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Abstract
February 2021, and has been operating for nearly four years (2021 —2024). To achieve these goals, Perse-

NASA'’s Perseverance Mars rover successfully landed in Jezero crater (18.4°N, 77.7°E) on 18

verance is equipped with four spectrometric payloads: SuperCam, Mastcam-Z, Scanning Habitable Envi-
ronments with Raman and Luminescence for Organics and Chemicals (SHERLOC) and Planetary Instru-
ment for X-ray Lithochemistry (PIXL), allowing for detailed elemental and mineral analyses of surface
materials. Comprehensive analyses have been conducted across several key geological units within Jezero
crater, including the crater floor, delta front, upper fan, and margin unit. Each area’s unique mineral
compositions have been documented, revealing important information on Mars’ geological and environ-
mental evolution. The results indicate that Jezero crater region has undergone multiple aqueous alter-
ation processes, leaving mineral evidence of historical water activity. These findings suggest that the re-
gion, especially the west delta, was once exposed to prolonged aqueous environments, potentially provid-
ing insights into Mars’ paleoclimate, water salinity and possible habitability. Using its Sampling and
Caching Subsystem (SCS), Perseverance has collected 21 rock core samples from various geological units,
including igneous rocks from the crater floor and sedimentary rocks from the delta. These samples will
undergo detailed analyses on Earth, expected to yield valuable insights into Mars’ magmatic evolution,
sedimentary history, water-rock interactions, geological development, and potential biosignatures. In
summary, the comprehensive data collected by Perseverance has expanded our understanding of Mars,
particularly Jezero crater, and provides a foundational reference for future Mars exploration and sample

return missions, including China’s Tianwen-3 mission.

Key words Mars, Perseverance rover, Jezero crater, Mineral, Martian sample

289

KERMAL S5 BB bR Z — 2488 KR R

0 5%

KEAERRIAR TR EMATRZ —, SHIRAA
o HE AR Bh )l PR AE S RS BRE (BN mT RERS 22904
e R RIR IR AR ) TR IO TR AR
M) EE bz —. KRR T7 AT
FHhlig AL (SR ), Herpal il nl s 22 M
PRI AT, BEXS KR R I A Oy IR
R IRAFF AT AR, A B TR A B KRR
Mo Al by S PRI | R R A R (R
A HERB AR L Z A KNS

(I B3 43 A AR, P ) 2H R e T R SR T
%) Hl A . KR SR R A L
SRR AR I P Rh T B, 115 1 B 08 s D' 2 A
AR B 6 (Thermal Emission Spectrometer,
TES). #48 §1 18 24 (Thermal Emission Imag-
ing System, THEMIS), % & % fiji £ ¥ & S 3% 12
(Compact Reconnaissance Imaging Spectrometer
for Mars, CRISM) %%, i & YGi AR fiEXT & Hy 47 K
O FEL RN R T e R A 3] KR R TR A3 A A
JERBERRER | BilREh . AER . RIRER | KA AR



290

IRhoenixes

o Phyllosilicates @ Silica o Chlorides © Carbonates « Sulfates

Chin. J. Space Sci. =RAFFIR 2025, 45(2)

\Vikings2ss

B kRS IR SRR, TR A KRR A

Fig. 1

FrKEH, LS AT K R P S e L o e i
SR STEE R (LA 1) P, 38R T R A f A S
P AR A TR R Z 0 EoK ). BRI Ty T, KR
TN AR B AR AN [ b ST BT P R A A A T, 1)
Wk BRI H S (Mars Pathfinder) 4387 1 %5 bili 58
Rl A R 8 0 A7, 487 oy R I AR FE AR E IS
kP B84 (Spirit) ALY (Opportunity) K
BRI T 2P K BUE UK AR IR B 2 AR DUV
4775 (Curiosity) K & 4 F L2 HHHL (Chem-
Cam) AL =58 W0 (CheMin) FeAF T w6 /K fif
TR TURA S, R IIZ X g kR B
KIS, £ JOEEFREE 7387 T BOrE K = R ) Bk
SRR JE S L R AR AR RIS L T e
Y A5 7K AH Hb 550 R 3 R4k b 3 e ol A 4 4 B 5
Jy .

