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Introduction: While different short-lived chro-
nometers are commonly used to refine the chro-
nology of the earliest events in the solar system, a 
clear intercalibration of all those systems is still 
missing despite recent efforts in this field. The 
best samples that can be used as anchor for a pos-
sible intercalibration are those that formed early, 
from an isotopically homogeneous reservoir, coo-
led quickly and remained afterwards undisturbed 
so that all chronometers closed at the same time 
even if they do not date the same event or have 
different closure temperatures. Refractory inclu-
sions were possibly the most obvious choice to 
intercalibrate chronometers. They have been suc-
cessfully used to map 26Al-26Mg and 182Hf-182W 
ages onto an absolute timescale as defined by Pb-
Pb but revealed unsuitable for 53Mn-53Cr and 
probaby also 60Fe-60Ni due to the presence of nu-
cleosynthetic anomalies and/or heterogeneity of 
the parent isotopes. Three other possible anchors 
are represented by angrites, chondrules and metal 
nuggets from metal-rich CR and CB chondrites. 
Angrites are among the earliest igneous rocks that 
formed in the solar system and they cooled rap-
idly. CBs are also of great interest: indeed, if they 
crystallized from an impact-melt as suggested by 
Krot et al. [1], all chondrules as well as the metal 
formed at the same time. Determining the 53Mn-
53Cr , 182Hf-182W and 60Fe-60Ni age of these ob-
jects may then make it possible to map these 
chronometers and to anchor them onto an abso-
lute timescale.  

Angrites: The intercalibration of chronometers 
based on angrites has been undertaken for several 
years in different laboratories. For instance, the 
precise 207Pb-206Pb age of 4557.8±0.5 Ma for the 
angrite LEW 86010 [2] in conjunction with its 
initial 53Mn/53Mn [3-6] has been used to obtain 
absolute Mn-Cr ages. Similarly, the 207Pb-206Pb 
age of angrite SAH 99555 has been used to infer 
absolute ages based on 26Al-26Mg chronometry 
[7]. To expand the intercalibration to other iso-
topic systems, we recently completed a detailed 
182Hf-182W and 60Fe-60Ni study of three angrites 
(Sahara 99555, D’Orbigny, Northwest Africa 

