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Introduction:  The 53Mn-53Cr system (half-life: 3.7 

± 0.4 Ma [1]) has been a useful tool for dating a variety 
of early formed objects, because 53Mn has a suitable 
half-life for high-resolution chronology for the first 
~20 Ma of solar system history. Additional advantage 
to determine Cr isotope is the anomalies in 54Cr iso-
tope. Since each meteorite group preserves its own 
54Cr isotope value, it can be used as an important tracer 
to probe the precursor materials. 

When chronological study is applied to a sample, it 
is always important to make cross-calibration with 
other chronometers. In [2], the age determination of 
chondrules and metal in CB chondrite Gujba was 
achieved using Mn-Cr isotopic systematics, and the 
obtained age was evaluated with other chronometers. 
Here, we first review the isotopic studies described in 
[2], and then re-evaluate the relative and absolute age 
constraints in the light of recent development of an-
grite age anchor changes due to the newly available 
238U/235U isotopic composition in angrites [3,4]. Sec-
ond, we also review the results of the Mn-Cr studies in 
monomict ureilites reported by [5]. Since ureilites pre-
serve both primitive and igneous signatures, they pro-
vide invaluable information about the earliest 
planetesimal formation. 

Samples and Methods: Mn and Cr concentrations 
and Cr isotope compositions were measured in whole 
rock and leachate-residue of chondrules and metal in 
Gujba, and eight whole rock (NWA 766, DaG 340, 
DaG 868, Dhofar 132, Dhofar 836, and El Gouanem 
and NWA 1241) and two leachate-residue of 
monomict ureilites (NWA 766 and NWA 1241).  

For Gujba, whole rock chondrule fragments were 
dissolved in a HF+HNO3 mixture using Teflon bombs 
at 190ºC (solid circle in Fig. 1), while leaching ex-
periment was performed using 6M-HCl (solid trian-
gle), and then the residue dissolved in Teflon bombs 
using HF+HNO3 mixture (solid diamond). The metal 
grain (solid square) was dissolved in 6M-HCl and 1M-
HNO3. 

Since monomict ureilites mainly consist of olivine 
and pyroxene, Mn/Cr ratios of each mineral are not 
widely different. To obtain precise age for ureilites, 
stepwise dissolutions, method modified from [6], was 
performed to obtain data from phases with various 
Mn/Cr ratios. In the first two steps, 0.5M-acetic acid 
(LE 1) and 0.2M- HNO3 (LE 2) were used to dissolve 
materials in the vein, such as carbonate. In the third 
step, the Fe metal on the rims of olivine grains (the 

‘reduction rim’) that has contact with the vein was 
dissolved using 1M-HCl (LE 3). The main phases of 
monomict ureilites, olivine and pyroxene, were subse-
quently dissolved using 6M-HCl (LE 4) and 
HNO3+HF mixture (LE 5), respectively. Procedures 
from LE 1 to LE 5 were carried out using an ultrasonic 
bath at room temperature. Finally, a small amount of 
the remaining phases, except for carbon, were com-
pletely dissolved in Teflon bomb using HF+HNO3 
mixture at 190ºC. An additional experiment was per-
formed for NWA 766, known to contain Cr-rich spinel 
[7]. Everything except the refractory phase was dis-
solved using HF+HNO3 mixture in ultrasonic bath 
(labeled silicates in Fig. 2a), and the remaining refrac-
tory phase was dissolved in a Teflon bomb (labeled Cr-
rich spinel in Fig. 2a). The eight whole rock powders 
were also dissolved using HF+HNO3 mixture in Teflon 
bombs at 190ºC. 

The Cr isotope ratios were measured using a 
Thermo-Finnigan TRITON-TI thermal ionization mass 
spectrometer. For the chemical separation and isotope 
measurement of Cr, and the method for Mn/Cr ratio 
measurement is described in [8] and [9], respectively. 

