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270°E 300°E 330°E 60°E 90°E 120°E 150°E 54°0'W SU0W 460w Rima Sharp
Rima Sharp + Rima-Majra{l ;'/ ' ¢ Length: ~566 km
N o % Average width: ~840 m
’X’,‘"I". ‘ % Average depth: ~76 m
s Fy e ] % Regional slope: ~-0.008
S N
G e : , v IS, 2E ‘&f; @ * Rima Sharp is the “LONGEST”
sinuous rille on the Moon
(Hurwitz et al., 2013)
+* Rima Sharp = Rima Sharp + Rima
Mairan

4 | b i
270°E 300°E 330°E 60°E 120°E 150°E 62°0'W 60°0'W 58°0'W 56°0W 54°0'W 52°0'W 50°0'W 48°0'W 46°0'W 44°0'W 42°0'W

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

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

CE-5 mare basalts volume:
1,450-2,350 km3, ~ 1900 km3 in average
(Qian et al., 2021, EPSL)
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Are the lava forming CE-5 mare basalts coming from Rima
Sharp + Rima Mairan eruption?
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40°0'N
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=36°0'N
High : -1049.45

Low : -3218.95

Complex Sinuous Rille System = Rima Sharp + Rima Mairan + Rima Louville + Rima Harpalus @@@
(Qian et al., 2021, GRL)
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(Qian et al., 2021, GR
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Rima Sharp

SLDE'M2015' ;

Rima Sharp orlglnates outsrde Em4/P58 A S e ' & i
No clear evrdence of materials from era Sharp (No overflow'-’ T he overflowed Iavas have the same compos,glon wrth the surrounding mare basalts?

)
**

K/
\ 0’0

“mare basalt materials, therefore thelr composrtlons are the same naturally)

(Qian et al., 2021, GRL)
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‘Rima Mairan

Materials from -
Rima Mairan :
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(Qian et al., 2021, GRL)

Formation Sequence

North Source Vent
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Northwest Source Vent

North

Louville

60°0'W  56°0'W

Pre-existing mare basait,

(Em3 or Imbrian-aged ones) ;

56°0'W 52°0'W 48°0'W
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Phase 2 & 3 erupti
Channelization
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Sheet flows
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Evidence

Materials from
Rima Mairan

~

Rima Mairan
Mare Basalts

56°0'W 52°0'W 48°0'W 44°0'W 56°0'W 52°0'W 48°0'W
K
—

(39 "W (u" 67° 66° 65° 64° 63° 62° 61° 60° 59° 58° 57° ﬂ‘ 52° 519 50°49°W h 1

(Clementine TiO2)

6‘) W 68° 67° 66° 65° 64° 2% 61° 60° 59° 58° 57° 56° 55° 54° 53° 52° 50°49°W

C—H:]----E[:]I:H:][:Hjﬁ[:ll:l-- Thickaess (m)

0 1.0 20 30 40 50 6.0 7.0 80 90 100 11.0 12.0 13.0 14.0 150 16.0 17.0 18.0

(Qian et al., 2020, Icarus)

(Qian et al., 2021, GRL) : @
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Evidence: Lava pond & inner features

i Nested Structures
—— RimaSharp_Rille =
—— RimaSharp_Levee

(Qian et al., 2021, GRL)
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EVidehCe: Lava pond &' inner features
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EVidehCe: Lava pond &' inner features
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ava pond & inner featu

{(Qian et al.,, 2021, GRL)




Evidence: Inner features

Nested Structures

—— RimaSharp_Rille
—— RimaSharp_Levee
()

‘TCfMorning'Map 2 el ehi NAC
Figure Location s :

%
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o
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 Lava pond & inner features within Rima Sharp were produced by Ri
~ e e

(Qian et al., 2021, GRL) B i o |
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NAC DEM

Lava pond & inner features within Rima Sharp were produced by Rima Mairan entering Rima
' Sharp B

(OO0

BY NC ND

(Qian et al., 2021, GRL)
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Evidence
Magnetic signature based on Kaguya and Lunar
Prospector measurements at altitudes of 10-45 km

a. DEM of Em4/P58 unit

b. Digital orthophoto map

c. Magnetic field inclination on P58 surface

d. Crustal magnetic field of P58 and lava boundary

¢ Green line: boundary of high and low magnetic field
¢ Red square: lava source vents

B8H(nT)

Hu, T, et al., 2021. Magnetic Signature of Basalts in the

Chang’e-5 Sample Region: Implications for the
Earth Sp. Sci. Open Arch. DOI: 10.1002/essoz @




RESEARCH (Che et al., 2021, Science)

