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Table S1 - Variability within the clusters to inter cluster distance

Cluster/Ave.
distance to C1 C2 C3 C4 C5 Cé6
cluster

C1 0.0513  0.6220  0.2120 03704  0.2796  0.5156
C2 0.6120  0.0373  0.6046  0.3010  0.1294  0.1132
C3 0.1926  0.5991 0.0319  0.1319  0.3307  0.3474
C4 0.3478  0.2923  0.1287  0.0286  0.2015  0.1070
C5 0.2614  0.1252  0.3320  0.2060  0.0331 0.1297
Cé6 0.4849  0.0965  0.3362  0.0990 0.1172  0.0207

Average distance of the points in a cluster to every centroid for our preferred solution with six
clusters. For six clusters, the within-cluster distance is lower than the distance between clusters.
For more clusters, the average distances within and between clusters become similar.
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Figure S1 - Maps showing the k-means solutions for 4 to 8 clusters (labelled C4 through C8) and
silhouette plot for 6 clusters. Each cluster generated by the cluster analysis is represented by one
colour. On map C6, the black dots are the ones that have negative silhouette values and/or are
geographic isolated and therefore were removed from further analysis.



Table S2 - Thermal Parameters

Fixed parameters Value Ref.
.. Al (Hasterok & Chapman, 2011;
ke Crustal thermal conductivity 2.7 Wm™K Michaut et al., 2007)
. Al (Hasterok & Chapman, 2011;
ko, Mantle thermal conductivity 3.0 Wm™K Michaut et al., 2007)
] (Hasterok & Chapman, 2011;
Ave Epper crustal ‘heat produc- o xn 3 Michaut et al., 2007; Rudnick
on & Nyblade, 1999)
) (Hasterok & Chapman, 2011;
A gower crustal ‘heat produc- \ v 3 Michaut et al., 2007; Rudnick
on & Nyblade, 1999)
Lithospheric mantle heat pro- 3 (Hasterok & Chapman, 2011;
Am duction 0.01 pWim Michaut et al., 2007)
Variable parameters Range (increment)  Ref.
i 9 (Lévy & Jaupart, 2011;
Am Moho heat flow 10-35 (1.0) mWm Shapiro et al., 2004)
Tpot  Mantle potential temperature  1100-1300 (50)°C (Herzberg et al., 2007)
Obtained parameters Range Ref.
i o (Lévy & Jaupart, 2011;
s Surface heat flow 31-62 mWm Shapiro et al., 2004)
Lt Thermal lithospheric - thick- 90-360 km (Jaupart & Mareschal, 1999)

ness

Crustal thickness for each group is given in Table S3 - Crustal Parameters



Table S3 - Crustal Parameters

pllC

Plc

Vp—uc

VS—UC

Vp—lc

Groups | H(am) 0y | (eg/m®) | (m/s) | (mfs) | (mys) | Ve (/)
3AmC 36 - 40 2780 2910 6290 3640 6810 3850-4000
3SFC 37 -41 2760 2970 6250 3580 7020 3950-4100
4PcB 38 - 42 2760 2920 6200 3570 6890 3900-4050
4PrB 42 - 46 2730 3000 6160 3520 7090 4000-4150
6PrB(n) 34 - 37 2760 2940 6260 3590 6950 3900-4050
6PrB(w) 39 - 43 2730 2980 6130 3500 7060 4000-4150
6PrB(S) 39 - 43 2750 2930 6110 3500 6920 3900-4050
5PtB 38 - 42 2740 2970 6240 3520 7015 3900-4050
2ChB 38 - 41 2700 2960 6100 3400 6990 3900-4050
2LAC 37 - 41 2760 2910 6230 3600 6800 3950-4000
5RPC 37 -41 2730 2960 6130 3510 7000 3950-4100
3RPC 33 - 37 2700 2980 6030 3470 7070 4000-4150

Crustal parameters used for each group. H is crustal thickness, p is density, uc is upper crust, lc
is lower crust, V, is P-wave velocity, V, is S-wave velocity. The depth of the upper-lower crust
boundary is 2/3 of the crustal thickness. Groups: 3Amec (Amazonian Craton), 3SFC (Sao Francisco
Craton), 4PcB (Parecis Basin), 4PrB (Parana Basin), 6PrB(n) (Parana Basin north), 6PrB(w)
(Parana Basin west), 6PrB(s) (Parana Basin south), 5PtB (Pantanal Basin), 2ChB (Chaco Basin),
2LAC (Luiz Alves Craton), 5RPC (Rio de la Plata Craton), 3RPC (Rio de la Plata Craton) (see

map in Fig. 3). Data from Rivadeneyra-Vera et al. (2019) and CRUST1.0 (Laske et al., 2013)



