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Part 1. Geodynamic modelling 
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Supplementary Information Fig. S1. The profile of the viscosity scaling factor versus depth 

(km); the reference value for viscosity was 2.0x1021 1. The contrast in viscosity between the 



upper and lower mantle has been graded over a wide depth range, rather than an abrupt 

singular layer, which avoids computational instabilities. 

Note: We avoided temperature dependent viscosity for computational reasons, given the 

resulting efficiency for solutions. However, from the work of Bello et al. 2 the details of 

large-scale flows on the timescale of a few hundred million years do not depend upon the 

degree of temperature dependent viscosity. Therefore, for the simulations presented here we 

have assumed that the canonical radial viscosity structure and plate history are the primary 

controls on large-scale geometry of flow, testing sensitivity by varying the mid-mantle 

viscosity jump and the plate history.  (NB: Temperature dependent viscosity would reinforce 

the dynamic blocking ability of colder, more viscous, subducted material. As such, the effects 

of temperature dependence would be expected to enhance, rather than reduce, the behaviour 

observed in this study).  

 

Supplementary Information Table S1. Non-varying model input parameters 

 

Parameter Value 

Equation of state Incompressible & Boussinesq 

Reference density 4500 kg m-3 

Reference viscosity 

Gravitational acceleration 

2 x 1021 Pas 

10 m s-2 

Vol. coefficient of thermal expansion 2.5×10-5 K-1 

Thermal conductivity 4 W m-1 K-1 

Specific heat (constant volume) 1000 J K-1 kg-1 

Temperature at surface 300 K 

Temperature at CMB* 3000 K 

Radioactive heating 4.000×10-12 W kg-1 

Inner radius of shell 3.480×106 m 

Outer radius of shell 6.370×106 m 

Rayleigh number  1.976×108 

 

 



 

 

Supplementary Information Fig. S2. (a) Equivalent time elapsed (in years) versus surface heat 

flux (as a measure of input versus output) plotted to show how the model stabilised to a 

steady-state system in the pre-conditioning phase. (b) The same plot as above, but for the 

A 

B 



plate conditioning phase. During the plate conditioning, surface heat flux did not vary 

significantly.  

 

Pre-conditioning 

The condition of the mantle prior to the application of the plate history is particularly 

important as we aim to investigate the impact of time varying surface velocity inputs (the 

plate history) on the interior dynamics of the mantle. The true initial condition (at the very 

start of the model case) was a global temperature field with a conductive radial gradient and a 

free-slip upper surface. From this starting condition, the model was allowed to evolve to a 

state of stabilised heat output versus input. This process took 1.01x109 iterations, equivalent 

to ~1.25 Gyrs time elapsed (Supplementary Information Fig. S2a).  

 

Plate conditioning 

Plate motion history imposes a specific geometry on the modelled mantle circulation 

different to the geometry that would be adopted in the absence of the plate velocities. Ideally 

we would have used a very long plate motion history (>500 Myr); however, these are not yet 

available in high temporal resolution (1-10Myr steps). Instead, we took the result at the end 

of pre-conditioning, and scaling the surface velocity to the average of the free-slip scenario, 

further evolved the model using the first (oldest) plate stage continuously for the equivalent 

of 150 Myrs. The duration of the plate conditioning phase was chosen to balance: (1) the 

temperature field not to resemble the starting condition i.e. that at the end of pre-

conditioning, but (2) the structure of the temperature field not be dominated by the first plate 

stage. The plate conditioning stage produces the general geometry of convection in the 

presence of mobile surface plates, thus providing a ‘reasonable’ starting point for the plate 

motion histories. We derived the duration experimentally, by running the first plate stage 

continuously for the equivalent of 40, 80 and 150 Myr. The resulting heat input/output was 

found to not change from the end of pre-conditioning throughout the 150 Myrs equivalent 

time (Supplementary Information Fig. S2b) and temperature fields were plotted for 

comparison to one another and to the initial condition (Supplementary Information Fig. S3). 

We accept that the choice of plate conditioning time is likely to be somewhat subjective, as it 

is not possible to know the dynamic state of the mantle at either 119 Ma or 200 Ma at the 

start of the mantle circulation models. 



