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Introduction:  Diogenite are mostly composed of 

orthopyroxene with such minor minerals as olivine, 
plagioclase and chromite. As almost all diogenites are 
brecciated, it is difficult to bring out their primitive 
chemical compositions. Some diogenites (e.g., El-
lemeet and MIL 07001) were reported to contain for-
eign meteoritic components [1,2]. From these materials, 
siderophile elements abundances may have been modi-
fied. A few unbrecciated diogenites have been found 
[e.g., 3,4]. These unbrecciated diogenites are important 
to elucidate the core formation of 4Vesta. Yamato (Y) 
002875 discovered by Japanese Antarctic Expedition 
Team was classified as an unbrecciated diogenite. This 
meteorite is nearly monomineralic diogenite composed 
of >99 % orthopyroxene [5]. In this study, we deter-
mined elemental abundances for Y 002875 by using 
INAA and aimed to chemically characterize this mete-
orite in comparison with those for other diogenites.  

Analytical method:  Several chips of Y 0002875 
weighing 3.119 g were carefully ground in an agate 
mortars in order to obtain the representative chemical 
composition. In addition to this meteorite, we also ana-
lyzed Y 74013 and Y 74097, for which a total of 3.152 
g and 3.100 g of chips were ground to powder in clean 
agate mortars. Powder samples of three diogenites 
were irradiated two times with different irradiation 
periods at Kyoto University Research Reactor. 

Results and Discussions: Due to the nearly 
monomineralic nature of the diogenites, their bulk 
chemical compositions are strongly controlled by those 
of orthopyroxene. However, the bulk chemical compo-
sitions of diogenite may show marked variations in the 
case of a heterogeneous distribution of minor minerals 
such as chromite, olivine, plagioclase, troilite and 
FeNi-metal. Our data for Y 74013 and Y 74097 are 
generally in good agreement with literature values [6-
9] except for a few elements. Our Al, Cr and V values 
for Y 74013 and Y 74097 are lower than literature val-
ues [6-9]. Figure 1 compares the Cr2O3 and V abun-
dances for diogenites. Cr2O3 and V abundances for 
almost all diogenites are clustered at about 0.8 % and 
100 ppm, respectively. However, some diogenites have 
higher Cr2O3 and V abundances compared with those 
for other diogenites. As shown in Fig. 1, our Cr2O3 and 
V values for Y 74013 and Y 74097 are consistent with 
those for other diogenites, while literature values [6,7] 
for these meteorites are higher. Considering that Al, Cr 
and V are partitioned into chromite, the differences of 

Al, Cr and V abundances between our data and litera-
ture values [6,7] are due to the heterogeneous distribu-
tion of chromite. As we ground about 3 g of diogenites 
in this study using much more materials than previous 
studies [6-9], our data for Y 74013 and Y 74097 may 
be more representative.  

Figure 1. Cr2O3 vs. V abundance for diogenites. 
Based on mineralogy, petrology and bulk chemical 

compositions, Yamato diogenites are divided into two 
categories: Type A (Y 74013-type) and Type B (Y 
745032-type). For pyroxene and chromite, mg num-
bers for Type A diogenites are higher than those for 
Type B diogenites. Plagioclase is present in Type A 
diogenites, but not in Type B diogenites. In bulk chem-
ical compositions, Type B diogenites have higher in-
compatible elements abundances compared with Type 
A diogenites. Figure 2 compares the mg numbers and 
Sc abundances for diogenites. There is a negative cor-
relation between mg numbers and Sc abundances. As 
orthopyroxene from Type B diogenites have lower mg 
numbers than Type A diogenites, Type B diogenites 
have lower mg number than those for Type A. An mg 
number and Sc abundance for Y 002875 are similar to 
those for Type A diogenites.  

Type A and Type B diogenites can be also separat-
ed when abundances of incompatible elements such as 
rare earth elements are taken into account. Samarium 
abundances are plotted against Sm/Yb ratios for dioge-
nites in Fig. 3. Type A diogenites have lower Sm 
abundances and more fractionated rare earth elements 
abundances pattern than Type B diogenites. Samarium 
abundance and Sm/Yb ratio for Y 002875 are similar 
to those for Type A diogenites. Thus, Y 002875 is 
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chemically similar to Yamato Type A diogenites such 
as Y 74013 and Y 74097. 

Figure 2. An mg number vs. Sc abundance for diogenites. 

Figure 3. Sm abundance vs. Sm/Yb ratio for diogenites. 
Foreign meteoritic components have been reported 

to be present in diogenites [1,2]. Therefore, siderophile 
elements abundances such as Ni and Co may be modi-
fied by contamination such of foreign meteoritic mate-
rials. Figure 4 shows CI-normalized Ni/Co ratio (des-
ignated as (Ni/Co)CI) and Ni abundances in diogenites. 
As shown in Fig. 4, there is no differences of Ni abun-
dances and (Ni/Co)CI between brecciated and unbrecci-
ated diogenites. Being similar to the case for eucrites 
[10], Ni abundances and (Ni/Co)CI systematically cor-
relate among diogenites. Figure 4 gives us two pos-
sibile explanations for large deviations of (Ni/Co)CI 
ratios for diogenites; contamination of exogenous ma-
terials with pristine diogenites and igneous processes 
on the HED parent body. 

Nickel and Co behave as compatible elements 
during igneous processes in which metal and sulfide 
are not involved, but compatibilities of Ni and Co are 
different from each other. There is no apparent correla-
tion between Ni (or Co) and MgO abundances. Thus, 

the systematically correlation of (Ni/Co)CI ratios and 
Ni abundances in diogenites is unlikely due to the ig-
neous processes. Previous studies [1,2] revealed that 
diogenites have extraneous materials (chondritic clast 
and FeNi-metal). These extraneous materials have 
higher Co and Ni abundances. Thus, a possibility that 
Ni and Co abundances for diogenites are controlled by 
contamination of chondrites or FeNi-metal with the 
pristine diogenites seems to be likely. Assuming that 
MET 00424 represents the pristine diogenitic materials 
in consideration of low (Ni/Co)CI ratio, we calculated 
Ni abundances and (Ni/Co)CI ratios of the mixture of 
two end member components by changing mixing rati-
os of these two components. Calculations results are 
shown in Fig. 4. Apparently, contamination of chon-
dritic materials or FeNi-metal could explain systemati-
cally correlation between Ni abundances and (Ni/Co)CI 
ratios in diogenites. Even unbrecciated diogenites were 
affected by the contamination of foreign materials, 
suggesting that its incorporations were occurred before 
unbrecciated diogenites were crystallized. 

Figure 4. Ni abundances vs. (Ni/Co)CI ratios for dioge-
nites. Solid and dash lines represent mixing line of MET 
00424 and FeNi-metal or chondritic clast, respectively. The 
numbers along these lines correspond to contributions in % 
of the FeNi-metal and chondritic clast. 
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