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Hm OE s 6 B F 3 R & 4 & (Mid-Lithospheric
Discontinuities, MLD ) & i 5 5k /£ K [ % & B W 1% F &
A — AN ERFE, 5EREE BT R HAERNLF
ERLEMX. FARKRAAET L LN E BEBEMN,
ERFEMESFEL— AR RTMEZRRAFEFR L ZGE
XFA, ML F)— AR EAT AT ERE LB
WA 42 MLD #9320 K FiEH. A T 2 — & 5F 2 4 d Pk
M MLD #) = i8] 5 A 45 42, K A A o A T 46 dy s ik d
BRGMMEEERF A EE S K &4 &
B AR A k-means ++ R K5Ik &, R HIA
MLD &9 Z S AR A . 25 R A O 4y 3k M MLD £ %2
e £ F sk R E S A A TS5 ~ 130 km, w91 42 He 3R
RGBT AR E L ENTILAEATREY MLD 17 5.
MLD T 4#& ;2 )& X ¥ LAB ( Lithosphere-Asthenosphere
Boundary ,LAB) f£ % 3 % &, W + & & ¥ LAB 35 %
AEBEMAECBGAERIFEIHBRAANLEN
LAB. £ & i3k R 3 b T % 2 & K -F 3 AR 6 = 4t
0% ve, T A% AR MLD & A 3R, 6 £ #AZ M AR A
Fodl AR 64 %00 T 5 0 8 4k 48 E , MLD R i i 3|

Abstract The Mid-Lithospheric Discontinuities ( MLD )
are an important interface recently discovered in the
continental lithospheric mantle. They are closely related to
the formation and tectonic evolution of the continental
lithosphere. However, their origin remains unclear and has
not reached a consensus. The South China Block has a
very complex lithospheric structure. Its internal structure
and evolution have long been major issues in geoscience.
The mechanism of regional lithospheric thinning in the
eastern part is still highly debated. Recent seismological
studies have found evidence of MLD in the lithospheric
mantle of the central and western South China Block. To
further investigate the spatial distribution of MLD within
the South China Block, this study uses seismic data
recorded by national network stations distributed across the
block. The single-station S-wave receiver function stacking
technique and the k-means ++ clustering analysis method
are applied to systematically detect MLD in the South
China Block. The results show that MLD in the South
China Block is mainly distributed in the Upper Yangtze
Block. The depth ranges from 75 to 130 km. Beneath
some stations in the Sichuan Basin, two possible MLD
signals are observed in the mantle lithosphere. The MLD
may have originally formed as the continental Lithosphere-
Asthenosphere Boundary ( LAB) at shallow depths. The
ancient magmatic ocean LAB might have been captured or
preserved. As the lithosphere cooled, it migrated to greater
depths and now appears as the current LAB. In the eastern
part of the South China Block, the lithosphere may have
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delaminated along the original MLD due to the influence of
the subduction and retreat of the ancient Pacific Plate.
Later, under thermal erosion and extensional forces, the
lithosphere continued to thin. The MLD interface was
destroyed. As a result, no MLD is observed in the eastern
part of the South China Block. This study provides new
insights into the spatial distribution and possible formation
mechanisms of MLD in the South China Block. It also
contributes to understanding the complex lithospheric
evolution of the region.

Keywords South China Block; S-wave receiver function;
Mid-Lithospheric Discontinuity ( MLD ); Lithosphere-
Asthenosphere Boundary (LAB)
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DI 8 05 8l S gl J e e a A B R R
TRZI B IR | IR I 5 T S A Bl 18 45 ALy R iy PR AL = 4k
JOT AR BIF 5 b 2 2 M BR B 2 G0 O DU T 4F R 3
2 5 AR Rl A Bl i 2 60 ~ 160 km P& 4L %
BT — A WA A B B i Bt ( Lithosphere-
Asthenosphere Boundary, LAB) B 5 ) A % 2¢ 1H,
Fischer 45 (2010 ) & UCH He i 44 08 & A7 JE P il oA 1%
%2 [ ( Mid-Lithospheric Discontinuities, MLD ) , MLD
R B R OB RE AT, AR LR RV R R
BEA ) S PR B g (R SCBE5F, 2019). Selway 4%
(2015) W4k 74k S e ook B, R LB AR T T 7
Fe R ARORH A Y %2 3 4 v 7E 80 ~ 100 km JE N,
If-4 th MLD 78 g 58 A B rb 5 A7 7, HOS e aT
RES ISy 260 0 o R AR L B A% 1] S 1 D)
AHIK. Ford 25 (2016 ) F1| HI 428 1] 7 3 [6] P i 43 13 e X
WF5E & B, MLD Jf A B 00 I 4% 18] 53 14 300 ¢, G 7
FOR A AT RETE Sy 42 7% . Cald 45 (2016) i i K & S
WFEAESE X, A BLAG E v i 3 N 7T RE A7 78 2 /0
A~ MLD, it — 4575 T MLD i) ZHEE 5 52 a0tk

MLD 5 LAB {2 K fili & A1 Pl M v g 4> 3 22
8 T T T, TSR 1 e A Bl AT i s A 31 i it B
ERIR R Al B2 T 2 A5 B JUHE MLD A7 A,
TR B S 1 s A Pl DA A SR 3 Y B
A, 3K 88 X7 S AV VAR R A AT RE R B T 4R
il W) T % 1Y 56 4 EB 47 ( Hirth and Kohlstedt,
2003). L, WH5E MLD ANALRE S #5715 55 A1 FEl PN B Y
YA P RS T B ) 2k B2 6 BE O PR e A4 B Y
W IR AL $2 {3t B 25 28 R ( Fischer et al., 2010). MLD
A RE 0 VB TE K A 3 I VR TR R AR 2
0B 10 G B B T, 0 A AR T LA R S A P
BB 1Y IF 23 9 Ak i 13 % 0 445 4 29 R (Kusky et al.,
2007) . Ak, MLD BIBF 588 A3 B T 45 75 B e A 3 1

DRER S 32 AL, Sy R i 38 A A D 4 it i 0 PR
Y i (Bostock, 1998). &2z, MLD B #F 38 X T A
PR A R R TR AL IR B HG 5 M B v 3 A A LA
MHEAEENF 7 E L.