 

 

 

 

 

 

Supplementary Information Fig. S3. Plots of mantle temperature anomalies on the inner 

surface is just above the CMB. Temperature scale is arbitrary covering the full range of each 

case; blue represents colder and red hotter than average. (A) the initial condition used with all 

cases, (B) after 40 Myrs plate conditioning, (C) after 80 Myrs, and after (D) 150 Myrs. 

 



 

Supplementary Information Table S2. Guide to Supplementary Information Figs S4 to S15. 

Note: continent outline is for present-day configuration and is only there as a guide for 

readers to locate relative positions through the different time and depth slices. The images in 

Figs S4 to S15 were all generated using visualisation software MantleVis; MantleVis is an in-

house, unlicensed, distributed visualization tool written in C++ using the OpenGL API, and 

makes use of the OpenGL DisplayList tool 

(http://pcwww.liv.ac.uk/~aeh/Software/MantleVis.htm & 

http://www.helix.cf.ac.uk/helix/?page_id=4). Projections were selected to show all particles 

present on each layer. 
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Supplementary Information Fig. S4. Initialisation of particles within the upper mantle (150-660 km) from the Tethys-Indian Ocean starting position, using the LBR model. Particle distributions are shown for 150 

km, 1200 km and 2800 km depths for model at (A) 100 Ma, after 19 Myrs equivalent model circulation; (B) at 64 Ma, after 55 Myrs equivalent model circulation; and (C) at 0 Ma, when the model has run for the 

equivalent of 119 Myrs. Views in (A) are centred on the initial starting position of the particles (shown by grey box on 150 km panel) and do not exclude any particles outwith the view. Views in (B) have been 

selected to encompass the full spread of particles and similarly in (C). Note, none of the particles having started in the Tethys-Indian Ocean starting position spread to the Pacific or the Central Atlantic. 

Interestingly, the distribution of particles at 0 Ma in the lowermost mantle appears to be centred beneath Africa, as also observed in the 200 Myr mantle circulation models (Supplementary Information Fig. S5). (D) 

Percentage of particles in an equivalent volume in each layer plotted against depth (km). Due to the decreasing volume represented at individual layers in the spherical model, the population densities in the mapped 

views appear to lessen towards the lower mantle. Here, we plot the percentage of particles within individual layers equivalent to the volume of that layer (which also decreases with depth). Having started in the 

upper mantle layers, particles disperse towards deeper depths and after 55 Myrs (equivalent model time) particles have reached the core-mantle boundary (CMB). By the end of the model run the particles have 

dispersed to all depths but have a strong clustering in the lowermost mantle at the CMB. (Images generated using Mantlevis; see caption to Supplementary Information Table S2 for details).  



 

 
 
Supplementary Information Fig. S5. Initialisation of particles within the upper mantle (150-660 km), from the Tethys-Indian Ocean starting position, using the Seton model. Particle distributions are shown for 150 

km, 1200 km and 2800 km depths for model at (A) 120 Ma, after 80 Myrs equivalent model circulation; (B) at 60 Ma, after 140 Myrs equivalent model circulation; and (C) at 0 Ma, when the model has run for the 

equivalent of 200 Myrs. Views in (A) are centred on the initial starting position of the particles (shown by grey box on 150 km panel) and do not exclude any particles outwith the view. Views in (B) have been 

given to encompass the full spread of particles and similarly in (C). Note, none of the particles having started in the Tethys-Indian Ocean starting position spread to the Pacific or the northern Atlantic. Interestingly, 

the distribution of particles in the lowermost mantle is centred beneath Africa, as seen in the models using LBR plate configuration (Supplementary Information Fig. S4). (D) Percentage of particles in an 

equivalent volume in each layer plotted against depth (km). Due to the decreasing volume represented at individual layers in the spherical model, the population densities in the mapped views appear to lessen 

towards the lower mantle. Here, we plot the percentage of particles within individual layers equivalent to the volume of that layer (which also decreases with depth). Having started in the upper mantle layers, 

particles rapidly disperse towards deeper depths (see profile at 20 Myrs), and after 80 Myrs (equivalent model time) particles have almost reached the core-mantle boundary. By the end of the model run the 

particles have dispersed to all depths quite evenly except in the uppermost (lithosphere) layers, but have not dispersed to any areas beyond the Mid-Atlantic Ridge, the Pacific Ocean or the far north or south. 

