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Origin of the RUA: Thermal anomaly?

Crustal seismic velocities are mostly controlled by composition rather than temperature, unless partial melting occurs. For instance, regions underlain by high seismic velocities are associated with rigid, highly consolidated massifs consisting of igneous or metamorphosed rocks, while low seismic velocities are interpreted as meta-sedimentary packages or magmatic systems characterized by high temperatures and/or melt content (El Khrepy et al .,2021). Partial melting would require high Moho temperatures (≥ 900 °C) expressed as high surface heat flow measurements (e.g., ≥ 140mW/m2 in southern Tibet; Francheteau et al., 1984). The few heat flow measurements that sample the edge of the low seismic velocity region in northern Yukon range from 45 to 55 mW/m2 (Figure S23; Majorowicz, 1996), which rules out partial melting and high crustal temperatures as the origin of the low seismic velocity.
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Figure S1: P-wave and S-wave travel time data sets used as input to the tomographic inversion
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Figure S2: (Top) 30-km depth slice through the P-wave model for 4 different grid orientations (from top left to bottom right ; 0°, 22°, 45°, 67°) used in the LOTOS inversion procedure. (Bottom) Average 30-km depth slice through the P-wave. Yellow triangles and black squares represent seismic stations and nodes. 
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Figure S3: P and S RMS travel time residuals of the 3‐D velocity models at each iteration. The vertical black line indicates the chosen iteration.
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Figure S4: P-wave ray path coverage at different depth intervals. Yellow triangles represent seismic stations. Red squares represent grid nodes.
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Figure S5: P-wave ray path coverage at different depth intervals. Yellow triangles represent seismic stations. Red squares represent grid nodes.
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Figure S6: Hit count maps normalized to the maximum value of the ray density for the crustal and mantle regions of the P-wave model. Green triangles and blue squares represent seismic stations and nodes, respectively.
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Figure S7: P-wave checkerboard test. (Top) Map showing the distribution of input (left) and output (right) 70-km-scale synthetic anomalies at 20 km depth. Also shown are the UU’ and VV’ transect locations. (Bottom) Transects through input (left) and output (right) checkerboard model with corresponding topography profiles. Yellow triangles represent seismic stations plotted within +/- 20 km from transect.
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Figure S8: S-wave checkerboard test. (Top) Format is the same as Figure S7.
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Figure S9: VP/VS checkerboard test. Format is the same as Figure S7.
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Figure S10: P-wave checkerboard test. (Top) Map showing the distribution of input (left) and output (right) 50-km-scale synthetic anomalies at 20 km depth. Also shown are the UU’ and VV’ transect locations. (Bottom) Transects through input (left) and output (right) checkerboard model with corresponding topography profiles. Yellow triangles represent seismic stations plotted within +/- 20 km from transect.
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Figure S11: S-wave checkerboard test. Format is the same as Figure S10.
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Figure S12: VP/VS checkerboard test. Format is the same as Figure S10.
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Figure S13: Structural P-wave model. (Left and middle columns) Input and output velocity model along transect AA’ and BB’. (Right column) Ray path coverage along transects AA’ and BB’. Topography profiles are plotted on top of each panel. Green triangles are seismic stations within +/- 20 km from transect.
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Figure S14: Structural P-wave models along transect AA’ designed to test three different geometries of the RUA (top, vertical low-velocity anomaly; middle, northeast-dipping low-velocity anomaly; bottom, southwest-dipping low-velocity anomaly). Input (left column) and output (right) P-wave models along transect AA’ are shown with topography profiles. Yellow triangles are seismic stations within +/- 20 km from transect.
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Figure S15: Structural P-wave models along transect CC’ designed to test three different geometries of the RUA (top, vertical low-velocity anomaly; middle, northeast-dipping low-velocity anomaly; bottom, southwest-dipping low-velocity anomaly). Input (left column) and output (right) P-wave models along transect CC’ are shown with topography profiles. Yellow triangles are seismic stations within +/- 50 km from transect.
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Figure S16: Odd/even test. Top and bottom rows are reconstruction results for independent data subsets with odd and even numbers of events, respectively. Green Triangles represent seismic stations.
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Figure S17: Event locations presented in map view (left) and cross sections (right) through the P-wave checkerboard test presented in Figure S7 after one (top) and five (bottom) iteration(s). In the synthetic dataset, the initial locations of sources are presumed to be unknown and are fixed in the central point of the study area (longitude -140°, latitude 69°, and depth 0). We use the same initial 1-D model (Table S1) and the same inversion procedure as the one for the real-data inversion (described in section 2). Red dots are the resulting locations; bars are the mean errors with respect to the true locations. Transect locations are indicated in the map (left).
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Figure S18: Absolute P-wave velocities for depths of 5, 10, 20, 30 and 40 km. Black dots represent relocated events and yellow triangles are the seismic stations used in this study.
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Figure S19: Absolute S-wave velocities for depths of 5, 10, 20, 30 and 40 km. Black dots represent relocated events and yellow triangles are the seismic stations used in this study.
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Figure S20: Vp/Vs ratio for depths of 5, 10, 20, 30 and 40 km. Black dots represent relocated events and yellow triangles are the seismic stations used in this study.
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Figure S21: Transects through the P-wave and S-wave velocity models (see Figure 3 for transect locations) and corresponding topography profile. Yellow triangles and black dots represent seismic stations and relocated events within 50 km of the transect. Black dashed line shows Moho depth estimates along transect from Estève et al., (2021).










[image: ]
Figure S22: (A) Average P-wave velocities and standard deviations at 600 MPa (20 km depth equivalent) and 300°C (assuming average heat flow) for major rock types. Data from Christensen and Mooney (1995). Red line shows the range of VP characterizing the RUA beneath the Beaufort Sea continental margin of northern Yukon. Blue line shows the range of VP on both ends of the RUA. (B) VP versus VS diagram showing fields of various crustal and upper mantle rocks. Velocities normalized to 20 km depth. Dashed lines are Poisson’s ratio ({0.5*{1-1/[(Vp/Vs)²-1]}) from Rudnick and Fountain (1995). Red and blue lines show VP and VS of the RUA and of regions located on its both ends, respectively. Modified from Condie (2022). (C) 20-km depth slice through the absolute P-wave model showing the locations of the seismic velocities characterizing the RUA (red) and high-velocity regions (blue) considered in figures S22A and S22B (see Discussion section).

[image: ]Figure S23: Depth slice at 20 km through the P-wave velocity model. Also shown are heat flow measurements from Majorowicz (1996).
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Figure S24: (Left) Map showing the final event locations scaled by their magnitude and transect locations. Tectonic structures are the same as in Figure 1. Earthquake focal mechanisms are from Lentas et al., (2019). Yellow triangles show seismic stations around the Richardson Mountains. (Right) Transects showing event locations after 1st and last iterations as red and black circles scaled by their magnitude, respectively.













	Table S1. Reference 1D velocity distribution of the P and S wave velocities used to calculate the main tomography model 

	Depth, km
	Vp, km/s
	Vs, km/s

	-5
	5.70
	3.20

	10
	6.1
	3.64

	30
	7.3
	4.383

	60
	8.022
	4.668

	100
	8.15
	4.762
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