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Abstract: Venus is the most similar planet to the Earth in the solar system in terms of planet size, mass and or-
bital velocity. Since the early 1960s, Venus has been an important target for human deep space exploration. In this
contribution, the exploration history of Venus, the known and unknown of Venus, the main scientific problems of
Venus, and the future international exploration plan of Venus are briefly reviewed. The early exploration of Venus
is represented by the "Benepa plan" of the Soviet Union and the "Mariner series" of the United States, whereas
more recent missions are represented by the "Venus Express" and "Akatsuki" launched for other countries. These
missions provide valuable data which significantly enhanced our understanding of Venus atmosphere composition,
surface topography and internal structure. The atmosphere of Venus is dominated by CO, and N,, which is diffe-
rent from the atmospheric composition of the present Earth, similar to that of the early Earth. Some modeling re-
sults suggest that Venus was once covered by ocean although no liquid water exists any longer on Venus. The ana-
lyses of the surface compositions of Venus by a series of explorers show that Venus surface is mainly composed of
basalt. In terms of topography, due to the special surface environment of Venus, the surface weathering of Venus is
very weak and does not affect surface topography. The topographies of Venus are mainly controlled by volcanic re-
surfacing and differ with the Earth significantly. The dominant topographies include regional plains, shield plains,
corona and tessera, which are produced by mantle plume-lithosphere interaction or mantle convection. No topo-
graphy related to plate tectonics has been found on Venus. At present, Venus lacks many large and active volcanic
hotspots. Although it is difficult to estimate the accurate volcanism rate, the volcanism rate is much smaller than
that of the current earth. In terms of internal structure, Venus has a core-mantle-crust structure similar to that of
Earth, but there is no internal magnetic field on Venus. In addition, Venus and Earth have similar densities and have
similar compositions, for example, the mantle of Venus is likely to be composed of peridotite which is similar to
that of Earth. No internal magnetic field and lack of plate tectonics are two important characteristics of Venus. The
most popular explanation for the absence of magnetic field on Venus is that Venus lacks convection in its core and
cannot develop its own dynamo. Three explanations were proposed to account for the absence of plate tectonics on
Venus, the extremely hot surface, the lack of asthenosphere, and the lack of water, among which the last one is the
most widely accepted. Considering many aspects including atmosphere composition, surface rock assemblages and
tectonics, Venus is very similar to the early Earth. Venus provides the best natural laboratory for us to understand
the evolution of the Earth and other terrestrial planets. Understanding why Venus and Earth evolve into different
directions is one of the most important means to study the genesis and evolution of planet habitability and has signi-
ficant bearings for studying the potential habitability of exoplanets. Venus has been one of the highest priority of
deep space exploration targets. In recent years, the United States, Russia, Europe and other countries have put for-
ward their own Venus exploration plans for above scientific problems, such as whether there was a sea on the early
Venus, the unhabitability of Venus, and the structure and gravity field. China should and must do something in the
new international competition.
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Table 1 Comparison of some important parameters between
Venus and Earth
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Table 2 The history and mission of human exploration of Venus
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Fig. 1 Landing positions of Venus Probe. White dots indicate the successful landing position, blue dots represent the positions where
the images were returned from the Venus surface, and red dots represent the positions where the surface samples were
analyzed. Different colors represent different altitudes (From NASA Ames Research Center, U.S Geological Survey and
Massachusetts Institute of Technology)
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Fig.2 Atmospheric composition of Earth and Venus. (a) Earth atmospheric composition. (b) Venus atmospheric composition. Both
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TERHAT B Ak s B b, >k BRI RS
PR s R IR AT AL AR A O 1 R AR,
f§ CO,» H,0. CH,. NH;. HCN % ( Fischer-
Goedde and Kleine, 2017) . 347 2 KERL i A
KB, AEXAP B, AT N SRR K
w6 T HUER . S B DU KR, XL
R PEY) i 22 H,0 A1 CO, (Marcq et al., 2011;
Salvador et al., 2017) . fESHH B, HERIE & LA
CO, A FEMIRA, BiAE KA — bR M AH B4
H, HERKA TP I CO, & il i R AL it R 3 46k
ik B? th  ( Walker, 1985; Sleep and Zahnle, 2001;
Stewart et al., 2019) . Bl & K [ /) & dr 1 4

( Belousova et al., 2010; Dhuime et al., 2012; Smit
and Mezger, 2017), K AL I B #E 5 2 1 CO,,
KA CO, Frm B g /b B A dw I I A2
fir, HOERKAHH O, B G 2, I 2372 tH L AE
PL N, Fll O, 4 F [0 KA. i 4222 — E AR KR LA CO,
HERIRT. BT A ARG ER— P4k 4L
4k, Salvador % (2017) Wi X453 S KM
HAE AR BUEBIUR I, A R PUdvA 2
Ja I, WK B A E R TAT R S TE AL )
FHES (D) DL R R &t B S R B,
AR B K A R S T A KR SR I SR
B, AHp R i e LR B . R COo/H,0 HE 33K
FGVEYE R v RS E AT AE.

e B ER[F AL TR BH R B By, Ak —
FEPA RAZEMRY. Rk, AER FokTVE, &4
HAEMA AR RE. BARE B RN T %5,
MRy, AR, AR 2R, ARAELE
A AH 6T T IR ) XA R 2 AE 50~
60 km =15, 4B Z M LGS T, o) REiE
£ 8 2 iy ¥ /7 75 . Sousa-Silva %5 (20200 & H,
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Wi, 48 e ARSI IR A 1 ©73.

