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W OE ALELEAANRST RS LEEEBRERBEA EW Abstract The gold deposits in the eastern North China Craton are
TS REBA AL A SRR A5 R, i closely related to craton destruction in time, space and origin, and
g B 4536 ; D ) are also known as “ Decratonic gold deposits”. It is generally
AR ARG LA BB & TR R AR E A& believed that the main dynamic background for the North China
HERFAFRATRKFESEORERE T 6B & (AL F Craton destruction and the mineralization of the “Decratonic gold
A5 ) AR b 51 K G Mg AE AL AL D, BP AT R G T AR X S A 38 AR deposits” is the unsteady flow of the mantle caused by the westward
( present-day azimuth) subduction of the paleo-Pacific plate under
: g . 5 2 - 3 N
LA R R AR . R A B AT %‘_. ﬁk‘éﬁ %;rm B the Eurasian continent. This means that the formation of the gold
lng‘/\iji B, R AR EH R A AR L deposits was controlled by deep processes during the craton
A YR . A48T IX %458 A IRaE A2 P IR AR AR R At A2 RS T destruction. Jiaodong is currently the largest gold ore concentration
- area and gold production base in China. It is also the most typical
/,\ L CEC A R 7 7 X 5 area and gold p P
AA GERUER, TAERRRAT &, ERETRT REH area where the metallogenic model of the “Decratonic gold deposits”
RN, RIFT FF AR, 2R EERR S A 2H was established. In order to reveal the deep dynamic process and its
W B e A G IR. KT, KR AR BIEF R IR controlling effect on gold mineralization during the destruction of this
MR AGBETIRALY b R AR EHEHIIE, 6 craton, a large number of geophysical exploration studies by using
= i " different methods have been carried out in this area, with abundant
66 BEB RN TR A SRR FAAEF AR achievements acquired, but these results are mostly scattered, local
ATIENINIR BB 2T /I F GBI RRT R and lacking in systematic understanding. Therefore, based on the
ERBEERAL. detection results in recent years, this paper systematically
summarizes the deep structural characteristics of the Jiaodong gold-
A F 3
KR JRARET s B o WEM; i KA, concentrated area and its adjacent regions, including the lithosphere
ESoP N structure,, crust-mantle anisotropy and rheological characteristics,
etc. It will provide an important reference for understanding the
- metallogenic system of the * Decratonic gold deposits ” and
REFES P15 breakthroughs in deep ore prospecting.
MERARIRES A Keywords Jiaodong gold deposit; Lithospheric structure; Crust
doi; 10. 6038/pg2022GGO084 structure ; Shallow structure; Crust-mantle seismic anisotropy
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0 51 &

A FERLE A A BRI I e AL 2 — B 5 TR A
28 SR AR b, AR L SE R AN I SR TE R 3 T AL I 2 4
PERDT A BA SR b E R R EFTSE R, Rt e
A o A AL 32 BSR B A IR, i FE R IR AL
FERLE R 120 km JEAY A A RBEARC 227 (Fan and Menzies,
1992 ; Menzies et al. , 1993 ; %486, 2008) ; [6] ] 5 Trd i
TIRAR PR, eIt sE R e A T ) 2 10T 58 B A 3t - - J
YEHTCEBIE 2%, 20045 Yang et al. , 2005; 5K [H 15K FAF,
2007 ;Chen, 2009, 2010;Zhu et al. , 2015). Wi 35038 R, 4
AC SERLHE IR 5 45 e H R AT S5 D0 1) 2 (] | (] 60 ok, AT Bk
F. 236 b P R AR AR ST ROE AR R, R R AL B B
AR X s I IR) 5 VR AR i Tl b AR AR, 5
At s LI i IR FE T 08 39 1) Bsf ] KA — 2 ( Yang and Zhou,
2001 ; Yang et al. , 2003 ) ; A I, 4 s 1 145 sehrid R
YR A -5 - T AR VR A R B DA OC. SE T, 4R b o
T AR TR A RRR Dy SRR B B IR (R H 5%,
2015).

