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Abstract Venus is very similar to the Earth in size and orbit radius, but the current observations
show that Venus is very different from the Earth in atmosphere, surface temperature and also in
gravity and topographic features. For the solid part of the Venus, the most prominent characteristics
include 1) there are some active volcanisms but no active plate tectonics, 2) an average surface age
of ~500 £ 200 Ma indicates that Venus has experienced rapid global resurfacing, and 3) the
gravity and the topography are strongly correlated. In this paper, we first give a brief introduction of
some previous works and then we focus on our recent studies on the dynamics of Venus that
associated with these observational characteristics. The main contents of these studies include the
present mantle convection mode of Venus, the effect of phase transition on Venusian resurfacing,

the thickness of the Venusian crust, and the lithosphere evolution and resurfacing of Venus. The
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preliminary results and its implications are listed in the concluding remarks.
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resurfacing; Venus lithospheric detachment
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Table 1 Contrasts of some parameters of Venus and Earth
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Fig. 1 The topography (upper row) and gravity (lower row) of Earth (left) and
Venus (right) (modified from Wieczorek, 2007)
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Fig. 2 The characteristics of the gravity field and surface age for Earth and Venus

(modified from Schubert et al. , 2001; Wei et al. , 2014)

(a) Admittance, i.e. , the ratio of geoid to topography; (b) Correlation between the gravity and topography; (c¢) Cumulative area

in percentage, i. e. , the ratio of the area that smaller than a given age to the total area.
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al. , 1992; Schaber et al. , 1992; Nimmo and Mckenzie,
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T B A A FRATT R X S R R R Y 4 B B ) A
AT AL HE LA 4 A b 170 X YA =X LA 72 X 4 R R
TSR s e 4 B LSS R R e B e A L S
B SE B 5T AR RIS 1 AR DG A

1 4 2 b 1 X i A X

VK T R ) 37 % b R ) PR 5T SRR L M ER M
W2 1) 2R P 45 M A A O T2 R AE S B s B R A S A LI
FHPE Y AL B RN AR R VE Y T i (8] 3a A 2,
e gl 28 ) (Schubert et al. , 2001). {H Kiefer f1 Hager
(1991) Fy 5 T 51— iy 1 FAAT: 1) Bl ) “F BB BF 2 W7
LR 38 124 4 4 B ) R T R AR 1Y 32 22 5
T2 B4 BT TR 28 b BR A B Bl FRAT TR
FH =4 4 R 4 RO W88 0] I A5 B, AR AR 48 R R T Y R
J1 HOIE SSRGS RRAE  BR R T 45 Fh b 1 55 14 45 4
T4 2 M i X S (8] 3) (Huang et al. , 2013).

TR R R 1) W R 4 AL b A7 7E 2R ML Bk i
B P BV P A A BT 1Y e A e s 2 (3
Hhag A R RAEAYBLRY 2) , IR R (Y = ) 5 P iy
55 BRI AL o ol 2 AR AR B 30T ) 5 I S



10 B A KA+ 4 R I B X O L A A A R T B 3507

(b)

107 10° 10 10*

(C)

jiﬂyk/ﬁﬁ/m
L — 3
-80 -60 -40 -20 0 20 40 60

Viscosity i /m
L aa——
-1800 -600 0 600 1800
() LOF (g)
10%F £
g % 103 L
o) 2
E = 'g 0.5
TE;_ 10! E %
s £ 102} 5
2 g S 00t
3 10°F &
° g
=
10" . 10! L -0.5 !
10° 10! 10° 10! 10° 10!
Degree Degree Degree

B3 4 e o 1 (R U 2 R
() AR AL (b) BERY 4 ) 45 iR 1 2R (0 Tt s (o) BERL 4 A RR HETT 5 5 (D) BERL 4 3 T 5 () R
R K 7K T R 8 TR T BT AR s (D AN [R50 S 2 R M8 R T B R s () AN [ S A K K o T 15 0 9 AV DA [ o 1— AU
AR B, 53515 Huang 45 (2013) HAY 1.4.9 A1 15 A3 )i

