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W OE ALELEAANRST RS LEEEBRERBEA EW Abstract The gold deposits in the eastern North China Craton are
8 P
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 AR E AR BRI BT R BT AL AL 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 Kb, bR IR TR RA R 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
/.\ P e P N o area and gold production base in China. It is also the most typical
A WA RAER B -~ ERAKR G, ERETRT KE 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
#) B, sk A AT B T b, R IR IR F Rk 694K controlling effect on gold mineralization during the destruction of this
MER,ZAARETREALFT £ P RARANRIRIRLE NI, 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
IRNIAIR 5 38 AR IR H Ve 2 /7}‘\;]3 R A and lacking in systematic understanding. erefore, based on the
AERENAR REBETRE LT RT R RAR K 4 d lacking i derstanding. Therefore, based on th
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

JRE AR DX T Ak (A A SR m AR HR A AR RSk B AT
T2 W R 1 R TR I 2R B, 3 B A R S
WA ACHT Y 180 km DL I g F 41 60 ~ 100 km ( Chen et
al. , 2008 ; Chen, 2010) . - HIZE % X St ) P2 AT 1%
I 77 o LU N (K< AR 2V B N R R 77 = L NI e LD
5T Hisetre), R 65607 43 (Xu e al. , 2001, 2002).
TERR ) W24 B A B X R 43, S 422 040 o 40075 31 10 25 A Pl
JZ 2k 60 ~80 km, 25 Wi 24119 LAB 2 BLHIUY , T {0 B K5
L F AR W J5, Moho TR 7E KT 2L T J7 A FE 36 ~ 32 km
P B SR T, 30— 0 3 B R S W 3 X AR A VR TR Y IR
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BT BRI S AN & w0 Al (IBECA Yu et al., 2020)
L SRR ;2. B 2-BnE 20 R AH SO TR ;3. Bl A AL LRI 54 ety R-Be il R T I AR L) 5
5. BT AR LR PR R 6. K AERIERE T 7. HEALBIINER ;8. FBLHEEILE RS
9. HRELIMRICTERINKE 10, HRE LIRS ;11 Z&LIER AT 12, NN/ AN 13, W2,
14, RGP RIER 515, SERtiie & 16, MM MES.
CAOB: FPAE 3 175 s NCC AU e e s SCB . AR At ; WB : PURRI R ; EB AR FR iR s TNCO « v & 1117 5 JLIB < 8L 35 M5t iy
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
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.

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.

B2 AR TE A B/ I i s R R 1L 3 i (9 3R 24, 2015)

Fig.2 Deep seismic sounding velocity profile across the Jiaodong Peninsula (Pan et al. , 2015)
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B3 Bl ek Bt 7o 45 iR (Yu et al.

, 2020)

(a) HuJST i ] OBy 3554k AB 7R CCP BRI IAL ) 5 (b) —UBEARIE Ps Z2AARY CCP BT 5 (o) Ak H 570 5 () B3N

H-re AR B YN L L, S (0 S ARG ST R I MEL, PR (8RB 8 X B 1 ME; (e) 302 Hoxc H#%’ﬁ%ﬂ’]t?iﬂ%ﬁ@

WA LRI BE . NCC : ARb FEArii s SCB . AR AR s LVD AT ] W 10 5 HVD « R 3 18] W I 5 JUF < fE SR W 285 ZPF  FRi— 1 BE BT 8¢ ; QXF
RUBZ T2 TCF Bk Wi 28 ;s GCF - FR4RINT 24 s MPF - AR I 24 s HYF « 9 FH BT 28 ONSF - 5 4= LLRT 2R

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

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

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.

JJIF, Jiaojia fault; ZPF, Zhaoyuan-Pingdu fault; QXF, Qixia fault; TCF, Taocun fault; GCF, Guocheng fault; MPF, Muping fault;
HYF, Haiyang fault; JNSF, Jinniushan fault.

