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&, 2020) o PETERF 2030 AR RTEE K R =
57OKRRERIMES, READT 500 ¢ K EHE
faR Bk (Wu, 2023; Xiao, 2023). 7EX—if

rfE HEA: 2024-02-26; FAENZN: 2024-10-13

Frh, SRS SAATERIENE . E R
PRAF A A i 10 2 Bili A 8 AR T B2 B bR 1938
S

HT A A R TR A BT 55 22 DLt 287y
WA YE b & Bl A ( Grotzinger 22014, Farley 2
2020) . LRSS 3TACAE Z AT, KR AR
TZ I U AT e EL A R R R A A, Ho B AR
P 28 T ) R K B S (Baker, 2001;
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FIEEZER] (Carter, 2013; Ehlmann fl Edwards,
2014; 7 4, 2017). MRS, Wi (B4
37 B30MLAFEEA) LS (304L4FFT = 4)
MRS 2% T 5, M3RKIEZh# /D (Carr Al Head,
2010) . B, WELPON KR KA il BEfFTE
HEAGL 22T LAY B2, wmraiE
SRR A, R T A R PR R A A T
AE T 22 7E 18 K 1y b o7 2o vh e B K, IR A BETE
VYTl VT b 40 M SRR T N ke BRAE AR B I 1]
AKIE S XL, AT BETE A T A {55 IR -

PIEH (Cerulli) fEdiHT (O AHR32.5°N,
21.9°E), JEAHX AR5 HAFAE 2 Rk G 3l 3 Ak
AR (B 1) o ZAE U EAR 2 114 km, 2T 2K
BRI (Arabia) @b PaALHR, FE KRR
SIPE 2830 km (&l 1(a)) . fEdHTAIRGTBE L
PR e R . NG, OB HREA
TAFsedr i/ MEE ST (K 1(h)), XEERHEA TR
Cerulli 2 7R A 2 J5 HAT B AR Pl AR IE 1
fdiE T (Golombek %, 2006) . [FJHY, Tanaka 5§
(2014) F) Hb J5T JE ] 045 Cerulli #8 f 0 05 24 75 U5
40 T H 3 40 18 o 5T 90 AHi (Amazonian and
Hesperian impact unit), [fif Mangold (2012) [FJ#£IA
N Cerulli OB T r 4l gl i, &
W52 285 S 4198 1] Cerulli J2 V4 J7 20 0% 1 14 4 5 BT
(B ST RE IR S BE b R oA A e A5 19, 2 B H:
TEW 4 Z JE AR e+ 8 K I shilb 4 . st
Cerulli fE 7 5iA B 1] B8 BA 2 RIS B ny a5 bt
LEC (Layered Ejecta Crater) , &7~ Ho T 7] 6847 7E
JKVK)Z (Senft I Stewart, 2008) . P 1fij 2 [X 3 %
TRk . SRR RS B
WEE X,

PG, S SCHURI T g 20 B R S AR A 32 B30
XF Cerulli Hby X 119 1l 57 47 fF JF R R AR 5T, P IX
BN R AR AL, TR S DG TE 5 KR UK I S AR
ORH AR, [ I R bt 5T B DT A AR AR Y
T2 DX SR 5 151, D48 7 JHG 5 1 B 7K 3% 3
TiEe, IR AR KR RAE IR [T 55 1 4 fili i B 4
fe .
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B IR ] 1 1) 507 i R R RS (MOLA-HRSC
blended DEM ) JI7E Kk L EAEFE” i TR R 4L
(THEMIS) H [a] 1% |
(a) Location of the study area (yellow box) in the Arabia
Terra, with the pink triangle indicating the Jezero crater, the
landing site of NASA’s Perseverance rover. The base map is
a digital elevation model (MOLA-HRSC blended DEM )
created from data combined by the Mars Orbiter Laser
Altimeter and High—Resolution Stereo Camera, overlaid on

daytime imagery from the Thermal Emission Imaging System
(THEMIS) onboard the Mars Odyssey orbiter

20°E 22°F 24°E

fdibiA = fiidi B = D BRI
UK E R X — N EEXE

(b) Cerulli X THEMIS H [R]FAR ], J5AE 1—7 73511 %] )i
[&3(a)—(d) Kl 4(a) K1 4(b) FHIE 4(d) BT e X Sl ) 407
(b) THEMIS daytime imagery of the Cerulli area, boxes 1 to 7
correspond to the locations of the areas in Fig. 3 (a)—(d),

