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Introduction:  Most chondrules preserve, in their 

texture, a record of their precursor material and the 
nature and intensity of the nebular events in which 
they were formed.  We have used crystal size distribu-
tions (CSDs) together with crystallization experiments 
to explore the textures of natural chondrules and their 
relationships to natural formation conditions. 

Many careful experimental studies [e.g., 1-3] have 
demonstrated fundamental relationships between the 
texture of a chondrule and its precursor material, melt-
ing intensity, and cooling rate.  However, until re-
cently most studies have focused on distinctions be-
tween textural types (e.g., barred, radial, porphyritic). 

Previous work has shown that CSDs provide pre-
cise, reproducible characterizations of chondrule-scale 
textures [4], and can be used together with crystalliza-
tion experiments to estimate chondrule formation con-
ditions [5].  Here, we expand this study to investigate 
the link between texture and formation conditions for a 
range of natural porphyritic olivine (PO) chondrules. 

Chondrule Textures:  Nine chondrules from four 
UOC meteorites (GRO95544, Semarkona, Chainpur, 
Bishunpur) and one CO meteorite (Y81020) were ex-
amined in this study.  Chondrules from Semarkona, 
Chainpur, and Bishunpur were imaged using BSE mi-
croscopy, the chondrule from GRO95544 was imaged 
using reflected light microscopy, and an image of a 
chondrule from Y81020 was obtained from a pub-
lished figure [6, Fig. 1a].  The chondrules in this study 
have a wide range of apparent diameters, from 600 µm 
(Chainpur-6) to 4 mm (Semarkona-1). 

In each image, all of the olivine crystals were 
traced manually, and their long axis measurements, 
together with the cross-sectional area of the chondrule, 
were used to generate a CSD [7], or a plot of the popu-
lation density (n) as a function of crystal size (L). 

Interestingly, four separate chondrules from Chain-
pur had textures that were qualitatively (petrographi-
cally) and quantitatively (CSD) very similar.  The in-
dividual CSDs for these chondrules, together with a 
composite CSD, in which the four were combined to 
produce a single texture, are shown in Fig. 1.  It is 
clear that these four chondrules were generated from 
very similar nebular materials, and experienced nearly 
identical thermal conditions.  

The composite texture of the four similar Chainpur 
chondrules also closely resembles the textures of other 
PO chondrules from several other meteorites (Fig. 2).  

However, Fig. 2 also illustrates that this is not the only 
possible PO texture, as it is a simple matter to find 
chondrules with both finer-grained (e.g., GRO95544) 
and coarser-grained (e.g., Bishupur-1) textures.  
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Fig. 1.  CSDs for four individual Chainpur chondrules 
(symbols) and a composite CSD (line).  For clarity, 
only crystal sizes less than 0.4 mm are shown. 
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Fig. 2. Three different types of PO texture.  Fine-
grained (dashed line), medium-grained (solid line and 
symbols), and coarse-grained (dash-dotted line).  For 
clarity, only crystal sizes less than 0.6 mm are shown. 
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Experimental Simulations:  Three experimental 
simulations are presented, two of which were reported 
earlier [5].  The starting material for these experiments 
was 125 mg of a mixture of synthetic glass and San 
Carlos olivine with a liquidus temperature of ~1550°C 
[8].  The experiments were all cooled at 100°C/hr, but 
had different starting olivine abundances (Xol°) and 
melting intensities (maximum temperature, Tmax, and 
dwell time, ∆t, Table 1).  CSDs for these three experi-
ments are shown in Figure 3.  As discussed by [9], 
higher temperatures and longer dwell times both in-
crease destruction of precursor crystals, and therefore 
result in a smaller population of nuclei or relict crystals 
on which growth can occur during cooling. 

 
Table 1.  Experimental conditions. 

Sample Tmax [°C] ∆t [min] Xol° Tfinal [°C] 
SC-36 1495 12 40% 1250 
SC-61 1545 12 20% 1176 
SC-3 1545 30 20% 1252 
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Fig. 3.  Experimental textures (L<0.6 mm).  The ex-
periments reflect different melting intensities and re-
sult in distinctive textures similar to different types of 
PO texture. 

 
Discussion:  The use of CSDs is an important new 

tool in the evaluation and interpretation of chondrule 
textures.  CSDs are especially valuable for use with 
chondrules because they rarely have additional petro-
genetic context.  With the detailed quantification of 
CSDs, subtle differences between broadly similar tex-
tures can be clearly distinguished, allowing chondrules 
in different meteorites to be compared to each other 
and to simulation experiments. 

Direct Comparison of Chondrules. CSDs provide a 
powerful test of textural similarity, plainly indicating 
the close correspondence between the textures of 
chondrules from several different meteorites, including 
both ordinary and carbonaceous chondrites (Figs. 1, 
2).  CSDs can also highlight textural distinctions be-
tween chondrules.  Of particular value is the ability to 
distinguish differences within the porphyritic (PO, PP, 
POP) textural type, which has a larger number of 
chondrules than the barred or radial types, and there-
fore represents more common formation conditions. 

Comparison of Chondrules to Experiments. Be-
cause of the important role experimental simulations 
play in constraining the range of conditions appropri-
ate for chondrule formation, and thus in evaluating 
potential chondrule formation models, the ability of 
CSDs to compare experimental to natural textures 
(Fig. 3) makes them an extremely important analytical 
tool.  CSDs provide an objective basis for comparing 
the experimental results to natural textures, which can 
be applied together with geochemical analysis (e.g., 
zoning profiles) as a test of similarity. 

Conclusions:  In this study, the comparison of ex-
perimentally produced and natural chondrules suggests 
that melting often occurred at significantly subliquidus 
temperatures for short times.  Cooling rates are less 
important than melting conditions in this comparison, 
but they are generally less than 1000°C/hr.  The most 
important conclusion is the suggestion that significant 
fractions of crystals remain during melting.  This ap-
pears to be the case for all of the natural chondrules in 
this study except the Bishunpur-1 chondrule, which 
apparently experienced a more intense melting event 
and contains fewer relict crystals.  These studies rein-
force the model that a lower degree of melting played 
a significant role in chondrule formation [10]. 

References: [1] Hewins, R.H. and Radomsky, 
P.M. (1990) Meteoritics, 25, 309–318. [2] Wasson, 
J.T. (1993) Meteoritics, 28, 14–28. [3] Lofgren, G.E. 
(1996) Chondrules and the Protoplanetary Disk, R.H. 
Hewins, R.H. Jones, E.R.D. Scott, eds., 187–196. 
[4] Zieg, M.J. and Lofgren, G.E. (2002) LPS XXXIII, 
Abstract #1373. [5] Zieg, M.J. and Lofgren, G.E. 
(2002) Meteoritics & Planet. Sci., 37, A154. 
[6] Wasson, J.T. and Rubin, A.E. (2002) LPS XXXIII, 
Abstract #1141. [7] Higgins, M.D. (2000) Am. Min., 
85, 1105-1116. [8] Lofgren, G.E. (1989) GCA, 53, 
461-470. [9] Lofgren, G.E. (1983) J. Pet., 24, 229-
255. [10] Lofgren, G.E. (2000) Meteoritics & Planet. 
Sci., 35, A99-100. 

Acknowledgements:  This work was performed 
while MJZ held a National Research Council Research 
Associateship Award at NASA Johnson Space Center.  
Work was supported by NASA RTOP 344-31-20-20. 

 

Lunar and Planetary Science XXXIV (2003) 1384.pdf


