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INTRODUCTION

The fate of subducted oceanic crust in the deep Earth has been 
the subject of numerous investigations (e.g., Kesson et al. 1994; 
Ono et al. 2005). Such studies require a detailed knowledge of 
the phases involved and their respective chemical compositions. 
With the exception of a few pioneering studies at pressures 
exceeding 40 GPa involving diamond-anvil cell experiments, X-
ray diffraction (XRD), and/or transmission electron microscope 
(TEM) on MORB and peridotite compositions (Funamori et al. 
2000; Lee et al. 2004a, 2004b; Hirose et al. 2005; Murakami et 
al. 2005; Ono et al. 2005), most petrological studies have been 
performed using multi-anvil apparatuses at transition-zone condi-
tions, up to 37 GPa (Ono et al. 2001). These experimental stud-
ies on MORB compositions at transition-zone conditions have 
reported up to five phases (Irifune and Ringwood 1993; Hirose 
et al. 1999; Litasov et al. 2004): Al-bearing Mg-perovskite, 

Ca-perovskite, stishovite, and two aluminous phases, i.e., the 
calcium ferrite (CF) type phase, and the new aluminous (NAL) 
phase. Miyajima et al. (1999, 2001) reported the presence of the 
NAL phase after re-examination of experiments from Irifune and 
Ringwood (1993) and Hirose et al. (1999); however, other studies 
performed on MORB at pressures up to 130 GPa have reported 
only one Al-rich phase (CF) in their assemblage (Kesson et al. 
1994; Funamori et al. 2000; Hirose et al. 2005). 

Liu (1977) initially proposed the CF-type phase as a poten-
tial host mineral for Al and Na with an NaAlSiO4 end-member 
composition. CF was first described in high-pressure MORB 
by Irifune and Ringwood (1993). Subsequently, the thermody-
namic properties of the MgAl2O4 and NaAlSiO4 end-members 
as well as MORB relevant compositions were studied up to 70 
GPa (Yutani et al. 1997; Funamori et al. 1998; Tutti et al. 2000; 
Dubrovinsky et al. 2002; Ono et al. 2002a; Guignot and Andrault 
2004). Funamori et al. (1998) observed that, above 40 GPa, the 
MgAl2O4 end-member undergoes a transformation from the 
CaFe2O4-like structure into a CaTi2O4-like structure. The CaTi2O4 
structure was also reported by Ono et al. (2005) at 143 GPa in 
a MORB composition.
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ABSTRACT

Natural mid-ocean ridge basalt (MORB) samples recovered from diamond-anvil cell (DAC) 
experiments performed between 33 to 89 GPa and 1700 to 2600 K were studied with a transmission 
electron microscope (TEM). We used the focused ion beam (FIB) lift-out technique to prepare the 
recovered high-pressure, laser-heated samples for TEM study. Observations of TEM sections show the 
presence of five phases for samples transformed at pressures ranging from 33 to 45 GPa: Al-bearing 
Mg-perovskite, Ca-silicate perovskite, stishovite, and two Al-rich phases. The Al-rich phases were 
identified by selected area electron diffraction (SAED) patterns and chemical composition analysis, 
and include the new aluminous (NAL) phase with hexagonal structure and the calcium ferrite (CF) 
type phase. Chemical analyses obtained by analytical transmission electron microscopy (ATEM) show 
that Mg-silicate perovskite is the major host for Al, with significant amounts also distributed between 
the CF-type and NAL phases, and less than 1 wt% in stishovite. Beyond pressures of ~40 GPa (~1100 
km depth), the Al content of Mg-perovskite and CF-type phase increases. Between 45 and 50 GPa, 
the NAL phase disappears. This mineralogical change may explain reported seismic anomalies in 
subduction zones at mid-mantle depths.

Keywords: High-pressure phases, ATEM, aluminous phases, high-pressure MORB samples, lower 
mantle, perovskite


