
ŮɘůŬɔɤɔɐ ůŰɖ ɔŮɤɚɞɔɑŬ Űɖɠ ɆŮɚɐɜɖɠ 

ɇŬɝɘŭŮɨɞɜŰŬɠ ˊɟɞɠ Űɖ ɆȺȿȼɁȼ...

ŮɘůŬɔɤɔɐ ůŰɖ ɔŮɤɚɞɔɑŬ Űɖɠ ɆŮɚɐɜɖɠ 

əŬɘ ŭɘŬůŰɖɛɘəɏɠ ŬˊɞůŰɞɚɏɠ

ȹɟ. ȳɚɔŬ ɆɡəɘɩŰɖ

ȾɨɟɘŬ ȺɟŮɡɜɐŰɟɘŬ 
ȽɜůŰɘŰɞɨŰɞ ȷůŰɟɞɜɞɛɑŬɠ, ȷůŰɟɞűɡůɘəɐɠ,ȹɘŬůŰɖɛɘəɩɜ 

ȺűŬɟɛɞɔɩɜ əŬɘ ɇɖɚŮˊɘůəɧˊɖůɖɠ

Ⱥɗɜɘəɧ ȷůŰŮɟɞůəɞˊŮɑɞ ȷɗɖɜɩɜ

ɄɞɚɡŰŮɢɜɘəɐ Ɇɢɞɚɐ ïɄŬɜ/ɛɘɞ ȹɡŰɘəɐɠ ɀŬəŮŭɞɜɑŬɠ, ɇɛɐɛŬ ɀɖɢŬɜɘəɩɜ ɃɟɡəŰɩɜ Ʉɧɟɤɜ,17/09/2022



ȼ ɆŮɚɐɜɖ ůŬɔɖɜŮɨŮɘ Űɞɜ 

Ɏɜɗɟɤˊɞ Ůŭɩ əŬɘ 

ɢɘɚɘŮŰɑŮɠ ...
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1) Pasachoff J.M. & Olson, R., Depictions of the Moon 

in Western Visual Culture , Planetary Science, 2019.

2) https://sservi.nasa.gov/articles/oldest-lunar-calendars/

ɇɞ ŬɟɢŬɘɧŰŮɟɞ ůŮɚɖɜɘŬəɧ ɖɛŮɟɞɚɧɔɘɞ, 32.000 ˊ.ɉ
Blanchard calendar bone , Grotte dô Aurignac (47000-41000 BC)

ɆŮ ɞůŰɧ ɕɩɞɡ ɔɘŬ Ůɨəɞɚɖ ɛŮŰŬűɞɟɎ

ɃűɘɞŮɘŭɐ ůɢɐɛŬŰŬ: ˊɘɗŬɜɐ ůɨɜŭŮůɖ ɛŮ ɗŮɧŰɖŰŬ ɐ ɟɡɎəɘŬ/ˊɞŰɎɛɘŬ

(Ʉɖɔɐ: https://sservi.nasa.gov/articles/oldest-lunar-calendars/)

ɆŮɚɐɜɖ, ȹɤɟ.ůŮɚɎɜŬ(ůɏɚŬɠ=űɤɠ), ȷɘɞɚ.ůŮɚɎɜɜŬɐɀɖɜ, ȿŬŰ. Luna

ȾŬŰɎŰɖŪŮɞɔɞɜɑŬŰɞɡȼůɘɧŭɞɡ,əɧɟɖŰɞɡɇɘŰɎɜŬɈˊŮɟɑɤɜŬəŬɘŰɖɠɇɘŰŬɜɑŭŬɠŪŮɑŬɠ

(ɐȺɡɟɡűɎŮůůŬɐȺɡɟɡűɎŰŮɘŬ). ȷŭŮɚűɐŰɖɠȼɞɨɠ(ȷɡɔɐɠ)əŬɘŰɞɡȱɚɘɞɡ.
(Ʉɖɔɐ: wikipedia)

ȿŬŰɟŮɑŬůŮůɢŮŭɧɜɧɚɞɜŰɞɜŮɚɚɖɜɘəɧɢɩɟɞəŬɘɘŭɘŬɑŰŮɟŬůŰɖɜŬɟɢŬɑŬɆˊɎɟŰɖ,ůŰɞ

ɛŬɜŰŮɑɞŰɖɠɄŬůɘűɎɖɠůŰɘɠȷɟɢŬɑŮɠŪŬɚɎɛŮɠ.

ȯɟŰŮɛɘɠ,ȷůŰɎɟŰɖ,ȺəɎŰɖ(ȺɚɚɎŭŬ), Losna (ȺŰɟɞɨůəɞɘ),Thoth, Iah & Khonsu

(ȷɑɔɡˊŰɞɠ), Kaskuh (ɉŮŰŰŬɑɞɘ),Men (ūɟɨɔŮɠ), Aglibol (ɆɡɟɑŬ,ɄŬɚɛɨɟŬ),Luna (Ʌɩɛɖ),

M§ni(ɆəŬɜŭɘɜŬɓɘəɐɛɡɗɞɚɞɔɑŬ),Abuk/Amesemi/Gieti/Mawu (ȷűɟɘəɐ), Anningan (Inuit

spirit), Komorkis (Blackfoot goddess)

Som/Nishakara/Chandra (ȽɜŭɑŬ), Changxi/Changyi/Changóe(ȾɑɜŬ), Devi Ratih (ȽɎɓŬ,

ȽɜŭɞɜɖůɑŬ),Tsukuyomi-no-Mikoto (Shinto, ȽŬˊɤɜɑŬ) əɚ.́..

ɆŮɚɖɜɘŬəɧ ɖɛŮɟɞɚɧɔɘɞ 17.000 ˊ.ɉ.,

Grotte de Lascaux, ˊŬɚŬɘɞɚɘɗɘəɐŰɞɘɢɞɔɟŬűɑŬ

Ƀ ɗŮɧɠ Chandra , 1700-1725 ɛ.ɉ
Udaipur (Rajasthan, India), Folio from Book of Dreams



Ɇɢɏŭɘɞ Űɖɠ ɆŮɚɐɜɖɠ Ŭˊɧ ŰɖɚŮůəɧˊɘɞ, 1870.

Ɇɢɏŭɘɞ Űɖɠ ɆŮɚɐɜɖɠ Ŭˊɧ 

ŰɖɚŮůəɧˊɘɞ, 1868.

ɀŮɚɏŰɖŰɖɠɆŮɚɐɜɖɠ(ñMicrographiaò),

Robert Hooke, 1665.

ȷɜŬɚɡŰɘəɧɠɢɎɟŰɖɠŰɖɠɆŮɚɐɜɖɠŬˊɧŰɞɜJohann

Friedrich Julius Schmidt, 1878.
(ŬɜŰɑɔɟŬűŬŰɤɜ25 ŰɛɖɛɎŰɤɜůŰɞɀɞɡůŮɑɞũŮɤŬůŰɟɞűɡůɘəɐɠ

ůŰɞȺȷȷ)

Selenographia, sive, LunÞMap,

Johannes Hevelius, 1647. 