2999). Different mineral fractions were separated 
by hand-picking and sieving. Tungsten and nickel 
were then extracted from the matrix using a multi-
step procedure on ion-exchange resins. Isotopic 
measurements were finally performed using a 
MC-ICPMS (Nu Plasma instrument).  
182Hf-182W systematics.  Data obtained for 
SAH 99555 plot on a well-defined Hf-W 
isochron, with a 182Hf/180Hf of (7.2±0.2) × 10-5 
and an initial of –2.2±0.2 εW [8]. Similarly, frac-
tions from D’Orbigny and NWA 2999 also define 
Hf-W isochrons with slopes of (7.5±0.8)×10-5 and 
(5.1±1.2)x10-5, respectively. SAH 99555 and 
D’Orbigny thus formed at roughly the same time, 
~5 Ma after CAIs, while NWA2999 formed ~5 
Ma later according to the Hf-W systematics [8]. 
The 182Hf-182W ages are consistent with most of 
the other chronological data for angrites. At high 
chronological precision, the 182Hf-182W data are in 
excellent agreement with some 26Al-26Mg and 
53Mn-53Cr data, even if slight discrepancies exist 
in the Mn-Cr and Al-Mg data reported from dif-
ferent laboratories resulting in uncertainties in the 
intercalibration of the three chronometers. The 
coherent chronology for quenched and slowly 
cooled angrites obtained from 182Hf-182W, 53Mn-
53Cr and 26Al-26Mg systematics, and the consis-
tency of these ages with most 207Pb-206Pb ages, 
provide nonetheless compelling evidence that this 
chronometry is accurate and that angrites are a 
good anchor for these isotopic systems. 
60Fe-60Ni systematics.  The picture is more complex 
for the 60Fe-60Ni chronometer. NWA 2999 shows 
no resolvable Ni isotopic anomaly while the 
Fe/Ni of the different fractions spreads up to ~80. 
As this meteorite belongs to the slowly cooled 
angrite group, it is supposed to have formed ~10 
Ma after the start of the solar system and the ex-
pected excesses may not be detected. In this re-
spect, the Fe-Ni data are not incompatible with 
the other chronometers [9] and the results are in-
conclusive as far as the intercalibration is con-
cerned. In SAH 99555, only the pyroxene sepa-
rate has a slight 60Ni* excess for a Fe/Ni of about 
15000. This excess is much smaller than the ex-
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pected anomaly if the meteorite formed ~5 Ma 
after the start of the solar system as inferred from 
other chronometers, taking a value of 10-6 as the 
initial 60Fe/56Fe of the solar system [10]. The dif-
ferent mineral fractions in D’Orbigny plot on a 
regression  line in a  εNi vs. Fe/Ni diagram with a 
slope of (8.0±2.6)×10-9 and an initial of –1.2±0.6 
εNi. If this line is interpreted as an isochron, the 
Fe-Ni age of D’Orbigny is 10.4 Ma after CAIs, in 
disagreement with the other chronometers. To 
sum up, Ni isotopic data in angrites indicate that 
only very small amounts of live 60Fe were present 
when these meteorites formed. As Ni data are in-
consistent for the three angrites studied here and 
also disagree with Al-Mg, Mn-Cr, Hf-W and Pb-
Pb results, it is clear that the 60Fe-60Ni system 
cannot be intercalibrated with other chronometers 
nor anchored onto an absolute timescale using 
angrites. In fact, if we consider these data together 
with other Ni data ([9] and references therein), it 
looks like 60Fe was probably heterogeneously dis-
tributed in the early solar system and that the 
60Fe-60Ni cannot be used as an ubiquitous reliable 
chronometer. To check this hypothesis and to 
look for a second anchor to intercalibrate chro-
nometers, we decided to study metal-rich chon-
drites. 

Metal-rich chondrites: Together with CH 
chondrites, CBs and CRs belong to the CR clan 
whose members are among the most pristine early 
solar system materials. As such, they can be very 
helpful to intercalibrate chronometers. These me-
teorites contain abundant free metal in the form of 
iron-nickel and iron sulfides. Contrary to angrites, 
they formed in a reduced environment and con-
tain reduced silicates. CRs are primitive chon-
drites that largely escaped thermal processing in 
the asteroidal setting but were subjected to the 
process of aqueous alteration. Hence anchoring 
the 182Hf-182W to the other chronometers should 
be possible  but the 60Fe-60Ni system may be dis-
turbed. CBs are probably a better choice for our 
purpose: they are characterized by large (mm-
sized) metal globules which will permit to pre-
cisely constrain the initial of a potential isochron 
and all belong to petrologic type 3 which means 
they are not altered. CBs experienced thermal 
processing as they are thought to be issued from 
impact melting in a planetary environment [11], 
but this formation process makes them an excel-

lent choice as an anchor since all isotopic systems 
were reset at the same time.  
Two CRs (NWA 721 and NWA 801) and five 
CBs (Gujba, Bencubbin, GRO 95551, MIL 
05082, PCA 91452) were selected for this study. 
MIL 05082 resembles Gujba and contains very 
large chondrules (several mm-size). It it thus one 
of the best sample to get very precise Ni data as 
the available amount of silicate material is rela-
tively large. Among the three paired meteorites 
(PCA 91467, PCA 91452 and PCA 91328), PCA 
91452 is less weathered. As Ni is highly mobile, 
it is highly preferable to study the least weathered 
sample. 
Absolute Pb-Pb ages already exist for some of 
these samples and will be determined for the oth-
ers. Tungsten and nickel isotopic measurements 
are currently under progress; the results will be 
discussed at the workshop. 
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