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Introduction:  The CH and CB chondrites show 
petrographic and isotopic characteristics that sharply 
distinguish them from other chondrite groups (e.g., high 
abundance of Fe-Ni metal, strong depletion of volatile 
elements, zoned metal grains [1,2], young ages of 
individual components [3]). On this basis, it has been 
proposed that CH and CB chondrites are genetically 
linked and that their formation is related to the vapor 
plume of a 'late' single-stage impact event, after most of 
the gas in the protoplanetary disk had dissipated [4]. By 
contrast, most other chondrite groups are thought to 
have formed earlier in a nebular setting around 2.0–2.5 
Ma after CAI formation [5,6]. As such, CH and CB 
chondrites may provide unique insights into early Solar 
System processes. However, chronological and isotopic 
data are sparse and the origin of CH and CB chondrites 
remains highly debated [7].  

To better constrain the formation timescales and 
genetic relationship of CH and CB chondrites, we ob-
tained Hf-W and Mo isotopic data for the CH chondrite 
Acfer 182 and several CB metals. Whereas the Hf-W 
data are used to determine formation ages of both 
groups of meteorites, the nucleosynthetic Mo isotope 
anomalies allow assessing genetic links between CH 
and CB chondrites. Combined, the new data are used to 
determine whether CH and CB chondrites are charac-
terized by similar ages and isotopic signatures, as would 
be expected for a common origin for these two chondrite 
groups. 

Methods:  For the present study, a bulk rock and 
eight magnetic separates of Acfer 182 (CH) as well as 
three metal separates of the CB chondrites Bencubbin, 
Gujba, and Isheyevo were analyzed. A ~4.5-g piece of 
Acfer 182 was crushed in an agate mortar and pure 
metal and mixed metal-silicate fractions were separated 
using a hand magnet. The CB metal separates were 
obtained from single metal nodules or pooled metal 
fragments. All samples were digested using HF-HNO3(-
HClO4) and inverse aqua regia. After complete 
digestion, small aliquots were taken for determination 
of Hf and W concentrations by isotope dilution. W and 
Mo were separated from the sample matrix by ion ex-
change chromatography following [8], and isotope 
compositions were measured on the Neptune Plus MC-
ICP-MS at Münster. The data are reported as ε-unit 
deviation (i.e., 0.01%) of the sample relative to the 
bracketing solution standard and were internally nor-
malized to 186W/183W and 98Mo/96Mo, respectively. 
 

 
Fig. 1.  Internal Hf-W isochron diagram for Acfer 182 
(CH). All reported uncertainties are 95% CI. i = initial, 
ΔtCAI = age relative to CAI formation. 

 
Results:  The mixed metal-silicate fractions of 

Acfer 182 show variable Hf and W concentrations, 
where the W content is positively and the Hf content 
negatively correlated with increasing magnetic suscep-
tibility of the fractions. The ε182W of these fractions, 
together with a bulk sample and two metal separates, are 
linearly correlated with 180Hf/184W (Fig. 1). The ε182W 
values are also correlated with 1/W, albeit with more 
scatter (MSWD = 3.1). We, therefore, interpret the 
ε182W vs. 180Hf/184W correlation as an isochron. 
Moreover, the CH and all CB metal samples display 
identical ε182W.  

All samples show well-defined εiMo excesses of 
nucleosynthetic origin that reflect variable deficits in s-
process Mo nuclides relative to the terrestrial standard. 
The magnitude of the εiMo excesses is positively cor-
related with the silicate-to-metal of each sample 
(Fig. 2). Finally, CH and CB metals show 
indistinguishable Mo isotope anomalies (Fig. 3). 

Hf-W chronometry:  The initial 182Hf/180Hf of the 
Acfer 182 isochron corresponds to a Hf-W age of 3.8 ± 
1.2 Ma after CAI formation. This age is in excellent 
agreement with the Hf-W two-stage model ages for CB 
chondrites of 3.7 ± 0.9 Ma after CAI formation. Com-
bined, these age data suggest that CH and CB chondrites 
formed coeval, and about 1–2 Ma later than most other 
chondrite groups. The only other chondrites with a 
similarly young formation age are the CR chondrites, 
which also formed at ~3.7 Ma after CAI formation [8]. 
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The coeval formation of CH and CB chondrites is con-
sistent with the idea that their formation involved a 
planetary-scale impact event of two colliding bodies and 
subsequent rapid cooling [3]; in this case, the Hf-W ages 
would approximate the time of this event. 
 

 
Fig. 2. Diagram of Hf/Mo vs. ε94Mo, indicating that the 
εiMo anomalies correlate with silicate-to-metal ratio. 
 

Nucleosynthetic Mo isotope anomalies:  In a dia-
gram of ε94Mo vs. ε95Mo, meteorites plot along two 
distinct but parallel s-process mixing lines, which are 
interpreted to reflect a fundamental dichotomy in the 
provenance of meteorites, distinguishing between the 
outer (carbonaceous [CC]) and inner Solar System 
(non-carbonaceous [NC]) [9]. All investigated CH and 
CB samples, even at the scale of single components, plot 
along the CC-line (Fig. 3), consistent with a CC heritage 
of CH and CB chondrites. These data also rule out that 
CH or CB chondrites accreted significant amounts of 
material originally formed in the inner Solar System. 
Bulk CH and CB chondrites have distinct Mo isotopic 
compositions (Fig. 3), which seems inconsistent with a 
common impact origin including isotopic equilibration. 
However, CB and CH metal display indistinguishable 
Mo isotopic compositions. This, and the observation 
that the εiMo anomalies correlate with silicate-to-metal 
ratio (Fig. 2) indicate that the isotopic difference in bulk 
CH and CB chondrites reflects a higher proportion of 
isotopically distinct silicates in CH compared to CB 
chondrites. Thus, when only considering the metal 
separates, there is strong evidence that CH and CB metal 
are genetically related, as expected if they both formed 
as condensates from a vapor-melt plume [10]. 

Implications for the proposed origin and genetic 
link between CH and CB chondrites:  Combined, the 
new W and Mo isotopic data not only show that CH and 
CB chondrites formed later than most other chondrite 

 
Fig. 3.  Diagram of ε94Mo vs. ε95Mo for the analyzed 
CH and CB separates. Bulk chondrite data as well as 
slopes and intercepts of s-mixing lines as defined by 
carbonaceous (CC-line, blue) and non-carbonaceous 
meteorite samples (NC-line, red) are from [9]. 
 
groups, but also indicate a close genetic relationship. 
Our results, therefore, are consistent with the formation 
of CH and CB chondrites from a common reservoir, 
probably in the vapor plume of a late impact event [3,4]. 
Whereas the CB parent body only accreted newly 
formed material from the vapor-melt plume (e.g., 
condensed metal), the CH parent body additionally 
accreted less processed material, which probably 
derived from the impacting body. Our results indicate 
that this material was genetically distinct from the 
material that equilibrated in the vapor plume (i.e., the 
material from which CB and CH metals condensed). 
Surprisingly though, all CH chondrite fractions plot on 
a single Hf-W isochron, implying that all components 
formed about coevally. Thus, either the Hf-W system 
has been completely reset without erasing the small Mo 
isotope variations between CH metal and silicates, or 
the bodies involved in the impact generation of CH and 
CB chondrites themselves formed just prior to the 
impact. The latter would be consistent with the idea that 
CR chondrites were involved in the formation of CH 
and CB chondrites [10]. 
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