HE T BRAA AL T RV T AR B B0 T A 3 ) B
304 (Zhao and Cawood, 2012; Chen et al., 2014 ;
TR XBE4AE, 2019) , HA 4 Hig Kb &, B
T R B G A RO TR R R X 5T
Pe 54 5 st Yo 22 [y 1l 4 0 5 -2 -1 2R G e P
I A A AN B A 1y v S SRE SR A o
ORI R 2 A B i A S, 28 T 5 A A e
e e AR AAE T T8 R W 7 AR Pk Y
FRLADY )1 3t Sy K PR BR T JRE T ¥ 1 3y 2 e i
A RS RN 2 Dy TR B A P R S
WL R T XM A A P 0 (5 3E #, 20105 Zhang
et al., 2013 ; Jiang et al., 2015) . 3X Fp i 3 1) 3 7 %
B 2 A AT A A AR A 4 380, T A Pl 45 A4 T LKy
TRER S ) 275 B P Ak B H A A0 29 5. aKoRE PR 45
(2018) K1 S e H Wi e K5 Ml 7% 0T 5 16 B 2 4 Bl 45
¥, BRAE PO )1 253 DX 125 km SR B2 72 AP AR A A
Rl A 350 1) 08 T8 ) £ 5, (ER AT PR 4 i BLWF SRS
B A A 2 P ) T X8 N . Chen 55 (2022) B I 22 B
S MR PR AT LA T 1 E 5 A B AR AR L e BB IR
FURTE 70 km J A7 78 R0 0 ARG 2, O 4 I H
AT RE % 1 SO BLIE R MLD. P fiE 75 45 (2024) 45
(S e H W ek B0 D % &5 2R b 7R T AT RE A AE MLD
5T TR EEYE [ B b X MLD %5 [6] 43 A (1 #F 5% (3L
JBE S, 2024 ). R HAT/EAE RN © A # 7R 7
PR W T MLD {947 75, (543 Bk Z X MLD ) & 4t
TR

A SCHE T 421 A HE R B TE E HRR & ) 6 3 1Y
WL AL, R TS P4 i ek B 7 12 I k-means ++
o i e 5 s, R LI AR I B A R MLD (i 45
I Ko Hos 18] 73 A R AEWF T, 435 6 3l 0L 00 445 SR 4R 1)
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Fig. 1 Distribution of stations and major tectonic units in the study area
(a) Location map of the study area; (b) Major tectonic structures and station distribution in the South China Block. The triangles represent
fixed seismic stations, black lines indicate tectonic boundaries. The dashed lines represent concealed faults (Zhao et al., 2023) ,

and white lines show the North-South Gravity Gradient Belt (Deng et al., 2021 ) (See the online version for color figure) .
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2 A2 R KA AL B A S B I 300 s A
J5 300 s [ A0 5%, B A S IE R & L-Q-T Ak b
ARG L or & B S i 4% 0 ok £ ( S-wave
Receiver Funtion,SRF) . &R 3 EE R S I 42 U pR 4k
BE MR, BIRAIR J5 0L AR 52 H 3 5 ok £k
R AN TR, (H 2 AIF 5T XA [ 8 5 I 5 0 5 TA) B
BOR, Him R St 3 8 A AE i 58 X B R 1 75 1wl , &
T F 42 WAC e K5 R PR A B B bt RS 40 119 o £ BB v A
AN S TR JEE 14 25 (8] A2 Ak, AH AT LA e DX P 7Y
TR ARNG OO , 2 T Sz ket MILD R B2 14 2 [1] 22 46 8
o T AR S T X U A R P, o AR X AN %
Ay — R Sl 3 10 48 DX AN AT 20 )

B2 G
JrERBETE X, [ S AR P

Fig.2 Teleseismic event distribution map

The study area is demarcated by a rectangle,

with epicenters represented by solid circles.
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oy (D)) T e E P YE AFELSES
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(3) 5 A [) e e £ B A 7 4 R AL A A A 3
A2 K %L SRF,, (Inci_Ang,Win_Len) 5% S
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L3 S EHRWEHREER
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B SR ) Zhang A Deng(2022 ) 514 A 19 7 A i
2% (Root Mean Squared Error, RMSE) 5 H F¢ 5 k47
PSR B i B R e S B A B A B
A S P AL WK B S il B S BRI Z A Y
RMSE {8, 88 J5 AR 41 1= 22 K/ Xt BT & SRF EHE P (1
B3 B ) . B HR R o e £ — 5 L ) i S dhe kAT i —
A 8 , BCHE LA AR B S5 B 15 D00 R, I 7 T 2
J5 5 1) [a] S ORI 5 114 2 W5 o K A B8 1 st )
FER I, RMSE 71 43 He 23 %2 M Smp H1 SLp AH A7 79 4i
i@ ( Zhang et al., 2022) , — S M B 4F H A2 2 9 Smp
AR & 3 18 SLp AR 1Y Hij $2 ( Abt et al., 2010) . Z25%}
FEAS T[] 71 23 Be 0 0 2 8802 IR, A Sk T 30% 1Y
RMSE L i % S 35 45 Wi ok 20k 47 A 2% Bt i 4 il
(18 3) , eI RE A% 72 DR AIE Smp AH A 5 3 W A Hij 4
I, SLp AHAZAL A A 1 M AT B

