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We report Ni isotope results for chondrules from 

the QUE97008 and Semarkona unequilibrated chond-

rites. The key issue is the potential presence of 
60

Fe 

(t½= 2.6 Ma) in the early solar system (ESS) and its 

provenance from a SNII or AGB source, based on the 

initial (
60

Fe/
56

Fe)0. In particular calculated values for 

(
60

Fe/
56

Fe)ESS of 10
-7 

to 210
-6 

 [1-3] for an AGB source 

would place the search for 
60

Ni excesses well within the 

resolution of modern mass spectrometry. There is a 

large range in initial (
60

Fe/
56

Fe)0 ratios for the 
60

Fe-
60

Ni 

system. Ion probe measurements on many chondrules 

from Semarkona (LL3.0), Bishunpur (LL3.15), Krymka 

(LL3.2), and QUE97008 (LL3.05) do not provide a val-

ue for initial (
60

Fe/
56

Fe)0 resolved from zero. However, a 

few chondrules do appear to show resolvable effects and 

define (
60

Fe/
56

Fe)0 of (2-3)×10
-7

 [4-8]. These workers 

have recognized an issue of statistical bias, in how one 

calculates isotope ratios at very low counting rates [9] 

and have revised their data[8,10]. For the new calcula-

tions (as indicated above) and for the cases where 

(
60

Fe/
56

Fe)0 is resolved from zero, they obtain ratios of 

(1-3)×10
-7

, and can begin to evaluate whether or not the 

data define evidence for in situ decay of 
60

Fe. By con-

trast recent data on achondrites (eucrites and angrites) 

indicate values of (
60

Fe/
56

Fe)0 of 10
-8

 to 10
-9

 [11-16]. 

Evidence for the possible presence of extinct 
60

Fe was 

suggested in eucrites but with initial (
60

Fe/
56

Fe)0 values 

differing by a factor of 10 and with evidence of dis-

turbed systematics [17,18]. While measurements of 

angrites are consistent [11-16], it is important to identi-

fy the event that is being dated and then tie it appropri-

ately to other chronometers. It is most likely that the 

very low (
60

Fe/
56

Fe)0 values observed for achondrites, 

represent a more recent disturbance and may not reflect 

the solar system initial (
60

Fe/
56

Fe)0.  

The purpose of this study is to identify potential 

Ni isotope anomalies in the least altered chondrites, 

QUE 97008 and Semarkona, for which direct evidence 

for the in situ decay of 
60

Fe was reported. This work 

provides high precision analyses by TIMS. Five  

chondrules (a few mg each), with radiating pyroxenes, 

were handpicked from QUE97008. In addition, one 

single chondrule (~15 mg) from Semarkona was  pro-

vided by Glenn MacPherson. The chondrules were 

gently broken and a few small pieces were saved for 

ion probe analysis. The samples were first washed in 

distilled ethanol. After drying, a few mL of cold 2 M 

HCl were added and the samples were placed in an 

ultrasonic bath for 30 minutes to remove as much as 

possible any metal or sulfide from the surface or in 

cracks. The residues were dissolved in a mixture of 

HF-HNO3 and HCl. We found that the Fe/Ni ratios for 

all leaches and most residues are low (<50) except for 

two QUE chondrules (CH4 and CH5). We followed 

the Ni analytical procedures developed in [19]. We 

have improved the chemistry to remove impurities 

(mainly Zn, Fe, Ti, Ca, Al and Mg). These improve-

ments are particularly important because of the limited 

amount of Ni, for small chondrules with high Fe/Ni. Ni 

isotopes were measured by TIMS, using silica gel as 

an activator. About 2 to 5 μg Ni were loaded on a V-

shaped Re filament with either boric or phosphoric 

acid. After initial heating up, the Ni isotopic data were 

obtained from a steady 
58

Ni ion beam (1-4 x10
-11 

A) 

over several hours. The precision for the terrestrial 

normal Ni is 0.08u and 0.52u (2) for 
60

Ni and 


61

Ni. With the improved chemistry we have reduced 

the amount of Zn in the final Ni samples to the  “blank 

level” and verified a very low Zn/ Ni, using an ICP-

MS. However, during TIMS analysis, some samples 

with these low Zn/Ni (<1x10
-5

) values yield signifi-

cantly higher 
64

Zn/
58

Ni (monitored at mass 66 and 68) 

and required correction for isobaric interference from 
64

Zn (4.7u). The major source of this Zn contamina-

tion is probably the silica gel. In Table 1, we list a best 

estimate for the 
64

Ni in Semarkona. 