TerrestrialPb
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LUNAR GEOLOGY
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Age and composition of young basalts on the Moon, d
o Age= 1963+57 Ma
' ~ g
measured from samples returned by Chang’e-5 R MSWD= 13
1963+57 Ma
Xiaochao Che', Alexander Nemchin'?*, Dunyi Liu'>*, Tao Long’, Chen Wang', Marc D. Norman®?, (18 points)
Katherine H. Joy®, Romain Tartese®, James Head®, Bradley Jolliff’, Joshua F. Snape®, Clive R. Neal®, P
Martin J. Whitehouse®, Carolyn Crow'®, Gretchen Benedix®™, Fred Jourdan?, Zhiging Yangl, Chun Yangl, 204py /232‘;%
Jianhui Liu’, Shiwen Xie, Zemin Bao', Runlong Fan', Dapeng Li°, Zengsheng Li®, Stuart G. Webb®
- Age= 1963+57 Ma
I B1 K B2 MSWD= 1.3
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Age=2011 +50Ma
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MSWD = 0.6 Initial Pb
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© '\ CES_CraterCounts_RimaMairan, area=7.93x10" km* 0\ CES_CraterCounts_RimaSharp, area=2.55x10" km O CES_CraterCounts_RimaLouvile, area=2 16x10 km’
=&~ 33 craters, N(1)=1.16x10" km* ~&~'39 craters, N(1)=1.57x10™ km* —&~ 14 craters, N{1)=1.84x10" km*
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Cumulative crater density, km*

Rima Mairan L Rima Sharp
EF: Hastmann (1984)

PF: Moo leukum et al. (2001)

CF: Moan, N wm et al. (2001)

v i X b .
LRV X ’ s 3 ) s
0 4 - L § 4 /

{ S liant . 0 { A -
2 Nl it o 9
b W y ' q Ol A

ROARS. , | e "4,
e . - | A A L
O CES5_CraterCounts_RimaLouville, area=2 16x10' km’

R Rima Mairan: 1.41+0.2 Ga

=7.93x10" km'

+0.52

-0.50 Ga 1' t

CE-5 Sample Age: 2.0 Ga
(Che et al., 2021, Science; Li Q. L., et al., 2021, Nature)

Relative crater density (R)

Rima Mairan <L Rima Shal?p

EF: Hartmann (1984) EF: Hartmann (198

gl i Sampled Chang’e-5 intermediate-Ti mare basalts represent the products

CF: Moon, Neukum et al. (2001) CF: Moon, Neukum et al. (2001)

10m 100m 10km 100/ 1m 0m 100m 10km 100 5 10km 100k Of lea Sharp eruptlons

Diameter Diameter

(Qian et al., 2021, GRL)
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(b) BCC approach
2 Counted, R, A ) e
I 4 : —— &7 craters, N(1)=2.14x10" km* —— 87.2 (of 114) craters, N(1)=2.10
# : 1 i NOt coun‘ted, Crater cente( Rima Sharp_floor, area=2.63x10° km® « Rima Sharp_BCC1R, area=2.63x10" km’
& ! voutside its buffer area o o

. 4 € c £

y Noit: countted, | . ’ = 2.6%03 Ga (Nuekum CF) = 2.5%2 Ga (Nuekum CF)

) crater center \ ’ : . = ~+0.1 ) > ; )

/ \ outside its buffer ; ' A 5 1701 G8 {Robbins CF) g 1.7"§} Ga (Robbins CF)
] 3 3
Not counted, . Jarea q g g
crater center - : " o T
s 3 ., Counted, R 2 2
outside its buffer ' / Y 2%l A " g @
¢ (5]
S ) Counted, R, 2 0

p— _ . Not counted, crate s ) 5 .
P s o " \ P o' 8 center outside its E Rima Sharp E Rima Sharp
crater center inside its buffer area 0 : 3 5 )
M '/ U . buffer area (5] EF: Hartmann (1984) ) O EF: Hartmann (1984)
\ l . ‘ ) PF: Moon, Neukum et al. (2001) PF: Moon, Neukum et al. (2001)
4
(-4 § . g E
% (‘ 9 100m  1km  10km  100km 100m  1km  10km  100km
L ' ‘7% ‘ . ~ Diameter Diameter
Counted, ‘ E
crater center inside its buffer area Counted. R L —— Boraters, N(1)=1.02x10" km* _ —— 8.9 (of 15) craters, N(1)=1.17x10" km
y 1y Rima Mairan_floor, area=8.95x10" km® - Rima Mairan_BCC1R, area=8.95x10' km”

- .