WEARBENEAEAT 2P RN B BEAL . (PHy) R4
WIAFAE, BRI 1ZAT A ] REAFAE A . X2 N
WA T T E R IR T 3% 2 i HE ARSI K — RS
W BRI DS S, AT LR FoAl AT A2

Greaves &5 (2021 1 it A5 I B 15 < H K 20 = oK g/
WKy REFE (ALML) St 55 f1 52 v = 2 i
Bi (JCMT) RELG AR AELE PH; Uk, JFAh
S PH; AR FEEZ N 20 ppb, X & i Bk KX PH;
FRER 1000 2 A5, AR 25 R AT 5, X
PH; UM b FE B 4 B3R 1R 53~61 km &b, 1ELF7
I RN 08 H AR A M R . Greaves 55 (2021)

FEHEER &P LU= 48 PHy SAA T REME S, o iR
Aol e i sh =y, X T IX — w54 R,
5 R Z 2 H (T EE (Snellen et al., 2020; Villa-
nueva et al., 2020; Lincowski et al., 2021), %t
FE A0 W7 S i 265 i) R, DL ALMA £ s
A7 A 2 e HE S5 o) T, 22 e 0 45 B2 s e W ¢ 3] 1)
PH; U584 ] DL 4 ALK 2 ) SO, KT AR
. Greaves 25 (2021) WM 7L G5 A-AEAEIR
K, 42 FRRAAEE PHy AU, HANSAA/E
RRKIAH . 2 TR RS Aa, Hig—
AR Z K.

22 EEMRERCEEEEEE?

SAEMR R G ALK, MR
— ARG A BT e A R =W 5 T R
BRIV W AL, I8 4 AR T ) N i
A ERBNKALGM S — BN, &R B TR
U LA SCE AN ) AL, KRR R T
(Lécuyer et al., 20000 . [Aif, 42 K51 D/H
H iz & T #b BR  ( Fegley, 2005; Greenwood et al.,
2018), thi7R g2 AE D L E ek ERRKK
5t e, Yang 55 (2014) [ELSHRUR L, H
TEEIHERRE, BHERFIIRADN, =ZTE
FENTRTE VR 1) 2, P BEER A — M 553 = )2
X JE RS N4 B R R, BIME/EAH s
H HEAE T e At R AR IR B, AN T A B 45 (1)
WS KA SRR AT BB ER KRR ERe
Wi AR AV LK B a1, Barnes 45 (2016) i@
BEBAIERT T 5 A FLI AR A4k I 4 A AR
1 Ga H— B R FFACH A KRS, HHERA R
(2K =R Ew7 g2 AR oKD, XE W] & A AR
M s LR T RS T EEHBR AR E IR

Way %5 (2016 422 LA 1) v AL
R, & AR RS A 5 A REAE AR 2 Ga [
SR A U RO A ) b R R R e
B HAE REE S 4. 2.9 Ga F1 0.715 Ga IIARH
WRRRFEAG THE . R AN R & R AR (B
MR — AN B, WEERIE 310 m) BLR R IG
TR ESH, %W & B A s
ATRUTE S, R B F s i B 0 i 2 0 52 i AR
/N, ARERTHE R B R R Sl B R R R T
L ARG R ) R R AR, SRR
KACEIUREA 11 °C, kb Ak T3 R0 IR 45 A
AR, H AT R A B SR < Y A AT
A, Tk E AR

R R AR AATAEWS K, TS I8 AT
A ECILAE IRRESWE 2 Way 1 Genio (20200 Ak 4
A H FTIZ A 2 RN 5 KK A 48 5 R 8 Uik
T VR COy, KERA K. fE4 AR
TER RS, RS BIIER—FETE R
IR S, # CO, Mg a7 b, R G A 3
B U BRI R T vy, AR R A R
5 CO, R N J¥ Bifiic iR % (Hao and Li, 2018) . 1fij
J5 SRR R K UL Bl 2 R B R o TP L 2 ) CO,
BB KA (Sleep and Zahnle, 2001; Hansen,
2007; Ernst and Youbi, 2017; Way and Genio, 2020) .
Way Fll Genio (20200 FBLfLURIL, ZA MBI K
J¥ A RETRUR) COp AR 7T RE 2% 3 30K 2 1l 3 A
ERXFORA T, KK 6 7 i, Hy
IR BRSO, REMBRIH KLY JE Hy 1) —
> (Barabash et al., 2007), ¥ it &£ F#H KA
SAEAE X 2 1) O, #1 2 ( Luger and Barnes,
2015) . & T BT I K BN R0 A AT T
(), Way Fl Genio (2020) AN o] gt 54 2 4
R R QLG KA T RN, AT [ 7
B AR TR g e, & AT 80%
¥y 1 R H LB AR 4% (750~ 180 Ma), W 4 R 4F
B AR . 4 B A K B FE R A 2 H AT
SRERZRIMIER T RRNZ — (FXSW
KO REEPS AR A R AR E HA ), H B ARIE
i B 2 RN 5 SRk — A, ) N Ar < A R T
TR UK IR Eh A

2.3 E£ERAEREN

A HAT S USRS S 4 4. e A M5
g Xl mE Ak, KA AR D
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( Gilmore et al., 2017), b 3& /g “ B Aotk Hb B
(Tessera)” ] g FHAC D8 A A 41 k.

