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Introduction: Noble gas analyses of the LL5 chondrite 

Chelyabinsk identify “Q”-noble gases in those samples with the 

lowest cosmogenic and radiogenic noble gas abundances. Anal-

yses of impact melted pyroxenes from the heavily shocked Mar-

tian shergottite Dhofar 378 identify a trapped component with 
20Ne/22Ne = 7.3±0.3 that Park and Nagao [1] identified as trapped 

Martian atmosphere. This 20Ne/22Ne ratio can be derived from 

juvenile Ne with 20Ne/22Ne = 10.67 as in Q-Ne [2] via fractiona-

tion by the solar wind induced sputtering mechanism [3]. 

Chelyabinsk: “Q” noble gases in LL-chondrites remain after 

cosmogenic and radiogenic components are removed [4]. These 

gases are negligible in the most heavily shielded sample of Chel-

yabinsk, which contains 3He = 4x10-11 ccSTP/g and 4He = 2.5 x 

10-8 ccSTP/g. Solar-normalized abundances of 4He, 20Ne, 36Ar, 
84Kr, and 132Xe (see [2]) are just slightly below Q-values, and 
36Ar/132Xe and 84Kr/132Xe are in agreement with Q-values [2,8].  
20Ne/22Ne and 21Ne/22Ne for this and another sample lie close to a 

mixing line between Ne-Q and cosmogenic values; data for five 

samples lie closer to a mixing line with the P3 component [2].  

Mars (Dhofar 378): On a Ne three-isotope plot four samples 

of pyroxene impact melt lie on a mixing line between cosmogenic 

Ne and (20Ne/22Ne, 21Ne/22Ne) = (7.3±0.3, 0.03) [1]. Compiled 

literature data define a quadrilateral with vertices at (7.3, 0.03), 

(10.67, 0.03), (0.8, 0.8), and (0.8, 1.0), the latter two points being 

cosmogenic Ne compositions. Data for the depleted shergottite 

DaG 476 extrapolate to “trapped” 20Ne/22Ne = 10.60±0.16 [5], 

which we associate with the Martian mantle.  

Discussion: In the solar wind induced sputtering model [3] 

isotopic fractionation occurs in the altitude interval z between 

the atmospheric homopause at ~125 km and the exobase at ~195 

km, and is parameterized by (z/T) where T is temperature. Pre-

sent-day T ~ 200K and (z/T) = 0.4 lead to a steady-state value 

of 20Ne/22Ne ~ 70% of the juvenile 20Ne/22Ne, or ~7.5 for juve-

nile Ne = Ne-Q and ~9.6 for solar 20Ne/22Ne = 13.75 [3,6]. 

Conclusion: The evidence favors “normal planetary” Q-Ne 

as the Martian juvenile Ne. The atmospheric 20Ne/22Ne could be 

quite variable over recent Martian history due to outgassing on a 

108 yr timescale [3], initial atmospheric Ne having been lost [7]. 

References: [1] Park J. and Nagao K. 2006. Abstract #1110. 

37th Lunar & Planet. Sci. Conf. [2] Ott U. 2002. In Rev. Min, 47, 

Min. Soc. Am. 125-170. [3] Jakosky B. M. et al. 1994. Icarus 

111: 271-288. [4] Alaerts L., et al. 1979. GCA 43: 1399-1415. 

[5] Mohapatra R. K. et al. 2009. GCA 73: 1505-1522. [6] Grim-

berg A. et al. 2008. GCA. 72: 626-645. [7] Pepin R. O. 1994. 

Icarus 111: 289-304. [8] Busemann H. et al. 2000.Meteoritics 

and Planetary Science 35: 949-973. 

5054.pdf78th Annual Meeting of the Meteoritical Society (2015)

mailto:laurence.e.nyquist@nasa.gov

