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1 BUOYANT FEATURES BUOYANCY CALCULATION ON EARTH
Buoyant features in the Pacific and Indian oceans are typically associated with a bathymetric rise of 1-2 km
(Table S1). Using a typical plate cooling model and assuming isostasy (e.g. McKenzie et al., 2005), such
excess topography requires an excess positive buoyancy of between 2.2·106 and 4.4·106 kg/m2, irrespective
of the age of the background plate. Excess buoyancy can also be calculated from estimates of buoyant
feature crustal thickness (following Cloos, 1993; Gutscher et al., 2000; Rudaviciute, 2015) (Table S2). For
the shown isostatic calculation, we used a density difference between the lithosphere and the mantle of
77 kg/m3 and plate thickness of 79 km, typical of 66 Ma plate (following McKenzie et al., 2005). This yields
a density difference of 29 and 58 kg/m3 and excess positive buoyancy of 2.29·106 and 4.58·106 kg/m2, for
1 and 2 km rise, respectively, similar to the range of buoyancies estimated using isostasy and plate cooling
model above.

Our choice of ridge buoyancies for our high- and low-buoyancy ridge models was based on the calculation
above. For our HB cases we used an excess positive buoyancy of 3.5·106 kg/m2, typical of bathymetric rise
of ∼1.5 km. However, we found that this value was already high for our HB C Young case and resulted
in a ridge which was difficult to subduct using our models. We therefore chose to use an excess positive
buoyancy of 1.75·106 kg/m2, typical of bathymetric rise of ∼0.75 km, for our LB cases to examine the
impact of ridges with low positive buoyancy.

To calculate ridge density we distribute the excess positive buoyancy across the 70 km thickness of the
’Old’ plate, which yields a density difference of 25 and 50 kg/m3. For the 45 km thick ’Young’ plate models,
these same buoyancies yield a density difference of 37.5 kg/m3 and 75 kg/m3. The highest positive buoyancy
value for the HB C Young case results in a ridge which is lighter than the mantle. Our compilation also
shows that typical ridge widths are between around 200-300 km (and wider for plateaus and other buoyant
features), i.e. our modelled ridges are on the narrow end of this range.
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Name Plate Surface area Crustal Rise Age Reference
[km×km] thickness [km] [Ma]

[km]

Agulhas Indian 600×400 20 2.5 100 Parsiegla et al. (2008)
Plateau
Benham Philippine 300×400 15 2 48-26 Barretto et al. (2020)
Rise
Caribbean Caribbean 3500×1000 15-20 - 92-88 Whattam and Stern (2015)
Plateau
Carnegie Cocos 1350×300 19 2 23 Sallarès et al. (2005)
Ridge (Farallon)
Cocos Cocos 1000×250 21 2 25 Walther (2003)
Ridge (Farallon)
Hess Rise Pacific 550×1350 15-20 1-2 110-100 Bai et al. (2019)
Manihiki Pacific 1000×800 15-25 2-3 125 Timm et al. (2011)
Plateau
Nazca Nazca 1000×200 20 1.5 65 Hampel (2002)
Ridge (Farallon)
Ninetyeast Indo- 5600×200 - 2 77 Krishna et al. (2012)
Ridge Australian
Ogasawara Pacific 300×600 10 2-3 80 Tsuji et al. (2007)
Plateau
Ontong Java Pacific 2300×1100 30 2.5 120 Korenaga (2005)
Plateau
Roo Rise Indo- 200×250 11.5 2-2.5 125-155 Kopp et al. (2006)

Australian
Shatsky Pacific 2000×600 30 2-3 128-145 Zhang et al. (2017)
Rise
Tuamotu Pacific 1150×1300 21 2-3 50 Patriat et al. (2002)
Plateau

Table S1. Properties of buoyant features in the Pacific and Indian oceans.
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ρ Thickness [km]
[kg/m3] Plate 1 km rise 2 km rise

Water 1000 2 1 0
Crust 3000 7 13 19
Mantle
lithosphere

3377 72 66 60

Asthenosphere 3300 0 1 2

Plate ρ (crust and 3344 3315 3286
lithosphere) [kg/m3]

Ridge-plate ∆ρ [kg/m3] 29 58

Table S2. Isostatical calculation for 1 and 2 km bathymetric rise for 66 Ma oceanic plate. Plate thickness
(lithosphere and crust) assumed to be constant. Mantle lithosphere density and depth following McKenzie
et al. (2005).
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