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S1. Cluster Analysis

We use the implementation of the k-means method in Matlab. This clustering method
iteratively groups the dispersion curves into several sets based on the average distance of
a curve to the average of the set. Results depend on the randomly chosen starting
estimate of the cluster centres. We therefore run the algorithm a large number of times
with different starting centroids and chose the solution with the lowest total within-cluster
sum of squared differences as our preferred solution. It also needs to be determined what
the optimum number of groups is. When split into two clusters, we find that the dispersion
curves are separated into those from the Grenville and those from the Superior. Three
clusters lead to a subdivision of the Superior curves into 2 groups. Four groups also split
up the Grenville curves, leading to the clusters shown in Figure 3. Table S1 shows the
average distance of the curves within a group to the group average. More groups result in
average distances to multiple groups that are smaller than the errors on individual
dispersion curves (between .02 and .06 depending on period), hence four is our preferred
number of clusters. Fig. S1 shows silhouette plots [Rousseeuw, 1987] for our preferred set

of clusters (Figure 3).
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Figure S1: Silhouette plot that illustrates to what extent the dispersion curves within each cluster
resemble the cluster mean. Values lie between +1 (excellent correspondence), and -1 (curves
poorly matched to the group), while a value near 0 indicates that the curve may fit just as well in
one of the other clusters. If we look at the groups then we can see that G1 and G2 are clearly
distinct groups with the curves most likely put in the correct group, S1 is mostly the same but with
some poorer fits. S2 is different in that the curves do not all neatly fit to the group average. This
may be more of a rest group that Ideally would be split up further, although that would decrease
the difference between groups to less than the error on the dispersion curves.



GROUP\AV. DISTANCE GROUP S1 GROUP S2 GROUP GROUP
TO GROUP G1 G2
Group S1 0.0210 0.0679 0.1399 0.0943
Group S2 0.0796 0.0327 0.2142 0.2259
Group G1 0.1358 0.1984 0.0169 0.0788
Group G2 0.0888 0.2087 0.0774 0.0155

Table S1: The average distance of the curves within a cluster to the cluster average for each of the
four groups for our optimal four-cluster realisation. This illustrates that for four groups within-cluster
distances are less than the distances between clusters. For more clusters, within and between
distances become similar.
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1.0
1.0
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26.6
33.44
29.48
28.8
252
28.0
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25.46

28.0

Table S2: Crustal parameters, H — crustal thickness, p — density, uc — upper crust, Ic — lower crust,
Ve/Vs used — range of Vp/Vs in upper and lower crust, Vpg/Vs lit. — range of Vp/Vs in literature,
Huc/Hlc — ratio of upper over lower crustal thickness, A. int — integrated heat production assigned
to the crust in thermal modelling. Upper crustal density is 2850 kg/m® for all regions. References:
1: Petrescu et al. [2016], 2: Gilligan et al. [2016], 3: Berry and Fuchs [1973], 4: Winardhi and Mereu
[1997], 5: Musacchio et al. [1997]
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Figure S2: Summary of the results for the Superior subregions S2A, S2B and S2C for a dunite
background composition, in terms of the number of solutions (a-c) and corresponding Moho
heatflux, qu, (d-f) and thermal lithospheric thicknesses, L+, (g-h) as a function of the amount of
water added. Compare to Figure 9, which shows results for a peridotite background composition.
The different colours correspond to different potential temperatures for the asthenosphere (black -
1100°C, blue — 1200°C, red — 1300°C). Compared to a peridotitic background, slightly higher
amounts of alteration are required.
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Figure S3: Lowest-misfit dispersion curves for a dry dunite and dry peridotite composition for all

Grenville regions: G1A (a), and G1B (b), G2A (c), G2B (d) (all for 1300°C mantle adiabats)

illustrating that dry compositions do not give any acceptable fits for the Grenville structures. Red

lines and symbols represent dunite models and black lines and symbols peridotite models. The left

panel in each case shows model dispersion curves compared with the cluster-averaged dispersion

data (black error bars). The right panels show the point misfits of the different models, which at
several periods exceed the acceptable limit of 1.
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Figure S4: Thermal parameters of the solutions for all regions, for the water contents, eclogite
layers and potential temperatures that yield the most solutions. The geotherm parameters

displayed are the Moho heat flux qy vs mantle heat production A, colour-coded according to their
average misfits. The lowest average misfit solutions are indicated by the red dots, but all coloured

solutions are acceptable.
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