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459°C) (8 62~9. 45 MPa);
; ( Taylor,
2014y, “ ” (Venera 4/5/6/7/8/
9/11/12/13/14) N
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60 km ’ atmospheric profile of Venus (modified after Taylor, 2014)

(Sagdeev et al. , 1986),
(Sagdeev et
al. , 1986; Taylor, 2014),

.12
L L21
1 . .
N N N / o
. 65 km(Svedhem et al. ,

2007) , (50 ~70 km; Titov et al. ,

96, 5% CO,,3 5%N,
C D,
( 30X10°).S0O,.CO,HCI,HF
Ar . Kr. Xe,Ne .
(
: NH, ( 3<C 6 X107), H, S(
0, (~58 km;<C 3X10°°),
D/H
,  12040(26~45 km
1991) 240 £25(70~95 km
al. , 2008), o
H, SO, . H,S, HCIl HF (Krasnopolsky,

; )
;< 23X107)

; Debergh et al. ,

; Fedorova et

2008),
1L L22



2706

http://www. geojournals. cn/dzxb/ch/index. aspx 2021
(Sanchez-Lavega et al. , 2017; 2).@D , o
) ,
, 16 .
s , (Sanchez-lavega et al. , 2017), ,
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Table 1 Comparison of the atmospheric

compositions of Venus and Earth

//

CO, 96 % 0. 03%
Na 3 5% 77.0%
Ar 0. 007% 0. 93%
Ne 0. 0005 % 0. 0018%
(H: O 301076 ~1%

(HDO)| 3X107°¢ ~ 1X10°6
SO, 150X 1076 0 2X107"°

(COS) | 4X10°6 0. 5X107"°
CcO 0. 004% 0 12X107°6
HCI 0 5X107°
HF 0. 005X10°°

(OH)

Taylor et al. , 2018,

2
(  Taylor et al , 2009 )
Fig 2 The main circulation model features of Venus

(modified from Taylor et al. , 2009)
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N

(Khatuntsev et al. , 2013),

( 80m/s),
(Horinouchi et al. , 2017),
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. (Muller-Wodarg et al. , 2016;
Navarro et al. , 2018; Kashimura et al. , 2019),

b

o ’

(Sanchez-Lavega et al. , 2017),

(Fukuhara et al. , 2017),
1.1.23

(Titov et al. , 2018), 50~70 km
. 100 km 30 km
70 km y
62 km ° ’
( ) o
o 48~50 km
45 km(Barstow et al. , 2012),

b

(Titov et al. , 2012),
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s (235
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3 ( ; http://explanet info)
Fig 3 The global topographic map of Venus (based on Magellan data; source http: //explanet info)
. ; 1624,
N (Taylor et al. , 2008),
. 200 o
, 1~2 km, 500 km, (Ivanov et al. , 2011),
Baltis Vallis 6800 km( 1 km, 20 ,
m), , (Ghail et al. , 2018),
(Taylor et al. , 2008), s
Aphrodite Terra . Ishtar C 5D,
Terra Lada Terra, Beta Regio, Phoebe Regio o
Themis Regio, Alpha ,
Regio,Bell Regio, Eistla Regio  Tholus Regio, .
, 25%, (Taylor
et al. , 2008) ,
, L223
) (Gilmore et al. , (D
2017), , s 20 km
(Pettengill et al. , 1996), C 5e) o
, , 1L 5 km, .
s o , 1
L2222 km, )
940 ( 4a), “ ” (pancake volcano) ,
, 30 km ( 5d; Taylor et al ,
) 5 km o 72 2008) , - )
, 31~109 km , 4 (Nova) , ( Arachnoid)

o

s (Coronae) ( 5a~c¢),
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9
4 (a) (b)( Ghail et al. , 2018 )
Fig 4 The global distribution of impact craters on Venus (a) and volcanic and structural features (b)
(modified from Ghail et al. , 2018)
(a) — , — , — s — 3 (h)— s

H H )

(a) ; Pink—loose sediments; brown-sedimentary or weathered rocks; green— volcanic rocks; blue—low dielectric constant materials. (b)—Rifts follow
topographic rises along great circle arcs, similar to Earth”s mid-ocean ridges; wrinkle ridges are predominantly in the lowlands; tesserae are highly

deformed terrain across a range of elevations, and are possibly continental crust

(Marcq et al. , 2013),

s 250
, 150 ~ (2) R ,
1000 km , (Taylor et al. , .
2008) . ,
s , . ( 5b), (tessera)
:(@D Imdr.Themis  Dione .
(Smrekar et al. , 2010);©® R Aphrodite Terra .,

Alpha Regio, Beta Regio, Fortuna Tessera Ovda

b

(Shalygin et al. , 2015);® Regio, (chasma)
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5 ( NASA/JPL)
Fig 5 Typical morphological features of the surface of Venus (Source; NASA/JPL)
(a)— (250 km  );(b)— (Trotula Corona) ;(c)— (Aine Corona) ; (d)— ;
(e) ( 120 km) ; (f)— Aurelia ( 32 km; )

(a)—Nova (250 km wide) ; (b)—the characteristic structure of arachnoid (Trotula Corona); (c)—coronal structure (Aine Corona) ;
(d)—pancake volcanoes; (e)—group of small shield volcanoes (image width 120 km) ;

(f)— Aurelia impact crater (32 km in diameter; part of the ejecta is missing)