TEXS G A AT BB AT 45 M o BT i, G o2
H A MR A2 TS 5 ERDUARAE 1990~ 1994 41 1 [1] 3k
PRI E R AR, RS R34 T Hh 2 SRR
fti 7F. Anderson 5 (2006) 3k 75 Hb 5% 5 G [l o4
0~90 km. James %5 (2013) FJH] & B4 51 2 %1
YO, I AR AN E ) B, R A T
S JEE R PR RIAE 8~25 km RS I Y, IRl S5
RS SR R I 0.2%~0.7%. FC A% (2014)
DL Yang 55 (20160 ) F M xof it 50 (A5 24 42 57
T SR K T LG, SR AN R (A
WARIET, il AN AR R RS, 45RE
feon & A M5 K 2 1E 20~ 60 km J5 3 A .
Jiménez-Diaz Z5 (2015) [AIFEHT LRI E ) B,
5 B 5E )R AL TE 20~25 km.

T 4 2R M R A R I, DRk E e
S HIB B AR, KT A A U 1)
5 S RN JEL P SR AN SR AR 48 AR 4R I R T
B, — AR A AL T REANAEE AR T
Bl (Kiefer and Hager, 1991; Huang et al., 2013) . 1§
P4 R AR R RV FE I ATAG 5, & AL Mg Y 1% LA
5 R BRA BN & 4 (Fegley, 2005) . 5Bk
—Ff, &R IHAZAR TR A DA, IR A P
AT RV HIE RS KEUH R (Faure, 2007), J&E A
A HE B 56 4% [ AR % 0 1 ] B ( Dumoulin et al.,
2017) . Fienga %5 (2019) f#f FH Fi A HEI [y Hb 52
e S S S N [ I = L e ol
9 9.80 g/em®, K T Hb EK Hb B (1) %5 B . Fienga 55
(2019) s\ 45 1) 4x AL 50 8 A% % B A0 )L G 5] 4
FioR.

SR I — AN EBRE AR B B 1. XT
HiEK, /b 3.45 Ga ZHIl Q& AF(E#AY) (Tarduno
etal., 2010), #IT 3T Jack Hills 7% 5 &5 41 04
FAARRIRTST, LS vy i A7 A B ) S o 1) 5y
Hf (Tarduno et al., 2020) . 51X} T4 2 WA A ®fH
B A, BT O A e A A B = 6 R
(Stevenson, 2003): T 4 EK 3 (1 7= A2 75 22 1
KR ARSI TR T i AN W A 1 A
#, Nimmo (2002) @it #us s H Ik, SR
= W3 I 2 DR 4 R MR R B H AT B T
G AL 1 LD 3 FSE L1 A% 4k S ) AL,
) AL PG AR N, IX T B A A 1R,
DRI e ¥ 72 A 3. % T O ERIXRERIAT 22, AR

6500 ————T— 7T T T T

6000 F  *——

5500 - C
£ 5000 -
@
3 4500 -

4000 -

3500 | B
D

3000 1 1 1 1 1 1 ! |
2 3 4 5 6 7 8 9 10
HIE/(g-em™)
Kl4 SR&SEEEE—%EREE. A %, B: kith
1%, C: NHui®, D: H#Z (& A Fienga et al,
2019)

Fig. 4 Thickness-density of Venus layers, A-Crust, B-Upper
mantle, C-Lower mantle, D-Core (modified from Fienga
etal., 2019)

TE B R A R AR P R, T X — i R 75 AN
i HOAZ I B, XA RS B T R AR, 4
SEANAFAEE I 7] fig S 6 = B by i 1) 45 2. Breuer
(20100 A=A I B R LR 2 — 1
W)y, XIS 7] LU W AR AR S % 2
() B A R 2 S BT s LR A 2237 07, n] UM% 5
M 2 (A1l 22 5 R I ITTE T, JoR 2R E ) 51k
RV HBAZ NI, i ST Mo i AR g 2, i<
WA R BRI, A3 M RIS, T
A 3. Jacobson 5 (2017) it BT A
WA e LA ACBE IS AL, TA AT AT i R
DIASE R oy 2B KO 32, T E e & i
HRHLRZ R A B, TE R ELIE e i R WAL, AT
Aty M RO e K AE B RIS, —
FLREE T IR W Z0R G5k, 2B e TE ki .

24 SERUMFTRS

SIS A AR AR i ) P8 2 A o e R < B
A BAT T o007 (R 3) AT X S 2580
DGR ASCRAF I G R M A A A 1 T R T SR A R MK
R AR AL S A G AR A ) B e
TERRMBO TR, AR, X
TEWpie e SEASND A O o0y VS G SO LI BTV AR D A VS
e 4 (visible infrared thermal imaging spectrometer,
VIRTIS) #Hi kAT T <5 e A R 73 (45 8. b
RPN AR, SRR R
TR 1 pm A A A X T2 2 SRR
KAUBL RS sl D, e 5 i X A o
KA R, PN T3 B U B KOs 3



