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Fig. 1 Reverse faults and thrust faults on

different planetary bodies

(a)— K AL b1 i WE 4 45 (Montési et al. , 2003) 5 (b)— H BR & i &
[l S R B AR I o T SR 2% 50 o T U2 AN T 288 2R 1Y) 3 10 T 40 v A
Fe 4 1 vh 41 68 35 Sk T R O I R S L SR R R I IR R
% 1 Lunar Reconnaissance Orbiter Camera (Robinson et al. ,
20100 FFH5 Co)— b IR - 3 7% 15 2 T A i) /)s 2 A Ji& 0 5% T A 3 G
HP B LR A TR 2SR AIE 5 3 A1 R A b Y 09 B A R R R A
Lo A2 TR0 AT D 3G A Y A R A B . 206 R Sk B8R I O L]
], 5] B Plescia et al. (1986) ; (d)—HbERIS b FN B AR HL 35 7% 1Y i
R B R g A 45 F Y T AR A3 4 4 (Montési et al. 2003)

(a)—Sinuous ridges on Mars (Montési et al. , 2003); (b)—Various
shapes of thrust faults on the Moon. The surface morphology along
an individual main thrust may change along the strike, as the red
arrows point to wrinkle ridges, and the green arrow points to a
lobate scarp. The base image was obtained by LLunar Reconnaissance
Orbiter Camera (Robinson et al. , 2010); (c¢)—Small extensional
and contractional structures formed during Earthquakes, the red
arrow points to a car as scale (Plescia et al. , 1986); (d)—Earth
analog and numerical simulations reveal the subsurface structures of
various shapes of contractional structures on planetary bodies

(Monteési et al. 2003)
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Fig. 2 Normal faults on planetary bodies

Ca)—JCE F I 3t 80 28 258 vl TR 3t 8 v 8y AT B8 19 s A 8 00 14 1B 2 ol JRE 310 K IR R T 2 2B T2 . 51 Schultz et al. (2010a) 5 (b)—J
Bk Ariadacus Hy %5 U1 ] & AT I K R T 300 km, i Sk FTR 09 13 ke AR (938 5 508 H L B SR ¥R T Apollo 105 (o) —4 A2
Magellan BRI & X B R Ts’an Nu Mons K il & HJH B ACAIR L EE RS0 (D — B S8 £ /M7 2 4 Vesta B 19 Rheasilvia #3#4 &
BRI %1 R 45 . Rheasilvia 18 1 45 19 542 ~505 km, 32300 4 Vesta [ H 42, & H Y IE #o TE J2& 45 b o o (4 o e [ 512 L 3009 5k B Dawn; (o) —
4 B (Saturn) AR A ML HE 245, %3 >k A Cassini

(a)—Morphology and topography of graben on Mars, which shows larger throw in the center, and the bounding faults exhibit an en echelon
pattern (Schultz et al. , 2010a); (b)—The Ariadaeus graben on the Moon has cut through both the lunar mare and highland. The length of
the graben is over 300 km and the arrow points to an~13 km diameter crater as scale. This image was obtained by Apollo 10; (¢)—Radial
graben system around the Ts’an Nu Mons on Venus, and the radar image was obtained by the Magellan radar system; (d)—Concentric graben
formed by the Rheasilvia basin at the south pole of 4Vesta. The diameter of Rheasilvia is~505 km, which is close to the diameter of 4 Vesta.
A positive topography is visible in the basin center, which corresponds to the ancient central uplift. This mosaic was obtained by the Dawn
mission; (e)—Parallel and en echelon giant graben at the southern hemisphere of Saturn’s moon Enceladus, the data was obtained by the

Cassini spacecraft
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Fig. 3 Strike-slip faults on planetary bodies

(a)—7K B bR —Z W R R 7 4 By 1) b 4t ol o g e o ok e
AL LR A 3 BTS2 AT AR A T A ) b e AR 2 5 b i A R AL
(b), 31 A Byrne et al. (2018);(c)— K& Iy — /N RIE W W72
5| { Massironi et al. (2014); (d)—4:J& b9 — 40P 74— A 7%
i 14 S T T2 BT T OGRS VG 1) Y I BE 4 L 51 B Massironi et
al. (2014) 5 () — AR P B — SRR B I R A T 47 EH 51
[ Schultz et al. (2010b)

(a)—A lobate scarp on Mercury exhibits different displacements
along the strike, as the central peak of the transected crater has
prohibited equal-displacements along the thrust, so that strike-slip
faults might exist to accommodate the differential displacements.
Panel (b) shows the schematic diagram of subsurface structures in
this region. This figure is referred from Byrne et al. (2018); (¢)—
A small strike-slip fault on Mars, and it is referred from Massironi
etal. (2014); (d)—A NWW-SEE trending strike slip fault on
Venus has transected a set of NE-SW trending wrinkle ridges. This
panel is referred from Massironi et al. (2014); (e)—A strike-slip
fault on Europa and this figure is referred from Schultz et al.

