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Introduction: Jbilet Winselwan is a largely un-
weathered, recent CM2 breccia from Morocco.  It con-
tains a range of lithologies, most of which are typical 
of CMs, whereas others show brief, but significant 
impact heating and brecciation [1].  It has a chon-
drule:matrix ratio of approximately 50:50 with the 
majority of chondrules being type-I (average Fo>90, e.g, 
Fig. 1a) and a small but distinct population of type-II 
chondrules (average Fo<90, e.g., Fig. 1b) [2].  The de-
gree of both chondrule alteration to phyllosilicates and 
degradation of chondrule rims varies between each 
lithology.  This breccia is believed to be a unique rep-
resentation of C-type asteroid regolith breccia [1]. 

 

 
Fig. 1: Examples of type I (a) and type II (b) porphyritic 
olivine chondrules. O = Olivine, scale bars = 200µm 

 
Type II chondrules are not well understood, with a 

few competing theories on their formation, relative to 
that of type I chondrules.  Due to their enrichment in 
volatile and moderately volatile elements (e.g., Na, K, 
Mn, Cr, Si and Fe), the larger average size of type II 
chondrules observed in ordinary chondrites, and the 
presence of dusty relict grains, it has been suggested 
that type I chondrules formed as a product of evapora-
tion and reduction processes during heating events on 
type II chondrules [3].  It has also been argued that 
these differences are a result of both chondrule types 
having formed in separate nebular reservoirs [4]. Most 
recently, it has been suggested that type II chondrules 
have been derived directly from type I chondrules 
through oxidation processes based on zoning charac-
teristics in relict olivine grains.  This hypothesis was 
recently reinforced by evidence that heating events 
have the capability to form Mg-rich relicts commonly 
seen in type II chondrules [5].   

To date, almost all observations of type II chon-
drules have been made in primitive ordinary chondrites 
[e.g., 3,4], with few observations made in carbona-
ceous chondrites.  Identification of these chondrules in 
different meteorite groups, particularly those of differ-

ent petrologic types, has the potential to show parent-
body controls and further strengthen a hypothesis of 
initial formation.  Here, type II chondrules from Jbilet 
Winselwan were examined with a particular focus on 
relict grains with high-Mg cores to explore the hypoth-
esis that type II chondrules were derived from type I 
chondrule material. 

Methods: Type I and II chondrules from three thin 
sections of Jbilet Winselwan were examined here.  
Initial type II chondrule identification was conducted 
with an optical microscope at Western Carolina Uni-
versity, using distinct olivine zoning as an identifier. 
Further chondrule identification, along with morpho-
logical and mineralogical examinations, were conduct-
ed using the scanning electron microscope at the Uni-
versity of North Carolina at Asheville.  Finally, major 
and minor element abundances were measured using 
the CAMECA SX100 Electron Microprobe at the Uni-
versity of Tennessee.   

 

 
Fig. 2: Type II chondrules; (a) Barred olivine.  (b) Porphyrit-
ic olivine chondrule with some fine-grained crystals.  Type I 
analogous relict grain with high Mg core denoted by arrow. 
O=Olivine, Gl=Aluminum-rich glass, Scale bars=100µm. 
 

Results:  We identified 39 type II chondrules  
ranging ~40µm to 1100µm in diameter, and each were 
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classified as porphyritic olivine (PO) chondrules, with 
several barred olivine chondrules.  Despite an abun-
dance of pyroxene-rich chondrules, none of the type II 
chondrules contained crystalline pyroxene. Both indi-
vidual grain size and degree of alteration apparently 
had no bearing on chondrule type.  Both type I and 
type II chondrules were observed to contain aggregates 
of fine grains of olivine, relatively large euhedral oli-
vine grains, or a mixture of both.  Multiple barred oli-
vine chondrules (e.g., Fig. 2a) of each type were also 
observed.  Regardless of chondrule type, a range of 
both shock and alteration were observed throughout 
each sample. Many chondrules were significantly al-
tered to phyllosilicates, whereas others were pristine; 
some showed distinct shock, whereas others were 
largely untouched; and many had well-defined rims, 
whereas the others were partially or completely absent.  

 

 
Fig. 3: Type II chondrules; (a) Porphyritic olivine with a 
distinct portion of relatively fine-grained aggregate.  Arrow 
denotes relict-dominated region.  (b) Chaotic porphyritic 
olivine with one large tabular grain.  Arrow denotes dusty 
texture. O=Olivine, scale bar=100µm. 

The primary difference observed between type I 
and II chondrules was the ubiquitous zoning in the 

latter.  Each type II chondrule, including the smallest at 
40µm, contained at least one distinctly zoned crystal.  
In a large portion of these chondrules, these relict core 
compositions roughly matched that of type I chondrule 
material (Fig. 4), while rim compositions were 15 to 45 
Fo units less.  Chondrule morphology (e.g., size, 
shape, type) did not appear to have a correlation on the 
presence of these grains with relict cores; although no 
relicts were identified within the barred olivine chon-
drules, we only observed a few of these chondrules, 
and therefore cannot rule out that other barred olivine 
chondrules may contain a relict grain. Most grains with 
relicts are isolated from each other within a chondrule, 
however there are some relict dominated ‘regions’ 
within chondrules (e.g., red arrow in Fig. 3a). Some 
chondrules appear to have a texture similar to ‘dusty’ 
grains [5] (e.g., Fig. 3b), however, it is unclear at this 
time if these are truly ‘dusty’ type or if the texture is 
instead due to alteration of type I chondrules rich in 
Fe-Ni blebs.  

 

 
Fig. 4: CaO weight percent vs Fo#, Mg/(Mg+Fe)*100, with 
type I and II chondrule material, and relict cores separated.  
This shows the correlation between type II relict cores and 
type I material, roughly following the curve presented in [5] 
(dotted black line). 

Implications: The observations in this overview of 
type II chondrules in Jbilet Winselwan appear support 
the hypothesis that type II chondrules were derived 
from type I chondrite material [5].  The ubiquitous 
zoning suggests either growth in a depleting system or 
secondary alteration of the crystals. The zoned nature 
of the crystals within type II chondrules, in conjunction 
with the compositional agreement of their cores to type 
I chondrules suggests that alteration from type I mate-
rial may be a more likely scenario.  
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