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Introduction: Plagioclase–oliv ine inclusions (POIs) are characteristic inclusions in carbonaceous chondrites, 

and mainly  consists of plagioclase, o livine, pyroxene and spinel. POIs are distinguished in mineralogy, chemistry 

and  isotopic compositions from the other types of inclusions and Al–rich chondrules, and they probably represent 

intermediate assemblages between more refractory inclusions and chondrules  [1]. The refractory inclusions are 

composed of such refractory minerals as spinel, melilite and Al–Ti–rich diopside, are enriched in refractory 

elements and generally show an 
16

O–rich oxygen isotopic composition (δ
17

,
 18

O ~ –50‰) [2]. However, in 

comparison with the other types of  refractory inclusions, there are only few reported studies of  POIs  [3]. In this 

paper, we will report the oxygen isotopic compositions of an POI from Ningqiang chondrites. 

Samples and Experiments:  The POI is labeled as C#1 from Ningqiang an anomalous carbonaceous chondrites. 

The petrography, mineral chemistry and aluminum–magnesium istopic compositions of the POI have been studied 

[1,3,4]. The Cameca NanoSIMS 50L at the Institute of Geology and Geophysics, Chinese Academy of Sciences was 

used to measure the oxygen isotope ratios  of C#1in this study. All analyses were normalised to a mineral standard 

matched for elemental composition to provide appropriate corrections  for instrumental mass fractionation (IMF). 

Oxygen isotopes results are reported as δ
17

O and δ
18

O, representing permil deviations from SMOW.  

Results and discussion: Inclusion C#l (2.5 × 3.0 mm) contains 59 vol% p lagioclase, 14 vo l% spinel, 14 vol% 

olivine, 7 vol%  Ca–rich pyroxene, 5 vol% Ca–poor pyroxene, 1 vol% Ti– rich oxides and the other accessory phases 

[3]. Plagioclase is euhedral and coarse–grained (up to 380 µm in size), spinel (euhedral and <20 µm in size) occurs 

as inclusions in plag ioclase and olivine in  the whole inclusion but predominantly in the central area. Most of the 

olivine is coarse–grained (50–240 µm in size) and subhedral to euhedral in form. C#l  is the  presence of a pyroxene 

layer (100–150 µm  in width), part ially surrounding host of the inclusion. The pyroxene layer is predominantly 

composed of Ca–poor and Ca–rich pyroxenes (64 and 36 vol%, respectively).  All core and Ca–poor and Ca–rich 

pyroxenes rim (W–L rim) oxygen isotope measurements for the inclusion C#l p lot within error of the Carbonaceous 

Chondrite Anhydrous Minerals (CCAM) [5]. This indicates that the inclusion has not been significantly affected by 

mass-dependent fractionation processes. The spinels are 
16

O–rich (Δ
17

O= –5.8 to –20.9). The oxygen isotopic 

compositions of the oliv ines,  plagioclase and W–L rim (Ca–poor and Ca–rich pyroxenes) are relatively 
16

O–poor 

compared with that of the spinel and are moderately 
16

O–rich  with a weighted mean Δ
17

O value of –2.3 to –8.4, –0.9 

to –7.1 and –2.6 to –4.9, respectively. 

The petrographical and mineralogical ev idence suggests that C#1POI was once melted [3]. The C#1 appears to 

have undergone at least two high–temperature events in the solar nebula prio r to incorporation into the Ningqiang  

parent body. The first high–temperature event was the formation of the inclusion precursor of the C#1. The CAI 

precursor was formed by fractional condensation from an 
16

O–rich nebular gas. The second high–temperature event 

caused the mixing of the inclusion and the chondrule materials. The inclusion precursor melted, assimilated the 

chondrule materials, crystallized the interior portion and formed the core and Ca–poor and Ca–rich pyroxenes rim of 

the inclusion in the same environment. The environment of the nebular gas where this event took place was 

relatively 
16

O–poor and chondritic–dust–rich [6], and it is consistent with olivine–rich in C#1 inclusion. This 

environment is different from that of the first high–temperature event and suggests that the two high–temperature 

events are spatially and/or temporally separated.  
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