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. . . i FIGURE 13 (Left): Alaskan
S 1) Temporary seismograph networks greatly improve resolving power of absolute P-wave tomography in Canada & Alaska. toctonics. Plato_boundaries:
magenta ines, ab2.

contours: blue lines (Hayes et
al., 2018), m_24.0 earthquakes
1971-2021: black dots,
Quaternary volcanism: red
triangles. Subducted Yakutat
terrane: blue outline (after
Eberhart-Phillips et al., 2006).

2) Fast wavespeeds characterize upper mantle beneath eastern & northern Canadian cratons.

3) SW Canada: Sharp wavespeed transition follows RMT. NW: Slow wavespeeds extend eastward of CDF to the Slave craton.

4) Slow wavespeeds underlying kimberlite-rich Slave craton may reflect metasomatic modification caused by ancient subduction. FIGURE 14 (Right): CAP21
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FIGURE 1: (a) North American topography and physiographic provinces. Quaternary volcanism: red triangles. ArP: Arctic Plains, BnR: Basin and Range, BrR: Brooks Range, i crustal model used, only amplitudes vary.
CbP: Columbia Plateau, CDF: Cordilleran Deformation Front, CIP: Colorado Plateau, CP: Coastal Plain, CS: Canadian Shield, GP: Great Plains, IL: Central Interior Lowlands, i iR S _ 69°N 193°E 55°N 218°E
IP: Canadian Interior Plateaus, MM: Mackenzie Mountains, MRM: Middle Rocky Mountains, NRM: Northern Rocky Mountains, OO: Ozark-Ouachita Highlands, RMT: Rocky <0+ — RN K - Slow upper mantle wavespeeds underlie CCD and MM.
Mountian Trench, WC: Western Coastal Pacific Ranges. (b) Simplified Proterozoic geology (adapted after Whitmeyer and Karlstrom, 2007). APP: Appalachian terranes, CCD: - L il Sy 100Km o , , , 0
Canadian Cordillera, GR: Granite-Rhyolite, GRN: Grenville Province, GSLsz: Great Slave Lake Shear Zone, HEA: Hearne Craton, MAZ: Mazatzal, MCR: Mid-Continent Rift, —| | TITH R S . Fast upper mantle wavespeeds underly all kimberlite localites except
RAE: Rae Craton, Rwk. Arch.: Reworked Archean crust, SLC: Slave Craton, SUP: Superior Caton, THO: Trans-Hudson Orogen, WYO: Wyoming Craton, YAV: Yavapai. Plate ~120° —100 80 in N\W Canada. e Y Y e
i . i . . . . . . . ° ° . ° ° . . xQ 00
boundaries: magenta lines. EIGUIIR_E 5 (Abo(\jle Ihef’:j). Scdhematlc of ;jata c.oordlnai’ije transLormatlg?.b(al)dA ppt;nt_ln C?ntrathort: Amberlgcfa (1QO W, 49fN) is m(;)_ved to (O F,O N)_ following the red line. % . Slow wavespeeds beneath SLC support metasomatic modification SOV - SR Ve
« Mapping P-wavespeeds (V.) in the Canadian & Alaskan mantle will further our understanding of its formation and evolution. castlines pre- (dashed) and post-transformation (solid) are shown. Global distribution of earthquakes (b) & stations (c) after coordinate transformation. ° (e.g., Aulbach et al., 2013; Eeken et al., 2018), perhaps above ancient
ppPINg P P FIGURE 6 (Above middle): Distribution of adaptively parameterized grid cells used for CAP21 inversion after coordinate transformation. 20 g., ' d ’ ’ » P P 1000 1000
FIGURE 7 (Right): Checkerboard resolution test (5°) of input wavespeeds structure (a,e) whose amplitudes are either dV_= +2.0% or -2.0%. Output models (b-d, f) are shown < | subduction zones. 490,\,0; 93°F 650N 1829E SZONO;OSOE 679N 189°F
* S-wavespeeds (V) are primarily sensitive to temperature while complimentary V, constraints help reveal compositional on the same color scale. Cross-section location shown in inset map. _, ° . Westward dioping fast d boundary in SW Canada (Fia. 9b.d |
variations. To limit the impact of converging lines of longitude at high latitudes, immediately prior to inversion we employ a coordinate o TR o 0 S0 T Ty o e beloev?/ VI'\\:f\l/er Sllﬁ)r?rl)rc])?tsagol\;\i/s?i\cl)?gl)%?iginocl)anCg%liIInera (Chaer;1ae’ta a(l |92'019’)) N ‘DOUble'SUbd“(Ct'on’ may OC;CW beneath extent of
) , Immediately prior 10 Inversion we employ a coordinale & cgeeinwmime . .. g@@ W% : - Yakutat terrane (Fig. 14b,e: A).
. CHALLENGE: How to extract absolute arrival-time measurements from often-noisy data recorded by temporary transformation to move North America to equatorial latitudes (Fig. 5). Regular grid cell shapes occur across the continent (Fig 6.) - T oy = N + Inconclusive evidence for unexposed Mackenzie craton (Fig. 8) due to | | |
seismograph networks to ensure that regional Canadian & Alaskan datasets are compatible with complementary continental - Combined global, continental and regional data sets are inverted for V_ perturbations w.r.t. ak135 (Kennett et al., 1995) using the ‘fz A ’OZO lack of overlying stations. - Slab flattens in MTZ below W Alaska (Fig. 14d: C).
. . . . . . . . . ~ 7K 6n.
and global datasets provided by global pick databases. glc_>ba|, gdaptlyely p_arameterlzed, linearized, least-squares inversion of Li et. al., (2008). Data are corrected for crustal structure - N i w24 i « Kula slab remnant (e.g., Clennett et al., 2020) imaged at « Slab remnant visible below NW Yukon (Fig. 14c: B),
prior to inversion using NACr14 crustal model (Tesauro et al., 2014). ~1000-1200km depth offshore S Alaska and Yukon (Fig. 11c,d: A). distinct from Alaskan slab (Fuston & Wu, 2020).