XA SR WA R IR, BN E O XS
P 5 XU R S A T A T A A PR 3 B
BRACZERHE A R S5 7 T T J T R 9T, R4
TR YVH I 4 i B (O vk g, 19955 44 v 4%,
2000; #=pt4=45, 2012, W] E S, 20045 6% 55, 2005 5 X
2245 2004 ; Deng et al. , 20155 Li et al. , 2015). 55— J7 I,
T INRAEL SERLE IR K SRl R A 0 R TR
TEARTE 5, H AT 1 R & 1 Bk 4 SR 51 5T ( Chen et
al., 2008, 2009, 2014; Chen, 2009, 2010; Zhao et al. ,
2009, 2012; Zheng et al. , 2009, 2012, 2017 ), 3N A K
SRR ) BRI KR BTG ) (B4 J 057) AR g | & 1)t
R I B2 P BORAC AR TR SO RLIE R B sehLiE e R
W IR VR T & A i £ 8l 0y 2215 50 R HARERTAR KA,
2009 ; 4% H #£4£,2011,2012).

A Ry T ] e T Y 4 A v DR i R ) B 4 2 7 B
(Fan et al. , 2003; Yang et al. , 2003; Song et al. , 2015; R
HIZRSE,2020) , J5 AR b DX A A b B L 388 2 31 , i e o8 i
IS A R e o AR L A e DX, TR I B A R AR AR L
ARIB e B RS SE R A IR Y IR T i A i AR
0 (Carlson et al. , 2005; 5 #5JC %%, 2008 ; 7 B [H 4%,
2004; 4% H #£4¢,2015; Yang et al., 2021; Zhu and Sun,
2021). Fy—J5 T, B #h 2R 5 AR BT A A6 S, 971
TH If6 35 1) R B % YR A% Pk 5% ( Harrison and Urosevic, 2012).
D) EBE , B AT X G b P AR 1) TR |y R DX o)
2 DX 5 DR ) X, TR TR g AR i 7 ok b o 2 £
YRR G SE4E SRy s AR A0 AR T 5 $L 308 IR DX 48 U 1 9%
TRES P SRR R, 7E B E S & R H At s hE
R FR e W R ER I AR 5 R AL BT, b R B B
5 BRI FE T A AR b DX R — 4% NW ) ]
TE [F3) A T 2 2 6 B UL (4 340 5 R b 7430
FITEHH G BN (NCISP-O & [, Hk 20 £ T8l # 52 4%
(1) o350 T H U R BURAR (Yu et al. , 2020) (5 50

PSR (AT B4, 2020) BY YT RN TEE A5 11 SRR TS
(Wu et al., 2020,2021 ) %F £5 45 M BRIy PRI, A% SC 205
X E TR ARBIT T , RBAR 4 DX H) A Bl 45 Bl 2 54 J
TR 1) S S AL SRR RO BT R SR T 45, DU X 42
TR AT 5 13036 AR B 5 67 PR 2 B TR TR 7 5 LA IR
JER A SRR AR AT SRR Bk B2 o

1 Xy st

JB AR Ml DX A T A sE i A 2k (&1 1), P8 LB AL 4 1)
YRR KT T S 5, R TR E e B R R P IX (Qiu et al.
2002; Mao et al. , 2008) . 7R Hhy X AT LA 43 2 = A4 1 B
TG, B e I B R | I S i b R R 5 3 0L (2 4 RAE,
2007 ; Zhou et al. , 2008 ; Z=pt4s 22 2012) , iRdb e 2
Fe Rt R BUE T AEAE R o . o, R AR B
DURARAREN E, BB W SR TTC FlLIRH M R A
FN MR B E AN, 1 AR R E B R -
LA - AR R N - A0 R B 45 RS 7 b 2 L 1 Tt
WTRE 3t ( Zhang et al. , 20035 JAl 5%, 2016) , k& H HE
L REAR LUV AL RS 5 1 31 4 3t 44 Jag ke A b 14k 75
Bl LR — AR MV A 1 e - i TR AR U AT (Li et
al. , 1993; Yin and Nie, 1993; Xu et al. , 2009) ,{UFEEI 5
AR AE Gl B A A R 2 R 4. AEIR AR 3 X,
FE—HH B W R B O RIS R A Y 4 R, e —
ZEME AR AR E B TR (R D11 55, 20005 ARARAE, 20035
SRAEHFAE, 2007).

