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Introduction:  Thermal metamorphism in ordinary 

chondrites results in progressive equilibration of oli-
vine (in type 3 chondrites) followed by pyroxene (in 
type 4 chondrites) [e.g. 1]. Little is known about the 
progression of equilibration of the third major silicate 
phase, feldspar. Since there are few means to make a 
quantitative distinction between type 5 and type 6 
chondrites, we are investigating the possibility that 
progressive equilibration of feldspar compositions 
might provide a means to establish a more detailed 
measure of the degree of metamorphism experienced 
by type 5 and 6 OCs.   

In type 3 ordinary chondrites, chondrule mesosta-
ses have a wide range of compositions. CaO contents 
vary from 0 to 18 wt%, and Na2O contents vary from 0 
to 15 wt% [1]. We might expect that as feldspar crys-
tallizes it would initially be compositionally heteroge-
neous, and that it might become more homogeneous as 
metamorphism proceeds. Van Schmus and Ribbe [2] 
and Nagahara [3] showed that feldspar is heterogene-
ous in type 6 OCs. We are investigating the possibility 
that this heterogeneity is inherited from the chondrules 
in which individual feldspar grains are located. 

We have begun a study of feldspar compositions in 
type 6 ordinary chondrites of low shock level. Plagio-
clase compositions can be reset by shock, in chondrites 
of shock levels S5 and S6 [4]. Here, we report prelimi-
nary results of plagioclase compositions in an L6 S3 
chondrite, Nazareth (e).  

Technique:  We identified ten relict chondrules 
from the Nazareth (e) (L6) chondrite. These chon-
drules range from barred (Fig. 1) to porphyritic (Fig. 
2) to radiating textures. In all the chondrules, plagio-
clase occurs in small patches interstitial to olivine and 
pyroxene grains. We carried out several plagioclase 
analyses within each chondrule with a JEOL 8200 
electron microprobe, using a 5μm diameter electron 
beam.   

Results:  Figure 3 shows that there is little varia-
tion in anorthite content of plagioclase both within and 
among chondrules. Mean anorthite contents for each 
chondrule are typically 11.5 ± 0.2 mole%, and the 
mean of all the analyses is 11.5 mole% An. Our data 
are in fairly close agreement with previous feldspar 
analyses in L4-6 chondrites, which have a mean of 
Ab84An10Or6 [1]. 

There is a significantly wider variation in Ab and 
Or components (Figs. 3 and 4).  Ab and Or contents 

covary in each individual chondrule, over a concentra-
tion range of 5 mole% in both components. This varia-
tion is consistent with observations of Van Schmus 
and Ribbe [2]. Compositional variations within chon-
drules 4 and 6 (Figs. 1 and 2) cover the range of ob-
served variations. There are no obvious spatial rela-
tionships  controlling Ab or Or contents. 

FeO contents of plagioclase grains vary from 0.2 to 
2.1 wt% and are not correlated with An content (Fig. 
5) or Or content. We attempted to avoid beam overlap 
between plagioclase and iron-bearing phases. Most of 
the analyses plotted in the figures have cation totals 
that vary between 5.02 and 5.04, on the basis of 8 oxy-
gen atoms, and FeO appears to be incorporated into the 
feldspar structure. MgO contents are mostly <0.1 wt% 
in all the feldspars analyzed.  

Discussion: The narrow range of An contents in 
plagioclase in Nazareth (e) is consistent with its low 
shock level [4]. However, plagioclase in this chondrite 
shows significant heterogeneity in Ab, Or and FeO. 
Heterogeneity is on a grain-to-grain scale and over 
distances of tens of micrometers, and similar heteroge-
neity is observed throughout the chondrite. We do not 
observe local control on plagioclase compositions that 
could be attributed to initial differences in composition 
of mesostasis glass between chondrules. Hence, it ap-
pears that transport of feldspathic components 
throughout the chondrite occurred prior to crystalliza-
tion of feldspar. Localized heterogeneities in K and Na 
could have been incorporated into feldspar grains as 
they nucleated and grew. We are continuing to investi-
gate this possibility by studying compositional varia-
tions in feldspar in a range of type 4-6 ordinary chon-
drites.  
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Figure 1.  Barred chondrule, Chondrule 4, in Nazareth 
(e).  The dark gray patches throughout the chondrule 
are plagioclase.  The blue dots indicate analysis points. 
Scale bar is 500 μm. 

Figure 2.  Porphyritic chondrule, Chondrule 6, in Naz-
areth (e).  The  dark gray patches are plagioclase.  Red 
dots indicate analysis points. Scale bar is 500 μm.
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Figure 3.  Plagioclase analyses in relict chon-
drules in Nazareth (e): Ab vs. An contents. 
There is a restricted range of An contents within 
each relict chondrule, and little difference in 
composition from chondrule to chondrule. 
Barred chondrule CH4 (Fig. 1) is indicated by 
the blue dots and porphyritic chondrule CH6 
(Fig. 2) is indicated by the red dots.  The re-
maining symbols are analyses completed on 
other chondrules.
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Figure 4.  Plagioclase analyses in relict chon-
drules in Nazareth (e): Or vs. Ab contents.  The 
graph shows there is heterogeneity in both Ab 
and Or within each chondrule. Most chondrules 
show the same compositional range. CH4 is 
indicated by the blue dots and CH6 is indicated 
by the red dots.  The remaining symbols are 
analyses completed on other chondrules.
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Figure 5.  Plagioclase analyses in relict chon-
drules in Nazareth (e): FeO vs. An contents. 
There is a wide range in iron content within the 
plagioclase, and no apparent correlation between 
FeO and An content.   
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