(2010b)
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Fig. 4 Folds on planetary bodies

(a)—k B YIRS A TE R 4 5 M BR T e B 2 0L, 56 1 05 0 0k 38 1 T2 A5 18000 o 490 7™ 1R 4 A1+ 2% W 12 DX 3009 ) A0k L A At 58l 30 I 76 7 -
PR AR ] BR3P . 518 Schultz et al. ,2010a35 (b)— 7K B B L5 3 19 P9 1 JEURI 07 J6 18 o BB D08 40 Pl vl il 1 € 8 S i 8 2 2%
fii o BTG A9 b TE 0 1) 3 75 B9 R AR AR 4L, 51 MESSENGER ;s (o) — A T2 [ i 8 4, 22 BRI AT T8 43 ) 0 D e P81 4 428 5 430 Ak 38 0 vy 11
PR BAAE SCELG RS 1 B R T R . WY RE B A T U R R AT I SR MRS L 51 B Prockter et al. 52000

(a)—Folds formed in Mars sedimentary rocks are akin to those on Earth. Analyses of attitudes of the deformed strata, which can be measured
based on high-resolution topography data reveal that the fold hinge is trending NWW-SEE, and it is inclined toward the west. This image is
referred from Schultz et al. ,2010a; (b)—Long-wavelength folds developed in both the Caloris interior and exterior plains. The white arrows
in this figure show that crater floors are tilted away from the hinges of the anticlines. The data were obtained by the MESSENGER
spacecralt; (¢)—Folds on Europa. The left and right images are the original and processed images for a same region, where folds can be only

obtained in the sharpened image. Along the fold hinges, parallel openings are visible. This image is referred from Prockter et al. ,2000

Fal G 19 BB . 40 20 4 60 4R AR RART . KHR
Mok AOA BR R ORI O & kil 1
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Fig. 5 Joints on planetary bodies
() — K BIF A SR MR b BRI A 78 . BdE 51 B NASA Curiosity Mast Camera (P& 824 4m) 5 (b)— H BREZ I A e L 1Y
W (Xiao, 2014) . FEA A MWK =5 0 H BRE (ERIFEL 4m) 5 (o — K B L AR Y 21 55 3k 10 @ AR L, 3678 T R ENE A i 5K B
ZHAEM 51 A Milazzo et al. (2012) 5 (D) —H BRL A JE HAAFE R B L CGEEAFT S0 ER R & B NIE S M ADIR AL, 51 A Xiao et al. (2014)

(a)—Joints at the landing site of the Curiosity rover has been filled by younger veins. This image was obtained by the Curiosity Mast Camera

(image width is~4 m); (b)—Joints developed in a surface boulder at the Chang”E-3 landing site (Xiao, 2014). The image was obtained by the

Yutu rover onboard the Chang”E-3 mission (image width is~4 m); (¢)—Column joints on Mars are identical with those on Earth, which

requires the interaction of surface water with hot lava (Milazzo et al. , 2012); (d)—Joints in lunar basaltic lava flows where cooling fractures

are visible (yellow arrows), but no column joints is visible (Xiao et al. , 2014)

2018),

W7 )25 (fault population) i 7 - B R &R
(displacement-length scaling relations) &2 T f# Wi =
T Sl R, I K B R A A Sl ) o R AR Y
& (Marrett et al., 1991; Walsh et al., 1991;
Scholz et al. , 1993) . X Wi)z 2k K i i FE 0F 58 3%
Ui 1 =N G S DR VAR > %5 53 N T 5N
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TR AR S AN BB A G, — R AE 0. 001
1 Z 8] (Cowie et al. , 1992b; Schultz et al. , 2006;
Schultz et al. , 2002) ; T 46 % ¢ 5 Wi )= T8 1B 25 8

K, ERAXE T A R KEZE 758
ANECEE G IR W L30T 2 A E T W2 B (Cowie et
al. , 1992a) ., — A WHEHERT c=1 FIRE AT K
A T S22 0 A 1 B 0 A AR AL PR A A ALY T =
BE. — AT ZHERY c<<0,7E—0.5 Fl —2 Z[H]
(Marrett et al. , 1991; Walsh et al. , 1991; Scholz
etal., 1993), X EWRE W KB, (i A =
— L EE 5] ) S8 s O DB 2 A AR R R v AR
F2 Sl BB W2 PR T A0S £ U i 2R R B
SRR HE /N . T B <0 1Y FT RE 5t IR BT 2 AR AR K
o FE o AE B 3% 422 (Schultz et al. s 2010b) , 8% W 2 8%
PR 76 3 — SR BE 9 (Schultz et al. , 2002), H{f&
155 B0 45 5 S B Y A7 S BB 0 &3 1) g A T =X
AR BE Y 3l 3 HLBE 73 #r

AR U S T 5 b Jo A 3 1 3 A0 R gl ) 2 AL B Y S
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Fig. 6 The geometric, kinematic, and dynamic

analyses for contractional structures on Mercury

Ca)— 7K B2 R THT A4 — 2L 30 e AL 1) L 280 5 oo S 2488 2 v i &L g =
AT 3L T 05 W O3 S 8 ok IR T NASA MESSENGER; (b)— 7K A
S IR A 3 04 25 ) 43 A B CAE AN TR 26 B Al 1 5 1] 92 71 (Klimezak
et al., 2015) 5 Co)— R fr 7K 2t 2 1H by JBT A4 325 1 3t T 25 440 A7 26 ]
RETRIK 5 A1 T8 IS 38, A7 46 w] R R ) 76 I8 1 & A7 18 38 (Byrne et
al. . 2018)

