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Chelyabinsk. R d

glasses in Chely were

the Zn- plant and a vhéi' U

Pervomaiskoe, D -1 sky a ) P S of Che

collected out of snow by local pec plosion. T :
formed holes surrounded by firn snow. Larges s reached a frozer* P,
Chebarkul Lake located 70 km W of Chelyabln . "".- Il teorlte fragme _ ‘ ers

did not find any stones on the bottom of the lake. '“v“‘ - ’ P

Physical characteristics: The meteorite stones and fragments are fror -1' ¢ few mm

to 10 cm (mainly 3-6 cm) in size. The total mass collected by local people is certain y > 100 k > 500 kg. Fusion
crusted stones are mostly common. The fusion crust is black or brown and fresh. Brocken fragt he interior of the
stones is fresh but in some pieces there is evidence for weak oxidation of metal grains. =

Petrog rap hy: (D.D.Badyukov and M.A.Nazarov, Vernad). The majority (2/3) of the stones is composed from a light
lithology with a typical chondritic texture. Chondrules (~63%) are readily delineated and set within a fragmental matrix. The mean
chondrule diameter is 0.93 mm. The chondrule glass is devitrified. The main phases are olivine and orthopyroxene. Olivine has
mosaicism and planar fractures. Rare grains of augite and clinobronzite are present. Small and rare feldspar grains show
undulutory extinction, planar deformation features, and are partly isotropic. Troilite (4 vol.%) and FeNi metal (1.3 vol.%) occur as
irregularly shaped grains. Accessories are chromite, ilmenite, and Cl-apatite. A significant portion (1/3) of the stones consists of a
dark fine-grained impact melt containing mineral and chondrule fragments. Feldspar of the lithology is well developed and
practically isotropic. No high-pressure phases were found in the impact melt. There are black colored thin shock veins in both light
and dark lithologies.

Geochemlstry: (M.A.Nazarov, N.N.Kononkova, and |.V.Kubrakova, Vernad). Mineral chemistry: Olivine Fa 27.9+0.35,
N=22; ortopyroxene Fs 22.8+0.79, Wo 1.30+0.26, N=17; feldspar Ab 86; chromite Fe/Fe+Mg=0.90, Cr/Cr+Al=0.85 (at.). Major
element composition of the light lithology (XRF, ICP-AS, wt%): Si=18.3, Ti=0.053, Al=1.12, Cr=0.40, Fe=19.8, Mn=0.26, Ca=1.43,
Na=0.74, K=0.11, P=0.10, Ni=1.06, C0=0.046, S=1.7. Atomic ratios of Zn/Mnx100=1.3, Al/Mn=8.8. The impact melt lithology has
almost the same composition but it is distinctly higher in Ni, Zn, Cu, Mo, Cd, W, Re, Pb, Bi (ICP-MS).

Classification: Ordinary chondrite (LL5), shock stage S4, weathering WO.
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Chelyabinsk Airburst, Damage Assessment, Meteorite Recovery, and Characterization

Astop:: Popova, Olga P; Jenniskens, Peter; Emel'yanenko, Vacheslay; c coastopamn.
Ipynnossie asropei: Chelyabinsk Airburst Consortiu

SCIENCE Tom: 242 Bumyck: 6162 Crp.: 1069-1073 Onybnukosaro: NOV 29 2013

The trajectory, structure and origin of the Chelyabinsk asteroidal impactor

Astop:: Borovicka, Jiri; Spurny, Pavel; Brown, Peter; c coasTopamn.
NATURE Tom:503 Bunyck: 7475 Crp.: 235+ OnyBnmxosano: NOV 14 2013

Mineralogy, reflectance spectra, and physical properties of the Chelyabinsk LL5 chondrite - Insight into shock-induced
changes in asteroid regoliths

Aetop:: Kohout, Tomas; Gritsevich, Maria; Grokhovsky, Victor 1.; c coasTopamu.

ICARUS Tom: 228 Crp.:78-85 OnyGnmwosano: JAN 152014

Analytical results for the material of the Chelyabinsk meteorite

Asvop:: Galimov, E. M.; Kolotov, V. P.; Nazarov, M. A; c coasTopamn.

