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Fig. 1 Image of the Chang’e-4 candidate landing site, Von Kéarman crater area on the lunar farside (based on LRO WAC image data, 100 m/pixel)
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Fig. 2 Topography map of the Von Karman crater region
(based on LOLA data, 256 pixels/degree)

AKX R EY, 2 EImET RO
ZE T EYIF, R O1gR R T8 5 A b v



ERE

PGS IR 5 BRI Bl X R 58 R IR AR A R AR AR 43

Al e, ImAIg#RJE T MLl Ned b (Imbrium)
o i Ui (Nectaris) 8 o 2B EE 52 (1) Hb 5T =
TCo ZEPRIE TS E MU E R (United States Geological
Survey, USGS) , #HL[1:5 000 0005 BT i o e [X
S (https://www.Ipi.usra.edu/resources/mapcatalog/
usgs/11047/150dpi.jpg) » #HIEHE N170°~190°E,
30°~50°S. MEHH LUE - R 1T X s 8 i
AR R HEAS, 25T B R 4R T T RIS AT JE 2%
B HAYH o5 7 B b g (F IR I AR I 2
R—F, Snape™F| B 1A H A B 3 Lot 57 U
TERE 15, 018 HSPAX Ik 1 H 572 )5 B i !,
TR TS i B — MNER S 2 10D~ M
i b, s EYURA T RE T E T BASPARIMH 5,
A2 TS A8 .

B3 R g i

Fig.3 The geological map of Von Karman region

ES FWF A ZE 14 (National Research Council )
20074 HRRIG CH BREBMEERINE 4D - RITX
BHE R H AT LA OffE - R d b
ZRAEER (TRERISPARIERY) , dhmxt A Bk
R AT AW, @ S X AT R IE 1T H I
Fik Hg /Mgy, AT H BRI A @
AR A E &4 (Th) AL (FeO)
A ERE AR AP EAR S, SRIUZ S A (AR
S ATRHE LA IERFIE S (S B @RF 5L H Bk 1 X i
EHEIE. B AR 2R @i ke S 5
04 LR Ak v B AT T BRTS TS R O R AR A .
I, X R AR SN, R R e T H BR
DRI AN G RAE b o 28T DA X A 72 3

TAEMTE AN SUARAL b, A SCREA B 1 5 Bkt Bk
PSR, R X I X R ) 7 8 R R 4+ 1E AT
IIMTABLTT, D9 )a 1“0 ka5 7 i TREARL 22 H b S
et —E MBS .

2 HREX A FFIRABEEHIHFHIE

TERT FUHLBR B 7208 BBl = S kv, b e B Ml 2 B
MRS R S SRR . (R TEAT BB, AR
B MR I EUES R, X Apolloft 145 H Bk IE 1 (1)
H WA . 4T B EAREE MR, 22
KR E S50 7 . 1350 R 43 A R
K, GG R L — & BRI B AR &, AT
DA AT B2 (R RSB o 45 K 3R AT 2 T o A SO b
SRELI H BREE S A A sk B A, SR At
I 14 T G 58 R AR S AR AR AT 0 AT
2.1 EhHAHRE
2,11 EJj, MBSO AL

AT B (1 HE R M 3 DA EK U ek B ) T KR
N, o AT 43 5l BT DR IR AL

o ]

g0.0=" D" gm¥in(0.9) (1)
=0 m=-1
o ]

WO.P) =" > hinYin(6,9) @)
=0 m=-1

Horbre DRIm 3 7 9 BRAE s B AR gy, Ay, 73 A
LY RO SR A R SR IR E I 1 S
447 (D (Admittance) FIAHZRy (1) (Correlation)
CIYS v

Shg(l)

20 =355 3)
Shg(l)

()= ———— 4

T B8 ) @

Hre S, (D REJFIE A XN S, (D
FSge (1 43 HLEFIE J 1 B AR .
TESR I, #E JFIH T (¥ 0% F08 T AR !
&im = QumMim + Iim (%)
H: QNEMHH T 1, R R R ORI 5
HAOWEE, FEZE NP MSE. Bk, 5%
Tk, ATULEBERHEANX (3) M (4) HHEE
TEHIBTREE RS, (D + Sge (D FIS,, (D, LAKEA]
MR RFHZ (D MKy (D o E AL E—
MGG E SR O /ARALO,,, IR IXAS K HR A
RIS BRI (S B 5 bR E AT 305, fE


https://www.lpi.usra.edu/resources/mapcatalog/usgs/I1047/150dpi.jpg
https://www.lpi.usra.edu/resources/mapcatalog/usgs/I1047/150dpi.jpg
https://www.lpi.usra.edu/resources/mapcatalog/usgs/I1047/150dpi.jpg
https://www.lpi.usra.edu/resources/mapcatalog/usgs/I1047/150dpi.jpg

