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HUNTING THE HED HOLY GRAIL: A (SLIGHTLY) MAGNESIAN BASALT CLAST FROM EET 
92014 HOWARDITE AND A REVIEW OF ALLEGED PRIMARY, MAGNESIAN HED BASALTS; David 
W. h4ittlefehldt1 and Marilyn M. Lindstrom2, C23, Lockheed ESC, 2400 Nasa Rd. 1, Houston, 7X 77058, 
2 ~ ~ 2 ,  Planetary Missions & Materials, NASNJohnson Space Center, Houston, 7X 77058. 

Eucrites are feman basatts, likely from the asteroid 4 Vesta. Associated with eucrites in 
polymid breccias and on Vesta (11 are magnesian, cumulate orthopyroxenites (diogenites). The 
existence of diogenites is generally considered to indicate that more magnesian primary melts were 
formed on Vesta 121, and the identification and characterization of such melts has taken on some of the 
aspeds of the search for the Holy Grail [3]. Previously suggested candidates, all from howardites, 
include Kapoeta p 141, PEI from Y-7308 151 and an unnamed clast from Kapoeta 161, which have only 
been studied in thin section. The two Kapoeta clasts are pyroxene-phyric, glassy clasts [3,5], while PE1 
is a hornfels [5]. Here, we report on the chemical and petrographic characterization of a black, 
pyroxene-phyric glassy clast from the howardite EET 92014, here affectionately referred to as BC. Like 
the medieval search for the Holy Grail, we believe the search for primary magnesian HED basalts has 
been fruitless. 
Petroara~hv and Mineral Com~osit ion: The initial description of BC suggested that it contains 
magnesian pyroxenes, and therefore might a primary, magnesian basalt type (although the initial 
description also interpreted BC to be "probably shock-melted areas" of the howardite) m. The clast 
consists of elongated, skeletal pyroxene phenocrysts in a glassy groundmass containing microphenoayst 
needles of either pyroxene, plagioclase or both. No xenocrystic material was identified. The contact with 
the host meteorite is generally sharp and angular suggesting the clast was not formed in situ. In some 
areas, however, the border is difficult to discern, possibly because subsequent brecciation has modified 
the contad. The pyroxenes are highly fractured, and are strongly zoned with compositions varying from 
W O ~ ~ E ~ ~ ~ . ~ F % ~  in the cores to Wo22.2En18.5F~59.2 rims (Fig. 1). Pyroxene core compositions are only 
margrnally more'magnesian than would be expected of basaltic eucrite liquidus pyroxenes 
( - W O ~ E ~ = F S ~ ~  12)). There is a strong iron enrichment along the fractures, with compositions as ferroan 
as W03.2En37.0F~59.8. The iron enrichment along cracks appears to indicate interaction with a late-stage 
oxidized fluid, rather than with an evolved residual melt. The FeO/MnO ratio of pyroxenes along the 
cracks is up to 40, in contrast to ratios in the range 32-33 for pyroxenes away from the cracks. The high 
FeOIMnO ratio along the cracks cannot be due to magmatic fractionation as pyroxene crystallization will 
be insufficient to raise the ratio much above that measured for the cores. 
Bulk Com~osit ion: A bulk sample of BC was analyzed by INAA for our normal suite of major, minor 
and trace elements. BC is slightly more FeO-rich than typical eucrites, with an FeO content of 20 wt%, 
compared to 18-19 wt% for maingroup eucrites. However, because of evidence for alteration by fluids, 
this FeO content may not refled the original magmatic composition. BC is considerably enriched in 
Cr203 compared to basaltic eucrites: 0.54 wt% as opposed to 0.32 wt%. The incompatible lithophile 
element content of BC is similar to that of Stannern, except that BC is slightly depleted in the HREE and 
Sc. The Co content of BC is low, 3.1 pglg, at the low end of the range for basaltic eucrites -3-8 pglg, 
and well below the ranges for polymid eucrites (-6-54 pglg) or howardites (13-34 pglg). The high Co 
contents of these polymid breccias reflect the addition of chondritic contaminants [8]. 
Discussion: Although we have not yet completed our major element analyses of BC, we can infer the 
mg# and MgO content of the clast from the magnesian orthopyroxene core compositions and bulk clast 
FeO content. Using the wme" determined for eucrites 121, we calculate that the melt had an 
mg# of -44, slightly more magnes!ahan maingroup basaltic eucrites (mg# -38-40). For comparison, 
the mg#s of Kapoeta p, Y-7308 PE1 and unnamed Kapoeta are -49, -51 and -57, respectively. 
Possibly, some or all of these magnesian clasts represent impact melts of the HED crust, rather than 
primary magmas. Except for BC, only bulk major element compositions determined by some form of 
EMPA are available to be used to distinguish between these two modes of origin. Major element 
analyses of experimental partial melts of the St. Severin LL chondrite [9] can be used to infer 
compositions of primary, magnesian melts on Vesta. Based on these melting experiments, primary, 
magnesian melts can be distinguished from impact melts of howarditic material principally in the much 
higher FeO content expected for the primary melts (Fig. 2). Howardites and polymict eucrites, 
dominated by eucritic and diogenitic debris, have FeO contents less than about 20 wt%, while the 
primary, magnesian melts have FeO contents of up to 24 wt%, and are in equilibrium with 
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orthopyroxenes with mg#s like those of typical diogenites [9]. Based on major elements then, there is no 
compelling evidence that any of the four magnesian dasts are primary melts; all of them have higher 
MgO/FeO ratios than the trend of experimental melts, and all of them fall within or near the broad field of 
polymid breccias. 

BC is the only clast for which trace element data are also available. The trace element data 
seem at odds with the major element data suggesting that BC is an impact melt. Trace element data are 
not available for the host howardite, however, the REE and other incompatible elements in BC are at 
much higher abundances than obselved for howardites [ I  01. Some analyses of polymid eucrites 
approach the levels measured for BC. BC is also much lower in Co than howardites, although again, 
some analyses of polymict eucrites approach that of BC. Hence, if BC is an impad melt, it must have 
formed from a trace element-rich polymid eucrite tatget free of chondritic debris. 

Based on available information then, all of the putative primary magnesian basalt clasts from 
howardites are likely to be impact melts (or for PE1, possibly a metamorphosed breccia) of polymid 
eucrite to howardite parentage, and there is no compelling evidence yet that any of them represent 
primary melts of Vesta. 
References: [ I ]  Gaffey (1 083) LPS XN, 231 ; [2] Stolper (1 977) GCA 41,587; [3] M. Python (1 973) 
The Holy Grail; [4] Dymek et a/. (1 076) GCA 40, 11 15; [5] lkeda and Takeda (1 984) NlPR Sp. Issue 35, 
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Figure 1. Pyroxene spot compositions for EET 02014 BC. 

. .. - .  
Figure 2. MgO vs. FeO for HED meteorites, experimental melts and magnesian basalt 
clasts Kapoeta p (rho), Y-7308 PE1, unnamed Kapoeta clast (Kap) and BC. 
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