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            Abstract
Cratons are Earthâ€™s ancient continental land masses that remain stable for billions of years. The mantle roots of cratons are renowned as being long-lived, stable features of Earthâ€™s continents, but there is also evidence of their disruption in the recent1,2,3,4,5,6 and more distant7,8,9 past. Despite periods of lithospheric thinning during the Proterozoic and Phanerozoic eons, the lithosphere beneath many cratons seems to always â€˜healâ€™, returning to a thickness of 150 to 200 kilometres10,11,12; similar lithospheric thicknesses are thought to have existed since Archaean times3,13,14,15. Although numerous studies have focused on the mechanism for lithospheric destruction2,5,13,16,17,18,19, the mechanisms that recratonize the lithosphere beneath cratons and thus sustain them are not well understood. Here we study kimberlite-borne mantle xenoliths and seismology across a transect of the cratonic lithosphere of Arctic Canada, which includes a region affected by the Mackenzie plume event 1.27 billion years ago20. We demonstrate the important role of plume upwelling in the destruction and recratonization of roughly 200-kilometre-thick cratonic lithospheric mantle in the northern portion of the Slave craton. Using numerical modelling, we show how new, buoyant melt residues produced by the Mackenzie plume event are captured in a region of thinned lithosphere between two thick cratonic blocks. Our results identify a process by which cratons heal and return to their original lithospheric thickness after substantial disruption of their roots. This process may be widespread in the history of cratons and may contribute to how cratonic mantle becomes a patchwork of mantle peridotites of different age and origin.
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                    Fig. 1: Geological map and lithospheric thickness of the Slave craton and surrounding areas, and Os model ages of Slave-craton peridotites.


Fig. 2: Whole-rock Yb versus Al2O3 content for Slave peridotites.


Fig. 3: Numerical modelling of plume residues filling a thin spot between thick cratonic lithospheric roots.
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Extended data figures and tables

Extended Data Fig. 1 Characteristics of seismic velocity in the Slave craton and surrounding areas.
a, Map of seismic velocity from SL2013NA12 at 150Â km depth, shown as the percentage variation from the reference velocity of 4.39Â kmÂ sâˆ’1 (colour scale). Because this location is in the middle of the stable cratonic shield, the velocities are dominated by positive perturbations, indicative of the colder and stronger cratonic mantle lithosphere. b, Map of the maximum lateral gradient in seismic velocity from SL2013NA12 at 150Â km depth, shown as the percentage variation in velocity per 100Â km laterally (colour scale). Because this location is in the middle of the stable cratonic shield, the gradients in velocity are lower than at the craton margins or in actively deforming regions. The highest gradients are associated with the northern boundary of the stable cratonic mantle lithosphere north of Victoria Island. A small but non-zero gradient in velocity is observed trending northâ€“northwest from Jerichoâ€“Artemisia through western Victoria Island, largely coincident with the main strike of the Mackenzie dyke swarm. Artemisia lies in a region with shorter-scale lateral variations, which suggests that it could have a slightly more fertile composition (as shown by the slightly lower median whole-rock Mg content of 90.4 versus 91.0; Supplementary Table 1) than other Slave localities. White lines in a and b denote the boundaries of the Archaean and Palaeoproterozoic tectonic domains (as in Fig. 1); kimberlite pipes are indicated as in Fig. 1a (stars).


Extended Data Fig. 2 Box-and-whisker plot of anhydrous whole-rock Al2O3 content of Slave-craton peridotites.
Data are provided in Supplementary Table 1. Global on-craton peridotite data are from the literature22. PM, primitive mantle.
Source data


Extended Data Fig. 3 Palaeogeotherms.
Calculated clinopyroxene thermobarometry pressureâ€“temperature (PT) data from xenoliths and till concentrates of the Slave craton (Supplementary Table 6) are fitted to define a mantle geotherm (solid line, with shading representing the 2Ïƒ error envelope) using the FITPLOT (parameters are shown in Extended Data Table 2) method32. The left panel shows the cases for Diavik (nÂ =Â 65) and Jericho (nÂ =Â 39); the right panel shows those of Parry Peninsula (nÂ =Â 362) and Central Victoria Island (nÂ =Â 196) (data from ref. 27). Despite no fresh pyroxene minerals to allow a pressureâ€“temperature calculation in Artemisia, application of the Ni-in-garnet thermometer (Supplementary Table 5) defines the sampled range of lithospheric mantle depths when extrapolated to the palaeogeotherms from other Slave localities in light of the diamondiferous feature in these kimberlites; therefore, the lithosphere thickness beneath Artemisia may be assumed to be similar to that beneath the nearby Jericho. The diamond and graphite transitions from ref. 70 and ref. 71, respectively, are plotted for reference.
Source data