Fig. 3 Numerical results about the present Venusian mantle convection

(a) Viscosity structures of different models; (b) The isotherm of model 4 showing the pattern of mantle upwellings; (¢) The

geoid of model 4; (d) The dynamic topography of model 4; (e) and ({) are the degree coefficients of the spherical harmonic

expansions of geoid and topography for different models, respectively; (g) The correlations of geoid and topography for different

models. The number 1-—4 denotes numerical models with different viscosity structures, which correspond to models 1,4.9 and 15

in Huang et al. (2013), respectively.
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Fig. 4 Numerical simulation about the effects of phase transition on Venusian mantle convection.
Modified from Yang et al. (2015)
The downwellings (a) and upwellings (b,c) at steady state of the simulation. The time interval between(b) and (¢) is 1. 0 Ga. (d) Cross-
section of the residual temperature for thin black line in (b). (e) and () are time evolution of the root mean square velocity and the surface

and bottom heat {lux, respectively. Also included in the bottom of (a)—(c¢) is the temperature field of the core mantle boundary.
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Y77 A i 2 IR bR W A kB Y ) 35K
2 W R AFTEA 22+ 5 2R 3l g 2 RO 25 5 B A R
RO AEATAR B ) SR A AR SR 1 R IR T M
M8 %) {5 B, (Smrekar and Phillips, 1991; #40 = %%,
2014). FRATTRNIE , 4 B 0 B ) AT 9 AH OC 1 — 4>
TR T 4 B N BB B Bl g o ao AR e X it Y
YEH (Kiefer et al. , 1986; Kiefer and Hager, 1991
Huang et al. , 2013). L F] F 8 1 5 #u B R RS 7l
B 7 3 7 J5EJBE 5 R RO B ok BT b R S 1Y 3l
J1E RN 5 B R ) 5 B & (Pauer et al.,
2006; Huang et al. , 2013). M. FRATHEE T HFH
5 ) F0HE rh 15 b 3R 5l g 27 %00 1 O vk H—
JE MR XS 5 I 9 0 B 5 A O R B K i T TR
T L Y DT % 4 2 L BUE 2~ 40 Bk 3l ) 2E RO
(B =, 2014) 5 53 b —Fh Iy g 2 i 1 4 AL ot
52 o8 Vi ) BB ASE AU 5 0 A O A ST 4 R ) Bl ) o A
f g AT 1 56 2R, OF Bk T A BR 3 ) o RO
(Yang et al. » 2016). PFp 7 yL 45 AT 6 5 45
BT A O T R st 7 JE R 25 2R

MNIELS Hrn] LU B0 1R 8l )27 R0 1 2
HR A 4 AL A0 ) 5 08 T 5 0 e JEE (B R ) B
HIE (B DA SRR W X 5 LAAT TR 45 2R 26
Ul (Wieczorek, 2007). 411FR 3l J) 24 % W )i » L 5c J5
JER AR ARt BT AR KR 2 e (AR = 55, 2014
Yang et al. , 2016). 53X W, 3l J) %4 %00 % # 52 J5
JE T BA S .

BT EAE R WOR A B 5E )R A 20~
65 km Z [A] A5 fk, JE K F 50 km X 5 32 %2 Ishtar
Terra . Ovda Regio 1 Thetis Regio =~ H#i1 [X_, iX &L |]]
DX F14) 2 5 20 0L 35 ok 2 M . — b R R ) A R A, G L
X J2: 5% 4% 1) 1 3% il #l1. Beta, Themis, Dione, Eistla,
Bell F1 Lada 55 Ly 3l (14 3 5¢ )5 B 52 B g 2 8800 5 1l 45
RN ER BN 2 5 Wi Ja T 0 R B W] B A N L L SE AR
L 5 MR B AE DG PR S5 . — Fh AT RE 0 A B2 X L 1L
DX 2 AR AR VR F I 45 2R (B = 45, 20145 Yang
et al. , 2016).

4 A R R IR TS e R A
TN LTI HO 3R S HLE 47 VA B 30—

PERCINIUEIE BB | e o R N ol N S R A =
G4 R R PF L (Wang et al. » 2015) . HIFUL
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TE AR AR I A B R 4 I A B A5 A L X
B EE ) ANFRUE W DU BUA A BB ARYR T, ik, FRATD
R FE A 2 o A B R AT T R AR 4 A AR
T A B AR IR U0 i ) P L 2 ML ) CRF s 0 5 4
K 2020). &l 6 f R A — SRR A5 IR
TS5 S IR SR N 3 AH G I B o A Ay

Thetis |

Aphrodite Terra

Bl 2 kA= JE PR UL (E 6) . 5 Turcotte 58 (1999)
S F) J SO PEART b AL R IR 2 700~ 800 Ma. Xf
Sl RO AR Y S BB R O O R Y R 2 i [R) AR
5~10 Ma 7647, 3X 55 #b 35K vg £ 30 5 A7 B AR 1 A 2
AL R IEAR —F (Wang et al. , 2015). ¥RUTHHE
e A P A TR BRI L X A 2o AR AT R R 4 AR AR T Y K

B5 @RMEEE. BHRA Yang 55 (2016)
(a) BLHEARYE B ) A 1 S A M52 JRERE 5 (b)Y FnBR 3l J1 2 52 il Ja 135 Y b 7 5 B
Fig. 5 Crustal thickness of the Venus. Modified from Yang et al. (2016)

(a) Computed crustal thickness directly from gravity and topography; (b) Computed crustal thickness after removing the dynamical effect.