(Images generated using Mantlevis; see caption to Supplementary Information Table S2 for details). 



 

  
 
Supplementary Information Fig. S6. Initialisation of particles within the upper mantle (150-660 km), from the Pacific Ocean starting position, using the LBR model. Particle distributions are shown for 150 km, 

1200 km and 2800 km depths for model at (A) 100 Ma, after 19 Myrs equivalent model circulation; (B) at 64 Ma, after 55 Myrs equivalent model circulation; and (C) at 0 Ma, when the model has run for the 

equivalent of 119 Myrs. Views in (A) are centred on the initial starting position of the particles (shown by grey box on 150 km panel) and do not exclude any particles outwith the view. Views in (B) have been 

selected to encompass the full spread of particles and similarly in (C). Note, none of the particles having started in the Pacific Ocean starting position spread to the Indian Ocean or beyond the eastern Pacific 

subduction zones. The distribution of particles in the lowermost mantle do not appear to mimic the broad swell of the LLSVP beneath the Pacific but are swept towards the north. (D) Percentage of particles in an 

equivalent volume in each layer plotted against depth (km). Due to the decreasing volume represented at individual layers in the spherical model, the population densities in the mapped views appear to lessen 

towards the lower mantle. Here, we plot the percentage of particles within individual layers equivalent to the volume of that layer (which also decreases with depth). Similar to Supplementary Information Fig. S4, 

the particles starting in the upper mantle disperse towards deeper depths but take slightly longer to reach the lowermost mantle than in the case of the Tethys-Indian Ocean. This is possibly due to the particles 

having to transit further, and therefore longer, in the upper mantle before reaching a subduction zone, to be returned to the deeper mantle. By the end of the model run, the particles dominantly distribute towards the 

lower mantle, but have not dispersed westwards beyond the western Pacific. (Images generated using Mantlevis; see caption to Supplementary Information Table S2 for details). 

 



  
 
Supplementary Information Fig. S7. Initialisation of particles within the upper mantle (150-660 km), from the Pacific Ocean starting position, using the Seton model. Particle distributions are shown for 150 km, 

1200 km and 2800 km depths for model at (A) 120 Ma, after 80 Myrs equivalent model circulation; (B) at 60 Ma, after 140 Myrs equivalent model circulation; and (C) at 0 Ma, when the model has run for the 

equivalent of 200 Myrs. Views in (A) are centred on the initial starting position of the particles (shown by grey box on 150 km panel) and do not exclude any particles outwith the view. Views in (B) have been 

given to encompass the full spread of particles and similarly in (C). Note, none of the particles having started in the Pacific Ocean starting area spread to the Indian Ocean or beyond the eastern Pacific subduction 

zones. The distribution of particles in the lowermost mantle does not appear to mimic the broad swell of the LLSVP beneath the Pacific but particles do appear to be swept towards the west and SW. (D) Percentage 

of particles in an equivalent volume in each layer plotted against depth (km). Due to the decreasing volume represented at individual layers in the spherical model, the population densities in the mapped views 

appear to lessen towards the lower mantle. Here, we plot the percentage of particles within individual layers equivalent to the volume of that layer (which also decreases with depth). Similar to Supplementary 

Information Fig. S5, the particles starting in the upper mantle rapidly disperse towards deeper depths (see profile at 20 Myrs – panel D). The particles take slightly longer to reach the lowermost mantle than in the 

case of the Tethys-Indian model (Supplementary Information Fig. S5), due to apparently spending a longer time in the upper parts of the lower mantle. By the end of the model run the particles dominantly 

distribute towards the deeper depths, but have not dispersed substantially westwards beyond the western Pacific margin. (Images generated using Mantlevis; see caption to Supplementary Information Table S2 for 

details). 



