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The Bholghati Howardite (10 g) , which probably represents a regol ith 
sample of the eucrite parent body (EPB), was obtained through the courtesy 
of the Geological Survey of India for consortium studies of petrology, 
chemistry , rare gas, age-dat i ng, thermol umi nescence, oxygen isotopes and 
fission tracks. The purpose of the consortium is to provide insight into 
the geochemical, petrological, geochronological, and thermal evolution of 
the EPB. We report chemical results by INAA and RNAA in four bulk samples, 
two eucrite clasts, two dark clasts, diogenite clasts, and leaching of the 
bulk with 1M HC1. 

The four bulk samples have a narrow range of molar FeO/(FeO+MgO) [Fe = 
0.37 - 0.40], FeO/MnO (33-36), and atomic Mg/Si (0.41-0.48) that are similar 
to other howardi tes [1,2] ; and indicates a compositional ly homogeneous sample 
of the EPB regolith. However, Bholghati is heterogeneous with respect to 
trace elements such as REE, which vary by about 60% among the four bulk samples 
(Fig. 1 )  The Bulk REE patterns are nearly flat with a slight negative Eu 
anomaly. The negative Eu anomaly increases with increasing REE contents. 
The REE appear to be concentrated in accessory phases (phosphates) which 
strongly influence the REE patterns of eucritic clasts, which, in turn, govern 
the bulk REE patterns. This is supported by the leaching of the bulk sample 
with Dl HC1 (10 min.). Relative to the residue, the leachate contain 83% 
La, 71% Sm, 57% Tb and 30% Yb. Ca is dissolved at 7.3% level which corresponds 
to a normative whole rock phosphate content of 0.89%. Traces of phosphates 
are noted petrologically [3]. Based on earlier leaching experiments, phosphate 
phases (whitlockite, apatite) dissolve quantitatively with 1M HC1 (10-15 
min.). The elements Na and Co are dissolved at lo%, while Fe, Sc and Cr are 
dissolved below 2%, indicating only a minor contribution from the major 
minerals (olivine, pyroxene). The REE patterns of the leachate and residue 
are shown in Fig. 2. In the leachate, La to Sm pattern is nearly flat at 
about 480X (chondrite) with a strong negative Eu anomaly at 72X and Gd and 
Tb are at 480X with a sharp decline to Lu at 170X. The residue's REE pattern 
is a combination of 1 argely plagioclase and pyroxene in their modal 
proportions. Recombination of the residue and the leachate match the bulk 
REE pattern and other elements. 

The two eucritic clasts (white) splits, #6 and #15, have notable 
differences in Ti02 (1.74, 0.52%) and FeO (14.20, 24.50%). These eucritic 
clasts are similar to non-cumulate eucrites in terms of their ~e'(0.63, 0.66), 
and CaO (12.80, 9.62%). The FeO/MnO ratio (40,45) exceeds that generally 
observed for eucrites ("35), and can be explained by accessory trio1 ite and 
ilmenite. The REE patterns are light REE depleted in clast #6 having a 
negative Eu anomaly and clast #15 having a slightly positive Eu anomaly (Fig. 
2). This light REE depletion is unique to normal eucrites; which typically 
exhibit a nearly flat REE pattern [2], but have been observed in clasts from 
the Allan Hills polymict eucrites [4]. A split of clast #6 has three times 
more REE content and with a strong negative Eu anomaly than its counter part. 
This REE pattern is similar to the leachate's pattern suggesting the presence 
of trace phosphate phases and their heterogeneous distribution in clast #6. 
These eucritic clasts with similar A1 203 content (11.8%) exhibit both positive 
and negative Eu anomalies, suggesting different liquids formed by different 
degrees of partial melting or fractional crystallization of one or more parent 
liquids. 
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Diogenite clasts (0.42 mg), analyzed by INAA, has FeOIMgO = 0.61 and 
A1203/Ca0 = 1, that are typical of diogenites. The REE pattern having YbISm 
= 2.3 and a strong negative Eu anomaly is intermediate between the Roda and 
Johnstown di ogeni te [5]. 

Dark clasts have MgO/A1203 (lo), FeO/MnO (125) and siderophile (Ir, Ni, 
Co and Au) ratios, which are similar to carbonaceous-type materials. This 
suggests that the dark clasts may represent carbonaceous type material that 
was introduced during regolith formation on the EPB. The dark clast has a 
flat REE pattern with a positive Eu anomaly. Similar clasts with positive 
and negative Eu anomalies have been observed in the Kapoeta howardite which 
are interpreted as C1-type materials that did not lose their volatile 
components during impact or subsequent brecciation [Z]. 

Howardites are considered mixtures o f  eucritic and diogenitic components 
[5,6]. Bholghati can be modeled with 55-66% eucritic component and 30-53% 
diogenitic component depending on the components used. Using multielement 
and four components, the Bholghati bulk composition can be modeled with 49% 
eucrite clast #15, 8% eucrite clasts #6 (57% eucrite), 45% diogenetic and 
3% dark clast components. 

References: [l] Mittlefehldt et a1 . (1979) 43, 673-688. [2] Smith M.R. 
Ph.D. dissertation O.S.U. P.193. [3] Reid A.M. this issue, (1989). [4] 
Smith M.R. and Schmitt R.A. (1981), LPSC XII, 1014-1016. [5] Fukuoka et 
a1 . (1977), PLSC 8th, 187-210. [6] Dreibus et a1 . (1977), PLSC 8th, 211- 
217. 
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