Table S4 - Compositions considered

Cor(nvft?;‘)t“’“ Si0; TiO; Al;O3 FeO MnO MgO CaO NayO KO0 H;0
0
ARC.IQ 42.90 0.01 0.30 6.50 0.15 49.20 0.10 0.10
(Dunite)
ARCZ.I 44.3 0.17 1.74 8.1 0.12 43.3 1.27 0.12
(lherzolite)
Pyrolite 44.93  0.00 4.37 8.56 38.82  3.19 0.13
MORB 50.6 1.5 15.7 10.6 7.6 11.1 2.6 0.2
ARC9 with
0.215 wt% 42.90 0.01 0.30 6.50 49.20 0.10 0.10 0.215
H20
ARCO with 43.28 00.1 0.90 6.23 48.61  0.10 0.10 0.57 0.22
5wt% phl

References: ARC9 and ARC4 from Griffin et al.
from Hacker (2008).

(2009), Pyrolite from Xu et al. (2008), MORB

Table S5 - Solid-solution models used

Abbreviation Mineral Ref.

Act(M) low-pressure amphibole (Massonne, 2008)

Atg(PN) antigorite (Padron-Navarta et al., 2013)
Chl(HP) chlorite (T. Holland et al., 1998)
Cpx(HP) clinopyroxene (T. Holland & Powelll, 1996)
Ctd(HP) chloritoid (White et al., 2000)

GITrTsPg clinoamphibole S].\,ZG;O(%)ZS)P owell, 2003; White et
Gt(HP) garnet (T. J. Holland & Powell, 1998)
O(HP) olivine (T. J. Holland & Powell, 1998)
Opx(HP) orthopyroxene (T. Holland & Powelll, 1996)
Pl(h) feldspar (Newton et al., 1980)

Sp(JR) spinel (Jamieson & Roeder, 1984)

T talc ideal
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Figure S2 Sensitivity analysis of group Rayleigh-wave dispersion curves, topography, and geoid
height to different mantle potential temperature (first row), layered background composition (sec-
ond row), plhogopite content (third row), and a layer of eclogite at different depths (forth row) .
For each set of tests, the left hand side shows the geotherms (a, g, m, and s), the density (b, h, n,
and t) and the velocity profiles (c, i, 0o, and u). The right hand side shows the effect of the different
thermal and compositional parameters to the group Rayleigh-wave dispersion curves (d, i, p, and
v), topography (e, k, q, and w) and geoid (f, 1, r, and x).



3 Amazonian Craton - 1200 °C - without eclogite
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Figure S3 Set of solutions for group 3 Amazonian Craton (3AmC) for a sublithospheric potential
temperature of 1200°C without an eclogitic layer. All solutions that fit the dispersion curves are
in grey; those that fit both the dispersion curves and the elevation are in blue; those that fit
dispersion curves, elevation, and geoid are in red. Top row: (a) Geotherms, (b) density profiles,
and (c¢) Vgy profiles. Middle row: (d) group Rayleigh-wave groups velocities vs period and, (e)
respective misfits, (f) group Love-wave groups velocities vs period. and (g) respective misfits,
(h) and (i) show elevation and geoid, respectively, with a dark grey box for the observed range.
Bottom row: (j) water content vs background composition (top layer/bottom layer), (k) and (1)
show histograms of the solutions for thermal lithosphere thickness, and Moho heat flow.



3 Amazonian Craton - 1150 °C - with 10 km eclogite
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Figure S4 Set of solutions for group 3 Amazonian Craton (3AmC) for a sublithospheric potential
temperature of 1150°C with a 10 km eclogitic layer. All solutions that fit the dispersion curves
are in grey; those that fit both the dispersion curves and the elevation are in blue; those that fit
dispersion curves, elevation, and geoid are in red. Top row: (a) Geotherms, (b) density profiles,
and (c¢) Vgy profiles. Middle row: (d) group Rayleigh-wave groups velocities vs period and, (e)
respective misfits, (f) group Love-wave groups velocities vs period. and (g) respective misfits,
(h) and (i) show elevation and geoid, respectively, with a dark grey box for the observed range.
Bottom row: (j) water content vs background composition (top layer/bottom layer), (k) and (1)
show histograms of the solutions for thermal lithosphere thickness, and Moho heat flow.