SRy 0 3 ) — SO 8 4 1) KRR B A, AR SR
] K-means ++ 253 #r 3& 3%: (Arthur et al., 2007
Krueger et al., 2021) X P& S I B2 K oK BT B 3 4T
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Fig.3 Reordering based on the RMSE of S-wave receiver function (using SC. AXI as an example)
(a) Original data; (b) Black line represents the RMSE of the original data, and the grey line
represents the RMSE of the reordered data; (c¢) Reordered data.
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Fig.5 Crustal thickness distribution map of the South China Block
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Fig. 6 Lithospheric thickness distribution map of the South China Block

A low-velocity interface has been identified beneath the lithosphere within the grey region.
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The black triangles and circles represent the Moho and LAB depths in the tomography results( Li et al., 2022a, b).
il 2. A R W ST A KR T 120 km Aoy nf g SE A i ERAT UL, Moho THIFE R A5 5 B A H B 22,

1 NVG, IR BB K, 0] R (5 5 T 2K

FIHE C-C" b A A W —H 73 b e, 28 5 v 1] 2
b, A A S 2 19 AN & k. H BIR AT UL, Moho
T A 40 A5 5 A 5 B0 L 452, 7 DU )1 25 b b 5 JRE
2y 40 km Ao A7, 01 g ) TQU & 3 B 3 35 2 2 50 km
FEAT eI EE 26° DAY & 3 bt B3R Ik , 6 S 1) 75
BT A PR e b e s, TR T i
Yoy LAB FLii oy 140 km 247 HERH /N, 2] DAY
Gl LA 2 B0 2 100 km A2 A5 . 7855 A P b e
100 km VR BE A2 A7 v] DL 22 1) MLD, 3f 78 DAY &
B B A R BTN R TRt A A
R ok 5 3 MLD 15K 55 LAB o3k X 43

Flm D-D' bR b s hiiE , & N4 F e L
R LA R AR 19 AN Gl 3 A E AR T
KAL AR WA 1 KB AR B DA S iR

EARA K, 5T R 54512 30 km LAy 4 B R
JE S P 0 b R R R MR ZE LR R 2 65 km,
[f1) P 28 YT o LA 8 R 2 24 100 km, 4k 25 1f) 1 ek
%80 km A7, TEH B N2y 130 ~ 150 km f£7E
NVG {5 5 7 25 B 1 I JCL A1 T 2R 4R o ) it
B R E SR8 (0B R FZ 0 RS
BORESE g A ARV R & LA B R M,
LAB {555 42 fk fa $5 AR ).

3R

3.1 MLD F L

BEA MLD [ W7 A B, B 0 80 AT 328 i 1l Ay
FE R Z — AL MLD A9 3 52 2 FRAE, H AT 2 42
T RSG5 LAB (Rader et al., 2015) Ak 2= 20 43 25 4k

(Selway et al., 2015 ) | 5 5 8 % (4 JORL 10 5 4T 3



124 HBRY PR PEE www. progeophys. cn

2026,41(1)

35°N

30°N g

100°E 105°E

110°E 115°E 120°E

K8 MLD =[] 43 A (JRE% T i X 48
Fig.8 Patial distribution of MLD (area enclosed by the grey line)

( Cooper et al., 2017) | | Hu 18 43 |2 %% [ 5 £ ( Yuan
and Romanowicz, 2010) . “#E /K487 B Ui (Fu et al.,
2022 ) & SRR A S B AIL HATD AN T B AR SOt
S5 (2019 ) Ik v B3 A1 Rl P A 1 Je 44/ T A 52 AR
P R/ S PR 25 /R T, X MILDs (T8 iR 31 T &
BAE ], MLDs 7] B8 5 Al B 44 366 5 A IR E.

FEAER RN MLD F 250 fE B4 ik, -
11 o B e A Bl A2 A AR sz e B0, BLWE ST R
RIS M M (B LR, 2024) , I HIAh
AL MLD ASJ2 9 09 35 Kt 440 5 A Bl K Ak
A B . 55 — 5 1T, WF5E K BT 1) 4% 1) S L REAE
Fi € B JUATTEAR o 7= A SR Y S 4 e ek 4, T 42
[e] 5[] S M B AT BB 2 B 3 X I A AH BLAY SR 71
FH ( Selway et al., 2015). (& 9 W] 14 5 He & 4
MLD 7 A= 8 4 1) AR ARL , PR OHAS 2 H 7 1) 4% 1] e P OB
J AH ATy R/ HE T b AN [ T B 4% ] S P o 2
AR , TR B & 5 02 i T b e A2 1) 4% 1) S
&

T BE B IR T R 3 O
Ve AR TR Ab e, o RT BB JE 2ol B ML A AR TR
T LAB, T BE & V% 2038 M m R AR L 7% 5 I 4 1 Hh 3k
LAB W 7E 7R FRF B o MLD , 75 Jo 39 14 44 3t 386 1 o 72
HhH T R ) il s B S A SO B T AR R R