The Moon, Galileo Galilei, 1609.
Credit: Biblioteca Nazionale Centrale di 

Firenze

https://edition.cnn.com/style/article/artists-exploring-the-astronomical-world/index.html?gallery=//cdn.cnn.com/cnnnext/dam/assets/171016133952-phaidon-universe-book-7.jpg


ɋɠ Űɖ ůɨɔɢɟɞɜɖ Űɏɢɜɖ...

Simultaneous Contrasts 

Sun and Moon, 

Robert Delaunay (1913)

Two Men Contemplating the Moon,

Caspar David Friedrich (1819)

ñA Trip to the Moonò 

(Georges Melies, 1902)
ñFrau im Mondò (Fritz Lang, 1929) 

ñ2001: Space Odysseyò

(Stanley Kubrick, 1968)

ñDestination Moonò (George Pal, 1950)

ñAd Astraò(James Gray, 2019)

The Dark Side of the Moon

(Pink Floyd, 1973) ȷˊɧ Űɖ ũɖ ůŰɖ ɆŮɚɐɜɖ

(Jules Verne, 1865)ñAlita Battle Angelò

(Robert Rodriguez, 2019)



ɄŮɟɘŮɢɧɛŮɜŬ
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ũŮɜɘəɎ

This is the subtitle that makes it 

comprehensible

- ȷˊɧ Űɖɜ ŬŰɛɧůűŬɘɟŬ ůŰɞɜ ˊɡɟɐɜŬ

- ɁŮɟɧ

- ūɡůɘəɞɑ ˊɧɟɞɘ

This is the subtitle that makes it 

comprehensibleȹɘŬůŰɖɛɘəɏɠ ŬˊɞůŰɞɚɏɠ

1

2

3



1. ũŮɜɘəɎ
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A picture is worth a 

thousand words

Ƀ ɛɞɜŬŭɘəɧɠ 

ɛŮɔŬɚɨŰŮɟɞɘ űɡůɘəɞɑ 

VɃ ɛɞɜŬŭɘəɧɠ 

űɡůɘəɧɠŭɞɟɡűɧɟɞɠ 

Űɖɠ ũɖɠ

VɀŬɕɑ ɛŮ ũŬɜɡɛɐŭɖ, 

ȾŬɚɚɘůŰɩ, Ƚɩ əŬɘ 

ɇɘŰɎɜŬ ɞɘ 

ɛŮɔŬɚɨŰŮɟɞɘ űɡůɘəɞɑ 

ŭɞɟɡűɧɟɞɘ ůŰɞ 

ȼɚɘŬəɧ ɆɨůŰɖɛŬ

Vȼ ȷűɟɞŭɑŰɖəŬɘ ɞ 

Ⱥɟɛɐɠ ŭŮɜ ɏɢɞɡɜ 

ŭɞɟɡűɧɟɞɡɠ

VɀŮŰɎ Űɖɜ Ƚɩ, o 

ŭɞɟɡűɧɟɞɠ ɛŮ Űɖ 

ɛŮɔŬɚɨŰŮɟɖ 

ˊɡəɜɧŰɖŰŬ



ü ɄŮɟɑɞŭɞɠˊŮɟɘűɞɟɎɠɤɠˊɟɞɠŰɞɜȱɚɘɞ~29,53 ɖɛɏɟŮɠ

(ůɡɜɞŭɘəɧɠɛɐɜŬɠ)

üɇɟɞɢɘɎ: ůɢŮŭɧɜəɡəɚɘəɐɏɚɚŮɘɣɖəɞɜŰɎůŰɞŮəɚŮɘˊŰɘəɧŮˊɑˊŮŭɞ

(ŬɜŰɑŰɞɡɘůɖɛŮɟɘɜɞɨŮˊɘˊɏŭɞɡŰɖɠũɖɠ)

üȾɚɑůɖŰɟɞɢɘŬəɞɨŮˊɘˊɏŭɞɡŰɖɠɆŮɚɐɜɖɠ~5,1ÁůŮůɢɏůɖɛŮŰɞ

ŮəɚŮɘˊŰɘəɧŮˊɑˊŮŭɞ.

üȸŬɟɨŰɖŰŬəŬɘ́ ŬɚɘɟɟɞɥəɏɠŭɡɜɎɛŮɘɠŮˊɘɓɟŬŭɨɜɞɡɜŰɖɜ

ˊŮɟɘůŰɟɞűɐŰɖɠũɖɠČ ŬɡɝɎɜŮŰŬɘɖŬˊɧůŰŬůɖ

Ýȼ ɆŮɚɐɜɖ ŬˊɞɛŬəɟɨɜŮŰŬɘ Ŭˊɧ Űɖ ũɖ əŬŰɎ ~4 cm/ɏŰɞɠ

ŪȺɅɀɃȾɅȷɆȽȷ-233CÁ +123CÁ

ÕŬɜŭɨŬɠ 

ȷˊɧůŰŬůɖ:~385.000km

ȹɘɎÕŮŰɟɞɠ:1/4 Űɖɠ ɔɖɠ 

ɄɡəɜɧŰɖŰŬ:~ 3.3 g/cm 3 (@ÕŬɜŭɨŬɠ 

ũɖɠ) <->ũɖ 5.51g/cm 3

ȳɔəɞɠ:50x < ũɖɠ

ȸŬɟɨŰɖŰŬ:1/6 ũɖɠ

(ũɖ 60kg ĄɆŮɚɐɜɖ 10kg)
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ɀɃɁȽɀȷ ŪȺȷɇȼ-ȷŪȺȷɇȼ ɄȿȺɈɅȷ

ȷɘŰɑŬ: ɑŭɘɞɠɟɡɗɛɧɠɢɟɧɜɞɠˊŮɟɘůŰɟɞűɐɠɔɨɟɤŬˊɧŰɞɜɎɝɞɜɎŰɖɠ

əŬɘɔɨɟɤŬˊɧŰɖũɖ(29.5 ÕɏɟŮɠ)

üŭŮɜŮəˊɏɛˊŮɘŭɘəɧŰɖɠűɤɠ

üŬɜŬəɚɎŰɞűɤɠŰɞɡȱɚɘɞɡ

üŬɜ əŬɘ űŬɑɜŮŰŬɘ űɤŰŮɘɜɐ, ŮɑɜŬɘ 

ˊɞɚɨ ůəɞŰŮɘɜɐ (ˊ.ɢ. ɎůűŬɚŰɞɠ)

(ɚŮɡəŬɨɔŮɘŬ= 0.12 <-> ũɖ=0.39)

ɇɟɞɢɘŬəɐ əɚɑůɖðɖ ŰɟɞɢɘɎ Űɖɠ ɆŮɚɐɜɖɠ ɏɢŮɘ əɚɑůɖ 5,14 Á́ ɟɞɠ Űɖ ŮəɚŮɘˊŰɘəɐ.

