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Introduction:  The 60Fe-60Ni system (τ1/2= 2.6 

Myr) could provide the resolution necessary to date 
early solar system events. The presence of 60Fe in the 
early solar system has been demonstrated and estimates 
of its initial abundance have been made [1-5]. Its pres-
ence in meteorites is strong evidence that material was 
injected into the early solar system by a nearby dying 
star.  

During the past year, we have come to realize that 
the standard method that we have used to calculate 
isotopic ratios from ion microprobe data introduces a 
positive bias into the results. The standard method of 
data reduction reports the mean of ratios calculated 
from many individual measurement cycles. A method 
of reducing the data with much less bias is to total the 
counts for each of the isotopes over all cycles and then 
calculate the ratio. The data can still be collected in 
cycles to permit time interpolation of varying signals 
and to exclude noise bursts unrelated to the samples, 
but the final ratios should be calculated from the total 
counts. For a detailed explanation of this problem, the 
reader is referred to the companion abstract by Ogliore 
et al. [6]. Another companion abstract by Huss et al. 
[7] discusses the implications for systematic bias in 
data that we reported previously for the 60Fe-60Ni, 26Al-
26Mg, 10Be-10B, and 53Mn-53Cr systems.  

In this abstract, we report results of recent multicol-
lection measurements of Fe and Ni isotopes of chon-
drules from unequilibrated ordinary chondrites 
(UOCs). We find indications of a spread in the initial 
60Fe/56Fe ratios, (60Fe/56Fe)0, for the chondrules outside 
of experimental errors, which might reflect redistribu-
tion of Fe and Ni.  

Ion Probe Technique:  Fe and Ni isotopes were 
measured using the Cameca ims 1280 ion microprobe 
at the University of Hawai‘i at Mānoa (UH). The data 
reported here were measured with a variety of tech-
niques. Our current and most stable method involves 
measuring iron and nickel isotopes as positive ions 
using a 6-9 nA 16O– beam with a 15µm raster. Iron and 
nickel isotopes are measured simultaneously, with 60Ni, 
61Ni, and 62Ni on electron multipliers (EMs) and 56Fe 
on a  Faraday cup. A mass resolving power (MRP) of 
~5500 is achieved using multicollector exit slits of 
250µm. Potential molecular interferences on the nickel 
isotopes are monitored and tail corrections are made 
when necessary. Instrumental mass fractionation is 
corrected for internally. 

Data Reduction Methods: All ratios measured in 
this work were calculated from the total counts ac-

quired for each isotope during the run. Because the 
data are collected in multicollection mode, we do not 
need to do time interpolation to account for variations 
in source strength. Corrections were applied for detec-
tor-efficiency drift, background, and deadtime, for 
mass fractionation, and when necessary for tails of in-
terferences (almost never required). The (60Fe/56Fe)0 
for chondrules from the ordinary chondrites Semarkona 
(LL3.0), Bishunpur (LL3.1) and Krymka (LL3.1) are 
reported in Table 1. 

Results:  To emphasize the necessity of reducing 
the data correctly, we first review the data for Semar-
kona chondrule SMK 1-4, which was measured at Ari-
zona State University (ASU), the Geological Survey of 
Japan (GSJ), and at UH. Table 1 shows the initial ratio 
reported in [3], based on ASU and GSJ data, compared 
with the initial ratio obtained from the ASU data using 
the mean of the measured ratios and with that deter-
mined from the same data using total counts. Using 
total counts, we find a (60Fe/56Fe)0 ratio of (0.77±2.06) 
×10-7, which is not resolved from zero. Data obtained 
by the UH ims 1280 on the same chondrule give a 
more strict upper limit on the amount of 60Fe initially 
present in this chondrule. Apparently, the initial ratio 
inferred for this chondrule by [3] was too high. 

Semarkona chondrule DAP-1 shows clear evi-
dence of 60Fe (Table 1, Fig. 1). A regression through 
all of the data gives an initial ratio of (2.1±1.2)×10-7, 
but the point with the highest Fe/Ni ratio may have a 
problem. We have seen this behavior in other chon-
drules when the 56Fe/61Ni ratio exceeds 3×106 (see be-
low). Without this point, DAP-1 gives an initial ratio of 
(3.2±1.5)×10-7. Three other chondrules in Table 1 
show evidence for the presence of 60Fe when they 
formed. These include Bish CH-13, K1729-3 CH-9,  

Table 1: (60Fe/56Fe)0 in chondrules from UOCs. 
Chondrule Type Mean 

of Ratios 
Ratios of  

Total Counts 
SMK 1-4 [3]   Rad Pyx (2.7±0.8)×10-7  
  SMK 1-4 ASU recalc. (2.9±1.4)×10-7 <2.8×10-7 
  SMK 1-4 UH this study <3.1×10-7 <1.4×10-7 
SMK DAP-1 Rad Pyx  (3.2±1.5)×10-7 
Bish CH-1 PO  <1.3×10-7 
Bish CH-18 PO  <5.0×10-7 
Bish CH-37 Rad Pyx  (1.1±1.2)×10-7 
Bish CH-13 POP  (2.1±1.3)×10-7 
K1729-3 CH-9 Rad Pyx  (1.8±1.1)×10-7 
K1729-3 CH-1 Rad Pyx  (1.0±0.5)×10-7 

All errors are 2σ. 
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and K1729-3 CH-1. The initial ratio for Bish CH-37 is 
not quite resolved at the 2σ level. Low Fe/Ni ratios 
precluded detection of 60Fe in the other chondrules. 

