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60~704FARLL B FIHA S BN 325 201H:2870~804F4K
SEELT K B R R PRI B R 228K, 201289044 €,
PERETELF . WEMN AR, FEaw A AR g8 Rh 2tk .k
A 21t Dok, Kk B LB g ZFh Pk gE
R ARk, A7 TR K B R R, KRR
TREEFN) AR 2SR e,

T 200 14 W7 1 R R H 43 B A ME-
PAG. MEPAGH!J& & FHURI(NASA), BTTE AN
) KRR 55 80 DL SE b 2E Baw,  BrBetk B fn ik
i CAEBMEE Bbrids ) (Mars Science Goals,
Objectives, Investigations, Priorities, ] & Aihttp://me-
pag.jpl.nasa.gov/reports.cfim). % RN & &35 E ) 2 H
brCRBRMFLE BARARRE, HE KR s EhRER
AN LSRRI, B AR A R K AR = H
FROCAEG AR, ORI 55 3k . RSt
PRAL T EEAR S, WIREE T ERINAT 55 i I S AR
7R R KA. BRI S5 T BB BRI
1 RFE SRR AR, JE R R PTG,

o 1R E2020~203 04F ] i 15 1 K B H
KECRAER AL FEME ST, ASCRBE 7204 K2R
AR ERSR . KRR BARAE AR . K%
DAY E BRI, TR0 T AR KR IR 1 SR8 5
KERAER AR, LX) KRR SRR W, KR
FUK BH ZAT B PSR AR 22 Z A TR R A D
e =7

1 KBHERFAOR
JSRIRI T KRR ORAG 2 TR B AR 5T,

R AR HARBIHITT. 2048 KR RRA 3k
(SIVEW NI E SUUSEI IR

L1 KU R AR

—FRINEIEFRM, KRR A KRS
K, WRHbARE & T A L AT BB, B L, fEER
T RT3 (valley  networks)! IS T 3H (outflow
channels)™, T 4 = £ il (delta) B v BB (alluvial
fans)H 5", RIS TARIE & & A WAL A K
T oRE i/ NE DA kR SR 2 A A 2 FR
Y, EAEWRREL . JZRIREERRER . Sk A fbhE.
BRRREL . AR, WAy . EmE". sk
PRI IR TR RNE, A7 S0 5 975 W 17 20 25 U AH DG (n 7
KA. RMEME, RAREERRELE 20 fe i il

2440

OHLZ, TMRAFERR VY 7 28 T By b 20 BF 250 A B R
ALY, RAED WIS R & 0] BB R
MR SRS, 7R IR A RS, TR
(Meridiani Planum)Fl 35 /R d740(Gale Crater) fA7E7K L
OBV IRTI, KRR ISR IR AER ], VA4 B
FIALEAE R B X EH TR FHe

1.2 Bk

A BMRIRAFAEAKIG S, AWK . R
Hi X K (RO SR 12 40 A B 20K, YRR IEER
TSR, BRI R 3 2
Pez U R k)2 715 kb,  BRULR (&
PRI S R ) K R R 0 2 20 2 7 6 WL 3] LA e 5
FEXHA HL A R0 15) BB SERRAE, e o vk Tt s
AT IE. RUEL S TEILH e P I K vk
FTFH k) G, 5839 B R R kO
IKAE RS R L S ORISR 2 RV E R i T AL
KRR TR U UK G AR, A
HE—AIESE. PR R R T Bk (F) S, ]
REUE T vkl A kR A i ™ e ks b 3
TR S RAHRHE R R, 225 em T HESAER ] )
RRIBAAKERAK), HILEZERYY. ek, vk
SR LATE 30 ) B R s A, Bk A S e
Fen R BIEAIRAE273 KL R, IRk SR 2 i
ST Z KL LA 8,

13 il SR AL RS

SRR RINZE D T < BRI AR i i ShEdE — K
B2 B RS A W AR T R B 5 — BB P00 A i — P00
PRI - TE EE SR BRI A ML AR A
JH - S AR AR, LUK RIS T B
JEE IR BRI A 2 i R PRI R T,