Source: NASA



ȹȼɀȽɃɈɅũȽȷ:

ũɘɔɎɜŰɘŬ ůɨɔəɟɞɡůɖ

ɉɟɞɜɞɚɧɔɖůɖŰɤɜ́ŬɚŬɘɧŰŮɟɤɜŭŮɘɔɛɎŰɤɜApollo

ĄɖɆŮɚɐɜɖŭɖɛɘɞɡɟɔɐɗɖəŮˊɟɘɜ~4.4Ga

ɆɨɔəɟɞɡůɖŰɖɠ́ɟɤŰɞ-ũɖɠɛŮ́ ɟɤŰɞˊɚŬɜɐŰɖ

(ñTheiaò,́ ɘɗŬɜɩɠŰɟɤɘəɧ*ůɩɛŬŰɖɠũɖɠ,

~ɛɏɔŮɗɞɠŰɞɡȯɟɖ) əŬɘŰŬɡŰɧɢɟɞɜɖŭɏůɛŮɡůɐ

ŰɖɠŬˊɧŰɞɓŬɟɡŰɘəɧˊŮŭɑɞŰɖɠũɖɠ

ȺˊɘɛɏɟɞɡɠɗŮɤɟɑŮɠ:

(1) ɄɚɎɔɘŬůɨɔəɟɞɡůɖ

(2) ɆɡɜŮůŰɑŬ

(3) ɄɞɚɚŬˊɚɏɠůɡɔəɟɞɨůŮɘɠ

9* ŰɟɤɘəɧůɩɛŬ= ɛɘəɟɧˊɚŬɜɖŰɞŮɘŭɏɠ(ŬůŰŮɟɞŮɘŭɐɠ)ɐűɡůɘəɧɠŭɞɟɡűɧɟɞɠˊɞɡəɘɜŮɑŰŬɘůŰɖɜɑŭɘŬŰɟɞɢɘɎɛŮɛŮɔŬɚɨŰŮɟɞˊɚŬɜɐŰɖɐŭɞɟɡűɧɟɞŬɜŰɑůŰɞɘɢŬ,ŬɚɚɎŭŮɜůɡɔəɟɞɨŮŰŬɘɛŮŬɡŰɧ(ɜ)ŭɘɧŰɘɞɢɩɟɞɠ

ůŰɞɜɞˊɞɑɞɓɟɑůəŮŰŬɘˊŬɔɘŭŮɡɛɏɜɞŰɞˊɞɗŮŰŮɑŰŬɘ60ÁɛˊɟɞůŰɎɐ́ ɑůɤŰɞɡůɩɛŬŰɞɠɛŮŰɞɞˊɞɑɞɛɞɘɟɎɕŮŰŬɘŰɖɜŰɟɞɢɘɎ(ůɖɛŮɑŬȿŬɔəɟɎɜɕL4 əŬɘL5ŬɜŰɑůŰɞɘɢŬ).

Hartmann, The giant impact hypothesis: past, present (and future?), Phil. Trans. R. Soc., 2014.



ɆɡɜŮůŰɑŬ

ȺɝɖɔŮɑŰŬɘ:

1) ɖ ɑŭɘŬ əŬŰŮɨɗɡɜůɖ ŰɟɞɢɘɎɠ 

ˊŮɟɘůŰɟɞűɐɠ ɛŮ Űɖ ũɖ

2) ɞ ɛɘəɟɧɠ ˊɡɟɐɜŬɠ Ŭˊɧ 

ůɑŭɖɟɞ

3) ɖ ɛɘəɟɧŰŮɟɖ ˊɡəɜɧŰɖŰŬ 

Ŭˊɧ Űɖ ũɖ

4) ɖ ˊŬɜɞɛɞɘɧŰɡˊɖ ůɨɜɗŮůɖ 

ɘůɞŰɧˊɤɜ (O2, W) (Ŭɜ 

ɘůɢɨŮɘ...(3))

5) ɛŮɔŬɚɨŰŮɟŮɠ 

ůɡɔəŮɜŰɟɩůŮɘɠ ůŮ ɛɏŰŬɚɚŬ 

Ŭˊɧ Űɖ ũɖ(2)

6) ɏɚɚŮɘɣɖ ˊŰɖŰɘəɩɜ 

ůŰɞɘɢŮɑɤɜ

7) ɞɘ ˊŬɜɞɛɞɘɧŰɡˊŮɠ ɢɖɛɘəɏɠ 

ůɡɜɗɏůŮɘɠ (ˊɚɐɟɖɠ 

ŬɜɎɛŮɘɝɖ Űɤɜ ɡɚɘəɩɜ?)

ȺɝɖɔŮɑŰŬɘ:

1) ɖ ɑŭɘŬ əŬŰŮɨɗɡɜůɖ ŰɟɞɢɘɎɠ 

ˊŮɟɘůŰɟɞűɐɠ ɛŮ Űɖ ũɖ

2) ɞ ɛɘəɟɧɠ ˊɡɟɐɜŬɠ Ŭˊɧ 

ůɑŭɖɟɞ

3) ɖ ɛɘəɟɧŰŮɟɖ ˊɡəɜɧŰɖŰŬ 

Ŭˊɧ Űɖ ũɖ

4) ɖ ˊŬɜɞɛɞɘɧŰɡˊɖ ůɨɜɗŮůɖ 

ɘůɞŰɧˊɤɜ (O2, W) (Ŭɜ 

ɘůɢɨŮɘ...(3))

5) ɛŮɔŬɚɨŰŮɟŮɠ 

ůɡɔəŮɜŰɟɩůŮɘɠ ůŮ ɛɏŰŬɚɚŬ 

Ŭˊɧ Űɖ ũɖ(2)

6) ɏɚɚŮɘɣɖ ˊŰɖŰɘəɩɜ 

ůŰɞɘɢŮɑɤɜ

7) ɞɘ ˊŬɜɞɛɞɘɧŰɡˊŮɠ ɢɖɛɘəɏɠ 

ůɡɜɗɏůŮɘɠ (ˊɚɐɟɖɠ 

ŬɜɎɛŮɘɝɖ Űɤɜ ɡɚɘəɩɜ?)

1) Heggy et al., Bulk composition of regolith fines on lunar crater floors: Initial investigation by LRO/Mini -RF, EPSL, 2020.

2) Cano et al., Distinct oxygen isotope compositions of the Earth and Moon, Nature, 2020.

3) Lock et al., The Origin of the Moon Within a Terrestrial Synestia , JGR Planets, 2018.

4) Rufu et al., A multiple -impact origin for the Moon, Nature Geoscience, 2017.

1. Ɇɨɔəɟɞɡůɖ əŬɘ 
ŭɘɎɚɡůɖ 

ˊɟɤŰɞˊɚŬɜɐŰɖ 
(ñTheiaò, ŭɘɎɛŮŰɟɞɠ 

~6200km) əŬɘ 
ˊɟɤŰɞ-ũɖɠ (ɛɘəɟɐ, 
ɛŮɔɎɚɖ ŰŬɢɨŰɖŰŬ 
ˊŮɟɘůŰɟɞűɐɠ

2. ȺɝɎŰɛɘůɖ əŬɘ 
ŬɜɎɛŮɘɝɖ 

űɚɞɘɞɨ/ɛŬɜŭɨŬ ũɖɠ 
ɛŮ ˊɟɤŰɞˊɚŬɜɐŰɖ

3. ȹɖɛɘɞɡɟɔɑŬ 
ɛɎɕŬɠ ɡɚɘəɩɜ əŬɘ 
ŬŰɛɩɜ ĄɆɡɜŮůŰɑŬ

4. ũɟɐɔɞɟɞɠ 
ůɢɖɛŬŰɘůɛɧɠ 
ɆŮɚɐɜɖɠ. ɇŬ ˊɘɞ 
ˊŰɖŰɘəɎ ůŰɞɘɢŮɑŬ 
ˊŬɟŬɛɏɜɞɡɜ ůŰɞ 
ɜɏűɞɠ əŬɘ ɧŰŬɜ ɖ 
ůɡɜŮůŰɑŬ əɟɡɩůŮɘ, 
ůɢɖɛŬŰɑɕɞɡɜ Űɖ ũɖ