CE K (A TN A ) 79 X, URES ) LAB BRI
HAAARIA I 72 0w B R ASES h T &2 3 3ty K-
TERR AR oh ) 52 0 A R AL i SR R A O, T
AR TE DR R A 1 SR B AL i - KT B, Al
Ao A Bl ik Zn v PR T 7E R R AR AR R W MLD, T]
AEJe i T LAB B85 MLD fe{f £ LE & %
A gy el fig H ET LR AY LAB B Ik A9 MLD,
MM JF 3K 1) LAB B B IR R IT.
3.2 KEERERHE

e R Bl R A B SR A B R s (1 6) B
AP V5 R 1] A8 AL O , SRV PR AR AR AIE , 23 SR
2R E T g AL AR BE A AR 150 km 7247 A5
PR LIV A A B8R B KT 120 km, VI 36 L2l AP B
AT R AR JRy TR 5 T AR 0 S A P i 22 2 65 ~
95 km.

R R i R 2 2 7l AR R
P AR I Gl R PR ) 29 5 R (Shu et al.,
2021) . H ARG I BD 3 iz gl fl e 1l a8 3, = & 2 )
W32 2R 0 B | B SR T ORSP PR AR R = AT 1 Y
B A A4 R 2R B8 3t 5 S 28 IR, Ok 2 a2 g 301 T
0 e 72 DAy 3t 1L IS o e 5 S R v Al e K e il b
FECE A M 5T 23 R (Sun et al., 2018) 45
A1 B S B 282 POAL A - A 2 4 ok 2 2 Ay 00 B ) —



2026,41(1)

RG4S TS PRI RR KR e i B A T B P R B 8 T BT O

(www. progeophys. cn) 125

g3 AR SO B i AR R A A BT 7 AR fF 5l
EIUE 1% Rl P 5t /Y B I 5 () Il O v AR Bk 1Y IS
AT REFE BE A A B B UL (Jiang et al., 2015) , i 15
ARG AR A B R A . P R 4 T B
VIR 45 & vo h0 38 JE M, 52 ol B IR Li 5§
(2024) 3@ it S P U R % CCP & 7 ik R KL
o U R A A PR, R B XA Y
SJUHE 60 km A A, Ml AT K L 09 N F A A B
MLD & A 35 U0, i K7 5 06 vh i 3K 51 & 1 v 20 1
FEUVE R 2 e B 3 T8, E 2 A EL T 8 X 3 ok
F18 ok 8 R U T 5 /0N, TR T A R AR R e B R X
Ak 2298 %2 60 km.

ARICHEAE TV L3 F ) K BT MLD, I
JEF L AAE 90 ~ 110 km , {H 2 7E A U K WL MLD,
PR AR SN < A8 R AR 5ok 90 ~ 110 km Py 1T g
FEAE MLD , 76 ¥4 1 N g 830 T 2 2% 14 A8 16 1 5%
L MLD 5Dz 55 Ak T8 B0 A B PR DA I AE 3%
KT AR AR v S RO R e R B 2 R ) B 2R B
BEERMA, A AR E MLD K447, T
A FRRGr B WA 8, 4y B R WA A B i T
[ NI Tl N T B I R i = e L i S ]
AR 5 | A 1) ¥ 20 0 R FH S e /N BR AR I A T
2 B A TR R R T PR BT 0 5 A, AR A A T 4k
S ek 3 % LA 65 ~ 95 km.

3.3 HRBERERTDSRT HLE

TEXT 45 6 0 B & 0BG 3EAT 2 B i, R B AE
T Bl B 2R — 26 5 3 T O P P LA A AR R A
S B E X EIE (K 6) & B T2 A TR AR
i 8 S N R N 1305 O/ € 71 A N = v B 117
Wy B W B LB Sk itE — 25 i DA R E 5 % AR
HAE S AT ILAR S BRI R B 5 i T . AE
T A-A' B-B’ . D-D'tf1, 1] LI F W7 130 ~ 150 km
T B PN 7 A B S T Uk A

HAE AR UK A B AR & A T R B R A R
YN 2V B R NN S R A B [ I N AN ]
A e, I R E R YR 3 S K . Zhou
1 Li(2000 ) $2 H 7l o 7 7 A B b A R s S 3
b AL PR R A S S L S AR O T AR A A 1
R V7 2 sk Ak R BR ) B A 55 D e Pk
R 22 IV 1) 5% - e 3 30T 0 B A L I R AT
W2 T 34 (Yan et al., 2021) . 5 58 bR B UL
HOTR W LT A R T HE  F RE R A 0
s A0 3 1Ly 0 B LB DXL e A

o BAEG  BEAR (Yan et al., 2021). — 282235 15 R 47
THUER T J7 008 N K BRI S R, O i R O B el
YT E I SATY AE Y B0 R b 08 0K 5 W AR (Jiang e
al., 2015; Ye et al., 2019) ; Xu %5 (2022 ) ¥4 H #h
B g 0T 5 AR T S AR DA PR ) B T Y S

AT U BR A 2 A A A - AR R BT
P AR A AR R AR I O 136 5 135 Ma(Wu et
al., 2012 Sun et al., 2013) , MR Y5 IR 7K 58 & 55 B IE
A B T R I LR (Ling et al., 2009).
A S SR oh B AT O T — R
T B 22 1) o 0 3 (5 7 7 100 B0 R e A 2R T 20 I
Rl oty R A Al e IR P A EL W B Bk AE 100 ~
200 km P EE AR K 5 2O Bl R (Jiang et al.,
2015 ) , A3 X 8 P 8 v A A 3 5L D AT RE A b e
Pl A p R, Bl SR RS S e Y R A
Ze5d MASH 3 R 2 J800 U6 W) oy 32 A9 4 V0 A R 9
AT