JRE A ARG TS 5 (Viking (R 55 s
SPANE R R ALEER,  FFHRUAR SR A 3T
JE T A Y A A A S, AR
B ek KR R A P T AR AR SIS
I L SR -, S TR TR A A e .
— 5 i, KRBTV FRITHE— B JORRE AL, FEIRER K
EA I AP bR G 5 RS R, Rl
' ALH84001 [ 47 rik FR Eh BORL AN A JU: Y TE 25
WA AT REVR T AE 3 30222, soflole R AR
A IELAE, SR LA I SRR SR 7R A A i


http://mepag.jpl.nasa.gov/reports/index.html
http://mepag.jpl.nasa.gov/reports/index.html

P A

AR 2 k. BATEBR A Tissinth G AL Bk [R5 2 1]
BT KERICO MBI EL, " REFE /R & WG
P BT AAE L. KR B 7E PR TR
FBE, WA A 2 S R UK R A7 A L R i T 5
TERA J R, 42k BB R AL YRR S 2
KA E RN Z —.

PR 1) A ST Lt RS 2 Ay B A ) 5 7 2 24
AT P P B T R T ] BB 7 LR W A
(9 F e S A G F20004E27, 20034F, SRS T %
155 (ppbv e 90 Bl i i B uE % FIER 23 oy ) KRR G &
B, 20124F 3 EAFAF 5 R B (KR BIE LR 2 A
SRR, RO RS H B, (H e A& s o
MIFR1.3 ppbv). ZJF k20 H B, {25516 R
DX IR 2 B e, ELSR B B 0l 3 CEI 1 5H(E0.69 +
0.25 ppbv; WE{HIA7.242.1 ppbv). IZKIEAR T L 4hk
[ A 22 B 2D 45 U B Jo ROk P A 24143 B A B e Y
P A, ERREESAERILIN 2 5, 45 S F ey
FEM0.4120.16 ppbv H 5 3 5 &1 A9 25 5h(0.24~
0.65 ppbv)*. BRZS a4 R AE 4RI A 21| A 5%
i B IR Y 26 R o T BE A9 T AR TR X
S s e ST o S PR e AL 2 (Exo-
Mars TGO 5 = 2R B 8 tnf (KEMIBR0.05 ppbv), 1
20184F4~8 H, XTRALFERIG A S B UEA T, ok
K BefE S0, X — R, SR R
KAWL A KEARE, KERZIIREZRHHX
S A7 R e = A BB A TR Sk, IR KA T REAEAE
AN BT BRAILE, (6 F e JCEE S Bl e ek —1k. 2
SO T AR 2, REE O e A S ik )
B, BRI IT R A AR . S AT A
B,

UFA75 KO AR 35 R B T TR AR D URR ) 3 ek
o T A T A B A5 HLA) 1 1 L (500~820°C ) 4 fift 7=
Y1, FIEVENIIS(CH,S) TS AR AR TR AL SR
T W I S i TR 2, R 25%
[t A A MU I Ko FARTE, BRALVEAE B Tk 2
AW RAT. BT KRR R s 7 e g A Ak
Y. EAEBRIREYIR, iR BT S iR s M AR A
BLEY, s R S A W S A M T BE DR 2
— B, KRB SRR A Oy
2. EE2020°% 115k B ZE (Perseverance)5 2, SHER -
LOCH i, f & R A2 IR AN, T HEHR#IR
R IR LY. BR7ZS -2 rExoMars K £ % (Ro-

salind Franklinpf 547 LATEEMF, Wi kK 2HHL
T LA RGBT 2 B, X
O AT A REAS T AR B ) A AL AL P15 ik
RLER.