44 WAl

R 2 20184F

LR SR A SR Bk B S 4. N, R
1T RS R R A N R TS, Rt
IR R R B AT, AT LA 25 S AN IE [ 28 1 e
B Q)0 ZERL TR R RIS B S IR K [ R0
G W

Z(l) Zf(pL"pmaV’E»Te,TCaZ9g’R) (6)

170° 172° 174° 176° 178° 180°  —178°

-300 -200 -100 0 100 200
1 £h 75 7 ) 58 /mGal
(a) B

y()= 18- 1 (7

W, SRR Ep, BE L, AL
v, MREEE, #MEERT,, ARERET,, B
Wz, BREINEEe, PR EFAERESHI R
B S SN AR R R B S AN, AT DX X L
SHRCHAT R, (ER SEE AR R ) AT 32 A2 5 AN R
DARA BRI .

170° 172° 174° 176°

178°

180°  —178°

7 6 5 4 3 2 -1 0
1 /km
(b) HJEKE

K4 mRITIX I E A TR
Fig. 4 Gravity and topography map of Von Karman

2.1.2  #E AN AR

AR ST R FH 1) b AN ) B Yok B 4T B A
£ 4 (Planetary Data System, http://pds-geosciences.
wustl.edu/) , H B EE R B LRO_EFEEINEOL R
FEHLOLA™, S 2 050Br kIR 56 B0 7Y Chttp://
pds-geosciences.wustl.edu/lro/lro-1-lola-3-rdr-v1/Irolol
Ixxx/data/lola_shadr/) , ML EFF0.1°, =5 [H] 5 H
3 kmo 201 VAER KT 2312 H “FA65 7 (Gravity
Recovery and Interior Laboratory, GRAIL; HERE Jj&E
w5 A IAE R SIS F D PRI BT IR s T R sk FE A
BRE I RINEER" . WE S EIERH T & A
HI1 SO0M YR ER 1 B B0 8 (http://pds-geosciences.
wustl.edu/grail/grail-1-1grs-5-rdr-v1/grail 1001/shadr/) ,
AR KA T GRAILFTA WS E 5 ds, # 7115
RN BHE (15 R EEAE 900 B,

I FER U b8 B AL B/ SHTOOL  Chttps://shtools.
oca.eu/shtools/) "™, K J7 FIHL T BRI bR £ 03 0l 2
TF, ForE B AEE 900/ I, I P TE LA F
0. 1°f A% A o [ 457K 1 48 R 1 X 45 22 ) AT,

JExt b, WEF T, R T IR E SR
M B B — sk, BT b e S R N
—, “FHMEAE-200 mGal, HfEdtmiig st b E S
B E, BAHERHREE. (H2, MHEXT R
A BRI %, 1T b0 e 00 2 (1 E A IE 7 B
A o
2.1.3 IR SRR S R

N T AREN2. 10145 B - 1T X 5 9 R G B
B, T BRI R R E R AGE S R . R
FABR e & 38 A AT 23 A7 7R, PSR T T L,
o} 5 3 g R b T 28 0 £ 38 (AR i 1, IR R D
T VM S 43 BT X 35k P 2 A AT 4. AR
PR TS bRt T RV E S0 A, X E T AN R ER e
TR R E S 540, KRR T 4°1E N
M E O, i 4ah A aBERTR, RV RO
AL AR T DX, SR T A6 Y 3R A JB %4 B .
FHTR99% LA L A A Hb T2 Fl (5 5 # 4R Th 7EER el
o, BT IRELAAE 5RO, = 650 [RINF, AT BRI
IR A SR R R, X AL, + 3L gy —