(a)—A set of north-south trending giant thrust faults and their
related folds on Mercury. The base morphology and topography
data were obtained by the MESSENGER mission; (b)—Global
distribution of contractional structures on Mercury and statistics on
their strikes within different latitude zones. This figure is referred
from Klimczak et al. (2015); (¢)—Suspected subsurface structures
of contractional structures on Mercury, some thrust faults may
have extended beyond the crust thickness, reaching the upper
mantel. Smaller faults are restricted within the brittle lithosphere

(Byrne et al. , 2018)

BEARE . TESRHUIR AR SO H BR AR T AL Y
B o 18 T IR R B AR T 285 KA 3 1T i AL ) 3t 35
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(A A HHE S50 T3 20 A i A S e T 26 17 Ml 5
FITHIAF A B o MO KRB 3l 2 HE S 32 B 2 7E
W JRIT A S U A B B A S R 2 bt IV R B B
AR TR 7 AT T A BRSO R S
S S 2 I AR T o R AR A R A o
191 4n R PR i ol b A EL A i e O SO T . i
o PUGE T AT 2 TR 5 A i W AR X A 246 X

4751 (Neukum, 1983) ., 3% J5 2 44 & th 15 4> ¥ 43
R« 8 o IO B U Y DR /N33 A O3 A A RV i bt
PR TR B HAR IR BT AR AR R
ST B X P I B SE AL 2 Apollo
Luna $H303& [71 (4 H BRAEE 5 DL B X Rz i )2 206 | 48
B /N5 43 A (Neukum et al. , 2001, 7
SEBRWFSE R, i A G T 0 I b 5T B 5T (A M R 3D
A T GO RN AR O3 A AU i i 0 AR O R
AR T AR o BIVE] A SR L B T 1 26 %o AR I (1
B, 2013) i IR ) BRI BA 2R H A K A &
T P 43 o AR ) ke o B A Oy R AR AR T R
W e B HoAth R & I (Hartmann et al. , 2001;
Strom et al. . 1988) , K& [ Hb BK 7 Hb A B 5% 2 5
UE TR EIFEN— B al S v G gt S e R
A 3R 100 1 TV AR AR I (R R E B T

b AL 3 1 T8 RSN ) K HC T A r) b 5 T S
AE H Bl AL 0 AR . X T 4R E Y 3 S 3
FOIE I [0 Ry A8 5t 2 [8) 23 A J7 2002 98 78 oA
I 7 5 S R Bl 0 R R UL R il . 455 A A B
S HE ST, B (A UL 2 26 T Bl g AL o i R Y T 27
o DIKRE B, 23k o3 A 1) 85 A8 3 (8 6b) B
b JZ A2 V) O R A2 X AR I R OE 1 ) 3 1 T AL
T3 2 B R e B0 8 T I AN S 3 I A P W
F8y T S AT A0 ) ) 97 il R PN S A v B 3 AL
1) 4 3K 45 2 32 20 ) ok I (Klimezak et al.
2015),

3 MR AR Y ) 3 78 1 S

A R B 1 38 38 A 2 A — R 1R iR
ASOREfRT A Bk 4 AL L R IR T B ) 36k v Al
S BRGNS 21 DL B At K A 1 A 3 A R T 2
# Watters et al. (2010),

3.1 BAmmiERENEE

JVBRER T fc il 28 1 #0810 S 2 L A T 00 S+
JETE L RHG AR IR TE 44 ACAE A . H R
S0 N T AR AR R T R A Y R AR R AR AR R
Ik (Solomon et al. , 1976) . IR, 7 HBRE 113
et b 2 BT O TR VSERCT TR R IE
Tk, H Gk = 0 F£AF M 2 M & CAndrews-
Hanna et al. 2013), HbJZ 28 Y) ¢ & 3K W] axX 26 4%
P 3t 2 ) Bk b gl 2 0 M R 3 E O g RN R
X B 3 Xof A BRI K B BeIE R B
8 4R A &5 5% (Andrews-Hanna et al. 2013),

M I b AT LAY ety 2 i ) ko B R 3 e A
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HiAr G, i B Ry BB O W2 E W RE i BT
ke, 1l I 051 A7 A8 R R B A BRI G T B T
it 30 Jen, BN BR b g5 2 04 o 2 AR Vi A
(Nahm et al. , 2013). ARERBM G EH LR
HIE WAL ~ 42 ACHE R, R X s 7T RE A7 TE
(Taylor et al. 1983);38~32 AZ4F 1 Ja B K HLAR Kk
s & I8 i 1 A BROE T 32 2 ¥ (Hiesinger et
al., 2011, HWE & o FHE & 3R 8 A5 & b 3Rk F Kk
BCE A E o LG IR MR RS A H e
AR AR B R T 2 e L AR T R R A
KHCE Tk R/ 5 UE K (Solomon et al. , 1980).,
() IR 75 3 BR v b 0 A7 7 DR i AR LR Y i Rk
B BY I R A3 )2 A AR B2 Y Ok R R H
B 4 BR WA A A2 A8 ~ 38 ACAE T, T 5 ¥ 2 L 1Y
T REAT SC B i J A 3 7E ~ 36 AZ4F J5 RV 1 &
# (Solomon et al. , 1980) . XEW A ~36 {Z4Hi,
AR BRI 0 B A R4 b B, (1% —42m
& 5 7 R A E ) UURE AR G 19 1E W72 TR —
FEASCERT oK L AR 0 b B ] BE R AR R AR R ) TR AR
P IE LR - 5 TR AL T e M2 A0 B8 AR IS 8, TR 2
15~20 km (Klimezak, 2014), M #5144 i 1) 48
A 0 7 L B i B BR PN Ve R i Y 2 AR
455 2 /b T 1 km (Golombek et al., 1983;
Watters et al. , 2010) .

