Lecture 4: Condensation

1. Condensation of corundum
2. Condensation temperatures
A. Refractory vs volatile elements
3. Planet formation
4. Goldschmidt classification
5. The primitive mantle

We acknowledge and respect the Iek”’”ef]en peoples on whose traditional territory the university stands and the Songhees, Esquimalt and WSANEE peoples whose
historical relationships with the land continue to this day.



Practice Problem: Condensation of Corundum from the Solar Nebula

Q1: Calculate the temperature that Corundum (Al» O3) begins condensing from the solar nebula using the
following values (assume no other reactions):

2Al1 + 30 « Al,O3

e Solar abundance (molar abundance) of Al: 8.51 x 10*
e Solar abundance (molar abundance) of O: 2.36 x 10’

e Solar abundance (molar abundance) of H: 2.6 x 1010

e Pressure in the nebula: 10_3 atm
e Gas constant (R): 8.314 J/mol K
o AG’ (standard free energy of reaction) for condensation of Al O3:-1.23 x 106 J/mol

Q2: At what temperature will this reaction finish condensing all of the Aluminum in the nebula?
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5% condensation temperatures (pressure 1E-4 bars)

H He

Li Be Bogd C M 0 E Me
1225 T36

MHa Mg Al 5i P |5848] Cl Ar
a7l | 1340 ige0 | 1311 ] 1287

K Ca Sc Ti W Cr Min Fe Co Mi Cu Zn za Ge As Se Br Kr
1000 | 1520 | 1644 | 1500 1300 ( 1180) 1338 | 1351 | 1354 | 1037 | Go0 | 887 1157 | &4

Rb Sr ¥ Zr M M Ta Ru Rh Pd Ag Cd |Im 470 Sm Sb Te I xXe
1080 1750 1600 8600 1334 | 852 720 | 812 | 880

Cs Ba |Lalu] Hf Ta W Re Os Ir Pt Au Hg [T1428| Pk Bi Fo At En

1800 ( 1800) 1800 | 1800 | 1411 | 1225 486 | 451
Fr Ra | Ac-Lr

La Ce Pr MNd Pm | Sm Eu Gd Tb Dy Ho Er Tim bl +] Lu
1500 1290 1420 | 1580
Ao Th Pa u Mp Pu Am | Cm Bk Cf E=s Fm Md Mo Lr

1580 1540
Refractory, =1400 K Moderately volatile ~800-1250 K
Transitional ~1250-1350 K Highly volatile <800 K

Figure 2.13. 50% condensation temperatures taken from [Wasson, 1985] and [O'Neill and Palme,
1998].



Not quite as simple as our example..

Table 1. Gaseous species contributing more than 1077 of the total moles of their common
constituent element between 2000°K and 1200°K.

Abundance®*
Element {Si = 10%) Gaseous specios
Hydrogen 2.6 X 10  H,, H, H,0, HF, HCI, MgH, HS, H,§, MgOH
Oxygen 2:36 x 107 Co, 8i0, H,0, Ti0, OH, HCO, C0,, PO, Ca0, COS, MgO, 8i0,, AIOH, 80
NaOH, MgOH, PO,, Mg(OH),, A10,H
Carbon 1-35 x 107 CO, HCN, C8, HCO, CO,, COS, HCP
Nitrogen 2-44 X 108 N,, HCN, PN, NH,, NH,
Magnesium 1-05 X 108 Mg, MgH, Mg8, MgF', MgCl, MgO, MgOH, Mg(OH),
Silicon 1:00 x 108 8i, 8i8, 8i0, 8i0,
Iron 890 x 10% Fe
Sulfur 506 x 108 8i8, C§, B8, HS, H,8, P8, Al8, Mg8, N8, 8,, CO8B, 80, C8,, 80,
Aluminum 851 x 10¢ Al, AIH, AIF, AIC], AlS, AlO, AL O, AIOH, AIOF, AlQ,H
Calcium 736 x 104 Ca, CaF, CaO, Call,
Sodium 6:32 x 104 Na, NaH, NaCl, Na¥, NaOH
Nickel 4-57 X 10t Ni
Phosphorus 127 X 10% P, PN, PH, P,, PH,, P8, PO, PH,, PO,, HCP
Chromium 1-24 x 104 Cr
Manganese 8800 Mn
Fluorine 3630 HF, AlF, CaF, ¥, MgF, NaF, NF, KF, PF, CaF,, AlIOF, TiF,, MgF,,
MgCIF, TiF
Potaasium 3240 K, KH, KCl, KF, KOH
Titanium 2300 Ti, TiO, TiF,, TiO,, TiF
Cobalt 2300 Co
Chlorine 1970 HC], Cl, AICI, NaCl, KC1, MgCl, CaCl,, MgCl,, A10Cl, MgCIF

* From CameronN (1968).

table from Condensation in the primitive solar nebula by Lawrence Grossman in GCA (1972)



Not quite as simple as our example..
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5% condensation temperatures [pressure 1E-4 bars)
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Figure 2.13. 50% condensation temperatures taken from [Wasson, 1985] and [O'Neill and Palme,
1998].



5% condensation temperatures [pressure 1E-4 bars)
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Figure 2.13. 50% condensation temperatures taken from [Wasson, 1985] and [O'Neill and Palme,
1998].

Earth =~ MgO + Ca0O + SiO» + Al O3 + FeO



Forming the planets




Olivine Solid Solution Phase Diagram.
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