http://pds-geosciences.wustl.edu/
http://pds-geosciences.wustl.edu/
http://pds-geosciences.wustl.edu/lro/lro-l-lola-3-rdr-v1/lrolol_1xxx/data/lola_shadr/
http://pds-geosciences.wustl.edu/lro/lro-l-lola-3-rdr-v1/lrolol_1xxx/data/lola_shadr/
http://pds-geosciences.wustl.edu/lro/lro-l-lola-3-rdr-v1/lrolol_1xxx/data/lola_shadr/
http://pds-geosciences.wustl.edu/grail/grail-l-lgrs-5-rdr-v1/grail_1001/shadr/
http://pds-geosciences.wustl.edu/grail/grail-l-lgrs-5-rdr-v1/grail_1001/shadr/
https://shtools.oca.eu/shtools/
https://shtools.oca.eu/shtools/
http://pds-geosciences.wustl.edu/
http://pds-geosciences.wustl.edu/
http://pds-geosciences.wustl.edu/lro/lro-l-lola-3-rdr-v1/lrolol_1xxx/data/lola_shadr/
http://pds-geosciences.wustl.edu/lro/lro-l-lola-3-rdr-v1/lrolol_1xxx/data/lola_shadr/
http://pds-geosciences.wustl.edu/lro/lro-l-lola-3-rdr-v1/lrolol_1xxx/data/lola_shadr/
http://pds-geosciences.wustl.edu/grail/grail-l-lgrs-5-rdr-v1/grail_1001/shadr/
http://pds-geosciences.wustl.edu/grail/grail-l-lgrs-5-rdr-v1/grail_1001/shadr/
https://shtools.oca.eu/shtools/
https://shtools.oca.eu/shtools/

19

TS T4 S A BRTS T [ X 52 BRI G5 AR 45

L XA S, Ly = 5502 AT 0 137 i B
U, ST GRAILEE F737 SE R M I A 28 v
B SER T XSS ) R e gy, SaniREmM
KR AL, RERR T EILRE, HOaRRIMH
Ko TEFTERUNE DN AN HCN68~485H . MK
R LA, R T AR O i 2 AR
ok, I JFHIEAE 1308 DARTAE OB 3N B S BT
FIfash, FHE M6SET10.893% 55 T[4 F|94F 10.72,

i -

H 94k 6% E T2 13061 #70.98, FH#aTiae. H
RN LHAERE, SIPOREARE, H280M )5
U S A OC B PR S, BAERE 5 AN
eI RIAR S o ¥R X302 1) 5 9 RAH AT
w2, ot X R R 4% 1 ) MR A Ry
PR, DRI M 5 FH 2. 1.1 7 B () 47 o A 2 6o 1% X
)t ER P B A R AT AR, TR IR T N B AR A
BRR.

S44/(mGal-km™)

0.9

0.6

0.5

T R T T
300 350 400 450

BRIFERE X

B 5 R TR A ) G 40 AR 2% i 22

Fig. 5 Observed localized correlation (blue) and admittance (black) of the Von Karman region

22 MIBENMENHE

EH T UL 21 %) EE A5 5 3 B 3R T b T A0 Py
FEARA I R 2, DRIECA TR H BRI BRI A 1, — ik
L MOV R LB R 5 2R EE /1155 . Lemoine
SR H 808 MGRAILAILROM TE AR, 3715 1T HEK1 200
B UK R A A% B B B OB, FEAT B AR R 4t
PDS E R BL R % (http://pds-geosciences.wustl.edu/grail/
grail-1-lgrs-5-rdr-v1/grail 1001/shadr/) . 1Z#EHE & H
TP N2 500 kg'm, FF R T OB R KA R
DIZEH TR OER" . BRI B 137 BRI RGBS F|
1 2000, fHIZS2hr b i T 32 35 g s L A
B EE ) S )N IR ZE TROR S R K I, A
JI 5 B R IRAESSORY 22 A" SERRiE S, #
AR B ) S H O OCREOBT 25508, 453 TR
WAk E 2R, WK 6. WEHRTLUEH,
FE K] 4vh SR B ) 5 e s K R A 2, N T B
AR ), IF T R X e . A 1
A 2 ORI s BN TR B PT DLE 1 X3
REMIEME ) 8 TR N 75 R IMEE S5

Sl ik, iR R bR AT R
YU S, (HRKMIE ) »EEEMAR TR
MR . K 6HErf LLE Y, BN R I
J6HE, RS2 B gl = A b B S S X3, P
SRR B R RO —, ~FEAE-100 mGal.