ȼ ɆŮɚɐɜɖ ɔŮɜɜɐɗɖəŮ  
ˊɟɘɜŰɖ çɜɏŬè ũɖ

ɆɨɔəɟɞɡůɖĄəɚɑůɖŰɞɡɎɝɞɜŬŰɖɠũɖɠ~23.5ÁĄŮˊɞɢɏɠ

ɄɞɚɚŬˊɚɏɠ ůɡɔəɟɞɨůŮɘɠ(4)

ŬəɟɘɓɏůŰŮɟɖ Ůɝɐɔɖůɖ ɔɘŬ Űɘɠ ɛŮɔɎɚŮɠ ɞɛɞɘɧŰɖŰŮɠ ůŰɖ ůɨůŰŬůɖ ũɖɠ-ɆŮɚɐɜɖɠ



Ʉɩɠ ɗŬ űŬɘɜɧŰŬɜ ɖ ɆŮɚɐɜɖ Ŭˊɧ Űɖ ũɖ ůŰɞ ˊŬɟŮɚɗɧɜ?

Illustration Credit: LPI (David A. Kring and John Blackwell)rE@6.371 km



2. ȷˊɧ Űɖɜ 

ŬŰɛɧůűŬɘɟŬ ůŰɞɜ 

ˊɡɟɐɜŬ It could be the part of the 

presentation where you 

can introduce yourself, 

write your emailé

12



ȷɇɀɃɆūȷȽɅȷ - ȺɄȽūȷɁȺȽȷ



ŬŰɛɧůűŬɘɟŬ

ȿŮˊŰɐ

ȺɚɎɢɘůŰɞɠ

ŮˊɘűŬɜŮɘŬəɐ

ɇɖ ɚɧɔɤ

ȷůɡɜɐɗɘůŰŬ Ne,

Ʉɖɔɏɠ

Ÿ ˊɘɞ

ɡɔɟɐ ŮɜŮɟɔɐɠ

ɖűŬɘůŰŮɘɧŰɖŰŬɠ

ȿŮˊŰɐŬŰɛɧůűŬɘɟŬ(ŮɝɩůűŬɘɟŬ)

ȺɚɎɢɘůŰɞɠəŬɘŰɞɝɘəɧɠŬɏɟŬɠ

ŮˊɘűŬɜŮɘŬəɐˊɡəɜɧŰɖŰŬĄ 408km ɔɐɘɜɞɡɣɧɛŮŰɟɞ

ɇɖɜɨɢŰŬ,ɖŬŰɛɧůűŬɘɟŬçˊɏűŰŮɘèůŰɞɏŭŬűɞɠɚɧɔɤ

ˊŰɩůɖɠɗŮɟɛɞəɟŬůɑŬɠ

ȷůɡɜɐɗɘůŰŬŬɏɟɘŬ: Na, K, He, Ar , ɛɘəɟɏɠˊɞůɧŰɖŰŮɠNe,

NH3, CH4əŬɘCO2

ɄɖɔɏɠŰɤɜŬŮɟɑɤɜ?ɡˊɧŭɘŮɟŮɨɜɖůɖ...

Ÿ ˊɟɘɜ~3.5Ga ɖŬŰɛɧůűŬɘɟŬŰɖɠɆŮɚɐɜɖɠɐŰŬɜ́ɘɞ

ɡɔɟɐəŬɘ́ ɘɞŭɡɜŬɛɘəɐˊɘɗŬɜɧɜɚɧɔɤŮɜŮɟɔɐɠ

ɖűŬɘůŰŮɘɧŰɖŰŬɠ(*)

* Needham, D., et al., Lunar volcanism produced a transient atmosphere around the ancient Moon , Earth and Planetary Science Letters, Nov. 2017.

Credit: NASA



ŰɞˊɞɔɟŬűɑŬ

ˈ ȹɘŬɛɧɟűɤůɖŬˊɧůɡɔəɟɞɨůŮɘɠɛŮŰŮɤɟɘŰɩɜ,

ŬůŰŮɟɞŮɘŭɩɜəŬɘəɞɛɖŰɩɜ
[ɄŮɟɑɞŭɞɠɇŮɚŮɡŰŬɑɞɡȸŬɟɏɤɠȸɞɛɓŬɟŭɘůɛɞɨ(Lunar

cataclysm ) 4-3.85Ga, ŭɘɎɟəŮɘŬ<200Ma]

AɘŰɑŬ...???? (*)

ˈ əŬɗɑɕɖůɖɚŬɓɩɜəŬɘɧɢɘŮəŰŮŰŬɛɏɜɖŮɜŮɟɔɐ

ŰŮəŰɞɜɘəɐ

üȾɟŬŰɐɟŮɠɛŮŰŮɤɟɖŰɘəɐɠůɨɔəɟɞɡůɖɠ

üɄɡɟɞəɚŬůŰɘəɎ(ejecta)

üȿɑɔŬɖűŬɑůŰŮɘŬ

üɈɣɑˊŮŭŬ/ȳɟɖ

üɅɞɏɠɚɎɓŬɠ

üȻɩɜŮɠɡˊɞɓɨɗɘůɖɠˊɚɖɟɤɛɏɜŮɠɛŮɛɎɔɛŬ

15* Mojzsis, S.J. et al., Onset of Giant Planet Migration before 4480 Million Years Ago, The Astrophysical Journal, Aug. 2019

NASAôs LRO 

Credit: NASA/Goddard Space Flight Center/Arizona State University



ŬůɡɛɛŮŰɟɑŬ

ȺɜŰɡˊɤůɘŬəɐɔŮɤɚɞɔɘəɐŬůɡɛɛŮŰɟɑŬɛŮŰŬɝɨɞɟŬŰɐɠ

əŬɘŬɗɏŬŰɖɠˊɚŮɡɟɎɠɤɠ́ ɟɞɠ:

ˈ ɇɞˊɞɔɟŬűɑŬ

ˈ ɄɎɢɞɠŰɞɡűɚɞɘɞɨ

ˈ ɉɖɛɘəɐůɨůŰŬůɖ

ȷɘŰɑŬéŬəɧɛŬɡˊɧŭɘŮɟŮɨɜɖůɖ...

16

1) Zhu et al., Are the Moon's Nearside ȤFarside Asymmetries the Result of a Giant Impact? , JGR Planets, May 2019.
2) Quillen, A.C., Near/far side asymmetry in the tidally heated Moon , Icarus, 329, 182-196, Sept. 2019.

3) Stevenson, D.J., Lunar asymmetry and palaeomagnetism , Nature, 1980.