 
 
Supplementary Information Fig. S8. Initialisation of particles within the mid mantle (800-1200 km), from the Tethys-Indian Ocean starting position, using the LBR model. Particle distributions are shown for 150 

km, 1200 km and 2800 km depths for model at (A) 100 Ma, after 19 Myrs equivalent model circulation; (B) at 64 Ma, after 55 Myrs equivalent model circulation; and (C) at 0 Ma, when the model has run for the 

equivalent of 119 Myrs. Views in (A) are centred on the initial starting position of the particles (shown by grey box on the 1200 km panel) and do not exclude any particles outwith the view. Views in (B) have been 

selected to encompass the full spread of particles and similarly in (C). Note, none of the particles having initialised in the Tethys-Indian Ocean starting position spread to the Pacific or the Central Atlantic. As with 

other models started in the Tethys-Indian Ocean position, the distribution of particles in the lowermost mantle is broadly similar to that seen in Supplementary Information Fig. S4. (D) Percentage of particles in an 

equivalent volume in each layer plotted against depth (km). Due to the decreasing volume represented at individual layers in the spherical model, the population densities in the mapped views appear to lessen 

towards the lower mantle. Here, we plot the percentage of particles within individual layers equivalent to the volume of that layer (which also decreases with depth). Having started in the mid mantle layers, 

particles spread towards the upper mantle and towards deeper depths and after the equivalent of 55 Myrs have reached all layers. By the end of the model run particles have dispersed to all depths but as with the 

upper mantle starting position (Supplementary Information Fig. S5) have a higher percentage at the base of the mantle. (Images generated using Mantlevis; see caption to Supplementary Information Table S2 for 

details). 

 



 
 
Supplementary Information Fig. S9. Initialisation of particles within the mid mantle (800-1200 km), from the Tethys-Indian Ocean starting position, using the Seton model. Particle distributions are shown for 150 

km, 1200 km and 2800 km depths for model at (A) 120 Ma, after 80 Myrs equivalent model circulation; (B) at 60 Ma, after 140 Myrs equivalent model circulation; and (C) at 0 Ma, when the model has run for the 

equivalent of 200 Myrs. Views in (A) are centred on the initial starting position of the particles (shown by grey box on the 1200 km panel) and do not exclude any particles outwith the view. Views in (B) have been 

given to encompass the full spread of particles and similarly in (C). Note, none of the particles having started in the Tethys-Indian Ocean starting area spread to the Pacific or the Central Atlantic. And, as with the 

results in Supplementary Information Fig. S5, S6 and S8, the end distribution of particles in the lowermost mantle is broadly centred beneath Africa. (D) Percentage of particles in an equivalent volume in each 

layer plotted against depth (km). Due to the decreasing volume represented at individual layers in the spherical model, the population densities in the mapped views appear to lessen towards the lower mantle. Here, 

we plot the percentage of particles within individual layers equivalent to the volume of that layer (which also decreases with depth). Having started in the mid mantle layers, particles spread towards the upper 

mantle and towards deeper depths and after 80 Myrs (equivalent model time) have almost reached all layers. By the end of the model run particles have dispersed to all depths but have a higher percentage at the 

base of the mantle. (Images generated using Mantlevis; see caption to Supplementary Information Table S2 for details). 
 



 

 
 
Supplementary Information Fig. S10. Initialisation of particles within the mid mantle (800-1200 km), from the Pacific Ocean starting position, using the LBR model. Particle distributions are shown for 150 km, 

1200 km and 2800 km depths for model at (A) 100 Ma, after 19 Myrs equivalent model circulation; (B) at 64 Ma, after 55 Myrs equivalent model circulation; and (C) at 0 Ma, when the model has run for the 

equivalent of 119 Myrs. Views in (A) are centred on the initial starting position of the particles (shown by grey box on the 1200 km panel) and do not exclude any particles outwith the view. Views in (B) have been 

given to encompass the full spread of particles and similarly in (C). Note, none of the particles having started in the Pacific Ocean starting area have dispersed westwards towards the Indian Ocean or beyond the 

eastern Pacific subduction zones. (D) Percentage of particles in an equivalent volume in each layer plotted against depth (km). Due to the decreasing volume represented at individual layers in the spherical model, 

the population densities in the mapped views appear to lessen towards the lower mantle. Here, we plot the percentage of particles within individual layers equivalent to the volume of that layer (which also 

decreases with depth). The particles starting in the mid mantle disperse most dominantly towards the upper mantle but after the equivalent of 119 Myrs mantle circulation particles have distributed to all depths, 

with a slight higher percentage population in the mid mantle. (Images generated using Mantlevis; see caption to Supplementary Information Table S2 for details). 

