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• Broken or remnant slabs in the mid-lower mantle are 

difficult to explain 

• Orphan slabs - a mechanism for mid/(deep)-mantle slab 

fragmentation? 

• Can slab orphaning explain the slab fragmentation at the 

Tonga and Farallon slabs?

• Slab break-off can occur at mid(/deep)-mantle depth

• Slab orphaning at deeper mantle depths can explain the 

Tonga and Farallon’s complex slab morphologies
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Fig. 1: Location and tomographic images of the Tonga (Fukao & Obayashi 2013, JGR) & 
Farallon (Sigloch 2008, Nature) slabs

• Slab break-off occurs at mid-mantle depths (fig. 3j-l)

• Combination of phase change at 660 km and a low viscosity layer between 660-1000 km produces 

slab orphaning at mid-mantle depths

• Slab orphaning is a result of opposing buoyancy forces within the deep slab (see fig. 3d-f and 3m-o) 

and slab weakening at 660 km (see fig. 3g-i and 3p-r)
Fig. 2: Model schematic. Code: StagYY (Tackley 2008, PEPI), Model: after Crameri & 

Lithgow-Bertelloni (2018, Tectonophysics), Geodynamic diagnostics and visualization: 
StagLab (Crameri 2018, GMD)

Fig. 3 (a-b): Viscosity plots (d-f): Up and downwelling plots (g-i): Deformation mechanism plots 

Fig. 3 (j-l): Viscosity plots (m-n): Up and downwelling plots (p-r): Deformation mechanism plots 

Fig. 4: Graph of slab sinking and trench retreat velocities, showing the 4 stages 
of the slab-mantle interaction

• Four phases of slab-mantle interaction (fig.4):  

◦ Phase 1 – fast slab sinking through the upper mantle

◦ Phase 2 – resistance to lower mantle penetration

◦ Phase 3 – slab stretching and shearing in the mid-mantle

◦ Phase 4 – slab orphaning in the mid-mantle 

Fig. 5: Resisting and driving forces coupled with slab weakening at 660 km stretch and 
break the slab

• Slab weakening at 660 km and slab negative buoyancy 

result in slab stretching and shearing (fig. 3c, 3i and 3j)

• The upper limb is deflected upwards and stagnates

horizontally on the 660 km (fig. 3l and 3r) 