BOBTRLA 7 AR B T B8 U 4 & 8 R 1 X
SRZE 3 T 5 ZN A T R A A RSP AR b AR R, ELARE
A R R ol A R A O R R PR AR I K
FEOME AL, LR BUE I B R A [
OV PERR A i s 1 A A G A, R e
B R AL R B e YR S TR e KR BUA K
R &R K. P A SO XA Y
V3 T Sy T 0 R

B AT AT R — AN B B R % DX
ST RF- P A R AR e ) 5 T S T Sl AR, K-Ar
AR R A e R T 5 3R T e L I ) D Al B A 7Y
VG [6] 4R 5 AR DO 2% I 4, 3t g A2 0 s i, b
Yoot b IR AR T M o€ A A il i 22 TR O I 2R B
WA L 7e , 7618 ) SO BAE RIE AR 8 K O
HA . DRI DA R £ S I A e AR
FEK.

WU AT AT B AR 1% Xz i R
TSR PY [s) ARF i Szt A L 5 0 T R U AR TR I A
TR K . A A S B AT ) Tk TR ) R T
T R SCAE,2019) B R T AR 5. MU ER fh 27 OF
FUA WY % M DX A7 AE B0 B i B (R DR,
2005 ) , A7 Hy Bk ) BEAF 5 S B0 M 0 O 0 N e ol
F W L0 P 5T 1 (Huang et al., 2021) , A SCHUL
2] (0K 3 FE T m A8 Sy e Y b IR A R T R
GRS L7 RTINS b S S
TE K R 7 U5 R £ A 45 8 Ty



126

o ER M) B 2F 32 www. progeophys. cn

2026,41(1)

6000 -
£
24 4000
HE

2000

IR /km

50

100

150

200

250

300

6000
]

8 4000 H

E
2000

R /km

50

100 |

200

250

300

5000

= 4000

RFE /km

&g 3000
2000
1000

50F

100

200

250

300

A

ES N
Al

PR H bk |

> i},;

T HR

VU1 F

AN

YDU
hd

| LR | R R

?

33
_1

i
“ 4

‘ (@

1 iO
L7/(°)

115

N7 R LR

VU1 Zar

RO
?" B

f

\

|“£E%t%m’rr'?‘

) (b)

105 110

ZIEN°)

115 120

_mmﬁwmm‘

47T

ﬂMﬁmTQ,

:\‘I‘ ‘
, ff> M

12N, ;

!

| B SR

Dy =

1

33

28 27 26 25 24 23

ﬁ‘?IE/(°)



2026,41(1) ZFRBL, 55 ET S PR LR i e s 0 R P AN E S TS (www. progeophys. en)

SW
D —= > 5
2000 - i ' NE— =
AL TEhLE [T T VLRI Ly [ M BT Hh R
S .
& 1000} b 'ﬂ LTS
i 'L\‘VI‘:PT:W)?E@*R;;H I I',:J‘h_,‘lu.'h‘ A K "w".(_'-,"[_.krll_," o .'h‘-'*.“‘ S A
p b b - . P 0! by R, L JEMETL RN
O - - o IR
50
100 [
£
B 150
®
200
250
300 3%
LR/
9 S Yol Bk HCRR B B T
Fig.9 Single-station stacked S-wave receiver function profile
PREPTR BT AL, VR 45 1) KRl LAB 7633 E i MLD,
a W

AR SCHE T AR PR B 4B DX [ b AR 5 L 421
AT E 6 3 UL G R, SR FH R A Y S ik Bz i o B
i R ECGE RS (GC_SRF) , 3118 F§ k-means ++ 2K
3 M7 7 1 U v T M L AT T X AR R ik MILD
R GEHEERI, ARA5 DL AR

(1) 4o pg bl e A PR B R 29 4E 65 ~ 195 km,
T REE o N = it (A B N RS 07 0 W B 7 a7
DU | %5 3t X S5 2 7 P s SR 24 195 km, [ R 2 R 4% F
Mo B A BB 2 80 km £ AT, A AR Ak 2 Ak 2 7
BT SBE R A 250 150 km 2245, AR E M AR AL R
VG R, P B T O M DX 3% T 0 S 2 R 2
80 km.

(2)fEFg b Py MLD EE M 7E E i T b &
VLR R Ll P B /NS 43 X8, TR B 40 3124 90 ~ 110 km
180 km A4y, T T Mo b S 42 5 M ey oK L MLD.
U ) 1] 73 i BT 95 43 5 3ty b 2 A B P T DL A
FAHDL , 4> BT 75 ~90 km A1 115 ~ 130 km.

(3) A Bl B AR K VL rp T U B A L AR B AR
LN N o o S TV R LR
130 ~ 150 km §i5 [ N A7 75 & % W1 b i) o 8 32 B A
S8 AR DR AR EE AR 2 7 0 5 B 1 - AR
S A BT B 1 Bl ) A AR DA A
5 T s T IR

(4) A X 3 P MLD [T j% v] BE 55 ¥ 45 1) LAB

RFE LAB U B % 5 A Pl A v 2 ) PR 90 #% . T A g
fili R 2R 8 £ T 32 3 R 3 Al R A o [ 3R S
AJRENT A B MLD R A PR DL, o 7 i R & 77 57 T &
A i U R - T Bl AT S A P 4k A e
J5L MLD 278 B BEIR , PR 7E 4 9 AR R AR UL MLD.