2020 4F 7 F H E R B K A — 5 KRR,
B IK BRUTE R AT L A Bl AR = K H R,
K]S FE— DB 2 — D iy (DRl
KRG Hrp a5 7E SR R T2 1921 m,
PAF T R T KB AR A B K
LA 46 T AR 1 A g AL R, 6
RS T8 IS5 (Perseverance), flfi—~ k2 4 H/)N
AE T CHLHLE S (Ingenuity). 315 1F ¥ B
AAFEM SR R A AR, FAT SR SRR L
D, T K BAE R HAT B R IR AN AL, AR
19 KRR iR T 55 WO B R A A i, o NSt K
EHATHEAREUE. RASCREN AR5 1 & S
—NEY (Jezero) fH T M HAE B GIE BT, #E
B S AR )2 ARy T ) R, IR TR
TR KRR i RS B BB 2 J SR AN (B, 4 17

Global distribution of the aqueous minerals on Mars with existing landing sites marked by pentagons

A TR K R 1O 7
1 AREFEDEL

1.1 HERES

RS KB EEMEARREY b, G A
&2y 45 km, 7 Tk B ARE LAALA Nili & 5, 482y
39 {ZAE R LY Tsidis 2000 P36 (WLIED 2a). i+
i ARG Ak e R AN P T BT AR U AR
1R 38.2~39.6 {LAF. iz b & — RN KHUA
DUBUA RS T, B R 2 A I S8 4 1) s U 40 4 T
Btz — AR A RS A D
(Neretva I 45 Fl Sava Wk 4% ), — A~ iE H 1 (Pli-
va BRAY) DAL UURR B (PEHFAIILER). i SERFESR
7S B g e — PR o e R e

R 7175- 25 i DX Hb B B e o] Rl 43 A TR BURGER L UL
U 1 % . VTR | 85 50 2k . Neretva Wk 75 #l
Nili &5 5 (WL 2b) P2 A g b e 5 h —
ANE SO RIS OATT (CLfr) FI—AN 5 S iy
WO T (CEE1) MR i pa s iaas T— 5%
YU, M Neretva W48 ZEAH T H (4] 2a), AT fE
TV I8 T e 45 07 20 28 % P 7 40 i A R 0 g
TRUTAUR RO T 588 HLHAT oy sk i 46 )2
ARHBSR, CREARFIEAR AT REZ R A s 0. o, DR
FR AR Ik BE SR 9 H 22 B o JZ DR R it — 2 R AR
T R H TR SRS, ARy
B 2 2 R B — T G 2L BTG A, L T 3k A
HUBERIHCREE AT, DS 3R . S22 I B fh ik
XL FRAFAE 48 7 T 26 X 5 TR R AN [ 12
[T



FIH F BN FKEZET MR 5 AR R R (2021—2024 ) 291
Legend of (b) Bedrock units
- Crater rim rough - Crater rim layered Cr-bl Crater rim blocky - Crater rim breccia NP-f Nili Planum fractured
- Neretva Vallis layered - Margin fractured D-bl Delta blocky - Delta thinly layered D-tkl Delta thickly layered

1.2

Delta truncated
curvilinear layered

(@)
g
2 Isidis
; Basin
Sava Vallis
Nili Planum i B
3 Pliva Vallis
OZ (b) Hartwell crater /
wv
© Neretva™ a (Wept)
Vallis Jezero crater

18°N

Elevation

—1500 m

77°E

18.7°N

18.5°N

18.3°N

77.1°E

K 2

Fig. 2

TS H

S
AN

D-Ir Delta layered rough - Crater floor fractured 1 - Crater floor fractured 2 gg?t?r?(f?éugh

Dacono cr:

78.5°E

77.3°E 77.4°E

77.5°E

- Olivine

- Carbonate
- Low-Ca pyroxene
- Mafic minerals

78.1°E

77.7°E

77.3°E 77.5°E 77.9°E

FEPHEYIIES S UK. (a) mRER, A BUASCHbRIC, FIFELER (b) T bR ST,

(b) PYHESILRUR TR FOIRBL; (c) CRISM 224l 95470 A1
Topography and unit classification of Jezero crater. (a) Elevation map with typical geological
units marked, the white box represents the delta shown in (b); (b) geological map of

the delta (west); (c) mineral distribution map derived from CRISM

FEESE T MBI o 47 K A K 3 2,

ARED G WHNE SR, FEAE) 25
AT Nili 5 JR S AR X 3R ) Fe/Mg/ ALK £ | %
FREL . KA T E AL RSG50 ), X T Y RIAT

MW BE R, AR WP o U b X B0 M 3
(Nili 3 R AG) A8 = A B R T iR 0
T K R IR M K 2 — 2 &



292

TR A B E & Fe/Mg Holk A1 REER
NI SRS G o1 I COT P (T < g /65 AR
TN IO G NP P SE L e eI RIE 9 W)
B (LI 2c) P w8 IR BT IN 43 A 2 B A Bk TR
Mk 55 0, Ju AR PR AN R B s R L 7Y
SRR AN Nili 35 R 12, B 56 A U AR
ANV i UM TR AR G o A

2 BISHIES S5O E

B9 KB T R =4 (1541 KA
) PIEREREAT S, I RIER D i btk AT
PRI ARG B, 1% 2 X S 54 o HURGEB , Paik =
FMRG R B R 2023 4 9 B, BB E4
SE AR AIRRAT 55, HATEFMAR S b,
WRE® YT % LIt/ e Nili & 5, 36 B AR5
2(a) 7K.

RS KRR T 7 R, 5 ISR
BURBIOKR RUEE (8T P00, e XT3k % AR I
A AT 22 ROBESRIN . 7 AR R D 38 A A 45 8 G A P
(SuperCam) FIHEFFAE ML (Mastcam-Z), ¥ FEHE
DTS 54 18 J& P58 P2 F A B 5
1k 2% ¥ i ¥ (Scanning Habitable Environments
with Raman and Luminescence for Organics and
Chemicals, SHERLOC) 1 X §F£&17 & 2 1 1k~ 5
B4 (Planetary Instrument for X-ray Lithochemi-
stry, PIXL). 3% P4 &GI8 BRI AT K R A0 Fl
HEAT R B B T 2R L AT ) 183 o3 e (LI 3 0
1), WAL, B TIRER T —EREACRERE R
%4t (Sampling and Caching Subsystem, SCS), 3 il
it B S BRI AR 750K, AR KRRk [ 4T
FERML . fER TS KR T R 2T 55 ], L
FEEN K R TR EFE BRI (Radar Imager for
Mar’s Subsurface Experiment, RIMFAX), ‘K 3%
B 71245381 (Mars Environmental Dynamics Ana-
lyzer, MEDA), J A il % S 4504 (Mars Oxygen IS-
RU Experiment, MOXIE), ‘5 fijit Fl ikt B AH AL 1T 2
TR BT R SR R B E . M A B2 TN
Bl—HLE S (WK 3), 7ERT —4FC 58 R 72 I kAT
1155, WBIT S HAE 55 TP RSBy ™
2.1 IEFRIRISEIEL

SuperCam HMEATHIG, ¥ ITHIE bR FH

Chin. J. Space Sci. =AFFFIR 2025, 45(2)

