Chapter 11: Meteorites

Topics:
Meteorite Types
Radioactive Heating
Radioactive Dating
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Different Asteroid & Meteorite Types

Source: Smithsonian Museum of Natural History http://www.mnh.si.edu/earth/text/5_1 4 0.html
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Classification of Meteorites

Stony Chondrites (85.7%)—— Enstatite
> . :
(92.5%) Achondrites (7.1%) [ Ordinary
—HED group [~ Kakangari-type
—=SNC group — Rumurutiites
—Lunar ‘—Carbonaceaous
—Aubrites
Stony- —Ureilites
lrons Pallasites (Fe, olivine)
")
(1.5%) —Mesosiderites (Fe, Ca pyroxene, plagiociase)
."0’;3' . Hexahedrites (<6% Ni)
(5.7%) Octahedrites (6% - 17% Ni)

Ataxites (High Ni content)
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TABLE 8.3 Half-lives of Selected Isotopes.

Parent  Measurable Half-life
stable daughter(s) 71,9

/ ~
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o) e g 40Ar, ¥0Ca 1.25 Gyr
C (bidum)8TRy  87sr [Shoatiom)  48.8 Gyr
45 147sm  1%9Nd, “He 106 Gyr
= 187Re 1870y 46 Gyr
— ® 2321 208pp, “He 14 Gyr
O @ 235y 207pp 4 0.704 Gyr
= ® 28y 206py 4He 4.47 Gyr
L
— Extinct radionuchides
o
- 22Na  %’Ne 2.6 yr
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1291 129%e 17 Myr
I®opr 182wy 9 Myr

S - C 82 Myr
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Element Solar System? CI chondrites Element Solar System” Cl chondrites
{atoms/10° Si) {mass fraction) (atoms/10%'Si) (mass fraction)
1 H 2.431 x 1010 21.0 mg/g 44 Ru 1.90 692 nglg
2 He 2.343 x 10° 56 nl/g 45 Rh 0.37 141 ng/g
3 Li 555 1.46 ug/g 46 Pd 1.44 588 ngfg
4 Be 0.74 25.2 nglg 47 Ag 0.49 201 ng/g
5 B 17.3 713 nglg 48 Cd 1.58 675 ng/g
6 C 7.08 x 108 35.2 mg/g 49 In 0.18 78.8 ng/g
7 N 1.95 x 108 2.94 mgle 50 Sn 3.73 1.68 pg/g
8 O 1.41 x 107 458.2 mg/g 51 Sb 0.33 152 ng/g
9 E 841 60.6 pg/g 52 Te - 4.82 233 uglg
10 .Ne 2.15 x 108 218 pl/g 53 I 1.00 480 ng/g
11 Na 5.75 % 10* 5.01 mg/g 54 Xe 5.39 31.3 pl/g
12 Mg 1.02 x 108 95.9 mg/g 55 Cs 0.37 185 ngfg
13 Al 8.41 x 104 8.50 mg/g 56 Ba 4.35 231 ugle
14 Si 1.00 x 10° 106.5 mg/g 57 La 0.44 232 nglg
i5 P 8370 920 ug/g 58 Ce 1.17 621 nglg
16 S 4.45 x 10° 54.1 mg/g 59 Pr 0.17 92.8 ng/g
17 Cl 5240 704 nglg 60 Nd 0.84 457 nglg
i8 Ar 1.03 x 10° 888 pL/g 62 Sm 0.25 145 ng/g
19 K 3690 530 pglg 63  Eu 0.095 54.6 nglg
20 Ca 6.29 x 10 9.07 mg/g 64 Gd 0.33 198 ng/g
21 Sc 34.2 5.83 uglg 65 Tb 0.059 35.6 ng/g
22 Ti 2420 440 pg/s 66 Dy 0.39 238 nglg
23 A 288 55.7 nglg 67 Ho 0.090 56.2 ng/g
24 Cr 1.29 x 10 2.59 mg/g 68 Er 0.26 162 ng/g
" 25 Mn 9170 1.91 mg/g 69 Tm 0.036 23.7 nglg
26 Fe 8.38 x 10° 182.8 mg/g 70 Yh 0.25 163 ng/g
27 Co 2320 502 ugfg 71 Lu 0.037 23.7 nglg
28 Ni 4.78 x 10° 10.6 mg/g 72 Hf 0.17 115 ng/g
29 Cu 527 127 png/g 73 Ta 0.021 14.4 nglg
30 Zn 1230 310 pg/g 74 W 0.13 89 x1glg
31 Ga 36.0 951 pg/g 75 Re 0.053 37 ng/g”
32 Ge . 121 33.2 uglg 76 Os 0.67 486 ng/g
33 As 6.09 1.73 ngle 77 Ir 0.64 , 470 ng/g
34 Se 65.8 19.7 ng/g 78 Pt 1.36° : 1.00 ng/g
35 Br 11.3 3.43 pgle 79 Au 0.20 146 ng/g
36 Kr 55.2 15.3 pL/g 80  Hg 0.41 314 ng/g
37 Rb 6.57 2.13 nglg 81 Tl 0.18 143 ng/g
38. 8¢ 23.6 7.74 nglg 82 Pb - 3.26 2.56 uglg
39 Y 4.61 1.53 pg/g 83 Bi 0.14 110 ng/e
40 Zr il.3 3.96 ng/g 80 Th 0044 30.9 ngl/g
41 Nb 0.76 265 ngfg 92 U 0.0093 8.4 nglg
42 Mo 2.60 1.02 ugle
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8.7 Meteorite Clues to Planet Formation
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2006)
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Figure 8.16 Plot showing the distribution of the three stable oxy-
gen isotopes in various Solar System bodies. Isotope abundance
ratios are shown relative o the Standard (terrestrial) Mean Ocean
Water (SMOW), with units being parts per thousand variations. The
dotted line represents the mass-dependent fractionation pattern
observed in terrestrial samples. (Kerridge 1993)




170 /160

$Y70 (960 rel. SMOW)

i b 3 H

42 0 2 4 6 8 10 12 14
1 80/1 60 5180 (9/p0 rel. SMOW)

Figure 8.16 Plot showing the distribution of the three stable oxy-
gen isotopes in various Solar System bodies. Isotope abundance
ratios are shown relative o the Standard (terrestrial) Mean Ocean
Water (SMOW), with units being parts per thousand variations. The
dotted line represents the mass-dependent fractionation pattern
observed in terrestrial samples. (Kerridge 1993)
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8.7 Meteorite Clues to the Formation of the Solar
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FIGURE 8.15 The abundances of moderately volatile elements
in bulk CV chondrites compared to their abundances relative to
silicon in Cl chondrites are plotted against the condensation
temperatures of the elements in a solar composition gas. Note
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