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Introduction:  The ordinary chondrite is the most 

abundant meteorite group, and is also one of the most 

primitive meteorite groups.  This suggests that the or-

dinary chondrite can be a major source of the primitive 

materials in the early solar system.  Based on this 

viewpoint, chemical compositions of not only the bulk 

but also the individual mineral component, including 

Fe-Ni metals, of the ordinary chondrites has been stud-

ied for long time.  Though the abundant Fe-Ni metal is 

one of the characteristic components of the ordinary 

chondrite, the formation processes of them have been 

still veiled.  The Fe isotopic signature is one of the key 

information to unveil the formation processes of Fe-Ni 

metals in the ordinary chondrites because (1) Fe is 

ubiquitously distributed in various minerals or phases 

in the meteorites, and (2) Fe isotope composition can 

vary through the formation processes.  However, pre-

cise isotope ratio analysis of Fe has been retarded by 

the analytical difficulty mainly due to very low ioniza-

tion efficiency of Fe.  In this study, Fe isotope ratio 

analysis was carried out using the multiple collector-

inductively coupled plasma mass spectrometry (MC-

ICPMS) technique coupled with a desolvating nebuliz-

er system.  In order to improve the precision and accu-

racy of the Fe isotopic data, we applied a newly devel-

oped sampling technique described below. 

Experimental procedure: In the previous studies, 

the ordinary chondrites were crushed in the mortar and 

Fe-Ni metals were sampled through handpicking or 

micro-mill technique to collect Fe-Ni metals [1, 2].  It 

should be noted that these techniques have the risk of 

the contamination from the equipments or apparatus 

used for the sample handling.  The laser ablation (LA) 

is one of the most sensitive sampling techniques for in-

situ elemental and isotopic analysis of solid samples.  

The LA technique has been widely applied for the 

sampling technique for the ICP-MS technique to de-

termine the isotopic compositions of the trace-elements.  

Using the LA-ICP-MS technique, rapid and precise 

isotopic analyses can be made under the spatial resolu-

tion of better than 30 µm.  Nevertheless, it should be 

noted that the resultant precision in the isotopic ratio 

measurements is significantly poorer than those 

achieved by the conventional solution introduction 

technique.  Moreover, preparation of matrix matched 

standard is highly desired to achieve the accurate iso-

topic ratio measurements for complex minerals or 

phases.  This indicates that the isotopic data obtained 

by the LA-ICP-MS could be erroneous when no proper 

isotopic standards were available.  To overcome this, 

we have developed new sampling technique using a 

laser ablation in liquid (LAL) [3, 4].  In this study, a 

cut pipette tip filled with 50-100 μL deionized water 

was put on the polished meteorite surface directly, and 

the laser ablation sampling was carried out directly 

within high-purity water (Fig. 1).  A femtosecond laser 

(780 nm wave length) was used for the LAL sampling.  

During the LAL procedure, the fluence was set to 20 

Fig 1. Sample setting for the LAL procedure. 
The NIR femtosecond laser was applied in this 
experiment. 

Fig 2. The optical micrograph of the ordinary 
chondrite surface.  The white region is the Fe-
Ni metal and the gray thin zone around the Fe-
Ni metal is the weathering product.  
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 and the various repetition rates (10-250 Hz) were 

applied.  The suspension of nano-sized particles pro-

duced by the LAL procedure was collected using the 

micro pipette, and the sample particles were subsidized 

to chemical decomposition procedure using mixture of 

conc. HCl and conc. H2O2.  The sample solution was 

heated to dryness at 80℃ , and the resulting sample 

cake was re-dissolved in 0.1% HCl, and then used for 

the isotopic analysis of Fe using MC-ICPMS.  In this 

study, both the fresh Fe-Ni metals and the weathering 

products were collected using the present LAL tech-

nique (Fig. 2).  The Fe isotope ratio data for weather-

ing products were very important to evaluate the level 

of weathering from the inherent Fe-Ni metals.   

Results and Discussion: The results of the Fe iso-

topic ratios obtained from both the Fe-Ni metals and 

weathering products were summarized in Fig 3.  This 

figure showed that the weathering products had signifi-

cantly higher Fe isotopic compositions than the fresh 

Fe-Ni metals.  However, it should be noted that there 

were no significant difference in the resulting 
56

Fe/
54

Fe 

ratio between the Fe-Ni metals collected from highly 

weathered and unweathered chondrites/areas.  This 

indicates that the contribution of the weathering pro-

cesses were too small to change the 
56

Fe/
54

Fe ratios for 

the Fe-Ni metals.   

The δ
56

Fe values for the Fe-Ni metals obtained 

from 6 H-chondrites, 1 L-chondrites, and 1 LL-

chondrites were plotted in Fig. 4.  The previously re-

ported δ
56

Fe values by Theis et al. (2008) [1] for the 

Fe-Ni metals were also plotted in Fig. 4.  This figure 

demonstrated that the Fe-Ni metals in H group chon-

drites have slightly lighter Fe isotopic compositions 

(~0.15‰) than L or LL group chondrites.  Theis et al. 

(2008) claimed that the difference in the Fe isotopic 

ratio among the chondrite groups would be a result of 

the differences of the oxidation states for the H, L and 

LL group chondrites [1].  However, there were no sig-

nificant differences in the resulting Fe isotope signature 

between the L and LL chondrites.  This suggests that 

the Fe isotope signature found on the H, L and LL 

chondrites could not be explained by the simple oxida-

tion-reduction process of the metallic phases.  Moreo-

ver, there is a possibility that the precursors of Fe-Ni 

metals in H, L and LL chondrites are different.  In this 

case, it is required the re-evaluation of the formation 

sequence of the Fe-Ni metals for the ordinary chon-

drites.   
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Fig 3. Results of the Fe isotopic compositions 
obtained from Fe-Ni metals and weathering 
products.  X axis and Y axis represent δ

56
Fe and 

δ
57

Fe, respectively. 

Fig 4. The δ
56

Fe values of Fe-Ni metals.  The 
closed symbols and open symbols represent the 
data obtained in this study and Theis et al. (2008) 
[1], respectively. 
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