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Introduction b

Figure 11. Two schematic cross-sections suggest the evolution of interiors of
meteorites’ “parent” planets. These accrete (left) as chondritic mixtures of metal
and sulfide grains (black), minerals of relatively low melting temperature (yellow),
and abundant high-melting Mg and Fe silicates (green). Internal heating of the
planets causes them to melt partially (right). Molten metal and sulfide drain to the
centers, forming cores (the source of iron meteorites?). Silicates that melt at low
temperatures produce a low-density magma, which tends to erupt to planetary
surfaces (the source of Ca-rich achondrites?).
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Fig. 1.1.5. A “family tree” of meteorite classes and an indication of possible interclass relation-
ships; for example, the IAB, IIE and IIIAB iron meteorites and the pallasites (pal) may be
related to the ordinary chondrites, although it is clear that the relationship is closest for the
IAB and IIE irons (which contain silicates of approximately chondritic composition); the
mesosiderites (meso) may be related to the howardite and eucrite achondrites, and the aubrites
have been related to the enstatite chondrites. Abbreviations for the achondrites are as follows:
aubrites, aub; diogenites, dio; eucrites, euc; howardites, how; ureilites, ure; shergottites, nahk-
lites and chassignites, SNC; the anorthositic breccias, ano.
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Big questions

* Nature of a partially-differentiated asteroid
* Formation of silica-rich crust

* Nature of asteroid mantles

* Hit-and-run collisions

 What happened to the sulfur

* The role of ice and time in differentiation
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Silica-rich Crust in the Solar System

M. Imbrius g " ;
10 "png ’ : 1. Cauchy Tau & Omega

11 Avistarchus Sl 2. Gardner Megadome
. . ¢ : 3. Arago Alpha & Beta
9 Ff‘:_""'m' : 9 4. Valentine dome

N 5. Birt domes
6. Kies Pi
7. Capuanus domes
8. Hortensius domes
9. Milichius Pi
10. Gruithuisen Gamma & Delta
11. Marius Hills
12. Mons Rumker

Where might silica-rich rocks (like Earth’s continental crust) exist on other bodies
within our solar system and how would they form?




S1mail planet VESTA

CRUST
Plutonic rocks and basalt
with diogenitic intrusions

MANTLE
Olivine-rich rocks

METALLIC CORE
Iron and nickel




60° W 120° W 180° W 240° W 300° W

60° N &= R S e - e e 50° N

30° N = 30° N

0°N 0°N

Latitude

30°S ' : o= == i e S 30° S

60° S 60° S

60° W 120° W 180° W 240°W 300°W

Longitude






A Global Magma Ocean
Basaltic Eucrites Residual Liquid

Cumulate Eucrites

Harzburgite-Orthopyroxenite
Cumulates

Dunite Cumulates
(Fractional or Equilibrium Crystallization)

FeNi Core

C Partial Melting-Continuous Extraction

Primitive chondritic crust? Basaltic Eucrites?

_":Cumulate eucrites
and diogenites plutons?

Harzburgite Residuum
Mantle

FeNi Core

B Mandler and Elkins-Tanton (2013)

Basaltic eucrites
~.._ Cumulate eucrites ...~ =

1S Diogenltes:"'!‘?,?' )
1 Olivine
___ Diogenites =~
Harzburgite Mantle Cumulates
(Equilibrium Crystallization)

FeNi Core

D Shallow Magma Ocean

__Basaltic eucrites _

Thermally metarﬁorphosed and melted chondritic crust

Cumulate eucrites
Diogenites

Olivine diogenites

Harzburgite-Dunite Mantle Residuum

FeNi Core
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Hit-and-run collisions

Collision Model Results

{from Asphaug &f &/, 2006, Nafure, v. 438, p. 125-160.}
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What happened to the sulfur
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Big questions

* Nature of a partially-differentiated asteroid
* Formation of silica-rich crust

* Nature of asteroid mantles

* Hit-and-run collisions

 What happened to the sulfur

* The role of ice and time in differentiation
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