PR PR ) 205 R 1, JEAR b DA 3 iR 7 = A R
X, Herp e v B AT A, RIS VG b 5 406 3% A W A~ 4 0 4
H G TR B LN A —A, 2 TR E—FL i X, R A2 3
WX/ B . BLAh, ISR A N 0 fhd 25, H AR 42
Hb 55 A8 B I 45 5 T 00 & BUAT 20 /NS 1Y) ) 1 AR
RIFIRREBIED (B k5, 2014 REIE, 2015). AR 4
WAk F SR TR o TS B - A S kB AN i A8 5 B P AL
SRR FEL AR ARG | Ml E MR IX
WLAA SR 40 F (B 155, 20145 RWIFE, 2015).

JBE AR L X 44 75 L NE-NNE [is] i 5 84 15 0 32, R X 42
PRAS )43 A B R AR . =l By W AR KR 4R
WA R TR T 5 W SRS S A A B e
R FER 0 B B — R FET I AR AR
FLIBH (181 1)

2 iR g

JE AR M IX BT Ak g e AL e ham AR 8 H AR R AR T
)2 WA AL R AT R SR B, i e A R S 0,
WAEACHET Y 180 km DL Iy # £ A1) 60 ~ 100 km ( Chen et
al., 2008; Chen, 2010) . FLHILEZ X L JHIE 1) P 2 A A
BEER R PR AL se RE T 7, 15 T H A E
Feg N M PR RS, BB S T M i (Xu et al., 2001,
2002 ) . FERR WAL B AR M X AR 43, S I8 H A0 o B A 2 1)
AL 60 ~80 km, 18 5 BT ¢ f) LAB 12 BHIUE | T 37
BREL TR B 2T J7, Moho TR 7E KT 24 T J7 A7 1E 36 ~
32 km R AGTE, X Bl —EE R B AR W 2 XA AE IR TR
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Fig. 1 Geological map of the Jiaodong Peninsula and distribution of stations ( modified from Yu et al. , 2020)

1. Quaternary loose sediments; 2. Paleogene-Neogene terrestrial volcanic-sedimentary strata; 3. Cretaceous continental volcanic-sedimentary

0 20km

strata; 4. Paleoproterozoic-Neoproterozoic shore-shallow marine facies strata; 5. Neoproterozoic with eclogite granitic gneiss; 6. Archean
granite-greenstone belt; 7. Cretaceous Laoshan granite; 8. Cretaceous Weideshan Granite; 9. Cretaceous Guojialing granodiorite ;
10. Jurassic granite; 11. Triassic granitoids; 12. conformity/ unconformity; 13. fault; 14. large to super-large gold deposit/medium
gold deposit; 15. broadband seismic station; 16. short-period seismic station; 17. piercing points of rays at 33 km depth
(reference model: V, =6.3 km/s. V,/V, =1.76). Pink solid line AB denotes the position of CCP stacking profile.
CAOB: Central Asian orogenic belt; NCC; North China Craton; SCB: South China Block

WB: Western Block; EB: Eastern Block; TNCO: Trans-North China Orogen; JLJB: Jiao-Liao-Ji Belt.
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Fig.2 Deep seismic sounding velocity profile across the Jiaodong Peninsula (Pan et al. , 2015)



