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INTRODUCTION & BACKGROUND

Meteorites with orbits

Today, ca. 64’000 meteorites are
catalogued in the Meteoritical
Bulletin Database'.

For only 34 of them, the orbit of
the meteoroid is known?, usually
based on fireball observations
followed by triangulation.

For each orbit, a probability
distribution of the most likely
source regions in the asteroid
belt can be derived for the
meteorite’.

Cosmic-ray exposure ages (i.e.,
meteoroid travel times in free
space) can provide additional
constraints on source regions*.
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Figure 1: Orbit of Osceola in comparison with
the eight other L chondrites with known orbits [2].
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L chondrite histories

Osceola is an L chondrite which
fell to Earth on January 24,
2016 in Florida, USA>.

L chondrites are the most
abundant type of meteorite
falling to Earth today (ca. 30%)°.

Many have a shock age of ca.
470 Ma’. Based on this and
other evidence, the L chondrite
parent asteroid (LCPB; >100 km
diameter) was likely disrupted at
the time®.

L chondrites with shock ages ca.
470 Ma thus allow us to better
understand asteroid disruptions



METHODOLOGY & RESULTS

Analytical techniques used, and their aims Results
Four chips with a total mass of ca. 120 mg were He, Ne: cosmogenic and radiogenic (*He). No loss of He
analysed at ETH Zurich for all stable isotopes of He, Ne, vs. Ne. U,Th-He RGR age = 420 and 460 Ma (Os-3, -4).

Ar and for ®Kr, '29132Xe, in order to determine the
meteoroid size, cosmic-ray exposure (CRE) and
radiogenic gas retention (RGR) ages. Methods, see 4.

22Ne/?'Ne = 1.07 suggests relatively high shielding: R >=
50 cm, shielding depth D = ca. 40 cm (models®'°)

RE 2Ne/?'Ne-2'Ne) = 18 £ 2 M
Cosmogenic radionuclides ('°Be, 2°Al) are still being SN e EINEHINEING a

analysed at the Space Science Laboratory, UC Berkeley. Ar: cosmogenic, radiogenic (“°Ar), trapped, air?
Once analysis is completed, they will provide additional K-Ar RGR age = I.| and |.5 Ga.
nstrain n the meteoroid size, and a more robust
;_:f S; aints o ’ '0Be, 2°Al: not done yet ®
Al/?'Ne-based CRE age.
. D =40 ¢
Table 1: He, Ne, Ar in Osceola
O
Chip (mg) 3He=3He s 4He |2°Ne |2!Ne |22Ne |[35Ar |38Ar |4%Ar = 4°Ar..q4 ‘Herad |2 Necos 38Arcos
Os-3 (21.5) 34.9 342 |7.20 7.58 8.21 4,39 |2.04 |714 133 7.58 1.38 R
Os-4 (15.8) 35.9 337 |7.00 8.18 8.73 3.55 |2.11 (498 122 8.18 1.64

All concentrations given in units of 108 cm3STP/g (uncertainty in amounts <3%).



DISCUSSION & CONCLUSIONS

Orbit
L-Chondrites
The orbit of Osceola is dynamically evolved, i.e., only marginally ” 151
touches the inner edge of the asteroid belt (see Fig. 1), indicating i
that the meteoroid likely had at least one close encounter with a Ew
terrestrial planet in the past. The only other L chondrite with a g -
z 5

dynamically evolved orbit is Creston'!.

Noble Gases, CRE age, size

1 2 3 5 10 2 30 50 100
He, Ne and Ar in Osceola are dominated by cosmogenic and Exposure age (Ma)
radiogenic nuclides — typical for equilibrated ordinary chondrites. Fig 2: CRE histogram of the L chondrites'2
The CRE age of 18 + 2 Ma is in the normal range observed in L
. . . RGR ages, shock
chondrites, (~1-100 Ma) but does not fall on a particular peak in
the CRE age histogram'2 (see Fig. 2) The U,Th-He age of Osceola (420-460 Ma) is
S compatible, within characteristic uncertainties, with
The CRE age and the radius of >50 cm are compatible in the sense the age of the disruption of the LCPB at 470 Ma"®.
that a R = 50 cm body should have an average collisional life-time The K-Ar age is higher (1.1-1.5 Ga), perhaps due to

only a partial reset 470 Ma ago, as is often observed

of ca. |4 Ma inside the asteroid belt (more for larger objects)'3. for meteorites with shock stage S4 like Osceola'*
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