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1
Fig 1 Martian valley networks and inverted channels
(a)— ( 92. 6°W,42. 5°S), (MOLA) (CTX) 3
(b)— ( 84. 5°E.8 3°9), MOLA (THEMIS)
;(e)— ( 151 4°E,6. 2°S), MOLA CTX f

(a)—A typical dendritic valley network (central coordinates 92. 6°W, 42 5°S), the image is Mars Orbiter Laser Altimeter ( MOLA)
colorized topographic map overlaid on Context Camera (CTX) mosaics; (b)—a valley network with amphitheater-shaped headwaters
(central coordinates 84. 5°E, 8 3°S), the image is MOLA colorized topographic map overlaid on Mars Odyssey Thermal Emission Imaging
System (THEMIS) daytime mosaics; (c)—ridge-like inverted channels developed on Martian fan deposits (central coordinates 151 4°E,
6. 2°S), the image is MOLA colorized topographic map overlaid on CTX mosaics; the red color represents higher elevations while the green

and blue colors represent lower elevations

2 (  Carr, 2006;Alemanno et al. , 2018 )
Fig 2 Distribution of Martian valley networks and outflow channels (modified from Carr, 2006 ; Alemanno et al. , 2018)
MOLA 5 ,
The background map is MOLA colorized topographic map; the red color represents higher elevations

while the green and blue colors represent lower elevations

, , ( ) ( )

) ¢ 51 ), (Carr, 2006), Lunae Kasei
22 400 km, 2. 5 km,
3000 km,
C 3, , (chaotic terrain;  3a) ¢ 3b),
, ) (chaos-sourced)
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3
Fig 3 Typical Martian outflow channels
(a)—Tiu  Ares ( 28 0°W.4. 8°S) ( )3 (b)—Mangala ( 150, 1°W, 16, 2°S)
( ) ( ) , 5 MOLA
THEMIS

(a)—Chaotic terrain (yellow arrows) near the headwaters of Tiu Valles and Ares Vallis (central coordinates 28 0°W,4. 8°S); (b)
streamlined islands (blue arrows) and the fossae (white arrow) near the headwater of Mangala Valles (central coordinates 150. 1°W,
16. 2°S); the red color represents higher elevations while the green and blue colors represent lower elevations; the images are MOLA

colorized topographic map overlaid on THEMIS mosaics

(fissure-sourced) (Carr et al. , 2010),
; (Ghatan et al. , 2005), (Harrison et
) al. , 2008),
( 3;Carr, 1995, (Wilson et al. , 2004; Hovius et al. , 2008),
2006) , Mangala C 3b) ,
Chryse 10" ~10°% m*®/s(Ghatan et al. , 2005),
. Hellas Tharsis Elysium 23
«C 2, , Chryse
1000 km , Tiu .Kasei ( )
Maja Ares o o , .
) o (Zhao Jiannan et al. , 2016,
, Leverington(2004) 2020),
. ,Cabrol et al. (1999) “
s N N ” 179
N ;Fassett et al. (2008)
s o , , 210
s ; Goudge et al. (2012, 2015)
, 400 s
(Carr, 2006; Xiao Long, 2013), ; R
) (Zhao Jiannan,
) s 2017),
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9
4
Fig 4 Different types of Martian paleolakes
(a)— ( 174. 8°E, 18 6°S); (b)— ( 174, 8°W.14. 6°S); (c)— (
14. 4°W,3. 5°N); , 3 MOLA THEMIS 5

(a)—A closed-basin lake centered at 174. 8°E, 18 6°S; (b)—an open-basin lake centered at 174. 8°W, 14. 6°S; (c)—lake chains centered
at 14. 4°W, 3. 5°N; the red color represents higher elevations while the green and blue colors represent lower elevations; the images are

MOLA colorized topographic map overlaid on THEMIS mosaics; white arrows indicate {low directions

5 (  Goudge et al. , 2015;Wilson et al. , 2021 )
Fig 5 Distribution of Martian paleolakes, deltas and alluvial fans (modified from Goudge et al. , 2015; Wilson et al. , 2021)
MOLA 5 ,
The background map is MOLA colorized topographic map;the red color represents higher

elevations while the green and blue colors represent lower elevations

, C D . , ,
(Cabrol et al. , .
1999). C 4a) ; . 70%
; C  4b) 30° (Goudge et al. ,
; 2015), ¢ 5 ,
C 4o ,
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(b, central coordinates 83. 08°E, 29, 07°S)
; MOLA
CTX
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7 (

Ehlmann et al. , 2011 )

Fig 7 Aqueous history of Mars (modified from Ehlmann et al. . 2011)
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Abstract

Liquid water plays an important role in shaping the surface of Mars, forming a variety of water-related

landforms, such as valley networks, outflow channels, paleolakes, deltas and alluvial fans, which have

always been the focus of Martian exploration and research. This paper summarizes the research progress

on the exploration history, topographic and geomorphological features, and temporal and spatial

distribution of Martian water-related landforms, and discusses the implication for Martian climate

evolution and astrobiological research. On this basis, we propose that more study is still needed on the

source of Martian water-related landforms, Martian aqueous environment, origin of Amazonian water-

related landforms, and the comparative study between the water-related landforms on Mars and in the

Qaidam basin, China, which will help us better understand the Martian water-related landforms as well as

the Martian climate change and habitability.
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