2

2

1.215% Ga (Neukum CF)
0.9753 Ga (Robbins CF)

1.4 Ga (Neukum CF)
1.0*32 Ga (Robbins CF)

CE-5 Sample Age: 2.0 Ga
(Che et al., 2021, Science; Li Q. L., et al., 2021, Nature)

Rima Mairan

EF: Hartmann (1984) EF: Hartmann (1984)
PF: Moon, Neukum et al. (2001) PF: Moon, Neukum et al. (2001)

Rima Mairan

Cumulative crater frequency, km
Cumulative crater frequency, km

Sampled Chang’e-5 intermediate-Ti mare basalts represent the products of
Rima Sharp eruptions

100m 1km 10km  100km 10m 100m 1km 10km  100km
Diameter Diameter

(Xu & Qiao, 2022, ARA)
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Layer I-ll
Ejecta + Regolith
(Upto 7 m)
= Layer lll: Em4/P58
& Moderate-Ti Basalts
3 (Sinuous Rille)
o
v 5 | LayerIv: Emapss
b4 z Moderate-Ti Basalts
3 (Dike Eruptions)
o
2
2 Layer V: Em3
= Moderate-Ti Basalts
Layer VI-VII
Paleo-Ejecta + Paleo-Regolith
(~10m)

Layer VIIl: Im2/P10
Low-Ti Basalts

=y
Harpalus Ejecta Aristachus
Ejecta

Basement
(PKT Crust)

Layer I-ll (Regolith and Ejecta): Mixture of predominantly relatively immature in-situ
on of solidified young mare flows (Layer Il), and

COE?JQ::US exotic components (Layer 1) from distant craters. Blue patches (ejecta) contain exotic

materials (rays and secondary cluster deposits), primarily from Harpalus, Copernicus, and
Aristarchus craters, but still dominated by local materials (~90 %, Section 4.2) excavated
by incoming secondaries. Regolith thickness is irregular, but up to ~7 m based on the
crater morphology method (Qian et al., 2020). Characteristics of regolith fragments
depend on the nature of mare basalt protolith (Head & Wilson, 2020); regolith are
Eelauvely iénma(ure compared to Apollo/Luna landing sites due to the young age

~1.6-1.7 Ga,

Layers llI-IV (| d Ti Mare : Lava flows of the
Eratosthenian- -aged moderate- T i mare basalts (Em4/P58, ~1.6-1.7 Ga). Layer Ill mare
basalts originated from the extensive sinuous rille system (Rima Sharp) eruptions. Rima
Sharp has two major source vents, to the north and south of Em4/P58; the landing site
is only ~15 km from Rima Sharp. Layer IV represents possible mare basalts of similar
composition from now-buried dike and vent eruptions (Head & Wilson, 2017).

Layer V (Eratosthenian-aged Moderate-Ti Mare Basalts): Em3, the lowest unit of the
moderate-Ti mare basalt sequence, with an age of ~2.0 Ga. It is exposed stratigraphically
below Layers IlI-IV to the west of the landing site near Mons Riimker, and very likely
underlying Layers llI-IV in the landing site. The total thickness of Layers lll-V is estimated
at ~50 m based on crater excavation method (Qian et al., 2021).

Layers VI-VII (Paleo-Regolith and Paleo-Ejecta): Mixture of regolith in-situ components
(gray, Layer VII) on the underlying Imbrian-aged low-Ti basalts, and exotic components
from distant craters (light blue, Layer VI). Exotic materials are primarily ejecta from
Sharp B and Pythargoras craters. Paleo-regolith layer has a thickness of ~10 m, assumin
a regolith growth rate of ~5 mm/Myr (Horz & Cintala, 1997).

(Qian et al., 2021b, EPSL)

Layer VIII ged Low-Ti Mare mare basaltic unit inferred

to lie below the Eratosthenian-aged moderate-Ti mare basalts; stratigraphically equivalent
to the Imbrian-aged low-Ti mare basalts (Im2/P10, ~3.4 Ga) occurring to the west of
Em4/P58 (Qian et al., 2018). Low-Ti mare basalts may have a thickness of ~900 m,
based on mare thickness modeling using GRAIL gravity data (Gong et al., 2016).

Basement: The basement of the Northern Oceanus Procellarum may be the basin
ring system of the Imbrian basin (Scott & Eggleton, 1973); kipukas are the outcrops of
the basement rock. Overlaying regolith, paleo-regolith, and mare basalts layers may
contain the materials from Imbrium and Iridum, and rocks of the Procellarum KREEP
Terrain-type crust by vertical and lateral mixing (Liu et al., 2021).

