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Ca-Al-rich inclusions (CAIs) are known to be the oldest objects in the Solar System [1], thus probing the 
formation process of CAI provides insight into understanding the early evolution of our Solar System. Melilite is a 
primary and major phase in type A CAIs together with spinel. The crystallization sequence for type A CAI melt 
inferred from experimental study is spinel followed by melilite [2]. Oxygen isotopic compositions of spinel in type 
A CAIs are uniformly 16O-rich, whereas those of melilite are relatively 16O-poor and variable [3]. In some igneous 
type A CAIs, melilite shows oxygen isotopic variation in a single crystal, which has been explained by oxygen 
isotope exchange either between gas and melt in the solar nebula, [e.g., 4, 5] or between melilite crystal and aqueous 
fluid on the CV parent body [6]. The objective of this study is to explain the origin of oxygen isotopic variations 
among and within type A CAI minerals with respect to the isotope diffusion rate in the melts. The structures 
(coordination number and network connectivity) of melts have implications for the macroscopic properties (e.g., 
viscosity and diffusivity) [7, 8]. Here, we report experimental results on the effects of composition on the structure 
of melilite glasses and melts [åkermanite (Ca2MgSi2O7) and gehlenite (Ca2Al2SiO7) join] with varying åkermanite 
content using high-resolution solid-state nuclear magnetic resonance (NMR).  

The 17O 3QMAS NMR spectra of melilite glasses show that three types of bridging oxygens (BOs, Si–O–Si, 
Al–O–Al, and Si–O–Al) and three types of non-bridging oxygens (NBOs, Ca–O-Si, Ca-O-Al, and mixed {Ca, Mg}–
NBO) are partially resolved. The fraction of NBO in melilite glasses increases with increasing åkermanite content. 
The observed structural changes in the melilite glasses can provide an improved understanding of their structure–
property relationships. The observed increase in NBO fraction with increasing åkermanite content indicates an 
obvious decrease in melt viscosity toward an åkermanite endmember [9]. The diffusion of oxygen is also affected by 
the melt polymerization because the activation energy required for diffusion increases with increasing melt 
polymerization [10]. It is predicted that as Mg (i.e., åkermanite content) in the melts increases, the oxygen isotope 
diffusion rate will increase due to decreasing melt polymerization [10].  

If the precursor materials of type A CAIs formed in the 16O-rich nebular gas and experienced melting in the 
16O-poor gas, spinel can retain its 16O-rich composition because it is the first phase crystallized from the melt and its 
oxygen diffusivity is quite sluggish [11] or spinel could be just relict. Oxygen isotopic change from 16O-rich to 16O-
poor compositions with increasing åkermanite content in melilite [5] can be explained by changing oxygen 
diffusivity of the melt during fractional crystallization. While the gehlenitic melilite, which is formed in the early 
stage, may have a similar isotopic composition to that of spinel (16O-rich), the melilite with higher åkermanite 
content may show 16O-poor composition similar to the surrounding gas composition, as the diffusion rate in melts 
increased. 

 
Figure 1. 17O MAS NMR spectra for melilite glasses with varying 
åkermanite content at 9.4 T. The fraction of non-bridging oxygen 
increases with increasing åkermanite content.  
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