N B VRN A - TR R K ) R
fE, BATVHE S0 T ZIX A E SR . B2
(3 B A AR R T, AA% B I B B KRR R o B
ATLLAD,,« Ty T 2k380R, Ht3 &, w i
A M T KPR RE SR B I ANRRIEE (D) ATy,
a3 MR TR T A ks F A A e KR S /N R R
TEE A —4k, 15 2R IEE 7K T3 FEE

F]l if F11 > abS(Fzz)
hh:{

. (®)
Iy if Ty <abs(Tpp)

kg BB E ) R 35, TR T
PRM— e ZE PR R, IR 0T N N T R IE . A F
PEH PR R I A, AR A B — g B E R
Fi& . Andrews-Hannas®5™ % F 5 771 5 R AiEAE 7 1%
FSC Ty b 0k BR X R b X ) B B R AT T 42


http://pds-geosciences.wustl.edu/grail/grail-l-lgrs-5-rdr-v1/grail_1001/shadr/
http://pds-geosciences.wustl.edu/grail/grail-l-lgrs-5-rdr-v1/grail_1001/shadr/
http://pds-geosciences.wustl.edu/grail/grail-l-lgrs-5-rdr-v1/grail_1001/shadr/
http://pds-geosciences.wustl.edu/grail/grail-l-lgrs-5-rdr-v1/grail_1001/shadr/

46 R A BRI

2 20184F

BORM At o AEZI7VET, IER RS2 2 K H )
FEWAR T, AEAAR T TR R R R O 2k 1 Bk SR
. WK 6T LLE Y, SRR AL Z i A
W FE S, N T AR R B G R R A
B W R YU R L S 2 I € I VAL
AT, SRR ZIX AT REFE K T R R A g, K

170°  172° 174° 176° 178°

-300 —200 -100 0 100 200
Akt T3 5 /Gal
() Aty

180° —178°

FE#EIT180 kmo KU, fEIE RS- RITMEE UG A
KEMAERK R FEN, dbal DN, 7517
HYUE G RN RIIMBE RS, WA TR T
DRSNS B R, X S W) A A T RE R S B A K R
JE R Z lE TR G, B NIAE 2 R0 Y
TG 2 B R oy 7 H K

=30 20 -10 0 10 20 30
fi k& 5 J 1B /Eotovs
(b) HIIBEER

Bl 6t 17X A A% T ) 3 R K 2 B

Fig. 6 Bouguer gravity anomaly and Bouguer gravity gradient map of Von Karman

23 AREE. BEMILKRE

HHIY . Ak ) DL R AT RS T B R A A
EUUHE SR T T 5T AT RE IR AR A MR AE . AR T
LA T AL B RITX ISR GECAERE D],
A S R R, fEdit 55 R IMBE ST
FEPR SR G &, A X 3o T 58 H 3R H 184 )5t
DA e SPA 7 1 FA G AL ) sE e i T R I 0 DX Sk A
R AN Y S Bk 3 AR, 8 v DLdE I RS AR
H, RERIMEARHARFMENERSR, WHRE
FE. A% AL S R, Ak —5 0 5w
RIS RHAE SR A 4

H 52 BT 5 H BROE AE A 2 S5, K
FGRAILEE JJMILROME £ #:, Wieczorek i 513
BT BOH A R R, iZA TR 12 RO
MR ON3 108 B EE g3 At 4t fETH R fE %
FER T ARG RS A5 % L&
LRI S5 2, - LlApollo 1251114 7 72y A0 I $HE 3k
WL T35 H 52 )R BE N 8 A SRETRAM At 1 H 5%
() JE B AL AR 15 0« Wieczorek S5 115 H H 52 1T 44
TREON2 550 kg-m ™, JREE T T AR [E] ) TH SR Y 2
R Hrp A2 MW H 7P R B N34 km, R/NE
[£50.6 km, HERKFIILLBREE N12%, H1@% LR

3220 kgm” . B 7HIR T IZAE AL R IX
HFBEESER. WETRTUEH, &R 1TXERH 5%
JEFEERCNANY —, BB R E AR A S R TR
FIME ST g, % X3 H 52 R FEAES km/
Fio G-I EUACE A R EEECAS—, N T
15~20 km2 [8], HoH 720 F35 B R