GEOCHEMISTRY INTERNATIONAL Tom: 51 Buinyo: 7 Crp.: 522-539 Ony6nukoeawmo: JUL 2013
Astronomical and physical aspects of the Chelyabinsk event (February 15, 2012)

Aetop:: Emel'yanenko, V. V.; Popova, 0. P; Chugai, N. N.; c coasTopamn.
SOLAR SYSTEM RESEARCH Tom: 47 Buinyox:4 Crp.240-254 OnySnmxosano: JUL 2013

Orbit and dynamic origin of the recently recovered Annama's H5 chondrite

Astop:: Trigo-Rodriguez, Josep M.; Lyytinen, Esko; Gritsevich, Maria; c coasTopasmu.
MONTHLY NOTICES OF THE ROYAL ASTRONOMICAL SOCIETY Tom: 449 Bemyck: 2 Crp.:2119-2127 OnybBnmkosano: MAY 11 2015

Chelyabinsk meteorite explains unusual spectral properties of Baptistina Asteroid Family

Astop:: Reddy, Vishnu; Sanchez, Juan A ; Bottke, William F_; c coasropamn.
ICARUS Tom:237 Crp.o116-130 OnyGnuxosaso: JUL 152014

The Meteoritical Bulletin, No. 102

Astop:: Ruzicka, Alex; Grossman, Jeffrey; Bouvier, Audrey; c coaaTopamu.
METEORITICS & PLANETARY SCIENCE Tom: 50 Bunyck: 9 Crp.:1662-1662 Onybnukosano: SEP 2015

Mineralogy, petrology, chronology, and exposure history of the Chelyabinsk meteorite and parent body

Astop:: Righter, K; Abell, P.; Agresti, D.; c coasropamu.
METEORITICS & PLANETARY SCIENCE Toam: 50 Bumnyck: 10 Crp.: 1790-1819 OnyGamkosano: OCT 2015

Records of the Moon-forming impact and the 470 Ma disruption of the L chondrite parent body in the asteroid belt from
U-Pb apatite ages of Novato (L6)
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Fireballs Reported by US Government Sensors
(1988-Apr-15 to 2019-Mar-15)
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https://cneos.jpl.nasa.gov/fireballs/ - Alan B. Chamberlin (JP'L/CaItech)




Near—-Earth Asteroids Discovered

Most recent discovery: 207 9-Mar—12

Tuesday, Mar 12, 2019
® All: 19 757

Cumulative Number Discovered

2000
Discovery Date
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Snow carrots after the Chelyabinsk event and model implications for highly porous
solar system objects

Robert LUTHER'", Natalia ARTEMIEVA"™', Marina IVANOVA®, Cynil LORENZ®, and
Kai WUNNEMANN'

*CkopocTb npu nageHun B cHer 30-90 m/c;
*Bpemsa nageHns pparmeHToB
3Ha4YUTENbLHO Oorblle, YeM BpeMs
OCTbIBaHUS;

[lpn nageHnn B nywmncToln cHer -20 °C ;
*Harpes oT1 TpeHua B cHery meHee 0,5 rp ;
*TemMnepatypHbIN rPagueHT;

* YKpynneHue n nageHne CHEXUHOK,;

emaie «XO0si04HOE YrninoTHEHNE
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YeagOuuckuii 00,111 0TIINYACT clIeAyloniee:

* BliepBbI¢ B 0003pHMOe HCTOPHYECKOE BpeM# YlapHasi BOJIHA OT TOPMO:KEHHU
KOCMHMY€CKOro Tejia B arMocgepe NpHILIach HA TYCTOHACEJEHHYI0 MECTHOCTD H
BbI3BAJIA OLyTHUMbIE pa3pymieHust;
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Preobrazhenka

Kirensk

airburst model (12 Mt, 2000 kg/m , 25°
S el ¢ ‘_ entry angle, 27 km/s entry speed).
o | “/ N\ Contours correspond to (from dark to light):
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sty 1500, 1000, 700 and 500 Pa
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MeTeopuTa B TeHEeHUE OEeCATU AHEW, 3Hau
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* 3HaYUTEeNnbHbIX UHTepec CMU k cobGuiTuiO cnocobeTBOBaN
Pa3BUTUIO TYPUCTUYECKOU U MH(POPMALIMOHHOW aKTUBHOCTU B
peruoxe;

* aKTUBU3MPOBaNUChL paccyxaeHua 0 HeaoCTaToOuHOM
aCTPOHOMU4YECKOM 00pa3zoBaHMK, NpodnNeMmax KOMeTHO-aCTepPOUAHOHN

ONacHOCTW, NOBEAEGHUWU HACENEHUA B YPe3BbIYalHbIX CUTYaLMAX W
IOPUANYECKUX BONPOCAX METEOPUTUKN.






pacnnaBHbIM BGPEKYNAM 1 COCTOUT U3
obnomkoB LL5, norpy>eHHbIX B MaTpuLy
pacnnaea y XMMU4YeCKn oYeHb Bnmnaka K

cBeTnoun pPa3HOBNOHOCTU, XOTA U
OTINN4aeTCA B AeTarngdx.
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View field: 44.2 pm WD: 15.00 mm
SEM MAG: 24.7 kx Det: BSE, SE
SEM MAG: 24.7 kx Date(m/dly): 06/04/13




Collapse of secondary plum and deposition of material
(after [6])

Sample with dyke: the crack filled
with impact melt
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H.J. Melosh (1989)







Chelyabinsk meteorite
fragments mass (m)
distribution for 1923

fragments

Surface areas (S)
distribution for 316 grains
limited by cracks at the slice
of Chelyabinsk meteorite
fragment

Crack
analysis at
the surface
of the slice
of
Chelyabinsk
meteorite
fragment.