Fig. 4 (a), Fig. 4 (b), and Fig. 4 (d) respectively

BT Cerulli IXIREZE Sz THEMIS H ] 514 /<]
Fig. 1 Location and THEMIS daytime imagery of the Cerulli area
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2 BRSO A

2.1 HIRFRIR

A B ST B R X %okl T
“Ok R BLEEFET BRI AR 0 AR SR R &
(THEMIS) , H #3100 m/f3 2%, OBl 4sk
#H% (Edwards%F, 2011). [REF, MM 6 mMER
(Malin 55, 2007) 1 kB 8058 ©AT 2%
(MRO) 7 5 5AHHL (CTX) 245001k 0y i 1%
7= (DicksonZ§, 2018) JFJE Cerulli XI55 (135
ST FIH MRO 25543 HE 5 BUGRL 52 51 %5 HiRISE
(McEwen 55, 2007) X #5009 240 75 R fE AT 5T
FEHIEEE T, ASSCER T K BB SR O
I (MOLA) %4 LA K MOLA F1 <k B P 427
T PRSI AAAIHLHRSC (Neukum %5, 2004) %id
Ik A Wl A 119 223 [8] 43 3 2R 00 200 mAR R 1 80T = e
B MOLA-HRSC DEM (Fergason%5, 2018) LIJT
JR R IX S b IR P 0 22 il Mg o e . e L B R
DURR S5 MR A T 285 2 T i
22 EERSKITEERE

FE 50405 (B 5 5 T, R b 2 A8 UG
F ) A 5 AN [ i S5 B4 5 8 b 5 AR OE =2 [ ) AR
AR, TR R o T BRI R A AR R Ak
U S0 ) s WP A SAR S o iR BT AR AR A
SEARIE ORI FR I S gk, R BT E PR AT A
Bl 2F G0 vz N AT AL SR T A I A T O iR
(Michael 1 Neukum, 2010; #X{dfg 45, 2013).
FER 7 2 R AT 2 AR R AR o, OB AreGIS
Cratertools T 14 %f %) & X 3 5% 4% o5 L A7 iR 5 52
Th, [RIE BT 20 0 ™ ks . MR R AR K b
X, DhRBERI s d b, AR Al g 45
B BEEIHE ISR T A Craterstats2 B4
(Michael fll Neukum, 2010), Hin]&EFEdHir=4
FREFAE A 22 1 2 (Hartmann F1 Neukum, 2001;
Ivanov, 2001) ZRASAFE X I8k by Jifi B 50 A% 406 X 4 X
GHILH

3 Cerulli DX I 1 Hb B4R F1E

3.1 M
IRPEHFFE X IR MOLA-HRSC HIE E (K 2(a))

AL DL DXl e AR AR A L S -4112—-500 m, Horp
Cerulli 1 I Y ERE L) 2.5 km, S AFAE 25 JiE
29 1.2 km [ Je i o 8 o DT SR I 5 B 724 58 B
2565 km, = F8 9 A8 Ak ] 29 24 -2000—-1000 m,
A BN AR 1) b B b e R PE R R o A ArcGIS
Spatial Analyst T"H. 1 MOLA-HRSC %5 57 /5 F2 152 Y
AR T ST Xk BE R (E12(b) ), AT UL Cerulli
UM IR K, BRI N 29.0°, T
VIR Cerulli B bR BT3B B4 0
3.0°, HUREHBE 1.7, BOoNFHE,