, 5 Paga,Hecate,Dali/ , o
diana.,Devana, Ganis, , “ »oou ” X (XRF)
. o ) Na s
(ridge belts) . (wrinkle ridges) . . Mg Al .
(Ghail et al. , 2018), K.U Th s
&) . (5 24 g/em®) 8 K (~4% K, O) 9
(5 514 g/em®) 5% U/Th .
39 g/em’, 3 96 g/cm’, . ( Cr.Ni ) .
(Taylor o ( K.
et al. , 2008), , U.Th) ) )
o (Si,Ti,Al,Fe.Mg, . U/Th
Ca) (K. Th,U) o )
) ( ) (Treiman, 2013),
(Taylor et al. , 2008) , (€Y o
80% ) , o

(Taylor, 2014), , ,
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(O’Rourke et al. , 2019), (Ivanov et al. , 2011, 2013,
(<1 Ga) 2015),
, (Ivanov et al. , 2011)
0 8§~ (Kreslavsky et al. ,
25 km . 10~ 2015), :D —
40 km . )
45~100 mW/m’* (James et al. , 2013). O
(Davaille et al. , 2017; Smrekar et al. , 2010), 1L.23
(Smrekar et al. , 2012), ,
(Campbell et @D)
al. , 2017; Marcq et al. , 2013), ,
(Elkins-
Tanton et al. , 2007), (2)
(5 o )
o (3) 100 Ma
’ 1 Ga
1 Ga~300 Ma, 750 Ma, (4)
750 Ma , 100 Ma R (5) 3
. /
(Taylor et al. , 2008), (6)
3 o
(Fortunian ), ) 7
Guineverian ,
2
o R 21
Guineverian s s
s , \ (Glaze et al ,
2018) .
Atlian s , . 3
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N . 20 ;

. (

) / ,
( )
(60 km

) .
(<< 24 h), (> 24 h),
(> 24 h) .

(Campbell et al. , 2017),
(SKA) )

(Navarro et al. ,» 2018),

10 ;Lm

(Lebonnois et al. , 2015),

(Zhang et al. , 2012), (McGouldrick et

al. » 2007) (Lebonnois et al. ,
2016) ., )
(Smrekar et
al. s 2012),
2.2
s 3
:@ N ;@
@ -
(VEXAG, 2019),
2,
3
:D
1)
16
3.1 /
/ / / ,
11 (Hou Jianwen
et al. , 2015; Cutts, 2019),
[@D) o
o , (
)
(2) o
(ADEPT),
. 20



9 2715
(ADEPT) s
. ADEPT ( )6
( ,
HIAD), o
(3)
o (6)
/ , .
( ) 55 km “ .
, 7 s
(57~65 km) . . s ,
(drop-sondes)
) (8 . 0
o ’ (2’\’3 h)
( )
) ,
o (
4) . 3 : ) (
( ), )
( N N ) s .
( )6 D)
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/ . ) .
(5) . (24 h
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, (10 o

2
Table 2 The scientific targets of priority for future Venus exploration
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( Xe Kn) ,D/H,P"N/"N
, ( )
. . . ( SO, .H.O  H;SO,)
( )
R 13C/12C
'He .""Ar  Xe
( ) s
( . . ) s
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33
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+
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+ (Glaze et
al. » 2016), s
, +
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N 7 (Smrekar et
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o (Venus Interferometric
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(VASD, VME (Glaze et al. , 2009) , ,
;@ (CUVE) (Cottini et al. ,» 2017)
(VenDD , o
o 2 ,
. “ ” (Grimm et al. , 2018),
(EnVision) (GRC
R 2032 Compass) (JPL)
s 5. 44 . . GRC
(Ghail ,JPL
et al. , 2018), D , 8 (5
R 3 ), ,
;@ : ]
) ;@ °
b b b . 4' 3
’ ;@ ° N
. 3 1 NO) o
(VenSAR); ® ,
(VenSpec) ;@ (SRS); @ . N
4, 2 , ( 2030 ),
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. . (24 h) . 2013 .
(Zasova et al. , 2019), o
s ( 2030 )
. + . :D
”( . \ 0 ,
), VCM 20
(Grinspoon et al. , 2010), VISE 70 , 12 km
(Esposito, 2019) , SAGE . ( )
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Abstract

Venus exploration is the key to answering the formation and evolution of terrestrial planets in the
solar system, exploring the formation and future of habitability of Earth, and developing a search strategy
for habitable planets in the exoplanets. Due to the harsh environmental conditions on Venus, multiple
challenges to technology, and high costs, exploration and scientific study of Venus lags far behind that of
the Moon and Mars. Here, we summarize the research progress, critical scientific questions, and
technological requirements of Venus exploration and propose objectives and structure element types for
future Venus missions. At present, most advances have been made in the study of the atmosphere and
climate of Venus, including atmospheric structure and chemistry, energy balance and thermal structure,
clouds and haze, atmospheric circulation and dynamics, and climate evolution. There have also been
significant advances in the physical chemistry of the upper atmosphere and the interaction of the solar wind
with Venus. In contrast, research of the surface and interior of Venus is relatively lagging. Present studies
have investigated the topographic characteristics of Venus” surface, the history of impact and resurface,
volcanoes and tectonic activities, the composition of surface materials, and the interaction between the
surface and the atmosphere. Due to limited spatial coverage and data resolution, many major scientific
questions are left unanswered. Besides Venus missions, ground-based observations, laboratory
simulations, and numerical simulations are crucial for Venus study. Simulation facilities are essential in
supporting mission developments and scientific research. The next decade is crucial for China to consider
the Venus exploration mission and a critical period for developing related technologies. This review is
intended for Chinese scientists and engineers interested in the science and exploration of Venus, planetary

science, and solar system exploration.
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