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Individual chondrules have been separated from the H5 chondrite Richard- 
ton and analyzed for major elements, rare-earth elements (REE), Rb, Sr and 
87~r/86~r. This chemical study has been integrated with petrographic observa- 
tions and phase-chemical studies of the same chondrules. Previous investiga- 
tions of chondrules include studies of phase chemistry (e.g., 2,3), and major 
and trace element analyses (e.g., 4,5), but none have combined petrological 
and chemical analyses. 

Richardton contains chondrules ranging in size from a few mg up to 50 mg 
(see also [5]). The degree of chondrule integration with the matrix is vari- 
able from one portion of the meteorite to another and is independent of chond- 
rule size. The present study was made on a number of poorly integrated and 
easily separable chondrules which are characterised by a phase assemblage 
consisting of olivine, orthopyroxene and plagioclase. 

Eight chondrules havebeen analysed for REE and four of these together 
with two others have been studied petrologically. The technique employed in- 
volves initial splitting of the chonrules into two halves, one of which is 
mounted for electron-probe study. The second half is finely ground and an 
aliquot fused into a glass which is subsequently analysed for Si, Ti, Cr, Al, 
Fe, Mn, Mg, Ca, Na and K by electron- 
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The remaining powdered chondrule 

is analysed by mass spectrometry for SR/ Sr ratios and for REE, Rb and Sr 
contents by low-blank isotope dilution techniques. The samples used for this 
part of the study range from 0.7 to 4.5 mg. The mass spectrometric analysis 
of the REE was performed using a Daly scintillation detector and ion-cognting. 
Where 87~r/86~r ratios could be measured with reasonable precision (+ 1 100) 
model Rb-Sr ages have been calculated. Total procedual blanks for tFe trace 
element analyses, where measurable, are given in Table 1. 

The six chondrules studied petrologically are variable in texture and 
modal mineralogy. Typically a single major phase (olivine or orthopyroxene) 
is present as barred, radiating or blocky crystals in a fine-grained ground- 
mass containing olivine, orthopyroxene, plagioclase and occasionally other 
minor phases.. Despite the wide variation in modal mineralogy, major element 
compositions of the bulk chondrules show surprisingly little variation (Table 
2). If the major phase compositions also shown on Table 2 are characteristic 
of the given chondrules, the chondrule groundmass must display complementary 
variation to produce the relative constancy of Si, Fe and Mg contents. 

Si contents are in excellent agreement with the neutron activation data 
of Osborn et al. (5) for Richardton chondrules; Fe and A1 average somewhat 
lower than their data, but are within the range reported. The relative con- 
stancy of Si and Mg is reflected in the limited range of Mg/Si (Table 3). 
Figure 2 demonstrates that Mg/Si ratios of the chondrules are distinctly lower 
than those of H-group chondrites, principally due to the higher Si of the 
chondrules. The depletion of Fe/Si is even more marked, in general agreement 
with the chondrule averages of Osborn et al. (5). The lower Fe/Si of chond- 
rules in this case reflects Fe depletion as well as Si enrichment, due at 
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least in part to the paucity of metallic Fe in the 
chondrules. Ca/Si (Table 3, Fig. 2) is extremely T A ~ ~ L E  1. Procedural Blanks (ng) 
variable, as is ca/Al. Ca shows no correlation with 
Sr or divalent Eu, as inferred from Eu anomalies Rb - 0.005 

Sr - 0.05 
(Table 3, Fig. 2) . ~d - 0.05 

Rb and Sr contents vary by factors of 2-3 (Ta- sm - 0.03 

ble 3) and show no correlation, so that ~b/Sr varies Eu - 0.004 
Dy - 0.009 

b a factor of 4. Despite this spread in Rb/Sr, the ~b - 0.007 

8TSr/86Sr ratios, when determinable with sufficient 
accuracy, yield T model ages of ~ 4 . 5 5  Gy (Table 
3). This suggest!qhat these chondrules have been closed systems since that 
time, though whether it is prior or subsequent to their incorporation into the 
meteorite cannot be determined. 

REE analyses of eight chondrules are shown in Fig. 2, normalized to aver- 
age CI chondrite abundances (6). Chondrule A was a large (47 mg) chondrule 
not examined petrologically. Its V-shaped pattern and depleted abundances are 
reminiscent of the pattern obtained by Masuda et al. (7) for olivine from the 
Brenham pallasite. The remaining patterns have much higher REE abundances, 
and uniformly display some degree of heavy REE enrichment. Schmitt et al. (8) 
analyzed a composite of 50 Richardton chondrules for REE and obtained a pat- 
tern very similar to chondrule E (Fig. 3), with somewhat lower absolute abun- 
dances. Other chondrules on this study differ from E in having negative (B) 
or non-existent (C,F,G) Eu anomalies, or in displaying light REE enrichment 
(F,K,M). Blank corrections for light REE are ca. 10% in some cases, but are 
far from being able to account for the observed upturn, nor could they explain 
the negative Eu anomalies. A whole rock analysis from the same portion of 
Richardton from which the chondrules in this study were separated shows a 
slight light REE enrichment (6). 

In summary the chondrules studied exhibit a variety of textural and chem- 
ical features, probably originating at a time close to the origin of the solar 
system. In both major and trace element characteristics (e.g., Si content, 
Mg/Si, Fe/Si, Rb/Sr, elevated REE abundances and fractionated patterns) they 
are considerably more evolved than average chondritic material. However, this 
combination of characteristics cannot be readily accounted for by fractiona- 
tion of the phases present in the chondrules themselves. This implies that 
either more complex parent-body processes have occurred, or that the chond- 

TABLE 2 rules predate parent- 
C h o n d r u l e s  H a j o r  P h a s e s b  ody formation, in 

F G I K L u P ( O ~ X )  ~ ( 0 1 )  ~ ( O P X )  which case this may 
result from fractional 

Slop 
Ti02 
Cr203 
A1203 
FeO 
MnO 
Hgo 
CaO 
NaZO 
Yen 

54.50 o.20 condensation of the 

0 . 3 1  nebula. 
0 . 0 2  

10.56 
0 .45  

33.12 
1 . 2 9  
0 . 0 4  - 

-L - . . -- 

Sum 100.01 99.70 100.02  100.02 99.48 99.42 99 .41  100.16 100.49 
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TABLE 3 - (1968) Earth Planet. Sci. 
Lett . -, 5 p. 59-62; (8) 

Sample H ~ / S I  Ca/Si  ~ l b  S r  b e t  Schmitt R.A., Smith R.H., 
Chondrule S i z e  (mg) (atomic) (atomic) (ppm) (ppm) TBABI(Gy) Olehy D.A. (1968) In Origin 

QI a2 Q3 0.4 CW Q6 Q7 0.6 Q9 

P 4.54 0.73 0.066 2 . ~ 0  8.78 and Distribution of the Ele- 
G 4.34 0.69 0.096 
I 1.49 0.74 0.031 3.24 16 .63 - 3,61 6.96 4-45*10 ments (ed. L.H. Ahrens) 
K 1.26 0.72 0.060 6.02 18.99 - p. 273-282, Pergamon. 
L 0.72 0.79 0.051 5.00 6.97 - 
M 3.17 0.62 0.15 3.36 11.50 4.59*8 

C I I I I I 

Ca/SI 

t Er ro r s  quoted e r e  f o r  217~. A88uliled va lue  f o r  i n i t i a l  8 7 ~ r / 8 6 ~ r  - 
0.69898(1) A - 1.42 x 10- l ly- l  
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