3.2 iR

R XIMN L EAEG KRS . 7K
I M5 45 2 Fh b 35 278 . AR RS 2R CTX RN
HiRISE 45 15 43 9F 352 15504 %o MY iy 55 e AE iR 4 7
T,

3.2.1 iESER

Bk Cerulli 5 5L AN, AF T X 38k N 38 %% 45 43 A
ARBEAFRRE JEEZFEMEGT (B3). 1)
FEEREN, XN A>T km A S 503 814>,
Hrp: HAEBERIE G Y28 Ceralli IR 597 35
iRk E, 88 HIE T Cerulli i i F 44 2
0 (K 3(a)); BHET Cerulli 220 5 [ A
o T DU AE X B e B AR N, o B K R fE T BT
(KI3(b), El1(b)HfEdbtA; 44 20.8°E,
31.9°N) Y B A2 2923 km, '%4B Cerulli 75 3 b1 2%
(K 1(b)), HHEH.OAETEEARZ) 1.7 km 1 g2 4]
W, WIRBHR /R T i S F kA i) 3B A vk A
Koy (Levy %, 2017). [FIEF, 74 &5 30 A UK
VG 38 v] 0L Btk DA B, R AT R A AR T
BKTE SR TUESE s seAh, XIS A A D
PR IAEE YT (ring—mold crater) (& 3(c)),
H AR Z1E 300—800 m, 1% 2 AU fE 5 IS
HAERBM A, F5nHILKE S 5 KkEE
K41 (Kress Fll Head, 2008); Z i HBE® /NI
J8 o 370 RS AR X S HE(H SR AR, FR R L
T KNGS s, N DK DT BT e 3
(F3(d)).

3.2.2  JkEHiER

A5 DX 8l A 32 2 14 7 R 35 2 R A5 e A )
SMRTE | A R K B AR TR
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(a) MOLA-HRSC DEM & Jil 7 MOLA %25 & - (b) JF MOLA-HRSC DEM 4= i,
(a) MOLA-HRSC DEM overlaid on MOLA shaded relief (b) Generated based on MOLA-HRSC DEM
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(¢) Elevation profiles and typical landforms along aa’ and bb’ in Fig. 2(a) respectively
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Fig. 2 Topography, slope and elevation profiles and typical landforms
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(o) FPLfE ST

(¢) Ring—mold crater

(d) Bl s VKUY BT SES R i BT

(d) Crater filled with ice-rich sediments

K3 WFE RN BRI ((a) §73k4878 0 Cerulli T UL A0S EE , FRU0ABFR 22.9°E,34.6°N; (b) F@GHT kN
BRI, RS h Hp Je U1, oD AR BR 20.8°E L, 31.9° N (c) i skd8/m MR BT, s A8 45 22.3°E,32.4°N;
(d) Ei3k8 78 M E vKOUR Y B FEIE A BE T30, R0 A8 BR 22.6°E,31.5°N . £ &3 CTX i 1%)

Fig. 3 Main types of craters within the study area ((a) The arrow indicating the ejecta blanket of the Cerulli crater, centered at

22.9°E, 34.6°N; (b) The white arrow indicating fan—shaped deposits and the black arrow indicating the central pit, centered at
20.8°E, 31.9°N; (c) The arrow indicating the ring—mold crater, centered at 22.3°E, 32.4°N; (d) The arrow indicating the
crater filled with ice-rich sediments, centered at 22.6°E, 31.5°N. All images are CTX mosaics )

W2 9 )32 A3 A T Cerulli f8 i T i) PR BE R Bt
B, H XU Cerullif b FbTRER AT, K
PN RIESRRAE T 2 A RS AL . A0 —4f < i
WE, GRS (EHAE300 m ) HARRRHIXHEE
RIE— <20 m, 25 il BEHOR B2y SO e 7y 32
(El4(a)), XSSP AT) 2, DSHEW, 5~
HARCBRERUN, 2B sh s, 2%
RZFEEER (14(b)), Ak 1500 m, FEREFIGAE
ZWBFERTEN—, HRE TERM SR
AR, HORHERAT WA R RLB, BB — <50 m
(E4(c)), EATATRETE S T vKJIR e 1Y i

DX P A AE A1 T G BRI 45 (Mamers
Vallis) (& 1(b) ). Mamers Vallis £ i T Cerulli [X.
BUAR B, B Cerulli 48 if I N2 HC T S B 748 73 5 2
P B T Cerulli % 55 5 74 1 A8 I 1) P4 Jb &8 2 1
LG AT R EE L (Tsmenus Cavus) o H B
K204 320 km, ZUWEAD, EWHEY, 961
1.6—11.0 km WZAEAL . FERIFSE XIRPE FRIT 38 D) 28 1
BHARZ 22 km EEHTB (1) HHET), $ERi%
TN T RE G 2 AT R KT IR I W

G D3l U3 S 4 Ak B AR DTRR . Ferbr, &
BT Cerulli 5T Y 3R TR THE T HUIR

TR ZR AL AN, SR S B R, T ARE
2—16 km* (Kl 4(h)). FEAHT A JEEBEY R ITR
ZRIEM, ATZEBE, AN 1.43 km® (] 3(b)).

