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Introduction:  Chronometers based on the decay 

of short-lived, now extinct radionuclides are powerful 
tools for determining the timing of important events 
during the early evolution of the solar system. The 
application of short-lived nuclides as chronometers is 
based on the assumption that they were distributed 
homogeneously in the region of the solar system where 
the meteorite parent bodies and their components had 
formed. Such a homogeneous distribution cannot be 
assumed a priori but must be tested by comparing ages 
obtained from different chronometers for a set of well-
characterized samples [1].  

Among the short-lived chronometers, the decay of 
182Hf to 182W (t1/2 = 8.9 Myr) has been primarily used 
to date planetary accretion and core formation [2]. 
More recently, however, the Hf–W system has also 
been applied to date individual meteorites and their 
components. The Hf/W ratios vary substantially among 
the constituent minerals of meteorites (and their com-
ponents), such that precise internal isochrons can be 
obtained. For instance, the high Hf/W of high-Ca py-
roxenes in angrites and Ca-Al-rich inclusions (CAI) 
makes it possible to obtain precise internal isochrons 
for these samples [2-4]. Likewise, the low Hf/W in 
metals combined with the corresponding high Hf/W in 
silicate-rich fractions allows precise dating of metal-
bearing chondrites [5, 6]. Here we summarize available 
Hf–W ages for meteorites as obtained from internal 
isochrons and compare these ages to results from other 
short-lived chronometers and the Pb–Pb system.  

Summary of Hf–W ages:  Internal Hf–W 
isochrons are available for CAI, angrites, one metal-
rich eucrites, one metal-rich CH chondrite, several 
equilibrated H and L ordinary chondrites, and a few 
primitive achondrites. Here we will focus on CAI, an-
grites and ordinary chondrites. 

CAI. An isochron based on Hf–W data for mineral 
separates and bulk samples from about ten CAI from 
Allende and one CAI from the NWA 2364 CV chon-
drite yields an initial 182Hf/180Hf of (9.72±0.44)×10-5 
[3]. All Hf–W ages are calculated relative to this initial 
182Hf/180Hf of CAI and are given as ΔtCAI, i.e., the time 
elapsed since CAI formation. 

Chondrites. Hf–W ages are available for several 
ordinary chondrites [5], but no unequilibrated samples 
have yet been dated. The Hf–W ages for equilibrated H 
chondrites of petrologic types 4–6 range from ΔtCAI 
~1.7 to ~10 Myr and provide the time of isotopic clo-
sure during thermal metamorphism of these chondrites 

[5]. Since the Hf–W closure temperature is similar to 
the peak metamorphic temperatures, the Hf–W ages 
correspond closely to the time of the thermal peak in 
the H chondrite parent body. Metamorphic tempera-
tures of type 4 chondrites were probably too low to 
reset the Hf–W system, so that the Hf–W age for the 
H4 chondrite Ste. Marguerite may date the time of 
chondrule formation [5]. As to whether Hf–W ages for 
type 4 chondrites reliably constrain the time of chon-
drule formation needs to be evaluated with more Hf–W 
studies on type 4 chondrites. Note however that the 
Hf–W age for Ste. Marguerite of ΔtCAI ~1.7 Myr is 
consistent with Al–Mg ages for ordinary chondrite 
chondrules [7, 8]. 

Angrites: Angrites can be readily dated with the 
Hf–W system because the fassaitic pyroxene in these 
meteorites has high 180Hf/184W ratios of up to ~70. In-
ternal Hf–W isochrons are available for eight angrites 
and their initial 182Hf/180Hf ratios range from ~7×10-5 
to ~4×10-5, corresponding to Hf–W ages, ΔtCAI, of ~4 
to ~11 Myr after CAI formation [2].  

Comparison to ages obtained from other chro-
nometers:  Two features make CAI and angrites ideal-
ly suited for testing the consistency of ages obtained 
from different short-lived chronometers and the Pb–Pb 
system. First, both CAI and angrites have cooled rapid-
ly, so that differences in closure temperatures among 
the chronometers could not result in resolvable age 
differences. Second, both groups of samples are char-
acterized by very high U/Pb ratios, which make it pos-
sible to determine precise Pb–Pb ages [9, 10]. 