A AE AR AR A AR ARl o 8 A1 A o 7 v A
TR Y 5 I I (Chen et al. | 2006) . M HZ X P
FRS PR BOSCIR S I BE R K 7S, A T 2R 0 e A5 A
EEl%llj“éj\J:'U&Aw&ﬁﬁ”’ﬁ;&ﬁfﬂﬂﬁéﬁ,kﬂﬂé
LERA SN AT PR AT REPE - (1) 5 A1 Pl FUBE R )7 W7 22 8 4K
mul%%ﬁ%i/ﬁl_fé et T AR b SORLE I AL (2) KR )7 1B 2
APy 8 T TR AR AR AL e R A ek
%H’JiﬂﬁiT}:ﬁﬂ‘“jK%ﬁ@?ﬁtEM)M%??TFEE(Zheng el
, 2008) . P PJZHT UG AL s KR W7 2L 0 ) b g B
Fl’ﬂﬁﬁ HSH A RATAE Y 5 B (Lei et al. , 2020). i

AR P R R b M R S5 R U TR B W
PN AE B 0 22 5, W R S S B 2490 7. 8 /s, TG 2 000 K
B, k%) 8.1 km/s(FEiZE,2008) .

H 5 A FEIAS 3% 25 T ( Mid-Lithosphere Discontinuity , {8 Ff
MLD ) {24 b NI s hir i 5 A Bl N 38l & i i85, 78
AL ST HGE TG R 5 AR R AL T MLD I £EAE ( Meng et
al. , 2021) A B0 R IR B 5 Aedb v S 38 7R 4K w1
A1 VS BEAXE I ( Zhang et al. , 2020) . £E A=A LAHT MLD
Al et [F B AEE A TR ROE AR, R S (e T 2R
Fl Al s 3 A B RCHIRT PR TRl Ay i, G R AE A
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Bl 4 JBAR Rl L R I TR L BEL 23 59 1T ( Zhang et al., 2018)
FITH YA =L AR FLLL 11 = S W 12 R 14 €5 - 3R T 35 7 - BT I 2.

Fig.4 Apparent resistivity profile of magnetotelluric across the Jiaodong Peninsula ( Zhang et al. , 2018)

The profile starts from Sanshandao in the west to Rushan in the east. fl: Sanshandao fault;

2 ; Jiaojia fault; f4, f5:Zhaoping fault; {7 Taocun fault.

KIS BSIRPEILE 4R IX A2 BN e i (Yu et al. , 2018)

Fig.5 Shallow reflection seismic profile across the northwest Jiaodong metallogenic belt ( Yu et al. , 2018)

AR AT o R SR ZE R, S 8507 3% DX S 3 1 s
THEFVBEIR | (HZ3 55 I 2 B S S o AR b S5 v R 0 7 7
AL (Chen et al., 2014). Ji 7R [X I35 P 350 3t 82 o 308 ol 11
660 km S 0] T M1 30 km, WY 4 52T J] s XAk, S e 77 R
SRR BRI i B8 LA R T B 1Y A T i T P A AR
VIRAEL S RLE AR BRI AL 1 2 0 ( Chen et al. , 2009) . %X
660 km I B TR0 8] T IR0 AR AL , TT RE  JEOE
JRLOI AR A2 3 S, )40 DA 7T R A0 B0 45 K AT 1) A 8 (AL and
Zheng, 2003).

3 Hisesi

HERG A AR LUK AE L 5 B W IR L A T ek G T B
T A X T g Y 22 5 S8 T RS A 22 5 (Yu
et al. , 2020). HAET, R AR HABR O EITE T KENHT
LERMITHEE (W 0R S, 1999 B R4S 2008, 2009; Jia et al. ,