e SOLUTION: Utilize the Absolute Arrival-time Recovery Method (Boyce et al., 2017) to extract >180,000 new absolute

arrival-times from land and sea-based seismograph stations across Canada & Alaska. « Recovery of 5° checkerboard anomalies below W & SE Canada significantly improved using temporary network data sets. Anomalies of 2° are resolved in the Alaskan upper mantle. Upper

mantle resolution below NE Canada improves for features at 7.5°-10° length scales.

 We combine new data with the latest USArray P-wave arrival-time data from the contiguous US & Alaska. Using an adaptively M Od el CO m pa riSO ns
parameterized least-squares tomographic inversion, we develop an absolute V,model, focused on Canada & Alaska: CAP21. _
CAP21 Tomographic Model
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r » Global & USArray data insufficient to resolve W & N Canada
CAP21: Upper Mantle - upper mantle, CAP21 data is crucial here.
| cAP21 Tooraphic model - : \ w  Relationship of wavespeeds to CDF is revealed by CAP21 data.
_ _ _ S - i’ « Alaskan slab structural complexities revealed by USArray data.
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% eX|Stmg waveform ‘databases where available €.g., Liddell R o A e D, 3 -' Ay ; FIGURE 15 (Below): Influence of different data sets in CAP21 inversion. Left:
et al,, (2018) & Esteve et al., (2020). L B ) he B/ N\ , y WY <0- Inversion using only global and USArray Transportable Array (TA) data, Middle:
_ _ _ _ _ . ey ) Inversion using only new data processed here (CAP21-Only). Right: Inversion using
» Absolute arrival-times are required to image continental 3 : all data as in previous figures. Top: Recovery of 5° degree checkerboard resolution
scales (Fig_ 3)_ test (Fig. 7) at 200km depth. Middle/Bottom: Output of data inversion from
70 e 200-1200km depth. Note variable velocity scale. CDF: black line.
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FIGURE 2 (Above): Global, continental and regional seismograph network data sets. Eight _ . S ::.- il l £ _0_5‘%
regional seismic networks are processed separately and include both land and ocean-bottom ~ ° E Ca_nada’ residuals early almost ubiquitously below the —1.5 M’; _ | - 0
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C ~ o — 20 0 -~ it 100 - P-wave tomographic models PRI-P05 (Montelli et al., 2006), MIT-P08 (Li et al.,
730 . ~ 720 o _ 1 1 O o _1 OO ’90 /80 CAP21: Lower Mantle 2008), LLNL-G3Dv3 (Simmons et-al., 2012), DETOX-P2 (Ho.sselnl et al., 20?9)..
i e —— 0\ Ao & * Pattern of wavespeeds in US upper mantle is broadly similar, 10
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