BOW BT R S LA B
IS RS Y

References

Abt D L, Fischer K M, French S W, et al. 2010. North American
lithospheric discontinuity structure imaged by Ps and Sp receiver
functions. Journal of Geophysical Research: Solid Earth, 115(B9) .
B09301, doi: 10.1029,/2009JB006914.

Arthur D, Vassilvitskii S. 2007. K-means ++ : The advantages of careful
seeding. //Proceedings of the Eighteenth Annual ACM-SIAM
Symposium on Discrete Algorithms. New Orleans, Louisiana: ACM,
1027-1035.

Bostock M G. 1998. Mantle stratigraphy and evolution of the Slave
province. Journal of Geophysical Research: Solid Earth, 103(B9) .
21183-21200, doi: 10.1029/98JB01069.

Caldo M, Bodin T, Romanowicz B. 2016. Layered structure in the upper
mantle across North America from joint inversion of long and short
period seismic data. Earth and Planetary Science Letters, 449 . 164-
175, doi: 10.1016/j. epsl. 2016. 05. 054.

Chen C X, Li Q T, Chen L, et al. 2022. Crustal thickness
andcomposition intheSouth China Block: Constraints fromearthquake
receiver function. Science China Earth Sciences, 65(4) : 698-713,
doi: 10.1007/s11430-021-9858 -x.

Chen J Q, Pan L, Li Z B, et al. 2022. Continental reworking in the
eastern South China block and its adjacent areas revealed by F-J

multimodal ambient noise tomography. Journal of Geophysical



128 i 3K 4 B 2 3

www. progeophys. cn

2026,41(1)

Research: Solid Earth, 127(11) : €2022JB024776, doi: 10. 1029/
2022)B024776.

Chen L. 2010. Concordant structural variations from the surface to the
base of the upper mantle in the North China Craton and its tectonic
implications. Lithos, 120 (1-2): 96-115, doi: 10. 1016/j. lithos.
2009.12.007.

Chen L, Jiang M, Yang J, et al. 2014. Presence of an intralithospheric
discontinuity in the central and western North China Craton:
Implications for destruction of the craton. Geology, 42 (3). 223-
226, doi: 10.1130/G35010.1.

Cheng S'Y, Shen X Z, Dong S W, et al. 2024. Multiscale structures of
crust-mantle beneath the South China block and their geodynamic
implication. Geological Society of America Bulletin, 136 (9-10) .
3965-3976, doi: 10.1130/B36990. 1.

Cooper C M, Miller M S, Moresi L. 2017. The structural evolution of the
deep continental lithosphere. Tectonophysics, 695 100-121, doi:
10. 1016/j. tecto. 2016. 12. 004.

Deng Y F, Li S L, Fan W M, et al. 2011. Crustal structure beneath
South China revealed by deep seismic soundings and its dynamics
implications. Chinese J. Geophys. (in Chinese), 54(10): 2560-
2574, doi: 10.3969/j. issn. 0001-5733.2011. 10.013.

Deng Y F, Xu Y G, Chen Y. 2021. Formation mechanism of the North-
South Gravity Lineament in eastern China. Tectonophysics, 818
229074, doi: 10.1016/]. tecto. 2021.229074.

Dong S W, Zhang Y Q, Li H L, et al. 2018. The Yanshan orogeny and
late Mesozoic multi-plate convergence in East Asia-Commemorating
90th years of the “ Yanshan Orogeny”. Science China Earth
Sciences, 61(12): 1888-1909, doi: 10.1007/s11430-017-9297-y.

Fischer K M, Ford H A, Abt D L, et al. 2010. The lithosphere-
asthenosphere boundary. Annual Review of Earth and Planetary
Sciences, 38: 551-575, doi: 10. 1146/annurev-earth-040809-
152438.

Ford H A, Long M D, Wirth E A. 2016. Midlithospheric discontinuities
and complex anisotropic layering in the mantle lithosphere beneath
the Wyoming and Superior Provinces. Journal of Geophysical
Research: Solid Earth, 121 (9). 6675-6697, doi: 10. 1002/
2016JB012978.

Fu H Y, Li Z H, Chen L. 2022. Continental mid-lithosphere
discontinuity ; A water collector during craton evolution. Geophysical
Research Letters, 49 (23 ). e2022GL101569, doi: 10. 1029/
2022GL101569.

Gama I, Fischer K M, Eilon Z, et al. 2021. Shear-wave velocity
structure beneath Alaska from a Bayesian joint inversion of Sp
receiver functions and Rayleigh wave phase velocities. Earth and
Planetary Science Letters, 560: 116785, doi: 10. 1016/]. epsl.
2021.116785.

Gao J J, Chen Y S. 2017. Ambient noise tomography of northern part of
South China. Progress in Geophysics (in Chinese), 32(4) . 1423-
1431, doi: 10.6038/pg20170401.

Han R B, Yang D H, Li Q S, et al. 2023. Receiver function imaging of
dense seismic array and deep dynamic mechanism beneath the
eastern South China. Science China Earth Sciences, 66(6) : 1289-
1308, doi: 10.1007/s11430-022-1046-7.

Hirth G, Kohlstedt D. 2003. Rheology of the upper mantle and the
mantle wedge: A view from the experimentalists. //Eiler J ed.
Inside the Subduction Factory. American Geophysical Union, 138
83-105.

