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Introduction: Sodalite (Na8Al6Si6O24Cl2) is a rare halogen-

rich silicate mineral.  It occurs widely in various chondrites. Re-
cently, sodalite grains in CAIs and chondrules of carbonaceous 
chondrites were found to exhibit potential 36S excesses, suggest-
ing the presence of short-lived 36Cl in the early solar system 
[1,2].  Sodalite is not a primary phase, but a secondary alteration 
product. It is therefore important to know under what conditions 
and environment sodalite formed. Here we report a petrographic 
study of sodalite in the Ningqiang chondrite. 

Results and Discussion: The overall abundance of sodalite 
is very low (<< 1 vol%) in Ningqiang.  Sodalite grains are very 
small (sub-µm up to 10 µm) and subhedral to anhedral in shape.  
They are widely present in chondritic components, such as CAIs, 
chondrules, AOAs, dark inclusions, and matrix. Sodalite usually 
occurs interstitially between primary silicate phases (olivine and 
pyroxene) and coexists with other secondary phases such as 
nepheline, hedenbergite, and fayalitic olivine. Sodalite in silicate 
aggregates occurs around diopside grains. In matrix, sodalite 
usually intergrows with fayalitic olivine grains.  Individual so-
dalite grains are rare in the matrix.   

Sodalite was probably formed by alkali-halogen metasoma-
tism of anorthite and anorthite-normative glasses in chondritic 
components [3,4].  There is a long-standing debate on whether 
alteration processes occurred in the solar nebula or on asteroidal 
bodies [3,4].  Our petrographic observation of sodalite occur-
rence in Ningqiang supports a nebular environment.  The abun-
dance of sodalite is relatively lower in Ningqiang matrix than in 
other chondritic components.  For example, there is a fine-
grained dark inclusion (DI), which is composed of fine grained 
(5-20 µm) sodalite, nepheline, diopside, fayalitic olivine and 
some mesostases.  Sodalite and nepheline are subhedral to an-
hedral and account for 25 vol%.  Diopside (30 vol%) is porous, 
and fayalitic olivine (10 vol%) appears as long platy crystal.  The 
rest is sub-µm matrix-like materials (35 vol%). DI is distinct 
from surrounding matrix.  The mean grain size of DI is coarser 
than that of matrix.  The abundance of sodalite is significantly 
higher in DI (10 vol%) than its surrounding matrix (<< 1 vol%).  
This sharp contrast indicates that the environment for sodalite 
formation is not an asteroidal body, but most likely the solar 
nebula before accretion.  Matrix is mainly composed of fine min-
eral grains with high porosity and permeability.  If sodalite 
formed by secondary alteration processes in an asteroidal envi-
ronment, matrix should be more susceptible to alteration than 
other chondritic components, and thereby contains more sodalite 
grains.  

Our petrographic observation is consistent with oxygen iso-
topic characteristics of Ningqiang sodalite, which fall along the 
CCAM line on the three oxygen isotope diagram [5], indicating 
sodalite formation in a nebular environment. 
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