Discussions: In [2] and [5], the initial 53Mn/55Mn 
ratios and Pb-Pb ages of (3.24 ± 0.04) x 10-6 [10] and 
4564.42 ± 0.12 Ma [11] from D’Orbigny, and (1.25 ± 
0.07) x 10-6 [12] and 4558.55 ± 0.15 Ma [11] from 
LEW 86010 were used for the calculations. Here we 
re-calculate the ”absolute” Mn-Cr ages using updated 
Pb-Pb ages with newly determined 238U/235U ratios 
[3,4]. For D’Orbigny, 238U/235U of 137.776 ± 0.026 
was determined by [3], which corresponds to a new 
Pb-Pb age of 4563.34 ± 0.30 Ma. Using the range of 
measured 238U/235U of 137.763 to 137.802, or 137.783 
± 0.020 by [4] for LEW 86010, the Pb-Pb age changes 
to 4557.53 ± 0.25 Ma, which includes the 238U/235U 
uncertainty (preliminary result, Amelin personal com-
munication). 

Gujba:  Data from chondrules and metals in Gujba 
indicate a correlation slope of 53Mn/55Mn = (3.18 ± 
0.52) x 10-6 (Fig. 1). Using the initial 53Mn/55Mn ratio 
and updated Pb-Pb age of D’Orbigny as relative and 
absolute age anchors, a Mn-Cr age of 4563.2 ± 0.9 Ma 
is obtained for Gujba. With an initial 53Mn/55Mn ratio 
and [12] updated Pb-Pb age of LEW 86010, a Mn-Cr 
age of 4562.5 ± 1.1 Ma is also obtained. Both Mn-Cr 
ages (4563.2 ± 0.9 Ma relative to D’Orbigny anchor, 
and 4652.5 ± 1.1 Ma relative to LEW 86010) are en-
tirely consistent with the absolute Pb-Pb age of 

9093.pdfFormation of the First Solids in the Solar System (2011)



4562.68 ± 0.49 Ma reported by [13], with the caveat 
that 238U/235U in Gujba is yet to be measured. How-
ever, this age is also identical to the Hf-W age of 
4562.3 ± 2.6 Ma [14] relative to the CAI age anchor 
with a measured 238U/235U ratio [15].  

In this study, all chondrules and the metal grain of 
Gujba preserve a uniform ε54Cr value, a mean of +1.29 
± 0.02. This result is identical within error to the pre-
viously reported ε54Cr value of + 1.07 ± 0.27 from 
metal spherule in the same meteorite [16]. The homo-
geneous ε54Cr value of Gujba indicates that both chon-
drules and the metal grain were derived from an iso-
topically homogeneous reservoir. 

 

 
Fig. 1 53Mn-53Cr isochron for chondrules (single chondrule 
fragment: solid circle; leachate: solid triangle; residue: dia-
mond) and metal grain (solid square) extracted from Gujba.  

 
Monomict Ureilites:  Since the materials in the re-

duction rim and vein has been thought as a product of a 
later process that occurred in the ureilite parent body 
[17], the data points from LE 1 to LE 3 were elimi-
nated from the age calculation for NWA 766. The 
ε53Cr and 55Mn/52Cr ratios showed a well correlation 
(Fig. 2a), which calculates the slope of 53Mn/55Mn = 
(3.35 ± 0.41) x 10-6. When the new D’Orbigny age, 
which corrected for 238U/235U, is applied as an anchor 
[3,4,11], an absolute Mn-Cr age of 4563.52 ± 0.67 Ma 
was obtained. This is the most precise age reported for 
monomict ureilites. It should be also mentioned that 
this age is identical with the oldest age preserved in 
other achondrites such as HED and angrites [e.g. 18, 
19]. Additionally, eight whole rock samples plot along 
this line, suggesting their formation from an isotopi-
cally uniform reservoir. On the other hand, NWA 1241 
showed a relatively young age with an upper limit of 
<4560 Ma (Fig. 2b). These two ages indicate that ureil-
ite parent body was formed, at least, by 4564 Ma, and 
the igneous activity was continued for several million 
years.  

The ε54Cr isotopic data of all fractions, whole rocks 
and leachate-residue, indicate a homogeneous value of 
~ -0.9, widely different from those of carbonaceous 
chondrites. Although there are similarities in ureilites 
and carbonaceous chondrites (such as oxygen isotope), 
the result suggests that genetic relationship between 
two meteorite groups is less likely. 

 

 
Fig. 2 53Mn-53Cr isochron for monomict ureilites: (a) NWA 
766 (LE 1 to 3: open circle), and (b) NWA 1241.  
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