2014 ; Tian et al. , 2014; X2, 2015; {HE2Z, 2015; B
JKELLAE, 2016; Zhang et al. , 20185 Yu et al. , 2020). KR Hb
X FR AR R S R F 9 R L T 5 Tk m e db e fil
TR M RFALE , TR 6 W2 Ay s ZU G i 1 = & 4l L
HE T - R SE 5 (Yang et al. | 2002) . 7R B ALV 0]
HULZ B8 A SR/ AT S T R F T A B K 5T P e A
R (P 2) < AR b DX U 3 Rt 3l 5 v, DA AR 81 7Y 2 388 i
ASTR AT 5 B IS 7R Ml DXt 7' 45 44 ELAT B B A A 1) 43 2 9
[ 43 HURSAE , $tb ¢ 5 2 5 B0 v ) 5 V900 96 1) R ALE , E VG B3 Y
Wb FE A2 34 Tm, BN 31 km A4y (H B H 7S AR AE %
FRRRAE , b b7 R e 5 L) 00 09 PO 9 AR S A AR, T T b
DU 2 AR 7R PG TR A AR AR ARRAIE ; TR 5 W 4 O AR
FEH EE A WAL, AR VY 00 P b 5 2 A R AR B W e 2
St FEAN B O 1, 7 00 1= , L5845 40 J2 L TS A 75 %
ZEWAE R AL ., HAR G 1Ll 1 3hoe Pl B Bk
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K6 Sl R A5 R (AT sF45, 2020)

(a) RS E T35, ok B ECM2008 S BREE Ty iy, )R HE 4 V-3 fE5 (b) S P BEFRI I 5 (¢) S P BEHL N 5 (d) S Pl [a) 33 BE
JE, O MR, SR R BN S fr) T R R B M 2 L Sk R YR R 8 Bl 1h] , B R R 0N v ] L
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.

B 7 AR SKS & kgl B (Wu et al. , 2020)
TSR R (WSZ) HAUZ A [ a5, iR R RS AR TR HS L
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.

I BT IR i e, 3ok B ARFAIE 5 DY DRF- P AR XT HE F) {1 o R TE AR PSRBT IR 45 SR s AR M X 5 B A T
BeIEA 5 %Y (% £ % ,2015). VR DX M e T RE AR, SRy A e i A T R ) T —
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K8 st il LS R (Wu er al. | 2021)
ZLFE ) Pms 73 SHL, 5 XKS BRI REBH
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 KBRS 1) T AR AR B BAE A b Te 45 (1] 3) , 4
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 [
FIPERE AT , A b A AR B A S A3 1 i AR 5 Jie
AT T7 — AL THT ] BE e = B 4 ili- i 43 10 1) 2 S
(0 — B0 e A i, L 1 — AT A, i e TR
A TR IE 5 3t 7 A= T B R P 05 A i
0 AL T RE -5 5 H A AR 2R 77 50 5%, BT TR
JEZR L X AT REZE T T T2 A e i .

(2) FE PR 4 DX 3t 5 A JE I i 2, MMl 1) 5 i
LT R ARG A A R e , B AR etk b re 7 £e
VAYF 5 W= D0 SRR Bk, IR S SR 2 T T I S 2%
(R )2 , L0 3R T vh sy e e ) 1 o s, JE B v
JUH T b TE R B 55 (A i) BEABRE /N, e P BR, T RE
T 1] A B 5 TR ) S/ B AR AR S

(3) LR 32 2 A2 45 T 8 W PR o 19 T 2 A £ BB 2
A7 28T W Moho TAT | v i 7 (1 o J2= TOT L JiE 53 T B A 7E A
(IR BE A SE T , L7 o 8 T 82 | b e A I8k 2 L A
AR B S W QAP AE S 35 22 e, R W) T A 5 DB 224 o 17
ZF M7 TR IBT 2L, [ U2 D 1L 5 eI E A =[] Y
(apcsubn

(4) G5H0 22 57 5 BUR R - 155 AR 380 0 74 30 341X Py Jl ™ 22
S, e L e R PR VA Y b X R < IR A
LR ANBE A LN SR {IUE=E AL N DY Sy NS e i e

e A K B VIAE G | 52 45 F R BB S0 1 7 25 W7 )2 5 i R
T 72 2L LA A B M 2o 3 R LR 8l
2R A 55 I P I DX (), (LRI 68 R Ay fof o R AR X A5 A1
ELWT 200 A B R AR A F &M S % (Yo e al.,
2020).

