
 
MINERALOGY AND PETROGRAPHY OF REFRACTORY INCLUSIONS IN NORTH WEST AFRICA 
4502, OXIDIZED CV3 CHONDRITE.  M. S. Sapah1, A. N. Krot2, and Y. Amelin1. 1Research School of Earth 
Sciences, The Australian National University, Canberra ACT 0200, Australia (marian.sapah@anu.edu.au), 
2University of Hawai’i at Manoa, Hawai’i Institute of Geophysics and Planetology, Honolulu, HI 96822 USA. 
 

Introduction: Ca,Al-rich inclusions (CAIs) are the 
oldest known objects that formed in the Solar System 
[1,2] and may have preserved records of the earliest 
stages of its evolution. CAIs from the oxidized CV 
carbonaceous chondrite Allende are studied most ex-
tensively. However, Allende experienced an extensive 
hydrothermal alteration and thermal metamorphism 
which resulted in formation of abundant secondary 
minerals in CAIs (e.g., grossular, monticellite, wollas-
tonite, anorthite, forsterite, nepheline, sodalite, heden-
bergite, andradite, ferroan olivine) and disturbance of 
their internal 26Al-26Mg and 53Mn-53Cr isotope sys-
tematics [37]. Recent high-precision U-Pb isotope 
dating of the CV CAIs revealed inconsistencies in the 
absolute ages of the CAIs from Allende [8] and the 
reduced CV chondrite Efremovka [9,10]. These incon-
sistencies could be partly due to the differences in sec-
ondary processing experienced by the host meteorites, 
Allende and Efremovka. While the extent of hydro-
thermal alteration of Efremovka is smaller than that of 
Allende, the former also experienced thermal meta-
morphism and is moderately shocked (S4) [3]. To un-
derstand the effects of parent body processes on U-Pb 
isotope dating of CAIs, we initiated a study of refrac-
tory inclusions from a CV chondrite North West Af-
rica (NWA) 4502, which appears to be less altered and 
metamorphosed than Allende and Efremovka. Here, 
we describe the mineralogy and petrology of five large 
CAIs from this meteorite.  

Methods: The mineralogy and petrology of the 
NWA 4502 CAIs and the host meteorite were studied 
using backscattered electron (BSE) imaging, x-ray 
elemental mapping, and quantitative analyses  with the 
University of Hawai’i JEOL JXA-8900 field-emission 
electron microprobe. Modal mineralogy of CAIs was 
obtained using Image J, a Java Image Processing and 
Analysis software. 

Results: NWA 4502 is an oxidized CV3 chondrite 
consisting of ca. 48 vol% of well-defined chondrules 
and chondrule fragments, 14% of refractory inclusions, 
and 38% of slightly weathered matrix (W1). The me-
teorite experienced a weak shock metamorphism (S2). 
The matrix is rather compact (possibly due to shock 
metamorphism) and consists of fine-grained (13 m) 
ferroan olivine, Fe,Ni-sulfides, magnetite, Ni-rich 
metal, nepheline, and small irregularly-shaped regions 
of Ca,Fe-rich silicates (Figs. 1A,B). Most chondrules 
in NWA 4502 have porphyritic textures and magne-
sium-rich compositions (type I). Chondrule olivine and 

pyroxene phenocrysts are magnesium-rich (Fa0.29 and 
Fs0.91.4Wo0.91.2) and show little evidence for Fe-Mg 
exchange with the surrounding matrix containing fer-
roan olivines (Fa4753) and salite-hedenbergite pyrox-
enes (Fs1219Wo4749). 

Five NWA 4502 CAIs studied (1, 4a, 5, 6, and 7) 
are coarse-grained, igneous inclusions, up to ~1 cm in 
apparent diameter. The CAIs 1 and 4a are Type B in-
clusions with average abundances of melilite (52 
vol%, pyroxene (24%), spinel (7%) and anorthite 
(16%). CAI 5 is a forsterite-bearing Type B (FoB) 
inclusion composed of melilite (45%), pyroxene 
(40%), spinel (8%), hibonite (4%), and forsterite (3%). 
CAIs 6 and 7 are Type A inclusions composed of meli-
lite (72%), pyroxene (13%), spinel (9%), hibonite 
(5%) and perovskite (1%). The CAIs experienced a 
low degree of hydrothermal alteration resulting in re-
placement of anorthite by nepheline and sodalite (Figs. 
1D,E), and moderate FeO-enrichment of spinel in the 
CAI peripheries. In contrast to the Allende CAIs, sec-
ondary grossular, monticellite, anorthite, and Na-rich 
melilite are absent in the NWA 4502 CAIs studied. 
The CAI pyroxenes are Al,Ti-diopside in composition. 
Pyroxenes in the Type A CAI 6 and Type B CAIs 1 
and 4a are high in TiO2 (up to 15 and 612 wt%, re-
spectively) compared to those in the Type A CAI 7 
(0.4 wt%). Pyroxenes in the FoB CAI 5 have low TiO2 
and are sector zoned. Melilites in Type A CAIs are 
more gehlenitic (Åk314) than those in Type B inclu-
sions (Åk1126). Most spinel grains are near pure 
MgAl2O4; spinel in the Wark-Lovering rim show mod-
erate enrichment in FeO (up to 7 wt %). Plagioclase is 
nearly pure anorthite. 

Conclusions: NWA 4502 is a new oxidized CV 
chondrite containing a large number of coarse-grained 
igneous CAIs of different types (CTA, FoB, and Type 
B). The mineralogy and petrology of the CAIs indicate 
a smaller degree of hydrothermal alteration and ther-
mal metamorphism than those experienced by the Al-
lende CAIs. The alteration resulted in the replacement 
of anorthite in the CAI peripheries by nepheline and 
sodalite (both are minor), enrichment of spinel in FeO, 
and micro faulting. Melilite in the Wark-Lovering rims 
shows no evidence for the replacement by either anor-
thite or secondary Na-rich minerals (nepheline and 
sodalite). Compared to the Allende and Efremovka 
CAIs, the less altered and less metamorphosed nature 
of the refractory inclusions in NWA 4502 makes them 
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potentially more suitable for isotope dating and under-
standing processes in the protoplanetary disk. 
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Fig. 1. BSE images of NWA 4502 matrix (A, B) and peripheral portions of the CAIs studied (C,F = Type A and D, E =Type B). 
Matrix (MX) is rather compact and composed of ferroan olivine (fa), nepheline (nph), Ca,Fe-rich pyroxenes (Ca,Fe-px), magnet-
ite and Fe,Ni-sulfides (bright). The CAIs contain very minor secondary nepheline and sodalite (sod) that replace anorthite. Meli-
lite (mel) even in the peripheral portions of CAIs show no evidence for alteration. fo = forsterite; hib = hibonite; px = Al,Ti-
diopside; sp = spinel. 
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