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Supplementary Note 1: Explanation for the datasets collected from natural ophiolite belts
(Fig. 1)

Datasets of 1) peak pressure-temperature (P-T) conditions, 2) duration of continental subduction-
exhumation cycle, and 3) width of ophiolite sheets were collected from ophiolite belts worldwide
in order to show key characteristics and provide a robust base for comparison with our numerical
simulations.

Peak P-T conditions of the lower plate units in obduction systems were collected from 8
ophiolite belts, from multiple structural levels, when possible (Supplementary Table 1). The
dataset shows the dominance of HP-LT metamorphism that is typical for subduction zones. Two
outliers of high temperature-medium pressure (HT-MP) peak conditions have been reported from
Cuba ! and Eastern Anatolia 2. These exceptions might be explained by oblique subduction
below the oceanic upper plates and/or active rifting in the upper plate still ongoing during the
initial stages of continental subduction >4,

The duration of continental subduction-exhumation cycle was assessed at each natural example
based on a broad literature review focusing on 1) the timing of continental subduction initiation
(following the subduction of the oceanic lower plate), that is in most cases constrained by the age
of the youngest passive margin sediments accreted to the front of (or overridden by) the oceanic
upper plate; 2) geochronological data that constrains the timing of prograde, peak, and retrograde
metamorphism and/or cooling of the continental lower plate; 3) timing indications for the surface
exposure of the previously subducted continental units (timing of erosion and/or deposition of
unconformably overlying sediments). Both the initiation of continental subduction and the
exhumation to surface/near surface conditions are loaded with timing uncertainties. For plotting,
we used the best estimation of the time that passed from the initiation of continental subduction
to surface/near surface exhumation of the continental lower plate units (colored circles on Fig.
1d). Error bars correspond to timing uncertainties that express the possible deviation from our
best estimation allowed by available data. Sites where the uncertainty is well-constrained
(enough data is available to bracket the uncertainty with confidence, and the interpretation of the
data is not ambiguous), we used solid arrow lines for the plot (Fig. 1d). There are sites with very
limited information available regarding the timing of exhumation (e.g. Hellenides, Brooks
Range), or the interpretation of geochronological data that aims to constrain exhumation
(retrograde metamorphism) is debatable (e.g. Southern Ural, Cuba, Brooks Range). In these
cases, we used dashed arrow lines for plotting. For the data used for plotting and main references
see Supplementary Table 2.



We further measured the width of far-travelled ophiolite sheets that are separated from their
oceanic roots (open ocean or suture zone of former ocean) by the subducted and exhumed
continental units (Fig. 1e). We measured the width in each cases along multiple sections (3-8
sections depending on the length of the ophiolite belt). The colored circle on the plot is the
average of the measurements, while the error bars correspond to the maximum deviation from
the average to show along-strike variation of the width. In cases where post-emplacement
deformation disrupted the previously coherent far-travelled sheet, we took the sum of the smaller
detached sheets along the sections. A special case of far-travelled ophiolite sheets is Anatolia,
where unusually large amount of ophiolite is distributed over a 400 km wide area.
Reconstructions imply, that all the ophiolites currently lying on top of the continent originated
from a single ocean, and were later disrupted and distributed due to post-emplacement roof
thrusting and extensional deformation 3°. Roof-thrusting of the ophiolites occurred during the
subduction and exhumation of not only one, but three major continental units below the upper
plate (Kirsehir/ Tavsanli, Afyon, and Taurides thrust sheets) that subducted one-by-one, while
the previously subducted continental unit(s) was already being exhumed as part of the upper
plate 3. We therefore took the sum of the disrupted smaller ophiolite sheets along several sections
as the width of the far-travelled ophiolite sheet, which can reach 150 km, making the Anatolian
sheet by far the largest (Fig. 1e). In case of New Caledonia, our far-travelled ophiolite sheet
measurements took into account the offshore extrapolation of the sheet and the exhumed HP-LT
units ©.

