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Introduction:  Mantle mineralogy is a key factor 

for understanding chemical evolution of the mantle for 
Earth-like rocky planets. Physical and thermal proper-
ties of the mantle depend highly on its constituent 
phases. One common way to describe the mantle min-
eralogy is to use the ratio of divalent cations 
(Mg+Fe+Ca) to Si. Depending on the ratio, the lower 
mantle mineralogy can be explained by a combination 
of the four major phases: (Mg,Fe)SiO3 bridgmanite 
(Bm); (Mg,Fe)O ferropericlase (Fp); CaSiO3 calcium 
silicate perovskite (CaPv); and SiO2 stishovite (St). For 
example, in the lower mantle conditions, for 
(Mg+Fe+Ca) > Si, Fp should form in addition to Bm 
and CaPv, whereas St would form instead of Fp for 
(Mg+Fe+Ca) < Si. If (Mg+Fe+Ca) = Si, neither Fp or 
St would form, but only Bm and CaPv will be stable. 
In the case of the Earth, pyrollitic composition is 
known to form Bm+Fp+CaPv in the lower mantle con-
ditions due to the ratio of Mg+Fe+Ca to Si (1.49). 
However, the mineralogy for various possible mantle 
compositions for rocky exoplanets has not well ex-
plored although the ratio of Mg+Fe+Ca to Si for ex-
oplanets may widely range from <0.9 to >2.0 [1,2]. In 
this study, we conducted high pressure and tempera-
ture experiments at the lower-mantle related conditions 
to investigate the mineralogy of the silica-rich compo-
sitions. Our results of compositions with Mg+Fe+Ca to 
Si close to 1.0 show that nearly pure Bm was formed 
without either Fp, St, or CaPv at 65 to 100 GPa and at 
2200 to 2450 K, inconsistent with the previous predic-
tion for the deep mantle. 

Experimental method:  Two compositions of 
starting material were synthesized as glass by the laser 
levitation method [3]. The compositions of sample 1 
and sample 2 were chosen to have ratios of 
(Mg+Fe+Ca)/Si = 1.15 and (Mg+Fe+Ca)/Si = 0.94, 
respectively [4]. The sample was mixed with a gold 
powder (10 wt%) that served as a pressure standard 
[5]. The mixture was compressed to be a thin foil (~10 
µm thick) which was loaded into a sample chamber in 
pre-indented Re gasket. Ne or Ar was loaded as a pres-
sure medium and a thermal insulator. Laser-heated 
diamond anvil cell combined with X-ray diffraction 
was used at 35, 50, 65, and 100 GPa and 2000 to 2450 
K in Advanced Photon Source, in order to synthesize 
sample and identify stable phases. Equation of state of 
Bm was measured during decompressing from the syn-
thesis pressure to 1 bar at 300K. The composition of 
the recovered samples was analyzed by using the aber-

ration-corrected electron microscope (ACEM) com-
bined with energy-dispersive X-ray spectroscopy 
(EDS) at ASU.  

Results and discussion: We have found that in 
compositions with (Mg+Fe+Ca)/Si ~1 Bm incorporates 
Ca at 65 and 100 GPa and 2300-2450 K, whereas CaPv 
exists as a separate phase together with Bm at 35 and 
50 GPa and 2000-2300 K. At 35 and 50 GPa at 2000-
2300 K, sample 1 formed 81 mol% of Bm and 19 
mol% of CaPv, while sample 2 formed 75 mol% Bm, 
20 mol% CaPv, and 5 mol% St. At higher pressures of 
65 and 100 GPa at 2300-2450 K, both sample 1 and 2 
showed nearly pure Bm >95 mol%. The chemical 
analysis of the pure Bm samples revealed that signifi-
cant amount of Ca was incorporated in Bm. The com-
position of Bm for sample was determined to be 
Ca0.18Mg0.61Fe0.22Al0.15Si0.85O3 which is nearly the 
same with the composition of the starting material. Na 
was not measured due to the loss during preparation 
for ACEM. These results of mineralogy are not con-
sistent with previous experiments of pyrolitic composi-
tion with (Mg+Fe+Ca)/Si = 1.49 that showed CaPv as 
a separate phase at 27-100 GPa and 2000-2350 K [6,7]. 
We also found that Ca may increase the unit-cell vol-
ume of Bm possibly due to the greater ionic size of Ca 
than Mg. If Ca expands the crystal lattice of Bm and 
CaPv doesn’t exist in the sytem, Bm may be a potential 
storage for some large-sized trace elements, such as 
U4+ and Th4+. Also, Ca-bearing Bm may have different 
bulk modulus that determines the compressibility of 
the lower mantle of a rocky planet. On the other hand, 
the absence of Fp in Si-rich lower mantle may result in 
an increase in viscosity of the lower mantle compared 
to the Earth because of the greater strength of Bm to 
the mantle convection [8]. 

 
References:  
 [1] Hinkel, N.R. et al. (2014) AJ 148, 54-86. [2] 

Young, P.A. et al. (2014) Astrobiology 14, 603-626. 
[3] Tangeman, J.A. et al. (2001) Geol. Res. Lett. 
28(13), 2517-2520. [4] Johnson, T.E. et al. (2014) Nat. 
Geosci. 7(1), 47. [5] Fei, Y. et al. (2007) P. Natl. A. 
Sci. 104(22), 9182-9186. [6] Lee K.K.M. et al. (2004) 
Earth Planet. Sci. Lett. 223, 381-393. [7] Sinmyo, R. 
and Hirose, K. (2013) Phys. Chem. Mineral. 40(2), 
107-113. [8] Girard, J. et al. (2015) Sci. aad3113. 

4111.pdfHabitable Worlds 2017 (LPI Contrib. No. 2042)


