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transition pressure is almost zero (Fig. 3.1-5b). (3) The hypothetical transition pressure in 
Fe2SiO4 is higher than in Fo100, contrary to the previous understanding (Fig. 3.1-5b). (4) The 
pressure difference of 0.14 GPa between Fo100 and Fo70 and the Fe/Mg partition coefficients 
among Brg, Rw and fPc suggest that the pressure interval is almost zero at Fo90 (~ 0.01 GPa at 
1700 K and even smaller at 2000 K) (Fig. 3.1-5b), explaining the sharp D660. Thus, we 
conclude that the Psp transition undoubtedly corresponds to the D660. 
 
 

 
 
Fig. 3.1-5: (a) Phase boundaries of the Psp transition in Mg2SiO4. Plots are the present 
data determined based on the Tange MgO scale [Tange et al. J. Geophys. Res., 114, B3, 
2009]. Solid lines (T-3BM and T-Vinet) were drawn based on the Clapeyron slope [Fei 
et al. J. Geophys. Res.109, B2, 2004] recalculated based on the Tange MgO scale. 
Dashed lines were the phase boundary reported (F04 (S-3BM)) by Fei et al. [2004] and 
those recalculated (F04 (T-3BM and Vinet)) based on the Tange MgO scale. Bold black 
line is an expected P-T range of D660. (b) Phase diagram in the system Mg2SiO4-
Fe2SiO4 at 1700 (black). Phase diagram at 2000 K (purple) were drawn with the 
Clapeyron slope by Fei et al. [2004]. Bold red and purple lines were calculated using 
literature's thermodynamic data. 

 
 
f. Numerical modelling of water in Earth's mantle (P. Eichheimer, M. Thielmann, G.J. 
Golabek) 
 
The transport and storage of water in the mantle significantly affects several material 
properties of mantle rocks and thus water plays a key role in a variety of geodynamical 
processes (tectonics, magmatism etc.). The processes driving transport and circulation of H2O 
in subduction zones remain a debated topic. Geological and seismological observations 
suggest different inflow mechanisms of water e.g., slab bending, thermal cracking and 
serpentinization, followed by dehydration of the slab. Employing 2D simulations (Fig. 3.1-6) 
of subduction over time we can estimate the loss of water from the slab into the mantle wedge 
caused by dehydration processes. Using this first-order approximation we are able to make 
first-order estimations on how much water can be delivered into the deeper mantle. 
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Furthermore both shallow and steep subduction can be observed on Earth. Most previous 
numerical models did not take different dip angles and subduction velocities of slabs into 
account. To which extent these parameters and processes influence the inflow of water still 
remains unclear. In the next steps we want to study the effect of those parameters 
systematically. 
 

 

Fig. 3.1-6: (Top panel) Computed errors of the velocities in x and z direction in 
comparison to the velocities computed using the analytical solution for the cornerflow 
assuming a fixed plate. (Bottom panel) Velocities in x and z direction within the whole 
model domain. 

 
 
g. The effect of an interconnected weak layer network on lower mantle dynamics (M. Urgese, 
G.J. Golabek, H. Marquardt, M. Thielmann and J. Hernlund/Tokyo) 
 
The Earth's lower mantle, ranging from 660 km to 2890 km depth, plays a key role for global 
dynamics. This region of the Earth, which links the hot liquid outer core to the Earth's upper 
mantle and surface, constitutes more than 50 % of Earth's volume and is the largest 
geochemical reservoir for most elements. The Earth's lower mantle is dominated by the 
mineral phases (Mg,Fe)O ferropericlase and (Mg,Fe,Al)(Al,Si)O3 bridgmanite. Experiments 
suggest that these two minerals have markedly different rheological properties, with 
ferropericlase likely being the weaker phase. This implies that two endmember scenarios can 
describe the rheology of the two-phase mixture: (i) The weak ferropericlase exists as an 
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isolated phase within the bridgmanite matrix that controls the bulk deformation behaviour and 
(ii) ferropericlase develops an interconnected weak layer network and dominates the bulk 
deformation. Theoretical considerations suggest that the effective viscosity between these 
endmember cases varies by 2-3 orders of magnitude. It has been suggested by recent studies 
that the mantle regions where rheology is controlled by the stiffer bridgmanite might explain 
the stagnation of subducting slabs at around 1000 km depth as detected by various seismic 
tomography studies. 
 