955

2022,37(3) B, % BRARE 5T XIRERE IR E  (www. progeophys. cn)
w F T 4
\\*\ 1) 8 - haoyua B '(%)
< A \ ,' I - ushano S
NCC Wullan Yantai Fault Zone SCB
Jiaobei Uplift ! llaolall Basm —»H— Sulu Orogen———{ (b)
NWW OXF SEE
E o3} JF ZPE MP F HYF JINSF
2 /"/\/'*J"" M
3] 0

0.1

I0F™ _ i il o RS V S gl
3
B e P 2
é 20 e, 7. W 0 F
g e HONO . i— 5
40 -0.1
50
_ 200 120.5 121.0 1215 Do
< <y
Q [ N (c) ~-3.0mgal
§ == e S
@ -10 [ Bouguer gravity anomaly ) e
120.0 120.5 121.0 121.5
V/V=1.76
Lo 18 176 ! 179 Riiks @] "'
= R R —— :
=L V/V ratios . i .
120.0 120.5 121.0 121.5
0
e bt 1.74 \ 27 (e)
20} i
oy 1.82 1.82 1.83
Q30k Moho b
—— ——— an See wm S5 —— o = e ——
40120.0 120.5 121.0 121.5
Longitude/(°)
K3 ek Bt e a5 R (Yu et al. , 2020)

(a) R T] 1] OBy (250 2k AB 3R CCP B IMFETHALE) 5 (b) — AR S Ps AR CCP B ; (o) Atk J) 5

Here F4H75 S RO PREDEEE L, 2% (S E R TIP3 (8,
P LLRIELEE. NCC Ak sa i s SCB : A i AR Bt ; LVD - iR 7]

5 () WEETE R
RO A X IIME; (o) 0E Ho-e FARRAF I BT HI5ERY
W TR 5 FLVD - g 3 ] DR 1A 5 DO« P 8 284 5 ZPF - e —F BE 3¢ 5 QXFF

WYEZ W% TCF AT IBT2R ; GCF : SIRIT 2 s MPF « A2 228 s HYF - ¥ FH T2 5 INSF - /4= 111 2.

Fig.3 Receiver function imaging of the crust (Yu et al. ,

2020)

(a) Simplified geology map along the survey line; (b) CCP image of Ps phase (0.01 ~2.4 Hz) ;(c) Bouguer gravity anomalies based on
a global Earth gravitational model (EGM2008) ; (d) Crustal V,/V, ratios of each station (yellow diamond). Green solid line denotes the

average of each tectonic unit; the black dotted line denotes the regional average; (e) V,/V, ratios and thicknesses of upper and lower crust.

JIF, Jiaojia fault; ZPF, Zhaoyuan-Pingdu fault; QXF, Qixia fault; TCF, Taocun fault; GCF, Guocheng fault; MPF, Muping fault;

HYF, Haiyang fault;

iR A A A AR B A AR A K e A ik v o 7
PEAE T BB ) BT 1 3838 ( Chen et al. , 2006). | HZIX
P il B R RS T S I B AR s, D DRI 2 R A S
¥ A B R 2 L B B D)0 o S A T B 25 5 X

PSR E AR AT Rt (1) 2 A B R RR)E W3
SRR P T A A, R B T At b iE AL (2) AR A
W 4 0 43 J T i R R e AR R G A T P g T B
M, i 2 /Y B e s 30 A8 b v B0E I AL AR AR TR Ok
(Zheng et al. , 2008 ). P 3% JZ 1 BL5 L 7 487 e 224 v ) I

I P 14 R T S 45 7S A7 AE 3 A 5T L (Led et al.

JNSF, Jinniushan fault.