3.2.3  k)lHhgR

Cerulli DXIFAF7E 22 -5 0K 1 TG SAH G B 35
BRT SR B R P T (13(c)) . A PR AR
UK (B 4(e)) ZAb, AATE KR RS
VKN AE AR DG 19 2 A RS 2 I S AR AE VEF (viscous
flow features) [J3BA, — MR BN o vk 5 148 )
LR IR ROIR L ZOIRAFAE (Milliken 45
2003; Souness <, 2012). ENTEEILMT Kt
36 26 30° —60° , MR 5 I i AT 43 Ry 2 vk I b A
(glacier-like forms) . [f] .0 IR 48 5 T 78 J1 4 50
(concentric crater fill) . 78 4 £k Ik 78 3H #b 50
(lineated valley fill) . 7 R JEHEFL (lobate debris
apron) S5 JLFH &AL (Milliken 45, 2003; Brough
4, 2016, 2019). 7E Cerulli f o HiJRCHS Y o i
S BIAE ARG PR Sl A, LA R T S AR Ry 2
Horh e b YW AR A AR T AR 2 11.7 kem® B9 DRG]
HeE UK, MERA S b g Z B EEH A £ 5
TRE (KS5).
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(a) ZEH— 145 ) (b) 27 45 1)

(a) Type 1 valley network (b) Type 2 valley network

() 2T e 25 ) ISR (d) Mamers Vallis JRii 5215

(¢) Bottom of the type 2 valley network (d) Partial image of Mamers Vallis

Fl4 B9 KA A KBS ((a) CTX BEREAR , b ARFR 21.9°E,32.9°N; (b) CTX HERE IR , B HT L3R AR & & 1
ARV, AR 22.1°E,32.8°Ns () (b)H1 CIX, HiRISE 541% : ESP_013188_2130_RED, 1A k45 /3 W45 9 G B
LM, TP AR AR 22.1°E,32.8°N; (d) CTX HEGE 1S, Mamers Vallis PIZF 15T B, 0 AHR 19.8°E, 31.3°N)

Fig. 4 Water—related landforms within the study area ((a) CTX mosaic, centered at 21.9°E, 32.9°N;(b) CTX mosaic, the black

arrow indicating fan—shaped deposits at the termini, centered at 22.1°E, 32.8°N; (c) is the area C of (b), HiRISE image:
ESP_013188_2130_RED, the white arrow indicating linear fissures at the bottom of the valley network , centered at 22.1°E, 32.8°N;
(d) CTX mosaic, Mamers Vallis cut through crater B, centered at 19.8°E, 31.3°N)

Sl U A 1) DG B . ERCR T AE o 2SS VIO R
FR DX Il BT I 5], AR Cerulli 48 o TP WL T 70
J7 72 (Mangold, 2012; Tanaka %%, 2014), {HIf
A HORG 0 BB A . AR T T b4
THEARE, X Cerulli 4 o5 5T Y JE 2 BT 2
AR LORAHE YR L AR RS . R aEd R, HE
1 bR A AR IR AR A7) 1 4 o g DA s /D — i T bt
B SZ I, [R] Esf R AR Ak ™ 8 A 55 A Cerulli Ik
S B 48 o DO HE B DL SR TP T Cerulli 48 o 2

El5  Cerullifi i HURHF VK HIARL Y CTX HEi 215

Fig. 5 CTX mosaics image of the glacial landforms at the

Cerulli crater floor 1 2 i A L B T ST AT AR S BOE AR S R R
(F1(b)). EHELERFEH, Cerulli i 0¥ N F
33 CerullifE &AM R 37 (+0.05/-0.07) Ga (FE16(a)), frF B2/

1 58 Cerulli 48 o JT 19 T BUAE W& 2 T fi i 5% X Jr e a8 BEaF ) (~3.7 Ga; Hartmann 1 Neukum,
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2001) . BAh, CerullifEdHUIR LT T KA Bl UK
JIAE R hxd , ASBIF 78 o %o H ip 7 e B & vk )1 PR
U X AT T Y AR, SR E R
787 (+250/-250) Ma (El6(b)), HEIRVKIIFEM
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MO X AR T RESZ UK TG o “HEBR T B
B2 17175 BOE AR 4 R /N L R 2ZE K (Hepburn
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(b) The glacial landforms at the crater floor
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Fig. 6 Age determination results of the ejecta blanket area and glacial landforms at the crater floor in the Cerulli study area