In this project, we quantitatively test the effects of possible crossovers between the two 
endmember scenarios within Earth's lower mantle. For this purpose we perform global-scale 
2D spherical annulus simulations using the state-of-the-art finite volume code StagYY. For 
this study we implement various strain-weakening approaches (Fig. 3.1-7) to test whether 
distinct regions characterized by unconnected ferropericlase can persist throughout Earth's 
long-term evolution. 
 
 

 
 
Fig. 3.1-7: Results of a 2D spherical annulus calculation after 4.5 Gyr of evolution 
assuming a viscosity contrast of 100 between bridgmanite and ferropericlase. The 
viscosity subplot shows several weak high strain regions separating more viscous 
weakly deformed blocks that remain stable on the long-term. 
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h. 3D numerical permeability determination (P. Eichheimer, M. Thielmann, G.J. Golabek, in 
collaboration with W. Fujita, M. Nakamura and S. Okumura/Sendai) 
 
Fluids are released by mineral dehydration reactions within subduction zones and move 
upwards due to their positive buoyancy. Therefore permeability is a key factor for fluid 
migration, thus it is necessary to determine this parameter on the microscale using state-of-
the-art methods. For this purpose we use a numerical approach to determine the permeability 
of rock samples recovered from subduction zones. To calculate the permeability the 3D 
thermomechanical code LaMEM (Lithospheric and Mantle Evolution Model) developed by 
Anton Popov and Boris Kaus is used. In several preprocessing steps the given computed 
tomography (CT) data from literature are converted into a regular three-dimensional cartesian 
grid. The effective permeability is then computed using the solution of the Stokes equations 
plugged into Darcy's law. With these technical implementations we are able to obtain 
permeabilities in three dimensions at high resolutions.  
 

 
 

Fig. 3.1-8: Processed granular CT data displaying an interconnected fluid network. 
 
 
i. Mineral scale modelling of two-phase deformation with application to the lower mantle (M. 
Thielmann, G.J. Golabek and H. Marquardt) 
 
Rocks in the lower mantle are not homogeneous, but consist of different mineralogical phases, 
with the two most abundant phases being bridgmanite and ferropericlase. Recent experiments 
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have highlighted the importance of ferropericlase in the deformation of the lower mantle, 
since linkage of the weak phase might induce a switch from a load-bearing framework 
(controlled by bridgmanite rheology) to a interconnected weak layer state (controlled by 
ferropericlase rheology). As the rheology of both phases at mantle temperatures and pressures 
is not well known, we use numerical models (Fig. 3.1-9) to systematically study the effect of 
phase distribution and rheology on effective rheological properties.  
 
The distribution of weak phases is prescribed using random fields, thus making a statistical 
approach indispensable. The usage of random fields also allows us to prescribe a certain 
topology of the weak phase and to investigate its effect on bulk properties. 
 
Adding a weak phase has several effects: First, the internal strain rate, stress and pressure 
fields become strongly heterogeneous, thus resulting in at times unexpected behaviour and 
localization of deformation. Second, the bulk rock is weakened. The amount of weakening 
strongly depends on the topology of the weak phase as well as on its rheology. The results 
obtained in this project can be used to (i) develop upscaling methods that can then be used in 
large scale simulations and (ii) to help determine the rheologies of bridgmanite and 
ferropericlase in laboratory experiments. They also highlight the need of more deformation 
experiments at high temperatures and pressures to better determine the rheology of the two 
constituents at these conditions. 
 

 
 
Fig. 3.1-9: (left) Stress distribution in one model with 20 % of a weak phase (100 times 
weaker than the more abundant phase) Here, both phases have a nonlinear rheology 
with a stress exponent of n = 3. (right) Probability distributions for obtaining a certain 
bulk viscosity depending on the topology of the weak phase. The topology is 
determined by the correlation length cx (see legend), where small values indicate 
isolated blobs and larger values indicate elongated (and possibly connected) structures 
in the shear direction. 
















































































































































































































































































































































































































































