2020) . AR & P AR TR b B B S5 A TR AR
BRI AE AL W 25 5 I P N 2428 7. 8 ks,
T AR08 A =, 35 31 8. 1 kem/s (A5 8145 ,2008) .
H 5 A FEIAS 3% 25 T ( Mid-Lithosphere Discontinuity , {8 Ff
MLD ) Q248 1 b NI s b i 2 A B N3 o & i iS5 , 78
At SERLE PEFR IS AR LI T MLD [T7LE (Meng ef
1., 2021) , fH A5 AR FLIR B 5 et SO hm AR T i
F A PR FEAHXS I (Zhang et al. , 2020) . 75 P A ACLLT MLD
A AL B AEAE TRl s b B R, IR w5 A 2 TR
HARAL e i B A A PR RN PN R Ay et , e Ho A v AR
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Fig.4 Apparent resistivity profile of magnetotelluric across the Jiaodong Peninsula (Zhang e al. , 2018)
The profile starts from Sanshandao in the west to Rushan in the east. fl: Sanshandao fault;

2 Jiaojia fault; f4, {5;Zhaoping fault; {7 Taocun fault.
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Fig.5 Shallow reflection seismic profile across the northwest Jiaodong metallogenic belt ( Yu et al. , 2018)
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AR AT o R SR ZE R, S 8507 3% DX S 3 1 s
WEFIRIAR , AEAZES5 7T IR B S 52 w2 b w37 368 v 3 A0 7
FRTEEAL (Chen et al. , 2014). J5 AR DX 3 g 350 b 0 2o 308 ol 11
660 km FL [] T MR 30 ke, B i J5F R 2 X, S i 1R
SRR iy B LA B R 2 AT e T A AR
VIRAEL S RLE AR BRI AL 1 2 0 ( Chen et al. , 2009) . %X
660 km FUHIIA B T X 18] W RFAE , T BE A AR A A
B RE AE 3 R, 9 40 A A7 R A7 B A BR T B AR 8 (AQ and
Zheng, 2003).

3 Hisesik

TEME A A AR A b T 40730 B VA L 5 A Dk g 7
LR M X M FE S5 H 9 25 5 S B0 T KR T Y 25 5 (Yu
et al., 2020). HAT, fEBAR BILATIX CLTT e TRk iy oe
ZERITRTE (B SCRA, 19995 FFE4E , 2008, 20095 Jia et al.

2014 ; Tian et al. , 2014; X%, 2015; /KRB, 2015; Bt
IKETEE, 20165 Zhang et al. , 20185 Yu et al. , 2020). KA Hb
X FEEB AR R B A 55 & B T 4 F ek 1oy e b s hal
TN v B ARRAIE , FOSEEKE £ WA S SR U O A 1 = S e et
AT Bl - Pl B 4% 5117 (Yang et al. , 2002) . JBEARF 5 614 1)
IR B FF1 IR/ AT S el KO ) A5 3 9 b P B A5 A
SR (L 2) « JBEAR b DXV B TR 3 3 5 0, AR 38 1Yt 3
A VR s B I AR Ml IX M 72 235 # LA U I A A 17 43 )2 0
[ia] 3 BRI, b JRE PS5 2 B0 v (] JE 704 {000 5 19 AR, A A6 B3 Bf
I HSEIE 2 34 km, BIZY 31 km 2245 (B 1 UGS AELE AR
FRARAIE , b7 5 52 30 0 ) 7 AR JEL AR AR AL T T b 52
DU S22 B0 R P R A AR AL 5 FE AR 5 2 AR
A BT 2, LR PG O ) e 25 b R AR B B I 2
S, LR B AR, VOO0 5, Hh5e 4540 2 AT 8 1% Wt
ZAPMRAR AR B, BORE G L0 e Pl B 4 3
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Fig.6 S-wave velocity imaging results( Yu et al. , 2020)
(a) Bouguer gravity anomalies using data from the EGM2008 global gravity model. Gray dashed line denotes the average value;
(b) S-wave velocity profile; (¢) S-wave velocity disturbances; (d) S-wave vertical velocity gradient profile. The black solid line
denotes the main fault observed on the surface; the black dotted line denotes the predicted fault; the arrow denotes the movement

direction of the detachment fault, and the yellow dashed line denotes the high-velocity discontinuity.
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Fig.7 Station-averaged SKS anisotropy results for the Jiaodong Peninsula ( Wu et al. , 2020)
A two-layer model allows estimating anisotropy in the WSZ, blue bars represent the splitting parameters

for the upper layer, while red bars are the splitting vectors for the lower layer.

