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The Yamato-7308 howardite comprises many kinds of clasts, 
glass beads or fragments, and mineral fragments [l, 21. Clasts 
range up to several millimeters in size and include diogenite 
clasts, cumulate eucrite clasts, noncumulate eucrite clasts (non- 
cumulate eucrites show ophitic to subophitic textures [3]), Hd- 
Fa-Trid-P1 clasts, etc. The diogenite clasts consist mainly of 
magnesian orthopyroxenes (Mg/Mg+Fe = 76-68 atomic percents). 
Pyroxenes in cumulate eucrite clasts are orthopyroxenes (68-49 
atom % )  with minor granular and/or lamellae high-Ca clinopyrox- 
enes, and those in noncumulate eucrite clasts are mainly Ca-poor 
pigeonites (58-29 atom % )  with minor granular and/or lamellae 
high-Ca clinopyroxenes. Hd-Fa-Trid-P1 clasts are holocrystalline 
rocks consisting of ferrous high-Ca clinopyroxene, ferrous olivine, 
tridymite, plagioclase, chromite, ilmenite, apatite, etc. The 
ferrous olivine shows Mg/Mg+Fe of 10-14 atom %, and the ferrous 
clinopyroxene is 31-27 atom %. 

The pyroxenes in these clasts show continuous spectrum of 
Mg/Mg+Fe atomic percents as shown in Fig. 1, and are considered 
to be produced mainly by fractional crystallization from a pri- 
mary magnesian magma. The primary magma firstly crystallized 
magnesian orthopyroxenes, and then combined plagioclases, forming 
diogenites and Opx-cumulate eucrites. Next, the magma crystal- 
lized magnesian pigeonites instead of orthopyroxenes, resulting 
in pigeonite-cumulate eucrites and magnesian noncumulate eucrites. 
Further fractional crystallization produced ferrous magma which 
resulted in ferrous noncumulate eucrites (or ordinary eucrites), 
and finally Hd-Fa-Trid-P1 rocks crystallized from the extremely- 
differentiated acidic residual magma. 

Minor amounts of Fe-Ni metals and troilite are observed in 
these clasts, and the modal ratios of troilite/ Fe-Ni metals 
decrease from diogenite clasts to noncumulate eucrite clasts via 
cumulate eucrite clasts. In addition, Co and Ni contents of 
Fe-Ni metals are higher in magnesian orthopyroxene fragments which 
are considered to have derived from diogenite clasts by complete 
disaggregatibn, and they are lower in noncumulate eucrite clasts, 
as shown in Fig. 2. Most Fe-Ni metals in noncumulate eucrite 
clasts are extremely poor in Ni contents (lower than 0.1 wt8). 
These observations mean that the primary magnesian magma must 
have experienced continuous escape of S contents (probably as 
SOX molecules) during the fractional crystallization, and Ni- and 
Co-poor Fe metals must be formed from the FeS and/or FeO compo- 
nents of the magma in the late-stage differentiates such as the 
noncumulate eucrite clasts. 

The Co contents of Fe-Ni metals occurring as mineral frag- 
ments directly in the matrix of Y-7308 range from zero to 2.3 wt%. 
This compositional range of Co may be explained by the reduction 
of and/or by the SOX escape from a magma derived from LL-chond- 
ritic materials which include originally Co-rich Fe-Ni metals 
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(Fig. 2). However, as the metal contents in Y-7308 are extremely 
depleted in comparison to LL-chbndrites, the most Fe-Ni metals 
might have fractionated prior to and/or during the fractional 
crystallization of the magnesian magma which produced the above- 
stated clasts. 

Smith and Schmidt [5] showed that Kapoeta parent body was 
produced from average H and L ordinary chondrites with the dep- 
letion of the alkalis Na and K by a factor of 13. We prefer LL- 
chondritic materials as the source composition of the howardite 
parent body with the escape of SOX in addition to the alkali dep- 
letion. 
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Fig. 1. Chemical compositions(in atomic 
ratios) of pyroxenes in diogenite clasts 5 10 
(triangle), cumulate eucrite clasts(so1id N i  w t  % 
square), noncumulate eucrite clasts(open 
circle), and Hd-Fa-Trid-P1 clasts(so1id Fig. 2. Co and Ni 
hexagon; lower two are olivine). Dotted contents of Fe-Ni 
line is a presumed compositional trend of metals included in 
orthopyroxenes and pigeonites. orthopyroxene frag- 

ments set in the 
matrix(open circle with a dot), cumulate eucrite clasts(ha1f- 
solid circle), and noncumulate eucrite clasts(so1id circle). 
Open circles are Fe-Ni metals set directly in the matrix of the 
Y-7308 howardite. Shaded areas with H, L, and LL are the compo- 
sitional ranges of kamacites in equilibrated ordinary chondrites 
of HI L, and LL groups, respectively [4]. 
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