Tt L R DU TR A by 4 B v IR B K X i )2
TN BUBEEA A, R sk 7 e e PSS M Y T B b Bk )
PHI VL 2 — (Zhang et al. , 2018; BVESE, 2020). ZEb it
et TG e 2 b, W o) ) T A b LR R 25 2R s (1B 4)
LA 85 km F1 125 km 4by FAF = A58 HR 2 22 1 v v BHL
RIZ, HIE RS 5525 5 R 5% EZ 2 R R
I, A S e R TR A E , T RE S B R A
HA 5,85 km AL TR R T 5 B O AU e A R G e A i B
(Zhang et al. , 2018).

4 &AL

B 1 R R b R BRHI LA A, e AR DX TF e 1 v
SR BRI T T ML TE RS NS5 M, e 2 10 km DR Y
M FELERIBTTE AT BT A W R T A A | TR S K
Py i AT XM P WL g S TR B e A5 HA T
SRS CIRWINEST 2019 ) . 48 54 R 47 2 JE AR 4 X e o 22
FR B 2 — , Hp TR B O T e KA 017
HOAT Z 4 TR TR, HILRAT S Wi v & ( To2g%,
2019) . BASSRIN TR ZKO1 Bkt /i | FE K e TR DAL
FERFAE VAE O PRI A3 A TR T T 5 AP e 22 5,
FA p i o, LG0T MR R 207 T T W i (W= 08) BT,
FTRELATENR TS W J2 8 1 AR I it b e B 45 i A 1
YERT R T R (R BRI i W A 2 I, i i
PRI 7R Z2 IR, BB ) B AR IR T AR AT A P 1Y i 28
B RN ( T2AUAR  2019) . 85 = 111 B TR AR K IR 2R
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TRV = AR R A AR T, $ s B R R
W 28815 AP W 2R = R A i A A 45 44 (11 S ) (Yu et
al. , 2018) , MR H TR R/ % X RO B A SS A R B tin 1 5¢
Jis EWSF R 22 B B ). 3B A R BT T, e
Kot XCRILHEWTZ 1 Z A RARAMR 55 AR AL A DT
Be 5 =1L W SRR T 2R D SE 1) i IR ITZ A =
L B TSR A 52 25 P AN e I 00 T o A A
PRES, TR KW NW i) , 75 5 = 1 & B 2R 52, 3%
SRR KRB T IR R S5, Bl TR S I 28 5% 3
e RN AT 2L BEIIH 3 7 1A AR ATE B 9T
FURAFAE 2 ~ 3 IR 3R B (45,2018 ) s B B AR
PPN A D) 25 58 1 R RE T W28, L P - W SRR
T BT AT, AT Ay AL B R R 2 2 e TR R A A
B IR XTI T Moho THTBTZERNF M7 (95 39K B, R 9 AN
S B TR BRI T B T ST IA R AR s H R A el
JUAMBTARHHES 1) MR 2 5 B, 3t R[] 58 £ 194 5 A7 P A 4
WS B BT KA AL 2R GRS R E
WA FNR AU S8 T AR T BT (Yu et al. , 2018).

