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Ideal place to study Iun’a'r'volcanism
Volcanic Plains: Mare basalts, wrinkle ridges
Volcanic Complex: Mons Riimker
Volcanic Domes: Mairan domes, silica rich, evolved volcanism

Volcanic Channels: Sinuous rilles (Rima Sharp), ~ 566 km, longest on the Moon

~ Procellarum KREEP Terrane (Jolliff et al., 2000) :

® Geochemical anomaly, elevated heat-producing elements, high heat flux
® Thin crust (Wieczorek et al., 2013)

® Extended volcanism (Hiesinger et al., 2006), especially in central OP
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Selected landing zone
(Meng et al., 2021)
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- Yo'ung Mare Basalts
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Inherent Hypothesis
Assimilation of high-Th materials when the magma rises
Abnormal concentration of Th in the mantle source
Example : Apollo 12 thorium-rich mare basaltic rock
fragment (12032,366-18) can not be explained by simple
mixing (Jolliff et al., 2005, LPSC; Barra et al., 2006, GCA;
Stadermann et al., 2021, LPSC)
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YYoung Mare Basalts: Composition

Aristarchus

3 Floor_ & The mixture of

Mairan SW ejecta .
northern ejecta &

gjecta (G2M) (GSF) volcanic material
‘» s A 02 o (G3V)

.

Imbrium -~
ejecta (G2)

Highland
materials” /" 7 Mare
(G1) / ' basalt

Pythagoras floor & walls (G1P)

10 15
FeO (wt%)

Fu et al., 2021, JGR-Planets
Unmix 12 FeO-Th endmembers, thorium is
indigenous to basalts.

Extraneous Origin Hypothesis
Contamination of high-Th crustal materials by vertical and
lateral mixing
Example: Apollo 12 soils, composed of ~ 46% nonmare
high-Th materials from Copernicus and Reinhold craters
(Korotev et al., 2000)

If thorium is extraneous, where do they come from? What is

the thermal source for the young mafEdmasa i
b (o) WO
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W 52W SOW 48W 4GW 44W 42°W (Qian et al., 2021, EPSL)
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“ Young Mare Basalts: Mineralogy

Nearside IBD color composite
(Staid et al., 2011, JGR)

M? IBD Composite’ - .~ F~-=2
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The younger the mare flow, the higher OLV abundance
(Pieters et al., 1978; Staid 2001, 2011; Zhang et al., 2016)

We don’t find clear evidence of olivine of the CE-5
mare basalts, although it is young and rich in Ti
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(Sato et al., 2017) (Lemelin et al., 2015) £ :

Is the young mare unit really a single unit (homogeneous in general)? Ay Rl
What do these composition variations mean (Impact mixing? Geochemical evolution in one flow? Separated = e . =
flows?) S '
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[ ] This study
l:’ Areas contaminated by external ejecta

Qian et al, 2018

Wu et al., 2018
[ ] Jiaetal., 2020
Qian et al., 2021

[] Non-Pure Basalt (FeO: 8-17.2 wt.%)
[] Pure Basalt (FeO: 17.2-23 wt.%)

Count Areas
Hiesinger et al., 2003
Morota et al., 2011
Qian et al., 2018
Wu et al., 2018
Jia et al., 2020
Qian et al., 2021c

This work, 2021
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Local geology?
Farside volcanism example
(Pasckert et al. 2015)

Continuous eruption?
South of Aristarchus example
(Stadermann et al., 2018)

54° W 52° W 50°W 483°W 46° W 44° W 42°W 40°W

Williams et al., 2018. Dating very young
planetary surfaces from crater statistics: A

review of issues and challenges.
Meteorit. Planet. Sci. 53, 554-582.

What control the age variations (Continuous
eruption? Local geology? Selection of crater areas?
Method uncertainties?)

Update lunar chronology function?