1.4 HOFABE 2 REE:

K ELHB B 1 2 FE MR AT K AL SR
PIZIRA N E, (AA AR B K2tk fiE
(SiO) AR AN, 488 (Na,0+K,0) 75 it MAK
FCO KR =0 2 TR AR AL, %
IHAETEE 200K, TR T 45 R0 Ze it AT s

CAMKRERSAREASFRREE. FrLmER
(Meridiani Planum)>y_F 3 K RUE () KA AL BR R T
T i i T (Gusev Crater) 3L T 52 K LIE IS
i P 7K PAFRBE ). 55 4 T B0 1y HIS 9 2 75 (Yellow-
knife Bay) 28 VIFE# (Murray  Formation) 754X
RN ST A IR R S SR e ) e i
U@ e Ly st 0 ) B ) ik B AR A, S DUV
Ji£ }71680+180 kg/m’, & T-Hl, FMs/RITAAHA
LB, I LA 2 o BT AR 5 ) e RO R AN
32600 m'™. FHREET VRIS & B 5 R
it 1AWt IR B (— R T e s )™, Vg i) i
HREAP R T SRR KA DY, fERE kR
A BEAFAAE B RE A KOLAE . RUBLS- 78 KRR U R b X RS
R R B T IEIREE . ZI3wt%~Swio R RR RS FI (5
SA90% L I 1Y B AR ER (0.4wt%~0.6wt%) ) R
Iei) T HAth 5 i .

L5 SR

U A X ] H AR I E S AR, DR Tk
F T A 22 A R B o 3 R A0 45 M 2 AR 5 1) 5
T, QK B, VKEEBEE RO, vkaE
Ve TH A TE 1A R ik b 5 U R e A A k2
2001~20064F [ 7E21.5x10° km? (14 [X 35k P4 WL EZ 3] 20 Yk 8
o, TERER 2~150 mAFiE ST, L E R 5 B
B B G, i e R R R
U, PR TS, SRR R B
BHI 44 (recurring slope lineae, RSL)JZ: Lb & FIFA LS 5T
B A 2T PR Bl AR, 8 BRSO AR X T
B b R ER S WK TRE
Tk WEM TR, R MMRE G T Bk 5
) ERSLE T SR IR S K sk 72 45,
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IFEAERER AL

KR FEAFAESAEF PG . KRR Bk ER
TR A% H g B R B R sk VDR 1004, 3 B2 sk Vb
BLIS~1065" . KRB AEAE BT T VKUK S THEX I
T ISR BBV AT, BR AR G K B PR K
BT RGP RV EIESIN, KRB IR A
FaE KRS, ZEMIHER KR B T A4
W g, Y PR TR I RSB, A BT
il £ L IR B FRBE AL

1.6 )15/ NS

KR HIE BA MR A k. BB RO
M X R AR b, SRR 480 km, fRTEL
SRR IC sk, LR XA, )RR
40 km, FIREAR DG, 8RR Y P o
. b PR R Rl R U 3 B FE AL 2 E R A
fE AT R4, (EX R REf R T WL B4,

PAR KR Bk = A EREE Yy, (H5R B REIL Kk 25T
WA TR 2, U KR A% B A 2 HE B A 1)
WG 7 R B I Y BRI N R EL L
H I Bl 3458 11 B T 2920005 465, A I 4R
kR A% S B L B Bk R LYY FRTHITERE IE,
BEXF K BT I A RFIR A

T AR IR Z BRSSO EYE . X B A
(Tharsis) & L1145 B B 9% 0 S FF KO 52— i —
AR AR RO O AL ST ) R B 4G
A, AT 56 KR IIR K 2 IR B A MR 8, T
FENFIRZERE. 20164F, 2 EAR T T LAk BRI
L& SRR R, A Xk B
B AR B sk, B RVOR EEIE TR
HATE R BN, = N, AETE Y

T KR H R Y BRI 25 (36 [ 585 InSight) &
I TTREEN S, IR AR T B ARG R 25 R, E
20194F9 H, TS IR 17400 kR, Hd1sok/h
FERI24R3~440 K 72, VLI B AR TR ERE . W
1o i R AN C S ) M R MR O T, RS B R
JUTF TR KR SRR I 8~11 km T 9 o 38 B85 & R %
24, WL HERE3AE, R & D
PR, B RRNRS R DA, R E
120~180 kg 3 He, 35 J2 5% b 1 g 370 e S0, il
2 i TR L U A (ESR 1045, E e aHORE T
MRS R (IBLAE), #iAk)Z A 29200 m~
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10 kS AR 1y I . TREE5 800
DB SME . ZEBKI (bores) YRS I AN (AL 35K Py i Ut
SRR R T KR AR,

