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Introduction In recent years, dynamic crystallization experiments have been 
performed on a number of ferromagnesian silicate compositions with the objective of 
reproducing textures observed in naturally occurring chondrules. Physical and 
chemical conditions inferred from these experiments are the principal means of 
constraining nebular models for chondrule genesis. The published starting compositions 
for several such experiments are shown in figure 1. Also delineated in this figure 
are fields which demonstrate the range of compositions observed for types I, I1 and 
I11 chondrules. It is apparent that most of the experimental compositions, so far 
reported, fall within a narrow range which varies from average type I11 to intermediate 
11-111 compositions. Experiments of "typical" type I and type I1 have therefore 
been started (figure 1) as well as on the olivine-pyroxene composition reported 
below. 
Experimental In the present study, crystallization experiments have been performed 
on a composition intermediate to type I1 and I11 chondrules with an esperimentally 
determined liquidus temperature of 1504 2 2°C. This composition is slightly more 
Fe-rich and Si-poor (more olivine normative) than Lofgren composition CH2. Samples 
were cooled continuously on Pt wire loops from initial temperatures above, near and 
below the liquidus. Ambient atmosphere of .5 log units below Iron-Wustite was 
maintained by mixing CO and CO 

2' Barred/Glassy spherules Runs cooled at 1000°C/hr showed "barred" olivine, dendritic 
olivine or glass only, for initial temperatures of 1500, 1527 and 1570°C, respectively. 
This demonstrates the difficulty of nucleating olivine once nucleii are destroyed. 
Olivine in these charges occurs as numerous aggregates of bladed or dendritic 
crystals which are optically continuous. At 1500°C, lower cooling rates showed a 
transition to granularlporphyritic olivine-pyroxene textures. Runs from 1560°C 
produced glassy spherules at all cooling rates. Duplicate runs from this temperature 
were performed in which a 2 mm diameter crystal of forsteritic olivine "seed" was 
placed in the charge prior to heating. The textures produced in seeded runs ranged 
from excentroradial olivine (lOOOO~/hr) to "barred" (100" and 10°c/hr). In the 
lattermost, olivine "bars" were poikilitically enclosed by pyroxene. 
Granular/Porphyritic Spherules Runs from below the liquidus (1470°C) produced 
olivine microporphyry at cooling rates of 1000, 100 and 10°C per hour. Charges 
contained only olivine and glass, provided the final temperature, before quenching, 
did not fall below 1350'~. Runs permitted to cool below this temperature nucleated 
pyroxene. These run products are mineralogically zoned having olivine crystals at 
the base and pyroxene crystals in glass at the top. Some of the pyroxene poikilitically 
encloses olivine grains. Similar textures were produced in runs from near the 
liquidus (1500°C) at a cooling rate of 10°C/hr. The olivine crystals in the 100°C/hr 
run are essentially unzoned (Fo 

82-81 
) with low CaO and high Cr. Constrastingly, 

olivines in the 1000°C/hr run are zoned (Fo ) with slightly higher CaO (0.03-0.09 
wt %) . Cr 0 increases with Fa content (0.9216.43 wt 2 ) .  
Barred and2~?assy Chondrules Barred olivine forms when droplets are cooled 
rapidly from an initial liquid with very few nucleii. Melts cooled from below the 
liquidus produce equant grains, and initially supercooled melts produce dendritic 
olivine crystals which differ from the classic barred olivine in which the entire 
chondrule is one crystal. Barred olivine can also be formed if the melt 
temperature is above the liquidus and unresorbed relict grains serve as nucleii. 

Truly glassy chondrules are very rare, although they can be easily formed for 
this bulk composition at any cooling rate. This suggests that few natural chondrules 
were superheated or lacked unmelted relicts with associated nucleii. 
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Granular/Porphyritic Olivine Chondrules The texture of these chondrules can be 
produced from near- or sub-liquidus temperatures at any cooling rate. Only rapidly 
cooled spherules have zoned olivine however, showing that natural porphyritic 
chondrules were not tocally melted and were rapidly cooled. 
Pyroxene-Olivine Chondrules The presence of pyroxene is strongly dependent on 
final temperature for this bulk composition. The layered "POP" produced in these 
experiments represent gravitational analogs of naturally occurring, r~dially zoned 
POP. If precursor material was heated from the outside, leaving unmelted relicts 
in the interior, olivine would have crystallized at the center of the droplet on 
cooling. Pyroxene would have nucleated when the droplet cooled to a sufficiently 
low temperature and would have grown around the outside. 
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