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Calcium silico-phosphate (CSP) is an enigmatic component 

of angrites that has not been well characterized, but is important 
to understand the crystallization of angritic magma [1]. CSP usu-
ally occurs as a tiny euhedral or lathy grain (mostly up to several 
tens of µm in size) at the Fe-rich rim of fassaitic clinopyroxene in 
quenched angrites [1,2]. CSP is associated with late-stage crys-
tallization phases such as troilite, ulvöspinel, and Fe, Ca-rich oli-
vine. Its chemical composition is fairly homogeneous and the 
cation proportion is possibly Ca9Fe(P,Si)7 or Ca27Fe3P14Si7, 
which is close to the 1:1 mixture of wollastonite (CaSiO3) and 
merrillite (Ca3(PO4)2) although no intermediate phase is known 
in this system. We studied its crystal structure by SEM-EBSD 
and Raman spectroscopy, and discuss its formation process.  

We analyzed CSP in D’Orbigny by FEG-SEM equipped with 
an EBSD detector and could obtain Kikuchi bands. The chemical 
composition of CSP is most similar to those of silicocarnotite 
(Ca5(PO4)2SiO4) and nagelschmidtite (Ca7(SiO4)2(PO4)2), but 
their structures (detailed structure is not known for nagelschmid-
tite) did not match with the observed EBSD pattern. Instead, we 
found that the obtained EBSD pattern well matches with that by 
the apatite structure. The britholite (REE-bearing Ca silico-
phosphate) structure also gave a good match although REEs were 
not detected in CSP by SEM-EDS. These structures are known as 
a graserite structure in general (hexagonal, space group: P63/m) 
in which the cations and anions are arranged in two types of col-
umns in a hexagonal arrangement [e.g., 3]. Thus, it is assumed 
that CSP in angrites is isostructural with graserite. We also ana-
lyzed CSP by micro Raman spectroscopy to further characterize 
it. The obtained spectrum shows a sharp peak around 958 cm-1 
and two broad peaks around 844 and 1048 cm-1. This spectrum is 
broadly similar to that of apatite although the 844 cm-1 peak is 
not obvious in apatite.  

Because CSP in angrites occurs at the Fe-rich fassaite rim, it 
formed at the late stage of the crystallization. There are two pos-
sible scenarios for its formation. The residual melt became en-
riched in Ca, Si and P, and CSP directly crystallized from the 
melt. Another scenario is that it is a product of the reaction be-
tween fassaite and merrillite. Although no silico-phosphates are 
known in other achondrites, similar phase is found in experimen-
tally heated eucrite (Hammadah al Hamra 262) at 1070 oC for 24 
hours (logfO2=IW-1) [4]. At this condition, Ca phosphates, il-
menite and silica (plus minor pyroxene and plagioclase) melted 
and a CSP-like phase formed whose composition is close to that 
in angrites (although it is unclear whether it is crystalline or 
amorphous). Therefore, the angritic magma at the last crystalliza-
tion stage may have a similar composition to this partial melt. 
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