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Barred olivine (BO) chondrules a r e  minor but important constituents of ordinary, 
carbonaceous and enstati te chondrites. They are  considered t o  be frozen droplets of 
high temperature complete melts related to  other Fe-Mg chondrules. Previous studies 
have indicated, among other things, that  they may be pyroxene poor and plagioclase 
rich, and that  similar chondrules a r e  found in all chondrite types. The purposes of 
this study a re  manifold and include: characterization of BO chondrules in terms of 
textures, modes, bar widths, apparent diameters, bulk compositions and mineralogical 
components; comparison of BO chondrules in H-L-LL type 3 ordinary chondrites (OC) 
with one another, with BO chondrules in H-L-LL type 4-6 OC, and with BO 
chondrules in other chondrites; comparison of BO chondrules in H-L-LL chondrites 
with other types of chondrules in these same meteorites; search for possible 
correlations of the various components of the BO chondrules in looking for meaningful 
subdivisions of the group; determination of the nature of the precursor materials of 
BO chondrules and the  fractionations they may record. 

To these ends over 100 BO chondrules in 5 H, 8 L and 4 LL OC have been 
studied t o  da te  and others a r e  in progress. Bulk compositions were determined by 
broad beam electron microprobe techniques, modes were determined by automated 
microprobe methods, mean olivine Fo  contents and standard derivations were 
determined from the modes, and all data  were computer processed for correlation 
coefficients. The results of these studies, t o  date, are  presented below. 
Textures. BO chondrules a r e  generally defined in simple terms as droplet chondrules 
with parallel bars of olivine, often rimmed by a shell of olivine. In reality the 
textures a r e  bewilderingly complex and rarely are any two textures alike. Bars range 
in thickness from 5-100 microns and show li t t le correlation with chondrule apparent 
diameter. Bars may be parallel o r  diverge in two or more directions, bars may 
dominate the  chondrule or  make up only a small portion, rims may be present within 
chondrules as well a s  on outer margins, olivine may or may not be in optical 
continuity, and compound BO chondrules a re  rare but present. Pyroxene is often 
found as thin needles in the  feldspathic matrix, a s  anhedral grains, may grow where 
olivine bars thin, or may be absent. Most BO chondrules appear t o  be total melts 
and those that  were ambiguous in this regard were eliminated. At tempts  to subdivide 
BO chondrules on the basis of olivine morphology proved fruitless. The main textural 
conclusion is  drawn that  crystallization kinetics and cooling (and subcooling) have been 
dominant and produced remarkably varied textures for a limited compositional range 
of materials; textures have not proved useful in subdividing BO chondrules. 
Modes. Modally, BO chondrules also display remarkably wide variations (Fig. 1). - 
While olivine i s  dominant, pyroxene can range up to  75%, and feldspathic component 
up t o  60%; pyroxene-free BO chondrules a r e  rare. The average H3 BO chondrule has 
60% 01, 15% pyx, 25% plag, and the  average L-LL3 BO chondrule has 54% 01, 27% 
pyx, 19% plag. For comparison, a da ta  s e t  of 75 chondrules of al l  types in the 
Khohar L3 chondrite has a n  average mode of 39% 01, 47% pyx, 14% plag with minor 
metal  or  troilite. The abundance of the plag component in BO chondrules is the 
most distinctive feature of BO chondrules. 
Bulk compositions. Bulk compositions were determined for all BO chondrules studied 
and included Ni and S s o  tha t  metal  and troilite component, if present, vras 
calculated. Thus the true FeO in the  silicates was determined. Bulk compositions of 
over 100 BO chondrules a r e  plotted in Fig. 2, and compared with al l  chondrules in H- 
L-LL3 chondrites and Type I1 chondrules in ~ 3 ( 0 )  and C3(V) chondrites. I t  is clear 
that  BO chondrules a re  enriched in the  feldspathic components, but are  also FeO-rich, 

O Lunar and Planetary Institute Provided by the NASA Astrophysics Data System 



Barred Ol iv ine  Chondrules i n  Ordinary Chondrites. .  . 
934 Weisberg FI. K.  

compared to most H-L-LL3 chondrules. The average BO chondrules have high A1203 
(7.3% for H3, 5% for L-LL3), Na2O (2.5% for H3, 2% for L-LL3) and FeO (12.3% for 
H3, 15.5% for L-LL3) and low Si02 (45%), compared with all H-L-LL3 chondrules. H3 
BO chondrules are  more magnesian than L-LL3 BO chondrules in the same sense as in 
their host groups. In fac t ,  the average Fo contents of the  olivines in the BO 
chondrules of the H3 (Fog3.2), L3 (~077.8)  and LL3 (F07~ ,6)  chondrites studied, are  
very similar to the contents Fo  of olivine in the equilibrated chondrites (except for 
LL). The H-L-LL3 BO chondrules a r e  more FeO-rich than the type I1 ~3(0) 
chondrules, but a re  more similar in composition to  C3(V) chondrules, except that  BO 
chondrules a re  considerably more feldspathic. Lux e t  al. [l] found systematic trends 
of decreasing T i02  and CrgO3 and increasing FeO in comparing all chondrules in the 
sequence H3-H4-H5-H6. Similar patterns were found in H3-H6 BO chondrules, but 
this trend was not apparent in L3-L6 and LL3-LL6 BO chondrules. However, the data 
base is limited and analyses now in progress may help determine if this observation is 
valid. 
Conclusions. (1) BO chondrules in ordinary chondrites a re  highly enriched, on the 
average, in the feldspathic component and they make up a significant part  of the  Al- 
rich chondrule population recognized by Bischoff and Keil [21. (2) Since the BO 
chondrules in H-L-LL3 chondrites differ  in Fe/Mg ratios (or Fo  contents), on the 
average, in the same sense as their host groups, i t  appears that  they were derived 
from separate pools representative of their own particular nebular region, and a re  not 
all derived from the same pool as suggested by Scot t  and Taylor 131. (3) BO 
chondrules formed as f ree  floating molten droplets from the melting of dust-sized 
refractory (olivine-bearing) and volatile-rich (feldspathic) precursors of their own 
composition. I g n e ~ u s  fractionation trends a re  completely absent. (4) BO chondrules 
a r e  completely gradational with other chondrule types. ( 5 )  The unusual BO texture is 
the result of supercooling of an  olivine-rich melt and the boundary conditions of a 
droplet; the  01 may be considered an  unusual type of microphenocryst. (6) Based on 
the H-L-LL BO chondrule data ,  chondrules in H, L and LL chondrites formed initially 
in separate (but probably nearby) nebular regions, not from the  same nebular region. 
(7) Differences in bulk composition between type 3-6 BO chondrules in H-L-LL 
chondr i t es  probably ref lects  small, but important, initial differences although 
metamorphic e f fec t s  (with matrix) cannot be ruled out. (8) The FeO-rich olivine and 
volati le-rich feldspathiic components of BO chondrules imply lower formation 
temperatures than previously suggested for such olivine-rich objects. Assuming these 
a re  nebular temperatures, BO chondrules may be more abundant on the  outer surfaces 
of their parental bodies. 
REFERENCES: (1) Lux e t  al. (1980) GCA 44, 841-855. (2) Bischoff and Keil (1984) 
GCA 48; 693-709. (3) Scot t  and Taylor (1983) Proc. 14th LPSC 88, B275-B286. (4) 
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