Rethink crater counting methods?
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No observable eruption source vents (i.e., fissures, cones, domes,
dikes) for Em4/P58, except for Rima Sharp
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Rima Sharp

(Qiao et al., 2021,
Icarus)
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Rima Sharp
® Length: ~566 km
® Average width: “840 m
® Average depth: ~76 m
® Regional slope: ~-0.008
Rima Sharp is the “LONGEST”
sinuous rille on the Moon (Hurwitz
et al., 2013)

150°E

Rima Prinz
(Hurwitz et al., 2012, JGR)
Length: ~“87 km
Average width: ~1,100 m
Average depth: “170 m
Magma volume: ~50-250 km?3
(physical volcanology model)

CE-5 mare basalts volume: 1,450-2,350 km?,
~ 1900 km?3 in average (Qian et al., 2021)

Are CE-5 mare basalts the products of Rima
Sharp eruption?

(OOO)



In-situ maté_rials: Mare Basalt Origin -
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CE5C0400: Regolith CE5CO0YJYX034: Agglutinate PROVENANCE OF CHANG’E-5 REGOLITH SAMPLES

® In-situ materials
® Exotic materials
® Distal impact.ejecta
® Meteorites
® Volcanic glass (explosive eruption)

CE5C0400

Lunar Pyroclastic
Formation

Remaining Questions Ejected ly comparable lo
Apolio 17 orange g| 40 pm in size)

- Foam layer conlinues to grow
until overpressurization in dike
causes cracks to propogate fo
surface
- Dike widens as il propogates /& §
towards surface (600-800 m - Rapid depressurization into
widths for source depths. uum creates explosive vul-
300 km) i jian-style eruption

- Bubbles accumulate attop |8 - Further exsolution of foam

and sides of dike o3 layer (~B0% gas) causes addi-
tional fragmentation, creating

- Magmatic foam layer begins i fine grained quenched glass a:

to form as pressure decreases 2 seen in Apolio 15 and 17 sam-

in the upper portion of dike ples

- Violatiles from depth add bub- B - Convection in dike recycles
Bl bies 1o base of foam layer B cepieted magma o depth

CE5C0300YJFMOO01.BSE: regolith,

: iRy Impact ejection Lunar pyroclastic eruption
including different fragments

(Credit: Steve Roy) (Credit: LPI)

Xie et al., 2020, JGR
Qian et al., 2021, EPSL
Jiaetal., 2021, JGR

PRI BN T Consistent conclusion
Exotic materials <10 wt.%
Chang'e-5 Regolith Glasses Local materials > 90 wt.%

Credit: Xinhua Net
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Exotic materials: Impact Ejecta

- Aristarchus
[ copernicus
[JHarding
[ Harpalus
[ Kepler
I Lichtenberg
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Exotic materials: Impact Ejecta

Legend

Bl ristarchus
[ Copemicus
[ Harding
[ Harpalus
I Kepler
I Lichtenberg
[ Pythagoras
[ rimkerE
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[ others

G2°0"W B0°0'W SBTOW S56°0'W S54°0°W 52°0'W S50°0'W  48°0°W 46T0W  44°0W 42°0°W

Dominated by the NE-SW ejecta, either from Harpalus or Sharp B crater or both of them
Xie et al., 2020, JGR-P; Jia et al., 2021, JGR-P: from Sharp B
Qian et al., 2021, EPSL; Qiao et al., 2021, Icarus: from Harpalus

HOWEVER, HARPALUS IS MORPHOLOGICALLY MUCH YOUNGER THAN SHARP B CRATER, MAYBE BECAUSE DIRECTLY
DATING THE CRATER EJECTA IN THIS CASE WOULD SUFFER:

Secondary craters, self-secondary craters, partially buried craters, abnormal degradation on a rough surface

THEREFORE, NOT RELIABLE. CRATER DATING ON THESE TWO CRATERS SHOULD BE DEALED WITH MORE CAUTIONS

Cumulative crater frequency, km™

Cumulative crater frequency, km’

<- clustered
ordered -»