Supplementary Note 2: Convergence velocity test

Convergence velocity plays an important role in any geodynamic setting as it dictates the rate of
tectonic movements and thus influences all the forces acting on the tectonic plates. Most notably,
convergence velocity dictates strain rate, which has a major influence on stress distribution of the
ductile lithospheric layers. Differential stress magnitudes in the ductile layers determine the
degree of coupling between the brittle and ductile layers, thus strain rate (and so convergence
velocity) is a key parameter in strain localization ", The continental crust in our model consists
of an upper and a lower crust, both constituted by brittle and ductile layers (Fig. 2a). The
coupling between these layers is substantially influenced by the strain rate (higher strain rate
results in higher differential stress levels in the ductile layers, which results in higher degree of
coupling). Our velocity test shows, that decreasing the convergence velocity leads to the
extrusion of all the subducted continental upper crust (Supplementary Fig. 1a), while in our
reference model some of the subducted upper crust remains underplated (Fig. 2e). This can be
explained by the decreased coupling between brittle and ductile layers of the subducted crust due
to the decrease in strain rate &. In contrast, increasing the convergence velocity results in
increased strain rates and increased coupling in the subducted crust, and hence leads to delayed
extrusion (Supplementary Fig. 1b), or no extrusion (Supplementary Fig. 1c) of the upper crust. It
has to be noted, that higher convergence velocities (>= 5 cm/yr) could also produce extrusion of
the upper crust similar to our reference model, if the crustal flow laws would be adjusted to the
faster velocities (i.e. higher strain rates compensated by using weaker upper crustal material).
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Supplementary Fig. 1 Convergence velocity test of the reference model (Convergence velocity of the
reference model is 3cm/yr). a Model compositions at 29 Myr for the model variant with 2 cm/yr
convergence velocity. b Model compositions at 29 Myr for the model variant with 4 cm/yr convergence
velocity. ¢ Model compositions at 29 Myr for the model variant with 5 cm/yr convergence velocity.
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Supplementary Fig. 2 Resolution test of the reference model. a Reference model compositions at two
snapshots. b Increased resolution model reproduces the reference model results with minimal differences
confirming the accuracy of the results. ¢ Decreased resolution model fails to reproduce reference model
results as strain localization and nappe formation is prevented by the coarse resolution.
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Supplementary Fig. 3 Timing and localization of upper crustal extrusion as the function of thermal
and compositional changes in a decoupled continental lithosphere. a Reference model compositions at
25.1 My showing moderate amount of upper crustal underplating (~180 km long upper crust basement of
the thinned passive margin), while the majority of the subducted upper crust is extruded upwards. For
model parameters see Table 1. b Mod 1 variant of the reference model at 22.7 My where the heat
production (Qr) of the continental crust was set to 0.5e-6 W.m 3, and wet quartzite/felsic granulite flow
laws ° were used for the continental upper crust/lower crust. Almost the entire subducted upper crust is
being extruded with minimal underplating. ¢ Mod 2 variant of the reference model at 29.9 My where the
heat production (Qr) of the continental crust was set to 1.5e-6 W.m 3, and westerly granite/Maryland
diabase flow laws ®** were used for the continental upper crust/lower crust. A significant portion of the
subducted upper crust (~300 km) is not involved in extrusion and thus remains underplated below the
oceanic upper plate. d Continental strength profiles (second stress invariant (Sii) vs depth (z)) of the three
models (a, b, c), plotted for the initial conditions (t=0).

‘ Location | T [°C] | P [GPa] | Terror [°C] | Perror [GPa] | Reference |




Oman 525 2.3 25 0.1 |
Oman 300 1.05 5 0.05 | 2
New Caledonia 450 1.625 20 0.125 | B
New Caledonia 535 2.4 15 0.15 | 2
New Caledonia 390 1.3 35 01"
Cuba (Escambray) 570 2 40 035
Cuba (Pinos) 750 1.15 25 0.05 | !
Kirsehir 700 0.8 20 0.05 | 2
Tavsanl 430 2.4 30 031
Tavsanh 275 1.2 25 01|Y
Brooks range 475 1.1 25 02|
Brooks range 400 1.05 30 0.15 | ¥
Hellenides 500 2.35 50 0.15 | ®
Hellenides 460 1.22 30 012
Southern Ural 575 2.1 25 042

Supplementary Table 1. Pressure (P) and Temperature (T) data collected from the lower plate of natural

ophiolite belts.

Location t [My] t + [My] t - [My] Reference

Brooks range 20 20 5 252
Carribian (Pinos and Escambray) 15 5 5 #and references therein
Kirsehir 17.5 10 5 % and references therein
Lesser Caucasus 12.5 5 5 2res
New Caledonia 16 5 5 630 and references therein
Oman 15 5 5| %32 and references therein
Hellenides-Dinarides 25 15 5 #133 and references therein
Quebec 10 5 2.5 3436
Southern Ural 25 10 10 8738 and references therein
Tavsanh 25 10 75 839 and references therein

Supplementary Table 2. Best estimation of the continental subduction-exhumation cycle (t) based on

available data, and timing uncertainties (t + and t -).
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