3 Sao Francisco Craton - 1200 °C - without eclogite
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Figure S5 Set of solutions for group 3 Sao Francisco Craton (3SFC) for a sublithospheric potential
temperature of 1200°C without an eclogitic layer. All solutions that fit the dispersion curves are
in grey; those that fit both the dispersion curves and the elevation are in blue; those that fit
dispersion curves, elevation, and geoid are in red. Top row: (a) Geotherms, (b) density profiles,
and (c¢) Vgy profiles. Middle row: (d) group Rayleigh-wave groups velocities vs period and, (e)
respective misfits, (f) group Love-wave groups velocities vs period. and (g) respective misfits,
(h) and (i) show elevation and geoid, respectively, with a dark grey box for the observed range.
Bottom row: (j) water content vs background composition (top layer/bottom layer), (k) and (1)
show histograms of the solutions for thermal lithosphere thickness, and Moho heat flow.
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3 Sao Francisco Craton - 1200 °C - with 10 km eclogite

0 ' .
a ! bl Lo c
T — Counts
__ 100 I 115 (Topo)
g 14 (geoid)
<
S 200
[a)
300 \ \
400 800 1200 1600 2.8 32 3.6 40 45 50
Temperature (K) rho (g/cm3) Vg, (km/s)
O | | e S
d el f g 4 |n i
N }\U o “10
40 N, N GO | | S ' i
z = | — 600 {8} |
S 80 ‘ | o4&}
3 ¥ e 400 |
o H - 10 {8}
120 H 200 4} - '
H o4} —20 - of
160 : ] d
30 35 40 0 1 235 40 45 0 1 2 Topo (m)  Geoid (m)
Ug(km/s) Misfit U, (km/s) Misfit
1.50 i £ 100 k 357 LT
=3 <
100_ U BN B R % 150 ; 30
5 0.75 ' 2 E
IS - . S 200 z 25 -
= 0.50 1 | = 2
X : s
T o2l 0 [ | B % 207 g %
0.10 - : ] & 300 2 15 -
£ =
0.00 S 350 10
py a4 py a9 py a4 a9 a4 a9 0 40 80 0 40 80
py py a4 py a9 a4 a4 a9 a9 Frequency (%) Frequency (%)