155° 160° 165° 170° 175° 180° —175°—170°—165°

5 10 15 20 25
Hoe B /km

K7 R A 7 R
Fig. 7 The crustal thickness map of Von Karman

fEH TR, A R g A 7R
ZURMCBIESH. A BRIE AL RS, A



ERE

PGS IR 5 BRI Bl X R 58 R IR AR A R AR AR 47

FALASILF AN E 2 T KERES, R TS T
HALI H RICIURAE . 5 7 & Hu A0 58 5% B 11 R 4L,
ZEB—E B 3 M 59, Wieczorek &3R5 1 H Bk
i Ch R SPAIX S~ 34 A 52 %, el 8 (o) i
Ne MEIHATLLE H, - XSRS 3 A e % A
2630 kgm™, FET HERIFIH 58 % 2 550 kgrm .
R T XIS 2 H 5 % B 5 AL 1 3 A g 2% R g 3
(55 T IMIX B A U 1 — Bk . B ek
VIRTE— 2R LR —10, 456 H i Py Em
RIEWT W IREFE, saT Lk 545 20 5 52 1 FL R
J&, %S H] DR LR S8 H S i LR M. iy

155° 160° 165° 170° 175° 180° —175°—170°-165°

T A ERE A% FERIR T K R, LAY H %K FeO
MTIO 5 AR B AEEM AN, FH “ HEkERES”
(Lunar Prospector) &0 5 5 Ze 15 A R HU 45 31|
M H BR AR & &, T LIRS H BR R M0 1%
FE, i 8 ) . MEHR LA, R
X I35 H 52 i % FEAE2 890 kg-m™, H 5
Joi i U A 0T B B A IR I — Bk . R A 5eT
WA, I EARNG R X AL R
H9%, FH/ANTHERMFFLBRE12%. BULA W,
ZXEad 2 xR LS, HRkE T 2GR, &5
BEEE I T BB I 2 AR .

-30°

—35°

—40°

—45°

—50°

550

—60°

-30°

—35°

—40°

—450°

—50°

550

—60°

155° 160° 165° 170° 175° 180° —175°—170°-165°

2590 2600 2610 2620 2630 2640 2650
PR/ (kg m ™)
(a) H7eEEZRE

2940 2960 2980 3000 3020
P (kg m ™)
(b) KM% FE

B8 R ITIXgIN H T A I o i
Fig. 8 The crustal bulk density and grain density of the Von Karman region
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Crustal and Subsurface Structures of Chang’E-4 Lunar Farside Landing-Site

HUANG Qian', WANG Taimao’, ZHAO Jiannan’, MENG Zhiguo’

(1. Hubei Subsurface Multi-scale Imaging Key Laboratory, Institute of Geophysics and Geomatics, China University
of Geosciences, Wuhan 430074, China;
2. Planetary Science Institute, School of Earth Sciences, China University of Geosciences, Wuhan 430074, China;
3. College of Geo-exploration Science and Technology, Jilin University, Changchun 130026, China)

Abstract: As the selected landing-site for Chinese Chang’e-4 mission, the Von Karman crater, located in the central region of
the South Pole-Aitken (SPA) basin, opens an important window to study the lunar farside crust. In this paper, the newly obtained
gravity, topography, Bouguer gravity/gradient and crustal thickness data are used to comprehensively study the crustal and
subsurface structures of the Von Karman crater. Results show that the Von Karman crater is located in the northern part of a pre-
existed impact crater Von Karman M, which has obvious central positive Bouguer gravity anomaly and linear Bouguer gravity
gradient features, indicating possible dikes and dense materials beneath the crater. The Von Karman crater is likely to penetrate
through the entire crust of the SPA and excavated the deep mantle materials. The crustal thickness map shows that the southern crust
of the Von Karman crater is as thin as Skm and the northern area has an average crust thickness between 15 and 20km. The bulk
density of the Von Karman crater is 2630kg-m, which is about 100kg-m” higher than that of the farside highland crust. The grain
density of this region is 2890kg-m, suggesting an average porosity of 9%, which is slightly lower than that of the lunar crust.

Key words: Moon; Chang’e-4 mission; Von Karman crater; lunar crust; subsurface structures

High lights:

e Comprehensive geophysical data have been used to study the crustal and subsurface structures of the Von Karman crater.

e The Von Karman crater possess obvious central positive Bouguer gravity anomaly and linear Bouguer gravity gradient features,

indicating possible dikes and dense materials beneath the crater.

e The Von Karman crater is likely to penetrate through the entire crust of the SPA and excavated the deep mantle materials.
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