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Introduction:  Barred Olivine (BO) spherules are micrometeor-

ites that formed as completely molten droplets during atmospheric 
entry heating and have unusual textures dominated by dendrites of 
parallel growth olivines [1]. These spherules have superficial simi-
larities to BO chondrules however, in contrast to chondrules, BO 
spherules have relatively uniform textures and particle shapes. Typi-
cal BO spherules have ovoid (egg) shapes with bars of olivine ori-
ented perpendicular to the long-axis of the spherule. The shape of 
BO particles has always been assumed to be a consequence of the 
growth of the barred olivine, however, we present new evidence to 
suggest that BO spherule shapes and their textures arise due to flight 
orientation. 

Textures of BO Spherules:  Evidence for the flight orientation 
of BO spherules during the high temperature portion of their heating 
is provided by particles that demonstrate systematic variations in 
their textures parallel to their long axes. These BO spherules gener-
ally show increasing olivine bar widths from the bottom (the low 
curvature end) of the particle to the top (the high curvature end). 
One particle CP94-50-T1, however, consists of three discrete tex-
tural domains: (1) radiate olivine at the bottom of the particle, (2) 
barred olivine across the middle of the particle, and (3) porphyritic 
olivine at the top of the particle. Like other systematic BO particles 
the width of olivine bars increases towards the top of the particle. 
The textures observed in CP94-50-T1 correspond to different ranges 
of peak temperatures (increasing in the series: porphyritic, barred, 
radiate, due to the destruction of crystal nuclei) and strongly imply 
the existence of a significant temperature gradient over the long axis 
of the particle at peak temperature. 

Flight Orientation:  The presence of temperature gradients 
within systematic BO spherules suggests such particles were ori-
ented during entry heating since the thermal behaviour of small, 
homogeneous particles precludes large temperature gradients [2] 
except where they are heated only from one side. Systematic BO 
spherules, therefore, must have flown with their long axes parallel to 
the direction of motion with their low curvature end as the lead 
hemisphere. Metal droplets, when present in BO spherules, are al-
ways located at this end of the particle further supports their flight 
orientation. 

The influence of the temperature gradient on the texture of parti-
cle CP94-50-T1 indicates the destruction of crystallisation nuclei at 
temperatures above the liquidus. The orientation of the temperature 
gradient with respect the long axis of the particle, therefore, suggests 
that ovoid droplet shapes arose prior to crystallisation. The charac-
teristic ovoid-shapes of BO spherules are, therefore, probably fluid 
dynamical instabilities that arise during atmospheric flight. 

Implications: Flight orientation of micrometeoroids during at-
mospheric entry will significantly influence the nature of their heat-
ing and the peak temperatures that are attained by particles. Entry 
heating models that treat micrometeorites as homogeneous, spheri-
cal, unoriented particles will, therefore, not fully describe the distri-
butions of micrometeorites collected on the Earth. 
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