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Most ordinary-chondrite (OC) chondrules have compositions that are similar to 
those of the bulk chondrite in terms of lithophile elements. There appear to be only 
two rare classes that deviate significantly from chondrite-like compositions: the Al-rich 
chondrules (Bischoff and Keil, 1984) and the "chromite" or Cr-rich chondrules 
(Ramdohr, 1967). Our studies indicate that the latter represent the Cr-rich portion of 
the large set of Al-rich chondrules (Krot etal., 1992). 

Irregularly shaped "inclusions" have similar chemical and mineralogical 
compositions and are several times more abundant than chrome-spinel chondrules. 
We report here the characterization of four chrome-spinel-rich chondrules and 42 
chrome-spinel-rich inclusions from H3.8 Raguli and H4 Cullison. The second most 
common mineral in most of these objects in sodic plagioclase. Besides coarse 
chrome spinel, many contain fine chrome spinel intergrown with feldspar. 

Raguli chondrule R2/6 is a 230 x 270 pm ellipsoidal object, consisting of 
chrome spinel-, ilmenite- and plagioclase-normative mesostasis. It has a zoned 
structure. The core consists of irregular chrome-spinel crystals closely intergrown 
with anhedral ilmenite; Ca-rich mesostasis fills the interstitial regions. This core is 
surrounded by a chrome-spinel-rich zone, then successive rims of plagioclase and 
merrillite. The chemical zoning of the bulk chondrule is accompanied by a chemical 
zoning of its constituent minerals: chrome spinel in the core has high Al and Mg and 
low Fe and Cr; this igneous zoning is consistent with petrographic evidence that the 
spinel was the first liquidus phase. Plagioclase is also igneously zoned; core 
plagioclase has high Ca and low Na contents relative to those in the rim. 

Raguli chondrule R4/14 is round (diam. = 150 pm) and not chemically zoned. It 
consists of large skeletal chromite grains and tiny irregular chromite embedded in a 
plagioclase mesostasis. This assemblage is surrounded by a plagioclase rim. Some 
interstitial areas between chrome-spinel crystals are highly enriched in A1203 (up to 
726 mg/g) suggesting the presence of a relict high-Al phase. 

Cullision chondrule C2/6 is round (diam. = 210 pm) and consists of dendritic 
chrome spinel embedded in an extremely fine-grained mesostasis containing 
plagioclase, ilmenite and high-Ca pyroxene crystallites. The outer zone has a very 
high concentration of chrome-spinel grains. The chondrule is surrounded by 5-pm- 
thick rims of plagioclase and high-Ca pyroxene; the plagioclase rim contains many 
tiny chrome-spinel and ilmenite inclusions. The plagioclase mesostasis of the core has 
an unusually high content of FeO (51 mg/g). Rim plagioclase has a higher An content 
than the core. 

Silicate chondrule C2/8 in Cullison is round (diam. = 400 pm) and comprised of 
olivine, high-Ca pyroxene, chrome-spinel and plagioclase mesostasis. Its core 
consists of fractured olivine grains, embedded in a mesostasis containing high-Ga 
pyroxene and interstitial plagioclase. Chrome-spinel grains are concentrated in an 
intermediate zone which also includes a -30 pm chrome-spinel microchondrule that 
was engulfed in the melt that formed the silicate chondrule. 

The 12 chrome-spinel inclusions found in Cullison have small sizes (50-200 
pm), irregular shapes and mineralogical compositions similar to those of chrome- 
spinel chondrules. They consist of chrome-spinel-rich cores or chrome spinel + 
plagioclase aggregates surrounded by thin plagioclase-pyroxene rims. Chrome spinel 
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has a constant composition within individual inclusions but varies among different 
inclusions. Plagioclase has a variabie grain-to-grain composition in individual 
inclusions; a few areas are enriched in K (20-70 mg/g). 

Thirty chrome-spinel-rich inclusions were studied in Raguli. Based on 
mineralogy and chemistry (particularly zoning) the inclusions were divided into two 
types: 

I. Rounded, ellipsoidal or irregular aggregates of small chromite grains, with 
little evidence of radial structure or compositional zoning, and little or no plagioclase 
in the core. The chromite commonly forms closely-packed cores, embedded in and 
surrounded by plagioclase (and, in some cases, merrillite) rims and occurring within 
iron-oxides of terrestrial origin or a silicate matrix. In most cases the outer parts of the 
plagioclase rims are framed by grains of pyroxene. Plagioclase is of variable 
composition and occurs as both Na- and K-rich varieties; the rare K-rich plagioclase is 
generally found in the cores of the inclusions. 

II. Irregular inclusions, commonly compositionally zoned, occuring in silicate 
matrix or partly surrounded by metal or iron-oxides and consisting of a plagioclase 
core, a surrounding chrome-spinel-rich zone and rimmed by plagioclase and merrillite. 
The chrome-spinel is Al-rich (Cr/(Cr + Al) < 0.8) relative to that of type I and there are 
positive correlations between MnO, Ti02, Fe/(Fe+ Mg) and Cr/(Cr+Al). 

The compositional zoning commonly observed in the chrome spinel of Cr-rich 
chondrules and inclusions is typically distinguished by Cr/(Cr+Al) increasing from 
core to rim. This zoning is associated in some cases with igneous zoning of the 
plagioclase (the albite content increasing towards the rim). The compositional zoning 
probably resulted from fractional crystallization, as also suggested by McCoy et al. 
(1991). We interpret the common occurrence of radial outwards crystallization to 
indicate that relict nuclei were concentrated towards the center at the onset of 
crystallization. Spinels in those objects that show no compositional zoning tend to 
have high Cr/(Cr+Al) ratios. The absence of zoning probably reflects the fact that 
much of the spinel was relict and the remainder crystallized over a narrow 
temperature range. 

Conclusions: (1) Chrome-spinel rich objects in OC have uniformly high A1203. 
contents (with one exception, > 100 mg/g). (2) Chrome-spinel-rich inclusions conta~n 
the same minerals and show the same kind of zoning ((Cr/(Cr + Al) increases from 
core to rim) as chrome-spinel-rich chrondrules. (3) Chrome spinels show a continuous 
range in Cr/(Cr + Al) from -0.1 up to -0.85 (the latter is similar to the ratio in matrix 
chromites in equilibrated OC) but the range within individual objects is generally 
small, 5 a factor of 1.2. There is no compositional hiatus between Cr-rich and Al-rich 
objects; they appear to be extremes of a continuous distribution. 

References: . Bischoff A. and Keil K. (1984) Geochim. Cosmochim. Acta 48,693-709; 
Krot A., lvanova M. and Wasson J.T. (1992)-Earth Planet. Sci. Lett., submitted; 

McCoy T. J., Pun A. and Keil K. (1991) Meteoritics 26, in press; . Ramdohr P. (1967) 
Geochim. Cosmochim. Acta 31, 1961 -1 967. 

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


