
Supporting Information for:

Lower melt focusing efficiency governs the formation of

extremely thin oceanic crust at superfast spreading centers

Yuhan Li1,5*, Adina E. Pusok2, Ingo Grevemeyer1, Timothy J. Henstock3, Adam H.
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Figure S1: Initial 1D velocity setting for the crust (a) and the mantle (b) used in the tomographic
inversion.

Figure S2: The derivative weight sum (DWS) of the final velocity models for (a) p300, (b) p400,
and (c) NoMelt profiles, showing the ray coverage density. Pink inverted triangles show the OBS
locations. The black, blue, and red lines represent the geometries of the seafloor, basement, and the
Moho.
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Figure S3: Results of each step of inversion under layer-stripping top-down approach for profile
p300. See Fig. S1 for the initial velocity setting. Pink inverted triangles show the OBS locations.
The black, blue, and red lines represent the geometries of the seafloor, basement, and the Moho.
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Figure S4: Results of each step of inversion under layer-stripping top-down approach for profile
p400. See Fig. S1 for the initial velocity setting. Pink inverted triangles show the OBS locations.
The black, blue, and red lines represent the geometries of the seafloor, basement, and the Moho.
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Figure S5: Seismic results along profile p400. (a) Seismic velocity model and (b) its associated
vertical velocity gradient model. This profile traverses the 21 Ma oceanic crust formed at an HSR
of 61 mm/yr in the Guatemala Basin. This profile crosses an area that was affected by widespread
petit-spot volcanism in the Cocos plate (Naif et al., 2023) and therefore shows thickened crust at
model distance 30-60 km. Pink inverted triangles show the OBS locations. The black, blue, and red
lines represent the geometries of the seafloor, basement, and the Moho.
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Figure S6: The result of uncertainty tests. (a) 1D Initial velocity models for the uncertainty tests.
The red lines mark the perturbed one hundred initial 1D velocity structures while the dashed black
lines show the perturbed one hundred initial Moho depths. (b-d) shows the velocity deviation for
profiles p300, p400, and NoMelt, respectively. The red line and error bars represent the average
Moho depth and deviation range. Pink inverted triangles show the OBS locations. The black, blue,
and red lines represent the geometries of the seafloor, basement, and the Moho.
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Figure S8: Typical magmatic oceanic crust ensemble based on our global compilation. The grey area
marks a compact ensemble that includes 50% of magmatic crust between Q1 and Q3 at different
depth level. See Fig. 3c for the box plot of global ensemble. The dashed blue line denotes the global
average oceanic structure.
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Figure S9: Results of reference models for half-spreading rates (a) U0 = 40 mm/yr, (b) U0 =
60 mm/yr, (c) U0 = 100 mm/yr. Top panels: porosity maps with grey mantle streamlines and
colored temperature contours. Middle panels: horizontal liquid velocity (vxl ) map showing the
focusing of melt to the ridge axis. Bottom panels: flux contributions due to outflux at the ridge,
melting and freezing (net generation), and influx on a moving vertical boundary that moves laterally
with x = xΩ. The left vertical red line represents the focusing distance (Katz, 2008) and marks the
transition from positive (i.e., focusing towards the ridge axis) to negative (i.e., focusing away from
the ridge axis) vxl values. The right vertical red line marks the lateral extent of the decompaction
channel. Reference parameters: η0 = 1018 Pa s, ζ0 = 40η0, K0 = 10−7 m2, Tp = 1, 375◦C.
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Figure S10: Evolution of crustal thickness (left panel) and melt flux (right panel) at the ridge
axis over time. Colored lines represent simulations with different half-spreading rates. All models
reach steady-state, defined as the state in which crustal production and distribution of partial melt
are roughly constant, after ∼ 2 Myr of model evolution. Reference parameters: η0 = 1018 Pa s,
ζ0 = 40η0, K0 = 10−7 m2, Tp = 1, 375◦C.

Figure S11: Summary of steady-state numerical simulations of mid-ocean ridge two-phase flow
dynamics. Crustal thickness (a), focusing efficiency (b), melt flux at the ridge axis, foutflux (c), and
melt generation rate, fmelting (d) varying with half-spreading rate U0. The reference models (blue
squares) have reference shear viscosity η0 = 1018 Pa s, mantle potential temperature Tp = 1375◦C,
reference permeability K0 = 10−7 m2, and the inverse Clapeyron slope γ−1 = 50 K/GPa. The
colored curves indicate the parameters varied relative to the reference models. The black stars
represent the average thickness and spreading rate for each seismic profiles discussed in this study.
(e) Scaling of degree of melting, χmax, from each simulation as a function of melt generation and
spreading rate.
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