I, oy PR AR B e H Bk R T
1t 4000 FAERR BT EM G (B 1b) . EAT98 T &
A SRR 1 i 4 8 B 3% B 3 S B s A 3ik ) A 1
HE/NF 10 ACAF AR Z T H BR b 5 4R e 1) M 5 4 1
(Watters et al. s 2010; Xiao et al. , 2017), FE
=S B AR R T B R R M 2SR R Y B R TR
(Zhao et al. , 2014) . EMTAY K — B B R AT
K2, ZRNAESERCT ] BRABEAR N ~100m, 7EiX
S 5% ) 3 Y9 8 T b TR B SRS L AT /N TR e R A
BT T2 B T BB B S 6 ) BT
(Watters et al. , 2012), %k IMFEH A KKK AE R
A A BRICAR L X 5 b BR ) B IR & BT BR N R AEAE
WEEZW A (Weber et al. , 2011), X Bl i % i 39
L2 AE Y T B T R SRR B B AR RE AL K
BH 58 N B — 283 U5 M 5= n] RE H W 2 T 3 ik &
(Watters et al. , 2019), & B VG sl 7 )2 & K 3k A Bk
B b B DA 8 RURR
3.2 &EMEENEE

xR RIS B A B R R A A 5 b R v
ARARL S AELHG 8 % R AR 2 T 25 358 00 34 5 35 £ 15 4t 35k

RN . 4 B — A Ol S ~ 70 D0 1) 3% 18 B
T DR AR Y XA Ll - i A A
SRR KR i R R B e 7Y b B A 3 L OF B
HFEE A SRR (Masursky et al. , 1980), H
o, B2 R IA (terrerae) J& 2 W1 R [R]E ) 1) 1 R 0
PR 3 B i 2 2 M i BT (] T AR B AR
ffcd Z T, KEA AR T2 &
BOA KB 8 B e 4 B R T S R
(8 7b)  FEIE T EAE R A L s F s B e
SRS Bl R AR 5 b BR L — 283 ol P B 2 1L
H AL (Sengor, 1990), 4 & by — st J R il i
T 7T BB 2 L8 A BB R L 7R S B AT DL O R B
D15 TS I A i T R DG I B R G, ) Ab L X B
JO R DR WL BT TR VB TR R ECT K
ML (B 7o), AR I DR BB A 10 fif SRR IR 2 i &
B, 5 H ek A KR R A X R EE AR AL (Solomon et
al. , 1992) . JXUERAT L 4 B 3R 1 I AR 10 4t i 4
WZ—,

4 B AERIAEAE ~1000 AN T K B AR
TE 20 km DA b, 23 8] | Bl ML 4 45 (Schaber et al.
1992) . AR IX B4 i UL B A A R I PRAFIRES HA
()t J2 4 18 7 b, 5 5 5T b Y o % B T 0 S 2%
) X R A R AR Y R BOM Y . ek T ]
A T BUAR AR O B 4 0E Y 4 BRBE AR 8 ML 400 ~
1000 Ma A&, H ¥ /N T 10 /24 (Strom et al. ,
1994; Philips et al. . 1994), My B4 & wnfay % 4%
TRV ~80 Y0 14 4t T 3 53¢ 5 7 A 2R e A X b T
%S E KA 48 (Bougher et al. , 1997), KA 8
AR 4 BEAE R O3 M 5 iy 52 NI A T R AR AL
JT 3 Ak AT RE DA K 21 3 J B L 43k okl - 38 3 B it
17 (Schaber et al. , 1992) ; ~10 124 LA ¥ i) — IR 5
B PR Y A K kLTS Bl BT A Y b BTl R
(Strom et al. , 1994), FEmIFENGE LG AE ST
PH0 F187 5 T 610 T 2 AR 3K B — R lf S BN & A ) Rl
¥ (Parmentier et al. , 1992) | [a] 8k 4 4= BR g B 16 )
(Turcotte, 1993) 45l Jj ML i Bl T T % B 9 A2 18 1Y
BGPTSR T AR 2 R R 3 A L )
AN W ek i T T AN [R) PR AR S R 52 U0 06 AR R f
A0 [F I AR5 1A [) b 2 AF 9% 100 2 R AL i) 4
b % B (Philips et al. , 1994; O’Rourke et al. ,
2014),

HOOR 4 B AR T M B0 SR A L B H AT 4 TG IR
PR W 4 B 1A AE 3 BR A9 AR B is 3l (Anderson,
1981; Solomon et al. , 1991), 4> ER#1)Z % 1 & #H
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B 7 S IR 00 M I F 35 00 5K 1) NASA Magellan T4

Fig. 7 Tectonic features on Venus, and the radar data were obtained by the Magellan mission
Ca)—5 Z 3t PR i 5E 1) R TR 9 M R R BY FE A 1 B & & MOE AL, B 2 Wi ig g iy - R & R R ER T Z MR R TZ —(bh—4 2
S, o C O MRA R R GCA  WR R WSS L et kg L EHIB S5 BT A McGill et al. (2010);(0)—
4 B Beta Regio Sy K IL-F 35 X . B i) LA el IX 22 [ H R R 2448 3R 3