MBI A S M 55 , X B RFAIE 15 P R P AR RO L 0 o

R TE AR PSRBT IR 45 SR s AR M X 5 B A T
BEA H F YN R (R 4,2015).

W 2 X1 5k B ARFAIE , LSy i e 5 T A o i e
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Fig.8 The estimated crust azimuthal anisotropy (Wu et al. , 2021)

The red bars indicate the splitting parameters derived from Pms phase, the green bars represent

the upper layer anisotropy based on XKS splitting analysis.

TS, 2009) . F T AR MK E KRR G W 5k s
BB T2 TR =2 S Wk BESE ), 152 o A SRR Ik
B AL RA T 75 K L T Moho TR T LK b e A
SR, AT RE A B 1 RV ARR S B I R 0 o 9
(Liet al., 2018). | i1 JA 301 3 4 5 BT SR IO I A2 P 4k
W R BCRAR B T AR A B B RS AR M e 254 (181 3) L 45
IR

(1) ¥ 37 JE B2 O 33 km, 33 LV /V, 2904
1. 76 5 {12 A2 T e 12 ~ 16 km, A BB 5 /K 55 SRR AR A [
P WA, by b A AR B AT 4R T A Ok R
(Hou et al. , 2022) ; S AE M J7 — AL i vl BB =&
28 - O £ 390 ) 2 R ) — AR 37050 o A A i, L B —
AEA, RO R 7 T TR T 5 P e RO = BT A
DA B 1S 305 ol B R 114035 6 7T R W v A A Z e A
I RA R, BRI AR X AT REZE T T Z i 5e
fH .

(2) e YA s™ 5 DX H 7 A JR 8 D 5 2, Ml 3 2 7 i
LT RIAEAE G R A A T B IEs , B an et b re e e
AR 2 W= 0y SR il P, PR 2R 2 1 i 4 4 2
B TR , HARZA0 I T st 52 g 1) P e ety , LU v
JLH R M e B 55 I i BEAR E /N, e P AR, T RE
IR 1] e JRE 5 1R ) S/ B AR AT .

(3) 2R ZLBCH™ il 252 45 1 A W O ) T A 5 T 2R
7, BT B Moho T | v 457 A9 o J2= TOU L JIG B il B4 47 76 AN
[l R B2 0 T , L7l o R TR 8 | b i 7 A I8 L A
AT LT W AP AE R 22 5 R I TR A 5 W 3 1)
2 HBSE I RO, [R] b o S 98 1 Ll 5 R E M 22 1 1
AT

(4) 2y 22 5 BUB AR~ 5 2 3 R P 3 s IX 14y B ™ 22
S, AR R IR B A i 7Y b X B A AR A

LysR U HhrE AR B A KT Bl L DL B P RO R
MR B K B UIAHOG , 5245 T ROHUAE 000 14 1 8 I 25 T AR
VIR 2R LR A e R R R R BT 2R RS H T 3l
AL A5 M PG Il DR [] (5L AT RE B Ay e 8 52 B2 A X A
LT J2 A8y 5 R T AS B T I DTIE RN R (Yu et al.
2020).

Rl FEL R I TR AR P T8 B g PR D R B R % 2
SRR A, AT IR SE 08 A 4548 1Y) = B IR )
Wy Z — (Zhang et al. , 2018; #3545, 2020) . 23 gt
BEE AL PR 2t W ] ) TR ot L G OR 45 2R (s (181 4)
PAFATET 85 km 1 125 km 4b 2y FUA = A58 HA 1% SE 1 & i BH
RJZ, HIEH 00 = 5 5 0 5 3t 26 R 1 2 S W X i R
b I RZ S st e SR A, AT RE S I R R T
AT K, 85 km ZE TR i 5 S A I R A R A i
(Zhang et al. , 2018).