Mass distribution of Chelyabinsk fragments Badyukov et al. (2014) and
distribution of surface areas of the grains limited by cracks at the slice modeling
one fragment fracture.
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Taxonomic Class

Observed NEOs {(Loganthmic Sca'e)

Wavelength (um)



| | Cosmic and Solar Wind i T e
Micrometeorite Solar Rays Implantation

Bombardment

Sputtering

Thermal

9 - 5
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Carle M. Pieters, 2016 S. Noble V1
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Iron Meteorite Earth's Crust

i
Cl

. ¢
ralgrain. P - 4 . ‘
D pertle [ and is
3. Magnetic P roperties &9 Y

" i
4. Geomechanical Properties: Fatlgue Tensile Stre ; Compre
Grain Hardness (hardness indexes); Surface friction; Abrasivity (tool development)
Flexural Strength-bending resistance;Fracture properties, friability; Impa tteS|St BE; R'h ‘ 0 s -
Angle of Repose; Internal Friction; Cohesion; Adhesion (depends on tool material, too) * Magnesum
Compressibility of regolith; Compactibility of regolith (index test, like Proctor Compaction)
5. Physical
Thermal properties (derived properties from mineralogy, texture, and volatile content);
heat capacity; conductance; thermal cracking behavior; emissivity;Bulk density of rocks; T
Particle density; Porosity of rocks; Surface area of rocks; Permeability of rocks
Permeability of regolith as a function of porosity/compaction;Bulk density of regolith as a function of porosity/compaction
6. Geochemical properties:
Mineralogy; Organic content; C-to-H ratio (aliphatic vs aromatic); Toxicity; Sulphur and Nitrogen content of the organic matter;
Bulk chemistry (derived property of the composition); Chemical reactivity; From surface damage; As volatile /soluble minerals;
Absorptive capacity for volatiles; Isotopic ratios; Modal Composition; Siderophile elements in Iron simulants
7. Texture:
Homogeneity and isotropy of texture; Chondrules
8. Volatiles:

Volatiles content; Water; Organics; Sulphur compounds; Release pattern; thermal and/or vacuum release
chemisorbed, physisorbed patterns; Implanted solar wind particles (users may dope simulant if desired)

9. Optical properties:
Albedo; Reflectance spectrum; Absorption; Thermal emissivity;

10. Aerodynamic properties:
Gas erodibility (rocket exhaust); Particles’ coefficient of drag

Stony Meteorite


http://www.google.ru/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwi6wY_5serSAhWFFZoKHV5bC-MQjRwIBw&url=http://sitn.hms.harvard.edu/flash/2016/precious-metals-peril-can-asteroid-mining-save-us/&bvm=bv.150120842,d.d24&psig=AFQjCNH5PV2eZxzjqnrijV7ABe4WU82R4w&ust=1490281625225596

- The Meteorite Laboratory is part of the NASA Ames Asteroid Threat
Assessement Project (ATAP).
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Tahle 4. Three-dimensional disinbunion of phvsical 2ad mechanical properies in ordinary chondress

g b

Compressica treamh MP2

Number of mezsuremens

Vanzion cocfficien. &

Teasle trength MP2
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Varizion coefficiens. & i .

Tsarey Maeoriz. sampk 20 53909 (0., =18)
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Namber of measrements
Variztion coefficient. §
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K. L. Bryson and D. R. Ostrowski (2016)

Fracture Patterns: a. Pervomaisky, b. Chandpur, c. Futtehpur d. Pacula, e. Arispe,
f. Canyon Diablo, g.Coahuila, h. Sutter’s Mill







M e
- analogue CL

, 2.066(100), 1.461(61), 1.246( 193(18

~ Type material is deposited in the meteorite collectio S ¢ fi ,
Museum of V.S. Sobolev Institute of Geology and Mineralogy ~‘1‘ i ‘. . the
Academy of Sciences, Novosibirsk, Russia, registration number 52 - meteor ': it, €
the Museum of the Buryatian Scientific Centre, Siberian Branch of the Russian Academy
Sciences, Ulan-Ude, Russia, registration number Uakit-MBSC435/G84 o L
How to cite: Sharygin, V.V., Ripp, G.S., Yakovlev, G.A., Seryotkin, Y.V., Karmanov, N S
I.A., Grokhovsky, V.l. and Khromova, E.A.
(2018) Uakitite, IMA 2018-003. CNMNC
Newsletter No 43, June 2018, page 781;

Mineralogical Magazine, 82, 779-785.
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