Hua R M. 2005. Differences between rock-forming and related ore-
forming times for the Mesozoic granitoids of crust remelting types in
the nanling range, South China, and its geological significance.
Geological Review (in Chinese), 51(6) : 633-639.

Huang Z C, Gou T, Wang L. S. 2021. P and S wave tomography of east-
central China: insight into past and present mantle dynamics.
Tectonophysics, 809: 228859, doi: 10. 1016/j. tecto. 2021.
228859.

Jiang G M, Zhang G B, Zhao D P, et al. 2015. Mantle dynamics and
Cretaceous magmatism in east-central China: Insight from teleseismic
tomograms. Tectonophysics, 664: 256-268, doi: 10.1016/]. tecto.
2015.09.019.

Kind R, Hardy M R, Yuan X H, et al. 2017. Detection of a new sub-
lithospheric  discontinuity in Central Europe with S-receiver
functions. Tectonophysics, 700-701; 19-31.

Krueger H E, Gama I, Fischer K M. 2021. Global patterns in cratonic
mid-lithospheric  discontinuities from Sp receiver functions.
Geochemistry, Geophysics, Geosystems, 22(6) : €2021GC009819,
doi: 10.1029,/2021GC009819.

Kusky T M, Windley B F, Zhai M G. 2007. Lithospheric thinning in
eastern Asia; constraints, evolution, and tests of models. //Zhai M
G, Windley B F, Kusky T M, et al eds. Mesozoic Sub-Continental
Lithospheric Thinning Under Eastern Asia. Geological Society,
London, Special Publications, 280 331-343.

LiM K, Song X D, Li J T, et al. 2022a. Crust and upper mantle
structure of East Asia from ambient noise and earthquake surface
wave tomography. Earthquake Science, 35(2): 7192, doi: 10.
1016/j. eqs. 2022.05.004.

LiM K, WaTF, Wei Y. 2022b. Lithospheric structure in Central-East
China from joint inversion of surface-wave dispersion and CCP-
derived receiver function: Implications for regional tectonics.
Seismological Research Letters, 93(5) : 2719-2730, doi: 10. 1785/
0220210334.

Li T D. 2010. Principal characteristics of the lithosphere of China. Earth
Science Frontiers (in Chinese) , 17(3) : 1-13.

Li X F, He X B, Xu S, et al. 2024. A flat lithosphere-asthenosphere
boundary ( ~ 60 km depth) in central Eastern China: Implications
for lithospheric destruction and evolution. Journal of Asian Earth
Sciences, 263 106035, doi: 10.1016/]. jseaes. 2024. 106035.

LiX L, Li Z W, Xia X, e al. 2023. Crustal structure and tectonic
boundary characteristics in South China: Constraints from joint
tomography of ambient noise and gravity. Chinese Science Bulletin,
68(24) : 3221-3236, doi: 10.1360/TB-2023-0417.

LiY H, Gao M T, Wu Q J. 2014. Crustal thickness map of the Chinese
from teleseismic receiver functions. Tectonophysics, 611: 51-60,
doi: 10.1016/j. tecto.2013.11.019.

Ling M X, Wang F Y, Ding X, et al. 2009. Cretaceous ridge subduction
along the lower Yangize River belt, eastern China. FEconomic
Geology, 104(2) : 303-321, doi: 10.2113/gsecongeo. 104.2.303.

Luo F, Yan J Y, Zhang S, et al. 2024. The characteristic of lithospheric
thermal structure and its tectonic implications in the South China
block and adjacent areas. Geological Bulletin of China ( in
Chinese) , 43(11); 2028-2043, doi: 10.12097/ghc.2024.05.013.

Rader E, Emry E, Schmerr N, et al. 2015. Characterization and
petrological  constraints of the midlithospheric discontinuity.
Geochemistry, Geophysics, Geosystems, 16(10) : 3484-3504, doi:
10.1002/2015GC005943.

Selway K, Ford H, Kelemen P. 2015. The seismic mid-lithosphere
discontinuity. Earth and Planetary Science Letters, 414. 45-57,
doi: 10.1016/j. epsl. 2014.12.029.

Shen X Z, Kim Y, Song T R A, et al. 2019. Data-oriented constraint on
the interpretation of S receiver function and its application to
observations of seismic discontinuities in the lithosphere-
asthenosphere system. Geophysical Journal International, 219 (1) .
496-513, doi: 10.1093/gji/ggz316.

Shen X Z, Chen M M, Cheng S Y, et al. 2024. The lithosphere
structure of South China block revealed by S-wave receiver function
analysis and its tectonic implications. Geotectonica et Metallogenia
(in Chinese), 48 (3). 410-419, doi: 10. 16539/j. ddgzyckx.
2024.03.002.

Shu L'S, Yao J] L, Wang B, et al. 2021. Neoproterozoic plate tectonic
process and Phanerozoic geodynamic evolution of the South China
Block. Earth-Science Reviews, 216: 103596, doi: 10. 1016/j.
earscirev. 2021.103596.

Sun J J, Shu LS, Santosh M, et al. 2018. Precambrian crustal evolution
of the central Jiangnan Orogen ( South China): Evidence from
detrital zircon U-Pb ages and Hf isotopic compositions of
Neoproterozoic metasedimentary rocks. Precambrian Research, 318
1-24, doi: 10.1016/j. precamres. 2018.09.008.

Sun Y, Ma C Q, Liu Y Y. 2013. The latest Yanshanian magmatic and
metallogenic events in the middle-lower Yangtze River belt: evidence



2026,41(1) ZER-IL, %

H TS EH R KO A AR s R P AR OR B

SZEMMESE (www. progeophys. cn) 129

from the Ningzhen region. Chinese Science Bulletin, 58 (34 ).
4308-4318, doi: 10.1007/s11434-013-6015-8.

