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PAST SOLAR WIND FLUXES AT THE LOCATIONS OF GAS-RICH METEORITE PARENT BODIES
BASED ON NOBLE GAS STUDIES: IMPLICATIONS TO THE PAST HELIOCENTRIC DISTANCES.
T. Obase1 and D. Nakashima1, 1Division of Earth and Planetary Materials Science, Graduate School of Science,
Tohoku University, Sendai, Miyagi 980-8578, Japan. E-mail: tomoya.obase.s3@dc.tohoku.ac.jp
Introduction: To understand the evolutions of asteroid orbits, past heliocentric distances (HDs) of asteroids are
critical information, which can be provided by solar wind (SW) fluxes recorded on old regolith in the asteroids, as
the SW flux is inversely related to the square of the HD. Several studies attempted to obtain the past HDs of meteorite parent bodies by comparing SW noble gas concentrations in gas-rich meteorites with those in the lunar samples
[e.g. 1-4] but with a problem that the different properties between the lunar and asteroid regolith such as maturities,
gardening processes and effect of the Earth’s magnetosphere are not considered. Regolith breccias have experienced
exposures to SW and galactic cosmic rays on the surface of the parent bodies [5] and acquired SW noble gases and
cosmogenic ones. The past SW flux on the meteorite parent body can be calculated from a correlation between these
noble gas abundances in the regolith breccia. Here we describe a new method to estimate past SW fluxes at the locations of meteorite parent bodies and calculate and recalculate the HDs of the parent bodies of several meteorites. For
the calculations, the problem shown above is avoided by directly comparing the estimated SW fluxes with the 1 AU
SW flux obtained by the Genesis mission without obstruction by the Earth’s magnetosphere [6].
Methods: Gas-rich meteorites listed in Table 1 were analyzed for noble gases in previous studies. More than 18
samples from gas-rich portions show positive correlations of concentrations between SW-36Ar (36ArS) and cosmogenic-21Ne (21NeC) for the respective meteorites. Assuming that the surface regolith on a meteorite parent body is
continuously well-mixed due to a repeated impact gardening, the concentrations of 36ArS and 21NeC in the regolith
increase in a ratio of the 36ArS flux to the production rate of 21NeC (P21) per unit area. Then, the slope of the correlation line corresponds to the ratio of the 36ArS flux to the P21 per unit area. The past 36ArS flux (F36) at the HD of the
parent body is obtained by the following equation; F36 = πaP21, where a is the slope of the correlation line and π is a
correction factor to take into account the rotation of the parent body. The P21 is calculated from a physical model [7].
Results & Discussion: The past 36ArS flux at the location of the parent body of the howardite Kapoeta is 53 ± 9
atoms cm-2 s-1. Assuming that the Kapoeta’s parent body is asteroid 4 Vesta and its HD (2.4 AU) has never changed
significantly, the past 36ArS flux at 1 AU is calculated as 310 ± 50 atoms cm-2 s-1, which is similar to the current
36
ArS flux obtained by the Genesis mission ([6]; Table 1). Assuming the past SW flux is similar to the current one,
the past HDs of the meteorite parent bodies are given by comparing the estimated SW flux at the locations of the
parent bodies (Table 1) with the SW flux at 1AU obtained by the Genesis mission. In Table 1 we summarized the
calculated and recalculated HDs of the meteorite parent bodies with their classifications. The past HDs of the parent
bodies of enstatite and rumuruti chondrites are close to the Sun compared to those of H chondrite parent bodies. Recent astrophysical model predicts the formation regions of enstatite, H and rumuruti chondrites as 1.9 - 2.1 AU, 2.43
AU, and 2.6 AU, respectively [8]. This is roughly in agreement with our estimations except for PRE 95410 (R3).
The high SW flux on the PRE 95410 parent body may suggest inner migration from the formation region or several
times higher SW flux than the current SW flux when the regolith was exposed to the SW. Dating the antiquities of
the exposures are highly desirable for further constraints on the past HDs and the SW flux evolution in the history of
the solar system.
References: [1] Obase T. et al. (2015) JPGU meeting 2015, Abstract PPS22-08. [2] Nakashima D. et al. (2006)
M&PS 41:851-862. [3] Wieler R. et al. (1989) GCA 53:1441-1448. [4] Nakashima D. et al. (2002) AMR 15:97-113.
[5] Bischoff A. et al. (2002) MESSII, pp. 679-712. [6] Meshik A. et al. (2014) GCA 127:326-347. [7] Leya I. et al.
(2001) M&PS 36:1547-1561. [8] Desch S. J. et al. (2018) ApJ 238:11. [9] Schultz L. and Franke L. (2004) M&PS
39:1889-1890. [10] Pedroni A. (1989) Ph.D. dissertation, ETH Zurich.
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Table 1. The past solar wind 36Ar flux (atoms cm-2 s-1) at the heliocentric distances of meteorite parent bodies with
the current solar wind 36Ar flux at 1 AU obtained by the Genesis mission [6] and the calculated and recalculated past
heliocentric distances (AU) of the meteorite parent bodies.