Extended Data Fig. 4 Chondrite-normalized whole-rock rare-earth element patterns for Slave peridotites.
Data are provided in Supplementary Table 1. All the Slave peridotites show enrichments of light to middle rare-earth elements relative to heavy rare-earth elements. The data for CI chondrites are from ref. 72.
Source data


Extended Data Fig. 5 Whole-rock Yb versus Lu content for Slave peridotites.
Curves show the trajectories of residual mantle after polybaric fractional melting, beginning at 2Â GPa (spinel facies; orange), 3Â GPa (shallow garnet facies; red) and 7Â GPa (deep garnet facies; blue). The partial melting calculations followed those in ref. 39, supplementary material C. Unlike all other reported cratonic peridotites, the very high Lu and Yb (heavy rare-earth element) abundances of Artemisia peridotites clearly indicate initial melting in the presence of high modal garnet, that is, ultradeep plume melting. The previously published data from the North Atlantic, Rae and Kaapvaal cratons39 are plotted for comparison. PM, primitive mantle.
Source data


Extended Data Fig. 6 Modelling with different depletion buoyancy and strengthening at around 400Â Myr.
aâ€“d, Temperature and depletion field at around 400Â Myr for models with different depletion buoyancy and strengthening (a, B1; b, B2; c, B3; d, V1). The depletion field is a combination of the compositional field of the cratonic root and melt depletion. Melt-induced depletion buoyancy of the plume residue has an important role and depends on Î±d: the smaller Î±dÂ is, the more buoyant the plume residueÂ becomes; Î”Î· is the viscosity strengthening factor due to melt depletion. e, f, The composition field of the cratonic root at around 400Â Myr for models R (e) and B3 (f). The sequence shows that, within the parameters of the model, part of the cratonic root can be eroded by plume flow and then become involved in the formation of new lithosphere at the thin spot. Vertical and horizontal axes are in kilometres.


Extended Data Fig. 7 Growth scenarios of cratonic lithosphere when a plume hits.
a, Modelling an example with normal lithosphere at two side boundaries. b, Modelling an example with plume not under the thin spot between two cratons. The parameters for plume residue are Î±dÂ =Â âˆ’0.03%, Î”Î·Â =Â 3 (a) and Î±dÂ = âˆ’0.02%, Î”Î·Â =Â 1 (b). These two examples show that the proposed mechanism can lead to the growth of cratonic lithosphere in more general situations. Vertical and horizontal axes are in kilometres.


Extended Data Fig. 8 Thickness evolution of the thin spot between two cratons as defined by the 1,300â€‰Â°C isotherm.
Without any viscosity strengthening, the lithosphere thickness may grow to approximately 200Â km with high depletion buoyancy in models R and B3. With slight viscosity strengthening, intermediate buoyancy may also fill and stabilize the thin spot to around 200Â km.


Extended Data Fig. 9 Relationship between whole-rock Yb content and 187Os/188Os calculated at the time of kimberlite eruption or TRD eruption.
Data are provided in Supplementary Table 1. PUM, primitive upper mantle.
Source data


Extended Data Table 1 Summary of major Proterozoic large igneous provinces and their impact on cratonsFull size table


Extended Data Table 2 FITPLOT parameters used for constructing palaeogeothermsFull size table





Supplementary information
Peer Review File

Supplementary Video 1
Temperature and viscosity evolution of the mantle hit by a plume. The video shows the evolution of temperature and viscosity field of the mantle through time when a hot plume hits the lithospheric thin-spot between two cratons.


Supplementary Video 2
Temperature and melt depletion evolution of the mantle hit by a plume. The video shows the evolution of temperature and melt depletion field of the mantle through time when a hot plume hits the lithospheric thin-spot between two cratons.


Supplementary Table 1
Whole rock major, trace, and Re-Os data of the peridotite xenoliths from Arctic Canada.


Supplementary Table 2
Whole-rock major element contents (wt%) for reference materials determined using XRF technique.


Supplementary Table 3
Whole-rock trace element contents (ppm) for reference materials.


Supplementary Table 4
Mineral major element contents (wt%) of the Slave peridotites measured in this study.


Supplementary Table 5
Garnet in situ trace element concentrations (ppb) determined by LA-ICP-MS.


Supplementary Table 6
P-T data used for constructing palaeogeotherms.
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