 

 



  
 
Supplementary Information Fig. S11. Initialisation of particles within the mid mantle (800-1200 km), from the Pacific Ocean starting position, using the Seton model. Particle distributions are shown for 150 km, 

1200 km and 2800 km depths for model at (A) 120 Ma, after 80 Myrs equivalent model circulation; (B) at 60 M,a after 140 Myrs equivalent model circulation; and (C) at 0 Ma, when the model has run for the 

equivalent of 200 Myrs. Views in (A) are centred on the initial starting position of the particles (shown by grey box on the 1200 km panel) and do not exclude any particles outwith the view. Views in (B) have been 

given to encompass the full spread of particles and similarly in (C). Note, none of the particles having started in the Pacific Ocean starting area have dispersed westwards beyond the Izu-Bonin-Mariana arcs into 

the Indian Ocean or beyond the eastern Pacific subduction zones. The distribution of particles in the lowermost mantle does not appear to mimic the broad swell of the LLSVP beneath the Pacific though there is a 

cluster of particles towards the SW. (D) Percentage of particles in an equivalent volume in each layer plotted against depth (km). Due to the decreasing volume represented at individual layers in the spherical 

model, the population densities in the mapped views appear to lessen towards the lower mantle. Here, we plot the percentage of particles within individual layers equivalent to the volume of that layer (which also 

decreases with depth). Similar to Supplementary Information Fig. S10, the particles starting in the mid mantle disperse towards the upper mantle and to deeper depths though as in Supplementary Information Fig. 

S10 this does not appear to occur as rapidly as it does in the Tethys-Indian Ocean cases (Supplementary Information Fig. S8 and S9). By the end of the model run the particles dominantly distribute towards the 

deeper depths. (Images generated using Mantlevis; see caption to Supplementary Information Table S2 for details). 
 



 

 

 
 
Supplementary Information Fig. S12. Initialisation of particles within the lowermost mantle (2450-2890 km), from the Tethys-Indian Ocean starting position, using the LBR model. Particle distributions are shown 

for 150 km, 1200 km and 2800 km depths for model at (A) 100 Ma, after 19 Myrs equivalent model circulation; (B) at 64 Ma, after 55 Myrs equivalent model circulation; and (C) at 0 Ma, when the model has run 

for the equivalent of 119 Myrs. Views in (A) are centred on the initial starting position of the particles (shown by grey box on the 2800 km panel) and do not exclude any particles outwith the view. Views in (B) 

have been given to encompass the full spread of particles and similarly in (C). Note, none of the particles having started in the Tethys-Indian Ocean starting area spread to the Pacific or the Central Atlantic. 

Interestingly, in all the Tethys-Indian Ocean models using the LBR plate configurations, particles appear to spread towards the southern Atlantic. (D) Percentage of particles in an equivalent volume in each layer 

plotted against depth (km). Due to the decreasing volume represented at individual layers in the spherical model, the population densities in the mapped views appear to lessen towards the lower mantle. Here, we 

plot the percentage of particles within individual layers equivalent to the volume of that layer (which also decreases with depth). Having started in the lowermost mantle layers, the particles do not spread out 

laterally around the CMB even though at first the particles do appear to populate the lowermost layers (see profile at 55 Myrs). Between 64 Ma and present day, particles are then returned to the upper mantle, 

focussed around the Tethys-Indian Ocean areas and the southern Atlantic. (Images generated using Mantlevis; see caption to Supplementary Information Table S2 for details). 