Figure S6Set of solutions for group 3 Sao Francisco Craton (3SFC) for a sublithospheric potential
temperature of 1200°C wit a 10 km eclogitic layer. All solutions that fit the dispersion curves
are in grey; those that fit both the dispersion curves and the elevation are in blue; those that fit
dispersion curves, elevation, and geoid are in red. Top row: (a) Geotherms, (b) density profiles,
and (c¢) Vgy profiles. Middle row: (d) group Rayleigh-wave groups velocities vs period and, (e)
respective misfits, (f) group Love-wave groups velocities vs period. and (g) respective misfits,
(h) and (i) show elevation and geoid, respectively, with a dark grey box for the observed range.
Bottom row: (j) water content vs background composition (top layer/bottom layer), (k) and (1)
show histograms of the solutions for thermal lithosphere thickness, and Moho heat flow.
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3 Rio de la Plata Craton - 1250 °C - without eclogite
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Figure S7Set of solutions for group 3 Rio de la Plata Craton (3RPC) for a sublithospheric potential
temperature of 1250°C without an eclogitic layer. All solutions that fit the dispersion curves are
in grey; those that fit both the dispersion curves and the elevation are in blue; those that fit
dispersion curves, elevation, and geoid are in red. Top row: (a) Geotherms, (b) density profiles,
and (c¢) Vgy profiles. Middle row: (d) group Rayleigh-wave groups velocities vs period and, (e)
respective misfits, (f) group Love-wave groups velocities vs period. and (g) respective misfits,
(h) and (i) show elevation and geoid, respectively, with a dark grey box for the observed range.
Bottom row: (j) water content vs background composition (top layer/bottom layer), (k) and (1)
show histograms of the solutions for thermal lithosphere thickness, and Moho heat flow.
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3 Rio de la Plata Craton - 1250 °C - with 20 km eclogite
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Figure S7 Set of solutions for group 3 Rio de la Plata Craton (3RPC) for a sublithospheric
potential temperature of 1250°C with a 20 km eclogitic layer. All solutions that fit the dispersion
curves are in grey; those that fit both the dispersion curves and the elevation are in blue; those
that fit dispersion curves, elevation, and geoid are in red. Top row: (a) Geotherms, (b) density
profiles, and (c) Vgy profiles. Middle row: (d) group Rayleigh-wave groups velocities vs period
and, (e) respective misfits, (f) group Love-wave groups velocities vs period. and (g) respective
misfits, (h) and (i) show elevation and geoid, respectively, with a dark grey box for the observed
range. Bottom row: (j) water content vs background composition (top layer/bottom layer), (k)
and (1) show histograms of the solutions for thermal lithosphere thickness, and Moho heat flow.
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4 Parecis Basin - 1200 °C - with phlogopite
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Figure S8 Set of solutions for group 4 Parecis Basin (4PcB) for a sublithospheric potential tem-
perature of 1200°C with addition of Plogopite. All solutions that fit the dispersion curves are in
grey; those that fit both the dispersion curves and the elevation are in blue; those that fit disper-
sion curves, elevation, and geoid are in red. Top row: (a) Geotherms, (b) density profiles, and (c)
Vv profiles. Middle row: (d) group Rayleigh-wave groups velocities vs period and, (e) respec-
tive misfits, (f) group Love-wave groups velocities vs period. and (g) respective misfits, (h) and
(i) show elevation and geoid, respectively, with a dark grey box for the observed range. Bottom
row: (j) Phlogopite content vs background composition (top layer/bottom layer), (k) and (1) show
histograms of the solutions for thermal lithosphere thickness, and Moho heat flow.
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4 Parand Basin - 1200 °C - with phlogopite
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Figure S9Set of solutions for group 4 Parana Basin (4PrB) for a sublithospheric potential temper-
ature of 1200°C with addition of Plogopite. All solutions that fit the dispersion curves are in grey;
those that fit both the dispersion curves and the elevation are in blue; those that fit dispersion
curves, elevation, and geoid are in red. Top row: (a) Geotherms, (b) density profiles, and (c)
Vv profiles. Middle row: (d) group Rayleigh-wave groups velocities vs period and, (e) respec-
tive misfits, (f) group Love-wave groups velocities vs period. and (g) respective misfits, (h) and
(i) show elevation and geoid, respectively, with a dark grey box for the observed range. Bottom
row: (j) Phlogopite content vs background composition (top layer/bottom layer), (k) and (1) show
histograms of the solutions for thermal lithosphere thickness, and Moho heat flow.
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6 Parana Basin north - 1250 °C - with 20 km eclogite
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Figure S10Set of solutions for group 6 Parana Basin north (6PrB(n)) for a sublithospheric po-
tential temperature of 1250°C with a 20 km eclogitic layer. All solutions that fit the dispersion
curves are in grey; those that fit both the dispersion curves and the elevation are in blue; those
that fit dispersion curves, elevation, and geoid are in red. Top row: (a) Geotherms, (b) density
profiles, and (¢) Vgy profiles. Middle row: (d) group Rayleigh-wave groups velocities vs period
and, (e) respective misfits, (f) group Love-wave groups velocities vs period. and (g) respective
misfits, (h) and (i) show elevation and geoid, respectively, with a dark grey box for the observed
range. Bottom row: (j) water content vs background composition (top layer/bottom layer), (k)
and (1) show histograms of the solutions for thermal lithosphere thickness, and Moho heat flow.
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6 Parana Basin west - 1250 °C - with 10 km eclogite
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Figure S11 Set of solutions for group 6 Parana Basin west (6PrB(w)) for a sublithospheric po-