53 H 1M BRAR, S A IANHE BRI & O +75
*3 SEMERSAR (B E Ivanov, 2005)
Table 3 Composition of Venus surface (modified from Ivanov, 2005)
s GRS &R 4510 4 1 4ifm 2
K,0/(wt%) 48+1.4 0.6+0.1 04+0.2 0.54+0.26 048 +0.24
TEL G 4047 U/ppm 22407 0.6+02 0.5+03 0.64 % 0.47 0.68 +0.38
Th/ppm 6.5+0.2 3.7+04 0.7+0.3 1.5£1.2 2.0+1.0
Eri/ (wi%) &R 13 £H 14 4 2
Si0, 45.1+3.0 48.7+3.6 45.6+3.2
TiO, 1.59+£0.45 1.25+0.41 02+0.1
Al,04 15.8+3.0 17.9+2.6 16.0+ 1.8
FeO 93+22 8.8+ 1.8 7.7+1.1
XEHR T T MnO 02+0.1 0.16 £ 0.08 0.14£0.12
MgO 114+£6.2 8.1+33 11.5+3.7
CaO 7.1+0.96 10.3+1.2 7.5+0.7
K,0 4.0+0.63 0.2+0.07 0.1+0.08
S 0.65+04 0.35+0.31 1.9+0.6
Cl 0.3 0.4 0.3

(Ivanov, 2005) . 17 # R AKX T BK-F 5 1 pm K5

FRAA R IR A EE PO R H B X, X S8 X 3k
(R I 5 KD T W) A R AR A RO R RN
WS HAK, WHE 2R, T4 EREEgm
w ARG ), SRR M a i Rk, B
1) Fe #R#A0 A AR CBRZ 8K, " ReRIN
HE T 1 um A S % (Gilmore et al., 2017) . HHY
WAL TR XA Ak, EHe Rk
FEEW S, AR TR SO R e . 2 E
3R L FLRCIRHBHE , Rozel 55 (2017) A —A
BEAT W H 5 AT AR N5 I b 58 T8 BB R 5 455 IR
(AN

2.5 eEMEMHRSE

& TSR Z5 1) B A B o, S AR
e KR KL Bl MR R B A0 sk, X R
V- JiU (Regional plains)  J& IR K 111 °F- Ji{ ( Shield
plains) . % iRk Hu & ( Corona) A1 FL IR Hb JE
( Tessera) 4%, & MiZ Ay Eb WL 3 4 (82.5°N~
82.5°S) .

A 4 1 3 T HACATT A5 50 T o R R ) R K L R
LT VBN B ECR K, L4 s 1 AN AL Bk
(Taylor et al., 2018), X8k Mg k& (1) )45 4 E
A AR KL B R, <8 3R e 32 )
B AR B KPR (85D, o gk
L P JEA X3 SRR JE IR K P U (Tvano et al.,
201D . AEFTA ST, XECE R IR K, 4

K4 HLEMWRZHWIH & (B H Ivanov and Head,
2011)

Table 4 Proportion of different geomorphologies of Venus
(modified from Ivanov and Head, 2011)

Hb TR TT TA/(10%m?) A /%
X I 1(epl) 141.8 31.1
JER K P 5L (psh) 79.3 17.4
XAF . 2(rp2) 42.0 9.2
HERE IS (1) 37.8 8.3
THET (gb) 37.1 8.1
FLARHIE (1) 332 7.3
B4 (12) 226 5.0
5 (ps) 10.3 2.3
IR (pr) 9.6 2.1
LRI (pdl) 72 1.6
JER K L (sce) 33 0.7
YRR B (e.cf) 2.6 0.6
Lk (mb) 13 0.3
AR 28.1 6.2
Fit 456.3 100.0

182.8x10° km?*, v 4 2 Hi3R 40.3% (& 6c, 6d) .
DX IP J DL AT 10 M 2 P A ) — R AE,
KBS eSO IRZ, Kin AR
B, LRGN T UEAR T ANFETRIR. 15
G ARMA L 65000 & f90E, HAAEFE
5K Hb 7K ME TR K K M R AR S 1R AR OG
(Bilotti and Suppe, 1999) . X331 JF AR 5 H5 18 J5 11
HSRT BRRE R0 PR, — T DA L g (1 ) 2%
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K5  SRASBMFE (B8 A Ivanov and Head, 2011) . c/cf-fiidi ¥ e R i, rz-484, psh-EIR K IPER, pl-IHORF
JH, gb-VaRlit, ps-FH PR, mb-1lifk, sc-fE IR IIEE, pr-B AR R, rp2-XACV R 2, pdl-ZRRF R, rpl-X 1

JE 1, - FLIRHE
Fig. 5

Global geological map of Venus (modified from Ivanov and Head, 2011). c/cf- impact craters and crater outflows , rz-Rift

zones, psh-shield plains, pl-Lobate plains, gb-Groove belts, ps-Smooth plains, mb- mountain belts, sc-Shield clusters, pr-

Ridged plains, rp2-The upper unit of regional plains, pdl-Densely lineated plains, rpl-The lower unit of regional plains, t-

Tessera

TR R Y AR T Ik R R ) X 3P R Copl, A
6d), HAM—FLURE REFE . S MR La
(R ey o A S BRI DI SR (ep2, ] 6dD . HiT
7 DX P R T AR 77%, A A AR D
(29 23%) . [ HEER ()38 I SRS Hh 36 S AP 2,
W EREANIE S RGP, DIaE R 0
il 1, A — M 1 5 BRIK  BREE W 7 . Ivanov 4§
(2017) AR S 1R DX B ) ot 1) & e AR
AIRER F AR B, v e R DT SR A
IR AT RE A HODS P AT A AR R, TG R
TERE, LR AR i) B2 e R 10 DXl ST 1k
Tk R R S A RS TR AR TR B . AT BT

W R, X PIRP X T SR AT 210 a1 T %
N ). 77 4 2 2 TR ¢ 211K 22 e e 2R 1) IX 301 i
Pl 28 251G i JR 26 [ DX B Ji, 3k 3 B v I R 1)
DT JRURE AR B T O R, KRN E R
L A G A R T R, BEAR R JE IR Kl
J5, MR ALY 79.3x10° km?, (5 4 B K 17.4%
(F 6e), HHhZRaEfk LB —Fh B, &l fg
& FH AR UG ROV B, R A X R R K L
BRI, HEEHE LIEW £ (Ivanov et al.,
2017) . EAHNS LA IR HERE ey, A AT R A
FEAELAT A7 T AR AR TE . JE AR KL JSUE B
PRI, B T X T R, AR R,
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.