4 ¥

4.1 Cerulli X3gH7K & 45 2 K AL EHLE

ABEFELE FA 7R T Cerulli M X A7AE Z T2 AT |
Z AR P 7K BIARAE o X3 PN 9 #1338 1T 1 Mamers
Vallis #% Cerulli P 5 B 75, 85 /8 HIE BT Cerulli
G FE . FE, SMRE YIS T S,
FERTREIE L1 b e, RIS Sl R AR X A
X3 P 0 25 DX RN B IR TEFR 222k B T Cerulli 48
BTN BE RIS L b, il T Cerulli 18 7 HUE BT
WO ZL/WYIT a2 58, PRI 8K 3% Bl & AE T
Jrec B el A B AR A O R i AL 2
Ja KRR K IG S 55 B2 IH % (Carr F1 Head,
2010), EARWFEERY, fERILLZIE, KEMKA
A BETE JR 78 DX A 7 22 1K 1 b 2 7K T 3 9 i
W 1 L R AR DTRR S MR o AN [R) T 0 I 208 B ASE 45
K. KRESR . RGBT HEAA R, LU Cerulli
AR VG Ty 28 W A X RS AR X A /)N 3 R 3
2%, BT S, (BIRAFREEE RS o TRl

X S B R AE AL R B R B AR AN R, T REIE
BT B BB R WS K b, AN AR E
BKBEZS (Hecht, 2002; Hobley %5, 2014).

KR VG 7 22 R A5 W R RE B AT 22 AP AL A .
O, WA WA IE AT RE S o S DDA G
EEL T SR N 7 N b g (S e oA F 28
SEOKIZRAL, 5B A 5 BTN R e 4
RO, ELAEE R LA, 7 B AR B 10 I ) )
ARE B, B SRR X R B B
(Newsom, 1980; Abramov FllKring, 2005). [FHT,
T K E B ARG I, T RE
FH R KBRS (Harrison 55, 2010) . Hik, bk
A Wt AT BRI BT 0K &5 R 1] BRPE R . KRR A
Sehm AR 2 R AR SRR AL, KRAES G-allE Y
A V- 20 37.62°, e KB R 82.035° . fEd &
1 Geathr, SR T 60° LA 63.0%,
13 G-ad }89.3% (LaskarZs, 2004), M4{H A%k
PRI, KRR IX T TE B KT A R PR R ST
FECE AR AR UK 55 AT A, R BT,
KA K ] b 2 BE s X Fe 5y, B4, 3 vp 43 B 4
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XGRS, TRk Ak S A, Hod
K UK FlAL T IE Bk 45 19 (Howard 1 Moore, 2011;
Souness Al Hubbard, 2012; Wilson 2%, 2016; Grau
Galofre 2%, 2020).

A58 DX I B4 e 25 0 BV AT R F LA b R A L )
Wl e — 5T, 7E Cerulli 8 o5 BT UK 58 K P BE I
BIAT Ay W o3 A, HLxX Sl 45 [ MU/ | 34 E
PERLZE . KRB ARG, R T EATA GBI T
f o AR OC Y R K B T UK 2 RlK B 588 R
o TR, W5 XA AE Cerulli 8 5 & A= BT A7 7E
Mamers Vallis ZMii[iH , 7] B8 B E 1% X 3l T K
(R DO =R A B N A U =i € 7o A 3
— 7T, KBNSz kF, HhZem—
By A W 22 5 1 B B ok SGEVE T, PRk
Fil K T RE AR e 2 I AT AR AL 1 A
4.2 Cerulli X i3 4 3t BT 388 4 B2 SR 45 1R B 55 22 1
e

4545 Tanaka 5§ (2014) FF MY I 2 BR 50
BEZER, DLW XSl o b ge 1 e 48 S )2
BEKR, A H 7O X A (E 7)),

20°E o 22°E. 24°E
Fl7  Cerulli X33 5T THEMIS 5212 &1
Fig. 7 THEMIS mosaics image of the geological map of the Cerulli area