H T B R, LR R R O A QAR A i 20 H R AR T
RN — s, B BAT BEAE AT X . Bl 4% X — 1A
PR A RSO S R RS 3, o R0 8 4 15 9 i sl DR AR
AR A 4 DN TR 40 45 4 1) T 2 T Be (Lin et al.
2013; Liu et al., 2017a, b; 5K BHMEEE, 2020; A7 574,
2020; Yu et al. , 2020) . 752325 (2020 ) F) FH Af 5078 B 2R Hi
DX BE TR e AR | S 7 3t I 955 5 L0 P — 4% NWW-SEE i)
f1% 56 T 0 A 1 P AT 8T 1) R TR 7 S MR P A 7 1%
R HCE 3 [ P T 28 B A% AR R KU 5, TH R T S R 7l
BT, T S ORI, SR AHIX 8 km DA 19 4
76 S POH LR (18] 6a.b) 45 5R R, AR L X DTURUZ ¥
B AELY 1 ~2 ke TR ARATAE — A 5 3 (8] W 1T, B 3o 3 i
SN, HEWT ] eI Z DUBUZ A8 b 2 KR T2 sOR T 7 2
TR 55 TR B 30 i e 22 1) ) o R [ T 1A 5 58 P I X 14
S A PSS S BUARSR A AR I — . O TR S T3 BE A A
T I [ 22 AR R I, L0 3 AR T AR S I8 3 52 4t 3 (A
6¢) I S P BEARRE (18] 6d). Horp, T 1 S I8 B2 2
HE— AP 20T g [ W AT, 2% ek 1] T 1 2 Y
DX IT S 3, BT i R T2 O ) 1 R, R
K S S DA R B fef JEEATF B 2 5 AR S Jpoke BE 3 Bl 2
R BRI R G A — 6 1 AR L iy (0 A 1] F) 53
AR AR AR A BE BT RN TG, 3 S I SR AR S A
Jit PR AT B T T A R T R T B A AR O A ok A 4 7
TN 5 VTSR M DX P A L BT B AR 9 453 Ll I
5T S ety , HEA 3 OB i) 7> BARAE , 15 75 45 K7 24
e A B E TR (7 S5 A, 2014 ) . A B AR FL IS A 1
PGP R P , IV AU AR A LA B )2 B R IR R
PR A TR b, P ) 3 PO AN TR] 2 JSE 2 B DX S 22 55 119
EXClES

RO LB R AT CEEA ], 08 T i AR K B 241
PRIEARAFAE , #3545 (2020 ) T Ji& 1 i AR & 43K b H 1 )
RIAE, IR 1 IX 0L = 2 L B A, 45 5 7R I X 3%
(0 ~ 100 m) % jfi £ 75 A% B2, 3220 55 10 R DU L K

WA AR, AR JEE B A2 Ak ity s BEL)Z e BHLZ 7 7Y 3 B
A EESEGAGZAR S A, FLAE b SR AR BEL R 3 B , 1 v 2 ARG BEL
WRAEIE EW [ 5518 JHE T A 50T 20 B S AL AE A,
INHIZWT A2 5 1 NW-SE [a] B 2 i & AR 58 W, JF 48 45
FW R AR AER B R B TR R ZT MR
e A S AR AR TS, 4 R R T R A
5 SCIR R I Sk R B IR

W = B 0IIR] , AR P ) U AR oh B AR JL BR 2R TR K
ZRTPORE R 1F 1500 km fY A KLU () 4% 5 71 (Hacker et al. ,
1998, 2000). Li( 1994 ) £i& t i1y 3t 7 4 25 A A O #E o B 14
B b b e DA 155 B B8 I 36 b ) A2 b S H 38 Y 400 km
Faure 25 (2001, 2003) 11 Zhai (2002 ) 38 i3 #4 38 23 1Ak gt
YelkJg T vu L, e 5 A 19 30 6 T 2R B
1 Wu 55 (2004 ) Fil Zheng 45 (2005 ) BYBIFF 4 B, 1L AL
AW = 20 IR o 30 18] A R A B TR Ok Y A T e
JB , HERTE G L T8 AR 2 5 b IXC 1) T3 0 & IR 24 9 Ik
5 58 Z M WF AR, TR 6 R 28T (B T 4E Gl WSZ)
SR R E A HUAR Y 2 R CFF EAUR 304, 1990
Yin and Nie, 1993; Zhai et al. , 2000; Zhou et al. , 2008) , 5k
[IRESH A R AN R (N SN 1R L A S - SR o)
AR 5 ZUAR TR, IF 7 AR A A7 4% 1] 53¢ 1 ( Silver and Chan,
1988 ) . A5 545 (2008 ) J F [ 52 5 00 iy 52 B bk, S 153 21 /Y
B B AR DX P Y 4 ] PSS SR O JBEAR DX P JH R
W5 1 ZR PG J5 1), T T A 6 W 2R AR O 1 4% o) S
PEAFAERI] Y 22 55 A TR il 54 F UV BE 4 i
FEB)—T 0. Wu 45 (2020 ) F1) 5 10 3% JA 6 W7 240 1 3 19
NW [a] SE4HF 5 [ (NCISP-9) K fifE [ 7 & uli J¥ i T SKS 1
VI Gy 24058, oA 1 AR 2 5 M= D 5 1wl S M (BT 7)), 46
RRBIBAR A B A [F) M3 BT R 4 B A AE 22 5, AL N
TRE PR BRI S, DR T 0] D WNW-ESW 5l E-W
Ia] , M 7E T 6 W28, 7 RS HE S 7 L 2 /2 J
HAHEAR A R X2 & 1) S M A X 30 e o) WL 0 2 2R 40
AR EIILT Ry ) WNW-ESE [, P47 T K AR e 3
AT 1], 5T ATE AR 2 5 B ST 4 AR — S (Shi et
al. , 2015 ; Tian and Santosh, 2015;Zhao and Xue, 2010) , 4%
Tei] e P iy DRV AR AR v g |2 g A b e A8 e ) 20 it T
B H B P 16y NE-SW i), 15 10 35 40 6 Wy 240 78
B KRBOEAT SR Z T W v A= AR LK A B AR 8, A
REL (R B T =% 20 At S o R 48 R B R i AR B 1k
A& ) S AT TN 5 WAL b e b Fi A
T e 2 [ Y R T

