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Introduction: The upper mantle composition is 

presumed to be pyrolitic; i.e. it is depleted in Si com-
pared to CI chondrites.  The composition of the lower 
mantle is not as well constrained, and arguments have 
been raised whether it is similar or vastly different 
from that of the upper mantle [e.g., 1, 2]. If the mantle 
were compositionally stratified, it would have im-
portant implications for the magma ocean crystalliza-
tion early in Earth's history [3], and the dynamics of 
the Earth preserving this signature during almost 4.5 
billion years. 

Chemical layering within the mantle from the low-
er mantle on would have had originated from magma 
ocean crystallization due to the gravitational settling of 
perovskite, resulting in a perovskite-rich lower mantle 
[4, 5]. To preserve this layering, the whole mantle 
convection should have not occurred.  

A primordial perovskite-rich lower mantle would 
have an extremely low and upper mantle extremely 
high Lu/Hf ratios, which with time would evolve to 
very radiogenic 176Hf/177Hf at a given 143Nd/144Nd [7]. 
Caro et al. [6] suggested that adding a small amount of 
Ca-perovskite to the lower mantle mineral assemblage 
would lower the Lu/Hf ratio of the primordial lower 
mantle. However, this process requires a unique ratio 
of Ca-perovskite to Mg-perovskite that has to be main-
tained through the whole crystallization history of the 
primordial lower mantle. So far, there has been no iso-
topic evidence for a perovskite-rich lower mantle 
formed during the early history of the Earth. 

The issue of chemical stratification in the mantle 
was recently brought up again by [8]. Based on the 
state-of-the-art measurements of shear-wave velocity 
of Al-Mg perovskite and ferropericlase at high pres-
sures and temperatures, they concluded that 
perovskite-rich lower mantle (containing 93% 
perovskite or more) better matches seismic observa-
tions.  However, the model [8] considers only a limited 
range of Fe/Mg ratios in Mg-perovskite and 
ferropericlase.   

Here we explore how different Fe contents of man-
tle minerals affect their elastic constants in order to 
evaluate whether the lower mantle seismic profile re-
quires enrichment in Si compared to the upper mantle.  

Analytical approach: Fe is a heavy element, and 
its distribution among various phases affects the densi-
ty and elastic constants of each component.  The parti-

tioning of Fe and Mg between Mg-perovskite and 
ferropericlase is described by the partition coefficient, 
KD, defined as: 
 

KD= (  / )/( / ) 
 
where  is the mole fraction of component i in phase 
a.  Reported KD’s range from 0.1 to 1.2 [e.g., 9, 10], 
implying that their values under lower mantle condi-
tions are not well constrained. 

     Therefore, we use a wide range of KD values from 
0.24 to 1.25, along with uncertainties in bulk modulus, 
to explore shear wave velocity models of Al-Mg-Fe-
perovskite and ferropericlase.  A pyrolitic lower man-
tle model is explored using published elastic constants 
for ferropericlase, Al-Mg-perovskite, and Ca-
perovskite [8,11]. We used the high-temperature 
Birch-Murnaghan EoS and the Eulerian finite strain 
equation.  Shear wave velocity relates to shear modu-
lus and density as such: 

 

VS =  

 
We used linear projections in thermal corrections in 
shear modulus [12]: 
 

G(Tp, P = 0) = G0 + (Tp – T0) 

 
where G0/ T is the temperature derivative of G0 at 
constant pressure.  Calculations are performed on a 
typical adiabatic geotherm [13].  Phase proportions 
were 77 vol% Mg-perovskite, 16 vol% ferropericlase 
and 7 vol% Ca-perovskite [14]. 

The effect of increasing the partition coefficient on 
the calculated shear wave velocity of the pyrolitic 
mantle is two-fold: (1) the shear modulus of 
ferropericlase increases while its density decreases and 
(2) the shear modulus of Mg-perovskite is unaffected 
[15] but its density increases. 

     Results:  At KD = 0.24 (red line in Fig. 1), our re-
sults reproduce the curve of [8], with the offset be-
tween our curve and the PREM [16] being ~3% at 
maximum.  The offset between model calculations and 
seismic observations is smallest when KD=1.1 
( = 10).  KD values above 1.1 generate shear 
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wave velocity models that are lower than PREM.  
 

 
Fig. 1. Shear wave velocity model of the lower mantle 
(PREM is indicated in green stars). Shaded region 
indicates ranges of KD values used and considers for 
uncertainties in bulk modulus for Mg-perovskite. KS: 
adiabatic bulk modulus where K’ is fixed to 4.  

     Discussion: The offset between model calcula-
tions at KD = 1.1 and seismic observations is very 
small, suggesting that a combination of the shear wave 
velocities of Mg-perovskite, ferropericlase and Ca-
perovskite in pyrolitic proportions can match seismic 
observations.  This eliminates the necessity for a chem-
ically stratified mantle.  

     Most studies constrain the velocity models of 
the lower mantle by using a simplified composition, e. 
g., using experimental data for Mg-perovskite to model 
Fe and Al-bearing Mg-perovskite. Although, a recent 
experimental study [15] found no Fe effect on the 
shear modulus of Mg-perovskite, the combined effects 
of both Al and Fe have yet to be explored, as experi-
mental data are currently nonexistent. 

Conclusion: Until Fe-Mg partition coefficients and 
elastic properties of mantle minerals are better con-
strained experimentally, there is no need for a chemi-
cally stratified mantle.  
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