B-14 4,

KT LA TTHERT (o) MR BRI X B (D s RIBEBRECSEE; (o) NER KWL [ E
(a). (b) 5| B http://mentallandscape.com/C_CatalogVenus.htm; (e)v (d. (e) & Y H Ivanov and Head,

2011]

Fig. 6 Photos of plains on Venus. (a) and (b) are close photos of volcanic plain surface. (a) was photographed by Benepa-13, with
age of about 0.75 Ga; (b) was photographed by Benepa-14, with age of several millions of years. (c) and (d) are regional plains
with low and high albedos, respectively. (e) is shield plain [(a) and (b) are from http://mentallandscape.com/C
CatalogVenus.htm with permission; (c)~(e) are from Ivanov and Head, 2011]

J L8 2 FRABL B TR T I A A 22 ) M L.
i 4 B IR 2 Tl Al — A “ SRR 7 3
(B 7, B 8a), 'wRAAIEBEEAL, #ElA.OLFF
F1 24 B 2R R 28 ¢ ( Smrekar and Stofan, 2007;
Smrekar et al., 2018), AL XA AT DL ST FERE,
W AT DI M RERARAS AR S8 R v] ARG A
] B R IR, AR AT BB R AN [RS8 AL B B B R b Y d
W REIA hy A MU AT AR M SR Y R 2 ). BT e b
ORI 500 4~ “wARHIE 7, HERKZH
KT 100 km, H i 2RI 21 d5 K — A SR M TR
FEEAZ) 2 600 km 1] Artemis 5. Giilcher %5 (2020)
A5 FH =4 K B R — ) A g A B A L
1 RS R BRI 4 MR S IR M TR (R T i, T8t 2
ARRI A BB AL N RS AR E S
FELAUL L DY b A — 4 A BAE I 77 2, 2300
o f PR R VR . R PAE R L RN U g A
DL v A AR AE T (I 7D L EAT =R VE i 2
b, BRI T AR A IR B fE B BB 2% H T e 4

EEEN R A MY S B, BRI 3 TR 1 AE Hu g AT i
fRAEFT,  H T g AT R B8 257 A P T 7 i Pl
XA, TR S BRI Y, RE R LT
SRR SRR I T ) A

Brit 2 Ah, 4 LR R T AR IOIR 1 M
Pl——EIEHIS (Novae, [ 8b), HETCHIM A
TEHSAT 64 A, el w2 DA 58 4 1A JEU IR B 24
BERC LT, 76— hh 7 ] DOW S 3K & 1 kil
53l Gerya (2014) 18 i ZU{E AR 7Y At R S gk 4 R
HFTE K, N IX R 1E v] RETE BT g AT 15
S R M A R AR R P R R R I R L BR 2 Ak
Gerya (2014) i\ E RS v DL I8 % 7,
AT AEA [ o RB 2R 1) RO BURE R B S OB A J R
(1) 1 7 A 1) AT T e Ak BRI, (R T Hb
AN B S W) A IR T 4k (Krassilnikov and
Head, 2003) .

& A AR AR MURE (1) 3 3 —— BU IR M
JE (B 8¢y, JE4rii-15/16 4l as B R I, &
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Fig. 7 Corona structures formed by four different ways of mantle plume-lithosphere interaction (modified from Giilcher et al., 2020)

50 km ' 4

K8 LR HAHLEN. (a) FORHLE (BIKE Guseva et al., 2019); (b) EJEHS (& A Ivanov, 2005); (¢) ILHIR

HIE (&2 3 Hanmer, 2020)

Fig. 8 Other representative morphologies of Venus. (a) Corona (modified from Guseva et al., 2019); (b) Novae (modified from

Ivanov, 2005); (c) Tessera (modified from Hanmer, 2020)

S AN [F) 7 ) B 22 S AH ELAS S PR AR T8 25 40 2 1 ) 2
ARHTT, MBI JLEKBL T TKRASE, S
29 33.2x10° km?*, A HEE AR 7.3%. LR
W BT, KIAE Tk R AER B2 (Ivanov
and Head, 2011) . LA IR E AR TR AR AIE 3= 22 i
JERNGE . AR /DE L R R A, 4 ] BUR 2
AR TG B e Ja . A8 B 3k R B (1) BL R IR
FEAEAR Z AR 3 2 2 7 I SRR AR, 3X W] g
AT TR A 2 52 BRI ). ) T IX SE IR

fiE, Ak IR A R A B T R, (HAE
T R F A FR S i 3 I 3 S OB DR AT 4R T V0 o
(Byrne et al., 2021, 7 FEACHRE 1038 = IR R
D320 Sk A A B A R b R AR RS S i
SRFOIR 3 M A B R R il i L R R A ( Hanmer,
2020) . FCAIRHBTE I8 5 AL T B ARV IR IR g
(IS M B, Bl BLAE 4 A 3 1 v SR b X
(B 9) . &R VIRTIS 7 B A IR 52
FRA RS (KT 1 pm), ARG KRN
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| 330° |