Mastcam-Z — s

'(Zji/; = ngenﬁft; .f 2

S
“—SHERLOC

% Abraded patch ‘-z,\

K3 BIrS JORE AR . (a) RS EIK
FIBVE S, (b) B SHUE FIk T
Fig. 3 Perseverance rover and associated scientific
payloads. (a) Perseverance rover and Ingenuity
helicopter, (b) Perseverance’s robotic arm

and abraded patch

B, RF TS KRR A AR I H R LIBS %%
i B AT 23 ASEARRE Y S T A A
B e A e 2 P e 4y W 2
B[] 73 B G R GAETO IR v R AR G, i 4%
FATT R ETESOSC AR B YGIE, [RIR LA (A e R ) 45 5L
ARBEG T HB X AP B 5 AT 51, T -
T LT AT A 43 PR R 0 S — P sl 42
ARETTH g 43 B € R T B0 AT
2 bA A S U BT 5. AR AT ML SRR S
53l H ek H LIBS FARXR H AR 47504, 2B
R+ 5 A G P2 A WLE AN G T R
IR LIBS JEHE L4224 0.2~~0.45 mm, J#E
NP TR 28 N s =R AR iAW) 5 2 N A EOE 7N
WS L, IS 21 43 B e 5% . SuperCam B
AL ARGEMEE J1, AT LR 4B KR SR L A R
gy, VR AT B TR 220 SHERLOC 1 PIXL i
I3, [RIBT IR REARTS AR R0 - 2215 B
Mastcam-Z j&—E L6 STARBUNIL RS, £
K BT LA AR AL, AT AR
(21 ) i) s (AT -Esh) B4 Mast-
cam-7 F I (8 26308 P2 A e 1070 5 ki L IS T
380 MK H (sol) N, Mastcam-Z YA i 55 41 9 &
25— EAT R OGBS, T30 5 22
Mifs A FE AT I 25 KR Mastcam-Z &



F M S A FKEE T AR 5 AR R RS E (2021—2024 )

293

®1 BHSKEFHNERTSHERBESRT
Table 1 Spectrometric and sample collection payloads of Perseverance rover
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Crater floor campaign. (a) Perseverance rover’s traverse path on the crater floor, with orange dots

representing workspace locations; (b) stratigraphic cross-section of Mdaz, Séitah, and Artuby Ridge;

(c) elemental composition trends from SuperCam detection results
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Fig. 7

PIXL detection results of abraded patch in Séftah. (a) Dourbes and PIXL scan area; (b) ternary diagram of

mineral classification, with primary (star) and secondary (hexagon) mineral end-members marked, and green and

black points indicate diffraction and non-diffraction, respectively; (¢) mineral distribution
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Fig. 8

Visible-near infrared and Raman spectra of abraded patches and rock surfaces in Mdaz or Séitah.

(a) Visible-near infrared spectrum of abraded patches, (b) visible-near infrared spectrum of

standard minerals, (¢) Raman spectrum of Na-perchlorate identified in Bellegarde
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Fig. 9 Perseverance rover’s traverse path on the delta

front. Green dots represent the workspace locations
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Table 2 Overview of samples collected by Perseverance rover
T H# KA FES AR SRAENLE METAIE R FERREE /om AAYH
1 20210806 164 Roubion Seéitahdt#  Three Forks KX - -
2 2021-09-06 194 Montdenier Artuby Ridge Three Forks Al 3.63 KA
3 2021-09-08 196 Montagnac Artuby Ridge BH5 FE 3.72 KB
4 20211115 262 Salette Séitahg ¥ R ot 3.81 P3i%=
5 2021-11-24 271 Coulettes Séitahfi#h  Three Forks  #ith 2.00 Kb
6 20211222 298 Robine Séitahg ¥ R ot 3.69 P %
7 2022-01-31 337 Malay Séitah®g#  Three Forks  #nls 1.86 KA
8 20220307 371 Ha'ahéni  Octavia E. Butler 355 ot 3.94 P %
9 20220313 377 Atsa Octavia E. Butler Three Forks s 3.64 Kb
10 20220707 490 Swift Run URR 1% R ot 4.06 TR
11 2022-07-12 495 Skyland DUBURNIZ  Three Forks — Aith 3.55 DR
12 20220727 509 Hazeltop URR 1% R ot 3.62 TR
13 20220803 516 Bearwallow JUBUR#AY%  Three Forks  Ails 3.78 TS
14 20221002 575 Shuyak URR 1% R ot 3.36 TR
15 2022-11-16 619 Mageik DUBURNIZ  Three Forks  Aith 4.46 DR
16 20221129 631 Kukaklek URR 1 %% R ot 3.01 TR
17 2022-12-02 634  Atmo Mountain  JUEUE % 5 A2 3.21 TURE A IORUE
18 2022-12-07 639 Crosswind Lake  UUF3ii%  Three Forks KULZ 3.21 DURRE RO A
19 2023-03-30 749 Melyn OB 3 B EEIN 3.66 TS
20 20230623 832 Otis Peak DUR 1 R ot 3.50 TR
21 2023-09-15 913  Pilot Mountain  JiELE L% B EEH 3.64 IRt
22 20230925 923 Pelican Point BL e IRUE < R ot 3.70 DU
23 2023-10-21 949 Lefroy Bay EE G RRrRUE 3 B FE 2.85 DU
24 2024-03-12 1088  Comet Geyser bt B FEUTN 3.50 :/ﬁwﬁ%ﬁi%ﬁ’%@
W ARER RN T Three Forks (UBUS 12, WIK9). 35 IEAF 43 FE AT, JLrh3s A FRIREERES: (1, KUL)Z.