Bl 6 A e IR 70 19 AR 0. AR R A A B <K (20200 B 2k
Ca) B CED AR CRO B AL B (b) BERFHE0~0. 95 3520 Al 1360, 9~1. 05 i £8) V- 1y 1 B i ) 25 ks 5
(o> 1T B AL AR 1) Al Pl Cb) A Co o SR 6 T 6 53 SR s 5 0 1878 3 5 2 1 B 500

Fig. 6 Numerical simulation on lithosphere delamination. Modified from Xiang and Huang (2020)

(a) Snapshots for the time evolution of the temperature field (upper row) and viscosity fields (lower row); (b) The time evolution

of the average temperature in the lower part of the model (0~0. 9, solid line) and in the upper part of the model (0.9~1.0, dash

line); (¢) Time evolution of the surface heat flux. In (b) and (c¢), the black and red colors denote models with free-slip boundary

condition and no-slip boundary condition, respectively.
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REVE BT o AR A — 2L

G SR Al Ji] S04 R AR R 4 A AR TR Y i
e T3 — A T 2 B oK XA R R S R A
TR PRE AR F M 2 e B B 3 0 A Y B
BEZE AR AZPREN SRS . &2
A B BUSCRAS 8 (Turcotte, 1995). 3k B, #f
UL R Y BICPRARIR l A5 AR 22, Wang 45 (2015)
PSR b v 3738 A B8 A IR T e bk B s i

A P I e R DO 2 2 3 2 SR AR T (] (I 7).
Wang %5 (2016) 7E 3543 B 97 L 3k B 1 B0 e % 30
Prumad B2 0 # 2 Fe e iF R 40 3 ~5 £ (A
7o) ik, SRR UL, B FRUUES A SR T B Y
SRR BE BT SR AN e Tl 4 B AR AR R
AIRE 204 AL RO 19 3000 28 A7 CRE P T 42K
2020). ¥ AL LS AN VT REAEAE IR 22 IS SR IR AT TG AE
YRR R A A PR AT R L R AR,

0 A
0.0 0.1 02 03 04 05 06
3

B 7 ol R UL BB AL MRS Wang et al. , 2015, 2016 &2
Ca) 32 CED FIL 53 CFO AL TE B A I 1] 2 BB AR s (b)) S5 A Pl 2 R T I o 1T A AL 18 B ] 2 4 5
(o) RFRIT B AR 2 P I 22 5% 1B B R &,

Fig. 7 Numerical simulations on delamination of thermo-chemical lithosphere. Modified from Wang et al. (2015, 2016)

(a) Snapshots of the temperature field (upper row) and compositional field (lower row) in two different steps; (b) Time evolution of the

surface heat flux just before and after the destabilizing of the lithosphere; (¢) The relationship of the heat flux difference between the

destabilized stage and stable stage with the buoyancy number B.

6 4hEiE

A SCAE8 T FRATIE AF K B %o 4 L v Ak R 1Y B
712 ) BT J i JUAS 7 T W F 58 T AE. FRATT I BIF 5%
SRR

(1) 4 B 0 5 7 R0 R 7641 B 300 e B2 A OG5 e
A 114 b Xof R 2% DDA DG 4 B ) R
AR B J00 52 2 T HL ot i 5y J 2= b B L & B H AT AL T
A BT R b T I 2, A 2 R0 T b K
88 1% A9 P 3200k i A =X A 4 B IR Y i ) R
T e BEAH OG5

(2) H T 944 BN A7 70 268 b BR 000 VB 45 44, D
MR ZAEHER A EiE M EER R R EREH

HI IR A 1 3l B AR AL 1 5

(3) FH7AZ X 8 2 4 B 1t 15 6T Jak 19 4 D 45 48 LAY
LA AH = GEBUE AN, A R WO S X
T b 4 T ) BEL A A M DL 354 BR UM 1 1) 1
CiFsE

COTEBR/D L Z=Z WL A 1 00T & T4 B 5 ) AN
HJE B B 20T 3 SR T 0 g ) kR A
bS8 R (1] S e A RS S

(5)4x B A B AT DL R A T I 24 2l 700 ~ 800
Ma B4 Dt B8 PR 002k 72 7T DA i o A B A B Ak
BB HAFZEI RN K 33 Sk 75 o 4 3K T SR 19 3
T2 ] 8 2 IOMETE A 5

(6) B fH 1 4 B /s 5 A Bl Y 700~ 800 Ma
{140 Ji) 30 1A A D0 IR AR T b IR Al B A 3 3 3 19
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