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Introduction: The presence of the now-extinct 

short-lived nuclide 60Fe in the early solar system has 
been established from studies of Fe-Ni isotope system 
in a variety of solar system objects in recent years. 
However, the inferred solar system initial 60Fe/56Fe 
ratios vary over a wide range (~10-7 to a few times 10-6 
[1-7]). 60Fe is a unique product of stellar nucleosynthe-
sis and a robust value for solar system initial 60Fe/56Fe 
is essential to infer the plausible stellar source (TP-
AGB vs supernova) of this nuclide. This is also essen-
tial to estimate the contribution from such a source to 
the inventory of the various short-lived nuclides pre-
sent in the early solar system and to assess the role of 
60Fe (along with 26Al) as a heat source during the early 
evolution of the solar system. Attempts to infer initial 
60Fe/56Fe based on study of CAI has resulted in limited 
success. Further, the use 60Fe as a relative chronometer 
has not met with much success due to conflicting re-
sults reported by different groups. No systematic at-
tempts have been made yet to look for records of both 
60Fe and 26Al in individual early solar system objects. 
We have initiated such a study in a set of chondrules 
from unequilibrated ordinary chondrites (UOCs) be-
longing to low petrologic type.  

Samples and Experimental Details: Chondrules 
from the UOC Semarkona (LL3.0) and QUE97008 
(L3.05) were selected for the present study. We have 
analyzed a set of eight chondrules from these two me-
teorites for Al-Mg isotope systematics and a couple of 
chondrules from each meteorite for Fe-Ni isotope re-
cords. Chondrules from QUE97008 are Olivine-rich 
ferromagnesian chondrules (Type IIA), while one of 
the Semarkona chondrule is a pyroxene-rich ferromag-
nesian type IIB chondrule. 

Al-Mg isotope measurements in Al-rich glassy 
phases within mesostatsis and rare plagioclase present 
in the chondrules were carried out using a Cameca 
ims-4f ion microprobe following procedures described 
elsewhere [8].  For the Fe-Ni isotopic measurement we 
have operated the instrument at a mass resolution 
(M/ΔM) of ~4000 sufficient to resolve the major inter-
ference in the masses (60,61,62) of interest (Fig.1). 
Contribution from hydrides is less than per mil level. 
A focused primary O− beam with intensity ≥5 nA was 
used to sputter secondary ions from the sample surface 
and the largest contrast aperture was used to maximize 
transmission. The typical count rates in 60Ni ranged 
from 20 to 150 cps. We have also included mass 56.7 

to monitor dynamic background during each analysis. 
Typical count times were 3s (56.7), 1s (57Fe), 10s 
(60Ni), 50s (61Ni) and 20s (62Ni). Each analysis con-
sisted of 10 or 20 blocks of 5cycles each through the 
above mass sequence. A typical analysis lasted more 
than one (10 blocks) or two (20 blocks) hours.  
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Fig.1.High-mass-resolution spectrum at mass 60 show-
ing well resolved 60Ni peak in a Semarkona chondrule. 
 
Results and Discussion: Al-Mg isotope data for the 
olivine-rich chondrules (#1A and 5) from QUE97008, 
where we have analyzed both rare plagiocalse and 
glassy phase, yielded initial 26Al/27Al values of 
(9.9±6)×10-6 and (7.9±3.6)×10-6, respectively (2σ er-
rors). A pyroxene-rich chondrule from Semarkona that 
has glassy phases with extremely high Al/Mg ratio 
shows a well defined Al-Mg isochron (Fig.2) with an 
initial 26Al/27Al value of (5.51±0.33)×10-6.  
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     Fig. 2. Al-Mg isochron plot for Semarkona Chondrule #2  
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The low values of Fe/Ni ratio in olivines from both 
Semarkona and QUE97008 chondrules and the low 
count rates for 61Ni (typical values ranging from 2 to 8 
cps) resulted in large statistical uncertainities in the 
measured isotopic ratios and no meaningful value for 
initial 56Fe/60Fe could be inferred from this data set. On 
the other hand the Fe/Ni ratios in pyroxene, and par-
ticularly pyroxene in the Semarkona chondrule #2, are 
several times higher than in olivine in type IIA chon-
drules. Further, in a few analysis the Fe/Ni ratio re-
mained steady during repeat runs (Fig. 3) and yielded 
Ni isotopic ratios with reasonable precision. A three-
point isochron based on data for this chondrule yielded 
an initial 60Fe/56Fe value of (2.31±1.8)×10-6 (2σ error).   

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 3. Measured count rates for 57Fe, 60Ni, 61Ni and 
62Ni in two consecutive runs on the same spot on a 
pyroxene in a Semarkona chondrule. 

 
The preliminary results obtained by us for initial 

60Fe/56Fe in a semarkona chondrule with a well defined 
initial 26Al/27Al value of ~5.5×10-6 would suggest a 
solar system initial  60Fe/56Fe value higher than 10-6. 

This will have some important implication both for the 
source of this nuclide as well as its role as an effective 
heat source in the early solar system. However, addi-
tional data with better precision will be needed to con-
firm our preliminary estimate of solar system initial 
60Fe/56Fe. 
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