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THE BHOLGHATI HOWARDITE: PETROGRAPHY AND MINERAL CHEMISTRY 
Arch M. Reid and Paul Buchanan, Department of Geosciences, University of Houston, Houston, TX 77204. 

INTRODUCTION The Bholghati howardite fell at Maurbhanj, Orissa, India in 1905. Labotka and 
Papike (I), Prinz et al. (2) and Fuhrman and Papike (3) describe Bholghati as a typical howardite i.e. a 
polymict breccia with eucrite clasts in a matrix of dominantly pyroxene and plagioclase mineral fragments. 
Pyroxene clasts range in composition from magnesian orthopyroxenes comparable to those in diogenites, to 
ferropigeonites and ferroaugites like those in eucrites. Hewins and Klein (4) and Labotka and Papike (1) noted 
the presence of small carbonaceous chondrite clasts in the Bholghati breccia. Leich and Moniot (5) presented 
evidence for a strong outgassing event at around 3.4 Ga. 

This report is part of a consortium study (Gosselin et al, 6) of a log sample of Bholghati obtained by 
J.C. Laul. The sample was partly disaggregated in the meteorite laboratory at the Johnson Space Center in 
an attempt to obtain separates of individual lithic clasts. Clean separates were obtained of a larger eucrite 
clast (,1 weighing .34g), a smaller eucrite clast (,6 of .03g), and of several extremely small dark carbonaceous 
clasts. Splits of the clasts and matrix were distributed to members of the consortium and thin sections made 
of the various clast types and of the meteorite matrix. 
MATRIX Fragments in the matrix are largely pyroxene, plagioclase, and pyroxene-plagioclase intergrowths, 
with minor olivine, Si02, ilmenite, Ca phosphate, troilite and metal. The fragments are generally angular 
and small (Fig. lA), most below 2mm, with the more magnesian pyroxenes comprising the larger 
monomineralic clasts. As in other howardites the pyroxenes have a wide range of compositions (Fig. 2A) 
from magnesian orthopyroxene (Wo 1.5Eng0.5Fs 18) to ferroaugite (Wg8En26;~46). The endmembers of 
this range correspond to pyroxene compositions in diogenites and eucrites, consistent with the suggestion 
that howardites formed by disaggregation and mixing of a twocomponent diogenite-eucrite mixture (7). 
However, the presence of intermediate composition pyroxenes suggests that a more complex model is required 
involving the generation and admixture of a series of magmatically related components ranging from Fe-rich 
eucrites to high-Mg orthopyroxenites. Intermediate pyroxene compositions could be generated by reaction 
between components in a hot breccia matrix, as occurs in some howardites (1.3). There is, however, little 
petrographic evidence of extensive reaction between the matrix components in Bholghati. The matrix 
pyroxenes form angular, unzoned grains, and any prolonged heating of the matrix would have had to occur 
before addition of the carbonaceous chondrite clasts. 

Figure 1. Photomicrographs of the Bholghati howardite showing the matrix (lA), 2.6 x 1.4 mm; the larger 
eucrite clast (1B) 2.6 x 1.4 mm; the smaller eucrite clast (lC), 0.7 x 0.4 mm; and one of the carbonaceous 
clasts (ID), 0.4 x 0.2 mrn. 
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EUCRITE CLASTS The two eucrite cIasts examined in detail are pyroxene-plagioclase rocks with minor 
SiO2, ilmenite, troilite and metal. The larger eucrite clast (,I) has a slightly modified igneous texture (Fig. 
lB), similar to the Juvinas eucrite, but with a high content of secondary(?) troilite. The feldspars are clouded 
and both low and high Ca pyroxene grains show no zoning (Fig. 2B) but have developed regular 2 to 20 um 
exsolution larnellae. Textural and mineral compositional data indicate rapid cooling and crystallisation of a 
eucrite melt followed by either a substantial decrease in cooling rate or a later metamorphic event that 
modified the primary textures, prior to incorporation in the Bholghati breccia. The smaller eucrite clast has 
the same phase assemblage, with 'equilibrated' pyroxenes (Fig. 2C), but has undergone more extensive 
recrystallisation, partly obscuring the primary texture (Fig. 1C). 
CARBONACEOUS CLASTS The carbonaceous clasts are small, less than 2mm, and apparently widespread 
through the howardite matrix. Silicate aggregates are enclosed in a black fine-pined matrix (Fig. ID). The 
silicates comprise enstatite and forsterite (Fig. 2D) with very low iron contents (0.7-1.2 wt. percent FeO). 
The dark carbonaceous matrix is complex and contains iron sulphides and metal. Phyllosilicates, magnetite 
and calcium carbonate have been found in these clasts by Zolensky and Banett (8). The dark clasts appear to 
represent the dispersed addition to the Bholghati matrix of a carbonaceous chondrite component, dominantly 
CM material (8). 
SUMMARY The major components of the Bholghati breccia are fractionated igneous fragments comprising 
cumulate or residual orthopyroxenites, eucrite melts, and a series of intermediate phase compositions. The 
larger eucrite clasts have undergone an extended sub-solidus thermal equilibration, possibly during a post- 
crystallisation metamorphic event (e.g. 9,lO) related to the outgassing proposed by Leich and Moniot (5). 
Equilibration of the eucrite pyroxenes predates brecciation and the assembly of the Bholghati meteorite. 
Preservation of the carbonaceous chondrite clasts shows that there has been no significant metamorphism of 
the Bholghati breccia since its assembly. 
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Figure 2. Pyroxene compositions in the Bholghati matrix (2A); the large eucrite clast (2B); the smaller 
eucrite clast (2C); and one of the carbonaceous clasts (2D). 
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