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1. RATIONALE

Micrometeorites are interplanetary dust particles ABREES “Magnetite
representing the dominant fraction of extraterrestrial 2, 2% a
material accreted by Earth [I]. Most melt during
atmospheric entry, whereas rarer unmelted and
scoriaceous micrometeorites partly preserve primary

mineralogical and textural characteristics. Previous #  Denyaration Magretite rim £ Dehydration & Denyaration

estimates of micrometeorite size distribution and cracks cracs 3 FINE-GRAINED
mass flux rely mainly on fully melted Transantarctic = 100pm 200 pm Lol UNMELTED
Mountains (TAM) cosmic spherules [2]. Here, we study , |

207 scoriaceous and unmelted micrometeorites to ks N p  Encrustation bud Magnetite : Ch(:QI?crtU|e

constrain atmospheric entry mass loss and the , s 6 /rim
-

micrometeorite mass flux over the Quaternary. Magnetite

2. METHODS

Mass was measured using a microbalance, while
particle size was determined by scanning electron
microscopy (SEM). Backscattered electron (BSE)
Images provided textural criteria for the identification Magnetite &

of unmelted and scoriaceous micrometeorites. X-ray rim _ % Ch‘r’;‘ijcrt“'e 8.y ,
computed microtomography (MXCT) provided a non- T 4 J _
destructive, 3D textural classification into fine- o R - P 5
grained (Fg, crystal size <1 um), coarse-grained (Cg, 2 | oW
crystal size >1 um), and composite (Com, coarse-
grained chondrule fragments set in a fine-grained

matrix) micrometeorites, cross-checked by SEM 5y~ cnerustation Magnetite rim et COMPOSITE

imaging of polished sections from a subset of _200km 200pm _ Magnetiterim SRR I SCORIACEOUS

repregentative Pa rticles. Representative particles showing the textural criteria for characterisation and classification of micrometeorites, illustrated on fine-grained (A-C),
coarse-grained (D-F), and composite (G-1) examples, imaged by external surface (SEM), internal (uXCT), and polished section (SEM).
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3. RESULTS
Relationship between micrometeorite mass and diameter Micrometeorite size-frequency distribution
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e Equivalent spherical diameter: ~170-1650 um; mass: ~10-4200 ug. The size-  Bimodality likely reflects two end-member material populations with contrasting
mass relationship is described by a power-law: m,=1.07 * 10°° dm)*>° physical properties and fragmentation behaviour during dust production in space.
e The full dataset is robustly described by a single empirical relationship despite e Fine-grained particles do not exceed ~1 mm, consistent with hydrated, matrix-rich
compositional and atmospheric-processing heterogeneity (R* = 0.92). materials with friable and porous textures.
e Bulk densities typically range from 1000 to 3000 kg/m?3, overlapping Cl and CM e Coarse-grained particles, dominated by mechanically robust, dry or weakly
carbonaceous chondrites. hydrated minerals, preferentially survive as larger particles.
4. DISCUSSION KEY POINTS
@ The size shift between TAM unmelted-scoriaceous micrometeorites and &
cosmic spherules can be plausibly explained by the size-mass reduction e
) dp o aps o ty X : . y 2 ~87% ~12 kt/yr
roduced during atmospheric entry heating.
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@ Using the empirical size-mass relationship derived In this study, the e cacted in th E:TRY MASS 'I'OSS , N;‘IASS F:)'IUX
: : : L : retlected In the uring complete roadly stable over :
diameters of the corresponding peaks in the two TAM distributions were © . R J , P y
. . : i . size distribution melting the Quaternary
converted into their respective masses, yielding a first-order average mass .
loss of ~87% for particles undergoing complete melting. e @
@ ACCOUﬂtlﬂg fOI’ thIS Ihferred Mmass |OSS’ we convert the TAM cosmic Sph@l’U'@ References: [1] Love, S. G, & Brownlee, D. E. (1993). Science, 262, 550-553. [2] Suttle, M. D., & Folco, L. (2020). J. Geophys. Res.: Planets, 125(2),
surface flux [2] and derive a first-order, time—averaged pre-atmospheric mass e2019JE006241. [3] Rojas, J., et al. (2021). Earth Planet. Sci. Lett,, 560, 116794. [4] Carrillo-Sanchez, J. D, et al. (2020). Icarus, 335, 113395.
flux of ~12,000 (x6,000) t yr' over the Quaternary. Acknowledgments: PRIN2022 Cosmic Dust II, ID# 2022S5A2N7. ASI-MUR SpaceitUP! ID# 2024-5-E.0 - CUP n. 153D24000060005
@)This estimate should be considered an order-of-magnitude approximation, Scan for the full article
but is broadly comparable with numerical models [3,4], suggesting that Earth O [rper™] O I
has received a relatively stable input of micrometeorites over the last few samuele Ottaviani
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