 



 
 

Supplementary Information Fig. S13. Initialisation of particles within the lowermost mantle (2450-2890 km), from the Tethys-Indian Ocean starting position, using the Seton model. Particle distributions are shown 

for 150 km, 1200 km and 2800 km depths for model at (A) 120 Ma, after 80 Myrs equivalent model circulation; (B) at 60 Ma, after 140 Myrs equivalent model circulation; and (C) at 0 Ma, when the model has run 

for the equivalent of 200 Myrs. Views in (A) are centred on the initial starting position of the particles (shown by grey box on the 2800 km panel) and do not exclude any particles outwith the view. Views in (B) 

have been given to encompass the full spread of particles and similarly in (C). Note, none of the particles having started in the Tethys-Indian Ocean starting area spread to the Pacific or the northern Atlantic. As 

with results from the other Tethys-Indian Ocean starting location models (Supplementary Information Fig. S5 & S9), the distribution of particles at 0 Ma in the lowermost mantle is broadly similar to the African 

LLSVP. (D) Percentage of particles in an equivalent volume in each layer plotted against depth (km). Due to the decreasing volume represented at individual layers in the spherical model, the population densities 

in the mapped views appear to lessen towards the lower mantle. Here, we plot the percentage of particles within individual layers equivalent to the volume of that layer (which also decreases with depth). Having 

started in the lowermost mantle layers, the particles do not spread out laterally around the CMB but instead disperse first to the upper mantle (see 80 Myrs distribution) and then more generally throughout all the 

depths. Within 140 Myrs particles have returned to the lower mantle again. (Images generated using Mantlevis; see caption to Supplementary Information Table S2 for details). 

 



 

 

  
 
Supplementary Information Fig. S14. Initialisation of particles within the lowermost mantle (2450-2890 km), from the Pacific Ocean starting position, using the LBR model. Particle distributions are shown for 150 

km, 1200 km and 2800 km depths for model at (A) 100 Ma, after 19 Myrs equivalent model circulation; (B) at 64 Ma, after 55 Myrs equivalent model circulation; and (C) at 0 Ma, when the model has run for the 

equivalent of 119 Myrs. Views in (A) are centred on the initial starting position of the particles (shown by grey box on the 2800 km panel) and do not exclude any particles outwith the view. Views in (B) have been 

given to encompass the full spread of particles and similarly in (C). Note, none of the particles having started in the Pacific Ocean starting area have dispersed westwards towards the Indian Ocean or beyond the 

eastern Pacific subduction zones. The distribution of particles in the lowermost mantle does not appear to mimic the broad swell of the LLSVP beneath the Pacific. (D) Percentage of particles in an equivalent 

volume in each layer plotted against depth (km). Due to the decreasing volume represented at individual layers in the spherical model, the population densities in the mapped views appear to lessen towards the 

lower mantle. Here, we plot the percentage of particles within individual layers equivalent to the volume of that layer (which also decreases with depth). Similar to Supplementary Information Fig. S13, the particles 

starting in the lowermost mantle collect near the base of the mantle, but instead of spreading out laterally around the CMB within the 119 Myrs of mantle circulation modelling, they return to the upper mantle, but 

only within the Pacific region. (Images generated using Mantlevis; see caption to Supplementary Information Table S2 for details). 
 



 

 
 
Supplementary Information Fig. S15. Initialisation of particles within the lowermost mantle (2450-2890 km), from the Pacific Ocean starting position, using the Seton model. Particle distributions are shown for 

150 km, 1200 km and 2800 km depths for model at (A) 120 Ma, after 80 Myrs equivalent model circulation; (B) at 60 Ma, after 140 Myrs equivalent model circulation; and (C) at 0 Ma, when the model has run for 

the equivalent of 200 Myrs. Views in (A) are centred on the initial starting position of the particles (shown by grey box on the 2800 km panel) and do not exclude any particles outwith the view. Views in (B) have 

been given to encompass the full spread of particles and similarly in (C). Note, none of the particles having started in the Pacific Ocean starting area have dispersed westwards beyond the Izu-Bonin-Mariana arcs 

into the Indian Ocean or beyond the eastern Pacific subduction zones. The distribution of particles in the lowermost mantle does not appear to mimic the broad swell of the LLSVP beneath the Pacific. (D) 

Percentage of particles in an equivalent volume in each layer plotted against depth (km). Due to the decreasing volume represented at individual layers in the spherical model, the population densities in the mapped 

views appear to lessen towards the lower mantle. Here, we plot the percentage of particles within individual layers equivalent to the volume of that layer (which also decreases with depth). Similar to 

Supplementary Information Fig. S14, the particles starting in the lowermost mantle disperse towards the upper mantle within 80 myrs and then return to the lower mantle within 140 myrs. Unlike the Tethys-Indian 

Ocean case, particles appear to cluster very close to the CMB (below the depth shown in panel C) by the end of the model run. Black boxes highlight possible particle excursions (see main text). (Images 

generated using Mantlevis; see caption to Supplementary Information Table S2 for details). 