ȺůɤŰŮɟɘəɧ peak 

əɟŬŰɐɟŬ Tycho
South pole Mare Tranquillitatis Reiner Gamma

~>9000

1/3/2013:  ɖ ɛŮɔŬɚɨŰŮɟɖ 

ˊɟɧůəɟɞɡůɖ

ɈɣɑˊŮŭŬ
ɆŮɚɖɜɘŬəɞɑ ůŰɟɧɓɘɚɞɘ

17

ɔŮɤɛɞɟűɏɠ

ɞɜɧɛŬŰŬ ɢŬɟŬəŰɖɟɘůɛɞɨ 

ɗŬɚŬůůɩɜ

ȿɘɔɧŰŮɟɞɘ əɟŬŰɐɟŮɠ Ŭˊɧ 

ŰŬ highlands

Impact craters Highlands /terrae Maria Lunar swirls



əɟŬŰɐɟŮɠ

ˈɛŮŰŮɤɟɑŰŮɠ/ŬůŰŮɟɞŮɘŭŮɑɠ(əɡɟɑɤɠ3.8-4Ga)

ˈŭɘɎɛŮŰɟɞɠ>290km

ˈ ˊɟɞůŭɘɞɟɘůɛɧɠɖɚɘəɑŬɠ: ŬˊɧŰɞɜŬɟɘɗɛɧ

ɛɘəɟɧŰŮɟɤɜəɟŬŰɐɟɤɜˊɞɡŮɛˊŮɟɘɏɢɞɡɜ

(ɧůɞ́ɘɞ́Ŭɚɘɞɑ, Űɧůɞ́ŮɟɘůůɧŰŮɟɞɘɛɘəɟɧŰŮɟɞɘ

əɟŬŰɐɟŮɠ)

ˈ ůɡɜɐɗɤɠɏɢɞɡɜˊɚɖɟɤɗŮɑɛŮɛŮŰŬɔŮɜɏůŰŮɟŮɠ

ɚɎɓŮɠ

ȾɟŬŰɐɟŬɠ ȺɟŬŰɞůɗɏɜɖɠ

ȾɟŬŰɐɟŬɠ ȷɟɑůŰŬɟɢɞɠ

ȾɟŬŰɐɟŬɠ ȷɟɘůŰɞŰɏɚɖɠ



highlands

ˈ 3.8 - 4.3Ga

ˈ 83% Űɞɡűɚɞɘɞɨ

ˈɀŮɔɎɚɖˊɡəɜɧŰɖŰŬəɟŬŰɐɟɤɜŬˊɧŬůŰŮɟɞŮɘŭŮɑɠəŬɘ

ɛŮŰŮɤɟɑŰŮɠ(~3.9Ga)

ˈçȷɜɞɘɢŰɧɢɟɤɛŮɠè(űɤŰŮɘɜɏɠ)ˊŮɟɘɞɢɏɠ

ˈɛŮɔŬɚɨŰŮɟŬɡɣɧɛŮŰɟŬ

ˈɞɘ́ɘɞ́ŬɚɘɏɠŭɞɛɏɠŰɖɠɆŮɚɐɜɖɠ

ˈɄŮŰɟɩɛŬŰŬɢŬɛɖɚɐɠˊɡəɜɧŰɖŰŬɠ́ɞɡ
ůŰŮɟŮɞˊɞɘɐɗɖəŬɜŮˊɘˊɚɏɞɜŰŬɠůŰɞɖɛɘ-ůŰŮɟŮɧɛɎɔɛŬ

ŮɜɧɠɛŮɔɎɚɞɡɛŬɔɛŬŰɘəɞɨɤəŮŬɜɞɨ

19
Mojzsis, S.J. et al., Onset of Giant Planet Migration before 4480 Million Years Ago, The Astrophysical Journal, Aug. 2019.

Mons Ampere (1) 

Mons Huygens (2) 

(Montes 

Appeninus),

(ɡɣɧɛŮŰɟɞ 5500m)

Credit: NASA, 

Lunar Orbiter 4

1

2



maria

ˈ ~3.1 - 3.6Ga

ˈTɡˊɘəɧ ˊŬɟɎŭŮɘɔɛŬ ŭŮɡŰŮɟɞɔŮɜɞɨɠ 

ˊɚŬɜɖŰɘəɞɨ űɚɞɘɞɨ

ˈ <1% Űɞɡ ůɡɜɞɚɘəɞɨ ɧɔəɞɡ Űɞɡ űɚɞɘɞɨ

ˈ 31% Űɖɠ ɞɟŬŰɐɠ ŮˊɘűɎɜŮɘŬɠ 

ˈ çɆəɞɡɟɧɢɟɤɛŮɠè (ůəɞŰŮɘɜɏɠ) ˊŮɟɘɞɢɏɠ

ˈ ɖɚɘəɘŬəɎ ɜŮɩŰŮɟŮɠ ĄɢŬɛɖɚɎ ɡɣɧɛŮŰɟŬ

ˈ ȿŮəɎɜŮɠɐ/əŬɘ əɟŬŰɐɟŮɠ ˊɞɡ ɏɢɞɡɜ ɔŮɛɑůŮɘ ɛŮ 

ɓŬůŬɚŰɘəɏɠ ɚɎɓŮɠ Fe¬əŬɘ Ti ¬

Mare Serenitatis. ūɤŰɞ: LRO/NASA

Mare Imbrium. ūɤŰɞ: LRO/NASA

Mare Moscoviense. ūɤŰɞ: Apollo 13



South Pole - Aitken basin

ðȷɗɏŬŰɖˊɚŮɡɟɎ

ð O ɛŮɔŬɚɨŰŮɟɞɠ,ˊŬɚŬɘɧŰŮɟɞɠəŬɘɓŬɗɨŰŮɟɞɠ

əɟŬŰɐɟŬɠ(ŬˊɧŰɞɡɠɛŮɔŬɚɨŰŮɟɞɡɠŰɞɡȼɚɘŬəɞɨ

ɆɡůŰɐɛŬŰɞɠ)

ð ȸɎɗɞɠ-8km əŬɘɡɣɧɛŮŰɟɞ+8km ůŰɞȸȷɎəɟɞ

(Leibnitz Mountains ) Č ŭɘŬűɞɟɎɡɣɞɛɏŰɟɞɡ= 2x ɧɟɞɠ

ȰɓŮɟŮůŰ

ðȹɘɎɛŮŰɟɞɠ= ~2500km (25% ˊŮɟɘűɏɟŮɘŬɠŰɖɠɆŮɚɐɜɖɠ)

ð ȰəɗŮůɖŰɤɜ́ ɘɞ́ŬɚɘɩɜˊŮŰɟɤɛɎŰɤɜŰɞɡűɚɞɘɞɨ

(ɡɣɖɚɏɠůɡɔəŮɜŰɟɩůŮɘɠůŮFe, Ti, Th)

ð 3/1/2019: ˊɟɞůŮɚɐɜɤůɖŰɞɡChangôe4

211) Trowbridge et al., Why the lunar South Pole -Aitken Basin is not a mascon , Icarus, 2020.

