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Introduction:  Porphyritic and microporphyritic 

textures predominate chondrules, being present in 
>80% of all chondrules [1]. Moreover, the majority of 
chondrules of primitive chondrites display a unique 
type of porphyritic texture defined by coarse grains of 
olivine in the central region surrounded by laths of 
low-Ca pyroxene in the outer regions [2-4]. Libourel 
and Krot [5] suggested that Type I porphyritic olivine 
(PO) texture may be the reflection of nebula 
gas/chondrule melt interactions and the consequent 
dissaggregation and dissolution of clasts of granoblas-
tic dunite incoporated into regions of chondrule melt 
formation (see also [6, 7]). Due to the difficulty in ex-
perimentally producing relatively coarse-grained por-
phyritic chondrule textures from very-fine grained 
condensate-like starting materials (i.e. ‘dustballs’ see 
[3]) in chondrule simulation experiments, Hewins and 
Fox [8] also concluded that porphyritic chondrules 
might require an origin from planetary rocks; or alter-
natively, from (aggregates of) annealed nebula con-
densates.  We have therefore investigated experimen-
tally the viability of granoblastic olivine aggregates 
(GOA) as precursor PO chondrule materials.  

Methods:  Starting materials consisted of 20-22.5 
mg chips of <43 µm San Carlos (SC) olivine (Fo88.4) 
sintered at 1350 or 1400°C for 100 hr (Fig. 1) [9] and 
an equal amount of a mixture of <63 µm Miyakejima 
anorthite (An94) and Bamble enstatite (Wo1En88Fs11). 
These materials were pressed into cylindrical pellets 
and placed into a 15 mm long Re loop fastened to Pt 
sample holders. The pressed pellets were isothermally 
heated in 50°C increments between 1350-1550°C for 
durations of 30 seconds, 1 minute, 5 minutes, 30 min-
utes, 1 hour and 4 hours to examine aggregate survival 
and PO chondrule formation. A second subset of pel-
lets was heated for 1 hr and 4 hrs at 1550°C and 
cooled at rates of 100°C/hr and 10°C/hr before being 
quenched at 1000°C to examine olivine crystallization 
and zoning. All runs were performed in a DelTech DT-
31-VT-OS muffle tube furnace housed in the Depart-
ment of Earth and Planetary Sciences, Rutgers Univer-
sity. A furnace-fed mixture of CO/CO2 maintained an 
oxygen fugacity of IW -0.5 and an S-type thermocou-
ple was employed to monitor temperature. 

 Results:  Isothermal runs. Dissolution is accom-
panied by Fe-Mg exchange but reversely zoned rims 
are <~1µm in runs less than 5 minutes.  Olivine core 
compositions remain relatively uniform between 30 
seconds to five minutes (Fa10.2-12.2) with minor devia-

tions from SC olivine (Fa11.3-11.9) (Fig. 2).  Olivine in 
1-4 hr runs is very weakly zoned, approaching but not 
reaching equilibrium with the melt. 

 

 
Figure 1 EBSD orientation contrast images of <43µm-100 hr 
sintered SC olivine aggregates [9]. Arrowheads and opposing 
arrows indicate triple junctions  and sutured boundaries, 
respectively. 
 
In the isothermal experiments textures superficially 
similar to those of PO chondrules develop within 30 
minutes [10] but all olivine grains are reversely zoned 
(Fig. 2).  
 

 
Figure 2 Average olivine core and rim Fa composition as a 
function of isothermal dwell time and temperature. 
 
Cooling runs. In contrast to the isothermal experi-
ments, Al concentrations of melt indicate extensive 
crystallization, and olivine grains are normally zoned 
(Fig. 3; compare with Fig. 2). Olivine cores in cooling 
rate runs appear slightly more magnesian than the 
equivalent run quenched after dissolution.  This is due 
to continued Fe-Mg exchange during crystallization.  
As expected, runs cooled at 100°C/hr show greater 
olivine fractionation than those cooled at 10°C/hr (Fig. 
3). 
     SEM images of samples subjected to cooling dis-
play a classical porphyritic texture defined by normally 
zoned and dominantly euhedral olivine grains (Fig. 4).   
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Figure 3 Composition of olivine after intitally isothermally 
heating for (a) 1 hr and (b) 4 hrs and cooling at rates of 
100°C and 10°C/hr.  
 

 
Figure 4 SEM images illustrating porphyritic texture devel-
opment during cooling rate runs. 

 
Discussion: Although a multitude of chondrule 

‘dustball melting’ experiments  have been successful 
in reproducing porphyritic textures (e.g. [11]), they  
suggest that a very narrow range of maximum 
temperature and coarse-grained precursors are required 
(see [3]). Furthermore, a single heating event [8] or 
even two rapid heating events [12] with very fine-
grained condensate material (i.e. ‘dustballs’) is insuffi-
cient to produce relatively coarse-grained chondrules.  

Due in part to the recognition of granoblastic tex-
tures displayed by the olivine aggregates (or dunite 
clasts, i.e. chondrule precursors) in some magnesian 
chondrules, Libourel and Krot [5] posited that such 

clasts may have originated on planetesimals. Whattam 
et al. [9], however, were able to reproduce GOA  in 
70-100 hrs at temperatures of 1350-1550°C in a 1-atm 
furnace and suggested instead that their formation may  
likely be more consistent with annealing of nebular 
condensates.  

The recognition by Libourel et al. [4] that mag-
nesian chondrule mesostasis composition is not in 
chemical equilibrium with embedded olivine crystals, 
plus the narrow range of parameters required to make 
porphyritic chondrules from dustball precursors, chal-
lenges the ‘standard model’ of chondrule formation by 
means of ‘dustball melting’.  Our runs show a clear 
signature of isothermal dissolution in reversed olivine 
zoning, and of fractional crystallization in normal zon-
ing as well as change in melt composition.  Type IIA 
chondrules show normal olivine zoning and melt com-
positions consistent with crystallization. Reversed zon-
ing in Type IA olivine would be evidence of dissolu-
tion, but they are too forsteritic to show this clearly. 
However, the current results show that  a range of por-
phyritic textures can be generated from thermally an-
nealed GOA. 

Conclusions:  Isothermal runs record dissolution 
but cooling at 10 or 100°C/hr destroys the evidence 
and yields classical PO texture with normally zoned 
euhedral olivine grains. Regardless of their origin as 
either fragments of planetesimals or as aggregates of 
annealed nebula condensates, our experiments demon-
strate that GOA make suitable PO chondrule precursor 
materials. Indeed, PO chondrules may ultimately owe 
their origin to the dissaggregation and dissolution of 
GOA subsequent to their incorporation into regions of 
chondrule melt generation. 
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