Gumulative crater frequency, Kkm’*

—8— 37 cralers, N(1)=2.01x10" km

Harpalus
%2.40" 3, Ga

PF: Moon, Neukum bal. (2001)
CF: Moon, Neukum efal. (2001)

10°

Diameter, km

—&— 45 craters, N(1)=9.68x10" km’

21,1571 Ga

PF: Moon, Neukum et al.{p001)

CF: Maon, Neukum et al.|(2001)

—e— B2 craters, N(1)=1.82¢10° km*

" Harpalus

+40.051

1ﬁ‘.,us 50" Ga
+0.20 g&

41,887 Ga ) T



Conclusion

| ® Chang’e-5 Em4/P58 mare basaltds.one of the youngest mare units on the Moon,
LA M - Ith s with ages between 1.2-2.0 Ga dated by different authors, and internal age
) variations

® Chang’e-5 Em4/P58 mare basalts are a type of intermediate-Ti basalt with
elevated heat-producing elements. Clinopyroxene is the dominant mafic
mineral.

® Chang’e-5 Em4/P58 mare basalts may be the products of Rima Sharp eruptions.

B Gw g aow sw  SeW seW B9 0 ® Rima Mairan is younger than Rima Sharp, whose lava buries the southeast

Harpalus Ejecta  Aristachus ebtively mmatire ins portion of Rima Sharp, and enters Rima Sharp, producing inner features and

~ Ejecta Layer I-ll (Regolith and Ejecta): Mixture of pr
crnmprnnenl fron'l impact mudlﬂcalmn of solidified 4

L Il S . g o . .
Ejecta + Regolith D\ CoBpreicus exaic.componenis (Layer ) from dstant craters. B _ lava ponds within Rima Sharp.
Aristarcl 3 sli ina 5 ) ) e ed

(Up to 7 m)

Layer lli: Em4/P58 - crate morphclcgy method (Qian e .!

Moderate-Ti Basalts depend on the nature of mare | & Wi 2 & 2
(Sinuous Rille) immature compared to Apnllo'Luna Iand mg sites due to the | .

Sl Exotic materials mainly from Harpalus, Aristarchus, Copernicus craters. Volcanic
Layer IV: Em4/P58 Layors 14 (ratosthonian-aged Moderate i Maro Sasat): Lova fows o o glass may come from the source vents of Rima Sharp and Rima Mairan.

Moderate-Ti Basalts

(Dike Eruptions)
ce vents, to the no
<m from Rima Sharp. Layer IV rep

L Laverv:Em3 omnowbunes ke srdenteruptons (Head  Hison 2017 ® Chang’e-5 samples would provide opportunities to calibrate lunar chronology
function, with at least two points: 1) local mare basalts, and 2) Harpalus crater.
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Layer VI-VII

Paleo-Ejecta :DPaIeO'ReQO!“h + T at -50 m based on t:rater m(cavaticn method (Qian et al., 2021)
e m,

( ) Layers VI-VIl (Paleo-Regolith and Paleo-Ejecta). Mixture of reqr:lulh in sulu mmpuneuts

(gray, Layer VII) on the underlying Imbrian-aged low-Ti basalts, and

from distant craters (light blue, Layer VI). Ex

Shary nd Pythargoras craters, Palec-n

a regolith growth rate of ~5 mm/Myr (Horz & C intala, 1997) )

Layer ViIl: Im2/P10
Low-Ti Basalts

Layer VIl (Imbrian-aged Low Ti Mare Basalts): Reg
to lie below tl E: henia ed moderate-Ti mare
d 0

Basement: The basement of the Northern Ocea
ring system of the Imbrian basin (Scott & uHs are |hr— outt,rhp‘: of

Basement the basemant rock. Overlaying regolith, pales reqcrhth and mare basalts layers may

(PKT Crust) . contain the materials from Imbrium and Iri f the Procellarum KREEP

Terrain-type crust by vertical and lateral mixing (Liu et al,
BY NC ND
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