 

 

Part 2. Geochemistry 

Supplementary Information Table S3. Ophiolites used in this study and key references for sample material. 

 

Ophiolite locality Main publications describing 

samples/ophiolite 

Samples received from 

Alexander Island, Antarctica Thomson & Tranter, 19865 I.L. Millar (NIGL, UK) 

Mirdita, Albania Dilek et al., 20086 M. Maffione (Utrecht, 

Netherlands).  

Liguria, Italy Montanini et al., 20087; Rampone et al., 

19988; Sanfilippo & Tribuzio, 20119 

R. Tribuzio (Padua, Italy). 

SW Pacific crust, Site 91 Saunders, 198710 A. Saunders (Leicester, UK) 

Muslim Bagh, Pakistan Khan et al., 200711 A. Kerr (Cardiff, UK) 

Nidar, India Ahmad et al., 200812 N. Harris (OU, UK) 

Xigaze, Tibet Niu et al., 200613 Z. Zhao (CUGB, China) 

Central Atlantic Burky, 197814 IODP request 21920A 

NW Pacific, Site 86&88  A. Saunders (Leicester, UK) 

Venezuela Beccaluva et al., 199615; Giunta et al., 

200216 

A. Kerr (Cardiff, UK) 

Semail, Oman Godard et al., 200617 M. Godard (Montpellier, 

France) 

Kurai, Russia Safonova et al., 200818 I. Safonova (Novosibirsk, 

Russia) 

Yushigou, China Shi et al., 200419; Hou et al., 200620 Z. Zhao (CUGB, China) 

 

Geochemical assessment criteria 

Using geochemical data presented in Supplementary Dataset, sample compositions were assessed for their 

likeness to MORB composition (sensu stricto). We used the following criteria:  

(1) Ti- Zr-Y discrimination diagram (after 21; Supplementary Information Fig. S16a);  

(2) Th/Yb vs Nb/Yb and TiO2/Yb vs Nb/Yb (after 22; Supplementary Information Fig. S16b&c);  

(3) Zr/Y versus Nb/Y (after 23; Supplementary Information Fig. S16d) and 

(4) MORB-like multi-element distribution plots (Supplementary Information Fig. S16e). 

Only samples that achieved all, or at least three of these criteria were included in the isotope study (see 

below).  

 

 

 



 

 

Supplementary Information Fig. S16(a). Zr-Ti-Y triplot (after 21) showing ophiolite samples plotting within 

the MORB field (symbols the same as for Figure 1, and below).  
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Supplementary Information Fig. S16(b). Nb/Yb versus Th/Yb showing ophiolite samples plotting 

dominantly within the MORB array. Those samples plotting on or slightly above the upper bound indicate a 

slight influence of fluid contamination (after 22). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 



 

Supplementary Information Fig. S16 (c). Nb/Yb versus TiO2/Yb. All the ophiolite and old ocean floor 

samples plot within the MORB array (after 22). 

 

 



 

Supplementary Information Fig. S16(d). Zr/Y versus Nb/Y showing most samples plotting below the lower 

bound indicating similarities with MORB compositions. Four samples plot on or within the array indicating 

some potential enrichment trend towards E-MORB (after 23).





 

 

Supplementary Information Fig. S16 (e). Multi-element plots showing relatively flat-lying, 

MORB-like distribution patterns for each of the ophiolites and old ocean crust included in 

this study; samples normalised to chondrite24. 

 

 

Supplementary Information Table S4. Data for standard JMC475 measured during Hf isotope 

batches to assess Hf isotope data quality. 

 

Session 176Hf/177Hf ± 1σ n 

Neptune 2010-12-21 0.282160 0.000007 39 

Neptune 2011-05-12 0.282145 0.000007 52 

Neptune 2011-12-18 0.282151 0.000010 15 

Neptune 2012-03-07 0.282150 0.000005 21 

Neptune 2013-03-11 0.282148 0.000004 9 

Neptune 2013-08-14 0.282157 0.000008 10 
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