2) James et al., Deep Structure of the Lunar South Pole ȤAitken Basin , JGR, 2019



Lunar swirls

ˈůɘɔɛɞŮɘŭŮɑɠŭɞɛɏɠɡɣɖɚɐɠɚŮɡəŬɨɔŮɘŬɠ

ˈˊŬɟŬŰɖɟɞɨɜŰŬɘůŮhighlands əŬɘmare

ˈ ˊɘɗŬɜɩɠůɡɜŭɏɞɜŰŬɘɛŮŰɞˊɘəɏɠ,ůɢŮŰɘəɎɘůɢɡɟɏɠ,ɛŬɔɜɖŰɘəɏɠ

ŬɜɤɛŬɚɑŮɠČ ɛŬɔɜɖŰɘůɛɏɜɖɚɎɓŬəɞɜŰɎůŰɖɜŮˊɘűɎɜŮɘŬ

ŭɖɛɘɞɡɟɔŮɑɛɘəɟɎŰɞˊɘəɎ,ůɢŮŰɘəɎɘůɢɡɟɎ,ɀɄ

ñɔŮɤɚɞɔɘəɞɑɛŬɔɜɐŰŮɠò: ˊɞɚɨ́ŬɚɘɎ,ůŰŮɜɎ,ɛŬɔɜɖŰɘəɎůɩɛŬŰŬəɎŰɤŬˊɧ

ŰɖɜŮˊɘűɎɜŮɘŬ(ˊɟɘɜ3Ga .́ɢ. ɖɖűŬɘůŰŮɘɧŰɖŰŬˊɟɞəɎɚŮůŮŭɖɛɘɞɡɟɔɑŬəɎɗŮŰɤɜ

lava dikes ɛɏůŬůŰɞɜűɚɞɘɧůŮ600 C̄ ŰŬɞˊɞɑŬɛŬɔɜɖŰɑůŰɖəŬɜŮɜɩɣɨɢɞɜŰŬɜ)

ˈɀɘəɟɏɠçɛŬɔɜɖŰɘəɏɠɞɛˊɟɏɚɚŮɠèůŰɖɜɖɚɘŬəɐŬəŰɘɜɞɓɞɚɑŬ

Reiner Gamma lunar swirl complex, 

Lunar Reconnaissance Orbiter, Narrow Angle Camera

(Credit: NASA/GSFC/ASU)

1) Hemingway & Tikoo, Lunar Swirl Morphology Constrains the Geometry, Magnetization, and

Origins of Lunar Magnetic Anomalies, JGR Planets, Aug. 2018.

2) Syal & Schultz, Cometary impact effects at the Moon : Implications for lunar swirl formation ,

Icarus, 2015.

3) Glotch et al., Formation of lunar swirls by magnetic field standoff of the solar wind, Nature

Comm., 2014.



ȺȹȷūɃɆ - ɆȾɃɁȼ



ɆŮɚɖɜɘŬəɧ ɏŭŬűɞɠ

ˈ ȿŮˊŰɧəɞəəɞ(ŭɘɎɛŮŰɟɞɠəɧəəɤɜ<1cm)

ˈ ȰɚɚŮɘɣɖɏɜɡŭɟɤɜɞɟɡəŰɩɜ

ˈ ȸɞɛɓŬɟŭɘůɛɧɠŬˊɧȼ+ŬˊɧŰɞɜɖɚɘŬəɧ

ɎɜŮɛɞ

ˈ ɀɖɢŬɜɘəɐŬˊɞůɎɗɟɤůɖəŬɘŭɘɎɚɡůɖŰɤɜ

ɡˊɞəŮɑɛŮɜɤɜˊŮŰɟɤɛɎŰɤɜɚɧɔɤ

ůɡɜŮɢɞɨɠɓɞɛɓŬɟŭɘůɛɞɨŬˊɧɛŮŰŮɤɟɑŰŮɠ

əŬɘůɤɛŬŰɑŭɘŬɖɚɘŬəɐɠəŬɘŭɘŬůŰɟɘəɐɠ

ˊɟɞɏɚŮɡůɖɠ.

ˈ ~ 1% ɛŮŰŮɤɟɖŰɘəɐˊɟɞɏɚŮɡůɖ

Shorty crater - çɄɞɟŰɞəŬɚɑè ɏŭŬűɞɠ 

(űɤŰɞ, Apollo 17)

ȷˊɞŰɨˊɤɛŬ Űɞɡ Buzz Aldrin

Ɇɡɚɚɞɔɐ ŭŮɘɔɛɎŰɤɜ ůŮɚɖɜɘŬəɞɨ 

ŮŭɎűɞɡɠ Ŭˊɧ Űɞɡɠ ŬůŰɟɞɜŬɨŰŮɠ Űɖɠ 

ŬˊɞůŰɞɚɐɠ Apollo 16

(űɤŰɞ, NASA)



ɆŮɚɖɜɘŬəɐ ůəɧɜɖ

ˈ Ʉɞɚɨ ɚŮˊŰɧəɞəəɖ

ˈ ȼɚŮəŰɟɘůɛɏɜɖ

ˈ ȾɞɚɚɎŮɘ ˊŬɜŰɞɨ

ˈ ɉŬɟŬəŰɖɟɘůŰɘəɐ ɛɡɟɤŭɘɎ ñəŬɛɛɏɜɖɠ ˊɡɟɑŰɘŭŬɠò

ˈ Ɉɣɖɚɐ ůɡɔəɏɜŰɟɤůɖ ůŮ ŬɜŬˊɜŮɨůɘɛŬ 

ůɤɛŬŰɑŭɘŬ, ɜŬɜɞ-ůɤɛŬŰɑŭɘŬ ůɘŭɐɟɞɡ Ą

ȺɝŬɘɟŮŰɘəɎ Űɞɝɘəɐ ɔɘŬ Űɞɜ Ɏɜɗɟɤˊɞ

ˈ ȷɜŬˊɜŮɡůŰɘəɎ ˊɟɞɓɚɐɛŬŰŬ  ůŰɞɡɠ ŬůŰɟɞɜŬɨŰŮɠ

ˈ ɄɘɗŬɜɏɠ ŮˊɘˊŰɩůŮɘɠ ůŮ ˊɜŮɨɛɞɜŮɠ, ɜŮɡɟɘəɧ əŬɘ 

əŬɟŭɘŬɔɔŮɘŬəɧ ůɨůŰɖɛŬ

ɆɡɜŮɢɩɠ ɓŮɚŰɘɞɨɛŮɜŬ ˊɟɤŰɧəɞɚɚŬ ˊɟɞůŰŬůɑŬɠɔɘŬ 

moonwalking spacesuits Űɞɡ ŬůŰɟɞɜŬɡŰɩɜ Űɞɡ 

Artemis III (*)

25(*) 8/9/2022:  https://www.nasa.gov/press-release/nasa-taps-axiom-space-for-first-artemis-moonwalking-spacesuits

https://www.nasa.gov/feature/goddard/2019/nasa-s-coating-technology-could-help-resolve-lunar-dust-challenge

