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Introduction: Chelyabinsk is a metal-rich LL5 

chondrite [1] that is cross-cut with impact melt veins, 

presumably from collisional events, and has light clast-

rich and dark melt-rich lithologies [2,3]. Geochronolo-

gy studies of Chelyabinsk result in multiple ages that 

have been interpreted to represent at least eight impact 

events [4]. The light clast-rich lithology has a typical 

chondritic texture of petrographic type 5, shock stage 

4, and contains melt veins up to 2 mm thick. The melt-

rich lithology contains melt that sometimes appears as 

dikes up to a few centimeters wide [3]. This work re-

visits Ar-Ar measurements of Chelyabinsk [5] for the 

purpose of comparison with other Ar-Ar studies, and 

multiple other ages from other radiometric systems to 

better understand Chelyabinsk’s impact history. 

     Methods: Details of our Ar-Ar and U-Pb measure-

ments for Chelyabinsk (e.g., Fig. 1) can be found in 

[5,6]. Literature geochronology results (U-Pb, Pb-Pb, 

Re-Os, Sm-Nd, Rb-Sr, K-Ar, Ar-Ar, and U-He; see 

Table 1 and references in [4]) of Chelyabinsk are eval-

uated for how well they agree with one another as well 

as the quality of the reported ages. Ages that are based 

on poor isochrons, determined by K-Ar, or on a mix-

ture of lithologies in the Ar-Ar case, are not consid-

ered. If the ages of one method agree independently or 

are in agreement with multiple methods, this is consid-

ered a high probability to represent an impact event.  
 
Table 1 . Chelyabinsk ages determined by various isotopic dating methods. All ages are given in Ma.

Method U-He Ar-Ar K-Ar Rb-Sr Sm-Nd U-Pb and Pb-Pb

Age ~272 26 ± 111 865 ± 972 153 ± 585 ~2907 559 ± 1801

~304 ~10005 880 ± 1202 2900 ± 5002 834 ± 79

    312 ± 62,3 1945 ± 1682 1400 ± 3002 3733 ± 1108 2744 ± 139

716 ± 302 1952 ± 1692 ~45676 2861 ± 159

1014 ± 242,3 2736 ± 1992 4433 ± 11010

1184 ± 402,3 4456 ± 181

1700 ± 1004 4457 ± 351

2706 ± 291 4538 ± 211

1. This study, 2. Righter et al. (2015), 3. Lindsay et al. (2015), 4. Trieloff et al. (2017),               

5 Haba et al. (2014), 6. Nakamura et al. (2015), 7. Galimov et al. (2013), 8. Bogomolov et al. (2015),

9. Skublov et al. (2015), 10. Kamioka et al. (2014), 11. Popova et al. (2013)  
 

     Results: Figure 2 shows the age distribution from 

multiple well-determined dating methods of Chelya-

binsk, represented as summed Gaussians with a width 

proportional to the reported uncertainty. This refined 

distribution (compare to [4]) shows ages at ~4560 Ma 

(Re-Os, Rb-Sr), ~4450 Ma (Pb-Pb, U-Pb), ~2800 Ma 

(Sm-Nd, Ar-Ar), and ~30 Ma (Rb-Sr, U-He, U-Pb), 

the three youngest of which are impact ages.  
     Discussion:   Ar-Ar results from [5,7] are consistent 

with a young age 26 ± 11 Ma, the best defined age 

from the radiometric dating systems, meaning that 

many of the systems could have been disturbed by an 

event at ~30 Ma. They disagree on an older age (~1700 

Ma compared to ~2700 Ma), but show very similar 

behavior. The reason for this discrepancy and how it 

affects the overall impact distribution is still being 

evaluated, including modeling Ar diffusion (Figure 3) 

 [8]. Three studies of Sm-Nd isotopes yield four poor-

ly-defined and very different ages; ~300, ~2900, 

~3700, ~4452 Ma [2,4,9,4]. The ~300 Ma isochron is 

consistent with 30 Ma. Two Rb-Sr isochrons yield ages 

of 150 ± 58 Ma and ~4567 Ma [10]. The ~150 Ma 

isochron could be representative of the ~30 Ma age 

found in argon, the difference being an artifact of dif-

ferent shock effects experienced by the different sys-

tems [11]. The Pb-Pb age of 4457 ± 35 Ma [6] agrees 

well with the U-Pb ages of apatite grains that have up-

per concordia ages of ~4450 Ma (4454 ± 67 Ma, 4452 

± 21 Ma, 4433 ± 110 Ma from [6,1,12]), perhaps rep-

resenting an early post-accretion impact [6]. Apatite 

has a less constrained lower concordia age of 585 ± 

180 [6], which might indicate the most recent time lead 

was lost from the system, but could also be consistent 

with argon resetting at ~30 Ma.  

 

       

     Conclusions: The Ar-Ar analysis of melt rich and 

clast rich lithologies indicate Chelyabinsk experienced 

two impact events. The older event represents an im-

pact that was energetic enough to degas and completely 

reset argon ~2700 Ma ago, whose effects are also hint-

ed at in the Sm-Nd and U/Th-Pb systems. This pro-

vides a lower limit for the time of shock alteration of 

Figure 1. Ar-Ar age spectrum from Chelyabinsk MB020f, 

5, with a sub plateau age of 2706.7 ± 28.9 Ma [5]. 
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minerals, including formation of high-pressure phases 

of argon-retentive-plagioclase (jadeite), metal and sul-

phide melt veins along grain boundaries, melt-filling of 

shock-altered silicates pore space (shock-darkening), 

and melt pockets (see discussion in [7]). The Ar-Ar age 

of Itokawa has a similar age to the melt rich material 

and may indicate a shared impact on the LL parent 

body that was experienced by Chelyabinsk and Itokawa 

that is unique among LL chondrite ages. A younger 

impact event at 26 ± 11 Ma significantly reset the ar-

gon in the clast rich material, while only partially reset-

ting the melt rich material and leaving the high reten-

tive phases undisturbed. This scenario is also shown by 

the U-Pb isotope systematics in apatite.  The U-Pb iso-

tope systematics of apatite from chondritic-textured 

domains show more evidence for Pb-loss whereas apa-

tite analyzed from the melt-rich areas are more reten-

tive of their Pb [6].  

 

 

 

     The U-Pb data from this work produces an upper 

concordia of 4456 ± 18 Ma and a lower concordia of 

559 ± 180 Ma. The lower concordia may represent a 

later thermal event (e.g., an impact) and could repre-

sent the most recent time that lead loss occurred. How-

ever, it is possible that the lower intercept on concordia 

is related to the ~30 Ma argon age spectra.  

     The results of this work are the youngest and oldest 

Ar-Ar ages of Chelyabinsk which are consistent with 

U-Pb results. This data provides additional constraints 

on possible impact ages determined by other isotopic 

systems that otherwise would remain ambiguous. We 

believe Chelyabinsk does not have a history as compli-

cated as previously suggested, though the isotopic data 

are complex. However, Chelyabinsk does show evi-

dence of  at least 3 impacts, two being captured in Ar-

Ar (among others) and a third being captured in U-Pb 

(among others). 
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Figure 2. Revised impact age distribution suggested by 
this work (compare to [4]). See text or Table 1 for refer-
ences. 
 

Figure 3. Comparison of the apparent age of Chelyabinsk 

sample CH2 with a model [8], that demonstrates partial 

resetting of a sample that was completely degassed/reset 

at 2715 Ma. The model assumes that argon was released 

from two mineral phases (first 35% of gas released under 

E = 20 kcal/mol conditions, with the remaining 65% 

released under E = 70 kcal/mol).  
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