Lectures 1-5: the chemical composition of Earth

1. Introductions
A.Who am |?
B. Who are you?
2. Course structure
3. Making the Earth
A. Chemical composition of the solar system
B. Refractory and volatile elements
C. Lithophile and Siderophile
4. Primitive Mantle
A. Melting Olivine
B. Pyrolite model

We acknowledge and respect the Iek”’”elyen 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.
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Who am |?

Blake Dyer (he/him/his)

= | prefer Blake over Dr. Dyer or Professor Dyer

Undergraduate at Rice University 2006-2010

PhD at Princeton University 2010-2015

Postdoc at LDEO (Columbia University) 2016-2019

Started in SEOS at UVicin Nov 2019

Fifth time teaching EOS 240
= Also teach Advanced Sed/Strat, Marine Geology, and The Dynamic Earth
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Who are you?

Some optional prompts:

e Name

e Why are you here?
= What program are you in and/or why?
= \WWhat do you hope to learnin EOS 240?
= \WWhat challenges do you anticipate?
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Geochemistry: a foolset for investigating Earth systems

1. How and when did the Earth form?

2. What about the continents?

3. When did life on Earth begin?

4. How has climate changed in the past?

5. Where should we look for habitable planets?



Schematic of Earth.
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What is the chemical composition of Earth?




What is the black rock? What are the green bits?
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The hot disk begins to emit radiation to space, rapidly cools, and a temperature gradient develops.
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What are the major rock forming elements on Earth?
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Earth ~ MgO + CaO +SiO» + Al O3 + FeO
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Should the Sun and Earth have the same chemistry? How could we check?
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Planetary Formation
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Condensation sequence calculations

000 K
?“’—n«‘ <&
) A\ Yo \ 2
Candantidion oF Cocomduwm
) Mg + 30cp < Al Oy ) =S -
Mgy  acrion equarion ?) , l N(bd\n (,\Mim'\\’cﬂ - \’? Nﬁ ,Y“
Al 0y - AT A
Qun = 5 = — - *

— 2 3
ooty N3 oy M s
$KA = P "‘% L

a WY = ?"““”‘\
AR unat Q“W‘)j ) do v e Ky
KQ\ ey G § SFeee erery A b Wl

\ vo - o / | --
" AG = @ — 'K—‘ \'\ Kt\ Lg‘q\n‘\\»‘“’m

AG =0 = AC:(: ¥ KT W k“\ b arwhar T do we love Y

o - _egT Ink ' 1so¥ o
A Ge ~ fﬂ—\— A . (\- in Xeltin wr
A Conra¥



Condensation sequence calculations
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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):

2Al + 30 < Al,O4

e Solar abundance (atoms) of Al: 8.51 x 104
e Solar abundance (atoms) of O: 2.36 x 10’

e Solar abundance (atoms) of H: 2.6 x 1019

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?



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

Recall: Earth & MgO + Ca0O + SiO» + Al O3 + FeO



In [1]:

Outl[l]:

from IPython.display import HTML

HTML (
<center>
<div align="middle;height:10vh;">
<video width="60%" controls>
<source src="videos/planet formation.mp4" type="video/webm">
</video></div></center>"""

)
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Define Goldschmidt classification.
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Define Goldschmidt classification.

Group
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
H He
1 1 2
Li |Be B|IC|[N|[O|F |Ne
213 |4 5 |6 [ 7 |8 ]9 |10
Na [Mg Al |Si|P |S |Cl |Ar
311 |12 13 |14 |15 |16 [ 17 | 18
E K|Ca|Sc|Ti|V |Cr (Mn|Fe |Co|[Ni |[Cu|Zn|Ga |Ge|As |Se |Br |Kr
& 4 | 19 |20 | 21 |22 [ 23 |24 25 |26 |27 |28 |29 [30 |31 [32 |33 |34 |35 |36
o Rb|Sr|Y |Zr|Nb|Mo | Tc |[Ru|Rh |Pd |Ag|Cd|In [Sn|Sb |Te | | |Xe
O |37 (38 | 39 |40 |41 |42 |43 |44 |45 |46 |47 |48 [49 |50 |51 |52 | 53 |54
Cs|Ba|La \Hf|Ta|W |Re [Os| Ir [Pt |Au|Hg| Tl [Pb|Bi |Po | At |Rn
6|55 (56 |57 |2 |73 |74 |75 |76 |77 |78 |79 |80 |81 |82 |83 |84 |85 |86
Fr |[Ra | Ac
7 | 87 |88 | 89
. La|Ce|Pr [Nd|Pm|Sm|Eu |Gd|Th [gg/ Ho|Er |Tm|Yb | Lu
Lantanides (6)\ |57 [58 |59 |60 |61 [62 | 63 |64 | 65 67 | 68 | 69 |70 [ 71
.. Ac|Th|Pa| U | Np|Pu
Actinides (7) \ 89 |90 | 91| 92
Refractory Lithophile Main Group

Refractory Siderophile
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Define Primitive Mantle. What do we know about the modern mantle?
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Olivine Solid Solution Phase Diagram.
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Melting trends.
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Pyrolite Model: Ringwood, A.E., 1962. A model for the upper mantle. Journal of Geophysical Research.
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Chondrites




Chondrites

Chondrules: molten 'droplets' of nebular dust

AOAs: Ameboidal Olivine Aggregates ~100% olivine
4



Mineralogy of Chondrite phases
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Chondrites have variable composition
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Practice problem

The observed chondritic mass abundances for Calcium and Aluminum are:

Element wt% inChondrite Atomic Mass
Ca 0.92 40.1
Al 0.85 27

The average wt % of CaO and Al» O3 in Basalt and Harzburgite:

Oxide wt%inBasalt wt% inHarzburgite
CaO 11.3 6.1
Al», O3 15.1 51

What ratio do you need to mix basalt and harzburgite back together to get the composition of the mantle
before melt was removed? Assumptions:

e Pyrolite is acombination of melt (basalt) and melted mantle (harzburgites)

e Earth has the same Refractory Lithophile Elemental (RLE) abundances as Chondrites
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Solution.
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