tential temperature of 1250°C with a 10 km eclogitic layer. All solutions that fit the dispersion
curves are in grey; those that fit both the dispersion curves and the elevation are in blue; those
that fit dispersion curves, elevation, and geoid are in red. Top row: (a) Geotherms, (b) density
profiles, and (c) Vgy profiles. Middle row: (d) group Rayleigh-wave groups velocities vs period
and, (e) respective misfits, (f) group Love-wave groups velocities vs period. and (g) respective
misfits, (h) and (i) show elevation and geoid, respectively, with a dark grey box for the observed
range. Bottom row: (j) water content vs background composition (top layer/bottom layer), (k)
and (1) show histograms of the solutions for thermal lithosphere thickness, and Moho heat flow.
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6 Parana Basin south - 1200 °C - with 10 km eclogite
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Figure S12 Set of solutions for group 6 Parand Basin south (6PrB(s)) for a sublithospheric
potential temperature of 1200°C with a 10 km eclogitic layer. All solutions that fit the dispersion
curves are in grey; those that fit both the dispersion curves and the elevation are in blue; those
that fit dispersion curves, elevation, and geoid are in red. Top row: (a) Geotherms, (b) density
profiles, and (c) Vgy profiles. Middle row: (d) group Rayleigh-wave groups velocities vs period
and, (e) respective misfits, (f) group Love-wave groups velocities vs period. and (g) respective
misfits, (h) and (i) show elevation and geoid, respectively, with a dark grey box for the observed
range. Bottom row: (j) water content vs background composition (top layer/bottom layer), (k)
and (1) show histograms of the solutions for thermal lithosphere thickness, and Moho heat flow.
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5 Pantanal Basin - 1300 °C - without eclogite
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Figure S13 Set of solutions for group 5 Pantanal Basin (5PtB) for a sublithospheric potential
temperature of 1300°C without an eclogitic layer. All solutions that fit the dispersion curves are in
grey; those that fit both the dispersion curves and the elevation are in blue; those that fit dispersion
curves, elevation, and geoid are in red. Solutions for elevation range between 1545 and 3254 meter.
Solutions for elevation range between 1545 and 3254 meter. Top row: (a) Geotherms, (b) density
profiles, and (¢) Vgy profiles. Middle row: (d) group Rayleigh-wave groups velocities vs period
and, (e) respective misfits, (f) group Love-wave groups velocities vs period. and (g) respective
misfits, (h) and (i) show elevation and geoid, respectively, with a dark grey box for the observed
range. Bottom row: (j) water content vs background composition (top layer/bottom layer), (k)
and (1) show histograms of the solutions for thermal lithosphere thickness, and Moho heat flow.
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2 Chaco Basin - 1250 °C - without eclogite
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Figure S14 Set of solutions for group 2 Chaco Basin (2ChB) for a sublithospheric potential
temperature of 1250°C without an eclogitic layer. All solutions that fit the dispersion curves are
in grey; those that fit both the dispersion curves and the elevation are in blue; those that fit
dispersion curves, elevation, and geoid are in red. Solutions for elevation range between 1626
and 2564 meters. Top row: (a) Geotherms, (b) density profiles, and (c) Vgy profiles. Middle
row: (d) group Rayleigh-wave groups velocities vs period and, (e) respective misfits, (f) group
Love-wave groups velocities vs period. and (g) respective misfits, (h) and (i) show elevation and
geoid, respectively, with a dark grey box for the observed range. Bottom row: (j) water content
vs background composition (top layer/bottom layer), (k) and (1) show histograms of the solutions
for thermal lithosphere thickness, and Moho heat flow.
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5 Rio de la Plata Craton - 1250 °C - without eclogite
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Figure S15 Set of solutions for group 5 Rio de la Plata Craton (5RPC) for a sublithospheric
potential temperature of 1250°C without an eclogitic layer. All solutions that fit the dispersion
curves are in grey; those that fit both the dispersion curves and the elevation are in blue; those
that fit dispersion curves, elevation, and geoid are in red. Top row: (a) Geotherms, (b) density
profiles, and (c) Vgy profiles. Middle row: (d) group Rayleigh-wave groups velocities vs period
and, (e) respective misfits, (f) group Love-wave groups velocities vs period. and (g) respective
misfits, (h) and (i) show elevation and geoid, respectively, with a dark grey box for the observed
range. Bottom row: (j) water content vs background composition (top layer/bottom layer), (k)
and (1) show histograms of the solutions for thermal lithosphere thickness, and Moho heat flow.
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2 Luiz Alves Craton - 1300 °C - without eclogite
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Figure S16 Set of solutions for group 2 Luiz Alves Craton (2LAC) for a sublithospheric potential
temperature of 1300°C without an eclogitic layer. All solutions that fit the dispersion curves are in
grey; those that fit both the dispersion curves and the elevation are in blue; those that fit dispersion
curves, elevation, and geoid are in red. Solutions for elevation range between 1601 and 2838. Top
row: (a) Geotherms, (b) density profiles, and (¢) Vgy profiles. Middle row: (d) group Rayleigh-
wave groups velocities vs period and, (e) respective misfits, (f) group Love-wave groups velocities
vs period. and (g) respective misfits, (h) and (i) show elevation and geoid, respectively, with a dark
grey box for the observed range. Bottom row: (j) water content vs background composition (top
layer /bottom layer), (k) and (1) show histograms of the solutions for thermal lithosphere thickness,
and Moho heat flow.
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