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Dynamic crystallization experiments have been performed on 
synthetic analogs of porphyritic olivine composition, and 
variations in texture studied as a function of heterogeneous 
nucleation and cooling rate. It has been shown that for this 
composition, as opposed to the porphyritic and radial pyroxene 
compositions 1 2  , cooling rate is slightly the more important 
of the two variables. 

Two starting materials were prepared as described by Lofgren 
et al. (1). These compositions are similar to natural olivine 
rich chondrules (3). CH-1 is an oxide mixture which was melted 
and then quenched. The resulting finely fibrous material inter- 
spersed with a few larger, skeletal olivine crystals. PO is 
similar in composition, but is a mineral mixture. Run procedures 
are described by Lofgren (4). Pt-wire loops were plated with 
iron to minimize Fe loss. 

The liquidus Jemperature was determined to be 1580 +loOc for 
CH-1 and 1560 +10 C for PO with olivine as the liquidus phase. 
Melt times of 2-or 3 hrs were used for CH-1 and PO respectively. 
Matrices of runs were completed which oencompassed melt 
temperatures both above (A600 and 1585 or 1565 C) and below (1570 
and 1550 or 1550 and 1525 C) the liqyid%s temperature and cooling 
rates of 5, 100, 2000, and 10 C/hr for CH-1 and PO 
respectively. Olivine is the only phase to crystallize with the 
exception of orthopyroxene in one run in each of the starting 
materials. Olivine crystal shapes varied from granular to 
equant, euhedral to hopper to chain to lattice to plate to 
radiate (5). The few orthopyroxene crystals are elongate skel- 
etal and tend to be overgrowths on olivine or are dendritic to 
radiate. 

The textures of the run products within the matrices are 
very similar and vary from porphyritic (vitrophyric) to 
dendritic; the CH-1 matrix will be described in detail. At a 
cooling rate of 5Oc/hr, the runs are all porphyritic. In the run 
cooled from above the liquidus, the olivine is large and 
skeletal; in runs cooled from below the liquidus the olivines are 
progressively less skeletal and more equant and guhedral with a 
greater size variation. The runs cooled at 100 C/hr, show the 
greatest effect of heterogeneous nucleation. Above the liquidus, 
the 1600 degree melt run has a few large parallel plate olivines 
(barred) while the 1585 degree run has more numerous hopper to 
equant-euhedral olivines. Below the liquidus, the 1570 degree 
run resembles the 1585 degree run except that is contains more 
very-small, granular olivines representing unmelted remnants 
which settled to the bottom the charge early and did not grow 
large. The 1550 degree run shows the largest change with much 
more numerous granular and equant, euhedral olivines w&th a few 
plate olivines in the matrix. The runs cooled at 2000 C/hr all 
have acicular olivines. The 1600 degree run has parallel plate 
olivines giving the texture a barred appearance. The three lower 
temperature runs all have chain olivines with an increasing 
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number of granular olivines with lower melt temperature. The 
textural change with melt temperature is not pronounced. TQe 
most rapidly cooled runs were quenched in air to less that 800 C 
(where the charge ceayd to glow red) in 12-15 seconds; a cooling 

0 rate in excess of 10 C/hr. These runs show the state of the 
liquid when cooling began in the more slowly cooled runs. The 
1600 and 1580 degree runs are glass with a few micron-sized, 
unidentified crystals. The 1570 and 1550 runs contain equant, 
rounded to euhedral crystals set in a matrix of lattice to 
radiate olivine. The size decreases while the number of crystals 
increases with decreasing temperature. 

The liquidus composition of the olivine is approximately 
Fo The olivine in the cooled runs is zoned (see [ 6 1  for more 
de?$Ils). The CaO content of the olivine is typically less that 
0.1 and is commonly about 0.03 wt.%. The Cr o content is 
surprisingly high averaging about 0.3 to 0.4 ~ t . 5 . ~  The ortho- 
pyroxene dendrites are EngO Wo and show little zoning. 

The apparent ease wlth which olivine nucleates relative to 
pyroxene (7) limits the effect of heterogeneous nucleation on 
texture. There are more foreign substrates suitable as 
nucleation sites for olivine than for pyroxene(3). Thus it is 
more difficult to eliminate olivine nucleation sites by melting a 
few degrees above the liquidus. Consequently the equivalent of 
the radial pyroxene texture will not occur as readily, and when 
it does occur it indicates that the melt from which it 
crystallized had very few if any heterogeneous nucleation sites. 
Only when olivine sites are numerous, such as with the 1550'~ 
melt runs, will the texture be significantly affected. The 
general lack of pyroxene in the charges may be as much a result 
of the high quench temperatures of the runs as its reluctance to 
nucleate. 

The classic barred olivine texture has not been reproduced. 
Many charges have parallel plate olivine crystals which resemble 
barred olivine textures and are in principal the same. What is 
missing is the texture where the entire charge is a single 
crystal often with a rim as part of the single crystal. It is 
not clear why these barred textures have not been reproduced. 
Perhaps the final texture requires a more extensive lower 
temperature history than is present in these experiments. 

As in the earlier studies ( 1 2 )  , even the modest effect of 
heterogeneous nucleation observed here points to remelting of 
previously crystalline material as an important process in 
chondrule formation. At this time, however, there is no evidence 
to determine how the melting occured. Because heterogeneous is 
an important process, it is nearly impossible to associate a 
specific cooling rate with a particular texture. 
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