1.7 REHISME L

MAFT KRR R HBER I 1%, LA A Rk . —
SRR AE KRNI oK 55 R 2R, SRR AR IE#
SR EHEAT IT30% A9 Y. B A5 5 Kk R 4 S
T KBRS RS A, Bk B RS h
T AERR0.960(£0.007) H’<0.0193(x£0.0001). A<
0.0189(£0.0003). 4K 1.45(£0.09)x107°, — % {hHH
<1.0x107°, MEIE T F 19764 s 5 LA X K 2 R4
SREIAIR. A AT 1.9(x0.3)x10°, 5 RBIE
H—3, KRB B R BREE TSN . KRR
REEEMWE . TMARNR LR T AR KA
R AR>S R 57 28 ) 43 32 B R AR ks A
BRIRERUTHE SR 7 42 S i 1 55 KT
TR BSAZAERT) Th S A T D/HLE, S5 3K
PP 2T K) 03.0(£0.2), S HRT KR R —2F,
(ELIZG 5 T3 L4 L )

B 1 KR A AR A BA RS DA B R KRR
R, WRRARN L 53784k, Xk RS2 5
BIRZM.  KRRAZ R AR T AR 25 (MAVEN)
BT R PR H 2w ), AR kit 5 K 2s
(ARG, R AR R BRI S0 0 1) 1) s 4 2k T
e KR KA B R B RN 22—, KFHXUR bl
AT RE R K B2 5. MAVENIEE 3]
PEREAL A BROCHR 53 b X AR 2S 18 SO, ) T SE 2
60 kmE (1 mbar K%, 1 mbar=100 Pa), Hiz4
INHEATAT AR, HA5 KISk T amal.
MAVENB S5 A v/ Ar7e 249 7 J2 T 5 e 52 e = i 1Y
ZER. HETE RN S SR 66% A m kiR K2
KERERAWR, T RE SRR KR S SR AR 1 R
[71].

BT I H R AYZR IR, MAVENXT150~1000 km 25
AR IRIEAT T . xS R [ R PRSI, il kR
T, SRR, AR PURL A R ST HET A
1~12 pm. XSSO BT HRA# 9 K PH 3R AL PR i ok
W IS M o kB RS R s

1.8 B RFIRS
LT 12 AR T ST ) A kR RS IR AR AL rh



P A

KR 1 i R ER SR (9% ) S i il K RS A — A
FIRF PR, LTI (TES)H 34~ KR AR R
AR KIK(Z)S AKIRFRE S TET SN2, & PR
SRR H SR Bk B (Ls  180°~360°),
TERAIE H S B T RE. KUK () TEAR S b X AL BE UL
D). mEERTET B s IR A e K BH, 7R H o
K BH, ZE A8k b2 eksm 2115 2.

KRR KRR E, KRR
X6 A O E f R S B r) E SR E, Fit
KRR AL @, 10747 B s €, 5 HBRAH
Tk = S K AL A AR ERHLE], DR Dl A Bk
RN AR, WA B K E X M 2Rk TR 2, 3
D RAER TR AR W, — Bz, Al fE s s
BB Y R SRS #%(ExoMars TGO) R IRTE 4Bk
2R BRI R A P EH K 37 (HDO)FE40 kg B2 AR T 46
2, M7ER KA LRI, 7E40~80 km i EEH,OMHDO
ST I E. X PR AR B KR SR AR R
i), 2B % JINAATE B 53R 51 A KA, fE K 28R FR
TEAR R ),

L9 et

JORBIAFERGE . F R % 22 K A A RO IR
i, HBHCHBEREE R, JERZm K R SR AL RN R
KR A B AR T AE 15°~35° 2 1], HF0°~60°748 k.
FEARMARS, KRR FES T, fE Ay, Py
ZR AR ST TR X, S S m R X TR, Xk
B YT B A 2250, A R R A AL T [l 9 5
JUASTE 7 4ERT, BRI ] R 22 ik, AR e
S PEDE R,

