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Introduction:  CB and CH chondrites are metal 

rich chondrite groups [1, 2] and their oxygen isotopic 
compositions show a close relationship to CR chon-
drites [3]. Recently, the petrogenesis of CB chondrites 
came to be considered as the condensation from im-
pact-induced vapor plume [4, 5]. According to the sim-
ilarity of oxygen isotopic composition between CB and 
CH chondrites, the parent bodies of these chondrites 
might exist close to each other. Then, how impact pro-
cesses affected the origin and the evolution of CH 
chondrites? What was the difference between CB and 
CH chondrites? These questions are quite interesting. 
Impact-induced vaporization causes volatility loss of 
elements, so chemical compositions and isotopic com-
positions must become powerful tool to discuss these 
issues. 

Bulk chemical compositions of CB and CH chon-
drites have been scarcely reported and have been poor-
ly discussed. Here, we report the preliminary results of 
our bulk chemical analyses for CB and CH chondrites, 
MacAlpine Hills (MAC) 02675 (CBb), Asuka 881020 
(CH), Asuka 881541 (CH), Patuxent Range (PAT) 
91546 (CH) and Pecora Escarpment (PCA) 91467 
(CH).  

Samples & methods:  Bulk chemical compositions 
of 1 CBb chondrite (MAC 02675) and 4 CH chondrites 
(Asuka 881020, Asuka 881541, PAT 91546 and PCA 
91467) have been determined by INAA and ICP-MS in 
this study. A chip sample weighing 130-440 mg of 
each meteorite was crushed into small chips and fine 
grains. Small fractions weighing ~40 mg of each mete-
orite were used for INAA and ICP-MS, respectively. 
To evaluate the sample heterogeneity, 3 fractions of 
MAC 02675 and 2 fractions of PAT 91546 and PCA 
91467 were subjected to INAA.  The elements ana-
lyzed by INAA are Na, Mg, Al, Ca, Sc, V, Cr, Mn, Fe, 
CO, Ni, Zn, Se, Sm, Os, Ir and Au, and by ICP-MS are 
Cu, Ga, Ge, Mo, Ru, Rh, Sn, Sb, W, Re, Ir and Pt. 

Results:  The Mg-, CI-normalized and Ni-, CI-
normalized chemical compositions of CBb and CH 
chondrites obtained by INAA are shown in Fig. 1. The 
elements are sorted in decreasing of volatility [6]. In 
Fig. 1a, refractory lithophile element (Al, Ca, and Sc) 
abundances in CBb chondrite (CI x ~1.5) are signifi-
cantly higher than those of CH chondrites (CI x ~1). 
The Cr/Mg and Mn/Mg ratios in CBb chondrite (2.6 
and 0.28 x CI) are clearly higher and lower than those 
of CH chondrites (1.1 and 0.45 x CI). The range of 

Na/Mg ratios are nearly identical between CBb (0.20-
0.32 x CI) and CH (0.18-0.34 x CI) chondrites.  

In Fig. 1b, refractory siderophile element (Os, Ir, 
Ni, Co) abundance patterns are identical between CBb 
and CH chondrites, but as volatility increases, CBb and 
CH chondrites show different chemical compositional 
characteristics. The principal differences are shown in 
Mn and Cr abundances. The Mn/Ni and Cr/Ni ratios 
are significantly lower in CBb chondrite (0.022 and 
0.21 x CI, respectively) than those of CH chondrites 
(0.23 and 0.56 x CI). 

The Ni-, and CI-normalized bulk siderophile and 
chalcophile element compositions of CBb and CH 
chondrites obtained by ICP-MS and INAA are shown 
in Fig. 2. In this figure, refractory elements (Co to Re) 
show chondritic composition, but moderately volatile 
and volatile elements (Se to Fe) show depletion in both 
CBb and CH chondrites. The degree of depletion is 
higher in CBb chondrite than that in CH chondrites, 
and is particularly salient in Mn, Sb, Zn and Sn. The 
Cr also shows an excessive depletion in spite of its 
relatively high condensation temperature [6].  

Discussions:  As shown in Fig. 1a and 1b, parti-
tioning behaviors of Mn and Cr are clearly different 
between CBb and CH chondrites. The Mn/Ni and Cr/Ni 
ratios are homogeneous among the three subsamples of 
MAC 02675, indicating that Mn and Cr show a strong 
siderophile or chalcophile behavior in CBb chondrite. 
CB chondrites have Cr-bearing troilite [2], so Mn and 
Cr in CB chondrites possibly behave as chalcophile 
elements. The Mn/Ni and Cr/Ni ratios are more scat-
tered than the Mn/Mg and Cr/Mg ratios in CH chon-
drites, indicating that Mn and Cr in CH chondrites be-
have as lithophile elements. However, Mg# (molar 
Mg/[Fe+Mg] x100) in olivine and pyroxene are similar 
in CB (96-99 [e.g., 2, 7]) and in CH (94-99 [e.g., 8, 9]) 
chondrites, so the redox states of CB and CH chon-
drites should not be so different. In this timing, we are 
not sure what was a key role for changing partitioning 
behaviors of Mn and Cr between CBb and CH chon-
drites.  

In Fig. 2, both CBb and CH chondrites show vola-
tility-dependent depletion of chemical compositions. 
Especially, chalcophile elements (Mn, Sb, Zn and Sn) 
show strong negative depletions, indicating that effec-
tive and selective loss of sulfides occurred on CBb and 
CH chondrite parent bodies. The volatility-dependent 
loss of elements in CBb and CH chondrites can be con-
firmed between Mn and Mg in lithophile elements and 
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between Au and Fe in siderophile + chalcophile ele-
ments. The 50% condensation temperatures of Mn, Mg, 
Au and Fe are 1158, 1336, 1060 and 1334 K [6], indi-
cating that both silicate and metal phases in CBb and 
CH chondrites have suffered heating at least 1060 K, 
up to 1330 K. The Au/Ni ratios in CH chondrites (0.77 
x CI) are significantly higher than those of CBb chon-
drite (0.22 x CI), indicating that the spatial and tem-
poral settings of heating processes should be different 
between CBb and CH chondrites. However, similar 
bulk chemical compositional patterns in CBb and CH 
chondrites strongly indicate that formation processes 
of CBb and CH chondrites were similar. The impact-
induced vaporization followed by recondensation is 
considered as the formation process of CB chondrites 
[4, 5]. Therefore, we suggest that the formation process 
of CH chondrites was also related to the impact.  

 

 

 
Fig. 1. Bulk chemical compositions of CBb and CH 
chondrites obtained by INAA. Fig. 1a shows Mg- and 
CI-normalized lithophile element abundance patterns. 
Fig. 1b shows Ni- and CI-normalized siderophile and 
chalcophile element abundance patterns. CI chondrite 
data used for normalization are from [10].  
 

 
Fig. 2. Ni- and CI-normalized bulk siderophile and 
chalcophile element compositions of CBb and CH 
chondrites obtained by ICP-MS + INAA. CI chondrite 
data used for normalization are from [10]. 
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