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Achondrites (n=653)

Cmamucmu4ecKkue OaHHbIe

> Where Are
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World ’ V" everywhere else 6.0 %

N=45458 —~——

Data from the Meteoritical Bulletin Database, April 6, 2013
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Physical and Mechanical Properties of Stony Meteorites
E. N. Slyuta [I'ahle 4. Three-dimensional distribution of physical and mechanical properties in ordinary chondrites
V.l. Vernadsky Institute of Geochemistry and Analytical Chemistry, Russ N Anisotropy ellipsoid axes Average
. . ame
Academy of Sciences, Moscow, 119334 Russia a, b, ¢ for sample
SAUH 001 Meteorite (a,,c, = 1.6)
Compression strength, MPa 143 94 91 105
Number of measurements 6 7 10 23
Variation coefficient, % 20 29 23 3l
Tensile strength, MPa 18 17 18 18
Number of measurements 13 13 14 40
Variation coefficient, % 28 26 27 27
Tsarev Meteorite, sample no. 153909 (4., = 1.6)
Compression strength, MPa 262 168 160 203
Number of measurements 25 27 13 65
Variation coefficient, % 19 37 29 35
Table 6. Average density, specific density. and porosity of the meteorites® (Britt et al.. 2002) Tensile strength, MPa 18 K} 17 29
Meteorite type Specific density, g/cm’ Density, g/em? Average porosity, % Number of measurements 23 20 3 76
H ordinary chondrite 3.84 3.40 11.5 Variation coefficient, % 12 35 31 34
L ordinary chondrite 375 3.34 10.8 Tsarev Meteorite, sample no. 15384.1 (a.¢, = 1.3)
LL ordinary chondrite 356 3.19 10.4 .
Achondrite 3.20 2.97 7.0 Compressmn st [Eﬂglh, MPa 223 182 174 194
CI carbonaceous chondrite 227 2.12 11.0 Number of measurements 2 17 20 39
CM carbonaceous chondrite 2.71 221 12.0 Variation coefficient, % 29 25 29 20
CR carbonaceous chondrite in 2.92 6.0 i ’
CV carbonaceous chondrite 3351 3.10 11.0 Tensile strengrh, MPa k| 34 29 3l
CO carbonaceous chondrite 3.69 311 16.0 Number of measurements 12 24 25 6l
* Properties of some samples of different meteorites can be drastically different from average values. Variation coefficient. % kK] 30 ) 35
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Scale-dependent measurements of meteorite strength: Implications for
asteroid fragmentation

Desireé Cotto-Figueroa®™*, Erik Asphaug? Laurence A.J. Garvie®<, Ashwin Rai®,
Joel Johnston®, Luke Borkowski®, Siddhant Datta®, Aditi Chattopadhyay®,
Melissa A. Morris®*®

*School of Earth and Space Exploration, Arizona State University, PO Box 876004, Tempe, AZ 85287-6004, USA

® Deparment of Physics and Electronics, University of Puerto Rico ar Humacao, Call Bax 860, Humacao, PR 00792, USA
<Center for Meteorite Studies, Arizona State University, PO Box 876004, Tempe, AZ 85287-6004, USA
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LLNL Low and High

Power Microscopes
Measurements illBner

specific to
deflection

Ames Materials
Science Labs
Compressive,

Tensile, and
Bend Streng!

NASA-ARC
On-line database

[

The Meteorite Laboratory is part of the NASA Ames Asteroid Threat Assessement Project (ATAP).



Approx. 0.5 cm

Fracture Patterns: a. Pervomaisky, b. Chandpur, c. Futtehpur d. Pacula, e.
Arispe, f. Canyon Diablo, g.Coahuila, h. Sutter’s Mill
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C.P. Opeil, G.J. Consolmagno , D.T. Britt (2010)
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FRACTURE STRUCTURE OF CHELYABINSK METEORITE BODY WITH
DIFFERENT LITHOLIGY

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

. . 50 -
300 C;helyablnsk meteorite Surface areas (S) distribution
ragments mass (m) 40 7 for 316 grains limited by cracks
250 distribution for 1923 at the slice
= 30 -+
200 fragments - of Chelyabinsk meteorite
= 20 fragment
100 10
50 0 -
2 -1 0 1 2 3 4 5 6
o ; 5 Log (S
log (m/1 1) ’ * > ¢ e IOLg"(‘)f

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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CHELYABINSK LLS: MAGNETIC MEASUREMENTS
Log ¥ (in 10 m3/kg)
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Magnetic study demonstrated that magnetic susceptibility for investigated fragments appeared to be between magnetic
susceptibility data for ordinary chondrites from LL and L groups (Kohout et al. 2014).
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CHELYABINSK LL5: BULK AND GRAIN DENSITY AND POROSITY
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Bulk and grain density (p) and porosity (P) of the Chelyabinsk meteorites as a function of their mass. No correlation with lithology is
observed, but closely
resemble other LL chondrites.
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Bonpocbl om mpex YacmHbIx 20pHOA0b6bI8arowWux komnaHuu y4acmHukam ASIME 2016 no oceoeHuro acmepoudos

1. Grain properties :

Size distribution; Mean particle size; Broadness of size distribution;

Coefficient of curvature (a geotechnical parameter); Coefficient of uniformity (a geotechnical parameter);

Internal erodibility (a geotechnical parameter); Particle Shapes distribution (Morphology); Iron Meteorite Earth's Crust

Specific surface area; Intra-grain porosity Industrial metals

2. Electrostatic properties (depends critically on the environment and is hard to replice ‘ o
3. Magnetic Properties cobat
Oxygen
= Silicon
= Aluminum

4. Geomechanical Properties: Fatigue; Tensile Strength; Compressive Strength; She

Grain Hardness (hardness indexes); Surface friction; Abrasivity (tool development)

Flexural Strength-bending resistance;Fracture properties, friability; Impact resistance; Rheology Stony Meteorite
Angle of Repose; Internal Friction; Cohesion; Adhesion (depends on tool material, too)

Compressibility of regolith; Compactibility of regolith (index test, like Proctor Compaction) \\‘ 22::1[:
5. PhyS|ca| ’ — = Potassium
Thermal properties (derived properties from mineralogy, texture, and volatile content); = Magnesium

heat capacity; conductance; thermal cracking behavior; emissivity;Bulk density of rocks;

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
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