust-mantle
transition is extremely gradational, with an increase from Vs �3.8 to �4.5 km/s occurring over a depth
range of �30 km, and the crust is thicker than elsewhere. All stations in the Ungava region, including those
near the northern edge of the Superior craton, lie on crust that field geological studies infer to have been
involved in the Trans-Hudson and New Quebec orogenies [e.g., St-Onge et al., 2006, 2000, Figure 1], as
opposed to ‘‘typical’’ Superior craton crust.

The presence of Phanerozoic cover on Coats, Mansell, and the southern part of Southampton Island likely
explains the lower upper-crustal velocities we observe there (Figure 2); lower-crustal velocities are compara-
tively uniform. Previous geological studies [e.g., Corrigan et al. 2009] have suggested the presence of a litho-
spheric block, the so-called Sugluk block, between the Rae and the Superior cratons, with a boundary
between Southampton Island and Coats Island. A study of mantle seismic anisotropy by Bastow et al. [2011]
found evidence for short length-scale variations in lithospheric structural fabrics across the same region. In
contrast, our study of isotropic crustal shear velocity and Moho character yields no evidence in support for
such a tectonic subdivision. Instead, a simple, two-block system can adequately explain the Quebec-Baffin
segment of the THO.

4.3. A Comparison With Present-Day Tibet
The extent of thickened crust and diffuse Moho on southern Baffin Island implies a �650 km wide zone of
deformation. This is a comparable spatial scale to the present-day Tibetan plateau, which ranges from 400
to 1000 km wide from west to east. Gilligan et al. [2015] used joint inversion of receiver functions and sur-
face wave dispersion data to investigate crustal shear velocity structure of the western Himalayas and Tibet,
providing an opportunity to compare the architecture of the modern-day HKTO and Paleoproterozoic THO.

Where we observe the thickest crust today correlates with the maximum pressure-temperature conditions
on southern Baffin Island found by St-Onge et al. [2007]. They describe medium-pressure (6.3–9.8 kbar) and
high-temperature metamorphism which, taking the average density for the crust in southern Baffin Island
from the joint inversion results (�2950 kg/m3), corresponds to depths of �22–34 km. Density in the inver-
sion is automatically calculated from the Vp/Vs ratio in the starting model of the joint inversion [Herrmann,
2013]. Using a lower, but plausible, density estimate only change the depth estimates by of tens of meters,
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significantly lower than our depth resolution. Given the �45 km thick crust beneath present-day southern
Baffin Island and that the rocks now at the surface were once at 22–34 km depth, this suggests that crustal
thickness during the THO would have been �67–79 km, similar to that beneath present-day Tibet [65–
85 km: e.g., Gilligan et al., 2015; Bao et al., 2015; Acton et al., 2011; N�ab�elek et al., 2009; Schulte-Pelkum et al.,
2005; Kind et al., 2002]. These observations support the hypothesis that southern Baffin Island was an area
of thickened crust, likely resulting in uplift and formation of a plateau similar to that in present-day Tibet.

The pressure-temperature conditions of the rocks at the surface on southern Baffin Island indicate that the
upper crust has been removed since the THO. In Tibet today the upper to midcrust shows a number of fea-
tures that may be important to the interpretation of tectonic processes that are occurring. This includes a
midcrustal low-velocity zone at �20–40 km depth [e.g., Gilligan et al., 2015; Bao et al., 2015; Caldwell et al.,
2009; Rapine et al., 2003]. We would not necessarily expect to see such features in southern Baffin today
because this material has been removed. As such, we focus on comparing the crustal structure of southern
Baffin with that of the lower crust in Tibet.

The Moho in both regions is diffuse: beneath southern Baffin Island, the increase from 3.8 to 4.5 km/s occurs
over a �24 km depth range, while in western Tibet the increase occurs over a �20 km depth range [Gilligan
et al., 2015]. Further, lower-crustal shear velocities in western Tibet are similar to those observed throughout
most of the crust on southern Baffin Island (Figure 4, >3.7 km/s). Eclogitization increases density and seis-
mic velocity and will result in a diffuse crust-mantle transition. Zhang et al. [2014] argue that there is a
20 km thick, partially eclogitized layer at the base of the crust in West Tibet. Analogously, partial eclogitiza-
tion may be responsible for the elevated velocities and diffuse Moho we observe in the crust beneath
southern Baffin Island (Figure 2).

Eclogitized lower crust might be expected to have delaminated during orogenic collapse [e.g., Nelson,
1992], but the THO in the northern Hudson Bay region lacks the structural characteristics associated with
orogenic collapse [Corrigan et al., 2009]. A partially eclogitized root may plausibly be preserved beneath
southern Baffin Island. The preservation of a dense root over such an extended time period may indicate
that only limited eclogitization occurred beneath southern Baffin Island, potentially due to low water con-
tent [Leech, 2001]. The sharp Moho we observe beneath the Northern Hudson Bay Islands may indicate that
no partial eclogitization occurred in this region, potentially due to a lack of water. Subduction would deliver
water into the upper mantle [e.g., Garth and Rietbrock, 2014]. The lack of observed partial eclogitization may
imply that there was little subduction of the Superior plate beneath the islands, which would fit with there
being a greater distance between the edge of the Superior plate and the northern Hudson Bay Islands than
between the Superior plate and southern Baffin Island.

In the better-studied southwest portion of the THO it is suggested that in Manitoba and Saskatchewan the
orogen did experience collapse [e.g., Baird et al., 1996,; Schneider et al., 2007], while in the US it did not [e.g.,
Baird et al., 1996]. The along-strike variability of the THO as observed today may result from the variations in
the composition of the leading edge of the Superior plate. Along-strike variations in crustal and lithospheric
seismic structure have been observed in Tibet [e.g., Nunn et al., 2014; Agius and Lebedev, 2013], and it may
be that the HKTO will experience a similarly variable fate along-strike as the THO.

5. Conclusions

Through the joint inversion of receiver function and surface wave data, we have constrained the Moho char-
acter and depth, and, for the first time, crustal and uppermost mantle shear velocity structure for northern-
most Hudson Bay, which includes a section of the �1.8 Ga Trans-Hudson Orogen. Archean domains are
structurally simple, with a �39 km thick crust and sharp Moho. We find no direct evidence for lithospheric
blocks (e.g., the Sugluk Block) caught up between the Churchill and Superior plates, nor do we find any evi-
dence preserved of crustal thickening, of the scale we observe in modern-day orogens such as the HKTO,
related to pre-THO collisions such as the Rae-Hearne. However, the crust is thicker and the Moho more dif-
fuse beneath a region extending more than 650 km north from the Ungava Peninsula. These observations,
when compared to velocity models derived for present-day Tibet, support the view that the THO was an
orogen of similar scale to that observed in present-day Tibet. Further, it is likely that a partially eclogitized
lower-crustal root, like that observed in Tibet today, has been preserved beneath southern Baffin Island
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since the THO. Our results support previous geological and geophysical analyses that suggest that modern-
style plate tectonics was in operation by Paleoproterozoic times.
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