ARFGREER A EAE R E KN =5 FEN
A IR RAEAR [T 55 3 il sl AR AL TR
R =T ARSI K B SRR
B HAR (Wu, 2023; Xiao, 2023), [ Cerullif#
YU A, BB Z R K& sh i st

FEor BT T DXCERN b BT A AR . AT (1) 3
WL, IR BT T A A R
B o 3 7 22 5 M ) BT B 9T mNh o (Tanaka 45
2014), HFFRHOEEAR HZ /M. R, T
Cerulli 48 o 3 M HIE 590 78 55 76 Mamers Vallis 2N
WHEZ b, HEFELR DR Cerulli 8 5 BT IE K
M 3.7 Ga, PRI Mamers Vallis [E T 3.7 Ga 2
FIAYTETE LD . 7E3X — B, Mamers BEAF A7 TE LR
KIARKG3, HY) G YUE B0 8, I
BRI AR g M AR Y Ismenus FEHBAR . (2) i
WLLPE ) 2852 St ], Cerulli Bl bOIE AL, 124
B S H B BE 7 55 T Mamers Vallis 59358 2310 38 L
K BRI b e o bt o [ I o S 5 R K
BAE IR KA d BTN IR L T e L B R TR
TR AR . (3) P AL AW b L
15 Cerulli i VUE 2S5, A0 A W YO AL,
M T Cerulli 48 5 BT A VTR AN S 8, [F] A% X
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Abstract: China plans to conduct the “Tianwen-3” Mars sample-return mission around 2030 to understand the habitability of Mars further

and search for the potential signs of Martian life. Selecting a suitable landing site is crucial to ensure the successful achievement of mission

objectives. In this paper, the geological characteristics of the Cerulli crater area in the northwestern Arabia Terra of Mars are studied in detail
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utilizing high-resolution remote sensing images and topographic data. Multiple landform types are identified within the study area, including
impact craters, water-related landforms, and glacial landforms. The primary types of impact craters observed within the study area include
ancient craters covered by ejecta blankets, fresh craters with central pits, typical ring-mold craters, and craters filled with ice-rich deposits.
The main water-related landforms are Type-1 valley networks, which are elongated and sinuous, with narrow widths and well-defined edges.
Additionally, Type-2 valley networks, which are wider and often develop at the termini of Type-1 valley networks with linear fissures visible
at their floo, are observed. The Mamers Vallis, an outflow channel partially buried by the Cerulli crater and its ejecta blanket, is also
identified. In addition to ring-mold craters and glacial landforms at the floo of valley networks, the glacial landforms in the study area
include viscous flow features, which are concentrated around the central peaks of the craters. Furthermore, this paper conducted crater
counting and compiled a geological map of the study area. The research findings indicate that the Cerulli crater formed at the Noachian/
Hesperian boundary (around 3.7 Ga) and suggest that Mamers Vallis was formed during the Noachian period, prior to 3.7 Ga. At the
Noachian/Hesperian transition, the Cerulli crater formed and covered parts of the Mamers Vallis outflow channel and earlier craters with its
ejecta blanket. Simultaneously, water activity triggered by the impact event formed various water-related landforms within the ejecta blanket
and crater. From the Hesperian to the Amazonian period, after the formation of the Cerulli crater, new craters emerged and modified the
crater floor and ejecta blanket of the Cerulli crater. The region may have undergone multiple glacial activities and formed various glacial
landforms such as viscous flow features and ring-mold craters within the region, and potentially new valley networks carved by glacial
meltwater. The formation mechanism of the valley network in the region may be related to the release of liquid water triggered by impact
events or glacial activity resulting from changes in the Martian obliquity. The complex water activity characteristics in this region provide
clues for a deeper understanding of Mars’ climate and water activity history while offering conditions conducive to the formation and
preservation of habitable environments and even life. Therefore, this study suggests that this region could serve as a potential landing site for
future Mars sample-return missions, especially the fan-shaped deposits at the floo of the Cerulli crater and the termini of valley networks.
Sampling at these locations offers remarkable advantages for understanding the duration of Martian water activity, sediment composition,
climatic characteristics, and searching for signs of life.

Key words: remote sensing, Mars, Cerulli crater, geological characteristics, sample-return mission, landing site selection
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