
Fig. 1. CI normalized abundances of siderophile elements 

(Element order indicates the increase in volatility from 

left to right)    
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Introduction: Chondrules are the main component 

of all but CI chondrites. The formation mechanisms of 

these spherical silicate rich objects are still debated [1]. 

In this study, we have analysed highly siderophile ele-

ments (HSE: Re, Os, Ir, Ru, Pt, Rh, Pd and Au), 187Re-
187Os and Cr isotope systematics of bulk chondrule 

fractions of unequilibrated chondrites Allende (CV3.6), 

Murchison (CM2) and QUE 97008 (L3.05) to under-

stand chemical and isotopic equilibration during chon-

drule formation and the preservation of isotopic heter-

ogeneity inherited from precursor dust. 

Chondrule fractions (2.2 to 29 mg weight) were 

separated from the meteorites and dissolved in aqua-

regia in an Anton PaarTM High Pressure Asher System 

(HPA-S) at 320°C. The sample solutions were splitted 

into six different aliquots to determine, I) HSE abun-

dances, II) major and minor elements, III) chalcogen 

element concentrations (S, Se and Te), IV) the 
55Mn/52Cr ratio, V) Os isotopic compositions and VI) 

Cr isotopic compositions. Concentrations of all ele-

ments were determined using Element XRTM ICP-MS. 

Osmium and Cr isotope compositions were measured 

on a Triton TIMS. Details of the chemical procedures 

are published elsewhere [2, 3]. In this report we will 

only discuss the siderophile element abundances, Re-

Os and Cr isotope systematics.   

Abundances of HSE: CI-normalized abundances 

of HSE + Fe, Mn and Cr of chondrules are shown in 

the Fig. 1. Chondrules of the Allende meteorite show 

nearly CI chondritic ratios and abundances of all HSE 

except Pd. Higher abundances of HSE compared to Fe 

indicate the presence of HSE metal alloys in silicates of 

chondrule fractions which were not completely equili-

brated with Fe-Ni metal or troilite of the matrix (Fig.1). 

 

 

 

 

 

 

 

 

 

 

 

Murchison chondrules show fractionated HSE rati-

os relative to CI chondrites, with higher CI normalized 

abundances of Rh and Pd (and the less siderophile Cr) 

compared to other HSE. Chondrules from QUE 97008 

show lower CI normalized abundances of refractory 

HSE (Re, Os, Ir, Ru, Pt, Rh and Pd) compared to Au. 

Fractional condensation and/or evaporation (in case of 

Allende and QUE 97008) along with alteration pro-

cesses (Murchison chondrules) on the parent bodies 

may explain these fractionated abundance patterns.  
187Re-187Os systematics: All chondrule fractions 

scatter off a 4.567 Ga isochron [2, 3], showing devia-

tion towards the low-Re/Os side of the isochron (higher 
187Os/188Os for given 187Re/188Os values). The preferred 

explanation of these deviations is recent open system 

redistribution of Re and/or Os at low temperatures on 

parent bodies or during terrestrial weathering.  
53Mn-53Cr systematics: The 53Mn-53Cr systematics 

of chondrule fractions (Fig.2) yields a value for 
53Mn/55Mn = 4.5 ± 1.0 x 10-6), which may be interpret-

ed such that the chondrules formed about 2.0 ± 1.3 Ma 

after the time of formation of the solar system (assum-

ing the solar system age is 4567.3 ± 1.9 Ma defined by 

the bulk chondrite 53Mn-53Cr isochron, [4]). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

This result also indicates that despite substantial 

disturbance in the 187Re-187Os systematics, the Mn-Cr 

systematics of chondrules was not disturbed by altera-

tion processes. The correlation defined by chondrule 

fractions from different chondrites in the isochron dia-

gram is consistent with the view that 53Mn was homo-

geneously distributed in the chondrule precursors.  
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Fig. 2. 53Mn-53Cr isochron diagram of bulk chondrule 

fractions and the average of literature data forChainpur 

and Bishunpur chondrules[5].   
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