(a)—Terra are chaotic terrains on Venus that contains multi-episodes of formation of extensional and contractional structures. Terra are

800 km'

the oldest terrains on Venus; (b)—Fold belt on Venus, where C denotes contractional structures, R represents ridges, WR represent

wrinkle ridges, and L is for lobate scarps. The classification is entirely based on their surface morphology. This image is referred {from

McGill et al. (2010); (¢)—The volcanic-tectonic Beta Regio on Venus contains large volcanic provinces and deep lithospheric fractures

< 2 T Y H 3 A AT 2r 3 S B B (Ivanov et
al. , 2011) : fe 7 1 4 Bk AL 328 B B AR 7 W o &2
% bR R 2 F- i 5 225 1 A 3K KLU Bl B B T A
BT A JEIR O FBT 35 2 BRI 51 I, R AE = )
TR it v T8 UK g W A0 5 76 5 JR I 48 &R R
JRy BB i B B B T i — SE TR R RS & R R TR Y
KOG Sl |/ B BedE A7 G A = B B AR
KeERWEEMBE L, REESRE AR T L&
AT REAR SR8 BRAY /N B Ll i 3l TE B 46 B2 )RR AR
% Bk (Smrekar et al., 2010; Gilcher et al.,
2020),
3.3 REWMERUEE

KRR PR 2 TP S A AIE S L BRAT R AL Z AL,
{91 7 ¥y HAT R0 50 42 K b OE 23 A L 5 36 T R
BRI I BR A K P S . 2 R A Rl Bk
Z RIS SR UESE L ST T RS A B Y 3 SRR AL
il o KR AT B Z A ER AR is g, — B2
HBBR Bl 3 W FE R B IR . Ol R R R Yt B
) 3 A% 2R L ] 0 FE AL b TR RN b 5 IR RE A A
(Sleep, 1994) 7K T KWk 45 1Y 14 3& 4% il (Yin A,
2012) 55 1y B 51 AR AR w0 R S 0 AR 5L

(BRG] 72 L (Viviano-Beck et al. , 2017),
KR /N A B R E 5 K B AR AL, FAE Al
FER T K T BE K B —FF L & T FR 8% BEF
2 FRICYE (Schubert et al. , 1990, Schubert et al. ,
1992) o KB TH 73 A R Sk (4 A e AN EE AL 3, Hoep
5 s 1 38 0 ARl A 3K 4 A1 CI&T 8a) 5 it Ji ) 32 LA b % 1
b FE I X E . 3 AT IR L DX R [ C#
8b). Ty — Tl KL K R R TE ~ 22 V0 TR (A
8b;Tanaka et al. , 2014), Fijig W22 09 4 BK k1L 7%
BN > 40 AC 4E T MR Fr 22 B 2 37 AC 4E T
(Greeley et al. , 1991; Carr et al. , 2010; Tanaka
et al. , 2014)537~16 fZ4F Z [a] ) K 195 2 F 22 4%
FAEDBULA Kl X3 (Werner, 2009) . BT 15
O3 P AR B R LT — S AR BT T T AR R
I vis i B 2 3 A X 3 (Hauber et al. , 2011), 3%
B R BN Bl g B ] REAROR TR BR . X 5 KR B
ESER AR UL E T4 KILE W) & (Carr et
al. , 2010; Hauber et al. , 2011) .,
SR BB AR 3 R 28 I R R
Z T8 UL v 040 1 3t 5T 5878 | 42 R 43 A 11 g E 5
B EEALF 2200 F )5 [ (Tanaka et al. , 19915
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B8 g M A 1 42 Bk Al R AR
Fig. 8 Global distribution of tectonic features on Mars
(a)— KB AR R (L LR 50 FIBT HM 3 19 25 18] 430 A (I A2k 250 . 51 @ Nahm et al. (2011)5
(b)— 2k B b il B OB TT R Kl 1 HL il 4 4 e R 3 19 25 ] 43 A &R L 51 B Byrne (2020)

(a)—The global distribution of extensional (red curves) and contractional structures (blue curves) on Mars (Nahm et al. , 2011);

(b)—Major volcanic provinces, calderas, giant basins and extensional structures on Mars (Byrne, 2020)

Watters, 1993), {HJ&, & A& 8 Ak 1 8008 A 0L 13
D kR B R 28 T R A BRI 4 B By, H— B
4. 24 (Andrews-Hanna et al. , 2008), X 5%
A1 457 R4 3 1) 4F 8% 20 A A W) A (] 8a; Schubert et
al. , 1992) . A W ANy, KR W] RE 280 ik 3l iy
S BRUCAH o AE B 2L R P T 42 (3. 8~3. 6 Ga) 2
W 45 14 0 AH By Bx (Schubert et al. , 1992), 5 —JF
AT KRS bt A 1 A F R RN ok X3 (A
8b) L K ILE S L SR A 30 A2 4R X R Wi
DX 35 1 25 A P A A 26 L T I A a2 R 2 e
FEE 2l AT RE A2 54 b I 28R i 1] KL 3l /Y 32
FH I HLE (Zuber, 2001), BELAM, X Fb K AL 3T
FIR) A Ji R 5 T A 3 BT 3R AR I 78 i i B 4 Bl i A
A HE R TR AL B Ay i 45 B 48 (Nahm et al.
2011) . PRIIHG , R 4 3K Wi 4 1) 3 36 A AR R
&, i 2T R ST 0 A BRI EDR ] 2% ARk
TEKRFW R T KREFR T E (Brown et
al. » 2019), SR 565 4R I 4% (InSight) 1E 7E i W
KR LAVPAR R 1 PR 45 48 R AT RE A AR S