ZEE R HIASHARAD & I K 2 b vk s Ande 2
BR UL AT /R 48 30 (Becquerel - Crater) TR 230 H
3 ) A R AR Ak, FR R B DTRUARR AR k. X
SR A 18] B 10 21 TR0 0 I S A R T R 1 £
SRS A, B RUEE 90.01~10 Mal”". 38 B
FNFRAT B VKNI 32 43 A3 9T 1 1 VK 2 i o 47 B
A G R UK S T RE )™, TTRES R AR H
FiT I AL T A — UK S AR 1 Py 75 1

KRR R Z AR ITRE % T AU A R B2 RNE
Phad AR, PR T VKIS vGR R AR AR IR, AR
(SHARAD)WLI T K 2 He #H5.2987000 em’ VK ITLAR, i
TR F 37T AERT AR UK I 25 Rt T i B, AR
24 T AR F1460 ecm BRI PK)ZTY. 7ERIHUZRIT

R LT RS UK, R 9500~12500 m®, S22 A
A58 0 e B R B UK TR R R A 304, X BB AR T vk
SRR A FE A 1 RSB, R R AR
HAM80%, i hEANE ., WamFIA VR, k2R
CiEARE {i0pI QU ERR TN

1.10 KAEFRGAEE

KRN 52 2 WD B T A S 2R T R BB
FIVERAT 28 2 S k. R PEREBE 20k K BE A fEC A o o
T, (B K, X5 rm. AR 2R T 4Rk
FI AN BH 2R 10 R R R 4%, P B F BBk, 2R
DNA. KRS HE (MARIE) & 88 K 2 3 18 A 55
OB 2 E BRS04 2.54%, St —s
AR SRR A TH 2 B R S 0,66 + 0.12 SV 4
AT IR BT KBS TR G R N B s T S
157 3300 AU, ST ECHE A Bl TPl O 2R
JERTCHE . SEAF AT MR X 2 Bk i m]
BE RV T 15 T 450,

111 KERA

Bl 2 R R PRI (A F, iR R B A 5
AWM. #WE201991H, ik ERaAH
2248, Horp A — 3 g6 B (B SR i Meteoritical
Bulletin Database; https://www.lpi.usra.edu/meteor/). ‘k
B IA T, HAERTCERR A . S EOICER
KL A AT ERRL R AT (B FRSNC) i 5 R 24K, (HHAT
PRFBAERRI K AEF(<141248)™). Bk TFAR R
SNCHi A e AR K BRI — B AR, P
T SNCRA 7 {9 K R W IR 2 AR 2 H A s
BRI 53 SN A MR B D, — R
i, I TER(ALHS4001), 45 FhAFERY40.9/24F, A5
TR SCAE MM e, H—RERL MRS
(NWA7034 K St B, 29108, ZBa & &K &R
6000 ppm, 1 ppm=1 mg/kg), F & A [FAEWFIA[RIZE A
(4, e 7] B 44 4 A,

Brxsd kR AE A A AL SE Ak, KRB A IR A
27 I 20 KR R S A R A, X L dE KRR
By RRIEFIE AL . ST R (FIAH. S. N. O)7EA
[FEEE T R . RS S B K R SR IEZKIE B
TEPE R P K B R AR . B KR SETE
J R S A A A g e 2,
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2 KRR H AL b H bridi e

2.1 MEPAGHFsiiti5198HEUE X

MEPAG K EBMB: HArfk ) H200145E
KA, FEREE TS B AT 3. 20204F1 H fi
2020 AE =R 2 AR KA. PRIZNUAS M R B e i,
SCALAEAA I H b v {87 B2 K8 AR AR R 3 WA 520181E
AR LK. 25 R v A Ay £k WL S 1.
Afir s AAEFIHLET3AN R B AR XL HAR . 7 HARA
JEA A ST L A DL S 2.