The results are shown in Table 1 and Fig. 1 and in-

dicate that the 
60

Ni and 
61

Ni values of all chondrule 

samples (QUE97008 and Semarkona) are within errors 

of terrestrial standards. We note that the scale for the 

abscissa in Fig. 1 is highly expanded. Of the 3 QUE 

chondrules, CH3 has the lowest 
56

Fe/
58

Ni, which ap-

pears to suggest a higher ((
60

Fe/
56

Fe)0 despite a small 

and unresolvable deviation of 
60

Ni from zero. For 

comparison, we show the slopes corresponding to 

(
60

Fe/
56

Fe)0 of 10
-7 

and 10
-8 

. Based on our precision, we 

would have easily resolved excesses in 
60

Ni, if 

(
60

Fe/
56

Fe)0 was as high as 10
-7

 (let alone 10
-6

) for the 

chondrules with 
56

Fe/
58

Ni  200. We note that the three 

QUE97008 chondrules show essentially the same Ni 

isotope ratio, not resolvable from zero, independently 

of the Fe/Ni ratios.  This leads to the conclusion that 

these data do not provide any evidence for 
60

Fe. Even 

if the data for QUE CH3 were to be considered as 

showing a small excess of 
60

Ni, the combination with a 

low 
56

Fe/
58

Ni would at best be evidence for an unsup-

ported 
60

Ni excess. Our data do not provide support for 
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the much higher initial (
60

Fe/
56

Fe)0 values of ~2.5x10
-7

 

by ion probe analyses [8, 20-21]. However, we can not 

exclude, based on our whole chondrule measurements, 

that minor phases with very high 
56

Fe/
58

Ni contain  

radiogenic 
60

Ni excesses but have lost some Fe relative 

to Ni, to yield steeper slopes. In summary, we consider 

that the data do not provide support for the presence and 

in situ decay of 
60

Fe. We note that the precision of our 

data and the observation of an upper limit of ~10
-8 

for 

UOC chondrules are directly comparable to the work of 

Tang and Dauphas [16], using careful MC-ICP-MS. In 

terms of precision, their relatively short runs at very 

high 
58

Ni

 ion intensity are compensated by long runs by 

TIMS (with data collection over several hours).  

The QUE Ni data suggest the possible existence of 

unsupported radiogenic 
60

Ni or disturbed Fe-Ni sys-

tematics. It is possible that the Fe-Ni system is easy to 

disturb, especially if the Ni is not a part of the silicates 

but is instead located in metal blebs or in sulfide veins. 

In fact, in many of these chondrules, we observed 

spots, which appear to be either a metal grain or a sul-

fide. Although our leaching procedures appear to have 

removed phases with low Fe/Ni, the residues do not 

show resolvable 
60

Ni excesses.  

Given the importance of the of the 
60

Fe-
60

Ni sys-

tem, we will continue the search for 
60

Fe. 
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Table 1 Nickel isotopic data in QUE97008 and Semarkona chondrules
a
  

     Sample   
56

Fe/
58

Ni      60
b
 61

b
 64

c 

  QUE97008 CH3   68  0.19±0.12   0.14±0.37  

 CH4 271 -0.02±0.13  -0.06±0.42 

 CH5 204  0.18±0.16   0.13±0.48 

  Semarkona   CH1   68  0.07±0.09   0.58±0.53 0.4±2.5 
a
All ratios are normalized to 

62
Ni/

58
Ni=0.05338858, uncertainties are 2σ. 

b
The  values are calculated as  

deviations relative to the standard expressed in parts per 10
4
. 

c
Corrected for 

64
Zn isobaric interference. 
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