3.4 KRIZHMRME

AR B = (Europa) J& 4§ K FH & ot — ] fig
Hb ERAHALAE 7E 42 BR Al iz 3l 19 K AR (Kattenhorn et
al., 2014), KT —. KT ZMATL=HZEARELN
R IR 1 s 2 0 4, 7 AR i S Bl R R
A B 1] A o D A A1 g T (s BER T0—, R T
AT =R T 32 K 80197 77 194 FH 3 0 3t 5T 3%
BRFR B2 38 9, 35 T 8 W AR % 3 3 (Collins et al.
2010), AT F i A 43 oy HUAR > (Moore et al.
2001) s AT RBAEBR T AR B—Z b, 4 Bk F 34 48 1% fe /)y
K B 2R R A, 2 i B X AR I R B 90 T T 4R
(Bierhaus et al. , 2009), XEWEART RKmWL
T3 T A B BR A b BT AR

20 42 90 4F 4R, NASA {ilFil w (Galileo) i1 %
XA B R G T T, oLk H 225 ) G 3 WL
LR T K2 Z T AFE RS 7K B (Khurana et
al. » 1998; Kivelson et al. , 2000), JEEF 24 100km
(Sohl et al. , 2002), b #FuK )2 B BE LT K 3]
KT 30km A% (Billings et al. , 2005), #zh f127



%1

MR B4R AT BTG - TR o BRYE Al Y i 269

THEAR T F o b0k AR HOJR JE PR R i AR
KBH 53 X A vk 58 )& KT 10 km (Schenk,
2002) . TE“H A7 e T I AR TR ke Rl g
Ry JEEEALE ke 1 Jif P BT R U R A 0 9
Bl R T R R O A 1% b B FR T A BR Y AR
(Jia X et al. , 2018; Huybrighs et al. , 2020)
AT RSB = BA RS R R, v] B & Ak
Tia) X U

AR BRI H 2w e AR TR miE
ALY R AIWTZ AR 200 244 KE 1~200 km {1
£ ¥ W1 )2 (Schenk et al. , 1989, Prockter et al.
2000, Kattenhorn, 2004) F1 3 =) 25 iy L 3% K & & /9
BRI K 2B (Hoppa et al. , 1999a, Greenberg et
al., 1998), Horv, 5E ¥ W7 2 19 =5 6] 73 A 07 X5 42
H 51 & 0 N 1 43 A W) A b BP 2 3k 32 20 217
EW, M Bk R4 17 E W (Hoppa et al.,
1999b) , ¥ BE — /T 10 km (& 3e) ., ELIE Tk 3
Bt %) 5 1) 5 W9 VR AE R T K52 9 7 A ) £ 0 )
(28 4k 77 2 Wy 4 (Hoppa et al. » 1999b, 2001), #
P IE R R LI sk 2B & P 1 0 ) RN T
ZUR A A A E 18] AP 2 AR O B A 3 km/
/INBF (Hoppa et al. » 1999b) ,

AT = FRE 40 % M X B P Kk &K
(dilatational bands) % % (Figueredo et al. , 2004),
Pk A 2 5 1k BB TE W A TR S A T A A
B o FIH 0 K AS W B [ T 98 B 7 A= vk 5 (B 9a)
FOIE S0 AE FE i P2 5 b 3RV I 1 8 A VR e 2 )
(Prockter et al. , 2002), ¥ 5k 55 W4 K R 2
29 40mm/a, Ay BK bR BP9k 0 R M Y
(Stempel et al. , 2005) . HF AR A AR T FR %
FEAERE SR . DL A 9k 4500 77 A4 1 B ok
BAE . AHZ L B EM AR AR T = BRI (K 90,
X R () R AE & AR /N (Prockter et al. , 20003
Culha et al. , 2014),

TEAR T — Falga Regio b #8%y 13.4 J5 km® |9
DI 85 R 2 B R Y S AR B R R T A& S A R AE
T T J2 1 25 )4 A FRAE . GIS AR E dt R R 24 2
T3 km® # XIRTC AR A L R A A A 3 0B gl i e op
] B & 4 T I P 7 = (Kattenhorn et al. , 2014),
BE LIRS o 417 19 3 3 AR 2 K 2k 1700 km, FE 35 30
km A% Hb #4% F AR B9 590, AR B subsumption
zone(Kattenhorn et al. , 2014), 7EAF e B 9
T3 70 AT UL 5 3R 9K I AR ARLHE 51 7 oK K e 3
(P 9b) o of AR T8 Al DX I 28 00 A T 5 e % B

TORAE UK 5T B A W 2 L R ol (8 9 38 (Cutler et
al. » 2015; Collins et al. , 2016; Perkins et al.,
2017; Rezza et al. , 2017),