ȼ ůŰɞɚɐ Űɞɡ ŬůŰɟɞɜŬɨŰɖ Eugene Cernan (Apollo 17), əŬɚɡɛɛɏɜɖ ɛŮ ůəɧɜɖ

https://www.nasa.gov/press-release/nasa-taps-axiom-space-for-first-artemis-moonwalking-spacesuits
https://www.nasa.gov/press-release/nasa-taps-axiom-space-for-first-artemis-moonwalking-spacesuits
https://www.nasa.gov/press-release/nasa-taps-axiom-space-for-first-artemis-moonwalking-spacesuits
https://www.nasa.gov/press-release/nasa-taps-axiom-space-for-first-artemis-moonwalking-spacesuits
https://www.nasa.gov/press-release/nasa-taps-axiom-space-for-first-artemis-moonwalking-spacesuits
https://www.nasa.gov/press-release/nasa-taps-axiom-space-for-first-artemis-moonwalking-spacesuits
https://www.nasa.gov/press-release/nasa-taps-axiom-space-for-first-artemis-moonwalking-spacesuits
https://www.nasa.gov/press-release/nasa-taps-axiom-space-for-first-artemis-moonwalking-spacesuits
https://www.nasa.gov/press-release/nasa-taps-axiom-space-for-first-artemis-moonwalking-spacesuits
https://www.nasa.gov/press-release/nasa-taps-axiom-space-for-first-artemis-moonwalking-spacesuits
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Orion Crew Survival SystemOrion Crew Survival SystemExploration EMU Development Unit

for moonwalking

NASAôs prototype Exploration spacesuits (Jan. 2022)

Neil Armstrongôs Apollo 11 

spacesuit
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ȷůűɎɚŮɘŬ

ȺɡɚɡɔɘůɑŬ

ȺˊɘəɞɘɜɤɜɑŮɠ

Áhttps://www.nasa.gov/suitup

Áhttps://www.nasa.gov/feature/a-next-

generation-spacesuit-for-the-artemis-

generation-of-astronauts



ũȺɋȿɃũȽȾȼ ȽɆɇɃɅȽȷ



ũŮɤɚɞɔɘəɐ əɚɑɛŬəŬ

4.6 - 4.0Ga

Ʉɟɞ-

ɁŮəŰɎɟɘɞ

3.85 - 3.80Ga

ȾŬŰɩŰŮɟɞ 

Ȳɛɓɟɘɞ

3.92 ï3.85Ga

ɁŮəŰɎɟɘɞ

3.8 ï3.2Ga

ȷɜɩŰŮɟɞ 

Ȳɛɓɟɘɞ

3.2 - 1.1Ga

ȺɟŬŰɞůɗɏɜɘɞ
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ȾɞˊŮɟɜɑəɘɞ

1.1Ga - ůɐɛŮɟŬ



1. Lunar Magma Ocean (LMO)

ÅŬɟɢɘəɧɠɛŮɔɎɚɞɠɤəŮŬɜɧɠŰɖɔɛɏɜɞɡɗŮɟɛɞɨ
ɛɎɔɛŬŰɞɠ

ÅɣɨɢɗɖəŮəŬɘŭɘŬűɞɟɞˊɞɘɐɗɖəŮɔɘŬɜŬůɢɖɛŬŰɑůŮɘŰɞɜ

űɚɞɘɧ(ŮɚŬűɟɎůŰɞɘɢŮɑŬCa, Mg, Si (pc)) əŬɘŰɞɜɛŬɜŭɨŬ

(ɓŬɟɏŬůŰɞɘɢŮɑŬFe, Ni é (Ol, px))

Å4.5-4.4Ga

(~45-152Ma ɛŮŰɎŰɖŭɖɛɘɞɡɟɔɑŬŰɞɡȼɚɘŬəɞɨɆɡůŰɐɛŬŰɞɠ)

ÅŭɘɎɟəŮɘŬ~55-155Ma

ÅŬəɧɛŬɡˊɧɛŮɚɏŰɖ....

29

Illustration Credit: LPI

ȼɆŮɚɐɜɖˊɟɘɜůŰŮɟŮɞˊɞɘɖɗŮɑˊɚɐɟɤɠ.

ȱŭɖɡˊɎɟɢŮɘɞ ɛŮŰŬɚɚɘəɧɠˊɡɟɐɜŬɠ. ɀŮɟɘəɎŬˊɧŰŬ

ɡˊɧɚɞɘˊŬŰɖɔɛɏɜŬɡɚɘəɎ,əɡɟɑɤɠˊɡɟɘŰɘəɎ,ŬɟɢɑɕɞɡɜɜŬ

ɣɨɢɞɜŰŬɘŮəˊɏɛˊɞɜŰŬɠɗŮɟɛɧŰɖŰŬůŰɞŭɘɎůŰɖɛŬəŬɘɜŬ

ŭɖɛɘɞɡɟɔɞɨɜŰŬɘŰŬ́ ɟɩŰŬəɞɛɛɎŰɘŬŰɞɡůŰŮɟŮɞˊɞɘɖɛɏɜɞɡ

űɚɞɘɞɨ.



2. ȸŬůŬɚŰɘəɐ ȼűŬɘůŰŮɘɧŰɖŰŬ

ȼŭŮɨŰŮɟɖˊɘɞůɡɜɐɗɖɠ(ůɡɢɜɎɖəɨɟɘŬ)ŮˊɘűŬɜŮɘŬəɐ

ɔŮɤɚɞɔɘəɐŭɘŬŭɘəŬůɑŬůŮ́ ɚŬɜɐŰŮɠ

ɀɎɔɛŬɓŬůŬɚŰɘəɐɠůɨůŰŬůɖɠ(*) ŬɜŮɓŬɑɜŮɘŬɟɔɎůŰɖɜ

ŮˊɘűɎɜŮɘŬɛɏůŬůŮɚŮəɎɜŮɠ(űɚɞɘɧɠɛɘəɟɧŰŮɟɞɡˊɎɢɞɡɠ)

Č ɅɞɏɠɚɎɓŬɠɐŮəŰɑɜŬɝɖˊɡɟɞəɚŬůŰɘəɩɜ(.́ɢ. ůŰŬɔɞɜɑŭɘŬ

Űɖɔɛɏɜɖɠɡɏɚɞɡ)

ˈȷˊɧɗŮůɖɓŬůŬɚŰɘəɩɜɚŬɓɩɜĄ mare

ˈɄɡɟɞəɚŬůŰɘəɎəŬɘűɡůŬɚɑŭŮɠˊɞɡŰŬɝɘŭŮɨɞɡɜɛŬəɟɡɎəŬɘ

ŬˊɞŰɑɗŮɜŰŬɘůŬɜçɔɡɎɚɘɜŬůűŬɘɟɑŭɘŬèĄ ñ́ ɟɎůɘɜŬò(Apollo

15) əŬɘñ́ ɞɟŰɞəŬɚɑò(Apollo 17) əŬɘɛŬɨɟŬůűŬɘɟɑŭɘŬɡɏɚɞɡ

ůŰɖɜŮˊɘűɎɜŮɘŬ.

*ɄŮɟɘŮəŰɘəɧŰɖŰŬ ůŮ Si <50%, ɢŬɚŬɕɑŬɠ (SiO2) <20%, ˊɚɞɨůɘɞ ůŮ Fe, Mg əŬɘ űŰɤɢɧ ůŮ ŬɚəɎɚɘŬ əŬɘ Ŭɟɔɑɚɘɞ



ÅȷůɗŮɜɐɠ 

ɓɞɛɓŬɟŭɘůɛɧɠ 

ɛŮŰŮɤɟɘŰɩɜ(<3.2Ga).