Ko SAEMEIRMIER2EKRSNE (B A Ivanov, 2005)
Fig. 9 Global distribution of Tessera landform on Venus (modified from Ivanov, 2005)

KA AP RS A OG,  TL R I R S e (E
T ABRFEE 1 pm, WHEMTREERZN
Kege Ji™ 9. a0 RIX — R L, BLRCIR LB AH 2
TEAEMMT AL, BRI e i, it
] Fe #R#40 HEALE: (BLZ W8k, tHAE B R
KT 1 um FIES % (Gilmore et al., 2017) . [Ait,
FLARHE W e S AR Z KA A, Ml he
RBRYICE A AT KA =8, BT — 21
W5,

G B R NS AFAEAR 2 HoAR 3, AR J
(lobate plain). V4§45 (groove belt) LA K Ak
IR (Ridged plains) %%,

H T8 R R R R R R8T, UL R KA L
CO, A, P EBHRHZWA/K (Lammer
et al., 2018; Gillmann et al., 2020), 4/ 3 [ 1] X,
A RIS MBS R S AR /N, KL Bl HR 3
s E A 5B, SEMmEHAIRD
BA Y, ORI RN AR, KAH
17 0.3~0.6 Ga (Schaber et al., 1992) . fR £ iiF 4% #
KR BT REDKILTES), Bondarenko 55
(20100 XJ 2 T e dm it v B s 24T 73 R I 2 1)
T RS I ), X SRR R AR N T RS )
TR TR B R KSR A
Smrekar 45 (20100 i < 2 P4 L VIRTIS 343
A, R4 o IR A e e A 420t
AL, PR AR R KOLE BT T4 2 1 P
WHARERZEMN R, EADOEE AR H L 1) %
D7, T OGS b R S R AT, i K

JSC 4 S B AR . B R AT AR R4S 1 U
BoR, @R ERAKZ RN WK KL AR

(Shalygin et al., 2015) . P& 4G A K LGS HE 1)
JIEA Z R R, H WA TE WA, 1
0 Strom (1994 A3 b @ NL AR, R F] Kl 3
JE (BN A5 KIS EE FAT 55D 3R K LG B
N 0.01~0.15 km’/a. AT ZF 5 TS AR
415 SO, LR K TR IG R AKSRAT K L& Bl 3
3 0.4~11 km*/a (Fegley and Prinn, 1989) . [k T iX
Y67 vk 2 A, Hashimoto A1 Imamura (2001) 42 H
5§ FH 2 SRR DN A2 A SR B S 0 2 W R ) A
I SRS I e AT () K A I K LU B 1
. BAR H AT KO TS B HE R R AN A
EAHEE TR, IR A vk i 2 s sl %
B /N TR,

2.6 SEATLARBWREE

SRRk, ER IO R, R85
ML 5T AR H ) 32 SRS T M8 A Bl AH B
PERI AR X (224, 20200, 45 RKILY
R AL 35 AH S R ERARE P A . < R A BRAEAT /2
P EAIRZ LR Z AL, A AT S s A
TR AR AT B JE W AR, R, BRAR G 22 AT A
PRFE T IR 1153 55 )2 (stagnant lid) #2C, A Bh
TRATVEAR IR R AT A S AL R ARG E ],
G iEs & (RTINS GibOR T ks R {3 E0 QU (TS
Mk, 3 20 ok, AR IE AT SRk A A B
THBAE IR EIE B,  CReA [ A b BRB 2 g5 i
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S IS TT ). <k mT DA AT IAT B2 1)
24 AT (R R0 AR OB B TR 2. VRO R O ot
PR A Wi S v S S e B L IS
Z B SEIL T M BRAG SE R ER, S = (stagnant
lid) AL Fe Ve e 0 sk 25 AR ) e . ) i 7%
Y. KT M A RAKE EREiE, Hir
FEAFAELUT JUAME L.

Bercovici FIl Ricard (2014) A AHRERA)IE ) H
TS AR, A2 22 A RIORE A 7 HL ARG e T AH LA
(R85 . 2R HAT B A A B AR Ok AE R B D)
I WRL BEGk AN ), I A i 1 PR 3t 30 A Ji A
PRy, B PRSI TR, &I 8E
4 EHART P B BN ) R ad A k. 0T R e R A AEART
Davaille 5% (2017) %5t T A SC SR ALINAESE.
A R AR L B T AR, Bk AR
P (R THI B 8 B Ah IS 2 (R 3R TR SE A R T2 A
Ja g5 e DR B el By TR e 59 45 (0 i

(Bercovici and Ricard, 2014) . 4 B # i R 4%
1R G EAAEAER A G AL T — AN G F R

WAHBBNS, SREARREEERERT
B e k) 38 1) J5L IR (Kiefer and Hager, 1991; Richards,
2001; Hoink et al., 2012; Huang et al., 2013) . H M\#x
Pt B gL LAk, AATT— BB T J7 4R
it B mT R AR B s B ) TR REAE . K Bk
FRIRE R A s 30Ul RO 2R B 21 1 MR 7 Vi v Al B
MAER, XA T4tk diz ). M Richards 5%

