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Asteroid belt stratigraphy
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Thermal models
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Diachronous accretion — equating distance with time

-
==
o)
S 100
E
@
()]

Accretion Time (m.y. after CAls)
2.0 26 34 4.3 5.4

Silicate

Melted Unaltered

3.0 . 4.0

Heliocentric Distance (AU) Grimm and McSween (1993)
McSween et al. (2002)




Accretion models

Room for refinement;

For example, Grimm & McSween 93 assume the same accretion time for all
sizes, but timescale of accretion depends on size, among other factors, and
is diachronous with respect to planetesimal size
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so the mapping of accretion time onto heliocentric distance is not unique
even in the absence of giant planet migration.




Motivation
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Solar system oxygen isotopes

o Earth, Mars, Vesta, meteorites (asteroids)
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Solar system oxygen isotopes
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Incipient aqueous alteration
Primordial water?
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Solar system oxygen isotopes
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Solar system oxygen isotopes
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Solar system oxygen isotopes
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Solar system oxygen isotopes
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Solar system oxygen isotopes

Whole rocks
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Solar system oxygen isotopes
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Solar system oxygen isotopes

water ice
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Solar system oxygen isotopes

Earth, Moon, E-
chondrite
0.004+/-0.03

Differentiated
meteorites
-0.225+/- 0.026

Mars
0.321+/-0.013
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Solar system oxygen isotopes

Mg pallasites

Mesosiderite
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Solar system oxygen isotopes

Enstatite chondrites
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Older n-body simulations of oxygen isotope homogenization

Run 23

random initial |
Embryo
Chambers (2001) Q i

Planetesimal

O Planet

2 out of 140 model planetesimals (1 %)
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Investigating gradients in A0

Run 23

Systematic initial :
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Grand Tack — where is the snow line?
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Snow line prescribed by disk evolution

Simple disk model
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Snow line is diachronous

Disk Model (155)

—— Mdot = 107 Msolar/yr, r= 0.1 um
——— Mdot = 10®Msolar/yr, r = 0.1 um
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Oxygen isotope and oxidation state model
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Results

Snow line =6 AU

Mercury
Venus

Mars

Mars vs. Earth
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Results

Snow line =5 AU
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Results

Snow line =2.5 AU
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H,0 vs. silicate

A0 Earth, snow line = 6 AU A0 Earth, snow line = 2.5 AU
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Solutions for Earth A’0 =0

Snow Line =4.2 AU

-
(€}
1

-
o
1

>
=
.-6
®
o]
O
—
o
)
=
e
K
O]
e




oo I Oxygen isotopic composition of inner solar system planets is not monotonic with B
- distance from the Sun if giant planets moved through the disk early

2. Predictions fo.r_comp'osi'tio,n (e.g., oxidation state) can be coupled with |
prediqtions_r oxygen isotope ratios

- Mars is best simulated in the context of the -
ne betweenabout4and 5AU - -