ÅȾɟŬŰɐɟŮɠ ɛŮ űɤŰŮɘɜɎ 

ŬəŰɘɜɤŰɎ ejecta .

ÅȺɚɎɢɘůŰɖ ŬɚɚŬɔɐ 

ůŰɖɜ ŰɞˊɞɔɟŬűɑŬ.

3. ȼűŬɘůŰŮɘɧŰɖŰŬ

(mare volcanism )

(3) ȰəɢɨůŮɘɠ ɓŬůŬɚŰɘəɩɜ 

ɚŬɓɩɜ ůŰɘɠ ɚŮəɎɜŮɠŰɖɠ 

ɞɟŬŰɐɠ ˊɚŮɡɟɎɠ

2(Ŭ) ȹɖɛɘɞɡɟɔɑŬ ɚŮəŬɜɩɜɚɧɔɤ 

ɛŮŰŮɤɟɖŰɘəɩɜ ůɨɔəɟɞɡůŮɤɜ

2. ɇŮɚŮɡŰŬɑɞɠ 2. ɇŮɚŮɡŰŬɑɞɠ 

ȸŬɟɨɠȸɞɛɓŬɟŭɘůɛɧɠ

(4-3.85Ga)
ȷɟɢŬɘɧŰŮɟɖ ɚŮəɎɜɖ:South Pole-Aitken

basin.

ȼ ɔŮɤɚɞɔɘəɐ 

ɘůŰɞɟɑŬ Űɖɠ 

ɆŮɚɐɜɖɠ Ůɜ 

ůɡɜŰɞɛɑŬ

1. ȹɖɛɘɞɡɟɔɑŬ űɚɞɘɞɨ1. ȹɖɛɘɞɡɟɔɑŬ űɚɞɘɞɨ

ɜɏŬ ůŰɞɘɢŮɑŬ (2021)

ɜɏŬ ůŰɞɘɢŮɑŬ (2021)



ɃɅɈȾɇɃȿɃũȽȾȼ 

ɄȺɇɅɃȿɃũȽȾȼ 

ɆɈɆɇȷɆȼ



ɉɖɛɘəɐ ůɨůŰŬůɖ

Taylor, S.R., 1975, Lunar Science: a Post -Apollo View, Oxford: Pergamon Press, p. 64. ISBN 978-0080182742.



ˈŬɜɞɟɗɑŰɖɠ(An) CaAl 2Si2O8

[An 90-100].

ˈŮɚɎɢɘůŰŮɠˊɞůɧŰɖŰŮɠŬɚɓɑŰɖ(Ab)

NaAlSi3O8

ȾɨɟɘŬ ɞɟɡəŰɎůŰɖ ɆŮɚɐɜɖ
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ɃɚɘɓɑɜŮɠ(Ol)

ɘůɧɛɞɟűŮɠ́ŬɟŬɛŮɑɝŮɘɠ

ɛŮŰŬɝɨŬəɟŬɑɤɜɛŮɚɩɜ:

ˈūɞɟůŰŮɟɑŰɖɠMg2SiO4

ˈūŬɦŬɚɑŰɖɠFe+2
2SiO4

ɆɡɜɞŭŮɨɞɜŰŬɘŬˊɧpx əŬɘ

ɓŬůɘəɎpc.

ɆɡɜɐɗɤɠůŰɞɡɠɓŬůɎɚŰŮɠFa20-

Fa70,ɚɑɔɞɘFe¬ol (Fa90-Fa100)

Cr2O3¬(~0.6wt%),

Ca, Mn, Mg, Al

ɄɡɟɧɝŮɜɞɘ(px)

ɘůɧɛɞɟűŮɠˊŬɟŬɛŮɑɝŮɘɠɛŮŰŬɝɨ

ŬəɟŬɑɤɜɛŮɚɩɜ2 ɞɘəɞɔŮɜŮɘɩɜ:

ˈɃɟɗɞˊɡɟɧɝŮɜɞɘ(LCP) MgSiO 3 ï

FeSiO3

ˈȾɚɘɜɞˊɡɟɧɝŮɜɞɘ(HCP) CaMgSi 2O6

ïCaFeSi2O6

ˊ.ɢ. HCP: ŬɡɔɑŰɖɠ 

(Ca,Na)(Mg,Fe,Al,Ti )(Si,Al)2O6

ɄɚŬɔɘɧəɚŬůŰŬ(pc)

Papike et al., Ch. 5 Lunar Minerals in 

Lunar Sourcebook , 1991, Ed. Cambridge 

Univ. Press. 



ɄȺɇɅɋɀȷɇȷ:

ɆɢŮŭɧɜ ɧɚŬ ŰŬ ůŮɚɖɜɘŬəɎ ˊŮŰɟɩɛŬŰŬ  

ŭŮɜ ˊŮɟɘɏɢɞɡɜ ˊŰɖŰɘəɎ ɞɨŰŮ ɏɜɡŭɟŬ 

ɞɟɡəŰɎ

ð ŬɜɞɟɗɞůɑŰŮɠ

ð ɓŬůɎɚŰŮɠ(ɚɎɓŮɠ, ˊɡɟɞəɚŬůŰɘəɎ)

ð ɚŬŰɡˊɞˊŬɔɐ (breccia)

ð ŮˊŬɜŬŰɖɔɛɏɜŬ ɡɚɘəɎ (impact melts)

ð ɏŭŬűɞɠ



ferroan ŬɜɞɟɗɞůɑŰɖɠ- FAN 

(4.4Ga)

ˈ ȷɜɞɟɗɞůɑŰɖɠĄ >90% Ca-pc 

(An94-96)

®Mg/Fe

ŪŮŰɘəɐ ŬɜɤɛŬɚɑŬ ůŮ Eu

ȷɚəŬɚɘəɐ ůŮɘɟɎ

ˈȷɚəŬɚɘəɞɑ ɜŬŰɟɘɞɨɢɞɘ ŬɜɞɟɗɞůɑŰŮɠ

Ą An70-85

ˈɁɞɟɑŰŮɠĄ pc-LCP

ˈũŬɓɓɟɞɜɞɟɑŰŮɠĄ pc-HCP-LCP

Fe¬

ɄɟɞɏɚŮɡůɖŬˊɧɛɎɔɛŬKREEP

Breccias

ȿŬŰɡˊɞˊŬɔɐ
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Highlands

ɀŬɔɜɖůɘɞɨɢŬ  ůŮɘɟɎ

(4.3-4.1Ga)

ˈȹɞɡɜɑŰɖɠĄ 90% Ol

ˈɇɟɞəŰɧɚɘɗɞɠĄ Ol- pc(<50% Si, 

SiO2 <20%)

ˈũɎɓɓɟɞɠĄ pc-px

Ca-pc (An86-93)

¬Mg/Fe

ɀŮŰŬɔŮɜɏůŰŮɟɖ ŭɘŮɘůŭɨůɖ ůŮ FAN

Ɋɨɝɖ Űɞɡ ɛŮɔɎɚɞɡ ɛŬɔɛŬŰɘəɞɨ Ɋɨɝɖ Űɞɡ ɛŮɔɎɚɞɡ ɛŬɔɛŬŰɘəɞɨ 

ɤəŮŬɜɞɨ