 
Fig. 1. 60Fe isochron diagram for Semarkona chondrule 
DAP-1. Dashed regression line uses all data, preferred 
solid regression excludes point with the highest 56Fe/61Ni. 

Discussion: Our data show evidence of variation 
among the initial 60Fe/56Fe ratios for the chondrules. 
For example, SMK DAP-1 may have formed with a 
higher  (60Fe/56Fe)0 ratio than Bish Ch1 or K1729-3 
Ch1. The variation may represent differences in forma-
tion time or some type of spatial heterogeneity in 60Fe. 
But these interpretations require that the Fe-Ni system 
in chondrules has been closed since their formation. 
Therefore, we must first establish if secondary altera-
tion is the source of this variation. Although all of our 
meteorites are type 3.0-3.1 UOCs, they may have been 
warm enough or wet enough to disturb the Fe/Ni sys-
tem in some chondrule components.  

The textures of the chondrules may provide impor-
tant clues. SMK 1-4 and K1729-3 CH-1 are radiating 
pyroxene chondrules with bleached rims. SMK DAP-1 
and K1729-3 CH-9 have a slightly coarser version of 
the same texture. Several large cracks cut across these 
chondrules. Much of the Ni is present in micron-sized 
metal or sulfide beads located at the interface between 
the pyroxene crystals and the interstitial glass, or me-
sostasis. In two of the chondrules (SMK DAP-1 and 
K1729-3-CH9), the points with the highest Fe/Ni ratios 
show almost no 60Ni* and fall well below the isochron. 
We have searched without success for a convincing 
experimental explanation of these points and tentative-
ly conclude that the data are real. If so, then the very 
high Fe/Ni ratios likely reflect interactions with the 
surrounding.  

Bleached rims are products of low-temperature 
aqueous alteration, where fluids transport Fe, Ni and 
others elements as they dissolve the mesostasis [8]. 
Pyroxene is generally immune to this type of alteration; 
however, the beam size for these measurements is larg-
er than the individual phases, resulting in overlap onto 
mesostasis and tiny metal or sulfide. We suspect that 
portions of SMK DAP-1 and K1729-3 Ch-9 may have 
partially exchanged Ni with the fluids. The fluids could 

preferentially attack the tiny metal or sulfide grains, 
removing Fe and Ni from the system. Because the Fe in 
the measurement is dominated by the Fe in the pyrox-
ene, the measured Fe/Ni ratio on such portion increases 
(Fig. 1). At the same time Ni dissolved from Ni-rich 
phases in the matrix could exchange with remaining Ni 
in metal or sulfide. Whether or not SMK 1-4 ever con-
tained 60Fe at the abundances seen in some other chon-
drules is open to question. SMK 1-4, which has an ob-
vious bleached rim, may have exchanged most of its Ni 
with the surroundings. If this is correct, then radiating 
pyroxene chondrules are not appropriate samples with 
which to investigate the abundance and homogeneity of 
60Fe in the early solar system. 

Porphyritic chondrules tend to have lower Fe/Ni ra-
tios than radiating pyroxene chondrules, but they have 
the advantage that the ion probe beam can fit within a 
single mineral crystal. The porphyritic-olivine-
pyroxene chondrule, Bish Ch-13, shows evidence for 
60Fe. There is some heterogeneity in Ni abundance 
within the crystals, but Fe/Ni variations are much 
smaller than in the radiating pyroxene chondrules. To 
date, few porphyritic chondrules have been measured, 
and because of the relatively low Fe/Ni ratios in most 
of them, the precision of the inferred isochrons are 
typically low. A major thrust of our future work will be 
to expand the database for porphyritic chondrules. 

Conclusion:  We have shown that even though 
some previous data may have been erroneous due to 
the use of inappropriate data-reduction methods, there 
are still chondrules with clear evidence that 60Fe was 
present when they formed with (60Fe/56Fe)0 ratios of (1-
3)×10-7. Our data hint at some variability in the initial 
ratios among chondrules, but we strongly suspect that 
this is due to secondary processing in the meteorite 
parent body. Careful sample selection and appropriate 
data reduction techniques will be required to extract a 
high-quality data set from chondrules. Robust interpre-
tations about the initial ratio in the early solar system 
and 60Fe variability over the chondrite formation region 
will require such data, and we are beginning to acquire 
that data set.   
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