Hf–W vs. Pb–Pb. All eight angrites have concord-
ant Hf–W and Pb–Pb ages, once the Pb–Pb ages are 
corrected for U isotopic variations. The 'absolute' Hf–
W age for CAI, calculated using the relative Hf–W and 
absolute Pb–Pb ages of the angrites and the initial 
182Hf/180Hf of CAI, average at 4567.5±0.8 Ma. This 
age overlaps with both the Pb–Pb age for CAI SJ101 
of 4567.2±0.5 Ma [10] and the Pb–Pb age of 
4568.2±0.2 Ma for CAI 2364 B-1 [11]. Thus, the Hf–
W ages currently have insufficient precision to distin-
guish which of these two Pb–Pb dates for CAI better 
represents their absolute age. However, the comparison 
of the relative Hf–W ages, ΔtCAI, of the individual an-
grites shows that the Hf–W data seem to be more con-
sistent with an absolute age of ~4567.2 Ma for CAI. 
All the Pb–Pb formation intervals of the angrites calcu-
lated relative to a Pb–Pb age of 4567.2±0.5 Ma are 
consistent with their Hf–W formation intervals. In con-
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trast, the Pb–Pb formation intervals calculated relative 
to a Pb–Pb age of 4568.2±0.2 Ma for CAI 2364 B-1 
tend to be slightly longer than those obtained from the 
Hf–W system. Clearly, U isotopic data for CAI 2364 
B-1 are required to fully assess the significance of its 
Pb–Pb age. 

Hf–W vs. Mn–Cr. Mn–Cr data are available for 
four of the angrites that also have been studied with the 
Hf–W system (see summary in [1]). For these four 
angrites initial 182Hf/180Hf and 53Mn/55Mn ratios vary 
as expected from the 182Hf and 53Mn half-lives. The 
initial 53Mn/55Mn at the initial 182Hf/180Hf of CAI is 
~7×10-6, consistent with the initial 53Mn/55Mn of the 
solar system estimated based on Mn–Cr data for 
Orgueil [12].   

Hf–W vs. Al–Mg. The Hf–W formation interval be-
tween angrites D'Orbigny/Sahara 99555 and CAI is ~4 
Myr and, hence, shorter than the ~5 Myr Al–Mg inter-
val between these two angrites and CAI [13, 14]. Fig. 1 
shows that the Pb–Pb age difference between 
D’Orbigny/Sahara 99555 and CAI SJ101 also is short-
er than that obtained from the Al–Mg data. However, 
the Pb–Pb formation interval between these two an-
grites and CAI 2364 B-1 is consistent with the Al–Mg 
results.  

 
Fig. 1: Comparison of Hf–W, Al–Mg and Pb–Pb ages 
for angrites D’Orbigny and Sahara 99555. 
 
The disparity between the Hf–W and Al–Mg for-

mation intervals of D’Orbigny and Sahara 99555 may 
either reflect a disturbance of the internal Al–Mg sys-
tematics of these angrites or a lower-than-canonical 
26Al/27Al in the angrite precursor material. The former 
interpretation is supported by the observation that the 
Al–Mg whole-rock model ages [13] of these angrites 

are consistent with the Hf–W ages (Fig. 1). However, 
there is no clear textural evidence for a disturbance of 
the Al–Mg systematics in the angrites. Nevertheless, 
such a disturbance is difficult to exclude and this inter-
pretation has been advanced by Schiller et al. [13]. The 
second of the aforementioned options would be con-
sistent with a recent proposal for a heterogeneous dis-
tribution of 26Al in the solar nebula [15]. In this case, 
the good agreement between the Al–Mg isochron ages 
of D’Orbigny and Sahara 99555 and the Pb–Pb inter-
vals of these angrites relative to CAI 2364 B-1 would 
be fortuitous.  

Ultimately, it should be possible to distinguish be-
tween the two explanations discussed above, once pre-
cise Pb–Pb ages and U isotopic data are available for 
several CAI. Furthermore, it will be important to ob-
tain more Hf–W data for CAI, to better define the ini-
tial 182Hf/180Hf at the time of CAI formation. 

In summary, there is good agreement between Hf–
W, Mn-Cr and Pb–Pb ages for angrites, and between 
the ‘absolute’ Hf–W age of CAI and the Pb–Pb age for 
CAI SJ101. Moreover, the inferred initial 53Mn/55Mn at 
the solar system initial 182Hf/180Hf is consistent with 
the solar system initial 53Mn/55Mn determined based on 
Orgueil. However, a higher solar system initial 
53Mn/55Mn has also been proposed [e.g., 1]. Al–Mg 
ages for D‘Orbigny and Sahara 99555 are inconsistent 
with the Hf–W results and also with some Pb–Pb ages. 
The reasons for this disparity are yet not fully under-
stood, however.  
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