H b Ml gUE =0k 5 B AR —#R0 A/ 7
S i T E S == W 4.7 = T NG o e R e 1
Afirs A MR DR FEL HRM H AR
TS ER R H BRI B HUR AR AR, $RO et HES.
201SHRFFIRBI AT HAn», X< B AR HAS R 7 i
PEATAE U, PR P A e Tk BRI H AR T T T
JR BRI N2, FERAS B B bbb s i TG
SeHERE, B —ANEEI H BN S3 — N H A b i R
BT v N = N A = a e A L E <R A ESR
T TFB AT 2, H 2008 AR A EGE, 32
FRIAT 55 BIBN A A T8

B B ARHERF AN (1) 5K RIRRIELE
Bl EETFHR. 25 ARk R &2 E E R R R4
UrERETHERA) &SR -3 (2) UG
BUGRFANME; (3) IWHRZIRITUT; (4) W AR5
FH/RBSSERt T A7k, Horp, AR JeM RS [ T k.
— S AR, ] BE R A R R B I
A, IEAN, AR JOR BRI A4 250F 5T, Bl
KRR MRS BT . LI s B EA LA, R
FE HFR ST ) % i .

H AR 515 5 B TT B 5 KA 52 T ) A4S k2
SO, MEMFR AT R A SR B GRS AN
BATHEIR . THe. B FATPFL. R A
[ A 1) k2 I A AR 2 N A5 AN R B S
HEPP, 5 S H TR BN LG 2. 1Ak, ME-
PAGIfE 1L W1 FELR 2455 S 32 i B RIL
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Mars is currently in the spotlight of solar system exploration and planetary science study. The scientific questions of Mars
are closely integrated with big enigmas of the solar system, highlighting the centrality of Mars in understanding the
formation and evolution of our solar system. After nearly six decades of exploration, Mars is easily the most studied planet
in the solar system besides Earth, with a profusion of research across space environment, atmosphere, surface-subsurface
compositions, topography and structure, impact history, glaciers and cryosphere, climate change, and internal structure.
Martian meteorite and laboratory simulation studies (experimental and numerical) are also developing rapidly. Key
discoveries in the past 20 years include evidence of past and current aqueous activity, geological environment diversity,
modern geological processes, methane emissions and preserved organics, atmospheric composition and evolution, current
and recent climate change, gravity fields and surface radiation environments, etc. Such scientific achievements,
underpinned by peer-reviewed research goals developed by the planetary community, in turn shape future goals and targets.
We review how the Mars exploration goals and targets (e.g., life, climate, geology, preparation for human exploration) have
evolved in the past 20 years, and show priorities and focii for future international Mars exploration. For example, the Mars
exploration strategy evolved thematically from “follow the water” to “understand Mars as a system”, “understand the long-
term evolution of habitability on Mars”, and “exploration by humans on Mars”. In the next 10—20 years, Mars exploration
will further characterize the internal structure of Mars, start a new era of life detection, and return samples from Mars and
its satellites. China’s first Mars mission will contribute to the international Mars science community with an orbiter and a
rover exploring the northern lowlands with advanced payloads. New findings such as the structure of the Martian critical
zone (i.e., vertical zone of interaction between the atmosphere and crust with immediate relevance for habitability), local
and global characteristics of the residual crustal magnetism, volcanic-geothermal evolution and the cyclicity of glaciations
will clarify the still poorly known provenance and evolution of the topographic dichotomy. Hypotheses such as the
formation of the global dichotomy by an oblique impact or an ancient ocean-sustaining climate may be tested and
constrained. Internationally planned sample-return from Mars and its satellites, combined with study of Martian meteorites,
experimental and numerical simulation of Martian processes, and study of terrestrial analog sites and samples will build
absolute geochronology of Mars and constrain the timing and duration of critical events, such as cessation of the global
magnetic field, quiescence of volcanism across the Noachian-Hesperian temporal boundary, transition to a single-plate
planet, aqueous and sedimentary processes, and global climate change.

Mars, progress in Mars exploration, key scientific questions, Mars sample return
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