60°W  S8°W  S6°W  54°W
Geologic Mare Riimker Plateau Dome
Era Materials Materials Materials
wrinkle
ridges
sinous
) rilles
Eratosthenian
- highland
materials
II sd II
Imbrian

(Qian et al|,

(9WOO)




Conclusion

56°0'W

€2021GL092663.

R/ \/
0‘0 0‘0

*

L)

Layer I-ll
Ejecta + Regolith
(Upto7m)
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(Em3 or Imbrian-aged one A TR Sheet flows
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0y , o 2 ] 5 D ™ 2 2¥ Moderate-Ti Basalts
(Dike Eruptions)

Layer V: Em3
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(~10 m)

Layer VIIl: Im2/P10
Low-Ti Basalts

Phase 2 & 3 eruptfons™y &, ase 1 high-flux ertption
Channelization AR . followed by Phase 2 & 3 erup

Basement
(PKT Crust)

Copernicus
jecta

—9—

e

[} =)

** Qian, Y., Xiao, L., Heady:W., Wilson, L., 2021. The Long Sinuous
Rille System in Northern Oceanus Procellarum and Its Relation to
the Chang’e-5 Returned Samples. Geophys. Res. Lett. 48,

Pre-existing features, Post-formation deformation

Origin of mare basalts: Chang’e-5 basalts represent the lava
erupted from Rima Sharp, with an age of ~2.0 Ga

% yuqi_gian@cug.edu.cn; yugi_qgian@brown.edu

Harpalus Ejecta Aristachus
Ejecta

Layer I-ll (Regolith and Ejecta): Mixture of predominantly relatively immature in-situ
component from impact modification of solidified young mare flows (Layer Il), and

exotic components (Layer I) from distant craters. Blue patches (ejecta) contain exotic
materials (rays and secondary cluster deposits), primarily from Harpalus, Copernicus, and
Aristarchus craters, but still dominated by local materials (~90 %, Section 4.2) excavated
by incoming secondaries. Regolith thickness is irregular, but up to ~7 m based on the
crater morphology method (Qian et al., 2020). Characteristics of regolith fragments
depend on the nature of mare basalt protolith (Head & Wilson, 2020); regolith are
relatively immature compared to Apollo/Luna landing sites due to the young age

(~1.6-1.7 Ga).

Layers lll-IV (Eratosthenian-aged Moderate-Ti Mare Basalts): Lava flows of the
Eratosthenian-aged moderate-Ti mare basalts (Em4/P58, ~1.6-1.7 Ga). Layer Ill mare
basalts originated from the extensive sinuous rille system (Rima Sharp) eruptions. Rima
Sharp has two major source vents, to the north and south of Em4/P58; the landing site
is only ~15 km from Rima Sharp. Layer IV represents possible mare basalts of similar
composition from now-buried dike and vent eruptions (Head & Wilson, 2017).

Layer V (Eratosthenian-aged Moderate-Ti Mare Basalts): Em3, the lowest unit of the
moderate-Ti mare basalt sequence, with an age of ~2.0 Ga. It is exposed stratigraphically
below Layers llI-IV to the west of the landing site near Mons Riimker, and very likely
underlying Layers llI-IV in the landing site. The total thickness of Layers lll-V is estimated
at ~50 m based on crater excavation method (Qian et al., 2021).

Layers VI-VII (Paleo-Regolith and Paleo-Ejecta): Mixture of regolith in-situ components
(gray, Layer VII) on the underlying Imbrian-aged low-Ti basalts, and exotic components
from distant craters (light blue, Layer VI). Exotic materials are primarily ejecta from

Sharp B and Pythargoras craters. Paleo-regolith layer has a thickness of ~10 m, assuming
a regolith growth rate of ~5 mm/Myr (Horz & Cintala, 1997).

Layer VIl (Imbrian-aged Low-Ti Mare Basalts): Regional mare basaltic unit inferred

to lie below the Eratosthenian-aged moderate-Ti mare basalts; stratigraphically equivalent
to the Imbrian-aged low-Ti mare basalts (Im2/P10, ~3.4 Ga) occurring to the west of
Em4/P58 (Qian et al., 2018). Low-Ti mare basalts may have a thickness of ~900 m,
based on mare thickness modeling using GRAIL gravity data (Gong et al., 2016).

Basement: The basement of the Northern Oceanus Procellarum may be the basin
ring system of the Imbrian basin (Scott & Eggleton, 1973); kipukas are the outcrops of
the basement rock. Overlaying regolith, paleo-regolith, and mare basalts layers may
contain the materials from Imbrium and Iridum, and rocks of the Procellarum KREEP
Terrain-type crust by vertical and lateral mixing (Liu et al., 2021).

(Qian et al., 2021, GRL) (Qian et al., 2021b, EPSL) @@@@
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