(2001) HEAT T ECAEAERL, [l 5 AR ER PN 5 1 Rz 1)
ZHFEE, FHEMR LT B H S A [F) 26 BE 1) 52 ).
B 25 JR W, BEAE AR T B Mg 6 52 1 1
TER S8 ()t A Pl et B ) BV L A, b o) 3wl LA
PRFF A I B, AR 2 T () e b R 25 T AR
e g sy, ARPCIRFR IS S A e didy, BN
BR AL 38 50 i A8 My 45 a5 2 (stagnant lid) . Hoink
A5 (2012) RS BLUANFR L BRI — B 5 R R
fit TP, a5 R, RS A A il
(PO R, T A A P (1) 06 o P A, b 2
T) A7 5 588 vy T AEDRT 288 P850 B Tt = A 1) 9t 30 T R
IR &/ BB N O NS NN R S R S 82 APl
A By T A N B AT 59 1 AR P S B Huang
25 (2013) AUBEST R SCRF RO Rl (1 B2, BV
el ] ASE e 38 A LY g R At SRy A P AR T
DA K% 384 i b 8 6T 38 98 K P AN 7 141 g Al B Ay 3 1)
FEAR

SR Z K P EHAEAER A, 2R A

2P B H — R BE (Nimmo and Mckenzie, 1996;
Karato and Jung, 1998; Korenaga, 2013; Stern,
2018) . Karato f1 Wu (1993) #2H, X T K2 %
fo i i = RS, MR A R A PR R0 P ) il
FERCH U (IR LD, R EEAR TR 7=
RAREN A, SR RNV ST E
i REAMTEARI,  THE R R AW 2R
KA A5 i R IR [ B R A 3 A A
P EAS TR, P LA A 35 R AT A el 4 R
HOR AR TR T2 10 S IRy g, o 28 e 3R A5 i it
J2 PR T PR AR A Bl R R A K Z
A AT LGl R R TR BOR = Kk AR

(Korenaga, 2007), ¥ #1115 1 Bl 1) $ol 4 2 7~
AR RN g, DA A ] R ) 5 20 R
JERR . < Fe FH b IR AR AN 7] R A 5 A2 ) RS2 H
TR AT B R W) 1A P A [ B 2

(Smrekar et al., 2007) . 7EFTA FI2EAT A, R
A HERAE TR E MM EROR B T W K, BEf %
R R, HEMR A HAR A .

3 jimHREY

SRMPEHER “OhIRAE”, RN HE
FINGERE 25 A T7 THIHB L5 M BRAE ARARL. A AT 2 AHALL
PTG THORA RIS 4, X EA A
20 BB L, 42 BRI AT 5T Bk
H o ER TR R IR S A R AT, BN, T A=
MREA I, N R A R A% R o S sl S AR
W) FHIE A 2 Mg b, SR g R T RESE LT
MR B T k208 50 7 2 G A R B o, Jd et 43
e B, T LARR e U DX g (1 4427 1 47
A H A W] RE AR AT b BRI S 46 108 ik 23 1R SRR WA
P B, Righter 25 (2016, 2020) HEI 4 42 M
AR N TW-2 2 TW-1. BRitb 2z 4, WF5 4 2 Ak
BT A5 5AAN R 7 AL, R N BT B S
PRI B B 3 AR 1) B 22 A2, 7 H AT D2 R I
4000 Z W RIMT A, 4K 2 HI0 R AT AN T
SR AR m Ay, RO R R T ALl 4 B
ANEHIBR (Kane et al., 2014), BF5UAT A ALEPANHL
T DR R 2 N PR e AT R A S e
AR EEFRAE. BT ERBEEH M E, 4
A EH AL R R Hbrz —. A EAMIE
ANETHEARRIAE, AT &R IR RN KA
1k BRI ) KRRV HE 55 1 FRATTA 46 22
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Ik, (HIRATTA BLHAHLE , FEAZE K,
NRERZR < 2 (T W IR 21K

IF 40 5% B 23 0K JR) 1 < 22 R0 23 B /D A
(The Venus Exploration Analysis Group, VEXAG)
B (2019 SRR Frfa i OIEKE , S IR R
EATEZEARR

C1) T AR < A 1A L S0 e R0 9 A 1) R T e
LY B2 KNI R AMT AL 5

(2D T A RN B 2 R 2

(3) T ARmt L, DIRHHERA
R T IR & R 2.

X T IX AR H AR AT AR AL Ay — BB TR
o, e, <g A SO R R I A AR S
KNG 2 < B e o] BAT AR AL 1 T BRI AR 7 LI
FEPRTE T 4 R B A R A BROR ) S 5~ )
BN ? AT A TR T e AR E)
J)E R WREeH O BRI IE T AR ? SR
MR SR T A AR BAEHT? O T g 28 i)
L, e AR O3B AN AT R R R T 23 AN A
Jita), BT B EA R E

