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Introduction: Ningqiang has been described as an anoma-
lous CV3 chondrite containing low abundances of CAIs (~1.0 
vol%) and refractory lithophile elements [1]. In order to find a 
clue to the anomalous characteristics and possibly unique forma-
tion history of Ningqiang, we performed a detailed mineralogical 
and petrological investigation of this meteorite. We found evi-
dence suggesting that Ningqiang has gone through a significant 
degree of Na metasomatism. 

Results: CAIs. We found 64 inclusions  in the four thin 
sections (~820 mm2 total area) that ranginge in size from 
80−1250 µm in ~820 mm2 area of four thin sections. The modal 
abundance of the CAIs is ~0.9 vol%, which is much lower than 
the mean (5.1 vol%) for the CV3 chondrites. The CAIs include 
coarse-grained melilite-rich type (28 %), fine-grained melilite-
spinel-rich type (25 %), and fine-grained spinel-pyroxene-rich 
type (34 %). 33 (52 %) of the CAIs contain various amounts of 
Na-rich nepheline, which commonly occurs as porous aggregates 
of fine grains. Nepheline has been largely mainly formed by re-
placing melilite. We found three relatively large inclusions (190-
510 µm in size) consisting entirely of fine-grained melilite, 
spinel, and nepheline. In addition, numerous smaller inclusions 
(<80 µm), most of which contain nepheline, are scattered in the 
matrix.   

Matrix. The matrix consists mainly of fine grains of Fe-rich 
olivine, resembling the CV3 matrices. However, it has unusual 
characteristics. The matrix consists of an intermixture of two dis-
tinct regions (10−100 µm in size): one consists mainly of fine 
grains (<1 µm in size) of relatively Fe-poor olivine (Fa50), and 
the other consists mainly of coarser grains (2−20 µm) of rela-
tively Fe-rich olivine (Fa53). In the former Fe-poor regions, fine-
grained nepheline occurs pervasively, whereas in the latter Fe-
rich regions, nepheline is rare but fine-grained Fe sulfide and 
magnetite occur abundantly. The bulk composition of the matrix 
is similar to that of CV3 matrix for most elements except that Na 
and Al are significantly higher (3.2 and 1.7 by factor, respec-
tively). 

Discussion: A major fraction of the CAIs has experienced 
various degrees of nephelinization. We suggest that the 
nephelinization occurred under a hydrothermal condition on the 
meteorite parent body [2]. In that process, CAIs became fine-
grained and porous, and during brecciation, they were disaggre-
gated and mixed into matrix.  

We interpret that the matrix of Ningqiang formed by mix-
ing of materials derived from two different reservoirs in the me-
teorite parent body. In the Fe-poor reservoir, nephelinization oc-
curred, whereas in the Fe-rich reservoir, nephelinization did not 
occur but concentration of Fe sulfide and magnetite occurred. 
The nepheline in the CAIs presumably formed in the Fe-poor 
reservoir. These imply that the Ningqiang parent body has un-
dergone a heterogeneous distribution of its alteration condition, 
and intermixing of the materials from different locations.  
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