KA, 5 HIR ML A TS GRS
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Fig. 11  Abraded patch at Yori Pass (Uganik Island).
(a) Light-colored vein, marked by a white arrow;
(b) equigranular cement, marked by a blue arrow;
(c) intraclasts identified; (d) fish-shaped laminated
patch, marked by a green arrow; (e) two Ca-sulfate
veins, with the red arrow pointing to the first-
generation of cement and the dashed white arrow

pointing to the second generation of vein-filling cement

Chin. J. Space Sci. ZRFFF/ 2025, 45(2)

o JEOK FOR A A AR FT UL, 4 13 fF7R. Su-
perCam [¥) LIBS F10] WLiT Z1 /MG R X B85 6 430
Wi, —KmaHia ™, B—REamat. i
BT ST R, R AT > R E Rk
BERS AR R ER 2 0, T HESE M Neretva R4 i
DX 38k 1 O T Bk R A (WL 2) iR R E T
O A1 00 5 A b A o T R BTYUIR Séitah HAOT
(RS AR, SESE T B iR B TR
WEA R A A, SRR Maaz fl Séitah FAICH &
T B KO R L X A T A PR
— 06092 bR 3 g WA 14 A T R R S i
(I R R A A 2 —, PR AN PR T A T A T R
HAFEEZ L. B9 mMPE17H E Dream Lake Fl
Willow Park X4 (ULl 12), %26 X% & k4
ZEBURLIRED S | BRER R FNRERR R 2 (Mo A . A
R ) w f e SRR . AL EE . Fe/
Ti/Cr-J G A8 P s, 7ETTR bR & iR
R A IR R BT BERRER, Kizovski 25 4 HAR
S b STUREIR K, R REAC R DA i B T AL Y IR R
i (BINAERGA) Tl IS JOSCE A, SOE L
FE R R 1R R A A AR

3.4 EEHIB%

20234 9 A 11 H (sol 910), % J1 5 ¥k Ad# it
WL TT (IR 1519%). 2% B 0 B AR A R R
5%, HalaeE —ANw & A A WA B R £h DT AR
JE®, L 2024 4E 6 J1 29 H (sol 1195), B2 M
T PTG T ICE T 3 AR 0T T 5 4

K12 BRI EDURE AT dEt . i
RETAEXALE
Fig. 12 Perseverance rover’s traverse path in

the upper fan, with blue dots representing

the workspace locations
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Fig. 13 Abraded patches (red) and sampling locations (blue) on the upper fan
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Fig. 14

Multispectral images of abraded patches at the delta front (first row) and the upper fan (second row).

(a)~(c) at Hawksbill Gap; (d)~(e) at Cape Nukshak; (f)~(j) at Tenby, Echo Creek,
Powell Peak, Dream Lake, and Willow Park, respectively
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