1E 3 3 AL T3 T BT R IR B s ke an el
1 2R B w1 RIS 20 ~30 km {89 X 3 UK 76 2
4l K UK B FEAIRT T T B Il B K VK, S T RE LR AE
EIWAE S a2 R R UL (= 1537 N LA 8 07 N
R ali K R s i ] Wy A A o) dh2k . H
R AT RE 2 A TL— M3 2 14 K LUy Joi 2 B 3 I 7E R
PR R PR, BOE R T AR B K e A
(McCord et al. , 1998; Fischer et al. , 2015), X
e ER SR T 1 vk e B B 5T AR R A Y 1B vk
JETE U B 22 DRI i T 3R 2l T 0 Al AR o s AT
fig (Johnson et al. , 2017; & 9¢) ., BLLITE & B
AR B M K 5 1 R A AL BB G 1000, R THT ~
2.5 wt. Yoy Eh B0 R UJE BURS BE 25 L 9K 8 vk 5 A o
(Johnson et al. , 2017),

H AT A UL 2 B AR T B A7 A DX el 1 A B A
B, HOBOR B2 0k 45 2% B AR DU 26 0] R AT A Bk
O3 A BRI (Kattenhorn, 2018), A T Ay F ¥
25 RS2 AR I BT 28 LR B 5 & A (Jia
et al., 2018) . [A i, A T T2 R0 b A E i 1)
B . H T S R TR KA 1 A S Ay B
R BR S A T8 I P vk 58 T B % A= W e 1 AL o
IR K (Kattenhorn, 2018), BRKIF IR E &
iR M 1T 4 JUICE HI Clipper #1l # (Phillips et
al., 2014) Jo B0 HE— A5 B A T 7 3 1 A4 44 3 AL
RN RSl Tt .

A A7 B M O 3 0 LR B0 ) SE YR R

20 t2e 60 AR A Jre Fi a7 ) AR H A i R B
UL [ AR B G R B — 7 1%
W4 R — U 2 o PR R R R T AT
X HLER Bl ) F AL SN . B IE IR % 4 A
WSSO 2017 4 M ARG rp B 22 B kR g« Al A
T 5 R R 3l g 2 ) BRI 34 Al P 3 B AE S S HL
il b ARAR BEA RE Ve, TE AR B Il T2 1t T P 8 8 Ak 45
75 TR SR THT W 4 DR . 3 B4 36 AR 5 b 2 B i 4K 5l
T BAETE o RAK T R AL A BE A 7] RE
A AFIELR S o A i A Hofb R AR Bl iz K E .
PRI £ 45 0BG b 3K 5 B 2R JH At IR A 1 44 36 Ak
WAL JE 58 B N P K Bl ) 3 AR A b ZFSE (Sleep et
al. » 2000; Elkins-Tanton, 2012; O’ Neill et al. ,
2017; Stern et al. , 2017),
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Fig. 9 Tectonic features Europa
Ca)— AR T R4 3k A5 R 38 s 0 1) 0 S0 7 6 £ K DK B 5 ) 384 0 S IR Tk o o T € 3 S i 78 7 9 0 19 0T ) 1) 5 T 1 SR . 5
H Collins et al. (20105 (b)— AR T - AARHF oy  BR 2 g 1 i (subsumption band) , He i SR AR R A9 4 BR . R E2% B FR R 4 Y 2k
e g . 51 A Kattenhorn et al. (2014) 5 (o) —AK T A oh il i 49 @& B0 & . 5] B Kattenhorn (2018)

(a)—Extensional belt on Europa, and the dark stripes are {resh water ice that was newly exposed and the reflectance will be increased with

time; the white arrows point to fractures that were displaced by the extensional belt (Collins et al. , 2010); (b)—Potential subduction zones

on Europa which is termed as subsumption bands, younger extensional {ractures are visible within the bands, and the black dashed circle

marks an older remanent terrain (Kattenhorn et al. , 2014); (c¢)—Schematic diagram on the possible model of tectonism on Europa

(Kattenhorn, 2018)

X R A8 KA G i 5 i Bk g B A
A2 N AR G 1 S A Bl R R LR R A
MR IR 43 S =3 oG (Solomon et al. , 1982) : #u %
S HRHAE R AR KOS 3 (1000 A
el R0 T 8 1 0 PR 0 JBE 1) R R 25 /N T A4 A B G
A B B Ee 1E 55 )2 (stagnant Lid) , #E FEA A
B Y E BT R (Reese et al. , 1998), 24, /K
BOAER KR R BE WAL A B R R o A BRI
FEREME T R EEE S S, REEN
A P T SRR HIL R AT BB S BT A S R AR A
LI 5 (Stern et al. , 2017), R T—M 5 A B &
B3 3o 4 BROA AR 40 A L B2 & A A g R R
(e, B4 2 1 1% 35 heat piping volcanism) , i

Jo e 3 3 A7 I I Bl B R L X AT BE 2 R O b
BRI E B H ML (Moore et al. , 2013), 4 BRH
HUAg B0 02 2w 19 ek L n] BE AL 15 R T 1A £ B
A 2 SEHCAHIL R . 7E R AR Y Ry F X 8 HoAth 3l 2ot
o A B A T2 T A R 36 1 g O 1R 91 K L R
BR b 0 — S 2 b e A A R R R o A M ) X B
T3Ah s KA B J5 R 3 R e o R T Bl s (1) A28 Ak PRI
AT AL ) 7 A ] 3 AR B Bed A 22 S L B
AN [] 1 2% T AL 32