Hb7E % 1) SR BT B 4 3t 56 22 TR AR AIE [ A 2 1 3 il - Pl
MR AR, Wu 55 (2021) F I SE 517 £ 14 (NCISP-9 ) #dli , 5%
FHAR ) F2 W R KR Pens B I A3 5% 4805 B U1 1o 42 Wi o 504 U5 oz
FIMACE NG R0 T BRI T BEZR 2 5 1 b 58 7 43 4% 1o S
(K 8) , HR R 7 TLREWT R, W3 NE [ PR 77 18], R
G WRGE AT, 35 XKS B2 B2 4 m S B2
PRPTT 10 W) 5, Hure s R A T =& 20 e L e g Y
Tl , 0K YRR - S5 T PR A A DX A St e
A0 FE M T B SUITE AR I8 SRR TN £ W 4ty S A
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JeAe g i -l R i 2 7. AU B b 7 45 1) S T A 4
T E-W [ 7e ) 2 NNE [l Jf &5 2=, I8 I35 8 Je i st 72 45
[ S PERSE , r RIN 223/ T 0.2 s AT RESE )12 70 Aii (1 1 5
Ji 78 J5 o AL RSO 7 A 58k AT 3 3 (Wu et al., 2021).

6 4

AR WS AR A 46 X S AR X PRER G F AT T 4026 R4,
A A P A B SR G50 S e 08 45 ) S MR R S O T AR AR B
NN I

(D) Hdb s Prm R 3 B e A A R DR R ATz i iR
A 1 AR T A J 0 2, e ARt DX A T RS B kil &2 60 ~
80 km, %75 Wi 24 A A 4 VBl RUBE T8 , oA DK fek e AR 4 Bk
T R H A Pl 4 S T

(2) IR AR b [X 3t 72 - ¥ JEEJBE 24 33 ke, SF- 1 Y Ak O 1ok
Feh 1.76.12 ~ 16 km [ it 73530 & & IGH 2, AT RE2& &
IKER & ER AR A BEFI AT T, e AR RS 4 i 4
BET TARR .

(3) PR %I CCP BUIRS L H5e S s BE 254 B, I
AR 45 4 1 B B RS B 22, 1 AR AR LA
A U0 LA v B T B (G ) I 240 35 T IR 4P T A
[i] AT R I AR X B B 1 2 S5 ) o B 4 1 R 3%

(4) A HbIX. SKS 1 Pms 5B AR 2] 1) 5728 45 7] 51k 25
BN, TN & Wiy Hhae fs A R M ek o 1 35717
F Wiz m, LA ZW A A GBI TRERTE T =& 2kdt S
e - i G 98 1 A 45 Ty S, 9 D0 T SEE A 5 DT 24 A A
A6 3T hr 8 AN A B B AE AR TR Y Rl e A

Bt

TR FEN 5

Bt A3 50 R 5 Wk 4 2B T W R AR AT
27k B A1 E A 5 0G5 b Ae A B
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