2021 4F 6, & [ AT %5 AL K Ja) ( National
Aeronautics and Space Administration, NASA) & Ali
JA B LA B O BRI H AR I H —— 2 K U=
S TS Ve AR L AR T K& KR I AT (Deep
Atmosphere Venus Investigation of Noble gases, Chemi-
stry, and Imaging, Plus, DAVINCI +) F14: /2 1) & 4}
R THA AT IL HEADGRE
(VenusEmissivity,Radio Science, InSAR, Topography,
and Spectroscopy, VERITAS), 8l #% v i) 76 A {H:
28 204 AR K B CfF Bk U« https:/www,
nasa.gov/press-release/nasa-selects-2-missions-to-
study-lost-habitable-world-of-venus) . DAVINCI +3
LR DA Rt N W =0 731 o I P S R AP s [ N
A TR R L B R
AFAEHEE. DAVINCI +i1 R 5 i 5 K=, il
KAZ B MR RA LR, ol 2 1 P U R
Ji£. DAVINCI +it XI5 2 ik Je AT 5 B i A 1
—ANABHINAL. VERITAS S&HUE 8, il 45t
AR T IE L B v oy MR T, SRAT I EE ML IR A
b 30 H 4 R TR < B2 I 5 ) SR D R < R A
BRA [ 7 [ AL O B DA Bkt 4h, VERITAS &%
A Tk 2% ) <5 2 3 T PR 2L AN A R, ke o < A Y
Hus L FiAh, NASA VA2 B e PRI S5 “ 4
RN (Venus flagship)” 4 L HFE (2029~

2032 4F), ML E L E T e EERY)
WAL g s, JFE AR e, HIRERG &
AR A AL AT L, LRI e R AR S
IR IR, B a1 R TR S I AL A &
G BTG B H AT 2 795 K. Venus flagship 145 il
B 20122678, a6 1 AMPUIE KT 38
2ANINIUGE S 2 RIS BRI G . 1R
EAERELA T AN

IR AE 2021 4F 6 H, BRZSJR) & A TG )5 3)
G RN P “ & 55 (Exciting New Mission To
Investigate Venus, EnVision) ” Il H (15 B >k ¥4
https://www.esa.int/Science_Exploration/Space_Scien
ce/ESA_selects_revolutionary Venus mission EnVisi
on), %Ml H it NASA GAEIFRER), HBrifa A
BUE A% 0E &I 3% T NASA BF I 1) S AL AR A
( Venus synthetic aperture radar, VenSAR), 5 7
X R AR T HEAT = 70 HE R I . R T VenSAR 2
b, B SRR A BRI A IC & — DM R ik, BATE
A TR RGO, RS 2RO, Kt
BERAMER I, I — MR R IL N
45 K4 K1 ¥ 77 3% . EnVision #1UiE K AT &% TUH K T
2031~~2032 4 & 4. EnVision ¥4 LR T A& A 115 9
FX AR NNAZ B ZHATHIST, R 20T TS
HOAZ AR S50 L H AVE ORI 2 T R S
DA A2 A5 B A7 AE . IX XA R 35 B B AT
TR AT < R A BAE HORSERE.

e B R R — EAE LR “ A -D” 4
EHEMITH S BRIAT 25 o R B 5K T 2029 4R
KA (5 K : http://www.russianspaceweb.com/
venera-d-2021.htmD) . 2014 4 NASA JIASL IR 512
PRV R I S W) BT R & FE g 4L (Joint
Science Definition Team, JSDT), 448 itk ¥k 45 22 £§
TS5 HIHESE . G AL -D AT 55 T2l =AM A AT
MIESS . TRl DL s KB &R 4R 25 (long
lived in situ Solar system explorer, LLISSE) . #/Lifi #%
FHAT S5 SRR B KRB g 2 P TR it 3 R
IHTRA K BRI R I KA
WMR RE5 M Al B, A TR R
IE BBE. WA w8 IR A DL OKBH XAH B AR
F. 6Bl A 5 AT 55 AL I 1 3R B R ) S ) e
RS R WP R B AR
WFFE TG I s R = SR AT A 2% bt
&5 X1 LLISSE #E 4 76 & B AT A 25 10 3 A~ H
), ERWTFAE NI XGE XA il AT
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IR D5 NSRS (R DR B S s N e 3
KAWL BRNA R MRS S) . KSR
HLAE.

BRI 412 (ISROD %I T 2024 4F )i
KT 47 e ME (Shukrayaan)” #8028 0 4 AL,
XF 4 BT b 3 DY AR R BIE 9T (A R R UK -
https://en.wikipedia.org/wiki/Shukrayaan-1) . “&F 5
FOHE” BRI B R B L & TR R B S, B
i — BN 2 R & sALEH L (SAR), —
& I YR ED RE A A B kR 4 AL P ME o A AR

( Venusian Neutrals Analyzer), H Tl >k H K
FH A7 FORL - T 5 4 RS AR, DL R
eI

FiAks JURCE IR 2R S TE AR ARk 6
G A, W NASA H T AW X BH A “om w7

(Parker) AXPFHERMIAS, LA H ()4 A 7K 22 1R R
“ D REMe A (BepiColombo)” R &%, X L F3
AR G B, e O FRATTIRE — e I 3
. 25 LR, &R R NNk, PEAT
SRR EPER B O Pk, @ R R AR SR
AT, 42 3 A 4 BRI vH &), Rk
SaE ISR I WD S 4 | e SN R K N e 7 S S R AN
Wb, AFg: (D BB R I fER
IR FE R A5 5, TR BERIHERIN ) <
BRERIZS s (2D X4 B Hh 3 ks Ak 24 4 R
H 5 DRI G TS 5, AR AR S E X I8
BOFTI AT RER) KLU M L 2 X)) b AT 45 bk
KFE T (3D X4 2 RIS S I EE, L
WCAERI H bR, AT A TR E TR AS XA 275 A
Uiy PR A58 (R B A IR UE . Y- 2 R IR A 387 1 | 5K 5 0 5
v e, REEREBR S PN % R T
1EA.
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