WuFY,JiWQ, Sun D H, et al. 2012. Zircon U-Pb geochronology and
Hf isotopic compositions of the Mesozoic granites in southern Anhui
Province, China. Lithos, 150 6-25, doi: 10.1016/]. lithos. 2012.
03.020.

Xu Y, Li Q, Shi D, et al. 2022. Upper mantle velocity structure
beneath the eastern South China Block and implications for late
Mesozoic magmatism. Journal of Asian Earth Sciences, 224,
105013, doi: 10.1016/j. jseaes. 2021. 105013.

Xu Y X, Zheng J P, Yang X Z, et al. 2019. The origins and geodynamic
implications of mid-lithospheric discontinuities. Chinese Science
Bulletin ( in Chinese ), 64 (22). 2305-2315, doi: 10. 1360/
N972019-00161.

Yan J Y, Li Q T, Luo F, et al. 2021. A gravity and magnetic study of
lithospheric architecture and structures of South China with
implications for the distribution of plutons and mineral systems of the
main metallogenic belts. Journal of Asian Earth Sciences, 221:
104938, doi: 10.1016/j. jseaes. 2021. 104938.

Ye Z, Li Q S, Zhang H S, et al. 2019. Crustal and uppermost mantle
structure across the Lower Yangtze region and its implications for the
late Mesozoic magmatism and metallogenesis, eastern South China.
Physics of the Earth and Planetary Interiors, 297 ; 106324, doi: 10.
1016/j. pepi. 2019. 106324.

Yuan H Y, Romanowicz B. 2010. Lithospheric layering in the North
American craton. Nature, 466(7310) : 1063-1068 , doi: 10. 1038/
nature09332.

Zhang G W, Guo A L, Wang Y J, et al. 2013. Tectonics of South China
continent and its implications. Science China Earth Sciences, 56
(11): 1804-1828, doi: 10.1007/s11430-013-4679-1.

Zhang Y Q, Shi D N, Lii Q T, et al. 2021. The crustal thickness and
composition in the eastern South China Block constrained by receiver
functions ; Implications for the geological setting and metallogenesis.
Ore Geology Reviews, 130. 103988, doi: 10. 1016/j. oregeorev.
2021.103988.

Zhang Y Y, Chen L, Ai Y S, et al. 2018. Lithospheric structure of the
South China Block from S-receiver function. Chinese J. Geophys.
(in Chinese), 61(1): 138-149, doi: 10.6038/¢jg201810226.

Zhao F' Y, Suo Y H, Liu L J, et al. 2023. Fine lithospheric structure
controlling Meso-Cenozoic tectono-magmatism in the South China
Block: Inference from a multidisciplinary analysis. Earth-Science
Reviews, 244, 104524, doi: 10.1016/]. earscirev.2023. 104524.

Zhao G C, Cawood P A. 2012. Precambrian geology of China.
Precambrian Research, 222-223; 13-54, doi: 10. 1016/j. precamres.
2012.09.017.

Zhou X, Li W. 2000.

Southeastern China: implications for lithosphere subduction and

Origin of Late Mesozoic igneous rocks in

underplating of mafic magmas. Tectonophysics, 326 (3-4), 269-
287.

Mt i 32 5 % STk

PREWT, BACH, BRE, 5. 2022. A0y bl Pt 5 5 5 5 90 5 20 6
FET KRR e B E 5. T E R MU EREL 2, 52(4):
760-776 , doi: 10.1360/SSTe-2021-0105.

ARBAJL, ZE5pAk, JURTE, 4. 2001, M RR MR 45 7 1 42 e Hl IX it
FELEN S LB 1 5 S IR PR, 54(10) ; 25602574,
doi; 10.3969/j. issn. 0001-5733.2011.10.013.

WS, EA, 2R, 25, 2019, RIS F) 7 5 R T KRG P A

24 Mz 3h 790 JHAE. hEFY: b
BRELE, 49(6) : 913938, doi: 10. 1360/N072017-00432.

R, BRAOR. 2017, £ JLE0 s 5L S 2 AT SR Bk Py 3 4=
J&, 32(4): 1423-1431, doi: 10.6038/pg20170401.

Hef R4, 2005, T4 A A e E R AR B 28 A — LT 1 B ]
25 T Hodh 2 . MU ST, 51(6) : 633-639, doi: 10. 16509/
j. georeview. 2005. 06. 006.

ARGEM. 2010, P EE A B A EEAREE. AR, 17(3) ¢ 1-13.

BIL, PGk, kL, . 2024, A b B 4R XA A BB AR S R R AE
SRR, HUBGE IR, 43 (11): 20282043, doi: 10. 12097/
ghe.2024.05.013.

WF, PRFe, FERUE, 5. 2024. S {492 0 ok 55048 7 1Y 46w Bl B
A1 B A H RO 3 e s KM 5 R 2%, 48(3) ¢ 410-419,
doi: 10.16539/j. ddgzyckx. 2024.03.002.

B, B, R, 4. 2019, A BB R OR S A R

Hah 2 L. B, 64(22): 23052315, doi: 10. 1360/
N972019-00161.

SCRERH, MRV, SCERRL, . 2018, FUFH S Uk B2k ok K0T 5T A e B Ak
B A B 45 H ﬂgﬂ%%j@##&, 61(1): 138-149, doi; 10.6038/
¢jg20181.0226.