T Ml Bk R0 g s B R AT R A R
AIBEFE T o X G AS [l AR L[] — R A4 AN [] IX 3
S TE AL B BE R 3 R AE 5 45 A S5 B 2 B8 AT AR 1Y H
JOT 0 Hb R ) SRR o b BRI 1 PR AR R 3R i
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A RS

A AL

HRIRIEER pY ]

P10 A A 2 THI B0 KA 1 2 Pl BICRRATL dh) = om Je A2 =X
Bl (% F Solomon et al. , 1982), M7 g /K & . H Bk Fn k &
B A B8 0 5 AL S I Mk s A B T T A A Bk
MREAEFR R, AR B0l GE L 4R ot 5 R T — F2 B3 3 2 Bk 1Y
PAE A UE S B, &R Y ETE A B AR £ A o R
S 77 FCHRICH  (H b e AT B 5 1 A8 =Xl 1 2 T RE i
FREM B4R 2R EAERAT — D2k kiz kAR
RA

Fig. 10 Three endmembers of cooling mechanism of planetary
lithosphere. This figure is updated from Solomon et al.
(1982) with modification. At present, the lithospheres of
Mercury, the Moon, and Mars are cooled mainly via
conduction, while global plate recycling is the major cooling
mechanism of the Earth lithosphere, which may also be true
for Europa; lo features the strongest activate volcanism in
the Solar System, and heat piping via widespread and giant
volcanic eruptions is the dominate cooling mechanism of Io’s
lithosphere. Conduction is likely the major mechanism of
cooling of the present-day Venus lithosphere, but mantel
plumes might have been important as well. It is still debated
about whether or not Venus is entering another episode of

global tectonism

o T AR BV S T 2l AT BB e B o R
oA B 3= B AL 4] (Moore et al. , 2013), X
FH R R, 45 ik, F 300 28 I 1 4 o 01 36 A e
JEE R, 2 AR 2 BRI A 4 . B K B AE ~ 41
{CHERT G201 % 5 W4 o 28 2 e 4 7T R fin
T4k kI TE 3 (Marchi et al. , 2013), T
APl I R R A RETC i R B A A AH AT
RE A 1< B 5T M 5¢ 1Y B 42 HHE T DB Y AR S A
(Marchi et al. , 2014) , ZEM LIS B8 B KBS
K il ) 2 A BB T RE LA Lk 5 2 A A R AT TS Y
HICPRGH A I 2 N B T 2 T e S 0 VRS AT i i T
IR 35 2 ) F2 & Pt (Ernst, 2008; Stern et al. ,
2011, A S & B A RE &k 4 R R ST 3l
(episodic tectonics) F R Ui A LI (Moresi et al. ,

&

1997) . S Z i K R Bl 3l ) 27 FAT B Ml ot o
RV 4 BT T L GBS R $ b R S o ) L AT A
SRS B IR 8 M BK B ) F R 2
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Abstract

Tectonic features on Earth record the interior and exterior dynamics of our planet. Similar to the Earth,
widespread tectonic features exist on the other planetary bodies. Planetary tectonics is targeted at resolving the
tectonics features, their evolution, and the related dynamics on theplanetary bodies. This discipline is built on
traditional structural geology, remote sensing, geophysics, and many others. Due to differences in size, bulk
composition, and orbital positions of planetary bodies, tectonic features across our solar system exhibit rich
diversity. Thermal evolution of the Moon, Mercury, and Mars follow a similar track, and currently their
lithospheres lose heat primarily via conduction, so that tectonic features observed on the three bodies are highly
comparable. Mars has witnessed a potential pulse of global contraction, while large volcanic provinces that were
possibly driven by giant mantel plumes strongly affect the distribution of both extensional and constructional
structures. The first ~80% history of Venus has been completely removed by subsequent magmatic-
tectonic activity, and the maximum surface age is much less than the average age of the Earth’s continental
crust. Thermal conduction is perhaps the dominantheat dissipation mechanism of Venus lithosphere,
andthe abundant volcanic-tectoniccomplexes on the surface (such as giant crustal rift systems) indicate that
mantel plumes have played a critical role in the history of Venus. Vertical movements dominate tectonism
on the above terrestrial bodies while horizontal shearing is minimum. On the other hand, most satellites of
the giant planets in the outer Solar System exhibit icy or other volatile-rich crusts, underneath which some
have warm oceans. Tide, instead of radioactiveheat,is the major source thatdrives the interior dynamics of
many icy satellites. Due to both the special orbital characteristics and heterogeneous crustal structures, the
stress fields on these bodies are highly variable with time, andboth vertical and horizontal movements are
abundant. Long strike-slip faults and possible subduction zones have recently been discovered. The study
of planetary tectonics is based onthe various energy sources and material properties, addressing the interior
dynamics from both physical and chemical perspectives. Therefore, planetary tectonics and Earth dynamics
are complementary. Referring to planetary tectonics is fundamentally important to solve
persistentmysteries related with Earth (especially continental) dynamics, such as the origin of plate

tectonics, formation of continents, and interior dynamics within continents.

Key words: tectonics; planet; Moon; satellites; lithosphere: thermal evolution
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