4 EAEH

B AR TR Bk BRI LA AR, AR b DX T R T
SER A HRAT T TF I SEAE AN 4548, 502 10 km DL
TSRS, A Bl T A IR 3 A R | T T A e
P A 205 XA P R S A S TR 4R S A &
TR SLCTRWINESE 2019 ) . £E 54 T 2 I AR i IX o T 2R
FISH 2 —, HERWFEME T 2N R E R KN &0 1,
How 245 THREFE R, R Skash Y& (T2 5%,
2019) . BRI RS ZKO1 BERHE 7R, B K B T I
PRARAE S B A RIE A8 3 2R B S5 07 T S TR AR A T 22 5
A, R A R8T W R m (W Z ) BT,
FTRECATERISEIN g 7 J22 R A MU 3o 7 v R Rl 24 10 ik )
YER RO T I MR BRI i W B 2000, i i
RS 7R Z U, BT ) B SRR U T e A AR 1 P ) i I



2022,37(3) B 45 AR S KM MITIIEIE R (www. progeophys. cn) 959
RS L (AR5 2019) . B5 =111 5 5 FEG0PELR 7200 ~ 100 m) 55 77 70 G LT 2 , 55 O 55 DU 2 UL AR L /%

FET 200 = 28 S AR 4% 7 = AL 0 e
T R AT = KR H s FORS AR50 (T S) (Y e
al., 2018) MR % , DEIK 40 TR PR b R 2 T 45
T R JE 2 B 50 # b S B e
otk X RS SRR, 52 A B AR
B s = L1 IR T 20y SE (5114 0 5RITI DA =
L 5 T2 0 2 05 T30 e D 00 T 5
R A ST NWI5T161, 2R 5 =1L B BT A2
ST 2 44 9 B MV 2 4 | B VR FE I 25 2 %
ot P AT 2212500 BRI ™ 10 24 AT IR I
ST AFAE 2 ~ 3 IR 29K T 3 (AR F 2018 5 530
R Jy 1 S A M 2L, B T AR
T, ST A 18 T B R 20 2 £ 2
5 W AT T Moho THISTZLAI T Hb5% 0 3K B3 2 A
A T B A AR M T
JUAMBURHHES B ML 4 T, A 3 200 25 A
W S BT AHUMRD R O IR AR S
WS AIACHUME 5 B T AR B00LA (Yo et al. , 2018).

A L MR R PR 3 40 B A
I — AR, FL AT BEE 0 X 4 . B X — 1k
e P H R (L0 2 T 5 . T P00 5 5 o s e
SR 2500 e W 045 K 0 T 95 B (Lim et al.
2013; Liu et al. , 2017a, b; 3K B #EZE, 2020; 6751 F 5%,
20205 Yu et al. , 2020) . fy 525 (2020) ) F AR SR B 2R i
I BSR4 LU 19— 4 NWW-SEE [
R O T P 1) SR PR 5 5 M 7 47 72
YIS AR B 5, TP T 3 M
{QTFFE LTS YOI R SRR HIK 8 km LLIRAY |
55 S WOHFE S (18 6a b) 55 % AR MK T BUR
B 520 1 ~2 kan VR A7 — 1 85 ) 7 T, B
FE T S J2 LB 2 P S K o
A 25 RS A 2 0 T T P 0 41K 6
S 4 S AR BRI AR . TS S ek P R
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5T BB LA 5],y T R
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A P M T 3 BRSNS SCHR LI 5 W 2R o A
JeAe g Bli- Rl R A 4 7. AU B MR b 7e 45 1) S A 4
T E-W [t 7e ) & NNE [l §5 25 Wz, JE 5 68 e ikt 52 45
] SRR, SR 25 /N 0.2 s AT REJE S IZ 40 Aii (1 1 5
Ji 78 5 AL RSO 7 A 58k AR T 3 3 (Wu et al., 2021).
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